SYSTEM AND PROCESS FOR HYDRODESULFURI ZATI ON,

HYDRODENI TROGENATI ON, OR HYDROFI NI SHI NG STATEMENT
WEREGMRDIONG FEDERALLY SPONSORED RESEARCH OR DEVELTIBMEN067974

[0001] Not Applicabl e. BACKGROUND OF THE | NVENTI ON

oo s ) AN BROKESSIOR R GRODESUL FORIZATISR,
hydr OHADROENSTRAGENATION2OR BY PROFINISHING

bonds in liquid streans. Mdre particularly, the
present invention relates to a high shear system and

pr ocessg RTEMBNPRITEA FEB@MILEWSPQ?NSOREP

hydr odeni t r0genpicd R AHUR' ﬁ@l‘iﬂb?l\}lﬁﬂg‘o doubl e

bonds of liquid sfsreams. a&groun 0 he 1 nvention
[0001]] OQOB]AppUekdd.r eating refers to a variety of catalytic

hydr ogenati on processes. Anong the known

hydr opr ocesseg ACRAROUNIEON FHE IRV ENTION _

hydr odeni t rogenati on and hydrodenetal | ati on wherein
TechnieabHietdocks such as resi duumcontaining oils are

o002 O 5 B SS Y RE 58180 B Eeension
and/oNyii@G&N oS @outbaborddd €n $idLifdWtre &R 8P M8 tpartR RIS OMY §idseft invention
to hydrogen sulfide, the nitrogen conponents to o
relategnffond ahighndhedie syee@) sandr ePreedd s fare dmpinying | hydaedesulfurization,
i 0 |y t | at ory
rydrof SRt AP R Rl T ot CO PR el
Backglb@sbdf theithvaased i ne, have created a greater need for
nmore efficient neans of sulfur renoval. The feedstocks
[0003} hdiydseteealindreletda & BArisfPoFH@tT RYdiogFEOR PERFCHEphrHBRONE the
R Oy L
wherefir) Ge&sistoCkarsadt @s i stifwuni-oonthipdreobile atarenttacpe raith aagmlysss under

.that there is essentially no chan in nol ecu] ar si ze
condifR gt Aieica e A hBtes e SR etafiaes o hitroftn  that the
sulfurBOHRRERS KieNEbnvENG RABRMOIMN duflel @2 AiDRNn EcnForeR to ammonia,

category of hydrotreating where a catal ytic chem cal

and thomaptads sreidspessted (usvalhyeaspulidss) dnuhe ¢atdmstnat ur al gas and

fr refin etrol eum products suc asoline or .
00041, 05T 0T A el B 0GR BB S o SRy HEp i sasotne
have @tdt&d a JRBtePHEATELmMOFe dFREBM int BEsBlk fdhiovad TiR fe€dbu®s that are

the sulfur oxide enm ssions that result fromthe use of

subjeqtsl tf HEdrgtrpatingoRagd Hgm raMsigora Hequym skl @neégheproducts in most
applictgﬁ(gerﬁl %us%ﬁia% gl?\lsirog}nggltagf apc%b{ag T, &Jlé.m ng industry,

I
ten're erreé o as a
[0005]hy ditatdcesised forl Hydearueidnt opahtidngds dde sherd isr észaitialdy no change in

ol SEIEGRN L 02, 200 S eReh Ape et Bl Ay
0SP48 TR, s e
sulfur@cau satprabd gesssd[ fEH0 6finh peteol eyl podiesty [sfickr aszabolowe of HBSB)L, jet fuel,
kerosei:nsé, 1%38611I %erl],gan%r}ufizlnoci\lrs.e ie?)gl'p%sei: gp r%gnto%lnntg tLg lsﬁfuirQS %/ol r%\(li\{lce the sulfur
oxide emissions that result from the use of the fuels in powering transportation vehicles or
burning as fuel. In the petroleum refining industry, the HDS unit is also often referred to as a
hydrotreater. In conventional hydrodesulfurization, carbonaceous fluids and hydrogen are
treated at high temperature and pressure in the presence of catalysts. Sulfur is reduced to H,S

gas which may then be oxidized to elemental sulfur via, for example, the Claus process.



of the tightening sul fur specifications,

hydr odeni trogenati on (HDN) is another process that
whyweoeasbon streans nmay al so undergo i n or derPE€DUSINS067974

for efficient subsequent upgr adi ng processes.

[0006]f o%ﬁ‘iﬁﬁﬁﬁﬁ% es r 0| {{—819%)218 B%%ﬁx@gﬁ%ﬁﬁ?@aiﬁ% ?rgfilon%t role in view
of thd Hﬁﬁéﬁlﬁ@tsu}fﬁg%(ﬁgifﬁgtld?{sOﬁﬁii@den@t%g%ﬁﬁtﬁﬂ mlﬁm 1§‘ arithdieftoess that

stfeans In addition to its renpval for
hydrogasbény 'stmmsnmew eho ivadergs uh fouderitg albwofor effwmd shlpsequent upgrading

proce 5t 3L BB DS o PSSO P LR RR P RSl SRR coute
bondsSuhikelfin HEporaet ﬁ@m@prﬁmmeﬁ@émmaoﬁ{a@ﬁ@eﬁc wh&imgobl e

metal catal ysts pl ati num and/or rhenium are
[0007]lys @ aﬂﬁtlerat%mwm@w‘lgpwqﬂuﬁgn arsverfionp atlfuaﬁ%al%r@alov@d in situations

where [ 88%3}]6&&%%5 p%*c%?s%@ % %lg%aglf lﬁéeﬁlﬁ fﬁg egﬁs{;g fof sulfur. For

exmmﬂanmﬂﬁmgnaubéUEmomﬁtabﬁ1ngﬂﬂanp@mnﬁ3whmomnmanbaﬁaeamygs(&g”
fluids may be costl i ncl ude harsh reaction

platingg rpgdiar 6h‘§llurﬁ)a9reblé%5 A GRGUAE delogpinghanits di A ugtd to enhance the
(mmnéggﬁ%@nﬁbﬁhlgﬁpgg£§wof sul fur-contai ni ng conpounds,

e ineffective for the removal of
[0008]s u Il\fIatry- cdnthei pPravipuso nmhsndsi sarith\siystgme efdr aramaviregri sofflir-containing

structures, and/or t be eaS|I | ed-up to...
compyids Gop TSI M) CONE dratr gy iR cpaditions, may be
1nadecﬂﬁ%dfdr Mhé REndvAO WS tshidstdn@hl AaBHRY 66 sﬁlﬁﬁ%ﬁﬁlﬁﬁng @bmpounds, may be
dr odesul furi zi ng, hydrodenitrogenating, and
lneffeﬁer@f thqurgmpwé of arlfurraniabnng ¢qmmuméa havarescertgioviamical structures,
]L0010 b %qlgga % ! nﬁq pethods for inproving
S G IS B 0 g 1%%%%“??%genatlon and

[0009]hy KRbidMEV fMigerar B di sebosad.thd NindGEQ GFaf Cign pr)\teH processes  for
certain enmbodi nents, a nethod of hydrodesul furization,

hydropgry{uide pg. hydrpepmtrpesnatpg @rRYHPEMBIHES cybonaceyhiuithticams.
thereof is presented whiggh e yi ses formng a
di spersion conpri sing hydrogencont ai ni ng gas bubbl es
[0010ditBgler ssheari N sgstdrhqui ad phasehodonpfor Si imgprbyidg o claydvadesulfurization,
hydro%gt&%?gaéq%eeﬁb%ggiyﬁ%{@v ?%a q?%gglﬁg (Iésaeggtr te lrno ?#CCB(lfr?igI?(:et rJvalltrlll certain
embo&ii‘ﬁeflfér acrﬁ&héd I3k mlgd&gggﬁﬁﬂﬂgﬁlohnhgfcﬁgdédlt%ﬁegat%a%?dl%ﬁﬁlshmg, or a
reduced to form hydrogen sulfide gas nent s
combiatti¢reéasteofiisgesened vdﬁclmctmprgsem fagomgad dispgsionowpopngsg hpdrogen-
e hase are convert to ammonia. In .
contalg}?@oaa[sgﬁqhdbéep Peré’gS]fl 3 llﬁaﬂ P ¢ SPMPHSIE myﬂ%arbons wherein the
bubbl&2hRRNr GRARN ARt el ROMES 119 hﬁehhyﬁB&ﬁﬁl%l@@ Na@ke8st a portion of
saturated by hydrogenati on. H gh shear m xi ng
sulfurmentamting EOmpEHNGy ies henhiapi@e@alar@ur@ced tnfoendydroger melfide gas. In
embo@élgeil i oﬁ %e%otg% ip/té)}t%rﬂsoq ‘I?rgol fténs (2 rtzggiélacct%ll %{ln?%segl ﬁlrf]:elrlrc]lucl;(? Iphase are
convetbd R @SmMOTY. NovBbaliMERs o8 lcanet @it of @ﬁauiateﬂrtaﬂboﬁmarﬁoﬁ double
enbodi nents, the gas bubbl es have a nean di ameter of

bondsg thﬁ)h@r@q@gbpn&gg sﬁmate[ddgflljyjdrng:@amqtﬂ uilhe M@CWXIHg potentially
prov1cfeg gﬁﬁdn%@d mﬁgrt%ﬁl?’é S ar?({sh ﬁtu?edcgndﬁmng gﬁg o‘l YR accel rated fhermcal

consi sting of nat gas, cru cru
reactidrsadetwansnulgpsst irmtand;l. Rl gasriahichanaykierve semean ﬂﬁt’neter of less

and/o

ue
than 1 pm. In embodiments, the gas bubbles have a mean diameter of no more than 400 nm.
[0011] The liquid phase may comprise hydrocarbons selected from the group consisting of
liquid natural gas, crude oil, crude oil fractions, gasoline, diesel, naphtha, kerosene, jet fuel,

fuel oils and combinations thereof. Forming the dispersion may comprise subjecting a mixture
2



fuel oils and conbinations thereof. Form ng the
di spersion may conprise subjecting a m xtureof the
Whaeoeese cont ai ni ng gas and the |iquid phase POI/EHS2008/067974
shear rate of greater than about 20, OOOs 1 For m ng
t di spersi.an rise.contactin
of thth YiBgRRconining rﬁ%ganarrg © diHid; Hese 19 eﬂ‘héaéf‘e of rgregigy; G about
20 oo@ﬁeaporﬁﬁlyg &R, diVRRi& ﬁhaif RempHghcshbRahg @%Vﬁﬁ%g@{%%ﬁﬂaﬁﬁfg gas and
| east one rotor, and wherein the at |éast one rotor
the hqu;t,d pbisatied agh sheai gegpre adherstin &he higlasheap deGeqrtempries @0least one
ft/mn) . .duri f or mat i on. of ersion he. Qi gh
rotor, ahd it Mokt PR B ot A, RSB Wi Padpys 4500
ft/m1n§l B@Mﬁg oA 4ch d¥ftRe ﬂl@}%}m@l@ OT}iESIhlgh dhieat bevidd Iﬁaj@f)roﬂﬁ@ @local pressure
ast one rotor. nmbodi nents, the en

of at léaépélmt 10342 MPa (HéO ﬂ%ﬁﬂzswéb? tipef theat ie§stgmé aeter. Inpgpbodiments,
e k00 Rl DR, Bkl M N R o
[0012]adhé met}fodrmdmdftbdesuipfm tamidtiag xhehycﬁemteﬂwith @gaalaytsti thiit is active

hydr ofl ni Shl n or a conbination_ thereof. The catal yst
for hyﬁtgvie gy%@eaptr%g@p@&neay(%rpwlpﬁé (ﬁradigpﬁlbmatlon thereof. The
catalygtoﬂlﬁ%r Sctohif)gis@fa GeaR ke ¥1k6ﬂf3 _té?)ﬁﬂ'st o@@&)alt molybdenum,
conmbi nati'ons thereof. [0013] Al o isclosed is a
ruthemmeh hend chmbinagairsablasefl f uri zati on, hydr odeni t rogenati on,

ooy GRS RS 5110, S S0 2 LML cosenion, o

hydrohhi@h‘ihg c6RPRLihS kitgectiab faliluig ek @i diehr AR %%ﬁacontalmng gas and
ni trogen-contal ni ng conponents, unsat urat'ed bonds, or

a  liquids opeyhprasingon sulfiercentining aceshpenentsat eltrgg@ac@nalmhan components
unsatugatgg E%Iéd?ss : roanco(sl%%lﬂzﬁlg}l nér:jlof tg agﬂeaa ﬁaga%regt%g hsﬂ g@ @0@ ]s {I]haél & xternal
high shédtWedice @ grodide @dltsjpdrﬁgn bhﬁydibgdﬁeihsal dRtihiu® pRadei of @k liquid, and
bed fromwnhich a reactor product is renoved, wherein
introdpeiag thexdisperden inéae tfired @@fﬂrﬁrprrstyblch RUISAGRI PIEFYGE it fmoveGwherein
0 ul at dr [
the E%/gg(? o?iﬁ er§11| sh?a:(]:g& olr:&g rcl:%?rbl %gztﬁ?go er S%f ﬁﬁ'h ehydro%esgfunzauon
hydrodaytrégmﬁtitmr hydrofinishimgs @p ar admlmgatidmet}reﬁﬁet OFhepmedisdt may further

i.nto a treamand a |iquid product stream .
Complawﬂagq %*esrﬁﬁcftarr PRIYCh NP ot &°H SHEIT qifidd 2 phgd; giroduct stream

com §§1ﬁé H&uﬁgn%ﬂdﬁ Ml li ]dofordﬁ&‘ E@ggﬁg%ﬁl;({ @f’i‘%lflde from the gas

produci ng a hydrogen su | 'ean m and
streany, gugdiicingga hydrbg@istulfadepbam gwstmfarrt haed hgayrlomeat lsadt fai whetion of the

| ean sstreamtoth ext er hi hear .devi ce. . The
hydroggi ARIEHh B P fooihe Bl Biabr e e (e neipd Sy further
compi¥deREAIMIARe héﬁﬁhﬁzd@lrlgd hrbolid LRYRBIURRY HYErok&F M9 R Fecovered

fromthe reformn | east a(gortlon of ‘recovered

from tlhy mfegﬂ@ng aag atjeast é@ymoecpf repleerad By geerbnbbbfereaydﬂfbt Ele average
h as b ip the dispers
bubbiP ik B A BB SRR L e B R R e e Tl gy 5

The dapeds®ashayBouthbld Jomatredsesbait 18RS AtthoPpIREIS &sure Exerting
Exertin%dnhear on the fluid may_ conprise introducing
shear ppdhg flydgman emprissi ighodising: the dlyid inte 8l sieagdaicn eaaaprising at

ators. [0014] Also disclosed is a systemfor
1ea8tt§}1\'w%?%%§§t[ furization, hydrodenitrogenation, or

[00141hYdsoofdistlsshd ng caon;pstemi or dtydielastlfuoingidn, ghydsddeaitrogenation, or
m xi.ng devi.ce colrrprl sing. at | east one rotor and at

hydrof”élé]%lflg SREPULIAE A% least PaF MEBPIEY BIediVigHomBsisIg et legsigane rotor
and a@fast GRERBP %@pa&t&zbm%‘ﬁr @zﬁpﬁitthérange of from about 0.02 mm to about 5

mm, wherein the shear gap is the minimum distance between the at least one rotor and the at

least stator, and wherein the high shear mixing device is capable of producing a tip speed of the
3



mm wherein the shear gap is the m ni num di stance
between the at | east one rotor and the at | east

W@ @n0e296@nd wherein the high shear m xi ng devPCEUB208/067974
capabl e of producing a tip speed of theat |east one

rotor in the range of 4. 500
at leak Dpefogd In Jbcald i e s o el BOG Bymiplrpl Hymi cqpfigered for
delivefihg ﬁ@iqhﬁ%ff@iﬂl 8b gnélﬁghq&d phase th@h Qhddr AlixiB@&Vice,. The system
m Xi ng devi ce, he system may further conprise a
may f\nélz% ebmpiayefg gaafveé dorffxgnrqdefelenewmgg tealigiessiparfeino thefhiginshear device
alning a

and G g R st Bl P T Rl b 2. "Podas) e a

[0015] @asht R ohé BizhShe@@imikink idedicélgml 6e compub®l fopplodgehed dlspersmn
for producing a dispersion of hydrogen-contal ning gas

of hygyggsreontaining gps fubbdespais Bauw@ [pBaseesglerted fram digrid nirees comprising

sulfur—c%HB[m ép@gec‘?‘éél Eﬁjcf &8&&:%81’1&” ghc%ﬁ)(? ﬁJh?[sS’es a&(?nr%m/ ﬂ{go ﬁﬁfo?&g%ontalmng

Isitng nrtr cont al

spec1ea radd hycﬂibcurbcms pm&i hcpﬁtﬁpﬂlaséﬂncmhmhﬁ@eﬁlsﬂmwﬂllgﬂtMarbons wherein the
unsat ur at ed hgdrocarbons wherejn the dlsBerS|on has a

dispergign has) g piies bybblgdiametegiot |less dhan 09 mpyo Iy, gnbegiments, the at least one
high sﬁ@%&fﬁ%rﬁe%ce the %le o HudRE a rﬁgg;gee%ir@‘?%ﬁe T 1%dsP Qnéjl%Yerﬁ at least
I's capabl e of baucing a t1p s he at | east

40.1 rnAae(7,|96® &'mif). &m sd)rﬁasmbdmmbnm the(syst@@Ccohtphisesndt. ledsh tvgphigh shear
adi ments, the system conprises at |east two high

nnmng 8¥FSni xi ng devi ces. [0016] Also disclosed herein is

[0016]2 A3MS HREAL QN hdtidl i@ de Syl FbrZRfdr&sul furization, hydrodenitrogenation, or
hydr odeni trogenati on,” or hydrofinishing conprising a

hydrofigialeing comprigng edeafcmrﬁehyt@d cﬁ@@s h}/ctrgdﬂszlémm@hon hydrodenitrogenation,
hydr odeni tro droflnls

and b BRI a SRR RhG P an s R M RETGEb R g i shea

deV1cea<EUi*n[ﬂlshiggl|ﬁ islBERF a daid sﬁ%arﬁ@ﬂﬂbhﬁh@l llgﬂdlaﬁdi BYdrb& Qs, and an outlet
fluid streamconprising a |iquid and hydrogen gas, and

for a prdesydispersiogr Wherginge oHtlatios sl kel ﬁhea\‘i\ﬁé\‘lé? ﬁ thyidly sganested to an
f Y
inlet él% rﬂlé Fé%c f gaﬂ(ei %{lggegttl gfe’ }luglﬁ aﬁe\?\%é%égléeﬁ tcﬁgﬁﬁ@ Sﬁfn%ﬁu&ﬁ)g Qrghspersmn of
hydro@@t/bﬂ&ldsﬂm@ﬁg&tbb@b&f dipmeti of tgs shadi bper ‘Sluﬁﬂlnoﬁle liquid. The high
ydr ogen bubbl es haV|ng a %ubble di ameter of |ess

shear %‘6%& maYy GANPISe nRih slfar REN®A G SRRt gi%?féearhabfﬂ m/s (1000
ft/min%. O llugl? sl%apﬂegﬁ:esrﬁﬁiﬁ{avg‘a ltlg sB@eYi' dt %re%te} tn 529 %qﬁi/s @1000 ft/min).

greater than 5.08 The hi gh shear
[0017]d&va @ﬁstmyfofdafdexhsulfuplz&me Uy@ﬁd@mte@bmtlmhanhyzl@ofﬁnmrg including

. (400Q ft/mn 0017] In a. sy
a flxﬁ(ﬂ/ 31"8 dE8HPF uhe g FSh, CARRIrEEe ﬁ‘i‘tf%%tg Sﬁ%ﬁt’iVS nfor ppydrodesulfurization,
hydroH%&ﬁ’tEcsgehﬂio%hhﬁﬁoﬁﬁlﬁhhlgj|oBQ BmbinsB6h BRfbof, 8aGhPFoveinBf comprising an
reactor conprising catal yst effective for
external/pigl dlessu e vied mtrﬁam of Mgdeastunihe esgeabhighnhear device comprising at
least OII%d rer(l)fgr!atro]} 3 I}ll’l DNined rofbr angta)l spa%ltrlh%{f]mt he£§ (%f irebetween and an inlet
It OVerent Conpri sing an "eéxt er nar °h % ear aevi ¢cé
for a lﬂl}ﬁﬁzi Etﬁe’@fﬁ Oémpﬂilsengr aatbgdn, gishzﬁlde%ﬂ@ﬁﬂa}bhabda Qéle(&&ﬁ%m liquid phases
devi ce conprising at [east one generator conprising a
comprgpg sulficrontaiting specifavansghydreqiabansgliguie Hhagas et Ngnpitrogen-
conafy QL5 007 Ap L SR AL S A 080 SR rocutons
and, vdxarqm theihigh ﬁazirfchmce prolvitlen i epesgeaipesdianclofhyreitathabidis; W/m’ of

i qui d phases conpri sing nitrogencontaini hg speci es
fluid. anla ﬁ%?%e&%oﬁ%ﬂn%é&hd st Lﬁledl%ha%gﬂsewﬁrfggﬁt ngyo generators.  In

embodﬁfh%ﬁ{s Uhatiedy Y05 8CRAEPBPSne &MErat LB thhie tHaisBdhr SAiE gfowded by

device provides an energy expenditUre of greater th
anothar@@feronB8 of fluid. In enbodi nents, the high shear
devi ce conprises at |east two generators. In

