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FIG. 1

(57) Abstract: A method for recovering sulfur is disclosed, comprising the steps of feeding an acid gas stream to a combustion fur -
nace, condensing the cooled furnace stream to produce a first gas stream, feeding the first gas stream to a first adsorber comprises a
molecular sieve, feeding the first hot dry gas stream to a first catalytic reactor, cooling the first catalytic outlet stream in a first con-
denser, feeding the second gas stream to a second adsorber, feeding the second hot dry gas stream to a second catalytic reactor, cool -
ing the second catalytic outlet stream in a second condenser, introducing the third gas stream to a third adsorber, feeding the third
hot dry gas stream to a third catalytic reactor to produce a third catalytic outlet stream, and cooling the third catalytic outlet stream in
a third condenser to produce a third sulfur stream and a tail gas stream.
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PCTPATENT APPLICATION

CLAUS PROCESS FOR SULFUR RECOVERY WITH INTERMEDIATE WATER
VAPOR REMOVAL BY ADSORPTION

TECHNICAL FIELD
{00011 Disclosed wre methods for sulfur recovery,

BACKGROUND

{6002} Sulfur recovery refers to the conversion of hydrogen sulfide (HsS) to elomental
sulfur, Hydrogen sulfide is a byproduet of processing natural gas and refining high-sulfur
crude oils. The conventional method of sulfur recovery is the Claus process. Approxintately
80 percent to 85 percent (%) of recovered solfur is produced by the Claus pracess. A

conventional Claus process can recover between 05 %% and 98 36 of the hydrogen sulfide.

{8003}  The conventional Claus process fncludes a thermal combustion stage and a
calalytic reaction stage. In terms of cquipment, the Claus plant {Claus unit) includes a
thermal reactor and two or three catalytiv reactors {Claus converters),  Typieal sulfur
veeovery efficiencies for Clans plants with two Clang converters {reactors) is between 90 and
7%, and for a Claos plant with three converters between 95 and 98%. But theve is
increasing demand o achieve higher sulfur removal and recovery efficiency doe to tight
cmissions regulations.  Recent environmental regulstions regarding swlfur oxides (80K
emissions place 4 stringent requirement on commercial sudfur recovery and aceovdingly, most

countries require sulfur recovery sfficiency in the range of 98.5% to 99.9% or higher.

{8004]  The addition of a taib-gas treatment unit {TGTU) can increase sulfur recovery o or
abave 99.9%, but requires complex and expensive equipment, The TGTU entails either an

add-on unit at the end of the Class unit or a modification o the Claws unit #icelf The add-on

1

SUBSTITUTE SHEET (RULE 26)



WO 2017/120302 PCT/US2017/012287

TGTU at the end of the Clags unit is generally used when the Claus provess includes two
Claus converters, Althoagh there are several varieties of tail gas treatment technofogies, they
san be grouped inte the following four brosd categories: sub-dew point Claus process, dirses
exidation of Ha8 to sutfur, sulfor diexide (S04 reduction and recovery of Hy8, and Ha8

combusticnt to 8Oy and recovery of SOy

8005 Sub-dew point Claus processes are provessss based on a Clamy converter
performing at temperatures below the sulfir dew point (lower temperature is desirable due to
equitibrium pature of the Clans catalytic reaction). Sub-dew point provesses provide high
cquilibrium conversions in one catalyst bed, but are complicated by the need for periodic
cafalyst regeneration by sulfpr evaporation at elevated temperatures. To accommodate for
regeneration, such provesses are usually performed in two or three {or even more) parallel
reactors, petiodically undergoing reaction and regeneration. Cold-bed-adsorption (CBA) is

the most efficient sub-dew point provess amd can achieve 99% sulfur recovery.

{0006  Procssses involving divect oxidation of HaS to sulfr ate based on selective

axnidation of Hh8 by oxygen lo elemental sulfur using selective catalysts.

{0067]  TGTU technology based on SO; reduction amd recovery of Hp$ involves the
catalytic hydrogenation of lefiover sulfur species to. HS, absorption of the HaS with amine
solution and then recyeling the HyS back 1o the Claus furnace.

[0668]  TGTU technology based on HaB combustion to SOy and recovery of SO involves
the combustion of leftover HiS in the tail gas stream to SO, absorption of 8O, with a solvent
(wet scrubbing), and recycling the 8Os back to the faed to Claus plant.  Although SO
scrubbing, also known as flue gas scrabbing, has not been sormnercially tested as a TGTY,

the technology has been extensively used as flue gas scrubbing for coat based power stations.

2
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SUMMARY OF THE INVENTION

[0009]  Disclosed ave methods for sulfur recovery,

0010]  Ina fivst aspent, a method to recover sulfur from hydroges subfide in an acid gas
stream s provided, The wethod includes the steps of feeding the acid gas streans o @
combustion furnace to produce a farnace cutlet stream. The combustion farnace configured
to copvert the hydrogen sulfide to elemental sulfir, where the furnace outlet stream inchudes
elemental saifur, bydrogen sulfide, sulfur dioxide, and water vapor, The step of introducing
the furnace sutlet stroam te a waste heat boiler to produce a coeled furnace outler strean, the
waste heat boiler configured fo reduce a tomperature of the furnace outlet stream, condensing
the cooled furnace stream i & sulfur condenser 1o produce a Hquid sulfue stream and a first
gas stream, the selfur condenser configured 1o reduce a tempsrature. of the cooled furnace
stream 1o a temiperature below a dew point of clemental sulfur and above a dow point of
water, feeding the first gas strear to a fivst adsorber to produce a first dry gas stream and 8
flvst water streamn, whergin the first adsorber inclodes 2 molecular sieve, wherein the first dry
gas st ds in the absence of water vapor, whereln the first dry gas stream fochudey
hydrogen sulfide and sulfur diogide. The method fusther including the steps of heating the
first dry gas stream in a first reheater 1o produce a first bot dry gas siream, whersiny the first
hot dry gas stream s at a fivst temperature, feeding the first hot dry gas stream 0 8 first
eatalytic reactor to produce a first catalyiic outlet stream, wherein the first cmtalvtic outlet
stream includes elemental sulfur, hydrogen sulfide, sulfur dioxide, and water vapor, coaling
the fivst catalytic outlet stream in & first condenser to produce g first sulfur stream and a
second gas stream, the it condenser configured o condense the clemental selfur in the first
catalytic ogtlet stream such that the first selfur stream ineludes liquid sulfur, wherein a
tempevature in the fivst condenser is betwesn the dew point of sulfur and the dew point of
waler, wheveln the sscond gas stream includes hydrogen seifide, sulfur dioxide, and water
vapor, feeding the second gas stream to a second adsorber o produce a second dry gas stream
and & second water strear, wheredn the second adsorber inclides a molecular sieve, wherely
the second dry gas stream includes hydrogen sulfide and sulfur dioxide, wherein the second
dry gas stream i3 in the absence of water vapor, heating the second dry gag stream in 2 second
reheater 1o produce a second hat dry gas stream. The second hot dry pas stream is at # second
temperature, where the second temperatiee s Jower than the first temperature,  The method
further includes the steps of feading the second hot dry gas stream to a sscond catalytic

reactor to produce a second catatytic eutlet stream, wherein the second catalytic outlot stream
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meludes clemental sulfur, hydrogen sulfide, sulfir dioxide, and water vaper, cooling the
second catalytic outlet stream in # second condenser to produce & second sulfor stream and a
third gas streany, the second condenser configured to condense the elemental sulfur in the
sgeond catalytic outlet stream such that the second sulfur stream inclades liquid sulfur,
wherein 8 temperature in the second condenser is bepween the dew point of sulfur and the
dew point of water, wherefn the third gas stream inclodes hydrogen sulfide, sulfur dioxide,
and water vapor, introducing the third pas stream to & third adsorber to produce @ third dry
gas stream and a third waler stream, wherein the third adsorber includes s molecular sieve,
wherein the third dry gay stream includes hydrogen sulfide and sulfur dioxide, wherein the
third dry gas stream is in the absence of water vapor, heating the third dry gas stream in 2
third rieheater to produce a thivd hot dry gas stream. The third hot dey gas stream s at 2 third
temperature, whete the third tlemperature is fower than the second temperatwre, The method
finther including the steps of feeding the third hot dvy gas stream to a third catalytic reactor to
produce a third catalytic outlet stream, whergin the thind catalytic outlet stream includes
elemental sulftr, hydrogen sulfide, sulfur dioside, and water vapor, and conling the third
catalytic outlet stream in a third condenser 1 produce a third sulfir stream and a tail gas
stream, the third condenser configured to condense the elemental sulfor in the third catalytic
outlet stream sueh that the third sulfur stream ncludes Hquid sulfur, whersin a temperatare in
the third condensey is between the dew point of sulfur and the dew polnt of water, wherein

the tail gas stream inclades hydrogen sultide, sulfur dioxide, and water vapor,

[BOEE] o certain aspects of the present invention, & tolal conversion can be determined.
In certain aspects of the present invention, the total conversion exceeds 99 % by weight. In
certain aspects of the present invention, the molecutar siove is molecular sieve 3A, o certain
aspects of the present ivention, the first temperature is 235 °C. In certain aspects of the
present invention, the second tempersture is 215 °C. In certain aspects of the present

invention, the third temperature 1s 205 °C.

