PROCESS ANR -ARRARATUS-#0R RECOVERI NG SULPHUR FROM A GAS STREAM co&fﬂ%&&@’r%“c
HYDROGEM.SULPHI DE The: present invention relates to a process and ap@HH 6h@3ﬂy'
for recovering sul phur froma gas stream containing hydrogen sul phide.
Therse are to particul ar enbodi ments: one in which amonia aci d gases
cont ai ni ng hydrogen sul phide are desm|ﬂuﬁ4ied; and the other in which an
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to 70% of sul phur eentaintgfgi hydtegen sulphide. There are to particular

_ embodiments: one in which ammonia acid gases containing

5 _hydrogen sulphide are desulphurized; and the other in

which an exhaust gas from a Claus unit is desulphurized.

The process also works on other sulphur-containing gas

streams, e.g., light, saturated hydrocarbons, hydrogen

or carbon monoxide gas streams containing st and/or

10 ' sulphur oxides. .
Refinery streams are typically desulphurized by the
Claus process wherein elemental sulphur is produced by -
reacting hydrogen sulphide and sulphur dioxide in the
presence of a catalyst. The Claus system uses a
15 combustion chamber which, at 950°C to 1,350°C (1742°F-
2462°F), converts 50 to 70% of sulphur contained in the
feed gas into elemental sulphur{ Sulphur is condensed
by cooling the reaction gas to a temperature below the
dew point of sulphur after which the remaining gas is
20 heated and further reacted over a catalyst. Normally,
the gas passes through at least two such Claus catalyst
stages.
The different stages of the process may be
represented by the following equations:
25 H.S + 3/2 0 ————— S0, + H,O I

2 2 . 2 2
2H,S + SO, ---=— 38 + 2H,0 II
The overall reaction is:
3HZS + 302 ———— 38 + 3H20 IIT
The final Claus exhaust gas still contains small
30 | amounts of st, soz, csz, carbon oxysulphide, €O, and
elemental sulphur in the form of a vapour or mist. The
exhaust gas generally is subjected to post-combustion to
convert substantially everything to SO2 and then further
purified by Claus after-treatments.

Sulphur emitted as sulphur oxides ("sox") into the
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involved, further purification is imperative.
5 Claus aftertreatments have been developed. These
‘ are carried out after the last Claus stage or after the
post-combustion{ These aftertreatments are, however,
complicated and expensive or inadequate.
One aftertreatment, carried out' before post-

10 combustion, seeks to achieve by catalytic conversion as
complete a reaction as possible between H,8 and soz;
The reaction temperature is 1lowered to below the
condensation point of sulphur, whereby the reaction

_ equilibrium corresponding to equation II is shifted to

15 form sulphur. A distinction is made between dry
processes using alternating reactors in which the
catalyst is intermittently charged with sulphur and
discharged, and processes where H,S and S0, react in a
high-boiling catalyst-containing 1ligquid to form

20 ‘elemental sulphur which is drawn off continuously as a
liquid product.

Unfortunately, in these processes any deviation
from the optimum H,8:80, ratio in the Claus exhaust gas
results in a reduced sulphur yield. No appreciable

25 conversion of sulphur compounds such as COS and C82
occurs. Sulphur recovery efficiency of Claus using this
form of aftertreatment is limited to 98-99%. Cyclic
operation, with alternating reactors, requires at least
two reactors and much valves and piping.

30 A second aftertreatment catalytically hydrogenates
$0, and S with H, and CO while COS and Ccs, are
simultaneously hydrolyzed with H,0 into H,S which can be
treated conventionally.

Hydrogenation/hydrolysis does not require a

35 stoichiometric H S/so2 ratio 1n the CIaus exhaust gas.
It almost completely converts COS and c52 so that

sulphur yields of more than 99.8% can eventually be
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elaborate apparatus. It " also consumes substantial

energy. Recycle of st reduces the Claus systenm

5 : capacity, while the production of waste water containing

harmful constituents presents additional problems. 1In

addition, the treatment (such as amine absorption) used

to remove H,S is generally ineffective for removing

unconverted COS and Cs,. Total emissions of reduced

10 sulphur species are typically around 10 ppm by volume
with this after treatment.

A third aftertreatment oxidizes all sulphur

compounds into sox which is then further processed.

- These processes are downstream of the post-combustion

15 and therefore independent of the mode in which the Claus

system is run. There are also dry proéess_es, where 802

is adsorbed and returned to the Claus unit or processed

to form sulphuric acid, and wet processes, where S0, is

removed by absorptive scrubbing and further processed.

20 For complete oxidation of COS and cs, into S0, the

energy regquirements are high and following the after-

combustion, very large exhaust gas flows have to be

treated.
The equilibrium conversion of the Claus reaction
25 (equation II) may be improved by condensing out part of

the water in the gas. The gas is then reheated and

charged to another Claus stage to form elemental

sulphur. This produces waste water which is highly

corrosive due to the formation of thiosdlphuric acid,

30 polythionic acids and sulphurous acid. Processing of

such waste water is expensive. Unavoidable formation of

deposits of elemental sulphur also occurs during H,0

condensation. Moreover, there is no conversion of COS

and CS, so the maximum recovery of sulphur is about 98%.

35 As a result of these disadvantages, this process has not
been used on a commercial scale.

Where the aftertreatment involves conversion of all
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125°C - 150°C in fixed-bed reactors into sulphur. The
sulphur locaded catalyst is regenerated by passing hot
oxygen-free gases containing hydrogen sulphide through
the catalyst. This avoids the disadvantages associated

10 with the first type of aftertreatment, such as
dependence on HZS/SO2 ratio and COS/CS2 content in the
Claus exhaust gas. Disadvantages of this process are
the high capital cost and the higher H,S + S0, input

_ 2
concentration for the low-temperature reactor caused by
15 the admixture of a separately produced flow of Soz' The

maximum conversion overall efficiency obtainable with
this process approaches 99%.
" An aftertreatment process which oxidizes all
sulphur compounds into SO, is exemplified in US-A-
20 3764665. This patent disclosed a process for removing
sulphur oxides from gas mixturés with a solid acceptor
for sulphur oxides wherein the solid acceptor is
regenerated with a steam-diluted reducing gas and the
regeneration off~gas is fed to a Claus sulphur recovery
25 process. The improvement comprises cooling the
regeneration off-gas to condense the water vapour
contained therein, contacting the cocled off-gas with a
sulphur dioxide-selective liguid absorbent, passing'the
fat liquid absorbent to a buffer zone and then to a
30 stripping zone wherein the absorbed S02 is recovered
from the liquid absorbent and is supplied to the sulphur
recovery process. By operating in this manner,
fluctuations in the sulphur dioxide concentration of the
regeneration off-gas were levelled-out and a relativeiy
35 _ concentrated sﬁlphur dioxide stream was supplied to the
sulphur recovery process at a substantially constant
rate.
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' process at a substantlally constant rate, the off-gas
must be coocled and the fat ligquid absorbent must be .
5 transferred to a buffer zone before the absorbed 802 can
be stripped. Therefore, what is needed is a simpler
process whereby these steps are eliminated and energy
costs reduced.
Ammonia acid gases typically are combusted sub-
10 stoichiometrically at about 2300°F (1260°C) at the front
of the sulphur plant combustion chamber to completely
destroy the ammonia. A portion of a clean acid gas
(ammonia free) is also introduced along with the ammonia
acid gas to control the temperature. The processing of
15 the ammonia acid gas in the combustion chamber increases
the sulphur plant size due to the increase in volume of
the gases that need to be processed by the sulphur
plant. For example, processing of ammonia may increase
the hydraulic size of the plant by 20 to 50% based on
20 the amount of ammonia acid gas that is processed.
Further, ammonia that is not destroyed in the combustion
chamber will form salts. Ammonia and sulphur dioxide
react to form a very dense white smog of ammonium
hydrosulphide. Ammonia in significant concentration of
25 co, will form ammonium bicarbonates. These salts will
lay down to plug sulphur seal legs, sulphur condensers,
heat exchangers and reactor beds. This salt problem
- reduces the reliability of the sulphur plant.
According to one aspect of the invention there is
30 provided a method of removing sulphur from a gas stream
containing at least one sulphur compound, éomprising the
steps of:
(a) combusting said gas stream with an oxygen
containing gas in an incinerator to convert
35 | the or each sulphur compound to at least one

sulphur oxide:;
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(c) contacting said absorbent bed with a hydrogen
and/or hydrocarbon containing stream to
regenerate said absorbent bed by reducing the
sulphur compounds absorbed in said absorbent

10 bed to hydrogen sulphide and/or sulphur
' ' dioxide, and thereby forming an off gas stream
containing hydrogen sulphide and/or sulphur
dioxide: and .
(d) recovering sulphur from said hydrogen sulphide
15 and/or sulphur dioxide bearing stream.

In one construction, the absorbent bed is provided
in at least two fixed-bed reactors, and sulphur oxide
containing gas stream from the incinerator is fed to a
first one of said reactors until the bed therein is

20 spent absorbed sulphur compounds; thereafter said
sulphur oxide containing gas stream is fed to a second
one of said reactors; and said hydrogen and/or
hydrocarbon bearing gas stream is fed to said first one
of said reactors to form said off gas stream and thus

25 regenerate said first one of said reactors.

Preferably said sulphur oxide containing gas stream
and said hydrogen and/or hydrocarbon bearing gas stream
are alternately fed to each one of said reactors,
whereby each bed is first spent with said absorbed

30 sulphur compounds, and then regenerated by said hydrogen
and/or hydrocarbon bearing stream to form said off gas
streamn.

In another construction said absorbent bed is in a
fluidized bed system comprising a reactor, a

35 regenerator, a conduit for feeding spent absorbent from
the reactor to the regenerator, and another conduit for
passing regenerated absorbent from the regenerator to
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Processi ng of such waste water is expensive. Unavoi da of
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Moreover, there is no conversion of COS and CS2 so the maxi num recovery of
sul phur is about 98% As a result of these disadvantages, this process has
not been used on a conmercial scale. Were the aftertreatment involves
conversion of all the eattmmy andiwhersinnsaidydndpbursgridiedeontaining
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to convert part of e su pro uced 1nto sul phur di oxide and tgereaﬁ%er
catalyt|ca||y t o @hsayh sa1d sulphur oxide on the absorbent,
hydrogen and/or hydrocarbon bearing stream is fed to the
5 regenerator to reduce said ‘absorbed sulphur compounds to
said off gas stream.

The absorbent bed may comprise a flxed bed solld
absorbent or a granulated moving bed solid absorbent.

The absorbent is preferably a metal oxide, or a

10 mixtures of metal oxides, impregnated with a promoter:
the metal oxide. is preferably alumina, while the
promoter is preferably a rare earth. Most preferably the
promoter is Ceo,, and/or Pt. The absorbent may comprise
Mg/Al spinels. 11, preferably a magnesium-aluminum-

15 containing spinel impregnated with vanadium and cerium.

The absorbent may be magnesium aluminate
impregnated with an oxygen promoter.

The off gas stream is desirably directed to a Claus
sulphur recovery process where the sulphur compounds are

20 - . converted to elemental sulphur. .

The absorbent may be reconstituted in the presence
of water into a form which is active for further
absorption of sulphur oxides. The absorbent may increase
in weight from substantially 10 to substantially 60 wt.

25 % due to absorbed sulphur oxides. _

Preferably, greater than 70 vol. % of sulphur in
the off gas stream is in the form of sulphur dioxide.

The gas stream containing sulphur compounds which
is fed to the incinerator may contain carbon monoxide,

30 and preferably greater than substantially 90 vol. % of
said carbon monoxide is converted to carbon dioxide.

The oxygen containing stream (which may be, for
example, pure oxygen or air) preferably contains
sufficient oxygen such that when it is introduced into

35 the incinerator an oxygen content of substantially 0.10
to substantially 10 vol. % 1is maintained in gases

“issuing from the incinerator.
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temperature of from substantially 900°F (482°C) to
substantially 1,400°F (760°C),' more preferably
substantially 1,100°F (593°C) to substantially 1,350°F
(732°C). The absorber is preferably operated at a GHSV
10 (gas hourly space velocity) of substantially 500 to
substantially 50,000, more preferably substantially

2,000 to substantially 5,000. |

The incinerator is operated at a temperature of
substantially 900°F (482°C) to substantially 1,350°F

15 (732“C), a pressure of substantially 1 atmosphere (100
Kpa), and a GHSV of substantially 2,000 to substantially
5,000.

In one particularly preferred embodiment the

absorber is operated at a temperature of substantially
20 1,100°F (593°C) to substantially 1,300°F (704°C), a gas

hourly space velocity (GHSV) of substantially 2,000 to

substantially 5,000, a pressure of substantially 0.5 to

substantially 3 atmospheres (50 to 300 Kpa), and oxygen

in an amount of about 2 to about 5 vol % in the presence
25 of a ceria/alumina absorbent.

In a particular embodiment of the invention the gas
stream containing sulphur compounds which is fed to the
incinerator is an ammonia acid gas stream; in the
incinerator the ammonia is combusted to form N, so -that

30 the gas stream withdrawn from the incinerator also
contains N2: and the gas stream fed to the absorbent bed
leaves the said bed in the form of a nitrogen bearing
stream. |

Preferably the ammonia acid gas stream is combusted

35 in the incinerator at a temperature of from
substantially 1500°F (816°C) to substantially 2500°F
(1371°C): this combustion desirably takes place with
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5  An oxygen containing gas can be added to said
nitrogen and sulphur oxide containing gas stream
withdrawn from the incinerator.

The nitrogen and sulphur oxide containing gas
stream'contacting-said solid absorbent bed preferably
10 has an oxygen content of from substantially 0.10 vol% to
substantially 10 vol%, more preferably 2 vol% to 4 vol%.
The absorbent bed while absorbing the sulphur
oxides thereon is preferably operated at a GHSV
substantially 500 to substantially 20,000, a pressure
15 of from substantially 0.1 atm to substantially 10 atm
(10 to 1000 Kpa), and a temperature of from
substantially 900°F (482°C) to substantially 1400°F
(760°C) . More preferably the GHSV is from substantially
3,000 to substantially 5,000, the temperature is from
20 about 1,100°F (593°C) to substantially 1,300°F (704°C),
and the pressure is from substantially 1.5 to
substantially 3.0 atm (150 to 300 Kpa).
The absorbent bed while being regenerated is
preferably operated at a temperature of from
25 substantially 900°F (482°C) to substantially 1,400°F
(760°C), at a pressure of from substantially 0.10 to
substantially 10 atm (10 to 1000 Kpa), and a gas hourly
space velocity of substantially 10 to substantially
1,000. More preferably the temperature is from about
30 1,100°F (593°C) to about 1,300°F (704°C), the pressure
' is from substantially 0.5 atm to substantially 3.0 atm
(50 to 300 Kpa), and the GHSV is from substantially 100
to substantially 150. :
The nitrogen and sulphur oxide containing stream
35 withdrawn from the indinerator may be passed through a
heat exchanger and to a condenser for reducing the
témperature of said enriched stream to from
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5 heat exchanger to be reheated to from substantially
900°F (482°C) to substantially 1,400°F (760°C) for

contacting said solid absorbent bed.
The nitrogen bearing stream from said absorber is

fed to an incinerator or is vented.

10 According to another aspect of the invention there
is provide apparatus for removing sulphur from a gas
stream containing at least one sulphur compound,

comprising: _
(a) an incinerator for combusting said gas stream
15 with an oxygen containing'gas to convert the

or each sulphur compound to at 1least one
sulphur oxide:;
(b) means for contacting < a sulphur oxide
containing gas withdrawn from the incinerator
20 with an absorbent bed adapted to remove
sulphur compounds from a sulphur oxide
containing gas stream withdrawn from the

incinerator;
(c) means for regenerating said absorbent bed by
25 contacting it with a hydrogen and/or

hydrocarbon containing stream, whereby the
sulphur compounds absorbed in said absorbent
bed are reduced to hydrogen sulphide and/or
sulphur dioxide, thereby forming an off gas
30 stream containing hydrogen sulphide and/or
sulphur'dioxide: and
(d) means to recovering sulphur from said hydrogen
sulphide and/or sulphur dioxide bearing
stream.
35 The means for recovering sulphur comprises a Claus
sulphur recovery apparatus.
In one embodiment the gas stream containing
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containing gas in gAcinérateptor to convert the or each sul phur conmpound to
at qugtlone The combusting means preferably operates at a
temperature of from substantially 1500°F (816°C) to
substantially 2500°F (1371°C). '
Means for supplying fuel gas to said combusting
means may also be provided.

10 In one construction the contacting means and the
regenerating means comprises at least two fixed-bed
reactors, each bed being formed of said absorbent. The
apparatus further 'comprises switching means (1) for
feeding said sulphur oxide containing gas streanm

15 withdrawn from the incinerator to a first one of said
reactors until the bed therein is spent with absorbed
sulphur compounds, and thereafter (2) for feeding said
sulphur oxide containing gas stream to a second one of
said reactors while feeding said. hydrogen and/or

20 hydrocarbon bearing gas stream to said first one of said
reactors to form said off gas stream and thus regenerate
said first one of said reactors.

In another construction said contacting means
comprises a reactor, and said absorbent bed regeneration

25 means comprises a regenerator. The apparatus further
comprises means for continuously feeding a fluidized bed
of spent absorbent from the reactor to the regenerator,
and for passing a fluidized bed of regenerated absorbent
from the regenerator to the reactor; whereby said

30 sulphur oxide containing gas stream from the incinerator
is fed to said absorbent in the reactor for absorbing
said sulphur oxide, and means for feeding said hydrogen
and/or hydrocarbon bearing stream to the regenerator to
reduce absorbed sulphur compounds to hydrogen sulphide

38 _ and/or sulphur dioxide, and thus form said off gas
strean. ‘

Reference is now made to the accompanying drawings,



sul phur OXi deooux <6y (1) Wwithdrawing fromthe incinerator a gas stream
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containing gas streamto an absorber having_an- absor® 5
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Fig. 1 is a schematic representation of a
desulphurization process according to a first embodiment
of the invention, wherein a moving solid bed absorbent

5 is utilized:;

Fig. 2 1is a schematic repfesentation of a
'desulphurization.process according to a first embodiment
of the invention, wherein a fixed solid bed absorbent is
utilized;

10 Fig. 3 1is a schematic flow diagram of a
desulphurization process according to a second
embodiment of the invention, wherein a fixed-bed system
for recovering sulphur from ammonia acid gas is

employed:
15 Fig. 4 is a schematic flow diagram illustrating a
modification of the embodiment shown in figure 3; and
Fig. 5 1is a schematic flow diagram of a
desulphurization process according to the second
embodiment of the invention, wherein a fluidized bed
20 system is employed.
' Referring to Fig. 1, exhaust or tail-gas from a
Claus recovery process 16 is directed into an
incinerator 10 via tail~gas conduit 18. This tail-gas
is obtained from the Claus sulphur recovery process 16
25 by combining air wvia conduit 34 with an acid gas from
~acid gas conduit 36 into a Claus sulphur recovery
process 16. A process for the reduction of the sulphur
content in a gaseous stream wherein a Claus sulphur
recovery process or unit is utilized is disclosed in US-
30 A-4857297. Tail-gas which enters incinerator 10 contains
sulphur dioxide, hydrogen sulphide, water, and nitrogen
plus minor amounts of COS, NH3, nitrogen oxides, carbon
monoxide, and carbon dioxide. . Sulphur dioxide and
hydrogen sulphide contained in the tail-gas is in a
35 concentration too low to be removed by a Claus process.
The concentration is also too high for emission into the
atmosphere. Air is directed into incinerator 10 via



(d) recoveiidegeei/ahyr from said hydrogen sul phide and/or sul phur dioxide
beari ngg stream In one construction, the absorbent bed |s prOV|ded I n at

| east two fixed-bed reactors, and sulphur oxi de co an1from
thetincinerator is fed to a first one of-%2Fd react
u oxi de

therein is spent absorbed sul phur conpounds; therea
containing gas streamis fed to.-a second one of said reactors; and sai d
hydr ogen and/ or hydrocarbon bearing gas streamis fed to said first one of

said reactors to fiGidhretdtey fadacetdem zmd t hus regenerate said first
one of said reactors. Prefgerabl sahg sul phur_oxi 4co ai j ng.
and sai d hydrogen and/ cﬁncﬁﬂﬁ Yeat ng°8§§ag§r ea%ttare al t%?ﬁeﬁt{lﬁ%ned
to each one of saighfficients, tmh@mhgereachheedtydxogi%ts%:’pi@h} Qi gRSsanto
absorbed sul phur GaiGHIAS ey 88ds! Nedyieg ec;}{‘n{ﬁéf&@yesamlhbérwtawﬁF
hydr ocar bon beari ng rean1¥o orm sa
S (482°C) to about 1,350° (732° C) The preferred
' temperature is about 1,200°F (649°C).  After the
oxidized tail-gas has been in incinerator 10 for a time
sufficient to convert substantially all of the hydrogen
sulphide to sulphur oxides, it is directed from
10 incinerator 10 to absorber 12 via incinerator exit gas
conduit 22. The gas which exits incinerator 22 contains

water, sulphur oxides, oxygen, carbon dioxide, and

nitrogen.
When gas exiting incinerator 10 enters absorber 12,
15 it is contacted with the solid absorbent which absorbs
substantially all of the sulphur oxides. The sulphur
oxide-capturing absorbent can be in the form of balls,
pebbles, spheres,extrudates, channelled monoliths,
microspheres or pellets. This sulphur oxide-capturing
20 absorbent provides absorbers or acceptors which absorb,
and collect, or otherwise remove sulphur oxides from the
incoming gaseous strean. In the most preferred
embodiment, the bed of granular material is a bed of
sulphur-oxide capturing absorbents, which serve as
25 sulphur oxide absorbers or acceptors. In the moving bed
embodiment shown on Fig. 1 the absorbent is removed from
absorber 12 by gravity.. It moves by gravity since the
absorbent is positioned in absorber 12 at an angle that
causes it to move at a rate so as to allow maximum
30 absorption of sulphur oxides. The flow rate of the
solid absorbent through absorber 12 is such as to allow
the absorption of about 10 to about 60 weight % of
sulphur oxides on the absorbent, most preferably about
20 to about 60 weight.%. Once sufficient sulphur oxides
35 | have been absorbed by the absorbent, it flows by gravity
from absorbent 12 via spent absorbent conduit 26 into
regenerator 14. Gases, from which the sulphur has been
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The gas wh1ch is removed by conduit 24 contalns

water, traces of sulphur dioxide, oxygen and nitrogen.
This emitted gas contains sulphur dioxide in an amount
less than about 2 ppm. Nitrous oxides contained in this
gas can be reduced by co-feeding ammonia or an ammonia-
producing species such as urea into absorber 12.

