SELECTI VE DESULFURI ZATI ON OF NAPHTHA USI NG REACTI ON | NHI BI TORS FI ELD OF
THE | NVENTI ON [0001] This invention provides a process for the manufacture
of a naphtha boiling range product with inproved properties. BACKGROUND CF
THE | NVENRyEOMNo11@8{32¢4 One conventional techni que for progessisido sl acked
napht has i nvol ves perfoimng a selective hydrodesul furization of the
cracked naphtha. A selective hydrodesdl-furization refers to a process where
sul fur is renoved fromthe naphtha while mnim zing the anmount of olefin
saturation that occurgrpeTiVe FRastiORz AMeNIHRS PefiA saturation is
valuable, as it |leadS TO a nrgher octane naphtha product. Retaining a

hi gher octane val ue al | owsUaIN@IRIACTIEINY INNEBIGORSUl f uri zed feed to be used
as a naphtha fuel stock w thout having to use a reform ng step. [0003] The

cat al yst s FuISED GIOTHE IseiEctiowe hydr odesul furi zation process typically

[0001] This invention provides a process for the manufacture of a naphtha boiling

range product with improved properties.

BACKGROUND OF THE INVENTION

[0002] One conventional technique for processing of cracked naphthas involves
performing a selective hydrodesulfurization of the cracked naphtha. A selective
hydrodesulfurization refers to a process where sulfur is removed from the naphtha
while minimizing the amount of olefin saturation that occurs in the reaction.
Avoiding olefin saturation is valuable, as it leads to a higher octane naphtha product.
Retaining a higher octane value allows a selectively hydrodesulfurized feed to be used

as a naphtha fuel stock without having to use a reforming step.

[0003] The catalysts used for a selective hydrodesulfurization process typically
include a combination of a Group VI metal and a Group VIII metal on a suitable
support, such as a catalyst including cobalt and molybdenum on an alumina support.
A number of compounds have previously been identified as reaction inhibitors for
selective hydrodesulfurization catalysts. These reaction inhibitors reduce the activity

- of the catalyst for performing hydrodesulfurization.

[0004] U.S. Patent No. 2,913,405 describes a process for desulfurizing a cracked
feed to sulfur levels below 0.03 wt% sulfur. The process is described as providing
better olefin retention for feeds that include a sufficiently large amount of nitrogen.
Several examples are provided of adding a constant amount of nitrogen during a

hydrodesulfurization process that is performed at a constant temperature.

[0005] U.S. Patent Application Publication No. 2003/0220186 describes a
process for treating a catalyst to improve the selectivity of the catalyst for
hydrodesulfurization relative to hydrogenation. The catalyst is first exposed to a

protective agent, such as CO or ethanolamine. The exposure to the protective agent is



I nclude a conbination of a Goup VI netal and a Goup VIII netal on a

sui tabl e support, such as a catal yst including cobalt and nol ybdenum on an
al um na support. A nunber of compounds have previously been identified as
reacti on ivwbi2pitharsasf or sel ective hydrodesul furizati onp¢aigbaisbsasThese
reaction inhibitors reduce the activity of the catalyst for performng
hydr odesul furi zati on. [0004] U. S. Pat ert- No. 2,913, 405 descri bes a process
for desulfurizing a cracked feed to sulfur |evels below 0.03 wt% sul fur.
The procesgaihindg $Hile %@b&%@ﬁ%@%@@% 4 @Jnceatﬁafnbﬂ of sﬁeﬁﬂﬁc 'sp&lésor feeds
that include a sufficiently |arge amount of nitrogen. Several exanples are
provi ded obbsiidialy gesatﬁoﬁ@nélmarmmmﬁoldﬁnsrprretsrsmgennjdtmmgfead After both

hydr odesul Zation. pro i s _perfornmed tant tenperature.
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exposed t@yéroﬁ?ﬁﬁt@EPFtWéWd@@ﬁ?ma@@éﬁs‘% api9lly OWEH&KR) ani ne. The exposure to
t he protectlve agent is - 2 - maintained while the catalyst is also
exposed t @ld yisdl3! EINIAOBS | ni ¢ speci es substantially greater than
the anount of olefins present in any typical feed. After both the olefinic

speci es angodee proheehbyEmeGSH nctiod fEeRRYeE] hpiblihging @@aphthde
hydrodesulfurlzatlon activity of the catalyst wll be nostly restored,
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sel ectivel der otreating a n
effectwe amount of inhibiting agent under effective selective hydrodesulfurization

conditions, the selective hydrodesulfurization conditions including a weighted average
bed temperature for the catalyst, to produce a hydrodesulfurized feed having a product
sulfur content. While continuing to introduce the naphtha boiling feed into the reactor
under selective hydrodesulfurization conditions effective to maintain said product
sulfur content in the hydrodesulfurized feed, the amount of inhibiting agent can be
reduced and the weighted average bed temperature can be increased until the
inhibiting agent is at least substantially removed from the reactor, the inhibiting agent
being substantially removed from the reactor prior to the weighted average bed
temperature being increased by about 8°F (4°C) relative to the weighted average bed
temperature at the start of the reaction. Additionally or alternately, the product sulfur
content can be maintained at a substantially constant amount of sulfur from about 5

ppm by weight to about 150 ppm by weight.

[0007] In another embodiment, a method for selectively hydrotreating a naphtha
boiling range feed is provided. The method includes introducing a naphtha boiling
range feed into a reactor in the presence of a hydrodesulfurization catalyst and an
effective amount of inhibiting agent under effective selective hydrodesulfurization
conditions, the selective hydrodesulfurization conditions including a weighted average
bed temperature for the catalyst, to produce a hydrodesulfurized feed having a product
sulfur content. While continuing to introduce the naphtha boiling feed into the reactor

under selective hydrodesulfurization conditions effective to maintain said product



boiling range feed is provided. The nethod includes introducing a naphtha
boiling range feed into a reactor in the presence of a hydrodesul furization
‘catalyst and an effective anount of inhibiting agent under effective

sel ective wodoadesus f uri zati on conditions, the sel ecti yer/us2o10/048228

hydr odesul furi zation conditions including a weighted average bed
tenperature for the catalyst, to prodéCe a hydrodesul furized feed having a
product sul fur content. Wiile continuing to introduce the naphtha boiling

feed into syiter dopRat ﬁ&h@ﬂﬁgmeﬁﬁhﬁ%a y&ahyd ﬁﬂgﬁﬁ%ﬂrﬂhﬁﬂiﬁﬁ%ég%ﬂt &andi tions

effective to maintain said product sulfur content 1n the hydrodesul furized

f eed, t he redusedintdithd inhibiging aggntageid eastaabstpetiallydemekddimn thegeantirght ed
average b t r an be jncreased.until .the inhibiti agent is at
east subatSHirer Sttt bl e TRERDES ot Bty ot il agent bei ng
subst ant i abhyant anouwechfkuldum ftdne abie@as ppm Hyrwaghttt@abdue 1 9Epghbededdter age bed
tenperature being increased by about 8F (4C) relative to the weighted

aver age beshirems@EipTeoOROE PAESH8U RS the reaction. Additionally or
alternately, the product sulfur content can be maintained at a

substanti con t ampunt .of. sul fur from about 5 ppm by wei ght to about
750°ppm byt ght Aoty BPRIRaHSE R At R X nere R Ao ect | vel y
hydr ot r eatatdvgdiag eeghénittodiaédtiontheligrgtdod.eed i s provided. The net hod incl udes
i ntroduci ng a naphtha boiling range feed into a reactor in the presence of
a hydrode rizatd L NE i.ahihiti ng agent
under effzg¥Pye s2?3%??§§%E@%@%ﬁggﬂﬁgg¥ﬁg%??%%¥%8%§???%ﬁ2&a€ﬂ§“§§|ective
hydr odesulbydroilesatfimzatioopdicessons i ncl udi ng a wei ght ed aver age bed
tenperature for the catalyst, to produce a hydrodesul furized feed having a
product syd(10] CORI@IH shoWlipkelictaivesuMdifitgh irdexafipldsiucelctiee napht ha boi ling
feed into_the reactor under selective hydrodesul furization conditions

ef f ect i ve lygodespiiagation aragessagenyding to amembadiymentof higipitionn t he

hydr odesul furi zed feed, the anount of inhibiting agent can be reduced until
t he i nhi bDHIAJL EPdPESCR S THEUENMBOMIIVEINTES r enoved from t he reactor.

The product sul fur content can advantageously be nmaintained at a
substanti glo1y] congf @némisysRHaL:, roadsl;tsgo&iam&%uhciﬁg ﬁgjﬂ&ﬁybdmigght to about
150 ppm by wei ght. BRI EF DESCRI PTI ON THE FI GURES ~[0008] FIG 1
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catalyst into a reactor. The improved octane preservation can be achieved by

introducing a reaction inhibitor into the naphtha desulfurization reaction during the
initial processing period. The amount of reaction inhibitor can be decreased over time
during this initial processing period, in correspondence to the decrease in catalyst
activity that occurs when a catalyst is exposed to a feed. In one preferred
embodiment, the changes in inhibitor amount can be selected to maintain a constant
amount of sulfur in the product of the selective hydrodesulfurization. In some
embodiments, the amount of decrease in reaction inhibitor can be selected to offset the
loss in catalyst activity, so that the initial processing period can be performed at a
roughly constant reaction temperature. In other embodiments, the reaction inhibitor

can be decreased as the reaction temperature is increased.

[0012] In a selective hydrodesulfurization process, a variety of considerations can

be balanced in order to choose the processing temperature. It is often desirable to



hydr odesul furi zati on process [0010]FIG 3 shows predicted results from an
exanpl e of a selective hydrodesul furization process according to an

enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS
[0011] I n awoenhadisaent, a process is provided for prodeegirng2qaapdxbiza boiling
range products with inproved octane. |nproved octane preservation can be
achi eved during the initial processind“period after introducing a new

hydr odesul furi zation catalyst into a reactor. The inproved octane

preser vat i, gl ¢adhifaf 1 ACRVE e cmeépaﬁdsqgwdﬁae@tréfﬁ&}ﬂeﬁﬁ foiBliigf Tnto the
napht ha desul furization reaction during the ini processing period. The
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enmbodi rrentAndﬂtbe c@ﬁb&m&nllﬁbludbb it Oihing MR v BRGf he caelyse U@'glcbn)y i ntain a
const ant annrnt of sulfur in the product of the selective
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react | on haRAitating Myesel BRlet Bral bifkulie dh@ssu b Rt al yot activity.

so that the |n|t|al cessing peri perfo d at a roughly
const ant rpemsautgnpetﬂ@dpétﬁmaw eatalysh hag hasn adddddd admpdioprocedsmgreantari on i nhi bi t or
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of the Cat’[ﬁ@’c%hmdé@{ﬂ%rp@bﬁm terfd tS%ﬁg@eM%ﬁattl&M%atcBmg ﬁ%@fa‘ﬁﬁ%@argm e quickly
during hi gher tenperature operation. Thus, |ower opérating tenperatures can
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addi t i onafac&ds hrbfavenbash Loy ppdigher{PaPE AN BIRFeSt SN woul d tend to suggest

that |ower reaction tenperatures are preferable, to avoid overprocessing of
a feed. kWMHﬁbr Ph@ngﬁbemm¢wﬁmmsgﬂl%ﬂﬁdmaay§¢unﬁhmGMgmpmmﬁﬁease with
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These conditions can include ranges for temperatures, pressures, gas flow rates, and
other factors. Operating a reaction system outside of the expected and/or desired
operating ranges can lead to operational difficulties for the reaction system. As an
example, in order to keep a reaction system within a desired operating range for
temperature, the amount and type of catalyst can be selected so that the initial starting
temperature is above the minimum desired temperature for the reaction system.
However, when a selective hydrodesulfurization reactor is first started, the catalyst is
freshly sulfided and likely has the highest possible activity. Thus, constraining the
initial catalyst load to satisfy a minimum desired temperature requirement can lead to
less catalyst being used and/or selecting a lower activity catalyst. Using less catalyst
can tend to lead to a shorter catalyst lifetime at a constant rate of feed flow through a
reactor. As aresult, using less catalyst typically requires the hydrodesulfurization

reactor to undergo more frequent maintenance and therefore increased down time.



