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GAS SEPARATION  This invention relates to a nethod and apparatus for
separating a gas mxture. In particular, it relates.to a nethod and b
apparatus for treating a feed gas stream conprisinp hyd®REryACTEDJMHE R SG
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subjected to a plurality of catalytic stages for further reaction between
sul phur di oxi de and hydrogen sul phide so as to formfurther sul phur vapour.
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vapour is then extracted fromthe resulti ng gas m xture. At |east .
further reaction between sulphur dioxide and hydrogen sulphide so as to form further sulphur
vapour. The further sulphur vapour is extracted from the gas mixture downstream of each
stage of catalytic reaction. A tail gas containing typically from 2 to 6% of the original
sulphur content of the acid gas is thereby formed. The tail gas sent for further treatment to

remove substantially all the remaining sulphur compounds.

Various proposals have been made for improving the Claus process. For example, oxygen or
oxygen-enriched air can be employed to support the combustion of hydrogen sulphide in the
initial stage of the process. Such use of oxygen or oxygen-enriched air has the effect of
increasing the rate at which an apparatus of a given size can accept acid gas for treatment.
EP-A-0 565 316 relates to a process in which downstream of the initial extraction of sulphur
vapour, at least part of the resulting gas mixture free of sulphur vapour, instead of being sent
to a catalytic stage for carrying out further reaction between hydrogen sulphide and sulphur
dioxide, is sent i‘o a catalytic reactor in which all its content of sulphur dioxide is reduced to

hydrogen sulphide. Water vapour is then extracted froni the resulting gas mixture. At least



-2- part of the gas mxture is recycled to the initial furnace. A nunber
of different exanples of such processes are disclosed in EP-A-0 565 316. In
one exanple, not all the gas m xture free of sul phur vapour is sent to the
catalytic reactor. A part of it is sent to at |east one further stage of
reaction between hydrogen sul phide and sul phur di oxi de. Further sul phur
vapour is therefore forned, and this sul” r vapour is extracted in a
further condenser. The gas m xture |leaving the further condenser forns a
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It is also disclosed in EP-A-0 565 316 that downstream of the extraction of water vapour, the
recycle or purge stream may be subjected to a further treatment to separate hydrogen sulphide
from other components thereof. It is disclosed that the gas stream may, for example, be
washed with an amine to effect such separation. The amine is able to separate hydrogen
sulphide from carbon dioxide. It is stated that such treatment is believed to be only of value
if the feed gas stream has a relatively high proportion, in total, of non-combustibles, or if in
some circumstances it is desired to omit further stages of reaction between hydrogen sulphide

and sulphur dioxide.

EP-A-0 500 320 discloses processes which are generally similar to those described in
EP-A-0 565 316, but which instead of reducing all the sulphur dioxide content of the gas

mixture free of sulphur vapour, oxidises the entire sulphide content of this gas mixture to



-3 - sulphur dioxide. As a result, a recycle gas m xture conpri sing

sul phur di oxi de and carbon dioxide is forned. The processes according to
EP- A-0 500 320 and 0-565 316 offer the advantages of increased effective
conversi on of hydrogen sul phide to sul phur vapour in the initial furnace
and a substantially reduced requirenent for catalytic reaction between

hydr ogen sul phi de and sul phur di oxi de. Nohet hel ess, the processes disclosed
therein entail the formation of a purge stream which cannot be viewed as
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EP-A-0 212 297 discloses Claus processes operated at such an elevated pressure that water
vapour is condensed and extracted with the sulphur vapour downstream of the Claus furnace.
The bulk of the resulting gas stream is recycled to the Claus furnace. The remainder passes
through a tail gas clean-up unit including an incinerator and a fractionator. Sulphur dioxide

from the fractionator is recycled to the Claus furnace.

It is an aim of the present invention to provide a method and apparatus which enables a gas
mixture comprising hydrogen sulphide, sulphur dioxide and carbon dioxide to be separated
into a purge stream essentially free of compounds of sulphur and a stream relatively rich in

hydrogen sulphide or sulphur dioxide.

According to the present invention there is provided a method of treating a feed gas stream

comprising hydrogen sulphide and carbon dioxide, comprising the steps of:

3] oxidising to sulphur dioxide part of the hydrogen sulphide content of the feed gas
stream and reacting resulting sulphur dioxide with hydrogen sulphide so as to form

sulphur vapour and water vapour;



stream and reacting resulting sul phur dioxide with hydrogen sul phide so as
to form sul phur vapour and water vapour;

-4 - (i) extracting so formed sul phur vapour without extracting water
vapour fromthe reacted feed streamso as to forman internedi ate
gas stream conpri sing hydrogen sul phi de, sul phur di oxi de, carbon

di oxi de and wat er vapour; (i) form"rfb' a converted gas stream

conpri sing carbon di oxi de and only one sul phur conmpound sel ect ed
from hydr digen sxirghing so dmhed dubphur vepax mdthobtextraotingy watagvagouhfom the reacted! |
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resul ting sul phur di oxide with residual hydrogen sul phide so as to
form sul phur vapour and

(iv)  drying and compressing the converted gas stream;

(v)  subjecting at least part of the dried and compressed converted gas stream to fractional
distillation so as to form a first fraction essentially free of the selected sulphur

compound and a second fraction enriched in the selected sulphur compound; and
(vi)  venting from the process a stream of the first fraction.

