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(57) Abstract: Process of producing sulfuric acid from feed gases containing 0.1-30% SO, comprising the steps of : (a) passing
¥ the feed gas to a first catalytic conversion step in which SO, is oxidized to SO5; over one or more catalyst beds, (b) cooling the
< S05-containing gas from said first contacting step by passing said gas to an intermediate condensing stage withdrawing a gas con-
taining unconverted SO, and unabsorbed SO; and withdrawing a product stream of concentrated sulfuric acid, (¢) reheating said gas
containing unconverted SO, and unabsorbed SO;, (d) passing the gas from step (c) to a second catalytic conversion step, in which
unconverted SO, is oxidized to SO; over one or more catalyst beds, (€) cooling the gas from step (d) to a temperature of O to 100 °C
above the acid dew point of said gas, (f) passing the gas from step (e) with a molar ratio of H,O to SOj; of at least 1.05 calculated
N\ under the assumption that SOj is not hydrated to H,SO,, and acid dew point of below about 240 °C to a final wet condensing stage,

in which the remaining sulfuric acid is condensed by cooling of said gas by indirect or direct heat exchange with a cooling medium,
@0 (g) providing in the gas, prior to conducting step (f), a content of 10" t0 10" solid particles per Nmj per vol% SO; calculated under
& the assumption that SO; is not hydrated to H,SO,, (h) withdrawing from the final wet condensing stage of step (f) a stream of 70-98
wt% sulfuric acid.
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Process for the Production of Sulfuric Acid
FIELD OF THE INVENTION

The present invention relates to the production of sulfuric
acid from a sulfur dioxide feed gas. In particular, the in-
vention relates to the production of sulfuric acid from wet
feed gases containing SO, in concentrations of 0.1 vol% to
30 vol%, particularly 6 vol% to 30 vol% and having a molar
ratio H;O to S0,+S0; greater than one, such as exhaust gases
from metallurgical operations and from the combustion of
hydrogen containing fuels like spent acid from petrochemi-
cal alkylation, hydrogen sulfide, ammonium sulfate waste
and fossil fuels including heavy 0il residues and petroleum
coke. More particularly, the invention is concerned with
the improvement in the acid mist control of plants having a
single wet condensation stage for the production of sulfu-
ric acid after the SO, conversion stage and where the cool-
ing agent in said condensation stage i1s a gaseous medium

such as air.
BACKGROUND OF THE INVENTION

The production of sulfuric acid from exhaust gases in com-
mon industrial operations is normally conducted by a cata-
lytic oxidation stage, where S0; is converted to 503 fol-
lowed by a hydration step whereby 503 is converted to sul-
furic acid vapor. The sulfuric acid is then condensed in a
cooling step by indirect heat exchange With a cooling me-

dium, normally air.
US Patent No. 5,198,206 discloses such a process, in which

a gas containing S0; and an excess of water is subjected to

a single wet condensation stage in order to produce con-

SUBSTITUTE SHEET (RULE 26)
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densed sulfuric acid. In this process, sulfuric acid vapors
are condensed in a manner where formation of fine acid mist
droplets is substantially avoided thereby facilitating the
filtration of the acid mist during contact of the gas with
a high-velocity filter. Small solid particles acting as nu-
clei on which the sulfuric acid vapor condenses are pro-
vided before the condensation begins in order to restrict
the amount of acid mist emitted. This patent further dis-
closes the use of a synthetic feed gas in an experimental
setup containing a glass tube for condensing sulfuric acid,
where said synthetic gas has been tailored so as to have an
acid dew point of 185°C. The synthetic gas entering the
single condensing stage corresponds to what is normally ob-
tained after SO, conversion when lean feed gases, i.e.

gases containing well below 6 vol% S0, for example 0.1

vol% SO, are treated.

In many practical situations, however, also strong feed
gases, i.e. gases containing 6-30%, particularly 10-30 vol$%
SO, need to be treated. In plants having a single wet con-
densing stage, such as in US Patent No. 5,198,206 the
strong feed gas to the plant need to be substantially di-
luted in air so that the acid dew point of the gas prior to
the single wet condensation stage is kept at about 260°C,
since the higher the content of S0, and SO3 in the gas the
higher its acid dew point. In this manner, acid mist emis-

sions can be kept at about 10-20 ppmv.

A substantial air dilution, for instance from a strong gas
containing 14 vol$% SO, to a gas containing 5-6 vol% SO; so
as to reduce its dew point to 260°C prior to entering the

wet condensing stage has the disadvantage that the process
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operates with a larger gas flow, and accordingly larger and
more expensive plants are required. This problem becomes
more pronounced with increasing SO; in the feed gas. An-
other disadvantage is that depending on the condenser de-
sign and process conditions some acid mist is still emitted
from the condenser. Although current acid mist emissions of
about 20 ppmv may be permissible, more stringent environ-
mental legislations that will require yet even lower emis-
sions of 5-10 ppmv or even below 5 ppmv are expected in the
near future. In particular, acid mist emissions from single
wet condensing plants treating gases containing 6 vol% to
30 vol%, particularly 10 vol$%$ to 30 vol% SO, cannot be kept
below 10-20 ppmv H,SO; by air diluting the gas to a 260°C

acid dew point.

It would therefore be desirable to be able to provide a
feed gas to the wet condensation stage with an acid dew
point of below 260°C without requiring a substantial air
dilution of the feed gas containing SO, whilst at the same
time achieving acid mist emissions of about 20 ppmv accord-

ing to current acid mist emission requirements.

It would also be desirable to be able to provide a process
of producing sulfuric acid from a feed gas containing SO
without requiring substantial air dilution of said feed gas
whilst at the same time achieving acid mist emissions of 5-

10 ppmv or below 5 ppmv.

Another disadvantage of a process with a single wet conden-
sation stage is the equilibrium limitation of the SO, con-
version. Even with the most active commercial SO, oxidation

catalysts, the maximum total SO, conversion is limited to
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99.5-99.7% depending on the O, concentration in the gas.
For higher conversions, expensive tail gas scrubbing with
e.g. H0, or NaOH must be included. For instance, by air
diluting a feed gas containing 8-9 vol% SO, to a gas con-
taining 5-6 vol% SO, the equilibrium conversion at 380°C
of SO, to SO; in the catalytic converter upstream the con-
densation stage may only be increased from 99.5 to 99.7%,
which falls short of today’s SO, conversion requirements of

above 99.7%.

