9004014 cc 03/ 029388 PROCESS FOR THE DESULFURI ZATI 8RO *FEE NAPHTHA
BACKGROUND THE I NVENTION Field of the Invention The present invention
relates to a process for the desulf t|on of a full boiling range fluid
catal yti c SvGedeesstapht ha. Mﬂm‘ g\\l@ arly the present P&EUEM2283% enpl oys
catalytic distillation steps GH, uce sulfur to very low | evels, makes
nore efficient use of hydrogen and causes | ess ol efin hydr ogenation for a

full boiling range naphtha stream Related Information Petroleum
distillate streans contain a variety of organic chem cal conponents.
Ceneral ly the sFt’lRé)ﬂESSrI%OHETHlEeBEﬁUtﬁURﬂZABI@Nr@Fr%@@QAﬂHTdﬂA det er i nes

the conposition. The proce ffects the
conposition. For instance, ggpggiﬁéghbrgﬁqﬁmgﬁﬁQﬁyt i c cracking or
thermal CcrtkbPhelhoERERES contain high concentrations of olefinic

materials as well as saturated (al kanes) materials an ol yunsaturat ed
materials (diol &he mgqsem\dwecnt'@naellages tqmweéérfgbﬂ‘@qﬂ%sw&yzwrawya Il t he

various i Sggrrﬁnhﬁﬁe it ?Bﬁ{:'&%%léec}_ nf'prrgf?maié&é}ﬁcﬂ%rl)ﬁf%rp‘?@e%@mQ@ﬁ’tﬁqma as

it comes fr IS primari
i nfluenced emplmysecaialyhle distiliatéom stNapMHﬁsre‘duomsuﬁarw yenyilowdevals, mak&a:es

most of ¢ nEerSGREEM Bhef Biodatiert st Ben ORI AL ptof R B AT 1ioc”

napht heni crmgmmmsmeawnrmre unsaturates and cyclic and pol ycylic
conpounds. % i gher sulfur content crudes tend to be naphthenic.
Reteted s

Tr eat nent "Went strai ght run naphthas may be slightly different

dependi ng upon PBgbleunt OdiBWIRtd | Stfedine tontaiude EpietEeof Rebamioedhaaigal ha
orreformate generall é@r equires no further tr eat ment. except perhaps

di still ati 6AMEENeRSy eitenasally dbeistieams: ateadalinace by tBeikbodingr sages Whistbval .
Ref or med n@amrﬁ@r% hfh‘é%@ﬁng%gﬁubﬁ' whacbrééassw 6P M BBaMsSaldy Safttd fife
severity of elr pretre

tment for process and the process itself.
Cracked naghuoipasition, t F@bmaﬁqeornr@mt&étom either catalytior cragking erethermakl y

hi gh cracking processes contain high concentrations of olefinic materials as well as
saturated (alkanes) materials and polyunsaturated materials (diolefins). Additionally,
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 suifur) 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 orreformate generally requires no further treatment except
perhaps distillation or solvent extraction for valuable aromatic product removal.
Reformed naphthas have essentially no sulfur contaminants due to the severity of
their pretreatment for the process and the process itself.

Cracked naphtha as it comes from the catalytic cracker has a relatively high
octane number as a result of the olefinic and aromatic compounds contained therein.
In some cases this fraction may contribute as much as half of the gasoline in the
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octane nunber as a result of the olefinic and aromatic conpounds contai ned
therein. In sonme cases this fraction nay contribute as nuch as half of the
gasoline in the *ACTION WO 03/029388 PCT/ US02 /27569 refinery pool

t oget her wWwWMO03028388ni fi cant portion of the octane. Catal yPEUEB2Z27®Packed
napht ha (gasoline boiling range material) currently fornms a significant
part (z 1/3) of the gasoline product pool in the United States and it

provi des the. |l ar t | f.th r inpurities may
require re?r%f{/naeﬁ?y %ﬁgagﬁﬁé}@@h %f&é%aégt’{’ﬁé“ Qm%’o?%é'ﬁé{to conply with product
speci ficati ons Catdlyticaitpcrackedmaphthaigasolinettoilimgvangemmatetial) cureentlyddrmens.

Sonme users wi.sh_.the sul fu f .the final roduct .t o, be bel 0 The
st commoA SRt s GirlioSior b oridtEh R dibn b e Ba Yiates HRET

hydr odesul pravidest thetarge€iportion ofithe Sulfiune The bulflravpuitieztrnly ficpire serpavaied over
a solid particul ate catal yst cg&pn sing a, hgdrogenat L.on netal supported on
an al um na Useally by tff?%'ﬁ | ImyPr ﬁP&GQ‘ With pradu! t?ﬁ‘*"l‘f?@ﬂ%@%ﬂ' ta_re@s ¥l uded
in the fee@om-ﬁhﬁnéé)\lviﬂ‘?léhﬂHnnn‘i‘ématré@%tiéﬂé. USdrh@ LSerdsiskh BRFSULIRIPST 1B fRal Y Pi cal
HDS unit: (1) RSH + H2 --- 1- RH+ H2S (2) RO + H2 ---- RH + HO (3) 2RN
+ 4H2 --- ¢rodurtHtorbe Refow FUWPROOH + 2H2 - RH + 2H20 Typi cal operating

diti f ' ‘g T - :
O 1S b1 THE (3R 68 Bt cf SR DGk eSS 6
SCF/ bbl 700 hyddesilfurizatione (HH8) it wiiab itmey pétsoleompdistiiate isgpassediover araglidoe
f ti t | npl | t | fi | I ect
the now de eyl ERelafsofigSaatolReR s iy B HR b A tate = |
hyd[1 ?ﬁenat :@?ﬁmam}ewl{im@@”tiﬁys bhleyc{re%maTednqloﬂe%i hethe;fﬁedteThe &iulo:wgwg)f t he
na a an e reduction in the pool, of ins for other uses. In
adgi tion t@qgﬁtﬁ&ﬂsjﬁﬁ‘é'%‘?gﬁ@@FQ?@BI%‘HBWQ"@%W%MS the cracked naphthas
are often used as_souncrRSHOf HOl efi IRH ikMH,8f her processes such as

etherifications. The conditions of_ hydrotreating of the naphtha fraction to
remove (2) RCl+H, -—-» RH*HCI

(3) 2RN +4H, ---» 2RH + 2NH;4
(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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sulfur will also saturate sonme of the olefinic conpounds in the fraction
reduci ng the octane and causing a | oss of source ol efins. Various
proposal s have been nade for renoving sulfur while retaining the 2

