A CATALYST SYSTEM AND I TS USE | N MANUFACTURI NG LOW
SULFUR FUELS FI ELD QF THE | NVENTI ON [ 0001] The i nstant

WO nenid4en rel ates to a catal yst system and i t BCT/ES20041024127
t he upgradi ng of hydrocarbon m xtures boiling within
t he naphtha range. Mre particularly, the instant
invention relates to a catal yst systemused in the
production of high octane, |ow sulfur naphtha products
t hrough skel etal isomerization.of feed ol efins and
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desirable quality in notor gasolines.[0003] Thus, many

cpmpeusdes have been devel oped that use catal ysts that

BACKGROUND OF THE INVENTION

[0002]  Liquid hydrocarbon streams that boil within the naphtha range, i.e.,
below 232°C, and produced from the Fluidized Catalytic Cracking Unit ("F CC")
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,
L.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.



produce | ow sul fur products from naphtha boiling range
streans while attenpting to mnim ze olefin |oss, such
wa@sgoshoseexanpl e, hydrodesul furizati on processEGT/US2004/024127
However, the catal yst systens used in these processes
al so typically hydrogenate feed olefins to sone
degree, thus reducing the octane nunber of the
product. Therefore, processes have been devel oped that
utilize catalyst systens diregted at recovering octane
| ost during desul furization. Non-limting exanpl es of
t hese processes can be found in United States Patent
Nurmber s 5, 298, 150; 5, 320, 742; 5, 326, 462; 5, 318, 690;
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[0004]  Other processes have also been developed that utilize catalysts and/or
process conditions that seek to minimize octane lost during hydrodesulfurization.
For example, selective hydrodesulfurization is used to remove organically bound
sulfur while minimizing hydrogenation of olefins and octane reduction by various
techniques, such as the use of selective catalysts and/or process conditions. For
example, one selective hydrodesulfurization 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



hydr odesul furi zati on processes have been devel oped to
avoid significant ol efin saturation and | oss of

w@edoanedesuch processes have a tendency to |i beCHUS20pR®4127
aportion of which may react with retained olefins to
form mercaptan sul fur by reversion. [0005] Thus, there
still exists a need in the art for a catal yst system
that can be used in processes that reduce the sul fur
content in naphtha boiling rahge hydrocarbon streans
while m nim zing octane | oss. BRI EF DESCRI PTI ON OF THE
FI GURES [ 0006] Figure 1 shows research octane versus
desul furization results fromthe exanple. [0007]
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[0007]  Figure 2 shows iso-olefin to n-olefin ratio results from the example.

[0008]  Figure 3 shows iso-paraffin to n-paraffin ratio results from the example.

SUMMARY OF THE INVENTION

[0009]  The instant invention is directed at a catalyst system and its use in
producing low sulfur naphtha products. The catalyst system comprises:
a) at least one first catalyst comprising at least one zeolite having an
alpha value in the range of 1 to 100; and
b) at least one second catalyst selected from hydrotreating catalysts
comprising 2 to 20 wt.% of a Group VIII metal oxide, 1 to 50 wt.% of
a Group VI metal oxide, and having a median pore diameter of 60A

to 200A to produce a desulfurized product.



a) at |east one acidic material effective at renoving
or converting nitrogen-containi ng conpounds; b) at
woemspiuse first catalyst conprising at |east PCIEUS2004/024127

zeolite having an al pha value in the range of 1 to

100; and c) at |east one second catal yst selected from
hydrotreating catal ysts conprising 0.1 to 27 w.%of a
Goup VII'l nmetal oxide, 1 to 45 wt.%of a Goup VI

net al oxi de, and having a nmedj.an pore dianeter of 6gA
to 200A [0011] In yet another embodiment, the present

i nvention conprises a nethod for producing | ow sul fur
napht ha products froman ol efin and sul fur contai ni ng
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produce acomprising 0.1 to 27 wt.% of a Group VIII metaﬁ ox1de,ol to 45 wt.%

of a Group VI metal oxide, and having a median pore diameter of

60A to 200A

[0011] In yet another embodiment, the present invention comprises a method for
producing low sulfur naphtha products from an olefin and sulfur containing
naphtha boiling range feedstream, comprising:

a) contacting a naphtha boiling range feedstream containing organically
bound sulfur and olefins in a first reaction zone operated under
effective isomerization conditions and in the presence of hydrogen-
containing treat gas with a first catalyst selected from medium pore
zeolites to produce a first reaction zone effluent; and

b) hydrotreating at least a portion of the first reaction zone effluent of
step a) above in a second reaction zone operated under effective
hydrotreating conditions and in the presence of hydrogen-containing
treat gas and a second catalyst selected from hydrotreating catalysts
comprising 2 to 20 wt.% of at least one Group VIII metal oxide and 1

to 50 wt.% of at least one Group VI metal oxide to produce a

desulfurized product.



desul furi zed product. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON [0012] It should be noted that the terns

wO byodioat4seat i ng” and "hydrodesul furi zati on" arBCT/US2004/024127
soneti nmes used interchangeably herein, and the
prefixes "i-" and "n" are neant to refer to "iso-" and
"normal ". [0013] In the hydrotreati ng of naphtha
boi ling range feedstreans, olefins are typically
saturated in the hydrotreating zone resulting in a
decrease in octane nunber of the desul furized product.
However, the present catal yst systemreduces the
decrease in octane of a desulfurized product resulting
DEF Dl DI RIETIOROITHEIVERFION 1oing an

al pha value in the range of 1 to 100, and the second

[00aLp! Yt shéuld Beeot@Dthhf f18 BYHS %fd%a&bml iy ysts
conprising 0.1 to 27 wt. % of at | east ore oup VI1I
"Imiredeswkiudication!’ dretsomtfinvds. iedfintetchaggsdblp heredh cand tHe prefixes
Metal oxide. In one enbodi ment "of thg I nst ant

'T-harthin odre meant darefeytn "isgdaadh "normalér conpri ses at

| east one acidic material effective at renoving or
converting nitrogen-containing conmpounds. [0014] The
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of the instant invention, the catalyst system further comprises at least one acidic

material effective at removing or converting nitrogen-containing compounds.

