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(57) Abstract

A noncatalytic process for producing sulfur trioxide and sulfuric acid (30) in which sulfur (10) is combusted with an oxy-
gen-rich gas (12) in the presence of recycled sulfur dioxide-rich gas (14) to form sulfur trioxide which is absorbed in sulfuric acid
(20) to yield a sulfur dioxide rich gas (24) which is compressed (26) to form the recycled sulfur dioxide gas (14). The sulfuric acid
product may be stripped (4) with the oxygen rich stream (12) to recover absorbed sulfur dioxide.
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OXYGEN-BASED NONCATALYTIC SULFURIC ACID PROCESS

Field of the Invention
The present invention is directed to improvements in
the manufacture of sulfuric acid from elemental sulfur and

oxygen.

Background of the Invention

Sulfuric acid and sulfur trioxide may be formed by
reacting a sulfur dioxide (SO,) containing gas with excess
air over a suitable oxidation catalyst to form sulfur
trioxide (SO;) by the reversible reaction:

S0, + ¥ 0, -~ SO; + Heat

The sulfur dioxide can be supplied as such or formed by
the combustion of sulfur with air or oxygen-enriched air.
The formed sulfur trioxide is absorbed in water or in
sulfuric acid.

In the evolution of processes for sulfuric acid
manufacture, it became popular to use multiple contact and
multiple absorption processes as disclosed, for instance,
in U.s. Patent Nos. 3,259,459 to Moeller, 3,362,786 to
Burkhart, 3,525,587 to Browder, and 3,620,673 also to
Browder, the disclosure 1in each is specifically
incorporated herein by reference. The processes have
varied dependant upon whether the supply or feed is sulfur
or sulfur dioxide, and also in the route of passage of a
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sulfur dioxide/sulfur trioxide containing gas through a
plurality of heat exchanges in route to or between a
plurality of catalytic conversion stages. All rely on
sulfur trioxide removal in a first stage of absorption
following a first series of catalytic conversion stages,
then passage of the residual gas stream through at least
one final catalytic conversion stage to maximize
conversion of sulfur dioxide to sulfur trioxide, followed
by passing the resultant sulfur trioxide-containing gas
stream through a final sulfur trioxide absorption stage
before venting the remaining gas stream to the atmosphere.
The gas passing to each catalytic stage is normally heated
to its kindling temperature by heat exchange between the
gases passing between catalytic conversion stages. In the
case where sulfur dioxide is formed by combustion of
sulfur, the heat of combustion may be used to heat the gas
stream passing to the catalytic stage following an
intermediate absorption stage to its kindling temperature.
This process has been known over the past twenty years as
a double contact/double absorption or DC/DA system.

U.S. Patent No. 3,630,673 describes a basic flow
scheme and operating parameters for a DC/DA plant based
on a sulfur-burning process.

In a typical DC/DA sulfur-burning sulfuric acid
plant, molten sulfur is burned with air to produce a gas
stream containing about 9-12% by volume sulfur dioxide.
The hot combustion products are usually passed through a
waste heat boiler to reduce the sulfur burner exit
temperature to the required feed temperature for a first
catalytic conversion stage while producing high-pressure
steamn.

The first catalytic conversion stage consists of a
plurality of catalytic beds in series, where the majority
of the sulfur dioxide is converted to sulfur trioxide.
Heat liberated by the reaction is removed between each bed
of the first catalytic conversion stage and used to heat
the gas passing from an intermediate absorption stage to
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a second catalytic conversion stage. The heat exchange
ensures that a gas stream passing to any catalyst bed is
at its kindling temperature and prevents overheating of
the catalyst.

Following final conversion and cooling, the gas
stream is sent to the second absorption stage which
functions in a manner similar to the first absorption
stage. After absorption of sulfur trioxide, the gas is
passed through a final demister, then through a stack to
the atmosphere.

Customarily, a three-stage converter with one final
converter will produce an exit gas containing up to about
400 ppm by volume (ppmv) sulfur dioxide, sulfuric acid
mist up to about 0.1 Kg per ton of produced sulfuric acid
and up to about 400 ppmv oxides of nitrogen.

In countries with severe restrictions on sulfur
dioxide emissions to the atmosphere, such as Japan, it is
customary to use a two-stage converter with one final
converter to produce an exit gas with up to about 1000
ppmv sulfur dioxide followed by use of an additional tail
gas cleanup process to reduce the residual sulfur dioxide
content in the exit gas to below 50 ppmv.

For a sulfur-burning sulfuric acid plant, heat enters
the system from five sources and is removed by three main
systems. Heat enters as heat of compression of the main
air blower, heat of combustion of sulfur to sulfur
dioxide, heat of reaction (oxidation) of sulfur dioxide
to sulfur trioxide, heat of reaction of water with sulfur
trioxide to form sulfuric acid, and heat of dilution of
the formed acid with water. Steam is generated in waste
heat boilers and lower level process heat is usually
recovered by preheating boiler feed water in economizers
or lost to the environment. The value of enerqgy exported
from a sulfuric acid plant is a significant factor in
sulfuric acid plant economics.

