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resulting product stream, that contains hydrogen sulfide and residual organo-

sulfur is fractionated at a temperature that produces a light fraction containing
less than about 100 wppm organically bound sulfur and a heavy fraction
containing greater than about 100 wppm organically bound sulfur. The light
fraction is stripped of at least a portion of its hydrogen sulfide and can be '
recovered and conducted away from the process for, for example, storage,
further processing, or gasoline blending. The heavy fraction is passed to a
second sulfur removal stage whereih at least a portion of any remaining

organically bound sulfur is removed.

BACKGROUND OF THE INVENTION

[0002]  Motor gasoline sulfur level regulations are expected to result in a need
for the production of less than 50 wppm sulfur mogas by the year 2004, and
perhaps levels below 10 wppm in later years. In general, this will require deep
desulfurization of catalytically cracked naphthas ("cat naphthas"). Cat naphthas
result from cracking operations, and typically contain substantial amounts of
both sulfur and olefins. Deep desulfurization of cat naphtha requires improved
technology to reduce sulfur levels without the loss of octane that accompanies

the undesirable saturation of olefins.



[ 00031 Hydrodesul furization is a hydrotreati ng process enpl oyed to renove
sul fur from hydrocarbon. The renoval of feed organosul fur by conversion to
hydr ogen woliiods273 s typi cally achi eved by reaction w th hydmagez3oser
non-nobl e netal sulfided supported and unsupported catal ysts, especially
those of Co/Mo and Ni/M. Severe tenperatures and pressures nmay be
required to neet product quality specifications, or to supply a

desul furized streamto a subsequent sulfur sensitive process. [00041

A efinic naphthas, such as cracked napht has and coker naphthas, typically
contain nore than about 20 wt%olefins. At |east a portion of the olefins
are hydrogenated during the hydraodesul furization operatjon, Since olefins
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olefins are high octane components, for some motor fuel use, it 1s desirable to

retain the olefins rather than to hydrogenate them to saturated compounds that

are typically lower in octane. Conventional fresh hydrodesulfurization catalysts

have both hydrogenation and desulfurization activity. Hydrodesulfurization of

cracked naphthas using conventional naphtha desulfurization catalysts under

conventional startup procedures and under conventional conditions required for

sulfur removal typically leads to a significant loss of olefins through hydrogena-

tion. This results in a lower grade fuel product that needs additional refining,

such as isomerization, blending, etc. to produce higher octane fuels. This, or

course, adds significantly to production costs.

[0005] Selective hydrodesulfurization, i.e., hydrodesulfurizing a feed with
selective catalysts, selective process conditions, or both, may be employed to
remove organosulfur while minimizing hydrogenation of olefins and octane
reduction. For example, ExxonMobil Corporation's SCANfining process
selectively desulfurizes cat naphthas with little or no loss in octane number.
U.S. Patent Nos. 5,985,136; 6,013,598; and 6,126,814, all of which are

incorporated by reference herein, disclose various aspects of SCANfining.



-3 Al'though sel ective hydrodesul furization processes have been devel oped to
avoid significant olefin saturation and | oss of octane, H2S liberated in

t he procewe icam273 eact with retained ol efins to form mercaptrarsossdobur by
reversion. Such nercaptans are often referred to as "reconbi nant” or
"reversion" nercaptans. [0006] Sul fur renoval technol ogi es can be conbi ned
in order to optim ze econom c objectives such as mnim zing capital

i nvestnent. For exanple, naphthas sui.tzable for blending into a notor
gasoline ("nogas") can be formed by separating the cracked naphtha into
various fractions that are best suited to individual sulfur renoval

technol ogi es. Wil e econom cs of such systens may ., appear faéorabl.
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first sulfur renoval stage in the pre,sentge of htxdrog n and catal ytically
ef f ect i vesepanating Ge caawgrwbgm mgg varjous fractions that ar€ best suited to

individual sulfur removal technologies. While economics of such systems may
appear favorable compared to a single processing technology, the overall
complexity is increased and successful mogas production is dependent upon
numerous critical sulfur removal operations. Economically competitive sulfur
removal strategies that minimize capital investment and operational complexity

would be beneficial.

[0007]  Consequently, there is a need in the art for technology that will reduce

the cost of hydrotreating cracked naphthas, such as cat naphthas and coker

naphthas.

SUMMARY OF THE INVENTION

[0008]  In accordance with the present invention, there is provided a process
for hydrodesulfurizing olefinic naphtha feedstreams and retaining a substantial
amount of the olefins, which feedstream boils in the range of about S0°F (10°C)
to about 450°F (232°C) and contains substantial amounts of organically bound

sulfur and olefins, which process comprises:



tion catalyst, at hydrodesul furization reaction conditions including
tenperatures from about 232C (450F) to about 427C (800F), pressures of
about 60 wo 030@27psi g, and hydrogen treat gas rates of abear/ukD8sIsH 6000
standard cubic feet per barrel, to convert at |east about 50 wt % of the
organi cally bound sulfur to hydrogen sulfide and to produce a first product
stream contai ning fromabout 100 to about 1,000 wppm organically bound
sulfur; b) fractionating said first progluct streaminto a light fraction
and a heavy fraction, wherein the fractionation cut point is at a
tenperature such that the light fraction contains hydrogen sulfide and

| ess than about 100 pmorgani cally bound sul fur and the heavy fraction
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t hereby producing a second product stream [00091 In a preferred
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product stream [0010% In a preferreg enbodi ment of the present invention
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Co catalytic conponent and a Suppoft conponent, with the Mo conponent
being present in an amount of from1 to 10 wt% calculated as MoG3, and

the Co b) fractionating said first product stream into a light fraction and a heavy
fraction, wherein the fractionation cut point is at a temperature such that the light
fraction contains hydrogen sulfide and less than about 100 wppm organically
bound sulfur and the heavy fraction contains the remainder of the organically

bound sulfur from said product stream,;
¢) stripping said light fraction of at least a portion of its hydrogen sulfide;

d) conducting the stripped light fraction away from the process to, for

example, further processing or to a refinery gasoline pool;

e) conducting said heavy fraction to a second sulfur removal stage
wherein the level of the remaining organically bound sulfur is reduced, thereby

producing a second product stream.

