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Title: Process for the oxidation of SO, to SO;

Sulfuric acid, H;S04, is made by oxidation of SO; in a feed
gas to S0O; and subsequent hydration to H»SO.. The S0, feed
gas can come from various sources. One type 1s off gases
from smelters and roasters. Such feed gases are supplied
cold and water saturated, typically at 20-50°C, and they
contain from about 0.1% vol. SO, to about 20% vol. S0;. In
order for the S0, to S0O3; conversion reaction to run at a
reasonable rate, the cold SO, containing feed gas has to be
heated to about 400°C before it is directed to the catalyt-
ic bed.

While the feed gas may be partly heated by e.g. hot cooling
alr from a wet gas Sulfuric Acid condenser, the final heat-
ing to about 400°C is typically done using the reaction
heat from the SO, converter, as this is the only place in
the unit, where such high temperatures are available. In
particular, a high temperature outlet from the 1°° catalyt-
ic bed is advantageous as temperatures well above 400°C are

required to heat the feed to 400°C.

When the SO, content in the process gas is low (e.g. less
than about 2.5% vol.), the reaction heat is insufficient to
heat the feed gas. Energy will have to be added, typically
by direct or indirect support-firing, encurring a further
cost of fuel. To minimize the periods where support-firing
is required, the thermal control of a sulfuric acid produc-
fion plant is important, but the flexibility of thermal
management is limited by a number of constraints. For oxi-
dation of SO, to S0; to be sufficiently fast, the reaction
must take place at a temperature of at least 370-400°C. At
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the same time the S03; containing oxidized product gas must
be cooled to shift the product egquilibrium towards SOs,
which limits the temperature and finally gas temperatures
must be kept above the dew point of sulfuric acid, since
condensed H;S04 is in general very corrosive while H;S0. in
the gas phase is almost not corrosive. Finally the hydra-
tion reaction for S03 is exothermal, which reduces the tem-
perature approach in heat exchangers for wet sulfuric acid

gases below about 400°C.

Traditionally the thermal management of a sulfuric acid
plant for processing a raw process gas has involved either
gas/gas heat exchange, or heat exchange facilitated by an
appropriate heat transfer medium such as molten salt. Steam
has not been a relevant heat transfer medium, since the
process gas temperature obtained from heat exchange with
steam has been insufficient for providing the sufficient

temperature for SO, oxidation.

German patent application DE 195 22 927 Al provides a meth-
od for production of concentrated sulfuric acid with im-
proved thermal management based on hydration of S0O; and
partial condensation of sulfuric acid in a boiler, in which
the H,0/S0; ratio is limited to the range 0.9-1.1. Sulfuric
acid is hydrated and condensed in a boiler with a steam
pressure around 20 bar, with heat exchange tubes made from
steel. For a narrow range of sulfuric acid concentration,
the liquid sulfuric acid is only moderately corrosive, and
regular stainless steel may in theory be an acceptable ma-
terial. However, 1f the strict control of H,0/S0, is not

adhered to condensed sulfuric acid may cause corrosion and
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leakage of 20 bar steam into a sulfuric acid condenser,

which may be critical.

Now according to the present disclosure it has been found
that by ensuring that the cooled oxidized process gas is
non-condensing in combination with combined heat exchange,
i.e. by using a boiler producing steam for heat exchange in
combination with either gas/gas heat exchange, or heat ex-
change facilitated by e.g. a molten salt as heat transfer
medium, the temperature approach of the heat exchanger can
be increased significantly, resulting in a reduced heat ex-
change area, and thus significant savings in cost. Further-
more by ensuring that the temperatures are such that the
cooled oxidized process gas is non-condensing the H,0/S0,
ratio is not critical and the heat exchanger materials do
not have to be able to withstand the corrosiveness of con-
densed sulfuric acid. The cooled, but non-condensing, oxi-
dized process gas may be transferred to a downstream air
cooled condenser, in which sulfuric acid is condensed, and
in which the cooling medium is having a pressure close to

that of the cooled oxidized process gas.

As used herein the term temperature approach shall be un-
derstood as the difference between the cold and the warm

stream of a heat exchanger.

As used herein the term heat exchanger shall be understood
as a process unit in which heat is transferred between a
cold stream and a warm stream, in which the two streams are
physically separated. This means that heat transfer medium
facilitated heat exchange typically requires two heat ex-

changers. Heat exchangers according to the present inven-



10

15

20

25

30

WO 2013/182502 PCT/EP2013/061342

tion may be of any configuration, including planar or tubu-
lar, and may optionally be configured with cooling fins as

known to the skilled person

As used herein gas/gas heat exchange shall be construed as
heat exchange between a cold and a warm stream, in which
the thermal contact between the cold and the warm stream
only requires transfer of energy across a heat exchanger

wall.

