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BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates twoa3pessess for the desulfurization of a full bedriusy2ezage fl ui d
catal ytic cracked naphtha. More particularly the present invention enploys
catalytic distillation steps which reduce sulfur to very |low |l evels, nakes
nore efficient use of hydrogen and causes | ess ol efin hydrogenation for a
full boiling range naphtha stream Related Information Petrol eum
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Tr eat rrentsR%%rbeq Eﬁ i%t*oz}ent strai ght run naphthas nay be slightly different

dependi ng uporPé¢theleum cdistillzté t istreamhse doatain ude aoietye eof Refganitedheafibslha or
reformate (gﬁner ally égﬁui res no further treatnent except.  perhaps
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these components may 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.

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



refinery pool together with a significant portion of the octane.
Catal ytically cracked naphtha (gasoline boiling range materi al)
current| yWworasm293as si gni ficant part (z 1/3) of the gasoli necqurudetsepool in
the United States and it provides the |argest portion of the sulfur. The
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--------------------------------------------------- Tenperature, OF
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are often_used as,sources of olefins,in rocesses such as

et heri fi & 'RE.SS'"H?EF%%% rtela(gﬁgn%p ﬂw(ﬁﬁ'ﬂi‘%’ i”ﬁ&' of the naphtha fraction to
remove sulfur wil I(@IFngsianga.Le ﬁgmeHgg the ol efinic conmpounds in the
fraction reducing the octané and causihg a |oss of source ol efins. Various
proposal s have beer2idte! bt renoRHyHEM fur while retaining the 2

(3) 2RN +4H, —» 2RH + 2NH,
(4) ROOH + 2H, —» RH + 2H,0

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

After the 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. The conditions of hydrotreating of the naphtha fraction to remove
sulfur will also saturate some of the olefinic compounds in the fraction reducing the
octane and causing a loss of source olefins.

Various proposals have been made for removing sulfur while retaining the
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WD 03/ 029388 PCT/ US02/ 27569 nore desirable olefins. Since the olefins in
the cracked naphtha are mainly in the low boiling fraction of these
napht has wodstobesssul fur containing inmpurities tend to be poavicsenbrsat ed in
the high boiling fraction the nost common sol ution has been
prefractionation prior to hydrotreating. The prefractionation produces a
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t he pr odummnvertgt $o théeopeszanding disulfil8scan cause nore of the olefins to be

saturated | osin oct.an sum n drogen. It i.s an advantage qf the
present i nventLiJ'g’n P@ﬁﬁo';wfﬁﬁgﬁcﬁ?&g@a%&esqgelﬁm%s '%W%@Hﬂ@qm ® f.e8
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to form sulfides which are removed in the bottoms along with any higher boiling sulfur

compounds. The bottoms are subjected to hydrodesulfurization in a second
distillation column reactor where the sulfur compounds are converted to H,S and
removed.

In the present invention it has been discovered that during processing if the
H,S is not removed from the catalyst zones quickly problems arise. The H,S can
recombine to form mercaptans thus increasing the amount of sulfur in the product.

Also the presence of H,S can cause more of the olefins to be saturated losing
octane and consuming hydrogen.

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
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3 WD 03/029388 PCT/ US02/ 27569 |oss of olefins. It is a particular feature
of the present invention that substantially all of the sulfur contained in
t he naphtwa 3929888 i mately converted to H2S which is qui cklpgT/usemerses from
the catal yst zones and easily distilled away fromthe hydrocarbons

m ni m zi ng production of reconbi nant nercaptans and with reduced
hydrogenation of olefins. SUMVARY OF THE | NVENTION Briefly in the present
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sulfide reaction and very little of the ol efins present are hydrogenated.

Fur t her nicdUmpHeacter @yémlmgoa partianeef the $tﬁeqrn|0§nﬁalam lsweg bpiing Qsgamicn
hydr OgenaédnﬁPcorﬁgegﬁﬂ g;r%n%'ralgﬁ%&gg dafH sGarky &B@"f.ﬁgméa'cb% Wﬁﬂ%ﬁ%&;@ﬁbnﬂhe

heavi er ttons ogen to a second di Stl ation col
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convert the organic sul fur onpounds to H2S which is renoved
i nter rreduraa@tlcrm@fﬂhaawqmaptaaa@nddlqiafma afeémgimiubanlmgraa@mraaemeednﬁadstheH| gher

Dot 1 09 g o e SRR T 0B a6k hAEadbbRAT BB,
portion asrd@hd AGBrenibed@ngyerhagbs halthodgihnddegen igpeesyrtlietadyliuhed to a
third distillation colum reactor where the entire heavy naphtha Iport| on
i s cont adtisPrepem in an amount to maintain the catalyst is the hydride form forthe sulfid
reaction and very little of the olefins present are hydrogenated. Furthermore, the
presence of diolefins in this fraction deters olefin hydrogenation, since the diolefins
are preferentially hydrogenated.

The heavier bottoms and hydrogen are fed to a second distillation column
reactor, where the heavier bottoms are fractionated into an intermediate naphtha
portion and a heavy naphtha portion. The organic sulfur compounds in the
intermediate naphtha portion are brought into contact with hydrogen in the presence
of a hydrodesulfization catalyst under conditions to convert the organic sulfur
compounds to H,S which is removed with the intermediate naphtha portions as an
intermediate naphtha overheads. Higher boiling organic sulfur compounds originally
present in the stream and the sulfides produced in the first column are removed with
a heavy naphtha portion as bottoms.

The heavy naphtha and hydrogen are preferably fed to a third distillation
column reactor where the entire heavy naphtha portion is contacted with

hydrodesulfurization catalyst under conditions to convert the remaining organic sulfur
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hydr odesul furi zati on catal yst under conditions to convert the remaining
organic sulfur 4 WO 03/029388 PCT/ US02/ 27569 conpounds and the sul fides
formed i nwohs/besst distillation colum reactor into H2S Pecdo2/2s6s enoved
as overheads while the heavy naphtha is renoved as bottons. The advant age
of this process is that the separation of the heavies fromthe first
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structure an as both t ecatalyst and disti th on structure. The
sul fur conpo%disdmsn@mo@fdthm futhebdilings trange t ndphdba dntac smaiter r feactioms for t he

reaction of ns and dj,0 i ns, are organic s ur co oun however
forthe. HepRRtMEtaR oE e hiEnTva B3Iy il BheuosbRt rebRP Phionfie
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b0| ling range naphtha streamfeed to the present process are designated as

"or gani ¢ Ry@redgsutivriaiioniof posinns ﬁfeﬂ‘sﬁjhﬁavleéd?ﬁi@mﬁj ropn ol dlest q@g}urtnnels
react I on %‘i&ﬂﬁ%@‘é‘@a@%th% ﬁLeﬁﬂegan rn@ent‘?(ﬁ?' gnated as "sulfides". The term

"sul fur conpou I'S 'used nefern to generically include the nercaptans
sul fides and oxgased arkinuthec teroldistillatiBRl ddfurbh SEACROT Ghedis AHEsTRABhNGS

