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relates to a novel process. for preparing sulfur trioxide (SGB) by 5

oxi di zi ng sul fur dioxide (SQ2). This invention al.so relates to a process
for preparing liquid sulfuric acid (H2S™) dnd/or ol eum from SO3 by the
contact process, wherein SO2 is oxidized to form SC3, which, in turn, is
contacted with water or a METHOD POR MAKINGSUKFUR TRPOXIDE; additional
sul furic acid and/ or WELFURITMACID)AND OEUM FROM SELFURDIOXIBIOVEring. -
hi gh grade energy fromthe heat produced during such a contact 10 process.
BACKGROUND OF THE. I NVENTION Sul furic acid is the highest volunme chem cal |
manufactured in the world. Mich of the sulfuric acid is used to producei
~phosphoric acid in integrated fertilizer conplexes. Sulfuric acid is al{so
used, for exanple, in dyes and pignents, industrial 15 explosives, etching
applications, alkylation catalysis, electroplating baths, and nonferrous| -
metal lurgy. Current worl dw de production is reported to be about 570, 000"
tons per day, with about 30% being produced in the United States. The

contact processgiy mmi[ nost popul ar et hods for mnaking
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to form SQ2. Mst sulfuric acid plants or, exanple; form SO2 by oxidizing
an oxi di zabl e stHlfugicackhioAradyss additianabsulfugic geid @d&fﬂﬁ“ﬂ dhisrigyention further
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regenerati @0 plpeotess, in contrast, burn a carbonaceous nmaterial (i.e., a
fuel) in the presence of a deconposable sulfate to provide the heat

BACKGROUND OF THE INVENTION |
Sulfuric acid is the highest vblﬁme chemical manufactured in the world.
Much of the sulfuric acid is used to produce phosphoric acid in integrated fertilizer
complexes. Sulfuﬁc acid is also used, for example, in dyes and pigments, industrial
15  explosives, etching applications, alkylation catalysis, electroplating baths, and
nonferrous metallurgy. Current worldwide production is reported to be about 570,000
tons per day, with about 30% being produced in the United States.
The contact process has been one of the mosf popular methods for making
- : sulﬁltic acid and oleum (“oleum” i§ a solution of SO, in.sulfmjc _acjd, .and also is o |
720 " knownas “fuming sulfuric acid” or “HzSzO-,")Thls -i)fdces;s,.gen_'el;élly 'compriées'.B . .
steps: (1) forming SO, from a sulfur-containing raw material,' (2) catalytically
oxidizing the SO, to form SO3 and (3) contacting the SO, with water or concentrated
sulfuric acid to hydrate the SO, and form sulfuric acid and/or ileum.
A wide variety of sulfur-containing raw materials have been used in ﬂ;e
25  contact process to form SO,. Most sulfuric acid plants, for example, form SO, by
oxidizing an oxidizable sulfur-containing material (e.g., elemental sulfur or metai ores

containing sulfides) in a thermal combustion zone. A significant number of other



necessary to deconpose the sulfate into SO2 and vari ous byproducts. After
bei ng f orwexpr/3skes SO2 is normally oxidized to SO8 by cont acRCHYSeH30Sth 5
a catalyst (e.g., a vanadium pentoxide (V205) catalyst) at a tenperature-
effective for catalytic oxidation of SO2 (e.,g., at |east about 410 to
about 420C for a V205 catalyst) in the presgnce of nol ecul ar oxygen. This
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reaction conditions are typically controlled so that the temperature of the catalyst
20  bed(s) is maintained at less than about 650°C, and more typically less than about
630°C. | |

The formation of sulfuric acid and/or oleum is normally conducted in an

- absorption zone within an SO, absorption tower, in which the conversion gas
containing the SO, is contacted with water, or, more typicaily, a concentrated solution
- 25  of sulfuric acid (e.g., a solution containing about 98.5 weight% sulfuric acid) to form
sulfuric acid and/or oleum. Water is normally less preferred because it tends to form
an acid mist of H,SO, that is difficult to condense.
‘While the reaction of SO, with the concentrated H,SO, is rapid and virtually
complete, the oxidation of SO, to SO, is typically less complete. Thus, the tail gas
30  leaving the SO, absorption tower will typically contain residual SO,. In most
countries, H,SO, plahts are limited by the amount of SO, that they are allowed to emit

into the atmosphere. The U.S. Environmental Protection Agency, for example,



H2SO4 produced. This is equivalent to a minimm S to S8 conversion of
99. 7% i nwoldipeHadt al ytic oxidation step (i.e., no greater po&pustosbyepf the
entering SO2 may exit the systemin the SO3 absorber tail gas). 5

I ncreasing the concentration of SO2 in the gas fed to the catalytic
converter : generally tends to reduce the ®fficiency of the reaction.
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expensive equipment (e.g., a separate scrubbing tower). Such equipment takes up

20 valuable space and produces an additional pressure drop in the overall gas system, .
which decreases the gas handling capacity of the system. In addition, the scrubbing
processes using a base often produce a by-product which must be properly disposed of
(e.g., when ammonia is used to scrub the tail gas, a side stream of ammonium sulfate
is produced; and when sodium hydroxide is used, a side stream of sodium sulfate is

25  produced). And the use of ammonium salt scrubbing solutions, in particular, typically
results in the formation of submicron aerosol fumes which must be removed using -
sophisticated and expensive mist eliminators. _ ,

Sulfuric acid plants have also controlled SO, emissions by using a dual SO, -
absorption process. In such a process, an SO, absorption tower containing an

30  intermediate SO, absorption zone is positioned between two of the catalyst beds of the
converter. For example, in many convéntionél systems using a 4 bed catalytic |

converter, gas exiting the second or third catalyst bed is passed through an_




I nternmedi ate SO3 absorption zone wherein the gas is contacted with a
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20  temperature, and heat is fransferred from the absorption acid to produce steam. By
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maintaining the acid concentration in the range of 99 to 100%, alloy heat exchangers
‘may be used for recovery of the absorption heat. These processes allow the process

heat energy recovery capability to be increased to greater than 90%. _

SUMMARY OF THE INVENTION

25 This invention provides for an improved process for making SO, which

comprises oxidizing SO, in a catalytic converter. More particularly, this invention
provides for a process for making SO; which can be implemented with relatively low
capital and operating costs; a process for making SO, which allows for a minimal
- volume of gas to be handled upstream of the catalytic converter, thus allowing for
30  smaller equipment (i.e., eqﬂipmeﬁ't having lower capital and operating costs) to be

used upstream of the converter; a process for making SO, from an SO, source gas that
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oxidation product gas (comprising SO; and residual SO,), in turn, is formed by a

20  process comprising passing the reaction gas through a plurality of catalyst beds in
series (this plurality comprises at least 2 and no greater than 4 catalyst beds which
contain a catalyst effectivé for oiddi‘ziﬂg SO, into SO;). In this embodiment, a second
portion of the SO,-enriched gas is introduced into at least one catalyst bed
downstream of the most upstream cataiyst bed to increase the amount of SO, bging

25  fed into the downstream bed. _

~ In another embodiment for making SO, froma source gas comprising SO,, the
process comprises contacting the source gas with a liquid SO, absorption solvent in an
SO, absorption zone to selectively transfer SO, from the source gas to the SO,
absorption solvent and form an SO,-depleted gas and an SO,-enriched solvent. Sulfur

30  dioxide is then stripped from the SO,-enriched solvent in an SO, stripping zone to
form an SO,-depleted absorption solvent and an SO,-enriched stripper gas having an
SO, gas strength greater than the SO, gas strength of the source gas. A reaction gas is



form an S02-depl eted absorption solvent and an S02-enriched stripper gas.
havi ng anwod@B6sms strength greater than the SO2 gas streng@GI/BE03OSsour ce
gas. A reaction gas is WD:0%136324 PCTFUS00/ 30095%;:+%6 then fornmed which
conprises a first portion of the S02-enriched stripper gas (this first
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process comprising passing the reaction gas through a plurality of catalyst beds in

20  series (this plurality comprises at least two catalyst beds which comprise a catalyst
effectivé for oxidizing SO, into SO,). In this embodiment, a second portion of the
SO,-enriched gas is introduced into at least one catalyst bed downstream of the most

~ upstream catalyst bed to increase the amount of SO, being fed into the downstream
bed. In addition, the molar ratio of O, to SO, is greater than about.0.2:1 in the gas
25  entering each of the catalyst beds in the plurality.
In another embodiment for making SO, from a source gas comprising SO,, the
process comprises contacting the source gas with a liquid SO, absorption solvent in an
SO, absorption zone to selectively transfer SO, from the source gas to the SO,
absorption solvent and form an SO,-depleted gas and an SO,-enriched solvent. Sulfur

30  dioxide is then stripped from the SO,-enriched solvent in an SO, stripping zone to

form an SOz-depleted' absorption solvent and an SO,-enriched stripper gas. A

converter feed gas is formed which comprises a first portion of the SO,-enriched



30 dioxide is then stripped fromthe S02-enriched solvent in an SO2

strippi ngoadnes2to forman S02 -depl eted absorption sol vePCT/HEN/2Q095
S2-enriched stripper gas. A converter feed gas is formed which conprises
a first portion of the S02 -enriched WO 01/36324 PCT/ US00/ 30095 7 stri pper
gas. This converter feed gas is divided into a first portion and a second
portion. A first partial_conversign gas, and a second partial conversion gas
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conversion gas are then passed through at |east one further catalyst bed

(al so conpri si thg SOy gassirength ofthe firstippeiial eprvstsion,gas; dsikeywiseiaseaendRgrtion,of

SGB3), thereby gxidizi | LHonal - 10 I on
gas conpr ilgi ng @ﬁg&é@ﬂew?-gﬁ%ﬁﬁgﬁﬁ%ﬁ} gz}ssgg%rﬁgi\ﬁ}le eslmftg?s%r?ﬁ? Xl?i(r)aged
process for makinversiot gadié Cortif} the SO)Gaostrélgtiiof thd/beoond paitial comversion gdsi s
i nvention provides for a process for, making, sulfuric acid and/or ol.eum

whi ch neets SCPhefartifiedfisst partinkronyersion g9 sadthe fortified segand pagipl copyesign ¢ -
and/ or ol eum hayi P i | BRG L oAl s . _
conventional s ?sf%?fl%;@%%sgap an%"g vbg%%gﬁ{lﬁﬁ%w ngilg?ttggfag?lg%%lﬁg‘lﬁlﬁs’%%ns;' a
process for noxidadorseatdlystieffectiiedonoxddizing 8@ bmIOy),théreby Xidizing additional ar e

confined to a singl rge streamfor sinple cantgal a nonitoring; a
process fdp maépmg’ §93%fg@%iaﬁ°n¥?f5PBrgagF%‘BPﬁ'W$ﬁ3§%‘ﬂ§99'es at | east
about 99. 7% r ecover ypRfinvention 8146 PréVidds vt &l MEPrvedHoSesPER HAakiHE bfigitsacid -
(e.g., SO2 single-pass conversions of as |ow'as about 75%or 25 lower); a

process for maimdier cleirhuMare partigulariy, this invention mnvidesdana peocessfor mal
sul furi o aci d SURRESF R R B § O S rigBs BaRGERG astbedlER D 1
handl ed upstr eagkR shifbric S3d ahd/bi Sle@AMdeingPredtdt®0,  oxidativh capavitgrthamtypical
sulfurie %((:)I ‘ ggnr:/ﬁt(ijénaﬁ) lsﬁgltnsc acEdhrl)Jlgnts without having greater SO, emissions; a process for
" making sulfuric acid and/or oleum in which SO, emissions are confined to a single
purge stream for simple control and monitoring; a process for making sulfuric acid -
and/or oleum which achieves at least about 99.7% recovery of SO,, even at low single -
pass SO, conversions (e.g., SO, single-pass conversions of as low as about 75% or
25 lower); a process for making sulfuri§ acid and/or oleum which can be implemented
with relatively low capital and operatiﬁg costs; a process for making sulfuric acid . -
and/or oleum which allows for a lesser volume of gas' to be handled upstream of the -
catalytié converter than typical conventional sulfuric acid contact plants, thus
allowing for smaller equipment to be used upstream of the converter; a process for
30  making sulfuric acid and/or oleum which achieves low SO, emissions without :
requiring the installation of separate SO, non-regenerable tail gas scrubbing

treatments and/or an SO, intermediate absorption zone (i.e., low emissions may be.



allowing for smaller equipnment to be used upstream of the converter; a
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effective for . i
: 20  absorption solvent in an SO, absorption zone to selectively transfer SO, from the

portion of the source gas to the SO, absorption solvent and form an SO,-depleted gas
and an SO,-enriched solvent. Sulfur dioxide is then stripped from the SO,-enriched
solvent in an SO, stripping zone to form an SO,-depleted absorption solvent and an
SO,-enriched stripper gas having an SO, gas strength greater than the SO, gas strength
25 = ofthe source gas. An oxidation product gas (comprising SO, and residual SO,) is
ihen formed by a process comprising passing the SO,-enriched stripper gas through a
plurality of catalyst beds in series (each comprising an oxidation catalyst effective for
oxidizing SO, to S0,). The oxidation product gas, in turn, is combined with water
vapor to form an acid product gas comprising: (a) sulfuric acid formed by a gas phase
30 . reaction between SO, from the oxidation product gas and water vapor, thereby
generating the heat of formation of sulfuric acid in the gas phase; (b) SO;; and (¢)

SO,. Heat energy from the gas phase heat of formation of sulfuric acid is recovered



oxidizing SO2 to SO3). The oxidation product gas, in turn, is conbined with
water  WapAikssA forman acid product gas conprising: (a) PERIUS/BWIRCi d
formed by a gas phase 30 reaction between S8 fromthe oxidation product
gas and water vapor, thereby generating the heat.of formation of sulfuric’
acid in the gas phase; (b) SO3; and (c) sép. Heat energy fromthe gas
phase heat of formation of sulfuric acid is recovered WO 01/ 36324,
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an SO, absorption zone to form additional sulfuric acid and/or oleum and an SO;-

20  depleted gas comprising SO,.
Another'embo_di'ment of this invention is directed to an improved process for
making sulfuric acid and/or 6leum- from a source gas comprising SO, and water vapor. .
This process comprises forming a reaction gas comprising SO,, and then forming an
oxidation product gas (comprising SO, and residual SO,) by a process comprising
25 passing the reaction gas through a plurality of catalyst beds in series (each catalystbed .-
comprises an oxidation catalyst effective for oxidizing SO, into SO;). The oxidation
product gas, in turn, is combined with water vapor to form an acid product gas - i
comprising: (a) sulfuric acid formed by a gas phase reaction between SO, from the
. oxidation product gas and water vapor, thereby generating the heat of formation of
30  sulfuric acid in the gas phase; (b) SO;; and (c) SO,. Heat energy is recovered from the
gas phase heat of formation of sulfuric acid by transferring heat from the acid product

gas to steam or feed water in an indirect heat exchanger. Afterward, the cooled acid



" schematic fl ow sheet

product gas, in turn, is conbined with water vapor to form an acid product
gas' conpWoom$324 a) sul furic acid formed by a gas phase reBeTU§HNINSreen
S8 fromthe oxidation product gas and water vapor, thereby generating the
heat of formation. of 3.0sulfuric acid int gas “phase; (b) SO3; and (c)
S2. Heat energy is recovéied fromthe gas phasé heat of formation of

sulfuric acid by transferring heat..fromthe acid.product t t eam ar
foed water in aPOH BRLE CREGeted wifha shlptongamiprsine sultic actinan S, 4hsoggbon
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conprising sulfuric acid in an SO3 absorption zone to fofmadditional
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features of this invention will be in part, apparent and_ in part pointed

out hereinafter. BR Erthprshirgtradiqatyresmodithis inysntion wil} be in pard apparentand dn pabw
sheet illustrati ' . ures of one 10 enbodi ment of the process of
t he present inv %ﬁ}%@{)ﬁtﬁﬁg@ﬁ@%& a schematic flow. sheet showing a 4 bed
catalytic converter of a -contact sulfuric acid plant nodified in
accordance with the present invention. Fig. 3 is a schematic flow sheet
illustrating vaBRES PEACRIRTION OF BHEHIGURES)di nent of the process of the
present invention fo-rEig-sfisVﬁ &Peﬁaﬂ\? o@%e%%sﬁ%tiggéﬁ& fEhillres bf'ofe @ :

_ iTlustrating an enbodi ment 0 e process of the
present i nvEnt i embddianeritlof the protdse oFthenpésentiaventionDESCRI PTI ON OF THE
PREFERRED ENMBCDI MENTS A... Formatiop of the Source Ga nt.ai ni ng Sul f ur

Di oxi de 20-Ref erri ng Hi§ ¥is@ schematic ﬁW@Eeﬁé@W@rﬂ%‘?qi‘?%y%EoWg%? d
froma sul fur- comhel sfific %&Wﬂﬂt%dtﬁﬁe@m docifdefce@iih feprdent invention.

sul fur-containing raw material's nay be used. For exanpl'e, a deconposabl e
sul fate is often sui tRigl 3is aS¢bématicllowaheet mfystrating vvarims featmresod apdther

| ci | fat e, ' | f at t H2SQ4-(J.e., . t agpat ed or
i | ut e 1SR - CHRORGRT SEBIE Rriiess of e et ytiontpi itk Fore! SO goie gas.
liquid sprap into a gEgliita RRerRANEAGW shé Mustafitly #n ERALOGARRME O thePRoRES 6

(i.e., a fuel) and an oxygen source 12 (normally air). This mxture is"
t hen burned to rerespat igyention described in the Example below.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A. . Formation of the Source Gas Containing Sulfur Dioxide

20 Referring to Fig. 1, a source gas 3 containing SO, is formed from a sulfur-
containing raw material 6. A wide variety of sulfur-containing raw materials may be
used. For example, a decomposable sulfate is often suitable. Such a sulfate may
include, for example, calcium sulfate, ammonium sulfate, or spent H,SO, (i.e.,
contaminated or diluted H,SO,). To form SO,, the sulfate is typically injected as a

25  liquid spray into a combustion zone 9, along with a carbonaceous material (i.e., a fuel)
and an oxygen source 12 (normally air). This mixture is then burned to provide the
heat necessary to evaporate water and decompose the sulfate. For example, in a spent
acid recovery plant where spent H,SO, is used as the raw material 6, a gas 3 is formed
which typically contains sulfurous acid (H,SO;), SO,, O,, CO,, N,, and water vapor.

30 _ In a particularly preferred embodiment, the sulfur containing raw material 6 is

an oxidizable material, such as elemental sulfur, hydrogen sulfide (H,S), or iron pyrite



heat necessary to evaporate water and deconpose the sulfate. For exanple,
In a spewbo01ad632d recovery plant where spent H2SO4 i s usedrPEUSEZ3008W
material 6, a gas.3 is fornmed which typically contains sul furous acid
(H2S3B), S, 02, 02, N2, and water vapor. 30 In a particularly preferred -
enbodi nment , the sul fur cont ai ning raw mateH al 6 is an oxi d| zabI e

mat eri al , such as el enent al sulfur hy drogen sul fide (H2S), iron pyrite
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about 15 to &Bd
about 5 mole%.

