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LOW BROOKFIELD VISCOSITIES RELATED APPLICATIONS 5 This
-application is a Continuation In Part of U.S. Serial Nos. 10/847,996 and

wd.00847:98%, both of which were filed May 19, 2004 and areﬂl‘%’ﬁ?ﬁoommm
incorporated herein by reference in their entirety. FIELD OF THE
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finished gear oils comprising these lubricant blends, wherein the lubricant

blends comprise a Iubr{gg@%&@;@%@?g%g%_ ed from highly paraffinic

wax, a petroleum deriv , and a’pourpoint depressant. The

prasgntipMentionds alsqidircies P.Rrocessesforn Making dhe samea

These Ilubricant blends have good low temperature properties, including
L0840 APheREIg fahds isre Siksianidodiidsms Atk erO Ry erptod-erein by

referNMENRIDN:High. performance automotive and industrial lubricants are in
demand. Accordingly, lubricant manufacturers must provide finished
lubricants that exhibit high performance 20 properties. By way of example,
premium quality gear dilsElidyevarg Ui @nperature performance

specifications as specified bt[%] rqokfield viscosities at -40 C. Depending . .
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thestpl@xinilyit &lspiscifibeviscbsitybat4001ends creqiesethdrbabouttdseSil fraction
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components:’one or 25 more lubricant base oils and addit ubricant
depisasiitoiilRetPrESHABY eUivstit e fHrenisddo mapsisertdbrieuhiagihd same. These

nbsRtiHesignilicantly tenhaarapsadjeset the fiishadubricant A, few
lubricant base oils can be used to manufacture a wide variety of finished
Bropfisth e 91 %arying the mixtures of individual lubricant base oils and

individual additives. By way of example, for gear oils, Brookfield
viscosities are typ'cagi( dF{ ed b éh&%g%go of pour 30 point
depressant to the%‘é % é fé i XQAFISQ% are controlled by
bléhdingedhenarcmenehase: oild havindgatlffeieativiseasities:tadethetorfithgly,
mbriPafx%drH%%PA&%B%G%’JSVPL&%%%Q%h%@ﬁe% hrcant ;l%‘c%?ﬂ}‘i%{‘ﬁll?éﬁ”‘éﬁ%%aﬁﬁéé
are seeking higher quality lubricant base oll'blend stocks. A growing
propetigte3uiar sé drighpipu alityniubrizatithesse @lblerdvstydkeds bynthstierature
pertdtPAIERNRANGUSIRKEANS BN AR AURIR LM AP PRI TR NHE S
Synthetic 1 s;. WO 2005/113734 PCT/US2005/017976
the apphcation in which the gear oils will be used, they may also need to exhibit a specific
viscosity at 100 °C of greater than about 3 ¢St.

Finished lubricants, including gear oils, consist of two general components: one or
more lubricant base oils and additives. Lubricant base oil is the major. constituent in these
finished lubricants and contributes significantly to the properties of the finished lubricant. A
few lubricant base oils can be used to manufacture a wide variety of finished lubricants by
varying the mixtures of individual lubricant base oils and individual additives. By way of
example, for gear oils, Brookfield viscosities are typically adjusted by the addition of pour
point depressant to the base oil. Specific viscosities at 100 °C are controlled by blending one
or more base oils having different viscosities together. To produce high performance finished
lubricants, lubricant manufacturers are seeking higher quality lubricant base oil blend stocks.

A growing source of these ligh quahty lubricant base oil blend stocks is synthetic

lnbricants. Synthetic lubricants can be made from highly paraffinic waxes. Synthetic
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for high performance lubricants, attention has recently been focused on
Fischer-Tropsch:derived lubricants. Although Fischer-Tropsch lubricant ™

whasR Rils;aye desirable for their biodegradability and low a QJ.W‘%
undesirable impurities such as sulfur, the Fischer-Tropsch r(?erlve 2%3/017976
ubrig SRS GihtayPaE Ot EIAIPEF 6t hardesitipRrssehirmhagleper formance
Eubrieblasaetmiiﬁﬁﬁ&ﬁé{ﬁaﬁughﬂéds ?a&dﬂ%mdﬂxﬁaeradf%g@iw%@ubnc?t;.
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aré generally expensive and thus, can significa
amolubrivantdésaseloinpuadelitiorh theudfiditionioéadditivgsandyrivetiiebricants

o IC§ :hi desir riormance characteristics, 10 It.is well
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02/070636 are directed to synthetic lubricant compositions use
base gifoh &tlditiamdhsiadibiems t W dity shamoa foi spharieri iy aidsecshatirsticd

perfdubficanithasegtaeks. US Patent Application 10/301391, filed on t5
Novemb { 20, 2002 and assigned to Chevron U.S.A,, relates to lubricant

bald N BISRAY P BEASRPABIIS FBHGHT FISERattroaph e oK rdp tmgEny
devehipfrastivnianega highehvisgopitcaonenionahpatrolewaaryed base oil

fraction. . Patent Applicati /3013 fi on December 23,
e s TRl 15 Rt 078 b S B e 1
Syntfmimbﬂi)ﬁn?glacbm@idbaﬁE@d%mmmtmmmg@bbmgibﬂﬁﬂm@MS for
roalARSRKCL Ao BRA LI mulcYslopacaliine fnd an Agdliandl base,,

oil selected from a group mcludslng petroleum efited base oils. TA Spite o
Novpbat?Oh A8 syhasagedd bricheitsoniéfeAentdites B hdedfot sysethitidends
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base oails, that exhibit high performance, including good low temperature

conveppgpatpeiroauay denipds ol fattiony ENTIORR thndipwion A8V dfiled

on Diaithe Jabricantiiends el e REsaNUIRVENINI£QNPHSING A 1lRKEGANt
base oi flractio aI;i;ierived from hi@?ly paraffinic wax, a petroleum derived

COMRIIEERE B AN P BATIREGTHO B BOSUHE SRS BUSh Rstpsaidawgalins and
low poipertiesantiidingl excelidhildw 3B eakiieidviscosities athdthE pbiroleum

derivgn%a%gn(pl?diment, the present invention relates to a lubricant blend. The
fibricant blend of the present invention comprises from about 10 to about

8Onwighrpemwerthbawegntipon hieitotas, e ant dlendretd feyjedntbase
obri G ERGHRR ARG UG- BENEIAIG oy, o ot 20 1o 2o 20
! rlWeight perce%t%ase%pbn he total #&g?i%:cant% \é?lra:jhé récan%%ase OBS’ ﬁ]at
exhibit high performance, including good low temperature properties.

SUMMARY OF THE INVENTION
It has been discovered that the lubricant blends of the present invention, comprising a
lubricant base oil fraction derived from highly paraffinic wax, a petroleum derived base oil,
and a pour point depressant, exhibit good low temperature properties including e#ceilent low
Brookfield viscosities at —~ 40 °C.
In one embodiment, the present invention relates to a lubricant blend. The lubricant
blend of the present invention comprises from about 10 to about 80 welght percent based

upon the total lubricant blend of a lubricant base oil fraction derived from highly paraffinic

‘wax, from about 20 to about 90 weight percent based upon the total lubricant blend of a
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-2 petroleum derived base oil, and from about 0.01 to 12 weight percent

based upon the total lubricant blend of a pour point depressant, wherein

the lubricant blend has a viscosity of about 3 ¢St or greater at 100 C and

a Brookfield viscosity at -40 C of less than 100,000 cP. The lubricant

base (zicl%fract' n derjved from highly paraffinic wax has a viscosity of
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weli ercent aromatics; (i), greate n 5 weight percent molecules
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cP.mbkebilasawitbessanbiyctopadafiinid fumetiopblitpteaimightypeicant ofscosity of

berMRIPGHISR WIS RO cloRRiRHNC M HHONAINAISAR IR WS ed from
_ petroleum derived base oll is selected from the group consisting ofa
higgroppsaf e sesirommiensp (i lsasthan 0 dAdveigh rescthne reofmaticafifist greater
thaRSPaGhoeserisRrarided;as ubricantbleRdCOmMPHRING, i {rom PeYtL 00 o
,Sg weight percent based upon the total lubricant blend of a lubricant base

WeSHTRECHON USRUSGHSHY IipHS ey shrprealiaicni iy Baliscissiyight percent of

moletisenigbaul: R eSiRrdi0chh @bl Cewvherelathe lubicNHase Qikived

basfer%lciti,on er%'v(?(%l fror&h%h{}/ paraffinicng gcom rises: (i), less than 0.30 .
eeht aromatics iy Jrest&ERah STWEIghPp¥ Cént: Hiomtiielase oil

welght Percent aromaties
andwithiioyedshenaifinic functionality; and (iii) a ratio of weight percent of

molecul ' onocyaGloparaffinic functionality to weight percent of
mo|§gg|§§°’%9§é?‘n’uﬂ%%c ograore{ﬁ?r%g TIlh] IBIE]'[CI%% a%l@{]g r%%fpé% ﬁ%tg%‘ i5 :EBT%%U‘E 10
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derRbd REHOIEMIN derivaribass pikselestad.-fom Jhe QiR &@&ﬁiﬁg@g %Icazo ¢St

Group Il base olil, a Group Il base oil, and mixtures thereof; ‘an rom
at Yot 0¥01e18n S diricaer deft BisEativndarty estdranbhisiy temndfioia wax
conR@isespoinideprassant wenerehe e uiican dlend:-hagaMiscosI &ft percent
f\bout 3 ctsﬁt)or %r)eat% at 100 C and. a Brookfield viscosity at -40 C of less
moeeales 08 B G S R UBIH MBS MR  thé PreddititintiGiehs ausay of
moladulericaitt biendcgdoppriding framcaboatidQdovahehit ROMRITITLREISEINS with
he total lubricant blend of a.lubricant hase ojl fraction )
B e Bl B T e o S uegrao weie
pergsaidmsedaped thpovigheotaniubicdnt bletidodfivenpitiokeliasd eiiivedebagerom

the %Uo&pw@nﬂg%?@@&@%993%%%tapérsﬁgﬁﬁasﬂ@ts 3 'n%%ft&?t%gﬂ%”é?%of;

pm sulfur, and from about 0.01 to 12 weight percent based upon

a“df&élquiﬁb%h?é’ﬁp@éﬁ‘d Gh wepehimseset BepduanthT redlivhosnntiiand has pour
poiMISeRRAT ahakethaR! aarealenatd A% & and.ai3 Brogkiiehd MecosiGaL: 4
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In another embodiment, the present invention relates to a lubricant blend
comprising from about 10 to about 80 weight percent based upon the total lubricant blend
of a lubricant base oil fraction derived from highly paraffinic wax, from about 20 to about
90 weight percent based upon the total lubricant blend of a petroleum derived base oil
comprising greater than 90 weight percent saturates and less than 300 ppm sulfur, and

from about 0.01 to 12 weight percent based upon the total lubricant blend of a pour point

depressant. The lubricant blend has a viscosity of about 3 ¢St or greater at 100 °C and a



derived from highly paraffinic wax has a viscosity of between about 2 cSt
and 20 cSt at 100 C and the lubricant base oil fraction derived from highly
paraffinic wax comprises: (i) less than 0.30 weight percent aromatics; (ii)
greater than 5 weight percent molecules with cycloparaffinic functionality;
and (jif) a ratig of weight percent of molecules with monocycloparaffinic
BTy T WRiGT pbr Cort o1 HHBIENLL i MBIl fracion
derfuatfionalitigre phesthan 1bx rasecondrasgaciviberiais@roidesha 20 ¢St at
icant. blend.comprising; a. from about, 10 to about 80 weight percent |
o T R R s RS RS i
(1) tresivlesth oot Wigkly paredfinicomasidsavingeesiscdsity Ohbativgencatioub2cules
witﬁ%&%galja%ffﬁ% %&%@nﬁliwp%ﬁ“&@%'%*%?{6%}“%?@@ Ilr]ccrgn%tlop l%%gc\:/ﬁgs with
from highly paraffinic waxcomprises: (i) less thart0.30 weight percent
MOBPEYH M iy i§reatenatienrBiweidht pepidnt mesesiles with molecules  with
muR¥Senpsaifimicclanctiemality, 2adLii 4 ratio of weight percent of molecules
with monocycloparaffinic functionality to weight Eercent of molecules with
multitGIEERA AR fuHEtD hsaﬂfgfvg?‘s@/t%ﬂlth%\?m, et saRBSIREL - tH B Geut
10 ﬂOaWﬁig?]@ ‘pﬁ@ilirﬁdﬂwﬁh daspongibe ﬂlmabigélbaﬁ@aigagl@mg?mmﬂsﬂ@ﬂ%ase oil
- _derived. has:- oil, wherein the .petroleum derived hase_oil comprises
o B IS PR SO L B S 0 PO BTSS!
12 abidae 1RO alvdier €:0 htol A2 neig bt pesdeimdasederiped fivgntdtahly paraffinic

Julric éggle I%E@tﬂglx” in ssant; wherein the.lubricant blend has . .
e a viscosity o jjabout Sicggsgjt ‘%gg%eg??gg‘%tatgf g}r% CaS’B?r;l okfie grvtlggé%s?it)‘}v %’lgm

pereg meletales ih a0 poeratiniT Renpriesehityinvahtioh atedorefatesets percent of
moRBIFBed MPHEAS, ERMRHRING e lMBHSART (HIGRMsh ARG, SXeEISNLIAN with

Brookfield viscosities at -40 C as provided herein. In a third aspect, there

MU FRAEAT e B EH WBHS R RIIE 30 bfc dht Hheh Aot (e firsbertstd arrdeht

peréspeatandrablaastenaasiitiveiBadditionde thenpeureintdenressantn the
In a fourth aspect, there is provided a process for. producing a lubricant

PEURSISHE SR BRSO R AT, BT B T e TP s

thapp&effipie weiehamidgea fvisceisity: 6f HetwéenalgiitReShabds20opbatHO M al

¢ di e lubricant all fraction derived, fram highly paraffinic wax .
R A ST il T
abo@roghtirbaeR Gil o8 Geatgp atdonSecok fiaht vishasits sithePef odnebaitipalfio, 000
cp point 3a WO 2005/113734 PCT/US2005/017976 depressant; and

isolating a lubricant blend having a Brookfield viscosity at -40 C of less

thari "EGUEY & Srtellitte Hisricatn o defiohatrivenrisnghighlybricant
bleRRIBAIIRE WX RSB ookfield viscosities at ~40 °C as provided herein. In a third

aspect, there is provided a gear oil comprising the lubricant blends of the first or second
aspect and at least one additive in addition to the pour point depressant.

In a fourth aspect, there is provided a process for producing a lubricant biend
comprising providing a lubricant oil fraction derived from highly paraffinic wax having a
viscosity of between about 2¢St and 20cSt at 100 °C, blending the tubricant oi! fraction
derived from highly paraffinic wax with a petroleum derived base oil selected from the
group consisting of a Group IT base oil, a Group 1II base oil, and mixtures thereof, and a

pour point
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molecules with cycloparaffinic functionality; and a ratio of weight percent
of molecules with 5 monocycloparaffinic functionality to weight percent --c;);f
- wnglegyies,with multicycloparaffinic functionality greater thag-32:BRLET7976
DESC_:RIPTIOI\_I OF THE DRAWINGS Figure éilltﬁltrates the rei It 'o}l
oD B HSS B A e HaRE A BB T waaa AR less than
100,067 2B icighireh lilfuistoates! thectealudts ofd dhnic ki hiepals flisingvadconoBtses
ess LSS TioBeCh, derived faction (14415, DETALED DESCRIETION
ess 8&1 E\ﬁﬁ NTIGSR EREhES abrican S, includin gear cms,_comprise at
cycligastibnie Ribcicartipgsedil atid of vieight priecatioitivelebulsscatt base oils
are the mast.i ant ¢ Jal! i . :
e St R S e
funchidsribiiingsepiersharebt the specifications for their intended application as -
defined by 20 the concerned. governing organization. The finished
lubricants according to the present invention are intended for use as gear
ois. Premiom (BRHFQRES ORI KRRV BABDBA W pSature
performanaa.spaciigationsiaspeetiecndroakiield sissositiesatdpsth
. The lubricant blends according to the present invention comprise at least
derigziippivedit bRe oil fraction derived from highly paraffinic wax, a
petroleum derived base oil, and a pour 25 point depressant. These _
lubgicant blends have a viscosity of about 3 ¢St or greaterat.100 C.and
B e B b ek e R S e
deriexthitit@orBRIGRHAGId viscosities at -40 C of less than-1088,000 cP. In certain
embodiments, the lubricant blends exhibit Brookfield viscosities at -40 C

of less than 90,000 cP, more preferably less than 60,000 cP, more
. preferably le SHFRARISDDESOREVEHN P& Jrdfe ARPREROTIHIY than 35,000

CP’F‘Pﬁégﬁké‘l%‘?i%@?@&lydlﬁg%éﬁﬁﬁ@@&%g PRAEYRO IR A B IAYnd at
less than 15,000 cP. Accordingly, the lubricant blends of the present

leasfope gt ExhimbrisREEpARS Al BFE SIETERF VIRSER S ARG ! i shrd
lubriuiicarhbiandsoalfhany esard: inventionisavbefubed iasnaakevhighguality
ear olls. -4 WO 2005/113734 PCT/US20 5/0,17956 Exa{n les of auglabcl%
N B R T R e R T e e S T VR A
the Elenilad slackming, sefinedfontSThd Snwaed/ lkbitoatstaatbindte so thp araftin
. waxes, normal.alpha olefin (NAO),waxes, waxes produced.in chemic
v e R R S R R e L R o
tempegates; parmixtacepdtidicadpos as specified by Brookfield viscosities at -40 °C.

Fini

The lubricant blends according to the present invention comprise at least one lubricant
base oil fraction derived from highly paraffinic wax, a petroleum derived base oil, and a pour
point depressant. These lubricant blends have a viscosity of about 3 ¢St or greater at 100 °C
and have good low temperature properties. In particular, the lubricant blends exhibit a
Brookfield viscosities at -40 °C of less than 100,000 cP. In certain embodiments, the
lubricant blends éxhibit Brookfield viscosities at -40 °C of less than 90,000 cP, more
preferably less than 60,000 ¢P, more preferably less than 50,000 cP, even more preferably
less than 35,000 cP, even more preferably less than 25,000 ¢P, and even more preferably less
than 15,000 ¢P. Accordingly, the lubricant blends of the present invention exhibit
exceptional Brookfield viscosities at -40 °C. Thus, the lubricant blends of the present

invention can be used to make high quality gear oils:
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" 5 The lubricant base oil fraction defived from highly paraffinic Wax of thig:--

lubricant blend has a wscosﬂy of between about 2 ¢St and 20 ¢St at 100
‘C:/The lubricant base oil fraction derived from highly paraffinic wax

woamsnsmjess than 0.30 weight percent aromatics, greate;,gciqﬁs%g\%%tm
%@olec Ies %}\Igﬁraﬁln functionality, % %aratlo of we
percean?%f3 mole g W?SF? DI SRAFS TS ?%W&E?ﬂﬁ% f’d wax,
slacpemerdtorﬂ dns}ml ecutlesiiuih foniticyg Iww&ﬂumcﬁunefﬁx%yrpﬁ@ﬁeﬁﬁ%axes
. embodlment th Iubrcant |I fraction deri ed
norr%‘tl?(?r%%ll Aﬁilc Wax gg)r(r?f) lsoeasu grelarlltgr ;cng %ﬁfegseg " ed
PEU‘#@!@C@ES@WMWCEM@QEMWIWnﬁmne@h@ miranesieerpeéferred

empRdimeRintheLBHeaRENASS i fﬁ%ﬁ}lﬂ@xﬁyb\s@&m%%ﬁvﬁt%@ff&%

wax comprises less than 0.30 weight percént'aromatics, a wei ercent

bméﬁ‘f&W&@éﬁ%ﬁfWﬁﬁeﬁw&d&ﬂ&ﬁﬁ%ﬁ}rﬁt?@%ﬁy &hy ﬂéhrt@m@hhmoﬂ
frac@difldarveddiéRersRRt i male Gl SoNish multicysloparaifinic i netionglity of

less than 0.1, Iné/et another preferred_embodiment, the lubricant base oil
SOl o A G Py AT e DY GRS RSO B e ratio
of wp@lﬁqm'@hrmﬁ|m6weﬁfwt@htmﬁﬂiﬂ@&dﬁpﬂﬁaﬁiﬂ&ﬂuﬁﬁﬂﬁﬁlﬁdﬂ%t@&@igBércent of

ercent of m Iec les with multicycloparaffinic functionality of greater than
molgcélli sw1t8 uR oPéifetl%h n!d)Hl t}lo P Ay ﬁ]realuf)nlqca % ; .

n ano fred em Im ase oil fraction -
deiﬁve@rh@meﬂ |g’n|yoquaif1 nhc wamwmqsa saksftessain dérﬂfltoﬁ\lvﬁi Gighly

ly less th Q.9
paraﬁﬁ{ﬁ%ﬂgmgg§ E xe % tn%rll Cﬂlr gs wetigﬁw: OE:(;% m C

aromatics. The Iub ant ase 0|I ons enve m hig

funcigpaliythis Bﬁ*@g@nt’rﬁf%m@ﬁ%fm@ﬁoé}@lﬂﬁﬁmﬁm’i@wgﬁjﬁmmmmwﬁom
hi ghWﬁﬂ%@W%ﬂ%gﬁﬂxgﬁﬁﬁ(ﬁm@mp% c@ﬁ?g%ﬂpﬁfcst@@% ercent of

araffinic wax is hydroisomerized using a shape selective mtermed ate

molﬁfa}@f 78 mistechRraralmiediisHemg A Hopreivieharnifiradenysisht percent of

molmmp@na%umﬁg&zspﬁdm@w@mﬂaﬁmt@@@&@ a6 1IN RIRIGES e forred
bo 5nboo£|rlrﬂe tbthe high %/ @?f affinic ax [ scher -Tropsch derived wax
SO Provided d Filc é[ﬁ B b 428 i ooy Rses

ratiolubwc@ht basent3d mbkadﬂmmﬁrmpnepa@@&mmdmwwﬁgeﬁw ghft
pere B R Bl D e e

e Fischer-Trops rve fcant b Fractions
prefiupdicabeBimsts Greeluhadmthpse piotes® edmprisifgperigiry mzéﬂﬁmhar-

compEQRSEL, %XJHB%%«EQ%B%\M&M&%H@ SMeantk! '1%?519;&% ﬁﬁ?e efb’?“%}om

stream a highly paratfinic wax feed; hydr0|som rizing th y paraffi nlé‘
peregph R pEEdicisolating an isomerized 5 WO 2005/113734

PCHUSZQRR(0LI978 saliandiansionally, hyaiofinishinadhe i W&@M'

From the process, a Fischer-Tropsch derived lubricant base oil fraction

inveRion SHRREPISEd ah bedveilxippe RRre SRy matcesy fending

hydroisomerization. Preferably, the highly paraffinic wax is hydroisomerized using a shape
selective intermediate pore size molecular sieve comprising a noble metal hydrogenation
component under conditions of about 600°F to 750°F.

‘In one preferred embodiment, the highly paraffinic wax is a Fischer-Tropsch derived
wax and provides a Fischer-Tropsch derived lubricant base oil fraction. The Inbricant base
oil fractions are prepared from the waxy fractions of Fischer-Tropsch syncrude by a process
including hydroisomerization. As such, the Fischér-Tropsch derived lubricant base oil
fractions used in the lubricant blends are made By a process comprising performing a Fischer-
Tropsch synthesis to provide a product stream; isolating from the product stream a highly

parafﬁmc wax feed; hydroisomerizing the highly paraffinic wax feed; 1solat1ng an isomerized
_5-
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AN S WSIGHE 96 risTecules with cycToparaffifiic functiorality; and a ratio of s

weight percent of molecules with monocycloparaffinic functionality to .
weight percent of molecules with 5 multicycloparaffi;ﬁic functionality of: }
w@mealgidhan 15 is isolated. The above-recited preferred enwmgﬁ)p};%

_the lubricant base_ojl fractions also,m yas)e 'solag\ed from thistr Cess.
o PRl ABA Y RIS R SH e W L i P S BIREEsch Rg  ropech
deriilapeisele btiseoinfemiediateptiecsize tholdrilarsigtepcompasingtics, greater
than oA N RASHAlON FomBRNSCMOAELERNdIiPNS,0h AP QL&

\ 0Okt o
xamples of processes for making t cher io Tropsch ldbricant

moldgake wim@onoqwmé&M@mtmm@ﬁmmmm@m dilweb Dedembéin
multﬁ%&é%aga?gfﬁﬂ?crﬁlﬂc'ﬂ ROaEed B relereaGe; I ite.gntie L Examnles %feferred

iments of Flé%%rer- Tropsch lubricant base oil fractions with hig
embpdinedyelibartatiivsrahasool FRGHRIISRMINS hpbr e dEomdbisPosss N,
Pref&%?ﬁ%gﬁ?ﬁa@ﬁﬁﬂm heh38: 2093 dhsssinincornaated i refieranse in

~its entirety. 15 According to the present invention, it is desired that the
interfgtiaieoBfetiers R eC iR HieRdeTRTHERERINACAHR ytisiRa RbFraERprent
und@sedailsnd enveshireonr highty (per affinispax ferotainie dohighiivgi gkt Fischer-

percents of molecules with cycloparaffinic tignali u
oo AT P B SR SISk LD B G e 2
2003, wbribahicbipods:ane réiftished lubticaits coByparigihy dibricadihease @ilischer-
Trofigh R Aoty Al wa A% cpiaming A igh g1 of weioht
percent of molecules with monocycloparaffinc™ functionality to weight
multierdemtaffmolecdtesilvithimlfcy o prgie. fhledtidersing o2 highdIwbighn
inco %@g%gtbqjljg}gllg%g%iygigﬁmﬂocycloparaﬁinic functionality and extremely

w weight percent of molecules with multicycloparaffinic functionality) are
alsbesiaple threpised Mutetokd Witk ieftibt BpArarman W?c?r’i&%/ e
blentRA UGS XA RGN SRR 2R ISERSHYs InEeX PREhING AR B NOREK wax

volatility. Models of the effects of molecules with multicycloparaffinic

contpipipadialityeaslt gRIETIHH O Holsle” BithIcyeRRAAHIA LG RE R Rggause
cyclSiEugheiRpheAhrscalRinpeatiesianshintionipani Respasseat blends and

- _ . Hydrocracked Base.Stqcks and Polyalphaolefins,” J. Synthetic . -
i N AP ATE 00 B 35081 AREOIEGN: N EraRe o

cont@inbgaimenigthaihduicad i eadsand finishdds witicantsc gdapectifdiing to
fundi r%%%“&éﬁ)‘g‘{{%”té?c’én%oo'%ﬁ?e% Jé’&%?gﬁﬂ%ﬁglé)'L?a?ﬁﬁli\éefg&ﬁmlmw& high

paraffinic wa copmpr|5|_ng very low weight percents of molecules wit
welgrgraiatiot 66 notlonddityy dhhigneoridmapdiosn fofotulekiyiesdpiremely low
wei%/t QIB@F?HF%%{%?QWﬂﬁ%ﬁ?&ﬁ(&pgﬁ%ﬁﬂﬂ%ﬂkﬂ’&{gm%@Qﬁkqesirable

olecules with monocycloparaffinic functionality to weight percent of

becawisiaeslovith thuatircielearerIC Aunetioraliny resrehgrodRtighe st bnivTer
viscb@iw ngQ,Oﬁ’/& IR f3dRR 5&9@@@ INREBLs of the effects of molecules with
multicycloparaffinic finctionality are given in V.I. Gatto, ¢t al, “The Influence of Chemical
Structure on the Physical Pro;aefties and Antioxidant Response of Hydrocracked Base Stocks
and Polyalphaolefins,” J. Synthetic Lubrication 19-1, April 2002, pp 3-18.

