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I nvent i onwiheyssement invention re cess for cqng l,y
fractionating and hydrotreating a full rggge naphtha stream ﬁ/%o:z@ﬁ'}(u

particularly the full boiling range naphtha streamis subjected to
si mul taneous thioetherification and splhtting into a |light boiling range
napht ha, a nedi um boiling range naphtha and a heavy boiling range napht ha.
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streans contain a variety Bﬁgg@@@g@@gﬁﬂgmmwt s. Cenerally the

streanms are defined by their boiling ranges eterm ne the
conposi t i &iRld of e vebtiesi ng of the streans al so affects the conposition.
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Addi ti onal t%h t hese conponents nmay be any of the varidus isonmers o e

conpounds NapRacfeRBils sehiested e signtlignchup thinathesificationand sphittingtinte &r ude

still, ory L a,. | j 11y influenced by the crud
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chain or cynde capbtipouBdsh Wsiliny gangs AbphtlacisBshtedf séffaleh RS chivey
sul fur) cr ugﬁ@‘gﬁ? ht has are paraffinic. The naphthenic ‘crudes contain

nore unsaffl tal SUfHECYRIEPEY| i ¢ conpounds. The hi gher sul fur
cont ent Cﬂé%édtl%ﬁn%ﬁor?e naphthenic. Treatnent of the different straight
run naphthas ~y be slightly different depending upon their conposition due
to crude sour c®etrEiuun meititiatehtdtmans r edrtamate  ganetyaldfy of§sHit I BRemial

furthertreat nent gxc t peI haps f“ stillati OP or solvent extraction for
val uabl e &PEWRIPESpr Grnetalve e, & reamst dhentaninrp Myhlieimaoiing geaaes athish no
sul fur copbgfina the WPnpasitidies. SEMR nkdcddsidd oF rthQrsElEéaEf'ﬁé r@@cﬁ re{ rc{shgr?e

process and the process itself. Cracked napftha as 1t Cones
cat al yti ccemporéionhad o instaacey erodudty Hraye t eitieer neathiytic asragkingsor thevinal he

olefinic opat i onpounds .cont ained therejin, Jn sone cases this
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range nmt HiEsg casupenants ynayovereny af theywddusdaomess of the ddipowrdds he gasol i ne

product pool i | J: d it .provides the |argest portion of
the sul fur. Thghéﬁwﬁﬁ@‘uﬁ @f‘@éa@y"%péﬁﬁ?@é' SRBES roficiie Wg%f“\', or
hydr ot r easiraight run naplethal i Sty mﬂméhcrerdoﬂgme SRR Sowreb! Niprthad Bopfisur e
conpliance_with environnental regul ations. The nost common nethod 019
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copi ous quibet haphktheoic foyuitesyeontaia imurbu dasatunatebe ahaedyclith@antiobbRwyRg
equat i ons iIIustéaL? tne reactions  in acgsgi cal HDS unit: (1 )RgH +"H2 ---.
RH + H2S( 99'REPURASpH The highar sulfis qonfen cruggptend to bernaphtheria) Reetmentep - - -

RH +2H20TiH differeR ARG GuR MPHthY'S fyWe SlishiPRiFAR dPhdHFupon their
composition due to crude source.
Reformed naphtha or reformate generally requires no further treatment except
perhaps distillation or solvent extraction for valuable aromatic product removal.
Reformed naphthas have essentially no sulfur contaminants due to the severity of
their pretreatment for the process and the process itself.
Cracked naphtha as it comes from the catalytic cracker has a relatively high
octane number as a result of the olefinic and aromatic compounds contained therein.
In some cases this fraction may contribute as much as half of the gasoline in the
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Tenperature, F 600-780 Pressure, psig 600-3000 H2 recycle rate, SCFl bbl
1500- 3000 Fresh H2 makeup, SCF/ bbl 700-1000 The reaction of organic sulfur
conmpounds w@ ododeSdd Nnery streamw th hydrogen over a catal yﬁ(t:T/bg(nmg?m H2S is
typically called hydrodesul furization. Hydrotreating is a broa erm

whi ch includes sate ion of olefins and aromatics and the reaction of

organi c nitrogen conpounds to f ~ ammoniza. However hydrodesul furization is
included and is sonetines sinply referred to as hydrotreating. After the

hydr ot r eatrbfierySodt WDy &ther withe G {?'érﬁt BBMio 6ff ébﬁﬁat ed or sinply

flashed to rel éase the hydrogen de an ect the now desul furized

“naphtha. In adcﬁ@fﬁbﬁlcﬂlbySﬁapbﬂa@haghiﬂna@asobm@helllbgeamigmg\attmajcuﬂfanﬂ:yfdnms

such as cehapnieelt Pafl-"Hrl R nERaRas Brodinupott inheOnded Hiatdrasnd i
fraction tproviea® e Biyéstiporid oﬁhé@uﬁ@rt urHRd ﬁ;lﬁf?f’fﬂp@ﬁtuésﬁﬁag &i ifd enfR/Epounds

in the fraction reducring the | (>~~~SU 3 octane a ausi ng a 'l oss
of sour ce Usuatly hy hYF‘mtIEP_anQlIZVQﬂdIS(lpwnvpdmthlsprmdopbsmcsﬂmas betmensute for

r enovi ng sy re desirable olefins. Since the
olefins in leefag‘r@%c ' %}ﬁ?ﬁ@%}g %QHE%WI"? in the low boiling fraction of
t hese napht has T nhdst&t soinmon eesthal rkbmgemwalr bf itRe diAfd éd?n&ﬁ:rfb%n?sefbtyf at ed
in the hi h b0|I|uH€lrfract|on t he nost common sol uti on has been

i

prefracti Qf‘?Qﬁﬁ gation (MY Bt WB@hl thg .pefraleysn stistillets isrpassed qweoaumg

and & heay sl ARt e aRb0e B 8 e S Rl et RufpGabade,
250- 475F. Aﬂdashqrrailgfcnmpmﬁqdar@iﬂés@lf hiyoragenkere lindlgdsdiirf the féeapqh@déll@\nm
mer capt ans i er or higher boilin gylcorrpounds are thi ophenes and

h
ot her het @t%‘@b@ﬂ?@ Hﬁ‘%‘oh gactens Bephiriaal sIPB Yt act i onati on al one wil |

not renove the mer cq weyver RIJ-IQ- Hise past the nercaptans were
frequently renoved by OX|laat| e processe% i nvol vi ng caustic washing. A
conbi nati on oxi dati @) rR@bval, ef>tRE #EICtapt ans fol | owed by fractionation
and hydrotreating of heavi er fract is disclosed in U S. patent
5,320,742. In the o%?ﬁigﬁN “'V/aéﬁo"f W‘Ee nmer capt ans the nercaptans are
converted to the corgpsmoog aoHli-svigides ol n addition to treating the

| i ghter portion of the napht ha 0 remove the mercaptans the |ighter
fraction tradi thygirdl operaimomanditionsdonthef HB$ teactionsmaed:yti ¢ refornming unit
to increase the octane nunber if necessary. Also the fighter fraction may
be subjected to further separation to renove the val uable C5 ol efins

{anyl enes) whi (ermapéerausef 8F i n preparing ethegpp.7ddre recently a new
technol ogy has allowed for the sinultaneous treatnent and fractionation of
pet r ol eum pr odTE8SUERBFIGdi ng napht ha, especi60+30GQ ui d catal ytically
cracked napht hgy ( for exanpl g, |y owned U.S. patents
5 510, 568, 5, 507 %?éc@% §§|§§8807 477 and 629820818 Y Fol'l boiling range
FCC napht ha hadresie i, wakeatpy, SGREbI n a split t7@0-vd0och contains a

t hi oet herification ca aléf in th up per portion. Mercaptans in the |ight
fraction react \Me/Ractn %rgé‘f’lcr%’ ﬁPﬁlPﬁ’é'Bdﬁﬁbﬁé@fmG(Wﬁ reagith hydrageon) to

produce h o] w.th the
heavy (hi Gher e GaRiysd it H.S 5o A oBlic B mRAbh PR R ERALS D en
treated t@ iy@adeat%ndwbmsnclmdes bafLt ofon afr@eﬂtsslahd yar@mbtn@czawltﬁepréambher

hydr odesul izati t has now .been found that the |ight FCC naphtha cut
inthe spP?EEQ?rm(f U@EOQE&WPOWS@ 12) 2ERRa1 %Wﬁr@y (@59@'32.@?!% iShe

li ght fragidlgdecbha u§§6ﬁ@hﬁ@sr§%ﬁnpg%?é}§e@faﬂ%§h§awefakﬁg”t amount - of

t hi ophenes. The nercaptans in th em)ve

t hi oet her NEGCH’IG hydrotreatingis abnmlﬁtedheqnmﬂLmhmayfb&ﬂtmttdmemﬂwwnplytﬂasﬁed
relativel Si ant not vere treatnent
as the su?‘l g%%%ﬁ’b%ﬁﬁmpﬁg Bdf‘?eaﬂd/‘y‘?lfeggﬁi%ﬂo‘f’@%glih\‘}@ﬁ ﬂﬁ"h% ophene to
HZS, thus the oh edddition Mot S PINIhG HIER Cocttihe A318nAIREScdrhEhdnts OthBEcracked
naphthas are often used as sources of olefins in other processes such as
etherifications. The conditions of hydrotreating of the naphtha fraction to remove

sulfur will also saturate some of the olefinic compounds in the fraction reducing the




hydrogenated. It is an advantage of the present invention that the sul fur
may be renoved fromthe |ight olefin portion of the streamto a heavier
portion ofwd hgogakdoeam wi t hout any substantial |oss of ol ef pRsycu200304
Substantially all of the sulfur in the heavier portion is conv”erteci to HAS
by hydrodesul furization and easily distilled away fromthe hydrocarbons.
Al'so, the sulfur in the mddle cut wll aalso be | owered. SUMVARY OF THE

| NVENTI ON Briefly the present invention is process for renoval of sulfur

froma fuldetdia éﬁd‘@aﬂﬁﬁg% lbksofls6iide pshimapht ha stream to meet hi gher
standards for sulfur renoval, by splitting the light portion of the stream

