; " #$9&' e3eJB445L8. 9AGATIBYn BACKGROUND OF THE | NVENTI ON 99-565 The
“invention-relates to a catalytic systemwhich is advantageous in
-hydr oconver si on of hydrocarbon feeds such.as naphtha. Many nati8#s>have

i npl ement ed environmental |egislation and vation policies
whi ch idealize stringent rules in order tojmmﬂlmmmmgmmr educe em ssions of
contam nants such as sulfur. Cean air act amendoen nd other |egislation
have mandated reductions in enmission levels in t&s of sul fur, olefins,
aromatics and the |ike, which are considere jhute to contam nation
| evel s. One source of volune to the gasolinﬁmm@mnmmmmmﬂghtha, particularly
FCC naphtha, which is the source of approxi the sulfur in the
gasol i ne pool. Further, such FCC naphtha al so ct®%#8®ftutes approxi mately 40~
(vol) of the total anmpbunt in the gasoline pool. Cearly, FCC naphtha is an
inportant feed to be treated for reduction of sulfur. Various
hydr oconver si on processeAPPRVEADEeN HerelLOPEERS oPATEREAtI ng such feedst ocks
in order to reduce sul fur content thereof. One such process involves a
first stage wherein sulfur and nitrogen are substantially renoved, but also
wherein olefins contained in the feedstock are greatly 99- 565 sat urat ed.
|n such proceggesy kGnlathal 19ROl r ) S NSNE eobh iNat Bidel 0SGoL8 OCt ane
val ues, and a second stage treatnent 1S enployed in order to recuperate the
| ost octa e t ' f |, ne a loss is
expect ed ?%tégéﬁrﬁéﬁégépgg?égggéFyg€%i%€%§bggﬁg€i%h %?ég?g$§n§§?k{x». Thi s
loss is ¢ ensat ed.or _recovered through crackijng i i sonerization
aromat | 20 PO, Rana T RESF1 Ko ChETRR TaR bes Magorn! P EnLa haEHY tREVaT or esal d
second stage of the reaction. _ )

invented certain new and useful improvements in CATALYTIC

SYSTEM FOR HYDROCONVERSION OF NAPHTHA of which the

following is a specification.



Hydr oconversi on catal ysts are conventionally sensitive to nitrogen in the

- feed, and can reMm‘;re pre-treatnent of the feed to renopve nitr@soggespgc5 whi ch

.al so a mmwmm@ﬂ d additional cost to the preparation proce cour se,
any re stage or step adds to the processing cost for fractions

such as napbdissa, and there fxf 25 i nproved net hods of
reduction in sul fur and verse inpact on octane
values (RON, MON). It is therefore the primry .object of the present

i nvention t oTBRo¥PYERLILE: SRy ELCENHOpPLELE i&lQKﬁxﬁf%ﬂmQ?W%kﬂéby t he need
for additional reaction zones is avoided. It is a further object of the

pr esent afraakeoeAUSO 1pr BYPgecanyaraipst odndvsrecasbrorfagdsnusdne wherei n
3 99- 565 hydrodesul furization and hydrodenitrification are acconplished.
It is aastnbhpbhftbether object of the invention to provide a catal yst which
is resistant to nitrogen and can avoid the need for pre-treatnent to renove
nitrogen fromahlyenbeednsOhher dbpdemended @thwantoagestefl t he present
invention will appear herein bel ow. SUMMARY OF THE | NVENTI ON | n accor dance

Wi th theegieiaktonnuaft eaBrgihecheeegaiti®noRicadics edn ik nicRgas fave been
readily attained. According to the invention, a hydroconversion catalyst is

provi ded whinghnies refhk8Cthve risR rhydr edeswiidaniizl nehred B oMy |

preserving ocCtane nunbers, which catalyst conprises a support conprising a

m xt ure [ a | ymi na; id zeolite having an Si/Al ratio of
betmeencgbgéﬁgbagﬁé %gggtggb?%%g§§én active phase on said support and
conprising a

COTPT1SIN0 3l bRl o5t 8o Sheb el Lond QS dedla RRod g a0l o of
group gmgggla re(cjiurz):e%i?lc(t):];oglge ige re‘m?.%'scl otnalile%e%fs ellne r{:%nx:[mss’ oafn dsuaﬁ. 1.1hri ,r d el ement
olefins, 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

AN VA
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4 99-565 selected fromthe group 15 of the periodic table of elenents. In
' further accordance with the present invention, a process for
‘hydroconversion of hydrocarbon feedstock is prOV|ded whi ch procesg
conprises providing a hydrocarbon feed having an initial sulfur content and

an 10 tLak,LELhn T rACLLAR: pbpaKdedy 2nBydeeaenransl of cakaliyst conprising

a supporf “conprisi ng fife of “zedlite and al um na, said zeolite havi ng

Si/Al f b 1 and,ahqut h d
Uppor  *&AALEBB e.e?ré’%%”fl?lr 8FtabeaPaBRts, a8 FORTGPRESEEE The peri odic

table of elenents, a second netal selected fromthe oup consi sting of
group 8trgR&MENS éﬁde@Pgeﬁefoleofﬁg Pi SGCEPEABIE g% Qﬁgnts ang a

third el ement selected fromthe group 15 of the periodic table of el enent s,
and expestages¥rdUféed to said catal yst under hydroconversion conditions so
as to provide a product having a final sulfur content |ess than said
initial sul fdr &tbet seformndasien picoAEOALNGH ERe oLitadle BPSSudsS vari es
dependi ng upon the operating conditions used to process the feedstocks. In
sone casgpectid tbebicouretiaet specisivedy vhitgh hyddobenadtiioer ofases, the
olefin content is substantially lower than the initial olefin content.

Advant agee#shy. (EODOB\er Thiike leakaliysonfbehisa tpide vantr eicoweitteidon provi des for
increased ratio of iso 5 99-565 paraffins to n-paraffins and reduction in

mol ecul %hr\&%'gaht:x% ktﬂﬂ% eeeert%fnls 1WRinel 198t nt, 0 Ardiia@ e 8Gla)e ratings
of the product and e p make tip for the olefin loss which itself is

reducedahﬁ g%% qy¥ wRRE ¢ ggIPE N QESQ%%ME @?n@|QQEa'|ed descri ption

of preferred enbodi frent s of t he present |nvent|on ows, with reference

to the atta%@% dqg%%b% Sstag%r%k 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



Figure 1 illustrates the relationship between carbon atons of various

- hydroocarboen fractions and research octane nunber (RON); Figure 2
dllustrates the relationship between process tenperature and a%%?%@%

nol ecul ar wei ght for several feedstocks and for processes carried out
utilizi ifferent types. of catalysts, and Fj .3 1]lustrates the

rel ati oﬁ&fﬁ?%ﬁ‘%&e‘f“f%ﬁﬂ’aoﬁﬁrécﬁ]?%%e?(?%n%%ﬁﬁgga%glib§ re

(Hydrodesul furjzation) activity for different types of catal ysts. DETAILED
DESCRI PRASIPMNE HREnt i on relates to a catal yst and catal yst system for
hydroconversi on of hydrocarbon feedstocks such as naphtha, and provides for
reduction of Bul¥wuraisthbbhfwetiter guiewph 9Eckie obkVerntSoni EPout
substantial reductions in octane values, which is comon with hydrotreating
usi ng comentderal caza by ystwhidhel octehibs vahuetofnht pagen camdr caydr ocar bon
fraction such as naphtha fractions and the |i ke has been found to depend
upon t heavainbethefnead bfor gboest +er tientvatre otesndyerotar boenf facthi ons
contained therein. One inportant fraction is the olefin fraction, and this
fracti oncrhiascdwen found to be extrenely susceptible to hydrogenati on when
subj ected to conventional hydrodesul furization (HDS) catal ysts. The result

i's that vari %&@%#é‘@té’oﬁd%éﬁﬁ’ﬁe§u§f‘ a5 NEPbLBAL YAVEAL PUst be

treated with HDS catal ysts, have reduced octane val ues and require a second

treat rrequhlsf %éﬂ ﬂ&f&?ﬁf%im the octane value. Figure 1 shows a

rel ati onship ween resear oct ane nunber (RON) and the nunber of carbon
atons for various hydrocarbon fractions of a typical gasoline pool
fraction. As shown, the RON val ue decreases substantially as the nunber of
carbon atons for each fraction inclqgéng the olefins, increases. In

accordance with the presentUARYQBaTHE INMVENTION S ot om has been devi sed

whi ch advant ageously provides for ) )
‘In accoéordance 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
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



excell ent HDS activity, and which also provides excellent hydroconversion
~activity, .and which avoids the substantial 7  99-565 decreasgg_'g oct ane
.val ues which are caused by conventional hydrotreating catalys s§ Pens. In
addition, the catalyst systemof the present invention is tolerant to
nitrogen,, a e o) ed i J s Lr ng ¢St age or reactor
for tré%.%?é?%%gggéﬁcégéh g?gg g%l Er?h%iﬁéggégl%ngg%gg kae, and provides
a prodqgg wi th substantially reduced sul fur and nitrogen content with

oct ane SEFTRARER! t her unchanged or reduced slightly, and in sone cases

i nproved. In_accordance with the present. invention, .the catalyst system

i ncl udes a sUppb¥tReFpBFEATIaRGe afit BRt Fhg BﬁﬁE@nganﬁgng&BBOrF conponent .
The support conponent in accordance with the present invention is

