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The |nvent|on r : A A A p
mer captan fornmd ' "V-re partrcularly, e invention
relates to selectrvely renmovi ng sul fur conpounds froma sulfur arid
ol efi ncont ai ni ng naphtha feed, with reduced reversion nercaptan formation
and ol efin saturatron by reactrng the feed mnth a hydrogen treat gas at a
hi gh t enper @RS EFEPRENCE j PPRICAGIONI, partially

deacti vat ed at Ieast partrally regenerable hydrodesulfurrzatron

catal yst. BACKGROUND OF THE | NVENTI ON Future anas sul fur specifications

e
o enei  animent a) 156 SPBBFOD I gér?ﬁtxétfﬁ%otg‘éaé?aﬁ Dieaer of SRR RS or B
than 150 PRAY 8I W@;&fg?ﬁﬁl %‘%‘3‘725 EicIneFé’GruéAthhlg% WascHolago

greater tha ur p(’)ssr einth of too distant

future. Suchfaelfada @Bﬁﬁh{lirfg’iprd%@éuﬁdirﬁA libstidn o Felbaent2&nd98i |1 require
t he production of |ow sul fur blend stock for the nogas pool. The

BACKGROUND OF THE DISCLOSURE
FIELD OF THE INVENTION

The invention relates to selective naphtha desulfurization with reduced
mercaptan formation and olefin saturation. More particularly, the invention
relates to selectively removing sulfur compounds from a sulfur and olefin-
containing naphtha feed, with reduced reversion mercaptan formation and olefin
saturation, by reacting the feed with a hydrogen treat gas at a high temperature,
in the presence of a low metal loaded, partially deactivated and at least partially

regenerable hydrodesulfurization catalyst.
BACKGROUND OF THE INVENTION

Future mogas sulfur specifications are being regulated through legislation
to increasingly lower levels, due to environmental considerations. Sulfur
specifications on the order of less than 150 wppm of total sulfur are likely near
term, with values of no greater than 30 wppm of total sulfur possible in the not
too distant future. Such sulfur specifications are without precedent and will

require the production of low sulfur blend stock for the mogas pool. The
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2 MAR 200 WO 011 72929 2 PCT/ USOO 35703 primary sul fur sources in 53@3 as
et

pool are the blend stocks derived from FCC napht has, whose sul fur

can fall iwotdiezsmnge of 1500- 7000 wppm dependi ng upon cr udegusdoiisyozand
FCC operation. Conventional fixed bed hyd?odesul furization can reduce the

sul fur level of FCC naphthas to very |law |l evels, but the severe conditions

of tenperat uhgm %ﬁ'ﬁfﬂg §01§Egs i[i’%tﬂ(é) ﬁg%@% E)F)Sf‘ﬁrcgtﬁé Hidld &o'&?? Hl‘:rtiég(g ?reocr{) FCC

significant octange |os 0SS from saturati on.

hydr odesul f un?zmagrwmmﬁe&ommecd@e@n ifleNe raNRMbLf B50RG008 vidrthi N
saturation and concom tant octane |oss. Such processes are disclosed, for
exampl e, in dending apos ciydedaligSandbFECoxration., Coavertionalnixéd Bed, 730,
some of whi CF g&% oy, pQi spned ang permanent|y deactivated catal ysts. The
process di schydwgespliunzatiopeangadugecthe spifaylevel gEEEG naphibas tasverylovel yvst

, | oaded wi t hy at % of nieckel , dron and vanadi um poj sons. Besi des

i ntroduci ng beg'se ISJI’ Eﬁhk%%%@&ﬁ% %OMtéoqsrﬂf&emﬁgraﬁgﬁhpﬁﬁsg@raémy%ﬁggn al|gas; s
not 1 egener ahi rdNlt e siphiiilaniaittne o3¢, dueltb dighfNbse S8MT\GRutdiRnuse Of @
permanent|ly deactivated Catal yst conmposition contalining alkali or alkaline
metal . The pBeleetive hiydoddeselfurizationgro@ssephierbedredoietspddiat rednee olefin

selectivity of a naphtha hydrodesul furization catalyst for sulfur renoval
slightly i nchaEationgnd cenqemitans petrpe losge Such\paocesses ave disolosed,tfor50 % are

Ceact or the FEAMBE ioh-ScPut Add8 R S R 1R 395 Y8 S0atAE ot s
with the feedrahfbg 1@%@5&&@{%@@@@%&% U&gfygté'."mfﬁg g%&éénom

as reversion nercaptans e anount® 0 ner capt ans r'rred ring the
process typi dikclosedifiebel HDTpdier ehiptdysspaeadtivatdd ISR Eaaly¥erleadtdwithf ur
and, in sone cases, total sulfur. Accordingly, it is desi rable to have a
deep and sel teast ¥ &6 dd nitkelriromanidovanadbme peisons: Besklts dettodecingpassible
reversi on and oct ane Iossatx;/ith ut introduci nag cont am nant s iQt oaéhe process
and pr ef er abPP@IRAGISABLOLNG npphiha strepm, this cHalyist 5aratdresrarpblee 2nithét ed.

Cemperature Srutendy e 211 Yoltal dadis 1O Gst BEE orp SRt HES el Baltibat g
napht ha f eedcomipoBitiR0sERANIMRVAkA] S alREN S RicHM]. f’H{d”@r’lbbeéb dieque§% mg the

i
feed with a hydrogen treat gas in the presence of a | ow netal s | oaded,
partial |y sp&His hgtgnbtbashest thatthe atlectivitaofih paphthacydiredesudfurization datalysi s

i rocess of the i nvention

at least partially regenerable. Thus, the p
conprises r eg%"t ?‘Hé"ef em&’b’ﬁ{ ﬂbghlﬂé{éﬂcréw VAT Eg‘f‘o rGatatyst dgpetiyatiansRfuFam And

olefins, wt ) a ' h of | ow netal s | oaded
arid parti al Flg/gge)é%ﬁ’ggs? leotgég.r h}s%’g?ﬁ Wy’fﬂ"r%g‘éﬁf@%ﬁ%éaﬂ catal yst, at a

t enper at ure aidfsdesuiFifzAtoraReastor e3LS foriedmW é‘or%EgﬁéﬂéB &0R00 psig., a
hydrogen treat gas ratio of from 2000-4000 scf/b, and a space velocity of

from 110 vl vhiidrodesulferizateomueacts with the feedjalefmsstd form mengapia sulfui t h
reduced ol efin saturatipon and nercaptan formation. By |ow netal s | oaded
catal yst is RedwpOuRds.avhichareknown py ryertien Meraeptans-c Theampurtaidbese | ess

than 12 wt. 9 . ey catal vi | tal oxide. Th
tomper atur e PlerbaRgfls fometoutldtt pel{SriBhE) sl Bidlre B4'CL 530
still nore pggéafishtionPfort@eiptaf AR MAdMRSdomE ehadsafital all; ﬁ%&&c&%ﬂ%lgm

