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| MPROVED HDS PROCESS USI NG SELECTED NAPHTHA STREANMS

BACKGROUND OF THE | NVENTION Field of the Invention The
woRes®I099s nvention relates to a process for PCT/US2004/013881

concurrently fractionating and hydrotreating a full

range naphtha stream More particularly a selected

boi Il i ng range naphtha streamis subjected to

si mul t aneous hydrodesul furization and splitting into a

RRAVER R RARERE SRR IR Nk rHiTs TR s

orthe reconbi ngAJKGROUND dreaHE INRENTIONI N @ manner
totﬁrevent or reduce reconbi nant mercaptans. Rel ated

Fieldrafdh@daventionhe conposition of untreated naphtha as it

s i RicRE) AR FTEReiateeu a foo8ht B ehsbHBn iR dkihating and
hydrotesathay aflirahge paphitastreatesMoey paitietririyat se1@dted boiling range
strai ggt chain_or cyclic conpounds. As a general rule

naphia sieafs subigstad fo sigwitaneeus hydiodgeulfiyiatioaandepiitting into

_ f5ini . _ )
= GAELRRNG rahbs iorhify 2RO TRBLF KL iR habANEPaR theraatior
polishipigethe dight fractondredhe recerdbmeddigtit fnd iheamp friattieminca manner to

Treat ment of the different straight run naphthas ma
Preyentor, r&ﬁypﬁ r%‘?qrf‘té'f‘@ﬂ{ MEECRRIENFrgf gpon t hei rpcorrposi tiyon

Reldi& frforthatibh source. Petrol eumdistillate streams
contain a variety of organic chem cal conponents.

GenEhalcomnpasdiost ofeaniseated nagfhtha @sbiy comsisr fromi thengrude still, or

I, es whi deterni ne .the conposi,tions, The
straiGITR Aah . B SR AE ek RSV s 8te @flce. Naphthas from
par&fiiR® shideCsburtes haé nidreesatFRed etraight @RaRi éyclic compounds.

catal ytic cracking or thermal cracking processes

As g ganaral ree grost @ﬁté@ﬁ'swget“dlwv 9lfus) eudas endephthasargparaffinic.
oo ABafE SR ORI Bha B SRLRUSE o, evclsaery, povte

pol material s onal

conpaaelsc oTohightssutfur doatentyerades teddve bieaephitiserier Fredtment of
nmpounds. Reformed napht hagr ref ormate general,

theQlieranL BURGIN fUR RGPPSR R D LUy HOPTRjsiopending upon their
corhS8fioh LB RIS BIEEL X\t o0 L L e
essieetrolelfry distiltaié f streaotst acontaint sa duaridty oheorganie i themical

cormpaiiss’ BeRbrat Rl Sns B8 BLASST By Dt BSIiRS 95588s which
determine the compositions. The processing of the streams also affects the
composition. For instance, products from either catalytic cracking or thermal
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.

Reformed naphtha or reformate generally requires no furthertreatment 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.
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Cracked naphtha as it conmes fromthe catal ytic cracker
has a relatively high octane nunber as a result of the
wo@b@siomogs and ar omati ¢ conmpounds cont ai ned t heP€i/nS1004/013881
sonme cases this fraction nmay contribute as nuch as
hal f of the gasoline in the refinery pool together
wWth a significant portion of the octane. Such
In sonae kases thiafrastion ceay sortnibute &s onuehCas hatfkafrthe gasolme in the

d. t t
refiferd a0t §0ether Visharsiifisant AeRlid ot ther SRbfiy ShioR HacKed Steam
sour€RPS i@ fad ﬂoFT?FCGe bwkéragiebraiker (bﬁdwmean@ﬁ Rgsically cdinkain around
desul furi zation treatment. Catalyticall y crack d

90% o il 194 the Stsstinatiosulfurg that g ldrhewe reportad togefingry gasoline in

far Lgni f.i Gak r ) of the gasoline
theg‘rﬁg ug?oggg{aqskﬁ@ﬁ%at ﬂtf é(;n-é{ gt es and it provides the
| ar@atatytically ceicked napkthaddsoline Dotingubhye matpdal durmtly forms

a SkifEORAT o 3hot 1 gabeie: BIGGsS o) b tamdlhigd Statesand i

I t
progRIEE shenafyol oyt of STSUIR, | TRET Y Hipurlios 18Rfle fomoval,
usuajiy by desubireatiropin omef HDS)mply with produod sped:lfloda’rmns or to ensure
distillate is passed over a solid particulate catal yst
CO"&B'WPSW%GHV'H Gﬁ@hfﬁ qURH9RS al supported on an

al UrAdanbas BomMah trhemaldl ¥f Cr@ﬁio%\ﬁ dﬂ%@t bLtllflﬁ'Sc@anounds is by
hdro%;en are included in the feed. The foll ow ng

hydsgdesulmization (SDSadre which tf@amtr@ﬁgm dishllatmﬁ aasseqbsver a solid

partJ %njlaﬁé@]télygfﬁ)mpw a E@@g@%éﬂé{aﬁg@%p@gﬁegﬁn gnf’_\ggna base.

Addiieh &I coetigLastitReuti gd@d@erf afe inBRIdedan hfderRCThe fsllowing
are: Tenmperature, OF 450-650 Pressure psig 250-750 H2

equasiops|illustete thestgadbians e tvjcal HP Stk makeup,
SCF/ bbl O@Q tertheyhy reating is conplete,
t he prode}i +Q_|e2fracﬁ|_(|)ngf|%§d or sinply flashed to
rel ease (e R@Idirbl er-sWRAiI4ECANd col | ect the now

desulfur phtha on to supplying high
oct ane b3§ gﬁ@ Oﬁegﬁyi"{%@%r acked naphthas are
of ten US@g mépp_pgﬁs ot RHe-ﬁQPPd n ot her processes

such as
Typical operating conditions for naphtha HDS reactions are:

Temperature, °F 450-650
Pressure, psig 250-750
H, recycle rate, SCF/bbl 700-2000
Fresh H, makeup, SCF/bbl 150-500

After the hydrotreating is complete, the product may be fractionated or simply flashed
to release the hydrogen sulfide and collect the now desulfurized naphtha.

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, thereby

reducing the octane and causing a loss of source olefins.
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etherifications. The conditions of hydrotreating of
t he naphtha fraction to renove sulfur will also

W@ 2008061926 sonme of the ol efinic conpounds in theCT/US2004/013881
fraction, thereby reducing the octane and causing a
| oss of source ol efins. Various proposals have been
made for renoving sulfur while retaining the nore
desVariiseprdpefsalsshavd heen nhade fastiensovimg shifucwhité eetaining the

ht. h ili f ti f s
moft BESrShS e Siios e 8Bing th B, pbatkel e afo mainly in the
|owttﬁﬂﬁugt1¢a&ﬁ>rf:@nﬁ§§é hapmﬁas AnthBe BUBr Astithinity hifitie8 fend to be

he nost common sol uti on has been prefractionation

corpentrataob inhytde diigle hailing freiciioprtber aost eemmen sdiinic das been

preflpttidiiioridnts syBRGRARRE" TR Y SR Ritich ahESs 5 ABREboiing

rangapidghhaiitich bolls i trre tangerafrgetoabbuitoPsGFOghd 256eavDoiling
OF. The predom nant ght or_J| ower boiling_sulfur

ranaammm%wam h@t%laahgﬁ%nqmm akoyt r?é%gé@.Fer or

et 0 £ 2o TERE R Bt Soliy MREF Koyttt e mercaptans

IC conp ion
(RSH mdileothzt heaviet @nchighér boitimg rommpcmrtdssearetmapmenres and other

