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WO 2005/037963 PCT1US2004/030133 Processes for Producing

Lubricant Base Oils Wlih Optimized Branching FIELD OF TI—T)E
wolyENTIEN This invention relates to processes of producmgP g?tfétmsozsz»

base oils 5 comprising paraffinic components that have optimize '

branching. The lubricant base oils comprising paraffinic components with

optipizeesansning hareAMpMEMIERQS OIRNCHINO piith tha 195

concentrated toward the center of the lubricant base oil molecules. The
lubricant base oils, comprising paraffinic components with optimized

branching, have low powpppteanciex sV higknL0 viscosity indexes.
The invention further relates to processes of producing commergijal

lubricahteSCONFHSM BRI B REASERSRE BIRANSHE EM B RasmALls

RAgNta R RIAAGN RS D EMGEROEINEL RF THE lubricant
INVENTION 15 High quality lubricants should be, and generally are,

DASPARHA |‘&‘1PF%§H}%P3§H@@HS SAEROLHLS & %WS&?WFF&&% 11@189\)é’v7ér
eﬂﬂdﬁﬁiﬂ:& pataHiRgily Waklitk BradiBiNEoonbdehadceran the epitiuiete a

point in the qil. Accordingly, waxyp raffinic feeds may he
PR RARCL o B iy R A P A o
@f@@tﬁ&:ﬁ@w@m RYIORIHRE Parailinie ﬂmemﬁeﬁoﬁ%ﬂmmwﬁﬁl?mgh

dewaxin |caII roduces a |ubricant base oil having relatjvely high
SRR e IEARTEROPACHITG 810 BRSHA o BeLHE

@enalialdueisdie mupmigt tiealgoilowess dheild seaaitysing exraVihitligh

amounts of branching a ired with an all-hydroisomerization process
%nggﬁnﬁ?ﬁﬁ Wgﬁ’?ge fbjhmﬁnts Accordingly, the products resulting

from 25 hydr0|somer|zat|on processes typically have less than optimal
viscosity indexes e j ﬁf grggching.
Lubricant base oll o péiﬁg‘e@%%qglﬁywug tion process
may haﬁg}bqaaﬁtyﬁgbmam@mmmsﬁmmagetmeﬂanyax@rpﬁufﬁmdeﬁ@r&laﬁd in
US P t 40 60 0,989, and 6,059,955. I points are
R R R e

lblattﬁnﬂm laaser ity Idkamcaad dubircoats tatidomy mmmaunmnmtmmlnt IS

surement of th ture which the a eW|I in. oflow
AR o TSGR PRI HE S IR L B B8 ¢
lﬂ;&kordmmbnma&ﬁff Ne-Ea% 810 mﬂﬂmhy:mammmainkng)mm paséfvils hakeules.

ﬁ?f Céglé:oarﬂgrqg ft éjv(ra]i(mg 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 to reach
target pour and cloud points. Accordingly, the products resulting from
hydroisomerization processes typically have 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 Iubricate at low temperatures. Pour
point is a measurement of the temperature at which the sample will begin to flow
under carefully controlled conditions. Pour point may be determined as described in

ASTM D 5950. Many commercial lubricant base oils have specifications for pour
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WO 2005/037963 PCT/US2004/030133 point. When lubricant base oils
have low pour pgints, they also are likely to have other good low 4

wdeRRkabgEe properties, such as low cloud point, low cold f”teifc?}ﬂgﬂi.@ﬂosdms

point, and low temperature cranking viscosity. Lubricant base olls having
pour-cloud point spreads below about 30C are 5 also desirable. Higher

Rt ClomebR 0Bt BRAE BER: [GBUIER BIRGeESIRG MG RRISARE PASSIREIIPWY $iWe
low pour points in order to meet cloud point specifications. It is further

RRFEPHS RN B REPREISReBHS hab AR Y e Bp iRt dxacold filter
Yiseasily IBERXa0M1d% ahfpRRinealAlasS ueaes indicating the effect of

temperature change on the kinematic viscosity of the oil. Liquids change

viscosithR5 AR, Rash e haTamResH R R BRIV Relo ke e are
higbetefiabtd. ofiagheilp dectlewe pibstapdenayr i eha PAR- MiskRSIR: Wkhicant
temperature. High VI lubricants are needed wherever relatively constant
IgRo Sy GeY FER LA & HBRIBE WaRFRty Hemisd iRt 0By seRefigAtons-an

automoRile ferigipeeRit faus HOW B ABARNAE IR REAMMIGRICHSERFIRG iPdxes.
must be viscous_enqugh after warm-up to provide full 15 lubricatign. VI

MAPHRY RN SR sRpiHeR i RSB R b0 capBe Murteshatvi
Gammedinkeshio s %@m@%&&%@%&gﬁ&ﬁ%@%d@ﬁ;ﬁq@ FAiRewes Ofity

the lubricant bas% oil. Creating branching on linear paratffinic

AR JEIRB A= REramMB s e S i eatid1durariehist e dowfn oil

IndaseéhitshRadéhisnd siangesiaseshatmtdnpernpeb arigh SUDRHEHEARS are
of equal 20 Iength is.doubled, but the pqur point may be less affected. API
DS YDA (Bl PP B AR B DR ARSI £ TORS R AR TG 1

1%@@%@@ I’fQﬁﬁ:ﬁ@ﬁElillé@ @mﬁa&&@gjﬁeﬁ?@e&g@ﬁnﬁ%@é@qﬁﬁw %}’&Iy enough to
Pennsylvania State College) showed that V| declined as branches were
R O e D B TTHS FroTaSERUSSP BB SORE AT 1, BIGRIE

hebnchgsmoMd tingesdrrtiifingd Wasychydmarkensmepredirom a
Fischer _Tropsch process are a | oa potential feedstock for preparing
righ 0B RS A0 TR R RSTH RS EIB I tcts
dodieiteiiite, rifcdynlef sy piedhpdicele bascofltamiaaitg, beurhiag andmnatic
corréllg uréci%s,dgu‘lcfu com oungs, and nittrogen co ?S%EE . However, thet
RHAT I RPN SRR SRS SHERAI R RV e oty
\iadess( A c drkiriglyte iide thidetren Feahaghlpidthotisnberdpshbssitjeatost teual
further. processi upgrading to proyide hi aljty |uhricant e, oil
T L e
féesainh completed between July 1, 1943 and July 1, 1946 by 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 1ittle, 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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particular waxy feeds from Fischer-Tropsch synthesis processes, into
lubticant base 2 WO 2D05/037963 PCT/US2004/030133 oilistocks. By

wayeheample, in an attempt to create enough branching to j@warsihe/30133

pour point but not excessive branching such that the VI is significantly
decreased, prior art methods have used a combination of

hydlictsokseiratiay wiitxaaghlenindexingtusineameaiphgh b onlarae ROever
zeglite catalyst .g, Beta zeolite for the hydroisomerization_ste
R e B e AR TR L ey
braewhingdipsiit ereatatoByhaay wicdxaropibitdtbnRdientNRom &2 with
di s.a hydrodewaxin ocess to make lubricant oil basestocks. The ..
B RS R BT E SR SRR Bt seolite)
hyférdbathahotanponatits maphidhrittbetodeingfrimanthirgdd asing this

MEARHISELDY M peaeniage of mety) hydiogens (BI), and the proximity
of branchihg, as measure be[%ﬁe percenetage of recurring methylene

carbons Bhiehyaréetampls, iote Rachohe rérfib 088 droisvhnendhgirupesraxing

br >4),.are such that: [-0.5(CH2>4) of greater than 15 an
PR A RS el T SRS e Bbtosed
cohtadinmyB4ic pdyeiizyitHatdnotete sompdiaieiatdddish 1i% 2:Hduarfdhesching,
p ; r.every, 100 carbans there are ter than about 9
o N e L O L YT AL g
lubriwghtrigase nstomkeiidm th&isokentigopdahamng hertinlthe dabsieanthich are
b elected oxidative stability. The lubri se oils
e R e A A D OU or A (CREAR R o tht
theebrarbhddharafingregntaimog foufoiufba RY Y86 CHES>dirdt i h @i then lation

freg.carbon ipdex (i f.the branched paraffins. is at Jeast abouyt, 3. Th
e B P G T B et
3.34, baudhea par 3B cbubm ordomerenyol 60ulerbiv e ther4 568 Srdiseldbes arout 9
infegrated process for preparing a lubricant oil 25 base stock including an

isomerization step followed by a solvent dewaxing step. In the process a

waxy fedd aBaistiNectlApdrbid, diswkorystesaciisoivepiosticingr lubricant base
intermediale, @?%9101%8%@{ &af @ﬁ&f&g%iﬁf)ﬁk%? g gt}?cf r%gelected

85@%\3%
oil is then solvent dewaxed. The lubricant oil base stocks obtained were

digéié@,fé*&é@ha% g hedebsigridenesibf gredieriohehaainoutaint ghmixture of

e LS O S R
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 solvent dewaxing step. In
the process a waxy feed as disclosed therein, a waxy feed is isomerized to an
intermediate pour point over a select molecular sieve and the isomerized oil is then
solvent dewaxed. The Iubricant oil base stocks obtained were disclosed as having
viscosity indexes of greater than about 140. The Examples of the ‘085 publication
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
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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 .

wdemdsapmpsising contacting the 3 WO 200-5/037963 PCT/US2Q6HR3004330133

Fischer Tropsch wax feed with a hydroconversion catalyst under
hydroconversion conditions; separating the hydroconverted effluent
obtsdhedlintoselt teaxtfmtb\iighlmhyﬁmmamjcm ne@alysfrantierhaivdconversion

dew the heayv eld hef ed to the pr
is na?r%aﬂy [Sn? 3]%{ %ﬁlséréreor?}?noplich wax e%v?r% ang congeg} Sl ne%gh ter
ombimﬂwlm&aﬂadwdm@m@elm&m hhwdlﬁecemmetobﬁb&tbﬁm thse oil.
g%%8b§"%$§g"8é”tssa€‘sdzfa@$ol Nt ogUing pQInt! f H0e 1098 O {1
close

focoNversion catalysts are %% being
anvogshbus poataquts ldasSSWQIami Nos 8 b@ﬂl@é@ad@thww aimrdrféssﬁw

ProdYCIngA 9&?9‘%‘%‘% eﬁ o };a%g??éki%gggﬁ@%“ﬁ 3SRl is She jange of

process comprises conta + Fisc rops wax feed wit
hﬁ@mg@rfm%@@b'ﬁlwdmhabmmsmwwe diethbsedtadstitg amorphous
pE%gaﬁﬁ hydroisomerization and hydrocracking reactions at 700F+

conversion levels ranging from about 20 to about 50 percent on a once
through UbasRstiratdisd. @rﬂﬂfe%‘é iditlofszo0mrdesd Bonverteding 70dricgradable
e T o ische

infappachovax fﬂatésstthbyﬂm g mbmﬁyn%mﬁdhmpmblfﬂ@mbﬁﬁ metal

F

p(%lr{}jt?1 gﬁ%%g%%@% %’g%%t&ga o%i[lféS Fis rggﬁg\%rg%é@ '1211, r%)sbllgafg "
fraeuonsion svelsadngieadigensbest B o ebeoiaegertaniothe oewwdhengil
29&@1? Igdearaiablefy %‘IIP %?%@5}?@%8@ Hdﬁv@ﬁ@{%%d@"t %ﬁa@@ﬁp It%spmduce

the VI'of the recovere ricant base oil is in the 130's and 140's

Pafent ff9’B @adeitartineoBesisopretisasiopntpiridimibaiseugielgagtion arc
luRuGARLPL %%ﬁxfgtﬂféfﬁﬁ URGROW RIS ALARMEshin W AW ARy

viscosity index of-about'130 and higher by the steps of 1) isomerizing the

WeBTBEs BWQQQWﬂatFGﬁf@ébal%t s06RIh frapbancerealsvat fisaidopdwving

UBRORYERIEG IR 3 BSPiEaRIRIb ek Deiseiaie RAUAY, IRdNe The
lube boiling range 2) frac onatlng the product, 3) solvent dewaxing the

fréﬁ?ﬁéﬁb@ﬁ%@mw@\m@cbmﬁr@ Al Foureeicde Fxonyhe dewaxed oil
diffg1ncRihigrIRREIMES HebAeeR tRe oW ANt B H8Examples, the VI of the

recovered lubricant base oil is in the 130°s and 140’s.

US Patent No. 5,059,299 discloses a process for maximizing the yield of
lubricant 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 to 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 mclude catalysts such as fluorided alumina.

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

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

4



dewaxed oil and the filter temperature) of 9 C or less, and 4) recovering a
dewaxed 30 lube oil product. The dewaxing catalysts suitable for use in
this invention are defined broadly and include catalysts such as fluorided

lumina. There has also been res rclq}.]int how to an the .
o U e B SR S o e g Htheafuence of

Ghage Bil&ale iBflsre fibéd Joynips sdicompo¥itiand BywidstioheXaijle & prepared for
ication by Kra . tal -inflyence of \Group 11.& W Base Qjl
P o o, Bl S SR MBS Mg 16
19R8 190bcA IDAETB T pidationahMe etingtionktoystdni Marchsié;idl 899aluable in
X field ianjzati m EMS) is especiall .
O TR AL SR B 1 pase o
Bdegup featenptivastheitithge dwmcb/bbatdh@agi:@gt_ ﬂf&@i}th pvs}f@u rdrthett improve
o AStEfieevEwaY 10 fustieyimpr gﬁeﬁﬁ'qﬁﬁ%ﬁtﬁ@p' ¥R AP the 1ower the

increase VI. In general, the authors found that the lower the concentration
cosfesBijRljticoh aohtaEdEs mrhihsiethin Hig hailithy bagheitstoNdatishits oxidation
stgtakility. There remains a need for an efficient and economical process for
converting waxy paraffinic feeds to high quality lubricant base oils, in
particllAeTaBERaHthadeelidonin gisdarharsheseratuieapivpessiedoarmpnyerting
wa;%\maﬁi@/ﬂ&@@%@%@&é%&&%ﬁb@%ﬁﬁ LN RIBE ARG BIRe oils

is a process of making a lubricant base oil. The process comprises

PShioN oRReT MEVREIPR Behend v irpYta KKssesselective
intermediate pore size molecular sieve to produce an intermediate oil
isomerate, wherein the intermediate oil isomerate comprises paraffinic
hydrocarbon componehts¥risHie ¢ IhgER A
alkyl brasgbesiPREAR0 GarbBR% K IBE RIAGRES: G rRiekMRLial& 0ilThe process
isomerate is_solvent dewaxed to produce a lubricant base oil. The

CORHESTTE BASEBIPPOHGLER cHRBRIBS pardffiic HyefodkiBen TotigBRestisctive

infviRichithsorexiephefibeanchingdsdessdhan-g allefhi@nehes RemeAfe, wherein
carbons %nd less than 20 wt% of the alky| branches are at the 2 positign;

i TS ENEL I H AL AR § LB L5FH BRTE IS LY THAFIBAB ; OMPRARRiTCn Which
théssosityodbEORInefiahautiBad ¢SlioN gieatessand p00/iseRsity INARX process, the
. greater than.a Target Vi_scosi(%lnd X asc Iculate% by .the foII_owin%r )

TSRS T ROV RUILSPL 5P iRe Aot & LAY gyl The
lubBRard bastdifigpiodanedaspeptdheparisprayidetta pteeessnaiinakintavhich the

e}lc g{{cﬂrgga)%ng 1s less than 8 alkyl branches per 100 carbons and less than 20 wt%

of the alky] branches are at the 2 position; the lubricant base oil having a pour point of
less than -8 °C; a kinematic viscosity at 100 °C of about 3.2 ¢St or greater; 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.