20 Because there are greater operational and ca‘pital costs associated with larger
process equipment, it is often preferable to minimize the volume of the SO, source
gas 3, while also incfeasing the concentration of SO, in the source gas 3. Ina
particularly preferred embodiment, this is achieved :]Sy using elemental sulfur as the
raw material 6. When elemental sulfur is burned 1n a.u', for example, SO,

25  concentrations of from about 11 to about 21 mole% '(and more typically, from about
15 to about 20 mole%) may be obtained. ' '

Regardless of the content of the oxygen source 12, it is also preferable to
minimize the volume of the source gas 3 by burning the elemental sulfur in the least
amount of O, necessary to allow substantially complete conversion of the elemental

30  sulfur. Inother words, the amount of the oxygen source 12 fed into the combustion
zone 9 of the sulfur burner preferably is the amounf necessary to maintain the molar

ratio of O, to elemental sulfur at slightly greater than about 1.0, more preferably from



Regardl ess of the content of the oxygen source 12, it is also preferable to
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to cool the gas 3 d remgve, part.i cul at fromth as 3 before
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For exanple, if the source gdas 3 is a conbustion gas exiTing a su
burner, itslOl5 tandioe contains ensaingdpartichlptefimpurities) ittis geierslly plefertedt6@@€, and

xaml o b coorRRlyh BRtioutt s a0 Soptihe gar S shd ey PRt o heese
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the oxygen source 12 (e.g., air) being used in the conbustion chanber”9,
t her eby reduci ngvelldamovavtechniguestnehich maytbisaised taromditionrthe sdigcegas 3. afor20

TS ool ed  by<iiey ¥ RS e 4R A Bubpdbe it e BBl i g o
pressure oflsat lemysdratateois typldallyofeom @boutc@0)to aBost 1800¢C,) and3fisretgpitAlsy Som 3
t hrough a hum difyi nore indirect heat exchangers,

d
where it is fur abdu 180 feabant 4 ﬁ?‘%ﬁrﬁ%ﬁ 8ap? Bayciosexample; baweqolodhbysr (a) passing
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25 is the off-g roma fetal roas I Ng opera
el ectrostatic pemhnﬂb,ttatthe preheat the oxygen source 12 (e.g., air) being used in the combustion

chamber 9, thereby reducing fuel costs in heating the oxygen source 12 with an
20  external soﬁrce; (b) by passing the gas 3 through a waste heat boiler where it is cooled
by generation of high pressure steam (i.e., steam having a pressure of at least about 27
bar (gauge)); and/or (c) passing the gas 3 through a humidifying tower and one or
more indirect heat exchangers, where it is further cooled with, for example, cooling
tower water. Particularly where fhe source gas 3 is formed from spent sulfuric acid or
25 is the off-gas from a metal roasting or smelting operation, an electrostatic precipitator
is often used to remove particulates from the gas after it is cooled. Alternatively, such
a gas 3 may be conditioned by passing the gas 3 through one or more reverse jet
scrubbers of the type, for example, sold by Monsanto Enviro-Chem Systems, Inc. (St.
. Louis, MO, USA) under the trademark "DYNAWAVE". It should be noted that a
30  portion (e.g., 5-10%) of the conditioned source gas 3 may be recycled back to the



Is often used to renove particulates fromthe gas after it is cool ed.

Alternat‘k,&q,ll)ﬁ ,guch a gas 3 may be conditioned by passi ngctAsomsp0953
t hrough one or nore reverse jet scrubbers of the type, for exanple, sold

by Monsanto Enviro-Chem Systens, Inc. (St. Louis, MO, USA) under the
trademark "DYNAWAVE'. It should be noted thhat a 30 portion (e.g., 5-10% of
the conditioned source gas 3 may be recycled back to the WD 01/ 36324
PCT/ US0050095 cohibustiomzwie Sofpartivnlarly a(sphfut burnér) td gomirad thef tempkxature in) theo

control the terrp at.ure ”bnbe{i' corrb tian zone 9 Iow a desired maxi rrum.
t enperat ure. ‘é?}??ne % adesited ropgpug; ef"r? " absor pt i on/ desor ption

process, the 502- Péﬂﬁmgxﬂﬂfei%stﬁeﬁmasb;% tlibxﬂdésb ofl pRé&Rs MOS0} 0N

solvent 15 in an SO?2 sorption zone 18. “The quid SO2 absorption
sol vent 15 seImtmngyommg%tklsswwmdmwms& agmptlpn solesné manSOz

b pr oduct ug AEFoBHSN atR U othedimaf S0 atBris sBljfut £ SR RO 8T, 12
has been Subst@éﬁln?ééduéeegmseﬁbrea @raagfe&% SO frsih Bk soReew 236 theSOyent .24,

The S02-enriched absorption sol vent 24, in turn i s stripped of SO2 in an

10 S02 stri ppeabsqltptlen salvens lﬁuaadar@dvcmmeﬁﬂrm&ie%@map Rpss g3t lifromyy,

Che SOb absor YK s has fepfrheRlaFilyhentved AU RERE kel SR8 RY ??Si‘n“’

the source gasSoh&ht 24.rehd sgyeﬁmﬁ& abdosstiqat sobrens 24, \mrtulm,’Lﬁ strippeti@f 80, irean a |

physi cal or a chem cal solvent. Physical, so]vents, r e raI I y
nor e prefbﬂre(ﬁoﬂml?mmﬂqy%@ﬂ@@rﬁ% snFich WDEE"BG%&‘%“S%S@ gﬁglﬁ Bent's

CPii 1 ot ot o PUVRES BB brobeBly Y g BHRENY 1oL BRACEIe SO Mbiofinplone

sui tabl e phySlmforﬁniHeuEeldatﬁ')elaﬁmrplhmmﬂﬁ(D mcbhe/mutrcegasdt)e corrprl SI ng tet ra
et hyl ene gl ycol diethel ether such. as ihat I scLosed and utilize

sul fur dioxide recobishauwd §0. absorptippselveptlp may be githe 4 ts’ T 3C §§° 53

(Line) and 2Q ﬁ?s dients? héWever ate GEIRGIAG) mdte prefelred! ISaitablei r €
di scl osures of oV\:ﬁIﬁE:h gcg%sncorporat ed h ergl n byrefeeﬁgnce The |iquid

sul fur di bi dmbaclbentbmuiudg'\@ﬁeuamgymc@bmhm’i%(efﬂarf@tl’@ﬂb}’ie%WW dipeded tetra

et hyl ene gl ycol et her u r
sui tably corrpr‘i% ﬁq‘é e1d ?%?‘bsh‘{k @?i r@&hﬁr(%% %{éﬁmaﬂ%{éﬁp ﬁ@&@
tetra ethyl ene glycgh cfir@leef a skitidlo pHysieal ﬁﬂﬂhﬂlo%ébm@hbﬂisoﬁsﬁmﬁﬁne o
triethylene glycol diethel ether, from about 2.5%to gbaqut d;wag%

pent aet hyl ene t@lﬂ;;msing tere ethzlene ghysel @ﬁhelfqtb%sa%eﬁﬂlz disgloss wtilizedsin the o
ethers. The cig fi’iir 81 'xﬂ'ﬁ r&? Ve% processes described in U.S. Patent No. 4,659,553 (Line) and

20 U.S. Patent No. 4,795,553 (Hensel et al.), the entire disclosures of which are

incorporated herein by reference. The liquid sulfur dioxide absorbent preferably

contains more than 50% by Weigh't tetra ethylene glycol diethel ether. Such a liquid -
sulfur dioxide absorbent suitably comprises, on a dry weight basis, from about 60%to . ::
about 80% tetra ethylene glycol diethel ether, from about 15% to about 25%

25 triethylene glycol diethel éthér, from about 2.5% to about 7.5% pentaethylene glycol -
diethel ether and from about 2.5% to about 7.5% mono ethers. The circulating tetra
ethylene glycol diethel ether-containing absorbent may contain water, for example, up -
to about 10% by weight. Use of sulfur dioxide absorbents based on tetra ethylene
glycol diethel ether in the absorption and stripping stages of a sulfur dioxide recovery =

30  system, including the process equipment and operating conditions employed, is
described in U.S. Patent Nos. 4,659,553 (Line) and U.S. Patent No. 4,79_5,553 (Hensel



et hyl ene gl ycol diethel ether-containing absorbent may contain water, for
exanpl e, W® 01¥36324bout 10% by wei ght. Use: of- sul fur di oxi de BEREPWEHS based
on tetra ethylene glycol diethel ether in the absorption and stripping
stages of a sul fur dioxide-recovery 30 systeyy inclwuding the process

equi pnent and operating conditions.enployed, Is described in U S. Patent
Nos. 4,659, 553 i.ne) ,and .U. S. ..Pat ent 795,553 .( Hensel 01/ 36324
PCT/ US00/ 30095 Qi%[}e@%‘dé‘?%?‘?a??&hﬁ@byﬁ’ge %BF‘?@B?‘%&M‘C&P‘F CePLBERRE S ¢ i n
the. practice ofpvelfioRr €s€ht+ invention. Another “exanpl e of suitable SO2
absorption solvents include aqueous _ sol utions of various am nes. Exenplary
ani ne absor bi ng agentAnothes exaraplerof suisghleBOp absorptiozsolvients inelud aquepus (e. g. |

di met hyl ani | i ne ' .(e. ) anol am ne.  trjet )

tri pr opanol am nEtEREF BNBhERBeS; RxprBlar AR AR Aeh RS B B,
(e.g., tetrahydapitinedehivities (.4 rdincethylasilihe)) yiamwiaainey (€f.hiictixndiadithéele,

t et rahydr oxyet hyl - 1, 3- propyl enedi am ne, . .

t et r ahydr oxyet hinicthanelapis, riprrpanelamiee, apd tribwtanelamipel ny| -1, 5 1

pentyl pent yl enegli, aml G di.am RelI-VARICH

di net hyl pi per azgr@ﬁ?ky?@%@#%%ﬁé&(%ﬁ’)t%f%lgg%%(&ﬁggmeﬁpﬁy pyrrol i done;
and sul fonate gdratiydrokgahdlethylddediamiied, esttahidroxgethipid] 8 propylemedivmmgac! et
al. the entire disclosure which is herei,n incqorporated by reference). An
even nore pref efgt@ydroxysthylohamropyiencdianyne terahydegyyathyl-4.93 hal f salt of a

\li\ﬁe(rjia?nm. ,rél\eills6 a\;: Egrftg%gn%gé\ﬂleglg g 3; % ca%gé?&]&igtdorm‘; %J}A‘%p&ém Hz?ng (RI4) ,may be
1"Fo-about B carhan™ atome a30 el no Yo da ooy T Sy At
(preferably havF‘ﬁgoan"tﬂﬁ‘{ng"tyl?Fea%t&iéy %t&gﬁ%ﬁ&%%&engépkﬂﬂ(%? g‘?@?’abl y

having from aboﬁf”\z’ﬁﬁ‘@“ﬁﬁf*“{s&%ﬁ%&?@“ﬁw?%efﬁ%&ﬁ (preferably monocyclic

or bicyclic), or alkylary preferab av m about 7 to about 20
carbon* atons). |t slAmusdveneore preferredtnadibonallyfuséd absethingagemn isla RAf salt/of a

together fqrmcycli.c structures. The. free nitrogen of the half salt
pr ef er abl yqﬁas é‘%eﬁ%‘?ngh’ﬁrﬁﬂﬁwefﬁ%ﬁ?mabout 7.3. Exanpl es of

particularly preferred di am nes include R1\ R®
/

-

NAN
AN

-. R2 R4 (I),

wherein A is alkylene having 2 or 3 carbon 'é,tdms; R', R% R®, and R* may be the same
or different, and can be hydrogen, alkyl (preferably having from 1 to about 8 carbon
atoms, and including cycloalkyls), hydroxyalkyl (preferably having from 2 to about 8
20 carbon atoms), aralkyl (preferably having from about 7 to about 20 carbon atoms),
aryl (preferably monocyclic or bicyclic), or alkylaryl (preferably having from about 7
to about 20 carbon atoms). It should be noted that any of R', R?, R?, and R* may
together form cyclic structures. The free nitrogen of the half salt preferably has a pKa
of from about 4.5 to about 7.3. Examples of particularly preferred diamines include
25  the sulfite half salts of N,N’,N’-(trimethyl)-N(2-hydroxyethyl)ethylenediamine;
N,N,N’,N’-tetfamethy]ethylenediamine; N,N,N’,N’-tetrakis(2-
hydroxyethyl)ethylenediamine; N-(2-hydroxyethyl)ethylenediamine; N,N’-
dimethylpiperazine; N,N,N’,N’-tetrakis(2-hydroxyethyl)-1,3-diaminopropane; and
N,N’-dimethy]-N,N-bis(2-hydroxyethyl)ethylenediamine. These half-salt diamine



25 the sulfite half salts of

N, N, N -worongs32ay! ) - N( 2- hydr oxyet hyl ) et hyl enedi am ne; PCT/US00/30095

N, N, N, N -tetranet hyl et hyl enediamne; N, N, N ,N -tetrakis(2-

hydr oxyet hyl ) et hyl enedi am ne; N-(2-hydroxy %hyl ) et hyl enedi am ne; N, N -

di met hyl pi perazine; N,N,N ,N -tetrakis(2- hg roxyet hyl ) -1, 3-di am nopr opane;
and N, N -dinethyl -N, N-bis(2-hydroxyethyl)ethyl enedi am ne. These hal f-salt
di ani ne WO 01/ah5emenis@rg @S%b%&éugﬁﬂd@anibé&%@ﬁwo 8/ 9B6d dincpearated herriva - i n
U. S. Patent Nobyl%fé}l&e 361 (incorporated herein by reference). In the
enbodi ments usi'ng an agueous solution conprising an. am ne or an am ne
salt, the absor pti oln the embodintehtsprsigemedguyoussoiution esmprismguncnsinsor ait i on- 5
contai ning fromabout 20 to about 40 i ght % of the absorbing ent on an.
amine (rat hermmaﬁ&&ﬁg%?hsa@@aﬁ?sveﬁ'aﬁﬁgr%w SOIPRGE iaEﬁéﬂe%§gﬁﬁPPon -'
solvent 24s | Noohiiifing fRPLiRIuR b Yo Aiibh A0 wellHol Br i @RS A affidednt
rati o of ?srom gg‘out 5 1:1to aboout 6?@5: . ‘%hg‘ﬁgeb%}égﬁiﬁﬁ%gf‘t&?%l t gnal '
SC2 absor bent Srather than amarhineselt)desisy The S Qyrenrithedabserption solvent 24y in tufijese -
shortcom ngs inclu for le,,relatively I, SO2 bsorpt] on .capacity
and the tenderﬂ?#ef%?%&scﬁ“dﬁézag@f‘ﬁ'ﬁp?ﬁ m&ffﬁﬁ‘ﬁ‘i’?‘%"ﬁ@% m Qﬂb&?']ftf’omthe
source gas 3. ghegee.psiion of substantial quantities of water, in turn, can
lead to a significant reduction in the SO2 absorption capacity of the SQ2
“absorption sol vent Thezboverdisted yradisignalrSQypbsorhenta are oftdnchempiered-zy @eor
absor pti op, sol vent Such ter, 15 absor.ptd on n, alksq.Jtead to cessive
Corr osi onﬂ%)f t’ﬂ%reéa '?ourr"é' gs’u .ed'e sho %Sn%z&lagﬁréfﬁ?’ﬁw&ﬁlﬁﬁ}ﬁ%@f-"bs éess.
Further, such JBsPtih tapacity ik theSerRiRAEPN BE6HbGaBstaritlal qhitititles bPWatch Qapisrt er - -
to be separated fromthe S02-depl eted solvent 33 so that the solvent 33
may be recycl diPmihasoutseigss Isdbsampiion of substantialquantitiespfveater, invturr, gan jeed
SO2 absorptio ' ) %g | o
absor ption soﬁ?/S%M%aﬂtc%ﬁgét?@g{s‘%ééngg%bgsﬁﬁd"g‘%ég P ﬁggglg@ %% M(}(érr?ii% gglvent '
descri bed i n WSStheftbyaeduifing a gfeatth floRodT thé38Oyralssoeptiont soiten} 15\hSadh witer entire

di scl osurﬁ [ S@%%Sﬁ&&ﬂ”ﬁ%ﬂﬁ@&?@f%ﬁgb ivgr ef egigg%?é_ie In. thi slug &q&gg&t t he

SO2 absorpti o™ - PP ‘fﬂl‘f&%’é i e,
hosphonat e di [ Py The. .