et PSSR TPEU BT LBS SSPRRIBT DN CRISLE S AGHOL femove the

t
o SAAE e SR NIl il afere b e

proneeﬁﬂsemqulwogu@auatls \dasmn@seﬂ e@mur&twpamsdatlve removal of the

me q%) foj‘& B)ﬁ%aci ('?ri/ gaa mva{geotgqé gf%% gler Yaction is

disélbséd i des. pét@nt%@l@QOIm tiA thé BRidatge té]ﬁo{/alghttﬁé mercaptans the
portion of the naphtha to renove the mercaptans, it

mergptarsare eanyeart tﬁnthe@oa%pon@ngucgwlﬂwu on as feed

{0 B SARbHLL LESHO0 TRBGHREE obflic'SF 30 Spdiind ShRGpove the

1on na

mefsaptaes, 6tl hbe Baert tredutlsaalabams@thé tightGpmﬂentéB%feai ttﬁbl catalytic
C5 ol efins _(anyl enes) which are useful repari

refeiag ginit(to gwcrpgge Kee O@aﬂg Hugerd Q§§@§/ lsafhe thter fraction
mag Ble's'iﬁ) ctéd tcffuﬁ'h%? é%fgéar%h&‘?tcﬁr%ln‘\m tﬁ@%ﬁj%rbh B'r'oggﬁ'{é éémylenes)

orti or a naphtha to renove t
whmhla‘ramseﬁﬂpmpmtmrcr[gmhemed therein. The catalyst is

h |
Phel &6 A A B HERIA7E BboibRes Apmniis 26 A0 8 gt Glion column
reabﬂﬁ* fALRYSd fitflon TRhR G theensphiay &8 r@ﬁbbvaeth@ %?Q?%lc sulfur

in the rectification section to treat the
corbpouinasy coatq;gleemﬁdmﬂentﬁwonamwsn ns tptaced in mﬂ nlgstlllatlon column

eoB B 8 o R b e OB BRE B ctaot
and'@&feia Thieltatalyst may be placed in the rectification section to treat the lighter
boiling range components only, in the stripping section to treat the heavier boiling
range components only, or throughout the column to widely treat the naphtha. In
addition the distillation column reactor may be combined with standard single pass
fixed bed reactors or another distillation column reactor to fine tune the treatment.

In hydrodesulfurizations it is known that H,S can recombine to form
mercaptans thus increasing the amount of sulfur in the product. In U.S. Pat. No.

6,416,658 a full boiling range naphtha stream is subjected to simultaneous
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addition the distillation colum reactor may be

conbi ned wth standard single pass fixed bed reactors
w@eooanaber distillation colunn reactor to fi nBCT/USI04/013881

the treatnment. In hydrodesul furizations it is known

that H2S can reconbine to form nercaptans thus

i ncreasing the anount of sulfur in the product. In
hydio&es\hirization shd4@litend irtofailightbboiling gange gaphéEhehd a heavy

Streamis subj ed N .
boifid, ds-aedlipdPliet Py a futher Sydmdesufirizatianby fpptagting the
IlgHt'&Tltndol%dg'eﬂgaﬁrﬂﬁg%lﬂﬁHWrB%eﬁWﬁ cBURRIYrER oW th raaﬁ)@%l bed of

apht ha f ol furt drodesul furi zati on

hydredestdiuirizgtion eatalsge’ctto PRINOYe geqoavm@eane)mﬁrcmptams which are formed

o 4 BB PoSCUR, A4S B, it T 3pbL g o e

hydredegufuaizativhi ¢m pal‘tft:ufa?rtl‘f@ @nﬂtse fdteverMEpStionastthe n@htqfaphtha
H2S with olefins in the naphtha during the initia

fromy @ 8askan Kistilaten GeIump aredaswibrzatien & farker Sontacted with
hydcﬁ%g?i lﬂf 8{?urﬁ’t%Fédr t‘?lor\?{/ @ d*e@p?gg)fgg{%de%m dt "f‘néc%dt&l?st.

ation co ion
coniHewkedr,\it has fb,e@nOf@endlthat:tbmtllghtnrrp@tlbnfdfdhewecavered light

bed desul furl zati.on cat al
et g VERIAY ARG TERERES PRGN B OTaaasaDt 1 Juiher treat this
fraétRFPVIE had Héeglrﬂlsé’cf\&l?é@%ét ﬂré(t,ﬂtﬁlaltlﬁ ftﬁ@‘f’e vered Ilght portion to

msrcapt ans and It I1s not n cessary t furt
remdnes o ispecifionlighter pastibeaf ities b@lwtebedmgheangey naphtha which is

s S O R e ord B W EoL RS boa i
reddi@el! Niberdlopd biowingstansmaliby éetgﬁjs@f b8 C@RNANStill t pROViding
| oad on the countercurrent cataly bed is reduced

hydradesulturizatipn dugatipeat favathad podmrhq)fytgg lighiti boilinginaphtha with the
recgh{ﬁ{h%.\tr}g?%%%esul furization treatnment for that
no

M"'ght boiling naphtha wth the

r ecm@enaetivermg@pf s prdsent an@htu@:ﬁivmtttagesumrmw be removed
resent invention that the sulfur may be renpved f

fromsemggh @ngfpI/haavy eaphthes y@ﬁﬁ!%‘spﬁfrthﬁ eﬁ'@am thheufsarrye%mstantlal
los}é‘eé/fgk?lgﬁ% : Surﬁ#ég?&&ﬁ%écg!ae\)e gf %EI d;ﬂj ElZe é)-g):?éeiﬁ?g dﬁqHées%lected
fra¢ticacamayor dvaléntiret streaniithaedticedisostst h r educed costs.

SUMVARY OF THE | I riefly resent invention
is an inpr ovenengvlﬁmg‘%lf BE f'f"EdNy@ﬂqe@ti on
hy dgREfy hé LHreéé‘ﬁt' Rﬂeﬁﬂé’r‘?%%rﬁﬁﬁﬁfdvéhf&t ihda defagtic Yistillation
napht ha boi I'i ng range hydrocarbon stream contai ni ng
hydj‘ogasmlﬁerltlbnmrommrdpn&mgl hydrogen to a
di S{a) 1!eaet(ﬂnogna %%pH[Wa g’lﬁr% Pgnge hydrocarbon stream containing organic
sulfur compounds and hydrogen to a distillation column reactor;
(b) concurrently in said distillation column reactor
(i) separating said naphtha into a light boiling range naphtha and a
heavy boiling range naphtha
(if) contacting said naphtha and hydrogen with a hydrodesulfurization
catalyst to selectively react the organic sulfur compounds therein with said hydrogen

to form H, S;
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(b) concurrently in said distillation columm reactor

(i) separating said naphtha into a light boiling range
woaphvbmand a heavy boiling range naphtha (i i®CT/US2004/013881

contacting said naphtha and hydrogen with a

hydr odesul furi zation catalyst to selectively react the

organi ¢ sul fur conpounds therein with said hydrogen to

f or (n) HRCSY¢ri)g a podicer dfrapidilighrhwiling rehgeaiaphthawherein said light

