WD 98/ 09713 . ' PCT/ US97/ 14283 SELECTI VE

REMOVAL AND RECOVERY OF SULFUR DI OXI DE FROM EFFLUENT GASES USI NG ORGANI C

PHOSPHORCUS (- ofdyd 3y BACKGROUND OF THE | NVENTI ON Thi s i nvent i orpoTaisy7A42880

the selective renoval and 5 recovery of sul fur dioxide fromeffluent

gases. Mre particularly, the present invention relates to recovering

sul fur dioxide fromeffluent gases.in a sulfur dioxide

absorption/ desorption process which utilizes a |iquid solvent conprising

certain organi c plaEECTIVE REMPVARJANDORECOVERY €31 iISIHIEURIDEORIBEI f ur

di oxi de from t FRQ¥ {EERLPENESCASRE HEINGCH ORCANIC PHASPHAROUS; SQLEENDINt | v

stripped to regenerate the solvent and produce a gas enriched in sulfur

di oxi de content__The sulfur_ dioxide-_enriched gas may be used as part of
RO y d plant or a Claus plant for the

the feed gas t oBRCKE i _
0ol ed. to.condense, sul fur dioxide in
PF‘ 3 )EHJ@ |

i i el | sul f b
P form of o 1 Lqul d gy aRtvens fon EefPes corrhig SEI8EIve Homava

inlprpduFinQ akrgbbUEﬁytmﬁgkuxfufombdxgds from effluent gases.20More
t s [ .ni.NGk
enatively veakphBe3tiitead ONle SAOLERE 3 SSREYSNCLEh URLLS Loyl ng

sul fur dioxi de BF& pro iced erations; incl udi ng roa
or snelting of sulfud dimxige diren L& tuentngrgessinng shd fuanidisptisie of

sul fur-cont ai ni gYsbyels drf/dbsorptifor! Spro8asssSwhisieut il figesdia0Nidfaid
t hese effl uent gaies may be conpined with ox%gen,and fed.to a contact
sulfuric acid pFRAVeRkd SAMRRFINE LeEtRIN PEIARLY BREFBROZPYSCAmRRIAGS

t hese gas 3breags bed@ttiivaliyhalsserh asuYfhy d0vx3Qe f£rohf thedie@fldent
concentration and a high ¢ nc%ggngtio? of &atendvagor. ere sul.fur dioxide
concentration i {3fne agke qrped SHHPF AAeKYAR ARt SPRSEIRETN, about 4
to 5 percent bystelipped polMtegesnergtearthe solitentsandt prodoceh a Fasnat er

bal ance and the gaqLGY PALANGR ik (4E.05ad 3BneeRtaNt TheMBLS A W flHd Y.

the material balaince
PCT/ US97/ 14283 enzdehest igathimay| beirpgedcas pankt ofefber fsedhagma ke a

Herr] O SQsrr] copkalct ahdiFurid echdl pyanei 8% dectaibapibng ¥ tHecam fed

to the plant be no higher than the H eri]CY§§£err gnlar atio in the

product acid. |PrERSXFIFLPh otrmentRt gsulivrAreher SOPIRG §°92§’.°5‘é§é’rst?ent

or above, this gallifercditdide in the form of a liquid product. The
present invention is particularly useful in producing a
sulfur dioxide-enriched gas from effluent gases

qe’s

20 relatively weak in sulfur dioxide content.

Gaseous effluents containing sulfur dioxide are
produced by a variety of operations; including roasting
or smelting of sulfidic metal ores and concentrates and
the combustion of sulfur—cdntaining fuels (e.g., flue

25 gases) . | '

The sulfur dioxide in these effluent gases may be
combined with oxygen and fed to a contact sulfuric acid
plant and recovered as sulfuric acid and/or oleum.
However, these gas streams frequently have relatively low

30 sulfur dioxide concentration and a high concentration of
water vapor. Where sulfur dioxide concentration in the
gas fed to a sulfuric acid plant is less than about 4 to
S percent by volume, problems may arise with respect to
both the water balance and the energy balance in the acid

35 plant. More particularly, the material balance of a
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vapor fron1thedfggfgé({(DG&%%&Qnﬁgigkgge may not be great enough to
heat the incoming gases to catalyst operating temperature
and, as a consequence, heat from some external source
20 must be supplied. This in turn also increases both
operating costs and capital requirements for the sulfuric
acid facility.
One way of enhancing the sulfur dioxide strength of
gaseous effluents is by selectively absorbing the sulfur
25 dioxide in a suitable solvent and Subsequently stripping -
the absorbed sulfur dioxide to produce regenerated
solvent and a gas enriched in sulfur dioxide content. A
variety of aqueous and organic solvents have been used in
sulfur dioxide absorption/desorption processes. For
30 example, aqueous solutions of alkali metals (e.g., sodium
sulfite/bisulfite solution), amines (e.g.; alkanolamines,
tetrahydroxyethylalkylenediamines, etc.) and amine salts
have been used as regenerable sulfur dioxide absorbents.
Organic solvents used in sulfur dioxide
35 absorption/desorption processes include dimethyl anlllne
and tetraethylene glycol dimethyl ether. However,



ef fl uent resulting in a significant reduction in the sul fur dioxide
absorption Ceﬂﬁfé pf the solvent. As a result the noplar fl ®CIVESTL4ILED
conventi onal vent s needed to $JHISBUEENEASEBEENED sul fur di oxi de
absorption efficiency |s i ncreased. Furt herpgm@CEDbhe aonrption of | arge
gquantities of water vapor in the solv cessi ve corrosion of
process equi pnent used in the sul fur dioxi dg absorption/desorption process.

Mor eover, 20 sonme conventional solvents are susceptible to excessive
degradati on, sucboavehyrdionalsisnlwdrers t sive Shampeiredsbgxpneeadrt molriegh

e e RO EHANG I S B08LA" e 8 cHEBELELR LR, ape
processes and sunnuanda@mqmbeﬂﬁxn§ﬁ¢omnsels@hﬁgreﬁieundee for nDre .
sel ective reanagbgggpkqgwyaaédg ptSibh Usydi @i de fromeffluent gases. 3a

SUMVARY OF THE I NVENTTON I'n accordance wth a first aspect of the present
invention, tPere is pMeWI&F Ehe RLEeRrks crreenrtbly 9‘“P3%9Fin§aé{ﬁd '

recovering sul f upellh@ivédy NSW Qstﬂ«ﬁtiﬁrdﬂd;ﬁi@deaﬁgai:@tﬂbﬁgcﬁﬁﬁbieggas |
conpri si ng: contactlggéﬁgggo eié}fee trea ng hng sai d sour ce
gas with a Iiqui 858§ f S Yeidy ﬁ?ﬁt BnPBFtifts BFeBEU¥EEe in a
sul fur di oxi de abgpibkallyt kesrcduwntered§ inrwagk saul inrdddéexdder comtadinming
process feed gasg aid s t L Pgoglugin exh gas .from
whi ch sul fur di ox?gﬁﬁ%?ggbe%n £dbq‘t£/&ﬁ ?‘P‘s r{emf;vgja gtn)g{lt ﬁoﬁﬂﬁé il fur

di oxi de- r|ch050|¢enven§mqmal<ﬁﬂk¥%ﬁﬂ%e®fteenebeerhgsubSFea§eaénauantlt1es
substantial l'y Waber watE S GaRldr | CnehesPPeRadeodigst 8bnhihfgh or mul a
[err] wherein Rerr err] and R err] are independently aryl or r] to
Clerr] 15  al kyrEfdues ﬁ@ﬁﬂlﬁRﬂ&m&%oﬁaﬁegﬂ4§§?éﬂth§9¢H§t&°ﬂaﬁ6rCb@essure

| ess than about ZuPguat d&%ﬁrad dbsd ﬁ@ﬂlU@aﬂaaéi{tS’foﬁlatﬁé EBl¥and .or g@ni
phosphonat e di ester being.l ess t han

10
stripping sul fur *8FYxde Q%ﬂQlﬁf-% E%ﬁ%%ﬁgkgﬁ°ﬁe ggéaifﬁPﬁggéf%ﬁe
stripper to1$rodneededle@nsaﬂnefy tinel desitédrsdiburddieridehabsstrptyiwer
gas, the ratio ofekig eaacentd aan d;e&U'fyuréhgét.geebntﬁa' dbabibRA%n

to the concentra? e 1h sard sourc
1arge quantities of water vapor in the solvent may lead

to excessive corrosion of process equipment used in the
‘sulfur dioxide absorption/desorption process. Moreover,

20 some conventional solvents are susceptible to excessive
degradation, such as hydrolysis, when the solvent is
exposed to.high temperatures in acidic environments
and/or suffer from high volatility, leading to large
solvent losses. |

25 Thus, a need has remained for processes and sulfur
dioxide absorption solvents effective for more selectlve
removal and recovery of sulfur dioxide from effluent

gases.

SUMMARY OF THE INVENTION
30 Among the severallobjects of the present invention,
therefore, may be noted the provision of an improved
process for selectively removing and recovering sulfur
dioxide from a sulfur dioxide-containing source gas; the
provision of such a process which can be implemented with
35 relatively low capital and operating costs; the provision
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bei ng greater than about 1.1; and 25 recycling said | ean solvent to said
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present invention, there is provided-a process for selectively renoving and
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15 ' Briefly, therefore, the present invention is
directed to a process for selectively removing and
recovering sulfur dioxide from a sulfur dioxide-
containing source gas. The process cbmprises contacting
a process feed gas stream comprising the source gas with

20 a liquid solvent for selective absorption of sulfur
dioxide in a sulfur dioxide absorber. The sulfur dioxide
is thereby transferred from the process feed gas stream
to the solvent to produce an exhaust gas from which
sulfur dioxide has been substantially removed and a

25 sulfur dioxide-rich solvent. 1In accordance with one
embodiment of the present invention, the liquid solvent
comprises at least one substantially water immiscible
organic phosphonate diester of the formula
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30 wherein R!, R? and R’ are independently aryl or C, to C,
alkyl. The organic phosphonate diester has a vapor
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sul fur dioxide e aaied i) IHMEfuéft@ bonded to the phosphorous atom
and the organic radicals of the ester functionality being
independently aryl or C, to C, alkyl. The absorbed sulfur
20 dioxide is thereafter stripped from the rich solvent in a
sulfur dioxide stripper'by contacting the rich solvent
with a non-condensable, oxygen-cohtaining stripping gas
in the sulfur dioxide stripper to produce the sulfur
dioxide-enriched stripper gas and the_lean solvent which
25 is recycled to the sﬁlfur dioxide absorber.

The present invention is further directed to a
process for producing sulfuric acid from a source gas
containing sulfur dioxide. The process comprises
contacting a process feed gas stream comprising the

30 source gas with a liquid solvent comprising dibutyl butyl
phoéphonate for selective absorption of sulfur dioxide in
a sulfur dioxide absorber. The sulfur dioxide is thereby
transferred from the process feed gas stream to the
phosphonate solvent to produce an exhaust gas from which

35 sulfur dioxide has been substantially removed and a
sulfur dioxide-rich solvent. Sulfur dioxide is



.20 sul fur dioxide stripper to produce a | ean solvent, and a sul fur
di oxi de-enriched stripper gas; treating said |ean solvent to

cont ani nanMO P8Pt acting a quantity of said | ean sol vent V\APE% 54}83
aqueous wash to produce a two-phase |iquid m xture conprising an aqueous
phase containing contam nants renoved from said | ean sol vent and an -organic
phase conprising |ean solvent having a rgduced contam nant concentration
and separating said organic phase fromsaid 30 aqueous phase; and

recycl i ng sai ctlosgeat cephaseippegr ifsbmg theagrish wolivert Sidi h SU¥flir di oxi de

absorber for f S s f I e from.,sa
source gas. éﬁfé,tlf&e %’Fféb%‘{ﬁeeg era %cg)b%eg?sﬁfg#r t“'ﬂl qb‘r‘gese?ﬂ t|on
t herefore, nayStkiélPMEdgaﬁeapdoal sean splyentnficov e qyadeedo ftme sulfur
sel ectively reiyt{e aaﬂsafsgitefwgfwu.@& & %&%JJ YB

di oxi de-cant ai nin source as; rovi sion of such a pro ss mhlch can be
i npl ement & wiSH: diexi ?V§F9‘“I siec RPeessaf@esh@af i ndire e¥eyrgenhe
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20 Other objects and features will be in part apparent
and in part pointed out hereinafter.

