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CONFIGURATIONS AND METHODS FOR CLAUS PLANT OPERATION WITH
VARIABLE SULFUR CONTENT

This application claims priority to our copending U.S. provisional patent application
with the serial number 60/673495, which was filed April 20, 2005, and which is incorporated

by reference herein.

Field of The Invention

The field of the invention is sulfur recovery from acid gases, and especially acid gases

with variable and/or low sulfur content.

Background of The Invention

Among other significant operational parameters, flexibility to use diverse feed stocks
is often critical to economic operation of coal and coke gasification plants, Foi‘ example,
depending on the specific market conditions, desirable feed stocks can range from low sulfur
sub-bituminous coal to high sulfur bituminous coal or petroleum coke. As a consequence, the
hydrogen sulfide concentration in the acid gas that is separated from the sour syngas in the
acid gas removal unit often varies due to the varying sulfur content in different gasifier
feedstocks. This acid gas 1s often directed to a Claus sulfur recovery unit, where hydrogen
sulfide and other sulfur compounds in the gas are converted to saleable elemental sulfur.
However, and especially when hydrogen sulfide concentration in the acid gas 1s below a

critical level, Claus unit efficiency may drop to a critical level.

To improve Claus process efficiency for feed gases with relatively low sulfur content,
Claus plants may be run with oxygen as the oxidant (instead of air). Most typically, feed gas
to an oxygen-blown Claus plant should comprise at least 20-25 mol% of sulfur compounds to
maintain economic operation. Where the feed gas to the Claus plant is even leaner, treated
syngas (exiting the acid gas removal unit) or other support fuel must often be combusted in
the acid gas bumer/ﬂreactor to maintain proper temperature. Such an oxygen-blown Claus

plant with support fuel can process feed gases with hydrogen sulfide concentrations as low as

10 mol%.

Where the sultur concentration in the Claus feed gas drops below these critical levels
(e.g., below 10-25 mol%), addition of oxygen and/or supplementation with support fuel often-
fails to remedy the above problems in a practical or economic manner. In such cases, selective

acid gas removal treatment systems are employed in which hydrogen sulfide and carbon
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dioxide are sequentially removed from the sour syngas using relatively complex
configurations and low temperature as described, for example, i U.S. Pat. No. 4,430,316.
While such configurations tend to expand the usefulness of the Claus process in gasification
plants with low-sulfur feedstocks, various difficulties remain. Among other things, such
known selective acid gas removal configurations are often capital intensive, and require
relatively large quantities of energy. Moreover, such configurations typically do not allow for
flexibility and can only be used for a specific and narrow range of éasiﬁer sour syngas sulfur

concentrations.

Therefore, while numerous configurations and methods for Claus plant operation with
sour feed gas streams containing variable sulfur content are known in the art, all or almost all
of them suffer from one or more disadvantages. Consequently, there is still a need to provide
improved configurations and methods for treating feed gases with variable and/or low sulfur

content.

Summary of the Invention

The present invention is directed to configurations and methods of removing hydrogen
sulfide from a sour feed gas stream in which the hydrogen sulfide concentration is variable
and often low. In especially preferred configurations, a hydrogen sulfide enrichment stage 1is
added to a gasification plant to boost the hydrogen sulfide concentration in an acid gas
removed from gasified low-sulfur feedstocks (e.g. sour syngas) to allow Claus processing of
the hydrogen sulfide, and to provide a carbon dioxide stream that is recycled to the gasifier of
the gasification plant or exported for sale or sequestration. Such configurations will reduce
oxygen consumption and/or reduce the support fuel requirement in low-sulfur operation

mode, and can be bypassed in normal to high-sulfur operation mode.

