99-565 16 FEE 7006 APPLI CATI ON FOR LETTERS PATENT BE | T KNONWN THAT Jorge

- Tejada, Nelson Martinez, Jose Antonio Perez, Leonardo Escal ante, Jose M
Larrauri and Jose A. Salazar, citizens and residents of VENEZUEb#.-shgve
invented certain new and useful inprovenents in CATALYTIC SYSTEM FOR
HYDROCONVERSI ON OF NAPHTHA of which the following is a specifiqdtfgmltl 1 6
FEB 2006 99- 565 BACKGROUND OF THE | NVENTI ON The invention relates to a

catal ytic systemwhich is advantageous in hydroconversion of hydrocarbon
feeds such as naphtha. Many nations have inpl enmented environnental

| egi sl ati on and energy conservation policies which idealize stringent rules
in order to drastically reduce em ssions of contam nants such as sul fur.
Clean air act amendnents and other .l egi sl ati on have nandated reductions in
em ssion levels in terns of sulfur, olefins, aromatics and the |ike, which
are considered to contribute to contam nation |evels. One source of vol une
to the gasoline pool is naphtha articularIE FCC naphtha, which is the
source of approxi mately E@B?A?ﬁstﬁpﬁuPEFﬁ RAcPRBBBTI ne pool. Further,
such FCC naphtha al so constitutes approximtely 40% (vol) of the total
amount in the gasoline pool.

BE IT KNOWN THAT Jorge Tejada, Nelson Martinez, José
Antonio Pérez, Leonardo Escalante, José M. Larrauri and
José A. Salazar, citizens and residents of VENEZUELA, have
invented certain new and useful improvements in CATALYTIC
SYSTEM FOR HYDROCONVERSION OF NAPHTHA of which th‘eA

following is a specification.



Clearly, FCC naphtha is an inportant feed to be treated for reduction of
sul fur. Various hydroconversion processes have been devel oped for treating
such feedstocks in order to reduce sulfur content thereof. One such process
involves a first stage wherein sulfur and nitrogen are subst r%ig%kﬁ
renoved, but also wherein olefins contained in the feedstock 3 %tly 2
1 6 F EB 2006 99-565 saturated. In such processes, the saturation of
olefins results in a loss in octane values, and a second stage %%€&65ent
is enployed in order to recuperate the lost octane values. In the
reformul ati on of gasoline, an octane loss is expected to occur due
specifically to hydrogenat i BRCKEROMIBI QRSTEEIDONVENRIONI oss i s conpensated or
recovered through cracking reactions, isonerization, aronmatization, and
the like, whichrgan;beea¢eemPhrieanedsdud ng ddtal @i espd ted apenéch sf age of
the reaction. Hydroconversion catalysts are conventionally sensitive to
nitrogen in_.the.f a r i re-tregt d renove
ni t rogen, \%ﬁivgﬁtgﬁggugdgg‘ gl@tré%%glrf&(}sggg} tcffg%l%%ﬂlfooﬁ Pﬁ%&%%esp%(?%t ion
process. O course, any required second stage or step adds to the
processinga§o§ﬁpp6hafractions such as naphtha, and therefore the need

exi sts for inproved nethods of reduction in sulfur and nitrogen content

W t hout adver seMemyadiatdensodeaite lye Lexe RO\ emaNjonmental

legislation and energy conservation policies which idealize
stringent rules in order to drastically reduce emissions of
contaminants such as sulfur.

Clean air act amendments and other legislation have
mandated reductions in emission levels in terms of sulfur,
clefins, aromatics and the like, which are considered to
contribute to contamination levels.

One source of volume to the gasoline pool is naphtha,
particularly FCC naphtha, which is the source of
approximately 80% of the sulfur in the gasoline pool.
Further, such FCC naphtha also constitutes approximately
40% (vol) of the total amount in the gasoline pool.

Clearly, FCC naphtha is an important feed to be
treated for reduction of sulfur.

Various hydroconversion processes have been developed
for treating such feedstocks in order to reduce sulfur
content thereof. One such process involves a first stage
wherein sulfur and nitrogen are substantially removed, but

also wherein olefins contained in the feedstock are greatly




It is therefore the primary object of the present invention to provide a
catal yst and process for using sane whereby the need for additional
reaction zones is avoided. It is a further object of the present invention
to provide a catalyst and process for using same wherein 3 ﬁg 006

99- 565 hydrodesul furization and hydrodenitrification are ad ﬁgfﬁ@ It
ds a still further object of the invention to provide a catalyst mhlch S
resistant to nitrogen and can avoid the need for pre-treatnent t@®-%bve
nitrogen from the feed. O her objects and advantages of the present
invention w | appear herein below. SUMVARY OF THE | NVENTI ON | n accordance
with the psatenatiedvenfnosuchhprotesegsinghebjsedig adiidradfamlafagishave been
readily attained. According to the invention, a hydroconversion catal yst
is providedewbleb ia ef leeki ya bathydr edeswels,,uant rg sdeedbtaacks while
preserving octane nunbers, which catalyst conprises a support conprising a

m xture of Ezsgtmgﬁtamg eﬁF%B@Q ﬁ%@!aé%olt'otere%\ﬁé}%t@ (f/%sftatlo of

bet ween out 1 and abou an active phase on salid support and
conpri sing a first gﬁtal sel ected fron1group 6 of the periodic table of
el enent s, EQESnH £3" selected from the group consi sting of group 8,

group 9 and group 10 of i
In the reformulation of gascline, an octane loss is

expected to occur due specifically to hydrogenation of
olefins (HDO). This loss is compensated or recovered
through cracking reactions, isomerization, aromatization,
and the like, which can be accomplished during the
aforesaid second stage of the reaction.

Hydroconversion catalysts are conventionally sensitive
to nitrogen in the feed, and can require pre-treatment of
the feed to remove nitrogen, which also adds a step and
additional cost to the preparation process.

Of course, any required second stage or step adds to
the processing cost for fractions such as naphtha, and
therefore the need exists for improved methods of reduction
in sulfur and nitrogen content without adverse impact on
octane values (RON, MON}.

It is therefore the primary object of the present
invention to provide a catalyst and process for using same
whereby the need for additional reaction zones is avoided.

It is a further object of the present invention to

provide a catalyst and process for using same wherein




the periodic table of elements, and a third elenent 4 1 6 FEB 2006 99- 565
sel ected fromthe group 15 of the periodic table of elenents. In further
accordance with the present invention, a process for hydroconversion of
hydr ocarbon feedstock is provided, which process conprises provgﬁqﬁ@%
hydrocarbon feed having an initial sulfur content and an initial olefin
fraction; providing a hydroconversion catal yst conprising a support
conprising a mxture of zeolite and alum na, said zeolite havi ngeans&g/ Al
rati o of between about 1 and about 20, and an active phase on said support
and conprising a first netal selected fromgroup 6 of the periodic table of
el enent s, hyseodedutstuali z=d] oot ethd rlgmtdiengrtoupf coatsien i age of group 8,
group 9 and group 10 of the periodic table of elenents, and a third el enent
sel ected fgpewoipa ighedp. 15 of the periodic table of elenents, and exposing
said feed to said catal yst under hydroconversion conditions so as to
provi de a produ Vi : of 5 S; .sald initial
sul fur content. %%htel%olagﬁtﬁllclo%ern%go]{ Lk'gtﬁgé%% %Iélg?oﬂ{ﬁ% vé(?l?egodependi ng
upon the operating_ conditions used to process the feedstocks. | n some
chses, |t hETBNEAen 3 SRAANTE MON! v i G S or Lot T QAERSaREnEST o) ef i n
content is substantially lower than the initial olefin content.
Advant ageo@¥Pyd hdwevecd thnr qatarl tzgatgrent Heo preeye phbtepgeonipe®yi des for
increased ratio of iso 5

the feed.

Other objects and advantages of the present invention

will appear herein below.

SUMMARY CF THE INVENTION

‘In accordance with the present invention, the
foregoing objects and advantages have been readily
attained.

According to the invention, a hydroconversion catalyst
is provided which is effective in hydrodesulfurizing
feedstocks while preserving octane numbers, which catalyst
comprises a support comprising a mixture of zeolite and
alumina, said zeolite having an Si/Al ratio of between
about 1 and about 20, and an active phase on said support
and comprising a first metal selected from group 6 of the
periodicitable of elements, a second metal selected from
the group consisting of group 8, group 9 and group 10 of

the periodic table of elements, and a third element




product and help make up for the olefin |oss which itself is

(RON); Figure 2 illustrates the rel ationship between process
and average nol ecul ar wei ght for several feedstocks and_for

DESCRI PTI ON The invention relates to a catal yst and cat al yst

hydr ot r eati ' ng usi ng

final product varies depending upon the operating

16 FEB 2006 99-565 paraffins to n-paraffins and reduction in nol ecul ar
wei ght of the n-paraffins which serve to inprove octane ratings of the

reduced i n any

event. BRI EF DESCRI PTI ON OF DRAW NGS A detail ed description of 1 gfgroed
enbodi ments of the present invention follows, with reference to the
.attached draw ngs, wherein: Figure 1 illustrates the relationship between
carbon atons of various hydrocarbon fractions and research octaﬁg‘

Shénber
t enper at ur e
processes

carri ed oweledtedzifipm ditid eg%oup t Ypeaf ofthe aparyeeic hHablei glre 3
illustrates the relationship between Delta GCctane (Delta Road) and HDS
(Hydr odesw@lfettteinztat.i on) activity for different types of catal ysts. DETAI LED

system for

hydr oconver si onpfriimdidc s basrd £edst ks sHEhprasenaphhkantand, peovi des for
reduction of sulfur in naphtha 6 1 6 F E B 2006 99-565 feedstock cuts

Wi t hout S?J%tcaergsj oo GAUELL ONSyd Ps PGL AL hyALYESrp¥hi ¢RebistoeTRE Wi th

provided, which process comprises providing a hydrocarbon
feed having an initial sulfur content and an initial olefin
fraction; providing a hydroconversion catalyst comprising a
support comprising a mixture of zeolite and alumina, said
zeolite having an Si/Al ratio of between about 1 and about
20, and an active phase on said support and comprising a
first metal selected from group 6 of the periodic table of
elements, a second metal selected from the group consisting
of group 8, group 9 and group 10 of the periodic table of
elements, and a third element selected from the group 15 of
the periodic table of elements, and exposing said feed to
said catalyst under hydroconversion conditions so as to
provide a product having a final sulfur content less than

said initial sulfur content. The olefin content of the

conditions used to process the feedstocks. In some cases,
the olefin retention is very high and for other cases, the
olefin content is substantially lower than the initial
olefin content. Advantageously, however, the catalyst of

the present invention provides for increased ratio of iso-



conventional catalysts. The octane value of a particul ar hydrocarbon
fraction such as naphtha fractions and the |ike has been found to depend
upon the nunber of carbon atons in the various hydrocarbon fr, ions
contained therein. One inportant fraction is the olefin fracﬂﬂgéﬁﬂﬁﬂﬁ this
fraction has been found to be extrenely susceptible to hydrogenati on when
.Subj ected to conventional hydrodesul furization (HDS) catalysts. The result
is that various gasoline pool additives such as naphtha, which AusPoBe
treated with HDS catal ysts, have reduced octane values and require a second
treatment stage for recuperating the octane value, Figure 1 shows
reIationsquaﬁﬁhnﬂﬂiqeﬁﬁﬁﬂﬁﬂﬁfkﬂ%nﬁﬁdrﬁﬁﬁﬁﬁt%¢&)&naﬂﬂl?ﬁglﬁﬁnﬂéﬂggF car bon
atons for various hydrocarbon fractions of a typical gasoline pool
fraction. ofAtishawpatdief RGN wiaicle slecveasesisphbsvenvchihg ustihgs ndnber of
carbon atons for each fraction, including the olefins, increases. In

accor dance .y AR Pr AsEMe I VRIS Olp BofatBbyslefsisienshabikaen devised
whi ch advant ageously provides for excellent HDS activity, and which al so

provi des excel|ent nver sion fvity, and which avoids the
subst anti aﬁ)(tsfllfgl% g@‘%‘%‘&“&%@f%ﬁ%#éases in octane val ues which are
caused by conventional hydrotreating catalyst systens. In addition, the

catal yst system of the present invention is tolerant to nitrogen, and can

therefore be used in a sin%!e treat nent stage or
BRIEF DESCRIPTION OF DRAWINGS

A detailed description of preferred embodiments of the
present invention follows, with reference to the attached
drawings, wherein:

Figure 1 illustrates the relationship between carbon
atoms of various hydrocarbon fractions and research octane
number (RON) ;

Figure 2 illustrates the relationship between process
temperature and average molecular weight for several
feedstocks and for processes carried out utilizing
different types of catalysts; and

Figure 3 illustrates the relationship between Delta
Octane (Delta Road) and HDS (Hydrodesulfurization) activity

for different types of catalysts.