According to one aspect, there is provided a process of making a lubricant base
oil comprising the steps of:

(a)  hydroisomerization dewaxing a waxy feed using a shape selective
intermediate pore size molecular sieve to produce an intermediate oil isomerate, wherein
the intermediate oil isomerate comprises paraffinic hydrocarbon components in which

 the extent of branching is less than 7 alkyl branches per 100 carbons; and



oil comprising the steps of: (a) hydroisomerization dewaxing a waxy feed
using a shape selective intermediate pore size molecular sieve to
produce an intermediate oil isomerate, wherein the intermediate oil

isomerate comprises paraffinic hydrocarhon camponents in which the .
extort 3t orea o VO e AR TR 12D DO TG A iGRSy g dvbricant
bl silvdrteleviaxingribairteseeidiatenpitisomendtaio prdduat anlwbrigaments in
e pil wherein the lubricant base oil comprises,paraffinic.hydrocarb
NI e R S A
2pentt00Cahbors dnbriesbahame 20 Wido Dfpthstalkyltheahdhasaréatethe] 2having
ition. the lubric se.oil having apourpointoflessthan-8 C; )
o o o U8, o S g e
anddex\greatey thades Barget iscosity imglex W omityldtedbyathealfollaingy the
foqg)%ﬂ?rgqﬂgﬁggt Viscosity Index = 22 x In(Kinematic Viscosity at 100 C) +
132. Afso dlsclp'sed_ herein is a process of making a lubricant base oil
comprig@ﬁgetﬁéﬁww@%cﬁéﬂﬁrbpﬁgéh@mnééiygﬁ@wd@@ fi provite a
producl REeARANA IRAAANG & HRXYDYSH ACARON. 6L SURARLT e B riing
hydrocarbon feed stream is subjected to hydroiSomerization dewaxing
Persgmshiisehse teaivsshintomiiwdiateponansne tenokesidar sievedecfostieam and
istiigrmediale gl isemeimisnhereinhginternediate H&dﬁ@%{gﬂt%ed stream is
comprises paraffinic hydrocarbon 5a components in which the extent of
sHsRt A hy deaisamsn 2GR AevarEne s a cbarsasplepdyd isermediate pore size
nifiesmedigteolisemeraeiisalvantdevaxehivprodyce.a.lupticant-bage e oit

. oil. The lubricant base oil produced comprises paraffinic hydrocarbon
ISOBMRTEH ePRYPIsGRharn thaie kehestBRInching is less than 8 alkyl branches
per 100 carbons and less than 20 wt% of the alkyl branches are at the 2

position; the lubricant base oil having a pour point of less than -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 Viscosity Index = 22 x In(Kinematic Viscosity at 100 C) +
132. In another aspect, there is provided a process of making a lubricant
base oil comprising: a) performing Fischer-Tropsch synthesis on syngas
to provide a product

Sa



stream; b) isolating a waxy hydrocarbon feed stream; c) subjecting the
waxy hydrocarbon feed stream to hydroisomerization dewaxing using a
shape selective intermediate pore size molecular sieve to form an

COPRATEH kR @ihigbnﬂmaéﬁemmefe}nﬁaw@imeimé@ﬁa@@l isahigldpeanches per 100
cABHRRII$RS RALRAHINIC DYST OGRHRANLAMBARERLS IR WRICh, t &‘&@%Q{i fl?lfbrict:ant base

branching is less than 7 alkyl branches per 100 carbons; and d) solven

oifjewakihg tHELsEMRHste dMlsomioditecth- proancses lubesfinibaséysirocarbon
coMRiRiRthe luhricrhbasgall Q@rﬁﬂgﬁﬁﬁl%a@ff@isc mgr%cgﬁpﬁnbranches per 100

components in_which the extent of branching is less man 8 alkyl branches

casRODEOREsE NBNDI88La i iho el dermpleaira B dheReBostioas the ubricant
baReIHaiHe WBHEAPSRRSE RYshAUINaRe oY RRIALEE IeRSIAN8166 aC of about

kinematic viscosity at 100 C of about 3.2 cSt or %reater; and a Viscosity

3-indek GFeSted Brad™ TarEeVikEo bMEIn dEsal daRLIAtd @By e TemBirgdex as
cabglalianylipeoRtdiseRsibhidex = 22 X In(Kinematic Viscosity at 100 C) +
132. Further disclosed herein_is a process for manufacturing a finished

lubricarRSet YRseprbrdadey axy sl mcamjecYawes yairb&brierizhibn

dewaximguusing asphapehselastiveindemmediie RO SHRIMPL IR aIRVEase oil
to produce an intermediate oil isomerate, wherein the intermediate oil
C%kﬁﬂ%‘@te comprises paraffinic hydrocarbon components in which the

extentadf brapeffingnia desthanTrapkyh baneles per J3Qearbopsvifiea product

intermediate oil isomerate is solvent dewaxed to produce a lubricant base
SIS ¥he 6 lubricant base oil produced comprises paraffinic hydrocarbon

compa@nents islitiighathexextediohiranchingdsdess than 8 alkyl branches

per 10Q carbons and less than 20 wt% of _the alkyl branches are atthe 2 | |

position: the TUBH é‘ﬁlgbg’ge ‘gﬁ’ﬂ’a\hﬂérgcﬁgiﬂr‘p%?ﬁ of fE88° tarYge sgmerization
dduneinaticsingcosihapt 560RGef ahouhalhreSporegseatariodnaiarVigsastly form an

i R R D e S R Rk oA fini

equation: arglseqmﬁléaég’sity ndex =
hyt33catthe lcbripantiiase wiichbiendedwith brmeringoreksbricamt/adiditivieanches
p etpl%r(?\éggo S_figrilahed Iu_brican_t. _In still anofrher aspect, there is provided a

process for manufacturing a finished lubricant comprising: a)

hydroigbmerigzltiont dewaxing thevangrfeetlaising sshapecsaleptivéuce a lubricant

base oil wherein the lubricant base oil comprises paraffinic hydrocarbon components in
which the extent of branching is less man 8 alkyl branches per 100 carbons and less than
20 wt% of the alkyl branches are at the 2 position; the lubricant base oil having a pour
point of less than -8 °C; a kinematic viscosity at 100 °C of about 3.2 ¢St or greater; 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.

Further disclosed herein is a process for manufacturing a finished lubricant. In
the process a waxy feed is subjected to hydroisomerization dewaxing using a shape
selective intermediate pore size molecular sieve to produce an intermediate oil isomerate,
wherein the intermediate oil isomerate comprises paraffinic hydrocarbon components in
which the extent of branching is less than 7 alkyl branches per 100 carbons. The

intermediate oil isomerate is solvent dewaxed to produce a lubricant base oil. The



intermediate pore size molecular sieve to produce an intermediate oil
isomerate, wherein the intermediate oil isomerate comprises paraffinic
hydrocarbon components in which the extent of branching is less than 7
alkyl branches per 100 carbons; b) solvent dewaxing the intermediate oll

uRRRA BRI AR & MaHEAN s %?gfﬁﬂswﬂ%ﬁmmwpékﬁgehaﬁgﬁp%m the

comprises paraffinic hydrocarbon components in which the extent o

exigahehgnehiags thess Bhamd rbrahrsashsemrend Khepthwaaper|tess tham200vt% of
thWwikafthealkybiranehes areiabihe? Rasition: %@e',%ﬁrmgé%%%'%%im of less

having a pour point of less than -8 C; a kinematic viscosity at 1 o
thamodit §:2acpeimgiisatiscosiy at HEcsinf sk dréafiranareatarangéta Viscosity

In¥igcasieindex A caleuaieskhy thefollowing aayatian: ?cﬁr&%h%? 26051%n:
Index = 22 x In(Kinematic Viscosity at 100 C) + 132; and c) blending the

lubricarit&isd BRIt JRECSr more KibkEkHARIGy St HRowtd 80 °C) + 132.
THiNReR ubrisadtoff Ukhaekliseloserl baieln ineBrasssssf MAKRYAw provide a

lubricant base oil comprising performing Fischer-Tropsch synthesis on
ﬁ@?ﬁ%‘%‘%‘ﬁ%@ide a product stream and isolating a waxy hydrocarbon

feed stieam. abbehwreagpbidrmeRrROp:IReS 8L BrAdSSHRIBtBG  uring a finished
ydroisomerization dewaxing using a shape selective intermediate pore
IR QBRI Sieve to form an intermediate oil isomerate. The

intermgdiate igitiistsnraieaisosuljectesh 0 Solvent dRWEXIIE IO Preplise Selective
._lubricant base ojl wherein the |ubricant oil has a pour point of less than .
IR R PRESUY SPTBOCTBPCYEa M (AT S He P 4 gmerate, wherein

th¥isnesitydiadexilgreaterdharoafasgeh\istrosity Hndexasgaleiaieshy the which
i %(inematic Viscosity at

thgo(%lb%\{é;)?g%%ﬁ%ﬁ%%ﬁ%%&@gﬁ@%: E?gen)i(g%gjﬁigb PRYESs of making a

lubricant basevbitreatepsing:thy pernrdtgdigthemisepseh synibesis Dibricant
oS B A S A R SRR v
whiptirdisemtenizafibrundbingxingsssing 8 shiapdseldotivpeintéimarhats paddess than
S L T N e e
point of less than -8 °C; a kinematic viscosity at 100 °C of about 3.2 ¢St or greater; 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; and

c) blending the lubricant base oil with one or more lubricant additives to
provide a finished lubricant.

Further disclosed herein is a process of making a lubricant base oil comprising
performing Fischer-Tropsch synthesis on syngas to provide a product stream and
isolating a waxy hydrocarbon feed stream. The waxy hydrocarbon feed stream is
subjected to hydroisomerization dewaxing using a shape selective intermediate pore size
molecular sieve to form an intermediate oil isomerate. The intermediate oil isomerate is
subjected to solvent dewaxing to produce a lubricant base oil wherein the Iubricant oil

has a pour point of less than —

6a



produce a lubricant base oil wherein the lubricant oil has a pour point of
less than -8C; a kinematic viscosity at 100C of greater than 3.2 cSt; and a
Viscosity Index greater than a Target Viscosity Index as calculated by the

Sogg\ggﬂ%equatiqn: Target Viscosity. Index = 22 x InéKinematic Viscosity at

T45C BGREDESHRIETION BT e DRAWIN GRIFIGU RSty Index

grifustratesatierptotabdiseosityeatatQaeustissosity fdeXnprayiding the

equatign for calculation qf' the Target Viscosity Index; Target Viscosit
Index in%%%?ﬁﬁ%ﬁ%é%ﬂ*ﬁ%%@é&ﬁ% TSRS Y S5 RHE R O?n&?n%ﬁ%ygtic
Viscoslty vt 206162} isspeetndkreais| pgranitietaopdsteematia AkiseasitybatahPBase oil
C. DETAILED PESCRIPTION OF ILLUSTRATIVE EMBODIMENTS The

compn

st

pr s&fifinvention relates to processes of producing lubricant base oils,
comprising apaiXtuneof Pasdifinia-hydiosandessicarmpangnisipeareitietieproduct
rm&iﬁure of paraffinic hydrocarbon components have optimized branching,
from waxy feeds. These lubricant base oils comprising a mixture of

paraffibic hydisotarbgr sampoydotsshith feqatisnized;branching have low
amounts of brargcrgpﬁgg\ierall witr‘i the br chir}ge é:%Pcentratﬁl[gli Efgrward the

center Of the [UbTICAREDbaSe oif holbellsd T e bresaht ihvEntibH disanerization

dereteiag tosthgse fobpicanicbtse bitsrowdiptisinga sivixturelefgaraffinicto form an
. r 1ents.with optimized branching and commercial
m{%ﬁ%ﬁ(xgg{%@ﬁ] ﬁS{H&% ¢ %d

ricants comprising these lubricant base oils. The present
inventidh furtlvebjesiangs teeprotessdiatef plodseing e finishbadubdicamtsng to

prSQQEQrz;SIi ﬁt}ﬁul %%QQ %ﬂtm%ﬂltﬁecﬂmﬁga%w %1%l r@ggﬁ&ﬁ%%gﬁgé ?{tﬁi{ygs than -§°C;

a

h_)/drOCQ.I' qn cqmponents WI optlmlze rancnin
kurpmeingisgiedoveteDiRa: of lorisanbivase2oiStwithdkinghsatisty Index greater

hYPEaSHRS OISAISH AN R A 5! 9;@“%3%0&189}5 i@%%@é%@ching can

provide exceptionally low pour points extremely high viscosity
indexed athgl Brecerdn o thian 2 the Makgetvagicosing taidiert 48 ined 32.
herein. Optimizing branching according to the present invention means
that the lubricant base oil olecules comprise paraffinic hydrocarbon

components BB RECYY OHE eI IR A MIENAS the branching

concentyated Fowand theCcente Rl thg maleates. Lulieapt Rase S« ndex

comprising paraffinic hydrocarbon components with optimized branching

ity 1D T

Prgve Rgi Rt inaderiakytities gfetheriagatabstrste ladext 7a

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

In(Kinematic Viscosity at 100 °C) is the natural logarithm of Kinematic Viscosity at
100 °C.

DETAILED PESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present invention relates to processes of producing lubricant base oils,

comprising a mixture of paraffinic hydrocarbon components wherein the mixture of

paraffinic hydrocarbon components have optimized branching, from waxy feeds. 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 the lubricant base oil molecules. The present

invention also relates to these lubricant base oils comprising a mixture of paraffinic

hydrocarbon components with optimized branching and commercial finished lubricants



WO 2005/037963 PCT/US2004/030133 100C can be produced by a
combination of a mild hydroisomerization followed by solvent dewaxing.
cofpenitingdee théreschdsnvantion: pryvaxyifeedtissibjéetadiinea timildcesses

th (c)jéo(iglo Eriéfthnegrlo ess Ltmder con.ditiaé1§is§cht l;tan intermediate oil
omerate comprsing paratimic AyEroearoon Componants Raving epatié

milzrarchipgraffirap @stirsdsrionmech pbirensteritheshédiaiadd $omeliaig. is then
subjecieltoisolvent dewaiing under.qapdiions fo provide 8 brigant e
base oi comprlsmgl@ara ¢ hydroécarbon componéents With optlmlzed

vidsnaanidks ngremel hidvin plokin 8riatist vis coBIYC greaterithan bhocitid® Bt atovide

100C. The,process of.the present inventian results in a,_lubricant base oil
O R TR ALk T MRS BRSO Bt

thé Fharghingisusityhbidéreresadeflowd dremimtSofibremchingrevenallandthding to the
chi oncenirat rd the center of the molecules. The extent of. .

P R B A Sl e
hydas-tiben somppigingly tiscay dvadathatmisnimbzing biegoverall brihdhingranching
coWé@ﬁ?rE?@d({%@tﬂQecQ{?e?%?iﬁ% toward;the middle of the lubricant base oil

15 molecules provides a lubricant base olil with exceptionally high viscosity

indexekubiierivwbpstr phinesmptondinpiyaftigie qrditydubrivanvivacessils with
op\f\fﬁnzéacf(ﬁﬁﬁgﬂﬂ?é!m%g\x Qﬁi%%&ﬁéo@ﬂ%pWeB%rﬂ%ﬂ%?oﬁf%Q cSt at

produced. Defifitions 20 The following terms will be used throughout the

specification and will have the following meanings unless otherwise

indicated. "Derived from a Fischer-Tropsch synthesis or process" means

that the fraction, steam, or product in question originates from or is

produced at some stage by a Fischer-Tropsch process. 25 "Waxy

hydrocarbon feedstock" is a feed or stream comprising molecules with a

carbon number of C20+ and having a boiling point generally above about

600 OF (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 petroleum waxes. 30 "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
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8 WO 2005/037963 PCT/US2004/030133 oils provided according to the
present invention include initial boiling points in the rarﬁge of 600 to 950F, }

wengsdailimg points in the range of 800 to 1200F, viscosities inptheuenge®nhiss

3.2 to 20 ¢St at 100C, viscosity indices in the range of 158 to 240,
preferably in the range of 163 to 220, and more preferably in the range of

166°to &2 00 pldidubiigant hasp ails fwihaniiale doitpsinisléss ibitswed by
-8C, preferapjy less than -9C, more preferably < -15C, an%ee en r@glreted io 2
SRAYERAHRPEEESh A oPEENS s RFEPEBIy T AR T i B BP.E° RS 1535871 RHe
lebricentbrse el MaY pHs@Aave elotshddRis dsoct thiaag erdérheitat200.

"Hydrocarbon or hydrocarbonaceous"” means a compaqund or substance . .
T AP B A8 e BNy B i ctine

ticé
hptpeate mIsweil A HeXy@emediuier Gf Ritagen: IT argethifaosiyol sdexit

is an empirical number derived from kinematic, viscosity and Viscosity. .

R TR RO YRSOBS I AR AR 5 s ANBHL gl

15 dracgeioviseegitndntexish 23 tilntkineraalitndisadsiny AiglORIAMABER viscosity

wherein In(Kinematic Viscasity at 100 C) is the patural logarithm. of .
IO the ) S 00 W0 Gnd HeRRATRAR ST SToR, DLt Rl i
isubtcirategddnithermaisieg TAlkyintchrdechear sanpaiedimwithglgntized
ydrocarbon radica| of one to 20 six carhgn atgms or a branche .
S O g S4 HER YA S PBAE rg E Slins
Reefanablysdhexalkytigroupsareinratiyiedaiamilibs aftatkyd f Hrangsingciude,
ut are. not limited to, groups such, as I, ethyl. n-propyl, isopropyl,
ﬁzﬁﬂﬁﬁf’}gw%ﬂr’s‘éﬁgﬁt%%%ﬁ%%en ) gﬁ"&q Llike. "Free Carbon
Index" (G4} iscensepsisiegdt tiecoverbeé tiaft aathion Atgntse o emalk branching
isqparaffin. that are located at least 5 carbons fro terminal carbon.and
R R R R
thaslbehtisgnbtidse Oitbyittnkinemadiov tisensijcs gripiepthais@isoytiGdexes
cSt.at 100 C comprisjn affinic.hydrocarbon 30 components.having
C ?;%wd%%‘ffé%? ghéﬁgég{rnc%%’r m%%%%&%% ?gﬁ?ﬁlna)of‘?g\?en télxtremely
higbepisaoityighexiesoaity mderteantbivwpumppiniss Rhepviskosidy
Indexes of the lubricant base oils of the present invention are greater than

the Target
Definitions

The following terms will be used throughout the specification and will have
the following meanings unless otherwise indicated.

“Derived from a Fischer-Tropsch synthesis or process” means that the
fraction, steam, or product in question originates from or is produced at some stage
by a Fischer-Tropsch process.

“Waxy hydrocarbon feedstock™ is a feed or stream comprising molecules
with a carbon number of Cs0+ 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 petroleum waxes.