In one aspect of the inventive subject matter, a method of treating a sour feed gas
includes a step of providing a first acid gas removal unit that produces from a sour feed gas
with variable hydrogen sulfide content (e.g., sour syngas, sulfur-containing refinery gas
stream, or sour gas stream from a partial oxidation unit) a first acid gas comprising carbon

dioxide and variable amounts of hydrogen sulfide. In another step, a second acid gas removal

)

unit (preferably using an amine solvent that is selective for hydrogen sulfide) is provided that
produces from the first acid gas a concentrated hydrogen sulfide stream and an impure carbon

dioxide offgas stream, and in still another step, the hydrogen sulfide content in the sour feed
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gas and/or the first acid gas is determined. In a yet further step, the concentrated hydrogen
sulfide stream and the first acid gas are fed to the Claus plant in a ratio that is determined by
the content of the hydrogen sulfide in at least one of the sour feed gas and the first acid gas.
Most preferably, the impure carbon dioxide offgas stream is fed to a Claus tail gas
compressor to form a compressed carbon dioxide offgas stream, which may be recycled to the

gasifier or exported for sale or sequestration.

It is generally preferred that all of the acid gas from the first acid gas removal unit be
fed to the second acid gas removal unit to produce a concentrated hydrogen sulfide stream
(e.g. enriched acid gas) that is fed to the Claus plant when the first acid gas stream has a

hydrogen suifide content of less than 20 — 25 mol%.

In another aspect of the inventive subject matter, a plant has a first acid gas removal
unit that removes acid gas from a feed gas having variable hydrogen sulfide content to
thereby provide a first acid gas stream that comprises carbon dioxide and variable amounts of
hydrogen sulfide. A second acid gas removal unit is fluidly coupled to the first acid éas
removal unit, configured to receive the first acid gas stream, and to provide a concentrated
hydrogen sulfide stream and a carbon dioxide offgas stream. A Claus plant receives at least
part of the concentrated hydrogen sulfide stream and the first acid gas stream, and a control
unit directs the first acid gas stream and/or the concentrated hydrogen sulfide stream to the
Claus plant as a function of a hydrogen sulfide concentration in the feed gas and/or the first

acid gas stream.

Such plants preferably include a conduit that provides at least a portion of the carbon
dioxide offgas stream to a Claus tail gas compressor to thereby form a compressed carbon
dioxide offgas stream, which may be fed to the gasifier of a gasification plant, and/or which
may be sequestered or further purified to form a sales gas. It is further preferred that the

control unit is configured such that the concentrated hydrogen sulfide stream 1s fed to the

- Claus plant when the sour feed gas has a sulfur content of between about 0.1 wt% to about 6

wt%, and that all of the first acid gas stream is fed to the Claus plant when the feed gas has a

sulfur content of above & wt%.

In a further aspect of the inventive subject matter, a method of modifymg a
gasification plant may include a step of determining that gasification ot a low-sulfur

feedstock will result in an acid gas stream in an acid gas removal unit of the gasification plant

3
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that 1s not suitable for feeding to an existing Claus plant. In another step, an acid gas
enrichment unit (e.g., using an amine-solvent) is coupled to the gasification plant such that
the enrichment unit produces a carbon dioxide stream and a concentrated hydrogen sulfide
stream from the acid gas stream, and in yet another step, the acid gas enrichment unit 1s
coupled to the Claus plant such- that the concentrated hydrogen sulfide stream is fed to the

Claus plant and such that the carbon dioxide stream is provided fo a tail gas compressor.

In especially preferred methods, the low-sulfur feedstock has a sulfur content of
between about 0.1 wt% and about 6 wt%, and the concentrated hydrogen sulfide stream has a
hydrogen sulfide concentration of at least 20%. A bypass may be provided that 1s configured
to allow feeding of an acid gas stream from the acid gas removal unit to the Claus plant when
an alternative feedstock having a sulfur content of greater than 7% 1is used. Most typically, the

bypass will be controlled by an automated control unit.

Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

Invention.

Brief Description of the Drawings

Prior Art Figure 1 1s an exemplary schematic of a currently known plant configuration

in which a gasification plant provides an acid gas that is fed to a Claus plant.