pr ef er AT YCesSi FPEORYARACAN VAT Abeh sP f uRYdFecanbAnadesdsitrek, 1s

alum nosilicate, silica and alum na mxtures, and the |ike. In accordance
with therpvidedt vhiehtbopcess hempbéefsfboavidhag axbydreserhRs activity,
with tolerance to nitrogen and al so good HDN activity, can be acconplished
with subsédanhaaindyanotoinvieasi snlfioti gohyesd bBpdgaasinhéirdt bdedfinsilicon
to alumnumin the zeolite is between about 1 and about 20. The Si/Al ratio
is critigadtrion} hptobighey sahi/@soeefubisionpeatalydtoconperisiog activity
and resulting loss in octane values. It is preferred that the zeolites have
an Si /Aéuf,%éf@ ééﬁﬁrigﬁﬂgagoﬁlix%§re38§ peheipeehanabhynliass sRam 8  99- 565
about 12."°ST-5 zeolite having an Si/Al ratio of 11.7 is particularly well

sui ted 40,1 hee PLESERL ggvggg 9nrag*ﬂs aurapseaqe'bﬁ BE8LEr ablayad aloxtur e of

zeolite and alum na, “an erred zeolite is MFl zeolite, nost preferably

- [ h Ltab z i [ i.scl d i . S.
pat ont R €353 535+ TEhcRRESY Cap, Pa\ AR R EOE AR PR B e

anDuntSfELsglﬁgLQf 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
final product varies depending upon the operating
conditions used to process the feedstocks. 1In 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-



to provide the desired acid catalysis. Such a zeolite has been found to

- provi de excellent selective cracking and isonerization activiéie§ @hile
.avoi di ng octane | oss. The active netal phase to be deposited q-3P

ot herwi se provided along with the support preferably includes a first netal
selected fromgro 6 (CAS_group_VI.B f the periodi e. of. ement s,
nost prEPEPQBngngByBHéﬁEﬁFQ?HE QBFi%Sgﬁg%égnpgésggggggﬁgkcV%&ggka second
nmetal preferably selected fromthe groug consistin% of group_8, group 9 and
group 10f(the greapaffins WhitheSEEVRoLPC 1PREPECoPCEREReAPL NG FePdr abl v :
ni ckel, cobalt or m xtures thereof, nost preferably _cobalt, and a third

el ement thel pepddctr endghedp m8kecns VAY &het Réefari dSE WRHICE of el ements,
nost preferably phosphorus. In accordance with the present invention, the
cat al ystitpeefediabkgduredudes angt gveatt.i ve phase having at |east about 1~
(wt) of the first netal (group 6), at |east about 9 99-565 0.5~ (wt) of
t he second netal (groups 8, 9 and 10), and at |east about 0.2% (w) of the
third elenment (group 15). Mre preferably, the catal yst includes the first
netal , preferably nol ybgteremm DESCRIPBIONNOF ERARENGSbout 2 and about 15%
(w), the second netal ,” preféerably nickel or cobalt, in an anobunt between

about 0.5 ang/ @f+akQul GeQcHiWionadd pie flebired ehedRnentseiE altley

phosphorus, 1 n an anmount between about 0.5 and about 5.0 %4w). This

conmbi nati_an _of. ' .net al e n f S f { bed above
_ fleenReS WP ¥l BT tARId

has beeﬁrfgﬁﬁ& ﬁ%kgégér a?gélapgﬁ #ﬁgﬁbﬁgégnﬁniﬁbentlon to provide the

desired HDS and HDN act.ivity along with other activity that conpensates for

ol efi n KY&*3g&7at "GFEEBO) so as to provide a final product having

acceptabl e octane values. As denonstrated i.n_the anpl es, the catalyst

accor di ng t o Rigansy éséﬂ‘t“%é’ﬁﬁ%r&fdffﬁ@ig‘@&f ?Eé’eg&e(fé‘s Cﬁﬁqr’ncr ease in

molar ratio of iso-paraffin to n-paraffin, and al so reduces nol ecul ar

wei ght  @ftomse of yardonisn MyideaGagomh FIR L aRs ARd MGSEAF StiteéR Rl ues of

the final
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



product and thereby substantially conpensate for the HDO activity of the
©catalyst. .In accordance with the present invention, the aciditgy-gfgd he
.catal yst has al so been found to be inportant in connection with the desired
tolerance to nitrogen and acid |0 99-565 catalyst activity such as

sel ecti ¥gaLR6KkKNGLRRM Wi $OBRILI Zabs@RAntaaqt iredtictAond tiableteateal yst in
accordance with the present invention can be prepared using known

t echni ayes . and, folboWNG RERGESASH Weldrdetaut 1y ateigon of ordi nary

skill in e zeolite is preférably m xed wi th al um na under
protonic form .and.bath in wder form and the zeolite and alum na are
preferaﬁP?Vﬁgkéangg 535P%3€&%ron of between about 10 and about 90~(wt)
zeolite and between about 90 and about .10~(wt) al um na. Taq . the .m xture of
zeolite and APGnPR&ENE Yadtie, Pty 2addht Lk i éléldr}'eoc ci%ec’dl %tfc%cecalsﬂn f or
exanpl e, acetic acid and the |ike, preferab iin anounts ofcgetmeen about

|
0.5 andsaisbu@s3nePhthe) Iracdions @aslitiend e fids B&eth Ho30% Shich is

extruded into appropriate forms, such as, for exanple, 1/16" extrudates.
The ext deganes upoa tthen nauibed, ofr afaabgsl \2tOMS ddmthenp@%Qt®, and then at
a tenperature of 120C, and the dried extrudates are then cal cined, for
exanpl e haidre daeinoer dnacd ioh saloout H356C ftdve zgipr-oxidng dlmparteriour s.
Calcination may preferably be carried out at a heating velocity of 60C

i NCr easgsaRari dmours, it idldffie dasigteichrt,erqret dthire firagteaohdths Afdear
calcination, the extrudates are preferably inpregnated with the group 15

active eeinled Heldsiialine 1l suRleriih Rhaspydidgeraitl dengioup 6 active
metal (preferably nolybdenun). After this inpregnation step, the
inpregn%“%%é?%&fqﬁ}%%ﬂ%é%fyéﬁﬁk Hyr SR R4S NG drheifisde procedure,
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 HDS activity, and which also provides excellent

hydroconversion activity, and which avoids the substantial



preferably at roomtenperature and then a tenperature of about 120C, and

" after dryi-ng, the extrudates are further inpregnated with thegpeggk of
group 8, 9 or 10, preferably nickel and/or cobalt, so as to conplete the
active nmetal phase inpregnation onto the support structure. O course, the

cat al ysie dBYa H6s | I SNt &0yd Tudk flief &Nt aveysaussdvwey! coandneasnbe prepared
usi ng any known techni que or process. The inpregnated extrudates are then

dried aaain, ol Loam Lemper ALureydolhovedrRyaddoti ofpl eheedaghigaer oxi matel y

550C for”a su period time and at a heating velocity at set forth

ggogg Sogdhe faaihﬁé Ukoddnt NENERIPLE! 65 {DEcEahE! V5! niRYogLRD bE prepared

alum na and active netals. The exfrudates are
forned a nat d at_the sane tinme, _a cal ci ned
usi ng a?%gn?ggrt ¢ ot %Eeéged%§% |b%daaﬁ%ggfg § %?gﬁégg nggg Iyst may be
subjected to activation, pre-sulfurizatjo and %her st s mhlch are known
to a peFSIPCRF %‘P’t’:h‘ﬁﬁ?%tlslwlfe‘?cﬁs?ﬂ%kﬁrff‘a"a{‘gvxﬁ}lg Uty nBl 8988t ﬁfl{]'lst |s
ready for use in processes for hydroconversjion in accordance with th
pr esentthevkhké pnand 2prowidessa A padectulaFhysybptapFéat é¥dSeeeRe t h whi ch
the catal yst of the present invention is useful is a naphtha feedstock,
pr ef er aphyfar nand hyilt oo geat edn FOLt naphhhact&ge) vhdvupAgeathesast about
5~(wt) of olefins, such as that which can be obtained fromthe Amuay or

ffOﬁ1Ot@ﬁéhéﬁééaebfeﬁedﬁOédesan@hElyThendymhcabmehaaaesedmprbwsdof such a
conposition are as set forth in Table 1 below. Table 1 Contents Paraffins

| sopar af fi nsyQl sébaﬁdéﬂa@éth@ﬁﬁStﬁéOﬁabseﬁtN@nVeﬂembnf| etle ChBa19uitf ur

Conposition (~ weight) 3.09 12.2 8.6 10.3 61.6 1.7
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



1930 ppm Nitrogen 186 ppm O course, the catalyst in accordance with the

" present invention can advantageously be used with a w de variggysgk
-f eedst ocks, and the feed set forth in Table 1 is nmerely an exanp?e of a

suitable feed. The particularly desirable characteristics of feed which are

sui t abl eat gent Yo thengainlysh of/Aherptesest inventson, hovever,
13 Qd?gégﬁi%%fudgﬁa fg%d ﬁhich reﬁ%ires at |l east HDS, and optionally HDN