Accordingly, in a preferred embodiment, the lubricant blends and finished tubricants
according to the present invention comprise a lubricant base oils derived from highly
paraffinic wax comprising very low weight percents of molecules with aromatic
functionality, a high weight percent of motecules with cycloparaffinic functionality, and a

high ratio of weight percent of molecules with monocycloparaffinic functionality to weight

percent of molecules with multicycloparaffinic funétionality (or high weight percent of
-6-
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“HielEClIes With onecycloparaffiriic:farictiorality aner very Tow wiight- ===

pergsRE RSk

percents of molecules with multicycloparaffinic functlonallty) The
lubricant base oils derived from highly paraffinic wax used in the lubricant

whblends anghfinished lubricants contain greater than 95 Wel%?%@@?&“a%t% y

as determined by 5 elution column chromatography, AST
molesiilfs withangRoskreRiaHzn Siprtirralitn ap gt deb s arisrfanelecules
thﬂ&@ltﬁéycl@@rrmagammﬁmag@nce Spectroscopy (NMR). Preferably,

mo s with arom un nali nt in amou ss than 0.3
o e B e B Bl kT 5 Cogbegoricant
blewmmémmm é&m@wmelgméiwﬂ mp@fe%edtembmhmﬁm&med by

Tut k ‘P&E‘&Sf a r @ﬁﬁcﬂ li . resent in amoun
e P}?st an 5 10 Weciéfﬁ gr'gent pre ragﬂa é&gise tl% A % S\?vlgl i aerpgélﬁi €ss

tharrdeies pbéTdtalonelduetionn’c Uymrdﬂﬂmﬂﬁssmmﬁ &ppc@secmnm (NMR).

Pre@MYNIHIESI DA A AR MAERLGIG AP esH tnaﬂl&‘ﬁ%&%ﬂ 0.3 weight
determined 3/ ultraviolet fluorescence’by ASTM D 5453- 00. T

Vﬁ%ﬁ%@@ﬁ?%@ﬁ%%ﬁ%@%mqﬂ%@ t,cbmﬁ:sﬁs@slow level
arorgigafe iR A i WhuRight e sRldEaSANthIesstRANNAAL AREN S are

Preferably, the petroleum derived base ail fraction is selected from the

Prespb i ERRGSHRY ra Sy shberecal etrebly Irrbiken BibS sseshpdtres
morthetgahilydcpethaletin desiyegdhasa. Oﬂtﬂﬁﬁiwﬁk&aﬂt e adaeaieyReutsal?s ppm,

a,me |u neutral se 0I| |xtu (ﬂwereof Th n
morgl%r&cfralb% rll%ssioresen PRRVaRt oﬁrf:nérﬁ%pn 3‘%05[1 PI01680 ?Wé%ﬁ /b %53'

00. lubricant base oils derived from highly parafflnlc wax, from about 20 to 90

weight 90 pefralgum deyive i ggzy S0l 2 (1%9% LS O O%t?go &s%syvee%wr%%all

pour point depressant. Pre the lubricant pre
90 wisiab fio FrEbpisise fpﬁﬁ%éﬁﬂmws@w&gﬁm@m Bm:aﬂtcbase d#gved base

oit FHRHYEG OB QISABANRAEAIIIE YR {HTs APEHS2(Bale WEIBRLIG) 111 base ofl,

petroleum derived base oil, and from about 0.05 to 10 weight % pour point

and &éﬁlgg%&fﬁe%&és Rdrales et JRSS SHITTACGEMHGN £6rPrSe datral base oil,
a méummamtmemfaﬁd enemadityedneagddition to the pour point depressant.
the r ails rs from about 49 to about 99.9 weight %
o o P et D R0 Y ST ) oot %
1ubra:bmujid§e]otb dhocd ﬁrﬁuwmghy%atffemshm,eﬁ@ﬂdﬁwetlQ(BQCQU%@{%
etr eump elfl;]"; %% essfalnt 3{1) Defﬁnltkwglﬂhq%%lg teens WI|! Ee used
P hé Specification and will have the V\? G REENES AT ss |
Prefoméw\ﬁ’@elubdwatédeﬁﬁmtmﬁm@mmm@mm@ﬁf@ﬁwaﬁt he 8Ereight

% lRAKEHLIOMAEIREASI R ARSAY PIAERSR Wi, RSENRGI9935h S8 hygdy,
petroleum derived base oil, and from about 0.05 to 10 weight % pour point depressant. The
gear oils of the present invention comprise the Jubricant blend and one additive in addition to
the pour point depressant. As such, the gear oils comprise (a) from about 49 to about 99.9
weight % of the lubricant blend according to the present invention and (b) from about 0.1 to

about 51 weight % at least one additive in addition to the pour pomt depressant.

" Definitions

The following terms will be used throughout the specification and will have the

following meanings unless otherwise indicated.
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some stage by a Fischer-Tropsch process. The term "derived froma
petroleum"” or "petroleum derived" means that the product, 5 fraction, or-}

wiseshotigingtes from the vapor overhead streams from distillmﬂgligd%mﬁ p
crude and the r,esidéflal fuels that are the non-vaporjzable remaining

portid KBoUFEE AR HESTISTATWSFR BEPEHH b HOM S RoRth derived,”
meaantansatgotlighlyapasafinikatax gheansiawax Bavidgaadigboeanientafy a
Fis‘g}g}g@gfi& %Qéarsally greater than 40 weight %, preferably greater than
Welgﬂwt : and more preferably greater to than 75 weight %.
Prefératstyn thistivgh lyopazaffinideumnxes ‘pstrd inmth depresEméave fitiothalsmduct,

fradiNCHILLI DN JEUEIS AR %99‘3%0?89eﬁ%'£%t%%‘9ﬁﬁ1%'8§1 i fﬁr%%o%%&@% crude

total cqmbine(ﬁ’ nitrogen and sulfur and preferably less m.
andeh@rapiieldupligtnt praddffirte-Wepeswathat aybe needin theopresefithe

petiOMERTIEN: RAlugeRack, Waxe eteaiiefalack waxes, refined foots oils,
waxy lubricant raffinates, n-paraffin waxes, NAO waxes, waxes produced

in 1HichbRRCaiTlis Y B Beass asy HekAtene e elsantens placparatians, sencrally
grefERAN SRR WA RS RISENQ et raRECHONRAN B, BNEhIIbESSReIBRS greater

T auy poings af the high| raffinjc waxes useful. in this invention are
R e A A A
havlighly iparbffiiicoiudxs fae ans shigithe mpealiy disnhetion ppin feed asiginates
nin{J000 SLis EOdUGed 8L some stage Ly fram ahighiv prrainie wa, 20,
omatics meanspany ydrocarbonacgous compgouin s tHar CORtain at
thajesst one ¢t outhegh soms trdiehardudn latinesnept debdinldaok delacglizéded

fooRIBEL AN YRGS S RHIMBE ol defacalizad glestionsdnhe.g [;98&9&% in

atoms corresponds to a solution to the Huckel rule of 4n+2 (eg., n=Ifor 6
cheglsglipart RSy Re predehRelinioutapisd ergaensincarstHbesinyisesdischer-
TropRIZRBesbiRAenYRaRthatke nﬁ]%ﬂb@l%%f%é&'ﬂ@lﬁ?%ﬁ%ﬁﬂ& waxes useful

cycloparaffinic functionalitﬁomean any molecule thatis, or contains as one

in (S EFRUGHFEREFEHE ¢ bardiergertlisggasuthayofteaturated
hygmeaéhﬁn‘@w A -frgﬁmﬂmfﬁﬁﬂgwiﬂmmwb' dally, fraction, or
ubstituted. with one or, more, preferably. one to three, subsgituents.

oo P T IR BRSPS RO e EgutB it
cyclahuntylayotahexyy, ioyrtopentydc ayclobeptyindetahysranaphitalene group
ct I 30 .

of I IHEY ARGCIR M tbpied dlowt ot clocalized elctrons, where the pumber o

del@ﬁ@@m’&d@@%@&ylmﬁ aleme comekphadike.avaligiuids thithluckel rule of

AP RNPCHEIPRAGHIG SN CHON ALY, MEAR AV RIGRY '1‘?1&%%%,‘%& AANSNElC 1o,

saturated hydrocarbon group of three to seven ring carbons-or any
bengsate bt Pt A8 RAEsingle monocyclic saturated

hydigoaches e QbihraalR 3eMERIIMY Bean any molecule that is, or contains as
one or more substituents, a monocyclic or a fused multicyclic saturated hy.drocarbon group.
The cycloparaffinic group may be optionally substituted with one or more, preferably one to
three, subsiituents. Representative examples include, but are pot limited to, cyclopropyl,
cyclobutyl, cyclohexyl, cyclopentyl, cycloheptyl, decahydronaphthalene, octahydropentalene,
(pentadecan-6-yl)cyclohexane, 3,7,10-tricyclohexylpentadecane, decahydro-1-(pentadecan-6-
ylnaphthalene, and the like.

Molecules with monocycloparaffinic functionality mean any molecule that is a

monocyclic saturated hydrocarbon group of three to seven ring carbons or any molecule that

is substituted with a single monocyclic saturated hydrocarbon group of three to seven ring
_8-



G 2005113734 PCTIUS 20051017976 CATHoNS: The Sy cloparaffinic - s

16

15

20

25

group may be optionally substituted with one or more, preferably one to
‘three, substituents. Representative examples include, but are not limited

w&2005/113734 PCT/US2005/017976
cyclopropyl,cyclobutyl,cyclohexyl,cyclopentyl,cycloheptyl,(pentadecan-6-yl

carbgas R RPIRHPR STIRR M RS SRS i R e e e AR e,
prefétinciionatibytne prustyusel e Bidla diatdt w fuaad e ity Gwadty atedimited 1o,

hydrocarbon ring group of two or more fu grin s, any molecule that i
1 R A oA DR Ghe BBt TG e L R BT A SOR g
and theolilps of two or more fused rings, or any molecule that is substituted with

Moy, a0 %mﬂﬁ‘l%%&'éﬁaé?ﬁﬁ@%ﬁc%ﬁﬁ%?l{%% gB YRR IO L YR

ring carbons. The fused multicyclic saturate rocarbon ring group

multresbeaptyrided HarierIsed Fing Srome EpEfoparsimiesgidingmayy beolecule that is

subsBRHODR SHbstituisd MALh QDRI MOIRuPIIEhBIY RS EHIY §foups of two or
substituents. Representative examples include, but are not limited to,

morg g in Apith Zle ke ls hah SHopeRafer i anprg ghan one monocyclic
satufiey Clonexpaniaciaranasdesshysirans(pebtade qas-Rrdinapihaliantutaed

like.. Brookfield Vi ity: ASTM D 2983-03 i d to det ine th
RSP "R 51T B SRR T RIS g, eroup may be

- optibeniiperdiunes:dhhiehl owe-te mper gheleraldwosh eatiredesulst sty Of Rtfieneaticive

transmiss fluids, gear .oils, toyque and tractor fluids, and. industrial
el SRR e AT S o A AN AR S A ROMEIER 2 o
tricyTlob @GN 2008 B EX RONpIoHL ptowndticiarandiniesidin futdsg abificition

reqylireR A PInLE. BEakheidyissosityal 4AGLhA%0006h - 05 Ford

~ MERCON O V specification requires a 20 Brookfield viscosity between
viscgsUpOf AP Tetoediem IfH mirshiRtiepeaf I ehritamio Wiksergpture, low-
sheaf=ARSHILANRN P ARIIR (AL RMSRANIENHEANEA N AS IO ISFRRBTAIIE and

. viscosity specification such that the maximum temperature for a viscosity
indugripkenA 38 RBIE VA Bvr i OllgR A B IEHY SRS HHRS W SRR HakRsiges-
The Biaakfigl hrisronily ol A aidessdhanichOlQ06 eR i prefarallyiless thatmum

0 cP, prefer | n 50,000 CP, ﬁﬁg bly 25 less than.

Bro0ld Gl 5 hbre bR oL S SRR S BN e
Brogrfet ablyolegSdivarilHi00QrePL 3002 00E KEH8HRETHAS200601k 7976
visdHI9BRllve Gear Shprisant Y B, qﬁ??%&%%%%@%é?@ﬁ A0 WA iscosit

® _ eirﬁ( peratb?% k(?}r{ematif(; |s%oiﬁ§/&s§t afOOC cSt) SA |sgog|€t§/a _radleS(i‘(c)JSr]i Y
specifiseioityush 150 the eP @y tanpmakzdyy 2 35epsity of 150,000 cP is -40°C. The
lubricant blends of this invention will have a Brookfield viscosity at -40°C of less than |
100,000 ¢P, preferably less than 60,000 cP, preferably less than 50,000 cP, more preferably
less than 35,000 cP, even more preferably less than 25,000 cP, and even more preferably less

th_an 15,000 cP.



10

15

20

S TSW 4D AT+ BOW -

26707,

<13.5 90-13.5<24.0 140 - 24.0 <41.0 250 - 41.0 The lubricant blends

and finished gear oils comprising these t'ubricant blends exhibit desir‘ébbe
wdheRefigsn addition to exception low Brookfield viscositle ?F{é%%% 017976

including 5 good kinematic viscosity, low Noack volatility, an

oxidatiya istabtiivy, Gag Mﬁemmdcaﬂﬁymmmmtmmty isa

measurementof-th

S ARPVERDLRASE QIS

Operatlon of equipn
fluid-being-used-14d

hen n tk

I(innr?\:\'hr\ viccasihy
XITTCTTTCAOArO™v |QUUU|L]

e nceto iUVV
f.%? eh Oéi%a*;'gem

e B WA s,

he appkapsi ate vi

is-determined h\l

iscosity ofihe

ASTM-D-445-01.

The rgg“i:t‘s are rep

brted in_c&htistokes

cSt). 'I4hb lubricant blendsof the

preseniwivention h

ave a kinethatic viscosity of 4about 3.0 cSt or greater at

100C ghyone embo;

diment, tr%lubrlcant

b]endsﬁgve aki

nematic VisCosity ™

cSt or 8feater and

£ | g e T oY Ch +l
of-abqut 3-0cStor reatet dl‘l!.% tess-thar
ricant blefids have

al Ct
abott 1 eStat
2 klnpn% tic.visco

A1.00.0.>. Lia-anr +tlh e
100C T armoaTet
Sity of about 5.0

15 less than about 7

0 cSt af-200C. T

he lubricaht-Base

oil fracg®ns derived

from highly paraffini

c wax hawve a kin

bmatic wW$gasity

of betvsé%en about Zj

fractione-—dernvad—fr
IIM\JLIUIIQ UCIIV\,u L

0] Cb'[ and 20 cSt at

affin
R i IIIUIIIy palalrllllb '

LO0C. “9% IUDrICE

nt Base 9)'4 o '

vax |||3|.u hC nf ‘VIWW' i i *
wscos}ﬁgs within_this range.at 100C Pﬁeferab% ﬂlbncan

t base off*!-9

fractiob®)derived fra

ym highly-paraffinic w

Jax ha\fbl@ 20 kin

ematic viseosity

of between about 2.0 ¢St and 12.0 ¢St at 100C. In one, embodiment, the

lub base | fractio rived fro iniG axha
o R B o S B G oor D s LA A e xhibi
desimbbtpeypernboni mdniothte txbeiganmt lbasErodkﬁbﬁiW@@@ﬁ)ﬁ/ 1113734, including

T 5/0 19¢ on I r r ie ave a
oo R B0 TV Bte
clouypwiatity Index (VI) is an empirical, unitless number indicating the effect of

te ”?Bﬁét{i‘ﬁ{{l%ﬁf}%@%l?@ e dnepaticrwisesity.pldhe il Layids shange
viscosity wi
g;rawt}% Mar?;f lubnicant base oils, finished lubncants made from them, and the correct

operation of equipment depends upon the appropriate viscosity of the fluid being used.
Kinematic viscosity is determined by ASTM D 445-01. The resuits are reported in
centistokes (¢St ). The lubricant blends of the present ihvention have a kinematic viscosity of
about 3.0 ¢St or gfeater at 100°C. Inone embodi'ment, the lubricant blends have a kinematic
viscosity of about 3.0 ¢St or greater and less than about 5.0 ¢St at 100°C. In another
embodiment, the lubricant blends have a kinematic viscosity of about 5.0 ¢St or greata- and
less than about 7.0 ¢St at 100°C.

The lubricant base oi fractions derived from highly paraffinic wax have a kinematic
viscosity of between about 2.0 ¢St and 20 ¢St at 100°C. The lubricant base oil fractions
derived from highly paraffimc wax may be of varying kinematic viscostiies within this range
at 100°C. Preferably, lubricant base oil fractions derived from highly paraffinic wax have a
kinematic viscosity of between about 2.0 ¢St and 12.0 ¢St at 100°C. In one embodiment, the
lubricant base oil fractions derived from highly paraffinic wax have a kinematic viscosity of

between about 2.0 ¢St and 3.0 ¢St at 100°C. In another embodiment, the tubncant base oil

- 10 -
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" B'temperature, becoming less Viscolis Wher heated: the higherthe Vo s e s

an oil, the lower its _t_er'l,idency to change viscosity with temperature. High
VlIdubricants are needed wherever relatively constant viscosity is required

watudlelysyarying temperatures. For example, in an automopileRRgIEG; Yk
must flow freely enough to%{e}‘:mit cold starting, but must be viscous

fracooms g SdF R R R PRSI AHEREBITHY MesF e afdeditinetrerd 3.0
cSt deistikadan (ASTM D 2270-93. Preferably, the lubricant blends of the
present inventio ve a viscosity index of greater than 120. The
R IS A R P e iRt il
temyprigiitye Mﬁnmthtg&fhsmﬂiemmfjw n@ﬁrﬂm’i._dbkmédt frpmddmernatiy with
R AbIRALBcARLBRSh A IAation. detiva Lo bl paaline i

wax. The viscosity index factor Is calculated by 15 the followirig equation:
tendgrigy dapiyapagetsrety B RIawenitige Videbsirgrof ubricatwdbevasitr

reladfRES eShEREVRI SR gy Raralinie Wa:ak 106 90 TRe /URLIGAR in an

base oil fractions derived from highlé paraffinic wax may have a Viscosity

autofRefileqeEne W aH th BV ES SN FRETBH 20Uk psiRtigmst be viscous
ellaﬂﬁe@ﬁbﬁﬁmﬁﬂltl@fdiﬂﬁoﬁﬂﬂéﬁﬁfﬂtﬂﬁ@caﬁwhim ﬁ@ﬁéﬂi@t&ﬁlﬂ&ﬂ%%@&ﬂf‘e&gﬂ
i ' flow under carefully controlled conditions. Pour point may be

As'ﬁﬁ#ébrﬁﬁrﬁé%q'a f‘a%%%gf%e%%ﬁ%gﬁh %ﬁ%%fd@fﬁ?%l}%ﬁ&%%\mf@acﬂw
indeglegreescCalsiis0Many commercial lubricant base oils have specifications

for.pour, paint.. When lgbricant base oils _have low pour points, t also

e TRl T e e e o e BB By
paraé‘_fmimvmim,ammpmqaﬂi mnqungmcpﬁmn lanehiencteimperatuf cherahkingt base
oil RASERS VGRS, 8 MeASW M e CRUBRIRIN GRS ¥f"

to the(p(?ur oint
and is expressed as a“temperature at which a sample o thoér fﬁbﬁggin&t%eé%y

the fgHewiah ¢Bglifdito develop a haze under carefully specified conditions.
Clougtipeintmasherdais iaed Qi fereXa RIS AP INUBHAA! Ba90il faction

Lubricant base oils having pour-cloud_point spreads below about 35C are
30 desirable. Fﬁﬁﬂ@?%%ﬁ??g@a&' BATAtL st ife) pr8éessing the

The lubficanbhasei Iditoiver et Pasinh RRIRNES i oNgek 1050 ek eEdapoiibsity

i despeci{icatétionﬁ. 'Rpe Q r-IcIC?ungoint spreads of the lubricant blends and
the Blchael MisnEr U8R St his invention are generally less' than
abBut 3ot preferablydesstthdhabopt 26G:; morkigrefenably dIsbiiant base

. . -i 51113734 | 005/017976 .Noack,volatility.is
L e T T
descphed Mebbdd R 290¢ Bnd hormsmitd gre2 67 dddan 28 Fassbde)sbesloany

comBRRISANGHGH Shstesi criciie. tronghvbich & GonRtaRMIABhAILSase oits
havedlgav:f/v}?ofi(r) ;)Si%trsr,] It?lg;[feasl’sc? 2(1:1%01;’194?39 iéohave other good low t.emperature properties, such
as low cloud point, low cold filter plugging point, and low temperature cranking _viécosity. |
Cloud point is a measurement complementary to the pour point, and is expressed as a
temperature at which a sample of the lubricant base oil begins to develop a haze under
carefully specified conditions. Cloud point may be determined by, for example, ASTM D
5773-95. Lubricant base oils having pour-cloud point spreads below about 35°C are
desirable. Higher pour-cloud pomt spreads require processing the lubricant base oil to very
low pour points in order to meet cloud point specifications. The pour-cloud point spreads of

the lubricant blends and the blended finished lubricants of this invention are generally less

than about 35°C, preferably less than about 25°C, more preferably less than about 10°C.
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AT DS800 ~Amore e Oﬂvenfent fﬁé’fﬁﬂd ’for . Cal CU I at in gNﬁmk:v@:}gMﬂV T T

and one which 5 correlates well with ASTM D5800 is by using a thermo
gravimetric analyzer test (TGA) by ASTM D6375. TGA Noack volatility i§
wiisgs throughout this disclosure unless otherwise stated. Ngg%\é%%ﬂ)&%w ¢
[ ods, has been

of engine oil, as measured by TGA Noack and similar meth
fo Lhﬁq_da@b odntditteswithnoil e_gﬁwmp_iigﬁdﬁ, paBsEHgen oae ehidinoghisiristost
wheAGRUUSTDRRLR 4O 19w QIR ARIUNP AL ASRECHHRH SRYRIAIHSESRErc in a

engine oil specifications, such as, for to example, ACEA A-3 and B-3 in
test Epblatpeeh shich @ masiakEet Kmieicara T sh anptpagecsiding to

ASTiREQDS derived framiighmansaffinicwar ok heoRRSSMUAMERIOSHERMich
have a Noack volatility of less than 50 weight %. The "Noack Volatili §

| t
corrqiafes syelhifu A At AR S BRSO TR SR I gAY TFAEHI AT CRARY
ASTISIDEEIRPITIGAl Nusehesdarived femidossnaticthisadsibsalthadusieantise

ase is oil fraction.derived.from highly paraffinic wax. The Noack Volatili
satefe oot SR B St To T A Bt DA PRI e gy, as
beenfOGQ{ Kinenrtie Vistoditpofuthptichncemstase oif fragtion detivedgdimments

[ fini t -2 1P 2 |ubricant: il
e T T

exarfipls MHaa/Nbaek R lanyronsctot B édiculateth Biptie/aboie edbatioricant
base-gh%%%t%%\%% '%%%%£@$d§ @f@l%tﬂgégéﬁqﬁ%ﬁgﬁlﬁ{%‘ﬁgv@a

oxidation by means of a Dornte-type oxygen absorption apparatus (R. W.
NoaghgifatliipfatsitorWhiei abii$ industrial and Engineering Chemistry,

Volik&neage P8 4935 Meraaihs theicaneitiess awLnestnespbsrgichly
ure oxygen at 340F, reparting the hours to absorption of 25 1000 ml of
parafl5i6 A8 oY BRITIF L TREAFEY S A P e ARt s fypBrant base
oil ficatialystiis et SedriaEHI0 @ gtdfnscofoil. TheMatatysbisiam ttureiotsolublal by
tal na htl{lgnates in kerosene simulating the average metal analysis of

the ?Jlsoe‘ﬁ“é%g KEAZR oil. The mixture of soluble metal naphthenates simulates

Noathd/alrtiity & mietat 2PR0KinonusetisresikoabthollitToentevetofl fetas ierived

the catalyst is as fo%%ﬁi?‘?%%fﬁﬁi?%;?&”?dd"%?ﬁ 4,083 ppm ; Lead =
80,208 30 ppm ; Manganese= 350ppm ; Tin= 3565 ppm. The additive

Prefysaliatie Tabaganibmsombiocsims dspehinopyishz preiitmexdossibtack
VolddBiy10Q aramsehol vianryoxisgiebed chisraimsy afe dPARh 265, The

Oxidator BN with L-4 Catalyst Test measures the response of a finished
bR SRR & hphekib A eHigh (s Be2BF Rt HiFRas TécIddRton by
mea W D50t ONRaIy g dPa W0 Rkt 3¢ (RGT/US2R0%RIEIA4E Jndigate
.._gaood stability. OLOA(r) is an acronym for Oronite Lubricating Oil
Ol Ay R AE A6 G BEaRBe For B R el ot e e
cond@nMpanyne atmosphere of pure oxygen at 340°F, reporting the hours to absorption of
1000 ml of O; by 100 g of 01l. In the Oxidator BN with L-4 Catalyst test, 0.8 m! of catalyst 1s

used per 100 grams of oil. The catalyst is a mixture of soluble metal naphthenates in
kerosene simulating the average metal analysis of used crankcase o1l. The mixture of soiuble
meta} naphthenates simulates the average metal analysis of used crankcase oil. The level of
metals in the catalyst 1s as follows: Copper = 6,927 ppm ; Iron = 4,083 ppm ; Lead = 80,208
ppm ;.Manganese= 350ppm ; Tin= 3565 ppm. The additive package is 80 millimoles of zinc
bispolypropylenephenyldithio-phosphate per 100 grams of 0il, or approximately 1.1 grams of
OLOA® 260. The Oxidator BN with L-4 Catalyst Test measures the response of a finished

lubricant in a simulated application. High values, or long times to adsorb one liter of oxygen,
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e GERSTATlY, the OXITALSF BN With [24 Catalyst Test results shodld b atioye: = »wrzes

about 7 hours. Preferably, the Oxidator BN with L-4 value will be greater
‘than about 10 hours. The 5 Fischer-Tropsch derived lubricant base oil
Wargetionsyof the lubricant blend of the present invention haveF@gig,aasEs

