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WO 2005/037964 PCT/US2004/030134 Lubricant Base Oils with
Opllmlzed Branching F\JELD OF THE INVENTION This mventlon relates to

waoulisaidgase oils comprising paraffinic 5 components that h D /US2004/030134

optimized branching. The lubricant base oils comprising paraffinic
components with optimized branching have low amounts of branching
with the branching concentrated toward the center of the lubricant base oil
molecules. The HBREEISasoifls svith f2mEsaeaBnrnebingonents with
optimized branching have low pour points and extremely high viscosity
indexes. 10 The invention further relates to. rocesses of producing the
lubricant base oils com : & with optimized

branchinigianenvixyrfeads:d R@:ﬂéﬁiﬂ%@é Bﬁ§%§ﬁ§ﬁ§?§?5‘fﬂﬂm
BACKGROUND OF THE INVENTION 15
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hydroisomerization processes typically have less than optimal viscosity
indexes due to the relatively high amount of branching. Lubricant base oil

products producedbkGKIGRGENDOEAHE IIOPEImeKhave branching

chara tlc r to ucts described in US Patent Nos. -

6, 096%5 9*%3% ng g%@‘gg% 085 ST Does R s ibRatre,

suugn(;amﬂfméwﬂsamgiwpmumppiﬁﬂaﬂ IHdiwaies, ek yartanikbase oil
|I I W and lubricate at Io tem eratTg es. Pour point is a measurement
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Hydroisomerization dewaxing typically produces a lubricant base oil having

relatively high branching. While creating branching on waxy paraffinic molecules
generally lowers the pour point, it also lowers the viscosity Index (VI). High
amounts of branching are required with an all-hydroisomerization process th reach
target pour and cloud points. Accordingly, the products resulting from
hydroisomerization processes typically ﬁave less than optimal viscosity indexes due
to the relatively high amount of branching. Lubricant base oil products produced by
a hydroisomerization 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 oil will flow and lubricate at low temperatures, Pour
point is a measurement of the temperature at which the sample will begin to flow
under carefully controlled conditions, Pour peint may be determined as described in

ASTM D 5950. Many commercial lubricant base oils have specifications for pour
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point. When Iubrlpant base oils have low pour points, tr)ey also are likely
Zp@.\/ 7 {her good low temperature properties, such as low clouel )
OW CO d ter plugging point, and low temperature cranking Vr%%g%;om 030134

Lubricant base oils having pour-cloud point spreads below about 30C are

5 also desirable. Higher pour-cloud point spreads require processing the
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invéstigated ways of co vert g waxy feeds, In part

@é‘éﬁmwfgﬂrﬁhmfpf@bebsﬁﬁmmﬂmhd%éw American Petroleum
Institute Research Project 42 at the Pennsylvania State College) showed that VI

declined as branches were moved to the middle of the molecule for butyl, phenyl,
and cyclohexyl branches on a linear paraffin.

Waxy hydrocarbons prepared from a Fischer Tropsch process are a good
potential feedstock for preparing high quality lubricants. Advantageously, the
Fischer Tropsch products contain 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 straight chain
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 processes, into lubricant base
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2. WO 2005/037964 PCT/US2004/030134 oil stocks. By way of example,
in an attempt to create.)enough branching to lower the pour)éoint but not

woemsasiwsbranching such that the Vi is significantly decreaspgyRIQh@MH30134

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 art
mbekrsds. uBing s rxammifuan epridielapd bechralectniagal Branehanede lgyer

WY ShSXATINE: M EAGIE NonBARDsAER AsCiRs s %@%%B?&W@%i ng

process to make lubricant oil basestocks. The lubricant oil basestocks as

drserased nrer e wethedls baramivfé hyendusabion edybatem HWHREhIHE

extent ebhangh E@n%h%ﬁ&ﬁﬁ%% %ﬁgrgyﬁhge%mﬁ@t@amtmtgyhﬁm zeolite)
e

hydrogens (BI), and the proximity of branching, as meaSured Dy the
pardsideosrresinen Flemylonetealasois WaREmelSado iy s

EURERSRBIAUET H DN HRLIEQUR efliamch (CH2>4), are such that:
(a) BI-0.5(CH2>4) of greater than 15 an%vgg Bl +0.85(CH2>4)<45. This

calcul BB @4 ssamalgor S nfoisaliRice Sritdihitiy saselessishyHedewaxing

prolecuis wekldiaveatdaanidadia Pranchesipel WRIeS U8 o 0k fak BMRYsed
100 carbons there are q%reater than about 9 branches. US Patent No.

Boie8: rontarR PraEEnicrhutetrTBPh FOBRIRES b baTh Hissestensof Wanshing,
Eé%%&@@g@ﬁ@%@&%&g@iﬁf%%tlﬂhrﬁﬁ,%%ﬁﬁﬁf(ﬁ@%ﬁﬁﬁ@pﬁ?&ﬁﬁl%%ﬁd

oxidative stability. The lubricant base oils are disclosed as containing a

AR BB OMSARHE Y SRS YRS Of T TR B BRE S8 Bas fRBs MehiRh are

Fuiofonsalkvdanehas Anconaleintbefiee aahen sty Gh-abehat:
d ﬂiﬁgraffins is at least about 3. The Examfles of the 164 patent

b h
GO BN BRSO A AR b 104 G A s d BinsrRglgtion
BRAMAREWS A WA QA0 m Bispioses b iRlaBFIAdIPEARe RS I RIGPAIIRYst

a lubricant oil 25 base stock including an isomerization step followed by a
SONERRES RS AP LRE i TR svsaé%ﬂoa%amé%ﬁ%fa@aa@éwaﬂw 4

wraxyhieed is isomerized to an intermediate pour point over a select
molecular sieve and the isomerized oil is th,?hn solvent dewaxed, The

lubricahtoll3d Grot RS besifets fRsre? {PRETRAVIGE filtspt base

snstaxasmiareaier thapehovhd 4/dhethxamalesobibe stk slipaiiercted
30, demonstrate lubricant oil base stocks with viscasity indexes in the
q W FLRRU; gﬁ%%!‘ﬁ’é?ﬁ@“i @se ous are disclosed as containing a mixture of

branched paraffins wheremn the branched paraffing contain up to four alkyl branches
and wherein the free carbon index (FCI) of the branched paraffins is at least about 3.
The Examples of the 164 patent demonstrate lubricant 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 lubricant oil
base stock including an isomerization step followed by a soivent dewaxing step. In
the process a waxy feed as disclosed therein, a waxy feed is 1somerized to an
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 having
viscosity indexes of greater than about 140. The Examples of the ‘085 publication
demonstrate lubricant oil base stocks with viscosity indexes in the 140’s with the
highest being 156.

EP 0776959 A2 discloses a process for preparing lubricant base oils having a
VI of at least 150 from a Fischer Tropsch wax feed comprising contacting the

3
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EP 0776959 A2 c‘giscloses a process for preparing Iubri"ciant base oils y
Foo¥l of at least 150 from a Fischer Tropsch wax feed com risinég -
contacting the 3 WO 2005/037964 PCT/US2004/030134 FischeF Hopfsetss
wax feed with a hydroconversion catalyst under hydroconversion

conditions; separating the hydroconverted effluent obtained into at least
oResdighterofiastinn.and evigRyihi@cdenanmbaeuwaniad.Hrheawdoastiaion
to yield.the base oil. The feed to the process is narrowly limited to a

FROGKENSHS SERAT 028 (s G R REHGRERHT prRintbineddas goeashfnpdighter
afeauliog saAGeHWRSTa-dbeudiffieae ARBINERMEAGORMivA ROJHBE BRiNtase oil.
and the 10 % wt boiling point is ?n the range of from 40 to 150C. The
h?gl%%ﬁ /6 RTRSESR SRR UBLEY B bRIF I SIS Y Balar e 2
UeSn dRatent Neutt 020840 SC195€ 82 RIRGEss feh produsinti@difference

bbodegrad ble 10 hydrgcarbon lubricant base oil. The process comprises

D SRS RGN DPTBEM Bk b AR R e tange of

bifisactional 150PNohie Bi@upoYiNbivietal acaialysitipEgsatas being amorphous

hydroisomerization and hydrocracking reactions at 700F+ conversion
|7 yl%?‘lging from about 20 to about 50 percent on a once through

basis, basgdranctheyesgitd 4Ot dearagaavestcd o 40in Mates@isri@able

a C5-105QF crude fraction. The isoparaffins contained in the

f:) ; u‘lcﬁeﬁ‘g?&?‘ﬁ?écﬁé f55¢d asIr e VARG STeTRTIRE GoaLartias 2ARRE rscher

lebshah wRoBied Yimeainitobtanshes PefdOfosal PeRadRGIBE) VI metal
CS-l%SOF fraction,_ a resjdual fraction having.E an initial boiling point

RGO RS e S S B AR Y R rs T Brisac gl T 00 F +
frastinndioflewvaxadmnthaiaayead D is 860ysigbrioa bl denaxed:al

20 a.bipdegradable hydroc rc%§51 base oil is recover g In the Examples,
RN SR T LI EREPR I BAGE PR g 30 fitsfents. (Rgproduce
Pa@nt in°B £20:292:-8i5c 0865 8opweEEs: mmdmizing thedd@detibn are
Iu@gi anté)il qéase stoc:lggt h vin%#our points of about 3# C?g)r lower and a
VISEBIRYARBR BEmS e S aHUCR v BY IR Qéﬁ%s 1 OKleti2iyhe
WisRsres aerdBisenteni Aioonsatalyst SURiTE Ridieivasasabioltlkatendetng
unconverted. wax remains, in ﬁe oil fractign of the isg & boiling in the
B LG 202} FERRTER TG UL 30 ot 3 G5l /A LSRRt e
fragtdumbiiiigindeduredaiingdange:tool ipastsiardaian (Helewaxed oil
difference i erature between the pour pojnt of the, dewaxed oil an
e ST ) BT G TR S T R VAL R e V1 o1t
recovered hubricant base oil is in the 130°s and 140°s.

US Patent No. 5,059,299 discloses a process for maximizing the vield of
Tubricant oil base stocks having pour points of about -21 °C or lower and a viscosity
index of about 130 and higher by the steps of 1) isomerizing the wax over an
isomerization catalyst such that between about 15 to 30% unconverted 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 lube boiling range o a
pour/filter delta T (the difference in temperature between the pour point of the
dewaxed oil and the filter temperature) of 9 °C or less, and 4) recovering a dewaxed
lube oil product. The dewaxing catalysts suitable for use in this invention are
defined broadly and include catatysts such as fluorided alumina.

- There has also been research into how to analyze the composition of

lubricant base oils and how the properties of lubricant base oils are influenced by its

4



30 lube oil product. 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 lubricant

cofpsg@ils @f&%@%@}é Sy bHORBASIIA0 BV O EXAMBIRIRence of

publication by Kramer, D.C., et al, "Influence of Group Il & Ili Base Ol
Grevprho&sitidhasn Wil SeempnsdissopnStasndyOxpdapenctidbilipre seenatsdrien
prelfaAf8R Alb EoSering Mtatonal Mesting rkdey tﬁPHMﬁ&BH,%ﬁaJCI?l%, 1999

teaches that field ionization mass spectrometry (FIMS) is especially

teaghes Abaé fisldicvaiafionm giase aeHbOHOTY oF Bdiarinesapeiataptahvahisin
detEHRHRNY ARk DRSS pRalewsLrh AMANLS; heaiparsiauntihatys.

the most effective way to further improve oxidation stability was to

Belgprddecarvnaticgeheaithers Siasisablsdnpst eHedbveeraydo dorbenirapkave
oxRERENSYSlIG PIRRRERBR RO, e Hahalits M08 IR LXLaHR o wer the

stability. There remains a need for an efficient and economical process for
congsRvSHIPRKycHskismmmbfsags 1 Mighlghsimehmsiitakl paddongidation
stab@glicular lubricant base oils with good low temperature properties and
high viscosity indexes. SUMMARY OF THE INVENTION In one aspect,
therd METSASAYER & NFBAdaNRDSEECHNE AT ORR b SPhRTARSSh el GeBHSHINS
wak9 %%ﬁﬂ&%@dé’%%%ﬂ%@ﬁ%ﬂ%ﬁ%ﬁ%@é@%m l%g&ﬂﬁﬂmﬂ%cmeg&es
.. per 100 carbons and less than 20 wt% of the _ali(yl_ ranches are at the 2
ol Wah e OF RV IBRESTRIS ST RIEHERS st onseoriedadmss-8 C: a
kinematic viscosity at 100 C of about 3.2 cSt or greater; and a Viscosity
Index greater than a_Target Viscosity Index as calculated by the following
equation: Target Vis? R EoDHE A, afiBViscosity at 100 C) +
132l RNAHeE 388RAb SrevRISSaNLBIRGIRSHE: 'sTAtemIRig sicant hase
oil comprising a pour point of less than -8C; a kinematic viscosei%?/ at 100C

hyGpaiehae cCOmRATS B R Sheesaipl hrsekinmteletsdhan $alst

bra¥éseosity 100ex8ssalaulatad i the Ao wing.egratinnn Jargst isgRsity
Index = 22 x In(Kinematic Viscosity at 100 C) + 132. In yet another

- . I .
posidon of bR e hatReib Bt @ RIEEOY & FisisrHban B riCastkingaatisished

vistabricant gompasasdheslukrigsanthase: ollsas WRsethe thhereifand @1 20T

_ more lubricant additives. )
Target Viscosity Index as calculated by the following equation:

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

In another aspect, the present disclosure 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

calculated by the following equation:

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

In yet another aspect, the present disclosure relates to a finished lubricant.
The finished lubricant comprises the lubricant base oils as described herein and one

or more lubricant additives.



