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BASE STOCK LUBE O L MANUFREF(HPRES792

PROCESS FI ELD OF THE | NVENTI ON

The present invention BASH $SEQCKAUVBEDKaMHNUFACTURIBISSPROCEY0duUcing a 5
| ubricating oil base stock. BACKGROUND OF THE
| NVENTI ON Crude petroleumis distilled and fractionated into

many products such as gasolifen J uel, asphal tenes, and

the like. One portion of the crutllj:'i, T NI ItJrms t he base of

| ubricating oil baFke preserk snventsh isidirettodl € a BhtaRric bRRelsUBF bFo’a“uEi'ﬂg al0  of
i nternal conbustion engipnes. The "manuf acture of | Tbricating
base oi | s5f r obiEsatiaE o daposteckn oi | is typically a nul ti-step process,
t hough there are nmany vari ati (s 3 Gl f he. processing

steps, throughout the indust '-ﬁ“l"’": HE S ENIIEN aci ity may
include one or  CrudepesoRlimas dighdRHdTeactibifled Mitd %Wgro*agét%rs%ﬂ gis and to
increase the viscosity index of 15 the final lube oil” product, a dewaxing

step to renp\gasoineekerosgriecjehbiscl, fasphatetes, oid thedikel @ne portionfafmhesérudg step to
stabilize the oil to.oxidat,ion .Lhermal degradation. However, | ube

oi | users ar é’ebr@#éﬂbfoﬁ@s&ﬁel?aﬁe P%ga%?é'i“ﬁg’?ldﬁé%s%fﬂ?s usadin, fnfer giagthedebrivating ar e
finding t8at ofinternal EthbusR¥Rkh@tdse equi pnent is becoming less and | ess able
to produce base stocks which nmeet these product specifications. New
processes are requlhedandague\dfdericefingieass oils from2ude pddidu@obit is §pically a

preparing the r]Ddem base oil s u%i ng exi sting equipnent at | ower cost and
with safer opByHrstepprocess, though therearggmany vagiatiogs in the spegifics abghesprocessing

4,622,129, disss 0%esughollBthB thustry SEhMEDbe Hxanufaftlﬁﬁ};/é fa&%:"g?gxf? grl.clh‘i)&r%leodneW the

hydrotreati ng to produce consistently high qua
' 129 net hod, more@framupgradingtstapgotrembubiveterioktoptsemdrtd irpeasé) thehWebosity Bakt BE

conditio is, 2 roposed for adjusting the extraction depth of the base
oil's to B3 hybe m‘é@@égleﬁwgucf-adewaxmg $heIR to kemoxe undlesirable wardftasm thengil, and a

3,663,422, di erfto 1 f -n r egradati owever
acosi 15T REa Ghr RAER InG O POBMERIBaXFlrta) dosmmdarion; Homerbiifea

hi gh- vi scosi ty-1ndex ‘| ubricating otrea

asphal t - f r ee oilasyrs are demimdigeenbintreaiihg basetoilequaligsaicefifrs aresfndingiod:

cat al yst corrp{‘i_si nagl al G oup VI, and/ ar Goup VIII netal supported on a
subst anti al | yhsibrvalabigreguip@entis peromip legeanblses 2 producetbask $oeksawhinky

conditions in.. i : a I e_l ange froma420 to .
460[err] C angn egflglr?egés Eﬁdrdgggﬁp%?lbggn@%'SN}téwggesﬁ /aé%{e gp‘fﬂq pfoy Hjé ] rf)}'vgéess,
t he hydr @0r eaké w@ls for prepatispthemosiserebasa odewxgdxigﬁd\%oéqggng% gczksm? e8dtlakd

i ndex of at |east 125 and a viscosity at
PCT/ US97/ 1079¥th safer operatiopr (99[err]C) of at |east 9 centistokes.

Mller, in US. Patent .No. : , f duci ng | ub
o1 o o Pl e iU PTG k0158 ARt e R oo e 'S o
si | i coal unmi nephagphdbBowed by hyﬁvbtee‘dﬂﬂnglt% praiuge 8olistdntly Ahiquale IGEOLI. \th!

met al under dewaxing and isocracking condi ti ons.
the “129 method, a formula relating to lube oil properties and hydrotreating conditions is

25  proposed for adjusting the extraction depth of the base oils to be hydroprocessed.

Dun, et al. in U.S. Patent No. 3,663,422, discloses a process for producing very
high-viscosity-index lubricating oils by hydrotreating a solvent-refined asphalt-free waxy
hydrocarbon oil in the presence of a sulfided catalyst comprising a Group VI and/or
Group VIII metal supported on a substantially non-acidic refractory oxide base. The

30  hydrotreating conditions in '422 include a temperature in the range of from 420 to
460°C and a pressure of from 165 to 225 kg/cm®. In the '422 process, the hydrotreating

step produces a dewaxed oil having a viscosity index of at least 125 and a viscosity at
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Shen, in U.S. Patent No. 4,394,249, discloses a hydrodesul furization
process foW098/0250% enpving from 50 to 99.5% by wei ght of sulBAHUSRI¥% ube

oil feedstock prior to dewaxing . the feedstock in a distillate
dewaxi ng pr i , a lube oil feedstock is
hydr odesul f????i@gm%%%h{t%%atsgﬁ:%ent Separated into a gaseous fraction and a

liquid 10  fractfitier, mTUeS Inaqaut Mof 5448 j60B, teacheodprstesdot Profutiak Ayt dilc
dewaxi ng uni t Wi t h a hég siliceous zeolite ZSM5 type porous
crystal i ne fipat &polygnt r dtgaé%ftfsvmln'@an%@p@erq geegsilicoalumingphiosphaghanger .

The gaseous nIo]&%Larg{lé% Ergd;lt elgﬁht}xgb%d erﬁethlsnhn% P&’ev?%?(ﬁ?;%%% gq&gckﬁx{kn

heat exchanger angin dent’
catal yti s dewadkiie:ws. unit and conduct ed to the catal ytic dewaxing unit.
15 Ackel son, in U S. Patent No. 4,695,365, discloses a process

for hydrotreatinghen,inU. &d&tw&*md&%ﬂ‘?ﬁgdaclgﬁsmdiyéradcsulﬁumzamml proeessfiare  of

t al t t ht  of
"t or et at ETBORES BeRLioS L e eiht of BGTE & i o e hiakicRdo dewasing
process of " 35 SbK iARldi Rl TRWIk g Prodl Sl ﬁﬂﬁe Bf'otcégg? ! oﬂ% feEIRYeRYs

during the process, but the viscosity of the spind remal ns

| ar gel y unc hadrpdesulfliiioesd artditbe Eﬁluentvsepmwdtlmocm‘ga‘sémms’pcmm andi liquideasur ed at
100[err]C, differs_from, feed entering drotreati ng, stage by
no mor e]lghagmi“ei“s 'E%‘?ﬁ"i‘%‘% g’ﬁ%‘é"" is contacted in'a cataq%%ﬁ‘f‘éax‘ gngs, with F’zﬁ’f%\‘bt

3,779, 896, g@&lﬁ B1iRIZSRAISA Pb@ﬂor‘% s EHRGlIma ARG iaPiahd the eMuGRTBRddto 2

si mul t aneous deaspha t| ng- so refi'ning of a resi duum contai ni ng
petrol eum f rhaa:ttaxohangandf }hwghsemrsa%dcnng fiohethe & drioraster phsaeondddiedito the
hydr ocr acki ng cat st .25 rature between 600[err] an

900[ err] F. (hgatmﬁ%@ aﬁﬁeﬁéw ]’ssqu Esatawgg%‘aﬁ us@&mrﬁhea@ma!w geww

5,000 psig Qxﬁitgnd Bl tddRB)the Bt Se»VzBJuRF\%é/ between 1.0 and 5.0 v/v/hr.

and a rogen rate betvvee 000 scf/bbl (i.e., standard
cubic fast per baxdkelspn,(iBY.S. Patent No.4 631503355tidclﬂie@rardrodﬂﬁefdr]l'/ydfcﬂfda]mg)i ).

APl Publicati on 1509: Engine QI Licensing and Certification System

" Appendi x 3@nd EirRF‘FWBﬂ%%a epindle Qildp Lhenigeacs Pl a Gatalyst gantawmeng af‘é‘l‘*‘-“’!’-’é‘%senger

Car Mot or Opll& %Hg&?%ﬁtof an mterrﬁi@ét@ OQ xlnﬁlec&*g%(é{/é B%SsuBééﬁ‘ % %lﬁ)referre

cat egori es. ase st ta| ns great an or equal to
90 percent saabmabé‘%ﬁrsdbdtm&l dthamtopf sﬂﬁuahnd mtr@oeearpeemevﬁd dminfguhe and
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PCT/ US97/ 10 PFcEss, soss, bt ths ‘h?d’éscas'w Qb sripdie e asmepelatasty wiehenesd- dqusithto 80 and

less thag éﬁ?gegg y e sﬂ Jx&la%ﬁsrﬁeasu d £ 186% ‘ii?ffé ?h@?ﬁ HE ?eghgagtetr*ﬂg%é“ equal

to 90 pérc essthan or edua cent sul fur

and has a viiydasicating RASXDORE Mo thahaVSaentistoids. t 0 120. I n order to
prepare such high quality oils fromstrai ght run petrol eum stock
conventional |y ré§apdlesinU.§. Paﬁeth@elfé?‘)efi‘%p&aahqsmgvremmqn @frisbr iGaHeg 9di ng,

BGOSR A gt
t enperature p}h@k@nﬁﬁmhﬂﬁﬂ[l@mdoﬁcﬂ&&&hewﬂi@te b).{se&ﬁdh\beﬁ}tdr@@?hﬂ@ﬁ‘g tosyat

hi gh sol vent/oil ratios &g)h ext ractl on tenperatures. Wile
effecti v fat apmpqmungb@tweelbé@(@ agnd REE. (3 HeeSeand 482°C), 8 oreseureibsivagen 800

P07 T T oo g & 6.arZB B on B e bty BermE dond S B #ha o oup
Il base st Q‘%&)ﬁtﬂ rate between 500 and 20,000 scf/bbl (x,e., standard cubic feet per barrel) (89.1
-- 3600 std m* Hy/m* oil).
API Publication 1509: Engine Oil Licensing and Certification System, “Appendix
30  E-API Base Qil Interchangeability Guidelines for Passenger Car Motor Oil and Diesel
Engine Oils” describes base stock categories. A Group II base stock contains greater

than or equal to 90 percent saturates and less than or equal to 0.03 percent sulfur and
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| ower oper at o252, at | ower equi pment cost and with inprov Wgﬁ&,’%
saf ety. SUMVARY OF THE | NVENTI

The present invention provides a process for producing a lubricating oil
base 15 st oE a vissesipr dexsgreawhpiangir ggual thjerod fesathand 28t dpGraupddivsase ng

step and a hy .10 other factors, the present
process is basgé%gg(;grg\%%se& glzxtg%h\?gr%k%g?algggggerce n&??ﬂ’?‘g? ﬁrbqs&?ssetll?‘?%gf FWPEPnd | ow
cost process 4.03 Féﬁ%&htmﬂlfﬁr aridhtids @alidcagityointed@efef i lor eddif to 120. 1d SfeLRSt 1S
realized, in part, by the mld conditions required in the hydrotreating
stép. In prepayn et iign gualpy odefeinrstraight dingretretenimgocknctevestinnatle raquizes i on
conditions is often 20 required to cg‘lrlfgdu%e a desired | ow sul fur, high

vi scosi ty~i nd&kY SVSERRRETIEIS SPaGIIoNs dndding. for exagiplg, Feactipm gves2 hydrocracking

hydr ogenati o i [ i G oup
Il or a G ougc almihlmS t%??h%@ﬁ%?%ﬁ%@%ﬁ%%{a# ag% y @ﬁé’%@é?a@%gﬁag@%‘% tions
of t enpematratee abavepabess 12 EF (RET) Ner sdlvepesatactign adigh §dlods/oftlr&ios

possi bl e becausz‘, of the, addi ti gnal &%en,efi t achieved with the dewaxing
catal yst and 3SR RGGHARISHRFrHUes| ;‘/‘&ﬂe eetrye fof prepwingstbpbasesyesksi hase | n

part cular | S AVGIANEIRLLAR AL Bl FOURELS) 9 s orbm L AR o

C
al l oy, has been partiicularly ‘ac

of a | ubriiccatit fadesiribldaskavetaasitscesp fortprephriag e Ghrp 1t Bed Bage HI 85d shiks Bi gh
| evel s of sul fur, e.g. greater than 20 ppm sulfur. This resistance to

sul fur poi sorPWET PRATAHAESCOSE B [awer equipment cost andoyish mpremedeparhier safety.
hydrotreating step at mld conditions, even when a high quality 30
| ubricating oil base stock such as a Goup Il or a Goup Ill oil is

desired. Such mld condiSUMMARASORTHE NYPNTIOANt |y | ower cost of
operation of the process relative to conventi onal processes.
- 3- WO 98Tigmesent invention provides a process for producing a lubricating oil base

PCT/ US97/10792 . Accordingly,.a process i.s provided for .

bt oduct nd . TG D arRgess epmpASEE s PuliBtodann B oSk eb nd Shyafigengyjon
contacting a & r RBHELIHRE Bt kh¥Bicsbht hascess BBLIMIonABE LisBO RPLRE I N the
range of about 600[err]F (316[err]C) to about 1250[err]F (677]err]C) in a

5 surprisinglyh jve erd iomgcast aricessifozmaking tbrgatingloibbaseataoakg The

t al t at hyd ) ; ) .. tial,. f.l t.h
about 1600 paPX P falired: inpart, by fe milf peaditiohs feqtifed i the RydrStreatigg fspy A
about 500[ o rdoéRBRAENGHGinaIW) IR BOAI @I (ATA Lk Tlonk s R@OUCE 3

hydrotreated oil having a viscosity index whi is at |east about 5 greater

t han t he 20 scegtited torpdeduasfa deseedlow slfan highedstesity lndenprodusti foc dswaxing énd
UG AL ST IELE E  R
dewaxi ng react PR FBHE IMokiNisPRod s LIRL bAY FnilktyRrettARnFRbREH A ofST eve
temperature and pressure. Such mild operating conditions are possible because of the
additional benefit achieved with the dewaxing catalyst and the hydrogenation catalyst of
25  the present invention. In particular, a hydrogenation catalyst, comprising a
platinum/palladium alloy, has been found to be particularly active for the hydrogenation
of a lubricating oil base stock, particularly when the base stock has high levels of sulfur,
e.g. greater than 20 ppm sulfur. This resistance to sulfur poisoning permits, in part, the
operation of the hydrotreating step at mild conditions, even when a high quality
30  lubricating oil base stock such as a Group I or a Group IlI oil is desired. Such mild
conditions result in significantly lower cost of operation of the process relative to

conventional processes.



catal yst to produce a dewaxed oil having a pour point |ower than t

pour poi nt Y% S%hydrotreated oil; and 15 c) co %Wgﬁ@o?%e
dewaxed oil at hydrogenation condi- tions in a

hydrofini shing r Bc@ﬁ% Yhss s gHoliidd RGREdUE LFRbALAHRE RHERE kiakind a
pl ati nuni pal | adi E?n&a §?‘2ﬁ8r3 uc%oa | ubr fac;:'at |cﬂ% ol? tasg stock, wherein
t he pl ati nurbmpatikiagti um nol ar ratio of the pl ati nunmi palladiumalloy is

bet ween about 2.5;1 and abqut 1:2 Further to .the |nvent| on is
provi ded a proces for°°ﬁf'aGH’t‘,ﬁ:?H@"‘é’e‘i"ﬂtﬁ"?dé’e?f’i‘ﬁﬂ“@i as a normal RQipign the
upgradi ng a petrol eum oRl, t.ock having a
vi scosity index hi gherrgﬁﬁ3 atgﬁhttédb ?t(ﬁ t“?l%t}%”lg%z ?@? Rgnd reacting
the | ubesoi | f eagdtardsting r&aydamicmamtmaghﬁdmdeatﬂngmat g@i 84 Relirdgen
otreating of

mai ntain a volumetric cracking conver si on-during
| ess than 20% prefer emmalmeessmrm&hss_m ah@\rteléﬁgpSla[ﬁibNE%ébwalt@BBemmm 5%

oref orably 1 ess than BOWHRAENE: UTE Brorarnfpu S0 G2 CoRBucter of

the change in P&etabéd' A8 f 5&3 kv RGePLivhich ? fi
hydrotreating, (VI [ er rl-?)g ker r ‘? l 3 *l ¢ ~ ?f/%ﬁtéér%? b@{{fe%}?z}tgrl AC
is greater than 1. artdarpt}efvmcahtwnaex d>f‘ethspetadﬂmm feedStockved £viscodithl i s t he

viscosit¥ i ndex of the hydrotreated oil, Vlo is the viscosity index of the
| ube oi I10f eedst ock 30 Measuter@t AJRCoph atdeast aboukd <Ak i s the vol umetric
cracking conversion in the hydrotreater. Both Vli[err] and Vi[err] are
on a dewaxed basity. contacting the hydrotreated oil at hydrodewaxing conditions in a

WD 98/ 02502

PCT/ US97/ 10792 dewaxing regetionzgpe pitheap dntermediate B?fe'%zeé“?'ﬁ%%'ééﬁ‘?ng 0i |
base stock cont aini ng duedist id1pFoddcdd Yewaxed oiftdlingla pelf S8inElovid} Baridhe AU
to 90% saturates and a viscosity index of at |east preferably at

| east 95, which | ubri gaturpginoiof thedwdrasteateld dils amd epar ed froma | ube oil
feedstock containing at |least 0. 1% sul fur by a process conprising: 5

a) hygrot reatid)g a quatdcthg i devasied oft kit Ihavog@aton/tadaiint h 4 ndex of at
| east about 75 in a h){]drot reating reaction zqne with
a hydrotreating cat al ygtdrefinishing reaction zone with a hydroggnatjoly eatpdyst sampngng a

pressure of |ess than E‘w

a tenperature between outm/é%g’?er r ]EDYE %%6‘%%%?8}%%‘ ng '1 b%seSsb?)c[kéthrﬁm
(427[err]C) to the platinum/palladiumptislait@to @f Mﬂtrﬂbﬁﬂlbﬁddmtﬂ allogis ng a
viscosity index which is at |east 10 about 5 greater than
the viscosity index ofbatweenahoupduhtrdkabayt b2k and a

viscosity neasured at 100[err]C of at |east about 2 cSt; b)
contacti2fg the hykhrtier eathednvsntioais mwdgﬂemcmg‘ocmwducmgn@hmahnawl

B e A CRTE T R L M R
hydr ot r eat ed,;;Qkity @86k higher than that of the petroleum feedstock; and reacting the lube oil
feedstock at hydrotreating conditions selected to maintain a volumetric cracking
conversion.during hydrotreating of less than 20%, preferably less than 10%, more
25  preferably less than 5%, and a sulfur content of the hydrotreated oil of less than 50 ppm,
preferably less than 20 ppm and more preferably less than 10 ppm, wherein the change in
viscosity index of the lube oil feedstock during hydrotreating, (VIx - V1p) is such that
(VIg-VI)/AC is greater than 1.0 and preferably at least about 1.5, wherein VI is the
viscosity index of the hydrotreated oil, VI, is the viscosity index of the lube oil feedstock
30 to the hydrotreater, and AC is the volumetric cracking conversion in the hydrotreater.

