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PROCESSI NG OF FCC NAPHTHA BACKGROUND OF THE | NVENTI ON

Field of the Invention The present invention rel ates
woao@/gssneess for the desul furization of a ful PCbaiskiongi3s24

range fluid catal ytic cracked naphtha. More

particularly the present invention enploys catalytic

distillation steps which reduce sulfur to very |ow

cauces 1 oos ol aTRRRTREINAQ S P VAPFLAD o T ng

range naphtha stream More particularly the invention

relates to a prpaexGROUNDTF PHE I'NJ/EN?I@NO' poi nt  of
gasol i ne bl ended fromthe treated naphtha by

Fleldrnfdheéml\terwom stilling the naphtha while

des Z|n t hen, . in tiagps. for

e HE PR BROIR TIPS O0R PIR8shater e BeoitBifiafion of a ful
boilirgf riahbéiﬂauﬁdtélgrﬂb cerRedinaphthea Neiahaficiagpthiepresent invention

chem cal conmponents. Cenerally the streans are defined

enpploy s &afalylin dlSHﬁaﬂcahg@@vahléh rgdues gulfiar theery low levels, makes

I . e
m8%@éﬂ§lbht ﬁ 3 co éc?r?%ﬁ& bﬁﬁ’sé%lf lﬁé%‘glr(]az@ h%@jé?‘l@?)n fora full boiling
rargé hephtlad stretine M@ekparglcolarlyhherml/emcac kela@s to a process for

£ss h concentration

cRiRitaiie it oy oAeHiaechleraPRalies) e kppisds nanhtha by
cop.ehMenwwtmtr@dtﬁ@hsbhmbswﬁﬂ’é %ie% Iftﬁ‘ﬁiln ARG fHe?ln?édant%mlng the

t hese conponerits may be any of e var ous | somers
frad&ene&mﬁbarﬂﬁsjredmdp@mosutu on of untreat ed napht ha as
rrﬁsr fr%mthe crude still, or straight run
W n?a§' Brl marily infl uenced by the crude source.

mDMétﬁﬂeumOIHlﬂﬂFa@é f 5ihbamMST WBRAtHRUEBC %rf‘é@/eoﬂvélgamc chemical
saturat ed strg%a%ht chain or cyclic conpounds.

cogarants.r uP y tbe strrams asetdefineguwboy dhelurqoﬂmmes which

de@é‘ﬁnlﬂép{ﬁtehﬁﬁnﬁ)roglt{&urafﬂer] g?%ce?%@lqh' gthg gf&g?/@)%rg@g affects the

contarn nore unsaturates

conapgaitiord s . Fah instagdes rpredltisr froonteither catidytic bﬁ’mklrtg) ob&hermal
ngpht heni c. Treatmentt:‘ f the different straight run
crading rpagcwsb%orgmng oy rts ddelintafo o vol s

Satrtltggthét a or Z]Eﬁg?érr}ﬁigsg&e aﬁ%ufag%%ﬁﬁé%%g%@ urt ﬂse)r Addltlonally,
thewa@mnneebsaepy be any of the various isomers of the compounds.

The composition of untreated naphtha as it comes from the crude still, or
straight run naphtha, is primarily influenced by the crude source. Naphthas from
paraffinic crude sources have more saturated straight chain or cyclic compounds.
As a general rule most of the "sweet" (low sulfur) crudes and naphthas are paraffinic.
The naphthenic crudes contain more unsaturates and cyclic and polycylic
compounds. The higher sulfur content crudes tend to be naphthenic. Treatment of
the different straight run naphthas may be slightly different depending upon 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.

1



perhaps distillation or solvent extraction for

val uabl e aromati c product renoval. Refornmed napht has
woav@/ssrential |y no sul fur contam nants due t®8CThs2006/013824

severity of their pretreatnment for the process and the

process itself.Cracked naphtha as it comes fromthe
catGragkéd nephitiaaas ih gemesifenathe edtaliicghadrdes ameiate/fely high
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In softY tadbs Bidfrabliem nitfy Certfiboe ddmUBASA hale of thé BBsoline in the
refinery pool together with a_ si gnl ficant portion of

refingry peel tngstheravith grsignifieant posiiqeal thegatane.(gasol i ne

bo@ah?@,ﬁ%p&i??aﬁﬁéﬁst%? e%gﬂr?% %l(l:l{@H@ea}nﬁfeglﬁéckﬁgﬁ@éforms

a sighidicest pad (t1/p) of thikegasblind prakst p|00t i the bhitedeStates and it
The sul.fur

proyides He/atpsh RO QA% Ryl TSl FEPbiRg v adsire removl,
USUQ")PQ#‘?IXC“%@I%‘UF\ Ciat rGQtstooéorﬁ ‘Wﬁ%l%dﬁe écfi‘ﬂ%‘?loﬁ(b'b?to ensure
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. St, C n th renmoval of the sul fur conpounds
f'"aror%}'cﬁ{ﬁm%ggqu ggP’Y%‘P. on (HDS) in which the
petThel edBt dedrhirlonahfethéd RGTS R0 e6f e Aulflir compounds is by
particul ate cat al i/St conprising a hydrogenation net al
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L s YR T S A 575 g nacase
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equgtl@ns I“Rﬁrratezm?@eﬁgfmwn lyeical HRP 6Bidi ti ons for the

HDS r ea ___e,mmqq_t OF 600-780 Pressure,
psi g 608“38%5-(?)'_| ecycl e ralt{%s3 SCF/ bbl 1500- 3000 Fresh

H2 make(p) RSGH blbl --AORHGOEACKf t ert he hydrotreating is
conpl et r gduct b ractionated or sinply
fl ashed(?%’)otzﬁwl ga t’ﬁ’e%i}%\gﬁﬂ sul fide and coll ect
the nowgle ROV + 26 -napRHhagHTbe | oss

Typical operating conditions for the HDS reactions are:

Temperature, °F 600-780
Pressure, psig 600-3000
H, recycle rate, SCF/bbl 1500-3000
Fresh H, makeup, SCF/bbl 700-1000

Afterthe hydrotreating is complete, the product may be fractionated or simply flashed
to release the hydrogen sulfide and collect the now desulfurized naphtha. The loss
of olefins by incidental hydrogenation is detrimental by the reduction of the octane
rating of the naphtha and the reduction in the pool of olefins for other uses.