2 e LET LB A0 O et o0, e

00 St 6C urther contain at | east about Z

ppm wei ght of nitrogen. Wth supch_a,feeds K, _t t_of, the present
i nvention ad%%ﬁtﬁbﬁgﬂﬁFyliéPE%gef%bbYO@i%%Qﬁﬁﬁfaﬁg %Eéﬁggéiﬁ? y with
excel | ent hydroconversi gn activiti. In,aqggidaan.mﬁth thg pr esent

i nvent i 8hUMERd, pRBEeRECFRF I 87 e8P Yt EutH cBBREHER’ W'PRtt he catal yst of
t he present invention_ includes providing the suitable catalyst and

f eedst cerefanabb¥pdErdgzenbitecast sk fortReakatat ystuataRy8r8pracessing
conditions including a tenperature of between about 230C and about 450C, a
pr essur zeolibet heediabbosed 00npdi SanBateotit Nap0b, p8#, 347 spaecherocity
(LHSV) between about 0.5 h-1 and about 20.0 h-1, and a hydrogen/feedstock
rati o ofebeipeenanbbut cdibinad aboht appboplviatel amdhnssrefaatiumihe cat al yst
of the present invention can advantageously be provided in a single

react or¢oOprb®ilisOtRE HBEEréQastpascatialngidiffsuent acesbl gueahasns bet ween
them if desired, or in conbination with other catal ysts designed to

b BB MU L) SRMeReadeo e ch BB L b
14 ggigggerization 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) Qf 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



however, that the catal yst of the present invention allows the desired
“results to be obtained in a single reactor. The feedstock so t@ggg%g\MIl
-have an initial sulfur content and an initial olefin fraction, "as well as,
typically, an initial nitrogen content. The resulting product will have a

subst antpabsy (wefusedtBul §8EcR@NhEeBa]l PgebEPabBY 8 sHBstamti ahkyakeduced
nitrogen content, and will have a substantially reduced ol efin content when

desired,)@4s8@ Qb&ﬁ?réﬂﬁ%d?ﬁhieéfokﬁéiBhi?&eéléﬂangeQSPQ&Eg15?9” operati on
conditions used. w thout the decrease in octane val ués ich is commpbn when

hydr ot r edbt 801808600 CERL OBaLa 9L A! YaL1LdDE PRECREEsEARCRE, CarTied out

utilizing multiple beds, either 1In sane reactor or In érent

react or {Li j been_fo he progces e rature for
use of t %éﬁ?ggg%% @Q}%#%% gﬁé gﬁe?%r§£$§ﬁga%% w%?gtﬁggungbgBaeen about
250' C and_abpuf . 410" apd that higher tenperatures can result in liquid

yi el d Id%%?ugsiafl?wgg’dgﬂ%nE??%?ggm?ﬁaihggﬁﬁgﬁﬁ?giysﬁ%c¥ﬁitﬁrbel0m4 t he
catal yst of the present invention provides for excellent HDS activity, with
t ol er ancPRB EhelBrak c?RRUBE hetvegkmhedt HOND aeRd{PtyabeuieBl 0 a desired
HDO activity, and advantageously provides for high hydroconversion activity
t her eby ¥ Bdtici ngnd hehedVeise éhpment orpprefenably phoSpb6Busal iesanhi ch is
currently experienced utilizing conventional hydrotreating catalyst. Due to
t he nitrageunt dbetweer abpouygoddS hyud osloower Siong &et) vi t yhighe catal yst of
the present invention can advantageously be used in a single reactor

process odrelsnd o | 98 aPt Deelohe t@Bs agE@Pé Bohén sl foF £084EPLrtaRd does not
need octane val ue recuperation, and further where the catalyst is not

rapi dly gieastivad eshens 1os p,s@eﬁr@&smninf@éc@faéﬂggnwiéhnggged- The

foll owi ng exanpl es denonstrate the effectiveness of the catalyst of the

Present LAyan i e 45 L8 $ESRLEBNnS a0aPRER SRk oy Thi s data was

obt ai ne

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
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utilizing high pressure plants having 10-40 CC capacity reactors, and using
" the .foll owi ng general nethodology. A determ ned volune of dried_-gglksal yst is
‘fed to a stainless steel reactor having a |l ength of 43 cmand an internal
dianeter of 3.5 cm A presulfurized feed is prepared by adding 0.9 cc of

car bondésﬁ{%g;ggtg{:;c/g{'trﬂgghé’héhsyéfnge&%@é) ckdcRinyg whdf or each 60 cc of

napht ha: d1s activated and/or presulfurized utilizing this

presul furized.feed under ol ow ng operating conditions. 16 99- 565
For 40 %,ﬁOIB‘Frbé?g%%t F%F%gé’&%é: 400 PSI G HZ Flow. 195 cc/min

Presul furizing feedstock gl w._ . 25.6_cc/h Tenpe res: % ) 240C(1 h)
280C( 2h) For®38ue agﬁec‘&? F§¥FF Zhoattpedahits Bg}té ﬁ%%%’%%ge 6 cc/mn
Presul furizing feedstock flow 9.2,00/2 Tenper at ur.es: 150n | h) 240C(I h)
280C( 2h}nespt2enceapf PEaPRFPaFedpPELBEr E2OKB0 “BSPEHE S8 097, 33 cc/nin
Presul furizing feedstock flow 12.8 cc/h Tenperatures: 150C(1 h) 240C(I| h)
280C( 2hfokbpwingchroresaesl Yol PReWBULe: a9BGTPSPGOHZ OHIRETY6 cc/ ni n
Presul furizing feedstock flow 6.4 cc/h Tenperatures: 150C(|h) 240C(Ih)
280C( 2hykihlaih thsesrttheTheSvepdite6ds/ praderabliveadsiesc ity ation is 365
Nv/v. Activation tenperatures are utilized 17 99-565 so as to provide a
final vahumriak 3366ropra86&idefiemdingnd 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

nixture 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



on the process requirenents. After catal yst activation, the catalytic

" eval.uations were carried out. The typical operational conditi 5 d, at
‘bench scal e, were tenperatures between 280 and 380C, fixed pressure of 600
psig, space velocity between 1 and 3h-1, and H2/feedstock rel ation of 440

N7 ERISGHAD S0l CUBIEFIAladiib iAol sbalrs) (HOTL)

cont ai nf) an supported on alumna were "activated at

280C and eval uated ac di ng.t.0 t.he nethaqdal o esGghi b ove,, using an
FCC 09+mﬁ§p¥ﬁ¥jl‘?é‘ om é:eﬁn&:svsl?éf“}pﬁ&%?a e ?s\é{:seg’l’t ;trhaer glqn%ar%v%altnecﬁ'abl e 2.
Tabl e 2 Conventional Catalyst, Feedstock |I~T1 N _MP/ A1203 FCC C9+ Napt ha
from AmEHEIO9EtaS GF CsiFdiad orfor SAMe Psing Fhs faNGF LTHEHP 0 600 600
600 Tenperature, 'C 300 320 340 360 Hours 7 12 15 20 Product Quality

Sul f ur, PAEFESRSAA5 431 FBON thediRaT a el 25k sderg e temRpgature of

rtt%0. 6230. 6200. 6150. 5128. 610i -p/ n-p rati o0s3.103. 123. 103. 123. 14Aver age

Mol ecul abowdi GIROSTC,n-amat afftiers IB&/ 10165 3 BXLrBlatesy arHIRIr ther 92. 1 97. 3
97.8 97.8 HDN, wtB 93.5 >97 >97 >97 *jsoparaffins/nornal paraffins ratio 18
99- 565 Anpirglyrnambrdgandt ithe acttald tof toward &l & iors (HDOtefewsdnl 93. 0 and
94.2 wt) is obtained. The HDS activity (hydrodesul furization), as expected,

i ncreasgs Mdih 4y dremRyAltyr &d raam 2. conplretiyg it -ac i weingdtaland in a
simlar way the HDN (hydrodenitrogenation) varies between 93.5 and nore

t han 9751{%6&?@%@%%&%&@&%{@%@6%rseaﬁﬁscdﬂ@.m PO dsuBR0C.

[
However, verage nol ecul ar wei ght "of n-paraffins is very close to the

| . ar wel ght” of “n-p ry close to t
The oot ¢ e ol 5F ARl D e o S TS Al um na B
CondeaTM), i i.xed with IVF it T- | ni jo Si/Al of

12,7 undB S ik AR ot A i e O, U e 0 0 M

owder, in a proportion of 50~ (w) ST-5 and 50~ .
P ’ he[impregnated exéruJates are(¥hen ég¥gd 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.
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alum na. Table 3 MFI 2eolite Chem cal nAl Crystal Surface Formula (10~/Q)
- size (um Area(m/g) ST-5 Na,s~H-,~, Si",, Ol9= 7.5 0.8 332 ngél@%@ /9):
-Nurmber of total Bronstad sites cal culated fromchem cal formnmula and
Avogadr o nunber (6.02X1023) In the m xing process of both solids, 2.5~

wei ght of aCﬁtbsrés?bélh§19dga§tabmeafpéa@ebtkomeh watica ehe2.9 grans 19
99-565 of solid per mM of "acid. After mxing the solid is passed through a

doubl e exgﬁgenoerm - BLEGERUNG L chBeoRPS! ksl hamBoaBbrefia After this

mi xt ur % usion 1's e paste so as to form 1/16" extrudates. The
trud d f ds t
2t erpof SEAFEOGF. 190ETCAPERY é?&?ﬁ;ﬁ%;r§?§‘8§?€.cﬁ§§%‘t“l§5cs%9‘*?r a furnace

f t | t 2 h h_t hi te ti
vel oci t}arngead a6B8Capapt a&w% b8, C§&FdrRat BBRT Aohabid Ky istale |9

used to determ ne the volume of hydration with that of the volunme of the
soIut|oﬂabfbanﬁﬁﬁﬁ&ﬁﬁﬁe§F8WDFPSd§P€a§I8§ §5Qm(ﬂfge5frﬁﬁ&§ﬁﬁ&PFc aci d, which
wi Il be used in inpregnation. The anpunts of ammoni um hept anol ybdate and
phosphofbc eseupdee d&her typédadnghespetesdstacgepdsisticinat he fi nal

catal yst 12-13~ weight of nol ybdenum and 2.7-3. 0~ wei ght of phosphorus.
After tBbapbeptégnatirenast setefortttaties Tabdeddi bg¢law.room t enperature and
at 120C. After drying, the humdity scale is used to determ ne the vol une
of nickel nitrate solution needed to deposit in the final catalyst 2.1-2.3~
wei ght of nickel, and the inpregnation is carried out. Finally, the
extrudates are dried once nore at tgometenperature and at 120C, and then
cal cined at 550C during 2 hours usTng the sanme heating veIOC|ty of