Both V1, and VI are on a dewaxed basis.



c) contacgjng t dewaxed oil at hydrogenation conditions in a

hydr of i ni shiwg Sf%é’&g@i on zone with a hydrogenation catal yst corffi4§9gon2

pl ati nuni pal | adium all oy to produce-a |lubricating oil base stock, wherein
the platinuni pal | adiukhentd ¢ idvahtich ©% 1Eb1taRh@bil Bws&%klc%q{aﬁmgiés%ak%. %
bet ween about 2.5:1 and about 1: 2. The | ubricating ol base
st ock prepar eduifiy, geester thpadriearalite 98Vesatyratss pndra atscositiydndex of at leagt80, enent s

f f i ) il .a o 1L b il. )
A surpri | ng. PRAED A RHDS, Mo FoRiATReHEA Sokis prepRi e e sl
hydr ogenat i on feedstock eaﬁtadn;f@tzagmktcmwpmm 6fa p?od%@édnﬁwmnga' | adi um al | oy on

an silical/alumna support, denonstrates a surprising tolerance to
sul fur poiSoning, ajich thgdtotmaligapetréleun feedsiooki having a vistosityl itidex afak idag Oi |
h sul fur containing |ube oil

base stock may be produced from i ] |
f eedst ock using only mil3g° {:Fr'Btarafé(gf‘%ﬁﬂtlf‘%“ﬁf’%%?%‘eémﬂwFH%"PET&Q% atalysyaht

for hydr odewaxi ng. FSsel . I f SS

whi ch requires hy3rh§?:t°}gbi%ﬁg'ag&%%ﬁéfr‘lff&e@(‘w ﬁ?{?‘gﬁé‘% ggg\i/le?g% ae) and
conditions in order to preppéanraibetivebnebdut 300°F @60t@PR boht SOTFqALyRyiHd
in the preparation of the high quality Goup Il and oup |11 base
oils. produce a hydrotreated oil having a viscosity index which is at least WD

98/ 02502 T

pcT/ Uso7/ 16792 about 5 greater than thgisgosiepindpxefihe perRies fréstodhanda on
Feedstocks to the procesgg A& 8 201 ot CCHRIIOAL 4Rt Of.gf-ef i nery streans
havi ng a nornmal boiling p(():?ﬁ?y of Sat Iaeast about Oo%ae}r]cé{’(316[err] 0,

boi 11ng poi nt & as. Phw a& ey B pYE8Y ol RdsSoilnbil fficnd Wik
boiling point of at |easditedmteditte fOR[semdledutdrGievt chta)yst o preduide 4 dubaxal it
85% by vol une of the feedstock has a boiling point at atnospheric

pressure of at |east abdbayinga pouppgpewhich islgwss than the) pounpicing ofithgher boi | i ng
| ube oil {$edstocks rrayhbﬁ prrgtcgsg_ed 2 di scl osed herein, the
preferred Teedstock wll YHVE S 86 11 ng range such that at |east 85% by

vol ume of the feedstock has a nornmal boiljn oint of at nost. about
1250[err] F (677[erfl O, cqpacting fhe ngear%ff?é?'agwewowgﬂdlaa%w 2 100F
(593C). Representative i : : i b )
present process incl udeﬁ‘g‘g@%ﬁ?ﬁggén h\sllgé%%n‘?’ %}égﬁ %?lllage%ggc%qw%mpﬂﬁ?ga
hydrocracked gas oil s aptitvamipatiadias alloy s pddasphmbtiedingidilshass k@ck, wiBetein
foots oils, coker t ower botto fraftion, reduced crude, vacuum tower
bottons, deasphal ted vaé’iﬁé&?’““u"‘/f’a’ wymolap ratia otk PlaBRyaRalladiumaliey & oi | s

and raffipates froma SPE%‘%@Eaﬁ&hrﬁﬁiaﬂ{i‘aﬂ&t1-1”00355- The nitrogen, sulfur
and saturate contents of these feeds wll vary, depending on a nunber

of factors. Howeve ile.the sulfur, and nitrogen,contents pf .the |u oi |
f eedst ock are not @PFWE'&%’Q%"W&@L B#i')g%%ﬁpgregfast %""8?‘338’&&“ l?rﬁfféﬂ{b_( B‘r‘?,ets_?ﬁee
present procepduiréments of alP@fobdrieitidhéd GHAR Whadeddil PSR UpaedsasBayi ng hi gh
nitrogen and high sul fur contents. Thus f eedst ocks cont ai ning greater

than 100 ppm sul f uA s¥wprising spestSlthepresest invewtiqnisthatitifeprefoed hydrpganationt he
range of between fro bout .0. 5%.t 0 about .2. 5% by wei ght , of .sul fur may
e oui tably proReTsane ofbosss ey Bratenelo e aBieBE SeaPart | i so
general 1 y25  dem&flaisi siBirRinghaRrande RPSNIft hbREMAg, steidat ¥ GrBup (or PO
from50 ppmnitrogen to 2000
I lubricating oil base stock may be produced from a high sulfur containing lube oil
feedstock using only mild hydrotreating to prepare a hydrotreated effluent for
hydrodewaxing. This is a contrast to the conventional process, which requires
hydrocracking or solvent extraction at severe conditions in order to prepare an effiuent

30  suitable for hydrodewaxing in the preparation of the high quality Group II and Group I

base oils.



ppm (0.2 wt % nitrogen. The high tol erance of the catal yst systemfor high
f eed sul f uUWO98/02502| evel s pernmits using straight run VG as FIEHPHBIE2
feedst ock. The use of such a feed.25 greatly reduces overall processing
cost. The preferred fegstAEbDESCRIPEIGRIOPHIREEIVENTIONAS @ Viscosity
I ndex of greater than about 75. In one enbodi ment, the teedstock will be

a typical base oiFeedsemtksttotie ;iravesmg'laabemeosatcymbmalmm ofrefihayrsaeges of 75 to
90. In a separate enbodi nment, particul arlzqvvhen t he feedstock

contai ns si §avirg eaﬁfm%l&edwssvomt of at least ghqut GmeF 1§(°:G)s iafthoyghde Pfﬂce?snié

f eedst ock may, n

| ube oil feé’(fgt g%’ﬁi ‘QEE "%W%ﬁ:h\%lé‘é%hnqaéégmg‘% Pg i 55 58? fﬁaéotfe?t of as
hi gh as 2. 5%hﬁg%bﬂhﬂ bRiIthg PO OB [eRRiabbitBOROF (r;ls@d:) RdahOthap okt 864 r1 F
(677[err]C may be processed according to the present process to
produce a Gbypwplunie afithafegdstagk hdsla boiling point at atmospheric pressure of at least about

- 6- WO 98/02502 . . . ) .

PCT/ US97/ 10989°F (%15°€) | Ybils bigherhpiling lupgiaibfesdgegks may be processed asydigclosed

f eedst ock e I+ ' | dko

anount s of Vlﬂ\g.%?w gérgfe?%gtféegdggoﬁgﬁngg%%&é‘%@%?%rcgq %gdgs&ttd%c s}]égnt ai ni ng

hi gh valumenoe thé feeﬁmchbduimmkboxﬁnﬁ@pd:hﬂ ofta® nilspgont $Bm?F€(67m oi l's,
| ubricating oil stocks nthetic oils such as those b
Fi scher 187 ogé moﬁ,a@eﬁ%rgwg o0 WoSHARBIL L QSGF (IS35C). Ropraseptativh Rsaiockswhichot s

S o5 LS e SRRy P OSEL LB ey Bty (yp0) >

separating hydrocraclaéd gds siahd Gasudn gakhilsi gakptaged il siadk mefbbfgdmtsoc@ér
foots oil. Sl ack wax can be obtained fromeither a

hydr ocr ackedowerhotigms fgctignsisRyees crudey vacuu forer betiases. dlepsphaltesYecuame s
POSSESS a V‘?%Q{ 41 eﬁg?ntéb%gi?@ﬁ&efx% IL:FH’ézyéle &%raﬁﬂ%ﬁ‘?ﬁ@s t‘r&% a s%i‘v%ﬁt extractig 7 OM

140 to 200 nt ent I'ng haterral from

which |5 prrds&smathﬁobae@ulmreaaarsa@ra:Sbmkmwxﬂﬁs@ﬁeedst»bmrﬁfryardepamurgent ly
suitable for the preparation of |ubricating oils having very qh
vi scosity i mdiacuanber offactars.ohowswert while thegulfur and nifegen cpgtentsiaf the Iube A

e oes), ot TERMAIR YA i o B FrhsRed uldbofedll hilriBh B0 REN AELEQT,

process to are t feed rac ’6h- lised

for prepari rp@rﬂdﬂfarlbllmbéfuf)fdr those feedt Bgfg QiR nitesgeh RRd RigASEMir QUNBGHES SThuS
conventional, and does not require detailed description. The sol vent

extraction deedstocks gqnmawgygrtaa?rrth@ul%ppmﬁs\@lﬁlrsmw%mp@ syifery 05 40fppm sulfur
Met hyl - %opy r%lvénd%qg ?ar EUFhALA nfrgnme bt%B U?b}t fo a%r etfsg)sen ! fxt Sﬁh?flf{xrm

5
relativeé at’l on O aronma es an

paraffin-t yrbe sORARE pResse@ BSIdésefibed hereint Tae lubre@xl&'ééd%ﬁick vhlp‘édsb(g'ehéramy poi nt,
whi ch permts ease of separation of the solvent from t he extract.

Sol vent ext rcatayy morestham 5@9pmh@twgﬂnaum§y ifi the ranga feeot 50 ppmmétrogeadoROBR| y in

SQSESLQP? elj%%r I @ai %gﬁ) m!rogenAs!Qne lgh o e%r%:le rc]>|f i ga?a?ys% sys(l:em fonq'}lgh Feed sulfur

levels permits using straight run VGO as a suitable feedstock. The use of such a feed

25  greatly reduces overall processing cost. The preferred feedstock to the present process
has & viscosity index of greater than about 75. In one embodiment, the feedstock will be
a typical base oil feedstock having a viscosity index in the range of 75 t0 90. Ina
separate embodiment, particularly when the feedstock contains significant amounts of
wax, the viscosity index of the feedstock may be higher than 110 or 120 or even 130.

30  For example, a lube oil feedstock such as a vacuum gas oil having a sulfur content of as
high as 2.5% by weight and a normal boiling point of as high as 1250°F (677°C) may be

processed according to the present process to produce a Group I or a Group I
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sol vent extraction. Preferred solvents for deasphalting include

| over - boi | i W@ 923 inic 25 hydrocarbons such as ethane, FOPEH10792
but ane, pentane, or m xtures thereof. Propane deasphalting is
preferred. Pgratisfitg ot Bdiesiger! suitable solvent if high yields of
deasphalted oil are desired. These |ower-boiling paraffinic solvents may
al so be used as The feedstork employed in the pulvesssofshe invetiomshiacwoitaiahizh

i sopropanol . | n conventjonal processes for, preparing.high
qual i Ly | ubr PESUTIRGE BEK. GaoEuFOBRE S04 Wk EXEAN o ogX O L e o | s
often enpl oy ot t fur,
nitrogen andgﬂ?%ﬁa#pgxgg&n%%uﬁ%y %%@H?@e%g%?%gs %zﬁ;b‘? l\g/‘i lg%r(x)csalntn g%?nsa%;%k'of t he
extract eds oi kyntiseticrdils eachedd thededty Mischeo THdRclesyintisisOliighh pesispdigk. The
conventional sol vent extraction severity is t){pi cally maintained at
sufficient coelrlphagiafingfopisailsciynihetio waxatsush as norma alphwbe%!amamzlack

PCT/ US97/ 107 . [ ' i.S v f. at | east 80,
and preferab yxeast d?oeﬂggsv %‘%Wf@%@me @ayésl%%éllslaﬁl %Bg%)sélréraebal.sep?ra & oup
L1l oil is deikogfhe Wik EPHeligstite@bil Sréfiiried)to s fotd bil.ci ent to produce
an extracted oil Er oduct havi ng a viscosity index of at |east 120.

A sol vent extr act Blagk pragcas e pbiaineddrom eiper athydipceacked lubpeil@irla sbbeaist ock
useful i 5 -t resent ., method may be run. at | ower,h severi .than is
cormon y e IepRaiieR ofing ik Vaxes BodiB 4erk Kb Mspp iy hasie 1ot anbie Pkensry oi
base stocks. ofResaad 15 2by edtpedihg 86 kel content an® BeatdriNg natFRERoM WHigHUCEd
sol vent usage and/or in reduced solvent extraction t enper at ur es.

Decr easi ng t the vemohmatbeert prepingénSlack guixeeareftmreforeemioenmbnuitelde farctheon st ep
results in higher 'Xi ehg‘% an.th ﬁxt.r actiqn st.gt%is. anﬂ. si mpl iffi es thei §r ocess
for separati H‘%pi"@“ n PHIUDDERURG Gils MR YRS ¥ MASh YISEOSItY BR1oE™i'1Tg TFATR 2R 329 on

st ep. about 180 | n the enbodi ment of the present process which includes
a prelimnary sol vent extraction step, solvent extraction conditions
may be nid nt ai nedAtrefiperp duresn anayabesirabbyt texitreated in a roild sqiverd estradtiemi prgeeas to
viscosity index wh

[ch,is.at least 5 |less, and preferably . in t range
of “about 5 { BERHERS bePUdEed R, SAlyeReS e 03 igPHTingdRe Betie
| ubricating RielisiBasfr bR prefdnPplodeiEin 868 Rnlithal HEd RIES At re LiRCERRled! T the
desired viscosity index of the Goup I | ubricating oil base stock is

80, the sol veescriptigir. abhe spiivept extractiah septis sitaply shrrted@upmithesntvents such py Heess

is maintained to produce a |uprjicati oi | feedstock having a viscosity

i ndex of e_”ryé'g_sPWWgEﬁO%B’u@”l’i‘Sﬁah‘ggB?léf'éf‘ %’_BIC?/‘O?%‘%PH ey gglgqu rom about 60
to aboutyys. sd’n{ngﬁﬁigg%ﬁ’of b matic-tégé Bf‘tﬁﬁ&ﬁh frﬁ)‘ﬂec}ﬂleggf?c?bﬁr){ﬁ?nﬂg?é nfdlecul}S, Aqqyp !

| ubricating ol e stock 1s e sol vent extraction pre-treatnment
step of the heaselativgly meebsiling poit, viadhneamite egseedyearaion of the balbert d@im ng
oi |l feedstock having a viscosity index of |ess than about 90 and preferably

h
in  thethediact SOMAbEHITACTE St HChBbIRE ro3ling Aie APREASON. g HeddidFly &y
viscosity | n%%éan‘?rto ﬁJBIQCﬁﬁné oils.GAgy!PAltl-édntAiHm rdeBlbBg rRA)J b @SEpivitRs rio% &y
20, v ac re- tre

exanple, is tthe so nt ext tionp atnent step of the
present pr oceseernt exmaitiohaiPneferred sgvedsifor deasphddring aiclude ovér-odladspapafkini25
havi ng a_viscosity index of |ess than about 1 15 and preferably in the

range frém apyslspcarbons suglyas ¢thangy grAPane. putane, pentane, OFmIXtUFﬁ%‘hﬁV&%cR'PB% ng

catalyst Tor L fndoNy SPYEELd PUHLRNL BRIMOW sRIBEEReN IR illfs of

deasphalted oil are desired. These lower-boiling paraffinic solvents may also be used as
mixtures with alcohols such as methanol and isopropanol.
In conventional processes for preparing high quality lubricating oil base stocks, a
30 solvent extraction process is often employed to upgrade a petroleum feedstock, such
that sulfur, nitrogen and aromatic compounds are removed and the viscosity index of the
extracted ol is increased relative to the extractor feedstock. The conventional solvent
extraction severity is typically maintained at sufficient conditions to product an extracted
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hydrotreati ng reacti on zone contains one or a conbination of hydrogenation
metal s on WO98/0258% oxjde support material. Hydrogenation neR@/ES¥EERt ed
fromGoup VIA and G oup 30 VII11-A of the Periodic Table (I UPAC form,
such as one gr, ] (o} S aTFY o fup I

oi'ati nam or AP hrihEa dsclifsilex pratRalED, and preferfiy @ legst 3, FAGRUP
be either il el gndxsired. farGroap [11vilde dsired! the Bxtadtion Géveeity BlsaffRivnstd €. g.

sul fur, oxygen, hal ogen, nitrogen) on an oxide support nmaterial. If
a conbi nat i Prodce ap exadted gif product having a viscosity index of at least 120.