I ht.ha wh d_li.ght. boili
ool reke D3RG RENBS T anEPeleantds: (3) ' rChoving
sai @)hemovirig 510 Iheadicr BlAg RARGS hapfﬁthﬁfmﬁﬁ'sald dlstlllatlon column
distillation colum reactor, e.g. as bottons; and (e)

reaskays Préy a§ahQi|t0fﬁf(b€i tash of said Iight boiling range

nap) ﬂ% elic ga@{%@g%gﬁgfgﬁi é itha %ﬁ‘eur | ;Izhg{"ucf\ fd t8ihtercurrent

flow aemtysfo rtomnta&ﬂ with hydroges dmﬁmdi fednisydregésulfurizatioe icatalyst to
wherein the, | nﬁr ovenent co%rl ses fractionating said
redygeithe reearmbinght MescaRtags thergd: napht ha to renove a

th@bgf]etuﬁ ﬂﬁ:ﬁﬁ@ﬁgigﬁ? ?%m ﬁ@égfrjabﬁ%égmd §a?&bbﬂ|?)rpc?f'li@ﬂt boiling

apt ans
rangeu naplnbhar’toemmbaa/ a d@t\terr fraeticr ¢herent, asald oligl*etan draction being

su tlfsit%ét & grfterg?}itgieorgga 2Ry %@%@Hﬁ)@%?rﬂ gpﬁfﬁgv}; ?ééctgr%%fore contact
of Saill gigRRrifRiini VAt BSid\ Bied 18dd élat%\ﬁis@' %'eCﬁ)@dSéét!a'yéi b8 may be

structure. Both the |ight naphtha fraction and
comeenlipnab@nalieinativaly inthedosmmier eatalytip distillation structure

B S Fedh b Pt e preernly

hydredéylsﬂﬂJriMetjhn@@tblyﬁbtdlsﬁmgﬁérh@téﬁ aThé 1S [ﬂ@du@@(ﬂ)ﬂf ﬂiee@htalytlc
therefrom Thus, it is in the %ht naphtha fraction

disfiliation; iserara@vash Withnth mmmmﬂaa f@tmstanm s@pgrated therefrom.
o1 HRAE R ARl B Rt i aro most
likebyo’erfatmplmeddusethWSrvall basmacbrﬂﬁ& with thagfraetion dadig m@recovery

L AN o B b 1 e o
unéKPJII_%BI@ ﬁ)”rea'é? ﬁgsgb n Witk 'ofef] |ﬁ‘iﬁétk?\ﬂér‘ ééétﬁn’écbfh‘ﬁ?%olumn to form
arriving int ottom of the columm and therefore

another sareapiane digndeh thene ik isubstantially natHheS ﬂmmta@iratine bottom of
er fraction

gy ene WgreieARereRo g b en R attin Fmoval,
FuaipeaReee, @incR tﬁamght@&tfrédn@h Hich wlRSGtaGtH ﬂdel B, 8\ &ontacts the H,S
reverse reaction with the olefins in that 2aCtIOhtO

in the ahpseeewaba aatalystthaergds aukstantially no reverse reactlon with the olefins
in that fraction to form recombinant mercaptans.

The light gasoline that is removed from the countercurrent flow HDS unit
without contacting the fixed bed of catalyst is represented as a fraction in the boiling
range of initial point through endpoint equal to initial point +120°F for the overheads
from the reaction distillation column. This fraction is substantially mercaptan free.
The entire fraction or a portion thereof may be removed to obtain a benefit as
described. An advantage of the present invention is that the countercurrent flow
reactor generally treats less, preferably less than about 55%, of the overheads from
the catalytic distillation HDS, rather than 80-100% previously used. The present
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The Iight gasoline that is renoved fromthe
countercurrent flow HDS unit w thout contacting the
wo poosdodsedl of catal yst is represented as a frapCT/0820041013881
the boiling range of initial point through endpoint
equal to initial point +120 OF for the overheads from
the reaction distillation colum. This fraction is
imprabemant alkiws/thesrseapit raad éraée preBsarams preferably d ODeRY (psig, in the

colieiahimeh it Rie Rt SPRHErhPelllBsfisiendar HOS and te

usd BPfest katap@antercurrent flow reactor generally treats
|l ess, preferably |ess than about 55% of the overheads
f r omageenkineal yhercagtans’ | astthah tems, isr Hee@rhengith means those

mefiipt s W R FY i B deed MG LRE BN FRPHGTRR 4 " Raction
prodsict, ofi thet HES generatedusy thet hycirogenhﬁl&m ehtheopréserlprecess and

tenperatures sufficient for HDS and the use of |ess .
alkepgsiny e featec dRESnHIR rerdmekipani ercaptang are diahnegessarily the

sorf S A A EREA B HERFORBERRY A Yo REFIHRreLa procoss,

althougtiihey maly beh el HeSregenteatblytc Histitiditeorh hyid mgenation is afnsidered

o SRS R RE 0 T ot B LS i, Sl oo

of %?@aﬁ)télﬁsgéﬁééﬁgd RthBDroy Gt eeeBAs B irPfact IdcdmNRAAT ABrcaptans.
of the present process, although they nay be. The

Althoughe fine ceatalytic | distillationl readtion  lsy supgeéorato dhei prior art straight

onsi der t o di.ssociate suhstantiall |1 of t e
nyEPEAARTEr teneVias Rirab iah® Ak AUMAPIC it oL gptitic istitation
alldWy §Lﬂ’ﬂ_bi@ﬁ$timb8f©f ¥6phe wdﬁabr&%@mmﬁétma@@n ktnbaslir. Thus,

reconbi nant nercaptans. Al though the catalytic

in theqaresenftinentiosatbe; gambigation of adess effidiantsioupterayfrent, straight
raj : ti.o enbVi: C a t s

oo e IALOIRAR OByl Pler SN O ABEC 46 gy Banttes o

recouilfinantenérchptansiyrhasdmeoninddiniitedizontact obitei pratiuced H,S before

. .reaction _to gccur. Thus, in the present invention the

it '%'@%‘P‘f%{ ifiom e 1eaclien Zonei ci ent countercurrent,

St 1 AL qledPRERiIM 1S Q?ﬁﬁ Ulishliatic ic8|'fﬂmi|r§ réénkfotéf'cir%%sté’ distillation
di ssociate the small quantities of reconbl nant
colmamowpich redsdogomtainsnzatalybt/such that tesdtion mnaadistilfatioheare going on

ot RiRdn FREEORBTE: W # ReStelpmorasadiens S re Bt imbrepared as
a diRRSHEH stri@ansSaid dba/ds! dsAidtR the ehtaryst Whi eistbfién structure. The

contains catal yst such that reaction and distillation
tergy érapotivg distitatinn’r issruded iter describel . cancusrent reaction and

o SLRESH, SRR ot U SOLBNR oL DB By g o
"catdldticdistilidtiont ineluddsreaétivetistillaon and any other process of concurrent
reaction and fractional distillation in a column regardless of the designation applied
thereto.
BRIEF DESCRIPTION OF THE DRAWING
The figure is a schematic representation of one embodiment of the invention
having catalyst beds in a distillation column/naphtha splitter which are used to treat

both the light and heavy fraction to hydrogenate and remove mercaptans by reactive
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term"reactive distillation" is used to describe the
concurrent reaction and fractionation in a colum. For
wo b@spuposes of the present invention, the tePOT/US2004/013881
"catalytic distillation" includes reactive
distillation and any other process of concurrent
reaction and fractional distillation in a colum
distiliajmndhegsiclo the beerdh@anddi@m fractiopd feedverest and seBRICER separate

CRI PTI ON OF Theflgurelsaschematlc
f'xer%ﬁ %ggH?@{?%FF%f O%D@Ré ? of the invention
havi ng cat ajavrsauLE@d@Esr(cuml@N OFatHRINYENTTONapht ha
splitter which are used to treat both the |ight and

heaVle ffeed (o dhe toegas egepases anaulfiwnendaiming aptralesing jraction

EFISHBATSh U AAT B8 AE v SPEGRL bbb saripgpris
ha\ﬂngl atbailingrranoé of hb@umm%@ﬂz asdfiloang®hadphtHes havmg a boiling
NTION The feed to the pro

rangs, e 42 200 5 SPERQUBH ORI SPeerdAdos Eranteoh. aRnerally the

I fn t
oS S OB A0S, AR O T8RS mERARE ey Bk craker
proailuotst bec@ause tmomtamdhbldel&reanlnsamkitdmearﬁad sa@u racompou nds.