As used herein the term heat transfer medium facilitated
heat exchange shall be construed as heat exchange between a
cold and a warm stream, in which the thermal contact be-
tween the cold and the warm stream requires the movement of

a heat transfer medium.

As used herein heat transfer shall mean any process trans-
ferring energy from one location to another, including
gas/gas heat exchange and heat transfer medium facilitated
heat exchange as described above, but also convection, con-
duction, and radiation which may be involved in the heat
transfer from e.g. catalytically active material through

cooling tubes to a process gas or a heat transfer medium.

As used herein the term heat exchange shall be understood
to cover any type of heat transfer including both gas/gas
heat exchange, and heat transfer medium facilitated heat

exchange as defined above.

As used herein the term boiler shall be understood as a

process unit in which heat is transferred from a hot pro-
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cess stream to liquid water at its boiling point, such that

steam is released.

As used herein the terms catalyst zone, bed of catalytical-
ly active material and catalytic bed shall be construed as

equivalent.

As used herein the dew point temperature for a component of
a2 gas 1s the temperature at which the component condenses
from the gas mixture. The dew point is dependent on the-
pressure and composition of the gas mixture. The term above
the dew point shall be understood as a temperature where
the gas mixture is non-condensing, and similar below the
dew point shall be understood as a temperature where the

gas mixture is condensing.

FEqgquipment having minor surface areas having cold spots po-
tentially inducing condensation shall not be construed as

condensing gas conditions.

As used herein autothermal operation shall be understood to
mean operation at a S0, level at which a sulfuric acid
plant may operate in steady state with limited or no heat
supply, based on the reaction heat of the oxidation of SO,
Lo SO3 as well as the reaction heat of hydration of SO; to
H,S0, and finally condensation of gaseous H,S0, to form lig-

uid HzSO4 .

As used herein the term thermal circuit shall be used to
describe the process from a thermal perspective, substan-
tially disregarding the chemical reactions and focussing on

the heat transfer related to the process.
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Nm® shall mean Normal cubic meter, i.e. the amount of gas

3

corresponding to one m® at standard conditions, 0°C and 1

atm.

Q

Where concentrations are stated in % this shall be under-
stood as volumetric %. Unless stated otherwise, the concen-
trations of SO3 and H;O0 are presented as nominal concentra-
tions, i.e. under the assumption of no hydration of S0Os3; to

H,S0,.

Where the terms partially oxidized process gas, oxidized
process gas and further oxidized process gas are used these
terms shall be construed only as specifying process gas in
relative positions of the same process and not as an indi-
cations of the extent of oxidation across different pro-

cesses.

In a broad embodiment the present invention relates to a
process for conversion of SO, to SO; in a raw process gas
comprising the steps of

a) heating the raw process gas by heat exchange with an ox-
idized process gas, providing a heated process gas

b) contacting the heated process gas with a first zone of
material catalytically active in oxidation of SO, to SO0,
providing an oxidized process gas

c) withdrawing heat of reaction from one or both of the
first zone of catalytically active material and the oxi-
dized process gas to the raw process gas by one or more
heat transfer processes taken from the group consisting of
convection, conduction, radiation, gas/gas heat exchange or

by heat transfer medium facilitated heat exchange
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d) further cooling the oxidized process gas by heat ex-
change in a boiler, preferably a water tube boiler, receiv-
ing a feed of water, providing saturated steam and a cooled
oxidized process gas, in which the raw process gas, the
heated process gas, the oxidized process gas and the cooled
oxidized process gas are non-condensing with respect to
sulfuric acid , with the associated benefit of efficient
thermal management of the process, with reduced heat ex-
change area due to increased temperature approach in the
heat exchangers, in comparison with the thermal management
of the process layout according to the prior art, while at
the same time the process equipment may be made from moder-
ately priced materials as corrosion resistance is not crit-
ical, and furthermore the temperature variation of the
cooled process gas will be low, providing simpler operation

of equipment downstream.

In a further embodiment the process further comprises the
steps of contacting the heated process gas with one or more
further zones of material catalytically active in oxida-
tion of SO, to S0;3, providing a further oxidized process
gas, cooling the oxidized process gas and/or the further
oxidized process gas by heat exchange with the a process
gas upstream the first zone of catalytically active materi-
al, in one or more heat exchangers, configured either as
inter-bed coolers, as heat exchangers external to the reac-
tor or as integrated heat exchangers in contact with cata-
lyst, with the associated benefit from the use of multiple
catalyst zones of providing more optimal temperatures for

the oxidation reaction and for the oxidation equilibrium.
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In a further embodiment the process further comprises the
step of pre-heating the raw process gas by heat exchange
with a steam flow, preferably condensing steam, prior to
heating the process gas by heat exchange with the oxidized
process gas, providing a pre-heated process gas, with the
associated benefit of employing the energy available in the
steam to ensure non-condensing and thus non-corrosive con-
ditions in the downstream heat exchanger, by ensuring that
the temperature of the cold raw process gas side of the
heat exchanger is above the dew point of H»SO, in the warm
oxidized process gas. Furthermore this pre-heating ensures
that energy remains in the process such that auto-thermal

operation is possible with lower concentrations of SO,.

