SYSTEM AND PROCESS FOR GAS SVEETENI NG STATEMENT
REGARDI NG FEDERALLY SPONSCRED RESEARCH OR DEVELOPMENT

WO 0@00p29bibt Appl i cabl e. BACKGROUND OF THE | NVENTT/OB2008/067995
Technical Field [0002] The present invention generally

rel ates he desul furizati of s.stre

cont ai rﬁ\ggﬂﬂﬁr i?]P QEES 19&_}% Q“ggﬁ\ﬁlgﬁ bENING he
present invention relates to a high shear system and
met hod for catalytically oxidizing hydrogen sulfide in
l'iqui d sSTRTIMMENTIREGARDING FEPERALLY SRONSORED

el emental sul fur _and regenerat.i nE reduced catal yst for

recycl e by oxi dBESEAR &5%\4@ OPMENT| hvent i on

11 0G@3]A MR, Pr ocesses produce fluid streans conprising
(000 ]hyg\?%gegr}\ﬁsuflfi de. Oten, hydrogen sulfide nust be

renmoved from BACGKGROUND OFVEHE INY ENHQNSs f or

T hdi osal or further treatment. For exanple, hydrogen
Jé@%c C¥e is a nuisance odor from wastewater treatment

[0002P! aHeS pRAGh: f RGbhtdni enEANP iS00 BNEHSQIMRBIRRInS of gas streams
systens. Hydrogen sul fidée can also be a
containaxguryalrégen prEgientMersnpotiairly, theepresayy invontiaer]ates to a high shear

systenié glg{i Elge:ﬂ?}gil %gtggltraglfuf%@ﬁ%xﬁ%h@ }g\{dg %i’suff}/(fétjg%sqiuf’d 83ims comprising
hydrogbtSudRtesy lefedicnz@ bilfin afd rdgefiththgStd@a0Bathly st EFee g8 by oxidation.
treatnment in the presence of a hydrodesulfurization

Backgraund gfdhe [nyepiietuent |y used to convert organic sul fur
O TN SIS L S UG T e s

sulfid€aiioubd iepivved floyds @gepricubfviedigngdthe due &s depobalror further treatment,

di oxi de, which is bhelieved to |ead to the production
For extmplei Y¢rape aMfdpdt enPrigincaeior JErm onpstsvaiaietreatment plants and
R ARGy LSS B AR B BBy s
compaent oseneegyt @utdee indtdihg nefurg rgas exls bmgpasaithssis gBOGbthermal gas

One co rcial desulfurizatjion process is the LO CAT .
srearty God dUhker- AR Bt elzoT B SauE SoEs o i g in the
preserlce ofTR€h{RodeIRIAAGES Talabysp TR0 hisdIetS RbA M ofbanic sulfur

nodi fied Claus reaction. The Lo Cat "'process is a we

compgunda h hydyogdn spliiide. r Batoxydsgasnemifidaanusy dwy bg remebest &om the liquid
' | ut | talvtic, i.e... ;
a0 LS P ROIRIEHEO T S iy Bt st o

the pro@iSiof & abideramM@idnpot&itiab iésauttidhast e Aviedinined Fuhermore, when
devel opi ng mass transfer devices which inprove the

contagssd, iR water) hydiegearsulfifleciorvertliusisacid vhigh és eprfagieite the metals of
Vsheag (such as the Lo- CAT system) with the aim of

proces}eaghm né’ the quantity of air required (operating cost)

[0004Jan Dreashrh@igial desulfurization process is the LO-CAT process of Gas Technology

Products, LLC of Schaumberg, IL. The Lo-CAT process is a method for performing a
modified Claus reaction. The Lo Cat process is a wet scrubbing, liquid redox system that uses
a chelated iron solution (homogeneous catalytic, i.e. ‘LoCat’, solution) to convert H,S to
elemental sulfur.

[0005] A considerable amount of effort has been devoted to developing mass transfer devices
which improve the oxygen utilization in conventional liquid oxidation systems (such as the Lo-
CAT system) with the aim of reducing the quantity of air required (operating cost) and reducing

the size of the oxidizing vessels (capital cost). Currently, there are two types of oxidizers



the size of the oxidizing vessels (capital cost).
Currently, there are two types of oxidizersenpl oyed:
WO owdke2add and hi gh head oxi dizers. In | ow headPCT/US2008/067995
oxi di zers, air is sparged through approximtely 3
neters of solution af syperficial air velocitjes of
emplopge o Sndhins eRitothgRiHERRs 5rowiMers PEGIERS Wequrpped through
approﬁqrﬂa %ﬁ?@%t&r@bh Y1 A SRR N SEE TR NE Ean S LEYRS by means

ich are perforated with very small holes. Sol ution

of disfritoters sqyppqsewith ¢l (ebylehe pedpyfenowiensuednomsw Hlexds which are

oxi.di.zers are; rel] atd vel oor mass .transfer devi ces.
perforfil WBEYF 3 BB Spl Mo BB0 ks FPERSh R T e REGSHn tow head
oxidiZ28 4#¢ kAtivenVBotr Mdss biafisfR @FfJes.0 pBivaich®@Bxidizetshd, RYHE RN provide

[0006] In high head oxidizers, air is sparged through
much gegsied xplytepiny etorydPEPIOPYTOPSEstigR PHe systeiper f i ci al

veli0Gk ti . ter. ' . n .
0006k, ! 8 iR s b0 e R IRENS, BletcFOBE Rution a
superfid@alt Vedocitiasfdfaypedtdr thighOheadn dxi deasrs. colive dabblei pdpe disgibutors.

rqovi de mass transfer. caoefficients which are

P | \ .. .
Solutigp ey fcRirgnt s ieiudopdt tih heRd A dsse Tdrsq Surlingagrovide mass
transf&?(dogff?c%n%s; hrneyes pr&nfnﬁtelysél el MBEHRGD B Lbr 1BLINRH oxidizers;

di schar ge ﬁeads 0H3the alr blowers. [0007]
howevke,abisds mtghe/expeherad higheadipamczei headsmohube iy bfosvers. npr oved

processes . for desul furizi I..e. sweetenin S L
00072y PSRRI MRy 1 st TR B SR T dEgine G.c.
sweetdf¥fig) AP E@MKNRY removi ng hydrogen sul fide from gas

streans are disclosed. In accordance with certain

enbodi nents, a nethod f SUMMARVeet ening is provided a

s E S AP L SR S MR o rom o

streanGPHisSbstd; 10 %éddidnBgwitl dér@@eBmBotimete, d Medod E31\LAS b@éetening is
by contacting the sour gas streamw th an aqueous
providegaansthefos srpeviamhydraeanewifids e e isewy 2as depm ¢upprsdts hydrogen
. . a |iaui.d. st L Si .
a9 ARRLANG Bl U oGS SIREL 06 SRS sppcine v
sour gafstrdabrewlth g bghestis @ratytbospution] thgrebe preiacding atdakylfitrizadgas stream
|l epental sulfur into a high shear devjce_ and , ,
and agﬂB’c@u%Teﬁ@ %%@%r@ﬂwdm@?@ A %@mﬁ%tahsug@_ﬁbmg?ducmg an oxidant
and thg'lﬁﬁﬁit s%reaﬁfco ﬁsi‘ﬁg 'raﬁl%d &ﬁ"ﬁyét And Qﬁnféhépﬁﬂﬁﬁ o 'a%iéhes%\%ar device
t han about 5 ntroduci ng the dispersion into a
and praksel 4 dopemwbincvheresutheumean babbie njarsdter pfy thes oxidamvgd in the

. and.a regenerated catal yst streamis renoved, wher
disperfiRR 1157 0o S0t p et eos Tl BEhan G Tor it which a suifur
contaidfieeNUPy IsirEibeed Mtk Fe@ENeeAtbd Batdllystl BRSh iR Vel OWh&@Ein the sulfur
the regenerated catal yst streamto the converter. The

slurry resnipoigesnelgmentak fdfur aawrpeieses ligmwgy pid regyclingagtleast a portion of the
een 3 50810 AEHERPrRE PR AFTHAY S sgpoge emoving
least 4 patién oNthehqliddas kAc@MERed tasit@usomBhltel sQfiryt MmdtrB&cling at least a
_vessel. In enbodi nents, the vessel is an oxidizer )
fractignopipthie sieeRy cisdadayerus soheioany theldesscondt copdiamntsghs yegsel is an
e ' . ] ' .
oxak LGS Rt Sa8 oy ORI A it e
[0009] Aésardistloskdc berpini Bi mgnethat fivmgweetdhisg ar Suorgac erpim S tegmethod
oxi dant gas hubbl es dispersed in a Iiguid phase

comprising: forming a dispersion comprising oxidant gas bubbles dispersed in a liquid phase
comprising reduced redox liquid catalyst, wherein the bubbles have a mean diameter of less
than 1 micron. The gas bubbles may have a mean diameter of less than 400 nm. In

embodiments, the gas bubbles have a mean diameter of no more than 100 nm. The sour gas
2



conprising reduced redox |liquid catalyst, wherein the
bubbl es have a nean di aneter of less than 1 m cron.

wab@geebubbl es may have a nmean di aneter of | BPEEHUS10881067995
400 nm In enbodi nents, the gas bubbl es have a nean

di aneter of no e an 100 nm .The_sour gasmm .
may GEBRBIF et Bl Derep e S TRISRE O 31T BHERL g sagen dioxide,
arrunea|a!§1d Qz?st UhAdfil03%s, Bf%[g@so Ngy@ikHRXik d€as, a¥bihermdi fasd 8f%flnery gas, and

| andf I [ gas, biogas, synthesis” gas, geot hermal gas,
combmetﬁwméhe,re@faén cabddigwntsi fmﬁmnmbe tihe¢reloﬁ comprises subjecting a mixture

for rises 2
of the G RABL SR AT 1 R PR s B SRR A ogtpgo00 s
Forrmﬁ%tﬂad &ﬁtpeesmhﬁﬁge cb@pasestpaictinge dxidagf g@taﬁiﬂ thBdui@R&tlytic phase

000 s 1 . Form ng the dispersion may rise
in a htgarﬁba?étdewge,twr@& itealtigh ghear devdea ansawtde métnaﬂ ipfqrcand wherein
| i
the atE) Qt %e r&mals I}btggd%pg G;S ege%%{ of ﬁt’eleér@g 5. 6 s &i‘?ovglfé@gn &]{?ﬁg formation
of theahspleﬂaﬁlt m&ugmi}mm dies,ndeah@t gddade zalot:alq)rezsp@e af af leadt about 1034.2
00 ft/mn) during formati gn of the

MPa @P% B%(P g?lbﬁ therﬁe Oﬁ lljﬁlt etanedeier- c@h‘?r%f}f’r%ifr BGeE e plghghigh shear
dev1cepfn§§ ¥ %?ea@grtﬂ?atn i(ﬁ)@s\t\f /DO rﬁ%ngntévlzt)ﬂe fela? ’CQQErspﬁ' Jele@led from

he at |east one rotor. The energy
mganmmmmﬂwsumdeombhﬂmechmgmmshear devi ce may be greater

t han 1000 W.n8. | odinent the r X catal
o010k, JF FERo A oresiorE REraPPT 68 Pikirsr SOGhaPay g ses. e method
comp&@h@! ¥§lisinghY8H3En AISQ st%?'c@ﬁﬁalﬂg&h@sd@tgﬁfi)@ltﬁ AMiquid comprising
renovi ng hydrogen sul fide from sour t he met hod

an oxtgh;wgrqa y#gyIn @xdodverten go mmugg@rpogmrfqr g@ug]agroﬁyct stream comprising
our. gas;,Wi,th a liquid.copprisin

sulfur oa)I(IIH Jeduss d%gﬂ‘tagr ::fi)rm1H A flud% RUIDS %ée C(ﬁgp%sH%%uﬂré Fopve rehquld product

streant QVEidBik ghd; @idlbcsiufgrtﬁ@l BGid BixE@ar0 £ HERF fa%d Gtht Sask{ ABouerrIn00 s to
reduced catalyst:; formng a fluid mxture conprising

produgh@ ¢gneyeenr Of I i Pr eatiBroust phagenchrtle didrigamnd gageducing the

af

dlsperg%ﬁ Qb glgveg%g ﬁfohliérvglgﬂ]a)ﬁlgulgselﬁrgy gs %glgr%s(} %Iﬁfﬁ(; ngl(llﬁé Lﬁa’ﬁltd stream

compidsie® rdgemtatd opidizee hqfudtd‘amlﬂ'st tpuiecyclaind thatsmenei rT@let rhﬁhod may
di spersion into a vesil fromwhich a_ sulfur slurry

i s
furthey goRAY: ARECTCEIR WhiEHT Ay drdeRY MeaiPRoREF adrgus liquid in the
slurry 1@&%%@?1%91 @& %ﬂ?uzregldl ké&\dfﬂﬁ}éctﬁé Qéllﬁé%ﬁs figuid ?&H&Jeﬁ FrohPthe slurry to
the converter. onpri se:
the vessel.r lihmmemgetbhbbls dlahu:tersﬂf ﬂrerqxldaot gasse gerdspersidir may be less than 1
gueous i n the s IS renpved from
Hm. iﬂ? 1?1{5?“ SIgR PR g#‘?lﬁ éort Heoxh 6‘%06’6§¥|911&Hﬁ68 a %%\?%W“F rPdS‘FﬁS“re In
embodiffn&! ¥kpakineOtht hﬂ‘ul& afxflre td NesRYL AL &DLBAkemEh 39!156{1@ 0,000 s
of the oxidant gas in the dispersion may be | ess than
comprisefrntroftheing the éhmdslinm igly shpar devadsl confpoisingat leas §vo gdngators.
[0011]2)%6%88@1%&06%56%& ]alas%js herellrjn(r:og ehS % %8 as}lﬂlrdgggogl r%al?rte %{S stream, the
systerh Rampakiagta 26hveAEr SordprixaiEPar ﬁrﬂ?é% foNtdu@ s, i andinteh €orf 4 Uqﬁid stream
into a hlgh shear device gggpr|3|ng at |l east two
compigEpgpHfEP catplygaand sy aedingdpos eepveerdigydprepigt gpmprising sulfur
and rerdﬁE@aVlH%% p’&fﬂ Q9¢ Hlsﬁéletﬂe% ﬁﬁl&%ﬁerﬁgﬁ*ﬁx@ﬁ? Y be (qu&i into the
conpr sin a cortverter conprising an inlet for
outletshnar arg@gernalnhighn blm‘ar Hevicaddwiptiicaim Sif rleadis pavsiplei gk mdet, the external

xi di zed catalyst, and an outlet |line for a convert
high Sﬁ?aei zal%?%wn&;w}aqtgx fﬁl@j SOPPYRIcaren WER heedny §rist Ppt et line, and

a hlghcs"ﬁEﬁfl dstce ol zﬁpc%rl(ﬁkgllﬁ 8RS o Ph@licABE WER¥hOHiH Mar BB ce outlet;
be introduced into the

and a recycle line fluidly connectlng the oxidizer and the inlet line for a liquid stream of the

converter, whereby regenerated oxidized catalyst may be recycled to the converter. The
3



outlet line; an external high shear device downstream

of the dispersible gas inlet, the external high shear
wWa@l20v0e296oNprising an inlet in fluid comuni caRCDOS208/667995

the converter outlet Iine, and a high shear device

oyt | an OX|d|zer in flui ation with t
eXte“ﬂtJéH%%s ﬁ?&? HET CEYo RS aaﬁ%PﬂéF ’é‘@ygllsléerffir n“é’“fﬂnﬁ}nél i‘} least one
generﬁ@[ngée 6érh f[swslﬁgﬂg 1! £HdZedat8NEhviddes iHdh@gap! W14 d@ned as the minimum
[iquid ream of the converter, wheréeby regenerated
clearapsg ldatwefdl tbambly@td theistatos whersio Iteeckotap it treatadde eter tie speed whereby

The rna shea devi.ce S a1
the shﬁir nr]a e&gF as hgg %1 1d§ii% ga%/heénh &P ‘é/hdgl? %ﬁeag f&) 000 s is
produ€édPTHeSedxedin A hi gt éhéalﬁﬁdlo@ nSdyHaQe ah@WpB@l & Sbaarth@hr0.3 m/s (4000

wi dth defined as the mnimum cl earance bet ween the

ft/miny.o fropmbgsimenfs the extterinal Mglerhspidavise iy ernsbleio pragiuging déspersion of
ox1da1?t bu%bfeg gra sélgl?e%q \eé%@falﬁp %ﬂfﬁgg e@? %quaf?tt é)%%f 'lﬁggl? ac‘?l g(\’%fage bubble
dlameieﬁ) Bn (ﬁQiquBmicrd)raeth sndlec dtle sykleen ﬁ])ay ebnﬁ@hsehzlt tHastatwe &igh shear devices.

ce may have a tip speed of greater than 20.3 nis

l00121( @é@odlﬁqlm?ﬁrﬁ an |iPEYRBERMBNt 8YSh &OTeRmEY 1| hyHiqgRn sHEde from a

sour %a‘:s‘vétfégm' $he® ?ﬁ?éﬂll &o %I‘IBYI daﬂcéﬂg ﬁoﬁj'lﬁ’lﬁeﬁsﬂe@& Qzlta §t' ﬁlﬁ{‘i)ecomes
ubbl'es’ i n agueous ytlc solution, the oxid

reducdsu bipbwe scanasting hmlr@cer agéddud b¢lemchtairmmlﬁ1r an bhdlzatlon unit for