.- greater,than 10 referably, the Fischer-Tropsch derived lubricant
i T A ARG 6 PO LB O
whidxidatgrsBRdtitd dmd ek dlysttedtasesulOofigre@ienthan 25 hours. 10
Hi inig, A ' ini used i ing, the
RO A TBR Uy eSS RO o

hourpafiktratiig e Shtshtos B peithfirisy e furdbly gtbmsdnitialyalpanaffihicveahe
Fisck@MRISEnaiaaiel im0 weldht faanarafins nrglextah.gr Sfléﬁé ép%gﬁ'*?o
erably,

weight %, and more preferably ?reater than 75 weight %. Pre the

mvepfian Dase Fariisarps Rasater feaitin e sor dua i i ibio Risgber Havpsve Agrived
lubritavt levels gt RiTageT aB dusHifu: LISRSH INISRSHRMIMBRTLIRRL, Oxidator -
BN \gﬁ@?g dtqltro en an&i (s%kglfur and preferably less than 20 ppm. Examples
of hig I§ PRSI AN AR BPDE LA™Y SN the present invention
include slack waxes, deoiled slack waxes,.refined foots oils, waxy
HioH l};rjiggfﬁt ]rg%r;&tes, n-paraffin waxes, NAO waxes, waxes produced in
- c%‘e“_—al?‘m’am“pmlc rocesses, deoiled petroleum derived 20 waxes,
miEhedrigbialitaeiakezaFischer Mabpechetalvassrbdsmiit dresithetgahc The
ROHL-Raints of the inj seful in this invention are, . .
pres rea‘{er than 5&%&’%&2@ F;%g?ggtéeﬁ%#aﬁg(f f}il?ﬁlas's\%%éee%‘%i@%g?e]?&?ly
Pafat%f’aﬁ HESECHIGRRS PreAdtrifianfaies g e petess edeforpbbyilenttultsivasii
weigheBe Al {ReHRIEMNAHND Q@H&&ghﬁfv@%ﬂi Qgr%&%{ljbﬁgplﬁg ngﬁlg
W

.t%a nic
cycloparaffinic functionality and containing a very high'ratio o |é1 t
WG UPER it B RBTRGIEE AR Aoy cIe-ratRKe bR ARy cns wafght
gencpiiiclent dhnlepuiastwitanmnbicyelopay afiinisi funstiopality-(ey higheight
o pg}r{gl%nﬁ of @gl ules v%[glh moncy lo araginic functjonality and ext_remel?/
PRI SV WeIght pelr%em3 oF moteAitas ﬁ%eﬂ%'l By R RRESHih B Rg include
slackTtese flebilednlnblasenait frefttimh®aanibe waedltbpravice 3R dubiisanttin
I 1Qit] ionally good Brookfield viscosities at -40C. Thus,
e e s yrm dved
waxep; i8I gipghis phatoreds dishuirfopscthedighbnparbffinés eved§ &he pour
intFISShe R LIPS @slivg : [ . Fi -Tropsch.derive
poiniy RSP R Ir%a?étiogﬁ%év%’pz[%%%ﬁﬁggT?J‘éf%ﬁ?/aq@fxgaﬂé?
Prefeﬁ?&@gtﬁﬁm%ﬁlg Oil Fraction The lubricant blends according to the
PrR$RObLIRKRAHN £EMRASRA ISASLQRRIERIICAM &5 can be processed to provide

lubnicant base oil fractions containing a high weight percent of molecules with

cycloparaffinic functionality and containing a very high ratio of weight percent of moleculés
with monocyeloparaffinic functionality to weight percent of molecules with

multicycloparaffinic functionality (or high weight percent of molecules with

- moncycloparaffinic functionality and extremely low weight percent of molecules with

muhicyclo;)aréfﬁnic functionality). These lubricant base oil fractions can be used to provide
lubricant blends exhibiting exceptionally good Brookfield viscosities at -40°C. Thus, these
lubricant base oil fractions can be used to make high quality gear oils. In one preferred
embodiment, the highly paraffinic wax is a Fischer-Tropsch derived wax and provides a

Fischer-Tropsch derived tubricant base oil fraction,

-13 -
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base oil, and a pour point depressant. The lubricant base oil fractions
derived from highly paraffinic wax of the 5 present invention are prepared
wdramstha-Righly paraffinic wax by a process including - hydreispresizatipa:g

Preferably, the highly paraffinic wax is hydroisomerized using a shape
W@M@éﬁi@&%@%‘&e size molecular sieve comprising a noble metal
hydiegenatien htempebeing wahe prdo s, efiahotinefltie i0i¢adond ricant
b pr.i)géuctt fro Ihea ILpg/dricln'sh meriz ion\i&‘ fraactiotrrl(zﬂrted tge%oyii%gson or i
BEROIETHL io"a’ﬁlsv'f‘lawn‘rg’r;l A RinerAstic 1o V%Cos[f?y Of between about 2 tat and
poin2@epBtanl 00@ hrdcantpdsing flessanate(v80 weighizije rwenffarowatics the

reater than 5 weight percent molgcul ' raffinic functionality,
P R o RdRE
hydrfusationzdiignio Raeigiirlyp dre brahdy pasideuiey 4vith mditspaiepaedifisie a shape

seledBRCTIORRILY SRS ARt TR IR cAMEAsS Riiacions Ak MseddR

provide a lubricant blend having a kinematic viscosity of 15 between about

compoagitbretesIddionde! bryLBYdolentil VisddsifFsici derothess than

hydrb28:R00:&Fon! ks eRERIRteIrRbaIedinentnthe RighbapriaHinicixigia
Fischer-Tropsch derived wax and provide%%Fischer_-Tropsch derived .

vischsihieh REREER PR PO b Ata Tt BELEoBIPHERALRS B frdlarpght

percPHOSR 8% AONRESIOGHOY dIghageighly ndcpalafiinia valopaafiife functionality,
hydroisomerjzing the hjighl raffinic wax to provide an ijsomerized . oil. .

and 4 o O e T A el s Ao PAral e ARGy 10 weigh

percahtafnn@lémm thish h;ldtmb&bwpmmg fuprdicessittogpravidbaone off hedrbricant

basdl %9&%0%5&%%{&%%% ng%%%%%%mqmm %ﬂ&%@%&%&@ of -
100 erab nt

, pre y between about 2 cSt and 12 cSt at 100 C. Lubric
betwsasabsinfaefionseaenbtdHEe tadiHavekhedpbvesssttoit projpetidmms
Ioo,h@)@&yeferred embodiment, the lubricant base olil fraction according to the

present invention is a Fischer-Tropsch derived lubricant base oil fraction-

ThipRe RefeTishaehodisre dhe BiEbinp B aE s Rxca S iehe Thaprbr fesved

waxhiengkexbibiingaxsentipaaly-aoediBrrakiividedgopsitivis made by a
Fischer-Tropsch synthesis process fouo edb hydroisomerizatign of tit]ei
o) IR UG RIS oER S PRI IRRRGE FroQLl 2 Hebly

para8jithestsid Fachedsdropseliriehanibipghl syngdtns sanveted ideliguidmerized

oil. %ro%%égs‘)é}% p r‘ﬁ}l‘?&tégﬁ% Wit f?aﬁ‘%%ﬁ‘%'ﬁﬁ%‘%%Cl%e%azt&%?} %’1%%%5 AGHMEe
conditions, Typicaily, methane and optionally héavier hydrocarbons
hydigshare atidrhsavies fcarrhidesar ehrourgractonve hitiomadtsyyigessiiy o y@ween

) abo&%oc%lflgr?ﬁ7%c§t%ﬂld§%9 Qggﬁ%wgetween about 2 ¢St and 12 ¢5t at 100 °C.
Lubricant base oil fractions are obtained that have the above set forth properties.

Ina prelferred embodiment, the lubricant base oil fraction according to the present
invention is a Fischer-Tropsch derived lubricant base oil fraction. The Fischer-Tropsch
derived lubricant base oil fraction used in a lubricant blend exhibiting exceptionally good
Brookfield viscosity 1s made by a Fischer-Tropsch synthesis process followed by

hydroisomerization of the waxy fractions of the Fischer-Tropsch syncrude.

Fischer-Tropsch Synthesis

In Fischer-Tropsch chemistry, syngas is converted to liquid hydrocarbens by contact
with a Fischer-Tropsch catalyst under reactive conditions. Typically, methane and optionally

heavier hydrocarbons (ethane and heavier) can be sent through a conventional syngas
~14 -
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“Tgenerator to provide synthesis gas. Generally, Synthesis gas cotitais

hydrogen and carbon monoxide, and may include minor amounts of
‘carbon dioxide and/or water. The presence of sulfur, nitrogen, halogen,

waeleni4m;ahosphorus and arsenic contaminants in the Syh9@§/§s2005f017976
- undesirable. For this reason and depending on the quality of the syngas, it

SeNGEARLIRFTRYIYS SPEIRY 828U ISP Ao (HBHESIR B3N FORRIE TioYHr fssrraRg carbon

moreiasepe Hormipp:daentischasubte pschrhohenisity aMeansater. remoMia@nce of
| fthes? contzatll%nants re WeII}lfnoYlvn to th?g)se of skilltin the tarI. .tFor .

S R A T P B P S P H AP F s SO VTR G B IR S g i

undddeaisis. fbor temmanng atideponiagunahtsiarbtyelltkaneyngdg theseeddrsidltin

rermffY% &t AP MAY R AFSITERIEIURYTN IR, PYNORSBSL 10 WEchor-rropsch

cher-Tropsch reactor to remove carbon dioxide to proﬂuce uring

chemyaigadteanstionremea varg thetditnansadfis compb imademust tireseiskill in the

art. RSP gxsgplz,%@%ag@o@m@pﬂwgd for RXRPRICsILFIRAGHRE Weans for

syngas with a mi alkaline solution (e.g., aqueous potassium

rempRiiNppiiEe Fat A RRRE e STEH AN AR trese Ré el dba o keddso may be
desiFaNtastnG & HELRESISHRS (S AP PHSG- R OPRdl 1820f01 14 2360k C2DM RiBxide

Fischer-Tropsch catalyst under suitable temperature and pressure
Pf°4‘é°e?&fé)€’i%t@8ﬁiﬁ‘?§8ﬁ?1‘8?m‘saﬁ8&fay el SH Ry arRAE e L Rtgady
rembiedhanibropsshutesciitshisyaieaty tonguciadeah iannstaiy esthabiout

00-7? :l% 63(49-371%2@1}&\%1:&619}!\/ al%out4 0-550F gfo -228C); pressures

alkeBpe SR 10 680 Puia (PP AT BE S ottt AblyABS 902380 psia, (2- 21

bark) e chtalY stispapevelo citisscihabont HOgs Ea:00GpcigHy 2 mixture of 1,
and RETGHAPNARRYLAQDS 9&83&9/‘94@& %ﬁ@ﬂ?l@ &@&%r&&%jQﬁ%ﬁ%é;?gﬁgﬁe{é%{ggg

Fischer-Tropsch type reactions are 20 well known to those o
congjftoTrhierpre Hutib o tirs ischskorespeh dyathisehspFoeessh masiieangeypically
confiRFRAGH ten{pRPRE NI R Al IR 65710 S leRsriaBE L L b IBARAS HIOR

can be conducted in a variety of reactor types, such as fixed bed reactors
(043 AafrimgestiEes P%Pété&-é@t)ﬁ@o(é’,-%ﬁwgﬂ@aeﬁef@@ﬁm PO psia, (2-
21 YRS canitopabinatianied eifierent PP RCLOShS PekrHeBBlMbut 300-
rocesses. 25 and reactars are well known and dogumented in the |
3,0 Sl PET&%R? ﬁ?&éH@ﬁ%ﬁ%{&%ﬁ%&%’%c&ﬁﬁ%@ﬁ}éﬁf@?ﬁ%ﬁ%@%-
weldtactieecahtize offskélhtiotheutilizes superior heat (and mass) transfer
characteristics for,the. strongly exothermic synthesis reaction and. i le
o o L e D SRR S
withusingientolretectialyStodnrehgesIihy rproters sarabsyregdscnl comprisingpéreactor
kG ORRupIRRAR] Sapm NN diuis BHbbledup B aldphase.

_through a slurry which comprises a particulate Fischer-Tropsch type
ﬂwﬁyaﬂﬂéﬁérﬁaﬁ%mhéémnwmpﬁfgﬁéf@@Mﬁcaeéa@fﬁerﬁ}ecé i

and GRABRHSIRGYORRERIPAI REesEtEATfhee Byhthgsis reaction which are
liquid under the reaction conditions. The mole ratio of the h _drooggl;\ to the
Bltbs

carbBh THEH AR H IS AURF Fin Y i PIBISTHED 18 thedpefitcs

invdM¥e, utilizes supenior heat (and mass) transfer characteristics for the strongly
exothermic synthesis reaction and 1s able to produce relatively high molecular weight,
paraffinic hydrocarbons when using a cobalt catalyst. In the shurry process, a syngas
comprising a mixture of hydrogen and carbon monoxide is bubbled up as a third phase
through a shury which comprises a particulate Fischer-Tropsch type hydrocarbon synthesis
catalyst dispersed and suspended in a slurry hquid comprising hydrocarbon products of the
synthesis reaction which are liquid under the reaction conditions. The mole ratio of the

hydrogen to the carbon monoxide may broadly range from about 0.5 to about 4, but is more
' ' -15-
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15 WO 20051113734 PCTHIS2005/01 7976 - typically within‘the-range-of -
from about 0.7 to about 2.75 and preferably from about 0.7 to about 2.5.
A patrticularly preferred Fischer-Tropsch processiis. taught in EP 0609079,
wélsRsaempletely incorporated herein by reference for all puLROs 45'3,'9 076
general, Fischer-Tropsch catalysts contain a Group VIl transrtlon metaﬂ

typicaibyerahis Gritessupdern bl aomdy’alsadcuntairbiy iobleahaatd. 7 to
aboRFRFIOAEF ksl RMA P b vaiad NS HAOIBE PIaE Pioves éwzgmkqmcb@mﬁr@pm

catalysts comprise one or more of Fe, Ni, Co, Ru and Re, with cobalt

complsifly H}"é:fﬁﬁ’é”é"%ff%‘?é’r?éafﬁ@lﬂ%fP%|B§8PPE‘égtalyst comprises effective

amBuRisof, JakakandRee R akecoh e, FRroks, VBT iinditod métl bh Mgetal
and La o asurt ble inor anlc S?’OP ort aterlal referah(ér which

Ox‘dSéH?BP‘sT: B%%am Yrﬁ%?éai FRIRFBR ARER ‘f%&?t&e r‘i’r?%% KB Aystiine
molafitolsalt@reSenbin FheluatTpsis bethserabnisl@rdabott mwemgmo Ru

h I
o B O S R i e
cifegustrante 2{ abdlemeatado(ProRr$ Ra, Rh P@é*’errlﬂlcﬁrnigeﬁrﬁe&élki@md La
on a%&m%}é)mémn%@ S HANEHAR NS FHE R SR MBI A0 RS piiable

support m erlals include alumina, silica, 15 magnesia and titania or

refraﬁmmreéarrr@raéer bresagialy @ﬁﬁﬁé’r@%f R HIPERSAA ey catellysts between

aboQMARissutifaniacldneful catalyals @nd Lhein RreRaripR Ara koYM ARG an also
illustrated in U.S. Pat. No. 4,568,663, which is intended to be illustrative

contpinBAsiE RHEREPPRPAET SUE asrahGly staidetiis ComttahiCan BIRBRLH SISRATH Oz
noblonpralsde: ohairg mwtbtspﬁqhabﬂatgesﬂharsa(@relgpmly 230 mmansmon

rate, t cts |nc de ar latively: high ropay tion of
miet q;ﬁmrnofecu;’hﬁn(gg E'él?lwelg SPATRER %ve c%%/év p offiof lc1ah|gh
mamwleendanm@hm(ﬁﬁ@&)hmnésP@&nm wffyertcdtalystalacerkmowg tatatysts
h t e th
i e A R e SR PR
No. 4|&fhésandtadteiativelddd ghbsriemmsncoitigimrhioldngdarweigite (@3bys)

seleMi@yes. 25 Such catalysts are well known to those of skill in the art and
can be readily obtained and/or prepared. The groduct from a

FisERBHTFS BroKBYEENPARTIB FAEBhaRIRH R ToRARINSS Thed 2psredeiérs!y
low EmeEdﬁﬁE‘Qﬁr&r IRPRGBHGASHRS O8RaTAY rerdweﬁtigh{)reﬁﬁti@ﬁ sresuct

d a_waxy reaction product. The Ilght reaction product (i.e., the

mol ek HAEA R R AR50 YU D EPSBRE OBk B fogl bl
(Cso(Bvenxdail Qasas dhr@u;gramddhe rigtihate fuelsle detegiebiymitie GBG20wih

br?‘ﬁ e, SWItlé %ecreatstl)n uounIs \‘% to a z?tUt 0. The Wa?/ @Ctlon lecul
protghilis, Fod S A RRSTS TRae RoRTSLL s RoBRTAG Sbisve et
(C,.900Rele s:gﬁ,ﬁns and a relatwely high proportion of high molecular weight (Cyps) waxes.
Such catalysts are well known to those of skill in the art and can be readily obtained and/or
prepared.

The product from a Fischer-Tropsch process contains predominantly paraffins. The
products from Fischer-Tropsch reactions generally include a light reaction product and a
waxy reaction product. The light reaction product (i.e., the condensate fraction) includes
hydrocarbons boiling below about 700°F (e.g., tail gases through middle distillate fuels),
largely n the Cs-Cyp range, with decreasing amounts up to about Csp. 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 in the Cyg. range, with decreasing amounts

down to Cyg. Both the hight reaction product and the waxy product are substantially
-16-
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TTTTvAculm gas oil thiolgh heavy paraffing), largely in‘the C2o+ range  with

decreasing amounts down to Cqo. Both the light reaction product and the

‘waxy product are substantially -16 WO 2005/113734

w8 S52905/017976 paraffinic. The waxy product gener'ai[y,c 9&'55%?797 ¢
a5‘1;r.eater than 70 weight % normal paraffins, and often greater than 80
par

it e A PR ARRCT RS SRPRISSCHSH P30 0 B6rapiseroparhifinic
par@f@e,tt@iars]dwm r{g@dwﬁi@ﬁam@m@d Fgm@@&&fﬂﬁ@ﬁ@kﬁ%dm%ﬁgﬁgg&&%r?gduct
cases, the light reaction product.may comprise as much as 50 weight %,
com e B BTSN H0 Bl BT i LA e e dome
case, thy thghweacfrachionl)ithatdy wsegtias @ feetistofk teilie Wreaedss éamhigher,

rovidi Fischer-Tr h derived Juhricant,base ail fraction used in
e L S G R | R e L s s
feedm@lﬂmhﬁFh@@ﬁs&h@rﬁpﬁd@gdlhwﬁschgembmcthk@mmrmbriclaas&asweigﬁaction
used A MO LRIQIMERAhCRHPORIMTRRLRY R[b%@a%‘i@%}%%@%&%?iﬁéro Ben

number 30 ore%reater of less than 0.18. t 0 The weightratio o lucts of

carbBhiitftiser erset Yreateitd ProUBIS o Cnhsdn itk enBoo brrgresies!
carb$ndfiRERBed s Jale W rbiubeasurng thrReling Bewtsistibition.of the.

Fischer-Tropsch wax by simulated distillation using ASTM D 6352; 2)

The SR e BBIRRLPEIFE S Bereetl Mersridiltmbetiuisny cahsgmumber 30
or ghiambejdisingededhilisgponisabningaralfiRipyblisheskinshablect @t

. ASTM D 6352-98; 3) summing,the weight S 5 products of
Flscg\grr:tl;lgr/‘lj Rumber %zrl%argé%rs‘,g&gag8%“%%@%%@5@53%{9?é)e?ﬂgvgftm%gl?cts
boilofg panietomparabe veQbr dsedterpabg &irblovidingtttewsium bhe Weiliht points of n-
para@ﬁﬁggﬂgsﬁgie@rﬁglbﬂ%t]% ¢l £RE B%E'Pﬁﬁf

OPHSRISE B e anm.olue g
percents of products of carbon number 30 or greate%. therembodiments

prodyfthiy ievertiorinbse Fioelmsraio Ak chwaipdvingeeightniatdrodducts of
carbBIOEHEES:Qfocs Bra v mRsy) Qﬂ@&igdgqﬁ&%runﬁ 9{%&@&%@&&@9@&2&%@9@ 530
e e

or greater 20 of less than 0.15, and preferably of less than 0.10.

carbepspraper b SR TaEFIRY P OB firfragtidirsctREPimiel fibricenbaaneber 30
or gafRePrepaieshiodmibavnifractans okthaLiseeeIwonseh mnesudeeht
_a process in Iuc}i?n%al woi%@erizaﬂon. Preferably, the Fischer-Tropsch
rati O ST 5 S B LPUARAERCLS) B <18 LAl E &L BB umber 30 Or greater
of ldsk $h& BLID a4 BTEbled Desember123, 2003, herein incorporated by 25
refere in its.entir. The Fischer-Tropsch lubricant base oil fractions
i b S RS B e S e
prepired dition theaty b fmamﬁa@i_fﬁre@ isgharskeopiitfie rentiderbihepsitecat ndlicting
hydi e HARPRRENS, of-tha JubrisantRlend atg ﬁ%%@&ﬁ%ﬂab%ﬁé%?gd%%é*%%a
subjecte cess

Hvdroisomerization The highly paraffinic waxes are toap
pmc@éﬁﬁ‘ﬁﬂﬁﬁ@hﬁ?dﬁd&%{%&&@ﬁﬁﬂgms filed December 23, 2003, herein incorporated by

reference in its entirety. The Fischer-Tropsch lubricant base oil fractions used in the
lubricant blends and blended finished lubricants of the present invention may be

manufactured at a site different from the site at which the components of the lubricant blend

“are received and blended.

- Hydroisomerization

The highly paraffinic waxes are subjected to a process comprising hydroisomerization
to provide the lubricant base o1l fractions used in the lubricant blends according to the present

mvention.

- 17 -
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according to the present invention. -17 WO 2005/113734
PCT/US200S/017976 Hydroisomerization is intended to improve the colg

wilowpiepaities of the lubricant base oil by the selective adqif}th@{oﬂ 01797
branching into the molecular structure. Hydroisomerization ideally Wlﬁ '
actietEehiyR Bl Edafstd frmEor s tiseioin Spucpropartionod dheuhsapant

basdSa-paiadiswhita.alithe samamime miRIMZIngIthaLsaavRIsoN by |

5 dcrackin(ﬂ% 5.Pre§erﬁ(§)l ..the conditions for hydrgisomerjzation in the present

YHRGEHH AP d8ftroi it QRIS taB ke BEversIBY SO CBheuRERpsch wax
to nheilimgyabeperaiiantvidie & ihctheneantoathinitanheunds:Railing belavns,

Prefgr% rlJ ! ZOOanidsltEEr?'si: aige{fl ?s%%veent?bolu 110wt %tand 29 Wi, lied }
pre é"?a%?y Stween 15 Wite and 45 wige ALEBIEHY BVl prageyntrolied such

that ihgentivr siepdrolso nenzatidntisi banehrote dbusirip @ Shapbe teasdledtive

comWﬁ%@ﬁﬁ?g%‘&f@wﬁ%%@%@%l%ﬁﬁ?yﬁirﬁx%rﬁ%&mg%%ﬁﬁﬁf‘wcf@}?%ﬁ?() Wi%
useful in the™ present invention comprise a shape selective intermediate
prefpjably S1oevasHIbe i sied/85ade-optionally a catalytically active metal

hydregeaaiian CRPRAGRARARASHREIN: RS 98H SY R IRS RRIASS shape

“intermediate pore size," as used herein means=an effective pore apert
seleghthar S BrrRoHe siBotk ety sisstt Audminnmestins Porealy sHotgditien the

preséfidevdndnikedpaaicinggdiunciheabapespladiveiniemediatepagsize
.m Ilec_ulatr ?ieve used in thel practice of the present invention are

ot A TBOTRY FEV A ARSI P SeRRRET Al A oxide

suppodl€thd ghsiey niofitiedi iy prtaivaleofithe Hedid freing-aaemytiviiRie aperture

- 0-(or 11-or 12-) ring;moalecular,sieves have 10 (or 11 or.12). . . .

i B R e e e i iosivinteo

calewrgl domiar Biewbanh eeldtiiegniomtadiie) poreszareopandiebwith 2@dacthe

pracQtRek tﬁ@gr@r%mhv&ﬁf&?&%%%ém 1ovever. fablR Lo ing molecular, .

sieves which meet the broader definition of the intermediate pore size

preferefoRgisParavecin of e dey pitersse M ghe dres IRavmegr edisismbere ditagd 1-or
12-) Ay AlsechaarcRpassRAWwithinthe dafinitiganplesmalesansiave ghs)

. . the present invention. The classification of intrazeolite channels as 1-D,

Jomnesl by GRYEEnS: iSO BY U EFrdP i QeI 18wen derghere parallel with

cachbeghinalagly editedbyndecl . IR BeRiguastaD - IRodmap @l lar sieves which

meetl\!gé:g%%fg*%,r !}'éﬂ;- 0A%l %erjes,.1984 which _class'fic%ii)n is incorporated in
il S i Bl R AT S PSS ST Feb e

mnterselgug peictaviegidtequdresizaigmalegulas bosesmpedddfwvithin the definition
hydroi izationy are hased upoen alyminum.phgosphates, such, as

f thay I I4f _ . )

of o R R R Rt R st o

1-D.grélené d; Wit S ARD yRod§ srestipletdiasdScBa@ a8 Tedupartiny aiied by

F. RPGIRIERShapespiashivadrermadiale RAFESZS SARS 1Whishgs 2

classification is incorporated 1n its entirety by reference (see particular] y 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 SAPO-31 are more preferred, with SAPO-11 being most preferred.
SM-3 is a particularly preferred shape selective intermediate pore size SAPO, which has a
crystalline structure falling within that of the SAPO-11 molecular sieves. The preparation of
SM-3 and its unique characteristics are described in U.S. Pat. Nos. 4,943 424 and 5,158,665.

Also preferred shape selective intermediate pore size molecular sieves used for
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" erystalline structure falling within that of the"SAPO-IT molecular sigves. e

The preparation of SM-3 and its unique characteristics are described in
U.S. Pat. Nos. 4,943,424 and 5,158,665. Also preferred shape selective

wintapnediate pore size molecular sieves used for -18 _s WG 2PRRbL 34346
PCTIUS2005/017976 hydroisomerization are zeolites, such as ZSM-2

2,
hydipsRnsEZ Y SRISE 2 Bt ABCIFEMBT 2 5 SEMZ o firdNitd P afreMetfiefid 57
SSSR/ BReand A3 Mrddrace $8aArsiadettnd.2A prefssredriftermediate pore
siz%moli%lgrlélf?rngeve is characterize?lecbd selected (g}/stallo raphic, free
C

diam&ters 6f the ¢ g%%tgl ?rfe BCLE crysa}ra?fﬁ\éeslfgzg %Crtreeré‘%gncﬁﬁalet%t%i-

cryss@legt_adliﬁr@mmagmyf grd-belectadeiititycrpediitble clystaipgrdigio
sele[iEE S@H?Qt%%ﬁ%f), tha channelsgldh %3%}949&8 'afyﬁﬁY%@rﬁrﬁc' PR RO

from about to about 7.1 Angstrom, having @& max

the ehyaaglictfrdis e redaikavetaron ibe megechiam Bbard & minmmuml
An gﬁfb&%éﬂﬁ%ﬁ@@lﬁa&%u%%’%@ﬁfo%ﬂ&ﬁd@% thane? Smgstrem dieterahly

_ the maximum crystallographic free diameter is not more than 7.1 and the

miniiER R Y el Re S et Aot feasstean 2iiamnbbtém.
mahash Rrefenakhsthe: MeximbimecrystaliogeaphicTitea.didagiams ot more

than 6.5 and the minimum crystallog ic free dijameter js not less than
cry  ORRBLFATHE SR ETE ST N T Rtbr R G AT o mum
crysmbbeeaiaicdievdsargep ithlisheckénltives. Atlas ke AdolitenhratpeNodiypeis free
- Fifth Revised . Edition, 2001, by.Ch. Baerlocher. W.M. Meier, and.D.H.
i T A S B R g
of mwigerkic glarkp prefutrbdhidierineislespditesite Fnotecide Sigee, WHibRisvised

Edit‘&ﬁ%%d’ﬂ,%é%ﬂ.@%@ﬁ&&f&?%ﬁ/ﬂﬁ@&éﬁﬂm%.iﬂf(ﬂééxﬁ‘r‘ﬁk@;c\i{k#ﬁﬁt?@'- BfAARch is
Pat. Nos. 5,135,638 and ‘5,282,958, the contents of which aré hereby

INCOHREE SO eSSy Fefei@itee in their entirety. In United States Pat. No.

