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The inventy,ghsf &gl €s to desul furizing naphtha over a cat alp?‘(i ”\gh&g

sel ectively suppressed hydrogenation activity. Mre particu PR
invention relates to hydrodesul furizing naphtha over a sul fided naphtha
desul furization catalyst, treated to selectively decrease its olefin
saturation activity. BACKGROUND OF THE | NVENTI ON [ 0002] Low sul fur notor
gasol ine (nogas) requires the production of low sulfur blend stocks for the
nogas pool. The primary blend stocks are derived fromcat cracked (e.g.,
FCC) naphthas, which in addition to unwanted organic sulfur conpounds, are
rich in olefins desirable for nmeeting high octane rating requirenents. The
naphtha is reacted with hydrogen in theipresence of a sulfided

hydr odesul furization catal yst, which forns HZS and a sul fur-reduced

napht ha. The H2S i s separat ﬁ‘l?ﬁf}?ﬂb EGLFS(B‘RIE rid d naphtha, which is then
used for npbgas. Such catgh’ é’Fﬁ/Eﬁ{{PS%E?%E% 'X(% ﬁchont ain a catalytic
conponent of at least o en a m xture of non-

noble Group VIIl and Goup VIB netals. In addition to having catal ytic
activity for regpvpiog 5 iNvENGSN ot her het eroat ons, these naphtha

hydr odesul furi zation catalysts have hydrogenation activity, which saturates
the desirable olefins._[0003] Selective one and two-stage.

hydr odesul furi za®PBh pFisdrReation ralatgs o dramiiyrizipgerpahtiiaver at"@“g’%‘?‘d“&)l efin

s?{t uration and ceradBlylsagpresee hRifgeldaf&tacti B Rlordpaficd&Bake ideatigat al ysts t hat
have been at | eas artially deactivated b oke . for i.on or by the use of
b b tors i n or et e ER NG S e actompant es
desul furi zat i on. catdysewered td dalectively ti¢cedaseds alefin saatdtiomaciviso  substantial |y
reduces the sulfur renpoval activity of the catalyst, which is

BACKGROUND OF THE INVENTION

[06002] Low sulfur motor gasoline (mogas) requires the production of low
sulfur blend stocks for the mogas pool. The primary blend stocks are derived
from cat cracked (e.g., FCC) naphthas, which in addition to unwanted organic
sulfur compounds, are rich in olefins desirable for meeting high octane rating
requirements. The naphtha is reacted with hydrogen in the presence of a
sulfided hydrodesulfurization catalyst, which forms H,S and a sulfur-reduced
naphtha. The H,S is separated from the sulfur-reduced naphtha, which is then
used for mogas. Such catalysts are known and typically contain a catalytic

( , component of at least one Group VIB metal, and more often a mixture of non-
noble Group VIII and Group VIB metals. In addition to having catalytic activity
for removing sulfur and other heteroatoms, these naphtha hydrodesulfurization

catalysts have hydrogenation activity, which saturates the desirable olefins.

[0003]  Selective one and two-stage hydrodesulfurization processes have been
developed to avoid olefin saturation and concomitant octane loss. Some
processes use catalysts that have been at least partially deactivated by coke
formation or by the use of inhibitors in order to decrease the olefinic saturation
that accompanies desulfurization. However, the partial deactivation also

substantially reduces the sulfur removal activity of the catalyst, which is



WO 03/41785 4 6 20JUL2006 PCT/ US03/ 07206 undesirable. O her naphtha
processes use catalysts made with netal conpounds, which seIZaBtJlUizéﬂﬂﬁ and
per manent |wopsi s hydr ogenati on sites. The hydrogena- ti opcggish Yt Of
t hese catal ysts cannot be restored, even with regeneration. Such processes
are disclosed, for exanple, in U S. patents 5,286, 373; 5,525,211,
5,423,975; 5,985,136 and 6, 231, 754. There is a need for a naphtha
desul furiza- tion process using a catalyst whose olefinic saturation
(hydrogenation) activity has been selectively suppressed, w thout
substantially reducing its hydro- desulfurization activity. A further
process inprovenent would result if this selective suppression could be
achieved with the catalyst on-line in a reactor. Such one-line, selective
suppressi on coul d be acconplished wi thodt the need for taking the reactor
off-line, renoving the catalyst, treating the catalyst, recharging the
reactor, and themdemmlarmma@aﬁﬁﬂa pfbaakbk a5t calaignd ri'nhtl’eiuzmﬁﬂe&ncoﬂibmeﬁs SUWMARY OF
THE | NVENTI ON [00 4]] ] Vily ntion t{e atq}dtonslc;,\on Z.ge% desul furizing a
napht ha cont ai ni ng' SElFYG 1Y A RFTIRTEUD BP AR Y TGP AU St o EPERE nunber [ oss
and hydrogen cotsumpity ofithese sathlystspgnnbr lemespedduevat winrepapedayedr 8gpbnat i on.  The
O O ol £ leesdellPALdos i BEnfle SO Yerlfs A Iyl PaV] N0 act | vi LY
a ro B ydlr

for hydrodesul furization an ehati o ut” whosé’ odesul furization
sel ectivity has b&BH7H; rﬁwéw@ad6231h7é4hw|reogem@fcmnnmthraﬁsvlg;m@# t he catal yst

is selectively r ﬁ&%&gss%mgsmmﬁﬁﬁﬁg ole‘ﬁ){lc@at&rﬁtﬁfi\t(ﬁﬁmgeﬂé{ﬁbﬁﬁbuﬁwr' S€s

contacting the catalyst wth (i) %%/ rogen, %’ | east one sel ectively
deacti vati ng agef® Tcﬁaﬁflecflé"@()%‘é%’ests “”I‘f?ﬂ‘r%'@f@ﬁ‘é’t‘ srilucipg ¥syWE- of  the catal yst,
and (iii) a pr Ot&@ﬁ]fuﬁ&ua;ga&:ﬂht)t Mnﬂfﬂb&ﬁi:&pﬁﬂdndﬂfﬁﬁﬂﬁﬂéﬁﬁnﬁdﬁe hydr o-

desul furization o& al ﬁl \E{ ¥ tlhe cgt ¥ duri ng the
treatnent. HydrS éévﬁls‘fpﬁ?cfsioé‘twg SEIMEEE M f'&?c%ll%yiﬁg'é "HB "refers to the
hydr odesul f uri za%uclhone- )avetsalvqmys@mpssesscmw ueracdoeuphsled)w:&thmed forrat e const ant

(such as Rl at | v, Cobalorat orAGLlHdbe e calFE ealy ety Rl o ogenat
activity expr esse
the reactor, and then restartmg the naphtha desulfurization process.

SUMMARY OF THE INVENTION

[0004] The invention relates to selectively desulfurizing a naphtha containing
sulfur and unsaturates with reduced octane number loss and hydrogen
consumption resulting from saturation by hydrogenation. The inventon is based
in part on the discovery of a catalyst having activity for hydrodesulfurization and
hydrogenation, but whose hydrodesulfurization selectivity has been increased.
The hydrogenation activity of the catalyst is selectively reduced or suppressed
by a treatment which comprises contacting the catalyst with (i) hydrogen, (ii) at
least one selectively deactivating agent that reduces the hydrogenation activity of
the catalyst, and (iii) a protective agent that protects and preserves the hydro-
desulfurization or sulfur removal activity of the catalyst, during the treatment.
Hydrodesulfurization selectivity as used herein refers to the hydrodesulfurization
activity expressed in terms of a kinetic rate constant (such as Relative Catalyst
Activity or "RCA") divided by the hydrogenation activity expressed in the same
way. As used herein, hydrogenation selectivity is the reciprocal of the hydro-

desulfurization selectivity. The hydrogen, selectively deactivating agent, and



way. As used herein, hydrogenation selectivity is the reciprocal Cﬂ
hydr o- desul furization selectivity. The hydrogen, selectively dé&oﬂﬂ ﬁing
agent, an L 2006 WO 03/07M46 PCT/US113 /0 7 2 0 6 ective agent
‘may be prggéggwégh; m xture. Thus, the hydrogenation act.vF?@R%%””Fw

catal yst is suppressed or reduced, while preserving the hydrodesul furization
activity. The nethod is applicable to a catal yst that has been, and is,
on-stream in a reactor, to a fresh catalyst, and to a regenerated catal yst.
The catalyst treatnent is applied to a sulfided catal yst, and nay be
conducted at the sane conditions of tenperature and pressure being used for
napht ha sul fur renoval. Such an enbodi nent woul d be advant ageous for
treating a catalyst in situ, in a naphtha desulfurization reactor, since
there would be no need to alter the reaction conditions when treating the
catal yst instead of renoving sulfur from the feed. By sulfur renmoval is

neant that a nanhtog.f Gal GO Ahahg. AE0ANNT., Bl hidiRAIRRIGS | s react ed

with hydrogen in the presence t he catal yst uce H2S and a napht ha
reduced in sul f uthe caphyst ‘H@Bfeﬁﬁiﬁfb@“@épﬁvlw@w\ﬁ%hﬁhYﬂWéesslfl-lﬂfl‘mODreduced

napht ha. [0005] :;Ehﬂtycﬁ'hé’-lnytﬁid1§%Wabl§ﬁ$ac@ta@9m9&lsb&n%dﬁ S&ddrdnyt i ¢ conmponent
of at least one Group VII| metal and a support component. Non-noble G oup

VIIl netals ar e‘“ﬂf"é‘?‘&rr Fodfreshqaialyst T“&I‘%’Fgeﬁ?’é‘l:%?"’&ms&/ ThefAAses a conposite of
a catalytic confwam&mtls quhaitmheﬂsied Qtdbﬁpaﬁtﬂrhdybgeﬂlﬂﬁctﬁﬁdthaimﬂeeast one G oup
VIB netal, suppg % ! ? étor |nor |de ﬁ &g Tot al

catal ytic netal °°f gdﬁﬁggm%cfalf IR ebf’fgvﬁe orﬂ%f’ a5y ht of the
cdtalytic netal %xh dd@pdrmlwnldﬂma@emﬁgﬂdlsmummga padfsempsigdinaPar ti cul arly
preferred is a '.amﬁae&emlfuhaa&e@amf%@é &2t wGRER oSddo m%gnd M8, and a

support conponent conprisin east one o um na i ca and
silica-al um na. WEOW@P%P"W%’@ ﬂ}srcetslmtmsa@bpfr@rovms sHiyfree sul fided in

situ in a napht hfe @desWyfskifr Zaoh AR hBMGKPE ndphithiBed JoRMhining ¥A8RE €, conventi onal
sul fiding procedures.

sulfur compounds is reacted with hydrogen in the presence of the catalyst, to

produce H,S and a naphtha reduced in sulfur. The H,S can be separated from

the sulfur-reduced naphtha.

[0005]  The catalyst comprises a composite of a catalytic component of at
least one Group VIII metal and a support component. Non-noble Group VIII
metals are preferred. The catalyst preferably comprises a composite of a
catalytic component of at least Group VI metal and at least one Group VIB
metal, supporied on a refractory inerganic oxide support. Total catalytic metal

( Ioadings of less than 12 wt%, based the weight of the catalytic metal oxide(s)
prior to sulfiding, are preferred. Particularly preferred is a low metal loaded
catalyst comprising CoC and MoO,, and a support component comprising at
least one of alumina, silica and silica-alumina. The catalyst may be presulfided
or it may be sulfided in situ in a naphtha desulfurization reactor using, for

example, conventional sulfiding procedures.

