WD 03/ 078063 PCT/ US03/ 07205 -1- SELECTI VELY SUPPRESSI NG CATALYTI C
HYDROGENATI ON  FI ELD OF THE | NVENTI ON [ 0001] The invention relates to

sel ecti veWwp osiopgosessi ng t he hydrogenation activity of a ®araisyy07203br e
particularly the invention relates to a nmethod for selectively decreasing
t he hydrogenation activity of a catalyst having activity for both

het eroat om renoval and hydrogenati on. BACKGROUND OF THE | NVENTI ON [ 0002]
Some catal ysts have two or nore types of catalytic activity. This

bi functionality is believed to result fromthe presence, on the surface of
the catalyst, of different types of catalytic activity sites. There are
situations where it is desirable to suppress one type of catalytic
activity while retaining the other. For exanple, in heteroatomrenova
catal ysts, i.e., those that renove sulfur and other heteroatons from a
hydrocarbon feed, it may be desirable to suppress the catalyst's

hydr ogenati on acti VEENEQTIWEIEY SEPRRESSING CABALNIIC HYDIRDGENATON| activity.
Suppressing a catal yst's hydrogenation activity woul d be desirabl e when,
for exanple, the catalyst is to be used for desul furizing hydrocarbon
streans cont ai RIELD QFERHE BWENTEONRS i ns, di ol efi ns and aromatic unsaturat es,
such as naphthas for notor gasoline (nngas) di esel fractions, coker gas
oil, and the like. Suppre55|nq a catalyst's hydrogenatlon activity woul d
al so decrease t H8011¢coRasimysRicBclgss 19 sleGuISTS NP BRDYIABFRECY he het er oat om

removal pr ocessacnbgﬂﬁal;atﬂﬁt Ao paiRLly $ReEkitiof rddesi@g@shodithe pri mary nogas
bl end stocks are ived fr n to unwant ed

sul f ur corrpound?leCt‘V(‘?thF‘%i?aﬁm%ﬁ‘n}’?'qﬁ%ge{}ﬂq?’b‘f‘ft“ﬁy@vf’%ﬂg&aﬁ% aglfh%%napht ha is
reacted with hysstiogpeioatom reinbreal pidgdogeeatiof. a sul fi ded hydrodesul furi zati on
catal yst, which renoves the WO 03/ 078063 PCT/ US03/ 07205

BACKGROUND OF THE INVENTION

[0002] Some catalysts have two or more types of catalytic activity. This
bifunctionality is believed to result from the presence, on the surface of the
catalyst, of different types of catalytic activity sites. There are situations where
it is desirable to suppress one type of catalytic activity while retaining the other.
For example, in heteroatom removal catalysts, i.e., those that remove sulfur and
other heteroatoms from a hydrocarbon feed, it may be desirable to suppress the
catalyst’s hydrogenation activity while retaining its heteroatom removal activity.
Suppressing a catalyst’s hydrogenation activity would be desirable when, for
example, the catalyst is to be used for desulfurizing hydrocarbon streams
containing desirable olefins, diolefins and aromatic unsaturates, such as naphthas
for motor gasoline (mogas), diesel fractions, coker gas oil, and the like.
Suppressing a catalyst’s hydrogenation activity would also decrease the

consumption of valuable hydrogen during the heteroatom removal process.

[0003] As an example specific to mogas, the primary mogas blend stocks are
derived from FCC naphthas which, in addition to unwanted sulfur compounds,
contain olefins which provide octane. The naphtha is reacted with hydrogen in

the presence of a sulfided hydrodesulfurization catalyst, which removes the



-2 sulfur as hydrogen sulfide. At the same tine, at |least a portion of the
olefins desirable for octane are saturated. Under relatively severe
het er oat owproamspad conditions, a portion of the aromati cPCRABIHDEROS be
saturated. Sonme naphtha desulfurization processes use catalysts that have
been at |east partially deactivated by coke formation or by the use of
inhibitors, to decrease the olefinic saturation that acconpanies

desul furi zation. However, the partial deactivation also substantially
reduces the sulfur renoval activity of the catalyst, which is undesirable.
O her naphtha processes use hydrodesul furization catalysts nodified with
nmet al conpounds, which selectively and pernmanently poison hydrogenation
sites. The hydrogenation activity of these catal ysts cannot be restored,
even wWith regeneration. Such processes”are disclosed, for exanple, in US.
patents 5,286, 373; 5, 525,211; 5,423,975; 5,985,136 and 6, 231, 754. [0004] A
process i nprovesat as\wpdtbgin sietdel At thé sdnteeinieyl teay) e pationoi tleotefivd ty of a

catal yst, having activity for heter . bon saturation
(hydr ogenat i on) ,g’esg%’ﬁﬁ i %}ean%aé? Sé‘é‘f%%‘eﬁ‘?f@ﬁ%‘%@ﬁ%%& &\%ﬁ}ap}eﬁq%@%?er ving the

het er oat om r enpvatitiarst 4 portiop of e fromatisemay iyorhgvaserated. Seamephthesult if this

sel ective SUPPr 8SShRRaroR PotksREuR eRhIRYARL WhE BechhBle£afaRlalpt ON-1ine in a
reactor. Such on-line, selective suppression. could be acconplished w thout

taking the reaf®givagd by qokeformatinenpy fg upef inhipitars,fa decrepsedheiolefigic he cat al yst
rechargi ng the saf@aich Mat acéviPadiR@sulf@Fh@dnt HoGevel) theplrasieisstivaBulVMVARY OF THE

| NVENTI ON [ 0005]. The invention relates t met hod for selectively
suppr essi ng t hellswm%'@%ﬁé? “‘ffﬁthﬁélf]glf/fewvag?c iy Oft;lhelcatéﬂty“ e

a cata having activity for
bot h het er oat onundesirablal Otharmalphiist ghroogyeas asei hydroddsyifuazdtipeeatalpiat whi ch conpri ses

contacting the 8@&1@4%\??1 I%’Méaggo(%n gﬁr%dﬁgbﬁ%%gg&'avel)( Md)pe%nénﬁ%sogne sel ectively

deactivating agent that r “hydrogenation activity of the
cat al yst, and (Iidrogengtion sitess {Thehygrogprgtienactivier ohtesscatplysdy capes ¥83/ 078063

restored, even with regeneration. Such processes are disclosed, for example, in

U.S. patents 5,286,373; 5,525,211; 5,423,975; 5,985,136 and 6,231,754.

[0004] A process improvement would result if the hydrogenation activity of a
catalyst, having activity for heteroatom removal and hydrocarbon saturation
(hydrogenation), could be selectively suppressed, while preserving the
heteroatom removal activity. A further improvement would result if this
selective suppression could be achieved with the catalyst on-line in a reactor.
Such on-line, selective suppression could be accomplished without taking the
reactor off-line, removing the catalyst, treating the catalyst, recharging the

reactor, and then restarting the process.

SUMMARY OF THE INVENTION

[0005] The invention relates to a method for selectively suppressing the
hydrogenation activity of a catalyst having activity for both heteroatom removal
and hydrogenation, 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) at least one protective agent that



-3 PCT/ US03/ 07205 protects and preserves the heteroatomrenoval activity of
the catalyst during the treatnent. The hydrogen, selectively deactivating
agent, amiopBOTs®6ii ve agent nmy be present as a m xture. PCT/US03/07205

Hydr odesul furi zation selectivity as used herein refers to the

hydr odesul furi zation activity expressed in terns of a kinetic rate

constant (such as Relative Catalyst Activity or "RCA") divided by the
hydro- genation activity expressed in the sane way. As used herein,
hydrogenation selectivity is the reciprocal of the hydrodesul furization
selectivity. The treat- nent may, for exanple, be conducted at conditions
of tenperature and pressure typically used for heteroatomrenoval, which

i s advantageous for treating a catalyst in a reactor, without altering the
reaction conditions. The nethod is applicable to a catalyst that has been,
and is, on-streamin a reactor, to a fresh or newy manufactured catal yst,
and to a regeneprate&darﬂ@teadryesthe hByrofteth emoadl aenivitg of thesaalystsiutifsube,  ni t rogen and
Y e ot oy ton e ORI RN Blen | e EA heal N Blngdacal MY AL o2 G0N A1 NT NG
het er oat om conpounds i s r 4 drogens R the presence of the

catal yst, and t ey bearesen ataomistugey @Yﬂlﬁﬂ@‘v@alﬁ@nwﬁéﬂwaWP@heﬂ“ hydr ogen

sul fide, anmoni ﬁferﬂ@qle%&fesulf{lgﬂgg actii§ ekﬂr&%@ﬂteﬁ&tdﬁh ¥isidichse useful for
sel ectively heteroatomrenoval from hydrocarbon streans containing

desirabl e ol ef i frEstany{syehes F‘ﬁ’é“@rﬁi‘a&?‘o”rféﬂ”fyd’r %ﬁ:f%éf‘ﬂ’rdﬁq Wehe by as napht has

for notor gasol gdﬁ@uoﬁraagaﬁaxpreedeaaﬁhe sfama@ay QuSisedd@kRI hydfpasatdnl , and t he |i ke.
Thi s incl udes hg/egr ocar Lg%rs .and ons 't her.eof . hoi. |IE1% iea t he range of

from C4 . up to*K6BAY SIBEER" Hogrlﬂ) drtoﬁi/eﬁlflcugﬁuon (R Rk 750F.  An

exanpl e of a spmeitfrag, fawbmhlarbmondtsteseﬂcemhmoneofnamwtah@p adoutsfugr i zation (with
"naphtha" meani @glc@ag@rf&%@ma@m aﬁadvmnamems Ld@gnsg@mrmem%sl ng range, i.e.,

about &4 to abo exanpl e he treated cat ale}/r@ is useful for
mot or gasol i necacalxqbgaseaﬁtorpwa@és%qew thfercaprropdidensrothisdnetiedlt i s sel ectivel y

hydr odesul f uri zgglicable tdla daREMGRA hRbedhDand &1 b-stiehrd Th a@bactoh @ Dikdh bini ¢ conpounds
in newly manufactured catalyst, and to a regenerated catalyst. By heteroatom is

meant sulfur, nittogen and oxygen. By heteroatom removal is meant that a

hydrocarbon feed containing heteroatom compounds is reacted with hydrogen in

the presence of the catalyst, and the heteroatoms are removed as one or more of

hydrogen sulfide, ammonia, and water.