[0014]  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 the first catalyst used herein can be
contacted with a naphtha boiling range feedstream under conditions effective for
encouraging the skeletal isomerization of n-olefins to iso-olefins. This results in a
desulfurized naphtha product having a higher octane number than a desulfurized
product produced by a catalyst system employing selective hydrodesulfurization
catalysts only. The inventors hereof have found that the degree of skeletal

isomerization of n-olefins to iso-olefins benefits the final product because the



product produced by a catal yst system enpl oyi ng
sel ective hydrodesul furization catal ysts only. The

wo pwsoiwss her eof have found that the degree oPCT/US2004/024127
skel etal isonerization of n-olefins to iso-olefins
benefits the final product because thesaturation of
iso-olefnms to iso-paraffins that occurs in the second
reacti on zone herein provides for less octane loss in
the final product when conpared to the saturation of
n-olefnms to n-paraff ns. It should be noted that
i so-paraffins typically have a nuch hi gher octane than
their corresponding n-paraff n. Further t he rate of
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boi | i ng range feedstreans with as little olefin
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8" ﬁ@%&ﬂha Bt 1rnsgI r%lqgé? (P gez?ms With as little olefin saturation as
possible. Itis also highly desirable 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 the instantly disclosed catalyst system can be
used to remove high levels of sulfur from an olefinic naphtha stream without

excessive olefin saturation or mercaptan reversion taking place.

[0016]  Feedstreams suitable for treatment with the presently claimed catalyst
system include naphtha boiling range refinery streams, which typically boil in the
range of 50°F (10°C) to 450°F (232°C) and contain olefins as well as 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-



[0016] Feedstreans suitable for treatnment with the
presently clainmed catal yst systeminclude naphtha
wheiosiomy6r ange refinery streans, which typi cal Pgr/D81004/024127
in the range of 500F (100C) to 4500F (232C) and
contain olefins as well as sul furcontaining conpounds.
Thus, the term "naphtha boiling range feedstreant as
used herein includes those streanms having an ol efin
content of at least 5 w.% Ngnlimting exanpl es of
napht ha boiling range feedstreans that can be treated
by the present invention include fluid catalytic
cracki ng unit naphtha (FCC catal ytic naphtha or cat

d,. ht h d k ht ha.
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napht ha refinery streans generally contain not only
apeablgnds ekolefiagnaanhies, with doardefinic swphthas aslleng as the blend has

nsat ur at.es, h open-chgin and cyclic ol efins,
oy ORALE SR QA ek R i herosaind B toral bighsf tag aphiha
f&gdrbsn. The ol ef i ncont ai ni ng napht ha feedstream can
contain an overall ol efins concentration ranging as

high as 70 wt.% nore typically as high as 60 wt.%
and nost typically from5 w.%to 40 w.% The
(091 2F i nLoepked maphgharafinenast eanis gereaatly aontalseotomte paraffins,

di.ene concentratjon up.to 15 wt.% but nore typically
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I s, as sulfur conmpounds such as sinple aliphatic, '

wh @Wéﬁgwit.g/?. 4he olglgneentainieg naphtha feedstipamdan alsdi havermidiene
co?x%gt%ﬂgﬂ. ﬁlﬁe fo %‘gvt.%, but more typically less than 5 wt.% based on the total
weight of the feedstock. The sulfur content of the naphtha feedstream will
generally range from 50 wppm to 7000 wppm, more typically from 100 wppm to
5000 wppm, and 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. Nitrogen can also be
present in a range from 5 wppm to 500 wppm. Thus, one embodiment of the

instant invention employs a pretreatment acidic material capable of removing at

least a portion of the nitrogen present in the feedstreams.



the like. O her organically bound sul fur conpounds
i nclude the class of heterocyclic sulfur conpounds
WwWGE amh/0e=i61 hi ophene, tetrahydrot hi ophene, benzord¢i/optvesna4127
and their higher honol ogs and anal ogs. Nitrogen can
al so be present in a range from5 wppmto 500 wppm
Thus, one enbodi nent of the instant invention enploys
a pretreatnent acidic material capable of renoving at
| east a portion of the nitroggn present in the
feedstreans. [ 0018] In a process enploying the
presently clainmed catal yst system the feedstreans
descri bed above are typically pr eheat ed prior to
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stiaehs80, nore preferably between 5 and 50, and nost
preferably between 10 and 30. Al pha val ue, or al pha
nunber, is a neasure of zeolite acidic functionality
and is_nore fully described together with details of
[omsg ned 86 destesatalyst afithe presenthy elaimed catalyst system comprises at