Lower pressures are preferred.” Thus, preferred pressures Wil range

about 60- 500itasidgsirable totiage prdeépambielectivendesal fuhizatiom pudce3SOwithi rgduced
Preferred treat gas rates, range from 2500-4000 scf/b, with from 3000-4000
scf/b being FTEAPIABIRYGIEPN apfioctang hess| wifhoutgntradycing pontaminantsantp the at

| east 75 wt. % and pnrefefabl | east . % ,from90-100,W, 9%.sul f.ur
renoval may BEYGE ﬁiaﬁgé)&e{eaabq]%yﬁfhaa %@Xftﬁg?%cp&{abﬁﬁp PETRRRERLY dracivated-
total sulfur level of from 5-500 wppm including fromb5- 200 wppm of
mercaptan sulfur, with a feed olefin loss of from5-60 wt. % By hydrogen
treat gas is nmeant a gas conprising hydrogen, which may or nmay not contain
one or nore diluent gases which don't adversely affect the desul fixrization
catal yst, process or product. It is preferred that the treat gas conprise
firom 60-100 vol. % hydrogen. By organic sulfur conpound is nmeant any

sul fur bearing organi c conpound. 2 MAR 2004 WO 01/72929 PCT/ US00/ 35703 4
Preferably the catalyst will conprise not nore than 10 and nore preferably
not nore than 8 wt. % catalytic netal conponents cal culated as their

oxi des, based on the total catalyst weight. The catalyst will conprise at

| east one catalytically active netal conponent of a netal from Goup VIII,
and preferably a catalytically active netal conponent of a non-noble netal
fromGoup VIil arid a netal from Goup VIB, supported on a suitable
support. Particularly preferred is a catalyst conprising CoO and IVIo03 on
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of the hydrodesul furization activity of a new or regenerated catal J$R Like

Lactivity level will range from 2-40% and preferably from 5-25% of the

activity ofoeu/new or regenerated catal yst. The catal yst napCh@spe/zsed f i ded

or it may be sulfided in-situ, using con¥entional sulfiding procedures. It
i.s also preferred that the catalyst be at least partially regenerable and

nei t her per rRGMNQ RY SR TR PNTIONt ain nore than 500 wppm of
non-regenerabl e po ns,” such as conpounds of nickel, iron and vanadi um
The process of the invention is useful for deep and sel ective sul fur

renoval, with reduced olefin_|oss and mercaptan formati onq,egs)ar.t i cuhirl y
with a high sul f Jfhedowensian relaes o highdemperatuEmpressss o0 TEMOWERSUHUT | S

meant from0.1-0.7 . % (1 - 7000. ul fur.q f organic
sul fur bear iSOROYBAS t‘?&%"_"g %i@‘ﬁ%ﬁﬁ%ﬁ’%ghgﬁ@?%dp%& eg}asq {)%at

envi ronment a| ' t oty %q,st? (jgqpas) sul fur
| evel s, wl ﬁnérrégﬁt%b\f?ﬁn{tﬁtgﬂw Jgés%‘r“gégég?%‘gﬁ@ﬁ %ﬁ&%o SOéE\l/}/pr%%I?gtEm sul fur
nogas by theprg@%@e 20Q0ownHetal 1vadn, pertimbsspeno hiydyoddselfasization catalyster, gas
oil and other feeds for a fluid cat cracker used to produce 2 MAR Q004 WO

01/ 72929 PCRnd3aefe3ahlpdne dbatds atleast pazipaliy segengrablen s thegpxpcgss ahtheyver
nore anounts of poorer quality, hir(\;h ul gur c(gﬁtent (of0) onengi1 due to the
dwi ndl i ng sUPBEBHIOT CHNBIRES TERAINE 3, A e Cilaining TS SPRL (s i n

hi gher sul fur _contents .i e.Cat, &f j maj or
source of na‘iﬂ%’?ﬁ%@f&@ggﬁlﬁfﬁ}’ ?‘rﬁoglaas %géggt%%ﬁgw?ﬁ‘ehéﬁgg%ﬁﬁﬁm zation
and 1 educti Gclall RRACARAEPartiang Idehaivaledbeysehtity drbdestfintation catalyst, at
hydr odesul furizing process of the inventjon, is inportant with respect to

the desul f uri eespapatuesiof frome3 05y dbouh455VCT apaessure ofifromm 60-AERICa® sul f ur
specifications, while preserving the olefins | uabl e for octane.. At e

| gvel s of deaydrpgen E’Q@t&?ﬁ TaQ s’égpm 2@@-699899{@0@“ SP8gS MP‘%&?‘Yr 9‘5’1dF gnd
particularly. rel ativel i L. > S00
wppm and par {WX&%P ??/r%%‘éfs%ﬁg\/%ag %%’ %1198818‘5%%%1&%%%%%? Egu%é(?n@re |fnut i on
of sulfur fromLEYenLRlMerbBitaR Pordition® By fowthétalsSldalded catipstlie meamni f

cant. Therefore, the control of nercaptan formation is necessary to reach
these very | emalsticinetal loudings of ns mdrsGndipreferablyelessaihan k2 vao%ahmsed Phe

deep naphtha desul furization and | ow percaptan content, of the desulfurized
napht ha achi theeueight ofibie satalytitametah ogrde: hEnG mMPETaBITE 1A P ea&lm Eﬁms?at i on

t t , t al t.ent d hVi 0
hyar odesul 1 1} S4ei BRERIERgaY b AArby Al i ol pREGERE) ot jeost 200 Cand
unexpect ed, gkt hilablyatHast 35570 E Do Preddusésosteprefdired aThas) prefased es

of

pressures will range from about 60-500 psig. and more preferably no more than
about 350 psig. Preferred treat gas rates range from 2500-4000 scf/b, with from
3000-4000 scf/b being more preferred. While the level of desulfurization will be
at least 75 wt. % and preferably at least 85 wt. %, from 90-100 wt. % sulfur
removal may be achieved to form a desulfurized naphtha product having a total
sulfur level of from 5-500 wppm, including from 5- 200 wppm of mercaptan
sulfur, with a feed olefin loss of from 5-60 wt. %. By hydrogen treat gas is
meant a gas comprising hydrogen, which may or may not contain one or more
diluent gases which doﬁ’t adversely affect the desulfurization catalyst, process or
product. It is preferred that the treat gas comprise from 60-100 vol. % hydrogen.

By organic sulfur compound is meant any sulfur bearing organic compound.




about 300-500 psig. Thus, while | ower pressures may be preferred, in rmlllw

cases |ower pressures may not be achi evable, because it may drop t hAR

hydr ogen w@apt/7®bk9 pressure to an unsati sfactorily |ow | evel pcTheo®ssa6ni C
sul fur conpounds in a typical naphtha feef to be desul furized, conprise

mer capt an sul fur conpounds (RSH), sulfides (RSR), disulfides (RSSR),

t hi ophenes and @M&raﬁﬁiﬂécﬁtﬁiﬁs@Wiﬂ%ﬁ?ﬂﬁﬂ?@npﬁﬂ%r@f&‘ﬁaﬁd fndhiogd € and

condensed ring conpoun Mer eapt ans present in the naphtha feed typically
have from qreferablyhuatamoOfe thad) § matr o vatal yties meirirdomgpdriemts calculated as their
hydr odesul furizati on process, the feed ner ca[%t ans are renoved by reacting

with the hyaxiderebased onithe totad satadysifweight.or lystavidloeosnprser 4t deast one

tal ysts, . 5. MAR.z004 01/ 72929 PCT/ /35203 6 i d
Saraftine, GlyioRlyAEE Meral coRRORSE of o audanpin Crans VALl BAd Prebtiaiie

| of j | £ Ak ' ' f

ror cant ans § TReg ol dottveJHPRR fiore PO A i Aol By Ba R G YT, e
Ter capt ans g aitial foGrop VL Subbudh £5esise sasraPHIRK]ycar bon
nunber, than those found in the feed. These reversion nercaptans fornmed in
t he react orprefartedisi @ batalyst goagaiding (o enddiol(;wom 2 sdpporobanang atGodMoal | y

conpri se C4+ nercaptans. O hers _have praoposed reducing. the nercaptan and/ or
Lot &l sul f GHOBRC FiE0 Ry dosadsLite 4yl peaichablerRlpipedaLdeta pelrotind e GeRNAS |)