Figure 2 is an exemplary schematic of plant configuration according to the inventive
subject matter in which a gasification plant provides an acid gas to (a) an enrichment unit that
provides a concentrated hydrogen sulfide stream to a Claus plant and (b) to the Claus plant,

depending on the sulfur content of the sour feed gas and/or acid gas.

Detailed Description

The mventors discovered that a Claus plant can be economically operated downstream
of a gasification plant, even when the sulfur content of the feed stock for the gasification plant
is relatively low, and/or where different feed stocks 1n the gasification plant will result in sour

syngas with varying sulfur content.

Particularly contemplated plants include an acid gas enrichment unit and a bypass that
recelve, depending on the sulfur content of the raw gas, individually or together, acid gas

from an upstream acid gas removal unit, wherein the acid gas removal unit removes carbon
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dioxide and hydrogen sulfide from (preferably cooled) sour syngas. During operation, at least
a portion of the acid gas obtained from the sour syngas is fed to the acid gas enrichment unit
when a low-sulfur feedstock is gasified, while all or almost all of the acid gas is routed
through the bypass to the Claus plant when normal- or high-sulfur feedstock 1s gasified. Most
preferably, the acid gas enrichment unit separates hydrogen sulfide from carbon dioxide to
form a concentrated hydrogen sulfide stream that is fed to the Claus plant while the carbon
dioxide from the enrichment unit is fed to a compressor (e.g., Claus plant tail gas compressor)

prior to further use or disposal (e.g., recycle to the gasifier, or sequestration).

It should therefore be appreciated that using contemplated configurations and methods
a Claus plant can be economically operated together with a gasification plant (or other source

of acid gas) even where the sulfur content of the gasification feed stock varies substantially,

Q

and/or is relatively low. Among other advantages, contemplated plants allow a considerable
reduction in oxygen consumption in the Claus plant, and further reduce or even eliminate use

of syngas in the Claus plant to support proper acid gas burner/reactor temperature.

In contrast, heretofore known configurations could not be operated 1n an economically
attractive manner where the sulfur content of the gasifier feed is relatively low, or where the
sulfur content of the gasifier feed stock varied (e.g., from about 8 wt% sulfur content to about
3 wt% sulfur content). In such plants, as schematically depicted in prior art Figure 1, the
plant has a gasifier 110 that receives feed stock 112 having a sulfur content of about 0.35
wt% to about 7 wt%. High-pressure oxygen 114 is provided to the gasifier and the resultant
hot sour syngas 116 (typically comprising methane, hydrogen, carbon monoxide, carbon
dioxide, and sulfurous compounds (e.g., hydrogen sulfide, COS, etc.)) 1s fed to a cooler 120.
Cooled sour syngas (e.g. sour feed gas) 126 1s then fed to an acid gas removal umt 130 that
produces an acid gas stream 138 (typically predominantly comprising carbon dioxide and
hydrogen sulfide) and a purified syngas stream 136A. In most cases, and especially where the
sulfur content 1n the feedstock is relatively low, a portion of the syngas 136B 1s used in the
Claus plant as fuel to support proper acid gas burner/reactor temperature, while the acid gas 1s
fed as stream 138 to the Claus plant 140 for recovery of elemental sulfur. Low pressure
oxygen 142 1s typically used to support oxidation in the Claus furnace, and tail gas 146 is
preferably compressed 1n tail gas recycle compressor 150 to form recycle stream 156 prior to

being recycled to the gasifier 110 of the gasification plant.
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It should be noted that in such known configurations the gasification plant is generally
limited to gasification of a feedstock with a moderate to relatively high sulfur content, as low-
sulfur content feedstock will result in a low-sulfur sour syngas, which in turn will result in an
acld gas that can typically not be effectively processed in a downstream Claus plant. For
example, where the gasifier feedstock has a sulfur content of between about 2-6 wt%, low
pressure oxygen 1s often needed or a significant portion of the syngas is required as support
fuel, both of which have a negative impact on the overall economics. At even lower sulfur
content, economical constraints become increasingly substantial and often prevent the plant

from using gasifier feedstock with less than 2 wt% sulfur.