[0612]  In & second sspect of the present fnvention, a system to recover sulfar from
hydrogen sulflde I an acid pas stream Is provided. The wystem includes a combustion
fumace, the combustion furnace configured 10 vonvert the hydrogen sulfids 1o elemental
sulfur o produce a fumace outlet stream, wherstn the fumace outlet stream includes
elemental sulfur, hydrogen sulfide, sulfur dioxide, and water vapor, a waste heat boiler
fhuidly connected to the combustion fusnace, the waste heat boiler counfigured to remove heat

from the furnace outlet stream to produce a cooled furnace stream, a sulfur condenser fuidly
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connectsd to the waste heat boifer, the sulfur condenser sonfigured to condense the elemental
sultur in cooled fumdce stream to produce 2 lquid sulfur stream and & fiest gas strean,
wherein the gas stream is in the absence of elemental sulfur, wherein the first gas stream
includes water vapor, a first adsorber fluidly connected to the sulfur condenser, the first
adsorber configured to remove water vapor from the fivst gas stream to produce a first dry gas
stream and a first water stream, wherein the first adsorber includes a molecular sieve, whetein
the first dry gas stresm inchudes hydrogen sulfide and sulfur dioxide and is in the absence of
water vapor, a first Claus catalytic sage fuidly connected 10 the first adsorher, the first Claos
catalytic stage configured fo produce g first sulfur stream and & second gas stream, a second
adsorber fhuidly connected to the first Claus catalviic stage, the second adsorber configured to
remove water vapor from the second gas o produce 2 second dry gay stream, whereln the
second adsorber includes a molecular sieve, whereln the second dry gas stream inclades
fvdrogen sulfide and swdfir dioxide and s in the absence of water vapor, a second Claus
catalytic stage fluidly connected to the sevond adsorber, the second Claus catalytic stage

configured {0 produce a sccond sulfur streans and a third gas stream, 2 thivd adsorber fluidly
cimnnected to the second Clans catalytic stage, the third adsorber configured to remove water
vapor from the third gas 1o produce a third dry gas stream, wherein the third adsorber
includes a molecular sleve, wherein the third dry gas stream includes hydrogen sullide and
sutfur dioxide and is in the absence of water vapor, and a third Claus catalytic stage fluidly
conngcted fo the third adsorber, the third Claus vatalytic stage configured to produse a third

sutfur stream and a tail gay stream.

{0013]  u certain aspects of the present invention, a total conversion can be determined.
In certain aspects of the present invention, the total conversion exceeds 99 % by weight, In

sutain aspects of the present invention, the molecular steve §s molecular sieve 34, In certain

aspects of the prosent invention, the first Claus catalytic stage ingludes & first reheater flaidly
connected to the first adsorber, the first reheater configured 1o increase a temperature of the
first dry gas stream to produce a first hot dry gas streany, wherein the first hot dry gas stream
is ot o fivst tomperature, o first catalvtic reactor fuidly conneeted to the first reheater, the first
catalytic reactor configured (o convert hydrogen sulfide and sutfur dioxide to elentental suifur
to produce a fiest catalytic outler streavn, wherein the first catalytic outlet stream includes
hydrogen sulfide, sulfur dioxide, elemental sulfur and water, and a first condenser, the first
condenser fhuidly conpected to the first catalytic reactor, the first condenser configured to

condense the elemental sulfur in the fiest catalyvtic outlet stream to produce a fest sulfur
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stream and the second gas stream, wherein the second gag streany includes hydrogen sulfide,
sulfur dioxide, and water vapor. In certain aspects of the present invention, the first
temperature 18 233 °CL In certain aspests of the present invention, the second Clas catalytic
stage includes a second rebeater fluidly connected to the second adsorber, the second reheater
configured 1o increase o temperature of the second dry gas stream to produce a second hot dry
gas stream, wherein the seeond hot dry gas stream i3 at a second temyperature, a second
catalytic reactor fluidly connected to the second reheater, the second catalytic reactor
configured t0 convert hydrogen sulfide and sulfur dioxide to elemental sulfur to produce 2
second catalytic outiet stream, wherein the second catalytic outlet stream includes hydrogen
sulfids, sulfiur dioxide, elemental solfur and water, and 2 second condenser, the second
condenser flutdly connected to the second vatalytic reactor, the second condenser configured
t condense the elemental sulfir i the second catalytic outlet strean 16 produce a second
sultur stream and the second gas stream, wherein the second gas stream includes hydrogen
sutfide, sulfur dioxide, and water vapor. In certaln aspests of the prisent invention, the
second temperature is 215 °Co In certain aspects of the present invention, the third Claus
catalytic stage includes a third rehester fluidly connected to the third adsorber, the third
reheater configured to inereass a temperatire of the third dry gas stream o produce a third
hot dry gas stream, wherein the third hot dey gay stream is at o third temperature, o third
catalytic reactor fluldly comiected to the third reheater, the third catalytic reactor configured
to convert hydrogen salfide and sulfur dioxide to clemental sulfur to produce a third catalytic
cutlet stream, wherein the third catalyvtic outlet stream includes hydrogen sulfide. sulfur
dioxide, elemental sulfur and water, and a third condenser, the third condenser fluidly
connected to the third catalytic resctor, the third condenser configured so condense the
clomental sulfur in the third catalytic outlet stream to produce a thivd sulfur stream and the
third gas stream, whereln the third gas stream ncludes hydrogen sulfide, sulfur dioxide, and

water vapor. {n certain aspects of the present invention, the third teraperature is 205 °C.

6

SUBSTITUTE SHEET (RULE 26)



WO 2017/120302 PCT/US2017/012287

BRIEF DESCRIPTION OF THE DRAWINGS

[0084]  These and other features, aspects, and advantages of the Inventive scope will
become befter understood with repard to the following descriptions, clatms, and
secompanying drawings. It Is to be noted, bowever, that the drawings ithstrate only several
ernbodiments and are therefore not to be considered limiting of the invention’s scope.

[0015]  FIG. 1 is g process flow disgram of the process of the present invention inchuding
three adsorbers,

{016}  FIG. 2 is a process flow diagram of a conventional Claus process having two

catalvtic reaciors,

BOET]  FIG. 3 iy w process flow disgram of a conventional Claus process having three

catabytic reactors,

00181 FIG. 4 is o process flow diagram of the provess of the present lnvention inchuding

ong adsorber.

{0819]  FIG. 3 s a process flow diagram of the process of the present invention including

twir adsorbers.

[0620]  FIG. 6 i process flow diagram of the process of the presest invention including

ane adsorber,

{8021} FIG. 7 isa process Row diagram of the provess of the present invention including

one adsorber.

{0022  FIG. 8 is a process flow diagram of the process of the present invention including

twe adsorber,

{00231 FIG. 9 is g process flow diagram of the protess of the present invention incliding

one adsorbers,
8024} FIG. 1015 a process flow diagram of ar adsorber,

{0625 FIG, 11 s a depiction of the isotherms for waler vapor on molecular siove 3A.
p
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BETAILED DESCRIFTION OF THE INVENTION

{B026]  While the inventive scope will be described with seversl embodiments, i is
understood that one of ordinary skifl in the relevant art will appreciate that many examples,
variations and alterations 1o the apparatus and methods deseribed herein are within the scope
and spirit of the invention. Accordingly, the embodiments described are set forth withous any
loss of generality, and without imposing Hmitations, on the claimed invention, Those of skill
in the art understand that the inventive scope includes all possible combinations and uses of

particutar features deseribed in the specification,

{BU27]  The present invention provides a method for recovering elemental sulfur from an
ackd gas stream comaining hydrogen sulfide.  The method is an improvement to the
conventional Claus process. The method of the present invention advantageously increascs
the amount of slemental sulfur recovered and thevefore reduces the amount of sulfur dioxide
vented to atmosphere over a conventional Claus provess. Thus, the present invention enabiles

& Claus process to meet more stringent sulfur regulations,

{0028]  Asused herein, and unless otherwise specified the term “elemental selfin” refers
to sulfur vapor, which can be present as 8y Su 8y, 85, Se Sy and 8y, due to simple
polymerization. Without being bound to a particular theory, it is noted that high reaction
temperatures favor the production of 8y and lower reaction femperatures favor formation of

{8020]  Asused hersin, “dew polnt™ refors to the temperature of saturation of 8 vapor with
a fiquid. It i the ‘iémpemmm at which Hquid cvaporates at the same rate at which it
condenses, Dew point for any compound is & fanction of the pressure and the composition of
the vapor, including fraction of compound in the vapor. Below the dew point of a
component, the component will condense from the vapor phase.

{0038]  The method of the present invention incorporates removal of water vapor (Ha(0) to
drive the Claus catalytic reaction toward conversion to elemental sulfur. The Claus catalytic

reaction oecuss in the catalytic resctors of the Claus process, according to the following

equation:
- .3 C e -
v IHE4 50,5 S5+ 3H.0 5 AN — 1085
0031]  2FSH S0, LS+ 20 a0~ ~ans L 0

0032 whers, By i a form of elemental sulfur and &H is the change in enthalpy and the

negative vale indicates that the reaction is exothermic. Reaction (1), the Clans catabytic

8
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rection, is a reversible exothermiv resction,  The extent of reaction is Hmited by the
squitibrium value. One way 1o drive the reaction toward the right is to lower the temperature,
However, the ability to reduce the wmperatwe is limted by the salfir dew point.
Temperatures below the sulfur dew point leads to sulfur condensation in the cats iyst bed of
the catalytic veactor, Sulfur condensation can lead to impairment of the catalyst surfsce and
i catalyst deactivation. As a result, the lemperature in the catalyiic reactors is naintained at
& temperatare between 5 °C and 10 °C above the sultur dew point,  Sulfur condenses at
temperatures at or below 175 °C, alternately at temperatures betwesn 175 °C - 200 °C, and
alternately at temperatures at or below 200 °C. Conventional Claus units are designed such
that the lowest reaction temperature Is only reached in the last catafytic reavtor in the catalytic

reaction stage.