Although a moving bed of absorbent may be used to
remove the sulphur dioxide, it is preferred to contain
the solid absorbent in a fixed bed.

To accomplish this, a common vessel is used for
both tail-gas absorption and also for absorbent
regeneration. - This is accomplished by appropriate
valving so as to allow the flow of oxidized incinerator
gas to the absorber to cease. Subsequently, the
reducing gas is directed into the vessel and the
regeneration stage is initiated. For continuity of
operation, this is best accomplished by having two
separate sets of vessels for both absorption and
regeneration. As will be understood by those skilled in
the art, when the absorbent is in a fixed bed
embodiment, the atmosphere is merely swung from tail-gas
(absorption) to reducing gas (regeneration) by
appropriate valving. Greater specificity is obtained
for the fixed bed method by reference to Fig. 2.

As is shown in Fig. 2, the fixed bed method is
similar to and follows the basic operating scheme as
depicted in Figure 1 which scheme is discussed above.
The fixed bed method is better suited for those
applications where less than about 4 psi (28 Kpa) of
excess pressure drop is available. In most applications
where the fuel gas is obtained from a Claus sulphur
plant, the pressure drop will often be less than 4 psi
(28kPa).

Although the fixed bed method is preferred for
these applications, the fluidized bed is useful when
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B enters absorber 12 where it is contacted with the solid
absorbent that absorbs substantially all of the sulphur
oxides. The sulphur oxide-capturing absorbent, as
mentioned above, can be in the form of balls, pebbles,
spheres, pellets, extrudates, channel monoliths, or
10 microspheres. These oxide~capturing absorbents absorb
and collect, or otherwise remove substantially all of
the sulphur oxides from the gases coming into absorber
12, Gases, from which sulphur oxides have been
substantially removed, are emitted from absorber 12 via
15 spent absorbent exit conduit 24. Those gases that exit
absorber 12 via conduit 24 are monitored until sulphur
oxide "break through" occurs. Sulphur dioxide
concentration is monitored with an ultraviolet or

infrared analyzer. Of course, as will be understood by

20 those skilled in the art, other comparable analyzing
equipment can be utilized. _

Sulphur dioxide "break through" occurs when a

substantial increase in the concentration of sulphur

dioxide occurs in the effluent from absorber exit

25 conduit 24. As anticipated, this increase will be from
under 2 ppm to about 250 ppm in less than about 3
minutes. ' -

When sulphur dioxide "break through" is detected,

oxidized tail~gas from incinerator 10 is directed into

30 a second vessel which then becomes absorber 12. 1In a
preferred mode of operation, if sulphur dioxide
breakthrough is detected during one absorption cycle,

the duration of succeeding cycles is reduced by about 5%

from the original absorption time, such that

35 regeneration at the succeeding cycles is initiated
before 502 breakthrough occurs. Original absorber 12

now containing the sulphur oxide loaded oxide-capturing
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' ) directing hydrogen into the regenerator via hydrogen
' conduit 28. During the regeneration of the absorbent
5 the temperature is maintained between about 900°F
(482°C) to about 1,400°F (760°C), preferably about
1,100°F (593°C) to about 1,300°F (704°C).
During the regeneration, a reducing gas, preferably
hydrogen, is directed into regenerator 14 in about 0.10
10 ) to about 10 vol %, preferably about 2 to about 4 vol %.
Pressure in the regenerator is maintained at about 0.10
to about 10 atmospheres (10 to 1000 Kpa), preferably
about 0.5 to about 3 atmospheres (50 to 300 Kpa). The
gas hourly space velocity (GHSV) is about 10 to about
15 1,000, preferably 100 to about 150.
While the operating parameters for the regenerator
are equally applicable to both the fluidized and the
fixed bed processes, initially a GHSV of about 300
should be used when commencing regeneration of the fixed
20 bed absorbent so that a higher concentration of
liberated gases can be removed from the regenerator. Aas
regeneration proceeds, the GHSV can be reduced to about
50 as the concentration of liberated gases diminishes.
Similarly, although hydrogen is the preferred reducing
- 25 gas, other hydrocarbon reduCing gases can be used.
These will preferably comprise ¢, ‘through Ce
hydrocarbons. Substantially improved regeneration
results are anticipated when water is co-fed into the
regenerator along with the hydrocarbons. Once
30 regeneration is completed, liberated sulphur dioxide,
hydrogen sulphide, and water .are removed from
regenerator 14 via regenerator effluent conduit 32 and
directed into Claus plant 16 for further treatment.
Whether operating under the fluidized or fixed bed
35 method, it is preferred to operate absorber 12 at a
temperature from about 900°F (482°C) to about 1,400°F
(760°C). A temperature of from about 1,100°F (593°C) to
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substantially [err] [err]. The absorber islﬁreferabl a GHSV
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2,000 to preferred. GHSV within absorber 12 should be maintained

5 . at a pressure of from about 500 to about 20,000 GHSV,
3,000 to about 5,000 GHSV is preferred. An additional
benefit of operating absorber 12 within these parameters
is that any carbon monoxide therein is converted into
carbon dioxide which is released into the environment.

10 Other gases released from absorber 12 include nitrogen,
' oxygen, and trace amounts of sulphur dioxide along with
water.

Operating conditions for incinerator 10 are similar
when using either the fluidized or fixed bed . method.
15 Preferably, the temperature is maintained at from about
900°F (482°C) to about 1,400°F (760°C), most preferably
between about 1,100°F (593°C) to about 1,300°F (704°C).
Oxygen is introduced into the absorber in an amount of
from about 0.1 to about 10 vol%, preferably 2 to about
20 4 vol%. Pressure in the absorber should be maintained
at about 0.1 to about 10 atmospheres (10 to 1000 Kpa),
preferably about 1.5 to about 3 atmospheres (150 to 300
Kpa). The GHSV should be maintained at about 400 to
about 7,000, preferably about 500 to about 2,500. 1In
25 those situations where it is required fuel gas can be
introduced into incinerator 12 via fuel gas conduit 38
as shown in Figure 2.
Absorbents which can be utilized preferably
comprise substantially alumina, and most preferably
30 alumina compounded with magnesia, for best results. y-
alumina , y-n-p-alumina, §-alumina, and O-alumina are
particularly useful as adsorbents and supports because
of their high surface areas.
The term "adsorbent" is used interchangeably herein
35 with the term "absorbent." While a-alumina and 8-
alumina can be used as adsorbents, they are not as
effective as y-~alumina ,y-n-p-alumina, §-~alumina, or 6-
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yttrium, antimony, tin, copper, Group la metals, Group
5 2a metals, rare earth metals, and combinations thereof.
Magnesium aluminate spinels are particularly useful as
adsorbers. Lanthanum and cerium are preferred rare
earth metals. Naturally occurring rare earths, such as
in the form of baestenite, are also useful adsorbers.

10 Elemental copper or copper compound adsorbers, such as
copper oxide adsorbers, can also be used. The copper
oxide can be cuprous oxide (CuZO) and/or cupric oxide
(Cu0). Other copper compounds can be used, such as
.copper (II) sulphate, copper (II) acetate, copper (II)

15 formate, copper (IXI) nitrate and/or copper (II)
chloride. The adsorbers can also be a blend/mixture of
high density and low density materials, such as of the
above-identified metal oxides. '

The metal or metal oxide part of the adsorbers can

20 be supported, carried and held on a refractory support
or carrier material which also provides part of the
adsorbers. The support controls the attrition ‘and
surface area characteristics of the adsorbers. The
support preferably has a surface aréa greater than about

25 10 mz/g and most preferably from about 50 mz/g to about
500 mz/g for best results. Suitable supporters include,
but are nbt limited to,_silica, alumina, kaolin or other
clays, diatomaceous earth, boria, and/or mullite. The
support can comprise the same material as the metal or'

- 30 metal oxide part of the adsorbers.

The adsorbers can be impregnated or otherwise
coated with an oxidizing catalyst or promoter <that
promotes the removal of nitrogen oxides and the
oxidation of SO2 to 803 in the presence of oxygen. It

35 is believed that S04 is more readily adsorbed than 80, .
one useful catalyst is ceria (cerium oxide). Another
useful catalyst is platinum. '
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fromsubstantlally01atmto ant i to 1000 'K
and a terrperaturé’ Qe iPHm in comb:mat:.on w1t eac er or
combination with ceria and/or alumina, such as rare
5 earth metals, metals from Group 8 of the Periodic Table,

‘chromium, vanadium, rhenium, tungsten, silver, and

combinations thereof. The promoter can comprise the

same material as the adsorber. An even distribution of

the promoter is preferred for best results and to
10 minimize adsorbent erosion.

The Group la metals, Group 2a metals, and Group 8
metals referred to are those listed in the Periodic
Table of the Elements in the Handbook of Chemistry and
Physics (54th Edition). Useful Group la metals include

15 lithium, sodium, potassium, rubidium, and cesium.
Useful Group 2a metals include magnesium, calcium,
strontium, and barium. Useful Group 8 metals are the
Group 8 noble metals (the platinum family of metals)
including ruthenium, rhodium, palladium, osmium,

20 iridium, and platinum. The rare earth metals are also
useful and are referred to as the lanthanides. Suitable
rare earth metals include cerium, praeseodymium,
neodymium, samarium, europium, gadoclinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and

25 lutetium.

The above-mentioned adsorbents are discussed in US-
A-4692318. Although the adsorbents mentioned above are
exemplary of the ones which can be used in the process
to remove sulphur dioxide, the preferred absorbents are

30 detailed in Examples 1 through 4 below.

Spent absorbent from absorber 12 which has been
directed into regenerator 14 is subjected to
temperatures from about 900°F (482°C) to about 1,300°F
(704°C). Also, a hydrocarbon or hydrogen reducing gas

35 is directed into regenerator 14 via hydrogen'conduit 28.
The conditions are such in the regenerator so as to
cause substantially hydrogen sulphide and sulphur
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sul phur oxi de cont YiYeerdt@fMbsorbent conduit 30. Conduit 30 dlrects
5 the regenerated absorbent back into absorber 12. The
solid absorbent can also be regenerated and
reconstituted in the presence of water so as to further
enhance its activity for the adsorption of sulphur
oxides. Under the preferred conditions, sulphur is
10 released from the adsorbent primarily in the form of
sulphur dioxide in an amount of from about 80 to about
90 weight % during the regeneration or desorption step.
Trace amounts of hydrogen sulphide also appear in the
gases which are released from the absorbent doing
15 regeneration or desorption. Off-gases which are emitted
from the absorbent in regenerator 14 are removed
therefrom via regenerator effluent conduit 32 where it
proceeds into a Claus sulphur recovery process or plant
16 where elemental sulphur is recovered.
20 Referring to Fig. 3 an ammonia acid gas stream 110
' containing hydrogen s‘tilphide is fed to a relatively
'small combustion furnace 112. An air stream 114 and a
fuel gas stream 116 are also fed to the combustion
furnace 112 at rates sufficient to maintain the
25 temperature in the furnace 112 within the range of
1500°F (815°C) to 2500°F (1371°C), and to maintain an
atmosphere for stoichiometric combustion such that
ammonia destruction is maximized and the ammonia is thus
completely dissociated into N, and H,. The H, will burn

2 2 2

30 to produce water, while the N, remains as an inert gas.

Concurrently, the hydrogen ’ sulphide is completely
converted to sulphur oxides (sox) . A nitrogen and
sulphur oxide enriched gas stream 118 from the furnace
112 is cooled in a heat exchanger 113 to within a range
35 of from about 900°F (482°C) to about 1400°F (760°C), and
fed by 1line 119 to a first fixed-bed reactor 120

containing a solid absorbent bed 122.
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- oxide enriched gas stream 118, and provides a nitrogen
bearing gas stream through outlet conduit 124. The
5 nitrogen bearing stream is fed through a valve systenm
(not shown) to a line 125 leading to an incinerator or
to a stack.
While in an absorbent mode, the reactor 120 is
operatéd at a temperature from about 900°F (482°C) to
10 about 1,400°F (760°C). A temperature of from about
1,100°F (593°C) to about 1,300°F (704°C) 1is preferred.
The oxygen content of the stream 119 entering the
absorbent bed 122 is in an amount of from about 0.10 to
about 10 vol%, 2 to about 4 vol% is preferred. Pressure
15 within the reactor 120 should be maintained at a
pressure of from about 0.1 to about 10 atmospheres (10
to 1000 Kpa), preferably from about 1.5 to about 3.0
atmospheres (150 to 300 Kpa). GHSV should be from about
500 to about 20,000, and preferably from about 3,000 to
20 about 5,000 GHSV. An additional benefit of operating
' the reactor 122 during the absorbent mode within these
parameters is that any carbon monoxide therein is
converted into carbon dioxide which is released into the
environment. Other gases released from the reactor 120

25 include nitrogen, oxygen, and trace amounts of sulphur
dioxide along with water.
When the combustor 112 is operated

stoichiometrically as it is preferred to maximize
ammonia destruction, air or oxygen must be added to
30 maintain the oxygen content of the stream 119 as
discussed above. However, it is contemplated that the
combustor 112 may be operated with excess oxygen
supplied by the air stream 114. In this latter case,
air or oxygen may not have to be added to the feed
35 stream 119 to the reactor 120.
The absorbent can be in the form of balls, pebbles,
spheres, extrudates, channelled monoliths, microspheres
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and/ or sul phur dioxide, thereby formng an off gas .
' collect, or ‘otherwise remove™ sulphur oxides from the
influent gaseous stream. In one embodiment, the bed
5 122 is Mg/Al 'spinels.
The outlet conduit 124 is monitored by a sensor 126
until sulphur dioxide break-~through occurs. A suitable
sensor is a Siemens Ultramat 22P infrared analyzer. Of
course, as will be understood by those skilled in the
10 art, other comparable analyzing equipment can be used.

Sulphur dioxide break-through occurs when a
substantial increase in the concentration of sulphur
dioxide occurs in the conduit 124. This increase will

| be in the order of from about 3 ppm to about 250 ppm in
15 less than about 2 minutes.

When sulphur dioxide break-through is detected, the
nitrogen and sulphur oxide enriched gas stream 118 is
directed through a suitable valve system (not shown)
into a second fixed-bed reactor 128 having a solid

20 absorbent bed 130 therein. Concurrently, the valve
system directs a H, rich stream 32 to the first reactor
120 for regenerating the first absorbent bed 122. ‘The

H2 rich stream 132 may contain I-I2 and/or hydrocarbons.
During regeneration of the absorbent bed 122 the
25 temperature is maintained between about 900°F (482°C) to
' about 1,400°F (760°C); and the pressure in the reactor
120 is maintained at about 0.10 to about 10 atmospheres
(10 to 1000 Kpa), preferably about 0.5 to about 3
' atmospheres (150 to 300 Kpa). The H2 and/or hydrocarbon
30 stream 132 is directed into the reactor 120 at a gas
hourly space velocity (GHSV) of about 10 to about
1,000,preferably about 100 to about 150. 1Initially, a
GHSV of about 300 is preferred when commencing
regeneration of a fixed-bed absorbent so that a higher
35 concentration of liberated gases can be removed from the
regenerator. As regeneration proceeds, the GHSV can be

reduced to about 50 as the concentration of liberated
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in the incinerator. The combusting means preferably operates at a
tenperature of frogesessdininishes.[ er r§9imilaxlpstakthougly fydndgen is the

preferred reducing gas for regeneration, other
hydrocarbon reducing gases can be used. These will
preferably comprise c1 through Cs hydrocarbons.
5 Substantially improved regeneration results are
anticipated when water is co-fed into the reactor along
with the hydrocarbons. The H2 and/or hydrocarbon stream
132 may contain 0.0 to 50% water.
‘Regeneration of the bed 122 provides a hydrogen
10 sulphide and/or sulphur dioxide bearing stream through
the outlet conduit 124, the valve system (not shown),
and via line 134 to the sulphur plant for recovery of
sulphur. The hydrogen sulphide and/or sulphur dioxide
bearing stream may also contain water and unconverted
15 reducing gas. The nitrogen and sulphur oxide enriched
stream 118 and the hydrogen and/or hydrocarbon bearing
- stream 132 are alternately fed to each one of the
reactors 120,128, whereby each bed 122,130 is first
spent by sulphur oxides extracted from the stream 118,
20 and then regenerated by the hydrogen and/or hydrocarbon
bearing stream 132.

With reference to Fig. 4, there is shown a
modification of the system of Fig. 3 for extracting
sulphur from the nitrogen and sulphur oxide enriched

25 stream 118 before the stream 118 is fed to one of the
reactors 120,128. Specifically, the enriched stream 118
is passed through a heat exchanger 160, line 161 to a
cooler/condenser 162 where the nitrogen and sulphur
oxide enriched stream 118 is cooled to from about 250°F

30 (121°C) to about 300°F {149°C) to allow elemental
sulphur to condense out as a liquid sulphur stream 163.
The remainder of the enriched stream is looped back
through the heat exchanger 160 via line 164 to reheat
the enriched stream to within the range of from about

35 900°F (482°C) to about 1400°F (760°C), and preferably
from about 1,100°F (593°C) to about 1,300°F (704'0), for
input by line 165 to one of the reactors 122,130. 1If



Means for supptedagefuel gas to said combusting means may also be provi ded.
In one tonstruction the contacting means and the reg@ﬁm&gngmge m&d'

conprises at |least two fixed-bed reactors, each bed ‘sai d
absorbent. The apparatus further conpri'ses2 mntchlngIBH'ﬂl feedlng
sai d sul phur oxi de containing gas stream w t hdrawn f |nC|nerator to
a first one of said reactors until the bed therein is spent with absorbed

sul phur conpounds, and thereafter (2) for feeding said sul phur oxide
cont ai ni ng gas strcthere is stedehiometafics sombuszdom dnwkheconkashor skl 2,

hydrogen and/ or hydﬂ%@réealbﬂéraﬁa Qéﬁeatiﬁaﬁub%psada@ fdwttactnerdm Sabéut
reactors to fornlsal off gas Stream and t hu$S regéenerate satd first .one of

sai d reactors. PEn TS BUIBRPLCFPRGSRELRE TRMFreuistor
reactor, and said ahﬁthEnbtbedmragﬂneraThannamuinxngnnlemsnasregem@gﬂ(u.

The apRar atus furthﬁ'ﬂnc‘tion in the same manner as identically numbered
elements of Fig. 3 described hereinabove.
With reference to Fig. 5, there is shown a
fluidized bed system comprising a reactor 140, a
regenerator 142, a conduit 144 for feeding spent
10 absorbent from the reactor to the regenerator 142, and
another conduit for passing a fluidized bed of
regenerated absorbent from the regenerator 142 to the
reactor 140. A nitrogen and sulphur oxide enriched
stream 148 from the combustor 112 (Fig. 3) is fed to the
15 ~ lower end of the reactor 140, over absorbent therein to
strip out the sulphur oxides and provide a nitrogen
enriched stream 150 for the incinerator or the stack.
A hydrogen bearing stream 152 is fed to the bottom of
the regenerator 142 to reduce the sulphur compounds on
20 the spent absorbent to hYdrogen sulphide and form a
hydrogen sulphide and/or sulphur dioxide bearing outlet
stream 150.
Operating parameters for the fluidized system are
substantially the same as those described above with
25 respect to the Figs. 3 or 4 fixed-bed embodiments.
Further, the operating conditions for the combustor 112
are similar when using either the fluidized or fixed bed
systems. The temperature in the fluidized bed reactor
140 is maintained at from about 900°F (482°C) to about
30 1,400°F (760°C), preferably between about 1,100°F 593°C)
to about 1,300°F (704°C). The oxygen content of the
- stream 148 introduced into the reactor 140 is maintained
in an amount of from about 0.1 to about 10 vol$,
preferably 2 to about 4 vol%. Pressure in the reactor
35 140 should be maintained at about 0.1 to about 10
atmospheres (10 to 1000 Kpa), preferably about 1.5 to
about 3 atmospheres (150 to 300 Kpa). The GHSV should



conpri ses nmEaweYeor< oom i nuously feeding a fluidized bed of spent absorbent
fromthe reactor to the regenerator, and for passhpgwa}ﬁknuﬂRqﬁmﬂbed of

regenerated absorbent fromthe regenerator to the by sai d
sul phur oxi de containing gas stream from T&& i nci m to sai d
absorbent 'in the reactor for absorbing said sul phur and neans for
feedi ng said hydrogen and/ or hydrocarbon bearing strean1to t he regenerator

to reduce absorbed sul phur conpounds to hydrogen sul phide and/or sul phur
di oxi de, and thus fhe maintabnedgat sbouim4 0t eabeuts 7n&R0mdrakenakdly

acconpanyi ng draw Rffout 500 o -abdutMy HpooFig. 1 is a schematic
"epresentation of a The following discussed absorbents are described in
US-A-4692318. Absorbents which can be used preferably
5 comprise substantially alumina, and most preferably

alumina compounded with magnesia, for best results. y-
alumina, 4%-n~-p-alumina, é-alumina, and 6-alumina are
particqlarly useful as adsorbents and supports because
of their high surface areas.

10 The term "adsorbent" is used interchangeably herein
with the term "absorbent."” While a-alumina and -alumina
can be used as adsorbents, they are not as effective as
y~-alumina, %-n-p-alumina, é-alumina, and O0-alumina. One
or more oxides of other metals can also be used as

15 adsorbents, either alone or in combination with alumina
or as spinels, such as bismuth, manganese, yttrium,
antimony, tin, copper, Group la metals, Group 2a metals,
rare earth metals, and combinations thereof. Magnesium
aluminate spinels are particularly useful as absorbers.

20 Lanthanum and cerium are preferred rare earth metals.
Naturally occurring rare earths, such as in the form of
baestenite, are also useful absorbers. Elemental copper
or copper compound absorbers, such as copper oxide
absorbers, can also be used. The copper oxide can be

25 - cuprous oxide and/or cupric oxide. Other copper
compounds can be used, such as copper (II) sulphate,
copper (II) acetate, copper (II) formate, copper (II)
nitrate and/or copper (II) chloride. The absorbers can
also be a blend/mixture of high density and low density

30 materials.

