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FI ELD OF THE | NVENTI ON [ 0001] The invention relates to a net ual
reactor systemfor hydro- treating a wide cut cat naphtha stream conpri sing
heavy cat naphtha (HCN) and i nternedi ate cat naphtha (ICN). Accordingly, a
HCN fraction is hydrotreated 10 under non- sel ective hydrotreating
conditions and an 1CN fraction is hydrotreated under selective

hydrotreati ng conditions. The hydrot reat ed HCN and ICN effluents may be
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conversion conditions. One such technique, called catalytic

hydr odesul f ﬂnt@t | OPhé fiRntion rBMEs8S MEaRId Al dudll FALsr Wstdin fBEhpdiot ur

conmpounds | presence of a 25 catalyst. HDS is one process within a
cl ass of prm&ag&w&ldaﬂchvﬁpiﬁhsamm comprisingihegvyome naphtha (HEN) andg t he
i ntroduction and reaction of édrogen with various hydrocar bonaceoHs

and

conpounds. hgttroediste eatmaphtia (J6BD. Leserdingly, aldCN Faftien is hydropgats:
th t | h l.S. 000 Cr b
or oduct 6r . WgRT BRBrBleEtive PyfpSHA poRdtioas 4o a0 C L faded 15 BkARSre AR, o
Ki ng, f | f
S0 as, mooh’ AUARESOBeAR AR g e Shalfloht “TRE BRI BONBgATCRHI Tur uP

effluents may be conducted to heat exchangers to pre-heat the ICN feed, obviat-

P

ing the need for a furnace.

15 BACKGROUND OF THE INVENTION

[0002) The need for low-emissions, high-octane fuels has led to a need for
fuels processes that diminish the concentration of sulfur-containing species in
the fuel without substantially changing the fuel's octane number.

20
[0003]  Conventional fuel processes for sulfur removal include contacting a

naphtha with a catalyst in the presence of hydrogen under catalytic conversion
conditions. One such technique, called catalytic hydrodesulfurization (HDS),
involves reacting hydrogen with the sulfur compounds in the presence of a

25 catalyst. HDS is one process within a class of processes called hydrotreating, or
hydroprocessing, involving the introduction and reaction of hydrogen with
various hydrocarbonaceous compounds. Hydrotreatment has been used to

remove sulfur, nitrogen, and other materials such as metals.

30 [0004] Cracked naphtha obtained as a product of, for example, fluid catalytic
cracking, steam cracking, thermal cracking, or coking may contain a significant

concentration of sulfur up to as much as 13,000 ppm. Although the cracked



napht ha streans constitute approximately half of the total gasoline pool,
cracked naphtha contributes a substantially higher percentagq[ﬂy-mﬂdesired
sulfur to the gasoline pool. The renmi nder of the pool typical cont ai ns
much lower quantities of sulfur. 5 100051 Hydroprocessi ng cracked napht ha
typically results in a product having a dimnished concentration of

ol efini c speci es and non-hydrocarbyl sBecies such as sul fur-containing
speci es, and an augnented concentration of saturated species. Relatively
severe hydr
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and sul f uguantitiesi ofi suifuspeci es across the naphtha boiling range. In a

typi cal naphtha, olefins are nost concentrated and the sul fur concentration
is relatively lowin the fraction boiling between about 90F and 150F,
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[0006] Some conventional sulfur removal processes attempt to overcome the

15 octane number reduction problem by making use of the non-uniform distribution
of olefins and sulfur-containing species across the naphtha boiling range. In a
typical naphtha, olefins are most concentrated and the sulfur concentration is
relatively low in the fraction boiling between about 90°F and 150°F, i.e., the light
cat naphtha or "LCN" fraction. Sulfur species are most concentrated and the

20 olefin concentration is relatively low in the heavy cat naphtha or "HCN" boiling
range, typically about 350°F to about 430°F. Intermediate cat naphtha ("ICN")
typically boils in the range of about 150°F to about 350°F and may contain
significant amounts of both sulfur species and olefins. Sulfur species in the LCN
fraction may be removed by caustic extraction without undesirable olefin

25  saturation, while the ICN and HCN fractions generally require hydrotreating to

remove the sulfur.

[0007]) In one conventional process, the ICN fraction is hydrotreated under

relatively mild conditions in order to lessen the amount of olefin saturation,



while the HCN fraction is hydrotreated under nore severe conditions. One

di sadvantage of this approach relates to the conplexity an?n pgsts
associated with operating two i ndependent hydrotreating umt CBAlé t hei r
associ ated feed pre- heating equipnent. 5 10 [0008] There renmins a need,
therefore, for new processes for formng naphtha having a di m ni shed
concentration of sulfur-containing species, while maintaining a sufficient
ol efin concentration to provide a relatively high octane nunber. SUMVARY
OF THE I NVENTION [ 00091 In an enbodinment, the invention relatgs to a nethod
for hydr otwhide O fragtionts hygrotieatedrinden marasaYEle CORINANSH I st r eans.
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ef fl uent | An internediate cat naphtha streamat an initial
t enper at u%&ﬁgghm@%'th the HCN effluent, via a 20 heat exchanger for

exanpl g and thereby heated fromthe initial tenperature to an increased
tenperatur e i a héRFProtessey fordormatged under
| CN hydrot@gg;érng %ﬁ?@ﬁ%ﬁéﬁﬁ?ghmggofgggﬁsevm than the HCNgehydro-
treating cesptiths havinga dinddished aoneitrationl ofesulfuneeontajning spesicss whilent
sul fur content and an 1CN effluent olefjn contﬁ‘r}]té. ln a preferred
enbodi ment mainteinig\a z8fligient elafin gencenEatiooNoRTP rﬂf%#té"e@%ﬁlﬁﬁﬁha‘a‘,aﬂﬁnd t he
conbi ned stream nay be subjected to product separation procedures or
conduct ed B € romthe process for storage or further processing. It is
al so pEef erred that HCN hydrotreating conditions be controlled to provide
an HCN %ff‘]&mw iure,at | east about 25F higher than the
1CN hydr ot ' peFarute: Mre 30 preferably, HCN and I CN
hydrotreati ng conditions are controlled so that the

