wO 2007/%9@0&@7%%%%82006/023857 LOWER ASH LUBRICATING OIL WITH LOW COLD
CRANKIN VISCOSITY FIELD OF THE INVENTION 5 ThEGA(EHI8HB ifected to a
composition of lower ash lubricating oil with low cold cranking simulator viscosity, preferred for use in
natural gas enginewERGHGRBRIATIAG SR VETHARMESIDIOFARRIR fmDessHRer 23, 2003,
teaches a finished lubricant that has less than %\,\g@ﬁg} rcent VI improver made having a
lubricating base oil made from Fischer Tropsch g particularly desired aromatic and
cycloparaffinic molecular composition and at least one lubricant 15 additive. This application, however,
does not teach a lower ash lubricating 0|I contalnln no viscosity index improver that has a low cold
cranking simulator viscosity. US PatentABbRCEe D HYENT Hed September 23, 2004, teaches a
.20 multigrage engine oil comprising: (a) a Fischer-Tropsch base oil characterized by a kinematic
viscosity between about 2.5 and about 8 cSt at 100C, and having -a desired composition of
cycloparaffin moﬂ’t‘,%ll@@@@%‘%@cﬁﬁﬂﬁ?@m@i%%i@ww@sb|h§i]>umtlpgmlnmfhddv(c) an additive
package designeditpcranRig SHBRREHHASIRSOBHRACIRE-3seN0ELRA dasasitiiinal pour point
depressant. additive or viscosity index improver. Nothing is taught about blending lower ash
lubricating oil suitable for use in a natural- gas engine without any viscosity index improver and having
a .low cold cranking simulator viscosity. 30 Pg], I#@U WO 2004/053030 and PCT Application
W02004/039606 teach finished lubricants made UsI 0|Is made from Fischer-Tropsch wax -1
WO 200710662005 PCT/U82006/023857 .

US Petent Application 10/7_43932, filed December 23, 2003-, teeches a finished
|ubricant that has less than § weight 'pereent Vi im'prove'r made heving a '
| Iubncafzng base oil made frem Fischer Tropsch wax having partlcularly deezred
arometlc anci cycioparaffimc molecular compoeltson and at least one lubricant
15 add:tlve This appltcat:on, however does not teach a lower ash !ubncatlng ol

'contammg fio viscosity mdex lmprover that hes e jow cold crenk;ng elmulator
\necessty '

US Patent Application 10/949779 f led September 23, 2004, teaches a
.20 muiﬂgrade engine oil comprising: (e) a Ftscher—Tropsch bese ou -
S _characteﬂzed by a kmemat:c \nscosﬁy between about 2.5. and abeut 8 cSt at
" 100°C, and having a. desired composztlon of cycioparafﬁn molecules (b) a
_‘pour pemt depressing base oil blendmg cemponent and (e) an eddmve
} :packege deSlgned to meet the Spectfteaﬁons for ILSAC GF-S and (d) no
25 additional pour pomt depressant addltwe or viscosity index’ ImprOVer Nothmg
s taught about blendlng Iower ash lubricating oil sultabie for use: ina natural

gas eng:ne without any wscesﬁy mdex lmprover and havmg a. low eold crankmg '
samuiator viscosity. -

30 ‘PCT Applications WO 2004/053030 and PCT Appf' catlon WO2004/033606
| _teach finished Iubricants made. usung base oils made from Fischer—Tropsch wax

-



that havehighiseasit indexes and low cold cranking simulator viscositiq%m%(ﬁ&gyght about
blending lower ash lubricating oils suitable for use in natural gas engines without any viscosity index

improver. 5 Lov%ar sh lubricating oil suitable for use in natural gas engines with improved . cold crank
properties over ESIOE VisCoRidngexes £Nd Iwnalhcrenistegrrimuieden Viscositiss. ubricating oils

with better low Katipeyatsmghtepetietomsingnewe Bshairans eiiicalipnsiMashgasrent natural gas
engine oils (NGEQ) ti AE. 15W-40 specifications, for example, require 10 the addition of

viscosity indeﬁprépvg% %ﬁg%r%saw S %{gﬁﬁ)ﬁ‘é%.c?ﬁ@dﬂﬁﬁ?ﬁfwgrnatural gas original equipment
manufacturers (OEMS) require that no conventional petroleum derived bright stock be used in the

natural ga eng{ne oll, lends with good viscometric properties without conventional petroleum

derived bright StBYRGPE FAlpg MY SyitpiNpdanuessTpatURRlgas Prives wilhsimpoed there is

provided a lubrizatingeok prpertisingven) arteasSAR R0 ofd b dealiag, hspi@iiomade from a waxy feed,
having: greater.tha N%‘i ith 20 cycloparaffinic functionality, a ratio of molecules with
monocycloparaﬁ%ﬁgn]%%nction{:arﬂ%%g r%ﬁoqg%ﬂ?ggrﬁtﬁ'?ﬁmﬁ%%é%ﬁf@Wl?ﬁ%ﬂgﬁality greater than 20;
and b) a DI adRERREPIRGAGElNGHIAG  BVW-b spadifigatidrantdins (eemtitamfiflwhé viscosity index

improver whichel§ginBIRONGELO p@&gﬂgﬁ meerisali er average molecular weight of
about 15000 toé mi‘q‘ijon atomjc %5_ m,aiss l?[fi\t%e;{agr%pév%gé]égfr%ﬁ#ﬁgeﬁﬁﬂ#ilfgl?ti%aém?%'sr%as“ﬂrl?ated ash by

- ASTM D 894- JB&FAB MR HERRRtE s bnprayaraibsinenaRes isimstatdn widddisity at - 20C less
than 9000 cP. lspensewburdl assanigtheiredalprosftesbautsNB QoMY MRYiFIRdHE) 9 between 5 and
Mfeﬁtd wherein the  lubricating base oil made from a

% lubricatj ' f
o> e nca%qmgn%lf%%%&% e%[}\':v? 78 %t)oﬁ‘f)% V%e\%ti%tﬂﬁ&ﬂ“f@{tﬁﬁ?aﬁﬂe%leum derived

waxy feed has a viscosity index greater F\
bright stock ha@hd@ bignds with good viscometric properties without conventional petroleum

derived bright stock are preferred:
15

SUMMARY OF THE INVENTION

In & first aspect, there is provided a lubricating oil comprising: a) at least 5 wt% of lubricating
base oil, made from a waxy feed, having: greater than 10 wt% molecules with

20  cycloparafiinic functionality, a ratio of molecules with’- monocycloparaffinic
functionality to molecules with multicycloparaffinic functionality greater than 20;
andb)a DI additive package; wherein the lubricating oif contains iess than 0.2
wi% viscpsity index improver which is a homo- or co-polymer or derivative
thereof of number average molecular wéight of about 15000 to 1 million atomic

25  mass units; and wherein the lubricating oll has a sulfated ash by ASTM D 874~

00 of 1.0 weight percent or less, and a cold cranking simulator viscosity at -
20°C less than.8000 cP.

In a second aspect, there is provided a lubricating oil, comprising: a)
30  between 5 and 95 wt% lubricating base oil made from a waxy feed, wherein the
lubricating basé oil made from a waxy feed has a viscosity index greater than
150; b) up to 75 wi% unconventional petroleurn derived bright stock having a
-2



WO 200 %?%%3@@&?/U82006/023857 viscosity index greater than 1201; n(%} &%twe nos %nd 12 wt%
Iti P

lower ash ve package; and d) less than 0.2 wt% viscosity index | %(]rﬂ\(/ivﬂ%:c’?ﬁ isa homo- or

co-polymer or derivative thereof of number average molecular weight of about 15000 to 1 million
atomic mass wigspsilydneiextbesdtdar thatint20jld) detwedine Bradic vinenstwat 209©between 12.5 and

16.3 cSt and ing. .sioaul ' [ -20C. less .than 8000 cP. In a third aspect, there is
provided a pr%@@%ﬁgﬁgf hﬁﬁcaaﬁ%gézﬁg@gn%&égd"% s‘?’é%éa?neé( g‘?ﬁﬁ??’cea[tl‘ﬁal%{éése%il, made from
a waxy feed, HARAREr GFemdioMmaT 20dedvaliteniarsenfat nimhsciypsrgtimolambatwalght a ratio of
moleculehs Witzibﬁaaggpygfm?@ﬁmiwyﬁfgg @ql{gf:ui}]ﬁér!imrﬁ{g %ﬁ@]ﬁp draffﬂgg aflli nctiona(ljitly
greater than 20; an ending t icating base oil with a_lower as additive package and less
than 0.2 W% %&%&E@%H&%ﬁﬂﬁ%@%&%@%& AERGNG: 1&SERIABH & eRidi e580ENSereof of number
average 15 maiimultondigiositf ab@f Cie@0thanh @iorsRiomic mass units; wherein the lubricating oil
has a sulfated ash by ASTN D 874-00 of 1.0 weight percent or less and a cold cranking simulator
viscosity at -20C less than 9000 cP. DETAILED DESCRIPTION 20 We have invented lower ash SAE

15W-40 lubricafinggils,(1.0 199974330k 44 oygrsvt{)%ﬂ@\ﬁl%@la%g%ﬁ%cbmvt V1 improver), and

also either WithﬁUt coqz/ent@t%atliﬁetrcgum erived bright stock or with'unconventional bright stock

having a viscoSty ey g iHng Pase Al BrRs rina wan drsick hayiiesEeae #haR current low

ash SAE 4D lubifoutihgroiscii¢esdmeyeihianatiimg falstipraige exatellentlekdampaigiure properties

and low exhau ISSh ' ial d in.remo s field lications and selected
B ePara RN AL ERREFIB g('na cded (e mu?ggawﬁrg@ﬁg

alternate fueled vehicles running on compresse ural'gas. 1n"addnio ar stabilities are
excellent due tBRFERNRIBhERARGTIREN B M dsrginmibroubriseiirgiheshefhwith 2
lower ash Dl additive package and less than 0.2 wt% viscosity index improver
which is a homo- or co-polymer or derivative thereof of number average
15 molecular weight of about 15000 to 1 million atomic mass units; wherein the
lubricating oil has a sulfated ash by ASTM D 874-00 of 1.0 weight percent or

less and a cold cranking simulator viscosity at -20°C less than 9000 cP;

| DETAILED DESCRIPTION

20 |
We have invented lower ash SAE 15W-40 iubricating oils (1.0 to 0.0% ash) with
véry low levels of VI (or even without VI improver), and also seither without

-+ conventional petroleum derived bright stock or with unconventional bright stock

having a viscosity index greater than 120, that gives betier cold crank

25  properties than current fow ash SAE 40 lubricating oils. These new jubricating

oiks provide excellent low temperature properties and low exhaust emissions,

which are especially needed in remote gas field applications and selected

altemate fueled vehicles running on compressed natural gas. In addition the

shear stabilities are excelient due to their not hiaving any viscosity index
30  improver added to them.