It has been known for years that the conversion of S0; to
SO; may be increased by introducing a second absorber be-
fore the final conversion stage, yet the final absorption
stage has normally been conducted under dry conditions,
where the molar ratio of SO, + SO3 to water in the feed gas
to the S0, converter is above 1. For instance US Patent No.
4,368,183 discloses a wet/dry-process of producing concen-
trated sulfuric acid utilizing an intermediate absorption
stage. SO,-containing gases are catalytically converted to
SO; in a first contacting stage in a SO, converter. The gas
containing SO3; and water vapor, where the molar ratio of
water to SO; is below one is then passed to an intermediate
absorption stage including a Venturi where sulfuric acid is
produced. Dry exit gas from this intermediate stage is re-
turned to the SO, converter so that remaining SO; is cata-
lytically converted to SO; in a second contacting stage and
finally passed to an end absorber, in which the final pro-
duction of sulfuric acid is conducted under dry conditions
in the substantially SO,-free gas. Hence, this process can
handle feed gases with a molar ratio of S0,+50; to water
above about 1, whereby the gas emerging from the intermedi-

ate absorption tower is dried by the sulfuric acid. For
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feed gases with more water than S50,+503 on a molar basis,
the gas emerging from the intermediate absorption stage
contains water vapor that condenses in the final absorption
tower as an acid mist, which is difficult to remove in an

economical way.

It would be desirable to be able to treat feed gases with a
molar excess of water vapor compared to SO,+SO3 and still
be able to produce concentrated sulfuric acid of above 98
wt$ since such wet feed gases are common in industrial op-
erations, for example from sulfur burners, metallurgical
operations such as ore roasting and from combustion of hy-
drogen-containing fuels, e.g. spent acid from petrochemical
alkylation, hydrogen sulfide, ammonium sulfate waste and
fossil fuels including heavy o0il residues and petroleum
coke. In particular, it would be desirable to treat these
gases whilst at the same time being able to cope with more
stringent requirements for SO, conversion of above 99.7%

and acid mist emissions of 5-10 ppmv or below 5 ppmv.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
process of producing concentrated sulfuric acid from a feed
gas containing 0.1 vol% to 30 vol% SO, in particular a
strong feed gas containing 6 vol% to 30 vol% SO that en-
ables the gas entering the final wet condensing stage to
have an acid dew point of below 260°C, whilst at the same
time achieving current requirements of acid mist emissions
of about 20 ppmv without resorting to substantial air dilu-

tion of said strong feed gas.
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It is also an object of the invention to provide a process
of producing concentrated sulfuric acid from a feed gas
containing 0.1 to 30 vol% SO, in particular a strong feed
gas containing 6 to 30 vol% SO, that is capable of achiev-
ing more stringent requirements of acid mist emissions,
i.e. 5-10 ppmv or below 5 ppmv without resorting to sub-

stantial air dilution of said strong feed gas.

It is another object of the invention to provide a process
of producing concentrated sulfuric acid of above 98 wt%
from a feed gas containing 0.1 vol% to 30 vol% SO, in par-
ticular a strong feed gas containing 6 vol% to 30 vol% SO
with SO, conversions of above 99.5% or even above 99.7%
whilst simultaneously avoiding substantial air dilution of

said strong feed gas.

These and other objects are achieved by the process of the

invention.

According to the invention we provide a process of produc-
ing sulfuric acid from feed gases containing 0.1-30% SO;
comprising the steps of:

(a) passing the feed gas to a first catalytic conversion
step in which SO, is oxidized to SO3 over one or more cata-
lyst beds,

(b) cooling the SO3;-containing gas from said first con-
tacting step by passing said gas to an intermediate con-
densing stage withdrawing a gas containing unconverted SO,
and unabsorbed S0O; and withdrawing a product stream of con-
centrated sulfuric acid,

(c) reheating said gas containing unconverted SO; and un-

absorbed SOs3,
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(d) passing the gas from step (c) to a second catalytic
conversion step, in which unconverted SO; is oxidized to

SO; over one or more catalyst beds,

(e) cooling the gas from step (d) to a temperature of 0°cC
to 100°C above the acid dew point of said gas,

(f) passing the gas from step (e) with a molar ratio of
H,0 to SO; of at least 1.05 calculated under the assumption
that SO; is not hydrated to H;SO4, and acid dew point of be-
low about 240°C to a final wet condensing stage, in which
the remaining sulfuric acid is condensed by cooling of said
gas by indirect or direct heat exchange with a cooling me-
dium,

(g) providing in the gas, prior to conducting step (f), a
content of 10Y° to 103 solid particles per Nm’ per vol% SO3
calculated under the assumption that SO3 is not hydrated to
H2504,

(h) withdrawing from the final wet condensing stage of

step (f) a stream of 70-98 wt% sulfuric acid.

We have found that acid mist emissions from strong gas
plants (gases containing about 6% to 30%, particularly 10
volg to 30 vol% SO,) cannot always be kept below 10-20 ppmv
H,SO, because the window for acid mist control defined by
the number of solid particles acting as nuclei for the cap-
ture of H,SO, and which are added to the gas prior to the
final condensing stage narrows as the acid dew point of the
gas increases and narrows particularly drastically at acid

dew points above 240°C.

We have realized that the minimum acid mist emission from
the final condenser increases with increasing sulfuric acid

dew point of the feed gas entering the final condenser and
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that the acid mist emission can be kept below 5-10 ppmv if
the dew point is kept below 260°C, preferably below 250°C,
more preferably below 240°C. More specifically, we have
found that by condensing sulfuric acid in two stages the
acid dew point in the feed gas to the final wet condenser
is kept a low value, normally below 240°C, for instance
220°C, thereby enabling the expansion of the window of acid
mist control in the final wet condenser so that acid mist
control is facilitated and emissions are kept below 10 ppmv
and even below 5 ppmv. Hence, the window of solid particles
added upstream the final wet condenser and which act as nu-
clei for the capture of sulfuric acid may be expanded by as
much as about one order of magnitude. For example, in a
situation with no intermediate absorber where the S0, con-
taining gas has been air diluted to 5-6% S50 corresponding
to about 260°C dew point in the gas entering the final wet
condenser, the window of solid particles that may be added
upstream the final wet condenser in order to keep the acid
mist below 5 ppmv is closed, i.e. the addition of such par-
ticles will not impede the formation of an acid mist of
above 5 ppmv. If the SO, containing gas has been air di-
ljuted to about 250°C dew point in the gas entering the fi-
nal wet condenser corresponding to about 3.5 vol% S50 in
the gas, the window of solid particles that may be added

