PROCESS AND CATALYSTS USED THEREI N - THE | NVERBeptémber 2002

* Hydrocracking continues to be an inport; refinery process for producing
moder n f Ue) 9s4m2sTuch attention has be€fh devoted to the devRCHPREMA465T
hydrocracki ng catal ysts. In particular, hydrocracking is useful in the
production of mddle distillate fractions, those petroleum fractions
boiling in the range of aHYDR@®SARBODFCONVIERSIOBY PROOESSANE er mi ne by t he
appropriate ASTM test procedure. T 1.adl istillate fractions are
particul arly desirable as val ua&ﬁﬁhggigﬁwm term"mddl e
distillate" is intended to include the diesel. jet fuel and kerosene
boiling range fractions. The kerosene or jet fuel boiling point range is

intended to refer to a terrpergk%ggﬁm épggﬁg\@@ég’%. ( 138-274C.)
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and the term"di esel boiling to hydrocarbon
boi l i ng poi nts of, about . 250-700F. 1 121 -371.C ). Gasoline or. naphtha is
nor mal | ygt he C5 t}{cy%%ﬁk‘%ﬂ@‘ﬁes boo% ‘i{'h‘g‘%’&aﬂ& YCFP%é&PF%“ﬁS%#‘”Q(PQi“F'%| e

hydr ocar bonspodEREfUBRT AddHudCitiRhtisrANE BeePieviohd ahd igidpnRetist fractions
recovered in any particular refinery will vary with such factors as the

char act er i stydocatkinpeaehveide Iropartieudary kysirogragkiimpisyusefyt il therpradection ofr oduct
prices, etc. .Reference is .made to ASTM standards., D975 and D-3699-83 for
Pur Cher et TfDegibgte, g dostpAtniiot A% Bipadf edvecarabeds oo 1 or
hydr ocr acki ngohegoey. pels.ah e dseRitahiieloy thOapprostife ASTM ldstbesedarner al |y
i nvol ve successive hydrocracking steps or "stages". Successive

hydr ocr d0ki Aestragidie distdllatsiiaitions ge phnicuiady idesisabbemasatatuabledfotls produessel s,

t hough t hi t, required. |nitial st d. at diti d
Rt ol 3 R Sk N e RS 8 P B G 7,
aromati ¢ Salydfidgiriihe AL THRKBRIseRH jQTIEAIINE SRRThARS intfilded to St age

hydr ocracki ng catal ysts are designed for high conversion activity in the
presence of réfeetdsa tapnperatpréiraghe sidbiour 28075 26Pk . b3RTA2 748G ) @nd she tarmal "ditgebn wi t h
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general |y anogiBapidiisr A8l RidrédidndSTRE béifiAg pbintianges dffiRdIGiticAszeol ite
may be included. Hydrocracking stages after the first stage are operated at

hydr ocr acki pgodsishitadtions secovasedhip any paitipulas rafineryevil vary witbisudufatiors asithé

(cracking rates.. Such cond, stage catal ysts contai.n either base netal
hydr ogenat i 5har38tﬁﬁ%{f?§ H? e cryfiept! “WF’crﬁﬁﬁ‘%Iry:\%ﬁag&%gﬁ% l%ggﬁtaﬂqc,es’aﬁfdl or

tungst en, OReMGOMR ifBiadé tWSTMGRINAAIIS D-STHRADB699-83 Uehfuathedetdiisonm or

pal | adium While catalysts conprising a noble netal hydrogenation conponent
are nor d0actkerpsenapnddi¢ss| fyekpreprstigsons t han those having a base netal as the
hydr ogenati on conponent, they are al so susceptible to sulfur 10

cont ani nati on, whredesske forthydwcmcking deavatpgirpleum igadstecks to middle distillatess ef ul

[ . F " th . bl tal. lysts h b .typicall d
1 Second. s €shasy i ERR aRRe YA REtRknE 3Pt B agtSY SRR Compti sos
relatively ${yBiocradkingRiagedre ﬁ#ﬂaﬁﬁ berfottheliih &AeAe rehbisH Vdss¥lglthoughRRis iadi um

has been the popul ar "choice as the hydrogenation 15 conponent of
second- st agaohsednived. alnktiah stagestard gpsratedons canditions and with eatalysty sthjchisirg h

sel ectivi.ty and substantially |ower st _than . num ver, continual
devel opfent aS&"cr%f Fﬁ f"ﬂr"gré’ég'ég?Wﬁg?ogreaﬁée?%fce%h%é%mr' é&%ﬁ?\éﬁgﬁt s for second
st age hydr opiyardestiniOreackivns. CRiRdTeRgOhydrbdracking cAtalgsts B dekighedfor hiph feeds to
the two-stage hydrocracker has increased the amunt of sulfur fed into the
second- st ag&€onygssien activityin therpsessngeraf feeds hayige highsulfysand njrpgenceontemss. f i r st

econa st agan o8sT YR A ARLAEFtonlers Tinikel Shhlb MikicHed TSR, 1 1 g

pal | adi um arcemprise & etk Comportae abikiepaid afonsfollaikal Hivdrogératipar ticul arly
sensitive to sul fur conmpounds, even relatively small anpunts contained in

sone firdt sompenetsuchastnickebmplyhdepum.gobali;andriunesieni dihe gragkingt he sul fur
is not 25 renoved from Ehe feed before introduction into the second-stage
hydrotreater readily fouls the palladium catal yst decreasing both its

sel ectivity and activity. 1 IHRMATAA
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A nunber of noble netal catal ysts have been proposed. U.S. Patent No.
5.393. 408 discloses a process for stabilizing a|lubricatifpsgibmBasgogst ock.
‘*Catal ysts taught for this process contain a hydrogenation conmponent .

i ndependently sel ected 30 fromthe group consisting of the platinum group
netal s, ni &é??""’é&%alt. chronium ol ybdenum tungsten and t Py T/Y899/04655
conbi nation of netals containing both platinum 13 Septenber 2002 WO
991 47625 PCT/ US991 04655 and pal | adium are, al so taught, but there is no
suggesti on SPMPRPEN dsgensraly sn aerarphous matesiahsuch asstlicaalimina, thowgh of pl ati num
and pal | adi Waypnmy lre%@lﬂﬁed.\b- 4.387. 7?58 teaches a sel ective hydrogenation
process to convert “al kynes and dienes to al kene containing an olefinic
doubl e bond using;a, catal.yst conprising platinumor palladi um.on a
Crystal line o1 1 uRuabieliaded TR B ity Rlags bR DR B0RURkEE. " o st age
process for phaitivas. weing chidbsisGatiilenGe Michdbd irMBgloaackikravdsalBukh tecondat al yst s
taught for the hydrogenation step contain a hydrogenati on conponent,

i ncl udi n§ plstagesataivsts may qoaminpither hasegn¢tpldwdedagnting coumeoents.cluch ae
preferred hydrogenatd on catal st phas an.al um num con of .10 from40 to
5wt 56 ana G FAVbERR R R, SRR B b e tividns . L
et al.. |nd.cobpdnerdthiath Rslatinid® by padiddiufi? SWhile 3%aBsE cdmpfibingd.noBle dtal, | Nd.
Eng. Chem Res. 199S. 34. 4277-4283 disc|lose nethods of inproving the
sul fur tol ertydeagepstion sopenery aps meferighy e it Grtpisy situpijonsdlepnthose havingred net al .
such as pal l,adi r ) Rat ent . 3,962, 071
fo I'ton or. ot ML ko SaByRRRh SRmERA ARy ped aRy fiSep TR R AP
fracti onagt i anaaiitaiondiiiztreidivatel te catMRRCindGhbrbis (Béf iseBulQives. For
photostability. In Itoh et al., the hydrogenation catal yst includes
pal I'atli um orthgsegeaspasnahbaimgiaheaiglysta havechesh Wpieady yised i@ sesandestagsr r i er “havihg

~- 40 wei ght . Si |k . e - ) a pare.vol une
of 0, 251 90" IBRkSRERkn o e e YERFENERER oI AT sl sRcRRlsHe O]
bul k densi t ysulfhr éhdniftogeng/ M . U. S. Patent No. 3,637,484, U.S. Patent No.
3,637,878, and U. S. Patent No. 3,703,461. all to Hansford, disclose a

process for hydrogﬁmbhmg, PANlARANDIRAY Beeh YEH RSpAIR @HoitERABE ACkopbildion cat al yst
havi ng a support conposed of a silica-alumna cogel in a [arge pore alumna

gel mat rlbx aemposentHf seqegd-atage hydracracking catalyets hecauhef iBgelativelly nigh

03010 i/ GUsFTPREA RO RRnIOHG b e oty 1M el 2 about oo

Angstroms. |devklepmbar of refilegy froReRed h@;@ham&d aewab@liferRhié 16 @Rondbthge Of
alumna to silica, always in excess of 60 wei rg‘&mper cent of altunina as

conpar ed t o hydrapsecessingnJde semnonsprpgiise of fagding highhsubiyr fegds wsthetweistagea t o
o 115, Mo RRER 6 B 5 e it s i S0
20  the sulfur control processes between the first and second stage also occasionally result
in high sulfur loads in the second stage feed. Under these conditions. noble metal
catalysts containing palladium are unacceptable. since the palladium catalysts are
particularly sensitive to sulfur compounds, even relatively small amounts contained in
some first stage effluents. Processes wherein substantially all the sulfur is not
25  removed from the feed before introduction into the second-stage hydrotreater readily

fouls the palladium catalyst decreasing both its selectivity and activity.