4



enbodi nents, the shear rate provided by one generator

is greater than the shear rate provided by another
w@eeenexoer . [ 0018] I n sone enbodi nents, the sysPEmUS2008/067974

further conprises a punp configured for delivering a

i | d str conp ocarbons to the h o
100181, 555 &RV oL SIS GHEIeE REBGT R APOmpEREE e fdelivering
a hqﬁlar §tféﬁﬁl %&&ﬁpﬁélﬁg%ﬁr&ﬁ%ﬁé t6 omlfsl gighesheho rrm&ﬁ@e WWi8d In some

ISperSI on romthe Ig shear devi ce. Sone
embO@mgotﬂ; the Ao furthhecogysisena mtseé nonfegurad fonkeeeiping ghicxlispersion from
rodesul uri zati

the high GBI IREED 1 St g ent G W R IRl i possivle the

hydrof&aHuififiioh AHydeodéiltid BEnatiB R BF SrofiVisRink B c@bo@iteQists@E 1A without
pressurized high shear reactor. [0019] Certain

the neagrfrsdarae MelgmeReasora ysVEse @b 3k prtpiaal Rrethtdgrghshspigiactor.
pot -
om0 AR08 PREEBBLI B M5 BB e o
more aptﬁnallhlnﬁm tepofeenttuieaht yrasnee earkitidrs ehanatre o(hfsrvhl;kﬁpossible and which
mul ti phase process, Certain enbodi nents of the

potentigly, Bgreaser ﬁhséaterpétth%a@ﬂ%whaéwf%ﬁ% potiEHt cabpgintsatffdee above-
desané’(?fn@{hlodéz legysfe%gﬁb&én%ml? &Rﬁr(ﬁxeifanlgco% rehQé’fﬁﬁl b Operatmg at lower
t enper at ur e "and pr ess re, providing increa
tempepatod umitd/qre presuuird, plbvmlatgahycsﬁtaseﬁbpmsﬂuetd perdesit exdsentalyst consumed,
ctian tinme, and/or Cegduce capi tal and/or opef atin
I

r

decreqsiE {RICHP JUBE. BBt RS BRURENTY SREITHEL R pl These 3 other

embo@ﬁiéﬁﬁta%g%téﬁuhi ad@n@pRawBNbe hpbaddif if eld RYoReh é&étﬁlehe(@scnptlon
description and draw ngs. BRI'EF DESCRI PTI ON

and dBRABBNGS [ 0020] For a nore detail ed description of the
preferred e ' e ' L~an,
reference ﬁﬁﬁﬁ%@ﬂm@@ gj E?i El%‘talgiémg\r«}s

[0020]1dr &6k AGSore \WB@TIQI MescilifdALS thel Pefepred ehﬁ)o@mﬁtﬁh@ﬂlﬁhé ipes@t idvention,
mul ti phase reacti on system accordi ng to an enbodi nent

referegge wiHeop; Resaie t@hecIceRMPARY G IR ISR Y heseter nal  hi gh

[0021]S h qii’#urg hSP& a{e%tlc [ogg%%lltl%agé’ Ee%c%o s@nt §&8®§ & a‘?llc erfibodiment

ase reaction system accor to anot

of the @rﬂ:semil direidsuefcotripeisipg estental biigh cheas dispersiagpr i si ng

external  hi gh shear dlsper5|ng [0023] Figure 3 is
[0022]) o fg@treich ARl esautic ¢t # JRUIGPRAR orFaCéloﬁuW%nétaﬁ‘:cPédlﬁggtﬁ another

embodiRRAf of Ry %&?ent aﬁclgmfé Qé(rﬁﬁqélﬁh AllerRAeeH SRt dlﬁ;erstnthe

system Figure 4 1Ts a schematic of
[0023]apgagle 6518 uasbdgrhtohnai lrveoskrypehtiod esew fofi mi meltitstageprighe elsssr idavice, as

Ex le 1. AND I\I(]VENCLATURE [ 0025] As used
empl%%‘?ﬁ?"ﬁler?ltf%hrflg]lﬁ*% S¥¥ePsi on" refers to a liquefied
[0024]M >ft1%{r@4tlbatscmlaldmh@£ ppaf@itusbdMordhd hidiegdsa@aBon process in
substances (or "phases"”) that wll not readily m x and

Exampliedsol ve toget her As used herein, a "di sper3| on"

(r:]glrrggl tSﬁngi n | scon | l\ﬁflﬁgﬁwﬁﬁ{(%Lﬂgkgél e’s \M;LS?or

[0025]P &lstused BSei@f th%h@*rrmdi@ersﬂhﬂfrefeﬁrto Sltlhﬁléﬁé&mxtﬂi’eahit &bffains at least
di spersion may thus refer to foans conpri si

two d{ggwls@g lg @glﬁéq@a@sdor rPhasgs| )Cfb’f‘td"’@d}‘?f reagidy aix andg dlssolve together. As

used herein, a "dispersion" comprises a "continuous" phase (or "matrix"), which holds therein

discontinuous droplets, bubbles, and/or particles of the other phase or substance. The term
dispersion may thus refer to foams comprising gas bubbles suspended in a liquid continuous
phase, emulsions in which droplets of a first liquid are dispersed throughout a continuous phase
comprising a second liquid with which the first liquid is immiscible, and continuous liquid

phases throughout which solid particles are distributed. As used herein, the term "dispersion”
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phase, emulsions in which droplets of a first liquid
are di spersed throughout a conti nuous phase conpri si ng
W@2@®em0e960 | i quid with which the first |iquid iBCT/US2008/067974
i mm sci ble, and continuous i quid phases throughout
which solid part re distribute used her
enconiftser g g SR i sbichdan bibiH A g, ntinuous
liquid PhaS8 Shibh g kx@ﬁah gMﬁuanna@e% ® lgb hbes cgta@stﬂ IRl algtbi%@d, continuous
continuous |iquid phases throughout which sol
phasepaf ta GFsediquisl giroughohti whisht dibplsts) ofar eseghinstt hmbdlttb@t is substantially

o IR PASBER: B iR AR s o o

a conibivg@ibal If olid) phufi€leS,Oiirhidei Ble SliuitB. 8 pRk abil Shé blibbledare afigributed.
l'iquid phases throughout which any one or a

Hences grisnestiono farb exiso s ¢ homogenaoas mixtsg &t ispne gseguled. liquid/liquid
ropl.ets, e | e
phasefj (glp élrgsals glﬁ%g g@o%.s E)ﬁ%ﬂr 3 g n%aqm%{é%iu 38%1&18&9‘&1?2 & gas?sohd/hquld)
dependﬁnge)& theenagure of t}ﬂunﬁéﬂlalqwlditthfasmblmdtloas a
het er ogeneous n1xture as/liquid, solid/liquid,
or gas/solid/li qU| ﬁéﬁ@rﬁﬁﬁé‘*ﬁ’ﬂm nature of the
[0026]nat§|fe}*ﬁ.13v§ §Rk 4L @gcﬁe‘ﬁ{lceﬁ QER{BRL 1'11951\/1 gﬁ%@i ses and solids depend
DESCRI PTI ON [ 0026] Overvi ew. The rat m cal
on tinreeafCtantavs, tempﬂ’amlrengmti |pamsslds Igases varde g0k |ddsrabbptenﬂact two or
more g il PR dhassriGr ool oote DGR Wiy fiauid and
gas), (ﬂ%t& rthealiitRify fgétfnfs%()ﬁt%lhﬁ@ 8qste(0? rtglctl&i)idvglv@@ﬂle'cbﬂédbt%me of the
liquid and gas; solid, liquid and gas one of the
reactapgspiln thnqafeazfﬁlgte@g@mmldl chfatyged rractiensd ao¢ isrtbaadditemmal rate limiting
factor Og\ilgwl(\glgsthé {r]eeaF epﬁ% ucgﬁ mé)g%cillf ; gngglreesgnéf%%n% gle tCﬁtaiyéF to permit the
catalybth® @etlyAcl farBér feadtentb.i ruotntaag ufnaCfbp kheOfeadtath AGd/bR atalyst is often
react ed products renoved fromthe surface of the
controdlgd Ry yaixing avhiedy proyideneontast with $vo ppmer igpgfans fyplveé i a chemical
reactl(gneactants Contact tinme for the reactants and/ or
catal yst is often controlled by m xing which provi des
[0027]c O BattonadsémbMaha conprieesaa agieant kigh Rhal dedcd or rixer as described

chem cal react| on. [0027] A reactor ass hat
hereing gy RogE lgrfleése@%qdrfaﬁssrfragﬁfeg R A gL T aliays e reaction to
more 91%§Eq h}gﬁ acﬂ%&'u@ limREsn P %ﬁé@feﬁctﬂﬁ%@@ﬁﬁdac@%ted residence times
t ranst limtations and thereby allows the reaction
may bedeeonsed chasky incappngakthinkbla dtrpeghpuin Rraduco meld Mg be increased as
an rates are accel erated r.eid cet' mes. be . .
a sl 58 Fle 0 SR B o EPeSS T A CbHE klb B RRSE gL an existing
procedri® gé&btaﬁleeh&ré@ﬁﬁg hBe [QEI&PREMeAR tﬁné s§» h&{cbrﬁ?)fratfoh%fréh&fble high
shear system and process. Alternatively, if the
shear ppayd ablowy fas| deofiscant davat fompeptoeesedios peelst dbire conventional
roces%eeé:r easing the required residence tinme by
P I'ncor poration of suitable high shear nmay allow for the
[0028]US Fuethedn@te witlOPRIsBind € Be BAGIEO by e itﬁ@SeHeh@d’lthat the high shear
convent i onal processes. [ 0028] Furthernore, wthout
condiggnspirayided b et foapiPt agpemply hiabegmpritesjag BB iigh shegr device or
mixer ag ggéﬁgpéh E&{%&ﬁ ?%r | égg&gﬁ%}%ﬂel?%grl QK?@RJI %ﬁglf%?ﬁ (é%ndltlons under
whichoreantiore rma®s ndtescmueb&@haiﬂ@rb& rex pecyedp 61 mctur to any 51gn1f1cant extent.

hydr odesul furi zati on at gl obal operatjng conditi
Althoyghy dhe \@?CGFFl%ai%t 6n SRR nd é‘%FﬁlQPéint"Ylg g‘F Ifi}a‘g“f with Teference to

hydro8&REGli2Hoh Oit A6 &4 bet &d@ﬂ%oﬁ' @R ke CAQY0sRA Ls§8/Em and method are also

applicable to hydrodenitrogenation and hydrofinishing of hydrocarbon streams.



Al t hough the di scussion of the system and nethod w ||
be made with reference to hydrodesul furization, it is

wo eoobeoadnder st ood t hat the di scl osed syst em anBICTES10081067974
are al so applicable to hydrodenitrogenation and

[0029]?%%{)’%%}&%93 &Wf)%ft&é&%@%‘%r Rgﬂlingﬁ rsggaéwzlingo()(%g lfusr%gtgoenmsystem will
now HRYEEQHEE H feliitiog & FRArSY SHEM Wal JroRQW1HE dfgsmh bPRflerhPodiment of
relation to Figure 1, which is a process flow di agram

a hig}o$healns§@mm)¢iifmehydr@ies;dﬁh‘izgﬁors heHnidsypstpeiving silfpr-containing species.
hydrodesul furjzation of. fluid co i sin . . .
The bgif EGRFRIRDIE Rpreallit i TRIRICS B dtighshespmiing deviee
(HSD} @D esedt i@l iave M@tsampisnﬂqlowﬂequ%ﬁmalhigﬂ geas dedee 40 is located
m xi ng device (HSD) 40, vessel 10, and punp 5. As. )
externg h iwhessel/reacur 0. 1 Eagli ghthetreeompragnts ds Agthes degsaibeddn more detail
ext. . | . c ) ..
belon 5 2F 1y ARk ERER MRS E it nad 4B Buid sompgine sofur
containingeotpbunds. domn e t@thetto ppp)d o HID 40dnddhedi8rgnnects HSD 40 to
carbonaceous fluid coaﬁrisin sul fur cont ai ni ng .
vesselc Hhp Sififas2 May Re cosnecserhictine Smr BirpguqEH Ay diogrrrcpging gas
(e.g., i—l%). CQRQ&Q&@BI)‘I’,EBG:% 1I119¥ ‘6@%51%&9@%10 _lahrlﬁlgtzgf RY 88 Line 17 may be

connected to line 13 Tor introducing
connebtgd rto gessel dh tfai emuyalgelSur{reacted, hyd2dgen, Aydregematilizéd product and/or
line 22 nayégﬁfcongected to an inlet of HSB 40. Lin
cOMIEN3 F

other i@flc% SP8ES- 190, co[népqugtg & pi%:e]sso§tepse%y/ nécforporat%d between

vesselU[U 8REHSH hy direuedy ohyhpgedr Bobfdoder REREWGE vANdHeBbme apparent
ot her reaction gases. Additional conponents or process

upon geashie rthg dsecriptioor plortha ddsth shewe ehydredaselfurizgtiom dpreigss described

.40 or_ahead of.. 5 or HSD 40, i.f sir.ed S Wkl
herenfglon o SRR PR B e v it PR 2 BSpiiLbownsurean
locatidd @M. Sh@akeRyAIPde ptdviderfozauitiopasp bpgass, dessifddped

her el nbel ow. For exanple, line 20 may be connected to
[0030] j e Bigh dhear jhydrofgsliugadtiond sywianr Bah fusthat | prise gdownstream
10) roys gde_f.o I S '
poce ERHRSREBng Rfr AUASKLSS i RaRERRFERK] Bven 10
Figurs 9 $4 e sehemati€ of bhitegh deaphydedcdodfmihtieasyspno 688 atdogding to another
Inits by which hydrogen sulfide gas is renoved from .
embﬁ’lﬁ)énb?fo%‘a pANAR AR PPrisiigUPETRAl idslsheRh iR IES gfvige 40. In
the enMoAn&H %PFiglﬁi/éjﬁ,qg%géﬂ&ﬂ%;’d?&fe'sﬁfhrﬁ}@&ne _ségp?)(ﬁpfﬁﬂﬁgj ddhprises gas
t o anot her "enbodi hent of” the present disclosure
separat@rmeries 60 drydoogen nafidhabyhrbshdhanddiebq led sirmpypeddvtiliagiod Gwer 70.

In_the enbodiment af Figure 2  high shear .
100311 dp RRREHFRIHT 2 0 | B SYERerk SEE HPR R Ol ipthes sgmpsiges 2 sas
separRGPRRER! Q5w @Sa8lof §8sse NN @BRBpAMbF &S] %bﬁl@idk&ﬁnp%@e amthlet for at

reboil ed stripper distillation tower 70. [0031] In '
least @npestipreeft gie predudti gloms essel dés whiclr omprish egem sulfide and
el 15y RS, 258 S SACLAIAL AR Pl ARPPRL gAMbt e
separdté 1@fuid Biitledliné @a$ér @liquad Flogwhich tshiguikéodehirihg t61@Pdunds have been

vessel 10 which conprises hydrogen sul fide and
removedy honaceous |iquid, an outiet line 44 for a gas

o o ‘ o :
0032’} TEBD BRI U B MHEI APl S0 ol e AR FRPBh A Ot 30
Absorberl 3Qihay osrhpuiisei angnleofop auleaks alpantenbeeie gavovead exi{tii@ 2] separator

 Hi he hydr odesul furi zati on system 300 may further
60 V%@ﬂf@r ﬁgf‘e%ﬁnawgbg%%r adgan MRS SEEAT.H G CHIREAITEE agne stream,

and arl et 115054 B alcRBRED ShsPRIN WARK Ay loBEn HABISHAPREA R%IVEDILine 45
gas separ at or

may be fluidly connected to gas separator gas outlet line 44 and may be used to direct a portion

of the hydrogen-sulfide containing gas in gas separator outlet line 44 for further processing.
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60 via outlet line 44, an inlet 47 for a | ean am ne
stream an outlet 48 for a rich am ne stream and an
W@i0be02956 ne 54 for a cleaned gas from whi ch hpCr/o8eN8/067974
sul fide has been renoved. Line 45 may be fluidly
onnected to gas se arator gas,outlet |ine d ma )
Line SGRECU & PO PR EL TATBGRES BHtofOEhe Ry B GGer<oh (Pl Processing.
Line mﬁﬁyﬁlﬂﬁéc'ﬂg pBARNIIR cRBAFdSER M AsBfbePbltl@lint 5N 8adkdomhPh shear device
further processing.Line 53 may direct a portion o
40. For eazrepleghne 1'h malyswr fhadlygmenenitd with|linget15epnfaning dreshh dydrogen-
processin ine .17 direct. a por of. ¢l eaned
conaff (3R Rniey fisPsibe et s inelS ihOR: Blredi oar
[00331de\HigR sKddr s{¥8dm 8B@ Mitlyealsd dongpribd armtillagort {dweﬁil 179. Distillation tower
connected wth line 4 1 containing fresh

70 may\heraogbeidesritianst ﬁ]gtl]éeag)n\m%wegy egpspler 43igfjliation unit 70 comprises an
| |
inlet 1H %ﬂg(? sys?l%%% §%§%g%r'ag)g n‘éﬁldsozmg lgn A{é)ﬁﬁ’ gia's_| S(%]arator 60, an
outlett5o\ferr a 160:-bddlisg piodadti saBarh caneran ttlaEd2 foeliquitd baiukedhich comprises
stripper.distillation tower, for exanple. Distillatian

carbonaeus A Py which shlfprgagtainipg FPWP@“IE% AR PEctk FeBIPV G- t@ﬁuﬂet 31

Hmybgq&ﬂﬁﬁg@ﬁég@&tdEﬁgﬂgﬂ outlet Iine 49 fromgas separator
outlet 5 1 for a |lowboiling product stream

[0034]andigh siaat hedro&Bulfauizakipg) sy sterp 300 vty futther tompripr heaesxchanger 80

car bonaceaus Jiquid fromwhich | fur-containing .
whichci, BRSO OB QU ot Vel 10t 4 Y V54O Priily ool hot
reactl&Pﬁl’Gﬁﬁctt@Qxﬂn‘ig {dseg 165 Heﬁp&%ﬂﬂ B ghmaP8R6 be used, in some applications,
hydr odesul furi zati on systen1§ 00 may further conprise
to preh@@étremrfafnb@rhwlvmlicﬁ qmlsanlger #o siayibsneaterorpolagt lf@tlnstance- In
ar tial

embo%l%g}entrs elgeca? C)éC alagegi d‘ U%CtQOI' pé‘ Q(ﬁil{n?%gouqu}sl gléﬁi 221 %Og? a“pr CS sur le reduction.

Pressi@¥ ¢RRBGST m3P beRfeatbs olagﬁeggﬁlectontr@nes GoE Iﬁl@ﬁibb@l@idn@n Butlet line 42
to preheat reactor feed in line 21. Heat exchanger 80

ﬂuldlmfgnn%s Weat exchapatretd, anfgressys caneeler Ph. @Mmﬁ?é Fdgce the pressure

of the'l e RARAesh {oea%%toiosgi PslUGH %gcpgldﬁ kS5 alnh d(}ghé}gsg Ogtlet line 43
er oes a pressure re ucti on. ressure re

from blessﬁfef egitieteiv 5@ flpides seinectcgn tsepdrhter 66 and bfbssure controller 50 The

iments, outlet line 42 flujdl connects

he
mixtugy eﬁg} Bdrangogasnerifipe SEgrEe SoREPllar ¥ vigooutist lig @away enter gas
separeft&ds!"égﬁl 5@ Gt %r%?ﬁfﬂ%ﬁ QJouE @?’é ilﬂﬂ $H3lkBUhEE IJP'arﬂf 3 a&ﬁbspheres)
about .9 kPa- 6.6 to 5 atnospheres
ofdmﬁhﬁi@twhﬁne 43 fron1pressure controller 50 fluidly

tor 6 nd pr.essure contragll.er
roossiy G SRR MRPTE Bebhe-anignel Eh kg Puss druce (18D) 40, aiso
sometGAAY feRrtellto 29 avhidh QHédr @levick @ Mich {RYr AR dQﬁﬁe 1s conflgured for
separator vessel 60 at, for exanple, abou 350C

receivipa3an ikPh-stres,. Biakbee (13 ﬁ@mananmmewgys élﬂndalggmpmlég sulfur-

contai {ngﬁcsogr gg?c[s?ﬁ%;ﬁ:?%oéec p<h SHr%?é%’[\%ﬁ gtlvtg?%/g&g%ﬁre {I{aﬁeﬁ)réa(:lonflgured for

recelvir%f té I@defaﬁd g§seau§l‘egi’ﬁa1ﬁ Reedmhay bepara@d infee Yhesslid@hown). Although
m xi ng device, is_configured for rece|V|ng an inl et

only gpg shean Jevics B3shovemn iKewe ba’ftbﬁ}‘?&@e gisurdeigtqpd that some

f I L
oo L S HECEOLR PRS0 IEL S e
seriesra@ qmraﬂleh fotwvheHED0 ¢ @ l’r&clyaﬁc&tb ldSVlbeE dcit antizest thea)‘rsrnweagenerator

separate inlet |Ijnes (not s Al t hoygh only one
compifing, a JHQKaPE GPRRINALOT, WB%OF wﬂ@idﬁﬁ a e8P tpweeRgle aaige and rotor.