“Lubricant base oil” means a fraction or product meeting specifications for a
ubricant 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
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Viscosity Index of the oil. Preferably, the viscosity indexes of.the lubricant
basé oils 9 } WO 2005/b37963 PCT/1JS2004/030133 of the_)present

wiovekiesyate greater than the Target Viscosity Index of the OilpeldsiR20M%0 30133

defined above, the Target Viscosity Index is viscosity dependent and is
calculated by the following equation: Target Viscosity Index = 22 x

In(Kiaprasittel incositnatd 8Q fhdhdtvadhashbiicant bassialls points in the

comprise a mixture of paraffinic hydrocarbon components wherein the

oV RHAHDLY P AR By RE EaBE i IaRER R R0 iR T discosities

branehingndeseidubnoasibasemits crpopitsingRaaiiinitcHEERGPOR o 240,
components, with optimized branching are produced from waxy feeds, The

prESET Y ST ANES PAILade g e SuEte RSP RIGIH Mrdhs e R tHe to
processeseiiviekin®ake- the lubiiesntkRaseoisoalit e ReSAN PV pHOBrably less
The intermediate oil jsomerates of the present invention comprising
it B BE BT ARG hets RAOS SPEEREBFEARA G PR ASeC. and
Acerifdiagly ivinerdhe:infegne dierisamaiaiascane Kar\siitadajoldbnaablloud
base. oils, the lubricant bﬁise oils comprise paraffinic hydrocarbon

coRTIH EMESRDRR O ptimi2etPbranching properties. The intermediate oil
isomerat are.comprised of paraffinic.hydrocarbon compgnents, i

ich the T R AN T hance tha
brancting ydralénTnd rdwnathate vhisomerptdsoarnebuiedetedditims such as
Iutg)r}iﬁgglt1 bsql% 1,o(illlsmcéporggrised of paraffinic hydrocarbon components '

having optimized brané’hll}ig properties. Optimizing branching properties

accordind Terdet Yreseityihviniion 2cmssna thatherpimaftiditrom kinematic
hy NRY s hav kﬁ amounts of hr ing. overall with the
bragé%%?r{' (E:{%)ur?lcelntra%tlg}c’i ov‘\sl}é[rir T ce ét%ek.{rH oFt Sélq%agfgéﬁles?a ?:C%%Iéitlﬁgly,e
thddlemshinguaivard the ends of the molecules is minimized. The

b h inic. hvdr :
oirl(’.i:nafn(;e ?rll‘t?ig r%ge |atr(é%£o' @é%e?ates%@?&%@%ﬁ?ﬁ%@éﬁ%@ﬁjﬁgﬁgs
bagbaindninsmatiriModimitycil ISEE) aidkenatulie)lbgaritheoiieinematic
or . yl ‘ : : ; —
b T, A
brékchiggrproperties include the extent of branching and the position of

branchi n%ﬂtﬁ’%%E_%ﬁ%@ﬁ%‘ﬂiﬂ&&éﬁ%ﬁd@%@%ﬁﬁ?&%&%ﬁoﬂ9921?&[1 QF one to

alkyl branches per a given number of carbons of the paraffinic
six carbon atoms or a branched saturated mono-valent hydrocarbon radical of three to

eight carbon atoms. Preferably, the alkyl groups are methyl. Examples of alkyl
groups include, but are not limited to, groups swuch as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, ;-pentyl, and the like.

“Free Carbon Index” (FCI) is a measure of the number of carbon atoms in an
isoparaffin that are located at least 5 carbons from a terminal carbon and 4 carbons

away from a side chain.

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
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30 hydrocarbon. components. Preferably, the extent of branching is ‘
measured by thel number of alkyl branches per 100 cafbons. The position

wohbigoshing is measured relative to the ends of the hydrocarlb@p,lc;lg@,ig}ﬁg]}0133

the paraffin, with the terminal carbons being the 1 position, the next-in
adjacent carbon being the 2 position, the 10 WO 2005/037963

RETHYS2094/030433, subsesentin arrhankenatie S PRl B8dispius 5.

forth until the center of the” hydrocarbon chain is reached. The positions

onstHeffdsarpchcchumemagassitn fiafleids wsqeniydependent and is
Qﬁ@&k@-@ﬂgquﬁzy@hlgg@%gp- CH2-CH2-CH2-CH2-CH3 12345

54 3 2 1 The intermediate 0Oil isomerates are intermediate products of the

process B8th Yo i oamBas I GnsIiAE praseptina dfn D 32-
intermedigde:QilbLRA50FASEIRS QRO UGack BY -8 WSS AMUIYY/aREQ

a mild hydroisomerization process using a-specific class of shape

SIBBRAERS R g AvpraH wixige odpaatErsducmaathey cembn it have
sofifiedHegree: OB SN bk S RHRW A RN jSOMEMRSIRE ocarbon

solvent dewaxed to provide the lubricant base oils of the present

OB AR QRRG S b hinseHis medner fetarridarde dihe present

ISRveRhME 81SOPIRESS . PAIaTHBIE MY AP eARRPEQIMPANERI BB IING SRE 6ififhaking
branching properties. The intermediate oil isomerates are comprised of

FEAPLRE BBripETRah Y RER Idhainistmeds e pahtrmgrates of
avenabsthflariauie cthgpRiainediatesl Hseraesstes compsisgRaaigiGpecific
ydrocarbon components having less than, 7.0 alkyl 20 branches per 100
S RSP S A TERSHAL 8IS MR AEmeEabes amgipmverted

cy hoRRsahhealteR) eRliat Allisoracs AHSs esmpalvephdenvaxeddepigide
the lubricant. base oils of the present invention. According to the present

iFOBTRIH R BAUBR CRHOHES BHRC B BRIt ReHLFTREF ISR oil 1somerates
ceRpsngriedoNislTthe Rianshinmis 2hapiipizeth Thelubicantase

gk;Ig comprise paraffinic hydrocarbon comgﬁnents having optimized

G AR A SRR VPSS S ROERE RS the
isomeralgs havedaterrofussmefraachinchovasd inihibadarmmebingls
concentrated toward the center of the molecules. |n particular, the .
R DL e BTSRRI Ry GRS HARe SPULed bitnching
properties. Optimizing branching properties according to the present invention
means that the paraffinic hydrocarbon components have low amounts of branching
overall with the branching concentrated toward the center of the molecules.
Accordingly, the branching toward the ends of the molecules is minimized.

The branches on the paraffinic hydrocarbon components of the lubricant 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 (-
CH3j). According to the present invention in the Iubricant 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 parafiin, with the terminal

carbons being the 1 position, the nexi-in adjacent carbon being the 2 position, the
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30.components having less than 8 alkyl branches per 100 carbons,
preﬁerably less than 7 élkyl branches per 100 carbons, and mjore

wporebesaihpdess than 6.5 alkyl branches per 100 carbons. In aq;&q%mmom

lubricant base oils comprise paraffinic hydrocarbon components having
less than 20 wt% branching at the two position and 11t) 7 WO

2@@5&@@7&@&%&&%@%@@@ blintelamnbls esaihani 1ok mRaching.at

et |t|on The lubricant base ojls also have low amounts of
oSSR RE RS pitishitthed oRARM L PErEIE Ay Jecsthan HERaRY be
antunenedretiabiyg-less than 20 wt"/o. Furthermore, the lubricant base
oils have branching at the five or greater positions of greater than 45 wt%
and more 5 preferably greater than 50 wt%. It is generally accepted in the
art that sl ea3igrIBI PO CHILOERN | Dess - Ols Wi, ey kinsmatic
VISCOSItIeS generally less than-about 3.2 eSt at 100 C, and having low
pour p0|nt than itis todbrodace Iubrlcan?e asé oils 3V|th I:ﬁghet1 kinematic
viscosities, which also have desirable pour points. The paraffinic 10
hydrocawﬁg)n molec les comprising lubricant base, oils of low kinematic
viscosities arEBHR ‘ﬁﬁ?}@ ROIEET purRifAte %%ﬁﬂé}‘ﬁtﬁﬁ@ﬁ%ﬂ%ﬂ‘fegs fo

amkﬁﬁ&mmmaberlgmoﬂmgﬂmmiﬁdﬁasezoI1H1Baﬂt6ﬁﬁ&l?dt¥@ﬂ low
kinemati |sc05|t| %qlpof relatively shorter. paraffinic i@g?ﬂi these
g

lubAEERT GASE" IS u@ﬁ a?flf)‘}’éa BWEFhiEficHe Bt IR pAtion
peiriccsS usingatspstiffighes Wb chaity delottant fiadesallheomipises large degl ee

pa ffinic_hydrocarbon m lecules of longer ch length ese Ion .
parta hid (?'llég?%clg:r S é‘éﬁ}@%‘flﬁugg%? I§§ﬁ9‘%"&¢c ﬂ% Effe oil
isimoucirates e difficult devisaaieidze toildyianoiteef hranshing ﬁﬁibresent
obtaln 1810 low pour point. In addition, it has been previously demonstrated
that 45 branches move 20 toward the middle of linear paraffins for butyl,

phenyl, ahaoyitghexjcimasancayteior] tdedinasnidietelsildsdmepates 0oinprise

have Eﬁm ht deswable to duce a nt base oil with
T e B R R sy e
qmwm{hlawrtglﬂsaﬁﬂmreg s, gambinet| ofpiartdfifi @nbydtscafbbracichirgents
rﬁ)wd S8 Iubrlca b e o] W|th exc tl%{la”}/t i V angl |°W(§ ur .25
% ranc S% < Oy
points. Accordi the processes Bthe o sEahtiaven ion, waxy feeds
angomerates comprise paraffinic hydrocarbon components having less than 7.0 alkyl

branches per 100 carbons and preferably less than less than 6.5 alkyl branches per
100 carbons.
The intermediate oil isomerates are solvent dewaxed to provide the Jubricant

base oils of the present invention. According to the present invention, the lubricant

~ base oils comprise paraffinic hydrocarbon components in which the branching is

optimized. The Jubricant base oils comprise paraffinic hydrocarbon 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
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processed in such away as to achieve this desired amount and placement
of branching (i.e}, optimized branching). Therefore, lubricant base oils }

whvthdighoiscosities, low pour points, and exceptionally high lyd'ﬁgggoe £/030133

produced. The 30 lubricant base oils of the present invention have
kinematic viscosities at 100 C greater than about 3.2 cSt, preferably

P13t R $55: NG 2RO OEThd %o@ﬁ&%%ﬁ%ﬂd\&}\%&%&%sﬁm also

oils of the present invention comprise average carbon

2005/ 037 983 RS L Is2obiigsothe swaunisdhares predienshpns bty 2gss than
pisfeiably.areate 30,870 Mre Rretaahly oraaisribRRARANE oils

Fordgd}
27 and less than gg%ut /0. The extent of branching and branching position
caay b brgetdingris dhpikawRERig S RN R Sratrstiheg Ahaykiqmhaore

%@gmg%%%gﬁ%pgé%%bricam base oils and intermediate ol

isomerates of the present invention are determined by analyzing a sample

of oil udiig Beit _ n_@cmﬁia@é@m@ﬂsﬂw@f@%@ﬁﬁg@w}\m@&p%@é@w
Refetemsasw RiflRee HeaaaRlRY AT e RRcaSH AP Wde SelRilDbtiend
process steps. Steps 1 and 2 are performed only on the initial materials
AR proEesuits, hareiitisiemsadiee labeivedhars eiltriviks Lideer
bﬁﬁilﬁﬁ!a&%%&%?&&%%h%ﬂ@%é@@d@@aﬁlﬁ#ﬂé&?ﬁ%ﬂ%&%@ﬁﬂ%

D.T.; D. T. Pegg; M.R. Bendall, Journal of Magnetic Resonance 1982, 48,
Spafocabon mpderyes supresies bbosasbbasritdeng ewukplebeliachepsities

(%@6@%&@&%‘3&#}?5‘&%%ﬁéﬁl@,%ﬁ@?@ﬂéjﬂ@%tﬁ%@béﬂ“Qﬁlc&lbons in

Shoolery, Journal of Magnetic Resonance 1982, 46, 535f). 3.) Assign the
visiatls srnsedubaie hasorliiesdng rshdvabblawdanppaliprsegsities are of

| j i .
eaairHpineiePyiies A RIS HlRIeAMRaR( bm%ﬂ%%%llt’crl\%?z%%qguf ifewer

Journal of Qualitative Analytical Chemistry 43, 1971 12
branches & 15ach 949w 3oLk amples: Branch NMR Chemical Shift

(PPm) Zxmeitvh2oier 3106y IESE L% B« oils comprise paraffinic

hydrocarbon molecules of longer chain length. In these longer paraffinic
hydrocarbon molecules of higher viscosity lubricant base oils, it is much more
difficult to isomerize to low amounts of branching and obtain a low pour point.

In addition, it has been previously demonstrated that as branches move
toward the middle of linear paraffins for butyl, phenyl, and cyclohexyl branches, the
VI declines. Therefore, it would not have been thought desirable to produce a
Iubricant base oil with branching placement tow ard 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 viscésiﬁes at 100 °C
greater than about 3.2 cSt, preferably between about 3.2 ¢St and about 20 cSt. In

addition, the lubricant base oils of the present invention comprise average carbon
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4-methyl 14.0 4+ methyl 19.6 internal ethyl 10.8 propyl 14.4 30 Adjacent
methyls 16.7 4.) Quant¥y the relative frequency of branch océurrence at
wditiergus7earbon positions by comparing the integrated intensigy-efitSoos/030133
terminal methyl carbon 13 WO 20051037963 PCT/US2004/030133 to

the intensity of a single carbon (= total integral/numb er of carbons per

MAQIABUIS oinfbRdN it eboliPr ThersRIGHE, Gaeatef thenZmaatnd hianstbre -

where both the terminal and the branch methyl occur at the same

rBUSRERLL BT AP e hSAYIWES SR8l Y 5 %o before doing the
frequenwe)éﬂe@nah&ﬁﬁwﬁﬁg@ﬁm@n@t@pﬁmﬁ)ﬂm@wa@tmhem@mm
is calculated and tabulated, its contribution to the 4+ methyls must be

cted to avoid double counting. 5.) Calculate the Free Carbon Index
using the calculated average carbon number of the sample and the

: BXA(FCl) is a measure of the number of carbon atoms
inanis ar ffin th at are lo ated %h t50 onsf. terminal.carbgon
ain

o 4 g Grechine Troned AEitbies olIS dnfd sRCrmeaial ol

- beadmemumédqa/pthssufﬁnmhanweamjdmnhnbdmmﬁgls sy difgi

the. mole ula of th sampe 4 (the formula weight of

Moreed %WEIgh%L%a{ aﬁco e#m%ét#obwg ?ﬁﬂbﬁ%f %§SISNF%%§) e
ocnmthar ﬁmtﬁb&mpﬁmﬁhoﬁth%qnouém@rwﬂmmmmf tveptarsisaipsu EEIIIEpS 1
tls re erab term t%}/a IASa'Eg{Im 03-02. Q‘) Calcuslate the
nchlng% n(?exff am“éranc mg roxmﬁy%%ra) usmgt?t%escalculations
descrlbéob in Ul&rﬁéyethb bl G280, 98 eBrandhing(Thlidrdack Getherafionipoints

perce zylic meth ltﬂ [3,1 t nge Ofl\g](%\ p
B R T R . 18 PR R S Pmal

pgfﬂlag’ﬂzrﬁzafhnohumgﬂ%m& B28HE)% equivalent recurring methylene
carbons‘2 hlckvar%, [more ter %\6?19 fropwa@n end}g Qup or qlranch
(epsilon¢arbons). 7.) The number B branches pef molecule 1s Resum of
tiheubtemahesarbons) using the APT pulse sequence (Patt, S.L.; J. N. Shoolery,
Journal of Magnetic Resonance 1982, 46, 5351%.).

3) Assign the various branch carbon resonances to specific branch
positions and lengths using tabulated and calculated values (Lindeman, L. P,
Journal of Qualitative Analytical Chemistry 43, 1971 124514f; Netzel, D.A, et.al,

Fuel, 60, 1981, 307fF).

Examples:

Branch NMR Chemical Shift (ppm)
2-methyl 22.5

3-methyl 15.1orli 4
4-methyl 14.0

4+ methyl 19.6

internal ethyi 10.8

propyl 14.4

Adjacent methyls 16.7
4.) Quantify the relative frequency of branch occurrence at different

carbon positions by comparing the integrated intensity of its terminal methyl carbon
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25 found in step 4. 8.) The number of alkyl branches per 100 carbon ‘
atoms is calculated from the number of branches per rholecule (step 7) |

wdiReses96number of carbons per molecule. Measurements %%2004/030133

performed using any Fourier Transform NMR 30 spectrometer. Preferably,
the measurements are performed using a spectrometer having a magnet

‘EHtﬁQ;{t&{s%F@f%rsﬁfg?é'c%?ﬁ%(@?Fﬁﬁl\iﬁfg'g%ﬁﬁﬁﬁﬁlyé}"@?%a%%ﬁ%@f‘%ﬁ&héoule

UV or an NMR survey that aromatic carbons were absent, the spectral
it EEEERdited to the saturated carbon region, about 0-80 ppm vs. TMS

14 WO 200R{037.2673 Bsd 848200408018 3nCRIRMEhKISIARE keRRIHADAS the

of 15-25% by weight in chloroform-dl were excited by 45 pulses followed
byash angthboseyundithmsarae [HPBIAET ROSHIARIDE MISDEHISBIH dEEtS Y

fatandReRIoien e srupialyas staird sitavtng AR sreslelay prior to

the excitation pulse and on during acquisition. Total experiment times

S O .
rangedhibmrmebyhhimel e marrrlanatabandctihaiiied W rowstprpn to
aid sacaerinorediteratine deseipiang wtb winvndawations described in

the Varian or Bruker operating manuals. DEPT is Distortionless

Enhanéemen{icpigisrbadarframerfese pritplie saleyieed average carbon

guAinaries. sihp RERTHOsaauense gives assignekatherions eaghidd in
to 1&'protons. DEPT 90 shows CH carbons only. DEPT 135 shows CH

ERJ 892883 p T eem S aBorbyiecd Gk s ponsssua Rt ihe Apmisr atLarkep
Biaiennlasisdhatays alkt 6alhonsPbR 88 e BubH Lirband fefidralea®on and

then quaternaries and CH2 are down. The seguences are useful in that .