[0009] In a preferred embodiment, the stripped light fraction is combined

with the second product stream.

[0010]  In a preferred embodiment of the present invention the fractionation
cut point is such that the light fraction contains less than about 30 wppm

organically bound sulfur.



conponent being present in an amount of fromO0.1 to 5 w% calculated as
CoO, with a Co/M atomic ratio of 0. 1 to 1. 100121 In yet another

enbodi merwp oBlgs2ihventi on relates to a nmethod for regul aPCa@sSohasosut - poi nt
in the fractionation step of the naphtha desul furization process (step b,
above) in order to provide a target sulfur in a conbined stream conprising
the stripped light and the second product stream The target sulfur |evel
will preferably range fromabout 0 ppmsto about 50 ppm based on the

wei ght of the conbined stream DETAILED DESCRI PTI ON OF THE | NVENTI ON 100131
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rangi ng as high as about 60 wt% nore typically as high as about 50 wt %
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comprising the stripped light and the second product stream. The target sulfur

level will preferably range from about 0 ppm to about 50 ppm, based on the

weight of the combined stream.

DETAILED DESCRIPTION OF THE INVENTION

[0013]  In one embodiment, the feedstock is comprised of one or more
olefinic naphtha boiling range refinery streams that typically boil in the range of
about S0°F to about 450°F. The term "olefinic naphtha stream” as used herein
are those streams having an olefin content of at least about 5 wt%. Non-limiting
examples of olefinic naphtha streams includes fluid catalytic cracking unit
naphtha ("FCC naphtha"), steam cracked naphtha, and coker naphtha. Also
included are blends of olefinic naphthas with non-olefinic naphthas as long as

the blend has an olefin content of at least about 5 wt%.

[0014]  Olefinic naphtha refinery streams generally contain not only paraffins,
naphthenes, and aromatics, but also unsaturates, such as open-chain and cyclic
olefins, dienes, and cyclic hydrocarbons with olefinic side chains. The olefinic

naphtha feedstock typically also contains an overall olefins concentration



poor stability and color. The sul fur content of the olefinic naphtha wll
generally range from about 300 wopmto about 7000 wppm nore typically
from abouwoO 0308273wppm t 0 about 6000 wppm and nost typi calPCy/USopssabout
1500 to about 5000 wppm The sulfur will typically be present as
organosul fur. That is, organically bound sulfur present as sulfur
conpounds such as sinple aliphatic, naphthenic, and aromatic nercaptans,
sul fides, di- and polysulfides and theggl.ike. O her organosul fur conpounds
i nclude the class of heterocyclic sulfur conpounds such as thiophene and
its higher honol ogs and anal ogs. Nitrogen wll also be present and w |
usual ly range from about 5 wopmto about 500 wppm 100151 It is highly
desi r abl aahgingesthigh heaboataabwiYormert tyrisallyanhigh asiaboyt S0wGm adef i ni ¢
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Other organosulfur compounds include the class of heterocyclic sulfur

compounds such as thiophene and its higher homologs and analogs. Nitrogen

will also be present and will usually range from about 5 wppm to about 500

wppm.

[0015] It is highly desirable to remove heteroatom impurities such as sulfur
from olefinic naphthas with as little olefin saturation as possible. It is also
highly desirable to convert as much as the organic sulfur species of the naphtha

to H,S with as little mercaptan reversion as possible.

[0016]  The invention relates to the discovery that unexpectedly high levels of
sulfur can be removed from an olefinic naphtha stream without excessive olefin
saturation or mercaptan reversion taking place. In one embodiment, the process
is operated in two sulfur removal stages. The first sulfur removal stage isa
hydrodesulfurization stage that typically begins with a feedstock preheating step.
The feedstock is typically preheated prior to entering the reactor to a targeted
first desulfurization reaction stage inlet temperature. The feedstock can be

contacted with a hydrogen-containing gaseous stream prior to, during, and/or



preferred that the hydrogen-containing streamhave little, nore preferably
no, hydrogen sulfide. The hydrogen-containing streampurity should be at

| east abwote3h@2by vol une hydrogen, preferably at | east &oPMSIYFHby

vol une hydrogen, and nore preferably at |east about 90% by vol unme hydrogen
for best results. It is nost preferred that the hydrogen-containing stream
be substantially pure hydrogen. [00171 The first sulfur renoval stage is
preferably operated under selective bhydrodesulfurization conditions that
will vary as a function of the concentration and types of organosul fur
speci es of the feedstock. By "selective hydro- desulfurization”™ we nean
that the hydrodesul furization zone is operated.in a manner to achi eve as
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[0017]  The first sulfur removal stage is preferably operated under selective
hydrodesulfurization conditions that will vary as a function of the concentration
and types of organosulfur species of the feedstock. By "selective hydro-
desulfurization”" we mean that the hydrodesulfurization zone is operated in a
manner to achieve as high a level of sulfur removal as possible with as low a
level of olefin saturation as possible. It is also operated to avoid as much
mercaptan reversion as possible. Generally, hydrodesulfurization conditions in
the first and second stages are selective hydrodesulfurization conditions, which
include: temperatures from about 232°C (450°F) to about 427°C, (800°F)
preferably from about 260°C (500°F) to about 355°C (671°F); pressures from
about 60 to 800 psig, preferably from about 200 to 500 psig; hydrogen feed rates
of about 1000 to 6000 standard cubic feet per barrel (scf/b), preferably from
about 1000 to 3000 scf/b; and liquid hourly space velocities of about 0.5 hr to
about 15 hr”', preferably from about 0.5 hr' to about 10 hr'', more preferably
from about 1 hr' to about 5 hr”'.