~ phosp agﬁ%-ggm%/gcﬁ?ﬁg@ ggéseﬁs. NEHRRS [sith a&h@%rﬁ&%ﬁé;ﬁ%@%‘%ﬂ& capital

substituents b phorous ‘atom a rganic
radical s of tihputdertbe watenée boseparated from tht\8Og-depleted delvemts3ymocthatrthe | y

| ndepende nt 'y ngv_%lllt ] macyll bé gec%:led_ back to the SO, absorption zone 18 and used for further
SO, absorption. | | | |
20 In a particularly preferred embodiment, the SO, absorption solvent 15
comprises an organic phosphorous compound, as described in U.S. Patent No.
5,851,265 (Burmaster et al.) which the entire disclosure is hefein incorporated by
reference). In this embodiment, the SOI2 absorption solvent 15 preferably comprises a
phosphate triester, phosphonate diester, phosphinate monoester, or a mixture thereof. . -
25  The substituents bonded to the phosphorous atom, as well as the organic radicals of
the ester functionality, in the co_mpounds are preferably independently arylor C, to C; -
alkyl (i.e., an alkyl group containing from 1 to 8 carbon atoms). Examples of suitable - -
phosphate triesters include: tributyl phosphate, tripentyl phqsphate, trihexyl :
phosphate, and triphenyl phosphate. Examples of suitable phosphinate monoesters
- 30 include: butyl dibutyl phosphinate, pentyl dipentyl phosphinate,' hexyl dihexyl
phosphinate, and phenyl diphenyl phosphinate.



al kyl (i.e., an alkyl group containing from1l to 8 carbon atons %qo Exanpl es
of suitabWweoipssaphate triesters include: tributyl phosphatRET/ES00E8496y |
phosphat e, tri hexyl phosphate and tri phenyl phosphate Exanpl es of
sui t abl e phosphi nate nonoesters 30 include:, butyl -di butyl phosphinate,
pentyl di pentyl phosph| nat'e,% hexyl di hexyl 1|r9nosp'hi nate, and phenyl

di phenyl phosphi nate, 41@36324 PCTI US00/ 30 95 16 I.n accq(irgcliance. with an
even nore prefefred BH'B‘E?HF f¢ Wi aPI?é(eIpP’é?s%Pﬁc

absor ption sol vept, Qﬂ%:@b Eﬁt‘fehs%'o&% ﬁ@étﬁ{trall water-
I mm sci bl e organic %?:hsp onate di est ﬁ;:ehaw ng rmul a s y OR2

5 wherein R, %m&l&ﬁrganmpmmaMStqrngfm@a(ﬂb C aI kyI vmth R,
R2, and R3 bei ng sel ected such that (1) the organic phosphonate di est er
has a vapor pressure of |less than about 1 Pa at. 25 C, and (2) the
solubility of water in the. organic phosphq‘hate diester is |l ess than about
10 weight% at 25 C. Preferably, the org@rtre—Rphosphonate is a dial kyl

al kyl phosphonate, and R, R2, and R3 are |k}pep§@6ently C, 10 to C6 al kyl.
More preferably, to S|rrpI|fy preparation and ‘reddee the manufacturing

costs of the phosphonate deters sol vent, , R2, and R3 are idep tlcal Wi th
each contabni ngrhaxemBésR and;&’rmm@mdtnﬂmpr&tmﬂaglkwt,m afdR
phosphonat e det

et de. di but yi o griSped el T R g Grctpabrtfc BefREfls ét%%*e%ﬁﬁsgﬁ

hassl e phosphongisethan dbeitiNenxt 259hE, (2)]ﬁesollilbﬂﬁjﬂbﬁwateelnﬂi&oﬁtgaﬁds dance
with an especially preferred enbodi nent of the sent invention, the SO2

~absorption sol vEhesphenatedigsics isdessithan ghoup 1@ Wmﬁés%%n&:t Preferably,the organin

Do ona" e BRuapBades  SERY Loty HneRBRRRI M R R nd R leindirhfly C,
Di butyl butigl O ﬂh?lnd\tderdjﬂsfembﬂmltceuﬂpﬂfympgfahoﬁfanQMﬁe drcmanufagtaring
pressure of about 0. Pa_at C The s |I|t of , vvater i n dibutyl

but yl phosphona@@tﬁ%f‘HBBB?SP@JOEatG\EP"@ﬁtSVJ@P Bipcab With 83fhs of vent
conpr i Sing. at | el Al M40 LORARAR0 pi’es%?tsﬁ-ﬁtetm@a%qﬁi RN 14400

to be nore preferre ecause such a sol vent “typica
conbi nati on of foraweir the ipsdctics ofithie presertnideertiontingiade dibutyd butyl phesphbnate, an

dipentyl pantile phosphonate, dihexyl hassle phosphonate and diphenyl phenyl

‘,,1 5 = phosphonate. In accordance with an especially preferred embodiment of the present
invention, the SO, absorption solvent 15 comprises dibutyl butyl phosphonate.
Dibutyl butyl phpsphpnate is a neutral diest_cr of phosphonic acid, and is clear,
coiorless liquid with a relatively low viscosity and very mild odor. Dibutyl butyl

_ phosphonate has a molecular .w.eight of 250.3 and a vapot' pressure of about 0.1 Pa at

. 20 25° C. The solubility of water in dibutyl Butyl phosphon.ate is about 5.5 weight% at

25° C. ) | |

. An SO, absorptlon solvent comprising at least one organic phosphonate diester
as defined above tends to be more preferred because such a solvent typlcally
possesses a combination of characteristics which renders it particularly useful in an

25 SO, absorption/desorption process, including: (1) increased SO, solubility, especially
at low partial pressures of SO, in the source gas 3; (2) high heats of solution, which

~ reduce the amount of energy t'equired for stripping SO, from the SO,-enriched
absorption solvent 24; (3) low melting points, so that the solvent 15 will remain a

liquid over a wide range of process temperatures; (4) low viscosity, which allows the



25 SO2 absorption/desorption process, including: (1) increased SO2

sol-ubi l'ifgp.01860gci ally at low partial pressures of S02 ipciigomsussce gas

3; (2) high heats of solution, which reduce the anount of energy required
for stripping SO2 fromthe S02-enriched absorption solvent 24; (3) |ow
melting points, so that the solvent 15 will@7remain a liquid over a wide
range of process tenperatures; (4) low viscosity, which allows the WD

01/ 36324 PCT/ USgnefindl thermndl andabsaerptionssthipping equipmentitocizsredweedp(d) daw vpporng . .

equi pnent to be reduced: l ow v r. re | ch reduces, sg] vent 15
| osses; (6) dﬁ?&%&%%@ﬁ% %W%&s%ﬁﬁfmwgﬁmggfﬁﬁt%WVQ St
and (7) bei ng gdafiderto iidroly¥islanl (7 BeirEdubs@ntillybwatef RiniseiblE @25 ABhE) Such
that the solubility of water in the solvent 15 i's decreased. The fact 5

t hat the or garhiygrescopichsuchitbatdhesolebilityofovatenin thasolent §5 iwdesreasedhi Buifbtte i s

particularly vant ageous in th ractice pof the present Jnyvention. . This
characteri tictﬁgtrtﬁslo cﬁos@wa@ﬁ?ﬁﬁ% ﬁgﬁuﬁ%wgﬁly vﬁ% ‘é’ﬁ‘“ﬁ%ég pﬁrgf,ul Lorb
excessi ve anoljdvantageotd i€ thefprastict € the Présefitivéntivnh ThisdhatRtditic provides a2 -
absorption zone 18 preferably conprises a nmeans for pronoting mass 10

transfer bet we¥pe Asarngian salygnt kSjuhigh daessnos absorbl exssseive ampunts Bf yates frop hes a
bed of rando@@%&ﬂtﬂﬂﬁg%ﬂﬁ&g%ﬁsfaddl es or rings in a vertical tower.

Preferably, thHe source -gas I's ‘contacted countercurrently with the S

abs]?r pt iblon sol ve gt mge S(Rpalsu?ﬂioﬁmomlelﬂ)pﬁfefmy ﬁombgsesmmea?sgaﬁpﬁrﬂoﬁng mass
prefera i ntroduc t hrough an_inl et near the ottom of the SO2
absor pt i oi:O z orfEansier %ame% His gseand Hgwid phasss, andi oakeprefsrably qomprses a hed ef

t hrough an inl ) : n ' i but ed
over the packir%éd?ﬁﬁéc%-sgg?ﬁ%ggﬂggﬁ%%ﬁ% a\%brﬁé} 'Z%I%fgmtg ﬁggfyvﬁa t%égr awn
from an out | gdas BdsicontitedoduntercuntentligovitiOhe S05 @abgdrption sudvent 18, Imsicthtane .
exhaust gas substantially free of.SO2. (i.e. he 2- | et.ed gas 21) is
Femoved from STEERER: WePucE Bes | npreferabhcingeduceddoper Bn ekl e |
Al though the $ggoaPsh@5008b nlZdnE8 18, 2d tiO8DY, hﬁ&rﬁi&@b‘i@ﬂ? ippal ,

random y packed tower, thdse skilled in the art w | appreci ate that other

conf i gur at§ ondnmeduced thronghadst ipley gear thetopeafithe $95 ahspmtionazone A8 and digstbutesy
contain structured packi N0RI «SHONPL 1S tr Is It her. of 'Sa?the
process str eaft %ﬁl&i’gﬁgﬁgylﬁ? 592'%%6@?@%91? %%t %03‘%\%\*3 ﬁﬁhﬁé “gﬁlgf/agmd%@t‘ bed
sol vents. computlel mgr tHe HateRNOfthe BSOS Bbseiptionone A8 drtHe axltpised, the SO02
absorption zone 18 pref erati).l§>é2i[(.s gti)lerat ed at an average tenperature of

ke

from about 10 stbstamtlly feg@ & SEh-sisplgted g3 2Ahis semoved om s putlet near
the top of the SO, absorption zone 18. Although the SO, absorption zone 18 may

20  comprise a conventional, randomly packed tower, those skilled in the art will
appreciate that other configurations may be suitably used as well. For example, the
tower may contain structureci packing or comprise a tray tower, in either of which the
process streams preferably flow countercurrently.

‘When the above-described solvents comprising an organic phosphorus

25 compound are used, the SO;’ absorption zone 18 preferably is operated at an average

temperature of from ébdut 10 to about 60°C (irlore -preferabiy from about 10 to about
' 50°C, and most preferably from about 30 to about 40°C), and a preSsure of from

about 50 to about 150 kPa (absolute). It should be recognized that although pressure

increases the amount of SO, that the SO, absorption solvent 15 can absorb, the -

30  absorption can alternatively be carried out at a relatively low pressure, thereby

reducing equipment costs.



50C, and nost preferably fromabout 30 to about 40C), and a pressure of

from abowO®B63% about 150 kPa (absolute). It should be r $0088095h at
al t hough pressure increases the anount of SO2 that the SO2 absorption
sol vent 15 can absorb, the:3D absorption cangal ternatively be carried out

at a relatively |l ow pressure, thereby reducing equipnent costs. WO
01/ 36324 PCT/ USOO 30095, 18.Condensat i on .of ter_ vapot .f,o0 he source gas
3 in the SC absor pt CORASAEST LV v4een Fomy e spiret B8 in g Nda3heGPlof 2ot
phase, which coyg ¢chayledEdIBriidtRn df&rsb?ﬁ'hﬁﬂvdtééﬁxaﬁé, wWHEREOUIE iftiresse Hife

equi prent and conplicate |ater renoval of the absorbed SO2 in the
subsequent  sol veomrosienyrateefmetgHicoregsss sqripmentcand somplicats dateresmavehof thae

tenperature of the . solyent .15 in duced i nt Qr pti on.zong 18
preferably is aﬁ%ﬁ?@beﬁ%ﬁ’dmﬁ)ﬁbﬁ%‘ﬁ%&ﬁ?ﬁ?& 5@%@8@@% 'oﬁ? Cagm}jlgsgcg fed into
the absor pki oncafiefsalidn, the gefifatufd Gfthé 8éi0eritadS ifitrodcel ifth thd'sbsdfition zone 18
absorption solvent 15 and the source gas 3 necessary to achieve

substanti al tr apesfenablyfis shoveithedew peint tamperatyreofihe sourepgasfed imodbe or pt i on
solvent 15 in the rpti zone 18 may be determ ned by conventi onal
desi gn practidegbsﬁﬁgfog‘r%gﬂ’/,g’the SO2 absorption zone 18 is designed and

operated such that thens@flewtaerati®{L/G)of HS0L4Ys6iptidn §afvertl1S snd 186 Sodrdan
about 400 ppnv, nore preferably |less than about 200, ppnv, and nost

preferably | essgasvhnecgsssny tojashigyp sybstantia] transfercaf SOwdtam the sogrge gas3dadhePOh
t of then02, i t ' 0. 1:h
Sour co gas 19 n7isREHioRRE et s B e Bieorp G oY B mdy b ¢ ARGk E BTG LB fenkibpdi 1
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20 - Use of the highly efficient organic phosphorous solvents discussed above
allows thé concentration of the SO, in the SO,-enriched stripper gas 30 exiting the
stripper zone 27 to be significantly greater than the concentration of the SO, in the

- source gas 3 fed to the system. For example, for source gases containing from about
0.1 to about 5 percent by volume SO,, the process of the present invention may be
- 25  operated such that the ratio of the SO, molar concentration in the in the SO,-enriched
stripper gas 30 to the SO, molar concentration in the source gas 3 is greater than about
1.1:1, preferably at least about 2.75:1, more preferably at least about 4:1, even more
preferably at least about 7:1, and most preferably at least about 10:1. It should be
recognized that even greater ratios may often be achieved, depending on the SO,
30  concentration of the source gas 3. Generally, it is preferred that at least 67 mole%

(more preferably at least about 75 mole%, still more preferably at least about 85
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and the S2- oR ALR9SIMn sol vent 24 is introduced through a liquid

inlet near the top 'ﬁ{e ep28nS 17 pieRR4bl eMBiprdestleds Tor protiotidg evaes t he
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20  vertical tower. To maximize transfer of SO,, the SO,-enriched absorption solvent 24
is preferably contacted cOuntercufrenﬂy with the SO, stripping gas 36. In this

embodiment, a non-condensable, oxygen-containing SD, stripping gas 36 preferably
is introduce& through an inlet near the bottom of the SO, stripper zone 27, and the .
SO,-enriched absorption solvent 24 is introduced through a liquid inlet near the top of

25  the SO, stripper zone 27 and distxibﬁted over the pélcking material. The SO,-depleted
absorption solvent 33 is then preferablil withdrawn from an outlet néar the boitom of
the SO, stripper zone 27, and the SO‘Z-enﬂched stripper gas 30 is removed from an
outlet near the top of the SO, stripper zone 27. In a particularly preferred
embodiment, the SOz-depleted absorption solvent 33 ils recycled back to the solvent

30 inlet near the top of the SO, absorpﬁon zone 18, thereby serving as the SO, absorption

' solvent 15 for further absorption of SO, from the source gas 3. Althougha -

conventional packed tower is 't.ypically preferred, those skilled in the art will



the SO2 stripper zone 27, and the SQ2-enriched stripper gas 30 is renoved
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preferred enbodiment, the S02-depleted absorption solvent 33 is recycled
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absorption solvent 24 wth,live.steam .introduced into the bottom of the
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absorption sol V&iﬁdeﬁéﬁte. RegwectroRaveid fornatidifofiWo 1ifiid PRAsBY{SME ‘5krator, it is
20  preferred to operate the condenser such that the condensate refluxed to the stripper

consists eséentially of water vapor condensed from the SO,-enriched stripper gas 30. -
Alternatively, the SO,-enriched absorption solvent 24 can be stripped by steam
distillation (i.e., contacting the SO,-enriched absorption solvent 24 with live steam
introduced into the bottom of the SO, stripper zone 27) to recover the SO, from the.
25 SOy -enriched absorption solvent 24. Regardless of how the SO, stripping/solvent
regeneration step is conducted, the SO, preferably is stripped from the SO,-enriched
absorption solvent 24 under non-reducing conditions.
To promote désofption of SO, and avoid thermal degradation of the SO,
absorption solvent 15, the SO, stripper zone 27 preferably is operated at an average
30 .temperature of from about 80 to about 120°C, and more preferably from about 90 to
about 110°C. When air stripping is employed, the pfeferred operating pressure in the
SO, stripper zone 27 is from about 20 to about 150 kPa (absolute).
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desired temperature in the SO2 absorption zone 18, the SO,-depleted solvent 33
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20  leaving the interchanger 39 may be passed through a solvent cooler where it is further
cooled by indirect heat exchange with cooling tower water. It should be recognized
that the use of a solvent-'interéhénger 39 reduces the energy demands of the solvent
heater, and reduces the cooling water required in the solvent cooler.

During the course of operation, inorganic salts and strong acids may

25 ~ accumulate in the solvent circulated between the SO, absorption zone 18 and the SO,
stripper zone 27. When this occurs, a purge stream may be i)eriodically or
continuously removed from the SO,-depleted solvent 33 and directed to a solvent .
purification vessel. An aqueous wash stream, such as water or a mildly alkaline
aqueous solution (e.g., a sodium bicarbonate solution), is also introduced into the . -

30  purification vessel and contacted with the purge stream. The resulting two-phase
mixture is then decanted to separate the aqueous phase containing the in_organic salt

contaminants from the organic phase comprising SO,-depleted solvent 33 having a
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SO, abso_rptlon/stnppmg process and then combining the SO,-enriched stripper gas 30
with a fresh oxygen source 42 (and/or providing oxygen by way of the stripper gas 36
itself), the oxygen concentration in the gas 30 can be increased without necessarily
increasing the total volume of the SO,-containing gas. This process also provides a
~mechanism for delaying the introduction of the oxygen needed for the SO, oxidation
25  until the oxygen is actually needed (i.e., in the catalytic converter 45). This is
particularly advantageous because, under such a scheme, only the amount of oxygen
needed for producing the SO, has to be introduced into combustion zone 9. Thus,-the
combustion zone 9 and other equipment upstream of the converter 45 does not have to
be sized to handle the oxygen-containing gas which is required for the SO, oxidation.
30  Because smaller equipment can be used upstream of the catalytic converter 45,

significant capital and operational expenses can be avoided.’
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source gas 3) to ensure that the H,0/S0; molar ratio is maintained below this value.

20 C. Oxidation of Sulfur Dioxide to Sulfur Trioxide
The SO,-enriched stripper gas 30 is preferably combined with a source of
molecular oxygen 42 to form a (;Onverter feed gas 48, which is then passed througha
catalytic converter 45 to oxidize the SO, to form a conversion gas 54 containing SO,.
The oxygen source 42 may be any oxygen-containing gas. As used herein, an .
25  "oxygen-containing gas" is a gas comprising molecular oxygen (O,); which optionally
may also comprise one or more diluents which are non-reactive with O,, SO,, SO,,
and sulfuric acid under the reaction conditions. Examples of such gases are air, pure
molecular oxygen, or moleculaf oxygen diluted with ﬁiu'ogen and/or another inert
gas(es). For economic reasons, the oxygen source 42 preferably is air or essentially
30  pure molecular oxygen, with air being most preferred. It should be recoghized that
the stripper gas 36 advantageously may provide part. (or, in some instances, all) of the
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preferred oxi dafmbadiment, the satalyst spmpaises vanadium pentoxi

- As noted above, in the more preferred embodiments of this invention, the SO,-
- 20 enriched stripper gas 30 is normally at a temperature of no greater than about 120°C
- upon exitiﬁg the SO, stripper zone 27. And this temperature is typically decreased
when the SO,-enriched stripper gas 30 is combined with the oxygen source 42, which
is often near ambient temperature. The more preferred oxidation catalysts, however,
have an activation temperature which is significantly greater than 120°C. Thus, the
25  converter feed gas 48 is often preferably heated before being introduced into the first
catalyst bed 60 of the converter 45. On the other hand, because the oxidation of SO,
to SO, is an exothermic reaction, the reaction is also preferably controlled so that the
temperature of the catalyst bed 60 does not increase so much as to deactivate the
catalyst and/or shift the reaction equilibrium to favor the reverse reaction.
30 . - When, for example, a vanadium-containing catalyst (e.g., V,0;) is used, it is
typically preferred for the converter feed gas 48 and partial conversion gas 69 and 72
entering catalyst beds 60, 63 and 66, respectively, to have a temperature of from



have an activation tenperature which is significantly greater than 120C
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Generally, if the converter contalns at | east e%/'
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20  oxidation reaction can evolve sufficient heat for increasing the temperature of the

converter feed gas 48 to the activation temperature of the oxidation catalyst, thus
avoiding the need for any extraneous heat source for heating the converter feed gas 48
after startup (i.e., making the converter 45 energy self-sustaining or “autothermal”).
Thus; the converter feed gas 48 preferably has an SO, concentration of from about 7
25  toabout 15 mole%, more preferably from about 7 to about 13.5 mole%, even more
preferably from about 7 to about 12 mole%, still even more preferably from about 10
to about 12 mole%, and most preferably about 11.5 mole%. The converter feed gas
48 preferably is preheated using two indirect heat exchangers in series: first,acold
heat exchanger 78 in which the converter feed gas 48 is preheated by transfer of heat
30  from the partial conversion gas 84 leaving the second bed 63 of the converter 45; and,
second, a hot heat exchanger 75 in which the converter feed gas 48 is ﬁ.u_‘ther heated
by transfer of heat from the partial conversion gas 81 leaving the first catalyst bed 60



avoi ding the need for any extraneolUs heat Source for heating the converter
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Fi i ze further in the gas 69
Fortifying the Batifyjag the S@ngaststrangth iof thepartialiconversion gasis agiyantageous because
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13.5 mole%, and even more typically about 12 mole%) because greater SO, '
concentrations will typically cause too much heat to be released during the oxidation
reaction, thereby causing the catalyst to deactivate and/or the reaction equilibrium to
shift unfavorably. However, by adding additional SO, to the partial conversion gas
‘25  fed into the second catalyst bed 63 (and, in some embodiments, a subsequent catalyst
bed as well), that additional SO, may be oxidized without causing the temperature in
any bed to increase to an undesirable level (as long as the amount of SO, added does
not cause the SO, concentration in the fortified partial conversion gas 69 to be greater
than about 15 mole%). Preferably, the amount of SO, added to the partial conversion
30  gas increases the SO, concentration to no greater about 15 mole%, more preferably

from about 7 to about 13.5 mole%, even more preferably from about 7 to about 12
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20  bed to oxidize still further SO, and form a third partial conversion gas. This third

partial conversion gas is then passed through the fourth (i.e., the final) catalyst bed to

oxidize at least 2 portion of any remaining SO,.

