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Apparatus and process for the production of gaseous sulphur dioxide mixture for conversion to sulphur trioxide In a catalytic
converter In the production of sulphuric acid by the contact process. Apparatus comprises the furnace to produce sulphur
dioxide gas from elemental sulphur and a first dry air stream; means for feeding a first portion of the sulphur dioxide gas to a
waste heat boller to cool the gas; the improvement comprising combining a second portion of the sulphur dioxide gas exiting the
furnace with a second dry air stream to provide a combined gaseous stream which bypasses the boiler and subsequently Is
combined with the cooled sulphur dioxide stream. The system provides use of a bypass valve which experiences only cooled
sulphur dioxide containing gases, with its attendant reduced corrosion. Further, the system may operate at higher temperatures

than iIs common to provide further advantages,
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Abstract of the Disclosure

Apparatus and process for the production of
gaseous sulphur dioxide mixture for conversion to sulphur
trioxide in a catalytic converter in the production of
sulphuric acid by the contact process. Apparatus
comprises the furnace to produce sulphur dioxide gas from
elemental sulphur and a first dry air stream; means for
feeding a first portion of the sulphur dioxide gas to a
waste heat boiler to cool the gas; the improvement
comprising combining a second portion of the sulphur
dioxide gas exiting the furnace with a second dry air
stream to provide a combined gaseous stream which bypasses
the boiler and subsequently is combined with the cooled
sulphur dioxide stream. The system provides use of a
bypass valve which experiences only cooled sulphur dioxide
containing gases, with its attendant reduced corrosion.
Further, the system may operate at higher temperatures

than is common to provide further advantages.



COOLED SULPHUR FURNACE BYPASS SYSTEM

Field of the Invention

This invention relates to the production of
sulphur dioxide gas by the burning of elemental sulphur in
a furnace and the cooling thereof. More particularly, it

relates to said system in the production of sulphuric

acid.
Background of the Invention

In sulphuric acid manufacture from sulphur by
the contact process, elemental sulphur is burned in a
large excess of dry air in a sulphur furnace to produce a
gaseous sulphur dioxide-air mixture at a temperature in
the range of 900°-1100°C, containing 8-12% v/v SO, and
significant, excess oxygen. The downstream conversion of
the resultant sulphur dioxide to sulphur trioxide requires
1 mole of oxygen for every 2 moles of sulphur dioxide and
since there is a need for excess oxygen to drive the
chemical equilibrium to low concentrations of sulphur
dioxide there is always much more oxygen than required for
stoichiometric combustion of sulphur to sulphur dioxide.
The stoichiometric sulphur oxidation would produce a 21%
sulphur dioxide gaseous mixture.

Downstream of the furnace in almost all sulphur

burning plants is a waste-heat boiler, which cools the
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sulphur containing gas to, typically, 390-420°C for supply
to a catalytic converter, while raising steam at pressures
in the range 40-60 atm. These steam pressures correspond
to boiling water temperatures in the range of 250° to 275°
C.

The temperature of the sulphur dioxide
containing gas fed to the converter is regulated at
present by allowing a portion of the hot sulphur dioxide
gas leaving the furnace to bypass the boiler through a hot
gas bypass valve. The hot sulphur dioxide containing gas
produced in the furnace is, however, very corrosive and
few, i1f any, metallic materials provide a long and
reliable life for the valve in the hot sulphur dioxide
containing environment. 1In consequence, furnace
temperatures are generally restricted and damper valves at
normal design temperatures of about 950° to 1050°C already
have a limited life and require repairs at major plant
shutdowns., Typical materials used for the valves include
310, 442 and 446 stainless steel, and several nickel based
alloys. Ducting is typically brick lined and a typical
valve uses a damper closing on a brick seat having a
vertical movement of the valve. Unfortunately, such a
valve seat does not provide a tight seal, which results in
hot gas bypassing even when the valve is closed., 1In

consequence, the boiler must therefor cool the gas below
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the desired temperature for entering the first bed of a
converter in order to compensate for this hot gas
leakage. This results in wasteful additional cooling
surface in the boiler to achieve the required cooling.