In addition to supplying high octane blending components the cracked
naphthas are often used as sources of olefins in other processes such as

etherifications, oligomerizations and alkylations. The conditions of hydrotreating of



of olefins by incidental hydrogenation is detrinental
by the reduction of the octane rating of the naphtha
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°! lennccln#lgwermal designs which simply reblend all of the HCN and MCN in their
production ratio, the endpoint of the FCC gasoline produced is essentially the same
as the endpoint of the feed.

It is an advantage of the present invention that a full boiling range naphtha
stream is hydrodesulfurizated by splitting it into boiling range fractions which are
treated to simultaneously hydrodesulfurize and fractionate the fractions. It is a
further advantage of the present invention that the sulfur may be removed from the

light portion of the stream to a heavier portion of the stream without any substantial



In comercial designs which sinply reblend all of the
HCN and MCN in their production ratio, the endpoint of
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The first heavy fraction is recovered and used as the feed for fractionated into
an intermediate fraction and a second heavy fraction. Both fractions are individually
brought into contact with hydrodesulfurization catalyst and hydrogen under
conditions of concurrent fractionation and reaction to react organic sulfur including
organic sulfides from the light fraction with the hydrogen to form H,S and
hydrocarbons. The intermediate fraction having a reduced sulfur content from the
first heavy feed is recovered and combined with the light fraction. A second heavy



catal yst under conditions of concurrent fractionation
and reaction to react diolefins and nercaptans to form
wongass2sul fi des and to fractionate the or ganPCT/US2006/013824
sulfides into the first heavy fraction. The |ight
fraction having a reduced sul fur content is recovered
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content fromthat o irst heavy feed I's conb
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second heavy fra?tl on. The unused heavy fraction is

refinegnt Singedessstornallaf thy ecoysraseamya fraction/ishiensied with
e et A AU BT D024 RN Sl P Keavy
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O : . t the
Gasol ine proBleBEShpteleiEon EarDRRIEE apnt ha
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hydrotreater or perhaps directly into the diesel pool.
the imMeRtien.so gi ves sonme flexibility to vary the anount of

SPRRL D8 e o st Bl et P bibanbocimen
of thieringéntion.i s bl ended with internmediate fraction, it is

coptenplated that, up to 100 % of the desulfurized
heEU?y-ng 12 simpifigh flowstiagrasyin sshematiofexrppan erphodintept of the

inveRRSYY é\'ﬁﬁloying one fixed bed, straight pass HDS polishing reactor in
combination with a distillation column.

FIG. 4 is a simplified flow diagram in schematic form of an embodiment of the
invention employing fixed bed, straight pass HDS reactors.

DETAILED DESCRIPTION

The process for simultaneously desulfurizing and distilling a full boiling range
fluid cracked naphtha has been described previously. See for example U.S. Pat. No.
5,597,476 which is incorporated by reference herein in its entirety. The patent
discloses a two-step process in which naphtha is fed to a first distillation column



FIG 1is asinplified flow diagramin schematic form

of one enbodi nent of the invention. FIG 2 is a
weioglasfized fl ow diagramin schematic form of acTasowd013824

enbodi nent of the invention. FIG 3 is a sinplified

flow diagramin schematic form of an enbodi nent of the
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PSR, R VST W DAETb Bl atpp EEBions ana
distillation separations may be carried out concurrently in a reaction distillation zone
or in a fixed bed, straight pass reaction zone followed by a distillation zone or in
combinations of these two modes.

In the present process a full boiling range naphtha stream containing organic
sulfur compounds and diolefins may be fractionated in a first distillation column
reactor by boiling a portion of the stream containing lower boiling organic sulfur
compounds, generally mercaptans and diolefins into contact with a Group VIl metal
hydrogenation catalyst under conditions to form sulfides. A lower boiling portion of
the stream, having a reduced amount of organic sulfur compounds and diolefins is
recovered as light naphtha overheads. The sulfides formed by the reaction of the

mercaptans and diolefins are higher boiling and are removed from the column in a



anmount of HCN bl ended back into the MCN, and therefore
reduce the endpoint of the gasoline product.
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frachieig esndutisednandrstoVEEsR IATelBYed 8ulfedcbMent ﬁéé\%nﬁaphtha is
distillation colum reactor, where the heavi er bottons

recoypeed agcbotiermsed Tingt tecaverast deavni itermediatenantr ghti mphtha
frac@%ﬁsp%sﬁﬁéﬂ%n%?ﬁvzé@ﬁ RSP TR Brap 05% poiny

of lebs thayhthei ey drarctian andigréatey thavgaie combihed lightemdantrevediate

