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IMPROVED SULFUR. RECOVERY PROCESS FOR TREATING 
LOW TO MEDIUM MOLE PERCENT HYDROGEN SULFIDE 

GAS FEEDS WITH BTEX IN A CLAUS UNIT 

FkiiMtlie Inyeoiioxt 

{0(101 ] This invention relates to a system and method for treating acid gas streams. More 
specifically, this- invention, provides a system and method for treatwg aeid gas streams with 
low mole percent hydrogen sulfide. More specifically, this invention provides a system and 
method for treating acid gas streams wish low mole percent 'hydrogen sulfide a»d. BTEX 
eoMaminants. 

Background of the frmtfon 

18O02J A'Claus unit is the primary processing system for recovering -sulfur in & form of 
elemental sulfur from a« acid gas stream containing hydrogen sulfide. Hydrogen sulfide gas 
occurs -naturally in natural gas or is formed as a byproduct in some gas processing systems. 
Hydrogen sulfide is highly toxic and. requires removal and treatment from the gas .stream. 
The need to efficiently process hydrogen sulfide and other sulfur containing compounds is 
important in -reducing emissions to meet increasingly stringent foci regulations and growing 
envmjm»e.nt3l concerns. Elemental suffer is the ultimate state of recovery from sal&r 
containing species. 

jWK&] In a Claus unit an acid gas feed stream containing hydrogen sulfide and a source of 
oxygen, such as air. are fed to a furnace, Acid gas; feed streams have a wide range of 
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compositions. Many acid gas feed .streams originate from solvent iibsorption processes., such 
as amine absorption. 

(00041 The absorption processes extract hydrogen sulfide from the by-product gases of 
.petroleum refining, natural gas processing, -and other industrial processes. Alternately, the 
acid gas feed stream can come from a sour water stripper unit. 

{0865] Once fed to the furnace, the hydrogen sulfide undergoes partial combustion to form 
sulfur, sulfur dioxide, and water. To ensure efficient performance of the Claus reaction, the 
furnace 'temperature? profile is 'maintained in the range of $50 ~ .1,200 *€. To ensure fall 
combustion of the contaminants, the temperature needs to fee above 950 i!C. The temperature 
'reached 'depends upon -the other components present in the feed such as carbon dioxide 
<C<h)> water (HjO), hydrocarbons. and other sulfur containing compounds. Combustible 
gases tend, to .Increase temperature by means of combustion and inert gases tend to decrease 
temperature by. means of dilation, Temperature is an important process parameter, because 
the conversion of hydrogen sulfide to sulfur is a function of temperature, with pressure-
playing, a smaller role. The -residence time in the feraace is typically on the order of 0.5 
second. 

[0086) The ratio of combustion products depends on the- amount of oxygen available In the 
furnace, Other products formed in the furnace can include hydrogen, carkmyl sulfide, and 
carbon disulfide. The furnace also breaks.down contaminants present in the acid gas stream., 
such as mercaptans. 

[0007] The reaction products are fed to a first condenser, in which elemental sulfur 
condenses, is separated, and is collected in a sulfur pit. and the gaseous products are reheated 
and fed to a. catalytic converter. The catalytic converter is maintained at an average 
temperature of about. 305*C. The temperature is limited by the need to limit the exit 
temperature m order to avoid catalytic .bed-damages, fa the catalytic converter, hydrogen 
sulfide reacts with sulinr dioxide In the presence of a catalyst and forms elemental sulfur and 
water. 'Use products from the catalytic converter are fed again to a condenser in which 
elemental sulfur condenses and is collected in the sulfur pit. At the end of the process, an 
incinerator is included. 

fOOOS) The heating, catalytic, and condensing stages cm be repeated.. In a conventional 
Clans unit, the stages are repeated a maximum of three times, with conversion of 96-98% of 
the hydrogen sulfide gas, depending on the feed composition, in a modified Claus unit,- a tail 



WO 2015/160645 PCT/US2015/025272 

gas treatment-unit is included at the end of the- process, between the final catalytic converter 
and the incinerator. In configurations with & tail gas treatment unit, the heating, catalytic, and 
condensing stages are usually only repeated twice. Modified Claus uttiis with a tail gas 
treatment unit can reach up to $9.9% conversion -of hydrogen sulfide into elemental sulfur. 
The tail gas treatment unit minimises sulfur dioxide emissions from the incinerator. 

[0009} To increase overall energy efficiency, heat capture processes can be combined with 
the Claus unit, such as steam generation, in a waste heat boiler and the condensers. 

fOOlOf Maintaining the temperature in the furnace is important to ensure the reaction to 
elemental sulfur md the destruction of other contaminants. As noted, above, the furnace 
temperature is affected by the composition of the feed stream and significantly by the 
concentration of hydrogen sulfide in the feed -stream. When the concentration of hydrogen 
sulfide in the acid gas stream is below about 55% by valuing the temperature profile in the 
furnace is reduced. The concentration of the hydrogen sulfide is .affected by the amount of 
contaminants present in the acid gas. The type and amount of contaminnnts are affected by 
the source that generated, the acid gas, and by the processing steps feat produced the aeid gas 
for processing in the Claus unit. 

100-iIJ Contaminants in. the feed stream include hydrocarbons. Hydrocarbons pose several 
problems for a Clatss unit. First, it .is not clear that hydrocarbons will fully combust because 
the C-H bond is generally siro&gsr than the S---H bond, thus some hydrocarbons gel carried 
through the furnace to the catalytic units. Second, the hydrocarbons have the potential to 
contribute to competing side reactions .to produce carbon monoxide (CO), carbon disulfide 
(CSj), carhonyl sulfide (COS), and elemental carbon. Third, for some hydrocarbon 
combustion processes, such as those involving benzene, toluene, ethyl benzene, or xylene 
(BTEX or BTX}, the furnace roust be maintained at a high temperature. If the furnace 
temperature is too low due to a low concentration of hydrogen sulfide, the temperature may 
no; be sufficient for BTEX degradation reactions to occur. BTX removal is important 
because BTX has a plugging effect on the catalyst in the catalytic conveners. Catalyst 
poisoning from carbon compounds in the catalytic beds results in &loss of activity and high 
pressure drop requiring frequent catalyst rejuvenation and replacement. 

[00121 Currently, several processes exist for addressing these concerns, but they all sutler 
from drawbacks. Aeid gas bypass or split How is used when the concentration of hydrogen 
sulfide is low in. the feed stream. In a split flow operation, part of the stream Is sent to the 
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furnace of the Claus arm while the remaining portion of the stream k sent, directly to the 
catalytic converters. Split flow sutlers two drawbacks. First there is an upper limit of two-
thirds of the teed gas for bypass, requiring the fem&ce to operate under reducing conditions. 
Second, the increased presence of contaminants decreases the efficiency of ihe catalytic 
converters, and contributes to catalytic deactivation and plugging, 

(00*31 Activated carbon can be used to separate- BTEX from a process stream, hut requires 
regeneration -of the seiivated carbon, resulting is changing feed conditions to the Claus unit 
during the regeneration process, or shut down of the feed all together. Amine or solvent 
enrichment processes use solvent absorption k> enrich the hydrogen sulfide concentration. 
Amine enrichment suffers because it introduces liquids to the process, requires significant 
maintenance, and requires a significant amount of energy for the operation and for the solvent 
regeneration, 

f8814| Oxygen or air-enrichment may enhance the flame temperature in the Claus unit, but 
requires expenditures for additional oxygen and oxygen recovery units. Natural Gas injection 
io the furnace can also enhance the temperature, but may increase the amo'unt of 
contaminants entering the &ed and components for potential competing side reactions and 
can increase the sixe of Claus unit. Methods of pre-hesting the feed gas to ensure the 
temperature in Che &raa.ce require additional energy consumption adding substantially to (he 
cost, 

{SOI5) Therefore, .a process which enriches the concentration of hydrogen sulfide in the acid 
gas stream and removes contaminants without requiring excessive amounts -of energy, 
equipment and materials, or process shutdown is desired. Preferably, such a. process, would . 
maintain the overall sulfur capacity of the Claus unit, while increasing the overall sulfur 
recovery efficiency due to eliminated or reduced contaminants. 



WO 2015/160645 PCT/US2015/025272 

SUMMARY GF-mEWmmm 
flHIifi} This invention relates to a system and method &r treating acid gas streams. More 
specifically, this invention provides a system and method for treating acid gas streams with 
low mole percent hydrogen sulfide. More specifically,. this invention provides a system and 
.method for treating acid gas streams with low moh percent hydrogen sulfide and BTEX 
contaminants. 

in one aspect of the present invention, an enrichment apparatus for enriching a 
hydrogen sulfide concentration mars acid gas stream to create a hydrogen, sulfide rich stream 
for feed to a Claus unit is provided. The enrichment apparatus includes a hydrocarbon 
selective reparation unit, the hydrocarbon selective separation unit .operable to separate the 
acid gas stream into a hydrocarbon rich stream and a purified acid gas stream, wherein the 
acid gas stream includes hydrogen sulfide, casfeon dioxide, and hydrocarbons. The 
enrichment apparatus also includes a .hydrogen .sulfide selective separation, urs.it in fluid 
communication with the hydrocarbon selective separation unit, the hydrogen sulfide selective 
separation unit operable to separate the-purified acid gasstream to create the hydrogen sulfide 
rich 'stream and a hydrogen sulfide lean stream, the hydrogen sulfide rich stream having a 
concentration of hydrogen sulfide. The enrichment apparatus further includes the Claus unit 
in fluid communication with, the hydrogen sulfide selective separation unit, the Claus unit 
operable t« recover elemental sulfur from fee hydrogen sulfide rich stream. 