_and treating tMaressppeeesslsdiavehzeampiadedof cenovinghsilive whilkeaetsiningathe

preserves of | N il e.most expediently renovin he sul fur .
conpounds nt’#‘% é(;éns grjag %oélt#(ﬁént% 'ﬁ%eﬁ“ﬁr%g@hﬁ ! %e%?%ﬁlﬂ?&?%?@g eén?'ﬁ[ye'@-tﬁﬁy

. napht ha spdw bbiting dactiohiof #esdl rdphithas ARNtreOd Uit chRREAIAY irhBuliiddend iebe

|l i ghtest boi'ling range naght ha to renove the nercaptans contai ned therein

by react i 6ANGPRIFATEMoINethen §ighh botieg nfsattionathe Maeat nearumiondeslution dptsi beahl v,

t he di ol efy J La.selecti tipn. A sidedraw of
t hi ophene PRl BRI h otk iR P60 biAt BDARFT Bld s Q4RI BRIBE he
first di stamgenhaphtheolvhith bistiedh dhe WiigdofrBy td@bbas380°Miahecd h¥alPbdiling
polishing reactor or nme preferably fractionated in a second colum to

return hy@R¥&PBBHO2aM0ICE Loje i thenanges of e apeut RH7HFBLi on col um
t d : i NG it Ut h i ded A
Cont ot ed i ¢ nReRrEd SRR iofSRRAFEBGIAG syt Rfotdlarhdtabiiis ke s ="
and ner cafhefeaviertar higheogeitiagecatpdefdsnare Tiepheigandfather hbrrbéydit
di sti Il ation col rm_l_reactor raagy bfe fed ﬁo a h drig)desulfurization
di sti |1 at MR MEREPEFaLQYT Riehiartionaken alans Wil et srgave thesnefaaptans.
conpounds |-RjpbvigRe irs Uhki B8t H{é)qﬁéfcgﬁtdhst Werd ! fSdu éllsyt %élJpﬁ{/é(g f%&(fﬂgﬁivgy
T or e bot’t ons

destructive hydrodesul furization. e overheads” an romt he
hydr odesulpfegeasseasi ioMolyirigu rausticewashihg. OA020Mbirn(atieB0 o%ida6vé UshiovaP08Gha
secand col nd.fed to a straight pass

nbined with b f .
b ogenalterfepBhsiowbd By PEaTelaN A BgroRBating of e HeaMeadacinns
reduce t hgiseiddedintP Bt Batert 8,332 48R the oxidSive refhoVePst thggﬁ%r%]égﬁn% thbe

process conprises the steps of: (a) contacting hydrogen an borling
range napMeigaapiesg arewoaveited tathe ¢corsespinding dinslfideer capt ans, t hi ophene and

ot her organic I " upder. ndi tions .of thi herificati wth
a thioetherifi ﬁtéﬁﬁt'%@ﬁ%%o&%ch%@% e "P@/:Of(ﬁ%f P%@it%‘aatopfﬁm?%qg? t he
mer capt ansneroaptanseateviightémfractioh fraditiohsliyl hag beaRasdRRS ¥Ead §8 HesdtaMkith a
portion of the diolefins contained within said full boiling range napht ha

st ream t o'¢PEANGHAL I ingeease taa octanedsimbeni’ pecessaryi blserthadighientractien
e ) U™ . ) ; 'l
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separ at e wdich ére Wsdfal ini prgpadmyetheapht ha streaminto at |east three
fractions by fractional distillation; (b) renmoving a fraction conprising
| i ght napht ha B@H?éﬁﬁ‘?’ﬁb’@EGW(,I@&"'P@P@éE?%ﬁQ?W@G[f@ﬁtB@sS'@HHa@QQ@tr@ﬁfgmﬁc
sul fur cogpguURdst i &S ' ) ' a :
internediate str ég?ﬁatﬁﬁacc{fi Eﬁ%{@é’ﬁf@%%ﬁg Igahrﬂgg{\g)%r@m{‘%a%#ggﬁ%nﬂu'd
cont ai ni ngatedytigally cracked rapiitia (FCCor patiia). Sdef for e@mplencsmawnly bwned

bottome: (58, BABNCHISIR A8 447,310 018 MR8 RaN AT PIST gUpler e0nd 1 ons o
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sai d i nt eFaBi@ing a thioetherifigation satalystiin theluppedpaettioandviercaptans in the light
fraction react with the diolefins contained therein (thioetherification) to produce
higher boiling sulfides which are removed as bottoms along with the heavy (higher
boiling) FCC naphtha. Similarly, the light fraction has been treated to saturate
dienes. The bottoms are usually subjected to further hydrodesulfurization.

It has now been found that the light FCC naphtha cut in the splitter just below



(h) contacting said conbi ned streans and hydrogen under (i)

hydr odesul furi zation conditions with a hydrodesul furization catal yst

wher ei n awaghis@seof any remaining sul fides and ot her orgqrmc;l@wo{,jm
conmpounds are reacted with hydrogen to form hydrogen sul fide; (i1)
thioetherification catalyst under thioetherification conditions V\/ner ein a
portion of any remaining diolefins are 4 WO 02/06C; 80 6 PCT/US112./11113(1~
sel ectively hydrogenated or (iii) a conbination thereof. The advant age of
this syst emg lléhttﬁ’e?étloh@sé béﬁta’i’&dnﬁ%ﬁﬁté‘ﬁs 8hd %@gﬂﬁ@érﬁ%ﬁ&uﬁt‘ﬂf'tﬁﬁk»h@ﬁe&
distillation Colum reactor are reduced. The |eVvel reconbl nan

_ mer capt and heaneregptans io this nyﬂmay@ememwed @Mthﬁ]tm@herlfl@atlomn The! tatahswifur

reduced. FEinall here i,s a paoten saV|n i n ne due to the ml der
treat ment 0899‘?'“@ &ihigphan ‘pugl‘ﬁ @(ﬁg' o8 o&esg@n Qﬂ}ﬁ%f)ﬁﬁnp tequire

"distill atissbvend tiatmenchthe BBINScoMPbEAdY Inttheaie R frBtionhioCébrkeftthe
contains catal yst such that reaction and distillation are goi

concurr enﬁh"?phﬁn@ﬁé HoPuithi!s ithe plgling &t e bigrbenseayt are less &E?lyttq be
pr epar ed :ﬁ élatl on structure and serves as both the catal yst and
distill at| ruc ure. BRI EF DESCRI PTI ON OF THE DRAW NGS The figure is a

sinplified f | owt ﬁilmed%mfa gens teeipesiare miveritiohitaat theeslifurimaPbEAbeed
DESCRI PTI ?\I%GE: e'sl'b-{gl_j_ﬁl ENTI C]\l In the present invention it is.contenplated

that the olgfisportionaf the strappdiorheayierpedionsidhe stieamonEown i s
carri ed C"é\tng]c ggf%ﬁﬁltal I}5§§ dk Bfelﬁh%aéhggtan?ibg&ﬁgllb %p%dthgrl%\évgeﬁ)gwls

advant ages con superi
however t h:enseltbe@cmeht,St bgzah%odesmﬂﬁnhzdﬂenrar’uﬂbaﬂy distilteat ravesly drdim bpewhat
may be cal

straig actions, ener al | re resentative of the

old art of gFP GRBReNS. nétsé’m%& H’%Jrrénﬂ?eemé‘?%{ﬁlcﬁlb‘w flgads lpwesedti| | ati on. The

feed to the process conpri ses kY WE G F’#‘\V'Eﬁq'@ﬂt rol eum fraction which
0

boils in the gasoline boiling range. Feeds is type include |ight
napht has havi ngBrieflydhé praseniimyentién sqpotes$for cer@80al df salfidr fromla full bgéding