03/ 029388 MTPYBYIB27569 nore desirable ol efins. Since th@Cgﬂ@@W?ﬁﬁﬁ n the
cracked naphtha are mainly in the low boiling fraction of these naphthas
and the sulfur containing inpurities tend to be concentrated in the high

boi | ing f rg,g,gg,%sﬁg}yﬁgfg?e:@fsfact o Hgﬁ%ﬁ]dsqn hasrhres nagh@»f r&s%an@tm fp prior

to hydrotr uces rang
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het erocyclic conpounds. The separation b cti on .al one not
renove t he rargecAgRERg Whighoheilsdp the F?”(Q?eOfpéS %éﬁ%:’léﬁf‘gr?s heayy ‘B

removed by r&i@oéjﬁ%éﬁ{ﬁa NSRS In tnmﬁbabngoﬁawéut%mﬂﬁﬁym A conbi nati on
oxi dative re mer capt ans | owed by fractionation and

hydrot reating offhe needﬁ:@aoa@trhghw&qwamomgg gulsricorweunds aJesnercaptaaswhile
5, 320, 742. :
conver t ed 119 TRERSE Bt el bollABHRpalngs Sre TRIGEREES S oS hERRAgRR. 1 ©
(cji! s;:l loise;s @ommluadsamen semm stiombyinactionatiprnalibae will iatdempye thef eecaptans.

| at | [ e [, er
wih e FoyRe e PRthe SEHpARS hald posd FBRBVET b RhRlve PR RR o
bei ng boi | emi/dwmQ catsticawhshing. d«&;bnitmatioanomwtwbl mmmhefMenmrtdp&ans

h d fi d
' £ho. bot (e ERHECHPRIOR AT TGTRLreaBs PTG NearLractBB i uaHaed FhLSoot ¢ oms

are subj ectyatbrt® dpilyoElemihbWxidetilé Asmbvhl df &%:maebap@hrsstthblrﬁérbgﬂaﬁg la%m
reactor where thé sul fur compounds are converted to H2S and renoved. In

t he presentconvertat iodheicormaronstrndigiléideser ed that during processing if the
H2S i's not remoyeg ﬁétoﬂbté‘ggfﬂt?é‘Hbé%t?séQQ?\ﬁog g%?bé’e%ﬁﬂbdh%aﬁfoh? fis igdie H2S

can reconbi ne to form nercaptans thus I ncrea e anount in
t he producﬁoafumtdmtltlmmnnwomrwm@ @qaaeawgeemngeoordet‘@xgn@emﬁhto be

Sat urated wiS1dfer PRI BRAADTHLY BAnDARRINY ierdabidt BN BLARLST 1 e

present in ng range na
into a first distillation reaction zone where the mercaptans are reacted with diolefins

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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streamis hydrodesul furizated by splitting it into boiling range fractions
which are treated to sinultaneously hydrodesul furize and fractionate the
fractions. It is a further advantage of the present invention that the

sul fur may Wwe 03/629888ed fromthe |ight portion of the streZRQT{USOZ2TB@avi er
portion of the stream w thout any substantial 3 WD 03/029388 PCTI US02/ 27569
|l oss of olefins. It is a particular feature of the present invention that

bstanti al,| Il . of th | f ' int t ' i |
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I r

fractionated in a st distillation colum reactor by boiling a portion
of the str&RIefiBAt ai ni ng | ower boiling organic sulfur conpounds, generally

ner capt ans and di ol efins i ntgumRBREORTHE IRVENTHWONVI I | netal
hydr ogenati on catal yst under conditions to formsulfides. A lower boiling

portion of the Sriefnin theguresentanvestion subjgstsuafulldioilingyange nephtharstea@mpounds
and diol efj e ' : : . o formed
by the reé:(Q,B ?aéﬁr{ﬁ%wq%ﬁ)ee srnuifg 5%%%#3’%%%5%35%@9%% "%'%t!"%génand are
renoved fr aoiuntve reantdrusynbailingia ipeehidnesf thetstream cditainirgplower bbiling engardonpri se
that portiaon.of the streans not rempved gs.overheads. t hou h gen is
bresent 1 n SHitodmeni: GétBraly el BRRRS Ap8 BicR IR P IR Aol I

Cﬁt al Iys]E i %éththgéﬁl&tid;]nocmfyw uitide wlgidftioﬁe torfeantsiuﬁmesndA\:@wr bd:i]Eirﬁg e of
the olefins [ese ar e rogenat eqd. urt her re, the resence, o

(i ol of i ns. PAMAR S the Hreagh heoiter & restice it Sbaarni U E FREBONTHS &A% f | ns
are preferendibfld % REEUORANES Aght APt dvb@lealS! ITHE saifided Yethiarepy dhe fed

to a second distillation colum reactor, where the heavier bottons are
fract i onat geastion®f the marcaptangiand dicteffiisiarahigher kel anfbare reaved fherpiiiea
portion. T ' O-H["léj ' | ' rtion
are br ough?%,ﬁ%ﬂgéme?giérvﬁoﬁﬂﬁgdr oggﬁé\lﬂﬁIt pﬁtéoﬂp'l?;cg}mgbqggt g&mbﬁ o the

hydr odesul fstreatrisaot camaved ais onerbeadsnalthéughshitdrogamisepresariién thigjeslumnsul f ur

comounds o aretSlt ol R Pt HRPYE PR R B8 o0 o
ori gi nal | y 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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present in the streamand the sul fides produced in the first colum are
renoved with a heavy naphtha portion as bottons. The heavy naphtha and
hydrogen are preferably fed to a third distillation columm reactor where
the entire Wea¥R98pht ha portion is contacted with hydr o86TWSIAR7FPat i on
catal yst under conditions to convertthe remai ning organic sulfur 4 WO

03/ 029388 PCT/ US02/ 27569 corrpounds and the sulfides forrred in the first
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It can be m el dRA) nidpAthd pureen dhéthd '“fs isHRoROGWERNy FetAGEY ForRicBAtaRES a

subst anti al ntﬁroverrent in sul fur renova however iT even greater

reduction wth thegatalysd, Quickesiremoyal aftlee HaBifrasthe fﬁgcﬁlam]g@nmeﬂwﬁathmto
smal | er fr%? bﬂﬁ‘ﬁlt ﬁFth&ﬁé@B%ﬁ%ﬁbﬁ't&%&tﬂn in nore than two colums wil |
r

produce fu duction of organic sulfur conpounds. The use of nore
than two disti | Itacarorbec@wmmate@iatha(ortbrefeodlstlllgtldnomj:éwuhfneacm ipooduses por t i ons

resent 1 nupergfel P RLENAG L] RempE MBybler F RIF Be bl feditibh i or- "
nmeans a di sequiteat, i divisionobfirtine viall cﬁmlaigsoartgenhaphihacm’tmlsmallasudctlbhatfor
R T A T TR o, T
and serves safubebmpbheds. atFiey sbe ajfdmeiesthdnl B¥d amstifdtiorn colutnn faxters| four

conmpounds produced in the first distillation colum reactor
reaction offyAdespifiuiatian f nasiens pkthg, Reayies hettonas fram "&%rﬂ'ﬁ%tﬁ‘i’iﬁ"” bwever ,

for the ltaf'oﬁwa@fd &Qﬁ%lhmﬂﬂre%ﬁtlﬁ@/élitﬁhng the present invention the

organi c su ounds er than nercaptans, contained in the full
boi | i ng range né\gmsml heneiretha tased"dissillation gelusunteastast ereany @ distilationt ed as

