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BACKGROUND OF THE | NVENTI ON Hydr ocracki ng continues to be an

inportant refinery process III?DR?@%EE ONVER. PROGESS ARy nuch

attenti on has been devoted to rrent 0 hydrocr acki ng

catal ysts. In particular, hydrocra(kaAbYSﬁ'Stli&EDlTHERE% production of

mddle distillate fractions, those petroleumfractions boiling in the range

of- about 250[err]-700[err]F. (121[err]-371[err]C.) as determ ne by

the appropriate ASTM t est procedure 10 These m ddI e distillate fractions

ar e particularly desirable as vRALRUROUN QE AHRBINVENTION  The term
"mddle distillate"” is i ntended to i ncI ude the diesel ‘jet fuel and kerosene

boi ling rahge f racHydm;:racEing chptimes treboan ;maortaneteﬁngm proegsp firproduginge i s

I ntended to er to a.tenperature r ut 280%'8r8£.] S525[err]F.

(138[err] - 274["‘é’{df"]"'(g?‘)’ls’a“?‘ﬂﬁl Tpych gticption has been gg‘%te&%tg?’ ﬁ?‘ﬁéo i s intended

to refer to hy %lrgﬁaélaﬁ%cﬁglvktk Nth RREALS, Hfdr@é}ﬁéﬁlngﬁq{seﬁﬁ In t?l@@[‘(ﬁfu&ilgn of15
(121-371 [err] 'iné or naphtha’is nornalTy the to 400[err]F

(204[err]C.) kmddle diptillate fractipns, thos¢ petroi¢usn fraétiensdioiling ia thg@ng@:afabons The
o 110, PoL SRR o 5L e b e RS

h t t f
character 'l@ | Ghedd mﬁh& &A% f?éétloﬁ?b’r@ g%}l\/lryst ancP Sl EHI K Riefs cprg‘%%Q 83

prices, erence I s nade s D- 975
for furt her d@haidrm "middle drstiﬂatebmntendedjtodndaéé thieuds¢seh y&lrfmhanékerosene

Processes for h drocrackr n etrol eum f eedstocks to nj ddl e
i St1 1T at s bolinEguteg TG SIS RIELE oAt B PLARRT bl 1,
Lolages - SuChfebemperaturd WAROGE Akl S0:5939F 138 HPL dn (kAN LA 1

separ at e reacti on vess IS IS not nitia

stages are opeoiingdarfpie" mad:naetms-eﬁﬂd; hyidtdtactinojidigspoitis of about 280°-7002B1 | ve
for sulfur and nitrogen renoval, for aromatic saturation, and for other

hydr ot r eal$ ng (Y3467 %A3.. Grsaline os nag@maﬂtm bctkr €5 10 4087K, §204°Céboiling gned

for high ersio v sence of feeds,having high

sul fur and ni PP%E" %’fﬁ‘gﬂ% dy°°a£1l?ﬂ5‘5 ?ﬁ%ﬁ \irﬂ‘srwmtgﬁrgam%‘g?ven@ent ents.
Typical first i

conponent. o BRodacatiGhREGRAIE 4F pRlkhlel efincty wAPVR Wi AR B ch

as nickel, rmlchaldﬁmrmcs oﬁﬁmlcrudeamlcb’ourceimﬁg&wémal Tiaekats, peddusyprices, etc.

-1 Reference is made to ASTM standards D-975 and D-3699-83 for further details on

20  kerosene and diesel fuel properties.

Processes for hydrocracking heavy petroleum feedstocks to middle distillates
generally involve éuccessive hydrocracking steps or “stages”. Successive
hydrocracking stages are usually performed in separate reaction vessels, though this is
not required. Initial 'stages are operated at conditions and with catalysts which are

25  active for sulfur and nitrogen removal, for aromatic saturation, and for other
hydrotreating reactions. First stage hydrocracking catalysts are designed for high
conversion activity in the presence of feeds having high sulfur and nitrogen contents,
and often with high aromatic contents. Typical first stage hydrocracking catalysts
comprise a cracking component. a binder and a non-noble metal hydrogenation

30  component such as nickel, molybdenum, cobalt. and/or tungsten. The cracking
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20

the sulfur control processes between the first and second stage also occasionally result

in high sulfur loads in the sécond 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

fouls the palladium catalyst decreasing both its sé]ectivity and activity.

A number of noble metal catalysts have been proposed. U.S. Patent No.

removed from the feed before introduction into the second-stage hydrotreater readily

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
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and pal | adi um are al so taught, but there is no suggestion of any possible
benefit for 09'9%‘)%”9 a particular range of platinum-and pal | pehraignesn4éss
U.S. Patent N® , 387, 258 teaches a sel ective hydrogenation process to
convert al kynes and di enes to al kene containing an ol efinic double
bond using a . LS : d I l alline
silica pol ym%%hiw;&mﬁmﬁgmﬁé%? @;{@%r?ggnéwﬁggé%fbgsdzﬁ%ya%ﬂgggsfeft%?%rm
stage process iusing apapibulirrgnge of platinumbandqatladigmai d havi ng good WV
stability. Catalysts taught for the hydrogenation step contain a

hydr ogenati on conpqngnpatet’Nd. Ui 370 58l 1@dches dedéctiva hivdrdenation peockkd fokanvert
al umi na support of the preferred hydrogenation_catalyst has an al um num

content of 10 alkynesanthdienes3s alkenesoniainig @!%ﬁﬁ%ﬂ%‘%ﬁh bend jsing 2 catalysto

1095, 34, 306 AORPERE Matipum,qr pglfadiggn offa clyslin€ sy politpty 00 20T | IO
2 ST 203 01l LS B OB et b S
00 1 S g ot e 5 i

hydr ocr acki ng, cohtairca hydragénation comipénedt, dapudiog piatifiem og phlladiumg Theisilicaat i ng
. oil phot gstability. ltgh et, al ., the hydrogenation.catal yst

i ncl udes pal | P'Bmaéﬁpe?%?f{tﬂeare?md &y@a&aﬂmm%?ﬁ%m‘mmg Pt obxi de
carrier hgy n@r{lﬁég té(!)‘?S U, %ﬁfz &%Tt}:mﬁiaysilftﬁ’we?ght ratio bétWweéP 46760284 99/5. 1]90' 500

n2/ g, a pore vo 0.5-1. g, an average pore dianeter 20 o]

30- 120 Angstrons. . | f : 7 . . S.
pai ont No 3, 637, 4nis 1 G-l aa el REs 15,00 BE4780 ang ) Chjo gt
3,703, 461, al |IndcEddgaChEml Res. d09%, 1335 42 727-4283cdiscdoseanethydsraf gmpedviingitha sulfur
aromatic hydr ocar bon feedstock with a catal yst having a support

conposed of a tglerancg obsupppried platinum catglystsiby aédl“&ragséc‘ﬁt?r‘ée'&géﬁ?bn%? gel matrix

and containin ' The 25 catal yst conposition of
Hansford has g"%‘%&é@/%ﬁﬁr&egﬁoﬁy@d%w&m /g wth about 0.3-1.0 m /g of

the pore v une in res, of,.di heat t ha . ns. In
Hansford, ]t%lhe suppoﬁg‘ E%?totgll%. @@teﬁa}ttlg\}g’ﬁf?%’é:ﬁ ré??’g&ﬁégﬁfﬁqﬁg cf)% silica,
al ways in hydeoceskingd fraéfonatbg) Ahd hgdrogeration fat enfimtinglubsicaiireil to
silica. Conversely, supports having high ratios of silica to alum na
have been di schhesastrbility.Ulrdtolpettabntheihydrogguation catabyst inghidesipajladivip on asiliga

4. 601, 996. HOENGEyin& AlALYS) oS AHRE GarRbaDSIng 246 GRight percent silica, 2
surface area of 100-500 m*/g, a pore volume of 0.5-1.2 ml/g, an average 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 compared to silica. Conversely, supports
having high ratios of silica to alumina have been disclosed in U.S. Patent Nos.