f C5t
straldt peninERs aup ey PR aIelinG Mendey: e dufess thd gnffe source
is "@Buf"hGeriy qﬁtg sankoi | i ng range rrat eri aI from catal ytic
cracker oducts because they contain the desired

ol efThasu cmmmféhe@atalyt:cladi%mﬁamdsfrac&onauvgthtdepend upon the
sulRRLR A E (4 b Bl 5o ) 61l re i g solectec

fradifth eddfal feednd €8 picebbeLigtatiiidctions Will waaclseer sulfur contents
fractions wi |l depend upon the sul fur content of the

thandugherdailing feaclionsr The frientiendofthe naphithasgntaing east of the high
oct%HS ofe?‘n%?ﬁxggﬁlgﬁ\?e% fltﬁP Io'f'ﬁ]eedmﬁﬁlrf £6d sulﬂfrlc!?)?nc;g rfeéﬁ% it the frontend

Fons’ W ave lower ~Sul
arermgrnw mieecdptags ndtipical ©f tidse donapdureistaref n'fetrwl negrbapian (b.p.

43 c@?fﬁ%@ngpﬁf% gﬁ gfe @hgpﬁuﬁ}fﬁy r%galgtﬁrf ﬁ? PedRfoRkria-propyl
me'ribéftgﬁ él‘; Rgg%% 2@61%‘?36*8[1 | %éﬁ%@ggggﬁs %@CI: Ea{yl flercaptan

(b. 2t 1 ° Fier-beiyl aner¢dptian B@FXOS?F)psecpjoUtwrmecre@mtan (blp. RO3°F), iso-

0 y capt an
amyE Shseplorap Eart S0 TOn Trerb BRcanta s G J69HEh caethybuty
mef&arﬂan %6‘59234ﬂFP%éﬁh{[ﬁbﬁﬂ%é&aéParp(b 80§9 r?en hexlyl mercaptan
sec- butyl nercaptan . I soamny
(b.pB304° FZ%W@F()aptnmm?\ne (.lmpc%@ﬁ “m, aimd @—m%apyq hexane (b.p. 135°F).
Ty&cgeélmﬁl %%H’dounds 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.

Catalysts which are useful for the hydrodesulfurization reaction include Group

VIII metals such as cobalt, nickel, palladium, alone or in combination with other
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mercaptan (b.p. 234F), a-ethyl propyl nercaptan (b.p.

293F), n-hexyl nercaptan (b.p. 304 OF), 2-nercapto
wheooanaddd. p. 284 OF), and 3-nercapt o hexane (BCPUS2004/013881

135F). Typical sulfur conmpounds found in the heavier

boiling fraction include the heavier nercaptans,

t hi ophenes, sulfides and disulfides. The reaction of
metalgasiiah asirhalybdenpauoddungstan raf iansuijakiée rsegopord tich may be

alugfie o, Al Blind stE0R 2 Zbnlspr s Bk Nettaly e dhgtals are provided
as Hear8es bEh® MBI slipsdritesn Rfrkdatbs oP spheidsedidSs &h are not

aromatics and the reaction of organic nitrogen
geneapy usakil as dissilaliemabuctares-oewever, in the countercurrent fixed-bed

ool ISR 547 3583 FRPHIER AT BB Aot paric

snzelvmlclswbuld tﬁ@sligtﬁlthb”eidle@rutﬁdikblty;&bal@ylerﬁ@ﬂﬂﬁemd in conventional
i ncl ude VIIl nmetals such as cobalt, nickel

congairre tifnle > hbd ieacter fasheslagndAlfesnatyaly Catmbsteibe packaged
in eﬁi\ﬁ%@é cé‘ﬂ%blgegjlﬁﬂﬂg’u% sfrH?@?é whi cﬂrbh%rééf%ﬁ%?ﬁfﬁgﬁﬂﬂ%‘&EBmmodate

um na U ZITCO
a wide nande kfatypmaﬂyrmarwfaunremfmécbbad eapalpstisitesl. as t he

SELSﬁi%"f s S cpat Ortggﬁ% tg;hﬁckz,fﬁfe il metals of the

Pefbditi T bP Mistufes tHEresf, Tﬁé\%‘éﬁrof thé d'isﬁfﬁatlon System reduces the
countercurrent fixed-bed polishing reactor,

deagtiveion @and pipviges fgr lopgenunattban thafier hed dytrogenation units of
tef L ity T DUt e o s Rbistsel el rirags, activty.

Catdlysts bentbemng a&@oap VIBGHSERI 9@h adriobbtRinuvehid a Group VI such
cataly na packaged in a suitable catal ytic

be
as @Pbﬁlthfa&'ﬁ? age rR!’@me'ﬁéi whiakysiR sudiebla fort theahydrodesulfurization

SO SRR AT B hton, The

mewia'aomgmeraﬂy pms@nba@okldeé/blﬁbpdﬂéd omrehéhﬂ*aﬂéasiefwch as alumina,
r_m xtures thereof

Silighalmingiar SiF Geor iR meals 86 fébicae te ihe sulfign oihar in use or prior
to LPéé’Hj/ @ﬁﬁo&% tb QUHEF cér?‘lBBHﬁg‘ %aneﬂ%n@ 's’ﬁ%%g%e% i h KdKﬂgﬁn'

hydrogehation units rior art
met &he pft:atalyd’esnaymleasmtaty\zerﬁid hydeogegmtiant of/ithg. olefins and

oL A B B G B TE B 58 T Hgpeqregr the

|soﬁfe$|zat" & %‘frséﬁhe SRR Wn®- é‘]éflﬁ@bﬁ%e‘c @Fdrb@@nation, especially of the
hydr odesul furi zati on reaction inclu

mopetrietingrisl the dightan fradtiokgnayrobt bel elesirabled

ox it heRapBRut LR g biagR difiesh, Up Al e parta
pressliesaf#,BNHIS €1H1))igld bdew atbmperhirs-dependerisRidal value, then
t he sulflde either in use or prior to use by exposure

desulfiding afi the eaflystds dikalvaorrenyrs tDeswiiding ds Rotiadumless event,

because the mixed catalysts are typically formulated to yield optimally formed metal
clusters on the alumina substrate. Typically, one of the two metals will form base
clusters on the alumina support, and the second metal will tend to decorate the first
metal along the edges of those clusters. The process of desulfiding a catalyst and
then subsequently resulfiding that catalyst is not an identically reversible process.
Catalyst mishandled in this way will usually suffer noticeable activity loss and

8



10

15

20

25

30

The catal yst may al so catal yze the hydrogenati on of

the ol efins and pol yol efins contained within the |ight
w@ee@skedIhapht ha and to a | esser degree the  PCT/US2004/013881

i sonerization of some of the nono-olefins. The

hydr ogenati on, especially of the nono-olefins in the

lighter fraction may not be desirable. If at the
seleetiniyrlassr By sélegtivty loss his np:eemtethat rooxelefin Id)dfseamchmome octane-

nubet 5 B bE-raBisEad At 2 Aivers el oF diEFbyE oonversion after a

deslafidih '|ﬁ¢|66nmhéﬁ%o@r%éfbdﬁklth éaflie'ﬁ@ero?MaﬁééurThe desulgdlng is
Desul fiding is not a nm ess event, because the m xe

m%hflmlyépsom in ytbeclawey noastncvm phtkel catalystebed dpat meluld be H,S

dofyYiseFeiigarey 18 offcriietuo SEe T ph e Bldis is produced by

theCUG@drﬁDGSIﬂﬁntdfethé| e cEptanPoThe ddulilfidieg &ﬂQﬁ@dca\’fﬁlyéi may be
tend to decorate the first netal along the e

red«slpefi rbdgrétrfaqi%@@ FgS infedhg catalwlic @ﬁt"@é@mopilunn gngl/or tﬁe polishing
colﬁﬁfna}‘arséxaﬁi}ﬂemﬁﬂh Lf@/?ﬁw oY |ﬁ%§|‘grﬁbgh%ﬁ|&§ht to maintain the
[ |'e” process.