Ryar ot r eat o8 PATRINEEpah & UgHel Bt oY sl AABANY BeRelfRleT b Bt e
base and c aﬁ&éﬁéyndﬂ?fﬁé‘@ly% A RichithBarsPtHa 7 fsHeitheFl feSR calRddhvih g il

react or vessel and has not” been denonstrated as effective for reducing RSH
formati on. ddsalforightionaatibity, nonixeit anfiallyaddaenyatedeekihdlsidingessengiatlewer si on
reactions are difficult to extract into. caustic. The third approach
suggest s sviastunzgtionachviyucthagatalystwallhpve less than 9% asdmare than 1%

t , d,t f has. . j duci th t al fur,
docs tho o SRBEVFOdeR RrlioPon Ritiod R aeRostecianemfad @8l Tt 1 T
do S I35F IR AN J ful
napht nas. - R e o 2k P et A o

wi th end bopfd ngwns reigenénaped ahtalysp.e The cﬂﬁﬂ%@ nﬁ?d)e\lyhbﬂﬂﬁﬁy@bﬁ&hhw bont ai n
60 wt. % or |ess olefinic hydrocarbons, with sulfur levels as high as 3000
wppm and evanfided mesitpeusging cronentippa) sulfiding pponcdurdasedtiis glsepreferidthat

napht henoa. e AANTERS BClcap RaEeL RGATAPIA S DEiGhH RechapEHLY Ferc v

cyclic ol ef} gr,el?. 'g,?rabqr lglq,%% 1 | Di Lde chai ns.

The ol efin *(l:(sc}fﬁoéﬁ%u 0 oggﬁglaqp?lgg? acl?ggﬁ’hap Hg#&gb@ggﬁgﬁgghfy range from
S-60 vol . %orapbundys ef hidkel,drory ahd ¥ahddiudl). The pricessofithe inveatbn ¢xusefult he
invention it is preferred that the olefin content of the naphtha feed be at

| east 15 vofor deepramdmslectpressidfurepnanal) withtreggcedplefmploghandimecaptan
Conce" 2 e’ Bei Tl AT el SR Sob R BRb. by RS O
PCT/ US00/ 35 ' ' fo} ' '
pr oduct wi ¢ ToESSifenels Hedh REmTRIE 0% 600 F000 bty bRRAIMS 1P |

range from ghaibf BrgdmidkulfiPb c8mpotinds? I n the practice of the
invention, it is preferred that the sulfur content range fromO.15-0.7 wt.
% preferably 0.2-0.7 wt. % and nore preferably fromabout 0.3 to 0.7 wt. %
(3000- 7000 based . on . fhe | weight of the feed. The nitrogen
content wi | PEGLASLEL DESCIIREHMN Loyt 5 wopm to about 500 wppm and nore
typically from about 20 wppmto about 200

It is anticipated that environmentally driven regulatory pressure on motor
gasoline (mogas) sulfur levels, will result in the widespread production of 150
wppm total sulfur mogas by the year 2000 and 30 wppm perhaps shortly

thereafter. Further, gas oil and other feeds for a fluid cat cracker used to produce



wppm The partially deactivated or spent hydrodesul furization CJatl@%A&%ﬁ@
|*€S's

enpl oyed in the process of the invention will have a | ow | oadi ng

than 12 wyo fhneb the total catalyst, of at |east one catapyiigesddsyoactive
met al component cal cul ated as the oxide,5of a netal fromGoup VIII on a
‘sui tabl e support and preferably a G oup VIII non-noble netal conponent,

conbi nati on_w . . ported on
a suitable, c%ﬂ%?b‘%&ﬁ’%g@gﬁgfgé%?ﬁ%ﬁg%%}é% S&@?%ﬁ%wg%ﬁdﬁ t% k;!t)“él)t6 &é%}i al such
as, but not halg}y,t RighlsQlfupbtiteifooribéneints, did RNhR, dwineiligi sippdy bf Biiphekumi na,
and the i k(el. umna, silica and silica-alumna are preferred. All G oups
of the Peri quality Tabdecoil shiercesdThis results im igher énlfupsontsntsdarttieicat cragked
Sar gent - Wl ch Periodic Table of the El enents, copyri?ht ed in 1968 t he
Sar gent - Vel aapighassihieh arethamaior squice @ mapbtha YoekeIqranogas BP9 t al

o Convent | Biesdcen lesuibieaion g T SRR 1 Mtetb e SR A SR B ot O
12-30 Wt . O%el%ﬂgvegg){cg{)d%ﬁﬂﬁzi odBdsCof thal in@Lhionh i€ Plaht bt Rspbet % Of

the oxide o ytic net conponents, based on the total catalyst

wei ght. As rethel deseduibsavsrodibtemeetig both Iy toral pulfanand dedcaptas shfuded
in-situ, by well known and conventional nethods. As nentioned_above, the

catal yst w kpeqifieftiomapwhilbpreserving the plefirisavalyable fonect@pee Atgigernlenglsns at
| t about % and. f, | b t t | t t.. 75% of
Lhehydr odeshArRTizanR Speriony grage 90 FF avary By Tem SR pid Btrchi Y

01172929 PCJ/. . de H{p:gm Lhgn catal yst
conpri si ng%@%ﬁ%%ﬁlggnﬁgﬁggﬁ%r ﬁ%@ﬁﬁgg?%%gmmd atom t((?hgati o of
from0.1 to g)hrtichldrB{ feaas hsﬁhgnlsmowoeﬁ)ewp?ﬂa silfur) oidergimtiblitien o sulfureant
that the catalyst wll contarn not nore than 12, preferably not nore than

10 and nor e frmefereatiby mustaptansetotthatota] sulfupscaathe sighificant.aTherefotmdhe s
cal cul ated as their oxides,. based on the total catglyst weight. Such
catal ysts i ﬁenmale@frmaljcaatawéegnemchm% threé‘%bﬁle%i ey Z%V\EP.IMBWIS
preferably 2 EOI%OWL % and. n]?rg Breferably 4 to 6 . %of the total
catal yst:  (Bf Sal BoWPRnEMECIYi DAVSYPRI®L 10 5 wt. % preferably 0.5 to 4

wt. %and nore preferably 1 to 3 wt. % based on the total catal yst weight.

The catal yst wi | Itgl@ep hayRihk idbs@l il/diorPAfd GwrAéicap@in dontedtCoflithe,
preferably 0.20 to 0.88 and nore preferably 0.25 to 0.72; (ii) a nedian

pore di anet eeswlfurttedtrmmphfia &hieveddiyetheldombinatiofi®fithe telativelyamghnor e
preferably 80 to 150 fir; (iii) a MO surface copcentragtjon of 0.5 x 10'i
to 3 x 10'i dgsulfmyization temperagyrgplop metal content angylow acUViY, OLIREN e