A number of noble metal catalysts have been proposed. U.S. Patent No.
5.393.408 discloses a process for stabilizing a lubricating oil base stock. Catalysts
taught for this process contain a hydrogenation component independently selected
30 from the group consisting of the platinum group metals, nickel. cobalt. chromium,

molybdenum, tungsten and tin. A combination of metals containing both platinum



13 Septenmber 2002 WO 99147b25 PCTI US99104655 silica to alum na generally
contain a hydrogenation conponent other than a plati num I PS$ptembeard 2002
comonly nickel. tin, nolybdenum or cobalt. Cdark, et al., in US. Patent
No. i.346.R0botk&sl ose a hydrogenati on process and a cat al yHCTousSYpN04655 NQ
fromabout 0.1 %to about 2.0% be weight of palladiumand fromabout 0.1 %
to about 2.0% be wei ght of platinumon a support conprising borosilicate.
EP 0 519 573nd paltddass Sretuldorhad Bt Sbut (RTO RSiot supgesiion of dry pogsiblearnetitifon of
hydrocar bon feedstocks. Noble netal catalysts. primarily conprising

pl at i num andsioe aparticatir iange &f latioummsdpaldiviy dr ogenat i on reactions such as
olefin or aromatic hydrogenation. To mnimze yield | osses, such

hydr ogenat i on catthfyistent dont 3i87.258 ttedchesor sefestive ko gegatian precesy (o epamert al | y

conprising alunm na s orts,with no .anor us. pr.gcr l.Line . 0.

zeol i tic) siahﬁyBE\S-%dﬁ?’ﬁét‘b%hf)’ben%oﬁ‘t‘?m“%ﬂggﬁgllcodg’g b|ﬁ%n fs‘%’m@%‘ag ﬁfﬂé“@égnati on
processes acSmpA¥ing Yhiih6mR PhRadifimdin £@VAAINSE Siliéd folphephdesi rabl e for
cracking reactions) wth 15 | arger amounts of cracking | eading to nol ecul ar
wei ght reduction. d o] Y Al E i ts in the

f eedst ock, and cgﬁggﬁ%‘glnttﬁé' 8?‘35%@?‘%@:@. r?gtal\ggff/ Ie‘gwog @ggﬂggeds. Even
upset s i n atutaicadngbiddatiaygsod UM stabiice Latalvds mhghteyr we hpdrogeradon gt i ti es
of sulfur on a hydrocracking catalyst. fouls the conyentiongl noble netal
catal yst. | coptaingehydrogenaiiqnLompanest, H}CB@é‘Egspﬁ%lHH‘"borc ladipm. nﬂb’rs‘l&aacki ng a

20 hydr ocar hapag Idf (¥ frifelfad HpBEobERABR ERaBHMAS A IRMifim oo et al
cat al yst bu'ltam\?\nﬁt ﬁ%ﬁé’l\fé}? [Ssrufeﬁ}r h?o{o rance. aS MVARY OF 'II'HEmI R&/@MO\I It is
an obj ed0 offronhd0 pr @sent andveaiuminatsidicp meightimtia betveese 98/60amd i ocr acki ng

| ow sul fur containing feeds while reducing the deleteriously effect of

sul fur on 25 cat & Y. epdl. fid. Bhpc €hamdRés. 1295, Anot2864+428Dped 1. CHiod, Realpr esent
invention is to provide a grocess for increased nmddle distillate

product i on. IsliEng. GhemiRes. 6%t €47 714283 disslose methode pt improyias ths sulfer ease
hyd ion. -4 . 2 7! te.d ti
yarogen Cog(?lglﬁéésgf? supported jig’tfn%%?ttsﬁgﬁgté rbg%)cﬁgza D& oRE FREN. su'cﬁ'%f? ntion

provi des a erting a carpbonaceous ol 1l 1nto a product of
| oner aver agaliadilmCiel the sypoabs candlyst. oner average boiling point conprising
contacting a hydrocarbonaceous oil, under hydrocracki ne conditions

sufficigst to conysrpadi NE3Z6237Ub 113R % A clalies Hydeas aHiiDinopaa s oi |

whi ch boil s above: 2'88%55'09 to mddle distillate conponents having a

boi | i ng poi dydeskracking. fravsianatBgcane brdroggnetionyfos grhangieg hebsiegtingpihg a cracki ng
conmponent, i I - A figiﬂ -

PGT/ US99/ 04 B*QE%P%3"&3{@&&@&%‘5?&’%’%@*@%@%??‘é?ﬁgﬁg{‘ ati %E?n&grﬁgmﬁaﬁﬂfcgdi umin

a nol ar r at iconfinifeteaedry idorgadittbxideldrricthavips snieiginperdenogili¢asadi r ect ed
to a hydrocracking process foy hydrocracki ng a hi glh sul fur feed._ including
a feed cont &rHResATer eal08r500HAHE 20Pgsp HPlumerol 0.5+ |14 ml(g, an pysspge pore diameter

20  of 30-120 Angstroms. and a bulk density of 0.5-0.7 g/ml.
U.S. Patent No. 3,637,484, U.S. Patent No. 3.637,878, and U.S. Patent No.

3,703,461. all to Hansford. disclose a process for hydrogenating an aromatic
hydrocarbon feedstock with a catalyst having a support composed of a silica-alumina
cogel in a large pore alumina gel matrix and containing a platinum group metal. The

25  catalyst composition of Hansford has a pore volume of 0.8-2.0 ml/g with about 0.3-1.0
ml/g of the pore volume in pores of diameter greater than about 500 Angstroms. In
Hansford, the support employs a relatively high ratio of alumina to silica, always in
excess of 60 weight percent of alumina as comnpared to silica. Conversely, supports
having high ratios of silica to alumina have been disciosed in U.S. Patent Nos.

30  4,139.493; 4.325.805; and 4.601.996. However. catalysts containing higher ratios of

3.



5 levels' of 100 ppmor higher. The present invention is further directed
to a hydrocracki ng process, such that at |east about 30 vol % preferably at
"l east about 50 vol % of a hydrocarbonaceous oil which boils above
288C(550F) is converted to a cracked product having a bOiiéQth@HibBFzéﬂz | ess
t han 288C(550F). At |east about 75 vol % of the preferred hydrocarbonaceous
oi | of thiwomue@ss has a normal boiling point above about XSHYIGEBSS 10
More preferably, at |east about 75 vol % of the hydrocarbonaceous oil has a
normal boiling point above about 371 C(700F). The preferred catal yst of

t hi s processlieaomphiming generallycrniain ahydsessaation eameppnsat atherdhan pplstirurand/ or
zeolitic silica-ajunmna c Q dro tion conponent conpri sing
pl ati num aﬁoﬁ%wggicﬁm’?% ynP’C nff.:,}ﬁn. e gc{?%%g% 8@4 AR

a no between 10: | and 1: 10,

preferably in th | ar, taj.ip of twe Ll.and 1 : 4. Anpng ot her
factors, the pr e(g & ﬂvé‘haﬁjisgﬁ afegprg%saeg‘{koﬁmtqﬂ%cl%ﬁ??ﬁéE?gﬁ“%‘fo ocess