the sane reactor, can be enployed since sone olefin saturation can take

pl ace, and olefin saturation and the desulfurization reaction are

gener al | ywexomhs2rsric. A portion of the heat generated duPCmgiso2/35954

hydr odesul furizati on can be recovered. Were this heat recovery option is
not avail abl e, conventional cooling may be performed through cooling
utilities such as cooling water or air, or through use of a hydrogen
guench stream In this manner, optinmumreaction tenperatures can be nore
easily maintained. [00191 In an enbodi ent, a catalytically effective
anount of one or nore hydrotreating catalysts are enployed in the first
sul fur renoval stage. Suitable hydrotreating catalysts may be conventi onal
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For exanple, if the catalyst were to weigh 100 g. then 20 wt% Group VIII

metal  wouperformed thraughx@odingatilties spclvas coolngwatear air, ohéhroughase . [ 00201

Pr ef er abl Ysg a]t] é_east one cat aln}/sf ,n the first. sul fur renoval _%tlage has t he
a hydrogen quench streami. In this manner, optimum reaction temperature

can be more easily maintained.

[0019] In an embodiment, a catalytically effective amount of one or more
hydrotreating catalysts are employed in the first sulfur removal stage. Suitable
hydrotreating catalysts may be conventional and include those which are
comprised of at least one Group VIII metal, preferably Fe, Co and Ni, more
preferably Co and/or N1, and most preferably Co; and at least one Group V1
metal, preferably Mo and/or W, more preferably Mo, on a high surface area
support material, preferably alumina. Other suitable hydrotreating catalysts
include zeolitic catalysts, as well as noble metal containing catalysts where the
noble metal is selected from Pd and Pt. It is within the scope of the present
invention that more than one type of hydrotreating catalyst be used in the same
bed or in a stacked bed arrangement. The Group VIII metal is typically present
in an amount ranging from about 0.1 to 10 wt%, preferably from about 1to 5
wt%. The Group VI metal will typically be present in an amount ranging from
about 1 to 20 wt%, preferably from about 2 to 10 wt%, and more preferably
from about 2 to 5 wt%. All metals weight percents are on catalyst. By “on

catalyst” we mean that the percents are based on the total weight of the catalyst.



foll ow ng properties: (a) a Mo concentration of about 1 to 10 vt %
preferably about 2 to 8 w% and nore preferably about 4 to 6 W% based
on the towelo3owerght of the catalyst; (b) a CoO concentratricarusot/3about 0.1
to 5 % preferably about 0.5 to 4 ww% and nore preferably about 1 to 3
wt % also based on the total weight of the catalyst; (c) a Co/M atomc
ratio of about 0.1 to about 1.0, preferably fromabout 0.20 to about 0. 80,
nore preferably fromabout 0.25 to abowt 0.72; (d) a nedian pore dianeter
of about 60A to about 200A, preferably fromabout 75A to about 175A, and
nore preferably from about 80A to about 150A; (e) a Mb3 surface

o U s M R TRt I Gy A
to about %@lag‘éﬁaﬁqutséé éh%Gg%_g{Jt@,gq.r@&af%% gn%ez?ué}dﬁé)ﬁ{mt er of less than

2.0 m pretera nm nore p dbly |l ess than about
1.4 mm and nost preferably as small as practical for a commercial hydrode-
sul furization process unit. The nost preferred catalysts will also have a
hi gh degriee0pf nRtefd¢rably), it asecyecqshlysicinahe dirstssubfina semedalostagenkas@hggen
Chem sorption Test described in "Structure and Properties of | ybdenum
Sul fi de: w}r&pr@ﬁelawsoé?@rwﬁpgmﬁwtmwd ot ddesi@ wirer preterahly
Activity," 8 I t aloy Sil -519

(1980) " wAPafi 7 to 2% Hndhofk prefckd WouP (B BoL el b R 50

Chemi sor ptieightisfhe bmmglsv;e(%) a€0@ cbhédiftration ML AR SR Pecfehdlei n
pul ses of oxygen are added to a. carder gas streamand thus rapidly

traverse waheutchdad swt%eahd more predenably, alidwe 1 toxdygthh, alsertiased pnitber wi | | be
from about 800 to 2,800, preferably from about, 00 to 2,200, and nore
pr ef er abl Wtﬁfwm&%&eﬁ ecBYyst; ZC)Z‘ géfMP.aﬁ%‘F“C BYRP rﬁ?&“é& 0 3/ 048273
2T 07153l KAREDL20 RS RSP 12,
i nor gani ¢ aBgntd® 73 U@ Arthedih poréllfmeter of about 60A to about 2004, preferably

from about 754 to about 1754, and more preferably from about 80A to about

150A; (e) a MoOs5 surface concentration of about 0.5 x 10 to about 3 x 10 g.

MoO,/m?, preferably about 0.75 x 10™ to about 2.5 x 10, more preferably from

about 1 x 10™ to about 2 x 10™; and (f) an average particle size diameter of less

than 2.0 mm, preferably less than about 1.6 mm, more preferably less than about

1.4 mm, and most preferably as small as practical for a commercial hydrode-

sulfurization process unit. The most preferred catalysts will also have a high

degree of metal sulfide edge plane area as measured by the Oxygen

Chemisorption Test described in “Structure and Properties of Molybdenum

Sulfide: Correlation of O, Chemisorption with Hydrodesulfurization Activity,”

S.J. Tauster et al., Journal of Catalysis 63, pp 515-519 (1980), which is

incorporated herein by reference. The Oxygen Chemisorption Test involves
edge-plane area measurements made wherein pulses of oxygen are added to a.
carrier gas stream and thus rapidly traverse the catalyst bed. For example, the
oxygen chemisorption will be from about 800 to 2,800, preferably from about
1,000 to 2,200, and more preferably from about 1,200 to 2,000 pumol
oxygen/gram MoQO;.