The metal or metal oxide part of the absorbers can
be supported, carried and held on a refractory support
or carrier material which also provides part of the
absorbers. The support controls the attrition and

35 ' surface area characteristics of the absorbers. The
support preferably has a surface area greater than about
10 mz/g and most preferably from about 50 mz/g to about



desul phuri zarPeH«process according to a first enbﬁﬂTﬁEﬁT_5?~fﬁg_Tﬁvention,
wherein*a noving solid bed absorbent is ut|||zed1ﬂ@$kaﬁmﬂﬁmdk$bﬁénatlc
representation of a desul phurization process accor
enbodi ment of the invention, wherein a fi3&T SO|Id “ |s
utilized; Fig. 3 is a schenatlc flow diagram a esulphurlzatlon
process according to a second enbodinent of the invention, wherein a

fixed-bed system for regovering sul phur fromamonia acid gas i s enpl oyed;
Fig. 4 is a schenmafP@ Wl4u trudrest nesitst | fYisande FRERPFERTS! ingiude,

enbodi ment shown i guti gHéenst ﬁﬂﬁhfé&l to2 s:..‘).s‘:LcafJl adumamal,i ka&l':.@xwordb&ﬂéém
of . a desul phuri zat pr.qQc accordln the se nd e nent

the i nvention, FEFXS il 8F?§ﬁ°ﬁéd m Pr mu

support can comprise the same material as the metal or

5 metal oxide part of the absorbers.

The absorbers can be impregnated or otherwise
coated with an oxidizing catalyst or promoter that
promotes the removal of sulphur oxides and/or nitrogen
oxides. One useful catalyst is ceria (cerium oxide).

10 _ Another useful catalyst is platinum. Other catalytic
metals, both free and in combined form, preferably as an
oxide form, can be used, either alone or in combination
with each other or in combination with ceria and/or
alumina, such as rare earth metals, metals from Group 8

15 ‘of the Periodic Table, chromium, vanadium, rhenium,
tungsten, silver and combinations thereof. The promoter
can comprise the same material as the absorber. An even
distribution of the promoter is preferred for best
results and to minimize adsorbent erosion.

20 The Group la metals, Group 2a metals, and Group 8
metals referred to are those listed in the Periodic
Table of the Elements in the Handbook of Chemistry and
Physics (54th Edition). Useful Group la metals include
lithium, sodium, potassium, rubidium, and cesium.

25 Useful Group 2a metals include magnesium, calcium,
strontium, and barium. Useful Group 8 metals are the
Group 8 noble metals (the platinum family of metals)

including ruthenium, rhodium, palladium, osmiunm,
iridium, and platinum. The rare earth metals are also
30 useful and are referred to as the lanthanides. Suitable

rare earth metals include cerium, praseodymiumn,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and
lutetium. |

35 Other absorbents useful in the practice of the
present invention are the metal containing spinels
disclosed in US~A- 4790982. One absorbent in US-A-



Referring to g -1, exhaust or tail-gas froma CI aus recover process 16

is directed into an incinerator 10 via tail-gas. all gas
i*s obtained fromthe O aus sul phur recovgﬁg_proces | ng air via
coniuit 34 with an acid gas from acid gas conduit s sul phur

recovery process 16. A process for the reduction of the sul phur content in
a gaseous stream wherein a Caus sul phur recovery process or unit is

uti-lized is disclosed in US- 485729 as |

10 cont ai nst sul Fh&ﬁmd h ﬁyd‘?og%ﬂ’%’&ﬁ% ﬁ #ﬁ%@é{ft?%ﬁé@g Ia%lgj

m nor anmounts o invienrtdgen isxtdes,m émin uRTRP Bn

di oxi de. _Sul phureyi i depand i pQaR 15 YaPVd8 a3l ahaetos nokph Akhowes
ow e e

is in a concentratl rennve by a Cl aus process
concentration is aimﬁxmplfﬁglfpf%f e RABBEnto the atnosphere. Air is

directged into incineratfhe iy Mickwing examples are illustrative of sorbents
suitable for use in the reactor beds of both the above
embodiments of the present invention.

EXAMPLE 1
A ceria/alumina sorbent was prepared by
10 impregnating high pore value y-alumina (1/8" (0.32cm)

extrudate from Dycat International) WJ.th a solution of
32.7 grams Ce(No )6. - 6H,0 from Aldrich Chem:.cal Company
in 45 grams of water, using an incipient wetness
technique. The material was dried for three hours at
15 120°C (248°F) and calcined one hour at 700°C (1,292°F),
in ‘air. The composition was approximately 11%
Ce0,/A1203. This material was crushed and sieved to
14/60 mesh (API).
EXAMPLE 2

20 : A magnesium aluminate sorbent was prepared,
starting with two solutions. Solution I contained 461.5
grams magnesium nitrate, 68.6 grams of concentrated
nitric acid,.and 500 ml of water. Solution II contained
209.7 grams sodium aluminate, 10.7 grams sodium
25 hydroxide, and 500 ml of water. To Solution I were
 added 2 liters of water, and then over a 30 ninute
period, Solution II. Sodium hydroxide was then added in
an amount to bring the pH up to 10.7. The resulting
‘mixture was aged for 16 hours and then filtered. The
30 recovered solids were dried at 170°C (338°F) for 12
' hours and sized to 14/60 mesh (API). This material had

a composition of about Mnglzos.

EXAMPLE 3
To make a sorbent with approximately 100 ppm
platinum loading, 35 grams of the magnesium aluminate



- 18 -- i nci neraven<airr~conduit 20. | ncinerator lﬁlghg&ggsageggh Maced
tenperature sufficient to convert the hydrogen sul sul phur
oxides. This tenperature will be about [ # [err Il nﬂlmﬁmﬂ’lﬁeerr]

The " preferred tenperature is ‘about [er ? d tail-gas
has been in incinerator 10 for a tine sufficient to convert substantially

Af t
all of the hydr ogerfg.g(lr)ur %Egraq? te0 S WA YR ffibed tud fhoflidre GirRs 1&g

incinerator 10 to a VI a I ncinérator exit gas conduit_22. The gas
whi ch exits inci neWgt®ess terhaigyensiidh §u|%‘|’nl|‘|1tb9‘|"d&f Bx04én g%aRH&F

di oxi de, and nit rO%‘lchﬂratg.&ﬁ.di‘@dlde(SWIPEI aiSsay) £Nt 26SmaAbeE hattel?,
|t s cont act ed w IIJl.'m t he souﬁlngbssoorlb.e&S whi ch abforbs

resu were d&alcinéd in air at 450°C
5 (810°F) for three hours and sized to 14/60 mesh (API).
EXAMPLE 4

A sorbent with approximately 10% ceria loading on
magnesium aluminate was prepared by adding a solution of
9.71 grams cerium nitrate in 16 ml of water to 35 grams

10 of magnesium aluminate from Example 1, using an
incipient wetness method. The material was then dried
for three hours at 120°C (248°F), calcined in air one
hour at 700°C (1,292°F), and sized to 14/60 mesh (API).

To test the sorbents’ ability to sorb sulphur

15 oxides from a gas mixture simulating an incinerated
Claus tail-gas, 6 grams of each material described in
Examples 1-4 were loaded in an 1lmm I.D. quartz reactor
with a central thermowell. The reactor was placed in a
radiant furnace for rapid heating and cooling. A gas

20 flow of 360 cm3/m_inute with a composition of 1% sulphur
dioxide, 4% oxygen, and 95% nitrogen (on a dry basis)
was established through the reactor, after the desired
sorption temperature was attained. Water, in the amount
of about 20% of the gas flow, as added by directing part

25 of the feed gases through a saturator held at about
150°F (66°C).

The sulphur dioxide content in the effluent stream
was monitored with a Siemens Ultramat 22P infrared
analyzer. A cold trap between the reactor and the

30 analyéer removed most of the water on the effluent
stream. Sorption experiments were terminated when the
sulphur dioxide level in the effluent exceeded 250 ppm.
Sulphur dioxide breakthrough was relatively sharp. In
general, the analyzer detected no sulphur dioxide for

35 " the first 80-90% of the sorption period. Sulphur
dioxide concentration of less than 2 ppm during this
portion of the sorption was confirmed by measurements



subst anti al4 yoab+ (of , the sul phur oxi des. The sul phur oxi de-capturing
S

absorbent can be in the formof balls, pebbles, T Hes,
channell ed nonoliths, mcrospheres or pellets. Thi -
oxide-capturing absorbent provi des absor5&8 or ac bsorb, and
coll ect, or otherw se renove sul phur oxides fromthe incomng gaseous
stream In the nost preferred enbodi nent, the bed of granul ar

material is a bed of sul phur-oxide capturing absorbents, which serve as

sul phur oxi de absowbbths Rragexegas smeagurkmentyi tigbesd enffd@ neatcuhatadon

Fig. 1 the absorbepsjbht EPuHLhGBMBRAREDEE d81bHus! %ikE. as! gormaasih?
gravity since the absorbent .is poSitioned in absqrher 12 &%&in ﬁ’n l e tha
causes it to nove HReaSPEPEiCH §r98daP-FoFFRE%'Fﬁ9m"§b§§Fp 2ot o “shur

oxi des. The flow rate Régtheraelibfl asthiesblilir sogbenbswasecacéa@mpiished
oxi desbon the abaobBerto WREr LR or bt att i paroen! UhiicH Obad! Bibbiea
through a saturator to obtain about 25% water vapor
content. The composition of the off-gas during
reductive regeneration was determined by injections on
to a H.ewlett—Packard 5890 gas chromatograph equipped
10 with a thermal conductivity detector. Usually, both
hydrogen sulphidé and Sulphur dioxide could be detected
in the off-gas, but typically one gas or the other |
dominated, depending on the sorbent and on operating
conditions, as indicated in the following Table.

15 | TABLE
Sorbent Temp (°F) of wt% Uptake Dominant S
Material Sorption & During Conmpnd in

%*
Identity Regeneration Sorption Off-das—

Ce0,/A120, (E, 00 (538°C) 4.8 H,S

20 Ce0,/Al2Q, 200 (649°C) 6.2 s0,
Mg,Al20, (EX. 2)200 (649°C) 4.7 H,8
Pt/Mg,A120, (E%200) (649°C)  33.8 SO,
Ce0,/Mg,A120, (EX. ¥)100 (593°C) 14.7 H,S
Ce0, /Mg, ALZZNO (649°C) 25.2 so0,

25 * j.e. off gas from regeneration
The uptake of Sox was greater for Mnglzo5 promoted
with Pt (Ex.3) and with Ce0,, (Ex.4) was higher than for
Mnglzos alone (Ex.2). For the ceria-promoted materials
of Examples 1 and 4, magnesium aluminate was a more
30 : effective sorbent than alumina, and increasing the
operating temperatures from 1000°F (538°C) to 1200°F
(649°C) (Ex.1), and from 1100°F (593°C) to 1200°F
(649°C) (Ex.4) increased so,, sorption which shifted the



20 .t 0 about +68vweiwghty % Once sufficient sul phur oxides have been absorbed
by thesabsorbent, it flows by gravity from absorbent 12 via spent absorbent
conduit 26 into regenerator 14. Gases, fromwhich the sul phur has been -
14 * substantially renoved, are enmitted fToM absorber 12 via absorbent exit
gas conduit 24. The gas which is renoved by conduit 24 contains water,

traces of sul phur @o?ﬁin%%rt ?ﬁ%?éﬁa%&%}%ﬁ%%%d@ Sereo tH el ﬂﬂss%?ﬂt ai ns

sul-phur di oxi de i n an-anoun ppm N trous oxide
contained in this gas can be reduced by co-feedi ng anmonia or an ammoni a-
produci ng speci es such as urea into absorber ghf#aMPAR I®Ough a novi ng bed of

absor bent may be used t g, M e ron nonbRiae’ 8X188tibh 'dcPIFiEy’ e ! Guo
- sorbents was tested by flowing a mixture of 4% carbon
5 monoxide, 4% oxygen, and 8% carbon dioxide at a flow

rate of 310 cm3/min over 6 grams of each material in an

11 mm I.D. quartz reactor. Carbon monoxide and carbon

dioxide concentration, as a function of reactor

temperature, were monitored by Beckman Model 864

10 infrared analyzers. With the magnesium aluminate of
Example 2, carbon monoxide was half converted at about

770°F. (410°C) and substantially all converted at 860°F

(460°C) . With the platinum-promoted magnesium aluminate

of Example 3, carbon monoxide was half converted at

15 about 510°F (266°C) and substantially all converted at
540°F (282°C). With an empty reactor, there was no
detectable carbon monoxide conversion for temperatures:

up to 1,200°F (649°C).

This example demonstrates that the designated

20 sorbents are effective in promoting the removal of
carbon monoxide in the presence of oxygen. '

. This Sheet Has Been

LT



the solid absyhgd,j+a fixed bed. To acconplish this, a conmon vessel is
used for both tail-gas absorption and al.so for absor?ﬁﬂL‘?EQQDQLaLLenf——
This is acconplished by appropriate valving so as—to allow the flow of
oxi Hi zed incinerator gas to the absorbeB0Oto cease. ‘“ﬁ“&“\“the
reducing gas is directed into the vessel and the regénH‘mﬂamc“

I nitiated. For continuity of operation, this is best aqconﬁ+i§hea by

having two separate sets of vessels for both absorption and regeneration.
As wi || be understommiry those skilled in the art, when the absorbent is in

~a fixed bed enbodi nent,_ the ﬁtﬁw&f& E%mwﬂ%fawggrf EQBhté\!éaﬂaétream

(absorption) . to redu%1ng gas regénerati appropriat e, val vi ng.
Greater specificitgontabbing rkl least poef sRARhBEICHBPABRY b CTRPEISHIE the
Fig. 2. As is shovgedfsFbg: 2, the fixed bed method is simlar to and

foll ows the basic operating schene as T, .
5 P _(a)g combustfig said gas stream with an oxygen

containing gas in an incinerator to convert
the or each sulphur compound to at least one
sulphur oxide;

(b) withdrawing from the incinerator a gas stream

10 containing the or each sulphur oxide, and
directing said sulphur oxide containing gas
stream to an absorber having an absorbent bed
adapted to remove sulphur compounds;

(c) contacting said absorbent bed with a hydrogen

15 and/or hydrocarbon containing stream to
regenerate said absorbent bed by reducing the
sulphur compounds absorbed in said absorbent
bed to hydrogen sulphide and/or sulphur
dioxide, and thereby forming an off gas stream

20 containing hydrogen sulphide and/or sulphur
dioxide; and '

(d) recovering sulphur from said hydrogen sulphide

and/or sulphur dioxide bearing stream.

2. A method according to claim 1, wherein said
absorbent bed is provided in at least two fixed-bed
reactors, and sulphur oxide containing gas stream from
the incinerator is fed to a first one of said reactors

5 ~ until the bed therein is spent absorbed sulphur
compounds; thereafter said sulphur oxide containing gas
stream is fed to a second one of said reactors; and said
hydrogen and/or hydrocarbon bearing gas stream is fed to
said first one of said reactors to form said off gas

10 stream and thus regenerate said first one of said

reactors.

3. A method according to claim 2, wherein said
sulphur oxide containing gas stream and said hydrogen
and/or hydrocarbon bearing gas stream are alternately

This Sheet Has Been Replaced .
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depi cted incfogus e<4) whi ch scheme is di scussed abov

hod

is bettrer suited for those applications where |ess than about

Kpa) of excess pressure drop is avail able. In nost aqﬂ“luﬂﬂmj ‘ﬁ@mt he
fuel gas is obtained froma O aus sul phur3diant, the

often be less than 4 psi (28kPa). Although the flxed bed nethod is
preferred for these applications, the fluidized bed is useful when

sufficient driving pressure is available, because of its continuous
operation capabilifgdato ®ach mymEmuet said kWerekers. ¥herghy Lpch Bedf ifer

val vesgand pipes. RefgfrisR@nROuith FéQ:LdZabQQQbangdl%ﬁier@éﬁFOﬂﬁdgm aha
absorber 12 where 1t Is contacted with the soli bsorbe‘i thaﬁ 8bsorb
substantlally al | gpephgqgﬁqﬁﬁﬁted by sald hydrogen and/or hydrocarbon

bearing stream to form said off gas stream.

4. A method according to claim 1, wherein said
absorbent bed is in a fluidized bed system comprising a
reactor, a regenerator, a conduit for feeding spent
absorbent from the reactor to the regenerator{ and

5 another conduit for passing regenerated absorbent from
the regenerator to the readtor; and wherein said sulphur
oxide containing gas stream from the incinerator is fed.
to the reactor to absorb said sulphur oxide on the
absorbent, and said hydrogen and/or hydrocarbon bearing

1o stream is fed to the regenerator to reduce said absorbed
sulphur compounds to said off gas stream.

5. A method according - to claim 1, wherein said
absorbent bed comprises a fixed bed solid absorbent.

6. A method according to claim 1, wherein said
absorbent bed comprises a granulated moving bed solid
absorbent.

7. A method according to claim 1, wherein said
absorbent is a metal oxide, or a mnixtures of metal
oxides, impregnated with a promoter.

8. A method according to claim 7, wherein the
metal oxide is alumina and the promoter is a rare earth.

9. A method according to claim 7, wherein said

5 and/or Pt.

10. A method according to claim 1, wherein the
solid absorbent is Mg/Al spinels.

11. A method according to claim 1, wherein the
solid absorbent is magnesium-aluminum-containing spinel

promoter is CeO

impregnated with vanadium and cerium.

12, A method according to claim 1, wherein the
solid absorbent is magnesium aluminate impregnated with
an oxygen promoter.

13. A method accordlng to claim 1, wherein said
off gas stream is directed to a Claus sulphur recovery

is Sheet Has Been Replaced




oxi-des. Jheoevlphur#oxide-capturing absor bent, as nentitonred—above, can
be in tthe formof balls, pebbles, spheres, pellets, ext Hmes channel

monol i ths, or microspheres. These oxi de-capturing absor JMﬂ!’ﬂlM”ﬂﬂn

colfect, or otherw se renove substantialﬁf%m | of the su

t he gases com ng into absorber 12. Gases, from which sul phur ‘%xi*'des
have been substantially renpoved, are emtted from absorber 12 via spent
absorbent exit conduit 24. Those gases that exit absorber 12 via conduit 24
are nonitored untipreaessuwheuedcthe hspdphurhearpeundg care. converteg saur
di oxi de concentrat ppgnbatA®NshepRErW th an ultraviolet or infrared

anal yzer. O course, as w || _be upderstood hy those skill in the.art,.
other conparabl e anal y3ftng eBuPfiBRE agrond iI'euﬁ}a¥§n%ﬂUrQ%?5§fﬂesald
"break through" ocsbserpbenis sperated alt iahcteamseraturécofonubatantiahlyf

sul phurdi oxi de ocgypsp! pabhecy! LbUglbstaRTIEREP R540B*F (760°C).

15. A method according to claim 13, wherein the
absorbent is reconstituted in the presence of water into
a form which is active for further absorption of sulphur
oxides. '

16. A method according to claim 13, wherein said
absorbent increases in weight from substantially 10 to
substantially 60 wt. % due to absorbed sulphur oxides.

17. A method according to claim 13, wherein
greater than 70 vol. % of sulphur in the off gas streanm
is in the form of sulphur dioxide.

18. A method according to claim 13, wherein the
gas stream containing sulphur compounds which is fed to
the incinerator contains carbon monoxide, and greater
than substantially 90 vol. % of said carbon monoxide is

5 converted to carbon dioxide.

19. A method according to claim 13, wherein said
oxygen containing stream contains sufficient oxygen such
that when it is introduced into the incinerator an
oxygen content of substantially 0.10 to substantially 10

5 vol. % is maintained in gases issuing from the
incinerator.

20. A method according to claim 13, wherein the
pressure in said absorber is substantially 0.1 to
substantially 10 atmospheres (10 to 1000kPa).

10 21. A method according to claim 13, wherein said
absorber is operated at a temperature of from
substantially 900°F (482°C) to substantially 1,400°F
(760°C), a pressure of substantially 1 to substantially
2 atmospheres (100 to 200 kPa), and a GHSV (gas hourly

15 space velocity) of substantially 500 to substantially
50,000. ' '

22, A method according to claim 21, wherein the

;s Sheet Has Been Replaced
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condui t 24.. Asseni4 i pated; this increase will be from

under_2 ppmto about

250&pfﬁ|indless Bhanda?ou} 3 niputes When sul phur diioxi de "break through”
i*s detected, oxidized tail-gas fromincingrator 10 is
second vessel which then becones absorbergé In a preﬁmﬂtmﬁﬂwmm,ﬂm

operation, if sul phur dioxide breakthrough is detected
absorption cycle, the duration of succeeding cycles is
from the ori gi nal absorption tinme, such that
succeedi ng cycl es aksorber e eRaraed atp apFEEN: Af oFYPS

during ofe s
reduced by about 5%

tRRETRL ey FrgPhato”

absorber 12 now C%ﬁ@éﬂéﬂ@léhﬁysw pbor, eXipledsnsiedopxsdbstapttially 1 t46-

absorbent S nom/tr nsforgeali % regener at or

5

stan osphereslﬁfwb to 200 kPa), and a
temperature of substantially 1,100°F (593°C) to
substantially 1,350°F (732°C).

23. A method according to claim 13, wherein the
incinerator is operated at a temperature of
substantially 900°F (482°C) to substantially 1,350°F
(732°C), a pressure of substantially 1 atmosphere
(100kPa), and a GHSV of substantially 2,000 to
substantially 5,000.

24. A method according to claim 13, wherein said
absorber is operated at a temperature of substantially
1,100°F (593°C) to substantially 1,300°F (704°C), a GHSV
of substantially 2,000 to substantially 5,000, a
pressure of substantially 0.5 to substantially 3
atmospheres (50 to 300 kPa), and oxygen in an amount of
about 2 to about 5 vol % in the presence of a
ceria/alumina absorbent.

25. A method according to claim 1, wherein: said
gas stream containing at least one sulphur compound
which is fed to the incinerator is an ammonia acid gas
stream; in the incinerator the ammonia is combusted to
form N, so that the gas stream withdrawn from the
incinerator also contains N,; and the gas stream fed to
the absorbent bed leaves the said bed in the form of a
nitrogen bearing stream.