100131Practical considerations can also play a role in selecting a process
tenperature. Typically, a reaction systemfor performng a

hydr odesul furi zation reaction is designed to operate within a pre-defined
range of pwocesmsmaanditions. These conditions can incl pde/usanges:isor
tenperatures, pressures, gas flow rates, and other factors. Qperating a
reacti on system outside of the expect‘éd and/ or desired operating ranges can
| ead to operational difficulties for the reaction system As an exanple, in
order to k@@p% RleELAGHE ONaIS YL Mo bt uiRe ARRLEHp QRBFAIPRGioh 3P&ehd OF
tenperature, the amount and type of catalyst can be sel'ected so that the
initial stldeefneptalpsipehigh alse tands trodusetchtelyst Ifetimen desired tenperature for
the reaction system However, when a sel ective hydrodesul furization reactor
is first qoer4ied, Whie sibéfahy sove sodsidesdtions sdnl deitdegdcand skiekiel y has t he

hi ghest possible activity, Thus, constraining the initial catalyst load to
satisfy a "PPPTHUR f&%%‘?rfoéémcge%%? HY%}P)@“P%&‘%}?‘F@%(H’P itwegpld Rebpoelcipldds cat al yst
bei ng usednhaRahfan$elRGiinchtdid: MEFarPd Kby SRRl it b3S catal yst
can tend to lead to a shorter catalyst lifeting at a consta rate of feed
f1 ow t hr owghlddedesmipted. frons thy reqenginents asthagnd ebsrupatmbargtust ypi cal |y requires
the hydro ul.furizati r-eact oy t.o.undergo re frequent i nt enance and
therefore%lgl??gglgggtesd% 35%% c{fi%?n e-ng O&?nntﬁm erﬁﬁérgess Cﬁ%pf"a%coggltegfgkjst al so tends
t o requir edditighef a feattneriakibiter £ s it OMhOMal Ushg d reh@ioafintdbieatcah yst, whi ch
also tends to redu?e catalyst lifetinme. [t0014] VWiile all of the above

consi der atfareseahbeiss frefrrperaige ddhetert gf hepye pod/or @uplewada®Ret ni ng a

sel ecti ve ;pypanQARstl ULIE RSO thb MRYLARSIRRAGH Shétint bf rdalifont ENMPET AL Ur e
requirenments for the start of a selective hydrodesul furization process

coul d be detitgplcadbd redneelh Byrhabnring tendatilyst deaotvasiod aghingt thamedudtionvar i ous
enbodi nent .St of. yun _and .end _of ru nper.atur es can be decoupl ed
by additi tgff"i%#tﬁ’g‘ ifhifiton %ﬁta@ﬁﬁ?‘%?etr%t%‘reﬁ@ﬁgse LRGSR " o) ng a

reacti on iAukithinalty orcdtermaciig thegaperatuye ¢aaidw tehdjusetpeariag thisstat ot he start of
the run, and/or .can allow a | arger anmount of catalyst to be used. As the
catal yst GERIogafElerablthe rrlupiiongp theapayng af tepgioniipiibitr£An pentinlguced. By

bal anci ngyhiiens Ak ShhidRGGE terive@ TroRBRE Rtk N&t MEAMGEA (ROl &o{]@dﬁct i on
inhibitor, a stable tenperature can be used at the start of the run.

Addi t i onab¢ gpestted hecording tol the typlvel methipds fat peréorning asedestive adj ust ed duri ng

this star f.ru er.iod. Preferably, the reduction in the anpount of
reaction %%(ﬁ?%ﬁsy%rl&@gﬂn'conti nue until the reaction inhibitor is renoved

fromthe reactor. At that point the reactor can be operated according to
the typi cHl01Rbt hobissomsrenheriasnts, His use 8Bt eeetispanhiptegaaslpyartighst i on.

[0015] I n s@ier &ARdhIBRRESH HeRBleUSE fofha e{e%’iﬁ%%ﬁﬂgﬁ@@dmlé r can allowa

hi gher start of run tenperature to be ect rhaps leading to inproved
ol ef i n pr peeesrvaitonomn other enhbrsimenth dloki areming of ¢atdy simoureactof candteal yst in a

be_ i d, ..perh i di I d I h. |
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Feedst ocksombination of these benefits can be achieved.
Feedstocks

[0016] In various embodiments, the feedstock for a selective
hydrodesulfurization process can be an olefinic naphtha boiling range feed. Suitable
feedstocks typically boil in the range from about 50°F (about 10°C) to about 450°F
(about 232°C). With regard to olefin content, suitable feedstocks can include
feedstocks having an olefin content of at least about 5 wt%. Non-limiting examples of

suitable feedstocks can include, but are not limited to, fluid catalytic cracking unit



[0016] I n various enbodi nents, the feedstock for a selective

hydr odesul furi zati on process can be an ol efinic naphtha boiling range feed.
"Suitable feedstocks typically boil in the range from about 50F (about 10C)
to about 4%WORo(1abmug¢ 232C). Wth regard to ol efi n cont eotussbbablse

f eedst ocks can include feedstocks having an olefin content of at |east
about 5 wt% Non-limting exanpl es of ®sui t abl e feedstocks can i ncl ude, but
are not limted to, fluid catalytic cracking unit 6 naphtha (FCC naphtha
or cat naphpial (F@@ BRI RCkEfpRAR)N tRan C%K&Tndpﬁﬁgté&er nhph@h vifgpht ha, or a
conmbi nation thereof. Al so SU|tabIe are bl ends of olefinic naphthas with
non- ol ef mnepkihpior nggmb@gmprbqhgregg Alre smtaéhdlrnalgn@mf@l@liwa@bﬂw@wﬂh of at

| east abo n%l %%emlpﬁg%z LA LD qu&%*]}a'é'ﬁ‘n ogi”hfé&ﬁt&%t &5@1%%& fl@oe@‘%r ally
contain no y parafti’ns, nap

unsaturate&y&such as open- chaln and cyclic olefins, dienes, and cyclic

hydr ocarbons with olefinic side chains. The olefinic naphtha f eedst ock can
contain a ral s, for
exanpl e agg({}y?SO \I?/tlb&/élg‘& helﬁzlggqor a (E)tﬁétah% eQér&%%h&%ggot%?ﬁr?ﬂgﬁil ly or

al t er nat elﬂyphthe@&@hdﬁw@émpwt alsmlenseﬁuedt%nS@braeemmdlalrmndwanhdmeﬁms | east

about S Wt J%ﬁd fc%g%&g %rb!) &}f 1tnﬁ sljdelcee%1?1/s Ofhed leflheaSt bOUt 20 W %

Furt her £ dna erna € 0 I'hic nap I%n%$ 8dst ock can

al so have faedehoelneanomnmanzirr@tetablrblemqstopnéﬁp&uﬂiorﬂ& a\hb%60b>lzt% omes, foypi cal ly | ess

t han about ed on the total wej of the f edstock Hi gh di ene
concentraF? %@“3@N@ﬁd¥l?sﬁh@@%¢ﬂgﬁ¢/(”&§Stﬁ@@“ yiogaligreately i3 gasol i ne

product hayingeReRk, B @i@ﬁhlcalyceﬁmhma%e af Q1 8BoLRS v, %&rexaﬁlsu%%m of the
ol efi ni c naphtha can be at |east about 100 wppm for éxanple at |east about

500 wppm legst abeuistO o or atigetabappiA Wi, Herthesadditienslytor a8&@0atolypiire
~ Additi Onal e}ﬁngzdbagflthg @%ﬁgtg&% canrals%lfl%t)e Q dl%I'xé i%nce%?a%?);[) glga%gb%%t P 87?’}" cont ent

can be abo 1 ess, about
5000 prrrbmtrmd)remwaﬂly leds ohuin a'BGﬁ)lDS Wprha@a‘d cbrﬁths totdllvesight lof thie fesalgtotly.pi cal | y be

present a ani cal | bound sul f ul fur conpounds, such as
simpl e al %@F’%ﬁ CORSIAHRR ace g%?r‘?BaLhé(ruélfjr%Ft”iaElen%Sr B%}p(faﬁﬁgsugéﬁﬁﬁﬁ? 8 di- and

poIysulf|gﬁgu@ngyﬁg%obgﬁﬁnhg%ﬁggoﬁfganlcaIIy bound sul fur conpounds can
i nclude heterocyclrc sul fur conpounds such as thlophene and its higher

homol ogs ﬂ({b(i%fnal P Sql#u Qon%x]: oﬂl'{e%?erhn?ca Qap%tha calllj Be BNER e%oulc TO(} he f eed

| ndepende the su
for example at least about 500 wppm, at least about 1000 wppm, or at least about 1500

wppm. Additionally or alternately in such olefinic naphtha, the sulfur content can be
about 7000 wppm or less, for example about 6000 wppm or less, about 5000 wppm or
less, or about 3000 wppm or less. The sulfur can typically be present as organically
bound sulfur, i.e., as sulfur compounds such as simple aliphatic, naphthenic, and
aromatic mercaptans, sulfides, di- and polysulfides and the like. Other organically
bound sulfur compounds can include heterocyclic sulfur compounds such as thiophene

and its higher homologs and analogs.

[0019] Nitrogen can also be present in the feed. Independent of the sulfur content
of the feedstock in certain embodiments, the amount of nitrogen can be at least about
5 wppm, for example at least about 10 wppm, at least about 20 wppm, or at least about
40 wppm. Additionally or alternately in such feedstock, the nitrogen content can be
about 250 wppm or less, for example about 150 wppm or less, about 100 wppm or

less, or about 50 wppm or less.



of the feedstock in certain enbodi nents, the anount of nitrogen can be at

| east about 5 wppm for exanple at |east about 10 wppm at |east about 20
wppm or at | east about 40 wpopm Additionally or alternately in such

f eedst ock, wbheilmsise®gen content can be about 250 wppm etthgsBe/odsdss exanpl e
about 150 wppm or | ess, about 100 wppm or |ess, or about 50 wppm or | ess.