(8838} la certain aspects of the present invention, the enrichment apparatus further includes 
a carbon dioxide selective separation unit in fluid communication with the hydrogen sulfide 
selective separation unit, the carbon dioxide selective separation unit operable to separate, the 
hydrogen sulfide rich, stream to create a carbon dioxide rich permeate and a,hydrogen sulfide 
rich retestate. the hydrogen sulfide rich retentats having a concentration of hydrogen sulfide. 
In certain aspects of the present invention, the hydrogen sulfide selective-separation unit is 
selected from the group consi sting of polyphosphate type polymer membranes, polyether-
poiyamide copolymer membranes, ionic liquid mentbrsrtes. ionic liquid membrane 
contactors, and. combinations thereof In certain aspects of the present invention, the carbon 
dioxide selective separation unit is selected front the group consisting of an amorphous 
fiuoropiastic membrane, an amorphous perfksoropolymer membrane, a random 
fltsoroeopoiymer .membrane, a perfiuorinated copolymer membrane, and combinations 
thereof, in certain aspects of the-present invention, the hydrocarbon selective separation unit 
comprises a poiydiraethylsiloxsne IPDMS) type rubbery polymer membrane, in certain 
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aspects of the present invention, the acid gas stream further comprises contaminants selected 
from the group consisting of .me-roaptans, thiols, carbarn! sulfide, carbon disulfide, and 
combinations thereof fa certain aspects of the invention. non-sulfar containing contaminants 
can also be present. Is certain aspects of the present invention, the hydrocarbon rid) stream 
comprises benxene, toluene, ethyl benzene, and xylene. In certain .aspects of' tbe present 
invention, the hydrogen sulfide concentration in the acid gas stream is between 15% to 55% 
by yohirne, in certain aspects of the present invention, the concentration of hydrogen sulfide 
in the hydrogen sulfide rich stream is greater than 55% by volume. 

|'00J9| In a second aspect of the present invention, a process for enriching a hydrogen sulfide 
concentration in an acid gas stream to create a hydrogen sulfide rich stream for feeding to a 
Clans unit is provided. The process including the Steps of feeding the acid gas .stream to a 
hydrocarbon selective separation unit, the acid gas steam includes hydrogen sulfide, carbon 
dioxide, and hydrocarbons, separating the acid gas stream in the hydrocarbon selective 
separation unit to create a hydrocarbon rich stream and a purified acid gas stream, feeding the 
purified acid gas stream, to a hydrogen sulfide selective separation unit fiuidly connected to 
the hydrocarbon selective' separation unit. the hydrogen sulfide selective separation unit 
operable to separate the puri fied acid gas ..stream, and separating the purified acid gas stream 
in the hydrogen sulfide selective separation unit to create the hydrogen sulfide rich, stream 
and. a hydrogen sulfide lean stream, fee hydrogen sulfide rich stream having a concentration 
of hydrogen sulfide, and feeding the hydrogen sulfide rich stream to a furnace of* the Clans 
unit, the Clans unit -operable to separate elemental sulfur from the hydrogen sulfide rich 
stream to create an elemental .sulfur stream and a. waste gas stream. 

|0ft28.| In. certain aspects of the present invention, the process further includes the steps of 
feeding the hydrogen sulfide rich stream to a carbon dioxide selective separation unit in fluid 
communication with the hydrogen sulfide selective separation unit, the carbon dioxide 
selective separation unit operable to separate the hydrogen sulfide rich stream, separating the 
hydrogen sulfide rich stream to create s carbon dioxide rich permeate and a hydrogen sulfide 
rich rerennne, the hydrogen sulfide rich retentate having-a concentration .of hydrogen sulfide, 
and feeding the hydrogen sulfide rich retentate ro the furnace.of the Claws unit, fit certain 
aspects of the present- invention, the hydrogen sulfide selective separation unit is selected 
from the group consisting of polyphosphate type polymer membranes, polyether-
poiygmkle copolymer membranes, ionic liquid membranes, ionic liquid membrane 
contactors, and combinations .thereof, in certain aspects of the present invention, the carbon 
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dioxide selective separation unit is selected from the group consisting of an amorphous 
fibroplastic membrane, an amorphous perfiuoropelymer membrane, .a random 
fiuorooopolymer membrane, a perftuorinated copolymer membrane, and combinations 
thereof, in certain aspects of she pmsent invention, the hydrocarbon selective separation unit 
contuses a rubbery membrane. In. certain aspects of she present .invention. the aci'd ps 
stream further comprises contaminants selected from the group consisting of mercaptam, 
thiols, earboayl sulfide, carbon disulfide, and combinations thereof In certain aspects of the 
present invention, the hydrocarbon rich stream comprises benzene, toluene, eihy! benzene, 
and xylene. In certain,aspects of the present invention, the hydrogen, sulfide concentration m 
the add gas stream is between 1.5% to 55% by volume, is certain aspects of the present 
invention, the concentrationof hydrogen sulfide in the hydrogen sulfide rich stream is greater 
than 55% by volume, 

{8621] In a third -aspect ot the present invention, an enrichment apparatus for enriching a 
hydrogen sulfide concentration in an acid gas stream to create a. hydrogen sulfide rich stream 
for feed to a Claus unit is provided, Tbe enrichment -apparatus Includes a hydrocarbon 
selective separation unit fee 'hydrocarbon .selective separation unit operable to separate the 
acid gas stream into a hydrocarbon rich stream and a purified acid gas stream, wherein the 
acid gas stream includes hydrogen sulfide, carbon dioxide, and hydrocarbons. The 
enrichment apparatus further includes a carbon dioxide selective separation unit In fluid 
communication with, the hydrocarbon selective separation unit, the carbon dioxide selective 
separation unit operable to separate the purified acid gas stream to create a carbon dioxide 
rich stream and a carbon dioxide lean stream, the carbon dioxide lean stream having a 
concentration of hydrogen sulfide, and the Claus unit in fluid communication with, the carbon 
dioxide selective separation unit, the Claus unit operable to recover sulfur from the carbon 
dioxide lean stream, 

10022] In. certain aspects of the present invention, tbe enrichment apparatus further includes a 
hydrogen sulfide selective separation unit in fitu'd communication with the carbon dioxide 
separation unit, the hydrogen sulfide selective separation unit operable to separate the carbon 
dioxide rich stream to create a hydrogen sulfide rich, permeate and a carbon dioxide rich 
•retentate, the hydrogen sulfide rich permeate having a concentration of hydrogen sulfide. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

|0823| These and other features, aspects, and advantages of the present invention will 

become better understood with regard to &e following descriptions, claims. and 

accompanying drawings. It is to be noted, however, that the drawings illustrate only several 

embodiments of the invention and are therefore not to be considered limiting of the 

invention's scope as it can admit to other equally effective embodiments. 

FIG. I is a process flow diagram of the present invention. 

FIG. 2 is a process flow diagram of one embodiment of enrichment apparatus 100.. 

PIG, 3 is. a process flow diagram of an embodiment of enrichment apparatus 100. 

F IG,. 4 is. a process flo w diagram of an embodiment of enrichment apparatus 100. 

FfG, 5 is-s process flow diagrara of as embodiment of enricSimem apparatus 1.00. 

FIG, a is a process flow diagram of an embodiment of enrichment apparatus 100. 

FIG, 7 is a process flow diagram of an embodiment of enrichment apparatus ICQ. 
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DETAILED 

P831J White tits invention wilt be described with several, embodiments, it is understood 
thai one of ordinary skill in the relevant an will appreciate that many examples:, variations 
and alterations to the apparatus and methods described herein are- within the scope and spirit 
of the. invention. Accordingly, the exemplary embodiments of'the invention. described herein 
are set forth without any loss of generality, and without imposing limitations, on the claimed 
invention. 

ftMB2| Referring io Fl'O. t> the process flow diagram it»r enrichment apparatus 100 for 
enriching the hydrogen sulfide concentration in acid gas stream 10 to create hydrogen -sulfide 
rich stream IS for feed to Claus uri.it 200 is provided. Acid gas stream 1.0 is fed to enrichment 
apparatus 100. Acid gas stream 10 is any gas stream containing .hydrogen sulfide (H;;$). te 
at .least one embodiment of the present invention, acid -gas stream JO is from the outlet of an 
amine unit. In at least one embodiment of the present invention, acid gas stream 1.0 contains 
less -than about $5% -by volume BaS. in some embodiments of the present invention, acid gas 
stream 10 contains between about 15% and about. 55% by volume l-I^S, alternately between 
about 15% and about .40% by volume alternately between about 15% and. about 50% by 
volume fl;S, alternately between about 15% and about 25% by volume RjS, alternately 
between about 15% and about 20% by volume HjS, and alternately between about 25% and 
about 40% by volume HjS, In at. least one embodiment of the present invention, acid gas 
•stow iO contains greatsr than 15% by volume H;S. Acid gas stream 10 contains H?S, 
'carbon dioxide (COA, hydrocarbons, and other contaminants. In at least one embodiment of 
the present invention, the hydrocarbons present to acid gas -stream .10 include benzene, 
toluene, ethyl benzene, and xylene, collectively referred to as BTEX or BTX. As used 
herein, BTEX means that a combination of benzene, toluene, ethyl bernsme, and xylene are 
present in a stream, including the absence of one or more, of the components, in some 
embodiments of the present invention, the hydrocarbons present In acid gas stream 10 include 
alkanes, aikeoes, olefins, and BTEX. In some embodiments of the present invention, the 
contaminants present in acid gas stream 10 include mercaptans, thiols, carbony; sulfide, 
carbon disulfide, and combinations thereof. 