Pt Cl eea t hamySrsieamlttnizaston gty S ualoVka 3R fRY BRAASs BRHAS flVertiohuiy 5P S0
than 1.4 mm n-gaged@d;tpapt'iﬁflﬁ‘lyﬂ 80a ehintInal WylroddsaFrubizufion prédretest ee of

metal sulfi o\le etdge pl'ane area as neasured by the Oxygen Cheni sorption Test
descri bed i mbbtt 30G500 @sign I HRrsppiileileweo prédsuyesimay heprefé¢mied, 1@anany at i on

of ' 02 Chemi sorption with Hydrodesuyl furi.zation Activity," S. J. Jauster, et
al ., Jour nalcasgs loaerpyessures gy pot bejachieeable dagnause it %‘ﬁyidgop ﬁ}&%F‘BgﬁﬂﬁﬂEd
herein by reference. The Oxyge mSQr.Rt4 Test invol ves edge-pl ane area
measur enent §’aﬁté§é’rﬁﬁgfeeﬁjnarb%?%gg&gforgﬁSg}r\ieg{gle' added to a ' carrier gas
streamand thus rapidly traverse the catal yst bed. The netal sulfide edge

pl ane area of therrf@é:ghﬂi%tsulﬁﬁcaﬁﬁéuﬁ@@nbx iRaPi¥siha dbediebept i on, will
be from about 761 to 2800, preferably from™2000 to 2200, and nore

preferably fdesmifudfé, condPide npercaptan ggkfnt gompands (RAH)rsalides (RSK)ef er r ed
support. The support

d, | tal | oaded Co d t ai ni t al yst d
T Bearml o Slisdnas (RESRhdbiopheresand oinesaye an GulbbFORPRURMS nd sieye >
t f t he .l tal.load I j 5 i h.
o oot al ystSheleand sOHAGR.A sinectBfofiRish Mtfodtind Bicklnt f 8 o AReB0 T
can ai so be wsedy Tate from VACIPRM UG-0L) 2225 REHUDAfA A3 O catalyst
e a

support mat preferably contain less than 1 wt. % of _ )
hydrodesulfurization process, the feed mercaptans are removed by reacting with

the hydrogen, in the presence of one or more hydrodesulfurization catalysts, and



contam nants such as Fe, sulfates, silica and various netal oxideg Miiah

-can be present during preparation of the catalyst. It is preferred that the
cat al yst we® dwrae2e0f such contam nants. |In one enbodi nent, thg/esbadyst may
al so contain fromup to 5 wt. % preferably 0.5 to 4 wt. % and nore
preferably 1 to 3 w. %of an additive in the support, which additive is

sel ected fr goprhiify HLSWRdGRRETEY. ] i9beRBOSP IR BSHID Broficad i (e rBRUS |

oxi des of netals of Goup I~ (alkali nmetals). The one or nore catal ytic

metal s can fwme¢hosémesal of orgamiaselfunpomponads upgms tvithythabiefmsito ddine
conventional neans, such as by inpregnation_enpl oyi ng heat-deconposabl e
salts of thBew BECaptEnHf¢version magrgaptans).obpneralihkasdeaendonnd that these

killed in th t h i,.ons h W th i t] t hods bei
et orred. HTPABEES RIGHALR (O PUGTONOUEr O ProfE PR BOENBERaR e not
pret i _ A B e

mted o fuBiidalitm MRRTOETT B o, " PAIB ErcrabALE AR, Hifdififae

| npregnati on _the catalytic net ogenat 1 ng compon . .
enpl oyed by régft@bRiadd whidh &% Spres ot indhatdesnl fhigen ﬁ%ﬂ_ﬁt@ﬂﬁ&rﬁéalwaﬁﬂbﬁse”ﬁdl a,

conpositing. Inpregnation as in incipient wetness, w or wi't hout drying
and cal ci ni iy.ai¢reaptaash Othprelaet propdsed rgdiaing the mersdpta@andiardotabn i s

general ly achjeved in air at fenperatures of from 260-6S0C, w.th )
t enper at ur e§ulfpp &%hBQU@aqSVEfPEI&Pd npphthapradurbby means suchrag b peetreating

bat ch of a o Eieataty s dflbbRs PR AR iR M bl TS,
cat al yst of ﬁ%@&ét?&ﬁﬂ@lgﬁoaﬁa éﬁééiehﬁlgtﬁ'ith a@?@ﬁ&iﬂf?ﬂkaliﬁ@@as@%ﬂﬁicﬁa%tpf
4.34 wt. % M03 and 1. . % Co0 on an al um na support. The spent ~ MAR

2004 WO 01/ ROR6evaCHidlsfiy Sfrasiohreqairek patadditionahkenotdrivessel brd hapndted of a !
hydr odesul furizing reactor used to desulfurize heavy cat cracker naphtha

and its desdleendemonsteated 25 effeghiveder rrducinpREH forartignalhe higher gaden; ¢
was fresh. Analgs/si s of tthe catéial ééh’ itndi cated that.it al agf coﬁtlai nedtabout
0.2 wt. % ofUPREIPErCAPtanS RGPyt ey SRR IS FHDGPK 19 F3 %85 on,
Toactor nas it ke, PRAC UfPbichin g subeitnil MR BrodiRt bypfoditides

Brom ne Numggsul@ided Frdm theintdrcap@nesand dibréfory hhs ndvalefih ieduchipetheadtal yst
was used as a fixed bed in an isothermal, downflow, all vapor-phase pil ot

pl ant react sulfurhes deeuthe progesigothedinyviestieni n the reactor were 3S2 - 366C,
100% hydrogen treat gas at a rate of 2600 scf/b, and 300 prig total inlet
pressure. The space velocity was about 3.25 LHSV. Thus, the catal yst was

that of the invenibpRaaehir FEARIOAR SR i MEBrRECOMNE TRk iRE10a0

reaction condition ranges o e I nvention. ur renoval was

89- 93. 4% anchettéurn maihithad, isesam koadkedhiéphthdy, eolerafaphthapcFCE maphthtsbnd
desul furization, total product sulfur levels, and nmercaptan sulfur |evels.

The 89.6 % dlendvand fastions thergabyvwith(eagdd)oiling points sarallyhalow 2388 and o
was at 366C. The data,show thaj,.as |jttle a AC t.e rature i ncrease over
352C to 366¢YhishdXPIGal n?‘?’ﬁ}a‘r“eé%e’ﬁé‘dl’)w{ ?SsﬁiBﬁQ}EiﬁYQEﬁgﬁ?Of’% WithsuE RN ned |
that the pr f ?d‘ff:wg j t Y e sults

as nor nal cgar%eb}gigﬁIagy3 own E’rﬁ?ﬁgggggﬂI$%%g"oﬁ0%&g?'o?g? hgﬁli‘ggt?“{d?mti ng
the regener gltefirhblyt ® ceduked ndiphila Gedsheck, gefdratinicahtasis ndtlalyppaatime of

the arsenic is believed not to have any adverse effect on the high
t enper at ur e rixphthénesi aud aromat®sn bug alset unsaturates s tichtas @ppn-sbaimomdaiyclipe

arsenic, the catalyst woul.d hav een al nost. .ful Ly. regener.abl.g t he
Betivity of algns,dienet andryche Trgrarrpans wimehlic St g vike SsRG. 2
MAR 2004 VO Qld05Fa %;Jplﬁ’ﬁTér%QQé ﬁﬁﬁﬂ&a feed can broadly range from 5-60 vol. %,

but more typically from 10-40 vol. %. In the practice of the invention it is

preferred that the olefin content of the naphtha feed be at least 15 vol. % and
more preferably at least 25 vol. %. The diene concentration can be as much as

15 wt. %, but more typically ranges from about 0.2 wt. % to about 5 wt. % of the



Table 1 Product Qualities at 352-366C and 300 psigTenp., CLHSV% HT?STot al

'S, wppn? A efin Saturati onRSH, 2 MAR 7004

ppnB523. 3R%PeHR9284. 97. 13523. 1492. 222036. 25. 33663. 2696. 210pdhuddm/B7¢3S seen
in Table 1, the high tenperature and deep esul furization of the invention

‘significantly reduces nercaptan sul fur in the hydrodesul furized product.