26. A method according to claim 25, wherein said
ammonia acid gas stream is combusted in the incinerator
at a temperature of from substantially 1500°F (816°C) to
substantially 2500°F (1371°C).

27. A method according to claim 25, wherein said
ammonia acid gas stream is combusted with fuel gas.

28. A method according to claim 25, wherein said
ammonia acid gas stream is stoichiometrically combusted.

29. A method according to claim 25, wherein an

. oxygen containing gas is added to said nitrogen and
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closing of fpthd@d)-aas flow fromincinerator 10 and directing hydrogen
into the regenerator via hydrogen conduit 28. During the regeneration of
the absorbent the tenperature is maintained between ﬂﬂmgﬂmmlummlrllllto
aboUt [err], preferably about [err] to abdét [err]. X

regeneration, a reducing gas, preferably hydrogen, is di rected"info *
regenerator 14 in about 0.10 to about 10 vol % preferably about 2 to about
4 vol % Pressure in the regenerator is mai-ntained at about 0.10 to about
10 at nospheres ( 1GsdXphhid okinde , conted b aky ywadstréat withdwawn from the

at nospheres (50 to, 300 K The gas hourly space velocity (GHSV) is about
10 to about 1,000,11ﬁ%ﬁ%#%gﬁ§”100 to about 150. Wil e the operatin

paraneters for the reg%meraLbrmetboéqaappydépﬁlF@aﬁL§¥ﬂ)%§ﬁquqﬁﬁﬁhLﬁﬂiQed

and the fixed bed BEAceSSesfeid hdd AiYedn AH\coibEdOed WDEh séotess beinser
when commenci ng regeneration of  the fixed

oxygen. _
31. A method according to claim 25, wherein said

nitrogen and sulphur oxide containing gas stream
contacting said solid absorbent bed has an oxygen
content of from substantially 0.10 vol% to substantially
5 10 vols.
32. A method according to claim 31, wherein oxygen
content is from substantially 2 vol% to substantially 4

vol%.
33. A method according to claim 1, wherein said
10 absorbent bed while absorbing the sulphur oxides thereon

is operated at a GHSV of from substantially 500 to
substantially 20,000, a pressure of from substantially
0.1 atm to substantially 10 atm (10 to 1000kPa), and a
temperature of from substantially 900°F (482°C) to
15 substantially 1400°F (760°C).
34. A method according to claim 33, wherein said
GHSV is from substantially 3,000 to substantially 5,000,
said temperature is from about 1,100°F (593°C) to
substantially 1,300°F (704°C), and said pressure is from
20 substantially 1.5 to substantially 3.0 atm (150 to 300
kPa).
35. A method according to claim 25, wherein said
absorbent bed while being regenerated is operated at a
temperature of from substantially 900°F (482°C) to
Substantially 1,400°F (760°C), at a pressure of from
5 substantially 0.10 to substantially 10 atm (10 to
1000kPa), and a GHSV of substantially 10 to
substantially 1,000. 36. A method according to claim 35,
wherein said temperature is from about 1,100°F (593°C)
to about 1,300°F (704°C), said pressure is from
10 substantially 0.5 atm to substantially 3.0 atm (50 to
I
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bed- absor bemteso4tizat) —as hi gher concentration of |ibé&rated gases can be
renoved from t he regenerator. As regeneration procee

redyced to about 50 as the concentration of liberate “mgm“w\{mﬂ
S|n1larly, al t hough hydrogen is the prefeT#?d reduci

hydr ocar bon reduci ng gases can be used. These will preferably conpri se

[err] through [errO]0 maoc rrHP eéi V%Hi .tﬁaer}t}rloﬁlsl%h&% JWaeﬂl]{ 100 to

regeneration results are dthlpa

regenerator al ong sulistantiad lhyid®car bons. Once regeneratlon is
conpl eted, liberated suqphur Jigadnies ok eyl abadR, 25 aﬂﬁefﬁ%ﬁ”éaﬁie
renoved fromregenerator 14 via regeneratopr effl uent cond

directed into O audifragen A SEIPIWE X128 ﬁ@ﬂf'alWlBFhé 86&3’91 i0101%s
the fluidized or fifreth Rt nNridickration 3 sppalswede thiroughe maheath exrdimnget

at a temperature 1o BOY dobiddnddt R redilcing Bhld tohpetEA WF dllia
5 enriched stream to from substantially 250°F (121°C) to
~substantially 300°F (149°C) to condense elemental

sulphur out of said withdrawn stream as a liquid sulphur

stream, thereafter said withdrawn stream being looped

back through said heat exchanger to be reheated to from

10 substantially 900°F (482°C) to substantially 1,400°F

(760°C) for contacting said solid absorbent bed.

38. A method according to claim 25, wherein said
ammonia acid gas stream is combusted in an oxidizing
atmosphere. |

39. A method according to claim 25, wherein said
nitrogen bearing stream from said absorber is fed to an
incinerator or is vented.

40. Apparatus for removing sulphur from a gas -
stream containing at 1least .  one sulphur compound,

comprising:
(a) an incinerator for combusting said gas stream
5 _ with an oxygen containing gas to convert the

.or each sulphur compound to at least one
sulphur oxide:
{(b) means for contacting a sulphur oxide
containing gas withdrawn from the incinerator
10 with an absorbent bed adapted to remove
sulphur compounds from a sulphur oxide
contaihing gas stream withdrawn from the
incinerator;
' (c) means for regenerating said absorbent bed by
15 contacting it with a hydrogen and/or
hydrocarbon containing stream, whereby the
sulphur compounds absorbed in said absorbent
bed are reduced to hydrogen sulphide and/or
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- 17 - about-pesr)<is-mrost preferred. Oxygen shoul d De intr |ntroduced i nto

absorber 12 in an anmount of from about 0.10 to abo “mum“‘m \ﬂ“ about 4
vol %is preferred. GHSV within absorberdéﬁ oulduﬂ
preSsure of from about 500 to about 20,0 3,000 %o abdut 5, 000 GHSV
Is preferred. An additional benefit of operatlng absorber 12 within these

paraneters is that any carbo? Hpﬁﬂy(giéfﬁaéﬂrkﬁéréﬂﬁVQbkﬁddd“éhCéfbo@as
0

di oxi de which is released in

envi r onnent %@ﬁ? r%%ﬁas%g,from
absorber 12 include nitrogensStaepgesonsadning: BYSFOGRNs YR GH ANH W« de
along with water. Operating ggﬂghhkoa§°§gae|n@haerator 10 are simlar when

.u5|ng el ther the f|UIdl%e? Oregbé?goqggcggérfhg sulphur from said hydrogen
5 ' sulphide and/or sulphur dioxide bearing
stream.

41. Apparatus according to claim 40, wherein said
means for recovering sulphur comprises a Claus sulphur
recovery apparatus.

az. Apparatus according to claim 40, wherein the
gas stream containing at least one sulphur compound is
an ammonia acid gas stream, whereby N2 is also formed in
the incinerator, and the absorbent bed is adapted not to

5 absorb the Nz,formed in the incinerator. |

43. Apparatus according to claim 42, wherein said
combusting means operates at a temperature of from
substantially 1500°F (816°C) to substantially 2500°F
(1371°C). '

44. Apparatus according to claim 42, further
comprising means for supplying fuel gas to said
combusting means.

45. Apparatus according to claim 42, wherein the
contactihg'means and the regenerating means comprises at
least two fixed-bed reactors, each bed being formed of
said absorbent:; and further comprising switching means

5 ' (1) for feeding said sulphur oxide containing gas stream
withdrawn from the incinerator to a first one of said
reactors until the bed_therein is spent with absorbed
sulphur compounds, and thereafter (2) for feeding said
sulphur oxide containing gas stream to a second one of

10 said reactors while feeding _said hydrogen and/or
hydrocarbon bearing gas stream to said first one of said
reactors to form said off gas stream and thus regenerate
said first one of said reactors.

46. Apparatus according to claim 42, wherein said
contacting means comprises a reactor, and said absorbent
bed regeneration means comprises a regenerator; and

— further comprising means for continuously feeding a

i
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Preferably, the tenperature is maintained at fromabout [err] to about
[err], fiost preferably between about [err] to about Hmm)"mﬂm?mn“"l '
introduced into the absorber in an amount.gg4-from ab oLl 10
vol % preferably 2 to about 4 vol% Pressure in the absofbet ghodl d be

mai nt ai ned at about 0.1 to about 10 atnospheres (10 to 1000 Kpa),
preferably about 1fluidizied bed ofnsppherabsétbantof8oN tipa)reddicoS{/ the .

shoul d be maintain 4 t_ /. 000 o) 500 to
about 2,500. 1In t%ggkse?{&%h'o%%&mﬁéﬁg%s%g%e%uﬁgﬁ%y%%g ‘(B:%n be
i ntroduced into i n&Fegengrgtety @hsompentyafnoshdtihe 3gegengralier n 19 guthe

2. .. Absorbents whirgdactdt;DewhbirebyedsRigl CEaPbHufOBkide BHIEHNING | Ygas
al um na, and nost preferabypﬂak:@nna conpounded w t h nagnesi f or best

results. [err] al ufithgam dncdmeratar J& fed, te Spig ahgorkent in

adsor Bénts and supphet rebetawsfor absorbing said sulphur oxide, and means
for feeding said hydrogen and/or hydrocarbon bearing
stream to the regenerator to reduce absorbed sulphur
compounds to hydrogen sulphide and/or sulphur dioxide,
and thus form said off gas stream.
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heir, p h surface ar eas. The tern1"adsorbent" I s used interchangeably

' her Tﬁﬂm&' the term "absorbent. Wil e a-alunmina and [err]- alumina can
be used as adsorbents they are not as ef%gctlve as [err] or [err] - 18
- afum na. One or nore oxi des of other | s can al so be used as

adsorbents, eitherp@icR88 A APbaRRIY Bét RRBoVHRIRG Aot Binfte rR6M 35 cRPigiRkRM Such
as bisnmut h, mangangsearving indRoca isufpipe t1 N, copper, Goup la netals,
G oup 2a netals rare earth netals, and conbi nati ons t her eof . Magnesi um

al uminate spinels are particularly useful ABSTRAST: bers. Lant hanum and
ceriumare preferred rare earth netals. Naturally occurring rare earths,

such as in the formof baestenite, are al§o usef ul .adsorhers
A method and apparatus for removing sulphur from a gas

stream containing at 1least one sulphur compound,
comprising combusting said gas stream with an oxygen
containing gas in an incinerator to convert the or each
5 sulphur compound to at least one sulphur oxide. A gas
stream is then withdrawn from the incinerator, which
contains the or each sulphur oxide. The sulphur oxide
containing gas stream is then directed to an absorber
having an absorbent bed adapted to remove sulphur
10 compounds. The absorbent bed is then contacted with a
.~ hydrogen and/or hydrocarbon containihg stream to
regenerate said absorbent bed by reducing the sulphur
compounds absorbed in said absorbent bed to hydrogen
sulphide and/or sulphur dioxide, and thereby forming an
15 off gas stream containing hydrogen sulphide and/or
sulphur dioxide. Finally, sulphur is recovered from said
hydrogen sulphide and/or sulphur dioxide bearing stream.
The sulphur can be recovered by a Claus sulphur recovery
process. The hydrogen sulphide containing gas stream can
20 be an ammonia acid gas stream, thereby causing N, to be
formed in the incinerator. The N, is not absorbed in the
.absorbent bed.

{Figure 4 is suggested for publication]

—_—
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El enent al copper or copper conpound adsorbers, such as copper oxide
adsorbefs, can al so be used. The copper oxide can be cuprous oxide [err]
and/ or' cupric oxide (CuO. Qt her copper conpounds can be used, such as
copper (I1) sul phate, copper (I1) acetate, copper (Il1) formate, copper (I1)
nitrate and/or copper (lI1) chloride. The adsorbers can also be a

bl end/ m xture of high density and | ow density nmaterials, such as of the
above-identified nmetal oxides. The netal or netal oxide part of. the
adsorbers can be supported, carried and held on a refractory support or
carrier material which also provides part of the adsorbegrs. The support
controls the attrition and surface area characteristics~of® the adsorbers.
The support preferably has a surface are reater th Alout 10 [err] and
nmost preferably £8m about 50 [err] to {%?-566~[er O best results.

Sui t abl e supporters iIhclude, but are not limte I £, al upm na,
kaolin or ot her 1 ;dj Tm&jnzs
| H
s A

| o
3.0 /___> ‘ Sa-, - M SOu

b 4

} N - + T
5| 2 b ZZ.’, (4
tho K; 2 T
HS 22 |__MO Saﬁck___l
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claysy

t he sage materi al

or pronoter that pronotes the renova
in the presence of oxygen.

of [err] to [err]
nore readily adsorbed than [err] One useful

di at onmaceous earth, boria, and/or
as the netal

(0]

r netal

mul lite.

The support can conpri se

oxi de part of the adsorbers.
adsorbers can be inpregnated or otherwi se coated with an oxidizi ng catal yst

It

cat al yst

The

I's believed that [err]

Is ceria (cerium

,of nitrogen oxides and the oxidation

i's

ze—r‘lﬁ"'

32—

oxi-de). Another useful catalyst is platinum - 19 - Oher catalytic
metals, both free and in a conbined form preferably as an oxide form can
be used, either alone or in combination with each othq:qEr I n conbi nation
with ceria and/or alum na, such as rare _
' | 2 Na. :
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earth:netals, netals from.Goup 8 of the Periodic Table, chrom um
vanadi ym rhenium tungsten, silver, and conbi natians thereaof The
pronof er can conprise the sane material as the adsorber An even

disfribution of the pronoter is preferred for best epldiced 11 ze
adsorbent erosion. The Goup la netals, Goup 2a rreta nmet al s
referred to are those listed in the PeI’IOdIC Tabl e of n the

Handbook of Chemisfry and Physics (54th Edition). Useful Group la nmetals
include lithium spdium pot a%i um rubidium and cesium Useful Goup 2a

metal s i ncl ude maghesi um cal @um strontium and barium Useful Goup 8
netals are the G opp 8 noble taI (the platinumfanmly of metals)

i ncl udi ng rut henjum rhodi@ paI | adi um osmum iridium and

pl ati num The rarejearth netal r al so useful and are referred to as the
| ant hani des. Sui taT)I e rare earE tals include cerium praeseodym um

Co@uﬂ

- To SullurPlu
To Sulfur Plant
Fia 3

c
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neodyni um samari um europi um gadolinium terbium. dysprosium hol nium
erbiuny thulium ytterbium and |utetium The above-nenti oned adsorbents
are4d¥scussed in US- A-4692318. Al t hough the adsor bent SThi3shdet a3 Bele ed af e
exenpl ary of thé ones which can be used in the process t ur

di oxi de, the préferred absorbents are detailed in Exanpl H“‘m'm!mulm

bel ow. Spent absorbent from absorber 12 which has been directe Into
regener at or 14 i $ subjected to tenperatures fromabout [err] to
about [err] [err]. N so, a hydrocarbon or hydrogen reducing gas is
directed into regenefator 14 via hydrogen conduit 28. The conditions are
such in the regenerator so as to cause substantially hydrogen sul phide and
'sul phur : - -

vt

cr e cee moa fOtwn
-_...15132? ! BwWlesr 1« Yo mri_e nTA
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-20- dioxide to be rel eased fromthe solid absorbent as an off-gas.
Regenegated solid absorbent is renoved fromregenerat o+—14 when gperated in
the‘ﬁﬁV|ng bed node via regenerated absorbent conduit 30. Condui t 30
directs the regenerated absorbent back into absorber 12This Replaced
absorbent - can al so be regener at ed and reconstlt EE
presence of water so §s to further enhance its activity f |on
of 'sul phur oxi des. hder the preferred conditions, sulphur is released
fromthe adsorbent prijmarily in the form of sul phur dioxide in an anmount of
fromabout 80 to abouff 90 wei ght % during the regeneration or desorption
step.. Trace anmounts off hydrogen sul phide al so appear in the gases which are
rel eased fromthe absqrbent doing regeneration of desorptjon. Of-gases
which are emtted fropthe absorbent in regenera&or 14 ar &' renoved
therefromvia regenerdtor effluent conduit -32 where it v

\L

[




proceeds into a C aus sul phur recovery process or plant 16 where el enental
sulphur is recovered. Referring to Fig. 3 an ammonia acid gas stream 110
con&ai ni ng hydrogen sulphide is fed to a relatively small conbustion
furnace 112. An air stream 114 and a fuel gas stream 116 are also fed to

t he Jconbustion furnace 112 at rates suf¥fcient to maintain the tenperature

in the furnace 112 within the range of [err eré, dﬂ%%é intain an
at nosphere for %%%W{Psﬁ;lé éﬁ%‘? SUH & desttuction is
maxi m zed and the a &7 S e I'ssoclated Into [err] and

[err]. The [err] will burn to produce water, while the [err] remains as an

inert gas. Concurrenthye lGenBYdnR@ARioAUIfladRs €0 @OrPrcicdlsyy spaverted
to sul phur oxides [err]. '

“A _nitrogen and sul hur i de enrj_ched,gas stream

118 fromthe fur 3RP8Y3Y9s| £9%0oFRTF Y %A @}‘&’ﬁa%&n 133 9% WPERSRR o

range of from abaohthénihgt bydbogen [sulghided There are to particular
embodiments: one in which ammonia acid gases containing
hydrogen sulphide are desulphurized:; and the other in
which an exhaust gas from a Claus unit is desulphurized.
The process also works on other sulphur-containing gas
streams, e.g., light, saturated hydrocarbons, hydrogen
or carbon monoxide gas streams containing st and/or
sulphur oxides.

Refinery streams are typically desulphurized by the
Claus process wherein elemental sulphur is produced by
reacting hydrogen sulphide and sulphur dioxide in the
presence of a catalyst. The Claus system uses a
combustion chamber which, at 950°C to 1,350°C (1742°F-
2462°F), converts 50 to 70% of sulphur contained in the
feed gas into elemental sulphur. Sulphur is condensed
by cooling the reaction gas to a temperature below the
dew point of sulphur after which the remaining gas is
heated and further reacted over a catalyst. Normally,
the gas passes through at least two such Claus catalyst
stages. -
The different stages of the process may be
represented by the following equations:
H.,S + 3/2 O ——— so, + H,O I

2 2 2 2
2H.S + SO, =--— 3S + 2H.O 1T

2 2 2
The overall reaction is:
3H25 + 302 === 35 + 3320 III

The final Claus exhaust gas still contains small
amounts of st, soz, csz, carbon oxysulphide, €O, and.
elemental sulphur in the form of a vapour or mist. The
exhaust gas generally is subjected to post~-combustion to
convert substantially everything to SO, and then further
purified by Claus after-treatments.

Sulphur emitted as sulphur oxides ("sox") into the
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fed by line 119 to a first fixed-bed reactor 120 containing a solid
absor bent bed 122. - 21 - The solid absorbent bed 122 absorbs
subdtantially all of the sul phur oxide fromthe nitrogen and sul phur oxide
enriched gas stream 118, and provides a nitrogen bearing gas streamthrough
outLet conduit 124, The nitrogen beartdTy streamis fed through a val ve
system (not shown) to a line 125 leading to an incinerator or to a stack.
While in an absorbent node, the reactor 120 is operated at a tenperature
from about [err] abmesphard orith the) exhaustagase may fampmndbdg 2-@dr joft o
about [err] is preA&rsefphdih CcontigedC A SHe Ofeddiegal $AMeha9 fpheldég the
H,S. In view of air pollution and the loss of sulphur
involved, further purification is imperative.
Claus aftertreatments have been developed. These
are carried out after the last Claus stage or after the
post-combustion. These aftertreatments are, however,
complicated and expensive or inadequate.
One aftertreatment, carried out before post-
combustion, seeks to achieve by catalytic conversion as
complete a_reaction as possible between H,S and S0, .
The reaction temperature is lowered to below the
condensation point of sulphur, whereby the reaction
equilibrium corresponding to equation II is shifted to
form sulphur. A distinction is made between dry
processes using alternating reactors in which the
catalyst is intermittently charged with sulphur and
discharged, and processes where st and So2 react in a
high-boiling catalyst-containing 1liquid to form
elemental sulphur which is drawn off continuously as a
liquid product. '
Unfortunately, in these processes any deviation
from the optimum H,S:80, ratioc in the Claus exhaust gas
results in a reduced sulphur yield. No appreciable
conversion of sulphur.compounds such as C0S and cs2
occurs. Sulphur recovery efficiency of Claus using this
form of aftertreatment is limited to 98-99%. Cyclic
operation, with alternating reactors, requires at least
two reactors and much valves and piping.
A second aftertreatment catalytically hydrogenates
so, and S with H, and CO while COS and cs,
simultaneously hydrolyzed with Hzo into st which can be
treated conventionally.
Hydrogenation/hydrolysis does not require a
stoichiometric H,S/S0, ratio in the Claus exhaust gas.
Ip almost completely converts COS and cs2 so that
sulphur yields of more than 99.8% can eventually be

are

This is the replacement shast

o 14 JN 1997



absorbent bed 122 is in an anmount of from about 0.10 to about 10 vol% 2 to
about 4 vol%is preferred. Pressure Wthin the reactor 120 shoul d be

mai it ai ned at a pressure of fromabout 0.1 to about 10 atnospheres (10 to
1000 Kpa), preferably fromabout 1.5 to about 3.0 atnospheres (150 to 300
Kpa)l. GHSV should be from about 500 to about 20,000, and preferably from
about 3,000 to about 5,000 GHSV. An additjonal benefit of operating the
reactor 122 during the absorbent node wrthih t hese paranmeters is that any
car bon nonoxi degghighlqn 1S converted into carbon di oxi de which is rel eased
into the environnent. .Other gases rel eased fromthe reactor 120 include

nitrogen, oxygen, arfifr REECERSuARSUEF RigH APk NP N AYTRE KoRat er .
When the  alaBorater appatiatus.iSIt apes ateshSimeshisub¥taneakly as

ridod” o et bR AR SRS A P il AL

capacity, while the production of waste water containing
harmful constituents presents additional problems. 1In
addition, the treatment (such as amine absorption) used
to remove H,S is generally ineffective for removing
unconverted COS and csz. Total emissions of reduced
sulphur species are typically around 10 ppm by volume
with this after treatment.