DETAILED DESCRIPTION

The invention relates to a catalyst and catalyst
system for hydroconversion of hydrocarbon feedstocks such

as naphtha, and provides for reduction of sulfur in naphtha




reactor for treating feedstocks having sulfur, nitrogen and the |ike, and
provides a product with substantially reduced sulfur and nitrogen content
wi th octane val ues either unchanged or reduced slightly, and in sone cases
i nproved. In accordance with the present invention, the catally&fFB2ist em

i ncl udes a support conponent and an active phase on the support conponent.
.The support conponent in accordance wth the present invention 5%-565
preferably a silicon and al um num structure such as zeolite,
alumnosilicate, silica and alum na m xtures, and the |like. In accordance
with the resent jnvenption, it has, been found that .excel.l ent HDS activity,
with tol er5#R@eStOCHi FEbgeNiERauL §8b6§88tﬁ5§ LEAHERS & Q63eta‘a%§corrp| ! shed
w th substantial hydroconversion activity so long as the ratio of silicon
to alum memluest hehiebl isecprmpat Wash Aydgotreatd@bd®INgD. The Si/ A
ratio is critical in that higher ratios result in poor hydroconversion
activity apenvesviénal tasaliystectane values. It is preferred that the
zeolites have an Si/Al ratio |less than about 15, and nore preferably |ess

than 8 1 6 FEB 2Q06,992R65vabaut 0¥2a $Er?i2eQlirt & iddirvh Frticati o of
11.7 is particularly well suited to the present invention. The support is

referably_a m xtu eqli . I hna, sand . pr.ef &ﬁﬁii is M
geolite, %%%?H]B%eﬁnggPé g%?é%%gggiﬁédggh%égl orgﬁﬁﬁggggfq%U|tab(g ST-5
eolite is _disclosed in U S Patent No. .5, 254,327.. Sych a__zeolite can be

éonb:nedlaﬂ?hgﬁﬁp§8ﬁpzﬁps BHBEﬁFs°5f9%Q%Nh§éoms i the Varicus

hydrocarbon fractions contained therein. One important
fraction is the olefin fraction, and this fraction has been
found to be extremely susceptible to hydrogenation when
subjected to conventional hydrodesulfurization (HDS)
catalysts. The result is that various gasoline pool
additives such as naphtha, which must be treated with HDS
catalysts, have reduced octane values and require a second
treatment stage for recuperating the octane value.

Figure 1 shows a relationship between research octane
number (RON) and the number of carbon atoms for various
hydrocarbon fractions of a typical gasoline pool fraction.
As shown, the RON value decreases substantially as the
number of carbon atoms for each fraction, including the
olefins, increases.

In accordance with the present invention, a catalyst
system has been devised which advantageously provides for
excellent Hbs activity, and which also provides excellent

hydroconversion activity, and which avoids the substantial




to provide the desired acid catalysis. Such a zeolite has been found to
provi de excellent selective cracking and isonerization activities whi | e
avoi di ng octane | oss. The active netal phase to be dep05|te% ﬁ ot herw se
provi ded al ong with the support preferably includes a firstl selected
fromgroup 6 (CAS group VIB) of the periodic table of elenents, nost
-preferably nol ybdenum The active netal phase also includes a s %o%%5netal
preferably selected fromthe group consisting of group 8, group group
10 (CAS group VII1) of the periodic table of elenents, preferably nickel,
cobalt or m xtures thereof ref.erably_cobal a nt
selected'ﬂﬁﬁﬁeiﬁ%ﬁquEP??éﬁﬁ\ﬁﬁf% t%%lgg %5 '%gPéspeggf% Fgﬁégﬁgkﬁggst
preferably phosphorus. In accordance with the present invention, the

catal yst Itz §And cFafaely et aYSheRFve EﬁaégdhééPﬁg xhe gatelysbout 1%
(wt) of the first netal (group 6), at |least about 9 16 F E B 2006 99-565
0.5% (W) fsttdre scdnel pedséni gume)rstsonglandOle)fanan@Oanltlr@éiﬂn;about 0.2%
(wt) of the third elenment (group 15). More preferably, the catal yst

i ncl udes they fddsten@tdfore Pref €eabl ynnel yhbagnemt reatasnametaigebeteen about
2 and about 15% (wt), the second netal, preferably nickel or cobalt, in an

oror: oy SRR s abav B itk e o

Thi's  combf “é“t&”e,of 29118, MBLE' 3 BndaELERRLR §0bsRaRHRAYYY FRauced
sulfur and nitrogen content with octane values either
unchanged or reduced slightly, and in some cases improved.

In accordance with the present invention, the catalyst

system includes a support component and an active phase on
the support component. The support component in accordance
with the present invention is preferably a silicon and
aluminum structure such as zeolite, aluminosilicate, silica
and alumina mixtures, and the like. In accordance with the
present invention, it has been found that excellent HDS
activity, with tolerance to nitrogen and also good HDN
activity, can be accomplished with substantial
hydroconversion activity so long as the ratio of silicon to
aluminum in the zeolite is between about 1 and about 20.
The Si/Al ratio is critical in that higher ratios result in
poor hydroconversion activity and resulting loss in octane
values. It is preferred that the zeolites have an Si/Al

ratio less than about 15, and more preferably less than




descri bed above has been found in accordance with the present invention to
provide the desired HDS and HDN activity along wiwth other activity that
conpensates for olefin hydrogenation (HDO so as to provide a final product
havi ng acceptabl e octane val ues. As denonstrated in the ExdnpFEsllt he

catal yst according to the present invention advantageously provides for
increase in nolar ratio of iso-paraffin to n-paraffin, and also _reduces

nol ecul ar wei ght of the n-paraffin fraction, both of which inpro@@'é@ﬁane
val ues of the final product and thereby substantially conpensate for the
HDO activity of the catalyst. In accordance with the present [nyention, the
acidity cfbawe ki al §ET5 h2eohi & hedhng odndSt Aber fRb8r PantirA 1€onnecti on
with the desired tolerance to nitrogen and acid 10 1 6 FEB 2006 99- 565

catal yst agedrwicylsprp wslbesbertedetor bbki pgesedt isventieantion reactions. A
suitabl e catal yst in accordance with the present invention can be prepared

usi ng known t echins qs@spoNdis fokt vk aB1 pr acessearveblk kaewteoaadper son of.
ordinary skill in the art. The zeolite is preferably m xed with alunm na

under prOtqg%ﬁiégrg%nngrgféPrég pavser o f E”MangeBEEEezeﬁBEEe and al um na

are prefer%. y m X a proportron o et ween about 10 and about 909% Wt )
220l 1o andkPELIERD hout, 00, 0 SBout 10301 BLYE MasulBaie oL e o
zeolite is disclosed in U.S. Patent No. 5,254,327. Such a
zeolite can be combined with appropriate amounts of alumina
to provide the desired acid catalysis. Such a zeolite has
been found to provide excellent selective cracking and
isomerization activities while avoiding octane loss.

The active metal phase to be deposited on or otherwise
provided along with the support preferably includes a first
metal selected from group 6 (CAS group VIB} of the periodic
table of elements, most preferably molybdenum. The active
metal phase also includes a second metal preferably
selected from the group consisting of group 8, group 9 and
group 10 (CAS group VIII} of the periodic table of
elements, preferably nickel, cobalt or mixtures thereof,
most preferably cobalt, and a third element selected from
group 15 (CAS VA) of the periodic table of elements, most
preferably phosphorus.

In accordance with the present invention, the catalyst
preferably includes metal active phase having at least

about 1% (wt) of the first metal (group 6), at least about




be added such as, for exanple, acetic acid and the like, preferably in
anounts of between about 0.5 and about 3.0% (wt), and the resulting m xture
is a paste which is extruded into appropriate fornms, such as, for exanple,
1/ 16" extrudates. The extrudates are then dried, preferably at room
tenperature, and then at a tenperature of 120C, and the dri &4 EERt¥lidat es
.are then calcined, for exanple at a tenperature of about 550C for
approximately 2-4 hours. Calcination may preferably be carried o@2-#t6%
heating velocity of 60C increases per hour, until the desired tenperature

i s reached. er | cknation, the extrudates are preferably inpregnated
with the gr%ﬁ%%1éwg2t§§egéﬁeﬁ%ﬁ?ngppgkéiagp§ofﬁsl86 E Erd 3806 gokes
phosphorus), and the group 6 active netal (preferably nolybdenun. After
this i npregh®?s bnRee ,OtE§ i(Wp? eghiatbe thxrdugdemensr d ggdoipd 1500r exanpl e
usi ng the sanme procedure, preferably at roomtenperature and then a

t enper at ur ¢ieore pheferabby, thd ahtelydtyinglutihe eker fdatesmarealf urt her

i npregnated with the nmetal of group 8, 9 or 10, preferably nickel and/or

cobalt, so msefeorzbhypleskyblienasn)i Yo a8t ahounbapetivBRLEgRaLIOP @Rt the
support structure. O course, the catalyst may be inpregnated in different

The- | ot eOnat ei oxt§ uat £e. Sre Ehenor Fage Loup Ao e abEg i ENEA Bl o ° "

The inpregnated extrudates are t ried againat ro enper _
fol | owed by kit A Chieshlint BBLAALIPLELYE 5508 86,2, SULLLET g1 peri od of

time and at
$(wt), and the third element, preferably phosphorus, in an
amount between about 0.5 and about 5.0 %(wt). This
combination of active metals and elements for a support as
described above has been found in accordance with the
present invention to provide the desired HDS and HDN
activity along with other activity that compensates for
olefin hydrogenation (HDO) so as to provide a final product
having acceptable octane values.

As demonstrated in the Examples, the catalyst
according to the present invention advantageously provides
for increase in molar ratio of iso-paraffin to n-paraffin,
and also reduces molecular weight of the n-paraffin
fraction, both of which improve octane values of the final
product and thereby substantially compensate for the HDO
activity of the catalyst.

In accordance with the present invention, the acidity
of the catalyst has also been found to be important in

connection with the desired tolerance to nitrogen and acid




a heating velocity at set forth above, and the catalyst is then conplete.
The catal yst may al so be prepared by co-extruding the zeolite, alum na and
active nmetals. The extrudates are fornmed and inpregnated at the sane tine,
and are dried and then calcined using a sinmlar process as desgfFEpel above.
Bef ore use, the catal yst may be subjected to activation, pre-sulfurization,
;and other steps which are known to a person of ordinary skill in_ the_art,
at which tine the catalyst is ready for use in processes for J

hydr oconversion in accordance with the present invention. 12 1 6 FE62006
99-565 A particularly suitable feedstock wth which the catalyst of the
present i wedalivet iastisety Suﬁhi4ﬁnﬁﬁ¥ﬁFt¥%%d§¥%€K}ngr@PérabIy a

non- hydrot reat ed FCC naphtha (C9+) having at |east about 5% w) of olefins,
such as t Hafomdyictatican teacbieisied fromthe Anuay or from other refineries,
for exanple. The typical characteristics of such a conposition are as set

forth in Tabl ezl halwww JabledySontienicEorpantcei ebth%hei gheseRar af fi ns3. 09
| soparaffinsl2.2 A efins8.6 Napht henes10.3 Aronatics61l.6 Non-identified,

Cl3+1.7 | hvention can be prepared using known techniques, and

following processes well known to a person of ordinary
skill in the art. The zeolite is preferably mixed with
alumina under protonic form, and both in powder form, and
the zeolite and alumina are preferably mixed at a
proportion of between about 10 and about 90% (wt) zeolite
and between about 90 and about 10%(wt) alumina. To the
mixture of zeolite and alumina, a peptizing agent may also
be added such as, for example, acetic acid and the like,
preferably in amounts of between about 0.5 and about 3.0%
(wt), and the resulting mixture is a paste which is
extruded into appropriate forms, such as, for example,
1/16" extrudates. The extrudates are then dried,
preferably at room temperature, and then at a temperature
of 120°C, and the dried extrudates are then calcined, for
example at a temperature of about 550°C for approximately
2-4 hours. Calcination may preferably be carried out at a
heating velocity of 60°C increases per hour, until the
desired temperature is reached.