- 7 - Selective Hydrodesul furization -Cat al yst [0020] I n various enbodi nents,
sui tabl e sel ective hydrodesul furization catalysts include catal ysts that
are conprised of netals containing at |east one Goup VIII netal (e.g., in
oxi de f or metectivexHzdrod¢shifisehtion Catatyst of oxide form, e.g., selected from Co
and/or Ni, preferably containing at |east Co, and at | east one Goup VIB
melt al (g ]g[oozoi] n oxXn gﬁu’h@ reﬁ‘]b@dim%eﬁtsasglﬁwbl% isdedw\eselwsﬂoaésu?ttﬁumniodeatﬁ@ém IIg ,
sel ecte r n r W preferably contajning at |east My, optionally
but pr ef er%Pg‘[‘T%F C@W?sastsstﬁw tommaitsed phnctals sepfaminetisasongdarer VL iidha. Ot her
sui tabl e fydr of 568 g of & ANBES eRfor &fax%%m% 2ot rBE Rfrictly
linmited to, zeolitic catalysts, as well as nobl’é fFétal catal ysts, e.g.,
wher e t he andbt i, meqfenabliyscost@hmg%dieasir@maﬁdladnw one EroupVIBimsetali (elgi,mn t he scope

of the present. | nyentio at__nor y h dyotreating catal yst

be used in %ﬁgor%%lnraesgg%degﬁervggs PXIHEI'EOémS%' ’pspefﬁf) &{%aﬁ%él\@el ective

hydr odes ulptafernBlatcontaingad Aallaast Mo adptiogalprigs ereferhly @A aaduppo mitafgi ng from

about 0.1 w%tqg. about 20 wt % for exanple fromabout 1 w%to_ about 12

W% The &FOWAS SYICB2REPLAUEER- @hisrsélé YRGB BAHY S SHGPHY IS PBim about 1
W96 L0 bl moPuife] BB ATRR L LA SOONNR Madhib OG0 %0 A

wei ght percents of netals are gl ven In oxide formon su
support" whereghanollpatetal EsesebeﬂedémnsPdaa@/deﬁea 1$)W1thllnéha/\mog¢wf thé t he support

For exanpl S ort re to Q0 hen .20 .wt % Group VIII
net al V\oup%’sen%é%v ﬁa %n rreén%n% 5‘%& %Fatﬁ%tcgmygx#d‘éseflén%lﬁ STRe support.
[ 0021] Theraeli@ctdsys. thGﬁd@MﬂIl‘lﬂéﬂaEﬁtd Rixciad Bldyadesulfig@atidncatdlgst piact i ce of

the present invention are preferably supported catal st S. Any suitable
refractor ge BISFIt 10 AR FAneHgiER apout Brlatiet AU EIV:ifer FRITBS suppor t
materi al Sfroﬁ%oﬁ@l Wesdo a5ous YPRAT.! ?h@@fro&h@m:ﬂ{e?all Yatibe ﬂ?‘@é@nﬂ hhti ng exanpl es
of suitable support materials can include: zeolites, "alumna, silica,
titani a, eabeitgangoyd dem aboutdnm%;m abeihide) Wtﬂ/arfpumampﬂﬂj@qmtah@ﬁﬂm’t%to( at | east
parti al I y S di at ceous
AT Sl ORI S R BN M o e
neodym um @»(slu@pmt’&’ffstrﬁdaﬁﬂﬂa@%hﬂperc@ﬂdar@Iba@d@d)ﬂﬁﬂ WEERI i) suppie, OFdra, “thorium
oxi de, urania, njiobia, tantala, tin oxide, zinc oxide, correspondlng
phosphat e&xampilgy it the SYRNRE, Wean i ‘Eﬁﬁ%ﬂﬂ%g‘iaéﬁsthﬁfh%(? wbto Crop V8 pstrl suppor t s can

i nclude aWH'd'?ﬁean%elt'Z@%g ngﬁnég Q@I’I%e’t’e{pof}@e id &n 8 sﬁﬁbopt.e under stood t hat

the support materi al tal n sma

[0021] The selective hydrodesulfurization catalysts used in the practice of the
present invention are preferably supported catalysts. Any suitable refractory catalyst
support material, preferably metallic oxide support materials, can be used as supports
for the catalyst. Non-limiting examples of suitable support materials can include:
zeolites, alumina, silica, titania, calcium oxide, strontium oxide, barium oxide,
thermally (at least partially) decomposed organic media, zirconia, magnesia,
diatomaceous earth, lanthanide oxides (including cerium oxide, lanthanum oxide,
neodymium oxide, yttrium oxide, and praseodymium oxide), chromia, thorium oxide,
urania, niobia, tantala, tin oxide, zinc oxide, corresponding phosphates, and the like,
and combinations thereof. Preferred supports can include alumina, silica, and silica-

alumina. It is to be understood that the support material can also contain small



- 8 - anmounts of contam nants, such as Fe, sulfates, and various netal

oxi des, that can be introduced during the preparation of the support
material. These contam nants are typically present in the raw materials
used to prwepaona/bises support and can preferably be presegt/ustviameest s | ess

t han about 1 wt % based on the total \gei ght of the support. It is preferred
that the support nmaterial be substantially free of such contam nants. In
anot her enbodi nent, about 0 wt % to about 5 wt% for exanple fromabout 0.5
W % t 0 abogioufits\f ¥orthmnhAR) DO Fel satest shdaheidhs Bt §i8ds, 8Bt @ddict i ve can be
present in the support, which additive can be sel ected fromthe group

consi sti ngntmdus%gpm@rth&prmatm@ﬂse wpperematerial i Idese sangamimmsnpel A (al kal |
met al s) of._ t-he Peri.odi ¢ Tabl 1 icbitors [0022]1In
vari ous er}%}}oljc;;’llq1 E%ég?ﬂ%%%e%&r%%ﬁeals?%ggﬁ ]glj%&?%%}ebl %o?één%&gh@%f%{g%l& to control
t he acti vibbyraénttihemsehteizss then by O ce%ubisad bz el tonl waighi 9fShe suppbitabl e
reaction inhi bitors are substances that suppress catal yst activity for

hydr ogenatl} S RTSF T} et theSupRoTs Myisgipkke § ggntfai\y&mgg é‘?fﬁicﬁpqa?lfg‘pﬁ Br to, or
greater t haghed dighdRASRELDA MG b S30BS ¥k, RS bahIIY fbBTabout 0.5 wt% to
hydrodesul furi zation is suppressed. In other words, after introduction of a
sui t abl e ebettliveo priiomiabet 1 witfetogkpal 3/8t% ehan addiiveaiah pe prestntin el ectivity
for perfouyp| X ri i r fi Lon that is
arcator Ao, WEREAERUL LUTUARLELAR ot g B R RO D 1 onof
t he i nhi bintetals of A&2BJxSdestlatn Eravpdat(aiimli ntehild) iof diePeciadiciTablewdehe but are not
limted tgﬂ organi ¢ conpounds contai ning a basic nitrogen group Am nes such
as anil i ne"8t°"et er ocycl i ¢ compounds such as pyridine are non-limiting
exanpl es of reaction inhibitors. [0024]1n enbodi nents where one of the

goal s of Reectioadehibitersi nhibitor is to

[0022] In various embodiments, one or more reaction inhibitors can be used to
control the activity of the selective hydrodesulfurization catalyst. Suitable reaction
inhibitors are substances that suppress catalyst activity for hydrogenation of olefins to
a degree that is substantially similar to, or greater than, the degree to which catalyst
activity for hydrodesulfurization is suppressed. In other words, after introduction of a
suitable reaction inhibitor, the catalyst can typically show a selectivity for performing
hydrodesulfurization rather than olefin saturation that is greater than, or roughly equal

to, the selectivity prior to introduction of the inhibitor.

[0023] Suitable reaction inhibitors can include, but are not limited to, organic
compounds containing a basic nitrogen group. Amines such as aniline or heterocyclic

compounds such as pyridine are non-limiting examples of reaction inhibitors,

[0024] In embodiments where one of the goals of the reaction inhibitor is to
selectively suppress olefin saturation, some contaminants known to suppress catalyst
activity may not be suitable for use as reaction inhibitors. For example, carbon
monoxide is a known suppressant for catalyst activity, However, it is believed that
carbon monoxide more strongly suppresses the hydrodesulfurization activity of a
catalyst, as compared to olefin saturation activity. As aresult, it is believed that

carbon monoxide is not a suitable reaction inhibitor, as addition of carbon monoxide



selectively suppress ol efin saturation, some contam nants known to suppress
catal yst activity may not be suitable for use as reaction inhibitors. For
exanpl e, carbon nonoxide is a known suppressant for catal yst activity.
However, iwoieiimsiszeved t hat carbon nonoxi de nore stromghyssuppisesses the
hydr odesul furi zation activity of a catalyst, as conpared to olefin
saturation activity. As a result, it “i’s bel i eved that carbon nonoxide is
not a suitable reaction inhibitor, as addition of carbon nonoxide - 9 - to

a reacti on, 8Ysicaph SRMWNcdEaRad & ihBeiRASRMNbEIHiBn 364 WrBlhPRyalra const ant
| evel of sul fur renoval. [0025] The anmount of reaction inhibitor to add can

be dependentfulismgigl one or nore of a variety of factors. Wth regard to the
initial amunt of reaction inhibitor, the ambunt can be selected in

conj unct i dao2sjt h déﬁiaﬂioﬂﬂﬁof@éhchh@uﬂﬂb@tﬁr ofaddat@by §épehdenti &€ annevk druch
catalyst to us run tenperature, the nature of the

the desired start of
feed, and tH& Ogéé’?rﬂeéﬂ tgéf)t&{?ct&%ﬁgﬁ‘?d tPélQFe‘Pmar%f“é"rnt&fTeécnan}n@ it¥bodi ment ,

the anountm@fme@ack Rseldohiibh EQfure®Bn Reth ARciSERYUG theweeo?e%@me ko at | east
about 10 wppm of nitrogen, for éexanple at |east about 20 wppm of ni trogen,

at | east @@Wd@umwmwseﬂh@ desired stagiof an tb@a@’@wsﬂ)dmnammﬁﬁhpﬁaﬁf ni trogen.
Addi ti onal h& th%rdeglk'édgﬂ P%C?%}Mﬁ&fﬁ%b mr}Dr ar}za cﬂx aﬁ er%%&lpn%nt! %IapﬂotuO{ ran be an

anmount correspon rogen of 1ess, exanpl e
about 200 rmpn‘m orhibiiot bﬂgl&l’hn@’mduﬁﬁﬁqrrealhmdinglt5@tmmﬁb@ft l10ivippagen or | ess, or

about 100 itr | ess 0 In stil] other enbodi nents, the
amount of ff81h aﬂ“ﬂ’?%?t %St@ﬁﬁt%wl["@ﬁ gl"é‘a’g?ﬂh af lepsiabeit SORwPENfuNt  of

i nhi bi tor nltﬁ%eﬂRﬂ@ﬂ%QsttaQo&th@O %P&Qﬁ%ﬁﬂﬁeﬂgAﬁmHﬂéllﬁr aﬂbﬁnﬁ@ﬂﬁﬂle In such
enbodi nent s, the anount of reaction inhibitor can'be at |east about 0.1

wppm  f or aeeumisifacastion whdtitonpanhe an anspn caatespargding tabbaitt 250 woppmf at | east
about 50 WRH) B{Iegst c#}r%%%ﬁgl%%ggﬁt 2@%@@%@%{3 %géila{)gutﬁesal tercgat ely, the

anount of tron T n can exanpl e
about 100@1tmgpmolresd, esshoua bk pah Of mxopgerosr lksss, or about 100 wppm or | ess.
[ 0027] Not e that sone nitrogen conpounds that can be present in a feed may

act [0026] In still other embodiments, the amount of reaction inhibitor can be
measured in terms of the amount of inhibitor, as opposed to the corresponding amount
of nitrogen. In such embodiments, the amount of reaction inhibitor can be at least
about 0.1 wppm, for example at least about 1 wppm, at least about 10 wppm, at least
about 50 wppm, or at least about 100 wppm. Additionally or alternately, the amount
of reaction inhibitor can be about 10000 wppm or less, for example about 1000 wppm

or less, about 500 wppm or less, or about 100 wppm or less.