Lhe distillation colum reactor in the presence of a
odesul fi zation catal yst under conditions to

fg'ggggeydbeﬁut BeARYchtMEH Y reReRRIHBIPIHeA SRR MB6GHelndd which
is the standard in the refining industry. ASTM D-86 does not measure a true boiling
point because of the equipment used but is still the standard used. Because ASTM
D-86 does not measure a true boiling point, the endpoint according to this method
may be manipulated by blending a higher boiling stock into a lower boiling stock.
THIOETHERIFICATION AND SELECTIVE HYDROGENATION CATALYSTS
Catalysts which are useful in the mercaptan-diolefin reaction and the selective
hydrogenation of dienes include the Group VIIl metals. Generally the metals are
deposited as the oxides on an alumina support.



overhead with the internedi ate naphtha fraction.
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the heayy fraction and greater than the conbined |ight

and int éPﬁ@dl ate fractions. The SR#SEE nt bei ng

cont rol hegh gsured by the AS t hod which
is the st angarﬂgl n the refining ?%&n?%ydmASTM D- 86

does noNIMEz%‘ure a true boiling pdint because of the
equi pmag Ed but is still the s} andard used. Because
ASTM D- 88PBBEs not neasure a tru@YWoNRing point, the

enﬁ%kdﬁerﬁ%@f @é f&j tthé Pé@ct@?ét%té‘ﬁi’th@ereﬁ?m Ritlstb&dufficient

by bl endi ng }gﬂI l[1ng stock Into a
to nnﬁjmalmgwfstrwlonr umEplEherqvcmatmmlAva@EdE@usva‘loodlng of the

con YR BT T LB BT "o

ternhy; dﬂsec @epding OGenéraﬂ?lﬂﬁ@mollélﬁéthﬁ hi/d®gehas Biotéfins ami abstylenes
erally the netals are deposited as the oxides on an

in th&lfﬁﬁﬂrﬁ%a lggsbi O 1 bpa@rm@éeré‘ab/aa 9§@ #@r the
t h*rgﬁttﬁﬁarﬂﬁérﬁ%ﬁhg\ﬂ f%:aﬁ% lr:] afy? ﬁg gb%scﬁge IW&drgf?gig\-,lna’uon of
ponGMfmspwcmmtr@lmblaﬁnascdi}taméﬂ-V\Bﬂﬁm Tryeplightlcradiesi rwdhtlaal énd to
chem cal aperti.es. of he ca st as ovi ded
a logaan earae e S ETiZatdTbpt Ses o sl BopBIgHER | Using te preferred
Ni chtAyct tiRRr&igtive rRrBSoP rdtidnttor YhAGuS¥dhptRiRls Hre Y t148 Sfer of
from faster to slower:
(1) reaction of diolefins with mercaptans
(2) hydrogenation of diolefins
(3) isomerization of the rﬁono-olefins
(4) hydrogenation of the mono-olefins.

The reaction of interest is the reaction of the mercaptans with diolefins. In the
presence of the catalyst the mercaptans will also react with mono-olefins. However,
there is an excess of diolefins to mercaptans in the light cracked naphtha feed and
the mercaptans preferentially react with them before reacting with the mono-olefins.

The equation of interest which describes the reaction is:



Support al um na Hydrogen nust be fed to the reactor at
arate to the reactor nust be sufficient to maintain
woOheorossee i on, but kept bel ow t hat whi ch woul dpCcawse006/013824
fl oodi ng of the colum which is understood to be the
"effectuating anount of hydrogen " as that termis
used herein. Generally thRymole ratio of hydrogen to
di ol efins and acetyl enes iP the feed is at least 1.0
to 1.0 and preferably 2.0 to 1.0. The
thioetherification catalygt also catal yzes the
sel ective hydrogenati on of  pol yol efins, such as the
di ol efins, contai ndd mﬁthih the light cracked naphtha

ng t -hessern deqreed he~isquey i zati on of sone of
RSI-?he rrgﬁ(g-gﬁzf?n% Usi ng (I?]% preférred Ni catal yst the

relative rates of Meaction for various conmpounds are

[ h d f f , ter to slower: (,1) reaction

e 1 Rt bR AT o ST lbben e
diolefins (3) isonerization of the nono-olefins (4)

hy dhisgBrayt bewosiparad tadhe-repetiomsesariked batow ehigf consumes

j re [ I QF . t it .
vl el ESA5E A i O, PG, el iatans in the
thioatkecdfipatiorss dtineaéssary &sicd tleatalysirothefredgcedPWerge" state.

IOt heremiis S xgeess _ofryO?i oleeF_ij?"nsat 0 m1ercar§t an%ei n the sae
In the @ﬂcuerre&@ Bé!gm@&ﬁﬁflﬁa tedignas medragen ipeensymed.

Pr SERERDHIVE LIYDRROGENATION bamAisfer e reacting wi th

nono- ol efi ns. e equation I nt erest which
dedbeidadglyshmaydae used assindiidREH GroRp GAT- iBe@| RdOmponent or in

o oL S BB ons
GroliigadBi &y W8 stich b hD@logeniio ¢ Ratapsty :B?gp@%’cg;gé’ @BBractéffzed by

only hydrogen utilized’in thée renbva
platifdp apaliadiumn rhpdiunmi getidurgs dhereof | Senkemllyntvesselals are

depf LR 0B RN 3 AL OBRIE T g o Bty sman
dianhatér agemidates onsspiedes, ki@ Vau MRROCEMMN N efdrdd’$dr the
selective hydrogenation of diolefins are alumina supported palladium catalysts.

CATALYST STRUCTURES

The catalyst typically is in the form of extrudates having a diameter of 1/8,
1/16 or 1/32 inches and an L/D of 1.5 to 10. The catalyst also may be in the form of
spheres having the same diameters. In their regular form they present too compact
a mass and are preferably prepared in the form of a catalytic distillation structure.
The catalytic distillation structure must be able to function as catalyst and as mass
transfer medium.