[0009] In an embodiment, the invention relates to a method for hydrotreating

heavy cat naphtha and intermediate cat naphtha streams. The method comprises

15 hydrotreating a heavy cat naphtha feedstream having a HCN initial sulfur
content and a HCN initial olefin content under HCN hydrotreating conditions
effective to produce a HCN effluent at an elevated temperature having a HCN
effluent sulfur content and a HCN effluent olefin content. An intermediate cat
naphtha stream at an initial temperature is heated with the HCN effluent, via a

20  heat exchanger for example, and thereby heated from the initial temperature to
an increased temperature. The increased temperature ICN stream is hydrotreated
under ICN hydrotreating conditions which are less severe than the HCN hydro-
treating conditions to produce an ICN effluent having an ICN effluent sulfur
content and an ICN effluent olefin content. In a preferred embodiment, the HCN

.5 effluent and the ICN effluent are combined, and the combined stream may be
subjected to product separation procedures or conducted away from the process
for storage or further processing. lt is also preferred that HCN hydrotreating
conditions be controlled to provide an HCN effluent having a temperature at
least about 25°F higher than the ICN hydrotreater's inlet temperature. More

30  preferably, HCN and ICN hydrotreating conditions are controlled so that the



01 OCT 2004 4 HCN and ICN are both in the vapor phase (i.e., always above
the dew point) during the hydrotreating operation. BRI EF DESCRI PTI ON OF
THE DRAW NGS 5 10010] Figure 1A is a dual reaction system ligdd {ilBdi
conventional sulfur renoval processes. 100111 Figure 1 Bis a staged
hydrotreater systemsuitable for use in the 10 present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0012] Thé i nvention is based on the discovery
that 1CN and HCN hydro- 15 treating may be integrated in a staged reactor

systemto Vi | ow sul .f napht ha wit houy b t4alil cing the
napht ha' sfﬁéﬁaﬂ@mﬁ%"%ﬂﬂﬁe é’BE%ri ﬂ%ﬁl(}'&’ 4Y§%a@°§lée¢llggf )sbcé)@iel ed that
regul ating. t. 'F@ﬂ s .ng- reactor conditions to saturate nore than
about 50 WO ?ﬁ%@gﬁeﬁ%{é HCN results in a HCN ef fl uent
tenperature in the range of about 525F to about 20 700F. Further such
conditions would result in an effectively desulfurized HCN having a hi gher
ef fl uent BRIEF DPESCRIFEIONGEF THIE DRAVWANGSat | ower | evels of olefin

saturation. Consequently, when operating under such HCN hydrotreating
condi tfons, heat fromthe HCN effluent is useful for preheating ICN

conduct ed t he_| CN hydrotreater for selectiye sulfur.r wi t hout
olefin sat[ﬂbﬁ‘ﬂi onFigie w&@vﬁtfﬁ%“}%fyéf&!“ H&?\fyéq F‘i’%‘é%?“’é'm e treated
usi ng two _separ ins of separation equipnent, the two effluents

pr ef er abl §°‘£Ba("-@%’f‘%%%s§a- and treated together using common separation

equi pnrent and techniques. 0 1 OCT 2004 5 [0013] Preferred naphtha boiling
range fee amg: i | iblé frst Usefehé r om about
JOPHESTFAPE 1B F ol R crtn s e

65F to ab eferab
10  present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012]  The invention is based on the discovery that ICN and HCN hydro-

15 treating may be integrated in a staged reactor system to provide a low sulfur
naphtha without substantially reducing the naphtha's octane number. More
specifically, it has been discovered that regulating the HCN hydrotreating
reactor conditions to saturate more than about 50 wt.% of the olefins in the HCN
results in a HCN effluent temperature in the range of about 525°F to about

20 700°F. Further such conditions would result in an effectively desulfunzed HCN
having a higher effluent temperature than would be achieved at lower levels of
olefin saturation. Consequently, when operating under such HCN hydrotreating
conditions, heat from the HCN effluent is useful for preheating ICN conducted
to the ICN hydrotreater for selective sulfur removal without olefin saturation.

25 Although the ICN and HCN effluent could be treated using two separate trains
of separation equipment, the two effluents preferably are combined and treated

together using common separation equipment and techniques.



150F to about 430F. The naphtha can be any stream predom nantly boiling in
t he napht ha boiling range and containing olefin, such as P @Eﬁ&@gl Iy
cracked or a 5 catalytically cracked naphtha. Such streans' derived
fromany appropriate source, for exanple, they can be derived fromthe
fluid catalytic cracking ("FCC') of gas oils and resids in a FCC unit
("FCCU'), or they can be derived from¥elayed or fluid coking of resids,
or fromsteamcracking and related processes. It is preferred that the

o1 s and D03k, * BCeterd aRphEe oavng yane-iery SFeehs i ORGIDEORRd | 1 come
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open-chain and cyclic olefins, dienes, and cyclic hydrocarbons with

ol efinic the saplethaltriling rafiye andasintainivgpolefia, swcheasad thermaliyraraekedaor wver al |
ol efins concentration ranging as high as about 60 wt.% nore typically as
hi gh a$ amamlyﬁ@lw\sra%%uaplﬁga. Syph stieams can beadssived Srom anyrappEepsate 40

w.% The cracked naphthg sul fyr cont wll generally ra from about
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cont ent w&cgéﬁgfﬁﬁ?gﬂﬁﬂgée?&%ﬁ%%ggﬁm’éqmﬁggﬁ{ %&ghfgéﬁ&@\/\ppm 8and nor e
typical l'y fr5@Amedarid orffuldKing ofRAS, of $omiRRE crabkihgindlreRited er abl y, an
ICN and a HON fraction are separated fromthe naphtha feed stream for

exanpl e, Iprotesses.i liriatpreferredthatatht npphthiaPeedratrearhs he deninved from ths flnist are

designed or can be nmodified to produce an agbout 350F to abgut. 430F HCN
si de stor eceatalitic sracgkang phEas eilned ressdu FSuaiunapidhas e tm&caﬁr. ik g

debut ani ze 0 preduce C5 to ab 350F i . -ne. The C5 to about
01 OCT 200‘%"585 5‘3&'—*‘ ﬁeseeﬁaaffﬁ‘ﬁa%fmsi ’§F’%’§LX Eegir} @@ifirﬂa'@ ionated to
produce a C5 to about 150F LCN cut and an about 150F to about 350F 1CN
cut. The LCN cut may