- 8- WO 98/, . . . .

heTI USOT 10702 B S%é’gé‘gﬁ%“\ﬁ PROgSsE oL ths Risparatiet &f dubs il Lendsiosk ypefilin
present §s (thé pesent ddttabmay be Winl dt [®@er severity tifnlil esh@enly @nipls/el phitdi ng
treatnent prior to proper use in hydrotreating. Suitably, the .

cat al yst cormpepgratioaref high gualitslsbrigating 8 bpseotecks. Reduredisalyenoextiastipn esent

i nvention . .corr‘ﬁri sg one RLmre co onené\lrs?&?f Ini ckel and/or cobalt
and one or RBYEEEEHEHEFEICCCSOV Rt UART VFZ%HHW B BV EEELR or one or
nor e ConpongahSerfurdd. abddieHingR¢ Shount of solveR@bdALUYBR the solvent extraction st
amount (s) of hydrogenati on conponent(s) in the catal yst conpositions

sui t ably rangslts iohightraaeld9in3he exsracbonstep Ondinymplifiegithe prbcdSs Gonzselirativg net al
conponent.(s) anotj f ram ahout 5%6{1‘(]) a_b9 t 25% ba/ wei ght of Group VIA netal

10 corPondht Fyent fam e sxHac g%‘f’al%(es‘ix"ﬁg?_'iﬁﬁp'pa_rts by weight of total
catal yst. The  1pthdERbSiIMBR &aﬁ@baégmgmgswwm%mes ABERREAG SolVedth the
present invention conprise about % 10% by wei ght of nickel and frorm
about 5% 20%xbyctieni oy, solykytbteactmn ddndions may bpmefiresiadd 1y, protececant exdinasted
conpositions . in accordance . with the present invention conprise from
About 4% BO6TAPTABIGREVIGE A isCREIY Bk WhiEhscb et BY% 900 BiFferaply i thegange

mol ybdenum o“f?l:?&&' ALl ﬁﬁzﬂ?éséhénw?efde]sﬁ@d Q@éésﬁy ¥Rk Bltuticalifd 8l et &l yst.
Cat al ysts useful as hydrotreating catal ysts of the present 1nvention may be
pr epar edSi n seodirppepsed oaihp presem@protess. ifjthe deicraikidciosigy iadéx ofthe o of t he

hydr ogenat i met.als.wth act. ources of the oxide support terial.

O her Tebsifating Al Botsrstortas & P yalentaytrastin aieieakmedt HEP OF thechTestht | ng
m xi ng. The 4y 152Hai 30N e hap& Vi shen,
and the shapdenc)ie%%g{ a ?S‘taﬁggggﬁr sI?rge AWbri %a‘?gﬁgt o} foraF/n F%ew?ab?la %t ) b{guch
met hods ar e lessltharkabmwn 75 and heefenlily in the range from abotit 60 hy dvattriSatliikepisatifal yst

may further conprise.nolecular sjeyes s as .t he SA , €.q.
SAPO- 11, SABBS Ssitgdiscasity indsices he ?’;L',m‘fpaﬂj? cpEng Q‘bBaSEéEﬂC_l‘ﬂ%ggé@“cﬁﬁé%“
Y, X Agoul tha3tad] EreXrZeéﬁugkﬁfstseged%'thé Ex%se%‘t‘%ﬁbc@?s i?ﬁizagmﬁﬁ% t'o%@&&@léldi ate pore

zeolites such as 25 , Z-32.  ZSM 23, ZSM25. It crystalline
mat eri al s arlebriqatihy dé deddstockdaving a vishguityotdexatiilesy thaatahbyts3q ardowefecdbilyint v,

e B e T ST BB TR e PR o
and pr of or abry o 1F BbycAaR B Balt 4550 O lmpl e Va0 B A R PR g
cat al yst contraimentastep dfithe pesaitiptace80is maasinad)tcaprodude aclebticaing oill feadstdckan
about 242'550 h%g%%tar egcsosiatl)c] %dg;g leegsat laX allnoe\ﬁﬁ lg gr%] pléae?gf%iy in the range from about

100 to about 115.

The hydrotreating catalyst for the low severity hydrotreating process within the
hydrotreating reaction zone contains one or a combination of hydrogenation metals on
an oxide support material. Hydrogenation metals selected from Group VIA and Group
30  VHIA of the Periodic Table (IUPAC form), such as one or a mixture of nickel, tungsten,

cobalt, molybdenum, platinum or palladium, are preferred. The hydrogenation metal(s)

may be either in elemental form or in combination with other elements (e.g. sulfur,

oxygen, halogen, nitrogen) on an oxide support material. If a combination of at least a

-8-



24. 35 angst rwomg/oasdaul k silica to alumna nole ratio of great @ctTihaR 1Pw,
preferably greater than about 25. and an alkali(ne earth) netal

tent of | th b tal.
?(9)? ent o S@S g%égg Qﬁ%ﬁg%ﬁym‘é‘ﬁl gomponem is presgnstlai (:rrrxliaxe%) oxides, it will be
PCT/ US97/ 1079g;bjected to a sulphidin n%irrj@ﬁxr@ﬁi Eix‘?orstléﬁi?&?e%r JIB I Jd%tré%hg (iabLfdethg ne

or nore of S|I|ca al um na, Zi rconi

silica-al um neatmlystmmntmosmbnomsbetdned @rothe pBoddss mrd)ﬁg)tbstha?%sﬁﬁtﬁﬁ@éﬂnlohne

bi nders can be applied. Preference is fgl ven to the use of alumna as the

oxi de suppor t comprise Qpg{o8 Mofe components of nickel zmﬁéonpcquglgggd ofie chmops emepdnents

inventionds VA Vv drot atin ndi tions,

wih | ierie, orraRehElint Bl R B dafmors compRlENL alRing Y ago

boi I'i ng hydr opsrllaatuad products. Hydrotreating conditi ons are selected to

mai ntai n the vol unmetric cracking conversion during hydrotreating to

| ess than 20% prefbe &mpynt(Sésvﬁhydrooenatlhamomp@/am(d) mnhecqlalgitmoatﬂo)mnlo%s t han

5% As used hergj cki rsion.is a neasure,

"h ol unre: per SURPD raei A bR sl 16 B D St PLOT VLRI A greta

during hydr ot éatdnRet($)Hna ff@@%d&ﬂ%f&&ﬂéﬂt 95 W»&ﬂ lﬂd?‘?frﬂﬁﬁ Vgl ,'ngtgp poi nt

| ess than a reference tenperature T[err] %

Tlerr] =1 er¢qmpor@n$()TsaiCLﬂat¢'@ as miedal(s) per lOOenadswareq:jhnofr {oealrchtadydtl Therr ]

are equal to th {e ngr maLY boi | chO' nt tepperature of 50% and 15 30% by

vol ume, respd@fiViEfyFata C?E%?' S THAGSOEIFACS Vi It RigSedt BvERtion saspprisembette

| ube oi | 3% ©RAl® %KIEQFHQEIWH“?&H%ﬁ“o- 4 heal |

reaction zone which %’:ont a1| ns The 8(%-@3‘ g&ég%lth?{&g@en %t hl\lﬂgre

invention is mafembdly niegicailya chygoggems lpalttcbrdknclarvﬂﬂﬁtlhé Bredént mvent:oh%@ﬁmﬁp n
a)

bout 1600 b than about 1250
I L L Bi?ﬁa&ﬁaa%a{séaidfrPSBa%y?ﬁw% bupsgighiand at 4
t t 800 F
(427[err]0) f*ﬁ%”?’é?%"#ﬁﬁcaw@g%gggn bl EgGrER ey o of Ry Talls ') or

about 700[err]F (3Caplysts uedful ziEHs'dfceedtmgttaalyss 90 tHe Pt sgntiBVeHtidNARL W t hi n
t he range of between about, 0.1 he[err] and about 10 hr}err] LHSV, and
pref erabl y beiTRAERD MALRAOCESS CRMRFising mixing of gemullipg activelspeices of thieer ei n t he

term LHSV (i e}%dréséeﬂ!ﬁlic% s d'yl &Qﬁg sYGL CAMQ oxn%grst?;ispﬁp(trmtgnﬁlas%ﬁxﬁe rate at

which the fe I ntroduce e reaction zon he 25

hydr ot r eat i n@onqmemmnfztmrmralyfhmayaisbsaeaﬂdé&@(o@rcﬁ dufing Rlikin® The hiped per
vol une of cat al yst per or hr[err]. In order to naintain

sufficiedf hyferAQBRTS ﬁ‘%‘?ﬁﬂé@ts mdhetaqéy extmswwm‘r Bershanedrrgtatyst areputsodur i ng
e drol« eaidhiag b S6ieH 18R MhAREROH A IMIBBARIRy | contal nf ng

greater than e percent "hydrogen 1s1n rotreating

reaction zone at airrra':ﬂydrmfeaahg tealytt ﬂ@oﬂlrﬁé}:éd}ﬁfsrise|mdl>écul%¢fsfe0é§§u€hfa§@r$tOCk
(178.1 std nfer err] oil) Duri ng

hydr ot r eat i ngSAaé‘]é &reg- r&j\‘{%‘ 'tlh{éxkpe%éﬁP@fNeﬁAP@ﬁ‘ﬂ tfhpasite Sgpeszaoyitassdeixasof
e hydr ot reayod g1 iktabi8 ¥, SR Jedi @ hlch SPBHYina b il Ep b tobieh g
25  ZSM-5, SSZ-32, ZSM-23, ZSM-25. If crystalline materials are included in the
hydrotreating catalyst, low-activity, low-acid forms of the crystalline materials are
preferred. When such a crystalline material is present in the hydrotreating catalyst, the
catalyst will generally contain less than 10% of the crystalline material, and preferably
less than 8%. For example, a suitable hydrotreating catalyst contains a Y-type zeolite
30 having a unit cell size less than about 24.50 angstroms and preferably less than about
24.35 angstroms, a bulk silica to alumina mole ratio of greater than 5, preferably greater

than about 25, and an alkali(ne earth) metal content of less than 0.3 percent by weight

basis metal.



WD 98/ 02502
PCT/ USQ7/ 1W@3B/02502  oxanpl e, in conventional hydrocracki ngPCUS#E¥8%si ng
the viscosity index of a |ube base oi | feedstock, the viscosity index

of the product gmﬁrﬁéi&asdpgsﬁm&ﬁn il {neRdle bR&Br ABALAS stica, alumma,sﬁﬂgﬁég?é] of

I ndex unit for each 1% in"conversion. In contrast, the hydrotreate

t he pr egenis, Zincomiay siloa-dhasina ovicembinatignsitheteoaf. Bothembegawus ¥hd erysthlline
wherein 5 Jerr X . AC is the conver.sion duri t he ste
o hycr ot e dVIdeGS g applied. Preference is Even Qythf pje SIANTHER 81 YESIARRPRTL .. of
t he petrol eygfggdst ock. Preferably, [err] Even nore
preferably, {[?e'rr] Thus, during hydrotreating according to the
present [5rocess, Thepracessostie\presedeveattionliecharacterjret bplovseviedsdst ock i s

i ncreased by at least 5 yiscosify jndex units, and preferably 15 increased
by between hydtntresting eondians VZSWHL%%@%WWM%&"& meét,lbwb&beegsﬁo%@ low

Vi scosity ops > h treated
oil are on abogg\%aq-g@ﬁ)tﬁefgtseltdgﬁ oS ‘ﬁﬁ\"&ﬂ'éaﬁig é%rgag‘lé&ﬁgd?%?eﬁ%m%dﬁg na%?{a\f}xa ?on of

viscosity i ndfumétic deagRinglefversioABRIMIRAIOreating to 1e86thard ROV bief@ablyYess ndex
I s based on nmeasured viscosities at 40[err]C and at, 100[errfC.. The
vi scosity i riha1@¥ agiimore praferably dess shanfi%i dswusedhbereia, the Nalumetriecragkingir enent

of a viscosity 20. .at 40[err] C difficult I,MPossk b be.det erm ned
by an eXDr aSSRFRSR e 2R perctnt gP i RS legt FodF Vgl iy oBhd ¢ e
oil at two tmﬁn@am&gﬁﬁginym&e@aidrmoemdts hévild a'hékmabéiling point 168 B2 kC and
100[err]]C, with the viscosity at 40[err] C bel ng estimated by using an

ext r apol at i osference tgmpREatdiR By Wheminas t he one described in ASTM D341- 89.
Unl ess ot herw se specitied t_%es(xfi s_cpsjty i ndex as used herein is on a
dewaxed 25 basis. O Fg hidi g ‘a*pouf’ poi nt of greater than about O[err]C

wer e sol ventandewreréifl TRJ 4l T Qre ec%:al tolthe ndinfut BSilihy pbiRdRmpeRhaeBfsatd sy A
sol vent dewaxi ng procedure suitable for determ ning viscosity index
(dewaxed Sbasi®®} by yolmef pdspestively38@ogsingry 2P288 Twsirmylatsd distidiation, of theiubéoik

VLeCOst Y, B AT, 155 A SR S B A SRR e
cooled t0  hydrotreating catalyst of this invention is maintained at a hydrdglen partial pressure of
less than about 1600 psia (11 MPa), preferably less than about 1250 psig (8.7 MPa) and
more preferably less than about 1100 psia (7.6 MPa), and at a temperature between
20 about SO0°F (260°C) and about 800°F (427°C), preferably between about 600°F
(316°C) and about 700°F (371°C). The feed rate is suitably maintained within the range
of between about 0.1 hr'' and about 10 hr'! LHSV, and preferably between about 0.1 hr’
' and about 5 hr'!, wherein the term LHSV (i.e. liquid hourly space velocity) represents
the rate at which the feed is introduced to the reaction zone, in this case the
25  hydrotreating reaction zone. The units of LHSV are in volume of feed per volume of
catalyst per hour, or hr”’. In order to maintain sufficient hydrogen in contact with the
hydrotreating catalyst during the hydrotreating reactions, a hydrogen stream, generally
containing greater than 50 mole percent hydrogen is introduced into the hydrotreating
reaction zone at a rate of at least 1000 SCF/barrel of petroleum feedstock (178.1 std m®
30  Hym’ oil).
During hydrotreating according to the present invention, the viscosity index of

the hydrotreated oil is increased significantly, with relatively little yield loss. For
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PCT/ US97/ 10% -20[erre]C. The m xture was cooled at -15[err]C,
preferably overnight, and then filtered - t hrough a Coors funnel at

- 15[ err] C usiengmplainrrenvewsional ydracssckingder incregingthe wsgasity index ahplubg brseom
the filter and placed |.n a tarred 2 liter flask. The sol vent t hen
rem)vled on a%&?e‘%l““f?e{h&%sc?ﬂg \'Kg?‘ tb@ﬂ?&'”‘]ﬁ??ﬁ%%ﬁ?ﬁ%&é’ lSWﬁ%Q%oé\}\Axed
oil, S Manlbaf) ilieAMiefr biand it 0OhRRIC IntBhRas e by drotesRl BIRT thee
vi scosity index. The sul fur content and the nitrogen content

of - t he hydr otpressheidveitionihgs r ooty index of at leastt Vivewhereinhose of the | ube oi l
feedst ock, and the viscosity index of the hydrotreated oil IS

increased’rel ative to that of the lube oil feedstock. In general, the
hydrotreated oil wll (VIH-VIOC)O”t ain less than about 100 ppm sul fur, and

preferably | ess than SO—ﬁﬁgisuiﬁuhOand nore 10 preferably | ess than 20
ppm sul fur. Thus, the hyd reated oil preferably has a sul fur

content which is |less thar 9 . : 5% of the

sul fur content of E%égé%gﬂ%?PP?@ggéﬁ%S&?Q#¥é&%§ﬁg§ égﬁgtock to the
hydrotreater. It wll fultihee visaosiaiindex of the passedn fisedstbekit 50 ppm
nitrogen, and preferably |ess than about 25 ppm nitrogen. The
ef fluent fromptfagpydrotreating step typically contains a gaseous portion
15 conprising hydrogen and |ight hydrocarbon reactor products, and |esser
amount s of annnnievgqqngydrogen sulfide, and a liquid portion of
hydr ot r eated oi |, conpr+s?§f~—— 21.5reacted and unreacted hydrocar bonaceous
products. Several options e avail able for dewaxi ng the hydrotreated
oil, including (a) contacting the entire effluent in a dewaxing zone,
with or wi thdinenadategréfgrdblygen, with dewaxi ng catal yst; (b) separating the
liquid 20 and gaseous conponents, and contacting the |iquid conponents
with fresh hydrogen in th{JVh)ggygxing zone; and (c) separating the liquid
and gaseous conponents, T efeVIi hg < contam nants fromthe gaseous
portion, adding fresh hydrogen if needed to the purified gaseous
portion, and .contacti the r.esul t ant Q t 1.

vrogen T girgtadoliliaE B R ihe A SRR LRl e | |
the present [YepGhS fcalstbAAS incRedded by Aeast D diRbiydn@R vhitk edagitferadly i qui d
portion, of the effluent fromthe hydrotreating step is contacted

wi th a hydr odesvaadsed dybatvedep aboytod and abouré%ui@eoSitM@qgwmtqamwemhqWécosﬂy

hydrotreated .oil. The dewaxi reaction n i)l typicall

operated at d“é?i‘t%ﬁtsgf’gf(\g%ﬁg?%tdﬁtrog so?“dforféﬁr? g’bdgﬁ‘treaﬁ?f%ﬁe?r%]oﬁya( c%“A'f’[xeetrjrb? % to
about 900[err]F  Asused(iftfedh ahé lidavatibh of eikedalty indek I desédtRdtif WSTIMD22T0+ ange
of from about 550[err]F (288[err]C) to about 30 750[err]F (399]erre] O).

