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I nvention relates to sulfur resistant hydroconversion catal ysts useful in
hydr of i ni shi ng and/ or hydrocr acki n%icﬁrocesses for lube oil basestock.
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upgrading and dewaxing steps to remove or hydrogenate unstable molecules which may

have passed unconverted through the other processing steps, or which may have been

generated in the other processing steps. The catalyst used in the final hydrotreating step
25  often contains a hydrogenation component selected from the platinum group metals. Both

platinum and palladium have been taught as being suitably hydrogenation components for

this application.

U.S. Patent No. 5,393,408 discloses a process for stabilizing a lubricating oil base

stock. Catalysts taught for this process contain a hydrogenation component independently

30  selected from the group consisting of the platinum group metals, nickel, cobalt, chromium,

molybdenum, tungsten and tin. A combination of metals containing both platinum and
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conpgsed of ayskl paamnatdim o2, casitdhet Al | MifS a process WRICR iiuigs na gel matrix
and containing a platinumgroup netal. .'I’he catal yst conposition 25 of
Hansf or d hydscmchingefractionationpindhydgogenation fog enhanbing bubmicating3eill. 0 nug of the

pore vol upe ey res, o i anet er. great er. than about 500 Angstronms. In
Hansf or d,PhP}?étaQﬁlﬁboﬂ‘tI?%Fbyé‘e ?‘ygr_oge'é?t'PgIc?;f?fyt‘}te‘f’f}uﬁ‘fsdﬁk_z?&@i?'f‘c?"&fs'ﬁ umina to
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to silica. Conversely,” supports having high ratiosS of silica to alum na

have areanfd0ef09ah s eporavalu®e oBtSeh mides an 4yerage pros diames2®f30920and
4,601,996, However, 30 cat al optai ning higher ratios of silica to
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25  of Hansford has a pore volume of 0.8-2.0 ml/g with about 0.3-1.0 ml/g of the pore volume

in pores of diameter greater than about 500 Angstroms. In Hansford, the support employs
a relatively high ratio of alumina to silica, always in excess of 60 weight percent of alumina
as compared to silica. Conversely, supports having high ratios of silica to alumina have
been disclosed in U.S. Patent Nos. 4,139,493; 4,325,805; and 4,601,996. However,

30 catalysts containing higher ratios of silica to alumina generally contain a hydrogenation
component other than a platinum group metal, commonly nickel, tin, molybdenum, or

cobalt.



However, continual devel opnment of lubricating oil processes has generated

new 5 r [rements for the | ube hydrotreating catal ysts. E xanpl. e,

t he sulfur%@g#§ 2 of the feeds to the hydrotreating é&ﬁ@? gggﬁﬁy be
sufficiently high that the conventional hydrotreating catal ysts are

no | onger sui t abllarks ¢frals Y- SpBatsasiNo. 234 BThdiselpsechindapganaton processaad | yst
o " ety : _ SR Lty
put " SR allin i, BN LR RSl 272 B G Bt gl Bk A5 sl

but wsul
of | ess thansebeuout Q0% peweight of platimah %h'a)éub\@cﬁﬁcérﬁﬁﬁhix@é%&bsi%t@pm
Platinum (Pt) is nore sulfur tolerant than palladium but . Is | ess

active. The | ondfowgyes, ¢gprnuabdayelopment offfabricating il processep brseganerated naw ch

| eads t . hi gh f_undesirabl Ki t]
or oduct S oi Feasirafieft &r h&BE rPheol3s flelyss o SSamlet SRS onBoRoh
activity a&r&dbkcgble%?gmtﬂehﬁﬁg Eataly S R RSBMNCRNAY high that tRé &dlivbadcial amounts of

sul fur is desired. Summary of the
| nvent i on hydrotreating catalystare po denget suitablerfor that parposenst palladaunacaordsiaingst and
a process which neets the reviously desirable griteria as well as
nmany addi t CRRYE 158&8‘? Fé?‘%ﬁ?ﬂﬂ?ﬁ‘y&qt‘ﬁé‘“&g‘éf? agcoynt of ‘tSE“M‘V'éH%&Ft i san.
Accor di ngl ' ' i | d: t o t L.t | ed 20
Sul fur 1 o) SpREn KEEEE R el B AR RPHRTLE Py SuBR B ofied bl bR | DB

pl at i nuon pphdfadbiyiess than abald Z8pmndPRkinexi(BY ismbrd salful{vterknt\vka paadiugs baes,
inter alia, in the surprisi ng{_ di scovery that an al |l oy of

pl at i num p# lesiccting. whias leWenactivily sequaies Bigher rsastigadamperaturesp Which legds tabout
1:2.5 . ' f L, N | yst with an
activity whiEE PSS LReig thock B SEATER B (bhE ReBoWRAMG NS 110" 2
active pal hadtotreating datutyss aw@@baadﬁghmwv@/mddmiﬁm stbitity4h the pregdnee of eacti on
tenperatures in the hydrotreating process which introduces the undesirable
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catal ysts of this invention are gBagiiby §0he MWEhGGPNVeErting | ube stocks. In
one enbodi nent, the process using the present catalyst is a
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dewaxi ng. In a separate enbodi ne t he ocess, is.a . . hydr ogenat i on
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The catalysts of this invention are useful for hydroconverting lube stocks. In one
embodiment, the process using the present catalyst is a hydrotreating process for preparing
30 an upgraded lube stock for dewaxing. In a separate embodiment, the process is a
hydrogenation process for improving the stability of a dewaxed lube stock. The upgraded

lube stock is prepared, for example, in a hydrocracking or a solvent extraction process.
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i nvention, for hydrotreating,refinery feedstocks, speci.fical Ly those
f eedst ocki e bagt Sl RstAbliny 2P, CQle aFe EpaYet T NG MSe BRotedh A BIEFVE OF e dles
a pl at i NuRGRAYdn@flrFRoBbds OF tH§ RvaRiorts EprdRideiaprodtietfc? hjdioRenatmpar ratio of
pl ati num ﬁ) %n prgﬁs?loadisum I n '?]hel al | oypi S bg;brw%en abogtltog 5: 1éand about

1: 2. 510 pr sifar-abhtginingtfesdsnwith dawerperating costaamtl grisatet procassimgdlexibdity.pr ef er abl y
the platinum t,? gal adi um r%ltei 0 s 1:1.5. Theagﬁq ticularl ,%{eferred
catal yst exhi bf BSEPRAGERLS WOETPIn the pracesses pre &Ry2 singlerpactor it gt

mai nt ai ni | £ur. r ctive

pl ati num %gsétgggg%?rgfrgastﬁé %\E%k&%}?n%?i%%n@&gﬁﬁgregg pgﬁlcbbég& ‘i)ﬁelcﬁé%%? reaction
tenperatures which introduce undesirable rates of cracking reactions and 30
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on thg cat al ysﬁ"c%ﬁﬂgg?ngg%gsl is dil;gﬁd to hydote

- 'a.. AN &

4 ating reactions for preparing lubricating
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t he teachings of US 5,393 408, the specification of which is
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1000 Angsspesifisallyithose fgedstocks bemg preaeased i fernsepacatipmeof pubsicatingoils, includgs
greater t Q%&tigﬁxgzpaﬁgéi&&lrﬂlég and an oxide matrix, wherein the molar ratio of platinum to
25  palladium in the alloy is between about 2.5:1 and about 1:2.5, preferably between about 2:1

and about 1:1 and most preferably the platinum to palladium ratio is 1:1.5. The particularly

preferred catalyst exhibits the activity of the palladium based catalyst while maintaining the

sulfur tolerance of the normally less reactive platinum based catalyst, thus avoiding the need

of higher reaction temperatures which introduce undesirable rates of cracking reactions and
30 produces products of low stability. This alloy material is a new catalyst species and

different from a mixture of platinum and palladium metals on the catalyst acid support. The



Cat al yst Support The oxide matrix material, which serves as

the catal yoedipRet, is selected fromthe oxi des genegcdisorHERE 1 N
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adversely affect the hydr ogenation activity of the final catalyst.
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but are not necessarjily limted to, titania, magnesia and zirconia or
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t he base ndifficultto prepare irethe Wirgérpare fornsirequiredsareinh Pute dhaminbecamthe oghered wi t h
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| ube and 2nd stage hydrotreating, though the nacroporous

25  the silica-alumina base material, which form is referred to herein as the "heterogeneous"

support. The alumina gel is also referred to herein as the “oxide binder." The support may
also contain refractory materials other than alumina or silica, such as for example other |
inorganic oxides or clay particles, provided that such material does not adversely affect the
hydrogenation activity of the final catalyst. Other inorganic oxides that may be present in
30 the support may include, but are not necessarily limited to, titania, magnesia and zirconia or

combinations thereof. Generally, silica-alumina will make up at least 90 weight percent of

-5-



catalyst is preferred, particularly for |ubes feedstocks. The proportion of
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cat al yst exclusive S} Bind2a ! Will He@Ebsthrtially all VilisleReMHaNg on the particul ar

met hod that will be used to . hydrogenate the |ubricating oil base
stock. Most céwstatedabovhche sinportis peeferabliprepared by mixing the base snatdriahwith
appropriate size,..nornplly at least 1/32.inch in di.angter. . us her ei n,
the’ °P" Ebfalich it shets o AR TR it fepa soat PAnsid BITRL A beads,
tableds onodycid@bhltflas hitht 3Rk, or hydro%ﬁﬂé’&&&s. f@ér{%]‘a(l}ﬁetlhla %?goh?éﬁiopé 64 T ed
for use I n hydrogenation processes enpl oyl ng packe eds ‘and novi ng
beds. Howmweia] tof @didebihder ipinahesmgs froau2In5 &5 36/00 and prefenatdy 65 basdi zed bed, it
may be desi raplg ,fgr the s,ugt)ort to be L?E,a finely divided formsuch as a
pownder . TRaiEnayAybinder. kqie size is ip part gopigoliedin spparts Arepaed 35 dpyeried bereidr ¢ he
cat al yst ' . X : L al: i ' oxi de
bi nder eR ar??é’?’tl Egtlgkﬁﬁug?%ér}g%%gggés &g s%ﬁé%/géd %‘é& Ehg%e&gz?ééeﬁgf’h of

the conphmd byltheatmiupsof goid hsetls ToPrepare theyrdaioalatsrefiattohy inofanieduppstit forl ci ned
in an ven to, produce the support. After calcining, the support is

0 ¢ NE : ; .
read$P f othergatalysl dhe bass matenigh i mixed withyagaxisisrbindenwhish havbrenitreatedt wiith

tal yst, ..30 . | Lstrdbuti th tal yst | di
Che bt os B Trefemby with 6 1iin 3b6 5 LY Bt St Br |t bIG £ Gediicpgfe™ ¢ 1"
por osi Newelght 6f fedl @hicined sollds). &M% acidifufdtYmake a mdpdtus cdiglyq. Vol une

Distribution of Catal ysts by Mercury Intrusion Porosinmetry."
-6- This catalyst wil} gyuisablg for lube and 2nd stage hydrotreating, though the macroporous

PCT/ US97/ 1 i t.0 t.hi.s ocedure catal.yst,,i s heated at
450[ err] g‘%&?tals Eﬂf(f;"[f{fr% P ég?(rﬁ(&@ég %P(%&Ybeeg tf?egstogﬂs. Cﬁ‘erpé% OM{ %‘?waw and ot her
vol ai§ | egepehdin@icatRe typeiofagla, 1Bk r&%ffﬁgﬁ_of(tﬂe B matedial powders, tiERBEEF Ng on the
total pore volune estinate) Is placed in a volune-calibrated sanple tube.

The t ubemixing pquipmeni end the mixing timedtempszaturedett.rikhs supgorpussddn thepracting

chanber PLttkprostntingRh WO bEBua sSoof "pheeaes i il st ortheeis " 1
| ncr eas egupponepar e Rillofary Bépedidg bR thd SarS AR iRethdP@iaPRER ed to to

decrease as the nmercury intrudes into the pores of the sanple. Apparent
mer cury hydrogenatethg debricgtingheibbase dtogk. Mdst neminonly othe stppoatip fforsedpntessur e.

P R A F oo B B o LR,
report edtedm 'Relits” i9intBRIed 1y Hiclide eﬂrﬂdrﬁ%@l gfiﬁi Eeﬂ?ﬁaﬁl’éﬂr %jr YehePRiGableo! UME

(cmerr]) as a function of pore meter (1n angstrons). Analysis of
t he dat agtanulas farme Relletsane preferred fomeseap bydrogenatione paxcessesiempioyiog phaakefior mul a:

b of o abPESs PN GARELHT Elweern For giher ptpegsye: Sigh 2t fas o BauidBrt B ion
conpr i segnagtbe dbfirablecs the?sqﬁgﬁg g@séee iri:atedrﬁ&!}ldiﬁhéc? fo?rgasaagﬁgpggw@énef\g@@é y

conprises at |east 40 weig st pr
cont 2 ns sipparhie te he getrwied ab thetpref@ratizingiftthepentatysh tnasdrialscmixing thie base 99
wei ght p e materials suitable for preparing

t he cat aw Wztb lgtllt? &ép[tiﬁgd pride Eiggercﬁnthxfhseg the extrusion process and improves the

strength of the completed catalyst pellets. The extrudate is usually dried and calcined in an

oven to produce the support. After calcining, the support is ready for the addition of the
hydrogenation component of the catalyst.

30 Pore size distribution for the catalysts employed in the present invention is
determined using mercury intrusion porosimetry as described, for example, in ASTM

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



I nvention are comrercially avail able, for exanple, from Condea Chem e, GrbH
of 20 HagysglerasEr many, and base materials from Condea Chegp@yuéeaparat ed
as "Siral 40" have been found to be particularly suitable to prepare

tal yst | Q) ' . ' K, Al t i yel t
o oL SRR U b RRE Pl e IS SR Yok
copreci pi t RiddvR wateGabat ArdothéVélilesC XWelghBd PSRN ESame Y6.5a).5 Ene
silica-alum na materials such as zeolites may al so be included as

part of t hdepengdipgon thef totdl gotedlwye estimase) is alaatd/mtasvakiime-calibirated sample tebteal yst
acidity. . . . . Jydr ogenat i on. Conponent
The. armyunt ThE 1be it SR HLPPRHI A dptecipd e e prossurbaicg Bpaber Shist  be

suf ficigent hrome AR€d-Sésh Péro§ikas! | £ i ; eg%(a | of
the | ubri CQE‘?%‘? o?’lnebagae st ock.o Geﬁegr 3?“?3‘/’ &%‘gwf hg cgarrﬁsgﬁtlmggf a or}?}&%?r}?he
support use@00®psigt Ak yhreprasshyecincrgasestthe nojanead nersiry ini thetshmple tube appeagpe of
the present invention wll be within the ranq%e of from about 0.01 wei ght
per cent t oto decrease gyfhgmescupes ingvdesiatq tdgtporesatithe semple. t ARpareit gerewy f r om

about 0.1 \%3{119.@ W@ﬁ%ﬁ%ﬁ Zéﬁ)m&%uéf the applied pressure. Apparent mercury volume and

-7-

PCT/ US97/ 14bpfhéd pressure hrevwhergfat@ibfoqite volagieqVglahd porctiamiée It @pedtivaly. about
1 wei ght percent of the alloy does not gignificantly inprove on the

acti vi 0 oResults atecrenpryec asefs jof pergstolyrme Gn smo)andicugulagive pore volume (cm’) as

ot P RBon FOURY PSRk o il ot Bl P B nt £ o101
of met hodsmag@pkRAMurhdadcBRli fo the FSHRRES PerdahAlatrapbR olBRkLGsHcHporEt al

or their conpounds onto the support, such as, for exanple, by iIon exchange,
i mpr egnat i welyme/total paropelasiept Hi%i on, etc. It has been found that depositing

Dr ok mwant - BHERSBR pisd Fop f ARBE oL e e el °
cont ac{g nojeaq|3atvdpht HRrtent ﬁlﬁd&Paxapxhb»eepreﬁmwmﬁprgés RakA: B dlelght prrasit

pal | adi um 10 under "a controll ed pH"™ The contacting solution preferably

wi | | be busifiea end mostrprefetablyncamtains in theptdnge ofiabout #& weightyperoéntfsilioatasmont 9 to
about 10. V Iue% out side of this pH range may be used to deposit

pl at i num afd ™SR BHICERNS|'6#nt 1y on the support, but the final distribution

of the al boy Aflefill§sitaBRIG! pﬁm@e%@a&wﬁqm o%éssﬁ%‘?lﬁ? obt ai ned

within this pH range. eposrting platihuma pal | adi um
by i npr egnavemtion aréeomaemially avalableyfurlexarhple, faokd€ibntiea Chemien@mbiinatt i ng

sol utign a netal salt, generall) an orgapj c .am ne conpl ex .. salt
of a mther HpmaUiE ComRtREN RS ML EOrB Lo flbianie dennaled 15 SUPLAY hasS of ul
in | t ' | ' ' he

armoni um oGO R R kAP SR SRR B o gond

bi car bonat meemtiva. | Alweenativelypihe silics-alaaiinh bk hftaialsura prepaeti aising known and

formates. In the case of palladium an amoniumnitrate _salt or an anmoni um
chl ori de 2¢pprecipifationagagelstion and{ps gompll gracedurss.i Crvstallineysilica-alumina megepelser |

ot her salt i[cﬁfeas %E‘g“%gf’%@ ?%@Bginﬁluded as%yﬁf Ofrtn?lg @%gloﬁtsrgf:mf ﬁ)‘?&ﬂ)gerfﬁfigxl(' g@?lggtg.

i npregnat e P such case, u rmne

the op2§ mato jattehse datatystingiding i npregnation for the particular salt selected
in

Hydrogenation Component
The amount of platinum-palladium alloy placed on the support must be sufficient to

act as an effective catalyst in the hydrogenation of the lubricating oil base stock. Generally,
30  the amount of alloy on the support used to catalyze a hydrogenation process within the
scope of the present invention will be within the range of from about 0.01 weight percent to

about 5 weight percent, preferably the range is from about 0.1 weight percent to about

~7-



order to obtain the best distribution of nmetals on the support. It has been
f ound th%?gs/ozuzexcel lent distribution of palladiumw Il Qep&-ApRgd Using
t he present “support if an 25 inpregnating solution containing tetraam ne
pal | adi u

Coous 16} Wt bk, RS Sl 01 e PR B gk, o
shoul d_ben! igRaniiPintgravsloP BleQichivity of the 95t¥lkz§’cﬁm3 ﬁsrthéreﬂﬁ‘é e&Shogfically e

sufficient for it to attain equilibration wth the inpregnating

sol ut i on. difedvastagesusr fitaeyer, amovntsdn exngsucfulaweighti pereent areaspally nod bammfuland
peri ods of tq 30 24 hours are not detrinmental to the finished

cat al yst .tOAﬁI‘EBF appance p efcéﬁafyét'gi ven support may be readily

det er g ned by %ﬂﬁ‘m?d&lr bf Rthols Afd%&ndWh if'fhe! a?@tord%gé‘srit%létﬂmhh&ﬁi ﬂllﬁ&ib@%ﬂ&ﬁl by,
for exanpl e, drying at various tines after i'npregnati'on and neasuring
t he net al odiheir cbimpburais.onto the support, s\iéh £&3fdr224rAple, by ion exchange, impregnation,

PCT/ US97/ 10791 . . Fol | ow ng i npregnation and standing, the

cat al yst FPTEGRHAVOBy FtEd I‘é}"i’apﬁ?" ’%’HP@:_F‘HEQ?PO_S‘“@ Plavn@ngﬂépé}iaéwr%aﬂﬁwst may be
reduced v {1 GLRAR o Satdier 8P BT Bberdfdn i Forbar WhvantageoyBLAERT [ 1O

servi ce. etr I ng

A | ubri cabdifga ebitaktingesoliftion kontainthgPaRtive tEtpoumts 6E6Bth PRAtinkS axd phlddider t he
producti on of lubricating oils. Lubricating ol base stocks
gener ¥l | yusgsr p conptrelipd nEindhe eeristingeplutipq prefesably will be yeftared to| paintgini have a

b1 6f or abi §rigraag MierpndE AT kodh o B WG o YA dsRRlRe o 158 B bk ot
gener al | yugea\s depssit pl&tinunpirfl jatiadiet jbintP bn b SpFerdbue e i@l ditheufiGpbment

processes maﬂé include, for exanple, one or more of hydrocracking,
sol vent etheratiey pothe pppd mayanh ke Ayfavorablewes thask ebiaimed withimghis pH range.

Fol | ow ng hydrgtreating. the.l ubrigcatin I |. base stogks be further
treated to me%en%@o%%@ﬁugmhﬂmﬁwﬁ@d@wgm ‘WE&PF&%?‘%&W&? Wa@%vvaxi ng.
Dewaxing fddedhs tlﬁ‘e?ihfpr%\aﬁhlg sdltion as a mEANWMENEdrRARY 2 BRBBakil Aind bripfex art
such as, for exanplé, by solvent dewaxing or by 15 catal ytic dewaxing.
Cat al yt i csalicofeaaningrabaeid e Aaumoniph shltsiaye beemf«pgmﬁto berpartieulastyauseful in

process are well . known in.the art. Dewaxi pr.acesses .usi cat al] yst

cont ai ni ngrepanng thgweﬂﬂg\g O}ﬁ%g& gggr :ser‘x%{gre&g "E?OX}’W@;%. t%ga‘f‘%k’é/Nos.

4, 859, 311 issch 92 HitfaPA) cibbdrihs!Bbicbonates and1Bhwth A Oaci A NicHsicRGBR S S

using a catalyst containing S 32 are disclosed, for exanple, in
U. S. Pat eand fowates., Bothezase: of pabaiiymSaty aremoniBm3iteat@ St or2xd ammonium chjpride

opor o PR Bl RS b SRR 00 DR T Bl SR BRER50 o
ni trogen, ,R8dpkable@ny o5k u¥ed to i pgér%\%)ihéjgu bRalLkuchRag, febﬁaytbe&&eﬁlw th a

viscosity index of greater than 8 even eater han 90 bel ng
pr ef er r edto daemnineltheaptimal pldko useduringdmpreghatemisbotile patticutae silty shlengehiat i on

process gengrally ha ur.point _of |ess than 10[err] C wit our poi nt

| ess than"ffFéF? ]’%“ﬁ‘ﬁge ESSQ%‘SMOPQ@“"E Q%F‘&mlbé?%eﬁg‘@tlﬁggf erred. It
woul d be bkt VA4 b Padi ' : : 8 et d 4 hat a | ube
base stocéfﬁgéfl&tndéﬁgﬂggﬁwf Sm ntlhgfwii llglts’é }Jgt\%mgguﬁl%[hgrp?fs %:htt)grll ngrlli:(l)ftvé;ll may be
prepak®d imprepeatingaskativn pomeinmy. tetraamine palladium nitrate is buffered to a pH of from

between about 9.6 and about 10.

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

30 24 hours are not detrimental to the finished catalyst. A suitable time for a given support
may be readily determined by one skilled in the art having regard to this disclosure by, for

example, drying at various times after impregnation and measuring the metal distribution.



As stated above, the lubricating oil base stock may have been treated by

hydr ocr acki,B9sjesi49" to the hydrogenation process of this inggpiisefherdne 30
hydr ocar bonaceous feeds that are suitable for use in preparing lubricating

AR e R DR

Preferred i‘ﬁ@g&g%‘éﬁ%aﬁfft MRS With RydHBfen as is conventional in the art and

-9- 98102242

PCT/ US97/ 161d&H into servickeasphal t ed resi dual oils. Reduced topped crude oils,
shale oils, liquefied coal, coke distillates, flask or thermally
c¢racked oils, atnospheric residua, and other heavy oils can al so be
used ass a source of feedstock. Hydrpgraskipg. processes typically include
reaction tenperatures in the raﬁgE“Ug&%g%[err]C to 500[err]C,

pressures in thg jubi@eingbil BosetstockQba patroleim sbream it 65 usefild Yoirthe prodieine | e
rate of 100 to 1100 SCM KL, and an LHSV (v/v hr) of 0.1 to 10.

Hydr ocr ackefilgbreating pils.sLubgvatrg eif basgstackk genanaltydbailtie thermangs from$OBTF tcessi ng
t echnol ogy o ill typical.ly. contain one, or netals, or c ounds

t her eof , SQ%FeH‘\NfWWéP“&H‘ﬁnV cosity “ﬁ?ﬁﬂ‘fﬁéﬁdﬁg&fgf@?ﬂﬁﬁ@ Q%BPH £8 % Table.
Hydr ocr ack] I #:C o ial of a
et act or yPTRETEY Bk Sha Gt ¥ BT hbrtifig el stock itk BB FRLEAG
zirconi(a, piecrestet peiar al hydrateeating. aPretreatomano prdcesses may thelude afoe exanhply, ona gl
conbi nati ons thereof, . and opti ,ona%@/ may al so include crystalline

al umi nosi | Mek ef hydearackingasluent extractiog, ansl/ erdeyaxiag to lower thepoyripoink,

‘faujasite, 1 M . ' ' ' ase
St ocke t hafouvang fydronPaer i thisfatly pil bace stocks may E MG Hehld] eflroek
recovered ggegificausiily\spesificandnselchan tyrdesasing. DewaRing ety dafrdiidutby a
distillate fraction, 15 generally a vacuumgas oil, which optionally has
been desul ¢@ventienal W@d@?&’ét"é&le\/ﬂr{ $iich as, for examplg; bjtsolventcdewaging orby hy |
rroljdon [,: - i i e r
ol oyl Seic Herbifl Caldul AR EEMA A AN R B BE Rty | e 1
stripped Oprocess are ell kB6Wn irOhe iaﬂﬂ@idv&hxﬂ%%ﬁ@é%ses&ﬁﬂg%‘ﬂ&ﬁ@ﬁﬂQdiﬁthi)ﬁng

hydr ogenated to i nprove product stability and color. The recovered
sol vent i sSABQal srerdissiosed dor @@mple, in U.S. Patent Nos. 4,859,311; 4,921,594; 5,149,421,
Hydrotreatin LtiQns . . The tal ysts seful for

ydr ot r oat PGS AT ARt BAVRAEE Brocewss wing A Ra Sty SSZ13R HirhiFs. fre

| ubri cat i ngxpidie RREES Fa05H NBBYS, 260,815 5I B 704¥4; hakhs 97606d.| ed refining stream
streans whi ch 'have been upgraded by, for exanple, hydrocracking or sol vent
extrac2Q on, 25 Anawpgraseébaserséark useful as a feedstock {oethe fydsotreater proess ipeefenablyr om

t he hydr ot t.i ti [ d | 1y. liquid. .
hyar of r cat AR BSLATAR 841 0N PAPULHE EBAEEh WGP ieaeey, Lo pdiscosibm 1 n
practici ngi,gee 8??:’39&% fRRLb&: STOt‘@:itBrae\ﬁﬁcBEirt?{)ﬁxE!&F edtBEh@R 5 afid Bbdr! #@:ﬂ&r from

t he hydr ating reacti on zone cortalining the present catalyst is
char ged t othan®@étteingtprefefed. Dewareddrase statkl useitlalk uifeaistelax gre Hydropgnation
dewaxi ng zone contaipi ng a dewaxi gg cat al

St . Dewaxi nq the entire
ef fl uent i RfSICPEBBeaERHE A AR FOIG mmﬁe&qawmmm ﬂgm&g?aangst

25  even less than -5°C being more preferred. It would be readily apparent to the skilled

be

practitioner that a Jube base stock having a pour point of as low as -30°C or below may be
prepared in the present process.
As stated above, the lubricating oil base stock may have been treated by
hydrocracking prior to the hydrogenation process of this invention. The
30  hydrocarbonaceous feeds that are suitable for use in preparing lubricating oil base stock by
hydrocracking usually contain aromatic compounds as well as normal and branched

paraffins of very long chain lengths. Preferred feedstocks are vacuum gas oils and
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PCT/ US97/ 10791 | ayers in a single reactor, or sequential | a;/ers I n
separ at eWME¥RM2s with no treating of the fluids befHEa§I710791
(b) I'n another enbodinent, the hydrotreated |ube oil is charged to a

cat al yt i deasphalted desidueboils. Dedasddtgpped crofie bile simeloits; hawmfied coal] cakepl i es
ei ther (a) .abov r separating the 5 as, pr.obabl o purify it, before
sendi ng f“ﬁ‘éﬁ"}‘?sq gng‘ orﬁﬁ? -‘éﬂmglé&d %Hdatawaghwﬁgﬁ% é%‘%oé‘ﬂ @’.“’Y ofls Calrgke- up)

H2 to th r ( | .l east a
port i on p0 PREsEiasa soureeof e FydioBrat g BRREARS oATAAPIERAL xeafon
dewaxer . tepgipatined irtthe @4rige @0286°C §oe50050) priessaiadsafl tiel range gt 3065 205 baL6r

(b) above or using the hydrotreater as a second st&g{e hydrocracker, with

suf f iTi emora @ hydegso secytle mtp af { fRhPOIAYAE rand anHISY oy dr)ofddlit 10.s

et B Bt TR, PR e PP S0 B85 Bl 1
hydrocar Mm}gﬁelmygeo&m ohé 8EmbRMEthIs! &ecawcfsyuﬂag fiateds sBledd GlonPGhdupneE N the

desired ube range is then conbined with purified hydrogen and cat

dewaxed. and Group VIII of thEReriodic Anhist Hydroeravkg catadystd alfotypiesityriotlndasi ng a

| ubricating oil base _stock follow ng 1 dewaxi .step. The . process

i ncl udes SYRPEFJR3teRdliofg re F%F’?W%“‘é‘?%x‘a?ﬂf‘gd’éﬁ%?ﬂﬁ%“‘f%é‘ma‘a{‘]’m“%')l ecules in
t he wa ' Le ; i i1 ' | : erred
b 0 a2 EE ol and BIE L AR ABE Eom ositel Aol dd iR bl CoflpnaticHIneESs

r eact i onagdogtionally may eiswenckrde chistllipreaheasisosificatdiseofitie switculansievesi(achias

|1 itable f . ich i ncl ud ti th ffl t
From t he Zeubias: BIEsRUR Fo8 Lot Wy dr ot reating at | east 20 ' portion
of the de""axeﬂuﬁnfiéaki&ig %g bQéées‘coékE‘?h Q%{easl»u"/t?ﬁle%r {s8%n egﬁf‘s@ﬁt ih@éﬁ%ﬁh 'agﬂ n?a&r
condi tions sul tabl'e for hydrotreating and stabiTizing the dewaxed

| ube oi | boasavered flom a solvent extraction prdtessOriaGeksntahtrabitonp s disallite ifiavidy, i on i S
directed to hydrotreating, of |ubricating oil . base stocks,. and in
par t i2ul generdiiageaumpas pibayhichoptiqnaliyhss beep drsulfisfizedn1sicopactsderith 2

hydr ocr a o) | | t: Leb) ot of
ycr ogen e st oy KeRBRO Mo EaTIAAR BA 0B fiabibn M HERRRAC o1
about 50emphiyingaicbuAfddurient éxtraction unitfoTRe foafaticAlehly raffinatdi® strippgé off about

900 psia to about 3000 psia. The feed rate to the hydr ogenat i on
cat al yst salyenteontiopally,dewaxed, ang sulbyequenimhydeagenaed to impreys irodudt sgabality

pr ef eLgbL“Xd WOQEE**{%Q%%SO?‘%QP%“Sﬁaﬁ‘ﬁfgfgpe%”t 1.5 LHSV. The hydrogen supply

(make e of from about 500 to about

20, 090 standard cubic feet per 30 barrel of lubricating oil base stock,
preferably in the range of from about 2000 to about 10, 000 standard
cubic feet per barrel. Hydrotreating Conditions

The catalysts are useful for hydrotreating a lubricating oil base stock prior to
dewaxing. The lubricating oil base stock may be a straight run distilled refining stream;
streams which have been upgraded by, for example, hydrocracking or solvent extraction,

25  are preferred.

(a) The entire effluent from the hydrotreating reaction zone includes a normatly
liquid hydrotreated lube oil and a hydrogen-containing normally gaseous stream. In
practicing one embodiment of the present process, the entire effluent from the
hydrotreating reaction zone containing the present catalyst is charged to a catalytic

30  dewaxer, said catalytic dewaxer being a dewaxing zone containing a dewaxing catalyst.

Dewaxing the entire effluent implies either having the hydrotreating and dewaxing catalyst

-10-
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PCT/ US97/ 1 As di scl osed above, the |ubricat 'é.}g” ' se

stock may %(9#>’/03r2%2treat ed prior to or af ter dewaxi ng, gr o@h’l.ml}‘%ae

hydrotreat{ng reaction zone may be.in separate reactors,.or . be

| hyered i PHOEHE S AUREIEAGOT 8T Srayeptial lyBiRan schacate EREICET MhBP RPEPSOT RS | ng

t he dewrs Betweagdst ock, the reaction tenperature in generally in the

range of 600[err]F to 800[err]F, 5 and preferably in the range of

625[err] F t o 75@ekr rothebgmbadiment the halrotredtgdilube oib stdhargegtoeestlytic  pri or

to dewaxi ng, sonme_neasur e o% cgg\yversio , .0f E.he,l ub Sc ting oil base stock,
g thy: A

for eHEwpreE Diswexing pll of theswdratespted il smplipgeither(r) pbeve of separating theki ng

conver s¢ on,i | s . fregdst ock
Shien +300gES piobatly fo BERRNE Sefdrp sy The RGLA el eald A RRILHN FECS! N0

a normal beiakeng) Hototheldesaxdérhan a reference 10 tenperature T[err],
wherein: J[err] and wherein T[err] and T[err] are equal to the nornmal

boi | | gg poi nt t éxply ¥t a%th%ffef@mraﬁa,l afdoast a port}?y of heiydrotreataddubs qibisy |
i 887 .Sir hstillati A
fecdstoch PRl GualTR sl CoBihah bBRion G B PR GR i nplies either i g

dewaxi ng 1f) abatelbidshsg bk afdrosreateflasd Stbhd Sge RyiodradiRY, St Qiffidierand odor
bodies fromthe oil. Cracking reactions | eading to conversion of the

| ubri ck® i ngorersigfhiadhe 2askstageothpy thadianidimspduchis fractionases! to remoye eragked i s

m ni m zed. For hydraotreating. tabilizin he dewaxed |ube oil ba
Stock by Protsana b SRATARTTo Frie ety irdErt SR At Pid e,
pref er abl yjigit Hybfocadagasds. 4L [FaELfiddof the hydlofefid® bﬁfdh]:ﬂ:oil?x% in the desired The
present catal yst may be used to prepare a base stock according to G oup

Cat egor i eslubegangetiethen sompipped maihxpukfisdhydagen @id cat deveaxeangeabi ity
Gui del i ne For Passenger Car, tor, Gls and Diesel .Engine O.s" .of API
Publ i cation 1509he Eﬁ@ﬁ’ﬁté afﬂg‘ﬁw useful 195 }&Y@ﬁ%???&"&ﬁglbé@?tf‘}gr‘?lEﬁPgFSﬁ?cg@f%’m‘g The
fini shed | yhgwakihg BleBPahe rdcBss iNBudé trdAfiRE iitharily via hibgidafibgitae e be a
G oup Il base sto%kegccorgf ngstlo #hgqgggt%/ree?r}%?ﬁgﬁggﬁ%l%%up 2%’

Cat egor i es molscules gv thatdewaxddagil torremgue sourcesadUnstabiliny o the pill &he prdfemedr equal
to 0.03 percent . sgl fur,. and w.th Vi ﬁcgﬁét\ﬂl i ndex greater t han or
equal to SBTOHE iPPudeshydiPtFsng Mgntire efilugnt Fomug dPHBENGTECIRAZWE a G oup
I'll base s ' fhet I 2 t | ess
than or eqiarrg SregPRas o he'eBptiniiehls Ly Mitable for B Rt s

t han irztudes) seplardting Oefflies frometheadsraking ra¢adnizdnenandnaingreating golegst
properties includi ng: 30 sg urates - ASTMD2QOQ7; viscosity index. - ASTM
D2270; 2&ul pReTHONAHdG devxef eplusgbover the catalystpf the present inyestion gt aenshitionssTy

D3 120. The, .| i : Fip : _ e
200[ o1 1] ¢, PSR R:b linig AR loBlI B e ol b ofl bese HBEE, MEASUrEd 2

-12- Whe PpEddeeef2he present invention is directed to hydrotreating of lubricating oil
PCTIUS97] 1ng%lstocks, and in particular to those lubricating oil base stocks which have been
hydrocracked. The hydrogenation reaction takes place in the presence of hydrogen,

25  preferably at hydrogen pressures in the range of between about 500 psia and 4000 psia,
more preferably in the range of about 900 psia to about 3000 psia. The feed rate to the
hydrogenation catalyst system is in the range of from about 0.1 to about 5 LHSV,
preferably in the range of about 0.2 to about 1.5 LHSV. The hydrogen supply (makeup
and recycle) is in the range of from about 500 to about 20,000 standard cubic feet per

30  barrel of lubricating oil base stock, preferably in the range of from about 2000 to about

10,000 standard cubic feet per barrel.
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The present catalyst nmay al so be used to prepare a white oil. A white oil
is defined herein as a mneral oil which nay be saf ]

f ood/ f ood¥BAREI?t ng. It is a nmixture of l'i quid hydrg%‘g?ﬁ%ﬁgfﬁgq
essentially paraffinic and naphthenic in nature obtained from

petrol eum |t s disskoserbabove the bibricatingqikhase stogk maybg hydigtreated poar toQf St at es

Ph - . (U , i | bani zabl
SUbst ance e debaring. bcblh) TREnydtdfeating HachBfSorinay b SBRle pckiiart”, CE1 ©
sul fur comgbedserdd witphe 48@axing catalyst in the safi¢irbadodre Fuhihlérotrehtingohet t he

specifications prescribed in the "Journal of the Associ ation of

O fical Adewsaer feedstoblethetesctionempenstuse in gengeallg én thegeme of6PRF WBA08EL i on of
the ul{raviole spr bance faqr A nce que to added anti oxi dants.

Whi te i ndp pre%qr&qwtge FAnge egﬁ%ﬁgg’ﬁﬁs@%ﬁﬁvm rPfeSﬁ'éfra*m%fqt@&%pf%ﬂ in an

anount not_. i : : i 1 d effect.
VWiite mn Pg'lrﬁgéﬁ%ﬁxégﬁgsbéﬁdé]@%asl{lﬁﬁaﬁnggggﬂflg?’ Oufgégglgﬁ%;jﬂg?d\gﬁe étHElE'?grg a rel ase
agent, bi egiple apto hbdut 26%0may Beaur. Anusaidmmtinthaodckiapkemrrsisisai ni ng

concentrates . of flavoring, spices, condinents, and nutrients intended
for addit msasure m@@’&!“eé%@&qeﬂﬂpﬁgle petroleupisigedstackomlielyis cqaverteddugage agent ,

Porder . 2 BfngHBAiaf sefbidh pRSEANAYIE S Rithal Nl hiiess M ARG 1 0O

for speci use; as f'ermen I'drdsin

manuf agt Uk@nperature Df;, Whereigar and wine to prevent or retard access of air,
evaporation, and wld yeast contam nation during fernentation; as a
def oaner in food; id=balery2pllodudsed, as a rel ease agent and

| ubri cant; in.dehydrat fruits,and veget.abl.es, as.a rel eas nt..i,N egg
whi e and SRR T R08 o df b R ARG HopEE mofl P SR T DR B0, %
prot ect i v@y¢emhie) Sispédlivelly 0cRBrdii} to /TB2E87 sidulited UGS, o thelPRiromhkd
coating; asS a protective float on brine used in the curing of

pi ckl es; ifeedstocidtnthedydrotieatgs ddveipnesenichydeotidatiog prasessffolomimgdewaxiagy, as a

rel easg agent bi,nder .. and .l ubricanf in.the nuf.act yr e ..of ast; as
o andFqu SRS e A ScracS A rifmpuss color shd pfty SRR e el el SR 1
and as segtdchigns1BsHiIROld EnvEGioADE e lbbﬁéaﬁﬁ% BB BHicARSK 8 Iighter boiling cracked
confectionery; and as a dust control agent for wheat, corn, soybean,

bar| ey, ripseduct isgniniptizes, Eog hydratrdating apdstabilizing the dewaxed lubg ailbase siock by
produced in.the present process neets the requirengnts of requl ati

D1 CFR. 1750 B OrOREneRaR TEHGHOR 3BT HipCHon IeRPRIA N ILBaT Y Brthofge R 400°F

178. 3620(%6%%114 refer to 4-1-96 edition, for USP and technical grade
white oils, ich regulations of its 4-1-96 edition are incorporated

her ei noby r ef erRiggeesentkcatalyst may be ubédo(@répare wibadesstavkreztaxidingitb Graup equi r ed
to be colorless, odorless when cold, tastel ess, .insoluble_in water

and al cohdFatesesias AgscribeskinAppendsy ButiRase Shbintrsehanssability Guideliae For 't
must al so ﬁ?%ﬁgér%a{r%d&g[' dilggt(ljd b}/esglaf’fr&ﬂ{y éiﬁ‘b lo?A?"f %Eﬁ&ﬁt%ﬁ’ﬁbﬁr EP}?LQ/ EWICl ear

conpounds "an -13-

WO 98/ 02243 censing and Certification System. The finished lube oil prepared in the present process
PCT/ US97/ 10791 for O[err]C saolid paraffins. Technical white oils neet
sonewhat |meaystherefase be p &goup Hrhsse gockrpasording o fhe bovsrmensiongd &84 Gspup he

. has: | _boili '
b of oS! v AR B0 e Man 8F e B B Ran SRy Ses 1rpR o€ el 1o 03 pstpeiles o
viscosity gifiCland Rfith Vidkosity indék gHeferkhhA BE Bqdal RIBERMEssGhiP1200e 120 cSt

at 40[err]C. For use in association with food and
finished tube oil may be a Group III base stock, with greater than or equal to 90%

saturates, less than or equal to 0.03 percent sulfur, and with a viscosity index greater than
or equal to 120. Test methods for evaluating group category properties including:

30  saturates - ASTMD2007; viscosity index - ASTM D2270; sulfur - one of ASTM D-2622,
ASTM D-4294, ASTM D-4927, ASTM D-3120. The viscosity of the finished lube oil,

when measured at 100°C, is generally greater than 2 cSt.
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5 food packaging, the initial boiling point is preferably 450[err]F or
greater an as a Saybol t color of 20 m ni num as determ ASTM
D156- 82. e&@?"é‘ﬁ’ﬁ the white oil is classified by vi sl{:%gﬁ%gnépéde.
For exanple, white oils prgglar ed bly t he present process, .include ojls
havi ng a vi scosi € PFEsESatalyshmaylse ppuses topramare swhite oo Aewhiteoil 1 defined

havi ng a - Vi SCOSI 4 at, 40l err ]1.C

oj I s havi ngh%lrel\?iaé%o@?'%';ay?'vaﬁgq?%%%w \i%ﬁ?ﬂogo%/f&& g’ %‘%@%’Sgt 'g? b 1']éef ?ti C
oi | s havi ngliguid h§&@sirbyns, Bsstvsally PALERHE and RdPhihkenican ABtufSibtathed Bbar r] C,
oils having a viscosity in the range of from45 to 49 cSt at 40[err]C, oils

havi ng a vi petselpumy. [ts refined tq mget the tast eequirerents of the United States Phromacapes,

di I s having Vil | | n nge _of ...from 90 .t.o0 1 cSt at

40[err] C, aﬁ@‘soé‘? gaig?l&r)ljg a%lé%k%ssrgga §eaéi#l§§?rgf’mfﬁbéﬁsﬁbf@n8§t ]Ig?lsqlﬁ'[egﬁsrtﬁmée“
Though it i seqdéments of UISHUKVEDfoF Qlfirtlcompbiihd a‘?ipg§e4dd. may be preferable in
sone cases that the viscosity index of the 15 ewaxed oil product be at

| east about 70, Puitdhie whityoldg meetahe spebificaticd® presoriedin dieeatingl ofithe

| east about 80, .and still re.preferably at |east abou . Jhe white ojl
produced usPs¥PAAHE" °§bé‘°aﬂ)g§§1¥ﬁ‘?ﬂ ?&‘F‘&{%%/VP@W%E Rége &Q?gg)?é}qf sgegion of
having a S\‘,J\;]i{érdlt?m&wadéeéﬂaﬁ%ﬁ%f &sb®an&¥ due to agdéd oRidahtd 9 OPhi el Gil
conmpounds en conpared wth whit'e oils prepared using conventi onal
processts. #fay contain any Adutloxidam pernptied int foed tmanimeun aesgresteothah et wéguired oi |

prepared in the present propcess . .may he required to, achieve USP
grade whi tetq)pqosiuwéwnﬁagﬁd? ?f?t‘éat%lf@ myperakaikis usgdpr intended ﬁ%r usg Naﬁle% 0i |

‘are known t r [N . r eat | |
freating, s b AR aben i FAIRGHER HIGNEDRTR 48 BNHs BhigRldeNoncafiats
treat ment Wof flavebrifg) dpites, condin®sies) slbmitriefy imdéided ferl dddition 1o €6dd) exeltddiag t er
the catal ytic hydrogenation treatnent. 25 Exanpl es of suitable solid
adsor bent s FereEdipacHyaak? feieaseagang bindep and hubripantdp @r gncapsules and tablets

nont nor j 4 | onj . N [ . We] W ' L.on
and decgf or ?é’lgt%b“ "2%5‘??"3 rsé%céarl t% Fegés& u\lﬁ%gts ﬁgfraq%& %ﬁe@é@@%@é&d’h&ﬂ% ﬁ’q’;‘l‘g"@m
Bauxi te is pfghegaradd wiittopéverlt acietird) @bdess of air, evgRilatiod add Wiléyeasg t he oil
is generally in the particle size range of 250-2000 m crons. If

desired, theompmingtion peringcfatraentatinn pya defoamerdn foed;in bakery products) asq release

adsorbent, preferably in .3 the range of 30 r]C to, 300l err]C :
orof er abl y Pt RRE Petgtt i de{dlfied RS ol vorglalcs 5 4 fiedie nefhf tmend WAy
such as nit k@R NasRefeRAtk ddeh Waltal FRielabd véetdbldsUbsea Eﬁot&tiqelamﬂngyinq%ozsehl _
treated by the sol id adsorbent according to the present process lies
bet ween2Q0, oBat, gakicomporsnt of hotryaelt eeating; as a protective float on brine used in the curing
ey ickiED iR M GE G d in the manufactur ionexy; a a release agent
PCT/ US97/ 10 PERIcKIES; ngarehased pdhe payfagyreRfeogieetioneLy: 36 adFFass ARty of
adsor bent  begfraEe ahd RibREERiPERImdMMBcture of ydaSt; A8 HERRIREHE Qlent ARLAGE ki for
EXAMPLES 5 The follow ng exanples further clarify preferred
enbodi nment s famiusasysaelessecdgenthand as sealing mne polishingaagdntain ¢chemanufaiteneddd t o be
limting on t scoeoJ thginvention. .

co ectlonelpy; and as a dust control agent for wheat, corn, soybean, barley, rice, rye, oats,

25  and sorghum.
A white oil produced in the present process meets the requirements of regulation
21 CFR 172.878, 21 CFR 178.3620(a), 21 CFR 178.3620(b) or 21 CFR 178.3620(c), all
refer to 4-1-96 edition, for USP and technical grade white oils, whioh regulations of its
4-1-96 edition are incorporated herein by reference.
30 USP GRADE white mineral oil is required to be colorless, odorless when cold,
tasteless, insoluble in water and alcohol, nearly free of fluorescence and neutral to litmus.

It must also pass tests for readily carbonizable substances, for polynuclear compounds and

-13-



EXAMPLE 1 PREPARATI ON OF CATALYSTS 10 Cat al yst/exarrpl es
A through G are discussed below. Wth the exception of Catal

all of tWO %42 ysts Were prepared using the same macropoF$ $om0791
silica-alum na catal yst support. The preparation of this support

mat er i al ford°Cesolid pbeaffirisn Tigshricad 9djte Ofs meptosomewhat Isﬁﬂe&wm@eqmr@mems Whech is

conpletely.in d herein by reference for..all ThIS 15
support toﬁ $‘gi &/V g ‘HF%?BEP%C%%‘ has 8 normal% |p8§‘kj §§P

Cat al yst oRUDROK aBove 450°F, and mcﬁ%rptréfé}aﬁly[ﬂ%ﬂﬁé SYO°F%G Khed {fﬂscosxty which falls in
0.887 20 BET Surface Area, nierr]/g Tot al

Pore Vol arbeoadomafigs frpmagbout 8 to about 120 cStGut 89%C. For usehxhc&socxﬂmrewiﬂmfgudmnd
gr’r{82r g ]2/5%ood packaging, the initia? b&iﬁr(l)g point is p§f|:fqag{yrt!5/0£i!' Lre érr CI%Bﬂ lag A%%.gl c())lt

A hydr og AL

(vol ati | ggl-%} oP5o ﬁg’%ﬁé’?iaséﬁuﬂb%cr op\aﬂi%lﬁgé%g?g ghg%i)}ﬁ%%l | ch has

been equiclassified cvisoosity gaide. Bor example awhiite @ils pmpﬁlddﬂ)ymsmeknpbm‘ces%um
sol ution_ was prlggar ed by di.ssol ving tetraam ne platinum

nitrate dmiydaq mpygéMSPQmp@mr)ﬂ{l&?ﬁﬁqm%delleﬁﬁkwwt@is Rarvingi® cont ai ned

f f
The equt M0y dn MifEhks SR 10% T 3sPaonC ol dpdbei S flinde 58O e
pl at 1pUMfrom 18 121 HSd AA0RY, cﬁmmasﬁngar»escﬁw in ftiee @ngmlfe@h 24 ead5 agt Af408¢ 5

wei ght percent Pt on the fi ni shed cataly Enou% pl ati num sol uti on
was spr aypds havinga viseosity ppthetrargecf feomdd tod9 9$t&160i’% oils having 8 viscesityds t o

fill the pore vOLUTE A1 URSSPUPRRC oi RS PROLink IRRe BEhOURR 40 soak

- 15-

PCT/ US97/110'¢84at 40°C, &k oifk Haomgs: vistlobity @restet tHanalo sbwdti409C eTRGughQt [¥indLt es.
During the soak, wat er was added as required to the support to keep

it danp. required for all whitenpilseit meryzci pigferablerin |sqm: caseh that thervisgnsitydndexgfgbe t  was
O oo el PohoS S ous 1. BB LR i g
cat al yst j4R6atoaa86 hriditi :ﬂd&\@ pfBférhblg aPRAs a%u@sd emefw{e ol bBiceld %@Jﬂg $heand
shock cal ci ned at 50[err]Fin 4 ft[err]/hr dry air in a funace for
45 m nut gsesent catalyst is further characterized as having a surprisingly low concentration of
single-ringed aromatic compounds when compared with white oils prepared using
conventional processes.

20 Additional post-treatment processes of the white oil prepared in the present process
may be required to achieve a USP grade white oil. Such post-treatment processes for
treating the oil are known to the art, and include such processes as hydrotreating, acid
treating, solid adsorbent filtering, or combinations thereof. Thus, treatment with a solid
adsorbent may optionally be performed after the catalytic hydrogenation treatment.

25  Examples of suitable solid adsorbents include bauxite, Fuller's earth, attapulgite,
montmorillonite, halloysite, sepiolite, and other clays having adsorption and decolorizing
properties, whether or not activated with acid. Bauxite is preferred. The solid adsorbent
used for filtering the oil is generally in the particle size range of 250-2000 microns. If
desired, the oil may be heated during the treatment with the solid adsorbent, preferably in

30 the range of 30°C to 300°C, more preferably in the range of 50°C to 120°C, and an inert
gas such as nitrogen passed through the oil. As a rule, the quantity of oil treated by the

solid adsorbent according to the present process lies between 20,000 gallons of oil per ton

-14-



Catal yst B A hydrogenation catalyst with platinum and

pal | adi um ywasegafrgspar ed using 10 400 grans (vol atil es-free pogaidingo:
macr opor ous catal yst support which has been equi l i brated overni ght at

anbi ent - congiahihent 14'abtut 80000 gaNMh swbh?_@}wmomhwrbaﬂ béfPe the adsoBERRAIET DY

di ssolving 1.59 grans of tetraamne platinumnitrate

(Pt (NH er r |be[regenefand erreplpfedr r] and 0.64 grans of tetraam ne

pal ladiumnitrate (Pd(NH err])[err](NO[err])2 in deionized water which

contained sufficient NHerr]OH to maintain a pHin the range of 9.3-10.0.

15 The equilibrated macrop | yst support was i npregnated

W th the plati num and pal | adi ucﬁ%%% by spray pore fill to a

nom nal 5l oadi ng Tie foll@wing iegdrhplpefuctbed clitify paeferred embdlithentyendyispegte o et  Pd

on the finished catal yst. Enqugh pl atj num and pal | adi um sql uti on was

sprayed ontiBvengan aahsmot plesdedtoes lirpitingon the scopa of Hienrieation.o fill the pore

vol une of the support. The support was then allowed to soak for 4

hours, wi th additional shaking 20 each 30 m nutes. During the soak, water

was added as required to the support HE0AKSEE it danp. After soaking

overni ght, the inpregnated support was dried and cal ci ned using the

same proce&&@Mé&Ur@%@éTééqfYS'@ for Catalyst A

Cat al yah C 25 A hydrogenation catal yst containing 0.5 w % Pd was

pr epar on t he macroporous catal yst support descri bed above using a

sol ution of tetraagyARxRAplealithHiSuph G Ak AisddsBdbelow. Wiﬂﬁh@@;@b”epﬁbﬁbf @htaly®

those described for” Catalysts A and B.

Cat al yst D @l of the Catalysta weyelprpaed usiag tiessaaleysdcrapmmows silicacpléimiha wetalyft and

0.4 mt % Pd was prepared on . the macr Qporous cat.a ort descri bed

above usi ngUBP |73FiP6?P36?“°B|°£1‘*PﬁEme°“ maw%@éft %S&*&*&?dﬂﬁg%%g Ith&di um

acetyl acet B i j ;

e %B@élﬁca{t/%n ggmozzzsz cothifletely3hddibiPaidheRat bRFAe4Bhce for all purposes. This

PCT/ US33/ 1Gépgort had thesalawingpropagiepr epar ed by di ssol ving 0.81 grans of

pl ati num acetyl acet onate (Pt (AcAc)2) and 4.58 grans of palladium

acetyl acetonate (Pd(AcAc)2) in 1090 ms of acetone. The

equi l i brat ¢ s catalyst s Lihmpregnated with the plati num
T RRA R D hRpT RRor R

and pal l adiu Spray pore a nom nal |oading of 0.1

wei ght. percent and 53 0.4 weight pe t Pd on the finished catalyst.
Enough athem? et agllcglgi um sol uti on 4 887" was sprayed onto the support
over azgeril%;:d'r&“féc :‘Td%m' nutes to fil442the pore vol une of t he
support. ExkatslPagse Mobmae, s nt was remov®894 rom the catal yst during the
i mpr egnat i dvlacro Pore Volume, cm’/g 0.130
Si0,/AlLO; Mole Ratio 0.86
25 Catalyst A

A hydrogenation catalyst with platinum was prepared using 400 grams (volatiles-
free basis) of macroporous catalyst support which has been equilibrated overnight at
ambient conditions. A platinum solution was prepared by dissolving 3.97 grams of
tetraamine platinum nitrate (Pt(NH;)4(NOs), in deionized water which contained sufficient

30 NH,OH to maintain a pH in the range of 9.3-10.0.

The equilibrated macroporous catalyst support was impregnated with the platinum
solution by spray pore fill to a nominal loading of 0.5 weight percent Pt on the finished
catalyst. Enough platinum solution was sprayed onto the support over a period of 10 to

15 minutes to fill the pore volume of the support. The support was then allowed to soak
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by placing the flask under house vacuum (-100 torr). After all of the

pl ati num and pal | adi um sol uti on was added, the support was then
al | oned tW¥OSBBK4Ror 4 hours, with 10 additional shaki ng BaHHS3GMinut es.
During the soak, acetone was added as required to the support to

keep it ddpp4 hpgosewits additionpl shaking egrk 30 minutesPedngthe soaku pptsr wagaddedrased
gg(rjfairer fJm‘gﬁaﬁgﬁéﬁaﬁip&qltgk%%m‘ﬁg the sanme procedure as descri bed

Catal yst E 15 After soaking OveNigh gieNindpréihatedisapycrt waPdied ot D @olrsat MGeEU was
prepared on the macroporous catal yst support descri bed above using a
sol uti on adf aforchdoonvecharebyednamdenfiaving iair, fodletvedby 2 hours at TORPQ:. Wiflee divir,

sol utign was prepared by .di ssol vi ng 7.88 granms qof rutheni

L m .
acet yl dcetthphgatalystryasdgadedsytojtyyo BPats@t adeptn b ¥4 inches and shock cajgiped at
equi | i br atggd.nc : . s inpregnated with the
r ut heni umgg ms%ﬁﬂﬂ:f%ﬁ%r&ﬁéﬁ%é&ep@?@?%ﬁt‘é@o a nomnal |oading of 0.5

wei ght percent Ru on the finished catal yst. Enough ruthenium

sol ution was sprayed onto the support over a period of 15 minutes to
fill the pore volune of the support. @atalystBi | of the ruthenium solution
was added

t t .all d . k f 4. h , Wth
ddi ti onal " shakh RYTRREIFEBR cataGvit liBum 368 prikgivfhgeseiBhared 88tbne. was
added jps r@ﬁhﬁrﬁxﬁ%ﬂtﬂ&%&%@i@f 5f thicrbf&Bud Ezﬁﬂ?st 5u;s’pwwmeﬁ h&dbeapaki ng

overnight, the inpregnated support was dried under vacuum and

cal ci ned (eguilihratérboecamghtat apbitnt corubitiche sApldtiaumeand ipakkadivinp sol@idrawgst A
Catal yst F . . A hydrogenation catalyst contajni wt % Pt and
0-4° Wt o6 RPrRRRSed b fiobeing A S GTng terereie poUE: aiars TRt | bed
above usi y) it & Paatti b i ni um
acetyl ac e'[tg?] a%‘?ﬁ%s;? é%et 0 n%ﬂa?hgagllméttr?tﬁ SI;?%\%%?‘?zglb?)gglh gﬁhﬁe@{iﬂteﬁ' Wi

-17- contained WORENOREFAOH to maintain a pH in the range of 9.3-10.0.

PCT/ US97/ 10791 .Solution was prepared by dissolving 0.81 grans of
pl ati ddm acet yl %@H@f@eé PRETRPRROPS Fatalyst suppert pvag lmrawgqﬁwmwivw

acetyl aceta%g%ﬁadilﬁﬂ(séﬁéﬁﬁ By sﬂ)riagl ééﬂe il & aoﬁorﬁﬁﬁtlmlgecg 0.2 wgig\l}\} ;t)?l'c%rﬁ 2’? S?C(la i num

equi | i brat ed “macr opor ous catal ySt support was I np nat e

and r ut her. bérweightipéroent lBd arpthe fingsbedocatalydt. Eaosghpiatinnal arldgatiadigmablufion 1

wei ght percent Pt .and 5 0.4 wei ght, percent_ Ru, on th% finished cata}J yst.
Enough pl WESSPRAYSA @0 4R SHPRAT Q¥sr ahegad of 10 to 15 minutes to fill the pore volume o

the support. The support was then allowed to soak for 4 hours, with additional shaking
20  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 and calcined using the

same procedure as described earlier for Catalyst A.

Catalyst C
25 A hydrogenation catalyst containing 0.5 wt% Pd was prepared on the macroporous

catalyst support described above using a solution of tetraamine palladium nitrate using

methods similar to those described for Catalysts A and B.

Catalyst D
30 A hydrogenation catalyst containing 0.1 wt% Pt and 0.4 wt% Pd was prepared on

the macroporous catalyst support described above using a solution of platinum

acetylacetonate and palladium acetylacetonate in acetone. The platinum and palladium
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was sprayed onto the support over a period of 15 mnutes to fill the pore

vol unme of support. After all of the platinumand ry )
: 8/0224 Hﬁ% -
sol uti on was a(%e&, t he support was then al l owed to soak ftor Zam)urs,

w th additional shakin - m es. Duri t he soak el qne was
Addod a5 + SAUROLEA BroPREIER Mk el Capmot it A SR omte MTAAADAT gh
the 10 i rraﬁ@@.rsatge&n§apmaamﬁme@raica@meq?ﬂ(m?wm 20ud ARloFabR6nd!ISi Ng the
same procedure as .. described earlier for Catalyst A ] ,

Catal yst G The equilibragzgtraacyaporausatalyst soppest wasimpregnated-wWithide péatinum

T A T e T

g/cniers] g4 weight percent Pd bndRe Aflshed BEthlySH EASEhAYARum Mk Yaliddighn soluti
330 TotgflgPog e \rllol ume, cnB/g ﬁp /i{) 3‘1"6131 Pa I\l/acrsguﬁgrr]e
Vol urme, cniwes spraged onto the support over Df&@iod of 2 holir i fintinutes tat f# the pore volume of

23.3 Silicon,_wt% 10.5 25 . Nickel, W%
5 4 thesyppeh, Exgess acetone solvent was removed from the catalysy dyring the impregnation

EXAMPLE 2 : | eh} ' ' I ni ature
pil ot pl anP Y\R}aaF xgg(%? frl?s(lacﬁs n?)ﬁr{ﬂdt?xge g%CUEE)ggrlr%é\rgﬁ)ngg 1 a}aagg\%é!ﬁ%ﬁg@;‘;‘ng} t he
present i nypaliddiunm soldtién yasadiedf th€atggoytsias’thes alidvest toGoak for 4 idbrHWithy | er

nesh size intqo a_3/8.inch was .| oaded into stainless steel reactor to give a
total 10  addiipralshakinggach Q mipytes. yDuring the saak, apeopeyas #ided agEaurediauthe of

t he reactor fil | - ; i nert h : | yst
was pr ocondHiRR: o Hesf damp, A8 dhidn B wnt et ifihe BIS dFBl A
hours at avhaiug £id chidnedlusitigha\binkeeprbbRiucdiPdessribed@amief firlTRalyaA 35 rai sed
from75[err]F to 400[err]F at a rate of 100[err]F/ hr. Follow ng this period

'of reduction and - 18-
WD 98/ 02242
PCT/ US97/ 10791 dryi ng, the reactggphﬁ‘-g‘ssure was increased to 21 00

Faed. T Bt T B et o s
850- 1 100[ ecatpiystroppor gescaibedabove using a solution of ruthenium acetylacetogate in acetone.
The ruthenium solution was prepared by dissolving 7.88 grams of ruthenium

acetylacetonate (Ru(AcAc),) in 308 mis of acetone.
The equilibrated macroporous catalyst support was impregnated with the ruthenium
20  solution by spray pore fill to a nominal loading of 0.5 weight percent Ru on the finished
catalyst. Enough ruthenium solution was sprayed onto the support over a period of
15 minutes to fill the pore volume of the support. After all of the ruthenium solution was
added, the support was then allowed to soak for 4 hours, with additional shaking each
30 minutes. During the soak, acetone was added as required to the support to keep it

25  damp. After soaking overnight, the impregnated support was dried under vacuum and

calcined using the same procedure as described earlier for Catalyst A.

Catalyst F
A hydrogenation catalyst containing 0.1 wt% Pt and 0.4 wt% Ru was prepared on

30  the macroporous catalyst support described above using a solution of platinum

acetylacetonate and ruthenium acetylacetonate in acetone. The platinum and palladium
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hydrocracked and | SODEWAXED heavy neutral oil, spiked with tertiary nonyl
pol ysul fi %98%2242( TNPS -37% S) to give a total sulfur cont ge&,{gg.”f’lo‘;gl ppm
es.

Tabl e 1 below gl ves properties for Feed A used in the exanp _
Eﬁglr_rgl L s Solytigqpwas prepared by dissolving 0.81 g&g%?agggunf gge?g%e?&fgiet @Q%ﬁg?‘ijs 'n
30. 4 and 6.3 grams of ruthenium gc::get)gaScetonate (PRIACKOLYTH 250 @1§ dfacetone. -9

Viscosity @40[err]C, cSt
Vi scosi ty @ 00[Therhd]ibrasi mactépdBGusidatalyst support was impregnated with the platinum

E)flp rsn cosity axlxc? criuetigenium sglygon by sp%'%(r) pore fill to a nominal l?ading of 0.1 weigh Wﬁﬁ'é Rtsl;%{) lr:1r ,
gt 32 5 0.4 weight percené g\éx on 6he finished catalysP2BRdudh p‘iéﬁnum%%m{h%ﬁiﬁhfsolutign

767 was sprayed onto the support over a period of 15 minds to fill the pore volume of ti#&1 1

30 89 : , . 50

934 support. After all of1 the platinum and ruthenium solutjon was added, the support wasgthen o5
90

. . . . . . 95
1066 allowed to soak ford’ ﬁ&)rs, with additional gmg}ugg each 30 minutes. Dunn§ i%soak,

WV Abs, Alséei¢ gasidded as required to the support to keep it damp. After soaking od/égtight, the
35.53 30 . i . 310nm 11. 63
348nmi0  impregnated suppgrtowas dried under vacuum and calcined using the same procedure agg4nm

0.73 . . first introduced into the reactor at 16
cc/ hr at Eﬁfﬁ“gﬁ’?ffh%ﬁfg‘?gﬁ@ﬁ% sed the 35 tenperature of the catalyst to

450[err]F at a rate of 25[err]F/ hr. The total amount of sulfur in the
feed was sufficient to conpletely sulfide the netal in this catalyst after
approxi mately 5 hours. Catalyst Ghce the reactor tenperature

e PR BB BB b A e oS o

-19- 15 following properties:

Physical Property Catalyst G
Particle Density, g/cm’ 1.42

20 BET Surface Area, m%/g 330
Total Pore Volume, cm®/g 0316
Macro Pore Volume, cm’/g 0.039
Aluminum, wt% 233
Silicon, wt% 10.5

25  Nickel, wt% 54
Tungsten, wt% 20.3

EXAMPLE 2

A series of experiments in a trickle bed miniature pilot plant were carried out to
30  demonstrate the advantages of the present invention. 3.5 grams of Catalyst A crushed to
24-60 Tyler mesh size into a 3/8 inch was loaded into stainless steel reactor to give a total
volume of approximately 6.7 cc's. The remaining dead volume of the reactor was filled
with 24-42 mesh inert alundum. The catalyst was preconditioned by passing hydrogen in
situ at 150 PSIG for 4 hours at a rate of 238 ml/min while the catalyst temperature was
35  raised from 75°F to 400°F at a rate of 100°F/hr. Following this period of reduction and

-18-



WD 98/ 02242

PCT/ US97/ 10¥9®8/02242 (Sanple 1) was retained for WV anal ysi s. pdheseaiondiyst
was then raised to 500[er]F over a period of one hour, and allowed to
remai n at tdiying;dmdieadtmprbﬂnreawma'hbmdsedfto 24001981 Sverthe next 0. TR Before'Re
then raised.to 550[ ;{g e geri od of one hour, and allowed to remain
at this introdiead Pcaéb‘ﬂb‘r%F d of 24 hours. Qur purpose in subjecting

t he catalyst to h t e.treatnments was
to rapidly deact fr\% eeeﬁg}Eld %%Sﬁgeﬁoéﬁﬁﬁ?\p&gﬁlyg V%@ta ngpﬁoagﬂ.lﬁﬁg’f B iaN&Cactivity
woul d nore d?&ﬁ‘aMcddQﬁ&MBEWAXEﬂ bty Yibibthal S8 Vs W

onstream Tﬁ% cat alay in the react orbywas tt hgn S?E)%Pé%lmt}ggﬁ% ?olysulﬁde

450[ er r |F atloNB$ I“@)V\éCS)tt@ give a total awlfuricontefitoel 50 ppm. ddblefl belovhgives propbtties
this tine, e 0 was retained for anal ysis. 10
Table 11 suﬁ‘@?g@ (ﬂgp% ’é%%pg?soance characteristics of Sanples 1 and 2.

Si nce t he nost abundant type of aromatic in this feed was identified
as a substituted alkyl-tetralin derivative with a principle W
absorbance at 272nm a val ue coul d be defTABUEflor ar omati c to
sat urates conversion based _gn the foll OWI ng equati on:
Y% Conver si on = (272nm Abs]| erI? dgocasbonfiged Fsprartios)Used n E’F%ﬂﬁ%[ err]
Tabl e I{g di spl ays the results of our netric for aromatic conversion.
TABLE |1 20 Hours on Stream 69
143 React or°AJIeIr1pra,wt{, err]F 30.4 450
450 W.%L tdo 9 100
100 bcsxggr %ﬁm s o 2
abs*cc/ 5‘803“5’ 100°C, cSt 10831
%A\r om Genver si on Vlscos&!énw 100 43. 82
EXAMPLE 3 30 In this Sfwpppp Catalyst B s run in a
m croreactor test using the sanNitfogen, ppnd stapBgp conditions as used
in Exanple 2. The results for tDpsR71Bs&t, Wi Spnmarized in Table 111.
- 20- St 662
20 5 767
10 811
30 891
50 934
70 974
25 90 1030
95 1066
99.5 1150
UV Abs, Abs*cc/g*mm
_ 272nm 35.53
30 3i0nm 11.63
348nm 5.29
384nm 0.73

Feed A was first introduced into the reactor at 16 cc/hr at 400°F and then raised the
35  temperature of the catalyst to 450°F at a rate of 25°F/hr. The total amount of sulfur in the
feed was sufficient to completely sulfide the metal in this catalyst after appfoximately
5 hours.
Once the reactor temperature reached 450°F, the catalyst was allowed to remain at

this condition for a period of 72 hours, at which time a sample of the product oil
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WO 98/ 02242

PCT/ US97/ 10791 TABLE |11
Hours on SO3843342 71. 7 157 PCT/USY 7110791
Reactor Tenp., [err]F 450 450 5

W . % Lube (Sample 1) was retained for UV analygig) The catalyst was then raised 99 SO00°F over a

LHSV/ hr @g omv erﬁﬁ]lolf lme hour, and allowed to rgma4m at thxgbcgpgigpg forﬁﬁ pe%i‘oé of 24 hours. Th%_ 65

WV Abs

10. 20 catalyst was then raised 0 SSOPICEV4 & feridB of one hour, and allowed t& fendein at this

60. 21 10 , EXAMPLE 4 I'n
t hi s exanoaditiGatfad a/periog ofdd hours. iQurgpunpase dn subfecting thesatalyst togthisiserissafe f eed
and startu ,(ﬁondi tions as used in Exanple 2. The ,resyults for this test
are sumnard4 r}%pg ftempergliice treatents was to rapidly deactivate and condition the catalyst so

TABLE |V . .. . 70
that its activity would r?%rc c%o'EQV %_ése%%e%{ %a?@ﬁr: with several hundreﬂ §8urs

155.8 20 actor” Tenp.

450 onstream. The catalyét irfthé tidaetoYivelsdhen cooled back down to 4509¥0and allowed to

100 . LHSV/ hr (overall) 2.4

2.4 stabilize for a period af 48dwurs. Aftzp Hhis time, a second sample of oil was retaingdforc/ g* nm
7.40 . 20.97 25 %Ar om Conver si on

68. 95 analysis. 23 91

EXAMPLlg 5 Table II suhfhatiBéssth€ XA sBrbakéd SHaYstterdidasT Satiplds #hd. Sifeeeact or

test using the sane feed and startup conditions as used in Exanple 2.

The resul tthe frwst ativindant dypre ofracomatioria this fagd ivas 3dentifigthas asubstituted alkyl-tetralin

Iég LEV derivative with a p%glgml réés@ nngé r%’ a value could be dﬁ%xﬁ:d?fgr aromatic
‘11(5)8 35 to saturates conversith-bisdd et t@llWing equation: 100
15 %Conversion = (272nm Absgecs - 272nm Absproduc)*100/272nm Absgeca

Table II displays the results of our metric for aromatic conversion.

TABLEII
20
Hours on Stream 69 143
Reactor Temp., °F 450 450
Wt.% Lube Yield 100 100
LHSV/hr (overall) 24 24
25 UV Abs @ 272nm
abs*cc/g*mm 13.56 14.41
% Arom Conversion 45.61 43.82
EXAMPLE 3
30 In this example, Catalyst B was run in a microreactor test using the same feed and

startup conditions as used in Example 2. The results for this test are summarized in
Table IIL.
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LHSV/ hr (overall)

W Abs @ 24208B/02242

20. 48
26. 99
98/ 02242

PCT/ US97/ 10791

In this exanple,

feed and

TABLE Vig
157 10
450

100

2.4

32.52
1.71 10
EXAMPLE 7

2.

abs*cc/ g*mm

%Ar om Conver si on

In this exanple
test using the sane feed and
The results for this test are sunmari zed in 20 Table VII.

sta

TABLE HOI

450

PCT/US97/10791 /6
78. 04

)

EXAMPLE 6
Catalyst E was run in a mcroreactor test usi
st ar t up Hoonlort Stoemsn as used in Exdiple 2. The red
test are summarized i Rea&or Té@pl eF VI . _
Wt.% Lubelalgs on Stream 100

chJ t he same
aVts for this

450

1066

450 2 4

10'259bs* cc/ g*mm

#Arldm Conver si o021

t st Fwas run in a mcroreactor
tions as used in Exanple 2.

I':’x;?;gﬁé wflfP- . [errlF 24
g Y ield

SaArpmn ggnversion

-0.45

TABLE VI | Hours on Stream ) 69
156 25 In this exaRple; Cotalyst. wag rn if} #microreactor test usingthe same feed and
0 i . .
-411 gg startup conditionq%ggé*ﬁ%@gﬁ%% 3fhe results for this test are %u?ngmmzed in
2.4 % W Abs @272nm abs*cc/ g*mm
29.51 15 TablelV. 30.44 30 %Ar om Conver si on
1. 67 0.61
TABLE IV
. Hours on Stream 70 155.8
20 Reactor Temp., °F 450 450
Wt.% Lube Yield 100 100
LHSV/hr (overall) 2.4 24
UV Abs @ 272nm
abs*cc/g*mm 7.40 20.97
25 %Arom Conversion 68.95 23.91
EXAMPLE 5
In this example, Catalyst D was run in a microreactor test using the same feed and
startup conditions as used in Example 2. The results for this test are summarized in
30 TableV.
TABLE V
Hours on Stream 70 155
Reactor Temp., °F 450 450
35 Wt.% Lube Yield 100 100
LHSV/hr (overall) 24 24
UV Abs @ 272nm
abs*cc/g*mm 5.76 20.48
%Arom Conversion 78.04 26.99

221-



EXAMPLE 8

In this exanple,

m cr or eact or using the sane feed and
‘é’%??;ﬁ%é results for this test are sunmmari zed in

WD 98/ 02242

i n Exanpl
-22-

PCT/ US97/ 10791
Hours on Stream

React or Tenp.,
W . % Lube Yield

66 EXAMPLE 6

startup ¢

152

Catalyst Gwas run in a

RS

s used
9§VIII.

TABLE VI I |

LHSV/ hr  (o¥g#ap kepnditions as used in Example®2. The results for this test afe shmmarized in
W Abs @ 272nm

21.97 S
22.10 10

Table VI

abs*cc/ g*mm

%Ar om Conver Si on

il lustrate the superiority of the

sul fur containing feeds.

10

15

20

25

30

35

Hours on Stream
Reactor Temp., °F
Wt.% Lube Yield
LHSV/hr (overall)
UV Abs @ 272nm

abs*cc/g*mm

%Arom Conversion

TABLE VI

EXAMPLE 7

66
450
100
24

32.52
1.71

24. 03

157
450
100
24

34.19
-0.45

[Iﬁ“{l{is] &ample, Catalyst E‘l{%dun in a microreactor test u%glg the@same feed and

20. 77

These exanpl es of preferred enbodi nents clearly

Pt/Pd all oy catal yst in processing

In this example, Catalyst F was run in a microreactor test using the same feed and

startup conditions as used in Example 2. The results for this test are summarized in

Table VII.

Hours on Stream
Reactor Temp., °F
Wt.% Lube Yield
LHSV/hr (overall)
UV Abs @ 272nm

abs*cc/g*mm

%Arom Conversion

TABLE VII

69
450
100
24

29.51
1.67

EXAMPLE 8

In this example, Catalyst G was run in a microreactor test using the same feed and

156
450
100
24

30.44
0.61

startup conditions as used in Example 2. The results for this test are summarized in

Table VIIL
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- 23- VWHAT IS CLAI MED | S: 1. A hydroconversi on catal yst

exhi bi ting waysayed sul fur tol erance conprising a
pl ati num pal | adium all oy and an oxide matrix, wherein the mol st At 193t

pl ati num to palladiumin the mmt ween 2.5:1 and 1:2.5,

preferably the nolar ratio of 5 to palladiumin the

alloy is between 2:1 aﬁd 1:1, .and nore preferablg, t he nol ar
ratio of platinumto pAPFESPNEHER the alloy is 801.5. 2. 152The
cat al yst accordi ng to Reaston Temgheei n the catal 988 conpri ses bdf@ween 0.1
W % 5 and 1W0.%ilubo¥idde all oy. 160 The cat allgmt
according to Cai m1 whHS®Hr (bVeral)xi de matri x cpgpri ses silicap410
al um na or conbi nati ongvt Ay @72nm 4, The catal yst according to aim
3 wherein the oxide matrix gepriggs silica-al up B 21.97

%Arom Conversion 24.03 22 10

10

These examples of preferred embodiments clearly illustrate the superiority of the

Pt/Pd alloy catalyst in processing sulfur containing feeds.
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having a weight ratio of silica to alumna in the ran e from1:10 to 10: 1,

pref er ably, from2 “Jﬁm )u l L : Peqnssabadypt

accordi ng 08/0 ?azl m 3 wherein tﬂel'ﬂlnm1 I ” rther conprises an 15

aI um nosi Jﬂp@? J ected friom'zedlite Y, faujasite and ultrastable
W?Sr catalyst according to daim1l having a total pore vol unme

gr eater than aAdiydroconversion catalystOexhfbititig] imprdved sulfirttblefihce emnprisifp 0f t he

total pore vol une bei ngal n nacropor es of di anet er ?reater t han
1000 Angst r onsplatipemype démmglls}ya:w armwle @afrrec whergithgymelgr eatio of platinum

h 0. 55 I di m 6
It eggt aboufn{C%Oe/Sr (r)‘}al@ﬂlé’"f 'Btﬂ%ﬁ ali%’r’%b © %ﬁé% ly lafgogm erag)g/ tﬁ& "foﬁ to V\%or egt of
di aneter grea Cﬁlﬁtlﬁﬁ}ﬁ@o phRdiun Qe ANGISEK bEWFReen 2:1 and 181, and mbR€ pfeddraly Sthe

according to aim6 wth at |east about 3% of the total pore vol une

bei ng i n macr omolagsatif ofplatinumeto palladitmrin theaailogiliolid. 51000 Angst rons. 9.
A hydrocopvers e t.in ed sul fur t.ol erance s I Si ng
o o OCORYE S B AeSbrekdp S PueRAh S e, &F R
silica and al ugido wi% Ofthe alloy. Wherein: the nol ar

ratio of platinumto palladiumin the alloy is between 2 5:1 and
1:2.5, ang. prefae aitalyst dbedrding to Claim 1 wherein the pxide nfatréx admmtesisilical x cont ai ns

at | east 30, and prefer tﬁl 40, wei ght percent 30 silica;
and 10 alumina or combinations thereo _24.

WD 98/ 02242 : / . - c)
he catal jot hdLe SRR gecording o Clsim 3 whereil R Bl Cthmprizes gifce-alumina, )

| east havmgawexght raft%oﬂ:sﬂteﬁeds alina3totherfangdfeorh At 1l todOr kg preferably bei ng
I n rmacr opor es di aneter greater than 1000 Angstrons.

10 A procesﬁoﬁbeS PP &HA¥RAg the catalyst of Claim| conprising: 5

conpi nin I S form
an oxi de”? $he chlafRi &c&fﬁk&éﬁgﬁ&ﬂd §Wh§¥e?n 183 TnaRb RS {:&ME% %rﬁt acting
the oxsde natr axniiRdsilicaft! zevlifeRelactea kot bsitefand uilstabledn
conpri si ng active sources of platinumand pal 1 adi um at condi tj ons
suf ficien The catalyst according toi(glain baavies a setal pere eolwapem@tﬂraha@sabﬁam ng
both platinum ?)rlﬁ) x# %tq{huépleajsp 1% f the tqtal é)gnqtvoiuméyg {ntrﬁ Esegfn and

c) treating 't mat rix arnin Ao and

pal | adi um at  diameter greater than 1000 Aﬁgm&hisl mprafeﬁtw Q%t&lcbdrevélﬂﬁmgiéhtai | oy
of platinumand palladiymon the oxide matrix
mat eri al . than 0.55 cm’/g.

20 7. The catalyst according to Claim 6 with at least about 3% of the total pore volume
being in macropores of diameter greater than about 1000 Angstroms.
8. The catalyst according to Claim 6 with at least about 3% of the total pore volume
being in macropores of diameter greater than about 1000 Angstroms.
9. A hydroconversion catalyst exhibiting improved sulfur tolerance comprising a
25 platinum-palladium alloy and an oxide matrix containing silica and alumina,
wherein:
a) the molar ratio of platinum to palladium in the alloy is between 2.5:1 and
1:2.5, and preferably, 1:1.5;
b) the oxide matrix contains at least 30, and preferably 40, weight percent

30 silica; and
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11. The catal yst according to C j‘“ﬂl‘jﬂg“ﬁﬂﬂkm“h a hydrotreating
reaction zgﬂgnggp 15 | 8 rar « ube hydr gideader g1
reaction cohditrons. 12. A | ube hydrotreating process conprising
contacting a |ubrj cat] '

hydrotreati ng redcti O%h@%gﬁh{s&l?%ﬁa?o?a?\f}g}%h\&%? Frécgttelr F\hgm r0 é4asct | O ’g‘gﬁ%%v&e%sﬁ

a catal yst conpri si ngi%, pleférabily 8V af tirdbtalpadel vejunseniskimginandctepares of X,
wherein the ~ platinumto palladiumnolar ratio in the alloy is
between 2.5:1 to 1: 2. diamgiesREsatesthanilP00 Angstroms. 1. 1 5 to produce a

hyd ffl LSt Qi l d
wher ai n't notRubr FeSbretG R ProRiEg o AR ERAT BBy 0%t i the

range fropm a) comBIfiAE Silicd-aluhinal sirfibutited indodnceligmivia dindes toyformdaoxide at
| east about 90. 13. The process according to Claim12 wherein at
| east a portion, prefmatthdmatatial;, of the hydrotreated | ube oil

Is charged to a gatal ytic dewaxer.. 25 . 14. . The prqcess according.to

C ai m 13 wher ei ngl he tﬁt@g\é\% ?’ﬂgﬁ?‘aﬂ"dn‘i‘?‘ﬁ%l wxnlagataytxc amott fé?é?@géﬁi ng
reaction zone is char G&Hpﬁﬁngaa&i% %Mkés_coigﬂ_mﬁﬁ{ and palladiurk 2t conditithis RGFCRAS
according to Claim 12 wherein the lubricating oil "base stock contains

| ess than 200 ppm sul faprodpeetataiytinl partiedates hevinglidth platimya and palladiven nmost
preferably, I& s than 50 ppm sul fur. 30 16. The process
accordi Hy to O ai m 1554RPOFES FFER BR¥fbri cating oi | base stock contains in
the range of aboy 10.tq.: ; ; - inino the plati d palladium at

- 25- E)t 17.“%&“%22&]%?@%3{5% E}‘{Q a@gig&gﬂl’ cr?émt"gn% zgipn%1 1fgm\/\e}r?erpei ?1 ut1 he
Fubricating oil base sbmitfiorispreselected to form an allogfof platinam fand paliedanaipotheacki ng

process. 18. The process according to C aim15 wherein the
|ubricating oil base &Kiggatrx gatenal effluent froma sol vent
extraction oce . 0 : r Qi ; Warn '

the lubrica F'ng (ﬁ)]ﬁ? c%tglggt s? %rgwgﬁggnﬁ@egg&ﬁmﬂg&ﬁ a%ya%%%@g%eﬁ%&%grg?}gt iC
dewaxer 15 2@ maintkhied pf lube hgdrotreatingti regetion cOhditions19 wherein the

| ubricating oil base stock has a pour . . oi nt , of ,Less thgn
10[err] C, pA2f er Abnbe hydsatreating popcesy gamprising conating a fibgicatingQikhass stogk apd,g

to Claim19 wherein the | L cafil ’ . C ; ith
| ass than 200 ppydgrLs ekl fablion SARfioRt BEfABARALRR ridbion sone i
preferably, a catalyst corhftfsing! platirnfon-paltadiiish hlloy and an oxid22natrix, Nekerpinabes s
according to Claim 21y wherein the lubricating oil base_stock, caontai.ns .in

the range of 10 pltigompppaliadivrmolar ratio inthe alloyss betiweery2 2t btP b o BEELCTRYY
pr oduci a lube.,oil froma petroleum,feaed ck 1 4 0L Ng
sul fur Ig(grrpri Si ndolg » 1o produice aef’yd%to)trea{gdﬁgg’reg%‘?oﬁngp ’}Sﬁ‘g ap}gtdf%feéaer%q P géeglg?cl)d;k to
produce a | ubri cqjHeRsn el luttRafnS biPBise stock has a normal boiling point in the range from

600°F to 1050°F and a viscosity index of at least about 90.

13.  The process according to Claim 12 wherein at least a portion, preferably all, of the
hydrotreated lube oil is charged to a catalytic dewaxer.

25 14.  The process according to Claim 13 wherein the entire effluent from the
hydrotreating reaction zone is charged to a catalytic dewaxer.

15.  The process according to Claim 12 wherein the lubricating oil base stock contains
less than 200 ppm sulfur, preferably less than 100 ppm sulfur, and most preferably,
iess than 50 ppm sulfur.

30 16.  The process according to Claim 15 wherein the lubricating oil base stock contains in

the range of about 10 to about 50 ppm sulfur.
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1: 1.5, atl8a t dihperegess accprdinge ClainydS whetsin the dubrigaBecail hase stock Baner r | F,

for forma hydrotreated | ube oil base stock; 25
c) char gi ng °ﬂ+'§“h§¥a‘?‘&ﬁ%"§{“e%i“ﬁ%§ 1 BI%Yy a cat al ytic dewaxer to forma

dewaxed 19 The process according 60CIaih h2 BASRISHE fibricARME oil base stock has beefl)
contacting at |east a portion of the dewaxed | ube oil” base stock wth

hydrogen in a [gwaxed isatdatedyticalsmakem zone with a catal yst conprising a
| ati num pal | adjum al |l oy and an id trix ereiLn the nol rati o of 30
D) ati num BB palihsdrarmss feoprineo S 19 Hetanihe Sibeiottng il st Stk bk aovuro)
1. 1.5, at a t%%Rﬁroﬂeggﬁxaﬂ&éﬁar?ﬁ%@h}g{ftPﬁ-{)@‘"ﬁen 400[ err] F and 625[err]F,
I ni Shed Tu

to forma e oil.

- 26- 21. T p?8dedLaetdrding to Claim 19 wherein the lubricating oil base stock contains

PCTI US97/ 10791 24. The process according to C aim23 wherein the
step 8P upgr adilesg thane2Q9aapmpsubliyp preferably less than 1§ sk, and mest prefeably, om
t he group consisti of hydrocracking, or a step of
sol vent ext ractl?s%ﬁl?&og;?g“n%‘%lﬁygt I ons thereof. 25. The process

accordi ng 220 Glaiegara&spﬁccaadiﬂ@ﬁf@ﬂann a1 WheHitthe datHcating sICbdsd 8®cRomt@MSin 5
one layer of a hydrotreating catalyst and at | east one |ayer of a dewaxing

cat al yst. therange THED fr Yepprs sulfiwor ding to Claim 12 or 23 wherein the
hydr ot reat.ed | ube. oi |l .contain . reater than qr ual to 90%
sat ur at es ,ﬁr es s‘gl wgqgrgpé)gwgﬁs%groprg%gn%g r“i?é?r‘l)?l ’f‘m‘ f RFLroigy Teedstock has
a visgesity i ng@xtadigaddfur EbAprigig.equal to 80 and | ess than 120. 27.
The process according to Caim12 or 23 wherein the Qli/)drotreat ed | ube oil

contains 10  a) upgrading the petrelaum feadgiosk ta prodocs & lubteating il Hassgoekhan or
equal to 0.03 perce
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wher ei28 the hydrotr ea tyedcriotlréjalgigg (r)ti.alctiér? zgnc with a catalyst comprising a
platinum-palladium alloy and an oxide matrix, wherein molar ratio of
platinum to palladium in the alloy is between 2.5:1 and 1:2.5, preferably
1:1.5, at a temperature in the range of between 625°F to 750°F, for form a
hydrotreated lube oil base stock;
25 c) charging the hydrotreated lube oil to a catalytic dewaxer to form a dewaxed
lube oil base stock; and
d) contacting at least a portion of the dewaxed lube oil base stock with
hydrogen in a hydrotreating reaction zone with a catalyst comprising a
platinum-palladium alloy and an oxide matrix, wherein the molar ratto of
30 platinum to palladium in the alloy is between 2.5:1 and 1:2.5, preferably
1:1.5, at a temperature in the range of between 400°F and 625°F, to form a

finished lube oil.
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U S.P. grade food white oil.
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24.

25.

26.

27.

28.

29.

The process according to Claim 23 wherein the step of upgrading the petroleum
feedstock is selected from the group consisting of a step of hydrocracking, or a step
of solvent extraction, or combinations thereof.

The process according to Claim 12 or 23 wherein a single reactor includes at least
one layer of a hydrotreating catalyst and at least one layer of a dewaxing catalyst.
The process according to Claim 12 or 23 wherein the hydrotreated lube oil contains
greater than or equal to 90% saturates, less than or equal to 0.03 percent sulfur, and
has a viscosity index greater than or equal to 80 and less than 120.

The process according to Claim 12 or 23 wherein the hydrotreated lube oil contains
greater than or equal to 90% saturates, less than or equal to 0.03 percent sulfur, and
has a viscosity index greater than or equal to 120.

The process according to Claim 12 or 23 wherein the hydrotreated lube oil is a
U.S.P. technical grade white oil with a Saybolt color of 20 minimum as determined
by ASTM D156-82.

The process according to Claim 12 or 23 wherein the hydrotreated lube oil is a

U.S.P. grade food white oil.
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