[0006] The treated catalyst is useful for selectively heteroatom removal from
hydrocarbon streams containing desirable olefins, diolefins and aromatic
unsaturates, such as naphthas for motor gasoline (mogas), diesel fractions, coker
gas oil, and the like. This includes hydrocarbons and fractions thereof boiling in
the range of from C,, up to about 1050°F and more typically up to about 750°F.
An example of a specific embodiment is selective naphtha desulfurization (with
"naphtha" meaning a hydrocarbon boiling in the naphtha boiling range, i.e.,
about C, to about 500°F). For example, the treated catalyst is useful for motor
gasoline ("mogas") processing wherein the mogas feed is selectively
hydrodesulfurized, with reduced or no saturation of the olefinic compounds in
the feed. Sulfur and olefin-containing naphthas that may be selectively

hydrodesulfurized by the treated catalyst include full range, light, intermediate



the feed. Sul fur and ol efin-containi ng naphthas that may be selectively

hydr odesul furi zed by the treated catal yst include full range, |ight,
i nt er medi WD@3MBI6B/ 078063 -4 PCT/ US03/ 07205 and heavy napkchasosiendved from
petrol eum tar sand bitunmen, shale oil and the |I|ike. Such naphthas include

thermal |y cracked napht has, coker naphthas, FCC naphthas and bl ends and
fractions thereof, with end boiling points typically below 450F, and which
typically contain 60 vol % or |ess ol efinic hydrocarbons and sulfur |evels
as high as 7000 wopm and even higher. Thus, a further enbodinent of the

i nvention conprises a process for selectively renoving heteroatons, while
preservi ng octane nunber, froma heteroatom and ol efi n- contai ni ng

hydr ocarbon feed, by reacting the feed with hydrogen in the presence of a
catal yst having both het er oat om r emoval " and hydr ogenati on activity,

wherein the catal yst has been treated with (i) hydrogen, (ii) at |east one
sel ectively deaaﬁh&a@ha@&ag&ﬂmﬁﬁhanmﬁﬂdmc&symhﬁmhydmmgemamﬁam activity of

the catalyst, nd S(J;::nlta% ats H)Cluc? e[ﬁ nlnyl@a?agfegtngghgg; C(HJCIOI; Etﬂa% I%&j preserves the

het er oat om rendval uring e treatnment. As is
expl ai ned i n dehaphthas apéblenwds arhlétaetrooatheimfr@ﬁmﬂébmh@momﬁttw@&h be described as

hydrogenol ysi s Qeg&lz Ydobpy anc?xﬂ{?chttﬂ%aﬁ)fr &fn%mtdﬁ%llﬂimfﬁ’é’s@ siSthidREBcdoaadl y rel ates
to preserving hydrogenolysis activity, | e su%t;})]resm ng hydrogenati on

activity. [0007}ndp &‘i@s%frh‘%%‘ﬁféoo@@’lf’%f“?%?vuﬂ’é’a P34 agents used in

the catal yst té@%mmofmehdvemﬁwm@eeshpdmsﬂ koot epachésnghavi ng ol efinic
unsat urati on. es Q dr ocar,bonps oncent ration

su I
found effecti ve%‘iﬂ?at"f“ﬁ Wh’[ rpéeé%‘%lctaB? nypgper; Bﬂl\i}éﬁ [?r8zht°m51?‘e°1 Gund in, e.g.,
t hermal | y cr ackedtainighlydracachool feed, g reasting the eed @kl blydrepphinitiz pragnct her efore be

used during the %rﬁé%gﬁﬁkng tof ﬁe@%gtgbqgnévﬁ%ﬁfh)m’ogéﬁﬁﬁ439\@@ Representati ve

thermal |y cracke as 1 nc exarnpl €, steam cracked napht ha,
coker naphtha, Wheséin thaRasalyshins Rech featedagish (i) hydrogen, (i) at least one

selectively deactivating agent that reduces the hydrogenation activity of the
catalyst, and (iii) a protective agent that protects and preserves the heteroatom
removal activity of the catalyst during the treatment. As is explained in detail
below, heteroatom removal activity can be described as hydrogenolysis activity
and therefore the invention more broadly relates to preserving hydrogenolysis

activity, while suppressing hydrogenation activity.

[0007] The one or more selectively deactivating agents used in the catalyst
treatment will comprise hydrocarbon species having olefinic unsaturation.
Mixtures of such hydrocarbons, at a total concentration found effective for the
treatment of the invention, are found in, e.g., thermally cracked naphtha and
thermally cracked naphtha may therefore be used during the treatment, to
provide these hydrocarbons. Representative thermally cracked naphthas include,
for example, steam cracked naphtha, coker naphtha, visbreaker naphtha, VGO
thermal cracker naphtha, and mixtures thereof. After the treatment, all or some
of these selectively deactivating agents (such as reactive, unsaturated hydro-
carbons) used for suppression of the catalytic hydrogenation activity, may
continue to be present during subsequent heteroatom removal. However, their

concentration will be substantially less (e.g., 50%) than that used during the



thermal cracker naphtha, and m xtures thereof. After the treatnent, all or
sone of these selectively deactivating agents (such as reactive,
unsat ur atwo 0BpTRoe3 car bons) used for suppression of the c&Calugsny/er205

hydr ogenati on activity, may continue to be present during subsequent

het eroat om renoval . However, their concentration wll be substantially

|l ess (e.g., 50% than that used during the WD 03/078063 PCT/ US03/ 07205 -5
treatment. Qtherw se, the heteroatomrenoval activity of the catal yst may
be rapidly reduced to the | evel of an aged and/or coked catalyst. In
addition to the selectively deactivating agent(s), the catalyst is treated
with at | east one protective agent. [0008] Protective agents are useful for
protecting and preserving the sulfur renoval activity of the catal yst
during the treatnment and incl ude speci'%‘s that adsorb to the catal yst and
can be subsequently desorbed. Representative species include, for exanple,
CO CO2, am nesup&tght. &aheplibame hatbsian remdchl agjivi@pafshe camlyfi@my Beich as aqueous
et hanol am ne. Dur.i.ng cat.al ys reatment ., the pr.atective. nt protects the
catal yst's het e?aggl?g‘?%u?egﬁb%%{eve?ﬁnaé’tan%r?lé ?rtc‘rf;k o ?%%Ysgg? %ééﬁlgrﬁ%q}%deacti vation by
t he sel ecti vel ysetbetrelyidvativatige @ge(s), theAtalyshis tegercVithsat bast ofe cat al yst

treatnent, the &%&%FE .gtion of the protective agent is decreased in order
to at |east pa tral ygrestore the catal yst's heteroatomrenoval activity.
The protective agent does not protect the catal yst's hydrogenation

functi Ona: [ té- m_ﬁeqpfgl@édlvyagentfs%u@kﬁﬂf&ﬁ@&ﬁﬁﬂg@ﬂd ]gbﬁaﬁlﬂg%_aﬁlhiry i S _

per manent |y deacti vat ed. ot her words, the drogenatipn activity is not
rest ored when tﬁ@o%ﬁgé‘mqu?icﬁgy%fmr’tnﬁg‘eﬁf’%‘f“é‘gfuf%gd“dgégﬁ’fstﬁ@ decr eased.

[ 0009] Wt hout ideeb priesmanlyst aod caa bpsubtequehilwdesabpen Represamatvasmbivsst ' s sul f ur
renoval activit) u Lr [ I 0 sel ecti vel
deactivating agéﬁlﬁ%’ @?x?ﬁﬁlet%(g%t% g@;iﬁugf%gglfﬁl r?e%jge igﬁga%rguost ective aggnt
protects the camiedsyehasadiequeethraploming.ciigipg catlyst reatmept, haprpegdye, thi s

protection may ‘}%@nt 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
hydrogenation activity is not restored when the concentration of the protective

agent is decreased.

[0009] Without the presence of a protective agent, the catalyst’s sulfur
removal activity would be irreversibly deactivated by the selectively
deactivating agent. During the catalyst treatment, the protective agent protects
the catalyst’s heteroatom removal activity. However, this protection may be
accompanied by an inhibition of the catalyst’s heteroatom removal activity. As
discussed, inhibition of the catalyst’s heteroatom removal activity during feed
desulfurization (i.e., after treatment) would be undesirable. Consequently, a
desirable protective agent is one that results in a decrease in the catalyst’s
heteroatom removal activity during treatment only. At the conclusion of

catalyst treatment, the catalyst’s heteroatom removal activity would be then



acconpani ed by an inhibition of the catalyst's heteroatomrenoval activity.
As discussed, inhibition of the catalyst's heteroatomrenoval activity
during fewoo3gesed furization (i.e., after treatnment) woul @#ChaIS030R83 r abl e.
Consequently, a desirable protective agent is one that results in a
decrease in the catalyst's heteroatomrenoval activity during treatnent
only. At the conclusion of <catalyst treatnent, the catal yst's heteroatom
renoval activity would be then WD 03/078063 -6 PCT/US03/ 07205 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 heteroatomrenoval activity. Thus, after the treatnent, the use of the
protective agent is discontinued, or reduced to a concentration too low to
suppress the heteroatomrenoval acti \'/?’ty. Di scontinui ng or reducing the
concentration of the protective agent should restore at |east a portion,
preferably nost sub&ﬁ}dlanmﬁﬁoremy&ﬁseérﬁbﬁlyg eSS betht pratedtive @eht afbyt he het er oat om
renoval activit treatment. [0010]
In one enbodi neﬁ?creast“i‘\ge’ts catst au?nq?%leﬁeee}hl I}/S{lo lﬁﬁ bl%%ef%gteog%gne or nore netals
sel ected from nbaermndnhen@abaq@vm |Thus aftkr Ge tregtmavit, theaisaddhe pRdsaYe - ol ybdenum
and ni ckel - ol yP%ﬁtqyﬁﬂsc% hﬂéc%&tédug No p&)nb’e?‘lﬁ'glon%tlm %%Ep%res@tgém“ sing one or
nore nobl e netal$ can a e use e.qg., platinum pallad |um and

pl at i num pal | adheierpateny remeval acivity. [TeFentinuirs f redveing (e ongepyaism obthe r osh, meani ng

freshly sul fi degotebie@aitshould rebthre aibst aﬁ)%hi%h,}fﬁetf&aﬂlﬁﬁbdﬂdﬁd deact i vated and
partially deactivated catal their cat@)}y&ll c activity

restored by, f oPre@?QWﬁFtétantfaﬁb%lﬁ‘éfrﬂ%ﬁaqeﬁ??atémdemoé' gll FIVY Fguoe

ot her
enbodi ment, t hecaajsapriosto thearebenedtr eated is a "used” catalyst, i.e., a
catal yst that has been used for hydrocarbon heteroatom rermval for a
period of time, including catalysts that have been used "on-oil" under
catal ytic [0010] In one embodiment, the catalyst to be treated comprises one or more

metals selected from non-noble Group VIII and Group VI metals. Cobalt-
molybdenum and nickel-molybdenum catalysts can be used. Catalysts
comprising one or more noble metals can also be used, e.g., platinum, palladium,

and platinum-palladium may be used.

[0011] The catalyst may be a fresh, meaning freshly sulfided, catalyst.
Suitable catalysts include deactivated and partially deactivated catalysts that
have had their catalytic activity restored by, for example, 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 that has lost a portion of
its activity for heteroatom removal. The catalyst to be treated may comprise

mixtures of fresh, used, and partially deactivated catalyst.