The % At eteofhe bR HANRe AEROTIHTBRES o Qerdtdiset Y54 gﬁﬂé rTE%d or may be
ve two or nore high shear n1X|ng devi ces drranged

adjustable h&FSD 40 is configured in such a way that it is capable of producing submicron and

micron-sized bubbles in a reactant mixture flowing through the high shear device. The high
8



series or parallel flow HSD 40 is a nmechanical device
that utilizes one or nore generator conprising a

WO 2100/09296@mt or conbi nati on, each of which has aPQEPS2008/067974
between the stator and rotor. The gap between the

ot.or and.the stator in _each or set nmy be
shear PPY&&‘H PP PG S‘&F§t°&th°é15m$|% ﬁ%f e PESHT @a?f dgnpgyature of the

chu@ﬁ%ﬂkd%eW%M{kh@hu@ﬁed s capabl e of producing submicron
and m cron-si zed bubbles in a reactant m xture fl ow ng
[0036]t hritigly hhcdnemm@d@m@arar@ guiasaly Thvadedi ighos heeer gaheval gédasses, based

QnprLi.ses _an. e e.or usi ng so. t hat. t ressure.
wpon GRS e 20y AP MErRLis B Shohse i iia s, BV 3P Paffctes or
inhonf@@Bidoad l;;%dles MWa@E6the fhugh Ohealetld i (18 ddere @8 hodbishness of mixing
generally divided into three general classes, based
is the gaergyt drarity B PRIt yokugenthat fheynixdng Npvigen genegateshie disrupt the fluid
paI“tICBE O%é‘, %lagsfes raFedcﬂgth%glshQ(F b%ﬁ& Bn ehpﬁgé E%J déHSltle]?. .Thre]g classes of
I'nhonbgeneous spe t metric tor
industth ndiegrs eRaviiig tshﬁl’o(iﬁmg hevesssy @bnsifyx ingohssteity @RRIugY mixtures or

density per unit volunme that the m xing device

emulsiig 8 Bt RS sigrssin it range of pUbmicioR e PR pasrons Higlude Aegiggenization

valve & s‘%erﬁié %Bll&g%ﬁlg' %ﬂd h%'ﬁ%?eéﬁ"nﬁj@ré VR @ FRR]IAY of ﬁ[gﬁ' én'm%%r devices,
ree classes of rial mxers having sufficient

referreahter@}hodmgsngnmwabm&ystsme,rﬂu@ tbo dwcessed xtpunged ander very high

emyl sions with particle sizes in the ra
press g i G VSR ALIEIHO 4 RE FRIE HEHOSEARDE dhe pigpyee eradiens
acrossSthe EINE an€ &lel @étﬁitlrl’%]duhﬁﬂ@l@g atd B4Vitai&iesk 6 ¥RARup iy bhAicles in the
first class of hi energy devices, referred ?o‘as '
fluid. h'bhesg efraIVZaﬁt\/Btng\ﬂsﬁ pestsganmaadly wsediinmils hemqgevieatipseand en yield
unmped under .ver ure through a narrow gap
averadf RS HES Th ¥ SHibp s BER TG robdRn: . "o pr essure
[003719" axti tRedsposi€ed @Risof tieeenéAdly\denafythpédifint BIkM ﬂhirﬂ glass of devices referred
turbul ence and cavitation act to break-up

to as loaf ¢neegyedeviaes-t ABese|systems Tkably hoeg D@déﬂﬁsqfé}%d @MS #hsé furn at high

speed G E‘?é%@ﬂv%u \Up ﬁgl 18 bg‘:plr&eggg gﬂ 1{1 An?/rbf %%SﬁQoMn%pphcatlons is
aver age partl st zes |ﬁ subm’cron to about 1

a foodprodan. Taagdow[cdOZYlsyAems he costpmanlyelsech dher atdngzegneiadysizes of

density spectrumis the third class of devices
greatey g 2P @cioBs yg apsRiaBlgdR g P&%ﬁ%@?‘mdrh ese systens

[0038]“%‘&34/46}{ haY&y I%ﬁéi‘g& &Rviets gﬂd"héjm&&tnﬁraﬁoﬁ halve s%t@m?tml}bl%]s of the

speed In a reservoir of fluid processed
mixing gnergn ylemyﬁtytdhhvmm' ® thefitomin alamg)llmdamllg rasd p&leahIgb @geed rotor-stator

deviediy G ird GRTRIERT &1 Aneritie s TGTaacer P nan ol ek rggid mill

configdiRioAGRARAN &niddl bh8isRraseaned kpathd IR0 bmBRINARRY, liquid-
the | ow energy devi ces and honobgeni zation val ve

cooleds statoe s 2 qlqseltVeqonﬁoléefd 110h3é stAtodi 339, whieh gy catemeily petween 0.0254 mm
to 10. g@ |y d(S ﬁ) f Utl rs aréa [§afi ldl‘ngl db m ! flzlgctfalg d o?orllﬁrou%h a direct
pee 6r'ts devi ces, are classi
drive asmmhe&m@nat eA e rr@ysr ﬂﬁa/cbﬁﬁshl%}ﬂrdte}épit(}ﬁhlp@ @luidbétwidd the outer

conflguratlon includes a conical or disk rotor that is

surfacg b dpearaser andghe annep syfasheh tthe stator. adi sheasdpecgs senpryged pythe gap
poce 54 B30 MUGRLLAOM LAl E BB sl R gy s o

0.1-2% nddrpns llﬁcthce)pﬁ)caism fisidaThysedrapatsititidsyreader eblbwd mills apprapriate for a
t hrough a dlrec&Pdr| e or _belt nmechanism. As the _rotor

variety of ap g:atéqnsHp@lH &€ 01d japd ﬁ&ﬁrﬁgerftraaq CIBRIBIRA PhoGepRng such as that

requlrQ&'tf@f BUhiRce nQafyoﬁﬁll?ser Qh il RTS8 m StothaRR, Qb roofing-tar
he stator, and shear forces generated in the gap

mlxmg



process the fluid. Many colloid mlls with proper

adj ust nent achi eve average particle sizes of 0.1-25
WOorR@eom96t n t he processed fluid. These capabi | P€T/€S82008/067974

render coIIoid mlls appropriate for a variety of

[0039]2&& e 1sﬁ£%@lécglgr|?fg%h€zﬂ @gﬁ?%]gg Ifr%g? n(fl@é%ﬁtlgg)tf ?lzﬁ,rotor per unit of time.

Tip s;feeet NEthLE 8 fulRA R atesletorczﬁarﬁétéﬂ £NG4 SdthivSial f}e@eg@;m Tip speed (in
formation, to roofing-tar m xing.[0039] Tip speed is

rnetert her mlnntﬁufﬁreﬁernplﬁhtnaﬁ |bs tcalngletetl bawvetlgplylng thereireuinpfexsntial distance

transcFl hf gﬁ 11%6 13(:5] re gsﬁglf-g%cp %sscgetﬁ%%oit?sr (%rﬂ?elsr% ﬁ’gﬁ example) times

the frEqRAEE BEYeVO-BtlbnS(Rﬁe&aﬁip[b fsabeltlsnsppér I, epmt O colloid mill, for
exanpl e) may be cal cul ated mul ti Iylng th

example.r @ayrhayeeh tip peadi 1y e af) r?a%% 8Y's &é@ tfg/rrtrﬁeanrddtl@f etqeed 40 m/s

(7900&951’1&8}’“5&%11%@%1%?#;8% {hgsd{ijlgaos%ﬁre tfl]ffe te\%tgtlt u{ (gl@{ ers t8 mechanical

rotor ﬂxtaﬂ'ﬂd:\ecers €v.gl, abllcid snipebr ratastaor digpdrsersh thmlaka)d:aj)ahlbldf tip speeds
exanple, may have a tip speed in excess of 22.9

in eXCﬁ?Ss"f C4506- fltoppnf‘i‘f}““& A FF&}}H% X eeanalcn?ﬁhéme%o@wmﬁm%s device to
drive E&'i%}; % @ﬂé RQagtﬁ op rotdﬂé@ t@ﬁé&h&@&' I for dxBf: Pfee {nnT{Sb' @)ha tip speed in

refers chani cal rotor statof devices
excesy ef. 2.9 méo(4500 ﬂ/rmnD issacbievatae, aind staytexceadi Kpofs@9E) ftihat In some

re ca | e of t| ds .in exce f. 5.1 .ns. 0
embodir@pf B Pesgithe SEATERvar LIS ToDRdMh 9] ppscipt leas 229
m/s (@QF)@tr/mﬁiﬁV TRE B@etdddn d}‘iﬂﬁrrﬁé/y bitdut NS kW T AP 86 combines high tip

products to e reacte For ‘'exanple, in HSD 40, a tip
speed gyithetiviry seRld skear gip @oproduse sigh#BROt shednrnthe material being processed.
The a%l%tt]mte gﬁ,%leat & %erﬁa eﬁggﬁj tﬁeogﬂz:(i’s %qged é]luldm Q\)ccordlntgly, a local

nts Iverin

regloﬂ &aﬂéva&@%rédsﬁte&hd @enﬁpeﬁatﬁﬂaeﬁ&eﬂéd at tht 6B théZolbr Hﬁﬁng operatlon of
(4500 ft/mn). The power consunption rmay be about

the highy sheDdepace: ofbierae caey e igsally @éf‘datﬁfitmeféutﬁewya@#ﬁl 1|034 2 MPa
t

130 TR0 982500 BB K G20 SOER b YEL B e coes

these Imaltﬁn&smtestﬂd) sintperavire tehe@atidryinthy pesto falimagd yr piao baxoads.

regi on of elevated pressure and t erature is cyeated
[0040]5¢ “Ath @PRTPHMBHIOR (9 epetgésrmettrlpwgthsp@ngt(t‘é{r’.uafmt fa Ry gpfimated by

measu?fﬁ 3he gt%t’drcéﬁer &r@kﬁq ARd @lﬁﬁieﬁlqstn?ﬂn(ﬁﬁ?l Ay nﬁhﬁéf&ﬁea@ove tip speed is

ssure Is a out 034.2 MPa (150,000 psi). In SONMe
the vetxzacg:ee{fttnhle or oU's)l dsgocmteiﬁattb thet cawdpe ithet erreeori rBora beowutdvibeR@ents that

s b 30T SRER TR S BRET bR DU Te Bpooin, SEBRERILS e enerey
expenh&%%t HAM @(mrg%téf&ﬁanomogfweﬂ?e M8 ¥nibb@igtentsNiHe chB@yfekpdnditure of

WL/ mn) can be estinated measurin the not or

HSD en@f,he(rkws o it thsnutBQSth\Mm l(Ol@bmltﬁ)SOO myent i oned
[0041]abo[\fle sh ar agﬁp ]fs Etﬁl% |1§ stgle]%i ({) ﬁetyy thgf Eléarp I%Pgrldm gr?nmmal clearance

assocCl a one oOr rev

betwe€h ef¥BBtS ah@ dfatdrp Theediehn@te! fedemaiamMSmmko haryoe iappd gedter than
to,the reactants. In enbodi nents, the ene r?
20,006 pelidiemgreanteringgty the shear preigrbleast 48,900 6 G0 MAwE. emltwdlments the

' t
e R
some [eﬁiﬁd(i]neﬂ'tls ehesmeatr rateait @t ]Iessttlbilé)OIOOﬁ sSpaesbnei amistetimbnyts theeshear rate

I bet
is at 1%@@?@&@}5 1‘Fﬁ€1 gﬂlg‘%lnngr%é %%233? g?@ga#ﬁ t@%‘%{ ﬁé@%ﬁéﬁnge of

from 2010(§d1§31 Qr1®BPD st B 2 0 i8 ote 8%ﬂ11c§9(5ﬂath€ THBH1iFRAed is about 40
he shear rate is at |east 40,0 s 1. In sone

m/s (7Qﬁﬁ(ﬁtdmn§nnc$th_ehhear gap width is 0. 0254 mm (0.001 inch), producing a shear rate of
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shear rate is at least 100,000 s 1 . |In some
enbodi nents the shear rate is at |east 500,000 s 1

wo poogomcenbodi ments the shear rate i s at | easPCT/US2008/067974
1,000,000 s 1. In sone enbodi nents the shear rate is

160039? e a iR ot Lp Freen e T Sy f’%ﬁ?ﬂmn) and the

shear %99 Q/QQh $ do23x AROOQAR ifchd, prg@ﬁcn?g(éiﬁﬁelareraté o a‘?ﬂﬁt 901 600 57!

application the rotor tip speed is about 40 s (7900 o
[0042] t /HIAYOandapahls ofHaghly glégpemsingtdr transigories hydmgf(nomctoa main liquid

phase (A5 huo R BHAFL S i tetn i pb o dudo il Fudh doypg nogmany be

immigdbse, (o 20RUifidrisrdu ti@id Gt tdaet & Pedion FARhVhdBedrSreletd 2adh 8N sulfur-
(0. 001 i nch), produ0|ng a shear rate o %out 901, 600
contaiging compypagdy IHES 4 bpraceoisabiid ©f PRAe § RIPdSE SEPHY COMPrising
t n.j.n
hydro%ena H%{I oErgngX&irB}%gg tHe Ja?bo%raggc%gg #g%(ggierglep I&%ﬁﬁrrs&s a cattaf%yst
some Wernbddimentwo HSD na nwﬂqymdee h noolRaed bind]. Satitablendblieidals mills are
such that at |east a_portion of the hydro en reacts

manuigctupeds fry - BhEuVEdKt-alt nY EuRgenaE iddt pEY North America, Inc.

o] At r
WinGRLRORBESOHEHIA, S QuBTRGHIE, 3195 R R Rt o

IKA®cWodonkceous fluid further conprises a catalyst In

o043 SISl B e SR BRI B P Bl et e

mechzwﬁtfah( $orcd ASpliclVed HeNBA@Rdhts. NEhARIGh A4 H@%Ech cAMPBHide§ @ lchdl Q)ne stator
WI m ngton, MA, for exanple. I'n sone instances, HSD

and atdegsp pig eesort Shearaieé baix deazasicor For emmplqm(erlpt%mm be Icmlcal or disk

he hi hear deyi ce conpri s e
shapey 408 Ry b S PO RRLeo RSP RAART Sy LERR bR, boun e
rotor ﬁﬂpitﬁt@ﬂcdrﬂpﬁsbfa p’lﬁr@ﬁty&fﬂcfprcuﬁfwerﬂiagﬁsﬁd&@@lteedﬁVIncﬁme embodiments,
nprises at | east one stator and at | east one rotor

the St%telfs%)raét é@nuﬁstble t@ pb@inathe elesifedrshearagap| hetwachdhe stey andnp stator of
e BEERD 8l £aK, SRR AN T SPTALES A oy
alternitb direqioarin alttﬁ}na&é gthges foompeasse u&bmibmrrea |Hatly g@ferator may be driven by

circunferentially- spaced teeth. In some enbodi nents,
any suigble gfie B(e8) coptigusetlirraniBe s ResesaN PHECHesi 1 ed

[0044]S ﬁ?%m@éﬁb&ﬁﬁr@ﬁ? Nhd H]ﬁllﬁtﬁﬁpcfleazi‘ﬂ{%eYﬁﬁaﬁéa@%@ﬁth@%et%%@rlﬂ the stator and

generator (rotor/stator set G ooves” bet ween

the rotog &t ih thef rapgeeofr fosro aban d/@64 mm((bﬁom;zh)abtabom@tlés mm (0.125 inch).
directipn | ter.nate sta es for inc ed

In cerfi GbeRBEn 1Rt BT P Ly eBhed N HEGveghyhe stator and rotor

is aboitll 52k (D06 echy.S LRGNl idh REoAL thdPmMmdinN@edriRe (shear gap)
necessary rotation. [0044] In some enbodi nents, the

betwenlil Hienotar and argmoe a( ehsidlr7 yapn (0@t hl)chbeifhﬁaelwat t?ée Bltoétl‘md by the
ieh 38 e B8 I AG 90 S B, R e

embodifich®] the 86O thi TR Btatd Mea HPebd ﬁbtﬁ’ﬁrféhﬁ@zit@ RGE tﬁe heareteg @p the rotor
mndth) between the stator and rotor is about 1.52 mm

and thegdegiggs! fipepped. |In seae egibadiceshts; Gigringh shiear devige has fixge clearance

(shear %ﬁfeast )e}?g%gﬁrtheggﬁgo_y V‘ﬁ%} L ?te gég{ly,?%?elﬁ l?tg ecg:wce has

a@uﬂh&ebhﬁﬂmqﬂmamgQWdeﬁlCe may vary wi th | ongi tudi nal
posi tion ng Eg{ pat hway. | n sonme enbodi nents,

100451 3 5935 Gropamgats 51 g0 L@ ey @ sihglecst Prévipg cRamber (ie.. a

singleWoldystal® HhBIHBLES, aoéclnélg' %eﬁé?ﬁt@f) R QOrth QB ainicRie, iﬂgfﬁ shear device
speed. I n sonme enbodi e hi gh shear device

40 is a fmuktptt sthgardme edisperser and comprises a plurality of generators In certain

embodiments, HSD 40 comprises at least two generators. In other embodiments, high shear
11



(shear gap wi dth) between the stator and rotor.
Alternatively, the high shear device has adjustable
w@L@awersse (shear gap width). [0045] In sone PCT/US2008/067974
enbodi nents, HSD 40 conprises a single stage
. di spersing cha rr (i..e., asingle rotor/stator . .
devieG YFETHBRPOR 150 S WiegedtaP T In voReGHo At hiadnibgor deviee
40 ishh GhuRR@RE HRYF Gehelbyl $he sHRAL tiaR! @wRIRIGs | MbdtdBed above, varies
di sperser and conprises a plurality of generators. In '
propoginntglyn vathb digh meaetls andHSMveasely omplr | rotos/stator| gastwidtho varies with

A R

[0046]E b QshhdEbSdimBhtg easi ease 6etie eRteHdl high 3héik dEVisd R@Enterchangeable
_ . mxer mheregiathe shear rate (which, as nentioned

mixing Heels, offeaingsexihibpor Feronamply the DR 20Q/4 figaxdigpctor® of IKA®
: h . of ar L dt h) viard . ‘

wWork) " St ENC U APLREn BRI ARG comprises o

three fstagehdispeleiagr moddleherBiifn fedidw. mhPO0dmiprisa s8@n® three rotor/stator
enbodi nents, each stage of the external high shear

combigalqns {SESELR Y S EIREE Db FBeningiHY. Cordtes anFynst-fing for each stage.

This &% 1f8H drbdton JFRAispRRAIR nGyink A6aHBW2HARHGidA SRAX desired bubble size
Reactor(r) of IKﬁkr) Vwrﬁs, Inc. WImngton, NC and

(e.g., ARWoddnrgak babhdes) c n sdmeemb¥dimemgtaanh ofhe stigesis iopersted with super-

. three stage dispersing nmpdul e. Thi.s, nodul e ma
fine SERFHHPrsdn %ﬁmfoef{l‘?ﬂ%%erﬁbt%ﬂ?@f 85! BBFHETPORES has a rotorstator
mininfu@€BBLBAQ (Shoar YA Wide)f GReald tahnMBoutBOH WM (0PRSS, IRMEkrmative
super-fine for each stage. This allows for creation of
embodimepisr &fileass onrant| they generrerr ety hab 8 tpinivartm setorsftatphelearance of greater
esi.r bu e size (e.g., hydrogen gas bubbles). In
ﬂmnaggﬁéféﬂ%gﬁﬁgtﬁ?c?'each of the stages is operated with

[0047]S RR&irifig NEw §& FRfuad B thert s preb@@NPRALTROLS créds-sk@fsmtof a suitable
one of the generator sets has a rotaor/stator m ni num

high shearageairee200s Hadigh shery devise BP0 of Figwaddp ardiparsiigolnvics cogprising
0 i . atyy i .at . .
oree THGEEPP Ik PSily SRUSELZ LR STRCHLIENy i SRSking doic
compidieg@tiane atagés gr eabestatohaombaimativns] 278 230, (0d PA0I NThy .rotor-stator
[0047] Referring nowto Figure 3, there is presented. a
combingenst AT RAKIEYBSS g%l@é%tpﬁrﬁ%& Sé%&@t%_raé% PhowHygftation. Three
rotor/%;?&ﬂ’ $efs &%gnerﬂomﬁ)hm aﬁj(?_ﬂf(pﬁe ﬁggneﬁfin E Y Eﬁ)ng dh?e haft 250.