may be used for the catal yst support. Non-limting exanples of suitable
support materials include: zeolites, alumna, silica, titania, calcium

oxi de, stworiowszr3 oxi de, bari um oxi de, carbons, zirconia, pdiTAtSOBIVEOUS
earth, | anthanide oxides including ceriumoxide, |anthanum oxide,

neodyni um oxi de, yttrium oxide, and praesodyni um oxide; chrom a, thorium
oxi de, urania, niobia, tantala, tin oxide, zinc oxide, and al um num
phosphate. Preferred are alumna, siligg, and silica- alumna. Mre
preferred is alum na. For the catalysts with a high degree of netal

sul fide edge plane area of the present invention, magnesia can al so be
used. It is to be understood that the support nmaterial can contain small
amount  of002aht annrangrsbodioent, assupported|chtlyst is sinplayed iarthe fiastistage. net al

oxi des that can Be resent during the preparation, of the sug ort material.
These conf¥ii Swiable rgiractosy materal; praferabhyyiporgands oxide sypearts %F‘é are the

support a 1 refara e S & S g I Wt %
based on B%é’vl%eo'%saeﬁ f&éﬁg%%t%ly p‘ﬁ%‘é’%@ugg{’)’} ?l&lﬁﬁgi%gaﬁlgieé %r ehtgtralre(gsgl%'l15 _hgt t he
support nia@éial ilGuddiBsbiet] Alhind seecOtitarfiicdhlGan SadBagEshtiunt 1S an
enbodi ment of the present invention that about 0 to 5 w% preferably from
about 0. 5oxuledbaiviio, oxade] carlromspriedanabdigtoimazeoud cauth, Jlanthan@lewxides of an
additive be pci.esent. in t.Ee su‘g‘port : ich additi ve.d'&)s( sel ected from the
group con¥IHHdiRg CEruBLIEARJRLNARRE RES,) REOFyniER SXidSy YEHEYN P pI1A
(al kal i t enl odi ~ = LS. . pr oduct
stream f Fg%%% ﬁw‘:ﬁnrns&gg’l %§$#%§g®2+ﬁs é%%?ﬁeﬁatﬂ%\%%lta&t? %lag:lﬁ (ge’cont ain
from abouginkQXid€ ahdAPEmMRATPRO GRIAKE aPtefelded Bt Auhfing, sd$ca, Wl Isilkg- hydr ogen
sul fide that was not renoved in the first sulfur renoval stage is
fract i onaskuhina. dMdreguefeoredtis aluminae Ronahe catalysts witba highglegehgod a | i ght
fraction. The fractionation cut will take place at a

I%Egteirg? e sl qae Riatkues of the a’rﬁseFtr‘é‘é’Fﬁ‘%‘P%éBﬁ‘&%ﬁs’rﬁ??é"Plé‘%get nan about
s _ |
bound oot pet Y @b und G Bol ] (BE SHIMAY udaPer 3D AR B Am RN 8l TY

of contaminants, such as Fe, sulfates, silica, and various metal oxides that can be

[~

present during the preparation of the support material. These contaminants are
present in the raw materials used to prepare the support and will preferably be
present in amounts less than about 1 wt%, based on the total weight of the
support. It is more preferred that the support material be substantially free of
such contaminants. It is an embodiment of the present invention that about 0 to
5 wt%, preferably from about 0.5 to 4 wt%, and more preferably from about 1 to
3 wt%, of an additive be present in the support, which additive is selected from
the group consisting of phosphorus and metals or metal oxides from Group IA

(alkali metals) of the Periodic Table of the Elements.

[0022]  The product stream from the first sulfur removal stage, which will
typically contain from about 100 to 1,000 wppm organically bound sulfur as
well as hydrogen sulfide that was not removed in the first sulfur removal stage is
fractionated in a fractionation zone that is operated to produce a light fraction
and a heavy fraction. The fractionation cut will take place at a temperature that
will produce a light fraction containing less than about 100 wppm, preferably

less than or equal to about 50 wppm, of organically bound sulfur. This tempera-



tore will typically be in a range from about 130F to 240F, preferably in
the range of about 180F to about 210F. In general, the light fraction wll
contain welmtus2esy high | evels of olefins in addition topcal@esssy | ow

| evel s of sulfur. This lighter fraction wll also contain sone of the
hydrogen sul fide that was produced during first stage hydrodesul furization
by the conversion of organically bound sul fur species. The lighter
fraction is stripped of at |east a pontioon of this hydrogen sulfide and is
now suitable for blending with the gasoline pool at the refinery. The
stripped hydrogen sulfide is disposed of in a safe and environnental ly
acceptabl e manner. Any stripping agent can be used that is suitable for
thi s pur ptee. widbiypeallydean asiange piony abewetnt39°Hrid 240PF ppiefagablyandhe i ons ar e
wel | known in (%jga,eb art _and non-limting stripping agents suitable for use
here i ncl GRRES oyhd 807 torahpah 2180 B senaral; oe2lghtifiiectioaawilbeontaiact i on

wi |l contain.relativel y,hi evel s, of sulfur .and, relatively |ow |evels of
ol ef i ns. W?gvﬁggegléfe‘%}sa%ﬁ}?%ﬁn? i %%(ﬁhgg?%aeﬂpgvegyggwgﬁﬁels Slsgmu"rem)val

st age t hatry$i; L e [ : v, @t [ sul fur of
this heav;rh%‘lsrsg%l?ieg%? Etﬁ%{n“llil;?%}b?l dr@téggﬁgﬁegtg? hgg{c?%? S%Zﬁn%%gﬁpg}r&gcesses

that can peodiwed duningifirst sagohygdedesulfurizaondly the agavémnuste

hydr odesul furi za- tion, adsorption, and extraction. Preferred is
hydr odesuPFaamcaly: kevng; sulfus species. v Ehe hightes deastipn is stripped ofistleast aror e

preferred. Such drodesul furi.zatigqn condi.tipns were.di scussed above. It
i's preferpggl%%{' %@"g ?fh?ulﬁ'ﬁe(ﬂ‘géﬁf}gm%ﬁab%tf?’\tf’ﬁeé’dllﬁ‘%m‘ﬂ% Sction be
greater tBagliRGRIar e efin& AN ' ARHCLS di m the
second su?fur rg]rmval stlague1 22 we fﬂ‘ggéﬁgpﬁ%@g?ggt er %S#éﬁ;({sﬁg%gﬂngunt of

or ganosul fafe and emvabonmentatlyruceptatleomahndrh Mg stiigpingfapant ¢arbeanskd: he

heavy fraction. It is also preferred that the conbined streamcontain from
about 5 thatsosuifabls B dhisauupess: Cogyengopalssirippingmgestsarebgsppingl2 [ 0024]

I'n anot heEor?tﬁPlggé arrl%n\;[véll E(quwlnrﬂl/ ?l% At %ngienlo%'gl?r%it&ﬁ)g S 'ig%}ngoggefn 3 suritea%ﬂ*! at-

for use here include fuel gas, nitrogen, and steam.

