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THE | NVENTI ON [0001] This invention provides a process for the manufacture
of a naphwbaohaisis2ag range product with inproved proper PCeEAIS2BACKEROUND OF
THE | NVENTI ON [ 0002] One conventional technique for processing of cracked
napht has i nvol ves perform ng a sel ectilve hydr odesul furizati on of the
cracked naphtha. A selective hydrodesul furization refers to a process where
sul fur is renoved from goervRPHAFLMORIEA TGN BEZNAPHIgaAaMOUNt of ol efin
saturation that occurs in the reaction. Avolding olefin saturation is
valuable, as it |eads to aURINGREACTEINS INGKIBIH@RPr oduct. Retaining a

hi gher octane value allows a selectively hydrodesul furized feed to be used

as a naphhapfgehiat ae¥pNibaut having to use a reform ng step.

[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



[ 0003] The catal ysts used for a selective hydrodesul furization process
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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
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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



[0009] FIG 2 shows predicted results froma conparative exanple of a

sel ecti ve hydrodesul furization process [0010]FIG 3 shows predicted results
froman exenpiwnsef2sa sel ective hydrodesul furization proeesasacioosstetg to an
enbodi ment of the invention. DETAILED DESCRI PTI ON OF THE EMBODI MENTS
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factors that favor both lower and higher temperature processing.

[0013] Practical considerations can also play a role in selecting a process
temperature. Typically, a reaction system for performing a hydrodesulfurization
reaction is designed to operate within a pre-defined range of process conditions.
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.
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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



Feedst ocks [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.
Sui t abl e Woedsttisedes typically boil in the range from abear/uSeHpat2e2it 10C)
to about 450F (about 232C). Wth regard to olefin content, suitable

f eedst ocks can include feedstocks havithg an olefin content of at |east
about 5 wt% Non-limting exanples of suitable feedstocks can include, but
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product Isadh fegdpody, tist elbfih nowceatrdtuomd:amrbe JtOSb8jbme S suild, dor cantpénat of t he

500 wppm'“al oubd] Aot T sso by i AR R ot Y SOB e T T
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i nclude heterocyclic sul fur conpounds such as thiophene and its higher

homol ogs [86'& anal R sulfur content of the olefinic naphtha can be at least about 100 wppm,
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.



[0019] Nitrogen can al so be present in the feed. |Independent of the sul fur
content of the feedstock in certain enbodi nents, the anmount of nitrogen can
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about 20 wppm or at |east about 40 W@pm Additionally or alternately in
such feedstock, the nitrogen content can be about 250 wppm or |ess, for
exanpl e about 150 wppm or | ess, about 100 wppm or | ess, or about 50 wppm or
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catal ysts that are conprised of netals containing at | east one Goup VIII
metal (e.[gg20]i N %I@ﬁoﬁ@érﬁb@dmeﬁtsamﬁtabfel WRdtivehpdrofesaifufXitld helyds €. 9.
sel ected from Co and/or Ni, preferably containing at |east Co, and at | east
one & oupnc\l!u® ersalzsts (hat gre, comprived demetilneantaining at kabtfandderoupMllanetef oxi de

f d f d/ t | t Mo,
opt 1 bnal I(62bit SHREFEAD § THTETELISB0nT CRBHEF . SaeRHa Sl PG® ands or

al um na %%Ehﬁ?r%&%‘tﬁy Byt R LAl EROCE bRl At $4ast @&rmdﬂ@lwmmem e. 5B not be
strictly limte zeolitic catalysts, as well as noble metal catal ysts,

e.g., wheredetfoemno i 2 sutitled V¢r5109®lf96t®d“01fmbmgPd;ebn@ﬂdronPMo a1td/orsWai t hi n t he
scope of t esent. i nventi th t ha e type of hydrotreating
catalyst PERCTBHCTTAPE SC s Mga oAy BuSBErer e Bt PHFaEal - of |
sel ect V%uay@lsr QHESM A 31l ER a0 r@tﬁats@itme h?zafbtﬂé@tuﬁ)% £3894ts tih ARIABDMIR rangi ng
f rom about 1 wt%to about 20 wt% for éxanple Tron about 1 W % t o about

12 wt % Thay @témptrwtls limeited tocam)hble Cpta13§esnas wall am nalphe mmetalrcatadyisteg efer.om about

1 w%to (V or I t. 2 W% tp about vvt(V Al l
wei gt pertanine toplissial &S BERTRyE PATET AL 1 & Wikl e Sl er o, o1
support” pvréseﬁieﬁo&nddﬁathattrﬂ@renﬁarp&m @p@[ﬁhﬁ%@@t@@ cm@ys%e aE@d 1ﬁfthé &h%les upport.
For exanple, if the support were t0 weig 0 grans, then wt % G oup VIII

met al woutattioransseh aTheZGr@rpaVrHI mretad;pﬁm pelwlwe hydtmﬂeswﬁlrdetlm cmlysthems upport.
[ 0021] The sel ective desul r| z |y the racti ce of
e ot esdrdrTEmGarg et appou b M BhiATE e Priulir bl o
refract oyt @bl NS 95 WPRRUE 188, '”Eﬂe GRJu Ef\ﬁ'Bat%ﬁél 81 B bricSerPXd sl support
materials, can be used as supports for the catal yst. n-limting exanples

of suit atahwus;mpgmg fren ebowt] Iswtaro alblt devt'z dol dxaew]e tibwmbeat 2 sitta toa,

titania, aI ciu i ont i i d bari um oxi.d t her mal | | east
partiall s a0 s Bhl RO e OR st Bt B GRHE Gt O PR b us
earth, |agh @a@adﬂe’ 19%icdRSthat thE bbby AREFAsH A e ghBd¥ the BypPoRX i ke, _
neodym um oxi yttrium oxi de, and praseodym um oxi de), chrom a, thorium

oxi de, ureaningle, i tb@sla)pot:tamralt@wetghrﬂ(l@@rdm, thé¢m20 m‘i/odéroupdﬂﬂaspt@hdi ng
phosphat e nd t ons thereof Preferred supports can
e e ard Aieah 3y P s 0GR LIRS Rt S e stFREE Lnder of bod ¢ hat

the support material can also contain snall
[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 amounts of contam nants, such as Fe, sulfates, and various netal oxides,
that can be introduced during the preparation of the support material.
These corwearrhniisgsare typically present in the raw nat eciraisgonsdst2s o
prepare the support and can preferably, be present in amunts |ess than
about 1 wt% based on the total wei ght8 of the support. It is preferred that
the support material be substantially free of such contam nants. In another
enbodi ner&hoﬁﬁ%{coﬁtaﬂ@n{ﬂrfté) SBOPM F stfiedes, bRA vEXAh&al 6)85&@%%21@19@ W % to
about 4 wt% or from about '1 W% to about 3 w % of an additive can be