[0033]  Another way to incresse conversion to elemental sulfur in reaction {1} is te
remove reaction products from the reaction medium, The removal of resction products
results in a higher conversion in an equilibrium resction. The conventional Claus process
focuses on the removal of sulfur by performing reaction (1) 3 2 saries of o or thiee
catalytic reactors that include intermediate removal of sulfer in condensers. The present
invention advantageously incorporates the additional step of selective removal of water
between catalytic resctors fo jmprove the equilibrium in the Claps catalvtic reaction, The
selective remsoval of water can shift ssaction (1) further to the right due to the second arder
dependency of the equilibrivm constant on water vapar partial pressare as shown in the

following equation:

0!
18034} o8 = N '.‘1&2}3’;{‘ 3 @

[0035]  where, Puag i the partial pressure of water, Py is the partial pressure of sulfur,
Pros i the partial pressure of hydrogen sulfide and Py is the partial pressure of sulfur
dioxide and Keq is the cquilibrium constant. Reaction (2) has @ water vapor partial pressure
dependency of power 1o 2, while a salfur patial pressure dependency of power 10 378,
Without being bound by a particatar theary, it is understood that eqms:; brium constant, Keg I8
function of temperatare, such that at & given temperatore, the valy of Ky 1s fixed. When
equilibrium is disturbed, for example by removing either products or reactants, the reaction

will shift to counterbalance the disturbance {that s fo re-establish the equilibrium).
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[8036]  The method of the present Invention incorporates the removal of water vapor i
the cafalytic reaction stage of the Claus process. The method for recovering sulfur ineludes

an adsorber placed upstream from one or more of the catalytic reactors of the Claus anit,

[B037]  An acid gas stream and an air feed are fod to & sombustion furnsce {the Claus
thermal stage), where hydrogen sulfide, sulfur diexide, and oxygen form elomental sulfur

according to the Clans thermal reactions, shown in the folfowing equations:

HoS 4 20, o HLOL 2 A = g 2L -
{{H}BSE faﬁb ¥ 2&.“-3_ > H:{} i 5{}5 3 :‘\H "t R {3‘}

ZHS+ 50, 528, 4 IR0, A = 5630

[B039] et (4

[0840]  Reaction (3), & combustion resction is exothermic indicated by the negative AH.
Reaction {4}, the thermal Claus reaction, is # reversible, endothermic reaction, indicated by
the positive AH, The 50, can be from any source-capable of providing 8Oy to e cansamed
i reaction (4). Examples of scurees of SO, include beiog prodaced in resction (33, being a
component of the acld gas stream, being present ax a result of g separate feed to the

conbustion furnace that contains SOy, and a combination of the same.,

{8041}  The scid gas stream can be frong any sowce that produces a stream containing
hystregen sulfide (FzS). The acid gas stream can include HaS, carbon dioxide {COy), other
gases, and combinations of the same, The other gases can include carbon monoxide (CO),
water {(Ha0), nitrogen (N2), hvdrogen (L), and combinations of the same. The nature and
somposition of the acid gas stream depends on the process that is the source for the acid gag
stream and can be determined using any technology capable of amalyzing the composition of

an aeid gas feed stream.

[0042]  The air feed can be any oxygen (Os) containing gas suitable for use in the
combustion furnace, Example gases suitable for use a8 the air feed include air, OXYREN~
snriched iy, pure On, ov any combination therenf. In at least one embodiment, the air feed is

air.

[80431  In at least one embodiment, the air feed is adjusted such that one-third of the HiS
present in the acid gas stream I8 burned to create S0y as shown in reaction (3) and 60%-70%
of the remaiaing Ho8 s converted to elemental sulfir sccording to reaction {4), The
combustion furnace can be any process wnit capable of supporting the high temperatures of
the Claus thermal reactions, reactions (3) and (4}, The combustion fumnace operates at a

terperature in the range of 900 °C to W0 C. In at least one embodiment, the temperaturs
10
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i the combustion furnace is greater than 985 °C, Without being bound toa particular theory,
at tmperatures greater than 983° reaction {4} the endothermic formation of clemental
sutfuy is favored, The Clavs thermal reastions convert ‘bétwe-en 60 % by weight and 70 % by
weight of the hydeogen sulfide and suifur-vontaining compoands present in the acid gas
siream to clemental solfur. A& furnace outles stream exits the combustion farnace. The
furnace outlel stream can include Ha8, 80, OOy HaQ, elemental sulfur, other gases, and

combinations of the same.

[0044]  The furnace outlet stream exits the combustion furnace and is introdused to g
waste heat boiler. The furnace outlet stream is at a temperature hetween 980 °C and 1200°C,
The waste heat boiler can be any heat exchanger capable of removing heat from a stream and
producing steam.  The steam produced in the waste hest boiler can be high pressure steam
{(above 40 atm (4053 kPa)) or medium prossure stream (about 20 atin (20265 kPa). Inat
teast one embodiment, the waste heat boiler produces high pressure steans. The waste heat

boiter removes hoat from the farace outlet stream to produce a cooled fumace streany,

[B045]  The cooled furnace stream is s gas state. The cooled firnace stream is fod to a
sufur condenser. The sulfur condenser removes heat from the cooled furnace stream causin g
the elemental sulfur present in the cooled furnacs atraam to condense and forms a liquid sulfur
stream. The temperatrs in the sulfir condenser s betwween 100 °C and 200 °C, alternately
betweer 110°C and 200 °C, 120 °C and 200 °C, 130 °C and 200 °C, and 140 °C and 200 °C.
The fiquid sulfur stream can contain between 60 weight % and 75 weight % of the sulfur n
the acid gas stream, and alternately between 65 weight Y and 70 welght % of the sulfor inthe

acid gas stream.

{00d46]  The componenis present in the sooled furnace outlet sircam that do not condense
teave the sulfur condenser as a first gas stream. The first gas stream can contain HaS, S
COy, Hy0, process gases, and comhinations of the same.

08477 Referring to FiGs. 149, acid gas stroam 100, air feed 102, fumace outlet stream
103, cooled furnace outlet sirsam. 103, tiquid subfur stream 108, and first gas stream 106 can
be understood. Clombustion furnace 3, waste heat boiler 8, and sulfiv condenset & can alsn be
anderstond.

{0048]  In a conventional Class process, the first gas stream is fod to a series of twa to
three Claus catalytic stages. Eachs of the Claus catalytic stages includes a reheater, a catalytic

reactor, and a condenser. The rehuaters can be any heat exchanger capable of heating a gas
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stream from the condenser outlet temperature 1o the temperature at which the Claus o atalytic
reactions in the catalytic reactors ocour, Due to the exothermic nature of reaction (1), the
catalyfic reactor temperature is fower in ench subsequent catalytic reactor than the previous
catalytic reactor, Withont being bound to a particular theory, it is understood that the lnver
temperature in each subsequent catalytic reactor takes advantage of the equilibrivm natare of
the reaction. The reaction temperature of the fiist catalytic reactor is the highest in order to
convert other sulfur species.  The first reheator van heat the first gas stream 0 8 finst
temperature above about 205 °C, alternately between shout 205 *C and about 340 i
alternately between about 215 °C and about 340 °C, and aliernately hetween about 225 °C and
about 340° C. In at least one embodiment, the first terperature ts about 235 °C. The second
rehegter can heat the second gas stream o 8 second temperature between § and 25 degrees
below the flest temperature, alternately hetween 10 and 20 degrees below the first
temperature, and alternately between 15 and 20 degrees below the first temperatare. In at
feast one embodiment, the second temperature is 20 degrees toss than the first temperatire,
In at least one embodimenty the second jemperature Iy 20 degrees less than the first
{emperature and the second temperature Is 215 °C. The third reheater can heat the third gas
Stream o a third temperatie between & and 25 degrees below the second temperatare,
alternately hetween 10 and 20 degrees below the second temperature, and alternately between
15 and 20 degroes below the second temperature. In at least one embodiment, the second
temperature is 10 degroes less than the first temperature, In at least one embodiment, the
second temperature is 10 degrees fess than the first temperature and the second temperature i
205 °C, The specific temperature in each reheater can be designed based on the overall

sysfem,

10649 In the catalytic reactors, the hydrogen sulfide and sulfur dioxide are converted to
glemental sulfur and water according to reaction (1), The catalviic regctors include a catalyst
bed, The catalyst fo the catalyst bed of the catalviic venctors can be any gafatyst that
catalyzes reaction {1}, The catalyst can include alumina, titantum dioxide, or combinations
thereof. Without being bound to-2 particular theory, it is observed that reaction {1} produces
primarnily 8y from the reactants HhS and SOy, whereas reaction {4) produces primarily S;.
One of shill in the art will wnderstand that both forms of sulfur, 5 and S, are recoversble as
lquid sulfur. A catalytic outlet stream exits each of the catalytic reactors and is fod to the
conderssers. The catalytic ontlet stroam can include elemental sulfur, Fu8, H:0, 80, other

gases, and combinations of the same
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0501 The condensses can be any heat gxchanger capable of cooling cach of the catalviie
outlet streams o a temperature at which sulfur condenses to produce a sulfar streany, but
above which water remains asa vapor. The sulfin stream fncludes liquid sulfur, In at legst
one embodiment, the temperature in the condensers is between 101°C and 260 °C. The

condensers can be designed o ool to temperatures at which all of the sulfar is removed.