[6933'j Enrichment apparatus 100 separates the components of acid gas stream 10 
creating a stream rich in CO.?, a-stream rich in hydrocarbons,, and a stream rich in BjS. In at 
least one embodiment of the present invention, the. stream rich in CO?, is hydrogen sulfide 
lean stream lb, the stream rich in. hydrocarbons is hydrocarbon rich stream 14, and the stream 
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rich ia H;>S is hydrogen sulfide rich stream 18. Hydrogen sulfide lean stream 16 contains 
COt along with H2S and other components. Hydrogen sulfide ban steam 1.4 contains 
between about 50% and about 99% by volume CCfe, alternately between about 75% and 
about 99%-by volume CO;, alternately greater than about 96% by volume COv. In at least 
one embodiment -of the present invention, hydrogen sulfide lean stream 16 is m the absence 
of BTEX components. Hydrogen sulfide lean-stream 16 is fed to the catalytic conveners (not 
shown) -of catalytic stage 220 of Claus unit 200, Feeding hydrogen sulfide leas stream 16 
directly to the catalytic converters provides a dilution gas to the catalytic converters and 
removes a source of carbon for formation of carbonyl sulfide (COS) a«d carbon disulfide 
<€$2}-in the furnace, "!~he catalytic converter of Claus unit 200 to which hydrogen, sulfide 
lean stream 16 is fed is a function of the concentration .of hydrogen sulfide in lean stream 1.6 
or the .need for dilution within that catalytic converter, 

|'8Q34J Hydrocarbon rich stream 14 includes -an amount of the BTEX present la acid gas 
stream 1.0, Hydrocarbon rich stream 14 .includes other hydrocarbons, such, as alkaaes, 
aikcnes, olefins, and aromatics, HjS, CQjs and other contaminants present in acid gas stream 
10, Hydrocarbon rich stream 14 is fed to furnace 210 of Claus unit 200. In some 
embodiments of the present .invention, hydrocarbon rich stream 14 Is sent to an alternate 
disposal operation, such as an incinerator. In some embodiments, hydrocarbon rich stream 14 
is sent to a BTX recovery process (not shown) to recover additional hydrocarbons, A BTX 
recovery process Is any process capable of separating BTEX and other hydrocarbons from a 
process stream. Exemplary processing units .for hydrocarbon recovery in a BTX recovery 
process include condensation, adsorption, and absorption units. The recovered BTEX can be 
treated further, can be processed for sale, or can be sent tr> storage. 

}'8®35| Hydrogen sulfide rich stream .18 is fed to furnace 210 of Claus unit 200. 
Hydrogen sulfide rich stream 18 contains an .•amount of the BjS. present in acid gas stream .10, 
along with CO;, and hydrocarbons. Hydrogen sulfide rich stream 18 has a greater 
concentration of ITS as compared to acid gas stream 10. In some embodiments of the 
present invention, the iES concentration in hydrogen sulfide rich stream 18 is greater than 
about 25% by volume, alternately greater than about 30% by volume, alternately greater than 
about 35% by volume, alternately greater than about 40% by volume, alternately greater than 
about 45% by volume, alternately greater than, about 50% by volume, alternately greater than 
about 55% by volume, alternately greater than about 56% by volume,.alternately greater than 
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about 57% by volume, alternately greater than about: 58% by volume, sad- alternately greater 
than about 60% by volume. 

I&036J Claus unit 200 uses .feed sir (>6 in furnace 21-0 to process hydrocarbon rich stream 
14 and hydrogen sulfide rich stream 18. In. some embodiments of the present invention, 
hydrocarbon rich stream 14 and hydrogen sulfide rich stream IS can be separately introduced 
to furnace 210 of Claus unit 200. In some embodiments of the present invention, 
hydrocarbon rich stream 14 and hydrogen sulfide rich scream 18 can be combined upstream 
of furnace 210 of Claus unit 200, such thai one combined stream is fed to Claus unit 200. 
Claus unit 200 produces waste gas stream ?0 and elemental sulfur stream 80. 

10037] One of-skill in the art will appreciate that Claus units are well-known processing 
systems and the system equipment associated with Claus units can be designed based on the 
needs and layout of the process she. The present invention can. be used with an existing 
Claus unit or as part of a retrofitted Claus unit, and thus the present invention contemplates 
that Claus unit 200 contains similar basic elements known to one of skill in the art. 

100381 in some embodiments of the present invention, hydroess'bon rich stream 14 and 
hydrogen sulfide del? stream IS can be combined (not shown) before being fed to furnace 
210. In embodiments where the streams are combined, the concentration of hydrogen sulfide 
in the combined stream is greater than about is greater than about 25% by volume, alternately 
greater than about 30% by volume, alternately greater than about 35% by volume, alternately 
greater than about 40% by volume, alternately greater than about. 45% by volume, alternately 
greater than about 50% by volume, alternately greater man about 55% by volume, alternately 
greater than about 50% by volume,- alternately greater than about 57% by volume, alternately 
greater than about SS% by volume, arid alternately greater than about' 60% by volume. 

{6§3$J In at least one embodiment of the present invention, hydrocarbon rich stream 14 
can be fed to a section of furna&e 210 having a temperature greater than 950*0, alternately 
greater than HKKfC, and alternately greater than 1050*C. According to embodiments of the 
present invention, enrichment -apparatus 100 concentrates BTEX and other contaminants in 
hydrocarbon rich stream 14, concentrates hydrogen sulfide In hydrogen sulfide rich stream 
IS, and concentrates carbon dioxide in hydrogen sulfide lean stream 16. Concentrating the 
components in the various streams enables directing the teeds to the appropriate place in the 
Claus unit for destruction or recovery of components, as tbe case may be. By way of 
example, conoealtatrng hydrocarbons and other contaminants in hydrocarbon rich stream 14 
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allows the stream to be fc4 directly to a section of furnace "210 with a temperature greater 
than 95(FC and Taamlaimrig a section of furnace'210 .at a temperature greater than §50°C is 
facilitated because of the concentrated hydrogen sulfide In the hydrogen sulfide rich stream 
.18. 

£0§4<Jj Referring to FIG. 2, an embodiment of enrichment apparatus .100 is provided. 
Hydrocarbon selective separation unit 1 02 separates add gas stream 10 into hydrocarbon rich 
•stream 14, and purified acid gas stream 1.2. In at least one embodiment of the present 
invention, hydrocarbon selective separation unit .103 is a rubbery membrane, As used herein, 
^rubbery" refers to a polymer having a Young's modulus in the range of 10s to .10'" Pa (10° to 
I if dyn/otn*). In at least one embodiment of the present iavemfori, hydrocarbon selective 
separation irait 102.is a. silicone robber polydlmethylsiioxane (PDMS) type rubbery polymer. 
In at least one embodiment of the present invention, the permeability of the rubbery 
membrane of carbon dioxide is 3,20.0 Barrer and the selectivity of toluene to carbon dioxide 
is 456. i ts at least one embodim ent of the present invention, hydrocarbon selective separation 
unit 102 is a. pressure swing adsorption (PSA) process. In at least one embodiment the PSA 
process uses activated Carbon as the adsorbent, in at least one embodiment of the present 
invention, hydrocarbon selecti ve separation unit 102 is a temperature swing adsorption (TSA) 
process. In at least one embodiment of the present Invention, the TSA proces$.uses' activated 
carbon as the adsorbent. In at least one embodiment of the present invention, hydrocarbon 
selective separation unit 102 is a condensing absorption process. Hydrocarbon rich stream 14 
is 'fed io Clams unit 200 m described with reference io FIG. 1. 

[9041] Purified acid gas stream 12 contains most of the H;:S and COj present in acid gas 
stream 10. Purified add gas stream 12 is fed to hydrogen sulfide selective separation unit 
106, Hydrogen sulfide selective separation unit 106 separates purified, acid gas stream 12 
into hydrogen sulfide rich stream IS as the permeate stream, and hydrogen sulfide lean stream 
16 as the reteniate stream. 

|0042'j Hydrogen sulfide selective separation unit 106 is any membrane capable of 
separating hydrogen sulfide from acid gas stream JO. Exemplary membranes include 
membranes based upon polypnosphaxenes, poiyether-polyamide copolymers, ionic liquid 
membranes, and ionic liquid membrane contactors. 
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|'Q843j Ionic liquid membranes are membranes that are doped with liquid ionic 
compounds, liquid ionic -compounds have a preferential solubility for hydrogen sulfide. 
Liquid ionic compounds have the structural formula: 

rv 
/ * 

o «v 

""" o. 
(Formula!} 

[1)0441 where Hi is selected from (he group consisting of -R> Cl:lrCB.r€Fj, -CH^-CHr 
CHjP, -CBj. -CH3-CM3, propyl, pemyf, hexyi, hcptyl, octyl,. CVCH alky!, slkeml and 
cydoalkyl; Rj is selected from the group consisting of -Bf -CHs^CHj-CFs, -CFIrClij-CH^N -
CJh, -CBrCHfe propyl, pentyi, bexyh heptyj, oetvl, €ft-C;$ alky;, altasyi, and eycloalkyl; 
and X is selected from the group consisting ofBF% PF&. {CF.?SOa)H> C%CC0}0. 

