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cat al yst. lasttraces of wax which effects pore point and cloud point causes a yield penalty.

Thus, it would be highly desirable to have a process which optimizes the yield at a

given V1.

20 In lube oil fabrication, the catalytic dewaxing or hydrotreating, or
hydrocracking, s carried out in a reactor with discrete zones or discrete reactors. This
procedure is costly, and adds to the complexity of the overall process or the internals of
a given reactor. Thus, it would be highly desirable to have a catalyst layering system
wherein one type or kind of catalyst is layered on top of a subsequent catalyst. Such an

25 arrangement provides for faster sequential processing as well as more compact designs

and simplified processes and reactor internals.

SUMMARY OF THE INVENTION

The present invention is directed to a process for preparing a lubricating oil base
stock comprising dewaxing a waxy hydrocracked oil using a hydroisomerization

30 dewaxing catalyst.
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a alyst; and

said first cat st conprising an | sodewaxi ng cat

a second @fdcabsysd ploaysrineoiving Bgeqfentalf sterstof daidadtyeating ayremove herirashtégact or
said second 20 catal yst selected fromthe group consisting of noble netal
anor phous aeatlegss aportigrhidhe aromatigs follovred hydwdsrtienting/bydraspeking forr
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solely a reactor charged with solely said first catalyst. 25

I n the pré&¢eondstrgphydwsrackmngevhiglk gorapaisess cont acted with hydrogen over a
hydrotreati ng catal yst conprising a noble netal hydrogenati on conponent on
an oxi de a fastpgatal ystimh téactor Bhé onfwlictemsechbnd catilhs iblageret eidd fing

catal yst bed is then contacted with t he i sodewaxi ng catal yst.
catalyst comprising an isodewaxing catalyst; and

a second catalyst layer on top of a first catalyst layer in said reactor said second
20  catalyst selected from the group consisting of noble metal amorphous catalysts, noble
metal hydrocracking catalysts, or combinations thereof and wherein said first and
second catalyst combination achieves a longer catalyst life with higher activity and
higher yields at a constant VI for the base lube oil fabrication than solely a reactor

charged with solely said first catalyst.

25 In the preferred process, the waxy oil is contacted with hydrogen over a
hydrotreating catalyst comprising a noble metal hydrogenation component on an oxide
support matrix. The effluent from the hydrotreating catalyst bed is then contacted with

the isodewaxing catalyst.

The isodewaxing catalyst of the first layer comprises a medium pore molecular

30  sieve, tailored for high yields of dewaxed oil in comparison to other types of dewaxing
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hydr ocracki ng catal ysts, .or conbi nati ons thereof, conpri ses a noble

metal sel ected frifRebbed Sty it N GHOREMTBE Sosp chidibttdi dThoBleahbam 10 _
pal I adi um rhodium ruthenium iridiumand rhenium The preferred platinum
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Accordingly, in a preferred enbodinent present pr.ocess _conprises
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and le nf yst in
t he prggengelg?hﬁﬁgnogen @nﬂﬁ?xﬁ?ﬁﬁﬁ%ﬁd&h@%&%ﬁ@%ﬁ%ﬁ%ﬁ% onsgltc%produce
a hydr ot r eahetdlsard platitura, grladmns os tombimations thereafid contacting the
hydrotreated oil and the gaseous streamw th an isodewaxi ng cat al yst

at i soneri zati onagQpdthkly Oﬂﬁa %&f&f&@ﬂ%dﬁn&ﬁ%&%ﬁes@ﬁt' pro@ds E‘&ngr &? por nt
which is reduce re ive to the pour point of the y Teedstock,
and wher ei rohtaetify dmalky deddstogk which containgliess tdmxsabmﬂ 106 ppml sutfueand kesgrai nt ai n

the liquid conversiogn in the hydrotre tin reaction zone at |ess than
about 25% Biyan o0 ppm nitrogen With a hydgotge é%&?‘éb’é‘ BriboaieRwie of tlidrogersent
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t he process, conpri ses:
at isomerization conditions to produce a dewaxed oil having a pour point which is

reduced relative to the pour point of the waxy feedstock, and wherein the hydrotreating
conditions are preselected to maintain the liquid conversion in the hydrotreating

20  reaction zone at less than about 25% by volume.

In a separate embodiment, the present invention is directed to an integrated
catalyst system for preparing a lubricating oil base stock. In the integrated process for
producing a multiplicity of lubricating oil base stocks from a petroleum feedstock, the

process comprises:

25 a) separating the petroleum feedstock into at least one light distillate stream

and at least one heavy distillate stream;

b) producing at least one light lubricating oil base stock in a process

comprising:

i) contacting the at least one light distillate stream with hydrogen in

30 a first hydrocracking reaction zone, at hydrocracking reaction



25 a) separating the petrol eum feedstock into at | east one .

light distillate stream and at | east one heavg/
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c) producing at least one heavy lubricating oil base stock in a process

comprising:

i) contacting the at least one heavy distillate stream with hydrogen
in a second hydrocracking reaction zone at conditions sufficient
20 to remove at least a portion of the sulfur and at least a portion of
the nitrogen from the heavy distillate stream to produce at least
one waxy heavy oil fraction having a viscosity index which is
increased relative to the viscosity index of the heavy distillate

stream,

25 ii) contacting the at least one waxy heavy oil fraction with hydrogen
in a second dewaxing reaction zone containing a layered catalyst
system comprising a third catalyst and on which a fourth catalyst
is layered, the third catalyst comprising an isodewaxing catalyst;

and the fourth catalyst selected from the group consisting of
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contacting at |east a portion of the secondg dewaxi ng reaction

zone ef ff uent in a hydrogesafficiant teeprodiiema heave leliricatingl il basesstocks
sufficient to produce a heavy lubricating oil base stock,

wher ei n the procedsreiwtheprogsciorpréduingl the atlehst A€ liphtdabritahak il s Stoll |
base stock and the process for producing the at |east one
heavy | ubri cati ngnbihe psessss for peaducing the at least one heavy lubrinatiog edl base stock

simul taneously in _parallel .reaction t.rains. . . An advant age of
t he present syst%rr%CS{}@YCt%%)ﬂg‘éﬂP'???ﬁé‘y IB%?ngea‘é%‘tt%'i s the 10

ef fectiveness with ich the present process may be used to prepare such
high quality  Anadvipage ofithe Piesent systemyovisarRmvaatEenal pajalysisystsmsiinghcoi | s,
and parqy cu VW . Lch are.not conventional l
recogni1tzoled %@cglﬁfﬁgl%%&@g@%g% gnLBS ccéngg’%ae}b%? lllsg‘.j to"prepare stch hlgﬂ QUAHBhg
ot her fact oae oilbesqfulefoe Rianufa¢tiing Aabricatina oas| 48 phRRuBHFGAVETatddthals t he

performance of an isodewaxjing catalyst, ich is tailored for high yields
of dewaxed Which agg pot cogvéntionaletecpgniaedhar witable sourcesefor suddwaxpily cat al yst
I's replaced in the dewaxing reaction zone with a hydrotreating '

catal yst conpri sAn@ng otisdplfsctons] the pheselitigediaiondfbased on theCdibdyvesthat thee
catal ytic performance has been found to be particularly i 'ni)r oved with
¥

a hydr ot r eaRiogmansephasisedsitaging Gatplestpwhich iueliprad fordiigyteldsoyf dewaxed
hydr oggrat i ‘o 1 LEically. have.di scovered, to
our s uﬁg ri séem l%_ Ha OB d?gg)%g&%ﬁty_%%rd g‘??’gg{l !c%%fy Etal§ 5%,@%%egllré%rd%tw@xf'}$e _
dewaxi ng r eRadtionrzoas Math Dhydrb@eHing CatflstEéthp@éng a noble |ni@£l%%§o%ﬁ§ﬁéry tic
dewaxer operability, reduces the effect of uncontrollable éxothermc
componeni. The catalytic performance has been found to be particularly improved with
a hydrotreating catalyst containing a platinum/palladium alloy hydrogenation
component. More specifically, we have discovered, to our surprise, that adding a
20  hydrotreating catalyst layer to the dewaxing reaction zone for aromatic saturation
improves catalytic dewaxer operability, reduces the effect of uncontrollable exothermic
reactions, and improves the properties of the dewaxed oil. Even more surprising is that
including the layer of hydrotreating catalyst in the dewaxing reaction zone permits
reducing the severity of the hydrocracking step prior to dewaxing, without affecting the
25  properties of the high quality lubricating oil base stock produced in the process. The
improved performance is believed to be due, at least in part, to the hydrotreating
catalyst effectively removing sulfur and nitrogen, opening aromatic and cyclic

structures, and otherwise increasing the viscosity index of the waxy oil prior to

dewaxing, with little or no loss in lube yield.
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t he anorphous catal yst noble netal which provides the 5 primary benefits

of increased catal yst activity m§§bﬁg§m§@89reat er catalyst life
wher eas the underlying region ewaxes the waxy portion of the
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Figuge 1i,il‘§13 goR! ock diagramof a preferred integrated process of the
pr esent 8 invention. Figure 2 shows the benefit in yield

with the present |ayered  dewaxing cat.al.us syst .

Fl gure 3 Showd IETE SERGF 1= TR0 Sogarat haressrt W FHESSatg e ¥er o
dewaxi ng gystem, catalyst system 15 Figure 4 shows the effect of
the | ayered dewaxi ng catal yst system on observed catalytic activity.

DETAI LED DESCRY: . P : e Lhvention
i rocted to lg‘;f‘:?}gﬁ@amggqégw@ Vigddsity index r‘:athathag&%&‘? 14 °P°%f‘fegé_” R
t he prepaeaalysosysedm.a | ubricating oil base stock. The | ayered system

16 Figure 4 shows the effect of the layered dewaxing catalyst system on observed

catalytic activity.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a layered catalyst for dewaxing a waxy

feedstock in the preparation of a lubricating oil base stock. The layered system

20  provides a higher yield of high VI dewaxed oil when compared to conventional
dewaxing processes employing a dewaxing catalyst alone. A second catalyst layer,
comprising a noble metal hydrogenation component, provides hydrotreating for
aromatic saturation and for paraffin hydroisomerization. At least a portion of the
effluent from the second catalyst layer is contacted with hydrogen in a first catalyst

25 layer comprising an isodewaxing catalyst, which reduces the pour point of the waxy oil
by hydroisomerizing, cracking, and otherwise converting the waxy molecules in the oil |

to non-waxy forms.

The feedstocks which can be treated in accordance with the present invention
include oils which generally have relatively high pour points which it is desired to

30  reduce to relatively low pour points. Such petroleum feedstock suitable for use herein



20 . provides a higher yield of high VI dewaxed oil when conpared to

conventi on dewaxi ng processes enpl oyi ng a dewaxi ng catal yst al one.
A second c§3|9§/9%5°1"ayer, conprising a noble netal hydrgﬁgﬁéﬂlbﬁ”
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may be sel goietimef esfereecdtaretein hs oaxes. Retferved petRduno iRtiates Bsil In @k es havi ng
a nor nmal boi | ing point above about 100[err]C gas oils _and vacuum gas
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01 s, pet  artim SHASF repo i il R b et ompall Sdetalent "' “and

waxes g odyagdht-RulghR s ahd BE:@P'tcriUk_@&% 818 Dils s IR lcof NI IREC 8 At
ei ther al one or with only slightly branched chain paraffins having

16 or nor e poetidnsnhereafireCracked stocks may demibtainsd frethahered! owcataytis cradangakes.
Preferred petroleumdistillates boil in the_ . ormal boili poi nt
range 200[ SRRPES HeERs0d e FIEoCk g Have Pesmibiectad tpadyRatamdlst | C ¢ o
650[ err] C. i f | 3 : hSed | : |
def |[ ned] ash g‘?&f}% g(g]g & gﬁ%ﬁgﬁ%é% %{g’?h%?ﬁﬁg%géﬁétﬁg&gé'aégéﬁﬁggﬁf ,er@. ollhly's,

as wel | as agditivthe fevdbtobmalydd tevatkd in a solviedr éxt@btor frot@sto répicdeked st ocks
may be obtained fromthermal or catalytic cracking of vari ous stocks.

The fetllst ersmatiog and velfire ard Bitioger-tertamingmalegules befare beipedriyaxed.

hydr ocracki ng process before being supplied to the present process.

Al ternatively, Gdheitppical feedstcaislivhichrare adreantapededptrkatedin dveordneet with the a
sol vent extraction process to repove 15 . aronmatics and sul fur- and

ni t r ogen- c BFSERNKENLPHI Laeégrabzéhawemb@% PQELRpiRkebove about 0°C., more  The
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after the process is conpleted

20 As used herein, the term "waxy petroleum feedstocks" includes petroleum
waxes. The feedstock employed in the process of the invention can be a waxy feed
which contains greater than about 50% wax, even greater than about 90% wax. Highly
paraffinic feeds having high pour points, generally above about 0°C., more usually
above about 10°C. are also suitable for use in the process of the invention. Such a feeds

25  can contain greater than about 70% paraffinic carbon, even greater than about 90%

paraffinic carbon.

Exemplary additional suitable feeds for use in the process of the invention
include waxy distillate stocks such as gas oils, lubricating oil stocks, synthetic oils and
waxes such as those by Fischer-Tropsch synthesis, high pour point polyalphaolefins,

30 foots ails, synthetic waxes such as normal alphaolefin waxes, slack waxes, deoiled



general ly have pour points which fall below O[err]C., nore preferably bel ow

about -10[err]C 20 As used herein, the term "waxy petrol eum
f eedst ock3¥O P8ASEMes petrol eum xes. The feedstock d&fA/e$8H2I3A t he
process of the invention can be a waxy“feed whi ch contains greater

t han abouwakB%ndaxicroenataliipeeaas. Fdéuin od oprkp88dbyvaepardting loilyfrom the wax.
paraffinic feeds having. high pofur poi nts, generally above about O[err]C.,
mor e usuak hgisolated 015669%”5%&&5 ?OFé)r‘fr] C. are also suitable for use in the
process of the invention. Such a feeds 25 can contain greater than about
70% par af f i ni cSleak ban carbe adbigined tieam ey adtydiacrapged lube oil or ggobeni ni ¢

car bon.