0031} The Claus catalytic stages can be undersivod with reference 1o FIGs. 2 and 1.
FIG. 2 depicts & system with two Claus atalytic stages: 8 first Claos catalytic stage includes
first reheater 12, first catalytic reactor 14, snd first condenser 16; and a second Claus catalytic
stage inchudes second reheater 22, second catalvtic reactor 24, and secand condenser 26
Referring to FIG. 2 and as described above, first gas stream 106 is fod to first reheater 12 of
the first Claus catalytic stage to ereate first hot wet gas stream 212, First hot wet gas stream
212 s fed o first catalytic reactor 14 to produce fiest catalytic outlet stream 114, First
catalviic outlet stream 114 is fntroduced to fivst condenser 16, First condenser 16 condenses
clerhental sulfur present in first catalytic outlet stream 134 1o produce first sulfur stream 118
and second gas streamy 116, Second gas stream 6 is fod o second reheater 22 to produce
second hot wet gas stream 222, Second hot wet gas stream 222 s fod to second catalytic
reactor 24 to produce sccond catalytic ontlet stream 124, Second catalytic outlet stream 124
is inftroduced to second condenser 26, Second condenser 28 condenses elemental sulfur
present in second catalytic outlet stream 124 to produce second salfir stream 178 and tall gus
streara 136, Tail gas steeam 136 containg those gases that did not condense in second

condenser 26,

[0032]  FIG. 3 depicts a systern with three Claus catalytio stages: a first Claus catalytic
stage includes fist reheater 12, first catalytic reactor 14, and first condenser 16; a second
Claus catalytic stage Includes second reheater 22, second catalytic reactor 24, and second
condenser 26; and a third Claos catalytic stage includes thind reheater 32, third catalytic
reactor 34, and third condenser 36, Referring to FIGL 3 and with reference 1o those elements
deseribed in comnection with FIG. 2, in 2 process with three Clans catalylic stages, sécond
condenser 26 produces second sulfir stream 128 and third gas stream 126, Third gas stream
126 contains those gases that did not condense in second sulfur condenser 26, Third as
stream 126 is fed to thivd reheater 32 {o produce thisd hot wet gas stream 232, Third hot wet
gas stream 232 Is fod to catalytic reactor 34 to produce third catalytic outlet stream 134,
Third catalytic cutlet stream 134 Is fod to third condenser 35, Third condenser 36 condenses

the elemental sulfur in third catalytic omlet stream 134 to produce third sulfur stream 138 and
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fail gas stream 136, First hot wet pas stremm 212 icat a higher temperature than second hot
wet gas stream 237 and second hot wet gas stream 222 is at s higher temperature than third
hot wet gas atrearn 232, o the conventional Clans processes described with reforence to
FIGs. 2and 3, fiest gas stream 106, second gas stream 116, and third gas stream 126 and first
hot wet gas siream 212, second hot wet 5as stream 222, and third bot wet gas stream 232

confain water vapor,

[B053]  Advantageously, the pressnt invention includes oie or more adsorbers sitasted
tpstream of each of the Claus catalytic siages. The present invention can include one or

fewer adsorbers upsiream of each of the reheaters of the Clans satalytic stage.

8341 According 1o an embodiment of the present invention, the first gas stream exiting
the sutlr coudenser is fed to an adsorber. The adsorber can remove water vapor from the gas
stream to produce a dry gas stream and a water stream, . The adsorber can be any adsorption-
dehydration cotumn unit designed o remove water vapor from a wit pax sfream. “Wet pas

stream™ as used Berein, refers to a stream containing water vapor.

{0085]  The adsorber can include sny molecalar sieve vapable of selectively adsorbing
waltr vapor from a wet gas stream while rejecting the remaining components in the gas phase
due tis their larger molecular diameter. Molecular sieves operae by selectively adsorbing
certain components in a stream. Molecular sieves suitable for wse fn the present invention
have a pore size measured in Angstoms (A). Molecular sleves have a orystal Tastice that
results in a wel-ordered pore and cevity structure. The effective chanas! dizmeter of the
ges of the moleculer siove determines whether or not a molecle with a certain kinetic
diameter can diffuse into the cage and be adsorbed.  Any molscular Sieve that has an
adsorption affinily towards water and a chamnel dissmeter small enough to exclude hydrogen
sutfide, but large enough to alfow water to pass thm‘ugh can be used. Examples of molecular
sieves that can be used in the present invention include zeolite-3A. Zeolite-3A includes a
potassium zeodite, an effective channe! dameter (pore diameter) of about 34, and a bulk
density of 44 poundsicubic foor, The kinetie dlameter of water is about 264, Zeolite-3A
adsorbs water vapor and sminonia. Hydrogen salfide has # kinstic dinmieter of abous 3 60 A
and s pot adsorbed by 2eofite-3A, Moleowlar sieve 34 cay include  binder. In certain
embodiments, the molecular sieve is produced by binding micron sized seolite crystals
together to form pellets, as s known in the art. The binder can include silica or other inert
materials.  Without being bound by a particular theory, it is understood that because the

binder is inert the performance of & wolecular sieve is reduced proportionally o the amount
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of binder, It is understood that a peller destgn can minimize the amount of binder withoot
toregoing strength of the pellet. For exam ple, the equilibriom adsorption capacity of &
motecudar sivve with zeolite-3A pellets with binder is about 20 percent by weight {wt %), i
sther words, 20% of the total weight Is water at equilibrium. The binder in molecular sieve

3A can be about 9 weight %.

{0056]  The amount of adsorbed water vapor molecules for a given adsorhent is 3 fanction
of temperature and pressure. The amount of adsorbed water increases with increasing
pressure and decreases with increasing temperatwre,  Referring fo FIG. 11, the adsorption
capacity for molecwdar sieve 3A al various temperatures {adsorption isothermy) i3 provided,
The adsorption capacity of molecular sieve A for water vapor at 100 °C 15 substantially
higher than the adsorption vapacity for water at 200 °C. The temperature iy the adsorber I
Between 75 °C and 1707°C, alternately between 75 *C and 160 °C, alternately betwgen 75 °C
d 130 °C, and alternately between 75 “C and 140 °C. In at least one embodiment, the,
temperature of the adsorber is betwsen 78 “C and 150 "C. The concentration of water in the
dry gas stream s less than { part-per-milfion (ppm), aliernately less than 0.8 ppm, and
alternately less than (.1 ppm. Iu at least one embodiment, the concentration of water in the
dry gas streany iy less than 0.1 pprm.
[BOST]  The method for vemoval of sulfur fucluding adsorbers can be understood with
reference to Fids. 1 and 4-9. FIG. 1 depicts a process with three Claus catalytic stages and
an adsorber upstream of each of the Claus catalytic stages. Referring to FIG. 1 and with
reference to those elements deseribed in connection with FIGs. 2 and 3, furst gas stream 106
is fod to first adsorber 10, First adsorber 10 removes water vapor from fivst gas stream 106 to
produce first dry gas stremm 110, First dry gas stream 110 & fod to first rehester 12 to
produce hot dry gax stream 2. Hot drv gas stream 112 s In the absence of all o
substautially all water vapor. A3 used herein, “in the absence of substantially all water
vapor™ or i the absence of substantially all of the water vapm® means that less than 1.0 ppm
water vapor is ity hot dey gas stremm 112, As used herein “in the absence of water vapor™” oF
“in the absence of all water vapor” means that the hot dry pas stream contains less than 0.
ppm. First hot dry gas stream 113 is fed 1o fest catalytic reactor 14 to produce first catalyvtic
outlet stream 114, Second gas strsam 116 is fed o second adsorber 20, Second adsorber 10
removes waler vapor from second gas stream 116 to produce second dry gas stream 120,
Second dry gas stream 120 is fed to second reheater 22 to produce second hot dry gas stream

122, Second hot dry gas stream 122 is in the absence of all or substantially all water vapor.
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Second hot dry gas strewm 122 15 fed to sscond ctalvtic veactor 4 to produce second
catalytic outlet stream 124, Third gas streant 126 Is fod to third adsorber 30, Third adsorber
30 removes water vapor from third gas stream 128 to produce third dry gas stream 130,
Thind dvy pas stream 130 is fed to thind reheater 32 to produce third hot dey gas stream 132,
Hot dry gas stream 132 is in the absence of all or substantiatly afl water vapor, Third hot dry

gas steeam 132 is fed to third catalytic reactor 34 1o produce third catalytic outlet stream 134,

{O038]  First dry gag streams 110, second dry gas stream 120 and third dry gas stream 139
are introduced to first seheater 12, second reheater 22, and third refieater 32 respectively, o
heat First dry gas stream 110, second dry gas stream 120 and third dry gas stream 130 to'the
reaction temperatare in first catalytic reactor 14, second catalviic reactor 24, and third

catalytic reactor 34, respectively.

039 With reference fo FIGs. | oand 3. one of skill i the art understands that the
compositions of the streams ¢an be the same with respect to the components present; except
for the presence of water vapor i certain streams that sre not treated by an adsorber. As an
sxaruple, first hot dry gas stream 112 can contain the same components as first hot wet gas
stresmm 212 except first hot wet gas stream 212 contains water vapor and first hot dry gas

stream 112 151 the absence of water vapor.

[d060]  The method for suifur removal is in the absence of a condenser designed to
condense water vapor from a gas stream. Advantageously, the use of moleculsr sieves for
adsorption can remove all or substantially all of the water vapor from g wet gas stesam. The
uge of molecular sieves advantageously remaoves waler to the ppm level as compared 10 a
eondenser which can remove water to the satiration point for the opersting temperature and
preasure. A condenser cannot be used i condense all or substantially all of the water vapor
bevause the gas stream remains saturated with water vapor due to thermodynamic
equilibrium.  In a condenser, for any given temperature, the Hawid water will be at
equilibrium with the vapor (the gas phase will be saturated watey vapor), becanse of this a
condenser eamnol remove esough water for the purposss of the present invention, In a
molecnlar sieve, the adsorbent can continue to adsord water vapor and thut remove ‘waler

uriti] the adsorbent is saturated,

[#061]  Following the final condenser in the syssen, the non-condensed vompenents form
a tail gas stream. The tall gas stream can contaiy HyS, § 802 €O Hy, other gases, and

combinstions of the same. Tail gas stream 136 can be fad to an incinerator, can be vented to
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the stmosphere or an alternate process or alternats process unit for removing contaminants

froum @ stream.