[0012] In one embodiment, the treatment is conducted ex situ of the
heteroatom removal reactor, and, in another, embodiment the treatment is

conducted in situ. The treatment may be conducted in a single step, where the



hydrotreating conditions. In yet another enbodi nent, the catalyst to be
treated my be partially deactivated catal yst, for exanple, one that has
| ost a powbDiosn78963 its activity for heteroatom renoval . TIRETO®O3DR8Y to be
treated may conprise mxtures of fresh, used, and partially deactivated
catalyst. [0012] In one enbodinent, the treatnent is conducted ex situ of
the heteroatomrenoval reactor, and, in another, enbodi nent the treatnent
is conducted in situ. The treatnment may be conducted in a single step,
where the WD 03/078063 -7 PCT/US03/ 07205 protective agent and sel ectively
deactivating agent are both present under treatnent conditions. In another
enbodi nent, the treatnent is conducted in successive steps, where the
protective agent is introduced, the selectively deactivating agent is

i ntroduced, and then the protective agént is removed follow ng
deactivation of the hydrogenation sites. In another enbodi nent, the
treatment is coa.@tésﬁvedgdnnanabmnwry d'e@cﬁlpﬂﬂgagehm&lhﬁﬂg&&thﬁﬂef he het er oat om

renoval process feed c itions, or. both. In this
embodi nent, the eat"P"é‘éfWg‘n?nSnL{Sf"?)t er §W§ 89%'3%%%&‘“8‘325 COT‘%CM{% a net hod for
regul ati ng aspeeicsesgfe steph) @héve the poatimagenowalodysed thesdectiglich as product

het er oatt om cont gt BlAJNEL indLAN Sad WIRRL proSELLRQULALIEN MY per i

desi rabl e adj us process ’paraneters such as tenperature, hydrogen
consunpti on, sp&dlewipeHesetivatjon of fhd hydsegsaation dtes. T anothepembedines they be repeat ed

as needed. [001§lauhé?ui>é%&ndmtlﬂﬁﬁl I@fz‘%ﬂde@aﬁn et fAGnel HA¥RRALINGENdvEl ates to a
sel ectivated catalyst. Preferabl ty the cata (¥st congﬁﬁ%m catal ytically

active sites thBiocestiged coppesifion rerrtidncoRditinns R b usie 4% i vated for
hydr ogenati on. eifient phyelemplolyad, fot hﬁmbly,das agetad foorgditing sspetsofdeact i vat ed by

a sel ectively d&gﬁet:tlerga%(tnil pegnqu r%getss suc rlg:"r% trh%gro%%%% V\%&tt é)?o%HB” Ses

het er oat om r enp es an 1 On In the ratio of the
nunber of deact baaik ectnlbwcﬁmlg@aldmoo maxs parmay dtsgable adJuStmentS of process

parameters such as temperature, hydrogen consumption, space velocity, and

pressure. The treatments may be repeated as needed.

[0013] In yet another embodiment, the invention relates to a selectivated
catalyst. Preferably, the catalyst comprises catalytically active sites that are
active for heteroatom removal and deactivated for hydrogenation. More
preferably, the hydrogenation sites are deactivated by a selectively deactivating
agent. A preferred catalyst comprises heteroatom removal sites and hydrogena-
tion sites wherein the ratio of the number of deactivated hydrogenation sites to
the total number of hydrogenation sites exceeds the ratio of deactivated
heteroatom removal sites to the total number of heteroatom removal sites. The
total number of hydrogenation sites or heteroatom removal sites is the number of
such sites on the fresh or freshly regenerated catalyst that has been activated for

use in heteroatom removal processes by, e.g., sulfiding.

BRIEF DESCRIPTION OF THE FIGURES

[0014] Figure 1 is a graph showing reversible CO suppression of
hydrodesulfurization activity of a catalyst having activity for both heteroatom

removal and hydrogenation.



the total nunber of hydrogenation sites exceeds the ratio of deactivated
het eroatom renoval sites to the total nunber of heteroatomrenoval sites.
The t ot avomamtsss3 of hydrogenation sites or heteroatom re®oTdlSOZITReS i s the
nunber of such sites on the fresh or freshly regenerated catal yst that has
been activated for use in heteroatomrenoval processes by, e.g.,

sul fiding. BRIEF DESCRI PTION OF THE FI GURES [0014] Figure 1 is a graph
showi ng reversi bl e CO suppression of hydrodesul furization activity of a
catal yst having activity for both heteroatom renoval and hydrogenati on. WO
03/ 078063 -8 PCT/ US03/ 07205 [0015] Figure 2 graphically illustrates the

ef fect of higher CO concentrations on the hydrodesul furization activity.
[0016] Figure 3 is a plot showi ng rapid deactivation of

hydr odesul furization activity in the 'Sr'esence of thermally cracked

napht ha. [0017] Figure 4 is a graph illustrating restoration of catalytic
hydr o- desul furization activity after the treatnent of the invention.
[0018] Figure 5 _js..a graph show ng olefin sa i as ction of

desul fur i 2at i on90Fgs o?@“&?&‘aggfaenuy e B TEL %"“fe?n’\‘f‘r‘e‘}r‘? 1 on. DETAI LED
DESCRI PTI ON [ 00 &®ihe hyseodesulfenvhii@ractivatyat es to a nmet hod for sel ectivating

bi functional catalysts. Mre specifically, a catalyst having activity for
both heteroatom renoval and hydrogenation activity can be treated to

suppr ess the unf®3¢lr abisure 3jis e gavans remd deagtivation pf dradesuifyrizptiongr no | oss of
desirabl e het er gaf @y iR FRY@ke ofakdhallylciacked Aphtat al yst treat ment invol ves
contacting the catalyst with (i) hydrogen, (ii) at |east one selectively
deactivating agent that reduces the hydrogenation activity of the

catal yst, and ({001)] aFighredssa grapd ilpisiodtieg testoraticagé ertal ytivduydro-

desulfurization activity after the treatment of the invention.

[0018] Figure 5 is a graph showing olefin saturation as a function of

desulfurization, before and after the treatment of the invention.

DETAILED DESCRIPTION

[0019] 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 no loss of desirable heteroatom removal
activity. The catalyst treatment involves contacting the catalyst with (i)
hydrogen, (ii) 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. Heteroatom removal, as the
term is used herein, means the reacting of hydrogen and a hydrocarbon feed

containing heteroatom compounds in the presence of a catalyst having



protects and preserves the heteroatomrenoval activity of the catal yst
during the treatnent. At the conclusion of the treatnent, the

concent r aWPD®AH78963 sel ectively deactivating agent and proP€TUSIBORGENt are
decreased, resulting in a treated catalyst effective for feed heteroatom
renmoval with decreased activity for hydrogenation of the feed's

unsat urated species. Heteroatomrenoval, as the termis used herein, neans
the reacting of hydrogen and a hydrocarbon feed containing heteroatom
conpounds in the presence of a catalyst having WO 03/078063 -9

PCT/ US03/ 07205 heteroatom renoval activity. The heteroatons, which conprise
one or nore of sulfur, nitrogen, and oxygen, respectively form hydrogen
sul fide, amonia, and water, which are then renoved or separated fromthe
het er oat om r educed f eed. I\/bst het er oaf om r enoval processes and catal ysts
are designed primarily for renoving sulfur and nitrogen, wth oxygenates
bei ng renoved alcpRGoM r'éllﬂmtaha@nvx@!.lh‘ﬁdﬂeteﬁﬁdﬁr@,l’w}mhtcblﬁgﬁoneRSlf eberoabl y, at | east
sul fur is renoved fromthe to tthe1 fheé{ atorﬂc{ennll)r}l/(%ga process. When a
het eroatomi s rsé‘%‘v’é‘HoﬁePc?H‘il%yﬁeé‘tr@?‘p(?%ﬁv%hor? PR PR T FaR ™ onpound,  bond
cl eavage occur syats Wiiclsiramhénraneedsr sepryathddgarthetdgioriogrreduoedfetdh t he cl eaved
het er oat om and th f edition of The
Condensed Chemi %ai(?hﬁr +ﬂ2}ne§1rg Xla%‘?%ggegﬁnd é@?ﬂ?ﬁé gesglgbgfp?ﬁ%@%&he term

"hydr ogenol ysi sttmovingralfer a@gtrogss, witirjguygerdtes by ngyemeyed alopbwdh % an or gani ¢

conpound Wi th si,fyl 4@0ERH3eRAPdhin) Qf:as@sulthygi’é@&@ﬂlfraxh@mf&ea tdatﬁé:h fragment.
This chem stry occurs in heteroatom renova

H&l ation" is also
defined on the keimatogygmovalrocgsse %’ﬁ‘b?heéetr?w is gy Wf'cib"’e M anot her
subst ance, usualochiinag otgaﬁaidntrpaﬂrﬁcboﬁd gledvhge ocanpwitndmultaaseds under t he

influence of temer at u :3% BLES YT F%Ye?gqergagot %}e%&"m‘;{%@é%ﬁ‘ehydr ogenol ysi s

and hydrogenat i °§?na(cli‘ PRgUI SH rom each othe ther or not
bond cl eavage oftagmest. Theaseventh eél@;m@fﬂifle gendetsed Chepigak Pigiipnary hy dr ogenat i on”

(Reinhold, 1966), defines the term “hydrogenolysis” on page 489, as “The

cleavage of a bond in an organic compound with simultaneous addition of a
hydrogen atom to each fragment.” This chemistry occurs in heteroatom
removal. “Hydrogenation” is also defined on the same page, as a “Combination
of hydrogen with another substance, usually an unsaturated organic compound,
and under the influence of temperature, pressure, and catalysts.” Thus,
hydrogenolysis and hydrogenation are distinguished from each other, by whether
or not bond cleavage occurs. In the context of the invention, “hydrogenation”
means saturating unsaturated carbon-carbon bonds in an organic compound,
especially olefinic unsaturated bonds, with minimal and preferably no bond
cleavage. Therefore, in its broadest sense, the invention comprises a process for
selectively decreasing the hydrogenation activity, of a catalyst having both

hydrogenation and hydrogenolysis activity.