FIG 1 is a flowdiagramin schematic formof the preferred enbodi nent of
the i nveéilyrgR which also contains catalyst such that reaction and distillation are going on
concurrently in the column. In a preferred embodiment the catalyst is prepared as
a distillation structure and serves as both the catalyst and distillation structure.
The sulfur compounds produced in the first distillation column reactor by the
reaction of mercaptans and diolefins are organic sulfur compounds, however, for the
purposes of describing and claiming the present invention the organic sulfur
compounds, other than mercaptans, contained in the full boiling range naphtha
stream feed to the present process are designated as "organic sulfur compounds"
and the sulfur compounds produced by the reaction mercaptans and diolefins are
designated as "sulfides". The term "sulfur compounds" is used herein to generically
include the mercaptans, sulfides and organic sulfur compounds.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a flow diagram in schematic form of the preferred embodiment of the
invention.
FIG. 2 is a flow diagram in schematic form of the embodiment of the invention

utilizing a fixed bed hydrodesulfurization reactor in place of a distillation column
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FIG 2 is a flowdiagramin schematic formof the enbodi nent of the

i nvention wutilizing a fixed bed hydrodesul furization reactor in place of a
di still atwornsmedsasm 5 WO 03/ 029388 PCT/ US02/ 27569 react @eCTiwsoremas t he
heavy napht ha. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The feed to the
process conprises a sulfur-containing petroleumfraction from a fluidized
bed catalytic cracking unit (FCCU) which boils in the gasoline boiling
range( Cesetoniptrent thedreawyingphth process is useful on the naphtha boiling

range material from ﬁét@l [a ¢R\‘19fldN Qﬁyﬂ‘._@ @ﬁ@ggﬁ?ﬁhey contain the
|

desired ol efins and unma ur conpounds. run napht has have
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mer capt arafdumess ﬂ?é:érud@td@drcéf%r'%éﬂf"ai?e Ritthe s@@fr) . n-propyl nercaptan (b.p.
154F), iso-pr _ﬁ)yl mer capt an & .p. 135- 40F), iso-butyl mercaptan (b.p
u S

190% ot Iert b Wi copten of the patahthiby cracked {ractienscwididapens. q@onztbeF)
ror capt art T EORBRE S thelfeed 1o ciatRer AWl BRIHBHAANG Bufie of Wi detptled™ |

?Er capt2 nglr%dnop ugaaaE)‘eemtd"thmﬁromsc ajgraer fridtiops M$ﬁﬂe IoﬂvaEfarm@témang
n m to he sul fur._conpounds

fouﬁd in thﬁ%ha@%ggﬂ'“ﬁgchf'ﬁﬁsf? frpéherg)d@tltﬁag?aﬂnyw%&ms megtof ta B BWBE

t hi ophenés.tsid il §b§ﬂ%l£fv§?lftﬂ&'@ﬁﬂe%ﬁﬁuﬁ %‘é@uﬁﬂré’émﬁbﬁéﬁ‘l{s% fHel ffdHt end

conmpounds 1n a re I nery streéamwt ydrogen over a catalyst to form H2S
i s typi careynaialylreercaptansdarsitypical ofdhosecomipdunds et me;hylsnemabtan'e(dtqr term

organi o 3 TagERILEEaRGS Bt &0 R aAroRPY TRGtRRER PP S5 BRrORY on | 5
i ncl uded rﬁeféapﬁarswtwsemmmpﬂszzs H&%@rﬁér@gpiaﬁ B®%. hyedpp; Ft@%lufw mefB&ptagver

boi l'i ng portion o t he na cont ai ns nost of efins is

t her ef or dbivt!4€0b), adityl m@rqwéﬁrbmmoﬁuﬂ ﬁ@prbsﬁylcraer@apan(m 208°h)lissss
severe amyl mercaptan (b.p. 250°F), n-amyl mercaptan (b.p. 259°F), a-methylbutyl

mercaptan (b.p. 234°F), a-ethylpropyl mercaptan (b.p. 293°F), n-hexyl mercaptan
(b.p. 304°F), 2-mercapto hexane (b.p. 284°F), and 3-mercapto hexane (b.p. 135°F).
Typical sulfur compounds found in the heavier boiling fraction include the heavier
mercaptans, thiophenes sulfides and disulfides.

The reaction of organic sulfur compounds in a refinery stream with hydrogen
over a catalyst to form H,S is typically called hydrodesulfurization. Hydrotreating is
a broader term which includes saturation of olefins and aromatics and the reaction
of organic nitrogen compounds to form ammonia. However hydrodesulfurization is
included and is sometimes simply referred to as hydrotreating.

The lower boiling portion of the naphtha which contains most of the olefins is
therefore not subjected to hydrodesulfurization catalyst but to a less sévere
treatment wherein the mercaptans contained therein are reacted with diolefins
contained therein to form sulfides (thioetherification) which are higher boiling and can

be removed with the heavier naphtha. The catalyst is placed in the upper portion of
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treatment wherein the nercaptans contained therein are reacted with
diolefins contained therein to formsulfides (thioetherification) which
are hi ghewolwiokizsgy and can be renoved with the heavi er naghmusaz27Fhe
catalyst is placed in the upper portion of 6 WO 03/029388 PCT/ US02/ 27569
a first naphtha splitter such that only the LCNis subjected to the

catal yst. CATALYSTS Catal ysts which are useful in either of the reactions
utilized 3 first Raphihaesilitten suchmthal galy the LGN ipsubiprtasdodhe catalysiral 1y t he
net al s ar@A‘f'ﬂP??‘l'tSEd as the oxides on an alumna support. In the first
colum theé catalysts are characterized as hydrogenation catalysts. The
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the cat al atgtpaliadiufieand/oy nickel sridal bed @BRABAMASN LPSPPEL MRE 555d5/64 DCRhRAN
stream contai ning H2S which is easily separated fromthe heavier

conponenti§ ingaspeiated haraindysetraceasincs iltedireheolymmnithesstlfus removelis f or
the ol ef gL diRtwit? 19 Fbniih 16 prklng! BE! Asfink 2 Auldticine RRsA SHRar at ed

as overheads in irst colu dcu ese s“T's to
carry outnatasilyuzposited pdroxgter otieer fofms neaysibie Lisdés Thrcthiokdl 6 bels\@antoc

sul fur conpounds. For thi urpose hydrodesul furization catal ysts
conpri si rﬁn'Pt’\/werﬁé’ﬂer f@k’f“digﬁ‘ﬁﬁ%ﬁdmdé‘é%“&ﬁ- al um na base, wherein the netal
oxi des are_chqfafe SeeBhd HhdX KR qEERELALIG, Rfic R KRARRLR. tﬁgq,ﬁalto%l%tgb‘:kel’

tungsten and m xtures thereot are preferred. re preferab enum
modi fi ed destioy thiecsafur comadundst tonpeideice aan thydiocadvas streameobntaimeng kS

D o b S MR e PRt B BB  e, RSO e i
prepar ed dybskhehtotduMinsaneaiotckin for tHe Dlefilstsi it £ Gl UsiBee TRE ofdindl Yt i C
distillation structure nust be able to function as Catal yst and as nass
transf er haueilargelyrheen seppraied agsvepeasls indbe jirsfgoponned herfacus phthesewi t hi n
the col qutetrocoﬂfr%ngﬁs % %%Pr?llgdti &es(#u%ii\i/é lh%io%n%‘iBHCotf%g'squIf'aeescgrgc? |o¥ﬁejrc

organic sulfur compounds. For this purpose hydrodesulfurization catalysts

comprising two metal oxides supported on an alumina base, wherein the metal

- oxides are chosen from the group consisting of molybdenum, cobalt, nickel, tungsten

and mixtures thereof are preferred. More preferably molybdenum modified with

nickel, cobalt, tungsten and mixtures thereof are the preferred catalyst.