After calcination, the extrudates are preferably

impregnated with the group 15 active element (preferably

11




Sul fur 1930 ppm Ni trogenl86 ppm O course, the catalyst in accordance with
the present invention can advantageously be used with a wide variety of
feedst ocks, and the feed set forth in Table 1 is nmerely an exanple of a
suitabl e feed. The particularly desirable characteristics of fleePERMlth are
suitable for treatment wth the catalyst of the present invention, however,
13 1 6 FEB 2006 99-565 include a feed which requires at |east HDS, and
optionally HDN as well, which includes an olefin fraction, and W2 is to
be incorporated into the gasoline pools. The feedstock can further contain
at | east about 1 ppmweight of nitrogen. Wth such a feedstock, the
cat al yst ophesehoprakengniintbat UsAuRdPancid¥suBEfaderPEetesahidvi de HDS and
HDN activity with excellent hydroconversion activity. In accordance with the
present i miehyb@emumhe pAdftessthier impeagnegisocktapf edtist doprwigna telde

catal yst of the present invention includes providing the suitable catalyst

and f eedst ogkyy@8de§xppei B9ikhe keedekaskleoukhagtahel ¥ime drocedure,
hydr opr ocessi ng condi tions |ncfud|ng a tenperature of between about 230C

and about 450 ressu f b [ t..1 i, a

ﬁpgce ve}?%FE§%f€E£%)??b%gﬁge5?§§§ggeg?gt%ggbéggzg%%&%?%§§§%kﬁzQﬁﬁ?pZLh
rogen/ f eedst oc atio et ween abou an u dn IS

rggarg, th@b%%FaFQQECOfaPﬁeagF8§eHFyFﬁ9énF%8nGXtr&%A%es e fifthed

impregnated with the metal of group 8, 9 or 10, preferably
nickel and/or cobalt, so as to complete the active metal
phase impregnation onto the support structure. Of course,
the catalyst may be impregnated in different ways, as well,
and can be prepared using any known technique or process.

The impregnated extrudates are then dried again at
room temperature followed by 120°C, calcined at
approximately 550°C for a sufficient period of time and at
a heating velocity at set forth above, and the catalyst is
then complete.

The catalyst may also be prepared by co-extruding the
zeolite, alumina and active metals. The extrudates are
formed and impregnated at the same time, and are dried and
then calcined using a similar process as described above.

Before use, the catalyst may be subjected to
activation, pre-sulfurization, and other steps which are

known to a person of ordinary skill in the art, at which

time the catalyst is ready for use in processes for

hydroconversion in accordance with the present invention.

12



can advant ageously be provided in a single reactor, or in two or nore
reactors, using different configurations between them if desired, or in
conbination with other catalysts designed to provide other actihﬁf&ﬂﬁmﬁch
may be desirable for the particular feedstock, or out of the sane
feedstock, in question. It is particularly advantageous, 14 1 6 FEB 2006
199-565 however, that the catalyst of the present invention allo 9_§%s
desired results to be obtained in a single reactor. The feedstock”s reat ed
will have an initial sulfur content and an initial olefin fraction, as well
as, typically, an injtial nitrogen content. The resultin gduct will
have a substant@é?¢§t+%ﬂﬁéﬁﬁysﬁpgﬁﬁbg8n ﬁﬁg?toﬁEeVéiﬁbﬁblghsﬁégtantiaIIy
reduced nitrogen content, and wll have a substantially reduced olefin

cont ent wheatalestrefl, the presensr énvedbipnredsolertHlr deft NGRNEEBendi ng
upon operation conditions used, w thout the decrease in octane val ues which
i's comon pdeds tydk ptpeafengbligi agnonehydnbkorakedaFaly slaphthe fdCSdéss can
be carried out utilizing nultiple beds, either in the sane reactor or in

di fferent r‘if@fﬁ rse 1L8s8dgbbhenssiilithas rbeerriaund sulbat ashenprocessh
tenperature of use of the present catalyst is preferably a tenperature of
bet ween about 250 nd o] 1 h i.ghe I can result
in liquid 5321819 gélﬁggwg%f)ﬁbgggeﬁn%%g&r g#eg!ﬂgﬂ tbﬁgteg%fﬁté‘s%g%ts’fort h

bel ow, the catalyst_of the present _i nyention provides for
for exgmple. Theptypgcal c arac%ergs%!cs of such a

composition are as set forth in Table 1 below.

Table 1

Contents Composition (% weight)
Paraffins 3.09
Isoparaffins 12.2

Olefins B.6

Naphthenes 10.3

Arcmatics 6l1.6
Non-identified, C13+ 1.7

Sulfur 1930 ppm
Nitrogen 186 ppm

Of course, the catalyst in accordance with the present
invention can advantageously be used with a wide variety of
feedstocks, and the feed set forth in Table 1 is merely an
example of a suitable feed. The particularly desirable
characteristics of feed which are suitable for treatment

with the catalyst of the present invention, however,
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excellent HDS activity, with tolerance to the presence of nitrogen and HDN
activity as well, a desired HDO activity, and advantageously provides for
hi gh hydroconversion activity thereby reducing the adverse inpact on octane
15 1 6 FFB 2006 99-565 val ues which is currently experienced dth Fifi0bg
conventional hydrotreating catalyst. Due to the nitrogen tol erance and good
‘hydroconversion activity, the catalyst of the present invention gal

advant ageously be used in a single reactor process where the fiﬁgfqg%%duct
has acceptabl e sulfur content, and does not need octane val ue recuperation,

pro- 1 eat mEM Sy & nf EPUGRA' 10 FEGHRRSSTAS PEPEDWR e PhipI B R r at o

the effectiveness of the catalyst of the present invention for use in
treat ment BN naphvehlf ewdieBckBClTARS @Bt 8 LRdd NoBtr&GTd®n utdd 2 ighi gh
pressure plants having 10-40 CC capacity reactors, and using the foll ow ng
general netsotol bgyindodpbeahededntol ahe ghsddiiesd eatcdls.st T fed to a
stainless steel reactor having a length of 43 cmand an internal dianeter

of 3.5 cmréepsestkivahzedrtred tontpiapatedehytadtionr 0. Hpec vight
car bondi sul fide or dinethyldisulfide (DVDS) (1.5%v/v) for each 60 cc of

o 3B FTLEREh oV SPVE phstaeter, miesdpivnd ol ke ng his
present invention advantageously serves to provide HDS and
HDN activity with excellent hydroconversion activity.

In accordance with the present invention, the process
for treating such a feedstock with the catalyst of the
present invention includes providing the suitable catalyst
and feedstock, and exposing the feedstock to the catalyst
at hydroprocessing conditions including a temperature of
between about 230°C and about 450°C, a pressure of between
about 100 psi and about 1000 psi, a space velocity (LHSV)
between about 0.5 h™! and about 20.0 h™, and a
hydrogen/feedstock ratio of between about 100 and about 650
Nv/v.

In this regard, the catalyst of the present invention
can advantageously be provided in a single reactor, or in
two or more reactofs, using different configurations
between them, if desired, or in combination with other
catalysts designed to provide other activity which may be
desirable for the particular feedstock, or out of the same

feedstock, in cquestion. It is particularly advantageous,




16 1 6 FEB 200 99-565 For 40 cc of catalyst: Pressure: 400 PSIG H2 Fl ow
195°cc/ mn Presul furizing feedstock flow 25.6 cc/h Tenperatures: 159C(I h)
240C(1 h) 280C(2h) For 30 cc of catalyst: Pressure: 400 PSIG H2 Flow 146
cc/mn Presul furizing feedstock flow 19.2 cc/h Tenperatures}ﬁ%@&?ﬁﬁh)
240C(1 h) 280C(2h) For 20 cc of catalyst: Pressure: 400 PSIG H 0 97. 33
.cc/mn Presul furizing feedstock flow 12.8 cc/h Tenperatures: 150C(I h)
240C(1 h) 280C(2h) For 10 cc of catalyst: Pressure: 400 PSIG H29%rew> 36
cc/mn Presul furizing feedstock flow. 6.4 cc/h Tenperatures: 150C(I h)
240C(1 h) 280C(2h) In all cases, the LHSV is 0.641/h and H2/feedstock
rel ation ikovEERN/ Vhatncthe tabalyehpef athperaFentt inveagien &1dorse B 2006
99-565 so as to provide a final value of 330C or 280C dependi ng

the desired results to be obtained in a single reactor.

The feedstock so treated will have an initial sulfur
content and an initial olefin fraction, as well as,
typically, an initial nitrogen content. The resulting
product will have a substantially reduced sulfur content,
preferably a substantially reduced nitrogen content, and
will have a substantially reduced olefin content when
desired, or a different desired olefin retention depending
upon operation conditions used, without the decrease in
octane values which is common when hydrotreating using
conventional catalyst.

The process can be carried out utilizing multiple
beds, either in the same reactor or in different reactors.
In addition, it has been found that the process temperature
for use of the present catalyst is preferably a temperature
of between about 250°C and about 410°C, and that higher
temperatures can result in liquid yield loss.

As will be demonstrated in the examples set forth
below, the catalyst of the present invention provides for
excellent HDS activity, with tolerance to the presence of
nitrogen and HDN activity as well, a desired HDO activity,
and advantageously provides for high hydroconversion

activity thereby reducing the adverse impact on octane

15



on the process requirenents. After catal yst activation, the catalytic
evaluations were carried out. The typical operational conditions used, at
bench scale, were tenperatures between 280 and 380C, fixed pressure of 600
psig, space velocity between 1 and 3h-1, and H2/feedstock relatio ff 440
Nv/v. Exanple 1 10 cc of a commercial hydrotreatnent catal ystWFﬁﬂ'Eﬂﬂ
containing Ni, M, and P (18% wt) supported on alum na were actiyat at
280C and eval uated according to the nmethodol ogy descri bed abovefﬁggﬁﬂﬁ an
FCC C9+ naphtha from the Amuay Refinery. The results are shown in Table 2.
Table 2 Cbnventiongl Cat al yst Fggdstock .HDTlfpi R/.AI.203 FCC C9+ Napt ha
from Amuay’@ha¢st YBARoA i EPGF@“L MVEXRET LD SSFedsur'd, * Y 9600600600600
Tenperature, C300320340360 Hours7121520 Product Quality 1535245431930

Sul fur, pprenverbgenalppifizeszsatisg cdplySt -wt 99. 6230. 6200. 6150. 5128. 610
I -p/n-p ratios3. 103. 123. 103. 123. 14 Average Mol ecul ar wei ght

136. 0135. 8135. 7:35. ¥43¥hk nitrogen tolerance and good hydroconversion

activity, the catalyst of the present invention can
advantageously be used in a single reactor process where
the final product has acceptable sulfur content, and does
not need octane value recuperation, and further where the
catalyst is not rapidly deactivated and no pre-treatment
for nitrogen is needed.

The following examples demonstrate the effectiveness
of the catalyst of the present invention for use in
treatment of naphtha feedstocks. This data was obtained
utilizing high pressure plants having 10-40 CC capacity
reactors, and using the following general methodology.