[0020] A significant feature of the catalyst treatment of the invention is that it
can be applied to a catalyst in situ in a reactor, and even while the catalyst is on-
line removing heteroatoms from a feed that contains one or more heteroatoms
and olefinic unsaturates. In this regard, multiple treatments can be carried out on

the same catalyst in the reactor while the reactor is on-oil. This in situ treatment



means saturating unsaturated carbon-carbon bonds in an organi c conmpound,
especially olefinic unsaturated bonds, with mniml and preferably no bond
cl eavage.WOhatzfo6 e, in its broadest sense, the inventionPCIASOI/BRES a
process for selectively decreasing the hydrogenation activity, of a

catal yst having both hydrogenation and hydrogenol ysis activity. [0020] A
significant feature of the catalyst treatnent of the invention is that it
can be applied to a catalyst in situ in a reactor, and even while the
catalyst is on- line renoving heteroatons froma feed that contains one or
nore heteroatons and olefinic unsaturates. In this regard, multiple
treatnents can be carried out on the sane catalyst in the reactor while
the reactor is on-oil. This in situ treatnment WO 03/ 078063 -10

PCT/ US03/ 07205 can be achi eved by teﬁﬁ rarily adding to the feed and/or
hydrogen passing into the catalyst-containing reactor operating at

het er oat om r enoxd@be a@maduiby emporadly akitlg &cthe feed andademctaguatassing imgent and a

protective agerlg st— 8ntaln§éi(rjetea é)rroep%?tgt%%tr h%%rog{om r? cgvgilocggﬂt?otné,gn activity

suppression is Ive agent = and selectively
deactivating ag;elmtlvr:ls dévativasup agev sl pr@@metagellt nAft%@erde%qedﬁeatePefn of at |east

most (nore than, 5896804 am’v?tgf SipPRdsion ‘Etaclll%tadJMof m@BQtebtﬂeﬁgkma cases all,

of the heteroat8m Fenoval activity of the catal For exa Ie conplete
restoration of MheElasiiehiisadiiitipgrgedtdy ‘iaB?F‘ yhich ! "’oq‘e RRBRTSr newl y

sul fided naphtlaatIﬁesd(&mmsb%rahmeﬂe@myeﬁ&aadMgot),,an@fnsbrhecazeypm used in the
exanpl es bel ow, " gcurred aftﬁr tlIhe cﬂc;it atlag, oraégantl) en treat ed according to
the practice of° fAeterPHER Fimogs acuxpty o theca@iysy afY¥*t hat had been

on- st r eam hydr aekesatoh uf thz hydepdesulfigaition agivithef affeae*dorhnawly b!é@cndt reat ed, about
80% of 11 desul i 5ablaNnRthib datysttBiine EALOLf the ofnpROMNR,, 0 Figure 4 and

Exanple 3 bel ow.” teroatom rerpva feaction then continues in the
reactor, with acewredefeer the satelysyhad beqpareatefagedigias tq thepraghiceof §g| ectivity for

het er Oat om r engyRhtionP Wi 4 sirki®r QfalyiethR Gd D68 Oh-JueMehyRebdesulfurizing a
cat naphtha feed had been treated, about 80% of its desulfurization activity was
restored, as shown in Figure 4 and Example 3 below. The heteroatom removal -
reaction then continues in the reactor, with a treated catalyst that now has a
higher selectivity for heteroatom removal, by virtue of selectively lowered
hydrogenation activity. Alternately, all or a portion of the heteroatom-
containing feed stream passing into the reactor may be temporarily switched to a
different feed, while the protective agent and selectively deactivating agent are
introduced. In either case, sufficient hydrogen should be present to prevent
permanent catalyst deactivation. By way of a non-limiting, but illustrative
example specific to hydrodesulfurizing a naphtha feed, the catalyst can be
treated while on-oil and ir situ in the reactor, to increase the hydrodesulfuriza-
tion (HDS) to olefin saturation (OS) selectivity (HDS/OS), by reducing the
olefin saturation activity. This improvement 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 a few days,

depending on the type and amount of selectively deactivating agent added.



hydrogenation activity. Alternately, all or a portion of the heteroatom
containing feed stream passing into the reactor may be tenporarily swtched
to a difwerenrsobred, while the protective agent and sel e®CITMESDY/07205
deactivating agent are introduced. In either case, sufficient hydrogen
shoul d be present to prevent permanent catal yst deactivation. By way of a
non-limting, but illustrative exanple specific to hydrodesulfurizing a
napht ha feed, the catalyst can be treated while on-oil and in situ in the
reactor, to increase the hydrodesul furiza- tion (HDS) to olefin saturation
(OS) selectivity (HDS/OS), by reducing the olefin saturation activity.
This inprovenent is achieved by adding the protective agent (e.g., CO and
one or nore selectively deactivating agents to the naphtha feed entering
the reactor, for a treatnent tine suffi¢ient to decrease the hydrogenation
activity, and thereby increase the HDS/ OS selectivity ratio of the

catal yst. The t waat MRAMestifiiRation BERIRIohy B suddRIfbr th@talyeitreatinenta f ew days,
dependi ng on the e and anmount of sel ectivel eact ivat] agent added.
WO 03/ 078063 -1 ‘fflﬁ%‘ﬁ)‘ﬁt’ﬁti@? FOE AT %resﬁli/rars%aﬁee‘ée\{ucfcg Fupc'z‘a‘t‘“u ut(s)ér?r}grondi tions are
sui tabl e for theeoghthyskodtutfarizagmtmay belethflerednt condi ti ons of tenperature,
pressure, space velocity, etc. than used for the naphtha

hydr odesul furizati on nay be enployed. [0021] Wile not w shing to be held
to any parti cul B2 he¥hije nat wishigg e held ocny paiculagfieqrn éf it telieved eat nent of the

in;/elntit_on, ht Qe &@Jﬁ{%&g’ m&kexxtn@ﬁﬁﬁgﬂﬁmaigm él@@@l?@ﬁvel?ﬂ@&w?ﬁ@ ag@kg on thte'
catal ytic hydrogenation sites,. there eactivati he rogenati on
sites. However, Prf’%escfalfeﬁnﬁléetca@iy?%‘%ydé?é%/ﬁa\?‘g‘ Sf‘%r%?{%qyfrsé?%cgf%ﬁg tF%m)val are not

permanent | y deanydrisatach sites. Mo@etehehepniallye sites vaivafpehderprat epbwl t hose sites
fromthe selectiyel Y deash) il Aoy 38 Me pdea AR RBRRCARGAYES ed that the

catal yst's hydroge activity 1s permanently attenuated follow ng the
treatment, but frirethescitctiye)sdeadsiviiing agenntlOws beandisereredthatifiecsfalyhh be at | east

partially rest Oﬁy%qog@ﬁétion activity is permanently attenuated following the treatment, but the
catalyst’s heteroatom removal activity can be at least partially restored by

removing the protective agent.

[0022] The amount of hydrogen present during the treatment should be an
amount sufficient to prevent permanent deactivation of the catalyst for
heteroatom removal. When sufficient hydrogen is employed, the catalyst’s
heteroatom removal activity can be restored by removing the protective agent.
The amount of protective agent present during treatment is an amount sufficient
to protect the catalyst’s heteroatom removal 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 sufficient for permanent and substantial attenuation

of the catalyst’s hydrogenation activity.

[06023] The amount of (i) hydrogen, (ii) protective agent, such as CO, 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



removi ng the protective agent. [0022] The anmount of hydrogen present during
the treatnment should be an anobunt sufficient to prevent permnent

deact i vatwon3ofsobhe catal yst for heteroatomrenoval. WeRCIafsby/eizent
hydrogen is enpl oyed, the catalyst's heteroatomrenoval activity can be
restored by renoving the protective agent. The anount of protective agent
present during treatnment is an anmount sufficient to protect the catalyst's
het eroat om renoval sites froma substantial, permanent deactivation in the
presence of the selectively deactivating agent under treatnent conditions.
The amount of selectively deactivating agent present during treatnment wll
be an anount sufficient for permanent and substantial attenuation of the
catal yst's hydrogenation activity. [0023] The anount of (i) hydrogen, (ii)
protective agent, such as CO and (iil)" selectively deactivating agent
present during the treatnment in an on-oil or on- stream node, nmay
respectively ramofam@ms(;aj)apabﬂlptessh& of pro@bioe hgeh KA (Psbaut 0.64dp ogen parti al

t th t 0015 WO
03/ 078063 - 12 PeprcResr87anE el A 1ROl TR R e ) wABPUpulk 006 o

protective agenproteetivel agemysuettmﬂlpz Ox. ef@ol fapine &mtoyw@thpéfrsaemﬁlﬂ al pressure of
sel ectively deaglteg Hx%tc!uﬂﬂ c@r%rﬁitonan%%‘in&fwtdﬁ&& conPaof 6f hy@pdgent such as CO2

or ethanol amne 1s eng oyed, the desiréd partial pressure can be
conventional |y pistsaie REEC #pntde herapoioetis 94Sh Ryfrepteas raydpeen Bessur e of t he

agent to the vapgls ﬂaﬁ&ﬁ%&&o@ﬁox@uxﬁ}b dfhﬁﬂége@ﬁﬁilﬁh spacits apieindd reat  gas is
meant all hydrogen_or a m xtu n an i.nert %%{e?l es which do not

effect the treaP‘ﬁﬁﬁ‘fC‘g’F“W&?e@?%fg’ftf)‘i‘??tf’%wg? S ESUEE BN ve ner el y as a
di l uent for thEdlhiﬁﬁil‘fﬁlgBihydISgﬂﬁl’BudSasmlttogmgﬁﬂhanmﬂamgﬂ@ﬂlh‘aﬁ@leand the Iike.

The anount of hydr ' e ' v 60 vol % and
preferably at e(g:lélf; (%?1%1;{)/%[1 E%nﬁe gqg%ll\%ﬂléall; ¥t fe@xl)t %U (9@7 aﬂ&prl:i%ﬂﬁlsf 0
at least 75 vol%.

[0024] A carrier hydrocarbon acting as a diluent for the selectively deactivat-
ing agent may be employed. For in situ treatment, the carrier hydrocarbon may,
for example, comprise the naphtha being passed into the reactor, to be
desulfurized. For example, during a naphtha desulfurizing process the catalyst
may be treated in situ in the reactor by conducting to the reactor the 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 naphtha related example, in which all or a
portion of a cat cracked naphtha feed being desulfurized 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 néphtha,
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. A hydrocarbon carrier will typically and preferably be used
for a treatment in situ in a heteroatom removal reactor. When employed, a

hydrocarbon carrier will typically and preferably be used for a treatment in situ