The invention also provides apparatus for treating a feed gas stream comprising hydrogen

sulphide and carbon dioxide, comprising:

(&)  afurnace for conducting both the oxidation to sulphur dioxide and water vapour of a
part of the hydrogen sulphide content of the feed gas stream and reaction of resulting
sulphur dioxide with residual hydrogen sulphide so as to form sulphur vapour and

water vapour;

(b)  asulphur condenser for the extraction of the so-formed sulphur vapour without the co-
extraction of water vapour from the reacted gas stream so as to form an intermediate
gas stream comprising hydrogen sulphide, sulphur dioxide, carbon dioxide and water

vapour;



wat er vapour; (b) a sul phur condenser for the extraction of the

so-fornmed sul phur vapour w thout the co- extraction of water vapour
fromthe reacted gas streamso as to forman internedi ate gas stream
conpri sing hydrogen sul phide, sul phur dioxide, carbon di oxi de and water
vapour ; -5 - (c)

a reactor for forming a converted gas stteam containi ng carbon di oxi de and
only one sul phur conpound sel ected from hydrogen sul phi de and

sul phur di oxi de by conversion of either all the sul phur dioxide
content of the internmedi ate gas streamto hydr ogen sul phi de or al

the hydrogéh sud jsastarios ferming aspnyariedigas srersticaitainigs sabpp digwide and only gne
sul phur di oxi de; d nmean r. dryi ng and ns for .conpressing the
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sul phur co und; and () an outlet fromthe distillation columm
for venting frofstipeuagiesidst us a stream of t he first fraction. By

the term"essentially free of the selected sul phur conpound"” as used herein
is meant that the first fraction contains |ess than 1% by vol une of the

sel ect ed s¢dh phuhesiRToOdtthe didehems Bdnconiphéssinigthd cdnvagdéd &R stemai ns | ess
t han 1000 volumes per mllion, nore prefer abf’y | ess
()  atleast one distillation column for fractionally distilling at least part of the dried and
compressed converted gas stream so as to form a first fraction essentially free of the
selected sulphur compound and a second fraction enriched in the selected sulphur

compound; and

® an outlet from the distillation column for venting from the apparatus a stream of the

first fraction.

By the term “essentialljr free of the selected sulphur compound” as used herein is meant that
the first fraction contains less than 1% by volume of the selected sulphur compound.
Preferably, the first fraction contains less than 1000 volumes per million, more preferably less
than 100 volumes per million of the selected sulphur compound. The stream of the first
fraction may therefore be vented to the atmosphere or flared. If the sulphur compound is
hydrogen sulphide the stream of the first fraction is preferably incinerated upstream of being

vented.

Preferably, the entire dried and compressed converted gas stream is passed to the fractional
distillation, and a stream of the second fraction is recycled to the said step (i). (The recycle
stream may be premixed with the feed gas stream and/or introduced separately into the
furnace. The seﬁarate introduction may be into a flame zone or a downstream thermal

reaction zone, or both.) Alternatively, only part of the dried and compressed converted gas



than 100 volunes per mllion of the sel ected sul phur conpound. The stream
of the first fraction may therefore be vented to the atnosphere or flared.
I the sul phur conpound is hydrogen sul phide the streamof the first
fraction is preferably incinerated upstream of being vented. Preferably,
the entire dried and conpressed converted . gas streamis passed to the
fractional distillation, and a stream of'?he second fraction is recycled to
the said step (i). (The recycle stream may be prem xed with the feed gas
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conver si onydegp terms of all the sul phur conpounds entering step (i) remains
at a conventional level, e.g. in the order of 70% If it is wished to
avoid a recycle to step (i), the dried and conpressed converted gas stream
Is preferably sent to a _separate C aus sel ect.ed conpound
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step (i) are preferably perfornmed in at |east one furnace. If desired, a
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furnace. | fe$HGREXARIGHonSits BEHAE i lokgdd i8Fhe oxidant is kept to a minimum;
accordingly an oxidant containing at least 90% by volume of oxygen is preferred.
The reactions of step (i) are preferably performed in at least one furnace. If desired, a part of
the reaction of sulphur dioxide .with hydrogen sulphide may be performed catalytically ina
reactor separate from and downstream of the furnace. In such examples, sulphur extraction
takes place upstream and downstream of the catalytic reaction between hydrogen sulphide
and sulphur dioxide. It is an advantage of the method and apparatus according to the
invention that they can generally be operated without there being any catalysed reaction
between hydrogen sulphide and sulphur dioxide. The catalysed reaction may, however, be
advantageously included if it is desired to keep down the rate of recycle to step (i), for
example, in order to maintain an adequate flame temperature if the feed has a relatively low

concentration of combustibles and the recycle gas comprises sulphur dioxide.

If the oxidant is rich in oxygen, for example, if it comprises at least 90% by volume of
oxygen, or if the feed gas has a high proportion of combustibles, for example, 70% or more
by volume, and ‘;Sarticularly if both of the above conditions apply, the oxidation of step (i)

may need to be performed in two separate furnaces, preferably arranged in series, if desired,



t akes pl ace upstream and downstream of the catalytic reaction between

hydr ogen sul phi de and sul phur dioxide. It is an advantage of the nethod and
apparatus according to the invention that they can generally be operated

wi t hout there being any catal ysed reaction between hydrogen sul phi de and
sul phur di oxi de. The catal ysed reaction may, however, be advantageously
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(i). If the feed gas streamis free of ammoni a sone of the feed nmay by-pass
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ratio reduces the anmbunt of reduction in step (iii). Typically, the nole
stoichiometric ratio and arises from the recycle of hydrogen sulphide to step (1). The super-
stoichiometric mole ratio reduces the amount of reduction in step (iii). Typically, the mole

ratio is in the range 0£2.5:1 to 4:1.