60C/ hour. Thrs—20— 99-565

Contents Composition (% weight)
Paraffins 3.09
Isoparaffins 12.2

Olefins 8.6

Naphthenes 10.3

Aromatics 61.6
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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catalyst is referred to herein as HYCL (N MoP/ ST-5+A1203) catalyst and is a

* catal yst according to the present invention. Exanple 3 Table 4¢sh@ws the
results obtained with 10 cc of HYCL catal yst prepared according to Exanpl e

2. The catal yst was eval uated according to the procedure described in

Exanpl ej[:} 1&@?' g feEYdLREeRVEEShoReEegdst eaktCanal, yahd BEE1iCHH1HYC
Ni MoP/ S -g+A 03 Naphtha from Anuay QOperation Conditions LSHV

hi 1111P%§1§3§%8ﬁ8ﬁi ggggggggggg%&mﬁr BLHESn fraction, and whi

n ch
' C30032 urs7 oduct QualrtySul fur, ppn26113680741930Nitrogen,

89442281860 efins) wt %3.6593,.4543.3 , ) ih-p/ n
Pgtio4.i§3%§6§?4%§?§%§95§%§ r585°N638c§%§9%35§9%$%P59 The
n-paraffinsl19.2112.5106, 2137.5 SDS, W%W HDN% % 615 9%{9195'% 96.2 79.0
76. 9 ssfpedstgckt ceRnTHELRBENCPRERIPNE A#@fs afRPVE ™ Vi ditat e

activity in hydrodesul furization (HDS) which_increases (bet n 86.3 and
96. 2) a§ftﬁétF@§ﬁ§ratUF§hiﬁBFEa§e%eF?§ﬁP§60 t§e3caE2 HT Fﬁﬁﬁgﬁﬁivity i's
| ess than that obtained 21 99-565 with the Conmercial catal stc§HDT1),
especi apbkgsent| énveshpenaedvastageore lyhepryes §QﬁH§9V%9?|ﬂQ§qan
tenperatures. The ol efins hydrogenation (HDO in this catal yst was
nmoder at gpNmaicht @iiiyngighpeaxieidkealty hyGranconverstion giatiialital.efin content.
The average nol ecul ar weight of n paraffins is lower in the HYCL catal yst

as conpared Wit hcHBTdagabalyish, taedpriesdatr dases tdsn, haHemeyaday e
increased from300 to 360'C. This indicates that the HYCL catal yst has a

very | grrag&t %?tea%%@ EURGL LORe cARRLREGT WiRPORhRN A8 io e

i sopar ins/n-paraffins ratio, which is substantially higher when using

t he HYC y isS,.e e I thQuEhy it activity
in HDS éfggﬁﬁg ééﬁgﬁgéﬁniéﬁgﬁpge%|gQ?§BS§§§§§§Rf§%§§$gﬁj?o HD%fhgatalyst at
| ow t enperatur

RSBt R AR, e Bk e e atur s
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 question. It is particularly advantageous,
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substantial reduction of the average nol ecul ar weight of n paraffins, and a
* higher isoparaffins/n-paraffins ratio, which do not occur w thgtRggHDT1
.catalyst. Wth the HDT1 catal yst, the hydrogenation of these hydrocarbons

| eads to the reduction of key conponents which otherwi se help to obtain

hi gh octanevepnbense fHet berapy st HPFltRat physendogaventiexhabibwshe very
inportant acid function to generate ot her key conmponents useful to avoid

octane kﬂéSngéred9?é§§§t§X@8DB@ dpEaihew ng ahsiﬁﬁgeeéeaetak.Exanp!e 2, a
simlar catalyst was prepared, using alumna and the sane ST-5 zeolite

having a relatio I/ f .11 [ gpat k gk l,ed out usin
chaIt instegéeo?egﬁggéfg( %oﬁgggggﬁt&g?%rgggg.Q?hgﬂggﬁ?gn%ﬁg?hﬁhe °
el ements, cobalt, nolybdepu osphorus, . in the_r ting catal yst
(ref err€QnEED sapgceh FglgﬁghbgigggpnffgsFéogf $§bﬁ§¥g énical Analysis ($
(520 IBLIRIENR, 10, e o RSP, ol PRIELLG 2

] a e C o] used to
eval uate the HYC2 catal yst. The difference was that 30 cc of catal yst was
act i vat pdoducyi nglihbavenpesubatanidafdy| spucegdosudfugoGreFentsoc (1
hours), 280C (2 hour), and that three different naphthas were used, one HVN
napht haprafbydboyr easetisCentEECL{t sedhiced dilfgplgndiconittit waddadded to
mai ntai n the CoMoP phase of the sulfured catal yst), and 23 99- 565

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
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non- hydr ot reat ed naphtha C9+ of FCC. The feed characteristics are indicated
" together with operation conditions and results in Table 6. 2499-835565
‘Tabl e 6 Feedst ockFEEDSTOCK- 1FEEDSTOCK- 2FEEDSTOCK- 3FEEDSTOCK- 4Sul f ur

ppnb88( DVDS) 633( DVDS) 17802010Tot al Nitrogen, ppnb5207130Conpositi on,

%t O ef {, 0Pye ¥MA1cA758. 37 FA84k- pkPepibatiedlub94i218947- RON

Mot or 87. 492. 6MON Mot or 75. 981. 5ROAD81. 787. 1Oper ati on Condi ti onsFeedst ock122

33334Pr . R§L g6 0 69QeQ0Tenperature, C280280300
3003208603 0378 Rt Lo P Fe, NP1 400400400 400400400400400LFSY, b 1111

11111HOS152329 33363975105 2L,84H0 VN _ |
T8160503390NELE oon oo HEbLRER; o RE bl MpR bogBp Ryaroconversion

2.3882.1442.0031. 8151, 715i-p/ln-p ratig2. 0 (44,314, 204. 00- RON- - -
2 e st rkeny . the  5t3aiRenaR e gg?%%%sé%%%éﬁm AN/ AN/ A

89. 896. 697. 298. 29B. IHDO, % N AN AN A 7Q. 673.675.477.778. 5D, RO\ - -
----0.928VaAtREROUSLY. b ¥5§97pnRAABINgle. I§a5LRTgPFRCESGe ST EAS shown in
Table 6, this exanple denonstrates that the HYC2 catalyst is able to

ef fi ci ehbPyfhPaLoBESANELr P2E BRECREAPAFI SHLEEE €6’n|f€@t¥1aﬁﬁ’(dnéi°re§achi ng an
HDS activity between 96.6 and 98.2k with a noderate HDO activity, between
320C ando870€edandtanen valies resypleses liom, oehgn & uaivhiesr Whmen e HYC2
catalyst, only a loss of 0.9 in RONresulted, and a gain in MON (up to 1.3
with feedstdgkt3)iswastakrapidiyedeedtiva ticlde agals @ocofpridvit nesgimened, ( heavy
virgin naphtha, Feed 1), the catalyst is able to raise the

i sopar akbirngiRebaeh par akkidesi.ratio from1.59 to 2.35, and in the case of
hydrotreated FCC naphtha (Feed 2), from4.51 to 6.01. This increase of

i sopar af fi nshper #Rh 183 ak eRampalds0 cln? staRReNT Y T i@ iRapldda that is
not hydrotreated. Exanplé 6 A catalyst (HYCPAl) corresponding to U.S.

5,576, 236 yas eBkanged be heceyaluabed nunaRaAl yamesi tion and some

physi cal “properties-of t | “zeolite used to prepare this catal yst, are

o oo Sentali B enbiro SO, | U SRR 1
me~/gutilizing 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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Nao. sHs.i sl ~l s.sSiso. ~~s~ 5.4 2-3 411 nAl (10 /g): nunmber of rated Bronsted
"sites (totals) calculated fromthe chem cal fornmula The contenygoéggl ements
in the HYCPAlL catalyst is exhibited in Table 8. Table 8 Percentage of
content of netals in HYCPAl catal yst Chem cal Analysis ~ weight Ml ybdenum
4.30 Phosphorrexr A0 kedCadmldatalifstzal | ium 0. 41 Chromium 0. 06 Mo+Co+P 7. 10
Co/ Co+Mo (atomic) 0.45 The catal ytic eval uation procedure of Exanple 1 was
used so as t @@ Hate b g HYCPAL catal yst. The results and the
operation conditions used to evaluate this catalyst are shown in Table 9.

27 99- 565 b 9.R it he HYCPAL catal ytic system eval uation
Feedst ockFEE%%T%&% EE g% B - ~FEEDSTOCK- 3FEEDSTOCK- 9Sul fur,

pPB88( DVDS) %ﬂmﬁ AP A A o M RPN o PPEBRZA{ 130T efins, wt .