[0024) A carrier hydrocarbon acting as a diluent for the selectively
deactivat- ing agent may be enployed. For in situ treatnent, the carrier
hydr ocar w0 oamy8063 f or exanpl e, conprise the napht ha bei ngPpagsesoizns o t he
reactor, to be desulfurized. For exanple, during a naphtha desul furizing
process the catalyst nmay be treated in situ in the reactor by conducting
to the reactor the feed, hydrogen treat gas, the protective agent, and an
effective or deactivating anount of the selectively deactivating agent. In
this case, the naphtha feed conprises the carrier hydrocarbon. In another
naphtha rel ated exanple, in which all or a portion of a cat cracked

napht ha feed being desulfurized is switched to a thermally cracked napht ha
as the source of the selectively deact13vati ng agent, the carrier

hydr ocar bon conprises a mixture of caf "and thernally cracked naphtha, or
all thermally cracked naphtha. When thernmally cracked naphtha is the

sel ectivel y deagtasuiédrirdigpvaigeiator. 1aadentbodiynelitdcaliitiothe caatyst ietreaied irenpl oyed, al |
or a portion of the hydrocarb carri i Se. nore |ight
hydr ocar bons  sfl eﬁa%tg"énlsé%’ﬁf‘ ﬁléu,O(%pieéﬁf“njé?{e,op%%g?&%ﬁ%’cgﬁ'f’f‘g@fdg{ehydr ocar bon may
conprise the ceaption@dr hydrocarbon. A hydrocarbon carrier wll typically and
preferably be used for a treatnent in situ in a heteroatomrenoval

reactor. \Wen enpl oyed, a hydrocarbon carrier will typically and
preferably be ulM26lf ofheproteeiyg %WP’WW‘@GW“W%@VG‘Y’&G%E‘@ sufl$r bCT/ US03/ 07205
in a sulfur remydlal k&R Qiring IhB radm@SGitibRPRiteciive aghtitGhclidaenexat al yst i s
treated in a separate yessel, ex sit f the reactor se of a hydrocarbon
carrier woul d b@oredbeﬂef)%étlaas %g‘gfatﬁlﬁsgan%rco &S 'il;s\%uerétg'edﬁ%(%ﬁ‘r?event s per manent
deacti vati on of Refa@esativé spreciesrianimiebr eaghples COyCAu piningp siéhanst r eat ment . Sui t abl e
protective agen i . i . ad b to the catal yst
and can be subs%tgﬁgﬁﬂng’dag%g@rg%lgé@n Rg%ragg@%%lgﬁ%%ﬁgﬁgﬁrgb?& i ncl ude, for

ex arrpl e, CO CCQf,Ote‘eﬁ’YF Azest maydlg igthe gas or liquid phase, but is preferably a gas or

vapor at the treatment conditions for vapor phase reactions. In one embodiment,
the protective agent is chosen so that the decrease in heteroatom-removal
activity under treatment conditions exceeds the hydrogenation activity loss, and
where the protective agent is removable for restoring at least a portion of the
catalyst’s .hydrodesulfurization activity. In another embodiment, the protective
agent is chosen so that the decrease in heteroatom-removal activity under
treatment conditions is less than the decrease in hydrogenation activity, and
where the protective agent is removable for restoring at least a portion of the

catalyst’s hydrodesulfurization activity.

[0026] The selectively deactivating agent(s) reduces the hydrogenation
activity of the catalyst in the presence of the protective agent. The selectively
deactivating agents generally comprise one or more hydrocarbon species having
olefinic unsaturation. These selectively deactivating agents will be present
during the treatment, in a concentration substantially 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



et hanol am ne, and aqueous anmi nes such as aqueous et hanol am ne. The
protective agent may be in the gas or liquid phase, but is preferably a gas
or vaporwetoswofsees r eat ment conditions for vapor phase rea®Cirarg3/o1ns one
enbodi ment, the protective agent is chosen so that the decrease in

het eroatomrenoval activity under treatnent conditions exceeds the

hydr ogenation activity |l oss, and where the protective agent is renovable
for restoring at |least a portion of the <catalyst's hydrodesul furization
activity. In another enbodi nent, the protective agent is chosen so that
the decrease in heteroatomrenoval activity under treatnent conditions is
| ess than the decrease in hydrogenation actrvity, and— where the protective
agent is renovable for restoring at |east a portion of the catalyst's

hydr odesul furi zation activity. [0026] 'I;he sel ectively deactivating agent(s)
reduces the hydrogenation activity of the catalyst in the presence of the
protective agent. The selectively deactivating agents generally conprise
one or nore hydieeabdhninans pefirs ésthdifaed wigeh iok dfsireti tc preesat derieg thon. These

sel ectively deacgtivatin ept S. W . g[?]v : reatnment, in a
concentration sﬁ%esrf’ an fegf)?% ggr ‘Zléh\tlﬂéér ﬁr?tgﬁéggg%@gg%/sdet gir{r&gg%{}%?%at may be
present in the ngeptit prafefablydasye vangr. fas dapoerhaseieagiifing. URepresgdittivioul d, but for

the protective @Q@cmely&@Jﬁmgﬂﬁekﬁ!cé&ﬂp&&eﬁ@@’dﬁﬁ&ﬁlM&Ef‘uﬁs,alﬂ_@teroatOm r enoval
activity during the treatnent. Preferaglg)r/ at | east 1gﬁglortlon of the
(o

sel ectively deadmgigypiragdatng leinciapbraiPy Foer 8P ty with hydrogen,
t han WO 03/ 07806Ry1didsks RCT AL 3 AAGEN: bl cpelgaomdienan styehafvims i n the feed
which it is desired to preseryve. ri.ng the .1 t myal . As with
. 3 1iK8 Shre QLM § R

the protective SYSAT m‘?aﬁees’ TEr¢ Cgltclaf\l}glfhﬁn gdctivating agent | s&pr ef erably gas
or vapor, for vapoivapigegents; etiertdlansr in Rephimten tSach species gy befoinde| y
deact | vating aggRts, R efdl Bhabh RnhudheRESpicd okl Giibise and  aromatic
unsat ur at es havi ng o efinic unsaturation. For exar’rPI e, C%/C| |1 C

specific to hydrodesulfurizing cat cracked naphtha, the feed to the reactor was

switched from a fluid cat cracked (FCC) naphtha, to a thermally cracked

naphtha, along with CO as a protective agent. The amount of hydrogen present

was about the same. An increase in the HDS/OS selectivity ratio of the

hydrodesulfurization catalyst was observed. Following treatment for an

effective treatment time, the concentration of thermally cracked naphtha and CO

in the reactor feed were decreased, and the amount of hydrogen treat gas and

FCC naphtha in the reactor feed 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.

[0027]  The catalyst treatment may be conducted at the same or different
conditions of temperature and pressure, etc., used for heteroatom removal, and
either in situ or ex situ of the heteroatom removal reactor(s). A significant
advantage of the treatment process of the invention is that it can be conducted in
situ in a heteroatom reactor, even while the feed for heteroatom removal is being
passed into the reactor or reactors and at the same or different conditions of
temperature, pressure, space velocity, etc., used for the heteroatom removal.
Heteroatom removal conditions encompass typical hydrotreating and

hydrorefining conditions, with the severity of the conditions increasing with



al kyl di enes such as di cycl opent adi enes and cycl opent adi enes, styrenes,

vinyl toluenes, indenes, non-cyclic al kyldienes and the |ike can be used
as sel ectwoaBg78odeact i vati ng agents, either alone or in cechiusashans Such
species may be found, for exanple, in thermally cracked naphthas. In the
exanpl es bel ow, which are specific to hydrodesul furizing cat cracked
naphtha, the feed to the reactor was switched froma fluid cat cracked
(FCC) naphtha, to a thermally cracked naphtha, along with CO as a
protective agent. The anount of hydrogen present was about the same. An
increase in the HDS/ OS selectivity ratio of the hydrodesul furization

catal yst was observed. Following treatnent for an effective treatnent
time, the concentration of thermally cjacked napht ha and CO in the reactor
feed were decreased, and the anpunt of "hydrogen treat gas and FCC napht ha
in the reactor feed was increased. A 20-70% increase in HDS selectivity
after the treat ﬁieﬂaismgﬂéi:dBMth@ICHﬂog\inTrdflndVbieymcatljaﬂeylSIteS wseeevkwr the naphtha
desul furization | ex | es t treatnment nay be
conducted at th&"d, 1%95%““13&? glrc’veagﬂh%\g%lgofg?oﬁélﬁggg%r%ﬁgde%iture and pressure,
etc., used for hebenpaifonforensyktiha fegdnyith %ﬂftllweﬁmif%eéiﬂwvﬁrﬁo@xfoél tu of the
het er oat om rem)mlngfeeﬁﬁmrgééc)u 1ube §dcg5}i addcp%%ulargqc vieRbges odid,t he treat ment

process of the invéntion’is can be con ted |n situin a

het er oat om r eac{es?lnngelb"e’ﬁOWﬁVTr%“tnﬁ‘éo‘fseE’oﬂef‘f'd?l hererb A ARFERHVRI i s being
passed into t hereﬁﬁa&b@EesQﬁcrEdE@Gﬁtﬁﬁr&re@ﬁﬁk tarhpekdi@e, prtisRre@nd taf ga8r ent condi ti ons
of tenperature, pressure, ﬁ)ace used het er oat om

renoval . Het er Bt ﬂ‘r‘?‘n“? SEUAt %%’ﬁcﬁlvglf)% ‘migse Snfions t Wenfkm{wnh;;/lgr otreating and

5 efnconpass
hydr or ef i ni ng chavelbéeh extensively piblished ingeiesss artdyin thﬁ liehwre dmefinerelgnd i ncr easi ng

wi th WO 03/07 80? %end}n% oﬁﬁy féé§9:§{1g Egtgléatbrﬂ CorfeAt hagozitcﬁ@ QHQQJI bl'oEEQs range.

Ni trogen renoval “typrcally requires nore severe ondi ti ons than sul fur
renoval . The ni P@é@?nséﬁ‘i‘m‘ﬂ%‘ilbﬁggeéfo@?o&%‘? Fel§- 3f589P51g’ 100-10,000 SCF/3

hydrogen treat gas and a liquid hourly space velocity (LHSV) of 0.1-10 based on
the volume of feed, per volume of catalyst, per hour. More typical conditions
will range from 400-800°F, 60-2,000 psig., 200-5000 SCF/B and a LHSV of
0.5-10. Typical temperatures and pressures for removing sulfur from naphtha
and diesel range from about 400°F-750°F, and 150-2,000 psig, with a space
velocity of 0.5-10 LHSV and a treat gas rate of 100-3,000 SCF/B. Those skilled
in the art will appreciate that these are merely illustrative, but non-limiting

examples.