{62} A total conversion can be caleulated frony the tmal elemental sulfus recovered and
the amount of molecntar sulfur In the acid gas stream. Total conversion can be between 99 wt

% and 4.0 Wi %,

0063} Aswused hereln, “adsorber™ refers to a twu bed systern, where at any time, one will
be on an adsorption cycle and the second will be on ¢ regencration cycle. Tna Pressure swing
adsorption (PSA system, the regensration eycle is driven by a decreass fu the pressers in the
regeneration bed compared 0 the pressure in the adsorption bed, causing components to
desorh, In atemperature swing adsorption (TSA) system, the regeneration eycle is driven by
an incresse in the temperature of the regeneration bed compared o the temperature in the
adsorption bed, causing components 1o desorh. A combination of PSA and TSA can also be
used. The pressure i the Claus process is not bigh enough for 2 PSA without expensive
compression equipment. Therefore, the present invention is in the shsence of & PSA process.
A TSA system can be used in the present invention. A TSA can be betier understood 'with
refersnce {0 FIG. 16, As shown o FIG. 10, gas stream 106 is fod to adsorption column 104
to produce dry gas 110A. Adsorption column 104 is at temperatuse between 75 °C and 170
°C, alternately between 100 °C and 170 °C, and alterately between 100 °C and 156 °C. The
residence time in adsorption column 10A can be greater than 2 hours and alternately between
2 hours and 12 hours. Adsorption cofunsn 10A contains molecular sieve 34, Water vapor in
gas stream 106 iy adsorbed by molecular sleve 34 leaving behind dey gas 110A. A portion of
siream 110, Regeneration heater 101 inereases the temperature of dry gas 110A to a
temperaturs in the range between 173 °C and 260 °C to produce heated gas 110D, Heated gas
HH0D fs fed to regeneration columa 10B, which fncreases the temperature in regensration
columb 10B. The increased temperature in regeneration colurmn 108 causes water sdsorbed
o molecular sieve 3A In regeneration column 0B to desorb. The desorbed water, i the
form of water vapor, i3 carried from regeneration column 108 as part of regencrated gas
1108, Regenersted gas 110B is cooled to a temperature below 100°C o Rorme conled stream
1Ok, Cooled stream 110K is fed to separator 10F, where liquid water is separated from the
gases i cooled stream 1IOE to produce water stream 110G and recyele pas stream 110F,

Recycle gas stream 11O0F is mixed with gas stream 106 and fod 1o adsorption column 10A. In
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certain embodiments, an adsorber, such as a TSA cant include a bufier tank on the inlet

stredm,

0064  Through valves and othes piping components, the adsorption colmnn can be

swilched to the regeneration colimn as needed,
EXAMPLES

[0865]  The process of the present invention cax be readily undersiood by Examples. The
following examples were simulated using a HYSY'S process simulator to simulate the method
of the present Investion. The simulations were based on FIGs. 1-9 a8 indicated below and
described above. In all of the Examples, acid gas stream 100 was simulated at a temperature
of 30.0°C and a flow rate of 1100 kgmoldr (384R.0 kg/hr). Acid gas stremn 100 had &
composition of 100.8 kmol/hr of hvdrogen sulfide and 10.0 kmeolhr of cavbon diokide. The
flow rate of air feed 102 way automatically adjusted by the simulation so-combuation furnace
3 had a stutated barn of one-thind {1/3) of the bydrogen sulfide present in acid gas stream
100 will air from air feed 102 to produce 80, Combustion furpace 3 operated ip g range
979 o0 « 1080 °C. Gibbs energy minimization was used 1o simulate the Clasy thermal
reaction, reaction {3}, in combustion fusngee 3 and the Claus catalytic reaction, reaction (1),
in the catalviic reactors 14, 24, and ay applicable, 34, As applicable, adsorbers 18, 28, and 30
weore modeled for 100% water vapor removal fromt gas streams 106, 116, and 126, Water
vapor remioval of 100% s approptiate given that molecular sidve 3A Can remove waler vaper

to the ppnt fevel,

[6066] EXAMPLE 1 Example [, a compgrative example, was simulated baged on FIG.
3, a process fHow sagram of a gonventiong! Claus process, including three catalytic reactors:
first catalytic reactor 14, second catalvtic reactor 24, and third vatalytio reactor 34, First
reheater 12 incressed the temperature of first gas stresm 106 to 8 temperature of 235°C to
prodece first hot wet gas stream 212, Second reheater 27 increased the temperature of second
gas stream 116 fova temperatine of 215°C to produce second hot wet gas stream 222, Third

reheater 3 ncreased the tempermure of third gas stream 126 40 a temperatare of 205 °C o

produce third hot wet gas stream 232, The total sulfur rocovered was 3157.8 kpfhr for g total

conversion of 98,5 weight percent {wt %) sulfur.
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[8067]  Table 1: Stream properties and results in Example §

Stream No, | 103 195 146 14 | 16 £24 126 | 13 136
Temperatwre | 9790 1 3150 | 1900 | 306 | {7640 63 L1990 | 2098 | B2
Flowsate, | 324 | 3434 | 3090 | 3045 | 301¢ 2000 1 2000 | 2088 | 3988
kol :
Flowrate, | 107200 ) 10720 | 85380 | §55R0 1 78020 | 7820 | TebD | TemD 75600
Ke'he '
Component flow rate, kol
.8 ILIEIZ LTLTGIR | 2LTEIR T 6043 | 60433 | 19030 | L9290 | LOISY | LOI8S
30, 08806 | 108806 | 18806 | 30321 | 30231 | 0.0620 | 0.9620 | 0.5092 | 05092
HaO 782 782 783 1 940 240 981 1 URD {990 | Y00
€04 e ny | 0o HLG (0 O ) mm 0.0
N e IR 8 STV T e 1851 |
Sy 30752 | 3307521 00000 | 007AT | 00 | 00027 | 000 | D00 | NG00
& CBO 00000 | 00000 | 00078 | 00 | G002 | G000 | 00000 | a0t
8 03820 | 0A829 | 00000 T GO0AZ T ot | oea T om0l U E e | o0he
5 00146 | B0HA | 00000 | DO7S2 L 00 | GOO9E | 0000 | 80021 | 0060
S Q0001 | 00001 | 00000 | 09895 1 00 | 00930 | 0000 | 00487 | 0000
S GO000 | GO008 | 00000 | G372 T 04 | D081 | 0800 00199 | G000
S 00000 | Q0000 1 D000 | E6286 1 00 | 0339 | 0000 101160 | D000
Total suifir, ]
e JED eATRI 198.2 438
Lorversion ‘ :
;Ml{_h& it 674 a0, 974 PR

[0068]  EXAMPLE i<, Example I-1 is @ HYSYS simulation according to FIG, 4, a
system having one adsorber immediately downstresm of selfur condenser 6. First adsorber
10 removed 78.2 kgmolthr (14069.0 kgfhr) of water from first gas stream 106, First rehoster
12 increased the tempessture of first dry gas stream 118 o 8 temperature of 235°C 1o produce

first hot dry gas stream 112, Second reheater 22 increased the temperature of second gas
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stream 116 {o 2 toraperature of 215°C to produce first hot wet gas stream 222, Third reheater
32 increased the temperature of thivd gas stream 125 to 8 temperature of 205 °C o produce
sgcond hot wet gas stream 232, The fotal sulfur recovered was 3193.0 kg/hr for & total

conversion of sulfur of 9.6 wi %

{0669  Table 2: Stream Propertics and results in Example 1-1

CStream Ne, | 103 105 i e fot He | 1 2 ] 134 ] 136
Temperature | 9790 | 3130 1 WO CEF R SR E T ‘ 336 HRO | 2072 1 1320
Flowrate, | 3424 | 2424 | 3000 | 2307 26 | 2204 | 207 | W00 | 261 | 2208
kgmaoldy :‘
Flowrate, | H0720.0 1 10720 | B5380 | 71480 TIGR0 | 00300 | 62530 | 62520 1 61300 1 61150 |
E\g«hs

Compenent flow rate, kol
W8 LTI L ALTCIZ L 2LT6NR L 282 D 3313 | 3R | 03883 | 03RS3 U085 oo
§¢0 {0,806 | 16,8806 FLER0R | HERR06 | 18837 | L36ST | (2usY | §3957 | 01526 | 0.4506 |
L0 782 2 M2 | b 8.8 186 3 Sl e Sl e 36 S O
con e T TR TR T T R TR
RN N T T IR | OTERE IS8 | I8Ba {881 1 1381
B 30782 1 330732 | 00000 2448 | Q0 1 Q00T | 0000 %{u}{mgs D800
Sy 00 L 00000 | 000 Q0266 | 00 O000E | Dol 'i},{r«:;(m 6,000
a T (4.3829 | 0.0000 0016 L G0 L GDODL | 0000 | 00000 | 0000
i*sj (0146 | 0045 | 0.0000 83255 1 00 V00061 B0 T 00608 T o0
ss G0001 | 0000E | oo | £3214 | 00 0236 | D000 | 00172 | ao0s
S H0000 | 00000 1 00000 B L 00 00630 T 0000 T D0068 | 0000
By 0000 | 60000 | 0.0000 TLeET |08 03252 1 non L0388 | 0000
Tatat sulfur, | RIBGD B 896.1 11225 144
b ‘ :
Conversion | 674 ‘ : 953 81 9.6
of Ha8L wit% | » :
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{0676]  Example 142 15 9 HYSYS simulation according to FIG. 5, a system having two
adsorbers. First adsorber 10 removed 782 kol (1409.0 kgrhe) of water from first gas
stream 106, First reheater 12 increased the temperature of first dry gas stream 110 to g
temperatare of 235°C to produce first hot dry gas streawn 112, Second adsorber 20 removed
18.6 kgmolfw (335.6 ky'hr) of water from second gas stream 116, Second reheater 22
increased the femperature of second dry gas stream 120 to a temperature o 215°C © produce
second hot dry gas stremm 132, Third reheater 32 inersased the temperature of third gas

stream 126 (o 4 temperature of 208 °C o produce first hot wet gas siréam 233, The total
P 2

sutfur recovered was 3203.6.0 kgihr for o total conversion of sulfur of 99.9 wi %.