{©845] in at tot one embodiment of the present Invention, ihe liquid ionic compound of 
Formula ! is where R; is seteaod from hydrogen or s C( - Css alkyi group; R3 is.selected 
•from a C< - € •« al.kyl group, a Cj. - Co aikenyl, g Cj - Q> eyebslfcyl, a C? - 0$ cycloalkenyk 
m aryL. a substituted aryl aryl (€• - €4 alkyi), or .a substituted ary! {C\ - C4 sfod); and X is 
an anion selected from-ihe -group consisting of hydroxide., chloride, bromide, iodide, borate, 
tetrafluoroborate, euprate, CufQCh anion. phosphate. hexailuoTopfeosphate. 
hexsifluoroaniiroo?iatc. pefohlorate, nitrite, Mtrate, sulfate. a carboxylase, a sulfonate, a. 
sulfonamide, and a phosphors. 

|0046] "Hse term "aryi" refers to s cyclic aromatic- radical, optio»a?ly conlsmmg one or 
snore heteroatoms,. such as oxygen. nitrogen, and sulfur, such as phenyl, napnt'hy:, pyridyi 
and the like. 

HMi47| The term "substituted sryf refers to ary! as described herein, where from one to 
about three hydrogen atoms on the ary! are substituted with monovalent groups, such as halo, 
aikyl, haioaikyl, aikoxy, haloaikoxy. alkylthio, haloaikyhhio, alkylanhso, -alkanoyi, cyano, 
»itro, and the lite. 
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|0048f Carboxylates useful as anions include alkylcarboxyiates, such as acetate, 
substituted alkyicatboxyktes, such, as lactate, and haloalkylearhaxylates, such as 
triiluorbacetaie, a/id the like. 

[0049] Sulfonates useful as anions include aikylsulfouates, such m mesylate, 
haloalfcylstdfonates, such as &rifhte and nonaflate, and .arylxulfonates, such as tosykte and 
mesltylate, and the like. 

|0O5O] Sttffbmroides usetu! as anions may be mono- or disubstitated sulfonamides, such 
as m<&hanes«lfdniroide- and foi^ethanesultonimide, optionally halogenated suJfommkSes, such 
as bis-trlfluoromettenesuiiomnude, arylsuifonimides., such as bis-(4-inethoxyberjxene) 
sulfonamide, and the like. 

{005i'| In a preferred embodiment* .hydrogen sulfide selective separation unit 106 
includes an ionic liquid membrane impregnated with one or more fluorinated liquid ionic 
compounds having non-mtcleophiiio aissm. 

[0052-j Exemplary iiqrnd ioftie compounds useful for the present invention include 
imidazoiium salts, pyrazolium salts, oxaxolium salts, thiazoliura salts, triazolam. salts, 
pyridteiam salts, pyridafcinium s&ks, pyrimidiaium salts, and pyraxlnium salts. Illustrative of 
such compounds are {-bi|tyl-3~methylimVdazolium tetmfluoroborale, i-eihyl-;V 
methyiimidazoiiMP* ietrsiluorohorate, l-bmyl-S-methyiiimdaxoIium hexsfhtorophoaphaie, 1-
octyi-3-me%limidazoiium hesafluorophosphate, i --octy 1-3 -methyl imidazoikm 
tetrafl uorobotBte, I~butyi-3-methylimMa2olUia! Inflate, i-butyl-3-methylmtidaxolit«» 
trifluoroacetate, and l-butyl-j-methylimldaxoHum bis(triBuoromeihanesul-f<»iimide), 1-
trifi«ooprovl-3-mexhyiimidazolium bis(irifeoromethanesulfonimide), l~trifiuooproyl-3-
meihy litn idazoltum hexailuorophosphate, l-tri.liuooproyl-3-me&y1imidazoiium 
tetrafluoroborate, l-trifiuooproyl-S-me^ylinfiidazoijom trifh/oroacetate and the like, in a 
•preferred embodiment, the fluormated liquid ionic- compound for use in the ionic liquid 
membrane is 1 -butyls-methyl imisteolsum Mrafluoroborate. 

{0053] . One of skill in the art will appreciate that the. size, permeability, and selectivity of 
hydrogen sulfide selective scpamihn u«it .106 are design features based on the requirements 
of the system. The type of membrane selected is in consideration of the desired permeability 
and selectivity of the membrane and the acid gas feed, composition. Membranes suitable for 
use as hydrogen, sulfide selective separation unit 106 are membranes with a HjS/OCb 



WO 2015/160645 PCT/US2015/025272 
-5 5-

selectivity from between about 3.0 to about 9.5, alternately between about 3.0 to about 7.0. 
alternately between about 3.0 to about 5,0. 

|8&54| Hydrogen sulfide rich stream IS and hydrogen sulfide iean stream 16 are seat to 
Claus unit 200 as. described with reference to FIG. 1. 

(OOSSj Referring to FIG. 3., an alternate embodiment of enrichment apparatus 100 is 
provided. With reference to those elements previously described above, purified acid gas 
stream 12 is fed to carbon dioxide selective separation unit 104. Carbon dioxide selective 
separation unit 104 separates purified acid gas stream 12 to create carbon dioxide rich stream 
3D in the pemseate and carbon dioxide lean stream .32 in the refcntate, Carbon dioxide lean 
stream 32 contains an amount of the H:jS present is add gas stream JO, along with €0-2, and 
hydrocarbons. Carbon dioxide lean stream 32 is fed to the furnace of Claus unit 200. 
Without being bound to one particular theory, feeding .carbon dioxide lean stream 32 and 
hydrocarbon rich stream 14 to ifte furnace' separately allows mixing of the streams with the' 
flame, which increases combustion and .maximizes contaminant, destruction. In some 
embodiments, carbon dioxide lean stream 32 is mixed with hydrocarbon - rich stream 14 
upstream of the furnace, so that one stream is .fed to the .furnace. In at least one. embodiment 
of the present invention, the concentration of SdjS in carbon dioxide lean stream 32 is greater 
than 55% by volume, 

pHf56j Carbon dioxide selective separation .unit 104 can be any type of separation 
membrane capable of separating carbon dioxide from aeid gas stream 10. Exemplary 
membranes of carbon dioxide selective -separation unit 104 include amorphous fluoropjasfe. 
membranes, amorphous petfluoropolymer membranes, and random fluorocspoiyraef 
membranes. In at least one embodiment of the present invention, carbon dioxide selective 
separation unit 104 is a. glassy amorphous finomplastic membrane, specifically a 2,2 
bisf trifluoro-met:hyf}-4,5 ditiuoro-1,3 dioxole membrane. in at least one embodiment of the 
present invention, carbon dioxide -selective separation unit 104 is a perfluoropoivnier 
membrane, specifically a perOuoroc-opolymer of tetrailuoroethykne and 
perfluoromethoxydioxole. In at least one embodiment of the present invention, carbon 
dioxide selective separation unit 104 is a rubbery random fluoroceplymer membrane of 
tetrafluoroeihylene and perfluoromethyl vinyl ether. Membranes suitable for use as carbon 
dioxide selective separation unit 104 are membranes with a €02%$ selectivity horn 
between about 3.0 to about 8.0. 
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[885?! Carta dioxide rich stream 30 contains COa, HjS, hydrocarbons, md other 
contaminants, fa si least one embodiment of the present invention, the concentratioK of CO> 
present in carta dioxide rich stream 30 is greater than 70% by volume, alternately greater 
thai> 75% by volume, alternately greater than 80% by volume, alternately greater than 85% 
by volume, alternately greater than 90%. alternately greater than. 95% by volume. Carbon 
dioxide rich stream 30 is led to the catalytic conveners of Clays unit 200, Feeding carbon 
dioxide rich, stream 30 directly to the catalytic converter* provides a dilution gas to the 
catalytic converters and removes a source of carbon for formation of COS and CS^ in the 
furnace. T he catalytic converter of Claus unit 200 to which carbon dioxide rich stream 30 is 
.fed is a function of the concentration of carbon dioxide in carbon dioxide rich stream 30 or 
the need for dilution within that catalytic convener, 

111058] Referring to FK1 4> an alternate embodiment of enrichment apparatus 100 is 
provided. Wtth reference to-those elements previously described above, purified acid gas. 
stream 12 is fed to hydrogen .sulfide selective separation mut 106. Hydrogen sulfide selective 
separation unit 1.0.6 separates purified acid gas stream 12 into hydrogen sulfide rich stream IS 
'in. the permeate and hydrogen sulfide lean stream 16 in the retentate, S-iydrogen sulfide rich 
stream IS is fed to second hydrogen .sulfide selective separation anil 108. Second hydrogen, 
sulfide selective separation taut 108 separates hydrogen sulfide rich stream ifi into enriched 
hydrogen sulfide stream 22 in the permeate and carbon dioxide rstentate 20 in the retentate, 
Enriched hydrogen sulfide stream 22 and hydrocarbon rich stream 14 are fed to the fttmaee of 
Claus Unit 200, Hydrogen sulfide lean stream. 16 and carbon dioxide reientate 20 are fed to 
the catalytic converters of Claus Unit 200. 

|0bSff Referring- to FIG. 5. an alternate embodiment of enrichment apparatus 100 is 
provided. With reference to those elements previously described above, enriched hydrogen 
sulfide stream 22 and hydrocarbon nch stream 14 are mixed and ted to the furnace of Claus 
unit 200 as mixed furnace -feed stream 24. Hydrogen sulfide lean stream 16 and carbon 
dioxide retentaie 20 are mixed and fed Co the catalytic converters of Clans unit 200 as mixed 
eatah'tse converter feed stream 26. 

i'0§60| Referring to FIG. 6, an alternate embodiment of enrichment apparatus 100 is 
provided. With reference to those elements previously described above, purified acid gas 
stream 12 is fed to carbon dioxide selective separation unit 104, Carta dioxide selective 
separation unit 104 separates purified acid ps stream 12 into carbon dioxide rich stream 38 
in the permeate arui carbon dioxide lean stream 32 in the retentate. Carbon dioxide rich 
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stream 30 is fed to hydrogen .sulfide- selective separation anil 106. Hydrogen sulfide selective 
separation imit 106 separate carbon dioxide- rich stream 30 into hydrogen sulfide rich 
permeate 34 in the permeate and carbon dioxide rich tetentate 36 in the retentate. Carbon 
dioxide lean stream 32» hydrogen, sulfide rich permeate 34, and hydrocarbon rich stream 14 
are led to the furnace of CJaas Unit 200. Carbon dioxide rich releriiate 36 is fed to ihe 
catalytic conveners of Claus Unit 200. 