I spersi devi ce conprising thrée stages or rotor-

[0048]s thatsoigeawatbi 220 | conpriséd gitois Bearand estataie 2200 iecand generator 230

di spersj devj ce Lsing thr st ages or
compiisy GHOE LA G SR r |IHA SBIEor 39 COTaNes dpfor Fband stator 229
For 4Bl &ineRt@RE 6O R RRIANNANEY bPaniRON0 /Y GRRET Mol axis 260 as
220, 230, 240 or stages without limtation. Three

indicatagt yr Arseva26p. Jde sliigetiqpepfaiotation sny2ey, opresite thatistpam by arrow 265

(e.g., gllocl:lgxr/‘lgdorl c%g%%gclloec%(w&}sleoa% utd dis & r%%%fo}:l 2 OSt%th%@%ﬁif{ §ut1d 229 are
gener at or comprises rotor an stat or .

fixablpec@ilel @arewall 055 &30 gl SHvar des@® 200t or 223, and stator
228. Third generator 240 conprises rotor 224 and o
[0049%s Pt Brentogd Imspingbrys. GareaRGRofr Has rpsbeari gapr Btidthawhigh is the
.. \V/ a . . .
minicff G R G0RU, 00 R0 PR RE e SRR B e . v
generdter ApP asipeséshatfirghdwm fyp A2F;0mc@Gb gérergo; 280 eokywis® a second

or ntercl ockw se gbout axjs of rotation 260). )
shear gpg 0gp safz{éfﬁ,lrd_z&ﬁ@?r%ﬁ@z@%e% Aodliet yhesasp 2431 gnepppodiments,
shear Y&hs! 224583 P4 5@t S 1@ in $8Vafife 80Pom about 0.025 mm to about 10.0 mm.
Alternatively, the process comprises utilization of a high shear device 200 wherein the gaps

225, 235, 245 have a width in the range of from about 0.5 mm to about 2.5 mm. In certain
12



[0049] As nentioned herei nabove, each generator has a
shear gap width which is the m ni num di stance between

W@ b@oeder and the stator. In the enbodi nent oPCFUSRINE067974
3, first generator 220 conprises a first shear gap

g gine SRR H PSR A Pl R e Bt AR ANERL 4R R of
shear %@;IQ; 22455235 m@@mﬁf@aﬁ Sor heakord @9@ 28524@ 3 ce%&{h aMBces, the

hs in the range of from about 0.025 mmto about
w1dth1<1f stleafrrgapAMSewfnfatst g@ieyatmt yor:Y) prgr@zésrsthe@rﬂm wirtl of shear gap 235 of
| hi shear de 200 in t he .
scconif dont 5% P 8nidy &' ALy St iF T R Bifs 7 545 of mira
gener@bp040.0 A3 MiBhtiDedRBoNe, Zhdgdiratdil FeiatidkQbd st ELhtdrBi@ingeable,
shearﬁggp width is nalntalned at about 1.5 mm

offering flexibalityy elligh thear dfvéiech2Q} mapehe copeisgredos thagthe shegr rate will
40. In certain
1ncrea§£ S?@l/lfgée Iz)'hgﬁdnfla%y &?‘ﬁ&ﬁ‘@hﬁ C%Og %Pthe %%8/ 26%) first
[0050]g €lacatody 222 R30S agd 40 evayt damprisha sudacke hmetlivel) date, gﬁp super -fine
235 of second nerator 230, which is in turn_great

charagiefgitiphe Rijtefsri2gr 2dhetid %%pa%@ateifs thi rrdSgeiferat 1y "be toothed
d651g1?s40 B4 gt&gﬁ'ételn%q e)abigﬁl%rlsé ﬂ%og%f‘%&teoﬁés Qff ?(ﬁ@pst%ﬁqgeth In

may be | r changea , offering flexibility. H gh
embodineats, devisc222003,mag 224 coonplisgureed s tohatorttheth sheamferentially

rate i ncrease stepw se | itudinally alo t
spacefy bR e S5 G G b 0HIoT 0BG EL Ry SEEr 357 S5 and 229
compARIm3AQh AR GO b&B cﬁc@rﬁ&&&ﬁrall?ﬁﬁédémab$ﬁtﬁﬁe c1§d1ﬁlnference of each
super-fine characterization ors 222, 223, and 224

statoraﬁme@badlmtszm mzglrastc czfzge frigr isebpeloi2hen. desbediments, the

dlameF B E I; Srto (%r d roug? cm | ﬁl MS c@e 0‘%%’{ %1?.1%16%5 EE thfitsator is about

15 cANE eAdbdd GRY, ittkedifmeRr bhee sﬂa@orﬁ@hl@dut teedh. In some embodiments the
circunferentially spaced about the circunference of
rotors g 60 g aid the ritagern aigi Geminsin daragtess gropime @ olgarapgegefapgut 4 mm.
t e r r
in <cEIPERFEITRES, Mok SeBl LR B! SHEL 1Rl I Yoneror
compﬁﬂbg)du shent gap of ®etwiearabdua B2 Emnoand hhoﬂtoftrﬁm I Boralgplications in
cm In enbodinents. the dianeter he rotor is

whichgbtpagicten rf 10 Lol et hl&hh%wawevﬂce Gartst @ppraprigtpehear gap
w1dthS h¥urh %l&@ﬁf& beAw &R rdtdt gﬂ'[p@tq{oma H{az bed B8edd pTEL §1{ aﬁlgroprlate

e stator is about 6.4 cm |n sone éenbodi ments the
reducn@t or garaele s&O anthigomehse e pstiateoustacy are64 Impmbeodiments, this may be

t.er r ov clearan e of about 4. mMm, In .
beneriEf 15 e bR A S TR e SR iEE Bparaiol
[0051 1£h SheatdR&iceli006s SHMBNLARHT5: re6QMRE if®hEneAl SNRAE s Beh at inlet
et ween about 0.025mm and about 4nm For apgllcatlons
205. The viacion suktuge penplish dydepgen tag the depaisiblhp %ﬁgrﬂﬂdl gpibonaceous
hquldszlﬂse%g r?%gmt\ﬂ(l; Cozlg fi)aﬁ% ehgga@geggﬁr{eg{a% rrenagl}egfl ~ aoom%nse a pzbrtlculate solid

catalyStGJ:cﬁﬁIB(ﬁﬁnff OFecNstRART OREfiRd ehl&ETDSCHI fuinped soallyY cﬂreugsn g&erators
i ncrease in Partlcle surface area. I n enbodi nents,
220, %39» andhion B40. tsuehetinbprarudt shisperias $oimg de Diregugs dlisgerpipa €sits high

shear aéﬁﬁe Qﬁear tfepgl@gaglgqin%pl%réf' I:%gultehl pﬂf'etljo&)lrse§22 [2995%14 of each

eV|ce I's configured for receivi'ng fr
gener:htbn eotdid aa higlagicadtrelative anmhet fixadl @4toR057, TRE, IQéqurmoMng a high

o B 4 S RTRADES T SFED e B RESES ShelRg e s

outwar@§ShEL AP FBY: Japt (RN ifGRERE, of P Ak lshEdd BtRvedRlthdrotor 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
13



cat al yst conponent. Feed streamentering inlet 205 is
punped serially through generators 220, 230, and then

wQ2@9/08296h t hat product dispersion is formed. FRDUNDE/067974
di spersion exits high shear device 200 via outlet 210

a ine 1 The ro 2 223, 2 of .
berwrel A uHdran ot At ST LE R Eh S ATIVE Hoehie Tuid and
createl bl’é@ﬁlctschﬂ;e%% 23’?®du%2%15r11381%ﬁ)n LRVIigh @Eezﬁ‘ deival ajme% high shear

rate. The rotation of the rotors punps fluid, such as
outlet2d@ (draldechestd dngwntleéri ng inl et 205, outwardly through
resent, the.s

o052} e S5dter SRPR IR st o BRRC Rl batHIO SR HCURPRRER 5 wm. 1n

embo@ih@h@ HIERUD prodiic€ad idNPeBidnAedirgZ€ eheth BRbBIB&AEe of less than about
condltlon H gh shear forces exerted on fluid in shear

. u@aﬁgb dimpents, FRY[Q) 49 moqugagia digipersiqey yingt a mepn ppkble size of less
o PRFRCSENERD, RELOUE! ALCE RN WSBIaher f SN e o

averagy bdbldé sthesipefiramhothouPOaduat talbs@er 5O Qmexint smbodjtents, HSD 40
shear, device 200 via hlgﬁrshear outlet 210 (and |ine
produggs HfisparyaR 82192 2 a8 Ay ﬁél%@ééqﬁéfhaa|4§>8éar%| Blrth‘%Péh%ﬁms HSD
40 pr&iﬁ%@sazg leﬁéﬁlog l{ﬁp g Sthédh hitdR {ihape RROwEN 30 II[ilgh shear device
nbodi ne 0 produces a dispersion having-a
200 predm:eblmbih@esume comptigsg gdsahulﬂﬂmut:a}mbﬁ: wiremaining dispersed at

odi nent s D 40 uces, a di spersion having a
atmosgBa emBreros PO E AR dS W1 o href or apl y Cha

[0053P MR8 Dealifited ryMiHebBN it s ‘h&WRLiRTemllfiof &hbAlistry that sub-micron
I nst ances, the average bubble size is fromabout 0.1
parthlem eobuthiast dispersedrin 4 rhlqewbmmemmvem@[b prongilp dbioegh Brownian

motloH e%i%ftﬁ Stlﬁ%%lg%:(ﬁg nlﬁ u%rtgcﬁsb ?:653%% (érégtgg clfiylglbé}s %heé&rjl Hewce 200 may
have fia¥tenghoBillie &ﬁo@lbbcbtﬁldﬁﬂyzlayéiﬁ of esisd E@RstARidMR, tHdrdy facilitating
shear device 200 produces a dispersion conprising gas
and ageglskAtiag teagrdllec BRCHRIMBTEA §RERNSpR FavWOROf s sher i ¢
] 0
[0054]82??%6‘;1{% 4 ds?%l)(/:@st, ﬁlé@?él?eaﬁggﬁge %ﬁ% vrmeHl hgezs nah I[Iﬁs%%§ R&!@ttor(b of IKA®
Works; ﬁﬁcmWﬂligtd’]ﬁN(SMbl AP Nithpameticd, @x, Witmihgi@hl BB& Several models

|%§ersed in.a liquid undergo novenent prjmari
are avafltae gAY B i Hish CeATCRRANS, RYRRPONDHIRERPerds. pHgut rpm, and
d [ [ f
o RLOOHEL BN A CRF LRI 01880 S EF S,
desired glaitetle at hill;hitt sipanm idolpersiontihdimebh8 fFagire il akiting intidt 210 of high
reaction throu nhanc

ccel i, C
shear g kYD bt 20007k Job 1ol CepPHies RGN eg generator
PTFERE&M %n%{ 18 §04h 58229 Gnrk QIRICh P Qi tdry Ll SR ouREAINQE 1 R34 inch
I KA( § ;Ls I%ﬁ VVIn?ngfoﬁ NC aﬁ%m%PS Nortg (4 inch)
Samtavéhelﬂmea2HP FROWEWN QUi gip@ﬁqi of\IQ00Spweflow eardeins (wter) approximately
300- 7?(\(]) ) Segcp a%V Iorrl] CI\l/eargltl a tlg?s:éﬁ%({ (r)fj %{{orenta%gqllf’irrg& (Irlgﬂg ft/min to 8070
ﬂhnmﬁelectlon of the hlgh shear deV|ce wi |l depend on
hr oughput requirenments and desired particle or bubble
[005513| Mesyeh Yesgbesieamon H) isiane typg of regal i@ vihicleg multighase reaction can
Al r CH del
ve By 7B ol 9, SRS e A o o Pcance,
contmgeme patani-cdlikbowseairtedgank mepctdrnbebnd loamgee Zﬁtoﬂl reaetdrk may be

h) sanitary Ianp outl et flange A inch)
emploé/ﬁ 1 &S ¢ 1§(rli’6ra‘(f olph, somerppl %96&1%%%%@@%%? ?QW?I grgetor, and in

others’ h OMb@AAPRGctY SMBHRLRI-ubARPRXSRE 1Yy number of reactor inlet lines is

envisioned, with two shown in Figure 1 (lines 14 and 15). Inlet line may be catalyst inlet line

15 connected to vessel 10 for receiving a catalyst solution or slurry during operation of the
14



300-700 L/h (depending on generator), a tip speed of
from9.4-41 ms (1850 ft/mn to 8070 ft/mn). [0055]
wo/e®smb260/essel or reactor 10 is any type of VvRCHEB20081067974
whi ch a nulti phase reaction can be propagated to carry
bove- descri bed. conyersion reaction(s). For..
systenj. n&?%? m%ny EYRRHSTFB &I e ;Z rEBhE é’@?‘)rﬂr‘éfg’cf lipg 16 fora
produb@@eAfl In &hb&ReME, weﬁl@@&ﬁ}thsre@@ﬁu%ﬁy Hfaaéaa@r SORLRYAS 16.
in series or in para el. In sone applications vesse
[0056]10 Hmiyogﬁteatapm 1@&@101119 galt oy wangevienswitahlerting terypaudtare and pressure
eact or bula reac

condiQR 8- 1y q“étselﬂseri“é/ qEEnRD o %10%‘:8“ TN R‘%@ 8 ?%%‘?/\EOYV fliagram of

Figurd-il il te@npbraphrt R@8 pidsiaddoddiond ot ehitdbidewvh@y ab@rcaRtel m&y based
inlet I'ine 15 connected to vessel 10 for receivin

g a
catalygtdis #filyend. saetinn ismase likelyte gecyn ps pRInt patsigeivetreb0 shown of Figure
te r
1. No{l/%ﬁ?&%asﬁ?scryg %Ito(_)ravt%?sqaxo g@g{;{ a?%lr%le ‘ié %1%\& fgIeln%F egsct e?i residence
time, 5g1taeaamand1 meﬁlﬁgomdl’mrttoshng/ e¥haal rehbroc 007s n8ksdathe reactor/vessel 10
plurality of reactor product lines 16. [0056]

may W@&&?Qtr%wrf%gmzsﬁ SEUFAAFLOp K Grir bﬁérre%@rta&sw%ay become

the prfnlle_ﬂg lochGEP RS %éﬂoﬁr@gggatﬂfn%z%ﬁ of & 88 HhORSHE ﬁe%énce of catalyst and
thi 5 sense hydrdgenation could occur at any point iIn

nseﬁhhenﬁhanﬁahfagm@gmumoﬁ|gure 1if tenperature and

tions are suitable, Were a circul ated .
0057 5 BeaSlalth S G vy 45k Pl sbler bR ddreieygiiation may
propa dtg ekyr éx@ G WEssal l(pﬁhjﬂ ESmPiednd@r sS elnk 1P csthi@iieRior in series
i gure netheless di screte reactor/vessel 10 is

or in pﬁ‘mlbqh Efbg rqaamrecatr@echwtdw High sllenr:pl@a@@d mey p@tepim atlilcrmogeneous

on anc at | nd/or coo N en act or
1%1hgh % %aa%t‘/ (' VB<der*1H %S gt ‘“irxcé’&inpc?@%“t of the
reactisre@AGitere or a hfsiebbg@h&ﬁ@ chagtit eaction mv@]’vm@ d Jotinsp@Iyist. b@ptionally, as
react or and may becone the primary |ocation for the

discussgiinolgremmanle éﬁlefe@ﬁ?@lq% he Bydsedaspligization raapéorpmay efee vgthout the
use oﬁ%%@&;fvc&%lﬁlzeg&e \?ggl sﬂ&ghﬁxgge j6(2 e\g::}]lgﬁ gesgél 1@%’19?@%@ a\;esé%'i] 10 may be
operatafiiag Rluydeadas fikédibed adacton triekie ped pﬁg@t efluifiaed Betﬂmpd:ter, bubble

vessel 10 may conprise one or pore tank or tubul ar
colurig QEQSRET] HEQR | EoWg ANH AL Kl thhdrty ealt iSBRC capPHFigns. the
1ncorp%5%tlolﬁ36f Rk @haBhY AShddr 99\%@@4 wmi erﬁ@%r'&%n lehﬂ’i@% %ﬁ@d"@f trickle
catalytic reaction in whic catalyst s in
bed resatoss phadsey asc@mot Hies nmyrtp:omseful fof exdmeple.clac treagtnons mcludmg, but

ot g o T G A e s e R aeenatony

[0058] WeEeRND! Bayl irfeRldei dHeEbrOMYoret JS‘tethQYf@HQ\Q RsWdnpongt: Qfrring system,
reaction may occur W thout the use of catal yst via the

heatings andfr vioghng r@g@blu@qﬁ; duessore Wpaprg@skie instrgmestation, temperature

measqlglret:rlnfl:nléZles(Ei mregtzcllgi? one o oizbe ](‘% B&h a(télgl G ord lse}/e%i Ilaztoer nt sélown), as

are krlo®&CihQhe albtwlﬂéaeu@@ lv&R3EL, dedign OtHae Exi‘fﬂ}ﬁlboﬁstkﬁﬁg\ﬂﬁyitﬁnm include a
of skill in the art. In some applications, the

motor] iR B | Anheafing RRHPInEAOLIRE FRPYAEE MAYesAERsisaofopiekgmple, a heat

exchaﬁéé'rmAtltemaﬁ{/elg xAmmlén of i %@E%oklglréﬁcgfontr{ﬁf L& %grlg% rHSD 40 in

ctors as slurry reactors be “usetul,
some exbogiinentsf wssel @@ aiaysns/eipniedauitly Mg stbnage neassellin mrhedasb@ Although

dr od n|trogenat|on hydr odesuyl furi zati on,
generfﬂﬁ/dlﬁ g enapmeAPp! C@b@s‘q vayed 4QImaeh WltfeﬁcP%“éﬂ@}Velf multiple
high sBEar MY iBeAbadthi§ afeQlnh W eAqn SARONGRSer d8dckibEd Blowy St em

[0059] Heat Transfer Devices. In addition to the above-mentioned heating/cooling

cataly?g reac EIP

capabilities of vessel 10, other external or internal heat transfer devices for heating or cooling a
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heati ng and/or cooling capabilities, pressure
measurenent instrumentation, tenperature neasurenent
WO p@boyent ati on, one or nore injection point SPCHOM008/067974
Ievel regul at or (not shown), as are known in the art
reaction vessel For anple, . a stifr -

proce Sy CEG ARG FET OB IB Y BHatiT SEA Aot Ul in Figure 1.

