PROCESS TO MANUFACTURE LOW SULFUR FUELS FI ELD OF THE

| NVENTI ON [ 0001] The instant invention relates to a
w@e@sesxisd or upgradi ng of hydrocarbon ni xt ur espdDUB200g024128

wi thin the naphtha range. Mre particularly, the

instant invention relates to a process to produce high

octane, |ow sul fur naphtha products through the

si mul t aneous skel etal isomerization of feed ol efins

and sel ective hydrotreating.-l1BACKGROUND OF THE

I NVENTI ON [ 0002] Liquid hydrocarbon streans that boil

w thin the naphtha range, i.e. below 2320C, and

produced fromthe Fluidized Catalytic Cracking Unit
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are al'so rich in ol efi ns, which boost octane, a
desirable quality in notor gasolines. [0003] Thus,

BAGKGROUND OF THE INVGINTEON oped to produce | ow
sulfur products from naphtha boiling range streams

l e ' fo
0808, EIAFIRY AR R RS B BB ntelh e £ below
230P€S#nd produced from the Fluidized Catalytic Cracking Unit ("FCC") are

typically used as blending components for motor gasolines. Environmentally

driven regulatory pressure concerning motor gasoline sulfur levels is expected to
result in the widespread production of less than 50 wppm sulfur mogas by the year
2004. Levels below 10 wppm are being considered for later years in some regions
of the world, and this will require deep desulfurization of naphthas in order to
conform to emission restrictions that are becoming more stringent. The majority,
i.e., 90% or more, of sulfur contaminants present in motor gasolines are typically
present in naphtha boiling range hydrocarbon streams. However, the naphtha
boiling range streams are also rich in olefins, which boost octane, a desirable

quality in motor gasolines.

[0003] Thus, many processes have been developed to produce low sulfur
products from naphtha boiling range streams while attempting to minimize olefin
loss, such as, for example, hydrodesulfurization processes. However, these

processes also typically hydrogenate feed olefins to some degree, thus reducing the



processes also typically hydrogenate feed olefins to
sone degree, thus reduci ng theoctane nunber of the
w@emdoc4s9 Ther ef ore, processes have been devel pEEUSI004024128
recover octane |ost during desul furization.
Non-limting exanples of these processes can be found
in United States Patent Nunmbers 5,298, 150; 5, 320, 742,
5, 326, 462; 5,3 18, 690; 5, 360,532; 5,500,108; 5,5
10, 016; and 5, 554, 274, which2are all incorporated
herein by reference. In these processes, in order to
obt ai n desirabl e hydrodesul furization with a reduced
octane loss, it is necessary to operate in two steps.
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stepeANherfinsystepasa hydmdéewlﬁhmmmnksyqﬁ)andmlmbond Repaacavers
& Engi neering Conpany in which olefinic naphthas are
octasiedest drsing hedrodeswlfur@ationt h 1ittle loss in octane.
U S. Patent Nos. 5,985,136; 6,013,598; and 6, 126, 814,
all of which are incorporated by reference herein,
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process, referred to as SCANfining, has been developed by ExxonMobil Research
& Engineering Company in which olefinic naphthas are selectively desulfurized
with little loss in octane. 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. Although selective hydrodesulfurization processes have been
developed to avoid significant olefin saturation and loss of octane, such processes
have a tendency to liberate H,S a portion of which may react with retained olefins

to form mercaptan sulfur by reversion.

[0005]  Thus, there still exists a need in the art for a process to reduce the sulfur
content in naphtha boiling range hydrocarbon streams while minimizing octane loss

and mercaptan reversion.



content in naphtha boiling range hydrocarbon streans
while mnimzing octane | oss and nercapt an
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invention is directed at a process for producing | ow
sul fur napht ha products through sinultaneous skel etal
olefin isonerization and sel ective desul furization.
The process conprises: a) contacting a naphtha boiling
range feedstream containing organically bound sul fur
and olefins in a reaction zone, operated under
effective hydrotreating conditions and in the presence
of hydrogen-containing treat gas, with a supported
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BRIEF DESCRIPTION OF THE FIGURES

[0007]  Figure 1 compares results obtained from the Examples herein at constant

bromine number reduction.

[0008] Figure 2 compares product iso-olefin to n-olefin ratios of products

resulting from the Examples herein.

[0009] Figure 3 compares product iso-paraffin to n-paraffin ratios of products

resulting from the Examples herein.