Brief Description of the Drawings _ _ o

Figs. 1 and 2 are graphical representations of the
absorption of sulfur dioxide by dibutyl butyl phosphonate

25 at 25° and 100° C, respectively, showing grams of sulfur

dioxide absorbed per liter of dibutyl butyl phosphonate
at varying partial pressures of sulfur dioxide.

Fig. 3 is a schematic flow sheet illustrating one
embodiment of the process of the invention. '

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the process of the present invention, a sulfur
dioxide-containing source gas is subjected to a sulfur
dioxide absorption/desorption cycle to remove and recover
sulfur dioxide in the form of a sulfur dioxide-enriched



to the solvent to produce an exhaust gas from which sul fur di oxide has been
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diester of the fornmula [err] 30 wherein Rerr], Rerr] and Rerr] are
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20 subsequently recycled to the sulfur dioxide absorber for
further selective absorption of sulfur dioxide from the
source gas. _ o
In general, the liquid solvent used in the practice
of the present invention comprises certain organic
- 25 phosphorous compounds, more specifically, phosphate
triesters, phosphonate diesters, phosphinate monoesters
and mixtures thereof. Preferably, the substituents
bonded to the phosphorous atom as well as the organic
radicals of the ester functionality are independently
30 aryl or C, to G, alkyl. Examples of suitable phosphate
triesters include: tributyl phosphaté, tripentyl
phosphate, trihexyl phosphate and triphenyl phosphate.
Examples of suitable phosphinate monoesters include:
butyl dibutyl phosphinate, pentyl dipentyl phosphinate,
35 hexyl dihexyl phosphinate and phenyl diphenyl
phosphinate.



transferred fromthe process feed gas streamto the ,phosphonate solvent to
produce an exhaust gas from which 35 sul fur di oxi de has be?ern,9Wh‘

subst ant i 2WiD\98/08Tddved and a sul fur dioxide-rich solvent. Sulfur SIOXI eis
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thereafter stripped fromthe rich solvent in a sulfur dioxide stripper to
produce a sul fur dioxide-enriched strippgr gas and a | ean sol vent for
recycle to the sul fur dioxide absorber for further selective absorption of

5 sul fur dioxide i cieddeddneeenstheadmede prdfedred —mbcdiidnt HE
converter feeg as stre n1coq¥r'sing &Be 3L2@$§§r ggs is introduced into a
catal ytic con A9V o P ohCBr S0P Ot S8 VER Y fOMRT 18888t e t o
produce a condemsitororgasswesipansiajlyuivatert dmmiistdblBherfaniconver si on
gas is therea gﬂgﬁ s \\d SHkf UELC o 4f,or absorption of sul fur
trioxide therk?"(raos I'n %%ﬁ‘ﬁ%%;?ﬂ gti Eééagg’gjrm%&? to produce sulfuric acid
and/ or oleum and a sul fur trioxide absorber depleted gas streamwhich exits
the sul fur trioxide absorber. The sul fur (di oxi de- 15 cont ai ni ng source
gas fed to the sul fur dioxide absorber cohprises the sulfur trioxide
absor ber depl eted gas stream such thdt"SyITlUr dioxide is recovered from the
depl eted gas for ultimate conversion to sw.furic acid and/or oleum 20
Ot her objécts and features will be in part apparent and in part pointed out
hereinafter. Brief Description of the Drawings Figs. 1 and 2 are graphi cal
representations of the absorption of sulfur dioxide by dibutyl butyl
phosphonat e 25 at 25 and_100 C, _respectively, showi ng grams of sulfur
di oxi de absor b&@xesim Ry eR*oandi Bltgrepindeprsndephdyaayyat oralyi hg Garti al
pressures of hipar  diroxipee I g3 tSqa i 0 e i :at i ng
one enbodi ms*nt%l qc')‘yit'hgh érggeggﬁog t%ziﬁ%V2§§?§E§33§uEhD‘é’g%gl S%JIeO\I #HF%IE
PREFERRED EVBEHOSRIONGLe (et @EcBasop VAPOS: Syessune dessorhan ahquk
di oxi de- cont ahhipg fOWSE @agndStEEbEeguBd 1@ yA oFUatlerdiioXitde organic
absorpLT QO e A | 81 L L2MPXC1 208 LRAY Shodlt 18 WEiPH peditdal®

at 25° C.

A solvent comprising at least one organic

phosphonate diester as defined above is more preferred in
the practice of the present invention because such a '

15 solvent possesses a combination of characteristics which
renders it particularly useful in a sulfur dioxide
absorption/desérption process, including: increased
sulfur dioxide solubility, especially at low partial
pressures of sulfur dioxide in the source gas; high heats

20 of solution which reduces the amount of energy required
for stripping sulfur dioxide from the rich solvent; low
melting points so that the solvent will remain a liquid
over a wide range of process temperatures; low viscosity
which allows the size of both thermal and _ |

25 absorption/stripping equipment to be reduced; low vapor
pressure which reduces solvent losses; decreased tendency
to react with water and undergo hydtolysis; and being
substantially water immiscible (i.e., non-hygroscopic)
such that the solubility of water in the solvent is

30 decreased.
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(i.e., a gaswazgwomg,an i ncreased sulfur dioxide content rel ati PETMUSIVIIS3

source gas). The sul fur dioxide absorption/desorption process of the

present invention is characterized by contacting the sul fur

di oxi de-containing 5 source gas with a liguid solvent conprising certain

or gani ¢ phosphorous conmpounds in a sul fur d oxi de absorber. The organic
fromthe source gas,

hosphor ous sol vent s C I S sul fur dioxid
Fhergby transferring ?ﬁ%f £at i é)l?l g: %orﬁ’f%%ms%@%%sﬁggn?ﬁet Adesserss areent
and produci ng arﬁ‘é’?ﬁ'&%EFJ@&%Yf waihexhiimnisd fhie dl@xpaletﬁaalheéy |
substantial |y rej@y#stag8oass¥hf %'hed'ﬁﬂc?c?l%é %ESPAAI ®Bles fl? 'Ve”t
| ur

exiting the absqpber is_ stripped of Sulfur oxlI de a su
stripper to vyiel %%ecgﬁFFGFeHFﬁﬁllﬁemwm QBSOJ-%@M p\pb&cgadoesdnatl ean

sol vent. Preef eraﬁk&drbtéﬁcéb@lﬂvéohﬁ@ﬁtnt@“dﬂ Réadde £PSRTPRE bglﬂﬁ" pped -of

sul fur di oxi de con acti ng rich solvent wwth a non- condensab
oxygen- cont ai ni r%l T)p‘lzﬂﬁ 3&5"'(‘ FOUrsS§ 935, tﬁ@‘%lﬂ?‘i@rﬁiibﬂnd@fsﬂﬁirgper

Tge I gan fsoI vfentamcmxiﬂs ofuwatgredn y:}reeta&{cﬁhﬁ ]Qié fuhﬁﬁilgéﬁ}:éloég.ﬁée

absorber for fur v [Pt on .o s ur oxide from the source

gas. In general ﬁ{§§e??ﬁgggfsg?§g%ﬁt ;&;% ;%?Qﬁ%ft?h eﬁ?§§§ﬁt

i nvention conpHﬁﬂiﬁ%%r@h@ﬁldcganﬂubﬁa1typhasmhnnnn$lmEM@oumngynﬁnd

speci fical hyy PRogPNEAE 1hpEEL £6S hiQ

nonoest ers and m Xt ures t%%rgo§5 S?E? raQ%PQﬁﬁamaéﬁﬁéﬁ % E&%s g%ﬁdto t he

phosphor ous at ofaELRere %%P@ﬁétﬁrgémf@%mh&allem sdilkvesst eandluna;u beadity

are i ndependent Iy %acceééwe%oﬁ-s&&bnt o £Cete b :%é‘é%] t ﬁﬁ;ﬂ? : | |
ate I pent y

sui tabl e phosphate trjesters include: i butyl "phosp
phosphate, trihexyl 6ﬁ8¥wﬁg?% 9 dSPFFB%@ﬁyPﬁ&%&ﬁﬂuﬂh9s esdbeseersabl e
phosphi nat e nnn@mﬁ(u52|imluhe pbabyhcélb&txhepbgﬂﬂédEﬂfhvéﬁﬁﬁdﬁ fheeasy!
Bﬂgzpﬂ:ggte 35dwé%§?i) é&% hBQSEB Q%Eedgggn% eﬂ% rhosphonate,
PCT/U897(14283_@Mhexxkxheky&ephpsphanaueeapdeﬂ&phyﬁymﬂphhﬂyin of the
\F/)v;t(:a:(ranf n;nms/gln:): 0! Aét?é“ d ﬁpéfggébignpEhge%r%[anll%aspthosp osrlljc‘:\bl:set a{]stl ally
dial yl alkyl phosphonate and R!, R? and R® are '
independently C, to C4 alkyl. 'More preferably, in order
20 to simplify preparation and reduce the manufacturing
costs of the phosphonate solvent, R?, R? and R? are
identical and each contain more than three carbon atoms.
In accordance with an especially preferred embodiment of
the present invention, the liquid solvent comprises
25 dibutyl butyl phosphonate. Dibutyl butyl phosphonate is
a neutral diester of phosphonic acid and is clear, |
colorless liquid with a relatively low viscosity and véry
‘mild odor. Dibutyl butyl phosphonate has a molecular
weight of 250.3 and a vapor pressure of about 0.1 Pa at
30 25° C. The solubility of water in dibutyl butyl
phosphonate is about 5.5 weight percent at 25° C. Figs.
1 and 2 are graphical representations of the. absorption
of sulfur dioxide by dibutyl butyl phosphonate at 25° and
100° C, respectively, showing grams of sulfur dioxigde
35 absorbed per liter of dibutyl butyl phosphonate .at

varying partial pressures of sulfur dioxide.



phosphonat e diester of the fornmula [err] 5 wherein R,err], R err] and

Rl err] are independently aryl or CJerr] to (JQerr] alkyl, Rer and
Rl err] bej WO9BOEHBed such that the organi c phosphonate di estiedrmﬁggﬁgﬁ\?apor

pressure | ess than about 1 Pa at 25[err] C and the solubility of water in
the organic 10 phosphonate diester is |ess than about 10 wei ght percent
at 25[err] C A solvent conprising at | ed8t one organi ¢ phosphonate diester

as defined above is re preferred.in the practice of { resent invention
because such a 15 g;gg\IeE?t 15 & fshamatie %‘&t‘?%?ne"oflﬁﬁ‘égﬁE?EFPSt 1253
whi ch renders embeditent| aifl thesefptocess ofll the piezéde invention for

b tion/d ' | o [ Qs d f di oxi.d

Corubi 110y, coperrartyeay Fibeyily Aid diecoldEMY adk kil athRine Froma
source gas; highlfent digridegiconsiakning #owrce ed@@es t he anount of energy
requi red for strippangrovelsy fleKigls fét%&_érﬁ'?h@ i-&@mﬁ@i&fﬁ%;thewsﬁ‘if%kng

points so that .the ,solvent will renmain a liqujd over a w range o

process t enper3ieride-rORLFHINING SPUFFR 938 | bhsiRbECdpsedoinkgt o EHALNE

and 25  absor@iorige! abppriercqui Aiidfe (Dt Dbs r eSHELSEed ONLYAPRN BEEERYLE
whi ch reduces sol vent | osses;, decrease tenqaggy to react with ggger and

under go hydr ol DRPEPNRGUS. BN VERs 3F11FeFFY A ReH FPPYRt scTBEeSEY

non- hygr oscopi @é}logiidk - that atimg repladuitce ygas may cbe i detbeedofremt ai s 30
decr ease 9713 . . ' .