. Exenpl ar.y _addi tj,onal i,table feeds for use in the
process o’fe_f-‘f’ﬁ%_llibﬁ\f’élnﬂyswcrar&lng IXPWg?rﬂ_ ebﬁwﬁg?tﬁ?qefsaﬁag agsl"cfegléceéﬁ"ch as gas
oi I's, g ubgibeatl Bhifitlto RO TKEes. With BBLE GaRbdv@¥hm solveniBHRA Giiich as those
by Fi scher-Tropsch synthesis, high pour point polyal phaolefins, 30 foots

oi l's, synddulingccansbeased tctedase thomitedgealcphtant. €fptionatbyx Bgdrogtaiilg ofalkes,

deoi | ed WO 98/ 02503 _
PCT/ US9/ 13askgwax can be carried out to lower the nitrogen content thereof. Slack waxes pogsess

waxes and, gLohoe! Sk AR MEESI AR AR of SR S6b ALy SERA B 0 O

fromthe wax: i sof is referred to as 0

Sl ack waXoi¢ asntbiet 28R ASEink MR FeR WhidhHE Qak ReKEn lpddiarad Blaek a sol vent
refined lube oil. Hydrocracking is preferred because that process can al so

redud® t hwaxes are thetaforgemioenityemitable fonihe pedpamtion ol ubrisitingkoilachavibgr i ved from
solvent refineq ails, . . deoiling c be use 0 reduce the nitrogen
content. Wihéﬁi’aﬁ"?“gf’,s“ﬁmfftgr‘e%’tﬁr agf’“mm agomc@back wax can be carried

out to |l ower the nitrogen content thereof. Slack waxes possess a very
hi gh vi scosi t yThelygredcatahist pgmpises Bdirplfatpdyshin 3 reaptonas emwhd a2 dependi ng

on the i ng.. i erjal fr ich the wax has
been pr ep%lerc 8r(’j‘§.)£4é?1§§13t5 iag'tere%\,/\ga%g? ?Sér%ét%[}ﬁ{e%g?g()%ﬁ%% ‘r?%gnet\#?%l n%ciafaé)()%i’eanpoar t he
pr epar at | @eopd cAtalkt 18pdrionGoP bf 5 ik ¢kl st layer in\sidedti@Raidi ss€afl dayalygndi ces,
i.e., fromabout 120 to about 180. The | ayered catal yst
conprlids essedected gomahe atoppcongistingrawbls metatiaroerpibiiscdatadysts, noblegeataind
catalyst js,layered, said first .catalyst conprisi an i sodewaxin

cat al yst ; PERETACKinE basisor Fommitls ergaly 0 cRtahSuR S PIPEE e vt
layer in gajufl 118868 Rr7098bFlvaBRRME tkeddedbBlatdlPst laye kLB dobRMIRg gr oup
consi sting of noble netal” anorphous catal ysts, noble netal

hydr ocr acitiaug 30%t Il yedume ob thedonbiataly stdmr.t Rmmealaut e teaticat §8% Yyayer

conprises from about 1 to about .70% b ol u f the s d catal yst
[ayer andv§HBioLB ecombpaYs! 18Yer ISR HTed M On dPee 0P 200K 3074 Y cat al yst
layernp FrofufR Yeing b & réterid, thlrénfiinder being the first catalyst layer.

The layered catalyst useful in the present dewaxing process comprises a
hydrotreating catalyst selected from the group consisting of noble metal amorphous
catalysts, noble metal hydrocracking catalysts, or combinations thereof. Useful noble
metals include platinum, palladium, ruthenium, rhodium, osmium and iridium. While

25  the hydrotreating catalysts utilized in the present invention will contain at least one
metal, it is also possible to use combinations of two or more metals or their compounds,
such as for example a combination of metals containing both platinum and palladium.
A number of methods are known in the art to deposit platinum and palladium metal or
their compounds onto the support, such as, for example, by ion exchange,

30  impregnation, coprecipitation, etc.



vol yne of the second catalyst layer is preferred, and from about 20 to
about 30% ol une being nost preferred, the renai nder '
first cat alb‘%/('&%(gfo ?ér Thegl ayered cat al yst useéj(gﬁl[{}%ﬂh?%g

present dewaxi ng_process conprise g/drotre.ating,catg,l st selected
H%éﬁs, nobl e

h
fromthe group cHifshxdroticptige Cﬁﬁgsgﬁﬁ’é’f"ﬁ?o’aﬁﬁ E5RJuatTix materigl gy
| hyd : | ' : | |
] Y RS A8t o oSBT A a0

nmetals inclu at' num rut henium “iridium
Wi le 25 Thbledey i tht heatix ngrecial &l af $dast orid bind@dsuch ak hetupd Bseurrinpwdafisi on
will contain at |east one . metal, it is also possible to use

conbi nat i oréndgnongaric exides peedriptimprovsrthe praish s@mgslmggaxg,catalyst- Thewsideas for

I nbi nat.i . et al I,ni K h, bl at d | adi
A unbeP of B oE e Sl gt der AR R R Rt B e SR e BRbY 36 B um
metal or  the art FRSrkpARIERAIGSs, HURIHH SilieH Pit@hina, ﬁﬁg&-s&? zirédiia, SRR €, Dy
| on exchange, 30 | npregnat’i on, copreécipitation, efc. WO

98/ 02503 Clays may also be used. The preferred catalysts employed in the present invention
PCT/ US97/ 12339, : . : : . .9
The hydr ot rA@BRihg o¥ide Majux matgriah that isrprrally Prepared from siiceealimina bags ch i s

resistant t 9.t rat.ur. L | thons. lL.oyed in,the present
reststant by SRR o0l BREINGRAL DR TR By b
such agpnateithad homeenbbis dtthefer@deheous, but is pRéTErabl MR cheONd. deprefizRd t O

i nprove the crush strength of the catalyst. The oxide S5 nmatrix

mat eri al , hime bf thesixideamatrixenasenigleonsists of eh abineida geldrinddnén whiadds general |y
used in . _the art..for, preparing, catalys i ncl udin ilica,, alum na,
nagnesi a, ﬂlﬁpfﬁsﬁ&é},‘? Stq"faé?‘}flg‘.mangase "_gdt?ff y‘ggﬁhi‘,”m ?deégeﬁg%g?re*ﬂ?é%‘? eferred
catal ysts enpeRyefedud shhior?! TREMppoRURAY A8 contain refrf@bYyahiteRal9 VAL (HFRL 11 X
material that is generally preparéd fromsilica-alum nd base

mat eri al s. afimindios silichsucioas fifr examhpleatberdnadgamic waides ot tiey paitidkes nprovided
mat erigl may be 10 either honogeneous or heterogeneous, but is preferably

het er odene i sugh ppisria} degg not adversely affent thalydseireptingaetiviy ofetbefinal consists
of an al umcgﬁgﬂ%?c e for. drlic MH?ﬂhhﬁgﬁ gc Hregl:éﬂﬁ ﬁ?ee%gégr? nﬂyl ih&lﬁa ,lb'ﬁma

base materi IS rererre erern as eter ogeneous

support”. Thaenédepsacily lifited &, 3iaria thaingsiaahd airt iy onedmbihatichsehdiest. t han
alum na or silica, such as for_exanple other inorganic oxides or clay
particl es, Ganerallyetilissaluminnvilt make npetleast| 90aueighinerceatiand prefejaldy upde t he

hydr ot reat i act, vit f ot:he fi.nal . . at al yst.. r inpargani ¢ oxides
hat ey b O PSR Peioknt RE tepyER ataal cnefiBhE of B Bt S BRg
necessani | yndtdrd] WRfl cofprisé F8M oulBeRESit PerRft ®iaboQIT PwSEhCRFRND Bldde)S
t her eof . Cenerall'y, silica-alumna will nake up at | east 90 wei ght
per cent andngpeffenablyl fyorapbowt 20 weight percent to about 50 weight percent binder. The
binder materials may include the oxides of aluminum, silicon, magnesium, germanium,
titanium and zirconium. Combinations of such oxides with other oxides are also useful.
An alumina binder is preferred. The noble metal amorphous catalyst comprises a noble
25  metal hydrogenation component and an amorphous (i.e. non-crystalline) matrix
material. A preferred hydrocracking catalyst which is useful in the present invention is
a noble metal catalyst such as a Pd/Si0,/Al,0, catalyst, which is described, for
example, is U.S. Patent No. 5,393,408, the specification of which is completely

incorporated herein by reference for all purposes.

30 A particularly preferred hydrotreating catalyst comprises a platinum-palladium
alloy and an oxide matrix, wherein the molar ratio of platinum to palladium in the alloy

is between about 2.5:1 and about 1:2.5, preferably between about 2:1 and about 1:1 and



100 wei ght percent, of the matrix material exclusive of oxide binder, and

the matrix 20 material wll conprise fromabout 5 wei ght percent to about
70 wei ghtWBEPEER? bi nder, and_prgferably from about ZSTREPHM3Per cent
to about 50 wei ght per cent bi nder. The bi nder materials may include

t he oxi deaosjfprdbmbimthmplamunntorpalla@gmngmq L:geér ffhnpampularly preférrédani um and
zi rconi um I N, of. such oxj,d t h, ot her oxjdes are al so usef ul .
A of o rataly aoics icacfuie? BEthe PALEH b st S Ve ot arana

conprise d s (i.
non- cr ysEQs gﬁu?%?%&@ﬁ??ﬁ&ﬁall@ﬁﬁéﬁ?ﬁﬁ&'p%{? 1pr eferr e%gﬂr%}ggg | ngq@yat al yst
whi ch i s neséforl higirertrieetipn esmperaturnsewhichrinérsase undesirablenvedtkingrebalons at al yst

such gs a Pd/Sierr]/A Jerr O[erré: catal yst, which is described, for
exanpPe, TRgs endspradyce produgts of loyy stabidigy. Tlh'é a&lg)émafqr@htsladw“matmtch i s

conpl et el r 30

A parti cus%ég?lfs m&r%?%?e?lég‘ghja% %ftp'gea Iﬂ?@t%% %ﬁﬁgﬁ%ﬁeg d g chtalyst

pl at i numapad 4pgbHMThe catalydt isqye@ﬂﬂxmbﬁ&té&xmwdémcm flefedcifhgiprar ratio
of platinumto palladiumin the alloy I s between about 2. § 1 and

about 1: )% 5,398 408y thisIspedificatiosref aﬁmlt isZzompiately atnompordted heeih by reference WO

98/ 02503
PCT/ Us97/f¢balhpurposes. In addition the complete specification of copendingly filed application

oSt 197 fegriabd YSHIRE IBRdR Rodibiadl! particularly
preferred ' cat al ysst e%?dt(%tos trhe acit:kt%llg?{a;lgo (f%o%%%?f%nﬁlm based

cat al yst cohiairingrhube Seedstogk?,fmd having dovkdtuiunibet 8652448, Bicotnptetslgr mal 1y | ess
reactive platinumbased catal yst, thus avoiding the need for higher
react i on iReaFpRIRIed iegain breterenrn for slowpasgesi rabl e cracking reactions 5
rates and produce products of low stability. This alloy material is a new
cat al yst Tfspecﬂqsefandd bydroteaing databyst dasa sotaliperovolphe pieatemtiznd

pal | adi um net t he .cat.al support, The catal [

pref er abIr%'o'f”:;l(i‘jJ“r"?s &%y @dp’felﬁerg@ ﬁ%{éemwt bgé I*M“hg"é cgft about ?//"Usld

5. 3995408 e tfiBl;SRIEASE b6 B9 oF Bt Bol v ciBHBbERE Y uymaa% BERObALf R €1 N bY

referenc pur poses. | tion t te specitication of

copendi ngif grdakdraharngipiut ¢600 mgsﬂtﬂms, \enh tHel rathirh&ml MunRsSmséraﬁére volume
Hydr oconver si on Catal yst and droprocess of Sul fur- cont a| ni ng Lube

Feedst oclPreferably bring ﬂgeatféélﬁéto '(Jﬁ'ﬁe(g fasapad herejns thederm) epegrgporous”
mcorporg&ﬁﬁs dt%ear@aw m,am SIEh sexg%gsk{n oBHT BIRES volume. i.c.,at least th,hﬁgnmt

preferre otre asa grea

about 0. %r&rdf/d@mﬂbﬁﬁxeﬁ@bihymgb@&tl(BOODﬂh%@tr&h@uhﬁQa 5ﬁmﬁrdnemral:{ oreWi t h at

| east _about 1% and 15 preferably at Ieast about 3% of the total pore
vol u béﬁohgmnreﬁ%réblmsrr&greateﬂhamé Qdem’/e. of greater than about 1000

angstrons, with the m nimum anmount of nacropore vol une preferabl y

bei ng great er Rdrasize di¥frimnidvhdor the catbatsemnployed inhke presem investiaprr ous”

refers to a catal yst having a relatively | arge amunt of pore volune, i.e.,
at | east 9ptgymined using mercury intrusion porosimetry as described, for example, in ASTM

D4284, "Pore Volume Distribution of Catalysts by Mercury Intrusion Porosimetry.”