[0014]  The naphtha, preferably a cracked naphtha from a FCCU, generally
contains not only paraffins, naphthenes, and aromatics, but also unsaturates, such

15  as open-chain and cyclic olefins, dienes, and cyclic hydrocarbons with olefinic
side chains. The cracked naphtha generally comprises an overall olefins
concentration ranging as high as about 60 wt.%, more typically as high as about
50 wt.% and most typically from about 5 wt.% to about 40 wt.%. The cracked
naphtha sulfur content will generally range from about 0.05 wt.% to about 0.7

20 wt.%, and more typically from about 0.07 wt.% to about 0.5 wt.% based on the
total weight of the feedstock. Nitrogen content will generally range from about
5 wppm to about 500 wppm, and more typically from about 20 wppm to about
200 wppm. '

25 |0015]  Preferably, an ICN and a HCN fraction are separated from the naphtha
feed stream, for example, by fractionation. Typically, FCCU main fractionators
either are designed or can be modified to produce an about 350°F to about 430°F
HCN side stream and an initial to about 350°F raw gasoline cut which is

debutanized to produce Cs5 to about 350°F FCC light gasoline. The Cs to about



be desul phurized via conventional caustic extraction. Alternately, topping
of the debutanized C5 to about 350F gasoline nay enpl oy other conventional
5 desul furizing technol ogy to produce a desul phuri zed LCNIpr@dudié and a

sul fur bearing ICN cut as the feed for the ICN reactor. Preferably the
feed to the HCN reactor is the about 350F to about 430F (or about 325F to
about 430F) cut fromthe fractionator.6-The cut point between the LCN and

| CN streans can be as |low as about 11 F and as high as about 200F. The cut

E?gﬂt s e?ﬁ%ﬁ'{? ?&?@f@gé@ ?r‘%w?r%i%@?ﬁ%?ra‘éﬁ&mﬁ?@Zfin'foc’d”%?}n@? SHBAR po'
i Fi f ery, Fi 1 B,
H%tu;? ? aﬁg 1 fgé%ﬁ&% Bl o abent Wb fp abduk SsBBHCN Y o Byt b ® + B
FGCU ' : i opat
Chowny - ot BedRuBnkizey SFPARkRARag Psc BRRECAReaAY, iR of 4R
fraction gepaanRAdw® EbEU&it%@‘*F%ﬁ%lmdmla?;%hqﬂoy otlidteotloentiéshl reaction

tenperature. The heated HCN fraction then is conducted to the HCN reactor
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about 95% nore than about 50 wt. % ol efin

sat ur at i obeatRg 10MLGit as@he foradl foir the lCNoreaetyr.b Breforabily thedfeed dethe BIEAN t i ons
that result in significant olefin saturation during desul furization, i.e
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may vary from about 0.2 LHSV to about 20 LHSV 01 2004 7 (liquid hourly

space velocity), preferably fromabout 1 LHSV to about 5 LHSV. Such

conditions, result in a HCN effluent having . .
[0016]  The system of the present invention will be better understood with

reference to Figure 1B. Referring to Figure 1B, a HCN fraction at a temperature
below about 430°F (10) preferably is conducted from a FCCU separation zone,
15 such as a fractionater (not shown), to a heater (12), preferably a fired heater,
where the HCN fraction is mixed with hydrogen gas and heated to the desired
reaction temperature. The heated HCN fraction then is conducted to the HCN
reactor (14) where the conditions are sufficiently severe to result in more than
about 95% HCN desulfurization and more than about 50 wt.% olefin saturation.
20
[0017] HCN hydrotreating may be conducted under conditions that result in
significant olefin saturation during desulfurization, i.e., non-selective hydro-
treating conditions. HCN hydrotreater inlet temperature ranges from about
500°F to about 650°F. HCN hydrotreater operating pressures are maintaimned at
25 from about 80 psig to about 2000 psig, preferably at from about 200 psig to
about 500 psig. Hydrogen treat rates range from about 200 standard cubic
feet/barrel (SCF/B) to about 4000 SCF/B, preferably from about 500 to about
2000 SCF/B. The feed rate may vary from about 0.2 LHSV to about 20 LHSV



(1) nmore than about 95 wt. % desul furization and nore than ﬁbiﬁﬁ ZO wt . %
ol efin saturation, the anpbunt of desulfurization and olefin' dflhtion s
bei ng based, respectively, on the weight of the sulfur and the wei ght of
olefins in the heated HCN fraction; (ii) an HCN effluent tenperature
rangi ng from about 525F to about 700F;,_ and (iii) a sufficient quantity of
HCN effl uent that upon heating the | CN7-10 hydrotreater feed with the HCN
and ICN effluents, the ICN hydrotreater inlet tenperature is attained,

be. conduc(NARY TachmFloy hEraary bR bat LETSY BAbBAF 3 THET: (19 ™™
hyd |yt l: ' f 15 hyd '
chialyst. SAEh Gpfl@nkfeSl ¥ AT RECANERTRRMAR °, % '\ th “hydr ogen

before heating in heater (12). Additional hydrogen may al so be added
directly to th¢i)HCNmerecham abotytcdoweFo dasulfitrizasonianddmereothan abput ogen-

oher | coBgoMLTA SlefiBHBITAROR.ChF AEII 96 CEGUATLAAROA ARG GIFER SRREET ot ¢ ha
t he 20 _hydro -cqnt ai ni.n tream ha LEhd) eaadf i de.
The hyargcd?nggeQWaa’FﬁSbﬁ"ﬂ S’s% ed‘"%éﬁﬁof{eﬁaes@]a gﬂ?%%%% t\%ﬁ%{/ddrogen,

pr ef er abl t %aﬁ :~+65% by vol unme hydrogen, and nore preferably at
| east aboﬁl@}g'@& y t\?gpaen%" ydrogen for best results. 25 100191 The HCN

hydrotreating reaction zone can consist of one ar nore fj bed reactors,
each of which diip coandCibeHlysng temperptuse f%lb&lafs&%qm Béagt. égﬁ’ﬁé" "E’Pé!h n
saturatiogm\g‘%_l tfke pl ace, and ol efin saturation and the desul furization

reaction ally exotherm c, consequently interstage cooling between
fixed 01 OCT 2004 8 bed reactors, or between catal yst beds in the sane

reactor shell, @) besufficiineypentityooHEN effhrent tat ypon heatipg dielGMNd t o
retain all of the heat generated fromthese reactigons for use jin heating
the | QN f dpdiretreatanfeed with the HCN and ICN effluents, the ICN hydrotreater inlet

temperature is attained, obviating the need for an ICN preheat furnace.