When the catalysts are used within a distillation column reactor, they are
preferably prepared in the form of a catalytic distillation structure. The catalytic
distillation structure must be able to function as catalyst and as mass transfer
medium. The catalyst is preferably supported and spaced within the column to act
as a catalytic distillation structure. A variety of catalyst structures for this use are
disclosed in U.S. patents 4,443,559; 4,536,373; 5,057,468; 5,130,102; 5,133,942;
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The catal yst may be used as individual Goup VIII

metal conponent or in adm xture with each other or
woudi7iosens as known in the art, particularly tROTAS2WG6/013824

Group VIB and I B such as hydrogenati on catal ysts of

the type characterized b gl atinum palladium rhodium
5,151,001 55,8680 12 652651, 546 SABITD; BHES TG IaNCed 730,843 which are

mco?ﬁppgéq §greﬁb&2§1§?§ﬁ&es on an alum na support. The

S y Smal | di aneter extrudates or

splepesieredpsattuye 46 Utbnahowat # YEES Ritehte b7, 848 which is
the sel ective hydrogenation of diolefins are alum na

incogpeyiging &Y reiaTeRee UMt Siseigsedsthergir Ahy strustrecTairetsama rigid
GBS RSl 0 Bl R Sy R O i

by alplarality dfGubstentially hbsizantal m;ﬂd mnbaslamddﬂﬁlufanmfﬁu bstantially

horlg%;qﬁ{ \?/ﬁg?m%;lfgtgxgtﬁg?@%@\ Eﬁ) gs,;ggéprg%d)? r@tryeo ﬂu:d pathways
amd?fgel%%rtﬁB& tqeastesl ; Bbﬂldrhﬁf frf Wir fm@sﬁ:gf e Icfc?rﬁam a particulate

di'stillation struc e catalytic
catadyticumaterial.milste batadyst avithin fthuen du kb esn piaos/ichest alrgzactmndom where
en_t he ata sts ar

cat%%ﬁehc@o%rﬁ%y E’Egl[l I"l'I M %’% WIFﬁ] n}eé &rBYl&G? Hé%ﬁ gr@s?er surfaces to

effedtr @ frectibhy disRgibAd THe shscih@eembng &@V@'eka‘é variation of the
distillation structure. The catalytic distillation

catadyst densiteand deadieg apHetiustyrahinteariy asd quovitgs mnapld vapor and
|,qu,aﬁﬁ,%upbgg{s£$}gam ium The catalyst is preferably

spaced within the colum to act as a

c atraﬂhyzt\nauods dtavihgs compehenisthaning the sameatbatiohship and general
at al st S ructures for this use are disclosed in U.
funcligh &t 9“@ 2352589 indicig 4g ilusdrate; thesgongsity of thepembediments of
42; 5, 189 001 ; 5,262,012; 5, 266, 546; 5, 348, 710;
the @V%fgqb@%o and 5, 730, 843 which are incorporated
heR@ufefrlbg nogf t@rlﬁgc‘ea fitsstperabedinesht f thecpresent nevenlmam is shown.

iR e =36 SRS D1 TSP R B0 cotmn

reacte ™y béﬁt%nﬂn]é] athet ﬂQ@HT%IB%%nﬁéaﬂdWc&HQéi aﬂgﬁgide\ﬁ is fed in an
verti cal icate grids spaced apart

amaogit §umq&rﬁ|totlsee@fth§u@alam’t Ina1ll1€yh Idezsiﬂt%ll In ithe deactor 10 the

BB 1y 08 RgBA 310 o ST AL b PR i are

highet bo#ihgtandadrefretialepavitmeesbetiarmg vishfow URe I 03ALA ligdSiaphtha
on of the wre mesh tubes contain a particul ate
prodiiel 1 FPE ataverieAds Wadiovaing 52 anAtenata e Analbiend

PT 9HE @ttothd RAM Mk 168 SréR6HBined with a heavy FC naphtha stream
from flow line 104 and fed via flow line 105 to a hydrodesulfurization distillation
column reactor 20 containing two beds 22 and 24 of hydrodesulfurization catalyst.
Hydrogen is also fed to the unit. It may be co-fed as shown or as a separate feed
below the bed 24. In the distillation column reactor 20 the organic sulfur compounds,
including the sulfides produced in the reactor 10, are reacted with hydrogen to form
hydrogen sulfide. An intermediate boiling range naphtha (MCN) is taken as
overheads via flow line 106 and stripped of hydrogen sulfide in stripper 30 where the
hydrogen sulfide is removed as overheads via flow line 107. The product MCN is

10



catal ytic reactions may occur and the wire nesh

provi des nmass transfer surfaces to effect a fractional
wdied7iossati on. The spacing el enents provi de foPC&US2006/013824

variation of the catalyst density and | oading and

structural integrity and provides anple vapor and
takan fqgmtherﬁtﬁg@w;)g@ agaipdteims via. flaw line d 0BarA @@@vm maﬂhﬂ@sstream

(ORI T oAl 205 306 Do, PP oo o
hydrgegruilfide infstligisereltbotkrehé bydiogehaulflieastal®n as overheads via

Referring nowto Fig. 1 a first errbodi_msnt of the _
flowdinesko: Thermeusicy is Femavedfrem i gitriprer g hetioms \a flow line