I tydr ocr ackiqith Gefidk ¥sthpri§Riraiibbet (2P% Mo Rbak R9ebedighebl psliaditm fhdd
particular ratio on a single catalyst particle, which shows high tol erance
to sul f@r cloomabowd. % taabopl? Oty beweight dfadatinumyen hspportecompising t he

cat al yst of thi.F i nvention has considerably 20 nore activity than the base
metal ~ cat al Y¥PEIAG e i the presence of sulfur) the catalyst is also
significantlyr and surprisingly nore selective for producing mddle

distillate fuel sgphaqiei i r j L. r
conventional cat al ygjt]g 5\?\%?1‘3{1\&%0% g{lwnp%g}f)fgg%# tg&r?nqgelehgﬁ}gg&gﬂioff% §c@§gﬂ PTI ON
OF THE | NVERIPERES25 The present process is directed to hydrocracking
reactions for the production of mddle distillate fuels. Such hydrocracking
reactions includ ermvilng ?ul fur anld ni tr.agen fromh rog@r onaceous oils
and converting c H@Sﬁéeﬁ?§ Blystshrrimgprily coppp;igg platisugandfor palladivm, arg e

ol ecul gy WRAGM forR{lirBRerAMEN ARASIdRYEEh BURANG ROBlic hy\Mbé&aﬁéxﬂcﬂ ng of the
petrol eum conponents 1S desirable, it is preferable to ninimze 30 cracking
to |ight prodniciz e llésses, bushdydoga@ti2s 0Mplysts Sontairdit8e pt sorbmckia®02 WO

991 47625 PCT/ S99/ 046,.55 The.catlal st _useful..in thengl(rqesent ggﬁ,ce?ﬁs
conprises a’CIERGEREAHY HBRIATIPE alimia sypports with no gmorehops At gysiakling (-2

hydr ogenat i gdpligiefdiedeslbmbia\conipoRedal ¢ SifllekiiBnk On Medd hyHiBRdMRIi S plodtdses Of

bet ween 10:1 and 1:10) preferably between about 4.0:1 to 1:4.0 and nost
preferably w@tlweewlaba@glemamlmszzre slsqrHesirabledkt ¢rgclingpeaniants, withl udes an

anor phows cyracking conponent. which geperally. is the. base material for the
catal ysr. THEESADPuT sheiackipg cadod & BEIENAr whishRreattiionsthey fenddo 26 i na,
cont ai ni ng {ilReastk ty silfir w6 Porkisan theRe dvecllNindRRih GARL beSkisell §6t crivdk@fger abl y

bet ween 15 and 65 wei ght percent silica. and nore preferably between about
20 and 60 wEeRyhew pefurdendss Evercupsets i an athaivisrlowouilivg peocess whichmaaye 10

materials syj pre i t j r of this
Mvent  on adiuh@Blre Q@hufetabiror |k R Sutr IpbR e loRERRERE 70 Gy
of Hanbur g, nélsle meny catalpst. lbeis desimblerto hhe £ protesCand e aatalyenfoe caekingaat ed as
"siral 40" haye been found t e 'particularly suitable to prepare

cat al yss eﬂﬁfre%w@%%eﬂ w@@gﬁaeer QRS hyantagesof A0 l?emsﬂ?f) qatalyst but

silica-al U”W?tﬁ'{ﬂgﬁ)%eMlﬁrit&Eﬁn@ée prepared using known 15 coprecipitation,
cogel ati on, ané r comu procedures. Crystalline silica-alumna materials

such as zeolites may al so be i f upport of the
hydr ogenati on catal ysts to inc§El ARY'D E 1erti‘?(.)ﬁThe base material may

further conprise, in t range of 0-.85 % of zeolite, ;
P Itisano ?ect o gle present mvcn\{\lngn fo provn%e a process for hydrocracking

low sulfur containing feeds while reducing the deleteriously effect of sulfur on
25  catalyst performance and life. Another object of the present invention is to provide a
process for increased middle distillate production. Still another object of the present

invention is to decrease hydrogen consumption.



cracki ng conponent, preferably a Y-type zeolite. The preferred catal yst
contains up to 24 25% zeolite and preferably in the range of 1-20% zeolite.
"One of the zeolites which is considered to be a good starting naterial for
t he manufacture of hydrocracking catalysts is the well-k gﬂa %
zeolite Y as described in U S. Patent No. 3,130,007, issue EE 21, I964
A nunber of nodifications to this material have been reported, one of whi ch
is ultrastable Y zeolite as described in U S. Patent No. 25 3,536, 605,
i ssued Cct. 27) 1970. To further enhance the utility of synthetic Y
zeolite, additional conmponents can be added., For exanple, U S. Patent No.
3,835,027, i ssuekheqessaijnventign p!L@frdFStad)r‘mmfor é@n‘eqmng albydrotdsbenageous
hydrocrackl e rphous r fractor oxi de,
ﬁgmﬁ?ﬁ ?Jo l?‘%:t og e?'avér e an\&elgﬁhan . Og ETass BW

a crystalline zeo un1n03| natt

sel ect ed fr@m;triaﬁxgebmuam‘glalﬂmbc@‘bbu@ce\dhé bil, rue.ua.l h‘?'d%lﬁla&%é@ﬂiditm%w fi des and
their oxides. _Zeolites having small unit ceII silzes are described in U.S.

Pat ent Nos.Suéficiens t%mva%at Gmeb@???%t ¢ftheihydrpensbonaseqys ofivkinh hoids

i ncor parat e e for all pur The zeolite-containing
cat al yst5apa%t0 1 389!68559*) ({5 J’gi@@e ‘?@B{"E%Earvmgﬁg lifgpoigtqfesghan pcT| US99104655
prepar ed us?38Y(EWAR) et Pmtﬁé)rst qoppiining s craCiing compdnenymtbindet, eng a descri bed in U. S.
Application Serial No. 07/870,01 1 , filed by MM Habib et al. on Apri

15, 1992, and now abandoned, the discloswe of which is incorporated herein
by reference for all purposes. Al so, so-called x-ray anorphous zeolites
(i.e., zeolites having crystallite sizes too small to be detected by
standard x-ray techni ques) can be suitably applied as cracking conponents.
The preferred catal ysts enployed in the present invention contain a

catal yst support that is generally prepared fromthese base materials. The
distribution of silica and alumna in the support may be either honobgeneous
or heterogeneous, but is 10 preferably heterogeneous. A honbgeneous
distribution is ordinarily obtained when the silica-alumna ratio is

uni form t hr oughout ~t h~ support, resulting for exanple from conventi onal
coprecipitation or cogel ation techni ques. These honbgeneous supports,
wherein the necessary silica content is uniformly distributed. are
difficult to prepare in the large-pore forns required herein. Pure alum na,
on the other hand, can readily be 1 S prepared in these fornms, preferably
using acid or base peptization nethods. A preferred formof the support
consists of an alumna gel in which is dispersed the silica-alum na base
material, which formis referred to herein as the "heterogeneous"” support.
The alumna gel is also referred to herein as the "oxide binder." The
support may also contain refractory materials other than alumna or silica.
such as for exanple 20 other inorganic oxides or clay particles, provided
that such material does not adversely affect the hydrogenation activity of
the final catalyst. Qher inorganic oxides that may be present in the
support may include. but are not necessarily linmted to, titania) magnesia
and zirconia or conbinations thereof. Generally, silica-alumna will nake
up at least 90 wei ght percent of the entire support, and nost preferably

t he support 25 will be substantially all silica-alumna. As stated above,
the support is preferably prepared by m xing the base material with a

pepti zed oxi de binder, such as alum na, which has been treated with an
acid, generally a strong acid such as nitric. acetic, or hydrochloric
acids. Generally, the weight ratio of base material to oxide binder is in
the range from9S/5 to 30/70 and 30 preferably 65 base materi all3 ~ binder.
Pore size is in part controlled in supports prepared as described herein by
the length of time that the oxide binder is exposed to the acid during the
peptizing step, and by the anmount of acid used. To prepare the _7 WO
99147625 13 Septenber 2002 PCTNS99/ 04655 particul ate retiactory inorganic
support for the catalyst. the base material is mxed with an oxi de bi nder
whi ch has been treated with acid, preferably with | ess than about 3 wei ght
percent of 100% pure acid (based on the weight of total calcined solids). A
4-12% acid is used to nmake a nesoporous catal yst. The proportion of acid
will vary depending on the r<~pe.of acid, the reactivity of the raw

mat eri al powders, the type of m xing equipnent. and the m xing tine,
tenperature, etc. The support used in t#®-practice of the present invention
is a particul ate support. The exact size and shape of the catal yst support
particles will vary depending on the particular nmethod that will be used to
hydrogenate the lubricating oil base 10 stock. The effective diameter of
the zeolite catalyst particles are in the range of from