If, on the other hand, the selected sulphur compound is sulphur dioxide, the mole ratio of
hydrogen sulphide to sulphur dioxide ir} the intermediate rate gas stream is preferably sub-
stoichiometric, i.e. less than 2:1. The sub-stoichiometric mole ratio is a result of a greater
percentage conversion of hydrogen sulphide to sulphur dioxide than occurs with the
stoichiometric ratio and is a consequence of the recycle of sulphur dioxide to step (i). The
sub-stoichiometric mole ratio reduces the amount of oxidation in step (iii) but increases the
amount of hydrogen sulphide that is subjected to combustion in step (i). There is some
freedom in selecting the relative amounts of oxidation of hydrogen sulphide that takes place
in step (iii) and step (i), although the total amount of oxidation of hydrogen sulphide in the

two steps remains approximately constant. The mole ratio of hydrogen sulphide in the feed



ratio is in the range of 2.5:1 to 4:1. If, on the other hand, the

sel ected sul phur conpound is sul phur dioxide, the nole ratio of hydrogen
sul phide to sul phur dioxide in the internediate rate gas streamis
preferably sub- stoichionmetric, i.e. less than 2:1. The sub-stoichionetric
nole ratio is a result of a greater percentage conversion of hydrogen

sul phide to sul phur dioxide than occurs-8i-th the stoichionetric ratio and
i s a consequence of the recycle of sul phur dioxide to step (i). The
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can therefore be a further source of hydrogen for the reduction of sulphur dioxide in step (iii).

Preferably, if the selected sulphur compound is hydrogen sulphide, the gas stream comprising
hydrogen sulphide, sulphur dioxide and carbon dioxide enters step (iii) of the method
according to the invention at a temperature of at least 250°C. More preferably, the
temperature is in the range of 275 to 350°C. Catalysts suitable for the reduction of sulphur
dioxide are well known in the art. The catalyst may, for example, be a cobalt-molybdenum
catalyst. Such catalysts also catalyse the water gas shift reaction between carbon monoxide
and water vapour. Therefore water vapour and any carbon monoxide in the gas stream can

react to form further hydrogen and carbon dioxide.

If the selected sulphur compound is sulphur dioxide, the oxidation of the hydrogen sulphide
content of the gas stream to sulphur dioxide is preferably performed at least in part
catalytically. The gas stream comprising hydrogen sulphide, sulphur dioxide and carbon
dioxide is prefera:bly preheated to a temperature of at least 200°C upstream of the catalytic

oxidation. The oxidant may be a gas containing molecular oxygen, for example, pure



Preferably, if the selected sul phur conpound is hydrogen sul phide, the gas
stream conpri si ng hydrogen sul phide, sul phur dioxide and carbon di oxi de
enters step (iii) of the nethod according to the invention at a tenperature
of at least 250[err]C. More preferably, the tenperature is in the range of
275 to 350[err]C. Catalysts suitable for the reduction of sul phur dioxide
are well known in the art. The catal yst 'r?ay, for exanple, be a

cobal t - ol ybdenum cat al yst. Such catal ysts al so catal yse the water gas
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" The drying of the converted gas stream preferably includes the step of adsorbing water
vapour therefrom. It preferably also includes upstream of the adsorption step, the steps of
cooling the converted gas stream so as to cause water vapour therein to condense, and
extracting condensate therefrom. In a preferred sequence of steps, the converted gas stream
passes through, in sequence, a steam raising heat exchanger, a desuperheating, direct contact,
water condenser, and an adsorbent bed containing adsorbent able selectively to adsorb water

vapour from the converted gas stream.

Particularly if the selected sulphur compound is sulphur dioxide, the drying of the converted

gas stream is preferably performed upstream of its compression.

Preferably, the oxidation according to the said step (i) is performed at a pressure in the range
of 1.5 to 2 bar absolute so as to facilitate its passage through the apparatus according to the

invention.



The drying of the converted gas stream preferably includes the step of
adsor bi ng water vapour therefrom It preferably al so includes upstream of
the adsorption step, the steps of cooling the converted gas streamso as to
cause water vapour therein to condense, and extracting condensate
therefrom In a preferred sequence of ste the converted gas stream
passes through, in sequence, a steanlrarégng heat exchanger, a
desuperheating, direct contact, water condenser, and an adsorbent bed
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difficulty will arise if the operating pressure of the single column does not exceed 20 bar

absolute.

The feed to the fractional distillation is preferably pre-cooled in indirect heat exchange with a
stream of the first fraction; if the selected sulphur compound is hydrogen sulphide, the feed to
the fractional distillation may also be pre-cooled in indirect heat exchange with a stream of

the second fraction.

The feed to the single distillation column preferably enters the column at an intermediate

level thereof.

Fluids for cooling the condenser associated with the top of the single column and for heating
a reboiler associated with the bottom of the single column may be selected in accordance with
the respective condensing and reboiling temperatures. If the selected sulphur compound is
hydrogen sulphidfa, propane may be employed to heat the reboiler and ethane to cool the

condenser.



operating pressure of the single colum is particularly high. Typically,
however, no such difficulty will arise if the operating pressure of the
singl e col um does not exceed 20 bar absol ute. The feed to the fractional
distillation is preferably pre-cooled in indirect heat exchange with a
streamof the first fraction; if the sel fted sul phur conpound is hydrogen
sul phide, the feed to the fractional distillation my also be pre-cooled in
i ndirect heat exchange with a stream of the second fraction. The feed to
t he si ngl df disired,lachieving thoheoessapy iecandeysingtemperatire maylberfacititatehby
associ at ed

I nternmedi ate | evel thereof .Fluids f.or copling the condepser
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necessary | ow condensing tenperature nmay be facilitated by enploying a
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heat exch 10 d1ma, fluird taken fromand returned to the air separation
pl ant . If desired, a plurality of distillation colums nay be used to
performthe distillation instead of a single colum. | f desired, work may

be recovered fromthe stream of e fjrst fractign, for exanple
I?des];re(?, work may be recovereé ft;omt e stream of the grst fractEon, )fgorrgcamp@/ by

expanding the stream in an expansion turbine with the performance of external work such as
the generation of electrical power. The stream of the first fraction is preferably pre-heated to

above 200°C upstream of the expansion turbine.