The catalysts may be supported. The supports are usually small diameter
extrudates or spheres. The catalyst 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 must be suitably supported and
spaced within the column to act as a catalytic distillation structure. The catalytic
distillation structure is 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. Catalytic distillation structures useful for this purpose are

disclosed in U.S. patents 4,731,229, 5,073,236, 5,431,890 and 5,266,546 which are
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distillation structure is able to function as catal yst and as nmass transfer
medium The catalyst is preferably supported and spaced within the col um
to act aswewarsbytic distillation structure. Catal ytic acatisot/atseon
structures useful for this purpose are disclosed in U S. patents

4,731, 229, 5,073,236, 5,431,890 and 5, 266,546 which are 7 W) 03/029388
PCT/ US02/ 27569 incorporated by reference. TH OETHERI FI CATI ON CATALYSTS A
sui t abl e ine@rREyAied dyrrefafeneei oet herification reaction is 0.34 w%Pd on 7

to 14 ' g suppl i ed by Sud-Chem e, designated as
G 68C. %ﬂ%@fﬂgmﬁwl%?&@?ﬁzﬁ properties of the catalyst as
provi ded by t hksuitsbletcatdlyst éor the thiastherification: reaéiRbrEs|0. 3DesYedPhidn Frio B468C
For m Spher e \nal sjze 7x14 mesh . Pd. % 0 0.27-0.3 Suppo Hi gh
bor 1ty ol IS A R BT SPELe D SR Yo S CREWE J1eSknalRd 5 SbGim
which is C QYT i ARBhidLI d e eget nmust
be suffi cWeﬁr?t tgﬁg/rrséﬁtgﬁ t he @%’a?g?%/e@g? nrbft fl@g?%aiﬂgéet ?%?pngbggggugg t‘ﬁ%drogen
i s | ost fmenufacturenard gsfolloys: hydr ogenati on, but kept bel ow that which
woul d cause flooding of the colum WQAEE Ii s understood to be the
"ef fectuating amount of hydrogen " a gt termis used herein. Cenerally
the nole ratio of Hhygsigastord o di ol ef i nsG®8E acetylenes in the feed is at
least 1.0 to 1.0 and preferably 2.0 to 1.0. The thioetherification catalyst
al so catal yzes the R@Mective hydrogenat3Reréf pol yol efi ns cont ai ned within
the |ight cracked Hb"lls?’ﬁ'éd to a | essgrqdpgige the isonerization of some
of the nono-ol efins. nerally the relative rates of reaction for various
conpounds are in tHed.ovder of from fast®ed (0.@7s0.88kr: (1) reaction of
diolefins with ner (gpt an (2) hydr oger%t Lon .?f di gl efins (3) isonerization
of the mono-ol ef i nsSURRB™ hydr ogenat i on IBNPHENBINGIRR ef i ns.

The catalyst is believed to be the hydride of palladium which is produced

during operation. The hydrogen rate to the reactor must be sufficient to maintain the
catalyst in the active form because hydrogen is lost from the catalyst by
hydrogenation, 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. Generally 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.

The thioetherification catalyst also catalyzes the selective hydrogenation of
polyolefins contained within the light cracked naphtha and to a lesser degree the
isomerization of some of the mono-olefins. Generally the relative rates of reaction
for various compounds are in the order of from faster to slower:

(1) reaction of diolefins with mercaptans
(2) hydrogenation of diolefins

(3) isomerization of the mono-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:
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The reaction of interest is the reaction of the nercaptans with diolefins.
In the presence of the catalyst the nercaptans will also react with
nono- ol efwo3/okissever, there is an excess of diolefins te®cmarsoaptsans in
the light cracked naphtha feed and the nmercaptans preferentially react

wi th them before reacting with the nono-olefins. The equation of interest
whi ch describes the reaction is: 8 WD_03/029388 PCT/ US02/ 27569 R, C H2
RSH + RICCCGCCGR2 ------ RS- CCCR Pd H This maybe conpared to the
HDS reacti on descri bed bel ow whi ch consunes hydrogen. The only hydrogen
consuned in the renoval of the rrercap@ans in the present invention is that
necessary to keep the catal ystyin the |reduced "hydride" state. If there is
concur r erRSHy dr ogRICHE-QFBR,t he--di RFBE-Ct@eR, hydrogen will be consuned in
that reaction. HDS CATALYST Apgrefer at}l e catalyst for the destructive

hydr ogenati on of the sul fur corrpoundsH (hydrodesul furization) is 58 w% Ni
on 8 to 14 nesh al um na spheres, E) plied by Calcicat, designated as

E- 475- SR Typi CRif manhs eampayied t@H@rH 4 reagiiohdesdribeddérelamwhishicangymess

provi ded f [ on. Bz 475- SR
Form Sphe%sf(t’ ?n?ﬂgloq@ Hg&rgg%h%@%ﬂ% 'ﬂm&) ﬁ‘%lvgl J;))f th?e’%ﬁﬁ%%t%s '@aﬁlh | yst
whi ch ar epreseftuinvéntiort ithayWecdefturkeéptmemmelgst inothel reclugde "Rydrige" VI |1 |
nmetal s such asgﬁtgbal t, nickel, palladium alone or in conbination with

ot her nettales HENS %m%t%ﬁmdmgqnmegt%fnthérﬂlan%. thep) kydsagriomill BRi ch
may be El-_!dilfgh%d Bithht@=Rligyi na, titania-zirconia or the like. Normally the
nmetals are provid c}
HDS CATALYST
A preferable catalyst for the destructive hydrogenation of the sulfur
compounds (hydrodesulfurization) is 58 wt% Ni on 8 to 14 mesh alumina spheres,
supplied by Calcicat, designated as E-475-SR. Typical physical and chemical -

properties of the catalyst as provided by the manufacturer are as follows:

TABLE |
Designation E-475-SR
Form Spheres
Nominal size 8x14 Mesh
Ni wt% 54
Support Alumina

Catalyst which are useful for the hydrodesulfurization reaction include Group
VIl metals such as cobalt, nickel, palladium, alone or in combination with other
metals such as molybdenum or tungsten on a suitable support which may be
alumina, silica-alumina, titania-zirconia or the like. Normally the metals are provided
as the oxides of the metals supported on extrudates or spheres and as such are not
generally useful as distillation structures.

The catalysts may additionally contain components from Group V and VIB
metals of the Periodic Table or mixtures thereof. The use of the distillation system
reduces the deactivation and provides for longer runs than the fixed bed
hydrogenation units of the prior art. The Group VIII metal provides increased overall

average activity. Catalysts containing a Group VIB metal such as molybdenum and
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as the oxides of the netals supported on extrudates or spheres and as such
are not generally useful as distillation structures. The catal ysts nmay
addi t i onavbysomssai n conponents from G oup V and VIB net acs/ush2/r15e9
Periodic Table or m xtures thereof. The use of the distillation system
reduces the deactivation and provides for |longer runs than the fixed bed
hydr ogenati on units of the prior art. The Goup VIII netal provides

i ncr eased® dveuRl Yl syeh agecekalt or hjckebara pyeiesregdonCatalysty suiteblsuforving net al
such as \/ ch as
cobal 1 or e B8fon eddiof} Indade BBoalhditref Mokeuth e h ahd

hydr odesutitkalitaagsten. Thechétals areajendealbygirabentras gxidessuppaniediorl a nelitybidenum
and nickel -tungsten. The tals are geﬂferaﬂg yﬁﬂrese t as oxc'hg:es sut;?]ported
on a neutbtage syesas almings silicarginina; pr ikg. L NRaMEIals REe reducediRelhget al s
are redu : 3 ; [ Lt heled | : to
STt U ooriae AT i kb il @BClied Byl SRdRlrd te BUk pitRolid DERAHIG

hydr odesustfeams.at i on catal yst are shown in Table | below TABLE I

Manuf acture Criterion tal yst .Ca.. Designation C-448 Form Tri -l obe

Bt rudat e NonDEPrETests 80X Mpic e P UiBliztorggfiel ata trowa g TSble

Mol ybdenumdio®0% Support Al um na The catal yst typically is in the form of
extrudates having a dianeter of 1/8, 1/16 or 1/32 inches and an L/D of 1.5
to 10. The catalyst also nay be in t h&BtBrlm of spheres having the sane
dianeters. In their reg t hey f@orn. a mss and are
preferably prepared in ﬁﬂgh%}%ﬁ%f a ca‘?@%{’ﬁ?%%ﬁﬁ{’ation structure. The
catalytic distillation sDesighatien nust b@448l e to function as catal yst and

as mass transfer nedi u"%oanEACTI N CO\I[%Lr-irlo(ggSExtrudate

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,
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 form 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.
REACTION CONDITIONS

In the first distillation column reactor the pressure is maintained at about O to
250 psig with the corresponding temperature in the distillation reaction zone of
between 130 to 300°F. Hydrogen partial pressures of 0.1 to 70 psia, more
preferably 0.1 to 10 are used, with hydrogen partial pressures in the range of 0.5 to
50 psia giving optimum results.