A further variation on furnace and boiler design
systems has air bypassing both the furnace and the boiler,
with hot gas also bypassing the boiler. With both air and
hot gas bypassing the boiler the temperature of the exit
gas leaving the boiler is now higher than in the previous
prior art arrangement, for the same converter gas 1inlet
temperature and results in more efficient heat transfer.
However, the furnace gas temperature is higher and the
corrosive attack on the bypass valve is accelerated as
compared to the earlier described system.

Both of the above bypass arrangements represent
prior art systems which leave the hot gas bypass valve
exposed to very high temperatures where the valve life is
limited, despite the use of expensive heat and corrosion
resistant alloys.

With plant sizes, steam pressures ahd boiling.
temperatures increasing, and lower temperature catalysts
available on the market, cooling of the gases between the
furnace and the converter by means of the boiler is
becoming increasingly difficult as the typical fire-tube

boiler used in sulphuric acid plants is becoming difficult
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to provide in many cases. In addition, the trend to
higher efficiency in acid plants also tends to reduce the
throughput air used, which further raises the furnace
temperature and reduces the life of the bypass valve.
summary of the Invention

It is an object of the present invention to

provide an improved sulphur burning furnace and boiler
system which allows the bypass valve associated therewith
to be suitably located in a cooled gas environment.

In a further object, the present invention
provides an improved furnace and boiler system which
allows a higher furnace operating temperature without
raising the temperature of the bypass valve associated
therewith to unsafe levels and compromising valve life.

In yet a further object, the present invention

provides a furnace and boiler system as hereinabove
described having a bypass system fabricable from available
stainless steels and other materialé and having a longer
life than is presently conventionally obtainable.

These and other objects and advantages of this
invention will become apparent upon reading the following
specification taken in conjunction with the accompanying
drawings,

Accordingly, in its broadest aspect the

invention provides in an existing sulphuric acid facility
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in which sulphur and dry air are fed to a sulphur dioxide
generating furnace and generated sulphur dioxide-
containing gas is fed to a waste-heat boiler to produce a
cooled sulphur dioxide product for a catalytic converter
for the production of sulphur trioxide, said facility
comprising: said furnace to produce said generated
sulphur dioxide-containing gas; means for feeding sulphur
to said furnace; means for feeding a first dry air stream
to said furnace: said boiler; means for feeding a first
portion of said generated sulphur dioxide-containing gas
to said boiler to provide a cooled gaseous stream: the
improvement comprising: means for combining a second
portion of said generated sulphur dioxide-containing gas
with a second dry air stream to provide a combined gaseous
stream; and means for combining said combined gaseous
stream and said cooled gaseous stream to produce said
cooled sulphur dioxide product.

In a further aspect the invention provides a
process in an existing sulphuric acid facility in which
sulphur and dry air are fed to a sulphur dioxide
generating furnace and generated sulphur dioxide-
containing gas is fed to a waste-heat boiler to produce a
cooled sulphur dioxide product for feeding to a catalytic
converter for the production of sulphur trioxide, said

process comprising feeding sulphur and a first dry air
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stream to said furnace to produce said generated sulphur
dioxide-containing gas; feeding a first portion of said
generated sulphqr dioxide-containing gas to said boiler to
provide a cooled gaseous stream; the improvement
comprising: combining a second portion of said generated
sulphur-dioxide-containing gas with a second dry air
stream to provide a combined gaseous stream; and combining
said combined gaseous stream with said cooled gas stream
to provide said cooled sulphur dioxide product.

Thus, an important aspect of the present
invention is to provide a hot sulphur dioxide bypass
system wherein the sulphur dioxide of the bypass system is
admixed with dry air such that the resultant dry air-
sulphur dioxide mixture has a temperature selected,
typically, from the range 350° to 600°C; a range in which
most stainless steels have a long life expectancy. This
is to be contrasted with the very high 1050° to 1300°C
temperatures of the hot gas emanating from the furnace.
The potential bypass air stream is as much as 40 to 50% of
the total air stream required. 1In contrast, the hot gas
bypass stream is much smaller as the gas temperature of
the product mixture fed to the converter is closer to the

temperature of the boiling water of the boiler than to the

furnace gas temperature.