While current sulfuric acid plants can achieve
overall sulfur conversion efficiencies of up to 99.7%,



WO 92/14678

10

15

20

25

30

35

PCT/US92/01435

-4 -

there is continuing pressure to provide sulfuric acid
plants with even higher efficiencies. The proposed
routes, however, have been completely dependent on the use
of catalytic converters and more complete removal of
sulfur dioxide from the process gas by altering the
equilibrium conversion, either by removing sulfur trioxide
or by either increasing the oxygen partial pressure by
either increasing the system operating pressure or using
oxygen-enriched air or a combination of both. The
practical and economic difficulties of building and
operating air-based sulfuric acid plants operated at
higher pressure are such that only a limited number of
plants of this type have been built. No technology is
available to reduce the nitrogen oxide formation and
subsequent emission to the atmosphere.

European Patent Application 0 002 737 pertains to a
non-catalytic process in which sulfur, sulfuric acid
and/or ammonium sulfate and a recycle stream containing
sulfur dioxide, sulfur trioxide and oxygen are combusted
with oxygen at high temperatures and high pressures to
form a product gas containing sulfur dioxide, sulfur
trioxide and oxygen. Sulfur trioxide is condensed then
distilled to eliminate remaining SO,. The inventors state
that the process must be operated at a pressure between
500 and 5000 psig. At pressures below 500 psig the
desired reaction will not be obtained because of the
relatively low sulfur dioxide-oxygen molar ratio and
relatively high concentration of sulfur trioxide in the
feeds to the sulfur burner and at pressures more than 5000
psig formation of oxides of nitrogen would be enhanced.
Moreover compressing oxygen rich gas stream above 500 psig
is mechanically inefficient, expensive and a potentially
hazardous operation.

It would be desirable to provide a process for
sulfuric acid manufacture which is lower in equipment
cost, at least competitive in processing cost, operates
at relatively moderate pressures and which minimizes
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pollutants, such as sulfur dioxide, sulfuric acid mist,
and nitrogen oxides to the environment. This is the
purpose of the instant invention.

Summary of the Invention

According to the present invention, there is provided
a noncatalytic process for the manufacture of sulfur
trioxide and/or sulfuric acid from elemental sulfur and
oxygen.

Sulfur, normally in liquid form, is combined with an
oxygen-rich gas make-up stream containing at least 75% by
volume oxygen the remainder being essentially inert gases
such as nitrogen, argon and the like and a recycle sulfur
dioxide rich gas stream containing at least 50% by volume
sulfur dioxide, the remainder being essentially inert
gases such as nitrogen, argon and the 1like with a
relatively small amount of oxygen and essentially no
sulfur trioxide, in a combustion zone (sulfur burner)
operating at a temperature of from about 700°C to about
1000°C and at an elevated pressure of up to about 35
Kg/ cng (kilograms per square centimeter gauge) preferably
up to about 15 Kg/cng. The instantaneous 50,:0, molar
ratio of the combined oxygen-rich gas stream and recycle
sulfur dioxide rich gas stream provided to the combustion
zone is at least about 3:1. There is formed a gas stream
containing from about 5% to about 15% by volume sulfur
trioxide and from about 50% to about 98% by volume sulfur
dioxide, the balance of the gas stream being substantially
inerts, such as argon and nitrogen, a small amount of
unreacted oxygen and carbon dioxide produced by combustion
of organic material contained in the sulfur feed stock.
The gas stream is passed to a sulfur trioxide absorption
zone to remove the formed sulfur trioxide to leave a
sulfur dioxide rich gas stream. Preferably, this sulfur
dioxide rich gas stream is combined with the oxygen rich
gas make-up stream after this stream has been used for
stripping sulfur dioxide from sulfuric acid product. The



WO 92/14678

10

15

20

25

30

35

PCT/US92/01435

-
sulfur dioxide rich gas stream is compressed to at least
the operating pressure of the sulfur combustion zone and
then fed as the recycle sulfur dioxide rich gas stream to
the sulfur combustion zone.