[0011] In the hydrotreating of naphtha boiling range
feedstreans, olefins are typically saturated in the
whyasoixeat i ng zone resulting in a decrease i NPODUSI004/024128
nunber of the desul furized product. However, the
present invention reduces the decrease in octane of
the desul furized product through the use of a novel
process involving contacting a naphtha boiling range
feedstreamin a reaction zoné- operated under effective
hydrotreating conditions. This reaction zone contains
a supported catal yst conprising at |east one nedi um
pore zeolite, 0.1 to 27 wt.% of at |east one G oup
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[0012]  The desulfurized product thus obtained has a higher iso-paraffin to n-
paraffin ratio, and thus a higher octane than a desulfurized naphtha treated by a
selective or non-selective hydrotreating process only, i.e., without an octane
recovery step. The higher octane of the desulfurized product results from the
unexpected finding by the inventors hereof that by operating the reaction zone
under conditions effective for encouraging the skeletal isomerization of n-olefins to
iso-olefins results in a desulfurized naphtha product having a higher octane number
than a desulfurized product resulting from a selective hydrodesulfurization process
only. The inventors hereof have found that the degree of skeletal isomerization of
n-olefins to iso-olefins benefits the final product because the saturation of iso-
olefins to iso-paraffins that occurs in the reaction zone herein provides for less

octane loss in the final product when compared to the saturation of n-olefins to n-



typically slower than that ofn-olefms. Therefore, by
increasing the ratio ofisoolefms to n-ol ef ms present
wo moshedseact i on zone effluent, the resulting PCT/US2004/024128
desul furi zed napht ha product exiting the reaction zone
al so typically has a higher iso-olefin to nolefin
ratio as well as a higher olefin content, and thus a
hi gher octane than a desul fyrized naphtha treated by a
sel ective or non-sel ective hydrotreating process only.
[0013] In the hydroprocessing of naphtha boiling range
hydr ocarbon feedstreans, it is typically highly
desirable to renmove sul fur-containing conpounds from
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t aki ng place. [0014] Feedstreans suitable for use in
ltyhe_ present invention include naphtha boiling range
refinery streans that typically boil in the range of
500F (100C) to 45Q0F (2320C) containing both ol efins
[0(}5113(}1 SUhfthi¢ hgzdxtmlpabdasmgg@f mqaphmhd§101rrmgjsa,ngeﬂ76’dr@qaﬁbon
'napht ha boiling range feedstreant as ed herei
feadatreeuuast tsHypisaby qﬁ‘f&k’i“rﬂﬂ@ [ RCTBP %G ?‘ﬁ o?ﬂf%k‘mb% cqippounds

TR N
poddiIENY RIS P dLditablk to convert as much of the organic sulfur species
of the naphtha to hydrogen sulfide with as little mercaptan reversion as possible.
By mercaptan reversion we mean the reaction of hydrogen sulfide with olefins
during the hydrotreating to form undesirable alkylmercaptans. The inventors
hereof have unexpectedly found that through the use of the presently claimed
invention, high levels of sulfur can be removed from an olefinic naphtha stream

without excessive olefin saturation or mercaptan reversion taking place.

[0014] Feedstreams suitable for use in the present invention include naphtha
boiling range refinery streams that typically boil in the range of 50°F (10°C) to
450°F (232°C) containing both olefins and sulfur containing compounds. Thus, the
term "naphtha boiling range feedstream" as used herein includes those streams
having an olefin content of at least 5 wt.%. Non-limiting examples of naphtha
boiling range feedstreams that can be treated by the present invention include fluid

catalytic cracking unit naphtha (FCC catalytic naphtha or cat naphtha), steam



catal ytic cracking unit naphtha (FCC catal ytic naphtha

or cat naphtha), steantracked naphtha, and coker
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wi th non-ol efinic naphthas as |long as the blend has an

olefin content of at least 5 w.% based on the total

wei ght of the naphtha feedstream [0015] Cracked

napht ha refinery streans generally contain not only

par af fi ns, napht henes, and aPomatics, but also

unsat urates, such as open-chain and cyclic ol efins,

di enes, and cyclic hydrocarbons with ol efinic side

chai ns. The ol efi ncont ai ni ng napht ha feedstream can

cravhed aiaphta, avecekdr naprfhianAleo neeidédbieWle &6l S18fiAR naphthas
high as 70 wt.% nore typically as high as 60 w. %"
withdonredafiniy paplthhs ag loog & the blenddhasanvalefia coheent of at least 5

qQl ef i n-.cont ai_ni naphtha feedstream can al so have a
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typically present in a range from5 wppmto 500 wppm

weliglo 8 ]thd Feedfoells (Tiheaubfun sentehteo £ihe rmphthayfeedstdayn will
preheated prior to entering the reaction zone herein
gengrally range em 3 hyrpm oy fl00wppms mrage tyicaldy fiee 100 wppm to

5056 (&%%trﬁ,va%d most typically from 100 to 3000 wppm. The sulfur will usually
be present as organically bound sulfur. That is, as sulfur compounds such as simple
aliphatic, naphthenic, and aromatic mercaptans, sulfides, di- and polysulfides and
the like. Other organically bound sulfur compounds include the class of
heterocyclic sulfur compounds such as thiophene, tetrahydrothiophene,
benzothiophene and their higher homologs and analogs. Feedstreams suitable for
use herein can also contain nitrogen contaminants that are typically present in a

range from 5 wppm to 500 wppm.