The use of 8dcwgggﬁéﬁgeoﬂég§¢$idn%ag%{: 1Sin £388Hne FR\QEL GRhPoyst and

hi gh tenperature 'on con ons o e 1 nvention, permts product

desul furi Zatsiz%liﬁ}“ﬂn@'c@iéﬂ? F@é@éﬂﬂﬂbn&@ft@ﬁll}@@raﬂ? rifde fridhi dbdu@iostved. ni ng
acceptable olefinn levels. In this Exanple and in all of the Exanpl es bel ow,

the % ol ef i Bosataboat Dohwita$s.dbt erenpracticeryf theanverBionnit nepisterieek thatthect i on.
COVPARATNE EXAMPLE A A Iaboratoroy g_r e,})ar ed, fresh batch of 2 | ow net al
| oaded, hi gisulfus sentersrange £19m810.1 3r0a/ Wt.Fonnreiggablyd)- M. L ohsoand 180Ks

aoea i thi SretesaviSnnm R Gl Tufors (RUOE 100 oRbrRl MR HBRGHY .

conposition i } i nst ead
of ‘bei ng spereEb BFthe feqd ThE KR ot e R S o S 3025, 10

PCT/ US00/ 3510§ﬁ>ﬁﬂ©0hwmﬁ 30tewppnie, dikavyreciypicaliptftdm abea@Ousppinito abranP0@ 1,
containing, 2813 wpmtotal sulfur, and 29.5 brom ne nunber (19 vol. % and

t he hydrodesvppuw.i zati on reactor was an isothermal, downflow, all
vapor - phase pilot plant reactor. Catal yst |oading was 20 cc. The
hydr odesul furization reaction conditions used in this experinment were

260.5C, a | 00% hy. . ' [ t al
inlet pressure. Tﬁégg’ g‘g%élgg?gé&?}‘z?‘%@?’% 8p év}\I/etlsh %?9@7%%%&%8?%\%%@%?

cat al yst waspaht protéadsftihedhaeitdn Gallhavehnewllbading of kes gundatwt. Yoj of net al
conponents, it was not partially deactivated, and it and the |ow

t enper at ur e thhdot catalyst, bf atiiedstione batakyticply attivemmetahoemppusnt calcujaied

sul fur renoval _was .88.1 . w. % and feed fin saturation of .25.4%,,Table 2
conpar es t heddheaxidesofp f‘PFtPieg'Gm Grovp Q}tlﬁéms%lﬁﬂt#’iee%‘r?peﬁta&pﬁ?fergbéié8 and

reactor, but ' ' | il Ll mum of
[pactor . VGRS pbEIREE LA Whthdt SHibed NG BB RhEn AT
model i ng st ydh@Sorcteah Vi dlethl, shportbon A whitdtaé, gh hefReraédindrgaiiog t he
fresh catalyst is increased high enough to achieve the lowtotal @~
desul f uri zatmetalloxié¢ suppbitenattriah sivtnas bet 1ot latitedfo, Bluniohgfiliess titaniahe

naphtha feed will be saturated. Thus, .the high tenperature .
hydr odesul f UNRBPag)ar @éﬁcﬁealﬁmlﬂﬁeaﬂql:&@ﬂ%}‘ieo r&(’:‘&ﬁﬂ%tsr‘]ipH@ PdSGH-IHMIRR 258 esh

catalyst. preferred. All Groups of the Periodic Table referred to herein mean Groups as
found in the Sargent-Welch Periodic Table of the Elements, copyrighted in 1968
by the Sargent-Welch Scientific Company. In contrast to the low catalytic metal

! loaded catalysts of the invention, catalytic metal component concentrations in

conventional hydroprocessing catalysts and typically range from about 12-30 wt.
% of the metal oxide, and more typically from about 15-25 wt. % of the oxide of
the catalytic metal components, based on the total catalyst weight. As
mentioned above, the catalyst may be presulfided or sulfided in-situ, by well
known and conventional methods. As mentioned above, the catalyst will
preferably be at least partially regenerable, which means at least about 25% and

more preferably regenerable to at least about 75% of the hydrodesulfurization

activity of a new catalyst.



COVPARATI VE EXAMPLE B This experiment was simlar to Conpar ativgrﬁﬁea le A
.using the same fresh catalyst, feed and reactor, etc., except f 4gher
t enper at urwood1/288C, a 100 % hydrogen treat gas at a rati o pdr/ge@s7gscl/ b,
a space velocity of 7.6 LHSV and a 116 ps#g total reactor inlet pressure.
‘The results are also set forth in Table 2, in which they can be readily

conpared wi th t hoge]qbhfitRladade @%Iﬁﬁ%ﬁoﬂ s?cé‘gﬁ;}ﬁﬁg Cltyandeven

wi th the higher tenperature of 288 | ower pressure psig., the

fresh cat al yMo@genasipperttand dahingveCoMolatomieratians ftosodilaot].0fist he
process of the invention. Mdeling studies revealed that to 2 MAR 2004 WO

01/ 72929 13 patiauboly pesfersed.nBy dow encthkloadagix meantethad tig1Gatalyist witlhe fresh
> 8 of the feed, olefins.

catal yst, would saturate al t all . 9., %
Table 3 ReabPGH BEHBOTS BHE 19 PISGELD: BPtaOTs Ben JA RACHMORS REgfkrely not
nmExanpl e 0]5) LiQ): 3 | 88 € 11,
bor g) 00, 525, e fhart 8 s BRAUE Fochebclip i et £ el ity tpsethne
same COMTer Coilthy tdGPERAIS: weight. Such catalysts include: (a) a MoOj; concentration of
about 1 to 10 wt. %, preferably 2 to 8 wt. % and more preferably 4 to 6 wt. % of

(D

the total catalyst; (b) a CoO concentration of 0.1 to 5 wt. %, preferably 0.5 to 4
wt. % and more preferably 1 to 3 wt. % based on the total catalyst weight. The
catalyst will also have (i) a Co/Mo atomic ratio of 0.1 to 1.0, preferably 0.20 to
0.80 and more preferably 0.25 to 0.72; (ii) a median pore diameter of 60 to 200
A, preferably from 75 to 175 A and more preferably 80 to 150 A; (iii) a MoO
surface concentration of 0.5 x 10 to 3 x 107 g MoOs/m?, preferably 0.75 x 10™
to 2.4 x 10™ and more preferably 1 x 10™ to 2 x 10, and (iv) an average particle
size diameter of less than 2.0 mm., preferably less than 1.6 mm and more
preferably less than 1.4 mm. The most preferred catalysts will also have a high
degree of metal sulfide edge plane area as measured by the Oxygen
Chemisorption Test described in “Structure and Properties of Molybdenum
Sulfide: Correlation of O, Chemisorption with Hydrodesulfurization Activity,”
S. J. Tauster, et al., Journal of Catalysis, 63, p. 515-519 (1980), which is
incorporated heremn by reference. The Oxygen Chemisorption Test involves
edge-plane area measurements made wherein pulses of oxygen are added to a