about 0.079cm( 1 /32 inch) to about 0.63 Scn( 1 /4 inch), preferably from
about 0.2127cnm( 1 /20 inch) to about 0.318cnm(1/8 inch). The catal yst
“particles may have anyl shape known to be useful for cataly3$eptembaracabs,

i ncl udi ng woheuras cylinders, fluted cylinders, prills, grarrgdrassanssshe
|'i ke. For non-spherical shapes, the effective dianeter can be taken as the
dianeter of a | S representative cross section of the catalyst particles.
The zeol i t yépenaivh cBaipbhert e6mphisihg platinlmarant puktadivmiin b ansdaratieof n t he
‘range of from about 50 to about 500 nRl gram Wen the support is to be
extruded i RewypengPdprndak:1®n of the catalyst materials, mxing the base
~material wth the peptized oxide binder enhances the extrusion process and
i nproves the st ridagrésentinvénsiondngiresteddo e dwvdrogsacking| pregess forhpdrograckiogt e i s

ol ai ni ng. vl SUER IR 1ehie A ReEFordiiEg slhRhIRER bolE TSR Bhloraufit
conponeft  @dveldt 108 pphySithighkhe TREPiéBint HveRadn Rduttherilirtied vy hydr ogenat i on

conponent on the catalyst nust be sufficient to act as an effective

catal yst t byérparacking processs syabtthasiab isasttabewt. 300er % prafsrably atleastsbont 50f al | oy
on the suppgpt oéﬁgug:% tart%g%%éoﬁ% %ﬁﬁ@é& ﬁb%%pﬁgtﬁgkg%%gé?%ﬁ\%ﬁé?m% ikl n the scope

of the present in W rom about 0.01 wei ght

percent 1t o,alQ{avig X‘@Jiﬂ@%eﬂﬁffﬁ‘e@lﬁm 28$-€{586°RP | At 14 SookiBB Y814 of b pREFaPout 0.1
wei ght percent to about h

wei ght percent. Cenerally, adding greater than
about 1 wengldcaPeiacomstoil@df thispcal hady ndagdoilig point ghovd abanpssPGs50Pr ove on t he
activi tg of the catalyst and is therefore econom cally di sadvant ageous.
Howevel? aMoeatreferibly, SeastbaisZs wi% of thediydrhtarhoraceseneil hay enogral beiling ppist  har nf ul
to the performance of the catalyst. The preferred catal yst conprises from
about 0.1 fReveabgutiy yCRYF). e py e’é?ﬁ’cf”f"i’%ﬂ&ﬁ‘ﬁb’ﬁfe“o. 1to 0.4 wt%platinum and
nmor e pr ef ecompyisdsraairackingdontpoheitosuth 25 anhffofsious aindion zeglitic silida-Sapiierber
2002 WD 99/ 47625 PCTI US99/ 04655 and from abouyt, 0.1 to O. ﬁS w~t % pl ati num
The ratio 6Pmparenidind s hydragenation sampersnt COMBrIFIRG PG 7oA Pellaiumdddonent i s
10:1 to 1: ) 116y Ol : ' P\%\;, r bly,

t he pall ad%go%mﬁgﬁgﬁg?ﬁﬁg%{a%?g?& ?é?&gb?gﬂ%ﬁﬁpgﬂﬁaﬁ%a%%u e? 0 d r%ﬁe?hods
are knpswn il.the art to deposit platinumand palladiumnetal or their
conpounds onto the support, such as, for exanple. by ion exchange,

i npregnation, CoRhEHH dthérdfadton, thelpteseitiinvensioh écbastdan thetdigbvelgpdsai ti ng

pl ati num and pal | adi um on the supports used in %'gae,cat al yst, of the present

i nvent i on hydiesracking catalyst. sertaiming hothRlatipim apd pallpdipm g é@?‘f"h‘@" 1349 QP on
cont ai ni ng ,a&f) j b er a
controlled a%ﬁfg'lé{,ﬁaéﬁg%@%fgﬁ %icso h?ls giﬁﬁ B?l&#%}:i%fs;ﬂ%& F@?g&b%uf fered to
mai nt ai n ahyétoaiatking feédde Fusthegrmaré, whilsrthabmalystofithis iventionigas considerablput si de

of thig,.pH range, may, be used to deposit platinum and | Ladi um jointly on
t he sug?)or t“‘,'°'58‘f“‘t‘9éh‘l“} Wﬁli’aiﬁ ‘g?tﬂd YS egern ‘PHEC Biefgre gﬁs‘{lﬁ'é' tﬁﬁﬁ%@?’ %} may not
be as favoiafikssigificARRFarARUAIHRE inbfdisBlebtive fop Prddabiug midiie disipresi t i ng

pl ati num and pa'lqggldi umby i rrf)dr ﬁa%o‘%s tehe nmet gfs ar_g 15 us:JaI |y added to
t he i npr egiiegls thgn sotithier conveatienafrbasgimetal catalygtanscanyeptignal gatalystsavtiich ani ne
conplex salt of a ma.ner | acid. Ammonium salts have been found to be

parti cul ar CYnGURAAdIIM Hone, o i g the | npregnating sol ution. Representative
of the ammonitun salts t b d..are. AitLat e
bi car bonat es and | ower CM‘JS Sl H 5 s
In the_case of palladium an 20 _ ammniumnitrate salt gr an anmoni um
chl.ori d@ salt hahe psesent nrecessisidiregted &o @g‘?%rﬁ%{ﬁﬂ%wctf@ég?'t‘g? PIQSHENAY . ot her
salts of t | 18eqs 0 . j te the
suppor . | Y EIEHE Suhed s ek AR crachil seflofls RO Finofing BHARURE, 7' lee
during i npmitgsehifom hydroddiboraeedus oilk and comvertinglcentpenentsiofithe eils too obt ai n t he

best distribution of netals on the support. |t has been found that
excel | ent Peodyctsiafiap average lowep molecylar Weight pncL%n BYsrageiewenhailing RO or esent

support if ol j i i sraaln pLp nitrate
S Bt er cdvitlé SHERHEBE R 3ebOkidh RobRR s BRI RS izt

i npr egBat i odackinf® lighiprodadctioftidg balppratc(zdoery)] d be all owed to stand before
drying for ‘a period of time sufficient for it to attain equilibration with
the 30 i npregnating solution. For an extrudate, this period usually is at

| east 2 hours, and periods of up to 24 hours are not detrinental to the
fini shed catalyst. A suitable tine 9-




13 Septenmber 2002 WO 991 47625 PCTI US99/ 04d~5 for a given support may be

readily determ ned by one skilled in the art having regard to this

- di sclosure by, for exanple, drying at various tines aft er3iSgptagiat2002 and
measuri ng " | distribution. Follow ng inpregnation and [ t he

cat al yst ié‘t}g% I 235dri ed and/or cal cined. The prepared catal yst m@b@gﬂss

reduced with hydrogen as is conventional in the art and placed into

service. The hyd cra*cki na.& ac&li on_ takes e%ace i.n the presence of

hydr ogen, pr ef er ABF SaDsHBRRL BEfhe prese R piaecss R6PRESes £ Tatkios GuntogH: about 3
. 45x  106Pa( bffde)andia ivi-platinhP Ao SdrAponeRP havi &flny¢d N_the
range of abouteé. Zﬁxﬁgg%z’;(ag (Y)ahpl)lsi al;ﬁ@ﬁrgg abO?.lt 20'.)072(102Pz;?%ggg“p3| agd. The
feed rate t platihgnmalarngtioaf besweemd &l yaod 15y praferablyi hetwéan abange0dfto f r om
about 0.2 tq about 1.5 V. .preferably,10 i .Jhe range of about 0.2 to
about 1.0 me‘%ﬁwﬁmygfgw*%&mv%eﬁﬁ%iﬁﬂdﬁ% recycie) is in the range of
from abo$1t 500 tﬁ about 20, 000 stapdard cubi ¢ feet E,er barrel of .

| ubricating oil DHB&Erackipggompeneyt ineludss an amgehops Fracking companeny. which he

range of fr Qéﬂei&@@% e A6 Ellgﬁteﬁgpfb‘i‘ tHeCoapi{ht STRE B@f&wﬁhhgﬁicrgﬁnﬁ arrel