Labtul - on e RuBltrad faniBe SyBam fodnget Hohe: siennatd ot seBmaYAh Bods -
~ becauseg bhﬁmﬁqa@q@mnpéﬂnenféﬁ% &%é}h%mdnﬁeaﬂﬁg Hﬁ’\@é}hﬁgnéh%fdﬁhc?ﬁgﬂ?tﬁ@ds

Strai c run naphthas have very little olefinic Tateria unl es
crude souifeed M&th theprogesssihgt | preseres iine ofefimithwhiemast expadiently csmotieg

catal ytic ctions will depend upon the sulfur content of the
feed to tﬁﬂééélrjg%rﬁéezﬁggw\r}\% as the boiling range of the selected fraction

used as feed tdnbhe emmm@ntmmé@éntfmmﬁmmmnméétmaé&vépwhtﬁab Mfer
contents than higher boiling fractions. The front end of the napht

contai ns @A§sd f'&’rt qigtllatiogrealemaneastosttp freas the dightastaailng i’Qﬂgeen@WhthﬁetO

| f f
Cypi oal o CTRUSNE SIEHRRRRIrtdnkd farefly RAABh RyffRuBlofof3h S0 EE1 ,
(P b Us(léiﬁdlmgsuffﬁb| Er ARl (e P 195140 L SOt YT her e on
. 106arGEHARPR b bRyl dbioBhgTe £t is takehined ihpobSasmiet 0
2055, Se?e&iﬂc‘é't|oﬁ'3§e°c@|9ha§‘foﬁ4é first &RHbGT SoRAFTEADE iR Hay Bo ﬂoe,skgéﬂ

Typi cal sul fur conpoun und in the eavier b e the
heavi er mslirestly éma potlmmgmea@tsr suimKi deeefawablwirauidnadmln d secorehcdluom tof

th t th diol ef t ai ned htha is call
L act nor (PRRATARbCaORn B E TIERE ars B RdrorN G RAn Ceacar 8 abi e

catal yst frRgret bn%fér%ﬁl 'dé'beﬁﬁlrfgh(% @h@b@ﬁstﬂﬁtm b\"tﬁé‘&d@%%ﬁ%@%ﬁcﬂeﬁ Wt gt - %0

Pd on 7 to 14 nmesh AI'2 (alum na) spheres, supplie
desi gnat edatalyst Bathel pFEFWQ%Df dygledgen tandacthdielefins pndpmema&talm‘ orte

catalyst %@dpcgé)e\ﬂaqg glol?é{flr{ .erﬁreag&ic?rﬁg Fof th%rfef's%stll%tlon olumn reactor may be

fed to a hydrodesulfurization distillation column reactor to remove the remaining
organic sulfur compounds and the sulfides produced in the first distillation column
by destructive hydrodesulfurization.

The overheads and/or the bottoms from the hydrodesulfurization column are



TABLE | Desi gnati onG 68C- 1For nSpher esNom nal size7x12 nmeshPd. wt. %0). 4
0. 03SupportH gh purity alum na (99.0-99.5) Another catalyst useful for the

mer capt an+yolh 9d/6fkds reaction is N silical/alum na extrudat S'SC /ﬁ%lﬂm)%(ﬁd by
Sud- Chemi e, designated as C46-7-03RS. Typi cal physical an c'%em ca

properties of the catalyst as provided by the manufacturer are as foll ows:
TABLE | ( Designation Form Nom nal size N w.% Support C46-7-03 RS
Extrudate 1116" 524 Silical Alum na The hydrogen rate to the reactor nust be

suf fi ci ent combirRidtwiihn bofterse @i Qe 8HonkeBbILAGH Ad! *ﬂ@q tlﬁhécé}{éﬂ%'ﬂ gaﬁé‘use

flooding of the colum which is understood to be the "effectua nount
_of hydr ogeRydrogenatien reagtar {prefersbiiyndoven flowyier polishingiréactioh toyrédagerthé o

di ol efins i he.fe is. at least 1.0 to 1.0 and preferably
2.0 to 1.og&%e&%&%ﬁtﬁ@/ﬁiﬂl@?%&séﬁ%@ US02/ OU311~ Catal yst which are
- useful for the Rysferabigtid praceaticomprieasth@stdpacdfude Group VI netals such
as cobalt, ni Ck&b,rﬁ pal |l adi um al one or in conbination with other netals

such as nol ybdeffirfBHaetingbydrpgsn and @ fullbbeilingispoge naphtia fead bentainimg na,

i canal upd g A . . L h ol
ot ovt ded agehfs, diblofs meteaRiE ibohelfs and Bt B St oBRcEindsiiofes. and
as such areomditiongokthiddthierifiedtion with di thiodthetificationtdatsiisirtes. The catal ysts

contai n. conponents from Goup V, VIB, VIIl netals of the Periodic Table or
m xtures ther eofPNCHEEYe of the distillation systemreduces the

ini t5 of the prior art. AR EotBRdGinG Hieantals sifichcs R Bl ORHR  °"
aver age actangetnaphtiza alrgamsvitroapaitivinaf the Gotefims\ddptataba withircbaia sulnBdiiglenum
and a Group VI |1 w cobal t or nhﬁihgl are preferred. Catal ysts suitable

h
for the hy@¥§d4aN r(l!:ﬁ ?ﬁ%ﬁ%‘}? PIoguee § 81 ude cobalt - nol ybdenum

i ckel - nol ybd d r8é i : . o
oxi dos Suppor i od on o taae oip St RUCEHRs EEBIRAUMEAT SV IR0 IR e

met al s ar eNapitthe siread with aslydriogen o fullyroripartislly saturaté said diolesiasby exposur e
to sul fur conpound conérai ni Eg.stregﬁs. lhe catal yst may al so catal yze the
hydr ogenation of the ofef ORGSO ANAs contained within the 1ight

cracked naphtha and (ﬁi?sépél%ﬁfé%bidjﬁm’B%ﬁintghr%nbé%hkﬁé‘&fr@é‘rnQMQS%a&ftphéeke

mono- ol efips.  The hydrogenati on, especially of the nono-olefins In
lighter friaetions bwljacianabdisiiiationibl e. The properties of a typical

hydr odesul furi zghi o al yst S in. Tab |11 .bel ow, TABLE |1
Manuf act ur eCri t@lt)i O%@]abyétfr%ét?qﬂe&%%edsﬂ%%—gbim%iQc?’Hﬁ@'ng reduced
Ext r udat e Noerezgitarss, selfidesnamdlotheeoegdviit 8lilfur compounds as a first overheads:

W . %Cobal t 2- S%Q%bjybdenunﬁ- 20%support Al um na The catal yst typically s in
the form of ext\CUAdEMAYINHat legshone iieresdiate strepm fraction;

(d) removing a heavy naphtha fraction containing said sulfides and other
organic sulfur compounds as a first bottoms;

(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans to form H,S in the presence of a hydrodesulfurization catalyst;

(f) separating said H,S froi aid first bottoms product as a vapor to form a
liquid product;

(g) combining a portion of at least one said intermediate stream with said
liquid product and

(h)  contacting said combined streams and hydrogen under (i)
hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide; (i) a thioetherification catalyst under

thioetherification conditions wherein a portion of any remaining diolefins are



WO 02/ (1G1580 9 PCT/ USI| 2/11030~ 1116 or 1132 inches and an LID of 1.5 to
10. The catalyst also may be in the form of spheres having the sane

di arreterson%ﬁgmy be directly |oaded into standard straigghtyfaasse;i xed
bed reactors I ch include supports and reactant distribution structures.
However, in their regular formthey formtoo conpact a nmass and nust then
be prepared in the formof a catalytic distillation structure. The
catalytic distillation structure nmust be able to function as catal yst and
as mass t gajasfi ' b i ft ably supported and spaced
wi thin the cofl\ﬁérlr%ﬁ?g dg!&nagéygpgﬁﬁalkfﬁwib%ﬁbgﬁﬁ 'i%gf'i on structure. In a
_preferred enbodhaemdvantageatad! {his systemntisi that the sizeovand véapiahesth the
structure di scl.osed. in U S .Pat. No. 5 266, 546, ich,is hereb

i ncor por apg%agfswéwizrag'ﬁge&#%ﬁlﬁgo%r EPlUPIY, TEaCRL Rt dPgured.s cﬂ?ﬂ jﬁﬁgd ofn a
. pl ural i tyredorbihanieRicdptans c@Wfbr&heﬂyﬂF&fesﬁﬁdﬂ%’tﬁ)d disfllAph uRnsseet
of wire nesh fabric such as dem ster wire. The sheet and tubes are then
rol | ed i nfesiugedal fdnalbt thesads adgotential sawngs it pelaaei dite teothermilderdeeaimenthi s

enbodi ment | rd - patent 5,431,890 which is hereby
i ncor por a?gg%bggﬁﬁ{'gﬁgﬂlgpﬂe%?gp catalytic distillation structures useful

for this purpoge ased thessihohedterm "dishillatierh edlumd réddtor2heansOd JidRbtion
5,431,890 and 5, 730,843 which are al so incorporat edmt;%/_ reference. Reaction
condi t i on§OWAIN Which.alse 6pBiains emplyst sueh thak rrerationandadigtitatioa ate goigiomed

reactor apsnbitiddify hang 8mm§0%a$ggfe%dpe§rﬁaamh%%t%e gﬁ%’&g& eﬁlr%g)ﬁée?(g%, psig.