5 In a further aspect, the present disclosure relates to an intermediate oil
isomerate. The intermediate oil isomerate comprises Fischer-Tropsch
derived paraffinic hydrocarbon components in which the extent of
branching is less than 7 alkyl branches per 100 carbons. 5a WO
2003/037964 PETILISAO003N R4 BRIER DESCRIPTION 9 THF
DRAWINGS FIGURE illustrates the plot of Viscosity at 1 8 VS VISCOSIty

isofpglase. pgriaiasenadidg waticpmeratarunitieof b arafyensvisdositgdindex:

pm%ffa{aﬁwé&max B0 TAR ﬁ'u&ﬁeﬁ%@&&éﬁ%@&@f A%kt A 7
wherein'In(Kinematic Viscosity at 100 C) is the natura logarithm

alkiihepnrghies N5308i8AER00 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 paraffinic hydrocarbon components
have optimized branching. These lubricant base oils comprising a mixture
of paraffinic hydrocarbon components with optimized branching have low
amounts of branching overall with the branching concentrated toward the
center of 15 the lubricant base oil molecules. The present invention also
relates to processes of producing these lubricant base oils from waxy
feeds and commercial finished lubricants comprising these lubricant base
oils. It has been surprisingly discovered that in lubricant base oils with
kinematic viscosities greater than about 3.2 ¢St at 100C, optimizing
branching can provide 20 exceptionally low pour points and extremely
high viscosity indexes, that are greater than the Target Viscosity Index, as
defined herein. Optimizing branching according to the present invention
means that the lubricant base oil molecules comprise 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 cSt at 100C can be produced by a combination of a mild
hydroisomerization followed by solvent dewaxing. According to the
present invention, a waxy feed is subjected to a

5a
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Wig%r@ggljggg oil 30 isomerate comprising paraffinic hydrocarbon

mild hydroisomerization process under conditions such'that an o

N

components having specific branching properties is formed. Tifd/US2004/030134
intermediate oil isomerate is then subjected to solvent dewaxing under
conditions to provide a lubricant base oil comprising paraffinic
hydrocarbon components with optimized branching and having a
kinematic viscosity (037964 PCT/US200 4 greater
than about 3.2 cSt® i R =‘~ S QH A L DRAMNING Fon results in
a lubriciihtibase tihcoany ihingl partitfisiodiydso catbon sumpegentsaith
\(I)\ﬁtiomiéed reanchipg SnPCh t?a there grﬁ Iﬁw am%g]ts of branc_hing overall
th the Branching cBneb Si i 08 0AAGHE EEh IS ErHHE Wiikcules. The
extent of fng Ching sind Inderan Alindrikisidamtia bedete mined Oy-NMR
Analysis..lt.bas been surprisingly.disg er%? that minimizing the gverall .
o R s e AN Ot mac
| Micasitsbatse)0iP Gnolecules 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 |cRESOAMBIND BR(ROPIDON RN nitosT RAT IoiD wiNEe MMl PS
used th hout the specification and will have the following meanings
unless g"fﬁfﬁ%‘&?&%‘%ﬁ%&%&‘e‘8¥“ 18 a‘BSeaF \?é‘gq%ﬂi DA S P A RS T Of

opguabitesst iﬁmaﬂﬁmbgm@dnﬁﬁmd sonhstea Iﬂ’lﬁ@nti)ﬁmfﬁl@f ﬁﬁﬂ%ﬁw yﬁrocarbon
originates.from or is, preoduced at some, sta y a Fischer-Tropsch .
roRbRteny b nizad brachie, e Murlerty e s colmprsing 2
muldoues’ witifintathahourbhecafiisenandihaying adacingpainhave low
enerall ove about 600,,20 F (316 C), The waxy hydrocarbon -
e L St e SR ) By genter of
vibejuteeusionks; sil chobs HiscHBicrapashinvaxyidy dracanaenso QrébayRe
derived from natural sources, as petroleum waxes. "Lubricant base
di Fpéuggn %ﬂeﬁ%c%%%cgfl lépr?gs u%?tll%n ca 'ngfug‘ﬁg% f%&ﬁgﬁé’%‘?lﬁfcrabﬁ?&ﬁhﬁd
Habsaihts cloripaisiizate s ldtattinnsaaeaiisovided according to the 25
proces of the present inyention b droisomeration/solyent = _ . .
deW<'atxi?|1(E]%€L b ?113%1& glpsﬁ Mz 3§ Ek)J‘rXat fﬁﬁ&ﬁ%ab\%ﬁ%@lﬁm bingmatic
prispesiiiss gfctiter| dimicabids2 cBilat fO99ITlesptindenclirig-dactingueserivide
'@Xg%éw lI'ch‘g HHH?II)%%%] R ttserh%ltyrf] Eigh viscosity indexes, that are greater
than the Target Viscosity Index, as defined herein, Optimizing branching according

to the present invention means that the lubricant base oil molecules comprise
paraffinic hydrocarbon components having low amounts of branching overall with
the branching concentrated toward the center of the molecules.

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 a combination of a mild hydroisomerization followed by
solvent dewaxing. According to the present invention, a waxy feed is subjected to a
mild hydroisomerization process under conditions such that an intermediate oil
isomerate comprising paraffinic hydrocarbon components having specific braﬁching
properties is formed. The intermediate oil isomerate is then subjected to solvent
dewaxing under conditions to provide a lubricant base oil comprising paraffinic

hydrocarbon components with optimized branching and having a kinematic viscosity
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range of 600 to 950F, end boiling points in the range of 800 to 1200F,
viscosities in the rang,‘e of 3.2 to 20 cSt at 100C, viscosity indices in the

woaaIgR Hhd.p8 to 240, 30 preferably in the range of 163 to 220?@'?%&96?/03013 4

preferably in the range of 165 to 200. The lubricant base oils further have
pour points less then -8C, preferably less than -9C, more preferably :S
-15C, and even more 5preferabl less than -15C, and 7 WO 2005/037964
peditbap et GieSrelékly Fhensaengebibe ressCinvhetiohrisalis in a

R@S&ﬁl%ﬁé@%@@ﬁx%f;}gsgg%(ﬁ%fﬂﬁi@tﬁyﬁ}m%ﬁ%ﬁ%&fﬁge 530

&'bo timized
"Hydrocarbon or onaceous” means a compound or su &ance
Pranchugssing %@%@W&W@%ﬁ&%{mﬁi@m@ym&@mm &ranching
ERIEHNRIDIWEN A% SIS BRI QGRN.x (T8 YiSEASnd

Index' is an empirical number derived from kinematic viscosity and

RRAOERS 1RgdiorTHe radsdrviscdhy B A8 daRslated by the following
iy

equation:Eargst § yindiexor et KINBMBREMISCBS . AL AR hing
C)+132 10 wherein In(Kinematic Viscosity at 100 C) is the natural

S imTBES s branchips sy ad thoreiddieod dhedvhrisash besT aibet
Miseagdy prsiauds AllnsHiatee BasdRE FiaH G cHIYhaME R 31068Ey indexes

sa%hjrated monovalent hydrocarbon radical of one to six carbon datoms or

QHPLE BaDuctrrEtins e highrdd bbwsanthassiodisattly 15 eight
cathoioaiyscR kil ilieeimaonH o smal e Bxamplgs of alkyl
groups include, but are not limited to, groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, and the
Mikguifore Carbon Index” (FCI) is a measure of the number of carbon
atoms#;i:l ag)}gs%paraffin that are located at least 5 carbons from a terminal
o

carbo % g BG Rsrhtreibardhe soraidiertion sadwédiapye

thisfidievadg insbiuhsicanichosealswithdiagipatic viscosities greater than
about 3.2 cSt gt 100 C_comprising paraffinic hydrocarbon components

having CER LS S IR AT RS RTRESTS SR RROBRF Hr abckmh Gphiive 25
fextiemelydnigbnisoaadyiingeseinm ot xeeH TR W ROPFIIIELS of Mine stage
bViS%OSia/ I execlsrh%f the lubricant base oils of the present invention are

great&F than T TG Wiscosity Index of the oil. Preferably, the viscosity

indexéaitheyldhrassrbRedstiek™ is a feed or stream comprising molecules
with a carbon number of Cyo: and having a boiling point generally above about 600
°F (316 °C). 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 from natural sources, such as petrolenm waxes.

“Lubricant base oil” means a fraction or product meeting specifications for a
lubricant base oil. Lubricant base oil fractions are provided according to the
processes of the present invention by a hydroisomeration/solvent dewaxing process
and have optimized branching properties. Additional properties of the lubricant base
oils provided according to the present invention include initial boiling points in the
range of 600 to 950°F, end boiling points in the range of 800 to 1200°F, viscosities
in the range of 3.2 to 20 ¢St at 100°C, viscosity indices in the range of 158 to 240,
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 -9°C, more preferably < -15°C, and even more preferably less than -1 5°C, and
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W il 2%151‘%%9 és defined above, the Target Viscosity Index is wscosV%

of the present invention are greater than the Target Visgosity Index of the

ependent and is 30 calculated by the following equation: TarG&tNASEBY {30134

Index = 22 x [n(Kinematic Viscosity at 100 C) +132. These lubricant base
oils comprise a mixture of paraffinic hydrocarbon components wherein

theelsl mirtuiemi-naraiaic3sydrotaAbRBEOMPPARNENRAUS B Ghve cloud
2005/037964 PCT/US2004/030134 optimized branching. These lubricant

RSB EsHiitesid garifinft Hydrocarbon components with optimized

branching.are produced,fram waxy feeds.,.,The present invention also
relates to MUSGAER b drseatbionaceons: rieals @ compond o suliance that
theltbricaptivase oid ofithe preseTtinvbmtion aEhdrchedmistdimtatois such as

isgﬁ £%t%1511 f r%}rﬁ%%reesnent invention comprising paraffinic hydrocarbon
co gon’ents aving sge(ﬂfic branching properties. Accordingly, when the

intermedifitegidomer ety budeco nvartepiodabricabebdssvailsi the kaleioatit
Daas il SRIPOLIRS PRIRIRIC RepIbeg: componants haying oolimized
branching properties” The intermediate oil isomerates” are comprlsea’o
pérAfimiegaahedcarbon components in which the paraffinic 10 hydrocarbon

.Comp(’”?%‘% e?%&(l)os\ﬂ?/ &‘#”%%@Pf%@é}%ﬁi’ il Jhe 5;?6@‘985@“?38”
isomeratesare converted into [tbricant base oils' comprised of paraffinic
hydrear bu tompbndhtsdséyiat 100titairedlioranthiido prafienieSK inematic

OO BRI AR AR SR e

means that the paraffinic carbon components have Tow amounts 0O
bt Ednre.15 overall with the branching concentrated toward the center of

the mole ”.I'%g%?sr%i?#%ér%?l%u?gﬁe%‘cﬂg % (GH g&?o%’ﬁr R gfrg Sal of one to
molecules’ is'minimized. The branches on the paraffinic hydrocarbon
cempaentsohts ubricahtbsseraid anchivid mmdgidtecoibiconadietbefiteee to

| In the ' il int iate.oil i

SR s e Dl

Ao e tadth dyrexsamtiive bt  gibiephubribaast tne ey bidsh vherhmamsfhing

; o T ) o il rent of

T B e oo e

measurétity Gagborumber’ Ky I dranetresepeiibegiverbauefiserboi atoms in an
flni tent

o B AR ) e 0001, 408 515880

cansonsomesisigsitisin.of branching is measured

It has been surprisingly discovered that lubricant base oils with kinematic
viscosities greater than about 3.2 ¢St at 100 °C comprising paraffinic hydrocarbon
components having certain desired branching properties (optimized branching) have
extremely 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
calculated by the following equation:

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

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

8
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relative to the ends of the hydrocarbon chain of the paraffin, with the
tefminal carbons being the 1 position, the next-in adjacent carbon being

‘wothe0pwsition, the subsequent-in carbon being the 3 position@ngssaoiosins4

until the center of the hydrocarbon chain is reached. The positions on the
hydrocarbon chain may be 30 illustrated as follows:
CH3-CH2-CH2-CH2-CHr(CH2)to- CH2-CH2-CH2-CHZ- CH3 123455
opgmzed brapEling 0 EResT GHhip T has ubo s By parHiEis darkrs gipon

iepiperRias witipparIeciale RIRICIS- G iR A gRSS {Pnlpakeitheriwbpicant:

base oils of the present invention. The intermediate oil isomerates are
IRETIORLEY Slpjetimbpisrmedrfesd iSasten erdrsa s pissrse of making

pronestcusingse shecithelasssl shapgiseletivetaia@iadiat iBpathas of
ésége degree of pour point reduction with a minimum degree of branching.

&R D PR O P R R UG DD SRS P RS L s specific
tutbsigang passeails obe RikseNvilve Aot desardiRgddsnibaeEese @bnverted

inyentjon, the intermediate .oil isomerates comprise 10 paraffinic
R OP e Do T G S I BPARR e, BEGEopAon
intapnediataniigomardies Bf&l@ﬁﬁif@ gs@@hﬂid@awﬁéril@ltamémbl@ns%merms
component ving low amounts of branching oyerall, In particular, .the
ARG R R S B e
Inpdiingribes toapanenikylvblanchesyes d00raachansoaaghpreferably less
than less than 6.5 alkyl Qranches per 15 100 carbons. The intermediate

o1 or B PR e B AOUEAS H A T B L GH of
therpriasé nif ipameriiino Hdesysinentocip qaiase hainve i it bancang

b il rise paraffinic hydrocarbon components in which the |
BRI QPR R BB B Ser BRI e BaPataRTention

ingane thsb die parafidnie higiR buin goopinitas RIenkiingrodhRtdfBranching
T e RN e T S
Meantiledy|abe brpeitioglarwird thbndnt bisenilkadesissepaiagiic

22?[; 8%%%2 e%%g yglrg ghgei%zgrr%ﬁhﬂgcl ﬁ%ﬁrwc%r%gl? !e%g?é%@ﬁ eosf Pt?er E%I roxcan.t base
oils and intermediate oil isomerates are alkyl branches. In the lubricant base oils and
intermediate oil isomerates, the alkyl branches are predominantly methyl branches (-
CHjs). According to the present invention in the lubricant base oils, the branching
properties are optimized. The branching properties include the extent of branching
and the position of branching, The extent of branching can be measured by the
number of alkyl branches per a given number of carbons of the paraffinic
hydrocarbon components. Preferably, the extent of branching is measured by the
number of alkyl 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
subsequent-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

illustrated as follows:

CH;-CH,-CHy-CH,y-CHy-(CHy)1o- CH2-CH,-CH3-CHy- CH;i
12 3 4 5 5 4 3 2 1

9
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WB”%J}%%%QGS per 100 carbons. In addition, the lubricant base oils

25 7 alkyl branches per 100 carbons, and more preferably less than 6.5

!
!

comprise paraffinic hydrocarbon components having less thaR G pggg+/030134

branching at the two position and preferably less than 15% branching at

the two position. The lubricant base oils also have low amounts of

branching at the two plus three positions, preferably less than 30 25 wt%

and motfhgreferablg less é[‘lan 20 wt%. Furthermgore, the lubricant base
e

oils have BraRERiT ARE RAESFTe AT8 HoRRHE PErdusts ARl BEGressto
andimdie lybsteralbygrenierihan R Yy QWO PRORR3T8% e oil
PCT/US2004/030134 |t is generally accepted in the art that it is easijer to
R AT el O a0 5.6 S sy fedon
tipascedsoisii 2 eféctit Qs cntiapavig:iow Qo oS asartd$te decree
prgdgce I(l}Jlbrtica U'E S}aseﬁ%lg with higher  kinematic viscosities, which also
gt IRER RS R g et of
cempeisieg dubsidashbase:nits of iwevidearaiibiianobiieoify8rahegiativaly
shorteré)araffinic chains, generally less than about 25 carbons in length.
§|I%|Vceéltllukr)lﬁcant base oils having relatively low kinematic viscosities are of

relativelp siwdiegparaitipiccheinscthiese tublitani dhse ollsaeneidlycomprise
requite fewer, branches to reach a low pour pint. 10 In contrast, higher
AR B bR SR RIS B AR RYEIOEBBHRAE LI o
|imganetiate dehigtim tratee ae:longpripar affinie iy ogarenwoalesulam ofts
q;g‘pﬁr \@‘%osit¥ lubricant baﬁ(é oils, iti'g rﬁy\;h moye r%ilfficult to isomerize to
IOW amounta 61 Branehiiy ahd s Bt Y | %ﬁp{?& | ipiREdate ttas
heengacscosiyrienpansifiaie hitladasbraaahpsinay & ke WasdineT 0 alkyl
i(é]ldlc«la-1 o Iigfﬁgoar%ﬁins fOé bu%’ ?%?e\%l,_ @gﬁl cyclohexyl branches, the
AR ST THE S5 8RR WO M TR N p R 1R GAR el licbranches per
prodoadendubricant base oil with branching placement toward the center
of the paraffin_molecule,.and it is guite surprising that doing so, combined
with Tow! SR LR SH a4 SRR CRYB e SRt R 54Lio B the ubricant
dxce ptilsneirdghsWiisianehton, pAucoZOmoie e Aeesding taBe, the lubricant
rocesses of the present inyention, waxy feeds are, pracessed.in such a
S o AR s L P SRRl OB i i
optimized. biidedab)aiit eefoils, dubperaphasaiihwitadigon components
having optimized branching in that the paraffinic hydrocarbon components of the
isomerates have low amounts of branching overall with the branching concentrated
toward the center of the molecules.