A determined volume of dried catalyst is fed to a
stainless steel reactor having a length of 43 cm and an
internal diameter of 3.5 cm. A presulfurized feed is
prepared by adding 0.9 cc of carbondisulfide or
dimethyldisulfide (DMDS) (1.5% v/v) for each 60 cc of
naphtha. The catalyst bed is activated and/or
presulfurized utilizing this presulfurized feed under the

following operating conditions. |
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of n-paraffins HDS, wt%92.197.397.897.8 HDN, wt!93.5>97>97>97

*i soparaffins/normal paraffins ratio 18 1 6 FEB2006 99-565 A hi gh

hydr ogenating activity toward ol efins (HDO between 93.0 and 94.2% W) is
obtai ned. The HDS activity (hydrodesulfurization), as expecagd Hﬁﬁreases
with the tenperature from92.1 through 97%in weight and in FE& | ar way
'the HDN (hydrodenitrogenation) varies between 93.5 and nore than 97%in
wei ght when the tenperature increases from 300 to 360C. However 9385
average nol ecular weight of n-paraffins is very close to the average

nmol ecul ar weight of n-paraffins in the feedstock, indicating that the acid
catalysis is vefQ¥ phorccsxansRbadyebimercial di spersible alunina B
(CondeaTM is mxed wth an MFI zeolite (ST-5) containing a ratio Si/A of
11.7 under prokomssufer nd(8eRStBemnm cal conposition in Table 3), both
powder, in a proportion of 50% (w) ST-5 and 50% (w) alumna. Table 3 M
Zeol i te Chem caj, FAlowd N8 RlcSukfmce Fornmula ST-5 NaO 23H7.,,Siu. 4 01,2
(1020/g) size (pnm) Area WQg)

Presulfurizing feedstock flow: 25.6 cc/h
Temperatures: 159°C(1lh) 240°C(lh) 280°C{(2h)
For 30 cc of catalyst:

Pressure: 400 PSIG

H, Flow: 146 cc/min

Presulfurizing feedstock flow: 19.2 cc/h
Temperatures: 150°C(1h) 240°C(ih) 280°C{(2h)
For 20 cc of catalyst:

Pressure: 400 PSIG

H, Flow: 97.33 cc/min

Presulfurizing feedstock flow: 12.8 cc/h
Temperatures: 150°C(1h) 240°C(lh) 280°C(2h)
For 10 cc of catalyst:

Pressure: 400 PSIG

H, Flow: 36 cc/min

Presulfurizing feedstock flow: 6.4 cc/h

Temperatures: 150°C(1h) 240°C{1lh) 280°C(2h)

In all cases, the LHSV is 0.641/h and H./feedstock

relation is 365 Nv/v. Activation temperatures are utilized
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7.5 0.8 332t n AI(10 /g): Nunber of total Bronstad sites cal culated from
chem cal fornula and Avogadro nunber (6.02X102) In the m xing process of
both solids, 2.5% weight of acetic acid is added, in a proportion or ratio
of 2.4 grans 19 1 6 FEB 2006 99-565 of solid per ml of acid. AftlelFi§ Xlhg
the solid is passed through a double extrusion press-m xer until the
material 1s honbgenized. After this mxture, extrusion is nmade _SEEe
paste so as to form 1/ 16" extrudates. The extrudates are dried afl”rdom
tenperature. They are submtted afterwards to a tenperature of 120C. After
drying, they are calcined at 550C in furpace~éor_at eas e _hours.

I n order Fﬁyﬁghc S Y Emder Q#%,v f“%é%fi%§°v§|%%i¥§bi§ égéggggﬁgoc per
hour. After <calcination, a humdity scale is used to determne the volune
of hydr at icgn thie PEIRSDHFreBELX/MeMeS of the sol ution of anmonium
hept anol ybdate plus 85% (wt) of phosphoric acid, which will be used in

i mpregnati on. MEtanuatslydt avmbne uhohepthaotybadyeiangvphvaphonsc acid
are determned and selected to deposit in the final catalyst 12-13% wei ght
of nol ybdepum a2 da 290% Weight t g i PADSPherasiocAkl econlii sibnpr egedi i on,
the extrudates are dried at roomtenperature and at 120C. After drying, the

hurd o 1 ; . . | _ / ' ng..
um di ty aﬁggdoeg}clfl’?i%@fﬂe, ngle% eféﬂtﬂ?r&ﬁ?re\@ %@g%fénnmbehnal eare, solution

needed to e final catalyst 2.1-2.
fixed pressure of 600 psig, space velocity between 1 and
3h™, and H,/feedstock relation of 440 Nv/v.
Example 1

10 cc of a commercial hydrotreatment catalyst (HDTI1)
containing Ni, Mo, and P (18% wt) supported on alumina were
activated at 280°C and evaluated according to the
methodology described above, using an FCC C9+ naphtha from

the Amuay Refinery. The results are shown in Table 2.

Table 2
Conventional Catalyst, Feedstock
HDT1 NiMoP/Al,0, FCC C9+ Naptha
from Amuay

Operation Conditions
LSHV, h! 1 1 1 1
Pressure, pslg 600 600 600 €00
Temperature, “C 300 320 340 360
Hours 7 1z 15 20
Product Quality
Sulfur, ppm 153 52 45 43 1930
Nitrogen, ppm 12 <5 <5 <5 186
Clefins, wth 0.623 0.620 0.615 0.512 B.610
i-p/n-p ratio* 3.10 3.12  3.10 3.12 3.14
Average Molecular weight
of n-paraffins 136.0 135.8 135.7 135.7 137.5
HDS, wtt 92.1 97.3 97.8 97.8
HDN, wt% 93.5 >97 >97 >937

*isoparaffins/normal paraffins ratio
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wei ght of nickel, and the inpregnation is carried out. Finally, the
extrudates are dried once nore at room tenperature and at 120C, and then
calcined at 550C during 2 hours using the sane heating velocity of
60C hour. This 20 1 6 F E B 2006 99-565 catalyst is referred t1¢f by B as
HYC1 (N MoP/ ST-5+Al 203) catalyst and is a catal yst according to e present
.invention. Exanple 3 Table 4 shows the results obtained with 10 ¢cc of HYCl
catal yst prepared according to Exanple 2. The catal yst was eval ddred>
according to the procedure described in Exanple 1. Table 4 Hydroconversion
Feedstock Catalyst, FCC C9+ HYCL N 140P/ ST-5+Al 2G3 Napht ha from Anuay

' _Pressur 600 nper at ur e,

'qgegggi ggocgzgipéieslgi]‘w{%ﬁ%h’ba%misaﬁf%ﬁgﬂ/gﬁﬁﬁﬁfgsgégggﬂg?(eﬁ}?ﬁmezel 136 80
74 1930 Nitrogen, gpn139 44 22 8 186, C]g{;ggédvﬁ@%géGSBSBééﬁﬁvg.347 3. 256
8. 610 between 93.0 and 94.2% wt) is o ty

(hydrodesulfurization), as expected, increases with the

temperature from 92.1 through 97% in weight and in a

similar way the HDN (hydrodenitrogenation) varies between

93.5 and more than 97% in weight when the temperature

increases from 300 to 360°C. However, the average

molecular weight of n-paraffins is very close to the

average molecular weight of n-paraffins in the feedstock,

indicating that the acid catalysis is very poor.

Example 2
Commercial dispersible alumina B (Condea™) is mixed
with an MFI zeolite (ST-5) containing a ratio Si/Al of 11.7

under protonic form (see chemical composition in Table 3),

both powder, in a proportion of 50% (wt}) ST-5 and 50% {(wt}

alumina.
Table 3
MEI Zeolite Chemical nAl Crystal Surface
Formula (10%°/q) size (pm) Area{m?/g)
ST~5 Nag,23H7, 34531 40,4 O192 1.5 0.8 332

* n Al(lon/g): Number of total Bronstad sites calculated from chemical formula and
Avogadro number (6.02X10%7)

In the mixing process of both solids, 2.5% weight of

acetic acid is added, in a proportion or ratio of 2.4 grams
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i-p/n-p ratio 4.10 3.56 3.45 3.30 3.14 Average Ml ecul ar wei ght of
n-paraffins 119.2 112.5 106.2 137.5 HDS, m % 86.5 93.0 95.9 96.2 HDN, wm %
79.0 76.4 88.0 95.5 It can be seen that the HYCl catal yst has a noderate
activity in hydrodesul furization (HDS) which increases (between BpfBr e
96.2) as the tenperature increases from 300 to 360C. The HDS activity is
.l ess than that obtained 21 1 6 FEB 2006 99-565 with the Commercial_ cat al yst
(HDT1), especially at low tenperatures, while they are simlar
tenperatures. The ol efins hydrogenation (HDO) in this catal yst was

noderate, nmaintaining approxi mtely 40 wt % of .the initial. h alefin content.
The averag%fn%?ﬁbﬁlﬁgrmgfgﬂf 8F1f- pﬁgﬁﬁFiﬂéxF§gI5#¥ﬁ %41%qu§ﬁ+ﬁifﬁz al yst
as conpared with HDT1 catalyst, and it decreases as the tenperature

i ncreased fhoougdoatdoBbde. eXhrysinni paess-nhzer: NatiNCthe madigisiahas a
very inportant acid function. Another inportant aspect is the

i sopar af fi hs/Ropagahized.r ahfeer whiehmigtaukst exttiraldiywrhiigheradsdent usi ng
the HYCl catal yst. This exanpl e denonstrates that even though the activity

in HDS of thispgatal ¥stakstsl kgbhl ¥ /neduced ragiate@npared to HDTL catal yst at
| ow tenperatures, the HDS activity is very simlar at high tenperatures,

e, aPVenARgoehEbabbEsIEL EAIBLYAE Daten Rl die 2 S ont
are submitted afterwards to a temperature of 120°C. After
drying, they are calcined at 550°C in a furnace for at
least 2 more hours. In order to reach this temperature, a
heating velocity is used at 60°C per hour. After
calcination, a humidity scale is used to determine the
volume of hydration with that of the volume of the solution
of ammonium heptamolybdate plus 85% (wt) of phosphoric
acid, which will be used in impregnation. The amounts of
ammonium heptamolybdate and phosphoric acid are determined
and selected to deposit in the final catalyst 12-13% weight
of molybdenum and 2.7-3.0% weight of phosphorus.

After this impregnation, the extrudates are dried at
room temperature and at 120°C. After drying, the humidity
scale is used to determine the volume of nickel nitrate
solution needed to deposit in the final catalyst 2.1-2.3%
weight of nickel, and the impregnation is carried out.

Finally, the extrudates are dried once more at room

temperature and at 120°C, and then calcined at 550°C during

2 hours using the same heating velocity of 60°C/hour. This
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paraffins, and a higher isoparaffins/n-paraffins ratio, which do not occur
with the HDT1 catalyst. Wth the HDT1 catalyst, the hydrogenation of these
hydrocarbons | eads to the reduction of key conponents which ot herw se hel p
to obtain high octane nunbers, furthernore HDT1 catal yst doed b FicB 2085hi bi t
the very inportant acid function to generate other key conponents useful to
avoid octane loss. 22 16 F E B 2006 99-565 Exanple 4 Foll ow ng t%@_ﬁ&ﬂgedure
of Exanple 2, a simlar catalyst was prepared, using alum na andtHhe sane
ST-5 zeolite having a relation Si/A of 11.7, but the inpregnation was

carried out usjng_cobalt _instead of nickel Qm I, JH_teratyek. , The

cont ent ofc?ﬁ%iﬁgEn%ﬁtE?fEBBﬁgtgo ﬁﬁFﬁﬁ&eﬁﬁn&ggﬁo§§ﬁ%%5{§% §+?H§b?%sulting
catalyst (referred to as HYC2) is exhibited in Table 5. Table 5 Chemi cal
Anal ysi s (@abhelyht)ansl $5denGasalysbhasprecidsy. 36 EHSaPrE2SER Yo+Co+P12. 10
Co/ Co+Mo(atom c)0. 35 Exanple 5 A simlar procedure to Exanple 1 was used to
eval uate {heehftYy@2ncatal yst. The difference was that 30 cc of catalyst was
activated varying the tenperature as foll ows:

Example 3
Table 4 shows the results obtained with 10 cc of HYC1

catalyst prepared according to Example 2. The catalyst was

evaluated according to the procedure described in Example

1.
Table 4
Hydroconversion Feedstock
Catalyst, FCC C9+
HYC1 NiMoP/ST-5+Al1,0; Naphtha
from Amuay
Operation Conditions
LSHV, 1 1 H 1
Pressure, psig 600 600 600 600
Temperature, “C 300 320 340 360
Hours 7 10 14 18
Product Quality
Sulfur, ppm 261 136 80 74 1930
Nitrogen, ppm 39 44 22 8 186
Olefins, wtd 3.659 3.454 3.347 3.256 8.610
i-p/n-p ratio 4.10 3.56 3.45 3.30 3.14
Rverage Moclecular weight
of n-paraffins 119.2 112.5% 106.2 137.5
HDS, wt# 86.5 93.0 95.% 96.2
HDN, wt% 79.0 76.4 88.0 95.5