M, P T I S TR N

catalybst"BI'(RY §FRFStioh indk, &ﬁéﬁh@%\feﬁfentr ESMPHsTE: PnsrQgeR hﬁg‘l‘l' Jref€device in
froma sour gas stream the system conprising a

line betyser the iconveusa and the oxddisationamé the hightshear lde‘ammnpr@m tpast two

gener%ﬁrs,ogg Ogl\rll:'c%rtthlaaﬁ hé/ df %g?gré?%été)%s;g@?‘tl%ée tsﬁlg?{rnrté@?h Cf;glléalél{ 10,000 s
The slgat ake/siovidadby an§gdnafay&tmdy%ygfbdtﬁghzﬁlytﬁé etiBaf Rite provided by another
returning regenerated catalyst to the absorption unit,
generdtgie i nprovenent conprising: inserting a high shear
de e
[0013] \ggﬁ%aét:rﬁ%drgngﬁrllt? %E\f\ﬁe %htelaﬁ pgﬁgtgﬁfyt \E}lﬁ%@gsg%%tr}}essweetemng of gas
strearﬂse‘aﬁhodt\me gediefoatlmps ,VOWﬂI&f miattot viaeaet ofoaieexaérnhingressurized high
generators produces a shear rate of at |east 10,000 s
shear feactoffhe shear rate provided by one generator may be
[0014197 L@l dohihdRs %ﬁ?&bo'&@ﬁ@seﬁﬁ@d’ fngﬁlgdlgy S\ 'ﬂi‘?ﬁ E@t@ntlally provide for
generator. [0013] Some enbodi nents of the system
more pgttrea ttingd, keynpmzitgrepmé pidshe toralisaws ¢hamrire gthefwigggossible, and which
streans w thout t d for |ar ol une ctors
potenily “GBagy bttt B ar eSS vt 8a (I SmbaRTHRledthe above.
describ@P A ihoSebt AisnRNRRGABN bovfe ARrARDYEred8&hi B3e6berating at lower
met hod or systempotentially provide for nore optina
temperdtire, andégrppicatiu. epraridingr exsasesl pmddFt penynif eincagglgst consumed,
decrease(? rfrza\llc\:/l{n%ﬁ dive s Iq%/orhrggléced ca gtgls BIK@P%)II&&!H'I é‘l‘lf)gs [e %set hgd other
embo&ﬁi%n@%ﬂ%)@é:h@lﬁ] ﬁtﬁdnﬁgéshﬁ)ﬂﬁb@ hpy&it elﬁTEhepibU@Wiﬂgadidtaﬂed description
prOV|de overall cost reduction by operating at |ower
d dfa@ijggsr at ure and/ or pressure, providing increased

product per ﬁﬂ?ﬁ ¢gased
reaction ti #ewhkn@%gﬁgﬁuce ca #Aan or oper at i ng
[0015]c 0FHos a nidre Sletaﬂﬂftﬁde:stlﬁlﬁfone]fbh}dpmﬁnbé eabddipehesit thalpresent invention,

advant ages wi || be apparent in the following detail ed
refereacé:s\%]ll Inﬁgv bgmade to the acggmpanymg drawings, %ere(l)n g

[0016] Figure 1 is a schematic of a high shear gas sweetening system comprising external

high shear dispersing according to an embodiment of the present disclosure.



and drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015]

For a nore detailed description of the preferred
wepiomiarent of the present invention, referenceCTb1008/067995

now be nmade to the acconpanyi ng dramﬁngs wher ei n:

00171 Figler P e e il e ugh S DAl MR GRREE g chear device, as

empl b@ﬁﬁfrﬁén'ﬂﬂ)dﬁﬁ&ﬁb@lﬂﬁg {®man embodi ment of the present
i scl osure.[0017] Flgure 2 is a longitudina

[0018]cr d&guséat & bex flowwiagfana ohaihigh shtasges hwaghengigguecedeadcerding to an
enbodlnent of the system [0018]
embm%FﬁHg@%gyﬁgﬁﬁpgga OM/dlagran1of a high shear gas
S\Neet eni ng pr oNeTA HONANDNOMENTIeNPUREENt of the

resent di sclosure. NOTATI ON AND NOVENCLATURE [ 0019] .
[0019]A§\suj§@dtha{§1|nethﬁ terrh gdignsysiAn’ defeysdp & lisyefigdemistigre it gontains at least

two d gh%b%fhaﬁlfgs tn% &Lg@%ﬁ%?qh%or ,n%Lgelgg?& ){ %\&itdlsso ve t%ether As

used l[eeﬁﬁll d ydlﬁpel(smaﬂ d:od1p$1$@:s| Y &:ohtigﬁiub EphaSMoMBMHhBJ ‘ehlﬁh halds therein
" di Sp er si on" rl ses a "continuous" hase

disconeifupys stroyletwwﬂ% andier PHEFIET (ot dhe et Phie S S&P%silﬂcet sThe term

dlSpCIQl%H %agﬁthug?gélo{o 8k 16t ﬁmﬁ% L Eulﬁﬂ&esruslpﬁ!ﬁﬁéf iPh Ti u1d contlnuous
subst anc The term di spers gn may thus refer to

phase comgdsipsd ingvigets dioplebl df s fesslppintiad dispermed thguighout a contlnuous phase

conti nuous, phase,. enmul sions. in.whjch. droplets of a. .
compEitfe o raich BN oVith BB oD T ISh Ui B AR Gaginuous liquid
phase MRSEhEATRRICE isIE Earﬁ&@@ﬁ‘[@ dideAibticet. WAk rﬂlsé’éhh&ant e tfrhd dispersion”

[iquidis inmmsci and continuous |iquid phases

encompiapsg sl gersiurtowshli quid B@Isc'tsdhmglum Iwélscha’ae bl QSrarb diseidputedgcontinuous
R e i R S R R

phase@fof adfissk Migaid eloughonit bvﬂﬁtﬁuéﬁrobleﬁubﬂj aleasRIs 11&1Lhﬂ aHghi®Wubstantially
whi ch solid particles ( ., solid catalyst) are

insolufiledp thernppegtious ghase ﬁt?dugnb%% agd Bﬂmé Phases thrpyghapigwhich any one or
a con{blﬂ[) aPH9 t?)? LéB %hﬁl@legr 1251?15:(11 ui A ahh gﬁé %uf)lﬁ@st allesdlstnbuted

stanti a e cohtindou phase a
Hencediasdispelsiiredan aridt hi g hothopbiases niiktugu gh eorhe whses h(e@n thuld/hquld
one or a _conbi nation of SO|Id particle imm s

phase).j @iy HrIGSTRICECOU RN GES (hEbbIELIHe @ A ge olidiquic),
depenTiB &R thn e RE R RRe AN RH R oAb iRERIENEOUS i xture

in“sone cases (e.g., liquid/liquid phase), or as a
het erogeneous mi xtRIEEAIIGED DESgéRIRTI@Nd soI id/li qU| d,
00202 BEAFE 1B o ey ST SR B AR e i B aepend

on tlnm&?-a ,BnpORA, (BN Pk @W. 1T R8ses a&}%r@ft i§ BB R to react two or

reactions |nvoIV|ng | iqui ds, gases and solids depend
more cﬁw triapesiabf of ciieramtt Phaﬁfér(pé’r saligr and ligvad; dmsismdegaﬂ polid, liquid and

gas), SfSot ine r%{tle | I 2 c%r?ts ?1[1 Lh% he rf?eaa% o }nvaf%fes e contagt\(/]Y_lme of the
materi a Pérent phases : g

reactahfsQ Uk dle@ﬁﬂa & &Sﬁer@@hédﬂlslﬂ ca@Ujizeld ﬁil’adtlcgﬁﬂ)ere ke ﬁtfd_itﬁd’iﬁl rate limiting
limting factors controlling the rate of reaction .
factorjqf\hgvipgsthe peacted mraducts qeﬁpvg? fropethe surface of the catalyst to permit the

catalyst to catalyze further reactants. Contact time for the reactants and/or catalyst is often
controlled by mixing which provides contact with two or more reactants involved in a chemical
reaction.

[0021] A reactor assembly that comprises an external high shear device or mixer as described
herein makes possible decreased mass transfer limitations and thereby allows the reaction to

more closely approach kinetic limitations. When reaction rates are accelerated, residence times
5



reactants. In the case of heterogeneously catal yzed
reactions there is the additional rate limting factor

wW@Roohawdony t he reacted products renoved from tPEI/US2008/067995
surface of the catalyst to permt the catalyst to

urther reactants t for.the )
may UF Q5 S hETHRY B reearaPgSaplS TGPy inut dHprst skl By be inereascd as
a resulflof itROh YR kKdar By R 986 poREk aRliteWMatibely WO t}férprmfc@ ield of an existing
reactants involved in a chem cal reaction. %

processdaaeasptablss deridaying ibe fe@l@llﬁ!ﬂf fesidsncgriinax be nm:arpomt@h of rselaarble high
o
shear G} Sfo@ 88 pRoRC ARG Rihe i AndRE TrBPER AT cqpentionat

procedsBe reaction to nore closely approach kinetic
limtations. When reaction rates are accel erated

[0022]; o djutbeiarore.iwitonay isBmgde by Baited by theere Bys belierehinge high shear
om0 1 RURIP sy AL 7 B SRR i
mixerAlst @sadiedVigdrsin iy parenipgaductetanigd at gbbanopexitisii dogditions under

process is acceptabl e, decreasing the required

Whlchrre%qtla@ﬁ@éf npr FRAVERLQNAE Y PR EYRSFICE o BFCUL (7 nysieaiiicaptexianbar

MRy oYY of al r r
[0023]pr eg gth}rnes t %Sngg“gﬁgé’ﬁ?l o[r?aflﬁ\ég rsgggggﬁ s%&%egb f]a %{e% will now be
describett tnhrelatron ey Figiitehlg wthicki s i prgeesoflbe dlagmmexﬂ atpgmbheigreyt of a high

it is. helieved th t he shear conditions. proyi ded .
shear gystem rlg ?H}OV%&Y & 151’1159‘9 ETBPPp? pLedrean Cé?}?’tpélﬁlﬁglhy ogfn sulfide.
High $e8A%ulfhe Yd & aPEystin € caRBe @R2GhI drad Haeﬁlgfﬂuﬂ'ﬁ?zfce@f-‘ Féiek; converter
(@b 1%@@ sweet eni ng at gl obal operating conditions under
abso C

highediewi devieragxidiaer, @Miwr{wlﬁﬁaﬁlepgrab@l e@nﬁe@ﬂf@d hagyling. The

basic & V\glé)togEHRSn o?y% rﬁg‘gﬁg I @gtr hlglgt s%g é% 2023 Syqsutl cfiucilpn Skidation

desulfiA¥étida 1ﬁt&1$d'ér do@gtter B0 &kehdl Dipht Pedr d@uice (HSDWM) GRsdeB 1@ and pump
process fIOM/dlagran1of an _enbodi ment of a hi gh shear

S. Asghawam Tigpesy L highohraiglenirart8delocaed extamaktpogssal/igagior 10. Each of

these %nﬁgﬁf@b& QRS q@cﬂﬂyequﬁ e a&hlfl béBw, I_]_|‘1E«I:'2§ Hed uccég lgfaé"Eontalmng
renoval system 1 can be thought o avi ng
hydrogeroagide inanasyeca@rdierih ebmé applaratieis) highi spbarae aWeetemng system 1

Fartheg G G s § g o THESBRETEC LB HONEALS. BF SGmple, Knock out pot 24,
Knock-6f 0}%% Qﬂ]tn?ag'b\é%:(hblgrﬂnlén%rﬁst}{ﬁﬁgmhﬁrh sjohﬂ%'elsqs feﬁq%tﬂlﬁ{]shear gas
oxi dati on desul furization incltde conver 0,
sweeteniogesyseim hi hine 2haeay abendct EngdiSY p¢-1102,4 Wleh; s@lvel@, 30and
pu 5., As shown in Figure hj evi.ce.40
o024 o et By BF Finer e B 5 funiglr ooy e brt g stfverer 30,
PumpCOMRANBRL i kémé Wnito@Im&hes Gokiiefed BIsBRh&e dBtcAbhoReli@W:shear gas
Li ne 25 introduces gas contai ning hydrogen sl fide
sweet¢mt1g> sgereels tfer eganple.nbeiwaen agipleiteady and, $iDg<K) sHecated gas exits
conveper, aé \é\\%}e elﬁ?r: 3%?6{3}#12; cg' nfegtébcg)e(fe 2 o{rosgléaDsrr% 62 1%2?% 18 fluidly

conneBtd IHYID 1O F4th ERRE KO.0Ltne Qthé%Abd@ﬁnbcﬂe(f edin¢i 13 fbﬂhﬁbdﬁdlﬁlgi‘omdant
23 through which sour gas is fed into high shear

(e.g.. OB ERHNAG Ay Q@ FSD 4(L| flemativehys lipe FAaBdy %%mc%(? digestly to an
inlet OHLIS\M &(5] lg%?{oﬁéatr S gbg et ﬁ‘%zﬁ%rlstein Mhat £ Hgﬁgo%sg%&ﬁ&t s‘fogrger 45,

r | ucl urd cata
Whlchcmmylbdf t@rneaﬁd t@HBD &) nigylinbd 8 and ts ®msele1ﬁ)ﬂd ilimen®s Line 17 may be
osi ti oned e| sewher hr oughout  hi gh shear gas

|
connecteg to vessel 10 for remova o% vent gas. deltlona components or process steps may
be incorporated throughout high shear gas sweetening system 1, for example, between vessel
10 and HSD 40, or ahead of pump 5 or HSD 40, if desired, for example, heat exchangers. Line

21 connects vessel 10 with converter 30 to provide for catalyst recycle, if desired.
6



sweet eni ng system 1, for exanple, between converter 30
and HSD 40. Treated gas exits converter 30 via line

W@200940029¢9 13 connects converter 30 to HSD 40, eCMUB100&067995
18 fluidly connects HSD 40 with vessel 10. Line 22 may

be connecte for introduci ng oxidant {e.q.,
002512y 15 SPRE P oG, h M st esen il bafeon | RN iiises sulfur
separa%%n %ﬂar@ﬁs qepaeetsrd sdifiiegtiey 60 oshﬁ{*y pﬁ}hﬁbo Osfetti'é@@eﬂ%ump 50, or a

H gh shear gas sweetening system 1 may furt
combiganpr thersolie Atitiee fesd auger SU Bray Wi fbhdlwwpno@tadonn giotd@ towxidizer

D A0 wvia lLine 18.and to,vessel via | e 19. Li
vessel 9ot Pt Suf i f b RaER™ Fyodt 40" Lo HRasdgonpitiR outlet of
settlerfadd pulsl5 @ ivan 3h1fGGBIEeNEINISE 1iaé SPRACRSSidEEEREssBRY0 e line 52.
i ncor porated throughout high shear gas sweetenin

[0026]s y SYufpy settlercj0 @w bpcenndsted\ie shiryeser 79 yigliee #5 %m 75 may be
comefle 968 Bl BT, oS AR 601 Sl O EATRD s
catalyoo nMeuichesrepﬁ@teﬂon patidaricOen dydve re@irgldyts vesselclyolieling f4.

desired. [ 0025] In sone applicatiaons, high shear
(00275 g p<ig g%%/%’fe@F?PIngSM?tF‘He]r may FfHies emeieraif blower 0. Air blower
90 ma?q)@%()ﬁ‘ﬁéc% t& Q%Elalt()"{% ’prch;?(ﬁe (@3&%%' s@con%l%ﬁlyfa‘ﬁr to3elsk] £, R} blower 90
lurr 0, settler feed punp 50, "or a conbination
nmybbhem&mkdﬂSﬁhmkmdsﬂeeﬂr&ﬁnp 50 may be fIU|dIy connected
[0028]\5/’: | Iv?r?eg‘l ggg(tetgvggt%(l @ %qeng{?ﬁ/sgég g%}télc?g"}ﬂﬁy s,s)ul_rl gz}ﬁﬁ, contacted with a
homoS&RBRCliqad cQMUs@'éolﬁ’tﬁons etbh®iitef 88 InBUBD &S taS horber. In
Settler 60 via line 53 and to oxidizer vessel 10 via
ernboclhrrnetss@y li@altﬁpu@tﬂnfmdagen Fitelystaoitahly fhyexebring by@dgftrtﬁulflde to
oo, APy T Pl P 00 ST RIFEH E oo
chelatt Uf irb©br GREATgdrofRtaBibs. MeraBoEmet ahy tiésalfa@iatibh dction is carried
separated in settler 60 may be returned to vessel 10
out inythg aqpeqys Jphasq pove Fhalpted ioR ewrthe satalyile seagsnig Chglatingpgents are
| [ fa 0]
organig’g% gg%&é%hd%%es& LFlo tﬂ)ﬁ’é"ﬁr oc\?}igx& gﬁ% Ez%sﬁloﬁ\f\?fon% chiffiYeal bonds
betwese oonolanyreaion-iton al@ssald t]]lé)lroﬂ\allonbl Thm&mt@ﬁ isreppidally operated in the
connected to filter and sil encer

mildlycaikgiupe: B, rangso iy BpYEr 2089 LeprpHPS o6 VisS ik the gt alkaline liquid
catalymo‘ﬁnloﬁo% s@@Ble &tﬁ%?tlsa@ﬁt g E(ﬁu@orpﬁr@mﬂ@lo % Sets LLC.