WO 2007/002005 PCT/US2006/023857 Natural gas engine oils typically have DI additive packages
that give QW&ZW{B%BE and nitration performance and the viscosity of thEOI PEaMa ¥ stant over
the life of the oil. For end users who need improved low temperature performance in remote locations

in the past they N%ﬂﬁ@?%é%ﬁé?ﬁ%ﬂg@ M@\ﬂé@g‘ﬁyémggﬁaagég e\éiﬁ%%%é%g&ver would break

down (shear down) and the viscosity of the oil would drop below engine builters'’
recommendatioPAAICHAEGBiRIeH ReE RS RNFES KissaniREherribierrintvention gives
improved low teoypetahireypetferifaorthadihoBbtiumdiamis WIRCASEY MidRv/eaRsd wear. 10 The

lubricating oils IS, i ire very little qr no.viscosity index. improver. This is due to the very
high viscosity aﬁgsﬁg%%@% ﬁ)é\)v{?qéﬂr%ég?ai u}r%n%é%%%?ﬁgé% %!éwﬁjBﬁ%éWﬁ %‘é%&ﬁ tfﬁade from a waxy
feed that ar® us&iendl eisinibriistasinimmrevetniinatdscesitisicasiovandeuidipraledorduces the 15

overall cost of t%ﬁ@m&ﬁﬁ?ﬂ&m&&ié&ﬁw\&%@%@%ma%éMﬁé%néiﬁ&%ﬂ%é@pmves the

shear stability of the |ubricating qil and gives lower wear and maintenance. Earlier formulators of lower
ash lubricating oﬁmﬁdaﬁ& i R WRHIS oM R N SRS E VA REIREDARRER ENBibricating
base oil with mingetdisinegivecimperesiriovwtoppsitisiorts pedon?shbaivitbganeagiparmanufacturers
have placed a n@%g@%qﬁﬁé&gﬁq&gpg exhaust (NOx) emissions from their equipment. They

have done this by requiring the use of emission catalysts, and natural gas lubricating oils that are
lower ash. 1®wer ash in the context of this disclosure means 1.0 to 0.0 wt% 25 sulfated ash. Sulfated

ash is determinethjubREaird ST Gidiatul dpreAnaine Qb havamalenian 1.0 wi% sulfated

ash may be incomg iz;ttj'fblg Xf/ith Ih%éentwis ion catalysts used in modern natural gas engines. Natural gas
engine oils that ATPSB&Ve 11 1 g4 VP&H%’ iy eastvand exselieatlow EIREGEHM chamber
deposits, pre-igritiepsitiesoniiierisieatinglbgsioliagnade from a waxy feed that are used in

their formulation. The élimination of viscosity index improver reduces the

15  overall cost of the formulated product, improves the cold cranking simulator
viscosity, improves the shear stability of the lubricating oll and gives lower wear
and maintenance. Eariier formulators of lower ash lubricating cils did not
appreciat"e the improvements that could be obtained when a lubricating base oil
with more desired cycloparaffin composition is used.

20

1

Natural gas engine manufacturers have placed a major emphasis on reducing
ekhaust (NOx) emissions from their equipment.- Tﬁey héve done this by
requiring"the use of emission catalysts, and natural gas lubricating oils that are
lower ash. Lower ash in the context of this disciosure means 1.0 to 0.0 wt%

25 sulfated ash. Sulfated ash is determined by ASTM D 874-00, Namrai gas
engine oils that have gréa’ger than 1.0 wit% sulfated ash may be incompatible
with the emission catalysts used in modern natural gas engines. Natural gas
engine oils that are above this sulfated ash range may also cause excessive
combustion chamber deposits, pre-ignition, detonatioﬁ, spark piug fouling,

30  cylinder head deposits, and port deposits. |

There are two principal categories of lubricating oil additives used in this
invention: DI additive packages (Detergent Inhibitor additive packages) and V|
.



30 cylinder head deposits, and port deposits. There are two principal categories of lubricating oil
additives VRSP ention: DI additive packages (Detergent Inhibitor el 0¢4R3388ks) and VI
-4 WO 2007/002005 PCT/US2006/023857 improvers (Viscosity Index improvers). DI additive

packages serve to ﬁ%ﬁd oil contaminants and combustion by-products as well as to prevent
oxidation of tHE'BIP {israslindnies MBS SR ATty PaTiRge I Epv&Le SHSRRPFOVers modify
the viscometrioit baréateristits avfd woridanrttohbrestocing shes raéd et Totbianerg avidaifgredsing

temperature ae (3f faje/RL et oY IRRSFRLNPS, Ml impLovers (1St provide enhanced
n

performance at low and high temperatures. In many multigrade gngine ol ApplCations VI improvers
have to be usedfif e yirgavEehiacttaiasteistisediilbpeartges radueivaithpeaterom additive suppliers.

Additive packagtmmg iamiréediny cbribataiheard el @rrerigadathyilia lpricating base oil or
base oil blend having the desjired properties, the resulting engine oil js likely to meet the OEM
requirements. ‘BI'RI& ';SSPXJ}:QHB&\%) DGIRYY B‘g&% 8 \PRIHEANARBERY AR detergents,

wear inhibitorshigb tempeceitlaterimninionsuliitaiecamgpensihtphphcatienn tilicgodovdre Di additive

packages usefyl.in, thi IQF Lt ' 1 ash DI engine
oil additive pac%%e@E@%fﬁ?@%ﬁ%@%&'ﬁ%ﬁ%%ﬁ%&gﬁ %ké?\‘}\%e\%%lr about 0.0 and
1.0 wt% sulfatdPBRddiimpprlersifddibmrackeagrasNenngiatedaush balicdheriieys” DI additive

20 packages pepyidletdeanitishiasachibg tisamD bitriseonidRpERSNG e dBsivddo sulfated ash.
Examples of DI additjve %\‘cka el%,ﬁroviding f(?r. I(ﬁélth n 0'115 wt% sylfated ash in the lubricating oll
that are useful RIS IRVENTON o , LS ilf (1S ?e!HF%,dBﬁF? h Eﬁ?d"i‘?‘?&?ﬁfﬁ-‘ated herein.

Examples of other lower ash DI additive packages useful in this invention are described in US 25

Patents 5,726, i3%anfife/PRcideand incorporated herein. When incorporated in lubricating oil, the
Ve

lower ash DI a ,{:)ac age S L
D! additive paCkages typically contain dispersants, detergents, wear inhibitors,

15 and oxidation inhibitors. Other components can be included. The DI additive
packages useful In this inverition are lower ash. When blended into an.engine
oil, lower ash DI engine oil additive packages provide for a lower ash lubricating
oil with a sulfated ash between about 0.0 and 1.0 wt% sulfated ash. Suifated -
ash is determined by ASTM D 874-00. So called “ashiess” DI additive

20 packages provide for an “ashless” lubricating oil that contains less than0.15
wi% sulfated ash. Examples of Di additive packages providing for ieés than
0.15 wi% sulfated ash in the lubricating oil that are useful in this invention are
described in US Patent 6,001,78{), and incorporated herein. Examples of other
lower ash Dl additive packages useful in this iﬂventi'on are described in US

25  Patents 5,726,133 and 6,756,348, and incorporated herein.

When incorporated in iubricating oil; the lower ash Dl ad_ditive package
provides enhanced oxidation inhibition, nitration inhibition, total base retention,'
| reduction in acid formation and reduction in percent viscosity incréase of the
30 lubricating oil. The lower ash DI additive package is used in an amount
between 5 and 12 wit% in the lubricating oil, preferably in an amount between 6
and 10 wi%.



provides enhanced oxidation inhibition, nitration inhibition, total base retention, reduction in acid
formation aW@ ROATBRNESn percent viscosity increase of the 30 lubricating SFIMHEKRI38EN DI additive
package is used in an amount between 5 and 12 wt% in the lubricating oil, preferably in an amount
between 6 and 10 wt%. -5 WO 2007/002005 PCT/US2006/023857 One embodiment of the DI
additive packagenss emeeHreamicef Haytsailisenscinge of HisrvriiiersaRy comPdiare detergents,

one or more weghdiiiiRitpesdisns ety bRbe wstdalinariuibil sdasetbeddar sinibitgrBe lubricating
oil of this invention, may comprise.a DI additive packa t? t _provides the lubricating oil with about 1
wt. % to about E?W[.o 0 8{8&&%?’?%5&%%&2%{3}%%%{%%%8 ﬁ‘vﬁ%%‘to about 8.5 wt. % of one or more
detergents, about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors and about 0.2 wt. % to

about 3 t. 6 OfABRBAGARG SR THIHRIRARSSHBREL STty package of this

invention may also gom%]ﬁse other additives traditionally used in the lubricating oil industry. Another
embodiment of AMRMRSHRJUBTIGH RO vER R A EothiRigR T WUl @R Bk hat provides the
lubricating oil wigispdrests, 2bout. Vvto% e abbutlhanti. % eff one or mekeddiepesntd)sbadtout 2 wt. % to

about 6 wt. % o af, Mo, 9% t ut 0.8 wt. % r ynore wear
inhibitors and abou O/(5.‘:8\)/téﬁ/ccj?‘ﬁ;;{9 é%@g%.gpﬁt%o org?%r?e«?(?r %?'c?r%)é%agﬁér? érﬂ%&)g}trgg&de"scribed herein.

These componeftgberhReviJopicopmporinie sxisetian nhibiiarsdepedied basethisTinedhtion. The DI
additive paﬁ#agsdeﬁﬂwpkgrer{;%bw HLPREHSA FATRESLHRISRUHb R HRALORAYARAY In the
r e

lubricating oil'. industry. DI additive package of this invention may comprise diluent oil. It is known
in the art to ad&ﬁﬂﬁﬁ%f%%ﬁﬂﬁ/@lfﬂ&fﬁi%ons and this is called "trimming" the additive
formulation. A preferred embodiment may be trimmed with any diluent 25 oil typically used in the
industry. This di|Al

%%F\S}' JRBOARHEPEP HRPEARY 6% tRFRIEHRY ARG LBkl ueR; all may

comprise about 4.00 wt%.

additive package that provides the iubricating oil with about 1.25 wi. % to about 6

15  wt. % of one or more dispersants, about 2 wt. % to about 6 wt. % of one ar more
detergents, about 0.3 wt. % to about 0.8 wt. % of one or more wear inhibitors
and about 0.6 wt. % to about 2.5 wt. % of one or more oxidation inhibitors
described herein. These components make up one embodiment of the DI

 additive package of this invention. The DI additive package of this invention
20 may also comprise other additives traditionaﬂy used in the Eubricéting oliindustry.