In a further embodiment the process further comprises the
step of mixing a process gas upstream the first zone of
catalytically active material with a recycled warm process
gas, with the associated benefit of employing the heat
available in the recycled process gas to ensure non-

condensing conditions in the downstream heat exchanger.

In a further embodiment the heat exchange between the raw

process gas and one or more of the oxidized process gas or
the further oxidized process gas is in part made by gas/gas
heat exchange, with the associated benefit of a simple heat

exchange circuit.

In a further embodiment the heat exchange between the raw
process gas and one or more of the oxidized process gas, or
the further oxidized process gas is made in part by heat
exchange facilitated by a heat transfer medium, such as

molten salt, with the associated benefit of a heat exchange
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circuit, with a possibility for heat storage in a buffer of
heat transfer medium. The heat transfer medium may comprise
molten salts such as an eutectic mixture of sodium and po-
tassium nitrate and/or nitrite or an oil. It is preferred
that the heat transfer medium has a boiling point above

450°C.

In a further embodiment the raw process gas fluctuates in
one or more of the parameters flow rate, pressure and SO
concentration, with the associated effect of providing a
process enabled to clean the feed gas while safely and ef-
ficiently maintaining the process gas temperature at the
inlet to the sulfuric acid condenser within the allowable
limits, between the sulfuric acid dew point and the maximum
allowable operating temperature, in dependence of down-

stream materials.

In a further embodiment the temperature of the steam is at
least 10°C, preferably 15°C above the H,S0, dew point of

the cooled oxidized process gas, with the associated bene-
fit of providing a temperature of the cooled oxidized pro-
cess gas sufficiently high for avoiding corrosion problems

due to condensation of sulfuric acid.

In a further embodiment the temperature of the steam is at
least 200°C, preferably 240-310°C and even more preferably
250-280°C, with the associated benefit of providing a
cooled oxidized process gas having a temperature above the
dew point of a process gas containing at least respectively

0.1% vol. SO3, 0.1 - 20% vol. SO3, and 0.1 - 7% vol. SOs.
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In a further embodiment the raw process gas contains at
least 2% H»O with the associated benefit of providing water
for hydrating SO; for a downstream condensation of sulfuric

acid.

In a further embodiment the pressure of the steam is 30-100
barg, preferably 40-80 barg and even more preferably 40-60
barg, with the associated benefit of providing a process
with a higher steam temperature due to an increased water
boiling point, as well as a steam circuit matching the re-

quirements of a high pressure steam turbine.

In a further embodiment the heated heat transfer medium is
cooled by heat exchange with boiling water or steam with
the associated benefit of providing the energy collected
from the exothermal oxidation process in accessible form

for the remainder of the process.

A further aspect of the present disclosure relates to a
process for production of sulfuric acid involving conver-
sion of SO, to SO; and subsequent condensation of sulfuric
acid in a condenser cooled by heat exchange with a gas such
as process gas or air, with the associated benefit of
providing a process in which the process heat exchange is
separated from the corrossive condensing conditions, such
that process equipment materials upstream the condenser

does not have to be corrosion resistant.

A further aspect of the present disclosure relates to a
process plant for the oxidation of SO, to SO3 in a process
gas, said process plant comprising a heat exchanger config-

ured for heating the process gas by heat exchange with an
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oxidized process gas and/or a further oxidized process gas
by providing thermal contact between said process gas and
said oxidized process gas and/or said further oxidized pro-
cess gas, a first zone of material catalytically active in
oxidation of SO, to SO;, and a boiler configured for con-
faining steam being heated by the oxidized process gas
and/or the further oxidized process after said oxidized
process gas has been cooled in the heat exchanger charac-
terized in the cooled oxidized process gas in the boiler
being non-condensing with the benefit of providing the pos-
sibility for a smaller heat exchanger which may be made
with only moderate corrosion resistant materials, compared

Lo a process plant according to the prior art.

In a further embodiment this process plant further compris-
es a heat transfer medium circuit configured for providing
a heat transfer medium for facilitated heat exchange in one
or more of said heat exchangers, providing the possibility
for heat storage in the heat transfer medium and for avoid-
ing gas/gas heat exchangers, which are expensive, large and

which may pose control scheme challenges.