upstream the final wet condenser opens at a single discrete

value of about 2.2-10° particles per Ncm® (calculated under
the assumption that S03 is not hydrated to H;804) . Where the
gas entering the final wet condenser has an acid dew point
of about 220°C, corresponding to a SO, containing gas
strongly diluted to about 0.8 vol% SO, said window of addi-
tion of particles required to keep acid mist emissions be-

low 5 ppmv expands to a broader range. By the invention
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acid mist control is facilitated by lowering the acid dew
point of the gas to the final condensing stage without sub-
stantial air dilution, wet feed gases with a molar ratio of
H,0 to S0,+S03 above 1 can be treated in a double condensa-
tion process with typically 99.9-99.99% 50 conversion
whilst at the same time acid mist emissions are kept at 5-

10 ppmv or below 5 ppmv.

It would be understood that the gas entering the final con-
densing stage is a wet gas having a molar ratio of H,O to
SO; of at least 1.05, preferably at least 1.1. According to
the invention it is also possible to provide a dry feed gas
to the process, i.e. a gas having a molar ratio of H,0 to
S0,+S0; below 1, so that the gas entering the intermediate
condensing stage will have a molar ratio of H,O to S0,+50;3
below 1, while water is added prior to the final condensing
stage, preferably after conducting the second catalytic
conversion step in which unconverted S0; is oxidized to SO3
over one or more catalyst beds, so that the gas entering
said final condensing stage will have a molar ratio of Hz0
to SOs; above 1.05, more preferably above 1.1. The product
acid strength from the intermediate condensing stage in-
creases with increasing feed gas temperatures, but even at
temperatures in the feed gas to this stage of 400°C, the
maximum acid strength does not exceed 98.4 wt% because of
the water content of said feed gas. By conducting the proc-
ess with deficit of water (molar ratio of H;O to S02+S03; be-
low 1) in the intermediate condensing stage and excess of
water (molar ratio of H,O to SO; above 1.05) in the final
condensing stage, a product stream from said intermediate
condenser of particularly high acid strength is obtained,

i.e. above 99 wt%, whilst at the same time it is possible



10

15

20

25

30

WO 2008/064698 PCT/EP2006/011448

10

to achieve 99.9-99.99% SO, conversions and acid mist emis-

sions are kept at 5-10 ppmv or below 5 ppmv.

The addition of water in a process treating dry SO;-
containing feed gas in order to provide for excess of water
in the gas according to the invention may also be conducted
after passing the feed gas to a first catalytic conversion
step in which SO, is oxidized to SO; over one or more cata-
lyst beds and prior to the intermediate condensing stage,
for example by adding water to the SO3-containing gas imme-
diately before it enters the intermediate condensing stage.
This situation is desirable where it is less relevant to
obtain a product stream of particularly high acid strength,

as defined above.

For feed gases with water deficit, the molar excess of wa-
ter required in the final condenser may be achieved in sev-
eral ways. For off-gases from metallurgical operations the
water content may be increased to the desired level by in-
creasing the temperature in the upstream aqueous gas clean-
ing equipment. In this way there will be no need for a
separate water addition system in the sulphuric acid plant.
The water may also be injected into the hot process gas en-
tering the S0, converter (line 23 on Fig. 2 described be-
low) as a water spray, which will evaporate rapidly at the
high temperature, or as steam. In this way, part of the
heat of hydratisation from the generated SO3 will be recov-
ered in the gas coolers (210 and 211 in Fig. 2). The water
may alternatively be added downstream the converter (line
221 in fig. 2). This is advantageous because the gas flow
will not be increased in the upstream equipment by the

added water vapour. For processes including combustion of a
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sulphur source, e.g. elemental sulphur, spent alkylation
acid or H,S, the water can be added to the combustion air.
In this way potential corrosion problems at the addition
point are avoided. The water may also bed added directly in

the combustion chamber where rapid evaporation is ensured.

The particles of step (g) in the process may be added in
the gas at any stage prior to entering the final wet con-
densing stage, for instance to the gas entering the SO
converter, i.e. prior to step (a), or to the gas to be
passed to the intermediate condensing stage of step (b).
Preferably the particles are provided to the gas resulting
from step (e), i.e. in the gas stream from the SO, con-
verter prior to entering the final wet condensing stage.
This enables the proper mixing of the particles in the gas
as it flows towards the final condenser and avoids the
eventual loss of particles that may arise because of their
passage through diverse equipment upstream such as heat ex-
changers, intermediate condenser and SO, converter cata-
lyst, had the particles been added at any other stage prior
to entering the final wet condensing stage. More prefera-
bly, the particles are added immediately downstream said
SO, converter, thereby increasing the mixing length and
time of the particles in the gas stream prior to entering

the final wet condensing stage.

There is normally no limitation with respect to the chemi-
cal composition of the solid particles, or with respect to
their size, to enable them to act as nucleation cores. How-
ever, they should be as small as possible in order to cause
no noticeable pollution of the sulfuric acid produced. The

particle size (diameter) 1is preferably below 10 pm, more
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preferably below 1 pm, for example within the range 0.001
to 10 pm, such as in the range 0.002 to 0.1 pm. Based on
the assumption that each particle forms one acid droplet,

it can be easily calculated that there is requested, for

example, 3.2-10%! particles/Nm® to condense 1% of HySOs in
the feed gas in the form of droplets of sulfuric acid hav-
ing a size of 6 um, the droplets being separated in the
filter at a concentration of 75 wt% sulfuric acid and a
density of 1.6 g/cm’. At least it can be concluded with a
good range of certainty that for optimum separation of the
droplets of sulfuric acid there should be added between
101° and 10'3 particles present per Nm’ feed gas to the
tubes per vol% SO; in the feed gas (calculated under the

assumption that SO0; is not hydrated to H»SO4) .

The process may further comprise cooling the gas from step
(a) to a temperature of 0°C to 100°C, preferably 30°C to
40°C above the acid dew point of said gas prior to conduct-
ing step (b). This avoids the risk of condensation of HySO4
pefore it is separated from the gas from step (a), e.g. af-
ter the first catalytic conversion step in the SO, con-
verter, and which may result in the damage of mechanical
parts in any downstream equipment that may be in contact
with the stream. The provision of water in a process treat-
ing dry SO,-containing feed gas in order to provide for ex-
cess of water in the SOs;-containing gas according to the
invention may advantageously be conducted by adding water
to the gas after cooling the gas from step (a) and before

it enters the intermediate condensing stage.