catal yst solution. Converter 30 may be referred™to as
quulchhoraows@ercatalmlcenhmdn ﬁemas/,beantyOducqflun@b c@uaden Prvia pump 5 and

convef UL b7 et Bt st oGP o 6h B SR ads o sou

gas fldw elrbgis coﬁlo&m@&em{ EmbEBnahtY ofv&GRIBY isSd $argel @b@irerOfin such an

i ron or other organonetalllcs I n enbodi nents, the
embodigmsnl, peidi gaa fioonlinee 2T isi sorepd it eenvetiendft. Hydmopen sidfideoipghe sour

gas 15&% 1ezt3c5J %I nl%accthel \%}tﬁthlz rcgtglﬁfatstot Poermcfa:lt aleMta sulﬁeag&p Ye catalyst is
g agent's ar e organic compounds

reduc@, OWRE chthlght diFtdsnth@ugh @vhvertse 30 aghthenift gentokdd by, for example,
chem cal bonds between two or_ nobre non-iron atons and
sparginge Tireatgsl gasdrem Tﬂedslgnsqre&ﬁnu wifidgras pees respred e Fonverer 30 via

line ?ﬁ' l @o}{ Helk Qiélluﬂfls P {Eta&gﬁf( &%Qﬁﬁ%ﬁtagg r Ofe%&é?i”cﬁﬁlyst exits

Yo th I'qui d cata
conveﬂeﬂiﬁwohnel\’ssw tabl e catalyst is the LoCat soI ution of

(00291 ot SherdBileer drcnal e e SHADRGU dhpgometimes eferred o
as a hpANKENd8VicS8r ¥hidh REEHP nixidP evice, is configured for receiving an inlet stream

via line 13, comprising converter liquid product and oxidant. Oxidant is introduced into high

shear device 40 via dispersible gas line 22, which may inject oxidant into line 13 upstream of
7



converter inlet line 12. In enbodinents, liquid
catal ytic solution flows countercurrently to sour gas

wo b@woodsough converter 30. I n enbodi ments, coOPWEUS®O8/067995
30 is a sparged absorber. In such an enbodi nent, acid

s fromline i s. sparged into converter 30. . . )
HSD 5, AbSRRaial 15501 #RY ot BT Rrn e dnpyiavid and oxidan
reactah€&feain Wié"&etparaw‘ﬁl& ahad ot stviorAmmeh Hl@%ne%ﬁ%ﬁ YHear device is
and the catalyst is reduced. The catalyst "circul ates

shownt trfoggh 1cio svand ke wgBritgoditha spint empedioreatse thyysysteormay have two

or R AR e BB A% o ER, PRer B PR s <0 i o

mechzafcal GEVIVE tHa€ litilized Wind o s Gen& BP EbrBipign€h @5®At@dor combination,
sul fur and reduced catal yst exits converter 30 via

each qfjwjdchyhms of gppgiwagndhe stpfehandaetarc dhe gap betygen Hie getos prchthe stator
. ' eals tig ef - '
in eacg %égeﬁrgtgge \t/é?(@eaygl% fg?eﬁi 08 ﬁamadrd%ﬁ)?:[eh gﬁ%lg?/tﬁ Clge ?orlﬂ%u?edhlh%nch a way
that ic@nédpgbleest produdies subtidghnaind Mi@bnSize@ dibblea ih ian@addnt mixture

.conprising converter |iquid product. and oxi dant. .
flowingthepaigh thesdqviter obfiFcean Pinb e EheuhRIERS A GRS UApORAgsing so that
the préﬂs&@%ﬁ& kb RrAR3 Jr MG estion Wk MR bd MrgollePxi dant into

[1ne 13 upstream of HSD 40. Alternatively, HSD 40 may

[0030]be Highfshepurrentifeodeviers eires igageralhye dividpdi idtoathdeecogdrdeahtclasses, based

won JERCHRE Bep R TR ol KGRI IO o
inhon{bﬁeﬂetou§ fruled vaitihe st 0Oofe hkalc HPIR (ﬁgﬁ@% ARG EzhAEss of mixing
e

' e system may have two or nore high shear ﬁiXIh%» '
is thecrmgigyedenaity apgerit eptumer thanhtheemixdeg devigrgenerases o diwupt the fluid

. HSD- 40 j s a _nechanical  device that utilizes one
paniciS 0 eSSl SRTRRRtg A EF ket bih BB Fhiss ctasses of
indust@ial miQérs Whdveky hafficdeng adheRSt eyt e cohaitentlyapeodudt Omixtures or
The gap between the rotor and‘t%e stator in each o
emulsipan &l Rivtide sizeraip theranps ebsubmisry thal auifigss Hislude hpmpgenization
' $gu. i R t el | e -
vl A, SOOI UGBt D S SPGBy devies
referréde@ctsavinagenitation valvevdystgmt, hihdd ghbé pecedwd Bepunmiee undglvery high
shear devi ce conprises an encl osure or housing so that
pressy, @rﬁ@saswwm YAEHPHBI G MEr PSS Y BBRPE B THF REcee gradients
across TRY VQl%e ﬁﬂ@tﬂe%élﬁt%g &Me lil'l(ﬂbav?tﬁ@&}{ adinta(bfégk—qg\éM; ﬁ?micles in the
are generally divided into three general classes,
fluid. bdked vapersysthms rareabioki ¢commonlgriused inuimgld. hduhogemigatios dnidecan yield

rocess .of .reducji ng the size of particles or
average RIS it o DS PRERED G CERIRES | Ui d. one metric for
[00311t heAtdRO6HRsIRY erdd R HRUABAS SRn Gy spothungisitie thte cREBESMME vices referred
density per unit volune that 'the m xi ng device
to as lgsnencegyedevices.dilbesgpysteme usyally dapapaddidses flukheterb ghas éyn at high
speed ) § rf%iersvt fr%g H{n‘%ine %e bra o %ec? N hqc%l iinvn%{ne dof neh cdensointai Shcations is
PECCHhF &8P asses “of Ustrial ™ m Xert € Raving SEPFIC R
a fooeprot@y. dBERi1by chérgQngEd avicutoRaAFULEd Whi bve@SseQarticle sizes of
enul sions with particle sizes in the range of
greates thgp20 myeroppas @cqepPlsAs therepssarsdflvifogeni zat i on val ve
[OOSZ]?%%Bf&ﬁ'thg %vl/ %hﬂrﬁg'deld%esa% (l)rgg%e?lpz%ﬁgn WHhXE'S sterhp, ihN€ms of the
irst class o h energy devites, referred to 'as
mixinp ameggndaaity enlivatd/ & shesfleids ard teliad tnallbenpriogle sSked ro®r-stator
. punped. under very high pressure through a narrow gap. . )
dispergggpy &’%icﬁt Breaclpsiiind By ST I B The ;sm%gag yodoid mill

configgﬁraﬁfé)h(maﬁdes a conical or disk rotor that is separated from a complementary, liquid-
cooled stator by a closely-controlled rotor-stator gap, which is commonly between 0.0254 mm

to 10.16 mm (0.001-0.40 inch). Rotors are usually driven by an electric motor through a direct
8



across the valve and the resulting turbul ence and
cavitation act to break-up any particles in the fluid.
wab@smeoed ve systens are nost commonly used i nPEI/UK2008/067995
honogenization and can yield average particle sizes in
sub cron to

m cron ran 0031]
drive 8fp€?l aéH%P of A% ﬁﬁ% f@ﬂ%@&%@ﬁg%}t &F@pgd’ﬂlmfﬁ%d bgtyeen the outer

surfack N gk Ft@Smdahe et S&Fack &Jrqkd ot Can@SshbAWoRRE [gg%rated in the gap
devi ces. These systens usual |y have paddl es of uid

processghoflgidt Ndanyt Qﬂlhldamllm \gllﬂl Bl@p@ldad]wtraerrte@@pwa\rerag% plltigladsizes of
0.be pr essed DN .
0. 1_2%186?0% Jlnlotg?] groc%ss% %1 d TIISlF e (ﬁ?B%blPtﬁ,? ergléde[r SV\]I?Oéﬁer f§/ appropriate for a
variet$ Y8 bR 6618 i6EIGLQEROIDIY aHE ©d/ WRETbaSMPEBERI0R PiddeSdif such as that
si zes of greater than 20 m crons are acceptable in the
requirgg fele SOEHCHIS yNyONBrg2[or Bakicpag/silydi eaNYgara nieFgitiade tp ciogfing-tar
nnmnﬁ?d honogeni zati on val ve systens, in terns of the
ixing energy density delivered to the fluid, are
[0033]c lip qleeld i¥ithé sirandeRhgdl dideare thodlat bysthattiprof diesiped per 1$n1t of time.
whi ch are classified as jnternediate energé devi ces,
Tip spegithis @ drrcgieg ofithe rO&%rﬁﬁfrI@?}?ra%qddhe Fofaiqrabeegiergn dip Speed (in
meterQPeﬂhﬁ’llﬁter R QK ath gl@j ma§ b8 %Q@ﬁﬁ{eﬁ ‘i)yfrﬁlﬂﬂkl?m“gQHp LRABRERRYal distance
| T qui dcool ed stat or y a cl osel on "l ed
transcrib¢coby geabtor tigadnR, whieshR iisthe mmmsrrbfyhd:)mtwe(mt@s,ﬁﬁt%anmw times
to 10.1 0.001-0.40,inch Rot ors. are usuall S
the TriRTah by Rl At et G OBHPBL B TTeH ay 1 tolgid mill. for
examﬂil@' hayB&RAN Itlg edBint diRedsAUfON2.g ﬁf/@;@@O at/mhh)adhdr Bheexcebd 40 m/s
e

unps fluid ween the outer surface of the rotor and
(7900tft{emril)nnléqf th@ pfpote of thishdisdeangthe mﬁm btgélaaheﬂo refers to mechanical
ener.at ed progcess the
rotor rﬁitP{ gewcets ﬁe 57’ Sgliorlg ggjll FkOIE staa%%dlggleéseg\) t}:]vg ge Cagf‘{’lf’ ng élp speeds
in exc8sZ2&#S . fn/O(106@ f/hing ﬁrﬂﬂ%qin[’e ﬁth@(t&hﬂf‘rﬁ&ﬁl@ﬁiciﬂyﬂrﬁ/en-f)b%ﬁdewce to
capabilities render colloid mlls appropriate for a

drive gagrgyetnio (e SHPRM PE BIOHBFS tq brorcadPhgleoixrepl. BnkdSD 40. a tip speed in
I C
cxces U LALAL BRI SARTIL RS ASUE, 8 0B i, nsome
embodlmehgaHSDMOmtdapﬁble bbdeloefing gt least 300Xi/hgt a[(iPGPSId dfi g least 22.9
the circunferential distance traveled by the = |
m/s <455§ %1111“3 hehF BPYFT GBFUTRIQN 1BEY 'Pff fhout T F¥pekd ?‘% cqrRbigesghigh tip
speedvaﬁch {/é} sl tsﬁ\ieclr %9[5 & prgﬂ&%Ig%fﬁcﬁﬂtdshEﬁ%r{ fE ﬁ{a'te%lﬂ)elng processed.
requency Tips (in nmeters per mnute, for
The amoanpbb)heaayvﬂkb deakkpendeat ed tlmlvmngstty pif ytha @ut(h eAccordingly, a local

. circu rentia i stance transcribed. b he rot.or
regionofieTe\ed e and NG BRRERACRE pgbr iiaplsr 6iipg plration of
the higkadmBhedeitdTem thife bds8AWRN GOl I&URH Usrb@0re( fsOfibout 1034.2 MPa

exanpl e revol utions per mnute, rpm. Acolloid mll,
(150,G08rpsex dnpdae casgy thedpeally ql¢\1atesipte@ﬁefawree»s@é9@t W0°@2 higsome cases,
these Egzr?l p{r‘lsglg)r% &%ctl /%)erspn %}%tl?rtre]ﬂ | egfgt){ e%a%ip%;sgsq f?r nan§ 79]%]90 fﬁécloﬂ S.

[0034]S h@ﬁf apprsa‘uafaaoﬁ @f réaelgainp@l infoothe rflid ak WyL/aeN) €8Sbe estimated by

(e.qg., colloid mlls or rotor-stator dispersers) that )
measyiing tb%\@@mr@n@w(kw Spedyisl euipwkEaaia). ofs Bientiped abeppdip speed is

the Veﬁ(;dlmg](ﬂ)crimﬁ Q)g nl/ 5%%{ e w K ttﬁ‘aer&]ﬁl of T r%ﬂe%e\%ééfi}{g Blements that

vice t'o drive energy i1nto t stream o
is crqarlmgi ub¢ sndochaiiealr fomct aﬁplleﬂoro eﬂ)eamqsﬂcemtsl nInHSﬁbé«ﬂlmeatst ithle energy

exer R S B P DI SR b, sy eypenciare o

HSD £P1¥8n the range of from about 3000 W/m® to about 7500 W/m’,

.—a.—

[0035] The shear rate is the tip speed divided by the shear gap width (minimal clearance

between the rotor and stator). The shear rate generated in HSD 40 may be in the greater than
9



enbodi nents, HSD 40 is capable of delivering at |east
300 L/h at a tip speed of at least 22.9 nis (4500

wo 20oaioedps9 The power consunption may be about 1PGI/KYY008/067995
HSD 40 conbines high tip speed with a very small shear

ap (o produyce. significant shea material hein
20,0038 lseBi ErhRairSB e SR Birean RO dep %ﬂ’g}ﬁef@wdﬂgems the
shear Ifzn@ls\é't &%gsuobmogfs 't e sdohddéAboeERE eHen@bat, rat@ il &9&dst 500,000 s
regi on of elevated pressure and tenperature is created
some ambtxhelenﬁs mhmfheam@ten@tablﬁa&ﬂ arqoa@oaper &t saome ghbadiments ie shear rate
t he .| ocal

is at 1&-61'5 ]gé(?}?@ﬂl 216 &B 8{5}"0%81?2% ea( 1%6 gf)‘t%a%%% le—l\éﬁ 18h%the range of

from 2REESs t loe1 00@oBls'y Fol exate ik enPepsicuiiéh hs rabpup spRAACabout 40
one cases, these local pressure and tenperature
Heiriomer O

m/s (7@8@\%@4% agd ﬁ)ﬁ}sh% 2ap sadth éﬁo 04 ancha qwe@dpsing a shear rate of
oo 3] PRRSARLTRY| 80,0 SIS L IBHE 1 L850 b a0

shear gapawgyh {2 Binenif (0L00d mxui),mrbdl(dmigm Shear Ase ofeIboLOICEIG00 s
tip speed is the velocity (ft/mn or ms

Qve )
[00361ass%$;fi> 4P ducappblp of Righardsrssinger %lép%mgrewéa%% [nyp Agnain liquid
phase ?&&fﬁﬁg&% eéatc%?égl ﬁ?@pﬁ%lﬁggﬁgﬁf 1@%&91?5‘%9@% é{/}ﬁﬁpﬁ v h(ﬁﬁlaﬂy be
immiseibpe ndcdnditeone SudiSbhat40 léast gpatde pf ﬂlhé]ﬂuﬁi&&fhlw moxidized. In some

emboffERRL D Bt cdigiseaBotLodohe. WHbT SOl ihe ppiactured by
1KAGl 00361 HhevsHAREORaNE bt WISy N@uSARRdcd d%ﬁihﬁiyl%{oheMA for

shear gap width (m ni mal cl earance between the ro
examldndhmoateongtanc% ElShédeomprises de @eﬂm EgagtorGHIOKA® F%ty/rkb dnc.

o037, 2b B SRR s FRE8MS ot e RELBRC BB e
mechdni€l $dre@iippliall €o tte rBictdr@aSThelRigh QRr Slevlice cdifipi$REBt least one stator

enbodi nents the shear rate is at |east 500,000 s 1
and af) Igass GRRrOBFEERTAEH DY atdRaraNeaFor GHaBPiss thetrofaspgiay be conical or disk

shape&a c? g 8Q ig'pé%aé %ﬁ&rﬁ%ﬁ%nﬁﬂ?ﬁ ﬁggﬁ te%?téu%l?e erﬁ (ﬁmh’?ts both the

rotor :lirﬁit ﬂatgﬁﬂ&ﬁ;ﬁisedl ﬂiyrah@[bfélﬁkcumfdrdfnti‘ahg spand eedf. fnrs@lfﬁe embodiments,
s 1to For example, in
the St%tﬁr&%. s SAUGHIR & PhSy F .dﬁﬂg'f&é@aar. GPHHOiRCI A Fater g stator of
each %érfeﬂ(ﬂ') (rﬁagstﬁt&e sectf]e roSAR BihHeR the t&t@%@%hmt&oatw& stator may
h), producing a shear rate of 1,600 .
alterngte dirbasion aip plkaroae stogestfbreinerodsed turbylesipe &acln gemmnmmegdnven by

500 ft/m the dth.is 0.0254 mm
any sifgBls e metey Cotlsuba eI e RaRsrodion: "0z 600
[0038]S Irksomd QRAR&limERE tﬂ@nﬁrﬁmﬁﬁf@éﬂrﬁlc@f(sﬁéh@%ﬂp)&mgﬂﬁ B&tw&ki theQfator and

transporting oxi dant S into a main uid phase
the rofog gninithrupnge pihizere pbe ?9&2% inmg (9-efuimel) tb |ah@nte$ Hétram;@ﬂ% inch).
ch it, woul.d nornall |nn1sc
o cerfi Pl R RER el Al R PRl i pippond roor
is aboel 8D Ysh (0960 XicH).z &fcerlath &ﬁﬂ@uﬁtﬁb@ﬁ itteemirSmuiike#bhce (shear gap)
conprises a colloid mll. Suitable colloidal mlls are

betweﬁlaﬁhffr@&qr FPS Gy if RAfeAy W rogn (QQE inchy: | B gfieahratgroghesd by the
high shedr &p\rl&h dr§ it Z%&MP n%‘g{t% al t 0@g§§ﬂ@&\b£y In some

n sone i nstances, rises t
embodﬁeantspthé ytoofs deKtén( ojatd\tr K speed nemmie0QiBat¢ withethé dgimesdn @éithe rotor
ce conprises at | east. one revaql ving elene
and ﬂ@r% &SR fleece CRARME &M %P@P%‘tsaﬁ’ﬁl el shegr facs B g%ﬁdsclearance
(shear B Wi@h) $BEREN ARY safor CAIAPFIGEES Alkrna8RIY, @Behish &h&k device has

adjustable clearance (shear gap width).