In a typical process layout according to the prior art at
steady state processing, raw process gas 1s heated in the
process gas heater to about 400°C. The hot process gas is
directed to the converter and the S0; is partially oxidized
in the 1°" catalytic bed generating a temperature increase
of about 25°C for every 1% SO; in the feed, e.g. to about
475°C for 3% SO,. To have a high conversion in the convert-
er, it is, due to the equilibrium between SO, and SOs;, nec-
essary to cool the process gas before further conversion

can be achieved. Therefore the process gas is cooled to
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around 400°C before the gas is directed to the 2" catalyt-
ic bed for further conversion. If even higher conversion is
required, a further cooling /conversion step can be added.
Finally the process gas is cooled in the oxidized process
gas cooler to a temperature above the dew point temperature
of sulfuric acid, typically to a temperature between 270-
290°C, such that the materials in the SO, converter may be
chosen without considering the high corrosion resistance
required where there is a risk for condensation of sulfuric

acid.

For cold raw process gasses (below 200°C), a heat recovery
system with molten salt as energy carrier is often the pre-
ferred choice, in which, the molten salt is heated to medi-
um temperature in the oxidized process gas cooler and to
high temperatures in a converter heat exchanger, which may
be configured either as an inter-bed cooler (between beds
of catalyst), as heat exchangers external to the reactor
(in which a process gas stream is withdrawn from the reac-
tor to the heat exchanger and back to the next bed of cata-
lyst) or as integrated heat exchangers in contact with cat-
alyst (inside the bed of catalyst), to obtain a temperature
where the hot salt may be used to heat the raw process gas
in the process gas heater. In order to obtain a feed gas
temperature of e.g. 400°C at the inlet to the converter,
the hot salt need to be above 400°C and preferably above
430°C. In order to heat the molten salt to e.g. 430°C, the
process gas temperature out of the 1°° catalytic bed need
to be above 430°C, preferably more than 20°C above, i.e.
above 450°C. This means that for the process to run smooth-

ly, the temperature increase over the 1°° catalytic bed
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should preferably be above 60°C which means that the pro-

cess gas should preferably contain more than 2% SO,.

A heat recovery system with gas/gas heat exchange is also
known in the prior art. In this case the process gas is di-
rected to be heated to intermediate temperature in the oxi-
dized process gas cooler and to high temperatures in the
interbed cooler, such that it may be fed at sufficient tem-
perature to the first catalytic bed. While a gas/gas heat
exchanger saves the cost related to the use of heat trans-
fer medium in a separate circuit, it may also involve prac-
tical problems as it may have to be installed outside the

reactor.

The thermal benefit of saving the energy transfer to and
from heat transfer medium may in practice be balanced
against poorer gas/wall heat transfer coefficients. There-
fore in order to obtain a feed gas temperature of e.g.
400°C inlet the converter, the process gas temperature out
of the 1°% catalytic bed need to be above 400°C, preferably
more than 50°C above, i.e. above 450°C. This means that for
the process to run smoothly, the temperature increase over
the 1°" catalytic bed should preferably be above 60°C which
means that the process gas should preferably contain more

than 2¥% S5S0,.

When sulfur trioxide and water are present in the process
gas, sulfuric acid will start to form when the process gas
is cooled below 400°C in the oxidized process gas cooler.

The reaction proceeds according to reaction (1).

SO3(g) + H;O (g) = H;SO.s(g) + 24.1 kcal/mole (1)
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The hydration reaction is an exothermal reaction, and
therefore, lower temperature will favour the formation of
sulfuric acid. This means that the temperature of the pro-
cess gas 1in the oxidized process gas cooler does not change
linearly with the amount of energy transferred. This can be
seen in Figure 1, which shows heating and cooling curves
for the oxidized process gas cooler. The solid line repre-
sent the process gas temperature as a function of the per-
centage of energy transferred, and the dot-dashed curve
marked by [0 indicates the corresponding temperature of a
molten salt as a heat transfer medium. The process gas
cooling curve is convex, meaning that the difference be-
tween two lines has a minimum within the heat exchanger,
which causes a low overall temperature approach. Therefore
a large heat exchange area is required in the oxidized pro-
cess gas cooler due to the low overall temperature ap-

proach.

The only ways to improve the temperature approach with the
given process layout are by decreasing the molten salt in-
let temperature or by decreasing the molten salt outlet
Lemperature by increasing the molten salt flow. The salt
inlet temperature is limited by the sulfuric acid dew point
of the process gas. The salt temperature should always be
kept minimum 10°C and preferably 15°C above the sulfuric
acid dew point, to avoid sulfuric acid condensation and
corrosion. Furthermore, it is desirable to recover as much
energy as possible in the oxidized process gas cooler, so
normally the molten salt inlet temperature and process gas

outlet temperature is already at the minimum allowable.
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If the salt flow is increased, the salt outlet temperature
will decrease, and it may not be possible to obtain a salt
Lemperature at the inlet of the process gas heater which is
high enough to obtain the required process gas temperature

at the inlet of the S0, converter.