In particular, the lubricant base oils comprise paraffinic hydrocarbon
components having less than 8 alkyl branches per 100 carbons, preferably less than
7 alkyl branches per 100 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% branching at the two position. The lubricant base oils also
have low amounts of branching at the two plus three positions, preferably less than
25 wt% and more preferably less than 20 wt%. Furthermore, the Iubricant base oils
have branching at the five or greater positions of greater than 45 wt% and more

preferably greater than 50 wi%.
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viscosities, low pour points, and exceptionally high VI's are produced. The
25 Jubricant base oils of the present invention have kinematicjviscosities

| watbd2Q 3% sgreater than about 3.2 cSt, preferably between ab%‘é?ﬁg&(ﬁﬁ 030134

and about 20 cSt. In addition, the lubricant base oils of the prese
invention comprise average carbon numbers of greater than about 27,
preferably greater than about 30, and more preferably greater than about
27 and Iessgihrmatiipaist giled@uTthe @xthat vibeanchingant:bsdaehioagt base

position. gan be determined by NMR Analysis. .11 WO 2005/Q37 o
B B K e e s o R ] L e
dRtheg divriqant pase Gitband inte preblietdwitidisonberates sof itichirheent
inventiqn. ax rmingd,by; analyzi mple of oil, using carbgn-13
SR M oI e S TN o
fimed chewebipiti oo bfcti esprovp ssip poividiecdet bilscof il e Hlrosdssstepis. \Siepstics
rformed 0 Jinjtial materi 0Om a,NeWRrocess. .
B e b, B OR T 1R AR O eh, &
Usigthth8imE PibicdstlsecoéndeyiDgdddildy TovDkificRetg vicRsities are of
B Journal of netic. Resona : , 323ff.). 10.2.) Veri
TSR pR A RIS e A el vl Sl Dfcwer
bsimghtetaRTIgddeweguepoam{Patt, S.L.; I. N. Shoolery, Journal of

Magnetg &%ﬁ%@ﬁ"ﬂ&g&?%ﬁ&&ﬁ%ﬁéa& hARSign Eg%eéﬁggﬁirgfﬁ&%h
carbon resonances to specific branch” positions an gths using
tapiznedemmekictktod wakesiinderstin, I these dodgarpatafiinic

O A R O S e
2Bl B isethetizoie v ambuninefyrnchihgandehtain kdlGwvintanmedint.
ethyl 191?addition, it has been previously demonstrated that as branches move
towé;rd 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
tubricant base oil with branching placement toward the center of the paraffin
molecule, and it is quite surprising that doing so, combined with low amounts of
branching, provides. a lubricant base oil with exceptionally high VI's and low pour
points.

According to the processes of the present invention, waxy feeds are
processed in such a way as to achieve this desired amount and placement of

branching (i.e., optimized branching). Therefore, lubricant base oils with high

- viscosities, low pour points, and exceptionally high VI’s are produced. The

lubricant base oils of the present invention have kinematic viscosities at 100 °C
greater than about 3.2 cSt, preferably between about 3.2 ¢St and about 20 ¢St. In
addition, the tubricant 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.

The extent of branching and branching position can be determined by NMR
Analysis,

11
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propyl 14.4 25 Adjacent methyls 16.7 4.) Quantify the relative frequency B
\ﬂf) %eg}gg&gcurrence at different carbon positions by comparing the

intégratéd intensity of its terminal methyl carbon to the intensify-3f &2004/036134

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

termima B e Hhes Branciidnethyl occur at the same resonance position, the
intensity was divided by two before doing the frequency of branch

occurrentacdataulBionebgMies 308R/0A20MFadd URAH R0 34i-itthe

4-methyl branch fraction is calculated and tabulated, its contribution to the

4-SHTBERIRS HUSP BECSERAYREHB Foslaiounrl Mimmring crmmiseing

FresnG asdiosnindexviringetieiaie il e RUeHA0 6 SRIERRD MY RBETralthen ces
e results from the C-13 NMR analysis, as described in 5 EP

sam ée and \

T Gag ! eﬁé%“@%i‘ﬁdhelH%ﬁséﬂéﬁﬁlfé@éiﬁt@g%%f@@ﬁﬁ%%ﬁﬁﬁé‘:‘r- ofteps 1
caflibh atopesfirraniisanasaline that:amdeeriediahieast® 119@&@,518 from a
terminal i:bo %nd_ 4 %a%i%rr\ﬁ aV\?,ﬁy from a side chain. The average )
carbon nfl ber AfRJ B TARE Grptest it Sélubmsrhoierapnatipn points
maaﬁfgaﬁebyﬁmmmgd@eqmmgmhmg@qﬂ;mﬁ,a;sa(?g% RYRAh8al, Journal

fog%a Weli%; t of CH2). Malecular weight may be 10 determined by ASTM
D SREFNIEIEBSE I bth &P sttt method. According to the present

inventilomi.)nolﬁ‘&zflelafymgﬁ%r; &wei?f:a)b%g@.@ﬁmi%g%zhniﬁﬁ%%f3-02-
6.) Calculate the Branching Index (Bl) and Branching Proximity (BP
A BN S BB DAT P SSAREENG 6 obobaNeTaReIy
Indiemial dphhgiatio ReprmeatioRnorsbengslic methyl hydrogens in the
range of 0.5 toé.ﬁOSﬁgl[t)m, to the fotal non-benzylic aliphatic hydrogens in
the range-bf 0.£5 8% M FATOH P BRSAGFRG BTEIaRAG 58 inerssidiqivaneht
fqmﬁfiﬁﬂsmgvi@ﬂﬁ%ﬂb@%ma' fmﬁ;@aﬁ')k‘s&ﬁ?édﬁ%ﬂ%d@(%ﬁi&%b fa[ﬁ,rm,.ap.,
e roup ranch (epsilon carhons). 7.) The number of branches per
Bt e e R R AR R e v
ofraldybbranehesorer. 100 carbon atoms is calculated from the number of
brancheﬁjpa%rlp%%l.ecule (step 7) times 100/number of carbons per

Branch NMR. Chemical Shift (ppm)
2-methyl 22,5

3-methyl - 19.1o0r11.4
4-methyl 14.0

4+ methyl 19.6

internal ethyl 10.8

propyl : 144

Adjacent methyls 16.7
4.) Quantify the relative frequency of branch occurrence at different
carbo-n positions by comparing the integrated intensity of its terminal methyl ca;rbon
to the intensity of a single carbon (= total integral/number of carbons per molecule
in the mixture).
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 occurrence calculation.
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molecule. Measurements can be performed using any Fourier Transform
NMR 25 spectrometer) Preferably, the measurements are performed

wOuskEaspectrometer having a magnet of 7.0T or greater. 'Wﬁ?ﬁﬁ&/ﬁ:&gzm

after 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).
SolutioHsst 430984 byanskidracistiforetortatal anstéabbited 89 dopiiution to

nudsrslioyiea i 80 AdhaeeargudliP g e JAuRiARY o minimize non-

uniform intensity data, the proton decoupler was gated off during a 10 see

delay Brior thﬁ@‘éﬂ@tﬁW&f%@@Wﬂ using dleejcadndricd evarage carbon
apemanhiDesenged Rk RO MmiRUEess TGRERLA0LAR cribed in

sequences were carried out 13 WO 2005/037964 PCT/US2004/030134
ELHIOMNG 0 Tl dsrcCoeken Sudms(With isinsrcewiandiikedunshibeeficnthen

MapRn0in Braken SRANBING-MRANAS: RER | S BINIOHONESSrminal carbon and

Enhancement by Polarization Transfer. DEPT does not show

4 GatRPR: ARy HRITERdE abrde g ba cy YRAECATB TR @O etriatned

i durietBe. LRERIA NG GAANS bR bt 3Ra00S GHANYs
CH3 up and CH2 180 de%:es'out of&[}gaie down?. PT is Attached

BfGtgnPtely ItAibafommibamsht of oleutac preiglt oRBhae up,
e AeEFASTMNNSH2 AR ieNasoEhe IRELeRces RBMEEH K‘c%%jng

every branch methyl should have a corresponding CH. And the methyls
O EE REATION tREbPnrelRsHRzaY sight dnrplesely Weteraiacd bdsded

g gierences cited. The branching properties of each sample were
determined by C-13 NMR_using the assumgétion in the calculations that

the enfird sarhEWtk BBrsERe dnder (RBrard Baradinadirurmi )
isinpaiatininldioieaionmhwere UH. AR IQb s, 096589 BERRRMDENRS: is

hich may have been present in the oil samples in varying 15 amounts.

A& L ALFESPh fanastrnmydisuprbyh hydeesens it e gaae pfif ddw b5

EhneRL iR Hn-mild- i oispime iZalom AL MAK A REO e BSsUseL 1 ihe
,ﬁgg%aratl n. The naphthenes content may be measured using Field
i

LRSI EPRe e By FRiTanS cerwasrK byl et gy asiehich
peefenbineniivmdneleothabFRAeSsri8rBReH ESsilon carbons).

7.) The number of branches per molecule is the sum of the branches
found in step 4.

8.) The number of alkyl branches per 100 carbon atoms is calculated
from the number of branches per molecule (step 7) times 100/number of carbons per
molecule. '

Measurements can be performed using any Fourier Transform NMR
spectrometer. Preferably, the measurements are performed using a spectrometer
having a magnet of 7.0T or greater. In all cases, after verification by Mass
Spectrometry, UV or an NMR survey that aromatic carbons were absent, the speciral
width was limited to the saturated carbon region, about 0-80 ppm vs. TMS
(tetramethylsilane). Solutions of 15-25% by weight in chloroform-d1 were excited
by 45° pulses followed by an 0.8 sec acquisition time. In order to minimize 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
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lubricant base oiIs} with optimized branching is a waxy hydrocarbon feed.

The waxy hydrocarbon feedstocks useful in the processes disclosed _ )

WY HhE0Pe synthetic waxy feedstocks, such as Fischer TroSBV§#884/030134

hydrocarbons, or may be derived 25 from natural sources, such as
petroleum waxes. Accordingly, the waxy feedstocks to the processes may

COIRISRE i%%faﬂ%&!&x%W’Eﬂif%%ﬁ%{%@ﬁcﬁ@ﬁ%ﬁ’ R Mrrian or

digtillate stocks such as gas oils, lubricant oil stocks, pour point

pgl?“alfﬁﬁ%?é?ﬁﬁ%% F88R4¥As, normal alpha olefin waxes, slack waxes,

deoiled waxes isane SRESIANNR MR B PR MbrasheLeg 1
Preferably, the waxy feedstocks 30 are derived from F%gsc er Tropsc 1 does

WBK S ROSG UAInREEsn Tl RS PO bhsetrReR kP sitredmProstkons bonded to

Matserle DWIT or-abes uekeal 649+ B i |
generally above about 600 F 31% C). The r%gj?;?i?y@g? ?&Qr%}jgl%gglggﬁut%gn d

wakly 1A4Aes560810 87 9basP (SPNIB 208 08 dLbsh e otna Highedt allows all
maleeukaroneighid) RIS ARCS oL Brana e RARAHINS MR, are down,

contribute to the waxy nature of the feed. The waxy hydrocarbon

feRFSTEARERSS e HyRht e Siatenror e ek mobubshasidbersibedrtespsinding
desireta® hisshersT ansshSiihasis:Raierablymiog wﬁﬁvaﬁnegigéeeﬁkﬁgﬁf%‘%
eeds. In

present invention are derived from Fischer Tropsch waxy
Fresreber g elsernrstyitepngas is converted to liquid hydrocarbons by

contact Wb nigsRgpIspRsEs satabyst %%%Cﬂéé@ézﬁn%‘aﬂt@ﬂ% NMR

Typically, methane and optionally heavier hydrocarbons (etharie and

hesife e At IRRLR: i it SR akabions Hivhe spida sigaie ritbibrcpro bieke oil
syPthesiscGat @ﬁ@@ﬁ%ﬁt@%ﬁ%@%e&ﬁﬁi%%!t%ﬁ&}fﬁf%%%t%@%%r n-
or

monoxide, and may include minor amounts of carbon dioxide an
WS PR O eRiHER ST R ARy b oRBIBEREpRisEl St spipistioruarying
aatd ArENITICONAGRINARRANIRS SYMEasTa b UndE %ﬁ@%régé&@aﬁm Br

and depending on the quality of the syngas, it is preferred t0 remo

SRS LR BRI e se Mot de BeRsrBIprsts isign the
FisshiertdsaPIth ahemnistys Marns fon /6810uRaY ARSI Mass

ell known to those of skill in the art. For example, ZnO guardbeds are
RESHREPREY FEMYGIng sulfur impurities. Means for removing other
contaminants are well known 20 to those of skill in the art. It also may be

dfegéé%%gkto purify the syngas prior to the

According to the present invention, the feed to the process to produce
lubricant base oils with optimized branching is a 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
from natural sources, such as petrolenm waxes. Accordingly, the waxy feedstocks
to the processes may comprise Fischer Tropsch derived waxy feeds, petroleum
waxes, waxy distillate stocks such as gas oils, lubricant oil stocks, high pour point
polyalphaolefins, foots oils, normal alpha olefin waxes, slack waxes, deoiled waxes,
and microcrystalline waxes, and mixtures thereof. Preferably, the waxy feedstocks
are derived from Fischer Tropsch waxy feeds. A substantial proportion of the waxy

feed comprises molecules with a carbon number of Cyos and has a boiling point

generally above about 600 °F (316 °C). The majority of the molecules in the waxy
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Fischer-Tropsch reactor to remove carbon dioxide produced during the
synbas reaction and aay additional sulfur compounds not alrg¢ady

weemad/erfodhis can be accomplished, for example, by contactmgma 4030134

syngas with a mildly alkaline solution (e.g., aqueous potassium
carbonate) in a packed column. 25. In the Fischer-Tropsch process,

centacti synthesis, gas comprising a mixture of H2 and CO with a
T FcLo R i ScRESRYG sl bivehabmereftins which

iISCher-
reactivs:torditionatersdiguithanggaseous hydrocarbons. The

Fischer=Tropsch reaction js typically conducted at temperatures of about
300-70 (?["ﬁé—%lﬁéﬁ"ﬁ ?@rgﬁﬁgﬁ%&ﬁ%b@émeémy;tpﬂ@gmmss as
ofeabobied De66A BQlpsiad(0.7-41 bars), preferably about 30-300 psia,