[0061] Referring to FIG. 7. m alternate embodiment of ei-iric.hme.nl apparatus 300 Is 
provided. With reference to those elements previously described above, purified, acid gas 
stream 12 is ted to hydrogen sulfide selective separation unit 1.06, Hydrogen sulfide selective 
separation unit 106 separates purified acid gas stream-12 into hydrogen sulfide rich stream 18 
in the permeate and hydrogen sulfide lean stream 16 in the retentate. Hydrogen sulfide rich 
stream IS Is fed to carbon dioxide selective separation unit 1.04, Carbon dioxide selective 
separation unit, i.04 separates hydrogen sulfide rich stream !& into carbon dioxide rich 
permeate 38 in the permeate -and hydrogen sulfide rich retentate 40 In the Menfate. 
Hydrocarbon 'rich streaxn 14 and hydrogen sulfide rich retentate 40. are fed to the furnace of 
Claus Unit 200. Hydrogen sulfide lean stream 16 and carbon dioxide rich permeate 38 are 
fed to the catalytic converters of Claus Obit 200. 

10062) The total, number of hydrogen sulfide selective separation units and carbon 
dioxide selective separation units (hereinafter "separation units") and the configuration of the 
separation units. Including the flow path of the permeate and retentate streams, depends on 
the composition of ads! gas stream 1.0, and the target-concentration of CCb or HjS in the feed 
stream io the furnace or the feed stream to catalytic converters. In at least one embodiment of 
the present invention, more than two separation units are arranged in series, 

|00.63| The -membranes of the present invention are in the absence of methanol in at least 
one embodiment of the present invention, hydrogen sulfide selective separation unit 106 is in 
the absence of a selective solvent absorption process, In at least one embodiment of the 
present invention, the membranes of the .present invention are in the absence of regeneration 
steps as part of steady state operation. 

10064] EXAMPLES 

100651 Throughout the examples, references will be made to types of membranes for use 
in the various separation units. Table .1 includes a list of selected properties for exemplary 
membranes usefin in the separation units of the present invention, The data, in 'fable 1 was 
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collected, from independently developed data.. Bxamptes of poSyctber-polysiaide copolymers 
•are represented by membranes made with M>ax* polymers. Examples- of amorphous 
fluoroptssties are represented by membranes made' using DuPonr^ Teflon4"' resins. 
Polyphosphates*; i, 2, and % are copolymers with 2K2~aeihoxyedK>xy)ei.hasoi (MEE), 4-
methoxyphenoi and 2-ailypben«l. 

jfMK>6| Table i. Properties of exearpkrr membmn&s 
> N % ««« - ^ 

CO, 

permeafeUuy 

(Barm-) 

HsS 
peme&Mbty 

(Barrer) 

CWBiS 
Sekeilvlty 

HJ&COJ 

Selectivity 

mm 3,200 - 0.63 1.6 

Pebax* J 41? 69 
' 

0.27 3.7 

Pehax* j 074 > 'J > 
> *-w 0,22 ! 4,6 

? 
Pefoax* 401! NO 3 i 0.22 4,6 

Peb&xfc 4011 (pure 

gas a sua) 

1750 180 ,1028 9.5 

Dai-W*1 §91$ 2« - 8 0.125 

Te:0 osf* AF1600 580 - 6.8 0.147 

Tdk-m* ,Af240(s 250.G - 6 C:.1T 

PoiypiKiSpbiiZinie i 7.5 14. i 0.53 ! .S9 

i Polyphosphate?;^ 1523 587.6 0.26 3.&S 

P'olyphasphaxsna 3 250 i i ;•>(> 

i \̂
f a o

 
j 

SMkaBP4 (iorsic 

Liquid Membrane) 

•~6 •'•800 0.0075 133 

|006?| Table 2. contains ihe permeation eonsianis for hydrocarbon selective separation 
unit ! 02 as used throughout the examples. 

ftKM&J Table 2. PerBtea&m Constants far -Mydrocarboa Selective Separation TJaft 
102 
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Compo»esf Permeation Ctmsfemt 

. 
CO.: 

' 
0.31 

H2S 0.49 

BTX 100:00 

c5 0.42 

""r v.-i 0,42 

[006§j EXAMPLE 'L Example 1 was simulated based on fhe configuration embodied in 
FIG. 2 ami described herein, Ac-id gas stream 10 from m mini"- separation process at 
37,7B"C and 29<?0 psia. was fed to hydrocarbon selective separation «ait .102 at a rate of 
248.52 MMsefd (292,66 MsmYh). Hydrocarbon selective separation unit .102 was modeled 
as a F.DMS type rubbery polymer membrane with an HjS/COs selectivity of 1.6 and BTX 
permeability of 100 cni^Cem^s^psia}. -See Table 2 for the permeation constants of the 
components. Hydrocarbon -selective separation suit 102 produced, hydrocarbon rich stream 
14 in the permeate and purified acid gas stream 12 in the retentate. Purified acid, gas stream 
12 -was then .fed to hydrogen snijftde selective separation unit 106. The properties tff 
hydrogen sulfide selective -separation unit 106 were modeled after a Pebak^ 165? or 
polyphosphazene type membrane with an B^S/COs selectivity of U> and BTX. permeability 
of SCO enrVecm^psk). Hydrogen sulfide selective separation uiut 106 separa&d purified 
acid gas stream 12 into hydrogen sulfide rich stream IJ in the permeate and hydrogen sulfide 
lean stream 16 in the retentate. Hydrogen sulfide rieh stream 1S and hydrocarbon rich stream 
1.4 were fed to the- furnace of Claus 'Unit 200. Hydrogen sulfide lean stream 16 was fed to the 
catalytic converters of Glaus Unit 200. The streams to the furnace had a combined I-ES 
coacemratioa greater than 28%, The resulting concentrations of components % vol for 
selected streams are shown m Table 3. 

PS?(IJ Table 3. Corscenlratfoa of Components is Selected Streams, by % vol 

r~ 
j Stream HI Stream 14 

| Furnace 
Stream IS j 

j (Streams 14 & 18) 
Stnsaia 16 

1 Temperature 37.78 | 37,7S 57.7S | 37,78 
! 

37>7S 
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fC) 

Ftew Kate 

(MMsefd) 

.748.52 9.7c 186.43 >96,2! 52.32 

€Oj 0.747 0.644 0,7; 7 0.7.14 i 0.872 

H,S (5.251 0.341 0.2% t 0.284 0.127 

BTX 0.001 0.012 | 0.000 
; 

0,001 0.000 

C5 | 0.00] 0,001 0.001 0.001 . j 0.001 

c* 0.001 
! 

o.ooi 0,00 i 0.001 ) 0.00! 

P$7'1} EXAMPLE 1. Referring to HC1 2 a«d the simulation parameters described in 
Example 1. in Example 2 hydrogen sulfide selective separation unit J 06 was .modeled as a 
rubbery type raembrase with a H^SVCOi selectivity of 3.18. The permeation. coasted for 
hydrogen saiifcie selective separation unit '106 for selected components are mchided. in Table 
4. Hydrocarbon rich stream 14 a«d hydrogen suifi.de rich stream 18 were fed to the lurnace of 
Gaits umt 200. The streams had a combined HxS concentration of greater than 30%. The 
resulting concentrations of components by % vol for .selected streams are shown hi Table 5. 

10072] Table 4, Permeatiofi Constattts 
B'ydrogen Sulfide Selective Separates tMt .106 

frw-numtim Camtmt 

e ni'titm'* s "psia j 

t.O> 0,3 s 

HsS 0..9S 

Ci 0.42 

c. 0.42 

|t)873J Table 5. Cmseeatrafioa. ®f Components is Selected Streams, by % vol. 