{0006] The one or more selectively deactivating agents used in the catalyst
treatment will comprise hydrocarbon species having olefinic unsaturation.
Representative species include, for example, diolefins ("dienes"), triolefins, and

aromatic unsaturates having olefinic unsaturation. Illustrative, but non-limiting



[ 0006] The one or nore selectively deactivating agents used inzmhﬁuqRMplyst
treatnment will conprise hydrocarbon species having ol efinic unsaturation.
Repr esent avowegompeci es i ncl ude, for exanple, diolefins ("deenasider2oe
tiolefins, and aromatic unsaturates having ol efinic unsaturation.
Illustrative, but non-limting 2 0 JUL 2006 WD 03/078546 PCT/US03 /0 7 2 0 6
exanpl es of such hydrocarbons include, for exanple, cyclic al kyldienes such
as dicycl opent adi enes and cycl opent adi enes, styrenes, vinyl toluenes,

i ndenes, non- cyclic alkyldienes and the |like. Mxtures of such
hydrocarbons, at a total concentration found effective for the catalyst
treatnent, are found in thermally cracked naphtha and thermally cracked
napht ha may therefore be used during the treatnment, to provide these
hydrocarbons. Representative thermally ¢racked naphthas include, for
exanpl e, steam cracked napht ha, coker naphtha, visbreaker naphtha, VGO

t hermal cracker dxapplesid such Agiretasbbislietude, liereeoiple, Afctienkitidisnes dutteat nent, all or
sone of these sel.ectively deactiyvating agents (.S as .reactive,

insat urat ed. hydr SEaPRERG IR RN LIRS, ST RS LR ke

hydrogenati on awthioalkyldienerapd the hikd. Mistutepoflsechiydre@rionglaraitety subsequent sul f ur
renmoval . However Jo: | i L ess (e.g., 50%
t han that used c&ﬂ%elpﬁ%&? E’gﬁh&?@g{vﬁz&ﬁ?ﬁ cxcyxhlkéé?%%gezlygt%tﬁiﬁg Lnladtjél‘j%(l all!’yem)val activity
of the catal yst 9atled naehthazpd dpynapuererkedmaphstha may thesfere beysedgynagied and/ or coked
catal yst. In addhd kQinehQio prdVite REAFEIYRIMs. d@pElchMe ignAgentLd) , t he
catalyst is treated with ab¥least one %gote tive agent. [0007] Protective
agents are usef PPt m5Pat L EYaRleatit T e@r”@*?%l‘f@’ PRE PlIPR Pl oval activity
of the catal yst mptthanyGOhierrhil eatkeemiphia) and migtures dersgfe afierghd hat adsorb to the
catal yst and can_be subsequen g ...Representative species include,
for exanple, Corbefﬁf?t’ aglrsf‘l)r%oenée otsflll%ﬁ%glg&é’?ﬁgeﬁgf%%gr?é‘fnméshuah az‘fcfﬁaé;o‘l’fs am nes such
as aqueous et harobauritedchydiDearhong) uecaifer|sypprestioned theenalyticthiydrogemesioact i ve  agent
protects the cathystimsy Bt L HAlehENRNAbdhRALIAR drcby. from per manent

deactivation by the sel'ectively deactiva |_ng agent. At the concl usion of
cat al yst However, their concentration will be substantially less (e.g., 50%) than that used

during the treatment. Otherwise, the sulfur removal activity of the catalyst may
be rapidly reduced to the level of an aged and/or coked catalyst. In addition to
the selectively deactivating agent(s}, the catalyst is treated with at least one

protective agent.

[0007] Protective agents are useful for protecting and preserving the sulfur
removal activity of the catalyst during the treatment and include species that
adsorb to the catalyst and can be subsequently desorbed. Representative species
include, for example, CO, CO2, amines such as ethanolamine, and aqueous
amines such as aqueous ethanolamine. During catalyst treatment, the protective
agent protects the catalyst’s heteroatom removal functionality from permanent
deactivation by the selectively deactivating agent. At the conclusion of catalyst
treatment, the concentration of the protective agent is decreased in order to at
least partially restore the catalyst’s heteroatom removal activity. The protective
agent does not protect the catalyst’s hydrogenation functionality. Consequently,

the hydrogenation functionality is permanently deactivated. In other words, the

*



treatment, the concentration of the protective agent is decreased in order
to at least partially restore the catal yst's heteroatom renoval (agisli 2008 v.
The protecgt) agent does not protect the catal yst's hydrogenatian

funct i onaﬁ%at)é.?m-&%sequent ly, the hydrogenation functional f‘tg{/U?'?“B%‘F‘rranent ly
deactivated. In other words, the 2 0 JUL 2006 WO 03/078546 PCT/ US03/ 07206
hydr ogenation activity is not restored when the concentration of the
protective agent is decreased. [0008] Wthout the presence of a protective
agent, the catalyst's sulfur renoval activity would be irreversibly
deactivated by the selectively deactivating agent. During the catal yst
treatnent, the protective agent protects the catalyst's heteroatomrenoval
activity. However, this protection may be acconpanied by an inhibition of
the catalyst's heteroatomrenoval activjty. As discussed, inhibition of the
catal yst's heteroatomrenoval activity during feed desulfurization (i.e.,
after treatnent) ul d. be undesirabl e. Consequent]|y, desjrable protective
agent is one thdVYPEIFopacyvHy 5 npideFaen e 8°“Eé‘f‘%l°§/§? PIJIECINEL er oat om
removal acti vit yagehuisidageakedeat nent only. At the conclusion of catalyst
treatnment, the catalyst's heteroatomrenoval activity would be then
substantially r r ag: i iUl - ] otective agent, or
by decreasing i tlgﬁfsgoﬁ\glgﬁ%{vg{;ﬁ%ﬁ&%gﬁ%ﬂrﬁ%\}%{‘&gﬂ%ﬁe %&?&{%u]?{rlhi biting effect on
t he het er oat om rremeyakactivigyevopklibe irreversiply deagiivaieg by theseleewglynent , the use of the

protective agentjehSivarti SeMNDufitialle caBlystREHER dhd Qo ORERM AL on too low to
suppress the heteroatom renoval activity. D scontinuing or reducing the

concentration ofhtHRIYHE beieretem emoxy apiving Hiametrr g pigiegtiogmay Bast a porti on,

prefer ?bl y nost ,ac:fbﬂ%adti;ﬂarb@ dapg.eifbmﬁabd:ye ca?qhshaabiz@hIre)hoaillach@ﬁy.txbe het er 0¢[31t om |
renmoval activity.exhibit.g t he cat St rior to e treatnent. [0009
I n one embodi rren({‘s,c“sfelqelmgg'{’% e C?%lyﬁ?-)Eletl%%aé%rﬁgfwsa?%cnfnﬁye‘%’ﬁ?g i%%d:ni ng freshly
sul fided, catal ystulfuBaiidndbd. afterateatings] gouldieluudtsiraiza Conseqemly, and partial ly
deactivated cat aoyshis phidaive A BRdna G nGRkatdL hneAGhiity restored by,

for
heteroatom removal activity during treatment only. At the conclusion of catalyst

treatment, the catalyst’s heteroatom removal activity would be then substantially
restored by discontinuing the use of the protective agent, or by decreasing its
concentration to a level that has no inhibiting effect on the heteroatom removal
activity. Thus, after the treatment, the use of the protective agent is
discontinued, or reduced to a concentration too low {o suppress the heteroatom
removal activity. Discontinuing or reducing the concentration of the protective
agent should restore at least a portion, preferably most, and more preferably

{ substantially all of the heteroatom removal activity exhibited by the catalyst,

pnior to the treatment.

[0009] In one embodiment, the catalyst 1o be treated is a fresh, meaning
freshly sulfided, catalyst. Suitable catalysts include deactivated and partially
deactivated catalysts that have had their catalytic activity restored by, for
exampte, regeneration and sulfiding. In another embodiment, the catalyst to be
treated is a "used" catalyst, i.e., a catalyst that has been used for hydrocarbon
heteroatom removal for a period of time, including catalysts that have been used
"on-oil" under catalytic hydrotreating conditions. In yet another embodiment,

the catalyst to be treated may be partially deactivated catalyst, for example, one



exanpl e, regeneration and sulfiding. In another enbodi nent, the cataly t to
be treated is a "used" catalyst, i.e., a catalyst that has beeﬂ(hﬁﬂdﬂﬁ
hydr ocar bogo dsafeds@at om removal for a period of time, inclyg ﬁgggﬂysts
that have been used "on-oil" under catalytic hydrotreating condltlons

yet anot her enbodi nent, the catalyst to be treated nmay be partially

deacti vated catal yst, for exanple, one 2 0 J UL 2006 WO 03/078546

PCT/ US03/ 0720 , that has lost a portion of its activity for heteroatom
removal . The catalyst to be treated may conprise m xtures of fresh, used,
and partially deactivated catal yst. [0010] In one enbodi nent, the treatnent
is conducted ex situ of the hydrodesulfurization reactor, and, in another,
enbodi ment the treatnment is conducted in situ. The treatnment may be
conducted in a single step, where the {r-otective agent and sel ectively
deactivating agent are both present under treatnent conditions. In another

embodi ment, the LLeRkiRM pokiRn GRRAURLS thr hllero Mk RERVA VEre3h@RS 1o her e the
protective agent is introduced, the Selectively deactivafing agent is

i ntroduced, and R PHEOPPRE etireso! Fgbnised. andrarigledsactiveied @iy deact i vati on
of the hydrogenatl on sites. In another enbodinent, the treatnent is
conducted in sit oo reﬁmrtﬁxeodhﬁelﬁmrl@aﬁemcbﬂrnﬁcxbd/wsﬁdefahd furization

process feed conpositi reaction condi .this enbodi nent,
the, treatment %@%&“?@WW&?” 8¢ RSB °é“s°°§f§’e%1‘ ‘%Fﬁtaﬁ“ for regul ating
aspects of the hydnodoswti The zatmeonmyprbe casisgedsnig kinglssigp, ehkicthe het er oat om

cont ent . product e AGal WARLw SYGHALAGY ALl SOLIRN RIS, dosi rabl e

adj ust ments of prpocess paraneters’ such ydr ogen
consunpt i on, spa&eatpest erditigns. Ipapotherembediment, t"FH@alﬂP@atW?}dWay be repeated

as needed. B EFREGR FEP, Ol Prc e GHEES AL ofgiud 1S a o ah

showi ng reversi bl e CO_suppression of drodesul furi zation activity of a
catal yst havi ng 4eci\pingAeenfs ‘Tﬁ?ﬁjwe%ﬂ?‘f‘ﬂ?“ theRtRIeriive asgpids PaYedgenat i on. [ 0012]

Figure 2 graphi cadibwink dtadsdaticn of the h@og@hdtiog titeQlin bBBmbEEinement r at i ons
treatment is conducted in situ in response to changes in the hydrodesulfurization
process feed composition, reaction conditions, or both. In this embodiment, the ,
treatment may be employed, for example, as a method for regulating aspects of
the hydrodesulfurization process, such as product heteroatom content, product
octane number, Such regulation may permit desirable adjustments of process
parameters such as temperature, hydrogen consumption, space velocity, and

pressure. The treatments may be repeated as needed.
BRIEF DESCRIPTION OF THE FIGURES

[0011] Figure } is a graph showing reversible CO suppression of
hydrodesulfurization activity of a catalyst having activity for both sulfur removal

and hydrogenation.