(2-21 bars); and catalyst space velocities of about 100-10,000 cc/g/hr,
preferably about 300-3,000 cc/g/hr. Examples of conditions for

déisthrenifimpsiscBendhesipsch type reactions are well known to those of

skill in ép?eﬁgltagf WO 20%5/837 64 PCT/US2004/030134 The products

of the Fischer- Topaeh SR HTESHORHS Q4 dhsRESP Pah B FRéiencIedemzastiom
Wittelaen Erjopitghinythey Gode Qmascr@ngeog d&ﬁd&%ﬁﬂﬁﬁi‘}&%’ﬂgﬁs‘:ﬁ_ RRansted 1o
INALY of reactor types, 3%%1 fixe %e reactors containing one or
A R s B e ot cation o rectve
combiiratorilypiifiéyenttypacindagticaabybb AR BERIRIRESAMSE and
rl?e%%‘éfj C%%ebv\e/%:énlﬁr}%r& ng documegltfgd in the literature. The slurry
Fischer- TTopsch process, WeH (& BPEre TRt Srepriehiterspide synthesis
igaserGongratijz essbpesi gamthngéﬁrm@&Wﬁ%%ﬁﬁk?%uﬁﬁrxﬁla?
Sl thermic synthesis reaction and is aple tg produce relatively
hi.g% mo ecu()faﬁ%uvn&giéﬁﬁ%?%fﬁﬁ%%@ﬁ?@@érﬁ&%'m%c% Fongiir,
sairalyen, halvess)saipipimnesios phoyngasi cosBRIiSIOg RmMAHHSPTHRIREE
ang-camaen monexide is bubbled up as a t@gfﬁ%?se through a slurry
which comp?sesp&lé ggﬁ%&gﬁ@ E? 8ﬁe1rr-1 s Uy dhs e, 1t is
pfteslsernigse disifersed ethar suapeniactint sl uhey ek BRIHRFBREng
Bxoragarhon, Qgﬂ.u f thesis reaction which are liquid under 15
the reaction C%Sn |tig{|lﬂse§. ! ﬁﬁ'ri%i%éa}sé i0 OF e GRAB A gFe well
kiomoxiddhassyobeksidtily thnge. flimeabopl) 10 ghadbédbbidHaRIEd for
bR Witin: m_% ge Oé’l rom.about 0.7 to gbout 2.75 and preferabl

A a%% Ut 0.7 1o {B?(gﬂut ly O %;ms &Y removing ogler contaminants are well known
to those of skill in the art. It also may be desirable to purify the syngas prior to the
Fischer-Tropsch reactor to remove carbon dioxide produced during the syngas
reaction and any additional sulfur compounds not-already removed. This can be
accomplished, for example, by contacting the syngas with a mildly alkaline solution
(e.g., aqueous potassium carbonate) in a packed column.

In the Fischer-Tropsch process, contacting a synthesis 24s comprising a
mixture of Hy and CO with a Fischer-Tropsch catalyst under suitable temperatare
and pressure reactive conditions forms liquid and gaseous hydrocarbons. The
Fischer-Tropsch reaction is typically conducted at temperatures of about 300-700°F
(149-371°C), preferably about 400-550°F (204-228°C); pressures of about 10-600
psia, (0.7-41 bars), preferably about 30-300 psia, (2-21 bars); and catalyst space
velocities of about 100-10,000 cc/g/hr, preferably about 300-3,000 co/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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particularly prefér'i}ed Fischer-Tropsch process is taughtiin EP0609079,

walsRosemplgtely incorporated herein by reference for all purpogg%UZO In

general, Fischer-Tropsch catalysts contain a Group VIII transition Meth) /030134
on a metal oxide support. The catalysts may also contain a noble metal
promoter(s) and/or crystalline molecular sieves. Suitable Fischer-Tropsch
catalysts'ESHss sopitlet FisheoT mpsnl soulRusanddRes witheealtom C, to
being, rrafer st Aiprelanee, Fisehers I $q;}§§teaé¥5t compyises ffecﬂéﬁ \

amounts of cobalt and one or more of 25 Re, hﬁ%c R (s uﬂ?
MGErHe EEIS%PEP%M&@%rf@atﬁﬁ@céhgbmcm@datamagaablym@rmmyst
COBMR! a8 PR AL TS HACiRR LERL Oxldes, I, geperal .the.amount of
cobalt present in the catalyst is b(retween’a out0 r;br‘l%a gggtﬁf WetghPe
pERARTSo PR AT R AN RS 56%R BB KReAtoThHarcaraly stsovan ks daomisined in
basgitiexgg-promoters such as ThO2, La203, MgO, and Ti02, promoters
such as 30 Zr02, noble metals (Pt, Pd, Ru, Rh, Os, Ir), coinage metals

(Cu, Ag TAGS W8y %ﬁ?@ﬁftﬂérﬁﬁmgﬂmm@wsm ispFefeMer MiflanstREce of the
SuitaRiRSURROIEIReBls g luda Aluming, Slicg, magnesia and fitania or
mixtures thereof. Preferred sughglorts Fogly c%%%%ﬁ%rﬁgﬁ%%ﬁé%? #&e strongly

CWBW@%M%M%%W@%W ploparatitiyehBHi W Giolecular
%@@Q?ﬁﬁ@ﬂﬁ%%g&%é@%%ﬂg gg?ﬂ/ﬂt%ggai%% tal %tgleiqﬁ%’g process,

Patent 4,568,663, which is intended to be Illustrative but non-li

rBIRRE SRR SR ReTBIEC ol satalyd sadrorkmonontd probididlehain as a
gtewithHakehakilitiss thatar i law, te,.and the reaction

ro ui?:ts includégg [ela%ﬁ%@%%ﬁég%%ﬁ%gﬂ%%é%%%%ﬁ gﬁ &?ﬁ? )type
%é’%ﬂiﬁ%%%ﬁ&%&éﬁ%@tﬁ}éﬂ@rp@é@@mmmwﬁzmamanmght
(E38rl SN RB R ERHBH rovide relatively high
chain growth prqbabilitigg,} %%%@%ﬁé%ﬁ%ﬂ?g%%ﬁ n"é’\hlé?‘é Ege?é‘ﬁgffggﬂgﬂ

|6 IESRi6PPEH IS mbscurie fa ey vhsigtuetngoaihe earbtativelyoigh may

[ieRAIIeMmEE Hgh AIBED! gL Ya) 7 Sueh catalysts are wel
gownﬂ[o 1% those of skill in the gﬁté’n%%%égnfpége%re |Ty obtal nﬁle}éscz}alﬁa?%} e Dtl

UARPH A B R bhradmEsipehly Spse bheddd I cehtain® 5. A
pesdotirgrirapialtine Fueaiodtsio L FlsheTEaRaghgsacions

4grenerall include a light reaction product and a Waxy reaction product.

RSt Yo HERBIP IS der kbt Ficteapel Sprsalieptremstion) includes
hydrocashnerapiting el 9% ARl AN Eotltaldh Group VIIT transition metal

on a metal oxide support. The catalysts may also contain 2 noble metal promoter(s)

and/or crystalline molecular sieves. Suitable Fischer-Tropsch catalysts comprise
one or more of Fe, Ni, Co, Ru and Re, with cobalt being preferred. A preferred
Fischer-Tropsch catalyst comprises effective amounts of cobalt and one or more of
Re, Ru, Pt, Fe, Ni, Th, 71, 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 between about 1 and about
50 weight percent of the total catalyst composition. The catalysts can also contain
basic oxide promoters such as ThOs, La;0s, MgO, and TiO3, promoters such as
ZrO;, 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 include
alumina, silica, magnesia and titania or mixtures thereof. Preferred supports for

cobalt containing catalysts comprise titania. Useful catalysts and their preparation
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15 gases through middle distillate fuels), largely in the C5-C20 range, with
def:reasing amounts up to about C30. The waxy reaction product (i.e., the

wonmsshsetion) includes hydrocarbons boiling above about 60%{«%@2,00 4030134
h

vacuum gas oil through heavy paraffins), largely in the C20+ range, wit
decreasing amounts down to Coo. Both the light reaction product and the

roduct are substantially 20 paraffinic. The waxy product generally
%%r?%ﬁ%%%ﬂ%%i‘éﬁ%@ﬂ i AtaR AoRRACDardithss amdmoktdricgbeater

tHast80wdightds-Henmal Rasaling dHeightigagiion product comprises
paraﬁi@%lggl%déja%%? with a significant proportion of alcohols and olefins. In
t

some CASes, the ghE FEESREpAodTRY Hiashedhiraa nprniabiitissSBat are
whighelysloantb evedchighendaleohalsiandolafins ilisdbe Ry
l{_%%%f 4 the}vvg?fr tion) that may be used as a fee sto_k Fhe
I%{ cesses o?‘%hemﬁg it W&Fﬁhﬁ?éﬁ%‘%@ﬁi&lmemmr@mm&of
Ipeboaisnvianticrighin (i hyek ocaBon ferdsiagk is: 30 SUBISEIED 1B vide

' ization in a hydroisqmerization zone, producing an
%acel{%?duﬂ%% Gil TSR AP %8128%%‘?%&%?%@%@%@ imprdeethe
Tebid idwlgropeyiintiaf of Irinanicansq Ol Y gt IREING APAN Obiy nign
IQ Bg@gﬁgbgg%he oll%cularés@)&gr . 17 WO 2005/037964
PBngllsz ' fﬂ)%ﬁ Ayt Péé’f‘ﬁ'i??ﬂe&%hﬁ@f?dwﬁmiwa&ﬂﬂwen to
thogh eovhibrisidhelextelsdanderetriy beﬁ@ib&\/ﬁw&ﬁ;ﬂg@gﬁns while at the
same 4 Inimizing the. conversion py cracking. According to the

p resent%egg(%l(?}lc? 4 éﬁ)‘/% F%ﬁ?%%‘fga‘mﬁ%@mﬁ EfavRiRs mgcdoBshagy
Poeitiense Tinepmduiasdipar@sizertrigauleraionsns JAISREIRAN Y igh:
I §0%%{L£In|(ri1 éf{g agrersegt inventjon comprise a shape selective
FISAURA PLSYS anbis tati angeti enpandiest| acthe

intermediate pore ‘size
c?ﬁé?élsﬁ@ﬁ;gbﬂgl_imﬂmmh@e?d@mﬁ B?jﬁﬁr?%qmwiggo%@ ggg;p Elg*g tail
phuage re size,' as_used herein means an effective’ pore
gapertur'(()al!x% t%e ra%aga%%g ?%mez o ﬁ?gytgl%%gﬁﬁqr_gngw@h deerperings

aprgkiie xbeus %ah@mmmydermm@aed&bagﬁ@@qm AR A  es
j 0 ieves u inthe practice of the present invention
B S S ot v el P b barer

are generally 1-
pqﬁf&q};é&rgﬁ@ogﬁbﬁ Geimvegdjovithreeofcienk RrifariRdvaRety (yhere

10-(opdd; _(ﬂ'ie]i%gil{ ¥&¥ction product and the waxy product are substantially
paraffinic. The waxy product generally comprises greater than 70 weight % normal

paraffins, and often greater than 80 weight % normal paraffins. The li ght 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, alcohols and olefins. Tt is the waxy reaction product
(Le., the wax fraction) that may be used as a feedstock for the processes of the

present invention.

Hyvdroisomerization

- According to the present invention, the waxy hydrocarbon feedstock is
subjected to hydroisomerization in a hydroisomerization zone, producing an
mtermediate oil isomerate, )

Hydroisomerization is intended to improve the cold flow properties of a

lubricant base oil by the selective addition of branching into the molecular structure.
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wilsoms) e joined by oxygens. In the 1-D molecular sieve, the 10-rin

molecular sievesh‘_have 10 (or 11 or 12) tetrahedralIy-cot}rdinated atoms

or Iarger% pores are parallel with each other, and do not interggﬁﬁ%%yt(.’%“ 030134

The classification of intrazeolite 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.
DETERIEINREERE idealaceEbheirve TR\ SinSation, 16984 of waxy

whihislassiiealaRISIRGAIROwad Ip e etiely by feference (see 20
particylarly page 75)%Preferred shape selective ntermeaia %Fecgﬁvgrsmn by
nfoi&EHar sieves used for hydroisomerization are based upon aluminum

phosphatese:skich 1@ sl = %»cﬁ’S‘ PO-41. SAPO-11 and.
SAPO-3] are m(?re pre@er%é%élvrﬁ?késﬁl%’o- 11 gg%%nﬁgg dreretibitedyisipe a
iShipslaRars Premsndats Rapesi sealrs e sosddity foiscdSesizetion

SARDswhighinasacrysialing sy [ ifhin. that of the SAPQ:11
molecul rsieve_s.t'%?lcé)IS reparation %#%%A{%Hagﬁc%%qgkiaﬁgc%vgr%c%ﬁg e pore
aVa° FELERBEY %’r?'f?.@cga%gﬁfl@bb’s@ gatp] Btieal npeli BB 81665 ddds@nation
retersadmshane salastiveinter, iate ize moleculay. sieves used,
fo;ﬁfq{droisomerizationgglre zeoﬁﬁucﬁé?%ﬁ%@%ﬁéﬁ%%ﬁ%& as
Z&54 D ePIRRap g sHostveprsaeaDiEma flierigs, SRR Boat 29N 2Bout
are MereaprefernedudinLe Qintermed e g olecular sieve, is .
characterized bf)r/ ,sgleicte crystallog{rg%ﬂ%tfr%ge |§n%estre;gé glﬁt %1% %ﬁ%ﬁ&ve

JBIRTRSG AL BIfitizs o lpsnlr sioisa s dos e crgtisreanfribblprigtiny. iamehtion

setagiecaidity Desirablg 18 WO 200 CHUS2004/030134
pr%staIIOﬁEgpéglic free diameters o the%ﬁ%%éﬁ tcl':@[1 g}%%%ﬁg% élf‘gveecéligFe

e ¢ HHGRT 300 e td abouing Yaiegstrirrh ity Almaxinyirng

erysialiDg apis Hifes amate LobR inimu
gfrfé?%i%graphic free dia%rﬂi‘eterag‘fl%%%%93%%%&%%%?%5@%??9

AEHEESstibe dpRisnlesdmsicws: Bis1fotingde thered foandhre
theatinimneay Siakearaphis- e s liameiess foL L?%%H?&Q:io‘zli% DR
ost {eferably the maximum crystallographic free lameteris no Hore
RS Shirihe i ARAGPC ek ierghdphit. AbcPaiapn dneZdslitos, |Ssiztivannd
Tanhaosyonids cnsielogapiic oo diamelers of RENANNEIOlo sy
O]GCLL%#EIG es are published in the "Atlas of Zeolite Framework Types”,
PRI YE&hF&?ﬁ%@F%@l}W@W@&%@H&?WW herefermdest
fsienldrigeydes, P, 10-15, which is incorporated herein by reference.
Preferred shape selective intermediate pore size moleciilar sieves used for
hydroisomerization are based upon aluminum phosphates, such as SAPO-11, SAPO-
31, and SAPO-41. SAPO-11 and SAPO-31 are more preferred, with SAPO-11 being
most preferred. SM-3 is a particularly preferred shape selective intermediate pore
size SAPO, which has a crystalline stracture falling within that of the SAPO-11
molecular sieves. The preparation of SM-3 and its unique 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, Z5M-23, ZSM-35, ZSM-48, ZSM-57, 88Z-32, offretite,
and ferrierite. SSZ-32 and ZSM-23 are more preferred.
A preferred intermediate pore size molecular sieve is characterized by
selected crystallographic free diameters of the channels, selected crystallite size

(corresponding to selected channel length), and selected acidity. Desirable
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A particularly preferred intermediate pore size molecular sieve, which is
useful in the present p}ocess is described, for example, in Uhited States

woBasisdyp. 5,135,638 and 5,282,958, the contents of WhiCF}, 15.592'6%%3(}134

incorporated by reference 15 in their entirety. In United States Patent
No0.5,282,958, such an intermediate pore size molecular sieve has a
crystallite size of no more than about 0.5 microns and pores with a
A er epdiin dtee dfamatass pABsuthamsland ithia levakimeioves amat e

suffici acidity so that.0.5 gram ereof .
ORI aA i e L L e S
fepdiamolgrbastiecnt trod gsigda nyigioyen dyw dlobaphitdiie, diateter of
fpobsaimal Lo Th | ihits isomerization selectivity of

40 percent or greatsétfg%gfrié géﬁ};%%%g%gé%?\{/{%ﬁs? l?g{%??#ﬁ?ﬁgs%%?l 6%&8: ster

T KOPRAS: &P&m;o’ bt sreabios tnlighceuiracbids ©1 & than
@.@Mggm@lm&%%&wmﬁm%ﬁ%%?ﬁz%%@ HoNgeaging,

to 96% conversion of normal hexadecane (n-C16 5 species.