[0016] The feedstreams used herein are typically preheated prior to entering the
reaction zone herein and final heating is typically targeted to the effective
hydrotreating temperatures. If the naphtha boiling range feedstream is preheated, it
can be reacted with the hydrogen-containing treat gas stream prior to, during,

and/or after preheating. At least a portion of the hydrogen-containing treat gas can



hydrotreating tenperatures. If the naphtha boiling

range feedstreamis preheated, it can be reacted with
WO b@sloydsogen- cont ai ni ng treat gas stream pri OPCT/US2004/024128

during, and/or after preheating. At |east a portion of

t he hydrogen-contai ning treat gas canal so be added at

an internediate location in the reaction zone.

Hydr ogencont ai ni ng treat gasses suitable for use in

the presently disclosed proc#ss can be conprised of

substantially pure hydrogen or can be m xtures of

ot her conponents typically found in refinery hydrogen

streans. It is preferred that the hydrogencontai ni ng
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medi um pore zeolrte. Zeolites are porous crystalline
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Angstrons, such that the zeolite freely sorbs

nol ecul es such as n-hexane, 3-nethyl pentane, benzene
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medi um pore zeolites involves the Constraint |ndex
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Structure Types, W.M. Maier and D.H. Olson, Butterworths. Typically, medium

pore zeolites are defined as those having a pore size of 5 to 7 Angstroms, such that
the zeolite freely sorbs molecules such as n-hexane, 3-methylpentane, benzene and
p-xylene. Another common classification used for medium pore zeolites involves
the Constraint Index test which is described in United States Patent Number
4,016,218, which is hereby incorporated by reference. Medium pore zeolites
typically have a Constraint Index of 1 to 12, based on the zeolite alone without
modifiers and prior to treatment to adjust the diffusivity of the catalyst. Preferred
medium pore zeolites for use herein are selected from ZSM-23, ZSM-12, ZSM-22,
ZSM-57, and ZSM-48, with ZSM-48 being the most preferred.

[0018]  Another means of describing zeolites is alpha value or number. Alpha

value, or alpha number, is a measure of zeolite acidic functionality and is more



nmodi fiers and prior to treatnment to adjust the
diffusivity of the catalyst. Preferred medi um pore
wQembi1asy f or use herein are sel ected from ZSM@BYS2004/024128
ZSM 12, ZSM 22, ZSM 57, and ZSM 48, with ZSM 48 bei ng
the nost preferred. [0018] Another means of describing
zeolites is al pha value or nunber. Alpha value, or
al pha nunber, is a nmeasure of zeolite acidic
functional i ty and is rmoref urd- y described together with
details of its nmeasurenent in United States Patent
Nunmber 4,016,218, J. Catalysis, 6, pages 278-287
(1966) and J. Catalysis, 61, pages 390-396 (1980),
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[0019]  The medium pore zeolites used herein are typically combined with a
suitable porous binder or matrix material. Non-limiting examples of such materials
include active and inactive materials such as clays, silica, and/or metal oxides such
as alumina. Non-limiting examples of naturally occurring clays that can be
composited include clays from the montmorillonite and kaolin families including
the subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia,
and Florida clays. Others in which the main mineral constituent is halloysite,
kaolinite, dickite, nacrite, or anauxite may also be used. The clays can be used in
the raw state as originally mixed or subjected to calcination, acid treatment, or

chemical modification prior to being combined with the medium pore zeolite.



as alumna. Non-limting exanples of naturally
occurring clays that can be conposited include clays
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t he subbentonites, and the kaolins comonly known as
D xi e, McNanee, Ceorgia, and Florida clays. OQhers in
which the main mneral constituent is halloysite,
kaolinite, dickite, nacrite, or anauxite may al so be
used. The clays can be used ¥n the raw state as
originally m xed or subjected to calcination, acid
treatnment, or chem cal nodification prior to being
corrbi ned with the nedi um pore zeolite.[0020] It is
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al so conprises 0.1 to 27 wt.%of at |east
mos;tg)qgég%bgﬂl%[ netal oxide and 1 to 45 wt. % of at

| east one Group VI nmetal oxide.. The at | east one
Goup VII'l netal oxide concentratl on of the catalysts
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FERY HiFRT GhoRSte AR ¢S Qn%iij,nﬁlﬁpﬁi%stZ&%férﬁﬁlyQZo. Preferred
Group VI metal oxides are those selected from Mo and W, more preferably Mo.
The at least one Group VIII metal oxide and the at least one Group VI metal oxide
can be incorporated onto the above-described supported medium pore zeélite by
any means known to be effective at doing so. Non-limiting examples of suitable
incorporation means include incipient wetness, ion exchange, mechanical mixing of

metal oxide precursor(s) with zeolite and binder, or a combination thereof.