[0012] Figure 2 graphically illustrates the effect of higher CO concentrations
on the hydrodesulfurization activity.

§0013]  Figure 3 is a plot showing rapid deactivation of hydrodesulfurization
activity in the presence of thermally cracked naphtha.



on the hydrodesul furization activity. [00131 Figure 3 is a pl @ @hg@mng
rapi d deactivation of hydrodesul furization activity in the df é h
thernally‘fé Fﬁp naphtha. 2 0 JUL 2006 WO 03/ 078546 PCT/U%E 37206 [00141
Figure 4 %s the selective deactivation of hydr odeSul"VaHZ3 on
activity fromthermally cracked naphtha. [0015] Figure 5 is a graph show ng
the reduction in catalytic hydrogenation activity, as a function of the
degree of desulfurization, after the catalyst treatnent. DETAILED
DESCRI PTI ON [0016] The invention relates to a nethod for selectivating

bi functional catalysts. Mre specifically, a catalyst having activity for
both heteroatom renoval and hydrogenation activity can be treated to
suppress the undesirable hydrogenation activity with little or not |oss of
desirabl e heteroatomrenoval activity.7The catalyst treatnment involves
contacting the catalyst wth (i) hydrogen, (ii) at | east one selectively
deactivating ageﬁ{’l‘iihalt:l eeng%qrsateg E!)e sele@ vg:r Oz% ival |ono h tﬁ' &e M'{lun;!a rt the catalyst,
and (iii) at |eas rotec I've ag rotects ‘and preserves the
heteroaton1rennwahwaﬁFWMMUmdbﬁﬁ@h@namﬂalyst durlng the treatnment. At the
conclusion of the treatnment, the concentrations of selectively deactivating

agent and prot eqhorsﬁ @%@5ﬁra%ragﬁ%@ﬁﬁﬁféred[l&§h‘lntdat@9ud Wyafbgldaficit €d  catal yst
effective for feed heteroatomrenoval with decreased activity for

hydr ogenati on of3tYi§. $adepedonghbsdegresrberdgeties Ay@st#p¥n one enbodi nent,

the catal yst treabmRat can be applied to a catalyst 1in situ in a reactor,

aﬂd even while the reactor is on-line renoving sulfur froma naphtha feed

t hat contains or i aqpounds and ol efinic unsaturates. In situ

treating can beIglﬁp 33 E ﬁnﬁgﬁgorarily adding to the feed and/ or hydrogen

passing into the catal yst-containing reactor operating at naphtha hydro
[0016] The invention relates to a method for selectivating bifunctional

catalysts. More specifically, a catalyst having activity for both heteroatom
removal and hydrogenation activity can be treated to suppress the undesirable
hydrogenation activity with little or not loss of desirable heteroatom removal
activity. The catalyst reatment involves contacting the catalyst with (i)
hydrogen, (11) at least one selectively deactivating agent that reduces the
hydrogenation activity of the catalyst, and (iii) at least one protective agent that
protects and preserves the heteroatom removal activity of the catalyst during the
treatment. At the conclusion of the treatment, the concentrations of selectively
deactivating agent and protective agent are decreased, resulting in a treated
catalyst effective for feed heteroatom removal with decreased activity for

hydrogenation of the feed’s unsaturated species.

{0017] In one embodiment, the catalyst treatment can be applied to a catalyst
in situ in a reactor, and even while the reactor is on-line removing sulfur from a
naphtha feed that contains organic sulfur compounds and olefinic unsaturates. In
situ treating can be conducted by temporarily adding to the feed and/or hydrogen
passing into the catalyst-containing reactor operating at naphtha hydro-
desulfurization conditions, the selectively deactivating agent along with the
protective agent. After the desired degree of hydrogenation activity suppression

is achieved, addition of the protective agent and selectively deactivating agent



desul furization conditions, the selectively deactivating agent alon
the protective agent. After the desired degree of hydrogenatﬁ(@rﬂl&cﬁﬂﬁw ty
suppr essi owo w3m7saehi eved, addition-of the protective agent pafrdissgh26di vely
deactivating agent WO 113/ 078546 2 0 J U L 2006 PCT/US63/ 07206 ceases. This
Will result in the restoration of at |east nost (nore than 50% and
preferably at least 75%, and in sone cases all, of the sulfur renoval
activity of the catalyst. For exanple, conplete restoration of the

hydr odesul furization activity of a fresh or new sul fi ded napht ha

hydr odesul furi zation catalyst. of the type used in the exanpl es bel ow,
occurred after the catal yst had been treated. After a simlar catal yst that
had been on-stream hydrodesul furizing a cat naphtha feed had been treated,
about 80%of its desulfurization activify was restored, as shown in Figure
4 and Exanple 3 below. The sulfur renoval reaction then continues in the
reactor, with a taeatms \ﬁHl‘teﬁllIMETthetrd”s&EanﬁlQWahla:St Ao (npietharssdemti vity for

sul fur renoval . at nent sel ive ecr he hydr ogena-
tion activity; c rpﬁ@%ﬂ%ﬁ?‘%ﬁ%?h LIRS 3% A ha%crlfé%%’@%vasae“ |th| ty for

ol efin satur at i bacadiy30 Fédexkmplaompierr reetmao@lqiiﬂmﬂwdr@detulf@nzaaorportl on of the
sul fur-containing,... e tenporarily
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saturation.

[6018] In another embodiment, all or a portion of the sulfur-containing
naphtha feed conducted to the reactor may be temporarily switched to a different
naphtha or other feed, while the protective agent and selectively deactivating
agent are introduced into the reactor. In either embodiment, hydrogen should be
present during selective deactivation to prevent a permanent }oss of a substantial

amount of the catalyst’s hydrodesulfurization activity.

[0019]  The catalyst treatment is achieved by adding the protective agent
(e.g., CO) and one or more selectively deactivating agents to the naphtha feed
entering the reactor, for a treatment time sufficient to decrease the
hydrogenation activity, and thereby increase the HDS/OS selectivity ratio of the
catalyst. The treatment time ranges from about one hour to few days. The
catalyst treatment process can be conducted ex situ of, or in situ in a
hydrodesulfurization reactor. While hydrodesulfurization conditions are
suitable for the treatment, different conditions of temperature, pressure, space

velocity, etc. than used for the naphtha hydrodesulfurization may be employed.



catal yst treatnment process can be conducted ex situ of, or in situin a
hydrodesul furization reactor. \Wile hydrodesul furization condi t £ OnkyL 088

sui tabl e fpg §hasis eatment, different conditions of tenper ssure,
space velocity, etc. than used for the naphtha hydrodesul ?%?’:bgglt“p%& may be

enpl oyed. WD 03/078546 2 0 JUL 2006 PCT/U503/117206 [0020] Whil e not mnshlng
to be held to any particular theory, it is believed that during the

catal yst treatnent, the selectively deactivating agent produces coke on the
catal yti c hydrogenation sites, thereby deactivating those sites. However,
the catalyst sites active for sulfur renoval are not permanently

deacti vated, since the protective agent protects those sites fromthe
selectively deactivating agent. Thus, it is believed that the presence of
the protective agent prevents coking and concomtant deactivation of the
sul fur renmoval sites, while the hydrogenation sites are being deactivated.
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per manent |y attenua ed ow ng’ treat ment yst's
hydr odesul f ur i zath#tderingcdhe cpfatyst ifeﬁmefbéheaﬁleﬁtt@dstieaptaflﬂl"lga*mnyprp@ﬁsor ed by

renmoving the pr %@@&dM@caﬁ%%ydr&g@&%&dsu?é“@.en@ﬁ%éﬁ'&wé?&gBMQ:rsQQen present during
the treatnment will be an "anmobunt sufficient to prevent pernmanent

deactivati on of HHEVEalharaabist pievactyfefsplie smory piergiretinerilien suf fi ci ent
hydrogen is errpldzy@idmed, k}@ce@la:tpadtacaté a'gem poeE® theslids Womaid seledtivaigt i vity can be
restored by re q\’é the g siz ect. %ﬁ ent The a unt of E)rot ective agent
present during t écé‘t?%'ﬁf‘ge% B LS BRliGYES 81t e presyace of Be BPBENE PEPhe cat al yst's
hydr odesul f ur i z afrévems iking and doodvmitars dizsdvandn i khe syifar reaineahtites, M€t | vati on in
the presence of t}l{:}ﬁ' ?Ln%ﬁén sit la}{e b%g%a'cﬁéf%& nlghﬁggeqtdmy&gr%& tth tl?at ment

conditions. The ect_l \Z:] actirvating present during
treatment will [(ratabypt’s Spdyegenation fictiyity lvecmwntb@stmﬁ%ﬁoﬂ(aﬁee tsnawtnanu al

attenuation of gh@e @@ﬁﬁl%@&o&esmmﬁﬁgﬁﬂ‘ﬁ%k%Q&Jlle\és!tbéfuall[y%%?eh The amount of

(i) hydrogen, (|gy)renggv?!}ge[hcetplrs{eecm?ega%?ntt such as CO, and (iii)

[0021] The amount of hydrogen present during lhe.trcatment will be an
amount sufficient 1o prevent permanent deactivation of the catalyst for
hydrodesulfurization. When sufficient hydrogen is employed, the catalyst’s
hydrodesulfurization activity can be restored by removing the protective agent.
The amount of protective agent present during treatment is an amount effective
to protect the catalyst’s hydrodesulfurization sites from a substantial, permanent
deactivation in the presence of the selectively deactivating agent under treatment
conditions. The amount of selectively deactivating agent present during
treatment will be an amount effective for permanent and substantial attenuation

of the catalyst’s hydrogenation activity.

[0022]  The amount of (i) hydrogen, (ii) protective agent, such as CQ, and (iii)
selectively deactivating agent present during the treatment in an on-oil or
on-stream mode, may respectively range from (a) about 15 to about 1500 psia
hydrogen partial pressure at the reactor outlet during treatment (b) about 0,.0015
psia to about 15 psia partial pressure of protective agent and (c) about 0.004 1o
about 40 psia partial pressure of selectively deactivating agent. When another

protective agent such as CO; or ethanol amine is employed, the desired partial



selectively deactivating agent present during the treatnment in an on-9il or
on-stream node, nay respectively range from (a) about 15 to aboﬂﬂlﬂﬂoﬁm$sia
hydr ogen maobjedssqar essure at the reactor outlet during trepéfgsts i), about
0.0015 psia to about 15 psia partial pressure of protective agent and (c)
about 0.004 to about 40 psia partial pressure of selectively deactivating
agent. \Wien another protective agent such as CO2 or ethanol amne is

enpl oyed, the desired partial WO 03/078546 -10 2 0 JUL 2006 PCT/ US03/ (17206
pressure can be conventionally obtained by direct conparison of that agent's
vapor pressure to COs. By treat gas is neant all hydrogen or a m xture of
hydr ogen and inert species which do not effect the treatnent or sul fur
renoval processes, but serve nerely as a diluent for the hydrogen, such as
nitrogen, nethane, ethane and the |iké%- The anbunt of hydrogen in the gas
will typically be at |east 60 vol % and preferably at |east 75 vol % [0023]