D. Production of Sulfuric Acid and/or Oleum from Sulfur Trioxide

25 The conversion gas 54 exiting the catalytic converter 45 preferably is
contacted with water or, more preferabiy, concentrated sulfuric acid 87 (preferably an
aqueous solution containing from about 96 to about 99.5 weight% H,SO,, more
preferably from about 98.5 to about 99.5 weight%, and most preferably from about 99 .
to about 99.5 weight%) in an SO, absorption zone 57 to absorb SO, from the

30  conversion gas 54, thereby forming an SO,-depleted gas 90 and additional sulfuric

' acid and/or oleum 51. There is preferably also a heat recovery zone 93 aséociated

with the SO, absorption zone 57. This heat recovery zone 93 preferably recovers
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about 120C. Such conditions tend to ré urrc aci corrosiveness
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degree of SC3 absorption. 2 After, passing thy o$r{, t he, absorpti on zone 57,
the sul furic acF Yengss o alloys used in many conventional absorption towers, while providing

a high degree of SO, absorption. :

0 20 After passing through the absorption zone 57, the sulfuric acid concentrétion '
in the sulfuric acid solution 96 is preferably greater than about 98 weight% (more
preferably greater than about 98.5 weight%, even more preferably greater than about
99 weight%, and most preferably from about 99 to about 100 weight%). It should be
recognized that these preferred concentrations can be greater if the S0, absorption

25 zone 57 is operated at pressure significantly greater than atmospheric pressure.
Because the absorption of SO, into the concentrated liquid sulfuric acid is an
exothermic process, the temperature of the liquid sulfuric acid increases as the liquid
sulfuric acid becomes more concentrated while passing through the absorption zone
57. In fact, while passing through the absorption zone 57, the temperature of the
30 .concentrated sulfuric acid preferably increases to a temperature of up to about 250°C
(this preferred maximum temperatilre is greater at absorber pressures greater than

atmospheric pressure). Consequently, the liquid sulfuric acid 96 preferably is passed



in the sulfuric acid solution 96 is preferably greater than about 98
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After the S03-depl e} gg} 1H@80desiklicl Faé 90 Bxitd Borh @t B of i SOBatsbamiontzone zone
20 57, the gas 90 may optionally be passed through asec_ond SO, absorption zone which -

may be a second stage of the tower containing the first SO, absorption zone 57, or
may be located in a separate tower. The purpose of such a second stage or tower is to
remove any residual SO, that remains in the SO,-depleted gas 90. It should b¢
recognized, however, that in many instances, essentially all the SO, is absorbed in the
25 primary SO, absorption zone 57, rendering a sgcon_d stage or a second tower
unnecessary. And, even if a second stage or tower is ﬁsed, itis typically not
economically productive to incorporate a heat exchén_ger to recover energy from the
heat of absorption of the SO, in the second stage or second tower, given the small
~ amount (if any) of SO, being absﬁrbed there. Use of a s¢cond -SO3 absorption zone is
30 described, for example, by McAlister, et al. in U.ST Patent No. 4,996,038

(incorporated herein by reference).



20 57, the gas 90 may optionally be passed through a.second

- absor pti oWQOM¥S3UWhi ch may be a secotid stage of the tower cBﬁT’&iSH‘?@ﬂg% he
first SO3 absorption zone 57, or nmy be | ocated in a separate tower. The
purpose of such a second stage or tower is t:g) remove any residual SC3 that
remains in the S03-depleted gas 90. It should be recognl zed, however, that
| I

I n many instances, e nt ' the 25 pri mar
S8 absorption zone étsiseh F?ﬂﬂﬁedr{ﬁ%tgﬁgpg‘}cgﬁeﬁﬁw invention may comprise more

. unnecessary. An¢han®RSO faﬁaoﬁﬁeﬂadnesmampaﬁmeéweﬁslmeamghlirﬁerhwaiatel Iy
not economcally Productlve to incorporate a heat exchanaer to recover

energy fromt hecata ytbed ofithe penyieper EﬁoBﬂacﬁeﬁéV@CBatPhoﬁﬁbq@ conprising sulfuric
second tower, I f t here.
Use of a second @gotagsé’?%ﬁ on@gﬁg&bé@&%@?‘%ﬁ e for aﬁp?’g%gg

McAl i ster, &t akubsefuddt Satalpet etk olthe con9&ter(B&, the(mm@sf Pay bk etedwithiarsybtem
reference) WO 01/ 36324 PCT/ US0Q/ 30095 30 It shoul d_be recogni zed that the

- process of thi sc?mpewgaﬁwmspséb%be) Forsxagiple, 3012 satalypic converishe
such that parti
converter is cog{)agﬁgﬂg géglgrgs%{]fﬂ%ﬁ?%ﬁggir’rgérrﬁg? gggeh?@grtﬁ%gecgé?épto
abz orb SC3 frorrftnfmbeghﬂajob? pasﬁed theowghsan 1aten@eaaté Smgrawapuoneom (zmgraﬁ 5 g
subsequent catal yst beds of, the onverter €. process may, be use
with a system %?&P?%%%ﬁ@m&ﬁn?ﬂ? derrgmeval @1@0359 @&n)of prefuct agidhand/or wher e
a catal yti qgConyRLhe! Gas tli)dé'p&
conver si onqgas Feaw n% t %@gﬁeé?&ﬁ&tﬁ %}% “b%%g’%gg%‘é’le’%ﬁtﬁ?%% an
i nternedi at e SCBowhsireapt cataiystdmd of thee:onvater Betarsp dlsscomlysisiqat mﬁBO;torﬁ(), i an
removal of SO3 in .he form.of prod nd/ or 10, ol eym the
|t er med: at o abSHHPHEA ToRion: SN ot L i BEini P SbTRIRNO stk hsTp e
- catal yst -bed Ofréabﬁm?%ﬁfdﬁrtheﬁﬁﬁ@é&?gﬁé&%%fﬁie%ﬁ é@a&ﬁe\%ﬁ er an

equi libriumreaction, renoval of S8 i'n the interpass absorption zo e hel ps
drive the reacténversionsadiss qunuMemedxaleSd]3 ngsdmptﬂomzomehmwdermaonndhe]etser
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i nvention becauggpital aiig gstsy adds to the capital and operating
costs. E. Recycling the Tail Gas In a particularly preferred enbodi nent of
this invention, at least a portion of the S03-depleted gas 90 exiting the

SO3 absorption gone i c“lin%jtbetﬂ‘fl (t;gg | gas) is
| In a particularly preferred embodiment of this invention, at least a portion of
the SO,-depleted gas 90 exiting the SO, absorption zone 57 (i.e., the tail gas) is

20  recycled back to the SO, absorption zone 18 and contacted with the SO, absorption
. solvent 15 along with the source gas 3. In this manner, unconverted SO, in the tail
gas 90 is thereby recaptured in the SO,-enriched absorption solvent 24 exiting the SO,
absorption zone 18, stripped from the SO;-enriched absorption solvent 24 in the SO,
- stripper zone 27, and returned to the catalytic converter 45 as part of the SO,-enriched
25  stripper gas 30 for ultimate recovery as product acid 51. In such an embodiment, at
least a substantial portion of the inert gases and excess O, in the recycled tail gas 90
will be purged from the process in the SO,-depleted gas 21 exiting the SO, absorption
zone 18.
‘Those skilled in the art will recognize that, depending on the efficiency of the
30  converter 45, emission standards may be met by recycling less than all of the tail gas
90 from the SO, absorption zone 57. In fact, depending on local prevailing emission



20 recycl ed back to, the SO2 absorption zone 18 and. contacted with the SO2
absor pt i wg 018682¥ent 15 along with the source gas 3. |n thPET/HEMAOIS
unconverted SO2 in the tail gas 90 is thereby recaptured in the S03
enriched absorption solvent 24 exiting the,SO2 -absorption zone 18,
stripped fromthe S03-enriched absorption 3blvent 24 in the S stri pper
zone 27, and returned to the catalytic converter 45 as part of Qf

S02-enri ched 2siangardsptssget gaisstms mpay be methyrecycling 9078, 734, 9F § Wc{o aofthesy
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. in the S02 - degddiaeitly ?&ﬁen%ﬂ, BowévenghdtizabstaRiallp atirthe tailrgas 90 be radycledh ¥hile -
skilled in the art wll ndi ng on,t of the

30 converter @n'%@éﬁab{?e&?aggﬁ%g%éeu%“ 8%%%@?‘*%?@‘8&?@? fht??fgédilc i. §r§ta;an al |
of the taik gag,., i&%ﬂé&:@%@ﬁg@% g{g'T %osg:gi/%geoéx?ﬁssidﬁsfa?&éonﬁﬁwﬁﬁﬂkiﬂgleon:

| ocal prevailing e€mssion 095 31 standards, .tar_get
eni ssi ons nay loeatiat (i.by thecBQcddpieied o frath the 30, abserpti®0 ¥oné) when the entiredait

90, with sone resyl.tant | | N ener cost I +6as. C. [ ion. It i
or di \rllmari |§ presaéf%e‘a,“’cﬂe\%g:{?lé?q&s%‘haﬁ QMS@QBHF@S{S%?@%%%S 90 beI >
recycled. Wilg i RAdRREBDY S QARSI SR AVBicader, by RedyBEnPAIPER 4l 8590 B

both the SO2 ang 3 absorption Zzones nust be purged to the atnosphere,
em ssions are theiS0,absbrptiorzarieri®, 89.7ipsrssnt errmete.of the $@Qpindlp soprps fedda

fromthe abs tLon zone en t ent,i aj . J S cled back
to the Soig)gbs&eg(g _s%ﬁ%“ e\ .evi%ﬂugy {fli&altqu ggéésc og%)rteﬁggﬁlf)om ffoar%ﬁgﬁ%gé& | |
control of - SOywhifeShighilgass VohRpM6H efffeientRs ieiherplfati¢ adid pldndide relativel9 16w,
the SO2 absorption zone 18, 99.7 percent or nore of the SQ2 in the _source

gas 3 fed to 1l ather vauds,dyseeysling all thmtail zas Al o theSOnnbeorptipn zoneck, 80ad as
product acid 51,.even | y RO ' | ndqhe
Ul furi o aci d prismpoayei B SumbdRuftRoaaa pRRtEay beRshil dikinhd Add?,
the tail gas SRcyéle bhtheTahretait ag90 llowsthe adid pléitio beopersted vatlf a singlelSO;

contact sulfuric acid plapt mgy be essentially elipginated..An r cle of
the entird5t ai absgeptiongong Hh satirely climingtipg the n B’ﬁﬁ%%@&%&%ﬁ%%%%ngl e
SO 15 absor pt} , L ral | ifh @l HastR RaShedisDf
absorption ste%%;ﬁzae%%g%% Becghrré‘ﬁsl%‘%‘%dd%é}t hr oué‘%ﬁ? much of the sulfuric.
aci d i ndustry estwllinrSQ, ahissionst And,levenywithzingle mathes than dnatiabserptienytheh

single rather than du absorption, the ., convegtter 45 : d at a
si ngl e- pass ef FIVERFAAP BAY %gger tﬁaﬁt ygmgle-nass pific %g?gﬁ?%tggﬁglgﬁ)%%éfgo is
recycled, it ifyHoydine#il yasWoak pécyEld;ibRitypioallyipifeard\katthoSOpesnversion per

20  single pass through the entire converter 45 (i.e., the total amount of SO, consumed

during a single pass through the entire converter + total amount of SO, fed into the
converter x 100%) be at least 75%, more preferably at least about 85%, even more
preferably at least aboﬁt 90%, and most preferably at least about 95%. |
In one embodiment, iﬁstead recycling all the tail gas 90 to the SO, absorption
25  zone 18, only a portion (e.g., from about 80 to about 90%) of the tail gas 90 is
recycled to the SO, absorption zone 18, while another portion (preferably the entire
remainder of the tail gas 90) is routed directly to the converter feed gas 48, and
thereby fed back into the converter 45. This allows for a smaller SO, absorption zone
18 to be used. '
30 Advantageously, the process of this invention may be iﬁplemmted using only
| two (or, more preferably, three (as shown in Fig. 1)) catalyst beds inthe catalytic
converter 45. It should be recognized, however, that this process may also be



20 singl e pass through r 45 (i.e., the total anmount of
SO2 consuwexd13d3¥i ng a singl e pass through the entire conveRGEPS00/30895,
anount of SO2 fed into the converter x 100% be  at;|east 75% nore
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(as shown i Fi gimijfs)) cat aI yst beds in the catalytic converter 45. It
shoul d be recogni zed, however, that this process may al so be WO 01/ 36324
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converter 45A, the. pégllr%%Hg‘T%ség%i?%?ﬁgg%gerst it rteﬂéta§lgf§xtgl HF%%E?%‘PH%

wi't hi n t he: si ngHewesers @ shohiddie understobdtthat theparallelcsatsaify:alalyxeﬂedsm‘ouidm
original cq ver However ul.d be rsto dth t he | el sets
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d|V|ded|nto4port|o A first portion of the - ed stripper® gas
30 i s conbined wnmcrhedrstnpp;ggassbnsrcombmdtvuthmmnegeu@qmcﬂarto fdraedcga@rme

which 1's subsequeqtLy 48! whilh%s Subsedulhtl) Bividdath 5204 HrlrZont GRS fReat 3RAMS
a second converter feed gas 48B. The first converter feed gas 48A is heated in
20  indirect heat exchanger 75 and passed through the first catalyst bed 60 of the first set

of catalyst.beds to form a first partial conversion gas 81A, and the second converter
feed gas 48B is simultaneously heated in indirect heat exchanger 78 and passed
through the first catalyst bed 65 of the second set of catalyst beds to form a second
partial conversion gas 84A. The remainder of the SO,-enriched stripper gas 31 is

25  divided and a first portion 31A is combined with the cooled first partial conversion
gas exiting indirect heat exchanger 75 to fortify the SO, concentration in the first
partial conversion gas and produce a fortified first partial conversion gas 69A. The
second portion 31B of the remainder of the SO2-enriched stripper gas 31 is likewise
combined with the cooled second partial conversion gas exiting indirect heat

.30 . exchanger 78 to fortify the SO, concentration in the second partial conversion gas and

produce a fortified second partial conversion gas 72A. The first fortified partial
conversion gas 69A is passed through the second catalyst bed 63 of the first set of



a second converter feed gas 48B. The first converter feed gas 48A is heated
I n 20 i ngo'oeBk32heat exchanger 75 and. passed through the PCTAS002300%8 yst bed
60 of the first set of catalyst beds to forma first partial conversion
gas 81A, and the second converter feed gag%488 i's simultaneously heated in
I ndi rect heat exchanger 78 and passed through the first catal yst bed 65 of
the second set of catalyst beds to forma second arti al é:zgggrsi_o gas
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passed through the second catal yst "bed 66 of the second set of .catalyst
beds to form ears eperatéd dwparaliel).oln ejther eas, itinparticulatly arpfersed-toracysinihe S&son -

ni T oducel s | dhPIPtal ihedh oo aEs SR, EhobRon 2B CLRTT|oe SO0 bty o
sulfuric acid glhant is a dual SO3 absorption plant, however, the first

conversion gas 54A preferably is introduced into one of the SO3 absorption
zones, while the second conversion gas 54B is introduced into the other

var A Zf’;p :ﬁ'lg.ffﬂepéﬂticﬁla:rl.ﬁfefé_rg&_g%irgﬁ%@iﬁ@ Bl ol High Eiade Endh ycegdfv% gl 0
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wat er vapor reacts wth t 5 In The conversion gas 54 to produce
gaseous - sul f urframald hikat 6f founefiomofthe ghssouneulfiyic atidomay,fie turaghe rgeovesediadi on

f th | furi i d . Qf- | e,
passi ng o SE PRARIS QS B TE I G oyl a B Ehie? Seypelalia™ 2P €.

additional energy may be recovered by also (or alternatively) passing the gas through = -

a condensing economizer.
20 The source of the water vapor may, for example, be low pressure steam @e.,-
up to about 6.5 bar (gauge), fnore preferably up to about 3.5 bar (gauge), and most .- -
preferably from about 0.2 to about 1 bar (gauge)). This low pressure steam may be -
obtained from a variety of sources at a sulfuric plant, such as, for example, a low
pressure port on a steam turbine for an electrical generator, steam generated from low - .
25 temperature sulfuric acid, etc.
In a particularly preferred embodiment, a wet SO, source gas 3 is used, and at
least a portion (often preferably all) of the source gas 3 is combined with the
conversion gas 54 to supply at least a portion (preferably all) of the water vapor. An
example of such an embodiment is illustrated in Fig. 3. In this embodiment, the water "
30  vapor in the wet source gas 1003 reacts with the SO, in the conversion gas 1006to -

" produce gaseous sulfuric acid. The vapor phase formation of gaseous sulfuric acid -
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addi ti onal energy may be recovered by. also (or alternatively) passing the
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portion (often suergydis preforahly recoeredley eandensing)alsleast aportinrhefithe gasepns sulfuric

conversion gas 54,t upqal . Lid r ly | .
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a condensi ng ediemithesss HH 840 formea disSQodepleted gasi66. { His doiRfdndenigied gas
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absorption zone 02]1) where, SG31 ter vapor, d any additional ,gaseous
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~using an i ndi r e5118490 (alixiotarpomted herein by defessnee). econoni zer, and/or a _
heat - recovery/ S03- ahgor ption.tower: are ri he f or _exanpl b
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preferably conprises an indirect heat exchanger in whic eat is
transferred to Ehipinsirectheat exochangeripeeferably commisceheat sausferwell yneany(e.g , the

i rect heat  qEhaNaShefuih SR Ye RATBLASSor Sibroleb Sl of BE By (e
an Fe/Cr or Fe/Cr/Ni alloy) which is resistant to corrosion by condensing sulfuric
20  acid. Preferably, at least a portion of the wall means on the gas stream side of the
exchanger is at a temperature which is less than the dew point of the gas stream in the
exchanger. Thus, sulfuric acid condenses on the heat transfer wall, and the heat of
formation of the condenéing acid is transferred to the boiler feed water.
The condensing economizer 1015 may be operated to condense as sulfuric
25  acid as much as from about 5 to about 20% of the SO, generated in the catalytic
converter 1009. Table 1 shows the heat evolved when SO, and water react to form

sulfuric acid under various phase conditions.