[0027] Note that some nitrogen compounds that can be present in a feed may act
as reaction inhibitors. In embodiments where nitrogen compounds are present in the
feed, additions of a reaction inhibitor are understood to be in addition to the reaction-
inhibiting nitrogen present in the feed. Similarly, reducing the amount of reaction
inhibitor refers to reducing the amount of added reaction inhibitor. This is in contrast
to removal of nifrogen during the hydrodesulfurization process. While a typical
hydrodesulfurization process will typically also remove nitrogen, such removal via
hydrodesulfurization means that, by definition, the feed has come into contact with the
catalyst. As a result, removal of nitrogen by hydrodesulfurization does not prevent

reaction inhibition in the stage where removal takes place.



as reaction inhibitors. In enbodi nents where nitrogen conpounds are present
in the feed, additions of a reaction inhibitor are understood to be in
addition to the reaction-inhibiting nitrogen present in the feed.
Simlarly, woeugisoggst he anount of reaction inhibitor refcarns2610/0482ghici ng t he
amount of added reaction inhibitor. This is in contrast to renoval of
nitrogen during the hydrodesulfurizaf# n process. Wile a typical

hydr odesul furi zati on process will typically also renove nitrogen, such
removal via hydrodesul furization nmeans that, by definition, the feed has
cone i nt o eeagtiereonditions anbenygpamenit . As a result, renoval of nitrogen by
hydr odesul furi zati on does not prevent reaction inhibition in the stage

wher e r end0828]t ak éheptlactéve hydroibsul fuReawhicam be perfbirtned frsargnaiteslyi r onnent

[ 0028] The selective hydrodesul furizatjon can be perfonned in any suitable
reaction SY¥ERYSIHE fg‘f & ‘?Cflx‘/‘é{‘}‘f{fﬂieéﬂ@érmaﬁﬁﬁ? iDGHOERH BEnHEF M8Fed in one

or more fixedbb@ebabBAstRhDf whRBtaR LoMPiiedns BN HRRTRIAIPE bONRG e IRfE Cat al yst
beds of the sanme, or different, hydrodesul furization catalyst. Optionally,
nor e t han ®Efrgpydrodeatl frigationcatrlise Opiéahallyn, morsithrgl ane iens. of shtalystugh ot her

types of . $ b I I referred .in.sone
enbodi mentah Bkﬁ%?iﬂ?%g‘?‘ﬁ%?%‘x Z%%*F’@%‘ oghdrifiks Oggﬁgyatb;%/%sg%a%é’re ué%cgﬁﬁ"ﬁ%t beds
that nay edusegrdferrddie spmaembodinghtst Nenpindsentxanipl@nifisoech éthaltyske, but are
not Iinitgg to, flgi?%zed Eeds,.e?gllatingtgeds, sLurr% beds, and novi ng
beds. | nt & §HAYE REGHINPHGHEE URedrin feREactps ot Bf PIrAThIRNL BFPEE tBkds in the
sane reaPhﬁHnot@iﬁﬁteH@o,Qﬁiﬂi%ﬁ%dﬁ'eﬁﬁl@atﬁg%ds%lﬁﬁ& Beda bl ﬁbwag be@&n take place,
and olefin saturation as well as the desulfurization reaction are generally
exot her m énterstage £e¢lng btwachecdstoas, ogbetweert endrlyiy bedrgn tyednodeeastdrueanzat i on can
be recover i i ques.. W\ t hi eat recovery option is
not avaiIgﬁgggxgg%@éﬁ?%%%%ﬁg@%%ﬁpﬁggﬁgﬁi%%I%%%T%?%%ﬂﬂl%&6¥?mfﬁpgﬁgh cool i ng
utiliti es asthehleadfutioatidimngactiahere genemally exdherbiyc. us @otfonaf hedfeagen quench
stream In this nner,. optipum reaction tenperatures . can be nore easily
el nt ai ne 8T BT P YEEEH 2R TR 5P 08 FoORH OB BY A FBRRRELHHTINESSt he
reaction iwheéithis KAMBOTRNbpHBANE Bbt avhilab) c6RRAAIIE Bloling nefARr at e feed line
or injection port can be available for introducing the reaction inhibitor
into the pedemsd, e.g) thepughiceplng ythitieh suchmb eck mgnvatertmair, onbyrisGof 4, napht ha

feed 110 ' Lnhi Bj o ?ﬁ 1.ntr I nto_the reaction
systen11029ugéﬁgﬁ§h§pﬁ§%§"?ggggr%%%#’%ﬁ% e#m%ﬁ%ﬂ%&ﬁgﬁén?fﬁnggﬁmﬁ% used for
t he hydr ogmsilytntasbingds. In FIG 1, the inhibitor can be added to the
naphtha feed prior to entry of the feed into the reactor 105. The resulting
hydr odesuldozn| zedTRaRA MR iﬁ@i‘Bit@recah%@%ﬁﬂuéé&ﬂ%ottﬁ@rera@@&ltih%ﬁy systemas a
l'i quid product 130, while an off-gas 140 can be renoved fromthe reaction
syst em vi eonyeriepanamer. | lnrfa enotiananh at sepasaie tfeedrling s irgentivd poitsasbhemat i cal | y
shown herg, . ' er al o t such..as_a reactor, a
oroduct - quiane (AR RIS, REUELLHERERRNTAL RacdhCRudRady A6

embodiment shown in FIG. 1, naphtha feed 110 and reaction inhibitor 115 can be

introduced into the reaction system 105 using a single feed line. Another input line
120 can be used for the hydrogen treat gas. In FIG. 1, the inhibitor can be added to
the naphtha feed prior to entry of the feed into the reactor 105. The resulting
hydrodesulfurized naphtha can be removed from the reaction system as a liquid
product 130, while an off-gas 140 can be removed from the reaction system via a
separate line. Note that reaction system 105 is schematically shown here, and can
include several components, such as a reactor, a product quench stage, and/or a

separator.



WO 2011/ 031828PCT/ US2010/ 048228 [ 0030] General | y, selective

hydr odesul furi zati on conditions can include tenperatures from about 425F
(about 218C) to about 800F (about 427C), for exanple from about 500F (about
260C) to aoub11BIBEs (about 357C). In an enbodi ment, thectaspaoaisuise at the
start of a reaction run can be at |east about 450F (about 232C), for
exanpl e at | east about 475F (about 22113]C), at | east about 500F (about 260C),
or at |east about 510F (about 266C). Additionally or alternately, the

tenperat urgoy t heseatany, elecived m%mﬁ%a%%ﬁ&é% daabeulde302C) or | ess,
for exanple about 540F (‘about 282C) or |ess or about 525F é)about 274C) or

| ess. [ 003uhpamataresfioay aborbii Féshont DS Chivaibbyt SR ahbitrf@fTOhfai t h t hose in
th
o about | SOURP Il R HO R BR3P BT3B R0 3660 “or

| ess, aboumbé@ittent, aixotinpSafiiey atake $t@s6fa &bﬁtlﬁn rﬁﬁ 5in lﬁeadldmlst zBf)ﬁQ)SOGF | ess, or

bout 650F (aboyt 343C Addi tj_onal | t er nat el
Cenper at oKt LRGP BITI fiaE ey o ek i FEASOABRNT 550F

(about 288Gyt 6P CEX*R APt Bbout SRS (Q%@§6§’@FAGQMBH;SHC¥3&%Qmaﬁ§ kast about
600F (about 316C), 'or at | east about 625F I(’labout 0032]'Tn vari ous

enbodi rrenﬁ@npeﬁﬁéretaéﬂm,staamfrﬂéuseﬂﬂel@qfémuh%%f EbeniBW3f Chorﬂpasc@sgxamgﬂc un can be
dependent 00, aRY.r006, Ao, ol B MATI S Ofy ol AEL0ESo, Fr example, it coul d

be desirab t'o oper reactor an er equip in a reaction

system at eratures below a certain val ue. This could be due to
equi prrent | ‘59 ﬁPt at ﬁrbmot hez eppbediment, pRiRRaIA {1 FambipatioR g¥ikehosg 8 theeam or

downst r eam¥ 82 hor LERS eAPof tdiih g eaNShaR" n include
the rate g&c@g‘g y%ltaﬁg’eta%tefg;g{aﬁgﬁ fa%s a %a@g‘a %Ieactl vatagéﬁt%lt@ﬂganurrber of

r emai ni ng (@ovi 429°6) @relsssofvrcaaraplygboutaﬁoﬁdab@xﬂa&%"@) oveeh ah@nyoa?F the active
t at.ad t he
catalyst CHRELEYEloReS MRFLLEIR e PO POERE ARl T T

cat al yst ere exa in the need
to incr eaSe3°®ﬁpESﬁthchtlaia11§ ok alkdreatelyadhe teinﬁpe@ertdxerat th@ eﬂabfm piodesBing

substanti al | onst ant _ sul f ditionally, as not bove,
types of E‘g’t‘éf‘ QPEIGQ%ﬁB?‘é‘iISISgJFdég‘&tlz@%&%g #?6 neRls Bidegst atiouﬁgg%gr(abom
t enper at ugg(C) [&@e?a@ﬂdbeumoep‘g@@hm@bc ), bP& IERMRRLAEE (SHouf 1epsi al bet ween
t he begi nning of a hydrodesu furlzatlon process and the end of "t he process

can be at E%O%Qgt aﬁ’lo\lfltlolzlg%mﬁ Cg%lléltltf ]tgc %nperature se g&%ec{aas%ﬁe le ecﬁstia about 50F

(about 28 | eas
processing run can be dependent on any one or more of a variety of factors. For

example, it could be desirable to operate the reactor and other equipment in a reaction
system at temperatures below a certain value. This could be due to equipment
limitations, a desired temperature in another upstream or downstream process, or for
other reasons. Another consideration can include the rate of catalyst deactivation., As
a catalyst deactivates, the number of remaining active sites on catalyst can be reduced.
When many of the active sites on a catalyst are deactivated, the process stability for
using the catalyst can be reduced. This could be reflected, for example, in the need to
increase temperature at a faster rate in order to maintain a substantially constant sulfur
level. Additionally, as noted above, some types of catalysts generally deactivate more

quickly at higher temperatures.

[0033] In an embodiment, the temperature differential between the beginning of a
hydrodesulfurization process and the end of the process can be at least about 25°F

(about 14°C), for example at least about 50°F (about 28°C), at least about 75°F (about



- 12 - 42C), or at |east about 100F (about 56C). Additionally or
alternately, the tenperature differential between the start of a run and
the end of a run can be about 300F (about 167C) or |ess, for exanple about
200F (abouwwo2d:1031809 | ess, about 150F (about 83C) or | esswsaieuds22300F
(about 56C) or less, or about 75F (about 42C) or less. [0034] O her

sel ective hydrodesul furization condittons can include a pressure from about
60 psig (about 410 kPag) to about 800 psig (about 5.5 MPag), for exanple
from abouty) op@l&s&@etaqmooipgaﬂvﬁa@oc? OAé@iﬁHﬁaH?QQaR&hﬂel apgut 3.4 Mrag) or
from about 250 psi about 1 0 about Si about 2.8 MPag).
The hydrog%mpeﬁf@e@diféQrént@éhetb@em?fl@maahlf@tm@@m@@amﬁ@ﬁm@@mbeflbmlt per barrel

(scft) (a N ) 600 t for
exanpl e f?gbrﬁF (%o?}’ttq%é(gg Orli b (aamg? a%%tc%f\({n% &r@fb) tbic%la thlé\Agg%’gﬁscf/b (about
510 Nn8/ nB)SO"FT(hBodtISBrHE)Obrm@BrdbwuﬁmeE(a\beth%PC)/oxdasa hreabbutors°Aliabstit 0.5 hi-4 to
about 15 hf| r exanple fromabout 0.5 hfl to about 10 hfl or from about
1 hfl to &%c@t"r Shr-1. Product Characterization and Control of Reaction
Condi tions [0035]1n various enbodi nents, a hydrotreated naphtha can be
produced W3] r ed (e stlogiyedfydwdesulforizatioo sopditied ceningludpdmoesseat ed napht ha
formed fr C ent | an I 0 t doe Q reac i on
i nhi bi tor?mg‘e%]:jg) {S)(');B’ a% %eéhg%ag)yet quﬁbggsléz uE§§a hl%hgr exam ion

t enper at ufiem gdloaf 200 &t (ubaitllommpa@) tbabsed00 pslg (aHous3. ¢lePdg¢a1dfrbm hi gher

val ues for_the _road octape_ nunb %&é r the notor O&“t ane nunber
(MON) f or 2b%yE 2p@B1iE {abeyt h@M}Eﬁngh%b@Ht tegboytaT 1R VA YOS Ehbodi ment s,
one possi fl.g rgceeimwfr&n%gb&%bmn@aféwﬂ@%& wraaﬁat(b%mmca%@ can be to
produce a n%pht ha product having a su sg ant ally constant |evel of sulfur.