10



and at | east one rotor separated by a clearance. For
exanple, the rotors may be conical or disk shaped and

woreyoke2osepar at ed from a conpl enentarily- shapeer/us2008/067995
stator. In enbodiments, both the rotor and stator

[0039]t gtg{:s)%mg eﬁl%g Jur amg—f%? %ﬁ:?)lglrp%:sjq?;g %]?lgi }t%gtﬁ%/ Eiia[? ésa}gg g:hamber (ie., a
smgleqetd%@aaﬁlc@m%ﬁlaam Y ﬁngla %eﬁ’é%ﬁbf)e(in sh@alenBRRiMStWVERA hBE device

rotor and the stator of "each generat or (I‘Ot OI‘/St at or
40 is sempltiply stogee snlinetdigpsrset ad tcemphsasfa tphJéalrtEth rgeagidtopy. In certain

t at or | ternate |rect|on|n at e I
embofr2pRL B s Crofip ARt e ety @Reilus: WhafRh EmBhfER s fen shear
devic@NY c&Hprisab h€lesht B\egISHehiesBne ATt g Rehef cdfibdaimtite]i Ih slhB@f device

~necessary rotation. [0038] In sone enbodi nents,

40 ispf nKARIET daahcelerdiye i ghgar viatit kyhishs méﬁerttme%taé?pm, varies

propo?@)ga%%e %h(e{pt ﬁeego uxﬁchgl g@%ﬁ’m{t}bf{f%s&b&ﬁ%aﬁ) \9 %éf} MMHes with

1ong1tﬁ@hﬁlqio@1tleﬂ‘amdg ferflsy pitheayrian further ddsedbealrieecif Bdsleazr gap
between the stator_and rotor js about 1.52 mm

dt h
[0040] éﬂ ﬁ%@e PRRefiments, cagh pagsofBp Frigimabhish shear dpdcq hasiiptgrphangeable
mlxmglt@@lﬁ a&%ngsﬁ@(%ﬂl%pﬁop% %1 tﬁeh R 9H®/4 qﬂgbﬁt}@éag{or@%f IKA®

[east 1.°78 mm 07 I nc e shear rate produced
Work§ylnt hWilmiggtos,hEar amieAP‘&’eN mnly Almncay\mch Witmigigtond Mval comprises a

posi ti,on al on e flow pat I n sone enbodi S,
tee Pfze; gRBm g "BoptiEo s PROGE iy cosl b Rmiinagr BTE otorstator
combifhfidhst(Béhetit@REWEh &Blcfehﬁ finel ﬁédlﬁﬂld c&ﬂ& de® by &ﬁf’—ﬁhé or each stage.
speed. I n sone enbodi nents, the ﬂh? shear device
1

This aglofyis i@rdcreat@arcérﬂt@e(sméémwga@ narrgwhdisthbetigeef thé: ée%lteatb@bble size
t d
e BRpL e buo I ARn Bnbaahtfis bR NGBS} EFertEE waen swer

fine g%ﬁ'él@t@t MEAt SomeHEbAmMeARP LI BES eheSbNBPeCdicARYR sets has a minimum
di spersing chanber (i.e., a single rotor/stator

rotor/yab ickaraneth (sheas igag | widgunelr gteaiey . tham abeged Biiyaen e wich). In
altern%i\%t%nﬁ)%ﬁﬂﬁen‘fjse \cll‘! 6%t 6196 btsthé1 gq'éﬁtblpge% 1k ?%m‘nﬂjrﬁ Rtor/ stat?r clearance

| sperser and conprises ural generators
ofgr@@fﬂﬁMlhﬁmbﬂﬂhmﬁm®97HHBD 40 conprlses at least two
generators. In, othgr emhodi nent s, qh shear devjce 40
t

[0041]c RpRO% (O heiedh PEHEsrd @é‘ﬂlé a@a%lscm%me%tmeof a suitable
high S%MV%%@ Ijﬁ?ﬂ Ighéal? QRlicdeyh of ng(?lré 8 1§‘a Eﬂsfnga&%lce comprising

m xer whereb he shear rate (wh
three atag@se or raor- etatOp rapidationsat dfligh V\ahbilr t1¢xpces Be@ds andispersing device

ely with raotor/stato h),vari.e
compf i KRG AP B SRPTUACh RORYrEHENY Foth pil iy 240 The rotor-stator
combintifidrR&haylBS khdDE s %@ﬁe@dttﬂrs@bo%o [0048]5tdgBs $@RBut limitation. Three
enmbodi ments, each Stage of the external high shear

rotor/ iﬂ@tot s ¢T$§n¢rﬁ®éﬂr2:2lﬁ)a21§b aiyd %Qﬁrﬁz ahgleﬂom begies glohg diimgshaft 250.
exihili r_exa DR 2000/ S
[0042]Re g)étt gerterrzjtgr 125(? }g&fn%nng% r(ﬁtor an E%r f}Zgﬂ %ae Iganerator 230

compA¥RY rder I3 Amekthoa22$.NThirdV lslﬁﬂrﬁtgf 40 ccﬁﬂ‘fpn&fé@ ﬁ’ﬂ&bﬂ SBISaIﬁi stator 229.
three stage di spersi qﬂ uIe Thi s nmodul e may
For eachngsmpigor fpe wefor Hy eéatatdy ¢rivenr Ry drPw Avli at 110% about axis 260 as

I t |
i QORI 5} T K o Bhinh o O P 10 R P fifow 265
(e.g., dbdpessoicmsintealodkgyise abant 0 ofi vtatibh A60)0rbtabrstA2@, 228, and 229 are
) desi red bubbl | oxi gas bubbles). In
ﬁXﬂﬂgGﬂﬁﬂ%H%é@?W%ﬁ@§50%@&%SQ%W@Qﬂ§%§5 ges is operated with
[00435 WR€hentioned hereinabove, each generator has a shear gap width which is the

minimum distance between the rotor and the stator. In the embodiment of Figure 2, first

generator 220 comprises a first shear gap 225; second generator 230 comprises a second
11



fine generator. In sone enbodi nents, at |east one of
the generator sets has a m ni numrotor/stator

W@ L®aneryse (shear gap wi dth) of greater than apOUUSBIOBH7995
mm (0.20 inch). In alternative enbodinents, at |east

one th ner at or ts has a m r ot qQr /st at or
shear GG 230l B QgaRRGE THETHBDG © 117 S 3P 75+ e nbodimens,
shear %9&4212]5 Ref ons higk WRMKIA i ﬁH%@o@froﬁlrﬂlﬁ{)ﬁ d. @251%&8@%@& 1®.0 mm.

ongi t udi nal cross-section of a suitable high shear
Alterraévelyetheq@ocesh gimpiiwa utitleationeof200igb fsheir gigrige 200 gvhgrein the gaps

i.S i ng deyjce .conpris thre t ages oQr )
225, £357 B8 Bolkh SALh E eROTRES 8 PO iboBFo s ARG, Bhus mp. dn certain
instandésS @Rr S Hewidie i€ alipithined gt mbweq ShageAlmatively, the width of

rotor-stator conbinations, 220, 230, and 240. The

shear gafso?25s Rad- o4 ScemBiffeatnt dersganaiatae 2RARAN: &40 ghnesrtainoinstances, the
0
widh e n e Yol b ERE Al B b B ] 5 G agp 235 of

secondl degerachriAB0s evhids 1sath‘i@n di¢cate hhafthe 266h O} ghp 1245 of third
generator 220 conprises rotor 222 and stator 227,

gener@@% oMY @én@?‘&t%‘?d 280V &Fpg?rse&misd%fcﬁaclzz@g%\ﬁwyslfeatn&rchangeable
offerlg%%exfgmt e§h@£1°ﬁex@é'eo2@(9ﬂﬁ | Re8orf %ﬁ:férd %tha?“&g: shear rate will

at or or each generator the r I's rotatably
increask $tvms¢)},ongmm1ma1]3@mm@rthle distcave of b dlotw 2001 s 260 as

i cat ed rrow The direction of rotat
rooay, BRREAES 22 Rl S0 350 sy Gt Sestsariss e dinenp & fuper-fine
chara@riZOBA! GRHQCKM 383 abauinaxidSstRbrd 21aheNakHb929 ma I’}{ be toothed

Stators 227, 228, and 229 are fixably coupled to t
designgal Eagisgensirathi @tﬂ%mwrlsaetwq:er 200 S{atgozfsqotqmsﬁt&t@htqe&nedin some

her ej na e yator .has a
embolffleBh” PSR R aftan S Rheee ol B, BB P lgpntcrencany
spaced ABowt @k Rircuhferddie oFrdaciliro@Nt i Embbditients? stafdrs 927, 228, and 229
generator 220 conprises a first shear gap 225; second
comprg%en@ra@t than pBotatesenth seumafescntiaRy sprsad ag% thesgrcugifgrence of each

t t g
oo I R TERR, 0 80 GOBE 5 P L R SO0 R,
diameitet of litee rogorg e alafut Hroom EbanbioddnORE tharviiter dibmeter dOtHE sn?mr is about

Al ternatjvely, the process conprises utlllzatlon of
15 ey I ryodpenie e d2mpis e afaiprinad bk §¢ g5 sy, erabpgfiments the

rotors fb?é’@o ﬁmWaﬁj(I ﬁ‘le s&t&rg‘ Grel NG 1‘ﬁfd1£rﬁé%59 ﬁfb@ﬂfin g’leﬁ?ﬁhéeoof_ about 4 mm.
about 2.5 nm In certain instances the s ear gap wdth
hlcenwnnamhmhnmed auchalpduthret. Sagawm isAbpentedt witk| 3/ supdreiine generator,

wi.dt h of shea 245 e different for
compiiiie b sPr EU536p 58S A5ap0 075 mef A e st ee. ¢ e
[0045]\Amélhs}féﬁr &R0 @fpc&l%%m%ﬁ £ I%§é1v19§ PRNALQY 1 22RaktEnt stream at inlet
reater than the width of shear gap 235 of second

205. éeaa?tlen mgQurewperaprises oxidangr gasgredhe rdlammtblc highagg cnd liquid
comprl%n% (?liCﬁgan.ta¥i? as ot}rlfté rc]:lgrt(i:irlelg)gne atagrePZFm cp sgeam gty trfngnl?lget 205 1is

pumpb@%ﬁ[a@l'?&ﬁﬂ@gb|g%ner@ffofr£220’l @30] &xd bieh 21y, sddhghatsfh‘e@lct dlspersmn is
devi ce 200 may be conflﬁured so that the shear ra
formew IRroqugt ﬁléa%rélogteéﬁwgé B gleviga |2ﬁa|way0151eé%50 tand ifhe 18 of Figure

. 'Igl:’] L}%E}&%@Q2 0§2§ %4%@&&1%%%%&1%9%&]& ?t gégd ?e%%lvezt%oﬂle fixed

rrse a coarse
stators QbErEQfSi, ﬁé9 qhadimﬂi@a thigdt stear rdRat dhs r&tﬁﬁon 82 &e @nats pRdhps fluid,
tors 227, . 228, &d 229 may. be toot hed

such as t e %eea stream entering inlet 205, outwardly through the shear gaps (and, if present,
through the spaces between the rotor teeth and the spaces between the stator teeth), creating a

localized high shear condition. High shear forces exerted on fluid in shear gaps 225, 235, and

245 (and, when present, in the gaps between the rotor teeth and the stator teeth) through
12



desi gns. Each generator may conprise two or nore sets
of rotor-stator teeth. In sonme enbodi nents, rotors
WQ209/0@289 and 224 conprise nore than ten rot oPCT/E81008/067995
circunferentially spaced about the circunference of
..each rotor in e dipents, stators 227, . 22 nd 229 . .
which B 8 Tiop & Ra oL SFUF S SEPsigit drefi Apyrsion exits
high sBBACRJicabOUYiatfigh S S LDeMERIUnc BT FRdd 9. I N
enbodi ments, the inner dianmeter of the rotor is about
[004611 The mroduet dispodiorehissan ayreagh grrebeblofizeHessr baorabpet 5 pm. In

bou I n enbodinents, the outer di ter qf th
emboditl, FSE40 ol BB R NP s e tln SRR 1P f g p abour
1.5 whhdn $hitoa@imdnss, HBIIUQGrédies’ a ldispseitn eRhpdi ARAL Hubble size of less
rotors are 60 nmand the stators are 64 mmin
than Hjpapepreferably dhg brbkjesn arel alraiteen ¢t digserier. 4 Inmeprtaip instances, the
avera%:lepﬁl%lg SR IE 3¢ %ﬂcpmoio Lhd&er § L Age ST %mﬁ’&ﬁﬁl%ht‘é,d HSD 40
a super-fine generator, conprisi'ng a shear gap o
produbst aiepersibotifiviflg @ 2eambublsid sab otilesd timm40DRSIn dditgdliments, HSD

shear device 200 is configured for receiving fromline .
40 prodyces 3 digperaiop hayingAnmean bihblg sizgef leghpap 8@ ipppHigh shear device
. r . i dar . : ‘
20 o RG89 008 58Pt (LARBE 1 B Shporca
at atmopepiteria poassurp hiarse leasedaust ¥ samtent ering inlet 205 is

d serially throu enerat.ors.220, 230, and then .
007 AP SR gt Binio PP G Ghgh Y 5r AL aY DAY evice 200
facilitie SR8/ hOR1@XE e HidhtionFake SNy GDyZARandify &3Hid@bf thbQeactants.
(and line 18 of Figure 1). The rotors 222,” 223, 224 of
The retgemag b setdo aetateqtt atspeest comnptnsuiatewith dicadipmeter of thegotor and the
. fixed statpors.227 22 229, producing a high shear
demm9§ gP“*&?é%ﬁ%%%iﬁ“ﬁF%PW% rotors punps fluid, such as
[0048] Ine céeefl isdarRaINIBIH SlidaPdetibé @00 20mpricdst VaisHay RdEUEf IKA®
t he shear apgKéand i f present, through the spaces
g

Workp dpue¥ihmg gnck /%_%Y Nt REcas e 86 piagina el heeveral models
. s 0 |
o SO P\ HoSLEALIND Sk ORel L BELIER G158 oupt . nd
flow @éps SAB&jon235thedtigh 2Uér (davide witi adepprice s nlirougliput heuiyaments and
. hetween the rotor teeth and the stator teeth) )
desire mamfgqq%betwlq PEF &0 (IS8R 1OBre dwss! S sty J) @xiita Qrlgd o of high
; . . oo exit .
s BEGCUTR S RPG DR EDAIhy SR RAPSH AP, o s
PTFE s8aloifg ririgginies flapge 2DO46h (Mhrehpsapdanytclating petlet ftamgth 48 nam (34 inch)

..aver age S bubble size le han out 5. nm In .
sanitafy P 2HP ponery Rt s e LW s SBrS s RA Y HE dpproximately
300-708 @M paebBhdins ba %e@ératb9§§ tiphReRBP Hbm19.2-4Ty/s! 1850 ft/min to 8070

~enbodi nents, HSD 40 produces a dispersion having a
ft/minjean bubbl e size of less than 1 nm preferably the
bl es . are;sub-m.cr in diameter. ln.certain
roveo YaeEC B8y BTl il BPEIScvert B M sy of st
produbfoah ®eabgutited afll Hithinl whielrbeidhti@NéfShontdpehels RAAIIHCASY Bropagate.
_di spersion_having a nean_bubbl e size of |ess than 400
For intHgnce.na SRBGHICHE L SCMUSPNUNYORT stk &k ¥rYperdi gif or more batch
reacto e e 00 O g B i e Mo I an oidizer
Oxidadt sipg bs édrogasediutobless] ¢a il & oftiahelnecomidagy di s@ecesed blower 90
.at gt §Pheric pressure for at |east about %5 anutes.
and line 15. Oxida ine the

nt may be introduced through spargers which may cross-section of
vessel 10 above the bottom section of the vessel in which sulfur slurry settles. Sulfur slurry
may be removed from a cone-shaped bottom of the vessel 10. Any number of inlet lines to

vessel 10 is envisioned, with three shown in Figure 1 (lines 14, 15 and 52). Inlet line 14 may
13