PCT! Uso /1283 5E TRE Y BF; SOREC s iing rhe Five 228 dsperacesin
substantial | y Waeerombmistdionl @f syphfureus akugladvaasegesust Fhuehsspfaom ce
of the presentpbpyenthale iHY SENABEIEE ] Xhé QﬁﬁYﬁé’Pﬁﬁ:ﬁSBkvsnbl‘A’{]bCh does

not 5 absorb excessive anount's of water fromthe su
di oxi de- cont ai P ABtseHr EdegAitl fe Wpride Rbsprber gof aaveentast water in

the sol vent iSsQEE{zEE[EnTa@id_Sigl%ﬂli e YEALELISRNESNEuL PulkNgi 85BNt thends
to decrease the sul fur dioxide lubility, requires re.,energy and 10
capital itput ?BUEGSpSPétéﬁﬁﬁf%ﬁiﬁkﬁﬂﬁF +E§a%%5?%%dggﬁ¥é$etowééﬁ§rate it
fromthe | ean eapuent oxydemny risarbden emd ssther chrepss0on A hbeefdr ocess
equi pment.  Exagpl63ogka1sH b G U O APARPION A § FLEB1ENTarly suited
for the recovery of sulfur dioxide from effluents
relatively weak in sulfur dioxide content. Thus, in
20 accordance with a preferred embodiment of the present
invention, the source gas contains from about 0.1 to
about 5 volume percenﬁ sulfur dioxide.
Typically, the source gas is at an elevated
temperature and may contain entrained particulate
25 impurities. In such instances, as shown in Fig. 3, the
process feed gas stream may be conditioned prior to being
introduced into absorber 11 by cleaning the gas to remove
particulates and cooling the gas to maintain the desired
temperature in the absorber. Depending upon the
30 temperature and composition of the sulfur dioxide-
containing source gas, process feed gas stream 10 may be
suitably conditioned by a variety of conventional
practices well-known to those skilled in the art. For
example, the process feed gas stream may first be passed
35 through a waste heat boiler where the gas is cooled by

generation of high pressure steam before being passed



for use in the practlce of the present invention include 15 dlbut¥I butyI
phosphonat 3?3 pentyl phosphonate, dihexyl hexyl phospmﬁT

di phenyl hR osphonate Preferably, the organi c phosphonate is a

di al kyl aIkyI phosphonate and Rlerr], R err] and R err] are independently
Cerr] to (Jerr] alkyl. Mre preferably, in order 20 to sinmplify
preparation and reduce the manufacturing cd3ts of the phosphonate sol vent,
Rlerr], Rerr] and Rerr] _are identical and each contain nore than three
carbon atons. | nFageerBARdeYWEhFORghe $hdBIdIEyingckPUETe ARSI OREN OO MANR

present inventi oimdikecti Heht eHAHAHGHWPVEEEe 2Bhe hBUti)é| foteHer
phosphonate Di but but yl phos onatghi neut r al est er, of- phosphonic
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respectively, show n sul fur abso per liter o

di butyl butyl pH%%bﬂoh&t@oﬁﬁavéPyEQYHﬁﬁiqhﬁmFﬁ!%%ﬁmés &RCsu| Badngi denvds,

WO 98/ 09713 Missouri 63178-4547 under the trad&fdtkSIDYRARAYENQ Fig. 3
sheet .i | Lustratin nent of the the
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oy esent okt | HEEST SONALERFBIP S e BFRSRPS S ACH08, PhEoat R0, Smtant
froma iglfur d!ﬂqtdeabsorbenlngdﬂﬂu 2 P igRslly saturatédpwiehs wateed g :
stream conprisin ur__dioxi de-co n IS i ouce
into a sul fu?pdi%‘?(i 3‘3881‘3&?’”?1%@} é"‘l??q‘rai@%)ne%c% gn gﬂ%aﬁ: orgé’
phosphor ous solvemtshsuudsb3|badeﬁsﬂuad'ﬂhaEndmuthdlpxadE1cenbﬁ|mMmg
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sul T drous

gas generat ed i e CO usti on Of' seous e uents from
netal roastithg obeeredeasd LREC ﬁaswhﬁmrllofm%y @%u%ubﬁ‘éﬂt‘ltélaltlbfe sul fur

trioxide absor befnRfasoa8Nt 86k & inFﬂ'é? 3fHeh Dili’é‘tsoﬁfcédghb' 98 kpesul fur
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invention is pafgmrﬂﬁﬁibyaematpdahmn the recovery of sulfur dioxide from

effluents Sulfur dioxide absorber 11 comprises a vertical

20 tower 12 containing means for promoting mass transfer
between the gas and liquid phases which may comprise a
bed of random packlngs 13 such as saddles or rlngs
Preferably, in order to maximize transfer of sulfur
dioxide, the process feed gas stream 10 is contacted

25 countercurrently with the lean solvent in absorber 11.
As shown in Fig. 3, process feed gas stream 10 is
introduced through an inlet near the bottom of tower 12
and a lean liquid solvent stream 14 is introduced through
a ligquid inlet near the top of the tower and distributed

30 over packing 13. A sulfur dioxide-rich solvent stream 16
is withdrawn from a liquid outlet near the bottom of
tower 12 and an exhaust gas stream 18 substantially free
of sulfur dioxide is removed from an outlet near the top
of the tower. Although a conventional, randomly packed

35 tower may be employed as absorber 11, those skilled in
the art will appreciate that other configurations may be



relatively weak in sul fur dioxide content. Thus, in.20 :accordance with a
preferred enbodi nent of the present invention, the source gagigesbaisms from
about 0. 1w@®egWsdld 5 vol une percent sul fur dioxide. Typically, the source
gas is at an elevated tenperature and nay contain entrained particul ate 25

i mpurities. In such’'instances, as shown in Fig. 3, the process feed gas
stream nmay be conditioned prior to being%%ntroduced I nto absorber 11 by

cl eaning the gas to renove particul ates d cooling the gas to maintain the

desi red tenper r ber lprEHﬁ! Lature
and conp05|t|8%3%§§?%g éﬂ§}89§§|oxf‘e- contal ni ng sou?@%%gag éﬁgggégs feed
gas stream 10 styupeuredi packivgnon icomnrige @ rdytyowdr coimeetitbral of

practices wel Imkﬂe&mtﬁa %beéssgkbuz@sxdéﬁ gr¥E&Fdbly FPlopxanpl e, the process
feed gas stream Irs assed 35 t hr ough a wast e heat boiler where

the gas is codF@ﬂ“%?rﬁﬁﬁE?HFF n of high pressure steam before being passed
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remai ni ng partfoohatiéenSof ar separated watwe tﬁtﬁa@@plvﬂﬁh@awoumt ¢hegeasel v,

the process f g b I.ane SS hr ough
one or nore r:@grsggjrg§5§§{rpu eres%fcqr[%a]t]g}pe%%él%&o ?ﬁg’séa'ﬁ?lagEﬁO ro- Chem
Systens, |nc.,cSaphicabei $atersgemovadl oS-t absribed hsulfadedapikide
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I nto absorber 11_i1s typlcally sat ur at ed wat er vapor t emper at ur e
from about 10[®F4¢¥tBOaBY¥ALASGPELERSE rwaFQr§ﬁ%@?Hvb%h%nderstood
that in the pr@&ﬁpéﬁa@ﬁréh@fpth%eﬁtrgaﬂﬁ.@t K p RO %@weﬁeeﬂnaeéd&b&aam
- 10 15 I ntroduced | bso ber ma bstantlal drous, for
exanpl e, when ’c'l‘ut'eosﬁﬁ?cé g% F§ llﬁepg;f%/ 3fr"ﬂ?ﬁ‘f?1et§% &%‘F PPLB%i de

absorber of a tc@mpaﬁat&nbf Ofi processp|fadd g%&fsur@hrwnmie absorber 11
PR e Ly vertic ségﬁkwl% %tz%ﬁ'é‘g Eoi 240901 {,8 s
an

transfer ‘between th |qU| ases mh y conprisé a bed of
randon1pack|ngstneasuéﬁ agdspaeps§soﬁaﬁdugas Stream 10 necessary to

achieve substantial transfer of sulfur dioxide from the
source gas to the organic phosphorous solvent in absorber
11 may be determined by conventional design practice.
20 Preferably, the sulfur dioxide absorber is designed and
. operated such that the sulfur dioxide content of exhaust
gas stream 18 exiting the absorber is less than about 500
ppmv, more preferably less than about 200 ppmv. This
trace amount of sulfur dioxide along with carbon dioxide,
25 oxygen, nitrogen and other iner#s and most of the water
vapor contained in the process feed gas stream are
eliminated from the system as part of the exhaust gas
stream vented from the top of the absorber. If necessary
to achieve satisfactory emission standards, exhaust gas
30 stream 18 may be passed through a mist eliminator 19 for
recovery of entrained liquid before being discharged
.through a stack.
The sulfur ledee rich solvent is transferred to a
sulfur dioxide stripper 20 where sulfur dioxide is
35 stripped from the rich solvent, producing lean solvent
and a sulfur dioxide-enriched stripper gas having



Preferably, in order to maximze transfer of sulfur d|0X|de tEf ‘ﬁ?§
feed gas s ‘ﬁ%’ks f31s contacted 25 countercurrently with th ean sol vent
i n absor ber shown in Fig. 3, process feed gas stream 10 is

i ntroduced through an inlet near the bottomof tower 12 and a lean |iquid
solvent stream 14 is introduced through a I|qU|d inlet near the top of the
tower and distributed 30 over packlng 1313 A sul fur dioxide-rich sol vent
stream 16 is withdfa ] t et _near the bottam.of tower 12 and
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stripper gas. When the enriched stripper gas is fed to a

contact sulfuric acid plant, the ratio of the

20 concentration of sulfur dioxide in the stripper gas to
the concentration of sulfur dioxide in the source gas is
preferably at least about 2.

Various methods for stripping absorbed sulfur

dioxide from the rich solvent may be employed. 1In the

25 embodiment illustrated in Fig. 3, sulfur dioxide is
stripped by contacting the rich solvent with a non-
condensable, oxygen-contéining stripping gas in stripper
20 such that sulfur dioxide is transferred from the rich
solvent to the stripping gas to produce the sulfur

30 dioxide-enriched striéper gas and regenerated lean
solvent. Preferably, the non-condensable, oxygen-
containing stripping gas introduced into stripper 20
comprises air. In fact, one of the advantages provided
by the solvents comprising organic phosphorous compounds

35 used in the present invention, especially solvents
comprising phosphonate diesters, is their inherent flame



elimnated fromthe systemas part of the exhaust gas streamvented from
the top of the absorber. If necessary to achieve satisfactor \pcqRio9i195%3

st andar ds, WEX9R09313 gas 30 stream 18 nay be passed through a m st
elimnator 19 for recovery of entrained |iquid before being discharged

t hrough a stack. The sul fur dioxide-rich solvent is transferred to a sulfur
di oxi de stripper 20 where sul fur dioxide i4s. 35 stripped fromthe rich

sol vent, producing | ean solvent and a sullf ur di oxi de-enriched stripper gas
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ratio of the . __goncentratio sul fur. dioxide in,the stripper gas tp

t he concentr at g&ﬁ“&?ﬁiﬁﬁﬁs di (r}k]rqﬁ% #‘Iﬁs?ﬁge§o§fl(!e_s§§§ﬂp§rpr2& erdpfiewR 1n

| east about 2. Figr.i Guasmetdrfisgumed sini phenfoahs efbed padifad whwea de from
the rich solve ly | > i I lJustraged in
Fig. 3, sul furggpg%iégﬁ{rgs)tﬁ%g%% 3£2§ﬂ§§8PF§SQt%g‘§$Pé$A§%ﬁ%nﬁw th a
non- condensabP&efexpddiy cam ardery sornppimgzgasriamsdieni mferswWEwuch t hat
sul fur di gxi ded‘i%:éig?@ﬁfr.gfé 60 I AR i Pent i €8 28L& t%zrétﬂpi-é}gcdﬂ)?s to

produce the sul fur ox1 de-enri ched stri pper %as and regenerate ean
sol vent. Pref eMibly the SHGRRING FREDER, SbXEPSr 20. Thus, as shown in

Fig. 3, a non-condensable, oxygen-containing stripping
gas stream 23 is introduced through an inlet near the
~ bottom of tower'21 and rich solvent stream 16 is _

20 introduced through a ligquid inlet above the bed of
packing 22 and distributed over the packing material.
Lean solvent stream 14 is withdrawn from a liguid outlet
near the bottom of tower 21 and a suifur dioxide-enriched
stripper gas stream 26 is removed from an outlet near the

25 top of the tower. Lean solvent stream 14 removed from
the bottom of stripper 20 is recycled to the liquid inlet
near the top of sulfur dioxide absorber 11 and serves as
the solvent for further absorption of sulfur dioxide from
process feed gas stream 10. ‘Although a conventional

30 packed tower may be employed, those.skilled in the art
will appreciate that the.stripper, like the absorber, may
have other suitable configurations, including'a tower
containing structured packing or a tray tower.