In an enbddi’freitq ahdm&@ﬁﬂwf/hmhoat1Qﬂod&ndmforleémepleéﬁonsmomuw(l@an be at
| east about | e t 03 or ast about 20
wppm Addl%ﬁllboqé\?ﬁ@%ﬁo IPQ%(EE? dtsr%%ts(ubt?u ilrg)t]l%lgl \f%;)[')(rg)hneslfqél%hq evel of
sul fur caspdoevelbeaitit cahT@ frupp ab ok OJSQﬁ'éto ftout EXartpfoe cedaoplé frb@aboppms or | ess,
about 75 wppm or | ess, out 50 Qm o s; about 30 wppm or | ess, about
15 wppm owtéé‘g?m(}ﬁ’étl)%go@cﬁb or© Fﬂé‘%’é%iﬁls used herein, maintaining a
substantially constant | evel

Product Characterization and Contro] of Reaction Conditions

[0035] In various embodiments, a hydrotreated naphtha can be produced with
reduced loss of octane as compared to a hydrotreated naphtha formed from a
(conventional) process that does not employ a reaction inhibitor. Because the same
catalyst can be used at a higher reaction temperature, olefin saturation can be reduced.
This can lead to higher values for the road octane number (RON) and/or the motor

octane number (MON) for the resulting hydrotreated naphtha.

[0036] In various embodiments, one possible goal of a selective
hydrodesulfurization process can be to produce a naphtha product having a
substantially constant level of sulfur. In an embodiment, the substantially constant
level of sulfur can be at least about 5 wppm, for example at least about 10 wppm or at
least about 20 wppm. Additionally or alternately, the substantially constant level of
sulfur can be about 150 wppm or less, for example about 100 wppm or less, about 75
wppm or less, about 50 wppm or less, about 30 wppm or less, about 15 wppm or less,

or about 10 wppm or less. As used herein, maintaining a substantially constant level



- 13 - of sulfur in the hydrodesul furized product is defined as maintaining
the sulfur level to within about 5 wopm of the target |evel. Nevertheless,
while sulfur |evels can tenporarily spike or plunmet due to various

ci rcunst anwep11maisdg ai ni ng a substantially constant | evel/ustoigodstagr i n t he
hydr odesul furi zed product can still |Pclude i nstances where the sul fur

| evel is, at one given point in tine] tore than about 5 wppm from t he
target level, so long as the sulfur level is within about 5 wppm of the
target | eV&'sulﬁﬂrmﬁIeHy@ﬁﬁEsu%@rf%é r@duct istefih6P&tmdiBtailg @F s@NBNH¥eRQ sanmpling
events over the course) of a rodesul furization run and so |long as the
aver age suvifhip ahaayewppn qffiee ﬂ@wt tsoiels i etvenrthoess.i vonlersyus lgvels ¢asi n about 5 wppm
of the targe 0 a substantially
const ant Iev%?hﬁx%émfkpgﬁ f%ﬁggﬁh ﬁ§ah%%§ F%Ingﬁggég$gety of reasons.
Mai nt ai ni mgbﬁam@nysbmtant Bvﬁlof@xﬁlﬁﬁ'mh fherhydwdealllﬁuﬁmdfpmdwt caesdl indode ol , as a
gasol i ne fornmul at or gg % e torely on the speC|f%W$ ions for the
naphtha pr%ﬁ%@?swhﬁ Y & 8t O YNt Ay tige JHE 8¥13/ const ant

sul fur Hpﬁ‘@mtﬂﬁ'e QFgg@fekf&' & lon SCMU IR NS B I ikHin S0k § WppHLPaShdI0t
|ncrease It can al so desirable to provide a substantlaply const ant

sul fur | evasgettiovepfaswblepstOnl Gl piieast &9 et dfewery BEispgplingoevientiovetthe he pr oduct
sul fur | evgl3odeasthRadean, ST BRNLS00f od AL Sy LRV NG

addi ti onal® fur SO nes I'n cate i'on condi tions may
be too semgmedmmmhﬂgummﬁmnsemememhmdﬁ0@@3uﬁﬂhymzﬁtkoﬂdcond|t|ons can often
result in increased saturation of olefin bonds. Thus, achieving a sulfur
l'evel thaygja ! OW@trcaﬁ |B@'aeélﬁglettéhﬁﬁﬁmh%‘éﬁﬂmté‘rﬁﬁll@%ﬂdﬁtﬂ ¥v@erdakiigental in
sone i nstances, rocessing used to achieve the |ower sulfur |eve
may al so ftlmrtambﬁha rpmiue ot iy EarRONoBlsalons. Maitafing heordgtildval grsoluct .

[ 0038] One i t he product
sul fur Ie@%&k%gﬁb %%%%(%P d%?ié%?h&ﬁé&Hmaog§§52§§g% Fbgﬁgﬁgvarlous

met hods arspeoﬁi/canbmubﬂhfe@apldmmﬂuaﬁgFmﬁhdqmtpowlnﬁamtainmga @bstﬁt&tll@ptl on for

nDnltorln sul fur be t Wi t hdr.aw | e

hydr odesulf QﬁWﬁﬁ%ﬁﬁiﬁﬁlﬁﬁiﬁﬁﬁ ﬁ?@mﬁﬁgl mg’ 8§§WPthﬁﬁﬁéIfo t he
time scal g dIyed &e%gamst&ﬁroaﬂdxﬁtsu&%%ny@éﬂs%t Shint rwel%gge%l%ﬂtﬂa of f-line
anal ysis of a naﬁgt a sanple can be sufficient to allow for maintaining a

subst ant i ablfy levs o@r’nelngetoelow Abt e pradugtesulfor leedhdgsgiiesst Hor i n-1i ne
moni tori ngl\l,lgﬁ?lgf{é{l%%thﬁ? %&g&}?o%\ﬁ&&%geggﬁlogﬁ%ﬁ%eSaH ls&#%ﬂnﬁgsqpalgﬁh%l? pr oduct

are al so base e Su ['evel in the
napht ha peeddustios ashdigorissed Beoo @djeu:stUsrhegambxecsevemhgzﬁrbdswEumubﬂnat a
substantialky constaﬁ | eve] .of duct suL%ﬁ IS nalnﬁaln I n vari ous
enbodi menfHETS G4 P Tepdt ndage Se satgaten plnelinbapdingd rtgs%. ng the

tenperatu Eﬁﬁﬁfle\;eh@xaﬁétl&uféﬁlﬁant%ﬁgta@éelf' e viElag QEﬁgllfﬂ@&é%Hl%eﬁﬁﬂn-g&ﬂper ature),
reduci ng the anount of reaction inhibitor, or conbi nati on t hereof.

Because t hnstanesscas tb@pmqtﬁsmgtmd iosacmve@dé@vwmfmﬁeml njay afsedurtleesict or, one

option can 4 0 roduct sul fur | evel by nalntalnlng
a constanf eﬁ%era u%gﬁ%#% é Lqmnl]ﬁegaﬁount of inhibitor. This can

lead to em)VI ng %)Qee wrag ?c? ;[nlagl?am a desired sulfur level can be to use the product sulfur
level to provide feedback for the process conditions. Various methods are available
for detecting product sulfur levels. One option for monitoring sulfur levels can be to
withdraw samples of the hydrodesulfurized naphtha and analyze the sample for sulfur.
Due to the time scales involved in catalyst deactivation during processing, off-line
analysis of a naphtha sample can be sufficient to allow for maintaining a substantially

constant level. Alternatively, techniques for in-line monitoring of sulfur content

levels in a hydrodesulfurized naphtha product are also available.



inhibitor in a relatively short (potentially an optim zed) anount of tine

w t hout having to increase the tenperature. [0040] O her options for
controlling the sulfur |evel can include using a conbination of tenperature
adj ust ment woang/medsicti ons in the anmount of i nhibitor. pegrusexaozhs the
amount of inhibitor can be snmoothly increased while the tenperature is
snoot hly decreased, so that the inhi bitor can be removed from the system by
the tine a target tenperature is reached. Preferably, the inhibitor can be

removed frigpdihe rRagabRBassl oh &P RIfiLlkvd G IRQPRBE blodhctEMPEnRE S ©
i ncreasing by 6F (3C) relative to the start of run tenperature, for exanple

prior to tddstradioneandippesodhainsubsiantieds corgtapyleget of p0dudrsufniisr to t he
reaction t atufe increasi F.(6C) . 041]1.n. vet anot her
enbodi nent[,gﬂ?%{enela'n nl%alr{g’ 85 grcngénﬁ%gagea]ﬁiﬁl%%g%r%ﬁkg% géC]er'tdlé %ﬁ%n. m%ﬁfq% can cause
t he t enperagdjudtisg the tdiepeastitesif €tk dacilyst bigl @rdWdiphreddivetagg Beie i nitial period
of the reaction, as sone tenperature increases may be needed tq adjust for
catal yst aCPIRFTANFe). ElcRgiteAnRAuRE ! iqedioa d¥uRitgreyr aremvinagen thetrohdj ust f or

the i ncregag,isl AR inisitdrd 4YaddBeBoBporRh€R thead b §ftfonichn Bﬁm)ved-
[0042] In still another enbodi nent, the inhibitor can continue to be present

in the redetntallymonkolthe prodadtisuldfr leved by eaotthiomg awandten gaorperathresuf f i ci ent |y

| ow | evel f Lnhibito r 2Nt , ~t.he inhibitor .can have nerely a

nom nal i ﬁvphglgtre@}r%in%atﬁ%%rﬁg?ﬁé)g{rﬁ%\lslnﬁttc’%/. T&%geén IF gds%lr%{no}“ﬁg glgﬁacel%odi ments it
can be sufifiiibit@rnit a kt@atbuebsshant(pabhtially afopemisee) dadinbbf e Hvithontthaeingeact or .

In various enbodi nents, the inhibitor can be considered to be substantially
removed wWHRHCTHEE BAETMEBYe nhi bit or added to the reaction environment due
to the inhibitor is about 20 wopmor less. Alternately, the inhibitor can
be - 15 {0040] Other options for controlling the sulfur level can include using a

combination of temperature adjustments and reductions in the amount of inhibitor.
For example, the amount of inhibitor can be smoothly increased while the temperature
is smoothly decreased, so that the inhibitor can be removed from the system by the
time a target temperature is reached. Preferably, the inhibitor can be removed from
the reaction system prior to the reaction temperature increasing by 6°F (3°C) relative
to the start of run temperature, for example prior to the reaction temperature

increasing by 8°F (4°C) or prior to the reaction temperature increasing by 10°F (6°C).

[0041] In yet another embodiment, the inhibitor can be removed in discreet steps.
This can cause the temperature to be adjusted both up and down during the initial
period of the reaction, as some temperature increases may be needed to adjust for
catalyst activity loss while other decreases may be needed to adjust for the increase in

catalyst activity when a “step” of inhibitor is removed.