Preferably the feed gas containing SO, is a strong gas con-

taining 6 vol% to 30 vol% SO,, more preferably 10 to 30
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vol% S0,. At these SO, concentrations the benefit of avoid-
ing substantial air dilution of the feed gas containing SO

is most pronounced.

In the process of the invention the intermediate condensing
stage of step (b) may be conducted in a packed sulfuric
acid tower comprising a concentration and condensing zone
by contacting the SOz-containing gas stream with liquid
sulfuric acid of strength 70-98 wt$% flowing counter-
currently with the SO3-containing gas. Hence, the cooling
of the SOs-containing gas stream occurs by direct heat ex-
change with liquid sulfuric acid. This type of condenser
provides an expedient way of producing sulfuric acid of
above 98 wt% and enables also the incorporation of a sepa-
rate stream of sulfuric acid from another part of the proc-
ess into an acid recirculation loop in the upper portion of

said sulfuric acid tower (intermediate condenser).

The process of the invention may accordingly further com-
prise returning the stream of 70-98 wt% sulfuric acid of
step (h), i.e. acid stream from the final condensing stage,
to the intermediate stage (b). The returning of said acid
stream to the intermediate condensing stage, preferably to
the acid recirculation loop, enables the production of sul-
furic acid of higher concentration (above about 98 wt%)
than it is otherwise obtainable had the sulfuric acid
stream from the final condensing stage not been passed to
the intermediate condensing stage. In some instances, the
returned stream may advantageously be an acid stream of
about 85 wt$% sulfuric acid, such as in situations where the
final condensing stage is conducted by the passage of the

SO;-containing gas co-currently with the condensing sulfu-



10

15

20

25

30

WO 2008/064698 PCT/EP2006/011448

14

ric acid as described below. In other instances, the re-
turned stream may be an acid stream of near 98 wt% sulfuric
acid, such as in situations where the final condensing
stage is conducted by the passage of the SO3-containing gas
countercurrently with the condensing sulfuric -acid, as also

described below.

The intermediate condensing stage of step (b) may also be
conducted in substantially vertical tubes in which the
cooling of the SOs;-containing gas stream takes place by in-
direct heat exchange with a cooling medium, in which said
cooling medium is air flowing countercurrently. In one par-
ticular embodiment said SO3;-containing gas flows counter-
currently with the condensing sulfuric acid. Hence, sulfu-
ric acid produced in the process travels downwards as it
condenses in the tube walls while the SOs;-containing gas
travels in opposite direction. Preferably, the air flows
countercurrently outside said tubes. In this form of opera-
tion, sulfuric acid strength at the bottom of the condenser
in the range 70-98 wt% is normally obtained and if required
acid strengths of above 98 wt%¥, for instance 98.5 wt% are

also possible.

The intermediate condensing stage of step (b) may also be
conducted in substantially vertical tubes in which the
cooling of the SO;-containing gas stream takes place by in-
direct heat exchange with a cooling medium, in which said
cooling medium is air flowing countercurrently and wherein
said SOs-containing gas flows co-currently with condensing
sulfuric acid. This type of condenser is in particularly
advantageous in that it is less costly and easier to oper-

ate than conventional countercurrent condensers as de-
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scribed above. The condenser enables the down-flow of the
SOs;-containing gas together with the sulfuric acid being
formed in the tubes, thereby eliminating the risks of po-
tential flooding problems that may otherwise be encountered
in cooled tubes where the SOs;-containing gas and the formed
sulfuric acid flow countercurrently. Flooding is a condi-
tion where the condensing sulfuric acid is prevented from
falling downwards due to the drag force of the SO03-
containing gas traveling upwards, and which results in an
undesired increase in gas pressure drop. Preferably, the
air flows countercurrently outside said tubes. Since the
sulfuric acid strength at the bottom of the condenser is
normally weak, i.e. in the range 70-85 wt% the use of this
type of condenser as intermediate condensing stage is suit-
able for instances where the requirements in acid strength
are less important. If required, acid strengths of above 98
wt$ are obtainable by further conducting the sulfuric acid
stream leaving the intermediate condensing stage and having
an acid strength of 70-85 wt% to a subsequent concentration
stage, as described in US Patent No. 9,090,364. The concen-
tration stage may thus advantageously be conducted in a
packed tower, where hot air passes below the section of the
tower containing the packing of acid resistant bodies, such
as ceramic Raschig rings or saddles. Air leaving at the top
of the packed tower is mixed with SOs-containing gas enter-
ing the intermediate condensing stage, while concentrated
sulfuric acid leaves at the bottom and is further cooled to
a stream having the desired acid strength, normally above

98 wt%.

In the process, the cooling of the gas in the final con-

densing stage is preferably conducted in substantially ver-
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tical tubes by indirect heat exchange with a cooling me-
dium, in which said cooling medium is air. Similar to the
situation for the intermediate condensing stage, in one
particular embodiment said SOs-containing gas flows coun-
tercurrently with condensing sulfuric acid. Hence, sulfuric
acid produced in the process travels downwards as it con-
denses in the tube walls while the SOs-containing gas trav-
els upward the one or more vertical tubes. Preferably, the
air flows countercurrently outside said tubes. By this form
of condensing, sulfuric acid strength at the bottom of the
condenser in the range 70-98 wt% is normally obtained and
if required acid strengths of above 98 wt%, for instance
98.5 wt% are also possible. In another embodiment, said
S0O;-containing gas flows co-currently with condensing sul-
furic acid. The formation of sulfuric acid according to
this type of condenser is in particularly advantageous in
that it is.less costly and easier to operate than conven-
tional countercurrent condensers as described above. The
condenser enables the down-flow of the SO3-containing gas
together with the sulfuric acid being formed in the tubes,
thereby eliminating the risks of potential flooding prob-
lems that may otherwise be encountered in cooled tubes
where the SOs-containing gas and the formed sulfuric acid
flow countercurrently. Preferably, the air flows counter-
currently outside said tubes. Since the sulfuric acid
strength at the bottom of the condenser is normally weak,
i.e. in the range 70-85 wt% the use of this type of con-
denser as the final condensing stage is suitable for in-
stances where the requirements in acid strength are less
important, or where it may be expected that the desired
acid strength still may be obtained by returning the acid