[0047] The bubbl es of oxidant gas in the product

di spersion created by high shear device 200 facilitate
wapapoe2ecrcel erate the oxidation of the catal yBET/B§2008/067995

enhanci ng contact of the reactants. The rotor may be

t to rotate at speed co nsur at e
be an et R sonBR kD pBrEERER 0 PRE CRUSTRdr U poaptarese! 10 of liquid
cata1ng§&ﬁtl&re§épaﬁfe@lfﬁﬁtpgmuct[ QA ﬁﬁéttrﬁbnslrﬂzgt B&BSed to provide
hi gh shear device 200 conprises a Di spax Reactor(r) of
0pt10nak$e(cp1)dam pik gia hlawer . | Iningy g?. oy dNanesh dlemwetl\afrrtump 50 in line 51 to

VesselA(;gl V%ssf:l 1d;13\a}¥ ﬁ%m%%,ega&ueg(‘rt l}ﬂe ]t7sf§a tVFI% gag 0 lsértol%glgt product line 16

for a (HOdEE REMET confipriBirRReRalsy o0l n liduid soittbnf |Iﬁ>‘6rnba(ﬂlﬁlents vessel 10
Sel ection of the high shear device will depend on

compyiges GuHplify of eepgior @F&dﬁ?tshl}i’ﬁ d 6ddéner Hdgmpw enngftevesiel/pigiseel 0 with
i nline 18 (Figure 1) exiting

conveﬁ%{ﬁ)&ﬁg%ﬁ%‘%ﬁ 1 1%hear devi ce 200. I KA(r) nodel DR

[0050]2 0 @ idatioh aof }&mmgphe&ms caafyii silb oecubeitenever waitabddvtime, temperature
generator, PTFEE sealing rln? inlet flange 25.4 nm (1

and pICHRF) capgiops existe Inthys, Se%i&'tcrl@ YS§ PridRiion Ry YRt ARY RYINE in the flow

dlagra%@ef FRuYe ‘fllﬁfgﬂl efdiite 919 ess&HtOBH(ﬁltl&Pseﬁg sﬁftabzg qguer Mhe use of a

apacity (vvater) approxi mately 300- 700
llquld( da&qigsm,d sutgtaphalgexidatamond) thea radupeds patelystofmafy rmmulg atl-pdihts outside

... ms O, ft/mnto 8 . 0049 Vess
oxidisggsiet TBongy i Db Nogetiio Aot Feloghror Wk afptesirable
to ally fdrUhdr¥ased rilehed! timé QdusdorCaa %ﬁtl%ﬂﬁﬂ@l{c%gh A0 dn WinbBdifents, it

whi ch oxi dati on of honbgeneous catal yst nmay propagat e.
is envigeneql rtlszttaﬁnb%antlal evdation(rogeneration efithecental v o ll ocewri withkia HSD 40

(ora Stgﬁﬁﬁ oI, )Pea (ifeﬁ bln%téon orf% g%lngrrg?er C&I%LCI%Q 4(?)661§%]%%1 in R 1¥ces vessel 10 may
serve GPiari dyfltals wgepawfméowhﬁ:h% stlydofZ @il fur Qb Rt refRYedor sulfur
introduced into vessel 10 from an optional secondary
proceging ¥igdineel &/ pad Hrswehicdoreasigratecth eoxidzedpdiqyisheatafust 1béetumed to
e
cone L LRUEEL, N 040, 0N, TR REShAs iy v 15
air bldvee 90earidilter/ilaneeic8d wuy beinbsshtuirary tisetyblems or &ay faive to provide air

slurry may_be renoved from a cone-shaped bottom of the
Onlyt98§%%‘lm‘ir@)h§{ﬂ§} Niferé2of inlet lines to vessel 10 is
[OOSl]eRl/\é'ss%l qaqqa WdiRiet HL8r ﬁf(‘)?é"’%f lehe Fdlg)%ﬁﬁ% 1130141 b&%{% 1ﬁeat1:11§ and/or
52). et line 14 maybe an inlet Tine connecte
coohrlgo csplatﬂlmess eprbstsere 60cangndes i igatedndnvationh etempetature t gieasurement
sel 10 of liquid.catalytic soluti arated fro .
instruggERiA0a, OBF, PF MOTSFFIGH PP end YR s aon BEhGRRY- a3 agf Rknown in
the ark @f FeRoHeveRRY ide5iBh. S&CRAl )én@/'of cYblah D hedtusD thay Ldodprise, for
52 may connect the outlet o n£50|n ine 5 1to
examplesash_flat qz@har\g@s szélterwlwhy atmnph pkthe gpnvesdian lepgin 1Fayfqeeur within

HSD X M oA RS R4 men S Qflégsle ra}ggur%: trﬂq;narﬂyla(ss fs?orage ) S%Iqall’lraglon vessel
ream conprising a urry 0

in sorr&Qda@ésl QXlthohgh g&ﬂéﬁ&ﬂﬂyﬂﬁd@tdémrédeﬁsﬁs@hleja@pm%ﬁs B8l 20 may be omitted,
reactor product lines 16. Line 2 1

pluralit
partl%léﬂh efcrtluﬁsl@has@gh eheriflerdgesrenciars precamieyed dp S@‘@Svﬁwafugﬁwesmbed
below? and line 12. [0050] Oxidation of honpgeneous
“eat al yst will occur whenever suitable tine,
[0052]t dnpdteabtivee eﬁrbddmreas;s u:bevemn diduiico rmocb])ci Streanh nis tihirsduced into a
sense cat al ¥{§D oxi dat j may occur n){)epoi nt jn the

separgtproypstream of 40. Int 1s arrangement sulfur may "be removed from converter
product in line 13, yielding a liquid catalytic stream comprising reduced liquid catalyst. The
reduced liquid catalyst may be introduced into HSD 40 along with oxidant in order to

regenerate the liquid catalyst for reuse in converter 30. In such an embodiment, vessel 10 may
14



diagramof Figure 1 if tenperature and pressure
conditions are suitable. Due to the use of a liquid

W@ 2008092969 substantial oxi dati on of the reduceRlCT/US2008/067995
catalyst nmay occur at poi nts outside oxidizer/vessel

0 shown . Nonet hel ess a iscrete )
ot b S Dl WegP g SHSaTy b dhd BRI gf fy regeneration of
cataly'str‘rﬁ!i}eé&%g Widsl HSDCA), bl AReri@UrtALH GRapldlike aLb' Al MG paration
cooling. In enbodlnents it is envisioned that

was p@ﬁmmedmlpﬁtmanmft@hlgbﬁhqaeg@n@(atl on of the catal yst

[0053]Wi z ragw6¥Bﬁv1 HSD Léllgla((lcgé%la Ctsg hfo)abover{ggtﬁg)ﬁec? heating/cooling

capabilitie$ 3NeRsel 10eSE& exﬂ&nsﬂﬁy ir@hMehept thdiBfet Hyvi@sS fdr heating or cooling a
separ at or from whi ch a slurry of sulfur may be renpved

processt%tre%lmar% plsy eontersplated iy ivariations of ereampbadimentsiivetiated in Figure 1.

( u

For e£ 8%:61 ?éeltdth gg ahd\i/e?laéol &ttl%lityzﬁtfrdn? ﬁ&“i(ﬁ‘ Q/ga 51%1 method

knowﬁe tﬂ)@ﬂ:l SR’HI&H $n thepiti dha hJscSﬁCaxmﬂﬂdlmeﬁlﬂg ani0/of ceollnigheatltbansfer devices
air blower 90, and filter/si]lencer 85 may he absent

is alsq cHerppatedy SoEI sugRblagdgrations for oae Br BrY @Jcameabﬁwf@cr glevices are

betwelH! uﬁg STRECohRiAeA90 We@wée‘n@?%lg 20 ah@ Qadkhi Nﬁ%ﬁ(ﬁmt&z@eﬂ"@é’ssel 10 and
I nclude one or nore of the I'owm ng components:

pump e abamg namtimatingcoainpley of apetbhdat traeder qevess areeshell, tube, plate, and
rreas%errent i nstrumentation, tenperature measurement

coil hegf exchangsiy 48 PISKOBA BF Hor e i nj ection points, and

[0054] Puips! PP Ricohfiflired tR\Wither @tiATRs bR QM- édﬂtlhﬁtﬁls%ﬁratlon and
of reacti on vessel design. A heating and/or coolin

may bgparaitale papnpagngavicsethatf iy capabimel provigingegieatex han?ge o5 kPa (2

atm) pggstcﬂelrren %tel{eﬁgbr%y ﬁgﬁ?ﬁi% (3§§ %‘E;l gﬁ%%vﬁéﬁ){r&r@u [ egg ];ogvgcd) lled flow

throuEHE® PO iaf@rdybtymas. arst ex@gfe,0f RoppaTapd Qngééﬁ%ﬁﬁip, lHﬂ)per Pump
some cases. Although generally less desired, in

Compapyp| (Conmestss Gpessdl Dapropebreture Booster Pugtr Maeds! a%P|3?2E,f Dayton
Electrﬂ:"”é(s g‘@he% ﬁ)?%?rfé%glﬁﬁtaggl\fﬂlpg ?fﬁgﬁgﬁlﬁiogl@&?%#ﬂﬁ%dn% comprise

staml@ls tsteﬂnwrleyﬁnplﬁmi@l seae s, steeh Ninesotrerembod iheahtpsfabel Sfstem, pump 5 is
streamis introduced into a separat or ustr eam of HSD
capablgpt RIRSURS Srealer ahgetent 50?@ i &8 (PrRYFRP S, one or
more Q(ﬂﬁﬂﬁ{ai SHig lp [QEUAGE 15 kﬁd? %hélv@n) 1¥1 l)cg iﬂ%ﬁld@d |1ﬂ e Jstem illustrated in
cat al ytlcs feam o rising red I'i quid catalyst.
FigureThe Hoeduareple] i foostergangl, y@ncmm;zyibe sumtlzrrddqmacp 5 rmwy piSihcluded

40 0 i th 'atinodertoreener e
betwefy BT ety Th 55 Boatidie T Bleatireiarers 10; A iehensrample.
supp1&H¢f1@£Ifa@ﬂf)umy e5Bieh nd BEYRDAEr REpIRHESERayite 1h¢19411ed8ﬁ%&roducmg
gas sweetening system1l, as the majority of the
additiprad eepstaatsi @ncabily s dntgl \y:mel ly A cult apdther exappis, 40conepressor type

pumpsn'?aéll beezpoolftloﬁflxg‘tl;]etvsvg Fline %—ESI&%O f arnrg R 1n§f; ol tsrgrg%reastei % HsD
ormed upsStream o shears gevi ce(si

40. Sétﬂ@[ﬁﬁﬂmﬂ'ﬁﬁﬁlag}_ beasf AImpPaniabRSor dxlﬁraaﬂ@l 4 dulfidr §10rrY H®m vessel 10.

-nentioned heating/cooling capabilities of vessel
[0055]16ﬁg'm5ﬁé¢r BPeydfuriantion Proness. nBigukedtis tr bitsfley drgrpmedowing the

steps £ el'lllefr% IHg é)z{s s%g eh glrﬂetﬂ&f) C&%P Blook r4@6n’H8§ % é?)lngf&ced to elemental

ated®in vari ati ons of the enbodi he
sulfuriwithustncamgght ireduletigu ofliduid plase exalysi. eAt bléckdﬁ(}ﬂ hiatl, shbeatixing of
be. added to or_extracted from vessel 10 via_ an

na
iron Cﬁtéigfﬁbwlth oxidant (e.g., O, air, enriched air) produces a dispersion of ox1(yiant in liquid
comprising liquid reduction oxidation catalyst. At block 600, enhanced oxidation of iron
catalyst occurs in vessel 10, within HSD 40, or in line 18, optional venture sparger 45, and/or

line 19. At block 700 return of regenerated (oxidized) catalytic solution to H,S converter 30
15



known to one skilled in the art. The use of external
heating and/ or cooling heat transfer devices is al so

W@ owwembat ed. Some suitable | ocations for onePOF/URINE067995
such heat transfer devices are between punp 5 and

proce nveéﬂe&égggpg E)\QE(E gingigpélgt g]%glﬁéS@grﬁl:qv]é% {3? E]gmental sulfur and

recycl@)@%&ﬁf%reﬁfcawﬁﬁ Qﬂlﬂlont foegictr HeYibGe Sulff @e&ﬁ@fyl wnits (e.g., from
tube, plate, and coil heat exchangers, as are Known in

SulfurtShtelela@Q)are[m@lSdtdePun'ps Punp 5 is confi gured for either

co conti nuous. operatiqn, .
[0056] 35peaa[ltlltogb?fo Bﬁi?rrg}eﬁb ga%vslwggte{llﬁgt SYS%ng g’ﬂ)l? élogvf CIPISCUSSCd with
referefécOW Hignge gr end eﬁlbbaiaﬁm%o&&Eeéﬁﬂania&oatr@ctm €i§ Sdafrébd out in the
preferably greater than (303.975 kPa (3 atn) pressure,
aqueopy physe g5inE shelited e as fswwatahytisugigepsDnaperian §yshe desplfurization
2U
of souf.3hs s%fé%{? &Sou?ge@%&%m Ty B&y&uﬁg (S% Q)%F%%S Eg%gﬁ{é 025 s [ﬁe}lock—out pot 24
may bl@umﬂfhzdmd&éma%ﬁai‘ﬁ;ulithma&ar fobre (atsbumga@(fee(dblirém1,nt1bﬂl)cet13nto knock-
one SUItab|ﬁ%P . Preferably, all contact parts

of
out pot g VEUHS o @%CO@W%&QS@% gdp COW%\%&%@@Z@@ Yiguid catalytic
solutlocﬁ @x}}ﬁuherﬁz?y &d i%?rt)ducleﬁl coiHi&c g 1B Rbvedter @qo%f;n {B, via line 12.
punp 5 IS capa e of pressuresS greater t an abou
[0057]202161658345@31 {(s2@panliy .optnteddidi the onildly gikaiine HH oaeeoto insure good

absorf QB8 145 ey FPOSt T 4P e EH ReRP G 214 Fpitoing may

%ﬁﬁﬂﬁé@ ieibROR ki@ ThidHHSHR | GReW@BYg ROsteh N, | BYr ck@mPMNMRKali
ot rra; B%l i ncl udledl%gt vvgre%ml—slSDe4O angsvessel r10 Blé amay

be addyéd@ tt¢rrvgrtc1tfé) dPwg ptast- umth@uxﬂef@@éyst ey bﬁmtmdgtehiehrecﬂy into vessel
10 as a %ﬁ%gﬁ sttrgasﬂp 1&%{1”%% yy t())é %algguéﬂé/d c%‘%t#ysp H}aygb(gu%ddﬁ% elsewhere in
systenﬁldlebt etnahplé, Fagh ai&hl%st%bhﬁl%h ahyHe ihjetted Rs %8¢ 2 1L thot ABown) or into

still another exa a conpressor type punp may be
convegpis 3Q.i dhewbpdmzaenli nfr i%b cempeyed 198 aalysr atrlgesy @l H%on of which

1
my 9L EATNEST Sk by Sal B, 4003804 AR G D8 g 21
convestes¥kl 10. [0055] Hi gh Shear Desul furization Process.

ure 3 i s a box f|ow diagram show ng the steps in

Fi
[0058); hgr Oyl PESESSJ5§XCtioReBt eni ng met hod. At bl ock 400,
H2S is co edX@9,&) &mny glsesul fur with copgomi tant
reduct i onﬁ\é ?I qui d2( haseﬁ%:at al yst. At bl ock(}@OO, hi gh
Sour shyetreamiiniling 26f may be agphadipgen wilfide omstdﬁumtcomemglg ga® sfream, for
ir, enriched.al.r roduces a dis on of oxi.da
examile (oGRS HGE PP GNP A R CURl G PO D g gine acid
1A @&k enhaneRethetnhidads Wbk, Hfﬁarc aloy S binati
S occurg [ nsﬁgg%e%alog&wet hi ngil—slsD Agg o in y %fsng 18y compinaten
thereapptSowihgds siremun ding ﬁérrg@rbmaetrmﬁ@ﬂ @ﬁrlsllqnﬁwn 19 those obFlgHkin the art.
For e)Zz%icl)plr Ietoﬁ %ur%{_&ss engsr %t eeagn %rb)rf)llpg ?é:%;pa\%siaegi ouéﬁ éTOCk Olrlrtp pot 24.