cat al yst not " an y reversi
cat@hsstl yst m shandled in this way will usually suffer
ctivity |oss

e £6¢ EBly R gstiadbn S35i5 SERad Gundl dlemParatetindng range of
4005 SOOFH Wm Ligpre¥ddrk vith I*rifcﬂ??éﬁ bSHi (??Er lré/ Frf‘the range

| evel of total-su fur conversi o er a g
of §.hdo dl@ﬂpSWte?O [ole]4%1): Y8 m’f/blnl ah\/\ﬁ-thVnrethqmangerofamrMOhh based on

I
fesl R} s grettidaBR Batat Tt Brd i ielbrba 12 38 apred speciatty
catag/dbatradtdr@s atdiased (héR Gatalyst Borfehvith X186 shaeRirdR&ther than a
I's produced by the deconposition of the

formeet Rpekaged malletadeuhe ihgichin placenby sdiugture). Tag LISV for such
sy SRS b R IR R (R0R AT kR, Wablprbass cataytc

dns’eueamplcmtawsfsyslt@nb)aérjogla@féreadedn an anmount sufficient
yst. The catalytic distillation

th t al
S+ el th8 basant EauBtaCuon TowgarderaInG temRGRalLFa sgengrally in the
t o UF
ranf bf; 20818 DIREF 2 9000 280 Bt Sraee) Theisod¥i bR prossure
is genetallyOn shd ravige Gft7 B0 psi. (The manogerofs fed betovi thencatilyst bed

R e e
to dHtAlyStderRSpands g WIIBhah %é%@fﬁ% -1 §h,enne|- 6&“3!5/51%% be the

structure rather than a for ackaged ets
samelag that ygesde tb9 catalytisnt dls’td)atlomfsérubtuﬂ;v anolr lt mag/fbestytﬂizedsn such

2 SENBHIP BB b PSSR S ety Suteivtp matiges are
1/884 /2"Uditnenefadr t@ﬂ@@ﬂitate favorable mass flow and favorable fluid-to-particle
mass transfer characteristics.

Preferably there is a stripper section above the catalyst bed in the fixed bed
countercurrent reactor. This provides for removal of additional dissolved H,S and
the lighter fraction from the catalytic distillation column. For example, in order to
reduce recombinant in a feed containing mercaptans 252 ppm H,S to 2-5 ppm in the
effluent from the counterflow trickle bed reactor which is operated at 215 psig,
400°F, WHSV of 8 hr”, in a 7 foot bed of Co/Mo, 1/4" catalyst, a stripper zone of 6-
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In the present countercurrent flow reaction the
tenperature is generally in the range of 400 to 5500F
wW@00900wes 280 psi g pressure. The hydrogen par tPEl/US2004/013881
pressure is generally in the range of 7 to 250 psi.
The hydrogen is fed below the catalyst bed at 50 to
250 scf/bbl. The light naphtha is fed in such that the
12 tleearetital st e issreduired tabovatiad gatalysh beds ddislarrangeméhibiéduces
in . the ran of 3-15 hr 1. The catal yst y th
thes s et ierts Gaacino thefied By Htch bt PBYQHG Andf reduces the
dis3bEEHISa #KirddctiBRY0hR8, &Y, 15-7¢Bphi) heHed ré’dt?éiﬁgli)‘ﬂ{é/'r'e%ombinant
although 1t 1s not necessary to do so. CeneralTy
meceapipps i npgligiblel levelsre 1/8"-1/2" dinmension to :
facilitate favorab ss flow.and favorahle
(1 uTbe cBnBep PR o B S iitensft B HBEMga e metals on the
catdiyst & ghite/ sirfafll €6 Jorey 88 the BEGUIRRF AUNRRP VS Rgative to flowing
catal yst bed in the fixed bed countercurrent” reactor.

hydneosn i equaled ar@xceerted gvenwharin thenapariexpesed i Hiesbed, the
oo WP obl 8RS @0 8cds LR e habn, e gmount o Has

Ion C

relatheoiothydesgen presehethat somdceissarydo eehizaptthiscoatrdl willincrease as
Sto 2-5 ppmin the effluent fromthe counterfl ow
welly i ckl e bed reactor which is operated at 215 psig, 400

OF, rSperfiellof b tgt%aﬁhyd %?@%glﬁfr%a%n (E%/tﬁfgsétl arehown in Table

catalyst, a stripp zone 0O 12 theoret! stage 1Is
| belowui red above the catal yst bed. This arrangenent

reduces the |ight over heam%]i]acti ng the fixed bed

from about 25-40% and red e dissolved H2S in the

reaction zonepsfhwBactufes ERitdiSA CA G&duci ng the
reconbi nant nercaptans to negligible | evels. The

concent r at i onDesignaione€ed44%ry to avoi d desul fiding
the netals on cat al yst, ' small. So | ong as
t he required g |:}ﬁnt of @éobélé#ilubgtﬁo fl ow ng
hydrogen is eploahiadl sire exceedelmen eiambiere in the
vapor exposed to the bed, the catalyst will not

desul fide. Al so, aMet@hperature i Wi%creased, the
amount of H2S rel adyygt 0 hydrogep_ esent that is
necessary to achieve thi s control w1l increase as

wel | . The properti &olgidenunypi cal 5HBa%odesul furi zation
catal yst are shown_in Table |  be] ow. TABLE I
Manufacture Criter ﬁ&npe% al yUHa pesi gnati on C 448

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. They may be directly loaded into standard
single pass fixed bed reactors which include supports and reactant distribution
structures. However, in their regular form they form too compact a mass for
operation in the catalytic distillation hydrodesulfurization tower and must then be
prepared in the form of a catalytic distillation structure. (However, in the polishing
reactor, extrudates are perfectly acceptable if the size range is in the 1/8, 1/4, 3/8,
Y2 inch ranges. Typically particles used in countercurrent fixed bed operation are
roughly twice the average diameter of those used in corresponding concurrent fixed
bed reactors). The catalytic distillation structure must be able to function as catalyst
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Form Tri-| obe Extrudate Nomi nal size 1.2 mm di aneter
Metal, W. % Cobalt 2-5% Ml ybdenum 5-20% Support
wWebwsioo9dThe catal yst typically is in the fornP@f/US2004/013881
extrudates having a dianeter of 1/8, 1/16 or 1/32
inches and an L/D of 1.5 to 10. The catal yst al so may
be in the formof spheres having the sane di aneters.
and aeynaasiransfel mediuny. Theadailyishwsé basvitablysuppbeed asd spaced

fixed bed reactors which orts ndreacta
ity SERDR 6 A A & Colabis, BmARSR gy Ty 2 Preforred
embotimémetel tanePR coHtainel id SBEctify agRsAdsNin 0.9, hnat No.