LS ol GARUGS RO Lald 3 o GO S BUINGEA RO
"sul fur compocurdaritlyiis thes edubner dhra mrefegradearnla@dlmnt 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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I nclude the nercaptans, sulfides and organic sul fur conmpounds. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a flow diagramin schematic form of
the preferred enbodi nent of the invention. FIG 2 is a flow diagramin
schemati c fwons/a388he enbodi ment of the invention utilizPAEUA¥178@d bed
hydr odesul furi zation reactor in place of a distillation colum 5 WO

03/ 029388 PCT/ US02/ 27569 reactor to treat the heavy naphtha. DETAILED
DESCRI PTI ON OF TH | ON Th feed to the process conprises a

sul f ur - cont&@HPH I%Efﬁwl?ﬁ'\gﬁ??{f'?aﬁ’f 1®n from a fluidized bed catalytic

cracking unit (FCCU) WDETAIDEDIDESCORIATRONGPITHE INNMENTIGN range( C5 to 420
F). GCenerall y the process is useful on the _naphtha, boili Pegl rfan(g_ mat eri al
fromcatal ytic dhaéeedtofNeRiecess ¢urRIl3eeasHIy- Iging petreleyisyifadian o8y i ns

and unwnta%.&.ﬁé& wed%mwweﬁackﬁbr@mgdﬁccwﬁwn@am&@n hA Qak8iing Mmﬁq

olefinic materi al unl ess crude source is sour very [itt
sul fur. Théarsqﬂ(fﬁutodaﬁf&m Gﬁnefaila tb@pmwss @asraﬂdl@ﬂab«eaphmc,bpil@agawq |

depend Upor?nétgo?lfr%w ééféllyﬁ%'lfagﬂér p‘?&dﬁd@béc‘%@gaﬂ%g ﬁ%@snr@@ol@ﬁr‘wé afg the

boi i ng range fraction use to the process.
Li ghter fr amwaote;i swilfur corapeundswSitraigiit mnnapmmmfsre welnsahfttlda o@tﬁenc nhatetialng

of of i ne buerparigsibe SRS TSk BRE Ty U CUFT o conponent's i n the
front tend are rraeg%fumwmerintcﬁruﬁ gattdlytri]qqugméckeﬂ ftaetises witirdepend sipan ¢he m(s; hyl
T5aE) | oo SlfBiAnteThal £, o B coska Al as Mepoilid R ot M s

190F) , tertfral@uérybséaeémea@@the( od&bsslﬁlbﬁierfﬂ&cb&ﬁé’\hlllfﬂi@%ﬂm@@uﬁmd@nte?\@@':)
sec- butyl rrercapt an | SO- Q’Q{ mer capt an (b n-.anyl

mer capt an (B2 'QQS@P‘)'"”%I?@'PHW e front i Bapitha EO”tEMWOSth i9thr opy !
£ e g i, S o s
found in tlese mainy mer@antanwdhya@aiquoaecqqnwwwﬁe arﬂaemetbyl mercaptaptons,
E:glrrggnﬁggsi%ug r eﬁ?‘n@?ﬁcag retlgri#'vms?h Eﬁ%{%@@ﬁﬁéf@g a@ccg?{iq‘@sfq%é BgocPrym H2S
i s typical Iyercaptaedb.py iBHddB L) isoibuty 'rrmncadfbrmi(h)prmPFmgent-&utydmiemmm term
whi ch T ncl ydes | S RbLRImetcaptdi (b5 2885 AESIBltyFheAdbtan @.5. 285 E X Ro-

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 severe
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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of organic nitrogen conmpounds to form ammoni a. However hydrodesul furization
Is included and is sonetines sinply referred to as hydrotreating. The

| ower boiling portion of the naphtha which contains nost of the olefins is
t heref ore oo ozWM9ssdct ed t o hydrodesul furization catal yst BAT/UB@/2358%9ess
severe treatnent wherein the nercaptans contained therein are reacted with
diolefins contained therein to formsulfides (thioetherification) which

are higher boiling. .and n e.remy it Q. t he. heavi napht ha. The

catal yst i fiofF "P%S?'ﬁérﬁb FhaSBPlYﬁgﬁW'é 5%%%%"0‘?35%@%&?%302/27569 a
first naphtgmraptstger such that only the LCN is subjected to the catal yst.
CATALYSTS Catal ysts which are useful in either of the reactions utilized in
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used. The 18 icetporatediareinesy referehee,isindelia tiseififst doluhoy thedsuifun gernbeal is

b QSRR safied Culbie 355 enG 4G e e Sy Abh e b S,
stream contndrMbMgdépositedtistdkides, @afdrfymsLmay Bbabel! ahel Kiekd) fatvéIRVed to
conponents therein. In the second and subsequent colums the concern for

the ol efi nd& i_@ “FR)FU'H%? fpranduring thedvdrgesptidn.ns  have | argely been separ at ed
as overheads inq ffe dddombl 41 UiBseqlé®t Joﬂﬁﬁﬁs,(hfisFtH@%@rpdg@tﬁﬁhg%Etﬂm tdS to

carry out destructive hydrogenation of the sulfides and other organic
sul fur conpiestiay thesulfurheampeunsissle predueri ashidresarban istaaracentgising H,S

CaTELL % i BBl SR IHNNS S0 AL RS HOSEEH e
tungsten =ubsequent coimrsctheadonaen for éieolefids idvboapgrdat sibtey theodlgfinenum
o e e 1B Yoo b BB T P R & G
usual I'y snaater dofiseis to carry out destructive hydrogenation of the sulfides and other
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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extrudates or spheres. The catal yst 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

cat al yst mM0 0ye29388i t abl y supported and spaced w thin t h@CTMSWATSPo act as
a catalytic distillation structure. The catalytic distillation structure
Is able to function as catal yst and as nass transfer nmedium The catalyst

is prefera paced within the colum to act as a catalytic
di sti IIati%é/ogﬁ%&%@)g%f%ﬂgéytic distillation structures useful for this
pur pose ar FHIOETHERIEICATION BATHAIMMSTS 4, 731, 229, 5,073, 236, 5, 431,890 and
5, 266, 546 which are 7 3/.029 /2756 nc b

reference. THI WEﬂleﬁaé&ﬁt%\l té?—\&lﬂ’_%q’ 'Cﬂ VI P'é'sccgég Pe‘f‘?ﬂy it

t hi oet heri frhgg ARD '(@laﬁ'ﬁhé)“sdh%réb Shppidd b Sind thbﬁhlé“de ( fbg@66e! um na)

spheres, supplie E) | d-Chem e, desi gpated as pi cal physi cal
and chenic meabpfé‘lyﬁ'i‘:é's an’ ‘%hﬂ!méa't QFW'%?SO[)FBQHQ?éﬂyﬁyaﬁI'R!'OV'ﬁﬁ‘ﬁLFYaért’erer
are as fol Inquaa'ﬁ@flgré as@pwgnati on G 68C Form Sphere Nom nal size 7x14
mesh Pd. wt% 0.3 (0.27-0. 33) "Support High purity alum na The catalyst is
believed to be the hydride of palladitBbhich is produced during
operation. The hydroggg @?to t he reagﬁ must be sufficient to maintain
the catalyst in the ace |ve orm because y%rogen is lost fromthe catalyst
by hydrogenation, b&orkept bel ow that Wphete woul d cause flooding of the
colum which is undgrst to be the yating anmount of hydrogen " as
that termis used Pm'ﬁaq @neral |y thzg({lr%ﬁbe ﬁatio of hydrogen to