A carrier hydrogeiiuedtambd dogn@dhaldy dhtalnd@h die@icotap@issadf @Gidgvet y deactivating
agent my be enplqged. For éﬁHfitu treatneqL t he carr.ier fhydrocarbon may,
for exanple, conPPTEESPRE CRABHDHERT KT PRI J 2 pbactor, to be

desul furized. Faiydregeampd iggrt genids nyichdpint bifecdbsurafment ariswify retoeal  cat al yst may
ey Ca e L kel DR ARk o OB b, Bck gt 01 Lhe napht ha

feed, hydrogen freat gas, protective a , and an efféctive or
deact i vati ng anutstaneyéthang endgbd liket Thecimpuny ebftydfogent ip By gesgeiitypictlly t hi s case, the

napht ha feed conphiisesotvbig, mdbleiefby WY ELPBaLRAN. | n anot her exanple, in which
all or a portion of a cat cracked naphtha feed being desulfurized is

switched to a thernal Icy cracked naphtha as the source of the selectively

deact i vating agéff3! ¢ Hecamenhydrosarbonaging s GIEntE s seledwely ni xture of cat and

thermal |y crackaeacthvaphyg 4280t mapbe @hgloyed) ofmlslhyratmak @d canght ha. \Wen thernal Iy

cracked napht Na | ol pap 5 bl drdR2 5% MAMANGnE9EMaimBRY 2 Nydr ocar bon
reactor, to be desulfurized. For example, during naphtha desulfurizing, the

catalyst may be treated in situ in the reactor by conducting to the reactor the
naphtha feed, hydrogen treat gas, the protective agent, and an effective or
deactivating amount of the selectively deactivating agent. In this case, the
naphtha feed comprises the carrier hydrocarbon. In another example, in which
all or a portion of a cat cracked naphtha feed being desuifurized is switched to a
thermally cracked naphtha as the source of the selectively deactivating agent, the
carrier hydrocarbon comprises a mixture of cat and thermally cracked naphtha,
or all thermally cracked naphtha. When thermally cracked naphtha is the
selectively deactivating agent, and a hydrocarbon carrier is employed, all or a
portion of the hydrocarbon carrier may comprise one or more light hydrocarbons
such as naphtha, light oil, etc. Any suitable hydrocarbon may comprise the
carrier hydrocarbon. When employed, a hydrocarbon carrier will typically and
preferably be used for a treatment in situ in a sulfur removal reactor. In an
embodiment in which the caialyst is treated in a separate vessel, ex situ of the

reactor, use of a hydrocarbon carrier would be optional.

[0024]  The protective agent prevents permanent deactivation of the sulfur
removal activity during the treatment. Suitable protective agents include one or

more species that adsorb to the catalyst and can be subsequently desorbed.



portion of the hydrocarbon carrier may conprise one or nore |ight
hydrocarbons such as naphtha, light oil, etc. Any suitable hydr©gby Bl6 nay

conprise th§q36RkJd €r hydrocarbon. Wen enpl oyed, a hydrocg&ﬁggusﬁq?&i er will
typically anoi preferably be used for a treatnent in situ in a S

renoval reactor. In an enbodinent in which the catalyst is treated in a
separate vessel, ex situ of the reactor, use of a hydrocarbon carrier woul d
be optional. [0024] The protective agent prevents pernmanent deactivation of
the sulfur renoval activity during the treatnment. Suitable protective
agents include one or nore species that adsorb to the catal yst and can be
subsequently desorbed. 2 0 J UL 2006 WO 03/4178546 PCT/ US03/07206 -11
Represent ati ve species include, for exanple, CO @02, am nes such as

et hanol am ne, and aqueous ani nes such as-aqueous et hanol am ne. The
protective agent may be in the gas or liquid phase, but is preferably a gas

O PO B L hordf AR S0, RSl HORRS BRAAGdaectons. I one

enbodi ment, the protective agent Is c sen SO e decrease in
het er oat om r eno\eianolaming. @id aguagnpEHnes ﬁl@h@&mmwtﬁbﬁd@lﬂm@ﬁ sThexceeds the

hydr ogenat i on acﬂrbtgdubé/agleﬁ%ﬁy p&iiGhe g\ﬂ@&ﬁlﬁula B%s@ﬁ@is%fémy agLBt is renovable
for restoring at |east a portion of catal yst's hydrodesul furization

activity. In anofR¥f BHEG %Pd““t“ﬁg”ﬁ?PS‘tfé‘é’Lel‘"?i‘é“o"%lgIéﬁPe‘i"éb‘:’?,‘ﬁ'ﬁ’é‘en so that the
decrease in het eth@]ﬁbt@d'ﬁvé SR SdhoRR6 bd Al dbdR€hSd in héwreaa&;ﬁreamovaondl tions is |ess

than the decrease.i.n dro enatllgn activ, H{G} wher.e. tlhe ot ecti ve agent
is renovabl e for*Fag{8 %’I‘ AR §OBRUR™ 556 %1%{1%8 naigRactiuity 5ﬁsya§

hyﬂr odesul furi za\whcmhaumeomvdqgcnt[ls(}é)ﬁ@:hblﬁverestehrg@t feaseh yomlrmamrnevatl ng agent
e e Py O QRS ARl bcfly HIBaf@Labienl bebcfceSence Of 1he

protective agent ctive ctivating agent genera ° y conprises
one or nore hydragemisishesensodhat @ssdwmenghetma@m-mmevahmmwam on. These

sel ectively deactdswihilcBliRgeiRiess thinlche &a@reaaé ﬁ%gd}ﬁ enﬂiéﬁ hdiicd, By treatnent in a
concentration substantially greater 9 t han
where the protective dgent is removablc or restoring at least a portion of the

catalyst’s hydrodesulfurization activity.

[0025] The selectively deactivating agent reduces the hydrogenation activity
of the catalyst in the presence of the protective agent. The selectively
deactivating agent generally comprises one or more hydrocarbon species having
olefinic unsaturation. These selectively deactivating agents will be present
during the treatment in a concentration substantally greater (e.g., >50%) than
any that may be present in the naphtha feed being reduced in sulfur and would,

! but for the protective agent, permanently reduce the catalyst’s heteroatom
removal activity during the treatment. Preferably at least a portion of the
selectively deactivating agent will have greater reactivity with hydrogen than the
predominant olefins in the feed, which it is desired to preserve during the
heteroatom removal. As with the protective agent, the selectively deactivating
agent is preferably gas or vapor for vapor phase reactions. Representative
selectively deactivating agents contain diolefins ("dienes™}, triolefins, and
aromatic unsaturates having olefinic unsaturation. For example, cyclic
alkyldienes such as dicyclopentadienes and cyclopentadienes, styrenes, vinyl

toluenes, indenes, noncyclic alkyldienes and the like can be used as selectively



any that may be present in the naphtha feed being reduced in sul fur and
woul d, but for the protective agent, permanently reduce the cathDy¥t 286

het er oat oowongnmsad activity during the treatnent. Preferabbyw@hzhoast a
portion of the selectively deactivating agent will have greater reactivity
wi th hydrogen than the predom nant olefins in the feed, which it is desired
to preserve during the heteroatomrenoval. As with the protective agent,
the selectively deactivating agent is preferably gas or vapor for vapor
phase reactions. Representative selectively deactivating agents contain
diolefins ("dienes"), triolefins, and aromatic unsaturates having olefinic
unsaturation. For exanple, cyclic alkyldienes such as dicycl opent adi enes
and cycl opent adi enes, styrenes, vinyl toluenes, indenes, noncyclic

al kyl di enes and the like can be used as'’sel ectively WD 03/078516 -12 2 0 JUL
2006 PCT/ US03/ 07206 deactivating agents, either alone or in conbination.
Such speci es nayddsgivhingrgents, fitber abmaorph eombimitiénh Snehebiécies empbkioshdnapht has. I n

the exanpl es bel gy, leGh RS | L 0 L%khge cat cracked
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(FCC) napht ha, t pegific Réydredepuffutiziegieaackedanaptithiathe BEddheFlRT €D as a

protective agent gwilha rARPLia Qf crit¥al (PO haPiies RltherMAS cABRM! the sanme. An
increase in the HDS/OS selectivity ratio of _the hydrodesul furization

| t
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wer e decreased, d .the anmount of hydrogen_treat gas and FCC naphtha in the
reactor feed vvas%i%F?gFS‘elg%rga[fo"ﬁ\a@ﬁ-t ’76%3%%%%5@%‘”?"5 "gﬁ.‘)gem Ef®ctivity after the
treat nent was exgfectivemeaenniing tielvenceatadbnyoftthersaigl cfacked hipbtha maigl® ha

desul furi zation gn&cgggtopégg’(pd%€%cggg£%d [LQ%Q)uW%gQumgarégﬁesul furization

may be conducted in one o reacti on stages a typ y one or two.
Wi | e nore than Bfferaphiigya theggacigefeed was increased. A 20-70% increase in HDS

selectivity after the treatment was experienced with the catalyst used for the

naphtha desulfurization in the examples below.

[0026] Naphtha hydrodesulfurization may be conducted in one or mere
reaction stages and typically one or two. While more than one stage may be
located within a single reactor vessel, more typicaily each stage will constitute a
separate vessel. More than one reactor vessel may be used for a single stage.
For a vapor phase reaction, the feed will be in the vapor state at least at the end
of the reaction. Thus, while all or a portion of the feed may enter a reaction
stage in the liquid state, the hydrodesulfurized naphtha effluent from each stage
is all vapor, and this is what is meant by vapor phase reaction stage. For a mixed
phase reaction stage, a portion of the desulfurized naphtha effluent will be in the
liquid state and a portion in the vapor state, at the end of the reaction. Itis
preferred that the desulfurized naphtha effluent from each stage be all vapor.
The naphtha conducted into each stage will be mostly, and preferably all vapor.
More preferably, the naphtha feed for all stages is all vapor. The amount of
reaction hydrogen fed into each of the one or more stages is greater than the
amount consumed by the reaction. The effluent from each stage comprises a

mixture of H,S, sulfur-reduced naphtha, unreacted hydrogen and minor amounts



Il ocated within a single reactor vessel, nore typically each stage w ||
constitute a separate vessel. Mre than one reactor vessel may} deyug8id for

a single s{@dgs7ssfcor a vapor phase reaction, the feed wll @9[}!5453/095[[? vapor
state at least at the end of the reaction. Thus, while aIT a portion of

the feed may enter a reaction stage in the liquid state, the

hydr odesul furi zed naphtha effluent fromeach stage is all vapor, and this
is what is neant by vapor phase reaction stage. For a m xed phase reaction
stage, a portion of the desul furized naphtha effluent will be in the liquid
state and a portion in the vapor state, at the end of the reaction. It is
preferred that the desul furized naphtha effluent from each stage be al

vapor. The naphtha conducted into each stage will be nostly, and preferably
all vapor. Mire preferably, the naphtha-feed for all stages is all vapor.
The amount of reaction hydrogen fed into each of the one or nore stages is

greater than theof hdiiRuBbnsGoilasbEs hynatph}ﬁarraege, rbd¥Bed cﬂ{h@g %é kitlent from each
stage conprises a_ mxture of H2S, sulfur-reduced ht ha, unreacted

hydrogen and ni ngrhes#6a ’E‘%f*’VW‘i'ﬁ?a&‘if’Pse%‘hEHgs '2”(5“03*’- TSePOIBEE PCT/ US03/ 07206
of hydrocarbons ﬂacmiheliygrdaeﬂumumztchﬁapma@hthhazdfaa%getagepﬁdaauﬂed;adw| ng the