The DI additive package of this invention may comprise diluent oil. 1t is known in
the art to add diluent ol to additive formulations and this is called “trimming” the
additive formulation. A preferred embodiment may be frimmed with any diluent

25 ol typically used in the industry. This diluent oil may be a Group | or above oil.
A preferred amount of diluent ofl may comprise about 4.00 wi%.

A. Detergent ,
Any detergents commonly used in lubricating olis may be used in this invention.
30 These detergents may or may not be overbased detergents or they may be low,
neutral, medium, or high overbased detergents. For example, detergents of this
invention may comprise sulfonates, salicylates and phenates. Metal sulfonates,
salicylates and phenates are preferred. When the term metal is used with
~6~



A. Detergent Any detergents commonly used in lubricating oils may be used in this invention. 30
These det§ardts9aYPdr may not be overbased detergents or they may bedBWS2p@ragsmedium, or
high overbased detergents. For example, detergents of this invention may comprise sulfonates,
salicylates and phenates. Metal sulfonates, salicylates and phenates are preferred. When the term

metal is used REPEF AR Yfsrios silicviateas 980 pbGI0RES Sitres fiaefscs tultasites, salicylates and

phenates hereimakgnetfim [atrrlei Uiag RRAURASkith UM R AZRGRIUM, potassium and barium. The
detergent may be.incorporated into the lubricating oil of this invention in an 5 amount of about 1.0 wt.

% to about 8.5 wt. %, preferably from about 2 wt. % to about 6 wt. %. B. Dispersant A preferred
embodiment offthe digiricatihmayihef imsipuaitdintoaichbitisment ot hiohRIERAIKOZIEN containing

eshless ispersithaldh e Gl J8aItoee of by Biselides (o, palyagpybiene succi

acid/anhydride (PIBSA)-polyamine having a PIBSA mi arw 00). The
dispersants m gH nBt be borated or non-borated. The dispersant may be incorporated into the
lubricating oil of this invention in an amount of 15 about 1 wt. % to about 8 wt. %, more preferably in
the amount of g)out JD%M" g/ﬁtto about 6 wt%. Preferred dispersants for this invention comprise one
or more ashless disper AN aving an average molecular weight (mw) of about 1000 to about 5000.

Dispersants prépiriariegergensinsm gidne igbrBatiayioibof thixlecrtswaighéshphasbag00 to about
5000 arefgich @rﬁ{gféqqtgjéggm&ir%oagﬁ'{)égge&ggge%%g%so?% é){ thés invention may be one or more
ini In the art to

succinimides. The term "succinimide" IS understoo InCIde ARy of the amide, imide,

etc. species th5?%@3@%%8)’@5%0%%@&o@@ﬁ%ﬂﬁl@@ﬂ@?ﬂﬁ@&%ﬂ@dﬁa’ne and is so used
herein. The pre@tiBSngpolyeariuethaing eePiBSA molecular weight of about 700 to 2500).

The dispersahts may or may not be borated or non-borated. The dispersant
may be incorporated into the lubricating oil of this invention in an amount of
156 about 1 wt. % to about 8 wt. %, more preferably in the amount of abott 1.5'wt.
% to abeut 8 wi%. Preferred dispersants for this invention cofnprise one or
more ashless dispersants having an average molecular weight (mw)‘ of about
1000 to about 5000. Dispersants prepared from polyisobufy!ene {PIB) having a
| molecular weight of about 1000 to about 5000 are such preferred dispersants.
20
A preferred dispersant of this invention may be one or more succinimides. The
: tgnn- "succinimide” s understood in the art to inciude many of the amide, Imide,
efc. species that are also formed. by the reaction of a succinic a.nhydride with an
amin'g and is so used herein, The predominant product, however, is
25 - succinimide and this term has bean generally accepted as meaning the product
of a reaction of an alkenyl- or alkyl-substituted succinic acid or anhydride with a
‘polyamine. Alkenyl or alkyl succinimides are disclosed in numerbus references
and-are well known in the art. Certain fundamental types of succinimides and
related materials encompassed by the term of art "succinimide” are taught in
30 | U.S. Pat. Nos. 2,992,708; 3,018,250; 3,018,291; 3,024,237; 3,100,673;
3,172,892; 3,219,666, .3,2-72.?46; 3,361,673; 3,381,022; 3,912,764, 4,234,435;
4,612,132; 4,747,965; 5,112,507; 5,241 ,003; 5,266,186; 5,286,799; 5,319,030

-7~



25 succinimide and this term has been generally accepted as meaning the product of a reaction of an
alkenyl- or SH/rM7E¢ed succinic acid or anhydride with a polyamine. AMKERYSH06MAMBSTUCCinimides
are disclosed in numerous references and are well known in the art. Certain fundamental types of
succinimides and related materials encompassed by the term of art "succinimide" are taught in 30
U.S. Pat. Nos. 2,384,388, 33566555053 1% 20 thesdipeiosynesof which arg herelvoo; 3,219,666;
3,272,746; 3,36 fgoraid8 b reterdidel, 764, 4,234,435; 4,612,132; 4,747,965; 5,112,507; 5,241,003;
5,266,186; 5,286,799; 5,319,030; -7 WO 2007/002005 PCTIUS2006/023857 5,334,321; 5,356,552;
5,716,912, the disclosures of which are hereby incorporated by reference. This invention may
comprise one off himiavsnteminaylesmptite-oneagtiaceiisecaininidesovdithisacbimpitiths. T his invention

may comprise AdURERIRE QL STARSAIIRRR RCRRIRAPRRFARRIBA Nave or have not

been post treated. C. Wear inhibitor 10 Wear inhibitors Such as metal dithiophosphates (e.g., zinc
dialkyl dithiophB¥SHARS, NBIBPYISEraITce BiaResfes s BalnavsRaRay e Nate sphates may
be included. Weaggdtdaibitors may be present in the amount of about 0.24 wt. % to 1.5 wt. %, more
preferably in the amount of about 0.3 wt. % to about 0.80 wt. %, most preferably in the amount of
about 15 0.35 wt. % to about 0.75 wt. % of the lubricating oil. A preferred wear inhibitor is zinc
dithiophosphateg OtheygugaiRipRiers that may be included are zinc dialkyldithiophosphate and/or
zinc diaryldithiophosphate (ZnDTP). The wear inhibitor may be incorporated into the lubricating oil of

this inventigp in We:aainhibibef alshutisvibwl dthtophdepitaliés eogs mirefetalkly in the amount of about 20
N o o~ . :
o o S PR Rl R g g et
the finished lubridarRiyiphosphates may be included. Wear inhibitors may be present in the
amount of about 0.24 wt. % to 1.5 wt. %, more preferably in the amount of
about 0.3 wt. % to about 0.80 wt. %, most preferably in the'émqunt of about
15 0.35wi. % to about 0.75 wt. % of the {ubrécatihg oil. A preferred wear inhibitor
is zinc dithiophosphate. Otherwear inhibitors that may be Sndudéd are-zinc
dialkyldithiophosphate and/or zinc diaryldithiophosphate (ZnDTP}). The wear
inhibitor may Ee incorporated info the lubricating oil of this invention in an
amount of about 0.2 wt % to 1.5 wt. %, more preferably in the amount of 'about
20 0.3 wk % to about 0.8 wt. % of the lubricating oil. These values may include a
small amount of hydrocarbon oil that was used in preparing zinc
| dithiophosphate. Preferred ranges of phogphorus in the ﬁnish’éd fubricating oil
are about 0.01 wt. % to about 0.11 wt. %, more preferably about 0.02 wt. % fo
about 0.07 wt. %.
25 | |
The atkyl group in the zinc dialkyldithiophosphate méy be, for exampie, a
straight or branched primary, secondary or tertiary alkyl group of about
2 to about 18 carbon atoms. Examples of the alkyl groups include ethyl, propyl,
iso-propyl, butyi, pentyl, hexyl, hepiy!, octyl, decyl, dodecyl, and octadecyl. The
30 alkylaryt group of the zinc dia!kyiarytdithiophosphate is, for example, a phenyi
group having an alkyl group of about 2 to about 18 carbon atorhs, such as
butyiphenyl group, nonylphenyl group, and dodecyiphenyl group.
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are about 0.01 wt. % to about 0.11 wt. %, more preferably about 0.02 wt. % to about 0.07 wt. %. 25
The alkyl gFoR 3 #WHc dialkyldithiophosphate may be, for example, a straigitasbrasched
primary, secondary or tertiary alkyl group of about 2 to about 18 carbon atoms. Examples of the alkyl
groups include ethyl, propyl, !so-propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl, dodecyl, and
octadecyl. The B30 alkxidiptign iphiisitoe zinc diaIkylaryldithiophosphate is, for example, a phenyl group

having an alkylgreidadpf ARBHbR 1R btje%e%ﬁrm ?k?d{]gml lLQFoup, nonyiphenyl
group, and dodecyl henylggroup -8 WO 2007/002005 PCT/USZOOG 023857 Oxidation Inhibitor

Oxidation inhibt8f lydhe ipngRt whivbricent sYidative degrrdatips «dn arnefeseednd delay the
onset of lubricasbattimive tile Dibakditve ﬁa&@gefef s inveirtidinesy taenbisdeiiver paskage of this

ti L @xida hi fh' dered
phenol (phinol o o eacen MR, Pt e e R,
4,4'-bis(2,6-di- t@ﬁdﬁ?@imﬁbﬁﬁgfwmwz%'mhm—blﬂﬁ@ﬁ@%ﬁ -butylphenol),

22-methylene-pip(@tieBul-GresiEABS R Aot b tert-outyiphenol)
4.4'- |sopropylld e bl% 6-di- t%f éﬁ)henol 10 2,2'-met Iene b|s 4- me h 6 non henol),
2,2 |sobutyI|de YRR ¥ f?'gbh‘?é‘ H?F’é??élb frhiicrng-b noI)

2,6-di-tert- butylm%methmmmbmz'@sd;ptemﬁdeﬂe%mw&bm RutAgiready!- 6 tert- butyl phenol,
4 thiobia e S s e B SNl 6 ar buiphenc.
bis(3-methyl-4-RyenigRputviicie ﬁz@‘m@m’ﬁ'@éeaﬁﬂ bis(3,5-di-tert-butyl-4-hydroxybenzyl).
2,2-methylene-bis(4-methyl-6-cyclohexyiphenoli),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-
teri-butyl-phenol, 2,S-di-fferb!-dimethy!amino-pncresol, 2,6;di-tert-4-(N,N’-

15 dimethylaminomethylphenol), 4,4'—-thiobis(z-methyl-ﬁ-tert—butytphenoi),
2,2-thiobis(4-methyl-6-tert-butylphenol),
bis(3-methyi-4-hydroxy-5-tert-butylbenzyl)-sulfide, and
bis(3,5-di-tert-butyl-4-hydroxybenzyl).