30  4,139.493; 4,325.805; and 4.601,996. However. catalysts containing higher ratios of
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silica to alum na generally contain a hydrogenati on conponent ether than a
pl ati num_" _group netal, comonly nickel, tin, nolybdenum or cobalt.
Cark, et a‘?’??”%ﬁzﬂ S. Patent No. 5,346,874 disclose a hydr o§eWYSP¥#655
process and a catal yst conprising fromabout 0. 1 %to about 2.0% be

wei ght of palladiumand 5 = from ahout 0.1%to about 2.0% be wej ght of
pl at i num on SHica iR, 3. grnErallx cogjain a yﬁrqgﬁ%gnﬁo&ppggnt other than a platinum\ | ¢

met al catal ?ﬁ&%’m&ﬁl‘,ﬁ&h}r{o}ﬂ m‘-i‘ﬁ‘lﬂﬁ#‘%@“@ ghg{ or palladium are

known for hydrogenation reactions such as oletin or aromatic hydrogenati on.
To ' mnimz ke I S | . inlittle
or no -cracking 18“%1:‘%‘%\'/7 @;ﬁ 'ggg?]tg#{a ?@g’%?Pgsﬁ’#ggﬁﬁ’g&n@%’%&‘é%%g%% with no .
-anmor phous orfand & yatalyst congprisingdrom about 0466td dboaj 2.6%4 becweightbfipatadiadaagent s.
Conversigns in these hydroqgenation processes ~ are low. Wiile noble
metal cafal yEmsabauk 0dP4ate aheut 4-Gibe qushté? Rlatinugy oA RIPPer SompFising

| ar ger am“%ﬁsﬂi‘caﬁr acking | eading to-nol ecul ar wei ght reduction, they tend
to be vul'nerabl e to sul fur conponents in the feedstock, and can only

be used for crackj 15 , veny.l ow sul fur feeds., [Even upsets i.n an ot herw se
low sul fur procei‘lso?’g"v\ﬂF[@hcﬂiﬂ 1S, primari u‘fﬁ?‘ﬁrﬁ}rﬁé’lﬁ‘ﬁ’ﬁ'. ﬁ‘ﬁ%‘?@i’a’%ﬁﬁr on a
hydr ocr acki o fér H@fogehftidh FedciSnsiaN 88 blefil 8F aromatic hp@RbénatiBhaToCcat al yst .

It is desirable to have a process and _a catal yst for cracking a
hydr ocar bonaeinimige ield insses, suehehyssogenatinnratalysts contaig lilestr ng crasking net al

cat al yst,,but__. . w th | npr.ove L fur ance. 0 .
Sonhey 15 petivisy gy JorBriSing nikitha Wippbfiy g)i‘ﬁrﬂ‘%c?gjmé%z‘i“&"’ eryatalling egy
i nventi on -t geglitiRY siliea-aluptifg esitpdnefits T dhatsiosdinthese h%"drogh&‘(\foﬁ prdcesses
contai ning feeds while reducing the deleteriously effect of Sulfur on

catal yst perfedewar¥¥hileneble metal catplystsate alygjdesipable torigrackingseastionsa witht i on i s
t 4 for L it Lo
st P1 anot horesameuis g ehing leddl 6 3TEull oiahe tiod Bl BORHE, A0

consunpt i on.yulnerable to sulfur compoferis sthe feestuek) ahd BarPdrly bélasedFoptradiass f or
converting a hydrocarbonaceous oil into_a product of |ower average

mol ecul 4f weFRHewsutur fsods: Exven upspts iganiothegwise low sulfur processywisich mey
sou . . T
Coft i ot QulbblAgE RhaRRRE SPUIREbY » hISGRME EARL T IR BOUChBGY | 0 o\

boils 30 amoble niidl[catalyst: It is desisatiietodiast a lpraress andrqraratyst forleeacking aa boi | i ng
D o S35 oA Bonacgaps o WHtS e itotante SaviRlaged S SRTPL Bl ook 9

hydr ogenat i WMH@&QE%I Blefdnes.Ng pl atinumand palladiumin a nolar ratio
of - bet ween. 10: 1 anﬁ: 10.

20 ' SUMMARY OF THE INVENTION

It is an object of the present invention to provide a process for hydrocracking
low sulfur containing feeds while reducing the deleteriously effect of sulfur on
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

25  invention is to decrease hydrogen consumption.

The present invention provides a process for converting a hydrocarbonaceous:
oil into a product of lower average molecular weight and lower average boiling point
comprising contacting a hydrocarbonaceous oil, under hydrocracking conditions
sufficient to convert at least about 30% of the hydrocarbonaceous oil which boils

30 above 550°F to middle distillate components having a boiling point of less than
350°F, with a catalyst comprising a cracking component, a binder. and a

-



The present invention is directed to a hydrocracki ng process for

.+ hydrocracki n@ hi gh sulfur feed, including a feed cont ai petrgsep@ssser
than 20 ppm 0If"ur up to sul fur 5 | evel s of 100 ppm or higher. The
present invention is further directed to a hydr ocr acki ng process, such

that at |easty % Eﬁﬁ-%ﬁ I fnuhPaRt a‘%ﬁﬂiﬁnﬁ%molarrd(ﬁ'o% of a
hy.dr ocar bonacg’apoigé ?&V\%ﬁq@ﬁ/&nﬁ "I%s a o%’ 550[err] Is converted to a cracked
product havi rsgetwedmol0:1 and pdOnt of | ess than 550[err]F. At |east about 75
vol % of the preferred hydrocarbonaceous oil of this process has a

nor mal boi l'ing poiThe ﬂ@ﬁﬁt@irﬂk@nﬁc&bi@ﬂire&%{ﬂhﬁdiocrhﬁn&g proeéssrfabhydrocaackinga st
about 75 vol % of the dr ocar bonaceous oi | {Lﬂp nor boi | iﬂl oi nt
above about rsul]fw menqiu@n&?f@é centeming gregter than20,pp »Uptos

conpri se litic
i 11 cac ar o rgves of fod B 3R Bl *‘%%@%nﬁﬁxég%ﬁ?%%ﬁgéﬁ%dnﬁe&kph si ng
pl atinum and parbcadking prdcéss, such thal®y ladst abdutGOG/fol%epmeblﬁt l2astabbut 500,

preferably in the nolar ratio of between 4:1 and .
Among ot her feal%eofa hlvdmcgbewmus.mwmh beils @bqyséée Fois cpméewéeemcyedof a

Dt cut ar 1 apegueeving abalis phinche ek e SB0NE AR B B 7RO bR ok el
tolerance to giéaéatﬁamcﬂbeﬁ&ebﬁhalofmxs prboeds By AadrimaObbiliag poinvabdver nor e,

while the catalyst of this invention has considerably 20 nore activity
than the ihseabunt 450Fathbregiraferablypat least abmut 76 ool of thef hysoicarhopaceous eibt al yst

Is also significantly and surprising S Iect vefo ro m ddl e
~distillate  hasanqrejakbeiting peigt %t?"cvﬁéLmEgﬁgg"ntf ngb?fdgﬁt 578t s or
conventi onal 486} lica-

DETAI LED DES %%tawfé%ﬂx‘?ﬁﬁﬁqtgﬁ% %155}, maﬁghym(ﬁé Sétéceﬁtmap?lg’él ess is
directed to hysthpoeat khdg hydmdgénanos cémpoﬂdneempdmng platmum and palladiurddh 2
distillate fuels. Such_hydrocracking.reac cI ude reno suJ fur.and
ni trogen fronMeAraiethsiwesolkl G‘Fq %rﬂﬂefléﬁggy fq; %ﬁfh&é\g?‘n‘{{]en%l | s
to odygts of an average |ower nolecul ar WEI ght and an average | ower
boiling point.” " - Wil e cracking of the petrol eum conponents is

ggisi irﬁgl g’el Io;[/v IZEOF%‘FH %e% fic(?mg]tﬂé g}eg&t%%/enn% ?s%s%oﬁﬁleldxﬂt%erp ?QUCt S_ 5.