[0022] The reaction zone used herein can be comprised of one or more fixed bed
reactors or reaction zones each of which can comprise one or more catalyst beds of
the same or different catalyst. Thus, it is within the scope of the instant invention
that catalysts comprising different zeolites, different Group VIII and Group VI
metal oxides, and mixtures thereof be used in the same reaction vessel. Although

other types of catalyst beds can be used, non-limiting examples of suitable bed



any neans known to be effective at doing so.

Non-limting exanpl es of suitable incorporation neans
WO p@b00t=E59 nci pi ent wet ness, i on exchange, necheoi/vsto04/024128

m xi ng of metal oxide precursor(s) with zeolite and

bi nder, or a conbination thereof. [0022] The reaction

zone used herein can be conprised of one or nore fixed

bed reactors or reaction zones each of which can

conprise one or nore catal yst0-beds of the same or

different catalyst. Thus, it is within the scope of

the instant invention that catal ysts conprising

different zeolites, different Goup VIII and G oup VI
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enc eam 'S manner, optinmum reaction
tenperatures can be nore easily maintained. [0023] As
stated above, the above-defined naphtha boiling range
[0023)dst Asatated abav a) itgatmrvgads fosid napbthatebibing framgeafeddstream

olefins is contacte ith the supported catal yst

CopERINE T EANERIY homfeﬁj sulFarznd QJaing ﬁec%%ﬁl%f Bt fhasppported

fifective hydrotreating. [ L] i .
oS 1 RSP WL R rgorin
coplftforR! B4 EfedtRle Hﬁﬁoﬁ&&i@; @ndiBONE it i3 Aida@P tifse@bnditions that

east 20 "W . % of t'he n-olefins present in
provide for the skeletal isomerization of at least 20 wt.% of the n-olefins present in
the feedstream to iso-olefins, preferably at least 40 wt.%, more preferably at least
50 wt.%. By skeletal isomerization, it is meant the reorientation of the molecular
structure of the normal olefins (n-olefins) with a preference for branched chain iso-
olefins over straight. Thus, skeletal isomerization, as used herein, refers to the
conversion of a normal olefin to a branched olefin or to the rearranging or moving
of branch carbon groups, which are attached to the straight chain olefin molecule,
to a different carbon atom, and non-skeletal isomerization can be described as the

rearranging of the position of the double bond within the straight chain or branched

olefin molecule.

[0024] By effective hydrotreating conditions, it is also meant those conditions

chosen that will achieve a resulting desulfurized naphtha product having less than



the feedstreamto iso-olefns, preferably at |east 40
w.% nore preferably at |least 50 wt.% By skel et al
WO s@smii4zation, it is nmeant the reorientati on PET/UR®04/024128
nol ecul ar structure of the normal ol efins (n-olefins)
with a preference for branched chain isool efins over
straight. Thus, skeletal isonerization, as used
herein, refers to the conversion of a normal olefin to
a branched olefin or to the-tearranging or noving of
branch carbon groups, which are attached to the
straight chain olefin nolecule, to a different carbon
atom and non-skel etal isomerization can be descri bed
r t BOSAH t
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30[ WP subur e fTypadal ¢ffetiywty oydroatatngg comditiohowsl] betthose that
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achieve a sulfur |evel and degree of skel etal

naphtimeprodacti las avsul fuir he et suEmoendlydlefw tretheetewuyeent ragigatory
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steelard s inrl2eeatiaphimg. FhotlRativedly dgotseating cqnditins, it is meant
cofiftsing s ¥ bRARE S Ferh R, BoBoriaR B % ana
6, 2081 4 | ANSF which Fav@BARhdy been incorporated by reference herein, which
disclose various aspects of SCANfining, a process developed by the ExxonMobil
Research and Engineering Company in which olefinic naphthas are selectively

desulfurized with little loss in octane.