[0042] In still another embodiment, the inhibitor can continue to be present in the
reactor for some or all of the reaction run length. If sufficiently low levels of inhibitor
are present, the inhibitor can have merely a nominal impact on catalyst activity. As a
result, in some embodiments it can be sufficient to substantially remove the inhibitor
from the reactor. In various embodiments, the inhibitor can be considered to be
substantially removed when the amount of inhibitor added to the reaction environment

due to the inhibitor is about 20 wppm or less. Alternately, the inhibitor can be



reduced to a | evel of about 10 wppmor |ess, or about 5 wpopmor less. In
still another enbodi nent, the anount of inhibitor corresponding to
substantial renoval of the inhibitor can be an anmobunt based on the peak

| evel of iwbiditmoissised. For exanple, substantial renowal/eboidbg21snhi bitor
can correspond to reducing the anount of inhibitor to about 10% or |ess of
the | argest anmount (peak |evel) of i nk? bi tor, or reduci ng the anmount to
about 5% or | ess of the peak anmobunt. Note that for an enbodi nent where the
i nhi bi tor cameltceRVA dHab&iR 96 Ry ppRGabd! &%b@ﬁ’t@@ﬁﬂ}ﬂor fbe @Ry RLoed: i nhi bitor
can advantageously refer to the anount of nitrogen. Al so note that for any
i nhi bi t or anfwdinient,ghesweunt phinhivatonegtespendingdd sprstaptiatromaddiof then of t he

i nhi bitor,. r.educi the a nt .of 4nhibitor i.s, judged sed._on the anount
of ' nhi br 1B Ea0Gaf % & BT AR S b R L et Pk G B R P e

i nhi bi t or spbyantiah@navalutthoihhBitoadanyopegetdito redudimetht eedunt[ @Ak ef er abl y,
t he conbi natj on og tenperature nodification and. inhibitor_ reduction to

mai nt ai n &0 8bMY £ At arass ¢f Bshaeeshemetipgakileielof inhiRifos GiapHERE i oduct can
be_sel ect afhaf iBbu3BY of RIRRNIA W aHRGHCARE: 6! B by EmbikbR Wil t Of run
reaction tenperature is |l ess than about 6F (3C), for exanple |less than
about 8F (tWOphibitor exwprishsmnifiopert conGinips Qympoddi the emattyf arhikitor eamat el y, t he
conbi nati gn_of t erature nodifjcation a i nhibit reducti on t.o nmaintain
2 cubet anciuhiaf-EEREEint Bt E3uroita” Ao MRt GF shERHEN ' e

sel ect ed geestitdh tHeh@ph@apedpiior ©® adaitioaas ehelishibitdry@dhcn@hyg ab@ipedsfat ur e

achi eved durjng.a reaction process is _|less than about 6F (3C), for exanple
| ess t han BB idgerdasest o e amopmt T apubifor pdgedtg Bye fepd apdpotdizged

enmbodi Menteg PSRk of ki aReliick ﬁl&&héﬁ%dnﬁ&%@h&l%r@s%ﬂt {8hd Re@voi d | oss of
octane in the hydrodesul furized naphtha product.” 1f a large portion of the

i nhi bitor enoved. at, one ti .a caorrespondi ng.l arge_decr.ease in
tenper ac uldPRhy o bl G P aih e BEROR Ao o En BB et 1

sat ur at i omeduttien wandihtaht 4 ebstastiallyeopeimtulfie lemdid the adpghoha @odhct edn bi t or
reduction_ accordjng to enbodi nents of the invention preferably avoid such
| ar ge t enPePHeirEsbat my deaperatyreglecieasedplatiy e theirb QEHNEeacHAR r et ent i on.

[ 0044] FI GRmraid idlesd@%h %&1@5@@dcj,%lt@xa@pfen@gmt&n@bg&téop (egek 1hased on

pil ot plant runs #or napht ha hydrodesul furization. The kineti'c nodel was
used to nmbdelabeutrl®3A(6°6n Additibrdllypratiea@elyn thelsomhinetion of tinperatibout 1000

f | f ith a ' f .ab , h I
shown i - bt hPiRbR0! A8 o i B ASssa iy Srbll TR by B3 e e

for a conwemapbhabrdiyichad®s sdiédigd sahhtQhe febiperdiee Gedienst eagttvie@namynhi bi t or was
added. Under the conditions set in the mpdel, the h{drodesulfurization

react or wEFRSTARTe gghigYodAuyiag gReasHonpRre és isedhaiisat ATUPECY WABT) of about
S00F. The ia%ﬁﬂélewthm%baﬁg? £20) ¥ELE: MWoul f-@QBeBans ehsdubay (about 3200
F t he escribed a

n8/ day) o napht ha fee ove and a treat gas feed with a
treat gasembodiments, Gisodthe2@efits of the ifebtion cBAE tNaBdidB)ss of octmub t180%
hydr ogen. , A, cat al.yst ,vol of, about, 5900 ft 3 (,about. 170 nB f . a napht ha
v oqesurf P BBl eBuyde M ni iy iy Rafiefat Foact i on

i nhi bi t or ond t@e,radoatcbpoadingllaHge detédsy id tenmpbrathemagbakagsired, Svided daned to be
100% Under ,these reaction conditions, the npdel resulted in, catalyst
deact i vat 1°8% ¢ 2t i8cigpsedp Slpfnsagrationn die cambipgtiqns of rEMeRIuE g9dEBEded on t he

above conglidhB8Bgor feBctichQODMRP B AhbSHEMS of e iRnfiGiEStelBdly avoid

such large temperature decreases, so as to provide improved octane retention.

[0044] FIGS. 2 and 3 show predicted results from a kinetic model based on pilot
plant runs for naphtha hydrodesulfurization. The kinetic model was used to model a
reaction involving an FCC naphtha containing about 1000 wppm of sulfur with a

bromine number of about 50. In the model examples shown in FIGS. 2 and 3, a



reduced to about 18 wppmin the selectively hydrodesul furized napht ha
product. As the run progressed, the catal yst deactivated with tine, |eading
to increases in tenperature to conpensate for the loss in catalyst
activity. vwbeofrethseted road octane nunber (RON) | 0oss wadgk2dib)eRe2s
conditions was about 5.6, while the predicted notor octane nunber (MON)

| oss was about 2.9. These octane |osslhunbers were based on the predicted
| oss of olefins in the nodel under the specific reaction conditions.
[0047]Wth regard to catalyst lifetinme, the catalyst activity at the start
of the run can be considered to be 100% After about 3 years of service,
the tenperature required to maintain the desired product sulfur |evel of
about 18 wppm has i ncreased by about 100F (about 56C) to about 600F (about
316C). In the nodel ed enbodi nment, a tenperature of 600F (316C) was
considered the desired end of run tenperature. This corresponds to the
catal yst having a relative volune activity of about 4% FIG 2 shows the

full tenp re f4 1ﬂ£1¥c VA i for the nodel
reaction.qﬁ@ﬁ#7 -@?gdﬁgﬁﬁﬁg%uggg omgég@g%égg%%gQéﬁﬂ#%g same feed, but with
an i nhi bi thydrodesutfodeatied reis whae ho ofactibreinhthitdi whomled.| Bntdreéhemaditioneact i on
showmn in FIG 3, t unt . of .catalyst in th d .i.ncreased to about
3000 113 CabiE et Ry ROt afo Romof e Saahd o Ay ] EPGRRS o vl ume
activity WRd TéaReratlro (WABTS ofaBuinb0PE, aat #Maisto thardkasd wak abbut tenperature
of about 480F (about 249C) was sufficient to achi eve a product sulfur |evel

of about 2800 Barrelsidinefabout 32AGmddam of themrphithateeddescebefcabordardye reacti on
to cause J: j t i Ml t\es,cat ol at the
Coareor e & hRaUE 6k Bl iEo KOIITEIGRIHY LbohClaoh B B ksl o [ 1e
gas rati o80rtydideens Anmtadsst fdpmBlotabdt SU0E T (2bdve $ 80 conafianaphthaand with t he

addition of .t he act.ion inhibitor initial BT of. abqut. 513F (about
2670 s Srgbheu FaTkR uo R rs S b e i s aR PIOIBVE of about
18 wppm [OAR[WheRe Adti@itPp bOMe $ahIyet ik definkdso B¢ a00%8dUntiliehdser@eiat ure was
initially held constant at about 513F (about 267C). |nstead of increasing
the t enpefaitdiienst he amdplrsadicd i eatalyd dsactinatioprateypd pbent 2i8/F (8bout he anount of
added i nhijBg0r. Wag g educed to maintain the desired naphtha product sul fur
of about 18 mggnl Thi's continued until about day 155 of the processing run,

when the c¢atal yst jact.ivi reached.about 45%rel ative_.vol ctivity

W Ehout - aRiPRLY ¢ PSR YRR ORISR Phal OaT RS of SHHE AP TE0 M caves
wer e usedrddac&PoRBasABE PR infths tdMivElQ 3§ 8Ddbdl AL ﬁaghthagfdduett Ws | n order
to facilitate conmparison with the results fromFI G 2, an end of run

condi t i onthgayn BwIgEssadsthegatalysbiaeeisméndaeith tige.deadimpio ipcresey indi f f er ent i al
relative . 4 .. of ; t t hat woul d
have. boen st Rotm AT [ op it St ity £ TR ERRH A QU

sel ect ed fignbéri{BON)Gss3ndarrthese cothitiorts tveas @ahohit 6f6, minie denatedictod morrbot h r uns
corresponded to C bl e | eyvel at al yst .deacti vati on 050] Under
hes e ot e RN I®s s bRl THRbC ol 168 RE gt ppsp OO0

the predicted loss of olefins in the model under the specific reaction conditions.

[0047] With regard to catalyst lifetime, the catalyst activity at the start of the run
can be considered to be 100%. After about 3 years of service, the temperature
required to maintain the desired product sulfur level of about 18 wppm has increased
by about 100°F (about 56°C) to about 600°F (about 316°C). In the modeled
embodiment, a temperature of 600°F (316°C) was considered the desired end of run
temperature. This corresponds to the catalyst having a relative volume activity of
about 4%. FIG. 2 shows the full temperature profile and catalyst activity profile for

the model reaction.



the about 5.6 for the reaction in FIG 2 with no inhibitor. Simlarly, the
| oss in MON was reduced to about 2.7 as opposed to the about 2.9 for the
run shown in FIG 2. Additionally, due in part to the increase in the
amount of wahalwsiszgised, the lifetime of the catal yst wagukhgseRsgd to
about 3.6 years, based on the tine required to reach the end of run
tenperature differential of -100F (-5 . Thus, the reaction shown in - 18
- FIG 3 provided for greater octane retention in hydrodesul furized napht ha
whil e al so enabling a Ionger run length for a reactor. Additional

Enbodi ment[80480051FAdd} shiomnardogssong @l thesanatfeddy buttwhigh pr imbehitor | nvent i on

i ncl udes t.he fol] ow nbodi.nents. [ 0052] Enbodi nent .1 t hod for

sel ecti veI@r%{?a?(i) Srpggt%lfﬁ_& Cﬁ“ﬂ‘&ﬁﬂsf ﬁﬂ ﬂ{)eorf’?%]rlubeagé??g%lo?v&éla? I@éﬁﬁ’rﬁ’l si ng:

i nt roduci RghoantERbiali8t Aohd bdadvisandeastarhbolt W08 i eaphor3d i)t ke presence of
a hydrodesul furization catalyst and an effective amunt of inhibiting agent

under ef f &ep¥evidlathesping aifin) delativesiolunig o5ty ¥as BwAdiFeT Bifsamauseokel ecti ve
hydr odesul i i g(gm]g' i i i it V, d

t enper at urczét%u;y(k)trg@t-S ag%gat a %’,ts,&?%b%r%g ucggg%&ﬁéﬁr%ge@ﬂ‘f'%usﬁf?g%t&ged havi ng a
product suatlieve xpudensylfane et ethiboind wpen.aHowaterofufficidrit tibitg wagent and

i ncreasin i ghted average .tenperature, while continuing to

intr oduce%g%egetﬂﬁ%ﬂ%?ﬁ%mﬂéq ?ﬁuﬁ%&Fggtggivﬁtrgg?Wevoﬁl‘@%%?% Vftﬁﬁ?féﬁe %"’é"iﬁ?éstfta ve

hydr odes ulifelstdrzétt th@uinG6 Be bbd R A5 ahHERILIT00%0 THBEHIRAB aS@ibhtRaOMMet sul fur
content in the hydrodesul furized feed, until the inhibiting agent is at

| east sub3temibe msasionplied. fnse hae qoadicionyandiwieh thapdditien alfthagent being
subst anti glyof SARYEA of Exﬁﬁ%}%{?ﬁBﬁf‘cﬁ%&%é@%d il b PR YBLRY @V er age bed
) relativ

tenperature belng increased by about eto e wei ghted
aver age bechitverthesatapredat nafithastubint lewd] of hlout édeppon, wherei n sai d product
sul fur content is maintained at a substantially constant amount of sulfur

f rom abou{o0a9ppm B¥hewehedtbeds in@RRUYaskBRteBRE RnpoRIn@d tvas [:R@AB] Herdodi ment 2.