5,282,2%8u BHGhifinig inadisit RS SHE MoleeuA RIeYaRas & 2 ful in the
stallite size of no n%)fre than about 0.5 microns and pores with a
f

cr
PLESRRRGGHT AR AITETE0r 18T TE2BP Ko By BB Bt With Mo APk didneter
5,280{0R80thic Zohdal¥ be iyt bastsuificigaiaraitincorthat (Sheremsrety. In

.th f ositj in a.tube reactqr converts at least 50% of
U e o N R S R ot e
crystallisimzantm feed thie abfit Oni/hricidne oatalyst aish exhibitsuis dhekzatidat
iyify 0 i rizatipn selectivity. i .
e o T Bt P! 7 30, B A B putficins
acidiysiythesh bramerdbece heproehiiéevedvaig Mo raE® T fepiotirsticeséd’s of

hex4885hHAAETPENHIHRES LeAIREH s O Y G AINEISIRRV MR NEXaHE G308 rate

(n-C16) to other species. Such a particularly preferred molecular sieve

of lﬁﬁ%vrfu Peratash g]ﬁg&éﬁ?@@&v%@g%} selectivity of 40 percent or greater

(isomerization selectivity 1s determined as follows: 100 x (weight % branched Cy4 in product)
/ (weight % branched Cig in product + weight % Cys. in product) when used under conditions
leading to 96% conversion of normal hexadecane (n-Cyg) 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 4.0 to about 7.1
A, and preferably in the range of 4.0 to 6.5 A. The crystallographic free diameters of the
channels of molecular sieves are published in the “Atlas of Zeolite Framework Types™, Fifth
Revised Edition, 2001, by Ch. Baerlocher, W.M. Meier, and D.H. Olson, Elsevier, pp 10-15,

which 1s incorporated herein by reference.
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about 4.0 to about 7.1 30 A, and preferably in the range of 4.0 to 6.5 A.
The crystallographic free diameters of the channels of molecular sieves \\

waRaRublshed in the "Atlas of Zeolite Framework Types", Fifth- Revised.
Edition, 2001, by Ch. Baerlocher, W.M. Meier, and D.H. Olson, s@?@%?gm

pp HabesrviinicarrehiccBrsstateticRerbihanfransie Afa MY apptarsiys/are3734

unkffwh/ W3 200694 (84614t Hrererurirtaprapivie dreadiameiess @ftB8tandard
lar sieve are unknown, the effective pare size of the

channels of a molecu >
adsﬁéﬁ%‘bﬁﬁgff“é‘i‘@%aé‘grf‘)b%%?ég%‘ﬁﬁ%e&"ﬁ?s‘iﬂﬁl%‘t%‘éﬁa?&e ke BB R R kintifes
diaragiethySlse Bacbiqrizobaus cetnpo BiceHf kMo prinyuUDriRe 83, Anderson et al.

diameters. ck ite Molecular.Sieves, 1974 (especially Chapter
I P R PR B0 D g P pr e e
incofpdri®:8 Rercind pefirmct pbrsnowiingridsoart oinworparatedther dinchyine pore
sizel SIEIERASe M RAHOHD NG AR U RIRNMERSH ERTGAUS L aﬁéﬁrggmg@c%ﬁs as

size, standard techniques are used. It is convenient to consider a

exclydeddifiverisiesitt ddewkatidged itsdapsiberadiomtimutiosos didmolecular
sieveGHiLbrum, adSeIiRmyaLEAN thesmojesdlarsigve dniess thanabaut A9

_minutes (p/p0 = 0.5 at 25C). Intermediate pore size molecular to sieves
Siev ) AT A LR SCHI S HAA G RIS SLARAIF 12 315 B Y6 Besirom with

littlAg&iEess. with little hindrance. Hydroisomerization catalysts useful in the

present invention.com
TSR IR

rf'se a cagtglf/tl%gll active hydrogenation metal.

AR R DR A SRR Gefalytically

actimbgdmgmmmvememrhspmiaibg i amiastabdd!;y aaw@@magaﬂmﬁ@a!metai leads

to p%%ta%ﬁ%wgr%ﬂ >nation mefgls inglide chiomium, m gx@g?nug&w“'cke"
ditihn, ' fingste 1 nd palla

vana coba , zInc, platinum, ium.“The metals

- hydyolganation arete patieldilermbarervspacidithdpreferre dielvitmpdatinumtalostngsten,

zinc?ﬁﬁﬁﬁiﬂ”}’aﬂﬁgﬁﬁﬁgrrﬁf %QMlQB%%uB@M Wﬁﬁaﬁ#ﬁ%ﬁje E: eE?é[@' fgteof%rred,

__amount of active hydrogenation metal is typically in the ranS eo
with piapeparessarcHly RiefPeadalyselaisyal gidmmoadamisaletit, Pertunt,
amoARdR A OANRREE M MRS GERI 6 khe Lelastary %@%&#ﬂ%@ﬂﬁw
y use

be selected from those oxide supports, which are conventiona d for
the teibspialysinettridramdal funtiRehbRrseahanthaetitgiestal dingiekt aprgent
comhératianstheriefsuppercengitiopadacgdinispnarzadiapyitdehich are

o S MR TP SRR B s

and cyniopaiaffrilieferictionality, and a ratio of weight percent of molecules

wit hgncfei@lsyt%%g%ﬁﬁff{lai&fs%pn%ﬂggﬁ‘gﬁ/w?{1wee'g%ﬁ&%%%e%LOJ@OIS&UL%%M& oil
mu tlcyc oparalinic nctionali y O greater an . re*eragly, the
fracoemeptimnispeoleidehar abeidehd basghbib aromatics, greater than 5 weight %

moiecules with cyeloparaffinic functionality, and a ratio of weight percent of molecules with
moncycloparaffinic functionality of weight percent of molecules with multicycloparaffnic
funétionaiity of greater than 15. Preferably, the conditions provide a Jubricant base oil
fraction comprising less than about 0.3 weight % aromatics, greater than 10 weight %o
molecules with cycloparaffinic funchonality, and a ratio of weight percent of molecules with
moncycloparaffinic functionality of weight percent of molecules with multicycloparafinic
functionality of greater than 15. In another preferred embodiment, the conditions provide a
lubricant bése oil fraction comprising less than about 0.3 weight % aromatics, a weight
percent of molecules with monocycloparaffinic functionality of greater than 10, and a weight

percent of molecules with multicycloparaffinic functionality of Yess than 0.1,
-20-
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10 weight % molecules with cycloparaffinic functionality, and a ratio of
‘weight percent of molecules with 30 moncycloparaffinic functionality of

wivsight Rsgeent of molecules with multicycloparaffnic functi(%r&atl}{}ggofﬁsm 076
greater than 15. In another preferred embodiment, the conditions provide

a [Gheicensilirasdwihsidiotiomeoraprising! éeretideon Avoprod BtineidHtdbused, the
cam?rs@méymmﬂg%t%&%ﬁ raQlggriasMith-gRRosMaloRarailiniSireq
u

nctionality of greater than 10, and a weight percent of molecules with
Pfon?mﬁ?@fémpé%ﬁﬂ%bﬁéﬁeﬁo@W@Pf@é@%ﬁéﬁ@@. thed ey ispngyeatignpgocess

of IR CIFel® 3RRRIGHIAYY 6 Theiapasitionsaforhydreisemeazation vitode e ashut
st used, whether or not the

77 A AL TR SRS Wb e pen B s O

morlybrsitest balse0f0E Bl itimns T00dB L Whikchithe byds0iSOY @fiz pHes Rl 6e%s

f ti i ied incl i t f o
o D B B S R o
contattoufey 50EY Bi&Ceto avtiat B26E): midre neclerhbisoaisoutGOORic@patiough
the Jﬁ@@éﬁ#&@%ﬁ%@% %7&&)éﬁ&%rf{ﬁé§ﬂﬁ%%<ﬁ%£ﬂﬂQtséﬁr%e é%%&%i%

preferably 100 to 2500 psig. The hydroisomerization pressures in this
presggite ki arsidd e nyars gelPpar i pEayiretinahsreererally from about 0.1 to

20 WY PRISPIIRIZAABJRALIanL Altheyalr thebydrsen RAHIALIESSHTGHS falls

. Substantially the same (or nearly the same) as the total to pressure. The
withip aidesUFRSHRess LEIBERPaL s Eririghs g andieanries mineporetebly
front@b3@ f tpreieraimiesTabeuhd ik Igabarbsnhslidhieyiragants

drocarbon ratia falls within a.range.f about 1.0 ut OmoIeS
per S ATe e S A G D DS 65, e
contgnties WicperanalerhydiathyboferSuiabitenditiorsyfor performing
hygyoi izati e,described | .Pat. Nags, 5,282 .958.and
o R R b i A el B o,
typigshiirbtyg. Ibijioasgén fecpresedtam ghoyekétiod @ dieCEkingtheesand standard cubic
feet Byl%géﬁg}tﬂ@mmg REBERSS VRIGHIM: IToahyeEagan ﬁg&?@;{@ﬂmﬁg%mm

about 0.5 to 30 MSCF/bbl (thousand standard cubic feet per bafrel),
fronyihraradigt et spist 1ot aBE6ia2MSCF/bbl. Hydrogen may be

separated from the product and recycled to the reaction zone. 20

Hydrotreating The highly paraffinic wax feed to the hydroisomerization
Mmay be hydrotreated prior to hydroisomerization. Hydrotreating

ref@is toghlpatabiieipresce ss;dusualy ydaiiesiaiiiivihaqasencewef free

hydrogen, in which the primary p se is.the remaval of 25 various metal . -
myog o S B RS S B R i iy
carrigd out In the presence of free hydrogen, in which the primary purpose is the removal of

various metal contaminants, such as arsenic, aluminum, and cobalt; heteroatoms, such as
sulfur and nitrogen; oxygenates; or aromatics from the feed stock. Generally, in
hydrotreating operations cracking of the hydrocarbon molecules, 1.e., breaking the larger

hydrocarbon molecules into smaller hydrocarbon molecules; is minimized, and the

. unsaturated hydrocarbons are either fully or partially hydrogenated.

‘ Catalysts used in carrying out hydrotreating operations are well known in the art. See,
for example, U.S. Pat. Nos. 4,347,121 and 4,810,357, the contents of which are hereby
incorporated by reference in their entirety, for general descriptions of hydrotreating,
hydrocracking, and of typical catalysts used in each of the processes. Suitable catalysts

include noble metals from Group VIIIA (according to the 1975 rules of the International
221 -
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Generally, in hydrotreating operations cracking of the hydrocarbon
molecules, i.e., breaking the larger hydrocarbon molecules into smallef‘-"/}
WHX@J%&?{%Q” moleculgs; is minimized, and the unsaturated lt‘é/{jﬁ%%%{;?ﬁ%%
are either fully or partially hydrogenated. 30 Catalysts used In carrying out
Unidy of Gteeradingopé raltiGnsraseyivell dovowiaimene arpaBebunfomexerhipher 49,
silis ks NSl s cAah A HAAASRTviRe GONRUR LN ALRAPLE Bice-tin

incorporatéd by reference In entirety, for general descriptions o
on snyduotieratnglichydr ouiaskiiGS dit dicybrea eailyitstrsarrimdie Aot mestal

cataIQCRESRAd SMitRbln CatAE i IRALISRNARIe D BEISI BN G B4R MY U.S. Pat.
(according to the 1975 rules of the International -21 WO 2005/113734

NosphIfl080ms 696763 Uhhsmen pAhle Brifossphiercidalistiyh suvnkel
molPILALR Spalladipreaan BN A48licaapssmairs @S b pryidually

el BT O P T 6 507 BRAHEE SoURABIE Rt s

fron@&tablﬁ’tia@ﬂﬂﬁihthbbwdiﬂemsP@fheccSMbté)mnadyﬁtsaaaﬁgaﬂe&mﬁbﬁdpﬁsmomain
o TR LS, PRL S Nop, 451,254 404 004518, e parcigble

o) ion metals, such ‘as nickel- mo enum, are u y present in.
molibedinal cadaly sirgsaposifienastokidds), bundrecosadiyabemtp by eblowt fieireight

perge% %%‘égcﬁél%H!gg%ﬂ%[{*&%t%%eﬁHQ%@%@H&S&%&M&&%E@%M containing

ormed from the particular metal involved. Preferred non-noble metal
noblsazgials coRpsSvngBorRAIRINIH 6Xe8s bP Ab At S EgHt estaply between
0.1 %ﬁf?m%@:%tglt%%ﬁlgﬂ’y sighipersanisianalybaeniden, 306Kk mixtures

tungsten, and at least about 0.5, and generally about Ito about 15 weight
of phtiranesf Mk Hhd/or cobalt determined as the corresponding oxides.

Catplystaigpatetringndehleinseials;ssieh asdatiowm, togiairiniexeesaldf

0.01 percent metal, preferahly between Q. d 1.0.percent metal. .
LR IS 51 POTTE RTINSt U SOOI R R e gpre i
greflatinam @nesiaghadésblyl:anEim dadth ptvotr8ading condition200anseydisirogen

wide range. In general, the overall is. about rabl;
ol e S e A T R A o anh, B oo
andpfiGe B o dingifrorieais ot Bogaptsiand laboed Bowo:paid P drtsgtheut 750°F
(ab ﬁﬂ%“éqsms%i?&o%ﬁ%o%ygﬂ%ﬂ% Rlh P sEHBhh PR Crsiesadty.

etween 1000 and 5 SCFBbI. Temperatures in the reactor will range
from about 300F to about 750F 20 (about 150C to about 400C), preferably

H:z(gpd’fgjggi{@m 450F to 725F (230C to 385C). Hydrofinishin2 Hydrofinishing

IS a hydrotreating process that may be used as a step following )
hydFbidetBishRgdh 18 SHORERIMEGHRSST B a3 hattuhes defrrel? fronne
hydrigdbnaaiaitinie Waxide lubricant base oil fractions derived from highly paraffinic wax.

Hydrofinishing isintended to improve oxidation stability, UV stability, and appearance of the
lubricant base oil product by removing traces of aromatics, olefins, color bodies, and
solvents. As used in this disclosure, the term UV stability refers to the stability of the
lubricant base oil or the finished Iubricant when exposed to UV light and oxygen. Instability
is indicated when a visible precipitate forms, usually seen as floc or cloudiness, or a darker
COlof develops upon exposure to ultraviolet light and air. A general description of
hydrofinishing may be found in U.S. Pat. Nos. 3,852,207 and 4,673,487.

The lubricant base oil fractions of the present invention may be hydrofinished to
improve product quality and stability. During hydrofinishing, overall liquid hourly space

velocity (LHSV) is about 0.25 to 2.0 hr!, preferably about 0.5 to 1.0 hr'. The hydrogen.
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and appearance of the lubricant base oil product by removing traces of
‘aromatics, olefins, color bodies, and solvents. As used-in this disclosure,

wdahRdesmy stability refers to the stability of the lubricant b i
finished lubricant when exposed to UV light and oxygen. Ingtg%iﬁ%&%mﬁm

partiy RECSRIEP WHERRIEA AR 08 et RERE Rt Eagdna fRpetn s o & B+ to about 2000
psiaclﬁgdiayfr@rralmﬁkﬁa&@ @@Igﬁfﬁiﬁngl @fﬁ?ﬁﬁ!ﬂﬁr@@ g%mv?gg %&tﬁ}gq}spg%igmy
an . pt no rofinis g may pe ocyn n uvu.o. 91.
veei A e p e S Bt O Gl s0 T
prefprbde nnigweritiom 4668F be dipdFofinished to improve product quality and

et PUORIANARINANNg. Sueal I NoHIK Space MRATN ALSHhs

is about r'; prererably about to euﬁydrogéngcgﬁ

- to 9730051 e B8 InROTIUBIBB/0AOTE apdrinplivd Shersiisrgreatérahan

platid( B RIgIE BRI A0GIRG franm aRQULRAA PSia L%&?R&éggg%bﬂﬁgﬁ  and

Hydrogen recirculation rates are typically greater than 50 :
Groypd/ Breflrhsynetiviiey 100 AHBE60 SCRBB 2 Pernsantlics rangsix. US.
pat. 190113 28000300k A8 RQUL RO Febk aierallyi9ading fem4RRh e 680k 5

. Suitable hydrofinishing catalysts include noble metals from Group VIIIA

sWEE CARIRG 10 HECTE7S fefsEBkIte Thibrdfbiitsuhibi! SPPard aAt.513. The
non-AgiflienkGhamisteyhicietapbakaiinumdisatadinmen AfaUana @5, and

silicequs matrix, and.unsulfided Group.VIVA and Group VIB, such as
L R s O PR R R G

corr@ponNiog 3,888, 20Fcdebbribesiy Sultabpnbinle mata)aatatyshaintmilss of 0.01
itign i ysts, are described, for example, in U.S
e N S A SRR il N
maygigRélemsiioeh atmarter aliplgsiom apdinatiisisnabout 0.5, and generally
ab@wnteaapgwwei&%&ﬁf&%@%ﬂfam&kﬂlif@ﬁégr GRalt determinesas

the corresé)ondjng oxides. The noble metal (such as platinum) catalyst-e,
lubricaptihestrrd frade s drpeddirpchiehbe parabiate bty between 0.1 and 1.0
percent metal. Combinations of noble metals 15 may also be used, such
F as mixtures of platinum and palladium. Clay treating to remove impurities
Traconaliole rative final process step to provide lubricant base oil fractions
defiregrisorss ighby jdaratinisicax bkvactidhations 20bha1prasessciede
rovide the lubricant base oil fractions optionally may include fractionating
e A R TR0 % SN R teaiom Pt e
procprotiesrs verdp thvidbritrat bbviczhfribetsmoihfrantbrk: ey mekirgethe isomerized
oil o RN RGO mRMaHASCh Ol pRIaING fromdfis Ve lRamaiFalib
oi

process to provide multiple lubricant bas

- fractions. The fractionation of the highly paraffinic wax feed or the isomerized oil into
fractions 1s generally accomplished by either atrnospheric or vacuum distillation, orby a

‘combination of atmospheric and vacuum distillation. Atmospheric distillation is typically

used to separate the lighter distillate fractions, such as naphtha and middie distillates, from a

- bottoms fraction having an initial boiling point above about 600°F to about 750°F (about

315°C to about 399°C). At higher temperatures thermal cracking of the hydrocarbons may

- take place leading to fouling of the equipment and to lower yields of the heavier cuts.

Vacuum distillation 1s typically used to separate the higher boiling material, such as the
lubricant base oil fractions, into different boiling range cuts. Fractionating the lubricant base
oil into different boiling range cuts typically enables the lubricant base oil manufacturing

plant to produce more than one grade, or viscosity, of lubricant base oil.
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“rfractions: The fractionatiorof the highty paraffinic wax feed orthe s semia

isomerized oil into 25 fractions is generally accomplished by elther
atmospheric or.vacuum distillation, or by a comblnatlon of atmospheric
VALY distillation. Atmospheric distillation is typically éi"
W@E@é’rate tfsl]; lighter distillate fractions, such as naphtha and. . cﬁg(.ma/omm
distitatedifesntiz iottomsvialctnitheliongtay thiziabhsiting poimtaldoierent
bmﬁ@% 800k AP0ub LR iaRaNb 3 S R-ABR %ﬁ?&@}a@xmp% set forth

temperatures thermal cracking of the hydrocarbons may 30 take place

herefadelibryerdgtindhefariinabyu ibrispranedribvey %fa%wa@%@m\ﬁ%@e or

moryﬁﬁa%ﬂsdflw&%mﬁ&%ﬂ%@%ﬁ%ﬁ@&@@@{a&m bighaa boilisg.matedal,
such as the lubricant base oil fractions, into different boiling range cuts.

| prefprablyibRTRTY PREUb PR £ 6 }rqpo(alfferent boiling range cuts

typmaélmﬂaﬁlﬁsdﬂedﬂme@mﬁcbam@mmaﬁwm;mge piﬁmrtmcﬁmﬁlmems
more.than, one grade, or. osjty, of lubricant base oil
ot P B B T e T R IR s e
fractionating the isomerized oil into different boiling range cuts may enable -

So1d I:;B’lcant base oil fraction with the properties as set forth herein to be

cordingly, the isomerized oil may be fractionated to provide
ond'be prisresfraotidmshndvingaatdnsmedticagisvesis it d dnve biehiyour dius

w8, 2% G R A LG R RIRIBIRRY RN S SR RBF I Z AR IARE

The lubricant blend of the present invention may comprise one or more
Solyeatfemax BatenHetroMANReiBeRf &REPER YA LEROWREGh BaRMHphEaxy

molPEAREIES 8% saldorthuassein af@@h&@ﬁé:@ﬁﬂ‘&iﬂﬁlﬂoﬁo S@lla%:f?f@@ﬁ%ﬁ:ﬁ% pake: by

the lubricant base oil fractions derived from hi fflnlc ag/my1

dissglLnerbR eI LD UER ARy S FOIRSARS ALY
ketdﬁ@@ewugrcﬂvﬁﬁiréﬁwmm@ﬂam atlyl soaly e dﬁﬁdsbad’ mﬂlecbnology
unts of remaini axy..molecules fr he Iu Il after
S N e o e e i e
Codmbngdmbbabeud{bnk d $@lypricsightas ethylvethylekatong jnabthyfkscribed in
b ke olugne grﬁgeﬁ@tatmg the wax molecules as '
4 d
Usoﬁg,aéugéy%éld?nc mlc ﬁl’ecﬁmology of Petroleum, 3rd Edition, William
Gruse and Donald Stevens, McGraw-Hill Book Company, Inc., New York,

Lub%%m %@Qﬁ@@@&%@f}@n&&'%@ﬁ ingifaisopggscribed in U.S. Pat.
0 an 775,288. 20 Lubricant Base Oil Fraction

Dem@dtﬁa&ﬁm Rjrmgasearding W%?)‘? ISR RYEIOR SRS AE Cotliriga Baee oil

fracRERS@RHEY BOHOR g}ﬂmﬁ!’ﬂaﬁ@inﬁdW@ﬂith@é@e@lhsf&@ﬁm@ﬁ&’éﬁd oA preferred

ighly paraffinic wax, synthesized as described herein. In a preferre
e un BT R L0 G RO SR ATEF W&%}%%m%lschﬂ-

Trof3vR @tARNEsS labriseh®ese oil fraction.

The lubricant base oil fraction derived from highly paraffinic wax has a viscosity of
between about 2 ¢St and 20 ¢St at 100 °C, preferably between about 2 ¢St and 12 ¢St at 100
°C. The lubricant base oil fractions derived from highly paraffinic wax may be of varying
kinematic viscosities. In one embodiment, the lubricant base il fraction derived from highly
paraffinic wax has a viscosity of between about 2 ¢St and 3 ¢St at 100 °C. In another
embbdiment, the lubricant base oi) fraction derived from highly paraffinic wax has a viscosity
of between about 2 ¢St and 20 ¢St at 100 °C.