pr esent |mtrd)dweé dppiog the prépacdiicmddithé suppoetmmdgeriale[Thesechbntanpmanta@regr oup
consistin hosphor us and metzi % met al ?lmdes fromGo%@a(lgf(alkali
net al s) PIF BErH 1 Detaymatgaly Heedep @RdrTssthe RERRAt Hi GaAMreiFtahs [ 0022] I n
vari ous GAcl PRl inoRRECQ PRS0 3600 W el iOhPwERA: B ERhL cont rol
the activity of the selective hydrodesul furization catal yst. Suitable

react i on Ii nhpréfetrod thasithe seppst antcesl bhambsmppﬂﬁﬁse oﬁslaslhy@ntaaunann tin f or

hydr ogenati on of efins. to a r S. subst i al
o) et or " ohamer eHbOdBbabed CRPER Syt det Pt from abouth w0 ©

hydr Odes%BﬁM %@%'o‘i’@rdﬁab‘dﬂ?@r\@%?cﬂaboh% %%%féﬁ%ﬂﬁwe%fah% p'rékteﬁtqgltéﬁé' on of a
suitable reaction inhibitor, the catalyst can typically show a selectivity

f or perf oopparg which adibgvd ¢amrbez$te|cmd frcanltimgmhpnommmgrof@hmpharumdt hat is
greater tha r u e sele ri or i nt roducti on of
Pt mni s of s aralet £901 Brovscia SRR pbire Rl hor ar e not
limted t]gemgﬁtganl c conpounds containing a basic nitrogen group. Am nes
such as aniline or heterocyclic conpounds such as pyridine are non-limting

exanpl es ng triea]:@t]oln é_ﬂhl bitors. [0024]1n enbodi ments where one of the

goal s of inhibitor 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, warbar3ng2aoxi de i s a known suppressant for cat CYAtS2@ois2eg y.
However, it is believed that carbon noxi de nore strongly suppresses the
hydr odesul furi zation activity of a cat’alyst, as conpared to olefin
saturation activity. As a result, it is believed that carbon nonoxide is

not a suig ahlRbe @?sttni:rlﬁaéo}ﬂ@hgm foQhered@ddMdid da@Ralbn &3 RABLAPROKIge - 9 - to

a reaction systemtou ead to increased olefin saturation at a constant
| evel of sslfbf igmoavehoval . [ 0025] The anmbunt of reaction inhibitor to add can
be dependent on any one or nore of a variety of factors. Wth regard to the

initial 3pmA)t Of THLAREIR B EARHON IPibitdk R We EPRndic 8L HRA0 N
conjunction with decisions on the type of catalyst to use, how nuch

cat al yst maewde vatibly dddsitorsd Vitlaragant tortheinieatpereamtioereactiom inhibitoe of t he
feed, and the desired product sulfur level,.inter alia. I.n a odi nent ,
the amoutte Brofgzen b6 EFAAT B sounedn Bt EgFciniginin B s AN Beat | east
about 10 HyRPELOE c4thil §1Q8€8e, thOleseéaiRk @hn :té?ﬁ%tratﬁﬁé?%ﬁe 2P Meatedi t rogen,

at | east about 50 wppm of nitrogen, or at |east about 100 wppm of nitrogen.
Addi t i onahtlyheodesatd eravateduiur tavel, amenata.ofn aneachadomentnthicbimicomt ohn be an

anount correspondj ng to,about 250 m of. nitrqgen or less, fofr exanple
Shour 206 HTRRTBfTb Tk B g AR din R e PE T ing KA MG ATl or oo or
about 10911W fH‘r e%ﬁlgfégﬁ MaQf ao88 20 wﬁaﬁ%ﬂit@ogén', h 1e8% H@&ut%%%?t s, the
amount of reaction inhibitor can be neasured in terns of the anount of

i nhi bi t omitregsnoppadedt alwut h80 sppresipomdgany Adduemallyformitematpdy.theé n such
enmbodi nents, the anpunt g)f reacti on inhibitor cgn be ﬁt Ifgast about 0.1
wppm  f oMK Teagiion 1ghibitor gan he an ypelAt cqtrespeRding 8 apeut ra U WP Oht | east

about 50 ResR! fol 8RhplakByk 2bdAy BY nAILA bPRY la¥o@'1 58l sshatel y, the
anount ofn rée)gag(l:lti oen ’lr?hi bi t%r can be a%ﬁgﬁt li(glg)go vvppm’orol €ess, Iﬁ{)r exanpl e

about 1000tregsprordess] @souadlvpBO@fwgprgeoor lesss, 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 nitrogen 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

addi ti on wo 20hé31eact i on-i nhibiting nitrogen present i nPChaSb@em48228
Simlarly, reducing the anmount of reaﬁélon inhibitor refers to reducing the
amount of added reaction inhibitor. Sis in contrast to renoval of
nitrogen during the hydrodesul furization process. Wile a typical

hydr odesul furi zati on process will typically also renove nitrogen, such
renoval \Reactwdewdgsansfand epaitéronenteans t hat, by definition, the feed has
come into contact with the catalyst. As a result, renoval of nitrogen by
hydr odesybh2y)i ZatTKénseﬁQﬁ% H?&roﬁés%‘i’iﬁﬂ%at[&ﬁ&ahlljéfbetﬂaﬂh@d Id £ duitablee stage
where renoval takes place. - - Reaction conditions and environment

[ 0028] Theeasbasyitem. Hdsoldesis lﬁyﬁrodeauifmuza@an chie bp peffammeldnione an;noseu tabl e

t T | hydr odesul f ur i zat | b d
o ror o TGO LertEsanth S WHELIS PSRRI Rt R 0et S SIS Cat ol yor
beds of theifsasm, hpdro@éshffﬁﬁ@mon damiysedepHbhdlly arké ﬂﬁn%&%l' f.cafaBfst onal 'y,

nore than one type of catalyst can be used in a single be Al t hough ot her
types of cembalystinbetdsgle bad.baltheegh Othcmnewdgtaéyswgisedaarheemed dixedne

nbodi ts. Non t f h oth t f t bed
Chat oy D506 HEQHEIEHY HE PSR DPRLTER S, AT BOR TER Of SHeT HERUES byt are
not |im tedataRst f)édd'tﬁidﬁl%%/ heged ie il Jradtice @ f lﬂ%%‘rese%'t va'él‘:ftl&?ﬁiélud@%tmv' ng

beds. Interstage cooling between reactors, or between catal yst beds in the
sane reacrongt lppitedote, ﬂmdmyléwddswhnléatmgmdalswnnb@ht ardampoingdads.t ake pl ace,