[0018] HCN hydrotreating may be conducted in one or more hydrotreating
reactors in the presence of hydrogen and a catalytically effective amount of a

15 hydrotreating catalyst. As discussed, the HCN may contact or be mixed with
hydrogen before heating in heater (12). Additional hydrogen may also be added
directly to the HCN reactor. Hydrogen may be obtained from a hydrogen-
containing stream that can be pure hydrogen or can be in a mixture with other
components found in refinery hydrogen streams. It is preferred that the

20 hydrogen-containing stream have little, if any, hydrogen sulfide. The hydrogen
stream purity should be a least about 50% by volume hydrogen, preferably at
least about 65% by volume hydrogen, and more preferably at least about 75% by

volume hydrogen for best results.

25 [0019]  The HCN hydrotreating reaction zone can consist of one or more fixed
bed reactors, each of which can comprise a plurality of catalyst beds. Some
olefin saturation will take place, and olefin saturation and the desulfurization

reaction are generally exothermic, consequently interstage cooling between fixed



5 100201 Preferred catal ysts for HCN hydrotreating include conventi onal
hydr odesul furi zati on catal ysts. Cenerally, these catal yst s{) @(Brrprm[ﬁe a
hydro- genation conponent such as a netal, netal oxide or metadl sulfide of
a Goup VIB and a G oup VIIl non-noble nmetal of the Periodic Table of

El ements on a suitable support, such gs, for exanple cobalt-nol ybdenum or
ni ckel io molybdenumon a predom nantly “al um na support which may further
conprise m nor am)unts of silica or other refractory OXI des. The Periodic
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S [00211 e ’secon reat r stiage, relating to I CN hydrotreating,

will al SOﬂoh?ﬂfé%eeéad@ms%tbsdmflwaqmgaheocﬂ fpedastie®n. As shown in the
figure, an ICN fraction (20) at a tenperature bel ow 400F is conducted from
the FCCU fractionator (not shown) to a heat exchanger (18b) where the |ICN

Lgd?ﬁ?é Efim‘?ci 21 1 | Ersfered sate &@th%f&&%t étﬁ?é@[ch&%z#gﬁﬁg@f”filiiﬂ@ e, |
| CN %IREQM d—@ﬁ&j
; Semerah&é#%@%ﬁ%ﬁm %QM&;}#M@# 'S coplﬁjct ed to augggoﬁé

heat exch NRefa®ahedl okid drafietal sulfide 0P Growgs
tenperatu gﬂ%%lg#%gﬁp?%%%%g@tstaﬂgF to abgut 550F, 25 obviating the need

for an extdBaid AGroup O/IIL aosmoblemetad of the Pexodiesfatie ofi Edements gmoa
Preferably, the HCN hydrotreater IS operated so that the g‘rejrrperature of
_the HON efshitabletsupposesisch are foraxample sobalitaolybderumasiekelt ure by at | east

about 25F. equent | e .anount. of. heat transf N G 10
CT 2004 glﬁ‘ﬁg’g Eﬁfmt%' %/HEC‘{' nautly glumiga Suppoi 'SE@WPhenﬁ)pproprl ate
| CN hydro-_treater d Feridic Tablehesaraki | | ed
in the ar ™94 m%w%l&ggpg’gﬁ%qéﬁg?*bé??@e&heg{sh%f or prceheatl ng the I CN
feed is rqbafefdinti®gived ingaidbédk of Chemistry and Physics, published by the

Chemical Rubber Publishing Company, Cleveland, Ohio, 45th Edition, 1964.

The oxide catalysts are preferably sulfided prior to use.

15
[0021]  The second hydrotreater stage, relating to ICN hydrotreating, will also
be described with reference to Figure 1B. As shown in the figure, an ICN
fraction (20) at a temperature below 400°F is conducted from the FCCU
fractionator (not shown) to a heat exchanger (18b) where the ICN is heated by

20  effluent from the ICN hydrotreater (22). As discussed, ICN hydrotreater effluent
is used to heat, via a heat exchanger for example, the ICN feed to form a heated
ICN. A sufficient amount of HCN effluent at a temperature higher than that of
the heated ICN is conducted to a second heat exchanger (18c) to heat the heated
ICN feed to an ICN inlet temperature ranging from about 475°F to about 550°F,

25 obviating the need for an external heat source such as an ICN pre-heat furnace.

[0022]  Preferably, the HCN hydrotreater is operated so that the temperature
of the HCN effluent exceeds the ICN hydrotreater inlet temperature by at least
about 25°F. Consequently, the amount of heat transferred from the HCN



tenperatures and relative anounts of HCN effluent and I CN feed. Consequent -
51y, it is within the scope of this invention to adjust &EF‘CUt points
between the ICN and HCN as well as between the LCN and | Uﬂézmﬁgulate t he
relative anounts, tenperatures, and conbi nati ons thereof of the HCN and
ICN feeds to provide sufficient heat to the ICN feed to reach the desired
| CN hydrotreater inlet tenperature. 2®{0023] ICN hydrotreating is
conduct ed under selective hydrotreating condi- tions in order to | essen the
anount of olefin saturation during desul furization. Thiscﬁi the benefit

of ni ni i zfflgentite tho$€Naay be xoatrellnd se proxide kg apprepated géf&%'s t he