least one zeolite. Zeolites are porous crystalline materials and those used herein as
the first catalyst have an alpha value in the range of 1 to 100, preferably between 2
and 80, more preferably between 5 and 50, and most preferably between 10 and 30.
Alpha value, or alpha number, is a measure of zeolite acidic functionality and is
more fully described together with details of its measurement in United States
Patent Number 4,016,218, J. Catalysis, 6, pages 278-287 (1966) and J. Catalysis,
61, pages 390-396 (1980), which are all incorporated herein by reference.
Generally the alpha value reflects the relative activity with respect to a high activity
silica-alumina cracking catalyst. To determine the alpha value as used herein, n-
hexane conversion is determined at 800°F. Conversion is varied by variation in
space velocity such that a conversion level of 10 to 60 percent of n-hexane is
obtained and converted to a rate constant per unit volume of zeolite and compared
with that of the silica-alumina catalyst, which is normalized to a reference activity

of 1000°F. Catalytic activity is expressed as a multiple of this standard, i.e., the



Pat ent Nunber 4,016,218, J. Catalysis, 6, pages

278-287 (1966) and J. Catalysis, 61, pages 390-396
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CoRfthint Bidexadfl & 1 Drbased 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 the group consisting of ZSM-23 ZSM-12, ZSM-22,
ZSM-35, ZSM-57, and ZSM-48, more preferred medium pore zeolites are selected
from ZSM-23, ZSM-12, ZSM-22, ZSM-57, and ZSM-48, with ZSM-48 being the
most preferred. ZSM-48 also is the most preferred first catalyst.

[0021]  The first catalyst may be 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
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catal yst. Although the first catal yst can be arranged
fitsn cafahst. Aytheaghthefitsakytatyst can be arranged in other types of catalyst
beds, fixed beds are preferred. Such other types of catalyst beds include fluidized
beds, ebullating beds, slurry beds, and moving beds. When utilizing the present
catalyst system, interstage cooling between reactors, or between catalyst beds in the
same reactor, can be employed since some olefin saturation can take place, and
olefin saturation and the desulfurization reaction are generally exothermic. A
portion of the heat generated during processes employing the presently claimed
catalyst system can be recovered. Where this heat recovery option is not available,
conventional cooling may be performed through cooling utilities such as cooling

water or air, or through use of a hydrogen quench stream. In this manner, optimum

reaction temperatures can be more easily maintained.

[0024]  In practicing utilizing the present catalyst system in a hydroprocessing

scheme, the first catalyst is placed in a first reaction zone operated under effective



beds, fixed beds are preferred. Such other types of
catal yst beds include fluidized beds, ebullating beds,
wabasnoyz4breds, and novi ng beds. Wien utili zi ng BEEUS2004/024127
present catal yst system interstage cooling between
reactors, or between catal yst beds in the sane
reactor, can be enployed since sone olefin saturation
can take place, and olefin saturation and the
desul furization reaction arellgenerally exothermc. A
portion of the heat generated during processes
enpl oying the presently clai ned catal yst system can be
recovered. Where this heat recovery option is not
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[0025]  Processes employing the present catalyst system typically produce at
least a first reaction zone effluent. This first reaction zone effluent is then passed to
a second reaction zone wherein the first reaction zone effluent is contacted with the
second catalyst of the instant catalyst system. The second catalyst can also be
arranged in one or more fixed bed reactors or reaction zones each of which can
comprise one or more catalyst beds of the same catalyst. Non-limiting examples of
suitable bed types include fluidized beds, ebullating beds, slurry beds, and moving
beds. Itis preferred that the second catalyst be arranged in a fixed catalyst bed, and
it is more preferred that the first and second catalysts be located within in the same
reaction vessel. In utilizing the instant catalyst system in a hydroprocessing
scheme, interstage cooling between reactors or reaction zones, or between catalyst
beds in the same reactor, can be employed since some olefin saturation can take

place, and olefin saturation and the desulfurization reaction are generally



hourly space velocities ("WHSV') ranging fromO0.1 to
20hr ' , and pressures typically range from4 to 70
wa@rowsier es. [ 0025] Processes enpl oyi ng the pPEBES1004/024127
catal yst systemtypically produce at least a first
reaction zone effluent. This first reaction zone
effluent is then passed to a second reaction zone
wherein the first reaction zone effluent is contacted
with the second catal yst of -tpe instant catal yst
system The second catal yst can al so be arranged in
one or nore fixed bed reactors or reaction zones each
of which can conprise one or nore catal yst beds of the
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Ita catal ysts are those that are conpri sed
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oxi de of a netal selected fromFe, Co angﬂ.Ni nor e
whersf taeaioble Wetah itisedected froanBd gadPtplics ayihpghescopepf the
pratlatserlltelf;}\sfént?or}lethaclatr fhore than one type of catalyst be used in the same reaction
vessel. The Group VIII metal oxide of the second catalysts is typically present in
an amount ranging from 2 to 20 wt.%, preferably from 4 to 12%. The Group VI
metal oxide will typically be present in an amount ranging from 1 to 50 wt.%,
preferably from 1 to 10 wt.%, and more preferably from 1 to 5 wt.%. All metal
oxide weight percents are on support. By “on support” we mean that the percents
are based on the weight of the support. For example, if the support were to weigh
100 g. then 20 wt.% Group VIII metal oxide would mean that 20 g. of Group VIII

metal oxide was on the support.