Reaction conditions for HDS in a standard single 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.
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In the first distillation columm reactor the pressure i s maintained at

about 0 to 250 psig with the corresponding tenperature in the distillation
reacti on wors/oed3ss bet ween 130 to 300F. Hydrogen partial presausozs’seé 0.1 to
70 psia, nore preferably 0.1 to 10 are used, with hydrogen parti al
pressures in the range of 0.5 to 50 psia giving optinumresults. Reaction
conditions for HDS in a standard single pass fixed bed reactor are in the

range of Buphapbibadn theesirglpasstiixast hed reagionimay hssinytheriayid dhasetarnes

I e it R e R R L g

fi xeﬂ b;amydeegeri gas rety adusted tdmtaln;qlgd[b(%elnlepmmaeirpreweﬁgsthﬁmmdr)e?%pe:gl pgt .
enper a and. pressure, W

adi ust ed 109 1EP PR ariaepass bethed hidothsutitangl Heferviange

The operavx,épﬁn@j,nqmmesér@gl e pass fixed bed hydrodesul furization is

otherwise well known in the art. The conditions suitable for the
hydr odesul f ur i'&hﬂ¢cmdnhﬁnampﬂabh@forth%hwiur@deaulfarlzamon efsaphtha insecdistillatios ver y

Counrd L oduRn, fBeRE 4R Forst AREAIE hih SHbSe 1% SRR tipkRIRE Sbeciall

col uim  arsbpeielsigwitinbgarn totatal ;&eb@uvretaﬂdai yaRoGespatial prebhere. amgR stfcorld to
| ess than 300 psig is required for the hydrodesul furization and hﬁdrogen

vartial BN AIdSUbSPaUaNaRkMNSE lowiotabaressuretn Jheitangeral 25,10 logs thakin be
enpl oyed ﬁ@{)&é%"ré( FRMor e h%&ro%%sﬂﬁlﬂﬁémﬁ %@gﬁ?&%g%epérﬁalt Ess B econd

distillation actl n zone i s between
di stil | atlessithanl 160psieprtferablysdéwed to 0.1 ps mr‘xgeenipldyeﬁi mefetrably aﬁoamdar d

(T aui o VergRs o7 h seBPgaturrn edstiiioatceston gatg 5 bsowder BRI um

are in th‘?ydrb@@ﬁ?orothejse'éonalﬂﬁtiﬂéﬁor?Q&Giﬁri n‘é’é‘étdr'?s?e ﬁ»ﬁgblr H%@'bfb'é fodbhon
zone (second and su seéjent colums) of a naphtha uri zation

di sti | | atstandaydioubic feeb©r) p%np@unvmﬁﬁ@ecm Namlrxeﬂmqmdmdurlywtaae vBlogitiesr e

th 2020p 1(}jgwd al_t%ﬁ LY If ‘?eecP pSP Mt ¥ volume oP éétglysbhﬁ\{hg fsecr:‘{%lr‘?é1 E:Q(%manbgpet mj’th5 H2

range of 1-5. .Typical conditions in a reaction distillation zone (second and

subsequent columns) of a naphtha hydrodesulfurization distillation column reactor

are:
Temperature 450-700 °F
Total Pressure 75-300 psig
H, partial pressure 6-75 psia
LHSV of naphtha about 1-5
H, rate 10-1000 SCFB

The operation of the distillation column reactor results in both a liquid and
vapor phase within the distillation reaction zone. A considerable portion of the vapor
is hydrogen while a portion is vaporous hydrocarbon from the petroleum fraction.
Actual separation may only be a secondéry consideration.

Without limiting the scope of the invention it is proposed that the mechanism
that produces the effectiveness of the present process is the condensation of a
portion of the vapors in the reaction system, which occludes sufficient hydrogen in
the condensed liquid to obtain the requisite intimate contact between the hydrogen

and the sulfur compounds in the presence of the catalyst to result in their
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The operation of the distillation colum reactor results in both a liquid
and vapor phase within the distillation reaction zone. A considerable
portion oWotd@2asapor s hydrogen while a portion is vaporraasudoyadrsezar bon
fromthe petroleumfraction. Actual separation may only be a secondary
consideration. Wthout limting the scope of the invention it is proposed
that the mechanism that produces the effectiveness of the present process
i s the cohisagenation. dn particglarisuivr specingcorgritirate in thediqridavhileghe oleftrem

whi ch occ LG ' : L QL 0,.QbLakn t he
requi si teé@ﬁ; Zr%té éhégrjﬁtféa}%t ﬁ%gﬁg@ﬁot h”aello&]@r? gégg‘?&g%”tk’ hfeyc}sﬂl(#futp %c%%%unds
in the premapoends withéow abaversiontaf thesldfin spedidei r 11 WO 03/ 029388

PCT/ US02/ 27569_. hydrogenation. In rticular, sulfur species concentrate in
the 1iquid whille tesultsifne neeratinn dides pearessin iedistiiation P r@@¢!8isng f or
hi gh conyv ' LA \ | l efin
epaci oo, SREONB BdiabBrHalal bre s UrRe P e A PRSI b Dot

col um r edgtroany distillation theveris lay thropenatyrargradienp mithruthesdigtilfetionhedumowe r
total pressuyes)-,my be used. in any distillation there is a, ..

tenper at APBST adh B eiperrare atdhg amef P s ihe sofi plES ioheh poiling

t enper at uhatetal bAE thuBie iat 8MHigHr tepetatliteMhahané abper 8hdBEthedIbmhAY The
material and thus is at a h%%her tenperature than the upper end of the

col um. TRwer beilisg frstionnyhichaeantains rgieceasily HeaioNgblepyuius gomppunggoigabl e

sul fur coReMags 1o | eser?%‘rﬁbgfattﬁl%staq té%@:ﬁt&g{%?,ﬂﬁbﬁm?chaérolklgggtfﬁggﬁétéﬁe

col umm whi ch provi reater at 'i's cracki ng
or sa}3 ur asélga:tivdiy,htﬂesisrl@b‘shydkﬁ:’i'éadflding OOWﬁtH‘I'Tdm.of dEbEahb]giT@f:‘]nibodéﬂnbbg??grt i on
I's subjected t i gher tenmperatures in the | ower end of the istillation
colum re Bleﬂ%bfglﬂweocs%gﬁs pplyestgdita higher temperaiures iy thedpystaad obthe

hydr Ogenaéi&ilbﬁi%g%é'lﬁﬂﬁ readtof e ﬁ%ﬁ%htthé‘é%ﬁ% %tﬁfﬁﬁ%ﬁﬁggéﬁ@fogbpg and

tenperature gradient Is presente Wwo wa um t he
cat al yst nsitegématedbaselfui n t he upper portion of the columm, thus the
heavi er material are not subjected t atalytic regction. In the
third col m 48 BAGRFGT YREPNTGS BrRPFiaH L RpgL drAErh & hresenied: e
bottom gh thbevae! uﬁmdoééwr@eq@uﬂmrtﬁefcatmyﬁ%aewwcramrthefugfae? PSrtion |
destruction of the higher boiling sulfur” conpounds. It is believed that in
t he presefithecelimn, shusshedsayiar matadals careinot subjeated to any catalytiveaatier t he

reaction Iin§h8 ﬁ'ﬁrldr(fdlmn%%%ﬂé(n}’nqntﬂl\g iIIWiserticSH t?\teiﬂiér?éljtgﬂipetrﬁﬁrésnihttﬁg l)o{tgr%Ct on

of the column provide a more favorable environment for the destruction of the higher
boiling sulfur compounds.