BOEhBAp Aficmd e srinran sorssinar abiktinaginmeter achmadtenztd
RYigpesas PhebARDAlS haNing @e@raa&ﬂ%@&me%%iﬁﬁa@&%%%ﬁga{f%%s
the range or 4.V 10 o.

of from_ about 4.0 to about 7.1 A, and preferably in

e pHRlsRAG I b aprles rE&egiin Eramesiarie meshdiefds Reolised Bdition,

B0RYEBACh PURlshatmiNg AR 0LR9 B el i cn 1
_Revise}g%ldition’, 2001, by Ch. Baerlocher, W%%A&E%I%%\%@?H%pﬁ 1(%@%%,0}1 IS
Bropfsaia b Y isfereR facorporated herein by reference. 19 WO

2005108 gakdeTy YRAIMOIRE oS bIaRIE liRelamalas

of the channels of a molecular sieve are unknown, the effective pore size

YretHb i BiRs S RRs et srabediriar exmrplsiandirideddyietpriBatents No.
59@5’;@9@%@@5@%@%%9@6%%%%%%% JuaTielind Y% eference

Kinetjc diameters. See Breck, Zeolite Molecular Sieves, 1974 (espécially 5
1B G SPETeNn iR 1dBHed Hptgs Patent Nie 58820881 9wh) an e dine nate
A8 4B L hIat e PO HIB I UrPHIBRS DL WRIEH BER IEARBEES 8181 Y and

reference. In performing adsorption measurements to determine pore

RATE, UHhHEF R faRstsroLdidaatt rbosh v Aientd tiyith agrmsimum
diatitular malechle As exsluder it BoesnntiteachiateasthARYS Qtlss thereor

uilibrium adsorption value on the molecular sieve In less thanabout 10
B RIS & o ecior R B e et eredenana VDU o
fspieabf 1200 psig, a hydrogen flow of 160 ml/min, and a feed rate of 1 ml/hr.
The catalyst also exhibits isomerization selectivity of 40 percent or preater
(isomerization selectivity is determined as follows: 100 x (weight % branched Cy4 in
product) / (weight % branched Cyg in product + weight % Cy3. in product) when used |
under conditions leading to 96% conversion of normal hexadecane (-Cy¢) to other
species. |

Such a particularly preferred molecular sieve may further be characterized by
pores or chanmels having a crystallographic free diameter in the range of from about
4.0 to about 7.1 A, and preferably in the range of 4.0 to 6.5 A. The crystallographic
free diameters of the channels of molecular sieves are published in the “Atlas of
Zeolite Framework -Tj}pes”, Fifth Revised Edition, 2001, by Ch. Baerlocher, W.M.
Meier, and D.H. Olson, Elsevier, pp 10-15, which is incorporated herein by

reference.
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admit molecules having kinetic diameters of 5.3 to 6.5 Angstrom with little

“jarigtl;a}aﬁ% ydr0|somer|zat|on catalysts useful in the present invention

optionally” comprise a catalytically active hydrogenation metal’ (ﬁﬁ/gsmom;smu
presence of a catalytically 15 active hydrogenation metal leads to product
improvement, especially VI and stability. Typical catalytically active

hydrogehathsrerielo gnopitetehrdimistars widybdenils HiEKShVanAWBye are

CobRH N IRIE 210G, Rlalinum, and dium. .The metals platinum and
palladiumare espéqéla I%/)OﬁFe ezﬁg?dnhw Olla %ﬂlsﬁeﬁoﬁné?p‘@&?éwed using

prtfadaad. aﬁq@mimnmeahuh/@mpahédlyﬁm&ﬂmcéb&ste@aﬁgmggmme
20, hyak ty, |c n to, 5 weight percent
of the tﬁ%ﬁ%%ﬁ@%?ﬁeg rom%% @e% LY’ %Y%es?ecmuy
ekdapten Bivdiglerysercent. J Tﬁsﬁsrb&laéﬂgryl@(ﬁmﬁpgmmpgg weleciad 871,

fraRghesRQXIdR;3HaRY" Icgic:ﬁgr;gﬁggrr]aye |grré1all used for catalysts

including silica, alumina, s 2, MAghes A, HARIETeRRE- In performing
CAMBIPHAD AeCHRurewisES Mhistconitipos md;mmb@meemtgaes\m bSed. Ttis

t%&%%%’l&%ﬁgﬁ% isomerized %ée rmedlqg1 F# ecific branching

prog)ertles as desc above, an us Wi ¢R&ot reach at least
c%(a@férmwbbm abethtinmeieral donaditibosliokibydreRemeszation 10

| ar mlld h that the conversion of way_to
B L e Rl i v ol

ﬁwﬁ@h@mmbdm&mme]ﬁBiMld RygrarsameEiz aten

cpiditigrs are achieved through operating at a lower temperature,
generally between about 390 F and 650 F at a LHSV generally between
about OlydfeisaraiaeatRm bitalise prefdunalie pmmﬂmeﬂm@beﬁﬁa&ﬁf)

4(030134 t 2500
s R D el
Asbue marpg@ambmmaam@mgumm fremstreneroyVidescrniiaucadd

| | [ ults in more isomerizatio and Iess
é%?lgﬁ%ag rﬁ%?fgéig ¥¢ﬂ8 4 uc?r% asr?gﬁ?creas}élg it

e&@&@hm@hmmmm@wmmm@mhm ﬁﬂﬂqﬁhﬂ&dmn

t Mggg t from a puit O 0 MSCF/bbl
(ﬁﬁgﬁg stlandard %%%? f]geet per barre efflpr%f%ragw oA REUHIENS HETut

FoPis b mspicmrtrdgphtinan bedepsaiadthindmited, thedutl ant racyEladive
tﬁ’yﬁi@genatwn metal is typically in the range 0 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 from those oxide supports,
which are conventionally used for catalysts, inchuding silica, alumina, silica-
alumina, magnesia, titania and combinations thereof.

The conditions for hydroisomerization will be tailored to achieve an
isomerized oil intermediate with specific branching properties, as described above,
and thus will depend on the characteristics of feed uged. 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
preducing the intermediate oil isomerates.

Mild hydrmsomenzatmn conditions are achieved through operating at a
lower temperature, generally between about 390 °F and 650 °F at a LHSV generally
between about 0.5 hr'and about 20 hr?. The pressure is typically from about 15
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woiRlgEmesiate oil isomerates comprising paraffinic hydrocarbé]p

reaction zone. 10 These mild hydroisomerization conditions using the
shape selective intermediate pore size molecular sieves proguce
components having specific branching properties, i.e., havingqg{/}/’gsz004"030134
amounts of branching overall. As described above, the intermediate oll
iIsomerates have less than 7.0, 15 preferably less than 6.5 alkyl branches

PEE 10gheaisbity) peiglgrefiniidy SyhhRitfapshing snalySEERIEMore
; ; . nvantion. the intermediate ol
PSR SR N, M el Sy

Isomerates are 20 subjected to solven ng,
saBeBnRtesragiestig tpavdtiohicotwtirocaie soomponbniswdti@piinized of
@f@fé%tliﬂﬁnﬁfﬁﬂﬁf&@ﬁvm%#%i%%&y olvent dewaxing produces lubricant
base olls comprising ‘paraffinic hydfocarbon components having low
amounts $faginisines evidrathoitatirametmeglotingshtrhtellotiavasd i n

ing i to remo
RRIAE ARG MPIR SR SONERE ARBHRORIBTEL SN e

remaining waxy molecules from the intermediate oi

(thousrnd stemdardcrbise faes i kuorabransfirabkofremtabsuch as sbeibyh
ok , v
PRSI NE, et mﬁ%{%@& ﬁ%%%?gg%y QhRIRS! #gﬁép%?awax

molecules as discusse Chemical Te ro
TR44H18R 28RKHiam Gruse and Donald Stevens, McGraw-Hill Book Company,
Inc., Neneotri PRy 19000 RRAE 300 IR 3553 FALeIs:
4,477,333, 3,773,650 and 3,775,288. In thq%%?é%r?%r%%ﬁﬁgﬁ &ivent
SRS S AR areelssip setrsaltoding igdrsiditent abortateecover
RS AR OLOMOL Y AR AL 2R, 2995/037 964
PCT/USZQO4/03(_)13£? mild conditions where cor%/?seﬁrﬁst%n%%orfaﬁ?e Wax to
FRREHERBSHi HER P Eseu o P! hsarddnsaveBut 35%. According to
the preseuisieaano amROINRRLABARAG DALAC-CRIURIEY 7 o
copventignal processes well known to those of skill in the art. Solven
2 Bdess Hhay B aledbrmsbesinsy Lodrapimsrmeeiatmbitd by NMR
Umamtgﬁg}gﬁ]t admixtures under controlled conditions for
crystallization of the paraffinic wax present in the admixtures. In such
processes, the intermediate oil isomerate and dewaxing solvent, are

Shaaigdiemakemperature at which the wax is dissolved. The heated charge

'S ther}kccording to the present invention, the intermediate oil isomerates are
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 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 intertediate oil isomerate in 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 Edition,
William Gruée and Donald Stevens, McGraw-Hill Book Company, Inc., New York,
1960, pages 566 to 570. See also US Patents 4,477,333, 3,773,650 and 3,775,288.
In the present invention solvent dewaxing is advantageously used following

hydroisomerization to recover unconverted wax following hydroisomerization at
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passed into a codling zone wherein cooling is undertaken at a uniform y

w%%vr gelgg 10 the range of about 0.5 to 4,5C/min until a temperature is
e

reac g. -10 to - 20C) at which a substantial portion of th& WH¥§&004/030134

crystallized and the dewaxed lubricant base oil product has a selected

pou oint temperature. Upon achieving the desired dewaxing
SRiferadiomevimxerenytwamcofstalsyantermadisie Biiisemere.s e 700°F

s%q@@tﬂ%ﬁ%@ﬁtgg,}o solid-liquid separation for recovery of a wax 15 free
oil-solvent solution and a solid wax containing a minor proportion of oil.

Solid- liqtfiecsdipartstithe memmnmmmmmww fﬁﬁf%@%@f&ﬁ@tm
of lut fions, 1 de known solid-liquid
wasneevsias FoTLg, QlRANENASS ¢ '&F gé Hidn Sqheent dewaxing

separation processes, such as gravity

fif¥aiBA 2RAe8eshadh bilyo ting minereidintp rméemsjfeftﬁfﬁiw@riﬂa&%i/es
vasgivotitiendollows h.af the wax 20 cake, is employed.
The solid wax/oil solu%é}r%/sgg%an? E(?iﬁf?er%%ggré}% SSFHTEC B Rt in the

Wﬁ%@%l%ﬁ%ﬁrmmgmmme&mm olibent 43 60O IRGIOso lvent,
digtitha e ractlon xed lubricant base
HRA 9%V 0L 3 SANVENRIQS :bss Vﬁ%%&l%a[% charga is then

oil product fraction. This process Is as Hesth
N35%5 dintosnenaliagcerme Nrb aobiniciotings OBnidadsheates ) ke faraBRE R in

theirairs b eful as dewaxing so sare
ketoralﬁé{gé contaﬁfﬁ%i%%ﬁ%t%}? g%]gl?ns? ToR I AMSIE 588{?5 él c.g.~10%to -
rASthy YRR ovib hmtic), m*aommmwﬂmwﬂaz@mai@mw@,&gf
Katenes: snd on romat drocarb s including
benzene and @Iﬁ%@gﬁﬁenﬁg{%f W mg?ec 8%{5 pon achieving the
AHBBHLE ORI ch bromiathenel anck d@htar@eﬁn&mﬁacﬁﬁl@ oil

RbHEGS: ISQ Ivents Solyvent dilution of
waxy oil s%ﬁ%afyn%ﬁ\%mswdlt 9$V¥1 %abcalr?gf?ﬁgf%ralﬁ?%m g, wax
fBecobilsAlRepbprintion ané%mﬂ@ewammamgfmmmawag@@amﬂ Solid-

wixegaeaiieiden g &X 2005/037964
g%T/USZOOMOBOlhéE{EI solvent |utI§ depé’n%g upoﬁst??ea%‘ffbﬂﬁ?’ax crystals
rﬂ@d?étéoéﬂ%ﬂbﬁ&w%w@kﬁaﬂmomWh&hmﬂd stjRRRRIORER d8ses, such

fbsation,snnaiobusinbai6Aolng fANGA G destred fnal o of

solvent to gil in the separation zone. All or a por 10N o

Hﬁaca%‘&%{i#@agwmé@mmﬁltsraﬁﬂlwmmmtb@t wash of the wax
Bgatiomiepfaryssdi éﬁf;li%ﬁ SRt ngrfggggrt%}%iegﬁ'? D glid

and/or collected for other uses (e.g., for processmg |
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 States Patent No. 5,413,695, 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
aromatic hydrocarbons inéhlding benzene and toluene. Halogenated low molecular
weight hydrocarbons, including dichloromethane 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 obtaining optimum dewaxed oil yields. The extent of
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wax). When recycling all or a portion of the recovered wax, the wax may
be) subjected to the hydroisomerization step of the present iljvention

wRangeardnay be combined with another waxy feedstock. RGW}E&%&#&O;; 1
er

a portion of the recovered 10 wax increases the yield of the process.
solvent dewaxing, a lubricant base oil comprising paraffinic hydrocarbon

s with optimized branching is provided. Optimized branching
%851%2%ﬁ%3%%%%?%@%9%ﬁw&%@geﬁa?&mm@ﬁymmmmcks and
solvpusests, liavinglovcarmauniaiohheanehinaoxerall withihe Branshing.
i ool 1£5r9§§gégw rd the center of the molecules. The lubficant base
0

ils comprisin TR S Qrota s RBHERSheRrs- with optimized
branchikij ceepetea Fomdbexpasessiahthe BESRSRLMERTRR have cao% ered

' tic viscasit 100C of greater than about 3.2 cSt."In addition, the -
N e S it e e ibrpumsisoridheephmeig
optinticed:btanchidg havenbnesinnelexasigsRREE RS 201 %R bie

f oil, as defined above. Preferably, the viscosity

i ity | .of t
T R I o B b b esui T reechanan

i réed éo Mesopaitystndesizatitieseh RIS piiedubEANbRARSOIS AIS) be

oint,of less than -8 C, preferably less than -9 C, more
pre g%g&{ﬁ?é?%rn‘aagye%?a%%’%p SRS alomaRatmTobbe recovered
Genaratises dhdiffeddnedtio pagegoints between the pour point of the

lubric oil and the intermediate il isomerate prior to solvent
dewa%%9§§%¥g% ge %%Xﬁn%&ﬁ]%c&? S SthfmRgsyee pREffmirant

Wdﬁ@@ib@empripi:ng:qﬁar\aﬁ}nhpﬁydmd&ﬁbﬁﬁlﬁ@@}ﬁ%@ﬂ&witbgﬁgﬁmaed
i [ opti lly the intermediate oil isomerate, may be
LR Ny Ao e .