The react or pBésBherdscuisity indexiilHayeden measurad Visvositianatet08€ ahd atnl 8B 6Lt TBD

to about 3000 psig (0.45-20.8 Ma), eferably within the range of from
about 500 to viscosity igex,of gibsorenin ﬁ‘%%‘ﬁ‘ltl"?@x OW%‘%’.’ theReaspEfR ‘ﬂgﬁ?’isfpsé%ace

vel ocity ZQJL HSQ{)4O% | enbSHa iln}f)ossible may be determined by an extrapolation method, such as
by measuring the viscosity of the oil at two temperatures at which the oil is fluid, e.g.
70°C and~1 00°C, with the viscosity at 40°C being estimated by using an extrapolation
procedure, such as the one described in ASTM D341-89.
Unless otherwise specified, the viscosity index as used herein is on a dewaxed
25  basis. Oils having a pour point of greater than about 0°C were solvent dewaxed prior to
the viscosity index determination. A solvent dewaxing procedure suitable for
determining viscosity index (dewaxed basis) is as follows: 300 grams of a waxy oil for
which a viscosity index (dewaxed basis) was to be determined was diluted 50/50 by
volume with a 4:1 mixture of methyl ethyl ketone and toluene which had been cooled to
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-12- WD 98/ 02502
PCT/ US97/ ™G 98/02502 fall within the range of from about 0.RCTHSIWOE2 5
hr[err] (VMV), with a range of about 0.5 to 2 hr{err] being preferred.

The d d i that of
{he hyar ot ra&iteaThs Foafieotsaclss hE C PEtall Vmal bt Shesedour poi ne
of the thFRIgAMRShdrs RfnBIag €1 9P ¢ Sising Iwhamarl R®S3 mefnpacyepurhémﬁ Waf, rmore

preferably | ess than about O[err]C, and still nore preferably |ess

t han about refbeed fr@n the filter and placed Tmetaaidadmhtemﬂask Are solyemt wasttbcxt he
dewaxi ng units, il e not essenti al eferre en h ogen IS
used it is [GBRAKFLPN ﬁa&a‘&*& an ¢ fh\é!a’F eighehr The Basontisnor Begiorgxed o6, apout

10, 000 %t a sgreﬁlﬁ?48°(§‘ Ghd ICR? J&Jed?@}d;tgﬁ'ﬁné §1C6\F @054y8¥1péx 1780 std mferr]

Herr]/merr O0m about 1000 to

about 5000 SCF/ BI‘KekZﬁfuBant&itdm&@he mt’ff)gérf dontdne bF ]Heﬂ@@fdtﬂea@ﬁ'cﬁl is fdaced ef erred
hydrogen feed to the dewaxing units wll be substantially free of

sul fur conpélativeto those O%nit&emﬂrfgedsm widhe yBeosipmmdex ef thehydptreatedseil a

P he o db insreab i el Ve O BRe EGE 12 diNBedIA Sh oblicly AW fRRIGIA A B L1 "

has been tremtdtliesethdn a@NutS@OlfJ?m SUFuW ah8 pReflerably les§%®®spp%%ﬁlﬁjr%ﬁéi #orén, to
renove a substantial portion of the Herr]S cont ai ned therein.

The devi@xi rgpfec@ﬂ)aﬂeysmacaﬁrppmw@ranﬁust énerhydhoateetegmrlqars’emblyrimbacsulﬁm si eve.
There are a nunber at al i ch ma sef e d Xi ng st ep.
Exanpl es contenf,vh f':l%t’é gﬁ“g?b@“p%\’{}é"%mzpégfgr ﬁylci E"ﬁ‘é%{“)‘)’gg&ﬁ ﬁ“fﬁ\flva cul ar

si eves i nclyqge g@ebittesistie Ashe feedstodmm §y09(f)tréar€@ ZtSleﬁWhEyeon?axﬂ
ZSM5, ZSM 11, ZSM 12, ZSMi21, ZSM 2 5, ZSM 38 and SSZ 32.

ZSM5 i s ddsssrthireabout SOJ pSm mog&mt amdbsrefdsquass%u abm:t 253pr0aitregén. and
3,770, 614; ZSM 1 I CI’IRBCI1 n U S. Patent [zlo 3,.709, 979, ZSM 12
is described in ygr%@gth&gep 8i%aEY CORYNy BRASESUS PAIQBs cr i bed

in U S 7 ent No.
1,076, 842; BN r%tn%{}é’dmm%ngﬁgh R F b e SRR AR R R

Dewaxi ng prmaemeandlhydrggm&& andea liquid podemmf hbémbtnem,edfodrcmmqmga U S.
Pat ent Nos. 5, 053, ('%373 5, %%527 5, 300, 210; 5, 397, 454; 51 716f260 t he
di scl osur es'eafte Knrgpgie P‘E?(Sli"’d‘taéﬁo“lﬁé’f %%ﬁ%rﬁb?@ms*é apg,pvailable fory |

puUr poSes.  gewaxing the hydrotreREE L] Z:ﬁ&lb@’lﬂg ?a”)tc@h%éﬁﬁg “)%%EHIIC difludn$h PEESSIMg
i nvention also | nclude non-zeolit nol ecul ar si eves havi ng

i nt er medi atzonsi weh pomathouiNoided éayxﬂrpgerc with deovalking catabpst bpgeparating the liquid
i cropor.ous conpositions that are formed fraq
et and a HHERRS @mponglt%épaae%fﬁgm&tﬁ i camobregtaah feth hdoggndn &

Pat ent No. d t el\fg{,], I tsé&; BhEsHL sheVigs i nclude
al um nophosél%at ef?AlePa @ e)para in scr yaeous % rﬁ{)e{t ent1 .
4,310, 440, sontarioaits fionothk gssEoas psm(os,éﬁa)ng ﬁesh hydrogen if needed to the purified

"1 gaseous portion, and contacting the resultant gaseous stream containing fresh hydrogen
with the liquid portion in the dewaxing zone.

25 Inthe present process, at least a portion, and preferably the entire liquid portion,
of the effluent from the hydrotreating step is contacted with a hydrodewaxing catalyst to
reduce the pour point of the hydrotreated oil. The dewaxing reaction zone will typically
be operated at a catalyst temperature of from about 400°F (204°C) to about 900°F
(482°C), preferably within the temperature range of from about 550°F (288°C) to about

30  750°F (399°C). The reactor pressure will usually be within the range of from about 50
to about 3000 psig (0.45-20.8 MPa), preferably within the range of from about 500 to

about 2500 psig (3.55-17.3 MPa). The liquid hourly space velocity (LHSV) will usually
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PCT/ US97/ 10% net al | oal um nophosphat es (I\/EAPO) and nonnet aI

substituted al um nophosphat es al | oal umi nophospha

nol ecul ar si dolbwithiathe agngersd '[?é’é@llﬂ‘" Qs' to about ' 3 an@/l idt"f‘bﬁrWé’lfﬁg‘P‘st Gie
described in anﬁi ;ﬁ)%tg%nt Fthrgg g‘héﬁg\%gﬁé llﬁt%'sénggoq)sz&xll have a 6u5§é‘ig@é§s thgﬁ'd

4. 686, 093. ch ates are descri

U S.” Patent Ngar ¢FiRe Rydi8featkd Sﬂﬂré\ﬁa'whxéﬂ”lﬂley aTRideZ FreforabBatiad pir poirt lof the
contain an i nternedi ate pore silicoal um nophosphate or SAPO as the

non-zeol i ti c deslagedilube beseails will be less Orapcbent 3°0. moase peedirahly lgss thanghpa &°C,
which are particularly useful in carryi n% %ut t he present invention
i ncl ude SAPO-angstill Grgseypgefarably fess HHap@bhuy->"t s, pat ent No. 4,440, 871

ggzgn P§ZI ISC\POT?\egf %@é‘ﬁ " Da ts o?'ﬁl&g'f;@a ﬁk @Q%ﬁ% é%se;l?aell ati ng to

i nter medi at e preferre@OWRePANIogerdis @sétEit & gbnblfaﬁjbﬁd)d):rd&heicb ﬂayger @ff feasmrabeut 500 to
Dewaxi ng processes using the one or

nol ecul ar si eab@gt 56,001@ srardard cubie fast pgrahair@ot%&@@@%ﬁ@)é&%l 1780 swurgcﬁdgbd in,
for exanpl e, nt .No. 492159

the di scl osur‘@@ B‘FF%@%W'tgf'nethF hsr Sg?rg{n %boﬁéé(z(?ﬁmbagbr %gggs;tc% é}g'gg(?@td
pur poses.)oWhi rhéﬁ%/h\é oflp Thé‘{n%féi‘ﬁdltﬁﬁﬂ)g@@lf&d&b Ziee Gdvhaxir@alnitywibe smﬁodmms
such as the ZSMfam |y dewax by a di fferent mechani smthan do the

si | i coal um ndfpteosiuifuecenpamds.dre. mme@g l¢sathnzkSe ppm HaS. yAkleast afpnrtiomef
present i nven ref err i nter.nedi
he Py irosas fhse ko dirutesviae e Mo S Eifilph X PRI b EaRBb e efpuent | o

i sonerizati ont

| somer i zati o g)@\teiéa’%m the Wr@freé:%g WAReRnAMRL Past (Wiatdd, @02@ scridtif@@fAaRI on

conponent , 1 converts the waxy conponents to produce a
| ubri cating oaduebas/amgeealuebh (—:tntrexyo‘el 2d$ubetanyalIp(DWlOpm_frthtpHnS\lconthlmﬁ thesginl
poi nt, | oWy Vi scosi enat i on

i_g h vi.scosi. tr\é qdet\ %ro
conponent!3of the i $BREFYZELY Yﬂﬂal}ﬁ%gﬁl"%‘fes an intermqig eﬂgreaf'zﬁr% ¥4 %et al |
metal conpoung, Qg a@ﬂu@?@r'o‘?@at@fyst@'% Hhy b@u%l%ﬁth@'ﬁewaxm% stdB! Examples

conpounds. Mst prefera t he "hydrogenati on conponent w IT include elther
25  plati nunmﬁmtep]ahdham pone size silicaoedisraystdineoholetidarsiaves mickidezeolites such as

d h yd h | b
P ode el | Rmhersas Hedad iy, ¥y 2 FPER Zint, L ZRHTT 2 L0 25583 84D
| mpregnat i O”aﬁs,ozfi% 38 4R ssE“?z ”ESFM § iSdBchveRiif Y § pARdHadst 9700,585, the

catal yst as I'e conpound by inpregnation after which the inpregnated
catal yst 20 3,70%,8&6 andi8;780,6aAdZ &} Lli usddscriﬁhélmfd:& Ppieef Mor 2d09.A7 &8t 12 e

DO Lo e a5 NS A M EMV RS RSB o
SLLeS, oo, PRAR L £0: 5SS 200 i ”%”s'“t%séfﬁ&?ﬁiﬁ?‘b‘??a?% #ig2s3s
reference. is described in U.S. Patent No. 4,016,245. Dewaxing processes using $34-32 are
described in, for example, U.S. Patent Nos. 5,053,373; 5,252,527, 5,300,210;
25  5,397.454: 5,376,260, the disclosures of which are incorporated herein by reference for
all purposes.

Isomerization catalysts useful in the present invention also include non-zeolitic
molecular sieves having intermediate size pores. Non-zeolitic molecular sieves are
microporous compositions that‘are formed from AlO, and PO, tetrahedra and have

30 electrovalently neutral frameworks. See U.S. Patent No. 4,861,743,

Non-zeolitic molecular sieves include aluminophosphates (AIPO,) as described in

U.S. Patent No. 4,310,440, silicoaluminophosphates (SAPO),
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WD 98/ 02502
PCT/ US97/ 1W238/02502 The phrase "internediate pore JAVSKARS2
referring to the zeolites or the SAPO s used in carrying out the

present inv%%g@luim o3phabds! (REEAPLS), RAS %@P&Slts%ﬁi:&r@d%ﬂﬁﬁﬁ@d?ﬁgpha_zes_ from

about 5.3 to about 6.5 angstrons when the porous inorganic oxide 1S in the
cal ci ned f o(RIARM). edetaloaleinamopbosphatelralequpr z@vkd thetsmaynbe S&RPas, in this
range tend to 5 . have unique nplecu Si ev| characterj stics. Unlike
smal | pore ﬁmqﬁfé(&%%ﬁﬁ%af de_sg%é_gi"bhiaié’%ﬁ'?ahgga%%% ; 4t4§8}92\%ﬂl al | ow
hydr ocar bon% mvfﬁgar?dw’,%%’,bgﬂc Ploﬂglefamlfbﬁ{iﬂ?ed aluminoﬁ&éﬁﬁw e debdrbkd 1! d
spaces. UnliKe Targer por€ zeolites such as faujasites and

mor deni t s, U.RepaterNeli4 $7 8. | Pricferdlty wedsdonierzhiianasalgnahils toghinlay br anched
al kanes, and . larger_ branched al kanes havi ng, for exanple, quaternary
carbon at onuntermegliate pore silicoalpunephparipte s SARQ asfheaoprzeplific meleselar sigvesi eves
can be neasuyr. LN mgﬁj‘ i . nj .

hydr ocar bon_g:(? g‘%ﬁgésn(t:'ogn%gun _sq%ﬂ °i§n%%oﬁmg‘§‘?gﬁ%% Elﬁ}{é@?{:ﬂy bSeHii o g%%a‘ﬂ%? %tr%‘?
Breck, Zeol igr&eMih@itioninchidRVSAEP0U974APESPE GndISIAPGChAPUSS, Htent Ander son,
et aL, J. Catalysis 58, 114 &#979); and U. S. Patent 4, 440,871, the
pertinent pad¥a.idoHd, 8! describes WAREHs gergrallyand §APCE b FARADSd. nd $4POrdnce. 1

5 | i t t i t t. i ti ,.th
it er medPar SPEBREN. TR rPtERl Ly eh O, BGalgfer S BHA" R R e FR R neg o
SAPO s may Be USRAOW drb AeteindHElbbRABA by reference  DEWEN: pBbdsséiStidld the bREor

zeolite and SAPO s are conposited with other materials =~ reésistant to
t he t enper atmoresf thedS APQdamibpadinpleowsr sensk oy devixinglipoinerdzatibn gatatystsarsi on

R TR e e e
al um na, cl K8 disdbhirefof WREh ARLiAtorporated HXdiflBF refdrBfce BF AIEpurFBYesOOFkile the

naturally or nmay be in the form of gel ati nous” precipitates, sols, or
gel s, i M6l udntegmerdiate poeessizy silgiokiuganae zeadlitesi aechax kleZSMUfswilnfdegiardy aact i ve

materials in.association wth the internedi ate pore zeolite or internediate
bor e’ Sapo | ity anim dbis o 1 A RpRATEoPRRRIBR PR &R oS ot vi Ty o
the catal ystyskf ffihéprasen? inveltigh ocarbon conversion processes. |nactive
materials can be used to serve as diluents in order to control the
amount of conver sTherpreferrad gitemmedmte pesssontargquentiligpabimukerhesphate molecular  as
natural ly occurring clays. and.i norganjc, .oxi , be esent. to i nprove
the crush S'C"e_pé‘fsg%trf@tt eE?mf"rﬁ@“(‘?agé‘lalyﬂ'?ép‘qﬁil_l'nwmn COP“F’WC d‘afhﬁ on to the
foregoi ng malyarddahation dndoAb! SRIAL £ cHVeRs ARV ofpondils to praldaededi at e
pore SAPO may be conposited with a porous oxide Support material such

as al um numipbrisghgod hasing exeellahtundldayersiod peur pagindsivac]owsl paintalow visorsita,
silica-thoria, ,.. . silica-b lja, silica-titanig,as well as tertiary
conpos: t§ ongndiigh vsseSIt s o Di-pieBrBliphESmponent ofng rolexrui N coni a,
si Ii ca-al um Na-yEBaRRRp B thetdl | h&@r dRYPIGR Br EbMGRM S of BBup VIIIA metals or

metal compounds. Most preferably, the hydrogenation component will include either