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 and reverse reactions.
Second, because all the components are boiling the temperature of reaction is
controlled by the boiling point of the mixture at the system pressure. The heat of
reaction simply creates more boil up, but no increase in temperature at a given
pressure. As aresult, a great deal of control over the rate of reaction and distribution
of products can be achieved by regulating the system pressure. A further benefit
that this reaction may gain from distillation column reactions is the washing effect
that the internal reflux provides to the catalyst thereby reducing polymer build up and
coking.
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products and ot her stream conponents are renoved fromthe reaction zone as
qui ckly as possi ble reducing the likelihood of side reactions and reverse
reacti onswo iSeewsgl, because all the conponents are boil i n@arhgo/eTsper at ur e
of reaction is <controlled by the boiling point of the mxture at the

system pressure. The heat of reaction sinply creates nore boil up, but no
I ncrease in tenperature at a given ressure. As a result, a great deal of

control over tm@al‘YaﬂéeBPW?@af&W'Bﬂh% %PM%%@&HWPIF&QE\%%QB?@f@HHJVBe
achi eved tmé Hegtwm hng 4 IS?Ié%q?ﬁﬁwr Siiiatign rBakt ﬁ%heb@mﬁ{e d ecdiflanghi s

reaction ain rom ation colum reac lons 1s t washi ng effect
that the su‘hlsequeht cadfitnms. provi des to the catal yst thereby reduci ng pol yner

bui |l d 03/ 029 PCT/U802/27 69 Finally, d
{1 ows ng. hy e serpkatds oed iy Mo GRRiPtag Ry Teabiors svehdnehiio eaSeiicn | s
produced pdribhef méﬁédﬂtﬁé '|§6brft§é‘t@6'vﬂfh ﬁ\@rt%tﬁpsﬁé}ﬂj ’E‘réét@@%%?é’verﬁ‘ﬂ*i’é F@Be“t
colums. The catal yst placed in the distillation colum reactors“such

that the m@d@@@Cécﬂronpcfutthgrn contachwithaibter patalyst dedt adihedfinat mphtha salutésryst

catal yor TieoReRs e el e 0 BGfYHEERed rRRbiNAL et 68 RiBRealerahd A,

|'i ght cr avdertbrrsa@ainh as (BdBYnsa sTioy eeberddi sphittst fﬁactlbﬂétésethe?ddt@m fREMbPt ONS.
The second splitter fractionates the bottonms fromthe first splitter into

an i nt er riifeh WRIEeE infe radntesmediRie CragpdpRilea HENDasAerieadasnd adieried
napht ha @?‘Qﬁe@ﬁaﬂﬂhéq%mle& 5&ﬁﬁyst splitter catalyst is placed in the
e

rectification section'to react nmercaptans with diolefins to produce
sul fides (t hi dattherflra‘su spiltteon)atalysto@ ptacedriartbe edctificatiphesdotivh dogeact thet he

Moot 1 oGPl BRI R il Rt Bt Bhich o SRSt |
t he |CN|hQﬁbeo€tbPr@ wﬂhmsehaav.é%frbsﬁﬁ th‘é%‘&‘énb%dhh@rmééétaﬁleét id éli%) Wi th

hydrogen to roduce H2S. The H2S is inmediately renoved I nt over heads
al ong wi tHae nltkmre@lﬂdaﬁl@ geationyo gew@a&yiregpt theserganig sadfuf beiting in the

hyr odesderrangs b i hlfioes Bomiestin s fsh R R STHT Pudrogen t@ndar o
single pqﬁrsduwelgsberﬂerrgmsmﬁmeatmewlrgmoveamhmaoverﬁ@@dmdhgmmn@lr(traa and

heavy naphtha streans recovered fromlines 106, 205 and 303 respectively
may be re¥thisi Aasily seraratad by flashing or further fractionation. The HCN from the

second splitter is subjected to hydrodesulfurization in another distillation column
reactor or a standard single pass fixed bed reactor.

The light naphtha, intermediate naphtha and heavy naphtha streams
recovered from lines 106, 205 and 303 respectively may be recombined to a full
boiling range naphtha having a total sulfur content of less than 50 ppm.

FIG. 1 shows the preferred embodiment of the invention. A full boiling range
FCC naphtha and hydrogen is fed to the first distillation column reactor 10 via flow
lines 101 and 102 respectively. The catalyst is in a form to act as distillation
structure and contained in reaction distillation zone 12 in the upper or rectification
section of the distillation column reactor 10. In the reaction distillation zone 12
substantially all of the mercaptans react with a portion of the diolefins to form higher
boiling sulfides which are distilled downward into the stripping section 15 and
removed as bottoms via line 103 along with the heavier material. A LCN boiling in
the range of C4 to 180°F is taken as overheads via flow line 104 and passed through

condenser 13 where the condensible materials are condensed. The liquids are
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boi l i ng range naphtha having a total sulfur content of |ess than 50 ppm
FIG 1 shows the preferred enbodi nent of the invention. A full boiling
range FGEormapbiska and hydrogen is fed to the first distilPicatisoz21s6d um
reactor 10 via flow Ilines 101 and 102 respectively. The catalyst is in a
formto act as distillation structure and contained in reaction
distillation zone 12 in the upper or rectification _section of the
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second distillation colum reactor 20 via flow |ine 103 and hydrogen is

fed via feabalyst hed 28(inclyding & padiod; @k 2l phthe sulfides frrmdhetfisst Gistillationas a
i t abl i
suitable %ﬁ@fé%ﬁ?ﬁ%ﬁgbﬂﬁﬁﬁ%%@%ﬁ tcpfgrhlal 25 N Qhidig ||qh§éd|%t!e§;n¢/@'gljlr§\lﬂlh;m

react or ar co s con in the por
upwar d i rdsoveneeadsalahgah lrﬂednéma(é Ioailinglramgean apdithia, dIDNQﬂB@HBDOOF)\tlhﬂow

I fid f f t d | at | t th
Py ogen 116 204 FutEPRte S Tthe Fatalrsttet,22rs P apezed {95%%@&%“@%%9 an
i nt er medi&j & @t ik S’W@c@é‘@@ﬁ Béimh@&e(té%lmg\hn With rhinfikal do'n?fc It

is inportant that the catalyst bed 22 be in the upper portion o
react or the cetalyside pfel@nlt%@&qucbduc)édemblbeni e pha e thhtmlghaaksowmth

rer capt ant RS G aine e g R al R R FRuA SRS BT 1 1 ng
mat eri al ,floWdhe 203V Skribipanig sétioh2s RBrovidad td begurel ddtnBR sepdratish 88thgect i on
25 is prow ded to assure conplete separation of the 1CN and HCN and to

assure stlENopnchHCHY anghio assyre sHippina\okany iF-cHe KeN apd upgeacted Andrgen
Sreh PR agloeodagal Aobleet BT fedionSaRdl e B aapfRar 2:”
Product Iv@i¢reirsthei ICINiusammdénsmd tihe coltected @ redeiverisepatdtore220Produad¢CNi on of
the Condegsv?tﬂdrawn from the receiver via flow line 205. A portion of the condensed ICN is
returned to the distillation column reactor 20 as reflux via flow line 207. The
uncondensed vapors containing H,S and hydrogen are removed via flow line 208.
The bottoms from the second distillation column in flow line 203 may be fed
to a third distillation column reactor 30 containing another bed 32 of
hydrodesulfurization catalyst. Hydrogen is added via flow line 302. The organic
sulfur contained in the HCN reacts with hydrogen in the bed 32 to form H,S which
is taken overheads. The overheads, also containing condensible liquid, is taken via
flow line 304 and passed through partial condenser 34 wherein the liquid is
condensed and collected in receiver separator 36. The uncondensed gases,
including the H,S and unreacted hydrogen are removed via flow line 305. All of the
condensed liquid is returned as reflux to the third distillation column reactor via flow

line 307. The HCN is removed as bottoms via flow line 303.
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returned to the distillation colum reactor 20 as reflux via flow Iine 207.
The uncondensed vapors contai ning H2S and hydrogen are renoved via fl ow
i ne 208. wohs/obessg ons from the second distillation col um por/ddooersks ne 203
may be fed to a third distillation columm reactor 30 containing anot her
bed 32 of hydrodesulfurization catalyst. Hydrogen is added via flow |ine