[0028] A catalyst having both heteroatom removal and hydrogenation activity
prior to the treatment and useful in the practice of the invention, will comprise a
composite of at least one catalytic component of a metal of both Group VIII and
Group VIB. A catalyst support component may also be employed, but is not
required. The catalyst may also include a component of one or more metals of
Group IA, IIA and IB. The Groups referred to herein are those found in the
Periodic Table of the Elements, copyrighted in 1968 by the Sargent-Welch
Scientific Company. The Group VIII catalytic metal component will comprise a
non-noble or noble metal component and more typically a non-noble metal

component. The Group VIII non-noble metal will be at least one of Co, Ni and



removi ng sulfur froma naphtha feed, with sulfur and nitrogen renoval from
for exanple, a heavy gas oil, lube fraction, and particularly a

deasphal two 038%0d3 requiring the nost severe conditions. PCA/upesenes , the
severity of the heteroatom renoval process increases with increasing
tenperature, pressure and treat gas rate, and with decreasing space

vel ocity. These conditions are well known and have been extensively
published in patents and in the literature. In general and depending on
the feed and its heteroatom content, heteroatomrenoval process conditions
may broadly range from 200-950F, 30-3500 psig, 100-10,000 SCFB hydrogen
treat gas and a liquid hourly space velocity (LHSV) of 0.1-10 based on the
vol ume of feed, per volume of catalyst, per hour. Mre typical conditions
wi |l range fron1400 800F, 60-2,000 psig., 200-5000 SCFB and a LHSV of
0.5-10. Typical tenperatures and pressures for renoving sul fur from napht ha
and di esel range ahd momeajpivally dOOEO7S0 A nobledhefah O-pRes@B0vibbe ¥, Pdort h a space

velocity of 0. 5a n]ilg(%ulﬁal_&}! 5%5‘% aTﬂer(ﬁg‘}ep \Hﬁ%ﬂe{a %tgjlcai]t}(r)ge She IIQQOI'§Q: /B. Those

skilled in the reci at are nere illustrative, but
non-limting eManyl ¥smorg UOIQ@!YMXD Chilg|cytalytiqyagyil #F@dlbbtsﬁmr?ét‘@} &4t om r enoval

and hydrogenat i ga f&hhcbk Eoup | Vm /ot Groh P OTH h&A! BiBAAton @R WelpbSfle 1 N t he
practice of the invention conpri se osite of at |east one

catal ytic conpdﬁ‘éﬁPX‘S?(s)aW‘Hﬂpéﬂallb‘Fnﬁﬁ&Oﬁ‘Oé%)u‘bt%\ﬂ e G oup VIB. A
cat al yst Suppordon@wﬁpomﬁﬂHGrBﬁyVIaﬂrﬁ@alm wagin eytedntialiytess agnomog tharr equi r ed. The

catal yst may al so incl u ent o f Goup IA
Il A and | B. Thé 0@’8[{]?)?&? ef mPonen Oﬁle er el %@??%Iﬁ&eéa??g%%@eﬁﬁg% he Periodic

Tabl e of the El%ftant sioreqyyisatly yh‘t(bv,t% of thEGeBbihad amient Shhogethe Gyt ch Scientific

Conpany. The G ny\/hi Gat, ahyb bﬁ@&ﬂ@kne@@@i@ﬂ@ﬁﬂg mial dxideQ kL se a
non- nobl e or no al c onent nore typically a non-noble netal

conponent. The r@P’G L‘Pﬁo“VIViIiI mﬁg-E -aWcPEﬂf%reﬁ*eT@fca]vWP?‘OtB"em%ff‘l cprbja3ioghe of Co, Ni
and WO 03/ 07806igc1adk@obalt and molybdenum, nickel and molybdenum, and nickel and

tungsten. Total catalytic metal loadings of Co and Mo of less than 12 wt%,
based on the weight of the Co and Mo as CoO and MoOs, and a support
component comprising at least one of alumina, silica and silica-alumina are
preferred for selective naphtha desulfurization. The catalyst may be pre-sulfided
or it may be sulfided in situ, using conventional sulfiding procedures. The
catalyst will be sulfided prior to the treatment of the invention and to its use for
heteroatom removal. 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 catalytically active metals calculated as the oxide.

[0029] Heteroatom removal according to the practice of the invention, may be
conducted in one or more reaction stages and typically one or two. While more
than one stage may be located within a single reactor vessel, more typically 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



PCT/ US03/ 07205 Fe and nore typically Co and/or Ni. A noble netal, if
present, will be Pt, Pd or a mxture of Pt and Pd. The G oup VIB netal

will typiwelosp7dees one or nore of M and W nore typi cal | yCVHISOMWI2D®
catalytic netal loading is not critical, the total amount of Goup VIII
and/ or G oup VIB netal, based on the weight of the netal oxide(s), wll
typically range fromO0.5-30 wt% of the total catal yst conposite. Noble
Goup VIIl netals are used in substantially |ess anmounts than non-noble
metal components. The anmpbunt of Group VIB netal nmay range from 5-50 and
nore typically 10-40 w % of the conbi ned anount of both the Goup WVIII and
VIB netal s, based on the conbi ned wei ght of the netal oxides. Non- noble
Goup VIIl nmetals are preferred. Typical non-noble netal conbinations

i ncl ude cobalt and nol ybdenum ni ckel ~nd nol ybdenum and ni ckel and
tungsten. Total catalytic netal |oadings of Co and Mo of |less than 12 wt %
based on the \A/eéxmwabre@éuOhh@ge@manqillmtamefe@oalmd/ammhe aadf te support
conponent conpri si.ng at al um nay si i g n ica-alumna are
preferred for sr§?°é18‘? P\?’éa Wﬁ‘ﬁi?ﬂ?&e fa""“° P B thfhlélmgal?tg Vst may be
pre-sul fided oportidn inhy vdper ssa, hitigterald Dihhfsmftcuon Usperghese reacion Fteﬁfral sul fiding
procedur es. The ?r%iteg'édyfﬁlt a ti]zl egﬁfuﬁﬂlgﬂ qﬂgar{?(;u'np({fréa@notntﬁ?d&g’eﬁﬂetd”ent of the

i nvention and to Its Use Tor %e teroatomrenoval . I n ohe enbodi nent, the
catal yst to be mm@aqh@ﬁmpgn@rg@reé@ewwe%m Waarn%mawgﬁwmh?zau on

catal yst. For Sl\k@é?oaﬁﬁh@ﬁlb(@t Ractibf1® iR&BMge Ofhe eﬂﬁfeﬂ'fx}bﬁd daétlstage acti ve net al
conponent (s) will preferably be no rably | ess, than 12

r ef
w % of the tot a‘FOHtP&feéW’é"t‘“r‘(’:ﬁfr?ﬁf)gﬁ qr?)?frhy‘g%%‘zgam (P %dﬁ‘f '8f the one or
nore catal yti cathelte,‘oaaﬁ{ﬂeMEemtimbssbo@aéedulnameﬁtaca@ hly&ltegemxifmaehydx[omw] Het er oat om
removal accordi n?f mt"oma ng%térca?etgémtup enloUé’d%%rltﬂé"heté?@aYonpe conducted in
one or nore reacti o one or two. | e nore than one
stage may be | O@ame'dldmdpm#eabzsmmre F@h@:‘taé?rOf\V@ses‘b"}n 0“?7’&9?“@01! ypi cal |y each

stage Wi || consgid UtdhyarosGRaEAL Gm¥68S 8hd wB bR ridiived RARtEeact or vessel may

be used for a single stage. For a yapor phase reaction, the feed will be
e for
in the vapor st btegoatom-reduced hydrocarbon effluent of each stage, before it is passed info

the next stage. Thus, by “stage” is meant that at least a portion of the
heteroatoms in the feed are removed, to produce a feed reduced in heteroatom
content, with the hydrogen sulfide, ammonia, and water then removed from the
heteroatom reduced feed. This distinguishes the term “stage” from a reaction
“zone”, into which the entire effluent from an upstream zone is passed, including
both the heteroatom reduced feed and the hydrogenated heteroatoms. Each stage
may comprise more than one reaction zone, with each zone being defined by at

least one catalyst bed.

[0030] The invention will be further understood with reference to the

examples below.
EXAMPLES

[0031] In the examples below, the feeds for heteroatom removal were
intermediate (ICN) and heavy (HCN) FCC cat naphthas, which contained sulfur
compounds and olefins. The source of selectively deactivating agent was a

thermally cracked naphtha (TCN), which also contained sulfur compounds and



at least at the end of the reaction. Thus, while all or a portion of the
feed may WD 03/078063 -17 PCT/ US03/ 07205 enter a reaction stage in the
i quid stwbezordees feed will be vapor at the end of the r@aEluson072pHr a
m xed phase reaction, a portion will be in the liquid state and a portion
in the vapor state, at the end of the reaction. Vapor phase reaction stages
are preferred for naphtha desul furization. The anmount of reaction hydrogen
fed into each of the one or nore stages is greater than the anount
consuned by the heteroatomrenoval reaction(s) in each stage. The effl uent
fromeach stage conprises a mxture of one or nore of hydrogen sulfide,
ammoni a, and water; a heteroatomreduced hydrocarbon feed; and un-reacted
hydrogen. The hydrogen sulfide, amonia, and water are typically renoved
fromthe heteroatom conpound reduced Beed by stripping. In the case of
nore than one reaction stage, the hydrogen sulfide, amonia, and water are
[) e ][mved fromt h@eﬁdgelaaﬁ maasceﬁmmaau&etdvemydfuweﬁr\mﬁ%afoﬁdeumbn oftheeach st aﬁe,
efore it is passed into .the next stage. Thus,.by "s ' 1s meant that at
| east a porti onPBFY HES Wﬁ@f’?f?g’gfed?rg’eigﬁgtﬁ%%onfe %ﬁ“ °3‘raém?SEef?1r‘%\E/ilénc?,s to produce a
feed reduced i ngrhedréer bathemallycoakeintaphtivd. (Thest pemdry graigemsgudafes de, anmoni a,
and water then . : Thi s
di st i ngui shes t%oglgﬁl\é(r?%ér{s@g&g&égé%f i g%;g@g%@gagﬁﬁg%%ﬁéeﬁﬁﬂp& o which the
entire effl uent selecdiglyalnactiypsng asarhcompiised BinpasewHYe unppdidiesi g bot h t he
het er oat om r edugfsif sacksaRstuld\BsdinslEae nat adoigt@Ratnnsd TéRel stage may
conprise nore than one reaction zone, with each zone bei ng defined by at
| east one cat al $FstortBEdhe LRRPEPP- The i nvention will be further understood

with reference to the exanples bel ow EXAMPLES [0031] In the exanpl es
bel ow, the feeds fopr—heteroatomt+enpval YerEN TCN
Lighter Reactives
Hexadienes 0.199
mCPD* 0.038
Styrenes 0.135 0.39
DCPD** 042
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

[0032] As shown in the table, the TCN contains almost five times as much
reactive unsaturates, as does the ICN. Thus, the difference in reactive species
between these two streams is more of amount, than the type of species 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



internediate (ICN) and heavy (HCN) FCC cat napht has, which contained sul fur
conpounds and ol efins. The source of selectively deactivating agent was a
t her mal | yworoaokssad napht ha (TCN), which al so cont ai ned sul fPar/usospehds and
WO 03/ 078063 PCT/ US03/ 07205 -18 ol efins. Both feeds contained reactive
unsaturates, with the concentration of the primry ones, which are those
in the greatest concentration, alnost five times greater in the thermally
cracked naphtha. These primary reactive unsaturates all contained olefin
unsaturates, including diolefins, and it is believed that the selectively
deactivating agent conprised primary reactive unsaturates. An analysis of
these reactive unsaturates and their anmounts for the ICN and TCN are set
forth in the table bel ow. | CNTCN Lighter Reactives Hexadi enes0. 199
nCPD* 0. 038 Styrenes0. 1350. 39 DCPD**0. 421, 7- COctadi ene0. 44 Tot al Li ght
Reactives0. 3721. 25 Heavi er Reactives |Indene0.0960. 76 Vinyl Tol uene0. 10. 19
nDCPD* * * 0. 131. 0Rwdidoadentrigiansi e tinReapirédfesife BAmiznOxill Poierk olRkdact i ves0. 6963. 29

* . . T :
Methyl cycl Opgr ft:ra(') l)veeerl](seand mon hg¥ir(l:(l 190? %Q ge?aqlllvg)n %w hours or days achieved by

the process of the invention.