Preferably, the Viscosity Index of the lubricant base oil fraction derived from highly
paraffinic wax is greater than the Viscosity Index Factor as calculated by the following
equation:

-4 -
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fraction derived from highly paraffinic wax has a viscosity of between
“about 2 ¢St and 20 cSt'at 100 C, preferably between about 2 cSt and 12

wEShat 439 C. The lubricant base oil fractions derived from ,lr&gw%mﬂsmﬂgm
garaﬁfinic wax may be of varying kinematic viscosities. In one

Hestirsts fReiprin b e Bt rattrsrste A o duhricans ks e pal dmptien
wax has a viscasitedfrbetnigrr phatindesband Gocelatd0o C. In another
30 emhodiment, the lubricant base oil fractian derived from. hi :
ol R G o Ry SDah S b R s o
fract@nPdeforabiigriiediigpesiffitndexxofliheltabrizalt ibisef chchaltivir aie Hvehil
from. highl ini [ f i [ r
sl A PO CHeR et eSS S PR R
- basep@ Tllg8RBORITATY o/ IvsalysiBr faad s detdveaciavrmiikinehthaitiviseadinge
oil f%%mﬁ bricanheaeal FRCR: %ﬁY?f&%@ﬁﬁMH@%@é}W@iﬁﬁM&?m&&‘%@

+ 95. Despite the relatively low kinematic viscosity of some of the
calepigerBh s SHingsetaiR derived from highly paraffinic wax, the Noack

Noa¥RiatiliyiRf thees kipsinartRaseiow ikbastionsdumrehiowesinandinat dved
petroleum derived conven i%?al Group | and G I, base oil of similar

: u Y
10 kinematic viscosity [SFafd ﬁafﬁégﬁffié{éaﬁ‘\%lladﬁit bf the lubricant base
- Wha bifactien e pseditioradigily petsadtinit ivaKds, asslibamtheNoaitkraction
Valatility Factor as. calculated hy the following equation: Noack Volatility
preﬁf—rg%i%!]% igg)éf iﬁ(gﬁ%ﬁ&tgr%@?se%%@@o ﬂ%/g%é?%gﬁ base oil fraction derived
10 Trenubighty aradiirficaions ded 08 Gp - fiyharma Hischers topsde

extrSIREYSEWYriSERE Base ol Crestionuile.MRHeAR: Base.ll SrcionAraierably

as’a Noack volatility of less than 50 weight percent. The lubricant base
15 paraffinfrav o neratizdastrdnr Righ Ny pelrbprrsrhar eaisprisetesdhameycdieht %
molVRISAlORAYERAIERid i dubrigant hasergibiaciions derivedframdiglwit

15 paraffinic wax comprise less than 0.30 weight percent aromatics, )
mongrusiRRARERES WRRGRPIHIHG ME IREARIRE pE oA ety Kienbisanigp gpbfigic

fundiatiaial weightgereantof molecules with monocycloparaffinic functionality
oS P GEE g Freho e SR RAG e ek BLLi B ekbtons
20 parati®siveditrormpighlyre2@maraffihiceighk peonapriselgraaterithapcl€p ety
o T S 0 Y I TSR A R
highly paraffinic wax comprise less than 0.30 weight percent aromatics, a weight percent of
molecules with monocycloparaffinic functionality of greater than 10, and a weight percent of
molecules with multicycloparaffinic functionality of less than 0.1. In yet another preferred
25 embodiment, the Iubricant base oil fractions derived from highly paraffinic wax comprise a
© ratio of weight percent of molecules with monocycloparaffinic functionality to weight
percent of molecules with multicycloparaffinic functionality of greater than 50. In another
preferred embodiment, the lubricant base oil fractions derived from highly paraffinic wax
comprise less than 0.10 weight percent aromatics and more preferably less than 0.05 weight
30 perc_ént aromatics.
The lubricant base oil fractions derived from highly paraffinic wax used in the
lubricant blends and finished lubricants contain greater than 95 weight % saturates as
~ determined by elution column chromatography, ASTM D 2549-02. Olefins are present inn an

amount less than detectable by long duration *C Nuclear Magnetic Resonance Spectroscopy
-25.
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weight percent of molecules with monocycloparaffinic functionality of -
greater than 10;and a weight percent of moleculesiwith }

3
W&H@%glggarafﬁnic functionality of less than 0.1. In yet ano /ﬁﬁ‘d‘%ﬁ% y
Ighly

25 embodiment, the lubricant base oil fractions derived from
(NMBr&itfscahlaxredanpksevith ragoraiolengHO paFbere SrerieBLAB Withfess than

0.3 whenasyelopgialinie furctipnalibnimweignisneiosnbob molasuigsiiheasure

multicycloparaffinic functionality of %reater than 50. In another IG«J)referred
1

low leyaheamt; tRePrGhaoresesin R RA6RY TetUR A MighRH pArasfigRality
are pY¥3ehtGRAIRGISRSI @SS tharnQ G Mgighpaicentfaraimalics thndoocreeight

preferably less than 0.05 wejght. 30 percent argmatics. The lubricant bas
perod ARG GO R O AT et SR Sh e FRMEAT b
25 p@ndhinishedtabiydastsheohtapmgsedtertien 95 wWenlities Saitraesaby ASTM
D 54g§}86min_ed by elution column chromatography, ASTM D 2549-02. Olefins

are present in an amount less than detectable by long duration 13C

Nuclear Magnetic Resonance Spectroscopy -25 WO 2005/113734

Ar 0%9@%%%9%%7@}7 BpiNMR). Preferably, molecules with aromatic

unctionality are present in amounts less than 0.3 weight percentby
HAbE mphosris R Hrd P K MO B coteHH RS H SRRy 10
the NEMELA QMG d0iBIE e es Babacimeals meleseias With@hieasiradient High

aromatic functionality are present in amounts less than Q.10 weli'%lt
Perfosmresitl Shufet BN RISE AR GHBE W &S SSURIEh T Mt E ek dpiRrfesgray
UV-hanabmeighiceeicentHB afinispresentindivaivtsfebsitlidla ppmatic

maqre preferably less than.| as determined by ultraviolet fluorescenc
s A PSS9 VRO L SoLAS ST By R U PR
pattoineiibth¢isetbformness Uled owitevelBiohmsié dulesi svithigsomdimentiates
functionality in the lubrjcant ba il fracti |
o B AR B8 SR Bt ons

numighrofftatographgitHPEGlosysie nydeiiiednaigsrerPonib ehidirst Apligved by
the ;)igll\d(@yéﬁcdsfcﬁﬁg%&nmstagﬁ& RSP Ghemiaiandenificalienaste,

dividual aromatic classes in the hl%gly saturated |ubricant base oils was
aromptiggevith ieilsasrybletheid OBt e v Ak PP ENGRG PRithE rng
woull BB RRR Gl Mbsadkfios fhispanalysissdieremtiates aromatic

molecules largely on the basis of their ring- number (or more correctly, = .
oA AL DRI T G LT TR RIS ot thei
UV Mslasesspnuishelutefiesihiolomwsit yd hetpolicyticravaineticadniorder

: of increasing dquble bond number per molecule. For aromatics wi
tm“%%ﬂ?ﬁ"&‘&fﬁéegbSbggﬁcg?gi&%er,t%%es%uﬁi O§r‘ﬁy°3 %rﬁ%g?%) Sr?(}oan%1 ing

depeRfenioit dhel utersoorfar thbandrys b peiti foyicl ogastaffinic substitugonystem. These
bathochromic shifis-are well known to be caused by alkyl-group delocalization of the n-
electrons in the aromatic ring. Since few unsubstituted aromatic compounds boil in the
lubricant range, some degree of red-shift was expected and observed for all of the pnnciple
aromatic groups identified.

Quantification of the eluting aromatic compounds was made by integrating
chroﬁlatograms made from wavelengths optimized for each general class of compounds over
the appropriate retention time window for that aromatic. Retention time window limits for
each aromatic class were determined by manually evaluating the individual absorbance
spectra of eluting compounds at different times and assigning them to the appropriate

aromatic class based on their qualitative similanty to model compound absorption spectra.
| -26 -
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from their UV absorbance spectra was somewhat complicated by the fact
their peak electronic transitions were all red-shifted relative to the pure

whagehepmpound analogs to a degree dependent on the apeptalhalkthre
and cycloparaffinic substitution on the ring system. These 25

With i GERTRIFARS <HIS B RS IHAMT b S WR B by AP Rers e in highly
satudeldediiZatiap Hf dhelit-lebectiansda dne aromatic ring. Since few
unsubstituted aromatic compounds boil in the lubricant range, some
degree of red-shift was expected and observed for all of the principle
HPIgiddtdigroetips identified. Quantification of the eluting aromatic
co { rati [ fr
BRPHNGG YA’%%_eﬁ‘fo‘i"?d?%/t#}ﬁﬁ%tﬁg&'&gcﬁgls‘e‘%?%%8&59%%&5‘84%3 é&% at very

wavelengths optimized for éach general class of compounds ove

- low lgypiopYiate-ragreoricn el aPFOFH Atardid AtecsReaentiomgin than single-

ring WRERWJIMiR ol el sromatigciRaswersdatermRat Ry mansathe, it is
evaluating the individual absorbance spectra of eluting compounds at

MpQYE ENSTHES Grit SSRERYRATY iHerH RO Hiromsies aformmaticiaad know

howhkaseenan insinssalitative similarity to model compound absorption
spectra. -26 WO 2005/113734 PCTIUS2005/01797. ith few_ exceptions,
S e e ST S B TR AT 10 Sk B iy o s

overbmtbeatechAliR] iGra el predhi Hellibitighoy dadydils rinPhCatdcCalibriatipastd

. PLC-UV js us r,identifying.these classes of aromatic compounds

sl AReR b Er G 0eRs dReas o AlPMALE CHRNaNARE

resotwmsimfﬂgr@ti@@dw thathesfmgﬂbuiria@-&ma@i@sﬁmpm&mtwamm

mad@iipeied absenption Ry %BQO%aJeh@@fp&@p%&nm%&%#&Mﬁef%%&%

to separate and identify the various species of aromatics and know how
genestligtemal Ry SabEs s eraiBriescar ureinatiReen mbbtimusfeya pure

modileptifieda WMt thes exeanlionOf Asai-aveHask hetweandheaastiban|ied

retained alkyl-cycloalkyl-I-ring aromatics and the least highly retained
aromays piRRgthalenes, all of the aromatic compound classes were baseline
redaelvechnptegiaiboyiniks s dite corellstingslid ing:aoik 2-ig @ gltiiasyaii
72nm e e by the perpendicular.drop method. Wavelength .
s e A T 1 BB e G ER T e !
tetratietendihegnpy cdnsirac ity Be dite Laweploisdnortigikybeynbdidyddripgund
nIRIUEES, Rase gL o0 & e AR R SRPCT AR Qe |
o substitut%d aroar%%ti(_: analogs. aFor ega%rﬁglﬁgjgagégc Q%%%ﬁ%ﬁ%ﬁemwnse
factasyg|@enes asopsersimastnising iserditpeaielaiaormpinceyau 265mm thigulated

fromCREEESNANGRIQ the.same tioridden) iansitiondhatiosubstititeticd vy
assuming that the average molecular weight for each aromatic class was approximately equal
to the average molecular weight for the whole base oil sample.

This calibration method was further improved by isolating the 1-ring aromatics
directly from the lubricant base oils via exhaustive HPLC chromatography. Calibrating
directly with these aromatics eliminated the assumptions and uncertainties associated with the
model cornpounds. As expected, the isolated aromatic sample had a lower response factor
than the model compound because it was more highly substituted. |

More specifically, to accurately calibrate the HPLC-UV method, the substituted
benzene aromatics were separated from the bulk of the lubricant base oil using a Waters
semi-preparative HPL.C unit. 10 grams of sample was diluted 1:1 in n-hexane and injected

onto an arnino-bonded sifica column, a Scm x 22.4mm ID guard, followed by two 25cm x
-7 -
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alkyl-cycloalkyl-I -ling aromatics in base oil samples was calculated by
assuming that-its molar absorptivity response factoriat 272nmwas .

w@pﬂﬁgﬁi{pﬁtgly equal to tetralin's molar absorptivity at 268nmP 8?}8&%?/9;97 p
e

from Beer's law plots. Weight percent concentrations of aromatics were ™ "
22 4pe R fod s S o iR iR RIR abarded s Bas e RjRRYEICEEER DY Rainin
InstrReI] Galass N CARROXRAAIY-Beab 25 t-thenKesaae: malesWakte of
ight for.the whole base oil sample. This calibration method was further
18“’1%538v§?‘8§/m|s8‘|‘é%&Vi‘ﬁégi"-‘i‘i‘r?@%?ghﬁ?&?“&ﬁ‘ééﬁ&ﬁ%h{eﬁ?@‘?ﬁ%Ffé’&hi‘ Budde
waeilsnyih ExhdustivesktRt & Shromatigaph gatiadib iadictiprdivest contbitiese! the

aro ics eliminated the assu ions and uncertainties associated with
_ 265t %%%élpce%o%ecp a gh%?e opb%ll zzi})s,&rganc? m% , wluch siona ead ehc»é]aeé of

e mo compoun expecte , tne I1solate aromatlc"samp e
Siﬂﬂl?\m@lglﬁgp@fis&lf&@m 8Gitigdnring aotidiccbmpoundbedinssal invidshmore
absSHSHAYE SRS ity w&rﬁmﬁfﬁwa&@r@%ar?&&m,%%?éﬁﬁ%tﬁ%ﬁ% aﬁ%

. method, the substituted benzene aromatics were separated from the
ringgf eerlisiieet Haseisntiosinpdawmannses ebhi-preparamampLc kawiongvas
mad¥BNS-ShAmRIe WaS dildeth ok A e rame AR DIBGIR th OALRIAR" saturates

amino-bonded silica column, a 5¢cm x 22.4mm ID guard, followed by two

frachgp gyiichyesylied Semsey §aoesng & ARZo 682076 22.4mm ID columns

of 8rhR pricHen atinadandadsiligapadtisiesimpamaniuied Ry Ralime molar

Inst ts, E ille, Califorpia, with n-h as the mabile phase at
0o ST SP TR B BT o PHONSAL8 e o the

detector response from a dual wavelength UV detector.gset at 265nm and
conf%%ﬂ% S; Jg,rg,;?%tggg%ti%g{gf ere collected until the 5 265nm absorbance
howed a'c ange of 0.01 absorbance units, which signaled the onset of
sindlkerivi)shit pareiv efumiolscesingleamaticofatitfraiion tragwiliettesho-

aro 55&% theqaReRIbaRsETAliP REfBER 2680 %ail%.%q ??mda%%{%agmas

indicating the onset of two ring aromatic elution. Purification an

easigplo-falifgAte e ihGid b ereimitetpAc ididoves rupriipgarbon so the
resﬁﬁrﬁ“&%&%ﬁ@%%ﬁ@%i%@Bpﬁfﬁﬂaﬁwﬂéﬂ@i%?‘é@y eNRER RlNG were
saturates 10 fraction which resulted from overloa in%ttge HPLC column.
““‘ﬁ*ﬁi%ds}‘{f?fﬂe(ﬂ Y PR CA S R SRl Ara Sk o betrtiisn  quth e UV
andtDe000)ary Rhseoiiitity 969900 8¢ facitmiy eialt 200seehadive Kbricant base oils
unsubstituted tet{alin. Confirmation ofAromatics by NMR: 15 The weight
Werﬁglrnc%ﬁ"tno HSIERLI&s with aromatic functionality in the purified mono-
arohgtipstandang wastcanfinthech¥isatohgecurhyidnwarhoreds MAKRurately

e %RAR tM'ﬁoW%%o%?%ﬁ?ﬁr%’m% hraig fian HPLC UV because it simply

measured aromatic carbon so the response did not depend on the class
of drissanest beily anatguete] Y heaswiRoedanelsadall molecules with at least one

aromatic function by NMR, the standard D 5292-99 method was modified to give a minimum
carbon sensitivity of 500:1 (by ASTM standard practice E 386). A15-hour duration run on a
400-500 MHz NMR with a 10-12 mm Nalorac probe was used. Acorn PC integration
software was used to define the shape of the baseline and consistently integrate. The carrier
frequency was changed once during the run to avoid artifacts from imaging the aliphatic peak
into the aromatic region. By taking spectra on either side of the carrier spectra, the resolution

was 1mproved significantly.

Determination of Weight Percent Olefins:

_28 .
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e yranslated from 96 aromatic carbon to 96 aromatic rrietetules torbe

consistent with HPLC-UV 20 and D 2007) by knowing that 95-99% of the
- arpmatics in highly saturated lubricant base oils were single-ring

waBaties, High power, long duration, and good baseline a@%ﬁﬁzﬁ‘é@f(}e}mm
needed to accurately measure aromatics down to 0.2% aromatic

molBeTEEERsTecep et meting e detimans hid4eine bR B BPNINMR) as

set fondlactiesondhiat least ang: 25 aromatic function by NMR, the standard D
5292-99 metho Was(?;?o ified.t give§ minimurf? carbon sensitivity of

500 (RS TSP ard pracee EO38) ARG HARMSIT YisFPGM o form.
400y506Mid 2 hivifRyitbran Epet 2ummf Malarad2pppbespeasdsadiearRately

f Ijglte rg}%tighn sgfgw]?rﬁe wa useql_ define the shape of the baseline and '
e cg%eg%stent v in%esgrlatél.) eaég’rrltgﬁefr’ésar&énr?&t/ ‘\l/\?gg Igﬁgn%ag %lnﬁclzlg%ﬁ ARG ranse

~ to aqherearsignalsidheutiforetiofring irargiredy A BIph ditiocp @al) 30drdopthie: is

applRIOMAtGTEsion: BY{akIng, SREG.PH Sither ﬁ&%t%‘lﬁ&%%%ﬁ@?%f%eo%‘@éﬁ&

resolution was improved significantly.” Determination of WeightPercen

Prefenbhnbe dams poesrildreHedt/ospens/017976 The weight percent

of glefinssyasidareminadayiRioenMMR(RRQTANAMR)as8 | Fflglrth in
(a”yh%%followm(ﬂ steps, A-D: a) Prepare a solution of 5-10 weight % of the test

Beheh IR SEaRSEbrofonu. b) Acquire a normal proton spectrum
of aj IaisiziRpprieapecwakhidihirnesnamHatel/ibdalatense ereheminalor

' XIS, T&E instrument used must have sufficient gain range to
ASTg/?:(kqgu%EeBgélagﬁlz t\?VI eofréﬁ%‘\lfg%ading the receiver/ADC. When a 30 degree

pulse is appliedythedmsticenzntomustaheitbea airiradihydigrabatigitization
cymamic 53198 1:E80A0RIEISHARN 06 YA range wil be 260,000
C

or more. ¢) Measure the integral intensities betweéen 6.0-4.5 ppm (olefin);

2.2-1.9 pphi iteilyiitograbiateraiy. 6-ppmofsatunsaeiptintsmgee molecular
weight ohmtaeﬁ@mmyf&@%@r@%&ﬁ%ﬁ&éﬁ%@aﬁﬁ%gf

2503, calculate the following: 1) The average molecular formula of
"~ saturated¥GFSERIBAHE B The average molecular formula of the olefins;

15 3) Theyqtad itaBsabiiRAs By drsio et intagealintensitiesd Hdfbhen);
integral I%ﬁﬂ‘sg ‘ﬁg&r sar %gydro en (=total integral/number of
hydrogen¥ iti'f %\[)?E;i SRR & S BERHIFR RRL LRSS digrys in olefin
integral/iftegodd/perahydrogen);

7) The weight % of olefins by PROTON NMR = 100 times the number of
double bonds times the number of hydrogens in a typical olefin molecule
divided by the number of hydrogens in a typical test substance molecule.

The weight percent olefins by PROTON NMR calculation procedure as set forth is step d)

works best when the resulting weight percent of olefins is low, less than about 15 weight

percent. The olefins must be “conventional” olefins; Le. a distributed mmixture of those olefin

types having hydrogens attached to the double bond carbons such as: alpha, vinylidene,

«-cis,trans, and trisubstituted. These olefin types will have a detectable allylic to olefin integral

ratio between 1 and about 2.5. When this ratio exceeds about 3, it indicates a higher
percentage of tri or tetra substituted olefins are present and that different assumptions must be

made to calculate the number of double bonds in the sample.

Cycloparaffin Distribution by FIMS:

- 29 .
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==+ 6) The number-of double-bonds {=olefin-hydrogen-times-hydrogens-im.» i

olefin 20 formula/2); and 7) The weight % of olefins by PROTON NMR =
100 times the number of double bonds times the number of hydrogens in,
wd MRISH-9lgfin molecule divided by the number of hydrogens in a typical
test substance molecule. The weight percent olefins by PRd"Fgﬁﬁﬁﬁm”%
cal@kbes sre ceeideredmercieiablidhse pydloms afork o bestseatution, and
thergSidlingrWaisHineraamt Rl alelingamlon. lessian ahautLewaight

percent. The olefins must be “conventional” olefins; i.e. a distributed
muliayHRRRRTHS eVt P s h AV 1y drdiaribcttaahbretsam e flipalecules
witlD@1dacoshe Btk dia phai My NAeNRwGHS dhadi5 (RO SERAHY is fow
dTh?ée olefin tﬁgggi!l have a detectable agly_lie tQ ol%fin integral ratio__
and G PSR TH A S HUYES POREN ThITRATR e LU BB PIoRe R Kl e her-
Tropigheil8038rodsitage: tfstritan teivatsith siitutpdrafafins Byengrrsenhardtbadrtes
. ifferent assumptions must be made to calculate the_.number of doubl
B e S BB B e P ety
the Q) OBLLDBTIMPCT [198A00S Y LTI 6 cParaffidsuard cotisidaradimdrecstablese 2
. | | rds: exidati : e Jmare desirable. .
T e R T i

peragiafdacbsauistivithrmiiavelonerrdArisduneighe borsesh biblhamoldodésns have
higwm@immn@,%mﬁﬁmigm%igmﬁiwt&%ﬂ@r%ﬂsggoﬁbeaagﬁwye

solubility is low 5 and the elastomer compatibility is poor. Examples of oils

solyRibESERE SETes g e rRHE Y ropsch oils (GTL oils) with less than
abori b ayslopaabiie s TesimprayenthesechiRecHesd fMaRadio alkanes and

i ro uctsi e ens%ve C -sol\£ents such as esters must.often be added. )
molfils Sl BB WG WO B WGHT PLPLIRA R MRl aHEsdadhe of
fracasndielaciiefivies! oo fradfisaiaativg masigitcpetcepy OF e CEIRSSWHEctra were
i araffini jepality and a low,weight to percent of.molecules.
S e U i e 2
solig grodti o asthbifpsstiophaiofatiity prdedbhidoiplasingithsoiibaroispg@bdut 0.1 mg)

of tRAgitY ;1 SoWbilinand %%%Wecomgégpfﬂyy-mﬁ wg)srggnﬁdgécpgstﬁe tip

oils of this invention were characterizedhy FIMS into"alkanes

of agdide prebefoa deT epicHOmPiers st thraiehasndierise Brnr i @IC up to
sooraolegEesdnsive ol Afiactighamasseterningd R felkianizalion™Mass The

spectroscopy (FIMS). FIMS spectra were obtained on a Micromass VG

mass SRASTEOMEEE BB IMRE 4040014E 00 rGtR Rl sprendssenfecade.
Thepraberddiadhespeatapboiomettn pieleralydrsplaging asmalhangnt

about 0.1 of the base oif.to be tested |n a glass capillary tube. The
SRS b DSBS acane i picksge o PR pet

Response factors for all compound types were assumed to be 1.0, such that weight

spe

percent was determimed. from area percent. The acquired mass spectra were summed to -

_generate one “averaged” spectrum. The output from the FIMS analysis is the average weight

percents of alkanes, 1-unsaturations, 2-unsaturations, 3-unsaturations, 4-unsaturations, 5-
unsaturations, and 6-unsaturations in the test sample.

‘The molecules with different numbers of unsaturations may be comprised of
cycloparaffins, olefins, and aromatics. If aromatics were present in significant amounts in the
lubricant base oil they would most likely be identified in the FIMS analysis as 4-
unsaturations. When olefins were present in significant amounts in the lubricant base oil they
would most likely be identified in the FIMS analysis as I-unsaturations. ‘The total of the 1-

unsaturations, 2-unsaturations, 3-unsaturations, 4-unsaturations, 5-unsaturations, and 6-
230 -
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e of & Solids probe for & THass Spectionistar; and the probe was Heated from s ez

about 40C up to 20 500C at a rate of 50C per minute, operating under
‘vacuum at approximately 10-6 Ton. The mass spectrometer was scanned

wdriss Y% 40 to m/z 1000 at a rate of 5 seconds per decade!,(j.'ll)ﬁsg&gw[%qﬁ
mass spectra were summed to generate one "averaged” spectrum. Each

unsaysgtinsr e BB Sarelein mdny thesB ikl aeak ag el by proton NMR,
and rﬁﬁuh/kasmi .ﬁ[%ﬂmaﬁofaﬁﬁ@mmﬂmmzp@uﬂg z@t@éeséz\gﬁﬁq)éfé&med ,

to be 1,0, such that weight 25. percent was determined from area percent.
ol e R T S SRS B U e
total s et ZhmsTedetpBtéroamthtoRiMS analysi®is thamenageveights-

ercents.of alka l-unsaturations, 2-unsaturations, 3-unsaturati )

o e s A A e S R M v o
the wrighinoteonebmwittrdlitferahmmdtiselepefaffisiattirations ittain e colnpfised
invedtfo0 RYGIORAATINS, QIEHNS BRd A10%8 %@%é&%ﬁ%ﬁ}%ﬁ&ﬁ&&&ﬁ?@ﬂé s

sgnlflcant amounts in the lubricant base oil they would most likely be
than (b piffeanih el imisldn s adauon faeirhisrehtnerernbré imelegaies with

cycldp R8N0 iBustgiifiegnt amounts in the lubricant base oil they would most
likely be identjfied in the FIMS analysis as 1-unsaturations. The total of the

(- dheatrRhefEcal e dHErABHRASS QR SRTVAH S dighlakarafiitsis ax have a

weight yBRateiansc AR 8 MEhRO0BLL Ainé B4nRIGYT RIS RORA 1 047 @ ferably
%ver.c nt of olefins
t

unsaturations from the FIMS analysjs, minus the weight
et R T A A T A R LAt A R PSEEE Shy
moleisitbewdtameigihtl peréitiofuncolecliissavithigygle prraiifviukctibraliy in |
lubri i is.in: ion. T | of the,2-unsaturation
R R ) A RS, R Bl L a0 R Bl ey
greatfighpsh0 i) W wiaipdismhvidinwate helght paidase of ladsmenicE dy highly
paraffib G MdSe Re1aight el senl.afmelecles stk yaulicysianasaiiinigicy

functionality in the oils of this invention. Note that If the aromatics content

greatgARanothidda veighit e HAERk s DY b ga eyt lopeinttnia dansbenality
fess M:@E%Jﬁ\t&fm&?% xﬁ%lﬂﬁi@ikmﬁ%b ﬁ@ﬁ@@r&g]cﬂ?ﬂfﬁyleﬁa\gﬂm |
cycloparaffin functionality. 10 In one e iment,_the lubricant base gils .
R TR, o N I VIO 0 AL BB R B bR bt
viscogiithat iCipjabaffinia fibnctip nadityndieate . thah, po:fprafsrablycgieata them and
re preferably greater than 20. They have a ratio of weight percent

abouéf 2r?rl%?'ecules with monocycloparaffinic functionality to weight
peleeteibimaidodioswith thabiticyaibd pasaffilsidfunatitealitygple ater i 15y,

mererzgeaf?éaﬁ%%%agw&%%%%g%é%alsgﬁjggeﬁo. JIGLAREL Hhan P%Q.é‘h '§e

preferred embodiments, the ils derived from '
cycloparaffinie ivest pralbyavdeisHiperetataicasneeliibe Wicant base cils of this
inverNIGNOFHEIQD ARG MWNCHABANRE viscosity at 100°C in cSt, the higher the amount
of molecules with cycloparaffinic functionality that are obtained. In a preferred embodiment,
the Jubricant base oils derived from highly paraffinic wax have a weight percent of molecules
with cycloparaffinic functionahity greater than the kinematic viscosity in ¢St multiplied by
three, preferably greater than 15, more preferably greater than 20; and a ratio of weight
percent of molecules with monocycloparaffinic functionality to weight percent of molecules
with multicycloparaffinic functionality greater than 15, preferably greater than 50, more
preferably greater than 100. The lubricant base oils denved from highly paraffinic wax have
a kinematic viscosity at 100°C between about 2 ¢St and about 20 ¢St, preferably between

about 2 ¢St and about 12 ¢St. Examples of these base olls may have a kinematic viscosity at
-1 -
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~greater than10;and a-weight percent-of molecules with s s

multlcycloparafflnlc functionality less than 0.1, or even no molecules Wlth
multieycloparaffinic functionality. In this embodiment, the lubricant base\

from highly paraffinic wax may have a kinemati¢ 20 viscosity
W(?g 1g§g¥§gtween about 2 ¢St and about 20 cSt, preferably 5§t ezﬁoﬁ'i% i

100"21 eSb%twaexabmt ﬂzc&tsnndmmthépﬁm%mﬁﬂwghten@mﬁ@aﬁtrwagéu&ﬁwth

cyclSREMEH I am Y PRGN B IREIRAS fore Rpetween the
r{’é};‘ht percent of all molecules with at least one cyc o[garafflnlc

fomaftFahdIRBIheRaE HecaSkE-df thistt ised (BirapFidow

1eve12a'§eﬂﬁm@tlﬁxsu thaatrigsthe: highen the kipemaiis ol se osily 8 IO Cedbr Bl in
the higher tE

ount of. olec S Ccy, l raffinic func
oAl T P RGN LBTBAR B S B kg ion
Stabfl’mm btgkﬂyta@mihalmm&mmm@g}ahpeawm@nﬁgmmiamthmh 16,

ra |n| n |onaI|t reat than.the Kinematic viscosity in cSt
1999C¥ ﬁI§I %ﬁvtlélegg pre éé;& g(r%%etlg}%%ﬁsl s rr}obfe preferably greater

themltz@uandiah@m’@faw&gm@@%ﬁ@é‘éﬁtﬁ@ﬁﬁ@ﬂ@ﬂﬂlé@wﬂoleﬁm base oil
proc@gﬁﬁg?é’&lf?% rRiliniq nsHenaliny so.welghtPareentlmoeleculeg wih
multicyclopar

f|n|c functionality greater than 15, Ereferably greater than

‘craginghrsstiprstfelably pirseres thinel 00U YHeelibrieant pasaobis e adorm
highBiQ RIGIY P& I'E;Q@Nagéﬂ@/&n%&mm&m@eﬁﬂxu@é 100Ghetwesheral,

about 2 cSt an out 20 cSt, preferably between about 2 ¢St and about
olefips RBHELRAIES Uit SRS ST Al e Pk e Ry Aied1
tmadﬁ@; 2005/113734 PCT/1382005/017976 100C of betwgen about 2 ¢St

aboutBSCS and hav percent.of oecule with.
o TS G R RR MRS RO AR T e Vbt for
use mhlaemxhdtﬂmﬂ AGNID S29R89ed hal "Pzil?lle(ﬁ- M\ﬂteﬁkmaituads used to
e level ar tics, and. th
Ch?g H} c!%e\a’re t'sat %Hellxy TOCar 0 ?oﬁg uttl% c:an se oslfe, ﬁmonally

clerize satura es are‘descri ramer, et a uence o

para(SrsUpE Bekh mammsm@mmwzmﬁm@mmwwam
omdQ{Sﬁem%@Ié}%?el%%%/é&ﬂ%é P NatianRhMeetind. i HAUSORMAMR base

1999, the contents of which is incorporated herein in its entirety.

oi] isolﬁffot@gh tveeianig ﬁ?frafﬁﬁlE%‘éﬁ(’?e‘é%bétar’%‘fé'%‘?émi’éﬂyqfé%déf‘%%qﬁ%@iﬂy IS0

incr8S@ON I RANSSANG HEhDiguesicanbitadueaolsfingRengrialyi atihigh
temperatures, due to 10 “cracking' reactions. In the presence of heat ar

parafiigif §rx d@kh@%ﬁ‘ff&ﬁfﬂéﬁ’%‘l&%}fﬁ? ‘t‘f@?‘?@f‘h‘?&f&&ﬁl&r‘m‘i@m B?BHER:E%SS
thantDEL GamAIor m&:I&a&me&;@feﬁ&ﬂ:ﬁm@aﬁlﬂmbﬂmgﬁmaalan@mmsm@ be

ISR TR e s B s el on B g vl
invehaee ditdrdugabledaron stability far exceeds that of conventional lubricant base oils,
Additionally, Fischer-Tropsch derived lubricant base oils are generally classified as API
Group 111 base oils and have a low sulfur content of less than 5 ppm, a saturates content of
greater than 95%, a high viscosity index of greater than 120, and excellent cold flow

properties.