[0023] The heavier fraction will contain relatively high levels of sulfur and
relatively low levels of olefins. This heavier fraction is conducted to a second
sulfur removal stage that is capable of reducing the level of organically bound
sulfur of this heavy fraction. Non-limiting examples of sulfur removal processes
that can be used in this second sulfur removal stage include hydrodesulfuriza-
tion, adsorption, and extraction. Preferred is hydrodesulfurization with selective
hydrodesulfurization being more preferred. Such hydrodesulfurization
conditions were discussed above. It is preferred that the amount of organosulfur
in the light fraction be greater than the amount of organosulfur in the product
stream from the second sulfur removal stage as well as being greater than the
amount of organosulfur in a stream comprised of both the light fraction and the
heavy fraction. It is also preferred that the combined stream contain from about

5 to 50 wppm organosulfur.



ing the cut-point in the fractionation step of the naphtha desul furization
process. In the fractionator, where the first product streamis separated
into a | iglosohsasti on and a heavy fraction, the fracti on@&dTorsoz/si9spoi nt
woul d be selected at a tenperature that results in mnimzing the
organosul fur present in a conbined stream conprising the stripped |ight
fraction and the second product stream The organosul fur may be mnim zed
into a target sulfur level range, and _tjie. target sulfur level wll
preferably range from about 0 ppmto about 50 ppm based on the wei ght of
t he conbi ned stream This aspect of the invention is particularly
beneficial when sel ectjve hydrodesul furization is enployed in the first

stage, and?93ftle phy anatherzmbodiment.the ipvspsion;rehterctocapethes for segrat-f ol | ow
ing the fi.r t age .are he .mer capt.ans, ch .a C6 .ner capt ans and
e | g RRRRLR BERABRAGEPED Br B flutiRe SRl ZOB PTGk e: he

i nvention. ; GoBR ¢ . . : 14, f ock, whose
properti egnaftgée(ﬁg?d\llg%a]t?l% Tab?gglﬁﬁsgkbévw%gﬁgggé%gﬁ%yagg esul furized

in two st dgetiontind o haasty frackiony thecimotidnasibagat poinedould be aklstede@apr i sed of
about 4.3 wt% Mo@B and 1.2 wt % CoO on an al um na support having a surface
area of ab¥uperaggeibatgesits in mpdmizing sheorgangswfurprosenaiwatcogiinedrhe second

sul fur re stage.usad a.catal.yst. conprised of about 15.0 wt % MbO3 and
4.0 W% cg%\é%h uTSing s %UBB%‘?[‘EE%%?W%”P%‘@@W&&%“ Pradugt sEemBe 260 ne/ g
and a medTHy @phfostl RFBE bOhiRRAYEd iff04: taR : 2 d in both
the first st adgg and the ds?/;conclj st age? age gé{e‘f’&?@@tl@?ﬂaﬁlgg{‘a}dﬁl el ow. WO
03/ 048273 targaY ke /1869 54l prefedablyabhge frobr aen 0 gam @b abaat Sappinha Feed APl
Gavity 5%.5 Specific Gavity, cc 0.757 _
ased on the weight of the combined stream. This aspect of the invention is
particularly beneficial when selective hydrodesulfurization is employed in the
first stage, and more particularly when the reversion mercaptans present follow-

ing the first stage are heavy mercaptans, such as Cs or Cs mercaptans and higher.
[0025])  The following examples are presented to illustrate the invention.

Example | (Comparative)

[0026] A cat naphtha feedstock, whose properties are given in Table 1 below,
was selectively hydrodesulfurized in two stages. The first sulfur removal stage
used a catalyst comprised of about 4.3 wt% MoOj3 and 1.2 wt% CoO on an
alumina support having a surface area of about 280 m%/g and a medium pore
diameter of about 95A. The second sulfur removal stage used a catalyst
comprised of about 15.0 wt% MoO; and 4.0 wt% CoO on an alumina support
having a surface area of about 260 m*/g and a medium pore diameter of about
80A. Process conditions used in both the first stage and the second stage are set

forth in Table 2 below.



Sul fur, wppm 1385 Brom ne Nunber, cg/g 70.2 Boiling Point, F 5 vol % 141. 4
50 vol % 209.6 95 vol % 354.6 Table 2 Reactor Conditions Operating
Condi t i onwol39u82%k age 2nd Stage_ LHSV, hr"' 3.4 7.0 Rea®carusar/359sF 518
515 Treat Gas Ratio, SCF/ B 1610 2000 Treat Gas Purity, nol.% H2 100 75
Average Reactor Pressure, psia 268 352 Reactor Qutlet Hz artial pressure,
psia 160 166 [00271 The reaction product after the first stage and the
product after the second stage were anpdyzed and the results are shown in
Table 3 below. Table 3 Properties of Reactor Products First Stage Product
Second Stage Product Total Sulfur, wppm 168 10.5 LBrom ne Nunber, cg/g
56.1 34.1 [00281 This exanple shows that the cat naphtha, after
hydr odesul furi zation contains 10.5kaded sul fur and has a broni ne nunber of
34.1 cg/g. The bromine nunber trans]ates to apn o] efin content of about
gt B

20.0 Wt % WO 03/ 048273 PCT/Rreoertpseifat e 2
API Gravity 55.5
Specific Gravity, g/cc 0.757
Sulfur, wppm 1385
Bromine Number, cg/g 70.2
Boiling Point, °F
5 vol% 141.4
50 vol% 209.6
95 vol% 354.6
Table 2
Reactor Conditions
Operating Conditions 1st Stage 2nd Stage
LHSV, hr'! 3.4 7.0
Reactor EIT, °F 518 515
Treat Gas Ratio, SCF/B 1610 2000
Treat Gas Purity, mol.% Hj 100 75
Average Reactor Pressure, psia 268 352
Reactor Outlet H, partial pressure, psia 160 166

[0027]  The reaction product after the first stage and the product after the

second stage were analyzed and the results are shown in Table 3 below.