The mass flow rate ratio (L/G) of rich solvent

35 stream 16 and non-condensable, oxygen-containing

stripping gas stream 23 necessary to achieve substantial



containing stripping-gas i,ntroduced into stripper 20 conprises air. In
fact, one ofwobseedyant ages provi ded by the sol vents conpri si n§CEUSAHI4283
phosphor ous conpounds 35 used in the present invention, especially

sol vents conprising phosphonate diesters, is their inherent flame WO
98/ 09713 PCT/ US97/ 14283 14 retarding
capability and resistance to oxidation. THus, unlike some organic solvents
used in conventional_sul fur dioxi de absorption/desorption cycles (e.qg.,
tetraet hyl ene fsAnsifen rf splévgedioxide Sremithesgidntaolventzee thes
the present ineeitidhedadtbippeedghy StieRRt®eofirs WHripsepXbdemdy B an
oxygen- cont ai ni strﬂﬁﬁéqg¥gas sucg.%F I ry Wit h mni risknoffsolgint
degr adat i on or%%hﬁ%ﬂﬁ 1 By COPUPRLEORR, AeSIE™, RRATTISE - t oREPESTablY,
containing 10 essemtsidlbly pabhoiing.sast leassf ebdigt vierpéheenn} afidthe
i quid phages. JJ 1 : LWRRE R 2@ 1S | 1.0. '
confi guredgi n t%'#él gﬁyg&%a%ﬁgggég\%gr l@o(r%tﬂzﬁ rﬁﬁ%%@f%@, c'gﬁg%nt i onal
random packi ng Px2femraliky abdy, leastr abouto 9apiencantt,r aksferansfeyredr tos

di oxi de, the rig s@ ﬁgt_ge,j.sgg ntacted countercurrently with the stripping
gas in stripper 20. Thus, as shown in Fig. 3, a non-condensabl e,

oxygen- cont ai ni ng st PFrEiRReY sBREaFEFSAMs 26 PHdidit &g okeR af i nl et
near the bottomcafigpeer2@ligngassed ol wanbveErdd Yorderfer 28t Aaduged
t hrough a_Liquid_inlet ovie the bed_ of Qackin .Zzéaﬁg i,stributed over the
packi ng maPer i RO |%¥ﬁt“§??£a¥?§2 ifqﬂqﬁﬁﬂﬁ Oy aSFthPﬂrogFPet
near the bottomsofcdmdensé&l laydtzassfeur ofi eiade tenrdadkeihgtwapeer gZhis
stream 26 is r Ve 0 e e t he. . Lean
sol vent stream rperrgng\/r'(e)éoln r%myﬁ%egﬁg'ggé%te%f ogrﬁhﬁpgs&%“il sgjt’éé’g)x/\@%éd to the
liquid inlet nearidied ggtoipperfgasdase theabsoramaferrehksel vguidégalse
solvent for fu ' sulf QX i f r _

e AUPILOR 80 . SURS Woodle@X %lfr\ﬁrnéi&gfé%n%ﬁgsgg,@at hose

stream 10. Al though a conventional 30 packed tower nﬁg e )
skilled i A5t he S5ALRRSY IPHreeran® Shapxité sepaTador |I3kante abigrpdr

nmay have gt her ksﬁtliiéﬁbhez Cé&}ﬁﬂaﬂﬁé@h'go_?_ﬁxe bwﬁeﬁs’a&ea itsa\a%fme%ai aGhagf eh
structured packing of a tray tower. The mass f.low rate ratio of ric
sol vent 35 sﬁ#&ﬁﬁéﬁ?%ﬁuﬁﬁkﬁ-%ﬁﬁdgﬁgﬁﬁl5?95H%kﬁ#§ THERSY éér%ﬁﬁFna gas
stream 23 necessmond bethEvipackbagamaiterial 33. Solvent that may have

©  been vaporized in the stripper may also be condensed in

20 the overhead condenser and form part of. the condensate
refluxed to the stripper. However, in order to avoid
formation of two liquid phases in separator 30, it is
preferred to operate condenser 28 such that the
condensate refluxed to stripper 20 consists essentially

25 of water vapor condensed from the stripper gas.

Although in the embodiment illustrated in Fig. 3,
the rich solvent is contacted with a non-condensable,
oxygen-containing stripping gas in stripper 20 to recover
sulfur dioxide absorbed in the rich solvent, other

30 stripper configurations may be used. For example, steam
distillation, i.e., contacting the rich solvent with live
steam introduced into the bottom of the stripping column,
may be employed in lieu of the non-condensable, oxygen-
containing stripping gas. Regardless of how the sulfur

35 dioxide stfipping/solvent regeneration step is conducted,

the sulfur dioxide is preferably stripped from the rich
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transfer of sul fyg dioxide fromthe rich solvent to the enri Giagussh/isizaer
gas st r eanVSOH4Y ri pper 20 may be determ ned by conventional design
practice. Preferably, essentially all (i.e., at |east about 90 percent) of
the 5 sul fur dioxide contained in the rich solvent, nore preferably, at

| east about 95 percent, is transferred tosghe stripper gas. The stripper
gas stream 26 exiting the top of stripper 20 is passed to an over head

condenser 28 angoavéfit umred bt-d Qibrﬁ-frféd@c.’%m%eéoﬂdﬂﬁioﬁlﬁﬂt amﬂﬂé}:&c&hﬁ, the
stripper gas is nden transfer.o eat.to_cqoling water. This
condensate and ?ﬁgrggnéﬁﬁ&é%%&eﬁ b i Fhr ﬁP%kPEealgﬁF hed stripper gas
are then transfabsectptdoni/geistrptsi g gsrocepar afothd0prasent dhverit fon
di oxi de-enri che réSmodgg&ipper gas stream 31 exits separator 30 and a
liquid stream 32 conprising the condensate is refluxed and introduced into
the upper s®ction of Ist orgesr tzp enkance sabsaupbdonobipsulifvy rdiaids B3
Sol vent that maynhBang1Resk ,VaMYdAsE it g ﬁ&%f?ﬁﬁbl?ég@r%%e@ gensed
0 e conden

in 20 t he overhead condenser and form part sate refluxed to

the stripper. HBYEY¥8EE teMPeFAtUrse Rbi Hrewr aARPHEN18 tRo bt FGhdSes in
| sepgr ator 30, f : fnoirg prefferatdy &ﬁgﬁﬁra@@eondeneer aglﬁlu&ugigot fta]E t1e oxrder
condensate refl uxed to stripper 20. consists.essenti al, of wmater vapor
condensed fronlgﬁep§FWF%§b§%%£fp PRT hsVﬁgPﬁeaéRE&& iy réh%%ﬂ h
Fig. 3, theOriclegohdattians cfortthetsol weht, ashebpperdeosdlsl greferably

oxygen- cont al ni BeShtelP 1Y A% YA 2L PRfibe PArhe! BFOHEonS Uildife HAX IS
absorbed in the Firch sol vent, other stripper configurations may be

used. For exanpbeutsi@fh @.smanetporferably fyamasbong ¢ tiglabmitvent
with live steamhgbr educaghd M fdier&Qt 6981-at i hiepskbisRReNd 1f YUEBYLARY; P

enployed in liey of the non-Condensabl e,” oxygen- ‘containing strippling gas.

|
Regar dl ess of hé® EXOTs AL £P tqi3Reuk 1PPi KBANEPSONES: r BRSRIUNE on

step i s copguct gdereasesitie dhicunitleof Ssul eher dhbyigde Wkt furnddBréneh

WO 98/09713 can absorb, but the absorption can ggé:%?:%ye 420%.\?% 1a6t

relatively low pressure thereby reducing equipment costs.

When air stripping is employed, the preferred operating
pressure'in stripper 20 is from about 20 to about 150 kPa
20 absolute. | '
Temperature control within absorber 11 and stripper
20 may be achieved by controlling the temperature of
various process streams fed to these apparatus.
Preferably, the temperature in stripper 20 is maintained
25 within the desired range by controlling only the
temperature of rich solvent stream 16 while air is
introduced at ambient temperature as the non-condensable,
oxygen-containing stripping gas. Again referring to Fig.
3, the sulfur dioxide-rich solvent stream 16 exiting
30 absorber 11 at a temperature from about 10° to about 50°
C is passed through a solvent heat interchanger 34 where
it is preheated by indirect transfer of heat from lean
solvent stream 14 being recycled from stripper 20 to the
sulfur dioxide absorber. If further heating is required
35 in order to achieve the desired temperature in the
stripper, preheated rich solvent leaving interchanger 34



sol vent under non-reduci ng conditions. Furthernore, the energy requirenents
of the sul f Wyodgeyfrde absorption/ desorption process of the pre®&HUSIT/14283

i nvention are nodest. 5 In order to enhance absorption of sul fur
dioxide in the solvent, absorber 11 is preferably operated at an average
tenperature of fromabout 10[err] to about 50[err] C, nore preferably from
about 30[err] to about 40[err] C In orde¥7to pronote desorption of sulfur
di oxi de and avoid thermal 1 radati o -t he solvent strip 20 is
preferably oper®¥dP8tPafsg ngg' gh'&e ee“%f heatsT aBBut aBG’{pé“rI]t her
about 120[err] lﬁaawdebpreﬁdﬁ.abb}z heat abaHarpé ewitht stahayt LEAerr] C.

Th f d ber .11 bout 50 to -about
150 kPa absol urdor PrabenPEEIR" 1%, sRiTidl Winiined 20 oL od! Fembarahilre
whi ch the sol vefntomaababtoBd? botabbmcﬂxaﬁ%nccmscamobedcanruaﬁerdhaﬁger
rel atively 4 ow ?{ E’%%Faﬁgféﬁb%fr ﬁ@g‘&' 19, U PR, £8f¢7ént“£§§e%‘ 16,0 i o

stripping is enplo erre operatlng pressure1n S
from about 20 texiHpbRg §BéfRPad29>¢1d&bs3&ﬂﬂ errehqaeramréum;memcqmumm

absorber 11 and;istfégReredOifAbpriaraely Qdéﬁ.dmﬂfa’:.ﬁoﬁ'ﬁé catsigelne tahl €
of various procgss streg Led tg t hese _a ar Pr ef er abl t he
tenperature in SBriBperPsBTPEr pul R S ?Yﬂ?ﬂthEtGEE%Péﬂeﬁhﬁﬁ%‘ﬁVY

control ling onlyetpessedpehabugh sblvetit okt 3$r£ﬁd1£ﬁrwhbbec@dldd;by

i nt roduce t anbi ent gg aturg as thet on- candensabl e ¥g§n C taln ng
stri pping Hheret 8FRFng*FB2R8F W3, ?%rtﬂV8§|H§ fch
.stream 16 eX|t|sqﬂ€EMt abserbhangéra84anadqnasuthe émenggbdahahﬂhemﬁ t()

about 50[err] oygh S Yﬁi% [ n %Q@F
i s preheated bsééﬁvlrecﬁg??g%sggrao %g% ﬁ?}eéﬁéé%ﬁgg ?SEFrea elng
recycl ed from stnippkyerd e€eolas 38I-fur di oxi de absorber. If further

heating is required §§r1n§ntﬁédébuE§ean‘ES%&&E%fE@'égQr&EHBﬁra&%d%#éhf$e
stri pper, eheated ri.ch Sol vent gﬁbng i nt er changer

PCT/ US97/ 1283 331t yane BHECRY BRLEFyMY SSISHM1AeRt+R Bhe 8rd venmt: her
heat ed by i ndi repiciiEate@xbbtRgenabloibami il exid st ¥Eppe st BOAM fheXi ting

o0l 60 1n 1 nt erHAGETCardn By PRFRRC AEF " iy 4% fﬁ@uﬁ%ﬁgéé $n sty dm
16 may be periodically or continuously removed from lean

solvent stream 14 between the stripper and the absorber

20 and directed to a solvent purification vessel 40. An
agueous wash stream 41, such as water or a mildly
alkaline aqueous solution (e.g., sodium bicarbonate
solution) is also introduced into the purification vessel
and contacted with the purge stream. The resulting two-