In the process, the preferred instantaneous molar
ratio of sulfur dioxide to oxygen in the combined gas
feeds to the sulfur combustion zone is from about 3:1 to
about 10:1, preferably about 4:1 to 7:1, and it is
preferred that the sulfur dioxide content of the sulfur
dioxide rich gas stream be about 50% to about 98% by
volume, more preferably from about 65% to about 90% by
volume. The oxygen-rich gas make-up stream supplied to
the sulfur combustion zone preferably contains at least
75% by volume oxygen, preferably at least 90% by volume
oxygen more preferably at least 95% by volume oxygen and
most preferably at least 99% by volume oxygen. Obviously
the instantaneous molar ratio is only at the time of input
of reactions and changes a soon as sulfur trioxide forming
reaction begins. Operating pressure of the sulfur
combustion zone is up to about 35 Kg/ cng, preferably
about 15 Kg/cmfg, more preferably from about 1.0 to about
8 Kg/cnfg and most preferably from about 1.5 to 5 Kg/cm3g.
The preferred combustion temperature of the sulfur
combustion zone is from about 750°C to about 950°C, more
preferably from about 775°C to about 925°C and most
preferred from about 800°C to about 900°C. The effluent
of the sulfur combustion zone is preferably absorbed in
sulfuric acid, and the heat of absorption an reaction is
recovered preferably by transfer to another fluid in a

heat exchanger.



WO 92/14678

10

15

20

25

30

35

PCT/US92/01435
-7 -
Brief Description of the Drawing
FIG. 1 is a simplified flow diagram generally
illustrating the process of the instant invention; and

FIG. 2 1is a simplified flow diagram showing
additional features of the process.
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Degscription of the Preferred Embodiment

The present invention provides a noncatalytic method
for the production of sulfur trioxide from elemental
sulfur and oxygen by combusting sulfur in the presence of
an oxygen-rich gas stream and a recycle sulfur dioxide
rich gas stream in one or more combustion zones,
preferably a single combustion zone. The sulfur trioxide
formed is separated from the combustion zone effluent,
preferably by absorption in concentrated sulfuric acid.
Unconverted sulfur dioxide, is recycled to the sulfur
combustion zone to enhance the sulfur trioxide formation.
A purging is employed to eliminate inerts from the
circulating gas stream. In consequence, the process of
the invention is essentially nonpolluting.

With reference to FIG. 1 liquid molten sulfur in line
10, an oxygen feed of desired oxygen strength in line 12,
and a recycle sulfur dioxide rich gas stream in line 14
are combined in sulfur combustion zone 16 where sulfur is
combusted to sulfur trioxide. Combustion takes place at
a temperature less than about 1000°C, to yield an effluent
gas stream containing sulfur dioxide, sulfur trioxide, the
inerts introduced with the oxygen feed such as nitrogen
and argon and a relatively small amount of nonreacted
oxygen together with trace amounts of carbon dioxide
produced by the combustion of organic impurities in the
sulfur feed. Conditions in sulfur combustion zone 16 are
preferably controlled to assure substantially complete
utilization of oxygen.

The product gas stream at combustion temperature is
passed through heat exchanger 18 where high pressure steam
is generated for use in the process or elsewhere. The gas
stream is then passed to sulfur trioxide absorption zone
20, where essentially all the formed sulfur trioxide is
removed from the gas stream as sulfuric acid. The
effluent gas stream from absorption zone 20 is essentially
free of sulfur trioxide and consists mainly of sulfur
dioxide, inerts, and small amounts of oxygen and carbon
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dioxide. To prevent the accumulation of inerts in the gas
stream, a side stream 22 is drawn off or purged from the
system. The residual gas stream, rich in sulfur dioxide,
is passed by line 24 to recycle blower 26 where the gas
stream is compressed to at least the pressure of sulfur
burner 16 and fed as the recycle sulfur dioxide rich gas
stream by line 14 to sulfur burner 16.

The sulfuric acid formed in absorber 20 is withdrawn
from the base and passed to absorber cooler 28 for
recovery of the heats of absorption/reaction. A portion
of the sulfuric acid is withdrawn as sulfuric acid product
in line 30 after water is added by line 34 to form a
sulfuric acid stream of reduced strength for return by
line 32 back to absorption zone 20.

The FIG. 2 schematic is a process flow diagram
showing the major elements described in FIG. 1 together
with the purge gas absorber 46 and sulfuric acid stripper
40. The sequence shown for production of sulfuric acid
illustrated utilizes relatively high purity oxygen in line
12, liquid molten sulfur in line 10, and a recycle sulfur
dioxide rich gas stream in line 24, all of which are fed
to a sulfur combustion 2zone (sulfur burner) 16.
Substantially all of the sulfur trioxide contained in the
effluent gas stream from the sulfur burner is absorbed in
absorber 20 to form hot concentrated sulfuric acid. The
off-gas of the absorber is rich in sulfur dioxide and is
recycled to the sulfur burner in which the operating
conditions are such that all sulfur trioxide required for
the process is produced in a single reaction stage. Among
the advantages of this process are simplicity and
elimination of catalytic converters, and, furthermore, the
process is essentially nonpolluting since the amount of
gas purged from the system is very small and consists
essentially of inerts, such as argon, which may be
recovered. Ideally, the oxygen supply is also from an
air separation plant from which argon and nitrogen are
recovered. Higher oxygen purity will minimize the amount
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of purge necessary to control the accumulation of inerts

in the systen.
The following is an example of the invention with

reference to Fig. 2.