A third aftertreatment oxidizes all sulphur
compounds into so,, which is then further processed.
These processes are downstream of the post-combustion
and therefore independent of the mode in which the Claus
system is run. There are also dry processes, where 502
is adsorbed and returned to the Claus unit or processed
to form sulphuric acid, and wet processes, where so2 is
removed by absorptive scrubbing and further processed.
For complete oxidation of COS and cs, into S0,, the
energy requirements are high and following the after-
combustion, very large exhaust gas flows have to be
treated. _

_ The equilibrium conversion of the Claus reaction
(equation II) may be improved by condensing out part of
the water in the gas. The gas is then reheated and
charged to another Claus stage to form elemental
sulphur. This produces waste water which is highly
corrosive due to the formation of thiosulphuric acid,
polythionic acids and sulphurous acid. Processing of
such waste water is expensive. Unavoidable formation of
deposits of elemental sulphur also occurs during H,0
condensation. Moreover, there is no conversion of COS
and Cs, so the maximum recovery of sulphur is about 98%.
As a result of these disadvantages, this process has not

been used on a commercial scale. _
Where the aftertreatment involves conversion of all
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di scussed above. However, it is contenplated that the conbustor 112 may be

operated with excess oxygen supplied by the air stream 114. In this latter
cas®, air or oxygen may not have to be added to the feed stream 119 to the

reactor 120. The absorbent can be in the formof balls, pebbles,

sphgres, extrudates, channelled nonoliths, m crospheres - 22 - or
pel Fets. Thi s sul phur oxi de-capturing absorbent provides absorbers or

acceptors which absorb, and coll ect, or-defher wi se renove sul phur oxi des

fromthe influent® @RS info, RyrageBo Fwknhide heibeds12d sios
My/ Al spinels. Thknaat itet oxdaiize pak24of ssaieh hiydredely sal SRS wikdd a4t i |

sul phur di oxi de birﬂéﬂ"sbgr 8H9 WetiVest ﬁézsé“otfatehg sulphur produced into
sulphur dioxide and thereafter catalytically to convert
the remaining hydrogen sulphide with sulphur dioxide at
125°C - 150°C in fixed-bed reactors into sulphur. The
sulphur loaded cata;yst is regenerated by passing hot
oxygen-free gases containing hydrogen sulphide through
the catalyst. This avoids the disadvantages associated
with the first type of aftertreatment, such as
dependence on H28/502 ratio and COS/CS2 content in the
Claus exhaust gas. Disadvantages of this process are
the high capital cost and ‘the higher H)S + so,
concentration for the low-temperature reactor caused by
the admixture of a separately produced flow of §0,. The
maximum conversion overall efficiency obtainable with
this process approaches 99%.

An aftertreatment process which oxidizes all
sulphur compounds into SO, is exemplified in US-A-
3764665. This patent disclosed a process for removing
sulphur oxides from gas mixtures with a solid acceptor
for sulphur oxides wherein the solid acceptor is
regenerated with a steam-diluted reducing gas and the
regeneration off-gas is fed to a Claus sulphur recovery
process. The improvement comprises cooling the
regeneration off-gas to condense the water vapour
contained therein, contacting the cooled off-gas with a
-sulphur dioxide-selective liquid absorbent, passing the
fat liquid absorbent to a buffer zone and then to a
stripping zone wherein the absorbed S02 is recovered
from the liquid absorbent and is supplied to the sulphur
recovery process. By operating in this manner,
fluctuations in the sulphur dioxide concentration of the
regeneration off-gas were levelled-out and a relatively
concentrated sulphur dioxide stream was supplied to the
sulphur recovery process at a substantially constant

input

rate.
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sensor is a S
under st ood by
equf pnent can

congduit 124. This increase wl|

i emens U tramat 22P infrared anal yzer. of course, as wll be

those skilled in the art, other conparable analyzing

be used. Sul phur dioxide break-through occurs when a
substantial increase in the concentration of sul phur dioxide occurs in the

abolit 250 ppmin |less than about 2 ni nut&s-_ Wien sul phur di oxi de

br eak-t hr ough
stream 118 is
second fi xed-
Concurrently,

stream 132 ma
t he absor bent

is detected, the nitrogen and sul phur oxi de enriched

be in the order of from about 3 ppmto

gas

di r eg oug Sui al v, ( into a
bed rgg'??gtrl%% E%?nsng %%ﬁ% abft‘?%l:in{gnbe}o %]S%BIQ}#; ein.
Mcantrasedy sudphyr, Gicxide &9 | thecsudphazm XECaverihe fir st
reactor 120 f @rocagenaitatd ngubdtartiallyakoasitent hevtel2Znel sy fdasi ch

s 88 "epBled A Whe VAT RIQRIE. aEBLOMRE THERE Be
transferred to ;niuffer zone before the absorbed so2 can

i on of
[err] to

be stripped. Therefore, what is needed is a simpler .-
process whereby these steps are eliminated and energy

costs reduced.

Ammonia acid gases typically are combusted sub-
stoichiometrically at about 2300°'F (1260°C) at the front
of the sulphur plant combustion chamber to completely
destroy the ammonia. A portion of a clean acid gas

(ammonia free) is also introduced along with the ammonia

acid gas to control the temperature. The processing of
the ammonia acid gas in the combustion chamber increases
the sulphur plant size due to the increase in volume of
the gases that need to be processed by the sulphur
plant. For example, processing of ammonia may increase
the hydraulic size of the plant by 20 to 50% based on
the amount of ammonia acid gas that is processed.
Further, ammonia that is not destroyed in the combustion
chamber will form salts. Ammonia and sulphur dioxide
react to form a very dense white smog of ammonium
hydrosulphide. Ammonia in significant concentration of
co, will form ammonium bicarbonates. These salts will
lay down to plug sulphur seal legs, sulphur condensers,
heat exchangers and reactor beds. This salt problem
reduces the reliability of the sulphur plant.

According to one aspect of the invention there is '

provided a method of removing sulphur from a gas stream
containing at least one sulphur compound, comprising the
steps of: '
(a) combusting said gas stream with an oxygen
" containing gas in an incinerator to convert
the or each sulphur compound to at least one
sulphur oxide:;
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about [err]; and the pressure in the reactor 120 is mai ntai ned at about

0.10 to about 10 atnospheres (10 to 1000 Kpa), preferably about 0.5 to

about 3 atnospheres (150 to 300 Kpa). The [err] and/or hydrocarbon stream
132 is directed into the reactor 120 at a gas hourly space velocity (GHSV)
of about 10 to about 1,000, preferably about 100 to about 150. Initially, a
GHSY of about 300 is preferred when comufuaring regeneration of a fixed-bed
absorbent so that a higher concentration of |iberated gases can be renoved
fromthe regenerator(b)As me@dwswémofrqn dhecdpcinkrathit\a ozas tsa:neaduced to

about 50 as the concentr @dn@3ifingi R¥At & each &Ipmﬁsesxﬁa@ nl?,

Simlarly, although hydro enctxng sagrefeipgur ox1 %C@E talnln

regenerati on, ot her g gas

: ' stream to an absorber having an absorbent bed
adapted to remove sulphur compounds:;

(c) contacting said absorbent bed with a hydrogen -
and/or hydrocarbon - contalnlng stream to
regenerate said absorbent bed by reducing the
sulphur compounds absorbed in said absorbent
bed to hydrogen sulphide and/or sulphur
dioxide, and thereby forming an off gas streanm
containing hydrogen sulphide and/or sulphur
dioxide; and . |

(d) recovering sulphur from said hydrogen sulphide
and/or sulphur dioxide bearing stream.

In one construction, the absorbent bed is provided

in at least two fixed-bed reactors, and sulphur oxide
containing gas stream from the incinerator is fed to a
first one of said reactors until the bed therein is
spent absorbed sulphur compounds; thereafter said
sulphur oxide containing gas stream is fed to a second
one of said reactors; and said hydrogen and/or
hydrocarbon bearing gas stream is fed to said first one
of said reactors to form said off gas  stream and thus
regenerate said first one of said reactors.

Preferably said sulphur oxide containing gas stream
and said hydrogen and/or hydrocarbon bearing gas streanm
are alternately fed to each one of said reactors,
whereby each bed is first spent with said absorbed
sulphur compounds, and then regenerated by said hydrogen
and/or hydrocarbon bearing stream to form said off gas
stream.

In another construction said absorbent bed is in a
fluidized bed system comprising a reactor, a
regenerator, a conduit for feeding spent absorbent ffbm
the reactor to the regenerator, and another conduit for
passing regenerated absorbent from the regenerator to
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hydr ocar bon reduci ng gases can be used. These will preferably conprise
[err] through [err] hydrocarbons. Substantially | mpr oved
regeneration results are anticipated when water is co-fed into the
reactor along with the hydrocarbons. The [err] and/or hydrocarbon stream
132_.may contain 0.0 to 50% water. Regeneration of the bed 122 provides a
hydf ogen sul phi de and/ or sul phur di oxi=d2_deari ng stream through the outl et
conduit 124, the valve system (not shown), and via line 134 to the sul phur

El ant for recoméyrélfc&é:pfw:; wﬁh&ehﬁdeaqensﬁubmd@:éﬂdwl/éusgﬁ:lraw gihoxide
earing streampmay_.al so contaj,n water and_un e S. e
nitrogen and sﬁ?fﬁﬁﬁre ﬁgoﬁn Q%ﬁﬁﬁflgfg gﬁ?lﬁ%q%ﬁgkghgﬁﬁgﬁg%ggﬁgaﬁblor

hydr ocar bon beab$orp ssaibdnsulphur coxider ant &he rdgorbeniech adde s@idt he

reactors 120, 1g@8arddis @i/ e2Chydieskakdbnl BRakSndidttefi @Rt £68 d/kpRUr OXi des

e o *Fegenet ks Paadll 18" b SORNEE LuiPnbE EOGANLYE N9/ Of

said off gas stream.

The absorbent bed may comprise a fixed bed solid
absorbent or a granulated moving bed solid absorbent.

The absorbent is preferably a metal oxide, or a
mixtures of metal oxides, impregnated with a promoter:
the metal oxide is preferably alumina, while the
promoter is preferably a rare earth. Most preferably the
promoter is Ceo2 and/or Pt. The absorbent may comprise
Mg/Al spinels. 11, preferably a magnesium-aluminum-
containing spinel impregnated with vanadium and cerium.

The absorbent may be magnesium aluminate
impregnated with an oxygen promoter.

The off gas stream is desirably directed to a Claus
sulphur recovery process where the sulphur compounds are
converted to elemental sulphur.

The absorbent may be reconstituted in the presence
of water into a form which is active for further
absorption of sulphur oxides. The absorbent may increase
in weight from substantially 10 to substantially 60 wt.
% due to absorbed sulphur oxides.

Preferably, greater than 70 vol. % of sulphur in
the off gas stream is in the form of sulphur dioxide.

The gas stream containing sulphur compounds which

is fed to the incinerator may contain carbon monoxide,
and preferably greater than substantially 90 vol. % of
said carbon monoxide is converted to carbon dioxide.
_ The oxygen.containing stream (which may be, for
example, pure oXxygen or air) preferably contains
sufficient oxygen such that when it is introduced into
the incinerator an oxygen content of substantially 0.10
to substantially 10 vol. % is maintained in gases
issuing from the incinerator.

This is the replacement sheet
14 JAN 1997

Date:



bearing stream 132. Wth reference to Fig. 4, there is shown a nodification
of the systemof Fig. 3 for extracting sul phur fromthe nitrogen and

sul phur oxi de enriched stream 118 before the stream 118 is fed to one of
the reactors 120,128. Specifically, the enriched stream 118 i s passed

t hrough a heat exchanger 160, line 161 to a cool er/ condenser 162 where the
nittogen and sul phur oxide enriched st%&af 118 is cooled to from about 250F

[err] to about [err] to allow el enental_ sul phur, to condense out as a liquid
sul phur stream 163ThehRressiEe ddy saidt ARSeRreE Het RReLerRblY ABople back
t hrough the heangexclmgesubsfantialliyne 0l@4 tio r esabstamei£my chegl stream

oo L] " SeBErakeb: OTiOo  Pibbo, | ALt heis] ghdEsheiacty from
122,130. |f substantially 1 to substantially 2 atmospheres (100 to _
200 Kpa). The absorber is preferably operated at a
temperature of from substantially 900°F (482°C) to
substantially 1,400°F (760°C), more preferably
substantially 1,100°F (593°C) to substantially 1,350°F
(732°C) . The absorber is preferably operated at a GHSV
(gas hourly space velocity) of substantially 500 to
substantially 50,000, more preferably substantially
2,000 to substantially 5,000.

The incinerator is operated at a temperature of
substantially 900°F (482°C) to substantially 1,350°F
(732°C), a pressure of substantially 1 atmosphere (100
Kpa), and a GHSV of substantially 2,000 to substantially
5,000.

In one particularly preferred embodiment the
absorber is operated at a temperature of substantially
1,100°F (593°C) to substantially 1,300°F (704°C), a gas
hourly space velocity (GHSV) of substantially 2,000 to
substantially 5,000, a pressure of substantially 0.5 to
suhstantiaily 3 atmospheres (50 to 300 Kpa),'and oxygen
in an amount of about 2 to about 5 vol % in the presence
of a ceria/alumina absorbent.

In a particular embodiment of the invention the gas
stream containing sulphur compounds which is fed to the
incinerator is. an ammonia acid gas stream:; in the
incinerator the ammonia is combusted to form N, so that
the gas stream withdrawn from the incinerator also
contains Nz; and the gas stream fed to the absorbent bed
leaves the said bed in the form of a nitrogen bearing
stream.

Preferably the ammonia acid gas stream is combusted
in the incinerator at a temperature of from
substantially 1500°F (816°C) to substantially 2500°F
(1371°C): this combustion desirably takes place with
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- 24 - there is stoichionetric conbustion in the conmbustor 112, this _
cooling and reheating | oop may extract from about 10%to about 60% of the
suliphur content of the conbustor output stream 118. The remaining el enents
of Fig. 4 function in the same manner as identically nunbered el enents of
Fig. 3 described hereinabove. Wth reference to Fig. 5, there is shown a
flvdized bed system conprising a-peactor 140, a regenerator 142, a
conduit 144 for feeding spent absorbent fromthe reactor to the regenerator
142, and another conduit for passing a fluidized bed of regenerated
absorbent frofiuehegasgenerator 142 to the reactor 140. A nitrogen and

sul phur oxide enrighed shpBeRid48 hedd t hgasonbustrsan 12 f&y9. Be is fed to

the Iower endsggiétt]:‘.eor{eetarci}c%rl.l%rA'%o s eg?s%rrbe{@ &Q‘e(r%len ctcgnbusted
with excess air or oxygen.

An oxygen containing gas can be added to said
nitrogen and sulphur oxide containing gas stream
withdrawn from thé incinerator.

The nitrogen and sulphur oxide containing gas
stream contacting said solid absorbent bed preferably
has an oxygen content of from substantially 0.10 vol$ to
substantially 10 vol%, more preferably 2 vol% to 4 vols.

The absorbent bed while absorbing the sulphur
oxides thereon 1is preferably operated at a GHSV
substantially 500 to substantially 20,000, a pressure
of from substantially 0.1 atm to substantially 10 atm
(0 to 1000 Kpa), and a temperature of from
substantially 900°F (482°C) to substantially 1400°F
(760°C) . More preferably the GHSV is from substantially
3,000 to substantially 5,000, the temperature is from
about 1,100°F (593°C) to substantially 1,300°F (704°C),
and the pressure is from substantially 1.5 to
substantially 3.0 atm (150 to 300 Kpa).

The absorbent bed while being regenerated is
preferably operated at a ‘temperature of from
substantially 900°F (482°C) to substantially 1,400°F
(760°C), at a pressure of from substantially 0.10 to
substantially 10 atm (10 to 1000 Kpa), and a gas hourly
space velocity of substantially 10 to substantially
1,000. More preferably the temperature is from about
1;100'F (593°C) to about 1,300°F (704°C), the pressure
is from substantially 0.5 atm to substantially 3.0 atm
(50 to 300 Kpa), and the GHSV is from substantially 100
to substantially 150.

The nitrogen and sulphur oxide containing stream
withdrawn from the incinerator may be passed through a
heat exchanger and to a condenser for reducing the
temperature of said enriched stream to from
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strip out the sul phur oxi des and provide a nitrogen enriched stream 150 for
the incinerator or the stack. A hydrogen bearing stream 152 is fed to the
botf om of the regenerator 142 to reduce the sul phur conpounds on the spent
absorbent to hydrogen sul phide and form a hydrogen sul phi de and/ or sul phur
di oxi de bearing outlet stream 150. Operating paraneters for the fluidized
system are substantially the sane as those descri bed above with respect to
the Figs. 3 or 4 fixed-bed enbodi ments, ;gurther, the operating conditions
for the conbustor 112 are simlar whenTustmig either the fluidized or fixed

bed systems. Theanprnahyye bioipe (i-¢hzefobedufeashofa lif is3ompi Nt ai ned
at fromabout [err] to a%ogt ?eqj; referably between %%odgp err] to about
[err].  The oxég‘eJrfcdonFEntc‘Eﬂd? setementak’ SlpbyFceBUFntQF t Faideact or
140 is mai nt ai neikhiaraam stedah &f  ndepuibostlphuf $orehnutthieadh S

said withdrawn stream may be looped back through said

heat exchanger to be reheated to from substantially

900°F (482°C) to substantially 1,400°F (760°C) for

contacting said solid absorbent bed.

The nitrogen bearing stream from said absorber is

fed to an incinerator or is vented.

According to another aspect of the invention there
is provide apparatus for removing sulphur from a gas
stream containing at least one sulphur compound,
comprising: '

(a) an incinerator for combusting said gas stream
with an oxygen containing gas to convert the
or each 'sulphur compound to at least one
sulphur oxide;

(b) means for <contacting a sulphur oxide
contaihing gas withdrawn from the incinerator
with an absorbent bed adapted to remove
sulphur compounds from a sulphur oxide
containing gas stream withdrawn from the
incinerator;

(c) means for regenerating said absorbent bed by
contacting it with a hydrogen and/or
hydrocarbon containing stream, whereby the
sulphur compounds absorbed in said absorbent
bed are reduced to hydrogen sulphide and/or
sulphur dioxide, thereby forming an off gas
stream containing hydrogen sulphide and/or
sulphur dioxide; and

(d) means to recovering sulphur from said hydrogen
sulphide and/or sulphur dioxide bearing
stream. '

The means for recovering sulphur comprises a Claus

sulphur recovery apparatus.
In one embodiment the gas stream containing
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preferably 2 to about 4 vol % Pressure in the reactor 140 shoul d be
mai nt ai ned at about 0.1 to about 10 atnospheres (10 to 1000 Kpa),
preferably about 1.5 to about 3 atnobspheres (150 to 300 Kpa). The GHSV

shoul d - 25 -

‘be mai'ntained at about 400 to about 7,000, preferably

about 500 to about 2,500. The follow ng discussed absorbents are descri bed
in US- A 4692318. Absorbents whi ch can pellused preferably conprise

substantially alum na, and nost preferably al um na conmpounded with
magnesi a, for bbpdrdqaubhaphxdeai.sllﬁ'mamm{:ﬂii]acw@afseé{:l-eéﬁe widdd

usef uI as adsor erg;l?g_eg Lg%baé%g%%ﬁg%gt?ﬁel r htﬁgrafbascoerb%rntas

term "adsor bent

is adapted not to absorb the N2 formed in the

inc:.nerator .

The combusting means preferably operates at a.

temperature of from substantially 1500°F (816°C) to
substantially 2500°F (1371°C).

Means for supplying fuel gas to said combusting

means may also be provided.

In one construction the' contacting means and the

regenerating means comprises at least two fixed-bed
reactors, each bed being formed of said absorbent. The
apparatus further comprises switching means (1) for
feeding said sulphur oxide 'containing gas stream
withdrawn from the incinerator to a first one of said
reactors until the bed therein is spent with absorbed
sulphur compounds, and thereafter (2) for feeding said
sulphur oxide containing gas stream to a second one of
said reactors while feeding said hydrogen and/or
hydrocarbon bearing gas stream to said first one of said
reactors to form said off gas stream and thus regenerate
said first one of said reactors.

-In another construction said contacting means

comprises a reactor, and said absorbent bed regeneration
means comprises a regenerator. The apparatus further
comprises means for continuously feeding a fluidized bed
of spent absorbent from the reactor to the regenerator,
and for passing a fluidized bed of regenerated absorbent
from the regenerator to the reactor: whereby said
sulphur oxide containing gas stream from the incinerator
is fed to said absorbent in the reactor for absorbing
said sulphur oxide, and means for feeding said hydrogen
and/or hydrocarbon bearing stream to the regenerator to
reduce absorbed sulphur compounds to hydrogen sulphide
and/or sulphur dioxide, and thus form said off gas

strean.

Reference is now made to the accompanying drawings,

larly

The

This is the replacement sheet

Date: " 4 JAN 1997



with the term"absorbent."” Wii.le a-alum na and -alum na can be used as
adsorbents, they are not as effective as [err], and [err]. One or nore
oxides of other metals can al so be used as adsorbents, either alone or in
conbination with alumna or as spinels, such as bismuth, manganese, .
yttrium antinony, tin, copper, Goup la netals, Goup 2a netals, rare
earth metals, and conbinations thereof. Mignesi um al umi nate spinels are
particularly useful as absorbers. Lanthakim and ceriumare preferred rare
earth nmetals. Naturally occurring rare earths, such as in the form of
baestenite, ardnaWwhibchseful absorbers. El enental copper or copper conpound
absorbers, such as er,oxisde gbs an The copper

oxi de can be cuprougg&gxi e Ei'gnd?org[:g:igﬁolﬁ:j(':&, O&'%i?s?&% J(:]€pp%r
conpounds can GESHiRRUrization PXEFREF 3499rddngokatd fitstpenbodinentet at e,
copper (I11) foofathe ifpestidn) whddein @ owinyg soppdar bed! Ahsblwddcle. The

absorbers can is utilized:

Fig. 2 is" a schematic representation of a
desulphurization process according to a first embodiment
of the invention, wherein a fixed solid bed absorbent is
utilized;

Fig. 3 1is a schematic flow diagram of a
desulphurization process according to a second
embodiment of the invention, wherein a fixed-bed system
for recovering sulphur from ammonia acid gas is
employed;

Fig. 4 is a schematic flow diagram illustrating a
modification of the embodiment shown in figure 3; and

Fig. 5 1is a schematic flow diagram of a
desulphurization process according to the second
embodiment of the invention, wherein a fluidized bed
system is employed.