and ol efin saturat desul f u on_reaction are generally
ot her ritbter g npliBh b efhecBis of Breiat saha i Myteratutiedh FaBir o can
be recoveeehglyyLIAM@RbiRNAtid SRS M talBlage, taBH%lé]ﬁ?éatJr%&i’@sr\%el‘Ppt' on is
not avail abl e, conventional cooling may be perforned, t hrough cool i ng
utilitiess :ﬂmcﬂﬁsakfummuonmgamn@re gamewdlly exothehypicus'e porftioa dﬁyl@trlaf@én quench

stream In thj nner tipum reacti.on te atures can re easily
i ) @8 PRy s BT B B et SIHLSY HT SBUCRA ChPB Ehe

reacti on WherdMis GEAUEEHVRRE o pTRINTS hot 4vail@hle SFRQETBIAL coRtingeRAf BE e feed line
or injection port can be "available for introducing the reaction i nhibitor

i nt o t he pedavned, egNthmughtceblyrng utilitidy suehnigodiohiv g twasdranwain, or IS Ge df,a napht ha
feed 110 agd reacti n i nhi @ﬁr 115 can. be |ntrod ced IHEO t he reaction
syst em 108 {Pﬁeﬂ&“%PC i SHGRE FREYS MARBST ANYTHE e RoRt efPP?Fé S0t B¥Cused for
t he hydr @R hhpdingas. In FIG 1, the inhibitor can be added to the
napht ha feed prior to entry of the feed into the reactor 105. The resulting

hydr od [ ht.h
Y quia oot *T5BRIRRRD ERRaRT TRk b FelrBRE FrR The T eact on

syst em Vicgnder@R A Aher. | Inne enhidanbhtad sdpRasé R [m¥ ok afedda dott &@hrmatical |y
shown here, and can include several conponents, such as a reactor, a

pr oduct @U@M}p g agfeoduging/ the reacgepmhahitor into the reactor. Alternately, in the

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 2M8QRotiw3atreut 800F (about 427C), for exanpl e frecTalseun/0520% (about
260C) to about 675F (about 357C). In enbodi ment, the tenperature at the
start of a reaction run can be at |east about 450F (about 232C), for
exanpl e at | east about 475F (about 246C), at |east about 500F (about 260C),

or at | eggh3Rbout kP 30etHveARBRdesARsAalionabiiHals @htishat el y. the

tenperature at the start of a run can be about 575F (about 302C) or |ess,
f or exanp¢mepabouts a0 BbOAFRGET 282G) 2 °() ¢ sbant 360 TUMbERZR 7(@hdat 274C) or

the. pr ovisoteP R eap ook erpessE Bl St ofs HahoBHsI ok oBali ng rum can

be about 3QFihARME (dRFCALRY atl (RS Start '0Ph rE&XABRLE AR at (2RFaRPASEF399C) or
| ess, about 700F (about 371C) or |ess, about 675F (about 357C) or |ess, or

about 65@FbquARIIC)IAB Ckamplel at dmst ket 47FRebbgut BA6ATY, et leatt ebyyt J0HEF

tenperature a end  of r ' run,can at | east aboyt 550F
(about - 248 2605 e Ehirase Tt SEET BB 28:6E " dSbha o5 el aBet - abou
600F (abqithpdaREe at tAE s@kt Jraash cAPBUALRA S5 eyl 3339C) or L0 RAlkAMBRY | OUS
enbodi nents, the tenperature selected as the end of a processing run can be
dependentabout ZF ¢ateuoZ 82161 er tfss ar starit 62§ TofabdatcX/éf €) oiHess. exanpl e, it coul d
be desirable to operate the reactor and other equipnent in a reaction

system atjpggyprer %%h@ﬁlepgrhgéﬂ‘ﬂiﬁqeﬁérobﬁ'bﬁ‘allﬂﬁhlé%mbﬂbiti%n%trﬂ fHofeindHe to
equi pnent limtations, a desired tenperature in another upstream or

downst r egmepowcEsagrap, thotenpetuureag eans.of Apoodresing ans¢addreatbioon8MER | ncl ude

th t f t d tivati o I o i , nb f
Fomai i ndbiret 28 St dSS ol Xt SboutiOpE Wil e RR L ARG W e Bt ve
sites on @ERLH AStorde®, ARAELT I §BourBBEEf HABISosiRRL b5¢°F (hBdutusi ng the

catal yst can be reduced. This could be reflected, for exanple, in the need
to i ncr ead8°¢rordessatAddaticrtally of aemntehatle temperatee at therenid of aiprocessing

bstanti al | tant. sul_f | ,oAddi tional | t ,
vpes of "waedn Rraeborioey B e or Sk G4 POHTGRE tibout O
tenper at upesc), bPR3abBusvoereAuiBYCC) it 1Q8PAAE ¥R FdhblirRedtdrl bet ween
t he begi nning of a hydrodesulfurization process and the end of the process

can be at st out. 25F (about 14C) for exanple at,| eagt about 50F

(about Zé@} 24 P ?]ggﬂlog%%f)oggﬁntsa LE%mperature selected as the eénd of a
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

t he end ovoaoruniig2zan be about 300F (about 167C) or | esspCrars2exangke about
200F (about 111C) or |ess, about 150F éabout 83C) or |ess, about 100F
(about 56C) or less, or about 75F (abﬂ) f 42C) or less. [0034] O her

sel ective hydrodesul furization conditions can include a pressure from about
60 psig QQb@PtorﬂtlQaé%Pﬁgﬁt ltd@"lagéﬂéht W)P%&hﬁcﬁfaﬁ Torﬁlt&n&@?@he for exanple
from about 200 psig (about to about 5 0 psig bout 3.4 MPag) or
from abouemﬁﬁﬁtup@d@fe(f@mahbetmé’n Ndéas@rt 01 aincuntd tH@énqo(sﬁ agru©aiandve aBo@ MPag) .