ﬁgﬁijztgvg? b i%f&ﬁé«%%%a&%%ﬂ“@ jould Be <l 1t SR kWP AP UBVRIY o771 et
| : . | ¢ |

genor ai | y HESbERmEBF s R vapre® fauyTrfingr R B rtftcaoiht rplaye o
stage of (& h ﬁgfg@gt%pghaﬁg@ ffSurkd oR HEN Rtk ArRICN Py SConsequont-

preferred e efin saturation in the ICN reactor is

m ni m ged.l?,Pftqg Wighih Yhe §cvperoftthiRrinéntich tot adjustithe icut poists betwesadbel on the
wei ght of

he ICN feed, are saturated in the | reactor. re preferably,
the inl et mmdﬂmmeﬂhebbmmle@@tWNrmﬁ‘g‘@J?t\lq r%ﬁ%&m M’ﬂ‘?&v‘?o about Y
600F, and is at |east 25F |ower than .the jnle e CN
react or . 2@“9@@24@?@%&?{9@’%Pﬁﬁﬁwsi@eﬁptpgm%ﬁ%%ég?g e}:ﬁ?tt e vapor
phase at an___inl ette rature. r ' (AToT0E| &0F, and
with an equ%(ﬂetsuqig}%gﬁgautpetﬁ?algg?%%fﬂ;o(r)%%%out %sgrég"_lpgp 2 out eg?SF.

React or pr Ritgf£r - ably range from about 100 psig to about 300 psig,
hydr ogen t?%%#@tees range from about 1000 SCF/B to about 2500 SCF/ B, and

ICN fegf rates range fromO | OC T 2004 -10 about 1 LHSV to about 5 LHSV.

Such conditions result in an ICN eff| uen havi ate rature rangi n
fr om about {(023F t JCAbbydrogregting is conducte under seTe%twethyﬁPgtrea g condid' N9

tions in order to lessen the amount of olefin saturation during desulfurization.
This has the benefit of minimizing the loss of octane number. However, it also
reduces the amount of heat generated from olefin saturation lowering the amount

{5  of heat available in heat exchanger 18b. Additional heat from the HCN effluent
is added through exchanger 18c. Selective hydrotreating conditions are
generally less severe than the HCN hydrotreating conditions in the first stage of
the invention. The use of a selective HDS catalyst is the preferred means by
which olefin saturation in the ICN reactor is minimized. Preferably, fewer than

20 50 wt.% of the olefins, based on the weight of the ICN feed, are saturated in the
ICN reactor. More preferably, the inlet temperature of the ICN reactor ranges
from about 47°F to about 600°F, and is at least 25°F lower than the inlet
temperature of the HCN reactor.

25 [0024]  The ICN hydrotreater is preferably operated in the vapor phase at an
inlet temperature ranging from about 475°F to about 600°F, and with an effluent
temperature ranging from about 525°F to about 675°F. Reactor pressures prefer-
ably range from about 100 psig to about 300 psig, hydrogen treat rates range
from about 1000 SCF/B to about 2500 SCF/B, and ICN feed rates range from



100251 As in the HCN stage, the ICN hydrotreating may be cqgnducted in one
5 or nore hydrotreating reactors in the presence of hydrogén HAd0H
catalytically effective anobunt of a hydrotreating catal yst. The hydrogen
may be obtained from sources described in the description of the HCN
stage. And as in the HCN stage, the hydrotreater reactor zone nmay consi st
of one or nore fixed bed reactors, eadfi-of which may conprise a plurality
of catalyst beds, and interstage to cooling between reactors or beds nay be

ave 57 abayt DLHS Y bPBL R IH Vo by s ue bl FOR ¢BuERE | ) °1 °°

conbi nati it elati : ol efins. For

exanpl e, %Hﬁgcgm{rf’ 31 5#@%%?&?%%&@0@2?3 ?;'t s typically
contain Mo and CoO | evels within the ranges of those in the catalyst
described herein. Qher hydrodesul furization catalysts have surface areas
and pore (082S} er Assnthe HCNatdgep thee 1IN thydrtresfting rody besoadyeted inzme100271
One preferred catal yst has the follow ng propertjes. (a) a l\/tiCB

concentr ataranoxsfhydsotreating teactorain ¢he presenge.Hf Ry dipesn and g saa Y8l and nore

(by Goo tedikstive maui oge hssaresime cajalysh, T8 Byptheithey be obiyif@I ' V5"
.% and f 0 0
wei ght “or o1 soufigsfEBibeq AEMYdcketifiioh b il HEN QD PDH DI

1.0, pref es&%&,lﬂlé hpdioieatdr réactbr t6ne Mg WonsisBOf onooemarefixedided from about
0.25 to abo 0.727 (d) a nmedian pore dianeter_ of about 60A to about 200A,
pr ef er abl yrehctons, aachof Piich maybmmprigsaplurality efcatalysebedss png intertagiout
80A to about 150A; (e) a Mo@3 gurface ., concentration of about 0.5 x 10-4 to
about ® x capling haseeenpeactorsiorbeds manbe EPIONsdT 2004 - 11 0. 75 x 104 to
about 2.5 x 104, nore preferably fromabout | x 104 to about 2 x 10-4 ;
and (f) an average particle size dianeter of less than 2.0 mm preferably

less than gpd] 1 Hiefffted W dioREMEE Bhtal/stefor vs@ aNtIRICN slagé have eind nmost
relatively high level of activity for hydrodesulfurization in combination with a

relatively low tendency to saturate olefins. For example, some conventional
15 hydrosulfurization catalysts typically contain MoOs and CoO levels within the
ranges of those in the catalyst described herein. Other hydrodesulfurization

catalysts have surface areas and pore diameters similar to those of the preferred

catalysts.