The catal yst Hpdbetackifig Eiit@ly@tt esitathing rbamqﬂsnmmmd palindiuns irpa partigularariooant |,
a bi nder, and a pal |l adi um pI at i num hydr ogenat c@gg dent havi ng a
pal | adi um t o a single qatalyst paticlepWhichshewshigh tojerafes 91’&%1

g[)gl;ter gb |1y aﬁghﬁf&g&a&% tfeeﬁ. %uxjthérﬂxore, while thé* caQal%l%f YRS inv@ﬁt‘?(;neﬁﬁ%){sx@&w@e n
20  more activity than the base metal catalysts, even in the presence of sulfur, the catalyst
is also significantly and surprisingly more selective for producing middle distillate
fuels than is either conventional base metal catalysts or conventional catalysts which

contain palladium alone.
DETAILED DESCRIPTION OF THE INVENTION

25 The present process is dire;:_téd to hydrocracking reactibns for the production
of middle distillate fuels. Such hydrocracking reactions include .removing sulfur and
nitrogen from hydrocarbonaceous oils and converting components of the oils to
products of an average lower molecular wexght and an average lower boiling point.
While cracking of the petroleum components is desirable, it is preferable to minimize

30  cracking to light products boiling below 250°F.
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5 The cracking conponent includes an anorphous cracking
conponent_,” whi ch generally is the base nmaterial for the catalyst. The
preferred aYOPBHU#S cracking conponent is silica-al um FEIEBHP4ENI ng
typically between 10 and 90 wei ght percent silica, preferably between

15 and 65 weight percent silica, and nore prefergbly bet ween about 20
and 60 wei ght per@&ﬁa yst peeful ip e preseat proe ssemﬁgseamq#a!g@mnqm

vent on arcedeh éd SRalBIEREH L AUORALYS ombaRi iiVibd FpRladiin T 11 °
chem e. Grbhplatinudamoiargatio of betw@arlﬂalrmd }aﬁij pbefe:ablyeheemml abotir 42001 ﬁvndea
Chem e desig ed ,as al. 40" have begl ~ found to be particularly
suitable to E?@;?&Flé“‘l?&?"& e}%ql%g@ﬂﬁf"b;aﬁ‘t §'ﬁ 3dd 2 esent i nventi on.

Al ternatiyvely, the silica-alumna base materials are prepared usin knovvn
15| copr :§C| pi t at i Bhe cracking componentingindss aee?hmhoas S@é@agégmp@%tvég¢ y
silica-al um r o ed as

"~ part of. the f)an?{tls thﬁ%% 'ﬁﬁé&al%{ﬁ?f%roggﬁat | %ﬁ h?"gs | nc?‘i'%a

Cﬁt al yst ac}ﬁgipébnent is glhcaf-alumma cJﬁt&nh@&ﬁplWIyﬁfet\ﬂéennm/arfdm\hﬁght%f?ﬁﬂ Sgl in
the range o 5 wt of a ze ng caonponent, preferably a
Y-type zeol itkea, méerehlbb@twe@uléa%ﬁ%/wlgbbmr%ﬁnhglhe@ angd mage prefergbly eol i t e and

preferably i his
consi dered tl% ‘g&% Jbgglg% 8{da6rb t‘gérgléﬂ tf?g@glfl{%cafqgl? %@ﬁ%ﬂ%ﬁ%&%‘?’g‘a\ﬂ?h%
hydr ocr adki ngaterials smfableaﬂoy prepamig the eamlgkth ukedamhepmbdmsbf thig @bntion ale as
"described in U S. Patent

f1 geééssued é\gll 21, 1964. A
nunber of wmmzra@llbﬁgallabletﬁrgxmla rom Go emie, @G l!"é%l» one of
which is ult &3laft "

3. 536, 605, |20 uedp @a‘é@%&é@sﬁ%@@?&{e @rgmieé%ésgﬁﬁgtetﬁﬁ‘téeﬁhlm v been

synt heti c Y foemd fotbe, pamcularlya;dﬂahle mwbpamna:taiyﬂnbmpt;qnd hethaqlﬁsdnt For exanpl e,

U. S. Patent’ No. 3,835,027, 10, 1974 et al.
descri bes .a ‘HWV’BBf% an e&}'a?hﬂ %’Hﬁ’c“é%ﬁ? gtﬁf‘alf"é‘%ﬁ"epare‘; “Slgléﬂ%r phous

refractoy n ad 'ﬂmPF
hydr ogegla%/ | gerﬁip%l %ﬁ%%@%%hédgf %a@ﬁﬂgﬁx{llﬁpg@é@ g}ﬁog/iy%%ggkglgkgga VI net al s
and 30 t heimatendls suhhsasamhte#may alstxbdmsludzé@s partef thasuppyrtsafahd unit cel |

- sizes are descri bed. ! qiael t I\I%l 5,059.567 and 5.246.677, the
di scl osures WP%‘W%P@YSH&&“&B‘P&?& yStaclier ei n by reference for al |

pur poses. The zeq te contal nin al yst i cles may be = o
P Ko Pl BT RE G RATSR o D eEs RS A eitoo |

dESCI’ | bEd [ %r“k%&pcomponéapﬁrbmlpg Y%bé Qéohhp T}W;{y@éﬁe@ la{alvgﬂ | SCIPX, UI’ e of

Habi b et al now abandoned. the
whi ch i 200 nci% eedditeahdyreferablyoin thefangeoiCle20% zealite. One of pher zeolites whiihdp,

R AR WO SRR N RN
suitably ap Fﬂaiﬁﬂts'ﬁ the well-Ric¥Kdynthefi® BRI a8 described in U.S. Patent] NS preferred -
catal ysts enployed in the presént invention contain a catalyst
3,130,007, issued April 21, 1964. A number of modifications to this material have
been reported, one of which is ultrastable Y zeolite as described in U.S. Patent No.
25 3,536,605, issued Oct. 27, 1970. To fuﬁher enhance the utility of synthetic Y zeolite,
| additional components can be added. For example, U.S. Patent No. 3,835,027, issued
on Sept. 10, 1974 to Ward, et al., describes a hydrocracking catalyst containing at least
one amorphous refractory o:.(ide. a crystalline zeolitic aluminosilicate and a
hydrogenation component selected from the Group' VI and Group VIII metals and
30 their sulfides and their oxides. Zeolites having small unit cell sizes are described in
 Us. Patent Nos. 5,059.567 and 5.246.677., the disclosures of which are incorporated
herein by reference for all purposes. The zeolite-containing catalyst particles may be
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support that is generally prepared fromthese base materials. The

di stributi-on,gfy ,§J{. sk Ca and alum na in the support may be mtiAI899/04655
honbgeneous or ﬁ erogeneous, but is 10 pref erably het erogeneous. A
honobgeneous distribution is ordinarily obtai ned when the

silica-alum ng.Lald &ifg}éc&{%&%@ IREHUE NOHE sﬁéﬂ%@tﬂwﬁr&scﬂ&a%i) §9 for
exanple from corfventional coprecipitation or cogelation techniques.
- These honogengpplicatowPeridl No. 07/870. O\MLEflled by MiM. abilsetatl.onsAprilckd, d992,end i s

formy distributed, d I
FGr e, T equi r P aBRRRedpiecssasiTe of Witk Bracpaated herrin by iAo b 1
- prepar ed in tﬁ@% %%iE% ?&ﬁ%s&aﬂabmamse@dlﬁesq;ebee%@u&%m@asr*mxfset hods.