(Set /) (OBguioogs [EBENES ey Tabarioo0 e a s CRBB 1o00 Keroey. for

exanpl e fyr / 0, % f/b (about
510 NnB/ rrli’BS)QMPr ?r%e %?%g?gr%%rﬁgﬁggg’gg (%&8%@%*&@#?%% about&% 5 hr-1to

about 154BfCNor ks exanple from about 0.5 hr-1 to about 10 hr-1 or from
about 1 hr-1 to about 5 hr-1. Product Characterization and Control of
Reacti on [6g3gi t i angel QO2%E MydRIE QBRI RARAMERIN Ghs cBn RIS SRfeee napht ha
can be pr oduced W th reduced’ | oss of octane as conpared to a hydrotreated
napht ha ffommebovtiéomseg (abouhviditkPaghto)abonbdbissig trbbutinéVPay), Brpkaypla

ti h t hi gh
Feact i on fidpRrLchp oSG AR 1 -CSEELR SR E%éfps ¢ ibodtad Mo Poad o
hi gher V%bH@tszﬁocifm%@%outola‘?'mgﬁ'&?a%@h@@ o@D P Ter Qo gpt ane
nunber f e resulting hydrotreated naphtha. [0036]1n various

enbodi marft:@i ragnenpgessir labog$ao smndardwlbacﬁeemrmdcldedﬁb)l(ﬂmutﬁéti on process
can be t oduce an r.od a substanti al | ant |evel
of sulfuﬂ\Irg LPN'Y a@ﬁﬁb@mﬁf?bq %Iih%@ﬁ 1f0§} é%ﬂ&e %‘?}’é%@é sul fur can
be at | eagty Ut 170 WRBM) k@hb&X 3000 SciA ﬁab@@t%lO%@&@W)loTH@Hﬁ&Q%oﬁﬂ | east

about 20 wppm Additi onal I y or al ternately, t he substanti al cons¥ant
| evel of ssadef\mloomlarcabé)eétmmabojlﬁ@ Smprto eboltdSdh™ fmtreeamnlplfmnabbtmt 0100 wppm

or |ess ut, 7 m or | ess out m or | ess, about 30 wppm or
| ess, abé’ﬁt %b%gﬂ)ﬁ%r of ég@a gpt gB]buttO 3%8 %Eﬁn or less. As used herein,
mai ntai ni ng a substantially constant |evel

Product Characterization and Control 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,
whi | e sulwonroili®sed28 can tenporarily spike or plumret du@CTaSe@E0iogs?ss
circumstances, naintaining a substantially constant level of sulfur in the
hydr odesul furi zed product can still i helude i nstances where the sul fur

| evel is, at one given point in tirre nore than about 5 wppm fromthe
target |%\f‘§ﬁlfu1319 thORLr8@eshliErisdd ﬂrHHudt?é’@éﬁﬂeﬁ aWrﬁemtﬂm b sRfABRIQH the
target level for at 1east 95% (i.e., | east ut every 20 sanpling
events owethmlabourduwpm)l orﬁtheaatgedke@dlesl‘tlmfeahelzw, Mdmiersu}fulalndelsoaﬂ ong as the
average sul fur |evel of the h%drodesul furization run is wthin about 5 wppm

of the targRerainieike prodummel dug o VEIOHE SIrP YRGS HAPKMPH2a substantial |y
constant o680k C%Hétﬁﬁtrlew of E‘lﬁﬁﬂq{? H&é@d%&é@ﬁﬁ&n}eaf r8dueREAPidl Rkrddgasons.

Mai nt ai ning a cohstant | evel sul fur "can allow for process control, as a
gasol i ne ihsanrat athere the lsﬂllfltrde‘admme at onerglvg/n point hetirspevokitcat adbonsSf or t he
i ni i al

napht ha product. For this ose, | i ng a.substan I nst ant
Calur | Sugm Sain e weriderd iong ac FesaErEads Rufmeartei wnsbel T
i ncrease taﬂg&t 1634 8 HQeRBoSRNH. EaQﬂ l%a§t99%98f @U% 28 %'Qﬁ}%l%i‘gt é\%h{syov%Pth%t ant

sul fur level to prevent the sulfur |evel rom ein | ow. At the product
sul f ur | evetss) deskydrbégiuffonzasvoodn medsslong as I&lesawemgemulfomevclmfmm ng

addi tional sulf can soneti nes |nd| ate that the rea t|on condi ti ons may
be too SZWQ]FOEIG U riEgUoR R 18 S ERabRHG ?EW ?&F'EIS?’I condi tions can often

result in increased saturation of ol efl n bonds. Thus, achieving a sulfur
| evel thd003H | oweran bmd»esliﬂa.blettangmtaina/mbstaahalacd;mnatahylebel Q:f@u}rﬁlmnt al in

sone inst nce ocessi ng used Chl eve t ur | evel
oy al S0 PO Bt SOt A RER AT MG T CHERHI Y CpP B

[ 0038] OngaM@ol FoFHoBERicBnRold8S ERB1iAL kdriHuldieV &l BRILIDG £By HS et he product
sul fur level to provide feedback™for the process conditions. Various

met hods apecitivationalidrghé oaphdlet potliietg For ddmpurpssﬂ imainthienred & subGhtialht i on f or
nonitoring sul fur. |l evels can be.t. thdr Ie f. the

yar odesPPRTaHn SRR Fn SR ma iy Do TE ST B SO nctsaser B ¢ ne
tinme scalgg alsB\b@|d\é§¢aldlé‘tocl%@1|d¥%tsugﬁ%ﬂdlly%h%nt%lﬂlﬁE:v@lrt@fiﬁ&%'nﬂﬂle off-1ine
anal ysis of a naphtha sanple can be sufficient to allow for nmaintaining a

subst ant isalfhylevdrfsarabtinggoelow. At &xenmodlwelswlfurtlevﬂhmdumbedfw in-l1ine

ol 9, S35 B SHEY LRSS, PRI BaP 721
naphtha pofetof@difordses Boadbist. USRELHAE s@&e?ghya@aésumrlmfﬁn a

substantially constant |evel of product sulfur is maintained. In various
enbodi memosc;htladq ot ofteg refdt menctassd sewnaioni o wéefoabondac Thde agkipvisgiang t he

t enper at ur ca ht ed Average Bed. Tenperature),
reduci ng Pﬁ% P%l[}ﬁ?t OW%E@H tgﬁ tel(r %%‘%ﬁB na‘iﬂlalg' INSPRL Y998 eof Because
the reactih@ihcedhishhd ﬂfocéﬁln%ﬂls@@ﬁ?&h%@ﬁﬁ’é‘%Wer 'sﬁ‘lfﬁﬂ@vél%’é%ftﬁio fu@fher OPtion can
be to initially control th€ product sulfur level by maintaining a constant

t enper at weduoatihd BOMNeahultomg ONhef diemaphthapraduhi.bi t or. This can lead to

removi ng the reaction

[0038] One way to maintain 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 arelatively short (potentially an optim zed) anmount of tine
w t hout having to increase the tenperature. [0040] O her options for

cont rol | iwgQ 20ten3s828f ur | evel can i ncl ude using a conbi n&Cirars2ab/osseper at ur e
adj ustnents and reductions in the annxnt of inhibitor. For exanple, the
amount of inhibitor can be snmoothly i ¢reased while the tenperature is
snoot hly decreased, so that the inhibitor can be renoved fromthe system by

the tine g03r OCtrd@BRRNA &n R SBACROE inFREABIAR proatdieal BOLRA@r can be

removed fromthe reaction systemprior to the reaction tenperature
i ncr easi rgjusyre@étiqiBnditainatso Vet heubdtantsdlarcongintrievel b€ ppepat wifer isf or exanpl e

prior to the reaction.tenperature increasing by. 8F (4C) or prior, to the
oot i on HUREURAL g S ioras HE By BT B e repdismeni et cabioe fide

enbodi WE%jusﬁﬂgtﬂena&lgéﬂaaﬁe BPﬂleQ%taﬁﬁFﬁ%&glﬁ% %ég%%ﬁg% RQbragb @ad- This can cause

the tenperature to be adjusted bot uring the initial period

of the rdanipemtyreasedoneg thempenat of ®actimgriehbésr, way combiedds thareofadj ust f or

cat al yst _acti vi | oss whi.l.e ot her decreases 1 be needed to adjyst for
Cheli vot agaihd R Gy 1 AL AR CORD oS TS ety B4 SR ROy o