Resi dence tines expressed as 1iqui'd hourly 'space vel©o y
typi cal | yahfistillation trfQcurd ahd. sefnes agpbtththel catalpst aid disghatigresteudtipeed bed

emper ature’ and preseur BRIGF GRS oS CE PHE AR GEen gns rate
adj usted to at trﬁbmgny@rsos,%gﬂ@ﬁrerd ﬁ’év¥ ie& d&g;ﬁ%ﬂene% 8kt HhPFhBnfignge:

The operation of the strai pass hydr odesul l§r| zation Is
ot herwi se ~n " known DETARED DESCRIRIION OFcHSEINVENTION or

oy or 720 ofh e PR ol e PR AT Sk Bl 811 b
regard totHigémeriRESritaRd EfmétiBMQﬁ(?rg%“cé}ﬁéa It wggggw&FFﬁngﬁ&ﬁ!si&%“ma& I ons

in areaction distillation zone of a naphtha hy esul furization

di sti | | at mathed prerides many advantagesrpé esonoray 48 Gpenstidh Fond aquibrassiaed

75- 300 psi 2 partial pressure 15-75 i WD .02/ Q~(i sBU LHSV of napht ha
(o rate 160aBiu oo noERS s satreRbemmaniaand sk Sihed KV SR aene

di sti |l at bahby WhafiTndyelss talled estitdigiwt passbasdetionk) éw'?éné\%ﬂ}/ Yépesehtaase o thin
the distillation reaction zone. A considerable portion of the vapor is

hydr ogen Wif Pid &t oint Mest instanessaere pipiarablrnoieactvdistibation. r ol eum

fraction. ACtUgheSRRA'R!HRANoMRESOUfiRed 2 SEANIE MR bAFLALLS Racihl MOUl

limting the scope of the invention it I'S propose t hat

produces whictebditschithie gassling boiting pasgenFepdootits typetihdludenigensastitass of a
portion OL t he vtgﬁlors in tr}e reactjon systenthi ch occl udes sufficient
hydr ogen NAVIPE&@ RUINEIEEE 9TiebQHEHCs 10 $IR & and Rl rapganaphibashavingtabeiing act

bet ween t t ?&}ég ? i
cat al yst F%qyeﬁj g%rhr?@t]ﬂil p%rr\]%ﬁir" gré% I on.gl ?\S%cglr(%'?@tﬁo@%%ﬁ%ﬁ%gtsrggﬁ es
concent r amateralfitoen Catglitid ondkes prath 0 leddausednely ¢ddBaindhe dosired defins ahe

\égﬁ\?rer 2: loﬁwglgﬁ{%sr%ﬁﬁiéggw%go&\ég%:Eft)rgigOf rl:[mhr?apﬁw%;g F’la\(/:g Ugr%l?tijes O|Ve\4il:[lig nlwaqc\évrial,
and unless the crude source is "sour", very little sulfur.

The sulfur content of the catalytically cracked fractions will depend upon the
sulfur content of the feed to the cracker as well as the boiling range of the selected
fraction used as feed to the process. Lighter fractions will have lower sulfur contents
than higher boiling fractions. The front end of the naphtha contains most of the high
octane olefins but relatively little of the sulfur. The sulfur components in the front end

are mainly mercaptans and typical of those compounds are: methyl mercaptan (b.p.



The result of the operation of the process in the distillation colum
reactor is that |ower hydrogen partial pressures (and thus |ower total
pressures), deggused. As in any distillation there is a re

gr adi ent &2t /% ?ﬁe distillation colum reactor. The tenpé?a(hﬁ%ﬁéﬁuthe

| ower end of the columm contains higher boiling material and thus is at a
hi gher tenperature than the upper end off the colum. The | ower boiling
fraction, which contains nore easily renovabl e sul fur compounds, is

subj ect ed 430F),outpyl hRIEAstAhUBYS F9°F)NA-grepyIohetdidt&9!(b! logh BpQYbARS for
greater selec%ivi? , that igquessFﬂyd#%cE%ckiH%ﬁ%r éagg{ggioz Bquggﬁrable
_olefinic dwrﬁamﬁﬂls(.é-pm&ml&?]%:r), iBothiLityl gngreapiaor(bis 190BF b teredutyd nierghptan

i | d of the gistillat | k
en e sulGar 125 P e RGe B s e B Ryt BReB et B S A S ahet <
_believed t3hmerddptd MexaneypIy. 1&55F).| rr@bicans@mh%b&ﬁﬁdé fB"Lh'dSinatth’rfgé\liér

first, because the reaction is occurring concurrently wth disti tion,
t he i ni ti &ollingfeagtion ipeloda dhe haadeomessapianadhiopbepes eulfideanadrdisuifides.f r om

the reaction z ' ' $e k: .1 i kel i.hgod of, side

reactions. Secg-lr?lj%, éggﬁﬁé@éﬁéﬁgﬁgg Sﬁ%gvﬁ@n‘ﬁ@%ﬁﬁgcﬁaﬁgfﬂe@?m ee%@?ti?ure

of reacti éncaliedtidethetifichtion aretheplodugtsparientighér b@iﬁn%ﬁs&tﬂd@@. A shiftgbieyst em
reacti up, but no increase

ressure. T at . of sinply creates nore boi.
Pt omer P Ier tha penehon PEa HiBlefs i e, mereataida A i Gid on Vo

(22/(1lil / - f OV B . j and
di stri but ﬁ?ﬁ#ﬂékgﬁyg%ﬁ%g%&éﬁ?%%g ngl]yS@égﬂleg{{?’n({;e%ﬁ%qé@éggéégggsur e.
A further Typival iphysical ard cheedcali propertjesg@f nthier ematiisstad |grbiigad oy uma
reactions is the washin fect that the internal reflux provides to the
catal yst (PRSI RIEIFvOl8YSrer build up and coking. Finally, the upward
fl ow ng hydrogen acts as a stripping ggsnt to help renove the H2S which is
produced in the distillation reaction zone. Referring nowto the FIGURE a
sinplified fl ow di aglesignationchemati c f oG¥BBE-thown. Thi oet herification

and/ or selective hy enation catal yst(s), preferably thioetherification,
inthe formof a ca?rgl?&ti c distillati on(SsP%"leU%ure is loaded into two beds
11 and 12 of the reqdrhingpéizen section of1a waght ha splitter 10 configured
as a distillation colum reactor. The naphtha teed is into the distillation
col um reactor 10 b&ldeWw!t’he | ower bed 12.4/#8.08 ow |ine 101. Hydrogen is fed

into the | ower part of e colum via fl Lin 02. T i naphtha is
boiled up into the csgltogbgst beds 11 an_dl'{ﬁ)(_‘ PH”&éum@@ {Q{aé@g%n section
where the ner capiotine caesigst usict) fetitht afdrosptan-dioIefin ARduRA is Niéiﬁééfé%ihbdes
whi ch are hij gaer boiling and thus are separated out with the heavy napht ha.

The | i ght eXEPRa1es; SYRRISAdNePUG-¢hamieydesighatedias G46-drRRY. dypiwabphysical vi a

flow line : i ngdi & i f

t hi oet her iab ﬁ%ﬁeﬁiﬁafg?ﬁrﬁ&g%ﬂ%%gﬁéﬁ : &llg&‘eo(sésratsj%%@ %'té]‘%"‘ggf:tb"elreﬂ{)ee?gt ure
130- 270F iallows:tial pres. 0.1-70 psi LHSV 0.2-10.0 The heavy napht ha
fraction is taken as bottons via flovf”iLE 104 and is subjected to

hydr odesul furi zati on by the catal yst Hs 61 and 62 within the
distillation columpy bn60. Hydr ;ndss.7.94 per the reaction via flow
line 117. An overheads 1s taken via flowline 1 and a bottons via flow
line 110. Both over F@ams and bottom fromxttidaid | ati on col utm reactor 60 are
fed to a vapor di seﬁga ine vessel 70 Wh?r@;"t he HZS produced in the reactor
60 i s taken out as é&ga $2°f I ow Iine 11%"along with unreacted H2. The
preferred operati ngNjoRpgdti ons and resugbsgfor the distillation colum
reactor 60 are as follows: Pressure 100-300 psig H2 rate 30-1000 scfh H2
partial pres. 1-60 Ssipport Silica/Alumina

The hydrogen rate to the reactor must be sufficient to maintain the reaction,
but kept below that which would cause flooding of the column which is understood
to be the "effectuating amount of hydrogen " as that term is used herein. The mole

ratio of hydrogen to diolefins and acetylenes in the feed is at least 1.0 to 1.0 and
preferably 2.0 to 1.0.