pr ef orm o support ‘consists of an al um na I n which
| s di sper $ed diks t00 small &i be dezectdd by standasse-raydeehniques) mlh;rsuitablmpglmd@ser red
to herein as the "heterogeneous” support. The alumina gel is also
referred to HEAKINE GRMPAENtSoyi de bi nder. " The support may al so
contain refractory materials other than alum na or  siljca, such as for

exanple 20 ot herThm@mﬁ@atemst;@mmveé|la§hem$n%m§§1tloammw CAASt such
t | d t | th
AICHEN P R T T R L

support may i sd dl6inalib theduppdtoin %%&liétrhombgbmm edhét&ogéne‘oaﬁumxs
nmagnesi a and zirconia or COTT%I nat lons thereof, Cenerally,, silica-alunina

will rakel0 preferably hetprogencous Avbpgngensensdisribution ﬁ@r@ﬁmlw&bsqaw&o hen the 4

n” st at et abovtict ARpHEERAS is diformhious ey SHESRAR, rBiindtor eRimplEdrgd (71 1
mat eri al convehtbral fuRédigittion or dégdhitiviacchnipued msa\hmmmcomupbortsas

been treated with an acid, enerall%/ a strong acid s%ch as nitric.
acetic, or hywherein the necessanvisilicazonsent ig gm ormly distributeg,carg difficult fopreparg ins

terial t
e er anl y_6s06dat pRdomhFreirtd SerbR B e ntnd Sncfheld, Slfredlliybe, |
supports 15  prepared & thdseforitis; preferably ustrigedcid h}batsdﬂpeﬂttzammmﬂmﬂs t hat the

oxi de binder iIs exposed to the, acid duri,ng the ti and b
t he amount of pr&gqr{f%lj’g% of thg sppROsheausisisof an aﬂmma(iJ geIQn whidh is d lsp rseé e y
- 7- " i | Heret @l'ét"hét@f ﬁ&

catal yst, theSI lg%glurra Jeﬂrnlﬁg@egla?n%ﬁlgﬁ lslr ar*ﬁgxilxl bi nder0 uﬁ has

been treated wvigportaThelluminafget siso mfdrndlteh&ehmnheammde binder." ’Bxampgirt
percent of 100% pure acjd (based on.the weight, of, total. cal ¢i ne lids). A

4-12% aci d i sm3¥ alocenigingeiractorypasrials ether than plumingprsilica, such 3s AF SAmRlS g
w1 varysg S gxeﬂs{j%hf&%x?d}s?p@l&)bﬁﬂmﬁg proVided m@sdcﬁ%teﬁa%eyﬁottaheersaw

mat eri al povvder m xi ng equi pnent he m xing tine,
tenperature, effectthe hvdrogenauon activithef the finel ctatabss&.d)uhnr mhrgapmmdﬁsehalﬁnayhe

present invenfion is particul ate xact, .si ze and shape
of -the catal yEf PESSEyh i 106 SUPROFLIMBY Mplyde, bt age @ﬁﬂ&?ﬁwﬁy fimited 16, gy

particul ar nefhogedald Michhia BE cotBhatiohstHetes demllyhalitd NuhtAd wngmaké base
10 stock. The effective dianmeter of the zeolite ca alyst Eartlcles are in

t he range of fipatdeast 90 weight percemt3df theneritire suppooandimast ipraferablyrthe sypporty from

about 1/20¢ 1 nehy, {0 300U 1alf‘y &1 4l atumina.

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-



The catal yst particles may have any shape known to be useful for catalytic
material s, . including spheres. cylinders, fluted cylinders, prills,
granul es anyOt9M@d7626ke. For non- spheri cal shapes, the ePCIAISPYE46SS
di aneter can be taken as the dianeter of a 15 representative cross section

of the catal yst, particles. The zeolite catalyst particles wll
further haveP#tisylareseEaciory inqrganic,mppam £er the catalyst thsdase material inpixed 500

n2/ gr am . : el A k Re : | Egmﬁ Qﬁgii of the
cat al yst mat ‘év?tlhgq?&l&%%%%g _ ha¥ ? ﬁégqgéaa;&g%lf %@?.%réf\%ra{b eFegep | zag‘é}“oxi de
bi nder enhan3 ewight perceritusil 0086 puecacid (based on the weighp bbioeal chlbihed solfdzyth of the
conpl eted cat al yst . ellets. The extrudate is usually dried 20 and

cal cined in 42 isisgd ipmake & HEsopareys FetalyRs {he propeftion;of geidwill vanpport is
q . T _ L
Catalyst S déendilf o U GhoBedla, e BERR OO QBGRES e B of

conponent onmixirg eqiipmymt and the mixing tinectemplefatmiepstt. to act as an effective
catal yst to hydrocrack the petrol eum f eed. General ly, the anount of.

al l oy on the suppPhé suppeft ubed inhSpracticedf Meire@anaivemivbniba pafticGlaiss W thin
the scope of the present invention will be within the range of from

abo ]lc.lt 0. 01 waipphxt. Pee exant sizemndishape of thecgagalyst sepnostpartigle ey gepending ange
i . 0, 1 Wej i .
e oy oo AR S R e MR BB RBE BB, o

does noti1(si gstbé. ThB effctivEidiaiveterdT thd okt davalysy particles are in thecrafig@d Gfificth and is
t herefore econom cally di sadvant ageous. However, anmounts in 3 excess of

| wei ght per&hont 1/32dnahstgabeyt 1fbinc It fgom jgboytdly2Qingh taoaboyt 148tinch.

catal yst. . | i 0.5 mt %
pal | adi um an’tlzl.h o n? %%éﬁ{cFJs n?a(} hﬁgé @%%Eﬁgw}é Sq%a\{slé%tq};ﬁ’q Qgﬁ@‘%‘g&%}%f erably
from about Oin¢ludingGpRérestcytinniels, fidted @ylinders, prills, granules and the like. For

- 8- and fromabout 0.1 to-0.25 wt% plati num The ratio of

pal | adi um t o"QR-shbericahshapes.the effective diameter gon be tpkemas b diamgsdat is 10:1 to
1:10. A yore bl ; i e - : t he
pal | adi uin?t Or%fe%%ﬁt&%%%%&?&rogﬁfﬁ e?cg@agsgp %’B‘glf:?fz.me zeolx@&%% ﬁgﬁkﬁgw nltl)er of
net hods ar e funthenhave atshefacerdred ia therange of fodrabontri0zo db@alSDOdmarh. netal or

t heir conpoupgds gnto the, support., such as, for e | e.. by ion, exghange,
| mpr egnat | onWIER e PpRIE it OR ewided i fhepatpaniion of A RARL FYiAg
pl ati num andipe base RateHANWIHE Ei'ellﬁtilh%d KR Birider tidffcdsthé BanknProceks &ld the

present invention Is particular advant ageous when usi'ng a contacting

sol uti on conimyirovesgheasttength of thgeompleted Catalystipellets. Thel extiudatmiswstalipddieddi um
under a ntrolled pH. The contacting sol uti preferably will.10 . be

bu e o o T SRR 1 Ve BRI HRptt e e e/ sgBoort infsey’ o,
Values  fopHeSidaRionlofikY ydRigeh@idaQoffipynéift ofl BRtatalystieposi t pl ati num and
pal l adiumjointly on the support. but the final distribution of the

al Loy on the supppfd afiBie B%alf\%ﬁieu?]ﬁ‘-gfaﬂﬂ%%%ﬁgenaﬁon cBMpbfigs Snlﬁféta%; A bWi thin.