9%91.9758. 127

o] o8, S0 1o SR SR T AR R I

psi g600600600600600600600Tenper at ure, C280300300320360370370Rat i 0
Hs/ HC, N/ v/ v 43580 630 626 o et Hs v,

h-11111111Hour s3248565962107131Pr oduct Qual i tySul fur,

ppm - 1057547 H98450N @ r dg¥h, Po¥m - 252011- - A ef i ns,

wt 990. 1B70. 3730. 5670. 5812. 1862. 6421-p/ n-p

rati 02.215. 18%. F94wt134878c7HiRON-- - - - 82. 589. 1IMON- - - - - 74. 079. OROAD- - - - - 78. 3
84.1 HDS, %M NA NVA 94.1 95.8 97.4 89.077.2HDO, % tN A NN A 95.4 93.0 92.9

73.166. 9D RO¥resul furizihd-fedd3tddk flows 19:4.8c2h5d ROAD- - - - -
-3.4-3.0 *HVN and **HCN Hydrotreated 28 99-S65 As shown in Table 9, this

exanpl e denpngdrpdesdiey: tltgodr@(@ﬁ%h;gfdat yeit) dogse@pthymi ntain the HDS
a

activity constant with FCC napht i s non-hydrotreated, since the HDS

activity whi ghywaid e st ey Rfstl: and 87. 4% in weight, between 300 and
370C, experiences an | nportant "deactivation, decreasing to 77.2% at 370C,

and on the ot e, significant | oss of octane nunber wth
f eedstock 3 (%@&4 wd&m =-1.9), and with

H, Flow: 97.33 cc/min

Presulfurizing feedstock flow: 12.8 cc/h
Temperatures: 150°C(lh) 240°C(1h) 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(1h) 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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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/norggL5%%raffins
cratio from1.59 to 2.21, and in the case of hydrotreated FCC naphtha (Feed
2) from4.51 to 5.18. Simlar results are denonstrated with the FCC napht ha
non- hydggt pgatedptbeede 3. rTR811 balgases ghorsopar aBbrasheperalingar af fins
ratios are | ower than those presented by HYC2 catal yst. Note that the
HYCPAL t S d kvation after 107 hours of operation tine,
as can gg g ée?gégegFeggﬁggfgggﬁ%ﬁé HDS activity denmonstrated from97.4 w ~
at 360'C, 62 S 0 . 370 1 ; activity
decr eased to%?géiaﬁﬁ%glggFnapﬁgggg§§§blg?eagéFgggEzglgggﬂg?%ﬁgﬁght was
measured for resulting, proguct obtained using HYC2 catalyst of 2 99- 565
Beanpl o8I | GERRISEaPHFyS: TBF EXBIGPL. EPHRACAPEA weERUeheoRsn 8RR onal HOTL
catal yst. Average nol ecul ar weight and i-p/n-p ra ig was n%agured of the
product af oPeBFBCESEE S/ cHRFPedeBRET AL VHPFT PEHFePe%ﬁ r 8PGr 889The results and
the operation conditions used to evaluate the catalysts are shown in Table
10. m . Giked presgureeca$t 68R REi&cubRACReVEheSi&NdPeLYRPRNp 1r 8PP0 agai nst
products of the evaluation of HYC2, HYCPA1L and HDT-1 catal yst with non

hydr ot r 8ai'ed 200+ FaCfraghthay oklAtiay BEERSPOSK/PROPERTI ESFEEDSTOCK
3FEEDSTOCK 3*Sul fur, ppnl7801930Nitrogen, ppnR207186Average Ml ecul ar

Wei ght Par af fi ns136. 5137. Ol sopar affxamgdl3s.7140. INapht henes129. 8126. 7Aromati c
$129. 3128. 21-p/ n-p rati 03. 473. 140PERATI ON

CONDI TI ONSFegdsteck$33333Rmdr3iBNesgdi8rreatment catalyst (HDT1)
psi g600600600600600600600600600Tenper at ur e,

'C30032g§@g§%gg§%ﬁﬁ@§oﬁggoéggLﬁsYi8@'%%}1¥%$$$¥ted on alumina were

RESULTS ~TlI Aver a
Mol ecul ar Wi Rar af {i,ns 13 1 1133, 121. 6. 0135. 8135. 71 sopar
af fi ns126. . 8119. 5.6 : . : : ) pht'henes122. 6123. 5122.
Seeiyaneed ehlscomt Byadbatsh dbsitanY SR ok 5
3122. 4123 gl 2 8121.9121ug1 2.gAronati05129.4¥§§.%§ 7.81%% 2129.6129. 3128.9
128. 912Be8PPARARIY HESCEAPRA7APRVE1 #538943 95T 175, BFPR G 355 3. 12 30
99-565 This_tabl e_denonstrates that the HYC2 catal yst ip_.accordance with
the pre§Bft PAPHGINRESARRE Yor éR&cERFY LS BRE SPOWEs nogagﬁﬁe al ar wei ght

reduction, especially of the n paraffins, and the i-p/n-p ratio increases.
The HYCPA1l and finally the commercial HDT1 catal yst are not as active in

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

Operation Conditions
LSHV, h' 1 1 1 1
Pressure, psig 600 600 600 600
Temperature, °C 300 320 340 360
Hours 7 12 15 20
Product Quality
Sulfur, ppm 183 52 45 43 1930
Nitrogen, ppm 12 <5 <5 <5 186
Olefins, wt% 0.623 0.620 0.615 0.512 8.610
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, wt#% 92.1 97.3 97.8 97.8
HDN, wtt 93.5 >97 >97 >97

- *isoparaffins/normal paraffins ratio
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these functions. In this regard, the HYC2 catal yst contains MFl zeolite

" haviing an Si/Al ratio of 11.7 , the HYCPAL has an Ml zeolitedwggygy an
'Si/Al ratio of 18, and finally the commercial catal yst HDT1l does not
contain zeolite, but only alum na. As an exanple, Figure 2 illustrates the
evol ution of the average nol ecul ar weight of the n-paraffins with the

oper ati on t eApbighuhydregenat ingalagatiy itlye toiwkfrer edte fdatsal fi$X0s. I n Figure
2, it can be observed clearly that HYC2 catal yst has nore capacity than the
HYCPAl BadwkBhl 9Gababkysdt S4t.a%r educd st bbtaipedafl f Mhe M0 age ikmltgcul ar

wei ght in an operating tenperature period between 300 and 360C in the

process (af;d2oaeruhydirotaeabad , Cas( ekpkctapht haceeriskeg Witk ithe Amuay
Refinery. Note that he HDT1l is nuch less efficient since it maintains

practi cabhyethenyal ¥eoaf opand tﬂ?hﬁ%l 3F e gk 13hF0Shacapst,ant with the
tenperature. This activity of the C2 catalyst is particularly desirable

since rggﬂﬁgggnggg_gﬁggggg,qgg%%gbgﬁi%%oge%%t%@?&w%ggqgSOEeQPQ%hgffins’ and

i ncreases 0 rve to 1 nprove octane values o

hydr ocafhon. anple 8, A si.oilar catalytic evaluation procedure was used as
T ExangPabsabd” BBLE, togn; sTre 150 BedbF Hheh TheartpeRatige

non- hydrotreated ECC naphtha. _The results are conpared in Table 11 with the
resul t sS1BEESPSES WFOR ﬁgéPE? 3&0afyst HoreEeLmpltEes aX/Fafet h t he HYC2

cat al yst aExaane 5), in accordance with the present invention. The HYC2

cat al yskoitgcuppe Weighkoof maParaifdingeiscveny fdMBer tef thise Feedst ock:
-0.9 in RON and an increase in MON of 1.3 for Feedstock 3 and a small |o0ss
of 0.7 avehaBeetioflecklar whibbtt bé HYERARfcanal yst thesdfeedstand,val ue
significantly: RON - -4.9 and MON = -1.9 with Feedstock 3, and RON = -3.5
and MONirdiZabingt hheeedatoakid, candlykikl igorverlyopses.occur in the case of
the comercial HDT1 catalyst: RON = -6.1 and MON = -3.1. Finally, the HYC2

catal yst is al so capabl e of 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
MFI Zeolite Chemical nAl Crystal Surface
Formula {10%%/g) size (um) Area(m?/q)
ST-S Nau,ng"_g‘Sig"q 0191 7.5 0.8 332

* n Al(lom/g): Number of total Bronstad sites calculated from chemicai formula and
Avogadro number (6.02X102%)

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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efficiently renoving the sulfur as well as the HDT1 commercial catalyst,
reaching high HDS activities of 96.6 w~ to 320C (Table 11) arpb4sy=® than

‘98~ wt to 370C. 32 99-565 m L7- 11 FEEDSTOCKFEEDSTOCK 3FEEDSTOCK

AFEEDSTOCK 5Total Sul fur, ppnl7802010208DNitrogen, ppnR0' 11302030 efins,
W 98. 123F. 9848d7pbrr- plnef acid. After mixing the solid is passed
rati 03.47--RON87.492. 689. 1MON75. 981. 579. 3ROAD81. 787. 184. 2 OPERATI ON

CONDI Tl eNSoBERDETEE b3 e3e4t4ubiBhepreke ~mpsieg GRE 100G Hed Gna¥ IGO0
Tenperature, 'C 370 370 370 370 320 LHSV, h-1 11111

RESU'—TSE'X Cﬁgﬁ@g@ht’i’@&&%@%@@%ﬁlﬂs“ WA x tRREB3 XG44I #ONd mRGRN o f
ppK5- <5-<50 ef i ns, W 9. 8152. 1861. 7152. 6420. 485i - p/ n- p

ratio-3.77-=- 582. 591 : <0 ~280. 879, 076. 2 RON-0.9-4.9-0.9
(3, 5-6. TR BRE TS 1050, 7925628 178" WOmBos5 0-77. 209. OLDN

wt 9%96. 2- >96, 2- >97. 5H w 7. 773. 178.566. 994. 9 The .catalytic
eval uati on pFé@eﬁﬁFéuggkﬁfaﬁﬁfedgl sa5sg§?%é%p 5§§%§Rg%ﬁniﬁhﬁaging a

hi gher capacity reactor  (50-150 cc), so as to eval yat 00 c f the HYC2
cat al ysBrg3subgarises Bwfégr&’alrgﬁg tef gﬁmé’lerﬁ%%ewot%ﬁ %éfcgr e(r:fté)rfee%dst ocks
having different nitrogen and sulfur content, different octane values and
di f f er edEYéd@poshevonse TRA CENEEedlir 899s&d ins BadWBAEWEL LR cc of dried
catalyst is diluted with a 1:1 by volume anmount of silicon carbide