Table 3

Properties of Reactor Products

First Stage Product Second Stage Product
Total Sulfur, wppm 168 10.5
Bromine Number, cg/g 56.1 34.1

[0028]  This example shows that the cat naphtha, after hydrodesulfurization
contains 10.5 wppm sulfur and has a bromine number of 34.1 cg/g. The bromine

number translates to an olefin content of about 20.0 wt%.



[ 00291 The procedure of Exanple | was foll owed except the first stage
product was fractionated into a C5-195F fraction and a 195-430F fraction.
The firswosBage7product and fractions are characterized iPeTMeE0k/B5944 bel ow.
Table 4 Properties of Product Cuts First Stage C5 - 195 Cut 195 - 430 Cut
Product after First Stage after First Stage Sulfur, wppm 168 19 260

Brom ne Nunber, cg/g 56.1 81.9 42.8 [00301 The nearly sulfur-free C5-195F
fraction, once stripped of hydrogen _sujfide, can go directly to nogas

bl endi ng. The 195-430F fraction is processed in a second

hydr odesul furi zati on stage to renove nost of the sulfur fromthis cut.
Final fraction properties and the properties of the conbined full range
napht ha dfxamplar?act eri zed in Table 5 below. Table 5 Second St age Product
and Final Product Blend Properties 195 - 430F Cut Tot al - 430F Product

f d f % 58.
Sul fur g, 5 he Proesrtaf Rihible Mugrgbudheey gﬁﬁﬁ@%ﬁ%‘%@@i i 5 exanpl e,
the full 53008 NAPRLOGon A ﬁﬁ%gﬁsﬂwwmrﬁﬁ{d 21195 B0 RifAEidA. WM sul f ur

and has rom ne nu 6 cq/ The brom ne nunber translates to an
ol efin Coﬁ'xts?E'tfa%@ l@di&vhnaﬁaétlwﬂ&me\/&ﬁaWéamﬁa RGI¢ WBRAN85954 - 15 [00321

In order to naKe a direct conparison between the conventional process

Wi t hout interstage fractionation verTSllj)ls ihe process of the present
able

Properties of Product Cuts

First Stage C5 - 195 Cut 195 - 430 Cut
Product after First Stage after First Stage
Sulfur, wppm 168 19 260
Bromine Number, cg/g 56.1 81.9 42.8

[0030]  The nearly sulfur-free Cs-195°F fraction, once stripped of hydrogen
sulfide, can go directly to mogas blending. The 195-430°F fraction is processed
in a second hydrodesulfurization stage to remove most of the sulfur from this
cut. Final fraction properties and the properties of the combined full range

naphtha are characterized in Table 5 below.

Table 5
Second Stage Product and Final Product Blend Properties
195 - 430°F Cut Total Cs - 430°F Product
after Second Stage after Hydrotreating
Cat Naphtha Fraction, wt% 58.28 100
Sulfur, wppm 9.1 13
Bromine Number, cg/g 27.2 48.6

[0031] In this example, the full range naphtha, after hydrodesulfurization
contains 13 wppm sulfur and has a bromine number of 48.6 cg/g. The bromine

number translates to an olefin content of about 28.5 wt%.



Invention with interstage fractionation a kinetic nodel was used to adj ust
the interstage fractionation case to a product |evel of 10.5 wppm sul fur
at the cwodiBtkgs set forth in Table 6 bel ow with the comrganiSonsmss
process. The adjusted results are set forth in Table 7 below. Table 6.
Operating Conditions Used Wth Kinetic Mbdel Operating Conditions 1st
Stage 2nd Stage LHSV, hr-' 3.4 3.1 Reactor EIT, F 518 515 Treat Gas
Ratio, SCF/B 1610 2000 Treat Gas Purify,. nol.% H2 100 75 Average Reactor
Pressure, psia 253 337 Reactor Qutlet H2 partial pressure, psia 160 168
Tabl e 7 Second Stage Product and Final Product Bl end Properties 195 - 430F
Cut C5 - 430F Cut. after Second. Stage after H drotreatin Cat ,Naphtha
Fracti on, 4083} 58 ln@rdgdo mplis 4 P’eGWW@rEfOEd?%WeW%%VﬁHHB@l, cg/g 17.4

42.7 [00331 In this exanple, «h | , .

hydr odes uPFsesS, WIHGH mgegﬁt[ag?ﬁgc%ﬁél%{é@n@gﬁﬂ%ﬂﬁggﬁ %f?slégy%sre Bhi ne nunber of
42.7 cgl g; LA Ber ibhatisn akefeticomanelohgs hsedotonddinst thé about 25
wt % [003H¥EE§0§(¥%?§%}8{%§%$|{1612 preserves %bout 5 vvt%(ﬁnﬁogre ol efins
than Exaimestagediadtivaatiameadectoad produdelevtlf off 1¢atwppm sBuedt B8 an oct ane

correlation developed from pilot plan tglata, t he eservatign of about 5
Wt % ol ef i Aenditiens sef forth in faRled HElQy WIdLIRE CQRVHIUIONGL PEGERYt ey 0. 7 oct ane

nunber . 0,03/ 448213 CTLUSOA! 35PR%e 7 below

Table 6
Operating Conditions Used With Kinetic Model
Operating Conditions 1st Stage 2nd Stage
LHSV, hr” 34 3.1
Reactor EIT, °F 518 515
Treat Gas Ratio, SCF/B 1610 2000
Treat Gas Purity, mol.% H, 100 75
Average Reactor Pressure, psia 253 337
Reactor Outlet H; partial pressure, psia 160 168
Table 7
Second Stage Product and Final Product Blend Properties
195 - 430°F Cut Cs - 430°F Cut
after Second Stage after Hydrotreating
Cat Naphtha Fraction, wt% 58.28 100
Sulfur, wppm 5.0 10.5
Bromine Number, cg/g 17.4 42,7