Furthermore, for feed gases with fluctuations in flow and
S0, concentration, it can be difficult to contrcocl the tem-
peratures in the plant. Specifically the process gas tem-
perature at the inlet to the sulfuric acid condenser is im-
portant. On one hand the gas temperature must be kept above
the sulfuric acid dew point of the gas to avoid sulfuric
acid condensation and corrosion in the oxidized process gas
cooler and ducting between the oxidized process gas cooler
and sulfuric acid condenser. On the other hand, the gas
temperature must be kept below the maximum operating tem-
perature of the sulfuric acid condenser, which is typically
limited to 300°C due to the use of fluorinated polymers in
the sulfuric acid condenser inlet. In the process according
to the prior art the process gas temperature at the inlet
to the sulfuric acid condenser is typically controlled by
adjusting the salt flow to the oxidized process gas cooler
via feed back PID control. If this is not sufficient, the
control can be changed to a combination of feed-forward and
feed back control, where measurements of the feed gas flow
and SO, concentration are used as input for the feed for-
ward calculation of the required salt flow. The feedback
signal is then used to correct any measurement error, dy-
namic effects and other factors which cannot be accounted
for in the feed forward calculation. However, even with

combined feed-forward and feed back control, it can be dif-
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ficult to maintain the desired gas temperature at the inlet

to the sulfuric acid condenser.

The present disclosure suggests providing a high pressure
boiler for providing the part of the heat exchange at low-
est temperature, which traditionally is performed in the
oxidized process gas cooler. Heating and cooling curves for
the oxidized process gas coolers in the thermal management
process can be seen in Figure 1, where the dashed curve
marked A correspond to molten salt and ¢ to the boiler. As
it can be seen the combined curve of the disclosed process
layout significantly increases the temperature approach in
the oxidized process gas coolers compared to the process

according to the prior art.

When operating with feed SO, concentrations close to or be-
low the limit for auto-thermal operation, it is important
that the steam generated in the 2"® oxidized process gas
cooler can be used for heating the feed gas. Otherwise, the

requirement for firing of support fuel will be increased.

Therefore, it is beneficial to introduce a steam condensing
heat exchanger as the first step of heating the feed gas in

the process gas heater.

A thermal management process according to the present dis-
closure will significantly reduce the total heat exchange
area, and thus also the overall plant investment costs com-

pared to the process according to the prior art.

Furthermore, the introduction of a boiler before the sulfu-

ric acid condenser, has a significant stabilizing effect on
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the inlet temperature to the sulfuric acid condenser. The
stabilisation is caused by the fact that the boiler is in-
herently stable, in that the temperature is defined by the
boiling point of the water at the given pressure. This
means that if the boiler is properly designed (i.e. as long
as it contains liquid water, and has sufficient heat ex-
change surface), the gas temperature out of the boiler will
be between 0 and 15°C above the boiling point of the water
in the boiler, regardless of the process gas flow or SO;3
concentration. Therefore no intervention from a plant oper-
ator or automatic process control device is required to

control the temperature of the oxidized process gas.

These and other aspects of the present disclosure will be
clear from inspecting of the following illustrations of

specific embodiments of the present disclosure.

Figure 1 shows temperature approach curves for the heat ex-
changers according to the prior art and the present disclo-
sure.

Figure 2 shows a process layout according to the prior art.
Figure 3, 4, 5 and 6 show different process layouts accord-
ing to embodiments of the present disclosure.

Figure 7 shows exemplary feed gas composition and flow.
Figure 8, 9 and 10 show exemplary data for the gas tempera-

ture.

Figure 2 shows a typical process layout according to the
prior art. According to this a raw process gas 2 at 180-
200°C containing about 8% water and 3% SO, is heated in the
process gas heater 42 to about 400°C. The hot process gas 6
is directed to the converter 44 and the S0, is partially
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oxidized in the 1°° catalytic bed 46. The oxidized gas 8 is
cooled in an interbed cooler 48 to around 400°C before the
cooled oxidized gas 10 is directed to the 2" catalytic bed
50 for further conversion. Finally the further oxidized
process gas 12 is cooled in the oxidized process gas cooler
52 to a temperature above the dew point temperature of sul-
furic acid, typically to a temperature between 270-290°C,
providing a cooled further oxidized process gas 16, which

may be directed to a sulfuric acid condenser.

In the thermal circuit of the process, molten salt 20 is
heated to 380°C in the oxidized process gas cooler 52 and
to 450°C in the interbed cooler 48, where after the hot
salt 24 is used to heat the raw process gas 2 in the pro-
cess gas heater 42. Excess energy in the cooled molten salt
26 may be transferred to an external steam circuit (70/72)
by heat exchange in a kettle type boiler 82, before the

cooled salt 60 is transferred to a salt tank 56.