- cRymeishhaying /el hidGitsis tinantiB:REon A0 witeTeiabhyahg 0.5 to

5/037964 PCT/US2004/030134 hydrogen partial
%’ﬁgiﬁﬁ‘?ﬁﬁﬁ%@? 8%“%(5’%%?8%%%’%61y%%&fh&%&hbmiwmmg

pesaiBaistipolocpdian Myupyentesithuwptional s iy kaly aatenihap
B e R
BB ORtOBOEHSIS titabibrivpet dfinishils g oaAISES NGIRPDMRIErocarbon
cﬁﬂ?ﬂ%{ﬁg 'ﬂl@ﬁ%l%t Ikk!i’%ed branching have Viscosity Indexes greater than the
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,

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,

Hydrofinishing

The lubricant base oil comprising paraffinic hydrocarbon components with
optimized branching, or optionally the intermediate oil isomerate, may be
hydrofinished in order to improve product quality and stability. During
hydrofinishing, overall LHSV is about 0.25 to 2.0, preferably about 0.5 to 1.0. The
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(according to the 1975 rules of the International Union dj Pure and Applied"-=3

PCT/US2004/030134

“@m%ty%ﬁﬁuch as platinum or palladium on an alumina or siliceous ‘

matrix, and unsulfided Group VHIA and Group VIB, such as
nickel-molybdenum or nickel-tin on an alumina or siliceous matrix. U.S.
P%t. 0. 3,852,207 describes a suitable 10 noble metal catalyst and mild

naitiona. RITHEH BiftaBie  rsnsishive M0seribent cforasamplegiibhSibout 500
PakiiN. 4352294 and H@riath Newd, .Jhe non-noble metal
(sg&%% pick I-mo@%dem% ag%d/or fungig%éﬁ,}%%ﬁé %ﬁ'é%? orfrdte hag S0
geéne 59 PP Ryt Belaemd pePcmst YHHICKEF Stdl/oT @apattiures range
deftenmibek 350tFa S QBARPBININ G, QKRS blem uch as |

? ym‘(@% ol %‘5;8;%? E@fé?rably

platinumgoc‘:atg yst contains in 15 excess 0f 0. ercent
betweerr O 1 &Y B PLHEbitasatelyscsrabidatiobls aictall&oneGISRMFNILA

algodoedisgeh oS s STRGHANGAANG, Ralladim. Loricant pase

Oils with Optimized Branching 20 The lubricant base 0ilS of t
inven %{Xgrﬁ & plrHmmrcorpiiedizm sm eomioreatsrisilivhiok thetrix, and
brawelfidgd Gopimizeth The dby L rising paraffinic. .
hxdroc bon components with %m%ﬁglﬁaggéﬁ%%ﬁ%%’ %I ﬁ&ﬂ@éﬁtm
IoW %%gf“ﬁ'mé?fa%cs&%&mwmﬁm NoTh8 o iGadtsoeibes pisiefiae
prebENniedE BARR SEMe] MRRMBHGINIREOSH C greater than abgut

25 3.2 cSt, p[rjenéﬁ?abl between abobﬁﬁg?@gﬁlr#?g%%%ﬁs? G fescribed, for
adaren e ﬁé&ﬁ‘f’%&é&%ﬂ%% #ié présat. iNee AR SAMPTIBE non-noble

Pl Gy aRAOROHAERRE R RV ANSTAGE GALRAN ILIMBErS of

ut 27, preferably great ana , an

reateéﬁ abt?e

%%‘%8?3 ﬁgf’é’é FA3RRH B SOV ight parrses o aickbioud/0 o3 letermined as
Aariesssfatnle uridestitie AARONAs flhsailed hass gls according o
their chegéi al composition. As defined b(g thggg IIQ rout ?ﬁ??%ygta 1 1
(S SUiSE St RrtrsRignetal preferimbeavetal Glifud dobientdesmthan 300
[pombind tforsAtaERIBR GeieNe) QISRIRYthapn al.10, 90%. API Group
Il aﬁgaéalso are 24 WO 2005/037964 PCT/US%‘%%EE%%Z%%@%H&W and
R ured by severe hydrocracking and or wax isomerization.
Lubricant base oils of the present invention are generally classified as API

will als@haltbeidaiababifbils of the present invention comprise paraffinic

hydrocarbon components in which the branching is optimized. The lubricant base .
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
3.2 ¢St, preferably between about 3.2 ¢St and about 20 cSt. In addition, the
lubricant base oils of the present invention comprise paraffinic hydrocarbon
components having 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,

The American Petroleum Institute (APT) has classified base oils according to
their chemical composition. As defined by the API, Group III oils are very high
viscosity index oils (>120) having a total sulfur content less than 300 ppm and a

saturates content of greater than or cqual to 90%. API Group IN oils also are
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5.content less than 300 ppm. Lubricant base oils according to the present
invention made from F_i}scher- Tropsch waxy feeds generally have total

wostifigrogentents of less than about 5 ppm, saturates contents ﬁ%ﬁﬁ?@z‘iﬁfmsmn

than 95%, and total naphtllene contents of between zero and about 8%,
and preferably between zero and about 5%. Total sulfur is 10 determined

wSing eHsRvIgleh IMeIESHS D 5453-00.,In particular, the _
ﬂégéicant sze oils compﬁ%g%g%%%i}%gﬁ%{éggow YoBoleme 3Ry

i B pRfBReEpt tocatiobons goretelaphidessdnan APRUsYbup 11T
braachies pasek08 referably.less than 6.5 alkyl
£ &ARORg aRd M W«%{CQ s tv}r%/tg ﬁ/\fB"f) bt g content,

branches_per 100 carbons. The branching a

FEBAR P EF P RMPPLeh frads thed dnidysidrisslodis tiahaRd Wiv%.» total sulfur
m&f&ﬁﬁtﬂyslmtm%yvt%. The branching at the two plus three

positions js.less than 25 wt%, preferably less than 20 wt%. In addition the

branchifPAERENSE Glsgresisinmisitbapiesgneaterhian AW Ham Fischer-
Prefecabysgyaatar hae:0Vi¥e e rban indexes of the lubricant
base ails of the prg?ént invention arglgz‘#e%ra ye%{rge% FHIALERRR 2 RaTe:

Bratatab Ry Yrast et #isplep Bam §5¥s A dokabriephticase mitsrnf tbEResSMkero

indebtab SaNHn T2 nts in.which the
o tent of (fra[;z?h iﬁ%ﬂmﬁg%%%§%%% ctff’ r%gﬂ?iﬁ"ﬁ%rogens
‘fﬁf)’f%lﬁla REPRIRIFRtP bt Brgiessanc slyndeREM & 5853408 percentage of

recurr ithiena Saans MG, more.carbons 25 removed
from an n%%toup or branch%HZMf%?“é%%%%ptﬁg ((‘)%'(%?—ff;g S
e%lgo%heé‘fﬁs vigitesretnihallal braurhssines. 1ofteriny, thefdrdiipass than
Todkel bitsiehtieprEges HeNE ing such that the Bl - 0.5BP
is less than 10? ore pr%bgl?a;igﬁlgr%%g%qg%%ﬂaﬁﬁg Bﬁéaﬂwhes
Pigss t@% %%@?&%?ﬁh@go% Polir pBRTiIoBO 8 detcpimi s HAIMR
brenchérgturel@sisyhicbsathamuieedl ' 1se oil will. begin to flowy .
a %%car?fu(}%controlled ngﬁ%ﬁg&%ﬁgﬁﬂfggﬁ%ﬁn{ |§; gl\gén%lﬂ%gé?ﬁ‘;’%ng
ﬂ{r%less%PaPeS H5RHLong 1 dess dum dSantinex foyebianidarthanalytiesd. Tn

e R
present ifiven eeiféifter Fpbamdnderspolthp dibiscafitiase oils of
thepricent ifvesstiofi s gdesallh AR HRIEIBEARY, 1538 1080015 WTIOIE o
ygferably :s -15 C,

The lubricant base oils of the present invention comprise paraffinic
hydrocarbon components in which the extent of branching, as 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 (CH3>4), are such that BI-0.5(CHy>4) is less
than 12, while retaining low pour points. Preferably, the lubricant base oils of the
present invention 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 lowv
pour points.,

Pour point is the témperature at which a sample of the lubricant base oil will
begin to flow under carefully controlled conditions. Where pour point is given
herein, unie_ss 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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and even more pf)eferably less than -15 C. Cloud point 'i”§ a measurement

wiPemsptary to the pour point, and is 5 expressed as a tem}perature at -

which a sample of the lubricant base oil begins to develop a ha(ijélﬂﬁ%ﬁ’g?/03ﬂl34
carefully specified conditions. Cloud point may be determined by, for

exam cIagm,%STM 5773-95. The lubricant base oils with optimized
branthing aseordicg BEYR&silesh PRIFaiBls:hAbe povuc pomtstohtdsbricant

tHasells Fedosistesitgirdaxesaiihadubrcan ils comprising. ;o
pg{;gf{f}@éc 10 hydrac lfo Ec?c(fhponenats with o&?ﬁ%@gﬁﬁ%ﬁé? %e 15°€,
extremely Aig érﬁgeﬁ% YJIPQ%&B?I%H% the Target Viscosity Index of the

Iubrican%@@h@hmbbﬁ@fﬁéiﬁ&&ﬁﬁ!&ﬁ%%%% %Q‘?iﬁé%%g%ﬁg%

nt Q?Se oil plus 5. The range of kinematic viscosit

can
f&gﬁtégﬁ?%gsse SHERRATLpAI LA Brifieningldhe dibreent hess 8ibbeBimtto
160 ¢Omatanaytiethetohely M&%mmm&a&g&éﬁ @yag,%g %telr?nined

The Y%.tqtal napht in the lubricant base oils are génerally fow o

S S T 8 e e oehbasrg brotbss tiseesh the
prepehétipnccGeingsallyhyhrenAERRIAGRES S AR PRI RSN
are almﬁlﬁgexclusivﬁ%cgggm nonaphthenes. In the lubricant base olls thé’

total amount of AP S Yrbebrcamt frer pllscrerapds sy 8finioo,
drydrprefbrabipinptess #eDopchalEW RS AD %ﬁpeﬁ/%)?fg SR

rﬁd uging. FieI?\I/onization Mass Spectroscopy (Fl 7
?é%scrl e mafﬁe BEBlicafeHhy Rigk ek s tebrigant base sk peebirabioyup datér
lihamtise Targerovinesitp nae\W astiebridation. sahifive » rel%rggl%),rof
Sé%ﬁ&at'{?” at .%he 1%%9C@hChE Spring National Meeting in Houston,

F\)ﬁarc 6,185 TR e HEP Pﬁﬁ%b?ﬁ%ﬁiﬁéﬁ&%w&cbbmmmmgream
Base3dlls it ahiOine ntidisydsieemess! iBoREakiso,ihe 54m 96 18 %100 oc.
monon%ggl;pen?%, % dinaphthenes, % trinaphthenes, % tetranaphthenes,
% pentanaphthenSEPEIRTES e b ibrigAsh Bastheibs e gyl Bfooredsnt,

daqiplﬁlfsinimhhérﬂhfiﬁ&ﬁtii@?ﬁd@ﬂ%%@ﬁrﬁé@%é&‘ﬁ%@%&E&%ﬁom.
es, the

@%{g&?l \I}V%vgnam%%s of aromatics and multi-ring naphthe
[Ubricant base offe nave S SUPErBibokiatBksassime Omesveyclosively as
mesphthenoxidatitee Kibkiiy bhdeliGant Baseabads 4o Qiiflaior gﬂé'sent is
{e8has QeersczﬁPcFa bXt"é'S Ea:%%;&;ﬂl\{g){ 3,852,207. The Oxidator BN test
measures the IesiStanc ; 0 %@}Jﬁ{élgﬁgeﬁpéﬂ DortRe ahpet DygénThe
Bipbdhprionaap prmtusdRs g Rewdlenixidatianse kydbite Lilsy (nesirial
33@0%@810&1/037&64 .C'Ii)/UkS&ZOOM 30134

€ publication by Kramer, D.C,, et al, “Influence of Group II & I1I
Base Oil Composition on VI and Oxidation Stability,” prepared for presentation at
the 1999 AIChE Spring Nationa_l 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.

Since the lubricant base oils of the present invention have exiremely 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 test, as described by U.S. Patent No. 3,852,207, The
Oxidator BN test measures the resistance to oxidation by means of a Dornte-type

oxygen absorption apparatus. R. W. Dornte “Oxidation of White Oils,” Industrial
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and Engineering Chemistry, Vol. 28, page 26, 1936. Normally, the
conditions are one atmbsphere of pure oxygen at 340F. The }results are

wiepsitadiyhours to absorb 1000 ml of O2 by 100 g of oil. In theQXstohs0134

BN test, 0.8 ml of catalyst is used per 100 grams of oil and an additive
package is included in the oil to be tested. The 5 catalyst is a mixture of

sg}ypjﬁ] t osene.s ing the average metal
analysis ofé%g ?r}é%ﬁlcg?é o, kTghé c&%&%ﬂﬁéﬁéﬂ grlin e ropflitians are
cangipgaretesdolows: @wmaﬂ@@m Aheedt0n &dr@SH R ARG absorb
8 3 3565 he additive
pg%alg%épgfg) Mrgr}hm%’éf o z%c |spo %B%}i\éﬁeéflk?e EstipleEbisated per
pELeagreisibroil w a@iweamdmgaxsdamc&m lme@smes H&&dﬁ&ﬂ)omﬁ@

I base ol ulated Ilca |on igh values, r lon

timesto absorb one Ilter of oxygen, | Ate” go
goiErar mealanadesirefusest m@mauﬁr Bhkabadeitriaiis bﬁﬁﬁ mbms in the

sl dRuisrritelyisans bass, il ofhe §§§gp§%¥§”t'§até%%

Oxidator BN value is greater thah a ours f
e Nengesenrs3 Hlepds am!e’llubﬂ Géﬁﬁ lpase dilscakidie wrpseiidnyesion

rﬁﬁﬁlﬁﬁ)%%ﬂﬂ@&% ¥0P§%6Elv ntl igap dm%n elt}% asf%ﬁﬁgrasnglseg & to

from the group consisti
&&Wéﬁﬁer@mmﬂ?’m bawums th@m@mmsmaf @tmhlpcﬁhﬁam oildn a simulated

I mternal efins
gIO) 5%%1@@&%%3%%@%8 %@é%)attl% & 68 e‘rjé1 eoqﬁylg e %8?\’1%& galggpod
mﬁ%@tﬁf@m@y ARy Eest Aresmdtitsdeser oy ithethe DkiicantBProfiutasticant
frase HienRlKylRHon R REOPALIES, M{)Ii]lg%%agg A hc}lgge% e{%}l}% 7 ilan the

the presence of a Lewis or 25 Bronstead acid cata

Siifaten BRb ik ingiceten e ghean 14 lsymhgtafdmtﬁy@mmm about 30
lRégisPerformance Functional Fluids, edited by Ronald L. Shubkin, 1993,

pp 125-144, incorporated herein. Useful examples of alkylated aromatics
are allcylated naphthalene and allcylated benzene. Alkylated aromatics
Imygigood low temperature properties, and may provide improved additive
solubility 30 and performance in blends with other base oils. Since the
lubricartisd8BErbparroiieetieinessibivrentive xead batisoltfow or may be

praResiasdh Vs Pesigh %&%@ﬁéﬁ?ﬁé@té&ﬁoﬁ&% S Plending. nal
ocks f r upglradlng conventional lubrican
roup 1 ase otls, conventional Group II base oils, conventional Group III base oils,

isomerized petroleum wax, polyalphaolefins (PAO), poly internal olefins (PI0),
diesters, polyol esters, phosphate esters, alkylated arematics, and mixtures thereof.