(356 to about 1111). e hydrocarbonaceous feed to t y acker is
gener al | y acatipdnichl iatsdicstatumaima,Ionfaining &ypicatly betwient i0l dnat Y0oweiphtgeaest The
feed may be derived frqoqma cruyde ,stream or from.a refinery process such as
an FCC pr océ‘gg‘f’ pée?ﬁrail'é(r eB’F??Be@?,“%&r‘E%‘EMﬁ‘F&E%F%Ial“fii%‘frf"BFFfﬁfﬁHb' or

hydr ot reat i gguRg ' lsi 1R OhE $Smai m Engpprocess, a
hydr ocr acki ng orrp y ?%??%ﬁ??ﬁg%? g%rggig s:)Hr%rat he Iiilg(.j The @gﬁlmr]flh? Save been
processtdl) magrialsysuitatde firpegtaring thepratalysts setlhe therreeass ofithis imvemiviiang
process to reduce, 20 or, substantially eljmnpnate its he oatom content. The
D1 of o r ed 1 BEUMAZIANS aigiHIe doreRlc: SngL CORdR e, b amhipe. above
500F. ( 260ChesmadyariBeae Riafdrfals ¥ Conlei ChadicRRkighatedngesibeidlenn. HAp- 1050F.
(260-566C.) Preferred feedstocks to the reaction zone therefore include gas

oi | s havi ngfaxnd pebespartionlardy suitgble:th repararalyanemployed imthe pesent 6SOF.

(343C.) and; | eagt. 90 .val % of..t heir . 111ing bel ow 25 950F.
(510C. ). Thgl%%vg’flogﬁtgw}%gy’ft %ﬁ@?ggbnﬁégg%%ﬁ’t?%ﬁal%%er%ﬁ%ﬁ?aeﬂ%ﬁ% Whr esent
as or gamni tépeaasitationRgekdion, And /B0 YbinGll revetiares.i CrgstallineRilicaldluhinad feature
of the present invention that high nitrogen feeds containing up to

) . . e.g.
100 ppm of BwisEAshel asgealivapayalsorednelydedias past ofthe svrpomafghss. The feed
w ll normal . CO i C E@ﬂi‘ l: cornpounds sufficient to
provi de a siﬁqr%e%g%(ﬁ}%%%ﬁﬁébé% eercg tﬁgﬂﬂ{ ppm and up to 250 ppm -10
13 Sept enber 20 99/ 47625 PCT/ 9/ 04655: Th r e rocess, is a
downf | owi ng reac l’ile\cﬁgni)lS%Pg&%@i{nﬂ*%ﬁl‘%&%??@g&%%i tﬁg”ﬁ’ é’? {ogi?lg‘irg%“g(’f%?eg%tgr at ed
at hydr ocr achitkigg ccmagdnenr) praderdblyiadyigype 2zolitediTig prefefrad citalyst @np@isaipuse i n

t he ra% of . from about 250C to about 500C  pressures up to about 300 bar
(30.5 MPh) A4 zeolite and prefesably i theirangraf 1c20% geglite, Oine o8 tha zeglites phickiput 10

hr's dro ol L YA about 350

Sttt or o EBpdeteltp B¢ h ol Bhfihe 15 B plonkfchlif of RMScREAR 200

t enper at ur eeatalpstgis the weil-khowh s@tieid zeoliteoYitas dedetibe®ireUe8. Patknt Nbal reacti on
re res ran roma t. 50 d er te i.nch apsol ute ia) to

D, ] S Ko g8 b DRl R oo

1.000 psia p&n d Sorie Yt \ngﬂé@isﬁ%te?%tﬁbatl)% ?/(%eMﬁ% as HBscbed in l?f?s.g’ab%f"ho Wth the

preferred catal yst system descr it has been foun at preferred
pr ocess2tondlis36,60f issned Octe22,0kR78e (Torfyrtherraptianceahe vtikityed synthetial Y weolite,

hyd i : f t I d t al t d Ki
eondi £ ons. tRRLsapoRes ca b addRi HGp stathile D bhient Boo s 43 il t o
oi | ratio appEeRnEhors toﬁ'&ﬁré?%Sgﬁfdésdribwaﬁ{hgéiﬁm'glca{agvsp%tﬁﬁi‘dgtabiea&0_

about 6,000 scf/bb)1, a LHSV of about hr's;” and a tenperature in
t he range obne3mxEphaus réfeac®ry ©381e. a crysailine)zeolitiealugunesilicatkad 0i | pr oduct

exiting the, hydroctacki ng reactio one inclu mal Lyl 1 gui d phase
conponent s, ! ?ggnatw@geptesgtcﬁegr{% PP @Eu‘gPé‘Pm;tf"é’&B t\éu 'B%ﬁlﬁ Bﬁ‘g nts of
the VG30 anghei? hlfRaES drdABSIEBXRle NBERISHERREMIAL unihEdllsiSAHE UERrBABROUS
reaction products and unreacted hydrogen. The reaction products include 20

cracked pr ol PetenttNos:§.05891567 1and §.246i67(7, the|disglaskees of whicheare dradrpogatedhe
hyd ki ng . . h,that at t 504 bl.y, at_| east
Rbout 1006 b BN ERERee L AlPORige. PRSP ontih e RafE BB ek FE o e

of the components in the VGO which bqggl above 550F are converted in the
reaction zone to conponents which boil bel ow about 5SOF. The hydrocracker
effluent is further decreased in nitrogen and sul fur 25 content. Preferably
the normally liquid products present in the hydrocracker reaction




zone effluent contain | ess than about 20 ppm sul fur and | ess than about 10

ppmnitrogen. nore preferably | ess than about 10 ppm sul fi4 ga%enBh ~ ppm
‘nitrogen. EXAMPLES Exangle 1 30 Several base netal catal ysts:é&ampaﬁﬁé)gi um

cat al yst awd ®he62s| ati num pal | adi um cat al yst of this inventipCTey4bEsst ed
ina pilot plant for mddle distillate selectivity. 13 Sept enmber 2002 WO
99/ 476Z5 PCTI US99/046~5 Catalyst Ais a catalyst of this invention,

cont ai ni ng freffiedddhPedniventional methdd¥V OndhwhinmimoBi3Hesdribeddn &l.$um na, 16%

I ] ith 4% ul - bl | ] db
o L £ b o307 A by PR Sl Br T S5 b i o
pl atinum a%»@%&ﬂéﬁéammkéc%suw of vificH i@‘?ndo%rf‘xgcﬁ‘ﬂ&%ﬂ) E@Fegéar%é:z eyfgfﬁgwer o

calcining at 842F in air for 30 mnutes. Catalyst B and

fromtwo capupgsss. Afsepsradliedmsrag ambgphousizpoli@s\it &6 dolitearidviddg cnstal@3 on a
silica-alum na support. talyst D was, prepared |ike talyst B but with 4%
Ul t 1 o sabl 8259 19REMA © @%éﬁ%byet%@%@a\ﬂrﬂade@nwwmap eSHItahly pppliediasni na
with 4% zeold urrnr gas oil fromcomrercial refinery production
was fed thr%'h% n%%ﬁ’b&%@g'ge pilot-plant unit. The first stage conprised a

N-WTi on sili éﬁ%}%@é&? cﬁgltygtls)é%ghoay?% i%ﬁ#c‘é@nt%\deb%ip %Sgtaﬁxgzrn cgziﬁtlli%%ns as 1o

target approxi na conver si conponent's I'n 8C(550F) .