Strea'si M F »r«aee 
(Streams 14 

«Bd 
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Tcmpmlsrc 

ec) 
:T.S 37.S 37,78 3?.~S | 57.78 

i 

Fktvv Rsji-

(MMscfd) 
248.52 i 0.2 

: 

186.3 53,02 195.5 ' 

CO,. 0.74? 0.4SS 0.694 0.977 0,684 

iljS 0.25 i 0.500 0.304 0,021 i 0,313 
1 

BTX 0,00 { (LOB 0.000 0-000 0.001 

a 1 TOT 0.001 0,00 f 0.001 0.00.1 

c.< o.oo ] 0.00!. o,oo;. 0.00 i. 0,601 

[0674] EXAMPLE 3. Referring to FIG 2 and rise simulation parameters described in. 
Example 1, in Example 3 hydrogen sulfide selective separation unit 106 was modeled as a 
Pebstxs: type .membrane with a H-jS/CCb selectivity of 5.0. The permeation constants far 
hydrogen sulfide sdeedvc separation unit 1'06 far selected components arc provided in Table 
6. Hydrocarbon .rich stream R and hydrogen sulfide rich stream 18 were led to the furnace of 
Claus unit 2(K). The streams had a combined HsS concentratloR of greater dtan about 40%. 
The. resulting eoneentratidfts of components for selected streams in vol % are shown, in Table 
-r 
/ N 

[6075| Table & Perme»tfc>» Constants - Hydrogen Sulfide Selective Separation 
t=mt 106 

Ptraea turn €«»sta 8 J 

t3xiJticml*s*p$i&} 

co* 
... 

03; 

H-S 
" 

K54 

cs 0.42 

0.42 
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|Ci07ts] Table X Coamitrafiea of Ctmipoaeafe m Selected Streams, by % vol. 
™ 

Stream 18 Stream 14 Stream IS j Stream 16 

i 

Feraaee 

(Streams 14 & 18) 

Temps r&fw re 

fC) 

37.S 37.8 37.78 37,78 37.78 

Flow'Rate j 248.52 

(MMsefd) | 

9.05 si>S,3 104.16 144.34 

CO, 0.74? 0.380 0.601 {}..%& QM7 

SijS 0.251 0.606 0.3 §7 0.030 0.410 

BTX 0.00I 0.013 0.000 ; 0.000 0.001 

Q. 0.001 0,001 0,005 0,001 0,001 

C, 0.001 0.001 i 0,001 
1 

0.001 

|O07?| EXAMPLE 4, Example 4 wasitroutod as hydroc&rboa selective- separation unit 
102-coupled with a one-step carbon dioxide selective separation tm.it 104 as shown in FIG. 3. 
Add gas stream U! at 3?,?S°C and 29.70 .psta.was fed to. hydrocarbon selective: separation 
u«it 102. Hydrocarbon selective -separation xmlt 102 was modeled as a M)MS type rubbery 
polymer membrane with a 'HaS/COj selectivity of 1.6 and BTX permeability of 100 
cm4f(otn2*$*psh). See Tabic 2 for permeation constants for hydrocarbon, selective separation 
unit 102. Hydrocarbon, selective separation unit 102 separated acid gas stream 10 into 
hydrocarbon rich stream. 14 m the permeate aad purified acid gas stream 12 in the retentate. 
Purified acid gas stream 12 was fed to carbon dioxide selective separation tm.it 104. Carbon 
dioxide selective separation unit 104 was modeled as » glassy type membrane with a 
COa/HsS selectivity of 6, Permeation constants for carbon dioxide selective separation unit 
104 for select components arc provided in Table 8. Carbon dioxide selective separation unit 
104 separated purified aeid gas sutam 12 Into carbon dioxide rich stream 30 in the permeate. 
and carbon dioxide lean stream 32 in the retentate. Carbon dioxide least stream 32 and 
hydrocarbon' rich stream 14 were ted to the 'furnace of Claus Unit 200. Carbon dioxide rich 
stream SO was fed to the catalytic converters of Claus Unit 200. The streams to the f urnace 
had a combined KjS concentration greater than 30%. The resulting -concentrations of 
components for selected streams ate shown. In. Tabic 9. 
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}W78] Table & FeraeatUm CossSaats - €arfea» Dioxide Selective Separation Uast 
J04 

Cmnpbnmt Pen»ea&»H Constat* 

ctafyear^psia) 

€0> L2 

ii>S 

c, 
c, 13 ' 

Table 9. Ci>»eealr»iio8 of CompoBeats la Selected Slreaass* by % vol. 

. Stri-am 10 Stream 14 
; 

Bfrmm M j Stream 32 
(Streams 14 & 3.2} j 

; 

Tsmjjeraitetre 

m 
37.B 37.8 37,78 37,78 35.76 

fkm- Rate 

(MMscfil) 
1 

248,5 9.8 54; 14 IN.6 {94.38 j 

j£iH 0,7469 0.64.11 | 0.9402 0.69 5<> 0,603! 

H;s 
! 

0.2506 0.34 n ! 0.0S94 i 0.3S19-
! ! 

0.3069 

BTX J 0.00 SO 
i 

o.oos ; 0,0000 
1 

0.0000 0.0006 

Cs 0,0010 0,0(i 12 0.0002 •0.0012 0.00 J 2 

•c4 
; 

O.OOKs 0.0012 0.0002 0,0012 0.0012 

jW80J EXAMPLE 5. Referring to FIG. 4. a -proms diagram, of the layout used So model 
Example 5 is provided. Acid gas stream 10 from an asnine separation process at 3?.7S'-;C and 
29,70 psia was fed to hydrocarbon selective separation unit 102 at a rate of 248.4? MMscfd 
(274,23 Msm:7h). Hydrocarbon selective separation unit 102 was modeled as a POMS type 
rubbery polymer jnetnbmne. with m HjK/CCb selectivity of 1.6 and a BTX permeability of 
100 See Table 2 for the permeation constants of selected components. 
Hydrocarbon selective separation unit 102 separated acid gas swam 16 into hydrocarbon rich 
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stream 14 in the permeate and purified acid gas stream .12 in the retentate* £.ari8ed aeid gas 
scream 12 was then sent to hydrogen sulfide selective separation usit 106,. The properties of 
hydrogen sulfide selective separation xmit 106 were modeled, after & Pebas'* 165? or 
polyphosphate type membrane with an HhS/ttDi selectivity of 3.99. Permeation constants 
for selected comptsnems in hydrogen sulfide selective separation unit 1.06' are contained in 
Table JO. Hydrogen sulfide selective separation anii 106 separated purified acid gas stream 
12 into hydrogen sulfide rich, stream J8 m the permeate and hydrogen sulfide lean stream 16 
in the retentate. Hydrogen sulfide rich stream IM was fed to second hydrogen sulfide 
selective separation unit 16.8. The properties of second hydrogen sulfide se lective separation 
unit ICS were .modeled after a Fefaax^ 1.6'57 or oolyphnsphaxene type membrane with an 
H2S/CO2 selectivity of 3.99. Permeation constants for selected components in second 
hydrogen sulfide selective separation unit 108 are contained in Table 10. Second hydrogen 
sulfide selective separation unit 101 separated hydrogen sulfide rich stream IS into enriched 
hydrogen sulfide m&am 22 in the permeate and carbon dioxide retentate 20 in the tctmtm. 

106811 Table 10, Peraestkm Coastaats ~ Hydrogen Sulfide Selective Separatism 
Unit TOfe and Second Hydrogen Satfisie Selective Separation Unit 108 

C»i5;pt>fseas Berroeattas CtunstmS. 

CO, 0.31 

ITS 1.23 

0.42 

c. 0.42 

|0082'| Enriched hydrogen sulfide stream 22 and hydrocarbon rich stream 1.4 were fed to 
the furnace of Claus Unit 200. Hydrogen sulfide lean stream 16 and carbon dioxide retentate 
20 were led to the catalytic converters of Claus Unit 200. The streams.® the furnace had a. 
combined H:;S concentration greater than 55%, Table 11 shows the composition of select 
streams is % vol. 
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p}#83| Tafele .11. Coneeatrstios of Campaatsats-in Selected Streams, by % vol. 

Srrc;«« Id Streasn 14 Stream H Stream IS 
F«mae? 

(Stre&eas 14 & 22) • 

Ti.M!>per«nir<' {eC) 37.78 37.7S 37.78 37.78 39.99 

Flsm Rate 

(MMscfd) 

248.4? 9.13 63.13 576.19 152.42 

CD* 0.6404 0.3129 0.9659 0.5409 0.4354 

lljS 0357 s 0.6731 0.0320 0.457] 0.5620 

BTX 0.0005 0.0127 0.0000 0.0000 0.0008 

cs 0.00I0 0.0007 0,0011 O.OOIO 0.0009 

Cj 0.0010 0.0007 0.00I1 0.0010 0.0009 

jG0M| EXAMPLE 6. Referring to FKi. S and the simulation parameters described with 
reference to Example 5, in Example 6 hydrogen sulfide festive sepamtiqft unit IM and 
second hydrogen sulfide selective separation unit 10$ were modeled after a Pebax:fc 4011, 
Pebax®' 1074. polyphosphate type membrane, or an ionic liquid msmbranc/iomc liquid 
membrane contactors type membrane with as HyjS/CQj selectivity .of 5.0. Table 12 to&trnm 
the permeation constants for hydrogen sulfide selective separation unit 106 and second 
hydrogen sulfide selective separation unit 108. 

|(M$SJ Table 12. Permea&Mi Coasts ate - Hydros Sulfide Selective Separation 
Uttif 106 and Secoiul Hydrogea Sulfide Selective Separatum Ualt 108 

CompoKftRt. | Pemeaffoa Constat 

C-Og 0.3! 