20  Another embodiment of the D! additive package comprises the oxidation. inhibitor
2-(4-hydroxy-3, 5-di-t-butyl benzy! thiol) acetate, which is available
commercially frcm Ciba Speciai‘cy Chemicals at 540 White Plains Road,
TerrytoWn; NY 10591 as IRGANOX L11 8®' and no other oxidation inhibitor.

25  Additional or other types df oxidation inhibifors may be used. Additional
oxidation inhibitors may further reduce the tendency of lubricating oils fo
deteriorate in service. The Dl additive package may include but is not iimited to
contain such oxidation inhibitors as metal dithiocarbamate {e.g., zinc
dithiocarbamate), methylenebis (dibutyldithiocarbamate), and diphenyl amine.

- 30 Diphenylamine oxidation inhibitors include, but are not limited to, atkylated
diphenylamine, phenyl-.alpha.-naphthylamine, and alkylated-.alpha.-

naphthylamine. In some formulations a synergistic effect may be observed
-9



20 Another embodiment of the DI additive package comprises the oxidation, inhibitor 2-(4-hydroxy-3,
5-di-t-buty WE2A7RRaPPAcetate, which is available commercially from CibBEGpHEEans/CHséimicals at
540 White Plains Road, Terrytown, NY 10591 as IRGANOX L118(r), and no other oxidation inhibitor.
25 Additional or other types of oxidation inhibitors may be used. Additional oxidation inhibitors may

further reduce tednesk diitoyant kiidiatiom inoibitess.duiehiardbeinessralkyataskdphgMitive package may
include but is %{H@Q@quﬁm%ﬁgﬁa exidation imhiméess as metal dithiocarbamate (e.g., zinc

dithiocarbamate), methylenebis (dibutyldithiocarbamate), and diphenyl amine. 30 Diphenylamine
oxidation inhibitors include, but are not limited to, alkylated diphenylamine,

phenyl-.alpha.- }ﬂ i gﬂ%\ W'ﬁ‘l’%@g : @‘R@g% i iphs a
synergistic effec mrgg g{%t?ggrvie %V 2007700 6%5 T%@@&%Z%%@?éﬂggﬁggﬁ different
oxidation ihibitbissinstgationsmanaserrahalaeetbREN Srimaband MhderteRighY oxidation
inhibitors. One gMapRWXIdalierinbiaiers ;ay B in6ey pestsptbipoiebduicating. ol & 5 this
invention in an amount of agout 0.05 wt. % to about 5 wt. %, preferably from about 0.2 wt. % to about
3 wt. %, more ri%é? gb%/“fﬁ)é about 0.6 wt. % to about 2.5 wt. %. Other Additive Components 10 The
following other additive components are examples of some of the components that may be favorably
employed in this invention. These examples of additives are provided to illustrate this invention, but
they are not intéABRUALMMMR 10MBOREN R ar Inhibitors In addition to the wear inhibitors mentioned in
the DI addjtive package section, other traditional wear inhibitors may be used. As their name

The following other additive components are examples of some of the
components that may be favorably employed in this invention. These
examples of additives are provided fo illustrate this invention, but they are not
intended to limit it:

15
A. Wear inhibitors

In addition to the v;!ear inhibitors mentioned in the DI additive package
section, other traditional wear inhibitors may be used. As their name
implies, these agents reduce wear of moving metallic parts. Examples of

20 such agents include, but are not limited {o, phosphates, phosphites,
carbamateé, ésters, sulfur containing compounds, and molybdenum
complexes,

B. Rust Inhibitors (Anti-Rust Agents)
Applicabie rust inhibitors include:

25 1. Nanionic polyoxysthylene surface active agents: polyoxyethylene
lauryt ether, polyoxyethylene higher alcohiol ether, polyoxyethylene nonyl -
phényi ether, polyoxyethylene octyl phenyl ether, polyoxyethylene octyl
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol

monostearate, polyoxyethylene sorbitol mono-oieate, and polyethyiene
30 glycol mono-oleate; and '

-10-



implies, these agents reduce wear of moving metallic parts. Examples of 20 such agents include, but
are not limia ppbedphates, phosphites, carbamates, esters, sulfur congining segrpaesrds, and
molybdenum complexes. B. Rust Inhibitors (Anti-Rust Agents) Applicable rust inhibitors include: 25 1.

Nonionic poiyoxyethylene surface active agents: polyoxyethyierie lauryl ether, polyoxyethylene higher
alclohol etﬁelr, polyoxslfa.thyleoimeowinmmél :@httélaﬁcpgdeli@éiy@t[?mgﬂﬁiw%iaﬁ,efwh% o
polyoxyethylene octyl stearyl ether oxyethylene oleyl ether, polyoxyethylene sorbjto
monostearate, polyoxﬁéﬁ%éﬁgaggr §l¥ﬁo gpé%e%%'?ﬁ%‘b%l%ﬁ@%% 24f@%ﬂ}’é”o?‘rq%ﬁl?—oIeate; and
-10 WO 2007/002005 ®ETregia0usansis acil @the otpotynundsistbatjaadigrangiattier fatty acids,
dicarboxylic acids, metgksoaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester. 5 C. Demulsifiers Demulsifiers that
may be used include additional products of alkylphenol and ethylene oxide, polyoxyethylene alkyl

ether, and polyoxyghﬂfp@I SRL itan ester. 10 D. Extreme Pressure Agents (EP Agents) EP Agents
that may be used include Zinc dialkyldithiophosphate (primary alkyl, secondary alkyl, and aryl type),

sulfurized oils, diphaayh s raeiny tHRRORIGaRIScaRHN
fiuoroalkylpolysiloxgggé %\ny?ielead 15 naPhthenate. E. Frictio‘lﬁﬁMc?:]id%‘i;‘i@edé}s",%g)m@i&mﬂwm1

ne oxide, polyoxyethylene alkyl ether, and polyoxyethyiene
sorbitan ester.

10
D. Extreme Pressure Agents (EP Agents)

EP Agents that may be used include Zinc dialkyldithiophosphate (primary

alkyl, secondary alkyl, and aryl type), sulfurized oils, dipheny! sulfide, methyl

trichlorostearate, chlorinated naphthalene, fluorcalkylpolysiloxane, and lead
15 naphthenate.

E. Friction Modifiers

Fatty alcohol, fatty acid, amine, borated ester, and other esters.

20 F. Muitifunctional Additives
Sutfuﬁzed'oxymolybdenum dithiocarbamats, éu!furized oxymolybdenum
organo phosphorodithioate, oxymolybdenum monoglyceride,

oxymolybdenum diethylate amide, amine-molybdenum complex compound,

and suliur-containing molybdenum complex combound may be used.
a
25 '
G. Pour Point Depressanis

Polymethyl methacrylate may be used.

-14.



Fatty alcohol, fatty acid, amine, borated ester, and other esters. 20 F. Multifunctional Additives
Sulfurized SgHOR/BIEAEIM dithiocarbamate, sulfurized oxymolybdenum JdigaRteeEpHdfodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum complex
compound, and sulfur-containing molybdenum complex compound may be used. 25 G. Pour Point
Depressants Polyrhktingdamdiigigtate may be used. -11 WO 2007/002005 PCL/US2006/023857 H.
Foam Inhibitors Allalneibaeiatenaiimers andl dimaiy SilicRE S AOMES RAY DL hastsed. Viscosity
Index Improvers (VI Improvers) 5 Generally VI improvers are olefin homo- or Co-polymers or derivative
thereof of number average molecular weight of about 15000 to I million atomic mass units (amu),
generally added to lubricating oils at concentrations from about 0.1 to 10 wt%. They function by
thickening the |Migieasity BICEX IMPISYRES (MIAMmOTaM@iBbre at high temperatures than low, thus
keeping the viscosity change 10 of the lubricant with temperature more, constant than would otherwise
be the cas@. T@aﬁéﬂé’e hIARRYERS, 3R I fRraRu Y OBV Fefrixaive e M Oliscosity
index (VI), with thenhiscasdyagt oisleutiatargizhidieab ottt 05 0dtabogingillessatathidemaperature than the
viscosity of oils with. | éfe % ' I%a VI bk ole] rs and
copolymers of nﬁﬁ%ﬁ%ﬁi a%eé% g r§?§t%é géc;{gr%; et ﬁi?ﬁ%&%%h%ﬁ?&%%ﬁéﬁ% %%E/Ee(?iz- diene
copolymers; andPptiyisdbuifiendungtinn piothiskeniaomtheuinelinmeiida wdiesHiwyearesidual olefin. VI
imprO\éer derivaﬁwadn%u@eadiﬁgmél \»ﬁtﬂ%ml@{,ldr?(biﬁ@@?@é@iﬂ@ﬁi@ﬁff&ﬁféi%ﬁﬁgéUCh as "
O S bR Sart i e SRR orS el Tt woird Sihtoe bs o Preferabty

case. The change in viscosity with temperature is commonly represented by
the viscosity index (Vi}, with the viscosity of oils with large Vi (e.g. 140)
changing less with temperature than the viscosity of oils with low V! (e.g. 90).

15 Major classes of V1 improvers include: polymers and copolymers of
methacrylate and acrylate esters; ethylene-propyiené copolymers; styrene-
diene copolymers; and polyisobutylene, Vi improvers are often hydrogenated to
remove residual olefin. Viimprover derivatives include dispersant Vi improver,

which eontain polar functionalities such as grafted succinimide groups.