" carrier gas stream and thus rapidly traverse the catalyst bed. The metal sulfide
edge plane area of the catalyst, as measured by the oxygen chemisorption, will
be from about 761 to 2800, preferably from 1000 to 2200, and more preferably
from 1200 to 2000 pmol oxygen/gram MoOs. Alumina is a preferred support.
The supported, low metal loaded Co and Mo containing catalyst used in
Example 3 below, met at least the broad ranges of all the catalyst parameters for
the low metal loaded catalyst set forth in this paragraph. For catalysts with a

high degree of metal sulfide edge plane area, magnesia can also be used. The



| ow netal | oaded, high dispersion catalyst of the invention used in Exanple
1 and consisting of 4.34 wt. % M3 and 1.19 wt. % CoO on an al uni2riR 20
support, WydGyMIaaverage catal yst particle size was about gcBusowssmes used
in this experiment to desulfurize an inté@rnedi ate cat cracker naphtha. The
‘napht ha feed contained 992 wppm sul fur and had a Brom ne Nunber of 51. 3,
whi ch represented 30. 8 vol. .% olef] W | &% qbope, the

cat al yst (abc&ﬁ]y%(fugg()m&baée%ag/e"gﬂ]géﬂegéwlﬁzcéi ntrgaelghlgsn@gﬁﬂirisot her mal , downfl ow,
all vapor-p iafils sALRAE FEeanAs, silfed NV AIRR thebbxiles whithacaibet0

vol . % m xt tﬁ?aogiﬁggﬁr ogen (60 % and nmethane (40 % . The initial

desul furi zi f’;ﬁ'em@hﬁhg peeparatidieof thacatilyste leispreferpat tiat the oatabysi be feeet r eat
gas rate of rate of 1368 scf/b, and a 383 psig total inlaitg pressur.e. The
space vel ociefsuch congmiagnts.nin paeamhadimenfythescalalysHomay aigo FABIAR on

d i od .of I h i
N sl o y | HoleasBaeBrotErab Pradp 4 B e PErp o b To T ut R SFAE 20
vel oci Y. "Pr SRl AR shaSL ERNEARIVES Scfbcfed HSH 118 Bobp orainenk T

scf/b. An analysis catalyst at the end of The run 2 MAR 2004
VD 01/ 72929 FiELHSRAL38d AFetdld drenaal édides of mealsof &roup Ine(alkalepetsls)s and
the hydrodesul furization activity was between about 15-20 % of that of the
fresh. catalyst at the beginning of the run. Thus, at the end of the run
the catal yst was a spent cat al ysf of th ion.a

i .and th t
condi tions were wi BhPRE OhBIOKS 633 W@%&%@%?%@@H 1P8%§)[olrr§%(ac Oogll teon

ranges of the invention, .T . r 0 | ﬁ%qi@i en
conpared to PO e@faxa)h%m@ger %&%%htnﬁgﬁrrﬁﬁ%F%}%%}gg? %‘@)eré%?g% ' )é}&garl y
demonstrate g t&fetc'})ﬁigbyam@galée@ﬂhm&aﬁtVMaﬁ@Mm Giebss anbiladr methodsi on i n
the mercaptan [evel of the desul furized. naphtha. COVPARATI VE EXAMPLE CC

Thi s conpar akhewn i dhgzk ekillelddn dbe am, such asxoprexchang vilth IPEegNadien ol ef i n
saturation arid the mercaptan con‘tai)gé of the desul furiﬁd .naﬁht r]a grbqﬂuct
at the st art msthadseeingpigiarrsd. bawtable ggueRUSEIRTRBRAULT SUHOR includ 1Yst was

f h. Thus, the .initi te t : : {; Akh
e TS, ok e RRES Sl T RGTR, dBpyebBneliee 1un
the scope of LiBfednBi6H b e calgtibyitAURRIbEA R dipomeith ban dic drhplosed

of the run are 0 set t n Table"3, as a conparison to those qgbtained
at the end obytifi€iplennwenitss, iprégriatiendasml agsicoas dr pegani¢ orediangUPREHIIBE Ve e

within the scope of the invention. ) , . .. £
Impregnation as in incipient wetness, with or without drying and calcining after

=

each impregnation is typically used. Calcination is generally achieved in air at

temperatures of from 260-650°C, with temperatures from 425-590°C typical.

) The invention will be further understood with reference to the examples

below.
E PLE

Example 1

A spent batch of a commercially prepared, low metal loaded, high
dispersion catalyst of the invention was used in this experiment, and consisted of

4.34 wt. % MoO; and 1.19 wt. % CoO on an alumina support. The spent



Tabl e 3 Tenp., C% HDSTotal S, % A efinRSH, ppmappnSat urati onExa

‘ np)j e
.273.020816. 814. 0310. 5Exanpl e C83. 516420. 553. 4274 2 MAR 200b V\é 4R 8p29

15 PCT/ USOW @B2903 It is understood that various other enboglifeahssand
modi fications in the practice of the inveMion will be apparent to, and can

‘be readily nmade by, those skilled in the art w thout departing fromthe

scope and Sgatalylst WasttReh MR the o BEE Ufté%cﬁ%ﬁ)éﬁﬂf\ﬁfﬁﬁ%?é[a@ﬂir%sedfo I's not

i ntended that the scope of the clains apperided hereto Imted to the

exact descr dgsulfirizeehedwyr ¢dt caboker, ndphitha ahtiéts desalfutibimgcdcaivity wae beowesnr ued
as enconpassing all of the features of patentable novelty which reside in

the present 190e¥ ebwhat Hds yhenyitavas fresh s Aaqalysis ofithe eattlystiindicetsd whatdh
Which the | ABRAEPBINEAAPARKGY St Shpfarsenis ds a gorsearase of BacemAiraebs age
Conpr i oi ng. CSutiriatict G a5itapdicafilysCoitiele 2B AsOH: T BaBEL . of
o from 505 Fo 49n o B S G
rati o of frenhx0Boomime Nauhber ofR2Sewhicheemresentsd 119svalp¥r alefins.i The he vapor
phase. catalyst was used as a fixed bed in an isothermal, downflow, all vapor-phase
pilot plant reactor. The desulfurizing conditions in the reactor were 352 - 366°C,
100% hydrogen treat gas at a rate of 2600 scf/b, and 300 psig total inlet pressure.
The space velocity was about 3.25 LHSV. Thus, the catalyst was that of the
invention and the reaction conditions were within the broad reaction condition
ranges of the invention. Overall sulfur removal was 89-93.4% and olefin
saturation about 35%. Table 1 shows percent total desulfurization, total product
sulfur levels, and mercaptan sulfur levels. The 89.6 % and 92.2 % sulfur
removal (HDS) were at 352°C, while the 92.4 % was at 366°C. The data show
that as little as a 4°C temperature increase over 352°C to 366°C, significantly
reduced total product sulfur. It was determined that the presence of the arsenic
on the catalyst produced the same results as normal carbon laydown during
desulfurization. Therefore, except limiting the regenerability to about 25-30 %
of the fresh catalyst, the presence of the arsenic is believed not to have any
adverse effect on the high temperature desulfurization. Consequently, but for
the presence of the arsenic, the catalyst would have been almost fully

regenerable to the activity of the fresh catalyst. No nickel, iron or vanadium was

found.