[ 0042] I n (§tditihi1AORdE thegiFBOG @ﬁl@t}&ple\t/é]%yirﬂetlhﬁiﬁiﬂé a CE AR MhPUgEO be present

I
in the reactor for sone or all of the feaction tun length. If sufficiently
| ow | evelvshilpfredmhngdibeamameopmbgetor., Thivean tdaidlio tonooag theaeactimar el y a

nom nal . ct on catalyst activity. As a result, in some enbodi nents it
can ba supHPEsRE ERtLeshaf oAl angwantifed aiqpl oFmE POROCHE Bact or
I'n vari oyg ;/ReoRAWERMPeratipE, | Nhi bi tor can be considered to be substantially
renoved when the anount of inhibitor added to the reacti on environnent due

to the LABLRHEOT 5cRBo: 30 SRR Ol hES ikt el e (i 4 nhi bi tor can
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

subst ant iaD 20am3ve@B of t he inhibitor can be an anount basgaiSenobis22peak

| evel of inhibitor used. For exanpl e, 1gubstanti al renoval of the inhibitor
can correspond to reduci ng the anouni "of inhibitor to about 10% or |ess of
the | argest anmount (peak level) of inhibitor, or reducing the anmpbunt to
about 5%efuck%$a Rlvel atRBAK0 MBI leé\é%leaﬂoﬂ% v&fp%'fn Qinle% hpdiimeabmeper e the
i nhi bitor conprises a nitrogen contal ning conpound, the amount of i nhibitor
can advarnagdonsitythe afmeunt of mhléltarmnrﬁsponidmg ta odstantidirsoondtod thehat for any
i nhibitor. t i S present th e ior to dition of the

i bi t ot BiPESR AR Prg e R op TR et of At aE S oM be ampunt
of inhi b'sh%taﬁfﬁ‘ﬂ?éiin&\%l bifhe 1§lﬁglt013&ﬂ c@%sﬂbﬁﬁqg r&ﬂch péARURh AfinRgasd

i nhibitor plus the anbunt originally present in the feed. [0043] Preferably,
t he conbitmabowr 00§ ot lesspafrthe largesnmdoﬁmtc(aealdnvah df mhhifor tayreduethgetheon t o

mai ntai n a subst nt| con tant sul fur vel in the n tha oduct can
be sel ectEPIEL g‘%ﬁyrtl R ook Ametne o Se i ot PEepBO ISR RTE o Lo
reaction feppajiRt %ﬁpf@es | 5ot HEEbrRRAME BRpbdtd, thd Aho@tITRhEbEGSENt han

about 8F (4C) or |ess than about 10F % Additionally or alternately, the
conbi nat iadmamshgeoestipaeiat tr the apwiuhi «):fatltrogeranftllso nhielthatdor arr;}dmhthltonthamsnm nt ai n

a substantially constant | f.ur | evel apht h uct can

el ot ed Moot he et B e Bt o et dahs BritRteeRuthgeuner allr o

achi eved jfipiBiGis zucfg%éﬁb%éarbnoﬂhe‘éﬁr%ﬁnﬂ S ithE®fot M&d@@%tfe@d: ab3@di bdseli exanpl e
| ess than about 8F (40 | ess than about 10F (6C). In various

enbodi nerninghe ameutfoftaddedmhdfiior plusfthd deounmhoerginably presentia thofeadoi d | oss of
octane in the hydrodesul furized naphtha product. If a large portion of the
i nhi bi t orpop4zr eMoMer#ly QRE cothBBatién Gptrehﬁ)%ﬂ%l‘é'n'ﬂ&hh@e[tﬂﬁ ABGHABRG 1 N

tenperature may be required, which can Iead to an increase in olefin
saturati cmduCTlhe tq orabitmata suhstamtal lyswpetpat untter leydi mhitbanamnhaprddietivabi t or

reduction ac in o enbodi nents of th |nve ti efer avoi d such
oot o SRR Tt Pt IRE T Byt R RS et BERGE AR ot ont i o

[ 0044] FI G§np &a@@éils?;es%h% Mordbat @dCh asrblan e AR %ha'ﬁ'a'B@ﬁﬂ $rae) ohaged on
pil ot plant runs for naphtha hydrodesul furization. The kinetic npdel was

used to raedboat t @dctoron Ad@labmlbgoraaiteﬁ@@lmtpht@abmhompﬁieng)eadﬁwt 1000

f | th h b f ab |
Shown_ i n TFdbEashad TRb RS SugioR 1 e Brics osgfigheeanbGal TAH /A Bhe model
for a conyepighenabrolydicades b'élf:é’tédl @EHaP&ertMﬁP%ﬁl'%@dét%e[s@@&Eﬂl@"to'zﬁig}' bitor was

added. Under the conditions set in the nodel, the hydrodesul furization
react or werspshagure @dnatedaiumeg@hemm\pewcagﬂsmtﬁmmnaﬁ‘tﬁ@"@\ﬁia’r) of about