25 phase mixture may then be decanted to separate the
aqueous phase containing the inorganic salt contaminants
from the organic phase comprising regenerated lean
solvent having a reduced contaminant concentration. A
waste stream 42 comprising the aqueous waste is

30 discharged from the purification vessel, while a liquid
stream 43 comprising the purified organic phase is
returned to lean solvent stream 14 entering absorber 11.
The quantity of lean solvent treated in this fashion
should be sufficient to maintain the contaminant

3s concentration in the circulating solvent at a level low
enough to provide low process equipment corrosion rates



exiting sul fur dioxide absorber 11. If further cooling is.required in order
to maintain_the desired tenperature in the absorber, |ean solvent |eaving

i nterchange?w%as’??ﬁ? be passed through sol vent cool er 38 and f MU 7HA e
by 10 i ndirect heat exchange with cooling tower water. Use of solvent

I nt erchanger 34 reduces the energy demands of solvent heater 36 and reduces
the cooling water required in solvent co éer 38. During the course of
comerci al operation, inorganic 15 salTS and strong acids nay accumul ate

in the sol vent,,chrg r tgd 2 epn.this
occurs, a purgaeﬁggl?gg?nﬁgg,eggéﬁﬁrust &atétgﬁsle; =R %,éiﬁg’gf%% %}éﬁg\%&p‘&% y or
continuously rehbielenFym | dknsheonldhbesyndanatoedvieat the washppar odnd

the absorber Afhe Po8&ndsoRokad Maya beolowidlirdt Cani Mpyeeaebr40.  An
aqueous wash stream 41

such, as wat r a mldly al kaline agueous sol ution
(e.g., sodi um%?’é'é+‘5‘dﬂ"é?e%§8p&f’?0n) eqfsq?ﬂas’b _%#‘F%‘Uhc’éﬂ vagBedne
purificatis%n vessteinaodsEgpt acsad table tlhappid -gﬁ.@liéﬁgmagéesép&h‘htb&g t wo-
25 phase m y_t nt t o .separate the agueous as
cont aipni ng th)ég"l%nlgrggn?cgggf:? ?ng%t% m‘%‘g’?ﬁ crfcf%rW?%?’%rﬁ%ﬁ&ctﬁhﬁ?gara%e
conpri si ng reddteragudougawastieyvamd paxifiied rexyaric cpingses nant
concentration. A 4 £ 0 4 e LS
di scharged from tﬁ%ﬁr????gg'o%u\??%léﬁéé;e% i | qu#% %??%é%bisags
conpri si ng t heSHERAP 34 BX4RAPT FEREFILOYR AUy ke weed 5o PERPAZEr eam 14

ent eri ng :absordébemddtalhgulfart byy tie |QauS Presdss At ertRekhicsohiazhi on
shoul d be suffjcient .to nmai ng%h& qu cont am nant nceptration in the
o}

5 C
circul ating sor9erPraenge| sy h 1 o _‘EI’E‘“I%&/ Br beg8ddequi prrent
corrosion rat gsrodudd, 98F687&Xample, the sulfur dioxide-containing

PCT/ US97/ 14283 d t terjall.y c rom se. sul f di oxi de absorption
ef ficiency. I?&%ﬂ%%l gggemu d%Pﬁ(#(%set ﬁ:gﬁ)e,t%%s?/%%%i'%gho‘fe?ﬁegFB%EE’SFvent '
may be carri edim@inenatopapfhaoClems iplents dndhilen. sul furedhozdleent is
washed 535 conéﬁnyHéaystﬁgbe&ag,laes |deid A | 4 fuh 4l Ph@SPe SERREAT b gu&h as a

centrifugal contactor naﬁ be_used to separate the aqueous” waste an
purified orgamtRlPhaCEsthenLlays ddrcinigrakoxyi oxi de- enri ched stripper gas
stream 31 exiting sERpeeghativ@1ygy e dhickéh tin pfiePadmbd@imegtenent al sul fur
by the O aus piff&éérgge];lu&%h%‘rigqogl,eq:he stripper gas may be fed to a
contact sulfuric acid plant 44 such that the sulfur
20 dioxide contained in the stripper gas is ultimately
recovered as concentrated sulfuric acid and/or oleum.
The process of the present invention is particularly
useful in éltering the composition of a source gas
relatively weak in sulfur dioxide (e.g., about 0.1 to
25 about 5 percent by volume) and having an H,0/S0, molar
ratio greater than the molar ratio of H,0/S0O; in the
desired acid product so as to provide a sulfur dioxide-
enriched gas having a composition suitable for ultimate
conversion to concentrated sulfuric acid and/or oleum in
30 a contact sulfuric acid plant.

In plant 44, the stripper gas is introduced into a
catalytic converter as part of an oxygen-containing
converter feed gas stream. In the converter, the feed
gas mixture is passed over a suitable'catalyst {e.qg.,

35 vanadium or cesium-vanadium) for the oxidation of sulfur
~ dioxide to sulfur trioxide, thereby producing a



to condense sul fur di.oxide in the formof a liquid product. For exanple,
the sul fur dipaybgigp7ePnt ai ni ng source gas may conprise the gased®RCI/USTNI4L8K
fromthe incinerator of a Caus plant and the sul fur dioxide- 15 enri ched
stripper gas stream 31 nay be recycled to the inlet of the C aus
incinerator. Alternatively, as shown in the enbodinent illustrated in Fig.
3, the stripper gas may be fed to a contad® sulfuric acid plant 44 such

that the sulfur 20 dioxide contained in the stripper.%as is ultimtely
recovered as cofeBMersien Sasf GOMPLiS N Rpbius| EEhPxIHe -pr d8Ess of the

present i nvenlt i t@BnblérB@.thg!dlsarﬂsl)’fﬁl&&g _L&ozja%\a@téarﬁﬂeht betlfqmimts iatdiém i 2
source gas rel ati weak i.n sul fur .dioxide (e.qg. , abau : Q about-
5 percent by voFH¥§P¥aﬁaiﬁﬁﬁgﬁbQQ?QﬁQﬁF]?YEE%%??? ﬁBRgPrrgH¥8ﬁ$4%n§§°Whan
the nol ar ratiothe Bpakek@ion gad and tgwodiese r &dproddepr edueansdss to
provi de a syl fur _dioxide- enriched gas.havy C SLLI SUi,t r
ultimte co#vergPS‘er"g 15‘gnc?(?ﬁ'tcre§’t%é: s%c?f%ﬁ%‘gﬁ ?dggggl %Ir‘dzgéfu%’ﬁeg’%%‘gé)aa
contact sul furitaadi gagl stiream 48 aompising sulfppetrdoxide iahsaxherd
into a catal ytigﬁgggy_glat LgdS part of an oxygen-containing converter feed

gas stream In t converter, the feed gas mxture_ i s passed over a
suitabl e catal yst (eThe sydfur, giexifds cFteeRIth QhnkBeuRFTipPahgas

oxi dation of suktypath @4 @&it&n‘gﬂsféﬁaféwﬁiﬂ@,iéggféhﬁraba UGUFE i ient\O
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conver si onlBas EBnBrPYisE SudaF STHRgtR . oFnat bRIEFsPBRUGaS BETIRIF bY

contacted with guhfimel Gnaehe icorverddtirféed ogadesabaambetrodmoldsdyp sul fur
trioxide fromthe_ conversion_gas and o] e a.produ r 5

conpri sing conc@ﬁf‘f‘é’?eg‘ ulsﬁﬁp@e&i%&%nvg}u‘gl? %f‘guérgnga%%hggt a?ﬁ::} g;égls' st ream 48
conpri sing sul f aontriimiinge galssor rexieptlae cslulfiur dhoxddef gontiemt daf the

strength of the ' L4 sgpa. 38d hi T althey
U T gl ent 10 B UprETr e e e 8 e e DT TR by

volume in Lhe cHAatdor &f AEeFtFaLats Hrayexedepys i eMn§reNg s tthafer * gas

With air or ot hek@EF@eNofC Ml It 088e YBRVErENenSyhbULithe dorest et
of the converter. feed gas is

of inerts to suffgd @xilde %‘Efqoﬁf%hr%ug%igﬁéggenggdhIfgge%hyt Secianed ' ©
heat source, to bring the converter feed gas to a
temperature high enough to initiate a self-sustaining
20 conversion reaction in the catalytic.converter.
Advantageously, when air stripping of the rich
solvent is employed, the air used for stripping may
provide all or part of the oxygen required in the
~ converter feed gas. If all the oxygen is supplied by the
25 air used to strip the rich solvent, the sulfur dioxide-
enriched stripper gas should have a sulfur dioxide gas
strength of at least about 8 percent by volume,
preferably about 10 to about 15 percent by volume. If
the stripper gas is mixed with additional air or oxygen
30 in preparing the converter feed gas, a proportionately
higher sulfur dioxide gas strength-is required in the
stripper gas. For example, a sulfur dioxide-enriched
stripper gas having a gas strength of 20 to 95 percent by
volume may be mixed with air to prbduce a converter feed
35 gas containing the desired concentration of sulfur
dioxide. Regardless of the strength of the process feed



transfer of heat fromthe conversion gas to the converter.feed gas is
sufficient, without need for any extraneous heat source, . to

converter fv%%as’ﬁ%{@:’to a tenperature high enough to initiate ?é’ﬂﬁsﬁiﬁns
self-sustaining 20 conversion reaction in the catal ytic converter.

Advant ageously, when air stripping of the rich solvent is enployed, the air
used for stripping may provide all or rt of the oxygen required in the
converter feed gas. If all the oxygen i“s supplied by the 25 air used to

strip the ri \, € dipxide- enni ched, std.i shoul d
have a sul fuy%is ‘%Xt-_lzgé;é%a%?ﬁr?%%%ﬁgoéﬂgégﬁggs?. E’éb%u% "aﬁ)delfgcg{n?)gﬁéevol une,
preferably aeanicled ctpipRed BpervaKt bgyprodused aviing | ri pper-gas i s

m xed with agdiddeQialifl IsWIf9XYaE8x38e cbRtBhenamoie it UNEhstef £6d

gas, a proportlonaiglg'hl her sulfui di oxi de gas strength is required In

the stripper RFSV198fox ARpfetheregi s gpeypbirlle Ofn Ghen &PIRAFHRF1IGas |

havi ng asgas usiitengid dnt¥bl cofSaptdcanttbwarerutmlamede mxed with air

to produce a conv3{ter feed 35 gﬁs.gontainingékgﬁ desi red concenttation
et e

of sulfur dioxide MRMPAFRE RPL t FEn§URP Ao s OHYGRR 18\\p
98/ 09713 mixed with the sulfur dioxide striPped)Erom 4488 2Dchas stream

10 entering ?Rﬁ , u LoxLde- _e@ri ch tI] -ppy be
pr oduced havingqéggaﬁégéﬁﬁ?gfééu fgéggkggF egggn gﬁ?f‘%%ie Pﬁgﬁgaggquate to
provi de for a@asthabaut obe? dnedbasopft prygen,aprefsirally about adddcbeat r ol

of aci dygni t MR P afSFes AxYHeheVaerPRblie b istIFHIPIdRSide! Ofna@xygen
Is mxed with the sul fur dioxide stripped frgglthe,rlch sol vent to provide
a converter CORVeELET e 93 SPTPEASLNGhEHE SL¥iRRes IAS JBYhe

g_r ef _e(r]I abl yTﬁlaMed).ny tébrfl@a%tﬁbguwé. Qaﬁpmthgémnt&@;éﬂﬂﬁll?fnﬁﬂb; ur g

i oxi de. e converter feed gas conprising the str er s may be drie

by contacti ngj'ci‘rfg Yasd v@’f%”é%n'c%‘ﬁ?FSBEdo%?;Purl'r"(Frgd“gﬁiW gﬂb‘? ﬁ%ﬁ 18her
prior to'inttduucagvetteeyas Ahterhheigedysr when Alitrerimatisesd ytowsenipir is
used 101311 Buliuy S adl PXLACLAEORS ERC EAGRARS! VO oddlfeCODY CELER f oo
gas conpri sing e resulting stripper gas doés neéd to be drie rror to
bei ng i nt r od @& GeNRriHEng oklyer repullbangr gsrippego@aspidass freedi bRi be

eni ssions, high&Rnseidy ol beihg 2HtFoRLRRES iatd THARHWwOPELaL ed using
20 the dual absofptlon ProSeeSaeral SO0 id%ide QNEIIS%, nigh
capacity sulfuric acid plants are commonly operated using
20 the dual absorption process. Sulfur dioxide is converted
to sulfur trioxide in a catalytic converter containing a
plurality of catalyst beds, each containing a vanadium or
cesium-vanadium catalyst. Typically, the converter
contains four beds. In a double absorption plant, the
25 partially converted gas stream leaving the second or
third bed is passed through an intermediate absorber
{i.e, interpass absorber) for removal of sulfur trioxide
in the form of product acid. Gas exiting the
intermediate absorber is returned to the next bed of the
30 converter. Since the conversion of sulfur dioxide to
sulfur trioxide is an equilibrium reaction, removal of
sulfur trioxide in the interpass absorber helps drive the
reaction forward in the last bed or beds of the converter
to achieve high conversions and thereby control sulfur
35 dioxide emissions in the stack gas exiting the final
sulfur trioxide absorber.



to sulfur trioxide in a catalytic converter containing a pIuraIrt
cat al yst bedwO98®M3cont ai ni ng a vanadi um or cesi um vanadi um c®& fvlif"??’“z”
Typical ly, the converter contains four beds. In a double absorption plant,
the 25 partially converted gas stream | eaving the second or third bed is

passed t hrough an internedi ate absorber (i.e, interpass absorber) for
renoval of  sulfur trioxide in the form of 28+ oduct aC|d Gﬁs exiting the
i nt er medi at e absorber is returned to {he next ,bed o converter.