2. A process according to claim1 wherein said catalyst conpri sezsmr%édqgast
one Goup VIII catalytic netal conponent and a catal yst support co
3. A proogevigeewrding to claim2 wherei n said at | east oneCTHS@I3yBCc net al
conponent, calculated as the netal oxide, s present in said catalyst in an
amount of less than 12 wt. % based on the total catalyst weight. 4. A
process according to claim3 wherein sargbleat al yst can be regenerated to
restore at |east a portion of its catalytic activity. 5. A process
according to claim4 wherein said catalyst contains a Goup VIB and a
catalytic netal caonponent of a non-nohle Goup MLl _netal 6. A-process
according tojclaim 5 wherein said spent cat al yst has a hydrodesul furijzati on
| evel of from 2-40% of t W cat ocess according to
‘claim5 whergin said napﬁwﬁo‘ﬁ"é&l‘a@ Wéﬂéﬁ%ﬁsﬂ % ol ef i nd and
from 0. 1- 0. 7 pwt—-bo-t-0t-gt—atH [ul grocess—accoTdrTy—t U = TTe—THer ei n
I

at least 75 wt. %of sdid tota Jeed SL|fUI’ i rem)v(zd@gPd gxiin nd
greater than [6Emp., % df eadiRS i nsTateSsat {ir4ldighn RPPbq4 - 17

9. A process jaccording{to claim8 whergin sgppinr ea¢ Sabwattaindi ti ons i rlcl ude

a tenperaturg of 3&5 1€45t330 (., 86.07 §ssur @9of 1 rpm 63,0600 psi gl and a
hydr ogen tredt gas ratijo of frg¢gm 2500-4000 scf/b apd whereip at | east| 80

w. % of sai dfeed sulflur s rdnpy i . 1 M
conp Qnt cl al co 3’nent of at

wherei n sai d {& o392V B jcaddidytilc Hétal

| east one of jat | east dne, of Nb and Wland whereinjsaid G oup VI

catal ytic netfal gggpongnt 319l Udegeat Ijeast joge of | Co 44 . 13.0 A process
according to.jclaim 10 v*herein daid totgl feed sulftl s{fromO0.2-0.7

W' %

range

As seen in Table 1, the high temperature and deep desulfurization of the
invention significantly reduces mercaptan sulfur in the hydrodesulfurized
product. The use of the combination of the low metals loaded, spent catalyst and
high temperature reaction conditions of the invention, permits product
desulfurization and olefin saturation targets to be met, while maintaining

acceptable olefin levels.

In this Example and in all of the Examples below, the % olefin saturation

was determined by the % Bromine Number reduction.

COMPARATIVE EXAMPLE A

A laboratory prepared, fresh batch of a low metal loaded, high dispersion
catalyst in a 1.3 mm ASQ form, consisting of approximately 6.5 wt. % MoO;
and 2.2 wt. % CoO on an alumina support, was used in this experiment and in
the experiment below. Thus the catalyst composition was that of the invention,

but the catalyst was fresh instead of being spent or partially deactivated. The



12. A process according to claim 11 wherein said naphtha feed cont Rg@ from
25 60 wt. %olefins, of which no nore than 50% are saturated duri @A Dhg
hydrodesuquronfﬂaazson 13. A process according to claim 12 woayesoossasd

total feed sulfur ranges f1'0111 0.2-0.7!. % and wherein at |east 90% of
said feed sulfur is renoved. 14. A process according to claim 13 wherein at

| east 95 wt. fe%’@i@aSStﬁle(iahﬁtEHavﬁl%ﬁﬂn@pﬂtﬁdeecd%sé@f@EﬁM‘l’é'lngoﬁtf&hﬁng, 2813
hydrodesul furization. 15. A process according to claim 14 wherein said

reaction comappiroteali sudfundendi29.6 pemateumenlodr (ﬂ9mmi I4Dand3h€. , a pressure no

greater thal 50 p5| g. and a | xydrogen treat s ratio of from 3000-,4000
scf/b. 16. redesy ﬁbf&?@r"&ﬂﬁ@“@bw@ﬁ an Fﬁoﬂ!‘ﬁl’mﬂér wntkawaalr SEPOERRRsE RYOKL

e P AT T oo i
pracess 0r damiiéd AR i andohl s 3000009 BRRABN feyggd i

reduced nercaptan formation rogen,

in the presemtie ¢f 239608 andha 360 phl@étﬁtal et prasdure.r Therfeedspace veloci
hydr odesul f uri még% catalyst having a hydrodesul furization activity of from
a

2-40% of a neas LH&V aﬁhus;cmhléﬁ the catalyst veastalow aded iatalgst gpraimingne or

vanadi u reaction condit.ions, i ngl udi,n

{ne):rge(r);t ﬂ'rgkﬁp Bre %«ﬁ%ﬂwh&wt conapqs}eeg%ur%awtr%ﬂ?ﬁbd@e esipRle g%gﬂg a
hydrogen ”e%%d ﬁ?esloﬁ é}&mfré %%B%Ofa@oo%@&[:ﬁ{) o?!@%ﬁhe iff ncg?t al yst

conprises a cata nponen onen a support

conponent vmezreralpgmmrsxeﬁwauma%s i, 195 aad tfeéu)ol@ﬁmaﬁahph%m pygsent in
an amount of from1l to 10 wt. % cal cul ated as Mb03 and said Co conponent

bei ng presenTable 2comperestthese results With resoltS fout the Kamel frestncatdlyse, fee@andi th a
Co/ Mo atomic ratio, of g 1 to 1, wherein. the iotal anount of ,sai dh)g(b and Co
catal ytic co‘f?&émnbgta ighen fernperatise which isstilldewer ﬁlaﬁ)othgrr@mlmum ghaty wt .

% of said c ht h ai . %
total sul fu(ra\s% tge\g(%g%tﬁgev&fstﬁ ‘féé'ﬁ ﬁsﬁ \%ﬁgpdelig ét d 833%%‘?61‘] W8 zation
reduces sai dsf)afs revtdlea tlb&f iPthel RAgHur{Zatith tetpetdtire mngﬁs@ﬁfeﬁmafr‘a@ygfqé %
saturation, and wherein the process is operated in the vapor phase.

process accomtireasetihigh ahoughtordvhisierthe bow tathbdesatfnizatiof lsmld achte&b;l tm c
conmponents i.S no eater than 10 wt. % of sajd catal yst, wherein the

concentrati oExem il g2 ﬂ/@fﬂtﬁﬁkﬁ@ﬁln the aphthafeed wall WGQNT&F@SSTW%@Q 8 wt.

0,
%of said ca}tl emp%rature ﬁydrodesulfunzmg regime of the invention cannot be used with

the fresh catalyst.

MP XA

This experiment was similar to Comparative Example A, using the same
fresh catalyst, feed and reactor, etc., except for a higher temperature of 288°C, a
100 % hydrogen treat gas at a ratio of 2629, scf/b, a space velocity of 7.6 LHSV
and a 116 psig total reactor inlet pressure. The results are also set forth in Table
2, in which they can be readily compared with those obtained from Comparative
Example A above. Thﬁs, even with the higher temperature of 288°C and lower
pressure of 116 psig., the fresh catalyst was unable to achieve the low mercaptan

content of the process of the invention. Modeling studies revealed that to



concentration of said Co conponent cal cul ated as CoO ranges fron?m-ﬁ w .
% 19. A process according to claim 18 wherein said feed contain: Wast
10 wt. ol gfpngsang at least 0.2 wt. %total sulfur and whepermsbesIos han
50% of said feed olefins are saturated. ¥0. A process according to claim19
wherein the total anpunt of said catalytic conponents is no greater than 8

w . ol salidofalainelomphauR 8 J1BCCORRE Al frédH enaRlstSebdldarsmD anaost

cal cul ated as rang om4-6 wt. %of said catal yst and the
concentrati of) (g .§aig§¢gdf(ﬂli§)ge@mefﬁﬁ! cul ated as Co0O ranges from1-3 wt. %
2 MAR 200b -19 2%. A process according to claim20 wherein wherein said
reaction conditions include a tenperature of from 340-425 C., a pressure of
no nore than 350 psig, a hydrogen treat g@hr&ti o of from 2500-4000 scf/b
and wherein at least 90 wt. % of said fe @kfur is renoved. 22. A process
according to claim21 wherein said feed contains at |least 25 w. ol efins
and at least 0.3 wt. %total sulfur and wherein |less than 30% of said feed

olefins are slatur ated—237 A Process acqeor ding[To, ehfl 421éhe '[N RSH d
reaction condjfions iaclude a tenperatur It 0Q),37Q- 425 da,,jﬁpﬁ dgen
treat gas ratj eqitian Gip BS 4000 scf! % Bipg | hnifdtict Swpit i 99
Ar.AF5. A A A AExample AF(260. R, 366 msigBoy . RBA. Ag, . ARa4 35 63