tubes of a shell and tube type heat. exchanger), preferably constructed of
an al | oywba186324 an Fe/ Cr or Fe/Cr/N alloy) which is resperasbo/3o095
corrosion by condensing sulfuric 20 acid. Preferably, at |east a portion of
the wall neans on the gas stream side of the exchanger is at a tenperature
which is less than the dew point of the ga%5 streamin the exchanger. Thus,
sul furic acid condenses on the heat transfer wall, and the heat of
formation of the condensing acid is transteded to the boiler feed water.
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acid as nuch as fr m%méﬁﬁ?ﬂiﬂgihe
catal ytic convert &o.100ReactiabConditioiows t he heat eHdavefRededion SC3 and
water react to form,  sulfuric acid under various phase_conditions. WO

01/ 36324 PCTNS00/ 30395 SO @ABHEO1DsrPrHaSQy Bci d Headl-dkeatmelei on from

St andar d at of Foxmati o i Condi_4 of Rea_ctioh
1) S03 (g;_ée+ H20 (%) @ﬁgé%?z?ld?? 3:1;1;5?1:@/ mol e %sggﬁa'@&(g) + H20 (g)
---> H2SO4 (g) -23.3) kcd#B0y(g) ¢ H,0)(gbo3> HeSO(1H20 ( g)r42.2 kealhiz@et (1) -42.2-
kcal / nol e The gas phase reaction (Equation 2) produces 74% of the heat
produced by the normal |iquid phase reaction (Equation 1). Transferring
the heat from | o P ' i4b Lnit he
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ultinate recover rmati on 10 and heat o nsation
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pressure 100f @hd heaof cokinbatidn JF e dulidkie Adid. AThe boTELlebd Vaftr 3R lnim{ fadhpabout
40 to about 60 bar (gauge). This steam may be further heated by, for

exanpl e, the datheshsatedwith thasquses gasd 003 8s thespunce 2203 exitsitke $Qgti r ect heat

exchanger 1012, . C |.O f ' 1 d.in vapor ase
e e T S e O S
advant ageous bfatlesst abait 30/bar (gabge)paidanbiedreferdbe o ANMbOUE40E HOANCIDAET
1015 to the maxi mum extent conpatible wth effective gperation of the SO3

absor ber 1021 (2rpapkst P pteamapaydin fyrther hepted by, foz sxample. theceryersignt he naxi num
degree of;sC0 %a&a&&-gﬁn&ﬁ{}@&é‘édﬁfm@&dy&gﬂéﬁ%&cggnrﬁfggggt'0“’ but the

maxi mum propoftion of e heat of formation an i on of
The conversion of SO; to sulfuric acid in the vapor phase increases as the

temperature of the vapor phase decreases. Thus, it is advantageous to decrease the
temperature in the cendensing economizer 1015 to the maximum extent compatible
with effective operation of the SO, absorber 1021 downstream. Not only is the

20  reaction forced to the maximum degree of completion and generation of the heat of
formation, but the maximum proportion of the heat of formation and condensation of
sulfuric acid is recovered in high grade form'by transfer to high pressure boiler feed
water for the waste heat boiler. Fortuitously, the condensing economizer 1015 can be
operated to extract .a maximum amount of the vapor phase energy of formation of

25  sulfuric acid without the necessity for close control of the fluid flow rates or wall
temperatures within the economizer 1015. The concentration of acid in the
condensate 1033 varies only slightly with the H,0/SO, molar ratio in the gas 1036,
and consequently does not vary significantly with either the temperature to which the

~ gas 1036 is cooled or the wall temperature of the condensing economizer 1015. Thus,
30 it is not necessary to closely control the operation of the condensing economizer 1015

to avoid corrosive conditions therein. And, variations in inlet air humidity, or
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1036 enters the, condensi econom.zer 10 j~at er re of from about
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condensation because this allows . ) .
: : It should be understood that a substantial portion of the vapor phase heat of

formation of sulfuric acid can be extracted without condensation in the economizer

" 20  1015. In some circumstances, for example, it may be desirable to operate the
economizer 1015 under conditions which preclude condensation because this allows
the economizer 1015 to be constructed of carbon steel instead a more costly material
(e.g., a Fe/Cr or Fe/Cr/Ni alloy) which is resistant to sulfuric acid corrosion. Thus, for
example, recovery of a substantial fraction of the heat of formation may be achieved

25 without condensation by transferring heat from the gas 1036 to boiler feed water in a
co-current heat exchanger. Nevertheless, in most instances, it is preferred that an
alloy exchanger be used and that the tube walls be operated at a temperature low
enough to cause condensation thereon (though not so low as to cause nucleation and
mist formation within the bulk gas). By such means, a substantial portion of the heat

30 . of formation and a significant portion of the heat of condensation may be recovered in

the form of high pressure steam.
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that has not been recovered i.n condensing econoni zer 1015. The use of hot
aci d for 1503 aaparpbasethathasnotiessnaecaverediin copdensing gcenpayizerd0idt | t he heat

f ab ion i d.at..relahi vel v hi . i | .
Subsequent 1 ecoverpegre b deidit SO, ot Hou DR 1AL bo MVafllell B8, |
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consequently mnimzes 20 the formation of acid mst in.t r;§ v&t gas,. .
Preferably, t SebseausnéFapp¥ery obthis energy atchigh tempegaturey, Additiqnally, the ySe.glhigh i on

zone 1021 is St Sateoid [ASRBEE cStifnglot B §4221018 3R consequently minimizes
20 the formation of acid mist in the wet gas. Preferably, the temperature of the acid 1051 -
at the exit of the absorption zone 1021 is no greater than about 40°C less than (and
" more preferably no.greater than about 20°C less than) the dew point of the inlet gas -
- 1018. The gas 1018 can typically be at a temperature of up to about 300°C as it enters -
- the SO, absorption zone 1021, thereby allowing recbvery of the maximum amount of . -
25  the energy of vapor phase formation and condensation of sulfuric acid in the form of
high pressure steam as a result of the transfer of this heat to the high pressure boiler
feed water for waste heat boiler.
In a particularly preferred embodiment, the concentrated sulfuric acid contact
- solution 1048 is introduced at an inlet near the top of the SO absorption zone 1021,
30  while the gas 1018 is introduced at an inlet near the lower end of the SO, absorption
zone 1021. The acid solution 1048 at the acid inlet preferably has a temperature of
from about 170 to about 220°C, and a sulfuric acid éoncentration of from about 98.5
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solution preferably flows to a circulati ngé) and passed
“about 250°C, and even more preferably from about 210 to about 250°C. At leasta

major portion of this solution preferably flows to a circulating pump, and passed
20  through an indirect heat exchanger 1024 where the energy of absorption is recovered
by transfér of heat to another fluid. Preferably, the indirect heat exchanger 1024
comprises a heat recovery system boiler, and the heat energy is ultimately recovered
~ in the form of low to medium pressure (i.e., up to about 10.5 bar (gauge)).
The acid solution 1054 from the indirect heat exchanger 1024 is preferably
25  recirculated back to the SO, absorption zone 1021. To recover the acid product, a
portion 1057 of the acid solution 1054 preferably is removed as product before the
acid solution 1054 is recirculated (additional heat energy may be recovered from this
acid product by, for example, passing it through one or more additional indirect heat
- exchangers). An equal amount of water 1060 is then added to the remaining sulfuric
30  acid solution 1063. This water 1060 may, for example, be added in liquid or vapor

form, or in the form of diluted sulfuric acid.
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20 mist eliminator. The acid flow rate in the condensii_lg stage preferably is maintained:

h-l'

jen g,

at a rate low enough so that the acid leaves the stage at a temperature which
approaches the temperature of the acid entering the main SO, absorption packed bed.
In this wet gas embodiment, the gas 1066 exiﬁng the SO, absorption zone 1021

(i.e., the SO;-depleted gas), along with any portion 1045 of the source gas 1003 that is

25  not combined with the conversion gas 1006, is preferably used to form the converter
feed gas 1030. More specifically, the SO,-depleted gas 1066 (along with any portion
1045 of the source gas 1003 which is not combined with the conversion gas 1006)is
first passed through the SO, absorption/stripper zones described previously. This -
removes the excess inert géses, and can be used to enhance the SO, concentration in

30  the SO,-depleted gas 1066 where the SO, concentration in the SO3-depleted gas 1066

' is less than the desired concentration. The gas exiting the SO, absorption/stripper 3
zones (i.e., the SO,-enriched stripper gas 1069) is then preferably combined with a dry
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“di scussed abovepnipssedpiatedhily whete the k@ipbe¥ gds1i075 is dry air. .
- 20 The wet-source-gas embodiment described above is advantageous because it

produces a dry SO, gas 1030 for the converter 1009 without having to first pass the
entire source gas 1003 through a drying tower, thereby avoiding the capital and
operational expenses associated with such a tower (and associated equipment, e.g., a
pump, piping, a pump tank, and a cooler) as to the portion 1042 of the source gas

25 1003 that is combined with the conversion gas 1006 (as noted above, it is most often
ﬁreferred that this portion 1042 be the entire source gas 1003). In addition, this
process is advantageous because it produces heat (i.e., the heat of formation of
gaseous sulfuric acid, the heat of condensation of gaseous sulfuric acid, and the heat
of condensation of water vapor) which may be transferred and used elsewhere as

30 .energy.

Although the above discussion focuses on heat recovery in the particularly |

preferred embodiment where a wet source gas is combined with the conversion gas to
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rel ati onshi p:
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terms of alloy composition by the following relationship:
CI = 0.4[Cr] - 0.05[Ni] - 0.1[Mo] - 0.1[Ni} x [Mo]

wherein [Cr] is the weight percerit of chromium in the alloy, [Ni] is the weight percent

20  ofnickel in the alloy, and [Mo] is the weight percent of molybdenum in the alloy.
Alloys which work best in high temperature strong sulfuric acid service have been
found to have a corrosion index of greater than 7, and particularly greater than 8. .

The alloys most likely to exhibit low corrosion rates are those with the highest

corrosion index. As indicated by the corrosion index fomiula-, high chromium is

25  desirable, and it is preferable to avoid alloys which have both high nickel and high

| molybdenum. It should be recognized, however, that alloys which contain high nickel

and very low molybdenum, or low nickel and moderate amounts of molybdenum, are

often acceptable. Particular alloys found suitable for use in contact with liquid phase



Cl =0.4[C] - 0.05[Ni] - 0.1 [M] - 0.1 [Ni] x [M] wherein [Cr] is the
wei ght peve@n136324 chromiumin the alloy, (Ni] is the wei ght PEEISEHI009D(0 of
nickel in the alloy, and [Mdo] is the weight percent of nolybdenumin the
alloy. Alloys which work best in high terrpe‘q'?ture strong sulfuric acid
servi ce have been found taihave a corrosion fndéx of greater than 7, and

particularly gre rthn& The al | oys st likel exhi bi t

corrosion ratesS$ ¢ arid at Bigh femp W%W@@ @BF*%‘%&BW&? %ﬁgrﬂi’?@f‘%@s
by the corrosi 0@30@@?83@9@8‘@3@00@'SJMGQWSMBUWdn% S42306S| r abl e, and it is
preferable to avoid al | oys whi ch have both high ni ckel and high

nol ybdenum | t shoul d be recogni zed, however, that alloys which contain
hi gh ni ckel (Emw nol ybdenum or 1ow nickel and noderate anpunts of
nol ybdenum are cceptable. Particular alloys found suitable for use

in contact with |iqurs shadste RHe! {IREFAEs Bid ExpPaiet #20AVentibA. THefibvdnfioAC! d

at high tenperature include, for exanple, those having UNS designations

S30403, S30$08, heweversshagldiotbe considered ttahqhsnmmanEmhp@Etaﬂsm thisexample
further illustrates ex n an vent i
shoul.d not be consi &%}rg%a ‘gmg‘éteﬁnﬁ??el ﬂ‘ tpgrgwarbcfeo?ﬁlée Har %%ﬁﬁ“@w%s

exanpl e.  Usi NQ agseSstdP A Stureegkal 2008 Rentaiiin® s5oud 49 nitfle%!80,5 usdxﬁmxﬁm@m o,
Fig. 4 was assessed. A source gas 2003 containing about 19 nol e% S

about 2 nole % @adab %J9MG%NQSMNZSWBPW§€2¢WWEWWS“WE@S‘QOOG
by b | f
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burner 2006)0 i s 1688Capdmexitivg the 34 buiner 2006) & dookid to lABbWteI4820GR a wWHaE: heat
source gas. 2004 is further cooled to about 337C in an indirect

exchanger 2015 Ppﬂ%rZ %H&\Féﬁurcem%%léfmwﬁeﬁlﬁéﬁ% %éﬁl&mwg@dm@theat

L MO, USA ™
28liésbe'i'ng f ed | nto the Egé oxI ggﬁﬁon’ I\éﬁ{@gﬁ&%%ﬂ%ﬁ%&?%y J.Zlfn(elfrsﬁgfﬁg

t he source gas mAUSA)bpdliaasfefrﬁagdxmnﬁ-bwmbeourbmgm t&ﬂ@asmmstbemgcfeﬂler
I ndirect heat exch 2Q23. mhlc uses e S rce

form steam  The B N0 SHRIDERAD VeIl ERAlls fh5 SOBre s 2024 fsooled
portion 203G (b%{réiﬂfurm%tabﬁuﬁzwmﬂ‘é/éf othd?Sndinet Réht %Qéﬁaﬁ?eﬂﬁ&ﬁv@ﬁéﬁ ubed
fed back into the sulfur burner 006 to maintain the desifred tenperature

in the burner 2bes8 in ghecsoutne gaeﬂﬁZﬁtmrm&tqam tion 2028 (bei ng about 94% of
the cool ed source Y9he %831@21 scinfrcé E%sr f&écls spht 1n8) two portions: one portion 2026 (being
| about 6.6 volume% of the cooled source gas 2025) is fed back into the sulfur burner
2006 to maintain the desired temperature in the burner 2006, and the remaining

20  portion 2028 (being about 94% of the cooled source gas 2025) is introduced into the

- SO, absorption/stripping zones (i.e., a Claus Master™, Monsanto Environ-Chem
- Systems, Inc., St. Louis, MO, USA). Here, the source gas 2028 is passed through a
packed SO, absorption column 2027, where it is contacted with a liquid SO,
absorption solvent comprising dibutyl butyl phosphonate 2030 flowing
25  countercurrently to the source gas 2028. The dibutyl butyl phosphonate 2030
selectively absorbs SO, to form an SO;-enriched absorption solvent 2033 and an SO,-
depleted gas 2036 (the SO,-depleted gas 2036 containing substantially all the residual
O, and inert gases (mostly N,) from the source gas 2028).
The SO,-depleted gas 2036 is discharged from the system, and the SO,-enriched
30  absorption solvent 2033 is introduced into a packed SO, stripper column 2039, where

the SO,-enriched absorption solvent 2033 is contacted with a countercurrent flow of



SO2 absorption/stripping zones (i.e., a Claus Master", Mnsanto

Envi r on-wpemsezystens, Inc., St. Louis, MJO USA). Here, trer/esewingdsgas 2028
i s passed through a packed SO2 absorption colum 2027, where it is
contacted with a liquid SO2 absorption solvent conprising dibutyl butyl
phosphonat e 2030 fl ow ng 25 countercurrent %/ to the source gas 2028. The

di butyl butyl ﬁ'go_sphonate 2030 selectively absorbs S02 to form an

S2- enri ched e 204 (the dry; elripperar2043 entering the colupn 2039 hava teppemtyreiof -

S02- depl et ed | Ni Sl -al. I: and
I nert gases (%??f%ﬁ?%%%@%ﬁ%@%ﬁ@%% #%W@&ute%d gas

20|36 its gggghmggﬁﬁmimyggﬁmwyair%gzcﬁﬁ?sewdbplh'edlabﬁﬁpggxgm%on
sol ven iS i pdyced i:n pac stripper ¢o , Where

the SO2-enri ct?@dszw A8 Feswcel g%@r@ﬁﬁg(gﬂi‘ °H’6‘HP§8§@H‘§%%°&6 2FAHR A3 r ent
fl ow of 01/ ) 48 . Q . iy ' rqes I ..
2042 ent\é\?i ng t gégglg)%@gs%&ﬂgg@g}t gﬂg@%? %ggg'o?i--'_%rté(}g?ﬁ%izg% Eﬂtl%gl{‘:éosrc}% an
S2- enri ched strippepcolymy2039@rcopecated atinearly atmaspherdOpresamie% SO2, with the:

I ni bei [ d an, Sp2-.depl et ' I . 2048 (which i
Fecyc ed back Lo (i Sooertistes griptie Bet A0fis Sphded Gic v dtions aphe st he'
SQ2 absor pt i on; 50l PRimaAP 30, gafH081) blifg FBut3ASAEhERDIUY SORemithedand the

S22 stripper 091 um 2039 are operated at nearly atnospheriC pressure. The
S02 -enri ched strippinggas 0¢&saneighe other portipn) (fc. i the bypase SO gas 20) being aboutt | on

(i.e., t prijary S s 2051) bei.ng ab 4.vol ume% of -t he S02-enriched
St71 ppi ngtyas Bomkmerh SErengbet yrighipe sB s Bom Rto feting S8sme . “505a)
bei ng about 1QofPo¥itibh TR 9B0RoleSBOS ath thé Fniiihing b ai)4 The peidarypSOL Eays

havi ng the sane conpositi | 90 nmol e% S22, with the remaining being

on . e.

air). The pri R@FYissombined withduy siz 2035 thedry ajy 3057 heying;a tempsratyre nEabpw: 4 r

2057 having a r r . L ar i ( b

2016 cont an; 46 GhEUPHY s Soyertt By eas A0R donidinh /Bt LAY SO, bitfhinfile
Thi's conver t eterhperaugest abokB1303Ch Thissbnivertar fee'gasi26 8 ishebbedatd axbmperatid®C by
heat Coxchiinge ot sbra 4100 by ticsoh g0 corbing Homa thechlr barmes 2006 B 060 i 5
passed t hroug | et t &R0 5C (WaY | ok :

(i.e., oxidi %‘Z’}ﬂl%’ggu’tﬁ%%?%? P Rengd - ?H‘%&*@’é‘%ﬁ‘:?“?@?“‘?@%ﬁ“g“a“’s‘ il nto
S8, thereby 2060 ispagsed themugh alfirseatalyst bah20fdcontiiting ¥yOpwhich conpertafiar e of
apout 8375, A desf AR kMo b 8} in thd Rorviie Tocd Bk S06Y theo ST ferdsy - TM®

V205 cat al yst

forming a partial conversion gas 2066 having a temperature of about 637°C, and

20  containing about 4 mole% SO, and about 8 mole% SO,. The V,0; catalyst in the first
catalyst bed 2063 is a potassium-promoted catalyst coated on a silica support, and is
in the shape of rings having an outer diameter of 12.5 mm, an inner diameter of 5 mm,
and an average lengfh of 14 mm (Cat. No. LP-120; Monsanto Environ-Chem Systems,
Inc., St. Louis, MO, USA). The first catalyst bed 2063 has a diameter of about 26.25

25 feet and contains about 50,000 liters of the c'atalyst.' The total flowrate of the
converter feed gas 2060 into the first cétalyst bed 2063 is about 50,767 scfm (i.e.,
standard cubic feet per minute (defined at 70°F and 1 atm)). L

The partial conversion gas 2066 exiting the first catalyst bed 2063 is cooled to

about 420°C by transferring heét to feed water in an indirect heat exchanger 2069.