Thus, the invention provides the ability to
bypass air around the furnace and/or the furnace and
boiler in suffiqient volumes to provide a significant
temperature decrease from the furnace gas temperature to
an acceptable temperature providing a longer life for
common bypass valve materials. The invention further
provides the ability to bypass hot gas or tempered gas
around the boiler. By providing a significant proportion
of the dry air feed around the furnace and boiler, small
and less costly equipment can be used. Further, furnace
temperatures can now be raised by significant air
bypassing which provides for enhanced furnace flame
stability, better sulfur combustion, and a smaller
furnace. Metallic ducting can also be used downstream of
the sulphur dioxide and dry air mixing location, which
provides for easier installation and lower costs
associated with such metallic ducting compared to the
present brick-lined carbon steel ducting.

In order that the invention may be better
understood a preferred embodiment will now be described,
by way of example only, with reference to the accompanying
drawings, wherein;

Figure 1 shows a schematic layout of a furnace

and boiler system of the prior art;
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Figure 2 is a schematic layout of an alternative
furnace and boiler system of the prior art; and

Figure 3 is a schematic layout of a furnace and
boiller system aécording to the present invention.

The numerals common to the Figures denote the

same parts and process steps.
Each of the Figures shows a sulphur dioxide

generating furnace 12 having two feed inlets, namely, an

air inlet 14 and a molten sulphur inlet 16; and a
generated sulphur dioxide~containing gas outlet conduit
18.

Exit conduit 18 is divided to provide a first
portion of the generated sulphur dioxide-containing gas
fed by conduit 20 to waste heat boiler 22, and a second
portion of the generated sulphur dioxide~containing gas in
bypass conduit 24, which has a bypass valve 26 (Figure 1
and Figure 2, only). Boiler 22 is provided with a conduit
28 through which the cooled sulphur dioxide gaseous stream
exits boiler 22.

With reference to the prior art systems of
Figure 1, the second portion of the generated sulphur
dioxide-containing gas is combined with the cooled gaseous
stream of conduit 28 and transferred, via conduit 30, to a

catalytic converter (not shown).
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In the alternative prior art embodiment as shown
in Figure 2, the system has a bypass dry air conduit 132
and control air bypass valve 134 whereby a second dry air
Stream is combined with both the bypass second portion of
the generated sulphur dioxide-containing gas of conduit 24
and the cooled gaseous stream of conduit 28, to produce a
combined cooled gaseous stream, which is fed through
conduit 130 to a catalytic converter (not shown).

In both of the above systems, bypass valve 26
experiences hot, circa 1000°C, sulphur dioxide-containing
gas, with all the attendant problems.

With particular reference to Figure 3, the
second portion of the sulphur dioxide-containing gas of
conduit 24 is combined with a second dry air stream of
conduit 232, emanating from conduit 14 in the embodiment
shown. The combined gaseous stream transferred through
conduit 234 is combined with the cooled gaseous stream
contained in conduit 28 to produce cooled sulphur dioxide
product, which is transferred to catalytic converter
240. The second dry air stream in conduit 232 is
controlled by bypass valve 236, while the combined gaseous
stream contained in conduit 234 is controlled by bypass
valve 238,

It can be readily seen in the embodiment

according to the invention that no bypass valve
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experiences the very hot generated sulphur dioxide-
containing gas until the latter has been significantly
diluted with dry air and cooled thereby.