It can be seen that the HYCl catalyst has a moderate
activity in hydrodesulfurization (HDS} which increases
{between 86.3 and 96.2) as the temperature increases from

300 to 360°C. The HDS activity is less than that obtained
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150C (1 hours), 240C (1 hours), 280C (2 hour), and that three different
napht has were used, one HVN naphtha, a hydrotreated CO+ FCC (to which

di met hyl di sul fur was added to maintain the CoMP phase of the sul fured
catalyst), and 23 1 6 FEB 2006 99-565 non-hydrotreated napht hd g0 FCC.
The feed characteristics are indicated together with operation conditions
.and results in Table 6. 24 1 6 FEB 2006 99-565 Table 6 99-56
Feedst ockFEEDSTOCK- 1FEEDSTOCK- 2 Sul fur, ppnb88( DVDSI 633( DVDS) Tot§1 >

Ni t rogen, ppnb5 Conposition, % 01.975 Aefins, % i-p/n-p ratiol.594.51

RON Mot or w%@ﬁj%ﬁéoéom£g¥gﬁg§EQ§[gE§%% ﬁ%%?%??cgg%ec%%§942%&911%97 130

temperatures, while they are similar at high temperatures.
The olefins hydrogenation (HDO} in this catalyst was
moderate, maintaining approximately 40 wt% of the initial
olefin content. The average molecular weight of n-
paraffins is lower in the HYCl catalyst as compared with
HDT1 catalyst, and it decreases as the temperature
increased from 300 to 360°C. This indicates that the HYC1
catalyst has a very important acid function. Another
important aspect is the isoparaffins/n-paraffins ratio,
which is substantially higher when using the HYCl catalyst.
This example demonstrates that even though the
activity in HDS of this catalyst is slightly reduced as
compared to HDT1 catalyst at low temperatures, the HDS
activity is very similar at high temperatures, with the
advantage that the HYCl1l catalyst has a lower HDO, a
substantial reduction of the average molecular weight of n-
paraffins, and a higher isoparaffins/n-paraffins ratio,
which do not occur with the HDT1 catalyst. With the HDT1
catalyst, the hydrogenation of these hydrocarbons leads to
the reduction of key components which otherwise help to
obtain high octane numbers, furthermore HDT1 catalyst does
not exhibit the very important acid function to generate

other key components useful to avoid octane loss.
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8.127 7.984 3.47 - 87.4 92.6 75.9 81.5 81.7 87.1 Operation conditions
Feedst 0ck12233334 Pressure, psi g600600600600600600600600 Tenper at ure,
C280280300300320360370370 Ratio H2/HC,hVv/v400400400400400400400h§6EBﬂ@&,
h-'11111111 HOS15232933363975105 Product Quality Sul fur, ppm--18160503339
Ni trogen, ppnk5<5 defins, w%1.8771. 2052. 3882. 1442. 0031. 8151. 715 i-p/n-p

rati o2. 356. 016. 004. 744. 314. 204. 00- RON------ 86.591. 7 MON------ ?Iégy%ég
ROAD- - - - - - 81.986.3 HDS, % N AN AN A89. 896. 697. 298. 298. 1 HDQ,

% N/ AN/ AN/ A70. 673. 675.477.778.5 Il RON------- 0.9-0.9 0 MON------ 1.3-0.7 A
ROAD- - - - - - 0.2-0.8 25 1 6 FED 2006 9%&3&?1e 4

Following the procedure of Example 2, a similar
catalyst was prepared, using alumina and the same ST-5
zeolite having a relation Si/Al of 11.7, but the
impregnation was carried out using cobalt instead of nickel
{from cobalt nitrate). The content of the elements, cobalt,
molybdenum, phosphorus, in the resulting catalyst (referred

to as HYC2) 1is exhibited in Table 5.

Table 5
Chemical Analysis (% weight)
Mol ybdenum 8.10
Phosphorus 1.30
Cobalt 2.70
Mo+Co+P 12.10
Co/Co+Mo (atomic) 0.35
Example 5

A similar procedure to Example 1 was used to evaluate
the HYC2 catalyst. The difference was that 30 cc of
catalyst was activated varying the temperature as follows:
150°C (1 hours), 240°C (1 hours), 280°C (2 hour), and that
three different naphthas were used, one HVN naphtha, a
hydrotreated C9+ FCC (to which dimethyldisulfur was added

to maintain the CoMoP phase of the sulfured catalyst), and
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As shown in Table 6, this exanple denonstrates that the HYC2 catal yst is
able to efficiently hydrodesul furize the non-hydrotreated FCC napht ha
reaching an HDS activity between 96.6 and 98.2% w th a noderate H@@,: 05
activity, between 320C and 370C, and with alnost no | oss in octane nuAg%w.
Wth the HYC2 catalyst, only a loss of 0.9 in RON resulted, and a gain in
MON (up to 1.3 with feedstock 3) was al so observed. In the case of HVN
napht ha, (heavy virgin naphtha, Feed 1), the catalyst is able to raise the
i soparaffins/normal paraffins ratio from1.59 to 2.35, and in tha-gase of
hydrotreated FCC naphtha (Feed 2), from4.51 to 6.01. This increase of

i soparaffins/normal paraffins ratio also happens with FCC naphtha that is

not  hydr g{seat droExaapLe Bapheakakbyst ofHYCRA! ) Teer reeponding to U. S.
5,576,256 was Obtained to be eval uated. The chem cal conposition and sone

hysi cal pes.of. |, i IS ; | yst,

br esent ed P aanr et AERTAYE HAEshhE IR e R e F A Tt on of NFI
Zeolite 99-565 M-l Zeolite Ch?nical ogqul% nAl Crystal size Superf.Area
(1011/ gi PIPNRREYCREa2RA B5FB1LPsAP T281€a %0 92 5.4 2-3

24




411 nAl (102' /gl - nunber of rated Bronsted sites Itotals) calculated from
the chem cal formula The content of elenents in the HYCPAI catalyst is
exhibited in Table 8. Table 8 Percentage of content of netals inlB\WEBA006
catal yst Chem cal Anal ysis % wei ght Ml ybdenund. 30 Phosphorus0. 71 Cobal t 2. 10
Gal liunD. 41 Chrom unD. 06 Mb+Co+P7.10 Co/ Co+tMo (atom c)0.45 The catal ytic
eval uation procedure of Exanple 1 was .used so as to evaluate 30 cc of
HYCPAl1 catal yst. The results and the operation conditions used to eval uate
this catalyst are shown in Table 9. 27 1 6 F E 6 2006 99-565 Tabljee %5
Results of the HYCPAl catal ytic system eval uati on Feedst ock FEEDSTOCK- 1*
FEEDSTOCK- 2" FEEDSTOCK-3 Sul fur, ppm 586(DVDS} 633(DVDS) 1780 Total N trogen,
ppm 5 5207 A efins, w. %0 1.9758. 12V ;irp/d-p ratio 1.59 4.513.47 RON -
-87.4 -

Feedstock FEEDSTOCK-1 FEEDSTOCK-2 FEEDSTOCK-3 FEEDSTOCK-4
Sulfur, ppm 588 {DMDS! £33 [DMDS) 1780 2010
Total Nitrocgen, ppm 5 5 207 130

Composition, %wt

Clefins, %wt o] 1.97% 8.127 7.984
i-p/n-p ratio 1.59 §.51 3.47 -

RON Motor 87.4 92.86
MON Motor 75.9 81.5
ROAD 81.7 87.1

Operation Conditions

Feedstock 1 2 2 3 3 3 3 4
Pressure, psig 600 600 600 600 600 600 600 600
Temperature, °C 280 280 300 300 320 360 370 370
Ratio Ha/HC,N/v/v 400 400 400 400 400 400 400 400
LHSV, h™? 1 1 1 1 1 1 1 1
HOS 15 23 29 33 36 39 75 105

Product Quality

Sulfur, ppm - - - 181 §0 50 33 39

Nitrogen, ppm <5 <5

Olefins, wtd 0 1.977 1.205 2.388 2.144 2,003 1.B15 1.715
i-p/n-p ratio 2.35 6.01 6.00 4.74 4.3 4.20 4.00 -

RON - - - - - - BE.5 91.7
MON - - - - - - 17.2 80.8
ROAD - - - - - - B1.9 B6.3
HDS, %wt N/R N/A  N/A 89.8 896.6 97.2 98.2 98.1
HDO, %wt N/A N/A N/A 70.6 73.6 75.4 7.7 78.5
A RON - - - - - - -0.9 -0.9
& MON - - - - - - 1.3 -0.7

A ROAD
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MON - -75.9 ROAD - -81.7 FEEDSTOCK-4 2010 130 7.984 92.6 81.5 87.1
Operation Conditions Feedstockl1233334 Pressure, psi g600600600600600600600
Tenper ature, C280300300320360370370 Rati o H2/ HC, N v/ v400400400400400400400
LHSV, h-i1111111 Hour s3248565962107131 Product Quality Sul fur, 16 FE 2006
ppm 1057547196459 N trogen, ppm-252011-- 4 efins,

‘Wt 990. 1870. 3730. 5670. 5812. 1862. 642 i-p/n-p rati 02.215.184.194. 113. 873. 77-
RON82. 589. 1 MON74.079.0 ROAD---78.384.1 HDS, % N AN A94. 195. 892%4d%9077. 2
HDO, %w t N/ AN/ A95. 493. 092. 973.166.9 a RON------ 4.9-3.5

As shown in Table 6, this example demonstrates that
the HYC2 catalyst is able to efficiently hydrodesulfurize
the non-hydrotreated FCC naphtha reaching an HDS activity
between 96.6 and 98.2%, with a moderate HDO activity,
between 320°C and 370°C, and with almost no loss in octane
nunber. With the HYC2 catalyst, only a loss of 0.9 in RON
resulted, and a gain in MON {(up to 1.3 with feedstock 3}
was also observed.

In the case of HVN naphtha, (heavy virgin naphtha,
Feed 1), the catalyst is able to raise the
isoparaffins/normal paraffins ratie from 1.59 to 2.35, and
in the case of hydrotreated FCC naphtha (Feed 2), from 4.51
to 6.01. This increase of isoparaffins/normal paraffins
ratio also happens with FCC naphtha that is not
hydrotreated.

Example 6

A catalyst (HYCPAl)} corresponding to U.S. 5,576,256

was obtained to be evaluated. The chemical composition and

some physical properties of the MFI zeolite used to prepare

this catalyst, are presented in Table 7.




A MN----- 1.9-2.5 AROAD------ 3.4-3.0 *HVYN and **HCN Hydrotreated 28 1 6
EEB 2006 99-565 As shown in Table 9, this exanple denonstrates that the
HYCPAI catal yst does not maintain the HDS activity constant w th €8 2006
napht ha that is non-hydrotreated, since the HDS activity which varies
between 94.1 and 87.4%in weight, between 300 and 370C, experiences an

‘i nportant deactivation, decreasing to 77.2% at 370C, and on thegdﬁ

side, presents a significant | oss of octane nunber wth feedstock éE%ECN =
-4.9 and MON = -1.9), and with feedstock 4 (RON = -3.5 and MON = -2.5). In
the case of HVN (feed 1), this catal yst,. 4 ble to efficiently increase the
i soparaffins/normal paraffins ratio¥§¥%¥$4f59 to 2.21, and in the case of

hydrotreated  FCC naphtha (Feed 2& from4.51 to 5.18. Simlar results are
denonstr at S '%—ﬁ%&ﬁ%d%%ed—%eed—%}.—#ﬁ—ne&ease,

of isoparafdipginorml paraffigs.;.Latips.are Laver cthan Lhosesprasent ed by
HYC2 catalyst. Note that the HYCPAl catal yst shdvwed some deacti wétsd on  after
107 hours of operation tinme, as canApegobéerve% cleajlly fromthg HDS
activity denonstrated from 97. F*®98"ar"360C, 62 hourS, to 89.0 W % at 370C,
107 hour s, rrand™Ashe nurkDO faci eV Bricyst e it gase el 0orl cEx@nfken the [chentidpl Sfoexanpl e,
aver age nol ecul Ehewepghenwasfnedsneatts in the HYCPAl catalyst is

exhibited in Table 8.