The ei ~l uenduphé@hat hgzehtraBi prbaga fuasthesdhase atkrials. The distrtditivhiofkiich on and
the residuumwas fed to the second stage. The second-stage 15 contai ned the
QA

subj ect catadyaluning igthe sppparcmay e aigisr SAMABINEPYs PowiPegensas babisver si on to
product g, bogﬂﬁega?ﬂ?ﬁ’éx&‘é’éﬁéﬁ% ?\59%%@%8&?& c{i%ﬁﬁlﬂ%ﬁggﬁcﬁ%ﬁ% gg%in%g%}%' g |ess

t han 6ppm s | N~ éath case. resul shown | P4t e the

cat al yst of sili¢d-glumihaantio Brunifermelirouguetieisuppdrg tesuitihd! for ekHiplé fahe than the
base netal and palladiumcatalysts. It also denpnstrates that the catal yst
of this i nveripnakcoprcEIgHEn PECABEIHOD techpiguess d BesedioMOREREQUSPUPRAMSThe

Cotalyst of MEnifCRAsGS Qi hcheRly A WhibRE W YT B GG,
Stage Cat al 18 1BgRFACAbmeGuiTel fereifr PART ARFHM6 0 Bielckertaint, cahiweadilyage

Yields, W%ero bl eed basi sC4-6. 86. 26. 15. 25. 2Napht_ ha,
( CS- 125k 25preparedinghesedornss prefeyably aising geidor base| geptigation methods. A

121-204C( 2 | | St
E 204- 288g(( B fig‘éﬁ’. @é@e g‘g’i"’@é"%{gg%‘% ‘i‘l%% %@?’.“1*5?@‘%""‘““ the
(121- 288C( 26illedglnfait EAGSMSEHiab ThiEEHAR 1§ rebire@om berot dscthe "hdtérop GEBE"287
S o 1 e i P i i
cat al yst of phfhSo boMSRATeRIRdrG Madradd other thA G RERIrQilica) subRTS foEShRPInder

hi gh sul fur conditions. The tonditions of this experinent were
subst an20 al btertinerganic oxides or clay particles, provided that such material does not adversely

affect the hydrogenation activity of the final catalyst. Other inorganic oxides that may
be present in the support may include. but are not necessarily limited to, titania,
magnesia and zirconia or combinations thereof. Generally, silica-alumina will make
up at least 90 weight percent of the entire support. and most preferably the support

25  will be substantially all silica-alumina.

As stated above, the support is preferably prepared by mixing the base material
with a peptized oxide binder. such as alumina. which has been treated with an acid.
generally a strong acid such as nitric. acetic. or hydrochloric acids. Generally, the
weight ratio of base material to oxide binder is in the range from 95/5 to 30/70 and

30  preferably 65 base material/35 binder. Pore size is in part controlled in supports
prepared as described herein by the length of time that the oxide binder is exposed to
the acid during the peptizing step. and by the amount of acid used. To prepare the °
-7-



sane as those in exanple 1 except the feed to the second stage of the
pilot-plant unit was spiked ~ith sul fur conpounds to achi eve a second-stage
" feed containing 20 ppmsulfur. The results in Table 2 shod $epiembérs2002

pl ati nunt pgld qfli-ggp catal yst of this invention is nore sel ectipeghgdooigsdd! €
distillate production than the pall adium catal yst. Table 2 Second- St age

Cat al yst EAOveral |l Yield, W% 4-5.8S. 1Napht ha (CS-121 C(250F)) 27.524. 1M ddl e
distillate &%ﬁ&ul’%@g&%r@ﬁﬁr ﬁ;? ﬁ)ﬂﬂegcatal@ﬁ. ﬁ%%%@%agﬂg%&e@m' e 3
In this exa base netal” catalyst (catalyst B of exanple

pl ati num palwhﬁnhmndabmkiyswhwh habeen |tmmdwlm06¢a1raﬂey®ly Wlbieseﬂmnpbeutl

were tested ynder subs ondi e 1. The
m ddl e di st PIWElB pﬁf‘i‘?&bi’l{m %refaﬁﬂdth(ﬁﬁsrcga?ﬂe{ﬁ‘ﬁvg tthFtsoéﬂﬁRl@mﬁgéa][’n&érﬂ freeze
poi nt and digsfgol 5&9 i§ AscAQBRRHKE aﬁmséporaﬂﬁca@?égfmcvﬁéRro‘;;bﬁ.omw&mmm b' e3

I ndi cate that the platinunpalladi um catalys IS invention Is

sel ecti v@ f dependingnonithle eypebi-oftacid, ﬁleeeqynmmof éictrhwmatsrlaltpewuesethmyml of
catalyst. The results also,show. that |ess gen i's constuned in the
process usi FY*IR&ABIPHIGHL AR 1ha ‘F’Bﬁ?%‘ﬁ’ﬁ‘a‘?'&ﬁp ?hi s invention. The

results further indicate that the prop er‘tshles of the mddle distillate nade
with a platinunpdihe SHPRAT vssd an thewpreptice RY |Hﬁ‘€ﬁ€ﬂ§ﬁ“&5ﬁ“t§}“és9ipﬁ‘f‘l§§|aﬁ/ t he sane

Cat al yat BACYRAT Tk Bt ?@?&@@ps&f‘ﬁsﬁa&%%yst SRR B A aendingy g1
distillate chZHe &Bﬁﬁﬂﬂﬁ@eﬁnﬁﬂ tat 6511 Be' ﬁseﬁHlZ hgdvogemgpe theriubridating SiTHE3e2 78 (

1560) 263( |480) M _ddl e Distillate Produgt %&% Sm)ke Poi nt , mrB 34Fr eeze
Poi nt, & 61swokolheaflectiyedianstes obihezgohtsgs iclegpze)in ghe rangs off29m00) 95%

RNy €0 R I T B E%"‘c'g@W@Xg”‘e"xﬁept
the feed to t¢#houtdadrmdl/s inglyThopatalysitialticlds maythavesuny ﬂlenekcmmmbnmsfultfcr achi eve 30
ppm sul fur apgely@ é&%@&@wﬁ&%ﬁd é@n&e%”ﬂ%d@&lﬂﬁ&s RRES drhfRleVa tRIRE tHoeed 1 N

the first stage and an 8.3 ascendi ng prof| ['e was practiced in the
second st aggohIpherial sHa%SEE eﬁ.ﬂeffeeﬁveedlsmeier e&BE {ak@Ngs th BRM@&Wrlas summari zed
in table 4 |nd|cate th the even under the ascending profile and hi gh
sul fur tHndrepresentative cpisasactiomoftielcadlyahpastielas.y Ehe zdolitetatalyst warticlesiwillas

nore sel ecti.v r the ddl e dIStI||a t se net al

cat al yst an(ﬁ‘“%&?ﬁgﬁ\’ﬁs%lsqrgg aea 4P 45 (ﬁ’ﬁﬁ‘ﬁ?gg%‘% %tg’ﬁg&ﬁg%& B2 obt ai ned
in exanpl e M&Vﬁ@b@;ﬁb&h@&o b@@xtﬁiﬂ‘é@ :mezpkepaﬁdtmhmwmalymmt&ms;eﬁkidgl eto
cat al yst agi eglmsWIth a 3.2%decline in selectivity) than the

pl ati nume~~h ama&ataaw@tth@pentwp%fmﬁeémdpb?fﬂran&e%he/&’aa@lqwomss and

sel ectivity}y é@gé ¥Rl R%ﬁ}escof@%&%a?a dihRfleds hﬁ,e%%ae% addalty @fi€a

product made %. ap at num pal | adi um caYa I'yst of this i1nventioh were

vi rtual 2§ t had salcined i shoen topdeives ﬂicsupmrbaeékrrcatcmmg;aheasmbn iSTeeplye 4

Second- St ag t al stB eral,l Yield, Wu%A-8.05.1 th

(Cs-121C(25 C‘F Eaﬂ 8&‘@&!@‘%F%%‘PP|°&?’8°’(?“§§M§6 550F) ) 67. 072. 4Hz

Consunpt i on, scf/bbl (I HZ/ kgoi I)1560(240 é‘? (223)M ddle Distjllate Product

Qual i t ySmoke Poi rithe amepoBofpaliad gEnatinn cqmponent on the catalyst

C(F) 126(259 4 {

G F) 284( 54 3%2%%%8'}'%9@1%%& asqrféf?egﬁ"c &QQ@Q% 082k Hé petroleum feed.
Generally, the amount of alloy on the support used to catalyze a hydrogenation

25  process within the scope of the present invention will be within the range of from
about 0.01 weight percent to about 5 weight percent, preferably the range is from
about 0.1 weight percent to about 1 weight percent. Generally, adding greater than
about 1 weight percent of the alloy does not significantly improve on the activity of
the catalyst and is therefore economically disadvantageous. However, amounts in

30  excess of 1 weight percent are usually not harmful to the performance of the catalyst.
The preferred catalyst comprises from about 0.1 to 0.5 wt% palladium and from about
0.1 to 0.4 wt% platinum. and more preferably from about 0.1 to 0.25 wt% palladium

-8-



13 Septenmber 2002 WO 99147625 PCT/ US99/ 04655 . Exanple 5 The sul fur
tol erance of a palladiumcatal yst, Catalyst F, (Catalyst i A
wi t hout Platinunm) and the platinum palladi um catal yst of f%?gpﬁ%gh?%zn

(Cat al yst %v&f)'w%?ﬁ' e 1) were tested.. Each catal yst was t%trﬁfgfe’msﬁﬁﬂ

ext ended period feed containing high amunts of sulfur, an or s
intervals with feed containing at | east 100 ppm sul fur. Test conditions

vere subst ajid fbmvabbli.? 828t pIEKANP! The raud8E phikRunl o Wi NRR) 5 T OF

short intervals with tfeed containing first 50 ppm sul fur "an ppm
sul fur, f ol thewydroggnaioneothpdnentis ! Uity 10esdnore prefemedigtid & hrhes Wi2fr .