An exemplary configuration according to the inventive subject matter that avoids all
or almost all of the above disadvantages 1s depicted in Figure 2. Here, low-sulfur feedstock
212 (e.g., low sulfur sub-bituminous coal) is fed to the gasifier 210 together with high-
pressure oxygen 214. Hot sour syngas stream 216 1s then cooled in cooler 220 and the cooled
sour syngas 220 1s fed to the acid gas removal unit 230. Clean syngas 236 leaves the acid gas

removal unit 230, which also produces acid gas stream 238.

Control unit 260 (e.g., computer controlled valve) controls the flow of the acid gas
stream 238 to either the Claus plant 240 via bypass 238B, and/or the acid gas enrichment unit
270 via stream 238A. Where the control unit routes the acid gas 238 to both, the Claus plant
and the acid gas enrichment unit, concentrated enriched acid gas stream 274 and bypass

stream 238B may be combined to a single stream 238C prior to being fed to the Claus plant.

Most preferably, the acid gas enrichment unit 270 is configured to separate hydrogen
sulfide and carbon dioxide into two separate streams. In such configurations, concentrated
hydrogen sulfide stream 274 is fed to the Claus plant and typically has a hydrogen sulfide
concentration of at least 10%, more typically at least 20%, and most typically at least 30-50%.
It 1s further preferred that the carbon dioxide stream 272 from the acid gas enrichment unit is
compressed using the tail gas recycle compressor 250 and then fed to the gasifier as recycle
stream 256. Under most conditions, the Claus plant is supplied with low-pressure oxygen 252
to generate elemental sulfur and tail gas 246. The tail gas 246 is typically compressed and
routed to the gasifier as recycle gas 256 (together with carbon dioxide 272). Alternatively, or

additionally, at least part of the carbon dioxide stream 272 may also be further purified to
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produce a carbon dioxide sales gas, be sequestered into a formation, and/or be used for

enhanced o1l recovery.

Thus, it should be recognized that using contemplated configurations, feedstock with
a wide range of sulfur content can be gasified in configurations that employ a Claus plant for
acid gas treatment. Most advantageously, and especially where the hydrogen sulfide in the
acld gas 1solated from the raw gas is moderate to high, at least a portion of the acid gas stream
may bypass the acid gas enrichment unit to limit the hydrogen sulfide concentration in the
Claus plant feed. Above a certain sulfur concentration in the gasifier feed, the acid gas
enrichment unit 1s completely bypassed. On the other hand, for gasifier feeds with low sulfur,
only one of multiple Claus plant trains needs to be in operation with the other trains shut
down and restarted when the sulfur content in the gasifier feed is increased. It should be
appreciated that the configurations and methods presented herein can be implemented as
retrofit to already existing plants, or can be used in a gasification plant that is built from
scratch to allow for a significantly wider margin of acceptable gasification feeds. Based on
preliminary calculations (data not shown), the inventors contemplate that the potential cost
savings will be about 4 % (as compared to a plant without the acid gas enrichment) due to the
reduced oxygen usage in the Claus plant and the avoidance of the use of syngas as fuel in the

Claus plant (calculated for a range of sulfur from about 0.35 wt% to 6.0 wt. % in the gasifier
feed). :

Theretore, contemplated methods of gas treatment especially include those in which a
first acid gas removal unit is provided that produces from a feed gas with variable hydrogen
sulfide content a first acid gas comprising carbon dioxide and variable amounts of hydrogen
sulfide. In such methods, a second acid gas removal unit is coupled to the first unit to thereby
produce from the first acid gas a concentrated hydrogen sulfide stream and a carbon dioxide
offgas stream. Hydrogen sulfide content in the feed gas and/or the first acid gas is measured
or otherwise determined, and the concentrated hydrogen sulfide stream and the first acid gas
are then fed 1n a particular ratio to a Claus plant, wherein that ratio is a function of the content

of the hydrogen sulfide 1n the feed gas and/or the first acid gas.