HjS 1.54 

Cs 0.42 
_ 

Ci 0,42 
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[0086j Enriched hydrogen sulfide stream 22 and hydrocarbon rich stream 14 are mixed 
and led to the furnace of Claus unit 200 as .mixed furnace feed stream 24. Mixed furnace feed 
stream 24 has an HjS concentration of greater -than 55%. Hydrogen sulfide I» swain 16 
and carbon dioxide retentate 20 are mixed sua fed to the catalytic converters of Okus unit 
200 as mixed cataiyric converter feed stream 26. The resulting concentrations of components 
for selected streams by % volume are shown in Table 13. 

j808?] Table 1.3< Coaceatratkm of Components in Selected Strea ms, by % vol 

S'tmu'ii 

IO 

Stream 

Hi 

Stream 

14 

Stress® | Stream 

IS ! 24 

Stream 

24 

Temperature 

i*Q 

37,78 37.7s 37.78 37,78 37.78 

flow Rau-

(MMscfd) 

248.52 52,32 9.7S 186.43 145.3 1S3J4 

co> 0.6484 0.%63 0.2721 0.S985 0.4109 0.964! 

B'sS j 0,'SS? 1 0.0019 0.7176 0.3994 0,5865 | 0.0336 
: 

BTX 0,0005 0.0000 0,0092 0.0000 0.0008 0.0000 

: Q 0.0010 0.0009 0.00.06 ; o.ooio 
: 

0.0009 0,00 i 2 ' 

C, 0.00 H) 0,0009 j. 0.0006 
5 

0,00SO i 9,9009 ! 0.001.2 

{0888] EXAMPLE'?. Example ? was simulated based on the configuration embodied m 
FIG, 6, Acid gas stream 10 ai. 3?,?§°C and 29,70 psia was led to bydroe-arbots selective 
separation unit i02 at a rate of 248.5 MMSCKI (292,66 Msrn'Vh). Hydrocarbon selective 
separation unh s 02 was modeled as a PDMS type rubbery polymer membrane with an 
HJS/COJ selectivity of 1.6 and a-BTX permeability of 100 cmV{cm~*s*psTa). Hydrocarbon 
selective separation unit 102 separated acid gas stream 10 into hydrocarbon, rich stream 14 in 
the permeate and purified'acid gas stream 12 In the retentate. Purified acid gas stream 12 was 
then fed to carbon dioxide selective separation unit 104, (kbon dioxide selective separation 
unit 104 was modeled as a glassy type membrane with a C03/H2S selectivity of 6- Carbon 
dioxide selective separation usit 104 separated purified acid gas stream 1.2 into carbon 
dioxide rich .stream 30 in the permeate and carbon dioxide lean stream 32 in the retemaie. 
Carbon dioxide rich stream 30 is fed to hydrogen -sulfide selective separation unit 106. 
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Hydrogea sulfide selective separation unit 106 is .a Pebax*" 4011, Pebax^' 1074, 
polyphosphazene based, ionic liquid membrane. or ionic liquid membrane contactor type 
membrane with an H^SCOv selectivity of S.0, -Permeation consists for carbon dioxide 
selective separation unit T04 and hvxlrogen sulfide selective separate emit 106 are com&insd 
m Table 14 for select components. Hydrogen sulfide-selective separation. mit 106 separated 
carbon dioxide rich stream 30 into hydrogen sulfide rich permeate 34'm the permeate and 
carbon dioxide rich retentate 36 ia the retemate, C&rboh dioxide lean stream 32. hydrogen 
sulfide rich permeate 34, and hydrocarbon rich stress* 14 were fed to the furnace of Claus 
Unit 200. Carbon dioxide rich retentate 36 was fed io the cata lytic converters of Claus Unit 
200. The streams to the furnace had & combined H2S concentration greater than 40%. The 
resulting concentrations of components for selected streams by % volume are shown in Tabic 
.15, 

|008§| Tabic 14. Permeation Constants 

Component Csrho® dioxide selective . 

separation unit 104 

Hydrogen Sulfide Selective 

Separation Unit 106 

em7('cm **s* psssv) CMS/{CfKJii;S*psla) 

CO;. 1.2 0.31 

HvS 0.2 1.54 

c. 0.2 0.3 

c* 0.2 0.3 

:0090 s Tabic 15, Coiieeafratfoa of Cemptfseafcs la Selected Streams, by % vol. 
" 

Stream 10 Stream 14 Stream 38 Stream 34 
t-Tras-ce 

Stream 3(> 
(Stream* 14,32, & 34); 

Tempersmsrc 
ec> 

37.8 37.8 37.7S 37.78 37.78 j 37.7S 

,,,. i .! 
Plow Rate 
(MMscfd) 

248.47 10,78 50.04 

_ _ 

15.77 2! 4.2 i 34.27 
| 

CO? | 0.(HO4 
i 

0.5248 I [>.9041 0.5768 0.5879 | 0,9688 
!,. 
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e5s 0JS7I 0,46) 1 0.0954 0.4208 0.4093 0,0306 

BTX 0,0005 0.01 i 2 0.0000 8.0000 0.0006 0,0000 

£•5 0.0010 0.0011 0.0003 0.0012 0.001 ? 0.0003 

C< 0,0010 CUKU; 0,0003 0.0012 0.0011 0-0093 

|W9I | EXAMPLE S, Example 8 was simulated .based on the configuration embodkjci in 
FIG, 7, Acid gas stream SO at 37.78*0 and '29.70 .psia was fed to hydrocarbon selective 
separation unit 102 -a* a rate of 248.5 MM sofa (292.66 M$0r7h>< Hydrocarbon selective 
separation unit 102 was modeled as & PDMS type rubbery polymer membrane with an 
H^S/COj selectivity of 1.6 «nd a BTX permeability of 1&.0 cm3/(caf *s*psk>. Hydrocarbon 
selective separation unit 102 separated add gas stream 10 into hydrocarbon risb stream 14 m 
the permeate and purified acid gas stream'..12 in the retaliate-. Purified acid gas stream 12 was 
then fed to hydrogen sulfide selective separation unit 106. The properties of hydrogen sulfide 
selective separation unit i06 were -modeled after a Pebax*' 40IL Pebsx& 1074. 
pdyphosph&stme type, ionic liquid -membrane, or m ionic liquid membtaae- contactor iype 
membrane with a lijS/COj selectivity of 5.0. Hydrogen sulfide selective separation unit 106 
separates purified acid gas stream 12 into hydrogen sulfide rich stream IS la the permeate 
and hydrogen sulfide lean stream 16 h the retentate. Hydrogen sulfide rich stream 18 was 
fed to carbon dioxide selective separation unit 104. Carbon dioxide selective separation unit 
104 was modeled as a glassy type membrane with a CCWf-^S selectivity of 0.0. Permeation 
constants lor hydrogen sulfide selective separation unit 106 and carbon dioxide selective 
separation unit 104 are contained in. Table 16, Carbon dioxide selective separation unit 104 
separated hydrogen sulfide rich stream 18 into carbon. dioxide rich, permeate .38 in the 
permeate- and hydrogen sulfide- rich retentate 40 in. the-retentate. Hydrocarbon rich stream 14 
and hydrogen sulfide rich tctentate 40 wore fed to fee furnace of Claus Unit 200: Hydrogen 
sulfide lean stream 16 and carbon dioxide rich permeate 38 were fed to the catalytic 
converters of Claus Unit 200. The streams to the furnace had a combined HsS-eoneentrstiari 
greater than 68%. The resulting concentrations of components for selected streams by % 
volume are shown in Tabic 17. 
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£tKI92| Table IS, Permeatitm Constants 

Compoaeat Ciirbo» diaxUie selective Hydrogen -Sulfide Selective 

separafejH «m£ 1<>4 Separatum Oidt 106 

cm^%WV"pM} cm'Viem^s^psm) 

co3 U o,;vt 
H2S 0,2 

.. 
1.54 

: £•} 0.2 •0.3 

CM 0.2 03 

j'8893) Table 17, Cmiemtrstim af €om|»o«®8ts t» Selected Sirau&s, by % vol., 

| 
I Steam 18 

; 

Stream 16. Stream J4 
FarssiK-e 

(Streams 14 & 48) 

Cat Converters . 

(Sirenm 16 & 38) 

Temperature 

fCi 

JIM 31.78 37.78 

\""¥ '<••• 

FMv Rate 

l{MMscM) 

248,5 SS4.2 I 10,8 • - 92.4 150.1 

CO, 0,6404 0.8518 0,5248 0.3000 0.8360 

HjS 0.15? 1 0. f 456 ! 0.461? 
i 

0,6880 O.ioOv 

BTX 0.8005 0.0000 1 0.0112 
i 

0.0013 0,9000 
.. 

: Cj> 0.0010 0.0013 i 0,001 i 
i .. 

0.000? o.oo n 
0.0010 0.00 i 3 •0.0011 0.000? 0.00! 2 

{90$4| EXAMPLE 9. Example 9 observed the effect of membrane surface on tbe 
coaceatrsliofi of components in selected streams. Referring to PIG, 7 aitd the simulation 
parameters described with reference to Example 8, in Example 9 the membranes used for 
hydrogen, sulfide selective separation unit K)6 and carhors dioxide seteefve separation unit 
104 were modeled with & total surface area 1.55 times the surface area ased in Example 8, 
The streams to furnace had a.eorrsbincd HjS coueen.tR5tion greater than 58%. The streams io 
tbe catalytic converters bad a combined 0;-S of less thtm 7.2%. 
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Table 18. ConeeBtralloa of €ompoaei»t$ In Seteetes! Streams, by % vol 

Stream Hi Stress 16 Stream 14 
Farms« 

(Strow 14 & 4i),s 

Cat. Converters 

(Streams 16 & 38) 

Teatpcratare 

e« 
37.7S 37.751 37.7S 37.72 ?6.H 

Flow Mate 

.{MMscfd} 

248-5 82.5 !0.8 j 13V.2 ; 109.2 

i 1 
CO, 0.6404 0»5S I 0.S24S 0.4168 0.92S9 

H,S 03575 G.0389 0.4617 0,5806 0.07! % 
: 

BTX 0.0005 0.0000 0.0!. S 2 0,0009 0,0000 

(i.OQlO ; 0.00 i 5 
i 

0,00.11. 0.0008 0.0012 

CJ 0.0010 | 0.0015 ; 0.901! 
! ] 

•0.0008 0.00'2 
. 