500F. The f to, th | s/.Da bout 3200
78/ day) | SRAERE s hinabEad HELPF IsSu MR abelirtr 26 et VA eed wi tha
treat gagpiRiiReft, oﬁg%ﬂhemgﬁ@(‘(ff/tﬁb 0810 AAGNIB{HR)oQforabauE iBR%
hydrogen. A catal yst volunme of about 5900 ft3 (about 170 n8) of a napht ha

hydr odes diyﬂmdeﬂdfurand oaphthy prodvets Ifis duge pcbrttph|0£ theunhikitbhsutmohed ateact i on
inhibitor, the relative vollurre act|V|t¥ of the cat§ )ést .ia dﬁ.f'hned to be
100% UndBF e @LOFERODANS MR ARTeRITSD IeRRCAYERIAY B8 fFquigd; Whichean y st
deacti Vatlétentoraﬁﬁﬁcr@fise@f?@}étﬁn%aﬁfat((ﬁaboltﬁe chntfatRs oﬂﬂz'ﬂiﬂérat[&%gdlﬁéﬁﬁﬂl on the

above conditions, the -1000 wpopm of sulfur in the f
and inhibitor reductlon accordmg to embodiments of the mven‘uon preferably 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 i ncreawoex0im3isesperature to conpensate for the | oss POTaABRE@EPIL228
activity. The predicted road octane nygber (RON) | oss under these
conditions was about 5.6, while the predicted notor octane nunber (MON)

| oss was about 2.9. These octane | oss nunbers 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

cat al yst Ia ive vo activi of about. 4% FIG 2 shows the
Ful Y orOFA1P e SRV S ref Sl PRy Bt i) (R SBTIRE! f or the mode

react ' on. hg/dfodégulfur[zggdlg}lﬂ Wherd nd HeWNSi oR BB vish dRlded. h@nﬁ@ﬂ:ﬁe E&QfoRut Wi th
an inhibifor introduced as part of the conditions. In the nodel reaction

shown i n skl iGthadmotlble theriydmdest] fiwatagiby stacion wasstaied anadVéigiteddsethgeo about
8000 ft3 ut 230 cata initial relatijve volune
activity Dre o R SR SbOE (TS A5es B e kPhortypletib emper bt ur e
of about 2@% }ie&&@yba%a%@htmI%Wfiﬁ;l')(‘df%ﬁl%natp%t}?acﬂaé&&@scﬁb&{ bietangyl fur | evel

of about 18 wppm However, sufficient inhibitor was added t.o the reaction
to cause tteIaEngfﬂB@leth@ treat 848 80 V)ﬁhlmm 2800 pafitt Qpbblatr3410Hétnda‘t }abfyahouat t he

1 1 f 1 t 45% % sf t dt t
a1 art SUUER Dt R EaBRAH iR iR R TR LT Bl et G ¢ e he
addi t i on 1Qirddae|FRGkH PRRI DA B, AN AR 1ok RAMAbRASEL about

267C) was needed to achi evé the sanme product naphtha sul fur levél of about
18 wppm rflaoveyalbiee achieitpobibe ssiahgt sulefined tosteal@086, Unter thesepeaditonr e was

initially h Id const ant. at ~ahout 513F about 267C)... | nst f increasing

he t orpSPRTPRS T wOaRuARE %Y bra AP alon 3Ry O el R Bie "armant | o
added i nhi $ict)@kr MARH, educed to maintain the desired naphtha product sul fur
of about 18 wppm This continued until about day 155 of the processing run,

when t he | yst_acti vi reache 0 %.relati ol. i Vit
wthout - GG BRSO e e EBRTRRS M UG bESHER i T b bt es
ver e usegediRed YRSIIE Ak Syt ﬁtﬂéTsél@étn}e%ﬁﬁﬁ‘c&odié&uffﬁﬁ%&’&aﬁ)hﬁﬁtdrddﬁcy Akn order
to facilitate conmparison with the results fromFI G 2, an end of run

condi t i orthevaw megresteddthe katalysbdeast poad adthttona lemm:tqln@@@esm fferential

| at 1 th t 480F 249C 1 f 1 t hat | d
ove beertatitys Brtpoee SRS los§ i gy HeliyGh T e Rl P bt o
sel ect ed fy@fbet h@Oﬁb (ss 3ndétthee cbﬂ@ﬁtmhé"@a@%’o@% g, While R} Itelifél‘bd' Hof@t h runs

corresponded to a conparable | evel of catalyst deactivation. [0050]Under
t hese comgtang onsmber AdONDdessiwasRONIIVAS. dbesstodkant logssumthepawers hased on

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 showworeoAI31828. Additionally, due in part to the i RrCTABI@O00MS22He
anount of catalyst used, the lifetine 2f the catal yst was increased to
about 3.6 years, based on the tine required to reach the end of run
tenperature differential of -100F (-56C). Thus, the reaction shown in - 18
- FIG 3 provided for greater octane retention in hydrodesul furized napht ha
whi | e al 46044 abl i Iligr. 8 showgerocessmng efnthe harhe feed, bearittoan inhddiari onal

Enbodi ment s [ 0051] Addi £ i onal L.y. | tely,.th ' ti
ol udos WRRMESS ORGSO el o POUBSF BRI T PO tod. | or
sel ect i velyo Ry 8f Qid1§atih 8% RdNFRNhERaRAI LBsLtRB00 S (AR 25RP). | &1 NY:

introduci ng a naphtha boiling range feed into a reactor in the presence of
a hydr odesulysuwiithdhé¢ same mtitadl yslatiendlame af fivdtt Wesusedo ot thos amnimitlsift i ng agent

d ff i | ecti hydr od | furj i iLti LN | ecti
hyar odes SRR FEETbA CanPranes Pt aE o baoaPay whtsigueRaa” o' Ve
t enper at YeRich Ok pldiRicEal Rl Y&k of fHoR PEUGSSHA NWEREEsilitidiARBibesss having a

product sul fur content; and reducing the amount of inhibiting agent and
i ncr easi ngdehe the irgpatied teacamsathe dbfedti verppgvatvotuene adtiviite footht icatalysgatt o

introd t ht ha bpil i feed | d ti
hydr odesaP Hir ZALIEGHT o urbaiBASerried by LOPA, TRF e rH e AR BRet sul  ur
cont ent ik e AHUATBHICUY 1t HRE cobltibns 4L AgRT 1S at

| east substantially renoved fromthe reactor, the inhibiting agent being
subst ant ireddtipn nigbnedai motaltWa Brleaictbont pri°tr(abant h@° el gpneededtver age bed

t enper at ure. bei.ng i ncreased about 8F (4 relative to the wei ghted
aver age B‘E@GY%%%PQFIPF%‘? n I?%has?’iﬁ’frl%’ﬁl %ﬁ@@éi&ﬁ%ﬂ} wherein said product
sul fur content is maintained at a substantially constant anount of sulfur
f r om abod0049]ppm Whendlieghocassinglyouwad 50rtpg ihdienperagiite. wis008@] IEmblkidi ment 2.