Consequently, in one preferred aspect of the inventive subject matter, a plant includes
a first acid gas removal unit that is configured to remove acid gas from a feed gas having

variable hydrogen sulfide content to thereby provide a first acid gas stream that comprises
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carbon dioxide and variable amounts of hydrogen sulfide. A second acid gas removal unit is
fluidly coupled to the first acid gas removal unit and configured to receive the first acid gas
stream, and to provide a concentrated hydrogen sulfide stream and a carbon dioxide offgas
stream. Such plants will further include a Claus unit configured to receive at least part of the
concentrated hydrogen sulfide stream and the first acid gas stream, wherein a control unit is
configured to direct the first acid gas stream and/or the concentrated hydrogen sulfide stream
to the Claus unit as a function of the hydrogen sulfide concentration in the feed gas and/or the
first acid gas stream, and/or as a function of the sulfur content in the feedstock where the feed

gas 1s from a gasification unit.

Of course, 1t should be recognized that contemplated configurations and methods may
be implemented in form of a new plant or plant configuration, or in form of a plant upgrade.
For example, where an existing plant has already a gasification facility and a Claus plant
component, 1t should be recognized that addition of the acid gas enrichment unit can provide
significant advantages. Among other things, such upgraded plants can now accept a wider
range of gasitication feedstock with a wider range of sulfur content (and especially with a low
sulfur content) and process the acid gas in an ecdnomically advantageous manner. Thus,
suitable methods of modifying a gasification plant will include a step of determining (e.g.,
from feedstock specification or via one or more sensors) that gasification of a low-sulfur
feedstock will result in an acid gas stream in an acid gas removal unit of the gasification plant
that 1s not economic and/or suitable for feeding to an existing Claus plant (e.g., having a
sulfur concentration of less than 10%). In such methods, an acid gas enrichment unit is
coupled to the gasification plant such that the enrichment unit produces a carbon dioxide
stream and a concentrated hydrogen sulfide stream from the acid gas stream, and the acid gas
enrichment unit 1s further coupled to the Claus plant such that the concentrated hydrogen
sulfide stream is fed to the Claus plant and such that the carbon dioxide stream is provided to

a tail gas recycle compressor.

While it 1s generally preferred that a coal or petroleum gasification plant is the source
of the raw gas 1n contemplated configurations it is also contemplated that numerous other
sources of raw gas also deemed suitable. Indeed, all gases that provide an acid gas fraction
that 1s treated in a Claus unit or other sulfur removal plant are deemed suitable for use herein.
For example, suitable feedstock for gasification plants include organic matter, processed or

unprocessed coke, peat moss, etc. In still further contemplated aspects, numerous gases from

8
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sources other than a gasification plant are also contemplated, and exemplary sources include

refinery gases, partial oxidation reaction gases, regenerator gases, flue gases, etc.

Depending on the feedstock or other source, it should be recognized that the sulfur
content may vary considerably. However, a typical sulfur content of the feedstock will be
between about 0.1 wt% and 20 wt% (and even higher), and in most typical uses, the sulfur
content of the feedstock will be between about 0.3 wt% and 10 wt%. Thus, the raw gas
stream will typically have a sulfur content of between about 0.01 wt% and 15 wit% (and in

some cases even higher).

The acid gas 1s preferably separated from the raw syngas (or other gas source) using a
conventional acid gas removal unit that may or may not have specificity towards hydrogen
sulfide (relative to carbon dioxide). Thus, and among other suitable configurations, numerous
solvent based acid gas removal units are deemed suitable for use in conjuﬁction with the
teachings presented herein. For example, acid gases may be removed using a physical and/or
chemical solvent in a scrubber that produces a loaded solvent, which is in turn stripped,
flashed, or otherwise regenerated to thereby produce the acid gas. Most typically, the acid gas
will be a mixture of carbon dioxide and hydrogen sulfide, however, separate hydrogen sulfide
and carbon dioxide streams are also deemed suitable herein. In further contemplated options,
the acid gas my also be provided from a non-solvent separation process, and especially
preferred non-solvent processes include membrane separation and adsorption. Moreover, it
should be appreciated that the acid gas may further be combined with other gas streams from

within the plant to form a combined acid gas stream.