stream of 70-85 wt% to the intermediate condensing stage.
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It would therefore be understood that by the invention it
is possible to conduct the final condensing stage in an ap-
paratus which is less costly and normally also easier to
operate than conventional condensers with countercurrent
streams of SO;-containing gas and condensing sulfuric acid.
The lower acid strength obtained in the final condensing
stage is compensated by the returning of the acid stream to
the intermediate condensing stage, which is preferably con-
ducted in a packed sulfuric acid tower. If required, acid
strengths of above 98 wt$% are obtainable by further con-
ducting the sulfuric acid stream leaving the final condens-
ing stage and having an acid strength of 70-85 wt% to a
subsequent concentration stage, as described in US Patent
No. 9,090,364. The concentration stage may thus advanta-
geously be conducted in a packed tower, where hot air
passes below the section of the tower containing the pack-
ing of acid resistant bodies, such as ceramic Raschig rings
or saddles. Air leaving at the top of the packed tower is
mixed with SOs;-containing gas entering the final condensing
stage, while concentrated sulfuric acid leaves at the bot-
tom and is further cooled to a stream having the desired

acid strength, normally above 98 wt%.

The cooling of the gas in the final condensing stage may
also be conducted in a packed sulfuric acid tower by direct
heat exchange with circulating sulfuric acid. Thus, the in-
vention also encompasses a process, wherein the remaining
sulfuric acid in gas stream containing SOz and H»SO4-vapor
is condensed in the final condensing stage by cooling the
gas with circulating sulfuric acid in a sulfuric acid
tower. Preferably, the sulfuric acid runs in countercurrent

to the gas stream containing SOs; and H;SO4-vapor through a
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concentrating or absorption zone containing filler bodies
whereby H,S0, is absorbed in recycled sulfuric acid, as for

instance described in US Patent No. 4,348,373.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated by the accompanying drawings,
in which Fig. 1 shows the window of acid mist control (cal-
culated under the assumption that SO3 is not hydrated to
H,S0,) where emissions below 5 ppmv from the final wet con-
densing stage are obtainable as a function of acid dew
point of a gas entering said condensing stage. Fig. 2 is a
flow sheet according to a particular embodiment of the
process, in which the intermediate condensing stage is con-
ducted in a packed sulfuric acid tower and the final con-
densing stage is conducted in an air cooled condenser with
vertical tubes and with the SOs-containing gas flowing
counter-currently with condensing sulfuric acid. Fig. 3 is
a flow sheet of a further embodiment of the invention for
increasing the sulfuric acid strength of the intermediate
condensing stage. Fig. 4 shows a flow sheet according to
another embodiment of the invention in which the intermedi-
ate condensing stage is provided with two acid concentra-
tion zones. Fig. 5 shows a flow sheet with yet another em-
bodiment in which off-gas from a hot air concentrator is

sent to the final wet condensing stage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

We have found that the higher the acid dew point of the gas
entering the condenser the narrower the window of acid mist

control within which the addition of said nuclei still en-
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ables emissions of acid mist below 5 ppmv. This is illus-
trated by Fig. 1 which shows an example for a gas entering
a final wet condensation stage with an excess of water with
respect to SO3 (vol% HO = vol% SO3 + 7) and where the tem-
perature of the gas is 35°C above its acid dew point. A
strong gas from a spent acid chemical operation or any
other strong gas, which may have been air diluted to about
8 vol% to 9 vol% SO, prior to an SO, converter (correspond-
ing to 8-9% vol. HySO4(g) in the gas after the SO; converter
entering the single condensing stage) and having a dew
point of about 270°C lies outside the window of acid mist
control. At this acid dew point, the acid mist emission
from the final wet condenser can only be controlled at 70-

90 ppmv by particle addition in the very narrow range of

3.0-10%-3.2-10° particles per Ncm®. This problem may be alle-
viated by strongly diluting the gas in air so as to form a
gas with 5-6 vol% SO, which has a dew point of about
260°C, but the gas will still be outside said window of
acid mist control. At this acid dew point the acid mist
emission from the final wet condenser can only be con-

trolled at 10-20 ppmv by particle addition in a broader

range, normally 2.0-10°-2.7-10° particles per Ncm’.

Below about an acid dew point of about 250°C, the window of
acid mist control opens. At this dew point the window is
still narrow (only within a very narrow range of particles
added before the final wet condensation stage is conducted
it is possible to maintain acid mist emissions within lev-
els below 5 ppmv) and significant dilution in air of the
SO, containing gas is required, which as mentioned above is
inexpedient due to the need of operating a plant of larger

capacity. By the invention, the provision of a process in



10

15

20

25

30

WO 2008/064698 PCT/EP2006/011448
20

which the wet gas entering the final condensing stage has
an acid dew point below about 240°C enables that the window
of solid particles added upstream the final condenser so
that acid mist is below 5 ppmv is opened and optionally
significantly expanded, for example from 0.8:10°-1.8-10° par-
ticles per Ncm® corresponding to air dilution to about
240°C dew point in the gas entering the final wet con-
denser, to a broader 0.2-10%-1.0-10° particles per Ncm® where

the acid dew point is 220°C.

The provision of particles acting as condensation nuclei
may be effected by conventional means as for instance dis-
closed in our own US Patent No. 5,198,206 by adding a smoke
from an electric arc or welding by combusting hydrocarbons

with over two carbon atoms or by combusting silicone oil.

The gas entering the final wet condensing stage step is
preferably heated from an inlet temperature Ta of 0-50°C

to an outlet temperature Ta, satisfying the condition

Taz > T1 - (75 - 4:S - 2:W)-(1+hi/ho) (1)

where

Taz and T, are expressed in °C,

T, is the temperature of the gas entering the final con-
densing stage,
is the vol% of S03, and

W is the vol% of H20, calculated under the assumption
that SO3 in the gas is unhydrated,

h; is the heat transfer coefficient on the inside of the

tube expressed in W/m?/K, and
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h, 1is the heat transfer coefficient on the outside of the

tube expressed in W/m?/K.