111f &shod ?aﬁ)‘aé’é{" thb%ﬁ@és&ﬁétﬂe?@% S Lahb i | EBE yiaflowline 112

disti] on columm reactor 10 contalning
or pethapstthex distiltate ihydrategadéysit othely type gd Il]lnlt$f édathttlorral processing is

reafiif aSoms oo TaNS AISoeS e idlk e TR e MBh Rraduct
TheadrﬁourﬂQﬁq-@N\MléﬁUéH |ﬁ{@[‘h'eﬂ\%Ct\Pdé;%d’q§%¢t“h'eC§ﬁj \MHt‘?qufﬂFé?d in the

ng are renoved OrTB Vi
flnalf mr@wupt né thI:ser endpcglhttenmmatwe w\rlld)mmxlre lsnoraloétheaHCN and a

o B B 1 BN P8 b beblied R apg esrec

HCN iheawto ke finahblead sid samliheormdf | ow |ine 104 and fed
via flow |ine 105 to a hydrodesul furization

di §0r thesiteations whare beee are sepatsie dlaavigndibighbfredstreams
orofd ol DELRHTRYISEb el Sha it o HELRART e ooty

to the chm&ipabl&)rfodalw meg@srﬂ Uit \bmblﬂﬁﬂre]?tmehﬁﬁ dibtiation edluaih reactor
I tor20 t orga ur conpounds

20. { TR, PRHNH SIS RPLON) piTaekS bt LIEN rpr@mc??%ﬂaﬁo the, feggldo the

hydfo%i%%hmlz’étbh cﬂé’tﬂ 088 ol Péé‘&tﬁly ﬁ ﬁ’(%)?’\g%% -d. fgiseéﬁ}%nsnections

i nter nedi at e |ngrange napht
are ghvawmeadaished linkeWOLArmnd1 06! AnimdFigs rli qapukbd. Ohlyrey simalty emakeup of

et slS QB I EGHLTE & Gop ARG SStRE st Al Also, a
smallirget GKEICN pesatdiavsdldi PeenBe #ve dIBr Y ghk8ike pool,
line 108. A heavy naphtha stream (HCN) is taken™from

Wh'Qh@é’eF isades¥ed20 as bottoms via flow line 109 and
tHQ ?Qflﬁgrl &gﬁﬁlﬂgg 34 the dely Qgﬁl@ Eéasggc?@ |4|9ql}’\;%§f:$§sﬁ]r2§ before

ro en su en as

bemlﬂs&bnt T@&@d@@ebpomﬂleré ni@nby el dﬂpwnutnit? t@bllnmmé tﬁé stripper
bott ons vi llne 111. Once, stri th

40 and $aus %aﬁlga' ayouhés Rravidad iobio, \A%dﬁt%mlmed]by ‘engpoint

conQ?eﬁl’.ﬁP%f’@ r%gﬁlr ﬁc?ééprrﬁéﬁ g@%’lﬁﬂt{l\?%ﬁh BE 18R "to tHE Stripper
30 via flow line 115 where it would mix with the MCN and be stripped of dissolved
gases. The remainder of the HCN would be routed directly to a distillate
hydrotreater. The dissolved hydrogen and hydrogen sulphide in the HCN do not
pose a problem in a typical distillate hydrotreater. The dissolved gases could pose
a problem if there is a need to store the material prior to further processing, so this
process scheme must be considered carefully.

In some cases, for example when the sulphur specifications are extremely low

or when mercaptan specifications are very tight, additional processing of the
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required. Sonme of the HCN is also routed via flow line
113 into the MCN product. The anpbunt of HCN bl ended
wonvw/oshe2 MCN depends on t he endpoi nt requi r edPCI/USh®6/013824
final product. A higher endpoint tenperature wll
require nore of the HCN,_and a | ower endpoint w || )
MCN&#aNriend saayHemreduieede ot setlldsteke dhe 3rmvef\e aatety of options
[ ' t,t ' : Vi Li :
sucff 3§ & SaERR, BEL o KRuHIE ooy QY EATh O iap). o

meraaptahisyvdetériad unlt; @ seBomdary ihgdrbtrdatiag @initsete. Such units are well
or the refiner to send sone of the heavy

ossi bilit
kno Eé'aﬂaﬁ ?Eté{ﬂc{/arted‘qt@%rbsel pool or other process unit
W WT'[‘RHE?ﬁrtﬁ LirGatidisdii? ekl Baslf;r‘?d A Of 17 preferred
To perntt this option, a“recycle of the pr oduct
embmaitentst owhbee f eatditic tdistillafionodeadlofsir arat iemployed for the

nyd gkl Bhs: ant el S husiaRiRuERIB6A TS Samadoutin
fixe&ib@a; éingléjpé’ss (2lciord a8 MRhdirdiBk at/Pigef 3hervy, feed is
to continue to run the distillation columm

: :%zllﬁiagr egluchips ¢ todal sl cpubeg ebtsingddhy musingdbe heavyinaphtha

. [ t. ine pool | chever
swellfy SN S8 b 5, B 08 P A BB L B a0
where ffuauds e diithitiee MCIN steipp&d 00dieebloee gasbs eng edtal product from

t he di esel pool, there may be an opportunity to
reacips 49 ﬁ%@@ot%@'@iﬂ%%cmgoawa ligg\igScuperedt is spijested to further
N | . .
ol s R e B SIS0 GG e 105
A amibilecprbduciopassedtvia tihe 148 td pplitterBD wheref HsBvahd b, akiéFemoved

as ol eprpaia T £ e e ertishedarouictenlitinaanadte fichLio the Final
Blergcpwb%;ihéﬂrémﬁqbw 140 Sorflb B iall ot BIHY m.fag%?éoeéo ﬁoliﬁ% & Fingl Blend

g
i ssol ved hydrogen and hydrogen sul phide i n"t
or Dirsgel yisd ina 120d1y adjustmentiof the apewritisgidonditiens of splitter 60. The

o R Tt Bl g e B AR G POt p TPl s TToon,
105§ of bbeaslly 06®&stidthin the didde hpaﬂﬁweﬁ(f%eﬁﬁownﬁt be
consi dered carefully. In sone cases, for exanple when

t h&ltbarghuhesjrentios ds i enneraie deserileerb iy teaws o¥f theepreferred
e e e e T
all of thd klydralesulfizatiomsrmay ba caaredoyt infiixed biednstraighhpass ®actors

ss ST P eb e morcaptan cveetening unit, a

SeFRdaNystrtes Hd Briden pkiticss vitete eakhiidf HiE hyddtiBsifRirzation

is carried out in fixed bed, straight pass reactors 310 and 340 with appropriate

adjustments. Nonetheless, the product streams 102 and 114 to the Final Blend and

Diesel are substantially equivalent to those produced by the catalytic distillation HDS.