Hydrdgen @iﬂlﬂid’:—lcﬁlﬁalhﬁlg sbbzﬁﬁ Kn 80025 FReOKRIK &t pet Eﬁﬁﬁnﬁeﬁi to converter
sul fur and recycle of recovered cat alytic solution to

30. Ipgonyestery 30y blop ﬁ%‘%ﬁné’aﬂt%‘io cleapen sylign | krgated (ig. swegteng) gas stream
in hneﬁélgg]% %I}%%&I flbeRdy p@&)esﬁﬁ uﬁlﬁqh&?{n%g s}io[\xgl95?] now&%ﬁ%ﬁt? r}néﬁ shear gas

ear gas sweet
sweetehisg st 1vis effectbfecioe geater mhdﬁl Wb eerthoval of dgthodemeuifids from the
t he des%l furization reaction is . carried out _in t

sour gas. In embodiments, high shear gas sweetening system 1 1s effective I}or greater than
99.9% removal of hydrogen sulfide from the sour gas.
[0059] Within converter 30, liquid catalyst converts H,S to elemental sulfur via several

chemical reactions. The converter design is determined by the sour gas flow and pressure, as
16



aqueous phase using chelated iron as the catal ytic

reagent. In operation for the desul furization of sour
wW@a®se29enns, a sour gas streamis introduced PEIE/US2008/067995

system1 via |ine 25. Knock out pot 24 may be utilized

1 % Ie_Iégm)ve articul ate. er from 2,50 {h %E 30
well theba fTRAr FACIEaLEaY T t O AHLER FRLYSothe Z4Sqrptien ingfgnverter
may b%%lesc%ﬁcﬁ‘b{ﬂt}ﬁqm&ﬁﬁlgEea%@@nssour gas is contacted wth

oxi dized Tiquid alytic solution, which may be

[0060]; ntﬂl@@bmpmrmfrﬂzémwbeedwmbedmﬁo converter 30, for
exanpl e, [ systemis t ically
oper at ed ﬁ%éﬂﬁﬁcﬂ(ﬁl y }24% ﬁ] IﬁrékspH range to sure

[006110 786 ickieabPbf BB Bideidi®edbypttentotibire cat al yst Sol ution,
and al kal i ne |njegt|on and nonitoring may occur
anywher e &b tlabt B wilhi n hi gh shear gas sweef®ning

& i added to

[OOGZﬁgﬁéggd&no%%rfe%%p t@k{%l‘fﬁd |¥t§§|§% catal yst may be

mtroduceﬁlSd#QEcﬁ*l-y Somi)orzm%*seH*lO as a cat al4yst
am Alternativel \ﬁ or additionally, catalyst may

[0063]bgh9r883é%} the Qe erhsOPHOR {FIF#A 18 For exanpl e, fresh
catal yst gl uhi o5y, Bg- L Rpeoed into line g1 (not
shown) or |nto converter 30. In enbodinments, I|ne 21
[0064]c onplidséd stréang cmrdpmmngduj!fslr ancatedbieed Siqual qataﬂytlccsnhmbn wkitscdonverter

.may be a rec mfr. f.rexa ssel. .10
30 Vi RPRYF R UHE CBhhdct davtAraoR it 9 OF JORUEF TP hgh shear gas
sweet&rﬁl@é Blstchh ¢ vOVBRD D, WHIQLRSP iltRAGEd Sddr® gad ¥R Bile 13 ¥ directly into
2(g)” < H2O + SO (1) Sour  gas streamin |line 25 may be
HSD 4y Thy axidgreas mayibgeniioer ewichas aic oht qnlmch@elgasth@ pxidant gas is fed

dlrectfa/ 1Ptoelﬁ§]55 ; airat]é%{gﬁanggfl%%tﬁorrg gét&l t Ertnllﬂléld ggzx:aang g{geam ?l e., sulfur-

contallnﬂ?dfqluid ca%ﬁtlc SR ReRIng c@ﬁﬁarteg 8O\ hamnedal). gRsmp Blnﬂgfaﬁt operated to
refiner or any conbi nati on thereof. Sour

pump dhe %%qrfﬁeci hﬂﬂéd 28tahﬁ51ff% Iipe el randtvespeh &0 rlgouahdm@ 1t2omt0 converter
f I F r
30, antd'18 %%118 gre%gﬂré r%b\:ﬁﬁ & &rnggu%:&;ﬁ%\ggﬁ%gglﬁq {L% Shg%fod‘fﬁl]ce (HSD) 40
and hlghtsham gadypatreapany @sldefnl demconicanttiodgngas psinp Saneitased thegressure
25 from knock out pot 24 sent o?tCEnverter 30. In

of thes ByPetfadrstirgem (Ppaseqter @R aE 6 ol ieLaraldly Fier than about
303. 975’ E@I ?ﬁa&ﬂosﬁher thﬁﬂe\@y Afth S%Eﬁre%@s'w@et‘ehlﬂg V\ﬁéerhsl §1§§“§:ombme

further processing/utilizati (not
high staercb(vdthrmmssne th lelgitansmeacrtalgastlmmmlemgng system1l is

effectlv for greater than 99%re of h 0
10065i3, 15 e FIESEh felyfS SR RO B erees, Mol € i mined in
vesselJRE RMRAMANHNRY veyst BNk, fof eRirh 6 ihee1iAQI1401 §atnAr52t &Ry number
99. 9% renoval of hydrogen sul fi de fromthe sour gas.

of vespe (i ef] sthhisrﬁnwm@i tveth Bee showyuingFigaied| (yistlings hd.elidt and 52).
[0066]|_%§<1ciant and©< 1c 11 ulci { ugntl\ll’lll zElels ?n\{)?er w1éh01? %ﬁ]ﬁ’% dV}bCh s[eﬁves to create

reacti ons. ver gn 1s erm né

a fineSAsiferg@s of ﬂl@%x@dlﬁt @ﬁﬁﬁlst,lhé Q:atab'ﬁlwﬁiduld h& H’H 4@Wak1dant gas and
efficiency required. For an iron catalyst,

th
catalygip digpist 3re highly dispeised sich3batypapnobebbirss élihnl%@nt?g/zefi Hutbbles, and/or
mlcrogﬁeﬂbléégvgf rlﬂeb g%aé% QAR b0 gﬁ)gl‘lOIT B€soARRA" iR @Mk abl BnfB¥ement of

escri
reactant mixing. For example, disperser IKA® model DR 2000/4, a high shear, three stage

dispersing device configured with three rotors in combination with stators, aligned in series, may
be used to create the dispersion of dispersible oxidant gas in liquid catalytic medium comprising
sulfur (i.e., “the reactants”). The rotor/stator sets may be configured as illustrated in Figure 2,

for example. The combined reactants enter the high shear device via line 13 and enter a first
17



H2S (g) + H2Q(I) H2S (1) + H2O (2) [0061] The
ionization of H2S is descri bed by the reaction: H2S

W@ 2009682969 HS . (3) [0062] The oxidati on by ferPCTUS90%067995
(Fe3+) may be depicted as: HS + 2Fe3+ SO (s) + 2Fe2+ +

[ 006 herefore, the overall sor
stage r@é?&és?a%ﬂ’i F%mgLQ@H( g) T3¢ Jepr 2 "?1 )Staﬂ—ﬁ %f“z plggymay have
cucunﬁf@en{lggﬁﬂﬂac@d |firGtuded %esﬁrcﬁt&art@eﬁpﬁﬁ’& 'sgdtcﬁgte@ﬂil frépe@R@ly. The coarse
reduced liquid catalytic solution exits converter 30
disperyion exiting éret fast sagel eatery thagecbd r@pdmtpsratmee Dhei rdn angysigtor of the

secon%i/ S%Ellﬁ Elgatyg glslo C\%ﬁ%&}ﬂ{sggﬁcrﬁ?ﬂ erg%%ﬁiléxsweet pog §e¥§1 Iga 1steﬁ%r teeth,
respecti¥el§! The RAtdey BubbR-dHBRi§MersidhemensirEaMdémaBs semyd Beigaiehters the
or enriched air. In enbodinments, the oxidant gas is
third staeg refop/stator 90mhm@th4smrhm mm@qmﬂse ldAtop andchgy s@irihpyiag rotor teeth
r-8ac
and stmo %&E}Q ge] élclq{r% g jﬁll%q&lulﬂ%} Cg]t ?t@?i}le((: fug? rsl’é%lrrn dfe:vu:e via hne 19. In some
embommener thersh&d ritte endreazes §t8])W1scPl1tmgltﬁd1ﬁﬂw flen® ﬂercateeﬁioﬂ of the flow,

3 np the regenerated liquid catalyst fromline 2 1 and
260. Geiss@mpi 1t HeughOedimentAhe Megr ehipelhe St sefor/spgr stage is greater
than tfi’eJ éﬂegr REERIYbequdht Qt}é%%'s)n O Bthe? @%Qﬁlhﬁmsf heWhdhrQu gork%ﬂgtantlaﬂy
hi gh shear device 0 and high shear gas
constgmelen tiergrestysi @rthd.ﬂo‘lvnwsh) the shedvaale e edch, stage lping substantially the
i ncreases the pressure of the HSD inlet streamto
SAMC.qr eat er than 202.65 kPa (2 atn), preferably greater
[00671 e 3@ heBPAe Add 48 RiRlddes at PPSIDREN ek -seAlMnh b8 cWE¥d using any
hi gh shear gas sweetening system 1 may conbine high
suitabisheeimiquietthatpy ey s the akn Hahe@mpée dteanactang tstrm gowing in line 13
or reéf%%(rla{1 ) hc{ugcp ggt]cll.yllstni elnbe gl TRAL ﬁ%lulse(gyoec f%e S rﬁl aélg in Y doing be
preheat@dS sedesitéll priRgas ElﬁBﬂiﬁSg 515)] eﬁeaye@&@ 4014} c\éhv’zbrtef 80 reﬁfi@ﬂpe@
nl et Ilnes 14, 15, and 52. Any nunber of vesse nl et
[006818 it aentisafianseHyiraioshb et DL H) HHME SShoviatinate) gsed commensurate
[ 4 O [ .
i 0405 00 00, 98B, 90 L0y, o o
devicem¥. g hcaleiv esllta tostaed eina dfspereerylihapeitisdr anfiodd tlhﬁance between the

oxi dant gas in the catalytic liquid. In HSD 40,
stator g3l Rl OIS a&hetablgtfiframce HSW@ SEVE RigRngel rgﬁ<eﬁh§ ggidant gas
and tl?el'I ﬁ&uﬁr@&alﬁﬁn QiR g@m ﬁf&r‘;;roéﬁc%edlnbébtﬁ@ ERbodiments of the

d/for m crobubbl es of the gas are forned for superior
proces:ﬂ geotratspon reqistancs adfuthe aeactamth emdmérianbp@ﬁtlomaﬁtlanhlgh shear
. m Xin er.ser DR, 200,
devied;ichdffic he e SERPL e FaeBR 65 Sises Ay aBOeE o gh gL edn some
embodihieftstdt Fd%eprb&tsﬁ) tBe {rihspORBsRAnOBf Mo trbhciindti9F&iuc@ bygdRGation of
in series, ugét be used to create the dispersion of

the high ghsar doviteesuel it the \@h@lty of theqadation at mr:lgﬁrtaﬁeel hmeaﬁfm than a factor
I Sin [ f.ur "the.react ants' %¥
of b S efbibitenie 0 Riysiock B HEPEIAEAT, disdttP o e o focor
of 10.Figsike me(ﬁcﬁﬁleﬁt&&ﬁplvelocﬂ_}hﬁ i668Rea 8 o feaet BNths r&fpk&f about 10 to
t he high shear device via line 13 and enter a
about () £&qldt age rotor/stator conbination. The rotors and

[0069]St % e Qlfnb&ﬂﬁleflﬁs,r ISiSDSAfth(ﬂ:ﬁVe@Xt IIQQSY 800 L/h ata tip speed of at least 4500

ft/min, and which may exceed 7900 ft/min (40 m/s). The power consumption may be about 1.5
kW. Although measurement of instantaneous temperature and pressure at the tip of a rotating
shear unit or revolving element in HSD 40 is difficult, it is estimated that the localized
temperature seen by the intimately mixed reactants is in excess of 500°C and at pressures in

excess of 500 kg/cm® under cavitation conditions. The high shear mixing results in dispersion
18



circunferentially spaced first stage rotor teeth and

stator teeth, respectively. The coarse di spersion
we@iovioonyed he first stage enters the second rotPCT/ES208067995

stage. The rotor and stator of the second stage may

conprise circunferentiall aced roto eeth and
of the ol P QBT LTI Y2 FEQ e S BB e S e esultant
disper@iofi RS Sh AVer8EEHEHLNIsife R AR aBEGRONEmS ﬁﬁé}ﬁat%lye ks & about 1.5
third stage rotor/stator conbination, which
um. kotopre erebadlimentts rtharedultans lspersion s ag avaragsr bltbbl-;et hzea@fdless than 1

ato t.ee res ectlve S n exits th
. oGRS I o EERES oy el sl S VO LB sy ifon andror
submitR@-$Raadas babsed. NEY @a@eanﬁddﬂn&m &h¢ afegh bukblaaizk Ys &l @BFange of
the direction of the flow, 260. For exanple, in sone
about Srfhyediterabews | 1.5 wer. Jpeame embedinienish thefmeagtbupble sizeds Kspthan about

400 I@}’ ggg (ngziir Qe]r S@J&? ng@r) I?le mljﬁ g&né Q?s%E {nﬁﬁﬁ@h Qmﬁ(‘j'&lﬁqt%%eﬁlte microbubble
dlspelsmb $¢ & foatinyincipetsad bt Ainosidetib prediurettt noleawfl 5 ttigutes.

with the shear rate in each stage bei ng

ow,
l007015ub@9<§n@1?%ﬂr$69 theeregting dpergion exits gk lérr?eb?r which is fluidly
| C )
comeifh6 S LGTOHAFRNR T SRBERhmde: Al FRUCR o g
vesselFm ifedeamyl. eFort dxramph?aht@mhemgae awedtbrong sgstenm 1 rna}efu:tfhelocomprise

ener ed.Il |d cat t in I|n 1, m
ventuigGRREEn ) B Ae R SISfD A gnh e pcile b BEUAE TgEaP may connect
ventuRsp@iget 5 QithakkRO 1M GcaBedhedaheae: ﬁﬁr%'f 48 %H%ﬁl@fhr&%hput a
respectlvely [0068] In applications, e rotor(s)
spargeHgDAy 00§ Be (fkzed. £ 1@6@ inkst dine 13t ﬂladls/p@me@b mréﬁsimeatlé wherein
and the desired

furtheg 6%%1&'&1(: '&glug%% 8%(%% g%engra%?% STAY é)ﬁcugh elg rmsézglcesc g/lhgre HSD 40 is

being (ifco@porate@lint@iad oXistihg @hs bRkt EystantlicoPBrisigE h \RaGre sparger, the
either a fixed clearance between the stator and rotor
ventuggSPRRET 43 mtt@bqegllrggdég@ﬁg@qteq_@pen@mg entBeoughput limitations of the
Ventuferé% ely mx the oxidant gas and the liquid
aFytic solution conprising sulfur product. In sone
[0071]e Miduceniguidtathllye guitipestyertdrS0tic acgepanted rb@rso'xsdaamne Oxidation
e r, actants. is _reduced by operation of the hjig

of th
of thesy Pecur i HRE: 4G ane mpay sertinge éflﬂ@aq@swé%@twﬁn ivgssel 10.
As m‘sﬁlﬁfn@&‘sfﬁ%ll%o §4 1t0hﬁﬁ RO oRifizek N BR"Bon chelate catalyst, the

embodi ments of 't he process the transport resistance
oxidatgdn rehaiongwbicamiay desurreithic &t b40, dﬂpe &t veotwrofpardee 4hilgle 19, vessel

shear . dev ch that the ve of the reaction is
10, oriEREBHn BT e 0F ChiesedraC FOPVARE bt BRShaoons
[0072]en‘ﬁ@g1|)gagﬁmog,oft?@3(ye%ll&gdgsy of the reaction is increased

by at |l east a factor of 10. In sone enbodi nents, the

vel oci tiy2 Os ($)ncHeddedr U?Ch(l‘)a‘dﬂ:@ in the range 63;

yut 100 f 0] Ln. .sone

00735188 rebort orr R ot Yo P EHOMBPN 2380 L st a i

speed of2 at, () easio 4388 16 Lo + 2wt whi ch may exgged

00 ft/mn (40 m's). The power consunption may be

[0074]af§33€ﬂefofe gheqyerad] repigitiopseastipeitent of i nst ant aneous

t enper at nd e hetdsp of a rotati

shear ?Alﬁltbe(@ rg%ﬁ\?ﬁg e?gn%ntzliién 'HSD 40 is 87
[00751di f Ak autetylt of thesingigtataratixdg tofiahe tdaetaho@idrzeckntering vessel 10, a

significant portion of the chemical reaction may take place in HSD 40. Accordingly, in some
embodiments, reactor/vessel 10 may be used primarily for separation of product sulfur from the
liquid catalytic solution. Alternatively, or additionally, vessel 10 may serve as a primary

reaction vessel where most of the regeneration/oxidation of redox catalyst occurs. For
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tenperature seen by the intimately m xed reactants is

in excess of 5000C and at pressures in excess of 500
whepoema9sder cavitation conditions. The hi gh SPEHDS2008/067995

m xing results in dispersionof the oxidant gas in

cron. or. subm cr si zed . ubb
exam kb QBRI K dON EE At o B EBSTe v highuHSR0 is being