[0033] In all of the examples, a Co/Mo on alumina catalyst containing 4.5
wt% MoO; and 1.2 wt% CoO in 1.3 mm ASQ form was loaded into a fixed bed,
isothermal down-flow, 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 to 200°F, before the
introduction of the naphtha feed to be desulfurized.

Example 1

[0034] 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 hydrodesulfuriza-
tion catalyst. By HDBr is meant olefin saturation (hydrogenation) activity, as
measured by bromine number ("ASTM 1159"). 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 CO in the treat gas.

The results are shown in Figures 1 and 2.

[0035] For the first run, the reactor had been running with 20 vppm CO in the
treat gas. After 42 days, the CO was removed from the gas. The results are
shown in Figure 1. The effect of the 20 vppm treat gas CO on the HDS and



***Met hyl di cycl opent adi ene [0032] As shown in the table, the TCN contains
al nost five tinmes as nuch reactive unsaturates, as does the ICN. Thus, the
di f f er enc®OI0p/078¥6Et | ve species between these two streans PC3/USDS/@7203
anount, than the type of species present. Thus, it may be possible to
increase the catal yst selectivity by adding only the protective agent to
the cat naphtha or hydrogen treat gas. However, at these WD 03/078063 -19
PCT/ US03/ 07205 | ower concentrations the tine required for the treatnent
will be nore on the order of weeks and nonths, and not the relatively few
hours or days achieved by the process of the invention. [0033] In all of
the exanples, a Co/ M on alum na catalyst containing 4.5 w% MO8 and 1.2
W% CoO in 1.3 mm ASQ form was | oaded jnto a fixed bed, isothermal
down-flow, pilot plant tubular reactor and activated in situ in the
reactor. Catalyst activation was achi eved using a 10 nole % H2S/ H2 gas

bl end in a virgbBraaytytdfde citdyst & ppmaldtaindpphrynt.] Thelpoasense eftthet@® hol di ng
tenperatures, A400F I.:Qu} i J por phase),
and with a reac %}e Ue%%gil{sahlﬁlgﬁlg‘?m@o%&%?qgéﬁg 3&? fgyégfo g"rgvé\ﬁia{i‘{%';:ﬂ_ert1 E’gn cooled to
200F, before th€O wasemorkddtomahe tesht gah aboybaplttinracapede the HPSHetiviu el f uri zed.

Exanpl e 1 [ 0034} LhgysPidsROsE@f TH: BleSentXd¥@feidtRRE a Wash dnuisletes B4 ne the ef fect
that COin the treat gas had on the HDS and HDBr activity of the naphtha

hydr odesul f uri z%He FPPb#fU¥ht al yst. By HDBr is neant ol efin saturation
(hydrogenation) activity, as neasured by brom ne nunber ("ASTM 1159"). The

and a brom ne ML Broess o ARdke s Rari ha el Bl VBBDL 21 e Sor
525F, a total i200epprpefed3wasedded tQBOreapgrs gThismgsudted ingbrut 4% Josstof of 2000
SCF/B. The tr eaﬁDg Qc?ivﬂ@% sﬁéwﬁ/ 2 lFo/éhQﬁd 'AQSfadkhe 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

2.

Example 2

[00371 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. At day 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
thermally cracked naphtha feed was run in the reactor from about day 31 to day

46. Figure 3 shows the steep and rapid decline in the HDS activity of the



wi th the bal ance nethane. The reactor was run with the I CN having 20 vppm
COinthe treat gas, no COin the treat gas and wwth 200 ppm CO in the
treat gaswo o¥lEosesults are shown in Figures 1 and 2. [O00BEJ/USos/o2be first
run, the reactor had been running with 20 vppm CO in the treat gas. After
42 days, the CO was renoved fromthe gas. The results are shown in Figure
1. The effect of the 20 vppmtreat gas CO on the HDS and WO 03/078063

PCT/ US03/ 07205 -20 HDBr activity of the catalyst is inmediately apparent.
The presence of the CO in the treat gas had significantly | owered the HDS
activity. However, when the CO was renoved fromthe treat gas, about a 20
increase in the HDS activity of the catalyst was observed. The presence of
the CO had a nuch snaller effect on tzrll_e HDBr activity. [0036] In the
second run, the reactor was run on-streamfor 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 shawlysivwhilEbgthe heZnallAsraokebnaplite, ecesresuft of the feectvielyst run, the CO
had little effegt tioq.the HDBr  or olefin saturation activity. After the 200
vppm of  CO was"FerbVedEF B T he gas, substantially full restoration of the
HDS activity of the catalyst was observed. This restoration is shown for
days 32-39 in F%&@ 2. Exanple 2 [0037] In this exanple the feed was a
heavy cat naphtha having a 162-475F boiling range, 229 wppmtotal sulfur
and a brom ne nunber of 19. The reaction conditions included a tenperature
of 525F, a 200 (poisy tmiad expsnRint, e aShiht ed Ras 2 Oddmbydes @gephtha eat gas rate
of 2000 SCFB and a feed space vel oci held .co nt at .3, HSV. The
pilot plant readtgf g%f\*é?%‘ﬁ-‘?ﬁf‘@%ﬁ?ﬂd& a Iguﬁu"’gﬁog%??repreﬂu%%ﬁ in Figure 3,
the HDS acti vi tyol%feed blefisalbd pilst plaxizadir vesorastrpul desalfuwizinglhe | | ne, typical for
such a catal yst for, d06. fdnlifbndoNhied dnS - G3ARAIHSS. Ak cl@iioRl,

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.

[0039]  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 to 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 observed prior to the treatment. 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.

[0040] 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

switchover to the TCN. The low activity + and x points for days 32-36 are a



the feed was changed to a thermally cracked naphtha. The thermally cracked
napht ha had 200 wppm of sulfur and a brom ne nunber of 35.5. The reactor
inlet presouwse7sses rai sed to 225 psig and the space vel ociPCy/usesioaeesl to a
constant 2.0 LHSV for this feed, with all the other conditions remaining
the sane. The thermally cracked naphtha feed was run in the reactor from
about day 31 to day 46. Figure 3 shows the steep and rapid decline in the
HDS activity of the WO 03/078063 -21 PCT/ US03/ 07205 catal yst while on the
thermal |y cracked naphtha, as a result of the selectively deactivating
agent present. Exanple 3 [0038] In this experinent, the naphtha feed was an
i nternedi ate cat naphtha having 3340 wopmtotal sulfur and a brom ne
nunber of 50.7, representing 32.8 vol % feed olefins. The pilot plant
reactor was on-stream desul furizing th&® naphtha feed at conditions to
achieve from85-95 w % HDS. The conditions included a tenperature which

varied from 525re535;f5@%ﬁsenaectfqreabodp@hﬁifcone&lsuy@ogemreaega@ P& g, 2000 SCFB of
a 100% hydrogen_treat

oci of from
2.5-4.5. [ 0039] MpIEe §V§°V8fﬁf h@éﬁ?‘ﬁ‘“ H%Ss‘"uP’FB H‘ﬁagclr‘n“"“ %)%’6 vppm of CO
was added to the ahd et thgabsequbhi rsmovebaibbtd theiGO aadé“GHsi@mmnal reducti on of

about 709 of -t BeuERSARLANLN. By 0P B8] i Bbs (Al Mcthebeay, the

napht ha feed was“swi tc | e mai ntaining
t he 1000 vppm ofrea@®n} ¢f m%@enttqne%zur@%@owﬂﬁéf@m AHPBGEs & BMeEioRGEd to be fed

into the react O{heq@ﬂiﬁslgrdééuifbnztamle\kr sﬁsremteit@éﬂztdfm@@nﬁkﬂys after which
the CO was renoved fromthe gas _and feed switched back tg the | CN.
r

This resulted i Ffa‘fké%‘fa@'t“f’%‘&aﬁr%‘utBe@Eﬁ%‘%tFea?‘?‘?é‘"P(Eﬁar%?&‘f’f PP YBe%er ved prior to
the treatnent. 3iser, ikreEDBAMn@alrah yisht 19 Bat n@ntspamtng % tDdutted in the

reactor at 525F 2?8% 995 Wler o of ! zl;t?ng‘ltlt alfat ok e%Etgr thLpe?aQuQe(z) ot%%, (@‘V@xdthéle
same range of % HDS, the % HDBr ranges only from about 13-16. These
results demonstrate that the effect of the treatment 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.



thermal |y cracked naphtha space velocity of 2.0 LHSV. After the three-day
treatnent, the reactor was run at 562F, 225 psig, 2000 SCFB and an | CN
space vewWowBwnywoes 4.5 LHSV. [0040] The reduction and rec®@ca&risodb2ohe HDS
activity is shown in Figure 4. The "+" points refer to the ICN feed, while
the "x" points indicate the tenporary sw tchover to the TCN. The | ow
activity + and x points for days 32-36 are a WO 03/078063 PCT/ US03/ 07205
-22 result of the presence of the 1000 ppmof CO in the hydrogen treat gas.
The inmmediate drop and recovery of HDS activity as a function of the
addition of the CO and then the subsequent renoval of both the CO and TCN
is apparent. Figure 4 clearly shows the about 80%recovery in HDS
activity, following the treatnent of the invention. Figure 5 shows the
relative % HDBr, as a function of th&” % HDS or desul furization |evel,
before and after the H2-CO-thermally cracked naphtha treatnment. Before the
treatnent and atrLsiMsactor tenperature of 535F, the % HDBr ranges from
about 19-24 at a corresponding % HDS of from about 86-91. After the
treatment and at a reactor tenperature of 562F, over the sane range of %
HDS, the % HDBr ranges amiethof fopsaleatialtsuifBestite thdmdegenatiensglivity oflenonstrat e

that the effect agatal}sn%v,hés Llﬁsﬁfﬁﬁbow&{em&qerhm aldp%éenaﬁ&l QRfchVity

prlnarlly by reduci'ng t ol efin saturation activity of the catalyst,
wi t hout a corr espPwres ﬁgaun@@aeqtqlﬁhbxqqntkqﬂnaltmthélh@dmsﬁ @R elilsAskape WO 03/ 078063

PCT/ US03/ 07205 se%@mg-y%t:%vanﬁg aglnt AR &h@l‘éasfe@the &ﬁh)@&tﬂy&i@ée&iatﬁ)ﬂppr essing the
hydr ogenation activity of a catal

% havi ng activ y th het er oat om
renmoval and hyd?cﬂb‘é?’n%ﬁdl(‘b‘haerI"I?“(Yﬁage ShAbPOCES “tdrs}élﬁ{af“f?ﬁi P’ﬁ%?rvc?%l &l yst by
contacting it Whdiddoafom relny @l g aty,of (heicitalgst during sdid onemensel ecti vel y
deactivating agent that decreases the catal yst's hydrogenation

2. A process according to claim 1 wherein the protective agent

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

3. A process according to claim 2 wherein the amine is selected from

ethanolamine, aqueous ethanolamine, and mixtures thereof.