[0025]  As previously stated, the desulfurized product thus obtained will
typically have a higher iso-paraffin to n-paraffin ratio, and thus a higher octane than
a desulfurized naphtha treated by a selective or non-selective hydrotreating process.
Typical iso-paraffin to n-paraffin ratios in the desulfurized product resulting from
the present process are greater than 1, preferably 2, more preferably 3. Thus,
compared to selective hydrodesulfurization catalyst systems, the processing of the
naphtha boiling range feedstream over the present catalyst system results in a

desulfurized naphtha product with a higher octane at constant olefin saturation even



condi tions such as those contained in U S. Patent Nos.
5,985, 136; 6,013,598; and 6,126,814, all of which have

wa@boosatbasbeen i ncorporated by reference herei nPCWOBZIN4/024128
di scl ose various aspects of SCANfining, a process
devel oped by the ExxonMbil Research and Engi neering
Conpany in which ol efinic naphthas are sel ectively
desul furized with little loss in octane. [0025] As
previously stated, the desutfiri zed product thus
obtained will typically have a higher iso-paraffin to
n-paraffin ratio, and thus a higher octane than a
desul furi zed naphtha treated by a sel ective or
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I SO- par a nto n-paraftfin ratios i1n the desul furized

selcadisgt resulting fromthe present process are greater
than 1, preferably 2, nore preferably 3. Thus,
conpared to sel ective hydrodesul furization catal yst
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boiling range feedstream can be contacted with the acidic material under conditions

effective for removing at least a portion of the nitrogen-containing compounds
present in the naphtha boiling range feedstream. By at least a portion, it is meant at
least 10 wt.% of the nitrogen-containing compounds present in the feedstream.
Preferably, at least that amount of nitrogen-containing compounds that will result in
a first reaction zone effluent containing less than 50 wppm total nitrogen, based on
the first reaction zone effluent. More preferably the first reaction zone effluent
contains less than 25 wppm total nitrogen, most preferably less than 10 wppm
nitrogen, and in an ideally suitable case, less than 5 wppm total nitrogen. Thus, by
"conditions effective for removal of at least a portion of the nitrogen-containing
compounds", it is meant those conditions under which the first reaction zone
effluent will have the above described total nitrogen concentrations, i.e., 10 wt.%
removal, etc. It should be noted that if sulfuric acid or spent sulfuric acid obtained

from an alkylation unit is used, the acid concentration should be adjusted by adding



nitrogen concentration of a naphtha boiling range
feedstream Preferred acidic nmaterials are Anberl yst
waemsalusd na. In the feed pretreat nent step, tPEI/US2004/024128
napht ha boiling range feedstream can be contacted with
the acidic material under conditions effective for
renmovi ng at | east a portion of the nitrogen-containing
compounds present in the naphtha boiling range
feedstream By at least a pel3ion, it is neant at
| east 10 wt.% of the nitrogen-containi ng conpounds
present in the feedstream Preferably, at |east that
anount of nitrogen-containing conpounds that wll
o QB betdhe Biihi S ohBRE M HRERuficha UG ingaRRE R Beam o
avb&ﬁ@ﬂyﬁﬁxzmq§o&fhbuent More preferably the first
reaction zone effluent contains |ess than 25 wppm
total nitrogen, nost preferably | ess than 10 wppm
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eff uent will have the above descri bed total nitrogen
concentrations, i.e., 10 w.%renoval, etc. It should
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range feedstreamto avoid polynerizing olefins. [0027]

The above description is directed to several
EXAMEBILERESts of the present invention. Those skilled in

the art will recognize that other enbodi ments that are

ELANEPLE ff-féé*rié‘f?YST%ﬂE%ﬁﬁ‘ﬁ% for carrying out

8] The foll ow ng
1053 Bkn® baredVIcH Casalst comBRSREBevs PN ) Thetumina wes
ustd %5 Srepa'ren é{%n{aﬁ}%@ a§ cor?tg}ﬁpfl:ﬁgg h@fkin. The properties of the base

catalyst are given in Table 1 below.

[0030] 100 grams of the base catalyst was charged to a rotary cone for
impregnation with Mo. The Mo solution used for impregnation was prepared by
dissolving 22.6 grams of ammonium heptamolybdate in a quantity of water
sufficient to completely wet it. The Mo solution was sprayed onto the base catalyst
and the resulting catalyst was dried at 250°F for 12 hours. The Mo containing base
catalyst was calcined in a tube furnace for 3 hours at 1000°F using an air circulation

rate of 5 vol. air/vol. catalyst.

[0031] The Mo impregnated catalyst was again charged to the rotary cone for

impregnation with Co. The Co solution used for impregnation was prepared by



EXAMPLES EXAMPLE 1- CATALYST PREPARATI ON [ 0029] A base

ZSM 48 catal yst conprising 65% ZSM 48 / 35% Al um na
womsoeesh t 0 prepare a catal yst as cont enpl at erRCTHEeS®041024128