VHO U2/ UCC; HIl 12 LHSV 0.2-5.0 HDS 98 PCT/L1S(12/ 110311~ The liquid product
fromthe vessel 70 is finally fed to a polishing reactor in the formof a
standard ag;@g/(gpgs,pass fixed bed down flow reactor 40 contRiidigdseped 41
of standar esul turization catalyst. A sidedraw fromthe

t hi oetherification reactor 10 is taken via flow line 105 and fed to a

smal | er second thioetherification distilglation colum reactor 20 contai ning
a bed 22 of selective hydrogenation catalyst in the formof a distillation
structure. Hydoegapst\ShicRéré Qséfdl fortR@RY@od¥baifinZatohir8sctihincilbe GreEpi ni ng
mercaptans in this fraction are renoved with the bottons In f?owllne 108.

_ Li ghter pMidumetalsasuch @sueabedt, hickehepalladismdalomiel dmin eombirationrwillo oftwera

vapor via i ne = ot t in flow line 108 are conhi ned with

R e B e L T i e o B A

. desired salrinal silied-aluminehiitenRdzirdeiposheliRe. NetmbllptHe HEtAOabyiakdt hi s

sidedraw is rel ativel low it does not require the full severity of the

hydr odesuPf ¢ 2¥idpsef é%meltalasu@rpprw orextrudatesor sphemmsandiag suchcanst rott  of

this cut | t di.r reated in the polishing reactor 40.
gBpofy RBHH el defiristilche i ;

The efflu reac S paSsed to a second vapor di sengagi ng

vessel 50 wher eThe tdatalyS comtaihyebroagemeris drase Groahed, MIBNVilhmeawsiedifcthe | f
necessary be fractignated to conpletely renove the H2S.

t,hg, gﬁéﬁuct M pLetely

The |i qui BefigdicelRRIg Pripituresdheeoie T heais af theslistiliaien Bystean sedudesrihe

conmbi ned WkkhBs RS ' I full .holding

range nap\r?tbﬁgt.“;%gﬁ%rg{aﬁ I's Sggrer;dg@%w@yéﬂggéggggbte gwl}y?géééél{f&ogrdsm efnts

may be sutfé prienart o Thei Greum Vilhen¢t2bprevdés inopeasab ogéralloaverhge raetioity.on.

However, | esired, .the recycl as be scrubbed usi ng-_conventi onal

net hods t§¢%Mﬁ§§&°ﬂt€én'ﬂ§§gfmllimﬂfﬂgﬁ%ﬁsww N apgiaGramiPodHEMer ange
product fgramdyag iRk r j ; t he

- final sul Eﬁur spe(g??ie'éég?? gnﬁ@%]rﬁe?élﬁi g%? glgggsfgl%'ﬁty%Efﬂlteal‘%a@gﬁoﬁlagulﬁ‘@géﬁ g’h for

mer capt an reagtiondnclude enbglitesoldbderutrhynickeltrhelybdénshiang nielealitongstéhe Thet t ons

product fro he distillation colum reacto oes, into the , .

hydr odesumeg]?fsﬂ? I{Jgﬁe[ﬂ“ytpr fRRhiEs gxides Sipp g Baﬁ%?%c".b@%@!r”@'ﬁﬁi giliga-

removal  cafifhina@$he like. U THS meddls afSFdHUCRR 48 tH sUiftfe SifRin ?§e be l%r"tgrﬁls@ nor e

appropriate | evel of desulfurization severity. WO 02/ 11 (1 GSB?l 1

PCT/ L1S02 by expegureo sulfur gempeungheontpimingisiseams etihe natalyist may aMsscatabized i n

t he thioe I,k I kSl i C. .reactor. The results. are

br esent ea i nydigBBh5A5k Bt B bleBhs SR ioRahE RENBInad PERGAREIGRH Bikaded
for testingphthSlaMdxod 63sEAdéy@84h8 EHMEIEABANESRAISMRS Phbno-olefins. The
tooenS P aadsianSoce e 5 s S 8 KTOSD Al manont

No. 60Dens : C > - ' >OITAELUHE MahBet pe

wt . %d ot al Q@fr%ﬂ@- 8 wt. % ng/ LH2S0di et hyl sul phi deOCOSOMeSHOEt SH14. 831

- Pr SH4. 599 r SHA. 94t hi ophene53. 822- net hyl t hi ophene60. 323- net hyl t hi ophene83.
54t et r ahydr ot hiTophpropésgies lgfreotypicall hpthiodies Blf Sizativat dat alpbteare Sholau inkTewes 16 7.
67heavy Sﬁ?bzalow

- TABLE Il

Manufacture Criterion Catalyst Co.
Designation C-448
Form Tri-lobe Extrudate
Nominal size 1.2 mm diameter
Metal, Wt.%

Cobalt 2-5%

Molybdenum 5-20%
Support Alumina

The catalyst typically is in the form of extrudates having a diameter of 1/8,



WO 02/ 06(n8(1 PCT/U S(12/(1030-4 14 Table 2 Gasoline feed rate
(I'b/h)116Hydrogen feed rate (scfh)3of feed recovered overhead27. 9of feed

recover edwdoSieg@oPr oduct 13. 9Qper ati ng pressure (psi g) 75Refd1¥so2/00304
rati o3, 5Upper catal yst bed tenperature (F)258Lower catalyst bed tenperature

{F)291Sul phur in OH product (ppnw)58.2Sul phur in side product
(ppmw) 495Sul phur in bottom product (ppmg) 19000f ol efins taken
over head50. 1of ol efins taken in side product18. 8of thiophene taken

over head18;7®br 1 32anttesteanlf /D Bf $i548 10, OFWC A y@ﬁél@b'mé@?béﬂpfmorm of
conversion (9% 99. 5+Propyl nercaptan conversion WO 02/ 11(1; 811

15 The i negherasnhayviag fee sese diamateso2/Tbegomay bA quemﬂgsieadeﬂrpﬁo stangartie

omtai o ngV Bl RRES hioRfrY HEO5RR, By Dkl iR A O AR ARl

_sul fur compoghgss. UHI@Wev@ﬁﬂdltﬁé@f@gLﬂ)ér fbhh@l@éwwrmftbéaidn%dﬁatr’ﬂa% and must
thioetherification catalyst to: concurrently: (i) react a portion of the

mer capt andh %rheapfﬁniir%jt'ﬂlthesf@lr@ elipl CﬁéM'Pr@Stﬂ@ﬁgé ﬁaﬁﬂ’wﬂﬂa Q'hleeaﬁiffﬁwﬂﬁhha
' : t ha
Dor cam o cigch SElohts £08! BRAe ol nBASR 45 EiilysP Sk AR hAG0 Fra3R

wi thi n sainediuim. The tatalyst engt beapltabig ssppeaediwntih;pacb&d\f@memetcblumh'tw or
partially Ieflns or a conbi nation thereof and (ii

d . .dj
separ at e @&f‘%g%ﬁé}%g aﬁg#q qi'ﬁtlﬂ FQRGRTYEYS: hiR %tﬁr@féﬁﬁeﬁrﬁfﬁb@@m@ﬁéhetq'?*it%l)és'f is
fractions cBn tdin&E Qerﬂ'v?ﬂaéuceeg,W s‘i’lrbcttfrjé)asrcﬁgaéﬁ%%'&ﬂé\glél. Oét ﬂﬁeg%ré

| i ght naphtha containing re ner capt ans r’-orgahi
sul fur comindmréshemebwnbormiratedéﬁmﬁetencd; dYloreepreveraglyahe bamstmntamed

cont ai ni nd SAAE0IGVIEEMERE R FOBHY BhP e ARG BRDBURAS acest Pl e
Feact e G o P i e o Tt Ofibc A0 baigne 1
cat al yst ; fQﬁlpaéregmtgtth@glsilﬁa@bmm:mncmastar dThisegbdatimieatis desodbed indd.Sa
vapor to f %Eéﬂt 5, 4L3qL§9(b %‘?S\%J iS "hereby incorporated by reference. Other catalytic
distillation structures useful for this purpose are disclosed in U.S. patents 4,731,229,
5,073,236, 5,431,890 and 5,730,843 which are also incorporated by reference.

Reaction conditions for sulfur removal only in a standard straight pass fixed
bed reactor are in the range of 500-700°F at pressures of between 400-1000 psig.
Residence times expressed as liquid hourly space velocity are generally typically
between 1.0 and 10. The naphtha in the straight pass fixed bed reaction may be in
the liquid phase or gaseous phase depending on the temperature and pressure, with
total pressure and hydrogen gas rate adjusted to attain hydrogen partial pressures
in the 100-700 psia range. The operation of the straight pass fixed bed
hydrodesulfurization is otherwise w "~ known in the art.