EXAMPLE

In sulfur burner 16, molten liquid sulfur is combined
with a recycle sulfur dioxide rich gas stream received
from recycle blower 26 along with high purity oxygen make-
up fed through sulfuric acid stripper 40. In the sulfur
burner 16, the oxygen is used to convert sulfur to sulfur
trioxide, forming an effluent stream from the sulfur
burner which typically contains about 5 to 15 percent by
volume of sulfur trioxide.

The following operating conditions are maintained in

sulfur burner 16.

Temperature Range 700-1000°C
Preferred Range 750-950°C
More Preferred Range 775-925°C
Most Preferred Range 800-900°C
Nominal 830°C
Pressure Range up to 35 Kg/cmﬁg
Preferred Range up to 15 Kg/ cng
More preferred Range 1-8 Kg/cmFg
Most Preferred Range 1.5-5 Kg/ang
Nominal 3.75 Kg/cmﬁg

Oxygen Make-up Composition Volume %

Minimum, at least 75%
Preferred O,, at least 90%
More preferred, at least 95%
Most preferred, at least 99%

Recycle S0, Rich Gas Stream, Volume % SO, (before O, make-
up)

Range 50 ~ 98%

Most preferred 65 - 90%



WO 92/14678

10

15

20

25

30

35

PCT/US92/01435

=1]-

instantaneous S0,:0, Molar Ratio in Combined Gas Stream to

Sulfur Burner

Range 3:1 - 10:1
Preferred 4:1 - 7:1
Most preferred 5:1 - 6:1

The most economical operating pressure of the sulfur
burner 16 is determined by the purity and supply pressure
of the oxygen feed to the plant.

A first gas stream leaves the sulfur burner 16 and
passes through one or more heat exchangers 18 used to
generate steam before entering the sulfur trioxide
absorber 20. The gas stream passes through the sulfur
trioxide absorber 20 where essentially all of the sulfur
trioxide is removed from the cooled sulfur burner effluent
gas stream, and forms an essentially sulfur trioxide free
sulfur dioxide rich gas feed to the recycle blower 26.

Particularly, the cooled sulfur trioxide containing
gas stream enters the lower portion of the absorber 20
and flows countercurrent to sulfuric acid entering the top
of the absorber 20 by spray nozzles coupled to line 32.
In operation, the liquid sulfuric acid feed to the top of
the sulfur trioxide absorber 20 is distributed evenly over
a packed section, allowing intimate contact between gas
and liquid to enhance mass transfer, and as the sulfuric
acid and sulfur trioxide contact each other, the sulfur
trioxide is absorbed to form more concentrated sulfuric
acid. The same result may be achieved using a Venturi
scrubber or other vapor-liquid contact devices (not
shown) . Hot concentrated sulfuric acid then passes
through heat exchanger 28 to remove the heat of
absorption/reaction of the sulfur trioxide and water. A
portion of the formed sulfuric acid is withdrawn as
product after it is combined and diluted with water
entering the line 34, the balance is recycled back to the
sulfur trioxide absorber 20. The required water for
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dilution in line 34 may be added to sulfur trioxide
absorber 20 loop 32 at any place between the bottom and
top of the sulfur trioxide absorber. In the heat
exchanger 28, the heat of absorption/reaction released in
the process is typically removed by the generation of low
pressure steam, by water or air cooling. Alternatively,
electrical or motive power can be generated by using heat
exchanger 28 as the boiler in a Rankine-cycle using fluids
such as sulfur dioxide. After passage of the gas stream
through the sulfur trioxide absorber 20, the gas
essentially depleted of the sulfur trioxide exits as a
sulfur dioxide rich gas stream from the top of the sulfur
trioxide absorber 20 from which it passes to recycle
blower 26 where the gas is compressed to at least the
operating pressure of sulfur burner 16.

The cooled sulfuric acid stream 36 contains a small
amount of physically dissolved free sulfur dioxide
(typically 0.25 to 9.0 weight %). This stream 36 is
passed to sulfuric acid stripper 40 where the oxygen make-
up feed to the process is preferably used as a stripping
gas in the countercurrent stripper 40. The oxygen feed
is introduced into the bottom of the sulfuric acid
stripper 40 and then passes upward and exits the stripper
40 at the top and is fed by line 42 to the inlet of the
recycler blower 26 or alternatively, directly to the
sulfur burner 16. The essentially sulfur dioxide free
sulfuric acid leaving the stripper 40 at the bottom
thereof is cooled in a acid cooler 44 and then divided
into two parts; one part is used to absorb sulfur dioxide
from the system purge in purge gas absorber 46, the
balance removed as sulfuric acid product. The cooled
essentially sulfur dioxide free cooled sulfuric acid
enters the top of the purge gas absorber 46, contacts the
purge gas that moves upward in the absorber 46, and then
is subsequently routed by line 48 to sulfur trioxide
absorber 20. The sulfur dioxide free purge gas is removed
from the process either by venting to the atmosphere or
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passing the purged gas to an argon recovery operation, or

the like.
Table 1 illustrates the invention as applied to a

typical oxygen based 1,200 metric ton per day sulfuric
acid plant.