The properties of the base catalyst are given in Table

1 below. [0030] 100 grans of the base catal yst was

charged to a rotary cone for inpregnation with Md. The

Mo sol ution used for inpregnation was prepared by

di ssol ving 22.6 grams of ammbhi um heptanol ybdate in a

quantity of water sufficient to conpletely wet it. The

Mo sol ution was sprayed onto the base catal yst and the

resulting catal yst was dried at 25Q0F for 12 hours.
digdotvilB 180NERINGY Gcdbasenifatedinysquatdisy ﬁﬁ%té}%@fﬁ&eﬁt folR8t the

furnace for 3 hours at 10000F using an air circulation
entia¢ eolpdlt Bitxate solal.r TheCo solutain/was spraged pnihiheMase catalyst and

th B oAty ARG S S lor 119G The GioIbke cprgtining base

18.3
colft o G B V9% AR B0 T PR PR Tpgutaion
ratedf 3 VU6l eilvol et t nitrate solid. The Co sol ution
was sprayed onto the base catal yst and the resulting

catal yst was dried at 25Q0F for 12 hours. The Co/l\/b
contai ni ng base catal yst was_ calcined in

[0032IhacEhe gim@eﬂ&aieaéysatcommmﬁ 28 iWig odpo and 965 hWﬂfVaM(bn
rate of 5 vol. air/vol. catalyst. [0032] The finished
catal yst contained 2.59 w.% Co and 9.51 w. % M.
TABLE 1 BASE CATALYST PRG;,E%FﬂESI Al pha 20

BASE CATALYST PROPERTIES

Alpha 20
Surface Area 224 m°/g
Density 0.66 g/cc
Water sorption 8.8 wt.%
Hexane sorption 8 wt.%
Cyclohexane sorption 9 wt.%

EXAMPLE 2

[0033] An FCC naphtha was treated at ambient conditions and liquid hourly
space velocities ("LHSV") of 2-3 hr'' with Amberlyst-15 to reduce the nitrogen
content of the feed to 3wppm. The feed having the properties described in Table 2
below was then contacted with the catalyst described in Example 1 above. The
contacting conditions included various temperatures within the range of 480-650°F,
i.e. 480, 482, 400, 518, 525, 536, 552, 624, 649°F, hydrogen treat rates of
2000scf/bbl of 100% pure hydrogen, pressures of 250psig, and LHSV of 2hr'. The

results of this experiment are described in the Figures below.



Surface Area 224 n2/ Density 0.66 g/cc Water sorption
8.8 wt. % Hexane sorption 8 w. % Cycl ohexane sorption 9
WowrodnBXAVPLE 2 [ 0033] An FCC napht ha was tr eaP@mius1004/024128
anbi ent conditions and |iquid hourly space velocities

("LHSV') of 2-3 hr 1 with Anberlyst-15 to reduce the
nitrogen content of the feed to 3wppm The feed havi ng
the properties described in Table 2 bel ow was t hen
contacted with the catal yst -tescri bed in Exanple 1
above. The contacting conditions included various
tenperatures within the range of 480-650 OF, i.e. 480,
482, 400, 518, 525, 536, 552, 624, 6490F, hydrogen

' f 100% hyd ,
EARMTPLI T OAERROEPIVRY) of 100% pure hydrogen,
(ODEH o, ARAGA BaphheQrE AR Geap Picpb Sanditans Reeliquishhonrly
t ed, ‘bient V= D
AR OGBS s P2 A H 858599 (] BIubOH ogen
coRTRR bF st febd tb QwWppHYCThé W@ed‘lﬁé\/ﬁ@%ﬁ{b FopeRs deberibi&l in Table 2
feed to | wopm The feed having the properties

beli®s ovdstthen contiatedevizh bebmmevar! hiydrotmanngchtdy stilaving 1.2
comerci al hydrotreating catal yst having 1.2 %

Weihd-a02nd4- 3656, MoRe Hneemiasiig eanlieroner éectgsioﬁgm those
e
fE00ERS Bt &, 0RO 99 BT P SR s o
20096 figsnf 10086 puredtsy drbg @b paisgresruf 256pMgaindLHS Viof 4ine’. The
results of this experiment are described in the Figures below. The concentration of
mercaptans produced in this Example was also compared to the concentration of

mercaptans produced in Example 2 at 525°F. These results are contained in Table

3 below.

EXAMPLE 4 - COMPARATIVE (II)

[0035] An FCC naphtha feed having the properties described in Table 2 below
was contacted with a commercial hydrotreating catalyst having 1.2 wt.% CoO and
4.2 wt.% MoO. The contacting conditions included a temperature of 525°F,
hydrogen treat rates of 3000scf/bbl of 100% pure hydrogen, pressures of 170psig
and LHSV of 2.3hr"!. The results of this experiment are described in the Figures
below. The concentration of mercaptans produced in this Example was also
compared to the concentration of mercaptans produced in Example 2 at 525°F.