cat algtl c distillation hydrodesul furization tower and

5. 790s34% nevichpis fpﬁr@bmm@rwatedeby tnferesrcea Mernesrefarably the catalyst
is c;yenz%lb%&ri% 2 wWikE me%m |§,>st gt %ﬁggf éhti‘? %'n?ﬁ@d across a

tes are per acce

sheatzsf Wlamg\@esrsfabnd sklﬁ:hlé§deild|§ter Wikk. Thelshed@grl tubes are then
i cal Ig%egartl cles used in countercurrent fixed bed

rol'séémtaﬁ prlopeingrnty theidistillatien aQlepyyreagtarnetiis epbodiment is
deddHBa in'8es. ﬁ{eﬁeﬁ% n8% @@:@Svrgcl%s %ﬁ%ﬁ&%}? RBbr sédrél%giuﬂslﬁ'gfere?ce Other

reactors) e catal yt lon struct
catab/tlabilsilllabom stractures asefuhfarl thist purgposs arasiisdosetsindd.S. patents

4730028 2 (5288, Bt inach 280 48 which B A0 incdtporated by

reféiepckl | ation structure. In a preferred enbodi nent the
catalyst is contained in a structure as disclosed in
U. SReastion cenditiorsior sulfyr ramoval ardy Iﬁ\@%taydarctmngierpaseﬂxed bed

ool GSERC ] B BEELOIE 1 PRGGRLE b e Bon.aap-1900 i

Residehes tienss exsrelsaed aadl h@uﬁ)hggéc@fveIMdt? a"f@sgérfeaéw ﬁyp.cany
such as denister wire. The sheet and tubes are

betweenshOjandy 1@ Fhedanhitha nthenyjnglgtRassixeg ked re%qtlioarmay be in

theQQ{thmh%s%a@i S§88E mﬁa@%ﬁ@@é@ﬁégh??%ﬁﬁ%ﬁé@ﬂe Oé}bdiﬁrgssure with

toteulqfresmeanc{hyttmgealgabyaiecadjustbdItb atttatmhgdrogeh waetial pressures

f f t hj ose_are disg¢los n Us, patents
in ﬁgzsﬂ’oﬁgé Pﬁiatsﬁ Ngag, 94996@@@1 fg’f 62%'6‘9?463%% fixed bed

hy&baeauﬂmzaﬂ RSBt el ﬁﬁ iif the Rgaction

condi ti ons or sul fur reana y In a standard
si nghe qoeadiionisxsuitaibte for et desdﬂmzaluonrm‘ napigbadh a distillation

colér%% Zeoa%tor a?‘et ver e%%'errgrsmt %ombﬁwc\JAsBéepn Aéogta%%g(r)d I?rsul:lge bed reactor,
especially with regard to total pressure and hydrogen partial pressure. Typical
conditions in a reaction distillation zone of a naphtha hydrodesulfurization distillation
column reactor are:

Temperature 450-700 °F
Total Pressure 75-300 psig

H, partial pressure 6-75 psia
WHSYV of naphtha about 1-5

H, rate 10-1000 scf/bbl

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.
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Resi dence times expressed as liquid hourly space

velocity are generally typically between 1.0 and 10.
wab@sneht ha in the single pass fixed bed reackPCDOSI004013881

be in the liquid phase or gaseous phase dependi ng on

the tenperature and pressure, with total pressure and

hydr ogen gas rate adjusted to attain hydrogen parti al

pr elsnstheesatau‘ytlcheisﬁlmmom hasi laeerapgmpos‘ﬁdethabethetmenhaxﬁsm that

profglpﬁg§ ﬁ%@ﬁﬁ&“{e o \);92 %QESS%E {3?0%%%E lést Zaté%’}%@kign of a portion

of ﬁhlé' V2008 ihothet RACHSEA Wyktdm Z@hlc%”o@élu@é‘@'%hh’ﬂnéd? @;dg%;en in the

distillation colum reactor are very different
condensediliquigl totehiaiartie requisiteintiatate sabtast bebrerrtinel hyﬁrogen and

thevg 'gjg L 5&21@ %g? !:rhﬁ?‘t ?gﬁ%rquesﬁfr tﬁF %anl\(%i% ?‘%dw iR <’i)helr ﬁ‘yd rogenation.

In ﬁanibuldrasumnr gpaciedfconcentphichin meinqdﬁswhﬂelrthaemems and H,S
distillation colum reactor are: Tenperature 450-70

Cormentr@t%m fheanar @llowingoior highycanyessipniofthe seliwm@n@ows with
rﬁze%yof’lfherlﬁ?m %ﬁeé?é’so ufh%re%uﬁ%f Ehg% Speratiod thhr%%ééé’és in the

e operation o e distilTation um rea
distiltedioint soliimnhbretibtom is theatileemitydragen paltisd pressures (ahe thus lower
istill atj on reactipn zone. A considerable portion of

totqﬂmge%ws? MaYIRAINSREN while a portion is vaporous
hyd | [ iatillafi
Yy AR RISt I heP€ lid @ t‘éﬁﬂ% ergﬁfr%r@ggdferﬂ\t tvﬂﬁ'un the distilation

catalytic distillation it osed
coluewhegaicton tThe tqmpelnatw atrtbedOWecende)fébe cofunheontains higher

ol YL R0y i TR BB P e o

colamnt | Thenéwsy ébm%rfracmohh Wh‘?&ﬂé@ﬁt@ﬁ% h‘ldﬁé“e‘ésﬂ@ ré&Pbdaile sulfur
the requisite intimate contact between the hydrogen

corapgunds is sUbjected tpdawes tempereéumSegteﬂaﬁetQﬁ of lee column which

proQ/gJIret@:l §°3|t %rte%téreﬁélleﬁ;tlv@éctng efﬂ%?@%cﬁlﬁgt {%P Iers1 aiatalratlon of

demw@ oiéfmlcolcefnpmma!sd 'Fﬁcsmmmetmmg Pokiion hﬁsubﬂé@ted to higher
al | ow ngllfor h copversion of the sulfur conp

temparature rRNGheT theedistillation @cgiemne@ac'qqfetowéa@h ppen the
sulf?fr cbh&iRRgT ﬁHyr | Sﬁcz)%ﬁd%e? Hf@rﬁgghgtetljﬂ‘é s‘i’flf?? Th&hk9Pof reaction

ol um re rogen
sm‘mi;esmatﬁmpw totl bpsbutmmancrteasalm thpsnatm)atraaglvéRpressure As

a r%fuitd iaéq{pa{,\ﬁi %Qﬁ ﬁ'olﬁ!)l at ‘18 ngtt@h rrgaulzﬁc’onaartu;a Hg?rlrb%ttlgn%f products
can be achieved by regulating the system pressure.

Operating conditions for the present fixed bed countercurrent flow naphtha
HDS reactions may be:

Temperature, °F 400-550
Pressure, psig h 140-275
H, recycle rate, SCF/bbl 70-200
Fresh H, makeup, SCF/bbl 25-75

In the polishing reactor or section of the present invention, the liquid is
downflow and the hydrogen is upflow, thus the stripping action is also present and
the very small amounts of recombinant mercaptans are readily reduced to even
lower levels. As discussed above, the optimum conditions for the two types of
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colum reactor. The tenperature at the |l ower end of
the colum contains higher boiling material and thus
WO 200800@96i gher tenperature than the upper endP@f/US1904/013881
colum. The | ower boiling fraction, which contains
nore easily renovabl e sul fur conpounds, is subjected
to lower tenperatures at the top of the columm which
readtiongiatie siof v ther saherasgs.eStriceithg majonhydrodesfurization is going

o DAL S ek S5 BRI O AL B S pos
hydlgio@gﬁ[f?ﬁféffb?{ idisdfrsvidl coffrbmisdsd, ¢idtveVier ithe adequate to achieve