&SR Brareniear» sits iy d b BSFash GALING I ORh BB frltgramed

Irrrclestiddentifieskh rahapHcahshiftoand pRageiBel deemddaserigght of
in the references cited. The branchingg%rop%{lrt[ifs of each.sample were
m

darsrmmed ) TlDs R wrghe! RO AR R that
heceniiesmmplerat inbsoans base o508, istermadiai.bil semeiatensasding
SR R AOESERER FREBER I e B Sa B h QSIS0 R BaaL
Ths6b-ttal naphther_les in tht_a Iubric_ant _base oils were generally |OW or
oreperiibn, THA RPN SO B R LELHRs D B (5P
hestizatier Altagstions described in U.S. Patent No. 6,090,989. Branching Index is
the ratio in percent of non-benzylic methyl hydrogens i1 the range of 0.5 o 1.03
ppm, to the total non-benzylic aliphatic hydrogens in the range of 0.5 o 2.1 ppm.
The Branching Proximity is the % equivalent recurring methylene carbons, which
are five or more removed from an end group or branch (epsilon carbons).

7.)  The number of branches per molecule is the sum of the branches
found 1 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/aumber of carbons per
molecule.

Measurements can be performed using any Fourier Transform NMR
spectrometer. Preferably, the measurements are perforrned 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 spéctral

width was limited to the saturated carbon region, about 0-30 ppm vs. TMS
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Spectroscopy (FIMS). 25 Feedstock According to the present invention,
thejfeed to the process)to produce lubricant base oils with optimized

woranehngqs a waxy hydrocarbon feed. The waxy hydrocarb%fﬁggﬁ%@ms

useful in the processes disclosed herein may be synthetic waxy
feedstocks, such as Fischer Tropsch waxy hydrocarbons, or may be

%@é%&’e%%ﬂ%a@lgﬁa%ﬁﬁf’%‘ér&Ff’s-%% %f&é%%%?&@ﬁaéﬁnﬁ.%ﬁ%%‘mcimd
the waxy feedstocks to the processes may comprise Fischer Tropsch
derie pwlsss/fhdisoks ddatraldufrsen as@ssitianytistil Bt siocks s gas-

: . : . ; fns. fonts o

S ) SI8C R ORI PRYRRTOS Wi laR 04 detay
2005/03119 630HaATIISES0 30 1B ngrid qicitory stdinecwpo@scaiidmes

E@%‘%ﬁe&&ﬂ?{?% Bﬁ%ﬁ%@.b?;h%ﬁsu o YlgodBtP ek BIEJSINRALOMY out

er Tropsch waxy fee tantial proportion of the waxy feed
cepopiisedpridretiesipienptioashoibrumpedonaens seschiksdibdifngarian or
Meﬂﬁﬁl%ﬁﬁgi%@i@bom 600 F (316 C). The majority of the molecules
in the waxy S feed are higher molecular weight n-paraffins and slightly

branch&dr sFfristerhsresorntiburententieiRolyriiniuea dteneftaddblfialoes

tr,
D e B oo o

weptradABIERS sake bid sarhomseriiod itE HdAvadasaCHigoH&Hs up and
TRPIRD waxydesdsd Bh%&%%ﬂ? opgeh ENRMISHY PYRRFSTSFONVATRE BN

liquid hydrocarbons by contact with a Fischer-Tropsch catalyst under

abave o bpansenButng Sibeimd Mdumpamibopaeramanieswed CH, are down.
g eGRIbans (eiRRPRIARGLLD RERY I RhEAN AR RLHNRUR & SoRYEaHOREhs

zﬁgas enerator to provide syntliesis gas. Generally, synthesis gas
t

HyorgieYistig elamsor trriiidsdde; ehersray siélad piiptsy Both are

FNQURLS) of carbor, dixidg@pd/or water. The presence of sulfur, nitrogen,
halogen, selenium, phosphorus and arsenic contaminants in the syngas is

undesiraBfebieBehing Peenssticand sebspamls oretadleleamipedt helsya
g2 RrRiRIeR fademaKe sinfunandt atheheoniareinanindromihisterdase oil

before performlnﬁ the Fischer-Tropsch chemistry. Means for removing

PeSdeEBR iR RIMe B Hrel Ritmrieiitice braiaRtATRa arE Hbmmade for n-
PRI, of e BhRHER SUEi A @ RKEABUEELERN present in the oil samples in varying

amounts. The % total naphthenes in the lubricant base oils were generally low or
absent, due to the mild hydroisomerization dewaxing process uvsed in the
preparation. The naphthenes content may be mieasured using Field Ionization Mass
Spectroscopy (FIMS).

Feedstock

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 petroleum 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,
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removing sulfur impurities. Means for removing other contaminants are
well known to those of skill in the art. It also may be dgsirable to purify the}

weYRAS RN to the 25 Fischer-Tropsch reactor to remove Car?@?/@%iﬂ%smu

produced during the syngas reaction and any additional sulfur
compounds not already removed. This can be accomplished, for

%ma@m&wmmgégwmmgm%wl»ﬁ@f@}'m%%%t%mdmks

agueous potassium carbonate) in a packed column. Int

pidissEopepiarany igasiinthelib gastdmprsrica oohpiwaxy
AR Q3% AN (iR Al IS ERS G IRRSGH @y stRdelSUiaRlge point

temperature and pressure reactive conditions forms liquid and gaseous
HrarsRRYsbRYC ThentriBendr (Ftepson reuchairitly sicBig relgudtsndhe waxy
temperatisgs: oh SROMLAAY FAOK Rt 8 () sﬂ%‘ﬂﬁéﬁ%&ﬁﬂ@&ﬂb%@&him
(204-228C); pressures of about ]PO-BOO 16 WO 2005/037963
W@WB@GOA%@W%&,"(@@&BBNS), preferably about 30-300 psia,
(2-21 baty)and GAROGISRRESARIOE RS 9E ARORLAROPRNE &8l ¥rocess as
preferably about 300-3,000 cc/g/hr. Examples of conditions for performing
‘% ﬁﬁﬁ@rﬁéiactions are well known to those of skill in the art.
5 The products of the Fischer-Tropsch synthesis process may range from
Ctto C200+ with a majority in the C5 to Cino+ range. The reaction can be
alictePPEl NaERP Sf reactor types, such as fixed bed reactors

containigeReIYr MO RS ReISr SHUTYJRRIMNS I ZRE B8Hed from
reactors, or a combination of different type reactors, Such reaction

drisehesSronr attdRsdie HehiRARGHN MRECHSARAERRE HMg e ticonverted to
litRFAtLROdLREBHHT Y FEaiedt R SN RIRESDPIBICh I IRsetatiRd it e

practice of the invention, utilizes suEgrior heat (and mass) transfer

stERISA P ety Ay BeaResiydcatirantebans end
tadarasly car skate i:ig B Qleskiatonsighh R adinialdy d6qsaRRen syMRRRIs

using a cobalt catalyst. In the slurry pracess, 15 a syngas comprising a

B BRI SRR ShEES SBEHD REXA8R Fib SR Uh AR oAz
thiekigh Risi AyawiieoFRBEaeE e ity kisehahd [aesei-B/PLsul fur,
hydrocarbon synthesis catalyst dispersed and suspended in a slurry liquid .
ORI SHBER B BRLRE B HR d JHFES CPORII IR EhaF sy gas 1s
lightidsuaprl the igastapcondidenadiieonaie miigf drendynganitadhe
R e el Ay Sontimiomes o e e oefrk peftiiming

the Fischer-Tropsch chemistry. Means for removing these contaminants are well

known to those of skill in the art. For example, ZnO guardbeds are preferred for
removing sulfur impurities. Means for removing other contaminants are well known
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 columm.

In the Fischer-Tropsch process, contacting a synthesis gas comprising a
mikture of H, and CO with a Fischer-Tropsch catalyst under suitable temperature
and pressure reactive conditions forms liquid and gaseous hydrocarbons. The
Fischer-Tropsch reaction is typically conducted at temperatures of about 300-700°F
(149-371°C), preferably about 400-550°F (204-228°C); pressures of about 10-600
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from about 0.7 to about 2.75 and preferably from about 0.7 to about 2.5. A
paéticularly preferred Fischer-Tropsch process is taught in EB0609079,

wa@lsnsaemgaletely incorporated herein by reference for all purpesgsudbo/nzerss

general, Fischer-Tropsch catalysts contain a Group VIII transition metal
25 on a metal oxide support. The catalysts may also contain a noble metal

pLMEIets) vany/ praeyatalling.molecuapsieves: Puikahle hischalyir opaeh
catalysts comprise one or more of Fe, Ni, Co, Ru and Re, with cobalt

Being e pbreenid P00 ceiglrarinpebnabam A3 Rt seleiitective
FRRHPIS: OF coRAE ANTONSALMAHR PlsdRer-RibyRbITEpd bedBidis b Well

Mg and La on a suitable inorganic support 30 material, preferably one
e deihers et Tk Br -refractory metal oxides. In general, the

amountipt eebaltRresaRt istnerChiahysh iSyheiwae prabaidthaNeahotbnd T to
weight percent of the total catalyst composition. The catalysts can also .

Comtali B ARKBED B oter saeaETh Y 124558 IR S eiGEd m 2

RERIRIBS et B ok, sWH R A0RIDBLORA RS 8 DRANNO30d 38 rdf¥Zsatalyst
noble metals (Pt, Pd, Ru, Rh, Os, Ir), coinage rg%tals (Cu, Agg1 u), and
I

Betsr StERGTRBH Rl Lardhbed Faciors; RfiZ SPREAEERA S Egpt bype

atesialsdneiudacbnpiosesiicandiagnesianodilaniawns mixEsesnbaredin
Preferred supports for cobalt containing catalysts comprise titania. Useful
iR Rd their preparation 5 are known and illustrated in U.S. Patent

4,568,666 yrishrsdaterTiegseh hroddustiaiivh Buprgenlbning sgiaidiRd@f the

catalyst selection. Certain catalysts are known tq provide chaip growth

RSP LA SR SRR ISR AR AR A P o b SR
i@mm;ﬁd- Iié@ﬁ}ﬂ?ﬁsh@@ﬁ@fﬂ@ﬁfﬁ?ﬁgﬁé ﬂ@yﬁa@%ﬂ%ﬁ@g&gﬂ&hﬂﬁas
an relatively, low propaortion qf 10 high mojecular wei +) waxes.
e PR B B O A S DA G R SN CHER R
Rropabidiiempaisththeréaciion fiodugtminalusieta elativalidtol bigedion as a
of lo olecular (C2.8) weight olefins and a relatively. hi ortion of
R b b D h BB St R e AR e
thesie ofbkillsymthesartanly aatispersehaily abigindddindiciyprgdaredd 15

The product from a Fischer-Tropsch progess contains predpminantl

SPR R RO G R DR GES Ch B SATOGRHS FEachon S g gl wter
atlighhovactonijtionk) cThahalwekdy keahtdiydraghrcto The dighbnaactioride may

R S e RN
from about 0.7 to about 2.75 and preferably from about 0.7 to about 2.5. A

particularly preferred Fischer-Tropsch process is taught in EP0609079, also

completely incorporated herein by reference for all purposes.

In general, Fischer-Tropsch catalysts contain a Group VIII transition metal
on a metal oxide support. The catalysts may also contain a 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, Zr, Hf, U, Mg and La on a suitable inorganic support
material, preferably one which compﬁses one oy 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 ThO,, 12,03, MgO, and TiO,, promoters such as
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gases through middle distillate fuels), largely in the C5-C20 range, with
decreasing 20 amounts up to about C30. The waxy reagction product (i.e., |

wdhaeasaction) includes hydrocarbons boiling above about ﬁ@@}{]§§@g4,036133

vacuum gas oil through heavy paraffins), largely in the C20-,- range, with
decreasing amounts down to C10. Both the light reaction product and the

IRy, Rrcsly eh s TR stantial ripwaffinicolheyw et NEqawctaeneigling other
comprises greater than 70 weight % normal 25 paraffins, and often

JrantHI ARSI EE TS AE SieriSin Al pi ffis SPAE R RRRs SRR efg dpelude

camﬂrﬂﬁ?&ﬁ)@d,aﬁﬁgﬁe@f@dh@i&m@ sipniieanherepotiaratalcabpls@md:

ns. In some cases, the light reaction ¢t may comprise as much
% %ﬁﬁ@\i}%ﬁoﬂiﬁﬁé’f’ Hitdto E#B %tﬁt%‘%ﬂéewg,{ﬁpamﬁon

r@mmr@@@muéwem\mx raclion)stmb smyhedisedmenadeesisock
fort fffg cbesses fthe 30 present in ﬁ]g'tlon 18 WO 2005/037963

BOHISB TR GRS AR ACLSHIY to the present

InVEﬂthGe%WQD&YyBM@Qﬁ f@@?@ﬁ@iﬁ@ﬁaﬁﬂ@l@%ﬁﬂﬂﬁ)bablhnes that are

QIS erlzatlon jn a hydroisomerization e, praducing
GRS O FCOH B oms AR RGFDATOR e 5 e

tbﬁ)poiﬁdiwf kmnﬁﬁmam&@cm neaphihastnll mathecsaiecty eoadgitigortbn of
hra chi to the ular structyre. Hydroisomerization gewaxing
P SRR B U or e RS RNRR RO Provide
|$e}mara§flhgwth&agﬁ@mhqmmm&m;rmﬁlm@r&t@t@@mpﬁﬁammmude a
OAccordln pre nerlz t|o

T RoraR o o e ot ot et S 6 elffively high
sievportiyd r@f@gﬁeﬂmuam @@&@ys(%&ﬂﬂméh@@éﬁmlywmtmen known to
com e selectjve intermediate pore _size molecular sieve and
e R e e
refraCtOHShe)plﬁlﬁtﬁuﬁﬁﬁﬂaﬁiﬁmskfﬁmdﬁf@oﬁﬁfmﬂﬂedoﬁﬁﬂﬁﬂ?ed
herei san ffect re urel the ran eoffro abo t4.0
i o e et e g
shap&omimrlm& mﬂwmmmmﬂmﬁmnoléﬁhtahgmve&use@mdhﬁ (i.e., the
riaciee. gt the presetinyention are generaly 1 10 Al b2 g,

maolecular sieves. e pre er olecular Sle es &‘Yhe Invention

tigas&s—fhrbﬁghngxﬂél&eh&tmlﬁerﬁiél@},(mgélmlﬂ}& iRgC2p range, with decreasing

amounts up to about Czo. The waxy reaction product (i.e., the wax fraction) includes
hydrocarbons boiling above about 600°F (e.g., vacuum gas oil through heavy
paraffins), largely m the Cp range, with decreasing amounts down to Cyg.

Both the light reaction product and the waxy product are substantially
parafﬁhic. The waxy product generally comprises greater than 70 weight % normal
paraffins, and often greater than 80 weight % normal paraffins. The light reaction
product comprises paraffinic products with a Signiﬁcant proportion of alcohols and
olefins. In some cases, the light reaction product may comprise as much as 50
weight %, and even higher, alcohols and olefins. It is the waxy reaction product
(i.e., the wax fraction) that may be used as a feedstock for the processes of the

present invention.
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20 molecular sieves have 10 (or 11 or 12) tetrahedrally-coordinated atoms
(T-)atoms) joined by o;@ygens. In the 1-D molecular sieve, thé 10-ring (or

wdangern)peses are parallel with each other, and do not intercoppetsTf8/030133

classification of intrazeolite channels as 1-D, 2-D and 3-D is set forth by
R. M. B arrer in Zeolites, Science and Technology, edited by F. R.
Rodrigpesctiftiitolhnan and C. Naccache, NATO ASI 25 Series, 1984
which classification is incorporated in its,entiret eference (see .
particuIaﬁ?oﬁéﬁg%ﬁe@%%%w%ﬁ%@ég%&ﬁ ﬁé@?ﬁ%ﬂ?&?@ écﬁ% lggkis
mdlectddnsiepbsivsadiantibydnoisomeiivaionzatédnasat Hpodritg taum
@%%%Qgia SS ch as SAPO-11, SAPO- 31, and SAPO-41. SAPO-11 and
B

are rr11so°rrél“3|c})$l ferred, with SAPO-11 being 30 most preferred.