WO 92/14678

10

15

20

25

30

35

PCT/US92/01435

_14_
TABLE 1
H,S0, Product Rate : 50304 Kg/hr.
H,S0, Product Concentration : 99.2 % wt
(20ppmw SO,)
Sulfur Feed Rate : 16,293 Kg/hr.
Oxygen Feed Rate : 24,771 Kg/hr.
Oxygen Feed Purity : 99.0 vol.%,
Argon 1.0 vol.%
Nitrogen - Traces
Water Feed Rate : 9571 Kg/hr
Sulfur Burner )
Operating Conditions : 831°C,3.75Kg/cm’g
Combined Sulfur Dioxide Rich Gas: S0, 73.45 vol.%
Stream plus Oxygen Make-up to S04 0.03 vol.%
Sulfur Burner Inlet, Instantaneous 0, 13.54 vol.%
Compositions Argon 12.98 vol.%
CO,-traces
Nitrogen-traces
Sulfur Burner Outlet Gas
Composition : 50, 76.59 vol.%
S0, 8.58 vol.%
0, 1.29 vol.%
Argon 13.54 vol.%
CO,~traces
Nitrogen traces
Purge Gas Composition to
Atmosphere : S0, 0.16 vol.%
O2 9.08 vol.%
Argon 90.76 vol.%
CO,~traces
Nitrogen-traces
Purge Gas Rate to Atmosphere : 334 Kg/hr.

Sulfur Dioxide Rate to

Atmosphere 1.9 Kg/hr. (or

0.083Kg/ton H,50,)

99.994%

Overall Sulfur Recovery
(as sulfuric acid)

Overall Oxygen Utilization : 99.9%
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It is apparent from the foregoing that the present
invention provides a significant improvement over the
processes heretofore known to produce sulfur trioxide and
sulfuric acid. Employing a pressurized sulfur dioxide
rich recycle gas loop, high-purity oxygen make-up feed and
an instantaneous S0,:0, molar ratio in the combined gas
feed to the reaction zone substantially in excess of the
stoichiometrically ratio will result in a significant
improvement in reaction equilibrium, heat transfer, mass
transfer, and reaction rates. These improvements enable
the process to be operated simply and without catalytic
converters but, nonetheless, with very high oxygen and
sulfur utilization. The process requires lower power
consumption and produces substantially less emission of
sulfur oxides, sulfuric acid mist, and nitrogen oxides to
the environment when compared to the known state-of-the
art process. There is no theoretical minimum sulfur oxide
and nitrogen oxide emission level of the process as is the
case with single-pass-through air-based processes where
equilibrium 1limits the sulfur dioxide conversion
capability and nitrogen oxides are formed by reaction of
nitrogen and oxygen. The process of the invention uses
a closed system where emissions are determined by the
amount of inert gases purged from the system that, in
turn, is primarily determined by the purity of the oxygen
feed to the process. '

Unlike conventional sulfuric acid plants where power
is required to force a large volume of air through a long
process train with substantial pressure drop and where
power can be saved only by making equipment and piping
larger, the process of this invention requires less power
to recycle the SO,-rich gas through the system because of
lower volume and reduction in pressure drop due to
elimination of catalyst beds with connected heat
exchangers. The process has only one sulfur trioxide
absorption stage and requires substantially less heat
transfer area because gas to gas heat exchangers are
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1 eliminated, higher heat transfer rates, and interactions
between the various control loops are minimized.

It is apparent from the foregoing that various

changes and modifications may be made without departing

5 from the spirit of the invention. Accordingly, the scope

of the invention should not be 1limited only by the

appended claims.
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WHAT I8 CLAIMED IS:

1. A noncatalytic method of production of sulfuric
acid from sulfur and oxygen comprising:

a) combusting in a sulfur-combustion zone
sulfur and a feed of oxygen-rich make-up gas stream
containing at least 75% by volume oxygen and a feed of
recycle sulfur dioxide gas stream comprising at least 50%
by volume sulfur dioxide at a temperature of from about
700 to about 1000° C and at a pressure up to about 35
kg/cm2 gauge to form a first gas stream containing about
5% to about 15% by volume sulfur trioxide and at least
50% by volume sulfur dioxide, the balance of the gas
comprising inert gases and nonreacted oxygen;

b) passing said first gas stream and water to
a sulfur trioxide absorption =zone to remove sulfur
trioxide and form sulfuric acid to produce a second gas
stream comprising sulfur dioxide;

c) compressing said second gas stream to at
least the pressure of the sulfur-combustion zone to form
the recycle sulfur dioxide rich gas stream;

d) passing said recycle sulfur dioxide rich
gas stream to the sulfur-combustion zone; and

e) removing at least a portion of the formed
sulfuric acid as product.