[0033] In this example, the full range naphtha, after hydrodesulfurization
contains 10.5 wppm sulfur and has a bromine number of 42.7 cg/g. The bromine

number translates to an olefin content of about 25 wt%.

[0034] By comparison, Example 2 preserves about 5 wt% more olefins than
Example 1 at the same level of desulfurization. Based on an octane correlation
developed from pilot plant data, the preservation of about 5 wt% olefins results

in (RON + MON)/2 savings of approximately 0.7 octane number.



- 16 CLAIMs: 1. A process for hydrodesul furizing ol efinic naphtha
feedstreans and retaining a substantial anmount of the ol efins, which

f eedst r eawolgioks273 n t he range of about 50F (10C) to aboutrCABEGB2/§3232C) and
cont ai ns substantial amounts of organically bound sul fur and ol efins,

whi ch process conprises: a) hydrodesul furizing the feedstreamin a first
sul fur renoval stage in the presence of a hydrogen and a

hydr odesul furi zation catal yst, at hydrgpesul furiza- tion reaction
conditions including tenperatures from about 232C (450F) to about 427C
(800F), pressures of about 60 to 800 psig, and hydrogen treat gas rates of
about 1000 to 6000 standard cubic feet per barrel, to convert at |east
about 50 GLAIMIS:t he organically bound sulfur to hydrogen sulfide and to
produce a first product stream containing fromabout 100 to about 1, 000

wppm organically bound sul fur; b) fractionating sajd. product streaminto a
i ght frakti onAan@CaSSt@éi\hydqueé%ltfil%PgWh%fg@F r\mPﬁ@a?F%‘E{%ﬁe&mft cut poi nt

i t t t h. that the.Li i - t 100
wppm of GriaRmea TpsasiAk Rt s i WIRSh AR inTRe e, 2V ¢
-action c i S o] o ¢ i ; If dthe

stri Ippi ng%bg)luﬁ?ghf?ﬁfdr gg?al) gﬁ@%tfﬁa(}[ Fr(gggt(ggﬁgg?ér}%lﬁggg Bigifgﬁé}y%?%lgg%\ sul fide;

d) conducsf dlgaﬁilaﬁlly‘i bouR@elfhi gt olefias! whithgweyess comprisespr ocess; e)
conducting the heavy fraction to a second sul fur renoval stage wherein at

| east a portion of the remaining organically bound sulfur is renmoved. WO
03/ 048273 PCT/ 4)SAgdRaebdfurizidd tlk fetdstreamo des firef sutfuairemovehstags m thée cut

point is at a tenperature wherein the organically bound sul f Level of
t he |i ghtpreserseiadn hylregemand a hydrqdesulfurzationgasaly st gt ﬁb(iy,qﬁesu%unza-

tion reaction conditions including temperatures from about 232°C (450°F) to
about 427°C (800°F), pressures of about 60 to 800 psig, and hydrogen treat gas
rates of about 1000 to 6000 standard cubic feet per barrel, to convert at least
about 50 wt% of the organically bound sulfur to hydrogen sulfide and to produce
a first product stream containing from about 100 to about 1,000 wppm

organically bound sulfur;

b) fractionating said product stream into a light fraction and a heavy
fraction, wherein the fractionation cut point is at a temperature such that the light
fraction contains less about 100 wppm of organically bound sulfur and some

hydrogen sulfide and the heavy fraction contains the remainder of the

organically bound sulfur;
¢) stripping the light fraction of at least a portion of its hydrogen sulfide;
d) conducting the stripped light fraction away from the process;

e) conducting the heavy fraction to a second sulfur removal stage

wherein at least a portion of the remaining organically bound sulfur is removed.



3. The process of claim1 wherein the naphtha feedstream contains from
about 1,000 to about 6,000 wppm sul fur and up to 60 wt % ol efi ns
concent r awioa/048243 The process of claim 1 wherein the hydmrotrresat/ssvgs
catalyst is conprised of at |east one Goup VIII netal, and at |east one
G oup VI netal on an inorganic netal support, wherein the G oups are
selected fromthe Periodic Table of the Elenents. 5. The process of claim
4 wherein the inorganic oxide support_is_selected fromthe group
consisting of zeolites, alumna, silica, titanic, calciumoxide, strontium
oxi de, barium oxide, carbons, zirconia, diatonmaceous earth, cerium oxide,

| ant hanum oxi de, neodyni um oxi de, yttrium oxi de, and praesodyni um oxi de;
chronic, 2hori Thegxockss ofickminal whietsin ghe eutrmoantas at pieBRE@EUEMNEEWC oxi de.