According to this procedure, a catalyst is heated at 450°C in 2 vacuum for 30 minutes to
25 remove water vapor and other volatiles. A weighed portion of sample (0.3-0.5 g,

depending on the total pore volume estimate) is placed in a volume-calibrated sample

tube. The tube is filled with mercury and inserted into the pressurization chamber of a

Quantachrome Auto-Scan Porosimeter. The pressure in the chamber is increased from

0 to 60,000 psig. As the pressure increases, the volume of mercury in the sample tube
30  appears to decrease as the mercury intrudes into the pores of the sample. Apparent

mercury volume is obtained as a function of the applied pressure. Apparent mercury



pores of dianeter greater than about 1000 Angstrons, with a m ni num

macr opor e b 9syBbyime preferably being greater than 0.07 cnf gethsseri23se
Pore size distribution for the catal yst$t enployed in the present invention

S d ' | ' ' ' | for
exarpl e, | I RE oGB! SRR BT ) oo SRRSO
Mercury | niespiekioslyP®easlts@t kaported as plotA\cEpure ivolmie(it bnd) apdeastilitive pare
catal yst is heated ,at 450[err]C in a vacuumfor 30 mnutes to 25 renove
wat er  vapovolume (emPes afonetion af porediamictaiéin angsrorns. dinalysianfahg data gives g,
dependi ng 1?.” the total pore,vol une

B phitEal Batop e Bt iRediRd tie Ryl b il bare Yplme and

vol une- cal
i nsertgd i@iRrdiiRe PERERUbIT péleQRIERAMRQD0Of a Quant achr ome Aut o- Scan
Porosimeter. The pressure in the chanber is increased from Oto

60,000 P & AeThORy BRI ALk b0 MLV B I (1 el

tube 30 appears réase as ; . he pores of the
sanpl e.  APRFiEBt to act as ANRIfFedfive ¥A41YSEnithe RRirotdhRHoR6f fe luHchiif oRbatd e

appl i ed pressure. Apparent nercury WO 98/ 02503 _

PCT/ US97/ 12339 Generally, the amount of alloy on the support used to catalyze a hydrogedation

vol une and applied.pressure e then.related. par.e vol une ( and pore

i at er | (eSS Witk e SeRe ot e PR R on vl b R L THRE AT aPolor o
vol umap(i rbéﬂ&%:’ £URUbAbLYUS Weipht t, préfralI tHeGHEDe i@ %ofh dbYlepion Of
pore di aneter f%{egﬁgstronﬁ . Analgyslljgceox}"}grhe %gfa gigi\%g)éesl ° Mt??el per cent
macr opor e weighnpereent oo abhony 1 tweightpefaentruGeneriley, additg lesated itaneabdol Lme = 5
(macropore vol une/total pore volune) X 100. .. The anmpunt of

pl at i num pasishipaseanarf B abliox dees ot stgnaficantly dmpravgson theactivity of thaeatalystent to

pase - iR @hRon iy BB IRV ol st lced (o

catal yze &N&FH{M&?@B}%MH)' not HIEAGASS thY performbi® oTeP&@tAdstt he present
i nvention will be within the range of from about 10 0. 01 wei ght percent

to abgyt 5 wei gﬂhugﬁ%ﬁgﬁ em\/\gPS @Wwh ihike %{Eﬂg&go?igl Efagg%r?%gt! afladium

wei ght percent to t percent. ner reater than
about |  metal overtheifcopb@Ritondd thelseppdrt, aycliiag forexempley By fdrcexahhnge, mpr ove on
the activity of the catalyst and is therefore economcally

di sadvant dgwseenatipp\eopracipigheonmie fthashewnsfoupd thet depositing@lajisumpendcent are
usual ly nat ,,harnful .to the perfo 0 e catal. B Y I A
nunber of pr?g? %‘3&%0%}}15 RRBWR 1R t’%gl%%%%bfsgoge&?srl enplﬁgér}ur?ﬁﬁ? B%r&c%lgfwagji um
netal or taQhritaSQie Yited usidtaconBR LAY BEREbn coMEMirSactiv® EorRyeuas ®f bbth 1 on

exchange, i npregnation, coprecipitation, etc. It has been found that
depositi nelatinm andpaltedium underpeadontralledpbn Thesontaptpng soduticepteferab yavill

catal yst qf .t esent invention i articul arl adyan eous when
o o o e el SR s P H e, Bt bf HoRiatt o imabodt G oV ates

| ati num : ' I . . £ LI i an

Bref lar;bl ;a/dﬁ%l??&m%ﬁ?ereg ?66)h£| n%tgjlhﬁmgﬂgﬁ % Elﬁ;‘\lhh{t}%érﬁ&a%{ggof from
about 9 t cuppatitbut the fifed] distribution of thi aliayeorothe tshporiiay acside asdyvdrableaed t o

deposit plati num.and |l adiymjointly on the
P P those obtained WE) n t%is p rg.nge. y

25 In addition to the hydrogenation component and matrix material already
described, a noble metal hydrocracking catalyst may further comprise an active matrix
cracking component, such as one or more molecular sieves, including non-zeolitic
molecular sieves and aluminosilicate zeolites, added in some cases to increase the
reactivity and/or life of the catalyst. Zeolite-containing hydrotreating catalysts for the

30 present process generally contain between about 0.1 and about 20 weight percent

zeolite, and preferably between about 1 and about 10 weight percent zeolite. Preferred



support, but the final distribution of the alloy on the support may not be
as favorabl e as those obtained within this pH range.
addi ti on V8 %¥M¥%ydr ogenation conponent, and matrix naterial Caf‘ﬁé?a(&?”

descri bed, a noble netal hydrocracking catalyst may further conprise an
active maeplitgs for the hxdra%&kthg Cé@hﬁéﬁ’éhtde zgplitRS Xs Xppaed ultraptable Yol ecul ar

si eves, ijiclu n SLeV nd .al ym nosilicate
zeol i tes, aﬁtéfdlgﬁpyg‘?{ %&?é '21856?183? }fﬁ%vt"é%g §a{nﬁgork S% 7i “ilégéfait\?i#ﬁr%/ or life
of the caha aboht l@%h'p}éfeﬁgﬂrt%?{bﬂhmmdﬂbbeﬁsb'woﬁx%F e trdarbMis Ihe 30
present process generally contain between about 0.1 and about 20 wei ght

per cent associatipeo¥ith the zeolite po mhipoad tgnveesioveencatdiyss seléctanity isbisotwithin wei ght

percepnt zeolite. Preferred WD 98/ 02503
PCT/ U9 7/ thoesspe of the present invention. However, while the cracking activity of the 12

i 1 ast ol eyl MARRE W BAE! Aelted WA ¢ RRbLR Ruchar TR,

f ramewor ko Sie@aeilyst/ L3t A€t vl rs]subﬁhmﬁhll?ffr@rcﬂ‘dhﬁfme is prefch’@dm about 10, and
preferably greater than about 20. Use ot her active materials in

t t t
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cracki ng desfaxivip tryactibn zbse is contactey Wit liyehbdend venh ahtxiybt laper daﬁuphwntgfw
|ncreasedw%\é addi ng a hal ogen, such as fluorine, to the catalyst, a
cat alQst isgdewnxing caabst Aheicandigions wedeswhich the .hméroirsatmgédeewem process

At | east f e. dr | ng cat al yst
in the of # ﬁg}nﬁﬁné%aﬁs%neﬁz%%ge';eéﬂé; ?%‘8? Se‘&mfﬂ ey‘éfﬁ‘(gégﬂ over a

cat al yst vithifh r&pefFdrs abeut33040 to ab&actsm%ﬁgawr@hyﬁom JIPFCRMbohi ONS
under whi ch the hydrotreating/ dewaxi ng process of the present .

i nvent i orB0PEF, dhag pressirerangeifiemaibpyt | 5n7(§>l apgat %50@% preferably\fhine Rbdwi 208

boo or 1 20 28 abEPHE St maRnElrably bR ARRE LS spBHT0 gl Thsont 15t o
abOU‘1535QQuR§!'xcﬁnl A sletalli @rarpheite BRlcting i sgek&aq%%h é&%?oﬁ $b9, and

nore preferably m about "1000 t'o aaout 300 g rquird hourly
space velabouu%ﬂ I(rLHﬁ\d)c praferatdy d‘fmntahmnﬂ@ tosabqﬁrié)rlul | hé commetbpis 0.1 to
about 20 hr H)J nore preferably f,é‘g! about_0.2 to about 10 hr[err] The
cont act | RgeFR Came‘%?‘étf‘% rﬁs"(‘}&?P TRgRN. |%°th¥ér%e§§%h¥‘3°€ﬁf P/Etiggen. The
hydr ogen k Ve range from
about 1. (5)&%8 ag{)%ﬁg nﬁho{ Elfrom aboul?l?)ftg B jh()fxﬁl) C§H\M Emnmm)re preferably

from aboﬂiydﬂc@aﬁb@naﬂhﬁtttp@&rabw ﬁ@rﬂ%olnewmlﬁuﬂgo mdmsdﬂzqsaamhﬁa As used
her ein, LHSV is expressed as volunmes of oil per hour, vol une of

cat aP§st hydrpcarbons Asrused perer, LHRY isexprassed asiviolpraesaf é‘ﬁlsﬂeb RO Pfing

hydrotre iLn e. present. h e rocess
orior o Vol ot seratvasnin s R B WAlle MlpllBinR BE G0 Yih VPR P1 oo
base st 0GKdediiableQNHNR/tKe presdr® h?&%%at?xfgo/ﬁroée%y prior to deWakiHg; sdife Heggrder ei n,
the cracking conversion is a neasure, 1 n vol une percent, of the 25

pet r ol eumffce@milomlofm hlhnp@ml/baspéwclddm n:gpmgidupmetmtag%,maa reaction
products AH or ma . boi | Qi nt | ess thap a reference
t enper at lﬂp&urTﬁéIuFT %ﬁ‘é’r € prac ng conve ion 1s a measure, in volume percent, of the

25  petroleum feedstock which is converted during hydrotreating into reaction products

having a normal boiling point less than a reference temperature T,,;, wherein:

Trer= Tso - 2.5(Ts0 - Ts),

and wherein T and T, are equal to the normal boiling point temperature of 50% and
30% by volume, respectively, according to a D2887 simulated distillation, of the

30  petroleum feedstock to the hydrotreating reaction zone



Tlerr]= T[err] - 2.5(T[err] - T[err]), and wherein T50 and T30 are

equal to t{g, skApee boiling point tenperature of 50% and rCT/R9%% B30
vol une, respe%:hﬂvel y, according to a D288B7 sinulated distill atxl‘on, @? t he

30 opReLr ol eum Fagqsl Acld iy LHRBHEE U hBRC AN A ores of 7.1 A, VO

PCT/ US97/ 12%3%Ppreferably 6.5. A, or less in diameter, having at least one pore diameter gréater
The i sodewaxi ng catalyst conprises a nol ecul ar sieve having pores of 7.1 A

nost pr ef etlznl of equal toA,8 Aranddwyingra ey stallitesize dfind mgreghan szt Odmeicpan.e

di anmeter greater . t han or ual to 4.8 A and having a crystallite
size of no IGHCAEPYSLIS Cﬁ‘ﬁf?ﬁfenﬁ?g”‘r@%‘rlgh?s SUfécmmﬂ‘Héﬂ%ff’ §P'§/‘é"’g‘ ?t§e¥ﬁ§¢2’d’t{eri zed
in thatgit I G : : %: :

hexadecane "SEsEie dt 370 APt 4 f0 GPREtL isBineHEARD, ittty radd as

sel ecti vi t defindd leereia at 96% hesteddcagslcdravession. afhOatale fadet imdudeoavRastign@. The

catal yst further _includes at |east one ) Goup VIII netal. A dewaxing
process enpireyp Nallmpasali dodesasing grosassampeying the isodewagingatabysiis n U, S.

norein by FEREPERILOFS P Azt Npur posa . B8 Sife dsclb AL Rishat Beipofielie 1 < of
t he 10- orhg,gfnméngeif&ganégﬁb&a‘ey_ and has a maxi mum pore di aneter of
no nore than 7.1 A across. Specific nolecul ar sieves which are useful

inth rocess t | t4inon.. i t 0).j ZSM 12,

ZSM 2?1,6) %’g‘gc%ﬁ%}f ,lg %@ESJQ_ B&E’Eﬁ%@%&iﬁé@%’ﬁ@?ﬁ §of fretite,
ferrieritemakimShsore diametsd bf nSTord ThanISY A3dtrossRpetificafioleSMEr dedzdvigtihner
nol ecul ar sieve materials based 15 upon al um num phosphates such as

SAPO- 11, smpeeflin thegmoress of thppeesentlinyention includohpeedites Z8Me h2,E3Melil, ar

[ [ | f ' blj ' h.of . ich i
heor nor ot BaMRer s 2N s eSS EZ SRl RN B rseB e aRtiere oSSR,
3, 832, 449; 38, 950349657 369987 933nd SUVLE. SPotné RIBcddSievh RAGHAS Basch 234, 23
1; 4, 440,871 5, 053, 373; 5, 106, 801; and 5, 591, 421 and U.S. .

Pr ovi s1®nahp&aslentin®f phoshhpates sath oS ABO: Hi, SKPO-80/YPOBF2MARRd 1Bad. 31,

1996. Wiil e ZSM5 does not e the pore size. limtations specified
for the i sdHa Xiﬁlngs%gtrﬁqﬂ?g{q?er s&e\zgm%dqﬁ%%eﬁlsnéhe fsollowing pub&ications, each of

which is incorporated herein by reference: U.S. Pat. Nos. 3,702,886; 3,709,979;
3,832,449; 3,950,496, 3,972,983; 4,076,842; 4,016,245, 4,046,859, 4,234,231;
4,440,871; 5,053,373; 5,106,801; and 5,591,421 and U.S. Provisional Patent

20  Application Serial No. 60/034,252 filed Dec. 31, 1996. While ZSM-5 does not meet
the pore size limitations specified for the isodewaxing catalyst, a ZSM-5 having a
crystallite size of less than about 0.5 p has been found to be suitable as a

hydroisomerization catalyst for the present dewaxing process.

The molecular sieves of the invention are optimized to allow the initially
25 formed branched species to escape the pore systems of the catalysts before cracking
occurs. This is done by using small crystallite size molecular sieves and/or by
modifying the number, location and/or strength of the acid sites in the molecular sieves.
The greater the number of acid sites of the molecular sieves, the smaller must be the
crystallite size in order to provide optimum dewaxing by isomerization with minimized

30  cracking. Those molecular sieves which have few and/or weak acid sites may have



crystallite size of less than about 0.5 [err] has been found to be suitable
as a droi someri zation catalyst for the present dewaxin roc

The nol ecmj%gs"gsg%/es of the invention gge optimzed to all OWT?I'E 7/‘1%?% aI |y
25 formed branched species to escape the pore systens of the catal ysts
before crdeletigy large cwsa@&elsgc Whﬁl%th%e a@#ﬁsuwsw%\gh@hﬁwc wpgsedon te size

ol ecul ar ?iﬁ?ﬁ&? Sﬂglgé 8& ?%CS mu be Sm% ICI%IIJ}?SIEIH?C ngnber locati on and/ or

strength o acl Sieves The greater the
nunber of acid.sites Bf the ieves, the smal | er be the

crystallite siz q Igng} d’é?het‘ifiy%?lg\ﬁ '8é5%§kf?%{?ﬁ1‘%§ék}6a&‘?fﬁ‘g156§ﬁ?§ rization wth
m ni m zed cﬁ’leensxﬁﬁ aﬁ@a?@:fﬁl&%@(X@JEﬂ @Jus%a%yﬁﬁeaymé 2 AR QAR or weak

acid sites ma 98/ 0

PCT/ USS7/ J!ﬂ'ﬁfﬂoademng measurements, The preferred size crystallites in this invention arcl4
relatively |arge crfystal lite size, while those nol ecul ar sieves which have
many and/ ék5, more preferagly 812y sl w@p@&rablgﬁ @4 mipron afpngdhefiregtionef the

crystallite SI th of .the cr Jite in the

di recti on RS (ﬁéc L) irympRy.cases i ég?a(wﬁm bmag"l%@ éﬁiﬁ "%y diffraction
(XRD) can dagrebisomdi dgqoﬁﬁ@ma:rb&%rﬁrsmm%d fo? theaB Gkeferd cristallitdsNEoPfh@adeni ng
nmeasurenents. The preferred size crystallites in this invention arc [err]

0.5, nore spr&lfcemadab:ws[aﬁrtcs] p@mZubrhyIthoswﬂraemgraedmstalbtqmieemfrs] 0.0 .microncr on al ong
the direction of th

(th d XRD |
br oaddRi ngery beeeses mash lesS B S5 s WRACHS! P GhcaamoBe PgAY 15
obser ved Qg BLALSILRGCTNLOLIRRGre (R AT oy BB Bl 5128

crystallite artlcu ose having a cryst §EVEPZE" D err ] 0.2

m cron, 1Gn1cr@tlmbrtcyyslwenmﬁrwgefmbﬁn I &s3 niiogas,tsadinisd sle@rdohfichsseashed
nDIecuIes can nore readily escape before bein ? cracked. This is even
nore true §/ﬁéﬁ ariieansmissionielqctren spigrosgape(dEM) ig ngeded to estimate the.crymallite

tallite h to 2 l.ect
Oty “or et B ke e R il Are ol BEASual S eietred B GG BRCSERADS | e
cryst 3kl i tEM accurale® G mBREANS geW@azai?Q hi 198 c8fn og}atofra%@aﬁwlﬂalvydua;

broadened. I n order to use SEM or TEM accur a t he nol ecul ar si eve
cat al yst malbﬁsmsbmemmwfmaibt pantidley iinlagler to accuratﬂ)yéttta‘ﬁmntﬁs not

aggl oner at es cles i der .to curately determ ne the

oS e MRencize. HamaE ol M o vabES b SSsRliE R bes SRAHLISS somewhat
| ess reliftllé gﬁhg{m%h}égeD val ues. The met hod used to
determ ne crysta lite size using XRD is described.in Klug 20 and

Al exander "X-r ai”hgngtfh?g%éaot'a & Ee%?r%uéﬁﬁalhtevgllzeexgmgl 2D Wyescnbeg irix R?l?gr por at ed

herein by reference
20  and Alexander "X-ray Diffraction Procedures”, Wiley, 1954 which is incorporated

herein by reference. Thus,
=(K o L)/(B » cos 0),

where:
D = crystallite size, A.
25 K = constant = 1
A = wavelength, A.
B = corrected half width in radians.