I stilTation colum reactor to crack open the sulfur
a sufficieni remgvaliofdhe sepoubitent mprrgpiengdaaneet the abjpeiives of the
treaThS Qeat of reaction sinply creates nore boil up, but
HBeMhcr ease in tenperature at a given pressure. As a

r eRéféringy BbRato drAfigafe danicatdlysivi2a tine 144 ds dbaded into the
reaction and distribution of products can be a%t&'1

stripjng cgetiani #3 and tag TEEHIGAIOTsPRIOTIdr & i ab o Seiitter 10
iflonsy . j T,

confi AR BN S kol ot s g attaton

coluif r588oPr o 1siween (ise gedtihs2via flddv lire e hydregen is fed below

SCF/ bbl 70-200 F -
bothygeisgaiioge 2niora TG NaPhiacamRERe ikt s and a
mid: ﬁgi 'ti%yog?érjisu B ftheWyedticdid® SEticPogs arkd Weinbowd along with

ping action Is also present and the ver .
unrsaeteld ydroges aoid HeS @sbiveiheads visafiewivead.e Thealightynaphtha is

reduced to even | r I ' b,
eSS ROV ey SO S v
ligh&i’n leBehep/sepaRtE6PAWia i tinet22e Miedlquid (light naphtha) from the
ydrodesul furi zation |s_gO|n? on in the reactive :
sepairator PDaancha( is remared viatfovefing heard &ar E3SPECHERlY andy@ portion

t i t d . . - -
rettﬁg{q,g ;t%Fhesaﬁﬁﬁ%tg%eéogﬁﬁ?\we%g{ogégggg% {nt% Jﬁ’g‘?ﬁ"i{% @é A{!lternatlvely, the
flows Whé i6R] Rizly b DivAld inbtaadeofr & sorthanalhof tier liquid deeving the colder

meet the objecti f the t nt. Ref. '
druned i pod fureadtarBpo i nBIacaYR IR DRt T Dot reflux

o PGS A AapRE ol 8ker Sosom o lere 1
cortadte tine hgdrigen. in Thehydodesalfirizatiod catalystired 15. The hydrogen is
ool lne S8 e 5 5P APPSR e catays
bed and the downflowing light naphtha where it contacts the recombinant
mercaptans and covers a portion to H,S.

The light naphtha has a spread in the range between its End Point and the
Initial Point of preferably about 120°F or less the H,S, and the unreacted hydrogen
exit the countercurrent flow reactor 50 to separator 60. The unreacted hydrogen
and H,S exit the separator 60 and pass via line 17 to the separator 20 for treatment
with the overhead from the catalytic distillation reactor and the condensed and the
condensed light ends are recovered from separator 60 via line 27. A stripping
section 24 above the catalyst bed 15, but below the feed 21 to countercurrent
polishing reactor 50 is used to keep H,S in the feed from flow line 21 away from the
catalyst bed 15. A rectification section 25 is provided above feed 21 to facilitate the
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both sections via lines 2 and 2a. The |ight naphtha
(conprised of a light ends and a md light) is boiled
Wa@IR0osn09¢ he rectification section 14 and r enoREUS10041013881
wi th unreacted hydrogen and H2S as overheads via flow
line 3. The Iight naphtha is condensed in condensers
20 and separated fromthe hydrogen and H2S and ot her
H,$ iaglilight ende canveal/andjaseparat8the liguitis ¢ivel miadigh?) whick may be

ent:r%ﬁé@gla{l%f; EB ?\g\%%?fsﬂ'gggi ;ﬁg] @ﬁ q%%@m@ﬁ%?@%gisgr%oggrédsvia line
18 RVt h&avy ﬁé?llﬁt'oh?vql)rbﬁuét'”i@ r%lb?\t/ér‘eha\ﬁié (Piﬂe%.ugﬂﬁfe{cge\?}vépiﬂ% g?s?tillation

reflux via i ne 6. ernatively, th

colgmmhas & echailer 40 @ndithe fisad betl reactor 56 avayahaveosin ppiional reboiler

i qui d. vi.ng th ru 0.i.s di-yerted to ..
41,y il B3I S rflifte b adlalVssa ThRirEer sBgtiongf reactor
50 Bsprefdrably 4 mullistegd eshthet 20me whérai 19)8 diRasived in the incoming light
countercurrent flow reactor 50, via line 21, where it

naphiha sande HdrpgdpeiFathahdisselvad it.8ds sot presentinitha catalyst zone
15catalyst bed 15. The hydrogen is fed via line 16 bel ow

the bed 15. The hydrogen passes upward through the

cat Bhg gireferredapgetdiiagdeontfifiovg aadl ieghits rfep ke aistiiation column

it contacts. the reconbjnant mercaptans and covers a
reaﬁigrtﬁﬂﬂﬁﬁ'@f@ge af?lés:%l Sinaphtha has a spread in the
range bepyggurd tesiEnd Poi nt apg.dope | nitial Point of
preferably abou’tpcsl QOOF or |ess tttglg H2S, and the
unr eact ed, hgigs sgibn exit t he t9QH1OEOcurrent flow

reactor 50 t%.éazeparat ar 60. gh% unreact ed hydrogen and
H2S exit '2hE ﬁé?‘sdtg‘le" 60 and ‘pass via line 17 to the

separ at opyRQvyf or treatment wpihiphe overhead -fromthe
catalytic distillation reactor and the condensed and
the condnbB® | | ght ends are99&%vered from separator

Sg i |XI: t@gtﬁkgg 8%% éeg%t§{ é%éﬁg%qpﬁgg fHéegtg'eﬁrq%ggﬁleeraﬁrqg conditions and

resalsiater current polishing reactor 50 is used to keep
H2S in the feed fromflow line 21 away fromthe
cat al yst PIRS$UIS PSI rect i fi cati on section 259950

provi dedyabovefeed 21to facilitate theH2S apddy ght
ends rerrlalgg%\ééﬁ%’eto separate the |iquids (tﬁgdzrﬁdd

l'i ght) wHiphrtiedypréee, psit rai ned in the upfl owl@a80

stream | i,ght napht ha odquct is recovered, via

line 18 %%M@%Wdﬁgh?ﬁmﬁka@uq i's recoveé‘é‘% vi a

li ne 19. niEheagtahschibingt wisttdamh quﬁ@hum 2%\.510a
r'50 may

reboil er40 and the fixed bed react ave an
opt Neiedthat sispnalleiecydedomypressdn (nokshibwn i) maybe neeéssary in line

RPN T
di SFieé Wedrogentigy be @@%ﬂd&j badhio thaPea&tars aVerlt8 may ll)en sufficient

stripped out so that ssolved H2S is not present

to mpintaia: theydsS Jeals low enough for the reaction. However, if desired, the
recycle gas may be scrubbed using conventional methods to remove the H,S. The
light naphtha recovered in line 27 may be combined with the mid light of line 18 to
replicate the overheads 3 from column 10 having reduceq total sulfur. Similarly the
entire naphtha feed to the process (line 1) may be recreated having reduce total
sulfur by combining all three product streams from lines 27, 18 and 19.
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15. The preferred operating conditions and results for
the distillation colum reactor 10 of the figure are
w@g00500d9ees: Pressure, psig 100-300 H2 rate, seETUS2004/013881
150-1000 H2 partial pres., psi 5-75 WHSV 0. 2-10 % HDS
90-99 In the fixed bed reactor 50 of the figure the
preferred operating conditions and results are:
Theirention CquEneg’ i80- 250 H2 rate, scf 50-250 H2 parti al

b bott.om flo 3-16. .
er 1 B i ARl RSl ahiaN prodes rabrsing:
a S(ml feeﬂﬁ@/@ hapﬁmmcﬂﬁr‘ﬁg)far(g@ﬁyo%@%oh dii@énb@ontammg organic
necessary in line 17, if the countercurrent reactor