Since the conversi on BPVdRR off AR dtnteresAiare; A 8?? @ri§9£F§&RHq?%rlum
reaction, renmovaubehantifallly riexise wpibalr ahdr ppevratline keysthadpsadri ve

th t f the last b f th t hi
hi gh conver si onBoRRES RERHF R ot by f P ussever 33tk SR one”in t he
stack gas exiti absbrptiiiaml théfcatalybxcdeoabeutbwrmust Ve &6/232¥713
/ /
PCT/ US97 14383 &b P%‘%‘Uasén% egc? éé‘é&%g‘aﬂigo {:S(F__}?r%&%g O%rdbb“t es

substantialTy to € ca oper a sorption
pl ant. But evencwn@nqyﬁnnlye%gwnanlﬁmr @h@xédﬁaBWﬁﬁéléﬁﬁver@@Fﬁﬁkﬁnbe

sized 5  consegyahidisids (femSSl By hi:QQuQQEVEhﬁ'tOB% a@e.sreorg%ewqﬁfcyex&@%f
sul fur di oxi de em ssi Qns. n155| n standards genera I¥ req ire that at

| east 99.7 perc&he Sulinr %l%&?ﬁﬁlﬁﬂté PnGOPNE &eqrvered in
recovered in ththﬁaorfmz@rf csmlsfunmrmldcld ei.ethathae W@dﬁiﬁrtlﬁuﬁ am

percent of _the enterin ur dioxide exit_the.systemin.the,sulfur
trioxide aBboerP ﬁﬁq th?r?ﬂﬁﬁﬁﬁ%ﬂcﬁ“&ﬁ?ﬁ gaexd o&?ﬁén%bﬁ gygcem in
present inventi ahe pnddhss thebnk ides absesbetOthkdd gasabsorber 11 conprises

all or part of tail c%ad'% 48 %#%hngnéhgmﬁgdlmﬁﬂl f W ttrﬂeﬁéjlcg\s@tpéorber

of the contact sulfurlc acl rocess of present
i nvention ill ustlrla'teédiJIQT!.F|I§F0Q}9$1%yf%éd09éﬁa§§§e§mcI3r0t fgd &o |lakeqrker 11

portion of the %ﬁlﬁh%sgaaﬁpmilmre hsr:suhfiqr ghkl %x‘égmah@réagrtusg the
recycl ed as part

he sul fur di.oxi de- ontainin
i ntroduced ﬁntos drrioxide ey ey QGIFgF iery g lté%?#%uqctﬂw
exiting the sul plardd. oxrhte: atxs,ormé psotbeseb! theaprigseht Nnrventich

solvent exiing St o 2119050 AL Bobl Sl 0ERL 'L PREL 0
di oxi de- a portion of the depleted gas ex1t1ng the sulfur trloxlde
absorber is recycled as part of the sulfur dioxide-

20 containing source gas introduced'into_absorber 11.
Unconverted sulfur dioxide in the tail gas exiting the
sulfur trioxide absorber is thereby recaptured in the
rich solvent exiting absorber 11, stripped from the rich
solvent in stripper 20 and returned to the contact

25 sulfuric acid plant as part of the sulfur dioxide-
enriched stripper gas for ultimate recovery as product
acid. Inerts and excess oxygen contained in the sulfur
trioxide conversion gas are recycled in tail gas stream
48 and purged from the process in exhaust gas stream 18

30 exiting absorber 11. As a consequence of this purge, the
entire tail gas stream may be recycled, so that no stack
gas is released to the environment at the exit of the
sulfur trioxide absorber. That is, by recycling all of
tail gas stream 48 to absorber 11, sulfur dioxide

35 emissions from the contact sulfuric acid plant 44 may be
essentiélly eliminated. Thus, while non-condensable



enriched stripper gas for ultimte recovery as product acid. Inerts and
excess oxygen contai-ned in the sulfur trioxide conversion gapcinserssss! ed
in tail ga®QMW®IW 48 and purged fromthe process in exhaust gas stream 18
30 exiting absorber 11. As a consequence of this purge, the entire tai
gas stream may be recycled, so that no stack gas is released to the
environnent at the exit of the sulfur trioxide absorber. That is, by
recycling all of tail gas stream48 to 28sorber 11, sul fur dioxide 35
em ssions fromthe contac ulfurig.,acid plant 44 e _essenti al

%C N+ g t 1fﬁr

eliminated. THBEESWRPPATALAY 556 PTOCKRS 9%"7‘%9‘_7)5/{3 ot e su

PCT/ US97/ 14288r22xddeecansepalfind dirondd ahsadesss gmastnbeoplaxigedl wd f ur
trioxi de and f QX ahsQrhars. d ‘he. - _the. aknosphere,
e o1 ons. ar echenf RERBEEtE. SR e VORLINER L8 o AT COPY
noni t ori ng and8ovsRer okherebys faail idiabdng: kotk shonitoBingeapd iqeptaidl of

tail gas strege 481Faraliesdige Ehisohpercent or nore of the sul fur
di oxide in process feed gas stream 10 fed to the sul fur dioxide absorber

may be recovered aBYpF8FYCEiag @llerh Gl Ha%n9EFer®n480to absazkeri es

i nt the tSU! }‘urn,atgbd':pb}gbelﬁiﬁ dre _mr’]cﬁ*s'ﬂdﬁlaifl{e |§u\?thﬂ'£U§ioﬁc§.EtéCg.Qx Q{rhdd?_%s
entire tail gas ream a aci a 0 be opera Wi a .
STnol & absor LEFS3cHER: BEFeRM Hihathd HhT AbHEE S p8SRE: PORCERST MIax

has becone stbhadzedoveredghsuprndiictofadim, lédven swhévei coaviedsimiustry as a
means of, gont | ur: di Qx| l,SS : e n . .Sy e

r at her t%gn dégkkgggg?g%%o%? F%%g%%H?g?igrqﬁgvdggigggiéﬁegxgbf%%&§€§$ggéion
efficiency of lpwss Thus,ogesycdentof grhe gntpixe |eatligas ssreamcd® ; for

exanple, by UE@lQ&soﬁhé %Eﬁ%?pﬁa%t 18 ﬁ&E%ﬁ%éi%&doﬁkihtwosﬂﬁﬁ¥éy@t beds.
Operation is feasible even at _a cqnversion eff|C|engé not greater than -

about 90 per cBRECTPSFal entdyely FliHNating gthe 1 REgrPRESARFOTRA N
trioxi de absoshep &hatwhasulbedond @taeddard ttieréaghogasmuehbef atwvered in

converteb> EUIERRS % ASTEORVENE D A 141 mERGr S EOBRa IS B ounas

di scl osed her diipxikiec emissiots .csdoneney, erveni vathyeingley aatdfersul f ur

0 ot SHE e igkag ote Kb BTN B 0RR10RLPRIG W o
conversion efficiency of less than 98 percent, preferably
less than 96 perceht; for example, by use of only three,

20 or preferably only two, catalyst beds. Operation is
feasible even at a conversion efficiency not greatér than
about 90 percent. Total recycle of the tail gas stream
from the sulfur trioxide absorber allows sulfur dioxide

- in the tail gas to be recovered in the sulfur dioxide

25 absorption circuit and recircﬁlated to the converter. By
using the solvents compriéing organic phosphorous
compounds disclosed herein which provide essentially
quantitative removal of sulfur dioxide from the gas
entering absorber 11, the converter can be operated at

30 conversions as low as 95 percent or less, while
maintaining ultimate recovery of = 99.7 percent of sulfur
dioxide from the source gas in the form of sulfuric acid
product.

Advantageously, the process of the invention may be

35 implemented using a single absorption system and/or by
using only two or three catalyst beds in the converter,



mai ntaining ultimate.recovery of [err] 99.7 percent of sulfur dioxide from
t he source gm:pgyogmgl formof sulfuric acid product. Advant agedEISI7I14283

process of the invention may be 35 i mpl enment ed using a single absorption.
system and/or by using only two or three catal yst beds in the converter,
WD 98/ 09713 PCT/ US97/ 14283 23 as

di scussed above. Alternatively, an existiB3 contact acid plant, operating
for exanple using a relatively weak sul fur dioxide source gas, can be
retrofitted to BfePdscumses & -harhHearnpt i e bYighpit exishing sadatthg 5

em ssion |initsaciRopaasit, pdat iy g6 ekdhpieraseng” 8CeaN0LES V13 weak
dependi ng on the iffICIenC. of the converter, §g\55|on g&and%;ds m ght be
met by recycle 8B FH§édH9$4QSISQHrqqmgﬁﬁxﬂ%ﬁ% QakeFFohttheds oy gperate

trioxide to theatOhighehf thati @egiggmatrdsghpubeptolbit afcebdinar anet er
and | ocal pgevaili.ng.em ssian standards, target em ssions mght be nmet by
recycling 9 pe?@éﬁgfo?Saﬂgpéﬁht, or even 50 percent of the tail gas stream
48, with sone result Thoseaskidd ed) iandrhy avstwilbr fgeshernpreesgnize

However, it 15 Ls O ard.l f stanii gl f tail gés
stream 48 be re%?éliéd #Jo%%d@c);%{ g{:rf tgfﬁ %ﬁﬁ%‘?ﬁ%‘f’gn@%s@%@?ﬁt Ut di oxi de

absorber 11. Themjssiom stapdandsh might hetmek doy byeevieleopfoliess dhaml e
which is nerel yafar dehenaligepaerdfd Zhs fldmsthals@PfapderioRie ¢ PLhe
regarded as |Iﬁ1tb%% t%glsqo e of tfgglnventlon or manner .,in which it may
be practictf. ERBMERE GeioRg (é%ﬁﬁﬁ T o REPeRGENG PR ok RafcPagAMEtey rapd
25  di oxi ((:I_e ab3eeali wede&arimg-@miwsmsaalamaé fapsegert bgﬁh%iwrfﬁsent

i nvention (See Fi, 3)._was ,assessed. .-The e s_bas on_the. .use of a
bot Tor £1ue gasmighEn et B, Bttty T HedBapno78 BRregfi s e nifen
phosphonat e ( DBBP) pescens aifsdhg itei b daersteermad®, 8dth someppierplofanthe
rich solvent. EH@iBb%Wihategreelfg%}'R%s%é”Foﬁ%%oéﬁﬁﬁt n %‘%égﬂoﬁf. 'tﬁ%v\fe%}ef‘r",a"ﬁt

gas streans_are_ summarized 6W in Table 1 ow rate, tenperature

and conpostBi onisf oFRdnagidvamraferred hatagubstantiabiyzadli eTdRid 2.

gas stream 48 be recycled from contact sulfuric acid
plant 48 to sulfur dioxide absorber 11.
The present invention is illustrated by the
following example which is merely for the purpose of
20 illustration and is not to be regarded as limiting the
scope of the invention or manner in which it may be
practiced. ' ' '
EXAMPLE
Using a computer model, the performance of a sulfur
25 dioxide absorption/désorption process in accordance with
the present invention (See Fig. 3) was assessed. The
model was based on the use of a boiler flue gas as the
sulfur dioxide-containing source gas, dibutyl butyl
phosphonate (DBBP) as the absorption solvent and air-
30 stripping of the rich solvent. The flow rate,
temperature and composition of the relevant gas streams
are summarized below in Table 1 and the flow rate,

temperature and composition of the relevant liquid
streams are summarized in Table 2.