{0071]  Table 3: Stream properties in Example 1-2

 Stream Noo | 103 108 106 110 114 (e 1136 {4 L1 i 136
Tenperature | 9794 1 3158 11060 3521 11008 T23R9 1180 2059 112D
Towe, |24 82ETI0TERTTRRE TR EA TR TR TR 2200
ptholiy
Flowrate, | W72007 10720 | 83580 | TI4R0 | 7148.0 | 62520 | 50160 | 50160 | 87748 TSm0 61150
Kty

* Componest flow rate, kmol/he
S JLTHIZ L 2EI6ED | 2LTGI2 L 2LTEIT A ] I I3 100716 | 016 | 0.0640 T 0630
S “i0806 | 108906 | 108806 | 10600 | TR T TG LSOST | (ORSE | 00858 | 0.0325 | Q.00
HO 782 w2 782 4.0 G (IR6 | 00000 w ERU B ) :3,{3
{5, 00 L 10.0 100 100 Lo.omme 08 Lo T80 |0
Ny B8 8B | IRe IRB1 U ISR DAGOO | IR IREL | IBRY izm
8 330752 | 330752 1 00000 {00000 | 2448 L 0.0 G.B000 | 00021 | 6000 {0600 Q000
8§ 6.0 f0000 100000 100000 100266 DO | G.0000.1 00002 L0000 a.{m(m‘ G000
5 (O3R19 103829 100000 | 0.0000 {00189 100 00600 T 60001 | GHGH T 00000 | 5000
| 8 G016 Q015 00000 | E.0O00 01259 | ¢ ia,ﬂfs{}s} 0.0072 | 4.000 %(}.{}{I{}d} DICT
S T i a0 D000 | L3204 100 T ha0N ThaT | Beee T hee T 6000
5 GOUOG 00000 | 00000 | 000 | 09939 10 G000 | 00752 10006 | GOWS | 6800
S JROOE | 00000 {00000 | 00050 | 16503 | o 00000 1 63761 1 0000 | 04121 1 0000
- Total sulfur, 24600 §96.1 1424 S
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it

Loayersion : ‘ B ‘
it Hd ] 253 G 959
of Ha8 il ]

(H672]  Example 1-3 is 8 HYSYS simulation according to FIG. 1, a system having thrse
adsorbers. Adsorber 10 removed 78.2 kgmelhr (1409.0 kg/hry of water from first gas stream
106. First reheater 12 increased the femperature of first dry gas stream 110 {o a tlenperatuee
of 235°C to produce first hot dry gasstream 112, Second adsorber 20 removed 18.6 kamoldy
(3350 kgtu) of water from second gas stream 118, Secomd reheater 22 incremsed the
temperature of second dry gas stream 120 t0 & tempersture of 215°C to produce second hot
dry gas-stream 122, Third adsorber 30 produced 3.0 kgmolhe (33.3 ke/hed of water from
third gas stremm 126, Third reheater 32 increased the temperature of third gas stream 126 toa
temperature of 203 °C to produce third bot dry gas stream 132, The total sulfur recovered

was 3206.3.0 kg'he for a total conversion of sulfur of 100.6 wt %.

{0073]  Table 4: Biream properties in Example 1-3

Stream Mo, | 193 108 186 110 114 ms 28 e T (130 |1 {138
Tewperature | 9798 | MA0 [ 1000 {1000 |35 giou,(z ¢ zw DG | tene | 2083 | 1320
Flowrmte, | 3424 P324 13080 12307 (2258 izzi_,si 058 | 3019 | 213 | 1984 | 1983 | 1983
amotthy
Flowate, | 107200 { 10720 | 85580 | 71480 | 71480 | 83320 3916.{}159156.0; vf:i'?zi.f} $T136
kb |

Component flow rate kmolbe
H:8 BRI {21TGLT 207632 | TLTGI2 | 3303 D NA3LY [ AN D A0TI6 L0476 | 00716 | 0.0097 | 0.0649
803 T0R0C T TORR0G | T8RS | o R | TR Tes TG TO8SE | DORSE | BOR T R0H TR0
0 CRIERE EI BT Y 86 | 184 | 0.0000 LU 82 ez
00y G NETY 1.0 FEIRTI W T N RS 108 0G0 We 1109
Ny 1881 L EBRL | 188 1§81 13*&2 40000 ISR 18R | Tiee T e
S 330752 L3A075E | G000 i (2448 G R | GOGRY T G000 0.0002 § 0.000
S: 8.0 GO Eha ] (6366 B URAN RN TR | [ 60000 | 5,060
8 0.3829 1033 o000 | B.0169 0800000 | 00001 | 000 00000 1 0000
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LS DO | 00s | 00000 | G233 008 1 O0000 | T2 Loo | 00005 | 600
5, CLOB00T | 00001 T 00000 LI 00 LO0000 1 01437 | 9,000 jge.mm Ha0G
8 D000 10000 | D000 | 07929 194 | 00000 | 0.0782 1 D.000 00037 L0000
8 7 LOSO3 | 00 | B.0008 | G781 § 6.000 00191 | 6,060
Total sulfar, |

‘ ; 800 §96.1 1424 78
ko /hr

Conversion . o

o 674 932 95,7 1800

of HiB, with |

0074 Example 14 iy a HYSYS simulation according to FIG, 6 having one adsorher
upstreany of the Gral Claus catalytic stage. First reheater 12 Increased the temperatare of first
gas stregn 106 1o & temperature of 2357C to produce fivst hot wet gas siream 212, Second,
reheater 22 increased the temperature of second gas stream 116 to & temperaturs of 2130 to
produce second hot wet gas slrear 222, First adsorber 10 removed 981 kgmolbr {1767.0
kgrhty of water from third gas stream 126, Third reheater 32 increased the tomperaiure of
first dry gas stream 110 to a temperature of 265 “C to produce first hot dry gas stream 132,

The total sulfur recovered was 3202.6 kg/hr for a total conversion of 99,9 with.

[0878]  Table 5: Stream properties in Example 1-4

Stream No. | 103 Ws e SRR T 124 126 (130 134 |1

Teoperatare | 979.0 {3180 1900 3096 11760 | 2363 L1000 1000 | 2308 1 13i0

Ploweate, | 3434 1324308 M43 [ 300F 13989 V0T TVIETE RN IR

fgmotty

E}"an mie, | 107200 | 10720 [ B3SO | 5RO | 7RU2O | TRUZU | 70030 | 56370 | 4847 | 73600

bkgfhr |
Component flow i, Kby

Ha8 FLI612 207617 | 217012 604 | 603 | 19090 | 19230 | 19240 T 0.0R66 | 1L018S

8oy IGRR06 | 08806 | 10,8808 | T0IAT 03 606300620 | G960 0N T3]

HyO) 82 783 8.2 94.0 940 981 U883 100006 IR Q.43

{0y o 10 6.0 10.0 :m.e TG ) TR i

N 1BSY USRI DIBRT [RE T IBNG ey Uimsd 1881 1 18K
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8 AT 3T 00000 TO0TI TO0 000y oM 0007 | .00
S ST I X R O m} fa,{m'z G000 00T | 6858
Se D3RI L0380 | L0000 | 002 tm R : 0000 | 0,000
8 00346 | 0,0188 | G000 | Odvex ' R o000 00037 | 0.000
b EREE G000 |00y 0888 | 0 {FIGRG. GO0 :O.{)E’Ei 3,000
S GOUOG L0000 | 0.0000 | 0ATRY | 04 01081 1 0,000 G013 | 0.000
S L6286 ¢ o Da20 | 0800 02441 16000
Tivtal swifur, ‘ 6045 | ".?'5&{3 198.2 R%.4
kgrhr

Conversion | §7.4 969 ol 949

of HaS,wits

{8761  The results of Exanyples 1 through I+4 indicste that the adsorbers incresse the
conversion of sulfurin the catalvtic reactors, Table & is'a comparison of the resulis. Having
even one adsorber fo remove water from the process increases the conversion by at least 1%

over the system in Example T that had no adsorbers.

{06777 Table 6, Comparison of salfur eonversion

Conversion %

N #of FI(r ¢ Ko sulfur/ 168

Ex. Adsorbers | # ¢ Combustion | Catalytic | Catalytic | Catalytic | Overalt ol HiS
Furnace Resctor | Beactor | Reactar )

! Mone 3 ler4d R R 7.1 98,5 DT R

11 One 4 1674 853 991 s TE®sTIE

12 | Two 501674 953 997 1H08 999 5208

13§ Thres i 674 453 497 . Y000 0.8 13266

14 | One 6 1674 90.9 870 1993 1999 3203

0781 EXAMPLE 2. Example 3, a comparstive exanple, Is a HYSYS simulation
according 1o FIGL 2, a process flow diagram of a conventional Claus process, including two
catalytic regetors: first catalytic reactor 14 and second catalytic reactar 24, First reheater 12

increased the teroperature of first gae stream 106 to 3 tamperature of 235°C to produce first
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hot wet gas stremn 212, Second reheater 22 increased the temporature of second HaS stream
116 1o a temperature of 205°C to produce second hot wet gag stream 222, The total sulfur

recovered was 31378 kg/hr for a total conversion of 97.5 wi %.