These results are contained in Table 3 below.



results of this experinent are described in the

Fi gures bel ow. The concentration of nercaptans
wee@doca® i n this Exanpl e was al so conpared t oP¢T®eS2004/024128
concentration of mercaptans produced in Exanple 2 at
5250F. These results are contained in Table 3 bel ow.
EXAVPLE 4 - COVPARATIVE (1D [0035] An FCC naphtha feed
havi ng the properties described in Table 2 bel ow was
contacted with a commercial -Hydrotreating catal yst
having 1.2 wt. % CoO and 4.2 wt.% MbO. The contacting
condi tions included a tenperature of 5250F, hydrogen
treat rates of 3000scf/bbl of 100% pure hydrogen,
pressures of POpsig and LHSV of 2.3I 1. The results of
this experinment are described in the Figures bel ow.
The concentration of nercagyt roduced in this
Exanpl e was al so conparedigggggéfconcentration of

mer capt ans produced |n Exa at 5250F. These
results are contai ned’El QPE!RME w. TABLE 2 FEED
PROPERTI ES Exanple 2 Exanple 3 Exanple 4 APl Gravit

56.6 56. /7 5/.1 Total S| Ewep g@LE@gglpqgg NERQQ@?@A,
;h né6§i

AR P 5§ ARG S 5 S o A
Nurmber QI'&@h8y wppm 711 603 735
Nitrogén, wppm 3 1 43
Bromine Number 69.8 70.2 71
Hydrogen 13.27 13.29 13.23
Road Octane 92.2 92.5 93.5

Number("RON")
Paraffins (wt.%)

n-Paraffins 3 3.22 3.02

1so-Paraffins 21.91 23.22 22.08

Total Paraffins 2491 26.43 25.11

Naphthenes 8.42 8.37 9.28

Aromatics 28.44 29.69 25.19

Olefins (wt.%)

n-Olefins 12.6 11.95 12.83

1s0-Olefins 17.68 17.35 17.01

Other olefins 7.91 6.2 10.61

Total olefins 37.97 35.5 40.43
Distillation (°F) (ASTM D2887)

5% 95 90 85

10% 109 107 105

50% 230 228 222

90% 350 346 341

95% 373 371 365




Paraffins (w.% n-Paraffins 3 3.22 3.02 iso-Paraffns
21.91 23.22 22.08 Total Paraffins 24.91 26.43 25.1 1
woaphises 8.42 8.37 9.28 Aromatics 28.44 29. POT/RS2009024128
Oefins (Wt.% n-Aefins 12.6 11.95 12.83 iso-Aefins
17.68 17.35 17.01 O her olefins 7.91 6.2 10.61 Tot al
olefins 37.97 35.5 40.43 Distillation (OF) (ASTM
D2887) 5% 95 90 85 10% 109 107 105 50% 230 228 222 90%
350 346 341 95% 373 371 365TKBLE 3 Feed S, Treat Total
iso to Product S, Mercaptan/ wppm Gas Pressure,
n-ol efin wopm Brom ne Nunber scf/bbl psig ratio Ratio
Exanple 2 711 2000 250 2.9 30 0.24 Exanple 3 603 2000
250 1.5 100 0.41

TABLE 3
Feed S,| Treat Total | isoto |ProductS,| Mercaptan/
wppm | Gas |Pressure, [n-olefin| wppm |Bromine Number
scf/bbl psig ratio Ratio
Example 2 711 2000 250 2.9 30 0.24
Example 3 603 2000 250 1.5 100 0.41
Example 4 735 3000 170 N/A 30 0.63

[0036]  As described above, mercaptans are generally formed by the reversion
reaction of olefins with hydrogen sulfide. Thermodynamics for model compounds
show that mercaptan reversion equilibrium for branched olefins, i.e. iso-olefins, is
lower than that for normal olefins. Consequently, the isomerization of n-olefins to
iso-olefins can give a lower mercaptan concentration at constant bromine number.
This benefit is readily illustrated by comparing mercaptan/bromine number ratios at
constant temperature. Thus, by comparing the mercaptan/bromine number ratios of
the products produced at 525°F in Examples 2, 3, and 4, the results contained in
Table 3 show that the catalyst used in Example 2 above produced less mercaptans
that the catalysts used in Examples 3 and 4. It should be noted that the
mercaptan/bromine number ratio is sensitive to the equilibrium constant for feeds
with similar sulfur concentrations subjected to catalysis with similar treat gas rates,

which is a function of the ratio of iso to n-paraffins.

[0037]  Figure 1 shows that at constant bromine number reduction, the octane
loss was much lower for Example 1 than for the comparative Examples. The

reduction in bromine number was measured according to ASTM 1159.