[0027]  Preferred second 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



VI netal oxide, preferably an oxide of a netal
selected from M and W nore preferably My, on a high
waasaceenr ea support material, preferably al umiTES2004/024127
O her suitable second catal ysts include zeolitic
catal ysts, as well as noble netal catal ysts where the
noble netal is selected fromPd and Pt. It is within
the scope of the present invention that nore than one
type of catalyst be used in tise sanme reaction vessel.
The G oup VIII netal oxide of the second catal ysts is
typically present in an anount ranging from2 to 20
w.% preferably from4 to 12% The G oup VI netal
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catal yst bed. For exanple, t’he oxygen chem sor

Wi, klspebasedom 8itdtatal weighoof theeheilyd] () brOomMe @RnicGatio of 0.1
eferably from 1,200 to 2,000 nmol

, 200, ~a re pr
to ﬁ@égﬁt,‘e&'ﬁﬁﬁ@gpzo to 0.80, more preferably from 0.25 to 0.72; (d) a
median pore diameter of 60 A to 200 A, preferably from 75 A to 175A, and more

preferably from 80 A to 150 A; (e) a MoO; surface concentration of 0.5 x 10™ to 3
x 10 g. MoOy/m?, preferably 0.75 x 10 to 2.5 x 10™*, more preferably from 1 x
10%t0 2 x 10* and () an average particle size diameter of less than 2.0 mm,
preferably less than 1.6 mm, more preferably less than 1.4 mm, and most preferably

as small as practical for a commercial hydrodesulfurization process unit.

[0029]  The second catalysts of the present invention are preferably supported
catalysts. Any suitable refractory catalyst support material, preferably inorganic
oxide support materials may be used as supports for the catalyst of the present
invention. Non-limiting examples of suitable support materials include: zeolites,
alumina, silica, titania, calcium oxide, strontium oxide, barium oxide, carbons,
zirconia, diatomaceous earth, lanthanide oxides including cerium oxide, lanthanum

oxide, neodymium oxide, yttrium oxide, and praseodymium oxide; chromia,



[0028] The nost preferred second catal ysts can be
characterized by the properties: (a) a MOX3

wa@oemsensat i on of 1 to 25 wt. % preferably 2 tPC1/0S2004/024127
Ww.% and nore preferably 3 to 6 w.% based on the
total weight of the catalyst; (b) a CoO concentration
of 0.1 to 6 wm.% preferably 0.5 to 5 w.% and nore
preferably 1 to 3 w.% also based on the total weight
of the catalyst; (c) a Co/ Mojgatomc ratio of 0.1 to
1.0, preferably fromO0.20 to 0.80, nore preferably
from0.25 to 0.72; (d) a nedian pore dianeter of 60 A
to 200 A, preferably from75 A to 175A, and nore
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[0030]  As previously stated, in a typical hydroprocessing scheme employing the
instant catalyst system, a first stage effluent is contacted with the second catalyst
under effective hydrotreating conditions in a second reaction zone. By effective
hydrotreating conditions, it is meant those conditions chosen that will achieve a
resulting desulfurized naphtha product having less than 100 wppm sulfur,
preferably less than 50 wppm sulfur, more preferably less than 30 wppm sulfur.
These conditions typically include temperatures ranging from 150°C to 425°C,
preferably 200°C to 370°C, more preferably 230°C to 350°C. Typical weight
hourly space velocities ("WHSV") range from 0.1 to 20hr™", preferably from 0.5 to
Shr'. Any effective pressure can be utilized, and pressures typically range from 4
to 70 atmospheres, preferably 10 to 40 atmospheres. It should be noted that

although the range of operating conditions for the second reaction zone is similar to



contam nants, such as Fe, sulfates, silica, and
various netal oxides that can be introduced during the
w@e@parasi on of the support material. These  PCT/US2004/024127
contam nants are present in the raw materials used to
prepare the support and will preferably be present in
anobunts less than 1 wt.% based on the total weight of
the support. It is nore preferred that the support
mat eri al be substantially freeg.of such contam nants.
It is an enbodi nent of the present invention that 0 to
5 w.% preferably fromO0.5to 4 w.% and nore
preferably froml to 3 wt.% of an additive be present

' . wWhich.additive is selected fromthe,.
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th d reaction zone is simlar tothat for the
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feb'&‘s%%ram%i \{’lftﬁ rtﬁeenlt)resent catalyst system will 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 typically
greater than I, 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 when both catalyst

systems maintain similar desulfurization/olefin saturation selectivity.

[0032]  As previously stated, one embodiment of the presently claimed catalyst
system further comprises at least one acidic material effective at removing or
converting nitrogen-containing compounds. Non-limiting examples of suitable

acidic materials include Amberlyst, alumina, sulfuric acid, and any other acidic



conditions. In a nost preferred enbodi nent, the

effective hydrotreating conditions are sel ective
why@soizent i ng conditions configured to achi evECHUS2004/024127

sul fur level within the above-defined sul fur ranges,

nost preferably the desul furized naphtha product has a

sul fur level sufficiently lowto neet current

regul atory standards in place at that tine. By

sel ective hydrotreating condifg.ons, it is meant

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

al ready been incorporated by reference herein, which
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system further conprises at |east one acidic material

ac@l ﬁ@i papitha bolmerange fendstream have been in contact under effective
conditions, the two are allowed or caused to separate into a sulfuric acid solution
phase and an effluent, comprising substantially all of the naphtha boiling range

feedstream. This effluent is then contacted with the first catalyst described herein.

[0034]  The acidic material can be arranged in one or more reactors or reaction
zones each of which can comprise the same or different acidic material. In some
cases, the acidic material can be present in the form of beds, and fixed beds are

preferred.