20 [0027]  One preferred catalyst has the following properties: (a) a MoOs
concentration of about 1 to 10 wt.%, preferably about 2 to 8 wt.%, and more
preferably about 4 to 6 wt.%, based on the total weight of the catalyst; (b) CoO
concentration of about 0.1 to 5 wt.%, preferably about 0.5 to 4 wt.%, and more
preferably about 1 to 3 wt.%, also based on the total weight of the catalyst; (c) a

25 Co/Mo atomic ratio of about 0.1 to about 1.0, preferably from about 0.20 to
about 0.80, more preferably from about 0.25 to about 0.72; (d) a median pore
diameter of about 60A to about 2004, preferably from about 75A to about 1754,
and more preferably from about 80A to about 150A; (e) a MoO; surface

concentration of about 0.5 x 107 to about 3 x 10™g MoQ-/m?, preferably about



preferably as small as practical for commercial hydrodesul furiization
process 5 unit. Mst preferred catal ysts al so have a-hi gh degiige;jpf neta
sul fide edge plane area as neasured by the Oxygen Chem sorption Test
described in "Structure and Properties of Ml ybdenum Sul fide: Correlation
of 02 Chem sorption with Hydrodesul furization Activity," S.J. Tauster et
al ., Journal of Catalysis 63, pp. 5154519 (1980), which is incorporated
herein by reference. to The Oxygen Chem sorption Test involves edge-pl ane

St 7 oam anl 7oty ApRay 27K Br e R R e LT e B e

stream an averse t C e For exanpl e, the oxygen

chem sor pjgon, 4 afpb siZRAfiafmete? of Qéssthad 2r0nny, prefora ut 1,000
to 2, ZOO,Egn’WD#zag?gyea?gm y Ftrsom about 1, 20(5S to 2,000 n’f)l ox?/lggn/gram

MbCB. Theldss e Abeilit a6 aahj more preferabhytso themudbout il Zemim,angd mogonet i mes
euppor t eaprederablyas mal) as practisabion RaamATcIEl TdrOdeSMRZARORPIGCSSS  may be
i o o, SRt SMostrebaRTal cotalypts i Bavec iR dRgtes SRSl SulRdAS i e
ox der 1 aRlomE AiRs 3 MeAD BB TP CYden ChfisBAUAPTEN deserbarid ™ 09 e b

oxi de; chrg, anré BRd 'Pkkgﬂé?ﬁé%me Biéhuni Salfide: Corrélation of Oy oxi de,  zinc
oxi de, andgg}lgtrtrl\rnum phosphat e. Prgf erred supports are alumna, silica and

silica-al wifso BRItk HY/@baadIfiiRA6H AdtivilylmSia Tdustertebal. cldurhalst wi t h
a 25 high degree”of netal “sul fide edge plane area, magnesia can al so be

used. [ 009)CatlesisG3pppt 5 MR5EDi(2980pwhickisancorposatad hegetn b refgrence.
contam nants, such as Fe sulfates, sjli cg and vari ous netal (%xi des, which
g s mﬁﬁf se

can baopr dherDxygen Ghemisespiien J sstinvelyes cAgep NG AER MEATPERER
repare | eI EESHLO R TS adeld f CBaits S shtin TRUALEkDUREC 0,
fhat the SEER g By e T, N A nant .
about 800 to 2,800 preferably from about 1,000 to 2,200, and more preferably
from about 1,200 to 2,000 umol oxygen/gram MoQ;. The terms hydrotreating

15  and hydrodesulfurization are sometimes used interchangeably in this document.

[0028]  The catalyst preferably is supported catalyst. Any suitable inorganic
oxide support material may be used. Non-limiting examples of suitable support
materials include: alumina, silica, titania, calcium oxide, strontium oxide,

20 barium oxide, carbons, zirconia, 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, and aluminum phosphate. Preferred supports are alumina, silica and
silica-alumina. A most preferred support is alumina. For the catalyst with a

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

[0029]  The support material may contain a small amount of contaminants,
such as Fe sulfates, silica and various metal oxides, which can be present during

the preparation of the support matenal. These contaminants are present in the



5 100301 I n one enbodi ment, the support conprises about 0 to 5 wt.%
prefer- ably fromabout 0.5 to 4 wt.% and nore preferabl yffirigmhafout 1 to
3 wWm.% of one or nore additives sel ected from phosphorous and netal s or
nmetal oxides fromGoup IA (alkali netals) of the Periodic Table of the

El ements. 10 [00311 The netals of the 1C72t al yst of the present invention can
be deposited or incorporated upon the'*support by any suitable conventional
means, such as by inpregnation enploying heat-deconposable salts of G oup

VIB and V| he art such

as ion- ex%ﬂg%égé\lﬁ "ﬁ% t(r%l?lﬁ)g ‘gp‘lte ?’ée{& gsé r%ﬁ%’%g‘?gr ébﬁ%ehgﬂf tabl e

aqueous | Hi?lbﬁﬂfk%ké)ﬂlaﬁfﬁbéht PRt % baskd difitbtaloweight ef it suppoirt. eld is moeobal t

nitrate, ammoni um nol ybdate, nickel nitrate, and ammoni um net at ungst at e.

100321 | npreferred itloat thé summorhmmmtsubntanuaﬂy fracmftslughmnmn)rmant%pport
usi ng the above aqueous I npregnation sol utions can be perforned using 20

I nci pi ent wet ness techni ques. The catal yst support is precal cinized and the

T tc BT B AoRSdmeh R ulipbr Tamuttsch ARoBt €95 et 7, BERAEE™ "
sol uti on ?ggﬂﬁon &R%S%a'wm nﬂirewgfepggg%dﬂabswws% Fpbel (3) to

be deposi e given mass”’ support nation can be perforned for

each et alyndr seeie additives selchetirom plivsphbesuscatidpethly onmesdl exidest ween
i npregnations, or as a sinple co-inpregnation ste The saturated support

can then Wmmﬁmuptlﬁc(alkalrmeuﬂsﬂ of:the Reriodit Tablerafithe Elemertst or cal ci nati on.
Calcination generally is prefornmed at a tenperature of from about 480F. to
- about 1,200F, or nore preferably fromabout 800F to about 1,100F. 01 OCT

- : h
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capabl e Ofniriltild it o dufipofPBy hsaiiible cBxdertidraR hint Qchidsiiut

undesi r abl
impregnation employing heat-decomposable salts of Group VIB and VIII metals

or other methods know to those skilled in the art such as ion-exchange, with
impregnation methods being preferred. Suitable aqueous impregnation solutions
15 include, but are not limited to cobalt nitrate, ammonium molybdate, nickel

nitrate, and ammonium metatungstate.