302. The organi sul fur_ contained in the HCN reacts with hydrogen in the
bed 32 to forHf‘ﬁﬁ@-éfﬁ”c‘?fthP§W”§/@?q’1§§%ﬂ’§.arﬁ’ﬁ@e5@@1@1%5&%%('6&I158X099t

cont ai ni A L0 LSHi ! i @ﬁ%

t hr ough gg?ﬁ% coX@lgﬁg{eHré%b43jﬁ\x%ﬁ§§jé§ftﬁEﬁﬁ%&lﬂ?aﬁ':?%&drzggen@gﬁse g%@ﬁéﬁ?ll ected

i n recei Vixedskedsinogle pass HDS reacton 38asehergathesheaviiercsulfiir mpmpmindsSarend

unr eact ed_hydr.ogen.are renoved via flow,Line 305 AllL of .the  cond ed
Taaa + cotropa A fydrpiRkTsfan bR 3aed coiiant SRy Hr SR a0 Vi o
flow | ingeldBfvity tbeavdidhirogerBaygs oRFinBas nofBo inpofthAtin thitecal@n, $thcdo

03/ 029388 PCT/ US02/27569" In FIG 2 all of the conponents and steps are the
same as iMool @ithe olefinsdpvetiesen praworslyvomexpd imthedost andaeenns distiliatioon
columm re I ' ' act or
S0a wher SwanyedeiBfs. °ie FeBblEIAE 3030 bhe REVER LY FoRERted brsirt

hydr odes ubfaiflagladron 3redhddaH,8 is geparatedvid lirv30b4 tirany tieo beavy8aphtha
Selectivity to avoid E%grogenating olefins is not so inportant in this

col um, dERE¥erefdR{ingS08he ol efi ns have been previously renoved in the
first and second distillation colum reactors. The treated heavies 303a
are recovered and fractionated or sent to a flash drum 37 where H2S is
separated via |ine 305a fromthe heavy naphtha recovered in |line 303. 15
WD 03/ 029388 PCT/ US02/ 27569 The invention clainmed is: 1. A process forthe
desul furization of a full boiling range catalytically cracked naphtha
conprising the steps of: (a) feeding (1) a full boiling range cracked
napht ha containing ol efins, diolefins, nercaptans and other organic sul fur
conpounds and (2) hydrogen to a first distillation columm reactor; (b)
concurrently in said first distillation colum reactor (i) contacting the
diolefins and nercaptans in said full boiling range
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naphtha in the presence of a Goup VIII netal catalyst in the rectification
section of said distillation colum reactor thereby reacting a portion of
sai d nmercaptidngssth a portion of the diolefins to form furfusde2eoduct s
and a distillate product conprising a |ight naphtha and (ii) fractionating
said full boiling range naphtha into said distillate product and a heavier
napht ha, said heavi er naphtha containing said other organic sulfur
conpoundsl kginventien sl@imedds:pr oduct; (c) renoving said distillate product as

first head i fi - diSt.i i O Q.
Femving sai d heabo i ndepplndiBl'cr nita) B iRt EREEAT A chided. o,
as bot t orreaphtiea coempiising theiglefobdt oms and hydrogen to a second distillation

| tor: (f) . Ly i id distillatian, |
Feactor: (1) dah feddiig Y14 Bl bbiioB FRSCCEREKPS RPNt CONHARITG: Gafne
sul fur &@le@,@lﬁefdap%aﬂr\sﬂb KERSrgRRRMEUNEr ¥brh oﬁ‘ﬁ(@gé’rﬁk?gg'g?%d%%n%%?ﬁwe of

a hydrodesul furization catalyst i'n the rectiftication of said
second didistillatianioofump oéactor;r eact or to convert a portion of said other

organi ¢ sul fur, conpounds,to hyqr LSul fid and (ii) fractionating said
neavi er napht MY | RTGUER I o5 dr R 1S2 B e b by naphtha: ()
renovi ng said i nteredbalaetinghé Bmlefis sed ﬁwé?&é';ﬁt@ﬁ@ﬁn%ﬂld‘fﬁ%cﬁl[ﬁ%ﬁa?@ed _
second distillation colum reactor as a second overheads; and (h) renoving
sai d heaviaphdipdimtecrasanes ata SipepVIld srgialerialyslonphe sectication pestosy 029388
PCT/ US02/ 11 Sl [ f [ j St N S a
second boﬁg’ogs%} '”%ﬁ’g?‘?:‘ghfr"n’%g@%"r?f? éfgggﬁ%a‘gfé‘?’téobéﬁ‘éhgﬂﬁ%@g%# p?%?sta\ﬁ[t%%r d

di sti | | atpartiorns of thendiolefias tto forn{ $)ifide producenand aidistilatedproducticahptising at i on

colum reactor: (i) contacting sulfur conpounds conprising sai.d sulfides
cont ai ned'g?\y\[‘?ﬁh&‘a)s%ﬂﬁ heavy naphtha with hydrogen in the presence of a

Theres! bortFon ) SELFL K S8 SIS dhad Ao dkBiifag o 1
product and a heavier naphtha, said heavier naphtha containing said other organic
sulfur compounds and said sulfide product;

(c) removing said distillate product as a first overheads from said first
distillation column reactor;
(d) removing said heavier naphtha from said first distillation column reactor
as bottoms;
(e) feeding said bottoms and hydrogen to a second distillation column
reactor,
(f) concurrently in said second distillation column reactor:
(i) contacting sulfur compounds comprising the other organic sulfur
compounds in said heavier naphtha with hydrogen in the presence of a
hydrodesulfurization catalyst in the rectification section of said second distillation
column reactor to convert a portion of said other organic sulfur compounds to
hydrogen sulfide, and
(i) fractionating said heavier naphthainto an intermediate naphtha and
a heavy naphtha;
(g) removing said intermediate naphtha and said hydrogen sulfide from said
second distillation column reactor as a second overheads; and

(h) removing said heavy naphtha containing sulfur compounds comprising
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to hydrogen sulfide, and (ii) fractionating said heavy naphtha to renove
sai d hydrogen sulfide produced as overheads fromsaid third distillation
col umm r ewotosr293asd (k) renoving the heavy naphtha as bot tramaushe/erssai d
third distillation colum reactor. 2. The process according to claim1
wherein said |ight naphtha has a boiling range of C5 to about 180F, said
ange of above 180F, Id i nternmedi ate

heavi er napht ha has a bojling ra S
napht ha rﬁd §U®3FF?W ISQWg‘é'Sa{‘at'QB&S’!“rT%@@aQtBr é%@lﬁecgﬁapcm&mf;sai d heavy
naphtha has a (%Ofééﬂg? gé@&ﬁnd%%ﬁam RYen B a IR BARRRH @GR Ng

to claim2 wherein s oup VIl metal catal’yst conprises a supported
ni ckel caeactost and sai d hydrodesul furization catalyst conprises 2-5 wt%

cobalt and 5- wt % nol ybdenu n.a m na, support. 4. The process
according to c aFWiurW{ﬁB’éPﬁaiHa&Hdé}%ﬂ%ﬂwIW'%‘FE?“&%&I yst conprises a
suppor ted ni ckel cagrlopdtacting sUfar @bﬁ%@ﬁd@%ﬁi&lsﬂﬂ% sgidcddfideslcawtainedn sai d
Goup VIl netal catalyst conprises a supported pall adi um oxi de catal yst.