For e%qﬁ@ rif 3RALANGN AP BRStRHSc, TB(6R TR4( rﬁ@y bd germc%arfmne veslel 10 via
heat exchanger. Alternatively, as much of

any megeddmsivortorosackillod imthe ot cilihe wict ¢f exteSD M@tlmgwargbwecoohng heat
emhodi nent ser.v

transt B ) sl FTaahe Sageetiofls boslRM, Ereflh By mosg guch heat

transfél@Rl Ic€flare bBrweeAPuAP Bl an@ RIITPNG, béEERA IHSID40EN R8sel 10, and between
omtted, particularly if nultlple hi gh shear

vesselg MY ppd PRmpaT toes syvtemelnt epaed an supiiwsss med. ySpmernon-limiting

examégsg(g{ é&ﬁ qltegte \Qfeg [Bigg ggs] nzgglt%ﬁ%oﬂﬁ T@?ehé a?J \ébﬁ %ﬁat éx@hangers as are

know@apmbaﬁjtles of vessel 10, other external or |nterna

heat transfer. devjces for heating or cooling aprocess
[0060]s Frawsn AHEPa) 8 SORBFH e S1BE GORURUS £F PBHSCBFNY Gy operation, and
[
my REBCLIBNE USSRl O OB o Ay BXAUPEn b e
atm) presyoree greffieralphy \gesse| thar0304.2%7 SakBa (Bedting qbrdsmwtotaliowrr@ntrolled flow

Kj in the ar he use  of ter eatin
througf HISTRA0 KB eF Bnbt FOHEVITGNE. § RoRFSd Tt bR g Kover Pump
CompaY R CoHInted Gebpgat D%Igt onf Plessane B?fost@P'P%rrﬁ)UMbdéF@P372E Dayton
transfer devices are between punp 5 and HSD 4
Electrigedt evditesHED istoneaniiable pwap. Posferably. adbqqm@@hpar@sé glhe Enp comprise

stainle%g gtgglugj &garﬂmﬁﬁn%l%%/ﬁ%aiiﬁggslséeigg n%‘psgrgl%te]?n l(}%eq;ﬁs Q tthf? wgﬁeg% » @pmp Sis

capabRedfi fresSuRk @réabee lthan ztUcbbﬁZOZﬂ kP2 (G@mG.0i In &R@ton to pump 5, one or
exchangers, as are known in the art. [0060] Punps.

more pghifior e IE BSFSUEUPEEP {151t SBOWRaRaY: b trichidedi&n Bre system illustrated in

m 0 r 0 fa

Flgure;'J S.ini'o?] 39%%@]9 C% %gﬁs’?& Iﬁfrﬁ é%hlﬁfglag}\é psr o\%ﬁ{}l}é I@JH{& 3, %f be included

betwetin 88 CPAParflbvek oh 10 for&iob”)tmgrths BlesRye 'm[(effﬁse&b[)yorgi eaydlt pump may
t.han 303,975 kPa (3 atm essure Ilom1 ontrol | ed

be posifigRgde oty isgh/ IHserelingharssya afse! i Hg s agotpgraample, a
lehY il eGP h RORSe EHRY @gﬁ%ﬂ ff "Hé%@lﬁd d f d

PP orglg ﬁgyfgﬂmﬁres uf% Boost e 5 %gdel 2P§% Ornﬁn)umng

admﬂ@ﬁ&ﬁmmﬂmb@Ct&ﬂgﬁ@do@ﬁhkbﬁl IL) is one suitable punp

er ab) | contac rt f the pu conmprise
oos11Cy Fhdidioh oy dayaroges Selidk iy S BegsaluPtlonco wtpragequs Fuid
compﬁ£n§ SalhRRebRMiRg Corpbandy SOSH tld?MFfﬂn%l é}ﬁaﬁ&e@ﬁl@ﬁ&a%n system 1
pressures greater than about 2026.5 a (20 atm.
will ng@dietdigstsse @rqgfegencg e Figrenbr &1 mattqncfﬁmhe hfyd@ﬁesulfunzatlon of
fluids;-a prc%?}ielflsrlglf Fl)lgcrlrxt%lg no&ltz%ﬁl%\é’:q )a% gr'{g éﬁlelg Itpo%llegcl:)’(leg 1%*0' slgfsttemb 0\61281 thgfr: 22, and
combipbdh 1livdi TWithRYigaRl Sieinl c@mpiiging léﬁ}ﬁuﬁcontmﬂin@ €othpéindslethe liquid
bet ween HSD 40 and vessel 10 for boostlng the pressure
strean} gPBPYiEgE efulfppconsinige reasgpomadp thny ey bbaeiisstlt byo thed system and

metholéi% :g}fsﬁl%Ze({ f?é'rellhea(ﬁ){ %A)nge ﬂa‘[}ﬁ)vfeﬁ ? ﬁjee 1%%[%%% Bs\‘q’ﬁ?@ﬁé&aof%pes.

er exanple, a“supplenenta
embodheleﬁtsm}ieaﬂultim cpmpnse5¢arhmy dné arecéfaded td ag carbbdiaedosi figds. The
addi . ti onal reaq@ﬁgts or catalyst into vessel 10.

carbor[l %@i]car[bpgza:ﬁelﬁ menaHl?a &)61@ Of capn Fa(gallgylg compounds or substances.
The cAMBRLREREHILLESAFSUNAD o fsub RN ARG WEShidrldatbons. The carbonaceous

fluid may comprise liquid hydrocarbons, such as, but not limited to, fossil fuels, crude oil or

crude oil fractions, diesel fuel, gasoline, kerosene, light oil, petroleum fractions, and
16



conpri sing Sul fur-Containing Conpounds. Operation of

hi gh shear desul furization system1 will now be
waele@enewed with reference to Figure 1. | n opere€T/o82008067974

t he hydrodesulfurization of fluids, a dispersible

hydro a reamis |ntroduce i nt.o
combiBReRaTed AR 98 38 R LR EY ol OPPHES disupgigd, hydrocarbons
such ds'lf&lﬁéfi’ecﬁﬂe&l%%hpgﬂp ITh $hB8difiéhfs Uihe ¢bbAIBHITHE PP P Feum-based
The |iquid stream conprising sul fur-containing

fluid. d aaypd seien inhlite Idayaypeontpte oapghtihny diekd oslykeaarer aﬂti and combinations
th éﬁghods i scl osed herein and may be renoved fromthe
e a1 g ? be a variety of types. In enbodinments, the
[0062]f | Uh @enboaitnksS eheCAikklOfRd FHdmaiRl methed eduied @8 hydrofinishing. In
car bonaceous f| uids. The carbon in the carbonaceous
petroleyry jrgfénipgyhygeofpashingots the PEsRscemitied ANhig Be mem@sofobydrogen to
improd % BREET e 10 T8 YRAPHEDALE B MO TRE YRdREiscoyy, paghthenic
oils. IHByylrcffmmh[ngSﬁlaj/ Iaﬂ;bll:d: dpplicd caphaffih wakshandsfor bethovadtof undesirable
limted to fossil fuels, crude oil qr crude oi
compenegsy j lydrofipishiag copsyaies hydwsen Ard mayrbssusae rathergthan geid treating.
r
The fHﬁI 6%}8%2%22;15 oﬁ%%%;ﬁ% pfl’zlf h@'scw g@g%dg%ﬁhg%susteb%ggﬁfcgd RBQLART and high
pressdn@sd(rabc‘a?r bo0& psiueh gias al fiirgls @bhs}dtoriﬁlsc oileuBIyQaslroﬂmshmg, remaining
enbodi nents, . t he bon ceous fl
impurfy A SO RSB e T BUHIER (Y AEblehe Higrofiajfhing is also
used @PREET &E HOAPIME rﬁns}ﬂhg;-‘%e|oﬂobffewlo'ilﬁ@vﬂe[ﬁﬁe(z—jShyd?&‘i‘ackmg or solvent

conbi nati ons thereo for exa
extracgﬁmo@ﬁ W@Ht@ tht: Heydgitsatngie df syrstgbhan tibredisidldtearigtou§eighed lube
181c%1lsh 'J{}ﬁ: disclosed system

al eum,refi

produfS5 1B Rk B Tpei s PR
and mefhe8g ﬂmcy%eqlfsemmm@ﬂ@ ddsutbld BaHdO ea htRo@iydasdous see@trdapiv

Vi scosi ty-i ndex napht heni c and medi um vi scosity
[00631nadntertherienasty. she [pdsteRmnPYnpings felcramaly wecksp merreléumofractlon
such z&acro%EIf h h\ﬁ@axg';c él!}g Lraglgggi tro?eﬁm{"ﬂ%&g)' rs%@fl Qs F gC naphtha, or a

nmpone drofinish i ng nsunes rogen an f

Combllﬁ&tlcbiﬁtﬁdrebﬁt Ihesmtiddanerag Ihduidrfeatstrétgn ca'ﬂnprlids maphtsd &pction boﬂmg in

t oday' s base oil plant dr.of.i nj shi ng uses advan )
the gasghing hailiag 4arechi fh P%dil@ﬁpés liguid goedstreap sopwriyest g %rh@efractlon
boﬂm? i EHEagascﬂﬁ'Je'b%hmtg‘}aﬁ)&sﬁl Ohb&dimBts htYlg E%bﬁﬁcé&lsr}gedstream comprises

emal ning inpurities are converted to stable base o
a catai‘g;tlcg’(ﬂul e@c]lg@l g)@trdz]g’ultgt a‘?d;]tea)nf I—End 5:fopchur®hf tsn ;}M@Mﬁke@gs i:feedstream
use refer to bo e finis of oi A2l y o

compigt A6 B SLPE o ar Eor uR thecipe s PIEC QP o 260°c
(5000%)9' I c@@oddﬁﬁeﬂﬂé/ hBbhRAbIERE]AEa toAlpas- armemllaq@ecracked petroleum

stillates into finished | ube products Theseé | ube
fractiqy: do renbeodimenitydbe wapaninenisc fegdeiraony edrpiics cok¢rsnaphipha having a

dlsclos system an y. b e sat ur

boiling g 3iec S e i APE PR oot Fadal e S Guapne. e
carborhaae@mb@aisﬁwﬁ &ampﬂm%s Feedsé+ ggpmtaonpri ses a t her mal |y

racked petrol eumfraction such as coker naphtha, a
[0064]c atlaﬂlyflﬁérﬁ@mymclmc k& FOPBFiPIBE sUHIFFIsTNR compruads mey contain a

t her e e
variel M0l S0P BRRDLIR, LR & B o P BT Bidbhenes. organic
sulfidésnaidhéisgjéided, iané odeird. | e E1§Imt@gen tonteining Hasemtyshe Isuhqt;mndally pure
h mgggg;t;nga%%gglﬁgnfpgg@g iperooN ety hinga0 be' et by theor
y | }i (0] ‘éf Yy Y,
hydrog@}{ BONAGRAUDI! BRISHEIBAN: GRARLIGESS %l&@b&f’éaﬂéy 6@kdr¥oval of sulfide,
racked petftoleumfraction. In enmbodinents,

hydrogenoboralcovagef ded<sX chamical bond where C is carbon atom and X is nitrogen
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conpri ses a FCC naphtha fraction a boiling range
within the range of 1490C (3000F) to 260Q0C (5000F). In
werodiarent s, car bonaceous feedstream conpri seBCHUS2008/067974

thermal |y cracked petroleumfraction. In enbodi nents,

t he carbonaceous, feedstream conprises coker apht ha
atom |, AOEG eABRETAG):  SHGE T ST (RS EHEeBIor0e | ulfur  atom
(hydr&d%&ﬁﬁfn)zaﬁ&l)? lﬁ@ﬁy&é}g&%}n (nkfreQTPRUHMBSA 8F h en).

car bonaceous feedstream conprises FCC C6+ napht ha. '

[0065] 006 4mbbiligneints, therydragenr-chitaigingeag @?Tfﬂdl dsiienftdy o HSD 40, instead of

being 38pbifed SO P o0 B SRR Tn R oS BHR SuS PPl ha I Pur

may Hehi tafed tbHuaPh@B Eiguidatgddht Ceasbtinhécdas ﬂ@f&ﬁcdﬂlﬁp&iﬂﬁgl SiE85-containing
ot hers. The hy drogen containin

as nma
comp%tmgg} @mqggmn)@ Hued K, Bridypigssugg and g‘gg nprov1d1ng a controlled
|
S O e T .
pumpgeirereatdsahe lesaunt @fi thaEISINC jnldystie et areaddr thiuk fZOIiéS kPa (2 atm),
hydrogenoly3|sugcleava e of C-X chem cal  bond where C

preferally gaeabs thap ahaus a83-%/3 @]ﬁ p@g@ﬂ]&r% In this way, high shear system 1
may c()ﬂ%ﬂlre htefqui@fp 'ss%ﬁ) to eﬁﬁéﬁ%@ ?ea@{aﬁmntlmate mixing.

(hydro eoxygenat or sulfur atom
[0066)( hylol reothes imhent; |rmtantsnaljd,, ifapuetsdmy, drated et a(fctrmxal(npbt aqle?&;)uii tsolution,
and c%@a?tggrlg#rggwgfq f V%rés%g i@ ) gzi ARy te%rgfgfe ITEP(? g inlet lines
14 and NSt eR ﬁ’iﬁm%'df Qfeﬁrs‘éfﬁﬁﬂéiqgley\ﬁst Ehvidinell! @ith Gwb %ﬁ@\ifﬁlﬁ‘ﬂ F1 ure 1 (via
stream(i.e., carbonaceous fluid) in line 13. Punp §
lines HayncbépréIr an @mbpdlrrpﬁmpvqsm 10j ig ¢herged a@thamtalyst and the catalyst if

naceous rising sulf Q
requirt A BINRET ATl I n PR, Rty i ALAL oy
[0067f egdr HoRphd, B Ay add ¢igatd fﬂabt@ﬁitsf(lslﬂ‘fﬁrtd@h@l—iﬁlﬁ? @bmpounds in
hi gh shear device (HSD) 40 and high shear system1l. In
carborgspRusesifsanl Mehe 13h aﬁpm%eﬁnWﬁ]@ﬁsIéth% Whiels seiives &F crepts a fine
e R
dlsperglrge gplgq{ydﬁ)é?lg g{).'illetzruﬁ% &1 tl(i)lﬁ E:(lﬂ'gg%%g%efgjﬂ# ?z}ﬁgD gfbn@ne hydrogen
contaidingnsp et esponaceous Hlusd Wa)hlg}ﬂy dhpabkebsuch yisit @aamcbubblys, submicron-
i ne high shear mnt1 pressure to enhance react ant

sized biliemen RICHY ULt o0ee]C B CRIERI TN TS Ol dPRPSTighfssolution
into sbilutiBf §88 PhhanEethéH: Yop tredcfaRl nﬁ%lﬁgp IFr e?égigllﬁg u(ﬁs&?éei"tIKz@;@) model DR

and catalyst) are first mxed in ves 10." Reactants
2000/é,nat leigh vlesis ghreg Gtage dispéreing @xan@ bmflgurddemth thneesrofiogs emebmbination
.. 15, nynber . of ve nl et envi_s
with o’ Pae b arronmey qrised T Greate) P dispin/oR i Ui, hydrogen-
contaiffhg AL i BN ned MBSE&Rhpribih gl stIfGN@ e n e shpamt R i)s tttRNBactants™).
the catalyst if required, is activated according to
The r@@ﬁ@@t@w&mﬂﬁ b wnefigieail ?Eﬁylﬂtlﬁ@tﬁtﬂa!l£18ﬂ§@ Jvémgspplp. The combined
reactallt% %%Q }@fﬁl e ITﬁ)éVI? Vlatl Hne Iﬂﬁ/ L PR 2R %t Istla QUlfor/stator combination.
reac Fsi -’cont'al ni ng-conpounds PP car Bonaceous

The r&bifs &ﬁmstat’brd ofMle 1135) s@Eemal xed: Mdrduhif&eﬂrdﬁlﬂ 4Pacewiir& Rtage rotor teeth
serves to create a fine dispersion of the

and sttad tesgb FeesFivehi ABC §adsq AispaEor Sx B dke B shpgicaters) the second
Ge

rotor ek ke, A PELRAGREOR! B URAL 988 Y LR8BG mterenally

spaced uhron eethraad selcbrbedn]lnlre@ecmmw oThemedn@ﬁlhmbblesslzafdﬂﬂeEBlon emerging

from&ﬁseous reactants are formed for superjor dissaolution

t95°UY) YiRgeanteh dheethid measpd RtoRtoF éfa@%mtlor}n Wliigfy mag gomprise a

ﬁfaamés hlhirtPelor et KX ddioREAR! G99/ e Gisiirdbn he high
rotor shear, f I{hr elgéplgt ageetdl spértgl ng drg{%%ge%g%nf |%urslggcri W ?XhltSt ©He

shear ddtm@evm bhol & Inmsoowrdmbrediments, the shear rate increases stepwise longitudinally
along the direction of the flow, 260.
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with stators, aligned in series, may be used to create
t he di spersion of dispersible hydrogencontaini ng gas
wo poobjoepes@ nmedi um conpri sing sul fur-contai ni NngPCT/US2008/067974

conmpounds (i.e., "the reactants"). The rotor/stator
sets may.be configured as illustrated in Figure 3, for
1006813 G yeBTplor RIS e ey e TG e s reater

than (He¥eGeratd i@ suibddGueh® s@B&l s)e Nh Qihed efribb&itnehts2@8 shear rate is substantially
rotor/stator conbinaftion. The rotors and stators of

constanhelohg thetdirertémeofithy flwy witle thechedrantein each|siage baiog dubstantially the
first stage rotor teeth and stator teeth,
respectively. The coarse dispersion exiting the first
[00691S 12Ge gl SHctr UBECS 80 ARliude0 taOPTHIE 8¢ thets8femayl Be cobe@fusing any
~and stator of the second stage may al so conmprise
suitable teghpiguertais knqwn Wghe aig For onmplse the rapmans steass flpwigHn line 13
r t I - S ' i - -
may b PERAG LYY ool WY RINRRR (R R0 of Be R BRRD Gheying hish shear
device 43.0r / st at or conbi nati on, which may conprise a rotor
and a stator having rotor teeth and stator teeth,
[0070], o4

Specofare) I HHR T 8% Bt [RXPRE thd SAfghcpagisurate with the
diame@é?Y)T ffe M¥iof allld e d‘]:gred_lt es%?&ﬁ @m%ﬁ'@:’hﬁﬁveﬁﬁ@ligﬁgﬁﬁr device (e.g.,

rate I ncreases stepw ongi tudi nally al ong

colloidimikk ot foothed fint fiepdrieovhas 288er[adDE8 fclekoincebawpdrethe statogs anderotor or

nmbodi nent s, ear rate in the first rotor/stator
has o0 (ISRt Fhstiv oo MY Pk e gt SEp B e Eas and the
reactafit RALA §)e;, lilgRidAkBEH iCTROM ERMRing ﬁﬁuﬁb@ﬁﬁniﬁ@k@mﬁ%nds). In some
substantially constant along the direction of the
embodimgnts ofithchproerss.dhetianspert eesistansa ohths treageanksap pgluced by operation of

LT IE W T TR T

5%. MSbRg cAbYdifiehisp i frecdis)idiiiears pat resBtakfOuthé feabtifts & feduced by
For exanple, the reactant streamflowing in |ine 13

operatiqiyofisge figisheas dewise sechethatethe velneity of 1o restigiyisgicreased by greater

. . o Ci . ‘ ‘
e P C 8 o SRR Sy SRR B T B e oy
least o fat®@t of H). I sSpesthwdimans dieataoddytih idchasdi tynefaetor df the range of

the rotor and the desired tip speed. As described
a“““éB&%@meHg)%ﬁbh shear device (e.g., colloid nill or

(00711 09h B&He EMBbARRE! SSD)40NREvES LiRhst 300 L HEH aqgal%?éw&feat least 4500

bet ween the stator and rotor or has adjusta
ft/minc hrelaw bink enaydSEeed 098@ fieia (#@ /Nt iThepewyr qunxurpjpteon may be about 1.5

hydr ogen- cont ai ni ng gas and the reactant |i qui i.e., .
W, RGO e P Dol RIS Iiesioie Lt Broruraahihe e i roading
shear GANPAURLSving BlefRHE i M3PS i40ERt &Rl ReisPEARRARS, thhhéhe localized

transport resistance of the reactants is reduced by
tempeggieieseebhy die kmalelyymixddegactaidy iscia exgesh of PP ¢ laed at pressures in
excess\a/l g oﬁ(ﬁ I%riy{on(%{ lrl]IIl(gtIg ﬁ%veitgﬁt% %]nr(rilieti nlg.no g?%gldsg)l?%crglégn%trt%%ueltts I}I? Iaispersion
of thethydispp@bnthi@FigSiad M€ thi@bn bR subnEia®haied bubbles dC@eheldmbodiments,

operation of the high shear device such that the )
the regiapiilispergen hpean ayEagediibbls sizfcleesabar abgut drermer Aggeadingly, the

dispergif)flt%%fetﬁ% PﬁD @Bo\% life 13 @oﬁgg%s gll)ilﬁplg)t i eatr 3ub ﬁ)n;—/s%e(agéag Yubbles.

same.

eaction Is 1 ncrea st a tactor
In soridembadisents, taerinath abibls sizt ieinvthk oaige yof iaboutict gastecibbyt 1.5 um.

a factor in the range of about 10 to about 100 fold.
In Sorfl%)eﬁflﬁ?ﬁmﬁméoﬁﬁ?ﬁ _rwﬁaﬁi%@ﬁf%‘zn o fsciger PURi Sgt lqsadsn 1 hm. In
some 38Bodifen@! th nfehR bERFE ¢iz01s 188s th&PHouf R hm, and may be about 100 nm
in some cases. In many embodiments, the microbubble dispersion is able to remain dispersed

at atmospheric pressure for at least 15 minutes.
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ft/mn, and which may exceed 7900 ft/mn (40 ms). The
power consunption nmay be about 1.5 kW Al though
wore@so®eent of instantaneous tenperature and PCEESH0&067974
at the tip of a rotating shear unit or revolving
D 40 di fficul inmat ed.t hat
0072 BT e Medpunie pe %@as{lwgmﬁwﬁlﬁﬁﬂomow% J1SD 40
via life@8GhaMeds irfo b&sﬁﬁ@eﬁllﬁfﬁra@[&qg@l nd1 ahs RHQSRWYE R ihfimate mixing
excess of 500 g/cn1under cavitation conditions. The
of theheggitanghpiaor taiextenigg vessal 1& ai igrdfieype psition obthet ¢hemical reactlon may

ake i Regory A0S hE Soy Bt SEERE PLact P BPuREoin some

embodianBNrea¥tef/a&ee DIMPRLE bs iuz&d bﬁﬁlantyhfan h@zilﬁh'gt andl. paFhition of product
Accordingly, the dispersion exiting HSD 40 via |line 18

hydrogeshimidsegas iogy A caamaseous i cAliermatéiche gr additionalil vegsel 10 may

serve L@a g er@% thg&glswhér? {up W(g!) ﬁc]%ssluffﬁie g?odu@t & f1~5?oduced For

examlﬁ&b@ dmﬁédiltr&ntst W8sdl @01 4 ﬁmd %ﬂ&mmlcomphaﬁg afixa¥bsdbgfeatalyst.
size less than 1 mm I n_sone enbodi nents, the