[0032] Impregnation of the hydrogenation metals on the catalyst support
using the above aqueous impregnation solutions can be performed using

20 incipient wetness techniques. The catalyst support is precalcinized and the
amount of water to be added to just wet all of the support is determined. The
aqueous impregnation solutions are added such that the aqueous solution
contains the total amount of hydrogenation component metal(s) to be deposited
on the given mass support. Impregnation can be performed for each metal

25  separately, including an intervening drying step between impregnations, or as a
simple co-impregnation step. The saturated support can then be separated,
drained, and dried in preparations for calcination. Calcination generally is
preformed at a temperature of from about 480°F. to about 1,200°F, or more
preferably from about 800°F to about 1,100°F.



saturation, the process requires the use of a furnace to prehea[{rt | CN.
Accordingly, 9,000 Barrels/day (9 Kbd) of an ICN fraction at a e[ rature
of 320F and a pressure of about 50 psia is conducted from separation

equi pnent to to a punp (not shown), and the punp's ICN effluent is conbined
wi th about 1500 scf/bbl of a hydrogen-containing treat gas having a
tenperature of about 180F and a pressuyrde- of about 350 Asia. The conbined
ICN-treat gas (4) at a tenpera- ture of about 300F enters |ICN heat
exchanger (5), and the heat exchanger's effluent has a tenperature of
450F, i.e., outside the range of preferred ICNis hydrotreater (7) inlet

t enper at urEXAMPUUESIce (6) is therefore required to increase the ICN
hydrotreater inlet tenperature into the preferred range, in this exanple
500F. For a nodel ICN feed having 1500 ppm sul fur and a brom ne nunber of
50, sel ect 0035y driot Thistexasple)taiséd oninodel (calculatidm amsillustratedan figmieict
having 30 ppm sul fur (98% HDS), a brom ne nunber of 30.8 (about 38% ol efin
sat ura 20 1Apshowsithat whileuthe cosnventional peocsissis capable of presidingan t he

conduct od Seiuized HENEadn RySorieasea R mithend wnrestiae (oRGoRRSS For °
Conventi onsruiaHRe S febse tehh e sefB qf Rinmid o Befiefiine JENL 02001 ¢ gure

I A 3 Kbd atcartinfly, 51000t Bareldidad (9 B it a KCNfratbiontat AGempensurk ofpr essure
of about 50 psia conducted from separati on equi pment to a punp (not

shown) , ang20Meamd apressu@Nofdtdus SOtpsiasiscamduocted fromisepbramoneEgnipment/ tobl  of
a hydrogen-containing treat gas ha\(ilr%%\‘a t enperature of abouyt 18QF and a
30 pr e ur @ ppmuiiishewn),mndthe pampco N il uerins coathingd withabos 1300

2004 -15 380F f 2 d | ' h
dosi roa. HONHRRIAS BUTORET SpRimRE Heab B parined (ARl SpAah dgocF' © 11

exanple. F | : l ] nhunber
of 15, nondid A ELe RERRSOIA e CARRATICN ot d3S (4 fot  RfeRa L7
product hawirs®fabbatB60AH etitersd 0N Bsatexchanger (5), and the heat exchanger's

effluent has a temperature of 450°F, i.e., outside the range of preferred ICN

15 hydrotreater (7) inlet temperature. A furnace (6) is therefore required to increase
the ICN hydrotreater inlet temperature into the preferred range, in this example
500°F. For a model ICN feed having 1500 ppm sulfur and a bromine number of
50, selective hydrotreating conditions in (7) would result in a product having 30
ppm sulfur (98% HDS), a bromine number of 30.8 (about 38% olefin satura-

20 tion), and product temperature about 120°F higher than the hydrotreater inlet
temperature. As shown in the figure, the product is conducted to the heat
exchanger (5) to provide the heat required for increasing the combined |CN-treat

gas from 300°F to 450°F.

25 [0036] Conventional processing of the HCN fraction is also illustrated in
figure 1A. 3 Kbd of an HCN fraction at a temperature of about 400°F and a
pressure of about 50 psia is conducted from separation equipment to a pump (not
shown), and the pump's HCN effluent is combined with about 1500 scf/bbl of a
hydrogen-containing treat gas having a temperature of about 180°F and a

30  pressure of about 350 psia. The combined HCN-treat gas (1) at a temperature



5 nunber of 3 and product tenperature about 60F higher than the HCN hydro-
treater inlet tenperature. The HCN effluent would therefore Bave:g)
tenperature of about 680F. Wile not illustrated in the figure, HCN
effluent may be used to pre-heat the conmbined HCN-treat gas, for exanple
via at heat exchange, in order to reduce the heating requirenents of
furnace (2). 10 [00371 2. This exanpl e;1based on nodel cal cul ati ons and
illustrated in figure 1B, shows the benefits of the invention. As in
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about 180F4 ARl ]l%ﬁ% I@Q&Ifgondl tions
are as set ?@@PE |gnlﬁexarrplEgi)l-ltfi]ltﬁ%kr‘lite{1 co rR?f'l? %EE%E?E g s at

t enper at ur eonditiahe i (B00Guldniesils uﬁafprdidﬁctﬂ!ﬁ ge:kpbﬁmﬂﬁn( é&bbmmeyvher e the
620F effluent of ICN hydrotreater (22) is used to heat the conbined 20
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exchanger's 1CN-treat gas effluent ~would thetefore be about B00F, i.e., in

t he pref er tereduch! thy Heatingerigairemehnes of fuengey@)ur e range, and no furnace or
ot her external heat source need be enployed to achieve the preferred ICN
hydrot d@ater inlet tenperature. 01 OCT 2004 -16 -CLAIMS: 1. A staged

hydrot 1 cal | et 01Ol S 80 L8)ore QAR O Bl Y Rl 2PlY e

1B, shows the benefits of the invention. As in exampie 1, 9 Kbd of the same

model ICN fraction at a temperature of 320°F and a pressure of about 50 psia is
conducted from separation equipment to a pump (not shown), and the pump's

15  ICN effluent is combined with about 1500 scf/bbl of a hydrogen-containing treat
gas having a temperature of about 180°F and a pressure of about 350 psia. ICN
reactor (22) conditions are as set forth in example 1. The combined ICN-treat
gas (20) at a temperature of about 300°F enters a first heat exchanger (18b),
where the 620°F effluent of ICN hydrotreater (22) is used to heat the combined

20 ICN-treat gas to a temperature of 450°F. The ICN-treat gas effluent from the
first heat exchanger is conducted to a second heat exchanger (18c) where the
ICN-treat gas is further heated by the HCN hydrotreater's (14) product. For the
same amount and type of HCN model feed as in example !, and under the
conditions set forth therein, the HCN hydrotreater would have an effluent with a

25 temperature of about 680°F. The second heat exchanger's ICN-treat gas effluent
would therefore be about 500°F, i.e., in the preferred ICN hydrotreater inlet
temperature range, and no furnace or other external heat source need be

employed to achieve the preferred ICN hydrotreater inlet temperature.