6. The prwithissaittheaw ephtba ity hydroger inetheupresangs af a ydradestilfergation

mer capt a AT AR e ' r |1 . rdi ng
o ol oi m PUaiat iyt i Qlsfadeh Aty Bhotdr 10 S63vertp PP ECRIZLAERR || OF
cobal t and Hyd?dgen $bifioéydmtenum on an al umi na support. 8. The process
according to claim {gnerei n.the three na product s recon‘ﬁ d and

) . ) t ha .are i ne
the total sulfur c FﬁCt'Sf‘aﬁ'%S?'gé@ﬁBVHQBHMJEE“Q@ ﬁaécgéyquSﬁn% 'd\‘f“oppm

9. Apro | il didti [ehd catal ytically
cracked C@?@\L}\%@%%g6%5%@3%5&3%?@%%@@}@&@“%g%htcﬁglH(w:l'(\)%c{tglln%gldt he steps of:

(a) feeding (1K)aemolingdbé heagy naphibaashokethsfeqrhishi thivd distihatian edlefinns,
di ol efins rrgarrcapt ans and ot her organic sul fur conpounds and (2) hydrogen
|

to a firsﬁfaac stillation colum reactor; (b) concurrently in said first

distillation cpl PR ptedsccotding @élamh H Nehdrein i@ lighti izphaiha® h GRaRIngNs
contained within said full
range of Cg to about 180°F, said heavier naphtha has a boiling range of above
180°F, said intermediate naphtha has a boiling range of about 180°F to about 300°F
and said heavy naphtha has a boiling range of above about 300°F.

3. The process according to claim 2 wherein said Group VIl metal catalyst
comprises a supported nickel catalyst and said hydrodesulfurization catalyst
comprises 2-5 wt% cobalt and 5-20 wt% molybdenum on an alumina support.

4. The process according to claim 1 wherein said Group VIII metal catalyst
comprises a supported nickel catalyst.

5. The process according to claim 1 wherein said Group VIII metal catalyst
comprises a supported palladium oxide catalyst.

6. The process according to claim 1 where substantially all of said
mercaptans react with diolefins to form sulfides.

7. The process according to claim 1 wherein said hydro-desulfurization
catalyst comprises 2-5 wt% cobalt and 5-20 wt% molybdenum on an alumina
support.

8. The process according to claim 1 wherein the three naphtha products are
recombined and the total sulfur content of the recombined product is less than 50
wppm.

9. A process for the desulfurization of a full boiling range catalytically cracked
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boi l i ng range naphtha in the presence of a supported nickel catalyst in the
rectification section of said distillation colum reactor thereby reacting
a portionwofo3/ozssgl nercaptans with a portion of the diol efeicmarsvz21s69 m
sulfide products and a distillate product conprising a |ight naphtha and
(i1) fractionating said full boiling range naphtha into said distillate
product having a boiling range of C5 to about 180F and a heavi er naphtha
boi | i ng RaRiea spEprisiranthe siepsiofieavi er napht ha contai ni ng sai d ot her

organi ¢ sul furgyc ' ulfide~Rr : | |
distillate pro(gzlc?ér%dsmgd@??d;?l”gggﬁﬂgagfsnggr%@ﬁcggﬁyﬁﬁeh&@% Cr°§|[g§'\£{'|h§?%'?ﬁ"6%
col um r adiokefins, rhdicaptarsantother orghamsutfur campoiadd a2 diydrdgends a first
distillat '.or.] (t:.ol u reactor as bottons; (e) feeding said bottons and
hydr ogen 4igfilla 'QB&Q%Birg??tPf'at ion colum reactor; (f) concurrently in said

second distill@hihcareRtin %Htfi%trdiéﬁllaﬁeﬁfc%Mﬁ‘Gea%fbrf ur conpounds

conprising the other organic sulfur conpounds contained within said
heavi er napht ha wi t() bgotastieq thendiotefingransemeecaptansiconptdinedewithin saidzfulli on

Feact or (il Tab@E o o R BladPhsBnal % AyBRPASE iR cubistiinsTRo
hydr ogen regtifidedion stttion iof saldr distiliatioatdongns aésctbe aéreby héddtindca bofRNAGT

i nt ermedi ate naphtha having a_boiling r_ange of about 180F to about 300F
and a hea8jd mapirertansomithng postiry &f 48 tiolgbos te: form) syltide \Aradudsaiand a

pCri Usoz/ a8 BRisHR: EM9ho% Mot tRlRERENL o fyarogen sulfide from
sai d second distill@jfifacticitngnsdi@dal Woildy rarRCABFhPYEHEadR dishilate
renovi ng said heavy naphtha fromsaid distillation colum reactor as a
second bdreduet having adwdingyasge ®f Sederabovb i B8O He and @ hgamergeaphtba Roilingr d
distill atéﬂ/ecgbbh@wﬁqﬂ,céém;heavier naphtha containing said other organic sulfur
compounds and said sulfide product;
(c) removing said distillate product as a first overheads from said first
distillation column reactor;
(d) removing said heavier naphtha from said first distillation column reactor
as bottoms;
(e) feeding said bottoms and hydrogen to a second distillation column
reactor,
(f) concurrently in said second distillation column reactor
(i) contacting sulfur compounds comprising the other organic sulfur
compounds contained within said heavier naphtha with hydrogen in the presence of
a hydrodesulfurization catalyst in the rectification section of said second distillation
column reactor to convert a portion of said other organic sulfur compounds to
hydrogen sulfide, and
(i) fractionating said heavier naphtha into an intermediate naphtha
having a boiling range of about 180°F to about 300°F and a heavy naphtha boiling
above about
300°F;

(g) removing said intermediate naphtha containing sulfur compounds
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(j) concurrently in said third distillation colum reactor (i) contacting
sul fur conpounds conprising said sulfides contained wthin said heavy
napht ha wwotvshyasogen in the presence of a hydrodesul f uri Zatriusn2/275a4 al yst
to convert a portion of said sulfides to hydrogen sulfide, and (ii)
fractionating said heavy naphtha to renove said hydrogen sul fide produced
in step (j)(i); (k). remving the hydrogen sulfide produced in step (j)(i)
as over h&®mprsirgnsaighpdlfigas randgsaid hydspgerm Sélﬁ'ldﬁrﬁﬁcme%ﬁ‘iﬂoﬁe,coaﬁcp'ﬂ"%t@@novi ng

t he heavy, { f jd third distillation colum reactor.
10. The pcrocl)q@ﬁgtsrgg%@gragi%n% odcqvggﬁm S\Nner ein said hydrodesul furization

cat al yst conpr(h} aenbving\s&idduzalytnapithfrath saidodistiiatior cotunom reactat asrana
support. 11. gheggroqess according to claim9 wherein the three naphtha
product s S6CENdDOtOMT ned and the total sul fur content of the reconbined

product is le drafin idMYSh Eee) y of a
full boiling f( n¥ge (I:a%r)g?lyc/itl cal Fﬁttgﬁ“aﬁg‘gﬁ?i?ﬁfﬁ%ﬂ@?@%ﬁgﬁ?ﬁ%& of :

(a) feediragctor) a full boiling range cracked napht ha containi ng ol efins,

di ol efins, nergaptans and .ot her. or G, Sul fur co unds and (2) hydrogen
toafirst di tE‘P'I‘%{rf%ﬁl?’dBISa_ i3 fstecy golbyh BRIt 1y i n said first

distillation col umjyr eaataetin lshlfﬁpaémﬁbm@s chmpilisMigesaio suififesn@dritaipeans in
said full boiling range naphtha in the presence of a Goup VIII netal

cat al yst Within gaid-eeavyinapiitha witbdwdregenin therasencs of 2 hydwslesuifuniratioBact or

thereby r i t4 ; L . ) 119 03/ 029388
PCT/ US%Z/C%?%%gﬂgpc%rnplggné ngtB héﬁ gi'ag gé@ﬁ?\%@i@é%@ﬁﬁppééa%goduct s and a
distillate product (ipfractisnating said hieghy napipthialite remdveisiajd hydrogeosalfideg sai d

full boiling rapge naphfha into said distillate product and a heavier
napht ha, @Sgﬂceﬁgg\ﬁt@ﬂﬂébht ha containing said other organic sulfur

Soﬁfg?diviﬁ‘ﬂ éggkg?‘?gﬁd;ﬂj?ww sulfidd pFSITREUNA siH () asidvetfisiraduct as
said third distillation column reactor; and

(1) removing the heavy naphtha as bottoms from said third distillation column
reactor.