2. A process as claimed in claim 1 in which the
instantaneous molar ratio of sulfur dioxide to oxygen
provided to the sulfur combustion zone is from about 3:1
to about 10:1.

3. A process as claimed in claim 1 in which the
instantaneous molar ratio of sulfur dioxide to oxygen
provided to the sulfur-combustion zone is from about 4:1
to about 7:1.
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4. A process as claimed in claim 1 in which the
instantaneous molar ratio of sulfur dioxide to oxygen
provided to the sulfur-combustion 2zone is from about

5.5:1.

5. A method according to claim 1 wherein the
temperature of the sulfur-combustion zone effluent is from
750° C to about 950° C.

6. A method according to claim 1 wherein the
temperature of the sulfur-combustion zone effluent is from

about 775°C to about 925°C.

7. A method according to claim 1 wherein the
temperature in the sulfur-combustion zone effluent is
between about 800° C and about 900° C.

8. A process as claimed in claim 1 in which the
sulfur-combustion zone is operated at a pressure of up

to about 15 Kg/ cm? gauge.

9. A method according to claim 1 wherein the
pressure in the sulfur-combustion zone is between about

1 and about 8 Kg/ cm? gauge.

10. A method according to claim 1 wherein the
pressure in the sulfur-combustion zone is between about

1.5 and about 5 Kg/cm2 gauge.

11. A method according to claim 1 wherein the
oxygen-rich gas stream contains at least about 90 volume

% oxygen.

12. A method according to claim 1 wherein the
oxygen-rich gas stream contains at least about 95 volume

% oxygen.
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13. A method according to claim 1 wherein the
oxygen-rich gas stream contains at least about 99 volume

% oxygen.

14. A method according to claim 1 wherein the second
gas stream contains between about 50 and about 98 volume

% sulfur dioxide.

15. A method according to claim 1 wherein the second
gas stream contains between about 65 and about 90 volume

% sulfur dioxide.

16. A method according to claim 1 in which the
recycle sulfur dioxide rich gas stream is combined with
at least a portion of the oxygen rich gas make-up stream
to form a gas stream containing at least about 45% by
volume sulfur dioxide which is passed to the sulfur-
combustion zone.

17. A method according to claim 1 in which a portion
of the second gas stream is after removal of sulfur
trioxide and prior to compression, purged to remove inert
gases and then combined with at least a portion of the
oxygen rich gas make-up stream to form a gas stream
containing at least 45% by volume sulfur dioxide which is
then compressed and passed to the sulfur combustion zone.

18. A noncatalytic method for the production of
sulfuric acid from sulfur and oxygen which comprises:

a) combusting in a sulfur combustion zone
molten sulfur in the presence of an oxygen rich gas stream
containing sulfur dioxide and a recycle sulfur dioxide
containing gas stream at a temperature of from about 700
to about 1000°C and a pressure of up to about 35 Kg/cm2
gauge wherein the instantaneous 50,:0, molar ratio as
provided by the oxygen rich gas stream and recycle sulfur
dioxide rich gas stream is about 3:1 to about 10:1 to form
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a first gas stream comprising essentially sulfur dioxide,
sulfur trioxide and inerts, in which molar ratio of sulfur
dioxide to sulfur trioxide is from about 5:1 to about
15:1, and in which the sulfur trioxide content is from
about 5 to about 15 percent by volume.

b) cooling the first gas stream;

c) passing the cooled first gas stream in
countercurrent flow to a flow of sulfuric acid in a first
absorption zone where substantially all of the sulfur
trioxide is removed from the first gas stream to form a
second gas stream and sulfuric acid of higher strength;

da) passing an oxygen rich gas make-up stream
containing at least about 75% by volume oxygen through at
least a portion of the sulfuric acid of higher strength
to strip dissolved sulfur dioxide from the sulfuric acid
of high strength to form stripped sulfuric acid and the
oxygen rich gas stream containing stripped sulfur dioxide;

e) withdrawing a portion of said stripped
sulfuric acid as product;

£) purging a portion of the second gas stream.

g) passing the purged portion of the second
gas stream through a absorption zone using the remainder
of the stripped sulfuric acid to absorb oxides of sulfur
from the purge gas;

h) removing the essentially sulfur dioxide
free purge gas from the process absorber; '

i) diluting a portion of the sulfuric acid of
higher strength with water to form less concentrated
sulfuric acid for contact with the first gas stream; and

3) compressing in a compression zone the
second gas stream and added oxygen rich gas stream
containing sulfur dioxide to at least the pressure of the
sulfur combustion zone and recycling the gas stream as
recycle sulfur dioxide rich gas stream to the sulfur

combustion zone.

v
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19. A process as claimed in claim 18 in which the
instantaneous molar ratio of sulfur dioxide to oxygen is
from about 4:1 to 7:1.