di ol efins and acetyl pdewt%n the feed |9.30.28033)1.0 to 1.0 and preferably
2.0to 1.0. The th|o therlflcatlon catal yst alsd catal yzes the selective
hydr ogenati on of BP@%i ns cont ai ned S}lﬂﬁ‘rﬂylaﬂﬁnf‘?ght cracked napht ha

and to a | esser Ttﬁegcra%yéthg belispstetd Balthe Ry@fides eNMpaltiditiaviTem & ploalices -
Generally the relative rates of reaction for various conpounds are in the

order of f raving geegeatiopy 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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(1) reaction of diolefins with nercaptans (2) hydrogenation of diolefins
(3) isonerization of the nono-olefins (4) hydrogenation of the

neno-ol efins. The reaction of interest is the reaction of the nercaptans
wi t h di ol efWwa93/029888t he presence of the catal yst the nmerc®pTAR82/27F| al so
react with nono-olefins. However, there is an excess of diolefins to
nmercaptans in the |ight cracked naphtha feed and the nercaptans
preferentially react with them before geacting with the nono-olefins. The
equation of interest which describes thle reaction is: 8 WD 03/029388

PCT/ US02/ 27569 RL CH2 1 RSH+ RCGCCR2 ------ RS-CGCCCR PdI H
This nmaybe conpared to the HDS,reacti oh descri bed bel ow whi ch consunes

hydr ogen. only enoval of the nercaptans in
the pr eseH§Hn\7en % &g_er? ‘eg‘ea’gga Sﬁ?’e eep the catalyst in the
reduced "hydride" state. If tr? re is concurrent hydrogenation of the
di enes, then hydrogen will be consuned in that reaction. HDS CATALYST A

preferabl e cat ahufﬁstmégbe &&ﬁ grsiits Wid HUS réydioR dRBaibedbeldw WhRhTBhéuthes

conpounds gwydrodesul uri za fon) is 58 W% Ni on 8 to 14 nesh al um na

spheres, gmaead Hie @v@v@men@@ﬁﬁgmﬁe@ thes rqroovas ofthe mergaptansgRyRe cal
o SoCTor Phosd GRS Natcheobig Ko e AhACt e bR MR
8x14 Mesh statewt Hdliere iSwppourrem hydrogenation of the dienes, then hydrogen will be
consumed in that reaction.
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
VIIl 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 VIl metal provides increased overall

average activity. Catalysts containing a Group VIB metal such as molybdenum and
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Cat al yst which are useful for the hydrodesul furization reaction include
Goup VIII metals such as cobalt, nickel, palladium alone or in
conbination with other netals such as nol ybdenum or tungsten on a suitable
support whiwooseepsdse al unmina, silica-alumna, titani a-zi PCDUBER/23569t he
like. Normally the netals are provided as the oxides of the netals
supported on extrudates or spheres and as such are not generally useful as

rom @ oup /RS 5o, 3 Sobl B 163 FRY RG] Rabbn X80 RERET "5
use of the Wlidsdddsullifization ¥ea&tion mada@e@betlmmbaemumambmmybdyr@malms f or

| onger runs than the fixed bed hyd nation unitsg o rior art. The
G oup VI 11 RRERTungRtR. dE AL iSasna ALY BIRSenLIB AR ARORER o ZaAitie) o1 <

cont ai ni Ng g’ SUHLA a4 Quﬁﬁﬁ@'sulﬁ:‘é@]uﬁﬁ\a%ﬂ MBC’REU”FI'@“ﬁHeQaIy\@r@%oQI%aaS@ the

PCT/ US02/ 27569 a Group VIII such as cobalt or nickel are preferred

Cat al ysts sifidenpithardn 4seeor REefr (OdesaPY @XPOsiHreda SUfiE CPOBROLRE (canigining
cobal t - nol yhdepn ni ckel - nol ybdenum and  ni ckel -tungsten. The netals are
general ly present as oxides supported on a neutral base such as al um na,
si | i ca-al uni na drhetprepertiee of Ftgpiealthyrwdesefurization datatyst are showrf indabig t her
I n use or grg fowio use by exposure to sul fur conpound containing streans.
The propertles W a typi cal hydrodesul furization catalyst are shown in
Table | below. TABLE | Manufacture (OGABIEEion Catal yst Co. Designation
C- 448 Form Tri -1 obe Extru Nom nal size. 1. anmeter Metal, W.%
Cobalt 2-5% Mol ybdenum SR'%(Wf Cgﬂﬁport Erﬁ?ﬁor?aéqﬁng)sggpal yst typi cal ly is in
the form of extrudates habDesignatish aneterc.9481/8, 1/16 or 1/32 inches and
an LID of 1.5 to 10. The Eatalyst al so 5}1 pbe in the formof spheres

havi ng the same di ametersFOIM their regdidPrPe EXiHe®eEy form t oo conpact a

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 1.5to 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 0 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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mass and are preferably prepared in the formof a catalytic distillation
structure. The <catalytic distillation structure nmust be able to function
as catalyst and as mass transfer nedium REACTION CONDI TIONS In the first
di still ati OMOQ¥V293R8 react or the pressure i s naintai ned at PEBA§E2/T5490 250
psig with the corresponding tenperature in the distillation reaction zone
of between 130 to 300F. Hydrogen partial pressures of 0.1 to 70 psia, nore
preferably t S range
of 0.5 1to @ﬁlnésp%ﬂé)"ﬁ{h% Hﬁ@? pr‘ra\uyfc’ndr;l(ggu do'%% eacﬁdgﬂg%g{ng‘fﬁt sfé EES in a
standard sgagbwqwmsefdepeddlbgdmrﬂwtemperamm andprebsure awitfetotdl pﬁé?d%uﬁé)érﬁi at

bet 400- d t | d
Pour Ty spadud(pel e et s ain Roatin FUTAST Porblieiaes RRg 0,780 eais'vo
03/ 029388 E’EngSéJSﬂ?d%ﬁ for 6EthB 8iglePadsTixel DedinyatdticBalrizatisg & chﬁ@wnwct ion

may be in the i hase or gaseous phase depending on the tenperature
and pressurV\léa KMOMW 'f'é gart pressure and hydrogen gas rate adjusted to attain
hydr ogen partlahge%a&méﬁsssu bld18r theydRReBHzaligNGhaphtita ARfisHIaAGh Of { he
singl e pass fixe esu urlztlonls otherw se we nown 1 n the
art. The coalinn dﬁ@tgmﬁt%ﬂée@ different dhary dhasge Bupfsiangardi tgaklefbashrgacter. in a
distillati Ah I [ ard
trickle be?gp ggitl or, Feggfgotet‘éit% [@'eg\ﬁrﬁ aﬁgégﬁ? r&"fL’H'%p Fe%?@r%.s[lﬁr"tgﬁast% ydr ogen
partial preokummeand aub&eaueemnimn&aIIQymmaiMessubesmqherang@cnfeﬁne lessstham t ot al

hyar odesul ri9PiB FiRBufer b8 pikoRapiitparioefd nioishen tidiFranetin b o

pref er abl y Iekwhah d50.pbi, rpsefef:mry dewre 0 ayilcan bé ehiidyedyirefdrablp abbet 8 psi .