reaction. In the aesng o mﬁ.\ 1Spnn l?n& rea(:stwl sta i he HS is renoved or
separated from RS hy ré¥fesd fjurlgi"scfs §bah'f‘ha ef TARESP é’ach stage, before
it is passed i nfhe f¢eﬂlé>raeautuostztageomﬁfhesshectnmcﬁﬁlgcmﬁhmsn tpseeamer m " st age" from

a reaction * 20ne o \lifnf BEGf0kaRed HORLL ADHAORE WORL}IES IR entire

ef fl uent from an upst rea zone, 1Nc I'ng the su uUced napht ha, the
H2S, the unr eact‘eﬂefl‘?ylm&fg@ﬁmamep“ﬂls&W@CBW%@)“F e%aéb Ft@ﬂ# m#yoducts fromthe

upstream zone. ER@Brist idgQnhdid¥e reQ&iBPEdn%mHQJcﬁzérla%an%&k@inécﬂgcatlteé?,fl zone, Wi th
each zone bei ng de |ned by at |east one catalyst 027) Although a

hydr odesul furi za®F #PBERE{ yst treated as set forth here| n wll selectively
hydr odesul furize a sul fur and ol efi n-cont ai ni ng napht ha, any
[0027) Although a hydrodesulfurization catalyst treated as set forth herein

will selectively hydrodesulfurize a sulfur and olefin-containing naphtha, any
sulfur-containing naphtha that contains organic sulfur compounds may be
hydrodesulfurized with the treated catalyst, even one that contains little or no
olefins. By "naphtha” it is meant a hydrocarbon boiling in the naphtha boiling
range, i.e., one boiling in the range of about C, to about 500°F. Sulfur and
olefin-containing naphthas that may be selectively hydrodesulfurized include ful}
range, light, intermediate and heavy naphthas derived from petroleum, tar sand
bitumen, shale oil and the like. This includes thermally cracked naphthas, coker
{ naphthas, FCC naphthas and blends and fractions thereof, with end boiling
points typically below 450°F, and which typically contain 60 vol% or less
olefinic hydrocarbons, with sulfur levels as high as 7000 wppm and even higher.
‘The naphtha feed, preferably a cracked naphtha feedstock, generally contains not
only paraffins, naphthenes and aromatics, but also olefinic unsaturates, such as
olefins, and aromatic and cyclic hydrocarbons with olefinic side chains. The
olefin content of a typical cracked naphtha feed can broadly range from 5-60
vol%, but more typically from 10-40 vol%. The sulfur content of a naphtha is
typically less than 1 wt%, and ranges from as low as 0.002 wt%, up to as much

as about 0,7 wt%, based on the total feed composition. Selective hydro-



sul fur-contai ni ng naphtha that contains organic sul fur corrpou&td[gl ‘ﬂ'gm%)e
hydr odesul furized with the treated catal yst, even one that co j ttle

or no ol &0 ew7sB¢ "naphtha" it is meant a hydrocarbon boikdTgsizmrtdae

naphtha boiling range, i.e., one boiling in the range of about Ca to about
500F. Sul fur and ol efin-containing naphthas that may be sel ectively
hydr odesul furi zed include full range, |ight, internediate and heavy

napht has derived from petroleum tar sand bitunmen, shale oil and the |ike.
This includes thermally cracked napht has, coker naphthas, FCC naphthas and
bl ends and fractions thereof, with end boiling points typically bel ow 450F,
and which typically contain 60 vol%or less olefinic hydrocarbons, wth

sul fur levels as high as 7000 wppm and even hi gher. The napht ha feed
preferably a cracked naphtha feedstock!“generally contains not only
paraffins, naphthenes and aromatics, but also olefinic unsaturates, such as
ol efins, and ar desatfirzationdogtiohy hrodd}ydncmaianmpsamietohnﬂ-’léﬂ?ﬁnc si de chains. The
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2 0J UL 2006 WD 03/ 078544 PCT/ US03 7 2116 -14 desul furization

condi ti ons br oaéF‘S&“Pﬁ@Fﬁfd@da'ets@n??@rFa?Qﬁ800613'33"’96I?%#P‘)ﬂas F-essure of
50-1,000 prig, a liquid hourly space velocity of 0.1-10 LHSV and a hydrogen
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[ 0028] The hydr cckdemétflusuftzaiCodr m@tf@l@aatyswmdtdl lcmdlnplsme.t@nacat@npom te of a
catalytic componglupe. fbydaaiky & SRR Mofdsaath M idnei Bl on f 7 erabl y 2

non- nobl e net al tal yst Ing i s not
critical and, oA Wélﬂ%fr?ﬁ!heca‘%y Bre caidyshimgnfugker sesenmse 3n ipgeagisout 30 wt % or

hi gher, bas ed ORefdaktBry oxide support component.

[6029]  In one embodiment, the catalyst to be treated is a selective naphtha
hydrodesulfurization catalyst. For such catalysts, the amount of catalytically
active metal component(s) will preferably be no more, and more preferably less,
than 12 wt% of the total catalyst composition, based on the weight of the one or
more calalytically active metals calculated as the oxide. Preferably the catalyst
will comprise a catalytic compenent of at least one non-noble metal from Group
VIIL, in combination with a catalytic component of at least one metal from
Group VIB, supported on a suitable, high surface area inorganic refractory oxide
support material such as, but not limited to, alumina, stlica, titania, magnesia,
silica-alumina, and the like. Alumina, silica and silica-alumina are preferred.
All Groups of the Pertodic 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, catalytic metal component concentrations in conventionat hydro-
processing 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



total weight of the catalyst. The catalyst may further conprise an rganic
refractory oxide support conponent. [0029] In one enbodi nent, %éukgﬁglyst
to be treaygQd:hsd; Sel ective napht ha hydrodesulfurizationpggkghy§ﬁm;For
such catal ysts, the anount of catalytically active nmetal conponent(s) wll
preferably be no nore, and nore preferably less, than 12 wt% of the total
catal yst conposition, based on the weight of the one or nore catalytically
active nmetals calculated as the oxide. Preferably the catalyst wll
conprise a catalytic conponent of at |east one non-noble netal from G oup
VITIl, in conbination with a catalytic conponent of at |east one netal from
G oup VIB, supported on a suitable, high surface area inorganic refractory
oxi de support material such as, but not limted to, alum na, silica,
titania, magnesia, silica-alumna, and3the like. Alum na, silica and
silica-alumna are preferred. Al Goups of the Periodic Table referred to

herein mean Gouaﬁlﬁﬁnim?ésmmea Bauiraad i8 SRk bY%hinRoReini@eivenibadll € of the
El ements, copyrighted in 1968 by the Sargent-Wlch Scientific Conmpany. In
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03/ 078546 PCT/ ua@mo@!mwﬁrefew Baten petl lopgsd lb@eantégmefcatdied wil sul fided in
o1 LU (DY el | Kl ARG TN heRaby nBERRORS: 10 RS- Tet &1 1 0aded

hyﬁrodesulfurlzatlon catal yst conpri Sing ort and
having a Co/ Mo afefRihan Fat'%a%rmﬂreahwmn% ca_lcwtsﬂquas thplap’slfleema%fipy preferred.

By |ow netal | oagle@ual GatdiRevadighk Nsakh da08ys6 atca.hwi) a\Mold3 conGéhithe@nidf NOt nore t E\an
L et Ty, T B B 0B PR Lk Rl A% g B P © %
total catalyst; (b) a CoO concentration of 0.1 to 5 wt%, preferably 0.5 to 4 wt%
and more preferably 1 to 3 wi% based on the total catalyst weight. The catalyst
will also have (i) a Co/Mo atomic ratio of 0.1 1o 1.0, preferably 0.20 to 0.80 and
more preferably 0.25 to 0.72; (ii) a median pore diameter of 60 to 2004,
preferably from 75 to 175A and more preferably 80 to 1504; (jii) a MoO surface
concentration of 0.5 x 10* to 3 x 10™ g. MoOs/m®, preferably 0.75 x 10° t0 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
0, Chemisorption with Hydrodesulfurization Activity,” S. J. Tauster, et al., J of
Catalysis, 63, p. 515-519 (1980}, which is incorporated herein 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 2300,
preferably from 1000 to 2200, and more preferably from 1200 to 2000 wmol

oxygen/gram MoO;. Alumina is a preferred support. The supported, low metal



the total catalyst weight. Such catalysts include: (a) a MoO3 concentﬁation
of about 1 to 10 % preferably 2 to 8 wt% and nore preferaﬂl[l/JUll {86 w %

of the towalusenisayst; (b) a CoO concentration of 0.1 to pcifdsnpeeferably
0.5to 4 % and nore preferably 1 to 3 wt % based on the total catalyst

wei ght. The catalyst wll also have (i) a Co/M atomic ratio of 0.1 to 1.0,
preferably 0.20 to 0.80 and nore preferably 0.25 to 0.72; (ii) a median
pore dianmeter of 60 to 200A, preferably from75 to | 75A and nore preferably
80 to 150A; (iii) a MO surface concentration of 0.5 x 104 to 3 x 104 g.
MbQ3/ n2, preferably 0.75 x 104 to 2.4 x 10 and nore preferably 1 x 104 to 2
x 104, and (iv) an average particle size dianeter of less than 2.0 nun,
preferably less than 1.6 nmand nore preferably |ess than 1.4 nun. The nost
preferred catalysts will also have a hié¢h degree of netal sulfide edge

pl ane area as neasured by the Oxygen Chem sorption Test described in
“Structure and Puda&ardoiaacsmefcoﬂ\muyMmeheﬁuﬁﬁmi:dﬁmpgaﬁdwn@hﬁm of 02

Chem sorption with desul f Act i ter, et al., J
of | Catal ysi o, 6 Hamies BT e p B ponigh ot ' (e P apEEY Rir o] n' by
reference. The Ge yyenetedidaonlytisatorthds tisipaugapte Foecgesplvame ar ea
measurement s madg b Je%f {ﬂetmhlﬁﬁesedg{%ﬁ?éé@ ag{le%%%%,da‘?s%l bwseé‘ rrier gas

stream and thus r raverse sul fi de edge
pl ane area of theataim abmmalqial Wiﬁmwﬁmﬁbwotwnﬁdﬁ%lhwly@&p@mg@tﬁpti on, wll

be from about 764, 9 ﬁ@uﬁmes AR é’a%x)é xﬁe‘ia‘?&‘ﬂxée@%wﬂ Qan%g BRsentdisingror €

preferably from 1200 to 2000 nol n/gram MoQ3. Alumna is a preferred
support. The sup%?%f%“fiWaﬁb'ﬁall“szpfdefnedwat‘hsz%fﬂ3f &FB516 PCT/ US03 /0 7

2116 - 1?_ | oaded thaﬁﬂﬂn&/bln%ﬁ@&ﬁdtoﬂlln{aﬁt ﬁ@&afhll%éﬁrha%doﬂtdin ir&]@u@eé?rrp: Ie ?Rd
conparative exa eas e es of a e
catal yst paranet gg'éqg 6‘?”""?’(1%5 1°(§\/Vt%e‘f"glm°fcd°é?fgﬂb]%5f zai.ﬁ‘i‘/lg"t g'éi‘ddf"é'f’t hin this
paragraph. For ctted spsoss, whithhudaitiveis glecelefyore ene gfouprdnaibtingf f i de edge pl ane
area, magnesia ot abags 8 BB mifiGraal kR lor SUAPRL LadPheLkR! Vi !

preferably conta cont am nant

{00311 The one or more catalytic metals can be deposited or incorporated
upon the support by any suitable conventional means, such as by impregnation
employing heat-decomposable salis of the Group VIB and VIII metals or other
methods known to those skiiled in the art, such as ion-exchange, with impregna-
tion methods being preferred. Suitable agueous impregnation solutions include,
but are not limited to a nitrate, ammoniated oxide, formate, acetate and the like.
Impregnation of the catalytic metal hydrogenating components can be employed
by incipient wetness, impregnation from aqueous or organic megdia, compositing.
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 400-1200°F, with temperatures from 800-1100°F typical.