%@pmwr&i& aﬂﬂehyq;rp@g@m a distiliationlagirmn eaatns hydr ogen

suf I’CI e&th&ln% g’l %Q?I@%ﬂf%ﬂﬁt&é’?gc%gw anﬁéhbfor

t he reac() mpal'd!imvsmd naphdesinted lighaoi l&@/ﬁén@eﬂﬁépﬁfﬁd and a
be scrubbed usnﬂg conventi onal methods to renopve the

hegyydoli rqlrpgjan@a PRt ha recovered in line 27 may be
conbi nedg@a‘]& &fndnad fﬁtﬂiﬁh % éndlcﬁ‘ena;&ltﬁ 5@(@“’1 Qen with a

t he over rrom co avi ng reduced to
hydradesulfurigation azatgrlysﬂwm eseteatleeiyamachahée@'gahm shléur compounds

I ted having reduce total
the %ﬁgﬁﬁf’ﬁé} Inﬁff?dﬁrh ny l{lﬁre:apsoducrl stgrearrs from
r%Zovér& Ploﬂtﬁ}nchf%dl@M@ﬂtbdﬂfhfgcﬂa%bﬁ%gh%a whetdin &aid light

cat ytic distillation hydrodesul furiZation process
bm&mmpan% ngphtha contaias repambinpnt mereaptansig r ange

and A o4 BEHFErbifl Phos ANGe Mo Py BRHEA Torumn

reacmpandent ly in said distillati on colum reactor (i)

separating said naphtha into a |light boiling range
na&ﬂ) pasg%g sgid portlgn of sald light bonllnggrange naphthga toa gountercurrent

flow reactor for contact with hydrogen in fixed bed hydrodesulfurization catalyst to
reduce the recombinant mercaptans therein;

wherein the improvement comprises fractionating said portion of light boiling
range naphtha to remove a lighter fraction thereof, said lighter fraction being
substantially free of mercaptans, from said countercurrent flow reactor before contact
of said lighter fraction with said fixed bed catalyst.

2. The process according to claim 1 wherein said portion of light boiling
naphtha comprises overhead.

3. The process according to claim 1 wherein said lighter fraction comprises
a fraction having a boiling range of about 120°F or less between its End Point and
the Initial Point.

4. The process according to claim 1 wherein said portion of light boiling
naphtha comprises reflux.

5. A process for the hydrodesulfurization of naphtha in a distillation column

reactor having a stripping section and a rectification section, comprising the steps of:
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heavy boiling range naphtha (ii) contacting a fraction
of said naphtha and hydrogen with a

whyasoawsaul furi zati on catal yst to sel ectivel y PEHRUS20041¢13881
organi ¢ sul fur conmpounds therein with said hydrogen to
form H2S; (c) recovering a portion of said |ight
boi I i ng range naphtha wherein said light boiling range
nap(a)hteeding ainaphthechoiting samgenkydrapardios; st(eim centaimning organic

st ereliokade 8 gisin GalymBTesting abaye said stipping
sedtinti on of said light boiling range naphtha to a

countercurrent flow reactor for contact wi th hydrogen
i n fa)xeenaueentlydn saiskdistillationgalemngeeatoyst to reduce

| nor ovenbheCRa B sER b AR faptdafliBnb8Siprptna fraction
andl adigavdidilinggrangegmaphtisd fraatiéy, renove a |ighter

fraction _i;hereo , said lighter fraction being _
subst ant {iAcPyiactiag phieashpaantsaid ngphtha faactions and hydrogen with

rent f | t or: b f._sai
a RHOGERdizalon AP 85icPSiBMoC SBERAT 1S seftYely, roact the
heaviecergsnicsufuticogn gounclisavith $aivid’ra,4ded>g1?1rsw;jfd>rgdﬂ§r$;on of
[i boi | i. ead. . 3. e
or o3 ETRUBE AR 113 TG 2 Gen BREHAGRGAIGT, Slatand unreacted
hydrbgehi 4 FEsBIRbiREAL ?nérbéﬁfa'n@nfr&ﬁvééwnﬂst‘ﬂ%ﬁbh”&bl%ﬁ‘{?ﬁ@eactor as

of "about 12Q0F or | ess between its E Poi nt an
ovarheadsil Point. 4. The process according to claim1

\é\gﬁ,{sﬂ r%gio%rﬂq ?ﬂoéﬂeggieﬁf)gbibggéggé) blg;')lﬁ\ﬂ@?radpnq tsg% distillation column
realyestt ad@sul furization of naphtha in a distillation
colum reactor having a stripping section and a

r ecta)f fragtioratingesaid sartionovinais lighf halingstaege nephthg to remove a
Bt 8 0 2 ) B g o e
lightibxdiling esngemaphthawitrehgd@geatinvusiterdusent fiowng a fixed bed of

nydradeedirzbon Gl th gedlaitheigrerpiRant nalcPRHTS therein
?g'n%.g\"ﬁggﬁ%%gs ??r.gﬁgtﬁ P@ r;tf)rcﬁéiﬁf DRhaRh 8aiB g AR h&Shtha fraction

is hydrodesulfurized in (b).

7. The process according to claim 5 wherein said heavy boiling naphtha
fraction is hydrodesulfurized in (b).

8. The process according to claim 5 wherein said light boiling naphtha fraction
and said heavy boiling fraction are hydrodesulfurized in (b).

9. The process according to claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein said
hydrodesulfurization catalyst comprises a metal sulfide.

10. The process according to claim 9 wherein said lighter fraction comprises
a fraction having a boiling range of about 120°F or less between its End Point and
the Initial Point.

11. The process according to claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein H,S is

added to the hydrogen in at least one of said catalytic distillation column or in said
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(ii) contacting at |east one of said naphtha fractions
and hydrogen with a hydrodesul furization catalyst in
W@ 2008/08099¢ ppi Nng section to selectively react tPEr/US2004/013881
heavi er organi c sul fur conpounds with said hydrogen to
form H2S; (c) renoving said |light boiling range
napht ha fraction, H2S and unreacted hydrogen and
fixecbloerin araamount safiiciems té neintaii thechyglrodésulfuvizatioh gatalyst in an
react or as overheads; (d) renoving said heavier
adﬁﬁﬁ??ﬁb range naphtha fromsaid distillation col um
reactor; and (e) fractionating said portion of said
l'ight boiling range naphtha to renove a |ighter
fraction thereof and contacting a remaining portion
heavi er fraction of said light boiling range naphtha
Wi th hydrogen in countercurrent flowin a fixed bed of
hydr odesul furi zati on catal yst to reduce the
reconbi nant nmercaptans therein. 6. The process
according to claimb5wherein said |ight boiling naphtha
fraction is hydrodesul furized in (b). 7. The process
according to claim5 wherein said heavy boiling
naphtha fraction is hydrodesul furized in (b). 8. The
process according to claimb5wherein said |light boiling
napht ha fraction and said heavy boiling fraction are
hydr odesul furized in (b). 9. The process according to
claiml1, 2, 3, 4, 5 6, 7 or 8 wherein said
hydr odesul furi zati on catal yst conprises a netal
sul fide. 10. The process according to claim9 wherein
said lighter fraction conprises a fraction having a
boi Il i ng range of about 1200F or |ess between its End
Point and the Initial Point. 11. The process accordi ng
toclaiml1, 2, 3, 4, 5 6, 7 or 8 wherein H2S i s added
to the hydrogen in at |east one of said catalytic
distillation colum or in saidfixed bed in an anount
sufficient to nmaintain the hydrodesul furization
catal yst in an active state.
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