{0879]  Table 7. Stream properties and results for Example 2

Stream No. gm:a 198 06 (i e 14 136
{ Temperatwre | 9798 13150 119040 {3098 |70 | 3277 1330
‘}"'ifm:‘ rafe, D24 3240 3000 {3045 1300E {2908 | 2989
kgl
Flowrale, | 107200 | 10720 { 83580 :8558,8 VRG] TR0L0 | Tsen0
| ke

| Component flow r;;te, kmolibr
Hes L 217612 D 2LT612 { 207612 5.0480 L0447 | 16018 | 16918
s I
8O 10,8806 HLRE0G | 1ORE06 | 30221 {30221 | pasH :i}eéifﬁ%}
H0 782 782 W2 ST 0TS 983
o0y |1 HLO 0.0 100 108 e 100
R DIRRY O LIARY D IRRL D ERRL (M8BY U IBRY | RN
S DN TN TN T E R Y M T 7T Y DO0LR | .00
08 D0000 | 00000 | 00078 | 0D 40002 | 6.000
B U TR T YT Rk B4 0.0001 | 0.000
S T P T T L 00087 | 0000
iy Q0001 {00601 | 08000 om Lo A Da0s
5y TEN000 o000 0006 | 07T 1 0o #3011 | 0.000
5 | T L6ZRE IR0 AT [ G
Total sulfir, ‘ o
ket 2160:0 PORERE) 2093
Conversinm ‘
‘ LS, 7.4 9,0 973
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{0080]  Exarople 2-1 iy a HYSYS simulation aceording to FIQ. 7 having one adsorber
upstream of thy st Clavs catalytic stage. Fitst adsorber 10 removed 78.2 kgmol/hr (1409.0
ke/bry of water from fiest gas stream 106, First reheater 12 insensed the femperature of first
dry gas stream 110 to & lemperature of 235%C to praduce first hot dry gas stream 112, Second
reheater 22 invreased the temperature of second gas stremn 116 to 8 temperature of 205°C to
produce first hot wet gas stream 222, The total sulfur recoversd was 32813 kg/hr for a total

conversion of 992 wt Y,

{0081]  Table 8 Stream properties and resulis for Example 2-1

Stream No. | 183 105 106 11 114 116 124 136
Temperatwe {1 h A
o ‘ 9740 3150 1 w0 JAZE L 176G 14 | 1328
£
Flow rate, N
342.3 M24 290 L w0 omse | omanalo2ned o2
Ramoihy » a'
Flow rate; , , ‘ _
W20 | 720 0 SEIRO | TH4BO | TLISO | G520 | 6357.0 161260
kgr‘hr :
Compatent flow rate, bmothe
HaS ILTE 20612 | 207612 | 213612 3031 [ 351 | 65071 | 05072
S0 10,8806 | 18806 | 10.8806 | JO.8R06 | L3637 | 15657 | 02530 | 02536
HO 78.2 783 i 3.0 ®o  [lgs 1213 |23
€0, 100 10 0.0 DT I (1 R T T R T T
Ny 188, 1881 881 IBRT D IR&L D188 188l
S 3T 330752 100000 D238 TDG | e001 | 6.000
S, {0 QOO | D000 Q266 10D G.0001 | 0000
8, 03839 | 0382 GO0 E016% e B.O00E | (000
g ThiEE T D0ME | 60000 THER o0 hauE T Hono
S 60061 T D000 | oo | T3 T80 Tate | oo
S CLO0000 L0000 D00 CamR oo §.0600 | 0.000
ST | B RS 2.3487 | 0.000
Total sulfi, )
, TR , §96.1 2282
hpdhe t
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- Conversion R f e o
‘ §4 § 853 99.2
LS, wits a

{06821 Example 2-3 iz a HYSYS simulation according to FIG. § baving two adsorbers.
First adzorber 1) removed 78.2 kgmolhr (1409.0 kg/h) of water from first gas stream 106,
First reheater {2 Ingreased the temperature of frst dry gas strears 11 1o a2 temperature of
335°C 1o produce first hot dry gas streamy 112, Recond adsorber 20 removed 18.6 kapmoltw
{335.6 kghry of water from second gas stream 118, Second reheater 22 Increased the
temperature of second dry gas stream 120102 tsmpera‘mrﬂ of 205°C 1o produce seconsd hot
dry gas stream 122, The total sulfor recovered was 3199.6 kg/hr for & total conversion of
998wt %.

[0UB3]  Table 4. Siream properties snd results for Example 2.2

Stream No. 163 103 106 e L o1g | s 1M 136
Tempenttore | 9790 1 IR0 OS5 SEXE WG 2393 1320
Tlow rate, 3241 24 ] IGO0 T 2B 2SS 2204 LR 28 L WIS
Egmotihr
Flow rate, 7200 0 10736 | 8SSRO | TR0 | 7HE0 | 5320 S9IA0 {AYG T IITAG
kihe

{o,npunem fow rate, kmolbhe
Ha$ TR AT AT T A AR TR In 04483 | 01483 |
S0 10,8806 | ID.8806 | HO.RSDS | HLEB0G | 1.5657 | 15637 | L3657 YEER )
G T T I I ¥R R Y T TV T8 30
O, 1o e |0 00 ] 108 108000 100 | 108
B e UTIRE EU 8T IRE T T 00000 | 188 | 188
a« 33.0782 1 330782 | 0,6000 CIO2348 ] 00 | 00000 [ 00T 000
S TN IR ) i 2 O ;;}m GO0t | 600
84 $.3829 | 0,3839 | (.0000 BOTRS T 00 00000 {00081 1 G.000
Y 0146 | 00145 | 0.0000 0259 1 08 00600 08061 T D000
R QO001 T OHGE | 08000 132140 G0 {00060 | 835 Daon
§e GO000 | 0.000 | 0.0 79251 08 | 00000 | 00701 Gog0
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N ) 16308 | 00 000007 63933 | 000d
“Fotal syl o _ ]
bgihr
- Elonversion ) i
7.4 933 | S

of H;S,

{0084} Example 2-3 is a HYSYS simulation according to FIG. 9 having one adsorber
upstream of the final Claus catalytic stage. First véleater 12 increased the teraperature of first
gas stream 106 to o temperature of 235°C to produce hot wet gas stream 212, Adsorber 10
removed 94.0 kgmolhr (1693.0 kg/hr) of water from second gas steam 116, Second
rebeater 22 increased the temperature of dry gas stream 10 to 2 temperature of 205°C to
preduce hot dey gas stream 122, The total sulfr recovered was 3196.2 kg/hr for a total

conversion of 99,5 wi %,

[BI8S]  Table 10, Stream properties and results for Example 2.3

| 103 108 Wwe i 16 We e ide
Temperatwre { 979.0 L3158 11960 | 3098 | 1000|1060 ] 39E T G20
Flow eate, | 3424 | 3924 | 3090 | 3045 13001 1940 1308 }zm.‘ié"
kgmalty
Flowsaie. [ HU720.0 {10720 | 83580 | §558.0 | 7R020 | 1001 | 61000 | 57730
kethe ‘
Coé}poﬁ&nt flow rate, Kanolhe

S LT6E2 L ILFOIZ L 207612 | 6.048F | 8 0ady | 604331 63400 | 0349
80y 10.8806 5”33.&8{}6 {0.8806 | 3.0000 |3zt | 30231 | BT 04T
L0 B I L T R R YIS B

- COn 1.0 im.e L0 1.0 MG Leoen e 108
\ 881 1IRRT O LIRSL LIBSK SR T 0000 | TN T
S SAOTEY | 330782 L o0000 L 0eval e HO06 {00041 | 6000
8 I N 00000 100000 1 0,005 }5;{} G000 | L0004 | 0060
S L3RR | 03829 100000 | DO0S2 [ 00 0008 | 0.0003 L 0000
Ss fo,.mﬁm POSLES L an000 (00732 100 | G600 {00136 | o000
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8 Q0001 100001 100000 | 05RO TTR000 T3 TO0w
S RO R T A Y 0000 {83513 | 0.600
S ‘ | T IO 000 | 0.7261 1 Q000
Potad sulfur, , »

24604 158.0 2747 |
kgt :
Comversing ' ‘

o 674 209 49,5
Cob HiS,

[B086]  The results of Examples 2 through 2-3 indicate that the adsorbers fcrease the
conversion of sulfur n the catalytic reactors. Table 11 s a comparison of the resuls. In a
Claws process having two Claus catalytic stages, even one adsogber can isorease the sulfur

recovery, so that the Claus process can achieve greater than 99 wi % removal of sulfr,

{0087]  Table 11. Comparison of sulfer conversion

Conversion %
Ex. [ #of BlG. | Combustion | atalytic Catalytic | Overall | Kg sulfur/ 100
| Adsorbers | & Furnase Resctar Reavtoy ol Ha8
3| None 7 674 9.9 975 1 915 | 3195
21 ﬁng 8 574 933 99,2 992 3182
53 T 5 A 653 N I T R YT
23 | One 10 674 569 5.5 @3 13190

{0088 I the minimum requirement for hydrogen sulfide conversion is 99.3 wits, all of
the Examples using adsorbers achieve the minimum requirament except the two Claus
catalytic stage with only ene adsorber upstream of the first Claus catalytic stage.  The
Examples illustrate that the removal of water by adsorbers in addition to the removal of sulfur

- In the condensers increases the conversion in the Claus catalvtic reaciors,

{00891 Although embodinents have beent deseribed in detail, it should be understood that
various changes, substitutions, aud alterations can be made without departing from the
principle and soope of the invention. Accordingly, the scope should be determined by the

following claims and their sppropriate legal equivalents.
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[8090]  The singular forms “a “an,”  and “the™ Include plural referents, unless the context
clearly dictates otherwise.

%

[B091]  “Opticwal” or “optionally™ means that the subsequently deseribed event or
circumstances can of may not ocevr. The description includes instances where the event or
circumstance oosurs and instances where & dovs not oeour,

092 Ranges may be expressed throughout us from about one pasticalar valoe to abowt
another particular value, When such a range is expressed, it §s to he understood that anotler
embodiment s from the one particular value to the other particular value, along with ail

comblnations within said range.

00931 Asused throughout and in the appended claisy, the words Ycomprise,” “has,™ and
“include™ and all grammatical variations thereof we cach intended to have an open, ton-

trniting meaning that does not exclude additional elements or steps.