A et hod ]:;gnrsta%te;ttea%gfltVSelll”yF Pa%glgtoZt6r7°eéa)t. iIrrlls ea% or%?npcrr]éaggg%?ei tleinggrature to
compensate for loss in catalyst activity, the amount of added inhibitor was reduced to
maintain the desired naphtha product sulfur of about 18 wppm. This continued until
about day 155 of the processing run, when the catalyst activity reached about 45%
relative volume activity without any addition of inhibitor. At that point, temperature
increases were used to compensate for further losses in catalyst activity. In order to
facilitate comparison with the results from FIG. 2, an end of run condition was
selected that corresponded to a ~100°F (~56°C) differential relative to the about 480°F
(about 249°C) start of run temperature that would have been used without the
inhibitor. This “~100°F differential” was selected for the FIG. 3 run so that the end of

run condition in both runs corresponded to a comparable level of catalyst deactivation.

[0050] Under these conditions, the loss in RON was about 5.1, as compared to
the about 5.6 for the reaction in FIG. 2 with no inhibitor. Similarly, the loss in MON
was reduced to about 2.7 as opposed to the about 2.9 for the run shown in FIG. 2.
Additionally, due in part to the increase in the amount of catalyst used, the lifetime of
the catalyst was increased to about 3.6 years, based on the time required to reach the

end of run temperature differential of ~100°F (~56°C). Thus, the reaction shown in



range feed, conprising: introducing a naphtha boiling range feed into a
reactor in the presence of a hydrodesul furization catalyst and an effective
anount of inhibiting agent under effective sel ective hydrodesul furization
condi ti onsyobh@sebecti ve hydrodesul furization conditi pagukingdediRg a

wei ght ed average bed tenperature for the catal yst, to produce a

hydr odesul furi zed feed having a produ]c,gt‘ sul fur content; and reducing the
anount of inhibiting agent, while continuing to introduce the naphtha
boiling f i ; r - : ' I i.on

condi ti ong?gf%‘ glté)? %dbg%r-g?%gé%?g@%nﬁlt% g?ﬁ&é&g&%ﬂg@%ﬁ%ﬁéﬁéﬁh{aﬁéfeﬁé& ent in the
hydr odesulehahlingedofgeedin lemgth Fortahveactarhi bi ti ng agent is at | east

substantially renoved fromthe reactor, wherein said product sul fur content
i s mai nt aiziddioahl Bnbstestapti al |y constant anmount of sul fur fromabout 5 ppm
by wei ght to about 150 ppm by wei ght. [0054] Enbodi nent 3. The net hod of
enbodi nmen 11 Wheneain, j : 1] i t of
i nhi biti ngooglséént , At%i gm&%li}{] taétgltng{/eyf g}%é:& %gﬁglﬁgérég&eﬂrl g{lbdrdgs Fhlsa?%lg({wg creased.

[ 0055] Enbentbndinteny. The net hod of enbodi nent 1, wherein, after starting the
reduction in the anount of inhibiting agent, the weighted average bed

t enper at ufgysep deenfagenby. AldihoBfor Edlekively hy8®SrektloB napBthh BollAE
tenperature (1) at the start of the hydrotreating, (i1) achieved during the
hydr ot r eafdngg feedr compnrisingp detroduripg amaplitha hoilipgesad foad &WP Astsetos in thihe met hod

of any of reyi fjeeelt P S| O E-Or | t he
produ%:/t sa{e ﬁlrcggg%%lzar%t%d%n theaﬁﬁl%%%lggets%&{l u%ffgcglgp%gélc’#%f erlellﬁlgrgéifl etreducti on
of the anoodwr efféctivaielbitivierhydagesul furitdtionicnodigasethe nelagivght ed aver age bed

r h.are r nsi v h ni r r | fur
Eggﬁg;? t uﬁ?dro&esul%?r&zatlgn gond?t% ng msc u mgt 29 Wg1ggteggver5§e bee t mgg’gt%%e t%)ly the

catalyst, to produce a hydrodesulfurized feed having a product sulfur content; and
reducing the amount of inhibiting agent and increasing the weighted average bed
temperature, while continuing to introduce the naphtha boiling feed into the reactor
under selective hydrodesulfurization conditions effective to maintain said product
sulfur content in the hydrodesulfurized feed, until the inhibiting agent is at least
substantially removed from the reactor, the inhibiting agent being substantially
removed from the reactor prior to the weighted average bed temperature being
increased by about 8°F (4°C) relative to the weighted average bed temperature at the
start of the reaction, wherein said product sulfur content is maintained at a
substantially constant amount of sulfur from about 5 ppm by weight to about 150 ppm

by weight.

[0053] Embodiment 2. A method for selectively hydrotreating a naphtha boiling
range feed, comprising: introducing a naphtha boiling range feed into a reactor in the
presence of a hydrodesulfurization catalyst and an effective amount of inhibiting agent
under effective selective hydrodesulfurization conditions, the selective
hydrodesulfurization conditions including a weighted average bed temperature for the
catalyst, to produce a hydrodesulfurized feed having a product sulfur content; and
reducing the amount of inhibiting agent, while continuing to introduce the naphtha

boiling feed into the reactor under selective hydrodesulfurization conditions effective



[ 0057] Enbodi nent 6. The nethod of any of the previous enbodi nents, wherein
the inhibiting agent is substantially renoved prior to the tenperature

i ncreasing by about 6F (3C) relative to the tenperature at the start of the
hydr ot r eat wo@o11[08328] Enbodi ment 7. The net hod of any ofpcilig2d16/626b3US

enbodi nents, wherein the substantiall é)oconstant anount of sulfur is |less

t han about 75 wppm for exanple fronm about 10 wppm to about 30 wppm

[ 0059] Enbodi ment 8. The nethod of any of the previous enbodi ments, wherein

the i nhi big ineh@gent pfcﬁiuﬁﬂqﬁﬁﬁgmttéﬂtﬁithgﬁfdro&gsulﬁg‘%ﬁ 3 Wepmor less in the

reactor or is renoved fromthe reactor entirely. [0060] Embodi ment 9. The
met hod of lelnbltlog agdne ispat depbtoubstenrvistiy rameavied ﬁomiéﬁmanwt,w@lermhsaadtl ng agent is

o . c )
reduced to a%{e su?tlur ggnt% (i)sur%algté%n%{i al a su%stantlﬁly%onégcalgt%\rﬁ%hnto gf s{lf}ﬂlrl r(l)ntlor in the

reactor.
about 5 ppm by weight to about 150 ppm by weight.

[0054] Embodiment 3. The method of embodiment 1, wherein, after starting the
reduction in the amount of inhibiting agent, the weighted average bed temperature is

not decreased.

[0055] Embodiment 4. The method of embodiment 1, wherein, after starting the
reduction in the amount of inhibiting agent, the weighted average bed temperature is
decreased by about 8°F (4°C) or less relative to the temperature (1) at the start of the
hydrotreating, (ii) achieved during the hydrotreating, or (iii) both (i) and (ii).

[0056] Embodiment 5. The method of any of the previous embodiments, further
comprising monitoring the product sulfur content in the hydrodesulfurized feed,
wherein the reduction of the amount of inhibiting agent, the increase in weighted
average bed temperature, or both are responsive to the monitored product sulfur

content.

[0057] Embodiment 6. The method of any of the previous embodiments, wherein
the inhibiting agent is substantially removed prior to the temperature increasing by

about 6°F (3°C) relative to the temperature at the start of the hydrotreating.

[0058] Embodiment 7. The method of any of the previous embodiments, wherein
the substantially constant amount of sulfur is less than about 75 wppm, for example

from about 10 wppm to about 30 wppm.

[0059] Embodiment 8. The method of any of the previous embodiments, wherein
the inhibiting agent is reduced to a level of about 10 wppm or less in the reactor or is

removed from the reactor entirely.

[0060] Embodiment 9. The method of any of the previous embodiments, wherein
the inhibiting agent is reduced to a level of about 5% or less of a peak level of

inhibitor in the reactor.



[ 0061] Enbodi nent 10. The nethod of any of the previous enbodi ments, wherein
(i) the weighted average bed tenperature at the start of the hydrotreating
is from about 450F (about 232C) to about 575F (about 302C), (ii) the

wei ght ed awerxag@sis tenperature at an end of the hydreicragbi0@sshss from
about 550F (about 288C) to about 750F about 399C), or (iii) both (i) and
(i1). [0062] Enbodi nent 11. The net hod2%f any of the previous enbodi nents,
wherein the wei ghted average bed tenperature at an end of the hydrotreating

correspondgosq a didisaedial Tﬁeh}e@ﬁao@a@@me%fewouperh%a%éﬁgure and an end
of run tenperature of from about 75F (about 42 to about 250F (about

139C), or wheren faths weightedinemge D50 Rnfrebdue asthe:)stamofﬂ@slydrqt@m Enbodi ment

12. The Vi,ou i et ei n. ef fective
sel ecti vgeft %lééy?ﬁﬁoi%??%gj)g %bé’uf??rfg?%ﬁgfﬁggcémtéggﬁ@pgf from about
60 psig (ai)emge BddretBagiuré &t aakadbf HR0yPStgat(gliofbmabbut\¥3aeh (abbey exanpl e
from about_ 2 about 500 psig (about 3.4 MPag), a

hydr ogen f2§§oc)rt8taém¥t(7§9nFa(BB‘Bﬂt3%(53)8‘8%(}18 bodydLandgid)- NnB/ n8) to about 6000
scf/b (about 1000 NnB/nB), for exanple from about 1000 scf/b (about 170

N8/ nB) t d0@d2dut md'suén’tbl( Abometh500f hyBefitB) prewiods embadgments,nour | y space

vel ocity om.a bout 15 |l e.fromabout 0.5
hr4 to aba’{ﬂer‘:‘fﬂ)gﬁ Vielg tf‘bﬁvgﬁﬁ%\ﬁl)e?gqﬂ?@tgf é‘E@rﬁnd 02 eﬁfy%raireﬁté%g been descri bed
and ill UStcbﬁE@dn&ytoraQﬁﬁé@MbétﬁleaaﬁE;ﬂaftlélfaln tefipadiuredidsn snBeseuof ordinary
skill in the art w ]| appreciate invention lends itself to

vari at i ondeHoaHEsd deogy papt @(o}gl(ﬁl?ﬂ“ﬁ ﬁ% Q)ltP é]%%t AEE (PRELIW G this reason,

then, ref grencershaubet 1@9°W§g§ut58@l’ﬁjéh&s‘§ the appended clainms for purposes
of determni ng the true sco e present invention. -21 -

[0063] Embodiment 12. The method of any of the previous embodiments,
wherein the effective selective hydrodesulfurization conditions include a pressure of
from about 60 psig (about 410 kPag) to about 800 psig (about 5.5 MPag), for example
from about 200 psig (about 1.4 MPag) to about 500 psig (about 3.4 MPag), a
hydrogen feed rate from about 500 scf/b (about 84 Nm®/m?) to about 6000 scf/b (about
1000 Nm*/m?), for example from about 1000 scf/b (about 170 Nm*/m?) to about 3000
scf/b (about 500 Nm’/m?), and a liquid hourly space velocity from about 0.5 hr™* to
about 15 hr', for example from about 0.5 hr' to about 10 hr'.