Table 8

Percentage of content of metals in HYCPAl catalyst

Chemical Analysis % weight

Molybdenum 4.30
Phosphorus 0.71
Cobalt 2.10
Gallium 0.41
Chromium 0.06
Mo+Co+P 7.10
Co/Co+Mo (atomic) 0.45

The catalytic evaluation procedure of Example 1 was
used so as to evaluate 30 cc of HYCPAl catalyst. The
results and the operation conditions used to evaluate this

catalyst are shown in Table 9.
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for resulting product obtained using HYC2 catal yst of 29 16FEB206 99- 565
Exanpl e 5, HYCPAl catal yst of Exanple 6 and also with the conventional HDT
catal yst. Average nol ecular weight and i-p/n-p ratio was neasured of the
product for processes carried out at different tenperature. The rbtB&EBIIANd
the operation conditions used to evaluate the catalysts are shown in Table
10. Table 10 Feedstock nol ecul ar weights and i-p/n-p ratio againg%%@&%gucts
of the evaluation of HYC2, HYCPAl and HDT-1 catal yst with non hydrdtreated
C9+FCC napht has of Anmuay FEEDSTOCK PROPERTI ESFEEDSTOCK 3FEEDSTOCK 3* Sul fur,
ppnil7801930 Ni trogen, ppnR07186 Aver Mblgcul ar Wei ght Paraffins 136.5
137.0 Isoparaffins 138.7 140.1 hbp§§§%§%§?129.8 126.7

Results of the HYCPAl catalytic system evaluation

Feedstock FEEDSTOCK-1" FEEDSTOCK-2'' FEEDSTOCK~-3 FEEDSTOCK-4
Sulfur, ppm 588 {DMDS) £33{DMDS) 178¢ 2010

Total Nitrogen, ppm s 5 207 1340
Olefins, wt. % 0 1.975 8.127 7.984
i-p/n-p ratio 1.59 4,51 3.47 -

RON - - 87.4 92.6

MON - - 75.9 81.58

RCAD - - 81.7 87.1

operation Conditions

Feedstock 1 2 3 3 3 3 4
Pressure, psig 600 600 600 600 604 600 600
Temperature, °C 280 300 300 320 360 370 370
Ratio Hz/HC,N/v/v 400 400 400 400 400 400 400
LHSV, h™ 1 1 1 1 1 1 1
Hours a3z 48 56 59 62 107 131

Product Quality

Sulfur, ppm - - 105 15 47 196 459

Nitrogen, ppm - - 25 20 11 - -

Olefins, wtk 0 0.187 0.373 0.567 0.%81 2.186 2.642
i-p/n-p ratio 2.21 5.18 4.19 .11 3.87 3.77 -

RON - - - - - 82.5 89.1
MON - - - - - 74.0 79.0
ROAD - - - - - 78.3 B4.1
HDS, %wt N/A N/A 94.1 5.8 97.4 83.0 17.2
HDO, %wt N/R N/A 95.4 93.0 92.9 73.1 66.9
4 RON - - - - - ~4.9 -3.5
& MON - - - - - -1.9 -2.5
4 ROAD - - - - - -3.4 -3.0

*HVYN and **HCN Hydrotreated
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Aromatics 129.3 128.2 i-p/n-p ratio3.473.14 OPERATI ON CONDI TI ONS Feedst ock
333333 3 3* 3* Pressure, psig 600 600 600 600 600 600 600 600 600
Tenperature, 'C 300 320 16 FEB 2006

99-565

As shown in Table 9, this example demonstrates that
the HYCPR1l catalyst does not maintain the HDS activity
constant with FCC naphtha that is non-hydrotreated, since
the HDS activity which varies between 94.1 and 87.4% in
weight, between 300 and 370°C, experiences an important
deactivation, decreasing to 77.2% at 370°C, and on the
other side, presents a significant loss of octane number
with feedstock 3 (RON = -4.9 and MON = -1.9), and with
feedstock 4 (RON = ~3.5 and MON = ~2.5).

In the case of HVN (feed 1), this catalyst is able to
efficiently increase the isoparaffins/normal paraffins
ratio from 1.59 to 2.21, and in the case of hydrotreated
FCC naphtha (Feed 2) from 4.51 to 5.18. Similar results
are demonstrated with the FCC naphtha non-hydrotreated
(Feed 3). The increase, of isoparaffins/normal paraffins
ratios are lower than those presented by HYC2 catalyst.

Note that the HYCPAR1l catalyst showed some deactivation
after 107 hours of operation time, as can be observed
clearly from the HDS activity demonstrated from 97.4 wt% at
360°C, 62 hours, to 89.0 wt% at 370°C, 107 hours, and the

HDO activity decreased too.

Example 7

In this example, average molecular weight was measured

for resulting product obtained using HYCZ catalyst of
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360 300 320 360 300 320 360 LHSV, h-1111111111 RESULTSAYC2EYCPAI | 4DT1

Aver age Mol ecul ar Wi ght

Par af fi ns130. 4116. 9102. 1133. 3131. 6121. 5136. 0135. 8135.7 16 FEB 2006
| soparaf fins126. 3125.8119. 6135. 6131. 6132. 8134. 9134. 8134. 3

Napht henes122. 6123. 5122. 3122. 4123. 9122.8121. 9121. 6122.0
‘Aromatics129.4128.2127.8128. 2129. 6129. 3128. 9128.9128.8 i-p/n-p gg_gg5

rati ond. 744. 314. 204. 194. 113. 873.103. 123. 12 30 | | FEB 2006 99-565 This table
denonstrates that the HYC2 catalyst in accordance with the present

i nvention 4 cty ' CE$S eeul Isghtyin j on
especiallyé%?H§%§ %5 %gggé?iﬁgﬁaéﬁgetﬁg F?%Fg?% ?a??g ?%g%eaégggq$%z HYCPAI
and finally the, co rGi HDT1 . catal yst. _are not .as i . t_ hese

functi ons. SPRVERFSORR aﬁhﬁhtﬁét @fECat F§§?gecgﬁ%§FH§%kF¥%§égﬁif%l avi ng an
Si/Al ratio of 11.7 , the HYCPAI has an MFlI zeolite having an Si/A ratio
of 18, andi-PihaP| yathe vasnBearuredapal 8¢ RBPEYFSeLORoPIOGHESSF zeolite,

but only alum na. As an exanple, Figure 2 illustrates the evolution of the
average noteruniad eetght different temperature. The results and the

operation conditions used to evaluate the catalysts are

shown in Table 10.

Table 10

Feedstock molecular weights and l-p/n-p ratic against products of the evaluation of HYCZ,
HYCPA1 and HDT-1 catalyst with non hydrotreated C9+FCC naphthas of Amuay

FEEDSTOCK PROPERTIES FEEDSTOCK 3 FEEDSTOCK 3%
Sulfur, ppm 1780 1930
Nitrogen, ppm 207 1B86

Average Molecular Weight

Paraffins 136.5 137.0
Isoparaffins 138.7 140.1
Naphthenes 129.8 126.7
Aromatics 129.3 128.2
i-p/n-p ratic 3.47 3.14

OPERATION CONDITICOHNS

Feedstock 3 3 3 3 3 3 3= 3* 3%
Pressure, psig 600 600 600 600 600 600 800 600 600
Temperature, °C 300 320 360 300 320 360 300 320 360
LHSV, h™ 1 1 1 1 1 1 1 1 1
RESULTS HYC2 HYCPAl EDT1

Average Molecular Weight

Paraffins 130.4 116.9 102.1 133.3 131.6 121.5 136.0 135.8 135.7
Isoparaffins 126.3 125.8 11%9.6 135.6 131.6 132.8 134.9 134.B 134.3
Naphthenes 122.6 123.5 122.3 122.4 123.9 122.8 121.% 121.6 122.0
Aromatics 129.4 128.2 127.8 128.2 129.6 129.3 128.9 128.9 12B.8
i-p/n-p ration 4.74 4.31 4.20 4.1% 4.11 3.87 3.10 3.12 3.12
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of the n-paraffins with the operation tenperature used to evaluate the
different catalysts. In Figure 2, it can be observed clearly that HYC2

catal yst has nore capacity than the HYCPAI and HDTl catalysts to gqfr@ﬁmmﬁe
n- paraffins average nol ecular weight in an operating tenperature pe

bet ween 300 and 360C in the process of a non-hydrotreated CO+(FCC) naphtha

com ng fromthe Aruay Refinery. Note that he HDT1 is nuch less efdigient

since it maintains practically the value of said nolecul ar wei ght al nost
constant with the tenperature. This activity of the HYC2 catalyst is

particularly degirable.since redycti Ay 1, 6 FEB 2006
99- 565 wei ght o ﬁ-spg‘razla:ﬁaﬁ ﬁf‘?}“"g‘ﬁ %argﬁ%egéhe%/g@%ﬁ S&érjgtll[%, serve to

i nprove octane val ues of the hydrocarbon. Exanple 8 A simlar catalytic
eval uat i onapEEEERTE Wit udd@ ﬁeﬁ%wrbtlgj%ol%sm?%e Vot BT e B0 RE of

HDT1 catal yst using non-hydrotreated FCC naphtha. The results are conpared
in Table prowietsls toife medadula momtedighdd TRduc HTPAICSREGI§51Y o?f Bxanpre 6
and with the HYC2 catal yst (Exanple 5) in accordance with the present

i nvention. pihe G cainal Wie i-$/ablre ratd nostrems e ai N"ThaeHvCkAheandnber
of the Feedstock: -0.9 in RON and an increase in MON of 1.3 for Feedstock

3 and a smglik, -hass e Lohmiirdl Sieadst DCka a1 Y | £re thet HYSPAdtcakalyst | oses
octane value significantly: RON = -4.9 and = -1.9 with Feedstock 3, and

RON = -3.5.804 . functions. In this regard, the HYC2 catalyst

contains MFI zeolite having an Si/Al ratio of 11.7 , the
HYCPAl has an MFI zeolite having an Si/Al ratio of 18, and
finally the commercial catalyst HDT1 does not contain
zeolite, but only alumina. As an example, Figure 2
illustrates the evolution of the average molecular weight
of the n-paraffins with the operation temperature used to
evaluate the different catalysts.

In Figure 2, it can be observed clearly that HYC?Z?
catalyst has more capacity than the HYCPAl and EDTI
catalysts to reduce the n-paraffins average molecular
weight in an operatiﬁg temperature period between 300 and
360°C in the process of a non-hydrotreated C9+(FCC)
naphtha coming from the Amuay Refinery. Note that he HDT1
is much less efficient since it maintains practically the
value of said molecular weight almost constant with the
temperature. This activity of the HYC2 catalyst is

particularly desirable since reduction of average molecular
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MON = -2.5 with Feedstock 4, and still nore | osses occur in the case of the
comercial HDT1 catalyst: RON = -6.1 and MON = -3.1. Finally, the HYC2
catalyst is also capable of efficiently renoving the sulfur as well as the
HDT1 ~conmercial catal yst, reaching high HDS activities of 96.6 w ¥8tFaB36C
(Tabl e 11) and nore than 98%wt to 370C. 32 1 6 FFR 2005 99-565 Table 11
*FEEDSTOCKFEEDSTOCK 3FEEDSTOCK 4FEEDSTOCK 5 Total Sul fur, ppnil780235L.02680

Ni t rogen, ppnR07130203 A efins, wmuB. 1277.5848. 775 i-p/n-p rati 03. 47-
RONB7. 492. 689. 1 MON75.981. 579. 3 ROAD81. 787. 184. 2 OPERATI ON CONDI TI ONS

FEEDSTOOKI 3408, £ 88SHL 8o ¢ 7 £9A00680600600600 oTermeriaiyyp. G3A037037037 0320
LHSV, h- 1111171 RESULTSHYC2HYCPAl HYC2EYCPAI HDTL Sul fur, ppmB3196- 459<20

?g%{ggghafgggﬁg’Eg‘fépgkggiBétaﬂ%%%a§ﬁéé-%%6{hé1%%d%%§%fﬁ$hﬁ‘p/“-p
Example 8

A similar catalytic evaluation procedure was used as
in Example 5 so as to evaluate 30 cc of HDT1 catalyst using
non-hydrotreated FCC naphtha. The results are compared in
Table 11 with the results obtained with HYCPAl catalyst of
Example 6 and with the HYC2 catalyst (Example 5) in
accordance with the present invention. The HYC2Z catalyst
is able to almost maintain the octane number of the
Feedstock: -0.9 in RON and an increase in MON of 1.3 for
Feedstock 3 and a small loss of 0.7 with Feedstock 4, while
the HYCPAl catalyst loses octane value significantly: RON
= -4.9 and MON = -1.9 with Feedstock 3, and RON = ~-3.5 and
MON = -2.5 with Feedstock 4, and still more losses occur in
the case of the commercial HDT1 catalyst: RON = ~-6.1 and
MON = -3.1.