30  The cooled partial conversion-gas 2072 is then combined with the bypass SO, gas

2054 to increase the SO, concentration in the partial conversion gas 2072 to about 13

mole%. The SO,-fortified partial conversion gas 2075 (having a temperature of about



catal yst bed 2063 is a potassium pronoted catal yst coated on a silica
support, W0W3314n t he shape of rings haviing an outer di amePEFUSIOS09S mm
an inner dianeter of 5 nm and an average léngth of 14 mm (Cat. No.
LP-120, Monsanto Environ-Chem Systens, 1Inc.,, St. Louis, MO, USA). The
first catal yst bed 2063 has a dianeter of ab‘g'ut 26.25 25 feet and contains

Foed gas 2060 | RECHe R pafser Brkigh o 10 Soalyet bl ifeoisiniag VG0N I pridie.

standard cubic et SOEto forkid RcéutPpiristonbertidh %gdoﬂl Bividg at Bafd dfBdbout

conversion gas 2066 exiting the first catalyst d 2063 is cooled to about
420C by transf ep07% ané sontaiping-abouthl.4 male’e:§0O; andiabeut 6. h sanle¥%brmhoxidized $059.

30 Th | ed tial i O 2072 is t.hen . i ned wi,th t
200 gns 5054t Hihe sEtond SAARATORDI R hal W salre difieRsiSRE Bl e V10, by B
gas 2072 tosabofe shihe VOB DT ddiflystQs /tlgéé%fzsz édtﬂ%tn%gt%r)ab. THE YRASA R raftost g2 75

(having a tenperature of about 01 £ USOQO 30095 44 4230) is
t hen passed t hr entghngtheseeond aatalyst bed 2078iisabvat ¥b¥bschinng V205 to oxi di ze

nore S2:to fo i = Lsel rtial pver si as. ,2081.hayi .

t enperature of abou@gé%ggg%% ?%‘}t: o ﬁags @@33? cqq%gtﬁ%%ogﬁ%%ﬁmggwg
6.1 ol e% un- oxhélit 16 Cee8Hater if ASeccAdAMiréct haatiexthadger 20843 al@theh passed Mrough a
di mrensi ons, the. ;sane V205 catal yst, and 5 the sane_vol une of catal yst as

the first catal thitd eatalystbed 208 eontgning Yiuip gxidizsrstifj morei cand fgrm jgdingbcond

catal yst bggd 2078..j.S.: tanad: 0, LAl ] ' s
2081 is cog'ﬁed g‘%“%ﬁ%%i)g%ﬁgﬁggéﬁgzdnﬁ' Y n§°§ eogl?g}%ﬁ’tgié‘gc\?\g@ gl‘fﬁ?é %6031?26'6
second i ndir ect mohth SO;ahdabeut 22Dikble% 0f-dxidiredresides SO AUV O, catilystin the
catal yst bed 2087 contai ni ng V205 to oxidize still nore SO2 anci_form a

final 1.0 convefurdsstalyst bod 3087 isa nejassiumsnyrancied satalyst coptedionsysitica sppgort and

cont ai ni ng aboui, ; s . - 9xi di I.dyal
S, “The V205 clitacshap? bFitet BBl el URE didmisel Bl 6 ol B rblof Gimlefi? of Y

Er onot ed cat ?I yn?jp,candtandvet?ggleggtﬁofalw_ mat.rgmd..P-llsO,il\monslzatoﬂmm' ngﬁ)hem ngs
avi ng an er di aneter X er _dianeter. o nm and an
average I eggt h Dystems, - &P?“%%F@Ajm, .q\hyﬁgéﬁi“ii’s h‘?fI ?Qﬁ?—]@?@rfﬁﬁeter of
Systens, Inc., sHout he.nge?t'XEh cbithihs 2o 0i00diteR ok inedatdled. §ZOtQPﬁ?]€rate of

di aneter of about 26.2 eet and containS about 80,000 Titers of t
catal yst. The t gasxintdringthethirddatalysibed 3087 israponh®2,406 sofimcat al yst bed 2087

I s about 52,406 scf he final. conv | on 2090 is cool t .

tenperature of abou{ﬂ’iégé quvgﬁmn!gqﬁg{)i(t{s W@?@ 2 ‘Fﬂ?ﬁ@%@é‘%&gh&oﬁf@ﬁ“

contacted in a pAfkethed &kchiifget RO9NAng MhenBdntacted in a packed SO, absorption column
20 2093 (having a diameter of about 12 feet and a height of about 40 feet) with a

countercurrent flow of an aqueous solution 2096 containing about 98.5 weight%

H,SO, to form a more concentrated sulfuric acid solution 2097 having a sulfuric acid
concentration of about 99.5 weight%. The flowrate of the conversion gas 2090 is
about 51,349 scfm, while the flowrate of the aqueous sulfuric acid solution 2096 is
25  about 1,700 gallons per minute. The temperature of the aqueous sulfuric acid solution
2096 entering the column 2093 is about 82°C, and the temperature of the sulfuric acid
solution 2097 exiting the SO, absorption column 2093 is about 110°C.
The gas 2102 exiting the SO, absorption column 2093 (i.e., “the SO,-depleted
gas” or “tail gas”) is split into 2 portions: one portion 2103 (being about 80 volume%
30 . of the SO,-depleted gas 2102) is combined with the source gas stream 2028, and
thereby routed to the SO, absorptibn column 2027. The other portion 2104 (being
about 20 volume% of the SO,-depleted gas 2102) is combined with the dry air 2057



20 2093 (having a dianeter of about 12 feet and a hei ght of about 40 feet)
wth a oggagenurrent flow of an aqueous sol ution 2096 coptpUSePegsLOUt
98.5 weight% H2SO4 to forma nore concentrated sulfuric acid solution 2097
having a sulfuric acid concentration of about 99.5 weight% The flowate -
of the conversion gas 2090 is about 51,349 scfin, while the flowate of
t'he aqueous sul furic_acid solution 2096 is 25 about 1,700 gallons per

m nute. The t beipgcambinedqyith the ptimasn 8O, g1 3051; thereby anaintaining a smalhas

entering the col u i Oplly - d.the.. er at the sul furic
acid solution @%W}eﬁfﬁégtﬁggﬁes%?’pﬁ%ﬁm%ﬁ% m'?%‘}?'?@mg’g% “110C.-
The gas 2102 pyitions of e Rleaigag 21102 areQiltiiiateBOR3ydled Back to ithecorerter '
depleted gas” or "tail is split into 2 portions: one portion 2103

(bei ng about 302181 WatsibStantiallyl {he sesishial SOpirthe $Qyzisplstesbgasi 2102 sabi ned

with the gour ﬁmg'ﬁ{rysger AV %Sﬂ? eby routed to the SO2 absorption
col um 20%7. %‘ e ot her c%ortl oﬁﬁs’l - %glaﬁg about 20 vol une% of the
S03-depl et ed gas ZThezginglepasof0i caversidnfor the whiole adnvePloHZ024Gs AhOHBRBQAY%.
PCT/ USOQ 30095, 45 bei ng cqonbi ped with the prina SO2. gas. 2051, thereby
mai nt ai ni ng aTbﬁ"rﬁY?‘Eﬁ“ %°€‘$‘°§ﬁzé‘|‘ ﬂﬁégmgﬁigﬁﬁigwsiahg‘g 9[2‘\%7%}02 o
absorption colum 2027. Thus, both portions of the S03-depl eted gas 2102

are ultimately recycled back to the converter 2021 so that substantially
all the.-residual SO2 in the S03-depl et&d *ga¥*>*1H2 can. 5 eventually be

converted into s rjc i d. .The .si ngl pass, S conversion for. the whol e
converter 2021 | glrggﬁ vegléscription pf the Rfgterr Se%ﬂ%f??%% CORPATIRE HENTFT o
source 939 2082 ihendddtily BPacdhdint others skilled in fieQurtRN ehedasation] itoprimdiples)e -

preferred enbodi ments_and acconpanying figures 10 are intended only to

acquai nt ot heanfl ixpractical ppplication sp that othersrkilledin the yhmayadapsand @pplydbe  and

its practical, [, Cat:] qu t Ll i y.eadapt and
apply the i ngle%dgﬁlﬁﬁ{r? I séél)uusntgqu%‘)%g"& F‘%&k?’%gssmn%td&gggg%@{e@% edto the
requi rements pdrtieulapase! iThelpagsentinvention, thereforatis nov/kmitedto thelabowf ore,  is not
limted to the abagve  enbodi ngnts, d e variously nodified. 15 Wth
reference to ¥R °‘ﬁ"§’§“§fa’fdﬁga ?mu%ﬁéﬁ%}ﬁf"ge or "conprises" or - L
"conprisijgg" in tRALARRYENCERS Bk bPthedSHIER) “éoinprike” bpHédiprigsCori IS,
applicant notes that unless the context requires otherw se, those words
are -used on t Yeonpaising” am thepbeye desgripiéionsanseriin ghe following lgims; applisapinotes

interpreted i {ﬁ%{ ﬁiﬁjes\é%é/ coﬂ’téft I?gc{uurep gﬂle%ﬁé,qﬁ&%%&ds Ql%qxsed on the basis and clear

understanding that they are to be interpreted inclusively, rather than exclusively, and

(p]

that applicant intends each of those words to be so interpreted in construing the above -

20  description and/or the following claims.



that applicant intend f rds to be so interpreted in

const r ui NyottB63gsove Slmmguﬁ“"mﬂﬂm mtd/or the foll owi ng JdTGR/HE0030PS
01/36324 11111211221212221* 019 11~ 1™ IF IT 1111 PCT/USOO 30095 CL MS 46 |
claim 1. A process for making SO from a sQyrce gas conprising SQ2, the
process conprising: contacting the source gas with a liquid SO2 absorption
sol vent in an %ﬁé . absorpti‘dn zone to selectively‘transfer SO2 fromthe
source gas to tHed absorption 5 solvent and form an S02-depl eted gas
and an S02-enri ched) s@l }8bdss forirhhlens BO, S0k 4 Ediifté fa ooRipriiiig SOS thesplovast in
an SO2 stri pping zo%e%%ﬁform&an%-aepl eted abgdosr ption sgol vgnt lg:d an
S02-enri ched steamprsingias havi ng an SO2 gas strength greater than the SO2

gas strength of the squrce gas: formn . t , ining a
TSt portion of |t e ot B0t FHERE S Bsorp Rt seoSutle %G 1L
formng a parti gsofitneiont Nsclétivelytiinsfel 8O, §oh thedones igdsirl thESD), apsqrption ng
the converter feed gas through a first catalyst bed of a catalytic
converter cBnprsadvenyand formpans$O0pdepleted gagandan-$Or-prriched salventy st beds in

series, each catal yst. hed AT ap. .. 9Xi | '

oxi di 21 ng &2 to SLETPBRE st thg S05 HricH SBivkilin 58 ST, Khingihg S i ol
remai ni ng cat al §6i-desléfediabsdrporsolves aid b SO eptched stripee gds hadhg anSOf gagyas
fl ow through the catalytic _converter; and formng a conversion gas
conprising SC3 sirrmgtibgicatgnthanthe $4), §§'Fﬂ@-{"t°[fléhe §OHFGC 885 conver si on gas

t hrough the renmaind | . é&eﬁlg QX G SEeidadqt he
partial conversion g‘g”s‘ﬂ{‘%; E&éﬁ%@%&%&s%ﬁ%ﬁ%}?@ | ont#ﬁh?ﬁg@lé%ﬁ?ﬁ%%ﬁd
conver si onigas $eippér gaswithf dneskylgyn souregduci ng a second portion of the S02
enriched stripper gas_i nto the partjial conversio as dov\gs ream of the
first catalyst bed, qrme,mgwarthaw@areﬁﬁmsaa|°°@aﬂ§las§<gﬁnse5§% ‘ﬁ’ésﬁirbé’d’j‘ﬁ“%%

| east one remai §l.ng Gata lfé{&ltrﬁag ﬁq'oig% $S ?gs-t cgl-ﬁf)‘;ls_ﬁlz}e(f&' Lost i EE cottertbcditising

fortified partial conversiorr gas process as set forth in

cl ai m 1 wher ei nattlbast 2andmd goeatéritban 4 tatalyst 180s in samies.odackl catalyispbest coptaining an
conprises the rerginder qf 't S02: enr.i,ched,st[ipRer S Ich ., 1.5 not
conbi ned with tﬁ’g‘gw‘i}’g‘?ﬁﬁgﬁﬁ gHIyefof 8%?%5‘?@{&/'86?&?@‘?‘5&%‘%@&“9%%
process asiget fiitebm oF the AlniBidingoftaRkibddstn BRGRHEs With réspBetab the\diredtidn of

gas flow through the catalytic converter; and

forming a conversion gas comprising SO, and residual SO, by passing the
partial conversion gas through the remainder of the series of catalyst beds to oxidize
SO, in the partial conversion gas to SO;, the SO, concentration in the partial
20  conversion gas being fortified by introducing a second portion of the SO,-enriched
stripper gas into the partial conversion gas downstream of the first catalyst bed, the
fortified partial conversion passing through at least one remaining catalyst bed in the

series to oxidize SO, in the fortified partial conversion gas to SO,.

2. The process as set forth in claim 1 wherein the second portion of the SO,-
enriched stripper gas comprises the remainder of the SO,-enriched stripper gas which

is not combined with the oxygen source to form the converter feed gas.

3. The process as set forth in claim 1 wherein the second portion of the SO,-

“enriched stripper gas is introduced into the partial conversion gas downstream of the



enriched stripper ga to the partial conversion gas
downst r eavo of/3630e V\DB"E &mﬂﬁm’! 1131 J11111113111111 #eTTUsd630M930095 L
MS 47 first cataly m of the next catal yst bed in the

series and the fortified partial conversi 02 gas is passed through the next
catal yst bed in the series. 4. The process™s set forth in claim1l wherein

t he oxygen source |s dr 5.. The process as set forth in claim1l wherein
the concent r at fE% Ys&eqWdt%ﬁe%ﬁt}@eméﬁqaé?é)ﬁtgaénaﬁhaswqaﬂéth@fqrnﬁ%d

parti al conver g ?‘Hﬁgﬂ t he nol ar
ratio of 02 to |n fﬁfbnrc%ﬁ eed gas anaa&ﬁsﬁ&%?}(gﬁeﬁ;&ged parti al
conversion gas is greater than about 0.5: 1 6. The process as set forth in
claim1l1 wherein th urce gas c i,.se conbustlon gas forped by

burni ng a source oﬁ' iﬁ?i’{ﬂce eSS %E‘%E‘égé 1svhegsindbs,oxygen sowse i d¥i on zone
to oxidize the sulfur to SO2, the conbustion gas conprising at |east about
15 nol e% S2. 7. The process as set forth in claim®6 wherein the source of
sul fur is burned i mhprqmsssasrsetefoahinbhimddvhdrénﬂ@eomamhbnaﬁmmmﬁ of

the air present in_t combust ion re,. ubstantla rejecte t he
s absorptlon"%ﬁg %@e‘b ’nf%fog%f ﬁ YFT3jQR gag;is np e‘ﬁ?’d@%‘é&’% set
forth in clai m3sWaes &memoiaﬂxaﬁseﬂecwsonﬁmw@mﬁeﬁm hOAhRife AL 3
rate such that the nolar ratio of 02 to>sulfur supplied to ustion
zone i s mai nt aforéfiedpartialnonvérsion gas trgreaerdtbanabait 9.5:8. The pr ocess as set
forth in claiml wherein the catal ytic converter conprises - no nore than
three catal yst beds in series. 10. The process as set forth in claim1l

wherein the catal ygj mhs?facegstasrsetmmbﬁﬁﬁ 1twikeréia i doukcelRl Sompris&yd es. WO
01/36324 1111111111211271111 11111111111 PCT, LJS00/ 30095 C L M 48 11. The

process as setcqmbpustion gagfosmed by hrmiRg #squies of sylfurindbp p@ﬂﬁsmemf.owgmwave nt
t act ed th
Sbsor bent . 12, capisEBy Bf 83ididk bR SuiAiFo §% %ﬂ?‘ﬁb%%ﬁf‘é%&*%%gﬁ%?.a%t the

SO2 nol ar about 15 mole% SO,.

7. The process as set forth in claim 6 wherein the source of sulfur is burned in -
the presence of air and the non-reacted components of the air ;;resent inthe - -
combustion gas are substantially rejected in the SO, absorption zone as part of the
SO,-depleted gas.

8. The process as set forth in claim 7 wherein air is introduced into the
combustion zone at a rate such that the molar ratio of O, to sulfur supplied to the

combustion zone is maintained at from about 1.05 to about 1.3.

9. The process as set forth in claim 1 wherein the catalytic converter comprises

no more than three catalyst beds in series.

10. The process as set forth in claim 1 wherein the catalytic converter

comprises two catalyst beds in series.