(car bor Grdsf) 2 avdewhsufred t dnaordast 6o Kegiohg thilsetgmpesfaturze,mg T/ T) and
an internal dianmeter of 2.5 cm In order to avoid polynerization reactions

and gunhkatimni @elogcid4y de leedofatc@®her pieal hidDE .catrditest (HDT1) is
positioned at the top of the reactor (180-200C) allow ng hydrogenation of

the conpaurdsatibosh) ROLMBIIY t3F € daneCUussAsed ad e tfermipid athof guns. The
catalyst is presulfurized utilizing a presul furizing feed, by adding 70 cc

of car bglegiuﬁﬂé' birde ko ta%er With ithet off v dld1eMed Mamy b1 dtoschedul e

of presulfurization of the catalyst, after drying and calcination, is as

ol ows, s RFRRL:AM FREYKRY YK UlP R HsAY ARG Ot Prlddgitbrlid vol /vol with
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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Hydr ogen Pressure Presul furizing Feed Spatial Velocity Relation Hz/ HC

" Presul furizing Feed Fl ow 400 prig Hydrotreated naphtha m xtur@otHdsts) +
“CS2 (70 cc) 2.0 v/v/ih 300 Nv/V 144.6 gr/hr 34 99- 565 Hydrogen Flow 6.5
gr/ hr Tenperatures 150C (nmaintaining mxture punping for 1 hour) 240C

(mai nt atatagyskxtier eefiempiedgtbohetetiourp BSOC ((MWaMoPiSTi-PgAdQilur e punpi ng
for 2 hour) T Increnment Speed 30C/ h Once activation is conpleted,

eval uat LgRatl §8tSatl tBeacahihygktwaceobedug sbathiengraistemta "white" .
condition using hydrotreated naphtha (w thout sulfur or nitrogen content)
at stangﬂ(,gnlgxgﬁgtreat ment conditions (500-600 psi and 290C). This
establishes a starting point of the test. Table 12 set forth bel ow

indi cates the various naphthas u%ggdﬁgér@s test, as well as operating

conditions and results obtained i f HDS, octane values, liquid

hydr ocar bon ds an t he 1 0 enat id 1f erent
rates of sevé?ﬁhﬁ 3§ Ow§9té§5%?§ él%bgggé%?ékﬁggaeﬁregfﬁgbﬁ$h;e on
stream Yield AMON HDS C h' 1 rs 8%@ N A Iil\/N2290 541849197N/A
<SppniT. RPE21588 pERPated afe8vei D360 X85 192 o Thieo s &sysrfpm

T.Nit, 1600 ppntul f. 12.58 bywei ghtof O efi nsFCC C7+360330298. 8 29948 ppm
T.Ni t, 160@1ysked RCCOFdindhRei @Foeeéﬁ%rﬁsldeécé?b%’oéﬁﬁﬁn@@ 498. 648
ppm T. Nit, 1600 ppntul f. 12.54 bywei ghtof Q efinsFCC

C7+360359599. 70. 499. 398 ppm T.Nt, 2210 ppntul f. 10. 8B bywei ght of

A efi nsFCC C7+360464299. 60. 196. 448 ppm T.Nit, 2210 ppntul f. 10.8B

bywei ght of QA ef i nsFCC C7+370467499T&>De 198. 948 ppm T.Nit, 2290 ppntul f.

10. 8B bywei ght of A efi nsFCC C7+370471199. 60.298.6 138 ppm_ T.Nt) 2290 ppm
Sul f. 975B by wei ght of O efins ®pérstoabedsiby t est clFeadsteckienonstrat es

that the HYC2 Catalyst, FCC C9+
HYC1 NiMoP/ST-5+A1,0; Naphtha
from Amuay

Operation Conditions

LSHV, h? 1 1 1 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, wt% 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
Average Molecular weight

of n-paraffins 119.2 112.5 106.2 137.8
HDS, wt% 86.5 93.0 95.9 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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catal yst of the present invention efficiently processes various types of

" napht has having different content of nitrogen and sul fur, all %esehil e
‘mai nt ai ni ng an excellent HDS activity, and a high Iiquid hydrocarbon yield,
and al so while maintaining octane val ues as desired. This activity was

mai nt ai mddht heuglomsereria lopertl yak cofil)i osspecialdin@B708y LHSV of
4h-1, and H2/ HC of 250 N vol/vol. 36 99- 565 Exanple 10 The catal ytic

eval uat irefpRirecetwss ahibamley Qmass insicds r el loygn ot emprir 4 tlheys Ng 3
reactors in parallel (50 150 cc capacity), so as to evaluate,

si mul t aRgQUY NG £ ithe HRlAYME 1Y egisat aly stisis 10 Loy of JHEC2, 100 cc of
HDT1 and 100 cc of HDT2 (conmercial catalyst consisting of CoMbP/ A1203),

with a Teedstoek haiHit i il sl & fita t 2P0 My PR O tisdll {d ¢ fd 80 wt ppm
of nitrf(l)ng)en (a%l 2&15&%51% af% Feeldstoc%g FCC‘ZN Napht haTot al sul fur,

ppnil260Tat al. ni p 0 SRAAD [ 1, -

wt $Par a;g'le#slib.c%r& efl n'sl%%e%Ar onmat |%ls% 1?denti fied/ C13+1.6

The operation..conditi.ons of, this t were varied as follows:. Tenperature,

C'° 260 PATSIE R P va 4 (R Ty Sk (4 Lo 37 90 258 B0 3 - B

110 - 250 37 99-565 The objective of this test was to conpare the

per f or maiR¥d iG7 4BYHot A 11ds FRATIFREFNED iRt HSFRCTFEWESi f f er ent

conventional hydrotreating catal ysts at different operation conditions,

especi alincreagesiy e ridd tr A €3 Thistindirtee that tetBHel or octane

|l oss (ROAD) as a function of the HDS activity for different catalysts. This

figure stadwslytste HBS aactany timpartant cacbdt fwest 881 0 virotimer 99. 0 Wt $ f or

t he conventional hydrotreating catal ysts, and between 92.0 and 99.0 w$ for
important aspect is the isoparaffins/n-paraffins ratio,

which is substantially higher when using the HYC1l 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 HYCl 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 HDT1l 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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the HYC2 catal yst. The octane | oss decreases when the HDS activity is

" lowered. This octane loss is higher for the conventional hydretg-eatsi ng
-catal ysts. For Exanple, at 98.0 wt~ of HDS activity, the octane loss is
about 5.8 with conventional hydrotreating catal ysts versus about 3.3
obtained with the HYC2 catal yst. Beplihel HDS activity is reduced to 92.0
wt~, the difference in octane loss is still higher: 5.5 versus 1.1.
Regardi ng these16Rs84t shet PEotBuBE bYi Ekafapler ¢,89. 8imida46. 0 wt$ for
octane loss of 5.5 and 1.1, respectively. This exanpl e denonstrates that
HYC2 ca ' j ne e ; ' a red to
convent%%%§?§%g?g€§2?gép$ﬁ%§FN%§§ggtg%g@%ﬁ?gﬁggnggbrgfgggggﬁsg olefins in
t he produc o o] veatLon drot ti catal ysts, at
sinilarziﬁé} §t$€?§§g §8r£P§55§§5§$z§9p§5v?éuz'e§§§pF§§ and this exanple

denonstrate that.the HYC2 catalyst, has.a variable.selectivity.accqrding to
t he ope?%?F%ﬁnﬁtha?tV%ﬁscﬁgﬁaeFnoPﬁeuﬁ?BgeggbaE§d%gggﬁ%grgfoﬁléieﬁigh
severit high HDS/HDO rati o at | ow severit d both catal ytic _properties
at ml d¥§é9’érF?9‘f"lch%§Er€5?bl'yﬁ‘@ ﬁPBEEP i8§ ggﬁ 6 eﬁ‘?é‘%%d&&%’éﬂ ry
accordi ng to naphtha conposition to be processed. It should be appreciated
that a ®ai¥PgSRURasPheeRhPFBSi dé8 RRFcKeaBtaAPRggEaESHLY Shad rABSTASE HDN
activity, without extrene sensitivity to nitrogen, and which maintains the
oct ane val aesHYBE21 hésf esdibThed invEablenSmmy be enbodied in other forns or
carried out in other ways w thout departing fromthe spirit or essential
characteristics thereof. The present enbodinent is therefore to be
considered as in all respects illustrative and not restrictive, the scope
of the invention being indicated byaglwe mppended clains, and all changes
whi ch come within the neaning and Tange of equivalency are intended to be

enbr aced TNETr €i N. Chihical Analysis (% weight)

Molybdenum 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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99-565 WHAT IS CLAIMED IS: 1. A hydroconversion catal yst for