Finally, the HYC2 catalyst is also capable of
efficiently removing the sulfur as well as the HDT1
commercial catalyst, reaching high HDS activities of 96.6

wt$% to 320°C (Table 11) and more than 98% wt to 370°C.
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RONB6. 582. 591. 789. 183. 0 MON77. 274. 080.879. 076. 2 6RON-0.9-4.9-0.9-3.5-6.1
AMONL. 3-1.9-0.7-2.5-3.1 HDS, wtt98.289.0-77.299.0 HDN, wt %96.2->96.2->97.5
HDO. wt %/7.773.178.566.994.5 Exanple 9 The catal ytic eval uation pyp¢eddilé of
Exanple 5 was used, enploying a unit having a higher capacity reactor
(50-150 cc), so as to evaluate 100 cc of the HYC2 catalyst 33 1 6 FEB 2006
99-565 over a long period of tine with different feedstocks haviag-ge&ferent
nitrogen and sul fur content, different octane values and different
conpositions. The procedure used is as follows. 100 cc of dried catalyst is
diluted with a 1:1 by volume amounttofisiiicon carbide (carborundun), and
was fed to a reactor having a length™of 1.2 m(T/T) and_an internal
diameter of 2.5 cm In order toDa¥0|q pol ynerjzatiQn reactigps.and gum

FERRSL, Vst (HOTH S posrtioned at

f ormati on;

the top ofodaheurreacipar (180-208C) al | owi ng hapedr ogenat i on of 2a8he conpounds
which normally are precursors _to the formati 390 of guns. The gatalyst is

presul fur 78l P zing a predul furizing feed. by adding 70 cc of
car bondi suldti-de wkor every 5 ld.t2er of hydrotreat‘ed napht ha. ThHé& schedul e of

i-p/n-p ratio 3.47 - -
RON B87.4 92.8 85.1
MON 75.9 81.5 79.3

ROAD 81.7 B7.1 84.2

QPERATION CONDITIONS

FEEDSTOCK 3 4
Pressure, psig

Temperature, 'C

LHSV, h™? 1 1 1 1 1
RESULTS HYC2 EYCPAL HYC2 EYCPA1 HDT1
Sulfur, ppm 33 196 - 459 <20
Nitrogen, ppm <5 - <5 - <5
Olefins, wt¥ 1.815 2.186 1.715 2.642 0.485
i-p/n-p ratio - 3.77 - - -

RON 86.5 82.5 81.7 89.1 83.0
MON 17.2 74.0 80.8 79.0 76.2
ARON -0.9 -4.9 -0.9 -3.5 -6.1
AMON 1.3 -1.9 -0.7 -2.5 -3.1
HDS, wth 98.2 89.0 - 77.2 99.0
HDN, wt% >96.2 - >96.2 - >97.5
HDO. wti 77.7 73.1 78.5 66.9 94.5

Example 9

The catalytic evaluation procedure of Example 5 was

used, employing a unit having a higher capacity reactor

(50-150 cc),

so as to evaluate 100 cz of the HYC2 catalyst



presul furization of the catalyst, after drying and calcination, is as
follows: Operation Downflow 1:1 vol/vol Catalyst Vol unel00 cc diIutqp
Hydrogen Pressurewith SiC 400 psig Presul furizing FeedFNdrotreateJ néﬁmﬂﬂ%
m xture (5 Its) + CS2(70 cc) Spatial Velocity 2.0 v/ivih Relation H2/HC300
Nv/V Presul furizing Feed Flowl44.6 gr/hr 34 16 FES 2006 99- 565 Hydrogen Fl ow
6.5 gr/hr Tenperatures 150C (naintaining mxture punping for 1 hegirged
I ncrenment Speed 240C (mai ntaining mxture punping for 1 hour) 280C
(rmai ntaining mxture punping for 2 hour) 30C h

over a long period of time with different feedstocks having

different nitrogen and sulfur content, different octane

values and different compositions. The procedure used is

as follows.

100 cc of dried catalyst is diluted with a 1:1 by

volume amount of silicon carbide (carborundum), and was fed

to a reactor having a length of 1.2 m (T/T) and an internal

diameter of 2.5 cm. In order to avoid polymerization

reactions and gum formation, a 45 cc bed of commercial HDT

catalyst (HDT1) is positioned at the top of the reactor

(180-200°C) allowing hydrogenation of the compounds which

normally are precursors to the formation of gums.

The catalyst is presulfurized utilizing a
presulfurizing feed, by adding 70 cc of carbondisulfide for
every 5 liter of hydrotreated naphtha. The schedule of

presulfurization of the catalyst, after drying and

calcination, is as follows:

Operation Downflow

Catalyst Volume 100 cc diluted 1:1 vol/vol
with SicC

Hydrogen Pressure 400 psig

Presulfurizing Feed Hydrotreated naphtha mixture

{5 1lts) + €32 ({70 cc)

Spatial Velocity 2.0 v/v/h
Relation H;/HC 300 Nv/V
Presulfurizing Feed Flow 144.6 gr/hr
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Once activation is conpleted, evaluation tests of the catalyst were begun
starting with a "white" condition using hydrotreated naphtha (w thout

sul fur or nitrogen content) at standard hydrotreatnent condition Fggggm 00
psi and 290C). This establishes a starting point of the test. Ta et
forth below indicates the various naphthas used in this test, as well as
‘operating conditions and results obtained in terns of HDS, octa _%%%ues,
liquid hydrocarbon yields and the |ike for "111 hours of operation™ at
different rates of severity. 35 1 6 FEB 2006 99-565 Table 12 Feed HVN 290

<SppnT. Ni t., 588 ppm,Sy FEGE7+ 46 ppm T.Npts 41800 ppm Sulf. 12.5% by
wei ght of defins ﬁ@t#%?f ggéppn1 T.Nit, 1600 p8n1 Sulf. 12.5% by wei ght

of Aefins FCC C7+ 48.pofatuleNit, 1600 ppm Swudd°c 1waim@abyinseightureof
A efins pumping for 1 hour)

240°C (maintaining mixture
pumping for 1 hour)

280°C {maintaining mixture
pumping for 2 hour)

T Increment Speed 30°c/h

Once activation is completed, evaluation tests of the
catalyst were begun starting with a "white" condition using
hydrotreated naphtha (without sulfur or nitrogen content)
at standard hydrotreatment conditions (500-600 psi and
290°C). This establishes a starting point of the test.

Table 12 set forth below indicates the various
naphthas used in this test, as well as operating conditions
and results obtained in terms of HDS, octane values, liquid
hydrocarbon yields and the like for 711 hours of operation

at different rates of severity.
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FCC C7+ 48 ppm T.Nt, 2210 ppm Sulf. 10.6% by weight of Oefins FCC C7+
48 ppm T.Nt, 2210 ppm Sulf. 10.8% by weight of Oefins FCC C7/+ 48 ppm
T.Nit, 2290 ppm Sulf. 10.8%by weight of Oefins LHSV Time on st fdafiByil#h d
AMON HDS h'1l hours 9%*) N A 1.5 411 64.9 19.7 N A Tenperature C 360 3 190
96.2 0.3 97.9 360 3 302 98.8 -0.2 99 360 3 413 98.8 -0.4 98.6 360 3 595 99.7
0.4 99.3 360 4 642 99.6 0.1 96.4 370 4 674 99.2 -0.1 98.9 FCC Cr/493%@s4 711
99.6 0.2 98.6 138 ppm T.Nt22290 ppm Sulf. 9.58 by weight of olefins

Table 12
Feed Temperature LHSY Time on stream Yield AMON HDS
°c h? hours $(%) N/A

HVN 290 1.5 411 B4.9 19.7 N/A
<S5ppmT.Nit.,588 ppm Sulf.

FCC C7+ 360 3 130 98.2 0.3 97.9
48 ppm. T.Nit, 1600 ppm

Sulf. 12.5% by weight
of Olefins

FCC C7+ 360 3 302 %8.8 -0.2 59
48 ppm. T.Hit, 1600 ppm

Sulf. 12.5% by weight
of Olefins

FCC C7+ 360 3 413 98.8 -0.4 58.6
48 ppm. T.Nit, 1600 ppm

Sulf. 12.5% by weight
of Olefins

FCC CT+ 360 3 595 99.7 0.4 99,3
48 ppm. T.Nit, 2210 ppm

Sulf. 10.8% by weight

of Olefins

FCC C7+ 360 4 642 99.6 0.1 96. 4
48 ppm. T.Nit, 2210 ppm

Sulf. 10.8% by weight
of OClefins

FCC C7+ 370 4 €74 99.2 -0.1 98.9
48 ppm. T.Nit, 2290 ppm

Sulf. 10.8% by weight

of Olefins

FCC CT+ 370 4 711 99.6 0.2 98.6

138 ppm. T.Nit, 2290 ppm
Sulf. 9.5% by weight
of Olefins

The stability test clearly demonstrates that the HYCZ
catalyst of the present invention efficiently processes
various types of naphthas having different content of
nitrogen and sulfur, all the while maintaining an excellent
HDS activity, and a high liquid hydrocarbon yield, and also
while maintaining octane values as desired. This activity
was maintained through severe operating conditions

including 370°C, LHSV of 4h™, and H,/HC of 250 N vol/vol.
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The stability test clearly denonstrates that the HYC2 catal yst of the
present invention efficiently processes various types of naphthas having
different content of nitrogen and sulfur, all the while maintainin

excel lent HDS activity, and a high Iiquid hydrocarbon yield, andif %ﬁ&%ﬁ
whi | e mai ntai ni ng octane values as desired. This activity was maintai ned
t hrough severe operating conditions including 370°C, LHSV of 4hgd,sgrd
H2/ HC of 250 N vol/vol. 36 1 6 FFR 2005 99-565 Exanple 10 The catalytic
eval uati on procedure of Exanple 9 was used, enploying a unit having 3

reactors in parallel (50- 150 cc capﬁgh%yé,lgo as to evaluate,
simul taneously, the following three catalysts: 100 cc of HYC2, 100 cc of

HDT1 and 100 %f g@gﬁ%éf n€§£%ﬁ€£18§tqgéggdgggsb§tt?ngFFCgNQQIA1203)

with a feedstoc avi ng W ppm o ur and 80 wt ppm

f t Tabl 3). Table 13 Feedstock T | fu T
i trogen. Rt RAP NEKLRROAD ™ PoNAE v §.06 BaFGTRFASS EPePRAaTIeL (50~

150 cc capacity), so as to evaluate, simultaneously, the
following three catalysts: 100 cc of HYCZ, 100 cc of HDTI1
and 100 cc of HDT2 (commercial catalyst consisting of
CoMoP/A1:03), with a feedstock having 17 wt% olefins, 1260

wt ppm of sulfur and 80 wt ppm of nitrogen (Table 13).

Table 13

Feedstock & FCC Naphtha

Total sulfur, ppm 1260
Total nitrogen, ppm 80
RON 94.1
MON 81.2
ROAD 87.7
PONA, wt$

Paraffins i 18.5
Olefins 17.2
Naphthenes 10.8
Aromatics 50.9
No identified/C13" 1.6

The operation conditions of this test were varied as

follows:

- Temperature, °C : 260 - 350
Pressure, psig : 250 - 500
LHSV, h™ : 3-8

H,/Feedstock, N v/v : 110 - 250
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Napht henes Aromatics No identified/ Cl3" & FCC Naphtha 1260 80 94.1 81.2
87.7 19.5 17.2 10.8 50.9 1.6 The operation conditions of this tldsEFpoe
varied as follows: Tenperature, C Pressure, psig LHSV, h 1 H2/Feedstock, N
viv 37 260 - 350 250 - 500 3 - 8 11.0 - 250 r 6 FEB 2006 99-565 The
objective of this test was :0 conpare the performance in HDS/ octane | oss of
‘the HYC2 catalyst with 99-565

The objective of this test was o compare the
performance in HDS/octane loss of the HYC2 catalyst with
different conventional hydrotreating catalysts at different
operation conditions, especially at low severity.