. AQU. A9. A%~ gMl-wrlgblX-eabraleal-cabl-eatealcafeatsalcathcalsalcralPaidal ¢
a] ca] ca] c*a] ch] ?a%ﬁ’e% @8§]p€a1 @?%& cMal ?D:}] cayl cg?t,?; N ijhla £5.7

FIQ T #88%99et-&-&— N0 ) )y —2{vgtfatWcajcajcau caJcaJcaJ caJ caJca] ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca]ca]ca]ca]ca]c”a]ca]ca]cal22

*D5D8DDzFG JJ" J) JKKKNR{ uoj e_ZU] ca] cal] ca] ca] ca] c”a] c”a] ca] ca] ca] ca] ca] cal] ¢
a] ca] ca] ca] cERAMEPEE 2] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! RRRRRR} SST

For this experiment, a fresh batch of the same commercially prepared,

low metal loaded, high dispersion catalyst of the invention used in Example 1

" and consisting of 4.34 wt. % MoO; and 1.19 wt. % CoO on an alumina support,
with an average catalyst particle size was about 1.3 mm, was used in this
experiment to desulfurize an intermediate cat cracker naphtha. The naphtha feed
contained 992 wppm sulfur and had a Bromine Number of 51.3, which
represented 30.8 vol. % olefins. As in the Examples above, the catalyst (about
20 cc) was used as a fixed bed in an isothermal, downflow, all vapor-phase pilot
plant reactor. The hydrogen treat gas was a 60:40 vol. % mixture of hydrogen
(60 %) and methane (40 %). The initial desulfurizing conditions in the reactor
were a temperature of 274°C, a treat gas rate of rate of 1368 scf/b, and a 383
psig total inlet pressure. The space velocity of the naphtha feed was about 3.34
LHSV. As the reaction progressed over a period of several weeks, the
temperature in the reactor was slowly increased up to a final temperature of
310.5°C. The final space velocity, pressure and treat gas rate were 3.3 LHSV,
378 psig and 1380 scf/b. An analysis of the spent catalyst at the end of the run
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COMPARATIVE EXAMPLE C

This comparative Example relates to the extent of desulfurization, olefin
saturation and the mercaptan content of the desulfurized naphtha product at the
start of the run described above as Example 2, when the catalyst was fresh.
Thus, the initial temperature of 274°C used at the start of the run when the
catalyst was fresh and the fresh catalyst itself, are both outside the scope of the
invention. The hydrodesulfurization results at the start of the run are also set
forth in Table 3, as a comparison to those obtained at the end of the run, when
both the catalyst and reaction temperature were within the scope of the

invention.

Table 3

| Temp.,°C | % HDS | Total S, % Olefin | RSH, ppm

. wppm Saturation
Example 2 79.0 208 16.8 14.0
310.5
Example C 83.5 164 20.5 534

274
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the art to which the invention pertains.
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12 wt. %, based on the total catalyst weight.

4, A process according to claim 3 wherein said catalyst can be regenerated to

restore at least a portion of its catalytic activity.

5. A process according to claim 4 wherein said catalyst contains a Group VIB

and a catalytic metal component of a non-noble Group VIII metal.

6. A process according to claim 5 wherein said spent catalyst has a

hydrodesulfurization level of from 2-40% of that of a new catalyst.

7. A process according to claim 5 wherein said naphtha feed contains from 5 to

60 wt. % olefins and from 0.1-0.7 wt. % total sulfur.

8. A process according to claim 6 wherein at least 75 wt. % of said total feed

sulfur is removed and wherein no greater than 60 wt. % of said feed olefins are saturated.
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9. A process according to claim 8 wherein said reaction conditions include a
temperature of at least 315° C., a pressure of from 60-500 psig, and a hydrogen treat gas ratio

of from 2500-4000 scf/b and wherein at least 80 wt. % of said feed sulfur is removed.

10. A process according to claim 9 wherein said Group VIB catalytic metal
component includes a component of at least one of at least one of Mo and W and wherein

said Group VIII catalytic metal component includes at least one of Co and Ni.

11. A process according to.claim 10 wherein said total feed sulfur ranges from
?' 0.2-0.7 wt. %.
12. A process according to claim 11 wherein said naphtha feed contains from 25-

60 wt. % olefins, of which no more than 50% are saturated during said hydrodesulfurization.

13. A process according to claim 12 wherein said total feed sulfur ranges from

0.2-0.7 wt. % and wherein at least 90% of said feed sulfur is removed.

14. A process according to claim 13 wherein at least 95 wt. % of said total feed

sulfur is removed during said hydrodesulfurization.

15. A process according to claim 14 wherein said reaction conditions include a
temperature of from 340-425° C., a pressure no greater than 350 psig, and a hydrogen treat

gas ratio of from 3000-4000 scf/b.

16. A process according to claim 15 wherein said feed contains at least 0.3 wt. %
sulfur and wherein no more than 30 wt. % of said feed olefins are saturated during said

hydrodesulfurization.
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17. A process for desulfurizing a sulfur and olefin-containing naphtha feed with
reduced mercaptan formation, comprising reacting said feed with hydrogen, in the presence
of a spent and at least partially regenerable hydrodesulfurizing catalyst having a
hydrodesulfurization activity of from 2-40% of a new catalyst and contains no more than a
total 500 ppm of one or more of nickel, iron and vanadium, at reaction conditions including a
temperature of from 305 to 455° C., a pressure of from 60-600 psig, and a hydrogen treat gas
ratio of from 2000-4000 scf/b, wherein said catalyst comprises a Mo catalytic component, a
Co catalytic component and a support component which comprises alumina, with said Mo
component being present in an amount of from 1 to 10 wt. % calculated as MoO3 and said

) Co component being present in an amount of from 0.1 to 5 wt. % calculated as CoO, with a
Co/Mo atomic ratio of 0.1 to 1, wherein the total amount of said Mo and Co catalytic
components, calculated as MoOs; and CoO is no greater than 12 wt. % of said catalyst,
wherein said naphtha feed contains up to 0.7 wt. % total sulfur and up to 60 wt. % olefins,
wherein said hydrodesulfurization reduces said feed sulfur by at least 75 wt. %, with no more

than 60 vol. % saturation, and wherein the process is operated in the vapor phase.

18. A process according to claim 17 wherein the total amount of said catalytic
components is no greater than 10 wt. % of said catalyst, wherein the concentration of said
Mo component, calculated as MoOj; ranges from 2-8 wt. % of said catalyst and the

concentration of said Co component calculated as CoO ranges from 0.5-4 wt. %.

19. A process according to claim 18 wherein said feed contains at least 10 wt. %
olefins and at least 0.2 wt. % total sulfur and wherein less than 50% of said feed olefins are

saturated.

20. A process according to claim 19 wherein the total amount of said catalytic
components is no greater than 8 wt. % of said catalyst, wherein the concentration of said Mo
component, calculated as MoOj ranges from 4-6 wt. % of said catalyst and the concentration

of said Co component calculated as CoO ranges from 1-3 wt. %.
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)
23. A process according to claim 22 wherein said reaction conditions include a

temperature of from 370-425° C. and a hydrogen treat gas ratio of from 3000-4000 scf/b.