The feed 101 is hydrodesulfurized in fixed bed, straight pass reactor 310 with

the product the product passing to stripper 320 where the H,S is removed via line

312. The liquid from stripper 320 with reduced sulfur content is sent via line 314 to
splitter 330 where the LCN overheads 102 are recovered and sent Final Blend.
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known in the art and are not shown. Although the

invention is, in general, described in terns of the
wonef7assee enbodi ments where catal ytic distill acTms2006/013824

reactors are enployed for the hydrodesul furizations,

any or all of the hydrodesul furizations may be carried
outThenbettome tSdaressenyl te fp@ﬂsbfaféaﬁfa)@@ pass Idagtarr @ where it

con'(t:efabr’%éz Iagcﬁ‘ogggﬁiﬂgr 7o tioh %E:{iﬁ;c 92r4fﬂg1 o;f&ynnﬁgbﬁs%gd 3{)‘ ?él&)l%er 30 and

H,S(isi@dhoived brail ﬁMOlO‘Bhe liguif |b0Woh1$_rT%vlﬂg5re‘dU@Gv tshﬁur content pass

via kgt o $iliet 50 2l 2 cTbls Tgkataveraat | af o F malBlond vial ine
f I ct or 50 a

V4RI ABShen s pday s BBLR AR o 0
hydr odesul furization in EXAMPLdﬁt al yst bed 52 with

o B aE oMY ey e Gitiiuse o B Shdpaipt gasoline
frona@amrd@nwmg %g@/%@ﬁad@fmn earigefuid ot &ﬂé%k@@'da%hﬁﬁa was

product split to send the LCNto the Fi Blend via
trea&edjécw@mwarﬁbeﬁaas agdrwost Cgblin dhetqvermm phyp thicadhesdfication

dlSﬁl%tl(Slb?Olﬁhﬂ? q‘a%ltcﬁjlﬂggFeg%\fq%g h@orﬂ qq'pk,ﬂges fé?mstg%é.q@tglpt%eroduct

Theﬂtﬂtmﬁﬁﬁﬁﬁﬁsﬁﬁmﬂihémﬂca‘lﬁbh reitbhRad fRCpObertie® set out in TABLE
extension in the heavy recycle |oop (109A, 105) or be

| be ily converted in the diesel hydrotreater (not
shown) . Al though the invepigop is generally described
interns of the preferred en'f)odl nments, using catalytic
di still ation Total@uwius (Wpprt)he hydr oded@5bur i zat i on,
any or all offotaleR&Mdwppasul fizations gy be carri ed
out in fixedToes N akpginght pass reactops 5s

illustrated 'B?or’ﬂlrge?'No3 (@0dogy Fig. 4 ikhustrates the

present proceis E%) ach of the hydr g asul furization
is carried o trai ght S reactors
310 and 340 WS'I"I\W ?rﬁ;bgqllg@ tloédj ust rnE\nIF;){‘E}:S Nonet hel ess,
t he product eanB 102 and 114 to the Egnal Bl end and
Di esel are s E{/t antially equival ent t o 1BRose pr oduced
by the catal yP® distillation HDS. The2P€ed 101 is

hydrodesul fuPZed in fixed bed, straigRl8pass reactor
310 with the3gfoduct the pr oduct passi @44to stripper
320 where thd0BRS is renoved via line 263. The |iquid
fromstri ppeb0320 with reduced sulfur @e0tent is sent
via line 314608, splitter 330 where the3b®N over heads
102 are recoyergd and sent Final Bl endgihe bottons 103
are sent to fgpyed bed, straight pass ragagtor 340 where

It 90% 416
95% 454
EP 497

The hydrodesulfurization distillation column reactor was set up in a 3"
diameter column x 50 ft. tall. A Co/Mo catalyst (DC-130 from Criterion Catalyst
Company) was loaded into the column in structure as described in U.S. patent
5,730,843. Operating conditions and results are presented in TABLE Il below.
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10

15

20

25

30

35

contacts hydrodesul furization catal yst 24. The bottons
is passed to stripper 30 and H2S is renoved vial |ine

waQd7/05h21 i qui d bottonms havi ng reduced sul f ur PcomSEM6/013824

pass via line 3 18 to splitter 350 and a MCH i s taken
overheads 108 to Final Blend vial line 114 while
bottons 111 are handl ed asA8&&cli bed above. EXAMPLE A

pil ot pl ducted to verify t productlon of
| ow endp %fltr %3!93?'5} roma w de boil range st ock.
Afull r éjw %ﬁ%‘hhc cracked n ha was

treat ed S and nost NS in the
over head 615‘ éatt Hy@r@lgﬁér pefhdati on distiBPdtion col um
react or Preaswref®iged t he mercapt ans fraﬁﬁthe

di sti | | aTbrquuhgut (bpdrfibcatatysbpacking)m t Ris

t hi oet heUpbecbhed dempeéEt or had the progd8fti es set out
i n TABLELbweebewierhpBRE | Total Sul fursgwppn) 1356