The tenper the distill ati eaction zone is between 40Q tq_ 750F.
Lydr ogen. 1 49 Rk deiedamnara e ine ARIEBPRHRRCHAEsER SEFONERT #9D @S0 Bnge. of
0.5 to ten Hyaf A tHe 9 conH utill AR dol PR r@é’é%&dls%d fregd- raﬁ@afrbf‘@b tb kgHi d

vol une of er unit volune of

223 ;: 3y/sts ;J a%?an%n%éé’ g&lﬁ?ﬁ;t&%@ﬁhﬁ’ﬁf&%nﬁﬁ f feed. Nomgel l@wdlh@rlywspe;wloab?ﬁm tions
in a react B@égwénhyé éftfbeagépnm (/a@ﬁfm c%'t'ﬁ'oﬁtﬁk‘ubt%%\é@@ﬁd EQLHIS: #.mhea

napht ha hydr urization distillation c M reactor are: Tenperature
450- 700 OFrange 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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Total Pressure 75-300 psig H2 partial pressure 6-75 psia LHSV of naphtha
about 1-5 H2 rate 10-1000 SCFB The operation of the distillation colum
reactor results in both a liquid and vapor phase within the distillation
reacti on zoMe03/M9¥8nsi der abl e portion of the vapor is hy®CEFSHR/IT e a
portion is vaporous hydrocarbon fromthe petroleumfraction. Actual
separation may only be a secondary consideration. Wthout |imting the

of f 6ot | vend S ERR Ip plgchif ARG ieonbB B TTARIB T I nEERANEDS ¢ "
the vapors and Hh® c:cmmehtraﬁe #y shee vapohiatl bwingc fandegh sedniversiamn tof tidrsadfen i n

h d d | h | S L.nti b h
hyar ogen- arrRoEos b ip? CoRibaiden e PRl sPetBhce of (he catalyst to

result in their Th r&@:lﬂ@‘/tﬁa%S&tuB%WﬁO@baawa the distigetiodtdotuimn teactor is
particular, sulfur s eC|es concentrate in the liquid while the olefins and

H2S concentthatiewerh snppstialpressureg (andithis Igwer i) dressiirepmanhe usads ur

conmpounds f [ e
Comones i @héﬁg'g@&;@ﬁﬁn&%ﬁg o el prmaflatio Beacamth utke

hydrogen pdeastar. Shedempetatyrerat thedeweroors ot thesgolymesontaing highgr b@llmed.
P g
As in any qhét%h%l é?nfg'tﬂpse Fg@%ﬁ@%@erﬁw@%ﬁr@%%ﬁth@@pﬁ&BﬁdBhth'é' A}nt.‘rf The

distillation co erature at ower en
col um contlawvesbdilinghéraction, khich cardains madre&ladlly tensoviableasulfur nogipeunds is

uni ch cont ekt ©TelBRBloBHl s B Gl b coifn mEt b Resifibrbadf "

| ower t errp@rewoums tredt ig, Ilussthyuroziractldwg @daturatnwnofodesurabtelcd@fmm compowraiser

selectivit ess drocr r saturation deS| r

olefini o conslate bolinggeRiaar bibren b oBer Raer duisip fa et 60 dne

t enper at ur Qﬁstlllahéﬁ‘@olhﬁ\\fﬁéa@lﬁﬁt@érabi@@peﬁ' ity sulftﬁﬂcbﬁﬁlrﬁﬁ’é Hﬁ? cb%@hﬁ‘cﬂs hRd crack
open the sul fur containing ring conpounds and hydrogenate the sulfur. In

t he presenthydrrgamgtetherswflaspect of the tenperature gradient is presented
in two ways. In ﬁgﬁﬁ%ﬁ@rﬂqm‘iéﬂtﬂm agpé‘c"l‘bf‘{ﬁésﬁan@%%ufes ragfemt %&B'é%rk@&’ upper

portion of the ¢ hus mat er | not s ected
any cat al ytin ¢wo ways.i lovthe seeoncheolumnithie catalyshzens istenated in thaelppen pastiomt | on

the higher SDEHANH REs tHe A4 it Mdt8Mls, are not subjected to any catalytic reaction.
In the third column as shown in the illustration the higher temperatures in the bottom
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 a result, 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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of the colum provide a nore favorable environnent for the destruction of
the higher boiling sulfur conpounds. It is believed that in the present
di-stillation colum reaction is a benefit first, because the reaction is
occurring c¥N6¥P2988tly with distillation, the initial read®CT8i§0238@duct s
and ot her stream conponents are renoved fromthe reaction zone as quickly
as possible reducing the |ikelihood of side reactions and reverse

of reaction s i EPREARsqwh BuFRBREHCRIaR Aol abbit S R ERBRE ™ 1 ¢
syst em pr etheirtd,S the:hhsaproﬂﬁced drathe dlistilatiny yeactiontzmenofr thebseédondpandbut no

I ncrease in B ngeerng e at a given pressure. As a result, a great deal of
control ov PREGU LAY eaction and distribution of products can be

achi eved by Tmubtatysn@ plbee@?f}stmndu@mmsuroelunm i'oﬁdtdﬂersdchtrtﬁél the $eedted P} S t
reacti on ma al n rom dj st.i atl on actions |s evva errec
that the i quef tP%PPHW“&H%G‘P’H@S&FW&{EQ@éfai)f%'@f‘ treateddo nrevantt I"ng'gp%l ymer
bui I d up agﬂodﬂ&'ﬁ' ft8m %%h%c@ﬁ(a@?%ﬁ&h@%t&?&%é’@ 56ﬁleFFFé€|Ha¥ShthTahgpllt'tBWar d

flow ng hydr aen acts as a stripping agent renove S which is
produced | frachenates the Nnaphba lﬂt@a@ﬂ!ghirpre@iw@ paphthe (b@Ubﬁl oyAtheagdsando@ent

col umms. ec@?g r¥§r§)1rét§%c§]’c{c13§§ Eh@ s&&kﬁ}«ﬂ%ﬁﬁgl #ré& dates> h%%ﬁoﬁﬁgﬁ%ﬁh uch

that the se con acted cat al yst
and treat ednrstcsqhﬂewetu an m@erHﬁ@atplcmbkedduabhtbm (IGN}) asoverbeads andvatheavine