The conditions suitable for 3 desulfurization of naphtha in a distillation
column reactor are very different from those in a standard trickle bed reactor,
especially with regard to total pressure and hydrogen partial pressure. Typical
conditions in a reaction distillation zone of a naphtha hydrodesulfurization distillation
column reactor are:

Temperature 450-700 °F
Total Pressure 75-300 psig
H, partial pressure 15-75 psi



(g) conmbining a portion of ~ 'east one said internediate streamwth said
| i quid product and (h) contacting said conbi ned streans and hydrogen under

(i) hydroggssdekdshzati on conditions with a hydrodesul furi Zgtd, @R, e@hal Yst
wherein a portion of any remaining sul fides and other organic sultur

conmpounds are reacted with hydrogen to form hydrogen sulfide; (ii) a
thi oetherification catal yst under thioettherification conditions Wnerga! n a
portion of any remaining diolefins are selectively hydrogenated or (iii) a

combi nati on ther eof | H5V &f RAPIKBSS CONPriabblg1ise steps of: VWO
(12/A ~CS8(1 PCT/US112/111130~ 16 {a) contacti g& hydrogen and a full

_boi ling range napht ttk ret&d cont ai ni ng ol1€f1089) SEIFH ef i ns, mercapt ans, .
t hi ophene and ot her organic sul fur conpounds in a bed of thioetherification

diti f, thi erifj i : tl) ' t
abortion of t AEeheraiPa AL tad MR aplufith ety restfi R bong Hashna°*°
napht ha siapgridewithin@id dietlldtfontrbgcibiridd. %c&ﬁ’é]&gﬂa?ﬁj?&‘tibﬁ'oﬁtr%ﬂ}ag)o{r“' !

boi I i ng range naphtha streamto produce sulfides an separate said
full boil ilmgydr@ge wizisha th@réan isayaparods dydrasasion froeetHe petrolens tigction.

fractional, di st i on. V] fraction _conmprising |ight naphtha
cont ai ni néo‘cgéaaﬁgéé%n@%ggsslg)ﬁgggléléfﬁ%gggagn%%gf%é?ﬁ%'?'gani c sul fur conpounds
as a first ovewithslstlinfitng thensvuopedfaie invieatior digbiptisedanaithe iAW
cont ai ni ng thi ophene, and di ol efi Qé) mer capt ans or m xtures thereof boiling
in the rafpl FRdHRSS UM sEeghvenasscidhanresaM pimgess is e cangensationefbahene;

Sul fur coRBaish SEREN BRI MeTRAERTsPoRE Y bhofiBes BRI Pl BT anc
hydr ogen \thé¢ boaddressddfquiy ttr osteimutheureqaisite artindatieadartict betRees eihydrogen of

hydrodesul furizatign to: concurrently; (i) react a portion of salid sulfides
and ot her 289FgHR SUSUY PEMRYMKISU Tt dhe dpresphedl 9inthanicatalyststo wesuloir theirh
&

e R SRl BPLALA e b T B eoone
and H,S concentrate in the vapor allowing for high conversion of the sulfur
compounds with low conversion of the olefin species.

The result of the operation of the process in the distillation column reactor is
that lower hydrogen partial pressures (and thus lower total pressures) may be used.
As in any distillation there is a temperature gradient within the distillation column
reactor. The temperature at the lower end of the column contains higher boiling
material and thus is at a higher temperature than the upper end of the column. The
lower boiling fraction, which contains more easily removable sulfur compounds, is
subjected to lower temperatures at the top of the column which provides for greater
selectivity, that is, less hydrocracking or saturation of desirable olefinic compounds.
The higher boiling portion is subjected to higher temperatures in the lower end of the
distillation column reactor to crack  en the sulfur containing ring compounds and
hydrogenate the sulfur.

It is believed that in the present distillation column reaction is a benefit first,
because the reaction is occurring concurrently with distillation, the initial reaction
products and other stream components are removed from the reaction zone as
quickly as possible reducing the likelihood of side reactions. Second, because all the
components are boiling the temperature of reaction is controlied by the boiling point
of the mixture at the system pressure. The heat of reaction simply creates more bail
up, but no increase in temperature at a given pressure. As a result, a great deal of



(f) conbining said second ov ' earls and second bottons and separating said
H2S as a vapor from said conbi ned erheads and bottons as a first liquid

product; b d@kssgombi ning a portion of said internmedi ate pgheaswypi h first
liquid prg U('Iz'g and contacti ng said conbined third bottons and second |iquid

product and hydrogen with a hydrodesul furization catal yst under conditions
of hydrodesul furization where substantiqlly all of any remaining sulfides
and ot her organic sul fur conpounds are reacted with hydrogen to form

hydrogen sghfrbidéverdhelfate BF P6£GRNAESP UbMLtIh 6f BidBubtsS AR WeShdtieved ¥\ O
02/ (1A ~S811 17 PCT/USI T2/ (1(1311~ (h) contacting said internedi ate stream

~and hydr ogegulalinththe systemt pressirec 2A ifwtherheriefis thaitbisrreaotien mayngaioffrom

cont ai neddiiaid” Sallfin GASPHES Rlbetiasha G BRiNGRT FubliaVEER SR Bt
. sai d i nt etnegatalyst Hdrebyréduditd pohetibuildes atlchdking. separate said

intermediate streaminto a third overheads and third bottons by fractional
di stillation; Finallyethertupwaid Sawing midragery aels@sdssirippiigagerdio helpdempoye

conbi ni ng ' [: L. b ' ol E T . qui d product and contacting
said co%ﬁ'ﬁ%h’%%ﬁ%%ﬁ@@%m{% &S{"%ﬂf}hﬁéc%%%g?' and hydrogen with a
hydr odesul f uri Fafeingafsvaty tHe FIGLERE eosiaiplition Floef diyding fescHdnistizfRirmas
where portion of _any remaining sulfides and other organic sul fur conpounds

are react 880wt h ThiRgtegyEication fadiphyalesthen hydragegation  catalysiisle dsterably
and hydr ouBetieratior AL Toit of DtatRRb ModRAoR Bftcldo 36 TGEH fuS ep6°
hydr odesulbedsi1daandnh2tod the oetificationt bgction of a eaphtha gplitter 40 cohfifireddaseaes

tai ned w.t hj. idint | at t i,th t \ d, (i]j
con ai ned it S8 et aechat < sEsIm e MNdSREn S00 G e
by fracti qpaadeldivshé 'Id\ﬁéﬂt | 12 Via fi&k hE 104, de??{gir@rg Esdﬁefa"iﬁfd“ﬁ%qé\ngpégtﬁﬂ (a);

and (j) conbining sad rd bott s wth sai i qui d produc
cont act i nghsedldnuovibifloedinehi02 Te lightsmaghtifa is bbiléd gpirdo phe datatyshbddegdir ogen

e
conpounds r@bRtH-LR%68H slmfi_HBs %mmig&rwlﬁgwtﬁggam%ﬂérdﬁeg out g\m%e

process according to claim?2 erein an e uent fromstep (g) |

fract i onateavy dapbitha.e thee lightsnaghthay apwr lavert ior sulfursedent Isi tmaovest aduct .
6. The pr cor di to. clalm 5 er el id. s d liguid produyct is
conbi ned %ggﬂ"sesag@d%eh 0 erh@:\ st f@f%&ée%‘ulqpeg%iﬂfq n‘{f’fﬁdﬁl?d‘é rﬁ%ﬁ)#ﬁﬁa
whi ch V10id st Sieh REabtdiSira/dd fdiéws: 18 contains | ess total sul fur

content than said full boiling ran%‘e napht ha feed. 7. The process according
to claim2 wherein $HB8SURI oet heri €% iR%O cat al yst conpri ses pal | adi um
supported on an al uri 8. T Agss according to claim2 wherein
sai d hydrodesul furi rzilf}a |oér1%§’§ al yst h1C(())rrprl ses the oxides of a Goup VIB or

G oup VIII supported,qartial gesni na b&Fo.psi

LHSV 0.2-10.0
The heavy naphtha fraction is taken as bottoms via flow line 104 and is

subjected to hydrodesulfurization bv the catalyst in beds 61 and 62 within the
distillation column reactor 60. Hydr :nis fed for the reaction via flow line 117. An
overheads is taken via flow line 109 and a bottoms via flow line 110. Both overheads
and bottom from distillation column reactor 60 are fed to a vapor disengaging vessel
70 where the H,S produced in the reactor 60 is taken out as a gas via flow line 112
along with unreacted H,. The preferred operating conditions and results for the
distillation column reactor 60 are as follows:

Pressure 100-300 psig

H, rate 30-1000 scth

H, partial pres. 1-60 psi _



9. The process according to claim8 wherein said catal yst conprises the
oxi des of cobalt and nol ybdenum supported on an al um na base. 10. The

process agPiAichot 0 claim 8 wherein said catal yst conpri see o des of
ni ckel and nol ybdenum supported on an ai um na base. 11. The process

according to claim8 wherein said catal yst conprises the oxides of nickel
and tungsten supported on an alum na bagke. 12. The process according to
claim8 wherein said oxides are converted to sulfides prior to feeding said
full boiling range pashyha feed. 13.2.8 @process conprising the steps of: (a)
contacting hydrogen and a full boiling range naphtha feed contai ning