6. The process of claim ereint up VLIl .metal is selected fromN

and Co anﬂlqw?éa@céub?’?}mﬁié%‘ pr leeé’e‘\/BP &?Fﬁg%ﬁg‘aﬁp%é%%q‘lfﬂ t‘&loéi??‘ﬁsgﬁ%er ein the

anount of nmetal in the hydrotreating catalyst is fromabout 1
At . i

to 5 m% unt of Goup VI netal is fromabout 1 to 15 wt% which
wei ght percents are based on the total weight of the catalyst. 8. The

process of cl akip.l, WOek oF R1ARe1 WHdrGH aphdptth# fedsfe fiRlcdnydihs from conpri sed
of a Mo catalytic conponent, a Co catal yti'c conponent and a support

conponent abyat NObh € Mo @PENeppnbsilfig audagett 60 wt¥nolefins concdntfatiom 1 to 10
wt % cal cul ated as MbO3 and the Co conponent being present in an anmount of
from0.1 to 5 wt%calculated as CoO, with a Co/M atomc ratio of 0.1 to 1.
WO 03/ 048373 PCheyp02ds8 o095 aim [L&/herein the bpdosehong hytdhyst éscomnprised ofg

ol efinic naphtha feedstreans and retain- i stantial anount. of
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5. The process of claim 4 wherein the inorganic oxide support is selected
from the group consisting of zeolites, alumina, silica, titania, calcium oxide,

strontium oxide, barium oxide, carbons, zirconia, diatomaceous earth, cerium
oxide, lanthanum oxide, neodynium oxide, yttrium oxide, and praesodynium

oxide; chromia, thorium oxide, urania, niobia, tantala, tin oxide and zinc oxide.

6. The process of claim 5 wherein the Group VIII metal is selected from Ni

and Co and the Group VI metal is Mo.

7. The process of claim 6 wherein the amount of Group VIII metal in the
hydrotreating catalyst is from about 1 to 5 wt% and the amount of Group VI

metal is from about 1 to 15 wt%, which weight percents are based on the total

weight of the catalyst.

8. The process of claim 1 wherein the hydrodesulfurization catalyst is
comprised of a Mo catalytic component, a Co catalytic component and a support
component, with the Mo component being present in an amount of from 1 to 10
wit% calculated as MoOj; and the Co component being present in an amount of

from 0.1 to 5 wt% calculated as CoO, with a Co/Mo atomic ratio of 0.1 to 1.



a) hydrodesul furizing said feedstreamin a first sulfur renoval stage in
the presence of a hydrodesul furization catal yst conprised of at |east one
G oup VIWDogmisglisz and at | east one G oup VI netal, at rea®Crarsozssyedti ons
including tenperatures from about 450F to about 800F, pressures of about
60 to 150 psig, and hydrogen treat gas rates of about 2000 to 4000
standard cubic feet per barrel, wherein at |east about 50 wt % of the
organi cally bound sulfur is convertedigo hydrogen sulfide and to produce a
first product streamcontaining fromabout 100 to 1, 000 wppm organically
bound sul fur; b) fractionating said first product streaminto a |ight
fraction and a heavy fraction, wherein the fractionation cut point is at a
tenperature such that the light fraction contains |ess than about 100 wppm
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barrel, wherein at least about 50 wt% of the organically bound sulfur is

converted to hydrogen sulfide and to produce a first product stream containing

from about 100 to 1,000 wppm organically bound sulfur;

b) fractionating said first product stream into a light fraction and a heavy
fraction, wherein the fractionation cut point is at a temperature such that the light
fraction contains less than about 100 wppm organically bound sulfur and
hydrogen sulfide and the heavy fraction contains the remainder qf the

organically bound sulfur from said first product stream;

c) stripping the light fraction of at least a portion of its hydrogen sulfide;
d) collecting said stripped light fraction;

e) hydrodesulfurizing said heavy fraction in a second sulfur removal
stage in the presence of a hydrodesulfurization catalyst comprised of at least one
Group VIII metal and at least one Group V1 metal at hydrodesulfurization
conditions to remove at least a portion of the organically bound sulfur of said

heavy fraction, and to produce a second product stream, and



11. The process of claim9 wherein the Goup VIII nmetal is selected fromN
and Co and the G oup VI netal is Mb. 12. The process of claim 10 wherein

t he amounwvoaB/o@2esip VII1 metal in the hydrotreating catalPg3tusos3sosom about
1to 5 w%and the anpunt of Goup VI netal is fromabout 1 to 15 wt%

whi ch wei ght percents are based on the total weight of the catalyst. 13.
The process of claim9 wherein the hydrodesul furization catalyst is
conprised of a M catal ytic conponent, ;g Co catal ytic conponent and a
support conponent, with the Mo conponent being present in an anount of
froml to 10 wt % cal cul ated as MbG3 and the Co conponent being present in
an amount of fromO. 1 to 5 wt%calculated as CoO, with a Co/M atomc
ratio of 0. 1 to 1. 14. The process of claim9 wherein the content of

or gani cal |y bofjncorabinfing sdid strippeddigtit fimetiohivgith sfid actorahpiosluge gegasr. t han
the content of organically bound sulfur in the second product stream 15.
The process of claim9 wherein the content of organically bound sulfur in
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strontium oxide, barium oxide, carbons, zirconia, diatomaceous earth, cerium
oxide, lanthanum oxide, neodynium oxide, yttrium oxide, and praesodynium

oxide; chromia, thorium oxide, urania, niobia, tantala, tin oxide and zinc oxide.

11.  The process of claim 9 wherein the Group VIII metal is selected from Ni

and Co and the Group VI metal is Mo.

12.  The process of claim 10 wherein the amount of Group VIII metal in the
hydrotreating catalyst is from about 1 to 5 wt% and the amount of Group V1

metal is from about 1 to 15 wt%, which weight percents are based on the total

| weight of the catalyst.

13.  The process of claim 9 wherein the hydrodesulfurization catalyst is
comprised of a Mo catalytic component, a Co catalytic component and a support
component, with the Mo component being present in an amount of from 1 to

10 wt% calculated as MoOs and the Co component being present in an amount of

from 0.1 to 5 wt% calculated as CoO, with a Co/Mo atomic ratio of 0.1 to 1.

14.  The process of claim 9 wherein the content of organically bound sulfur in
the stripped light fraction is greater than the content of organically bound sulfur

in the second product stream.

15.  The process of claim 9 wherein the content of organically bound sulfur in
the stripped light fraction is greater than the content of organically bound sulfur
in the combined stream comprised of both the stripped light fraction and the

second product stream.