[00731nes}FFSEﬁl/mC@r S0, may sbq gRasateddp B FOUBEOHPT SHRI-FRRInpRs flow

mode acgqyltnayl 80 o (8 iS04tk mBaES Th‘: RofEAtY of V&Q&' 106 Sbe ﬂlgﬁtamed ata
'm crobubble dispersion is able to remain di spersed

spec1fa:tine®p_tm rdngpepates siing heatingadndlog aemllngfpamhﬂumaie EO Gﬂcﬁing coils) and

Once di spersed, the resulti as/ljquid or
tempegahiF| MEBRHPIER! PHMEHERLT. o NERTIE S D Vi el gy, heoriiored using
sultabﬁsnﬂreisﬁ%edsﬁfeﬁleﬁﬁﬁﬁt%mérgamﬁs and 1hd3évepbefbabtinE i teSedsel may be
a result of the intimate m xing of the reactants
contrqcl;heﬂ @slng ) lféwt wghlatpr (e §1@¢wrl)oemalomng rﬁ¢0ﬂliltéla¢ﬁt thptcﬁr@ kmwrofo those of

. reactian
skill “6?1 rtt ﬁg‘]ﬁ O’t“ﬁ‘éts B}aés‘?&%%%e o?on m‘f’: LF!W st ﬁ%‘b%&“%| y, in
[0074]S OBt Ay 0df ARk st i @8Ed @F dél’éﬁ}‘é)t‘eedhe lt&iufdﬁé(n besuleedontaining species,
rlnarllg for heating and separation of product
g

the cag}git gedh mtmﬁa@dglaso Feseph iheadien dhaedenud 5t rlfuadslurry or catalyst

strean‘lo‘I tA%[e%ttllvgl br ag(ﬁltlgrga gt k g Mlay \f)%sacd%&fi " {XTJR é,&e&s . For
Imary reaction vesse er& most of the rogen

examlﬁiel,l cfaltzdﬂst phodugihyite ipjeogtddet. lifo21. eﬂﬁn@pine ennb'bdlments line 21 may

dlnent vessel 10 is a fixed bed r eac

contalg WIBE fef gnzfcp%goﬂlﬂg glresm ang/oy aygef:yc f gt@elﬂg] }rom for example, vessel
10 ma¥8e8hidcRAGL Plincl} BB BE Operated in either continuous

r sem -continuous flow node, or it may be operated in
[0075]batle kmiodienenth ee&sdr‘rbmhcbrsl(bcfonwm‘sse hn}&@ltattagt Kmewn to those of skill in

mai nt ai at i Ctl erature usjin
the ar B8 AT A o SR G o s Sl A goi g § supported
metal GRIIIS) [RBEbSBHREK Athb R tTRAFME SNRIMCtddSérh W B RhtuNulfide, cobalt
Pressure in the vessel may be nonitored using suitable
sulfidg rrethgnipe Mfa%a@he@mbmﬁsqm Whaserfatln embodimentsh éhel @oeéyst gdmprises
ruthe rleaCtu%Ht S | ess {ay callot Corc]:grrnoll‘lée%d u 1'1151 ination of
ever regula or s omn) %p g technlq es R at
molybaiegurk ROMIde ta@d Ehﬁtﬂﬁs@ﬁdes Kinl émlbd’dhﬁl&ﬁs &hé suppof coapiiedtt Bumina. In
be stirred continuously or sem -continuously

may
embO@lgmt@] they teatalxst | copgprisese #hapigEng daggs dgpregnyed rfﬁllﬂé qohalt and/or

o EUEL P Sy 40 OGS RR RGPLER LGP S

desulfifizatima @tgys rrngdeouip oftaaGyaip ¥1 raedior aAGteipn¥Ill vadtyl, oo suitable

addi tionally, tal yst may be added el sewhere in
refraclgp¥ suppORL; 1p5imbe %ﬁ#se thedilzptirafing Fapy REPSE 7 Fifisgepysuppor

selecttdVi@n] 'tH'ée 1%%1 c'oHsﬁtﬁ%eoie ehedi BAkg; silitNSuida, rEﬁYca -zirconia, silica-

contain a flow n bonacéous fluid stream and/or a
titania; ¢itapoine osidee amd ler@mlurﬁ oxidex ahipd 6roupe¥E@letal may be molybdenum or

tungsten and the Group VIII metal usually nickel or cobalt. The hydrodesulfurization catalyst
20



10 may be connected via line 16 to line 21. [0075] In
enbodi nents, vessel/reactor 10 conprises any catal yst
wo @260 t hose of skill in the art to be suitBtI/ES5008/067974
hydr odesul furi zati on. A sui tabl e sol ubl e catal yst may
be a su rted netal sulfide.. In enbodinents, the . .
may cRRPERS & HEP U e Tl BLITER FHEH MSTSBAGH TSR deides. typically
of @%hﬁth\tlw if éfiBodimbidaRd Hynrmsﬁ1wﬁ€mt1@fnéﬂatﬁ9mbﬁ@hgé@ VoS, together
thereof. In enbodiments,” the catal yst conpri ses
with smalhe rimermts Lff othier. metalse ﬁti@mdwrélmrs thet greup apadistiglg of molybdenum,
r ses a m sul fi

d de
cobalt H 6r§flt Su‘ioﬁ%&%a“o% eﬁ:'bo dl Heeﬁlgboﬁor{l%z %ﬂuﬁ%t?]tyst comprlses zinc

oxide C AR bBERN Rk MhdNEatallt @FPSIHENE BbSuentibifil padsalfiéd molybdenum and
ises an al um na base inpregnated with cobalt

r
nleelaﬂiig}) Jos eobpdf| hyHERsisating crdystat al yst used in the
t e onal
[0076] desu% ?)IH anle{‘ﬁl@éﬁﬁgcg Qllyg‘t ]?Q r[gé/ aﬁl%nﬁl?s?lgcﬂé H)tn'n emb?dlments the
cataly&t @ﬁma@nédidté poretside z@ﬂhta ﬁjmekabble Z&ﬂlteﬂhﬁvﬁl{g/ths upEdsdy. of ZSM 5.
nbodi nents, the h){dr ot reating, catal yst conprises

Althov%?r Fh&%a&lxﬁt SRyl pubiest e@cioeﬁl%m%%%gegpd% rEsHen é?raenaue to the

prese&f& of h&rdh%ge ﬁldusmfﬂlathel%ﬁrl 'tﬁ‘eaca@ah%rﬁg begih ltﬂe%rrﬁ of ﬁf%ndx?de or sulfide
It catitfania, titanium oxid zi rconi um oxi d

when Thet Googlp ito pwttait Wnﬁyt}tmecarbcbqabdmn Lfm:ctstreztmng‘é’ﬂlem thm dystem and

t.he oup VII1 t usual.ly ni c cpbal t
methetl e GHBLRCE 67 1 AT R BAT bt FRF c BiFETIEE P cgRum on alumina
catalySty 'h{a%odé s@le€Rd HordHyd i de gul &Rk fiti R Fomﬁ @165@1{1@ thdidh, Rlck8romoted

sul fides, typically of CoM or . odi nent s,
molyl:tdh@urh yd abdusutftalysty mey baa eiaalevﬂyﬁgtaly@b rrp r i s es Mo S

wi t h A t he

[0077] S e?@&c&&alw} SVt reéFIber%Hogﬁ S?Iogtta?t nzg eéefvat te%la%fﬁtuﬁ% with hydrogen
gas, f6r@R@mple, oY GKRIming (OAr ansth&@xDEehaddn@iging By eof . I'n

enbodi nents, the catal yst conprises zinc oxide. In

[0078le npliebediments huesselt H) yempissapy fised bed obmyishle saalyst. In some
I aﬂ% al

embo«ﬁfn%?ifét {hégfgtlg (I%é? %;Bé%ﬁlé{l%&]?é? I@?Asele U o1 :I:l}lré 2 1h ellj]lbodlments the

use of ah adxyeshali }ﬁreSSﬂniddehlgh wiearoddvidec@h@oif pravidek rfor hydrodesulfurlzatlon
.. e odlmsnts the cataly i s Intermedjate pare size

Wlthmztgg? pgeg fog %Falé%t efﬁﬁFSéuSS%iémhF@nr%v "Se b hereingglayogy of

[0079]ZSM'h% bu‘ﬂk toh %Ll’(gﬁl b @ra& éﬁratﬁﬁ%yofbt‘ﬁe SERk&E ?sddésﬁably maintained

chem cal chanhge i e reaction zone due to
belowptheis 8ashepats. hlmmgae@mlmuhtnsruis fter opemimglqondltlhm Qfaayablylslt comprise

in the formof the oxide or sulf en fir
o e iRt [ Gt tiaoma bt 1 C AP LR G dBcenddipns. he
tempeYi@R it NE tBY $4R8 @NEloeibbed 160°€ {oesped ans ec1f1c embodiments, the
hydr odeni trogent ai on, cobalt pronoted nvlg denum on
IO

reactigy] @mm@uggtllahfygplsl(}mg: phisicelarl, ag trethefragge of from about 155°C to about
160061 yﬁilrs%d %iFlfllllbf {r% (Zil%t Itﬁ)enreactor hé(sglrlr%qr? r\]fle tsr Og)elrg (’:llltl khe rangof: (gikf?om about
FOITD hum on alumna cata

202. 651 &Bh (Ba&tnDad abMﬁtS 6 MPAZH1 Ve satcd atﬁnb ﬁ’ﬁ%rﬁtﬁembodlments reaction
regener abl e tyf‘rcont act at el evated teﬁi)er ature wt

pressug #rip Jemragasof frgp abRuid 06, kigrtoghows drhMig (B atmaite almut 15 atm). In
emboc?lhﬁﬁ{s &e{b (fso B e‘%t@ﬂ g g3 ar g—ﬁ%&leﬂk r}%rg I%dl e ﬁodlments for
ssel es a fixe e catal yst.

exampla f(ﬂ@ﬂphthﬂhﬁﬁbﬂﬁﬂltlﬁg, thdneeseatlﬁlpycsture snaydedcbm about 345 kPa (50 psi)

o IO RSP 5GP o kS R ST 0

(500°ELBGHOM TRV (SRSEY. ah EaRAREY b ek hABk it aphtha hydrofinishing, the
vessel 10 pressure may be from about 2.0 MPa (300 psi) to about 6.9 MPa (1000 psi), and the

reaction temperature in the range of from about 371°C (700°F) to about 427°C (800°F).
21



wi thout the need for catal yst, as discussed further in
Exanpl e 1 herei nbel ow. [0079] The bul k or gl obal

wWop@raelony t enperature of the reactants i s desPCHDE2008/067974
mai nt ai ned bel ow their flash points. In sone

e di ts, the operati ndi ti ons of. system
10080, AioR N, e, ABEP ARG By RO RN A sn ik dBlbtite vessel 10, i
desired 0P GeskQ l@b%ro%%zahéh SERAMINBRES vid RAuRARGHRA i Seen. The
is in the range of fromabout 1600C to 18Q0C. In
contergp et ihf ivessehiay berstirrasl, conhruquelyctrisomi-tenipepes i itlee temperature of the
vessel rticular, i.s in r e.of from .
reactaf S35 tssnulofleP B F Gk ped SihobE SATBSIRU LT Ry vessel 10
may BeERgtla@f RIngS@atdard RchMBgss! H%irbgenl fulfidegdsamnge befpréduesa either
about 202.65 kPa (2 atm) to about 5.6 MPa - 6.1 MPa
continugesl s rer- ﬁ?ntmluﬁu%b ﬁbbeé%wﬁn@rﬂeélredr ©aathagisulsy epRligaton. sProduct

hydro% %{l‘tﬁ] t at? prff@%%i%b r11t8\;]eg o (]:1(5 '3{% n%ag hﬁp q17|t Tﬂils ﬁypf?eam may

complﬁ)@em&’e&dechhydlbgeﬁﬁ&fs wtlnas giredice hydegsu rselfldlsngas for example In
enbodi nents, for exanple for naphtha hydrofjnishin

emboglifen(ydag éfraC%etspar%égla?t%d AR e gntigpBRON A ey Iogs tha@ about 6%
unreacR@d hyli @ﬁ’%&’tw ght3 YR s%n{eléfggocﬂﬁbﬁts @RAdehdi®n Cgﬁcétfeg& in line 17
g ure in the range of from about 2600C (5000F
compltmts élbnuaboihﬂ T8Co (aB@(l@rl% hydrngﬂlrb:}mdclghm t'&,e reation }gaﬁmphwved via line

| % htha Fydr |n|sh| ves %»grﬁssure may
7 may effP 4646 el\ﬁ951P€§ ;e {5y B‘Jylﬁs 8'g%Pa (1000
[0081PS i Dhe @Mlohgﬁo&&@(éiréé?ﬁ‘ ekﬁﬁp@srsé!t W 8y iviayt Belif@n8e 18fembodiments,
from about 371 OC (7000F) to about™ 4270C
produqt&m(g@p)m [11@@8@]00@9{1;36@ rilagsphyed hy@omnssp@;ﬁidg gﬁq anglyis lgr@ated for removal
of hY%‘S%‘? &ﬁ(?ei %ree I'Soglgilsp %PJSFI fruatgn eir?lgl?éiogng othe’r embodlments it is

envisi6g&Uha( pﬁbﬂhdztmfﬂﬁogéhasulfﬁéughtsldi[ts Wedsbl tw@[aogwn hhe liquid product
contents of the vessel may be stirred continuously or

compispg cybpRACARIIUNY frommahichnpdinaeenanige qoRwopRdichayAtbsen removed
rnelled (e.g., using a heat exchanger), and
exﬁsﬂ%&ﬂ?ﬁm gﬂ%égel i nsi de vessel 10 may be regul at ed
[0082]usiMgltipleaPakar Opératbmi duethe cryddogen saowh iideFigas matjae Bgstem is
produced either continuously, sem -continuous]
configyggde fpr 3ingee P %@f%dwmﬂnéhﬁ it dFomyptsFe 19 g, directly to
furtheP g&g%fnf%pfee&%?y §f"éuflfug SndEsbddAalouk $IuRf AHUGHE HBdRdnts it may
ssel via gas line 17. This gas stream may
be dezcmhbtrtp gessuthe eautties ohyekselgkdh or aélquﬂl firactien powdinotg unreacted sulfur-

en sulfide. g or exanp In enbodi.nents.th
contafgepipurdy, et Al e s CRY irave. Tine o may be
conne6@AMGS 1if€31 hemdichRamyaontd 16%20n s RACGhAt MAsk LEGAPY the contents
wei ght. I'n some enbodi nents, the reaction gas stream

of ling ho Isjraeyclert fmﬁﬁsglelsﬁ ndamnaisd by pLoept Dindhbing 1398d thence into HSD
40. Afi%q{ogglel?yd?%/gup R ra]l}ntlr}gggates réaeya o gl?e{c]:heavii% [mfgg% nqo Ylne 1|3 '3} oy Gt may be
addedr(Elféy@}L @b thasighehbdredvict 03 1110\)3_1{)8 I edet d:rﬂlb’bd@rh@ldsl Qiroduct stream in
. Streamexits vessel 10 b% ({ line 16. In

line 1@ msydierfrher, tregted dfrs examplsahydrogen; syHideeags sapypicd derefrom) prior to

i |

recyelllof Bl I (ARERI Rl HGIAREproBR slrborh bERE FEVLAL to high shear
devicd 40.t her herelnbelom1 In other embodinents, it is

10053y FdBple 2etishos Mt Tl | B greRIge Loriyb 08 Tge high shear

dev1cé‘saﬁﬂ%oﬂ§ﬁeé@" or b rdd &i@e%ﬂ? hare Wik ﬁioé%h@é Rha Qre used to further
conpounds have been renoved exits vessel 10 via |ine

enhand® the reaction. Their operation may be in either batch or continuous mode. In some

instances in which a single pass or "once through" process is desired, the use of multiple high
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[0082] Multiple Pass Operation. In the enbodi nent

shown in Figure 1, the systemis configured for single
wW@a®e/0a9er at i on, wherein the output 16 from veBGEUS08/067974

goes directly to further processing for recovery of

ul.fur., and carbanaceous fluid. In sone, enbodi nents it. )
shear BEjcg5an GELSSTABY 85 B° HUCRLRFS, JhTRE EnBrOqEatar ieromuliple high
shear ﬁe\iidlf:éﬂlh'kéjo drA6d iPRieQ %?sief"l@ﬁlag e AGH&RHD For example, in embodiments,

sul furcont ai ni ng conpounds, through HSD 40 during a '
outletglesponibnpadine I8mmahbe fashistn, a kéagad h@zhndgardevisgnri¥beretuttiple high

l.ine 2 1 as indi,cated b ash ine 20, such that .at )
shear (10608 SprBRh 5 ks FRRATR s 248, 18 o eCinfeR g inte
feedstidaBNdIVERSS Bbvidd) RANGmRWITREinAtD Uiitifle hizhQhédr @evidd ANgle operated
) t hence into HSD 40. Additional hydrogen-containi ng gas
in pargg), 39d thaguilet dspayiians) thejefrom arqringogycge intg ongyer mereryggseh H).

ad ' t ' t [ VicC .
008y HiuBref el ' gl DL & IR e RolbiaP bnBABMRC of nigh
shear Kyntdi 00} inewhiel highosheaix degiteed 0, iy dfesgibed 2bbid, de irgasporated into a

renmoved t herefrom frior to-recgcle of .a portion

. . ior . of
convepenal B ipFydrodstrTuigeH Yt prdda éaundtin a apHN58Y- nigD> system 300

- eCY, i ar i .0083] tinl i
compAGEELED MG SLsot 1158 i LROSEL MR 6l o b
hydroti¢sgHusiedaris dpuinped tda kext¢iSd 40gh oshemonflejer ed0 to enhance the

ifferently, are aligned in series, an re used to .. .
nyrofs{EENanbingER® R Saeeranscrrna e BaEeRiT oY RagDgs uitized in
combinthg€hrtd Rdacdd GldBEerC @Gﬂtﬁiﬁiﬁg Ugas MU Qith | {h1SREEh thiRmbaHGounds, as
in which a single pass or "once through" process is

noted dibgye; ound mepaisbeunt pradhets shas ar gorsiedlarsublisel wekydredesulfurization.

series . al.so he advant.ageous. .In so embodi nent,s :
e siial € QTR0 RSR A5 TR AOE0, D' QrBRTR LR S aescribed
hereingBévegpumy 8 956 belipoiRive R pROEhéRor de® pudA MRING outlet stream in line
_ enbodi nents, outlet dispersioninline 18 nmay be fed
13 is mited veiths@srsidblp hyfrogeieaentyipe ceactaph ercapuyie flige 82 pg Ftroduced to
. devi i F ' . B | .
e nDER5 JIAEES, A0 BEFIOPESLa P LR 804 Uy BB i
inlet 1o 18a®bsideydisgacentens purep eorizeai pueil)S, feedsl ant phegerk thghzas liquid mix
) shear devi ces 40 are operat in parallel, and the . .
into (B, ol PEpERks highe el efscom-arks HREBEL SedRheYs- Ghging within
extern@] Eshe&S %%{/icé- 040 [&Qﬁég Lidai B&ife S hid&obubbles (and/or
FiguFre 2 1s a schematic of another enbodi nent of high
submisvezter sy ttaibb8)0of hydroghn ehd progivtesheastiodewndigodOfor s reaction of

descrj b above, s incorparated into a conyentional .
hydrofSirih St A ek SuiReBat Fsfitant  ThEerbR HER e Ferie oudec
strean® iff @hé NG rabmgﬂ@e% 8 YispeRMoR08 SRR hdsr §@RtcPHIRC® dAY bubbles, as

which liquid punp inlet line 2 1 conprising the I'1quid
discussesl bereinpbovede Sionvantiondly, ilguisufasd ds trympgd edimaine B lgkp an elevated

ressusrflg SR isd eo\lliecc"ietz A'Oast A l?n%h?f goemtrli] $n hi{d rOdee§rliI<|: f}’Ierci &4& L iaé) The resultin
P process!lfn he presen FAVENt Ton” H%Ihiéh sheas®™ &
mixtufbeiéi fFenededi (pertibpps! byz Beht ieRcI@R® VR M@t 8kchah &Y tanBGhe preheated feed
hydrogen contai ning gas 22 with sul fur-containing )
streang ginthel e, to Asfired thegten bens showalwheieh Hetfeest Bimiusris dgpergzed and
t n syby.ec Y, esul for i Lon. Tk
el 18BN UPLRE LY QA8 T8 RLLE" e T s
hydrod¢salfedseidn syserp 300, Gspefsordasline effoinarigh stahodeyicepdhporbprises a