A met hod cfogsrtanst%lt gﬁéd‘cvﬁl_%yF Pe%coilrlto %7‘365' fiRtedd %?Pn%eha%in%(ﬁlé j[e?lgperature 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 ofwOrzhii3i82ag agent under effective sel ective hy@#coassubfus2egati on
conditions, the selective hydrodesulfiglzation conditions including a

wei ght ed average bed tenperature for é catalyst, to produce a

hydr odesul furi zed feed having a product sulfur content; and reducing the
amount ofeIGNY R iG&0roR §RAer oblint furEllh i paﬂ)dwnfu?fzé@ﬁamhé {gileaRpt ha
boiling feed into the reactor under selective hydrodesul furization

condi t i orsaldfrfgeckonger run 1&g th fare maitot ai n sai d product sul fur content in the
hydr odesul furi zed feed, until the inhibiting agent is at | east

subst ant i gddiNord-€ PRvRdidé&am t he reactor, wherein said product sul fur content
is maintained at a substantially constant amount of sulfur from about 5 ppm

o o om0 A adRon B R el G ke biveSH AL P B e e RgRE of ©

i nhi bi ti RehiRABRAENts.t he vvel ght ed average bed tenperature is not decreased.
[ 0055] Enbodi ment 4. The nethod of enbodiment 1, wherein, after starting the

reductio t he ti ht ed bed
feduct | ojhdn 1% ERATE Sy ATHBRSARY RS MG VLD PO EY Bt

t enper at yhse(fedd, @bniphgmgt aqﬁt&odafcﬂg@nmmaoaom tafge fdetliintoaGBh@¥Ed tHeiri ng t he
hydrotreating, or (iii) both (i) and (|u% 056] Enbodi nent 5. The net hod
of any ofpmﬂ@ecqo@fea/hxdned®nifmdzmntcstal>fsuam ar cftentye iagiongt efonhibgiigagenhe
product sul.fur 8nte eed, wherein the reduction

| d
P O he aniCoenlt flbb I dsbiTROERESH FTEEE I lerti ce aver sge: bad

te per ?t Wy Brodebul RRIALSE BolRSRRNBEMEINk @ WHENER Bl dRE LB AR GEurS Wi HE
content.

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 ncreasi ngoly1iatseezs 6F (3C) relative to the tenperaturerat/ush@ossses of the
hydrotreating. [0058] Enbodi nent 7. The nmethod of any of the previous

enbodi nents, wherein the substanti al r$9constant anount of sulfur is |less

t han about 75 wppm for exanple from about 10 wppmto about 30 wppm

[ 0059] Embhodimanth Gid ﬁb&u&%ﬁl@éﬁ%o@i@en@ﬂv}’th@fhyﬁib%ieﬁﬂﬁl\ﬂz@&'%ee%”%?&ﬁ'tﬂ@“t s, wherein
the inhibiting agent is reduced to a |evél about 10 wppm or less in the

r eact or onhlbsmlgeugmwtasiatfllemshsulbwantlaﬁytrcmomdtﬁrmmlﬂye rep@tﬁﬁ())}lﬁntmdaudzent 9. The
nmet hod of a revi ous e '

of thetp mab erein the in ﬁ :Lﬁt F agent is
reduced tPEOYCF BYBI CopLeqbis RaB9ing aF asubsintially camstang gEout of HHUp T in the
reactor. ahoudppm 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 (i) at the start of the
hydrotreating, (i) achieved during the hydrotreating, or (ii1) both (1) and (i1).

[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 avoun1BE28( about 232C) to about 575F (about 30PCr/USgéto)482be

wei ght ed average bed tenperature at aE end of the hydrotreating is from
about 550F (about 288C) to about 750F ?ébout 399C), or (iii) both (i) and
(ii1). [0062] Enbodi ment 11. The nethod of any of the previous enbodi nents,
wherei n tihgsiei ghtadoAMRLADE JPﬁ‘éjmTe%Hle% bR rano@{&nmdlﬁleﬁtshydrotreatl ng
corresponds to a differential between a start run tenperature and an end
of run t evipeeiattle weightedravatagebed Efpeadtonet at zalﬁﬁ)tartt of dleduytlr@&0fing about

1390C), or_ altern 30 S 00 nbodi ment
12. The rfg)cnﬁﬁho%g%&lfﬁ/(agfmfﬁguﬁ %(93 %JB ngc)w(@ t@?&" gilé‘lcgffecti ve
sel ecti vayBudE feeHl Jeiiiaak b Bng Bl ARfrch P KRR aBEASSUPIE (oul T OM abOUT
60 psig (abolt 410 KPag) to about 800 psig (about 5.5 MPag), for exanpl e

f r om abou88200topbiogt ZiﬂBEanbomwmg()r (um)) tadtlo (1h aﬁdD(h)pS| g (about 3.4 MPag), a
hydrogen feed rate from about 500 scf/b (about 84 NnB/nB8) to about 6000

scf /b (ahgyg2) 1000 NaBiFRh: 1 f.OTheMamRLS b ngﬁfﬁxlé%éwél%ogn@&ﬁﬁ@nt@abom 170
N8/ nB) to about 3000 scf/b (about 500 N and a |iquid hourly space

vel oci t y wheoem dlioweighied avirage bed dpmeratirs anand:nd bbthedwdnpteatiig om about 0.5
hi-4 to about 1 i -4. 0 64] Wi le t nt venti.on has .been descri bed
Dt i1 P EER Bt P 7 Qi ORREbE Y ephp P AT B e A ODE G or o rar 3
skill i n & Qferdfite W frbmaBBLER R G SRR B abBUEHPP R RPUSIA)S&! f to

variations not necessarily explicitly illustrated herein. For this reason,
t hen, refaicentdy shahout 1 H¢ FrfableutLdr€) gr less. t he appended cl ai ns for purposes
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[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 Ms: 1. A nethod for selectively hydrotreating a naphtha
boiling range feed, conprising: introducing a naphtha boiling range feed
into a resontorvidm28he presence of a hydrodesul furi zati orCtatSadygs¥s82a0d an
ef fective anmount of inhibiting agent der effective selective
hydr odesul furization conditions, the selective hydrodesul furization
conditions including a weighted average bed tenperature for the catal yst,
to produce a hydrodesul furized feed having a product sul fur content; and
reduci ng GIkeIMbBount of inhibiting agent and increasing the wei ghted average
bed tenperature, while continuing to introduce the naphtha boiling feed
into the reactor unﬁ%etﬁsa%ﬂéelé@ﬁwgméﬁ%bﬁﬁgaﬁ@ﬁmm)&ﬁﬂ tdngemsedef f ecti ve
to maintain said product sulfur content in the hydrodesulfurized feed,
until theomphisinigt iimgodugagta naphtta hogling raggd Sted nntoal legetorimsbe grefermmof he
reactor, the inhihiting agent being substantially renoved fromthe reactor
br ot o ARG dandy SGe SRR TG eatr b Y STREEaaiE, about 87
(4C) rel affe¥vd Q1dA%e WoiOat LUAYAIAONBR DN AP 888 M yAtodebRfifiiAlibn Of the
reaction, wherein said product sulfur content is maintained at a
subst ant icahdijiosomstualing aweightedofvemgk had tdfmpematatsoliot tHe qapmly ytoweddyiet at o about
150 ppm wej . . 2. A.nmethod for selectively hydrotreating a
napht ha. ESRRE g fegdinggas T A SSRGS H PRI BL0T | ngr ange
feed i nt gn@bliR@Gkeft nd iﬁé}@asmﬁ@l@w&gméd @wé?ééger&@qwbéﬂamr@,miw catal yst and
er