In Fig. 2 a flow sheet of the double-condensation wet sul-
furic acid process is shown for a case with a feed stream
21 of 18000 Nm’/h feed gas having 14% SO, 3% O, and 23%

H,O. The SO, gas is diluted with 9620 Nm®/h preheated air
represented by stream 22 in order to supply oxygen in a mo-
lar ratio of 0,/S0,=1. The resulting feed gas 23 passing to
the reactor 24 (SO, converter) contains 9.1% SO,, which is
converted to SO3; over three adiabatic catalytic beds 25,

26, 27 with intermediate bed coolers 28 and 29. The SO; gas
is subsequently cooled in heat exchangers 210 and 211 to a
temperature of 310°C resulting in stream 212 which is well
above its acid dew point (278°C). In the intermediate con-
denser tower 213, the sulfuric acid content of the gas is
condensed as a 98.3 wt% final product in stream 214. The
intermediate condenser 213 is provided with an adiabatic
concentration zone at its bottom 215, where the acid is
concentrated from 96 wt$% to above 98 wt$%, and a cooled con-
densation zone at its upper portion 216 with acid recircu-
lation 217. The SOsz-containing gas 212 from the first con-
tacting stage is preferably introduced in the concentration
zone 215 of said intermediate condenser 213. This enables
that a relatively high temperature, normally about 300-
320°C be kept at the bottom of the intermediate condenser,
i.e. in the concentration zone, whereby sulfuric acid of
relatively high concentration, i.e. 98.3% wt, is produced.
The gas leaves the intermediate condenser 213 as stream 218
at 150°C and contains 0.42% SO,, 0.38% H,SO, vapor and pos-
sibly some sulfuric acid mist. The gas is reheated in heat

exchanger 210 to 375°C causing the acid mist to evaporate.
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The remaining SO, in stream 219 is converted over a fourth
catalyst bed 220, which brings the total SO, conversion up
to 99.95%. The exiting gas 221 is cooled from about 390°C
to 260°C in boiler 222. The remaining sulfuric acid vapor
carried by stream 221 having about 0.1 vol% S03, 0.7 vol%
H,SO4, 8% H,O0 and acid dew point of about 220°C is condensed
in a normal air-cooled wet sulfuric acid condenser 223 with
air coocled vertical glass tubes with countercurrent passage
of the SO3;-containing gas and condensing sulfuric acid,
coils for heat transfer enhancement, tube demisters, and
acid mist control by prior addition of condensation nuclei
particles. The glass tubes are provided with acid mist fil-
ters which serve to separate droplets of sulfuric acid in
the gas. Said filters are advantageously mounted near, in
or on top of each glass tube in gas tight connection
therewith, whereby said droplets flow back downwards
through the tube. The acid mist filter in each tube is
preferably a high velocity filter at a gas velocity of 1-7
m/s and comprises filaments or fibers with a diameter of
0.05 mm to 0.5 mm. The fibres or filaments are present in
an amount, a layer thickness and configuration that ensure

a pressure drop through the filter of 2 mbar to 20 mbar.

The acid mist control may be effected by providing a con-
trol system in which an acid mist meter in the gas stream
leaving the final wet condensation stage is adapted to a
process computer. The signal from the acid mist meter indi-
cating an acid mist value below 10 ppmv, preferably about
or below 5 ppmv, is received by the process computer so as
to regulate the addition of solid particles as condensation
nuclei in the form of e.g. smoke from hydrocarbon combus-

tion upstream the final wet condensation stage, as de-
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scribed above. Hence, the rate of addition of particles
acting as condensation nuclei is controlled according to
known principles by the aid of a control loop containing a
continuously operating acid mist meter positioned down-
stream the final wet condenser. By the invention, the auto-
matic control of particle addition is greatly enhanced, as
a wider window of particles (number of particles) may be
added to the gas stream prior to the final condensing stage
without risking undesired excursions in the values of acid
mist, so that low acid mist emissions of for instance 5

ppmv or below are at any time safely maintained.

Concentrated sulfuric acid with strength of 95.5 wt?% leaves
the final condenser 223°C at 220°C as stream 224 and enters
in the recirculation system 217 of the intermediate con-
denser 213. Cooling air stream 225 at 25°C serves as cool-
ing medium and leaves the final condenser at 200°C. The gas
from final condenser leaves as stream 226 at about 100°C
with an acid mist content of about 5 ppmv and is then di-
rected to a stack (not shown). Table 1 resumes relevant

flow compositions of the process of Fig. 2.

The total SO, conversion obtainable with reasonable cata-
lyst volumes in SO,-converter 24 depends on the SO;+H2504
concentration from the intermediate condenser 213 and the
inlet temperature to fourth bed 220. If the gas is cooled
to a lower temperature in the condensing zone 216 of the
intermediate condenser 213, SO, conversion can be increased

or the catalyst volume in bed 220 reduced.

The acid mist emission from the final condenser 223 is low,

normally about 5 ppmv and it is easy to control due to the
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low dew point of the feed gas 221, which is approximately
220°C. The small particles acting as nuclei may be added to
the gas before inflow to the final condenser as smoke or as
an aerosol of solid particles in an amount corresponding to
10'° to 10*° particles per Nm’ per SO; by vol% in the gas
stream at the entry of the final condenser calculated under
the assumption that SO; is unhydrated to H;SO4. The low acid
mist emission represents a significant advantage compared
to the normal situation where strong feed gases containing
6-30 vol% SO,, particularly 10-30 vol% SO, are treated by a
single condensing stage after the SO, converter, whereby
the feed gas to said condensing stage is air diluted to 5-
6% vol. SO, resulting in an acid dew point of 260°C and

acid mist emissions above 5 ppmv.

Saturated steam at 40 bar g can be produced in boilers 211
and 222. In order to control the temperatures in the SO0
converter the intermediate bed coolers 28 and 29 are pref-
erably steam superheaters. The dilution air 22 can be taken
from the hot final condenser cooling air stream 225 leaving
at about 200°C, but additional duty must be supplied to
heat the air to the SO,-converter 24 inlet temperature of
410°C. A higher fraction of the heat transferred in the fi-
nal condenser 223 is recovered if the hot cooling air 225
can be recycled as combustion air in an incineration step
prior to the SO2-converter in plants combusting e.g. spent

alkylation acid or H;S or sulfur.

The reheat of the acid-mist containing off-gas 218 from the
intermediate condenser in heat exchanger 210 may require
heating in two steps: a first acid-resistant heat exchanger

close to the intermediate condenser mounted for example in
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the top of intermediate condenser 213, which brings the gas
temperature above the dew point, and a second heat ex-
changer to bring the temperature of stream 219 up to the
375°C before re-entering the SO, converter 24. The latter
may include a bypass in order to control the temperature to
375°C. Alternatively, the first heating step may be carried

out by recirculation of hot gas.