20 :
The lubricating oil of the invention has less than 0.5 wi%, preferably less than
0.4 wt%, more preferably less than 6.2 wt% of Vi improver. Most preferably the
{ubricating oil has no VI improver at all. |
25 Base Oil

Three types of bright stocks are discussed in this disclosure: conventional
pefroleum derived bri'ght stock, unconventional petroleum derived bright stock,
and Fischer-Tropsch derived bright stock. Conventional petroleum derived
bright stocks were found fo cause port plugging in natural gas engines, and
" 30 some natural gas engine manufacturers have specified that lubrfcaﬁng oils
‘ used in their engines may not contain conventional petroleum derived bright
stock. Petroleum derived bright stocks (both conventional and unconventional}
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0.4 wt%, more preferably less than 0.2 wt% of VI improver. Most preferably the lubricating oil has no
VI improve M4 gﬂ‘?’é@%’ﬁée Oil Three types of bright stocks are discussed iBERIFHIVI$23857
conventional petroleum derived bright stock, unconventional petroleum derived bright stock, and
Fischer-Tropsch derived bright stock. Conventional petroleum derived bright stocks were found to
cause port plug@fingarssiinaingsls yinesiam 20draeeratrtaying singoritemabiaeturers have

specified that luBiragnatAits qugREy UNSIEBABRNAHBRY 250 SONSR K RIBERL N3 Refrglieum derived

20071002005 PRSI ED SRR R oo 0055 S STty COPED tRfoes F, havin

2007/002005 P ' es F, having

viscosities aboeiteews eyt dietgbst@k e atdyoaiip ied2=dt RGbiReegrees C, and more

preferably SnaiaSAR AR RIS ALARLABALATS GaC QMR UIANAL, Patalentp, derived Dright stock
e I'p % H Es)l’lg% S0

has a viscosity index of 120 orless. 5 Unconventional petréleum deri cK, such as bright

stock derived ffEIRB'RGIRE ERidR NasayipesitidnderareptanihemAR0 2Bisehectisemsdpsch derived

bright stock hasieridee magiet wieensibs betwesiaRbAstdSs BeanskARPdB 6Bk 3hadhdgorees Cand a

viscosity-index I 120, preferably greater than 145. It often will not have as high a viscosity
at 40C as 10 pe%i euagﬂh\?f?@iér)elﬁh gﬂ)iﬁ g{ﬁgﬁﬁﬂ %ﬂﬂéﬁ@fﬁ?@f ! BRSSP Hne 2001 contains

the current spegifRaigntmafol £ Elvidenswill nphbizees Ehdiyibdodsioasiyisioiars dgvention are preferably
multigradey Pre{gfiplyitd QA& otk aémaggi—g%iigp%tﬁggé where XX is 15 selected from
S 0W-40°

40, 50, or 60. More preferably they are SAE 15W-40, or viscosity grade; and most
preferably they are SAE 15W-40 viscosity grade. A 15W-40 viscosity grade has a kinematic viscosity
at 100C of at leSHELBG0CEIElEssdhand 68 6Gterngn STudiong 6oiher atddpggimulator viscosity

at -20C of 7’00%r°a%eé‘. 2&"%’68&’&3&8& i%gé?ﬂ%sk}%\sfean sci)?learpea %?eferabiy multigrade.
Pre%erabiy they are one of SAE 15-XX, 20#0(, and 25-XX, where XX is
15  selected from 40, 50,-or 60. More preferably they are SAE 15W-40, or SAE
20W-40 viscosity grade; and most preferably they ére SAE 15W-40 viscosity
grade. A 15W-40 viscosity grade has a kinematic viscosity at 100°C of at least
12.5 ¢St and less than 16.3 cSt, and a maximum cold cranking simulator
. viscosity at -20°C of 7,000 cP. A 20W-40 viscosity grade has a kinematic
20  viscosity at 100°C of at least 12.5 ¢St and léss thah 16.3 ¢St, and a m‘éximum
cold cranking simulator viscosity at -15°C of 9,500 cP. A 25\W-40 viscosity
grade has a kinematic viscosity at 100°C of at.least 12.5 -c_St' and less than 16.3
‘¢S, and a maximum cold cranking simulator viscosity at ;10°C of 13,000 cP. i'n
preferred embodiments the lubricating oiis of this invention wil meet the
25  specifications for natural gas engine builders, including Cummins L10, M11;
Detroit Diesel Series 506, Waukesha, Caterpiﬂar,- J‘enbachér,‘ Déutz, Wartsila,
Superior; MAN, Niigata, Perkins, Dorman, Guascor, Ulstein Bergen, and
Dresser-Rand, Categories | 1l and 1. |

30 The lubricating oils of this iﬁvention may contain between 5 and 95 wit% of the
base oil made from a waxy feed. In preferred embodiments the fubricating
base oil made from a waxy feed has: ies’s th'an 0.06 wt% aromatics, gréater
than 10 wi% molecules with cycloparaffin functionality,' and a ratio of molecules
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20 viscosity at 100C of at least 12.5 ¢St and less than 16.3 cSt, and a, maximum cold cranking
simulator visgpsityrae2d5C of 9,500 cP. A 25W-40 viscosity grade. has a koarmatesismssity at 100C
of at least 12.5 cSt and less than 16.3 ¢St, and a maximum cold cranking simulator viscosity at -10C
of 13,000 cP. In preferred embodiments the lubricating oils of this invention will meet the 25

specifications foxittatiabogsopagifinifuiidisaalinctodimdeChlenmith bilMidvdidpanehinit Diesel Series

50G, Waukesh g i rég eutz, Wartsila, Superior, MAN, Niigata, Perkins, Dorman,
Guascor, Ulste%u “eq‘:‘gﬁi%ﬁ;l‘%ﬂr g@?e%@e?r- and, Categories Il and Ill. 30 The lubricating oils of this

invention may contain between 5 and 95 wt% of the base oil made from a waxy feed. In preferred
embodiments thgdibtirriking basafibmastagm a waxy feed has: less than 0.06 wt% aromatics,

ter than 10.wt% molecyl ith cycl ffin fupcti it d a ratiq of molecules -13 WO
30071002008 POTR HBRSSS 35 KRTGOEYR Bt A AR B RO St
multicycloparafﬁ@hﬁd MGKMiWMMﬂQ.M@@Mm@mmaMM& The epgi_ne oils
of this invention ﬂgggﬁégwgg&%@weﬂmm Mh?fé(ﬁg% %ﬁ&g@p&(l&gﬁ@ r{lg \qscosny is a

&
test used to measure the viscometric properties of base olls a engine olls under low temperature

and high shear. Thedagidnaibedda d5siing irdeiankae RingSiRMsEPHRIS AF TVAS TV D 5293-02.
Results are repcgied-ecasinisars regoplsdarainngaiie) Wato Cht ieaasaiy Basukaen found to

correlate wjth low. temperature engine cranking. .Specificatjons for maximum cold cranking simulator
viscosity alje defYﬁeéCg?& Eear?gif ﬁgnoﬁ)sugiféﬁ‘ﬁ%ﬁﬁ Grfz@il%% ﬁﬁ"j?ﬂ@tﬂb%ff‘ A& %Bg?gnking simulator
viscosity measuneeificatians fohmaxiginocitddravikingveimtidaten vitonsity ene defined éothan 9000 cP,
preferably less t@\?pﬂ@@ﬁé‘ﬁ? ShEORD6 AR d 1R JORELBIATE AR R THAR AP ARt b bricating Base

Oil Made from a Waxy Feed:

viscosity measured at -20°C of the engine oils of this invention are low,
generally less than 9000 cP, preferably less than 7000 ¢P or 8000 ¢P, and
15 more preferably less than 6000 cP, -

Lubricating Base Oil Made from a Waxy Feed:
The lubricating base oils used in the iubricating oil of this invention are made
from a waxy feed. The waxy feed useful in the practice of this invention wiil

20 generally carﬁprise at least 40 weight percent n-paraffins, preferably greater
than 50 weight percent n—pérafﬁns, and more preferably greater than 75 weight
percent n-paraffins. The weight percent n-paraffins is fypically determined by
gas chromatography, such as described in detall in US Patent Application
10/897908, filed July 22, 2(504, inéorporated by referencé. The waxy feed may

25  be a conventional petroleu}n derived feed, such as, for example, stack Wax, or
it may be derived from a synthetic feed, such as, for example, a feed prepared
from a Fischer-Tropsch synfhesis. A major portion of the feed should boil above
650 degrees F. Preferably, at least 80 weight percent of the feed will boll above
650 degrees F, and most preferably af least 90 weight percent will boil above

30 650 degrees F. Highly paraffinic feeds used in carrying out the invention |

typically will have an initial pour paint above 0 degrees G, more usually above
10 degrees C.
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The lubricating base oils used in the lubricating oil of this invention are made from a waxy feed. The
waxy feed Wb T#4HEractice of this invention will 20 generally comprisBCH/1Sa8064823881ght percent
n-paraffins, preferably greater than 50 weight percent n-paraffins, and more preferably greater than 75
weight percent n-paraffins, The weight percent n-paraffins is typically determined by gas.
chromatographihetesmatisrhssricensaiudesived WS rasdhainbp | wadont, fecdonoosicidd July 22, 2004,

incorporated bbﬁgfﬁéfé},%:%i % RIS By ofR e CBYC IR ReHEN B Heted feed, such as,

for example, slack wax, or it may be derived from a synthétic feed, such as, for exarg&l)e, a feed
prepared from 4 BEEGEIOTHIOSKS SIRTHEEIETORSAA BIIsERTm PR RBae FotidevAresbve 650
degrees F. Pretétafuycatiienat@iuie esgbunmrsdntiotiing datstaliidsptabosteniefll,degrees F, and most
preferably at le [ 3 ‘ il degr. %ﬁ i ighl raffipic feeds used in
carrying ougt theB ?@%%‘%??h@%@%@%%a%%%ﬁ Br}\(?t%a %ggrg%b%r%tdz ov%t%g%%égsg%?pmore usually
above 10 degrees C. -14 WO 2007/002005 PCT/US2006/023857 The term "Fischer-Tropsch

dertved” meanss fhe loriel ATAFIRT a1 B HRRA BB dSRIATHESALAL e stage by a

Fischer-Tropsch process. f or th ( opsch process may come from a wide
variety of hydrEHEBhGaOsHRKREeT RSO BRfiginarfithekbecobirasiar ollysigaditoleum, municipal
waste, derivativgscRiag serezaderedhinativnssHeisnhxifiprcnsckabhoaaipedfsn conventional
petroleum geriv d feedstocks by either hydrocracking or by solvent refining, of the lube oil fraction.
Typically, |ac§?(ﬁ%1?ﬁ£°é’ee§8$8rg*§$?8ﬁ¥% \@n‘?dﬁ@%ﬁ@q‘%[ﬁi&a@ﬁ@& BPTREH M 0 these
processes. Hydatsoreesking tiseusitratip prefetestitb edauseahye 'dlitia clank walk ¢dsivedduee the nitrogen
content 1o a lowsYif eBiASkauBil i BB b R BRI, de ARG ey De Lsed o

reduce the nitroa%réé%g&g Hégrotreat ng of the slack wax can be used to he nitrogen and
gfdae slagk, wiax Geh Resdsrstiahensr RsrniEngen ardrswhs
content. Slack waxes posses a very high viscosity index, normally in the range
15 of from about 140 to 200, depending on the oil content and the starting material
from which the slack wax was prepared. Therefore, slack waxes are suitable for

the preparation of lubricating base oils having a very high viscosity index.

sulfur content.