20. A process as claimed in claim 18 in which the
instantaneous molar ratio of sulfur dioxide to oxygen is
from about 5.5:1.

21. A method according to claim 18 wherein the
temperature of the sulfur-combustion zone effluent is from

about 750° C to about 950°C.

22. A method according to claim 18 wherein the
temperature of the sulfur-combustion zone effluent is from
about 775°C to 925°cC.

23. A method according to claim 18 wherein the
temperature in the sulfur-combustion zone is between about
800° C and about 900° C.

24. A process as claimed in claim 18 in which the
sulfur-combustion zone is operated at a pressure of up to
about 15 Kg/cm2 gauge.

25. A method according to claim 18 wherein the
pressure in the sulfur-combustion zone is between about
1 and about 8 Kg/cm2 gauge.

26. A method according to claim 18 wherein the
pressure in the sulfur-combustion zone is between about
1.5 and about 5 Kg/cm2 gauge.

27. A method according to claim 18 wherein the
oxygen-rich make-up gas contains at least about 95 volume
% oxygen.
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28. A method according to claim 18 wherein the
oxygen-rich gas make-up contains at least about 95 volume

% oxygen.

29. A method according to claim 18 wherein the
oxygen-rich make-up gas contains at least about 99 volume

% oxygen.

30. A method according to claim 18 wherein the
second gas stream contains between about 50 and about 98

volume % sulfur dioxide.

31. A method according to claim 18 wherein the
second gas stream contains between about 65 and about 90

volume % sulfur dioxide.

@



WO 92/14678 PCT/US92/01435
- 23 -

AMENDED CLAIMS
[received by the International Bureau on 23 July 1992 (23.07.92);
original claims 1-31 replaced by amended claims 1-31 (5 pages)]
1. A noncatalytic method of production of sulfuric acid

from sulfur and oxygen comprising:

a) combusting in a sulfur-combustion zone sulfur and
a feed of oxygen-rich make-up gas stream containing at least 75%
by volume oxygen and a feed of recycle sulfur dioxide gas stream
comprising at least 50% by volume sulfur dioxide at a temperature
of from about 700 to about 1000°C and at a pressure up to about
35 kg/cm’ gauge in which the instantaneous molar ratio of sulfur
dioxide to oxygen is at least 3:1 to form a first gas stream
containing about 5% to about 15% by volume sulfur trioxide and
at least 50% by volume sulfur dioxide, the balance of the gas
comprising inert gases and nonreacted oxygen;

b) passing said first gas stream to a sulfur trioxide
absorption zone to remove substantially all of the sulfur
trioxide to form sulfuric acid and to produce a second gas stream
comprising sulfur dioxide;

c) compressing said second gas stream to at least the
pressure of the sulfur-combustion zone to form the recycle sulfur
dioxide rich gas stream;

d) passing said recycle sulfur dioxide rich gas
stream to the sulfur-combustion zone; and

e) removing at least a portion of the formed sulfuric
acid as product.

2. A process as claimed in claim 1 in which the
instantaneous molar ratio of sulfur dioxide to oxygen provided
to the sulfur combustion zone is from about 3:1 to about 10:1.

3. A process as claimed in claim 1 in which the

instantaneous molar ratio of sulfur dioxide to oxygen provided
to the sulfur-combustion zone is from about 4:1 to about 7:1.

4. A process as claimed in claim 1 in which the
instantaneous molar ratio of sulfur dioxide to oxygen provided
to the sulfur-combustion zone is from about 5.5:1.
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5. A method according to claim 1 wherein the temperature

of the sulfur-combustion zone effluent is from 750° C to about

950° C.

6. A method according to claim 1 wherein the temperature
of the sulfur-combustion zone effluent is from about 775°C to

about 925°C.

7. A method according to claim 1 wherein the temperature

in the sulfur-combustion zone effluent is between about 800° C

and about 900° C.

8. A process as claimed in claim 1 in which the sulfur-
combustion zone is operated at a pressure of up to about 15

Kg/cm? gauge.

9. A method according to claim 1 wherein the pressure in
the sulfur-combustion zone is between about 1 and about 8 Kg/cm?

gauge.

10. A method according to claim 1 wherein the pressure in
the sulfur-combustion zone is between about 1.5 and about 5

Kg/cm? gauge.

11. A method according to claim 1 wherein the oxygen-rich

[)

gas stream contains at least about 90 volume % oxygen.