Petroleum Derived Base Oil Fraction

The lubricant blends according to the present invention also comprise a petroleum
derived base oil fraction. The petroleum derived base oil fraction used in the lubricant blends
of the present invention comprises greater than 90 weight % saturates and less than 300 ppm

sulfur. Petroleum derived base otls are often referred to as neutral oils. In general, neutral
232
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Of the different saturated hydrocarbons found in lubricant base oils,
‘tragitionally paraffins-have been considered more stable than
w&Y¥6iRAZsafins (naphthenes) toward oxidation, and thereforg,.mor

) L ; 05/017976
desirab) .Hovgzver, when the art\%unt of aromatlc%n the base ol |sjless :
0

oils gre HAPHISE AP S5 ¥ PREUrL ABANGE W HY T FIFHHED BATSSUSSG AL botling
ranggtahilitynistien200ih EFaa b dine OiECEsHypind exiaf Hoe heseralad staricahtdasd a
.. oils.derived from hig raffinic, wax, i di isgher-Tropsch derived
b e S M e R R -
none%tbgﬁeg/rmgﬁa{ﬁﬁmﬁdwmﬁﬁ%ﬁq@ dmﬂrﬁgﬂ!‘-’ﬁng peyclopeiraffirsd diveof
heady BHERILDASR QIS deHye diiamduonly, aayalfinis Waxraf NS RIESER: o about §

invention, their high oxidation stability far exceeds that ot conventional

cSt. | e At paldenssi el ss Addrd Anlieisemsrof daprs b A e fub ibaw B8sE, 2
pou iAo eRela i slassifiedsae AR Lraupdlidase ails AnddaveBlew 4 ¢St to

sulfur content of less than 5 ppm, a saturates content of greater than

- abowmegsty \RFPGIEISER ArtrEs Brsgrihterientsesondhe et euttch dis

prespROREEIGSnIAPEhaleuBubRarbsedBas e édiinragtianal bhe: bibricanhlerds
thcraogcording to the present invention alsq comprise a petroleum derived
BAse oil fraction. The petroleum derived base oil fraction used in the
lubPiedatblents pefrtheprésendibaentibftacompi sek geddtemttirn:@0p
weight % saturates and. | ha 0 ppm_sulfur,. Petroleum derive
cong e S R T R SR e
pres2@0By 13734t PG PRISROPSIORTOTE witscd ibadl Adsifiett hisirsavih pretdianm

deriARAIGNE FIBAWCNSHIA RBsEANAS AN RQHINg saRge RITIAMRRAH!
900 OF to about 1000 OF, a pour point not greater than about -7 C, and a

Growidimstri isHdsirrrsciedhet BRERBLLE RSO AR Iee deringd dieenp [ base

oils PRYERhBasenA I 10QEN BRI vianasel irRmheHtAA0ERIq Bhew s,
900 OF, a pour point intermedijate of 5 heavy and light neutral oil, and a
b HEEBOR  L0 s SRS Ba 1B ek mESt g

Guidwiutral Apseubitd:sisalsodnalhoilidar kange0bitormahoutefdQRitocahout

inde%ogs %ll:b\% pour point not greater than about -15 C, and a kinematic
vfscos&y 3t 100 C of about 4 cStto about 5 cSt. The petroleum derived
base oil fraction used in the lubricant blends of the present invention can
a heavy neutral base oil, a medium neutral base oil, or a mixture i0
thereof. Preferably, the petroleum derived base olil fraction is selected
from the group consisting of a Group Il base oil, a Group Il base oil, and
mixtures thereof According to the present invention, it has been
surprisingly discovered that lubricanLblends with petroleum

Group Sulfur, ppm And/or Saturates; % - Viscosity
Index (V.1.)
1 > 300 And/or <90 80-120
I < 300 And > 90 80-120
I <300 And > 90 >120
v All Polyalphaolefins (PAOs)
v All Stocks Not Included in Groups I -1V
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== gerived-Group-H-base-oils-have substantially-tower Brookfieldviscosities

than blends with t5 Group | base oils. It is expected that lubricant blends

with petroleum derived Group Ill base oils also exhibit substantially lowey
wB'R0k QQ%XiSCOSitieS than blends with Group | base oils. The e

specitications for lubricant base oils are defined in the API RieV¢HARGE 17976

GullansdBat apkpUpnaatibrsa Sdolynisly sufee veniein cslingtabedapritsiseosity

ind@NyiseRpitYeindss Refalows Q28 GrabRyFhbibfle ARG/ @sired. These
Saturates % Viscositﬁ Index (V.g} | > 300 And/or <90 80-120 Il <300

solVEpg aedymat iR atrLos diy rd oyt SHTaAA AN PEITAIPRISRMHE IR 90
% sMupdteStackad¥othnchodeshin LafdrTBhe ¥ ordd WRe2005£24803duction in the
dCT/U§2805/0}7976 Plants that make Group | base oils typically use
wor o’l%ienn'iseto "Sxtract rt‘?%’%Wer viscosity index (VI) components and increase
theN4né the orbddtoh &l Specifitdtipnsiyesmady Thdspresolvengssaek as
ic I ral,. ) i | 0 [ .
B A e aon
valuqbﬁbanﬁwéhmé@mmsmegsm@ﬁmglnﬁemescﬁmﬁmur@@wynﬁémg Petnd
red DRKEGIRIP BRSO IS Y PIGHN GRRIGY 1V OPIRE RGP UG 351 C})mduction

~hydrocracking or severe hydrotreating to increase the VI of the crude oil to
in thy & epd asfiedbio T VI ECH PRV AUGFROHT O ProcisdingPipsicdinnictagge L

thergaiy aies:ReERIBIIVE 208 e pieslucas Sis, SHiUEHaIW-308 RBRology
o n?,%E[L%:rommaltel 20 % of the lubricant base ojl_ production 10 in the world is

Yt IIé’é?éiQ‘B‘Fy, A ABptiesanicst 5 ¥ proauetinges @ﬂ&‘d&ﬁ? o
waxRlaigs dhatinakesaimwaps ihbsiste ity picallycepioysvaxtiSomezation
echnology .to make very hi | products. Since the starting feed is.wa
conl e e s el s R Sl W i oo
for sheaGrauEtitprodpretsisavenskttatep Cdntbntsuatbnle Odlandsuliuiraction of the

w OF%Q%%&?@{P%% RPAL Eggﬁﬁa{ﬁ{@gg 1 wax Is an ideal feed 15 for a

wax Isomerization process to e Group Il lubricant oils. Only a small

fradtionof YHebrigertbade brearstdsuiypibis chara @ retipn nicaegdryipbr elglins
and ¥/ URACAPNIDARH LR ARQIEEOY R LA IRMEIZatRM P RBRELAIBRR oils are all
éthe?!‘»?flf"‘ll;sis group includes synthetic esters, silicon lubricants, halogenated lubncant base
oils and lubricant base oils with VI values below 80. The latter can be described as
petroleum-derived Group V lubricant base oils. Petroleum-derived Group V lubricant base
oils typically are prepared by the same processes used to make Group I and II lubricant base
oils, but under less severe conditions. - |

Preferably, the petroleum derived base oil fraction is selected from the group

coﬁsisting of a Group 1T base oil, a Group Il base oil, and mixtures thereof.

Pour Point Depressant

The lubricant blends of the present invention further compnse at least one pour point
depressant, Pour point depressants are known in the art and include, but are not limited to
esters of maleic anhydnde-styrene copolymers, polymethacrylates, polyacrylates,
polyacrylamides, condensation products of haloparaffin waxes and aromatic compounds,
vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty acids,

ethylene-vinyl acetate copolymers, alkyl phenol formaldehyde condensation resins, alkyl
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““and are calted poly-alpha olefin(PAO) tubricant base-oils: Group-*#:

lubricant base oils are all others. This group includes synthetic esters,
silicon lubricants, halogenated lubricant base 20 oils and lubricant base
[ values below 80. The latter can be described a
Waeﬁérdgg%n%l 4derlved Group V lubricant base qils. Petroleum-deriv /U32&03/01p7976
V*nw/%swcaﬁﬁﬁa%%oimﬁwe%w%% raparEdtisgebbathe prutesEdeserant
is pdBmdkeGeatip | and Il lubricant base oils, but under less severe
condlitions. Pref rabI the etr leum derived base . oil fractllo s selected.
N PHRP GBI TS 6 5 DA Sy Ehod B saRg i
deprasuhgimtarastivedenf cRPopoiRoint HepeSsardiTiserhebrica fidlendd afsthe '
r vention fur ompr r r
Rt S s e AT
NOVﬁmfPt@dY 1308 bsterntoitardlelsdmmydhtensugreneraisg dlymedgmsnce in its entirety.

Wh&qusaeﬁt@m%f&ﬁt pYyRchiales. &Wa&m@w@g&&m@s}mtm@ RQAUGER of

of haloparaffin waxes and aromatic compounds, vinyl carboxylate

the lﬁB{gﬁ%@%ﬁ teapolyf&edost %m@ma&afégemcegwgr@f hthye aesgace of

he RifBpRRE WP aseinie conabimesscalsyhahemalfgomaldativdsressing base oil
condensation resins, alkyl -34 WO 2005/113734 PCT/US2005/017976

ble“@?ﬁ%l“@fﬂ%‘%%e%l‘éfﬁ’? ESBIIARE RS PR e de R B O PRI raBHF! iy iBg Groou
poinpdint deprassant isghelymathagrlaieidie the uﬁmmmtdﬁmesaamrutﬂgﬁd:
nth resent invention oint d ssing, bas
e B S R Oy A e base
oil (dermdabo@tmﬂsepb@dmm o8 plesqrbediipress@nfpdient dpplicaifohe target pour

pom%gﬁgé"h%%i]cam%%g@ 13\'9"‘%@!?&{;@ p%QPﬁ’mHE %f@l@tﬁlﬂ;%cgﬁx%mﬁg ﬂlrﬁlpgﬂgégce of

incorporated by reference in its entirety. When used, the pour point

poulepRE Sey Balse maﬁréﬁ}@ﬁﬁg9c&nﬁbﬁwrr@eﬁfbé§ﬁﬁé 5o dsorseansthese oil -
blentiREIEARLBIBAD AlHE AR ePRl0 WL BRRRUKRAIRE Of e R HRRNL RISNE fent

the absence of the pour point depressing base oil blending component.

propprieR SLICHEIECBYEREIR B%eblﬁwcm&fafﬁa &Bponent is an

|somriﬁﬂﬂeﬁﬁamgcﬁéaﬂsaﬁh&eﬁm@@@twm pf@@ll&hb&ﬂﬂgo@f@p&% RRiRboint
flhe |s at | st 3C %ﬁﬁr than the ougcpﬁomt f the Jubricant ble
0 ﬁ%ﬂﬁg RS TR S L iR D B SR B RRYRID B Pénﬁrﬂéa

Flscma’mpdcih@mtmle Uhedsrived hateubit ticghthe lepcinptiet absence g)ﬁase
r t lg, if the t ur of the
o R R PO B LR R R 10

Wlthefmm@m@%mvwmﬁ b@pf@ﬂzs@wts@%aﬁbﬁhhahw@@bmmmcbf
FBQ{%%%@ﬁé'B&P%%t%@%%ﬁs%%ﬁ%?&%QE&%&%E%%’M

WI|| nded with the lubricant blend in sufficient proportion to lower the
bet%ﬁ ﬁ%h@oﬁﬁé%@ﬁ‘& ke fgﬁa@ép\pg{ﬁ@lt point of the boiling range of the pour

point depressing base oil blending component usually will be within the range of from about
850 °F and about 1050 °F. Preferably, the pour point depressing base oil blending |
component will have an average degree of branching in the molecules between about 6.5 and
about 10 alkyl branches per 100 carbon atoms.

In one embodiment the Iubricant blend may comprise a pour point depressant well
known in the art and an isomerized Fischer-Tropsch derived bottoms product. In such an
embodiment, preferably, the lubricant blend comprises 0.05 to 15 weight % isomerized

Fischer-Tropsch derived bottoms product.

Lubricant Blends
-35-
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e Theisomerized Fischer<Tropschrderived tottoms-product used to fower - sz

g

the pour point of the lubricant blend is usually recovered as the bottoms
from the vacuum:column of a 20 Fischer-Tropsch operation. The average;

Wm@lﬁgqligﬁwelght of the pour point depressing base oil blen%J
lly will fall within the range of from about 60 GErsasionnsrs

nt a
%O\BI%P&I‘;{“?% CRdg e BEE R WGBSR a iU bieraRp st fraction

derﬂz@ﬂ)ﬁdlﬁlﬂgﬂh}’@fﬁﬁﬁﬂm Tz Caldyptine lﬁmr@ﬁmﬁ@ﬁmgoﬂﬁcp%bour point
etwe n about -9 C and

der epressin E se oil |e&1dln9 % onenIW|I

Pabout 2% he peenrcgn(f B%ain Cf) TRRBEHIG ﬁ&@% ﬁ?&?}bﬁrﬂ%"fﬁgﬁﬁmd

frorg) ém*ém&rgfﬁaw@nc endingoumpanent &wamy\mgme/amﬂmpeﬁh@lmﬂ@emfed

b O L € e R BB g gmount

depressing base oil blending component wi Ve an avers

of appyhieAintg ilF thel ghbiedarsd bedhesirhbduces Heell. about 10 alkyl
braneh b Ra GRCAB0RA iR QDS IRREIRER  REMALCAT BIgRdcony

maygﬁ;ne%tlsea our point depressant well 3o known In the art and an

blendsfy BRI VITSEELT Aerifed B6HSHTEHYIA0E00 s uBFefrably, the

lubreimhogtinae ot aelerahlyntha luhvicant flena e Ry éﬁ(?%p NN SR e sl
% isopmerized Flﬁ}ii&?ﬂopsch derived bottoms product. Lubricant Blends

90,000k’ muepileably Lss puOH8s50BYOE RIPE PR IGbTiban oAk shymore
prefthebpyriesefitindspiorkamprise therdabEsanthasencilsfoaotion detivedfiam -

gbq Pa r%ffln he petroleum derived base oil, and the pour point
pre glrep ssant TA% E?@g(rlléant blend preferably comprises the lubricant base

oil fractidmemtibéaidram figkiydaraffinicaaprninianhemolubhohalinet @ Qibit
des BRI S REHAIS M AGINERD RRSS AL AN AUl AU 20 to

90 weight %, and the pour point depressant in an amount of about 0.01 to
inclyding gpad: WhPadEdVER b e Nnskamlasibng awélmm»oamstﬂemgny, and

ow QYRR SHOISIDaR oM Br i
l gzrsookfleld ws%o&ﬂes at 4%%%?5}2?%%@1%&} %%péhggﬁ$ﬁ§&%§nhg@‘ﬂéd to

makg R e B REYE BH'this invention will have a Brookfield viscosity at -40C of
Iesﬁﬁéﬁﬂubﬁ&atm@ﬁdﬁ@ﬁefﬁ@fﬁm%ﬁﬁﬁﬁﬁﬂ HLRAR.CR 1MPFE and have

00 Mefe{ ] ﬁss than 50, 0219 f agy erablﬁkiiess than 35,000 cP,

00 VEN ThaTe PreteraBi e s tiTid n‘éﬁﬂf Bﬁsr}%vl%aﬁf%‘f%?‘ébwq@ég

greatham;mSiﬂG)OIana'blaHudhnmn,t thiendsandblindbadvgean s cwRosing of

abm}p ?6%&!% ;qur%‘ig nc? %Skfl Ibltabdo% Ig%chtp Qﬁ%% In ad%#;loa? S%%ment the

eXCE‘ptIOI’I roo VISCOSITIeS a
lubricias frienids istos ity dwatiN vicksvylatitiprah® hﬁ;tmogmdaewmsmbslmmut 7.0

¢St at 100°C.

The Jubricant blend comprises a lubricant base oil fraction derived from highly
paraffinic wax having a kinematic viscosity of between about 2 ¢St and about 20 ¢St at
100°C. The Jubricant base oil fraction derived from highly parafﬁnic wax may be of varying
kinematic viscosities within this range and the Brookfield viscosity of the Iubricant blend
may vary in accordance with the kinematic viscosity of the lubricant base oil fraction derived
from highly paraffinic wax. In one embodiment, the lubricant blend comprises a lubricant
base oil fraction derived from highly paraffinic wax having a kinematic viscosity of between
about 2 ¢St and 3 ¢St at 100°C. In this embodiment, preferably the lubricant blend has a
Brookfield viscosity at -40°C of less than 35,000 cP. In another embodiment, the lubricant
blend comprises a lubricant base oil fraction derived from highly paraffinic wax having a

kinematic viscosity of between about 3 ¢St and 6 ¢St at 100°C. In this embodiment,
- 36 -
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=~ fow-pour-and-cloud points: Thus; the fubricant blends of the present: sz s

invention can be used to make high quality gear oils. These lubricant
‘blends have a viscosity|of about 3 cSt or greater at 100 C and have good

W@%ngpggature properties. Preferably, the lubricant blendsp@ﬁs%oo* 1017976
viscosity index of 20 greater than 120. In one embodiment, the lubricant

prefambhdbnirbeanihlontbns vibcoskiedt #isermy. ot c86roflestdraarnd RS hain
yet 28008 &P &Rhatd 0RG.dA-shAtharemboadinanttheJubrcant dlends haveq

a kinematic viscosity of about 5.0 cSt or greater and less than about 7.0
trom dughly RagsEinihuaY %ﬁ@ﬁﬁﬁﬂﬂ%ﬁ&‘%ﬁﬁ?@é&y&ﬂbﬁ%’éﬁ BRAY B Ftastor? cStat
100°detivedsfeaipodighyt, pRpardffinie NWexchRBRG @ kD e BAUG NiSSOR Oy at -40°C
£l bet%/vegga&??o t 2 ¢St and about 20 cSt at 100C. The lubricant base oil
Ot action dernvdd from highly paraffinic wax may be of varying kinematic
visBositiescarithirthisaahgenadebinbiBrtiokfietdutiscosityof sheildmioaltived
fromMEAA {1 %@@@gx%%or%%@ggﬁ%%%@s e SR DRl e et

1
raction detived from paraffinic’'wax. In‘one

- techriqedbioricamtdleens ebshiplisdbearitbiibahti8dmbicnd drantimrderivatfrom

blendd@i¥% Qﬂﬁﬁ@%ﬁ%&ﬁg@é@%é‘ikﬁ]@%ﬂ%&iﬁ&ﬁﬁ!&’sﬁ.@?&"ﬁ?&ﬂeé‘??o‘ﬁﬁs@h‘ﬁt

_and 3 cSt at 100C. In this embodiment, preferably the lubricant blend has
derivgd BIeRERIISELS S ab- apetrlaesLgiardIn oD cmd A Beistheint depressant)
direcBRORITRB L ENGUHBLIS M Pl aRdrcOmRtises: 2 ialicaANt P B3&. o Fraction

. derived from highly paraffinic wax having a_kinematic viscosity of between

derivgg, fromahiehiv naragTuas wex gadthe RS arb SR bremi ks ssoobmey 8934
biend%lﬂiﬂ:riﬁ!ﬁ@()ﬁi/géﬂ@ﬁ&em&fﬂgﬂggﬁdggabupbé:mmmthﬁ@@ﬁ S x%féijﬁkﬁ@i@esaant

ISCOS, = ess. n , cP..In yet anothe m0|me,te
The Y S e B e e e h i T
petropawafficric sddbhasm fascloriemztic Wsbisitysohibetwdenddicut 21086¢ paod paint

depre%?"atn@}n 9&1111%'{}-{%&{{2: ydiment, preferably the lubricant blend has a
Brookfield viscosity at -40C 5 of less than 90,000 cP. The lubricant blend

m&Y e divaeiayed enbisdrb b dubnisaseast dibGrgoddeveed from highly
paraffigBly Raafinc WX, JhePetiRles mdrryed Rasemiland the pour point

depressant by techniques known to those of skill in the art. The lubricant
blend components may be blended in a single step going from the
Gearidiyidual components (i.e., a Fischer-Tropsch 10 derived lubricant base

il tion, a.pet derived b il, apd a pe int d ssant)
G S BT TRt LR AT T GEGBA b

preseot ifrestiom 16l erivetywidmt higitlyrpeaddiinic waddnch thalpaitatepidésvedant.

whell RUGAMAARG A 08 isnded gl and 080 RS SR e e n
may be mixed wi the.ppur p0|nt epressant.

addition to the pour point depressant to provide a gear oil, the gear oil also exhibits

exceptional low temperature properties, including low Brookfield viscosities at -40 °C.

The additive, in addition to the pour point depressant, may be selected from the group
consisting of antiwear additives, EP agents, detergents, dispersants, antioxidants, viscosity
index improvers, ester co-solvents, viscosity modifiers, friction modifiers, demulsifiers,
antifoaming agents, corrosion inhibitors, rust inhibitors, seal swell agents, emulsifiers,
welting agents, lubricity improvers, metal deactivators, gelling agents, tackiness agents,
bactericides, fluid-loss additives, colorants, thickeners, and combinations thereof.

When viscosity index improvers are added, preferably they are present in an amount
less than 8 weight percent, and when ester co-solvents are added, preferably they are present

in an amount less than 3 weight percent.
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e oo Thieplend-of the:lubricant-base-oit fraction-derived-from highly paraffinie: o o nncvnnismn.

wax and the 15 petroleum derived lubricant base oil may be isolated as
such or the addition of the pour point depressant may occur immediately,
wh-feLRpreferred embodiments, the lubricant base oil frac%ign derived ’
from highly paraffinic wax is a Fischer-Tropsch derived lubricant BAS& Bhf*76
fradifoferpoltearaniEsTs Broghlsfrmstied iefontnitsusleas deQrtSim)d frigher, a
thickeREICARA IRk A6EAAshina oL IeVINRRRDIGRMRRIBNTIRIRIXG AR BLAGRSE s are
one additive in addition to the pour point depressant. When the lubricant
2s [Q}la% s of the present invention are blended with at least one additive in
addition to the pour point depressant to provide a gear oil, the gear oil also
exhibits 25 exceptional low temperature properties, including low
Brookfield vi§&&sNigsoaity40r@esThe laddiivinl iRladditidn-tothe pour point

depressantfmay bBe sefected o e group _ wear
additives, EP agents, detergentd, dispef$eaits, atidrigemnts, vigcosity
index improyersCestesstpcssiyer|is, wscos% modifiers;frictionmodifiers,
demulsifierd, antifd&¥ritig agent$, corrosioffihHifiitbts, rust inhjpitors, seal
swell agents, emulsifiers, 30 wefting,ggents, lulricity improvers, metal
deactivatorg; i ; i bactericides, flflid-loss
additives, cplorants, tickeners, pnd caftbinatigns therenf. Whien viscosity
index improyvers are agided, pref rablyztglgy are preseglgi'n an @amount less
than 8 weight percent, and when ester co-solvgnts are added,ipreferably
they are prgsent in an amount less than43 weight percent. -37; WO
2005/113734 PCTIUS2005/017976 To formulgte geay ils with high
kinematic viscosities, such as 1SO 68 and-highgr, a thickener additive may
be utilized. |SO Visco¥ity Grades for Ifd@strial Fluid Lulsricant$ are as -
follows: 5 130 Viscosity Grades for Indystrial Fluid Luﬁ)r' ants {Viscosity
Grade Ranges I1SO Viscosity Grade Numbers (£St at 40C) Miimum
Maximum 2 1.98 2.42 3 2.88 3|52 5 ®3%4 5.0 7 6.2224i1' tG 9.00 11.0

32 28.8 35.2 '

46 41.4 50.6

68 61.2 74.8

100 90.0 110

150 135 165

220 198 242

320 288 352

460 a4 506

680 612 748

1000 900 1100

1500 1350 1650
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B 1S5 165 22 198 2 TR IS 35 A AT A 506 68 612 T4 S 100

90.0 110 150 135 165,220 198 242 320 288 352 460 414 506 680 612
748 1000 900 11001500 1350 1650 38_ WO 2005/113734

wBGhHAS2R05/017976 Examples of thickeners include polyisebrtyienen 7976
high molecular weigh complex esters, butyl ryubber, olefin copolymers,
B L R BD EE BO ATyt R RS TEr eI g b
rubbeis obsity qphisiphia, shefins.didne gesmer pohaydie onglde, Byyeading, thel ultra

. Ildbrig ﬁ% ﬁj ceor ing to the present 5 invention with at least one
h}ghacﬁls |ti§"5/%<[9]',I n?g%g%o%ettgnﬁie pour point depressant, by techniques known to

thobkeafeskitinmhe ernaledyblendins thayubsdsieidend #reosingldoghgpresent
invedRIRCFHAN (e M\A@e@\',&@menm%q}%ﬂf&ﬁl&l@&a}%{&@w WRIVE ques

lubricant base oil fraction, a petroleum derived base oil, and a pour point
knowa i dbesety dhrdstihtaprothe et e sragiba hlaeditersaiale st iBadEme
the RAREIH: ftastiencdarived frasoHaighyRaaffinieaas: the IR RO, a

derived base oil, and the pour point depressant may be blended initially tQ
Pl RIS tH RASFICHNE I GrRT T THITRITSSHAO ST BIEHBIONLY B shigeef!- In
the altithaivadditiverinaadshitioni tdrathierpouiveaint alepess pat bk hitjcant

: lend ma isolated as such or the.addition of the additignal additive .
petrc?lneum £n¥eg%ase S%tgi‘)(? af,%gogg OH}'} de {ess qhnélam agleqétgg inifia gt%grov:de

ay occur imme ponents o pricant blend may
the imavafdbland duat thsith different tioml bothe site @t witiicn tdditempaedédnts to
the ;S’Ju%}?olHP&%?E%%Bl‘E” g%rﬁtfﬁé?ﬁﬁ’gﬁﬁlﬂa gofsd.ln additiog, ﬁ@%&ﬁ%nogfthe
may be mahufactured at a site differentfrom the site at which the
addigonapatibirs oRyweNbEarBENRd are received and blended. Preferably,

therlhbricaptiend and iheigsapeila ey pede i Rame. i iRk Siiem

is different from the site at which the components of the lubricant blend

the siieabMdinRITleFBRO TR IR IR QIMP SFeires bPtra Ut FRdadk Brepdflition,

the £b&-oil may be manufactured at a site different from the site at which the components of
the lubricant blend are received and blended. Preferably, the Jubricant blend and the gear oil
are made at the same site, which site is different from the site at which the components of the
lubricant blend are originally made. Furthermore, the components of the lubricant blend (i.e.,
a Fischer-Tropsch derived lubricant base o1l fraction, a petroleum denved base o1, and a pour
point depressant) may be manufactured at different sites.