WD 98/ 09713 PCT/ US9Q7/ 14283 24 In
Table 1, Gl _designates the incomng flue gas, & designates t ,

stream aftewcb?%’gwol ing and cl eaning which is introduced int g&wﬁh&&ﬁr

di oxi de absorber, G3 designates the sul fur dioxide absorber 5 exhaust gas
stream (4 designates the enriched stripper gas streamexiting the sul fur
di oxi de stripper, G5 designates the cooRéd, enriched stripper gas stream
exiting the stripper phase separator and G5 designates the stripping air
stream 'PCT/ US9In17ablend, 0Gl0 e rmatirdlithd Hiceming flue gas, G2
Stream Desi On@éb98nRBka the WIS o srrdin attefi ing. GB
Slerr] mle % gnzges phe flus ot 60 T o 76 928 9‘_-%%“?9 "f‘%qerr] o
mole % 6.40cleangpg whigh is,ingrodyced) intg theysuifur digmidey, 74.20

65.14 77.83 abddrBer,6@34desighatels the sulfur didx{8behbbortehe % 9.70

8.52 10,17 .02 0.0 - erfr]O,. mole % 9,30 _20.38 5.24
75.2 11222 °xBaystpgs S%reMOPe‘*r ﬁe%’é@te%s%e egrighedgstxippex )g
1.82 10 g&at stream Exfieiny whelesylfur dioXxide s€60pperf0Gs 38

101 47 . Tahle &, desi gnat e he.l ean sol vent stream
i ntroduced i n?%?f‘ﬁgaggff g?'edl.oml?éd'at??g%b%?ein TPREE; GR%t BEFERD ri ch
sol vent strea®¥ihingdtbed stmippere piRse sepixataroandeGst deppgnatesThe

tenperature ofhphgrkeppingl WIRH stireéra exiting the sul fur dioxide stripper
was 86[err] C. The tenperature of the rich solvent streamexiting the :

sul fur di oxi de absorber was 39[err] C. TABLE 2 20 Stream
St ream Desi gnati on Dat a. Units L1 L2 SO err]
w % : 0.02 0.25 Herr]O w % 3.00

3. 06 DBBP wt _ 96. 98 96. 70



25 FI ow ‘ 1x10[ err] 276 277 Rate
kg/ hr Tenp. wo98/09713 [err] C ' 38 10 PCT/USOHI4REAT
IS CLAIMED I'S: 1. A process for selectively renoving and recovering sul fur
di oxi de froma sul fur dioxide- containing source gas conprising: contacting
a process feed gas stream conprising said 5 source gas wth a liquid

sol vent for selective absorption of sulfes dioxide in a sulfur dioxide
absorber, thereby transferring sul fur dioxide fromsaid process feed gas
streamto said solvent and produci ng &ABRMaLISt gas from which sul fur
di oxi de has be s§ubsta1t|ally Fenoved and 10 SUTTUr —ar oxt ge-r1ch
sol vent, said i q@heh SO|Ve@Rice Offprsfrg—at—feasr :
i mm sci bl e orglani ¢ phosphonate Hi @3tel df2 the 6drnul &4[ efr] asshe
Rlerr] and Riefr] e i hqgpendehtd yoaf v8.:8" [besd 1| Losb) b bl7dD

said organjc Sphomate ol estel—mavi{1g Ssureftess—t
Pa at 25[ePr] £, tRAe sol Mti% y| of-4Qaf et ' r daf¥ c| pHoS§ph
di ester being
sul fur dioxid
produce a | ea
rati o of the

concentration
1.1; and 25

for further s

ess—tiranrabotit—ip v'ﬁ'i"g' 25[{31 } G plw: f
froM sai gimotel¥ spryeatt | ien. w8 2077.83 4 agr3 d| osa.da $t v7ap
sulfur d ;

nceet,r at | omlefs spld.op Hiosed¢ 1on13di &.621 | ppeds gps 10 tihe

f sy fur salg ? 'J5§a-90 Al ce gas q g g&ggge han

ecyCling epn ‘5ol pént t ¢ SHId fsgilfUr
ectrve apsorptio SPTTUT @ oX1aq Trom fpal d SOHTCE

27 2. A ppoceps éﬁ';set E FS& Ai 8 -qngr 2T dai ez pnt-®r danic

phosphonat e dilfSter—TS5 @ drarky|—atky ' i t i i 3

Rierr] are indepeifif®ntly Cf d > - - >

in claim2 wherein Rerr], Rerr] and R[err] are |dent|cal and each contain

nore than three carbonTabdes 2, L1 designates the lean solvent stream

introduced into the sulfur dioxide absorber and L2

designates the rich solvent stream introduced into the

15 sulfur dioxide stripper. The temperature of the lean
solvent stream exiting the sulfur dioxide stripper was
86° C. The temperature of the rich solvent stream
exiting the sulfur dioxide absorber was 39° C.

TABLE 2

20 Stream Stream Designation
Data Units HE
L1 : L2
u ' SO, wt % 0.02 0.25
" H,0 wt % 3.00 3.06
" DBBP wt % 96.98 96.70
25 Flow 1x10? 276 277
Rate ~ kg/hr
Temp. °C 38 107




4. A process as set forth in claim3 wherein said I|QU|d sol vent conpri ses

di butyl but onate. 5. A pro n cl ai

sai d source%%gﬁlal ns from about |OFHIS (SHEEEHAS BEEN urre peﬁéﬁ%ﬂﬁﬂ?
di oxide. 6. A process as set forth ijn cIaﬂEPlH\OEﬁ)erel n
concentration of sulfur dioxide in sard sufrur—droxic eﬂ“ﬁ |

gas to the concentration of sulfur dioxixye in said source &?ﬁassé

about 5. 7. A process as set forth in claim6 wherein sai ﬂlMl

di oxi de-enri ChIATSITS [IKIMIES TonNtains at | east about 8 v

sul fur dioxide. 8 A process as set forth in claim5 wherein sai d sul fur
di oxi de-cont ai ni ng source gas conprises flue gas fromthe conbustion of a

sul furous fuel or tihe gamﬁffuenkeléaﬁu&em?t gemb¥anly Ahdeperation, the
i ncinerator 5 nt ,or t ul fur tr xid bsor ber ‘of a
sul furic acid elc;%ﬁrteangg?‘;\b%f%.@ s§13§153t EFBV‘tﬁ BH 2P5I ﬁ\lf’ﬁﬁﬁ’&’el n the
tenperature i mogréaadmg Lﬁotmczmgmsabempbésn.ng mai nt ai ned from about
10[err] to about 50[err] C 28 10. A process as set forth in claim?9
wherein the process fed gas streamfurther conprises water vapor and the
t enper at ur e ofFoRLAFY ingia RXASRse ferdageedstrenms sonppisdag sadall gas
stream i nssai écutideligal wdute llqﬁiarQSlvéﬁtaEBY-esEﬂ%c@%WeO‘EHA\[ﬂ]zgtf@ﬁd

r

process feed am,11. rocess inclaiml el n
sul fur di oxi dg%sfué't r?e’t?’b’gfiecoﬁ?a%tﬁﬂb%g’él 1??‘(’:14%8?"?9&'?’%4 thereby

non- condensabte‘pns»f;ag:a:rnrgarﬁmlfumgdSbkiﬂfél ﬁgogatéana @&bge%lél E'éredlj'g?&%
stripper, sul nsferr romsaid,rich solvent to
said strippi nfgkl'&e%“} ﬁpﬁ%{ ﬁge cgj'a‘lpéérl u%‘f1 pﬁongaggeﬁpl ErRFUSS 975 P’ﬁ%{% and
sai d | ean sol Vé‘ﬁtc ﬂlfmrprdjwssd%lshéetbéent subatahtimlly \miemcmeﬁ saidl a

non- condensablsgl faryy ERNGRIY A 1B 09s 51 FERP! nsagasleg{ma' $83vaht: A
process as set forth.n claim12 wherein fh ature 1n sald sulfur

di oxi de st ri pFOMBrd Sifichdh kPSS Pmabsubstapeirllyovabea imdscibile A

process as sebriatilt iphadplichdrev@iestesabf eHLT gorfludsi de- enri ched
stripper gas is’introduced into a

(t
lf_'l.l—l’— 1y .

wherein R!, R?® and R?® are indepehdently aryl or C, to C,

15 alkyl, said organic phosphonate diester having a vapor
pressure less than about 1 Pa at 25° C, the solubility of
water in said organic phosphonate diester being less than
about 10 weight percent at 25° C;

stripping sulfur dioxide from said rich solvent in a

20 sulfur dioxide stripper to produce a lean solvent and a
sulfur dioxide-enriched stripper gas, the ratio of the
concentration of sulfur dioxide in said stripper gas to
the concentration of sulfur dioxide in said source gas
being greater than about 1.1; and '

-

A O



catal ytic converter foQr. Qxi iR0L Kaptacedl| | loxide to sulfur trioxide as

part of an ommgmmt@ r SHIS SHEET 9% F EmtherlEWU§97ll4283

produci ng a conversion sulfurggpl%gfh ; i d conversion gas
a b xi de

bei ng contacted with su St~ absor ber for
absorption of sulfur trioxide therefromto produce sulfuric acid or ol eum
and a sul fur trioxide 10 absor ber depl e2dd gas stream which exits said
sul fur trioxi de absorher. 16%??{1 15. _ A process as set forth in claim 14
wherei n safd suFPEYCHIDS & eam; $RI¥eRE ckogaaidorplfyssddexddaul f ur
trioxide absorbabsdepett EdrgFurtiienaelest i¥at abso2Prsshf BE duQfude is
recovered fron1§25§ig%pk%1ed§%$§ for ultimate conversion to sulfuric acid
or oleum 16. process st -qcﬁ?$F?ﬁ ¥*2rm 15 wherein sul fur dioxide in
said sul fur dioxide-enriched stripper gas is converted to sulfuric acid in
a contact sulfuric aeid [ QalRs | SAOJ i ngle L fu Loxisde __ -
absorber. 17. A rocgés EE set1é§? i§é€|5§ﬁ?§59§@8?§#ﬁ %a%éeggﬁ%jﬁﬁﬁg
converter conprPEe%eP§§s°PﬁaPHQﬁR1QxEQ@§EhOBé§§.dlssten pBogeddadkydet
forth in clai miilkper phdsplichddel il S,V a3t an@NRE | $68 ﬂ&@é‘ﬁ¥ﬁd@ﬂ&ikr C, to
- phosphonat e, thﬁ process turther conprising: introducing an . _
oxygen-cont ai ni g rter feed gas 5 stream conprising said stripper
gas into a catalytic converter for oxidation of sulfur dioxide to sulfur
trioxide, thereby prqduciyn Y [ rising syl fur trioxhde,,
and contacting said génvgr%ﬁ%é%ﬁﬁf%§té§%8f$ﬁ€$g?%cf%a?3rElUHerEBEO tign
of sul fur trioxand Rheaxerbdenhigadulang emdhydaid adlys mdxe thamrthivee _
sul furic acid o&agbggnh%@msq sul fur trioxide absorber depleted gas stream
whi ch exits said sulfur trioxide absorber, said sulfur dioxide- €ontaining
source gas conprising said sulfur trioxide 15 absor ber depl eted gas

stream such that suljur di pricteds dLwer esrthothseidifed! fhetedas shqla

ultimate conver sion
fkquid solvent comprises dibutyl butyl phosphonate.

S. A process as set forth in claim 1 wherein said
source gas contains from about 0.1 to about 5 volume
percent sulfur dioxide. '

6. A process as set forth in claim 5 wherein the
ratio of the concentration of sulfur dioxide in said
sulfur dioxide-enriched stripper gas to the concentration
of sulfur dioxide in said source gas is at least about 5.

7. A process as set forth in claim 6 wherein said
sulfur dioxide-enriched stripper gas contains at least
about 8 volume percent sulfur dioxide.