this pH range. epositing platinumand pa y
i mpr egnat i onmusttbe snfficiéns taaoe as an effective catalyst to hydrocrack the 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
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15 usual |y added to the inpregnating solution as a nmetal salt, generally

as an organic . am ne conplex salt of a mneral acid. Amog
have been f oWQP¥436%% particularly useful in preparing tEgWﬂsﬁﬁbkﬁs
I mpregnating solution. Representative of the amoni um salts that may

aci d sal is s Brun apefidl D8 G Heflet 1k RS Ebal BT o pacnyi 8RN 0

ammoni um ni t r @t Gydrdktnation BmPGREAD sUWD: Lol 010,98 nforé preféved rate s 1. U6l 1265.9i ve
satisfactory results. However, other salts of the netals are al so operable

and coul d be Most prefesably, the palisdingrigtiatinym molassatio isi2al ok case, it nmay be
useful to determ ne the optimal pH to use during inpregnation for the
particul ar salt seAeminigr pfimethdds are &nown in thelarttodepesit pjatinumiand palladiumon of
metal s on the S%Fgort, It has, been, f ound thagﬁ%x eIIentl thS di stribution
of pal | adi’um ReR} onbeissompaunds 98 the SYRPOR: SNEDAS: 10F SEHPY 1 Y R S nat i ng .
sol ution contgaifi SRt G Rl i | ' nfarddt of
from bet ween ﬁﬁ&é&ﬁgg@u{oi : laﬁgﬁaet)cggtﬂdglrg.&& foﬂh&tﬂaid@bﬁsftﬁ[&%tgm ng

i npr egnat i on. palladiunnpn égrsappattssusph irthe sitalystofitbe presentdrnvention isspaticularly

bef dryi l.od of ti ffici t for. it t ttai
oqu || brat | oredereEdHS e ing AR R AL sopfpinia sty Sekhotinds of both
period usual | aiix?tgﬁ{aﬂg séqﬁ?i&n R4 % coRfiSlled pH. Tt_&ec'dnlméﬁneéolu@ox{ PrefefablPWilp are

not detrinenta I shed catalyst. ‘A suitable tine

-9- 10 - be bufferédto maintaiea pHuwigun therraygeef framaboyt Iterabouti 19eNalwgs one

~skilled in the art Vi regard to this, disclosur .f.or, ex | e,
~drying at var?‘&ﬁn‘gef’?ﬁ%ﬁ’]gﬁ‘# W’%Heéﬁﬁ%ﬁq @eﬁogml.agnum mﬁ@&@?ﬂ%‘ﬂf ﬂ%o rggl
di stribution. sdj:?bh%triﬂe FiRR R0l B BfthiRy dRdhe SuppoRndaiot by 8§ fdverable
again dried and/or calcined. The prepared catal yst may be reduced with

hydr ogen as i as thése oltainedwithimrthis pHrapgee art and pl aced into service.
The hydrocracking reaction takes place in the presence of hydrogen,
preferably aWHendlepositingplatirmms axd pallatiiven by impreghativat the eretalbarst 500

psia and 3000 psj.a, ,nore . |, referably in the, range of about 900 psia to
about 3000 psP%%‘.ahTﬁ@dqdéther m;ge@@tx{ng]gp?utxa/n as 41‘}‘8%5335 gf’?%ﬂlycaétagl PeEMGSy st em

is in the rangg;qf i@ XOHinohiutn sd18\havd Been ol Y 1 n the
range of aboutgﬁ .2°°t ﬁé&%ﬂ?f%n%pﬁm%%@_rm ﬁy‘dro en sa:J,ppIeey (makeup and

recycle) is i partitwlaripnssfuldh preparingitheimpf@ating sodetion. Repeemtativerofithed cubi ¢
feet per barrel qf Jubricating oil hase stock referably.in the
range of fron?‘&B”(?U{m?ﬁa@ may e“sﬁ‘gﬁrﬁtmti ?%Gg%gp%tﬁ%ﬁ%rebco%ﬁeﬁag% Weher

barrel . carboxylic acid @IS ¥ithQS AEMBLLROISPMARS. dn ke 38 oNyAlla@RMRGKer 1S
generally a distillTate stream 15 froma vacuumdistillation process. The

feed may B@ deminoailinh nitratesaltron de agumonium chloride salt haverhegn famidie givepr ocess
h FCC .pr. Kk i d tallizati
ondl or- nydr ot FREY Rl dEeyed piter s o ircRe Ak aso operBE B Sl RE ' O

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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process, a hydrocracking or hydrotreating process or the like. .The feed may

have been - _ processed, e.g. by hydrotreating, prior to the present
hydr ocr acki@ 9Y#te®ess to reduce 20 or substantiall'y elim nBEBUSPY04655
het eroat om content. The preferred feed has a boiling poi nt range

starting at a tenperature above 5000F. (260'C)., and nore preferably a
boi | i ng poi rfor # giYge serRoRdBsy brorspdily Jetermineddy dng skilled in b ardaving rpgard ef er r ed

f eedst ocks t -ha. ' LDg | havi ng at

| cast 70 vol P Sisplosure by 8 LA ifink BYSRLRE Ak S04t YiefiBptin b 5, 5 )

and at | eastm&Buning e afetslistribwtivnp Folowinglimptegngidreindwtading, HeQhlysi is.

(510[ err] C.). The, hydrocracki nﬁ_hfseedst ock pay contain nj t,rogen, usual I'y _
present ‘agaigdrisd and/on raleined The Prepatsd satalyst may be redugedswith hydmeen as ippm | ¢

is a featsur ecoﬂi/exﬁf%g?)ligéhﬁ%agf&ﬁs;ﬁ%ediix‘;%%@vicg.n that high nitrogen feeds, e.g.

containing up to ._ organonitrogen may be treated in the

present process. 1he f.eed | | rmahl v.al s _contain sulfu

cont ai ni ng conpouﬂﬁglygmpﬁcgngﬁfgéggﬂgfkg\%@% '§ ﬂ%%?‘Ffﬁm?: 8t$%‘ﬁ?g°& pﬁieéﬁﬁl%r 30
than 1 ppm a@hgdroged stessafes@Ptie range of between about 500 psia and 3000 psia, more _
-10- The preferred process 1s a dowmnfl ow ng reaction

. process. Thepréfpabbiindhddange of about Whnsiata abeit 3008 peipeFha feed eate toythe ocr acki ng
e iy : . oot | . f
from about _ 30fdeSfHtian ARLSE A5t i -hilh of rom BEIPGY dbdy 175 LHSV. 2080 D7