The so separated acid gas will typically include carbon dioxide, hydrogen sulfide, and
minor quantities (e.g., less than 5 mol%) of other impurities and inert gases. It should be
appreciated that the carbon dioxide concentration in the sour syngas will depelld on the
gasification technology, the gasifier feedstock equilibrium water content, and feedstock ash
melting properties. Therefore, and most typically, the range of carbon dioxide will be between
about 4% (e.g., for dry feed gasifier, higher rank coal) to about 25% (e.g., for slurry feed
gasifier, lower rank coal, sour shift). Similarly, it is expected that the hydrogen sulfide content

In the so separated acid gas will typically be between 5-60%, and even higher.
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With respect to the acid gas enrichment unit, it is generally preferred that the acid gas
enrichment unit directly receives the acid gas from the upstream acid gas removal unit, and
that the acid gas comprises hydrogen sulfide and carbon dioxide. However, additional acid
gas stream may also be combined with the acid gas from the upstream unit. In further
preferred aspects, the acid gas enrichment unit uses a process that separates hydrogen sulfide
from carbon dioxide to thereby form a concentrated hydrogen sulfide stream and a carbon
dioxide offgas stream. There are numerous such separation configurations and methods
known in the art, and all of them are considered suitable for use herein. However, especially
preferred configurations for the acid gas enrichment unit include amine solvent-based
processes that have a relatively high specificity for hydrogen sulfide (in less preferred aspects,

membrane-based and/or adsorption-based processes may also be employed).

Depending on the particular location and/or economic considerations, the enrichment
absorber of the acid gas enrichment unit may be configured to produce relatively pure carbon
dioxide as the overhead product that can be soid as a commodity, or sequestered or used for
enhanced o1l recovery after compression to suitable levels. Carbon dioxide purities of at least
0%, more typically at least 0%, and most typically at least 90% are contemplated. However,
where the carbon dioxide is to be sold as a product, further purification may be implemented
(e.g., using an autorefrigeration process). It should be particularly noted that the capital cost
and utihity requirements for the acid gas enrichment unit are relatively small. Therefore,
contemplated configurations are economically very attractive and the costs can be easily
offset by use of cheaper opportunity feeds and/or additional savings due to the reduced
oxygen demand. Still further, it should also be appreciated that the tail gas recycle compressor
can also be used for compression of the carbon dioxide from the absorber of the acid gas
enrichment unit, thus avoiding the need for a new compressor. So compressed carbon dioxide

1s then preferably fed to the gasifier as recycle stream.

Most preterably, enrichment of the Claus feed gas is performed by treatment of the
teed gas that 1s ordinarily provided to the Claus plant. However, in less preferred aspects, the
hydrogen sulfide enrichment may also be augmented with or performed by (a) recycling of at
least portion of the isolated sulfur to the Claus feed gas, and/or (b) routing a sulfur-containing
process stream to the Claus plant from another plant component. Of course, it should be
recognized that all known Claus processes are deemed suitable herein, including the SCOT

process, the Super-SCOT process, the LS-SCOT process, the Stretford process, etc. Under
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most conditions, it is contemplated that the feed stream to the Claus plant will have a
hydrogen sulfide concentration of at least 10%, more typically at least 15%, even more
typically at least 20%, and most typically between about 20% and 50% (and even higher).
Furthermore, 1t should be noted that the feed to the Claus plant may be a straight feed from
the upstream acid gas removal unit (e.g., where high-sulfur content feedstock 1s gasified), or a
straight feed from the acid gas enrichment unit (e.g., where low-sulfur content feedstock is
gasiiied). However, and more typically, the feed to the Claus plant may also be a mixture of

the former streams that 1s controlled by an operator and/or a control unit.