Heat transfer salt may alternatively be used as an interme-
diate for transfer of heat from the process to a steam sys-
tem especially for cold feed gases (metallurgical), where
the steam flow from the boilers is too small to feed the

intermediate bed coolers.

The intermediate condenser 213 is preferably a sulfuric
acid tower comprising a concentration and condensing zone
with liquid sulfuric acid running in countercurrent to the
gas stream containing SO3 and H;SO,-vapor through a concen-
trating or absorption zone containing filler bodies whereby
H,S0, is absorbed in recycled sulfuric acid, as for in-
stance described in US Patent No. 4,348,373. The intermedi-
ate condenser 213 may also be constructed as a brick-lined
tower with ceramic packings, such as Torus saddles for the
case of a 2.0 m diameter vessel. As described above the in-
termediate condenser may alternatively be a wet sulfuric
acid condenser of the same type as the final condenser 223,
in which said final condenser 223 is provided with air

cooled glass tubes.

The off-gas stream 218 from the intermediate condenser 213
may contain some acid mist and depending on the required

total SO, conversion in the plant up to 1000 ppmv acid mist
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may be accepted (the conversion in the fourth bed 220 de-
pends on the S0,+S0; concentration). According to the
teaching of US Patent No. 4,348,373 the intermediate con-
denser for the production of sulfuric acid may be operated
substantially free of acid mist in the off-gas if the fol-

lowing condition is fulfilled:

T > 140 + 6o + B + 0.2 (T1-Tyq) (2)

where

T is the temperature [°C] of the acid to be recycled
leaving the intermediate condenser,

o is the concentration of the feed gas 212 defined by
S03+H,S50, [mole%],

B is the water concentration [mole$] of the feed gas 212,

T, 1is the temperature [°C] of the feed gas 212, and

Tq¢ 1s the dew point temperature [°C] of the feed gas 212.

According to formula (2), excessive acid mist emission can
be avoided, because the temperature T=247°C is higher than

the value calculated from the formula, which is 218°C.

The demand for high-concentration acid in alkylation plants
in oil refineries calls for 98.5-99 wt% sulfuric acid prod-
uct. The product acid strength increases with increasing
feed gas temperature in stream 212, but even at 400°C in
said feed gas the maximum acid strength does not exceed
98.4 wt% because of the water content of the feed gas 212.
As a result, production of > 98.5 wt% sulfuric acid is dif-
ficult to achieve. In the intermediate condensing stages of
conventional wet/dry processes, such as US Patent No.

4,368,183 the water vapor pressure over oleum, i.e. sulfu-
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ric acid with dissolved SO;3, is very low and as a result
water is easily removed at this stage. However, where there
is an excess of water with respect to SO; in the gas the
S03 will react with water in a molar ratioc 1l:1 to produce
sulfuric acid. At equilibrium, the acid will absorb addi-
tional water and thereby reduce its acid strength until the
water vapor pressure over the acid, as determined by the
acid strength and the temperature is the same as the water
content in the gas. We have found that in the double con-
densation process according to the present invention, the
acid strength can be increased if hot air at a temperature
of 400-550°C, preferably 500°C is introduced instead of
process gas of normally about 300-320°C in the concentra-
tion zone at the bottom of the intermediate condensation
tower 213. This is shown in Fig. 3 for the same feed gas
conditions as in Fig. 2. The S03 gas stream 312 from the
SO, converter 34 is sent directly to the condensation zone
316 of the intermediate condenser 313, and the acid product
flows to the concentration zone 315, where it is concen-
trated to 98.6 wt% by countercurrent contact with hot air
at 500°C. Preferably, the air has been previously preheated
in heat exchanger 329 from 150-300°C to 400-550°C, prefera-
bly 500°C. Hence, in one particular embodiment of the in-
vention, the process further comprises passing hot air at a
temperature of 400-550°C to the concentration zone of the
intermediate condensation stage and passing the SO3-
containing gas from the first catalytic conversion step di-
rectly to the condensation zone of said intermediate con-
densation stage, whereby concentrated sulfuric acid is pro-
duced by counter current contact with said hot air. Table 2
resumes relevant flow compositions of the process shown in

Fig. 3.
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In another embodiment of the invention, the process further
comprises dividing said intermediate condensation stage
into at least an upper and a bottom concentration zone,
passing the SOs;-containing gas from the first catalytic
conversion step to the upper concentration zone of the in-
termediate condensation stage and passing hot air at 400-
550°C to the bottom concentration zone, whereby concen-
trated sulfuric acid is produced by countercurrent contact
with said hot air. Accordingly, the intermediate condensing
stage is separated in at least two concentration zones. In
the first, upper concentration zone, the acid from the con-
densation zone is concentrated from 95 wt% to 98.2 wt% by
contact with the SOs-containing gas stream to the interme-
diate condensing stage having a temperature of about 300°C
and in the second, bottom concentration zone, where hot air
at 450-550°C, preferably 500°C is added, the acid is fur-
ther concentrated to the desired value of 98.6 wt%. This
enables that only about the half of the amount of hot air
(Nm3/h) as that required in the scheme of Fig. 3 is neces-
sary for the final concentration to 98.6 wt%. This process
is illustrated in Fig. 4 for the same feed gas conditions
as in Figs. 2 or 3. Table 3 resumes the relevant flow com-
positions. The SO; gas stream 412 from the S0, converter 44
is sent directly to a first concentration zone 431 and the
acid product flows to a second concentration zone 430,
where it is finally concentrated to 98.6 wt% by counter
current contact with hot air at 400-550°C, preferably
500°C. The air is previously preheated in heat exchanger

429 from 150-300°C to 450-550°C, preferably 500°C.
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In yet another embodiment of the invention the process may
further comprise diverting a stream of off-gas from the hot
air which has been in contact with sulfuric acid in the in-
termediate condensation stage to fhe final condensing stage
by combining said stream of off-gas with the cooled SO3-
containing gas stream withdrawn from the second catalytic
conversion step. Accordingly, off-gas from the hot air con-
centration zone in the intermediate condensing stage is
sent to the final condensing stage. This enables a reduc-
tion in size of the intermediate condenser as well as a re-
duction of size in the one or more beds in the second con-
tacting stage of the SO, converter. This is illustrated in
Fig. 5, where off-gas stream 531 from the concentration
zone 532 of intermediate condensation stage 513 is combined
with the stream 521, from the second catalytic conversion
step in SO, converter 54, entering the final condenser 523
as stream 522. Table 4 resumes relevant flow compositions
for this embodiment of the process.