—

concentration in the Tmmmu“! (ﬂm “ per gas to the SC2 nol ar
concent r ayp®m3s3z4t he ! | east about 2.75:1. PCI/USPRBONS ocess
as set forth in claim1 wieréin the S02 -enriched-stripper gas conprises

greater than about 70 nol e% SQ2. 14. The prggess as set forth. inclaiml
wherein the liquid SO2 absorption sol vent nprises at | east one

substantially water_ inmmscible organic, phaosphonate _diete f the formul a
(11) .o 11 R30- i llRﬂ‘hWﬁssem@?grfFch?ﬂé{]&’ ﬂ‘&r‘@“ﬁﬁ@pé‘?ﬁ?@?ﬂ% anyl
or .C, to C8 al S ' [ R 2Py S ssure
| ess than aboug%ﬂg@&% gﬁeﬁgﬁﬁ%ﬁgﬁet@z?%ﬁggﬁkﬁﬁﬁe orgglﬁgi’(gz
phosphonat e di ebserblagti ng | ess t han about 10 wei ght percent at 25 C. 15.
The process as set forth in claim14 wherein the liquid SO2 absorption

sol vent conprises dibutyl butyl phosphonate. 16. The process asset forth in
claim 1 wherein theol iy fhoclRadlt e nlain® P WHERIn BOTRA S281elS0 o hy! one
glycol diethel ether. 17." The process as set forth in claim16 viher ei n’ t he
|iquid SO2 abs@opténtratios & theSO,canpniphédssigpparzas tdthe SKHMRolar esicghirationtin ghe

et hyl ene gl ycol diethel agﬁ he{. ng%/ 36324 PCT/ US00130095 11kI111111 C 49
18. The procesSoNeegay sl lqast aoute- 1otk 1 herein the process furt her
conprises contacting the conversion gas with a solution conprising '
sulfuric acid in an SO8 absorption zone to formadditional sulfuric acid

and/ or ileum and arl3sOtheduptass asisey ferth ingvlgim & wihgregrthe SQ,-enriched sisippergass
set forth in claim.l8 wherejn the ur conprises at |east a portion
of the 803-deplcg?g’&sa%@'eﬁg?fﬁaﬂag?lﬁzﬂ@gmption zone such that SO from
the SO3 depleted gas is recovered in the SO2 absorption zone for ultinate

conversion to sulfuric acid and/or ileum 20. The _ process_as set forth in
claim 1 wherein thd4paFheippcass avest &rihingdaim & wherein the liquid SO, absorption

solvent comprises at least one substantially water immiscible organic phosphonate
dieter of the formula (II)

5  wherein R', R? and R’ are independently amyl or C, to C; alkyl, the organic
phosphonate dieter having a vapor pressure less than about 1 Pa at 25° C, the
solubility of water in the organic phosphonate dieter being less than about 10 weight
percent at 25° C.

15. The process as set forth in claim 14 wherein the liquid SO, absorption
solvent comprises dibutyl butyl phosphonate.

16. The process as'set forth in ¢laim 1 wherein the liquid SO, absorption
solvent comprises tetra ethylene glycol diethel ether.

17. The process as set forth in claim 16 wherein the liquid SO, absorption
solvent comprises more than 50% by weight tetra ethylene glycol diethel ether.



contacted with a solution conprising sulfuric acid in an SG3 absorption
zone whiweo01pexgi ng through the remai nder of the series oPCrased3m9s beds.
21. A process for WBﬁ“I“HMI]“HMB&ource gas conprising SO, the process
conprising: contact W th liquid S absorption sol vent -
in an SO2 absorption*zohe to selsectlvely ransfer SO2 fromthe source gas
to the SO2 absorption 5 solvent and form an S02-depl eted gas and an

S02- enriched solvent; stri ppi ng SOZ fromthe S02-enriched solvent in an SO2
stripping zone to for

SQ2-enriched stri pgermg haV| ng an %@?Wé%%ﬁg greater%ﬁﬁmtsﬁ

gas strength ecbntatingstheconvegsion gas With misolytian compusing sulfwrizcadid ircan®Opi ng a
first portion e S02 nric rip th nso rce
the ti ot por ePtbi fate bt ol st AL et e S S B

about 30% of tchmpriidg |smthe S02-enriched stripper gas; formng a partlal
conver si on gas corrprl Si ng S and residual SO2 by passing the converter
feed gas through a first catal yst bed of a cat al ytic converter conprising

at least 2 cataly n serl eac st. bed cont ai ni ng _.an

oxi dati on cat al ysﬁblgigp EE %fés E“?qh ﬁ;e&n 8EEe ﬁaﬁém’?’%%?s at
catal yst bed haktWpsttich of eSO, -déftﬁeted 80 hbsiptidont Budl'@abSO) €s
with respect to the direction *of gas fTlowt rough the catalytic convefter:
and Thi s SheeffopptheSsriepiairdgasds recovered injtha SOy absorptian zanie|for withmpte 36324

1111111 PCTN§91W 8.?&) “}fhé%&g%%%s%éﬁll Il 11-* CL MS * 50 form ng a

conversion gas conprisin SO2 by passing the partial
conversiiiii as through the remai nder of t 1k series of catalyst beds to
oxidize 20 SO2 in.the partial copversion as to SO3, the SO2 concentration
in the partial I BFPCEIRAsHES fH&gf%Pla!m athegginilag pastieksonyersiongasifnot
portion of th r gas
downst r eam of gtq?ﬂé?@%tP%%gﬁxéﬂo?tgP hﬁﬁgﬁlggﬁﬁuﬁé%‘%l H]ﬁl@é éaﬂrstﬁl a c%gﬁégdrhg?on
passing thr ougissmgthmaghﬂmmamdnrmfﬁlgserwswlfyatalybﬂmbdsn the series to
oxidize SO2 in the fortified partial conversion gas to SO3. 22. The process

as set forth in claim21 wherein the oxygen source is dry.
21. A process for making SO, from a source gas comprising SO,, the process

comprising:
contacting the source gas with a liquid SO, absorption solvent in an SO,
absorption zone to selectively transfer SO, from the source gas to the SO, absorption
5  solvent and form an SOz-depleted gas and an SO,-enriched solvent; _
stripping SO, from the SO2 -enriched solvent in an SO, stripping zone to form an .
S0O,-depleted absorption solvent and an SOz-ennched stripper gas having an SO, gas
strength greater than the SO, gas strength of the source gas; _
forming a converter feed by combining a first portion of the SO,-enriched
10 stripper gas with an oxygen source, the first portion of the SO,-enriched stripper gas
comprising at least about 30% of the SO, in the SO,-enriched stripper gas;
forming a partial conversion gas comprising SO; and residual SO, by passing
the converter feed gas through a first catalyst bed of a catalytic converter comprising
at least 2 catalyst beds in series, each catalyst bed containing an oxidation catalyst
15 effective for oxidizing SO, to SO;, the first catalyst bed being upstream of the -
remaining catalyst beds in the series with respect to the direction of gas flow through -
the catalytic converter; and '
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23. The process as set forth—mn—ctarm21 wherein the converter feed Jas
conpri sesWa 01136334t ‘in the S02-enri ched?SHPPYRP9yas.
24. The process as ﬂmun'mm’"l’!m 21 vvherel n the converter feed gas
conprises at |east abdutCSO% Q2 in tdge SO2-enriched stripper gas.
25. The process as set forth in claim?21 \/\herel n-the process further

conprises contacti the ¢

sulfuric acid in anﬁ%&“ aﬁg@eﬁ(?%g&z%g@q%ngfr%é%n&a gglpi ons‘(? r@tﬁaﬁglﬁ ﬂ}e acid
and/ or il eum angkrasl GRYerioh! b Gdoggsthecampinter sTuliSM2ies 36 catllyst dseessidie
set forth in claim25 wherein the source gas conprises af |east g portion

of the serGemS@em@a@a@;amrwgmmas@e s e Pospncenteationdn thepartialy  rom
the SCB-depl et ed Gasd e SRR At dd by HEodine DIRN bBRiEnE 8D, Whhilia' ©

conversion to ch UI’I C e pr CESS as Se

clai m 21 wher ei girippeér gaaiﬁtb alhe patidoavasiof 3as downsitdancefithe first datalyishbed, the
sol ution conpr tion zone whjle passing

ising sulfuric acid in_an_SGC3 absorg
t hr ough t he ren@n@@c}pmaltqv@vg@mmswg thaeughyaldeastene repgining patalysihedig the

making SG3 fro pgﬁgﬁ onpri si ng Thi s
Sheet Has Been%p?ace@%??fﬁﬁfﬁ[ﬁ% ICBWCIPW%% %% 36324 1 I"lii
~11112 i1 12112 11 1"l PCT/USO0O/ 30095 M s 51 cont actl ng the source gas
with a liquid SO2 ab |on sol ven abso tion zone to

el ectively transtof2 pwaﬁsstaﬁéefs%t}#e%gﬁ%%meﬁ@n XIEEB SOHCH IS s
.solvent and form an 802 depl eted gas and an S02-enriched sol vent; stripping

S fromthe S02-enriched solvent in an SO2 stripping zone to form an S02
-depl eted absor pti 023.sBheprocessr setrfoSiin elaim Chevhesdin thgpamveder feed/gasy an S02

O a0 A S B 0P N RO TR B85 1

stripper gas with an oxygen source; forning-a partlal conversi on gas
conprising S and residual SOQ2 by fpaSS| ng the converter feed
gas. through a first24albe procedsad seff Ethmclairyﬂilowm@m@nvcﬁmﬁwtgasg at

caral yst ol TeoRHRe @F?%%?t‘zw?@oéeﬁf“é%?@ RSB el "

bei ng upstream of the

25. The process as set forth in claim 21 wherein the process further comprises -
‘contacting the conversion gas with a solution comprising sulfuric acid in an SO,
absorption zone to form additional sulfuric acid and/or ileum and an SO,-depleted gas -

comprising SO,.

26. The process as set forth in claim 25 wherein the source gas comprises at
least a portion of the SO,-depleted gas exiting the SO, absorption zone such that SO,
from the SO,-depleted gas is recovered in the SO, absorption zone for ultimate

conversion to sulfuric acid and/or ileum.

27. The process as set forth in claim 21 wherein the partial conversion gas is
not contacted with a solution comprising sulfuric acid in an SO, absorption zone

while passing through the remainder of the series of catalyst beds.

28. A process for making SO, from a source gas comprising SO,, the process

comprising:
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15 remai ning catal yst beds in the Series wth respect to the direction of
gas f| owwidvizesa trrﬂ!’ mymﬂl’twﬂnerter; and form ng a POTAUSOIWIDNS gas
conprising S and assing the. partial conversion gas

t hrough the remai nder o the %ser’i ed of c%tzgall yst beds to oxidize: SO in
the partial conversion gas to SO31 the S koncentration in the partial 20

conversion gas being fortified by introduci ng a second portion of the
SC2-enriched st riqoptactingtheispurse gaewith adiquid $Qnshspmtion sglventinansiQeam of

the first cat . t | £ td al 4o I.S) | .Qugh
at 1 cast ono. rRbapHRR dond BSpicb et rkiferiS, hdth oISt YsB o RETNO Bsbriph ]
fortified Par tsohlencamdvorm ian SOjatepleted a8 andrah 80,entickedeblvernt;t 0. SO2 in the.
converter feed gas enterjing.the first catalyst bed and in the partial 25
conversi on gas entSERPIRE é&cﬁ“@fﬂ‘? ﬁQﬁEﬂ&%&@fveﬁﬂ‘mtﬂg%WWS)W@épefW%ﬁm -
beds being grgst Qe : 9 s e rPhLRS . | g, claim
28 wherein tht;St%xy %aérﬁ soﬁﬁ@guf'éaé’%fm%o. S%%rﬁg%cessﬁ%%%gﬁ?égﬁgpﬁgg{ai m
28 wher ei n t hetramgth greatdritimnche 8O, gas s&efgthrof théwsoucaegasy t er feed gas entering

the first catalyst, bed and in the partial .conversion g teri, each of
t he remai nder of tfﬂ'émggﬁicgg"wg?fpgﬂyf@fn ga; té’f’“\‘@a‘g{fﬂ‘%ggmmﬁ‘? oL
Thi s Sheejg Hag ge‘p;ﬂggﬁgx);lggggg&,@g.lllllllllll Il I~1f WD 01/ 36324 o
1112172221 111l CITE TTITT TP TITT BCT/ USUQ 30095 52 31. The process as

set forth in clai fod8ingigadiahconversia gas comprisingfS Qyant gesidieal SO, byytpassing
converter fee as enteri the first catal yst d d.in th artial
conver si on gaghg%vﬁﬁ??r%e‘g%éﬁﬂ@f‘gl? ﬁi“%‘@ﬁﬁﬁﬁﬁ@?d ‘g{faa (Ea'?éytéce?qnggﬁ Rt
beds is at | eapleasti2dstalist Beds inIéries] BRhVaRFRE BedSorigthingntdkiddtios i caial)st8 .
wherein the nolar ratio of 02 to SO2 in the converter feed gas entering

the first cat &fpetiveforioxidizingS@He Sy thedirstogtalyst bedbeipaypstraameefithg each of
th [ f .th ' f. fal. . ' h 0,7 t
1 10 395 TheHapib Bt Bedd'ip B S MR Dol To WTAHON be Bas fd WhopdiE -

02 to S in tidetdpiy/einverterf @l gas entering the first catal yst bed and in

the partial conversign gas entering each of the renuainder of the series of
catal yst beds is fOHHNGAGARVersion gasOmPIisESQ; ndresidual SOhy R3sPRB e as. set

forth in clai g.48: WieRidh fa8 Bl OF R Ferh Bl IS HOLRek Sf Satalyst beds to oxidize
SO, in the partial conversion gas to SO;, the SO, concentration in the partial

20  conversion gas being fortified by introducing a second portion of the SO,-enriched -
stripper gas into the partial conversion gas downstream of the first catalyst bed, the
fortified partial conversion passing through at least one remaining catalyst bed in‘the
series to oxidize SO, in the fortified partial conversion gas to SO, molar ratio of O, to.
SO, in the converter feed gas entering the first catalyst bed and in the partial

25 . conversion gas entering each of the remainder of the series of catalyst beds being . -

greater than about 0.2:1.
29, The process as set forth in claim 28 wherein the oxygen source is dry.
30. The process as set forth in claim 28 wherein the molar ratio of O, to SO, in

the converter feed gas entering the first catalyst bed and in the partial conversion gas

entering each of the remainder of the series of catalyst beds is at least about 0.5:1.
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contacting the convemut lon conprising sulfuric acid in
an SO3 aly¥opps63zh zonﬂ“lmmmlm “‘!ﬂn‘al sul furic acid an@CEUS0PM$ and
an S03-depleted gas ¢ Ll .- The process as set forth in claim
34 wherein the source g3s tonprises at |east,a pofiti on of the S03-depl et ed
gas exiting the SO3 absorption zone such that"SO2 fromthe S03 depl eted

gas is recovered in }he,SQ2 absorpti.on zone f | timate .cony.ersion .
SuTturic aci d and/ ordl | HEAroSES i Kot G & whprein B fogti BHG of B o 86, in
wher ei n the par thé¢orvert¥efesd 88s ééringsthe fidét caRisBBédEshd/intthe partial ¢onverion gas
conprising sulfuric acid in an SCG3 absorption zone while passing through
t he remai nder ofenteringsach efthgremaindenyofithe,semies oBratalxstheds isaf least ahouk 07gl. SC3
froma source gas conprising SO2, the process conprising: This Sheet Has
Been Replaced 111111211 11011 11.2222 111 1111 WO 01/ 36324

1111111111111111111 121 Ihkdrddebd ad¥et fdri0 3AROZ8 wherkih the diilaciatio of O)¢o SO if e
gas with a liquid SO abso;‘gtion solvent_ in an SO2 absorption zone to

sel ectively traflgemverter fegd gas entering the £irg gatalyst berbanddp the;patipk Gomversion gasnt
and forman S02, 66, . q : Jell .
fromthe SO2- enre ﬂ%qﬁég%g%r vent %a@ﬁe@gﬁﬂ{ rle;gngf%gta%t\r?gﬂ% bs %@%Bg%t%§%
SO02- depl et ed ababouttl.4m. sol vent and an S02-enriched stripper gas; formng a
converter feed gas, the converter feed gas conprising a first portion of
the SO02-enriched stripper gas; dividing the converter feed gas into a first
portion and a secon WaTak @fé 5 ' e
feed gas through a ?g'P %J{?&beg%_o g&glc%l?g? ﬁ?@%@ﬁ%‘?‘?g}&é‘n‘ﬁﬁgggg’%‘gg?ﬁeﬂ
second portion tlic ¢duwwedenrfeed gavyenterong the firdt katalyghbeal andi ih ftlee partialceomséngion gasd
of the catalytic canverter_.in parallel. with the catalyst, bed hr ough whi ch
Che f1rst porti GRICPEEHD Sihg Bneinde o fidgesier of saia Pedisciomm abao e 158
contai ni ng an oxpeiatli oy, catal yst effective for oxidizing SO2 to SG3,
thereby formng a first partial conversion gas and a second parti al
conversion gas, each partial conversion gas conprising SO8 and residual
SC2; combi ning. 3 11531 1AYpkbdll & st Rl ST whlreh1Be P K BB bmprises

contacting the conversion gas with a solution comprising sulfuric acid in an SO,

absorption zone to form additional sulfuric acid and/or ileum and an SO,-depleted gas

comprising SO,.

35. The process as set forth in claim 34 wherein the source gas comprises at
least a portion of the SO,-depleted gas exiting the SO, absorption zone such that SO,
from the SO;-depleted gas is recovered in the SO, absorption zone for ultimate

conversion to sulfuric acid and/or ileum.

36. The process as set forth in claim 28 wherein the partial conversion gas is
not contacted with a solution comprising sulfuric acid in an SO, absorption zone

while passing through the remainder of the series of catalyst beds.

37. A process for making SO, from a source gas comprising SO,, the process

. comprising:
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the first partial conversion gas to fortify the SO2 concentration in the
first pawbioabsszaonveiﬂm Hﬂﬂ IJ i ng a second porti onpof/ushws00esRI Nder
of the SO2-enriched bl ﬂﬂﬁs!mmh t he second partial conversion gas to

fortify the SO2 concentration ' n % he secon parti.al conversion gas; and
passing the fortified first partial converdi on gas and the fortified second
partial conversion gas through at |easf aone further catalyst bed of the

catal ytic conver t eentactimgthasawrorganvitya Houid 0, ehsaaptjon salyendén an 805 0r
2 Corver oi on Jbmiidizohe il SREQkY dehifalSQf AP B Ulreeh th BetH, BBBiBRT, "0
forth in cl ai soléht ehé formarn $O,-depleted pay andenS Qaenriched $odverrd by conbining .
the first portion aof t h%&i%p eﬁargc&gd stripper-gas wi.th an oxygen _source.
_:I%_g_. Tgﬁ p{ ocHgssBa§mBg;§$ t ;11,;,’131,@ ?ﬂ’@%e gz’lﬁt#‘ Eh@omi?ﬁgﬁggggz%fw ry.
-~ Thi s Shee 3 ~ -

1l 01111111111%1?%5113111111 1 PCI/ USMOOC?%% B 8% HPE% 20. The process as
set forth in cl ai fordihgheomvertertfhed gas; thefconverfer feed gas comptising afirstrpoirtion gas

nd the fortifi cond rtial cofilversion gas are passed through only
one further c%ftgFg 'eﬁ’é@%ﬁé&@eﬁgﬁe conversion gas. 41. The process as set

forth i lai m 37 . iy . ; - :
orth in claim 374k Ecbﬂ@erfe?féehgaﬁﬂnﬂihﬁmﬁ&ﬂ[ﬁg%éggﬁﬁﬁmﬁas IS

passed through one additional catalyst bed, _ econd
partial conver si opasgiag thesfirstipartion ofithewwghvertes égedrgas through 2 cajalyst tedtoflay st bed

which is parallel .to the additional catalyst.bed.through ich.the first
fortified par‘faitajyt.lc @nggﬁvangipwl%@eisgc%gégg&n 1€ o7 F’b\,\%gg@% ¥orth
in claim37 vdiffefnfcdtil9stibed OEtfe dattl¥titedonerarih paGllelcoith Brldatlyst Bed
conversion gas with a solution conprising sulfuric acid in an SO3

absor pti on zdheough whiehithg dustmodinn ofshe eenviertenfepd gagig passed, eaghcatalysthed

S03- depl et ed . . ris e fout baim 42,
whorei h the. <nranig R bl SrllysbirertiErP oR14EATe 80, BS0; Heghy el L1,
gas exiting tfivet fechalaoaedrpion gas &l esctoadpartial conVersiongab,wackpartidepl et ed gas
is recovered in the SO2 absor_ptign zgne, or 8Iti mate conversion to

sul furic aci cFORMersion gas eemprising SO; and residual SO,; ' o

combining a first portion of the remainder of the SOz-enriched strippér gas with

the first partial conversion gas to fortify the SO, concentration in the first partial
conversion gas; |

combining a second portion of the remainder of the SO,-enriched stripper gas
with the second partial conversion gas to fortify the SO, concentration in the second
partial conversion gas; and ' _

passing the fortified ﬁrét partial conversion gas and the fortified second partial
conversion gas through at least one further catalyst bed of the catalytic converter
containing an oxidation catalyst effective for oxidizing SO, to SO,, thereby oxidizing

additional SO, to SO, and forming a conversion gas comprising SO, and residual SO,. _
38. The process as set forth in claim 37 wherein the converter feed gas is
formed by combining the first portion of the SO,-enriched stripper.gas with an oxygen

source.