6 = diffraction angle.

For crystallites > about 0.1 micron in length, (along the pore direction)

30  decreasing the number of acid sites (by exchange of H® by with an alkali or alkaline



D=(K . [err])/(B . cos [err]), wher e: D =crystallite

size, A 2%o0 98/02503 K = constant [err] 1 [ pEFIUSTI/12339
wavel engt h, A. [err] = cofbected half width in radians.

[err] = di H’;\gﬁt!-i ﬂaggkﬁ, ; the i i8S, Ahput 0.1
mcron in %engt 1,09?% ong tleﬁga?)(lz)nrcéeagiereeclts?rgnﬁhé%h)ﬁ%g%rlga@i n%ﬂt%ﬁ]ee nunber of
aci d si t esThbisomecibatigesetefctivte of $malbey cvystdilies islekedependenabk dei aeidity

WD 98/ 02503

.15 . -
PCT/ US97/ 15iBgthe branched produets san mere readily gspape byforbeingeraekede Titsation
| sonmeri zat | sl L Vi | tent . he | somer.i.zation
sel ecti vi t{l/u?r@}g t?ﬁgﬁcqtnécrdz%:‘%{?/&s?gﬁ?sggé% gélﬂs}ng )ésbgige euﬁg ﬁ‘aé%) g’n‘?etcﬁeeas%ﬁlgﬁlfy
since the BuraichAt dahateGheresisdidrtzationdeledivesaRen@letet.bei ng cracked.
Titration during the isonerization process (by adding a base such as

NH3) to decr eas‘?hé‘ﬁ{o ';Br)éferéd caﬁWsisrthﬂe {Bn&& 'o?ﬁxei 10ChER Qreiﬁ rization
extent. h

selectivity to a snm € nost preferred-catal ysts

of the i nvedietp(l e gei atohs id themnhacfatng thtgore openitgd Wit e hidlecitatgen at ons
in the ring defining the pore opening) wth the nol ecul ar Si eves

havi ng porsegsdaving noreepenity Bzesjof £ 11 A, prefefablyapbyp Al sfuch catabyats isclute

sav sy st Esve, ZEI 7MY aSM IR A A BT SR Dt
nol ecylpar SAPWES ém%-$ﬁp@t&r¥seﬁﬁm&u%tsiems incMRE @A@b-@ﬂ%/ﬁ%—'ﬁ?’ the

preci se structures of which are not known ose adsor ption

char act er i BMAR(-3d madd S&Zal5y theprpeispstridtees af whichane hdtdnotvndmt shbsesfy t he
pore size .requirenments qf the catal ysts useful in the_process of the
present i n@péﬂmt@ﬁ."ﬂﬂag@nffé"éfaﬂﬁ catapytlc PIQPHEH TG SY t&?‘éhmswm)@? ®are 1%y

zeol i tic r’ggé&géﬁlgr[ts ?gﬁé%%taﬁ}gms l n ﬁ%%rb#e?s ?ﬂ@eﬁﬁé\é&nﬁiﬁvmﬁgﬁi ﬁg?ac’vi‘ﬁ%gi} o

defornmed (‘ndn-circu ores sat’l's equi renen

No Cro0ss- disatdysiargri@ahembiBaring zéoMic molecular sieves such E zP6188 @AY ZSM-

| sodewaxi ng catalyst is described, for exanple, in U S. Patent No.

5, 2821958, 192, haviagidefosmai {eoroeitmudary poxgh Minch satisfycbe propirementithatehey hyve
reference for_ all. . ggurt%q{s]es7 The present invention nmakes use of
catal ysts %?‘ﬂsss'%%"é’f‘é’a Adi @P é ‘ected 20 pore di ameter and sel ected

crystallite size (corresponding to sel ected, paore | ength).. The
sel ection is subhf Besqns 1sodewmang rafalyshisdessribed for pxamenle, ind -8 RyfentdNe at al yze

SO 22420 95 s Sl i AR R R Ry o
requi r emergiipbiay.c The resatttindentibh nalkey gse dthatdl gt itk Gelected acidity, selected
20  pore diameter and selected crystallite size (corresponding to selected pore length). The
selection is such as to insure that there is sufficient acidity to catalyze isomerization and
such that the product can escape the pore system quickly enough so that cracking is
minimized. The pore diameter requirements have been set forth above. The required
relationship between acidity and crystallite size of the molecular sieves in order to
25 provide an optimum high viscosity index oi! with high yield is defined by carrying out
standard isomerization selectivity tests for isomerizing n-hexadecane. The test
conditions include a pressure of 1200 psig, hydrogen flow of 160 ml/min (at 1
atmosphere pressure and 25°C), a feed rate of 1 mU/hr and the use of 0.5 g of éatalyst
loaded in the center of a 3 feet long by 3/16 inch inner diameter stainless steel reactor
30 tube (the catalyst is located centrally of the tube and extends about 1 to 2 inches in
length) with alundum loaded upstream of the catalyst for preheating the feed. A



rel ati onship between acidity and crystallite size of the nolecul ar sieves.
in order to 25 provi de an optimum high viscosity index oil_ w I.gh
yieldis Wg’fglsf%@:’by carryi ng out 1gstandard i soneri zat ipgﬁmss%]l?/é{&??vi ty
tests for isonerizing n-hexadecane. JThe.test condi tj.ons include a
pressur e FaYBoditis F‘gﬁl“%’?ﬂ ADY E‘i‘ﬁ;'ls‘o% 'S? invsptioR. Mhen “ts?fg 1 this manigh npspher e
pressure ] f Lo md 80 dioW-a349 of

cat al yst AR C%ﬁ{,%gétel? sit %a%h(gqgeeﬁgea?e%{neat?) Pgseqtré)fp%ncghbyd{%ﬁ rlg 1?%ca§di nner

di anet er wilpprefeestsly sbekt 96860t Arora0f the hekaietdritet a admperatird teeldw a5 4T
centrally of the tube and extends about | to 2 inche§ in ) | ength) with
al undum | dlseewhempthe catlysbis rep andgrcangitions whighleaddadorycanyersicneef. A

\#C::)T??J 8% / Oe%gggfane the isomerization selectivity obtained by raising the temperature, by which

catal yst, jsifeaht the %elteaiﬁgafo& Ebbd%éin? iSthén 268 heRddeb DR ds RYEONel 90 cralll& test ed
st onver

I n this manner, at |l east 50% of the hexadecane at a

t enper at upredudts Bi8( wer 40 & greatbe moae arederably 50 anigréatqrr Eheisaimesizationvert 96% or
nore of the hexadecape §$° gé‘enger at.ure bel ow 355[err]C. Al so, when
the cat al SP&CUVEY.035ed PREP Yo EnelFENVEREOMAS R FRNOEENES 2606 conver sion of 5
hexadecane the isonerization selectivity obtained by raising the

t enperature, by which wt%e breachiedtGre isptodatt vity for s duci ng

i someri zed hexadeCaRggBrafBRAE®Hirf Pro@h@Ck ety Cis in Proadstc st be 40 or
greater, nore preferably 50 or greater. The isonerization

selegly vity, 9 -S| ' ' fLped as:

wt % (gpanched ?@ﬁ%@eﬁggﬁo@%ﬁ%r SEeKESites Wsutficient b ﬁbév?/geg:?eaeﬁg ed Clerr] in

product +swh@ifdtienraktivity Bitdgdush enchith so that cracking iR ifiniafiged €Fod fedtsifebe nunber

of acid sites is sufficient to provide needed . Isomerization activity

but is | oradstoinguiBeientratalyst aetivityy Withipgmany sites Witholargencnistallites, | eads

to insufficient c%tal t activity. Wth too many sites with |arger

cryst al | i fFAGKIng pre O"‘H%z"élavﬁbmﬁf“@ &M%t es over isonerization.

Increasing the crystallite sjize of a given catalyst (having a fixed

Siderr] [AL[ elncragpiag the aystallite size,pf 2 Biver satalyst (having aded S10aA s e. g. |

al um gum __si i | Qyoc t ' ' range,

oo B RS R R sAROLR. SRR B n encr 0! ALbLA Rl

nol ecul arcryitaNige Sikd fngb, ordckéng aathéruhhmizbinerigationyd6initates. a matri x or porous

matrix. The terns "matri x" and "porous matrix" include inorganic

conposi ti ons Wrhhmolecular WevE Brykfaites ¥l sithbly B3 boaRd Wit GAARRA pofiugPer sed,

or otherwise intimately adm xéd. 20 Preferably, the matrix 1S not

cat al yt i cmhbirix. dittei texens 'matriky s Grrimesmetrixd kichgledrorgenic compositiens with

substantial]ly free of, acid sites. The matrjx porosity can either be
izt

i nher ent  Whichithggrystgldites can becg isgerigh RRAtERYISGintistatsly admixpdans .

Sat i ct I I+ : | i gani

oxt 080 HPeleri Bl hE SRR A Baaly ical UL RTRAROUDCABON LBl PREIPE &
occur ri nosubBEnGARVREd 6O4bd Sivesp e esarfid potaditg card €itheg kaifiblefenbonit afn be,

caused by a mechanical or chemical means. Satisfactory matrices include

diatomaceous earth and inorganic oxides. Preferred inorganic oxides include alumina,
silica, naturally occurring and conventionally processed clays, for example bentonite,

25  kaolin, sepiolité, attapulgite and halloysite,

Compositing the cwstéllites with an inorganic oxide matrix can be achieved by
any suitable known method wherein the crystallites are intimately admixed with the
oxide while the latter is in a hydrous state (for example, as a hydrous salt, hydrogel, wet
gelatinous precipitate, or in a dried state, or combinations thereof). A convenient

30  method is to prepare a hydrous mono or plural oxide gel or cogel using an aqueous



25 kaolin, sepiolite, attapulgite and hall oysite.

Conposi ti ngwggg ZI%B%St allites with an inorganic oxide matrix 9&?/(&81/%% eved

by any Sul | e known met hod whergizn the crystallites are1n

axaml e, SO e ek on mixt A g S for fuarple ShumiGupod sRIABERET ac o, OBr
1 & Ol o0 Aol by RIIEHORS (IESHAL bal) SORYERLGN MionTFL0! 15 10

prepare a hydrous 0 or ural oxide gel or 'cogel using an agueous

WO 98/ 0250&mount sufficient to precipitate the oxides in hydrous form. Then, the precnpltate is

PCT/ US97/ 1233%

sol ution ofWashed[q regiovR{mastPeanyr walsy §°§ulzlﬁa%l%+wéh%muahlmﬁvm it

To t o 8) ] crystallit PRE P WG ONN S lR AR Rl P b Sl HrpBRACL, | © 20d%C

to the so frcient to preci xides in

hydr ous f0rfﬁhhiﬂ@ﬁhap{d@&)i’@iﬁ@&b@(i&@Tnytr&sxon) washed to rermve nost of any
water soluble salts and it is thoroughly adm xed with the

crystallites. Vafgs ,;,&&?? .
sufficient to Pt a"éﬂ lt:J gt es aé|;)k|gar%8él %?Inlp ﬁ@é} at}ﬂe(?&:q%@ré %ﬁ%agg@%ﬁ_mvg
The pr ef er rselcied Gidav8SZ30, 32y SAPCRIPrSARO-34, SREOWD @rangnsegBerddt ecul ar
Si eve sel ected from SSZ-32, ZSM 23 SAPO 11, SAPG-3 1, SAPO 41 or
m xt ures t Adpeegipecifically, aNsyes of gaprphoes hydrotraating cafalyst sughmsptinble metal

ot op B e lrBin i RBEEL bRy e 8 el MRk Bl shlgyysy Slch el 8P 1A Fesoiold, °0°5
5,053, 373 3pd; $heosnt 7 MafthetatklyS o303, ﬁ@&ost e sﬁ&‘i—‘ﬁéafubﬁ%fﬂﬂﬁh%e whi ch

are conmpl et’el’y i ncor por at &d herein by reterence for al pur poses.

Al t er nat i velompldtély iheoyporertd dpsirhy ceferebee fogall punpaes ol vent ext raction,

hydr ocracki ng, hydrotreating/i sodewaxi ng process wherein a top |ayer of a
dewaxi ng 15  cakkdnistivels tite lapkree sydémlcal e uedd inal Soh@ntattadcysh, such as

Pd/ Sierr]/Allerr]Jerr] followed by, SSzZ-32. An | nportant benefit of
this i nventhiydrpcr@kmgahydrn@ﬁ@mgéls‘e@wmgawrpwﬁovlyr@matomlgser of a dewggingss t he

hydr ot t f

e 1 el caeysHH nehie pra e b B thar AR R S B O B RO R e d oy i
upper hydr gjgzeas | Rﬁxﬁ@ﬁﬁﬁntfb%ﬁéﬁttd?thxs inventiBn & MABthERAS bdeMiARAo yikRl 1dss Of
hi gh VI | ube stock and/or higher isodewaxing catalyst 20 activity and

| onger i sodewas iheghyslsatedating ldyef ef the dawexing atlyspsystinn gHowswirs thefadditiopal

I nvention is that, t.the solvent extractjon seve maxxf? reg@ed | eading to
i gher y eI\l UPERAdE I RIRAE AR WP ACPUS Ll VRRST I OFSdeyor s, <
opposi te t g, GARYARL]Y HpUg 1 1%139'6? hVI W‘Bkgi&c%‘%g%xé I?i%%x%ﬂ?o%& {dafllyst

severity to I ncrease arm us re e yl el creaeVI

Al t houRh t letiliay aridldngsrismivmaking databyst life) Indedd, a somrigingtresuldefthiser such 25
as ZSM5 as the dewaxing catalyst with an initial | ayer of the noble netal
silica invegtigniisthattie splysnt extraetionsseveritygnay htzrqdwsial@@me& FQahllgi}eprléllder red.
The cat al yst s, for.