[0035]  Ina process utilizing this embodiment of the presently claimed catalyst
system, the reaction zone containing the acidic material is operated under
conditions effective for removal of at least a portion of the nitrogen-containing
compounds present in the feedstream. By at least a portion, it is meant at least 10

wt.% of the nitrogen-containing compounds present in the feedstream.



converting nitrogen-containing conmpounds. Non-limting
exanpl es of suitable acidic materials include
wa\adwenipsl , al um na, sulfuric acid, and any otPer/US2004/024127
acidicmaterial known to be effective at catalyzing the
renmoval of nitrogen conpounds from a hydrocarbon
stream It should be noted that if sulfuric acid is
sel ected, the sulfuric acid concentration should be
selected to avoid polynerizatjgon of olefins. Preferred
acidic materials include Anberlyst and al um na. [0033]
It should be noted that spent sulfuric acid obtained
froman al kylation unit could also be used to renove
the nitrogen contam nants. In this enbodi nent, the
spent sulfuric acid can be diluted with water to form
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m xi ng tanks or vessels, or through the use of a fixed
bed or beds of inert materials. After the spent
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acrd solution phase and an efflueéent, conprising

substantially all of the naphtha boiling range

feedstream This effluent is then contacted with the
EXAMPIEt al yst descri bed herein. [0034] The acidic

mat erial can be arranged in one or nore reactors or
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reibed afenht of nitfogepcosmouhgs vhausatinctiegirgsent syample, and its
the reaction zone containing the acidic material is
prpertigsege gutlged in Table 1 below.

TABLE 1
API Gravity 56
Sulfur 606 wppm
Nitrogen 1 wppm
Bromine Number 72
Research Octane Number 92.1
N-Paraffins 3.22 wt.%
[-Paraffins 2322 wt.%
Naphthenes 8.38 wt.%
Aromatics 29.69 wt.%
N-Olefins 11.95 wt.%
[-Olefins 17.35 wt.%
Other Olefins 6.20 wt.%
Distillation ASTM D2287
10% 42°C
30% 79°C
50% 109°C
70% 138°C
90% 174°C




conditions effective for renoval of at |east a portion
of the nitrogen-containing conpounds present in the
wo ewd®inenm By at | east a portion, it is nmeanPCHUS2004/024127
| east 10 wt.% of the nitrogen-containing compounds
present in the feedstream [0036] The above description
is directed to several enbodinents of the present
i nvention. Those skilled in the art will recognize
that ot her enbodi nents that .m-e equally effective
could be devised for carrying out the spirit of this
invention. [0037] The follow ng exanple wll
illustrate the inproved effectiveness of the present
invention, but is not neant to limt the present
invention in any fashion. EXAVPLE [0038] An FCC
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[0040] In these experiments, two units, Unit A and Unit B were used to evaluate
the effectiveness of the present invention. Unit A utilized a stacked bed
configuration and Unit B used a single bed. The catalyst loadings of Unit A were
2.5 cc of ZSM-48 as the first catalyst in the first reaction zone and 2.5 cc of a
catalyst comprising 4.3 wt.% MoQ;, 1.2 wt.% CoO, on alumina with a median
pore diameter of 95A was used as the second catalyst in the second reaction zone.
Unit B utilized 2.5 cc of a catalyst comprising 4.3 wt.% MoOs, 1.2 wt.% CoO, on

alumina with a median pore diameter of 95A only.

[0041]  The feed was contacted with the catalyst(s) system contained in both
Unit A and Unit B under the same conditions. These conditions included a flow
rate of 10cc/hr, a hydrogen treat gas rate of 59.4 cc/min of substantially pure
hydrogen, and a total system pressure of 1.84 MPa. The reactor temperature (sand
bath) was varied from 250°C to 290°C. The results of the two experiments were
then evaluated and are contained in Figures 1, 2, and 3 below. Based on the results
contained in Figures 1, 2 and 3, the catalyst system of the instant invention saves
octane because the products resulting from treating a naphtha boiling range feed

stream with the present process unexpectedly have more branched olefins and

paraffins.



NOefns 11.95 wt. % I-Aefins 17.35 w.% O her Aefins
6.20 wt. % Distillation ASTM D2287 10% 420C 30% 790C
wWGOMSAIRAGL 70% 138C 90% 1740Cf 0039] The feed desrTusivedoz4127
in Table 1 above was then subjected to two side-byside
experinments to denonstrate the concept of olefin
i sonerization/desul furization to preserve octane of
the desul furized napht ha product. These experinents
were conducted in identical dgwn-flow, fixed-bed pil ot
units that share a conmon sand bath for control of
reactor tenperature. [0040] In these experinents, two
units, Unit A and Unit B were used to evaluate the

(P EURSE b Ut SRR AR B e g syom o
UniinARol6std ap@daat lfs\eivx g %@Q&a&fh W%ﬁ? flﬁgfg@éﬁth%nﬁhe

cc ofZSM 48 as the firs [yst 1n

catebst sywterm@fd/@nB. 2. 5 cc of a catal yst conprising 4.3
w. % MO3, 1.2 wt.% CoO, on alumna with a nedian pore
di ameter of 95A was used as the second catalyst in the

tq Uni t d 2. 5 of
[0@2?12 eac S %ﬁsﬁ aaatscrg{l}alsta% R)t&égl sza%rgngw, @g@kgg ,l?ed catalyst
'téiﬂ‘o'f@ s > BB
PN P O A i e
efSyshethanahé sataBat systémtof Unit B. The olefin saturation is expressed as a
reduction of bromine number (HDBr), which is directly related to the olefin
content. The reduction in bromine number was measured according to ASTM

1159.