The waxy feed useful in this invention preferably has less than 25 ppm total
26 combined nitrogen and sulfur.' Nitrogen is measured by me[tilng the waxy feed
prior to oxidative combustion and chemiluminescence detecﬁgrt by ASTMD
4829-96. The test method is further described in US 6,503,958, incorporated
herein.' Sulfur is measured by métting the waxy feed prior to ultraviolet |
. fluorescence by ASTM D 5453-00. The test method is fuﬁher described in US
25 6,503,956, incorporated herein. o

Waxy feeds useful in this invention are expected to be plentiful and relatively
cost competiti\}a in the near future as large-scale F-‘EschepTropséh synthesis
processes come into production. Syncrude prepared from the Fischer-'r‘rbpsch

30  process comprises a mixture of various sofid, liquid, and gaseous hydrocarbons.
Those Fischer-Tropsch products which bolt within the range of tubricatihg base
oil cgntain a high proportion of wax which makes them ideal candidates for

processing into lubricating base oil, Accordingly, Fischer-Tropsch wax
-15-



15 of from about 140 to 200, depending on the oil content and the starting material from which the
slack wax W3 3RS Therefore, slack waxes are suitable for the prep&@tibs20pP#it3a8Ting base
oils having a very high viscosity index. The waxy feed useful in,this invention preferably has less than
25 ppm total 20 combined nitrogen and sulfur. Nitrogen is measured by melting the waxy feed prior to

oxidative comh@ﬁieseamm«mimﬁrfmtm\wmdomdﬂgb)m@mtlbﬁﬂm%.swﬁﬂﬁest method is
further descibeg S, 6 3 856 e OB BieFaSLTiSpRSARAIGH Rirmelingfioe vy e
uo

prior to ultraviolet scence by ASTM D 5453-00. The test method is further described in US 25
6,503,956, incabaaieieReRsHURR/a%) rereaueRil-FiRREYS BREDIPYCTRSLRYE to be plentiful and
relatively cost geiperidtyeubtiae paarduit arabdrigeptale Hisoter, Fulpedhgsynthesis processes

come into productjon. Syncrude prepared fr e Eischer-Tr : ises a mixture of
various solrd, Ii&Mﬁ?QR 8'&%%8&?@5%8%%%%%8@%’&%%%& %‘%&%ﬁﬁgﬁgggﬁch boil within
the range of lulitindtip grtsalientdiv dereperathigpppdieRmay RARTRPAERCM AE@8N#Eh ideal candidates
for processing jplo-uidratiubane mjlbeenidinalion shaknsaneebodes mly BEIGIAIP02005
PCTIUS2006/023857 represents an excellent fee%%gygrﬁ%%i%%thigh g(uiilit .lubricating base oils
according to théjﬁrgé’é@%t Mot iRt RNE Shet: D g [ ﬁ%ﬁ% at room temperature
and, consequenily7 dégrayien @ucavhiermpeirtorpoieddrtisn such as pour point and cloud point.

However,i llowing 5 hydroisomerization of the wax, Fischer-Tropsch derived lubricating base oils
having excellent low temperature properties may be prepared. A general description of suitable

hydroisomerizafitw Bpdraisprygizniionsiesnigsd RILFRNMACENS hensaNiebWiib%38 and 5,282,958;
and US Patent Aopisationn Qi34 68 flad Rerembasdibrnemwaraschhersiormering
hydrsnsomerlzaté%?]&isﬁggge%/ged hb dr%?srg%%trl& ftigg ‘c’:va?é%é?g%g%ﬁ‘; comprises a shape
selective intermediate pore size mélecuiar sieve, a noble metal hydrogenation
15 component, and a refractory oxide support. The shape setaf:tive intgrmediate
pore size molecular sieve is preferably selected from the group consisting of
SAPO-11, SAPO-31, SAPO-41, SM-3, ZSM-22, ZSM-23, ZSM-35, Z5M-48,
ZSM-57, S82-32, offretite, ferrierite, and combinations thereof. SBAPO-11, SM-
3, $57-32, ZSM-23, and combinations thereof are more preferred. Preferébiy
20 the noble metal hydrogenation combonent is platinum, palladium, or

combinations thereof.

The hydroisomerizing conditions depend on the waxy feed used, the
| hydroisomerizaﬁdn catalyst used, whether or not the catalyst is sulfided, the
25 desired yield, and the desired properiies of the lubricating base oil. Preferred.
hydroisomerizing conditions useful in the current invention include
temperatures of 260 degrees C to about 413 degrees C (500 to about 775
'degreés F), a fotal pressure of 15 to 3000 psig, énd‘a_ hydrogen to feed ratio
from about 0.5 o 30 MSCF/bbl, preferably from about 1 to about 10 MSCF/bbl,
30 more preferably from about 4 to about 8 MBCF/bbi. Generally, hydrogen will
he separated from the product and récycied {o the isomerization zone.
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hydroisomerization catalyst in an isomerization zone under hydroisomerizing conditions. The
hydroisoméiz a6etiog288dy st preferably comprises a shape selective interntiais2parezstse molecular
sieve, a noble metal hydrogenation 15 component, and a refractory oxide support. The shape selective
intermediate pore size molecular sieve is preferably selected from the group consisting of SAPO-11,
SAPO-31, SARB«MyGdis8manidial cositias; Z28\refkZRiiiBred 30/ pEAUBS BreX0ffretite, ferrierite,
and combinatiQn . - - - = ipations thereof are more
preferred. Pre?’e}art%hﬁ é%ﬂééﬁggﬁégga%t%?ﬁg%%ﬁ%%ﬁ%@n@ﬁ%@% atinum, palladium, or
combinations tmquiﬁéﬂﬁ?mmﬁﬂﬁ%@fc@?ﬂm&ﬁ%f@%hﬂaﬂﬁ‘&@"%)ﬂf@@d‘ fsed, the
hydroisomerizajigigieaiabisht aRiboMiastheh diaaichacriribmiisisatigagitherrdergiced yield, and the
desired propertie? of the Liiét;ricating{fP ase.oll. gre‘erredﬂkgrc[iroiso erizin% co%diti ns yseful in the
current inventiSHiRERIGER rﬂB\é‘?Et ggffrgg ﬁ‘ég?e‘g's SIS EPREs 'gbcr e to about 775
degrees F), a titahplesdascnithiulicyciopgysiiiniwfurcigantitycgreetésdoarado. fibm about 0.5 to 30
MSCF/bbl, pfe%é%ﬁ%ﬁ%gﬂlo Rt RSO SIEce Rk i Rk KaELplg! 4 to about 8

MSCF/bbl. Gener en will be segarated from the product and recycled to the isomerization

zone. -16 WO Bydhoegeriiom v i S oS ssartioriissarivoRictAR i2atiSR BBRGRANE are preferably
tailored to prodpsidiBesaharozerd detifss ItaviPgrasigtibasobrweighiiee esssiedecules with
monocycloparaffinic functiqnality,mqre preferably.having areater than welight percent,molecules
with mon(fé;/clo%eaqg’fﬁﬁi fu gtiﬁm'tgﬁ&?%g ggc iroe\ér“;es”r t/?/i prg (itr’atltl‘ly0 %%i\%rg ?3%%60 an%leec'ules with
monocycloparaffistosiiy dndewitdetormiort ble A R REC0ESHERAnic functionality greater than 20.
The fractions will typically have a viscosity index greater than an amount calculated by the equation:

VI = 28 x Ln(Kinematic Viscositgl_at 100C) + 95 and a pour Roint less than zero de%(r,ees C. Preferably
the pour point mg%n@% e fibiigating base oil produced by hydroisomerization dewaxing

may be hydrofinished. The hydrofinishing may occur ir_; one or more steps,

15  either before or after fractionating of the lubricating base oil into one or more
fractions. The hydroﬁnishing is intended fo improve the oxidation stability, UV
stability, énd appearance of {he product by removing arométics, olefins, color
bodies, and solvents. A general description of hydrofinishing may be found in
US Patent Nos. 3,852,207 and 4,673,487, incorporated herein. The

20 hydrofinishing step may be needed to reduce the weight percent olefins.in the '
lubricating base oll to less than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5. The hydrofinishing step may aisc be
needed {o reduce the weight percent aromatics to less than 0.3, preferably less
than 0.08, more preferably less than 0.02, and most preferably less than 0.01.

25 | | |
in a preferred embodiment the hydroisomerizing and hydrofinishing cénditions
in the process of this invention are tailored to produce one or more selected
fractions of lubricating base oil having greater than 10 weight percent
molecules with cycloparaffinic functionality, and a ratio of molecules with

30  monocycloparaffinic functionality to molecties with multicycloparaffinic
functionality greater than 20. '

«f T=



10 degrees C. "Ln" in the VI equation refers to the natural logarithm to the base W. Viscosity index is
determinedsay #&Tivk&2270-93(1998). Optionally, the lubricating base oilParyasesr/h3s857
hydroisomerization dewaxing may be hydrofinished. The hydrofinishing may occur in one or more
steps, 15 either before or after fractionating of the lubricating base oil into one or more fractions. The
hydrofinishing iginfensiadise bapsamefiheionidaiiengstaiditthan\s0swedijity parebaipperarance of the

product by removing aromatics, alefins, color bodi . iptiQn of

hydrofinishing Wﬁkf‘%@%ﬂﬁ‘aﬁ%ﬂ’?‘ eﬁ’i@ﬁ 8???}%@?2 %ﬁlﬂ%&f&%@%@%@rﬁﬁggﬁﬁerein. The 20

hydrofinishing stepsurag by Fdé8le PrefecahlythaydaggireptactianolSnnsighiRerdgbticating base oil to

less than 10. Pre(eaRNIGHH b BerafffRSIRIE ot Mcteri gesta eiaragly less than 0.5,
also

The hydrofinishing step may e needed to reduce the wei%‘ft ercent aromatics to less than 0.3,

preferably fess THRYPEBaRIb RAYR G AR 10T WSS RS B TRIP Wi¥ferably less than 0.01. 25Ina

preferred embagineajdiopantivisameticriatiyetodisjginofinrskimtyededifeaeitin the process of. this
invention are tailored to produce [gﬁlige ragti icat| £Ridaving greater
than 10Weight%giﬁg&orﬁgfgﬁggﬁ?ﬁécyc r?a%%fﬁ%%&n%%b&%ﬁﬁ)%ﬁgg%%émoIe(t:TJIes with 30
monocycloparafinRvemewsadrsfat iy aseates tham3Aulibpdspeeans Rt PrgRemIRaMtY greater than 20.