. mhay positive displacenent, .or gear punp. Punp ..
dispergigp |Ogﬁyd39$f‘éla<fﬂnf%mpg g tilsb%leé 1 %@ PWSE FOPE RS gfilrEPI@ceous liquids

and sﬂﬁ’ﬂ[c‘%g@lﬂﬁlgé) REAPAIRY. "RARIARkeSbELARMNE 20! hDP&odduBlSzation takes
I ntroduced to

place as reactor inlet dispersion in line 18 flows through a fixed bed of catalyst. In

embodiments, reactor 10 comprises a trickle bed reactor. In embodiments, the
23



the inlet (205 in Figure 3, for exanple) of externa
hi gh shear device 40 via high shear device inlet |ine
waovPeesd i ve di spl acenent punp (or gear punp)PGI/Usmd8067974
and nmeters the gas liquid mx into the inlet of
xternal. hi gh shear devjce 40. As discussed . o
hydrofep Epriatian SS Pk Tl f KBS PlaFah CRPgR SR apeing fiope 100°C o
400°CH O ERMES phesElirSP RS ING Nr&:A RN !3§|5 N@a i1 g LobPRRY &8mospheres to 130

(and/ or subm croneter size bubbl es) of hydrogen and
atmosphaye 1€ sbsobde plicesire onidie presersefobr cathlystr eact i on of
hy en wth sul fur,.compoun in.the or i .
o08sy"% S R%h e Pl PGS B p A0 cBO8TBY diovdps duppen nea
exchahger|80ehidBma g ARbIseES t@ pféh&dt @éstod Hecdf in ine RON HRACAQhanged reactor
subm cron- sized gas bubbles, as discussed )
produgfestrigpman o 42 themilaes; threaeh ¢ watgrggplgd heaipxrhkangginbrdercyingergoing
| : el.e a iS4 O
@ prebcdichoh B L SHELTHE AHERA Peod Lok RLGHL B 038 o6
kPa (3 @Sdtinorgherds X The @esulingmeiRead eflidupealkbgs iblindéRénters gas separator
exchaﬂge via heat excpangeﬁ%) and the preheated feed
vesselsof @ Py exapRls, ahawf 3p - and 3039 h%%t%}&(? Kbt (2r{Bwnitmospheres) of
dmohwpgkghﬁathe feed m xture is vaporized and heated to
el evated tenperature before entering vessel 10. By
[0086]c oHydasgen-rich gais gh lishddrfrdy gras dgsudtduydasgettOon reyted @npugh amine

ey P SEBEEA A Ay VY S OBt o

removed RRInE thel p@oduicﬂ%dsqmﬂ h&20e@ TR (b RiliRG HRLERIBAL FOUSample. A portion
liquids and su fur-contalnlgg conpounds. Wthin fixed

of Hopréige hpdioganr-ridtogashy dine dé sutebyal¢dzback dor renseas highashearadevice 40 and
react.or .inlet dispersion in.li 1 | ows . t hr ough

reactch PRI ol ARSLE bRt Br e Redro R g v et .

for ex@Q@IFRY, ip&RL) RiatlireCH. € AbgSiise 8t h pdrogdnPsubiROEEHTRAM i, line 44 from gas
t hehydr odesul furi zation reaction in reactor 10 takes

separgipraeaschbO mappe serartesromige Ay iz lin osodseusscdogierdgpinbelow.

. I . - .

The HEYGHE SR ISR R B it € iR ok 30t WiPhydrogen

sulfidpiiies suig straant elijy ¢8 emyebeofurthecadmkbyat to E1608Tth]l Hdfur (e.g., in a
reaction _products in line 16 be partjally cool ed

Claus gyocersoifithg Thh mﬂr%%%tm@m%%%f&}zwdmwl%%s to produce

water 3fd ¥Rold? cRhRHEAtufigact or feed in line 21.
Heat - exchanged react or product streamin |ine 42 then

[00871 | dviguidl Istreang lin dinevadd drone @o$ expatmeat vesset bAmyer bbedndfer downstream
undergfkgﬁla pressure re uction (shown as ressurg. )

proceysig r 8 FLgre B OBy Y I P IE3eE KPAPIEYE' Olkﬁasmpper

distilltibnt Bwer 20, DIRPART &%) gasTREem8SdH fni J39 1k X6t Ut e bdtisthtream in

~and gas in line 43 enters gas separator vessel 60 at,

line 5¢ orhighk gerppiases dipodasuliBdreddisid3p@dactk Frpur 396 frenkthg siripping of the

reacti5 atogltf& rflh glrdesr) 11196f Sﬁkﬁ%o'b%t Lo [)et?osnlﬁla[le'wi{hos%gr(s éas in line 45 to a central

rogengrlch Jas” i Pime 4 Pron1§as separator Vedsef

proceSthg plahitd WechehfirsowgRaaM Mee GONraat @ipped 700Mmay eF@paike Biydrogen,
the reaction product HS that it contains. Amonia my

methage.sgghys. hudreget sylfiden Rrpansy sl eerhapssbyine ausk Beavics dydgiearbons.

t el - [ b Is t 0
e LA TS RSB AL 489 e o
heavie&harplnme?gﬁs.i lggshdl@h h%'tregﬁn{ deﬂiane,t e_;tﬁhnan?ld Fggce% @ppdh@, may be used as

. e lin .m 1.1 ec porti.on . -Tre ..
reflneﬂyﬁlploéaén _I?F 1%1% fegf é%ibﬁgﬁé CPRREFS f,:fm[so?veél;gélﬁ_ﬁpg gas in line 51

may dN&'Q@Rpridé Bthhid)Srotfene, BuRAES, 1aRD p&ite¥ Uk B8&Aer SHPbh&fs. The amine
rich gas in line 44 from gas

solution introduced into absorber 30 via inlet 47 may be directed from a main amine gas

treating unit within the refinery (not shown in Figure 2) and hydrogen-sulfide rich amine in
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separator vessel 60 may be separated fromline 44 via
| i ne 45, as di scussed further hereinbelow The
wWhyweoessn sul fi de renoved and recovered by theP@mUSZ908/067974
gas treating unit 30 in the hydrogen sulfide rich
am stre inline 48 further, converted t
absortGy it e 6 s s Bynca o the ity S CQng et e pgounit (not
gmwﬁ%@y?npqpcess may be used to oxidize hydrogen sulfide
roduce water and recover elenental sul fur.

[0088][ meottqat?dﬂwdmfmesand liguidipreduggirf hrmﬁfg agydepaniatoofor example, a
ressel 60 ma nt for, downstr essi . 1.n .
caralyfif R B F¥esdynr oo e S P RT (RBEE REY A st P via the
hydrotr€d@ehtBtdedfini PR, dagllytld @tdrdihg OM@E déulfiddieselyct $OUhe 52 will
gas is removed in gas line 5 1 fromthe bottons stream

produp%hydrmenfyénmnéh ig émb@qllg@gtSthﬁere@b@éqﬂ PEPTEYH 1 quid

[0089]pr C]ie?é%ﬂr f éﬁ”bf Elfe ﬁ{lgﬂoﬁ‘%{ep gsm%%i cjuﬁ?orr §idhdi rggleter sized
pro uc |qU| , sen ption a

hydrogért butbiugrin glasdlspseréwmm 14153 1® pavdaedt wiahin [hligh:ﬂﬁﬁﬂ di‘ﬂgflce 40 results in

pl ant. Overhead sour gas in line 5 1 fromstripper

70
faster ﬁgymé BYPi F%féplﬁg?d?%f&@ﬂ of hydiegens gasewﬁ]é ﬁ]élfurfﬁ?a}pgﬁlé within the feed
strean§ HJtIfoHﬁi&d v PREFE. AQ %n@&{eia%ﬁsnpiﬁ)@@ &ddiendl %@Méfﬁg are the ability to
hydrocar bons. Treatnent of this gas (not shown
opma@n@&mblﬁpthayxnanpnmmmﬁnmpqmamnbmhanbmgam@oﬁemtaﬂmgamdcqnml

heaV|e nmet hane,
cost s i eOPSR S B BremEE iy Bieh o8 1au T EPRGHye g minimize
undes@@le o'ctan& heductiei!iof tfl@%grbbﬁ‘aclﬁbﬁbefe@dslreﬁ&np'rh§ endt€lok Mo present
overhead sour gas in line 5 é al so conpri se
inventgqrh ingbidepbefpaadiot Dimitedets, f@tﬂﬂ ekt @nes ingredvedyiuenghput, reduced

operatér&ngonentcg Ielziecea(fn F%}uaﬁgx e Oagl o ¢ g:['l)ésce?q} r1té§ ng?of den%ginng smaller

reactodd]1aR&/of @@elhﬁ@@then@acbtﬂﬂ ht wweh ltdfinﬁdﬂﬁufeeziﬂdl’tﬁfpfes(sﬁ&t arBin@@possible
in Flggre 2) and hydrogen-sul fide rich am ne

eliminafgheiotddystout | et 1ine 48 may be returned to the

r efyj ) -
oSO 0 B IREA,  E of a
disclopure dite buitablel fonehd Zeduetjorbef seaitsutfoy dbwn texaerphies-pe-million range,

I f h
wh erei;gh:g)és%t(liﬂcgl A englrﬁén rg%a]?ré%%lggtg 115 Io%ll gq%égna%sceatglytﬁ: ?ecf(t)r?rﬂgg steps (e.g.,

subse ‘Hf Qhfy tc”Fe%Ijrrﬁﬁ(g ropf hJHhﬁﬁ:) l’}g) pre%&c@(%&ﬁ&dr ef réﬂlﬁ!ﬂlrﬂénts the

he des flded product i ne produce
feedsthgid rogemsewtdiasel oty and theeHDOdiynemt s1d inethod cyokdd reduckiDs: sulfur

40.. [0Q89] The | ncreas surface are e .
contefyif it ot Tk ViDL TSH SHBHEIGR! QLY hjrapetimens. te
sulfurtieBRhEeSS the fhbleis dbss RBAS Ayt 300 IpbRebyl §ehPdue efhbWlihiahi, less than
hi gh shear device 40 results in faster and/or nore
about 30 ppl 3t weightadn other enbediaierigdassdhan aliotithl Spm byweight.
[0091]Co %ﬁﬁ‘y rsorg\{/smnotlgsllg] I ta(lcr:;tr?oenlf rﬁlgd g\?/terb%augac:i [t]olt %egigil:’le(:%genn\él ogeléllcgofltgnt of the

feedstb&ke (@hrddehmogalaap@ R HDNE S Hie bmbdiaients ORI sybefipidainbthes for the
pressures resultlng in both operating and capital
hydrOéfefs‘ﬁu@%?«tApﬁ §5 2 fegdeirenn iRo sFrven/@rsbnyiEReQishhyaNETaCcAS Mgy stream to

some ]egte%{ ?%@[ t?ﬂg)%f ?fo%’«%(fs sgaélrg rﬁtﬁ' fﬂegh%duﬁ]lqgsellgoagk eus eto saturate

octane uction o onaceous feedstream
(hydrd@naé)' liyglrafarttone fpr esemple torveveri definsiatoydenffilnutin @ambodiatents, the

imted tao, ycI times, increased throughput
disclopsfAyeEe %ﬁé?%{??i@ax s praedgenegpr ﬂl@&a%aawe&ﬁp@ aps @&@éﬁ?@used to
simul@H&uSY dREIFRERS Hblitrbihall 198! AR SRBIL &S corresponding alkanes.
The disclosed system and method may be used as a hydrofinishing process (for example,

hydrofinishing of streams comprising naphtha) to remove the non-hydrocarbon constituents
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reactors, and/or operating the reactor at | ower
tenperature and/or pressure and the possible
wW@Riosooeast on of catal yst. [0090] | n enbodi nent BCT/UK08/067974
hi gh shear hydrodesul furization system and nmethod of
. thiérdi | osure are suitable for tﬁ ﬁeduc on .of .
(for exaspilp. SHUF-UHIRRRAN 9 AMAET S B9 E e PhYSICES "rr%lﬁ@lepropemes of the
produd¥E bEP¥ufPhas QBIdNY VBEosﬁ?bﬂnﬁemhﬁibltﬁﬁt AkYsisSs, I dkidation and thermal
subsequent catal ytic réformng steps (e.g., subsequent
stabilityat al yti c reform ng of naphtha) |s prevent ed/ r educed.

o ORISR RIS AR S005h bt e
greate® lﬂllyﬁtéﬂeﬁlﬁﬁh@diionctff dalnhedlis Stﬂé‘dﬂnst hBi sdrhe B®Bb&ments, the enhanced

Utra-low sul fur diesel (ULSD). In enbodi nents, the
mixing gpeqtiateoHt Bakeasstinthyaughpaf of e peacssy gAMa B semg oWbpgiments, the

high @éa 1}919% delf{aﬁer ecﬁ%%ﬁé’&%& ’1?Joe§rf gitélﬂ{gﬁan a 8%? tlﬁegétgryerbabhng an

mcreawngprbduc{tﬁb(aqa.}z ghatchytdond@ny)] Visicentiaaeat sane Methods gat beempt to
used to reduce the nitrogen content of the feedstock

increas, g rig g ot PHH@ﬁlFaPluf‘H?FaE}?n PORYTPTY HiCESHBATTREIRF 8restuies. the superior

dlspeéﬁsﬁta%m c‘fi’)ﬂ&cnﬁt&ﬁﬁd flﬁ/r e;@t&ﬁalhﬁﬁg‘u fQfgs %&H{g' El§§7 aﬁQwOﬂ}l rﬁany cases a
feedstream al so serves to si | t aneousl denit rogenate

decredsh eln stveeinppaats@npreesure mhllasma\mtallmng' loe ed'Bl$ chagsmthg reaction rate.

n1an met ho 0 he used rate
Wit SR ol Ao AP RS, TEa: theshEiwet dEdiw eyl or degree of
high b&f hBsnd ﬁt s‘ﬁffﬁ@ér@ftis litPeasd @at@s”@loﬁhﬂet%n%fer ah& aflb SrdRREHlocalized
system and net hod may be used al one for the saturation
non-idsfl @El’léiﬁthlilg that emable peaciors tor ecoyi (At tvewdd uel gtherwise be expected to

occur %g glpélr%)e Ereg %Pll%rtggﬁo S éTt%%ls ncda{l i20d Sat %ﬁtcr%nglﬁlansn%r{ehbggeved to
occur Rhid ﬁletlﬁgﬁlﬂ slasar ae\klyéjfd@ﬁlltlﬁg $m iﬂ&&a@é’c@t@ﬁ@éraﬁr@i arRXRBPLLs with the
hydroflnlshln% of streans conprising naphtha) to
most yightfgant dprgease Religyar 62 be olpcaliiedtiressest: sE(} heincesasgrp] pressures and
/:
con S OO 388 Bl IPERY By ety v
back tﬂS:)udiOblo:liveragessgﬂsmtcy)ndlndﬂ@(onderdmtbllgtth@hlghehmmsme In some cases,

oxi dati on and thermal stabili [[0092] The

the highhfiepcaty RhdBfccdRtRt ety %) lordien PR (AR piLoT more
of theA@adpRtEMtd Ald bﬁdﬁ%fsn%hﬁhgﬁ 5%51%9(3951&%&!' rEAoR & AW Af reaction
car bonaceous streans. odi ments, the
to takeplaamw:ddss IFirigaigt qoodlanns tatuemlgm orhwmaberaqmrtm r@zugtiapmt may also
1ncrea§6h@éqs %Q{aﬁ%é%}gé%eé%% rl%( PF‘?P&SW%?P%EE’& 1:1lﬁrr1§:gta§ﬂ lquI% rmci% circulation
(acoufet adanfihed prageswrvitRebete eip@hbeung 8N daliedt®AS BhdnBmenon in
production (i.e greater throug £ut) In contrast to
chemisglfphysieal hpigsessinat applicatinys s oprovide@dye Gobete digrlee (ofvitation: A
technoI]X ar 819 2 lfllof‘lur | < EtiLr(e)nt .Sbcyens 9PN, ] NCsLos 2?99 n{ ﬁt ngh shear mixing
SSur es, &N sUPEVIGI 8T $per&i én and

dev1cd)610wrtdﬁﬁerﬁyocﬁiﬁélﬁ§ Bﬁ{hel”pr%ntssfy@@fn ziﬁci)@hélgodﬁiﬁﬁd@de's QWl.taﬂOIl whereby
many cases a decrease in overall operating pressu
hydrogg ansl splfupreRntaining compeyisds are disasidteyintelieg Iaéwakawhlch then react

o proficeluct AR Bl PEUER 47 Gereo of i g shea

[0093]m >ln gme £notiimente e {ysteimardemsthodatiessribdd Imasia permit design of a
transfer and al so produces | ocalized noBk|deaI

small gAdt |eEhEPHAEPCBHEDPIECTSe feniPaHACYSY RRSEbIe Wit (g upgof external
high Aeir R4 Slfotgﬁla?mﬁfaggs &f0certain embodiments of the disclosed methods

are reduced operating costs and increased production from an existing process. Certain

embodiments of the disclosed processes additionally offer the advantage of reduced capital
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occur based on G bbs free energy predictions.
Local i zed non ideal conditions are believed to occur
wowrabiomsthe hi gh shear device resulting in i NCPERESH08/067974
tenperatures and pressures with the nost significant
ncre se b lieved to b in | ocal

I es
costs e IR S p s Gsne i B e iR sas in
carboSRE&s @iﬁiﬂl €6m ?ﬁﬁng rh%lfﬁfl&ﬂft‘ﬁﬁiﬂg adfpduagaligethi@Ndhear device 40
qui ckly revert back to bul k or average system
decreason thet dnarwit oh @ereemd sudglrtd@etaml@w cgheamdslePptatiall bensfiref some

ermbof gl et AR et s b8 G SR AT B imica

to, faddte ytieamhadNinsrefdahfougBput Al et cBnveMibe red@yd ioEélﬁmg &dkts and/or
a chenical reaction or allow a reaction to ta | ace

reducegt capiialexpense dye o the paibility 96 desigmngrirgier &aﬁ@rw@@r [ggerating the
proce{s%iiHiv&e‘?i’emp%}{hﬁe%mpgmrea' S0 I ncrease rates of
ort ‘processes by producing | ocal turbul ence and
[0094] | qni iedibmhmmtspusreo:ifltlad disdloded peatstd @ngirisB@reaugynt miing via external
overview Qf the application of cavitation phenonenon

high shear dexice ¢412l1gHy §iec%ﬁ lowpieRws e AP RISttt 8 egsel/reactor 10 than

prev1o%§®¥deﬂﬁf?te@yln%d‘?m§ﬁts e methg@\fbﬁlgﬁéeg ﬂlcoéo‘fﬁﬁ%%‘%{eﬁgﬂ high shear
he horizon,” Current Science (No. 1): 35-46

devicd 2006B)a ait hestablighed spreedass nthxiehy rckhmrrgetlmf omeating temperature and/or

enmbadj nent s of. the nt. s em a t hod peces
press g A hF TR P By R dP B ShE it 61 FLADCB AP RGhE herease in
produSSIP QRS @figAp&s Bohhqfodedl Bpéhe WigfHuf algh. sﬁé@ﬂ 8&vice 40. In
then react to produce product conpri sing hydrogen

embodiuieniscessyels) if 0990ty Boreolestidiuiers shuhisd thy suedan occurs in
exten BT APl 3T ExSBOEAN DR 0P F sy umospheric
pressudé. €M I ERS $d3t 6f thé tdaetitn dcdaers lsbﬁ&mﬁﬂle @x{eafaNRigh Rh&h device 40.
shear device 40. Potential advantages of certain
In embpgjpentighe §ygrdesniuidrasion oseus maiHp de ther Rish ebiepe elgvice without the
i ng costs and increased production from an
IBCQHBSQ%an process. Certain enbodi nents of the disclosed
[0095]pr ote ps@sntadethbvdsamalslyyterad farhytifeeadvaritagef @ﬁrbbﬁ@:bﬂﬁ@ﬂulds via

. .capitalcosts for the design of ne rocesses

liquid g ForpEan v slw@f%eﬁgeﬂiaﬁaif 38 e e PG g%f'schﬁrﬁcal device to

pr0V1(fé ngf&”&%%@l:@ncf hHhH ©P %Héﬂm%hlnﬁ reH eEiérmCaO&Hn%'oﬂéc{‘ Bnvironment in the
ounds with % shear devlce decreases the

reactoa/hrghrsihearfdeumce éﬂteddgls, st de\a@ruteelucn:is ige wossptoamsids limitations on the

[ benefits of sone .enmbodi nents of thi

reactigfy LR JACF B Ky PUTR QDY J5i1 B THE UG, NG dedetion of
sulfurfith hidfbg@dudder gloBslt Jerding |BnditiBRSundeP GhRASRYstantial reaction may

t hr oughput , hig%er conversion, reduced operating costs
not begrigiated toegawed capital expense due to the possibility

of designing smaller re Rl q@d/or operating the

process at | ower tenperatiure and/or pressure. [0094]
EXAM@L@hqyésﬁEﬁmaums@snﬂg HidieSktiagcl osed pr ocess

conprisin eactant m xing via external gﬁ shear
[0096]q e\ATE @xtarpa laﬁl%%K 390 gl (gl pheap regetpEigiee Hhdrag IKA Works, Inc

Wilmﬁrgﬁozlisﬁttg\géﬁﬁo\ﬁﬁéﬁgd %raeéﬁth%'r Sillﬁ’ ell P&?ﬁg é/gs\é%loﬂ)fl zhee apparatus used for
the hyidrudemﬂiﬁimmdmg)reoeisemnhuls ekargple MWndehﬂandlﬂ)y inifﬁglran.