[0032] The invention will be further understood with reference to the

examples below.

EXAMPLES



such as Fe, sulfates, silica and various netal oxides which can be present
during preparation of the catalyst. It is preferred that the Zgbaﬂj@ﬁibe
free of suglpsmesuan nants. I n one enbodi ment, the catal ystchR)ashHe, contain
fromup to 5 W% preferably 0.5 to 4 wt% and nore preferably 1 to 3 wt % of
an additive in the support, which additive is selected fromthe group

consi sting of phosphorous and netals or netal oxides of netals of Goup IA
(al kali nmetals). [00311 The one or nore catalytic nmetals can be deposited or
i ncorporated upon the support by any suitable conventional neans, such as
by inpregnation enploying heat-deconposable salts of the Goup VIB and VI
metals or other methods known to those skilled in the art, such as

i on-exchange, with inpregna- tion nmethods being preferred. Suitable aqueous
i npregnation solutions include, but aré&-not limted to a nitrate,
amoni at ed oxide, formate, acetate and the like. [Inpregnation of the

catal ytic metal lhods00¢N@L LAGPICOSRAN G FeRdsTahel@aBiRimNEverdy | NCI pi ent
wet ness, | npr egnatl on from aqueous or organl c medi a, comnposli tl ng.

| npregnat i on as iHePHENEIE@RandibenediCN FLE Katgprhiies: wHGh cantaed gpiihd cal ci ni ng
af L er ga_ch | Npr @gfigdhhddAnd oseftnyphﬁad)dr?e oﬂ&&g%v(;@?g%hf:mg ;Eg&?]tiv&s general ly f
achieved in air at e ratures rom - with t ratures from
800- 1100F t ypi caﬁ%ﬂ"éﬂéﬁ%‘?‘#ﬁa@[“sﬁmﬁw&ﬁhﬂs? f"“Eﬁ‘é“"?ﬂ‘Ft‘Wé’P‘P&‘H‘gsen"?“gt ood with
ref erence to the olefisamBpihdsdb@hnined EXAVEY BSc@valngldgint AdMGhe O 03/ 178546
PCT/ US03/ 117206 - 17 0 . ex : f . or het eroat om
renmoval were infé?ﬁ%%?%%ém%ﬁa&?$gﬁa é%3§‘?ﬁ%ﬁ?ké%%s%éﬁﬁﬁﬁﬁﬁﬁhas, whi ch
coht ai ned sul f ur amegiiye imesreawtindhedheamaly cpked saphieeThste prigtapct i vel y
deactivating agepfiechsy cﬁ?jctitrhﬁ% E@E%sx?lﬁﬂrﬁ&l?%qtti\ﬁ,%ﬂﬁhmes(w_ﬂﬁhl)scpmﬁﬁlﬁﬂCh al so

0

cont ai ned sul fur conpounds and ol efins.  feeds contai ned sel ectively
deacti vati ng ageflefin {istipates, Wicihugigpdiglgfins o Ap a2lYsif of these FFATUYRFRFAABS, which are
t hose in the greaidndir @dEGEPRE hatldNAad TCN are set forth in the Table below.

ICN TCN
Lighter Reactives
Hexadienes 0.199
mCPD* 0.038
Styrenes 0.135 0.39
DCPD** 0.42
1, 7-Octadiene 0.44
Total Light Reactives 0.372 1.25
Heavier Reactives
Indene 0.096 0.76
{ Vinyl Toluene 0.1 0.19
' mDCPD*** 0.13 1.09
Total Heavier Reactives 0.326 2.04
Total Reactives 0.696 3.29

* Methyl cyclopentadiene
**Dicyclopentadiene

***Methyl dicyclopentadiene

[0034]  As shown in the Table, the TCN contains almost five times as much

selectively deactivating agent, as does the ICN. Thus, the difference in reactive



al nost five tines greater in the thermally cracked naphtha. These primary
sel ectively deactivating agents conprised reactive unsaturates Wi QQPPE
cont ai nedwob3gfi86unsat urat es, including diolefins. An ana#qnsﬂ;&mm#znt ese
reactive unsaturates and their amounts for the ICN and TCN are set forth in
the Tabl e bel ow. I CNTCN Li ghter Reactives Hexadi enes0. 199 nCPD*0. 038
Styrenes0. 1350. 39 DCPD**0.42 1, 7-Cctadi ene0.44 Total Light

React i ves0. 3721. 25 Heavi er Reactives |ndene0.0960.76 Vinyl Tol uene0. 10.19
nDCPD***0. 131. 09 Total Heavi er Reactives0.3262. 04 Total Reactives0.6963.29 *
Met hyl cycl opent adi ene **Dccycl opent adi ene ***Met hyl di cycl opent adi ene

[ 0034] As shown in the Table, the TCN contains al nost five tinmes as much

sel ectively deactivating agent, as does the ICN. Thus, the difference in
reactive WD 03/078346 -18 0 J U L 2006¥PCT/U 113 /0 7 2 06 speci es between
these two streans is nore of anobunt, than the type of species present.
Thus, it may besppasHeieen these iwaGErems 6 hdi€ofpioadiyiidn tsealy@aif bpetitsy by addi ng

present. Thus, it may be possible to increase the catalyst selectivity by adding
only the protective agent to the cat naphtha or hydrogen treat gas. However, at
these lower concentrations the time required for the treatment will be more on
the order of weeks and months, and not the relatively few hours or days achieved

by the instant process.

[0035}  Inall of the examples, a Co/Mo on alumina catalyst containing 4.5
wit% MoQO5 and 1.2 wt% CoQO in 1.3 mm ASQ form was loaded into a fixed bed,
isothermal downflow, pilot plant tubular reactor and activated in situ in the
reactor. Catalyst activation was achieved using a 10 mole % H;S/H, gas blend
in a virgin naphtha, for approximately 14 hours at two holding temperatures,
400°F (gas/liquid mixed phase) and 650°F (all vapor phase), and with a reactor
pressure of 300 psig. The reactor was then cooled 10 200°F, before the

.introduction of the naphtha feed to be desulfurized.

Example 1

[0036] The purpose of this experiment was to determine the effect that CO in
the treat gas had on the HDS and HDBr activity of the naphtha hydrodesuifuriza-
tion catalyst. By HDBr is meant olefin saturation (hydrogenation) activity, as
measured by bromine number. The feed was an intermediate cat naphtha (ICN)
having 1941 wppm total sulfur and a bromine number of 38. Test conditions
included a temperature of 525°F, a total inlet pressure of 290 psig and a treat gas
rate of 2000 SCF/B. The treat gas was 75 vol% hydrogen, with the balance
methane. The reactor was run with the ICN having 20 vppm CO in the treat gas,
no CO in the treat gas and with 200 ppm CCQ in the treat gas. The results are

shown in Figures 1 and 2.



only the protective agent to the cat naphtha or hydrogen treat gas. However,
at these |l ower concentrations the tine required for the treat rfzemtJUkM'l[lﬂﬁ be
more on (Whseirde, of weeks and nonths, and not the rel at'rV(ethJsﬁp%p ours or
days achi eved by the instant process. [0035] In all of the exanple a

Co/ Mo on alum na catal yst containing 4. wt % MbO3 and 1.2 Wt%COOIn 1.3
mnm ASQ formwas | oaded into a fixed bed, i sot hermal downfl ow, pilot plant
tubul ar reactor and activated in situ in the reactor. Catalyst activation
was achi eved using a 10 nole % H2S/H2 gas blend in a virgin naphtha, for
approximately 14 hours at two hol ding tenperatures, 400F (gas/liquid m xed
phase) and 650F (all vapor phase), and with a reactor pressure of 300 psig.
The reactor was then cooled to 200F, before the introduction of the naphtha
feed to be desul furized. Exanple 1 [003%] The purpose of this experinment was
to determine the effect that COin the treat gas had on the HDS and HDBr

activity of theiga th:%rmyﬁﬁﬂqﬁwlréaHﬁﬂ%@beekhﬂﬂmﬁ@ﬁt@l’ol%mC%ymHQBr i's meant
ol efin saturation (hydrogenation) activi nmeasured by brom ne nunber.

The feed was an “FHE&Y FEET4adaye e Ha*ahfewaw(dlfem)lhemvﬁﬁgesalgw wppm t ot al
sul fur and a br erowan Rigter T ef88 of theBT vppR it lghsaISon thdBDSIgRd a tenperature

of 525F, a total _nlet sure of 290 i g and treat rate of 2000
SCF/ B. The trealﬂdgE{]a‘ié'“Wthfe ﬁ’éo‘w&’r‘%‘@e e \r/ﬁs‘i“ﬁe%ﬁle@ (%g'flgﬁérga net hane. The
reactor was run gmltausxgxhﬁcah@\lohaedmgﬂnmaoﬁpnmfﬁ@ewn, whagtht COatasgas, no CO in
the treat gas a i I N,th Le . lne sults are shown
in Figures 1 anrp Wecgﬁ%ggkgﬁ%gag%mm B%f%i’f‘gé"igﬁiﬁmﬁg’%onoe -19 [0037]
FOr the first rgsalyst ies gbservedoihe pagferiseedhe CM hidragnush sthallpGeffegsonth€O i n t he

treat gas. Afteiyig.dawg, the CO was renmoved fromthe gas. The results are
shown in Figure 1. The effect of the 20 vppmtreat gas CO on the HDS and

[0038] In the second run, the reactor was run on-stream for 29 days, when
200 vppm of CO was added to the treat gas. This resulted in about a 45% loss of
HDS activity, as shown in Figure 2. As was the case for the first run, the CO
had little effect on the HDBr or olefin saturation activity. After the 200 vppm of
CO was removed from the gas, substantially full restoration of the HDS activity

of the catalyst was observed. This restoration is shown for days 32-39 in Figure

-
e

Example 2

[0039] In this example the feed was a heavy cat naphtha having a 162-475°F
boiling range, 229 wppm total sulfur and a bromine number of 19. The reaction
conditions included a temperature of 525°F, a 200 psig total inlet pressure, a
100% hydrogen treat gas rate of 2000 SCF/B and a feed space velocity held
constant at 3.0 LHSV. The pilot plant reactor was on-stream for about 30 days.
As shown in Figure 3, the HDS activity of the catalyst exhibited a moderate
decline, typical for such a catalyst for the first days on the naphtha. Atday 31,
the feed was changed to a thermally cracked naphtha. The thermally cracked
naphtha had 200 wppm of sulfur and a bromine number of 35.5. The reactor
inlet pressure was raised to 225 psig and the space velocity reduced to a constant