2S00 sas. e Bhnfithe increased sl YRket, it SopgeslSte BaReRRtnar Wisdom
herein by nrefieli fi@fres e eftfrhctidnrsBO&RS to increase and thus reduce yield in order to

increase VI. Although the layered system will function with a catalytic dewaxer such

25  as ZSM-5 as the dewaxing catalyst with an initial layer of the noble metal silica
alumina catalyst, the use of SSZ-32 is particularly preferred. The catalysts for ZSM-5
are taught in U.S. 3,702,886 and U.S. 3,700,585, the specifications of which are

completely incorporated herein by reference for all purposes.

This catalyst layering system can be used in a multiplicity of processes for
30 hydrocracking/hydrotreating/isodewaxing and combinations thereof to extend the
useful range of a primary catalyst such as SSZ 32, ZSM 5, and the like.



This catalyst layering systemcan be used in a nmultiplicity of processes
for 30 hydr ocr acki ng/ hydrotreati ng/i sodewaxi ng and conbi nati ons t her eof

t o ext endWMh/02503  yseful range of a éi mary catal yst sucP@EUSIAIES  7ZSM
5, and the I|ike. WD 98/ 025

PCT/ US97/ 12339 Dewaxing reaction conditions may be the same as, or different from, 18
Dewaxi ng reaction condjtions may be the sane as, or different from
hydr ot r eabydrgtreatine reetionseaditivanin the dewaxing veaetiag zoneachtiavi ratenthe At any

rate, the .. conditio under -whi ch. t he.isonerization/ dewaxi ng process
o he pr exliionsBRt Mot tas SO Sr Mol AR iR e e R X

t enper at Ug8rivlbhgendldlly inklhdld HtetnpertGR WHiBRFARAMEhin B rang8 TS abdde t 0 about
475[err] C and a pressure from about 15 to about 4000 psig. Mre

pr ef erfabl 30Q°etombest4it L Ci andfarpressatedoem 2b6utt I tatabott 4900 @sigs iMoreThe | i qui d
hourly spac

vel ocity. durjn ntacting.is generally fromabout 0.1
to about Er@?wlrlé thq presgireIsiFom éﬁ%&@ to 2bout (3P0t paiod e havidihourlyisatcer o
hrlerr]. . | " I ' uty | e of
hydr ogen. Jé}ﬁ%%ﬁ%%%dgﬂﬁgg gggr oﬂ[nmrqglt%l;lgqglre gebro gg%@ﬂ?ap{ogéﬁﬁsﬂ?wya range
from10 frolcibou 02 th@balAWthrS0 THE kestatitpnie preferablyveHeaCoit Rothe pilkRce
preferably from about 10 to about 30 nol es Hglarr] per nole

hydr ocar befhydrogen. The hydrogentie hpdrogarben watio prefegablnfells gvithios egeifona hi gh

qual i oj it.able a lubricating oil base stock. The preferred
oi | pid/odu%tfw?i'éatola(?\?/u{)%%wokgi tP"BW?" ir%‘@?ﬁ’ég%n’ more pr 36‘?13’3’@1?1?@%‘?‘%%5 t han
about 10[ &y ftbfst 30B{ctesMEpRAGIE HiylRe&bbhan about O[err]C. The npbst 15
preferred oil product is a Goup Il or a Goup IIl oil, according to API

Publ i cati on X ' ' ' ' Cerd Lfleatd tem
" ;I\pp:andi ;< E- AP'Irhﬁgéch‘ t?ﬁﬂg B%aﬁx\é 8%8&%23'83‘%%*?‘5‘%’%@? é&e'ﬁ%%ei}s? 9? orSyISDassen.ger
Car Mot or lybricatiifloiPbeseattodk diheréfetred oil froduct is aFo@pRUF poiRBSE HaVRgk cont ai ns

greater than or equal to 90 percent saturates and l'ess than or equal
to 0.03 ppewaeintnili¢ssthamabontt0s, mase peeifergblyrgwsxhay abeued°G. hEre mostequal to

80 20 .l th 20. A G Il 1_base.st ock,.cont aj ter th
equal T3 o B R aihproRuttida bt BB o Group HL &AL pgRuEFRARLP T R60B5 per cent
sul fur angdsdiaEnding Of QiddnYing AHE CeftifRAti6h System, “APgehd EQIHast @il 20. Test

met hods for evaluating group category properties including: sat urates
- ASTM D- hoezhangesbitity Gyidelinesifor PassangepZar YoteuDil and DiesakbEngineASTIN. DA

2622, ASTM D-4294, ASTM D- 4927, ASIM D- 3120. e viscosity of, the finished
25 IubeMB‘?‘fp, ﬁ?aa%fnstﬁ%gmas Biealgh bR of f@}aqitgggeﬁréwmsw@%eaad&ssﬁh% 2 cSt.
In the pr ' L ' tacted
weh P OFEEAL &0 bOGRERNRIT, LVER Albocfly IR ekt b KA h 30008 00
react2®n kenthanT26. A GroupeilF base stock oontains igesnsdr tharpmrejugino B0perefnt i s

contacted with hydrogen over an i sodewaxi gl% catal yst layer also
cont ai nedsatiratesand dessthanericgueltp O3 rsaeent swifiy and dgs a viscosity index graeterntire

effluent HA% thGa1M¥ 956! TEAHdMbdsFbAVaRlatind e bup BfddfPSroperiel Rlding:
saturates - ASTM D-2007; viscosity index - ASTM D2270; sulfur - one of ASTM D-
2622, ASTM D-4294, ASTM D-4927, ASTM D-3120. The viscosity of the finished
25  lube oil, when measured at 100°C, is generally greater than 2 cSt.

In the process of the present invention, a waxy hydrocrackate is contacted with
hydrogen over the hydrotreating catalyst layer in the dewaxing reaction zone. The
effluent, or at least a portion thereof, is contacted with hydrogen over an isodewaxing

catalyst layer also contained in the dewaxing reaction zone. Thus:

30 (a) The entire effluent from the hydrotreating catalyst layer includes a normaily

liquid hydrotreated lube oil and a hydrogen-containing normally gaseous stream. In
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simultaneously processing at least two distillate fractions. In general, these fractions
are differentiated by normal boiling point. In the integrated system, a petroleum
feedstock 5 is separated by normal boiling point into a multiplicity of fractions, two of
25  which are shown in Figure 1. Of the multiplicity of distillate fractions, at least one light
(i.e. relatively lower boiling) distillate fraction 102 and one heavy (i.e. relatively higher
boiling) distillate fraction 202 are simultaneously reacted in a series of reaction steps in
separate reaction trains to produce at least one light lubricating oil base stock 174 and at
least one heavy lubricating oil base stock 274. While only a single distillation column
30 10 isindicated, a sequence of distillation processes, including one or more flash

distillation(s), atmospheric pressure distillation and distillation under a partial vacuum
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than 10 ppm, and levels as low as 1 ppm or less are often observed.

The first hydrocracking catalyst in hydrocracking reaction zone 110 comprises at
least one hydrogenation component, and optionally a cracking component, on an oxide
25  support. The hydrogenation component may be at least one noble metal and/or at least
one non-noble metal. Suitable noble metals include platinum, palladium and other
members of the platinum group such as iridium and ruthenium. Suitable non-noble
metals include those of Groups VA, VIA, and VIIIA of the Periodic Table. Preferred
non-noble metals are chromium, molybdenum, tungsten, cobalt and nickel and
30 combinations of these metals such as nickel-tungsten. Non-noble metal components can

be pre-sulfided prior to use by exposure to a sulfur-containing gas such as hydrogen
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25  the catalyst when or before the catalyst is put on stream. A preferred catalyst for the

present process contains in the range from about 1 to about 15% by weight, and

preferably from about 2 to about 10% by weight of at least one Group VIII base metal,

calculated as the metai monoxide, and in the range from about 5 to about 30% by weight,

and preferably from about 10 to about 25% by weight of at least one Group VIB metal,
30 calculated as the metal trioxide.
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The preferred hydrocracking catalyst has a pore structure which enhances the

25  performance of the catalyst for hydrocracking to produce a lubricating oil base stock,
including a pore volume in the range of between about 0.25 and about 0.60 cm’/g, a mean
pore diameter between about 40 A and about 100 A, with at least about 5 percent of the
pore volume being in pores having a diameter of greater than about 200 A, and at Jeast
about 1 percent of the pore volume being in pores having a diameter of greater than

30 1000 A. As used herein, "mean pore diameter”, refers to the point on a plot of cumulative

pore volume versus pore diameter that corresponds to 50% of the total pore volume of the
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top layer of catalyst is less than 500 ppm, more preferably less than 250 ppm, and still

more preferably less than 100 ppm. The top layer of catalyst will generally comprise a

hydroconversion catalyst comprising Group VI and/or Group VIII hydrogenation

components on a silica or silica-alumina support. Preferred hydrogenation components
30 for the hydrotreating catalyst include nickel, molybdenum, tungsten and cobalt or a

combination thereof. An active zeolite, such as a Y-type zeolite, and preferably an active



1 0 50/50. Hydr oconversion reaction conditions in the .
hydr oconver si on catal yst | ayer may be the sane as or different from
condi ti or®OPK0@ hydrocracki ng | ayer.,,General ly, hy 8FESATVERAT on
conditions include a tenperature in the range of 400[err]F. to 950[err]F.,
a piYetype zeplitethaviveg a Si0yéA 0D, 6{8sst tharBaidRt P& ingay b ihéladéddwitiothel y space
velocity jn the range 0.1 to %5 .20.0, and a total hydrogen supply in the
range of DYOERRVEIsIQRRtatySEInATARRIA iRFgRASE peivity and catplystsgabiliy. The relative

hydr ocar b : : . lpent, il lustrated in

 gur e 1, SAREAEHE el ured n the vorious carplyitlabdiis SRR Bl brghP M 1 s

a nor mal | yndifes@ieam3ised Apedingons forgxhmgleoge @evaawémegperaﬁng coniitiohéle,

anmoni a and | ow boi | i r}‘géhg?/drocar bonaceous reaction products.” The liquid and
e

20  gusebgdopingdangeo ed ke guantity of leiereatome puchas nistegeward $@urtio pr oduce
a purifie dro . ri ch.gasgeous stream 122 d. a light waxy
hydr ocr acﬂ“g{}%eds’; ?"?‘g@‘ﬁ\dfﬁfd lMcagﬂ%aﬁ%aﬁnes%qo%@ropemes. 3&?‘&&% 19t c3talystsepar at i on

and purifi | : | ' -det ai. |

el Udes Mo tapicHEE By dtitieths R alll Ay ok Moy ki ey

cont am nakyer, tHeomlumetric rdtiveof hgdmootsvessicrecamlys tEhadlo@acknd W g einthe h
stream 122 suitable for recycle or _for aqther 25 refinery use.

The | i ght TaRE&hetwgen akauh d{02aad abont §9H nredaably beween pleayw AQ/9Bvand souticki ng
procegs wi Il have a high viscosity index, a |ow nitrogen content and
a low'sulfur content. Prior to addi tional processing, it may be
distilled in distillatiqn colum 130.into. t fractions of

or nore
varyi ng boi | i nGYBBICREISIGR FRCHARIPRRIORE the BusaepreRmioaceialysy layerpabe
particul a hSGeG. AL e Ud i LWty d.0de particul ar
ni t rogen g]relggrge Sg?lfiﬁgﬁcgyﬁgﬁI‘?gélhbﬁ%n%%tc{%?gﬁt&l&yg Ila?&' ﬁeﬁgﬂu% 98/ 02503
25 hydroconversion conditions iR€Idt5%MPtR T2 in the range of 400°F. 6@504H s pur poses

of this description, an arbit raré nunber of three waxy oil fractions
132, 134 Bissuse the engp giwl0 iR 03 Reign? Hawd hewrdy snses waleaityrin therrenge il éo used

Shocrs” 2200, &S, b6l hblen SUBY iR Bhed dio%B 1o 806 Lk yrnPliakSERE 0N OF

the fractions w a visc I ndex gr
pr ef er abl yarfhl efh@drotdibehaddtueifecdd. 5 However, the viscosity index can be

as high as 95 or even 110, depending on the feedstock being treated.
Wi | e met hods ﬁ{ﬁ*xc%ﬁﬁa’ohi@x@n@ilfu@ﬁat@iﬁiﬁh@!lf‘ﬂueteﬁﬁue\‘xi ﬁsmlghyockm of a
waxy stock, the viscosity I ndex valueS given here are on a sol Vvent dewaxed

basi s, i .=action zone 110 &chaiesa basmdlyqgaséaub sireamh corgprising atsegen] paltsgenhi ch have
been sol verHB dewaxed, usi nmet hods well known in the art, to a

- 10[ er r | CulgRs AmBRATHA and lﬁ‘r;’ﬁ??é‘i@ﬂy@_? 99aEDOBATSOHF Frastiongrodugts. Tedignid and each
' S A0 RSl Bhalcl, B QGRRAGH A thiTin donk T20 M Botibe B REKE ROBPREL o1
zone 140. rich gaseous stream 122 and a light waxy hydrocrackate stream 124. Not shown are the

details of the separation and purification process, which are known in the art. Such detail

includes means for removing hydrogen sulfides, ammonia and other contaminants from

the gaseous stream to produce a hydrogen rich stream 122 suitable for recycle or for other

25  refinery use.