See

25  platinum or palladium or a combination of these metals or their compounds. The
hydrogenation components are added to the catalyst by methods well known to those
skilled in the art, such as by impregnation or the like. The metals are typically added to
the catalyst as a soluble compound by impregnation after which the impregnated catalyst
is air dried and calcined. The most preferred intermediate pore SAPO for use in the

30  present invention is SM-3 which has a crystalline structure falling within that of the
SAPO-11 molecular sieves. The preparation of SM-3 and its unique characteristics are

described in U.S. Patent 5,158,665 which is herein incorporated by reference.
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- 15 02502 PCT/US97/10792
PCT/ US97/ 10789%909%2 rel ative proportions of finely ground interne |1at9e

pore zeolite or intermediate pore - SAPO to the support material varies
wi dely, general |y Thephiegetiaterywediptefare sigg twiien refisering to the zeglides asithe SABOS0%
by wei ght of th he net hods .for DL epar t he catal yst

conposi tions ‘e‘ﬁeg ’M?WW‘K%BW&FC?WS%‘S’BV@I?PPI"é&nﬁ e(?gé ?orﬁﬁgeﬁqﬂ%l'ﬁ&ée 2t
convent i onal gﬁ abBEHRItgWBSuESS ams%n@wnemghe Sé%ﬁb'ﬁxloﬂjhmcad}ddé@%lﬁeke _
The dewaxed e Tnuent from t he hydrodewaxi ng step conprises a | ow pour point

materi al, haviadgned fnmmr Ndolecslandievessiscludiag zaﬁwanﬁ[&kﬂ(}mn phigfamgaldnd tbess
t han about O[err]C. and nost pref er abl )bnh?(ss t an aboyt -5[err]C, and
of

havi ng a ¥ schaferapiausaaarules Séﬁ"%o@[ﬂéaﬂejr@’c €sma QP‘?aZtGBE’eP 8hout 2
cSt. 10 erionite2nd r&h&tﬂs‘ﬁt@ QHEy RA zﬂfod@d‘?ﬁi daflonk BaviHi t&tht Ura'h@lﬂﬁé flo b2 @

hydr ogenati on reaction zo rogenat I'0On catal yst™ conpri si ng

one or nore nﬁﬂ@le@umﬂhla‘l{év@ﬂ spateb.nUnlilkenlacger pore zeobxﬂedmcﬁmpﬁm]asneé' h&i
hydr ogenation step is desirable for renoving, for exanple ar
conpounds andmardanises theyciee differentiate batween ﬁ@fkgmsmﬁ sasmiymrwf@sé ﬁ'kewpmmds

and any ot her co h may be a
source of | ns{aé%eir bﬁrvﬁ?m? %r?e@ﬁw%#ﬁaﬂ?g@@ﬁﬁ%eﬂaw &6ibbn %%98/ 02502
PCT/ US97/ 19792 The effective porel$ige Hittle agtstalat OBvdsean bt aitatiakesipg aanddrd t he

presence of hydrogen, pref erablg at hydrogen ressures in the range
of between abedsorBim tpehinéques @nd bpdyoparbenacgous compguds of knowgymapimysp kipetic

preferably i nH‘I&{QﬁeEﬁrﬁsangﬁcgf%ﬁ eoth eglgpole%ﬁ [ SFevesatl)e% ‘e%? c@all&ﬁ%ﬁe@ 83: Ana%pSOZ

MPa) . Hydroge range of
about 5 40@[gr 1] CarkigBéler 114Q19Y9); ah@ULS. Gﬁ&[nenrc}&) m4a{ee;serrﬂu€3m pEﬂTonEfBﬂy

m | d hydrogenation proCesses, in order to saturate aromatics and
renove col or bbhese h¢romm¢n§p@ﬂated W@f%wnat I on reaction tenperatures

beft ween apél)_ut 400[ B‘]teBa ’?P?%]i% %@r&gg% %Qo%'eserﬁ [n .thé ﬁ@g—{r\%ﬁ{a e%(%rﬁre

sui tabl e he feed'? PV cata

range of fromyyminosii@R@Weoftes ahdPinddiieliate &)ré-B*ﬁVO spﬂ@_»fl%@déﬁ)(vlthmt hdinange of
about 0.2 to about 1.0 LHSV, 10 nore preferably in the range of 0.3 to

0.7 LHSV. The fdnniig)henusiappthe Z(enhﬂce’mp S#D's are compegiied|ve)h other mateialsr ange of

f bout 500 t bout 20, 000 s dc c feet
_togggzog st df%??ﬂgf edmeer&*urf é‘frlcﬁ’ﬂ Bfni\s %&gﬁ@t ngdro&r&og I;gweg'mgn

the range of processel ! QRGN SL%(BQQ In@te@nﬁ@h'ﬁ z&lm&béﬂﬂﬁfndctw&hﬁeﬁﬂehn@er
barrel (356 -- 3560 std njerr] H err])lrr{err oil). Such a

hydr ogena20 on sprtietiess nasiraliysedcorang, zebbires exwalh asaalummauzlgys phcapnd peesal

oxides. The latter may occur naturally or may be in the form of gelatinous precipitates,
sols, or gels, including mixtures of silica or alumina oxides. Use of other active
materials in association with the intermediate pore zeolite or intermediate pore SAPO
may be present to improve the conversion or selectivity of the catalyst in certain

25  hydrocarbon conversion processes. Inactive materials can be used to serve as diluents in
order to control the amount of conversion in a given process. Frequently binders, such
as naturally occurring clays and inorganic oxides, may be present to improve the crush
strength of the catalyst.

In addition to the foregoing materials, the intermediate pore zeolite or

30 intermediate pore SAPO may be composited with a porous oxide support material such
as aluminum phosphate, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania as well as tertiary compositions such as silica-alumina-thoria,
silica-alumina-zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia. The
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15 4,162,962 and 5, 393,408, the entire disclosures of which are

i ncor por at eWh¥/a3502 by reference for all purposes. PCT/US97/10792 | n
t he hydrogenation step the dewaxed.oil is contacted with a catal yst
conprising o . S, pl ati nu. al | adi.um _rheni um
ConEr e "0 Pl SR REL S 8 oo Bl cB8 L ALLOURL PRl Al

In a preferr hPOrsatie BBfHort inaRriprwsien vided gegedItthe brysal RlIV&H wihirfthe

macr opor ous hydr ogenati on catal yst having a total pore volunme greater
t han about Orageefildp PPiyby weight ofgherdtaly Jhemetitods fartpaepasibg the @tagstcns/ g,

with at |east t 1% referably at J].east . @about . 3% of. the
total pore vg?ﬁ?rés l%rfjsn%e ?ﬁ%ﬁ%‘?’%ﬁ%ﬂ‘e"é%‘?‘ﬁ%‘{ ‘83@%%}?%‘% mﬁll“g%lf"éﬁh ctoﬁé?fmong
about 1009 ap&hhiGEFas sﬁatymrmg ReRisio M AR ke, O  Macropore vol une
preferably being 25 greatertfhan 0.07 cnerr]/g. As used herein, the term

"macr opor ous" r ef dihg dewaxedcefflagny &tom the hyddodewmgngistep cahprisek w Ibwaupger poiswint
of pore vol une, | east. 1% ] i ter reater than

i, e, . at n pores of dia
Sbout 1000, AR TEVing 2o PRTh HsTh IR0 S RSP GFE s araopt 0°C and
bei ng greate § .o : e h r 0
hydr ogenat i o#%g?gfegggyﬁ%%bﬁkia]s)é%u?tCa’bﬁng hfi OreERE CIS%I’;:[ eﬁtg igsgﬁe ]%lsgé’aogicri bed
in U S Pategteabdp thdm abddt 2@8t. the entire disclosure of which is
i ncor por at ed herein by reference for all purposes. A particularly
pr ef er r ed0 hydr ogeSHER BV peuraropyimaterial is wisally irspetedan plhadriogenatipalréation@om | oy
f‘i\#_ ng a pl atob%"@%i?églvﬁagggnmca%lysa{rco%%trilsigg 8];\e or more noble metals on an inorganic
PCT/ US97/ 10793%ide support. DBk \RRIRogenRiidn 8BlisHedirddle BF rdddWRE fordeximPRtrdmatic-
The preferred inorgani c oxide matrix is al um na. This particularly
preferred hy@popesssiang atlgastispe ohthe remsinmeaulumandoitrogen conippudis endamd i n
copendi ng U. S,, Pat ent ld.cation entd tled Sul fur Resistant T
FNdroconverspgﬁregpa?vﬁ$g%hﬁeQﬁﬁ?ﬁgf@hgggwEFHgﬁvpﬁP§EBWF8?HPH6”fhWEhe
Feedst ocks Bnish&losiket nunmber T-5244A, the entire disclosure of which is
i ncor porated herein by reference for all purposes. In
addi tion, the hydrogenation catal yst may contain additional cracking
conponents, to facilitate the hydrogenation process and/or to increase the
fouling resi stance of the hydrogenation catal yst. Such cracking
conponents may include one or 10 a conbination of silica-alum na,
titania, magnesia and a zeolite. Preferred zeolites i ncl ude Y-type
zeolites having a bulk Sierr]g/Al[err]O[err] nolar ratio of greater than
12 and a unit cell size of less than 24.5 angstrons, preferably |ess
t han about 24.35 angstrons. The follow ng exanples will help
to further illustrate the invention but are not i ntended as a
limtation to the scope of the process. 15
EXAMPLES Exanpl e °
A hydrotreating catal yst was prepared as follows: 1009 grans (volatile free
basis) Katalco's GAP-50 al um na were conbined with 20 grans of 70% nitric
acid and 750 grans deionized water and m xed for 30 minutes at 13 IF
(550C). One gramof 20 concentrat ed anmoni a hydr oxi de di ssol ved in 100
grans of deioni zed water was then added to the alum na m xture, and
the resultant m xture m xed an additional 15 m nutes
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at 13 10F (S%%Q%%H}Shal um na m xture was extruded through a %‘?‘7@%@9

tenpl ate e extrudate dried for two hours at 2500
for two hours at 400'F (204'C), and for one hour at 1 500'F (81 60C).
25 Hy dr odidweditydmgenationl reaciondalag dlate timthelpeesender of darteageaspreferdbims |

206 latile-f basi f.th t t ted

SRS oy AN e ol LIRS VR R o
h h | ybdi ' FENA 9 h t

2o EhorlYochgp e B L s of R O SR CE IS0 3

ext rudat es weMPa)y iFydrogen200y rRa¢t@3Cemperatdrosiaretgeuersllyawithioal rangeeof aiouf500F

30 (5 1 000). V\g 98/ 0%%02 ) : .
PCT/ US97/ 1579400°F (204°C) to about 650°F (343°C). For many mild hydrogenation pragpsses, in

A SAPO 11 cqnt ai.ni ¥ . 23
LG o su e of P innts U5 0GR ROBELETE! B POl tvipomension
Tefl on beaker reaction tefdritufdl ®etdrk @boutM0BRF (ZICORAMY abblB5d0°F (Q60|t)Ukd NUM

i sopropoxide (Al -[OCJerr]H err][er[err]) were 5 slowy added with m xing

and then mi xeduitati¢. | Theoieod eate tuthe hyteogergiog cofalystispstemsislin the range of ff@abosi |
M5) in 168 f distille wer ded wi th m.ux] ng. xt, 91. f
N 0 pbowi U2 1a bt SERS Vo PleteRilR e whrithedi b Afovipand i LAY,
Pol yt ron. ydhe 4 o . d j Lfion,
exvpr oao Tn® MArE pHIEBgth the rang s B 0.5 LHEPATHE RydrBit PHIGDE GRIRRAR b
Pr2NH: 0. 6 Si Creaycle) isAd fler mhgaeoH2Gr5 abh8utt§D0 to hBout 20,000 standdtdecubicxeet gerbasel

| aced in a Teflon tJe.in g stajinl ess.steel pressure vessel . and
Eeat ed for 5 Z%é/é' f%fﬁ%s‘é.m'vﬁllw A P}P’?‘?aﬁ‘@gSﬁgamweﬁﬁ%ga'ﬂyé%gﬁr’éﬂgﬁqfe
supernatant  gom addufi9b60 PPsHhETB Y6 s@gglﬂ[rg prsﬁ,ieré&@ Hg.tn bg‘l‘%?pfs!él-t- gse@smws hed

with water, dried overnight at alcined 1n air for 8
hours at 538[ &Ls/th’ €l). Bueh ahgdmgenatiop pradess selisslozed, Barsexampke, in U.S. PatdnaNob. 5

m cron. 15 X- Ra}y di ffraction anal ysis showed_ the cal cined sieve
to be SAPE 14,162:f62 and 5391 408e HhepntigsrdipsjasutessH oviieh are incgraoagtsd higesin by
foll owi ng bul conposi tion:

0.38 Si O2: Al] Ig?ffg']q’gfé;{"?]% rBngr"?fh err]

Exanpl e 3 In the hy8relgnatomgere glealewaked oihisabniatigd ©o00 S&5Lzigst on an
al um na support was 20 prepared as follows: . ) 1400 m__ of
wat er and 56. SOBPHNES REHOWPPE RbIGHESS, shpasplatingr. paliadivay rhenium, rhodiygy, | on

aut ocl ave, \/\2%&&8%@?18&%@8{8981@% ﬁ'ho g&vﬁg&gs& [ddl e-bl ade stirrer. 23.3

gr ans um na err]Jerr]) were added, and

the m xtupe stirrednupréferred embodimedt, theGe@halfiredenhbarbetaly AN 1 thadithords
mllinoles of NN Diisopropylimdazolium 25 hydr oxi de (1M aguequs
sol ution) wer &ygnegpnasigasatalysbhavigamiota Pormayleme siater ianeabout 0.45 cm/g,

preferably greater than about 0.55 cm*/g, with at least about 1%, and preferably at least
about 3%, of the total pore volume being in macropores of diameter of greater than
about 1000 angstroms, with the minimum amount of macropore volume preferably being
25  greaterthan 0.07 cm'/g. As used herein, the term “macroporous” refers to a catalyst
having a relatively large amount of pore volume, i.e., at least 1% in pores of diameter
greater than about 1000 Angstroms, with a minimum macropore volume preferably
being greater than 0.07 cm’/g.
One such macroporous hydrogenation catalyst which is suitable for the invention
30 is described in U.S. Patent No. 5,393,408, the entire disclosure of which is incorporated
herein by reference for all purposes. A particularly preferred hydrogenation catalyst

comprises a platinum/palladium alloy having a platinum/palladium molar ratio of
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then added in increnments with stirring. After additional 30 m nutes of
stirring, Wisogidsey the mxture was 13. 2-13. 3. PCT/USY7/10710€
reaction mxture was stirred at 75 RPM and heated to 170[err] C. for 5

days. Af ter washi ng and drying _the reaction product, the product was
anal yzed by bstWegy 2.3pand §i2 5, 05 CEMSRD anicndokihd- tTbepEelesed igorganic oxide

Th | i ned. zeaki L6 was; i ' : ' -
ool o ¢ MRSER AR, ‘TR BAHRGIAM bherBr il hiiBofehalioh talliee IR BTBIREh |
m xer. To t hedigelodeddn copending U.S. Patent Application entitled Sulfur Resistant -19-

WO 98/ 02502 _ o
PCT/ US97/ 10 Hydroconversign kaealyst wpd HydippsogsROfSyfursContaniag Lube Eegdstpek, ent

wat er socth h f}Q/aqr'- . it in_t l um na, and
W th thesH %@ert %u&géﬁg—gg% %gn{rln&xq'sr%o%% ev?tﬁ&l 'Sgﬁdoéﬂooﬁ?tgir]]ﬁ?r bnu?%e nitric
acid was m xegmrehés fosQlipufpdses at a total volatiles content of

approxi mately 45% and was then extruded with a 0. 113 in die. The

extrudat es were lgadditien.gbe hydrogojaben pa&alygtahaycontzin pdditigral yratlong 8 hours and
calcined 115[err]F. (ahoyt 621[err]C. ) .for | haur at SCEH (i.e.,
standard CUGLE‘P? eé‘éls*é%PaCH'(SﬂF)t %’?V’%ﬁ@%’“%"&?@?l“ﬁqﬁf Bsngigpse t?ﬁgﬁ’h"g ect ed
to a sequengg; M AV NGh S I cat Nkt €X68P0988nd ] ch for
2 hours Q&]sg{nc%(gofﬂ[erly?é% ety &8 The bon n%b@(dg%aéngrl‘e l}zlée?g(? e Av.l\tlas

i mpr egnab ed awiotribirGyida 6 sticHalpirtal fitamial magnes@ and pl zbdlitauRréferedzanlitesni t r at e
as follows: A inum spl utian S, pt.epared by conbinin 6. 44 grans
B O\ ) 4 N RE o ies el BrIKNER A0 mifas FRhCa R a2 ede