R T N T -

stainl @ §@ENGDe RitHN t20€ BlatedVi acl?ea&(?)la"l‘é" peBnNGH éﬂqgglfahﬁ shaft and seal.

increase I n production (greater roughput fToma
Pwﬁﬂpag&@sélﬁpewedEHHmﬂwhmumnhK@hasﬂd@r device 40. In
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enbodi nents, vessel 10 is used mainly for cooling of
fluid, as nmuch of the reaction occurs in external high

W@ b@awoxdesi ce 40. I n enbodi nents, vessel 10 i SPOPERADEL7974
at near atnospheric pressure I n enbodi nents, nost of

th I on qccurs n.the external hj. ear .
(0098 oo 95 i Trst e el e nl e aulen Miclls FaSigtude oft. he
anﬂyg§@uﬁﬁoﬂqggbﬁﬂlﬁqkbﬁ1h|gh shear device wi thout the use

catalyst. [0095] The present nethods and systens
[NEQHor hydr odesul furizati on of carbonaceous fluids via

l'i quid phase reductien. Wlbok q5g%en enpl oy an
TESTcont act and mi xi ng |MEdREM cal i ngr|RESHLS i n a| UNITS
Sulfuic@ntenol | ed envi r onmeA8TMIMD #268 r eact 0£.88D gh shear Weight %
API GigMiyc®@60°khe hi gh sheesTMeY500 reducemg.zshe mass  °
Density’ @@gfrer 11 m tati onszsgnvtihspgeacti omgusd thus  o/ml

Specifi®GIRA$ IS 6bfe over alAgFgssp®n rate,oang my all ow
substantial reaction of sulfur with hydrogen under

eratin d|t| S un ubs n.
001061, 3814 1B oAb s BPE MBREL M TS RE e e v
was alRopde Iyt ur geaa?um R&pétPUthig Codipaay ((HAR8ce ABeceiber Bdtem 400
KA MK 2000 m ?h shear reactor/device 40) from
comprised ¥&p¥eksl0 Widle agitqtas g@@ Ad heetinga@apdhédt dipse @ilawaeplaced into
d
press e b D Bl 1 O S MR, Vesse
10 alsioScc&hpmledSzC pesmiatjectiah | walven 1 %I gussaredrelieD@aFE Melidchirge valve 20,
liter eﬁgto vessel 10 _was nade bél Idlng sectlon
i 135; s

tempegRtuIE gl ISHEECETAUST & mcadng By hipapygseel/reactor
10. plate and a head plate equi pped with an agrtator shaft

and seal. Paddle agitator 110 served to stir the
[0010do ﬁ}&hﬂgn@‘as V2 seelfed itd 0OIBpt dfdugle khehOumiad0 ehanljeat temperature,

o 318 o B T 85 e
mameIQ 8 shbalh @nd theGlebidsr Foh sh@ld¥sics 40 EFhe M diEEh v Wbaktion was
S Sul fur content ASTM D 4294 4.882 Wi ght” % API

then @ﬂacvi oyt, BOMaASEMID 8002011 Bydrogdne ke tthe @poPrAgRMnpintaining the

T e I S T S T

200, Giaté TetiRthgnd phrmlyeﬂt99r9@7o(+5§%k1rmsl cbitdingl ﬁaﬂﬁm@gswa@orp. No catalyst
Roper Type 1 gear punp, Roper Punp Conp (Comrer ce .

was usdgh ghingxregpsneaithenen a biderselfuetion catalys WA thagedn the art,

cmﬂd%&guﬂﬂﬂrp&%he@g mantl e 120. Base oil was placed into

essure vessel 10 that included an internal paddle
[OOlOHgI"lﬂﬂth)gh 3i€r aledica 400@hd By to AOHz12%Phe Ydss8®l heated to 150°C (using
heating mantle 120) over a period of 2 hours and then the high shear device 40 was raised to 85
Hz. Outlet pressure from pump 5 was 140 psig and the pressure at vessel 10 was 50 psig.
[00103] A vacuum was drawn on vessel 10 through condenser 130 cooled by water. This was
used to vent, via vent 17, excess hydrogen, hydrogen sulfide, amines, water and other volatiles
produced in the hydrodesulfurization process.
[00104] The hydrodesulfurization process was continued for an additional hour.
Temperatures measured at the reactor increased to 168°C and the run was terminated and the
oil allowed to cool to room temperature after which the hydrodesulfurized oil product was

removed from the reactor, and its composition determined.

[00105] The analysis of the hydrodesulfurized oil is presented in Table 2.
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10 al so conprised a gas injection valve 15, pressure
relief valve 17, discharge valve 20, tenperature probe
wQ2@ngoysessur e gauge 3. Heating mantle 120 waBCTES2008/067974
heat vessel/reactor 10. [00101] Hydrogen gas 22 was
({ed into the inlet of high shear unit 40 at anbi ent
[0010 ]errperature, and gas flow was regul ated by neans of a
pressure rerABLE %al veAqdhek oSiavsapsult@izegen the supply

Sulfugenisnki ni ng the fl o OMAY#Ygen i ntB3The react oMeigide
API Granitnt @o0ithg t he speddYTMd® t@per at ur®.7or the °
Densityn@i60dt ed peri od of ASTM.D 80X fi ed HyRrddgen Gas, g/mL
Specifst Grodayde bSHY 200, ABEM® F002havi ng @Ofdrity of -
99. 9% +), and was obtained fromAirgas Corp. No
[00107 2t Ble ¥8dul VRS TAIEd indicdidber @°9088 FedBEtonah kM@HAInRNt of the crude oil
~ hydrodesul furization catalyst, known to those in the
using ghethighcdhehicsyplemuandipirgageb offthelerssanedisclp9ea.02] The hi gh
h ..devi.ce 40 sef to0.60Hz. .The oil_was, heate 0 .
100108538k GG, uP PRt ¥ B 50 0% st RpdeEieRg deferibed
modifit@tbss @bekof Banbd Maddb@bns fiened thetie 68 withooB8epadtirfiefilorh@he spirit
85 Hz. Qutl et {:;r essure from pu 5 was 140 psig and
and tepglingsy eisthg ipvegtion e $Bepmbediggatssigsgibieg hereppagaremplary only, and
C . \Y; | . r . .
e SESHUTEIE, B IR, SRR i I SORESRGE o 19 i
discloget Basinhyid pogedble anyl dir® gathirs thef decdpes ofaithieni@sentivat eWharethumerical
ot her volatiles produced jn the hydrodesul furization
range, roaégglé%tlo[ﬂ@cﬁmrprwiy % eI R BICR A3g6h %ﬁgelé@gonméould be

under§88d kD 4EGudeOftedfiv@ ol SPAmiR@Yhs of SR Sh A8 falling within the
measured at the reacfor increased to 168 and the run

expreswis sthed mamggs @d lian titiphe (eQd. 1 frainl abaed 1 tto abaol 10tioclndenm?, 3, 4, etc.;

t e ur fter iLC he .h odesul furized ojl ..
aeach BB i ELh)lTo t  RHEULH EEPlpionany” i
respect @R Elein@ht et @kl REAend0bARdankhg (AO A&t Sle@fent R8equired, or

hydr odesul furized oil is presented in Table 2.[00106

alterngiagiye i9 nopreguired.s Both pijeindities ard intinded tobp WIEST thvETigep of the

. RESULT,UNLTS Sul fur content AST 294 2. 357 j ght %
ctaim ER° e bUbp0 et kb BB Tl it o ot @pygisood
o pr&A2 sOp B SorghittorEpe@iihi Gulk axi donsiERBOE ASTEMiRL 50 dally of,

0.9536 - [00107] The results in Table 2 indicate over
compgisedgubstariptly iobrndih&slikd. ur content of the crude oil

Si : [ . f
o0 AR RSt URLER SRS BRSSO RESEER o
but isiantetitiied Hyathe chéen vafidwiollbnd thiescopdadludimdalf eqavalems of the
subjecgg%ag&? ];)f,] &?@%ﬁ*srﬁgg g%’llﬁi i?:?eerysé:ll(aiilnl ig (iinclo?potrgtgd ?I‘Il‘tto tl\{\él: gprg:gi itcation as

an embodiment of the present invention. Thus, the claims are a further description and are
an addition to the preferred embodiments of the present invention. The disclosures of all
patents, patent applications, and publications cited herein are hereby incorporated by
reference, to the extent they provide exemplary, procedural or other details supplementary to

those set forth herein.
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and teachings of the invention. The enbodi nents
descri bed herein are exenplary only, and are not
WO paoemeoc t o be |imting. Many variations and PCT/US2008/067974

nodi fications of the invention disclosed herein are

possi ble and are within %ﬂf:ﬁﬁgpe of the invention.

Where nunerical ranges o A ations are expressly
WHAStISgh VEuS Iis-express ranges or limtations should be

understood to include iterative ranges or limtations
1. ofA |m&bodratpni hydieddsalfiuizagoni thiyiredemogonpties s hydrefiniskidg, or a
Cmnbaqﬂ%ﬁ%]pgflBgi%%}lons (e.g., fromabout 1 to about 10

A g PMSINg: etc. greater than 0.10 incl udes

0 fdrinda dRperfiod 3ompAsing Bydogdiidontdiiag @hs bildlds&fidPersed in a liquid

"optionally" with respect to any elenent of a claimis
phasejceprgiag hygragaRans, iygieraip dhes bdest hayp anapan digmetsy @f desy than 1.5
or alternatively, is not required. Both alternatives
are intended to be within the scope of the claim Use
of broader terms such as conprises, includes, having,
etc. shoul d he understood to provide support for
2. ndPe oveshod @ oy § drhesdn dsngashubRlgs GRve & Sifah gignpgger of less than 1
um. essentially of, conprised substantially of, and the

i ke. [00109] Accordingly, the scope of protectionis

not limted by the description set out above but is

0 limte t he cl ai ich follow .that scope
50 (0¥ st 8 el St P i o pBbrisenc oS bopn getected
from fhe 3k cIRGSIINAHIRNE hXtufl hdNchRlel NS BB bAtRELbAYL Qadoife, diesel,
specification as an enbodinent of the present
naphthaqkerps¢nsn jet fuelifuelidils apd gpmbinatiensghérget her descri ption
and are an addition to the preferred enbodi nents of
the present invention. The disclosures of all patents,
4,  pahentetd@pdfi Cahi 0WBereN@ridihg| the aiksp&@kisn eobipseld 8lisedtingl Emixture
hereby i ncorporated by reference, to the extent they
of thephyrpera-eopsringargps a9 dhedigrisl Pipse d@ Revhegiefasg (0§ greater” than about
20.00§8PP! ementary to those set forth herein. CLAIMS WHAT | S
’ AIMED IS: 1. A nethod for hydrodesul furization,
hydr odeni t rogenati on, hydrofini shing, or a conbination
t hereof c rising: formng a dispersion conprjsing )
3. hﬁ? dﬁ%th‘-’fg Shedm ﬁgwaa@mb fBngs the dpBrrsion JompLisey Gpiptaeting the
> r‘ , . .
B RSREAR A ASURIVIAL RO  RFURST JLNE, SRR an i
devicominpdieodit ledsapm rotonhmdevhrerdih éega seabtudmblresr haveted aredip speed of
' ter ss. than 1 mm 3, The nethod of claiml
atlea\RED G (4 10 1ETE) TR S b EESPRShocar bons
selected fromthe group consisting of liquid natura
gas, crude oil, crude oil fractions, gasoline, diesel,

6. ndphmeshodkelr daiene wheeain theeligh shesir dovice peagigees a local pressure of at

least @8&"’1‘&%‘1@1% 81%'6%80& at4 the -tli-h%f &%tapf%g t.%fne Coltgri. m1 wherein
ormng the di'spersion conprises subjecting a mxture

wm,

7. The method of claim 5 wherein the energy expenditure of the high shear device is

greater than 1000 W/m’.

8. The method of claim 1 further comprising contacting the dispersion with a catalyst that
is active for hydrodesulfurization, hydrodenitrogenation, hydrofinishing, or a combination

thereof.
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of the hydrogen-containing gas and the liquid phase to

a shear rate of greater than about 20,000s4 . 5. The
woreaobooded claim 1l wherein form ng the di spersPCHUS2008/067974

conprises contacting the hydrogen-containing gas and

i ase, i ear devi ce, er.e
9. ﬁ “?ﬁ‘@&r fcfg%} gﬁfﬁﬁlr é%tagfﬁt o848 oh Blefmﬁ@ﬁ%}?ctedaﬁam the group
con31sWﬁ§ Bﬁd;cm)att %lfﬁdehﬁﬁ%th@ﬂﬁn{ et PfoniindRhatetoftt a tip
speed of at st 22.9 m's (4,500 ft/mn) during
formati on of the dlsper3|on 6. The nethod of claim5

10, PACUELRd 06 HhAbaliRlE AR TS aEen §h o otjnisgine. the

nwﬂmmh@n@hgn f the at | east one rotor. 7. The nethod of
claimb5 mhereln t he energy expendlture of the high
s Rehigctiga v fivad mixtyreccompyising dydmgon coptpiginggas ThGa fguidsg@mprising

sulfurngon& n%lls%n H‘I\Blg[l%#?%r Iégrt%g?x{ &@t{l&lago?éﬁgéiel VetL?lgaturated bonds, or a

comblli’lyﬁbmtﬂleﬁ:uf fous klwat raoh grehl(}td thad @0i000 ag émathighnshear device to produce a
hydr of i ni shing, or a conbination thereof.9. The nethod
dlSPefé‘P“@if hydrpgen ip @rcentinyon phase gf (e dideidaiid ses a net al
S‘?Atﬁ)@ﬁlﬁﬁ ftﬁeo Eﬁs{a&%og riQioPa $203 el 8GR 1 &GABGhiED a_reactor product is
nmol ybde henium and conbi nations thereof. 10. A
removeet threﬁldhe thixeld bele sealcfou comatisas rc,ataltp;sd efﬁdm:ve tfoolyetnadeisafyrization,
r .hydrofinjshi t he met hod co ng: subjecting a
hym”%ﬁﬁ? eﬁ?%@bb$ﬂ8€%ﬂPP§fﬁécﬂ 6ﬁ -ai ning gas and a
l'iquid conprising sulfur- contalnlng conponent s,
ni trogen-contai ni ng conponents, unsaturated bonds, or
11. aTbgﬁwﬂméﬂﬁthnH@f@ﬂﬁrF@ﬂaﬁémﬁar rate greater t han
sé a?l er ct c Inoar (sjetece ! g uﬁ odu stce comprisin
dir e é?%lh i) %rP ST e SR s, TphESE S stgfyg comprising
damﬁhhﬁmHQﬁnﬁﬁﬁohmhﬁﬂqm&hﬁg the dispersion into a fixed
bed reactor fromwhich a reactor product is renoved
WHEIPEIng hyHeogen salfide deny da @ep preamprodisngceyalrgaen sulfide lean gas
strea f&gctlve for hydrodesul furization,
ydr odeni trogenati on, hydrofinishing, or a conbination
t heyelafg at1dast T pertivrtof dk Ioidrapeaisalfitle 1daurgaketieam to the external high
conprising: separating the reactor product into a gas
shear d¢¥ieam and a | i quid product stream conprising
desul furi zed hydrocarbon |iquid product; stripping
hydrogen sul fide fromthe gas stream producing a
12. hgfhc ogéwdsichiné] fetwr gasprsingeaformangdha dasylinizeg hadrocarbon
T d (@» a portion of the hydrogen sulfide | ean gas
quidProstn t 0 the external high shear device. 12. The
nmet hod of claim 11 further conprising reformng the

desul furi zed hydrocarbon |iquid product.
13. The method of claim 12 further comprising recovering hydrogen from the reforming and

recycling at least a portion of recovered hydrogen.

14. A system for hydrodesulfurization, hydrodenitrogenation, or hydrofinishing comprising:
at least one high shear mixing device comprising at least one generator comprising a
rotor and a stator separated by a shear gap, wherein the shear gap is the minimum distance
between the rotor and the stator, and wherein the high shear mixing device is capable of
producing a tip speed of the rotor of greater than 22.9 m/s (4,500 ft/min); and
a pump configured for delivering a liquid stream comprising liquid phase to the high

shear mixing device.
31



13. The nmethod of claim 12 further conprising
recovering hydrogen fromthe reformng and recycling
W@eobeepss0 a porti on of recovered hydrogen. 14. PAI/EyRDE0GTI74

for hydrodesul furization, hydrodenitrogenation, or
hydr of i ni shing conprising: at |east one high shear
m xi ng device conprising at |east one generator

15. CORP{ROf éqafn@q@ wheRsh Be st RhQTons ARAr AEAInRIeASRE3Y configured

gap, Wwherein the shear gap is the m ni num di Stance
for prb@cwmdltsmsm@pbhy@ngmmtmmg s, bubbtes wiherigiid pHase prlegted from

iquid 153 by P RS RE RS S RSN Dl s comprsing
nitrogd-L&Atithing aEcids PAHIP h¢@BEredHs e dinfl onqldel phaedsi B@mpriding] Winthturated

stream conprising liquid phase to the high shear
hydroggriensgwhergindle dispersiprehasyagnenm bybble dimeter o1 ghethan A0Q pa.

at | east one high shear m xing device is configured

for producing a dispersion of hydrogen-containing gas
16. bUhbkwysen of daili tudaanplRaget kaltewd atbhfshamntikigyiddvipdsases

conprising sul fur-containing species and hydrocarbons;

liquid phases conprising ni trogen-contai ning species
17, 8l OKRPGAARANGS cdiiftisleGi s RRBIERIGHIP! | ST NG

unsg?%}ated hydr&%a bon§ ﬁ%%rel tﬁeQ%PsperS|on has a

mean bubbl e di ameter of [ ess than 400 nm 16. The

system of IaJ 4. co i sin two hi gh shear
18 Xt St of B 1 $nSSRhe SRS okl by e Bty afpater than
ﬂwsh&hrh@@ﬁkukﬂ@wgﬁ&ﬁ&%&ﬁ&ﬁkm18 The system of claim 17

wherein the Shear rate provided by one generator is

greater than the shear rate prOV|ded by anot her

m_ f.or drodes furizati.on,.

0. PaRbRIr S el R R PP REGRRG B Bpigg, e sysem

com@ﬁ@ﬂpr|5|ng a reactor sel ected from
odesul furi zation, hydrodenitrogenation, and

h?d?%?qurﬁe@ﬁ‘ieﬁ grone ydradesulivivapen. hydrdenigagqngtion gap tydieéinishing
reacto?s (K}hé].%ﬂl tﬁg}e@ll:%lsé I%t%js%es QﬂQe a'fﬂl%labec‘c{]?lﬁ(ﬁ devi ce
npri sing an Al stream conprising a
I laqfugld sheadl deytdé ageprigas, anamtét dor auldietstréam oamph@ldg(}t liquid and
di spersi on, wherein the qutlet of the high she

hydrogen §4 MdsinquifFidioy 2 PEHE RS- WhereH e odfetoh fhe high shear device
is ﬂulH 'ilﬂcfotedat%danvmﬁf ef ﬁletrgfct(g}' gﬁh %H&@fn tﬂ@YﬁLﬁgleShkﬁ' (fé@f%@% Eapable of

produci ng a di spersion of dr ogen havi ng
produblug) b l[despelismnmet bydrogen mbbles ha\nngb bultbl&diameienof less thargakiodt 5 pum in
20 The system of claim19 wherein the high shear
5b|ce conprises a high shear mll having a tip speed
of greater than 5.08 m's (1000 ft/mn).

20. The system of claim 19 wherein the high shear device comprises a high shear mill

having a tip speed of greater than 5.08 m/s (1000 ft/min).
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