The light waxy hydrocrackate 124 produced by the present hydrocracking process
will have a high viscosity index, a low nitrogen content and a low sulfur content. Prior to
additional processing, it may be distilled in distillation column 130 into two or more
fractions of varying boiling points, with each fraction being characterized by a particular

30  viscosity, a particular viscosity index and a particular nitrogen and a particular sulfur

content,



Catal yti c dewaxi ng reaction zone 140 contains the |ayered catal yst system
of * thi s jnvention. A first catalyst |ayer, conprising ,%E t al
hydr ot reat i (Sggé&sg yst, removes sul 2¥r and nitrogen frgﬁq{]t Leﬁ%@d,
opens aromatic aﬁgr Iiehati c ri.ng structures and increases f{he

. .15
viscosity index Bumpsss of Ahis BessHteR.an JrbirapayupLeraf fises daxy o
| sodevaxi nopealal ¥83, 13l hli1Se LREBLO NotlsBOW & AdHEIBE Yredtl Bhiclard B4 CCd
by hydr ol somer’i zati on reactions. Together the [ayered catal yslf system
| ayer and agisewhere in the cefiexyt, suctcat fat fisls. | Garerally; adeaseots gffthy fradtibais ofill | ow

pour point, high quality dewaxed base oils. 20 The pour
poi nt of t heavaéwaseesityonfexgreaierchan shout 76 and prsfesehiy greatsr thanabewB0zone

140 desira has our.point of.le hap. about err]C. referably |ess
Uhan abGut. Bververche DRedsitd it o oe E5eh AE0s 87 Pubg Toilenboting B Ber or ) &

The proces sgeedstddi@einpfaicdOWilesReth6dsoArP b oA Rbc fBr SRERIMAE HRViWObHy, index
conventi onal dewaxi ng processes to achieve a |lube oil having part’ cul ar

desired 25 of aprvayyestadkethe visoosigindg ajuesigeveprherass ont stlventideweaxdd egisciag), be
used to reduce the pour, . . . point of a |lu oil to a desired, degree.
Further 1 odliet Farbas oprlebrisstine B prte Sopks mgglef@ge been sol\gal deevarad 6y a

convent i ongl gNE L0 R PASRSar YCTo-FUB B Sl BUTR HANEES f ermbodinl MBI at e ¥

fol l ow ng the T'sonerization process o e ‘i nvention, _ y have
a pour 1poi mi%&feelé}fe@dh Wi noiafrastionib peycedded ifdividaghy irl tieh RBIScKRQioRErafibnt he

| ube oi | produced 30 by the process of the invention can be reduced by
addi ng pourinpgiabmcd:tgwmgmctor 141, CRBAPIS qatabytic ddyexgtgoreaction zone 140.  \\O

98/ 02503 26

PCT/ US97/ 12339 Catalytic dewaxing Tduetied Ednecl#0 dontaing the layateall catal yst desserxiofig
reaction zone 142 in Fi tgure 1 conpri ses a dewaxed light oil fraction
152 and a HYBABYEHOR; Anfitsheatelist layer«omprtsang a noble megal hydrossealing ¢ajalysto; |

fraction is_conbi hed wth. rogen-ri.ch gaseous.str.e 56. and
cont act ed ViFPRVE ?1“3@’? 8@%&‘5‘?’#@%&95’?@? %‘etd’ ORI ARG and; agﬁh%lécaré’fg THIYEE 160
5  conkai ned iMéreiNed R sRGIRNRIdE L BS iRIBED! A 38dond| dAtaly sPIHEE LbRgriSNRAdi ment ,
the entire effluent 142 from the dewaxi ng reaction zone, w thout
separ at i on isedtwaixingoatalyst ¢Ethis inventicmy tidugesthe poar prinrafdemfeed b gaseous

SUE T o ERRShEa PHHORS CBl HR e Bl O
ef 1 uent 163debiidsautyd1 08P PRULAMER IO 1501wl B0ni HiBPRRIAY BybRa
separation zone 10 170, w th hydrogen containing gaséous Stream 172

recovered ftase o8 el sewhere in the refinery or for disposal and the
| ubricating oil base stock 174 recovered for use as a | ubricating oil

base spgck. The Twdsag o bPheGRWvakyPB6il BARIUBCISMréd thodew RO b e
storage stability of a dewaxed oil in the preparation of a lubricating oil

base st ock.140 desiratitg hes 2 perr poinsiof dess thammabongS A opraferably less thao gbout BRd
sul fur-contai.nin ecul.es and .15 _col or bodies to very | ow
concent rati%ﬁé?o%ﬂrngﬁmﬁﬁr}le?ﬁ@%@b%é%ﬁng reactions leading to

The process of the invention also be employed in combination with

conventional dewaxing processes to achieve a lube oil having particular desired
25 properties. for example, the process of the invention can be used to reduce the pour
point of a lube oil to a desired degree. Further reduction of the pour point can then be
achieved using a conventional dewaxing process. Under such circumstances,
immediately following the isomerization process of the invention, the lube oil may have
a pour point greater than about 15°F. Further, the pour point of the lube oil produced
30 by the process of the invention can be reduced by adding pour point depressant

compositions thereto.



yield loss, are particularly desirable. The preferred catalyst for the

hydr ogenati on step contai ns a hydrogenati on conponent on an oxi de
mat ri x neVe&I8ARS03The hydr ogenati on 26 conponent may be #ACTVEWIN2PAe
nobl e nmetal and/or at |east one non-noble netal. Suitable nobl e

net al s i ncl udeTh¢ afflusnhiropahe eatalytic deaxing eeactiempenest43fin Figurpllat i num group
such 20 as_i.ridium and.r.ut heni um I t abl.e ,non-nobl e netal s i ude those
o Cr oups SapHsgs A Wil light e 452ahE 2pSefogh Bohapreats prearel s

non- nobl eTHREAl$edfzhe Bl BALGHA is combinddWiIPH B4 Beed-HEY 55RBus f&gﬁl jsgnd

ni ckel and conbi nations of these netals such”as ni ckel -tungst en.
Non- nobl eametomitacteshwith aiydrogemation gatadyss in hydtegematiomwreatonmmel 60

exposyre to a sul fur-containin as h as hydrogen sul fide at el evated
{ enpertht uFtRgedWithin xresenal preaRion ST ol BIetaTTed Srbodimens, the entire

correspongl fd ' - CO t.C be

noor por at SR ot ot A OARR M separyi iR R 8o

conmi ngl | RetirEgen 6t iRy dibdngetSRBousiyrempisa@nicted in ) dibYe6h &36on The
anmount of hydrogenati on conponent can range fromabout 0.01 to about
45 per cenzorisyl 6flait gbnditipes Juficient to prastuge ik (light hubricatinguail s stook 4BeuTha5
percent by.wei . The . preci se amunt wl| 30 coyrse, vary with the
Pat ur 6. of SEHERCLR, SREVEE by ioBendopyerstbnrpye 260 repHtiet on Hoetaioh zone

par tiqgul agyo, vﬂhﬂwdgb'é@n QftMng @géébw@tréamw?fec&%ged fb?%s@aké»v&régﬁ&em al s.

Preferred ydrogenation catal ysts include between 0.1 wel ght percent
and 1 wei rgfinegyeordendisposal and the lubritgtifg61) BafkSstock 174 recovered for use as a

PCT/ US97/ 12339 ) X . ) .27

pl at i num BiREFdingRil basgistaskod ha bydroganasionatalyst hag aptivity foriimprerdng ghea

pl ati num l,adi | katio. platinumto _
pal | adi umala.‘lr%l g? g{gugiqt?, 8§agF w%%aétd%leﬁqg%g%tp arf.“g%@rfahﬁ)tdcgm?gd%lgt%ef?qu preferably

bet ween 2Rdachidds hich @NEmbvia apimitisplitisgaauall shifurddinihz mbolfeules and
The nost preferred hydrogenati on catal yst has a total pore volune greater

than 15  colpobpdies Wyepnjodt equegntratioas.evhils minjmizing eracking reabtons igadisg to

cnferr]/qg,:. W | eas L 1% ~an referably .at | east about 3%
of the ¢ ol oSy Bt el fhlrebl’ TR bocfimed s BBy aReenSRi Gy o,

t han abOUéonlﬁ_QQa APSigeRdtion c\btﬁpbnéﬂi%nrﬂnrﬁﬁﬂ%naﬁﬁtmiteﬁil. ?ﬁ&ﬁﬁﬁ@ge@xaﬂ&l ume
preferably being greater than 0.07 cnierr]/g. As used herein, the term

" macr opor eysponent may be afleast openeblemetal gud/otwleasions nopingblievmétsl. |Saitgbleanount
of pore voluyne, i.e., .at,l.east 1%.in 1 ores of . di ter greatey than
about - 1008 ULR et Rt Pl R e i bR enbers of e BEGGh sferegh  y
bei NI e gidiun 8l RitlhiiABS itable non-noble metals intlBdéihes 6t Grou Vﬁaggk,on train
for treating a heavy feed, wth reference nunbers I n e 2 Seri es,
mat ches t arel VHBA of tie Reriailic Tablkec Préfentedabvan+nolile metaleat chrgmaurhj ght feed, with
ref erence nlimbers in the 100 series. To avoid duplication, a detailed

descr i pt i BXelybreRuys, tuggsten, gahaltiagd nicke} andreombipatigne pithess mesale jughiasr i cat i ng
oil base ﬁitcﬁglwmf‘enw Nidn-HSHle Bt Q&hﬂgﬁgts can be pre-sulfided prior to use by

exposure to a sulfur-containing gas such as hydrogen sulfide at elevated temperature to

25  convert the oxide form of the metal to the corresponding sulfide form. The hydrogenation
component can be incorporated into the catalyst by any suitable method such as by
commingling during a mixing step, by impregnation or by exchange. The amount of
hydrogenation component can range from about 0.01 to about 45 percent by weight and is
normally from about 0.1 to about 35 percent by weight. The precise amount will, of

30  course, vary with the nature of the component, less of the highly active noble metals,
particularly platinum, being required than of the less active base metals. Preferred
hydrogenation catalysts include between 0.1 weight percent and 1 weight percent



here. Wiile the catal ysts used in the corresponding reaction zones (e.qg.

first 6#Ll%tg%%%’gfracki ng reaction zone 110 and second hydrge#&&l&,\[}%ﬁ

reaction z etc.) are not necessarily identical,

ithin the tal yst egif.ication as describped here. .. . . The
brocess 1| ARy S Randf B ip a5 0 L6 BRn Hiefiding p plimergrrallatiy® ock
to 20 thQz]lb?‘h_@ﬁhéﬂhgﬁzi)lﬂgrﬁﬁ@ﬁfsplhttmlgh‘?ﬁpﬂliaﬁm inahé Moyl oT thtvachiaghatod:; 10. In

practice, fraction 1 t h i rst hydrocracking reaction zone and
fracti on 2G2dtl®.3 peefsmblyrbtwgatrbt rad kil ragd most prefezatdy equal woabeunhy.Sor i gi nat e
fromdifferent sources. Thus, as a non-limting exanple, one of 102

and 202 may ori OFH¥ahEst pPeferrdbytiby@RoR chtaBsl 1IR3 tofN foleRRIRhE Bleal®Yhan
originate as a waxy feed, such as slack wax or a_waxy petrol eum feedst ock,

for 255 pbodutdhgmzprofaatly grdatdsthanabionty0.65 cmbigs withtao tdast about 1%, and

EXAMPLE n i gpdewaxi ng, catal yst canprising 65% $SSZ-32 in an

al umi na bi WEfFrabhny least ébout?%%f’ﬁlﬁ'ﬁi tﬂ%] 8‘?’§2’§¥W©/§ﬁggf’i G P?J‘?FOH digmetescedur e

whi ch was sjirmi ' k Ny L R Thi s
D Frdafdr thdh Mga{ mﬁol Ble¥E b, With the mHnﬁ% agrgoﬁlgg%g@acép%%%%

catal yst was designated Cataly

PCT/ US97/ 128&8rably being greater than 0.07 cm®/g. As used herein, the term "macropét8us”
A hydrotreating catal yst was prepared using a procedure simlar to that of
U.S. refpesttoitcandyst Bagog a2gativeiy darks amewnted Porv i ume, iyestat desst Hienmd 0. 5

wei ght , per cent . | atinum on a sihhiGa-al un na .base .contai ni ng 66%
aal or 1187 e PPl o tiamesth byt Tl Bodlu Ihh Afigh o, ViupLRipiE Batiobdre

Cat al yst Avgmngﬁaefémyg@ﬁrg;%géaeé} tm,{@,oacmi)gy hydrocracked feed having
physi cal properties as” fol [lows: Ni t rogen 3.1

nanogr ans/ m cr oly}, t=: . : : [ . 5 wm %
Wax cont ent IhtFrx&Jrci é, wco%:ti%m train for treatmg%ﬂewy feﬁgu\rxthjéeifﬁrtence numgerg)?n |

45[ err] C. the 200 series, matches the reaMii@cesintdgscfbt@@bevd foftreatinglallight fes, with
Density 0.89 g/cnB at 2300 psig total pressure, a
hydrogen f Fefgranae sumbers 37 thel J0Risariesantp avaiéduplicatiengf detailed description of the

15 reaction train for producing a heavy lﬁbricating oil base stock 274 will not be included
herc. While the catalysts used in the corresponding reaction zones (e.g. first
hydrocracking reaction zone 110 and second hydrocracking reaction zone 210, etc.) are

not necessarily identical, they fall within the catalyst specification as described here.

The process illustrated in Figure 1 provides for a single source of feedstock to
20  the integrated process through distillation in fractionator 10. In practice, fraction 102 to
the first hydrocracking reaction zone and fraction 202 to the second hydrocracking
reaction zone may originate from different sources. Thus, as a non-limiting example,
one of 102 and 202 may originate as a vacuum gas oil stream, and the other may
originate as a waxy feed, such as slack wax or a waxy petroleum feedstock, for

25  producing a Group III lubricating oil base stock.
EXAMPLE

An isodewaxing catalyst comprising 65% SSZ-32 in an alumina binder, and
containing 0.325 wt% platinum, using a procedure which was similar to that of given in

U.S. Patent No. 5,376,260. This catalyst was designated Catalyst A.