1ncorﬂ%¥'a%ﬂ ﬁlt@hl?—@xlétﬁfgsga'é la@astah@gl bro’ée%n@h‘élﬁé aﬁtbmﬂ@ﬂey ,Vehs%ﬁﬁo may be
han about . I n sone enbodi nents, the resultant
the oxmlsepse Fer mw hl@@llatmnavm%@g &0 malylsbrve primaribyf aslaguayagaenaration vessel
t he d| spersion exiting HSD 40 vi a
from Y%lésclgjrc%?#&?{%g ron and/ or subm cron-si zed gas
[0076]0UDEs&8/reaktdr smnﬁlagrmoepdmea Sn dither BBRAMuBOB} Serfi-gdtinSous flow

in the range of about 0.4 mmto about 1.5 nm In sone
mode bR yrbp PRErated én batdhmeds bTae spotents of vessal 10HBdY Rowaintained at a

specﬁAéQQC% pﬁrgkﬂr@ﬁng n&éﬁ gforll %61{}1 < gﬁ)lﬁt?e%gg B élzé]olﬂi@r%ﬂs) and

tempel el rnezctu&pens acttramemhﬁmspmssmre pﬁ etﬁs wesell aiaydie meaisdred using
15 mnutes. [0070] Once dispersed, the resultin

suitablg) rpssHES) BeASEIEMCt e mentation. pad e Jevel Af Factants in 316@16‘@361 may be

contrdf@f 'ﬁ%ﬁ% el fé Mﬁﬁﬁ@ noiL &o“@téngﬁ?%h% tecfnlﬁ‘éiu&' tﬁﬁ%&ékmmhose of
be f her p ocessed pri ofr entering vessel

skill iddsiarted. For exanpl e, hi gh shear gas sweet eni ng syst em

007718 N 4 R s SR 0 15 AT ARREP AR T8 . andi

recycle@RNBgh sHEM S SweRafifeSystten M Ed) k88pR! a FBrtiohHfGRRESs in line 17
wher e venture sparger 4y will Timt throughput, a

may bgpaeygtad tadiperlgtordme i2i | Yesea . 10ariydhavera ¢aniicat- shapad bateom to aid in

the se]:t:t #%‘Fl rf(:én(l)gvaﬁ % S%l ur osgfflﬁg{}%zeg‘%ﬁfr%g g%oc{uc tsulguﬁ)stluﬁjgglc rg]%risgng sulfur
crystalsrexiitd &b@ﬁlcﬂswﬁnﬁe a6 HPRD ARt bigfubiuRg hiCBE Rk alae@itieRbOmp 50 and
an existin gas smeetenlng systen1conpr|3|ng a venture

lines Shangyes to sHETEHlen PR shargion AJingay) Hay bersaitndy lige 52 back into
I: I e t ft

ses GO RRSAAL G S RN ARML D DRLROR, Ve et

sectiog)koft sefpr GONwEt tsepundiedifsoni eigenmkatie dulby lm)&laiaztndoghurry pump 70 to
Oxi dat.ion of the catalyst will occur within HSD 40 a

sulfurprgparatipy PG S0d uFPgaress: deiesSRrEAPR WESTemay empkey et e

systerﬁrﬁ{] ﬂo@ﬁkecda (Lﬁ% CLIRARANE AYSRRRL exdinf Yin l@@m@ﬂls%!:éjs' &fffur separation

For iron | ate catal yst, the oxi dation reaction
unit 8() winycilompeiye @ bagifilten styktem alﬂ@lma@fd:;e Uspedho i8ducgeniluwee sulfur cake. If

) rger. 4 line 19, vesse|l 10, or combj. nat i on )
desiref P S Bliey (€ RO DY BReH o OH BRI HsPregpted catalyic
so1uudsr€19@§(%%€ed 0 ddfur The Iﬁﬁgsw £hi BRKed odizsr Aepi cted as:

H2Q(1) 1/2 Q2 (1) + H2O. (6) [0073] The
[0078] e@ﬁ@matlﬁieénn epnvieationsl oxidatien ¢fftke eatalyeslis sypliederom air or oxygen-

act. |2 + Z2FEe3+
enrct 3524 Weh 47 b s o R f A AP o SRELIQ Bl hear g

sweetérfing ystenO2 thg)) compir® atsedb@ladytsduide d@tidan? vea lﬁ(b‘wel( &) and oxidant
As a result of the intimate mi xing of the

inlet ll[fn@alét !Qﬁlglzgrm@rﬁtrgakbﬁ @btplﬁ@d viegsefilteripg ataprefllter 85 and pumping via

blower 90 and line 86 from prefilter 85 to oxidizer/vessel 10. A small caustic addition to high
shear gas sweetening system 1 (not shown) may be used to maintain the catalyst solution in the
mildly alkaline pH range.

[0079] This liquid phase oxidation processes uses oxygen carriers dissolved or suspended in
a liquid phase, which can then be regenerated continuously at ambient temperatures in certain

embodiments. In contrast to other systems mentioned hereinabove, this modified system
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significant portion of the chem cal reaction may take
pl ace in HSD 40. Accordingly, in sone enbodi nents,
WO emevmdbvessel 10 may be used primarily for SPEEHDS2008067995
of product sulfur fromthe liquid catalytic sol uti on.
Al ternativ naII vessel r

complaseﬁ Iap ﬁ%(ilgseﬁ gg@mai)hlgg ég% e%ee 0#‘6%%‘:6 B]IFCI?[HE%YCS %a dYOI' Sl?gmlCron—
sized &%@J@%tﬂtﬂ PeHiRYEAAE biodkyaEn IaFRY sqaﬁ@éoptﬁ)tlatw%m&e sparged line 19)

Forexanpl e, in enbodi ménts, vessel is an oxidizer.
that then egfeivoaiidasisnsunitn! GuhExthrneioDgh Ghéas dewicn g0 maydtqomsatoeldd ahead of

the Veggl?[r%]span e?)ﬁré 8£ g}g?t x%ossyﬁtéég el nag%gglg%rrg%@ %xfdg%) [ &hversions

ofcmmpgtallatlons vessel 10 may serve primarily as a
tor age/separatlon vessel from which sulfur Ercduct IS

[0080]r erfigteadial hapefrisjof Vhis sudificdaustem ingudrpubere ggk Hepited tq. aster cycle

times elhct,tjg%sed gﬁgﬁ%@gg lﬂ(?dﬁl@ d §§ t}‘r% d&%fs ﬁcgfdg {-ﬁf’] F‘gélgft %Bgs exgénssé ltdue to the

posmbllﬁlyrﬁ)debtgnﬂﬁgl sifafieineekséls) andpeopdratity theaetiet(s) at lower temperature
tenperature using heating and/ or cooling capabilities

amﬂb?@fﬁum cooling coils) and tenperature neasurement

[0081]I ngh ré%ﬂ%?ﬁlﬁ&ﬂt? nthep 1%§e°s's'r(§f {2 fgttégen‘( %%csuf@nér&)‘?des more effective
monitored using s pressure neasure

ehrmnatlsm Dfmﬁut atrnpmcd mnid:sulfmnzhmm tiof abserme tofpt tsrnahhigihehear mixing.

ve cont olled.using. level re ators (not
100821 J 9™ EFBROpER: LEeRMieentiat are Efolpreihe hogtperaure in
the raffe 8Kk httbut NBOA to all P BEDCVem eABSdifehisS thee@mPhrakide is in the
via vent line 17 and may be further treated, vented,
range i dyase ab@ttylépe@ te d3Ri(gh s h}@&rflcgqsbcsht@enterthﬁ geacyglt ¢ampErature in

vessel 1 B BB en Tn 71t Sl B HReuds'q 8 YTILET 1 some

embo@lﬁﬁh@athe&hﬁ@t@ﬁ tlire M tvessal th tsnmtth@ r:ﬁt%btdflfﬂﬁn apsht 202 65 kPa (2
renmoval of sul fur slurrg t herefrom Product sul fur

atm) tg|ahpytyd.¢ HHY i &l AP% (15-0F agnly sinagpmesrmbodingds agacton piegsure is in
(7 t) sV, t
the ratrlj%encﬁ féagh al% Q@%};Eé& J él‘l{aorl]lgll é SM%“% f%%’t btg raﬁgtgt t5| ztél’?t) 6%‘ énil%rdlments
vesselpldrik bperratetﬂ af ormealatthosphigriberesamnd. vi a |ine 52 back into
veschQOX|g§,er 10Q.. Sul fur slurry in sulfur settler 60

[0083]s &t #HeMigrg Berices: gln soBbfaIgpYLs. Sue OF giefe Bigh shear

devtce%eﬁﬁel ﬁSDQQ) oRREnf r&f'ﬁ@t%fcnﬁ? Of1: tahgn&iotﬂeseﬁE@ aflflafdfised to further
l'ine 65 and slurry punp 70 to sul fur separation unit

enhang® theFeactxariies, oppuition rrnagseb@natlﬂmtn bateh tor 80ntmayoue npidey In some

hel t, .fi Itersstemto ce a 60% sul fur ca ) )
instangee i meIL g SRBIePAS] i oire B mede N L dRpise e S8 & piyfiple high

shear Wl iceBth MBYesCRAPIAIHEbS a@@ﬁltigfebﬁﬁr FW%iﬁmt@nﬂl BR¥odifhents, outlet
used to produce a 30 wm % sul fur cake. desired, the

dispergighfigding |18trezry bafed intpya krsoud étght &beztrr@dwce Whert eitiple high shear

dev1ce%suh(§ are ope tg%ﬁeﬁlatseen%sca&ﬁ 1(¥n a'I(lP L Iaé) r}na14b§ & J%(ri%& elglto the inlet

om'sultdr ca e sen ac 5> oXidirzer

feedsthdabh/ & ea@f)h@flshéste&isvhd& qanyaRtdnidalmanxd, gatliisle hodh dheg devices 40
catalyst is supplied fromair or oxygenenrlched air 15

are opgAtechin RUYlghinddhe Rrtai ghspersions dhaapiyan aspingioflegedjipto one or more

vesselopfl di zer 10. High shear gas sweetening system 1l may
conprise a secondary source of oxidant via bl ower 90

[0084]andF eariresariThel appBtation o€ eﬂlﬁmce@mﬁur@aﬁf the reactirds h’aﬁsmeélo potentially
obtglned via prefiltering. at efllter0£5 and

permifs; efticient regeneratlon of liquid ca alyst some embodiments, the anced mixing
potentiates an increase in throughput of the process stream. In some embodiments, the high
shear mixing device is incorporated into an established process, thereby enabling an increase in

production (i.e., greater throughput). In contrast to some methods that attempt to increase the
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bl ower 90 and line 86 fromprefilter 85 to
oxi di zer/vessel 10. A small caustic addition to high
W@ h@anoxyes sweeteni ng system 1 (not shown) mayPGEUSZIERI067995

to maintain the catal yst solution inthe mildly

al ka H ra 079] This hase oxi dati on
regendiptii, b8 i GG, GEAZERT HorGedPe SPrBTot S G dtided by
exterdaDhigh! shet HixBas8y aWblyGh k@) dab@M BerEREeN&HAdiRand/or residence

continuously at anbient tenperatures in certain
time ienbroeli Ifenhis miintagong elaeyen insreasing degyriestonmetat Moiteut Wlshlng to

her,ei nabgve hIS nodi, f te ri ses
be i35 AR tar ol TS oSS TR RPERD R ERe DD bioned Hicing i
sufficieANd/ifdre 86 PR CITORNSE ZaekEWARIeS)alRfpréduce /locﬁﬁidd%ﬁdd@ﬂ ﬁondltlons
or oxygen in line 18 (and optionally venture- sparg
that epgblgrepgtjons Hatocg dhaterud gobetheratiscobe exfiested @o oawéaaﬁﬁall on Gibbs

free eﬁérg{/] g?é?i?&f’ong eﬂéc%ﬁée%iol%({%egecoﬁ&%bﬁé %1) %%llmﬁgg q%{: \D?}%m the high
ve re spar exl st ens, and a OWS or
shear rdepice Iemlﬁzl@g (1) ﬁncﬁeﬁecﬂlltgthpﬂ@mlksr sido peesafre atidal Yot most significant

0080] Potentjial benefits of this nodified system

increasg, é’F]éRYéd e ‘arlecaliged Ipratitrey t8e IRGEIsErin difessret japd domperatures
withirl (RE 'h?gfhss@lgalicﬁ'ifﬁg grbolﬂgtantﬁﬁé{i)ﬂg %ﬁid RREEAL R qﬁf&ﬁl&&e@é}%é&k to bulk or
reduced capital expense due to the possibility of
averaghbesyisgn candgmak loece wmagsge theshiglaslthao deaper bt samge tdses, the hlgh shear
. vessel (s) at lower te ature and/ or pressure.

mixin, e@’r‘ﬁﬁd&%‘r‘%ﬁt@“ﬁ“ﬁ’é‘ ‘i:tr@§’§ntofnt‘?‘]%y P e‘g%ﬁ%la@u 88 EJ’P of the
reactaRfs Qb RS rAMERs, SfHi@Cby ei@siffant@bmRal Rhctial drallowURaRA to take
to desul furization in the absence of external high
place ghdess stiingeny cm@c@t@}g@] thpm mighte olatyost he neguiredheCavitation may also
: 0 eratin ditions S
neresE LI rbosBS 1R e Thch BB 5B davig psppineutaon
(acoustizOeeantifig)e Mbogdh Mevdrsiewt bE therappliedioneof alifatiohepheadgRnon in
of from a%)out 1600C to 18Q0C. In specific enbodi nments,
chemigglphygigalt pigsessgpElicttions i in wewided byoGopafe Rir ¢li. ciffayitation: A
IS 0 gyt
techndi8ey B ol 20 COlvel ST R00Y (00 Do (R ARyl mising
devicé of &dﬂtahhﬁnhﬁc&iilgalt@bf f}kmﬁmteﬁﬂﬂld&ﬁetﬂﬁ% in@uak @pvitadion whereby
about NF (,55- O(f m..In sone ,
oxidagindidy Feﬁiﬁ?ﬂds iqyig a“é‘fﬁ‘lﬁﬁ a&‘r élssé?ﬁwée dntp rfreengadicalsgarhigh fheppreact to
K%emgggq&aéég $ kPa to about 1.5 MPa (8 atmto about 15
. In enbodlnents vessel 10 is operated at or near
[0085]at fospine rerrdoopmww ﬂet sy[s@ﬁﬁajd othbipHescibghhdgbie grermit design of a

hi gh
smal1 QS B A e v Eers Mg PrGote Pt aleqT R} B elor external

high sRE& @Ni8N®d PdleritRl h@hnta@BdoBERtahS@Hbd@mEMS bh e BRIGRE Snethods
the reaction. Their operation may be in either batch

are regpcasioApdratingusostpded ingreasodnarodustiom dexn jan aHbtolg Brocess Certain
emboé?lmegl CofP t%F tdlscFosecﬁ %%Qreﬁ:egsggog(gp ondly%S esrsthe advan‘? Igltrgo re?iuced capital

use Of nu ar eVI es I n series

costs 16 aldvmigagﬁon@v ﬁfwes@xanml Enbddim et 0dikpeedih S ,oxﬁlalhd Eﬁs in liquid
dispersion in_line 18 may be fed into a second

compigHig re¢hegd diquidnratal it |w1rhp highhplpar desige Heeesasea dg@ ragnount of
unox1I 1%@({6 @%lg% cilltgllﬁte rpo?eﬁltlaﬂgeqﬂsﬁés QP mO %X BRI eARDS TRY sﬁ?em and method

o the
for gas sweetening include, but are not limited to, faster cycle times, increased throughput,

reduced operating costs and/or reduced capital expense due to the possibility of designing
smaller oxidizers 10 or replacing an oxidizer with a separation vessel 10 and/or operating the

process at lower temperature and/or pressure.
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feedstream of each high shear device. In sone

enbodi nents, nultiple high shear devices 40 are
W@p®@pAa®d i n parallel, and the outlet dispersiBCEUS2008/067995

therefromare introduced into one or nore vessel 10.