(1/ 100 vol ung;: di ' h&R D8 8Lk &kdrR t24 1y %

NH err]). Amgitﬁl“?llrl 3%‘% Bp!egt\/\gg al so:’|§§rdep<éup géée‘%@ gég%}?ﬁiaggﬂl%oﬁgé}%rség?gol ite
(vol atil es-free Hamifsfowinglexdrgl8s gilblretp to furthedéunritehd invatiesn Butchradt gr ans
of 1/100 dil uted NH err]OH. Tg‘e zeol ifge slurry was 15 contacted with the
pl at i num solMUERdSH 38 GIMSIRtIRR 4P Ehe SpARe SiIBE PIASeSt urry was then fil tered,
washed by reslurrying twice with a 1 *Agﬁig@% rati on of deionized water,
air dried for 30 mnutes, and dried at 250[err]F. (about 121[err]C.)
for 4 hours in forced air. The zeol it &xamplelwas then cal ci ned at

250[ err]F. (about 121[err]C.) for 2 hours and then heated at 1Q0[err]F./hr
(about 56[err]C. /Mlly fPHCQ%@/{%@Fa‘)(SéWG&PWEB@FéF ?ql@.“)s; 19RY srresd valetitsHfiper
(about 2880G,): A f I i : 1 %% nitri

{osting the P aryaro AR R GninR vore iRt th B0 grams of 707 il B 1hE o
204' C.) and 738Q@famsigortitdl QatePand pixed Sorr 3 thimtuted ah0311°F (550 dare gram of
equilibrate activity. npl e

4 20 concenﬂﬁ%ﬁéeﬁﬂﬁ@@ﬁ&bf@ﬁxiéatdﬁﬁ%id Hiel 90 gr apapletsicadzed gratewas tbsEﬁ( :
To-prepare aad?%”@:g{h% afu%iré)ﬁ%éﬁ%%{uﬁ%ﬁ? ?égf?{;ht%ﬁmké/ %E% g? qaé{ig%tlggﬁnﬁ%s 1.32

kg _ vol a ree SBal'um na’ po _
vol ati | es-f re3 Ben@seC)Si Tiad alddina mixturéwhd Gahled HrbaeOB0269 (R tef@blg@t
percent SiQ2) and 360 grans Dow Chem cal Conpany Met hocel F4M powder

wer e bl endecknil theaextitdateafrmddoniweehourT hte2 9P E (HEACH dadercshones at 400°F  t hen

wetted with a spray of 11.0 kg of deionized water, and 3.21 kg of nitric
acid (0.171 @ C)kﬂ‘dofrfJr ‘?0%‘%3%910 %.(éé@%‘ﬁg dei oni zed water) were sprayed
on the \g/?tted powder to

Hydrogenation metals were added to the extrudates as follows: 206 grams
(vola.tile-free basis) of the extrudate were impregnated with a solution containing 19.6
grams nickel carbonate and 288 grams phosphomolybdic acid solution (14.6%
molybdenum, 4.0% phosphorous) at 120°F (49°C). After standing for 20 minutes, the
impregnated extrudates were dried at 200°F (93°C) for four hours and calcined at 950°F

30 (510°C).
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peptize the mﬁﬁgz The peptized powders were then m xed an Q@i‘/ﬁlésﬁﬂﬂm 10
m nut es. A portion of the peptized m xture was then extruded in
Bonnet m xer through a 0.073 inch die plate. The extrudates Were
dried in flowing dry air at 1 50'F (660&xampler2 30

- 20- VO 98/
PCT/ US97/ 10792 ggzﬁ@ﬁ‘l}t%’s‘“a‘“‘ﬁ“ SRl SR Renassh® QY30 minutes, then at

300F (1 490C) for t3h9%rof86%1H PO, weidwided &) cnmgdf&lynnrwaymmdmef?&&také}r
dry air to | 100F (5930C) at 5000F ( 26mq%)/hour then to 1300' F

(70400) at 3owhthe1mfsaba)mmu¢e baeihd%&wéa @luanimgn dopriposide (AFOACH]f)overe

|1 nh-?-g[ﬂ leje];SOr Csiow y ad%gd thh mixing and then mlxed untplqaoorn;tmgr?g)ug h%hgn e{o&"ﬁl?xﬁeds Qﬁ’&“

Physi cal Pr Opﬁfz}b%sxl M-5)in 168 g of dlstxllef! water wer?%cﬁéd%ﬁh mg.t%egggl’Zéﬁf/d&%; 940

g/ enr Pore Vol une

Macro Pore Vopropplamine (PerHDwé@&ddeIBf@lowed by mixing with a Psytase dThem@itiine had
macr opore si zed_ pores das\&e eat er than, 1000 ang St rom ef fective

di ameters. 103 pHof6.0an rﬁ@ %@sﬁawp%n%%wﬁsedw PalapFatios o erigss

pal | adi um was prepared using 4Q0p, ﬁﬁ-%ggf@@#@é%@-'*%?ﬁd ree basis) of a

hydr ogenati on catal yst support whi' I'l'i brated overni ght

at ambi ento condi t i The mbAurel s pladedand Teabh belitlein sedamdsoﬁtevmessure ves§dl epr ed
by dissolving 1.59 grans of tetraamine platinumnitrate (Pt(NH3)4(NOG3)2 and
0.64 grans of heatad s fidars ARG wihma siatieg qrﬂoﬂmywm@urm Teg wnezr@cant

wat er which 1 cont ai ne ffici nt N the.r

of 6. 310, 0. Tavid 5B TEmaVR aRl il Gy IR rE B ATL veBidr i BT E s
i mpregnat ed Wi3f ¢ Nend calcinedth3td BHRLB0ME aP3bdedi T a@lrbdd mstmtes@fewamfse
fill to a nomnal [oading of 0.2 weight percentTDt 0. 16 wei ght

percent Pd onthah€ ¥mmrahed catal yst. Enough pl ati num and pal I adi um
sol uti on was sprayed ontg the su port over eriod of 5 mnutes to
fill 20 'xhe por e XSRMFilfrastiop gR: %%%)Wgt%@ﬁ)‘gﬂfﬂp%“r"te 9\&% Sﬁi’éﬁ Ry 4'12’\/\ed to
soak for 4 hoyg t%eratg{' zgllal sis sl’nowé’cﬂfii't& hwhe?&ﬁ%ﬂ%lﬁl@% Iy%@od?rﬂ&%?éom%‘fﬂo@lg the
soak, water was adde as required he” support to keep it

Aft er soaking overnight, the |npreg|6h38aalszuﬁdﬁ@fh@/i/as dried for 2

hours at 140 'C in a forced-convection Even ugder flowing air, followed by
2 hours at 1000C. After drying, t yst was | oaded into two

nuffl e pots at a dg giebanfnc%%talysg-céﬂtﬁlnln@%h%%@@”%ﬂocl%i%l&ﬁlnﬁz%L’f%r@\%a@SOOF
(4540C) in 4 t3/hr dry aif furnace m nut es

-21- 20  prepared as follows:

1400 ml of water and 56.5 grams KOH were mixed in a Hastelioy C lined 1-
gallon autoclave, which was stirred with an overhead paddie-blade stirrer. 23.3 grams
of Reheis F2000 alumina (50 wt % Al O;) were added, and the mixture stirred until
clear. 62 grams of isobutylamine and 200 millimoles of NN’ Diisopropylimidazolium

25  hydroxide (1M aqueous solution) were then added. 253 grams of Cabosil M-5 were
then added in increments with stirring.  After additional 30 minutes of stirring, the pH of
the mixture was 13.2-13.3.

The reaction mixture was stirred at 75 RPM and heated to 170° C. for S days.
After washing and drying the reaction product, the product was analyzed by X-Ray

30  diffraction and found to be SSZ-32. |
The uncalcined zeolite was bound with alumina as follows: 180 grams of zeolite

was blended with 97 grams Catapal alumina in a Baker Perkins mixer. To the mixing
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WD 98102502

PCT[ US97| 1wW0n38/02502 ExBRPHIUSIBIO792 A
COoMmer Ci aI ni ckel / nol ybdenum on al um na hydrotreating catalyst simlar to
the @EM%& W aﬁé@&rﬁ.'fgh&f?’@ﬁ Hﬁ@dxntsﬁﬁ{%}’e?l %{e? m%x tHe! t@l]aﬁig w%t]léF d “be
oil feedsto e phy5| cal proper I es In

6800F (360" ¢he zeb’ﬁ&oupﬁ\b&wﬁﬁh add MYih)thé BIND- was ZGQF;?S'BM@M%WSB»GB&S h- LHSV.
The hydrotreated_ product was designated Sanple A

Tabl e 11 containing the nitric acid waswmdofolrégmxwemqop%ﬁo@hap@ntgﬁtsof
Tenper at ure,

g |
Pressure, gP%Jg((f\i}%:%ly 45% and was then extm%g 6a6t algq }é in c? g The extp'ild&teg eﬁ parti al
pressures pgied at 250°F. sabout 121°€ 3 ¥6r 8 hours fﬁds %ﬂaﬁy&m 158t (abiouk 6RPIC ok d NT

3000 (534) H2/ nB8 oil)

0.5 hour at SCFH (i.e., standard cubic feed per hour) drypire fhe extrudatey wgqgctben

(le? ?glggn'f‘) pﬁm_]ected to a ?eqlufence of 4 NH71§9_)3 ton-exchanges i nahy soTE’unon. each f%%Mr Ersn
w % at 100°C. 54.3 22.7 Saturates, wt %

44. 3 77.2 Vis @l OCC, cSt 9. 696

5. 901 \TThe (bebend exchabgesi zeplite was impregnated with4).325 wt % platim@®from

Pour Sim

Di st . E)(_) 2 8@%‘“{’”"&5 raar(}lapﬂﬁéte%s fol?q—;«vs( Oﬁ)olatmum soﬁjtlon was prepared by cpgpining

792 (422 0 471
838 g 448% 6.@4§raﬁ'§¥‘?@NH;)4(N03)z W‘é%f grams water2 Rt 48.92 5%!‘312‘1%?2 Sjllute N%g‘g’ 50 33

A simlar fgedOoabiumendiitibe eficqicehtraainesf NIY, O lcdntaialngeast 5% NHAC A shrryvas

hydrotreated using a co rci aI kel / mol yhdenum on al um_ na hydraotreating
catal yst 10vas aéﬁomrﬁ%fem EHB 'Elasalﬁg)gf%ﬂfzeekmp@ﬂfs -fieg Bgi vt Fgrams

properties %nfz%@%a@ér%éd'?.m%seof 17100 dildted RYHOBL rERALARHIRSRAHALSs wer e

desi gnat ed Sanpl es
15  contacted with the platinum solution for 24 hours. The zeolite slurry was then filtered,

washed by reslurrying twice with a 10/1 weight ration of deionized water, air dried for
30 minutes, and dried at 250°F. (about 121°C.) for 4 hours in forced air. The zeolite
was then calcined at 250°F. (about 121°C.) for 2 hours and then heated at 100°F./hr
(about 56°C./hr) to 550°F. (about 288°C.), and held at 550°F. (about 288°C.) for 3

20  hoursin | SCFH dry air.

Before testing the catalyst, it was reduced in flowing hydrogen at 400°F. (about
204°C.) and 2300 psig (16.0 MPa) pressure for 4 hours in order to equilibrate activity.
Example 4
- A hydrogenation catalyst was prepared as follows:

25 To-prepare a support for the hydrogenation catalyst, a dry mixture of 1.32 kg
volatiles-free Condea Plural SB alumina powder, 10.68 kg volatiles-free Condea Siral 40
silica/alumina powder (40 weight percent SiQ,) and 360 grams Dow Chemical Company
Methocel F4M powder were blended in a Littleford mixer. The blended powders were
then wetted with a spray of 11.0 kg of deionized water, and 3.21 kg of nitric acid (0.171

30 kg of 70% HNQO; in 3.039 kg deionized water) were sprayed on the wetted powder to
peptize the powders. The peptized powders were then mixed an additional 10 minutes.
A portion of the peptized mixture was then extruded in a Bonnet mixer through a 0.073
inch die plate. The extrudates were dried in flowing dry air at 150°F (66°C). for 30
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_929. WA ORs62502 PCT/US97/10792
PCT/ US97/ 10792 Table 111

Reaction Conditions rzg er %t ure, [err]F ([ QJ o 637(336)
634 (334) 629niuEs) then at %9941-‘ 3°C p}uégssmeé tb 5(149 C) for 1 hour; gmh
(7.3) 105 r o seal ° °

920 (6. 3) qs%calélgépby Beza(smg 508 /hb%raWrdtoolqueﬁggg? e@) at 500 F (260 Q/%wi e
rate, scf/bblthento 1300°F (704°C3Q0X00°F (149°BMBOur, and theameﬂmg at 1300 4°C) for

(std nferr] Herr]/nferr] oil)) (534) LHSV, hr[err]

0.5 0. &t hour beforg cgoling. 0.5 Feed

Pr oduct Pr oduct t

( Sanpl e 5 ( Sarrpl o lelgg%%& ha(jéhé;%ﬁ%ggges shown in Table L.

B) Sul f ur 1.37 Wt % 45 ppm
97 ppm 215 ppm 89 ppm Ni trogen, ppm 124 0.17
0. 67 1.54 0.42 Ar omat |%|elwt % 46. 0 20. 1
23.2 26.5 22.8 Sat ur at es, vy;m | p 52.4 79.9
76. 6 73.2 77.0 Vis @100C, ‘dupicalPropery 466 6. 406
7.094 7.449 7. Oﬁﬁmcle Dex\@nty( dewaxed b@sg@)g/cm 86 102
97 94 Polur Pt 41 10
38 39 35 Total Post Nolumeed Di sti DIS9§7 an’/gD- 2887 (liquid
volunme %, [err]F ([err]C 10% 5,811 (433) 737 (392)
768 (409) 775 (413) 764 (MeFFg Pore Volume s5ofp123em’/g gg5 (474) 865
(463) 872 (467) 873 (467) 905 (485) 90% 957(514)
952(511) 955(513) 956(513) 952(511) A simlar feed which had

been pretreated atAsoseddiersinlmentpoes sicedpores haergiedterahan 1000 angstrom
hydr ot r eat ed %‘s ‘? (? comrer ci al ni ckel / nol ybdenum on al um na hydrotreating
5 catal yst ®eHYSH2ME e catal yst of Exanple 1. Feed and product

roperti are tabyl fi
gesr)gnat gg Sanpl 6 %h%r%@enatxon cBralb3Ph/Rh PMtindiRGnt Y 3 € frph REUfIng V860

grams (volatiles-free basis) of a hydrogenation catalyst support which has been

equilibrated overnight at ambient conditions. A platinum and palladium solution was

prepared by dissolving 1.59 grams of tetraamine platinum nitrate (Pt(NH;)4(NOs), and

0.64 grams of tetraamine palladium nitrate (Pd(NH;).(NOs), in deionized water which
15  contained sufficient NH,OH to maintain a pH in the range of 9.3-10.0.

The equilibrated macroporous catalyst support was impregnated with the
platinum and palladium solution by spray pore fill to a nominal loading of 0.2 weight
percent Pt and 0.16 weight percent Pd on the finished catalyst. Enough platinum and
palladium solution was sprayed onto the support over a period of 10 to 15 minutes to fill

20  the pore volume of the support. The support was then allowed to soak for 4 hours, with
additional shaking each 30 minutes. During the soak, water was added as required to
the support to keep it damp. After soaking overnight, the impregnated support was
dried for 2 hours at 140 °C in a forced-convection oven under flowing air, followed by 2
hours at 100°C. After drying, the catalyst was loaded into two muffle pots at a depth of

25 1 % inches and shock calcined at 850°F (454°C) in 4 ft*/hr dry air in a furnace for 45

minutes,
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PCT/ US97/ 1WKDg8/62502 Tabl e | WCT/US97/10792
Hydrotreati ng Reaction Conditions. Tenperature, [err]F ([err]C
639 (337) Total Pressure, psig ( 5 1400 (9.7)
Hydr ogen partial pressure, égﬁ&ﬂg* 1230 (8.5) psia (MPa)
Recycl e rat e\ camilnéfetl nickelthmatledenim on alumina hydrot/380K); ¢abadvk) similar to the
Herr]/nmerr] oil) LHSV, hr[err] . , ]
1.0 catalyst of Example 1 was used to hydrotreat a strgigh run lubpraydaedstqckahgying F)
Sul fur . . 0. 9 o . | I rogen,
ppm the physical propentﬁ§shown mglgbyglf)at §89F (360‘JL9), E’g@owéa[ {lé)s3 %a%oq;ﬁ
22.7 5 ressureland®0.5 h?' LHS VAtTHE 8l @dtre¥edBroduct was designated Sample/A 2
R
88.6 Vis @100C, cSt 5.901 6. 052 Vi
89 107 Pour Pt 35[err]C
43[err] C SSim Dist., D2887 (liquid volune %, [err]F
([err]© 10% Table I 642 (339) 735 (39])
0, 0,
gg? (503) 9538?21(2§k9é11)0treating Re8a§:gor§ ég§3itions 90%
Exanpl e 6 Hrehpéragad, ed (Repduct E (Table 111)sg30q36slewaxed over a SAPO 1
| containing catal yst, 5 bound wi th 35% Cat apal al um na and i npregnat ed
wi th 0.35% pl at Ta@hPressure48jecME D (342[ err] )00 (1062 LHSV, 3000 scf/bbl
recycl e hydroge 4 ﬁ ] Herr]/nferg il), and 1105 psig
(7.7 MPa) total Qﬁé@égﬁég% %gﬁ)jg@(bgé‘?ti es of the dé\l/via(ged oil are shown in
Tabl e V. Recycle rate, scf/bbl (std m” 3000 (534)
Hy/m? oil)
LHSV, hr 0.5
Feed Product
(Sample A)
Sulfur 2.57 wt% 4] ppm
Nitrogen, ppm 791 1.06
Aromatics, wt% 54.3 22.7
Saturates, wt% 443 77.2
Vis @ 100C, cSt 9.696 5.901
V1 (dewaxed basis) 54 89
Pour Pt 38°C 35°C
Sim. Dist., D-2887 (liquid volume %), °F (°C)
10% 792 (422) 642 (339)
- 50% 879 (471) 838 (448)
90% 958 (514) 938 (503)

A similar feed which had been pretreated by mild solvent extraction was
hydrotreated using a commercial nickel/molybdenum on alumina hydrotreating catalyst
10  similar to the catalyst of Example 1. Feed and product properties are tabulated in Table

1II. Hydrotreated products were designated Samples B - E.