The method and apparatus according to the invention offer substantial advantages over
known Claus processes. In particular, there is no requirement either for catalytic stages of
Claus reaction or for a tail gas clean up unit, even when stringent requirements regarding the
sulphur content of the vent stream are to be met. Further, in preferred examples of the
method and apparatus according to the invention it is possible to achieve effective
conversions of hydrogen sulphide to sulphur approaching 100% (i.e. the ratio of sulphur
atoms in the fresh feed to the sulphur atoms in the sulphur product leaving step (i)), this
degree of conversion being made possible by virtue of recycle of a stream of the second
fraction to step (i). Further, no blower or fan is required fo pass a stream of the second

fraction to step (i) of the method according to the invention.
The method and apparatus according to the invention will now be described by way of
example with reference to the accompanying drawing which is a schematic flow diagram of a

sulphur recovery plant.

The drawing is not to scale.



expandi ng the streamin an expansion turbine with the performance of
external work such as the generation of electrical power. The stream of the
first fraction is preferably pre-heated to above 200[ err] C upstream of the
expansi on turbi ne. The net hod and apparatus according to the invention

of fer substantial advantages over known Cl aus processes. |In particular,
there is no requirement either for catatldic stages of Cl aus reaction or
for a tail gas clean up unit, even when stringent requirenents regarding
the sul phyefeeoid Rthe Sawife aiffdkoghlsaRNldRIEntathiREIeeR bas Sittaigpicallp preferred
exanpl es of the method and apparatus according to the invention it S
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thermal r In the formof a refractory |ined furnace 6 typically

t hr ough o(ﬁ%%e%éc’}u%ﬁgll 8 thereof or through a side wall at a position close

to the end wall 8 at right angles to the axis of the furnace. The burner 4

is also supplied separately fromthe pipeline 10 with a stream of oxygen
(that has Seesral chemicahteadtionsdakeplage iorthe Se hitstythergiare 2 prabenafgiierent

combustion reactions depending on the composition to feed gas. If the feed gas contains one
or more hydrocarbons, these components react with oxygen to form carbon dioxide and water
vapour. If ammonia is present, it is oxidised to nitrogen and water vapour provided that an
adequate temperature (preferably above 1300°C) is created in the furnace 6. It is important to
ensure that essentially complete destruction of ammonia does take place, as any residual
ammonia may partake in undesirable side reactions forming substances that deposit a solid on
catalyst in a downstream catalytic reactor thereby reducing its efficiency and increasing the

pressure drop to which the gas stream is subjected as it flows through the illustrated plant.

The main combustion reaction is the burning in a flame zone (not shown) of hydrogen
sulphide to form water vapour and sulphur dioxide. The relative rates of supply of oxygen
and combustibles to the furnace 6 are such as to ensure the complete destruction of ammonia
and hydrocarbons (if any) present and combustion of a chosen proportion of the hydrogen

sulphide content of the feed gas.

Other important reactions that take place in the flame zone of the furnace 6 are the thermal

dissociation of a part of the hydrogen sulphide into hydrogen and sulphur vapour and also



streamtypically contains at |east 90% by vol une of oxygen and may be
separated fromair by, for exanple, pressure sw ng adsorption or fractional
distillation at cryogenic tenperatures. Several chem cal reactions take
place in the furnace 6. Firstly, there are a nunber of different conbustion
reactions depending on the conposition to feed gas. If the feed gas
contains one or nore hydrocarbons, thesel3conponents react with oxygen to
form carbon di oxi de and water vapour. If amonia is present, it is oxidised
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hydr ocarbon present in the feed gas, and also a small anount of carbon
oxysul phi de (carbonyl sul phide) by reaction between carbon nonoxi de and
sul phur . Hugenhed, it isardfemed to employ a high flame temperature (e.g. 1300 -1650°C) so as to

favour the reaction between hydrogen sulphide and sulphur dioxide and also to favour
thermal dissociation of hydrogen sulphide. In operating the burner 4 and furnace 6, care
should of course be taken to avoid causing damage to the furnace lining. The angle and
position of entry of the burner 4 into the furnace 6 and the flame configuration are chosen so
asto av.oic.l such damage. The thermal dissociation of hydrogen sulphide has a cooling effect

and this is taken into account in selecting the position and angle of entry of the burner 4.