[ 0Q84 atures atlon of enhanced m xi of
100861 dh FELETAIRS: Biy TeaEs HE 0 SHSP R SO TERETEE et FLgnga exteral
high sh@ﬁ%efcauocmo% ubd Stuess &é&ﬁ't ¥ bessdReR QT8 0GRROS MBS permitted.
the enhanced m xing potentiates an increase in

In embhdwgtspdte wfthoh sompuessiscapeiating extamgb highevhbaddarvisst 4) into an

establs B, P T o Pt PR ng Feurer R R Breb g of fhe reaction

in ext@hAdigH ilehr ddvi® 40 @HRALRIblhE FRUgERMe)in pfdﬂlu@tﬁtﬁht (gaster tHoughput)
sonme nethods that attenpt to increase theregeneration

from p\procgpsgaperyted lmﬁloas(huh;;@ Fay, davigs Hlipdr pabodimeptsr spoel 10 is used

malnlgﬁjr s\%ﬁﬂ%@oﬁﬁg %fpsﬁlg}e% ggﬁl\ék?%e gff il Qﬁhll;{E\! géqmﬁpl? gf gh@g}icﬂgoﬂ*@?’ catalyst

occurd gséxi@ngehigh secai dewess@! Iril.@rnblliﬂlhlemmaﬂnﬁitajf nhagegoersticdnoxidation

i ncreasing desul furjzation rate, Wthout w shing to be

reactiqn eRcprsviftin ghesxfernal fiighsheasdeyige 49t i s bel i eved t hat

[0087]t hefﬂe Y&knOhe H6Q £R s%tefﬂ% r 1N gcalg% etBhi¥h R 6)§da°til6§1fv{/1€H ﬁ’(ﬂﬁd phase
to increase rates of "nass transfer and may al so

catalyprr adl cegeh@atidn pEdeduoed icatelkt bprdidatiomsentiiieyt aeraldreal high shear

mech f eaitgclf\ggesltogggg@% lrjar g(g{tﬁac\é\ﬁnm%gé Iy ‘élge%rél\é%fug%;e&ents in a controlled

envuo‘?lh%’ﬂt Gt RN Bighl Medt ldE@Ee. NOThel ﬂl%ﬁl she@NgélideO RSIuBEsCthe mass transfer
believed to occur wi thin the high shear device
limitatiesupr i the 1eartioncansadied ineispes atharasradndeaptiers sueegndimay allow
i ncrease believed.to bein .. .
substalng% ?)Iué%taon p?fg%%talp/s% b g[o% gpgfg%téng ﬁond%téoglg uurnéigr gfr%ch substantial
reacti$EMRE hétiéreRestéd dioacirhe hi gh shear deV| ce are
i nst ant aneous and | ocalized and quickly revert back to

[0088h | Whide peafervesy @nby@fr@ﬁﬁc@fn@mmmloa reee dep ishgpve Hed described,
Y
o AERY S Bl By UBAFG S RS PALAGIRG rom e i
and tdaéll’(lﬁg‘Sd)ﬁ thie ivediisis OThat@bodimeats desdribedthetelire areegeinphuig only, and
to freer dlcals which may intensify a chem ca

are nploitends tor DalITBHAG: 1 SLGY: BHIAENT AR ppdibigatigns| ffshe invention
disclogdd hélgi%nz{re CI‘)%QQI)IE'aﬂHSaré mlﬂn}fé%oﬁé BEMM $GedtPon! HHELEmerical

Cavitation may also Increase rates of transport
rangeg oo dems;ﬂwnb)arep mplu@@&lyl gtatak asluch wxpigke nogeamd liqumoais should be

undergiped T il Rynf G PhRBRC AL HaR ReaRode iRy viihin e
expreme&h@alré@w%k CigditaPHRE RSS! HOMAMRLE €36 hBAR 10SnBLAN, ded, 4, etc,;
CGogate et al., "Cavitation: A technology on the

greateﬁ @hanz(bh() incimges thl &dRehd¢d apg sppﬁgrth)]_)Useg@ 6 te(rgomylonally" with

respeci-[ hearli] I Igm%hteo a al)r(ﬂ Psqatetelg e oganct arltttﬁe sub é‘? % enp 1S rec(l)ulred or
p% es uces C V| t a

en sys em an

alterni¥ivell £y nox iedalréd. ama El@lfh‘ﬁzﬂdfels laEB.Iin@etﬁia(ﬂ ad ps tw1&ﬁ1€ the scope of the
di ssociated into free radicals, which then react to

claimy é&é@éb&%ﬂée& f§EM 4ch A somprigerg glclydss S ge ASotakhpg understood
to pr%?& I%{a (ﬂngarg%@ féf‘mg &t 'a@ a(#)nlé]lgﬁ 3¢ p%r{ﬂsttmg ee%'s&%ally of,

er an ess capit |nt si’'ve proc
comptitedrsupstantiabiy if yand elseslikd. e mnthout t he use of externa

[0089]2 :Tg%&fs)gjgl?é gdt %/ Isé:q%gél ng{;g%g)géls I‘?}l%tt lﬁgég{] : aglesdeggnp%eogltsgtl (g]ut above

but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as

an embodiment of the present invention. Thus, the claims are a further description and are
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are reduced operating costs and increased production
froman existing process. Certain enbodi nents of the

waele@eheded processes additionally offer the adR@nUszes/ 067995
of reduced capital costs for the design of new

an Y o S S o (B PG ISP g R Shregfrores o al

patent%h%ﬁfeng %)6{)1@@&&693 defr @aBIRabRE AP URLeiRT arbinRill €@ rporated by
l1quid alyst. Potential benefits of sone

refercaed deltheentest they phividsgrempiarsnproeastuhd @r bher detsils supplementary to

those %E.éﬁgln include, but are not limted to, faster
&y ¢P $, increased throughput, reduced operating
costs and/or reduced capital expense due to the
possibility of designing snmaller oxidizers 10 or
replacing an oxidizer with a separation vessel 10
and/ or operating the process at |ower tenperature
and/ or pressure.[0086] In enbodi nents, use of the
di scl osed process conprising reactant m xing via
external high shear device 40 allows use of |ess
oxi dant in vessel/reactor 10 than previously
permtted. In enbodinents, the nmethod conprises
i ncorporating external high shear device 40 into an
est abl i shed process thereby reducing the operating
tenperature and/or pressure of the reaction in
external high shear device 40 and/or enabling the
increase in production (greater throughput) froma
process operated w thout high shear device 40. In
enbodi ments, vessel 10 is used nainly for separation
of sulfur slurry fromliquid catalyst, as nuch of the
oxi dation of catalyst occurs in external high shear
devi ce 40. In enbodi nents, nost of the regeneration
oxi dation reaction occurs within the external high
shear device 40. [0087] The present nethods and
systens for gas sweetening via oxidation with liquid
phase catal yst and regeneration of reduced catal yst by
oxi dation enpl oy an external high shear nechanica
device to provide rapid contact and m xi ng of chem ca
ingredients in a controlled environnent in the high
shear device. The high shear device reduces the nmass
transfer limtations on the reaction and thus
i ncreases the overall reaction rate, and may all ow
substanti al oxidation of catal yst under gl oba
operating conditions under which substantial reaction
may not be expected to occur. [0088] Wile preferred
enbodi nents of the invention have been shown and
descri bed, nodifications thereof can be nmade by one
skilled in the art without departing fromthe spirit
and teachings of the invention. The enbodi nents
descri bed herein are exenplary only, and are not
intended to be Iimting. Many variations and
nodi fications of the invention disclosed herein are
possi bl e and are within the scope of the invention.
VWhere nunerical ranges or limtations are expressly
stated, such express ranges or limtations should be
understood to include iterative ranges or limtations
of |ike magnitude falling within the
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expressly stated ranges or limtations (e.g., from
about 1 to about 10 includes, 2, 3, 4, etc.; greater
W b@o/o®od®D i ncludes 0.11, 0.12, 0.13, and so fPCT/E$2008/067995

Use of the term"optionally” with respect to any

element of a claimis intjndﬁ\\g to nean that the

subj ect elenent is requi ) » alternatively, is not
WHATES W eeBes:-h alternatives are intended to be within

the scope of the claim Use of broader terns such as
L. c@\nmpihgé@r emobingdydragan swlfide &pm a stvo ghelstiramuemerisingdiydrogen
sulfid g %eosu ort for narrower ternms such as
© %s?@ § BP %%n5|st|ng essentially of, conprised

S@bﬁiz’ﬂfg hj?drbgenoﬁﬂflwﬁh 4 Benvektkeb [c@ﬁl&&lng%@ Qb BBl dseam with an
the scope of protection is not Ylﬂ]ted by the

aqueoa@%taliyst: isphutigt theyighy @mémsm desglfgzed g3s rﬁlte@ara 3l a Hguid stream
[ t .ope including al
Com@ﬁ ﬁ# %%f%gd%P%kg %ﬁ%ﬂﬁs matter of the claims. Each
andmﬂuengaﬁbﬁhﬂmn&dﬁMﬁmnmmm&mﬁdanmﬁmu@hemxpécmﬁb@QQMmenand
as an . enbodi nent of the present jnvention. Thus, th
sulfur dntgja pighyshearfevice ppd produsiag ?&tﬁpéﬁﬁl"&ﬁ’ﬂleﬁ@’éﬁ}? g Bubblg deaéneter of

the ox‘icﬁﬁt %Js% R’ e RIRAM !e';@{htaﬁ aBdutBhEn;present invention.
Isclosures of all patents, patent applications,
amqudu@hg aht i dyspsrsoont mlo hrevessal fwoen vdridby subimocpapiatnedslurry is

b ference, e extent the rOV|de | ar
remoydl ol ar b REP TSI & SORNPErEISR it U oUr gpmprises
clemeh@I SR EREqieGh M MR WIRT | S CLAI MED | S: 1 A net hod
for renoving hydrogen sul fide froma sour gas stream
c eaepeling at dpabyadpasgernofshe fagdecratedheatphwstistyears emibe icgiveeter.
oxi di zi ng hydrogen sulfide in a converter by
contacting the sour gas streamw th an aqueous
2. Ccahahyihdd sodlsitd 0Hurtidi@bepsing e ing aglefe AUpdrtid dLthe aqueous
gas streamand a liquid stream conpri sing reduced
solutigrp frgmy e AHY-eQredBIRg sy pad, Fecyeling: Ydigast igfragiionxefdharecovered
tream conprising reduced catal yst and
mﬂwoa{&#&%@é%hgbk%h? into a high shear device and
produci ng a di spersion wherein the nean bubbl e
dlane er of the oxidant gas in the persion is |ess
CiiB SR SYCFRTING ASPYRIE PG He ra?tgﬁi?%mww&at 0a
V?ﬁﬁﬁll] fr@lngé%lbﬁ: I'Eoﬁléﬁ'sﬁl %Xl@a‘ﬁ@t 'srBngle§|di§ﬂeYseHS1n a héluld phase
r enmoved a regenerat catalyst streamis renove
compmhieg eddncecheedsxilliquid @Itallyst,ywhfwﬁmrths beblEéehartamesudfameter of less
h 1and aqueous liquid; and recycling at |east a portion
than IJpiciqlls r egenerat ed catal yst streamto the converter
2. The nethod of claim1 further conprising renoving
at least a portion of the aqueous solution fromthe
4. sidbe methodrmfglaanpgwherainrthe gardbubbley By mean Hiameter f less than 400
fraction of the recovered aqueous solution to the

M- vessel. 3. A nethod for sweet eni ng a sour gas stream
t he met hod conpri si ng:
5. The method of claim 3 wherein the sour gas comprises a gas selected from the group

consisting of air, natural gas, carbon dioxide, amine acid gas, landfill gas, biogas, synthesis gas,

geothermal gas, refinery gas, and combinations thereof.

6. The method of claim 3 wherein forming the dispersion comprises subjecting a mixture

of the oxidant gas and the liquid catalytic phase to a shear rate of greater than about 20,000 s
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form ng a di spersion conprising oxidant gas bubbl es
di spersed in a liquid phase conprising reduced redox

woO p@paloeRocat al yst, wherein the bubbl es have a nREFIUS2008/067995
di aneter of less than 1 micron. 4. The nethod of claim

e t.h s buhbl es .haye nean di anet er of
7 R e R R B e A aP 8 eGP ingds oxidant
gas aﬁ@Shec hlstatil éa%ﬁytﬁ: gRse Sl £H@dsihPlibe ShQUR GENSLISshe® device

air, natural gas, carbon dioxide, am ne acid gas,
cornpmm df fehst ogcamtorba@gsalserelgyhﬂ Hdgissongastor geotatrdratraltipgaged of at least

229 LR el P PR e Eher si on compri ses

subjecting a m xture of the oxidant gas and the liquid
catalytlc phase to a shear rate of greater than about

2@ heoetodjofclainh é whstaip dheokigh shgamdgvigm grasiupest plogflgyessure of at
t dant gas
least 13 Q3BIEL PROTRTRK) AR BRALACH! Rl Bl Co 4l ce.
wherei n the high shear deV|ce conpri ses at | east one
rotor, and wherein the at |east one rotor is rotat
9. atTh%'t rpgthods g slgimp {7 wherein e owray eypendinire of the mgilrﬁhear device is
gﬁmng&hq906QHH@tlon of the dispersion. 8. The nethod of
['arm 7 wherein the high shear device produces a | oca
pressure of at |east about 1034 2 NPa (150 000 pSI) at

t tip o e. at ast ne t.hod
0. ctrdnghel SRint ouRaRl G5 Tedfemivris SRERAa greanometaliics
andu@@@ggmgthB@mls greater than 1000 Wn8. 10. The net hod
of claim3 wherein the redox catalyst is selected from
organonetal lics and iron chelate catal ysts. 11. A

e ek B RN B IRER R et BT RN pP e

byxic@miglydrognt dnﬁflceogas bga:snoatﬂiﬂg e |sb1§itga(§ VENP il St REmMPHsing an
oxi di zed catal yst in a converter roduce a
oxidized §ytabyblein 3 GOUFIERT 5 BrPdEEe %t:qrefﬁﬁ@rcl&wf Piorpg syeA gpmarging sulfur

andred Eje‘d%ﬁel\)%?t alyst; formng a fluid m xture conpri sing
e converter liquid product stream and oxi dant gas;

echmsmgmﬂmhemﬁdwe comprising the tenvartsiapiid pratiect @frez&lﬁi aﬂlds@adiant gas;

about , 20, 000 1 to produce a dispersion of oxid
gﬁ@%%bqhesﬂmi mMXUEHI AGBEY Bifaedtoleatt HEORS PP s a,%l produce a

dlspeﬂsﬁh 9 gkﬁﬁhﬂl%ﬁ D&t IRE 'E:@I'ltﬁﬁ‘loh }le@ofvtﬁé ﬁ 1df d@m which a

fur slurry 1s renoved rom wh aliquid
surrtmdmzlog therdisiersgorr legzemeersaﬁtl éd)nowhd:lhza@dlﬂlt Huiryl iscatmabgdsand from
S ree¥cled to the convert

er, 12. The nethod of clai
Wthhli hayd Rvane SopPrSing geeriR sl Sé’%ﬁ@gt ]ﬁ‘BH@ FRROEt 4 lﬁ‘?“ryi?@d o the
conveltBr.@ separator from which aqueous liquid in the slurry
1S
12. The method of claim 11 further comprising:
introducing the sulfur slurry to a separator from which aqueous liquid in the slurry is

removed from the sulfur; and

recycling the aqueous liquid removed from the slurry to the vessel.

13. The method of claim 11 wherein the average bubble diameter of the oxidant gas in the

dispersion is less than 1 yum.
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removed fromthe sulfur; and recycling the aqueous

liquid renoved fromthe slurry to the vessel. 13. The
woreaohoeRoed cl aim 11 wherein the average bubbl ePcli/HI®IE067995

of the oxidant gas in the dispersionis less than 1

14. The method of claim 11l erei.n exposing,the
14 {ThF dieiotk Qi b AR CThaDEe e BRarBATE R S gt of greater
than aButO0D08 s1 c6ApINek SRDALARE ARAYRENGtd HRigh kkHa dévideQeoth s&% at least
shear device conprising at |east two generators. 15.
two genegatem f or renovi ng hydrogen sul fide froma sour gas
stream the system conprising: a converter conprising
an inlet for sour gas, an inlet for a liquid stream
15. Con@kiesl fogreadviligZtdrapah ahlfigé frodntkoangfuteath, the BRtdn®Eorfiprising:
converter quuL§ product conprising sul fur and reduced
| BFQNYRIeA CampE$ing Andnlsh ErsionT gayA8 1nkst £r apHgpidsfream comprising
. X .pLreduced. i . QU i ne;
oxiciZ AP " B ohlle RRLERCe TR Bl bbby ipflhe sulfor and
reducell Ispéd sdthiye; gas inlet, the external high shear device
conprising an inlet in fluid conmunication with the
c8AVBFBIRIC Fid et WiereRy, oxddit map bg tiodacsd inheautlshitingt
ahn @XefHa? Fih isReal il GOURIRAG e iRk fHblk REs [Hd NS BE@Mnal high
device outlet; and a recycle line ftluidly connecting
shear tibvecoxomprzsang amchlé¢the flund edmimunieatfanr wah Ithegeanaersdrromda kixfe, and a
hish he converter, whereby regenerated oxidized catal yst
8 Shﬁ§dﬁgc?8% ¢l ed to the converter. 16. The system of
ChAbRidizer WL b Bic8XIBK AR dhe Mg shsh1eRYicE 8Nl €and
conprises a toothed rimdisperser conprising at | east
ongeqyeledimatiyndly eenneetins the iopiglizer prst e inletding for aitigwid stream of the
avin shear wi dt.h_defined as the mnimum
converl e b RoraB Sroklep SrAFMREY beRedeg G cldiagy
the rotor is rotatable at a tip speed whereby the
shear rate defined as the tip sgeed di vi ded by the )
16. 5B sysigam offlain Lp svhgrein thgextenpd highohear fleyise gprppfifeed toothed rim

o YT, B BT D AL B L0 s
width (dé00&1 st therintihimuh@ clediagceShyeslyem thé ratbaim th sihey whéereinhie rotor is

external high shear device is capabl e of producing a
rotatabie ah FigspFrdorhessydanh theB LB ding] a%lg\?é’@u?e@aé)léﬂd% Pg the shear gap

width St WakOfb0,J00§ ! ¥hd@Rkq bubbl es having an average bubbl e
di ameter on the submi cronmeter scale. 19. The system of

claim 15 conprising at |east two high shear devices.

2 The syst.em | aim 15 wherein the external. hi
17, s Ny Py R e e CrEl e o oGS etar & gl of ereater
than 2038hRIMCOTEmEN)ear rate provi ded by one generator is

greater than the shear rate provided by anot her

gener at or .

18. The system of claim 15 wherein the external high shear device is capable of producing a
dispersion of oxidant bubbles in aqueous catalytic solution, the oxidant bubbles having an

average bubble diameter on the submicrometer scale.
19. The system of claim 15 comprising at least two high shear devices.

20. The system of claim 15 wherein the external high shear device comprises at least two
generators and wherein the shear rate provided by one generator is greater than the shear rate

provided by another generator.
27