[0044]  Figure 3 shows that at constant olefin saturation, the stacked bed catalyst
system of Unit A produced a product having a higher iso-paraffin to n-paraffin ratio

that the catalyst system of Unit B.



Unit A and Unit B under the sane conditions. These
conditions included a flow rate of 10cc/hr, a hydrogen
woe@aniges rate of 59.4 cc/mn of substanti al | pCPUS®04/024127
hydrogen, and a total system pressure of 1.84 MPa. The
reactor tenperature (sand bath) was varied from 2500C
to 29Q0C. The results of the two experinents were then

eval uated and are contained in Figures 1, 2, and 3

bel ow. Based on the results cgpntained in Figures 1, 2

and 3, the catalyst systemof the instant invention

saves octane because the products resulting from

treating a naphtha boiling range feed streamw th the
Eg ~ process unexpectedly have nore branched

and paraffins.[0042] Figure 1 shows that at

constant desul furization, the stacked bed system of
Unit A produced a product having a higher research
loct ape catalyser syiskern Gded Gatpbyskes 6i YFodicibi fowB-sulfur naphtha
[0043] Figure 2 shows that at constant ol efin
pEatugtssganaprisingie st acked bed catal yst systemof Unit A
gave a higher iso-olefmto.n-olefin ratio in the first
react on ggﬁ% cg{qﬂyq}gg{ec{qqaﬁqomﬁge HIBPYIStZeglitaseand f

Unity,B. T j i ' d . .

r edulcj: i ong gF@%nﬁaénﬁﬁﬁg%‘gFg ?ﬁ@r@a%ﬁ?%ﬁ]% @ﬁaﬁpt&gqr?prlsmg 2
rel ated tQ 20t &fianGEAY ¥ mdtBEoXiBEUE th 80 WH% of a Group VI
brom ne nunber was nmeasured accor d?nlg to ASTM 1105(5)).a roup

[ 0044] Figatad oXiddyawd hdvang atmediastpame didméten of 60A to 200A to
saturation, the stacked bed catal yst systemof Unit A
produced %roﬂlﬂ%@lélﬁﬂﬁﬂwzﬁé Podigher i so-paraffin to
n-paraffin ratio that the catal yst systemof Unit

B. CLAIMS: 1. A catalyst systemused in processes for

2.Pr 0Pk REtal W sdtentacB8RIAE G0 PAIGRYCE SVIRRBRY k8 Hrst and second

catalysts are arranged in one or more catalyst beds selected from the group

consisting of fluidized beds, ebullating beds, slurry beds, fixed beds, and moving
beds.

3. The catalyst system according to any of the preceding claims wherein said

first and second catalysts are located in the same reaction vessel.

4. The catalyst system according to any of the preceding claims wherein said
first catalyst is selected from group consisting of Beta, ZSM-23, ZSM-12, ZSM-22,
ZSM-35, ZSM-57, and ZSM-48.

5. The catalyst system according to any of the preceding claims wherein said
second catalyst is a hydrotreating catalyst comprising 1 to 25 wt.% MoO; 0.1 to 6
wt.% CoO wherein said CoO and MoOj are present in an atomic ratio of 0.1 to 1.0

Co/Mo, and said catalyst has a median pore diameter of 75 A to 175A, wherein said



a) afirst catalyst selected from nedi um pore
zeolites; and b) a second catal yst selected from

whyasoixent i ng catal ysts conprising 2 to 20 wt PO%/082084/024127
Goup VIIl netal oxide, 1 to 50 w.%of a Goup VI
nmetal oxide, and having a nedi an pore di aneter of 6gA
to 20gA to produce a desul furized product. 2. The
catal yst system according to claim1l wherein said
first and second catal ysts atk arranged in one or nore
catal yst beds selected fromthe group consisting of
fiuidized beds, ebullating beds, slurry beds, fixed
beds, and novi ng beds 3. The catal yst system

@Eﬁhﬁgt h8s & {ﬁceo&ﬁﬁ@ﬂfr r?ngnjsx "l’Oe‘rt%'Tx S1@)“‘dg and an

st a secon sts are ate in the

ave&%etpa@mcleei%&echamétermees@ahm ¥9tmAyst em accor d| ng to
any of the preceding clains wherein said first

catalyst is selected fromgroup consisting of Beta,

ZSM. 23, ZSM 12, ZSM 22.. ZSM 35, M 57
6.5, ﬂfh&_ %5&#&@{8@9%@%&% YRt e%@ﬂ&?ﬂg gimis Wherein said
seg&{glfg%hlgg ﬁlggieg‘g Yfﬁ)‘?fs g gﬁipi‘érl@gff)ng Q)tr‘}ﬁ'cggilx V{?Et&%%{)%ected from
ze@htlast Qlufmiffa; %lféaoti/t@ﬁﬁebﬁlc&ﬁfhdoﬁd@ gitentMBoRide, barium oxide,

present in an atomic ratio of 0.1 to 1.0 Co/ M, and

cagmind, eataniys tidternaceaws diagth, gantbanidemeddes nfch?ding\ deoium oxide,

175A, wherein sai dsecond catal yst ha 3 surface
lanthaRnt 9%ideo ﬁleeflyeusnxomém yitgum >QX1§}: 4ar$ Masepdymium oxide;

ch%]rﬁfaagi ﬁ@n ?Arﬁ nqé@ge{?%[%lgtéﬂngs)?@]e ?1% oé([l(g cgg]fl r?.gumlnum

{di® Wher ei n sa| d second catal yst further conprises
a suitable binder or matrix nmaterial selected from
zeolites, alumna, silica, titania, calcium oxide,
strontium oxi de, barium oxi de,
7. The catalyst system according to any of the preceding claims wherein said
suitable binder or matrix support of said second catalyst also contains less than 1
wt.% of contaminants, such as Fe, sulfates, silica, and various metal oxides that can

be introduced during the preparation of the support.