~ ol efins, di ol efi ns, %EtRR2pt ans, t hi%phene and ot her organic sul fur

ot oyt tor  coETRAld prdBofirohthg 806 16 AhaRiietieh iRk EG0 I fR g"
. W thin saifsind of & sheidard gtraihg pasafikddibes Hoearfion idactorydearggininga bt Uy or

partially saturate said diolefins and (ii) separate said full boiling range
napht ha SP?ét@rﬂdiaﬁgéeﬁ‘t"?‘l’fézﬁ'f’“t%@és'[f ractions by fractional distillation;

(b) removing aﬁféigé&raw ﬁ‘&rtnitﬂe ﬂﬂBéﬂh%Piﬁaatldrﬁgacfm*otiQ?ak%W@h&kpﬁe ﬁpé%ﬂed
mer capt ans, sulfides and other organic sul fur conpounds as a firs
over heads fed to a semabler sgeartd thicethenficationtdistitiationtcelurhn esagtor 20 cortainingg a

ne 5 1T SEOBRE SSEIR LB AR THE TSGR 1B RTBAE AT SEHO Gl

oo osecal PTG SRR ICTREIAR 8l o BATIAEI0TT 1 MBRRReRbas

bot t ons pifradtion aesremangsowith thef lottanas in flowy [he 108.11iG61S prodigcts arestetlningdi d

product; I?gtﬁel (lrlSJls Ai%gﬁa]t%%lr%%%t‘o% 10 as a vapor via flow line 106. The bottoms in flow line
108 are combined with the liquid in flow line 113 and fed to polishing reactor 40
where the final desired sulfur level is achieved. Because the total sulfur content of
this sidedraw is relatively low it does not require the full severity of the
hydrodesulfurization distillation column reactor 60. The sulfur content of this cut is
low enough to be directly treated in the polishing reactor 40.

The effluent from the reactor 40 is passed to a second vapor disengaging
vessel 50 wherein the H,S and hydrogen are separated from the product. If
necessary, the product may be fractionated to completely remove the H,S. The liquid
is removed from the vessel 50 via flow line 115 and then combined with the
overheads in flow line 103 for a low sulfur full boiling range naphtha.

Hydrogen is generally recycled back to the reactors. Vents may be sufficient
to maintain the H,S levels low enough for the reaction. However, if desired, the
recycle gas may be scrubbed usinc * >nventional methods to remove the H,S.

:xample

In order to isolate this thiophene-range product from the gasoline, the
overhead product is treated and to meet the final sulphur specification. The mid-
product (thiophene cut) is treated for mercaptan removal, then goes directly to the
polishing reactor. The bottoms product from the distiliation column reactor goes into
the hydrodesulfurization unit where it is subjected to more severe sulfur removal
conditions. In this way, each range of the gasoline is given a more appropriate level

of desulfurization severity.



(g) conbining a portion of at |least one said internediate streamw th said
first liquid product and (h) contacting said conbined streans and hydrogen
under (i) wyshRegsul furization conditions with a hydrodesyldigido3aben

catal yst wherein a portion of any renaining sulfides and other organic

sul fur compounds are reacted with hydrogen to form hydrogen sulfide; (ii) a
thi oetherification catal yst under thioeykerification conditions wherein a
portion of any remaining diolefins are selectively hydrogenated or (iii) a
conbi nati on t hey eQf rank-gaBofin@HESERR TR N/dsGesiediiMmHStHiltansiiftatibaP {h)
conprises: hydrodesul furization conditions with a hydrodesul furization
catal yst \ﬂﬁﬁmétlﬂn golyan reactor. Hig resuitgiaie mgesanted dedabled.ot her or gani c

sul fur conmpounds are reacted with hydj.gﬁ%ngto form hydrogen sul fide. 15.
The process according to claim13 whe tep (h) conprises:
_thioetherification condpbitiofthé fulbrdngeqRisbiné Useatotasihgrei n a portion
of any remaining diolefins are selectively hydrogenated. 16. The process
according to clai m PSUMLPe/10st ep (h) conpri’§es a conbination thereof. 17.
A process for renoval of UDfur froma full Wdiling range fluid cracked
napht ha stream conpri si ngiG%e steps of: (a) feedi ng hydrogen and a full

boi i ng range napht ha fe&b%ont ai ni ng ol efi ns|,08di ol ef i ns, nercapt ans,

t hi ophene and ot her orgargg,sul fur conpounds 14y a first distillation colum
reactor containing a bedgfoythioetherificatioggcatal yst; (b) concurrently
insaid first " >tillati olum reactor (i)gqeacting a portio .f the

nmer capt ans contained wt tgd%sai d full boili ng4pange naphtha streamw th a
portion of the diolefins pt ai ned within sai 6fuI | boiling range napht ha
streamto produce sulfi dgﬁi/&nd (i1} separati said full boiling range
napht ha streaminto thre 0r"acti ons by fracti*t¥al distillation; (c)
renmoving a first over head®®®rom said first di¥®di11ation col um reactor
conprising |ight naphtha @t ai ni ng reduced &®unts of mercaptans, sulfides
or other organic sul fur conpounds; wo 112/ 0(~C~811

Total S 970 mg/L
Bromine No. 60
Density .7465 g/cc
Total C4's 0.09 wt.%
Total C5's 20.9 wt.%
benzene 1.12 wt.%
Total C6's 18.8 wt.%
mg/L
H2S 0
dimethyl sulphide 0
COs 0
MeSH 0
EtSH 14.83
1 -PrSH 459
2-PrSH 4.94
thiophene 53.82
2-methylthiophene 60.32
3-methylthiophene 83.54
tetrahydrothiophene 15.11
propyisulphide 38.9
benzothiophene 73.06
unknowns 167.67

heavy S 99.7



20 PCT/ US112/011311-4 (d) renoving an internedi ate naphtha as a sidedraw
fromsaid distillation colum reactor containing thiophene) diolefins
boi ling igdeRctapde of thiophene and nercaptans boiling hﬂﬂ?hﬁz%@ﬁge of
t hi ophene; (e) renoving a heavy naphtha fromsaid first distlw atiron colum
reactor containing said sulfides and other organic sul fur conpounds as a
first bottonms; (f) feeding said first bpftons and hydrogen to a second
distillation colum reactor containing a bed of hydrodesul furization
catal yst; (g) concurrently in said segppglodistillation colum reactor; (i)
reacting a portion of said sulfides and other organic sul fur conmpounds wth

hydr ogen to produce H2S ] 1Lt said botto Lnto a second
~overheads and a second b Sﬁ%éﬁiﬁf%g%}Fé %I distillapﬁa col umm reactor;

gr §ﬁ9'§ 58t o and seéarating said H2S as
a vapor from said conbingﬁo% §Q8¥e@ﬁd“ﬁ%?? as a First |iquid product;
" (i) feeding said internmed? 8t e EEQUSEAIN PIAE BYENCt 0 alBf rd distillation
col umm reactor containi ngeﬂﬁfﬂ'ﬁg‘)éfeﬁéﬂfq {rsid)i on catal ys¥8 (j) concurrently
insaidthird distillati&eflusirati;m reactor: (i) reactin.@ portion of the
mer capt ans cont ai ned w t hippes aathlysttbedtediperatust ("¥Fgm w68 t he di ol ef i ns
contained with said int et_ae@'r@gtalygtrb@arfemefamm (ﬁFS)uI fpdes and (i)
separating said internedisyghuitif @ﬁ"i‘bfdﬁd?:tﬁ)ﬁrﬁi/v!)d overhggds and third
bot Lors, by fract; onal o Sutia Se fibbueEHrina ol dabl 1o, overheags to
said first distillation gﬁgﬂgn-ﬁgéﬁBﬁqpm) t Eﬁ%&plng ﬁ% 8 third be ns
I

with first liquid produc e:ig i%ni'pﬁ\?ér g(é%lv:x:g Lgé bottons and first

b
lic | product and hydrog?‘w react or contai ni ng
7 'R 097 Pr

(h) conbining said secon

a hydrodesul furization ¢ ¢t any Pétmi ning sul fides
and ot her organic sul fur’® IopfiRNejaken Oyerhaad,  h hyaﬁggen to form
hydrogen sul fide: (m fedePhiiepiens okaem sdegqeductd sYPdl ght pass fi xed
bed reactor to a vessel iyl &nercapiengvessiorfByed as 99&#por to form a
second |iquid product; aRdogylmersapian canvession $¥¢ond | B+ product with
said first overheads to forma full boiling range naphtha which contains

| ess total sulfur content than said full boiling WO 02/ (IG5 HI 21 range
napht ha feed. PCT/US112/(11130~ 18. A process for renoval of sulfur froma
full boiling range fluid cracked naphtha stream conprising the steps of:
(a) contacting hydrogen and a full boiling range naphtha feed containing
ol efins, diolefins, nercaptans, thiophene and other organic sul fur
conmpounds under conditions of thioetherification with a thioetherification
catal yst to: concurrently: (i) reacting a portion of the nercaptans
contained within said full boiling range naphtha streamw th a portion of
the diolefins contained within said full boiling range naphtha streamto
produce sul fides and