-17 WO 2007/0Q280RRERE $f5/02 38R ndhs:Jeksieatiffhkasacibiaryianthbave greater than 50
weight percent non cyclic isopar_ﬁgins,. The h%ve meaiur?ble l%‘f:lntifgé.lc&:;H n%aﬁlég&d molecules
measured'By FINpEcBRghasR FhEBHQUE JRAER R 10 WSS ER MiorecUles With
cycloparaffinic fusstitipadisywalcze gesirehbtidiveatciutiiy 20d Binboperstenaplibhiy.e Bheatio of weight
percent moIeCt#Sg nxgétghgb%%c%:%&]‘gﬂ&@g%@ﬁy%}g&@@gﬁ]@[@@mlﬁﬁules with
multicycloparaffinic functionality greater than 20, more preferably greater than

preferably iess than 3, more preferably less than 1, and most preferably less

than 0.5. The lubricating base oil fractions preferably have a weight percent

15  aromatics less than 0.3, more preferably less than 0.08, and most preferably

less than 0.02.

The Iubr‘icating' base oils useful in this invention are distinct from
poiyaiphao!eﬁhs in that they are made from a waxy feed. Another distinction

20 between polyaiphaoiefins and the lubricating base oiis useful in this invention
are that polyalphaolefins do not contain hydrocarben molecules having
consecutive numbers of carbon atoms. Polyaiphaolefins are tri-, tetra- or
ﬁenta— ofigomers of 1-alkenes. Polyalphaolefins are small aliphatic molecules
with brancﬁing of long alkyl chains at 2-, 4-, 6-, etc. positions, the positions

25 depending upon the extent of oligomerization. Unlike polyaiphaoieﬁné. the
lubricating base oils useful in our invention contain hydrocarbon molecules
having consecutive numbers of carbon atoms. '

Molecular Composition by FIMS:

30 The lubricating base olls rrfade from a waxy feed of this invention were
characterized by Field‘lcnization Mass Spectroscopy (FIMS) into alkanes and
molecules with different numbers of unsaturations. The distribution of the
molecules in the oil fractions was determined by FIMS. The samples were

-18-



20, even more preferably greater than 30. The presence of predominantly cycloparaffinic molecules
with monoaydlapswasitaes functionality in the 10 lubricating base oil fractiong@Faidsirssrgghent
oxidation stability, low Noack volatility, as well as desired additive solubility and elastomer
compatibility. The lubricating base oil fractions have a weight percent olefins less than 10, preferably

:cess than 5, ?%%?H@&@Eﬁhhlésﬁi ﬁ?@db.lpwéaq%pmwlﬁgm fﬁﬁll&iﬁ&ﬂﬁa%? mhl;:cellting ?lase oil
ractions prefera ve a weight percent, 15 aromatics less, than 0.3, mor erably less than 0.06,
and most pref&ﬁfqﬁé?sl?ﬁgﬁ%%%%ee%%ori%ggﬁ%?%(g%%aoﬁ aﬁﬁgﬁﬁﬁﬁ%?gglﬁ?/ﬁﬁon are distinct from
polyalphaolefinsapilidratitheywaepiasad éldhedinebe solids praltadorisnass shecidsesitsen
polyalphaolefing anddhedhbyratinghRasspiabseiadncis ibwienfmrdabpobriphaplefins do not

contain hydrocarbon molecules having consecutive numbers of carbon atoms. Polyalphaolefins are
tri-, tetra- O pERRHISHYSMASHIPERMAE eRaTAlpE A RRAN-8 /R THe AR molecules with

branching of loggeatiotreliaingaistantedGiroaianfoslitns/theopositianatd bt pecsiudg ppon the extent
of oligomerizatign. Ldnlike polyalphaolefins, the lubricating base oils useful in our invention contain
hydrocarbon m f&eiEs having consecutive numbers of carbon atoms. Molecular Composition by
FIMS: 30 The lubricating base oils made from a waxy feed of this invention were characterized by

Field lonization{ass-29ssHansnRYe b Wakcaliienanadrimelerrighiiagifrsant numbers of

unsaturations. The distribution of the molecules in the oil fractions was dﬁterminerg by FIMS. The

samples Wére SRS R A8 DERE ¥ RTEI TSR oLl RFNiRaLNE'8Mbe, preferably by
placing a small geremdnabdetcbriinad frahthedupeicating Daseajlicbentastedentagiass capillary tube.

The capillary t%l&ﬁ,‘ﬁi)gg @Fﬁ%%%%élﬁgpgeﬁgg%§g&%&r a mass spectrometer, and the probe was

heated from about a rate per

The lubricating base oiis of this invention were characterized by FIMS into

15 alkanes and molecules with different numbers of unsaturations. The molecules
with different numbers of unsaturations may be comprised of cycloparaffins,
olefins, and aromatics. If aromatics were present in significant amounts in the
lubricating base oil they would predominantly be identified in the FIMS analysis
as 4-unsaiurations. When olefins were present in significant amounts in: the

20 lubricating base oil they would be predominantly identified in the FIMS analysis
as 1-unsaturations. The total of the 1-unsat_uraﬁons, 2-unsaturafions, 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6-unsaturations from the
FIMS analysis, minus the wi% ofefins by *H NMR, and minus the wt%
aromatics by HPLC-UV is the total weight percent of molecules with

25  cycloparaffinic funcﬁonéiity in the lubricating ba;se oils of this invention. Note
that if the aromatics contert was not rﬁeasured, it was assumed to be less than
0.1 wt% and not included in the calculation for total weight percent 6’? molecuies
with cycloparaffinic functionality.

30 Molecules with cycioparaffinic functionality mean any molecule that is, or
gontains as one or more substituents, a monocyclic or a fused multicyclic
saturated hydrocarbon group. The cycloparafiinic group may be optionally
substituted with one or more substituents. Representative examples inciude,
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5 minute in a mass spectrometer operating at about 10-6 torr. The mass spectrometer was scanned
from m/z 48 ¢&0x0708 2@ at a rate of 5 seconds per decade. The mass specinusmetereasest was a
Micromass Time-of-Flight. Response 10 factors for all compound types were assumed to be 1.0, such
that weight percent was determined from area percent. The acquired mass spectra were summed to

generate one " \{ﬁ@@%& WQSH%FG@E%WE%%W gygcggémg,iaygaﬂggywere characterized by

FIMS into 15 alkanes and molecules with different numbers of unsaturations. The molecules with
different numbeP¥MERSA GREBHEr AP HEBR%: RSV IQRID ?8%138?“3?5%?&"&%‘8 aromatics. If
aromatics were @ asstidRapigrfita0tdcpoiohtsiipereatiduirat dgdehydrofitipgniasidaamédominantly be
identified in the F*'Vésh%‘ﬁ%sﬁls ﬁétﬁ’é’i turations. When olefins were present in significant amounts
in: the 20 Iubricgl Rgpbase ol ‘tﬁey would be predominantly identified in the FIMS analysis as

1-unsaturatfons. The total of the 1-unsaturations, 2-unsaturations, 3- unsaturations, 4-unsaturations,
S-unsaturationsy gk @Br%iEMﬁWW%MQ&ﬁW@M&W 1H NMR, and

R
minus the wt% aromatics by HPLC-UV is the total wei ercent of molecules wit cycloparaffinic
functionality in tﬁ?ﬂ%ﬁ%ﬁ%‘%ﬁggﬁ'g@cﬁ{ ollﬁ%?ﬂ%ﬁqf%g?g thatF %%ngrg?ﬁe% |rc1:§ %‘fﬁs?gnt was not
measured, it wameissulm dithtisisabstisitbamid. 3 sitambnotyitusbd deth BYSHREAERRIN for total weight
percent of molecyles, il &Y elRRATTIG pslRDaHe ddplecHeR b Yriapgeatinic functionalit
X .

mean any molecl > that is, or contains as one or more substituents,-a monocyclic or a fused
multicyclic 18aturmtienalysabaibiprgrih e Rr SR18 YRR o P RfeSPRLAtR 6%8IRP € bstituted with
one or more SubgHiedIBURABIRITHATY Aoy STERIPSIVIC kOIS ERIBRSTIADE0ABNeXYI,

PCTIUS2006/023857 but are not limited to, cyclopropyl, cyclabutyl, cyclopentyl, cyclohexyl,
cycloheptyl, decﬁ%??ﬂpgﬁg/bt{ﬂ%t@ﬁg%%? W@d‘?@%&‘éﬁ%,%@ﬂ%c&&én-&

Molecules with multicycloparafﬁnkﬁ functionality mean any molecule thatis a
156 fused multicyciic séturated hydrocarbon ring group of two or more fused rings,
any molecule that is substituted with one or more fused mulficydlic saturated
hydrocarbon ring groups of two or more fused rings, or any molecule that is
substituted with more than one monocyclic saturated hydrocarbon group of
three to seven ring carbons. The fused multicyclic saturated hydrocarbon ting
20 g;'oup preferably is of two fused rings. The cycloparaffinic group may be-
optionally substituted with one or more substituents. Representative exampies
include, but are not limited to, decahydronaphthalene, octahydropentalene,
3,7.1 O-tricyciohexylpentadecane, decahydro-1 -(pentadlecan-e-yt) naphthalene,
. and the like.
25
Wit% Olefins:
The Wi% Olefins in the lubricating base oils of this invention were determined
by proton-NMR by the following steps, A-D: |
A. Prepare a solution of 5-10% of the test hydrocarbon in deuterochlioroform,
30 B. AcQuire a normal proton spectrum of at least I2 ppm spectral width and
accgrateiy reference the chemical shift {(ppm) axis. The instrument must have
sufficient gain range to acquire a signal without overloading the receiver/ADC,
When a 30 degree pulse is applied, the instrument must have a minimum
~90-



yi)cyclohexane, 3,7,10-tricyclohexylpentadecane, decahydro-1-(pentadecan-6- yl)naphthalene, and
the like. 5 M@eoutemwish monocycloparaffinic functionality mean any moleggiedmbizasggonocyclic
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 carbons. The cycloparaffinic

group may be 1F§patfigiiFipraneniprarereHBHNR Bifarakiniserpessienanevaiamples
include, but are bet280j08d tr, rapepropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

(pentadecan-6-yj C}@ e,.and the like. Molecules with multicycloparaffinic functionality mean any
molecule that is g' %p's%%atr?}%ﬁ%y% f%l ls“a% l?r%{?ga%%ﬁ%%rbon ring group of two or more fused rings,

any molecule that is sUb8tftdiewpmitalefii® or more fused multicyclic saturated hydrocarbon ring groups
of two or moge fused ripgs4 g;;a%w famaeyle that is substituted with more than one monocyclic
saturated hydrocarbon _group of three to seven ring carbons. The fused multicyclic saturated
hydrocarbon ring 20 gr?j p%%é’l%%ﬁ?tfér o fused rings. The cycloparaffinic group may be

optionally substildtedsingtrenmoicoutue weiphitivfenisicBienlesentRlivete MRSy ingitidey but are not
limited to, decahygﬁgpggm ne, octahydropentalene, 3,7,10-tricyclohexylpentadecane,
decahydro-1-(pentadecan-6-yl) naphthalene, and the like. 25 Wt% Olefins: The Wt% Olefins in the
lubricating base oils of thid'RRARGEWGCbEs farnela dfileceinripRhyitmibtosing steps, A-D: A.