Tabl e 5 shows tha tal yst F.suffered significant,|oss_ in performance 10
(measur ed b&'ﬁisb‘?regelﬁ y,ﬂx%pq]lapﬁg%)o ‘é’f?”éﬁ%’(‘ﬁd?‘é‘&l‘%'l”fﬂe hi gh sul fw feed.
At the end of the test, the catal yst produced 10.7%less jet fuel yield

than near the bedinmbegobmetheds areknowpyn thsrt deposipplglinum and palledigont act ed

with 200; pp r. f | ] ten i w.th .20 ppm f eed.
In this Dtes{n,e &{%ﬁgg?&ibﬁ%@gcdé‘@gfﬁé%%?{]égﬁé ]ﬁéf&%ﬁ%ﬁ?fg?&tlﬁg e’écnh(?n%’ t he test
as near t heinygeggnationgcoptecipiatibsdic. 1f ins desefomnd that depositmgGdtuidndA Was

contacted with 700 ppm sul fur feed, fol]owed by an extended period with 30
ppm feed. | palladiun e theypparty usedan e gailval of the prasentanysgipnispapticularlye|  at

t he end of i NRJ f ) ese
results shoévdl{%ﬂ{gggéﬁe pal i g]g?‘ué%géagﬁ%f%gﬁ%p%g{t%%@% cgmgséogﬁ é’ ni ?sltocfa?;gh y nore
suscept i bl eplatimanlahd palpadliven nhdg atdoatroleispH HEhecaindcying selfitidigreferabBiipn,
whi ch contajned a platinumpalladiumalloy._ -16 13 Seaggenber 2002 WO
991 47628 Tabg butker aintapapH within shezapge ofifzam ahpyt i 1ojahoytddq Valwesnt act

Time, hrsJe is 0 fl Yi el . s

Loss. 28007 1&5@)%6@? Jﬁ %@2@4"‘%@%@?% plapinjup and palladium jointly on the
1222069. 62. 4ipp3kORitRbATal ABLIRIRID. of 1KE. alie§ INAK s¥ppoRGRB I BO d2fa8drableCat al yst
A<650073. 2 T33084072.41. 1700430300071.03.0 -17 WD 99/47625 WHAT IS

CLAI MED | S: asithosseohtaingsbwitbingbis pHiangesoo/ 04655 1. A process fox converting a
hydr ocar bonaceous oil into a product of |ower average nol ecul ar wei ght and
| ower average boWhenglepesiting platipim andhpplledivim by impregnatioy e metadharceous oi | .
under hygdro ' itiQ ficl.ent t r S | east about 30%
of the Fycr Sea A8 fdihainl B Lls 4 8cP S CborBliicie s Bitanly <

distillate aniieedaipiek aRGf Aniderabadid. Pnmohitim sdits!ase bédadburkb@e288C), with
a catal yst conprising a cracking conmponent, a binder, and a hﬁdrogenati on
conponent chAffieylaiiyysesillin Resparing Hy ipPEagnating solution Bepkesqniative obthebet ween

10:1 and 1: T rdir i LNt h lar ratio
of pall adi u#a%)gip a eﬁﬁﬁﬁﬁﬁ%&%cﬁﬂ%ﬁg@a%éé?nglbglé{&m%gn ao%tf S éffaéell:oY-r and about
| :4.0. 3. ddtboyylicaerisahscarhas acetites didoformatesiatied casé bpdilydinagamat i on

conmponepnt conprises fromabout 0.10.to 0.25 w % pal | adi.um and from about
0.10 totd. 2BMINEYAYGH Bitsate SH! o2 an RENQHIWE chloTide salt BRvePeen favnd tggive wher ei n t he

cracking cogpefefiry fRRY Hi%Rver. other salts of the metals are also operable and could be

used to impregnate the support. In such case, it may be useful to determine the

optimal pH to use during impregnation for the particular salt selected in order to
obtain the best distribution of metals on the support. It has been found that excellent

25  distribution of palladium will be obtained using the present support if an impregnating
solution containing tetraamine palladium nitrate is buffered to a pH of from between
about 9.6 and about 10.

Following impregnation. the impregnated support should be allowed to stand
before drying for a period of time sufficient for it to attain equilibration with the
30  impregnating solution. For an extrudate. this period usually is at least 2 hours, and

periods of up to 24 hours are not detrimental to the finished catalyst. A suitable time
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340°C to about 455°C. Preferred total reaction pressures range from about 500
pounds per square inch absolute (psia) to about 3,500 psia (about 3.5 MPa - about
24.2 MPa), preferably from about 1.000 psia to about 3,000 psia (about 7.0 MPa -

10 about 20.8 MPa). With the preferred catalyst system described above, it has been
found that preferred process conditions include contaeting-a-hydrocarbonaceous feed
with hydrogen in the presence of the layered catalyst system under hydrocracking
conditions comprising a pressure of about 16.0 MPa (2,300 psia), a gas to oil ratio at
from about 606-908 std liters Ho/kg oil (4,000 scf/bbl to about 6,000 scf/bb)l, a LHSV

15  ofabout 1.0 hr”', and a temperature in the range of 360°C. to 427°C (680°F. - 800°F.).

The hydrocracked oil product exiting the hydrocracking reaction zone includes
normally liquid phase components, which comprise reaction products and unreacted
components of the VGO, and normally gaseous phase components. which comprise
gaseous reaction products and unreacted hydrogen. The reaction products include

20  cracked products having a boiling point below that of the feed to the hydrocracking
process. such that at least 5%. more preferably at least about 10% by volume and still
more preferably at ieast about 30% by volume of the components in the VGO which
boil above 550°F are converted in the reaction zone to components which boil below
about 550°F. The hydrocracker effluent is further decreased in nitrogen and sulfur

25  content. Preferably the normally liquid products present in the hydrocracker reaction
zone effluent contain less than about 20 ppm sulfur and less than about 10 ppm

nitrogen. more preferably less than about 10 ppm sulfur and about 5 ppm nitrogen.

EXAMPLES

Example 1

30 Several base metal catalysts. a palladium catalyst and the platinum-palladium

catalyst of this invention were tested in a pilot plant for middle distillate selectivity.
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10% 010% & () -1 X" 110% : & () 2. 10% & ()~ 5*10% & () - , Y(10% & () &

"10% & () - Catalyst E contamed 0.5 Wt% Pd on silica-alumina w1th 4% zeolite

10 A vacutm gas oil from commercial refinery production was fed through a two
stage pilot-plant unit. The first stage comprised a Ni-W-Ti on silica-alumina catalyst
and was run under such conditions as to target approximately 40% conversion to
components boiling below 288°C(550°F). The effluent from the first stage was subjected to
vacuum distillation and the residuum was fed to the second stage. The second-stage

15 contained the subject catalysts and targeted an approximately 60% per pass conversion
to products boiling below 288°C(550°F). Feed to the second-stage contained less than 6ppm
sulfur in each case. The results shown in Table 1 demonstrate the catalyst of this
invention is more selective for middle distillate than the base metal and palladium
catalysts. It also demonstrates that the catalyst of this invention is more active than

20 the base metal catalysts. The results further demonstrate that less hydrogen is

consumed using the catalyst of the present invention.
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under high sulfur conditions. The conditions of this experiment were substantially the

uuguuu e
1S elnventxo

atal % Tip c%

#10

exag&le 1)) wer,

#1008 () -

teste

same as those in example 1 except the feed to the second stage of the pilot-plant unit

was spiked with sulfur compounds to achieve a second-stage feed containing 20 ppm

sulfur. The results in Table 2 show that the platinum-palladium catalyst of this

invention is more selective for middle distillate production than the palladium

catalyst.