10. The process according to claim 9 wherein said hydrodesulfurization
catalyst comprises 2-5 wt% cobalt and 5-20 wt% molybdenum on an alumina
support.

11. The process according to claim 9 wherein the three naphtha products are
recombined and the total sulfur content of the recombined product is less than 50
wppm.

12. A process for the desulfurization of a full boiling range catalytically
cracked naphtha comprising the steps of:

(a) feeding (1) a full boiling range cracked naphtha containing olefins,
diolefins, mercaptans and other organic sulfur compounds and (2) hydrogen to a first
distillation column reactor;

(b) concurrently in said first distillation column reactor

(i) contacting the diolefins and mercaptans in said full boiling range
naphtha in the presence of a Group VIl metal catalyst in the rectification section of

said distillation column reactor thereby reacting a portion of said mercaptans with a
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distillation colum reactor; (d) renoving said heavier naphtha from said
first distillation columm reactor as bottons; (e) feeding said bottons and
hydr ogen wo 0a/0%889nd distillation colum reactor; (f) comcarusemeisg9in said
second distillation colum reactor (i) contacting sul fur conpounds
conprising the other organic sulfur conpounds in said heavier naphtha with
hydrogen in the presence of a hydrodesul furization catalyst in the

rectifi caparton séthe dinlafinsdaiferns eglfide paedudts radiadistiltaie preduc £OMPrisiog -
convert a porfion gf said other organic sulfur conmpounds to hydrogen

sul fide, %ﬁa {P?Ph&?%éf‘f’onati ng said heavier naphtha into an internediate

naphtha and a_heavy) nagpiditiin Waid SR Yoo Rifhe REERIECHTS SalkABltitaeand

sai d hydrogen sul fi rom sai secon tioh colum reactor as a
second ovmpHeectdand arieayter naphtha, sgiddweavidramphtmapdntahming saidiathergprgahicur

conpounds nprisin said sulfides fromsaid distillation colum reactor
as a seco??i“%f)ﬁpm?'d?iaﬁdf%?é(gﬁwgg@ﬂ%d%‘g]cond bottons and hydrogen to a
singl e pass I q@gt P&mothgCont adittiiRe PoAUEt SO APRUSVETRERS Frond sHd dirst

sul fides contained within said heavy naphtha with hydrogen in the presence
of a hydrdistdlatiphwolyranireactett al yst in said single pass reactor to convert

a portion of said | £ ydr S i . . . I i eavy
napht ha and h :)Orsgrﬁ)virlﬁd%ﬁgb%tagpég n%ﬁﬁthav#é&e%ﬁd g'gs?gj'&ﬁég%/@gﬁlgﬁﬁ} ﬁegéc?%m
separ at edad boteorsgj d hydrogen sul fide. 20 WO 03/029388 PCT/ US02/ 27569 13. A
process for the desul furization of a full boiling range catalytically
cracked napht H&) c@9HiNgisaid heltosise gad drydrogsn ttacdlisegond )digtilialipn gRlumnng
range cra'%%?@rnapht ha contai ning olefins, diolefins, nercaptans and ot her
organi ¢ sultur’ compounds and (2) hydrogen to a first distillation colum
reactor; (b) dénconcemently inrsaghsecdrid distiltitoni ddlanhnoaactor urm reactor (i)
contacting the diolgfins an rrel'ca tans in said full boi L\i ng ranége
(|e) contacting sulfur compounds comprising the other organic sulfur
compounds in said heavier naphtha with hydrogen in the presence of a
hydrodesulfurization catalyst in the rectification section of said second distillation
column reactor to convert a portion of said other organic sulfur compounds to
hydrogen sulfide, and
(ii) fractionating said heavier naphthainto an intermediate naphtha and
a heavy naphtha;
(g) removing said intermediate naphtha and said hydrogen sulfide from said
second
distillation column reactor as a second overheads; and
(h) removing said heavy naphtha containing sulfur compounds comprising
said sulfides from said distillation column reactor as a second bottoms;
(i) feeding said second bottoms and hydrogen to a single pass reactor;
(j) contacting sulfur compounds comprising said sulfides contained within said
heavy naphtha with hydrogen in the presence of a hydrodesulfurization catalyst in
said single pass reactor to convert a portion of said sulfides to hydrogen sulfide, and
(k) feeding said heavy naphtha and hydrogen sulfide to a unit wherein said

heavy naphtha is separated from said hydrogen sulfide.
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naphtha in the presence of a Goup VIII netal catalyst in the rectification
section of said distillation colum reactor thereby reacting a portion of
sai d nercaptoansssth a portion of the diolefins to form earfisde2msoduct s
and a distillate product and (ii) fractionating said full boiling range
naphtha into a Iight napht haand a heavi er napht ha, said heavier naphtha

cont ai ni ng sai d other organic sulfur conpou aid sulfl duct;
(c) removing sk-d '@l%‘?‘??qsa o) %P&&ﬁﬂ'fuaéa@)'? OI? f@CgPﬁaac@"ﬂPoﬂiﬁ ggf)%aqlry, r st
distillatd, Q%é@hémhé%ﬂ{smd% §tepo¥:ng said heavi er naphtha fromsaid

first distillation colum reactor as bottons; (e) feeding said bottons and
hydrogen to a (aézc(ﬁaeﬁldgs(ﬂ)la &tli bailiogl namge ¢raaked>map(nnr)a containingnelefing,n sai d

compr si 10 RS gPABEPR A S86 Plopniosy L ARbOR S ) ORER IR R i 1

hydr ogen d|§t||palﬁgnmoﬁ§ﬁﬁ¢§a@tgr a hydrodesul furization catalyst in the
rectification section of said second distillation colum reactor to

convert a por tiPorcasreusantly bt seid fissighistillatisnicolyme eddands to  hydrogen

| fide, and (ii fa | e [ [; i ate
sl "ah (11}t o B0 B B PP
I nt er medi rdphtha prhthespresdnsaofia Brdo pg/delrh nmjhlfcalalyfsr inrthe a¢ctificatiomsection of

distillation colum reactor as e\ ﬁgond over heads nd. ( h) rem)V| n sal d

heavy _nap‘-’_rﬂ"l"lg'sé'ﬂﬁtﬂ% fRlHENSERElRr t feREINgFHBeT iong sa ’F‘&r%elﬂ #ngiwkh ey om
sai d di sthdtigh bPthe QlotTihs 636 SufiteroGAB &Y HRfRatedroduct and

(ii) fractionating said full boiling range naphtha into a light naphthaand
a heavier naphtha, said heavier naphtha containing said other organic sulfur
compounds and said sulfide product;
(c) removing said distillate product as a first overheads from said first
distillation column reactor;
(d) removing said heavier naphtha from said first distillation column reactor
as bottoms;
(e) feeding said bottoms and hydrogen to a second distillation column
reactor,
(f) concurrently in said second distillation column reactor
(i) contacting sulfur compounds comprising the other organic sulfur
compounds in said heavier naphtha with hydrogen in the presence of a
hydrodesulfurization catalyst in the rectification section of said second distillation
column reactor to convert a portion of said other organic sulfur compounds to
hydrogen sulifide, and
(iiy fractionating said heavier naphtha into an intermediate naphtha
having a boiling and a heavy naphtha;
(g) removing said intermediate naphtha and said hydrogen sulfide from said
second distillation column reactor as a second overheads; and
(h) removing said heavy naphtha containing sulfur compounds comprising

said sulfides from said distillation column reactor as a second bottoms.
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