{0094]  Asused throughous, tevmy such as *first” and “second™ are assigned based on the
position of the unit i the flow path and are merely intended o differentiate between fiv0 OF
mote of the same unils in the system. 1 is to be understood that the words “first” and
“second” serve no other purposs and are aot part of the name or description of the
component, Furthermore, it 18 to be anderstood that that the mere use of the term “first” and
“second” does not vequire that theve be any “third” component, although that possibility is

contemplated under the scope.
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CLAIMS
What is claimed is:

1. A method to recover sulfur from hydrogen sulfide in an acid gas stream, the method
comprising the steps of:

feeding the acid gas stream to a combustion furnace to produce a furnace outlet
stream, the combustion furnace configured to convert the hydrogen sulfide to elemental
sulfur, wherein the furnace outlet stream comprises elemental sulfur, hydrogen sulfide, sulfur
dioxide, and water vapor;

introducing the furnace outlet stream to a waste heat boiler to produce a cooled
furnace outlet stream, the waste heat boiler configured to reduce a temperature of the furnace
outlet stream;

condensing the cooled furnace stream in a sulfur condenser to produce a liquid sulfur
stream and a first gas stream, the sulfur condenser configured to reduce a temperature of the
cooled furnace stream to a temperature below a dew point of elemental sulfur and above a
dew point of water;

feeding the first gas stream to a first adsorber to produce a first dry gas stream and a
first water stream, wherein the first adsorber comprises a molecular sieve, wherein the first
dry gas stream is in the absence of water vapor, wherein the first dry gas stream comprises
hydrogen sulfide and sulfur dioxide;

heating the first dry gas stream in a first reheater to produce a first hot dry gas stream,
wherein the first hot dry gas stream is at a first temperature;

feeding the first hot dry gas stream to a first catalytic reactor to produce a first
catalytic outlet stream, wherein the first catalytic outlet stream comprises elemental sulfur,
hydrogen sulfide, sulfur dioxide, and water vapor;

cooling the first catalytic outlet stream in a first condenser to produce a first sulfur
stream and a second gas stream, the first condenser configured to condense the elemental
sulfur in the first catalytic outlet stream such that the first sulfur stream comprises liquid
sulfur, wherein a temperature in the first condenser is between the dew point of sulfur and the
dew point of water, wherein the second gas stream comprises hydrogen sulfide, sulfur
dioxide, and water vapor;

feeding the second gas stream to a second adsorber to produce a second dry gas

stream and a second water stream, wherein the second adsorber comprises a molecular sieve,
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wherein the second dry gas stream comprises hydrogen sulfide and sulfur dioxide, wherein
the second dry gas stream is in the absence of water vapor;

heating the second dry gas stream in a second reheater to produce a second hot dry
gas stream, wherein the second hot dry gas stream is at a second temperature, wherein the
second temperature is lower than the first temperature;

feeding the second hot dry gas stream to a second catalytic reactor to produce a
second catalytic outlet stream, wherein the second catalytic outlet stream comprises elemental
sulfur, hydrogen sulfide, sulfur dioxide, and water vapor;

cooling the second catalytic outlet stream in a second condenser to produce a second
sulfur stream and a third gas stream, the second condenser configured to condense the
elemental sulfur in the second catalytic outlet stream such that the second sulfur stream
comprises liquid sulfur, wherein a temperature in the second condenser is between the dew
point of sulfur and the dew point of water, wherein the third gas stream comprises hydrogen
sulfide, sulfur dioxide, and water vapor;

introducing the third gas stream to a third adsorber to produce a third dry gas stream
and a third water stream, wherein the third adsorber comprises a molecular sieve, wherein the
third dry gas stream comprises hydrogen sulfide and sulfur dioxide, wherein the third dry gas
stream is in the absence of water vapor;

heating the third dry gas stream in a third reheater to produce a third hot dry gas
stream, wherein the third hot dry gas stream is at a third temperature, wherein the third
temperature is lower than the second temperature;

feeding the third hot dry gas stream to a third catalytic reactor to produce a third
catalytic outlet stream, wherein the third catalytic outlet stream comprises elemental sulfur,
hydrogen sulfide, sulfur dioxide, and water vapor; and

cooling the third catalytic outlet stream in a third condenser to produce a third sulfur
stream and  a tail gas stream, the third condenser configured to condense the elemental
sulfur in the third catalytic outlet stream such that the third sulfur stream comprises liquid
sulfur, wherein a temperature in the third condenser is between the dew point of sulfur and
the dew point of water, wherein the tail gas stream comprises hydrogen sulfide, sulfur

dioxide, and water vapor.

2. The method of claim 1, wherein a total conversion can be determined.

3 The method of claim 2, wherein the total conversion exceeds 99 % by weight.

4. The method of any of claims 1-3, wherein the molecular sieve is molecular sieve 3A.
5 The method of any claims 1-4, wherein the first temperature is 235 °C.
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6. The method of any of claims 1-5, wherein the second temperature is 215 °C.

7. The method of any of claims 1-6, wherein the third temperature is 205 °C.

8. A system to recover sulfur from hydrogen sulfide in an acid gas stream, the system
comprising:

a combustion furnace, the combustion furnace configured to convert the hydrogen
sulfide to elemental sulfur to produce a furnace outlet stream, wherein the furnace outlet
stream comprises elemental sulfur, hydrogen sulfide, sulfur dioxide, and water vapor;

a waste heat boiler fluidly connected to the combustion furnace, the waste heat boiler
configured to remove heat from the furnace outlet stream to produce a cooled furnace stream;

a sulfur condenser fluidly connected to the waste heat boiler, the sulfur condenser
configured to condense the elemental sulfur in cooled furnace stream to produce a liquid
sulfur stream and a first gas stream, wherein the gas stream is in the absence of elemental
sulfur, wherein the first gas stream comprises water vapor;

a first adsorber fluidly connected to the sulfur condenser, the first adsorber configured
to remove water vapor from the first gas stream to produce a first dry gas stream and a first
water stream, wherein the first adsorber comprises a molecular sieve, wherein the first dry
gas stream comprises hydrogen sulfide and sulfur dioxide and is in the absence of water
vapor;

a first Claus catalytic stage fluidly connected to the first adsorber, the first Claus
catalytic stage configured to produce a first sulfur stream and a second gas stream;

a second adsorber fluidly connected to the first Claus catalytic stage, the second
adsorber configured to remove water vapor from the second gas to produce a second dry gas
stream, wherein the second adsorber comprises a molecular sieve, wherein the second dry gas
stream comprises hydrogen sulfide and sulfur dioxide and is in the absence of water vapor;

a second Claus catalytic stage fluidly connected to the second adsorber, the second

Claus catalytic stage configured to produce a second sulfur stream and a third gas stream;

a third adsorber fluidly connected to the second Claus catalytic stage, the third
adsorber configured to remove water vapor from the third gas to produce a third dry gas
stream, wherein the third adsorber comprises a molecular sieve, wherein the third dry gas
stream comprises hydrogen sulfide and sulfur dioxide and is in the absence of water vapor;

and

a third Claus catalytic stage fluidly connected to the third adsorber, the third Claus

catalytic stage configured to produce a third sulfur stream and a tail gas stream.
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9. The method of claim 8, wherein a total conversion can be determined.

10. The method of claim 9, wherein the total conversion exceeds 99 % by weight.

11. The method of any of claims 8-10, wherein the molecular sieve is molecular sieve 3A.
12. The system of any of claims 8-11, wherein the first Claus catalytic stage comprises:

a first reheater fluidly connected to the first adsorber, the first reheater configured to
increase a temperature of the first dry gas stream to produce a first hot dry gas stream,
wherein the first hot dry gas stream is at a first temperature;

a first catalytic reactor fluidly connected to the first reheater, the first catalytic reactor
configured to convert hydrogen sulfide and sulfur dioxide to elemental sulfur to produce a
first catalytic outlet stream, wherein the first catalytic outlet stream comprises hydrogen
sulfide, sulfur dioxide, elemental sulfur and water; and

a first condenser, the first condenser fluidly connected to the first catalytic reactor, the
first condenser configured to condense the elemental sulfur in the first catalytic outlet stream
to produce a first sulfur stream and the second gas stream, wherein the second gas stream
comprises hydrogen sulfide, sulfur dioxide, and water vapor.

13. The method of claim 12, wherein the first temperature is 235 °C.
14. The system of any of claims 8-13, wherein the second Claus catalytic stage
comprises:

a second reheater fluidly connected to the second adsorber, the second reheater
configured to increase a temperature of the second dry gas stream to produce a second hot dry
gas stream, wherein the second hot dry gas stream is at a second temperature;

a second catalytic reactor fluidly connected to the second reheater, the second
catalytic reactor configured to convert hydrogen sulfide and sulfur dioxide to elemental sulfur
to produce a second catalytic outlet stream, wherein the second catalytic outlet stream
comprises hydrogen sulfide, sulfur dioxide, elemental sulfur and water; and

a second condenser, the second condenser fluidly connected to the second catalytic
reactor, the second condenser configured to condense the elemental sulfur in the second
catalytic outlet stream to produce a second sulfur stream and the second gas stream, wherein
the second gas stream comprises hydrogen sulfide, sulfur dioxide, and water vapor.

15. The method of claim 14, wherein the second temperature is 215 °C.
16. The system of any of claims 8-15, wherein the third Claus catalytic stage comprises:

a third reheater fluidly connected to the third adsorber, the third reheater configured to
increase a temperature of the third dry gas stream to produce a third hot dry gas stream,

wherein the third hot dry gas stream is at a third temperature;
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a third catalytic reactor fluidly connected to the third reheater, the third catalytic
reactor configured to convert hydrogen sulfide and sulfur dioxide to elemental sulfur to
produce a third catalytic outlet stream, wherein the third catalytic outlet stream comprises
hydrogen sulfide, sulfur dioxide, elemental sulfur and water; and

a third condenser, the third condenser fluidly connected to the third catalytic reactor,
the third condenser configured to condense the elemental sulfur in the third catalytic outlet
stream to produce a third sulfur stream and the third gas stream, wherein the third gas stream
comprises hydrogen sulfide, sulfur dioxide, and water vapor.

17. The method of claim 16, wherein the third temperature is 205 °C.
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