Alkylated aromatics are synthetic lubricants produced from the alkylation of
aromatics with haloalkanes, alcohols, or olefins in the presence of a Lewis or
Bronstead acid catalyst. An overview of alkylated aromatic lubricants is given in
Synthetic Lubricants and High-Performance Functional Fluids, edited by Ronald L.
Shubkin, 1993, pp 125-144, incorporated herein. Useful examples of alkylated
aromatics are alkylated naphthalene and alkylated benzene. Alkylated aromatics
have good low temperature properties, and may provide improved additive solubility
and performance in blends with other base oils.

Since the lubricant base oils of the present invention have excellent cold flow

-properties, high VI’s, and high oxidation stability, they are ideal blending stocks for

upgrading conventional Iubricant base oils.
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WO 2005/037964 PCT/US2004/030134 It is preferred that when the 3
&‘(?é},%%}%%ﬂse oils of the present invention are blended with one or m
additional Tubricant base oils, the additional base oils be presléﬁplﬂsé
amount of less than 95 wt % of the total resultant base oil composition. 5

Finished Lubricants Lubricant base oils are the most important component

of finishddIREFEHs gk i) cobinrahbageeiie ofitha mesersfinvention are
fiplahid Wwhticants: Fibished:vhscRBiEcRMAUSS | ltff?éi_&&&tti%ﬂﬁfg

i an
at Ieaséone additive. Finished lubricants may be uSed in automo (ﬁ%es?ﬁis be
FESSFE Ryt ot desidhar Somd %ard thadetriarsalappliestion somposition.

Finished lubricants must meet the specifications for their intended

agpéoligat'ﬁg ga defined by the concerned governing organization. The

[t Bligof the present invention are useful in commercial

finishedllulhfiea asd o BsRBURORER HSHGRIBNE M S AR BV HIG RS %ﬁgams,
e for

plggrpr%er ies, the lubricant base oils of the present invention are suitab

SO Eh SEF R Ram e h Bisotmishedryaiaretse Bipiisations.
llvedelifionothsriexealigmcaxidatiop; sy ol dhe, LinaoL base Qils ﬁIﬁﬁgants
g

presqér%t invention makes them useful in finished lubricants for many hi

1 SRR RS AU RS R R Ry BasHIE s, it Bdstrial

lufpleanibbaseiaikidnewpieseiniRy P dQOYIES:8 finished:Iupyi
osition iﬁ%ﬂi?e hose which are 20 intengg%#g%?g%&eh@gﬁgé?{%%h

%?’3 SPHOL 8 HfBsHESHIcT gpKIRIREIRTeaBigHEde, for example,

anti-wegheHitivas fabeagR S HHRIAR B AISR SAD R ANHOXNRAN S vial
ur, pgint depressants, VI jmprovers, viscosity modifiers, friction
RS SR et S IS SErsiteouE b eshin Ioratuse

inloiiiteies, SealusialhAgRBSSoTIRIREs MY HRARILHIS sIHRHRIY,,
improyers, metal deactivators, 25 gelling agents, tackiness agents,
emaline ITHERGA e ianttvRisndaibiemeamnalikestikppwizons. In addition,

tydsecatibonsidusbrasdbiuse darsindcinh b RAIe Rk Ne$ra096:883kon
an 5%183?9’012%}1]&)/ e blended with the lubricant base oil'provided that
HERISRBL B R AR e Rt iy By Behicrnernatie atpbostigs.

flash poiBHidne, takiRity36, ROPRIRS. %ﬁ%ﬁ&%{éﬂﬁ%&%@%&ﬁdﬁ?gﬁm

base oils particularly useful jn drilling fluids. By way of example, |
BXF&%&D%%%@’@?@?&%@P&%O&B SomFRRII b cladR bessrdiidhare
moasiststessentied Ot hranpbat-chaindarafing ﬂhﬁ&%ﬁ&@?ﬁ%ﬂhﬂ'ﬁv@s
a{agfin substitulted wijth an e é?[ functionality, or mixturesthereof, the
%‘gs% 1&;or example, anti-wear additives, EP agents, detergents, dispersants, -

ore
H()J/O?)O 134

antioxidants, pour poi:rit 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, tackiness agents, bactericides, fluid-loss additives, colorants, and the
like.

Other hydrocarbons, such as those described in U.S. Patent Nos. 5,096,883
and 5,189,012, may be blended with the lubricant base oil provided that the finished
lubricant has the necessary pour point, kinematic viscosity, flash point, and toxicity
properties. These other hydrocarbons include base oils partticularly useful in drilling
fluids. By way of example, U.S. Patent No. 5,096,883 relates to a 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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28 WO 2005/037964 PCT/US2004/030134 preferably having between
about 18 and about 40 carbon atoms per molecule and, mobe preferably,

wdogiveaemapout 18 and about 32 carbon atoms per molecule.'litllﬁUﬁgggrd{m134

No. 5,189,012 relates to synthetic hydrocarbons selected from the group
consisting of branched chain oligomers synthesized from one or more
pﬁfawg@m%%g% gﬂ@i I and wherein the oligomers
have an a\%ﬁra e molecular weight o;?)f(r}((%)ﬂrr?l @f@%&&gﬁ.ﬂwﬁﬂfé&ﬁ "G and,
Rt %ﬁ&l%&%fﬁ@éﬁb@%ﬂigmmtms@@pmﬁlmtel)UIS.
FataboMb 38 vgeight pﬁg@@ﬂbcgjmﬁggﬁiﬁ icant. Howeyer, since the
lubricant base oils of the present inver?ﬁ‘c{);!r)llfléﬂ&;lg\é:é]L Seﬁ%gﬁteen %?gbg}ﬁ&%
helating PO HSReA Shnismersavathreiatdrtonidative stalbikifisfatower
amaiiib@bacldiices may ke sansiedio meat the; specifications for the
fin'ishggd lubricant than is typélgglly requirrgezgwit%%gglge& glfaﬁigdaél ﬁﬁ%ﬂ%r

D ocELaY L QLo Lagie &G formulating finished lubricants is well

docunientiediin, the lBaalanR fiskill in the art. 15
EXAMPLEIS '!I]"he invention will%geyﬁ?tt#g? %gir%gﬁ?ﬁth%% oévmlé? b
AESHARRE Ll AroutAGehhRarer of the Fotstisditingioatitsifiotateer,
sthistilthtidubbio#in @ 1e0\aes SstHL uHaRS it thisidis¢lg 0 measured
.uslin the standard analytical gr?ethoﬁc% %Ug%%%%ggﬁ%%g%ﬁ er eﬁ% dss
%%ﬁe&%?ﬁgrﬁﬁgépﬂ@%%W&éi@éﬁ’é@ﬂ%@m@ﬁbﬂwt}éﬁm@hddm@
2BREMIA abfitistmaiybenaliica Halh ich:gives substantially th

me Ee[ﬁults as the_standard method%&%%ggg%%% Iéig%gl?g %rg% uced

Tbyicant s SPISRIVRSE s Wit bave elsprdbis ethdrgmodidiish Tisings
ofi RIS Zs 32 foatallkaln® iRk RELREMIE Wl B W al, alumina.
a@% ryn was at 1000 gfi %g LHSV, and 7 MSC%%?%%?&#?SI%%@c
eackgqrc?gm ?eor P& asi&% RO effluent from the reactor was
subsequently 30 passed over a Pt-Pd/Si02-Al203 hydrofinishing catalyst

at 450F and, other than temperature, the same conditions were used as
in the isomerization reactor. TW&F@OOH product was 71.5 wt%.

The cbinversiaticaf #ill beafithSOSHIRANNGy the following illustrative
examples that are intended to be non-limiting.

All simulated distillation boiling range distributions in this disclosure are
measured using the standard analytical method D 6352-98 or its equivalent unless
stated otherwise. As used herein, an equivalent analytical method to D 6352-98
refers to any analytical method, which gives substantially the same results as the
standard method.

Example 1
Example 1 produced a lubricant base oil made from 1-Cyg feed (purchased

from Aldrich) 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/bbl once-through H,.
Reactor temperature was 575°F. The effluent from the reactor was subsequently
passed over a Pt-Pd/Si0;-AL, 04 hydrofinishing catalyst at 450°F and, other than
temperature, the same conditions were used as in the 1somerization 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 wt%. The conversion below 700°F was 33.6 wt%. The
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range material was 28.5 wt%. The conversion below 700F was 33.6 wt%. }
W(Q 2005/037964 PCT/US2004/030134 bottoms f

racj |
Wé—ugr@) (% .2 Wt%) was cut at 743F to give 89.2 wt% bottoms (67‘%??/&%3%0134

the whole feed). The properties of the hydroisomerized oil bottoms are
summarized below in Table I: 5 Table | Hydroisomerized Oil Bottoms
FreffferidsarionrironthCws(NMRkhanas s 284aEhto gise 63 Bréfich

2 + 9 I . :
N e e cule g Ry clzed ol
Breffone sic 000anzed 6 aw ipdabént:Branching at Two Position 14.6
Percent Branching at Two Plus Three 25.8 Positions Percent Branching
at the Five or 54.5 Greater Positions 10 These bottoms were then solvent
dewaxed at -15 C to give 84.2 wt% stk dewaxed oil (56.5 wt% on the
whole feed), and 15-ﬁ%?/8i¥}3§2ﬁer§\éﬂl@ﬁ‘f@@ﬁ&ﬁ&*ﬁoﬂé‘?ﬁ%ﬁes of the oil
are summarized below'in Table VI. Example 2 15 An n-C36 feed
(purchased from Aldrich) was isomerized over a Pt/SSZ-32_catalyst which

contain@ew. Boimt"aAhd 35% Catapal aluminal binder. Runtéonditions _were
580F, [LOMIRISWalyeB0 psig reactor pressure fand a once-through
hydrogen_rate(g¥ B8 F/bbl. The reactor effluent passedalirectly to a
second reactof, ABmath 0.2
C4 Branch 0.26
C5+ Branch 0.97
Internal Ethyl 0.09
Sum 1.78
NMR Branching Properties
Alky! Branches / Molecule 1.78
Allcyl Branches / 100 Carbons 6.14
Percent Branching at Two Position 14.6
Percent Branching at Two Plus Three 25.8
Positions
Percent Branching at the Five or 54.5
Greater Positions

These bottoms were then solvent dewaxed at -15 °C to give 84.2 wt% solvent
dewaxed oil (56,5 wi% on the whole feed), and 15.7 wt% wax. Evaluations of the

properties of the oil are summarized below in Table VL

Example 2

An n-Cy4 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 580°F, 1.0 LHSV, 1000 psig reactor pressure, and a once-through hydrogen
rate of 7 MSCF/bbl. The reactor effluent passed directly to a second reactor, also at
‘1000 psig, which contained a Pt/Pd on silica-alumina hydrofinishing catalyst.
Conditions in that reactor were a temperature of 450°F and LHSV of 1.0.

Conversion and yields were as suminarized below in Table Ii:
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201000 psig, which contained a Pt/Pd on silica-alumina hydrofmishing
catalyst. Conditions in that reactor were a temperature of 450F and LHSV

waf dobs/0@pPyersion and yields were as summarized below in T?@ﬁﬂkzﬁ&msmu
WO 2005/037964 PCT/US2004/030134 Table Il Conversion <650 O
Wit% 32.2 Conversion <700 OF, Wt% 34.4 Yields, Wt% C1-C2 0.45
C3-C45.16 C5-180 OF 6.22 180-3%.40 350-650 OF 13.23 6SQ
F+ 68.09 5 The bottoms fraction fro n was isoyl‘a'ﬁed Th_I(_e pr)‘rlop:atles

szad ra onmr‘lr'nar'lzewI pelow in Tahle

Table 10 Ly oo NS B Ehopartide. Sim i
LV%, OF TBP15 6 717/|7CQP1V%¥$E’H1§89\0| Eﬂvéﬁ/d 70/90 920/934. 495/FBP
927/929 Pour Poinf-C—+20-The-stripper. XA%M@&M solvent dewaxed
using methylethyl nt was
31. 5th% gnd o>|ll j xed 65016+ ol
y|e|d based on fedd-to-the nrn(‘c@é lﬁQQER 4 wi% EV'lluat|0n§~2ﬂ the
properties of the oi}-are Qllmmarmmnﬂl in Table VI. Examplé4) 20 A

hydrotreated Fischier-Tropsch w2 0nfd) iddmerized overl a Pt/SEiz232
650 °F+ 68.09

The bo;ctoms fraction from the run was isolated. The propertics of the

hydroisomerized oil bottoms are summarized below in Table ITH:

Table IT1

Hydroisomerized Stripper Bottoms Properties

Sim. Dist., LV%, °F
IBP/5 677/747
10/30 801/904
50 914
70/90 920/925
95/FBP 927/929
Pour Point, °C +20

The stripper bottoms were solvent dewaxed using methylethyl ketone
(MEK)/toluene at -15 °C. The wax content was 31.5 wi%, and oil yield was 68.2
wi%. The solvent dewaxed 650 °F-+ oil yield, based on feed to the process, was 45.4

wt%. Evaluations of the properties of the il are summarized below in Table VI.