8. A process as set forth in claim 5 wherein said
sulfur dioxide-containing source gas comprises flue gas
from the combustion of a sulfurous fuel or the gaseous
effluent from a metal roasting operation, the incinerator

5 of a Claus plant or the sulfur trioxide absorber of a
sulfuric acid plant.
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to sulfuric acid or oleum _ 19. A process for selectively £ enovi ng and

recovering | fyr di F?Urﬁ - ai ni ng
conpri si ngﬁgé%lgogmﬁﬁimﬁitss %‘Egigég BquﬂgEm conpr wggl 5
source gas with aliq sels arption of sul fur dioxide

in a sul fur dioxide absorber, thereby transferring sulfur dioxide fromsaid
process feed gas streamto said sol ventgand produci ng an exhaust gas from
whi ch sul fur di oxi de has been substantirally renoved and a 10 sul fur

di oxi de-rich sol vent, asirbdedsiifh U FSrORNPA é%ggmag 85%. G @ﬁ%’spho’rous
conpound sel ected from phosphate triesters, phosphonate diesters,
phosphi nat e FEMBEIAEMNT S AR Fadd By fuke dipxide akspsber dft magatadned t he

phosphorous ot abdutha oo ganigbdwdised scof the 15 ester functionality
bei ng.i ndependently aryl or CJerr] to (Jerr] alkyl; stripping sulfur

di oxide fromsaid rich solvent in a sulfur dioxide stripper by contacting
said rich sol vent 1i.t h Ad proressn desnssett efortdy gim- cbaimi 8i whetedinppheyy gas
31 20 in sgj Mot tafsl , | OX] ej tr erred
fromsai d ri ShTBSLOSNE e & o a i O GRR octvalt SoftadEelchitn’ siEL T 00,
a sul fur di oRFOEeER ifeest Ins isfraanakn aaid reelEvr ndiexide absozdierent to

sai d sul fur disosbdre?he AOHENY Wdnpdreruse! 8£1 s¥EaapsBEREOFIG sul fur
di oxi de éron1said source gas. 20. A process as set forth in claim19

wher ei n 2ai d9RBNSESTABsabl e, oxygen- containing stripping gas conprises
air. 21. A process as set forth in cl'aim1 wherein said sulfur -

di oxi de-enri ched ri pRer. | s f 0 aus _plant for the preparation
of elenental sul férrl .2%‘..13 %feoécs:sassegssétseﬁ)%?tﬁni ﬁf%f"gi fn Y%e\fﬁéf‘ei n said
Cl aus pl ant sudfnrscdaxidendisatatioped dvyl comtactingxsdédcoichi ni ng source
gas conprisi 8g19ap@0W3 e84 fd YfiH- ddriiBsddish & a4y §LALEChES or such that
sul fur 5 di oxide is recovered frcnnééﬁépcjaus g%gn%°?§§?§§? tor

stripping gas in said sulfur dioxide stripper, sulfur -

5 dioxide being transferred from said rich solvent to said
stripping gas to produce said sulfur dioxide-enriched .

stripper gas and said lean solvent.

12. A process as set forth in claim 11 wherein said
non-condensable, oxygen-containing stripping gas
comprises air.

13. A process as set forth in claim 12 wherein the
temperature in said sulfur dioxide stripper is maintained
from ‘about B0° to about 120° C. '

14. A process as set forth in claim 1 wherein said
sulfur dioxide-enriched stripper gas is introduced into a
catalytic converter for oxidation of sulfur dioxide to
sulfur trioxide as part of an oxygen-containing converter

5 feed.gas stream thereby producing a conversion gas

comprising sulfur trioxide, said conversion'gas being
contacted with sulfuric acid in a sulfur trioxide
absorber for absorption of sulfur trioxide therefrom to
produce sulfuric acid and/or oleum and a sulfur trioxide

' * c L M S *



effluent for ultimate—conversionto elenental sul fur. 23. A process as set

forth in cl & Wﬁrﬂ h%&ll-faé‘ﬁ B}E ﬁ sal d paErtiseyni4283nt
under non- re ci'ng con 5%2%%2%% tth in claim?23
wherein at | east about Eﬁﬂl t H fur di hsorbdd in said rich

sol vent introduced int is transferred to said sul fur
di oxi de-enriched stripper gas. 25. A proggss as set forth in claim18
wherein sul fur dioxide is stripped fronrsald rlch soIvent under

Qﬁgréfgu§¥@?e§§?g2%%§?888&)o? dﬁg.sulf oxrd e% tga%ﬁ gg?g r|c

sol vent i ntrodtEéexideoabgpabedri pper is transferred to said sul fur -
di oxi de-enriched stripper gas. 27. A process for seIectiver renovi ng and
recovering sul fur di xrdgpfronla sul fur_di ur.c

conpri sing; contact*ig a’pPEOSEES &t ARls rg Sa n’r%o ? ‘E.ﬂg gﬁ?ﬁegngsg&&r ce
gas and wat er sapfiorwdibxddei-gont ssiclirgntsdwrcs ejas t comprbsespsadd of

sul fur di OX'deshgfarSEkEs fe B0 LS SO U1 o L G0N ééf‘@é&.e%ﬁb O pidhf ur

di oxi de from sal Focass Feed gas stre 0 sal d” sol vent ucrng an
exhaust gas fr%ﬁiﬁhrcﬂIQKﬂﬂGrhﬁ(EQQquﬁEdJiFOmtﬁﬁﬁﬂs®%3195?¢a99§ E&Foved

and a sul fgr djpxigarel ebnversln dd'eu BB @tad£d Cdndpbe blaund sol vent
contacted with sald process feed gas streamin said absorber being above
t he dew point of said process feed gas stream said |iquid solvent

conprising at |eastaigne aumwassaraq dét fowtlerinnelaimbis whezeiin
phosphonat e di es of,.t he ornula r I r err|
are |ndependen?Pg%EFyF18fléFe 4a%§¥ éi#%fégl%Aﬁrgggﬁckﬁﬁggggkhate
di ester havi nggasvapocoﬁ@ertpdesmﬂsmlﬁawct rmn@bbmalcmtactzspéfn]ﬂe t he
solubility of igd rggggg r bRggkess than
about 10 melgh%@per E%F%%t fgigrrF%§&] tripptng su P %?gx?gegfronrsald

rich sol vent |absogberur di oxide stripper to produce a | ean sol vent and a
25 sul fur di oxi de-enriched stripper gas; and

17. A process as set forth in claim 15 wherein said
catalytic converter comprises less than four catalyst
beds.

18. A process for producing sulfuric acid from a
source gas containing sulfur dioxide comprising:

contacting a process feed gas stream comprising said
source gas with a liquid solvent for selective absorption

S of sulfur dioxide in a sulfur dioxide absorber, thereby
transferring sulfur dioxide from said process feed gas
stream to said solvent and producing an exhaust gas from
which sulfur dioxide has been substantially removed and a
sulfur dioxide-rich solvent, said liquid solvent

10 comprising dibutyl butyl phosphonate;

stripping sulfur dioxide from said rich solvent in a
sulfur dioxide stripper to produce a lean solvent and a
sulfur dioxide-enriched stripper gas;

N0 A lI Il



33 recycling said | eamsofvent to said sul fur dioxide absoerber for further

For “sel et %%%T;iﬁﬁﬁgﬁ i ng SHEEP! [t Pom Fedmeafads®s®

di oxi de- containing s iSinﬂ, tinq h process feed gas
stream conpri si ng sai s with a i quid solvent for selective
absorption of sulfur dioxide in a sulfyr dioxide absorber, thereby
transferring sulfur di oxi de from sai d pPocess feed gas streanito sai d

sol vent and m which.sul fur_di,oxi d has been
substanti al | y r vg% d&fdi%ﬁ %ﬁf‘féﬁe xﬁi@dr?‘éaggﬁl Géﬁ?“ aid liquid
sol vent 1BonpRbsradeat ﬁqgnﬁunﬁhgﬁnﬁﬁieﬂﬂlvﬂlqbaarptionnbﬁcshnéuarganic

phosphonat e diiextitle Frd&ditf Bidcd St rieéIMi'e%EéP Rlerr], Rlerr] and Rerr]
are independently aryl or Clerr] to (Jerr] I al kyl , said organic

phosphonat e di ester having a vapor pressure | ess than about 1 Pa at 25[err]

C, the sol ubiihttrpduciwei ein ioacmrd-ﬁm&m?Oémeéﬁéérd]gséaegagehngf'eSS
I OXI de rom

t han about 1 ht percent at 2 n

said rich sogtgﬁﬁ% 3£5514§u% ?gﬁQEaEt??%p%?g?oapFBHGEKt&CIean

sol vent and eosvektexdifor dscidtatiidredStsubper dioxideesdi sglfard | ean

sol vent a0 re t t of said.l ean
solvent with ggaﬁlggnagggous w&nﬁa Iﬁ%&tggo %P %aé%slfaﬂPalﬁﬁfphre
conpri si ng aﬁuééﬁébﬁ§1ﬁﬁa§@:c@ﬁt i ning contam nants renoved fromsaid | ean

sol vent and an organi c phase 34-conprising | ean sol vent .having a reduced

contam nant concentr.ati on and separating said organic phase fromsaid 30
aqueous phasEOnLAFLADG, Qaidy conve i inmigapiukeh combiusiagacédnton vent to

sai d sul fur dbsnmlmwﬂo@mfﬂur fupridieide et iesteé FPombER Rt k@D eal sul fur

Wherei n_sai dES4EE308 BRRET, &b, LA e FEneTe APt 8napd/ Frgol ot or

and an &Pkal and aqsed@rsalnmmrde JHpsoripvodsslased ejasost bebm ohdch 28

wherei n the LLeabMeal Pluidhd SALSUY MHadbd£TO¥E; §ODL REL D! 3 i Se -
containing source gas comprising said sulfur trioxide
absorber depleted gas stream such that sulfur dioxide is
recovered from said depleted gas for ultimate conversion

30 to sulfuric acid and/or ocleum.

19. A process for selectively removing and
recovering sulfur dioxide from a sulfur dioxide-
containing source gas comprising:

contacting a process feed gas stream comprising said

5 source gas with a liquid solvent for selective absorption
of sulfur dioxide in a sulfur dioxide absorber, thereby
transferring sulfur dioxide from said process feed gas
stream to said solvent and producing an exhaust gas from
which sulfur dioxide has been substantially removed and a

10 sulfur dioxide-rich solvent, said liquid solvent

comprising an organic phosphorous compound selected from
phosphate triesters, phosphonate diesters, phosphinate
monoesters and mixtures thereof, the substituents bonded
to the phosphorous atom and the organic radicals of the
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conducted in a batchwi se fashion. 31. A_process as set forth in claim28
wher ei n t he woespsmat of said | ean sol VEHIS SKEFTECARY GEERTL ami nHEHUFA/14283
conduct ed continuously. 32. A process p setREpLA@Edn cl'gim31 wherein said

organi ¢ phase is separated from sai d agueets—~phase-~dsi-ng a centrifuga
contactor. 32. A process as set forth inBEIain11 wherein the process feed
gas stream further conprises water vapor>~34. A process as set forth in

From abouto50 B8, aLirad BRI fod "R fediably CUBNLCE: TR ESTE, ' ©

clai m 12 wher ePAkyRag operating pressure in said sul fur dioxide stripper is
from about 20 to about 150 kPa absol ute:

stripping sulfur dioxide from said rich solvent in a
sulfur dioxide stripper by contacting said rich solvent
with a non-condensable, oxygen-containing stripping gas
20 in said sulfur dioxide stripper, sulfur dioxide being
transferred from said rich solvent to said stripping gas
to produce a lean solvent and a sulfur dioxide-enriched
- stripper gas; and

recycling said lean solvent to said sulfur dioxide
25 absorber for further selective absorption of sulfur
dioxide from said source gas.

20. A process as set forth in claim 19 wherein said
non-condensable, oxygen-containing stripping gas
comprises air.

21. A process as set forth in claim 1 wherein said
sulfur dioxide-enriched stripper gas is fed to a Claus
plant for the preparation of elemental sulfur.

22. A process as set forth in claim 21 wherein said
Claus plant comprises an incinerator, said sulfur
dioxide-containing source gas comprising gaseous effluent
from said Claus plant incinerator such that sulfur
5 dioxide is recovered from said Claus plant incinerator
effluent for ultimate conversion to elemental sulfur.
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