(30.5 MR9) gitekernblycindhd ahge ¢fdbound.k 4y shout 80 LHIV.fTHeRydispeh sGpply (Ral@aput 10

hr{err]. 5 Hydrogen circulation rates are generally in the range from
about 350 standireqy é;lspemsgrangeoffmmawti%wagvpatzq& sjandardepbig feet paref er r ed
reaction te S 1. o) b e 234 [ 0, 5[err]C
Preferred to aleﬁéféig@??aggg gggégseugr?‘se%’ ?%&Fleéaebl¥ lrr'lot?r%e g%'géto ¥§86' ab%gp%ogéﬁds per
squar e i nch abbatol0,000 stamdard)cubit faétqet bardh00 psia (about 3.5 MPa - about

24.2 MPa), preferably fromabout 1,000 psia to about 3,000 psia (about 7.0
MPa - 10 about ZfhethylfdearboNcebus faed (o/tBé Bydiedtackat &l géhitraBy & dpyIeR SEARed

above, it has been found t hat _Ipreferred process conditions include

cont act ilg dromyavaemndistliationprecesy The feed mpy be dgrivied deom p grudgstrgamegence of

the | ayered I ; _ r ' C i1 0ons conprising
- o cosur o aro BafflenEHt SR P ARLACY Ber processyERSldiyT: from
- about 606- 9Qfénstallidatibe and/bPhykigotrsating rodess, Hsynthetit filed provess, a deddghaltisg / bb) | |

a’ LHSV 15  of about 1.0 h_r_[_erFl] ~and_a tenperature In the range of
360[ err] C. tREOUSS RAWRIoCracking g hyqrptreating gycsts;or the like. The feed may have bpgn

hydr ot ackeduGicdlt 065 Rl T (A LA b HorBRGK BRCEA0 S| s

normal Iy |i phas ents; Ich ¢ rise reactl products and
unreact @  or substamtiptivielivhinatefitst Heterd4Bon canteintn Therpdelerreddeabhes aioilaeg
conmponent s, which conprise gaseous_reacfion products and unreacted
hydr ogen. Tﬂ@“?‘é%isﬁ‘ﬁ"tﬂr%édﬁ’f‘gerﬁﬁ‘ﬁ fﬁl%e §épi 3 éﬁgc@edm MRRrE Prederablyiang a
boi l i ng poi Rt .. 3 bhE. | cess.
such that a'[b oflgl?ﬁ%%%g%w%pgp ér zg?@?angféggi&g%gﬁ? llfﬁda%be%sym?/kg Iugﬁl% and

still reaction zone therefore include gas oils having at least 70 vol% of their components

boiling above 650°F. (343°C.) and at least 90 vol% of their components boiling below
25  950°F. (510°C.). The hydrocracking feedstock may contain nitrogen, usually present
as organonitrogen compounds in amounts greater than ! ppm. It is a feature of the
preéent invention that high nitrogen feeds, e.g. containing up to 100 ppm of
organonitrogen may be treated in the present process. The feed will normally also
contain sulfur containing compounds sufficient to provide a sulfur content of greater

30 than ! ppm. and up to 250 ppm. .
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nore preferably-at | east about 30% by vol une of the conponents in the VGO

whi ch boi | ve 550F are converted in the reaction zone
- P 99/04655,
conmponents m%&#"%%%l bel ow about 550F. The hydrocracker ([éflyfuent S

further decreased in nitrogen and sul fur 25 content. Preferably the
normal |y liquid products present i.n the hydrocracker reacti,o zone
effluent contain | W?f&‘ﬁedgl?f%?ssﬁaé?)‘ml@%f‘ﬁgfeaﬁﬁan P5°§§Ssr#§ﬁr}'iﬂf?ﬁf“?6‘gppm
Ni trogen, norgefich 25 bpbiaied at Rfdtodatiihg ﬂ&cm&idhfdé)'&@i\%glﬁ%%&%aﬁoﬁp m

ni trogen.
Exanpl e 1 30 temperature inShe/mngt obfrsm abeutdS0CE tahaut S00%C. pagssungs uptaahiout yst

and e ) 20! B o s SR D A0 TBH LS P

Catal yst Asis }g[g@ealaé@ggé% H{’é;scsaéé_ Bt mﬂﬁﬂ theARES o MBol: 390 S0 HeeRAHl/Rg UM

0.2 W % num , 16% alumna with 4% ultra-stable
Y zeolite. oil to@a80 kidditers Hafkg qil. Ppeferse tegctionpemperaturesgangecfrom about

Si O2- A1203/ Al ZCB{,zeoI ite be},se with a sol ution cont ?i ni rl% El ﬂ i num and’
pal | adi um sal 340°@qabayt #335C. Rretegad {al reagtion pEgssusgs range fropLggoup;S é at
842[err]F in g ] : \ Mzt t C
were from tonHc? Ei'? &aﬁ/eg t§ 8%#%%%&%? ?o(%trx]tse (%séar?ttgia%?‘ﬁg ’5(](.;8 Iﬁiay(ﬁfao%%?%’ N O éﬁg‘y§4 W %

W8 on a sil i @-BMPa,prefstablydtdm about 1,000 psia to abGiatt3000spsid)abast 70 MPar-ed | i ke
Catal yst B but with 4% ultra-stable Y zeolite . Catal yst E
cont ai ned 1§. 5 aRpup 488 MPay, W‘@’BFE‘SLPEF%?’FFQZWﬁt Spiter degepibed afpve, f hés ¥éen A
vacuum gas oi | é}gfé% ' | ' iﬂ/%? &8 B Wo
stage pil ot-plfgﬁ&%{l; . egbﬁcfgsfédg? g{;’és%ﬁn{#%@g&a |hi/\l Tiér%}?llﬁ s fecd

si | i ca- al um nawitlanhydrygdn in the presende vfthe layeredrodtatyst systent omdér hiydrosragking o
target approxi mately 40% ¢onversion t ts.boilin el ow 550
F. The ef f | uerfOnAitight eoT@PsIng:? prepspiof out 16 BERELE-109 poia), 2 eas il o s
distillation 'Bn'60BIS0Y 3 IR HA: SiP(4 00 SEEANG abbRILO00TREEACHMST! a0
15 contai ned the subject catalysts an argeted an approxi mately 60% per
pass conveSsi asfabout 1.0 he', pndal temtpserdtorel in thee fangeoef IHVOC Ro 4238Q (680°F heB00°F.).
second- stage contai ned | ess than 6ppm sul fur in each case. The

resul ts shown in TafHechylirstedtRed bil priubtexitimy the higdroofackihp seaction zonedniviclndéson
is nore selective for mddle distillate than the base netal and palladi um
catal ysts. |t nammellyligwdphasscomponents.iwhich eqmprissireactiop productsapdunmsacted nor e

541 VB L0, S HESF N, ATt B Lo SR
i nvention. 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 least 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 patladium catalyst and the platinum-palladium

catalyst of this invention were tested in a pilot plant for middle distillate selectivity.
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-12- Table 1 -
Second Sta Cat aI B C D E A

Cat al yst Tg‘wﬁwﬁ‘éﬁz 716 718 701 ~ 604  PEFASI04655
Overal |, Two- St age Ylelds W % (zero

bl eed basi s)

5.2 5 2 Catalmmq{smpa(algt g@bpémfeppyn, containing . lg Wt% gllaghum,gﬁ;Za !
25.6.  22.8 Wt%?l%xnﬂ@ﬁﬁh%ﬂé%@“/ @M@Lﬁ&%ﬁ&a—sﬁﬁl@? geoh&’35 4

36.5 37.7

34.1  36. 7 Catalyst A was g@Parbbby Rﬂ;fr]:@‘atmg the SlOz-AﬂfmﬂAlzD;&éolité base thh a
(250-550[err]F). 70,6  70.9 69 71.8

Consunpt i on,sokytipn ontainingjplatinum m@@zﬂadmm@bs d“![’BS @he impgepmated CatSlYSt and
Exanmple 2 .. calﬂm%%t 8420#m41p¢0§96m&e a palladiumcatal yst (catalyst E

from exanpl e num pal | adi um cat al yst of this invention
(catalyst Af rom(%tae})r;a’t) lBean:cli)Ca\{\flys?év%eer?r%m two catalyst preparations containing 10

wt% NiO and 24 wt% WO; on a silica-alumina support.