22.
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PCT/ US97/ 10)‘&)98"%922 Tabl e v FCTUSSTI0PRZ g
Sampl e E : Product Properties
Ni trogen, ng/[err]l 0.16 Aromatics, W%
7.8 Saturates, w% 92. 2 Vis @
100C, cSt 6. B 111 W

107 Pour Pt. [err]C . . -9

Simulated Distillation, D 2887 (Iiqutctidn GREIYENS [err]F ([err] Q)

10% o (399[err 509

863 ( 462[ er r] &ETPeTAuTe, F (°e} ] C%93070%;36) 634(334) 629(332) %4
(512[ err]C)  Total Pressure, psig 1050 (7.3) 1050 Exaddgfle 7 1050

Hydrotreated 9jl,s were dewaxed over a c t co i ni ng % SSZ- on an
5  alunina stpgEgen p_f‘ﬁéa?dewaxed produc?ﬁﬁggﬁt henghédrogeﬁgﬁed ove?’%g
hydr ogenat i on PTesSUr€gRsg yst of Exanple 4. Reaction conditions and product

properties arqctalutal el Tabl e VI 3000 3000 3000 3000
(std m* Hy/m" oil)) (534)
LHSV, hr'! 0.5 0.5 0.5 0.5
Feed Product Product  Product Product
(Sz;an;ple (Sacr:r;ple (Sai;n)ple (Sample E)
Sulfur 1.37 wt% 45 ppm 97 ppm 215 ppm 89 ppm
Nitrogen, ppm 124 0.17 0.67 1.54 0.42
Aromatics, wt% 46.0 20.1 23.2 26.5 228
Saturates, wt% 52.4 79.9 76.6 73.2 77.0
Vis @ 100C, ¢St 8.466 6.406 7.094 7.449 7.068
V1 (dewaxed basis) 86 102 97 94 97
Pour Pt 41 10 38 39 35
Simulated Distillation, D-2887 (liquid volume %), °F (°C)
10% 811(433) 737(392) 768 (409) 775 (413) 764 (407)
50% 885 (474) 865(463) 872(467) 873 (467) 905 (485)
90% 957 (S14) 952 (511) 955(513) 956 (S13) 952 (511)

A similar feed which had been pretreated at normal solvent extraction conditions
was hydrotreated using a commercial nickel/molybdenum on alumina hydrotreating
5  catalyst similar to the catalyst of Example 1. Feed and product properties are tabulated

in Table IV. The hydrotreated product was designated Sample F.
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- 25- /02502
PCT/ US97/ 1%9"3%2% TaBF VU 7102064
Sanmpl e B Sample C Sample D - Sanple A

Reaction Conditions Tenperature, [err]F ([err]C 637 (336) 620
(327) 628 (331) 600 (316) ( Dewaxi ng) Tenperature, [err]F
([err]C© 450 (232) 45(able IV 450 450

d ti Tot gl 1112 (7.8 1106 (7.7
g%zr?geg? I02?103 (7. (7)) ax-xyﬁ%%%‘%eea&éq,gc&gﬁg@%bl (std( 40?34 (722) (401?1
(715) 3985 (fg,gg,eratqggzp((aép) n{err] H2/n{erg];9@3j7) LHSV, hrlerr]

( Dewaxi ng) . 0.94 LHSV,
hrerr] - Total Pressure psngL(MPa) 1.0 1400 (9170 1.0
(Ang?r;? ?ggat | Oii&dmgen partial pressure, 5 g 03, $230 @fﬁd“‘ii. g oPerties o,
Sat ur at es, Wt%‘a(wa) 97.1 94. 2 85. 1 93.
Recycle rate, scf/bbl (std m* 3000 (534)
Hy/m® oil)
LHSV, hr" 1.0
Feed Product (Sample F)
Sulfur 0.93 wt% 19 ppm
Nitrogen, ppm 49 0.13
Aromatics, wt% 22.7 11.4
Saturates, wt% 772 88.6
Vis @ 100C, cSt 5.901 6.052
VI 89 107
Pour Pt 35°C 43°C
Sim. Dist., D-2887 (liquid volume %), °F (°C)
10% 642 (339) 735 (391)
50% 868 (464) 865 (463)
90% 938 (503) 953 (512)
Example 6

Hydrotreated product E (Table I1I) was dewaxed over a SAPO-11 containing catalyst,

S bound with 35% Catapal alumina and impregnated with 0.35% platinum, at 648°F
(342°C), 1.02 LHSV, 3000 scf/bbl recycle hydrogen rate (534 std m* Hy/m’ oil), and
1105 psig (7.7 MPa) total pressure. The properties of the dewaxed oil are shown in
Table V.

-24-



Vi 103 99

Pour Pt -12 -13 -12 -9
Simul ated Distillation, D-2887 (liquid volume %, [err]F ([err]C

10% 752 (400) 773 (412) 695 (368)

50% 865 (463) 871 (WHV 842 (450)

90% 52 (511) 955 (513) 939 (504) The
exanpl es above if?‘%strate the effectiveness of %%nép'?ogesent process for

preparing high quality lubricating oil basPrauctchkropertias hi gh sul fur feeds.

WO 98/ 02502 | 0.16

PCT/ US97/ 10792 Nitrogen, Tig/u : Exanpl e 8
Hydrotreat ed produshatRs(d#al e 1) was dewaxed ovegga SAPO-11 contai ni ng
cat al yst fol l owed by a hydrogenation catalyst sinilar to the catalyst
of Exanpl e 4 but Satorates, mitg 0.475 wt % Pd as t3€ only hydrogenati on
conponent. The pgoparti f the 5 dewaxed/ hyd nated oil are shown in
Table VII. This gﬂfpa@plltdgﬁfsbst rates that a h)%%rqggenati on cat al yst
cont ai ning a conygntional hydrogenati on conponent i oduces a | ower
quality oil in ternms of aromatic content than oil 8roduced using the
present pr ocBawr Pt, °C - Table VI|
sanpl e A Simulated Distillation, D-2887 (liquid volume %), °F (°C) React | on
Condi ti ons

10% 751 (399°C)

50% 863 (462°C)

920% 954 (512°C)

Example 7

Hydrotreated oils were dewaxed over a catalyst containing 65% SSZ-32 on an
5  alumina support. The dewaxed product was then hydrogenated over a hydrogenation
catalyst of Example 4. Reaction conditions and product properties are tabulated in

Table V1.

.25.



Tenperature err]F ([err] © 675 (357)
( Dewaxi ng) W0£8/025 2 Tenperature, [err]F ([err] O PCT/USYINOTO2 450
(232) (Hydr ogenati on) Total Pressure,
psig (MPa) 1102 (7.7) Recycl e rate, scf/bbl
(std nferr] Herr]/nmerr] oil) 4780 (85%) LHSV, hr[err]
(DeWaX| ng) 1.07 Table V1 LHSV, hr[err]

.0 Feed (Hydrogenati ofdmple B SampleC  Sample D  Sample A
Product Properties Aromatics, w %
12.5 Sat urates, He¥etion Conditions 87.5
Vis@ 100C cSt 6. 485 Vi
o (¢ 637 (336 0(327) 628(331) 600 (316)°
Sinul ated Di s TP?{?W eh 59k8s7 (11 GNP e 57 )
10% ewaxing 707 . 50%
839 90% 939
-27- TempergT °FS°CLAI VED 4% (232) 1450 A protss for pfbducing a
| ubricating o{Hydregematsérgck conpri si ng: a) contacting a

petrol eum f eedst ock which has a normal boiling point in the

range of abOUTot@PﬁIe@sUré (g%@lﬁéaff]ﬁ)izf(%?bowoé(?isﬁ[efﬂlbﬁ(ﬁ 7[?163]@7)i na

5 ydr otreati'ng reaction zone ydrotreati

tal yst at I th
ahout 1600 poRe) H§ i\?ﬁéﬁf’bgh&‘% tertBt STaRe S GHS BOESEHOF a5,
about 500[ er rPF rr]C) and about 800[err]F (427[er]C) to produce a

hydrotreated oi l hav ng a viscosity index which is at |east about 5 greater .
t han the vi scbESM ht' ndiegwetinghe pet r dl0eum f eeds? ock and!.& vi scos.0¢

LHSV, hr'! 1.0 1.0 1.0 1.0
(Hydrogenation)

Product Properties

Aromatics, wt% 5.8 232 14.8 6.4
Saturates, wt% 97.1 94.2 85.1 93.6
Vis @ 100C, cSt 7.279 7.929 8.233 7.034
VI 103 99 95 92
Pour Pt -12 -13 -12 -9

Simulated Distillation, D-2887 (liquid volume %), °F (°C)

10% 752 (400) 773 (412) 695 (368)
50% 865 (463) 871 (466) 842 (450)
90% 952 (511) 955 (513) 939 (504)

The examples above illustrate the effectiveness of the present process for preparing high

quality lubricating oil base stock from high sulfur feeds.
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10 measured at 100[err] C of at |east about

98/02502 . . S
b) cont actl ng tﬁo hydrotreated oil at hydrodewaxi ng conditions ?93“3792
dewaxi ng reaction zone with an internedi ate pore size nol ecul ar sieve
catal yst to produce a dewaxed oil havi n@@mg poi nt | ower than the

pour point of e hydrotreated 15 contacting the
dewaxed oj | #wafe@bqgrpép 17635 Atgl?ﬁhlq ]Igwgs fleyaxed over a SAP?)) 11 containing catalyst

hydrofinishln t S

o1 at i nunt pai | UCGRE g Ea e SRE RS el BLERAm SR TR Silne
t he pl ati nunt pai7baatard lﬁ@tkﬁﬁorﬂﬁhyd?ogénahb@c@hpédeﬂuWﬁ@bﬂoﬁéﬁh:@ﬁbﬁih'eoy i's

bet ween about 2.5:1 and about 1:2. 20 The process according to

Claiml wher edﬁwem/?mdmgenw OH|areghown lmT ahle YH¢ T, brswample illustrates that at he
| ati nunt pal | | b 3.
The procens abdrsaryeoy=alat it iR it ot huPseRitBt o eohi axatiees 4 o

the lower qlﬂmwmrxﬁ@émﬂq)fraﬁtﬂﬁauc%n?eﬂnmah%uI ckasin@BRYreskaP0 PSi a
(8.6 MPa). The process according to aim3 wherein the

hydr ogen part pedcem essure in the 25 hydrotreati ng reacti on zone
is less than about 1100 psia (7.6 MPa). 5. The process accordi ng

to daiml wherein the tenperature in the hydrotreating
reaction zone is in the range of about 6PRfeys] F (316[err]C) to about

700[err]F (371[err] Q). 6. The process according to Caiml
wherein the internedi ate pore size nol ecul ar ) s%' eve catal yst
conprises a zeolite selected fromthe group consisting 5, 30

ZSM ||, ZSM | 2, ZSM 21, ZSM 23, ZSM 35, ZSM 38 and SSZ- 32.

-28- VWO 98/ 02502 Reaction Conditions

PCT/ US97/ 10792 7. The process according to Claim6 wherein the

i nternedi ate pore sizeTeoipexatirar°F (°C) si eve catal(3sd) conpri ses
SSZ- 32. 8. Theewixiigss according to Caiml wherein the

i nternedi ate pore size nol ecul ar si eve cat al yst conprises a

nol ecul ar sieve sel ect up consi sting of SAPO- | I,
SAPO- 5, SAPO-3 1, SAPOZ& %Egﬂ]{&hﬁ% @SS) The process accog 3| P]g to daim38

wherein the internedi a 8F%na§'°9)e nol ecul ar si eve catal yst
conprises SAPO-| | . The rocess accor di ng to Claiml wherein
the petrol eum f eedst ocﬂOF?égf%SWSrmP 1102 (7.7)
Recycle rate, scf/bbl (std m® Hy/m” oil) 4780 (852)
LHSV, hr (Dewaxing) 1.07
LHSV, hr! 1.0
(Hydrogenation)
Product Properties
— Aromatics, wt% 12.5
Saturates, wt% 87.5
Vis @ 100C, cSt 6.485
A4 97
Pour Pt 15
Simulated Distillation, D-2887 (liq volume %)
10% 707
50% 839
90% 939
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boiling point in the range of about 800[err]F (427[err]C) to about

&ﬁg(r)[e:agr][ﬁ:(?mﬁ ]egz ed (1)?I has aH“-[mmm“l“Emlﬁmordl " nggﬁgfﬂ;ﬁater

t han about 7 he proeess aeccdrdisng*to Claim || wherein the
hydr ot r eat ed%ﬁf‘rrfg%g[‘a \@lm‘sccl)gl ty i ndex of greater than about

20, o to Cl 12 wh t he hydrotreated
ST hes o viboos: APFRBSTR TSR Thliedfe SR Aok Bl 5,0 o

14. The process accor di ng% to daiml| _wherein the petrol eum feedstock Is a
raffinate a)  cQuactingd Retrotpuan Sedsieck waigh h%?c% psAabbejling point in the

dorived - 0 OCeS PO Pi A PO O B i BB g (o aaim

| whereiny the petrol eugydre@Esin@GKacidnI6hd WRH a hyd ! 4
f eedst ock conpri sing gfrﬂéarter %n%anaa‘ gut SOA)lgyyvvreoltgﬁ?ngcaﬁth% yéﬁ‘%:&x

process accordi ng to Chatiah pressher filesstthan dbobt 1 @0 psreg(10iMPH)asd astempkrahae a
saturates content of greater than 90% a sulfur content of |ess than or

equal to etygen aPRYt 200 F(288TC\Andrdant §H0°B&4237eeh taproduer a 20.
25 18. The pr Ocessh?&SQEgéﬂlgll BQ\/!%Q'V@H)SM ﬁdeﬁ'%n&ﬂ‘? al H:Q{t a%gxtltj f'g/regfel'

base stock has a turates cont greater

sul fur content of | esstHanake QEccequ&idek of the petroleum feeds(ch%%i&Mlsc@sxw scosity

i ndex of greater than 120. The process according to Caiml to
produce tthe hydrotreat 8asired Pfalxﬂon@] Ozﬁat least about 2 ¢St; vj scosity i ndex of at

| east Vli[err] wherein [err] AC i s the conversion
during the step ob) hydroitactaig thghydrndeated oil at hydrodewaxing ¢bhditivgs ina t he
viscosity index of the petroleumfeedstaock. 20. The process
according to O aim 19 \gﬁ\gqngpglreacnoq @r@rvrlth an intermediate pore size molecular sieve

catalyst to produce a dewaxed oil having a pour point lower than the

pour point of the hydrotreated oil; and

15 c) contacting the dewaxed oil at hydrogenation conditions in a
hydrofinishing reaction zone with a hydrogenation catalyst comprising a
platinum/palladium alloy to produce a lubricating oil base stock, wherein
the platinum/palladium molar ratio of the platinum/palladium alloy is

between about 2.5:1 and about 1:2.

20 2. The process according to Claim 1 wherein the platinum/palladium molar ratio of

the platinum/palladium alloy is between about 2.0:1 and about 1:1.5.

3. The process according to Claim 1 wherein the hydrogen partial pressure in the

hydrotreating reaction zone is less than about 1250 psia (8.6 MPa).

4. ° The process according to Claim 3 wherein the hydrogen partial pressure in the
25 hydrotreating reaction zone is less than about 1100 psia (7.6 MPa).
5. The process according to Claim 1 wherein the temperature in the hydrotreating

reaction zone is in the range of about 600°F (316°C) to about 700°F (371°C).