Referring to Fig. 1, exhaust or tail-gas from a
Claus recovery process 16 is diref:ted into an
incinerator 10 via tail-gas conduit 18. This tail-gas
is obtained from the Claus sulphur recovery process 16
by ‘combining air via conduit 34 with an acid gas from
acid gas conduit 36 intoc a Claus sulphur recovery
process 16. A process for the reduction of the sulphur
content in a gaseous stream wherein a Claus sulphur
recovery process or unit is utilized is disclosed in Us-
A-4857297. Tail~gas which enters incinerator 10 contains
sulphur dioxide, hydrogen sulphide,.water, and nitrogen
plus minor amounts of COS, NH,, nitrogen oxides, carbon
monoxide, and carbon dioxide. Sulphur dioxide and
hydrogen sulphide contained in the tail-gas is in a
concentration too low to be removed by a Claus process.
The concentration is also too high for emission into the
atmosphere. Air is directed into incinerator 10 via
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al so be a blend/ m xture of high density and | ow density materials. The
nmetal or netal oxide part of the absorbers can be supported, carried and
held on a réfractory support or carrier material which also provides part
of the absorbers. The support controls the attrition and surface area
characteristics of the absorbers. The support preferably has a surface
aref greater than about 10 [err] and nost preferably from about 50 nR/g to
about - 26 - 500 [err] for best resuhjs. Suitable supporters include,
but are not limted to, silica, alum mea—kaolin or other clays,

di at omaceous earth, boria, and/or nullite. The support can conprise the
same material adrdifepRtor #ir rednduiexde part of the absorbers.

Incinerator 10 is operated at a temperature
sufficient to convert the hydrogen sulphide gas into
sulphur oxides. This temperature will be about 900°F
(482°C) to about 1,350°F (732°C). . The preferred
temperature is about 1,200°F (649°C).  After the
oxidized tail-gas has been in incinerator 10 for a time
sufficient to convert substantially all of the hydrogen
sulphide to sulphur oxides, it is directed from
incinerator 10 to absorber 12 via incinerator exit gas
conduit 22. The gas which exits incinerator 22 contains
water, sulphur oxides, oxygen, carbon dioxide, and
nitrogen. |

When gas exiting incinerator 10 enters absorber 12,
it is contacted with the solid absorbent which absorbs
substantially all of the sulphur oxides. The sulphur
oxide-capturing absorbent can be in the form of balls,
pebbles, spheres,extrudates, channelled monoliths,
microspheres or pellets. This sulphur oxide-capturing
absorbent provides absorbers or acceptors which absorb,
and collect, or otherwise remove sulphur oxides from the’
incoming gaseous strean. In the most preferred
embodiment, the bed of granular material is a bed of
sulphur-oxide capturing absorbents, which serve as
sulphur oxide absorbers or acceptors. In the moving bed
embodiment shown on Fig. 1 the absorbent is removed from
absorber 12 by gravity.. It moves by gravity since the
absorbent is positioned in absorber 12 at an angle that
causes it to move at a rate so as to allow maximum
absorption of sulphur oxides. The flow rate of the
solid absorbent through absorber 12 is such as to allow
the absorption of about 10 to about 60 weight % of
sulphur oxides on the absorbent, most preferably about
20 to about 60 weight %. Once sufficient sulphur oxides
have been absorbed by the absorbent, it flows by gravity
from absorbent 12 via spent absorbent conduit 26 into
regenerator 1l4. Gases, from which the sulphur has been
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The absorbers can be inpregnated or otherw se coated with an oxidi zi ng
catal yst or pronoter that pronotes the renoval of sul phur oxi des and/ or

ni t+ ogen oxi des. One useful catalyst is ceria (ceriumoxide). Another
useful catalyst is platinum O her catalytic netals, both free and in
conbined form preferably as an oxide form can be used; either alone or in
conbi nation with each other or in conbination with ceria and/or al um na,
such as rare earth netals, netals from&fdlp 8 of the Periodic Table,
~chromum vanadium rhenium tungsten, silver and conbinations thereof.
The pronoter casubstantisdlyhasepovedipdre exitied: frombsbsbrber AR axian

di stribution of abderidi:8t igasPesh@iietkdor best results and to mnimze
adsorbent erosion. The Goup la petals, Goup, 2a netals, .and Goup 8 netals
referred to are thos'reh?i%‘?%dwhcgﬁéspé'f"’?‘@d?‘g P¥HCONGR L, 245 SRREALDSI n t he
Handbook of Chewatéry trabdihysf culphtrhdidkide))oxyyen idnds mitrdgeniet al s
i ncl ude This emitted gas contains sulphur diocxide in an amount
less than about 2 ppm. Nitrous oxides contained in this
gas can be reduced by co-feeding ammonia or an ammonia-
producing species such as urea into absorber 12. '

Although a moving bed of absorbent may be used to
remove the sulphur ci'ioxide, it is preferred to contain
the solid absorbent in a fixed bed.

- To accomplish this, a ‘common vessel is used for
both tail-gas absorption and also for absorbent
regeneration. This is accomplished by appropriate
valving so as to allow the flow of oxidized incinerator
gas to the absorber to cease. Subsequently, the
reducing gas is directed into the vessel and the
regeneration stage is initiated. For continuity of
operation, this is best accomplished by having two
separate sets of vessels for both absorption and
regeneration. As will be understood by those skilled in
the art, when the absorbent is in a fixed bed
embodiment, the atmosphere is merely swung from tail-gas
(absorption) to reducing gas (regeneration) by
appropriate valving. Greater specificity is obtained
for the fixed bed method by reference to Fig. 2.

As is shown in Fig. 2, the fixed bed method is

similar to and follows the basic operating scheme as
depicted in Figure 1 which scheme is discussed above.
The fixed bed method is better suited for those
applications where less than about 4 psi (28 Xpa) of
excess pressuré drop is available. In most applications
where the fuel gas is obtained from a Claus sulphur
plant, the pressure drop will often be less than 4 psi
(28kPa) . : _ _

Although the fixed bed method is preferred for
these applications, the fluidized bed is useful when
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l'ithium sodium potassium rubidium and cesium Useful Goup 2a netals

I ncl ude magnesi um cal cium strontium and barium Useful Goup 8 netals
arethe Goup 8 noble netals (the platinumfamly of netals) including

rut henium rhodi um pal | adi um osmum iridium and platinum The rare
earth netals are also useful and are referred to as the |anthani des.
suitable rare earth nmetals include gri um praseodym um neodym um

samari um europi um gadolinium terbi# sprosium hol m um erbium

thulium ytterbium and lutetium O her absorbents useful in the practice

of the present suffiichenvdrivinghpressurte isoavaibable, hEcasse dfsittsosed in

US-A- 4790982. cnieifhsos DERbratidhS> dpability’ and also because less
hardware is required, i.e. fewer valves and pipes.

Referring now to Fig. 2, gas from incinerator 10
enters absorber 12 where it is contacted with the solid
absorbent that absorbs substantially all of the sulphur
oxides. The sulphur oxide-capturing absorbent, “as
mentioned above, can be in the form of balls, pebbles,
spheres, pellets, extrudates, channel monoliths, or
microspheres. These oxide-capturing absorbents absorb
and collect, or otherwise remove substantially all of
the sulphur oxides from the gases coming into absorber
12. Gases, from which sulphur oxides have been
substantially removed, are emitted from absorber 12 via
spent absorbent exit conduit 24. Those gases that exit
absorber 12 via conduit 24 are monitored until sulphur
oxide "break through®™ occurs. Sulphur dioxide
concentration is monitored with an ultraviolet or
infrared analyzer. Of course, as will be understood by
those skilled in the art, other comparable analyzing
equipment can be utilized.

Sulphur dioxide "break through" occurs when a
substantial increase in the concentration of _sulphur
dioxide occurs in the effluent from absorber exit
conduit 24. As anticipated, this increase will be from
under 2 ppm to about 250 ppm in less than about 3
minutes. | -

When sulphur dioxide "break through" is detected,
oxidized tail-gas from incinerator 10 is directed into
a second vessel which then becomes absorber 12. In a
preferred mode of operation, if sulphur dioxide
breakthrough is detected during one absorption cycle,
the duration of succeeding cycles is reduced by about 5%
from +the original absorption time, such that
regeneration at the succeeding cycles is initiated
before SO., breakthrough occurs. Original absorber 12

2
now containing the sulphur oxide loaded oxide-capturing
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4790982 that is particularly suitable for use in the instant invention is
t he magnesi um al um num cont ai ni ng spi nel inpregnated with 2% vanadi um and
10% cerium shown in Exanple 10 of the patent. The foll owi ng exanples are
illustrative of sorbents suitable for use in the reactor beds of both the
above enbodi nents of the present invention. EXAMPLE 1 A cerial/al um na
sorbent was pr epar ed by i npregnat iyzgg- hi gh pore val ue y-alumna (1/8"

(0.32cm extrud e from Décat Interna ona a solution of 3 7 gr ans
[err] from Al drf sformle a’rfé“%f rﬁﬂ?@?"'ﬁ%’r‘n&‘ -

i nci pi ent wet nestoshwnoqﬂethe Thmlnzgaﬁ | S owoSram | Mbimraﬁmeamcands at

[err] and cal ci geda OHJ}d%ng?rﬂxto' Ehea'z’egenery%r n as
approximately 11% /[ err mat eri al was ‘crushed_ an SI eve 14/ 60
mesh (API). conduit Durz.ng the regeneration of the absorbent

the temperature is maintained between about 900°F
(482°C) to about 1,400°F (760°C), preferably about
1,100°F (593°C) to about 1,300°F (704°C).

During the regeneration, a reducing gas, preferabiy
hydrogen, is directed into regenerator 14 in about 0.10
to about 10 vol %, preferably about 2 to about 4 vol %.
Pressure in the regenerator is maintained at about 0.10
to about 10 atmospheres (10 to 1000 Kpa), preferably
about 0.5 to about 3 atmospheres (50 to 300 Kpa). The
gas hourly space velocity (GHSV) is about 10 to about
1,000, preferably 100 to about 150.

While the operating parameters for the regenerator
are equally applicable to both the fluidized and the
fixed bed processes, initially a GHSV of about 300
should be used when commencing regeneration of the fixed
bed absorbent so that a higher concentration of
liberated gases can be removed from the regenerator. As
regeneration proceeds, the GHSV can be reduced to about
50 as the concentration of liberated gases diminishes.
Similarly, although hydrogen is the preferred reducing
gas, other hydrocarbon reducing gases can be used.
These will preferably comprise €, ‘through Cs

hydrqéarbons. Substantially improved regeneration
results are anticipated when water is co-fed into the
regenerator along with the hydrocarbons. Once

regeneration is completed, liberated sulphur dioxide,
hydrogen sulphide, and water are removed from
regenerator 14 via regenerator effluent conduit 32 and
directed into Claus plant 16 for further treatment.
Whether operating under the fluidized or fixed bed
method, it is preferred to operate absorber 12 at a
temperature from about 900°F (482°C) to about 1,400°F
(760°C) . A temperature of from about 1,100°F (593°C) to
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EXAMPLE 2 A nmagnesium alum nate sorbent was prepared, starting with
two solutions. Solution | contained 461.5 grans magnesiumnitrate, 68.6
grans of concentrated nitric acid, and 500 mMl of water. Solution Il
contained 209.7 grans sodium alumnate, 10.7 grans sodium hydroxide,
and 500 m of water. To Solution | were added 2 liters of water, and then
ovet a 30 mnute period, Solution II. hydr oxi de was then added in an
anount to bring the pH up to 10.7. The resulting m xture was aged for 16

hours and then RPPRBILMBONTR (7930CEr ksl mHt gredergedr i edxﬁe,{ @hohifor 12
sition of

hours and S|zedbaoi§@&68u833h1 é@'LbsEPbér”EEer59Ja#a%g?g nggo £5OR

about [err]. EXAQ/P make_a sorbent w th approxi

pl ati num | oadi n§°°%% ﬂr?a?nstSf aPﬂBtr’rﬁanEQ?'uﬁvalzurﬁmaﬂeout 4 vol % is
pPreferred. GHSV within absorber 12 should be maintained
at a pressure of from about 500 to about 20,000 GHSV,
3,000 to about 5,000 GHSV is preferred. an additional
benefit of operating absorber 12 within these parameters
is that any carbon monoxide.-therein is converted into
carbon dioxide which is released into the environment.
Other gases released from absorber 12 include nitrogen,
oxygen, and trace amounts of sulphur dioxide along with
water.

Operating conditions for incinerator 10 are similar
when using either the fluidized or fixed bed method.
Preferably, the temperature is maintained at from about
900°F (482°C) to about 1,400°F (760°C), most preferably
between about 1,100°F (593°C) to about 1,300°F (704°C).
Oxygen is introduced into the absorber in an amount of
from about 0.1 to about 10 vols, preferably 2 to about
4 vol%¥. Pressure in the absorber should be maintained
at about 0.1 to about 10 atmospheres (10 to 1000 Kpa),
Preferably about 1.5 to about 3 atmospheres (150 to 300
Kpa). The GHSV should be maintained at about 400 to
about 7,000, preferably about 500 to about 2,500. 1In
those situations where it is required fuel gas can be
introduced into incinerator 12 via fuel gas conduit 38
as shown in Figure 2. .

-Absorbents which can be wutilized preferably
comprise substantially alumina, and most preferably
alumina compounded with magnesia, for best results. Y-
alumina , x-n-p-alumina, é§-alumina, and B-alumina are
particularly useful as adsorbents and sSupports because
of their high surface areas.

The term "adsorbent" is used interchangeably herein
with the term "absorbent.” While e-alumina and 8-
alumina can be used as adsorbents, they -are not as
effective as y—-alumina ,x-n-p-alumina, é-alumina, or 98-
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- 28 - from Exanple 2 was inpregnated using an incipient wetness technique
with a solution of 0.013 gram of chloroplatinic acid (37% Pt. assay) in 16
m of water. The resulting solids were calcined in air at [err] [err] for
t iree hours and sized to 14/ 60 mesh (API). EXAMPLE 4 A sorbent with
approxi mately 10% ceri a | oadi ng on magnesi um al um nate was prepared by
adding a solution of 9.71 grans ceriumpitrate in 16 m of water to 35
grans of magnesi um al um nate from Exarﬂmﬂée—i, usi ng an incipi ent wetness

2T one hour  atBERR - o and o, Hop lifles’ DE ey medlyd o afo 1P 1

abi I ty to sorinssdl “mdmmsf'rm%ﬁ@5§°ﬁﬁx?ﬁr’é‘ §9ﬂhlé‘ﬁtﬁgna‘ﬁ’-‘i‘hm ner at ed
alumina or as spinels, such as bismuth, manganese,
yttrium, antimony, tin, copper, Group la metals, Group
2a metals, rare earth metals, and combinations thereof.
Magnesium aluminate spinels are particularly useful as
adsorbers. Lanthanum and cerium are preferred rare
earth metals. Naturally occurring rare earths, such as
in the form of baestenite, are also useful adsorbers.
Elemental copper or ccopper compound adsorbers, such as
copper oxide adsorbers, can also be used. The copper
oxide can be cuprous oxide (CuZO) and/or cupric oxide
(Cuo). Other copper compounds can be used, such as
copper (II) sulphate, copper (II) acetate, copper (II)
formate, copper (II) nitrate and/or copper (II)
chloride. The adsorbers can alsoc be a blend/mixture of
high density and low density materials, such as of the
above-identified metal oxides.

The metal or metal oxide part of the adsorbers can
be supported, carried and held om a refractory support
or carrier material which also provides part of the
adsorbers. The support controls the attrition and
surface area characteristics of the adsorbers. The
support preferably has 2 surface area greater than about
lo0m /g and most preferably from about S50 m /g to about
500m /g for best results. Suitable supporters include,
but are not limited to, silica, alumina, kaolin or other
clays, diatomaceous earth, boria, and/or mullite. The
support can comprise the same material as the metal or
metal oxide part of the adsorbers.

The adsorbers can be impregnated or otherwise
coated with an oxidizing catalyst or promoter that
promotes the removal of nitrogen aoxides and the
oxidation of SO, to SO, in the presence of oxygen. It
is believed that 50, :.s more readily adsorbed than $0,.
One useful catalyst is ceria (cerium oxide). Another

useful catalyst is platinum.
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Claus tail-gas, 6 grans of each material described in Exanples 1-4 were

| oaded in an 11nm|.D. quartz reactor with a central thernowell. The
reaCtor was placed in a radiant furnace for rapid heating and cooling. A
gas 3. flow of 360 cm/mnute with a conposition of 1% sul phur di oxide, 4%
oxygen, and 95% nitrogen (on a dry basis) was established through the
reactor, after the desired sorption tenperature was attained. Water, in the
anount of about 20% of the gas fl ow, as hded by directing part of the feed
gases through a saturator held at about [err]. The sul phur dioxi de content
in the effluent streamwas nonitored with a Sienens U tramat 22P infrared

anal yzer. A cold t t t he_angl yzer renoved nost
of the water on the é@?ﬁ%ﬁ‘ﬁgﬁ%ﬁn‘g@g? %%t%tngfsgﬁwgﬁ{ga ined i nat ed
when the sul phuf%Pexpreferakly 3§ fRcC¥ide (farm,cranchedused, pmither

alone or in combination with each other or in
combination with ceria and/or alumina, such as rare
earth metals, metals from Group 8 of the Periodic Table,
chromjum, wvanadium, rhenium, tungsten, silver, and
combinations thereof. The prométer can comprise the
same material as the adsorber. An even distribution of
the promoter is preferred for best results and to
minimize adsorbent erosion.

The Group la metals, Group 2a metals, and Group 8
metals referred to are those listed in the Periodic
Table of the Elements in the Handbook of Chemistry and
Physics (54th Edition). Useful Group la metals include
lithium, sodium, potassium, rubidium, and cesiunm.
Useful Group 2a metals include magnesium, calcium,
strontium, and barium. Useful Group 8 metals are the
Group 8 noble metals (the platinum family of metals)
including ruthenium, rhodium, palladium, osmium,
iridium, and platinum. The rare earth metals are also
useful and are referred to as the lanthanides. Suitable
rare earth metals include cerium, praeseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and
lutetium.

The above-mentioned adsorbents are discussed in Us-
A-4692318. Although the adsorbents mentioned above are
exemplary of the ones which can be used in the process
to remove sulphur dioxide, the preferred absorbents are
detailed in Examples 1 through 4 below.

Spent absorbent from absorber 12 which has been
directed into regenerator 14 is subjected to
temperatures from about 900°F (482°C) to about 1,300°F
(704°c). Also, a hydrocarbon or hydrogen reducing gas
is directed into regenerator 14 via hydrogen conduit 28.
The conditions are such in the regenerator soc as to
cause substantially hydrogen sulphide and sulphur
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Sul phur di oxi de breakt hrough was relatively sharp. In general, the analyzer
detected no sul phur dioxide for the first 80-90% of the sorption period.

Sul phur di oxi de concentration of less than 2 ppmduring this portion of the
sorption was confirnmed by nmeasurenents This is the replacenent shot Date:

1 4 JAN 1997 - 29 - with Drager gas neasurenent tubes. The cal cul at ed
wei ght percent age uptake of sul phur oxt.®® as [err] during the sorption
period is reported in the Table bel ow. Regeneration of the solid sorbent
was acconplished by contacting it with hydrogen, which was bubbl ed through
a saturator to dh¥ideaouberFelessed fzgmrthmalitd abscEbentca@Pa@si ti on

of the off-gasotelgasldRregenerated solid absorbent is removed from
regenerator 14 when operated in the moving bed mode via
regenerated absorbent conduit 30. Conduit 30 directs
the r'egeneratgd absorbent back into absorber 12. fThe
solid absorbent <can also be regenerated and
reconstituted in the presence of water so as to further
enhance its activity for the adsorption: of sulphur
oxides. Under the preferred conditions, sulphur is
released from the adsorbent primarily in the form of
sulphur dioxide in an amount of from about 80 to about
90 weight ¥ during the regeneration or desorption step.
Trace amounts of hydrogen sulphide also appear in the
gases which are released from the absorbent doing
regeneration or desorption. Off-gases which are emitted
from the absorbent in regenerator 14 are removed
therefrom via regenerator effluent conduit 32 where it
Proceeds into a Claus sulphur recovery process or plant
16 where elemental sulphur is recovered.

Referring to Fig. 3 an ammonia acid gas stream 110
containing hydrogen sulphide is fed to a relatively
small combustion furnace 112. An air stream 114 and a
fuel gas stream 116 are also fed to the combustion
furnace 112 at rates sufficient to maintain the
temperature in the furnace 112 within the range of
1500°F (815°C) to 2500°F (1371°C), and to maintain an-
atmosphere for stoichiometric combustion such that
ammonia destruction is maximized and the ammonia is thus
completely dissociated into N, and H,. The H, will burn
to produce water, while the N, remains as an inert gas.
Concurrently, the hydrogen sulphide is completely
converted to sulphur oxides ( So).- A nitz:::gen and
sulphur oxide enriched gas stream 118 from the furnace
112 is cooled in a heat exchanger 113 to within a range
of from about 900°F (482°C) to about 1400°F (760°C), and
fed by line 119 to a first fixed-bed reactor 120
containing a solid absorbent bed 122.
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reductive regeneration was determ ned by injections on to a Hew ett-Packard
5890 gas chronmat ograph equi pped with a thermal conductivity detector.

Usual Iy, both hydrogen sul phide and Sul phur di oxi de could be detected in
the off-gas, but typically one gas or the other dom nated, depending on the
sorbent and on operating conditions, as indicated in the-foll ow ng Tabl e.
TABLE {err] i.e. off gas fromregenerat bpn. The uptake of [err] was greater
for [err] pronoted with Pt (Ex.3) and~wrtirCe®2 (Ex.4) was higher than for
[err] alone (Ex.2). _For the ceria-pronoted naterials of Exanples 1 and 4,

magnesi um al uni nat e TH&s S48 8bEPFRRAY \Re& k3% APSRRS Aukataatiaddy
i ncreasing the ajderct! ithe salphugt oxide f 11 [tHd InitrdeRn ankesulphtEX. 1),
2E?f t fezio'[nh[eer MMoxildd eL'&riELeQGégs Qeddat Afld,“%n%‘%%v[i%rég asgrigyo(g)gnwm ch
bearing gas stream through outlet conduit 124. The '
nitrogen bearing stream is fed through a valve system
(not shown) to a line 125 leading to an incinerator or
to a stack.