Example 3

A hydrotreated Fischer-Tropsch wax was isomerized over a PUSSZ-32
catalyst, which éo_ntained 0.3% Pt and 35% Catapal alumina binder, Run conditions
were 560°F, 1.0 LHSV, 300 psig reactor pressure, and a once-through hydrogen rate
of 6 MSCF/bbl. The reactor effluent passed directly to a second reactor, also at 300
psig, which contained a Pt/Pd on silica-alumina hydrofinishing catalyst. Conditions

in that reactor were a temperature of 450°F and LHSV of 1.0. Properties of the
31



catalyst, which céjntained 0.3% Pt and 35% Catapal aIU";;nina binder. Run
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are summarized below in Table IV. Convérsion and yields
prOPERAECSSt bslom iy dim¥rized stripper bottoms are summarized below

S we

Wi
A

in Table V. 5 Table IV Inspections of Hydrotreated Fischer-Tropsch Wax
(951-15-431) Gravity, API 40.3 10 Nitrogen, ppm 1.6 Total sulfur, ppm 2
Sim. Dist., Wt%, OF IBP/5 512/591 15 10/30 637/708 50 764 70/90
827/911 95/FBP 941/1047 20 Table2
PysSz-32 BPsgirarof pdserateldiischsid ®MICHIbD(992- P5431)
Conversion <650 OF, Wt% 15.9 Conversion <700 OF, Wt% 14.1 Yields,
 Wit% CI-C2 0.19" %861 533Y 1.44 C5-180 ¢f31.89 180-290 OF 2.13

erization of FT Wax over

Nitrogen, ppm 1.6

‘Total sulfur, ppm 2

Sim. Dist., Wi%, °F
IBP/5 512/591
10/30 637/708
50 764
70/90 827/911
95/FBP 941/1047

Table V

Isomerization of FT Wax over Pt/SS7-32 at
560 °F, 1 LHSV, 300 psig, and 6 MSCF/bbl H2

Conversion <650 °F, W% 15.9
Conversion <700 °F, W% 14.1
Yields, Wt%
Ci-C2 0.11
C3-C4 1.44
C5-180 °F 1.89
180-290 °F 2.13
250-650 °F 21.62
650 °F+ 73.19
Stripper Bottoms:
Yield, Wi% of Feed 75.9
Sim. Dist., LV%, °F
IBP/5 588/662
30/50 779/838
95/99 1070/1142

Pour Point, °C

NMR Analysis:

32
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290-650 OF 21.62 650 F+ 73.19 35 Stripper Bottoms: Yield, Wt% of
Féed 75.9 40 Sim. Di_$t., LV%, OF IBP/5 588/662 30/50 779/838 95/99

0107_0/114__2 45 Pour Point, C +25 NMR Analysis: 32 WO 2005/037964

VOB NIE2804/030134 C2 Branch 0.28 C3 Branch 0.23 C4 BiahUiyYPE30134

C5+ Branch 1.00 5 Internal Ethyl 0.11 Sum 1.88 NMR Branching
Properties: Alkyl Branches/Molecule 1.88 10 Alkyl Branches/100 Carbons
6.21 Percent BranckiAdeaTlvo Position 14.9 PercentBtanching at Two
Plus Three Positiond2B1a@8rcent Branching at Five dr.Z3reater Positions
53.2 15 The stripper%ﬁéﬁ*ﬁ%ere solvent dewaxed ugh#p MEK/toluene at
-15 C. The wax confehtt ®e8dB 9 wt%, and oil yield was085.7 wt%. The
solvent dewaxed 658 sndiBkeid, based on feed to thé.piocess, was 49.9
wt/o. Evaluations of ##@%properties of the oil are summb#ged below in
Table VI. ' 20 Table VI Properties of Hydroisomerized Wax after Solvent
Dewaxing EXMBiSrskissdleopstiernple 3 NMR Analysis

Alkyl Branches/Molecule 1.88
Alkyl Branches/100 Carbons 6.21
Percent Branching at Two Position '14.9
Percent Branching at Two Plus Three Positions 27.1
Percent Branching at Five or Greater Positions 53.2

The stripper bottoms were solvent dewaxed using MEK/toluene at -15 °C. The wax
content was 33.9 wt%, and oil yield was 65.7 wt%. The solvent dewaxed 650 °F--
oil yield, based on feed to the process, was 49.9 wt%. Evaluations of the properties

of the oil are summarized below in Table VI,

Table VI
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
(BI)
Branching 28.5 29.6 28.1
Proximity (BP)
Alkyl Branches per 1.68 247 1.76
Molecule
B1-0.5BP 5.45 4.00 4.95
Free Carbon Index 7.90 11.00 7.70
FCDH
Alkyl Branches per 6.04 6.66 : 6.42
100 Carbons
Percent of 13.7 10.4 14.5
Branching at the 2
Position
Percent of 21.7 18.8 24.2
Branching at the

33



C2 Branch 0.24 O 27 0.27 C3 Branch 0.14 0.22 0.18 C)4 Branch 0. 18
5+Branch 1.121.75 1.1 Internal Ethyl 0.07 0.13 0.1 Sum 1.75°
“ébégol‘éé %ranchmg Index 19.7 18.8 19 (BI) Branching 28.5 é’é?g/%riomsms.s

_\2

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 11.0Q 7.70 (EC Alkyl Branches per
6.04 6.66 6.42 100 Garbob&2P@lednt of 13.7 Hxantples? BrarjchingiadrtiydeX
Position—-Percent of 21.7 18.8.24.2 Brarching at the 33 WO|[2005/037964
TS B08MRR0134 Example 1 Example 2 Example 2+3 Positions
DerceﬁF{?Féﬁo(f 67.359.1 Bréh€hing at the 5 or Gidater Poditions  59.1
/iSaanking b iheeX 182 175 Viscosity at 100C 3.447 5.488 B.776
/REGEAIAPASEIaBs 43 23 62 13.90 Pour Point, C -15 -9 -18
stcosﬁy Index 165 182 175
Viscosity at 100°C 3.447 5.488 3.776
Viscosity at 40°C 12.43 23.62 1390
Pour Point, °C -15 -9 -18
Cloud Point, °C -4 -3 -5
Average Carbon 27.8 37.1 274
Number
Sim. Dist,, LV%, °F
IBP/5 683/748 608/652
10/30 792/902 670/718
50 912 775
70/90 919/923 890/953
95/FBP 924/926 1004/1116
FIMS Analysis
% Paraffins 100 98 96
% Mononaphthenes 0 1.7 4
% Dinaphthenes 0 0 0
% Trinaphthenes 0 0 0
Y% Tetranaphthenes 0 0 0
% Pentanaphthenes 0 0 0
% Hexanaphthenes 0 0 0
Total 100 899.7 100
Oxidator BN, Hours 31.87

Various modifications and alterations of this invention will become apparent
to those skilled in the art without departing from the scope and spirit of this
invention. Other objects and advantages will become apparent to those skilled in the

art {rom a review of the preceding description.
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Cloud Point, C -4 -3 -5 Average Carbon 27.8 37.1 27.4 Number Sim.
Di'st., LV%, F IBP/5 683/748 608/652 10/30 792/902 670/718 5|O 91?/ 775
(90 23 890/953 95/FBP 924/926 1004/1116 FIMS Analysis %

W %ér%bﬁ%?{ 098 96 % Mononaphthenes O L7 4 Dinaphthengg guu+030134

Trinaphthenes 0 0 0 %Tetranaphthenes 0 0 0 % Pentanaphthenes 0 0 O

% Hexanaphthenes 0 0 0 Total 100 99.7 100 Oxidator BN, Hours 31.87

Various modifications and alterations of this invention will become

apparent to those skilled in the art without departing from the scope and

SPIHAGT RIS TiddaEDNIIOther objects and advantages will become

apparent to those skilled in the 5 art from a review of the preceding

description. 34 WO 2005/037964 PCT/US2004/030134 WHAT IS

CLAIMED IS: A iAtdbsidanisbageoipaspyisingmaraiinicobydacasifidnents
the extent_ of is less than 8 all%}/l branches

components in whi branchi

B R D A DAY IR s bR 30
positiom Wesitibridaht bise mitnbhaingeapivrsisiRiless u%aﬂc\alﬁ_l@a@,e oil

i atic viscosity at 100,C of about.3.2 cSt or.greater; and a Viscosity
AR et TR R o SR A e
efuatigreateay get WiStosiitintas-ganeinfiine Matist Wiseosity MAR0RE) +
tXeulated by the following equation:

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

C2. The lubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which the extent of branching is

less than 7 alkyl branches per 100 carbons.

3. The Iubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which the extent of branching is

less than 6.5 alkyl branches per 100 carbons.

4, The lubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which less than 25 wi% of the

alkyl branches are at the two plus three positions.

5. The lubricant base oil of claim 1, wherein the Iubricant base oil
comprises paraffinic hydrocarbon components in which greater than 50 wt% of the

alkyl branches are at the five or greater positions.

6. The lubricant base oil of claim 1, wherein the Viscosity Index is

greater than the Target Viscosity Index plus five.

7. The lubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which less than 15 wt% of the

alkyl branches are at the two position.
35



2. The lubricant base oil of claim 1, wherein the lubricarit base oil 3

' naraffinic hydrocarbon components in which the extent of

ngr)ﬁg(%%g ?g less than 7 alkyl branches per 100 carbons. 3. TRE TULPRegHP30134

base oil of claim 1, wherein the lubricant base oil comprises paraffinic
hydrocarbon components in which the extent of branching is less than 6.5
alkyl branches per 100 carbons. 4. The lubricant base oil of claim 1,
wherein the lubricant base oil comprises paraffinic hydrocarbon
components in which less than 25 wt% of the alkyl branches are at the

two plus,three s'gi ns. 5, The lubricant base oil of claim 1, wherein the
Iubricar% base @ﬁe B?Fﬁﬁﬁ}gfe%aﬁ%f;’é}ffﬂﬁ@ﬂ% foEBEHdSEbReAT hasgrath
oreaieishapabdnivdgiibexdly coranahessdrewilitna Ja10n e A8, of the

pasitians. 6. The lupricant base il of claim 1, wherein the Viscosity Index
ié dt?iezirt%l}%ﬁeasnafﬁgp%%?égf)\é?g@o%ﬁ%ﬂ%@%%ﬁs five. 7. The lubricant base

oil of claim 1, wherein the lubricant base oil comprises paraffinic
hydrocaggbon c Spf ents in which less than 15 wt% of the alkyl branches
; 3‘&? itio 6

are at the two ﬁ?(‘é’gt\%féeiﬁb% b PESRSSGduPEIsEREbAsS othe

lobmigaistbasefiihof kl@imcirbvhersipoherisiricanichase-0ik ERMBISRD of said
paﬂ?ﬁl%%c fczisroc:ar?%r\%a(i‘.omgonents in which less than 20 wt% of the alky!
bra fHe o Bfﬁl ﬁﬁ?g%teﬁé)&?f&%?g, The lubricant base oil of

ches are’a
claim 1, wherein the lubricant base oil comprises paraffinic hydrocarbon

components inwhich greater than 60 wt% of said alkyl branches are at
the fivenl((?;'1 grer;tlig? %%Eé?ﬁ%ﬁ;g 6 Oﬂh%pﬁxvmingﬂﬁ.ﬁg BB &1 % ther
cepiphsirg:antetdlo Arphthenetcententaf less than about 5 wt%. 11. The
lubricant base oil of claim 1, wherein the lubricant base oil is derived from

a Fischer-Tropsch synthesis process. 12. The lubricant base oil of claim 1,
whereirl the lulifleahibbiaset bikscoth prishsmpdatieiciRyEEIGBIRART base oil is

e L YR i tne prowimity of pranchi
percentage of methyl hy ; e proximity of branching,
as measured by the percentage of recurring methylene carbons which are
i2. The Iubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which the extent of branching, as
measured by the percentage of methyl hydrocarbons (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 (CH,>4), are such that
BI-0.5(CHz>4) < 12.

13. The lubricant base oil of claim 1, wherein the lubricant base oil
comprises paraffinic hydrocarbon components in which the extent of branching, as
measured by the percentage of methyl hydrocarbons (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 (CH,>4), are such that
BI - 0.5(CHz>4) < 10,

14. The lubricant base oil of claim 1, wherein the lubricant base oil has a

Free Carbon Index of greater than about 3.
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four or more carbons removed from an end group or branch (CH2>4), are
such that Bl - 0.5(CH2>4) < 12. 13. The lubricant base oil of claim 1,
wherein the lubricant base oil comprises paraffinic hydrocarbon
components in which the extent of branching, as measured by the

percentage of Tty iENAREREAIRISIERN 1 ARChINSPIRNBIY-Af vRIaRehing,
as measured by the percentage of recurring methylene carbons which are

fERIPBFF R A EHPB SREFEARIVE A 2hP B BfBup or branch (CH2>4), are
such that Bl - 0.5(CH2>4) < 10. 14. The lubricant base oil of claim 1,
wherein the lubricant base oil has a Free Carbon Index of greater than

about 31386 15 HEbisHE e dnivr oraharan hehdresanitasepilibarn

kasaall: epMmplises B aulfr santentgfijess than about 5 ppm. 16. The
lubricant base oil of c:faim 1, wherein the lubricant base oil has an

Oxidator BN value of greater than 25 hours. 17. The lubricant base oil of

claim 1, furtherrompiisingan additinnalbaseQikags Qi HARI APl
consisting of conventional Group | base oils, conventional Group 11 base

Sfileckdr Rt e oAt ok petrstalmsapasntional Group
epivadpinaietingdpaliotg nabaletins idigsiers RAUYRLESIEES PReSRPBISNS,
esters, alkylated aromatics, and mixtures thereof. 18. The lubricant base
SPRINTR Rl Y SiFrenpehol srison R Be AT dinitad smetinsaad
extenk-ef depehing is less than 2.5 alkyl branches per molecule. 19. The
lubricant base oil comprising paraffinic hydrocarbon components of claim

1, wherein the extent of branching is less than 2.0 alkyl branches per

moleculg. 20.THagusHriGEREDSSCoRbESRINSSHIBHRAATIRIGHARERSROR of
comp nepts of claim 1, wherein the Iutgricant base oil has a pour [l)oint of
T B HRE Rl e s o1 it aralnie: molecule.
hydrocarbon. components of claim 1, wherein the lubricant base oil has a
pour pojnt of < -15 T.,37 22. A finished Jubricant comprising: the lubricant
base oif[' f claifie™ *ﬁ%’@?@%ﬂﬁ%‘?&’?&’&ﬁ@&fﬁ%ﬂa ﬁ%@%@?ﬁ%‘?ﬁﬁ%ﬁ%‘)f
lelhiicantvbérelaine 22tcftydhisteangrisieg tarsridisiRicdagRs per molecule.

20. The tubricant base oil comprising paraffinic hydrocarbon components of

claim 1, wherein the lubricant base oi! has a pour point of less than -9 °C.

21. The lubricant base oil comprising paraffinic hydrocarbon components of

claim 1, wherein the lubricant base oil has a pour point of <-15 °C.
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oil selected from the group consisting of conventional Group | base oils,
conventional Group Il base oils, conventional Group Il base oils,
isomerized petroleum wax, polyalphaolefins, poly internal olefins,
diesters, polyol esters, phosphate esters, alkylated aromatics, and
mixtures thereof. 38

22. A finished lubricant comprising:
the lubricant base oil of claim 1; and

one or more lubricant additives.

23 The finished lubricant of claim 22, further comprising an additional base
01l selected from the group consisting of conventional Group 1 base oils, conventional
Group 11 base oils, conventional Group 111 base oils, isomerized petroleum wax,
polyaiphaolefins, poly internal olefins, diesters, polyol esters, phosphate esters,

alkylated aromatics, and mixtures thereof.
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