an effective anmount of inhibiting agent un effective selective
hydr odeswohtmiinatd mtrodesedhe napisha boiéing é¢edaniovbe hgadion deder skleciivat i on

diti i ncl ydi ng.. i ght ed bed . t t t he .cat al yst,
o or odudadpfyifbtih PSS BER CEnRGR SREGEp LR REougiBS dng
reduci ng }ﬁlﬁﬁqd%wﬁﬂize@ffeidﬂﬁﬁtﬁithé NiREEDhgentl 4t GeLPRIsAHIMY, fondvBlT 0duce the

naphtha boiling feed into the reactor under selective hydrodesul furization
condi t i offgoneflfeacadtor theonhitingaigenshding pristhuntially tdniemed domn dretredgiot he

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

subst ant iParr §° FERSENCS it EmpPahure SHBLAFRESE 1Y aPowiET M ur cont ent
I's mai nt 3R &) thd weikhtdiMerel BdGaNPéaRe MRY HartQf tidichétion) WAGgPOUt S ppm
by weight to about 150 ppm by weight. - 22 - 3. The net hod of
claim 1, saldgreiuct salfurarontengistthaigtatiied at e gukstardially wontantammunt obsulfunhi bi ti ng

agent, t wej ghted avera ed t ratyre i.s, not decreased. 4.

The nethgﬁn%ﬁt@ﬂéﬂﬁ¥ﬁgyNﬁ%ﬁ%?ﬁgxﬁgggﬁpg?‘3@Wﬁ§h?he reduction in the anount
of inhibiting agent, the weighted average bed tenperature is decreased by
about 8F (4C) or 3.edsmetbbdifonsglectvelyidydetsatizg unephthy baiting trmgsfeadt of t he

hydrotreating,. (ii.) achieved ri.ng.the hydraqtreating, or, (iii) both (i)
and (11 Confiisint e RgE Bl Gt Gt NI SRR RpE Pl B ST nor
conpr i si nthydeRick @firAtibA BatAlyREMt anSdffdcHi e 6@MBLGIYS ihKibithe a¥stnedesul furi zed
feed, wherein the reduction of the amount of inhibiting agent, the increase

i n wei ghteéldctineselagéve badiodepdivazaiian capditivns Hhe seecetegydsidesulfurizaien

i d od L f ) 6.. Th h f f h
oo oue oPaRES IngRidha f w Rt Hvmer b tenmsiiroriSs T PBR a0 S ay o

prior to HydRdeQRLIAY W HaRficeAsiosct RYIfad@ter®and3Cdudi®l deiavuhPot he
tenperature at the start of the hydrotreating. 7. The net hod of

any of t hehipitiegiagest, while rentindieg @i introduceshdhvaphthd koiligg tasddntaribe anmount  of
Zgl INBF)W: S‘feeltc";f\osrsuntdre]ra sf]eleeggi(\)/leJ rherSOd\eNsDu?t[{rl]rizgtt?orn ceo)fq%ﬁpoln% ehregtrirx]/eatg%%int]a% e to about
product sulfur content in the hydrodesulfurized feed, until the inhibiting agent is at
least 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.



8. The nmethod of any of the previous clains, wherein the inhibiting agent
is reduced to a | evel of about 10 wopmor less in the reactor or is renoved
fromthe woeaotiasiestirel y. 9. The net hod of anyCofuskée/ops2esi ous
clainms, wherein the inhibiting agent {21,2 reduced to a | evel of about 5% or

| ess of a peak level of inhibitor in thé reactor. 10. The met hod
of any of the previous clainms, wherein (i) the weighted average bed

tenperature at the $hapdeuRd 6%%1@?%‘%&@%%9 seaﬁlﬁgrtﬁmraﬁe%n firE (about
232C) to about 575F (about 302C), he wei ght ed average bed tenperature

at an encnafunt bieinhibatigg ageat, |tlmgweghfe|dcammgebed EnQfer{tateas no&B8@as¢d about
750F (about 399C), or (iii) both (i) and (ii). 11. The net hod of

any of the previ oisTRL Heffod WRELRI 1N &H&%Wt&?%ﬁ%@tﬁé@&ﬁmﬁ@@ﬂt%peratUre at
an end of the hydrotreating corresponds to a differential - - between a

start of amgmnt eﬁqnbfoamng@eahdheawelghttdmwemgnbb@tqnqmatulrees écr’eatsembabout 75F

bout 42C) t t 250F bout ., 1 t t .150F bout
S gégt SR8 ot pgelre e iientis §) HEhd Refal o nilSkumag. 27
wher ei n thea@fideatduvia ﬂ?é}%bty@auﬂ sdg,ltﬁ 55@@@ yon conditions i ncI ude a
pressure o from abou 60 psig (a out 10 Kk 0 about 800 psig (about

5.5 MPag), for ex e fr out Si ou .4 MPa to about 500
b1 (about 3. 4 NpagS meTRU Aguet e Rt RS Tuist e SBB0NLE /b (about 84
N8/ nB) tiRodRei (RO dﬁ@tfs/uﬁ"ul( et id B WIRR{eE@FuriAe@ ek @Ml fHeOm about
1000 scf/b (abotit 170 N8B/ nB) to about 3000 scf/b (about 500 N8/ n8), and a

l'i qui d haeducyios phte anadunt of inhititing agrotith@irBrdase i weightsduverbge hed 1, for

exanpl e f érglr)%rapure or %ot?l are -relsptogsn?ebt%uthe %noonﬁlofe%i'product sulfur content.

6. The method of any of the previous claims, 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.

7. The method of any of the previous claims, wherein the substantially
constant amount of sulfur is less than about 75 wppm, for example from about 10

wppm to about 30 wppm.

8. The method of any of the previous claims, 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.

9. The method of any of the previous claims, wherein the inhibiting agent

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

10. The method of any of the previous claims, wherein (i) 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), (ii) 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), or (iii) both (1) and (i1).

11. The method of any of the previous claims, wherein the weighted

average bed temperature at an end of the hydrotreating corresponds to a differential
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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), or alternately of about 150°F (about
83°C) or less.

12. The method of any of the previous claims, 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 Nm3/m3), for
example from about 1000 scf/b (about 170 Nm*/m?) to about 3000 scf/b (about 500
Nm3/m3), 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™.