While in an absorbent mode, the reactor 120 is
operatéd at a temperature from about 900°F (482°C) to
about 1,400°F (760°C). A temperature of from about
1,100°F (593°C) to about 1,300°F (704°C) is preferred.
The oxygen content of the stream 119 entering the
absorbent bed 122 is in an amount of from about 0.10 to
about 10 vol%, 2 to about 4 vol% is preferred. Pressure
within the reactor 120 should be maintained at a
pressure of from about 0.1 to about 10 atmospheres (10
to 1000 Kpa), preferably from about 1.5 to about 3.0
atmospheres (150 to 300 Kpa). GHSV should be from about
500 to about 20,000, and preferably from about 3,000 to
about 5,000 GHSV. An additional benefit of operating
the reactor 122 during the absorbent mode within these
parameters is that any carbon monoxide therein is
converted into carbon dioxide which is released into the
environment. Other gases feleased from the reactor 120
include nitrogen, oxygen, and trace amounts of sulphur
dioxide along with water. _

When the combustor 112 is operated
stoichiometrically as it is preferred to maximize
ammonia destruction, air or oxygen must be added to
maintain the oxygen content of the stream 119 as
discussed above. However, it is contemplated that the
combustor 112 may be operated with excess oxygen
supplied by the air stream 114. 1In this latter case,
air or oxygen may not have to be added to the feed
stream 119 to the reactor 120.

The absorbent can be in the form of balls, pebbles,
spheres, extrudates, channelled monoliths, microspheres

This is the replacement sheet

Date: 14 JAN 1997



-30- dom nant off-gas sul phur species from[err] to [err] EXAMPLE 5 The
carbon nonoxi de oxidation activity of tw sorbents was tested by fl ow ng
a nrxture of 4% carbon nonoxi de, 4% oxygen, and 8% carbon dioxide at a flow
rate of 310 [err] over 6 granms of each material in an 11 nml.D. quartz
reactor. Carbon nonoxi de and carbon di oxi de concentration, as a function of
reaétor tenperature, were nonitored by Becknan Moddel 864 infrared
anal yzers. Wth the magnesium al um natg of Exanple 2, carbon nonoxi de was
hal f converted at_about [err] and substamttally all converted at [err]
[err]. Wth the I aPRht®tpr onotels nBYARRRE NPxLdaTaaPtuDing X abpbebént car bon

monoxi de was haldravidesr t 8dsétbers or acceptors which absorb, and
Collect, or otherwise remove sulphur oxides from the
influent gaseous stream. In one embodiment, the bed
122 is Mg/Al spinels.

The outlet conduit 124 is monitored by a sensor 126
until sulphur dioxide break-through occurs. A suitable
Sensor is a Siemens Ultramat 22P infrared analyzer. of
Course, as will be understood by those skilled in the
art, other comparable analyzing equipment can be used.

Sulphur dioxide break-through occurs when a
substantial increase in the concentration of sulphur
dioxide occurs in the conduit 124. This increase will
be in the order of from about 3 ppm to about 250 ppm in
less than about 2 minutes.

When sulphur dioxide break-through is detected, the
nitrogen and sulphur oxide enriched gas stream 118 is
directed through a suitable valve system (not shown)
into a second fixed-bed reactor 128 having a solid
absorbent bed 130 therein. Concurrently, the valve
system directs a Hz rich stream 32 to the first reactor
120 for regenerating the first absorbent bed 122. The
HZ rich stream 132 may contain H, and/or hydrocarbons.

During regeneration of the absorbent bed 122 the
temperature is maintained between about 900°F (432°C) to
about 1,400°F (760°C):; and the pressure in the reactor
120 is maintained at about 0.10 to about 10 atmospheres
(10 to 1000 Kpa), preferably about 0.5 to about 3
atmospheres (150 to 300 Xpa). The H, and/or hydrocarbon
stream 132 is directed into the reactor 120 at a gas
hourly space velocity (GHSV) of about 10 to about
1,000,preferably about 100 to about 150. Initially, a
GHSV of about 300 is preferred when commencing
regeneration of a fix:_e_.d-h.ed absorbent so that a higher
concentration of liberated gases can be removed from the
regenerator. As regeneration proceeds, the GHSV can be
reduced to about 50 as the concentration of liberated

~
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about [err] and substantially all converted at [err] Wth an enpty
reactor, there was no detectabl e carbon nonoxi de conversion for
tenperatures up to [err]. This exanple denonstrates that the

desi gnat ed sorbents are effective in pronoting the renoval of carbon
nonoxi de in the presence of oxygen. - 31 - CLAIMS 1. A net hod of
renmdvi ng sul phur froma gas stream contatihi-ng at | east one sul phur
conmpound, conprising the steps of: (a) conbusting said gas streamw th an

e O Al N P8 0 "E Hhe alfy S WMRChich Ryl ogdis 1 hE" "
Preferred reducing gas for regeneration, other
hydrocarbon reducing gases can be used. These will
preferably compfise ¢, through C; hydrocarbons.
Substantially improved regeneration results are
anticipated when water is co-fed into the reactor along
with the hydrocarbons. The H, and/or hydrocarbon stream
132 may contain 0.0 to 50% water.

Regeneration of the bed 122 provides a hydrogen
sulphide and/or sulphur dioxide bearing stream through
the outlet conduit 124, the valve system (not shown),
and via line 134 to the sulphur plant for recovery of
sulphur. The hydrogen sulphide and/or sulphur dioxide
bearing stream may also contain water and unconverted
reducing gas. The nitrogen and sulphur oxide enriched
stream 118 and the hydrogen and/or hydrocarbon bearing
stream 132 are alternately fed to each one of the
reactors 120,128, whereby each bed 122,130 is first
spent by sulphur oxides extracted from the stream 118,
and then regenerated by the hydrogen and/or hydrocarboen
bearing stream 132.

With reference to Fig. 4, there is shown a
modification of the system of Fig. 3 for extracting
sulphur from the nitrogen and sulphur oxide enriched
stream 118 before the stream 118 is fed to cne of the
reactors 120,128. Specifically, the enriched stream 118
is passed through a heat exchanger 160, line 161 to a
cooler/condenser 162 where the nitrogen and sulphur
oxide enriched stream 118 is cooled to from about 250°F
(121°C) to about 300°F (149°C) to allow elemental
sulphur to condense ocut as a liquid sulphur stream 163.
The remainder of the enriched stream is looped back
through the heat exchanger 160 via line 164 to reheat
the enriched stream to within the range of from about
900°F (482°C) to about 1400°F (760°C), and preferably
from about 1,100°F (593°C) to about 1,300°F (704°C), for
input by line 165 to one of the reactors 122,130. If
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sul phur oxide; (b) withdrawing fromthe incinerator a gas stream contai ni ng
the or each sul phur oxide, and directing said sul phur oxide containing gas
streamto an absorber having an absorbent bed adapted to renove sul phur
conmpounds; (c) contacting said absorbent bed with a hydrogen and/ or
hydrocarbon containing stream to regenerate said absorbent bed by
reduci ng the sul phur conpounds absorbed in said absorbent bed to hydrogen

sul phi de and/or sul phur di oxi de, and the4ehy form ng an off gas stream
cont ai ni ng hydrtqgﬁ.lg 4l 864 | d recovering
gr gen su"] E ge and, or P#pé‘urgaeo?(‘? Mg st ream

sul phur froms
2. A method a FS andi ﬁ?&eam PR BaAY Ayhnaedntfroad absupr ovi ded

in at |east twdof xedawtﬁlt 60% of the sulphur content of the combustor
output stream 118. The remaining elements of Fig. 4
function in the same manner as identically numbered
elements of Fig. 3 described hereinabove.

With reference to Fig. 5, there is shown a
fluidized bed system comprising a reactor 140, a
regenerator 142, a conduit 144 for feeding spent
absorbent from the reactor to the regenerator 142, and
another conduit for passing a fluidized bed of
regenerated absorbent from the regenerator 142 to the
reactor 140. A nitrogen and sulphur oxide enriched
stream 148 from the combustor 112 (Fig. 3) is fed to the
lower end of the reactor 140, over absorbent therein to
strip out the sulphur oxides and provide a nitrogen
enriched stream 150 for the incinerator or the stack.
A hydrogen bearing stream 152 is fed to the bottom of
the regenerator 142 to reduce the sulphur compounds on
the spent absorbent to hydrogen sulphide and form a.
hydrogen sulphide and/or sulphur dioxide bearing outlet
stream 150.

Operating parameters for the fluidized system are
substantially the same as those described above with
respect to the Figs. 3 or 4 fixed-bed embodiments. |
Further, the operating conditions for the combustor 112
are similar when using either the fluidized or fixed bed
systems. The temperature in the fluidized bed reactor
140 is maintained at from about 900°F (482°C) to about
1,400°F (760°C), preferably between about 1,100°F $93°C)
to about 1,300°F (704°C). The oxygen content of the
stream 148 introduced into the reactor 140 is maintained
in an amount of from about 0.1 to about. 10 wvolg,
preferably 2 to about 4 vol®. Pressure in the reactor
140 should be maintained at about 0.1 to about 10
atmospheres (10 to 1000 Kpa), preferably about 1.5 to
about 3 atmospheres (150 to 300 Kpa). The GHSY should
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reactors, and sul phur oxide containing gas streamfromthe incinerator is
fed to a first one of said reactors until the bed therein is spent absorbed
sul,phur conpounds; thereafter said sul phur oxide containing gas streamis
fed to a second one of said reactors; and said hydrogen and/ or hydrocarbon
bearing gas streamis fed to said first one of said reactors to formsaid
of f- gas stream and thus regenerate said first one of said reactors. 3. A
met hod according to claim2, wherein sai%.5ul phur oxi de containing gas
stream and said hydrogen and/ or hydrocarbon bearing gas stream are

alternatel y Saaidiiddd Wk doosdd! RAR OF Seo NP AblletBiY DT 1S

first spent Mﬁth sal g ur conpounds and
about 500 to about

The following discussed absorbents are described in
US-A-4692318. Absorbents which can be used preferably
comprise substantially alumina, and most . preferably
alumina compounded with magnesia, for best results. y-
alumina, x-n-p-alumina, d§-alumina, and B-alumina are
particularly useful as adsorbents and supports because
of their high surface areas.

The term "adsorbent" is used interchangeably herein
with the term "absorbent."” While a-alumina and -alumina
can be used as adsorbents, they are not as effective as
y-alumina, x-n-p-alumina, §-alumina, and 8-alumina. One
or more oxides of other metals can also be used as
adsorbents, either alone or in combination with alumina
or as spinels, such as bismuth, manganese, yttrium,
antimony, tin, copper, Group la metals, Group 2a metals,
rare earth metals, and combinations thereof. Magnesiﬁm
aluminate spinels are particularly useful as absorbers.
Lanthanum and cerium are preferred rare earth metals.
Naturally occurring rare earths, such as in the form of
baestenite, are also useful absorbers. Elemental copper
or-copper compound absorbers, such as copper oxide
absorbers, can also be psed. The copper oxide can be
cuprous oxide and/or cupric oxide. Other copper
compounds can be used, such as copper (II) sulphate,
copper (II) acetate, copper (II) formate, copper (II)
nitrate and/or copper (II) chloride. The absorbers can
also be a blend/mixture of high density and low density
materials.

The metal or metal oxide part of the absorbers can
be supported, carried and held on a refractory support
or carrier material which also provides part of the
absorbers. The support controls the attrition and
surface area characteristics of the absorbers. The
support preferably has a surface area greater than about
10 mzlq and most preferably from about 50 mz/g to abbut
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then regenerated by said hydrogen and/ or
said off gas stream 4

absor bent bed

hydr ocar bon bearing streamto form
A nethod according to claim1l, wherein said
is in a fluidized bed system conprising -a reactor, a

regenerator, a conduit for feeding spent absorbent fromthe reactor to the
regenerator, and another conduit for passing regenerated absorbent fromthe
the reactor; and wherein gqjd sul phur oxi de contai ni ng gas
streamfromthe incinerator is fed to—tﬁe—reactor to-absorb said sul phur
rbgnt, and said hydrogen anpd/or hydrocarbon beari ng stream
ILRLG 1 BooRetonii i oubEer o PRI SRRLARS t o sai d

-of f gas streambw® are/noetllizdtadctedisid itca,cadumida, Wemldimogzadthebsor bent

regenerator to

oxi de on the a
is fed to the

bed conpri ses
1, wherein sa
absor bent.

&1l eddasdoggéé&éwe@ﬁnfmr@a, afa7BEhd) 2ecer di

d absorbent bed conprises a granul ated novi ng bed, so
support can comprise the same material as the metal or
metal oxide part of the absorbers.

The absorbers can be impregnated or otherwise
coated with an oxidizing catalyst or promoter that
promotes the removal of sulphur oxides and/or nitrogen
oxides. One useful catalyst is ceria (cerium oxide).
Another useful catalyst is platinum. Other catalytic
metals, both free and in combined form, preferably as an
oxide form, can be used, either alone or in combination
with each other or in combination with ceria and/or
alumina, such as rare earth metals, metals from Group 8
of the Periodic Table, chromium, wvanadium, rhenium,
tungsten, silver and combinations thereof. The promoter
can comprise the same material as the absorber. Aan even
distribution of the promoter is preferred for best
results and to minimize adsorbent erosion.

The Group la metals, Group 2a metals, and Group 8
metals referred to are those listed in the Periodic
Table of the Elements in the Handbook of Chemistry and
Physics (54th Edition). Useful Group la metals include
lithium, sodium, potassium, rubidium, and cesium.
Useful Grbup 2a metals include magnesium, calcium,
strontium, and barium. Useful Group 8 metals are the
Group 8 noble metals (the platinum family of metals)
including ruthenium, rhodium, palladium, osmium,
iridium, and platinum. The rare earth metals are also
useful and are referred to as the lanthanides. Suitable
rare earth metals include cerium, praseodymium,

neocdymium, samarium, europium, gadolinium, terbium,

dysprosium, holmium, erbium, thulium, ytterbium, and
lutetium. _

Other absorbents useful in the practice of the
present invention are the metal containing spinels
disclosed in US-A- 4790982. One absorbent in US-aA-

to claim
id
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7. A met hod according to claim1, wherein said absorbent is a netal

oxide, or a mxtures of netal oxides, inpregnated with a pronoter. 8. A
met.hod according to claim7, wherein the nmetal oxide is alumna and the
pronoter is a rare earth. 9. A nmet hod according to claim7, wherein said
pronoter is [err] and/or Pt. 10. - A nmethod according to clai‘m 1, wherein
the solid absorbent is My/ Al spinels. 1], = A nethod according to claim1,
wherein the solid absorbent is nagnes’ uninun}containing spi nel

i npregnated with vanadi um and cerium _12, hod accordln to claim1,
wherein the soﬁﬂé°§§30ﬂ5éﬁtiisﬂﬂiﬁ%ﬁ&lﬁﬁﬁﬁlﬁﬂﬁﬁ wFR® an

oxygen pronpt erinstdnt irveriivid isctios dmagnesxmhalammlnmlmcennaiaidgoff gas
streamis di re%%%%eiozmpre&%stescykl@@ﬂr2£ RANAYiYm and 10% cerium shown
in Example 10 of the patent.
The following examples are illustrative of sorbents
suitable. for use in the reactor beds of both the above
embodiments of the present invention.

EXAMPLE 1

A ceria/alumina sorbent was prepared by
impregnating high pore value y-alumina (1/8" (0.32cm)
extrudate from Dycat International) with a solution of
32.7 grams Ce(NO3)6.6H20 from Aldrich Chemical Company
in 45 grams of water, using an incipient wetness
technique. The material was dried for three hours at
120°C (248°F) and calcined one hour at 700°C (1,292°F),
in ‘air. The composition was approximately 11%
Ceoz/Alzo:!. This material was crushed and sieved to
14/60 mesh (API).

EXAMPLE 2

A magnesium aluminate sorbent was prepared,
starting with two solutions. Solution I contained 461.5
grams magnesiunm nitrate, 68.6 grams of concentrated
nitric acid, and 500 ml of water. Solution II contained
209.7 grams sodium aluminate, 10.7 grams sodium
hydroxide, and 500 ml of water. To Solution I were
added 2 liters of water, and then over a 30 minute
period, Solution II. Sodium hydroxide was then added in
an amount to bring the pH up to 10.7. The resulting
mixture was aged for 16 hours and then filtered. The
recovered solids were dried at 170°C (338°F) for 12
hours and sized to 14/60 mesh (API). This material had
a composition of about Mgzhlzos.

EXAMPLE 3
To make a sorbent with approximately 100 ppm
platinum loading, 35 grams of the magnesium aluminate
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- 33 - process where the sul phur conmpounds are converted to el emental -

sul phur. 14. A nmet hod according to claim 13, wherein said absorber is
operated at a tenperature of substantially [err] to substantially [err].
15. A nmet hod according to claim 13, wherein the absorbent is

reconstituted in the presence of water-igge a formwhich is active for

further absorp. hyr [ accor.di.n o claiml13,
wherein said 5%%%?5%%?ﬁ#%§rgaggé ?ﬁams%gﬁFeFf8%§§§b§P $ﬁ %Tb '

subst anti al | y $8tness yotrghnigesswibbd tsulsmurcmn de€. 0_7013 ,gramet béid
according 0 cielékopb14€inidhabehn (378304 WaARYI0 10116 %Ll oF eRRUE, 1 1 the

off gas streamis in the formo | phur dioxid
The resulting sollds were calcxned in air at 450°C

(810°F) for three hours and sized to 14/60 mesh (API).

) EXAMPLE 4

A sorbent with approximately 10% ceria loading on
magnesium aluminate was prepared by adding a solution of
9.71 grams cerium nitrate in 16 ml of water to 35 grams
of magnesium aluminate from Example 1, using an
incipient wetness method. The material was then dried
for three hours at 120°C (248°F), calcined in air one
hour at 700°C (1,292°F), and sized to 14/60 mesh (API).

To test the sorbents’ ability to sorb sulphur
oxides from a gas mixture simulating an incinerated
Claus tail-gas, 6 grams of each material described in
Examples 1-4 were loaded in an l1lmm I.D. quartz reactor
with a central thermowell. The reactor was placed in a
radiant furnace for rapid heating and cooling. ' A gas
flow of 360 cm3/minute with a composition of 1% sulphur
dioxide, 4% oxygen, and 95% nitrogen (on a dry basis)
was established through the reactor, after the desired
sorption temperature was attained. Water, in the amount
of about 20% of the gas flow, as added by directing part
of the feed gases through a saturator held at about
150°F (66°C). '

The sulphur dioxide content in the effluent stream
was monitored with a Siemens Ultramat 22P infrared
analyzer. A cold trap between the reactor and the
analyzer removed most of the water on the effluent
stream. Sorption experiments were terminated when the
sulphur dioxide level in the effluent exceeded 250 ppm.
Sulphur dioxide breakthrough was relatively sharp. Iﬁ
general, the analyzer detected no sulphur dioxide for
the first 80-90% of the sorption period. Sulphur
dioxide concentration of less than 2 ppm during this
portion of the sorption'was confirmed by measurements
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18. A met hod according to claim13, wherein the gas stream contai ning

sul phur conpounds which is fed to the incinerator contains carbon nonoxide,
and greater than substantially 90 vol. % of said carbon nonoxide is
converted to carbon di oxide. 19. A met hod according to claim13, wherein
sai d oxygen contai ning stream contai ns- afficient oxygen such that when it

I s introduced into the incinerator an oxygen content of substantially 0.10
to substantially 10 vol. % is maintained in gases issuin from the
i nci nerator. wWeth DragehodascoeasNyenens atwbes: whéha n Qﬁ%@é@é’hre in

sai d absor ber b omsU ohei LD 2 g 10 10
T000Kkpay o1 WeighopREtehtall upthikoo? BALRRULS O 'm%p

wher bsorber S
operated at the sewptighuperigd is Gﬁpgﬁﬁ’%ﬁﬂ &S %rl?ef
substantially [er rkebehé]ra%w&sumeoéomastsanbealtl yrals mm@nmieidal ly

by contacting it with hydrogen, which was bubbled
thrbugh a saturator to obtain about 25% water vapor
content. ° The composition of the off-gas during
reductive regeneration was determined by injections on
to a Héwlett—Packard 5890 gas chromatograph equipped
with a thermal conductivity detector. Usually, both
hydrogen sulphide and Sulphur dioxide could be detected
in the off-gas, but typically one gas or the other
dominated, depending on the sorbent and on operating
conditions, as indicated in the following Table.

TABLE
Sorbent Temp (°F) of wt% Uptake Dominant S
Material Sorption & During Compnid in
Identity Regeneration Sorption c_);_t."Ja_s_i

Ce0,/A120; (Ex., 000 (538°C) 4.8 H,S
CeO,/A12Q,, 200 (649°C) 6.2 SO,

Mg,Al20_ (Ex. 12)200 (649°C) 4.7 H,S
Pt/Mg’zAlzos (Ex20X) (649°C) 33.8 SO,
Ce0,/Mg,Al20; (EX. ¥)100 (593°C) 14.7 H,S

Ce0, /Mg, MLZMO (649°C) 25.2 SO,

* i.e. off gas from regeneration

The uptake of sox was greater for Mnglzo5 promoted
with Pt (Ex.3) and with Ce0, (Ex.4) was higher than for
Mnglzos alone (Ex.2). For the ceria-promoted materials
of Examples 1 and 4, magnesium aluminate was a more
effective sorbent than alumina, and increasing the
operating temperatures from 1000°F (538°C) to 1200°F
(649°C) (Ex.l1l), and from 1100°F (593°C) - - to 1200°F
(649° C) (Ex 4) increased so sorption which shifted the
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2 atnospheres (100 to 200 kPa), and a GHSV (gas hourly space velocity) of
substantially 500 to substantially 50, 000. 22. A net hod according to
claim 21, wherein the - 34 - absorber is operated at a GHSV of
substantially 2,000 to substantially 5,000, a pressure of substantially 1
to substantially 2 atnospheres (100 to 200 kPa), and a tenperature of
substantially [err] to substantially 3%rr] 23. A nmet hod according to

claim 13, wher Lner at ' af tenperature
of substanti al | %ﬂﬂhgﬁf €(£)£ ‘i%%s%rﬁqdarlsfye?g%] ?err to asor25=ssure of
substantially 1 atnosphere (100 kPa), and a GHSV _of substantial ly

2,000 to - EXAMPLE S

The carbon monoxide oxidation activity of two
sorbents was tested by flowing a mixture of 4% carbon
monoxidé, 4% oxygen, and 8% carbon dioxide at a flow
rate of 310 cm /mln over 6 grams of each materlal ln an
11 mm I.D. quartz reactor.. Carbon monoxide and carbon
dioxide concentration, as a function of reactor .
temperature, were monitored by Beckman Model 864
infrared analyzers. With the magnesium aluminate of
Example 2, carbon monoxide was half converted at about
770°F (410°C) and substantially all converted at 860°F
(460°C) . With the platinum-promoted magnesium aluminate
of Example 3,. carbon monoxide was half converted at
about 510°F (266°C) and substantially all converted at -
540°F (282°C). With an empty reactor, there was no
detectable carbon monoxide conversion for temperatures
up to 1,200°F (649°C).