As a result of the reactions that take place in the furnace 6, a gas stream typically comprising
hydrogen sulphide, sulphur dioxide, water vapour, sulphur vapour, hydrogen, carbon dioxide,
carbon monoxide, argon and nitrogen with traces of carbon oxysulphide and carbon
disulphide leaves the furnace 6 through an outlet. 12, typically at a temperature in the range of
1300-1650°C. At such temperatures, some of the components of the gas stream are still
reacting with one another so it is difficult to specify the precise composition of the gas
mixture at this point. The gas stream passes from the outlet 12 directly into a waste heat
boiler 14 or other form of heat exchanger in which it is cooled to a temperature in the range of
250-400°C. Durii;g the passage of the gas stream through the waste heat boiler 14, there is a

tendency for some of the hydrogen to reassociate with sulphur to form hydrogen sulphide.



nonoxi de may react with water vapour by the water gas reaction so as to
form carbon di oxi de and hydrogen. Sul phur dioxide that is formed in this
furnace 6 reacts by the O aus reaction with residual hydrogen sul phide to
form wat er vapour and sul phur vapour. Typically, from60 to 70% of the

sul phur dioxide that is fornmed reacts w hydr ogen sul phide in the furnace
6. In general, it is preferred to enploy "a high flanme tenperature (e.qg.
1300 -1650[err]C) so as to favour the reaction between hydrogen sul phi de
and sul phuFhediooledcges sinchna(rsferted té hereimrasttheeinteminediateges stagamrpagsesiyomm dgen
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in the reactor 22 is present in the gas mixture itself. If, however, there is an excess of sulphur
dioxide, hydrogen is passed from an external source (not shown) into the catalytic reactor 22
via a pipeline 24 at a rate sufficient to cause complete reduction to hydrogen sulphide of all
the sulphur and sulphur dioxide present. The hydrogen may be generated on site, by, for
example, partial oxidation of hydrocarbon, preferably using pure oxygen or oxygen-enriched

air as an oxidant.

If any carbonyl sulphide and carbon disulphide are present in the intermediate gas stream,

they are hydrolysed in the catalytic reactor 22 in accordance with the respective equations:

COS +H,0 — CO, + H,S
CS, +2H,0 - CO, + 21,8

A reduced gas stream, now consisting essentially of hydrogen sulphide, water vapour, carbon
dioxide, nitrogeri and argon, leaves the catalytic reactor 22 and flows through a steam raising

heat exchanger 26 in which it is cooled to a temperature in the range of 100 to 200°C by



typically passed to a sul phur seal pit (not shown). The cool ed gas stream

| eaves the condenser 16 typically at a tenperature in the order of
140[err]C. The streamis heated downstream of the condenser 16 to a
tenperature of about 300[err]C, for exanple, by indirect heat exchange with
super heated steam in a reheater 20. The thus heated gas stream fl ows
into a catalytic reactor 22 which in onel&xanple of the nmethod according to
the invention includes a catalyst, for exanple, of cobalt and nol ybdenum
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- 15 - stream is made possible. Such pressure swing adsorption and temperature swing adsorption

‘dryers are well known in the art. They may typically use activated alumina or silica gel as the

adsorbent.

The flow rate of the gas stream from the adsorption unit 30 is considerably less than that of
the feed gas through the inlet in view of the removal of sulphur vapour in the condenser 16
and the water vapour in the condenser 28 and the adsorption unit 30. The gas stream flows
from the adsorption unit 30 in which its pressure is raised to a value greater than 5.3 bar
absolute. The compressor 32 has associated with it an aftercooler 34 for removing heat of
compression. The compressed gas stream flows from the aftercooler 34 through a main heat
exchanger 36 in which it is cooled to a temperature suitable for its separation by fractional
distillation. The thus cooled gas stream flows into a fractional distillation column 38 through
an inlet 40 located at an intermediate level of the column such that there are liquid-vapour
contact elements, typically in the form of structured packing, both below and above the level
of the inlet 40. The distillation column 38 has a condenser 42 associated with its top and a

reboiler 44 associated with its bottom.

The distillation column 38 is operated so as to provide a first or top fraction comprising

carbon dioxide, nitrogen and argon which is essentially free of hydrogen sulphide and a



I ndirect heat exchange with water and/or steam The thus cool ed gas stream
I's introduced into a desuperheating, direct contact water condenser 28. In
t'he condenser 28, the gas streamflows upwardly and conmes into contact with
descendi ng stream of water. The gas streamis thus cooled and a | arge
proportion of its water vapour condensed, the condensate entering the
descending liquid stream The condenser'ﬂé'preferably contai ns a random or
structured packing (not shown) so as to facilitate nass exchange between
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di oxi de, nitrogen and argon which is essentially free of hydrogen sul phide

and a condenser 46 may be provided by a vaporising stream of liquid oxygen or liquid nitrogen
taken from an air separation plant (not shown). The resulting vaporous oxygen or nitrogen
may be returned to the air sepafétion plant (not shown). The condensed first fraction is
returned to the top region of the distillation 38 as reflux. A part of the first fraction by-passes
the condenser 42 and flows through the main heat exchanger 36 countercurrently to the gas
mixture flowing to the distillation column 38. It therefore effects at least part of the pre-

cooling of the feed to the distillation column 38 and is itself warmed to approximately

ambient temperature.

The second fraction flows from the bottom of the distillation column 38 into the reboiler 44
in which it is reboiled by indirect heat exchange with a condensing stream of heat exchange
fluid, for example n-propane. Typically, the reboiling temperature is in the order of -18°C
depending on the composition of the second fraction and the pressure at which the distillation

column 38 is operated. The reboiler 44 is associated with a secondary boiler 48 in which the