6. The process according to Claim 1 wherein the intermediate pore size molecular
sieve catalyst comprises a zeolite selected from the group consisting of ZSM-S,

30 ZSM-11, ZSM-12, ZSM-21, ZSM-23, ZSM-35, ZSM-38 and SSZ-32.
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21. The prweessfccording to Caiml wherein the hydrotreat pagusenthres ons
are sel ect ed to maintain a volunetric cracking conversion

during hydrotreatin ss than abqut 20% vol urne. 22.
The p?ocgss aécordil g@ pEQsesy %Fﬁ'idlmﬁ/\ﬂ‘?e&éi‘mé thier %gﬁed'ﬁ‘le@%‘%dl‘%‘@ PeRsYRe Meissular e
10 selected to Lot IRet ri ¢ cracki ng conversion during
hydrotreating of geve ca@&ﬂ C?Hsem&f gg'out 10% by vol une. 23. The

process accordl ng Claiml wherein the hydr ot r,.eat ed o cont ai ns I e
than "o Rt aseoraimg to Clsift | gt e SuE Ty et PORR engolgtn

| ubri cating 0|I ba Q
petrol eum f eedst oc EV\il&gﬁﬁf I@‘h’rs]é;s'ra[;gxolecgﬁr f'?]vge SSI&C tr]et@)fforr]n e %é’&&éd}guﬁg of
range of about 600RaP-F.(SABDS, SACO-86, SWPUt411250[ err ] F (677[err] C in a
hydrotreati ng reaction zone with a hydrotreating catal yst at a hydrogen
partial pressgre ofrhk @fstelanorito GV Paiefei thebnibrgdidte ppreasilecRoRcular
hydrotreated oil having a viscosity index of at least Vi[err], wherein
[err] sieve catalyst comp@s¢ssSAP@-Idonver si on during the step of
hydrotreating; and VIi[err] is the viscosity index
of the petrol egm f eadpiceels according to Claim lb)whereilcmtpﬂc’blenm i’eétBtdm}tdra@hrreaﬁﬂd

oi | at hydrodewaxing conditions in . °19 reaction
zone with an i nter hedinapeinpsy e sange %P%Lﬂoﬁr‘: &2dve) 102‘1"5?0‘1t (250 (677°C).

catal yst to produce a dewaxed oil having a pour point |ower than the

pour poi nto of 1the Mydpodcessadcedrding to Glaoh | wherein the hydojtreated calritaa e tvisegsityhe
dewaxed oil at hydrogenation conditio in a

hydr of i ni shi ng r eadtded Q! SEAENWARPRUH{/r ogenat i on catal yst conprising a

- 30- WD 98/ 02502 _ ) i , o

PCT/ US97/107922.  The process according to Cla|l b whetean theyuidiogengd icgrhas a vsspst on
an al um na base tog@r g & than about | ubricating oil base stock
25. The process oola SFF@ ¥ 5 A°H %4 wherei n the hydrogenati on cat al yst
conpri ses

13. The process according to Claim 12 wherein the hydrotreated oil has a viscosity
IS5 index of greater than about 115,
14. The process according to Claim 1 wherein the petroleum feedstock is a raffinate

derived from a solvent extraction process.

15.  The process according to Claim | wherein the petroleum feedstock is derived

from a VGO.

20 16.  The process according to Claim | wherein the petroleum feedstock is derived

from a waxy feedstock comprising greater than about 50% by weight wax.

17.  The process according to Claim 1 wherein the lubricating oil base stock has a
saturates content of greater than 90%, a sulfur content of less than or equal to

0.03% and a viscosity index of between 80 and 120.

25 18.  The process according to Claim | wherein the lubricating oil base stock has a
saturates content of greater than 90%, a sulfur content of less than or equal to

0.03% and a viscosity index of greater than 120,

19. The process according to Claim 1 to produce the hydrotreated oil having a

viscosity index of at least VI, wherein

ST



a platinun pall adium al |l oy hydrogenati on conponent, wherein_t

he 5
Do PR o oot LA I BRI o 52t eor g
to daim24 wherein tggmmgy medi ate pore ‘siZe fol &cul ar si eve

catal yst conprises SSZ= 2 1.527. The process according to Caim 24
wherein the internedi at ore size nol ecular 10 si eve catal yst
conprises SAPO-1 1. = AC is the@nversibARIuBhS BRSReASORMAIRALAES aghal M 24 wherein
t he petrol eum feedstock has a normal boili'ng point in the
range of about 800[ er VIHs (rErvifamsity @dex of tib petrolkamdEeistdck.

(677[err] Q). 29. The process according to Caim24 wherein the

hydrogen -pagg i al TRE gfosbdsickdrding@o Blaim 19 whereinhydrotreating reaction zone is
| ess than about 1100 psia (7.6 MPa). 30. A process for producing a

| ubricating oil base k npri sing: a) contacting a .
pet rol edim f eedst ock WMZaZ@or mal boiling point in the

range of about 600[err] FA€316[err]C) to about 1250[err]F (677[err]C) in a
hydrotreating reaction zone with a hydrotreating catal yst at tenperature
20 21.  The pmessrﬁécwdmgetwlatabbwemt[he%wrptr@@"m@drt]oay ateo about
700[err]F (371[err]C), to produce . . . a_hydrotreated. oil
navi ng & vi scos: P PRRR ¥ Tolgperia wding sonvasion ufpe fydrotiestg ot

2 ¢St and a Vi SCRSY thin aBEIR2005 blolugast Vi[err], wherein [err]

AC is the conversion during the step of hydrotreating; and 25

Vi[err] is e Vi | j g@g] cbi h t%‘gkc' L b)
contacti ng ?%e hggggfdrc%%tdec ol gqg)t E&’d?g}é‘é&kﬁ’%ﬁ%pgﬁn %'tl or?sn dft:r?ngare
dewaxi nip r eact i oseleerbtombihtagna voiteetrediratkingdameesionalunog dgdrdoaratsigesfe

catal yst to produce a dewaxe il having a pour point |lower than the
pour point of th@sﬁWPéP?‘éa}tog@gblvP]Pménd

-31-
23.  The process according to Claim | wherein the hydrotreated oil contains less than
50 ppm sulfur.
24, A process for producing a lubricating oil base stock comprising:
15 a) contacting a petroleum feedstock which has a normal boiling point in the

range of about 600°F (316°C) to about 1250°F (677°C)ina
hydrotreating reaction zone with a hydrotreating catalyst at a hydrogen
partial pressure of less than about 1250 psia (8.6 MPa) to produce a

hydrotreated oil having a viscosity index of at least V1, wherein

(Vi - Vo)
AC

20 21.5.

AC is the conversion during the step of hydrotreating; and

VI, is the viscosity index of the petroleum feedstock;

b) contacting the hydrotreated oil at hydrodewaxing conditions in a
dewaxing reaction zone with an intermediate pore size molecular sieve
25 catalyst to produce a dewaxed oil having a pour point lower than the

pour point of the hydrotreated oil; and

c) contacting the dewaxed oil at hydrogenation conditions in a
hydrofinishing reaction zone with a hydrogenation catalyst comprising a

~30-



WD 98/ 02502

PCT/ US97/ 10794 98/02502 c) contacting the dewaxed oj| JtCTUSI7/10792
hydr ogenati on conditions in a hydr of i ni shing reaction
zone with a hydrogenati QBpeghdhMikir SERAREdS¢dMbdhent on an alumina base fo produce a
pl ati nunm pall adium all oy to produce 7a lubricating oil base stock, erein
the platinun pal | adi um iadirsatingoil basefstadke pl ati num palladiumalloy is 5
bet ween about 2.5:1 and about 1:2. 31. The process according to
Cl ai m 30 wheresn t IThe pradessattbpiing AOCKIT QO haierdimttethydrogenation catalys®tohPises
pl ati num pal | adium al l oy is between about 2.0:1 and about 1:1.5. 32
The process accor diarpdptinsmépaiipding alloythydesiganation cogpepentowhergi the The proces

according to Claim32 wherein the |ubricating oil base. stgek .has a
Saturates Sontent BTG BRI ARolBOEAo BT LA e P REBALLAIaYS Betpirn abut
equal to - 25:-PaBIBARd: 2 viscosity index of between 80 and 120.
34. The process according to Caim30 wherein the lubricating oil base

stock has a . ham,: 90 sulfur
content of Ie%g' thgr}l‘e(‘))?o%g%%lrcg{ogé%@o@&ﬁ%‘;whe%ﬁﬁg‘gﬁ?’g{ﬁ; a’\}?gg/?oesl enyll)lﬁﬁlelsl(r of
bet ween 80 and 120sieve catalyftTomprif&eS§Z-0gess according to C aim 34 wherein

the intermedi ate pore size nolecular ~sieve catal yst conprises
SSZ-32. 236.  TheBRAORRSRIRE RACHin 94 Wheld LR EMIGHE bBred 42 molecular
i nternedi ate pore size nolecul ar st eve catal yst conprises

SAPC- 11. 1@0  37. sievd baalystaoegsisec8APOLNg to C aim 30 wherein the

petrol eum f eedst ock conpri ses greater than about 50% by wei ght
of wax, and wher ei Ththeodesdidcolind@ Olaim RaSherein the petroleumste@dskodkdtas a
saturates content of greater than 90% a sulfur content of |ess than or
equal to 0. 03% andnarmg! bedisgppint e rergegrfahoetr 8Q0RB KA 7H20) to about 1280°F  The
process according ggpo{: im37 wherein the internedi ate pore size nol ecul ar
25 si eve a ?st conpri ses SSZ-32. 39. The process
according to Claim37 wherein the internedi ate pore size nolecular

si eve cat al ys9conphe geacesygseprding to Claim g4 whegein ths hydeosen parhiabprgesurfyinghe

| ubricati p?ooi I ba@gdfnggﬁtﬁ‘egc"é?@fd}"?gﬁgésg'g%r‘ ﬁjr{ DhuR 1100 psia 9? MPpa)Pet rol eum

f eedst ock produ aving a Vvisco y 1 ndex
- 32 30. A process for producing a lubricating oil base stock comprising:
a) contacting a petroleum feedstock which has a normal boiling point in the

range of about 600°F (316°C) to about 1250°F (677°C) in a

hydrotreating reaction zone with a hydrotreating catalyst at temperature
20 in the range of about 600°F (316°C) to about 700°F (371°C) to produce

a hydrotreated oil having a viscosity measured at 100°C of at least about

2 cSt and a viscosity index of at least VIy;, wherein

- (VI-VE)
AC

AC is the conversion during the step of hydrotreating; and

5.

25 VI, is the viscosity index of the petroleum feedstock;

b) contacting the hydrotreated oil at hydrodewaxing conditions in a
dewaxing reaction zone with an intermediate pore size molecular sieve
catalyst to produce a dewaxed oil having a pour point lower than the

pour point of the hydrotreated oil; and



WD 98/ 02502

PCT/ US97/ 1%/fp38/02502 hi gher than that of the petrol AGHYEIAEPCK
and reacting the lube oil feedstock at hydrotreating

condi tions sel ect.ed t i i ry 1. i . :

conversion duri ng?hydggﬁfdlgg%@r?g dg%”%?éedgp{nhﬂa}ﬁr%&ﬁwgﬁngnlgals %‘nuar content of

t he hy dihgtrofimisknigoedctioh zbes with Rawyd@epgion catadsecamprigingchange
in viscosity index of the 5 . | ube oil feedstock durin )
hydrotreating, (VI [er dfatinugypabladium alloy 4o prpdupgae lybpicpteng qil bage F@,CE] Whereipr ] C
IS gr eat I b S I sint.y :J ndex of
the hydrotreated oil, q(‘ﬁ Fgﬁ{;\]r&/ipgﬂad‘{m#%lﬂ ryr]ﬂg Sf{h]ﬁcglla\?/lpé%saln%égﬁnagéi “of the

| ube oil 5f eedst ock t 0 behiednyalbot 2.6atm8,abamdl:AC i s t he

vol unetric cracking conversion in the hydrotreater. 41. The
process accagfdi ”Q‘hfe(br@eﬂé RAHINDRS _élaﬂnQB%h%PéinFﬁtﬂlétﬁuﬁﬂﬁéﬂﬁﬁiﬂﬂu IEQBY%%' on

10 during hydrotreating is maintained at | ess than 10%

42. The pr ocesof dwcpatthuny palladdimaaliny4d betaee s bbout 26): v ehdigetut itcl . Er acki ng
conver si on during hydrotreating is nmaintained at | ess than 5%
43, The pnecessThGeededs ActotdindtACHIA 3 | Whetah:n t he sul fur content of the
hydrotreated oil is less than 20 ppm 15 44, The process according to

Cl ai m 43 wherein the suffus/pontent of the hydrotreated oil
is less than 10 ppm N—l——j—& 20A lubricating oil base stock containing
| ess than 0.03% sul fur, d}ceat er than or equal to 90%

saturates and a viscosity index of at |east 80, prefer_abl% at | east 95,
whi ch | &8ri dat i ng hsinrogsss accordinktq Slapp dp arheeein therubridating odbasefstedkshas ek

containing 20 e e | §ur I S C rising:
a) hydr ot r eat isﬁtélr%{esp%qr}t%]ttgtm?e?‘éeég‘éﬁnéggﬁ%as\ﬂ Hbg%m%}tg’ége%?& ya nio(r?]%g&alg at

| east 0.03% and a viscadiQUhdekofibBtviedh)Bdr@kirieat i ng reacti on zone with
a hydrotreating catal yst at a hydrogen parti al

pressure of 3hess 1aao@ROHEcoARD tdP8lath G0 WheteiViR) luBRting oil base stock has a
a tenperature between about 500Terr]F (260[err]C) and about 800[err]F

(427[err]C) to 2bturates content of greater thanfi036lrcailfar hyderatof s Brknairieghavd ng a
Vi SCosi i ndex Igh is at |east about 5 greater
Uhan theSui scosi thThabd agfscoRt e ofitemtsendoasidaR and a
viscosity neasured at 100[err] C of at | east about 2 cSt, )

35. The process according to Claim 34 wherein the intermediate pore size molecular

sieve catalyst comprises SSZ-32.

36. The process according to Claim 34 wherein the intermediate pore size molecular

sieve catalyst comprises SAPO-11.

20 37 The process according to Claim 30 wherein the petroleum feedstock comprises
greater than about 50% by weight of wax, and wherein the lubricating oil base
stock has a saturates content of greater than 90%, a sulfur content of less than or

equal to 0.03% and a viscosity index of greater than 120.

38.  The process according to Claim 37 wherein the intermediate pore size molecular
25 sieve catalyst comprises SSZ-32.
39.  The process according to Claim 37 wherein the intermediate pore size molecular

sieve catalyst comprises SAPO-11.

40. A process for producing a lubricating oil base stock comprising upgrading a

petroleum feedstock to produce a [ube oil feedstock having a viscosity index
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PCT/ US97/ 10%&%2%@{ b) contacting the hydrotreat el(,jm(‘)m 97/1'(‘”92
hydr odewaxi ng conditions with an - i ntermedi ate pore size

nol ecul ar si eve caigiey $hantthatfablelparaeide feedatdcloj dnd reacting the lube oil feedstock
having a pour point which is |ower than the pour p0|nt of the .
hydrotreated oil, 24 hydrotreating condltlonéyelecteq:%pa@fquh’gv? HECHI AN | at

hydr ogenat i on Condl Ll O&%xx'dﬂrxﬁ%r\ydrotreat%ofless than 20°}J.ya%(?if§umjts&rﬂgnt red i on

zone with a hydrogén [ERAETON ‘ca

pl ati nunt pal | adi Unﬂg@l‘dt%ﬁtéd%l%ﬂ@%ﬁﬁar%d il Wﬁérleimgh@tﬂangaaewsdamy indek ©F eHen
the platinum palladiumnolar ratio of the pl atinum palladiumal loy is

bet ween about 2. 5:libaoidl fezdstack during hytigotreatieg, (Vlifhéflb)ubwcbah&tr(é’lm lo)paE eis

st ock di to d he, hyd
conducf1 ggo;t | ggt eon&fé?‘g% %E?l?emgr P éﬁteth%%‘é‘%og}t?r’ ]‘la ¥ Qgthé[héfpﬂtff)ateéin‘al é}l;'bﬁt

700ferr]F the wscég&%cferxrdfﬁe lube oil feedstock to the hydrotreater, and AC is the

volumetric cracking conversion in the hydrotreater.

41.  The process according to Claim 40 wherein the volumetric cracking conversion
10 during hydrotreating is maintained at less than 10%.
42. The process according to Claim 41 wherein the volumetric cracking conversion

during hydrotreating is maintained at less than 5%.

43. The process according to Claim 41 wherein the sulfur content of the

hydrotreated oil is less than 20 ppm.

15 44 The process according to Claim 43 wherein the sulfur content of the

hydrotreated oil is less than 10 ppm.

45, A lubricating oil base stock containing less than 0.03% sulfur, greater than or
equal to 90% saturates and a viscosity index of at least 80, preferably at least 95,
which lubricating oil base stock is prepared from a lube oil feedstock containing

20 at least 0.1% sulfur by a process comprising:

a) hydrotreating a petroleum feedstock having a viscosity index of at least
about 75 in a hydrotreating reaction zone with a hydrotreating catalyst at
a hydrogen partial pressure of less than about 1600 psig (11.1 MPa) and
a temperature between about 500°F (260°C) and about 800°F (427°C} to
25 produce a hydrotreated oil having a viscosity index which is at least
about S greater than the viscosity index of the petroleum feedstock and a

viscosity measured at 100°C of at least about 2 ¢St;

A
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46.

b) contacting the hydrotreated oil at hydrodewaxing conditions with an
intermediate pore size molecular sieve catalyst to produce a dewaxed oil
having a pour point which is lower than the pour point of the

hydrotreated oil; and

c) contacting the dewaxed oil at hydrogenation conditions in a
hydrofinishing reaction zone with a hydrogenation catalyst comprising a
platinum/palladium alloy to produce a lubricating oil base stock, wherein
the platinum/palladium molar ratio of the platinum/palladium alloy is

between about 2.5:1 and about 1:2.

The lubricating oil base stock according to Claim 45, wherein the hydrotreating
is conducted at a temperature between about 600°F (316°C) and about 700°F
(371°C).
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