2.0 LHSV for this feed, with all the other conditions remaining the same. The



HDBr activity of the catalyst is apparent. The presence of the COin the
treat gas had significantly lowered the HDS activity. However? OwidinZlfhe CO
was renowaslofu@mect he treat gas, about a 20 increase in theetipS:ackjevity of
the catalyst was observed. The presence of the CO had a nuch snaller effect
on the HDBr activity. [0038] In the second run, the reactor was run
on-stream for 29 days, when 200 vppm of CO was added to the treat gas. This
resulted in about a 45% 1 o0ss of HDS activity, as shown in Figure 2. As was
the case for the first run, the CO had little effect on the |-1DBr or
olefin saturation activity. After the 200 vppm of CO was renoved fromthe
gas, substantially full restoration of the HDS activity of the catal yst was
observed. This restoration is shown for days 32-39 in Figure Exanple 2
[0039] In this exanple the feed was a -R®avy cat naphtha having a 162-475F
boiling range, 229 wopmtotal sulfur and a brom ne nunber of 19. The
reaction condi tthepmslyicra€ited dgHtha fde@ WRaimih tHeQeadior fath Fhouria? ®Dof@sy g total inlet

pressure, a 100% hydrggen t.reat s rate of 2 SCF/ B.and a feed space
velocity held ck hEé'é{ﬁ? gﬁ’tw s Hle legt .ap‘fﬁg"‘eﬁﬂ? ’I“élfeq%%a??{‘“}‘yé’é@'for was on-stream
for about 30 daystalysiAdilsdnoimthérmallyi oqgackest n3phtttahe alfS@t efake seledtiyelpf t he cat al yst

exhi bited a nod £ ine, typical for such a catalyst for the first
days on the napﬁ%%g.auﬂg%g%%/ﬂgtl, the feed was changed to a thernmally cracked

napht ha. The thermally cracked naphtha had 200 wppm of sul fur and a brom ne
nunber of 35.5. EEB!BD_Lgl actor inlet pressure was raised to 225 prig and the
space velocity reduced to a constant 2.0 LHSV for this feed, with all the

gtC_f;/e[J sigg?bt? i28gQ?ﬂﬁﬂﬁailﬂiihﬁgxﬂchﬁekrﬁg%aplﬁhﬁeéﬂﬁag%‘iglzgﬁﬂﬁte‘c?tga%ﬂﬁ JuL t2006f
1er Crac n artee run I n, reactor rom
Dbout day 31t o HAUSE DRevIREL G DL R B EE O FAITa Be | ne | n t he

HDS activity of vblefeed olefins. The pilot plant reactor was on-stream desulfurizing the
naphtha feed at conditions to achieve from 85-95 wt% HDS. The conditions
included a temperature which varied from 525-535-562°F, a total inlet pressure
of 225 psig, 2000 SCF/B of a 100% hydrogen treat gas and a liquid hourly space

velocity of from 2.5-4.5.

[0041]  After 31 days of naphtha desulfurization, 1000 vppm of CO was
added to the treat gas. This resulted in a substantial reduction of about 70% of
the HDS activity of the catalyst. On the 34" day, the naphtha feed was switched
from the ICN 10 a TCN feed, while maintaining the 1000 vppm of CO in the
treat gas. The TCN and CO continued to be fed into the reactor, along with the
treat gas, for three days, after which the CO was removed from the gas and the
feed switched back to the ICN. This resulted in restoring about 80% of the HDS
activity it had prior to the reatment. The three day catalyst treatment was
conducted in the reactor at 525°F, 225 psig, a treat gas rate of 2000 SCF/B and a
thermally cracked naphtha space velocity of 2.0 LHSV. After the three day
treatment, the reactor was run at 562°F, 225 psig, 2000 SCF/B and an ICN space
velocity of 4.5 LHSV.

[0042) The reduction and recovery of the HDS activity is shown in Figure 4.
The “+” points refer to the ICN feed, while the “x™ points indicate the temporary



catalyst while on the thermally cracked naphtha, as a result of the
selectively deactivating agents in it. Exanple 3 [0040] In thi§ J@kﬂ&ﬂﬁl ment ,
t he napht i hgedsas an i nternedi ate cat naphtha having Sﬁﬁp g, fsot al

.sul fur and a brom ne nunber of 50.7, representing 32.8 /oPee ol efins.
The pilot plant reactor was on-stream desul furi zi ng the naphtha feed at
conditions to achieve from85-95 w % HDS. The conditions included a
tenperature which varied from 525-535-562F, a total inlet pressure of 225
psi g, 2000 SCFB of a 100% hydrogen treat gas and a |iquid hourly space
velocity of from2.5-4.5. [0041] After 31 days of naphtha desul furization,
1000 vppm of CO was added to the treat gas. This resulted in a substanti al
reducti on of about 70% of the HDS activity of the catalyst. On the 34" day,
t he naphtha feed was switched fromtheltCNto a TCN feed, while maintaining
the 1000 vppmof COin the treat gas. The TCN and CO continued to be fed

into the reaCtOrswu@iloﬁ?é}gox\ﬂH“@NtJﬁﬁelo&Eﬁﬁhy Q%mpfoﬁl[s t&rmﬁﬁ%z%}{éa after which the
CO was renoved fromthe gas and the feed switched back to the ICN. This

resulted inr est‘"é?”i“ﬁb‘h%ll’f&sﬁ?“%% b‘?ootpﬁ’@ OF@%‘" hechyisPEen et Eahalde pri or to the
treatnent. The tifnRaEadayp &itradoye off MBS AR as MRSctios @NAE 6ddadn bfthd he reactor at

525F, 225 psig, treat gas r t and a IIy cracked
napht ha space ve(ra%&'ldt'vn r“z‘“‘fﬂﬂ-@‘{;’ thﬂ%%ear“?ﬁg“taﬂ?aé@t dlég PRht nent, the
reactor was run sabwsSib24bput 20% rqoovegy in HIBCcBCH Bolinthgale daGlysiapacent vel oci ty of

4.5 LHSV. [0042 . of -th t h
FI ure 4. [Th ]FlgureSJhg?Hﬁé}e Pvea‘i’]g{d’ G V%II‘QF/PQ dti‘l %l—ﬁ:;gsoradﬁsu X ypl();sntssom in

dicate the t enﬂmﬂeaclybem @QP@BT@EZHS C@memfall)@r@m rRpI0E tRaMewSO3/ 07206
SW' tchover to thg,d morema%eitﬂ%t%dtm'eta&’lor"ferﬁ:@finﬁ‘e SA8b3V%Sé @rursigys 32-36 are a

ranges from about 19-24 at a corresponding % HDS of from about 86-91. After
the treatment and at a reactor temperature of 562°F, over the same range of %
HDS, the % HDBr ranges only from about 13-16. These results demonstrate
that the effect of the wreatment increased the HDS/OS selectivity primarily by
reducing the olefin saturation activity of the catalyst, without a corresponding

reduction in kind of the HDS activity.



result of the presence of the 1000 ppmof CO in the hydrogen treat gas- The
i mredi ate drop and recovery of HDS activity as a function of thél iM6Bon of
the CO andaienssubhe renoval of both the CO and TCN i s appawantsoshiogl so
clearly shows the about 80%recovery in HDS activity, follow ng the
catalyst treatnent. Figure 5 shows the relative % HDBr, as a function of
the % HDS or desul furiza- tion level, before and after the H2-CO-thermal |y
cracked naphtha treatnent. Thus, before the treatnment and at a reactor
tenmperature of 535F, the % HDBr ranges from about 19-24 at a correspondi ng
% HDS of from about 86-91. After the treatnent and at a reactor tenperature
of 562F, over the sane range of % HDS, the % HDBr ranges only from about
13-16. These results denonstrate that the effect of the treatnent increased
the HDS/ OS selectivity primarily by reducing the olefin saturation activity
of the catalyst, without a corresponding reduction in kind of the HDS
activity. 20JUL20DRINM¥ 413/ 078546 PCT/ U St 13/117206 -22 CLAIMS: 1. A naphtha
hydr odesul furi zati on process conprising reacting under catalytic conversion
conditions a naphtha boiling range hydrocarbon feed containing organic

sul fur conpounds w t h. hydrmagieia hydrodehgfufifaéisreprcessabmprisingataadingtundeal | y ef f ecti ve
amount of sul 11 deg, GRLalShy ABYLAY iRl bhilife L0k H9@bAmoRNgls Odesul f uri zati on
and hydr ogenati on, hd conprrsrng a PR R QIR CoeLa conmponent

sel ected from G cenpuniigRreaaiadulter eapounds waah idyogercin thepeesencefponent sel ect ed
from Goup VI |, o fydcQiYEcil it il EhdAR r&lingd i Wbt from the feed

to produce a naphtha reduced 1 n sulfur, erein said catal yst has been
treated with (i)hydedealferiraiquiand hydroeepicncand gemprifing Afirbrataytic meakt one _
sel ectively deagdmpéadat ReceORH GlolRVIH] 85 ABERAE chidific GRtafdokipbrenny dr 0genat i on
activity, and (ii Ié‘)é @n gﬁf ech;) ve anount of a (%)n(rfgt ectll VF aﬂgnt t hat
substantial |y pr¥siegdemGroue VI b0 mave af legst ¢ potiongyl g sylwg from g dsefing ¢ he
treat nent. 1o produce a naphtha reduced in sulfur, and wherein said catalyst has been

treated with (i) hydrogen, (ii} an effective amount of a1 least one selectively

deactivating agent that decreases the catalytic hydrogenation activity, and (iii) an

effective amount of a protective agent that substantially preserves the

hydrodesulfunization activity during the treatment.

2. A process according to claim 1 wherein said naphtha boiling range

hydrocarbon contains at least one of olefins and aromatics.

3 A process according to claim I wherein said cataiyst contains 1-30
wt% catalytic metal components, calculated as their oxides, based on the total

catalyst weight and an inorganic support.

4, A process according to claim 1 wherein said protective agent

comprises CO, CQ,, amine, aqueous amine, and mixtures thereof.

5. A process according to claim 4 wherein the amine is selected from

ethanolamine, aqueous ethanolamine, and mixtures thereof.



2. A process according to claim 1l wherein said naphtha boiling range
hydrocarbon contains at |east one of olefins and aromatics. 3. Al YA
accor di ngwbs@hgdsgn | wherein said catal yst contains 1-30 P‘ﬁ‘r%%%?r&%bé’ti c
.metal conponents, calculated as their oxides, based on the total <catalyst
wei ght and an i norgani c support. 4. A process according to claim1l wherein
said protective agent conprises CO C02, am ne, aqueous anm ne, and m xtures
thereof. 5. A process according to claim4 wherein the amne is selected
from ethanol anti ne, aqueous ethanol am ne, and m xtures thereof. 2 0 J UL
2006 WO 1) 3/1) 78546 PCT/ US03/ 07206 -23 6. A process according to claim4
wherein the catalyst is a fresh catalyst, a used catalyst, or a partially
deactivated catalyst, the selective deactivating agent conprises species
havi ng ol efinic unsaturation, wherein-Bhe protective agent is CO and
wherein during the treatnent the hydrogen is present at a partial pressure

rangi ng from about 45 tQ palkauhccadil Rlafn 8vhiB8 1.8ARPIs aQklH €1, protective
agent is present at a partial pressure ranging from about 0.0015 psia to

p $ .
about 15 psia, Glyst msed syt olapapaindeasvesd sy sale lecte present at a
partial pressudecivadt@iapg éonpizeaRilés HavilDdlefini: wdiddtiod Ovhp@indhe 7. A process
according to claim| Wnetr.e'bQ s&l cti %e. gﬁlacti vat i NG ent _conprises
reactive unsat uFSFBYe 258 2240 MRFCLATTEAS FETREY g 5%?ﬁ(%?ﬂspfffemreacti ve
unsat urates in ithearGdprasare raging fromabaub bb abhubs0tpsia athiksedoomttthie wei ght  of
the reactive un I : I [.0C | oclaim4
wherein the G o%glte@l\’?{if&rﬁrtelt?%%eﬁ%{.%ﬁaﬁiﬁgpﬁ%ﬁ%ﬁagg]ﬁget?%??bggt(r?g)b%gé% n the catal yst
fdrt her conpri stgutds pef.petthoselectivelgeagayahee asitderreseny porpertiald. - A process
according to clgi8r-0068 b atoli®.dok RUWBouYkhd psidTe! 2l

7. A process according to claim 1 wherein selective deactivating
agent comprises reactive unsaturates and a carrier and wherein the amount of
reactive unsaturates in the carrier is above about 0.5 wt%, based on the weight of

the reactive unsaturates and carner.