When the lubricant base oil fraction derived from highly paraffinic wax is a Fischer
Tropsch derived lubricant base oil fraction, preferably, the Fischer-Tropsch lubricant base oil
fraction is manufactured at a remote site (i.€., a location away from a refinery or market that
may have a higher cost of construction than the cost of construction at the refinery or market.
In quantitative terms, the distance of transportation between the remote site and the refinery
or market 15 at least 100 mules, preferably more than 500 miles, and most preferably more
than 1000 miles).

" Preferably, the Fischer-Tropsch lubricant base o1l is manufactured as a first remote
site and shipped to a second site. The petroleumn derived base o1l may be manufactured at a
site that 1s the same as the first remote site or at a third remote site. The second site receives
the Fischer—Tmpsch lubricant base oil, the petroleum derived base oil, and the additives
including the pour point depressant, and the lubricant blend is manufactured at this second

site. Preferably, the gear oil is also made at this second site.
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derived base oil, and a pour point depressant) may be manufactured at
different sites. When the lubricant base oil fraction derived from highly )
Wg%?gf ic, yyax is a Fischer Tropsch derived lubricant base wj{r/%%g;ﬁﬂmm%

preferably, the Fischer-Tropsch lubricant base oil fraction is manutactured

at a remote site (i.e., a location away from a refinery or market that 25

may have a higher cost of construction than the cost of construction at the

refinery or market. In quantit m %e distance of transportation

between the remote site and t @éﬁ r market is at least 100 miles,

prefaedblyntionesilian boMhmiteslaanrd hydbt Podiferalyylmoratithanet@OS that are

I|§?# Prefe abJ the Fischer-Tropsch lubricant base oil is manufactured

merée rs ?8?710 e % site and shipped to a second site. The petroleum

delved:basetdilliyaydbderanufet tsregithe xsdeiahBiNavitielsdriatalysthiest.
Thegi ISR wﬁﬁ zﬁ&caﬁgf*ﬂ%ﬂ%etéé{%ém%%%ﬁgm%@ (5621480ANE) means

r

er Tropsc t base oll, the petroleum derived base oil, and the

of amq@ém%@b@%ﬁmt&é& SHAMENPHHE R R HRAHSS

IndURARUIRE L e%h IS RERANY, Site: Rielarably. i 06asaihis IR0 dHRH8ARE are
this secon 9 WO 2005/113734 PCTIUS2005/017976 EXAMPLES

one T‘i‘i@?ﬁb@"ﬁtﬁrﬁ“\mPﬁégﬁﬁiﬂﬁéﬁ%fprﬁﬁ?éﬂnﬁ)ﬂfﬁ@‘fﬁiﬁ)%ﬁ?éqm%%e 00 ml of O

by 1853BPIeE thahaxiadotamdeddoibe (DQEH’l‘m!&ﬂgO @)ﬁdﬁﬂ@ﬁﬁj@ﬂéﬁ)&éﬂi}&r 100
determined USI the Oxidator Z . ith L- éti lCat ﬁst Ttest T etOxtﬁgIl race
erapsgf ith L% '@5 i F UK TS Qa8 R gH SIS Sance 10 6xidation 6"6 a8
metﬂi migbmmmmyg@hmemmmmédﬂw Tdemtessures the
e Qll Indu eefi t
B T S A B
adsokygeriat 840Fzeopudingaisedioisiidvabsorption of 1000 ml of 02 by 100
g of ail. In the Oxidator BN with L-4 Catalyst test, 0.8 ml of catalyst is used
per 100 grams of oil. The catalyst is a mixture of soluble metal
naphthenates simulating the avéi"afﬁ@i’iﬂiyst Test measures the metal
analysis. PSR CIRRKEAS O 0 arkhieh OXidaiRe Byt G4 despansgof a

finished lubricant in a simulated application. High values or long times to

dsorb one li d sta m
Fis her-s"i“rnd)gsc [-%i)’ax an reﬁ%rgﬁon’g% Eisgh( I’OpS(%BII_El)Jg;i"Itgﬁ %s\em
mad@isifgvolkabapié § oty drotpeciied HisthBetropseleonveexe PTalad dud el mirto
havg\{ﬁg( p?dpvéllg{(% shown m Table L.
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~20°friade Using a Co:-based Fischier-Tropsch catalyst: Both'samples weres=w s

analyzed and found to_have the properties shown in Table I. -40 WO
2005/113734 PCT/USZ 005101797 6 Table I: Fischer-Tropsch Wax
whisfRamTsepsch Catalyst Co-Based Co-Based Fischer- Tr%ﬁ%h%f@ﬁ‘/%ng%
Wax A FT Wax B Sulfur, m <6 7, <2* Nitrogen, ppm 6,5 1 Xygen
by Neutron Activation, W, 0/ 0 519 0 69pll C qrent, D 721, Wt% 5.98 6.68

GC N-Paraffin Analysis otaef f\l §?5‘i‘f|n Yo é‘ﬁ 47 83.72 _Avq. Carbon
Numbert? s ¢ 384504432 FCPBagE2 SIMDIST
TBP (\meheﬂmdqﬁan 29 TS 597 568838 626FT 689 674 Tao
714 "74% rpﬂm 756..Ts0 774792 76 5807.827 Th-638 873 Tao 870
914 T Mro5 935.1005 1995 1672 1090-*dudidite testd The
Fischel-Tt e§‘c Nesle ﬁ‘zﬁ(ﬁvgh\‘i/elglﬁt ratj-of compou ngg%avmg af least
60 car qnc atems-to r\nmr\nllndc havind-atleast-20-darbon-atoms! of less
than 018 & "8‘5“%8 /& o8 if“]g point betwen 900F anft0oF. - Three
sampl ?381\ EiRchers S-ISJIJbL,II waxes {pne—sample pfFFWax7Asand two
samples otk Wele hydroisomerizegrover a PHSAPO-
Avg Carbon Number 273 36.7
Avg. Molecular Weight 3849 432.5
D-6352 SIMDIST TBP (WT%). °F

Tos - 515 129

Ts 597 568

Tio 639 625

Too 689 674

T 714 Py

Tao 751 756

Tso 774 792

Tea 807 827

T 839 873

Teo 870 914

oo 011 965

Tos 935 1005

Toas 978 1099

*duplicate tests

The Fischer-Tropsch waxes had a weight ratic of compounds having at least 60
carbons atoms to compounds having at least 30 carbon atoms of less than 0.18 and a T
boiling point between 900°F and 1000°F. Three samples of the Fischer-Tropsch waxes (one
sample of FT Wax A and two samples of FT Wax B) were hydroisomerized over a Pt/SAPO-
11 catalyst on an alumina binder. Operating condittons included temperatures between 652°F
and 695°F (315°C and. 399°C), LHSVs of 0.6 to 1.0 hr™', reactor pressure of 1000 psig, and
once~-through hydrogen rates of between 6 and 7 MSCF/bbl. The reactor effluent passed
directly to a second reactor containing a Pt/Pd on silica-alumina hydrofinishing catalyst also
operated at 1000 psig. Conditions in the second reactor included a temperature of 450°F
(232°C) and an LHSV of 1.0 hr'.

" The products boiling above 650°F were fractionated by atmospheric or vacuum

distillation to produce distillate fractions of different viscosity grades.

Three Fischer-Tropsch derived lubricant base o1l fractions were obtained: FT-4A
(from FT Wax A) and FT-2B and FT-8B (both from FT Wax B). Assuch, FT Wax A was
used to make a 4.5 ¢St Fischer-Tropsch derived lubricant base o1l fraction (FT-4A) and FT

-4l -
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s Cata{yst on an-alumina:binder: .Peratlng -conhditions-included i R T R

temperatures between 652F and 695F (315C and 399C), LHSVs of O 6 to
1.0 hr j, reactor 'pressure of 1000 psig, and once-thrpugh hydrogen rates,
wd 2%81)geen 6 and 7 MSCF/bbl. The reactor effluent'passed to dlrectlﬁ toa
Seeond'édttor containing a PYPd on silica-alumina hydrofiriSHtG A4y &
WaﬂB@vasmeeatedraka@QOS pSigFihaditions: indkévseé cand-teabier diclidedma(FT-

2B)t§nrql|88r Of 45 %de)ﬂvnéj 15 nrdlﬁg § s(;)f]; %ﬂo fractll i{/FTE (#]m[tgst data on

ove te fractionate y atmos heric or

Spﬁdfstlﬂaqmnmlpﬁ@dam@@&aﬂa&e?ram@n@nmiffebemmi@@snzyl fraties.atdshown

belobNie@sisGher-Tropsch derived lubricant base oil fractions were obtained:
FT-4A (from FT Wax A) and FT-2B and FT-8B (both from FT Wax B). As
such, FT Wax A was used to make a 4.5 cSt Fischer-Tropsch derived
lubricant base oil fraction (FT-4A) and FT -41 WO 2005/113734
PCT/US2005/017976 Wax B was used to make a 2.5 cSt
Fischer-Tropsch derived lubricant base oil fraction (FT- 2B) and an 8 cSt
Fischer-Tropsch derived lubricant base oil fraction (FT-8B). Test data on
specific fractions useful as the Fischer-Tropsch derived lubricant base oll
fraction are shown below in Table Il. -42 WO 2005/113734
PCT/US2005/017976 Table II: Properties of Fischer-Tropsch Derived
Lubricant Base Oil Fractions Properties FT-2B FT-4A FT-8B Viscosity at
100C,cSt 2.583 4.455 7.953 Viscosity Index 133 147 165 Aromatics,
W1t% 0.0046 0.0022 Not tested FIMS, Wt% of Molecules Paraffins 93.0
89.1 87.2 Monocycloparaffins 7.0 10.9 12.6 Multicycloparaffins 0.0 0.0
0.2 Total 100 100.0 100.0 Pour Point, C -30 -20 -12 Cloud Point, 'C 4 --8
+13 Ratio of Mono/Multicycloparaffins > 70 >100 61 Noack Volatility,
W1t% 48.94 10.75 Oxidator BN, Hours 40.14 46.05
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SN DIS (Wi96); F'5 618 742 82410630763, ~83020-658 784846 1+ 1 cvowririci o

30673 797 877 50 713 823 919 70 754 854 977 90 802 896 1076 95

‘816 913 1120 Examplé 2: 5 Preparation of Lubricant Blends The

ngﬁﬁ{;ﬁ HHiQPsch derived lubricant base oil fractions preparelq K
(FT-2B, FT- 4A, and FT-8B) were used to make lubricant blénd
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petroleum base oils, The Petroleum Base Oils used to blend with the
Fischem] &D%M%é&ff mmmrbm oilsiliactionsame Basdollonscdbhs

flne Group-|
Al o

Group-lL-Grol

ol
P

ET

ﬁ@?ﬁftlﬁi Gratp

H [~

eal--A

ICUl
15COSI1

b D T

2 Neutral
PALe

_ V‘g‘&}s{&lﬂwegx_xxw vobit-Exxonivobi

‘j.ﬁljUVl UTT I [S7,8

A HEARBY0 220R 600R ViSTOSIt

A04998712

J(rmbl TCVIUTTT

S R02 12

Mgeosny, krdexe2eido 103 10U Pou
2002/41i34 34 PCTIUS2005/017976

theMpetoidumrddnived Group | or Gi
tabMuliissdlepasfnsolymethacrylate |

[ Point, C-9-

b -14-16 45

Foor differen
oup 1l base o]

tdslends of FT

IS®EIIMmarizedii

-2Bwith

fwr mﬂ?e«%gd—range&e?—abeu&%e&
dﬁﬁwm i gt ith-FF-2

a0 oflf‘ﬁonomufﬁcyclloparams NI

Noack Volatility, Wi%

Preparation of Lubricant Blends

Oxidator BN, Hours

SIM DIS (Wt%), °F
5 618 742 824
10 . 630 763 ... 830
20 653 784 46
30 673 797 877
50 713 823 919
70 754 854 977
90 802 896 1076
95 216 913 1120

Example 2:

The Fischer-Tropsch derived lnbricant base oil fractions prepared above (FT-2B, FT-

4A, and FT-8B) were used to make lubricant blends with petroleum base oils, The Petroleum

Base Qils used to blend with the Fischer-Tropsch derived lubricant base oils fractions are as

follows:
Table [I: Petroleum Base Qils
Properties Group 1 Group I ‘Group I Medium | Group Il Heavy
Medium Heavy Neutral Neutral
Neutral Neutral
Descrption | ExxonMobil ExxonMobil | ChevronTexaco ChevronTexaco
AC330 ACE00 220R 600R.
Viscosity at 7.998 12.25 6.502 12.37
100°C
Viscosity Index 98 98 103 100
Pour Point, °C -9 -8 -14 -16
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weriGroup twiGroup F wiGroup: It w/Group ll--Medium: NeutrakHeawy s o simsnsnse

Neutral Medium Neutral Heavy Neutral Components, Wt% FT-2.5 55.83
(56) 66.8(67) 46.86(47) 67(67.2) Group | Med Neutral 43.87(44) Group I+ I

R

ral 329(33) Group li Med Neutral 52. 84(53) Grou
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Groguirideariziekivdlow. Table V: Lubiicant Blends with FT-4A AUI FT BIéRAd(32.8)
PoudBiOSE LW/ Group TVviGroup T W/Groug $1~ Metium Hggvy Metium 53
Heawvy NeutzaLNeul:a.LNeuLtaLNaunaJ_Campanintc Wi%

TOTAL - 100.0 100.0 100.0 100.0

Brookfield Viscosity @- 82,000 36,250 10,500 17,000
40°C, cP

Kinematic Vis (@ 40°C 17.02 165 17.64 16.6

Kinematic Vis @ 100°C 31.884 3.381 3.956 3.504

Viscosity Index 123 132 121 133

All of these blends had Brookfield viscosities at -40°C below 100,000. It was

surprising that the blends with petroleum denved Group II base oils had substantially lower

Brookfield viscosities than the blends with Group I base oils. It is expected that blends with

- petroleum derived Group III base oils would give results as good as or better than the blends

with petroleum derived Group II base otls. The results of the blends using the 2.5 ¢St

Fischer-Tropsch derived lubricant base oil fraction (FT-2B) are illustrated in Figure 1.

- Five different lubricant blends were made using FT-4A. An all FT Blend with FT-
4A, FT-8, and polymethacrylate pour point depressant was made for comparison. The other
four blends were made with FT-4A, the petroleum denived Group I or Group II base oils

detailed above, and polymethacrylate pour point depressant. All four of these lubricant
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i1t Heavy 32.7 Neutral Pour Point 0.30.30.30.30.3 Depressant TOTAL

wd 969 496:P 100.0 100.0 100.0 Brookfield > 1,000,000 709
45,450 83,000 Viscosity @-40C, cP Kinematic Vis @ 27. 24
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and YiScsi e 362130439 J2RCL38I A e amparisapuByipant blend

with all Fischer-Tropsc

derived lubricant base oil fractions and

polymethacrylate pour point depressant had an unacceptably high
Brookfield viscositymihidQC ignaaiatthand wHiamra. The blends of
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Con¥&itnREIOW, 1

JU,000 CP, TTﬁaKIng them suitabte fabric

FT-4Avention. As

with4he ble

nt-btends of !LIIIb
$ 67.0

A0S Wit FT-2B; theg Riends withy

FT-gerived Group Il base ollg had significgntly lower Brpokfield viscasities
Grothatdenblends with petrgleunmvalérived Group | basa olls. As with the
Neugsf-2B blends, it is expected that blends of FT-4A with petroleum Herived
| GrowGlR3M 15 hase oils and pour point depresSaht wolld give results as
Neu bnds-with-petroleum-derived Group Il base.oils
gzomrfe fSSUMS of the blends lising the 4.5/cSt Fischer- 'I'ropssglﬁderived
' Grodbllﬂl%f&il\%/l)db eoit-fraction(Fr-4A)are-iflustrated-Frgure2- 377
Neutral Py
Pour Point 0.3 0.3 0.3 0.3 0.3
Depressant
TOTAL 100.0 100.0 100.0 100.0 100.0
Brookfield | > 1,000,000 709,000 830,000 45450 83,000
Viscosity @-40°C, '
cP
Kinematic Vis @ 27.24 28.87 30.38 27.59 30.57
40°C
Kinematic Vis @ 5.778 5.514 5.841 5.312 5.888
| 100°C
Viscosity Index 162 131 139 128 139

The comparison lubricant blend with all Fischer-Tropsch derived lubricant base oil

fractions and polymethacrylate pour point depressant had an unacceptably high Brookfield

viscosity at -40°C, greater than a million cP. The blends of FT-4A with petroleum derived

Group [ base o1ls had Brookfield viscosities at -40 °C above 100,000 cP so were not optimal.

The blends with petroleum derived Group I base oil had Brookfield viscosities at -40 °C well

below 100,000 cP, making thein suitable lubricant blends of this invention. As with the

blends with FT-2B, the blends with petroleum derived Group 11 base oils had significantly

lower Brookfield viscosities than the blends with petroleum derived Grou}i I'base oils. As

with the FT-2B blends, it 1s expected that blends of FT-4A with petroleum derived Group III

base oils and pour point depressant would give results as good or better than the blends with

petrolenm derived Group II base oils. The results of the blends using the 4.5 ¢St Fischer-

Tropsch derived lubricant base oil fraction (FT-4A) are illustrated in Figure 2.
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=045 WO 20051113734 PCTHIS2005/01:7976- Example 3:-Comparative -t s
Example A sample of hydrotreated Fischer-Tropsch wax, FT Wax C, was ;
made using a Fe35 based Fischer-Tropsch catalyst. The sample, FT Wé’)‘(

wa analyzed and found to have the properties shown in_Table V
%%’iﬂe SNAPRT Wax C FT Wax C Sulfur, ppm <2 Nitrogen, ppgﬁ %S%g?y‘blg%%
by Neutron 0.15 Activation, Wt% Oil Content, D 721, <1 Wit% Average
Carbon 41.6 Number Average I\%olec é 585.4 Weight D 6352 SIMDIST
TBP (WT%), F T0.5 784 T5 853 11 T20 914 T30941 T40 968
T50 995 T60 1013 T70 10¥briBRrIGSEXABPIA081 T95 1107 T99.5

113% sample of hydrotreated Fischer-Tropsch wax, FT Wax C, was made using a Fe-
5  based Fischer-Tropsch catalyst. The sample, FT Wax C, was analyzed and found to have the

- properties shown in Table VL
Table VI: FT Wax C

FT Wax C

Sulfur, ppm <2
Nitrogen, ppm <8
Oxygen by Neuatron 0.15
Activation, Wt%
Oil Content, D 721, <1
Wit% o
Average Carbon 41.6
Number
Average Molecular 585.4
Weight
D 6352 SIMDIST

TBP (WT%), °F
T0.5 | 734
T5 853
TI0 875
T20 914
T30 ' 941
T40 968
T50 - 995
T60 ' 1013
T70 1031

{ T80 1051
T90 ' 1081
195 1107
T99.5 1133

A sample of the FT Wax C was hydroisomerized over a PYSAPO-11 catalyst on an

10 alumina binder. Operating conditions included temperatures between 652°F and 695°F
. 46 -
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“K-sample of the FT"Wax C was hydroisomerized-over-a PYSAP Ot =i

catalyst on an to alumina binder. Operating conditions included
temperatures between 652F and 695F -46 WO 2005/113734

WBQ;BM%QPS/ONQ?G (315C and 399C), LHSVs of 1.0 V. r%% 2005017976
pressure of 1000 psig, and once-through hydrogen rates ot between

(31 BRATINECEIH Vot ot effhsertipessvedadilébfpsiz sastonnd emgtor
hydfSRRIARNG, ArRHRE AN sl eaRImiIng W?éﬂ&k%?'é@z&éﬂ%%&eﬂ'ﬁﬂ&ﬂ rated
u

at 1000 psig. Conditions in the second reactor include atempera ure of

secopgJeaps seaiRna A PYTIeoviBsa drrpnatpidepioiiiee puRlng abevessetat
100081 fraetigiiate Gy AdPoasPRAse IhMABHY A eHiSHHALIRN, ta SQdUee WVPnd an
. %@ gig)s of different viscosity grades. As such, a 6.3 cSt Fischer-Tropsch
L i I}L‘fbrlcant base oil fraction (FT-6.3) and a 14.6 cSt
Fls&hepfﬁﬂmpsdjmderg\@d Jebficanlbesesoildiaciicry (hok4ie) e @acuum
dist?lbhaolm?d E éot er%%g oé&k}%}- F|sgh r- Trafipsch derived lubricant
456 Ol fractions aré Shown below in acblse Sble VII:
Fisésencyopse D Ereber ubyichnieBeasktl@jichrabtions! ReopertiBs - Bt a
Lo FTAGYIEORIY 00 (o SSLOAIDN 2R YiShIoI ANE 130000 11,

Aromatics, Wt% 0.0141 Not tested FIMS, Wt% les Paraffins
propeeios g, the W@Méﬁﬁfﬁhé%@i@iﬂcwmﬁéydé (rsedifinis:dc S 9rTistaly in

' Tabik0@sP 100.0 Pour Point, C -14 -1 SIM DIS (Wt%), F T5 827 977 T10 841

986 T20 863999 T30 881 1009 T50 912 1034 T70 943 1064 T90 982
1153
Table VH: Fischer-Tropsch Derived Lubricant Base.£} Fractions

Properties FT1-6.3 | FT-14.6
Viscosity at 100 °C, cSt | 6.295 14.62
Viscosity Index 154 | 160
Aromatics, Wt% 0.0141 | Not tested
FIMS, Wi% of Molecules
Paraffins | 76.0 76.0
Monocylcoparaffins | 22.1 22.1
Multicycloparaffins | 1.9 1.9
Total | 100.0 100.0
Pour Point, °C : -14 -1
SIM DIS (Wt%), F
T5 : 827 977
T10 ' 841 986
T20 863 999
T30 881 1009
T50 912 1634
T70 | 943 1064
T90 | 982 | 1153
195 | 9%6 1208
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~T95'9961208 - -47-WO 2005/113734 PCT/US2005/017976-Neither-of - s

FT-6.3 nor FT-14.6 met the desired ratio of weight percent of molecules
with monocycloparaffinic functionality to weight percegnt of molecules Wlth§
(%) raffinic functionality. The ratio for both of these mp les w
“g}wl@bi%l.%e Fischer-Tropsch derived lubricant base oil fra?t% 52%:’/017976
prepegteabdlié-(Fner3 ard. GreT the By wrdreabacih ‘Msiebttaemakeﬁérnoiecules
wi }L brigaatolend Wit the GrawR bR NeHial Aelinleumskage oll, as

aracterized in Table 1, and polymethacrylate as the pour point

mylBprelepansl meﬂamﬁ*fp@gmo ﬁ%@%éﬁ@ﬂ%ﬁﬁhﬁ@t@%@?@dﬁﬁﬁ@’ﬁkhﬁé

are symmaneedhsErbleViveiewy $0d alle- bk bhriaant BIeRAF WD ang
Groug Il Heavy Neutral FT-6.3 FT-14.6 w/Group Il HeavyﬁNeutral

Flalbeots  aehvriutare esipane it .51 b6V Ny o
pefOI&dn Gagu1) hi—teavacmmah TAIBITY aZﬁ Foouh HigdodyRepsie ssapid gothB
Brookfield Viscosit t cP 6 0 0 000 O?t }%p g]atlc Vis @ di
deRsEA 0 £7 13°P8 ]\}lsc ti}"ﬂﬁ’& 1S RS IS SR B d’%am o
Taed@bithotke Fischer-Tropsch derlved Iubrlcant base 0|I fractions not
meeting the desired ratio of weight percent of molecules with
monocycloparaffinic functionality to weight percent of molecules with

ad-lower \IIQ{"{'\QI'I‘\]

multicyclopargyffiie/#p fuﬁr&tﬂgiﬂ@mnh@@@{@%nslﬂ H%N@@tx@i -40 C
oP_These--blepds-also-h

LAV AN |

indexes than what is prefermd that |s];tjﬁe6\ﬁsc05|ty inflexes wgpéli‘élsﬁs
than 120. Accordingly these wGblgnddiwoyldNeotdg suitable foHuase/ INeutral

| 1 i AA el 4+l s i )
I it Al IUUIIbd.IIl IUIIIIUId.LIUIIb. Ve Ue PrexElIitmveTriuornTias
Sl ATt o T U
g eh desctibed with referenge to specific 20 emhodirents, this..

Bplitation is intended to coyer those V8rtdus changels and substiutions

el Ay be made by tThose of ordinary Sl in the art Without depasing

the.appended-claims.-48

Group II Heavy Neutral 79.76 79.76
Pour Point Depressant 0.3 0.3
Brookfield Viscosity @-40C, cP 610,000 >1,0600,000
Kinematic Vis @ 100°C 10.47 1275
Viscosity Index 116 119

The two resulting blends, made with the Fischer-Tropsch derived lubricant base oil
fractions not meeting the desired ratio of weight percent of molecules with
monocycloparaffinic functionality to weight percent of molecules with multicycloparatfinic
functionality, had Brookfield viscosities at -40 °C significantly above 100,000 ¢P. These
blends also had lower viscosity indexes than what 1s preferred, that is the viscosity indexes
were less than 120. Accordingly, these two blends would not be suitable for use in high

quality gear lubricant formulations.