Figure 3 illustrates the Delta Octane or octane loss
(ROAD) as a function of the HDS activity for different
catalysts. This figure shows the HDS activity variation
between 88.0 wt®% and 99.0 wt% for the conventional
hydrotreating catalysts, and between 92.0 and 99.0 wt% for
the HYCZ catalyst. The octane loss decreases when the HDS
activity is lowered. This octane loss is higher for the
conventional hydrotreating catalysts.

For Example, at 98.0 wt% of HDS activity, the octane
loss is about 5.8 with conventional hydrotreating catalysts
versus about 3.3 obtained with the HYC2 catalyst. When the
HDS activity is reduced to 92.0 wt%, the difference in
octane loss is still higher: 5.5 versus 1.1. Regarding
these results, the HDO activities were 89.0 and 46.0 wt%
for octane loss of 5.5 and 1.1, respectively.

This example demonstrates that HYC2 catalyst maintains
octane values at a maximum as compared to conventional
catalysts. The HYC2 catalyst tends to retain more olefins
in the product, compared to the conventional hydrotreating

catalysts, at similar HDS activity.
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di fferent conventional hydrotreating catalysts at different operation
conditions, especially at |low severity. Figure 3 illustrates the Qﬁg%g
Cctane or octane loss (ROAD) as a function of the HDS activity fo B 2006
different catalysts. This figure shows the HDS activity variation between
88.0 wt% and 99.0 wt% for the conventional hydrotreating catalysts, and
"between 92.0 and 99.0 % for the HYC2 catal yst. The octane Iossgggg%gases
when the HDS activity is |owered. This octane loss is higher for fhe
conventional hydrotreating catal ysts., For Exanple, at 98.0 wt % of HDS

activity, the octrenerdessus Seabiie . $navi thi ooveRti OnabndydE pLEgati ng
catal ysts versus about 3.3 obtained with th% HYégﬁ%ataly%t. Vﬁeggthe HDS

activity i uggd %, t dj f e i ctane.loss is still

hi gher: 5. ;th\r/agérjsus 11&&‘11:29%%%%%% gn% tt%e%eése‘;%[elsﬁf%g?ﬁ Cﬁwg%t??/??ré%nﬂere
89.0 and 46.0 wt% for octane |loss. of 5.5 and 1.1, respectively. This
exanpl e de Onst\tﬁeatoéjseﬁﬁaltowcg]at(’aﬁ%t"‘?r%\q?n]t%i e BEPE®RSval ues at a

maxi mum as conpared to conventional catalysts. The HYC2 catal yst tends to
retai n nor @¥IEGHY e T hiahed hrividile ts e vompay edh 1 gh tHRS b0 et bmadt low

hydrotreating catalysts, at simlar HDS activity. 38 16 FEB 2006 99-565 The
previ ous ex@ysms varhd Hetlexead oy tdermmstpattei ed hat mhbd &2 eat @l yst has a
vari abl e selectivity according to the operation conditions used in the
process:  ITyrrsec amerisi It girdp it ity &fdr Yoe higdy HREEFRQAEBY T O @b rd Py
to naphtha composition to be processed.
It should be appreciated that a catalyst has been
provided which advantageously has HDS and HDN activity,
without extreme sensitivity to nitrogen, and which
maintains the octane values of the fzed.
This invention may be embodied in other forms or
carried out in other ways without departing from the spirit
or essential characteristics thereof. The present
embodiment is therefore to be considered as in all respects
illustrative and not restrictive, the scope of the
invention being indicated by the appended claims, and all

changes which come within the meaning and range of

equivalency are intended to be embraced therein.
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severity and both catalytic properties at mld severity. These catalytic
properties can be used adequately according to naphtha conposition to be
processed. It should be appreciated that a catal yst has been provided which
advant ageously has HDS and HDN activity, wthout extrene sensitivity to

ni trogen, and which maintains the octane values of the feedlé FEB2Oavention
may be enbodied in other fornms or carried out in other ways w thout
departing fromthe spirit or essential characteristics thereof. The present
enbodi ment is therefore to be considered as in all respects illustrative

and nm;;f“g%tléléf\'“\\ﬁgg éhe scope of the invention being indicated by the

append changes which cone within the neani ng and range of
equi val ency are |ntended to be enbraced therein. 39 16 FEB 2006 WHAT | S
CLAI MED.| 8:hydrocenveysion catalyet for bydrmsalfq[&tngffgedmmlemmim&bﬁgné egubaref k

whi |l e pre§§5¥éé& O%t rB er sai d feedstock, conprising: a support
conprising a m x{ ure lite and al um na, V\/nerel n said support conprises

between 10 and 90 %vvt of.sal d zeolite and between 90 and 10 % w of said
al umi na, said azueppdrt eomgisivil a podiretct zgTitGamheliminaawhsreimsaid avpnprbtton]prlses a

metal act B&g«e@ﬂ% 9§ 3 %%\“EQBLz{eoﬁl@%ﬁ%@Méeﬂ é@aﬁdﬁb“&%éﬂ%‘?%@dé Gt

fromgrou periodic table of elenents, a second netal se ecte
fromthe gwjltﬁ)lsd\d)'ﬁgﬁglutﬂﬁg' DhagndapSBAl ralig ofld. & and group 10 of the period
table of elenents, and a third el enment selected fromgroup 15 of the

periodi c tabl ea%etﬁ'a%ggé‘@ﬁase%esra?d %hp%ﬂhg GEbAbri é‘f‘n’%t %@?el@&@ %Hﬁgr@& 6

least 1 % (W) of sa I rst met east 0. sal d secon
met al , andf the pededie tapplepofgigrognts, @ sesandimetdl sefecte é’ﬁéﬁ’ﬂe group consisting of group 8,

group 9 and group 10 of the period table of elements, and a third element selected from group
15 of the periodic table of elements, wherein said metal active phase contains at least 1 % (wt)
of said first metal, at least 0.5 % (wt) of said second metal, and at least 0.2 % (wt) of said third

element.
2. The catalyst of claim 1, wherein said first metal is molybdenum.

3. The catalyst of claim 1, wherein said second metal is selected from the group consisting of

nickel, cobalt and mixtures thereof.
4. The catalyst of claim 1, wherein said third element is phosphorus.
5. The catalyst of one of the claims 1 to 4, wherein said MFI zeolite is ST-5 zeolite.

6. The catalyst of one of the claims 1 to 5, wherein said SifAl ratio is less than 15, preferably less
than 12.

7. A process for hydroconversion of hydrocarbon feed, preferably with a hydroconversion catalyst

of at least one of the claims 1 to 6 comprising the steps of:
providing a hydrocarbon feed having an initial st lifur content;

providing a hydroconversion catalyst comprising a support comprising a mixture of
zeolite and alumina, wherein said support comprises between 10 and 90 % wt of said zeolite
and between 90 and 10 % wt of said alumina, said zeolite is MFI zeolite ST-5 having an Si/Al

ratio of 11.7, and a metal active phase, on said support and comprising a first metal selected
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2. The catalyst of claim1l, wherein said first nmetal is nolybdenum 3. The
catalyst of claim1, wherein said second netal is selected fromthe group
consisting of nickel, cobalt and m xtures thereof. 4. The catal yst of claim
1, wherein said third elenment is phosphorus. 5. The catal yst of one of the
clainms 1 to 4, wherein said MFI zeolite is ST-5 zeolite. 6. TheFEBt2gst of
one of the clains 1 to 5, wherein said Si(Al ratio is |less than 15,
preferably | ess than 12. 7. A process for hydroconversion of hydrocarbon

feed, preferabl jth.a hydrpc ersion catal yst f at |least one of the

ol o s’ 1 TEmaTetrg PL i BETRRE SHRIE oF et ko sl el FPEe et b
an initi atorsigtihgof goop 8ngroupLeviddrowp @ diytel geriokalls bhélemantd| sl a hrdRlentinng a
support conpr,isin m_xt u zeol.i and al umin wher ej n i d. support
conpr ses SHEHRELRM B Bisteole ofhe pBRouG ISR der Niherh Brarib e Bhaclia HESe; v
of sai d atemtainsat Eastl1 2&0M) besaid fidtimasipht leastBTs 5 ay bhghidBeSindAhetal, ahd @t of
11.7, and_ a td ve phase, on _said support and conprising a first netal
sel ected Ifﬁsﬁﬁg‘)Egﬁgﬁﬂﬁé'qﬁgﬁ]ege%ﬁ%a%gof the periodic table of elenents, a
second netal selected fromthe group consisting of group 8, group 9 and
group 10 of t hexposingadid fabd & sdid edtelystniraer lytto@nivérisiofl cehditienmd so se=togedvide 4 r om

the group_ 1l f the riodic table of, elenents erein said netal active
phase.  contarfidas Rl Sihchiesier i ST & sABFERIRaRT) Cact 0. 5 06 (wt)
of said second netal, and at least 0.2 % (wt) of said third el emrent and

exposi iy $hé dracesslat@rdiag do clainal7yehenemdsaid hyditocarbory fegitas anoinitil molasrasio ofis

to providg,.: . t ] fi u tent |ess t saj d | nitial
sl fur  conpprdingd thestBhShod selidoadithay § pRIMefHano gt diod- g
hydr ocar behich ésegrehtes thean said initial motet mtior ati o of i so-paraffins to

n-paraffins, and said product has a final nolar ratio of iso-paraffins to

n-par afé.i PRe pmieg@aéf%rtﬂﬁg?otﬁ imt';]%,%\ﬂ'iegeiﬂ.\ QL'Eihgéro Jbgﬁ fere tl'La%’an%nitig_lnﬁ IQ&ﬁ €ss
according to claim 7/ or 3, erel n 'sal hydro arpon fee as an |n|?|a
nmol ecul ar weigbt eftrt-parhffins pandasfaid productihds adindl moeleculatweighst cd shidmaparaiihewbichis

wei ght  of |e§é‘ir%nfkaﬁbamﬁ.ﬂ‘&18|§cw9# &ggi’“.s | ess than said initial nolecular

wei ght .

10. The process according to one of the claims 7 to 9, wherein said first metal is molybdenum.,

11. The process according to one of the claims 7 to 10, wherein said second metal is selected from
the group consisting of nickel, cobalt and mixtures thereof.

12. The process according to one of the claims 7 to 11, wherein said third element is phosphorus.

13. The process according to one of the claims 7 to 12, wherein said hydroconversion conditions

include a temperature of between 230 °C and 450 °C.
14. The process according to claim 7 1013, wherein said MF1 zeolite is ST-5 zeolite.

15. The process according to one of the claims 7 to 13, wherein said feed contains nitrogen in an

amount of at least 1 ppm.

16. The process according to one of the claims 7 to 15, wherein said exposing step is carried out in

a single reactor or in at least two reactors using different configurations.

17. The process according to one of the claims 7 to 16, wherein said feed is a naphta feedstock.
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10. The process according to one of the clains 7 to 9, wherein said first
nmetal is nolybdenum 11. The process according to one of the clains 7 to 10,
wherein said second netal is selected from the group consistingﬁqﬁgnm&kel
cobalt and m xtures thereof. 12. The process according to one of t ai s
7 to 11, wherein said third elenent is phosphorus. 13. The process according
to one of the clains 7 to 12, wherein said hydroconversion conditions

i nclude a tenperature of between 230 C and 450 C. 14. The process accordi ng
to clai I | T ocess
nccor di 1oy s Bibtesd SR Ra RN i o805 ¥ b, BrgPetadE BUal B Rssn 88 b7 ogen
in an anpferagfy less thasat?. 1 ppm 16. The process according to one of the
claims 7 to 15, wherein said exposing step is carried out in a single
reactor or in at least two reactors using different configurations. 17. The
process according to one of the clains 7 to 16, wherein said feed is a
naphta feedstock. 41 16 F E B 2006 18. The process according to one of the
claims 7 to 17, wherein said Si/A ratio is less than 15, preferably |ess
than 12. 42

42