Figure 3 shows an embodiment of the present disclosure, in
which a part of the heat exchange of the further oxidized
process gas takes place in a high pressure boiler. Raw pro-
cess gas 2 containing about 8% water and 3% SO, is heated
in a steam heated process gas heater 40 to about 250°C, by
heat exchange with condensing steam 84. This pre-heated
process gas 4 is directed to a salt heated process gas
heater 42, where it is heated to about 400°C. This hot pro-
cess gas 6 is directed to the converter 44 and the SO, is
partially oxidized in the 1°° catalytic bed 46. The oxi-
dized process gas 8 i1s cooled in an interbed cooler 48 to
around 400°C before the cooled oxidized gas 10 is directed

to the 2" catalytic bed 50 for further conversion. Finally
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the further oxidized process gas 12 is cooled to cooled
further oxidized process gas 14 in a oxidized process gas
cooler 52 and further cooled in a process gas heated boiler

54 to a temperature between 270-290°C.

In the thermal circuit of the process, molten salt 20 is
heated to medium temperature in the oxidized process gas
cooler 52 and to high temperatures in the interbed cooler
48, where after the hot salt 24 is used to heat the pre-

heated process gas 4 in the process gas heater 42.

In the process gas heated boiler 54 operating at 46 barg a
stream of water 78 is heated to the boiling point around
260°C, and transferred as a mixture of water and steam 80
Lo a steam drum 62, feeding the first process gas heater
40, with saturated steam 84. Condensed water 82 is then
transferred to the steam drum 62. Streams of water 78 and
74 from the steam drum 62 feed the process gas heated boil-
er 54 and a salt heated boiler 60, respectively.

The steam boiler may be in correspondence with an external

steam circuit 70/72

Figure 4 shows an alternative embodiment in which heat ex-
change of the process gas is made in a gas/gas heat ex-
changer and in which a part of the heat exchange of the ox-
idized process gas cooler takes place in a high pressure
boiler. Raw process gas 2 containing about 8% water and 3%
SO, is heated in a steam heated process gas heater 40 to
about 250°C, by heat exchange with condensing steam 84.
This pre-heated process gas 4 is directed to the cold side

of the oxidized process gas cooler 52, and the interbed
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cooler 48, both being gas/gas heat exchangers, where it is
heated to about 400°C. This hot process gas 6 is directed
to the converter 44. A fraction of the hot process gas 6
may further (as shown in this embodiment) be combined with
an process gas upstream the oxidized process gas cooler 52,
in order to minimize the risk of condensation of hydrated
SO; in the oxidized process gas cooler 52. The SO, is par-
tially oxidized in the 1°° catalytic bed 46. The oxidized
process gas 8 is cooled in the gas/gas interbed cooler 48
to around 400°C before the cooled oxidized process gas 10
is directed to the 2"® catalytic bed 50 for further conver-
sion. Finally the further oxidized process gas 12 is cooled
in the gas/gas oxidized process gas cooler 52 and further
cooled in a process gas heated boiler 54 to a temperature
between 270-290°C. The steam 80 generated in the boiler is
used for pre-heating the raw process gas 2 in a manner sim-

ilar to in Figure 3.

In a further embodiment shown in Figure 5, the process may
be simplified by providing only a single bed of catalytic
material 46, without an interbed cooler and without pre-
heating the raw process gas. This is a less efficient pro-
cess layout, but the cost will also be lower. Analogously
process conditions may also require the process to be con-

figured with three beds of catalytic material.

An embodiment of the present disclosure may also involve an
isothermal bed of catalytic material. Such an embodiment

will involve active cooling of the bed of catalytic materi-
al, e.g. by cooling the bed of catalytically active materi-
al by heat exchange with process gas or a heat transfer me-

dium, such as molten salt or atmospheric air.
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Figure 6 shows in a further aspect of the present disclo-
sure a plant for production of sulfuric acid. In this em-
bodiment S0O; is hydrated to H,;S0, primarily in the heat ex-
changer 52 and the boiler 54 before being directed to a
condenser 100, in which the cooled further oxidized process
gas 1s further cooled below the sulfuric acid dew point
temperature with cooling air 106, such that sulfuric acid
is condensed and withdrawn in a sulfuric acid line 102,
providing a desulfurized gas 104, which may be directed to
a stack for release to the atmosphere. The cooling air 106
is heated in the condenser 100 and withdrawn as heated air
108, which may be used for preheating the raw process gas
2. In the specific embodiment of Figure 6, further energy
is provided to the process by means of a support burner 9¢,
in which a support fuel 94 such as liquid propane gas 1is
combusted with air 92, for increasing the temperature of
the pre-heated process gas 34, which according to this em-
bodiment has been pre-heated by heat exchange with heated
alr in heat exchanger 110, with steam in heat exchanger 40,
with further oxidized process gas in the oxidized process
gas cooler 52 and preheated in the interbed cooler 48. The
hot process gas may further (as shown in this embodiment)
be combined with upstream process gas, in order to minimize
the risk of condensation of hydrated SO; in the oxidized
process gas cooler 52. As in the embodiments of Figures 3,
4 and 5 the use of a boiler 54 has the benefits of increas-
ing the temperature difference in the last part of the pro-
cess, and of stabilizing the temperature in the further ox-

idized process gas directed to the condenser.
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Example 1
A unit for treating 30,000Nm3/h off-gas from a stable oper-
ating metallurgical plant containing 3.42% vol. SO, 12.53%

vol. Oy, 7.12% vol. H;O is illustrated in Example 1.