While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and substitutions
that may be made by those of ordinary skill in the art without departing from the spirit and

scope of the appended claims.

- 48 -
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lubricant blend comprising: a. from about 10 to about 80 weight percent
‘based upon the total lubricant blend of a lubricant base oil‘fraction
weenyed frem highly paraffinic wax having a viscosity of between about 2
cSt and 20 cSt at 100 C, wherein the lubricant base oil fraction derelt 7976
WHpdnHid W EEAHihic wax comprises: (i) less than 0.30 weight percent

1. aromm%ﬁﬁbmm%mgmé weight percent molecules with
cycloparaffinic functionality; and (iii) a ratio of weight percent of molecules

with-mondRR A @ R SHoRHRN) ReTGraidrtsp raentBF ipigidabricssiiptend
multicyclagaraffitienfncticinatityi g eRirithabn] bidh {remaRH20 fQving a
about 90 weigh cent based upon4he total lubricant blend ofa
petroleum la(égr]?\}/}é}gﬁﬁé%é\’é’egﬂ g%?@&éﬁgfradﬁ% 8%%%@%895%?\‘5%??@%“
11 base diksadBrivapidh basedikoantighixpredihereak angpeiségom about
0.01 10 13;pveiahlpaigenBRrac paRhe aiaiubricant blend of a pour

r en

point depressant; wherein the Itbricant as’a viscosity of about 3
cSt or greléier agaBrthand weBhbokfiend vistositg a0 C of less than

100,000 cP. 2. Thaduhdgant blgng figlaimd, wherein the lubricant base

oil fraction derived from highly paraffinic wax is a Fischer Tropsch derived
lubricant B4&e HTRERAENEBITHEGEREMipTain vithimandcywhereiflitie

“lubricant blend hag @ Regkiieldivis¢esith 8 AR EoAles AN RO ERsnic
4. The Iubricantiﬁrlklgnd of claim |, wherein the lubricant blend has a

Brookfield viscodit"SRaNy &estaelétian 25,000 eP. 5. The lubricant

bleind of draimabowhereiabihe johvisaintdiend basaBreokield.yiseasi: Bbnd
-40 C of less tha 15,000 eP, 6. Thte |&Jb{iC nt blend of claim 1, wherein
Gy bFIEe JORY S e AP Sb 3R

the Iubricanztl %Eferﬁ_c? Lhas a viscos
5.0 cSt allltgee®il490w e 20054¢ 08784 POTHLS 200&/0 L1976 7. The

bricant RIERGSLCRYTS 1 RRIEin dieddeant RENANBR AR MY
about 5.0 cSt or greater and Iegg han 7.0 cSt & E\O c. SAIRERR i ha ofa
pour point depressant;
wherein the lubricant blend has a viscosity of about 3 ¢St or greater at 100 °C and a

Brookfteld viscosity at -40 °C of less than 100,000 cP.

2. The lubricant blend of claim 1, wherein the Iubricant base oil fraction derived from

highly paraffinic wax is a Fischer Tropsch derived lubricant base oil fraction.

3.+~ The lubricant blend of claim 1, wherein the lubricant blend has a Brookfield viscos‘;ity '

at-40 °C of less than 50,000 cP.

4. The lubricant blend of claim I, wherein the lubricant blend has a Brookfield viscosity

at -40 °C of less than 25,000 ¢P.

5. The lubricant blend of claim 1, wherein the lubricant blend has a Brookfield viscosity

at -40 °C of less than 15,000 ¢P.

6. “The lubricant blend of claim 1, wherein the lubricant blend has a viscosity of about 3

¢St or greater and less than 5.0 ¢St at 100 °C.
L 49.



=@ Therlubricant blend:of-claim:1; wheretn the-tlubricant blend-hasa -
- viscosity index greater than 120. 9. The lubricant blend of claim 1,
wherein the lubricant base oil fraction derived fromhighly paraffinic wax -
“}bazs&(%}{i%%fity’ of between about 2 cSt and 12 cStat 100 C. 10. The -
[UBTICARE Blend of claim 1, wherein the lubricant base oil frachSH/U8FI&41 7976
7. fronThaibivlycpatrbifmi o fvdeircdmphigemahwaight perelent bimoleswlet withbout

S'OIEQIB(?C‘;‘X%PQ%% gggc&ﬁ%np Qg@ﬁ% gh ggeater than 10, and a weight percent

of molécules with multicycloparaffinic functionality of less than 0.1. 11.
The lubricant blend of elaim 1, wherein the lubricant base oil fraction

g. deriygd fiomatighiyraraiiinic waxcarprines Asatemnthan QI index
percent molecules with cycloparaffinic functionality. 12. The lubricant
grepieithagridim t, wherein the lubricant base oil fraction derived from highly

paraffinic wax comprises a ratio of weight percent of molecules with
mongqcycloparaffinic, functionality to weight percent of mglecules with
0. it R APAHITES Ch ISP A TEhAT Ao Db e A BiEA o
highfyohataifibiswherdis the dubiigaibbasenitfoactiat derdvEtdsonn 1 Bighly
paraffinic wax has a viscosity of between about 2 ¢St and 3 ¢St at 100 C.

14. The lubricant blend of claim 13, wherein the lubricant blend has a
1 O.Bro'o’lhﬁéklbri?imt(béitw af fd@@ lom_wmm B@,@w&@sgbilmt[ubma‘mtd from
higﬁiﬁﬁgr%ﬁl@'%}t €10 Ihe.1phricapnt hase QILIAClORAGINEd M. afrinic
highly paraffinic wax has a viscosity of between about 3 cStand 6 cStat
fungpenaity of FisatenBraadth preriovst ehparacsnt whewnsulte nibricavioleleganidnic

fur@tiRrRRkfietge vigeasity at -40 C of less than 60,000 cP.-5Q WO
2005/113734 PCT/US2005/017976 17. The lubricant blend of claim 1,

wherein the lubricant base oil fraction derived from highly paraffinic wax
11 hasmbipagkMaladility fesstharvadiaathe isdatlit faeton ascalsulatedd Bym

. the follawing equation: Noack Vqlatility Factor = 1000(Kinematic Viscosity
i R TUHE LIPS B Bt PREH) BEVSFITRG Dk a
cycl@i@iER:y b8t diaditiubricant blend of claim 1, wherein the lubricant base

oil fraction derived from highly paraffinic wax has a Noack volatility less

than 50 weight percent. 19. The lubricant blend of claim 1, wherein the
12 |ubridaninbusedhldrdctionede rived droim thsi g qsat dasiclviasc has dertved from

hi g}{fﬁﬁgéi%ﬁd{&%a&%%%ﬁﬁé?%aﬁo\ﬂ%&é@{ w@ﬁf S @Rles with
monocycloparaffinic functionality to weight percent of molecules with multicycloparaffinic

functionality greater than 50.

13. The lubricant blend of claim 1, wherein the lubricant base o1l fraction dertved from

highly paraffinic wax has a viscosify of between about 2 ¢Stand 3 ¢St at 1060 °C.

' 14.  The lubricant blend of claim 13, wherein'the lubricant blend has a Brookfield
viscosity at -40 °C of less than 35,000 cP,

15.  The lubricant blend of claim 1, wherein the lubricant base otl fraction derived from

highly paraffinic wax has a viscosity of between about 3 ¢St and 6 cSt at 100 °C.

16.  The lubricant blend of claim 15, wherein the lubricant blend has a Brookfield

viscostity at -40 °C of less than 60,000 cP.
-50-



s Ealeulated By the following equation: Viscosty dex Factor= 28 x s mu e

In(Kinematic Viscosity of the lubs4cant base oil fraction derived from
highly paraffinic wax at:100C) + 95. 20. The lubricant blend; of claim 1,

wivhREgilhe lubricant base oil fraction derived from highly paraffipigwax.,.
has an Oxidator BN with L-4 Catalyst test result of greater than 25 hours.

17. 21 Trp & hiisaeablenden ¢lare hinbe simrelrb it petisteuhiradionads Heesb s
highly pelegied Wiamatheraraupvernsistingahaase Qi Rayiag @ kikemaliclculated
viscgsity at 100 C of from about 8 to about 20 cSt, a base oil having a '
by tha 1BHORHRSFSEBYH at 100 C of from about 5 to about 8 cSt, and mixtures
NoatfeVeddti 2% Fehed sbiftai blanstioNdlaiosi &, o kies ¢iibribenpbase plifitaction derived
depressant is selected from.the up consisi -gsters of maleic
anEydride-styrene éﬁ)&){lﬁé&, faﬁig)#)@%%m%c?ﬁa@(?{po'IyacryIates,
p'olyacrylamides, condensation products of haloparaffin waxes and

13, aropjatiG, comroyndsyiny! carhoxyiaie xm&%ﬁggﬁ%@im%@v% from

dialkylfumarates, vinyl esters of fatty acids, ethylene-vinyl acetate
hightopeRiveesy alidassHiprskisphatidshygehesndereatibaerassins, alkyl vinyl
- ethers, olefin copolymers, and mixtures thereof. 23. The lubricant blend of
claim 1, wherein the pour point depressant is an isomerized

19. FisthepRspaciadabatrsd ko isib i lRifeahbase pilgERtigR detiyed from

highWeighirohif onk 2ot b W0 o24:3r BAPLOTHIS2908404 TQ46 890 to
bout 11g0f%._ﬂd a 10 percent boiling point range of from about 850 OF to
Calc@ﬁ §tbfd bR HPFFA R cant blend of claim 22, wherein the lubricant
Ylendifyfihiex taonaris2’ frinfl iabauti O 05cdsilbofdighitparee bhbase tagnon
the total lubricant.bl of an.isomerized Fischer:1J; derived
bottoms produ%j%nfg%r%g Iﬁﬁﬁﬁaﬁrﬁféﬁﬁ gfaélgFrerilbﬁ %%%i‘n the pour point
depressant is a mixture of an isomerized Fischer-Tropsch derived

20. bo%@ﬁm%ﬁf %ﬁéﬂglafacﬁ]a%qce\gﬁqwﬁl W%%Q}Q I%&f OHQFQCQQR HEI@Q& tﬂom

~about 1100 and a 10 percent boiling point of from about 850F to about
highhosortiaifaveas AerriveadassBi wath b el idevdramipbeestershan 25
houddnaleic anhydride styrene copolymers, polymethacrylates, polyacrylates,
polyacrylamides, condensation products of haloparaffinwaxes and
aromatic compounds, vinyl carboxylate polymers, and terpolymers of
21. dialikyd lumrarataseming @siars, offatin acidsrelbya merviay bagstate sclected

copolymers, alkyl ol formaldehydge. condensation resi inyl
ﬁrome ¢, ?uoq S Ikrals;(s:tor%%e 23 ?8%111 gar\ﬁiixi%ar ggn aie yiscosity at TE’O QIE(X% }4’0% about 8
to about 20 ¢St, a base o1l having a kinematic viscosity at 100 °C of from about 5 to about 3

cSt, and mixtures thereof.

22. The lubricant blend of claim 1, wherein the pour point depressant is selected from the

- group consisting of esters of maleic anhydride-styrene copolymers, polymethacrylates,
polyacrylates, polyacrylamides, condensation products of haloparaffin waxes and aromatic
compounds, vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of
fatty acids, ethylene-vinyl acetate copolymers, alkyl phenol formaldehyde condensation

resins, alkyl vinyl ethers, olefin copolymers, and mixtures thereof.

23.  The lubncant blend of claim 1, wheretn the pour point depressant is an isorﬁerized

Fischer-Tropsch derived bottoms product with an average molecular weight of from about

-51-



w26 Fhe-dubricant-blend-of-claim- 1y wherein-the-pour-point-depressant iSs:« . e

polymethacrylate. 27. A lubricant blend comprising: a. from about 10 to
about 80 weight percent based upon the total lubricant blend ofa N

ri se oil fraction derived from highly paraffinic wax havinga "~
\\J\ﬁgggsg@} E%Detween about 2 ¢St and 12 ¢St at 100 C, where'u’ﬂﬂégzo‘bml7975

600 fgtshent 1 BAsedol tastiesnideiieg peormrghlyffanafimoigar tOmplises! (8o

o less than 0.30 weight percent aromatics; (i) greater than 5 weight percent
molecules with cycloparaffinic functionality; and (iii) a ratio of weight
percent of molecules with monocycloparaffinic functionality to weight

24, perg@meﬁmm@ﬂ@%mmm;i%@m@m&cmEﬁ@ﬂ#ﬂ%&?‘%@%ﬁﬂ@é‘fmm
aboq]f% F% from ahout 20 to about 90 weight percent based upon the total

ARd BIRSERLP Y SRt HReE e Pk &b piagy iblsrd P18 isetpsreasth

Fisciderilegsohderoibddamptisesogieater than 90 weight percent saturates and
less than 300 ppm sulfur; and -52 WO 2005/113734
PCT/US2005/017976 c. from about 0.01 to 12 weight percent based upon
25. theltstddbobaigdneblediafal poerpoititdeprgssandsprhersindhadintieaTtn
: Vi ity pf-about 3 cSt at 100 C or greater and a Brookfield
o o R e ST el
frompabopifileta sheuubremdizalersiciridtiohngdariveicfrinm highlyBEarafinibout

1050MBX IS %Fé%ﬁhﬁfe&%%@%i&%dgﬂiEﬁ@@ﬁ'&igﬁﬁeo?usft@?%?%é%?%gi e

lubricant blend of claim 27, wheréin the lubricant blend has

Styres £ORMY BFH Oy BRIl YHdes- 0000 Urteseolyeriipmidast enedensficaim

proddds WHRIRIPa gL Ecanhh authhes A Rseekdieldnviseosity Al e40i1Cnrbless
Qﬂwan 35,apgﬂlgP. 31. The lybricant blend of claim 27, wherein the lubricant
P T S Y RS BB R QA& S Ids SRR S Bh 622, The

copdybricaniiblephlof il ydherpidethe nbricant bileyidhasaviscosiy of
o Ori\brggi; 3 gﬁg{rrigfrg%%g{egpd less thgn 5.0 cSt at 100 C_. 33. _The lubricant
PoplEnd ot tlaim , wherein the lubricant blend has a viscosity of about 5.0
cSt or greater and less than 7.0 ¢St at 100 C.

26.  The lubricant blend of claim 1, wherein the pour point depressant 1s polymethacrylate.

27. A lubricant blend comprising:

a. from about 10 to about 80 weight percent based upon the total Jubricant blend
of a lubricant base oil fraction derived from highly paraffmic wax having a |
viscosity of between about 2 ¢St and 12 ¢St at 100 °C, wherein the lubricant
base oil fraction derived from highly paraffinic wax comprises:

'€) less than 0.30 weight percent aromatics;

(i1} greater than 5 weight percent molecules with
cycloparaffinic functionality; and

(it} aratio of weight percent of molecules with monocycloparaffinic
fanctionality to weight percent of molecules with multicycloparaffinic
functionality greater than 15;

b. from about 20 to about 90 weight percent based upon the total lubricant blend
of a petroleum denved base oil, wherein the petroleum derived base oil
comprises greater than 90 weight percent saturates and less than 300 ppm

sulfur; and
57 -



. Y o Thenlbﬂcantbien d @fclafm27;wh’eremﬂthembl’lcant”’tﬂ”efﬁd"ha%aﬂ R S R P

viscosity index greater than 120. 35. The lubricant blend of claim 27,
wherein the lubricant base oil fraction derived from highly paraffinic wax
ises greater than 10 weight percent molecules with- cycloparaffinic
W(?l?r?'c}%ﬁgﬁfg 36. The lubricant blend of claim 27, wherein tﬁ%glﬁé) 10 e
baise oil feastisvrdedifbepftanveisiggrerntdifisié wax dompablebracmativiafd of a
weight parcebal melecuigs with monocycloparaffinic functionality to
weight percent of molecules with multicycloparaffinic functionality greater
than 50. BBYVG0 D665 987 810 586050 27 e 37 Stre b Heahereater
blend of glaimEXdeihereisctarlubricent bargihframiionodgrived from
highly paraffinic wax has a viscosity of between about 2 cSt and 3 cSt at
100 C. 38. The lubricant blend of claim 37, wherein the lubricant blend has
28. a Bredkfisldnyidensit) i 07Cvdfeless ttrantBi0006P o3 9rathenl dbiieanfrom

. . ble % B%I 27a}gvh rein the lubrica se oil.fractign.derived from _
g B B et
“ 100 C. 40. The lubricant blend of claim 39, wherein the lubricant blend has

20. @ BiRakfigld Vigeosity ALt 9 Coalless dRanS 09 en: AL ke Jubrigant

~ blend of claim 27, wherein the lubricant base oil fraction derived from

viscopity -Aarsfrmdilc v aben 48 8PRisRck Volatility less than a Noack Volatility
Factor as calculated by the following equation: Noack Volatility Factor =
1000(Kinematic Viscgsity of the lubricant base oil fraction derived_ from

30. higmlas?ﬁﬁwé%if {1627 h8 PRARIBHEARBEA sfTRakfSY,

viscoslheseinahe hfieiganibageooitfraction derived from highly paraffinic wax
has a Noack volatility less than 50 weight percent. 43. The lubricant blend
of claim 27, wherein the lubricant base oil fraction derived from highly

31. pdFaffinienseot hasdoViseosity, dexigtbateprthant bidfidbesinyBiodeickhctor

vised %%ffll_%laéegfpéést%%&qlgom quation: Viscosity Index Factor = 28 x
In( i (

Inematic Viscosity of the [ubricant base oil fraction derived from highly
paraffinic wax at 100C) + 95. 44. The lubricant blend of claim 27, wherein

32. theduhricantpese lftastion desives femshishlymatatinie wandasathou 3

Oxidator BN with L-4 Catalyst test result of greater than 25 hours.
¢St or greater and less than 5.0 ¢St at 100 °C.

33.  The lubricant blend of claim 27, wherein the lubricant blend has a viscosity of about

5.0 ¢St or greater and less than 7.0 eSt at 100 °C.

34.  The lubricant blend of claim 27, wherein the lubricant blend has a viscosity index

greater than 120.

35. The lubricant blend of claim 27; wherein the lubricant base o1l fraction derived from
highly paraffinic wax comprises greater than 10 weight percent molecules with

cycloparaffinic functionality.

36.  The lubricant blend of claim 27, wherein the hubricant base oil fraction derived from
highly paraffinic wax comprises a ratio of weight percent of molecules with
monocycloparaffinic functionality to weight percent of molecules with multicycloparaffinic

functionahty greater than 50. _
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w4 The lubricant blend-of-elaime27 swherein-the-petreleum-derived-Base - u s, -

oil is selected from the group consisting of a base oil having a kinemati
viscosity at 100 C of from about 8 -54 WO 20051113734 S
wGT#/S82AQ05/017976 to about 20 cSt, a base oil having a kinematic -+

viscosity at 100 C of from about 5 to about 8 cSt, and mixtures (hareof. 17976
46. The lubricant blend of claim 27, wherein the pour point depressant is

37. selentadiient HagunameANSISURGH astars Al.malsic ANRYAHeSIWENE om

o olz}/flpers, ol methacrylates, polyacrylates, polyacrylamides,
high oﬁa 1

d
L R O R DA AFR RRBE SSkPafotstal K Sounds,

denditio
vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl

ester fatty acids, ethylene-vinyl acetate, copolymers, alkyl phenol
38 fortrﬁhaglgé%%? erX c?é%ﬁlgzbr%gﬁglngiegﬁ%?glgﬁ b\h?ﬁ%%ﬁ%‘do‘?@ﬁﬁ @6?531%%@5,
viscegiiol shidlif€sotHesedhndys, MiecRibricant blend of claim 27, wherein the

pour point depressant is an isomerized Fischer-Tropsch derived bottoms
product with an average molecular weight of from about 600 to about

39. 116benbrgand Perdehclsoniag poiereraiydwifrom sowil 85QiEitdabedtirom
highbORREhi 48T e WQ@E&‘%W@QQ@&B@%@Z@WP&W .@Jgﬁap(f ) @int

depressant is a mixture of an isomerized Fischer-Tropsch derived
bottoms product with an average molecular weight of from about 600 to

40. about kiHR-a081end QREsGRRDRIING PRIB 1Y am RbawhESPE IR BbAY!
lected from the group consisting of esters of

. 1050F; and.an additive se _
Viscor%&f@itc'ﬁwk%éﬁée@ SR 8B biymers, polymethacrylates, polyacrylates,
polyacrylamides, condensation products of haloparaffinwaxes and

41 9' compaunds vinyl carboxylat lymers,.and t olymers_of
" CialyHLaraton, U -CoS OF a5 At ARYCRE ) degaded fom
highlyapsenfhmas svad ik piéerskimatilite herd ¢heonddnstivnl sasitys atioy layinglbulated
by tRlRsReligufRROlymers, and mixtures thereof. 49. A gear oil comprising
the lubricant blend of claim | and at least one additive in addition to the
Noagio¥plgbiiy FapiassapR060nThatigddrcsition efdlm Wbriantheis thicftatiiivadrrived

base oil fraction defiygt{ W@'mipw@{fgim@%-ﬁa Fischer Tropsch
derived lubricant base oilgf?action. 51. The gear oil of claim 49, wherein

the at least one additive in addition to the pour point depressant is
42. selepiedbianm hiengeR.eangisingoh ativaaaddilives FRAEMSved from

L BN TR TR G2 A B R vicosty
modifiers,
43, The Jubricant blend of claim 27, wherein the lubricant base oil fraction derivedfronﬂ
highly paraffinic wax has a Viscosity Index greater than a Viscosity Index Factor as
calculated by the following equation:
Viscosity Index Factor = 28 x In(Kinematic Viscosity of the lubricant base oil fraction

derived from highly paraffinic wax at 100°C) + 95.

44.  The lubncant blend of claim 27, wherein the lubricant base oil fraction derived from
highly paraffinic wax has an Oxidator BN with L-4 Catalyst test result of greater than 25

hours.

45.  The lubricant blend of claim 27, wherein the petroleum derived base oil is selected

from the group consisting of a base oil having a kinematic viscosity at 100 °C of from about § -
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friction modifiers, demulsifiers, antifoaming agents, corrosion inhibitors,
rust inhibitors, seal swell agents, emulsifiers, wetting agents, lubricity
improvers, metal deactivators, gelling agents, tackiness agents,

wohesdgiiciges, fluid-loss additives, colorants, thickeners, anq,%%@a,g%%
thereof. 52. A gear oil comprising the lubricant blend of claim 27 and at
to abofg 2} GrieA RATHAEIRY IRgligBrr B oS BIt08SHr ot Sem. BYuThiw gbout 8
cSt, all it uRZsorherein the at least one additive in addition to the pour
point depressant is selected from the group consisting of antiwear
additives, EP agents, detergents, dispersants, antioxidants, viscosity

46.  inMiexibryarelensiel40r90)varisinviscpsilypriaddignesdhiationdmadifigts:
h demulsifiers, q;:ntifoah'Yin# agents, corrosion inhi?itors, rust inhibitors,
RTINS e TR RGeS CRRB ARG SRpRovEtacRiAF
polyadightiy atdysciybitindes gententatkiness wgesf hahaciaitioe sy didd egsnatic
itives,.colorants, thickeners, and cambinations thereof. 54. A.process
MR T S e,

- fatty afndstigh denivenirererdigtipobaratinidapiepb brandi figraaldspsityoof betiiesn
resins?ﬁ@ﬁt\gn La0d. %%ﬁ&&;o%?eg; M%%%@g#%}gggm oil fraction derived

rom highly paraffinic wax comprises: (1) less than 0.30 weight percent
aromatics; (ii) greater than 5 weight percent molecules with

47, cysloparaifinisifunctienailyrandatilih aapo.phwaight pargent of molegiies

.. with monocycloparaffinic functionality to weight percent of molecules with
Fischayii iRRyidiafsaraeiRAC pmorior Ty Bhetar then molsvineHeias wlcdribribant

600 toaibfiaction serived feammbighinppsaflinissyax Mith sdeltaleum.derved
1050 H2se oil selected from the group consisting of a Group Il base oil, a

roup Il base oil, and mixtures thereof; and a pour point depressant; and
c. isolating a lubricant blend having a Brookfield viscosity at -40 C of less

48. thﬁx@ itjigrgcgz%%fégd é?giaim 27, wherein the pour point dépressant is a mixture of an
isomerized Fischer-Tropsch derived bottoms product with an average molecular weight of
from about 600 to about 1100 and a 10 percent boiling point of from about 850°F to about |
1050°F; and an additive selected from the group consisting of esters of maleic anhydride-
styrene copolymers, polymethacrylates, polyacrylates, polyacrylamides, condensation
products of haloparaffin waxes and aromatic compounds, viny! carboxylate polymers, and
terpolymers of dialkylfumarates, vinyl esters of fatty acids, ethyienewiny} acetate |
copolymers, alkyl phenol formaldehyde condensation resins, alkyl vinyl ethers, olefin

copolymers, and mixtures thereof,

49. A gear o1} comprising the lubricant blend of claim 1 and at least one additive in

addition to the pour point depressant.

50.  The gear ol of claim 49, wherein the lubricant base oil fraction derived from highly

. paxafﬁnic wax is a Fischer Tropsch derived lubricant base oil fraction.

51. The gear oil of claim 49, wherein the at least one additive in addition to the pour point

depressant is selected from the group consisting of antiwear additives, EP agents, detergents,
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dispersants, antioxidants, viscosity index improvers, ester co-solvents, viscosity modifiers,
friction modifiers, demulsifiers, antifoaming agents, corrosion inhibitors, rust inhibitors, seal
swell agents, émulsiﬁers, wetting agents, lubricity improvers, metal deactivators, gelling
agents, tackiness agents, bactericides, fluid-loss additives, colorants, thickeners, and

combinations thereof,

52. A gear oil comprising the lubricant biend of claim 27 and at least one additive in

addition to the pour point depressant.

53. The gear oil of claim 52, wherein the at least one additive in addition to the pour point
depressant is selected from the group consisting of antiwear additives, EP agents,
detergents, dispersants, antioxidants, viscosity index improvers, ester co-solvents,
viscosity modifiers, friction modifiers, demulsifiers, antifodiifing agents, corrosion
inhibitors, rust inhibitors, seal swell agents, emulsifiers, wetting agents, lubricity -
mmprovers, metal deactivators, gelling agents, tackiness agents, bactericides, fluid-loss

additives, colorants, thickeners, and combinations thereof.

54. A process for producing a Iubricant blend comprising:

a. providing a lubricant oil fraction derived from highly paraffinic wax having a
viscosity of between about 2 ¢St and 20 ¢St at 100 °C, wherein the lubricént
oil fraction derived from highly paraffinic wax comprises:

(D less than 0.30 weight percent aromatics;
(i)  greater than 5 weight percent molecules with
cycloparaffinic functionality; and | _
(1) aratio of weight percent of molecules with monocycloparaffinic
functionality to weight percent of molecules with
multicycloparaffinic functionality greater than 15;

b. blending the lubricant oil fraction derived from highly paraffinic wax with a
petroleun derived base oil selected from the group consisting of a-Group II
base oil, a Group IIT  base oil, and mixtures thereof; and a pour point
depressant; and

c. isolating a lubricant blend having a Brookfield viscosity at -40 °C of iess than
100,000 cP.
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