[0064] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will appreciate
that the invention lends itself to variations not necessarily explicitly illustrated herein.
For this reason, then, reference should be made solely to the appended claims for

purposes of determining the true scope of the present invention.



CLAI MVB: 1. Anethod for selectively hydrotreating a naphtha boiling
range feed, conprising: i ntroduci ng a naphtha boiling range feed
into a reactor in the presence of a hydrodesul furization catal yst and an
effective anmount of inhibiting agent under effective selective

hydr odesul furization conditions, the selective hydrodesul furization
conditions including a weighted averageél bed tenperature for the catalyst,
to produce E$§§@%odesulfurized feed having a product sul fur content; and
reduci ng tﬁ nt of inhibiting agent and increasing the weighted average
bed tenperature, while continuing to introduce the naphtha boiling feed
into the reactor under sel ective hydrodesul furization conditions effective
to maintain saitt profuRethed oy selectivelyntydofreptieg Ryaradastaiing range feekd,
until the iphRidd ng agent is at |east substantially renmoved fromthe
reactor, the inhibiting agent being substantially renoved fromthe reactor
prior to the weinghdusingayerapkiba hedingcapger fredrivtobeirepgtor g ribadeasensy ebodut 8F
(4C) rel atgye, deQufiltati &Qﬁﬁgaﬁ&’%{ é’t@e%tipfgmsmﬁrﬁx‘iﬁfﬁr?gs nf E%F‘deFEﬁécfftinf the
reaction, erein said product sulfur content | Intalned at a
subst ant i afelegtivo hpdradetsulfimnanon obndstidns uthe fselonptiabloydrods syl fmzityonnedngfitons 0 about
150 ppm by. aftﬁg starting

ght . . 2. The thod of clajm wherein
the T oduct MRIPR. pnaeigisdneSr MRf b yelt tendtaRRnCed afss e bed
t enper at urlgydr@lendfuridetfeedibaithg a product sulfufFloentemf 4vdd of claim 1, wherein,
after starting the.reduction in the amount of inhibjting agent, the
wei ght ed averagrég‘ﬁﬁlz‘ﬂg '?‘8ﬁﬁ@f‘%ft‘lfr“éhlggn%é%qnéégcg’ﬂ‘crﬁ?‘%%tweg@t%%@er F%F‘éss
rel ative tomplatuts WREE 3dMnBindtto MR dedeans naphtHahRilgdeRt ih@ahé Rbetor under 4. The
met hod of claim21, wherein, after starting the reduction in the anmount of

i nhi bi t i ngrelegvihydiadesulibrigiicagondiipnsgdlcpid® to erpuriastid @radyciut et by
about 8F (iG)e Wdr&%&ﬂﬂ%rﬁ'scﬁi_?}égﬁﬁuer%tﬁ gge %}5@9%%&&% aCiah &Gl eAUL IR Ve

hydr ot r eat i ng. claim1l, further conprising

noni t or i ngranh¢hepreaedere thesinhibiiing @gernt dningisnbstdngiahy chmented dofuthie zeagtor exidr

wherein t htg tﬁeeglg@fltieg gvé}gget lt)]e% t@%&g&reogeiﬁéj MCgiageidrlg/ about 8°F (4°C) relative to
the weighted average bed temperature at the start of the reaction,

wherein said product sulfur content is maintained at a substantially constant

amount of sulfur from about 5 ppm by weight to about 150 ppm by weight.

2. The method of claim 1, wherein, after starting the reduction in the amount

of inhibiting agent, the weighted average bed temperature is not decreased.

3. The method of claim 1, wherein, after starting the reduction in the amount
of inhibiting agent, the weighted average bed temperature is decreased by about 8°F (4°C)

or less relative to the temperature at the start of the hydrotreating.

4. The method of claim 1, wherein, after starting the reduction in the amount
of inhibiting agent, the weighted average bed temperature is decreased by about 8°F (4°C)

or less relative to a temperature achieved during the hydrotreating.

5. The method of claim 1, further comprising monitoring the product sulfur

content in the hydrodesulfurized feed, wherein the reduction of the amount of inhibiting



- 22 - agent and the increase in weighted average bed tenperature are
responsive to the nonitored product sulfur content. 6. The net hod of
claim1l1, wherein the inhibiting agent is substantially renoved prior to the
tenperature increasing by about 6F (3C) relative to the tenperature at the
start of the hydrotreating. 7. The nethod of claim1l1, wherein the
substantially constant anount of sul fuE2is |ess than about 75 wppm

8. The method of claim1l, wherein the substantially contant anmount of

sul fur is fromabout 10 wopmto about 30 wppm 9. The net hod of
claim1l, whgheiandtthe indikdsbiihi weglatg®nberage bedlueaperitoreaaleersgponsive abotie 10
wppm or less jn éhe reacbgr. 10. The method of claim1, wherein the
i nhi bi ti ngMeGkHed POdpet S GOREYm t he react or. 11. A method for
selectively hydrotreating a naphtha boiling range feed, conprising:

i ntroduci ng a naphtha boiling range feed into a reactor in the presence of
a hydrodesul f urfzat i &b éthadyek clape lanvherdie dbe yehibitipggeerdfisi whstantiallng agent
under effegti [ i i,0 Bt : | ective
ydr odesul FUE) Shtt o Bond Ll Do i et IRt (0T wehf. 361 &€

t enper at ur emporaturhat theastart ysthe hydsopradidgice a hydr odesul furi zed feed having a
product sul fur content; and

7. The method of claim 1, wherein the substantially constant amount of

sulfur is less than about 75 wppm.

8. The method of claim 1, wherein the substantially contant amount of sulfur

is from about 10 wppm to about 30 wppm.

9. The method of claim 1, wherein the inhibiting agent is reduced to a level

of about 10 wppm or less in the reactor.

10. The method of claim 1, wherein the inhibiting agent is removed from the

reactor.

11. A method for selectively hydrotreating a naphtha boiling range feed,
comprising:

introducing a naphtha boiling range feed into a reactor in the presence of a
hydrodesulfurization catalyst and an effective amount of inhibiting agent under effective
selective hydrodesulfurization conditions, the selective hydrodesulfurization conditions
including a weighted average bed temperature for the catalyst, to produce a
hydrodesulfurized feed having a product sulfur content; and

reducing the amount of inhibiting agent, while continuing to introduce the
naphtha boiling feed into the reactor under selective hydrodesulfurization conditions
effective to maintain said product sulfur content in the hydrodesulfurized feed, until the
inhibiting agent is at [east substantially removed from the reactor,

wherein said product sulfur content is maintained at a substantially constant

amount of sulfur from about 5 ppm by weight to about 150 ppm by weight.



reduci ng the anount of inhibiting agent, while continuing to introduce the
napht ha boiling feed into the reactor under selective hydrodesul furization
conditions effective to maintain said product sulfur content in the

hydr odesul furized feed, until the inhibiting agent is at |east

substantially renoved fromthe reactor, wher ei n said product sul fur
content is nmmintained at a substantiatPy-constant anount of sulfur from
about 5 ppm by weight to about 150 ppm by weight. - 23 - 12. The

met hod of claim 11, further conprising nonitoring the product sulfur
content in the mydr Distemuthbdi bt zin fl eefdrthvh@biiBing MeonitedE tHeQrodict bdlfur anount
of inhibitin age IS res onS|vewLo t he n%§ored roduct s ,f E content.

13. The nefHodt &t therhyrrodestiugiprdriasch wheesi Yefipry© t&smnorlgt Bjeddst o a
level of apout is:pWRINE t0khe BSHtobdd frifict fAGE Qntent. 14. The net hod of
claim11, erein the inhibiting agent is reduced to a |level of about 5% or
| ess of a peak |evel of inhibitor in the reactor. 15. The net hod of

claim1l, where t of the
hydr ot reati ng |gﬁfr@%%%%%g?gﬁggﬁyyabour£§§56§ﬁgﬁ& é§1§%€E g%ﬁ%$ 02C)

16. The netfabdutofl whram or [&ds,in Wieeeaiiar. t he wei ght ed aver age bed tenperature at
an end of the hydrotreating is from about 550F (about 288C) to about 750F
(about 399C). 17. The method of claim 11, wherein the wei ghted

aver age bed tenper dfhermethod of claim 11, wherein the inhibiting agent is reduced to a level

of about 5% or less of a peak level of inhibitor in the reactor.

15. The method of claim 11, wherein the weighted average bed temperature at
the start of the hydrotreating is from about 450°F (about 232°C) to about 575°F (about
302°C).

16. The method of claim 11, wherein the weighted average bed temperature at
an end of the hydrotreating is from about 550°F (about 288°C) to about 750°F (about
399°C).

17. The method of claim 11, wherein the weighted average bed temperature
at an end of the hydrotreating corresponds to a differential between a start of run
temperature and an end of run temperature of from about 75°F (about 42°C) to about

250°F (about 139°C).

18. The method of claim 11, wherein the weighted average bed temperature at
an end of the hydrotreating corresponds to a differential between a start of run

temperature and an end of run temperature of about 150°F (about 83°C) or less.

19. The method of claim 11, wherein the effective selective hydrodesulfurization
conditions include a pressure of from about 60 psig (about 410 kPag) to about 800 psig
(about 5.5 MPag), a hydrogen feed rate from about 500 scf/b (about 84 Nm>/m") to about
6000 scf/b (about 1000 Nm>/m?), and a liquid hourly space velocity from about 0.5 hr™' to
about 15 hr'.



at an end of the hydrotreating corresponds to a differential between a
start of run tenperature and an end of run tenperature of from about 75F
(about 42C) to about 250F (about 139C). 18. The method of claim 11,
wherein the wei ghted average bed tenperature at an end of the hydrotreating
corresponds to a differential between a start of run tenperature and an end
of run tenperature of about 150F (abou483C) or |ess. 19. The

met hod of claim11l, wherein the effective sel ective hydrodesul furization
conditions include a pressure of fromabout 60 psig (about 410 kPag) to
about 800 psig Qe.bome S.nfethddaghf aldindr agen Wiegsth r ahe fofRetiaboutledBQ scf/b
(about 84 lglg? to about 6000, scf/b (about 1000 NnB/nB), and a |liquid
hourly spa wswéwrtzgﬂmwgﬁamncw &a presgurg Homybat 2P8 pie- <ib0ut I.43MPag

20. The methagduporchd (Qbéﬂt3WWa%brhﬁ}faﬁ‘og%ﬁff@éatrlaéé?ro?ﬁlaﬁ&&'lwo scf/b (about

hydrodesul furizatioon conditions include a pressure from about 200 psig

(about 1. 41TPNE)/m btoaheut 3090 6o (agoyta108 NmAm2, amglquidhonybirpaeenveleséd r at e

f rom about I NmB/ n8) to about 3000 scf/b (about 500
N8/ nB) , fé‘%‘%f’?ﬁ%% &ggt? rtl(igtgce velocity fromabout 0.5 hr' to about 10

hr'