- 16- second or bottomfraction typically containing at |east 50% by

vol unme of hydrogen sul phide, the bal ance being essentially carbon dioxide.
The operating pressure of the distillation colum 38 is selected so as to
ensure that it is greater than the triple point pressure of carbon dioxide
(5.3 bar) and to ensure that the condensing tenperature in the condenser 42
is several degrees higher than the solidilfication point of the carbon
dioxide in the first fraction. Typically, for exanple, the condensing

t enperat ur I iRdi %dhen SLORRR irReaapletdngbiemasyi ti on
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38. A par tsteafn. tThe résultitg fapact then floasdesk tsthe egboiler 44nt 0 t he condenser 42
fromthe top of the colum 3 8. This part is condensed by indirect heat
exchange with vaporising liquid, for exanple, liquid ethane. The pressure
to which the vapori si l.i qui . ' hect j: t i Aoi 11 ng
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colum 38 and is itself warnmed to approxi mately anbient tenperature. The
second f r agdriroendfdfshesmbindrent érchbuger 3Mmaod therexpatisiani devigeiS8n col um 38 into
the reboiler 44 in which it is reboiled by indirect heat exchange with a
condensi ng stream of heat exchange fluid, for exanple n-propane. Typically,
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-17- second fraction may be premixed with the incoming hydrogen sulphide in the pipeline 2, may
be introduced into the flame region (not shown) of the furnace 4, or may be introduced into
the furnace 4 at a region downstream of the flame region. Alternatively, a combination of
two or more of these measures may be used. The relative rates of flow of hydrogen sulphide,
other combustibles and oxygen into the furnace 4 are chosen so as to ensure that all ammonia
and hydrocarbons are destroyed without creation of an excessive temperature (e.g. above
about 1650°C) at the furnace wall such that there is a substantial risk of damaging the
refractory with which the furnace is lined. Since there are no downstream catalytic Claus
stages, the conventional need to adjust the flow rates such that the mole ratio of hydrogen
sulphide to sulphur dioxide in the gas mixture exiting the condenser 16 is approximately the
stoichiometric ratio of 2:1 need no longer be observed. Indeed, it is generally preferred that
the flow rates of the respective streams into the furnace 4 are selected such that the mole ratio
of hydrogen sulphide to sulphur dioxide in the gas mixture exiting the condenser 16 is

substantially above the stoichiometric mole ratio of 2:1. As a result, even if the proportion of



liquid propane is revaporised by indirect heat exchange with for exanple
anbient air or steam The resulting vapour then flows back to the reboiler
44, A part of the reboiled second fraction is returned to the
distillation colum 38 and provides and upward fl ow of vapour therethrough.
That part of the reboiled second fraction which is not returned to the
distillation colum 38 is typically wara8l-to anbi ent tenperature by
passage through at |east a part of the main heat exchanger 36
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fraction to the furnace 4, the overall rate of feed of hydrogen sul phide to

that furnace is substantially increased. The returning streamof the second
fraction may be prem xed with the incom ng hydrogen su] phide in the
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ratio of 2:1. As a result, even if the groportlon of .
taken from the second fraction produced in the distillation column 38 may be taken as a side
stream either from a position downstream of the adsorption unit 30 but upstream of the
compressor 32 or from a position downstream of the aftercooler 34. If the recycled stream is
taken from the former of these two positions, a fan (not shown) may be used in order to create
the necessary flow. Ifit is taken from the other position, an expansion device (not shown) is
employed to reduce the pressure of the recycle gas stream to the operating pressure of the
furnace (which is normally in the range of 1.5 to 2 bar). Such recycle, however, has the effect

of increasing the flow of non-reacting gases to the furnace 6 and therefore increases the

furnace volume required to treat a given flow of hydrogen sulphide-containing feed gas.

In another modification to the plant shown in the drawing, the catalytic reactor 22 is so
operated that it oxidises to sulphur dioxide all the hydrogen sulphide content of the reheated
gas stream. In order to effect this oxidation, air or oxygen is introduced into the catalytic

reactor 22 through the pipeline 24. The catalytic reactor includes a single stage even if pure



-18- non-conbustibles in the feed gas to the furnace 4 is |ess than 30% by
vol unme and the oxygen fed to the furnace 4 is essentially pure, the
creation of an excessive tenperature in the furnace 4 nmay be difficult to
avoid unless the furnace 4 is split into two separate stages each with its
own feed of hydrogen sulphide-containingggas and oxygen, there being a
waste heat boiler (not shown) and, if destred, a sul phur condenser (not
shown) between the two stages. The stream of the first fraction that is
war med i nokjeniBigedhedtic (xiddmMNThe tdfper@yrelad tisegs eheriag tHearsctor 22/ Bnysidaltyo

t he atnosphere. If desired, it may be heated to above 200[err]C in a heat
exchanger if thetordsn0fiAY0°&n dl hexqatalvis tnayfornexample broa ognventional peidptiomentelystoil a
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necessary flow. |f it is taken frgmthe other sition,. an expansion device
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of non-r eagpisee thefman Heat txvhahgirisead Bloasditkby withe expansivededse 50 Ther nace
volune required to treat a given flow of hydrogen sul phi de-contai_ning feed
gas. | nregyelerstreammenyrbedakanofiomany 19é thei a&ﬁver@%gimed pPsitipas hutus prgleraii a

catal ytic react 22 1 Q..0pe ed bt oxi di. O] al |
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reactor 22 through the pipeline 24. The cat alfyt ic reactor includes a single
st age evenlioxidepitripgenerally preferred that the flow rates of the respective streams into the furnace

4 are selected such that the mole ratio of hydrogen sulphide to sulphur dioxide in the gas

mixture exiting the condenser is substantially less than the “stoichometric” ratio of 2:1. Since

a substantial portion of the sulphur dioxide entering the furnace 4 is provided in the recycle

stream from the distillation column 38, the creation of an excessive temperature in the furnace

4 is readily avoidable even if the feed gas contains more than 70% by volume of combustibles

and the oxygen feed thereto is at least 90% pure.

In another modification a stream of the first fraction may be used as a purge gas in the

regeneration of the adsorbent beds of the unit 30.