" hydr.odesul furizing feedstock while preserving octane nunber of said
feedstock, conprising: a support conprising a m xture of zeolite and

alum na, said zeolite having an Si/Al ratio of between about 192n86&about

20; a netal active phase on said support and conprising a first netal
selected framgroup 6 of the periodic table of elepents, a second netal

sel ect ed“?’?"g?ﬁfc?%t’g‘?%’iﬁ)&éb?&l? 3 i oo hritp: 8, TR o9 and group 10 of the
period table of elenents, and a third el enent selected fromgroup 15 of the
peri odi ChameEfigteremse MdigrtedtBPgEher Wikl PRerakbeRi n said first
metal is nolybdenum 3. The catalyst of claim1, wherein said second netal

i s sel e@alitions AngreguiohsistTaglef6ni ckel, cobalt and mi xtures
thereof. 4. The catalyst of claim1l, wherein said third elenent is
phosphorus. 40 99-S65 5. The catalyst of claim1l, wherein said zeolite is
MFlI zeolite. 6. The catalyst of claimb5, wherein said M-I zeolite is ST-5
zeolite. 7. The catalyst of claiml, wherein said support conprises between
about 10 and about 90~ wt of said zeolite and between about 90 and about
10~ wt of said alumna. 8. The catalyst of claim1l, wherein said netal
active phase contains at |east about 1~ (wt) of said first netal, at |east
about 0.5~ (wt) of said second netal, and at |east about 0.2 ~ (w) of said
third element. 9. The catalyst of claim1, wherein said Si/Al ratio is |ess
t han about 15. 10. The catalyst of claiml, wherein said Si/Al ratio is

| ess than about 12. 11. A process for hydroconversion of hydrocarbon feed,
conprising the steps of: 41
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99-565 providing a hydrocarbon feed having an initial sulfur content;
provi di ng a hydroconversi on catal yst conprising a support conprising a

‘m xture of zeolite and alum na, said zeolite having an Si/Al ratio of

bet ween about 1 and about 20, and a netal active phase on sai P¥upfport and
conprising a first netal selected fromgroup 6 of the periodic table of

el enents, a second netal selected rpggtEe group consisting of group 8,
group 9 and group 10 of the perio of elenments, and a third el enent
sel ect eg—+omthe—grotp—i5—of—the—pertodictabteof —etrenentss—and—exposi ng
sai d feed torsaistbaxat al yst wegletodryr eERIIvaIKSE OFEEBAOIK-B OB ESR0AS 4t O
provi de a product having a final sulfur content |ess than said initial

sul fur cont eft!f*s12°" The pr oc¢¥$8™ccor §PHP™o cl ai'th 11, whéf¥in said

hydr ocar bon taedvhaseanpdnni téal nol ar srati o of izs0 paraffiias to
n-paraffins, and said product has a final nolar ratio of iso-paraffins to
n-paraffins WAfch IS greater than said initial nmolar ratio. 42 99-565 13.
The process atcordityrg to clabm 11, wher®8kFn sai d emdr ocar bon®¢teed has an
initial molegylar Meight of ;ngparaffins, and saisd,product bhas a final

nol ecul ar wei ght of said n-paraffins which is less than said initial

mol ecul ar weRghioter14. The process according to ¢&fdim 11, wheérein said first
metal is nol yhdenaskn 15. The process accordi ng te.scl ai m 1ky.swherein said
second netal is selected fromthe group consisting of nickel, cobalt and
mixtures thef®8f. 16. The process according to éfaim11, Widrein said third
el enment _i s phosphorus. 17. The process according to claim1ll, wherein said
hydr oconver si on condi ti ons i nclEeR@®" Cefperdt ure of bet ween about

about 950C; heke  PI 20T 110 T [ C1 T3 o’
MFl zeolite.

Pressure, psig 600 600 600 600 600 600 600 600
Temperature, °C 280 280 300 300 320 360 370 370
Ratio Hz/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 15 105

Product Quality

Sulfur, ppm - - - 181 60 50 33 39

Nitrogen, ppm <5 <5

Olefins, wt% 0 1.877 1.205 2.388 2.144 2.003 1.815 1.715
i-p/n-p ratio 2.35 6.01 6.00 4.74 4.31 4.20 4.00 -

RON - - - - - - 86.5 91.7
MON - - - - - - 77.2 80.8
ROAD - - - - - - 81.9 86.3
HDS, $wt N/A N/A  N/A 89.8 96.6 97.2 98.2 98.1
HDO, %wt N/A N/A  N/A 70.6 73.6 15.4 77.7 78.5
& RON - - - - - - -0.9 -0.9
& MON - - - - - - 1.3 -0.7
A ROAD - - - - - - 0.2 -0.8
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43 99-565 19. The process according to claim18, wherein said M-l zeolite

" is ST-5 zeolite. 20. The process according to claim11l, wherei feed

-contains nitrogen in an amount of at |east about 1 ppm 21. THe process
according to claim11l, wherein said exposing step is carried out in a

singl e react gg. sR3wnTHA PLBEESS, a‘EﬁQ"sd'e&meQedd@n{Bn]s]bra‘m eifnsai d
exposing step is carried out in at |east two reactors usi ng di fferent

confi gu%ggl ﬁggst ég&aIggtp%%cggieacgor LHeRG 1 Bt&'ya'ﬂpq%l £ 11r v]\;}er el d feed is

a naphthafe focess accor |ng t in said

5i/A1r iois Le han_ aho The Ss . a | aim 11,

wher ei n TR ST h@ P& Steg Flggsnfaﬁéghgbgﬁ g4fn HY ¢ ng‘}&f
JACA AU ACA Ay AA Ay, A A fAé AS. A Af Ar. Ar. A AS. AS, . A
@. A e. h,epwm@ ROAPRAS 9&@,% ﬁhA@ﬁg eafibR RS el b6f h| wr nhc™Y]

ca] ca] ca] ca] ca] ca] ¢ca] ca] ca]_rca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]l ca] ca] ca] cal ca]

ca] ca] chpédpea] é&}]csa]ﬁliuliaB en6sv@andpwAtly almost no loss 'in oct

Nh} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cajmbhpca] caféshc sheap¥8Pc cakedlySy-0only a lasgklof 0.9 in RON

& | wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]

ca] ca] cakealltaphcakad] eagedhcahcsprial(tp7&8p 1.3 with feedstock 3)

Cwy| & - g| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

a] cal] caheakagbcabeelealcal ca] ca] ca] ca] ca! T>z&] ;

t 2] } xsni d*Y] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca

| eal cal cal cakeaked] cakeabeakon] sabtthasH B bBlowsdonl oal cal cal cal o

a] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] calca] ca] ca] ca] ca] ca] ca] ca]

gg] gg] gg.]eggl ]12]0&}1 Fﬁ]@lgf%] ga}a %k }a % °a Cceg] gg]I ca] ca] ca] ca] ca] ca] ca]

l@w XSni C al calcalc
a] ca] Ca]légfégfék]l{}g]/@gfygﬁ gf&#? ]nga]r g’]‘l fgg’}mcg] % % g’}% aa-]&cg ##}ﬁf##]$$
, $_SESSLISSTSSSSOBN0 % % xsni d ca c ca) ca].ca] ca]ca
ca] cal cafc @a]:é‘a?"]ec&’]g> g]eé& &5 &FP ]@ge}%ﬁ]?@ c“:'% ]%:Fllca]' %/g/&s]&

&& 9 1° (T(k(l(() 3 )[)) *
* % gk g r Lox BpY) 9] darespes] €4 éép@é]ré‘é]fé-aﬂsc/a]%’%‘]ac‘a]@d]%faqléhﬂ cay] ca] ca] c
a] ca] cal ca] ca] cal ca] ca] ca] ca]ca]ca] ca]ca]ca] cal P++++ H,,,,,,--f---- (.

. 1 VI | FRZ800ed 8KR1 happied sZWitdR] E&lc dia]aéa]l@a]l'cfai] ca] ca] ca] ca]j ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! K1| 111*2d2222%8+323h333

4RA445<hyaxbeOeaded @ nm/77} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 78VMBS828888;

9t 99999: 0: 7: N:S:n:w :::6;,m Example 6

;1 #<] <<<zupkfa\ W ca] ca] ca] ca] caJcaJcaJca] ca] ca] ca] ca] c”a] ca] ca] ca] c”a] ca]
cal cal o2l cabcabeanaakeg )Ca&qﬂw 16 TEBTRPTPOPU??
AGAAAABXBBBC. CqC} xsni d_Z] c] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca]

cal cal cahealealoakenkaberkvahealed cahtl CHealcal AR e

F&F-F] F
HTHHHH- | el | | cajcalc
a] ca] ca]sc’g]ecé]xhg{a%l%gﬁ] i’}r%ge% % cg ﬂ cg ca] cgc]]](i? %%%% 1‘ KK]KKK]K$
LPLgLzLLL cal calca ca] cal] ca] caU] ca] ca] ca] ca] ca
] ca]gca] &&%}Zﬁ AC4] g&ﬁc%@i&’%dc%}%ialbé% gg] ca} ca} ca]I I\/I\Ag]l\l] N]NNN]O>O]pOO]OO
P* PJ Pz PPPPPPPQQQQORBRpRRR~ysni d_ZUj e [ V] ca] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca
U] ca] cal] ca] cal] ca] cal] cal] cal] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca
RSMBSSST) TATTTUU! Up UuUUUV<VX V~VWVWV2W WAAK: Xk XXX~yt oj e [ V] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]c
a] ca] ca] ca! XYNYYYY+ZeZZZ[ B[ ~[[[[[[\V6VA KI\N\\\] -] K] V] K] ~]]{uoic*Xje [V]] U ca
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RESULTS HYC2 HYCPAl HDT1

Average Molecular Weight

Paraffins 130.4 116.9 102.1 133.3 131.6 121.%5 136.0 135.8 135.7
Isoparaffins 126.3 125.8 119.6 135.6 131.6 132.8 134.9 134.8 134.3
Naphthenes 122.6 123.5 122.3 122.4 123.9 122.8 121.9 121.6 122.0
Aromatics 129.4 128.2 127.8 128.2 129.6 129.3 128.9 128.9 128.8
i-p/n-p ration 4.74 4.31 4.20 4.19 4.11 3.87 3.10 3.12 3.12
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catalyst has more capacity than the HYCPAl and HDT1
catalysts to reduce the n-paraffins average molecular
weight in an operating 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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serve to improve octane values of the hydrocarbon.
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 HYC2 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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RON 87.4 92.6 89.1
MON 75.9 B81.5 79.3
ROAD 81.7 87.1 84.2