catal yst be e first |jtter fractionates the naphtha into a
| i ght cracfg%c%gmgﬁa(t%rg;gg%@%%ieads and a heavier stream as bottons.
The second spli tn ¢e f|WSaspIi|tmna$at=3ystH€plaQEG Cbnnhé ran:lﬂfléét@n ddctioh tspéadtites i nto

an internedi ate crac heav cracked
napht ha ( H&§" cgrtags ¢! k@rﬂ%‘ﬂeﬁ? Aq%lr\el)sst“ﬁs'gﬁ ilcﬁ{]%twh gh RLERQVEH ¢ he
rectificatiigthe Bettdms wWith the&sétavbhetreamr GARh@RBcHNd Bpifeptitd LaalysPisPaIgsiuCce
sul fides (thloetherlflcatlon) are renoved in the bottons with the

heavi er st rRiaggd "nFhetrﬁet'fﬁe%aecé@n.t@péﬁalw'ﬁ@lw&@@mp@9rga§wast&f@rb%m@dhen t he

tif t |
the oM T Qﬁg‘f‘?@ﬁt“’*}é‘?dﬁ"f N SUTPEE peccBadh o sk e, e hilipBRh 00, 1

hydr ogen t ®Progiuaschisse 2T tsemmneg'atglywememchméhqovqnea@sjalpng wrtb the KNheads

?lr g(r:]tg| \cl,mn;P|ﬁe'S%'lﬁ%gFtag?n&?’ﬁgdééhﬁ‘%p&r il BachibRtBRNITRE HAN R 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 Cg 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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second splitter is subjected to hydrodesul furization in another
distillation colum reactor or a standard single pass fixed bed reactor.
The |ight naphtha, internmedi ate naphtha and heavy napht ha streans

recovered fWOR3/9029388s 106, 205 and 303 respectively nmay bePEEUSRRMED to a
full boiling range naphtha having a total sulfur content of |ess than 50
ppm FIG 1 shows the preferred enbodi nrent of the invention. A full boiling

range  FOCAMgNbh AR NEH098 Wicto [Roddol8idblia, HERkel A Arestb ™

reactor 10 Via nes respective I ys 'S in a
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distillation zone 12 i,n_th r,or re ) sectiqn of t
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overheads via flow line 104 and passed through condenser 13 where the

condensi bl das# eutifahlescatalysthadhindhe upper portjon aktherdistilstigueoamnzreader
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i nternedi ate boiling range nap via flow |ine 204

i s i rrportarﬂDVthI'i@t2Q3I1eStﬁaIP'99)‘3§€“Q§‘e%5 B2Pre) edwtqaséuuq)mplptmep@rat@m qfhree
e

el colp IR CEBPRiE S bas) BTG IA RN
ner capt ans andi arnty Ing@n matesial pmducedwn theI feactords pam th'lrmmﬂmdlee_ser i ling
I e e T T R e
is withdrawn 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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| CN and HCN and to assure stripping of any H2S. The I CN and unreacted
hydrogen and any |ighter material produced in the reactor is passed

t hrough condenser 23 wherein the ICNis condensed and collected in

recei ver/ sepaodpa9s8824. Product ICN is withdrawn from t he PCEEIEPEFOi a | ow
line 205. A portion of the condensed ICNis returned to the distillation
colum reactor 20 as reflux via flow line 207. The uncondensed vapors
cont ai ni ng H2S Y- i i b from
fhe second di st 1T At o8 2o bR Rk Bos Y tnb e ain FIES 1,81RT

di still ati dhatdbé beavy raphtha 2(xmfrommhsilillailorgccéwnnhmctd:re?ﬂ &ttersfa conventional

o gani ¢ kPR ARAEHAR S O8 EYHRRSPE rpeS HE Reityfr pufl oniind®Eand 32 (o

for 31 H2 Sb}/\/rmic:tactecgwltlabdaydmdesm&adatlorih@d Bexintveadsrrerntiiow vmbm)elraigermﬁam |
condensi i S ne 304, a ro artia
Comdencer Selsgliiiio aboi N Bthaasdiind oblinn i Sutkainb st BuRs.cqNy A oaeR o
separat or JRost bf ehe blefmsiRaeasbehasiedously M@««‘bd}g th& firstid vl 88cbrdndigaties

hydrogen are renoved via flow |ine 305. of the condensed liquid is
returned asoluEnn (gacterst Hhetrpated bpavies q‘%ﬁ Qfﬁ reepveRed pacractionated ensept | i ne
307. The H I

oot U/ p IR g s AR 97 dhe é)Hzgpﬁggié%rﬁ%éﬂﬁt""s’a:‘J’Oﬁgg{%"]'gh%\?ggﬁ ganhife
FIG 1, excremveremutllrtd@&eavy napht ha 203 fromdistillation colum reactor
20 enters a conventional fixed bed single pass HDS reactor 30a where the
heavi er sul fur conpounds are contacted with a hydrodesul furization bed 32a
in concurrent flow with hydrogen 302. Selectivity to avoid hydrogenati ng
olefins is not so inportant in this colum, since nost of the ol efins 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 |line 305a fromthe heavy
naphtha recovered in line 303. 15 WD 03/029388 PCT/ US02/ 27569 The
invention claimed is: 1. A process for the desulfurization of a ful

boiling range catalytically cracked naphtha conprising the steps of: (a)
feeding (1) a full boiling range cracked napht ha contai ning ol efins,
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di ol efins, mercaptans and ot her organic sul fur conpounds and (2) hydrogen
to afirst distillation columm reactor; (b) concurrently in said first
dicstillation colum reactor (i) contacting the diolefins and nercaptans in
said full bD¥OLIRIEBange naphtha in the presence of a G oRETWSI227REt al
catalyst in the rectification section of said distillation colum reactor
thereby reacting a portion of said nercaptans wiwth a portion of the

di ol efins foregqt Hfl de products and a distillate product conprising a

| i ght napht C)'a'FPQcJ?. onating said full boiling range naphtha into

said distillate1q, prprdoeds faﬂtﬁe@ebelwlzetlonﬂemmm&olllagrsl'\dmtfalwcampdabh@d

cont ai ni ng sa'bg_‘ ot her Qrgg&e su fur conpounds and said sul fide product;
(c) renmovi MFPEERALUNRAISIT eStﬁPsoﬁuct as a first overheads fromsaid first
distillation colamrfeeam@t or); a fG) bbRAB\raRge Soaéd(eheﬁ’é(prﬂﬁa RptdiMag fdiefmssai d
first distillation colum reactor as bottons; (e) feeding said bot t ons and

hydr ogen t Slilefins; Bieicantans andetherorganigsHifurcernoynds apg (QC)BMQES’BPBFR afirstn said

second di Stdlshillﬁttlé BolGRIntBRctopactor: (i) contacting sul fur conmpounds
conprising t er organi ¢ 'sul fur conpounds in said heavier naphtha with

hydrogen in the(pr e@m@nﬂv imsaid et siitatigrueolumnireactoat al yst in the

rectification .Sec“Oﬂggoa:?%c‘ttﬂg?ﬁé’i?f&?efﬂb%'dl njpé c'a@&ns‘%ﬂ' mui|%%h%grrah§e