The method according to the invention is further illustrated by the examples set out in Tables
1 and 2. Table | relates to operation of the method when the selected suiphur compound is
hydrogen sulphiefe, and Table 2 to operation when the selected sulphur compound is sulphur

dioxide.



-19- oxygen is used as the oxidant. The tenperature of the gas entering
the reactor 22 is typically in the order of 250[err]C. The catalyst may for
exanpl e be a conventional oxidation catalyst of a kind well known in the
art. As a result of oxidising all the hydrogen sul phide and sul phur in the
gas streamto sul phur dioxide in the reactor 22, the gas leaving this
reactor consists essentially of sulphur'époxide, wat er vapour, carbon

di oxi de, nitrogen and argon. The presence of sul phur dioxide in this gas
m xture i nkitkaekagipldgedoodamabld Rhhelfurfrs 4aosiphiséstnoi stdges Withcthe Geeds be
operation of the heat exchanger 36, and the distillation colum 38 and its
associ at edoygpwihydiogemsulmiide cenaininggps meinpee andreeyclsgasusplit betwiean the stages,

i ncreased tq ahove ient.te rature with the result that hot water o
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expansi on devjce 50. The recycle stream may be taken from any of the
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fraction. £ 2241 Xk di S eactor, Wi th the result that
all the hy%%%t lgﬂ;)1ggﬁaq§h?%gncg%§§%n%ﬁél}n%v%ptg&E? gn{tﬁg gas streamentering it
are oxidised to sul phur dioxide, it is generally preferred that the flow
rates of the respective streans into the furnace 4 are sel ected such that
t he nol e rlattheexampls/stt ogtdn Tablehithefurmacs 4 qomprisel asingle sfage asishayasinFigenerle
exiting the condenser is subs ﬁ%gﬁl |y less than the "stoichonetric" ratio
of 2:1. Si E‘gaanseﬁfﬁé"t"%?ﬁr?tgfe?)% Yor of the sul phur dioxide entering the
furnace 4 is provided in the recycle streamfromthe distillation colum
38, the creation of an excessive tenperature in the furnace 4 is readily
avoi dabl e ke Tabled diefldvee.ecofiswaars)pdra i kgusi/rhan 70% by vol une of

conbusti bl es and the oxygen feed thereto is at | east 90% pure. I n anot her
nodi fication a streamof the first fraction my be used as a purge gas in
the regeneration of the adsorbent beds of the unit 30. The met hod
according to the invention is further illustrated by the exanpl es set out
in Tables 1 and 2, Table 1 relates to operation of the nethod when the

sel ect ed sul phur conpound is hydrogen sul phide, and Table 2 to operation
when the sel ected sul phur conpound is sul phur di oxide.
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In the exanpl e set out

in Table 1,
stages with the feeds of oxygen,
and recycle gas split between the stages,
shown in the draw ng) between the t wo sta?jes o)

the furnace 4 conprises two
hydr ogen sul phi de contai ning gas m xture
and with a waste heat boiler (not

flowi ng fromthe upst reamSstas
hydrogen formed in thelfyrnacs
cooling in the waste hgag bogl
hydrogen from an extenfaP sourn

pi peline 24 may be om
furnace 4 conprises a
tenperature of 1440][ ef
in kgnol / hr.
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iii) formng a converted gas stream conprising carbon dioxide and only one
sul phur conpound Selected from hydrogen sul phi de and sul phur di oxi de by

ctrean | TFIMDUNTS & o5en <6 o 62 75T e rogen: Surm ™

content &f the | mtesned a gas streamto sul phur di oxide;
V) drying and conpressing the convert-éd-gas stream V)
subjecting at |east part of the dried and conpressed converted gas stream
to fractional distillati opAMSs to forma first fraction
essentially free of the sel ect ed sul phur conpound and a
second fraction enriched in the selected sulphur conmpound,;

and Vi .a st m of the first ction e t he
Grying of De. ool (R B ibsh i sirim campriang budoE Sinp A, s
vapour therefrgpid teps of:

Toa- gy Avde, comprising the Steps O laim 1, in which all of the

i nternmedi ate gas streami s subj ected to the conversion of step

iii).
( ) i) oxiding to sulphur dioxide part of the hydrogen sulphide content of the feed
gas stream and reacting resulting sulphur dioxide with hydrogen sulphide so as

to form sulphur vapour; and

ii) extracting so-formed sulphur vapour without extracting water vapour from the
reacted feed gas stream so as to form an intermediate gas stream comprising

hydrogen sulphide, sulphur dioxide, carbon dioxide and water vapour;

iiiy  forming a converted gas stream comprising carbon dioxide and only one

' sulphur compound selected from hydrogen sulphide and sulphur dioxide by
converting either all the sulphur dioxide content of the intermediate gas stream
to hydrogen sulphide or all the hydrogen sulphide content of the intermediate

gas stream to sulphur dioxide;
iv)  drying and compressing the converted gas stream;

v) subjecting at least part of the dried and compressed converted gas stream to
fractional distillation so as to form a first fraction essentially free of the
selected sulphur compound and a second fraction enriched in the selected

sulphur compound; and
-vi)  venting a stream of the first fraction.