8. A process according to claim 4 wherein the Group VI metal is a
non-noble metal, and wherein the catalyst further comprises a refractory

inorganic oxide support.

9. A process according to claim 8 wherein the Group VIII metal
comprises one or more of Co, Niand Fe, and wherein the Group VIB metal is

one or more of Mo and W.

10. A process according to ¢laim 1 wherein the hydrodesulfurization
conditions comprise a temperature of 390-750°F, a pressure of 50-1,000 psig, a
liquid hourly space velocity of 0.1-10 LHSV, and a hydrogen-containing treat
gas rate of 500-5,000 SCF/B.

11. A process according to claim 9 wherein the catalytic metals

comprise Co and Mo and wherein the total amount of said Co and Mo present is



conprises one or nore of Co, NI and Fe, and wherein the Goup VIB net hﬁis
one or nore of Mo and W 10. A process according to claiml mheﬂéiﬁﬂtﬁ

hydr odesuWainiaasion conditions conprise a tenperature of p@B@sdPue @
pressure of 50-1,000 prig, a liquid hourly space velocity of 0.1-10 LHSV,
and a hydrogen-containing treat gas rate of 500-5,000 SCF/ B. 11. A process
according to claim9 wherein the catalytic nmetals conprise Co and Mo and
wherein the total anmobunt of said Co and Mo present is WO 03/4178546 -24 2 0
JUL 2006 PCT/ US03/07206 no nore than 12 wt % of the netals, calculated as
their oxides and based on the total catalyst weight. 12. A process
according to claiml wherein the catalyst is treated in a

hydr odesul furi zation reactor, while the reactor is on-oil hydrodesul furizing
naphtha. 13. A process according to cl'@m | wherein the catalyst is treated
in a separate vessel, ex situ of a hydrodesul furization reactor. 14. A
napht ha hydr odesislrfos thahal Wom oDIhOMESIS, cBIONREd S iHaf okieRQhd Rigedw@dier catal ytic
hydrodesulfuriz%thoqlcondjtions an ol efin and sul fur-containing napht ha

feed with hydrod®A FAYY H&8Hr esence of a catalytically effective anount of

sul fided, |low netal |oaded catalyst, having activity for both

hydr odesul furi zatio a r 1at, i . IS\ lytic netal
conmponent of a netapz'squ§¥§§8%%@%f%ﬂ%ngﬁgﬁgﬁggﬁé#%%pgaég , Ni, Fe and
m xt ur e t her eof ,hydrodesylfytizatiproreactpstveiile the reaeiprahen-of hydrodesuifiinzise| ect ed from t he
group consi stiNgefmaMd, Wand mixtures thereof, and a refractory inorganic
oxi de support conponent to renove at |east a portion of said sulfur from
said feed to produce H2S and a naphtha product having a decreased sul fur
content, and wher ei n3saiApréisatdssdingiadaieisherein the catalyst is treated in a

separate vessel, ex situ of a hydrodesulfurization reactor.

i4. A naphtha hydrodesulfurization process comprising reacting under
catalytic hydrodesulfurization conditions an olefin and sulfur-containing naphtha
feed with hydrogen in the presence of a catalytically effective amount of
sulfided, low metal loaded catalyst, having activity for both hydrodesulfurization
and hydrogenation, and comprising a catalytic metal component of a metal
selected from the group consisting of Co, Ni, Fe and mixture thereof, a catalytic
metal component of a metal selected from the group consisting of Mo, W and
mixtures thereof, and a refractory inorganic oxide support component to remove
at ieast a portion of said sulfur from said feed to produce H,S and a naphtha
product having a decreased sulfur content, and wherein said catalyst has been
treated with (i) hydrogen, (ii) an effective amount of at least one selectively
deactivating agent that reacts reduces said catalytic hydrogenation activity, and
(iii) an effective amount of a protective agent that substantially preserves said

hydrodesulfurization activity during said treatment.

15. A process according to claim 14 wherein the catalyst contains no
more than 12 wt% catalytic meta) components, calculated as their oxide and

based on the total catalyst weight.



treated with (i) hydrogen, (ii) an effective anount of at |east one

sel ectively deactivating agent that reacts reduces said catal ytd &JUL 2006
hydr ogenatyj Livity, and (iii) an effective anmount of i ve agent
1 hat subst‘gﬁ??gﬁi‘f' preserves said hydrodesul furization ac??@ﬁg?/ﬁ tEJdr('i ng said
treatnment. 15. A process according to claim 14 wherein the catal yst contains
no nore than 12 wt% catal ytic netal conponents, cal culated as their oxide
and based on the total catalyst weight. 2 0 JUL 2006 WD 03/ 0785 46 PCT/ U
5113 /11 7 2 0 6 -25 16. A process according to claim15 wherein the
catalytic netals conprise Co and Mb. 17. A process according to claim14
wherein the protective agent conprises CO C02, am ne, aqueous am ne, and
m xtures thereof. 1 18. A process according to claim 17 wherein the amne is
selected from ethanol am ne, aqueous etzhanol am ne, and m xtures thereof and
wherein the selective deactivating agent conprises at |east one species
having ol efinic unsgtur@hlal clidiindto REAFRIRRGRE Qlh@c hAa! @i m 17 wherei n
sel ective deactivatin agent conprises reactive unsaturates and a carrier,
and wherein the ‘appimf-oetd Mp.eacti ve unsaturates in the carrier is above
about 0.5 wt% based on the weight of the reactive unsaturates and carrier.
20. A process according to claim16 wherein the Co to Mo atomc ratio
ranges from 0. 1- 1. 0.1721 A pogssscersding e elgimpdrvgeteis thy RIPEU3®8 Mer ei n t he

catal yst has a NofBriseCOMAEN] dirdded, Sfdeddt arhing @hdlmikflreskifiseannd a CoO concentration
of 0.1-5 wt% 22. A process according to claim 20 wherein the

hydr odesul furi zation conditions conprise a tenperature rangi ng from about
450F to about 750F, 18 A process according to claim 17 wherein the amine is selected

from ethanolamine, aqueous ethanolamine, and mixtures thereof and wherein the
selective deactivating agent comprises at least one species having olefinic

nnsaturation.

19. A process according to claim 17 wherein selective deactivating
agent comprises reactive unsamrates and a carrier, and wherein the amount of
reactive unsaturates in the carrier is above about 0.5 wt%, based on the weight of

the reactive unsaturates and carrier.

20. A process according to claim 16 wherein the Co to Mo atomic

ratio ranges from 0.1-1.0.

21. A process according to ciaim 20 wherein the catalyst has a MoQO;

concentration of from 1-10 wt% and a CoQO concentration of 0.1-5 wt%.

22. A process according to claim 20 wherein the hydrodesulfurization
conditions comprise a temperature ranging from about 450°F to about 750°F, a
pressure ranging from about 60 psig ta about 600 psig, 1-7 LHSV, and 500-
4,000 SCF/B of hydrogen treat gas.



pressure rangi ng fromabout 60 psig to about 600 psig, 1-7 LHSV, and 500-
4,000 SCF/ B of hydrogen treat gas. WD 03/1178546 -26 2 0 Jul 100§ JuL 006

PCT/ US03/ OW2DB2846 A process according to clai m 14 wherein gdgy6aioddoyst
treatment includes thermally cracked naphtha as a source of said
selectively deactivating agent. 24. A process according to claim 23 wherein
the catalyst is treated in a hydrodesul furization reactor, while said
reactor is on-oil hydrodesul furizing naphtha. 25. A process according to
claim 23 wherein the catalyst is treated in a separate vessel, ex situ of a
hydr odesul furization reactor. 26. The method of claim 14 wherein (1) the
napht ha feed has a sulfur content in the range of about 0.002 wt% to about
0.7 wt% based on the weight of the naphtha, (2) the naphtha feed has a
brom ne nunber ranging from about 20 toZ-about 130, (3) the naphtha product
has a sulfur content in the range of about t to about 250 pm based on the

wei ght of the napht hapapr adassdess adddrhidgds cililkQ 4 Ak e cRaQdueimbias a brom ne
nunber rangi ng from about (}0 to. about 120. é?._ The.rriyt od of claim 26
wherein NF - Np UKRrdGReRally crgksgnanbiha gog sgpreg ¢ S0 salgetiyely SRUvEng i ne number of
t he napht ha f eedageand

24. A process according to claim 23 wherein the catalyst is treated in a
hydrodesulfurization reactor, while said reactor is on-0il hydrodesulfunizing

naphtha.

25. A process according to claim 23 wherein the catalyst is treated in a
separate vessel, ex situ of a hydrodesulfurization reactor.
26.  The method of claim 14 wherein

(1) the naphtha feed has a sulfur content in the range of about 0.002 wt%

to about (.7 wt%, based on the weight of the naphtha,

(2) the naphtha feed has a bromine number ranging from about 20 to
about 130,

(3) the naphtha product has a sulfur content in the range of about 1 to

about 250 pm, based on the weight of the naphtha product, and

(4) the naphtha product has a bromine number ranging from about 10 to
about 120.

27.  The method of claim 26 wherein

Ng-N
L X 100%is 50% or less,

Ng

where

Np is the bromine number of the naphtha feed, and



2 0 JUL 2006 _27_ Np is the brom ne nunber of the naphtha product. 28. A
process for renoving sulfur froma sul fur and olefin-containingmﬂf@nﬁh 06
conpri sing passing said naphtha and hydrogen into a reactor in i E ey
react in the presence of a catalyst having activity for

hydr odesul furization and ol efin saturz&[on, to produce H2S and a naphtha
decreased in sulfur, followed by addifig to said reactor, an effective anount
of protective agent and at |east one selectively deactivating agent to
reduce said catalytic olefin saturation activity, wherein said protective
agent substantiallékpr serves sa%d p%droggsulgurization activity while said
ol efin saturation a¢t9sPre™ing "WEbsg" HerPEERREIh4nd then hal ting the addition
of said selectively deactivating agent and protective agent into said

reactor after .said,olefin. satur.ati activity s .decreased Q0 continue to
hyar odesul fur e sA tersR o ph ity FS bl shoRRR FRRE B

comprising passing said naphtha and hydrogen into a reactor in which they react in the presence
of a catalyst having activity for hydrodesulfurization and olefin saturation, to produce H,S and a
naphtha decreased in sulfur, followed by adding to said reactor, an effective amount of protective
agent and at least one selectively deactivating agent to reduce said catalytic olefin saturation
activity, wherein said protective agent substantially preserves said hydrodesulfurization activity
while said olefin saturation activity is being decreased, and then halting the addition of said
selectively deactivating agent and protective agent into said reactor after said olefin saturation

activity is decreased, to continue to hydrodesulfurize said naphtha, but with decreased olefin loss.