Component balances are inert, i.e. N, Ar and CO,.

Table 1 shows performance data and required heat exchange

area for each of the three heat exchangers in the process

according to the prior art.
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Table 1: Process according to the prior art
Heat Heat MTD | Shell | Tube Overall Area
ex- ex- [°C | side side heat re-
chang- | changer | ] heat heat transfer | quired
er duty trans | transfer | coeffi- [mﬁ
[Gcal/h fer coeffi- cient
] coef- | cient [kcal/m?
fi- (salt) /h/°C]
cient | [kcal/m?
(gas) | /h/°C]
[kcal
/m’/h
/°C]
Pro- 2.54 51 366 1140 245 202
cess
gas
heater
(salt)
Inter- | 0.94 41 244 861 181 132
bed
cooler
(salt)
Oxi- 1.89 13 265 471 170 873
dized
pro-
cess
gas
cooler
(salt)
Total 1207
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Table 2 shows performance data and required heat exchange

area for each of the five heat exchangers in the disclosed

process.
Table 2: Combined steam/salt thermal management
Heat Heat MTD Shell Tube Overall Area
ex— ex-— [°C] | side side heat re-
chang- | chang- heat heat transfer | quired
er er du- trans- | transfer | coeffi- [mﬁ
Ty fer coeffi- cient
[Gecal/ coef- cient [kcal/m’
h] fi- (salt/st | /h/°C]
cient eam/wate
(gas) r)
[kcal/ | [kcal/m’
m’/h/° | /h/°C)
C]
1°° 0.58 35 351 8530 324 55
Pro-
cess
gas
heater
(steam
/cond.
)
2ne 1.96 37 325 816 214 247
Pro-
cess

gas
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(Cont.)
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heater

(salt)

Inter-
bed
cooler

(salt)

48

324

1008

230

90

15% ox-
idized
pro-
cess
gas
cooler

(salt)

36

306

655

208

183

279 ox-

idized
pro-
cess
gas
cooler
(wa-
ter/st

eam)

28

357

8678

332

67/

Total

642
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Both processes are designed with the same total process gas

(shell side) pressure drop of 35 mbar.

Comparison of the total heat exchange area reguired for the
two process layouts show a reduction of 46% of the total
heat exchange area in the disclosed process compared to the

process according to the prior art.

The main reduction comes from the oxidized process gas
cooler, which total area is reduced from 873m’ in the pro-
cess according to the prior art to 250m’ in the disclosed
process. The reduction is mainly caused by the increased
temperature approach of 36/28°C in the disclosed process

versus 13°C in the process according to the prior art.

The required heat exchange area in the interbed cooler is

also decreased, due to a better temperature approach.

However, the total area of the process gas heater is in-
creased from 202 m® to 302 m® in the disclosed process.

This increase 1s caused by a reduction in the temperature
approach from 51°C in the process according to the prior
art to 35/37°C in the disclosed process. The increased area
in the process gas heater, is however, by far compensated
for by the much larger reduction in area of the oxidized

process gas cooler.

Example 2
A unit for treating a fluctuating off-gas from a metallur-

gical plant is illustrated in Example 2.
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1) 40,000Nm§/h, 0.5% vol. S0,, 13.4% vol. 0O,, 8.3% vol.
H,0

2) 70,000Nm§/h, 3.5% vol. SO, 13.4% vol. 0,, 8.3% vol.
H,0

3) lO0,000Nm?/h, 6.0% vol. S0,, 13.4% vol. 0O,, 8.3% vol.
H,0

Component balances are inert, i.e. N, Ar and CO,.

The feed gas conditions vary between the three load cases
shown above on an hourly basis, due to batch operation in

the upstream smelter process.

An example of the time variation of feed gas flow (dashed
curve) and SO, concentration (solid curve) 1is shown in Fig-
ure 6. Dynamic simulations of the entire sulfuric acid
plant have been performed. The gas temperature at the inlet
to the sulfuric acid condenser with feed back control alone
and a combination of feed-forward and feedback control with
the process according to the prior art is shown in Figure 8
and Figure 9, respectively. As it can be seen in Figure 8,
it is not possible to maintain the gas temperature at the
inlet to the sulfuric acid condenser below the maximum op-
erating temperature of 300°C with feedback control. With
combined feed-forward and feedback control, the gas temper-
ature is somewhat stabilised and kept within the required

temperature range as 1t is seen in Figure 9.