This example demonstrates that the designated
sorbents are effective in promoting the removal of
carbon monoxide in the presence of oxygen.
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substantially 5,000. 24. A met hod according to claim13, wherein said
absorber is operated at a tenperature of substantially [err] to
supstantially [err] a GHSV of substantially 2,000 to substantialtTy 5; 000, a
pressure of substantially 0.5 to substant i al l ﬂl (50 to
300 kPa), and oxygen in an anmount of about 2 to ﬂﬂ”ﬂlﬂﬂﬁ"ﬂlw,l n the
presence of a cerial/alumna absorbent. 25. A net hod¢ acicorrdl ig #0 cl ai m
1, wherein: said gas stream contai ni ng-ail Feast one sul phur conpound which
is fed to the incinerator is an anmoni a acid gas stream in the incinerator
the amonia is ChlIM&ted to form N2 so that the gas stream wi thdrawn from
the incinerator al sqlbcont ah@éh&@o@%m&@?ngaé?uﬁél{nﬁa@rﬁﬁda &ad Feralfor bent

bed | eaves the said bed in the formo sfream . 26. A

ari
met hod accor di nﬁ%@ﬂ%%ﬁSle%fePéFns%g?rbur co p°““8 rising the

steps of:
(a) combusting said gas stream with an oxygen
containing gas in an incinerator to convert
the or each sulphur compound to at least one

sulphur oxide:;

(b) withdrawing from the incinerator a gas stream -
containing the or each sulphur oxide, and
directing said sulphur oxide containing gas
stream to an absorber having an absorbent bed
adapted to remove sulphur compounds:

(c) contacting said absorbent bed with a hydrogen
and/or hydrocarbon containing stream to
regenerate said absorbent bed by reducing the
sulphur compounds absorbed in said absorbent
bed to hydrogen sulphide and/or sulphur
dioxide, and thereby forming an off gas stream
containing hydrogen sulphide and/or sulphur
dioxide:; and

(d) recovering sulphur from said hydrogen sulphide
and/or sulphur dioxide bearing stream.

2. A method according to claim 1, wherein said

absorbent bed is provided in at least two fixed-bed
reactors, and sulphur oxide containing gas stream from
the incinerator is fed to a first one of said reactors
until the bed therein is spent absorbed sulphur
compounds; thereafter said sulphur oxide containing gas
stream is fed to a second one of said reactors; and said
'hydrogeh and/or hydrocarbon bearing gas stream is fed to
said first one of said reactors to form said off gas
stream and thus regenerate said first one of said-
reactors. '

3. A method according to claim 2, wherein said

sulphur oxide containing gas stream and said hydrogen
and/or hydrocarbon bearing gas stream are alternately
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amoni a acid gas streamis conbusted in the incinerator at a tenperature of
fromsubstantially [err] to substantially [err]. 27. A method-according
to claim25, wherein said anmmonia acid gas streamis conbusted with fuel

gas. 28. A met hod according to claim25, wher mlmmﬁ“gm d gas
streamis stoichiometrically combusted. 29. imm to cl a| m
25,~ wherein an oxygen containing gas is added to %ai r‘ntF'ogen and -

- sul phur oxi de containing gas stream.vwjat hdrawn from the incinerator. 30.

A met hod according to claim?25, whereTn said anmonia acid gas streamis
conbust ed wit h feddss emich mneoxfysaid reactors, whereby each bed is

first spent with said absorbed sulphur compounds, and
then regenerated by said hydrogen and/or hydrocarbon
bearing stream toc form said off gas streamn.

4. A method according to claim 1, wherein said
absorbent bed is in a fluidized bed system comprising a
reactor, a regenerator, a conduit for feeding spent
absorbent from  the reactor to the regenerator, and
another conduit for passing regenerated absorbent from
the regenerator to the reactor: and wherein said sulphur
oxide containing gas stream from the incinerator is fed
to the reactor to absorb said sulphur oxide on the
absorbent, and said hydrogen and/or hydrocarbon bearing
stream is fed to the regenerator to reduce said absorbed
sulphur compounds to said off gas stream.

5. A method according to claim 1, wherein said
absorbent bed comprises a fixed bed solid absorbent.

6. A method according to claim 1, wherein said
absorbent bed comprises a granulated moving bed solid
absorbent.

7. A method according to claim 1, wherein said
absorbent is a metal oxide, or a mixtures of metal
oxides, impregnated with a promoter.

8. A method according to claim 7, wherein the
metal oxide is alumina and the promoter is a rare earth.-

9. A method according to claim 7, wherein said
promoter is Ceoz and/or Pt.

10. A method according to claim 1, wherein the
solid absorbent is Mg/Al spinels.

11. A method according to claim 1, wherein the
solid absorbent is magnesium-aluminum-containing spinel
impregnated with vanadium and cerium.

' 12. A method according to claim 1, wherein the
solid absorbent is magnesium aluminate impregnated with
an oxygen promoter. .

1i3. A method according to claim 1, wherein said

off 'gas stream is directed to a Claus sulphur recovery
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31. A nmet hod according to claim25, wherein said nitrogen and sul phur
oxi de contai ni ng gas strean1contact|ng said solid absorbent bed -has—an

oxygen content of from substantially 0.10 vol%to substantially 10 vol %

32, A nmethod according to claim 31, wherein oxygen““i!lﬂlﬂi“]ﬁ lllﬂ'“l)
to

substantially 2 vol%to substantially 4 vol %
claim1, wherein said absorbent bed whi -Aabsor bi ng the sul phur oxi des’

thereon is operated at a GHSV of from- antially 500 to substantially
20,000, a pressure of fromsubstantially 0.1 atmto substantially 10 atm

(10 to 1000kPa) rae@gsa {/REPE" hu' %u%hﬁi-o%ﬁx%ﬁhégt la%lel YedrffertehO to

substantially [e t hod according to claim 33, wherein said GHSV
is from subst anfﬁ'ﬁ'}‘? a} (ﬁ)é‘ﬂq’(‘;‘ Tsubstantial ly 5,000, said tenperature is

from about [err] t014. A method according to claim 13, wherein said
absorber is operated at a témperature of substantially
900°F (482°C) to substantially 1,400°F (760°C).

1s. A method according to claim 13, wherein the
absorbent is reconstituted in the presence of water into
a form.which is active for further absorption of sulphur
oxides. :

16. A method according to claim 13, wherein said
absorbent increases in weight from substantially 10 to
substantially 60 wt. % due to absorbed sulphur oxides.

17. A method according to claim 13, wherein
greater than 70 vol. % of sulphur in the off gas stream
is in the form of sulphur dioxide.

18. A method according to claim 13, wherein the
gas stream containing sulphur compounds which is fed to
the incinerator contains carbon monoxide, and greater
than substantially 90 vol. % of said carbon monoxide is
converted to carbon dioxide.

19. A method according to claim 13, wherein said
oxygen containing stream contains sufficient oxygen such
that when it is introduced into the incinerator an
oxygen content of substantially 0.10 to substantially 10
vol. % is maintained in gases issuing from the
incinerator.

20. A method according to claim 13, wherein the
Pressure in said absorber is substantially 0.1 to
substantially 10 atmospheres (10 to 1000kPa).

21. A method according to claim 13, wherein said
absorber is operated at a temperature of from
substantially 900°F (482°C) to substantially 1,400°F
(760°C), a pressure of substantially 1 to substantially
2 atmospheres (100 to 200 kPa), and a GHSV (gas hourly
space velocity) of substantially 500 to substantially

50,000.
22. A method according to claim 21, wherein the
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substantially [err], and said pressure is from subst ] .
substantially 3.0 atm (150 to 300 kPa). 35. A net hod accomgﬁeo claim

25. wherein said absorbent bed while being regengm‘m\mi‘ at a
p

tenperature of fromsubstantially [err] to subst a

pressure of from substantially 0.10 to s Ps_tantial’fyiclo "at m (10 to .
1060kPa), and a GHSV of substantia-l-?l'y—lo to substantially 1,000. 36.

err] o about (oo, fh Snakasiiet d B crpdRaRFRE fol By o BBTER "

substantial |y 3.9ekstantially Fhee0; ahprespurecnfnsubsbantiallpel-to
substantially 2 atmospheres (100 to 200 kPa), and a

temperature of substantially 1,100°F (593°C) to
substantially 1,350°F (732°C).

23. A method according to claim 13, wheréin the
incinerator is operated at a temperature of
substantially 900°F (482°C) to. substantially 1,350°F
(732°C),” a pressure of substantially 1 atmosphere
(L00kPa), and a GHSV of suﬁstantially 2,000 to
substantially §,000.

24. A method according to claim 13, wherein said
absorber is operated at a temperature of substantially -
1,100°F (593°C) to substantially 1,300°F (704°C), a GHSV
of substantially 2,000 to substantially 5,000, a
pressure of substantially 0.5 to substantially 3
atmospheres (50 to 300 kPa), and oxygen in an amount of
about 2 to about 5 wvol % in the présence of a
ceria/alumina absorbent.

25. A method according to claim 1, wherein: said
gas stream containing at least one sulphur compound
which is fed to the incinerator is an ammonia acid gas
stream; in the incinerator the ammonia is combusted to
form 'N2 so that the gas stz_'eam withdrawn from the
incinerator also contains Nz: and the gas stream fed to
‘the absorbent bed leaves the said bed in the form of a
nitrogen bearing strean.

26. A method according to claim 25, wherein said
ammonia acid gas stream is combusted in the incinerator
at a temperature of from substantially 1500°F (816°C) to
substantially 2500°F (1371°C).

27. A method according to claim 25, wherein said
ammonia acid gas stream is combusted with fuel gas.

28. A method according to claim 25, wherein said
ammonia acid gas stream is stoichiometrically combusted.

29. A method according to claim 25, wherein an
oxygen cont;ining gas is added to said nitrogen and
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300 kPa), and said GHSV is from substantially 100 to substantially 150. 37.
A nethod according to claim25, wherein said nitreger—ant—stutphur—oxrde

containing streamw thdrawn fromthe incinerator is I heat

exchanger and to a condenser for reducing the terrpamﬂgam“nsﬂmmﬂﬁl ched
streamto fromsubstantially [err] to substantially'y M ndense
el enental sul phur out of said withdraws 3 ~reamas a |iquid sul phur stream

thereafter said wi thdrawn stream being | ooped back through said heat

exchanger to besubpipdt eskilde idontasnbad ands A3tdnead)ithadd2k) £kém the
substantial ly [gxr‘{__%n%er rclﬁfor contacting said solid absorbent bed. 38. A
met hod accordi ng Y%"r 25, wherein said ammonia acid gas streamis

combusted in an oxiWzi n amethodhacsorddng ta ghekwd28ccwherein tsaid ai m 25,
wherein said ni apRéRih MRAH YasSkELesh 1D BHIVEtHN HiRE" ekdeb8ta i A"

oxygen.
31. A method according to claim 25, wherein said

nitrogen and sulphur oxide containing gas stream
contacting said solid absorbent bed has an oxygen®
content of from substantially 0.10 vol% to substantially
10 vols. |

32. A method according to claim 31, wherein oxygen
content is from substantially 2 vol% to substantially 4
vols.

33. A method according to claim 1, wherein said
absorbent bed while absorbing the sulphur oxides thereon
is operated at a GHSV of from substantially 500 to
substantially 20,000, a pressure of from substantially
0.1 atm to substantially 10 atm (10 té 1000kPa), and a
temperature of from substantially 900°F (482°C) to
substantially 1400°F (760°C).

34. A method according to claim 33, wherein said
GHSV is from substantially 3,000 to substantially 5,000,
said temperature is from about 1,100°F (593°C) to
substantially 1,300°F (704°C), and said pressure is from
substantially 1.5 to substantially 3.0 atm (150 to 300
kPa).

' 35. A method according to claim 25, wherein said
absorbent bed while being regenerated-is operated at a
temperature of from substantially 900°F (482°C) to
substantially 1,400°F (760°C), at a pressure of from
substantially 0.10 to substantially 10 atm (10 to
1000kPa), and a GHSV of substantially 10 to
substantially 1,000. 36. A method according to clainm 35,
wherein said temperature is from about 1,100°F (593°C)
to about 1,300°F (704°C), said pressure is from
substantially 0.5 atm to substantially 3.0 atm (50 to
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incinerator or is vented. 40. Apparatus for renovi

ng sul phur froma gas

stream cont ai ni ng at | east one sul phur conpound, _conprising—-a)--an-

i ngi nerator for conbusting said gas streamw th an ox
convert the or each sul phur conpound to at |east o
means for contacting a sulphur oxide contaim

ygen contain ﬂg gas to
ﬂﬂ &ﬂ fron1the

ineinerator with an absorbent bed gdgpted to reane sulphur conpounds
from a sul phur oxide containing gas—stream w thdrawn fromthe

incinerator; (oo HRAYS EQ;IO%Eﬂ&rafs%t '1Q92§6hds§9§€£9€ﬂ11§§q.0l6yt%ont acting

stream whereby the

it wth a hydrogen drocar bon contal ni ng
sul phur conpouﬁf?é%ﬂ§8 B&HYlﬁ5gald absor bent

37. A method according to claim 25, wherein said
nitrogen and sulphur oxide containing stream withdrawn
from the incinerator is passed through a heat exchanger
and to a condenser for reducing the temperature of said
enriched stream to from substantially 2S50°F (121°C) to-
substantialiy 300°F (149°C) to condense elemental:
sulphur out of said withdrawn stream as.a liquid sulphur
stream, thereafter said withdrawn stream being looped
back through said heat exchanger to be reheated to from
substantially 900°F (482°C) to substantially 1,400°F
(760°C) for contacting said solid absorbent bed.

3s. A method according to claim 25, wherein said
ammonia acid gas stream is combusted in an oxidizing
atmosphere.

39. A method according to claim 25, wherein said
nitrogen bearing stream from said absorber is fed to an
incinerator or is vented.

40. Apparatus for removing sulphur from a gas
stream containing at least one sulphur compound,
comprising: ' .

(a) an incinerator for combusting said gas stream
with an oxygen containing gas to convert the
or each sulphur compound to at least one
sulphur oxide;

(b) means for contacting a sulphur oxide
containing gas withdrawn from the incinerator
‘'with an absorbent bed adapted to remove
sulphur compounds from a sulphur oxide
containing gas stream withdrawn from the
incinerator:;

(c) means for regenerating said absorbent ped by
contacting it with a hydrogen and/or
hydrocarbon containing stream, whereby the
sulphur compounds absorbed in said absorbent
bed are reduced to hydrogen sulphide and/or
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bed are reduced to hydrogen sul phi de and/ or é§zl_§ngth_gLQdee,
thereby form ng an off gas stream containi ng hydrogen sul phi de and/ or
sul.phur di oxi de; and (d) neans to recovering sulp “lmm\umrogen
sul phide and/or sul phur dioxide bearing strea \ ““‘

according to claim40, wherein said neaps_for recover f ng: st pfur *conpri ses

a Gl aus sul phur recovery apparat us. 42———‘ﬂpparatus accordlng to claim 40,

wherein the gas stream cont ai ni ng, at ast one .sul phur, ou i S_an

amoni a acid gas stream %H&?Qﬂﬁ/?%ﬁ*ﬁ rs SHES Y, ﬁﬂ$ tHe Trci $F at or
and the absorbent bed is smhgnmxtqmmalnang hydrogen sulphide and/pr

sulphur dioxide; and _

(d) means to recovering sulphur from said hydrogen
sulphide and/or sulphur dioxide bearing
stream.

41, Apparatus according to claim 40, wherein said
means for recovering sulphur comprises a Claus sulphur
recovery apparatus.

42. Apparatus according to claim 40, wherein the
gas. stream containing at least one sulphur compound is
an ammonia acid gas stream, whereby Nz is also formed in
the incinerator, and the absorbent bed is adapted not to
absorb the N, formed in the incinerator.

43. Apparatus according to claim 42, wherein said
combusting means operates at a temperature of <from
substantially 1500°F (816°C) to substantially 2500°F
(1371°C).

44. Apparatus according to claim 42, further
comprising means for supplying fuel gas to said
combusting means.

45. Apparatus according to claim 42, wherein the
contacting means and the regenerating means comprises at
least two fixed-bed reactors, each bed being formed of
said absorbent; and further comprising switching means
(1) for feeding said sulphur oxide containing gas stream
withdrawn from the incinerator to a first one of said
reactors until the bed therein is spent with absorbed
sulphur compounds, and thereafter (2) for feeding said
sulphur oxide containing gas stream to a second one of
said reactors while feeding said hydrogen and/or
hydrocarbon bearing gas stream to said first one of said
reactors to form said off gas stream and thus regenerate
said first one of said reactors.

'46. Apparatus according to claim 42, wherein said
contacting means comprises a reactor, and said absorbent
bed regeneration means comprises a regenerator; and
further comprising means for continuously feeding a
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absorb the [err] formed in the incinerator. 43.7 , Apparatus according to

claim42, wherein said conbusti ng neans operates; - of from
substantially [err] to substantially [err] 44.. IM’E"IWW%F“@d' ng to
claim 42, further conprising nmeans for supplying fTuel. gas 0 said _
conbusti ng nmeans. 45. Apparatus according to claim42, wherein the

contacting neans and the regenerating- As conprises at |least two

fi xed-bed reac S.:€a bed Jeing,. f f i bent.. and urther
conpri sing swi %ghmbzﬁég’h%fﬁé))s%& féeye.l nf%ga?gogyﬁg%%ea?%° eégoﬁéﬁi ni ng
gas stream wi t Fégenardtom tand fies PAFELBT Roftuidized ded &f said reactors

until the bed &-Qggﬁgpaiééds%gcz‘ﬂehh apeen bethé Ul RdyinazakeRUNEs, ERd

Second one of SRRGtPEACUBIREAR | S1ECATIISE (SR oHFLAIBABE 198 ooar bon
bearing gas st stzxeahofson ckle risicioaradbérsis dfed to said absorbent in
the reactor for absorbing said sulphur oxide, and means
for feeding said hydrogen and/or hydrocarbon bearing
stream to the regenerator -to reduce absorbed sulphur
compounds to hydrogen sulphide and/or sulphur dioxide,
and thus form said off gas stream.
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reactors to formsaid off gas stream and thus regenerate said first one of
sai d reactors. 46. Appar atus accordi:ng: to claim42, wherein said
coptacting means conprises a reactor, and said absorbent bed regeneration
means conprises a regenerator; and further conprising neans for
continuously feeding a -38- fluidized bed of spent absorbent fromthe

reactor to the regenerator, and for passing a fluidi zed bed of regenerated
absor bent frm@ﬁg@mxﬁwrm TROM, ACEAS, TR A Sul phu
oxi de cont ai ning gas str r R® incinerator is fed to said absorbent

in the reactor for absorbing sai d s ABSERAQIKi de, and neans for feeding said
hydr ogen and/ or hydrocarbon bearing streamto the regenerator to reduce

absor bed sul phur
A method and apparatus for removing sulphur from a gas

stream containing at least one sulphur compound,
comprising combusting said gas stream with an oxygen
containing gas in an incinerator to convert the or each
sulphur compound to at least one sulphur oxide. A gas
stream is then withdrawn from the incinerator, which
contains the or each sulphur oxide. The sulphur oxide
containing gas stream is then directed to an absorber
having an absorbent bed adapted to remove sulphur
compounds. The absorbent bed is then contacted with a
hydrogen and/or hydrocarbon containing stream to
' regenerate said absorbent bed by reducing the sulphur
compounds absorbed in said absorbent bed to hydrogen
sulphide and/or sulphur dioxide, and thereby forming an
off gas stream containing hydrogen sulphide and/or
sulphur dioxide. Finally, sulphur is recovered from said
hydrogen sulphide and/or sulphur dioxide bearing streanm.
The sulphur can be recovered by a Claus sulphur recovery
process. The hydrogen sulphide containing gas stream can
ke an ammonia acid gas stream, thereby causing N2 to be
formed in the incinerator. The N, is not absorbed in the

ab_sorbent bed.

{Figure 4 is suggested for publicatiom]

This is the replacement sheet

Date: 1 4 _JAN 1997



conpounds to hydrogen sul phide and/or sul phur di OXI de, and thus formsaid
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/5
o
28 - L4 g:.
| 50-,(2‘m&)2 ;_[ L
Y "0 e
| 02 s
20— i [ S0 . . MS0u k
A LO_ ’ "f,_O ! < ~ /4 -;
_ co, 26 | ==
Zé; 2 T~ l
/ S % .
8 Lj o,
B | 18 ]
_\2___;——"7{ 30—

Fc gure 1
This is the replacement sheet

‘Date: | & J}«“ 1991



2/5

This is the replacement shest

pate: 14 JAN 1997



26

—L » To Sulfur Plant Incinerator/Stack
A34
§ == To Sulfur Plant Combusier
n NH; + HoS Stream 124
/ .
™M . . .Nh
*.LS ne L

. < :m 122 - ,N o

Swream 7/ > i3 20— 28
e 114 . "4
' Combustor

This is the replacement shest

e 14 N 1997

Cooley 900-M00°F
, Tuw



4 914

This is the replacement sheet

14 N 1997

" Dates




5/5

"This is the replacement sheat

16 I 1987

Date:




