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Lubricant Base Oils with Optimized Branching FIELD OF THE
INVENTION This invention relates to lubricant base oils comprising
paraffinic 5 components that have optimized branching. The lubricant
base oils comprising paraffinic components with optimized branching
have low amounts oLhianehingasvitiihe-Rranshiag cOpeaNiaied toward
the center of the lubricant base oil molecules. The lubricant base oils
comprising paraffinic components with optimized branching have low
pour points and extremely higENIZ OB THRIEXEENDI ®e invention further

relates to pragessesofpraducing iheulricant base oils . comprisin
paraffmic components with optimized branc mg%rom waxyf?ee S. The

lubriCARTSESE OIS aHE G SefiriAceSHmdisial fiishid eiricantsls comprising
BACKGROUINBHOBTHE/NYENTION @éﬂé}_gggqmatw%&\gmoﬁ%%&m

H &

be, an(ihgt%n%r;%%are, paraffinic in nature, since paraffins have a hig
viscosity Index e derc TG akIfirs sauisnrddrdrbarenihsgy in!
charactbraed dhatribtitedobaseighspopipRink intheeil . Assardinolyavaxy
para@&{&{z%glsb@na%é%e 1(1:2(£)Vr1‘v1({a)(xtfedﬂto lubricant base oils by = .~ |
hydroisomerization Ewaxing, Whichr et 88T ARERmY BRRHHe AT meeces.
mole€bfesveainy ditisomérization demaxintpiypicatly theadhcessohibrgant
has-+gi ing, 1elatively hi ing. 'While creating hranching on
waxy %g?ﬁi{r&%gp mo]ecu?e%%%%épéa ly owggf%gﬁp%rﬁfl ‘ﬁ)i%tfﬁ?%lgfé}fg\%%' The
the VSEDSHY higesitvaye might anseumsrofdfarehiaguareaaguired with an
all-hydroisomerization process to reach target pour and cloud points.
Accordingly, the products resulting from 25 hydroisomerization processes
i Bl R G ddldadnhié he relatively
Eigdh Qm0UFHI_@‘D?IME?il%l@n’béii@fiﬁ:ﬁﬂﬁ@%ﬁaﬁﬂheéﬁ%fgsﬁ%%ig&'ﬁam;
ydroisomerization process may have branching characteristics similar to
thosglgpc)?ruopdﬂ%%n L (S Ros 87098756 0961585, End

8IYhHH

descride
6,059085: koW peErpaintsrecdesidabletivtubricantdbase:qilsaAiaw: paur
point3Q indicates that a lubricant base ojl will flow and lubricate at low,
temperate es. ’_ou%_l%bint |s.acarf§;<§§_)gs'umraéyr(r)lbén G the te %%?BF&%?MH?&%"

the SRFHSIEWHTEGRR OeRGR aTRIck arefitycantoliechdba ditiofisiaulecuiss.

pointmeyResatesminedas deserled in ASTM.B 8950, Many bayine
commercia I:jtgrlcant base oils have sgguﬂcaﬂons for pour? point. Witen

lubritZAP BRSSISHERAE T PO SETRES S hEsnelises areviikelpao: fiave nofleries
goodzimwr stimpsvaivte: propeiesisushiasleyadoud Aeintjew «ald filler

amounts of branching are required with an all-hydroisomerization process to reach
target pour and cloud points. Accordingly, the products resulting from
bydroisomerization processes typically have less than optimal viscosity indexes dus
to the relatively high amount of branching. Lubricant base oil products produced by
& hiydrolsomerization process may have branching characteristics similar to those
products described in US Patent Nos. 6,096,940, 6,090,989, and 6,059,955,

Low pour points are desirable in lubricant base oils. A low pour point
indicates that a lubricant base ofl will flow and Iubricate at low temperatures, Pour
point is 2 measurement of the temperature at which the sample will begin to flow
under carefully controlied conditions. Pour point may be determined as described in

ASTM D 5250, Many commercial lubricant base oils have specifications for pour
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plugging point, and low temperature cranking viscosity. Lubricant base oils
having pour-cloud point spreads below about 30C are 5 also desirable.
Higher pour-cloud point spreads require processing the lubricant base oil

to very,low s in.Qrder e ' cifications.. |t is
orihes oo 1 RaVe TbyCan BLLE D1E vy M VAchaty asicg e
ViscosTyerfies {9 temmeretnsideaertipit ass g heberiindipatingltheceliditof

temperatpss ehange.Rnihe kinematc ¥isaasity ot tag.oil. Liquids change

viscosity 10 with temperature, becoming less_viscous when heated; the

higher the VI-SPERIBH DAt IbwaY TE REHAEIEY Ry BharTgedsiRelesigPaits 0°C are
stempetatutesitigh. \HilghricantscRid feadgewherayat mplalively constaitan:

viscosg%sisorF%uired at yvidel¥i varyin gnt]éaeratur s. For example, in an

automobite, engine SiFROST HEW HESH En GRS PERIEE SRESELARSES but

must be viscBus enbugleaiftet wasm-uprioapt dviderfislhiGdgbfigatinro ) indexes.

mayb (i Qalg,(ilje cribed in ASTM,D 2270-93. Rour paint and V

can bgﬁn%% to %Té“ ran%%&%%%@%é%?ﬁ%%%e rgié%?#énr%%zél‘é?%%% of

the lubfieamtbaselsiioe rediindibranbhirigeopilingahepakaffiniods chan_ge viscosity
1chydrocarhons aensrally.lowers the AQLLPAIALANCIOWELS 118 WISCOSHY e . i1

Index (Vi). The VI tends to decrease sharply if the number of substitutions
of equal2OMEREEHRIEBEL R E BECTHEHEEY PoiniTRaFBETesH g Gildringgs as
Projechd2dafactReseateh compieiad-hebmeen Juiidedl 43 andluhnd,

1946 by American Petroleum Institute Research Project 42 at the

PennsyIVERTA Sfte CofSYEy SHETRAtRRO0Y EREhe d Lo Bh e atkeslarough to
movedptartiiecshidtieriof thatmole tuledanbuhdy phefis wane gy ebahexyk full
ranc on.a linear paraffin.. 25 Waxy hydracarbon from a
lsgischeru%lgﬁté%]ﬁ Sﬁ,&@a s%r@%%e %&%ﬁ%%%d%%ﬁ %%E?ng’ ring
high quality |dlorcants. Advéhtageoustyd thehEischeniTropsth prodiats

contairkile.ft ARy O bipic R ele i GRRIATINARS 4G 8% AT OMALG

compounds, sulfur compounds, and nitrogen compounds. However,

initial FREERBRIT FORERFRIDERY FrarstR L aiE JBA eramypatRARTEL lerarn Be viscosity

waxes IARGARNginelg fistherdléepscihpiaducisfethio He:subiteied 19 cqua

urther , processing or. rading to provide high quality lubricant base oil
ook 08 R RS A8 L AR PV S DT Cvre g ek e

feeds, (ﬂep@rﬁhummaw teedssfr@dy Fischerahionseh, Syathes iﬁrpmioan Petrolenm
processeg. e lubricant 9%%?4%%?9%%‘ Byway of exqmpl e%ﬂé‘w%ﬁ that VI
attempt to create enough branching to TOWer the pour pointhut not
excessizelipedrrsiirggdrshtrartheeVidghsignifidantijhe molecule for butyl, phenyl,

and cyciohexyl branches on a linear paraffin.
25 ‘Waxy hydrocarbons prepared from a Fischer Tropsch process are a good
potential feedstock for prepaving high quality lubricants. Advantageously, the
Fischer Tropsch products contan little, if any, of typical petroleum contaminants,
such as aromatic compounds, sulfur compounds, and nitrogen compounds.
However, the initial Fischer Tropsch waxy paraffins are generally siraight chain
30 waxes. Accordingly, the Fischer Tropsch products need to be subjected to further
processing or upgrading to provide high quality lubricant base oil stocks.
Many researchers have investigated ways of converting waxy feeds, in

particular waxy feeds from Fischer-Tropsch synthesis processss, into lubricant base
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decreased, prior art methods have used a combination of
hydroisomerization with solvent dewaxing using amorphous or large pore
zeolite catalysts (e.g. Beta zeolite) 5 for the hydroisomerization step.
Nonetheless, in prior an methods using this technique, considerable
branching is still created. By way of example, U.S. Patent No. 6,090,989
disclosiéstechy dbodenyadimpmprocassiet frake tubriekrinol SusesbersoThw e

lubricqy) of Aasssiacs:as disdlaseth Migreinaanif B aralalc, feanty

hydrocarbon components in which the exient of branching, 1

. . v aS . . .
measreEFB S et antine Trave s Ry arBHEASBY iR SRy
of brapshingi-as-measwedytaeReroeriagerotesty ing testhyieneis zeolite)
carbons which_are four or more carbons removed from an,e(}r%gr.ou or

5 branciP{EIRIA I SHE AR (A) BEBBTEHERHP oF Y Bt T F5 4hd
(b) Bl @BHIEE;| 2or)&khbE hisealtigation] enedns that for a molecule

containing 24 Vgarbooqsd}{@fgé m%l%?%gte%p#g @%\é%:g@@e(ﬁ%lé?ega%%%%ﬁmg

per molecule,‘o‘?l?gr every 100 carbons there are greater than about 9
brances:cts o PedentingcB8/00Bbr65disel08bs rnethel fbrysritlieipgligclosed

lubricapt,base siack.item; HIsrhskh Jarhergin, the lbrieantranching,

‘hase stock has a preselected oxidative stability. The lubricant base ails

L0are digeiBsetied Bytapirgaasnalme by bbverarerdd Darafing wrswif of
the brapghes paraffinseantzimupdedeuralivibranchastayenybateim thech are
free carbon index (FCI) of the branched paraffins is at least about 3. Th _
e GG O STERE AR A L GHER T GRS bl ench (ot
3.14, 4B-anCHE%branshes pernmbleduls. BYCIGBA3088 distIdbes akruiation
intearaled progee 1o ALepang A EANL Ol 23 ane RISk NEINANG Acas
isomerization sttep followe y a so vent ewaxing step. In the process a

i 5waxy féédasdistiosentnateinT oneveyfétd ¢stisombsred saeater than about 9

intermediate pour point over a select molecular sieve and the isomerized
oil is then solvent dewaxed. The lubricant oil base stocks obtained were

disclosed as HAVIAGr R dsRYSHaE b6 ra eiaivaTof 9 RE Ffgicant base
Examplesiof:the . 085rppilisalion:3R demansttstihricanisoitdnsasioeksiccted

with viscosity indexes in the 140's with the highest being 156, EP -

0776080 50 IEHBLEE AL HBEETE CETE00R AL (EVIERch B ARy e of
20v1 of ableasitef 5@t avhischahd vopstbipar:fbes comprisirg tontdtiiganches

the 3 Fisgnar Trg ig%devg%é}t?o%wget@gﬁggpﬁl%g%m 0 5%19&’3'& AL ot about 3.

hydroconversion conditions; separa e hydroconverted effluent
obtainébhintaaatiisast drre’ lifhpstent demonstrate Jubricant base oils with 3.46, 3.14,

4,19, and 3.59 branches per molecule.
WO 99/45085 discloses an integrated process for preparing a Iubricant oil
25 base stock including an isomerization step followed by a solvent dewaxing step. In
the process a waxy feed as disclosed therein, a waxy feed is isomerized to an
intermediate pour point over a select molecular sieve and the isomerized oil is then
solvent dewaxed. The Iubricant oil base stocks obtained were disclosed as having
viscosity indexes of greater than about 140, The Examples of the ‘085 publication
30 demonstrate tubricant oil base stocks with viscosity indexes in the 140’s with the
highest being 156.
EP 0776959 A2 discloses & process for preparing lubricant base oils having a

V1 of at least 150 from a Fischer Tropsch wax feed comprising contacting the
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fraction and a heavy fraction; and dewaxing the heavy fraction to yield the
base oil. The feed to the process is narrowly limited to a Fischer-Tropsch

wax having a 5 congealing point of at least 50C and has a boiling range
where the difference between the 90 % wt boiling point and the 10 % wt
boilingﬂgd'ﬂ&j iQ the ran f_from.40 to 150C. The hydroconversion .
ety e N A R rson
6,096,920081s8i0 Sepre g tesByibr produting & bivdégradd b di0east ons lighter
hydrocgthan.lubricanthasg ail, The BERCESSCANRISE %Q&P’ AGH0R1 the base oil

700F+ Fischer Tropsch wax feéd with hydrégen over a bifunctional
non-noblé &8P Wi aranshtEpsdies Rytheisontsaz dtorhares a

ydrocraglangHeastions Al£Q0f+C cRRvRESIan8velsdanging. fromiahout.
20to a,?out SOF%ercent on a_once through basis, based on the weight of

700F+ T8 EoMVerted 16 PBORE REREAIS fo! Hrottice 15 G ReB 1B SHRS Tange of
crude ffactidh.iT hedgnparafiinG containea irthesorudelftdctanateing amorphous
disclosgé{ﬁispaving methyl branches in an amount of less than about 7.5
methyl bra ches per 100 carbons. From the C5-1050F fraction, a residual
fraction having-af mgtiaNoolliAgtgin trenieiemyaromeabdopesDEtg abowiegradable

1¢/50F '%15%99&&?1589 1@?1%31@%@9%{1]:"%% c!t?egbe%m(%rlg agmg%%lﬁj%ischer

recovered. From the dewaxed oil 20 a biodegradable hydrocarbon base

oil is recERSFEdY 4 Tore BRI The w1 sPiiEckosa\eredisiemmrpaBemetal
oil is in dhadR Qs AN JA B kS RAteR N an® 179220 HlisCI038S:A RIO6eSs:

for maximizing the yield of _lubricant oil base stocks having pour points of
about -39 RWEF S MPERASCORIRP Wdek O LABY I PSP aH @ highe By iveh
steps obds}sseusal winGethei WA OME Bn 2Bdisomerizationocatalyslsuih thato duce
between about 15 to 30% unconyerted way.remains in.the oil fraction of

e tsorh A oG S 0o Lt ol ARt RaE g i are
productii3)lsedy enteenaxisiysthedrabtiom bokimgunt tHéchsbibbeiling Fahgethyl
toa p ' [t iff In-temypes between:the nour .
point of e e o S 1 e peretire) aPG & SEaP ol ing
recoveriigratdbivalied BanfupessiE proaser Tt ke B esting catafsteeseitaple The
for use ja.thisinvention awevdefined hiopdivand include-catalysisBLal’s ed oil

7quorided alumina. There has also been research into how to analyze the

2R ompogtiBRiSFIARRE SR IEER TS BR A h W Brop LR TiamBlcatie VI of the
base oilzaretadluénied byssidcontposiionay: way of example a
publication by I fISance of Group Il & 11l Base, Oil .

Composition on Iaae%% %&ggﬁ%fg?%tgbﬁﬁﬁsp%gﬁ%ﬁ% ) d—— e yield of
tubricant o1l base stocks having pour points of about -21 °C or lower and & viscosity
index of about 130 and higher by the steps of 1) isomerizing the wax over an

25 isomerization catalyst such that between about 15 to 30% wnconverted wax remains
in the oil fraction of the isomerate boiling in the lube boiling range, 2) fractionating
the product, 3) solvent dewaxing the fraction boiling in the Inbe boiling range to a
pour/filier deita T (the difference in ternperature between the pour point of the
dewaxed oil and the fitter temperature) of 9 °C or less, and 4) recovering a dewaxed
30 lube oil proﬁuct. The dewaxing catalysts suitable for use in this invention are
defined broadly and include catalysts such as fluorided alumina,
- There has also been research into how to analyze the composition of

lubricant base oils and how the properties of Jubricant base oils are influenced by its
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presentation at the 1999 AIChE Spring National Meeting in Houston,

March 16, 1999 teaches that field ionization mass spectrometry (RIMS) is
especially valuable 5 in determining the distribution of paraffins and
naphthenes in Group Il and Il base oils. Below 1% aromatics, the authors
found that the most effective way to further improve oxidation stability

was tetnmesiserVBinvgenerainthle anthdrs:fouriy thatribe Ddvern the Influence of
conceniiaiian afplycals apRRnEsINon.olk IR, A0ftlEea for

oxidation stability. 10 There remains a need for an efficient an

econo?ﬁﬁ%}tﬁf%é%@l?dﬁg%w&%@ﬁwﬁﬁ%%@ faRpnoarey 16,

|UbrlCa&E@mM%&@M%&%l&tb&@%ﬂb@ﬁ%@ﬂ@ HGgOQCLIgW: ally valuable
temp rature pro, eé%es an% high vsco y indexes, SUMMARY OF THE

7 INVE predE EHOShE %‘éﬁﬁé‘%ﬁ&@%ﬁﬁ&%\ﬁt By gifpnd L base
comprégiin @piamﬁﬁﬁmdn;aﬂmcﬁﬂmﬂhumﬁ@@m@ﬁt& ihavhichefieeudentyab further
branchin Iess than 8. alkyl br nches er carbon nd less tha

wt% o]fntlﬁq 1 ranch gg@,‘/ Vat t p%sn\l;c}?l fe' I“lf%flcan g%f’s%% %at the
a pouﬂ?)mnﬂ@fQQE@Wahwsﬂ@@mmm&hﬂamsmwab&m@mhabmﬁBaﬂd its
CSt or graater aadig,Viscosity Index greater than a 20 Target Viscosity
mdex as calculated by the following equation: Target Viscosity index = 22

Ux In(Kinematic SAsEBRT#S 1506 ©) 30 E85:190 Spdaserassetprespfaseryverting

inve nt@@cﬁ&@f@ﬁiﬁﬁb&d&t@Fﬂ@&%bﬂ&ﬁt?'lu@ﬂﬁéﬁfiﬁgag AR REN AT I8SRant base
than -8 l%jéne tic VISCOSIt at 100C of gaeater than 3.2.cSt; and a
Fibeie

Viscost &@F?Wgﬁr% PYRRTASE ﬂ/hfﬁ}flgi‘(g%qss%l%%ﬁf:cﬁated by
the following equation: Target VISCOSIty Index = 22 x In(Kinematic

Viscosity at 100 C) + 132. (in, (v & P G ANENPFES RN invention
relates to a finished lubrica prises the .
LS|ubricant bas@@@@grxﬂeg@ﬂb@@lrh}@tmﬁwwmbm@ kefpricammt paraffinic
additives;-30:45-2 fuHRehAPEcHHRR REESARLIRYEPHAN ISIRIRSIR.ADS aikyl

intermediate oil isomerate. The intermediate oil isomerate comprises

Fischetaairs v aeiva pasdities i SC bGP EBrh pEHERRE TV RTER e 2
extent gfshrancirngis-iess hanod mikybbiaydescpaid e carbonsidematic

BRIEF DESCRI &é@% F TIL%P AWINGS FI%}fe IIIuStr tes the plot,

of ViscOSiy s BRI BrEVT e dcfinatis Aflsy greater than 2
ZOCaIcuIaImgeoWaeaﬂiar@eievmaymdéx the following equation:

Target Viscosity Index = 22 x in(Kinematic Viscosity at 100 °C) + 132.

In another aspect, the present invention relates to a lubricant base oil
comprising a pour point of less than -8°C; a kinematic viscosity at 100°C of greater
than 3.2 ¢St; and a Viscosity Index greater than a Target Viscosity Index as
25 catculated by the following equation:

Target Viscosity Index = 22 x In(Kinematic Viscosity at 100 °C) + 132,

In yet another aspect, the present Invention relates to a finished Iubricant.
The finished nbricant comprises the lubricant base oils as described herein 2nd one
or more lubricant additives,

30 in a further aspect, the present invention relates to an intermediate ol
1somerate. The intermediate oil isomerate comprises Fischer-Tropsch derived
paraffinic hydrocarbon components in which the extent of branching is less than 7

alizyl branches per 160 carbons.



5 Target Viscosity Index = 22 x in(Kinematic Viscosity at 100 C) +132
wherein In(Kinematic Viscosity at 100 C) is the natural logarithm of
kinematic Viscosity at 100 C. DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS 10 The present invention relates to
lubricant base oils, comprising a mixture of paraffinic hydrocarbon
components wherein the mixture of araffrnrc h drocarbon com ponents
have optimized brancBRgL ksl ibE Db Qi it mixture

of paraffinic mm@amt%mm@rmmowﬁm%@w

amounts otgpranchrng overall with the b%nchrng concentrated toward the

center B TE et b RS S BITROREICIEST THEDrESEM RYON also
Felates to protfagse‘sﬁe&ﬁogargdu@mgmsedahmeaeﬁba‘m@isffsrom(y\ra)}yl32

feeds anfj commet craI fhnlﬁ‘g/heéjosl%pn {%rrsr se | S%rvihﬁbasem

oils. It has been SUrprising ubzr?oarn 5866
kinemakesoestosities Greater than about 3.2 cSt at 100C, optimizing
branching can provide 20 exceptionally low pour points and extremely
high viscosity indexes, that are greater than the Target Vrscosrty Index, as
defined her&lBIAB '::f‘: ey BARR NS B30 LA H STERAL B ESENEHGURE) B TS

1@means that thﬁ@&fd@ﬁ%@&t@@d@%l%ﬁeﬁm@e oner@ttrﬂtﬁsmcr a mixture of
hydrocar bo components having low amounts_of branching overall “with

the braR RS SRR CLHEE BF TRE HGIRtReslsl hydrocarbon
Lu brrcamlbmmﬁ&mmmmngdpﬁéaﬁtuﬁtg hydescaiitncompemie atsipiting a

optimized aving kinematic vrs osities grea han abé) t

3.2 cStat %‘5?)@1 e prof ﬂocgeagj 1;1/‘z’;to%]%)jmrt:)lnzgstﬁ‘foln o?gu?tlﬁéq \Ijrmchm" Have low

hydrorsmmmﬁhrwm@@vbgaﬂsm&eﬁt@demmg cdcentding tovthe the center of
{ presentinvention, g wapy J%%%ta SUBIRC é?gséﬁﬁﬂgtg%p% roig ategt%%%'é’c%ssns of

process under conditions such that an interme |somera €

comprisiFrfiraraffiie Wpaieseanrsn SBroneats Freling épectictbieliththe]

propertlglglrﬁa{)otrsrg&gpgmgcr@tggmgg%ggmerate is then subjected to
solvent dewaxing under condjtions to provide a Iubrrcant base ol

comprising pat=fihic Ry ERBLSRsOh EIsOrE R Rithoonarh e Brafdhikg smatc
and hawigaikinematc Miscosity: 6. yrSaterttan, about-ong 6&&16&&@@& provide

a'he progcess of t resent mventror&re%ults Iubrrca t ba e oil
2 . tzon? Yt éaur C% % & 210 eX VISC s#‘h es, i tare greater
oomprrsrng aratffinic f rocarbon componen s ith ‘opti zéd- Branchi

such th&tthére BrgdoVissmonnitsiof, bﬁ&t@&mrgbomalﬂmﬁmmegmmocording
concentratgd ﬁ%\é‘éitqﬂ%‘ﬁti?&[‘fﬁi At e molecHies: tﬁ%‘é‘ c?ﬂ‘ESQfaQulQé %@ﬁg”ﬂ&

and 5 branchrng position can be determined by NMR Analysis.
paraffinic hydrocarbon components having low amounts of branching overall with

the branching concentrated toward the center of the molecules.

25 Lubricant base oils comprising paraffinic hydrocarbon components with
optimized branching and having kinematic viscosities greater than about 3.2 ¢St at
100°C can be produced by 2 combination of 2 mild hydroisomerization followed by
solvent dewaxing. According to the pressnt mvention, a waxy feed is subjected to a
mild hydroisomerization process under conditions such that an intermediate oil

30 isomerate comprising paraffinic hydrocarbon components having specific ’m‘zmto'mncr
properties is formed. The intermediate oil isomerate is then subjected to solvent
dewaxing under conditions te provide a Iubricant base oil comprising peraffinic

hydrocarbon components with optimized branching and having a kinematic viscosity

6



It has been surprisingly discovered that minimizing the overall branching
while maximizing the branching toward the middle of the lubricant base oil
molecules provides a lubricant base oil with exceptionally high viscosity
indexes and low pour points. Accordingly, high quality lubricant base oils
with 10 exceptionally high viscosity indexes and low pour points are
produgester Definitions Thefelloyerty teinsvitberusedrthaughaiticneesults in a
specification and wi|l have. the follQwin anings unless otherwijse . .
oAl T8 S Or AT L O Care R AGRI BBtk primized
meankrhetitiysthiattionsteaniporgprothisbifbepreblionoorigihatiels frobnaorhing
© Progyeert Al S e b2 7 ARNREILIBRIC AIQGERD  ABhine and

g :
hydrocarbon feedstock" is a%éec? or stream comprising molecules wi

3 carboPFHGHBEPOT TR0 a MG frivmipacdoiitBoimedsiterally above about
600 20 F (3166 hetheneanhiydipearhen feadstoeksselulinthe branching

processes disclosed herein may be synthetic waxy feedstocks, such as
Fisch& SRR ey Hyarocarolng o Hajheacerived Fromraaiths ol
sourcessubk aspeEolsumaxes. chublicantpase-0i ImeanscasipBliRRes

or product meeting specifications.fo a{n}lubr'c t base gjl. Lu icq t base
b bt S e e SO e

10 inventiseeiioastiydrigisuireriiiondsatvent dewaxing processpaddchave
optimized branching properties. Additional properties of the lubricant base

oils provided according to the present invention include initial boiling
pointsif#Héo¥ange of 600 to 950F, end boiling points in the range of 800

to 1200F, visgpsitieswinthesange &f&e%xt@u%gﬁh%w%m%%% will have
indicZ%in the range of 158 tq 240, 30 preferably in the range of 163 to

220, Ed%’(?r@%é‘?@?éﬂ?iﬁ“ﬁﬁ?%ﬁﬂ@%ﬂ%% #500. The lubricant base

15 oils further haperpadripeintFiesstheo 8k spretetabhplesssthasaR @ make

prefergbl¥ <-15C, and even more preferably less.than -15C, and .7 o etoe
prefera% ﬁﬁ’t%&%n{)&é} %}ggc%n - 1{5'('33{.} e B}‘)é?%ﬁan Pbade't :ééﬁ%lléf/da Lgpme stage

have &load:gebintErivpthermness. of +5 to -20C. "Hydrocarbon or _
hydrocarbonageousy Means,f £ompend orsupsiance 1hat, containg e ve

hydrogen and carbon atoms, which may also include heteroatoms such as
5 oxydéH: SEHEPBPHIRSGEh “rFaretarisarshyiinaaris ermesmpirrae about 600
20 number derivett frops KingMatie wisea iYL ISCesit: ideXecEhR STatgeted

Viscoﬂg}(elndex is calculated %

e
1 may be synthetic wa &gedstecks, such as Fischer Tropsch waxy

hydrocarbons, or may be derived from natural sources, such as petroleum waxes,

“Lubricant base oil” means a fraction or product mesting specifications for a

hibricant base oil. Lubricant base oil fractions are provided according to the

25 processes of the present invention by a hydroisomeration/solvent dewaxing process
and have optimized branching properties. Additional properties of the Iubricant base
oils provided according to the present invention include initial boiling peints in the
range of 600 to 850°F, end boiling poinis in the range of 800 to 1200°F, viscosities
inthe range of 3.2 to 20 ¢St at 100°C, viscosity indices in the range of 158 o 240,

30 preferably in the range of 163 to 220, and more preferably in the range of 165 to
200. The lubricant base oils further have pour points less then -8°C, preferably less

than -8°C, more preferably < -15°C, and even more preferably less than -15°C, and



following equation: Target Viscosity Index = 22 x In(Kinematic Viscosity at

100 C)+132 10 wherein In(Kinematic Viscosity at 100 C) is the natural
logarithm of Is nematic Viscosity at 100 C. The determination of Target
Viscosity index is illustrated in the Figure. "Alkyl" means a linear

saturated monovalent hydrocarbon radical of one to six carbon atoms or

a brandeid aatFaiBaARER G afelit Aydrochis dHPrdRAISE tieeh 2188 kghelound
carbonptems. Reaferably, thealkyligroups are methyl. Examples of alkyl
groups include, but are not limited to, groups such as methyl, ethyl,

n-propyl, isoptdpiharsbutydr schutyh secstuty|, hdsutyd, copentyd, @dithience thet
like. F@%ﬁt&ﬂg %9&!)'37@1?%5%4%&90&?&%0@&%H{&%E%%EQ&?ESEB fe?&%%?ar}ns_ such as
atoms in an |soggra‘?un_t at are. locatéd at leasts carbons from a termina
€arbon BNE&-CABBI9S 1Z0&Gay from a side chain. It has been surprisingly
discovered that libricant Rasenais wath kingmatic,\viscosities greater thatztic
about 3.2 ¢St at 100 C comprising paraffinic hydrocarbon components

having E@FP&W&@&F‘@&CBF%{HE%@ EFfiES (OtiniRetrralchintiave i
extremeyihighovgeasity: indexes and excellent low pour points. The

Viscosity Indexes of the lybricant base oils,of the present inventi r

greater than tﬁz”%a%é?‘\%@c%gﬁijn%%& OFthé i ;.l.t%r%e%r% %a&ﬁég\ﬁéggﬁ%
lihdexessdtthie lnBficantbasascistyof thed giesent:inventio v gratigreaftélithantic
the Targel Viseasityinderat fie.alplus 5. Asdefited aove. e TAIGEt o i
Viscosity Index is viscosity dependent and is 30 calculated by the
followingiebigtion: Target Viscosity Index = 22 x In(Kinematic Viscosity at

100 C) +132. “These fibricaniase:Qlls COMBHISS RN R RARHIRIGT one 1o

hydrocarbon components wherein the overall mixture of paraffinic .
hydrocafb A et SHEAtS REE S oM RArBrARTHR ~THes b s of thres to
1base oilg gompbisingoparafiniehydrocanen eompanens Wit optinizedaTiy]

branching are.produced from waxy f eds. The present_inyentign also

olates (5 S/ATGHIETE B RO GTATEE Welis KOG proGEREge BF AT

_the Iubrisagsmbﬂse.«bﬂs,fbﬁ&ﬁe%p’tesgmzm,e%nﬁqtyljﬁhpsméfrmédliaatékeiI _
isomerates of 5. @&%%%%H%%egﬁﬁﬂ FOMREAING Bﬂfé‘lﬁ%ﬁbu l%E% r&%‘.%ms in an

components having specific branching properties. Accordingly, when
intermeéhieRerisbribrfes aratebparted carbaprsam bATEoHS ctwmdchprrbons

Jdase oilgeamprise Pasaffipic hydrocarbon components having optimized
branching properties. The intermediate oil isomerates

It has been surprisingly discovered that lubricant base oils with kinematic
viscosities greater than about 3.2 ¢St at 100 °C comprising paraffinic hydrocarbon

comnponents having certain desired branching properties {optimized branching) have

| 3]
h

exiremely high viscosity indexes and excellent low pour points. The Viscosity
Indexes of the lubricant base oils of the present invention are greater than the Target
Viscosity index of the oil. Preferably, the viscosity indexes of the lubricant base oils
of the present invention are greater than the Target Viscosity Index of the oil plus 5.
As defined above, the Target Viscosity Index is viscosity dependent and is
30 calculated by the following equation:

Target Viscosity Index = 22 x In{Kinematic Viscosity at 100 °C) +132.

These lubricant base oils comprise 2 mixture of paraffinic hydrocarbon
components wherein the overall mixture of paraffinic hydrocarbon components have

8



10

‘ends of the I:%%ro arbon chain of the paraffin w@emgtt%rgl%%h ; arborﬁ

15

20

30

are comprised of paraffinic hydrocarbon components in which the

paraffinic 10 hydrocarbon components have tow amounts of branching
overall. The intermediate oil isomerates are converted into lubricant base
oils comprised of paraffinic hydrocarbon components having optimized
branching properties. Optimizing branching properties according to the
presesfinyentinn,aeansHial tgparaiinichydreearan CompeReRSocarbon

have low amounts of branching 15 overall with the branching concentrated

towartPPRCEEH ey Of (RL RIBHE SR e IE S G SPHE BT Sriehi A owaramraent
ends afvthesnalesuesdstminimizathtd bie bsanches aade parafiifiees of making

hydro&%rﬁ%pm%% onents foé the lubricant hase T?iils and in(iermegiate oil

iIsomerates are a aﬁfeB}rlgsnoché%ﬁﬁs?ﬁtqugﬂégﬁt bas& STEEhaiStermadiate of
oil isofirerates! thecatkyl bramches ame fireddminactiyomethylduantchosng 20ecific

CH3) ., Acearding to.the: present invention, in, the, lubrisant Q%%r,gﬂ%am%oﬁverted

branching properties are optimized. The branching properties include the

extentOMBPSABhREE eitfel e HSHIB P45 eI ngisT Rereikeip thyfirocarbon
branching ambeepasmas:Ry thenaunpherofalkyHianghes- P gNe R erates

number of carbons of the paraffinic hydrocarbon compaonents. Preferably,

the extEr B RH CHiRE e SO By e DB MG R SRS
per 100&arhons chhepesition efibranabingsisfoeaskiecbvelstive to the

. ntermediate o1l 1sDmperatts are conve asc 0
being the 1 pos&%n, & nextin a jacen carbon being the 2 posi |on,]t e

su bse@ﬂm*ﬂcémﬁﬁgmwgc&’mm@m@wtsbmmm bemtéigf

the hydrocar 9@?@&&%@%&&8&% ;ﬁs&e&&%&%ﬁs AYNQCANRNL ion
chain may be 30 illustrated as follows:"CH3-CH2-CH2-CH2-CH2-(CH2)10-
CH2-@Mgnehs.- Brparefme Byiguhe 2og1popaaty iy inteyraadiats eibranching
isomerates areiniermediaie: produgte:al the RogesiR: Brake the-lipricant

base ojls of the present invention. The intermediate qil isomerates are
producSaBY SHBjECHRGA WAk REBE 1 &9 ¢ hyarBREmER SR B2ed
process usingha bpeciic class pirsiapeiselectiversatatysts-thabimpattAcant base
large degree i%fe%%‘?'&%'é‘ﬁ teduction Ya‘r’!?ttiﬁ ’{35@5%%@%. degres ¢ %%%PBQS'Q dits amd
The |ntermed|§1te O_I ‘|somerates are solvent dewaxed to provide the
lubricahtebaséisisbithiagprsciic udhtorrbacesrdiedooinhetipresént branches (-
inventief, fha Wotermediale oibiAMArates CONRNISG, LRAAMAIC fe brasching
hydrocarbon components having specific branching properties. The _
properties are optimized. The branching properties mclude the extent of branching
and the position of branching. The extent of branching can be measured by the
number cf alicyl branches per a given number of carbons of the paraffinic
hydrocarbon components. Preferably, the extent of branching is measured by the
number of aticyl branches per 100 carbons. The position of branching is measured
relative to the ends of the hydrocarbon chain of the paraffin, with the terminal
carbons being the 1 position, the next-in adjacent carbon being the 2 position, the
subsequeni-in carbon being the 3 position, and so forth until the center of the
hydrocarbon chain is reached. The positions on the hydrocarbon chain may be

Hustrated as follows:

CHa-CHy-CHy-CHy-CHy+( CHp o CHa-CHp-CH,-CH,- CH,
1 2 3 4 3 5 4 3 2 1

o



intermediate oil isomerates are comprised of paraffinic hydrocarbon
components having low amounts of branching overall. In particular, the
intermediate oil isomerates comprise paraffinic hydrocarbon components
having less than 7.0 alkyl branches per 100 carbons and preferably less
than less than 6.5 alkyl branches per 15 100 carbons. The intermediate

oil isomerates are solvent dewaxed to provide the lubricant base oils of

the present irttenitienmAdieordit drto:theprasent-imegtioprdbectubrigantocess to
base oj ' ffinic hydracarbon components in which the |
branch?%ﬁimgé%?r%%@gg% Beoﬁj%?lfc%% base &&Cpigﬁor%pﬁg% %éer—“aaﬁﬁ F&i%te oil
hydrocaitienasmisonetis 20bhiavinerbiimivad Brahchingiid tlydtokenerization
paraffini, bydragarbop.companenisplibe. isamerales have c}%\%’a%rg ?ﬁegé%Fgre@

of branching overall with the branching concentrated toward the center o
the moRIGIELIR BarHEHRT HE IUBREaRTLIRsESSIN oRtiise Facifipmediate of]

hydrocarhesnaeompesncsts haviradesstRan &l REA0ches net 180 present

carbons, preferably less than 25 7 alkyl branches per 100 carbons, and

more prafetaBly less than 6.5 alkyl branches per 100 carbons. In addition,

the ]ubricant Baserdits C@mﬁr@sa}.ﬁﬂrﬁﬁﬂﬂmﬁgyﬂéﬁlﬁ@fﬂ@@iﬁ@m@%@m&es comprise
1aving Jes h%n 20 wt% branching at the two position and _preferably less

than T A 19 G B S B ehae

low amipvReoRE el chingatthertwommussthrde poitivrig;dpoeferab v tessients

than 36,2zt andhmare Arefeially desaihan S0, Buthermore. (e

lubricant base oils have branching at the five or -eater positions of greater
than 4530 BFCCARIESHREFEFERIY réatarPraAcsm werss hovin lgesriaraly0 alkyl
accepteghinibenart iiat tis.Lasientorntenues  uhicanthase salls mth Jow, o
. kinema{icﬁ%viscosities, generally less thanabout 3.2 cSt at 100 C, and
%aving pPoints, than it is to produce lubricant base oils with higher
kinematic viscositiesymdtichealfidharetde sirakble sAUeReIRS e was affinisrican:
5 hydrocarbon malecules comprising lubricant base oils of I,ownkinematic )
visco‘si(t)%)eag“ %1% of r&%’iﬁ?@i‘;‘g g Vgr & a‘?‘gfﬁﬁ?%ngn%iﬁlg PYEHB AN TS g ubricant
about 2B5sarBorstipritengta fSince fiubricamt basecoisthavirigdetativelydans is
kinemagie wiscenties Aiahaslalivalt sHrter BRI EBANS, IR monens
, lubricant base oils generally require fewer branches to reach a fow pour
2Doint. 107N SEFASEChigRRFVRESS M tsreantibirkySiesedmiprigaponents of the
paraffinigfitdiacaron-malesulesebinearChaniangiit: nhese-0BIRErated

araffinjc
P toward the center of the molecules,
In particular, the lubricant base oils comprise paraffinic hydrocarbon

components having less than 8 alkyl branches per 100 carboms, preferably tess than

2
Lh

7 alkyl branches per 1 00 carbons, and more preferably less than 6.5 alkyl branches
per 100 carbons. In addition, the lubricant base oils comprise paraffinic
hydrocarbon components having less than 20 wt% branching at the two position and
preferably less than 15% brenching at the two position. The abricant base oils also
have low amounts of branching at the two plus three postiions, preferably less than
30 25 wt% and more preferably less than 20 wt%. Furthermore, the lubricant bease oils
have branching at the five or greater positions of greater than 45 wt% and mors

preferably greater than 50 wi%.

16



hydrocarbon molecules of higher. viscosity lubricant base oils,-it is much
more difficult to isomerize to low amounts of branching and obtain a low
pour point. In addition, it has been previously demonstrated that as
branches move 15 toward the middle of linear paraffins for butyl, phenyl,
and cyclohexyl branches, the VI declines. Therefore, it would not have

been thought desirable to produce a_lubricant base oil with branchin
placement (OWARHIRE CeH B O I BAPATIR G R, G e e
surprisitgrtiai dolrigesoyconbingtwitkniow!aieuite eboutanthifig) 100 °C, and

providgs, a Jubricant base. ol with xceptionalyigh Mis ane: l&%@@gﬁéﬁo

points. According to the processes of the present invention, waxy feeds
are prEREBAEYISCestITa Wghal s HERiGvE ahis ESiRstnEmbnPamREic

s placementefHaranehingdi-enoptimized pranching)nd bersiameluksicantosities
base oil§ with high viscosities, low pour poigts,aﬁ&q. ex_ceptionall7y higﬂ )
VI's arB proteEd S TIeE RIBHCAT BER e sFhe FrodaR et mo oA REe™
kinematigiisSosiiematA004L: giealerihadabeit B:2 EStnprefetadalyties are of

b?t""egﬂaﬁ?f&‘dt&@%&&aﬁ‘% SDOULZ0 £ i, addit 5‘3&5‘35"491{%9315;% DAL: fewer
oils of the present invention comprise average carbon numbers of greater

than aboat!2? iprefdratilysgpeaterothiin about 30, and more preferably
jpgreater than ghout 24 and lessthan.about £0+3Q The exientof hraaghing

and branching position can be determined by NMR Analysis. 11 NI\

BrancHiFosmausns rHE S aineREry properie o iR RE0FRETEEEBHs

and intgrmediate aibiisameratasint he-pipsentioyeion Ale feiermingd .

by analyzing a sample of oil using carbon-13 NMR according. to the .

fo||owiﬂ%f%q§\%f%@ﬁls?&sé%§9mﬁ%ﬂ% $ %r%‘i‘féﬁ%%cgoé?é%ﬁdﬂ%’ri’%ﬂ%m

process providedieiatisiohibedqeropesssitpscStepsaledahat 2sananches move
pertormea A onde Il malcrsls T A nen pracess L AENN s o

CH branch centers and th fermination-points -usin
DEPT Fliselzeguhes{Doddrstiidip: hpyeh e dypuvhRicBeridalb todsalk

of Magpgtic Res0nanced 982 4% 323010 2ok Mer b the @bsenes Ot fin

carbons initiating multiple branches™ (quaternary carbons) using the APT
pulse SEBlGEMESTRHTS SUite TUNTISHE SlahY OIS Hfn SPENRSY gt iow amounts of
ResonansRii82:48d &30HD i S ARSIORTtREM KOS Brame i ganoDiand low pour

5 Oresonag&%ts_s.to specific branch
According to the processes of the present invention, waxy feeds are

processed in such & way as to achieve this desired amount and placement of
branching (i.e., optimized branching). Therefore, labricant base oils with high
viscosities, low pour points, and exceptionally high VI's are produced. The

25 iubricant base oils of the present invention have kinematic viscosities at 100 °C
greater than about 3.2 ¢St, preferably between about 3.2 ¢St and about 20 ¢St In
addition, the lubricant base oils of the present invention comprise average carbon
numbers of greater than about 27, preferably greater than about 30, and more
preferably greater than about 27 and less than about 70,

30 The extent of branching and branching position can be determined by NMR

Analysis,
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positions and lengths using tabulated and calculated values (Lindeman, L.
P., 15 Journal of Qualitative Analytical Chemistry 43, 1971 1245f; Netzel,
D.A., et.al., Fuel, 60, 1981, 307ff.). Examples: Branch NMR Chemical
Shift (ppm) 2-methyl 22.5 20 3-methyl 19.1 or 11.4 4-methyl 14.0 4+

9.6 internal ethyl 10.8 propyl 14.4 25 Adj acent methyls 16.7 4.)
NHHE. FerRRiE T dgabhisy of branch occurrence at different carbon
positions by comparing the integrated intensity of its terminal methyl
“carbon to.the ?ﬁ%ﬁ%ﬁg‘&%é‘?ﬁ%‘ﬁ&ﬁfﬁ%‘ﬁ e e Presgray Auhipemediate o]
carbonspeferaniectiie: jctag: Mixiure) 30 ks thedniqus.case.of henic of o1l
2-methyds?lgagg%b V\{rllg th the terminal and the branch meﬁwyl occur at
the samé Tesonance postioh “theTRISHERy WAY B ided By Ptwachetdreicr nces
doing thetfegubndysofipianchiocotivengecaltoutation o1 i the Asmefay|Steps 1
branch fraction. |§6§%§Hé§t§§if@ndtﬁ%g%}zfgie%ag%%%%ggut|on to_the 4+

methyls must be subtracted to avoid double counting. gﬁle&gfé%ﬁea%é the
Free Carbon Ihdex usifgfiéeslbLaech avategarchibotHnbmiérteftherion points

sample ﬁ’d?ggthﬁ Wﬁ@&[@@eﬁ&&é cmcgs}?;@iys,@ %ﬂ%ﬁ?ﬂgﬁQﬁ%%EpJoumal

1062305. The Free Carbon Index (8 Cl) is a measure of thé number o

- carbon éf&ﬁ‘fg’fﬁ"érﬁfg%ﬁ%ﬁﬁ%ft afe6tchted at least 5 carbons from a
tterminal carbomjand VesarBons aseysioma:side ehainmTlihg RYSLage.s

carbon numtber magrﬁ)e ﬁermi{geg&l\z}e{ith sufficient accuracy for lubricant

material By HiRg e Mot IS et of THESaie By-s4-@hanoolery,

formulaJweight gfiCiziz}iMeleeutae Wght dnayse) 10 determined by

ASTM D2502, ASTM,D2503, or other suitable.method. Accordin%gég he

present invention, m?[ec%?ar Welg%t iS prefleFéﬂy dre%err%wnl%eesﬁqos)}j \jranch

D2503-02589r€ addurasithesBednbiinier lmoéxa(Bijatxidy Bran chimtpRroximity,

1BP) using he caicuiations descrineeiin Yo, Batem NO.8 Q90089 1y 4 ot 4.

Branchi?g Index is
uel, 60, 1981, 307,

Examples:
Branch NMR Chenucal Shift (ppm)
2-methyl 22.5
20 3-methyl 181orll4
4-methyl 14.0
4+ methyl 19.6
internal ethyl 10.8
propyl 14.4
25 Adjacent methyls 16.7

‘ 4.) Quantify the relative frequency of branch occurrence at different
carbon positions by comparing the integrated intensity of its terminal methyl cérbon
to the intensity of  single carbon (= total integral/number of carbons per molecule
in the mixture).

30 For the unique case of the 2-methyl branch, where both the terminal and the
branch methyl occur at the same resonance position, the intensity Was divided by

two before doing the frequency of branch ocewrrence calculation.
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15 the ratio in percent of non-benzylic methyl hydrogens in the range of

0.5 to 1.05 ppm, to the total non-benzylic aliphatic hydrogens in the range

of 0.5 to 2.1 ppm. The Branching Proximity is the % equivalent recurring
methylene carbons, which are five or more removed from an end group or
branch (epsilon carbons). 7.) The number of branches per molecule is the

sum of the bl%?k(;f S 20 found.in_step 4, 8.) The number of alkyl branches

per 100 carbon &6is &t T&W&@W*P&ﬂ?ﬁ?&%ﬁfﬁ%@?‘%ﬁ%%%é@ pRftribution to

molectile {stepT)times: 1O6ihumbdriofcatbansumpesomealecule.

Measuremen%sb anbe %%Efo&mgregg m%Dnn}/ Fourier T an%[a u{{g%gﬂ R 2% carbon

spectrometer. Preferably: the measurements are
spectrdieer chAvingainanhibe ofRIO Tromghediel INVGR. casgss aftatescribed in

sverificationgay IMassn SR OGN o dd VRFARN M éﬁﬁé"%&g‘ﬁﬁjﬁﬁ Pgﬁié%rbon

carbons were absent, the spectral Wldt was limited to the saturat

carborf TR BA0REERD TS A tiswalh cBRASH AT, 2 oA s Bbon and

15-25% WW@&M@@&%Q&W% exsjied 3000y AIsesfoloMerined
by an Q. the%ﬁ gl isition tlr;%) In order to minjmize non- uniform |ntFnS|t
data, the proton decoupi é%%&%a&fdﬁa&‘fﬂﬁ%@ N s fu P priory et of

Estiprer
the extitationppruisel didioichuring dghuisition,) Tplazbemewmgm]ﬂm%

lDrangeddgE%&lg‘agog mﬁ% ;&e E&EIP 6‘59(}'3; or ﬁcfﬁe us e met og a eg%mm

out 13 according to Ilterature descriptions with mimor ons escfi

in the VatiamereB iatoparating marniglis mmm&mmm&ss ASTM
Enhangementby Polarization Transfer. DEPT does not show
guaternaries. The DEPT 45 se%uence gives a signal all carbons bonded

to 5 protons "BEP T YREWS BrmckiBsAedshI B DEr Prashtolis Gritag?)
CH3 upsantkiek2ichdd; slegreestedtiofiphasgddonn) AR bis AtlaehRd e index is

Proton Testh It.allows II car ons 0 be seen, but if CH and CH3 are up

then quaternarle erce CHI&reS R AN TR R E@@ﬁj?frﬁ}tﬂ&tl 03
every lpanch Yh@thigali shmb@héz«z@hp@eﬁraeﬁpﬁm@mg Cik Angkbeomedtyisppm.

are cle%glg%ﬁgﬁ@dp%é&%ﬁmgc% )Il:t %{1\% Rh, I,sE%mB\oth ar % de rﬁggegv Hich

in the references cited. The branchlng prope l6s Of each
determfiffed By aues: WF@%@R@%@@WGW&H%@MWWM%&

the entire sample offiybrigaRLRASE.Q, Or JRIGHNEAIAE QlL ISOME e WA s

|so paﬁffln‘ Correctlons were not made for n- paraffins or naphthenes,
WhICh EB en present in the oil samples in varying
The number of alkyl branches per 100 carbon atoms is calculated

15

from the number of branches per molecule (step 7) times 100/mumber of carbons per
molecule.
Measurements can be performed using any Fourier Transform NMR.

25 spectrometer. Preferably, the measurements are performed using a spectrometer
having a magnet of 7.0T or greater. Tn all cases, afier verification by Mass
Spectrometry, UV or an NMR survey that aromatic carbons were absent, the spectral
width was limited to the saturated carbon region, about 0-80 ppm vs. TMS
(tetramethylsilane). Solutions of 15-25% by weight in chloroform-d} were excited

30 by 45° pulses followed by an 0.8 sec acquisition time. In order to minmimize non-
uniform intensity data, the proton decoupler was gated off during a 10 sec delay
prior to the excitation pulse and on during acquisition. Total experiment times

ranged from 11-80 minutes. The DEPT and APT sequences were carried out

13



15 amounts. The % total naphthenes in the lubricant base oils were

generally low or absent, due to the mild hydroisomerization dewaxing

process used in the preparation. The naphthenes content may be

measured using Field lonization Mass Spectroscopy (FINS). 20

Feedstock According to the present invention, the feed to the process to
producétantieait Basasidosaty optimitdrveandhiig desalweptyed in the Varian or
hydrocarhese feed. Themaxy. hydrocarbon feedstocks useful in the

processes disclosed Tu—:_-rein.may be synthetic waxy feedstocks, such as
Fischer TropsEhwaRy HehiiearsoReaiae sty detived2s Tonskatlil T does

fk?urceﬁosma@m Hﬁi@*m@_mﬁ%ﬁ?%@%ﬁ%@ éh%sgx%@ﬁ?fsﬂ%% #Baded 1o
e processes rise Eischer Tropsch derived waxy feeds,
%etroletﬁ’?ﬁjﬁwv%ia'g@%y Qﬁg@g ai@fi@%@% LU oS DitkOTRSre R i up and
stocks, THlgh3dcisepesnpdlyaiphattefins AloDts atscinarmalalpba, olefityws 211
waxes, deoj xes, ~and microcrystalline waxes, and

ure e B o ST EaeBE St AR Bl e v
Fischerﬁmﬁémwefwfsl A babstantialaproportivhsbbthehuaxy ceeebonding
comprises MAleGIgS Mih 2-CALL00; AUMBEH %%%p%{?&u‘%?%ép %'S'FQQB i are

(ﬁ]oint generally above about 600 F (316 C). The majority of the'molecules
1%h the wissPPAGEBaremrgReT Fdlecular weight n-paraffins and slightly

branched paraffins:whichs sesibute tetneway datueelihe fead- Thenm

waxy hydrocarbon feedstqck ma;ﬁ)e hydrotreated prior to the process as

described KersiA T aeSrarsase kT oBp St Sy RtesiapristafdBRicbase oil
waxy feedstacksiofidhé presaat:inveniiopareidrrives:HammRissheh: made for n-
Tropsch waxy feeds..In Fischer-Tropsch chemistry, syngas is converted to
i Ny e Sy PR R ST BT A B g GG B varvig
I eactiverouegnditions @yjueplifsemetiiahe labhdoaptionalbjdhrearigtneraily low or
hydrocaghens (athane apt RSN CADH8S eﬁl&éﬂlﬁ%‘;%‘c% conventonal
syn.-as generator to provide'synthesis gas. Generatly, synfhess gas
containEFRAFGEn Hifd erhiBeRchToRGRitE 25 mreyuipkistie Fnodfonization Mass
amountspeteashgr dioxige and/or water. The presence of sulfur, nitrogen,
halogen, selenium, phosphorus and arsenic contaminants in the syngas is

15 undesirable. For this reason and depending on the quality of the
2B8yngas Fitegstock

According to the present invention, the feed to the process to produce
lubricant base oiis with optimized branching is 2 waxy hydrocarbon feed. The waxy
hydrocarbon feedstocks useful in the processes disclosed herein may be synthetic
waxy feedstocks, such as Fischer Tropsch waxy hydrocarbons, or may be derived

25 from natural sources, such as petroleum waxes. Accordingly, the waxy feedstocks
to the processes may comprise Fischer Tropsch derived waxy feeds, petrolem
waxes, waxy distillate stocks such as gas oils, lubricant oil stocks, hiagh pour point
poiyalphaoleﬁns, foots ¢ils, normal alpha olefin waxes, slack waxes, deciled WaKes,
and microcrystalline waxes, and mixtures thereof. Prefarably, the waxy feedstocks

30 are derived from Fischer Tropsch waxy feeds. A substantial proportion of the waxy
feed cormprises molecules with a carbon number of Cygw and has a boiling point

generalty above about 600 °F (316 °C). The majority of the molecules in the waxy
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preferred to remove sulfur and other contaminants from the feed before
performing the Fischer-Tropsch chemistry. Means for removing these
contaminants are well known to those of skill in the art. For example, ZnO
guardbeds are preferred for removing sulfur impurities. Means for

removing other contaminants are well known 20 to those of skill in the art.

It also P@I:?@E@ ify_th ngas priar to Fischer-Tropsch _ .
reactor?%;@%move gg%%é%%ﬁ%%%g%rﬁn éﬂaﬁi‘%é&%ﬁ%@ 8%%?8 iSRS Which
and ar{Pagaisralsurar cempeahths frstialready removed. This can be

accomplished;foxexampie-ay soriaeting mg}sy@%a%@@ dly akaling ... .

|
solutio %e.,g. agueous potassium carbonate) in a packe c%?bmn. 25.1n
the Fis%?f E%E@@Fﬁf&&@ég‘?contaaing a synthesis gas comprising a
Smixture of H2 and CO with a Fischer-Tropsch catalyst under suitable
temperlaltlégeer_%ndvg){g§§SU{§egeactive conditions forms liquid and gaseous
hydroc : =Tropsch reaction is typically conducted at
temperaturestofiatdin, S00WA0P Fec(k0i8 HE@)e preferabiy-aheniders20 Fom

(204-228G): pressures,of about 10-800 30-a5ia, (0.7:41 bars), preferably
about 30-300 psia, (2-21 bars); and (I:ataﬁgr:[)r %gga?éec \?%ClﬁéssgfnogaéﬁsoUTn' eried to

100-107681 BEfGARA PR BT SRA AB Gt FoDLS a0 sergthroaBRahples whtive

1cconditiensafarneriping Hisghar: LHRSEHAURS Feacionsare.wslls kDowD nq4
to those of. gI” m%)he art. 15 The products of the Fischer-Tropsch

or.s
syntheg‘“r?w S T AR G ORI REb B e Rp g ETRag BrityPde TResis

to Cioogaratigaeriiie, seation ganbecortdusied: e Vate8a&0hd may
types, isﬁjc%?d"éls f.ixoerd b%d angg% co&taigin%%%ze or more catalyst bedsi
slurry réactors, fhiidized bed reaciore ors CSHBiRAtRn DrRieraAt figals
reactorsiSgih heletiorsgrotessewaidmeactorsardcwettimoamsandhe syngas is
gdocum inthe: literat -ischer: Tropsch process, which

13is prefe%%%%ﬁ%ﬁé %é’g?g%g{)%?%—gﬁ ?r?%/égé}t{lolﬁlg uqt‘ﬁqihees %%f)%fr%];“ eesé[%l?grsde ®
mass) FEFRETER EnErasts feits fof aleestratigninexisthierniie dywifresis performing

reactiomargdsealate-tadarodiseerelaivaly Riohmelecuard 0owaightnts are well
paraffiq{ijcl: Q drogg};gbor}s when using a cobalt catalyst. In the slurr

A Siurry
yhEES COPTSThE 8 Fhixtare TF TR ardGeh <t eaiish proferred for

process, & syf
monoxitgewsibalsbléd ppasiiestiitdzphase dhiough arshusrahiethts are well known
aFompriges a particulate, Fischer-Tro sctlit e.h rcalg%%)n nthesis .
catalyst (ﬁéperseﬁn shuesapl)‘gf\%éliéqn gs ﬁ};%slllﬁ%%?% m Irg.ﬁ%synaaspmrto the

hydroc&isba: prethsebsresiothe e yenivesiserean forxidhish dresfiguithptitery i gas
the reaﬁi@@oﬁ%@@ﬂ?%&ﬂiﬂ@ﬂﬁ%lﬁf@g&ﬂ&&%@%ﬂ{ %%Qdﬂ%':‘n%&&fb?&s can be

monoxide ma¥ R _
accomplished, for example, by contacting the syngas with a mildly alkaline solution

{e.g., agueous potassium carbonate) in a packed column.

25. In the Fischer-Tropsch process, contacting a synthesis gas comprising a
mixture of Hy and CO with a Fischer-Tropsch catalyst under suitable temperature
and pressure reactive conditions forms liquid and gaseous hydrocarbons. The
Fischer-Tropsch reaction is typically conducted at terperatures of about 300-700°F
(149-371°C), preferably about 400-350°F (204-228°C); pressures of about 10-600

30 psia, {0.7-41 bars), preferably about 36-300 psia, (2-21 bars); and catélyst space
velocities of about 100-10,000 cc/g/hr, preferably about 300-3,000 oo/g/hr.

Examples of conditions for performing Fischer-Tropsch type reactions are well

known to those of skill in the art.
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broadly range from about 0.5 to about 4, but is more typically within the
range of from about 0.7 to about 2.75 and preferably from about 0.7 to
about 2.5. A patrticularly preferred Fischer-Tropsch process is taught in
EP0609079, also completely incorporated herein by reference for all

purposes. 20 In general, Fischer-Tropsch catalysts contain a Group VI

transition metalSaRCHHE &l Bt poiesTha sheiismomeyalsomentaim C; to
a nobleOngtatpromgaits andtancysialinednaleculan sieves, Suitahle.q 1

Fischer\;a‘lggﬁs h catalysts comprise one or more of Fe, Ni, Co, Ru and
Re, with Cobalt bag preferregs & %%@%@ﬁéﬂ%@ﬁ%@amte catalyst
comprisegseffectivesamovitsiokeobalt-andone ok MUBAIRZReFRM Rl

ke, 'Ni, . Th; £, @%Hr M .apd La on a suitable inorganic support material,
preferably one w %chegorr%%%%e%gﬁséag? more Teffactory etz Bdidegmysuted i

generall'tHéca®Ent of cobalt present in the catalyst is between about |

and about 5Gfﬁé?éﬁﬁ)pﬂ&%@}w?H'&%k}?ﬁ@slcgﬁt,%gﬁ%m P%S%I tioif_l : Tt‘zbee Eg‘]ﬁ&? of the

catalysts can also contain basic oxide promoters such To

MgO, dREFHER Piisitotersistdra s nd Zrop ot shetals(RicPi; RusTongly
Rh, Oscitrneginagametais {Gun At ﬁ%l@ﬂgp%ﬁ%eq@}m%%ﬁ%!ﬁe%yfmh
umi

s Fe, Mn, Ni, and Re. Suitable support materials include aluniina, silica,

magne\s}vi%\l%lr%‘dp PR DPYHREGFRERey Py ferrbal ot Biheslsaty process,
containinggatalystsreomprise ditanichldseld] eatalysisnanethei: is bubbied wpasa

preparation . e known.and illustrated in U.S. Patent 4,568,663, which

is inten?{léj(a%1 ]f(l)q?%%aﬁllﬁau ra%i\S/Iéﬂ%anlhlogrf?-ﬁ%ﬁH&%e?ﬁ?\%%%%@f\i@?%&@%‘im?e

Certain'tataiysterarmirsivnatel proliide ahiaindrowth robabiliiies thaare

relatively, tion products include a relativel

g 5 et o o e Ia T B AR St AL Ty s
How properierion wwditirele diampeittio(@3be hwlaxes: Geértaimatheronoxide may

catalystsoarevkaowiniaPiovide selatively high;chain %Béé’é_ﬁﬂfiﬁﬁ%g?s ge of

of low

and the rea%t)}c’)n Brgducts include a relatively low proportion

moleculSF{EX ) wdigHBTeting B H Rt &5 gt o FopbTabAbE figh
molecutartivgight ffs3ar)Waxbe:- Supkcatabysisiargwelkaowin de,30u .,
those of gkill.in;the art and can be eadé'l obtained and/or prepared. The

roduct from a FisCher- ITOpSeh procaes coHtams pRItdiRantly
2garaffins. Thdpestierets st Figcheh: Teopgch ceaationsigenerattyineltoe meial

a light geaction praduct.and a tion product. The light reaction .
product (i.e., the cqnde%aégtte %%)%% ?f%c%g eéf%]gy%'?%%glr%&r%s Bfireg Promoter(s)
below BYGT FOBRRGTUGrIEr Gisses ity Hirdtte Bistifidtefablsy, comprise

largely indbekd-G28sangeonith geateasifyachat being preferred. A preferred

Fischer-Tropsch catalyst comprises effective amounts of cobalt and oze or more of

=Y

T a5 Re, Ru, Pt, Fe, Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support
material, preferably one which comprises one or more refractory metal oxides. In
general, the amount of cobalt present in the catalyst is betwean sbout 1 and about
50 weight percent of the total catalyst composition. The catalysts can aiso contain
basic oxide promoters such as ThO,, Lay0s, MgO, and TiOs, promoters such as

30 ZrOs, noble metals (Pt, Pd, Ru, Rh, Os, Ir), coinage metals (Cu, Ag, Au), and other
transition metals such as Fe, Mn, Ni, and Re. Suitable support materials includs
alumina, silica, megnesia and titania or mixtures thersof. Preferred supports for

cobalt containing catalysis comprise ttania. Useful cataiysts and their preparation
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amounts up to about C30. The waxy reaction product (i.e., the wax
fraction).includes hydrocarbons boiling above about 600F (e.g., vacuum
gas oil through-heavy paraffins), largely in the Czc, range, with
decreasing amounts down to Clo. Both the light reaction product and the
waxy product are substantially 20 paraffinic. The waxy product generally

comprise ater,than 70 weight % rlormal araffins, and often greater
than 80 W%igg% %dnigl?r%né‘?tﬁ‘i/’r%% r‘ﬁs.PﬁT@tli‘bﬁ??@é@ti@ﬁiﬁ&@dﬂ@p@'wﬁpmes
paraffifits BrBHubm noithiarsigpifitant-prapartiensefaizghols and olefins. In

some casesihe i tion.product may. comprise as much as 50
weight %, and ev%%%,%c%ﬁg% %ﬁé"%& w%g,gﬁ‘ S e EBhr ek SRt are

produft¥5 1ot watamietion) Hsarmagrheadsed asadesdstoskionite

5 proc%ﬁ@ﬁ;ﬂfcﬁh@fBW%%?E&HM?'@&%-W%%?%@?%&}EQ i&%,l’éding to the

preseqt invention, the,waXé hydrocarbon feedstock is *30'su Qreprgortion of
hydr0|565rin%ﬁ LSHER WS HHreis a2 562 o primlvetingedmown to provids
intermetiats:oliomeregenugsaisomenzatenis piendsd o majoye the
cold fk‘%ﬂtWéﬁ?‘?&iﬁ% gf gﬁéubr}?tan;?%@ge oil by the selective addition o?_ .
branching into the‘mgf%cu RS (st ad @d?&§%ﬁ%@¥%@ééﬁ%ﬁg@ high
ideallPREPAEHie(8l Bighadentersiaghe@@ls pf waxy S@@@i@l@ﬁ’c@%ﬁi known to

10 iso-pagading w4 1 39 e mimieng he conversion by
; r

15

cracking. Accordin%go the present invertion, ny RPN is
conducted uSHS@R 5 Fapeadansbtivaimerhmuiate pareisizedeiacsiar

sieve phtythaisamepzafien watplysts.useful| resent inyention . .
compgiﬁseua shape selective interrﬁéeﬁg?asg%g%%%%oﬁ?oﬁg%ﬁ grﬁsli‘écééaaﬁd‘ght
optionally S CATAIYCHIR kiSRS afYgenTto i cborrstne pt@iua (i .c., the
refractonyicoxidelsufipn) tndhecphsass-ainteimediae, pate Size. ﬁ@”ﬁjﬁe‘?q “tail
herei%%%@%h%fg%v& pare a??wir uge in_the range of from about 4.%’to‘
about’10 7.1 A When the porous e ?Sg e oxia st therenseinaghféeemeasing
The sHap@Setaétiveointenmétiatemorasice poletiae SiBY eS8 udes

practiggipfths.Rtasent NyeoLl r rally 1-D 10-, 11- or 12-ring
molecular sieves, The Ereferreggorﬁo e%%ln FSievas ot fid THVErSH Aravsf

the 146G inGr gelieh i here 0% mit- et 2xiningmmole dolan siavgs

have 10 (or Bdtomt Astetrahadralvsepidingled Ao §d(1Tc%aaE%musz?s§é%&2{“ed
by oxygeps..In the 1-D molecular sieve, the 10-ring (or argerg pores are
para|é%}“§ﬁsﬁ‘8ac “OtREY HRGYGbSTBEHIS ABmIEEE TRtEIdesifibaticahtfs normal

intraZegiitens, and often greater than 80 weight % normal paraffins. The light reaction
product comprises paraffinic products with a significant proportion of alcohols and
olefins. In some cases, the light reaction product may comprise as much as 50
weight %, and even higher, aicohols and olefins. Tt 15 the waxy reaction product

(i.e., the wax fraction) that may be used as a feedstock for the processes of the
present invention.

Hvdrolsomerization

According to the present invention, the waxy hydrocarbon feedstock is
subjected to hydroisomerization in & hydroisomerization zone, producing an

mtermediate oil isomerate,

Hydroisomerization is intended to improve the cold fiow properties of a

Iubricant base oil by the selective addition of branching into the molecular structure,
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channels as 1-D, 2-D and 3-D is set forth by R. M. Barrer in Zeolites,
Science and Technology, edited by F. R. Rodrigues, L.D. Rollman and C.
Naccache, NATO AS! Series, 1984 which classification is incorporated in
its entirety by reference (see 20 particularly page 75). Preferred shape
selectivg, ' re size molecular.sieves used for . .
hydroiﬁnﬂ}egﬁiégt%grmﬁéﬁgggé %gﬁénug% r%ihnlj&rlﬁ BRGSphAELY ELppagvels of waxy
SAPO-EY, SAPO Y iserier s APOwileS RO st il SARD-3hH ArRBG ersion by
preferregcywith S APO-11 being most preferred. SM-3 is a particularly
preferred shape selective intermediate pore 25 size SAPO, which has a
crystalline strUSEIFERAIHhE WIS ThEr srdee: SaPoameroteoumesidvesd using 2
5The preparativnof-ShMeIrantits srigue sharaateristics are: describediin
U.S. P%?ﬁ%slélqouséb 4,943 424 ap(%l 5,158,665. Also preferred shape _
selective intermediate pore Si7e MoTeeiiar SEvEE bsu@iselective intermediate pore
hydroistrharidetin sree 280 litesysiiohaatZSit22, LZSM 23 ZSM3Rnation
ZSM-4 57 fretite, 30 and.ferrierite. 3S7-32 and ZSM-23
are mo?g%%%ﬁg%.gz%%e%gr Ie%%éf%ﬁ%%%été%o?% Yo MoTestiar aeveine.” as
characlsfi b8 By asced Erysialvgrapkitien tHametersfaf dheBhaniels, about
1 0selected ichystadlite Sizen(c in nel lepgth), a‘gdg -
selected aélzri;%gy. Dgss%ablegi{g%%%/%?gﬁ%%%tgpﬁé%%%%&%%%@s o fhseﬁap“ selective
channéef8% BB BRGeE Erasyrase fan dec ot drons abButptBdo invention
about %t AngsttomIhEV(Ng aomm%ug%gr%%ﬂ@&@E.hiﬁléfﬁ%ﬁé?éyf%}&fegﬁm
not moglea"ghSa(r)]F h.ﬁl.gnd a minimg , g%éstallggra}ph_ic free diameter of not '
less than 3.9 ARGSIF SR Brafe? %t AR (AR B St hic frese 12-) Ting
diametsrcb:dgtaotimerbathalD 7at ahdrthe reinimRUICTYSEIRAraPHICHEe 2 1oms)

diameter: | han. 4.0 Angstrom. Most preferably the maximum

15 u&%diﬁ} e L y tf
crystall?ggrap |q$ %? ggéiametttgrllg%&ﬁ?ﬁg}%rt%é%é% AR RS HhiRgTEhRores are
crystalBgraphiéirersiihsatendsinopiessthame) Pughtemeate of intrazeoliie

crystallggeaphisfres di: S olecular,sieves _are

published._in th%"ﬁés %ﬁ‘nd%?cﬁiig%%&m%%vﬁgﬁy%g\g&agﬁ% SOAEE BEHfSH nd

10 2001 *B9CHe BERd e dr, vt Ny, laRd B no Isoh CEISevish o ATO AST

10-15, Sehieh issincoiparaistibareinddsiesancerAwpatticylarly preferred
2Ointerme(:@iaimal'gelggre &siz olecular sieve, which is useful in the present

procesg IS escﬁr/iBé%i for example, in United States Patents No.

5,135,638 anti 5282, 9585 théscontdnisabiticpoase: herelydnerrneated «;

by refey Jatheir eny In United.States Patent No.5,282,958,
such an%%?gﬁﬁélﬁe%%%%go% ‘ré%ééi ﬁ?ﬁ%é‘i araieve 05%‘%%% e ¥ of hGAPO-

more tRaBHBAFE S Infek8Rs ldnehd SAPO-31 are more preferred, with SAPO-11 being

mest preferred. SM-3 is a particularly preferred shepe selective intermediate pore

2
L

size SAPQ, which has a crystalline structare falling within that of the SAPO-11
molecular sieves. The preparation of SM-3 and its unigus characteristics are
described in U.S. Patent Nos. 4,943,424 and 5 158,665, Also preferred shape
selective intermediate pore size molecular sieves used for hydroisomerization are
zeolites, such as ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-32, offretite,
30 and ferrierite. S8Z-32 and ZSM-23 are more preferred.

A preferred intermediate pore size molecular sieve is characterized by
selected crystallographic fres diareters of the channels, selected crystallite size

(corresponding to selected channel length), and selected acidity, Desirable
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pores with a minimum diameter of at least about 4.8 A and with a
maximum diameter of about 7.1 A. The catalyst has sufficient acidity so
that 0.5 grams thereof when positioned in a tube reactor converts at least
50% of hexadecane at 370C, a 20 pressure of 1200 psig, a hydrogen flow
of 160 ml/min, and a feed rate of 1 mil/hr. The catalyst also exhibits
isomerization selectivity of 40 percent or greater (isomerization selectivity
is detéFiitRkEass| Bvssti a0 e wiiyhtYebranchiéd Gd6ckiapredect)d in the

(Weighﬁﬁéégmﬁ%gogi@d @DW et ﬁﬁm%%%hgﬁw '&ng’.{%ﬁjﬁ(}e% % elho géraphic

used under conditions leading to 96% conversion of normal hexadecan
(n-Cj6¥ 0 Bt spoarss. tuch laepd sy efeedle sroldediar Siaveter of

may fukthiesshrabliyacienzed bY-LAas G-GhanARIS RAMBER aphic free diameter
5 crystalgo&rtaﬁgric tﬁa%e dliame er in the range of from about 4.0 to about 7.1

A, and*GrersrEbi R fhe RIBENH B BRUGHER St Srap s rridess than
diametets\pfthenchisiongisth thblebutansieves arerlilishad fndaerAtass not
of 30 i I rk Types", Fifth Revised. Edition, 2001, by Ch.
Bl R R APt it goan 4.0
incorpOF&fE@TRet8rhipirderante fit9 daheicry sithoghaphit: frémdianieters es

of the ﬁla%ﬂ@@é’ﬁe@f@rﬂboIﬁ%@%&{ﬁt@ﬁ%aﬂﬁmwQ&ﬂ%ﬁtﬁ&ﬁ&{%ﬁﬁ&,

of the molecular sieve can be measured using_standar sorption o

10technigtits BhathiarBesiso i doNSicaripd ihts e kidwasvisirimien 5. which is
kinetictiameteishaer Breekr£eelite Molecular Sieves, 1974 (especially 5
Chapter 8); %nd&s{gf et al.t;]. %gtal_ Sis 8, 114 (1979); and U.S. Pat. No.
4,440,571, the Pertientporfons BFWHItH SRS pBIAfSH Herats-pypich is
referensgin]l mpkrfoavngradseiptioivedsiyementsarieierinRIporatents No.
size, stan | rg used, It is .canvenient tg consider A
particu_glgr" ?n%g%%?gg%%%ﬁ] }a"dg i %%nééoﬁa?q%cagcﬁea ﬁire%gtlﬁg%o‘o%fisby reference

15 equilibadhaiaessestioh Vit Gictheiots dutal, 238\A45 tn dessahmteabetisit Gore
10 mingtes (RROEQiR369 - Dipmediate Rote Size.moleallar sleygs Wil

typically admit molecules having kinetic diameters of 5.3 to 6.5 Angstrom

with 1t R SRRy SRBrER &b ey s end rithe prsgar

inventidianepiiaraliyucomprisea eatalytically.agtive: hydragenation ,etal thereof
The presence %f a %atalytigallg/ %.5 active h% rogenation metal leads to
When 1056 £ L. i

051 'F)ngéﬁ wmﬁggmy 370°C, 2

product improvement. é‘snf)e"ma?l‘f/ R RS
20active pipsrogenafidhnmetalsyitomechromidihmindty hdé e niekef, 1 ml/hr,

vanadigm..coRalt ungsten. zing.platiny %}Qﬂg@%’ag ?%upryfcent or greater

(isomerization selectivity is determined as follows: 100 x (weight % branched Cy¢ in
product) / (weight % branched C4 in product + weight % Crs. in product) when used
under conditions leading to 96% conversion of normal hexadecane {n-Cy¢) to other

25 species.

Such a particularty preferred molecular sieve may further be characterized by

pores or charmels having a crystallographic fres diameter in the range of from about
4.0 to about 7.1 A, and preferably in the range of 4.0 10 6.5 A. The crystallographic
free diameters of the channels of molecular sieves are published in the “Atlas of

30 Zeolite Framework Typ es”, Fifth Revised Edition, 2001, by Ch. Baerlocher, WM.
Meier, and D.H. Olson, Elsevier, pp 10-15, which is incorporated herein by

reference.
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The metals platinum and palladium are especially preferred, with platinum
most especially preferred. If platinum and/or palladium is used, the total
amount of active 20 hydrogenation metal is typically in the range of 0.1 to

5 weight percent of the total catalyst, usually from 0.1 to 2 weight percent,

and not to exceed 10 weight percent. The refractory oxide support may

be selected friPfs¥Edigersitporaminn o8 eommantionallyasedaforieve are

catalystsunehiding sifica~alimiog. shica-alimping. s@@@%%@hﬁgﬂﬂlﬁ o
combinations thereof. 25 Trl%;_}gonditions for hydroisomerization will be e

tailored TPARTIYE R T SiRaHZEa Bifl RTSFATEENERAHTHR eprenitiodsraficking
pl':]()pertmm By Gﬁcﬁéﬁlﬁﬁi' md u %@@fbl@@, mgm@@@&ﬁﬁél?ﬁwes, 1974 (especially
aracteyistics of feed used, | neral, conditions for hydroisomerization
|gn the prﬁésag%[ri@\’/en %ﬁs%z}eetr%?l# g&éﬁ?’ fhiar héﬁggﬁ%%ssﬂﬁd&f Wab@itro- 4:440.871,
materiafzchisiting b elowcabolit- 7D #Fdsumaintaine ddatoby alforh3d Wip%itming
30 prodyging.the.i liate ol isomerates. Mild hydroisomerization :
conditionsgige achieveg_%%lrougoh_ operating at Sam?b%&exrg?é(r{n{b{éyr% [ are used. Itis
generalfyHEtiEe i £5Bt L3900 F izniieB0iFcalead Fighigbiidmtyobeiwrkenicast

about Oc5rotaRdatestkaq DitoHhePrassweds pically.fis LAR2
sig to abouq[iZSOO psig prefer{}ilﬁrom %%Egﬁi@%%s%ﬁ%%%g%éﬁ?g ,Out 10

Yhore prETEISHIY ROT-aBoUt 1 OB PEIEHE aBosAZ000sHAL oW preslurpically
providesierihanted]dSBINBIZALAN SRIRCBAIY WHIEh e UMS A3 MRNE Tittle
isomeriﬁ%aflt%n and less cracking of the feed, thus producing an increased

y

yield. 5 %a%n is present in the reaction zone during the

hydroisomeriz&idmi proegsajdy picallydnshy diogest sefead satien6omhnalty
about 0 3 bbl, (thousand standard cubic feet per barrel), X
preferaglyl/‘{;1 %ﬁn‘% %&%%?f%ﬂ 56Ut 1 %% ]boglﬂﬁt%r%%ee‘# r?%ﬁab(ga catalytically
1ée_parat@dlfmmmmﬂm@@ambyg!wmmammmz@@immm

mild hydegiaam qf?'%?éé? R.candlitians Using, the shape seleqtive, Jntermediate
pore size molecular sieves produce intermediate oil isomerates ’
comprisHy BAFEHR E R JearBER oo EAE Faving Blstoife. Brémeiisium.
properties; he:tahavinguleveameunisofbianching pyeralt-As.deseiRed, most

%ggnerates have |ess than 7.0, 15 preferabl
€

above, the intermediate Oie% I .
less than %e.%agﬁﬁr%lr@ann‘“gh I8 T BORE HE R HiAnEResy N RiRe =t of active
“Branchihglareysion Solied it Pevediximahe range of 0.1 to 5 weight percent of the total
catalyst, useally from 0.1 o 2 weight percent, and not to exceed 10 weight percent.
The refractory oxide support may be selected from those oxide supports,
which are conventionally used for catalysts, including sifica, alumina, silica-
alumina, magnesia, titania and combinations thereof
25 The conditions for hydroisomerization will be failored to achieve an
isomerized oil intermediate with specific branching properties, as described above,
and thus will depend on the characteristics of feed used. In general, conditions for
hydroisomerization in the present invention are mild such that the conversion of wax
to materials boiling below about 700 °F is maintained below about 35 wt % in
30 producing the intermediate oil isomerates. |
Mzld hydroisomerization conditions are achieved through operating at a
lower temperature, generally between about 390 °F and 650 °F at 2 LHSV generally

between about 0.5 hr”and about 20 k). The pressure is typically from about 15
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30

According to the present invention, the intermediate oil isomerates are 20
subjected to solvent dewaxing, producing lubricant base oils comprising
paraffinic hydrocarbon components with optimized branching properties.
Therefore, the solvent dewaxing produces lubricant base oils comprising
paraffinic hydrocarbon components having low amounts of branching

overall with ranching concentrated toward the center of the molecules.

25 Sdivent deiAxinG Bt @EFte 1R B0R R Fe nfamitA PRyt RiSTE iR gnoTs
from thefantéymiediateoil isopaaratehydissolyiig thediernedidteRils enhanced
isomelgg{gein aiglollg/ﬁsgéﬁvslupgashmetmll ethyl ketone, methyl iso-butyl _
ketone, or toltiene of Predipitating THE® Wak HoRRTEE e HRae Isstdariing of
ChentiesierédhwotoggroirRetrolensrseBrdekdition, William Grose and

Donald Ste\ﬁﬁﬁ,c -Hill. ) Inc. w.Yark, 30 196
pages 566 to 570%25%%%&@%%?&?@%53 ?%lg“f’ ifisemerzation
3,77505FE5S1 e Pra8entiArestion feehvisrie devrasiagtis ath3htdgeB il
used {alboning siydinisamerzationiaerover-Hasopva el wa Jollowing

hydroﬁg@%ig?t' n.at 21 mild conditions wher+e conversions of the wax to
material’ boiling W%W%B@ﬁiyﬁo‘ﬁp?§af8g's’:rﬁ?§rp§l§’6‘ﬂﬁ‘§5%¢ﬁ?6é'6?€ﬁﬁ@tﬁ?
the'presemtrinveation, the solvent dewaxing may be conducted by
conventional-proc s well known to those of skill.in the art. Solvent
dewaxing 5ima% Ee ap?:’%%%‘f;ﬂ%’r%éaﬂ%%% f%&ﬁ%stélr%lé |a5t§‘ S
isomeritesegtpadmktordscuid erevonroded:corditiois fof ! isomerates
crystabzaiametihennataliisarpaseaL I e, drbduies I, such
processes, the intermediate oil isomerate and ewaxn‘Pg solvent, are
heateB 88 A miserdtiiisde AR ol Brens dirsoredl The heated charge

is then passedinigiscacnkng 2eNnewhersiRcroling is.Hagetiakenalfy o,
uniform ?Io%[a‘tae igﬁlgobé%e"@n" of about 0.5 to 4.5C/min until a
températire 1§ TEACHEL (@ HY1FFBEFIE A Wi s sticitarmaHombRASt
the warisbnstalilzed. and the dewaxed lubricant base oil product has a
selected pour point temperature. Upon achieving the desired dewaxing
temperature, the mixture of wax crystals, intermediate oil isomerate, and
solvertissliblareEdn solid-liquid separation for recovery of a wax 15 free

Oil-solvent salulinf e &k aRiconiainia AINOERORRIION.OL Ol
Solid- liquid separation techniques, which may be employed for separation

of waR CHYETHILC RO ESIRSB% SRt SthraoRET Ref eibwhnsaiisi ik finic

Separafitio roce seemcaueh vﬁﬂa@iﬁ%ﬂ%&?ﬂiﬂiﬁhﬁ@ﬁﬂi}@ﬁg@ MrROGrore, the
filtrati%)&. M?ﬁt \%O[r]}lmonl dhin coEmerﬁiF?l processes, filtration_in a rotary
vacuum Titer, Totowed By SSiVERTHIASPYF thé Gogprising paratime hydrocarbon

components having low amounts of branching overall with branching concentrated
toward the center of the molecules.

Solvent dewaxing is used to remove the remaining waxy molecules from the
intermediate oil isomerate by dissolving the intermediate oil isomerate i a solvent,
such as methyl ethyl ketone, methyl iso-butyl ketone, or toluene, or precipitating the
wax molecules as discussed in Chemical Technology of Petroleum, 3rd Bdition,
William Gruse and Donald Stevens, McGraw-Hill Book Company, Inc., New YVork,
1960, pages 566 fo 570. See also US Patents 4,477,333, 3,773,656 and 3,775,288,
In the present invention solvent dewaxing is advantageously used following

hrydroisomerization to recover unconverted wax following hvdroisomerization at
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20 cake, is employed. The solid wax/oil solution obtained after separation

of the solid wax is known as slack wax. The separated oil-solvent solution

is subjected to distillation for recovery of a solvent fraction and a dewaxed
lubricant base oil product fraction. This process is as described in United
Stateslgi?&ent No. 5,413,695, the contents of which are 25 incorporated by
reference in e Bhiirety, SBIVERERKABWA T b metituizhbdbvaking about 700°F
solvenislaretketelms gontaining 3 to 6 carbon atoms, for example,

acetone, me'EQ%Igrtg%lgl%et ne %MEK , and methylisobutylketone (MIBK),
mixtures of Ketones, and Mmix GFEL SRR e it Y St otRuAs RS St heisenducted
includiil Werzsnasdn tohsene cHiatogenatediows molesular 30 weight dewaxing

shydrocatpeas.iehydingighiolomethan.eand dichioraeinane, and

mixtures thereof are also known dewaxing solven SEBivEtt tRit hORTres

waxy o Stoei& tHetrmendsinuriey ovtdisntion tfchitatingeasyhandiag, in the

for obtadring.aptimem, Waskolseparation.and.fos ehtaining optimum. . .

dewaxed oil 1yi lds. The\ﬁextent of 22 solvent di|uﬁi(§§la é’ﬁ%g sguiggna}fﬁné’ solvent,

particufar INtermieHiSRPSTELEHTE P ibe R it diseerishedg athbcharge is then

approgeksta filtration itemperaime ihtbe saeling.zong.and 1he,; desi %?o%v rate in
e

igfinal ratﬂg 1%1; gﬁol\feg(t) IE Oqijjoirgotg%?ggaration zone. All or a portion of t

13

, components with optimized

O presersthiviritisicrste BRripdifatcscobitioarb0Oe b treaterthian of the solid

30

wax removed in the dewaxing's NP GetrbSORmatage & arrgtet e di to -
the hyaRSTSeHehizhtiontsteptorussan dhthprocess ObaHESeMhe devaod

inventigg.ang/ for other uses (e.q., for processing into or use =
as salabﬁ%eR Wa%sg\?\}qr%éggugg&%% Féﬂ%?% gﬁ%%igﬁﬂgﬁ TR FL B rebr i A gryane the

wax méFiEe Susdaedny thitngdihvisomerization: steptof thecpresent oil
inventiosnalane Ak May.pe;combined yth anather waxy feedstock -
Recycling all or a portion of thlgj recovered 10(%/|'v7531((i;\<gf3 g%){é%%sgfhrgcﬁ‘éﬁ’é# &
the profaSE-RITSALENRIfHER HAAY & HbHatEbasavilocgropriging of oil. Solid-

paraffilicitygeatshenicompenenisnwith eptmized branching s Provided:. ..o
Optimi&e}:d tgr%ﬂggig means that the Jubricant base oil comprises
arbon %‘gﬁﬁ%‘ﬁéﬁ? PRV B AfnotHtsSaPBRARRmIagesses, such

paraffinlé%y_ rocar
overalPwithvthesiranghingd B gonce atrbi¢naovarn teeceemeref 1h€ommercial

molec e i 2 il om ' jang raffinic hydrocarbon
i o R i aC Fat ses g wex

about 32 St dRagditien, 1he lubricant base oils comprising paraffinic
hydrocarbon_components having optimized branching have Viscosity
Indexes greg{%? $FEd oll-solvent solution is subjected to distillation for recovery of a

solvent fraction and a dewaxed fubricant base ojl product fraction. This process is as
describad in United States Patent No. 5,413,693, the contents of which are
incorporated by reference in their entirety.

Solvents known to be useful as dewaxing solvents are ketones containing 3
to 6 carbon atoms, for example, acetone, methylethyl ketone (MEK), and
methylisobutylketone (MIBK), mixtures of ketones, and mixtures of ketones with
eromatic hydrocarbons including benzene and toluene. Halo genated low molecular
weight rydrocarbong, including dichioromethane and dichloroethane, and mixtures
thereof are also known dewaxing solvents. Solvent dilution of waxy oil stocks
maintains fluidity of the oil for facilitating easy handling, for obtaining optimum

wax-oil separation, and for obteining optimum dewaxed oil vields. The extent of
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20 Target Viscosity Indexes of the oil, as defined above. Preferably, the
viscosity indexes of the lubricant base oils of the present invention are
greater than the Target Viscosity Index of the oil plus 5. The lubricant

base oils also have a pour point of less than -8 C, preferably less than -9

C, more preferably < 15 C, and even more preferably less than -15 C.

25 Ge y+the: difference in pour points between the pour point of the
Iubrica%q':& k%gtsdgné?i%n%?ﬁ%%ﬁn? P?%é%%?&ﬁ%dﬂ%ﬁﬁﬁ%é%ﬁl%?ﬁSt‘i’oks and
dewaXitigerEs gredtdethemaiob it S8rmidnyengfinishing: 80 Theubreaing e
base @i&gﬁ@mﬁﬁiﬁifgi@g@m@g%ﬂg%Qﬁgﬁpeo&caqrgg%%nzents with optimized
branching, or optionally the intermediate oif isomerate: may be

hydro=shed iH S 9EiRn pidhe pisdereetrbityientd stabilitycPringe recovered

5 hydrofinishingicavenal bRV sisrBom & 28,102 0.J3e

{g%%?o%aas‘? 8%" %hr%'Srt(s) ni
1.0. Tpn%% lor}}/dr&%en ar'g{iapglpres_sure is greater than 200 psia, pre e?a%ﬁ/
ranging from about 500 pSiaito YBEH=sH & IgeRsgenrecircuatiosnlable

rates &ty Nidatlyrgredies shan 500:S6GFBhle andvarepraierably hetywegn

1000 E . Temperatures rapge from about 300F to about
750F,ﬁ?%%g@%rﬁ%%oﬁlgﬁﬁ%&ﬁ%’ Shife PEETHUBRIAGH RRASHmGY be

catalys?& et e th apriberetats fferdsGrou B A Bngaticardingtortde h9F B overed

10 rules @J@hﬁd{%g@@ﬁi@g@@@g{g%@g& and Applied Chemistry), such as

platinum or palladium on an alumina or siliceous matrix, and unsulfided
Group VIIIA‘aH EISER WE snehdsbaierelbatslyBdenmisornickefitio on
an alumineabsilicaepsomairiionRalaNe.3i8R2 i@%f@%%%ﬁr'?%%ized

suitable 10 noble metal catalyst and mild conditions. Other suitable
catal%%[asné%rlen%gs”cn é%ﬁ fg?alé{%?ﬁ%ﬁg??ﬁ Y opEisNG R iBTcIoMremtbes S.

Pat. NOIBS0(518 i ThinomnottieoMiatalisech asinicks oaladenum

15 and)ordyngsten; and at least abol _t&%%b?gd generally about 1 to about 15
alt de

weight percent of nickel and/or co &FiSe %%1%06%%%6%Hﬁ?§1?ﬁsmg
oxide STFRENORIE prieha seepersplatiilim) ioat ey St aneHain S UB EEEShe

of 0.0hprrcentmetal-preferably hetween 9.1 and 1.04 e&?‘?ﬁ@“’@;fé#eater than
u

Combigati.o,ns f noble metals maﬁ also be used, such as mix
platin(it et paNbith I tpRedRBAsb@itsowithe@ptinizan:Banching2rbon
The lbrigantakevails oft the-presanhiny GRHOR LOmRY m%&@%%ex thao the

e

20 hydro%glr e?r\]ﬁ%%g%? ?rleé%%elsnoﬂgggiﬁha% {?ergggéri] 11%%&!/2. optimized.

25

30

lubricant base referably, the viscosity
mdexes of the lubricant base oils of the present invention ars greater than the Target

Viscosity Index of the oil plus 5. The lubricant base oiis also have a pour point of
less than —8 °C, preferably less ¢han -9 °C, more preferably <15 *C, and even more
preferably less than —~15 °C.

Generally the difference in pour points between the pour point of the

lubricant base oil and the intermediate oil isomerate prior to solvent dewaxing is

greater than about 25 °F.

Evérofinishine

The lubricant base oil comprising paraffinic hydrocarbon components with
optimized branching, or optionally the infermediate ojl isomerate, may be
hydrofinished in order to improve product quality and stebility. During

hydrofinishing, overall LESV is about 0.25 to 2.0, preferably about 0.5 to 1.0. The
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oils comprising paraffinic hydrocarbon components with optimized

branching have high viscosities, low pour points, and exceptionally high

VI's. The lubricant base oils of the present invention have kinematic

viscosities at 100 C greater than about 25 3.2 cSt, preferably between

about 3hzcg§t and ab?f]ut 20 cSt. In addition, the lubricant base oils of the ‘
present INVERTOR CoMPIeEsdsafinte iy aracirbon reofpbiventsihadiog about 500

averag@catbehantiaiberssbf greatarthaniahou2 faRLefer reater "
y greater than about 27@’?&%1&%6%%&11@ >0

than abgut: 30, and more pre raPQI gr
about 70, 30 THa AmeRicAA PR PIaaTR ittt ERPY YauRtasE it titises range
oils accBPairig et IHEIF thehoigdlcoMmprstionyAmarfitegyste AR

Sroup Il oils argvan:highsviscosity, index. oils (>120) having a total sulfur
content less than 300 gpm and a" géﬁ? g%esm Eglrét’e]?ﬁb&? Uit tRdarer VILA

equal t6*886 285p Grolify firdis el aremdttraditionallymanudactusetny

severe Oyelioeranking and Q5 wax,] i7ati bricant base oils of the
e s A S fante, s

present invention are generally classified as API
When tﬁ%?%:%e%nfﬁéﬁgg%% RS it 246 ws toikicsulfly ointentyr slshl-tn
as a Fischer«Tinopschr Wedsuthaduerioant basemils yil alsq have a zzosétﬁgab}e

e

1§ulfur tless than 300.ppm. | ubricant base oils according to
presen?ﬁ@gﬁ%% Crﬁ%éyeb?f%%nnﬁ SCRBAELPRE LAt Akl e g ameradiehaiteed, for

total sutfiEORiENts Diflesdthdn TR SrEams. saiurRalessarents ol . oo

greater£han 9n%  apd;iot ithene contents of between zero and
about 8%, ar(ig(‘jgb prgferably 8??6%%%%?8%5 o AbSiTs8R Foarsu [531end

determfBEFUSIRGBitraitcleatiiSresiebhper by AS EME 545506, 0 determined as

particulae, dhe=HHaHeaRt RAsEe o8 CORRT] raffinic hydrocarbon o
, £omponents ﬁgg?nﬂ@ﬁlgss than 8§aIkyI brllagngéﬁggaﬁera‘ia {&%gﬁgf‘]yﬁ contamns in

preferaBifTE<y thahPFsmymperinerEs bt 190 warbdrnmdane rroeet meta.

preferabiydessitbancd etk Wdianehespet 100:carhons, The branching at
the two position, as determined byNMR 15 bra%?:hing aﬁ%%pm”s'&nqam
wit

tion ysIs, IS 128
than 20 0, preferably less than 15 wt%. The branching at the two plus

three positions is less than 25 wt%, preferably less than 20 wt%. In

additionhe branchingat the Qvg ar grgag%r g.o%itions is_greater than 50
. Wt%, preferably greater than© 0. carbon indexes of the
“Yubricant basé &il BficaRé phrsselitdinemiervarengenerallygreateshan .
about 3yandpreirsahbegraater than Z0:ahouliz. LThe lubricant base oils of
the pres?nt invention comprise paraffinic =5 Optmeg%m%mcmbase |
ous comprising parafiinic hydrocarbon components with optimized branching have
high viscosities, low pour points, and exceptionally high VI's. The iubricant base
oils of the present invention have kinsmatic viscosities at 100 °C greater than about
25 3.2 ¢St, preferably between about 3.2 ¢St and about 20 ¢St. In addition, the
tubricant base oils of the present invention comprise paraffinic hydrocarbon
components having average carbon numbers of greater than about 27, preferably
greater than about 38, and more preferably greater than about 27 and less than about
70.
30 The American Pefroleum Institute (API) has classified bese oils according to
their chemical composition. As defined by the AP, Group ITI oils are very high
viscosity index oils (>120) having a total sulfir comtent less than 300 ppm and a

saturates content of greater then or equal to 90%. API Group IT oils also are
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15

20

25

30

hydrocarbon components jn which the extent of branching, as measured
by the percentage of methyl hydrogens (Bl), and the proximity, of
branching, as measured by the percentage of recurring methylene
carbons which are four or more carbons 25 removed from an end group or
branch (CI-12>4), are such that BI-0.5(CH2>4) is less than 12, while
retainirgliompbunpeifisufeferably. W&@Eﬁﬂg%ﬁ%ﬁ%ﬁgé%%r&%%%%ﬂt

inveni%g%ﬁ%r% ¢hing.such that the Bl - OSBP is less than 10, more a
preferably less t Sa%1 O%%eé)@ésﬁnr%%ﬁb%%%ﬁ%@éim%ﬂwmﬂl Group III

retainiti§ 6w pW@PIp&iW@:@@ﬂ@&romimﬁﬁ trediemperadure. al VG Bntent,

sampla@f the jubiicant il.will. begin to flow under, carefully
controlled conditions. eéif%éguw?{gggﬁltg i3 Given herai  Hiose eyl sulfur

othen?fEET HasBeeildamstmined by standard analytical method ASTM D
295002, Thedhhrisanishase eilsiith PEDERIRANANAG according [0 25
the prxf%en;}%nv\ﬁ(aentlgg ha\ie excellent pour points. The pour points o &
lubricant” bASE oNs A8 FEEE THA B0 Rl SFeFEIg eSS Widpssahay shones ppm,
preferablyaics tenCntanibesen morepreterakin %ﬁﬂﬁ@ﬂa&%&&&%@r&%ﬁtm

is a mgg at lementary to the pour point, and is 5 expresse
as a tem?ggtpﬁg’;%%% erggp ?ﬁ%fé“%‘f THE BT iR B e Tstib Bgii it

devel8FaRRs Wiy savefiely spesifincedondiionsn Gleuchpoint may be

determined 1hy..farexample, ARIM, P.5773-95. The lubricant base oils
with ogtimizedks’agrganching according to e DTESERE Rarien AR Hiid

points BFRESEHS G Lphibanscakiny rdehes i tHes lbbieant Haser0lSess than
compristiag! pasadfini 1 Qobydrasarban Qm:;%g with optimized.

branching are f%xtre@e ly high and are %rea e?%?§§11¥hféssr?§ra§r§§ﬁ%‘cgskff§m°hes
Index of e fib r?géiﬁggém&‘f?ﬁ%%‘?’ QreaterLtiaa Aetheriadgey NMR
Viscositpdhdexil e, labeicantaseoll plssThe sange of kineatic .
viscog{t{%&)‘Ottgﬁgl{géj:gagti%gse. S(?ilss with o#tlmlozed branching are greater ”
than 3.2 ¢St at 100 C ahd may be be AboerPsescebinies AveAet%.

cSt af488 tisbThetagetdinGphthenesdnihedubricaniRase.eils are,
genepadiiaNar-alselin 864 the Mmild hydroisomerizafion ggwaxin

g .
process used in the preparation. Generally, whéen napitnenedarant base oils of
present, AHEHAPHIEHR &5 renarabs sexctndvelyiast Mendnaphtnenesats: fha
the luldoant base oils the total amount of naphthenes present is between

zero and abﬂlﬁt wt %, and g{ﬁefergbly between zero and about 5 wt %.
ht

The 20 naphthenae are THe 458 i i SlerviemoatemMsssaratinic

Spec%@é@?@mﬁ@)pmts i which the extent of brenching, 2s measured by the
percentage of methyl hydrogens (BI), and the proximity of branching, as measured
by the percentage of recurring methylene carbons which are four or more carbons
removed from an end group or branch (CHz>4), are such that BI-0.5(CH>4) is less

than 12, while retaining low pour points. Preferably, the lubricant base oils of the

present mvention have branching such that the BI 0.5BP is less than 10, more

preferably less than 8, and even more preferably less than 6, while retaining low

pour points.

Pour point is the temperature at which a sample of the lubricant base oil will
begin to flow under carefully controlled conditions. Where pour point 1s given
herein, unless stated otherwise, it has been determined by standard analytical method

ASTM D 5950-02. The lubricant base oils with optimized branching according to
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described in the publication by Kramer, D.C., et al, "Influence of Group Il &

[l Base Oil Composition on VI and Oxidation Stability," prepared for

presentation at the 1999 AIChE Spring National Meeting in Houston,

March 16, 1999. The percent total naphthenes content of the lubricant

base oi ﬁpof this invention_is determined by 25 taking the sum of the %

mononaphiiere & 3R AprrKEF- SR tHRaphtaeRBE pOsT points of the lubricant

tetranapathehos; é:pentanimthenss 3e-¢heaRapiiencsmeasuqd o

by FIMS for. each samp i?ec%gle lubricant base oils of the present ’
4

le %
invention have extr r%eeﬁl}al% this-of‘aromatics and multi-ring

naphthenes, fRletdbricant basesoitsrhaveathsunerior exidation stabilithg is

One waytomeasuyre the oxidation stability of lubricant base oils is the,
Oxidator %%Q tegg?%él,% é%sf:%%%dﬁt{)\)ﬁ/ﬂ?f : E’agfg i‘t %%f‘%l@%’f%?a%‘é} begins to
Oxidat¢F B téstaasisresTial besistaubdumdkidation byimeans of @ determined

Dorntedyper exyg6n aksarption-apparatys; R, W. Dornte."Oxjdation of
White Qils," Industrial. 26 and EngineeringllC mecr%t}g]r%;’,e\%ﬁ \ﬁ’g, 688@%%9

1936. NGHHERG A EBRdRI SR EiSTHAE Sxssphe roof puretoxsgeniatn 0 °C.
340F. The reguisatestapaniadinhauiasaasor 400010602 by 400 g

10f oil. Irﬁthe O>I<Eidator BN test, 0.8 m| of catalyst is used per 3118@ grams of
[

1

oil and A Sdae B RRA T & e ARG R R e et reteTa B and are
catalysgierentixtube GhsotuibiemiefahaaphifienatosinkRresens sipUANng ...

the averagemela lysis of used.crankcase qil. The concentrations o
the metals in the “ég}gl‘?fétgigngg}i‘o g%%?%&‘bﬁ%?aé%‘?gﬁ“ﬁﬁm?h?éﬁiﬁe of

4,083 prrATEbRH @208 thpimbitangane séirv3B0pHMiRAh R IT3285 rroater
ppm. Theedditie pagkags,is ilimoles of zi \ .

bispolypropylene henyldithiop%%gc))}’s%gh%1{{(;&Sérr1 %b%lggfgn{%gtépgﬁ%uié%%gt at 100 °C.
tested. Oxidaldf BNtHeaslrdsnstandhpbibsioof hdubritant baseil 0@ or sbsent,

simulated applieatiandriabyalues, 05dengiines 1o absary ene liter of
oxygenc}é?jgrié(‘:ﬁ%r ood oxidation stability. For general use, It IS dedited ™
Xida

te |
that the oF BIT BF OB E4H PhosRl ol haabbvacy Heaimororthesively as
lubricamtcbasep witsmeh tHe prebentinyenionidhe ©XIdaonBNYAMS IS o present is

greate t eferably greater than about 30 15 hours.
Blends%m%gg%aarﬁéb%%é%aI%of‘“th%a Ieg S?ﬁt% SHETT AT5y BE §eey amhe- The

*Yor mayeihiartied witraddnoral bas il selddted SromrtaeogiqumS), as

[S]
ih

30

consistng:eb SORVRRIRRRL. 0 Bran base oy, comventional Group )t 1
e )

base oils, conventional Group |If base oils, iS3merized petrol8um WA
polyalphsi ﬂ@fﬁ’ﬂ@??ﬁ@@%ﬁt@fﬁ Aléfetis (FOlity,” prepared for presentation at
the 1999 AIChE Spring National Meeting in Houston, March 16, 1999, The percent
total naphthenes content of the lubricant base oils of this invention is determined by
taking the sum of the % mononaphthenes, % dinaphthenes, % trinaphthenes, %
tetranaphthenes, % pentanaphthenes, and % hexanaphthenes measured by FIMS for
each sample.
Simee the lubricant base oils of the present mvention have extremely low
amounts of aromatics and multi-ring naphthenes, the lubricant base oils. have
- superior oxidation stability. One way to measure the oxidation stability of lubricant
base oils is the Oxidator BN lest, as described by U.S. Patent No. 3,852,207, The

Oxidater BN test measures the resistance o oxidation by means of a Domte-type

OxXygen absorption apparams. R. W. Dornte “Oxidation of White Otls,” Industrial
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diesters,. polyol esters, phosphate esters, alkylated aromatics, and
mixtures thereof. Akylated aromatics are synthetic lubricants produced
from the allcylation of aromatics with haloalkan es, alcohols, or olefins in
the presence of a Lewis or 25 Bronstead acid catalyst. An overview of
alkylated aromatic lubricants is given in Synthetic Lubricants and

High-Pari@manesitioatenahidssedited y Repald , Shubldn, 1093, ..

pp 125-144 inco%‘)ora ed herein. useful examples of allcylated aromatics

are alkﬁ?gt%%nﬁ%p TihaleRs aRd sikyiatat benZemes s mtanpars manes to absorb
have g&¥f loivteinperatlre qirdpettias, @R maparexide improvadreditived per

solubili nce in.blends with other base oils. Since the
Iubricargl}gﬁl)(}g)grsgc&eglg'i@%r t%\%a%?eagg%ﬁ%%grﬁ?gﬁ ﬁa%%gféiﬂé}ﬁ? QoI hotgsted: The

“properfidé High arsxarrbhizghibki detidmatabiity; thaykareside anblendinge
stocks fogrddearading sonventional Wb base oils, .27 Itis preferred. . .
that when the Iubricant%ase oils of the g%enéghtiﬁvgﬁfoﬁ&g%ngl%n%égl%ﬁﬁ e
one or RS LHTEOIAINTETcehiehase diisrme dauitidriittemse bitsdest,208

presentpmahiametnt efIesstham®Twt%se ofthe tatalrasuitantbass iy
compositi n.OéSFOiPishéa lfglﬁé riggpr&a% Lupricant base oils are the most
i

AN PR Ginahan msriereatd il to

important component o ‘

1%han 7b%6esttbe BnidhedBiloricantss FinishpchdtibrigaMSERMRISE @ 2 simulaied
lubricant.hase Qi an a,J;a! ast one a ditive. Finished lubricants may be

used in%%tomob’iles?%ies%l%ﬁrg}?\%%?%% e%so, Pasﬂ%rﬁ%‘sﬁ %rs{,’?a%éﬁrfﬂ g%ﬂi’ﬁfe good

10 applEdibAs skkiihe d MuBrHeaRtsmiss Mest:thius fecHicdtion 8100t héibricant

intend&gs@mﬁﬁaéme&ﬁ%@%Pﬁéh&bﬁ%@&%@&do%’}{?%‘g %@%}%%‘%ggog'ﬂm

The lubricant base oils of the present invention are use commercial ”
finisheési‘d FIERRES VARSI SSRRED iFeib e Bl dwtvy B elrribnetesisp Gratabeut 30
15propertiessshe lubricant base oils of the present invention are suitable for

15 formulating finished lubricants intended for many of these applications.
In-addition, the excellent oxidation stability of the lubricant base oils of the
presenBigintion makes them useful in finished lubricants for many high

temperature agplications. [t which may be blended with the A
lubricant base oil of the pPe%?cgﬁgt%%?/%}ﬁ%%&fet%%?ﬁ%%“ﬁﬁ%ﬁ%%‘ﬁ%%aaﬁtmw be
compobitRsirihEiiadtiberlimer s e o irtdnte thtcemprovesisthectf conventional

20propertieswf thesf f&ﬁi}%@ﬂﬂ&ﬁﬁ%ﬁiG-F&B;%'b‘%géjgﬁé?éoﬂo%ﬂgﬁalf&%%?? RISe oits,

anti-wear additives E}P agents, detergergtsJ dispersants, antioxi
pour pAITABRTA QSIS iph OB NREHRT] MRS TGO RIS (P1O),

diesters, polyol esters, phosphate esters, allcylated aromatics, and mixtures thereof,
Alkylated aromatics are synthefic lubricants produced from the alicylation of
aromatics with haloalkanes, alcohols, or olefins in the presence of 2 Lewis or
25 Bronstead acid catalyst. An overview of alkylated aromatic lubricants is given in
Synthetic Lubricants and High-Performance Functional Fluids, edited by Ronald L.
Shublcin, 1993, pp 125-144, incorporated herein. Useful examples of allylated
aromatics are aliylated naphthalene and alkylated benzene. Alkcylated aromatics
have good low temperature properties, and may provide improved additive solubility
30 and performance in blends with other base oils.
Since the lubricant base oils of the present invention have excelient cold flow
properties, high VI's, and high oxidation stability, they are ideal blending stocks for

upgrading conventional fubricant base oils.
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modifiers, demulsifiers, antifoaming agents, corrosion inhibitors, rust
inhibitors, seal swell agents, emulsifiers, wetting agents, lubricity

improvers, metal deactivators, 25 gelling agents, taclciness agents,
bactericides, fluid-loss additives, colorants, and the like. Other

hydrocarbonsg, such as those described in U.S. Patent Nos. 5,096,883

and 5,189,012 ‘&Y BEPbIEHIEN Wi e Teiicast tise’ ik providiea thriton are

the finishededutiricant hasdhe.fEcesaaML RO RRIRLKNEMAtIC \SAASILY o115 be

flash pgint, and toxicity 30 properties. These other hydrocarbons include
base |I]fs&§gftllrc1:u aﬁr)llmliisugf)ufﬁ Fﬁ%%ﬁf% %?d’s‘?%?%%{‘?}%f%?ﬁﬁﬁ? Eiigomposition.

Patent No. 5,096,883 relates to a substantially non- toxic base oil that
sconsistg.egsentially of branched-chain paraffins or branched-chain

paraffins substituted with an ester functionality, or mixtures thereof, the

base-oil 28 prefeistiy aviil petheswdbourrerndrapoutid® Saitiod lubricants,

atoms ReErIOleCHIS AN ore preferab | and about
32 car%%n,atoms per_m%lgcgule. U.S. Pa%n@%%ﬁg%é@&%%&%a?gg tsgeéj

synthetfO RO CAMHS edBEfsH fitin thartelreebrrastdyiot brameirddubricants

chain ofigoerssynthesizeddomeneermore. lefing 5 .coniaining 2 4a-40;
nCl4 cgair%i!:eaggth alg.d. herejn. the oIi%omers_ have an average molecular
weight 6f from 12010 %é%uﬁﬁﬁtgﬁﬁ} Thetstdramstifc Bioad dmves intreded

finishegpiibsrtanteailtbeeddppheximatelyd doyahow 3@ weighipercent of

the finished lghrigant. However, since the lubricant base oils. of the ,
present invention have exceélllelrglst p%%éjrlileesg et g 1867 ol BBercial

high V5% lekeisheht dxidatind sfabiityxadbwsiEmodntofiadgitues:

may b%ﬁﬁ%ﬁ@%ﬂ% m&%&ﬁ%@%ﬁg '%@%J%n%?ﬂﬂf Sohneadre léj bralgl.aéni'to}‘han

is typically required with base oils made by other processesﬁﬂhe use of

S additi VSRR SRR frsred i onmel ¢bBumentstdndine  addition,

literatute: areiselknpwshiQHRsofiskiliAdRe 8t 1o FXAMBLES JThe oy
inventil%gkwllltbg fqr%egr.eﬁaé?ﬁaé)y the following illustrative ‘examples

that arg ntanded to-be Roreiti RIS SR i SH I Sear B P iR geons.
distributions iAdfiig\disctbsliregre: BRnieasdeaysinghe siandard the present

analytical, £302-98.0r its equiy Iggtunless stated otherwise. As
used ;%%Ie%}%qg uislg éiat%a%ﬁa y%ﬁ:g%r%agt od 16D 353568 rarsr 18 dhire

Vanalytigarpdedis drmiachsgive srontrsicrniaily the Sarhietrdsults Bepthe additives
include, for example, anti-wear additives, EP agenis, detergents, dispersants,
antioxidants, pour point depressants, VI improvers, viscosity modifiers, friction
modifiers, demulsifiers, antifoaming agents, corrosion inhibitors, rust inhibitors, seal
swell agents, emulsifiers, wetting agents, lubricity improvers, metal deactivators,
gelling agents, tacldness agents, bactericides, fluid-loss additives, colorants, and the
like.

Other hydrocarbons, such as those described in U.S. Patert Nos. 3,096,883
and 5,189,012, may be blended with the lubricant base oil provided that the finished

lubricant has the nscessary peur point, kinematic viscosity, flash point, and toxicity

30 properties. These other hydrocarbons include base oils particularly ussful 1n drilling

flzids. By way of example, U.S. Patent No. 5,096,883 relates o & substantially non-
toxic base oil that consists essentially of branched-chain paraffins or branched-chain

paraffins substituted with an ester functionality, or mixtures thereof, the base~oil
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standard method. 25 Example 1 Example 1 produced a lubricant base oil
made from n-C28 feed (purchased from Aldrich) using a Pt'SSZ-32
catalyst (0.3 wt% Pt) bound with 35 wt% Catapal alumina. The run was at
1000 psig, 0.8 LHSV, and 7 MSCFlbbl once-through H2. Reactor
temperature was 575F. The effluent from the reactor was subsequently 30

passegtabuabla Rivid 39i2.L4203 QXQ&O:IHB?R iﬁtgo%fg&ly %%%84 %9 E’lflﬁg(glﬂe and
other 1tnhan }g@gﬁrg ure, the same conditions were used as |H the ’

isomerization reactor: THE? JRad of 666 BB Gd et was PR mgsoEnde. U.S.

conveleion Bhitid ek 20 608Fo boiingid aRae majerialvas 28 W% The
wt%. The_29 bottoms fraction from the

conversi | F was.33.6
o (e B A B Bk S s ttarhe (Bt

the whgEFERER FHe propeitidsigfithedrytroisothetizeshoils botomsaiese

summasizedpelownindable s 5:Jahlg ! Hydroisomerized Oil Bottoms
Properties Pour Point, C NMR Analysis C2 Branch 0.26 C3 Branch 0.2

C4 Branch 028'€5% B dpiehemormt piefsit Ehipl O:08nSwhidhE8aNNid be

Branching:Propeyties &kl Branshes dMolestie 118, Alkyl Brapches [
100 C%r(k:)é) S fﬁmlrf& F;C%rcent Branching at Two Position 14.6 Percent
Branching at Two PrusThik 508 N PeRitaKebebatt Bresienimicacties

five orBlénGientenPositicnighl 0T ese HEEDASWNEIRHBeRSENE D over

dewaxpd At 7k G0 Qiye 84.2 Wi solvent dewaxed oil (56,5 -,vt% on the

whole feed), and 15.7 w?%% Wax. \?gi)uléﬂt?gh %fffﬁ%gcatmm for the finished
lubricant than is typically required with base oils made by other processes. The use
of additives in formulating finished lubricants is well documented in the literature

and well known to those of skill in the art.

EXAMPLES
The invention will be further explained by the following illustrative
examples that are intended to be non-limiting.
All simulated distillation boiling range distributions in this disciosure are
measured using the standard analytical method D 6352-9% or its equivalent uniess
stated otherwise. As used herein, an equivalent analytical method to D 635298

refers to any analytical method, which gives substantially the same results as the
standard method.

Examnle 1
Example 1 produced a lubricant base oil made from n-Cyp feed (purchased

from Aldrick) using a P/SSZ-32 catalyst (0.3 wi% Pt) bound with 35 wi% Catapal
alumina. The run was at 1000 psig, 0.8 LHSV, and 7 MSCF/bb] once-through H,,
Reactor temperature was 575°F. The effluent from the reactor was subsequently
passed over a P-PA/Si0-ALO, hydrofinishing catalyst at 450°F and, other than
temperature, the same conditions were used as in the isomerization reactor. The
yield of 600°F+ product was 71.5 wt%. The conversion of the wax to 600°F- boiling

range material was 28.5 wi%. The conversion below 700°F was 33.6 wit%. The
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properties of the oil are summarized below in Table VI. Example 2 15 An
n-C35 feed (purchased from Aldrich) was isomerized over a Pt/SSZ-32
catalyst which contained 0.3% Pt and 35% Catapal alumina binder. Run
conditions were 580F, 1.0 LHSV, 1000 psig reactor pressure, and a
once-through hydrogen rate of 7 MSCF/bbl. The reactor effluent passed
directlyttansdroncdnréastahealsoat. 20-L0D0 iy, aviHcHTtontainéd asRiPd
on silicgsalymipa hydromishing, satabist. sondiiansn At RACAENBIEA o
temperature of 450F and LHSV of 1.0.” Conversion ang yields were as
summarizesbeowinTabie Helge Tabtelf IConversion <650 OF, Wt% 32.2
Conversion <700 OF. Wt% 34.4 Yields, Wt% C1-C2 0.45 C3-C4 5.16
C5-180 F 6.22 180-350 OF 7.40 350-650 OF 13.23 650 F- 68 09 5 The
‘bottoms fraction from the run was isolated¥ e properties of the
hydroisomerized oil bottorHgatessuarnarizadbetow Mobahles111: Table

1E 10 Hydroisomerized Stripper Bottoms Properties Sim. Dist., LV%, OF
IBP/5 677/74

Pour Point, “N%\?ﬁ{ jﬁ% \;Sl{si,pper bettems-were-solrent-dewaxed tStg
methylethyl ketore T Branh 06
C3 Branch 0.2
C4 Branch 0.26
C5+ Branch 0.97
Intermal Ethyl I 0.09
Sum ! 1.78
NMR Branching Properties
Allcyl Branches / Molecule 1.78
Alkyl Branches / 160 Carbons 6.14
Percent Rranching at Two Position 14.6
Percent Branching at Two Plus Three 258
Positions |
Percent Branching at the Five or 545
Greater Postiions
10 These bottoms were then solvent dewaxed at -15 °C to give 84.2 wi% solvent

dewaxed oil (56.5 wt% on the whole feed), and 15.7 wt% wax. Evaluations ofthe

properties of the oil are summmarized below in Table VI

15
An n-Cag feed (purchesed from Aldrich) was isomerized over a Pt/SSZ-32
catatyst which contained 0.3% Pt and 35% Catapal alumina binder. Run conditions
were 580°F, 1.0 LHSV, 1000 psig reactor pressure, and a once-through hydrogen
rate of 7 MSCEF/bbl. The reactor effluent passed directly to a second reactor, also at
20 Al 000 psig, which contained a PY/Pd on silice-alumina hydrofinishing catalyst.

Conditions in that reacior were a temperafure of 450°F and TESY of 1.0,

Conversion and vields were as summarized below in Tabls II:

30



15 (IlvfK)/toluene at -15 C. The wax content was 31.5 wt%, and oil yield
was 68.2 wt%. The solvent dewaxed 650 F+ oil yield, based on feed to
the process, was 45.4 wt%. Evaluations of the properties of the oil are
summarized below in Table VI. Example 3 20 A hydrotreated
Fischer-Tropsch wax was isomerized over a Pt/SSZ-32 catalyst, which
contained 0.3% Pt and 35% Catapal alu’i[‘zi&% ﬂ':nder. Run conditions were
560F, 1.0 LHSV, 300 psig reactor pressure, a once-through hydrogen

ad-diracthrta.a cocan

rate of 6 MSCF/be.Ther_eab&‘anﬁfafriéf&?%%gqgﬁ feetly to-a-seca

Em Y T - TP

+= ¢
35
E- G

reactor, also at 300 25 psr=, TG CQIAInGG & Ry L i o

hydrofinishing catalyst. Conditions—inrthat regct s"’"(ﬁ“f'o

450F and LHSV of 1.0. Propertresof tidﬁ%zhy rotreate

wax are summarized betowinTabte i\ég.’_:&!hlvelbiuu and-ytetds; as W

the properties of the hytiﬁisumeriw%giwk@% bottoms-are sumn"_.g['i"e
il M |

below in Table V. 5 Talle vV inspectigps:aftydrotreated-Fischer

Wax (951-15-431) Grayity, APTZ0:3, 3 Nigrogem, ppm 16

-
I"Ot
21700 -
[eJame )

ppm 2 Sim. Dist., WtA OF TBP75 512/6G 1510730 637/70

70/90 827/911 955BP 94171047 20 Tabte Visomerizationof F1 W
over Pt'SSZ-32 at 560 F, | LHSV, 300 psig, and 6 MSCF/bbl H2 25

Conversion <GaO KM Rackedfeanmersion s720. 0k, Wike,14 & qYields,

Wit% . : . .
hydroisomerized oil bottoms are summarized below in Table IIIT:

Table I
10 Hydroisomerized Stripper Bottoms Properties
Sim. Dist., LV%, °F
1BP/3 677/747
10730 8301/904
50 914
70/90 920/925
O5/FBP 8277929
Pour Point, °C +20

The stripper bottoms were solvent dewaxed using methylethyl ketone

(MEK)/toluene at -15 °C. The wax content was 31.5 wt%, and o1l yield was 68.2

wt%. The solvent dewaxed 650 °F+ oil vield, based on feed to the process, was 45.4

wt%. Bvaluations of the properties of the o0il are summarized below in Table VI,

Example 3
20

A hydrotreated Fischer-Tropsch wax was isomerized over a P/SSZ-32

catalyst, which contained 0.3% Pt and 35% Catapal alumina binder. Run conditions

were 560°F, 1.0 LHSV, 300 psig reactor pressure, and 2 once-through hydrogen rate

of 6 MSCF/bbl. The reactor effluent passed directly to a second reactor, also at 300

in that reactor were a temperature of 450°F and LHSV of 1.0, Properties of the

31

psig, which contained a Pt/Pd on silice-aluniina hydrofinishing catalyst. Conditions



C1-C20.11 30 C3-C4 1,44 C5-180 OF 1.89 180-290 OF 2.13 290-650
OF 21.62 650 F-r 73.19 35 Stripper Bottoms: Yield, Wt% of Feed 75.9
40 Sim. Dist., LV%, OF I3P/5 588/662 30/50 779/838 95/99 1070/1142
45 Pour Point, C 25 NMR Analysis: 32 C2 Branch 0.28 C3 Branch 0.23
C4 Branch 0.26 C5+ Branch 1.00 5 Internal Ethyl 0.11 Sum 1.88 NMR

BranchibfiriepéandiEscagkyl-Branches viotenuterlz88bA0wAkYlable TV, Conversion

Branchesi 0% &aibang 6,21 FeLcRILRARCHNG Al Eositon 18,

at Two Pius Three Positio

Percent Branchin{g

at Five O-GF&aE

rcent'sranc

115 are

/ Ing
PeeriGnd 15 The stripper bottoms were solvent

dewaxed using MEK/toluene at -15 C. The wax content was 33.9 wt%.
nd oil yield was 65.7 wt%. The solvent dewaxed 650 F+ oil yield, based
on feed to the pss was 49. ' r=ro~c_~> S wt'/'e. Evacuations of the

properties of the.o

10

30

35

40

il are sun'i_ugagized beﬁﬁ@lﬁ%ble V|__'20 Table VI
of Hy 1scher-1ropscli Wax (951-15-431)

DECHOns rofreate
ravity, API

Nitrogen, ppm

Total sulfur, ppm

Sim, Dist., Wi, °F
IBP/5
10/30
50
70/90
95/FBP

40.3
1.6
Z

512/591
637/708
764
827/511
941/1047

“Table V
Isomerization of FT Wax over PH/S8Z-32 at
560 °F, 1 LHSV, 300 psig, and 6 MSCE/bb] H2

Conversion <6350 °F, Wi%
Conversion <700 °F, Wt%

Yields, Wtt%
Ci-C2
C3-C4
C35-180 °F
180-290 °F
290-650 °F
650 °F+

Stripper Bottoms:
Yield, W% of Feed
Sim. Dist., LV, °F

IBP/3

30/30

95/99

Pour Point, °C

NMR. Aralysis:

15.9
14,1

.11
1,44
1.89
213
21.62
73.18

759

588/662
779/838
107071142
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Properties of Hydroisomerized Wax after Solvent Dewaxing Example 1
Example 2 Example 3 NMR Analysis C2 Branch 0.24 0.27 0.27 C3
Branch 0.14 0.22 0.18 C4 Branch 0.18 0.23 0.21 C5+ Branch 1.12 1.75
1.1 Internal Ethyl 0.07 0.13 0.1 Sum 1.75 2.60 1.86 Branching Index 19.7
18.8 19 1) Branching 28.5 29.6 28.1 Proximity (BP) Alkyl Branches per
1.68 2.47 1.76 Molecule BI-0.5BP 5.45 4.00 4.95 Free Carbon Index
7.90 11.00 7.70 (FCI) Al§E Brandhes per 6.04 6.66 6.42 40 Carbons
Percent of 13.7 1004 14.5-BRasrething at the 2 Position Pepcant of 21.7
18.8 1 24,2 Branching at #&3ixample 1 Example 2 Exaatple 3 2-3
Positions Percent of 64.0 67:3%5ah Branching at the 5 or Gééater
Positions Viscosity Index ¥858EHY5 Viscosity at 100C 3.447 5.488

3.776 Viscosity at 40C 12%% 23.62 13.90 1.88
NMR Branching Properties:
Alleyl Branches/Molecule 1.88
Alky! Branches/100 Carbons 6.21
Percent Branching at Two Position 14.5
Percent Branching at Two Plas Three Positions 27.1
Percent Branching at Five or Greater Positions 532

The stripper bottoms were solvent dewaxed using MEK/toluene at -15 °C. The wax

content was 33.9 wi%, and oil yield was 65.7 wt%. The solvent dewaxed 650 °F+

oil vield, based on feed to the process, was 49.9 wit%. Bvaluations of the properties

of the o1l are summarized below in Table VL @

: Table VI
Properties of Hydroisomerized Wax afier Solvent Dewaxing

Example 1 Example 2 Example 3 J
NMR Analysis
C2 Branch 0.24 0.27 0.27
C3 Branch 0.14 0.22 0.18
C4 Brauch 0.18 0.23 0.21
C5+ Branch 1.12 1.75 1.1
Internal Bthy? 0.07 6.13 0.1
Sum 1.75 2.60 1.86
Branching Index 19.7 18.8 19
(BD)
Branching 28.5 29.6 285.1
Proximity (BP)
Alicyl Branches per 1.68 2.47 1.76
Molecule
BI-0.5BP 5.45 4.00 495
Free Carbon Index 7.90 11.00 7.70
(FCI)
Alleyl Branches per 6.04 6.66 : 6.42
100 Carbons
Percent of 13.7 10,4 145
Branching at the 2
Position
Percent of 21.7 18.8 24.2
Branching at the




Pour Point, C -15 -9 -18 Cloud Point, C -4 3 -5 Average Carbon 27.8
37.127.4 Number Sim. Dist., LV%, OF | IBP/5 683/748 608/652 10/30
792/902 670/718 50912 775 70/90 919/923 890/953 95 P 924/926
1004/1116 FIMS Analysis % Paraffins 100 98 96 Mononaphthenes 0 1.7

4 Dinaphthenes 0.0 0 Trinaphthenes 0 0 0 %Tetranaphthenes 0 0 0
Pentanaphthenes 0 0 0 Hexarhéphihenes 0 0 0 Totah:00299.7 [100 Example 3
Oxidater-BN, Hours 1 31.87 Various modifications and alterations of this
inventi ' i apparent to those skilled in the art without departing
from the, scop&dhd spirit of this iff&ntion. Other obfdtts and atvantagéd
will bec %O@gﬁ%?émeté those skilled in the |5 art from a review of the
prececi..%ﬁ%ﬁi F&W’%‘% WHAT IS CLAIMED IS: 1. A Jubricant base oil
compr S;?{glsgqssud-mggﬁﬂ fless tb%’a:z;gr a kinematic ¥#scosity at 100'C16f
greate t,\;a?}og‘. D %@*’ {Z)an a \_jiscﬁcléﬂl index.-greater HHY a Target Vischgity
index @as ;%‘Clocﬂliféé Parth nfo!!oxﬂﬁ..%g%quaﬁn - Targed Viscosity Index E2P
x In (Kinefmat SHEealsity-at -5 -2 18
Cloua Point, ¢ 7 4 - -3 -5
Average Carbon 27.8 37.1 27.4
Number
Sim. Dist., LV%, °F
IBP/5 683/748 a08/652
10/30 792/902 670/718
50 ' 912 775
70/90 915/923 890/2353
95/FBP 924/926 1004/1116
FIMS Analysis
% Paraffins 100 98 96
% Mononaphthenes 0 1.7 4
% Dinaphthenes 0 0 0
% Trinaphthenss 0 0 0
YeTetranaphthenes 0 ¢ 0
% Pentanaphthenes 0 ¢ 0
% Hexanaphthenes 0 0 0
Total 100 55.7 100
| Oxidator BN, Hours i 31.87

Varions modifications and elterations of this invention will becoms apparent
to those skilled in the art without departing from the scope and spirit of this
invention. Other objects and advantages will become apparent o those skilled in the

5 ait ffom areview of the preceding description.



100 'C) + 132. 2. The lubricant base oil of claim 1, wherein the lubricant

base oil has a pour point of less than 9

'C. 3. The lubricant base oil of

claim 1, wherein the lubricant base oil has a pour point of less than -15
'C. 4. Afinished lubricant comprising the lubricant base oil of claim 1; and
oneermare lyhricant additives. 5. The finished lubricant of claim 4, further
comprising an additional base oil selected from the group consisting of
conventional Group | base oils, conventional Group Il base oils,
conventiofial BroufpEiiF bagecoits, iserfierizednsetroleum wax,
polyalphaalefing; pely-ibternal«olefinsadiesters,; poiyo’_ esters, phosphate

esters, alkylated aromatics. and; mixtures dhereofe 39.cater than 3.2 ost;

and

a Viscoslty Index greater

as calculated

by the follcowing eguation:
Target Viscosity Index =

100 °Cy + 132,

2. The lubricant base oil of
base oil has

a pour point of less than -%

than a Target Viscosity Index

22 ¥ 1n (Kinematic Viscosity at
claim 1, wheresin the lubricant
o

claim 1, wherein the lubricant

4, 2 finished lubricant comprising

the lubricant base oil of claim 1; and
one or more lubricant additives.
5. The finished lubricant of claim 4, further comprising an
additional
base oil selected from the group consisting of conventional
Group I  pase olls, conventicnal Group II base oils,
conventional Group III base oils, ilsomerized petrolsum wax,

polyalphaolefins, poly

internal olefins,

diesters, polyol

asters, phosphate esters, alkylated aromatics, and mixitures

thereof.
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