39. The process as set forth in claim 38 wherein the oxygen source is dry.
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44. A process for and/or ileumfroma source

conpri si NYOS0B6324he contacting at | eastP%T’HW%B% of
the source gas with "ﬂlﬂm@ gms‘m’ptlon “solvent in an SO2 absorption
zone to selectively trangfen rom the pgution of the 5 source gas to
the SO2 absorption solvent and forman S02 -depl é&ted gas and an SO2-

St ppi g zone to Bk Proes B shtEhh 4T dBng 37 itsFelf OBl s Lpla™
S02-enriched stdédnvesionges éﬁawhmr@ﬁbdsﬁommatobﬁwﬁhn@aeai@aswﬁﬂrmgﬁ ofly?
gas strength of the source sgas 10 form ng a_converter feed gas by

conbi ni ng t he SuEfugh QCW‘teFFthﬁaSoxygen source; This Sheet
HasBeenRepIacedV\DOl/36324IIIIIIII111111III|IIIIIIIIIIII
PCTIUSOCO' 30095 * C L s 55 formng a conversion gas conprising SO3 and

residual SC2 by pas4l.nghé piocessasgetrforth i elaiin 92 whichoin g fostifidd firt pdriialof
catal yst beds in serjies, each catal yst bed_ conprisin an OXI datign

cat al yst ef f ectfOp¥CHSIM gﬁ%llﬁl’%ﬁﬁb‘hg&ht%egéﬁ“m&@ catalst hedhgvhilesthe dortified i on
gas with water f Werd{bnak Qﬂ% r uric
acid forned by %egggspérﬁglsée&r eact i on bet Qméggﬁf °§§§fs Fg#n%t% aldait@glﬁlvéa?gsl?'%;&egas
and wat er vaporwhmhespm'gllajeuéteaadﬂit@nhmwiwﬂ)edthrbmghmmmnheﬁrslfd>ﬂt1tﬁl’eﬂparti&l:i d
in the gas phase; ? SCB;. and (c) SO2; recovering heat energy fromthe gas
phase heat gf remyersioggas s Bassedyr i ¢ aci d by 20 transfer of heat fromthe
acid product gas to steamor feed water in an indirect heat exchanger; and
contacting the cooled acid product gas with liquid sulfuric acid in an SC3
absorption zone to 42)r'fﬂneapibc¢sscaaa¢t fenhirmlam a¢ wihepeim therprocess fiortired camprises

S03- depl et ed gas The ocess as s ort i m44
V\:hEI’EIIEl) at Iegs‘t° ?cﬁgg “gf"rs’t%ega% ith-a so “e‘t°§‘H’ %sf“ifuf'é {algdm k to
the plurality %s@@h@h!ﬁﬁe 15fdfm ad@itionNSuLAE 858 aﬂ&/o?ﬁ&mﬁ%ﬁ'ﬁn'ﬁ@) vc&"le?ch [ gas,

“wherein the indirect heat exchanger conprises an econoni zer
i s transferred domprisingSQgi d product gas to feed water.

43. The process as set forth in claim 42 wherein the source gas comprises at
least a portion of the SO,-depleted gas exiting the SO, absorption zone such that SO,
in the SO,-depleted gas is recovered in the SO, absorption zone for ultimate

conversion to sulfuric acid and/or ileum.

44. A process for making sulfuric acid and/or ileum from a source gas
comprising SO,, the process comprising: _
contacting at least a portion of the source gas with a liquid SO, absorption
solvent in an SO, absorption zone to selectively transfer SO, from the portion of the
5 source gas to the SO, absorption solvent and form an SO,-depleted gas and an SO,-
enriehed solvent;
stripping SO, from the SO,-enriched solvent in an SO, stripping zone to form an
SO,-depleted absorption solvent and an SO,-enriched stripper gas having an SO, gas
_ strength greater than the SO, gas strength of the source gas;
10 forming a converter feed gas by combining the SO,-enriched stripper gas with

an oxygen source,
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47. The process asset—forthrim ctam 46 wherein the econom zer conprises
heat. twenssezswal m he acid product gas aPRI/USW/A00Sd wat er,
at |east a portion I“Immu "mu s on the gas side thereof being at a
tenperature | ess tharn the "dew pdi nt* of thecacid product gas entering the
econom zer. 48. The process as set forth iﬁ cl.aim 44 wherein the gas

passing through the plurality. of catal yst ds | s .not tacted wth a
sol ution conprisi ';fgngl&swpxm%'epw ngﬁsl@gsaﬁ%ﬁﬂﬁppﬂr%ﬁ?as%:g process
for making sug%ﬁua@r&eaga@m%@halmﬁmﬁma@swe&qﬁsm edehEafalyst Bl SC2,

t he process. nprising” This Sheet Has Been Replaced | frrrrrr’” 1111111 'I.'I
Li 1111 WO 01/ eesgrsing a oxidation catalystiefeetive for oxidizng-RONSED30095 C L M 56 - -

passi ng first portion of the soqurce through actirst | ed of a
plural i tas of cat SPRIRIEGE CPVLRYT &% \?@ﬁvg{éﬁ]@&ﬁﬁ &c%r?i@é&’# gttrgagas‘ |
conpri si ng SComBpesin® hﬁh@fuﬂc%&ﬁfeﬁﬁ&i 4 p& pHaye fehction bdtweén $SOJfFomaher i si ng
at least 2 cat alglgi %(sa( s, each catal ys]{y EedP containing a catal yst .

ef fective forcawiettion gas agdavatervep@otherehySenerating thethsat ofifopnationofisylfuric - .
upstream of the.tepaining. C: 1 AN the series with respect to the.
direction of ﬁ%\g“f ﬁ“fﬁﬁ”&%%ﬁﬁ’%@%“ o §/?’ beds; form ng a conversion gas
conprising SO3 an%cb@éi’ir%lhhht SeEeybftoinahe gascphakeheap af fonmbticof/stlfirio acigetsy .

t hrough the remai nder of the series of catalyst b*efga to Qxi di,2£ &02 in t.he
partial @8nvetransfer of heatfronutite acidproduct@rp ip Heamep Keq

PSR AR g urce’
gas into the Ra | - &gnversi on gas. downstream of the first catalyst bed
to fortify the concentration in the partial conversion, the fortified

partial conver si ocogatingabkestonded dvidppducttgak satht liquidsul fmixi acidnig anc80;al yst bed

in the series to oxidize S in.the forgifie ti.al convers| o to

SOB; conbi ni NAPSPAYIRFRDE FasiogR “ag'él“ﬂﬁ]tsl‘iﬁ%ﬂf é‘?‘g\?g%f' 11?‘8“1“‘8&3?§§3ﬁ@?%%§r5?3mt'

gas conpri sig&g%ﬁﬁﬁégél_furi c acid forned by a gas phase reaction between
C

S fromthe versiofi gas and water vapor, thereby generating the heat
of formation of sulfuric acid in the gas phase; (b) SO3; and (c) SO2;

recovering heat eer g Lm0, BN B AhcRlin KU pRicHorit S0 ©
depleted gas is recycled back to the plurality of catalyst beds. Lo

46. The process as set forth in claim 44 wherein the indirect heat exchanger

comprises an economizer in which heat is transferred from the acid product gas to

. feed water.

47. The process as set forth in claim 46 wherein the economizer comprises heat .
- transfer wall means between the acid product gas and the feed water, at least a portion -
of the wall means on the gas side thereof being at a temperature less than the dew.

point of the acid product gas entering the economizer.

48. The process as set forth in claim 44 wherein the gas passing through the
plurality of catalyst beds is not contacted with a solution comprising sulfuric acid in

an SO, absorption zone.

49, A process for making sulfuric acid and/or ileum from a source gas
comprising SO,, the process.comprising: I —
heet Has Been Replaced

"l



transfer of heat fromithe acid preduct—gas to steamor feed water in an

i ndi rect Rgalo1s@sghanger: o t he cool ed aci d pr edamsoyasnssi t h
liquid sulfuric acid i E‘m!@@i'ﬁg!%gﬂm j.on zone to form additional sulfuric
acid and/or ileum and 0 3- eted *gas conprisi.ng S2. 50. The process

as set forth in claim49 wherein at |east aflﬁnrti-'f'On's' of the SO3- depleted
gas is recycled back to the plurality of catal yst beds. 51. The%i)rocess as

set forth in clai m passigss Brshpertioniofthe sourcergas threngha figet catalyshbed efaplarality

water. v 01 s64bsRitHeds B B8R B barifBonpiisfi'chs BoBtlfhe 82 abf prod B C
L MS * ST 52. B, the ?hﬁﬁ&y@fcﬁt&lysﬂﬁdfshoinpriﬁihgianhﬁét ¢arilgstrbedieacls oatalykiz er
conprises heat _transfer wall neans between the acid product fgas and t he

feed water, at bedgeentaininga catalysteficetive ipppxidizing:80pinte 86 ghs fixstcatalyst ped

bei ng at a tenpgL: &réaﬁ@ E&uﬁi'ﬂﬁ; LA i gas
entering the ecgélgkrilﬁ?er. §f€h?‘ e progg?gl%gggégm%?%%ﬁf%ﬁc zflgén&gg’ct?’ﬁe gas
passi ng t hr oughdirbetionl ofigab iflow thfough dhedayalystibeds i s not contacted with a

solution conprising_sulfuric acid in an: SCB bsoy ptj.on ne. 54, In a
process for making SMPHDS P€°%Yﬁrﬂ°‘éﬁﬁﬁ‘iﬂmﬂrfs&ﬁr$$rmd"§s@&}ﬁ]r§§z Bypassimgihe i sing
S and water vgj | reina g L Q& f :
conpri sing SC)Z;ﬁ oralrrﬁldg%%s‘l{:o Vgﬁrglﬁ n ;a@%%%g%%&%%sggéﬁdgﬁq@by
passing the coSQgin the pastéd comersiom gastio $0,pl ural ity of catal yst beds in

series, each catal yst bhed. conprising an.oxidation catglyst.effective for
oxi di 21 ng SC2 i nt o SERAUCIgek Sepond RTHon 6 e, oWk Egs io,eipaial SRYeEHER ges,
forman acid prggwhitred@sof the Findt catali@i bddPeb oMy Wd SOACI R ehtPAtiTRtn e FarlAS
phase reaction between SG3 fromthé conversion gas” and water vapor,

t her eby gener at conyersien, the:fortified partialtdoomersiongas passing thragigh at teastnegemaining
phase; (b) SGCB; (€)y :SCP: _r.ecover.i,n at .energy [from.t he gas pha .
heat. of format F%ﬂnlc}j'ﬁtfbe)gl}? %ﬁege%& %f“glfg S?’;é‘hgﬁre}f"r‘ 361 H?é‘é"c‘ °PPY pﬂga%@f%o3,
product gas to steagofibinifCihe \vohwersibi gadwith WatdGapheeifor 4 AaiagRb6duct Bk
comprising: (a) sulfuric acid formed by a gas phase reaction between SO, from the

conversion gas and water vapor, thereby generating the heat of formation of ‘sulfuric
acid in the gas phase; (b) SO;; and (c) SO,;

recovering heat energy from the gas phase heat of formation of sulfuric acid by
transfer of heat from the acid product gas to steam or feed water in an indirect heat
exchanger; and

contaéting the cooled acid product gas with liquid sulfuric acid in an SO,
absorption zone to form additional sulfuric acid and/or ileum and an SO,-depleted gas

comprising SO,.

50. The process as set forth in claim 49 wherein at least a portion of the SO;-
depleted gas is recycled back to the plurality of catalyst beds.

51. The process as set forth in claim 49 wherein the indirect heat exchanger
comprises an economizer in which heat is transferred from the acid product gas to

feed water.



contacting the cooled acid product gas with a solution conprising sulfuric

acid i Q"’d&B‘ abso | to form addi tional sulfurperBsiotsosyzd/ or

il eum and an - deHw'Emuﬁf “Js_i ng 502, the inprovenent conprising:
conbining at |east a ssource .gas wWith the conversion. gas to
form the acid product gas; and forming tH# converter feed gas from at

| east a portion of the SO3 depleted gas. 55. The inproved process as set

forth in clai m 54 52hdheiprocessassenfoethtin claimsd whyzsinitle ebopomiser 0dhBaSRheat -
Frrrrrr 1 PCT/USOQ/ 30095  * 1 111111111.11111711111 * 58 56.. The 6 ed
process as sefTaPyYFLy Hleév%‘?we%&m@ﬁm&‘tc ﬁasﬁ’éégﬂggeefim?{%?{e?ﬂe%ﬁﬁP@és: ]
contacting thgs#R3rsPRksiistsh e gaddiddhRreol Beihfl abtenifettinetlieRth&Ohe @8 1N an
S2 absorption zone to selectively transfer SO2 fromthe S03-depleted gas
to the SO 5 abindofitheanidqrbdust ganentering the geor@onzetepl et ed gas and an
S02-enriched absorption solvent; and stripping SO2 fromthe S02-enriched
absorption solvent in an SQ2 stripping zone to forman S02 -depleted
absorption sol Vent53.61r11ﬁe@ﬁc%‘@ﬂfohﬁhﬁdlaﬁﬁmbm@gas%%in%tﬁi@ﬁ@i the pheakity\of
converter feed gas is forned fromat least a portion of the SO2 10 enriched
stripper gas. c#alystibadsiismot sontacted yithassolutioncompsising suHude acihisgn®hr ein t he
formation of t?e dry converter feed gas conprises conbining a dry oxygen
source with a®PiorR 0%%?1?1 on of the S02-enriched stripper gas. 58. The

i nproved process as set forth in claim57 wherein a second portion.of the
S02-enriched stripper gas is introduced intqQ_at ne catalyst bed in

| east
the series whi ch5ﬂslﬁémséah%hngﬁglfP$?§ld€%@/8T§?¥“g@&’?’?P‘F aeri es

t hrough whi ch_fhe . %ac%f*tgp% isingiereby fortifying the .
SO2 concentra |@Hn%¥§gégg%ga¥eggaé%’e@eﬁ°}e wn trséaé:m bed. 59. The i nproved
process as set f oférminga comienebfeediges eomprisimg $Q4i r ect heat exchanger

conpri ses an econqQmi zer in whi.ch heat is.tragasferred fr t he aci r oduct
g afsfp to feed water _ormzmg a conversion gas comprising 56(93 an% reslgual S(arby passing ﬂmep o

converter feed gas through a plurality of catalyst beds in series, each catalyst bed

comprising an oxidation catalyst effective for oxidizing SO, into SO;;

combining the conversion gas with water vapor to form an acid product gas
comprising: (a) sulfuric acid formed by a gas phase reaction between SO, from the
com?ersion gas and water vapor; thereby generating the heat of formation of sulfuric
acid in the gas phase; (b) SO;; and (c) SO;

| recovering heat energy from the gas phase heat of formation of sulfuric acid by .

transferring heat from the acid product gas to steam or feed water in an indirect heat -
exchanger; and _

contacting the cooled acid product gas with a solution comprising sulfuric acid -
in an SO, absorption zone to form additional sulfuric acid and/or ileum and an SO;-
depleted gas comprising SO,,

the improvement comprising:

combining at least a portion of the source gas with the conversion gas to form
the acid product gas; and -

forming the converter feed gas from at least a portion of the SO;-depleted gas.

55. The improved process as set forth in claim 54 wherein the converter feed

gas is dry.



60. The inproved process—as—set—forth in claim59 wherein the econoni zer

?gggri,\;?:-rv?@gﬁﬁﬁfegiemmmm Z’ QB ween -t he aci d product PGRUSIMPHe

Hm wal | rreans on the -gas side thereof
béing at a tenperature tess tt Ldew pagnt of the acid product gas

entering the econom zer. WO 01/ 36324 PCT/ USO0/ 30095: 59 61. The inproved
process as set forth in claimb54 wherein the gas passi ng through the
pturality of catalyst beds is not contacted with a solution conprising

sul furic acid in an560Thalsiptavet process s setforthlih lcl&iils s whérbintthe brock fhdkhdrl 1
| comprises: .
contacting the SO,-depleted gas with a liquid SO, absorption solvent in an SO,
absorption zone to selectively transfer SO, from the SO,-depleted gas to the SO,
5  absorption solvent and form an SO,-depleted gas and an SO,-enriched absorption
solvent; and | .
stripping SO, from the SO,-enriched absorption solvent in an SO, stripping
zone to form an SO,-depleted absorption solvent and an SO,-enriched stripper gas,
wherein the dry converter feed gas is formed from at least a portion of the SO,-
10  enriched stripper gas. o

57. The improved process as set forth in claim 56 wherein the formation of the
dry converter feed gas comprises combining a dry oxygen source with a first portion

of the SO,-enriched strippelr- gas.

58. The improved process as set forth in claim 57 wherein a second portion of
the SO,-enriched stripper gas is introduced into at least one catalyst bed in the series
which is downstream of the first 'catalyst bed in the series through which the dry
converter feed gas passes, thereby fortifying the SO, concentration in the gas fed to

5  the downstream bed.

59. The improved process as set forth in claim 54 wherein the indirect heat
exchanger comprises an economizer in which heat is transferred from the acid product

gas to feed water.

60. The improved process as set forth in claim 59 wherein the economizer
comprises heat transfer wall means between the acid product gas and the feed water,
at least a portion of the wall means on the gas side thereof being at a temperature less

than the dew point of the acid product gas entering the economizer.
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61. The improved process as set forth in claim 54 wherein the gas passing
through the plurality of catalyst beds is not contacted with a solution comprising

sulfuric acid in an SO, absorption zone.
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