Catalyst D was prépared like Catalyst B but with 4% ultra-stable Y zeolite
Catalyst E contained 0.5 Wt% Pd on silica-alumina with 4% zeolite

10 - A vacuum 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 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 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 sul fur conditions. The conditions of this experinment were

substantial ly the same as those in exanple | except the f y
second st age%&”fﬂgzspi | ot-plant unit 10 was spiked with sul fﬁ?g%fggn%%ﬁﬁsds
to achi eve a second-stage feed containing 20 ppm sul fur. The results
in Table 2 show that the plati num palladium catal yst of this I nvention
I's. nore selective for mddle distillate production than the pall adi um

catal yst. Table 1 Table 2

Second- St age Cat al yst - g Lanel A

Overall Yield, W% 4 - 5.8
5.1 Sesprd Btege Estalysbsof ef r ] PP C D 7. A opna
Mlgfjl e distill atWystTemp,uFe' 1T F) o¥6 < 718 | ' 90D 6%?<arp —él .

In this exanpl e,[ a base netal catal ygt O%iiaﬂ,'Y%-ﬁa YRIBIWtes {2ergnd| a
pl ati num pal | adijum catal yst of this ijnvention (cqﬂ. d}{ﬁgisﬁ of exanpl e| 1)

were tested mader—substantTat Ty thc.—é SaTE GO T OIS [ag 3 1 e 1.

The middl e distilY8te 5 products werg furthef aralyzed for “Snhoke “poi pt and
freeze point and Idg,pﬂui,a{d@gjzsoyp? conp23.0 5| 2R0and286% c23.6. | Tk:8reésults
in Table 3 indicate that the platinum bal | adjum cafal yst|of this
i nvention is nor|elight Bistillate (250-4005E) i d33.8 d{ s33#1 )d@fé?s 373 than is

nt 36.9r
t he base netal dat st.. .Jhe resul ts|al sh¢ af s|ih ogen, LS
consuned [ nWﬁb&%‘l’é&e usi ng the g‘?'ﬁti 1%'5& I g@ﬁu m %{gi al y§?-1701 this
I nvention. The re@gb_'ggo&@ further indicate that the propertie$ of the
e made '

m ddl e distillat wi'th a platindm - tpall afium catal yst of this
i nvention are viTotal Distitlixe (330¢8503F) tt hoZ@6made7®Pt h 6h& baZk8 | 74.0efal

cat al yst . Tabl el 3
Overall Yield, W®%6 A=
6.7 4.9 :

5 ‘ Example 2
In this example, a palladium catalyst (catalyst E from example 1) and a
platinum-palladium catalyst of this invention (catalyst A from example 1) were tested
under high sulfur conditions. The conditions of this experiment were substantially the
same as those in example 1 except the feed to the second stage of the pilot-plant unit
10  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 - 250°F) 27.5 24.1
Middle distillate (250 - 550°F) 69.3 72.8

-13-



‘Naphtha (C5 - 250[err]F) 27.0 24.1

Mddle distillate (250 - 550[err]F) 69. 2 73.2 H2
Consunpt i 0O SI¥TI685 1560 1480 PCT/AJSYHESS
Distillate Product Quality Snoke Point, mm

31 34 Freeze Poj nt, égrr] C -61

- 59 5% cut, [err]F xample 3 - 259 259
50% cut, [err]F 401 400 95%
cut, [err]F In this example, a base metal catalyst (catalyst B of sxample 1) and a

- 14- . . A . ) | 4
Thi s exanpl Bl%wgmfﬂ?ﬂaﬂﬁ‘&eﬁﬂ%(fbgf%‘hﬁ‘ ‘éﬁ"luﬁnt(%attaal%%rlrs‘eog%‘r%ph %))n‘géggg& Eeﬁat of
exanpl e 3 exadRtubstmtibBythelsamt kendifteind is Ergapleds Heimiddiedistillaseul fur
compounds to achieve 30 ppmsul fur and a 25[err]F as&g&?l ng

t enper at fir e pprduets werefuther analyzed frismoke, point and: freeze paint gad dWs[err]F

ascending profile I.cedqd ; . o typical
conmer ci al E%HB#TS\(IJ?@“P%% F gtguﬂ?gréggﬁnﬁgﬁﬁgfeé? ?lﬁfbtg%b% tﬁppﬁgfl‘ggt e that the
even under ?)Bl%d&&ﬁ eatalyRbfthie irivieAtiomis nivre belentive for the nilddle distillateproducts

pl ati num pal | adi um catal yst _of this. in en;égtr] %rmre,sel ectiyve for
the niddl e dhands thebase metabratalyst; Theresplés also shopy fthat lasshydrogen iy consumed,
consuned | e agen Lsan e t:h ot Stihi : Y in
exanple 3 r zr\?/tehg?bggcf%ﬁqgﬂn éﬁg})g&é@ﬂ[}e%u&gg? gf’{'?gt vvasinan%rngngg&s%g%?gbl eto
cat al yst0agifiithet Mdidatexthak tRéprbpetties of iha niddle distillateympadetweith 4 platinum-

Sl et vi |y palaie pSa ot s eonyiFRpre Aty i Sapies hose Achayit e bR | at o
product nad%éwtcmslpl atinum pal | adi um catal yst of this invention wer e
virtually the sanme”as those made with the base netal catalyst. 15
Tabl e 4 Second- St age Cat al‘Y?otle3 B A

Second-Stage Catalyst B A

Overall Yield, Wt%

Cs- | | 6.7 4.9

Naphtha (Cs - 250°F) o 20 | 24

Middle distillate (250 — 550°F) 69.2 732

H; Consumption, SCF/B 1560 1480

Middle Distillate Product Quality

Smoke Point, mm T 31 34

Freeze Point, °C -61 -59

5% cut, °F 259 259

50% cut, °F 401 400

95% cut, °F 543 545
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Overall Yield, W% 4-

8.0 : Napht ha (C5 - 250[err]F) PCT/US95/04685 - B
24. 8 W%gjw‘""ﬁ ddle distillate (250 - 550F) 67.0 72. 4

H2 Consunption, scf/bbl 1580 1470 M ddl e
Distillate Product Quality %F@ I301 nt, .