The inventive process is also useful for the retrofitting
of existing sulfuric acid plants already comprising an SO
converter and a single wet condensing stage. The existing
single wet condenser may then be used as final wet con-
denser and the S0, converter may also be reused. In the
retrofitting of the existing plant, a new intermediate con-
denser, an additional catalyst bed in the SO, converter and
a heat recovery system are adapted to the plant. The retro-
fitting enables, apart from the advantages already men-
tioned including low acid mist emission, the possibility of
increasing plant capacity with few modifications in the ex-
isting plant. In the inventive process, the flow of the
feed SO,-gas to the plant may be increased, while the flow

of dilution air is decreased so as to maintain a substan-
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tially constant total flow through the plant before and af-

ter retrofitting.

Example:

Table 5 shows a comparative example of a process with in-
termediate condensation stage and final wet condensation
stage according to the invention and a process according to
the prior art, where a SO, conversion step is followed by a
single wet condensing stage. In the process according to
the prior art comprising a SO, conversion stage and a sin-
gle wet condensing stage, the feed gas to the process con-
taining 14 vol% SO, is substantially air diluted so as to
provide a 5-6 vol%$ SO, gas with acid dew point of 260°C at
the inlet of the final condensing stage. The process ac-
cording to the invention, corresponding to Fig. 2 and Table
1, requires no substantial air dilution compared with the
prior art and provides at the same time higher SO, conver-

sion and lower acid mist emissions.
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Table 5
Prior art. Single Invention
condensing stage1
Gas flow (relative) 100 57
SO, conversion (%) 99.5 - 99.7° 99.95
Acid mist emission 10-20 ppmv ~5 ppmv

! Feed gas to the process contains 14 vol% SO,. The gas has been
air diluted to 5-6% SO, prior to entering the SO;-converter cor-
responding to 5-6% H,S0,(g) in the gas entering the single con-
densing stage so that its acid dew point is 260°C.

2 Wwithout tail gas scrubbing.
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CLAIMS

1. Process of producing sulfuric acid from feed gases
containing 0.1-30% SO, comprising the steps of:

(a) passing the feed gas to a first catalytic conversion
step in which SO, is oxidized to SO3 over one or more cata-
lyst beds,

(b) cooling the SO3-containing gas from said first con-
tacting step by passing said gas to an intermediate con-
densing stage withdrawing a gas containing unconverted SO;
and unabsorbed SO; and withdrawing a product stream of con-
centrated sulfuric acid,

(c) reheating said gas containing unconverted SO, and un-
absorbed S03,

(d) passing the gas from step (c) to a second catalytic
conversion step, in which unconverted SO, is oxidized to
SO; over one or more catalyst beds,

(e) cooling the gas from step (d) to a temperature of 0
to 100°C above the acid dew point of said gas,

(f) passing the gas from step (e) with a molar ratio of
H,O to SO; of at least 1.05 calculated under the assumption
that SO3 is not hydrated to H,SO, and acid dew point of be-
low about 240°C to a final wet condensing stage, in which
the remaining sulfuric acid is condensed by cooling of said
gas by indirect or direct heat exchange with a cooling me-
dium,

(g) providing in the gas, prior to conducting step (f), a
content of 10 to 10! solid particles per Nm3 per vol$% SO;
calculated under the assumption that SO3; is not hydrated to
H2S04,

(h) withdrawing from the final wet condensing stage of

step (f) a stream of 70-98 wt% sulfuric acid.
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2. Process according to claim 1, wherein the feed gas in
step (a) containing SO, is a strong gas containing 6 vol%

to 30 vol% SO,.

3. Process according to claims 1 or 2 further comprising
cooling the gas from step (a) to a temperature of 0°C to
100°C above the acid dew point of said gas prior to con-

ducting step (b).

4. Process according to any preceding claims further
comprising providing the particles of step (g) to the gas

resulting from step (e).

5. Process according to any preceding claims, wherein
the intermediate condensing stage of step (b) is conducted
in a packed sulfuric acid tower comprising a concentration
and condensing zone by contacting the SO3;-containing gas
stream with liquid sulfuric acid of strength 70-98 wt%

flowing countercurrently with the SO3;-containing gas.

6. Process according to any preceding claims further
comprising returning the stream of 70-98 wt®% sulfuric acid

of step (h) to the intermediate condensing stage (b) .

7. Process according to any of claims 1 to 4, wherein
the intermediate condensing stage of step (b) is conducted
in substantially vertical tubes in which the cooling of the
SO;-containing gas stream takes place by indirect heat ex-
change with a cooling medium, in which said cooling medium

is air flowing countercurrently.
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8. Process according to any claims 1 to 7, wherein the
cooling of the gas in the final condensing stage is con-
ducted in substantially vertical tubes by indirect heat ex-
change with a cooling medium, in which said cooling medium

is air flowing countercurrently.

9. Process according to any of claims 1 to 7, wherein
the cooling of the gas in the final condensing stage is
conducted in a packed sulfuric acid tower by direct heat

exchange with circulating sulfuric acid.

10. Process according to claim 5 further comprising pass-
ing hot air at 400-550°C to the concentration zone of the
intermediate condensing stage and passing the S5O03-
containing gas from the first catalytic conversion step di-
rectly to the condensing zone of said intermediate conden-
sation stage, whereby concentrated sulfuric acid is pro-

duced by countercurrent contact with said hot air.

11. Process according to claim 5 further comprising di-
viding said intermediate condensing stage into at least an
upper and a bottom concentrating zone passing the S5S03-
containing gas from the first catalytic conversion step to
the upper concentration zone of the intermediate condensa-
tion stage and passing hot air at 400-550°C to the bottom
concentration zone, whereby concentrated sulfuric acid is

produced by countercurrent contact with said hot air.



WO 2008/064698 PCT/EP2006/011448
38

12. Process according to claim 10 or 11 further compris-
ing diverting a stream of off-gas from the hot air which
has been in contact with sulfuric acid in the intermediate
condensation stage to the final condensing stage by combin-
ing said stream of off-gas with the cooled SO3-containing
gas stream withdrawn from the second catalytic conversion

step of the SO, conversion stage.
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