Tot al RSHeflwepslo N/ a Total N (wppn) 659%55Brom ne No.
(g/100g) 5 1.7 Density (g/cc) 0.798 ASTM D3710

iioos/ct) i2|6|3at %#gg (l;a%e§gglpgrﬁ 187 10% 2025¢9% 218 30% 244

71.3
OH Product sulfur (wppm) 46.7
OH Product RSH (wppm) 31.0
OH Br # 42.9
OH sulfur conversion (%) 92.1
OH Br # conversion (%) 39.8
Bottoms Product Sulfur (wppm) 277.0
Bottoms RSH (wppm) 2.7
Combined OH& Btms Sulfur (wppm) 156.1
Combined OH & Btms RSH 17.8
Combined OH & Btms Br # 28.3
OH Recovery % of feed 56.9
ASTM D-86 °F
IBP 184.8
5% 195.1
50% 218.3
95% 268.2
EP 291.1
Research Octane of OH product 85.0
Motor Octane of OH Product 77.3

Portions of the overheads and bottoms were blended and a D-86 distillation

ran on the blend. TABLE Il below shows the D-86 distillation data for various
blends.
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10

70% 345 80% 377 90% 416 95% 454 EP 497 The
hydr odesul furi zation distillation colum reactor was

weebto7psizm a 3" diameter colum x 50 ft. tall. PATMS200b/013824

catal yst (DC-130 from Criterion Catal yst Conpany) was

| oaded into the columm in _structure as described in

U.S. patent 5,730,843. OpbABLEAY conditions and

results are presented in TABLE Il bel ow. TABLE Il Feed

rate, lIbs/hr 60.1 Feed Sul fur (wppm 1356 Reboil er
Antdight o8 8tme 6T D)00692D0Fe6dOPt 10J6pd20GEN30HOf hD0.DO. 1

Pressure (pig) 265 Throughput {’prg/ft 3 _catal gst
|B|?§z§cki ng) 2.8 UBhdr 183 %’19 18824895008 ¢ -Zped {Oerrp. OF
10%87 Reflux raP3.62248.10203.3 2042 A07 ded!{@ppA$-8593. 9
20%H Br.# in fe2@6.7 208.90280P80d086 il 2uR18:\Wppga$.3416.7 OH
30% oduct RSH (20019 2315 21208 BI13# 2282 PPbSUBBOA
40%pnversion (%162. 217032 B18#2 2008285928601 3878
50%pt t ons Produgp2 ubbgm eppsnp22.07285 80049188 388 (wppm)
60% 7 Combined 9k BLBE 6SPBA W 288008 45568.8 366.4

70% 238.8 241.2 244.8 248.6 266.5 291.2 382.2
80% 249.8 253.1 258.5 266.0 292.9 326.0 403.5
90% 264.4 270.5 277.3 298.0 352.2 382.1 431.4
EP ‘ 283.0 318.0 375.1 417.6 442.5 456.0 497.8
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Combi ned OH & Btns RSH 17.8 Conbined OH & Btns Br #
28.3 OH Recovery % of feed 56.9 ASTM D-86 OF |1 BP 184.8
w6 20r85572250% 218. 3 95% 268.2 EP 291 . 1 ReseaPCi/US2006/013824
Cctane of OH product 85.0 Mdtor Octane of OH Product
77.3 Portions of the overheads and bottons were
The|irveandignaheimeddsse distillation ran on the bl end.

var foborbraf Bt iRt SRt SUnbiic BapRBa Y3bAtsgFomprising
comtadting 8h8catflyfie c3ackyd haphthd aBfP HyBidoderl @3.the Idséhce of the

183.2 185.0 187.2 313.0 10% 202, 6 Zgghpl 203..3 204.2
hydregdesulfurizationcaialysb tnJeam a7 PoBPNoObHYE graaiic gubun gompounds

ozt i ierhia Bty fioged fo farit 1,5, SEBarafitg R naphtha

str&ao [A2Aistil| kB iat@ aJightsr Araddiod3nd a v rFeaktions @ithdrawing the’

. 230,0 231 .6 234.5 236. 48.4 266.8 366.4 .70% 238.

"géﬁifr aslicgyas gn ngrf@aﬂeswﬁhé@wn@ heayieifsacliog as %E@&ﬁms? and

cordbfhiy 3g6rtﬁ>n?&¥he9h§8\ﬁeprré&%n5/viﬂpﬂ%2 ptet fratloR t@dBtath an ASTM
208.0 352.2 382.1 431 .4 EP 283.0 318.0 375.1 417.6
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2. The process according to claim 1 wherein said contacting and separating

are carried out concurrently in a reaction distillation zone.

3. The process according to claim 2 comprising contacting said heavier
fraction with hydrogen in the presence of the hydrodesulfurization catalyst to react
a portion of the organic sulfur compounds contained therein with hydrogen to form
H,S; separating the heavier fraction by distillation into a second lighter fraction and
a second heavier fraction; withdrawing the second lighter fraction as an overheads;

withdrawing the second heavier fraction as a bottoms.
4. The process according to claim 3 wherein said contacting and separating

of the heavier fraction are carried out concurrently in a reaction distillation zone.

5. The process according to claim 1 wherein said contacting and separating
are carried out consecutively in a fixed bed, straight pass reaction zone followed by

a distillation zone.