(i1) separating said full boiling range naphtha streaminto at |east three
fractions by fractional distillation; (b) renpving a fi rst fractl on

conpri si ngwhgm,g,apht ha cont ai ni ng reduced nmer capt ans, F@Pmﬁﬂ’q ot her
organi ¢ sul fur conpounds as a first overheads; (c) rermw ng at least one
internedi ate stream (d) renoving a heavy napht ha contai ning said sulfides
and ot her organic sul fur conpounds as aqfirst bottons; (e) contacting said
first bottonms and hydrogen under conditions to react nercaptans to form HZS
in the pregfgQehfiofcliydeqgesul furization catal yst; (f) separating said H2S
fromsaid first bottons product as a vapor to forma liquid product; (9)
~conbining a por‘t|Arpro¢eﬁc¢massmgrlbes’mp8 ofnt er nedi at e st ream wth said

nydr odesul 1 ur i 481 FBREKSRG LIGRESRAR §dbaod nor opatmRheLeRnySIAAREE: 1 a
. portion ofo|afitys, HRIWEY, ﬂ&éréa'ﬂ)tfahgetﬁlcﬂdh@néta%rotﬁél‘?cﬂﬁh@lcﬂﬂgkgc @ﬁﬁﬁﬁ&é‘gﬁdé’rr e

reacted with hydro en to form hydrogen sulfide

As9. As9. A{canaitionsdt thipetheriicaior Ritha thiaathesdivatios oatahst ttAs . AA' . AAL. A s. A
h#$&CVKF |, ?9 r
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] ca] ca] ca]merUhpwnsatbdaimaiz&lhota@]mes}m]eczﬁ@ hf‘o’désulfuﬂu@&%r( ¢ataly§0%2& () - -
$ 1 &100& ()-- | RIOWE () - -1 3% &10%& () --F - 1 - MOWKFAE! - "109%& () - F%
109%&' () - &$F104/§ ??Paﬁa 9@@&' ho Wﬂmwd(f)rst bqtt%ﬁ @yoduqi\ﬂs@ vamprio form a
10! F=10%& rdl}g, Lep& ()-2 "109%& ()- 13109%& ()-Gy/ 10%& ()-, ?dEVK@ 10F
109&' () - | f’) 3Y" 1098 ()- ,310%&' ()- 9s10%& ()- S109%& ()-9
) combining a portlon of " ‘east one said intermediate stream with said

liquid product and

(h) contacting said combined streams and hydrogen under (i)
hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide; (ii) a thioetherification catalyst under
thioetherification conditions wherein a portion of any remaining diolefins are
selectively hydrogenated or (iii) a combination thereof.

2. A process comprising the steps of:
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and

(9) combining a portion of said intermediate stream with first liquid product
and contacting said combined third bottoms and second liquid product and hydrogen
with a hydrodesulfurization catalyst under conditions of hydrodesulfurization where
substantially all of any remaining sulfides and other organic sulfur compounds are
reacted with hydrogen to form hydrogen sulfide.

3. The process according to claim 2 comprising:
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(i) combining said third bottoms with said first liquid product and contacting
said combined third bottoms and first liquid product and hydrogen with a
hydrodesulfurization catalyst under conditions of hydrodesulfurization where portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide.

4. The process according to claim 2 comprising:

(h) contacting said intermediate stream and hydrogen with a
hydrodesulfurization catalyst under conditions of hydrodesulfurization to:

concurrently:

(i) react a portion of the dienes contained within said intermediate
stream with the hydrogen and ,
(i) separate said intermediate stream into a third overheads and third

bottoms by fractional distillation;

(i) returning said third overheads to step (a); and

(j) combining said third bott s with said first liquid product and contacting
said combined third bottoms ar first liquid product and hydrogen with a
hydrodesulfurization catalyst under hydrodesulfurization conditions where a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide.

5. The process according to claim 2 wherein an effluent from step (g) is
fractionated to remove the H,S as a vapor to form a second liguid product.

6. The process according to claim 5 wherein said second liquid product is
combined with said first overheads to form a full boiling range naphtha which
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11. The process according to claim 8 wherein said catalyst comprises the
oxides of nickel and tungsten supported on an alumina base.

12. The process according to claim 8 wherein said oxides are converted to
sulfides prior to feeding said full boiling range naphtha feed.

13. A process comprising the steps of:

(a) contacting hydrogen and a full boiling range naphtha feed containing
olefins, diolefins, mercaptans, thiophene and other organic sulfur compounds under
conditions of thioetherification with a thioetherification catalyst to:

concurrently:

(i) react a portion of the diolefins contained within said full boiling range
haphtha stream with a hydrogen to fully or partially saturate said diolefins
and
(i) separate said full boiling range naphtha stream into at least three
fractions by fractional distillation;

(b) removing a first fractio  omprising light naphtha containing reduced
mercaptans, sulfides and other organic sulfur compounds as a first overheads;

(c) removing at least one intermediate stream;

(d) removing a heavy naphtha containing said sulfides and other organic
sulfur compounds as a first bottoms;

(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans to form H,S in the presence of a hydrodesulfurization catalyst;

(f) separating said H,S from said first bottoms product as a vapor to form a
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of any remaining sulfides and other organic sulfur compounds are reacted with

hydrogen to form hydrogen sulfide; (i) a thioetherification catalyst under
thioetherification conditions wherein a portion of any remaining diolefins are
selectively hydrogenated or (i) a combination thereof.

14. The process according to claim 13 wherein step (h) comprises:

hydrodesulfurization conditions with a hydrodesulfurization catalyst wherein
a portion of any remaining suifides and other organic sulfur compounds are reacted
with hydrogen to form hydrogen sulfide.

15. The process according to claim 13 wherein step (h) comprises:

thioetherification conditions with a thioetherification wherein a portion of any
remaining diolefins are selectively hydrogenated.

16. The process according to claim 13 wherein step (h) comprises a
combination thereof.

17. A process for removal of sulfur from a full boiling range fluid cracked
naphtha stream comprising the steps of:

(a) feeding hydrogen and a full boiling range naphtha feed containing olefins,
diolefins, mercaptans, thiophene and other organic sulfur compounds to a first
distillation column reactor containing a bed of thioetherification catalyst;

(b) concurrently in said first " stillation column reactor

(i) reacting a portio if the mercaptans contained within said full
boiling range naphtha stream with a portion of the diolefins contained within said full
boiling range naphtha stream to produce sulfides and

(i) separating said full boiling range naphtha stream into three fractions
by fractional distillation;

(c) removing a first overheads from said first distillation column reactor
comprising light naphtha containing reduced amounts of mercaptans, sulfides or
other organic sulfur compounds;
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(9) concurrently in said second distillation column reactor:

() reacting a portion of said sulfides and other organic sulfur
compounds with hydrogen to produce H,S and

(i) splitting said bottoms into a second overheads and a second
bottoms by fractional distillation column reactor;

(h) combining said second overheads and bottoms and separating said H,S
as a vapor from said combined overheads and bottoms as a first liquid product;

(i) feeding said intermediate stream and hydrogen to a third distillation column
reactor containing a thioetherificat'ion catalyst;

() concurrently in said third distillation column reactor:

() reacting a portion of the mercaptans contained within said
intermediate stream with the diolefins contained with said intermediate stream to
form disulfides and

(i) separating said intermediate stream into a third overheads and third
bottoms by fractional distillation:

(k) returning said third overheads to said first distillation column reactor;

(I) combining said third b ms with first liquid product and feeding said
combined third bottoms and firstlic | product and hydrogen to a straight pass fixed
bed reactor containing a hydrodesulfurization catalyst where a portion of any
remaining sulfides and other organic sulfur compounds are reacted with hydrogen
to form hydrogen sulfide;

(m) feeding the effluent from said straight pass fixed bed reactor to a vessel
wherein the H,S is removed as a vapor to form a second liquid product; and

(n) combining said second liquid product with said first overheads to form a
full boiling range naphtha which contains less total sulfur content than said full boiling
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boiling range naphtha stream with a portion of the diolefins contained within said full
boiling range naphtha stream to produce sulfides and
(ii) separating said full boiling range naphtha stream into at least three
fractions by fractional distillation:
(b) removing a first fraction comprising light naphtha containing reduced
mercaptans, sulfides and other organic sulfur compounds as a first overheads;
(c) removing at least one intermediate stream;
(d) removing a heavy naphtha containing said sulfides and other organic
sulfur compounds as a first bottoms;
(e) contacting said first bottoms and hydrogen under conditions to react
mercaptans to form H,S in the presence of a hydrodesulfurization catalyst;
(f) separating said H,S from said first bottoms product as a vapor to form a
liquid product;
(9) combining a portion of at least one said intermediate stream with said
liquid product and
(h) contacting sald cc—%ined streams and hydrogen under
hydrodesulfurization conditions with  ydrodesulfurization catalyst wherein a portion
of any remaining sulfides and other organic sulfur compounds are reacted with
hydrogen to form hydrogen sulfide.