Exanple 4 735 3000 170 NV A 30 0.63 [0036] As descri bed
above, nercaptans are generally forned by the

WO ens$i4en reacti on of ol efins with hydrogen seCT/ugm04/024128
Ther nodynani cs for nodel conpounds show t hat nercaptan
reversion equilibriumfor branched olefins, i.e.
iso-olefins, is lower than that for normal ol efins.
Consequently, the isonerization of n-olefins to
i so-ol ef ns can give a | ower -hrcaptan concentration at
constant brom ne nunber. This benefit is readily
illustrated by conparing nercaptan/brom ne nunber
rati os at constant tenperature. Thus, by conparing the
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duced at 5250F 1 n Exanples 2, 3, d 4, the results
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ratio of iso to n- parafflns. [0037] Figure 1 shows
that at constant brom ne nunber reduction, the octane
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i so-olefins, results in higher octane at constant
bromi ne nunmber since octane nunbers for branched
olefins are typically higher than those for nornma

ol efins. [0039] Figure 3 shows that the catal ysts of
the catal yst of Exanple 1, one



contenpl ated by the instant invention produced a
product having a higher isoparaffin to n-paraffin
WO 2105012489 hi gher iso-paraffin to n-paraffin raPCDUSTV0H024128
product will result in a product having a higher
octane than a product with a [ower ratio.CLAIM5 1. A
process for producing | ow sul fur naphtha products from
an ol efin and sul fur contai ni ng naphtha boiling range
f eedstream conprising: a) ceMl-acting a naphtha boiling
range feedstream containing organically bound sul fur
and olefins in a reaction zone, operated under
ef fective hydrotreating conditions and in the presence
CcPAINY§Y ogen-containing treat gas, with a supported
_L?lglyst conprising at | east one nmedi um pore zeolite
sel ect ed fr?m ZS

23, ZSM 12, Z 22, ZSM 57, and
1 S SN rovsss figroguepzdpgsuliat paalths o l@%ﬁsnwr plefin and
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boiling range féedstream boil's in the range of 5Q0F

(1000) t botBdGElf(2382dC)efinann alrefdtroncaomeg nperafedmndes zstective

5 wt.% and a sulfur content of 50 to 7000 wppm .

sul fur. dydrefeeatingonditionsangi inghe pregayee,e ggn-containing

claim V\,he[r ei

Cel eot oo TbRRD LI SRPRTGrd ety SR AR e I FREHeBium

(FCC cat gio¥k L6oIBRBIRR AN romIt SNBEN RN 1 31 23M00-27 B2&PMS57, and
napht ha, ‘coker naphtha, bl ends of ‘ol efinic naphthas

Wi th non-Z8MFE481i0c]1 naphtitds oftae leisnond &rohe Wdllhastahoxide, and 1
olefin content of at least 5 wt.% based on the total

wei ght  oftoddevh¥peit atdeass one forRngenead @sidedgmroduce a
desulfurized product.

2. The process according to claim 1 wherein said naphtha boiling range
feedstream boils in the range of 50°F (10°C) to 450°F (232°C), an olefin content of
at least 5 wt.%, and a sulfur content of 50 to 7000 wppm sulfur.

3. The process according to any preceding claim wherein said naphtha boiling
range feedstream is selected from fluid catalytic cracking unit naphtha (FCC
catalytic naphtha or cat naphtha), steam cracked naphtha, coker naphtha, blends of
olefinic naphthas with non-olefinic naphthas wherein the blend has an olefin
content of at least 5 wt.%, based on the total weight of the naphtha boiling range

feedstream.

4. The process according to any preceding claim wherein said naphtha boiling

range feedstream has a nitrogen content of 5 wppm to 500 wppm nitrogen.
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9. The process according to any preceding claim wherein said catalyst
comprises 0.1 to 10 wt.% of a Group VIII metal oxide and 1 to 30 wt.% of a Group

VI metal oxide. 1 to 45 wt.% of at least one Group VI metal oxide.

10.  The process according to any preceding claim wherein said effective
hydrotreating conditions are selected to cause skeletal isomerization of at least 20

wt.% of the n-olefins present in said naphtha boiling range feedstream.

11.  The process according to any preceding claim wherein said support is a

suitable binder or matrix material selected from clays, silica, and metal oxides.
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14.  The process according to any preceding claim wherein said desulfurized

naphtha product has a higher concentration of iso-paraffins than n-paraffins.

15.  The process according to any preceding claim wherein said process further
comprises a feed pretreatment step wherein said feed pretreatment step comprises:
a) contacting the naphtha boiling range feedstream containing
organically bound sulfur, nitrogen-containing compounds, and olefins
in a reaction zone, operated under conditions effective at removing at
least a portion of said nitrogen-containing compounds, with an acidic
material to produce a first reaction zone effluent having a reduced

amount of nitrogen-containing compounds.

16.  The process according to any preceding claim wherein said acidic material is
selected from Amberlyst, alumina, sulfuric acid, spent sulfuric acid obtained from
an alkylation unit, and any other acidic material known to be effective at removing

nitrogen compounds from a naphtha boiling range hydrocarbon stream.