convert a pOI’t i on of organi ¢ su oun Sto
sul fide, anﬁphtha)inﬁlnapteisenae bhg Gsramlehbmtailcamyshlmaewerttcb:caﬂnn sﬁoaorraﬂi ate

napht ha and ., a,.h apht ha; V|n sai d i nt rrrelate a and
Lol b odai s iR Na PR Back? ndi S8R teafiad B iobalaMst Bl metcapliR e
second overpaetshsof tAe dioléfinsite fer Mfl@@pl@db@té\ahd raadzkttnhee GroaLat dunitistriy 4 ur

conmpounds ﬁlgg{)neg.% '&%PU WO 03/ 029388 PCT/ US02/ 27569 said 'sulfides from

said distil reactor as a second bottons; (i) feeding said

second bottons and hygr gRflodating 4414 A Bbifihg ! raAge MApRtMalMo shRGisAlate
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
(ii) fractionating said heavier naphtha into 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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Q concurrently in said third distillation colum reactor: (i) contacting
sul fur conpounds conprising said sulfides contained wthin said heavy
napht ha with hydrogen in the presence of a hydrodesul furization catalyst
in said thiwao3D29sss| | ati on col unmm reactor to convert a poPCTai¥0u37sedai d
sulfides to hydrogen sulfide, and (ii) fractionating said heavy naphtha to
renove sai d hydrogen sulfide produced as overheads fromsaid third

di stiLLati A aliiEs FEASR aisfilioh ebiRTRSCIL? o5NieedleRBbAiBRY N2 o bot tors

fromsaid t ['ation ¢ react rocess "according to
claim1 wherein (&Jeddinggiﬂd seqrimdHotionss andbydrogen to arhkyed distilzgion awohmomit
180F, said heayi.er naphtha has a boiling range of above 180F, said

i nt er nedi at'&® ﬁ ht ha has a boiling range of .about 180F to about 300F and
sai d heavy napht(,l)la:dmaerrenﬂb,omlsaltcgthlrdlmulaﬂlorahﬂumnabww 300F. 3. The process

ding to claim?2 tal cat
Support od nickel cat )y ENSRla0 S HIPaus, poTbTTag SR Sulidas/amaingho: | ses
2-5 wt % colydtin said h‘é-a nabﬂﬂwwum%mgarﬁn thé pPdsefte af éwﬂaﬂ:rdtesulfunzah@n

process according to, c 1 wherein said Goup VIII metal cataly
conpri ses &atalypin se'é thirfé ré@t'"%t@cnaq%mn reactqmie Gonyer aPotienPusaig sykﬁdeqs aim1

wher ei n saiig ?ﬁ@ggn\gufjdengﬁgl catal yst conprises a supported palladi um
oxi de catalys fprocess according to claim1l where substantially all

of said mercaptans (igaeactianatingisaid beavisnaphthatamesuive saishydrogameulfidecess

aco0r 4119 0Bl A BdoUIRL A SR AW riRET U ARTLAR0r clal VST compri ses

2-5 W % coba num-on ana 8. The
process accordi ifk) treonaireg ﬂ'lehewhyem@mha bebottnmefrommaidmmutsﬂllmm calumn
reconbi ned and the total sulfur content of the reconbined product is |ess
t han 50 wdﬁ?r? %, A process forthe desul furization of a full boiling range

catal ytically cQaMr&Eeé&éd&fdﬁr?@ﬁﬁﬁaﬁﬁWvH% anﬁghﬂﬁﬂhtﬁaahwbblhﬁg ng the
steps of: (rggn g%?%l nt blc)uthO%lll-'l sal Ihlela\r)l r rngnﬁt%act{aasca eb%lllrf])a rra]}[whg o(f:%rt;t Su ning
ol efi ns, g 5 P g rang ove

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 VIII 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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di ol efins, mercaptans and ot her organic sul fur conpounds and (2) hydrogen
to afirst distillation columm reactor; (b) concurrently in said first
disstillation colum reactor (i) contacting the diolefins and nercaptans
cont ai ned Woks/ee9ss8i d full boiling range naphtha in the BCEISINTSOf a
supported nickel catalyst in the rectification section of said
distillation colum reactor thereby reacting a portion of said nercaptans
with a portiop.of the. dloﬁ‘flns t formsulfide products and a distillate
pr oduct coﬁﬁpﬁg¥%&?qpq$?ﬁ1 SO #a and (ii) fractionating said full boiling

range naphtha l(’é)O featlihgdi1ytad fdiBbéilin rredg@tchUnmamﬁwlcbnmwm@Wr@f GG to
about 180F and heavi er napht ha boi @rlfrabove about 180F sal d heavi er

napht ha cortiele Fﬂstﬁﬁ‘%%ﬂa%ﬁ ?MC’tBPb‘HﬁP%'% GPMPOYRARBRHE) Bndrogan tp atinst i de

product; (@stmgtrmybé]gnﬁ%gctgfstl |l ate pr oduct as a f| rst overheads from
said first distillation colum reacto (d) removing said heavier naphtha

fromsaid first (B 6engyreantiyin said first dﬂ%ﬁ%ﬂ%colw@nwﬁqtgm (e) feeding said
bottoms and hydr 0genjf GoftataRETHe dblint bk 'n?é}cgahHéfeontaﬁf%etvmmn & full g

concurrently in sai d secon ati1on columm reactor
sul fur compeilingsrangepnaphthy inhtheoprasenoe gfna csuppioftad nlckﬂ‘rpcajalust trbrﬂn%u ned

t hi t
hyar odesul FERTEA s SRR ald disiBydh BaRhrl Babief REEBEERG Butign oL ona
distill ati @aid mdrcaptameauhoa dootiaroof ¢td divlefimst fooformf swifidel ppddiets andaani ¢
sul fur conpp hydr ogen sul i) fractionating said heavier

napht ha i ntdéﬁt'ﬂgtsé ’%fggﬂ‘mrﬁ %S'Hﬁﬁnlﬁg{ﬂ ﬁarpj{;hﬂéng boi li ng range of about 180F
Lo about 3007 and 3 kSRR B3ins 19K SHEthe AR adOieHEE Y ™

sai d internedi ate naphtha containing sulfur”co
PCT/ US02/ 2 PsetHct baging & brjlinghiangs of Cs de gbautd! 803F dnidyalheajder mhthajbouﬁmgam sai d

second di stipll@tdrRit 188kFMBaiti SRAGYr Ashhtha S6RMBTiIRY $aRFBffer 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
(ii) 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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(h) renoving said heavy naphtha fromsaid distillation colum reactor as a
second bottons; (i) feeding said second bottons and hydrogen to a third
distillation colum reactor; (j) concurrently in said third distillation
col unmm r eacW0103/039388cont act i ng sul fur conpounds conpri si ng PERIUSOHEITEE des
contained wthin said heavy naphtha with hydrogen in the presence of a
hydr odesul furi zati on catal yst to convert a port i on of said sulfides to

hydr ogen s a sai d
ydr ogen < dPrIRAEan el s, 16 ol AhbeR "t ok, AR SeBnf BistBEtcF