16 m/hr. The reaction tenperature was adjusted to produce product at
differi n%gour 15 points, and the y| eld and VI of dewaxed groduct wer e
det er mi ne¥O B0F¥rPes 2 and 3 the range of data PEOMSPHE 3 8% st

Fi 2 and 3 al de_basel d
sampl e, Fi gure ﬁéﬁ%&ﬁ%’w@x&as&ﬁrgﬁwﬁtmag Rpreedusainig ool 05

varied w t RPEY; i was repeated
with al a?%rgﬁﬁ@%ajt 3<'§19I1:’ylist of e%é‘ﬁ?ﬁm%c?myg conta)me-ﬁ 5%%%?5%&?& yst A (0.75
cc) at thplaiaum oneesili¢acaiumbrachiabe corgainiipes6daind, 0,5 Thlissatgiy ottt designated

Fi gures 24 Accor ding to the data, the |l ayered catal yst system produced a
hi gher am}ﬂ@cosﬂy i ndex product at constant pour point (Figure 3)

whi l e nmaintai ning essentially equal product yield (Figure 2) at

const ant cat al Galatysadt(i10icelywistoptactedayith Tiveaxyhydrocrackécieedbavingt was

i ncreased at.v | ow po oints, in that the VI did not decrease, 25

whi | e thephﬁs‘%fp‘%/oﬂ? “‘GFSHE’@P rom Cat al yst A decreased as pour point

decr eased. ) - 29 - CLAI M5 1. Ina

| ube oil hydrocar boh‘lﬁWMessi ng3-pmasegrams/microlitrei nvol vi ng sequenti al steps
of hydrotreati ng tog [‘&Hp IC“F: OB and at | east a portion of
the aromati cs 1 | owed by hydrotTeéat’i ng/ hydrocracking for aromatic
saturation, i sorrerl ody comteand VI upgr Bglet%f ol | owed by

hydr gj someri zati on X renoval and f nal I'y hydr of i ni shing for
| ube 11(9 | stability, E)PH%&? roved bpr ocess for second stage
hydr ocr acki ng whi ch o&0 contacting a waxy oil, which
contains | ess than W&@BH%F@O 100 6;l)r¥17s§ffur and | ess than about 50 ppm
nitrogen, w th hydr Ogesityover a fi rstO&%gb:hrﬂst in a reactor and on
whi ch a second catalyst is |ayered, said first catal yst conprising
an i sodewgxiz0g peit! totay pessudelth Bylirogen flow rat@oSEX7QANmER aad ¥ Féed rapeasf on top of
a first cat all)ﬁt | ayer in said reactor, said second catal yst

sel ected 16m ii"h@ rﬁash@n tgrrmqﬁu@é easediustedde prasisbepieductiat drffmm@swr

‘catalysts kin sts tions
t hereo %“‘% é‘"l‘é %&a&lggf ﬁlﬁ%al,x g;{’{ ‘?&u& %’5‘6 detergﬁxr}edbgé%ngst gbéﬁﬁ 3 and
wher ei n Sl fHelrahgePsTHatSedhe test. Figures 2 and 3 also provide baseline data for a

solvent dewaxed sample. Figure 4 shows how the pour point of the dewaxed product

varied with reaction temperature.

The experiment was repeated with a layered catalyst of Catalyst B (0.25 cc)
20  over Catalyst A (0.75 cc) at the same reaction conditions. The data is also plotted in
Figures 2-4. According to the data, the layered catalyst system produced a higher
viscosity index product at constant pour point (Figure 3) while maintaining essentially
equal product yield (Figure 2) at constant catalytic activity (Figure 4). The V1
improvement was increased at very low pour points, in that the V1 did not decrease,

25  while the VI of the product from Catalyst A decreased as pour point decreased.



catal yst conbi nation achieves a |onger catalyst life wi t h hi gher

activity awoﬁé,gggj yields at a constant VI for the basensuReres |
fabrication than solely a reactor 29charged with solely said first

catal yst. 2ApyATIS cLAIKED 1g:he process accor diypg SHEET HAS'BEEN Pherein the
i sodewaxi ng catalyst conprises an internedi gte poggpacep  Si ge nol ecul ar

si eve havi Ly, | rr

havi ng porglg W t aslhgé Hlt}r?gdl%cmompr&gssm%wone er' o eas Sgépg[oi and with
a maxi mum pore %drotreaﬁh@@f&@rﬁox@fhemome ahdhanlcdst k pAriidohet thakinasics

a) having sufficient acidity so that 0.5 g t her eof when
posi tioned in a folpwkd bndlidwirgatingédhydrocracking for aromatic sagiyatione ssotmerizevover t s
at | east 50% of

a 35 and Y angesen Fllo VeSS AT o A B S B %ﬁna%[ overts.
m./mon and a feq%dl}@ﬁrﬁskﬂfl forThbd 6it s@Bifhty, the improved process for second  Stage

b) exhibiting 40 or gyre ter | soneri zdtion ctlvely
whi ch i s defi nechyisocracking which comprises: wt % branched C[err] in

pr oduct 5 [err] wt % br anched
Cerr] in product + w ﬁ’?s@&ﬁﬁlg]it i ARSI on which a second catalyst is IM&Ed, 4gfd
under conditions |leading to 96% conversi-on of  hexadecane.
10 3. firfhaatgyscesypriamgandsoidgwasing|caiahyst; andher ei n t he

| sodewaxi ng catal yst conprises a zeolite selected from t he group

consi stpgng of ZSM 5, ZSWbAdcatdl$httdfer oASHP OF & Jirst ,catalgst layer 135%3’3&1&5&%35
ZSM 38, ZSM 57, offretite, ferrierite

The process acc (ﬁewndgcaﬁaiyﬁﬁlsdﬁﬁﬁei frophhe@ireun ¢pmsisting of noblg wmlamomglo@at aI yst

Sz sz, Ss7- 36 il noble et/ Rfocracking caal§s§ BriiR o andor o ng

to claiml, mer@ﬁé}eﬁﬁgld first and second catalyst combination achieves a longer catalyst
life with higher activity and higher yields at a constant VI for the base lube oil

15 fabrication than solely a reactor charged with solely said first catalyst.

2. The process according to Claim 1, wherein the isodewaxing catalyst comprises
an intermediate pore size molecular sieve having a crystallite size of no more
than about 0.5 y, having pores with a minimum pore diameter of at least 4.8 A

and with a maximum pore diameter of no more than 7.1 A, the catalyst:

20 a) having sufficient acidity so that 0.5 g thereof when positioned in a 4
inch internal diameter tube reactor converts at least 50% of hexadecane
at a temperature of 370°C., a pressure of 1200 psig, a hydrogen flow of
160 ml/min and a feed rate of 1 ml/hr, and

b) exhibiting 40 or greater isomerization selectivity which is defined as

wt% branched Cis in product
wt% branched Cis in product + wt% Ci3" in product

25 100

when used under conditions leading to 96% conversion of hexadecane.
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20 | sodewaxi ng catal yst conprises a Tg'rlu“’ é@' Sn%EEe\{: ul ar si eve,
selected fromthe group consisting of SARO 11. D sapb. 31, SAPO-41,

MAPO 11 aW@ RRpR8331. 6. The process according PCEYSOZARY |
wherein the second cat al is @ noble netal anorphous catal yst 25
conpri si ny bet%feproa@@@@comdmgam 1@@0htwimr%ﬁighﬁoqye\fa@ev@tcatalyst compfises anobl e
net al hydrogenat r phous ma 7.
The process ac‘E:(S’ gf Fegatlgqr%qo}ﬁ SR REE WgtcﬁgSM's Zgﬁ”ﬁﬁ’o %%lal
hydrogenati on zoupenergmizs, zsms onsmrzsrrz@m 57, ofrrbetegfe%auseﬂésetﬂ Ag of
platinum palladiumor m xt ures hereof, and wherein the armrphous

matrix mejerial. progess as&%;g%ﬁgm% { Q:?ﬁ:?éx“ Qﬂ&@odewaxmﬁ fatalyst Fomprx%e&?pr i ses

process accor di ng

a pl asi num pal ie@uwgac%tddqvoxﬁﬁae groupBhsasti %Grfelsz}:nAlngrnl, SBgrid arggie
matrix, wherein the nolar ratio platinumto palladiumin the

alloy is betwe#h about 2.5:1 and about 1:2.5. -3
1- 9. The process according to claim 1, wherein the

second caj.al ysThd sroacssabisedingtaCldigdr, odeneii ithgisedeinabitmt catalyst compfigd¥Ry i Si ng
bet ween about 0.1 and about 1 wei ght percent of a nobl e netal

hydr ogenat i on *UhEhisiamalerplarsiaye splseted from the groppiconsisting of SABOWH, ght

Paujasi to, soothrB 9 SRITUEMAPQ md MRRO OIS 011000 gy

process for producing a lubricatjn base stock conpr|5|n
cont d& i n a whiEPISFESS aggar arﬁgie Ial% bd}‘heé?lﬂéhq ¥eQnd saialy s pba poblooneigm

sul phur and | €80l B coalyst cof e J0uPRMBLLCCOE: AWt | MEROERRLAL.

dewaxi ng and rea |ons over a

reactor and onamstblehmaals@aﬂa@dnaz@hainu&h ahforplRye meddrix Fiketial. fl rst
catal yst conprising an isodewaxi ng catal yst; and 15 a second cat al yst

l ayer on $op th@prdcés%tac@&aﬁlgxema.ms whehrél} @e AdbiSRkM Bﬁ%ga{auoﬁal d second
catal yst sel ected fromthe group consisting of noble netal anorphous

cat al ysts, nobtenpeteal isisyldeted frmokihagroup aingistisg obplatinum, palledindyi erat i ons
there%f to produce a devv%xe | ubricati ng . . .
1 mixtures thercot, and wherein the amdrphous matrix material comprises

silica-alumina.

8. The process according to Claim 7, wherein the second catalyst comprises a
platinum-palladium alloy and a Si0O,/Al,0, oxide matrix, wherein the molar
ratio of platinum to palladium in the alloy is between about 2.5:1 and about

20 1:2.5.

9, The process according to Claim 1, wherein the second catalyst is a noble metal
hydrocracking catalyst comprising between about 0.1 and about 1 weight
percent of a noble metal hydrogenation component and from about 0.1 to about
20 weight percent of a zeolite selected from the group consisting of faujasite,

25 zeolite Y and ultrastable zeolite Y.

10. A process for producing a lubricating oil base stock comprising contacting a
waxy oil with hydrogen at dewaxing and hydrotreating conditions over a first
catalyst in a reactor and on which a second catalyst is layered, said first catalyst
comprising an isodewaxing catalyst; and a second catalyst layer on top of a first

30 catalyst layer in said reactor, said second catalyst selected from the group

heet Has Been Replaced

R L H||||" M Il




IS SHEET HAS BEEN |
20 oi | base stock; wherein said fi rTytuaSﬁ e nd cafal yst
conbi nati o &%I?d' s a |l onger catal ystAMgwﬁ_&-ghe cTO5SHRSAE Y
i ndex and ﬁ’l g erzg%eel ds at a constant datnaxed oi | poulr) pantﬁ?o% t he

base | ube ol QBRGA Ahobiteral amorp iyl AR BEaPRAGELME N S0 €l ¥

said first 25 rocess accordingto claim
10,, wherein catalystsher casisingicea tisdrysitto pooduce actiewRkeddill/votierdld said farst

Si 2/ A1203 support. 12. The process according to claim 10,
wherein 30 aRé secopd satalyst camyypationanhiaves aéormeaﬁatﬂmw%awmxgmr

alloy and a SiJerrl.[Allerr]Ol.err] .gxide mat i wher.ei,n t he nplar
ratio of plati ﬂﬁﬁcf’ p‘g ‘f’&%ﬂ"%ﬁ"‘#yﬂ‘ﬂés gﬁ%%‘iﬁsfa&%(ﬂ%‘mé&?” pour pmggtqi}pe 2.5:1
and abogit 1: 2. 5pase jube oil fabricafléh thﬂ%o@[ﬁ&%a@to?%ﬁﬁ?éﬁ Agh Qe @idhiY. wherein

35 t he i sodewaxi ng catal yst conprises an internedi ate pore si ze
mol ecul ar si evechtalyisng a crystallite size of no

-3la- nore than about 0.5 [err], having pores with a m ni nrum pore
di ameter ofjjat ImhegtoctsSactorith tof Claind 10pwheRdin tOkEond catalyst SiriprRdes Pt of no
nore than 7.1 A the catalyst: 5 a) having sufficient acidity
so that 0.5 g and/or Pd ona SiO,/AL,Qyrsaippeit. when positioned in a 1/4 inch

di anet er tube reactor converts at |east 50% of
hexadecane 12! a Thepsess atcerdidg B A0k N D Gvherein the second catalyst compri¥eggsur e of

1200 psig, a hydrogen flow of 160 10 . ) m/mn and a feed rate
of 1 mMQhr, and platinum-palladium gfjoy andha$162:{ A1 §; 2widgmagrip vhereindegmolazat i on
sel ectively which.is-defined as, ;.. . . W % br apched
Clerr] in produ Eéllol%f pqatmum fjo pa?l[acéxrum in the alloy is between about 2.5:1 and’ al?)ou{1

X100 1:2.5. W% branched C[err] in product + w% C[err] in product
when used under conditions |leading to 96% conversi on of

hexadecane, The process according to Claim 10, wherein the isodewaxing catalyst comprises

an intermediate pore size molecular sieve having a crystallite size of no more
16 than about 0.5 p, having pores with a minimum pore diameter of at least 4.8 A

and with a maximum pore diameter of no more than 7.1 A, the catalyst:

a) having sufficient acidity so that 0.5 g thereof when positioned in a %
inch internal diameter tube reactor converts at least 50% of hexadecane
at a termperature of 370°C., a pressure of 1200 psig, a hydrogen flow of

20 160 ml/min and a feed rate of 1 ml/hr, and

b) exhibiting 40 or greater isomerization selectivity which is defined as

wt% branched Cis in product

wt% branched Cis in product + wt% Cis” in product X100

when used under conditions leading to 96% conversion of hexadecanc.

14.  The process according to Claim 10, wherein the waxy oil is a waxy

25 hydrocrackate from a hydrocracker reaction zone.