Figure 10 shows the temperature at the inlet to the sulfu-
ric acid condenser (solid line) according to the disclosed

process. The gas temperature at the inlet to the 2" oxi-
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dized process gas cooler is controlled using feedback con-
trol.

As it can be seen the gas temperature is now significantly
stabilised and kept safely within the required operating
range, even though the temperature out of the 1°° oxidized
process gas cooler varies (dashed line). Further improve-
ments could in principle be introduced by using combined
feed-forward and feedback control of the temperature out of

the 1°" oxidized process gas cooler.
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Claims:

1) A process for conversion of SO; to SO3 in a raw process
gas comprising the steps of

a) heating the raw process gas by heat exchange with an ox-
idized process gas, providing a heated process gas

b) contacting the heated process gas with a first zone of
catalyst active in oxidation of SO; to S0O;, providing an
oxidized process gas

c) withdrawing heat of reaction from one or both of the
first zone of catalytically active material and the oxi-
dized process gas to the raw process gas, by one or more
heat transfer processes taken from the group consisting of
convection, conduction, radiation, gas/gas heat exchange or
by heat transfer medium facilitated heat exchange

d) further cooling the oxidized process gas by heat ex-
change in a boiler, preferably a water tube boiler, receiv-
ing a feed of water, providing saturated steam and a cooled
oxidized process gas

in which the raw process gas, the heated process gas, the
oxidized process gas and the cooled oxidized process gas is

non-condensing with respect to sulfuric acid.

2) A process according to claim 1 further comprising the
steps of

e) contacting the oxidized process gas with one or more
further zones of material catalytically active in oxidation
of SO, to S0O3, providing a further oxidized process gas,

f) cooling the oxidized process gas and/or the further oxi-
dized process gas by heat exchange with the a process gas
upstream the first zone of catalytically active material,

in one or more heat exchangers, configured either as inter-
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bed coolers, as heat exchangers external to the reactor or

as integrated heat exchangers in contact with catalyst.

3) A process according to claim 1 or 2 further comprising
the step of pre-heating the raw process gas by heat ex-
change with a steam flow, preferably condensing steam, pri-
or to heating the process gas by heat exchange with the ox-

idized process gas, providing a pre-heated process gas.

4) A process according to claim 1, 2 or 3 further compris-
ing the step of mixing a process gas upstream the first
first zone of catalytically active material with a recycled

warm process dJdas.

5) A process according to claim 1, 2, 3, or 4 in which the
heat exchange between the raw process gas and one or more
of the oxidized process gas or the further oxidized process

gas is made in part by gas/gas heat exchange.

6) A process according to claim 1, 2, 3, 4 or 5 in which
the heat exchange between the raw process gas and one or
more of the oxidized process gas or the further oxidized
process gas 1is in part made by heat exchange facilitated by

a heat transfer medium, such as molten salt or an oil.

7) A process according to any claim above, in which the raw
process gas fluctuates in one or more of the parameters

flow rate, pressure and SO, concentration.

8) A process according to any claim above, in which the

temperature of the steam is at least 10°C, preferably 15°C
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above the H;S0; dew point of the cooled oxidized process

gas.

9) A process according to any claim above, in which the
temperature of the steam is at least 200°C, preferably 240-
310°C and even more preferably 250-280°C.

10) A process according to any claim above, in which the

raw process gas contains at least 2% H;O0 in excess to SO0».

11) A process according to any claim above, in which the
pressure of the steam is 30-100 barg, preferably 40-80 barg

and even more preferably 40-60 barg.

12) A process according to claim 5, 6, 7, 8 or 9 above, in
which the heated heat transfer medium is cooled by heat ex-

change with boiling water or steam.

13) A process for production of sulfuric acid involving
conversion of SO, to SO; according to any of the claims 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12, and subseguent con-
densation of sulfuric acid in a condenser cooled by heat

exchange with a gas such as process gas or air.

14) A process plant for conversion of SO, to SO; in a pro-
cess gas, sald process plant comprising

a2 heat exchanger configured for heating the process gas by
heat exchange with an oxidized process gas and/or a further
oxidized process gas by providing thermal contact between
said process gas and said oxidized process gas and/or said

further oxidized process gas,
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a first zone of material catalytically active in oxidation
of SO, to SO0j,

and a boiler configured for containing steam being heated
by the oxidized process gas and/or the further oxidized
process after said oxidized process gas has been cooled in
the heat exchanger characterized in the cooled oxidized

process gas in the boiler being non-condensing.

15) A process plant according to claim 14, further compris-
ing a heat transfer medium circuit configured for providing
a heat transfer medium facilitated heat exchange in one or

more of said heat exchangers
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