sul fide pr@dumdreact@rtm éeddnd)o%ezdsr heads from sal d third distillation
colum reactor; and (Il). renpyi t he S botto om sai d
third distillat i‘@ %’gp%ﬂ?ﬂ sajdy ();papmg\aafﬁ(ﬁ'g %@'@@??88(98%“'?1693{0 F@SA m 9
wher ei n saigdchydpeieny! furization catalyst conprises 2-5 wt % cobalt and
5-20 wt % nol ybdenum on an alunmna support. 11. The process according to
claim9 wherein( Heeﬂ'neé@l%mﬁ&ogpmdshwegen Iﬂ:%ﬁ'ﬁf%‘é'ﬁt'llﬁ'ent"ﬁ@"?’bt al
sul fur contg pf t he reconbi ned product is less than 50 wpm 12. A

process for t e 'desul furization of a full boiling range catal yticall y
cracked napht ha(J():mmﬁU@,’eW{y lnwelds&hég§Is§wlathraqolwr@edea@0( 1) a full b0| l'i ng

range cracked napht h ||‘Tfﬂ%% Ry ot her
organi ¢ sul fur conpo éﬂ?%@lfﬁ g‘%g&'” Sdé&hﬁdlﬁ?salg%r at'| on coI um
react or; (Withirosaidrheamy hypmthamhdwyﬁmgan iditee ptdsancenf 8 biydradesafurizetion i )

cont act i ng t | g range naphtha
In the pr escgﬂaﬁgsqﬁcgﬂﬁr}gﬁlgg&oﬂeof%g@aﬁﬂidﬁs%}gb%gﬁ %g@e%bgf I cation section
of said distillati ogi)cldationatirepsdi@ hebheriaihtha taemove saidbydrogen sdlfise d

mer capt ans wi WO, 03/ 029388 PCT/ US02/ 27569 portion of the diolefins
to form sulpf'?@'é"‘% &ERHQ)? nd a distillate product comprising a light

napht ha and (k) removing the hydrogen sulfide produced in step (j)(i) as overheads from
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

(1) 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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(i1) fractionating said full boiling range naphtha into said distillate
product and a heavi er naphtha, said heavi er naphtha containing said other
organi ¢ sul fur conmpounds and said sul fide product; (c) renoving said
distill ate WOOHIB88as a first overheads fromsaid first ®CTUSPYEE4%N
colum reactor; (d) renoving said heavier naphtha fromsaid first
distillation colum reactor as bottons; (e) feeding said bottons and

hyd t d distillat id
cbcond di AR FORe cBtiEtis st spiar PR Agslrbarotansatisng” =
conprising 4{; ﬂﬁ&tﬂﬁthﬁr%m c sul fur conpounds in said heavier napht ha W th

hydr ogen in t e presence of a hydrodesul furization catalyst in the
rectification secti ofii)offrastivnbtingcsaid fdli doiling aange napbthaninto eaidt distiltate

convert a or

sul 1 de, " anopysterita Bndeiathine sHA Moo bphhngRERGHTAT s48 crAEPRER: -
napht ha andulfar terapyurmdsdridgaid SQl)‘ldeeprtmLJct;g sai d i nternedi ate napht ha and
sai d hydrogen syl fide froms; con distill react

second” over headdd) RN FaRoUPHIETS ErocRt AR, = fsh Srerheadt diom ABICTr ur
conpounds cfstmatish Belumitiedcrl fides fromsaid distillation colum reactor
as a second bottons; (i) feedln sai d second bottons and hydrogen to a
singl e pass reaé@bremey 5\9 éeﬁ’t*}f@t‘ﬂeﬁ@aemhﬁdforﬁéﬁ'ﬁJlﬁ?FcFBSt&'SHW F%'PH‘@‘ reacter

sul fides copptiees:W thin said heavy naphtha with hydrogen in the presence
of a hydrodesul furization catalyst in said single pass reactor to convert
a portion of sai(@) sfeedingesaid Patipasoged hydrageeto anseqory disilatiag asliron heavy
napht ha ang, Qé{tgfogen sulfide to a unit wherein said heavy naphtha is

separ at ed from sai d hydrogen sul fide. 20 WD 03/ 029388 PCTI US02 /27569 13. A
process for the (§esarcumenthyini said sécandfdistillation colugrrgagter cat al yti cal Iy

f;ﬁggegr ggﬁgéhﬁ agﬁ{rﬁr &ole%ti 'ﬂsﬁgkﬁp gqrﬁﬂgur{o%) cgrﬁgr(ldsiir?gqtr{elgthzeir ];J%lalmcbs?dlg L ng
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 naphtha into 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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di ol efins, mercaptans and ot her organic sul fur conpounds and (2) hydrogen
to afirst distillation columm reactor; (b) concurrently in said first
distillation colum reactor (i) contacting the diolefins and nercaptans in
said full bYPIRAYIEBange naphtha in the presence of a G olRETHSN22756x al
catalyst in the rectification section of said distillation colum reactor
thereby reacting a portion of said nercaptans wiwth a portion of the

diolefins to forym sul fi I t Seiridatfinsbi b! d
fractionating se{'i@d UHO%E(S)iQIf@ﬁ@%rgengé Hgapﬁitnﬁgf %n@g%gq[nggﬁ:‘bﬁ?p%?l édalll%d a
heavi er napiratked maphthacamprsing tehsteps ofint ai ni ng sai d ot her organic sul fur

2TTret over heagd) 1 PG TP Bbiigh TpnbF Ko Afbing Bhiqiyfb gt o
renovi ng salidlefies) wercaptapshhdofheoongaaicauffimcimpbiusids ehd{(2)hydryentma fieshct or

as bottons; . feeding said bottonms and hydrogen to a second distillation
col um rerﬂf%tg'?ay'o? F?'I”E%hrc‘?@Ppé’nt ly in said second distillation colum

reactor (i) conypyicoRgurbaHtiyin saidTPaidIstiaeonBslufinN@atide ot her organic sul fur
conmpounds in said heavier naphtha with hydrogen in the presence of a

hydr odesul f uri zat i on (i¢ 82013&ingithe diplefins.and meEariANssiBab fullgroilsgi @ngecond
distillati qfpned infHe pReSeEneE of 8 Graty i m%tél%fdlﬁ? irptfhe?r@&tﬁicﬁii&%e&%ﬁ%?i c
sul fur compounds to hydrogen sulfide, and (ii1)” fractionating said heavier
napht ha i ntagicdistitationaeturan eeastgsitheraby reacting apastion ofrapicmerceptanswyithmapht ha;
() ey i B B 3BE oIS St el BER Y e o oo o
sai d heavy napht ha cdiijtfzaationgtirggdidifullboitipg nante naphtha istoglight aaphthabhd des
fromsaid dail %teialvlje?tr%a%rr]\tl'?aql saig r{eea\?/f:e% Onrap%ﬁwaa cOR a?nrllrcwig bs%% %%Be'r gr%;anic 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 hy&rogen 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 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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