SM-3 is Hyphuicutastyzptieteisenkslirfiesipctive ihie nviddinie paspesizeot a
APO ich h rystalline structure falling.within that of the SAPO-1 |
e B R PR B I b e igperure.
afpdchesunbeghiot) dSwRabentddaby ¢ MRtcnd:h da8;660nmlsecls of waxy
%eéerred shaag(e 191 W 200%%3a7t€%ggsPCT/U82003/030133 elective
a

ed 10 npn-w 150+para, S W ane Ii“llllmlzm the conversion b
Intermediate p(%e SiZze molecular sieves usedtlf:grehy rmsom%rlzatlon are y

zegiteg.such as ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-32,
offrette, andleirisile. 99232 000 5M A pte more preferied A using o
preferredp hterntediate ‘Bore SiZE RolerUtar Sieve s thatactor & %yeé] &
shiectied arystditgraphitdpedianetesdhttmertanHydssientddation

[ ite size .(carresponding tq.selected.channel lenagth).. and selected
A R S e e s P RS S pore
siptavolacgisvesvarmihdpieonalye i fipneadbhoattd @ weibidutdidgenation
Angstrom, havin Ximu r lographic. free diameter,of not more
GO0 DAY DA SRR IE o SAMEIFE et TS o
3@ hheysirome Rsefie ediiytthepmmdpeninr e dizoynaphit free diemetd? tisabout

. e : e . _
@ﬁ}‘%ﬁg&%&é&ﬁéq& Q'SS!E%Q fé%@ t Qaianiug fam! ‘?Hﬁ%ﬁ%‘% Bkctive

ngstrom. Most prefera e maximum crystallographic
ﬁi_@térdiaﬁiféfepdsméﬁe molectharssBanedia thinimesticrpddiayesohtddnestion
e oLl S P e ngcutr
'Sghes of theclerianswofidrybBst Onifts ReissadvEuitoh)-@od -0y ICh). ring
BoseagheliddeMrMeier @d Qr@Bﬂlﬁ%e@ﬁﬁyigo&rﬁiﬁgfe]éaﬂmgQﬁatoms)
joined by oxygens. In the 1-D molecular sieve, the 10-ring (or larger) pores are
parallel with each other, and do not interconnect. Thee classification of intrazeolite
channels as 1-D, 2-D and 3-D is set forth by R. M. B arrer in Zeolites, Science and
Technology, edited by F. R. Rodrigues, L.D. Rollmamn and C. Naccache, NATO ASI
Series, 1984 which classification is incorporated in its entirety by reference (see
particularly page 75).

Preferred shape selective intermediate pore size molecular sieves used for
hydroisomerization are based upon aluminum phosphates, such as SAPO-11, SAPO-
31, and SAPO-41. SAPO-11 and SAPQ-31 are more preferred, with SAPO-11 being
most preferred. SM-3 is a particularly preferred shape selective mtermediate pore
size SAPO, which has a crystalline structure falling within that of the SAPO-11
molecular sieves. The preparation of SM-3 and its unique characteristics are

described in U.S. Patent Nos. 4,943,424 and 5,158,665, Also preferred shape
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incorporated herein by reference. A particularly preferred intermediate
pore size molecular sieve, which is useful in the preseht process is }

walassrileghsfor example, in United States Patents No. 20 5,1%@%%,@3@133

5,282,958, the contents of which are hereby incorporated by reference in
their entirety. In United States Patent N0.5,282,958, such an intermediate

ReLEivizemRlesHlahalRE Aas Acciysialiieasizrf Rp MArsitianabauDsre

microns and pores with a minimum diameter of at least about 4.8 A and |
Wik tasntagis RS MahefeMan s -1 A ZY Ehafpithad sifficinptiretite,
arditvReithat 9L pr amsARRIeSf £e wbeshesdirned in a tube reactor

converts at least 50% of hexadecane at 370C, a pressure of 1200 prig, a

hydrog® PEGTe THEFERAH RIFE Hae BRRISE BE BIRTIRHE SRzt PXiso
Sxbibitsdspmprzafen seledivitvef 4l BescaniacRlealekdisamesizadione

selectivity is determined as follows: 100 x (weight % branched C16.in

ndineigrielrishrmasidasivp Igc{digricalyc Pssifrble
arpeielbER yeediaRspdasraapditienteloading 1 Q60GPROES ARt oh the

normal hexadecane (n-C16) to other species. Such a particularly

prese fbdarbibentdh Srarbatsy diHeH bR IR S R RPH B @Y Bpllographic

sRaanslishavingassysialadraphie readiameteryiine gapae ddeaimeter of
about 20 WO 2005/037963 PCT/US2004/030133 4.0 to about 7,1 A,.and

prblesnB th rarRrL AR R R TR oAl AR R free diameter
fianetpie afdhe. chanmedsahmpiecinisiRvesin: Frklishadibrikeofias than

%fg Zeolite Framework Types", Fifth Revised Edition, 2001, by Ch.

ych
o MRSt RFEREFERRTES FIBIRUH: Bisele Emphes- T5e diapri is not
insRypQIAied Rerais Ridueisiagealit iRy slogaptic e diamnetarsd.0

of the channels of a molecular sieve are unkn%évnhthe ffective pore size
ToLe1g

rgrtrompIdbaispstalesanhise e AARElF T g SN Sl B ar sieves
teehalslues R KY CAIRRIEr TRBEEOPS EOFMREK TH of KRR ReHisdrBdition,

RN R L e R S R e
Meorhdres8 hirelinb peiinaniportions of which are incorporated herein by
D e S A
pestigularipptessepascexcivdestitade Soraixmapheaid dasitcd Bratef Patents No.
S A B VL e O e P Byl BV 18RS ANaR 8P e R rence
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 minimum diameter of at least about 4.8 A and with a maximum
diameter of about 7.1 A. The catalyst has sufficient acidity so that 0.5 grams thereof
when positioned in a tube reactor converts at least 50% of hexadecane at 370°C, a
pressure of 1200 psig, a hydrogen flow of 160 ml/min, and a feed rate of 1 mi/hr.
The catalyst also exhibits isomerization selectivity of 40 percent or greater
(isomerization selectivity is determined as follows: 100 x (weight % branched Cis in
product) / (weight % branched Cig in product + weight % Cy3. in product) when used
under conditions leading to 96% conversion of normal hexadecane (n-Cie) to other
species.

Such a particularly preferred molecular sieve may further be characterized by

pores or channels having a crystallographic free diameter in the range of from about
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15 minutes (p/p0=0.5;25C). Intermediate pore size molecular sieves will
tydically admit molecules having kinetic diameters of 5.3 to 6.5 Angstrom

wonmthditiediindrance. Hydroisomerization catalysts useful in ﬂi%'Pf@%@i/ﬂsoms

invention optionally comprise a catalytically active hydrogenation metal.
The presence of a catalytically 20 active hydrogenation metal leads to

ptodiociioypravekyent p&mel uailialhﬁéimﬁmg@mmowfut(ﬁlacammf?éuinogmpmc
tiv dro n S Incliuqge C mium, molybdenum, nicke

vana%%f%ﬁ aﬁa %F@%{f&ﬂsgﬂezl%?gﬁﬁﬁmegﬁa 5 Rithlishedrrdhs ofhiles of

Mabhmﬁmn%p&ﬂﬂmﬁfﬁ?%ﬁ%ﬁﬁymﬂfﬁ&d 2000 plAtinUmLBIRRher, W.M.

eC|a d. If tlnum and/or_palladium is used the total amount
aceﬂf/e e{_% é)ﬁla Y‘F%témé%yﬁc ﬁ#ﬂ?e“?ﬁ?i‘@’é“@feéi b RRight

pefemnbef the total catalyst, usually from 0.1 to 2 weight percent, and not
to exce 0 weight t,. The refractory oxide support may be
selectegﬂr%m Sb%liél ngu%%e %ﬂ%ﬁﬁ{éﬁ’f e§ %‘?ﬁf QAfREEEgF sieve are
oathim mhﬂlaﬂiaglsdlpar@diﬂ@ inethsilitdecalinnisiey a@nasinedianidanct
tl%ﬂSt reg Ii%mThe cogg ons E’?ﬁé‘édrmsomerizaﬁon will be
talimred 6 aCHReVE an 1SGHaT GRS fRRpREE B AReRTRg
propientiesk asdedirihedabSve, Ban, mlwazllrde&e:nthslmes 1974 (espemany
actegisti feed use , conditions for hydroiso atlon
C@% préi’eﬁPlnven ioh zrg éal %’Jélﬁhﬁ%é&gg@fe‘@ éf\kﬁxl\%‘l
zaeﬁmﬁmsammﬁdmemrpmma&mmhmmw qhqiétxfwﬁnng

mtalned below aho 5wt % in odu0| intermediate oil
|gé§rﬁg)ra?esml\ﬁ3r Rydro ro?s%rr%ﬁz J3HOR TEOF }t?oné; g Hfodgsed. Itis

mimrr@atcacduwémamﬂmﬂarm@emﬂeaily betivded dliogt 390-EaamdiGoikt

H erall een about 0.5 hf'and .about 20 hfl. The
p%%%’%%g% %ﬁll?}a u?ygrﬁoa 15°h5i %16% 6 65%166 PElg, IBH P8y about 10

fmmwsdpfﬁ@mgﬁﬁ%dmaﬁ%ip&i gorasieeptaiiecally fiorasabLitypithlly

Low pressure pravides nced isomerization
S B D 0.0 (e BRAbg o e
fbeﬂdrangs producing an increased yleld 10 Hydrogen is present in the

reactiongone Ré,l; H%%ﬁ‘}égt%i?? tlo %%ggﬁ I%{ %‘0}’10 fion naily

hydrogerni to feed ratio roma ousand Stan

ammm@m@&m@iyﬁmm@wam uinkted. euprelence of a catalytically

active hydrogenation metal leads to product improvement, especially VI and
stability. Typical catalytically active hydrogenation metals inchide chromium,
molybdenum, nickel, vanadium, cobalt, tungsten, zine, platinum, and palladium.
The metals platinum and palladium are especially preferred, with platinum most
especially preferred. If platimun and/or palladium is used, the total amount of active
hydrogenation metal is typically in the range of 0.1 to 5 weight percent of the total
catalyst, usually from 0.1 to 2 weight percent, and not to exceed 10 weight percent.

The refractory oxide support may be selected from those oxide supports,
which are conventionally used for catalysts, including 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 used. In general, conditions for

hydroisomerization in the present invention are mild such that the conversion of wax

21



10

15

20

25

30

MSCF/bbl. Hydrogen may be separated from the product and recycled to
the reaction zone. 15 These mild hydroisomerization conditions using the

wehapmsplective intermediate pore size molecular sieves proq,l‘lﬂcéms29%@}30133

intermediate oil isomerates comprising paraffinic hydrocarbon
components having specific branching properties, i.e., having low

QU Sf p&ag@gam%m% fupdesgrined.abaventissinissmesiate Oilin

isomerates hav s.than 7.0, 20 preferably less than 6.5 alkyl branches
pErdusredfisonieraediate pilivemBIANMR branching analysis. Solvent

DewaxipyiiAsgarsinaieihei fesartiinyentiendievoietnadiais elting at a

iIsomerates are 25 subjected to solvent dewaxing, producing lubrican

QU R EIBF i REP P S IR FBEHHSSHY CE PO FERt SRk Sty zagperally
hranebingobiepsy iedahaisiors the, solveptdewaxing progiycesdibricants

base oils comprising paraffinic htgjrocarbon components having low

NS IR BN ARG BUEFRIDRIH BrarRpih & L onteiaent 20RARs ghanore
GrofenphifemaleoyBD 5850 8BLAENHHEIS USRAIRIGRON s enhanced

remainjng. waxy molecules from the intermediate oil isomerate by

RO e et vBa sl i rrstite Pl e SRR atigRcrnd dssigraaling of

ety ohes frethyihis armbrbikalangeiar toluene, or precipitating the wax
molecules as discussed in Chemical Technology of Petroleum, 3rd. .
Edmon,@%%W%%@P@%@@%&%é&%@f%mm@a@aﬁm

Pareld, Hjeuens. e Gyawddi 15 eokiGanamRomn MeutNesvy 9ok 13060bi
gg%eé% 566 to 78. See also US Patents 4,477,333, 3,773,650 and

FLsnAG prbicdrimse Rt RoRerTably Ay R ataln25eBLLYy
waSd ToleWiHgdhyeOis R ptieada ReaVBtYysoRMaIRT s FlwiRg

hydroisomerization at 5 mild conditions where conversions of the wax to
AE B8ifing below about 700F is less than about 35%. According to

the pregeebénuia igdrdiheselanideywadintigiRakbe aansiugiedeByive
conventjonal processes WeE known to thpse of skill i(%the art. Solvent
R AR b Ry S22 TDBIRIER S V5 GSBRGRI RS Te f fsomerates
isomedsiegsaindihRdmiticebohlcsngeimenhica £opetitn sifaiching

crystgrllizatlon %f the paraffinic wag}ggese tin the agmixtures. In such
[5)

ﬁrggesé%ss,l‘t?‘i TR R R PHREMARE A ing solvent,

As described above, the intermediate oil isomerates have less than 7.0,

preferably less than 6.5 alkyl branches per 100 carbons, as determined by NMR

branching anatysis.

Solvent Dewsaxing

According to the present invention, the intermediate oil isomerates are
subjected to solvent dewaxing, producing lubricant base oils comprising paraffinic
hydrocarbon components with optirmiized 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 intermediate 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,
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wa@ba sty slow rate in the range of about 0.5 to 4.5CImin upfi

are heated to a temperature at which the wax is dissolved. The heated

charge is then passedjinto a cooling zone wherein cooling ié}undertaken

temperature is reached (e.g. -10 to 15 20C) at which a substani{a S[)zc{)}(r]t“fé}r%m33

of the wax is crystallized and the dewaxed lubricant base oil product has

aWEIRSie GRRULROIDLIRMPSIALLES, Me@@a_@@mt@%iawﬁﬁ%%& ARWRKNG v ork

temperature, the mixture of wax crystals, intermediate oil isomerate, and

sORRMPRESY BRCtR A 16 sSHa-laiH S dpsteatich 18T bV i/ 6 AAvmd Fr825,288.
oihsalvertealitiananda srlid Mﬁ@%@&%ﬁtﬁé@&&ﬂ%@ﬁ@h%ﬂlé

Solid 20 liquid separation techniques, which may be employed for

s8¥ BHARIR, KPSV SFOFACHE BHisdoR R initiaad idksirsmkrigelion at
salittiliguit i SGRAMANRINCERENS SHER AsIaMMSelingLasHEioalion: 700w

anifiltr tion, Most commonly, in commercial processes, filtration in a
rétafy> SRR followed by solvent wash of the wax cake, is

employetchhtigolicimapiellseiientRbtaine doafign mﬂg%&ﬁﬂ@ Slifhicted

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

SOb I B Mgt TS Frel dnerrbiodhesh ehekildidhetit Seabiwabdemaxing

lubsicaehbasepilivedyct dantiomdiisarereasiisae 48861k A kiRiieds
States Pater](i%o. 5,413,695, the contents of which are incorporated by
r

EERHSE P MRS Jorsosiatisatinmam i vraraimicay arenvasentin the

sadventaraselkeiangs COREI B 3nte B SREAO BiIoMmSr iRt 8@\ ixing solvent,
acetgne,(g]]tetht}ﬂﬁgg{l ketone (MEK), and methylisobutylketone (MIBK%,

iR PEE A KBS A AT Sh@his AL b nhas eRfarsdimss s then

ineksdinghenzeainmandrieluenresii sletiepateg o meleslali A M Qlow rate in
05/0379 PCT#cS&Z?g%AgQ 133 weight hydrocarhons, including
d for

2 3
dieRISPEHatRRARE S G TR A rerahe b (&g o 10° to -
fkmcaﬁml ol ﬂewmmh '_I fﬁﬁfﬁ@?ﬁﬁ}%@ﬂﬁﬁtdﬁﬂﬁgﬁaﬁf?’@@gﬁ!ﬂ;ﬁ&?_ kiamainiiaged

ity of the oil for facilitating eas ndling, for obtaining optimum
B R B S St o RS e e ving the
edteintdb Sranivertedifstianite penas-uperothe dacticias, intemediaie Ail
i§g£pn%rr% g %}10 Sk ‘gergl iS%I\lbtint% Hzedhglgh%ﬁgroach to,filtrt?tion
temperaturs i the cooting 2one. and f SEPRFIFBHGIIrSBTFEROT wax
oftdn ¢HessbpatatibnianrmdAdlsotid waxtiamof e RMeNgbiadRes oil. Solid-

st ay, be recov and_ recycled to,the hydroisomerization

g@’gﬁ% 'srrf]: gga?ﬁﬂg%h% Ues, | e}é?:édaﬁx}gg é}ﬁte&pﬁoyﬁd poer sgparatzon of wax crystals
from the oil-solvent solutions, include known solid-liquid separation processes, such
as gravity settling, centrifugation, and filtration. Most commonly, in commercial
processes, filtration in a rotary vacuum filter, followed by solvent wash of the wax
cake, is employed. The solid wax/oil solution obtained after separation of the solid
wax is known as slack wax.

The separated oil-solvent solution is subjected to distillation for recovery of a

- solvent fraction and a dewaxed lubricant base oil product fraction. This process is as

described in United 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 including benzene and toluene. Halogenated low molecular
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10 invention and/or collected for other uses (e.g., for processing into or
use as salable wax). When recycling all or a portion ofithe recovered wax, ;

wdNR¥aXH3y be subjected to the hydroisomerization step of tp@lf?ﬁ%ﬁﬁdltméms

invention alone or may be combined with another waxy feedstock.
Recycling all or a portion of the recovered wax increases the yield of the

pw&%%h}&&%ﬁfo%@y sRtHeweENs AdubriGant BASieHIGPIPREENGnd mixtures

paraffinic hydrocarbon components with optimized branching is provided.