12. A method according to claim 1 wherein the oxygen-rich
gas stream contains at least about 95 volume % oxygen.

13. A method according to claim 1 wherein the oxygen-rich

gas stream contains at least about 99 volume % oxygen.

14. A method according to claim 1 wherein the second gas
stream contains between about 50 and about 98 volume % sulfur

dioxide.



WO 92/14678 PCT/US92/01435

- 25 -

15. A method according to claim 1 wherein the second gas
stream contains between about 65 and about 90 volume % sulfur

dioxide.

16. A method according to claim 1 in which the recycle
sulfur dioxide rich gas stream is combined with at least a
portion of the oxygen rich gas make-up stream to form a gas
stream containing at least about 45% by volume sulfur dioxide
which is passed to the sulfur-combustion zone.

17. A method according to claim 1 in which a portion of the
second gas stream is, after removal of sulfur trioxide and prior
to compression, purged to remove inert gases from the gas stream
and the balance of the gas stream combined with at least a
portion of the oxygen rich gas make-up stream to form a gas
stream containing at least 45% by volume sulfur dioxide which is
then compressed and passed to the sulfur combustion zone.

18. A noncatalytic method for the production of sulfuric
acid from sulfur and oxygen which comprises:

a) combusting in a sulfur combustion zone molten
sulfur in the presence of an oxygen rich gas stream containing
sulfur dioxide and a recycle sulfur dioxide containing gas stream
at a temperature of from about 700 to about 1000°C and a pressure
of up to about 35 Kg/cm? gauge wherein the instantaneous S0,:0,
molar ratio as provided by the oxygen rich gas stream and recycle
sulfur dioxide rich gas stream is about 3:1 to about 10:1 to form
a first gas stream comprising essentially sulfur dioxide, sulfur
trioxide and inerts, in which molar ratio of sulfur dioxide to
sulfur trioxide is from about 5:1 to about 15:1, and in which the
sulfur trioxide content is from about 5 to about 15 percent by
volume.

b) cooling the first gas stream;

c) passing the cooled first gas stream in
countercurrent flow to a flow of sulfuric acid in a first
absorption zone where substantially all of the sulfur trioxide
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is removed from the first gas stream to form a second gas stream

and sulfuric acid of higher strength;
d) passing an oxygen rich gas make-up stream

containing at least about 75% by volume oxygen through at least
a portion of the sulfuric acid of higher strength to strip
dissolved sulfur dioxide from the sulfuric acid of high strength
to form stripped sulfuric acid and the oxygen rich gas stream
containing stripped sulfur dioxide;

e) withdrawing a portion of said stripped sulfuric
acid as product;

f) purging a portion of the second gas stream.

q) passing the purged portion of the second gas
stream through a absorption zone using the remainder of the
stripped sulfuric acid to absorb oxides of sulfur from the purge
gas;

h) removing the essentially sulfur dioxide free purge

gas from the process absorber;
i) diluting a portion of the sulfuric acid of higher

strength with water to form less concentrated sulfuric acid for

contact with the first gas stream; and
3) compressing in a compression zone the second gas

stream and added oxygen rich gas stream containing sulfur dioxide
to at least the pressure of the sulfur combustion zone and
recycling the gas stream as recycle sulfur dioxide rich gas

stream to the sulfur combustion zone.

19. A process as claimed in claim 18 in which the
instantaneous molar ratio of sulfur dioxide to oxygen is from

about 4:1 to 7:1.

20. A process as claimed in claim 18 in which the
instantaneous molar ratio of sulfur dioxide to oxygen is from

about 5.5:1.

21. A method according to claim 18 wherein the temperature
of the sulfur-combustion zone effluent is from about 750° C to

about 950°C.

”n
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22. A method according to claim 18 wherein the temperature
of the sulfur-combustion zone effluent is from about 775°C to
925°C.

23. A method according to claim 18 wherein the temperature
in the sulfur-combustion zone is between about 800° C and about
900° C.

24. A process as claimed in claim 18 in which the sulfur-
combustion zone is operated at a pressure of up to about 15
Kg/cm? gauge.

25. A method according to claim 18 wherein the pressure in
the sulfur-combustion zone is between about 1 and about 8 Kg/cm?

gauge.

26. A method according to claim 18 wherein the pressure in
the sulfur-combustion zone is between about 1.5 and about 5
Kg/cm? gauge.

27. A method according to claim 18 wherein the oxygen-rich
make-up gas contains at least about 95 volume % oxygen.

28. A method according to claim 18 wherein the oxygen-rich
gas make-up contains at least about 95 volume % oxygen.

29. A method according to claim 18 wherein the oxygen-rich
make-up gas contains at least about 99 volume % oxygen.

30. A method according to claim 18 wherein the second gas
stream contains between about 50 and about 98 volume % sulfur

dioxide.

31. A method according to claim 18 wherein the second gas
stream contains between about 65 and about 90 volume % sulfur
dioxide.
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