OPERATION CONDITIONS

FEEDSTOCK 3 3 4 4 ]
Pressure, psig 600 600 600 600 600
Temperature, °C 370 370 370 370 320
LHSV, h™ 1 1 1 1 1
RESULTS HYC2 HYCPAl HYC2 HYCPAl HDT1
Sulfur, ppm 33 196 - 459 <20
Nitrogen, ppm <5 - <5 - <5
Olefins, wt% 1.815 2.186 1.718 2.642 0.485
i-p/n-p ratio - 3.77 - - -
RON 86.5 82.5 91.7 89.1 83.0
MON 77.2 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, wt% 98.2 89.0 - 77.2 99.0
HDN, wtg >96.2 - . >96.2 - >97.5
HDO. wt% 17.7 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 cc of the HYC2 catalyst
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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 1ts) + Cs2 (70 cc)

Spatial Velocity 2.0 v/v/h
Relation Hy/HC 300 Nv/V
Presulfurizing Feed Flow 144.6 gr/hr
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hydrocarbon yields and the like for 711 hours of operation

at different rates of severity.
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Sulf 12.5% by weight

of Olefins

FCC C7+ 360 3 598 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 Olefins

FCC C7+ 370 4 674 99.2 -0.1 98.9

48 ppm. T.Nit, 22%0 ppm

Sulf. 10.8% by weight

of Olefins

FCC C7+ 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 HYC2
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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used, employing a unit having 3 reactors in parallel (50-
150 cc capacity), so as to evaluate, simultaneously, the
following three catalysts: 100 cc of HYC2, 100 cc of HDT1
and 100 cc of HDT2 (commercial catalyst consisting of

CoMoP/Al,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 8l.2
ROAD 87.7
PONA, wt$%

Paraffins ) 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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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 HYC2 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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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 feed.
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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feedstock while preserving octane number of said feedstock,

comprising:

a support comprising a mixture of zeolite and alumina,
said zeolite having an Si/Al ratio of between about 1 and
about 20;

a metal 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 period table of
elements, and a third element selected from group 15 of the

periodic table of elements.

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.
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6. The catalyst of claim 5, wherein said MFI zeolite

is ST-5 zeolite.

7. The catalyst of claim 1, wherein said support
comprises between about 10 and about 90% wt of said zeolite

and between about 90 and about 10% wt of said alumina.

8. The catalyst of claim 1, wherein said metal active
phase contains at least about 1% (wt) of said first metal,
at least about 0.5% (wt) of said second metal, and at least

about 0.2 % (wt) of said third element.

9. The catalyst of claim 1, wherein said Si/Al ratio

is less than about 15.

10. The catalyst of claim 1, wherein said Si/Al ratio

is less than about 12.

11. A process for hydroconversion of hydrocarbon

feed, comprising the steps of:
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13. The process according to claim 11, wherein said

hydrocarbon feed has an initial molecular weight of n-
paraffins, and said product has a final molecular weight of
said n-paraffins which is less than said initial molecular

weight.

14. The process éccording to claim 11, wherein said

first metal is molybdenum.

15. The process according to claim 11, wherein said
second metal is selected from the group consisting of

nickel, cobalt and mixtures thereof.

16. The process according to claim 11, wherein said

third element is phosphorus.
17. The process according to claim 11, wherein said
hydroconversion conditions include a temperature of between

about 230 and about 450°C.

18. The process according to claim 11, wherein said

zeolite is MFI zeolite.

43



10% , 109 ()- *10% & ()- (F10% & ()- &S10% & ()- 10% & ()- }vu4
ML0% & ()- SSMLO% & ()- 10! &10! 10! 810% & ()- -10% & ()-

S10% & ()-Gy [:vU4 ' f10% & ()- LOL10%& ()- 3 SLOW & ()- 1098%-§§S
M 10% & ()- 10% & ()- P#Xl[ vU4 @O% & ()- 10% & ()- 10% & ()-

10% & 1004 & & 10% & ()- y&
10% & 8 $211@0%§e? 3 P PGesh) % (’%C[lnvﬁo o‘é)dag}’%olﬁq ["gﬁ%"i%ﬂnl%i e 1)
510% & 06 & ()- . 10% & 10% & ()-' XbA410!

SLI 10%!‘% z'%cﬁ%oﬁ%( 5)6105 & ()- Tons & o -

s$@10%<!& () 10! 10! 1c| [: A410! 310%! & ()- 109%! & ()- s10%! & ()-

10%! & ()- & 10%! & ()- Y F10%! & ()-(d|[: A410! &$10%! & ()- &'!10%! & ()-
foo10%%! & ()-. &L110%! & ()- 310%! & ()- Y10%! & ()-7?r|obU410

s$SMLO9®! 9&' (A0-10XPFORIPSES 0 FERORR g ter TORAINE 1D~ vi(e tbi! R4 1J -
8&10%! & ()-5Ax|[:bU410 sS 1090!9& ()- | 109! 9& ()- S1098!9& () -

9: 1 1090/f5&q CONtEGyS! 98 trjogen] 09010 afournt] [ah 41 Q el GO () -

310901 9&' ()- 110901 9& ()- 109®!9& ()- 1098!9& ()- 109®! 9& ()-.=s|[:bU410
, 10991 9& Epm.*" 11099 9& ()- (109®!9& ()- s$1090!9& ()- |"109®! 9& () -
8&&1090! 9& ()- HvU410 S10% & ()- $@I0% & ()-109! 9109! 9109! 9 F8109®! 9&' () -
&3MLOY®! 9&' () - 11090! 9&' ()-HU?|[[:vU410 &M 10W & ()- "!10% & ()- ~10W & ()-
C110% & ()- @109 & ()- 10% & () - |[NA41010! 10! 10! 810% & ()- &310% & () -

110% & ()- *hl0%r& 0 | hadz0 %R! 8&' () -
10%&! &&( % ) - ?&m@i‘eﬁ ro%%osé&#sc& %Hln ?}“ 113$Mi’6’0]2% s)a(l)df

~[: NA4 % 55 1)~ 10081 8% (1o | 1091 88 (). S
Lol Ja?%v%sé%@_; 3%%?5&% Iﬂ?f?[j ) To® Et e eac °§&@0%§ej &8 () -
"Z109%&! &' ()- 9! 109! o ()- 10%&! &&' ()- 10%&! && ()-J] obU410

L$, MLOY®! 9&' () 10&I 8&10&! &10&! & F810%&! && ()- .: 10%&! &&' ()- , S10%&! &&' () -
1098 &&' () 5 10 S109%9!9& ()- | 1098 9& ()- @ 109! 9&' ()-
&s! 1099! 9&' ( F* BEORTPFesS§16866088iny. o4 Flapnsld, Fheredd &id) -

Y'1099! 9& () - @?flOW@l9& ()- 1099!'9& ()- S109®!9& ()- 109! 9&' ()-s|obU4l0
$L100/&%30(5)11'@09tgmogsg%grge%@gwng&as) lea&@%wg&'rée)actofﬂsO%%'l% ()-

*1099!9& ()-8l |[:bU410 :!110%R! && ()- S- 109%&! && () 109! && () -

109&! &&di fer%o%&C&&f¢yurst10m&|&& ()-A|[:bU410 1109 &&' ()- S

10%&! &&' () - Y91lO09&! &&' ()- /- 10%&! &&' ()- S)- 10%&'&&'()- # 109! &&' () -
hbrnal" "Fbading 13] c" "Fbading 23] c" "Fbading 33]c" "Fbading 43] c"
“Headi ng 53] c¢" "Heading 63]c" "Heading 73]c" "Heading 83]c "Headi ng 93] c"A
"Defaul t Par agt aphh&opidéess- 450REE TR é'\%&fﬁbﬁ ZLirgTy- e

* E49P+K17<qCl MRX] chnsvz/ /1 By, h}i GzH -{8 | "#3& )) P+, (.. 20 S6MBS: w ;

] <=?@\BgeBEFEGs. d JRsELMOPPESR S RSTUVMWeZ[6\\t] ]]]] [N ATAXNANA ° a cd3
efodghN|yiiiiijj0]q_J m i 11171 k5k\ kukkkkkkkkl DI dl sITTTTTTI m mCnVimhmkm n~o
upQgrsYs"ttttu)u9uLu unuuuuuuv(v;

VKvV_vevkvvvvvvweawW3wFwXwf w} wxxzA{ | . } R~. LRXn" 21 SZt {! - 2NTZx6Swx| oD_! / LexTy9%

2Cey-lciy, FL %**o H=Js ! #$%&_%&*+ -.10123456789:
<=>? @G\BCDEF JKL%%?W mfébE%e?sﬂP}‘k%ﬁnoﬁaﬁgﬁwmyzm}~ 6Ti mes
New Ronmgn al Courier w'h Root Entr W)rdDocumantJB
I #$(y&rr€}ﬁi 7 %3%»%6 .than abouty
<= >7@%BCDEFGHIJKLNNCPQRSTUVWXYZ[\]A_ abcdefghljklnnopqrstuvmmyz{|}~
I"#$9R' ()*+,-./0123456789:
<= >°@EBCDEFGHIJKLNNCPCRSTUVWXYZ[\]A “abcdef ghi j kI mopgr st uvwxyz{| } ~ !
25. The process according to claim 11, wherein said

~

]
s

Si/Al ratio is less than about 12.

44