Table 2
Second-Stage Catalyst E A
Overall Yield, Wt%
Cs- 5.8 5.1
Naphtha (Cs-121°C(250°F)) 27.5 241
Middle distillate (121-288°C(250-550°F)) 69.3 72.8
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Table 3
Second-Stage Catalyst B A
Overall Yield, Wt%

Cr 6.7 4.9

Naphtha (Cs-121°C(250°F)) 27.0 24.1

Middle distillate (121-288°C(250-550°F)) 69.2 73.2

H, Const;mption, /1 (SCF/B) 278(1560) | 263(1480)

Middle Distillate Product Quality

Smoke Point, mm 31 34

Freeze Point, °C -61 -59

5% cut, °C(°F) 126(259) 126(259)

50% cut, °C(°F) 205(401) 204(400)

95% cut, °C(°F) 284(543) 285(545)
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typical commercial conditions. The results summarized in table 4 indicate that the
even under the ascending profile and high sulfur conditions the platinum-palladium
catalyst of this invention was more selective for the middle distillate products than the
base metal catalyst and consumed less hydrogen. Comparison with the resuits
obtained in example 3 revealed that the base metal catalyst was more susceptible to .
catalyst aging (with a 3.2% decline in selectivity) than the platmum-palladium catalyst
of this invention (1.1% decline in selectivity). Analysis products indicates that the
middle distillate product made with a platinum-palladium catalyst of this invention

were virtually the same as those made with the base metal catalyst.

Table 4

Second-Stage Catalyst B A

Overall Yield, Wt%
Cy- 8.0 5.1
Naphtha (Cs-121°C(250°F)) 27.8 24.8
Middle distillate (121-288°C(250-550°F)) 67.0 72.4
H, Consumption, scf/bbl (/Hy/kgoil) 1560(240) | 1480(223)
Middle Distillate Product Quality
Smoke Point, mm 30 30
Freeze Point, °C -62 -57
5% cut, °C(°F) 126(259) 126(259)
50% cut, °C(°F) 204(400) 204(400)
95% cut, °C(°F) 284(543) 288(550)
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1 710% 996 & ()-' F95 1 710% 996 & ()-qrstjd, ' F95 1710% 986 & ()- | 710% 986 & () -
!710%%%&“8 ;F95 1710% 986 & ()- ! 710% 986 & () -] J* | 710% 984 & ()

| 710% 986 994762006 9m6 & () -' FO5' | 710% 986 & () - 1 7100 984 & ‘?5 99/04655

1 710% 996 & ()-hL, !710% 986 & ()- !7109% %86 & ()-' F95 ! 710% 986 & () -

| 710% 986 & ()~ | 710% 986 & () F95_(xkr=_| 710901 f 10%:& ()-10, 110, 110, !
L<10% & ()- !710% 986 & ()-' F95 1710% (oq[ kA= 171 1 109%& () -

1 10968 ()- Y4"10%& ()- Y4"10% 4" & gg

x9#10%#& () - CHI Jr’fppqv tolgoange pf 2 p@lb%ﬂ&l %talystf&‘ QXCQ‘GWE@%@@MW/#&' () -

ot 5 O IR, Bl R a5 5 o A0

of example 1) were tested. Each catalyst was tested over an extended period with feed

5  containing high amounts of sulfur, and for short intervals with feed containing at least

100 ppm sulfur. Test conditions were substantially the same as in Example 1.
Catalyst F was contacted for short intervals with feed containing first 50 ppm sulfur
and then 100 ppm sulfur, followed by extended runs using feed containing 20 ppm
sulfur. Table 5 shows that Catalyst F suffered significant loss in performance

10  (measured by jet fuel yield loss) when contacted with the high sulfur feed. At the end
of the test, the catalyst produced 10.7% less jet fuel yield than near the beginning of
the test. By contrast, Catalyst A was contacted with 200 ppm sulfur feed, followed
by an extended period with 20 ppm feed. In this test, Catalyst A produced 1.6% less
jet fuel at the end of the test as near the beginning of the test. In a second test,

15  Catalyst A was contacted with 700 ppm sulfur feed, followed by an extended period
with 30 ppm feed. In this second test, Catalyst A produced 3.0% less jet fuel at the
end of the test, compared to near the beginning of the test. These results show that the
palladium containing catalyst was significantly more susceptible to sulfur poisoning

that was the catalyst of the invention. which contained a platinum/palladium alloy.
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g V10 & ()-gq V10X & ()-wWWvd q ULOKB & ()-q ULORB & () -9
q UL0% & ()-/KRg UL0% & ()-w(;vUs q ULO & () - oo 888 hdnz00
/KRqg U10% & ()-qgq UL0% & ()-0S7v4 g UL0% & ()-q ULO%N & () - & KRq
Wo¥bAYeA& ()-q UL0%W & ()- OBvUAq UL0%W & () -/ KRg ULGI@ws9hrodess
q VIO & ()-q UL0% & ()- $&*/34_/vU4/ KRg UL0% & ()-q ULON & ()-q
g U10% & ()-qgq Ul0% & ()-4569=>?1 PvU4/ KRq UL0% & ()-Ug UL0% & ()-q
g VIO & ()-q UL0%W & ()-q UL0% & () - ?@\BDHKxX8vU4/ Kg UL0% & ()-q
g V10 & ()-gq UL0% & ()- g UL0% & () -/ KRKOPQRUYWW v U4/ Kq
q Table 5
Sulfur in Contact Jet Fuel | Relative Yield
Catalyst Test Feed. ppm Time, hrs | Yield. wt% Loss. %
2 800 713
50 180 66.2 7.2
100 132 64.3 9.8
Catalyst F Ti 2 220 69.6 24
10 350
2 400 69 3.2
20 470 63.7 10.7
<6 300 74.0
T2 200 8
20 170 72.8 1.6
-Catalyst A <6 500 73.2
30 840 724 1.1
T3
700 4
30 3000 71.0 3.0
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UL0% & ()-q UL0% & ()-q UL0% & ()-(/ KRRq UL0% & ()- YAcdefi sWvU4/ Kq
ULO% & ()-q ULO% & ()-q UL0% & ()-/KRq UL0% & ()-q
* U109 & ()-i nrstuxsWvU4/ Kq UL09% & ()-q UL0% & () -/ KRq um%se,p(e\nwzooz
ULO%8 & ().- g U109 & ()-x| ~W vU4/ Kq UL09% & ()-/KRq ULO% & ()-q, ULO% & (). q
U10% & () - 3"%&%‘%@ ()-davUa/ | KRq UL0% & () - q U109 & ()-q ULOTECEYSPp/gaess
UL0% & ()-q UL0% & ()-hLvU4//KRq UL0% & ()-q UL0% & ()-q UL0% & ()-q
()-

U10% & ()-q &'()-xX8vU4//q U10% & ()-q UL0% & ()-q
U109% & () - qvﬁigfé%ﬁ‘%?f/é & ():/ KRsWvU4/ / q ULO% & ()-q ULO% & () -q
Ul0% &' / KRO Uul0% &' u1094 2vUa/ /

- /9 process for <(:3nvemng a hy%r c%lrb%ac\éous oi(ﬂinto a product of lower average

molecular weight and lower average boiling point comprising contacting a
hydrocarbonaceous oil, under hydrocracking conditions sufficient to convert at

5 least about 30% of the hydrocarbonaceous oil which boils above 550°F(288°C) to middle distillate
components having a boiling point of less than 550°F(288°C), with a catalyst
comprising a cracking component. a binder. and a hydrogenation component

comprising patiadium and platinum in a molar ratio of between 10:1 and 1:10.

2. The process according to claim 1 wherein the molar ratio of palladium to platinum

10 in the alloy is between dbout 4.0:1. and about 1:4.0.

3. The process according to Claim 1 wherein the hydrogenation component
comprises from about 0.10 to 0.25 wt% palladium and from about 0.10 to 0.25
wt% platinum.

4. The process according to Claim 1 wherein the cracking component comprises

15 silica-alumina.

5. The process according to Claim 4, wherein the cracking component further

comprises an ultra-stable Y-type zeolite.
6. The process according to Claim 1 wherein the binder is alumina.

7. The process according to Claim 1 wherein the hydrocarbonaceous feed is a

20 denitrified VGO containing less than about 200 ppm nitrogen

8. The process according to Claim | wherein at least about 70 vol% of the

hydrocarbonaceous oil has a boiling point above about 650°F(343°C),

9. The process according to Claim 8 wherein at least about 75 vol% of the

hydrocarbonaceous oil has a normal boiling point above about 700°F(371°C).

25 ° 10. The process according to Claim | conducted at hydrocracking conditions

sufficient to convert at least about 50% of the hydrocarbonaceous oil which boils
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comprising a cracking component, a binder, and a hydrogenation component

comprising platinum and palladium in a molar ratio of between 10:1 and 1:10.