4. A method according to claim 2 wherein the selectively
deactivating agent comprises one or more of diolefins, triolefins, and aromatic

unsaturates having olefinic unsaturation.
5. A method according to claim 1 wherein the catalyst comprises a
composite of a Group VIII metal catalytic component and a Group VIB catalytic

metal component.

6. A method according to claim 1 wherein the catalyst includes an

inorganic, metal oxide support component.

7. A method according to claim 1 wherein the catalyst is sulfided.



activity, and (iii) a protective agent that protects and substantially
preserves the heteroatomrenoval activity of the catalyst during said

t r eat mentwo23/0780p3 ocess according to claim1l wherein the PCOtS03/H1285 agent
conprises CO CO2, am ne, aqueous am ne, and m xtures thereof. 3. A process
according to claim2 wherein the amne is selected from ethanol am ne,
aqueous et hanol am ne, and m xtures thereof. 4. A nethod according to claim
2 wherein the selectively deactivating agent conprises one or nore of
diolefins, triolefins, and aromatic wunsaturates having olefinic
unsaturation. 5. A nethod according to claim1 wherein the catal yst
conprises a conposite of a Goup VIIl netal catalytic conponent and a
Goup VIB catalytic netal conponent. R A net hod according to claim1
wherein the catal yst includes an inorganic, netal oxide support conponent.
7. A method according to claim1 wherein the catalyst is sulfided. WO

03/ 078063 -24 PCT/ US03/ A#R0bd &cording®tchubnl 1 svbarein chesgective dshaivaing wher ei n t he
sel ective deact| yallnd:ARR. GOTPLLSRF LEAELIYHARAL HA@hes and a carrier,
and wherei n t he®®8ShGuNY °0F  reactlve unsaturdtes In e carrier is above
about 0.5 W % ieasiecunsaturatheinWeicatier ipgboterrbout 84 ot fortased 98 e teighteS and carri er.
9. A nethod acc&fg?&gegrgatg,la@gmdgmﬂgerel n reactive unsaturates conprise one
or nore of a dio triolefin, styrene, a cyclicdiene, a dicyclicdiene,
a C6+ al kl ydiene, a vinyl toluene, and an i ndene. 10. A nethod for

sel ectively suppressing Atlhahda)éetroﬁggn@mimm vateinvedchveahsat@atgat al yst havi ng
bot h hydrogenol ysi s and h dro th n tIVI teya c|d§:h corrprises treating
the catal yst w pf‘fe)onﬁﬁr ?ei B %f T EHE® RS SERE i vel y

dicyclicdiene, a Cq, alklyd1ene a v1ny1 toluene, and an indene.

10. A method for selectively suppressing the hydrogenation activity of
a catalyst having both hydrogenolysis and hydrogenation activity, which
comprises treating the catalyst with (i) hydrogen, (ii) at least one selectively
deactivating agent that reduces the catalyst’s hydrogenation activity, and (iii) a
protective agent that substantially protects and preserves the hydrogenolysis

activity of the catalyst during the treatment.

11. A method according to claim 10 wherein the catalyst comprises a
composite of a Group VIII metal catalytic component, a Group VIB catalytic
metal component, and an inorganic, metal oxide support component, and the
protective agent is selected from the group consisting of CO, CO,, amine,

aqueous amine, and mixtures thereof.

12 A method according to claim 11 wherein the amine is selected

from ethanolamine, aqueous ethanolamine, and mixtures thereof.

13. A method according to claim 10 wherein the selectively

deactivating agent comprises reactive unsaturates.



deactivating agent that reduces the catal yst's hydrogenation activity, and
(iii) a protective agent that substantially protects and preserves the
hydr ogenovpIB#780axti vity of the catal yst during the treat RERIUSOYA720A net hod
according to claim 10 wherein the catalyst conprises a conposite of a
Goup VIIl nmetal catalytic conponent, a Goup VIB catalytic neta
conponent, and an inorganic, netal oxide support conponent, and the
protective agent is selected fromthe group consisting of CO CO2, am ne,
aqueous am ne, and m xtures thereof. 12 A method according to claim11l
wherein the amine is selected from ethanol am ne, aqueous ethanol am ne, and
m xtures thereof. 13. A nethod according to claim 10 wherein the
selectively deactivating agent conprises reactive unsaturates. WO

03/ 078063 -25 PCT/ US03/ 07205 14. A metHod according to claim 13 wherein the
reactive unsaturates are selected fromdiolefins, triolefins, and aromatic
unsat urates havi ng . ef ARhefhod b3&AhE toalai® M3 widpein e rERItRO Ghsfittiates €NOVI NG One or

nor e het eroat om speci WHi reserving unsaturated species, froma
hydr ocar bon feey® geﬁieg?rﬂ’i“ 6’%%85( E’ogﬁ‘és a’ﬁé‘g’@rad%‘fnéarwréﬁsgla‘élflgﬁfflﬁllmc speci es,
conpri si ng reacidsaigraidve feed with hydrogen in the presence of a catal yst
havi ng activity for both heteroatomrenoval and hydrogenation which has
been treated to reduce the hydrogenation activity by a treatment which
conprises contact i ntf-t ha megrdfoypmoying oneCr ol eiprogien Specirs Yhilgt | east  one
sel ectively deagli-MafiulGnaBRRbecle) &bm@u6QRoh R EtadlingPbthsheny dr ogenat i on
activity, and (1i1) a protective agent,that,sub%%%ﬂtlﬂg@yegtotects t he
catalyst's het BiEawhind QlsBvarPects: MPHSine reastingAhe et HECEF A ng to cl ai m 15
wherei n the prothepidede ofig Edbdlyst IBiving activity for both heteroatom removal and

hydrogenation which has been treated to reduce the hydrogenation activity by a

treatment which comprises contacting the catalyst with (i) hydrogen, (ii) at least

one selectively deactivating agent that reduces the catalyst’s hydrogenation

activity, and (iii) a protective agent that substantially protects the catalyst’s

heteroatom removal activity.

16. A method according to claim 15 wherein the protective agent is
selected from the group consisting of CO, CO,, amine, aqueous amine, and

mixtures thereof,

17. A method according to claim 16 wherein the amine is selected

from ethanolamine, aqueous ethanolamine, and mixtures thereof.

18. A method according to claim 15 wherein the selectively
deactivating agent comprises one or more of diolefins, triolefins, and aromatic

unsaturates having olefinic unsaturation.

19. A method according to claim 15 wherein the catalyst comprises a
composite of a Group VIII metal catalytic component and a Group VIB catalytic

metal component.



selected fromthe group consisting of CO CO2, am ne, aqueous am ne, and

m xtures thereof. 17. A nethod according to claim 16 wherein the amne is
sel ect ed wbrossrssshanol anmi ne, aqueous et hanol anm ne, and m PCOAS93/0120F eof .

18. A nethod according to claim15 wherein the selectively deactivating
agent conprises one or nore of diolefins, triolefins, and aromatic
unsaturates having olefinic unsaturation. 19. A nmethod according to claim
15 wherein the catal yst conprises a conposite of a Goup VIII netal

catal ytic conponent and a G oup VIB catalytic netal conponent. WO

03/ 078063 -26 PCT/US03/07205 20. A nethod according to claim15 wherein the
catal yst includes an inorganic, netal oxide support conponent. 21. A

met hod according to claim20 wherein the catalyst is sulfided. 22. A nethod
according to claim 15 wherein the selectively deactivating agent conprises
one or nore of a styrene, a cyclicdiene, a dicyclicdiene, a C6+

al kl ydi ene, a vi nyl 2d. ol aemrepd adactdiagta drite e wh@@n thécaayshiocdudgs eror di ng t o cl ai m
15 wherein during the treatnment rogen is present at a partia
pressure ranginﬁgF?%h¥g%@ﬁ#gggm?%&§38%¥g500 psia at the reactor outlet,
the protective agent is CO and is present at a partial pressure ranging
from about 0.0015 pgja honeAR@Mcordmg RYIAm 26RFerdil e SRIREE kMEdM. deactivati ng
agent is present at a partial pressure ranging fromabout 0.004 to about 40
psia. 24. A method according to claim23 wherein the selectively
deactivating agent gonpAinkesdidatingld guitnnekedn maphdchaly 25. A cat al yst

conpri si ng hete@galonlrennval.sites ango?ggrogpga%%%pnegites wherein the
rati o of deacti VAT'REMEYEFLYERALT SIF EPES" £ 8V F Ot AP “hydradenat i on

dicyclicdiene, a Cg, alklydiene, a vinyl toluene, and an indene.

23. A method according to claim 15 wherein during the treatment the
hydrogen is present at a partial pressure ranging from about 15 to about 500 psia
at the reactor outlet, the protective agent is CO and is present at a partial pressure
ranging from about 0.0015 psia to about 15 psia, and the selectively deactivating

agent is present at a partial pressure ranging from about 0.004 to about 40 psia.

24. A method according to claim 23 wherein the selectively

deactivating agent comprises thermally cracked naphtha.

25. A catalyst comprising heteroatom removal sites and hydrogenation
sites wherein the ratio of deactivated hydrogenation sites to total hydrogenation
sites exceeds the ratio of deactivated heteroatom removal sites to total

heteroatom removal sites.

26. A catalyst according to claim 25 wherein the catalyst comprises at

least one refractory inorganic oxide support.

27. A catalyst according to claim 26 wherein the refractory inorganic

oxide comprises silica, alumina, and mixtures thereof.



sites exceeds the ratio of deactivated heteroatomrenoval sites to total
het eroatom renoval sites. 26. A catalyst according to claim25 wherein the
cat al yst worpni®mes at | east one refractory inorgani c oxi @ETASppORIS 27. A
catal yst according to claim 26 wherein the refractory inorganic oxide
conprises silica, alumna, and m xtures thereof. WO 03/078063 -27
PCT/ US03/ 07205 28. A catal yst according to claim 27 wherein the Goup VIII
netal is selected fromthe group consisting of Co, NN, Fe, Pt, Pd and
m xtures thereof. 29. A catalyst according to claim28 wherein the G oup
VIB netal is selected fromthe group consisting of Mo, Wand m xtures
thereof. 30. A catalyst according to claim?29 wherein the Goup VIII netal
is selected fromthe group consisting,of Co, Ni, Fe and m xtures thereof.
31. A catalyst according to claim 30 wherein the catal yst support
conponent conprises al um na.

28. A catalyst according to claim 27 wherein the Group VIII metal is

selected from the group consisting of Co, Ni, Fe, Pt, Pd and mixtures thereof.

29. A catalyst according to claim 28 wherein the Group VIB metal is

selected from the group consisting of Mo, W and mixtures thereof.

30. A catalyst according to claim 29 wherein the Group VIII metal is

selected from the group consisting of Co, Ni, Fe and mixtures thereof.

31. A catalyst according to claim 30 wherein the catalyst support

component comprises alumina.