30 30 Freeze Poin -62
- 57 o CU er 259
50% cut. [err]F %s exax’np{e was]run under subst%ﬁllly the same cgaﬂmong gs that of 95%

cut, [err]F example 3 except the feed to the secefid stage was sﬁE&i with sulfur compounds to
Exanple 5 The sul fur tol erance of pal | adl um cat agi/

Catal yst F, (@dua\teﬁﬂpnm sufucand p25fF ascendme\tqmmrtem lei wasrBractie

pl ati nump d| cat arrpl e
1) were tei1 gi ciftéﬁﬁ?sc%g@ngsgrgﬂ fe acgatéxgh%ss% @ds&%e t&%ﬂdﬁ f eed
5 containi n@ﬂi&a@@oxﬁﬁﬁkﬁ'ﬁl%oﬂdméﬁﬂ fTHe, reémﬁ shinasibed in tableet 'ﬁdicﬁte\thdtﬂxé eed
contai ning at 1 east 100 ppm sul fur. Test conditions were

substantial |y evmeuxsbnﬁxe@scqndmgmeﬂip@nd high sulfur conditiops therplpgruna-palladivrad f or

short |ntervals eed ¢ 100
o sul fur ¢ SRRl e xeBO BaC e eldeRive Rt RERIGH: Wt ponguff 168

sul fur. Tabl e bﬁseﬁﬁ&ﬂlsca‘tzh?dt ahdbtsMekd Fess Hjdroged Girpprfsos svith the sésuits)
performance 10 (neasured bé ] et fueltgleld | o0ss) when contacted with the

hi gh sul f 4 feb@meAtm examplpd revealed that thg\base metal cmlyswg%wm suseeptibleda 10. 7%

| ess jet fuel eak 4§ e ast,
Catal Yot A natelstomtEil e 2 felRl it then the glatuhGShnactiin il
ext ended peri @fthié invemfbnR T4 e&line hmsdldutivity e SAnalysis protdts tdivatsdubatdhel . 6%
| ess jet fuel at the end of the test as near the beg| ‘nni ng of the

test. In a se&ifdedissillateproductapade with ap mnbaﬂtaémaatatyﬁw bis imyemtian| f ur
feed, foll OV\BS"‘%’/ %a@é{ehgr}g&g&p o'sé)ﬂxad é&sg&&g%&% In this second

test, Catalys ess énd of the test,
conpar ed tlg near the begi nni ng of the test These results show that the
m'to

pal | adi u nt ai ni ng catal yst wassignificantly nore susceptible to sul fur
poi soni ng that was the catal yst of ,I.ati’?ej‘nvent ion, which contained a
pl ati nuni pal | adi um al | oy. ae==
Second-Stage Catalyst B A
' ' Overall Yield, Wt%
Cs- 8.0 5.1
Naphtha (Cs - 250°F) 27.8 24.8
Middle distillate (250 - 550°F) 67.0 72.4
| H, Consumption, scf/bbl 1580 1470
Middle Distillate Product Quality
Smoke Point, mm 30 30
Freeze Point, °C -62 -57
5% cut, °F 259 259
50% cut. °F 400 400
95% cut, °F 543 550
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- 16- 99147625 Table 5

Sul fur in- Cont act Jet Fuel Rel ative Yield Cat al yst Test

Feed, ppm WOAS2Shrs Yield w%  Loss, % - ' l":'1"‘*'599’"“‘5552
800 71.3 50 ' 180 66. 2 7.2
100 132 64. 3 9.8 Catalyst F T1 2

220 69. 6 2.4 Example 5 - 10 350

2 400 69 470
63. 7 10. 7 The sulfur tolerance of a palladxum eg@alyst, CatalyzpB. (Catalystﬂs Catalyst

T2 200 Pi éﬂ the ol di %8, thi 7%\ 8

16 Cat al y%fvn&out a um)agél e platinum- 6]& ium ca ét%f is mvennon (Catalyst

380 84{? example 1§ 3vefle tested. Each:chtalyst was tested ov%r ah®xtended ?Lenod with feed 30

5 contaxmng high amounts of sulfur, and%‘gr short i mter\%lsomth 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 suffeéred 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

~thetest. 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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hydr ocar bon into a product of
wei ght and I@Mfg&e"r age boiling point conprising contacting a
hydr ocar bonaceous oi |,

at 5

550[err]F to mddle

conponent,

pal | adi um and
pl ati num 10

conprises frof about O

VWHAT IS CLAI MED | S: 1. A process for converting a

| oner aver age. pEPIUR6ID4RES

under hydrocracking conditions sufficient to convert
| east about 30% of the hydrocarbonaceous oil which boils above
distillate conponents having a boiling point

of less than 550[err]F, with a catalyst TableS conprising a cracking
a bhinder and._a h)_d_Lg.g_e_qat ~on—conponent hnr!‘pri .Qi ng
platinumin a rol Sbifuein; o [ofComecteqn JeoFuelanRelatipe Yield | 2.
The process a¢&atalystg 1 oTestail m Heedipprei 1] Time.thos dr Yield Ma%of phossalle umit o
in thelalloylis be2ween [abo800 4. Q: 1 Zhd abput 1:4.0.
3. The process accordi ng to C-aimit—wherein-the '”"ﬂmgenat en—copponent
10 to0. 2550 % pql | ab#lm dnd $9-8m apout 6210 t¢ 0. 25
- 100 132 64.3 - 98
Catalyst F T1 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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wt % pl ati num 4. The process according to Claiml|l wherein the -
cracki ng _conponent conprises 15 silica- aJ um na 5. The process
accordi ng WO¥4I68 4, wherein the cracki ng conponent furt her PCT/US99/04655

conprises an ultra-stable Y-type zeoli tmlllllmlu“mrlmmﬂltr ocess according to
Cdaiml wherein the bi n s al um na. Wtcess according to
Claiml wher ll'&'&ggé $bonaceous feed Sista %0 denitrified VGO

contai ning |ess than about 200 ppm ni trogen 8. The ﬁr ocess accordi ng
to Claiml %wmewforwnmﬁt dyqsathonageays 9ihinto a product of joweravaragenaceous

Sccordi ng to cPateE AR TopAME-s? BB bhine comepisipd ponfdlinlaocc°

hydr ocar bonac eigidsocatbonbcedusioilamder hydedcrackingronditionbsufficiehotcodd@{arr] F. 25 |
10. The gr ocess according to Caim| conduct ed _at hegdr ocracki ng conditions

sufficiedt to leestebout 38% ofdhe hydseeashonaesans pil whichBailsgbaymd¥iEcomiddle | whi ch

boi | o
agl)vz 550[ err ]415‘t18‘“‘rﬁ°d‘aﬁ°é‘°ﬁ‘ﬁ£‘t‘Y‘P$ &tb8“‘é‘§ﬁ188’ﬁ8ﬂte§s Wﬁ%?ﬁ% awgt&alqa%ysboi nt of-
l'ess than compriRftigl£drhdikiing componert]a bidéy, &ES Rydrogenafbly Bsrhpstine

hydr ocar bonaceous oil” into a product of |ower average nmol ecul ar

wei ght and |ov@mmmgag&arbmanﬁgﬂwmm@manrgtmgfb@tmea@torigmd150

hydr ocar bonaceous oil, under hydrocracki ng conditions suff|C|ent to convert
at e r { .S above
700[err]F tb afﬁcfo;?y&?éﬂ;a&%@{?% 't%f‘rgtg’gg‘%g‘n‘g%ﬁ%n 9 a%é%‘ %gl %1 j' poi nt of
l ess thae 700[iankd &loys bétweers abcuk ¥9t1 and about 1:4.0mpri si ng a cracking
conponent, a blnder and a hydrogenati on conmponent conpri si ng

| ati num and |l adi umin nol ti.o of between 10:1 and 1:10.
P 3. P e process accorcii ing to élraun?where?n the%ydrogenatxon 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.

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.

25  10. The process according to Claim 1 conducted at hydrocracking conditions

sufficient to convert at least about 50% of the hydrocarbonaceous oil which boils
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1.

e L B——

above 550°F to middle distiilate components having a boiling point of less than |
550°F.

A process for converting a hydrocarbonaceous oil into a product of lower average
molecular weight and lower.average boiling point comprising contacting a
hydrocarbonaceous oil, under hydrocracking conditions sufficient to convert at
least about 30% of the hydrocarbonaceous oils which boils above 700‘5F to middle
distillate components having a boiling point of less than 700°F, with a catalyst

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.
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