OBeFeRs SEe Plasrerimgihiea macohechibricaiy B sl ecsonhprasacoil stocks
PatakiRiA YEREANPAR CAMBP REFR NRAWRAJO WA B CE AR B8 timum

overall with the_branchin% concentrated toward the center of the

MR ERE D ehiadniagorigRumisy pehmhidgerdds sysnt of
CQAMGRM gﬂ@iﬁﬁth@%@mﬁg@a@ﬁmm&?ﬁémm iRA0ERRE QHHS and
av

present invention a kinematic viscosity at 100C of greater than

afoiEE e, the spamerchiie fiiBRLanteBRES T BhiBrisRRIipa rampiand the

hyesRea RN rSIOsSH N RY B0 ARHENZss- DiBASRING have Viscosity
Indexes ljs%l;leater than the Target Viscossizté/ Indexes of the oil, as defined

above. PrE&ramgr tRe AE S A semaEsa dbihn daiBrisntiBa syl sraprered
PERIaBE JOKIARAS areRRHh &iaatibe steygsl MisaPaltyRies rthe pibsent

plus 5. The lybricant base oils also have a pour point of less than -8 C,

prBTEraeR radonsall ssted fosrilisicrsrakfyes fanneocsang BHPRBHSS as salable
predeyalishieseipainEaCoaepsiady drendifarsnsedwRQUIMBRIRS may be

between the pour point of the 30 lubricant base oil and the intermediate oll

isTNEPLEE 19r1BF iy doRishEEARRRG 1S gFdafPiFsRtdBS® glosg greyay be

20051349034 b 82 AAHORRAS Ky - {inising Ihe pebiiGant BasR @rered
comprising paraffinic hydrocarbon components with optimized branching,
or't ﬁ%‘i‘fﬁﬁ?ﬁﬁ?g%’i’ﬁ]rﬁyé}ﬁgﬁ BiPt&Stnerate, may be hydrofinished in order

to improyetgresiuehe dakiynang, stakiiyado vase 5l kydighsispipgaovsiall

LHSV is z)bout 0.25to 2.0, preferably about 0,5 to 1.0. The hydrogen

AT BRRSR R YRS HA PRUB ISR DIrRrErab Iy ARG rrortEBESE

SGgimpsiag enaheuhad@h-sier Fyd ige pilatikaptaiian il ends & fvpieatton

greater than 50 .SCL]IF/ Bbl, and are?#}referably betWﬁ:r})étolgO and ?é)oo

SEFBBRPEHBERR Y AR RO EBSH S TS LB Ut P BER 5 RE ably

rangtegiitosd ¢hRirdakd0Enter of the molecules. The lubricant base oils comprising
paraffinic hydrocarbon components with optimized branching recovered from the
process of the present invention have a kinematic viscosity at 100°C of greater than
about 3.2 ¢St. In addition, the lubricant base oils comprising paraffinic hydrocarbon
components having optimized branching have Viscosity Indexes greater than the
Target Viscosity Indexes of the oil, as defined above. Preferably, the viscosity
indexes of the lubricant base o0ils 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.

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

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

greater than about 25 °F.
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10 Suitable hydrofinishing catalysts include noble metals from Group VIVA
(at}cording to the 1975/ rules of the International Union of Puﬁe and Applied

woGHRMisYy, such as platinum or palladium on an alumina or §ieaAYE04/030133

matrix, and unsulfided Group VIIIA and Group VIB, such as
nickel-molybdenum or nickel-tin on an alumina or siliceous matrix. U.S.
PatddindsBbw: 207 describes a suitable 15 noble metal catalyst and mild

conditions. Other suitable catalysts are described, for example, in U.S. |
Pt No. H PSS AR G K80 B e s RN it
muchasdiskekhio/bsdentiohand/iok twigsied; Ao Bistaast abquk Pz, and
enerally abqut | to.about 15 weight percent.of nickel and/or_cohalt
e e o o R RO HE Ao SRy (Loings
pladirnfinjsbatalyst @althiis iz Qlextdss0b@ 0, pefeanmaiahtmefrrally The
etyveen 0.1 1.0 percent metal. Combinations.of hoble metals ma
D R B e S PR s et . g 500
Qifs withbOptPoire gdBraibhing; 2k retiechibticantza secaipiohthespigsetian 50

[ Ion comprise paraffinic hydro on 0, ' ich the
éranc%tlgrr%1 gafs‘H;%t‘? E%%cf %elgﬁfﬁgr/?ggni%?s%“%%@@oﬁ%@h%%ﬁﬁ?ﬁ%mes range
iiyetroebobo AT po siemts XHIHAR ptiafizas) oramnghin - haves Higo\deotiities,
low po ints,.a ceptionally, high VI's. The lubricant hbase _oils e
b e S R R AT e
88-802diSg, toréferdily hdtweéhalintat®d s Adoabdize agt Applied

1] e_lubricant.base oils of the present invention comprise .
o e S S S A A R g and
yreatdrd¢h O atvpul TTApredeGabip 288V 2085 Migkda8olybdenum or nickel-tin
PCT/U 4 133 greater.th t 30, referably gr: r
t %%éa%%%gt%%%a% ggggt%ral}ﬁaa )‘Of}? sgp %ihéo%\%g%g;%d zgﬁ% e%?ﬁ %(ngslfﬁ%t@
(bl maetd astilicd debmidisaodivioling Qihereittihdemisal pcmpositanhas, for

j by t up llL.pils are igh. 5 ViscQsj ex.pils ‘
?E J'ngﬂgiqﬁh%/llr?g ?E)%i%%lfﬁ’r{éf hﬁ% nt ﬁlel\éli[%sggﬁto %pgr’%%%flé Ta? ) sz%r% génoble
dertadr(setly psatsk thancdylslmalnc: 00, hRisGmupd liditestlsmard.5, and

Yadiiona/h RARuiRehdec %»%?%@rgfweqw&f%&@%%@%%gﬁ%ﬁ determined as

ISomeriZation. Lubricant base 0 the present invention are generally

- SeseieerpenAPEOrdds || Thanebdd snathéudhey atetimads datalysteswtains in

teedsydihdiopeiotl Sulilr GREah1y between 0.1 and 1.0 percent metal.

Combinations of noble metals may also be used, such as mixtures of platinum and

palladium.

Lubncant Base Oils with Optimized Branching

The lubricant base oils 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 ¢S, preferably between about 3.2 ¢St and about 20 ¢St. In addition, the
lubricant base oils of the present invention comprise paraffinic hydrocarbon

components having average carbon numbers of greater than about 27, preferably
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10 such as a Fischer-Tropsch feeds, the lubricant base oils will also have
a total sulfur content less than 300 ppm. Lubricant base oils according to

waheeiesesy invention made from Fischer- Tropsch waxy feed;@ﬁﬁgﬂﬂm 0133

have total sulfur contents of less than about 5 ppm, saturates contents o
greater than 95%, and total naphthene contents of between zero 15 and

ahaia@thandoietably belveeraarhand ARONER Wbole®) SHIHES than about
d7e ermined using ultraviolet fluorescence by ASTM D 5453-00. In

particular, the lubricant base oils comprise paraffinic hydrocarbon

Cor?pon?mﬁ@mﬁﬂwpgﬁb%‘gﬁ ﬁiﬁmlﬂ@(’ﬂ’é%%%%ﬁ%f?@f (;B%L-soﬂs according to
efer ess than 7. alkyl branches per 100 carbons, and more
e el

PRSFES SRR Ly 15 i D e A Y B EaHpORE otk arp rea i

atithe#ig pasiiofls esideiarningd Ry MRuP RN LA AYS BodHIS8Snd a
than 20 Wt%,tprefeé;ably less than 15 wt%, TOhe branching at the two plus
(PARTISE GAHETE b esatiar bap proatible S 1642 e dlhsl o e

adaitidohiyaranefioguaidthe e aRIRERIasEIoNs & W ealai AR 200,

t%, preferably greater than 60 wt%. The free carbon indexes of the
Y Pl o SR S B P eper A i g Bl oo 10

éimeth (ﬁlﬁnWbéﬁf&f@biyegﬁﬁﬁ@ﬁﬂlﬁWFMﬁéds e %Jhﬂﬁéwéabwi&ﬂﬂ‘em,
the present.inyentjon comprise paraffinic rocarbon components in
N8 B A CAR b MR Byt BFL SR Bt ghlt
hyshoge destBihed@Ddienproximity of branching, as measured 30 by the
percente}g{ﬁ)of rec rrir:ﬁ, ethylene carbons which are four or maore

carbons TEHOVEPHEH EREATGRES Blosaien! qareabian made deamfichor-
BlOEH2PY) fectbsgeribaliyl Bavitgalelaiing e vh RO 10 s RKIer 85lpm,
thgtlub{icar%]ga%e 2"3 of th%%%gnt inyention have branching such that
e B0 BT L SRAR b hibre 28 eSS gBamepntents of between zero
ROT/LH5R08W/ NS0 F pedlerbbiydenstham antesen mere amefembly
lgss than 6, while retaining low pour o'ntsﬁ.vﬁ> ur paint is the temperature
aﬁ}ev?/%%ﬂng%g%n&eu@ﬁwg ll%bﬁ}%%%%eggg [ WA Iﬁg}éﬁlé 0% under
carefullylcpattatidat chediteiant\heeoiousppitd pgivEmk hemitatklass
tated otherwise ié#was lﬁg_g dete ine‘%b stajgbard nalytica] method
i@ﬂ\‘ﬂo eg%%%% DETRS n%a?ﬁ%g&a%' e%ﬁﬁr rﬁ?fganﬁrgﬁ Ly less than
ﬁcg&@lﬁg&mhhemmmimquxe&ham)pmﬁ [N S HieyPBtinches
Q)%ptls{)gfég}%&gnﬁ@:tbranching at the two position, as deterrained by NMR
branching analysis, is less than 20 wi%, preferably less than 15 wt%. The branching
at the two plus three positions is less than 25 wi%, preferably less than 20 wt%, In
addition the branching at the five or greater positions is greater than 50 wt%,
preferably greater than 60 wi%. The free carbon indexes of the lubricant base oils of
the present invention are generally greater than about 3, and preferably greater than
about 5.

'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 (CH,>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
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base oils are less than,-8 C, preferably less than -9 C, more preferably <
-15 C, and even morejpreferably less than -15 C. 10 Cloud joint is a

waonsasuseseent complementary to the pour point, and is expressed;3%84/030133

temperature at which a sample of the lubricant base oil begins to develop
a haze under carefully specified conditions. Cloud point maybe

detesforiaiest Ls, domekamplee Tt ProErdBbeIheduyicanidass s low

Witg optimliéed branching according to the present invention have cloud
pgln]fg BP1&Ss than 0 C. 15 The viscosity indexes of the lubricant base oils.

comprisikgyrgraiffinic tieythaparior: aompiehenianyith OpNiaet AABeLN! will
are_extr. ly high and regter.than the Target Viscosity Index of the
ko g Pre é?%@\‘/g & e °§H§Hé°%r VR BTG ey en
thiechebrjcanedsasei all phesvisd HelrangepidinemetivbyiseasiidseiiiRal method
luRr ' i imized branching are greater 20 than 3.2 cSt. at

10 ﬁ@éﬁ%ﬁ??@ﬁ?ﬁ%@%ﬂé’%u SO oRlRiEs Eariibieodhg
vghotptasaphitneméisirhthe kivdant haseoilsardigepaipjivilawoptiabemicant

d t ild hydroisgmerization, dewaxi rogess used in the .
p}%e%g%{%%#% %%*g‘%hf W f%gﬁ‘%wﬁsesst i zﬁe@imﬁﬁafﬁﬁ%ﬁhhéﬁééﬁ C,
arndlenesraxc] psafetgtdy lesotivnapithi@nes. In the lubricant base oils the

total am%ig{lf?/%qﬁﬂqghenes resent)is 25 betw?e% gg)r and abaqut 8 wt %

and preferably between 2610 and a SPBIGPEALF Heh@atapgd is

nawesed! usingeRiphalonizzition dd assuBprotfibedpi{EdM S)s@sil begins to

d j i e icati Kramer, D.C...et al, “Influence of Group Il &.
L A OR1, A  p Fo in
plesdntatiomate tHS TO D AICRD S pilihg INaticna ikeatingwitiousiored

S B R S e o T A e,

base ol IS Invention IS determine akin

mononapitheisessits dideysisthBthedboitinthintheilesptipieinanapitiicioes,

%% 9 naphthenes measured by FEIMS for each
RELES eI s Sl
baseatsirdlemttee grargehMisvesitip InHew o ftkir dubelyatovbasenoilnisefifrably greater
a sl-gfye lubricant e oils.have
sE%%lr?tg}r%pxi _at{%i%g%%t%?%%g ?Nﬁa%/slt‘é@%é%%urag%ﬁé ?(llléagﬁ oﬂlgtraa&ﬁ?yogf
IUsneatipaiseasiias ah thokibritonBNstestisasittesptivezethpranShiPatentsreater

Nt 892804 1068 HAJAIONRN RN GRSH 8 B8 SRISFRTS 8% st at 100 °C.

oxidation by means of a Dornte-type
The % total naphthenes in the lubricant base oils are generally Jow or absent,

due to the mild hydroisomerization dewaxing process used in the preparation.
Generally, when naphthenes are present, the naphthenes are almost exclusively as
mononaphthenes. In the lubricant base oils the total amount of naphthenes present is
between zero and about 8 wt % and preferably between zero and about 5 wt %. The
naphthenes are measured using Field Ionization Mass Spectroscopy (FIMS), as
described in the publication by Kramer, D.C., et al, “Influence of Group II & III
Base Oil Composition on VI and Oxidation Stability,” prepared for presentation at
the 1999 AICRE Spring National Mesting 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.
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oxygen absorption apparatus. R. W. Dornte "Oxidation of White Oils,"
Industrial and Ehgineering Chemistry, Vol. 28, page 26, 1936. Normally, !

wahaosandkiigns are one atmosphere of pure oxygen at 340F. }5@,{%%};%30133

are reported in hours to absorb 1000 ml of O2 by 100 g of oil. In the
Oxidator BN test, 0.8 ml of catalyst is used per 10 100 grams of oil and an

additive Saunkaiye latirickmiedsindinegilliohestestedeition ﬁ@t%lﬁh&iénaely low
mixture of soluble metal- thenate5| kerosene simulating the
averagepmzf?%ﬁoérfl%fﬁgl gh’]@%ﬂ% ﬁf}? Wt At AdsdrtR
r‘rmm‘n dxedaiaial;ﬁbﬁr@r asiel Wﬂﬁ&cﬁﬁmﬁﬁ"&tﬁagﬁ?@ﬁﬁh stEORFyb PBBricant

d 80 Man ese. m; and Tin_ = 3565 ppm.
35'5“5 I\I/Set%%c ag%lﬁ %Cllélgegﬁ%}g) S Satent No._3,852,887. The

b@puiy@nBWdaﬁphmﬁﬁhmp’eﬂsmaé&cpeklﬂaﬁc@f%m@iﬁl@ibIOaD‘é |
or BN measures the resp of a |ubricant base_oil in a simulate
app?/ ati g%SﬂPg TVARIEEXE: Io% gﬂﬁg%r%e kS St o enndustrial

|mdd£a&nw1@dﬁlwmmyamtﬂy2§qmge neralazse, Ndﬁﬂﬂl%,frﬁﬁjejtb@tdhﬁms are

O br cant bas h ve 7 hours. For the Jubricant

bg&é%%t%[l %ﬁ'@e& %Irr?tq}‘ nlong)}{?nf Zaé) ﬁﬁ%‘f ?gﬁﬁ?gﬂfé‘a IgReNE to absorb

the9@dLs 1B, o) ;grefenabm greatadtoari ot ams hﬂws cBtaneissh g&féd per
f the ent invention eorm e

S e P RS S NS e Rspip o RS e

corfadystion alnﬁ;cr@u@dﬂsahé)bl inctdmaphtienatés ﬁﬁu@ﬂcbdmsenﬁimating the

I lII |Is isomer. etroleum wax,
Co?)%g% E’E ?‘%ms %19 AP o%’#zeftglwc?ﬂggfé%s RhIG Rt the
phﬁ@bﬁémwé@myﬁweﬂwmﬁmmppmmmmwmsmpwfwﬂ@wegos
Iubrlca r d from.the lation
a@%g%s %ﬁhg%alo Bhes, anl%éflucf))ls or of\)e?lr]‘lismg %%gg( g%ﬁ@%‘%ﬁﬁféﬁis
omiBrordesad sivic apalystopylaepheieyidithidiyiateichtr pard 0 lricastsisto
' i ts.a h- Perfo ceF ctiona] Fluids

ggllétaé%g%ss Ronai %L}éﬁ#ﬁb e gg%m%B"i‘f% 443 |nco %%ﬁf‘gao épewmulated

Uswtlieatieim ﬁh@m@wlmm@twa ﬂoaﬁ@&m&simﬁmgwlﬂm good

emaicn spalyaict aphinalene. apd ol RGBS Subricant

aromatics have good I6W temperature properties, an A brovi
ifpievddaabinkeTdelutslitontie pbroantdrce nilblefiits mkenthﬂvdmﬁﬁ; the

Otb%&%ﬂ%&i@é‘@&%ﬁﬁﬂ%@é&!‘%ﬂ[g&s" xn }‘er%f)yn grea er gg ”%out 30

hours

Blends

The lubricant base oils of the present invention may be used alone or may be
blended with additional base oils selected from the group consisting of conventional .
Group I base oils, conventionallGroup 11 base oils, conventional Group III base oils,
isomerized petroleum wax, polyalphaolefins (PAQ), poly internal olefins (P10},
diesters, polyol esters, phosphate esters, alkylated aromatics, and mixtures thercof.