With respect to the control unit it 1s contemplated that all known control units are
suitable that are configured/operable to route the acid gas stream from the upstream acid gas
removal umt to at least one of the bypass circuit that provides the untreated acid gas dirécﬂy
to the Claus plant and the acid gas enrichment unit (most preferably in a continuously
adjustable ratio). Thus, especially suitable control units include an automated system with
one or more sensors that determine the hydrogen sulfide content in the raw gas and/or the acid
gas coming from the upstream acid gas removal unit. Alternatively, or additionally, the
control unit may also accept an operator input that specifies the sulfur content of the
feedstock delivered to the gasifier. In less preferred aspects, the control system may be a
relatively simple system in which an operator manually adjusts a valve or other flow control

element to a predetermined tlow ratio between the bypass and the acid gas enrichment unit

feed.

Furthermore, it should be recognized that the flow ratio between the bypass and the
actd gas enrichment unit feed may vary considerably. For example, where an operator (or
other person) determines the sulfur content of a feedstock, a manual control unit may be a
simple valve or switch that routes the acid gas from the acid gas removal unit to either the
acid gas enrichment unit or the Claus plant. In more typical embodiments, the sulfur content
may also be determined in an automated fashion (e.g., using sensors, or other data input from
multiple points in the plant), which is then relayed to a computer that is programmed to
determine a suitable ratio in which the acid gas is split between the acid gas enrichment unit
and the Claus plant. Depending on the particular feedstock (or hydrogen sulfide concentration
in the acid gas from an acid gas removal unit), the ratio may be between 100% (to Claus
plant) to 0% (to enrichment unit) and 0% (to Claus plant) to 100% (té enrichment unit). For

example, 80-100% of the concentrated hydrogen sulfide stream may be fed to the Claus plant
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when the feed gas has a sulfur content of between about 0.1 wt% to about 6 wt%, while 50-
100% of the acid gas stream from the upstream acid gas removal unit may be fed to the Claus

plant when the feed gas has a sulfur content of between about 8 wt% to about 20 wte.

Thus, specific embodiments and applications of configurations and methods for Claus
plant operation with variable sulfur content have been disclosed. It should be apparent,
however, to those skilled in the art that many more modifications besides those already
described are possible without departing from the inventive concepts herein. The mventive
subject matter, therefore, is not to be restricted except in the spirit of the appended claims.
Moreover, in interpreting both the specification and the claims, all terms should be inter-
preted in the broadest possible manner consistent with the context. In particular, the terms
"comprises" and "comprising" should be interpreted as referring to elements, components, or
steps'in a non-exclusive manner, indicating that the referenced elements, components, or
steps may be present, or utilized, or combined with other elements, components, or steps that
are not expressly referenced. Furthermore, where a definition or use of a term 1n a reference,
which is incorporated by reference herein is inconsistent or contrary to the definition of that
term provided herein, the definition of that term provided herein applies and the definition of

that term 1n the reference does not apply.
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AMENDED CLAIMS
received by the International Bureau on 22 November 2006

(22.11.06)
- CLAIMS
Whar is claimed is:
1, A method of treating a feed gas, comprising:

providing a first acid gas reémoval unit that produces from a feed gas with variable
hydrogen sulfide content a first acid gas comprising carbon dioxide and
variable amounts of hydrogen sulfide;

providing a second acid gas removal unit that produces from the first acid gus a
concemrated hydrogen sulfide stream and a carbon dioxide offgas streany;

determining the hydrogen sulfide content in at least one of the feed gas and the first
acld gas; and

feeding the concentrated hydrogen sulfide stream and the first acid gasinaratioto a
Claus piant, wherein the ratio 1s determuned by the content of the hydrogen
sulfide in at least one of the feed gas and the first acid gas.

2. The method of claim 1 fiuther comprising a step of feeding the carbon dioxide offgas
stream to a Claus tail gas recycle compreasor to form a compressed carbon dioxide

offeas stream.