8. The catalyst system according to any of the preceding claims wherein said
suitable binder or matrix support of said second catalyst also contains 0 to 5 wt.%
of an additive selected from the group consisting of phosphorus and metals or metal

oxides from Group IA (alkali metals) of the Periodic Table of the Elements.

9. The catalyst system according to any of the preceding claims wherein said
first catalyst further comprises a suitable porous binder or matrix material selected

from clays, silica, and/or metal oxides such as alumina.



carbons, zirconia, diatomaceous earth, |anthanide

oxi des i ncluding cerium oxide, |anthanum oxi de,
woe@dpnd4em oxi de, yttrium oxide, and praseodynPCmUS2004/024127

oxi de; chrom a, thorium oxide, urania, niobia,

tantala, tin oxide, zinc oxide, and al um num

phosphate. 7. The catal yst system according to any of

the preceding clainms wherein said suitable binder or

matri x support of said secondjcatal yst al so contains

| ess than 1 wt.% of contam nants, such as Fe,

sul fates, silica, and various netal oxides that can be

i ntroduced during the preparation of the support. 8.
he cat al yst em accqr di to of the precedi ) X
15 TRttt Y Sleny abiing Bamh ol e ProvatingiStppanirein said
cAhly3ALASAGARNCFBOR Yl?és 4l léﬁst%%@ta%'icﬂé rPatbdaPebei0edt removing
an addi t1ve sel ecte rom t{he group consi S8 ng o

opbesntiin g Aiteapén RInediging compindexi des from Goup A
(alkali nmetals) of the Periodic Table of the Elenents.

9. The catal yst system according to any of the

recedi ng cj ai ns ereip said first catalyst further
lg'on‘p E’&g“éi? i P u@mpgo[]%§u ﬁd@Phtﬁa Fte fameanaplefin and

I 2Sh al. oxi uch

R RO SAn AR il b 1 (000 T P he SRR ystem of
ariyhef thegrecidig elaghsfcomriehg said catal yst system

further conprises at |east one acidic material

ef f e}t i veccattaatengoy haphtha bodmgerangadeedstream containing organically

ni trogen-cont ai ni ng conpounds. 11. A nethod for

produci ngPu swlifiery @nga@ﬁﬁﬁ& igr d st Fepetinn Zene| epdrated under

and sul fu LN ht ha..poi ling.r e

f eedst r eae%fe%glgg 3%&381%17“%2&03?%41 4ps Q@ggﬁﬁgfprmcgfofthyéirogen-

pr ecedi NGopkAhR &AM WIRS fifk & '

boi l'i ng range l?%eést :gebgm cont él?s}ﬂ n%@%kﬁ%ﬁff&ﬁg%ﬁum pore

sul fur armtohitesfto psodurea fifst sdactionebhebIifAmnE, Aker at ed

under

b hydrotreating at least a portion of the first reaction zone effluent of

step a) above in a second reaction zone operated under effective
hydrotreating conditions and in the presence of hydrogen-containing
treat gas and a second catalyst selected from hydrotreating catalysts
comprising 2 to 20 wt.% of at least one Group VIII metal oxide and 1
to 50 wt.% of at least one Group VI metal oxide to produce a

desulfurized product.

12. The method according to claim 11 wherein said first and second reaction
zones comprise one or more catalyst beds selected from the group consisting of
fluidized beds, ebullating beds, slurry beds, fixed beds, and moving beds wherein
each of said one or more catalyst beds contains a catalyst suitable for the reaction

zone in which the catalyst bed is located.



effective isonerization conditions and in the presence
of hydrogencontaining treat gas with a first catal yst
waedlosoira from nedi um pore zeolites to producerPer/sr084/024127

reaction zone effluent; and b) hydrotreating at | east

a portion of the first reaction zone effluent of step

a) above in a second reaction zone operated under

ef fective hydrotreating conditions and in the presence

of hydrogen-contai ning treat.gas and a second cat al yst

sel ected from hydrotreating catal ysts conprising 2 to
20 wt. % of at |least one Goup VIII netal oxide and 1
to 50 wt. % of at Ieast one G-oup VI netal oxide to

d | f d 2. .The. th d
180 oo BEFe TR chcabHing tRaRi S whareid 6id Bl Sk sepnd reaction
Z5§€'§°c{rle‘P&a%éﬁ‘ﬁﬁtlﬁ%gﬁfe'é&t%evégﬁelmre catal yst beds

sel ected fromthe group consisting of fluidized beds,
ebullating beds, slurry beds, fixed beds, and noving

beds wherein each of said one or nore catal yst beds
1'&0 nt ﬂlﬂ ynethedtagcgrting o wciaimel T ovhareia saddqurocess Aorther nomprises