In operation, dry air at a pressure in the range
3 to 12 p.s.i.g. enters the system along conduit 14 and is
split into a combustion air stream for the furnace and a
bypass air stream for conduit 232, A molten sulphur
stream enters furnace 12, which is operating at a

temperature circa 1100°C, through conduit 16 ang injected

in atomised form under pressure, where it is mixed ang
burnt in the air entering through conduit 14. The
combustion air stream will, typically, incorporate enough
O0xXygen to convert the sulphur to sulphur dioxide and
enough excess oxygen to ensure that no sulphur proceeds
untreated to downstream waste-heat boiler 22,

The furnace exit gas enriched in sulphur dioxide
from the burning of the sulphur in the air has a gas
strength in the range 10 to 12% v/v sulphur dioxide. The
generated sulphur dioxide-containing gas of conduit 20
entering boiler 22 'is cooled therein to a temperature of
400° to 430°C, which is a typical temperature range

suitable for the catalysis effected in converter 2490.
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controlled by bypass valve 238, after admixture with the

second dry air stream of conduit 232, controlled by bypass

valve 236.

The invention allows furnace sulphur dioxide gas
strengths and temperatures to approach the stoichiometric
limit of 21% sulphur dioxide without concern about hot gas
attack on the bypass valve, subject to normal combustion
considerations and a use of appropriate materials in the
high temperature gas exposed areas. In conventional
combustion, gas strengths of 17-18% sulphur dioxide can be
obtained which compares with 11-12% sulphur dioxide
concentration entering the converter. For such a case,
one-~-third of the air would bypass the furnace and boiler,
resulting in a rise in boiler exit temperature well in
excess of 100°C and a doubling of the rate of heat
transfer in the cold gas end of the boiler.

Although this disclosure has described and
illustrated certain preferred embodiments of the
invention, it is to be understood that the invention is
not restricted to those particular embodiments, Rather,
the invention includes all embodiments which are
functional or mechanical equivalents of the specific
embodiment and features that have been described and

illustrated.
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Claims:

The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

1.

Improved apparatus for the production of sulphuric acid in which sulphur and dry air are fed
to a sulphur dioxide generating furnace and generated sulphur dioxide-containing gas is fed
to a waste-heat boiler to produce a cooled sulphur dioxide product for a catalytic converter
for the production of sulphur trioxide, said apparatus comprising:

said furnace to produce said generated sulphur dioxide-containing gas;

a.
b. means for feeding sulphur to said furnace;

2

means for feeding a first dry air stream to said furnace;

e

saild boiler;
e. means for feeding a first portion of said generated sulphur dioxide-containing gas to
said boiler to provide a cooled gaseous stream; the improvement comprising:

1. means for combining a second portion of said generated sulphur dioxide-
containing gas with a second dry air stream to provide a combined gaseous
stream; and

Il. means for combining said combined gaseous stream and said cooled gaseous

stream to produce said cooled sulphur dioxide product.

Apparatus as claimed in claim 1 further comprising first bypass valve means to control the
amount of said combined gaseous stream combined with said cooled gaseous stream.
Apparatus as claimed in claim 1 or claim 2 further comprising second bypass valve means
to control the amount of said second dry air stream to be combined with said second portion
of said generated sulphur dioxide-containing gas.
Apparatus as claimed in claim 3 wherein said first dry air stream and said second dry air
stream emanate from the same dry air source.
Apparatus as claimed in claim 4 further comprising means for feeding said cooled sulphur
dioxide product to said catalytic converter.
A process in an apparatus for the production of sulphuric acid in which sulphur and dry air
are fed to a sulphur dioxide generating furnace and generated sulphur dioxide-containing
gas is fed to a waste-heat boiler to produce a cooled sulphur dioxide product for feeding to a

catalytic converter for the production of sulphur trioxide, said process comprising:

12
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a. feeding sulphur and a first dry air stream to said furnace to produce said generated
sulphur dioxide-containing gas;
b. feeding a first portion of said generated sulphur dioxide-containing gas to said boiler
to provide a cooled gaseous stream; the improvement comprising:
5 I. combining a second portion of said generated sulphur dioxide-containing gas
with a second dry air stream to provide a gaseous stream; and
11. combining said combined gaseous stream with said cooled gas stream to
provide said cooled sulphur dioxide product.
7. A process as claimed in claim 6 further comprising feeding said cooled sulphur dioxide

10 product to said catalytic converter.

13
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