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
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5.properties, high VI's, and high oxidation stability, they are ideal blending
stgcks for upgrading conventional lubricant base oils. It is pf)eferred that

woMiesdhedsibricant base oils of the present invention are blépgq«gjgxgﬁg4%gl33

or more additional lubricant base oils, the additional base oils be present
in an amount of less than 95 wt % of the total resultant base oil

Corppasiione AR riniahagikHtra Rk LIBIGRATRASE OIS @reI g Totatics

important component of finished lubricants, generally comprising greater

R erBRR eI dtmRereBr L RBERIES: RIKl SrBUPTOBIcIRBrenRsadsitye solubility
lubrcaathassqlliandkatiiexsh enRAsidENgEs Finished lubricants 15 maybe

used in automobiles, diesel engines, axles, transmissions, and industrial

applicationee BifilHel b plspb SicRsserdssatinr Aavnsrerliemticold flow
infenresapRlication am defined Dy e GeNag B IRy SIBINGIHIRNZRNIN for

The lubricant base oils of the present jnvention are useful in commercial

fiRRERAdRgSHRN Rdioral Intasmidrgseitexcellent VI's and low temperature
20 propertiesdie-bdatisenhBaag allsRhth e ResenbinepiaramwiiiRhlere

for formulating finished lubricants intended for many of these applications.
|%lgaéﬁ?owén?@%%mfgﬁeé%a%@A%W&F%%ﬁmﬁ%%é’ bheooninbe
ppesent inventiasumakessiem ssailinfimishedHhinants o8 smeepntiotiton.
temperature applications. Additives, which may be blended with the

lubricant base oil of the present 25 invention, to provide a finished

|ghirizhed gammpasition include those which are intended to improve select
properti;s of the finishe%lubricant. Typical additives include, for example,

anti-wear RESRIEsE P GEn Ee et BepRE At uregRs! oshegbricants,
Petepsliyi st e it Poet L MisCasivhBAdd it saliCliBished
rﬁg%{g;er%,sdemulsifier antifoaming ag%ﬁ%‘r;tsf corrosion inhibitors, rust .

i ARBTEEILS SREIPEE &3 P H G RS A IGiets SRRk ARG 2gHYe; HiBpRlgA lubricants
impipversethiiahdractilaioftsgelififeagents, teelinassongeas industrial
bactericides, fluid-loss additives, colorants, and the like. 29 WQ .
SIS PTG OUB IS TAGE SRR eh i Hnisaded
degslitbesinmidSinatéptiitosioRRal 883« § g dktiomay be blended
with theﬂbrﬂcgnt batl_%e oil provided that tthe fi%;fhed lubricant has the .
necessary pour pomt ﬁ‘l%ﬁ%é)t#C SEEERY SR Y YoR G mercial
finished lubricants. As a result of their excellent VI's and low temperature

properties, the lubricant base oils of the present invention are suitable for
formulating finished Iubricants intended for many of these applications, In addition,
the excellent oxidation stability of the lubricant base oils of the present invention
makes th&n useful in finished lubricants for many high temperature applications.

Additives, which may be blended with the lubricant base oil of the present
invention, to provide a finished lubricant composition include those which are
intended to improve select properties of the finished lubricant. Typical additives
include, for example, anti-wear additives, EP agents, detergents, dispersants,
antioxidants, pour point depressants, VI improvers, viscosity modifiers, friction
modifiers, demulsifiers, antifoaming agents, corrosion mhibitors, rust inhibitors, seal
swell agents, emulsifiers, wetting agents, tubricity ixnpro‘}ers, metal deactivators,
gelling agents, tackiness agents, bactericides, fluid-loss additives, colorants, and the
like.
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wiRasubaiantially non- toxic base oil that consists essentially of

properties. These other hydrocarbons include base oils particularly useful
in drilling 5 fluids} By way of example, U.S. Patent No. 5,096,883 relates

i , ) . : 0:
branched-chain paraffins or branched-chain paraffins substltutCeT [\}/§|2t ggsmss

ester functionality, or mixtures thereof, the base-oil preferably having

betweenciperh }&a08ERO AR Sarhon &&9%9{?“@@.%&'1%3{%%”%@@883

preferably, between about 18 and about 32 carbon atoms per molec

U289 Pel By e bbrader reithdherbibyinme foteyeilquartidrdstbal§utdihished
fromribemgrRYREaBsISing ﬁ&@fﬁ&ﬁ@%&%ﬂﬁ&@%‘aﬁ&g ﬁ%@ﬁéb‘?ﬁéﬁe%?%cﬁy
ngth and'w he

2

one or more olefins_containing a C2 to C14 chain le erein

o ORTEIESh T bess i Hss a0 st insluds drise pitoprd ROkl @6 in drilling

e A P e

H ¢ ol dhafronsbiisenily sifd smelecdrdusnmmvwéhnoar ftaseshed-chain
exaeliEns RIORAHIRS WOARGIPWRAMRRIGL é]jg[ﬂx\ﬂl%s%gr%ﬁyéaﬁgseioﬂ

oxidative stability, a lower amount of additives may be required to mee
tr%egﬁ‘@g'ﬁ’cg‘ﬁ‘é‘ﬂ& RsEvrsinlemb 48 rnshibatt AR saEParpitallys peymieidowitand,

basrjisrortie,dydRnRRAR IO TR W 20.abAdHINE S JormURtnG
flr?"lshe pﬁcﬁré:@s well documented in the literature and well known to
t it

S 12rteleieaio pynthstic hydroearhenssalastef fiprarthe group
expiaingablyf tedetleningi M%B’i‘tﬁié’x% soRiBXaMRIe thalals: lﬂhﬁ{é‘?}%&ﬂ% be
atl

non-limiting. All simulated distillation boiling range distributions in this

dREHBRIRE & &2 Ao rbai shg ettt s Al genarsdiotan 5252208

onitdeealaivalshtipfessmstated otfperwise. As used herein, an equivalent
analyticaégrélet d to D 6352-98 refers to any analytical method, which

gives subSAiain IR GmR e padditiies 3p bebaisketisisenso il

20AHO3TAGPOB/ALD 00 KM 33 derpomie HERMADARRIERLGer,
lumlc%g‘l 5e{%lgé;grpade from.n-C23 feed (purchased from Aldrich) using a

PHSE E5SRHARL 1S BrssrRt FRtR Vv e sxsplenhRianpdieT he

rimwluding 160 Rwsieift, g SV sondi eMS Rk onses EBHEY, HEower

ReactO{t m de{ature wa,g 575F. The effluent from_the reactor was
Unt o f)f,) 1ives may be required to meet the specifications for the finished

siLlj%(s)equen"i1
lubricant than is typically required with base oils made by other processes. The use
of additives in formulating finished lubricants is well documented in the literature

and well known to those of skill in the art.
\

EXAMPLES
The invention will be further explained by the following illustrative
examples that are intended to be non-limiting,
All simulated distillation boiling range distributions in this 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.

30



passed over a Pt-Pd/Si02-A1203 hydrofinishing catalyst at 450F and,
other than temperature, the same conditions were used as |B1 the

wassesization reactor. The yield of 600F+ product was 71.5 W3 KB6u4/030133
conversion of the wax to 600F- boiling range material was 28.5 wt%. The
conversion below 700F was 33.6 wt%. The 10 bottoms fraction from the
run (75.2 wt%) was cut at 743F to giygng8e2Wt% bottoms (67.1 wt% on
the whole feed). The properties of the hydroisomerized oil_bottoms are

summarZ@FBLWPIRCESEi L gt e drado Fen zeb o fieadigtrhased

Prepe AiRBicRpUSROIR IS 2 3N MR ey SisvE2 Bianeh @@ fih 3 BraChapal
0.2 C4 Branch 0.26 C5+ Branch 0.97 Internal Ethyl 0.09 Sum 1.78

NV BNty BB ARG RE eSS 1RGSR A A through Ho.

5 Branefie sembabuasbonsa 3. ParsenhBrafehingathweResitianstdulntly
Percent Brancghin)% %t Two Plus Three 25,8 Positions Percent Branching

aPHPERNEL? teRPoBBRETFHELE Bt S dare iR
deyvpeeshat - Ik GatgegiveBdoddviigsalvent 20iHe axReiRIGOE WD The

the who , and 15.7 wt% wax. Evaluations of the properties of the .
Wﬂ%&ﬁdﬁ%ﬁa P F01E 1, LEE OB 6198185 Bty ax 1o G00°T- boiling
Pealg a0 38 stamplaLopnverGatHeed (rahased e ddricky
as isomerized qver a PtISSZ-32 catalyst which contained 0.3% Pt and
10 R A BB P P 48 T30k 10 give 89 2 wil
bottoms (67.1 wt% on the whole feed). The properties of the hydroisomerized oil

bottoms are summarized below in Table I:

Table I
15 Hydrotsomerized O1l Bottoms Properties
Pour Point, °C +3
NMR Analysis
C2 Branch 0.26
C3 Branch 0.2
C4 Branch 0.26
C5+ Branch 0.97
Internal Ethyl 0.09
Sum 1.78
NMR Branching Properties
Alkyl Branches / Molecule 1.78
Alkyl 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 wi% solvent
20 dewaxed oil (56.5 wt% on the whole feed), and 15.7 wi% wax. Evaluations of the

properties of the oil are summarized below in Table VL
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5 were 580F, 1.0 LHHSV, 1000 psig reactor pressure, and a once-through
hydrogen rate of17 MSCF/bbl. The reactor effluent pasSed directytoa

woseamdTeactor, also at 1000 psig, which contained a PYPd @igrrysa004/630133

silica-alumina hydrofnishing catalyst. Conditions in that reactor were a
temperature of 450F and LHSV of 1.0. Conversion and yields were as
summarized below in Table II: 10 Eakig,|kGonversion <650 F, Wt% 32.2
Conversion <700 F, Wt% 34.4 Yields, Wt% CI-C2 0.45 C3-C45.16
C5-180 OF 6.22 180-350 OF 7.40 350-650 OF 13.23 650F+ 68.09 The

bottomsfiiasting anfihelardasdsalaies) e poperies obthe BEsz-32
are summarized below.in Table MI: Table Il

d oil bat
R e B ol e b rsler, o pomAiens
SV@W 350°10/30 Bﬂwom(ﬁbﬂpg%el&fﬁ%%lgéﬁ)@@dzﬁﬁ %ﬁ%&&%ﬁ?@@t@@t&gen
int t I bottoms were solvent dewaxed usin
m%‘%h ﬁﬁ%@?@eﬂf L@f‘é %8ru%f o4 pssed &H@%&P&ﬁ?@?ﬁ%ﬁ%“ﬂ@l” at
W) asig, oillyidl donain6d 2 IRBP Wi silioe-slolvent BeavaxedBag Extapjkyield,

. f th 454 w valuations of the
a1 e et Eionh DRI L GPh B s 1.0

Wﬁ%@ﬁﬁ]ﬁd&%%@ﬁﬁﬁ%xd below in Table II:

Table I

Conversion <650 °F, Wit% 32.2
Conversion <700 °F, W% 344

Yields, W%
C1-C2 0.45
C3-C4 5.16
C5-180 °F 6.22
180-350 °F 7.40
350-650 °F 13.23
650 °F+ 68.09

The bottoms fraction from the run was isolated. The properiies of the

hydroisomerized oil bottoms are summarized below in Table TII:

Table I

Hydroisomerized Stripper Bottoms Properties

Sim. Dist., LV%, °F
IBP/S 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)/toluen@ at-15 °C. The wax content was 31.5 wi%, and oil yield was 68.2
wt%. The solvent dewaxed 650 °F+ oil vield, based on feed to the process, was 45.4

wt%. Evaluations of the properties of the oil are summarized below in Table VI.
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Example 3 A hydrotreated Fischer-Tropsch wax was isomerized over a
PthSZ 32 5 catalyst, \;bhlch contained 0.3% Pt and 35% Cathpal alumina

wpmoensRyn conditions were 560F, 1.0 LHSV, 300 psig reactQrpiRssiiRao133

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 hydrofmishing catalyst. Conditions in that reactor
were a temperature of 450F and LHSV of 1.0. Properties of the 10
hydrotreated Fischer-Tropsch waksaalddhmarized below in Table V.
Conversion and yields, as well as the properties of the hydroisomerized
strlpper bottoms are summarized below in Table V. 15 Table IV

InspectiohidertreptndFisahes- ETopRar-T#s feeH was o ovst AR S&faity

@a%hé}g IMNLPGSRaRRA0136, PP fates sLtfia R Rl gn R Bikdist . Wt eokMitions
IBP/5512/591 10/30 637/708 25 50 764 70/90 827/911 95/FBP

w1y DOR7F ShOrEHRW, 198 mEaZaReATar B PYRagidvkpsg ko gl By dsgepn rate

Qs 1%155%13%9%&0@9@@1&4 {5 k20 arsiond6oaQF aYWE%: 300
15.9 35 Conversion <700 OF, WtA) 14.1 Yields, Wt% CI-C2 0.11 C3- d%ﬂons

psig, W 3 R dav. sdor Burng dydaBTsRing §5kise €90
{3th& reactor were a temperature of 450°F and LHSV of 1.0.  Properties of the

hydrotreated Fischer-Tropsch wax are summarized below in Table IV. Conversion
and yields, as well as the properties of the hydroisomerized stripper bottoms are

surnmmarized below in Table V.

Table IV
Tnspections of Hydrotreated Fischer-Tropsch Wax (951-15-431)
Gravity, API 40.3
Nitrogen, ppm 1.6
Total sulfur, ppm 2
Sim. Dist., Wt%, °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/SS8Z-32 at
560 °F, 1 LHSV, 300 psig, and 6 MSCF/bbl H2

Conversion <650 °F, Wit% 15.9

Conversion <700 °F, Wt% 14.1

Yields, Wt%
C1-C2 0.11
C3-C4 1.44
C5-180 °F 1.89
180-290 °F 2.13
290-650 °F 21.62
650 °F+ 73.19
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33 WO 2005/037963 PCT/US2004/030133 Stripper Bottoms: Yield, Wt/4
of Feed 75.9 5 $im. Dist., LV%, OF IBP/5 588/662 30/50 779/838 95/99

wolfh®ikt42s 10 Pour Point, C +25 NMR Analysis: C2 Branchqu%guégog}&m133

Branch 0.23 C4 Branch 0.26 C5+ Branch 1.00 Internal Ethyl 0.11 Sum
1.88 20 NMR Branching Properties: Alkyl Branches/Molecule 1.88 Alkyl
Branches/100 Carbons 6.21 Percent Branching at Two Position 14.9 25
Percent Branchisigpat BeieoRlsis Three Positions 27.1 Percent Branching
at Five or Greater Positions 53.2 The stripper bottoms were solvent
dewaxed usiny MEKWetyargait15 C. The wax contenignas 33.9 wt%,
and oil yield was 65.7 wt%. The solvent dewaxed 650 F+ 30 oil yield,
based on feedSimt@ifrocess, was 49.9 wt%. Evaluations of the properties
of the oil are summaiizebelow in Table VI. Table VI Pygggeties of
Hydroisomerized Wasg#ster Solvent Dewaxing 35 ExampigigExample 2

Example 3 95/99 1070/1142

Pour Point, °C +25

NMR. Analysis:
C2 Branch 0.28
C3 Branch 0.23
C4 Branch 0.26
C5+ Branch 1.00
Internal Ethyl 0.11
Sum 1.88

NMR Branching Properties:
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 wi%, 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 VL

Table VI
Properties of Hydroisomerized Wax afler 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

(B

Branching 28.5 29.6 28.1
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NMR Analysis C2 Branch 0.24 0.27 0.27 C3 Branch 0.14 0.22 0.18 C4
Br,énch 0.18 0.23 0.21) C5+Branch 1.12 1.75 1.1 Internal thyl 0.07 0.13

woldsSoteds 75 2.60 1.86 Branching Index 19.7 18.8 19 (B Bwﬂm(ﬁﬁ,ﬁu%

29.6 28.1 34 WO 2005/037963 PCT/US2004/030133 Example 1
Example 2 Example 3 Proximity (13P) Alkyl Branches per 1.68 2.47 1.76

Molecule BI-0.5BP 545 #4199 Fref Ca exX 79D TT. 9 sl 3
(FCI) Alkyl Branchels per 6.04°6.66 6.42 100 Carbons Percent of 13.7
i%ok‘irﬁ’it}';‘dﬁﬁ‘ihing at thg 2 Position {Percent of 21.7"18.824.2
BANE I, AL dNE £ +13 PositigrEs Percent of 64.056473 59,1 Branchifg;gt the
S or' greplgnPositions Viscosity Index 165 182 175 Viscosity at 100C