the .ca st be s | ocated., 13. The netho
“’é%ré .%@“Pgtb&f‘ém spd {3t ichSeeRnd Traction zaie. 9BdHueen catalyst

t t he same reaction
bé{s?@éaﬁf‘t}%?@ﬁﬁ (ﬁ)tdh%g@tg@g%dr I'ng to claim 11 wherein
said process further conprises interstage cooling

between said first and second reaction zone, or
Ipet V\Ebﬁn‘@dncsd @nsqorcbaggo ictaimal dwherest sziddirsecatalyst is selected from

sﬁggé 15 The nmet hod according to claim11l
Z §rst catal yst is selected from ZSM 23

and ZSM 48. 16. The nmet hod according to claim 11
wherei n said second catalyst is a
16.  The method according to claim 11 wherein said second catalyst is a

hydrotreating catalyst comprising 4 to 12% of a Group VIII metal oxide and 10 to
40 wt.% of a Group VI metal oxide.

17. The method according to claim 11 wherein said second catalyst is a
hydrotreating catalyst comprising 1 to 25 wt.% MoOs 0.1 to 6 wt.% CoO wherein
said CoO and MoO; are present in an atomic ratio of 0.1 to 1.0 Co/Mo, and said
catalyst has a median pore diameter of 75 A to 1754, wherein said second catalyst
has a MoO; surface concentration of 0.5 x 10 to 3 x 10 g and an average particle

size diameter of less than 2.0 mm.

18.  The method according to claim 11 wherein said effective isomerization
conditions are selected to cause skeletal isomerization of at least 20 wt.% of the n-

olefins present in said naphtha boiling range feedstream.



hydrotreating catal yst conprising 4 to 12% of a G oup
VIII nmetal oxide and 10 to 40 w.% of a G oup VI netal
woz200d®1248¥. The met hod according to claimill WAeT/@52004/024127
said second catalyst is a hydrotreating catal yst
conprising 1 to 25 wt.% M3 0.1 to 6 wt.% CoO wherein
said CoO and Mo(O3 are present in an atomc ratio of
0.1 to 1.0 Co/Mb, and said catalyst has a nedi an pore
di aneter of 75 A to 175A, whepein said second catal yst
has a MbO surface concentration of 0.5 x 10 4 to 3 x
10 4 g and an average particle size dianeter of |ess
than 2.0 nm 18. The nethod according to claim11l

d effec one iaon conditions.are
y eﬁih 250 Aok ing Fo B L filerdIn s et gt dggane effluen
Wh.. f e noj.ef S j.d
£y oL KA, Bt AT i s
feddatrearkl wher ei n sai d first reaction zone effl uent has

a higher ratio of iso-olefns to n-olefins than the
napht ha boiling range feedstream 20. The net hod

TR e
oapAES G St o5, pBUAT Rer b, LA Bt tomin,

Cl um OxXl ont1 um oxi

sifitd,CHftinda, EHIGUATRKERY SstRMtufh oxddd, h@fﬁhgﬁ SXiié€8arbons, zirconia,
i ncl udi ng ceri um oxi de, |anthanum’oxi de, neodym um

digsanageoys teaithmlanthatede amddqsr mshmﬂrygncerrunx bfiRrle, dnthamam oxide,
t hori.um om(?ea urani a,, niobia, tantala, tin oxide,

neqdymnigy @E1de; WP Rids é‘ﬁ@s]@ﬁé@%dynzlllmy?@ %sef:hrsmma thorium
ofGF S RplsHi§ ' Bl VBRI el ide i Ao G miEiee.

|l ess than 1 wt. % of contam nants, such as Fe,
sul fates, silica, and various netal oxides that can be

21.nt rBck oedhetliategdingeto claim 11 wherein said suitable binder or matrix
support of said second catalyst also contains less than 1 wt.% of contaminants, such
as Fe, sulfates, silica, and various metal oxides that can be introduced during the

preparation of the support.

22 The method according to claim 11 wherein said first catalyst further
comprises a suitable porous binder or matrix material selected from clays, silica,

and/or metal oxides such as alumina.

23.  The method according to claim 11 wherein said effective hydrotreating
conditions are selected in such a manner that said desulfurized naphtha product has

a sulfur level less than 100 wppm sulfur.

24, The method according to claim 11 wherein said effective hydrotreating

conditions are selective hydrotreating conditions.



preparation of the support. 22. The nethod according
to claim 11l wherein said first catalyst further
w@eoupnizes a suitabl e porous binder or matri X PEL/851084/024127
selected fromclays, silica, and/or netal oxides such
as alum na. 23. The nethod according to claim11l
wherein said effective hydrotreating conditions are
sel ected in such a manner that said desul furized
napht ha product has a sul fur2y-evel |ess than 100wppm
sul fur. 24. The nmethod according to claim11l wherein
said effective hydrotreating conditions are sel ective
hydrotreating conditions.25. The nethod according to
28! Al IndihBa chddobding HERMiH 12 SehoReRN I ReAHHfitzdd faphtha
a higher concentration ofi so-para ns than
prodwértak fai HigherZoncditeativet odido-pacafriek fgant © patadfins. 11
wherei n the naphtha boiling range feedstreanT
cont ai ni ng organically bound sulfur and olefins is

reheated prior to.enteri sai,d first reacti,on zone.
26? hIehe method according to claim® 1 wﬁmerem the naphtha mﬁng range
feedstream containing organically bound sulfur and olefins is preheated prior to

entering said first reaction zone.