3. The method of claim 2 further comprising a step of providing the compressed carbon

dioxide offgas stream to a gasifier of a gasification plant.

4, The method of claim 1 wherein the feed gas is selected from the group consistng of a
syngas, 4 sulfur-containing refinery gas stream, and a gas siream from a partial

oxidation unit.

5. The method of claim 1 wherein the feed gas has a sulfur content of between about Q.1
wit% 10 about 20 wi¥s.
6. The method of claim 1 wherein all of the concentrated hydrogen sulfide stream 18 fed

to the Claus plant when the feed gas has a sulfur content of between about 0.1 wi% to
about 6 wit%.

16
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The method of claim 1 wherein the second acid gas removal unit uses an amine

solvent that is selective for hydrogen sulfide.

A plant comprising:

a first acid gas removal unit configured to remove acid gas from a feed gas having
variable hydrogen sulfide content to thereby provide a first acid gas stream that

comprises carbon dioxide and variable amounts of hydrogen sulfide;

a second acid gas removal unit fluidly coupled to the first acid gas removal unit and
configured to receive the first acid gas stream and to provide a concentrated

hydrogen sulfide stream and a carbon dioxide offgas stream:;

a Claus plant configured to receive at least part of the concentrated hydrogen sulfide

stream and the first acid gas stream; and

a control unit that 1s configured to direct at least one of the first acid gas stream and
the concentrated hydrogen sulfide stream to the Claus plant as a function of a
hydrogen sulfide concentration in at least one of the feed gas and the first acid gas

stream.

The plant of clatm 8 further comprising a conduit that provides at least part of the
carbon dioxide offgas stream to a Claus tail gas recycle compressor to thereby form a

compressed carbon dioxide offgas stream.

The plant of claim 8 wherein the Claus plant 1s configured such that at least part of the

carbon dioxide offgas stream 1s fed to a gasifier.

The plant of claim 8 wherein the feed gas has a sulfur content of between about 0.1

wt% to about 20 wt%.

The plant of clatm 8 wherein the control unit 1s configured such that the concentrated
hydrogen sulfide stream 1s fed to the Claus plant when the feed gas has a sulfur

content of between about 0.1 wt% to about 6 wit%.
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The plant of claim 8 wherein the control unit is configured such that all of the first
acid gas stream is fed to the Claus plant when the feed gas has a sulfur content of

above 8 wi%.

The plant of claim 8 further comprising a carbon dioxide sink fluidly coupled to the
plant, wherein the carbon dioxide sink 1s selected from the group consisting of a
sequestration unit, an enhanced oil recovery unit, and a purification unit configured to

produce purified carbon dioxide.

A method of modifying a gasification plant, comprising:

determining that gasification of a low-sulfur feedstock will result in an acid gas stream

in an acid gas removal unit of the gasification plant that is not suitable for feeding

to an existing Claus plant;

coupling an acid gas enrichment unit to the gasification plant such that the enrichment
unit produces a carbon dioxide stream and a concentrated hydrogen sulfide stream

from the acid gas stream; and

coupling the acid gas enrichment unit to the Claus plant such that the concentrated
hydrogen sulfide stream 1is fed to the Claus plant and such that the carbon dioxide

stream 1s provided to a tail gas recycle compressor.

The method of claim 15 wherein the low-sulfur feedstock has a sulfur content of

between about 0.1 wt% and about 6 wt%.

The method of claim 15 wherein the concentrated hydrogen sulfide stream has a

hydrogen sulfide concentration of at least 20%.
The method of claim 15 wherein the acid gas enrichment unit uses an amine-solvent.

The method of claim 15 further comprising a step of providing a bypass that 1s
configured to allow feeding of an acid gas stream from the acid gas removal unit to

the Claus plant when an alternative feedstock having a sulfur content of greater than

7% 18 used.

The method of claim 19 wherein the bypass 1s controlled by a control unit.
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