2) A method as claimed in claim 1, in which all of the intermediate gas stream is

subjected to the conversion of step (iii).
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A nmethod as clraimedin claim1, in which the entire dried and

corrpresse gas streamis passed to the fracti onal
dl stillat mmﬂmﬂ mliH of the second fraction is recycled to the

aid step fret hod as clainmed in claiml, in which only part of
the dri ed and conpressed converted gas streamis passed to the
fractional distillation, and the remai nde¥* 1 her eof Is recycled to
the said step i). 5) A nmethod as claimed in claim1, in which the

sel ected cpNPoUAGhdtiodwsbIAlaRd in claim 1, fiwhichdee aice ddirel anoll ;ompaedsed cdnverted
hydr ogen sul phide to sul phur dioxide in the reacted ream, at,
the end of stepgasisityam és passechio the frgetiol @sgllqmpoamiagream )thc Secﬁ“ﬁirg"lam i8s
claimed in claim1l ?ﬁi E/n { he, sel ected sul phur conpound is sul phur

di oxi de and i n SAYRE! forthe 5 éePaﬁlo of hydrogen sul phide in the feed gas
streamto nol ecul ar oxygen entering step (i) is in the range 2.5:1
to 4:1. 7) A nethod as clainmed in claiml, in which the feed to the
fracti onal 4)di st Alohethddas dl&infeden claim 1, in wbmhenily partl ofdhe dided mOnaxcssaqhge
with a streamof the first fraction, tusfo

treat,i
gas stream conpeonyegigs ga,mﬁrég@ns 9%5% fofhe &4@195@? non, and e 5?{}1@338' tﬁlt’-reofe

conpri si ng: ce for conductlng both the oxidation to
sul phur di oxi de' Séﬁc‘ﬁg %Fhesaui % vapour of a part of the hydrogen
sul phi de content of the feed gas stream and reacti on of

resul ting sul phur dioxide with residual hydrogen sul phide so as to
f orm sul phsir vapanethehas claitrend inapyene of claim 1, in which the selected compound is

hydrogen sulphide and the mole ratio of hydrogen sulphide to sulphur dioxide in the

reacted gas stream at the end of step (ii) is in the range of 2.5:1 to 4:1.

6) A method as claimed in claim 1, in which the selected sulphur compound is sulphur
dioxide and in which the mole ratio of hydrogen sulphide in the feed gas stream to

molecular oxygen entering step (i) is in the range 2.5:1 to 4:1.

)} A method as claimed in claim 1, in which the drying of the converted gas stream

includes the step of adsorbing water vapour therefrom.

8) A method as claimed in claim 1, in which the feed to the fractional distillation is pre-

cooled in indirect heat exchange with a stream of the first fraction.

9) Apparatus for treating a feed gas stream comprising hydrogen sulphide and carbon

dioxide, comprising:

a) a furnace for conducting both the oxidation to sulphur dioxide and water
vapour of a part of the hydrogen sulphide content of the feed gas stream and
reaction of resulting sulphur dioxide with residual hydrogen sulphide so as to

form sulphur vapour and water vapour;
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-25- 77 77b) = a sul phur condenser for the extraction of the so-forned

sul phur the co-extraction of water vapour
fromt he\mm“um H“ mlam so as to forman i nternedi ate

gas streamm COMPFI Sk N hydr ogen sul phi de, sul phur di oxi de,

carbon di oxi de and water vapour. C) a reactor for formng a
converted gas stream contai ning carbon di%xi de and only one
sul phur conpound sel ected from hydrogen sul phi de and sul phur

di oxi de by conviy si ofnsifiphgicohédnsat for tHeeexsa ot i xfod@ed sulpBit vapbuit Without
intermedi ate gas streamto hydrogen sul phide or all the hydrogen sul phide
content of the intertedpaxbagion eitwaemvapoursiion therregiteskgasestream so as to fagin an
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part of the carbond19§¥d‘é‘3n&%té‘r‘% 5gssed converted gas stream so as
to forma first fract ssentially free of the selected
sul phur conpound and a second fraction enriched in the

sel ect ed sul phur, conpound; and an outlet, fromthe

distillation coPum $% rﬁactoeFﬂr.fﬁgnms@fﬁom@tes;ﬂaaﬁta%%coaltaévmsmbon dioxide and

ctream i nei udes a urg 1Y PO “SRES S HE R FER-bEha kR b ahRe 4Rl FnerS
Apparatus as cl ai neddibgidé b@icBhersion ©F bihed Ail TRAMSHHUP dioRk@eSdontent BEthent i re
dried and conpressed converted gas streamto the distillation colum
and means for recyclintegmediate gas stream éahydrbgansulphideondllfthabydrogen sulphide

furnace.
content of the intermediate gas stream to sulphur dioxide;

d) means for drying and means for compressing the converted gas stream;

e) at least one distillation column for fractionally distilling at least part of the
dried and compressed converted gas stream so as to form a first fraction
essentially free of the selected sulphur compound and a second fraction

enriched in the selected sulphur compound; and

f) an outlet from the distillation column for venting from the apparatus a stream

of the first fraction.

10)  Apparatus as claimed in claim 9, including means for passing the entire dried and
compressed converted gas stream to the distillation column and means for recycling a

stream of the second fraction to the furnace.

11)  Apparatus as claimed in claim 9, including means for passing only a part of the dried
and compressed converted gas stream to the distillation column, and means for

recycling the remainder thereof to the furnace.
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-26- 10y -—Apparatus—as-clained in claim8, including nmeans for passing

only a paf, and conpressed converted gas streamto the
distill agijﬂ MI il}l Imﬂ ans for recycling the remai nder thereof
S L 8 p

to the f aratus as clainmed in claim@8, additionally
i ncluding a heat exchanger for pre- cooling the part of the dried
and conpressed converted gas stream upst'r%ﬁam of the distillation

colum in indirect heat exchange with a streamof the first fraction.
12)  Apparatus as claimed in claim 9, additionally including a heat exchanger for pre-

cooling the part of the dried and compressed converted gas stream upstream of the

distillation column in indirect heat exchange with a stream of the first fraction.
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