5 catalytically effective anount of a first hydrotreating catalyst in the
presence of hydrogen under non-sel ective conversion conditjons to: (i)
renove at |east about 95 w.% sul fur, based on the wei ght T CERS Ul f u
t he heavy cat naphtha and (ii) saturate at |east about 50 wt. % ol efin,
based on the weight of 10 the olefins in the heavy cat naphtha in order to
forma hydrotreated heavy cat naphtha atléa first tenperature; (b)
contacting a heated internedi ate cat naphtha containing sulfur and ol efins
at a seconﬁﬂggﬁﬁgfature with a catalytically effective amount of second
hydr ot r eat’ al yst in the presence of hydrogen under selective
hydrotreating 15 conditions to (i) renove at |east about 95 wt.% of the
sul fur, based on the weight of the sulfur in the heated internedi ate cat
naphtha and (ii) HA&h iwW.. % of the olefins, based on
t he meigh?'of fhgﬁgﬁgpyﬁghﬁégg nt |§H?ﬁgl eét'd I ntermedi ate cat napht ha
20 in order to forma hydrotreated internedi ate cat naphtha at a_third
tenperature gr &2} esontagting hheaecent mapbiscgantainingsmlfurand alefins with 3 r st

Dt Sl R BT SEhe AR B B
' | ¥ ht h dwthth
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cat naphtha. 01 OCT 2004 - 17 2. The process of claim1 further contpri si ng
conbi ni ng t he hydr ot {(Baremoveatlegstaboun 2wt saubfar: based partbe veeighto

I nternmedi ate cat, napht ha. ,5.3. The process of claim2 further conprising
separating H2S @%ﬁ%emtbﬁ#ﬁpmﬂa 4%%$ed heavy cat naphtha and the
hydrotreated internedi ate cat naphtha. 4. The process of claim1l wherein
the second hydr ot r eat(iipgangat stdeast abdut 50 wt.% olefin, based on the weight of

rin

10 the olefins in the heavy cat naphtha
in order to form a hydrotreated heavy cat naphtha at a first temperature;

(b) contacting a heated intermediate cat naphtha containing sulfur and
olefins at a second temperature with a catalytically effective amount of second
hydrotreating catalyst in the presence of hydrogen under selective hydrotreating

15 conditions to

(i) remove at least about 95 wt.% of the sulfur, based on the
weight of the sulfur in the heated intermediate cat naphtha and

(ii) saturate less than about 50 wt.% of the olefins, based on the

weight of the olefins present in the heated intermediate cat naphtha

20 in order to form a hydrotreated intermediate cat naphtha at a third temperature

greater than the second temperature but less than the first temperature; and

(c) heating an intermediate cat naphtha at a fourth temperature, the
fourth temperature being less than the second temperature, with the hydrotreated
intermediate cat naphtha and with the hydrotreated heavy at naphtha in order to

25  form the heated intermediate cat naphtha.



10 porous catal yst conprising: (a) MoOG3 at a concentration of about 1 to 10
wt.% based on the total weight of the second catal yst; (bl’l".@f!@z- a
concentration of about 0.1 to 5 w.% based on the total weight of the
second catal yst; 15 wherein the second catal yst has a Co/M atom c ratio of
about 0.1 to about 1.0; a nedian pore dianmeter of about 60A to about 200A;
a Mo surface concentra- tion of about1D-5 x 104 to about 3 x 10-4g

MDO3/ n2; and an average particle size dianeter of less than 2.0 mrm 20 5.
The process of claim1 wherein the heated internedi ate cat naphtha

contacts the second catalyst in the vapor phase at a pressure ranging from

about  1002psi gThe pabeess o3@lainsi durtheryommprising combiningthe hpdwitregtdd om about
1000SCF/ B to about_ 2500 SCF/ B, and a feed rate ranging from about | LHSV

to about sheawyaat naphtha anddthghydseweased intermediaterrat 8aphthae second
tenperature ranges from about 475F to about 600F and wherein the third
tenperature ranges from about 525F to about 675F.

5 3. The process of claim 2 further comprising separating H,S from the

combined hydrotreated heavy cat naphtha and the hydrotreated intermediate cat
naphtha.

4 The process of claim 1 wherein the second hydrotreating catalyst is a

10  porous catalyst compnsing:

(a) MoOj at a concentration of about 1 to 10 wt.%, based on the total

weight of the second catalyst;

(b) CoO at a concentration of about 0.1 to 5 wt.%, based on the total
weight of the second catalyst;

15 wherein the second catalyst has a Co/Mo atomic ratio of about 0.1 to about 1.0; a

median pore diameter of about 60A to about 200A; a MoO5 surface concentra-

tion of about 0.5 x 10™ to about 3 x 10™g MoOs/m?; and an average particle size

diameter of less than 2.0 mm.

20 5. The process of claim 1 wherein the heated intermediate cat naphtha
contacts the second catalyst in the vapor phase at a pressure ranging from about
100 psig to about 300 psig, a hydrogen treat rate ranging from about 1000SCF/B
to about 2500 SCF/B, and a feed rate ranging from about 1 LHSV to about 5
LHSV.

25
6. The process of claim 5 wherein the second temperature ranges from about
475°F to about 600°F and wherein the third temperature ranges from about 525°F
to about 675°F.