!Csj Although the pre-seni invention has been described in detail, it should be 
•understood that various changes, subsutttiiotts, and alterations can be made hereupon without 
departing front the principle and scope of the invention. Accordingly, the scope of the 
present invention should be determined by the- following claims and their appropriate.legal 
equivalents. 

fW$7J The singular forms "a," and "the<* include plural referents, unless the context 
clearly dictates otherwise. 

|8098] Optional or ".optionally means that the subsequently described event or 
circumstances can or may not occur. The description includes instances where the event or 
circumstance occurs.and instances where It docs not occur. 

Ranges tnay be expressed herein as from about one particular value. and/or to 
about another particular value. When -such a range is .expressed, it Is to: be understood that 
another embodiment is from the one particular valise and/or to the other particular value, 
along with all combinations within sale range. 

JMiOSj As used herein and in. the appended claims, the words "'comprised "has,* and 
"include*5 and all grammatical variations thereof are each Mended to have m open, son-
limiting meaning thai does sot exclude additional elements or steps. 
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[00101] As used herein, terms such as <{firsf and "second'* am arbitrarily assigned and are 

merely blended to differentiate -between two or more componen ts of an apparatus. It is to be 

understood that the words "fusT and "second" serve no other purpose and are not part of the 

name or description of the 'Component nor do they necessarily define a relative location or 

position of the -component Furthermore, it is to be understood that that the mere use of the 

tern "fisrsf and "second" does not require that there be any "third" component, although that 

possibility is contemplated under the scope of the present invention. 
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CLAIMS 

An enrichment apparatus for enriching a hydrogen sulfide concentration in an acid gas 

stream to create a hydrogen sulfide rich stream for feed to a Claus unit, the 
enrichment apparatus comprising: 

a hydrocarbon selective separation unit, the hydrocarbon selective separation unit 

operable to separate the acid gas stream into a hydrocarbon rich stream and a 

purified acid gas stream, 

wherein the acid gas stream comprises hydrogen sulfide, carbon dioxide, and 

hydrocarbons 

wherein the hydrocarbon rich stream comprises benzene, toluene, ethyl 

benzene, and xylene; 

a hydrogen sulfide selective separation unit in fluid communication with the 

hydrocarbon selective separation unit, the hydrogen sulfide selective 

separation unit operable to separate the purified acid gas stream to create the 

hydrogen sulfide rich stream and a hydrogen sulfide lean stream, the hydrogen 

sulfide rich stream having a concentration of hydrogen sulfide; and 

the Claus unit in fluid communication with the hydrogen sulfide selective separation 

unit, the Claus unit operable to recover elemental sulfur from the hydrogen 

sulfide rich stream. 

The enrichment apparatus of claim 1, further comprising: 

a carbon dioxide selective separation unit in fluid communication with the hydrogen 

sulfide selective separation unit, the carbon dioxide selective separation unit 

operable to separate the hydrogen sulfide rich stream to create a carbon 

dioxide rich permeate and a hydrogen sulfide rich retentate, the hydrogen 

sulfide rich retentate having a concentration of hydrogen sulfide. 

The enrichment apparatus of claim 2, wherein the carbon dioxide selective separation 

unit is selected from the group consisting of an amorphous fluoroplastic membrane, 

an amorphous perfluoropolymer membrane, a random fluorocopolymer membrane, a 

perfluorinated copolymer membrane, and combinations thereof. 

The enrichment apparatus of claim 1, wherein the hydrogen sulfide selective 

separation unit is selected from the group consisting of polyphosphazene type 
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polymer membranes, polyether-polyamide copolymer membranes, ionic liquid 
membranes, ionic liquid membrane contactors, and combinations thereof. 

The enrichment apparatus of claim 1, wherein the hydrocarbon selective separation 
unit comprises a PDMS type rubbery polymer membrane. 

The enrichment apparatus of claim 1, wherein the acid gas stream further comprises 
contaminants selected from the group consisting of mercaptans, thiols, carbonyl 
sulfide, carbon disulfide, and combinations thereof. 

The enrichment apparatus of claim 1, wherein the hydrogen sulfide concentration in 
the acid gas stream is between 15% to 55% by volume. 

The enrichment apparatus of claim 1, wherein the concentration of hydrogen sulfide 
in the hydrogen sulfide rich stream is greater than 55% by volume. 

A process for enriching a hydrogen sulfide concentration in an acid gas stream to 
create a hydrogen sulfide rich stream for feeding to a Claus unit, the process 
comprising the steps of: 

feeding the acid gas stream to a hydrocarbon selective separation unit, the acid gas 
stream comprising hydrogen sulfide, carbon dioxide, and hydrocarbons; 

separating the acid gas stream in the hydrocarbon selective separation unit to create a 
hydrocarbon rich stream and a purified acid gas stream, 

wherein the hydrocarbon rich stream comprises benzene, toluene, ethyl benzene, and 
xylene; 

feeding the purified acid gas stream to a hydrogen sulfide selective separation unit 
fluidly connected to the hydrocarbon selective separation unit, the hydrogen 
sulfide selective separation unit operable to separate the purified acid gas 
stream; 

separating the purified acid gas stream in the hydrogen sulfide selective separation 
unit to create the hydrogen sulfide rich stream and a hydrogen sulfide lean 
stream, the hydrogen sulfide rich stream having a concentration of hydrogen 
sulfide; and 
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feediiig the hydrogen sulfide rich stream to a furnace of the Claus unit, the Claus unit 

operable to recover elemental sulfur from the hydrogen sulfide rich stream to 
create an elemental sulfur stream and a waste gas stream. 

The process of claim 9, further comprising the steps of: 

feeding the hydrogen sulfide rich stream to a carbon dioxide selective separation unit 

in fluid communication with the hydrogen sulfide selective separation unit, the 

carbon dioxide selective separation unit operable to separate the hydrogen 

sulfide rich stream; 

separating the hydrogen sulfide rich stream to create a carbon dioxide rich permeate 

and a hydrogen sulfide rich retentate, the hydrogen sulfide rich retentate 

having a concentration of hydrogen sulfide; and 

feeding the hydrogen sulfide rich retentate to the furnace of the Claus unit. 

The process of claim 10, wherein the carbon dioxide selective separation unit is 

selected from the group consisting of an amorphous fluoroplastic membrane, an 

amorphous perfluoropolymer membrane, a random fluorocopolymer membrane, a 

perfluorinated copolymer membrane, and combinations thereof. 

The process of claim 9further comprising the step of feeding the hydrocarbon rich 

stream to a BTX recovery process, the BTX recovery process operable to recover 

hydrocarbons from the hydrocarbon rich stream. 

The process of claim 9, wherein the hydrogen sulfide selective separation unit is 

selected from the group consisting of polyphosphazene type polymer membranes, 

polyether-polyamide copolymer membranes, ionic liquid membranes, ionic liquid 

membrane contactors, and combinations thereof. 

The process of claim 9, wherein the hydrocarbon selective separation unit comprises a 

PDMS type rubbery polymer membrane. 

The process of claim 9, wherein the acid gas stream further comprises contaminants is 

selected from the group consisting of mercaptans, thiols, carbonyl sulfide, carbon 

disulfide, and combinations thereof. 

The process of claim 9, wherein the hydrogen sulfide concentration in the acid gas 

stream is between 15% to 55% by vplume. 
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The process of claim 9, wherein the hydrogen sulfide rich stream has a hydrogen 
sulfide concentration greater than 55% by volume. 

An enrichment apparatus for enriching a hydrogen sulfide concentration in an acid gas 
stream to create a hydrogen sulfide rich stream for feed to a Claus unit, the 

enrichment apparatus comprising: 

a hydrocarbon selective separation unit, the hydrocarbon selective separation unit 

operable to separate the acid gas stream into a hydrocarbon rich stream and a 

purified acid gas stream, 

wherein the acid gas stream comprises hydrogen sulfide, carbon dioxide, and 

hydrocarbons, 

wherein the hydrocarbon rich stream comprises benzene, toluene, ethyl 

benzene, and xylene; 

a carbon dioxide selective separation unit in fluid communication with the 

hydrocarbon selective separation unit, the carbon dioxide selective separation 

unit operable to separate the purified acid gas stream to create a carbon 

dioxide rich stream and a carbon dioxide lean stream, the carbon dioxide lean 

stream having a concentration of hydrogen sulfide; and 

the Claus unit in fluid communication with the carbon dioxide selective separation 

unit, the Claus unit operable to recover elemental sulfur from the carbon 

dioxide lean stream. 

The enrichment apparatus of claim 18, further comprising: 

a hydrogen sulfide selective separation unit in fluid communication with the carbon 

dioxide selective separation unit, the hydrogen sulfide selective separation unit 

operable to separate the carbon dioxide rich stream into a hydrogen sulfide 

rich permeate and a carbon dioxide rich retentate, the hydrogen sulfide rich 

permeate having a concentration of hydrogen sulfide. 