"3AATRY48GS 7 16 VISCOSIty 7k 40C 1243 23762(E390 1.95

Free Carbon Index 7.90 11.00 7.70
(FCH
Alkyl Branches per 6.04 6.660 6.42
100 Carbons
Percent of 13.7 10.4 14.5
Branching at the 2
Position
Percent of 217 18.8 24.2
Branching at the
2-+3 Positions
Percent of 64.0 67.3 59.1
Branching at the 5
or Greater Positions
Viscosity Index 165 182 175
Viscosity at 100°C 3.447 5.488 3.776
Viscosity at 40°C 12.43 23.62 13.90
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/S 683/748 608/652
10/30 792/502 670/718
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
% Pentanaphthenes 0 0 0
% 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 spirit of this

invention. Other objects and advantages will become apparent to those skilled in the

art from a review of the preceding description.
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Pour Point, C -15 -9 -18 Cloud Point, C -4 -3 -5 Average Carbon 27.8
37.1 27.4 Number Sim. Dist., LV%, F IBP/5 683/748 608/652 10/30
WOARI452°670/718 50 912 775 70/90 919/923 890/953 95/FBEIEPSAYA30133
1004/1116 FIMS Analysis %Paraffins 100 98 96 % Mononaphthenes 0
1.7 4 Dinaphthenes 0 0 0 Trinaphthenes 0 0 0 %Tetranaphthenes 0 0 0
% Pentanaphthenes 0 0 0 % Hexanaphthenes 0 0 O Total 100 99.7 100
Oxidator BN, Hours 31.87 Various modifications and alterations of this
iEgAtors Wil héetfel8pparent 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 5 art from a review of the
ArecediAgtiescH pliiomi3he\W 00034003 R&Iptis2004/03p4838 WHAT

ISC MED.IS: 1. A f kin b tb il
tho oy GO R R TR R e L ShRR F Y enace

miaeﬂvﬁaﬂatpom%hatmqﬂecaisrmmﬂemt&hmem tocproditee aih isomerate,

rmetiate |I |so eratx—i wheretln the mtermedl?ﬁ}a:lLl I#IS merate
ed%r%‘f?‘mc FOEE B e SMPONERE R WRIERYRE EXER of
mmnplmmgtmmiﬂamé' atieyt bifdnehdspeisliess tanibakyahbrhnches per 100

carbons; and

b) solvent dewaxing the intermediate ol isomerate to produce a lubricant base
oil wherein the lubricant base oil comprises paraffinic hydrocarbon components in
which the extent of branching is less than § allkeyl branches per 100 carbons and less
than 20 wt% of the alkyl branches are at the 2 position; the lubricant base oil having
a pour point of less than -8 °C; a kinematic viscosity at 100 °C of about 3.2 cStor
greater; 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,

2. The process of claim 1, further comprising providing the waxy feed from a

Fischer-Tropsch process.

3. The process of claim 1, wherein the shape selective intermediate pore size
molecular sieve is selected from the group consisting of SAPG-11, SAPO-31,
SAPO-41, SM-3, ZSM=22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, SSZ-32, offretite,

ferrierite, and combinations thereof.

4. The process of claim 1, wherein the shape selective intermediate pore size
molecular sieve 1s selected from the group consisting of SAPO-11, SAPG-31, SM-3,
S8Z-32, ZSM-23, and combinations thereof.

5. The process of claim 1, wherein the shape selective intermediate pore size

molecular sieve comprises a metal hydrogenation component.
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b)\}solvent dew-axing the intermediate oil isomerate to produce a lubricant
base oil wherein the lubricant base oil comprises paraffinic hydrocarbon

fits in which the extent of branching is less than 8 I%f%’r%f?églw
per 100 carbons and less than 20 wt% of the alkyl branches are at the 2
position; the lubricant base oil having a pour point of less than -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
équatichhdargesyisadsity Snddersi? Zhx IngkiheydageMiSoosinpaeied ) +
12&5 2. The pracess of cl%rln 1tﬁgrrtg r comprising providing the waxy feed
#6i ném?zig%hf‘érﬂnrloﬁgéﬁuﬁrogsess. S The process of claim 1, wherein the
shape selective intermediate pore size molecular sieve is selected from

oo RS S S G SR T

qdatibinations thereof. 4. The process of claim 1, wherein the shape
selective intermediate pore size molecular sieve is selected from the
group consisting of SAPO-1 1, SAPO-3 1, SM-3, SSZ-32, ZSM-23, and
combinatensdhesenfcBifiHe fortcesewidsing topreiphueBrepe wax ffom
lective intermediate pore size mo ' | oot
e oS B S R T e faiegen
Theprogess of claim 5, wherein the metal hydrogenation component is
platinum, palladium, or mixtures thereof. 7. The process of claim 5,
wherein the metal hydrogenation component is platinum. S. The process
df.claimThefprtivessooimising retovedmpusearilendasths Worragidase oil
st dauaxing and (SRR HEANBHFNEKIRNR conventional Group
hydroisomerization gewaxmg. . The process of claim I, further
chapeisihg blenditigriieGuhncd hebasdv towitrarnabigmaibbaw eils:
selected from the gro ISt vent ils,
B b e ol
issteeripbdsphitoletlersyvdixypisly atprmsietinsidypivies Hrendfins, diesters,
polyol esters, phosphate esters, alkylated aromatics, and mixtures

* thereof.

10. The process of claim 1, wherein the intermediate oil 1somerate COIPIisSes
paraffinic hydrocarbon components in which the extent of branching is less than 6.5

alkyl branches per 100 carbons.

11.  The process of claim 1, wherein the lubricant base oil having a pour point of

less than -9 °C.

12.  The process of claim 1, wherein the lubricant base oil having a pour point of

<-15°C

13.  The process of claim 1, wherein the solvent dewaxing lowers the pour poirit
of the intermediate oil isomerate by at least about 25°C to provide a lubricant base
oil with a pour point of at least about 25°C less than the pour point of the

intermediate oil isomerate.
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10. The process, of claim 1, wherein the intermediate ojl isomerate y
comprlses paraffinic hydrocarbon components in which the extent

WORHEHEHRIRE%s less than 6-5 alkyl branches per 100 carbons. 11@1"’{@2004"030133

process of claim 1, wherein the lubricant base oil having a pour point of
less than -9 C. 12. The process of claim 1, wherein the lubricant base oil
having a pour point of <-15 C 13. The process of claim 1, wherein the
solvent dewaxing lowers the pour point of the intermediate oil isomerate
iy at leabt phout 2510 ovidkeelubhichntrhase bm%bwiﬂfbarﬁpﬂsmataﬁﬁaic

ast about 25C less than t r point og}he in med |s merate.
R A T S e R
\whexsies the Ldoricabbiase oil comprises paraffinic hydrocarbon
components in which the extent of branching is less than 7 alkyl branches
per 100 carbons. 15. The process of claim 1, wherein the lubricant base

diEcomﬂ)‘ﬁS@sq@amﬁﬁﬁdmhydmﬂmﬁhntha ﬂnbdnamtbzisewﬂichrﬁm*iemqmﬂinic

ch| is less thant6 Sal anc@e§b carbop s]tﬁanﬁ allcy]
‘6585? ?%I%u%ﬁo a8 HE Ut gaRT nasE Bif Coinprises paraftinic
hyrdnobey pen Idompdioants in WhICh less than 25 wt% of the alkyl branches
are at the two plus three positions. 17. The process of claim 1, wherein
the lubricant base oil comprises paraffinic hydrocarbon components in
vibich gikatercdwman Qs nftheralkyhblabdkes dmabitherfipeiws grzafBnic

18. Th 1 h b ih
RSl e GRS AT T oty I N < RO 5 P

M@mmﬁmlmsﬁmnherem the lubricant base oil comprises parafflnlc
hydrocarbon components in which less than 20 wt% of the alkyl branches
are at the two plus three positions. 20. The process of claim 1, wherein

the. Iubriﬁaanpimsemif clampiisespaiatiinibithychddatson comporeatsam ffinic
&{ PR Lonpheatt i AR G BIRNSOSAR Srdhe BEIY BARHEREL at

the ﬁve or greater positions.

18.  The process of clairn 1, wherein the lubricant base oil has a Viscosity Index

greater than the Target Viscosity Index plus five.

19.  The process of claim 1, wherein the lubricant base oil comprises paraffinic
hydrocarbon components in which less than 20 wt% of the alkyl branches are at the

two plus three positions,

20.  The process of claim 1, wherein the lubricant base oil comnprises paraffinic
hydrocarbon components in which greater than 60 wt% of said alkyl branches are at

the five or greater positions.

21.  The process of claim 1, wherein the lubricant base oil comprises a naphthene

content of less than about 5 wi%.

22.  The process of claim 1, wherein the lubricang base o1l comprises paraffinic

hydrocarbon components int which the extent of branching, as measured by the
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21} The process of clajm 1, wherein the lubricant base oil comprises a
naphthene content of less than about 5 wt%. 22. The process lai

WO IREE e 1ubricant base oil comprises paraffinic hydro(:arBggm:s%"r;r:!'f%m133
components in which the extent of branching, as measured by the 38 WO
2005/037963 PCT/US2004/030133 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
freouangend gebyl bydranchofGi2BAndibspobrindtBi- r8(CHR: 45 < 12.
23. The process of claim 2,.wherein th ricani base oi [
LT SR B TS G S ooB b b E S BRSO EATRE TR B more
whbseinrthetebfeantbasel gidupsam@xil &GHBN) \matuashghealdk than
@54@@5@6% process of claim 1, wherein the lubricant base oil

05 $es paraffinic hydrocarbon components in which the extent of
branching is less than 2.5 branches per molecule. 26. The process of

laim herein, the lubricgnt base ol r Hini
O mpor B e o b e
pentaletithe. R ApndSesmmf making a lubricant base oil comprising: a)
performing Fischer-Tropsch synthesis on syngas to provide a product
stream; b) isolating a waxy hydrocarbon feed stream; c) subjecting the
Waxy hifiropadsendbeidisiréanheochytroisbnienit dten ot dvasdn PaedalpaBN
S\DZQ(?O%E'E%EQ{%AQ}QET‘EQ@& pore size r_nolecula_r sievm_—:' to form an
intermediate oil'isomerate, wherein the intermediate oil isomerate
comprises paraffinic hydrocarbon components in which the extent of
pranching S esa R, AvhAARETES RBLAIN atonecARb Al AONRTinic

ewaxmg? e intermediate Gil iIsomerate to produce a lubricant base olil
Vitydretarthe kebnigansctaise woiido thp sstesioel tinrhingdrokesphidsn 2.5 branches
com onenlis in which the extent of branching is less than 8 alkyl branches
p%?rﬁb?}eggr%ons and less than 20 wt% of the alkyl branches are at the 2
position; the lubricant base oil

26.  Theprocess of claim 1 wherein, the lubricant base oil comprises paraffinic
hydrocarbon components in which the extent of branching is Iess than 2.0 branches |
per molecule.
27. A process of making a lubricant base oil comprising:
a) performing Fischer-Tropsch synthesis on syngas to provide a product
stream; '
b) isolating a waxy hydrocarbon feed stream;
¢) subjecting the waxy hydrocarbon feed stream to hiydroisomerization
dewaxing using a shape selective intermediate pore size molecular sieve to form an
intermediate oil isomerate, wherein the intermediate oil isomerate comprises
paraffinic hydrocarbon components in which the extent of branching is less than 7
alkyl branches per 100 carbons; and
d) solvent dewaxing the intermediate oil isomerate to produce a lubricant
base oil wherein the lubricant base oil comprises paraffinic hydrocarbon components
in which the extent of branching is less than § alkyl branches per 100 carbons and

fess than 20 wt% of the alkyl branches are at the 2 position; the lubricant base oil
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39 WO 2005/037963 PCT/US2004/030133 having a pour point of less

n -8 C; a kinématic viscosity at 100 C of about 3.2 ¢St orﬁreater and
woafo ygé@?ﬂ? Index greater than a Target Viscosity Index as calEar&@ggip3o13s

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

Viscosity at 100 C) + 132. 28. The process of claim 27, further comprising
recovering unconverted wax from the solvent dewaxing and recycling the
unconverted wax to the hydroisomerization dewaxing. 29. The process of
Haim@d pﬁb&ﬁhﬁiﬁl@ﬂhﬂ@%@rﬂ& ﬁdimlthﬁnhdﬁ'tﬁazﬁdcbaﬁ? il OOtHCany¥ about 3.2

ditional base Jectedf the gro consistin conventional
55 Bl s DIk SO RO F RO BAReolEr b SR R R 1
kasebilsd mmam@ﬁ@tﬁqlﬂﬂmmvax polyalphaolefms poly internal
olefins, diester s pQ ster ph ate este ate tics.and
mlxturé@{ﬁ% A‘ﬁ e%%ﬂﬁl?dsgq%l}g d(ﬁ Jrn?ﬁ
comprising: a) hydr0|somer|zat|on dewaxing a waxy feed using a shape

elective, intermedi or olecular. sieve to produce an

e B BTIROIGIAE o SHF TR e S e aied wax
c@mpﬂse&p&mfﬂamﬁyrg@ﬁaﬁbayblmb@mmﬁmmmmekee nt of

ra hmg}tls Iesst n7al %I branches per 100 carbons; b) solvent

e‘ﬁ%f@ il isomerate to produce a lubricant base oll
wherein the lubricant base oil comprises paraffinic hydrocarbon

s Inwh branch branch
R R e i R
mﬁm@ﬁ austibablibans dﬂﬁsﬂ@*‘eﬁmﬂg ihppungobikiespdPoms s gicusl Grony

Kri emat VISCOSIt thag bout 2 cSt or g{ Vlscospy
onven ba]s fo
855 g %iternt an O arge |scos SRS c tlated ollowing

eguaiipned @@@ﬂéﬁmﬂyﬁm@&bphaﬁ]&ﬁﬂm@h’aﬂymﬂ&mél |skﬂf3§mgg dtetGOs)otyol
el e e e A et B orcan
PCT/US2004/030133 31. The process of claim 30, further comprising
pg%yidin%t&%gg%x oierggng arér%unng a fintshed lubricant comprising:

a) hydroisomerization dewaxing a waxy feed using a shape selective
intermediate pore size molecular sieve to produce an intermediate oil isomerate,
wherein the intermediate oil isomerate comprises paraffinic hydrocarbon
compenents in which the extent of branching is less than 7 alkyl branches per 100
carbons;

b) solvent dewaxing the intermediate oil isomerate to produce a
lubricant base oil wherein the lubricant base oil comprises paraffinic hydrocarbon
components in which the extent of branching is less than 8 alkyl branches per 100
carbons and less than 20 wt% of the alky] branches are at the 2 position; the
lubricant base oil having a pour point of less than -8 °C; a kinematic viscosity at 100
°C of about 3.2 ¢St or greater; 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; and
c} blending the lubricant base oil with one or more lubricant additives to

provide a finished lubricant.
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Fis’cher-Tropsch process. 32. The process of claim 30, furthgr blending

the lubricant base oil with an additional base oil selected from the grou
WEEMSTSARYDf conventional Group | base oils, conventional G?&qu%(ggg%sems

oils, conventional Group Il base oils, isomerized petroleum wax,

polyalphaolefins, poly internal olefins, diesters, polyoi esters, phosphate

esters, alkylated aromatics, and mixtures thereof. 33. A process of making

a lubricant base oil comprising: a) performing Fischer-Tropsch synthesis

Of} SYNOBSetArBceM G ARFOIUCk SRR ) iBokatIe dAdlaxh B yoefitbdfrom a

feed stream; c) subjecting the waxy hydrocarbon feed stream to

Y aFS R EREEARIRCH8waxing using a shape selective intermediate pore

size molecular sieve to form an intermediate oil isomerate; and d)

subjecting the intermediate oil isomerate tQ, sol eqt dewaxing to .praduce

- RibricAEBERE B U tha HFE ATl BBEF%&?%&%@%[ & -
8(adaiking matoMiscesitd &l Oke ArgaiendiRangse? ablvantbralBeasgitybase
Index greater than a Target Viscosity Index ashﬁ{lf?um%g%/ th%following 4
it FSRY TRl TS T PGS S, SP R R ISRBR R f At15078
1g&ridurh ReaRI P68 sIBk6laIMs3 HolhBreiRdhelshhe dicdrina iy dDwetss,

the pour point of the. intermediate oil isFi)m.erate b atsgast about 25C to

pPBORRRAA SBIERACH S SO S S ST PEEETAP RS about 25C less

than. the pour point of the intermediate oil isomerate. 41

33. A process of making a lubricant base o1l comprising:

a) performing Fischer-Tropsch synthesis on syngas to provide a product
stream;

b) isolating a waxy hydrocarbon feed stream;

c) subjecting the waxy hydrocarbon feed stream to hydroisomerization

dewaxing using a shape selective intermediate pore size molecular sieve to form an
intermediate oil isomerate; and
d) subjecting the intermediate oil isomerate to solvent dewaxing to
produce a lubricant base oil wherein the lubricant oil has 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,

34.  The process of claim 33, wherein the solvent dewaxing lowers the pour point
of the intermediate oil isomerate by at least about 25°C to provide a lubricant base
oil with a pour point of at least about 25°C less than the pour point of the

intermediate oil isomerate.
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