6. The process according to claim 5 comprising contacting said heavier
fraction with hydrogen in the presence of the hydrodesulfurization catalyst to react
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hydr odesul furi zation catalyst to react a portion of
the organi c sul fur conpounds contained within the
woapdtiossr2n t h hydrogen to form H2S; separ at i ngPCiaIs2006/013824
napht ha stream by distillation into a lighter fraction
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separating the heavier fraction by distillation into a
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| i gHERWIthdgawingrthadighier fstiae fes the distifatignmelume reactor as an
.heavier fraction as a bottons. 7. The process
according to claim3 wherein said contacting and

sepddpwithgirafinghthe Iheavies fraictias fioomtar distilfationesblomt reactor as a
onsecutively in a fixed bed, straight pass reaction
boliofs: 88 owed by a distillation zone.

(e) combining a portion of the heavier fraction with the lighter fraction to
obtain an ASTM D-86 95% point greater than the end point of the lighter fraction and
less than the ASTM D-86 95% point of the heavier fraction.

9. The process according to claim 8 wherein said lighter fraction is stripped

of hydrogen sulfide prior to combining with a portion of said heavier fraction.
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8 . The process according to claim 1 conprising the

steps of: (a) feeding hydrogen and a naphtha stream
woant7assizng or gani ¢ sul fur conpounds to a di st pCaSRmE/013824

col um reactor containing a bed of
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conmbining a portion of the heavier fraction with the
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reffoved rherca@rEngamd CMdn@ IRyhesH ha@fiaP prisetofeB8mYi tBsaid distillation

fraction.10. The process according to claim9 wherein
coddng rpaefPrer fraction is stripped of hydrogen sul fide

prior to conbining a portion of said heavier fraction

wth said lighter fraction. 11. The process accordi ng

to c13i nThe whecess atioddihg etad cladmstili piheteinf they dlcag@ent is by

sul fi %e. 12.. The igr,?cess according to claim8 wherein_
thiogiheriicaPRains & digHIFton, cplnn KeaFtoR paniaiging: Py thicetherification
chhesked naphtha containing ol efins, nercaptans and

ot her organi c sul fur conpounds and said full boiling

range fluid cracked naphtha is treated to renoved

T SO AR 8 e b TRl Pl B uloracked naphin
comprising the steps of:

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

(b) concurrently in said first distillation column reactor,

(i) reacting diolefins with mercaptans to form sulfides, and
(ii) separating by fractional distillation the Cg and lighter materials from
the C; and heavier materials including said sulfides;

(c) removing Cg and lighter materials from said first distillation column reactor
as a first overheads;

(d) removing said C; and heavier materials from said first distillation column
as a first bottoms;

(e) feeding hydrogen and said first bottoms to a second distillation column
reactor containing a bed of hydrodesulfurization catalyst;
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13. The process according to claim 12 wherein the

treatnment is by thioetherification in a distillation
woabarmssmneact or contai ning a thioetherificati ORCT/US2006/013824

catalyst. 14. A process for the treatnment of a full

boi ling range fluid cracked naphtha conprising the
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seggh{jg)%ﬁt]ohbs a bed of hydrodesul furization catalyst; (f)
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first fraction fromthe distillation colum reactor as
a second overheads; (h) w thdrawi ng the second
f r actd. onAf proces efodi thei Hestlfuwizatioh uoi ar eatdlytic @sacked naphtha

second bottons; (i) stripping said second overheads to
‘hydr ogen sul fide;

fractionating a full boiling range naphtha, containing diolefins and organic
sulfur compounds, including mercaptan into a first heavy fraction and a light fraction;

contacting the light fraction with a thioetherification catalyst under conditions
of concurrent fractionation and reaction to react diolefins and mercaptans to form
organic sulfides and to fractionate the organic sulfides into the first heavy fraction;

recovering the light fraction having a reduced sulfur content as overheads;

recovering and fractionating the first heavy fraction into an intermediate
fraction and a second heavy fraction;

individually contacting said fist heavy fraction and said intermediate fraction
with a hydrodesulfurization catalyst and hydrogen under conditions of concurrent
fractionation and reaction to react organic sulfur including organic sulfides from the
light fraction with the hydrogen to form H,S and hydrocarbons;

recovering the intermediate fraction having a reduced sulfur content from the

first heavy feed and combining said intermediate fraction with the light fraction; and
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(j) stripping said second bottons to renove hydrogen

sul fide; and (k) conmbining a portion of the second
wonemoassmn2wi th the first fraction to obtai n anp&ETNR006/013824

D-86 95% poi nt greater than the end point of the first

fraction and | ess than the ASTM D-86 95% poi nt of the
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di ol efi ns and nercaptans to formorganic sul fides and
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fractlonatin% the first heavy fraction into a

D86t ¥ %raasint:¢f the getalyic eragked sepbith@. heavy fracti on;
i ndividually contacting said fist heavy fraction and
said internediate fraction with a hydrodesul furization
catal yst and hydrogen under conditions of concurrent
fractionation and reaction to react organic sul fur
including organic sulfides fromthe light fraction
with the hydrogen to form H2S and hydrocar bons;
recovering the internediate fraction having a reduced
sul fur content fromthe first heavy feed and conbi ni ng
said internediate fraction with the |ight fraction;
andrecovering a second heavy fraction having a reduced
sul fur content fromthat of the first heavy feed and
conmbi ning a portion of the second heavy fraction with
the conmbined internmediate fraction and |ight fraction
to obtain anASTM D- 86 95% poi nt greater than the end
poi nt of the conbined internediate fraction and |i ght
fraction and | ess than the ASTM D- 86 95% poi nt of the
second heavy fraction. 16. The process according to
claim1 wherein said conbined portions of the heavier
fraction with the lighter fraction has an ASTM D- 86
95% point |less than the D86 95% poi nt ,of the
catal ytic cracked napht ha.
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