15.  The process according to Claim 14, wherein the waxy oil has a viscosity index

of at least about 80 on a solvent dewaxed basis.
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20 14. The process according t | n J mE n the
waxy oil is a waxy hydrocrackate froma mm ﬁ W “ﬂc”lm reacti on zone.
15. The pV&MB35%ccording to claim 14, whetein © " °the wolVBIM2RAs a

viscosity index of at |east_ about 80 23::2 on a sol vent dewaxed basi s.
VWO 98/ 02506 The process according to Claim 14, wherein the waxy oil has a viscosity index

PCT/ US97/ 12339 32 16.
The process accgatdl anséa?out&Sé}nr%sﬂvem eev?'aé’?eﬁ btaiile waxy oil has a viscosity

i ndex 5 on a olvent ewaxed basi s
17.  Thelpr ocaégpatce&ww@%m@am‘?’4‘"*1%& W%@Iﬁa&w&mmtﬁa@c&

viscosity | ndeéfat lealst about 110 oflfa sBlveh€asbax@BBhlis.110 on a sol vent dewaxed

basi s. process according to Claim 10, at reaction
condit' rea erature in the range
of ab ﬂ;]’ ?r(’tCSSsaPé’Sﬁftd’%‘ﬁ[%?ﬁ 1o, aér%g 8’9 F‘Eﬂfﬁm% whichinclude g, ossyre i n

the range of apéau&oriténgﬂaqurteqnMgééﬁ&oaﬁsﬂr@wam%sﬁ? 3t&ackifnt he

range of about 0.1 to about 20 hr[eFr] process accordi ng

to O aim10, fpreshee icthepangeiaigboatnitSaesig woatiohel HvwaipeahdlOfeed rate in the 0i |
base stock with hydro en at h dro enation reaction conditions over a noble

net al hydrogené&“igéﬁ BRAW| ]s‘lo Buce a I ubricati ng oil base stock.
20. The process accordl ng to CI aim19, wherein the lubricating oil base
stock is &9. The process acepifg tolClaint 10, further compnsmg'metapnngésslemcﬂ ding to

d ai 9, wherejn the |l ubr oi | base stock is a G oup
o olg ol pyse sto%wﬂ%ﬁasér@ggn adpsrgeRgerreastin fion ltwmev%.amqb#e vwaxy

oi | contains g%ﬁl%ﬁd@%@&ﬁon,ca}alym to pro U%O%Pu‘gﬁéatm oil bﬁse%{% An integrated

process for prepari tiplicity o ricati g ol ase stocks,

V\:h h ff d h
RRE I 31 e L B %}ﬁxaoﬁﬂﬁ%ﬁgﬁ%ﬁ R at | cast

tvvo separ ate agfoup II oil. parallel trains. An integrated
process for pr odum ng a multiplicity of lubricating oil base st ocks

froma pebyol eqifl LERAN Aehridd¥® Clld 19! Widitin L :dbggmn il Bifle Qlocicape st ocks

bei ng y Viscosit conpri si ng:
16 Group HI oil.

22.  The process according to Claim 10, wherein the waxy oil contains greater than

50% wax.

23.  Anintegrated process for preparing a multiplicity of lubricating oil base stocks,
which are differentiated from each other by viscosity, wherein the process
20 according to Claim 10 is conducted simultaneously in at least two separate and

parallel trains.

24,  Anintegrated process for producing a multiplicity of lubricating oil base stocks
from a petroleum feedstock, the multiplicity of lubricating oil base stocks being

differentiated by viscosity, the process comprising:

25 a) separating the petroleum feedstock into at least one light distillate stream

and at least one heavy distillate stream;

b) producing at least one light lubricating oil base stock in a process

comprising:



25 a) separating the petrol eum feedstock into at | east one

light distillate stream and at | east one_heav

di still at e 1844R03 b) g3producing at |east ofe Prght®®

I I k . ., .

V\;J)brg ;3/(: 82:58% oil base 1)St ¢ cohtgct?ngp t%g%te Fégst one light distillate stream with h%'%ng)gelnsirlz ng:
PCT/ US97/ 12339 a first hydro

: . rac ngr acno ne at hydrocracking re c’i;rg ,
i) contacting the at | 8ast one kﬁg |st| te styreamvmlgh?l rogen in

a first hydrocracking rea@bnmnoﬂmﬁﬁcxam thyrethoes atdkasng poraatof e sulfur and
conditions sufficient to renove at |east a portion of the sulfur and
at | east a portion of the ah]%?‘@g&ﬁ“?ﬁ@fﬁ@ﬁé@&%ﬁ@%i@tham Q{SBH%@ISEEMP 5

to pr O#CG at least one V\@&(ﬁ otdhgp;t lgésk ﬁgé gakd ﬂght[]oqwr&gmﬁ hh i?x%oﬁs\lngélosuy

i ndex ich is increased rve t VIS

light distillate stream jndex which is increased relative id t}xe visc6PHtiaddd S¥ant he at
| east one waxy |light oil fraction wi th hydrogen

in a first dewaxi ng react ilight distildate sindamd;ni ng a | ayered catal yst 10
system conprising a first catal yst and on which a second catal yst

is layered, the firsgjcat %bf{t%&nn(‘?m‘@ht Rhft®na Rvdx§ aveiX Fragticradith ¥$8rogen
and the second catal yst sel ect omthe group consisting of

nobl e netal anor phous cat ah gtrs deweblng rmnah zpyaieantainioR iarlgyered catalyst
cataly ﬁ or conbi nations thereof;
c

contacting at |east a ports?'%?f“(ff’mtpﬁémﬁlar@tt“ cptalstiang op adhich %ﬁec%ﬁé‘)ualys‘
effluent in a hydrogenati gy, %&ttregrﬁ%ﬁlﬁi &&Rﬁ%éﬂé ADRodet i @ﬂﬁlg?

to produce a light |ubricatihg ol ase stoc

producing at |east one heaxmtﬂaﬂewmbmtalgsteellecﬂaaﬁ@nst}mcgkoupmmsqsmgefss
conprising: 20 1) contacti ng the at | east one heavy
distillate stream with hyd@Pblganetal amorphous catalysts, noble metal hydrogracking econd

hydr ocr acki ng reaction ZOQS‘mﬂ% c ﬂ%r}lgl%ﬁmﬁ%g

to renove at |east a portion esulturand S‘P&east a portion of
the nijrogen fromthe, k heavy distillate streamct %ﬁég uce.at | eas

one waky heavy oil fidkti GRVASHALR} lspstp pargionyf Uy wﬁxg}gqegctz@ z0ne
increased relative to the .y43a0f! 4 ¥ydrBgentifh rdalfol 80t doidilibhdBhicient

stream
to produce a light lubricating oil base stock; and

) producing at least one heavy lubricating oil base stock in a process

comprising:

20 1) contacting the at least one hca\.'y distillate stream with hydrogen
in a second hydrocracking reaction zone at conditions sufficient
to remove at least a portion of the sulfur and at least a portion of
the nitrogen from the heavy distillate stream to produce at least
one waxy heavy oil fraction having a viscosity index which is

25 increased relative to the viscosity index of the heavy distillate

stream;

i1) contacting the at least one waxy heavy oil fraction with hydrogen
in a second dewaxing reaction zone containing a layered catalyst
system comprising a third catalyst and on which a fourth catalyst

30 is layered, the third catalyst comprising an isodewaxing catalyst;

R -



1) contacting the at | east one waxy heavy oil fraction with hydrogen
I n a second dewaxi ng reaction zone containing a | ayered catal yst
syst em coWprB9EHd a third catal yst andson which a fourth cé’f:zﬁ{)sé’?“@ég

|, bayered, the Third catal yste COPILSLNG QR RS BUb RSBy St

PCT/ US97/ 12339 noble metal amor?hous catal BRI ndBIE nfeBH hl Brot AkRinkS!
selected fromthe group consisting o nobl e

met al anor phous cat al yst satalysts) & coeitdnations thececdrdnidng

catal ysts, or conbinations thereof; and _ _ Fil)

contacting at |east;jp POEsAdtinglat 128t SH6EBH of BIALENN deSakInk FBaction

zone effluent in a hydrogenati on reaction zone at conditions

suffi& ent to produce a hemesfilhedsin e hydrogemitionlyaatios zomukat conditions

wherein the process for prqducing the at | east one |ight lubricating oil

base stock suthigiephio %P%%@*WTWGBM ?fgg'i‘sﬁém&k | east one

heavy lubricating oil base stock are conduct ed sinmultaneously

in parall el rewbeicimthemadasss for popducizg the atiipest pnobglsdubricatingl oil daseost@kai m 24,

wherein the light lubricatin i ] base stock . . s aGaqup Il oil

and the heavy REIERSeRgIsPodIE0g 167 eidgest enhesya pbricutig pil Base stock 5

The process acgrdhfgdPsifdu@hfBotsly m/@%ﬁmes&fonlwm lubricating oil base

st ock Is a Goup Il o1T. 27. The process according

to da m25, rein.t vy, | ' ' .0l k . S
f? O}A‘F’Se processha%ﬁgr.ﬁ%g tﬁx%?&pﬂ SR 1G] tllxe @&ig‘ﬂ%}éﬁ%‘%ﬁg}?% St\)/ﬁl\(er ein

a Goup | . . . rocess accor . \
the heavy | ubr jsGaGidup 1Pbll ab@%}ﬁ:hﬁfiklbricatir\xlﬁ]oil base stock3s #GEP MW olll | Oi | .

29. The process according to C ai m 24, erein the i sodewaxi ng catal yst
in the figgst i ' [ - SZ- 32,
ssz. 36 antt-ssz1¥e Ef"cc%soacwrg&%%tdll%g“ %gcr){@éésréinzfg:@%?‘?}Lgrtctagﬁ%&ilgﬁﬂ%%l?&vmer ei n
t he i sodewaxi ng £@taip)$itoil.n the first reaction zone is
selected from SAPO-|1 1, SAPO 31, and SAPO 41.
27. The process according to Claim 25, wherein the heavy lubricating oil base stock
15 is a Group III oil.

28. The process according to Claim 26, wherein the heavy lubricating oil base stock

is a Group III oil.

29. The process according to Claim 24, wherein the isodewaxing catalyst in the first

reaction zone is selected from SSZ-31, SSZ-32, SSZ-36 and SSZ-41.

20 30. The process according to Claim 24, wherein the isodewaxing catalyst in the first
reaction zone is selected from SAPO-11, SAPO-31, and SAPO-41.

31.  The process according to Claim 24, wherein the waxy hydrocrackate contains

less than about 100 ppm sulfur and less than about 50 ppm nitrogen.

32.  The process according to Claim 31, wherein the waxy hydrocrackate contains

25 - less than about 25 ppm sulfur and less than about 10 ppm nitrogen.

33.  The process according to Claim 24, wherein the hydrogenation catalyst is a
noble metal amorphous catalyst comprising between about 0.1 and about 1

weight percent of a noble metal hydrogenation and an amorphous matrix

A U

material.



31. The process according to C aim24, wherein the waxy hydrocrackate
cont ai ns | ess than about 100 ppmsulfur and le 9/1%39”'[

50 ppmnit r\g(g)gﬁ/ozsos 32. The procegs according to Caim

the waxy hydyocr %k%&ctfegsoﬁttgédg%to?éaxm 33, whexéglstﬁe Eﬁhﬁ@ n’iae? gdx?o%eﬁ)fﬁm suI f ur

and | ess than abouf ppm ni gccordi ng to
G ai m 24, wher ei BoinBEndhy ¥ RELRAl TN tgAgdLY Sbndigting of platmum palladiufi@pl e net al
anor phous catal yst conprising between about 0.1 and about 1

wei ght percent ofnigtumsihercofered Whowioemadrphousmater metasiab horupriseat ri x

mat eri al . | - 35- 34.
The process accortiCAGWR™® ai m 33, wherein t he nobl e netal
hydrogenati on conponent is sel ected om t he_group consisting of

pl ati num pafi adi 6?0355 according tﬁt@?@% 3?’h‘€?‘§6‘|“ th%thﬂjfﬂgfé}a PR Cchlé(SYarmr phous

matrix 5 mat er i Fises |caaum

pfocess accor di n@o?"anﬁeisaﬁ tpyim-pal remﬁ1 alloy and aﬁgzlﬁfé)rﬁéé%a{ﬁ%ﬁ Yﬁ’g’?r&fr&st
conprises a pl at kfpUfiblar ratio ofpﬂlﬁinhﬁﬂﬂolbﬂllﬁhlhﬂymaﬂélal@oysls@cﬁere])/a&%tei shdharr]
oxi de matrix, wherein . the nolar ratio of platinumto palladiumin
the alloy 10 absute?.Heen about 2.5:1 and about 1:2.5. 36.
The process according to claim24, wherein the entire first dewaxing
reaction zoBe. ef fihg@rdcessaccording tomameuedhwmhh@yﬁrr@ﬁeﬁ deWakifAg reaction

hydr ogenati on reaction zone. 15 The process according
to clai'th 24, wherenmeffluent is carfected with hydewgenén ﬁl@\h@(dtqggnat@accacannzone
effluent is contacted with hydrogen in the hydrogenation reaction
zone. 37.  Th3Process ®comdirngterGlamp 24 avherainfthe eftiro detoht dedraxifip

dewaxed oil and having at | east one dewaxing reactjon zone

contai ning an i sEAEHRXPORS EHbent jsgontaced Wﬁhgﬁﬂrﬁ’ge“ in the hydregenssigp reastian of a
waxy oil, the progess conpri si ng: a) including in the at

| east one dewaxi g reaction zone a second catal yst |ayer

on top 38.  Inarefinery operation for producing a dewaxed oil and having at least one

15 dewaxing reaction zone containing an isodewaxing catalyst, for reducing the

pour point of a waxy oil, the process comprising:

a) including in the at least one dewaxing reaction zone a second catalyst
layer on top of the isodewaxing catalyst in said reactor, the catalyst is

said second catalyst layer selected from the group consisting of noble

20 metal amorphous catalyst, noble metal hydrocracking catalysts or
combinations thereof;
b) contacting said waxy oil with hydrogen over said second catalyst layer;
c) contacting the entire effluent from the second catalyst layer over the

isodewaxing catalyst; and

25 d) recovering a dewaxed oil having a pour point which is reduced relative

to that of the waxy oil.

39.  The process according to Claim 38, wherein the waxy oil has a boiling point in
the range of about 260°C. to about 650°C.
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25 of the isodewaxing catalyst in said reactor,

the catal yst is said second catal yst |ayer sel ected from’
t he group¥e8®8t¥2i ng of noble 3 met al anor pRetASHER2AMY st |,
nobl e net al . h %ch cEi ng .catal ysts, or_conbi natjiqons 30
thereof: 40-  The Proccsa)accoréwﬂtté 3 Wheggig fhe poy point of thadewaxsiribisns

| ess than abouf, S:L%gnggmts_y&dur and | ess than about 50 ppm
nitrogen, with Fly rogen over sai d second catal yst | ayer;
22 cond cathl S,)SfxnﬁCf;gt%a?%S&ﬁ%goeripgmm i g Qﬁ%@kﬂﬁ&b gfr l&%éaﬁrexg oil base stocks,

catal yst; and ; : satadl i 1 aat 1n il base

st ock havi ng awgi)c&rar%%ﬁffr?{g&mﬁieg kﬁggfcgj ugeer?ygﬁ%%‘@ﬂ wﬂép&h%ﬂr?gﬁsgti ve to
that & the waxcondihg to Claim 38 is cordficted kpnyitaneesdy Mot ddadi W@ separateaind) 38,
wherein the waxy oil has a boiling point in the range of about
260[err] C to aPsalieldmmserr] C. WO 98/ 02503
PCT/ US97/ 12339 36

The process according to C aim38, wherein the pour m ﬂ xed
oil is | ess than about -5[err]C. 4m“ﬁm‘m “ d
process for preparing a nmultiplicity of lubricating otl thase 8totks’
which are differentiated fromeach other by viscosity, wherein the process
5 according to Claim38 is conducted sinultaneously in at |east
two separate and paral l el trains.

40.