Prepare a sgjution of 52197 efdtadeshbdineaRIuIR Sanieghigroform. 30 B. Acquire a normal
proton spectrum of at I%a.?}#%;g%m nisﬁpectr_al width gnd accurately reference the chemical shift (ppm)
axis. The instrument mitist HalBEL TR YSIF I AT dcalirtegraljniansitiasdt overloading the

receiver/ADC. When & 3Uhdeiptegrpiilstensipnmieshripeingtitvgen (sial MaveamiriBuaD:
hydrogens in formula) ‘

5. The number of olefin hydrogens (=olefin integral/integral pér
15 hydrogen) | .
6. The number of double bonds (=olefin hydrogen times hydrogens in
olefin formula/2)
7. The wt% olefins by 'H NMR = 100 times the number of double bonds

times the number of hydrogens in a typical olefin molecule divided by the
20 number of hydrogens in a typical test substance molecule.

The wt% olefins by "H NMR calculation procedure, D, works best when the %
olefins result is low, less than about 15 weight percent. The olefins must be.
“conventional” olefins; i.e. a distributed mixture of those olefin types having

25 hydrogens attached to the double bond carbons such as: alpha, vinylidene, cis,
trans, and trisubstituted. These olefin types will ‘have a detectable aliylic io
olefin integral ratio between 1 and about 2.5. When this‘ratio exceeds about 3,
it indicates a higher percentage of i or tetra substituted olefins are present and

that different assumptions must be made 1o calculate the number of double
30 bonds in the sample.

21



-20 WO 2007/002005 PCTIUS2006/023857 signal digitization dynamic range of 65,000. Preferably
the dynamig¢angeoyibosbe 260,000 or more.. C. Measure the integral intepsitiesloetwess; 6.0-4.5
ppm (olefin) 5 2.2-1.9 ppm (allylic) 1.9-0.5 ppm (saturate) D. Using the molecular weight of the test
substance determined by ASTM D 2503, calculate; 1. The average molecular formula of the saturated

hydrocarbons 16/9mAHesNERTYEEMBU AN ALY of the olefins 3. The total integral intensity (=sum
of all integral intgisitieshdd Tsed gk sate i yepelssaimpietyldsogith {-tedat briegnalnsiiober of

hydrogens in for T ] f inhy =alefin | /] er 15 hydrogen) 6.
The number of jgﬁﬁéi@n %Mﬂ%ﬁégggh%%ﬁiﬁé@ggﬁmﬂﬁ %&r%a%) 7. The wt%
olefins by 1H NNRekardd @pReBaties (ematanadeiadisndhiah Pansmaaer kiwde of hydrogens in a
typical olefingmolerrdmalivifgshyiire G spstgimebaplerdiacnsin whpivatiahayagtange molecule.

The wt% olefins hy 1H NMR calculation, procedure rks hest when the, %. olefins result is low,
less \tArllan abolut %W@H%@%ﬁ#hh@ Bﬁ%fﬁ??ﬁﬁ&%@w?mfﬁ#ﬁ%&&hﬁ ,“f'él.jérdistrigut:ed "
mixture of those alefiatiypsbesindhethighlyaptimatatdebicatngzado ulievmmohadelbmnihisuch as:
alpha, vinyl'rdeneué‘%% ﬁg&?ﬂ%ﬁm ' %téﬁgg,‘ gﬁ?ﬁ%ﬂ'&%&)ﬁﬂﬁﬁ&iﬁﬂ@ﬁiﬂ@&ﬁﬂﬁp'e allylic to

olefin integral ratio I about 2.5. When this ratio exceeds about 3, it indicates a higher
percentage of tri ¢t {Rs Sinanalvels siferniiates wrasmticanolrayigtiagehaRa ihsdirie Fhust be made
to calculateffie rBMOSIRHIPLIYRE (or more correctly, double-bond number). Thus, the single

ring aromatic containing molecules elute first, followed by the polycyclic
aromatics in order of increasing doubie-bond number per molecule. For
aromatics with similar double bond character, those with only alky substitution :
on the ring elute sooner than those with naphthenic substitution.
15 ‘
Unequivocal identification of the various base oil aromatic hydrocarbons from
their UV absorbance spéctra was accomplished recognizing that their peak
electronic transitions were all red-shifted relative to the pure model compound
analogs to a degree dependent on the amount of alkyl énd naphthenic
20  substitution on the ring system. These bathochromic shifts are well known to be
| cau_sed by alkyi-group delocalization of the -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 principle aromatic
groups identified. |
25 o
Quantitation of the eluting aromatic compounds was made by inf:egrating
chromatograms 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
30 manually evaluating the individual absorbance specira of eluting Compounds at
' different times and assigning thezf\ fo the appropriate aromatic class based on
their qualitative similarity to model compound absorption spectra. With few

-29.



30 bonds in the sample. -21 WO 2007/002005 PCT/US2006/023857 Aromatics Measurement by
HPLC-UV:Wbhematwaoksised to measure low levels of molecules with at lepstrar@aengtc function in
the lubricating base oils of this invention employed a Hewlett Packard 1050 Series Quaternary
Gradient High Performance Liquid 5 Chromatography (HPLC) system coupled with a HP 1050
Diode-Array UV-$46e0iRBR1o7 1K g Llasers s 2ipmete rRetRRERcseikrrRbsRiMast imBIgiYidual

aromatic classessuitifutedi gty Gaiusdieshdulricptingibgisasdoivas made on the basis of their UV
spectral pattern and their elution time. The amino column used for this analysis differentiates aromatic

molecules largely on the basis of 10 their ring- number (or more correctly, double-bond number). Thus,
the single ring afdth&tt €&ratrtignolecules elute first, followed by the polycyclic aromatics in order

of increasingsdoulgte bang HENRAGRSF REHRRHE FekARualics withinlasAsshiadapghcharacter,

those with only alkyl sugsti ution on the ring elute sooner than those with naphthenic substitution. 15

Unequivocal iderfiEENIRYEE M HEnshEBiRtcs R R RSeRRpohe R8RS tAMRabsorbance
spectra was accaingligiyéaresioglaizing dvatrihitis peikid-slectitio sias iifncodeibsaliygshshifted
relative to the pu QE%QFFEEQ nal ) e t.on_the amount qf alkyl and
naphthenic 20 substitution o#tﬁ%%&%&?tggn. ﬁ%éig%étlsogc ro%ggﬁ?ﬁg are e I’Eﬁg%v'\% to be
caused by alkyl-dP6ERYS ERpLiafonl sranatiseane keaw thevartigientlyithey shsesbiew unsubstituted
aromatic corgpounds boil in the lubricant range, some degree of red-shift was expected and observed

for all of the pringiple Tomaticfn%ou S identified.ﬂ%S Qua@gtaﬁi_on of the eluting aromatic compounds
was made by intéQF &Ry SERrS ARBYTHA O THRRIL A B Bt hatirsPigeetRneral class of

small overlap between the miost highly retained alkyl-1-ring aromatic

naphthenes and the least highly retained alkyl naphthalenes, all of the aromatic

compound classes were baseline resolved. Integration limits for the co-eluting

15 1-ring and 2-fing aromatics at 272nm were -made_ by the perpendicular drop
method. Wavelength dependent response factors for each general aromatic
class were first determined by constructing Beer's Law plots from pure miodel
compound mixtures based on the nearest specfral peak absorbances to the
substituted aromatic analogs. '

20
For example, alkyi-cyclohexYlbanz:_ene molecules in lubricating base 6ils exhibit
a distinct peak abso_rbanéefat‘ 272nim that corresponds to the same (forbidden)
transition that unsubstituted tetralin model compounds do at 268nm, The
concentration of alkyl—'l-ririg aromatic naphthenes in lubricating Baseoii

25 samples was caibuiated.by, assuming that its molar absofptivify reéponse facior
at 272nm Wa'sappmximately equal to tetralin's molar abs.orptivity at 268nm,
calcutated from Beer's law plots. Weight percent concentrations of aromatics

were calculated 'by assuming that the average molecular weight for each

_aromatic class was épproximétely equal to the average molecular weight for
30  the whole lubricating base oil sample, |

This calibration method was further improved by isoléting the 1-ring aromatics -
directly from the lubricating base oils via exhaustive HPLC chromatography.
-23- |



compounds over the appropriate retention time window for that aromatic. Retention time window limits
for each argakicbassmsvere determined by 30 manually evaluating the inghyitusdoabseskemce spectra
of eluting compounds at different times and assigning them to the appropriate aromatic class based

on their qualitative similarity to model compound absorption spectra. With few -22 WO 2007/002005
PCT/Uszoowomsmt@gc@imﬁwmbjﬂ%ﬂﬂﬁﬁé&%ﬁo@*ﬁ?ﬁlﬁ@ﬁ&‘&%ﬁﬁ%@i&?%@%bsewed in highly

saturated AP| Giosihih@id-4bbehricating pasameiis: thmgotadsCalibretipectad e @bistedas used for
identifying these classes of aromatic compounds even_ at yery low level [:[lng aromatics typically
absorb 10 to 208/ Aff@ crﬁ?ﬁ'@‘%?r% gﬁf{‘f{ﬁ%{%ﬁ?&@s.ﬁ%cg%%%%};s? mﬁﬁgﬁ% .t%&{’?# also affected
absorption by aiwash 6% wEkeneferbigilissuinstittéet.to use HPLC to separate and identify the various
species of gromatics and know how efficiently they absorb. 10 Five classes of aromatic compounds

were identified.. With the exception of a small gverlap between the mgst highly retained alkyl-I-ring
aromatic naphtMgiesaerilicrllYelRBrtyrReNcalGRIRR ﬁ?;%hgi\éﬁ%%ﬂ‘ﬁdlﬁ’ﬂwﬁugﬁaﬁﬁa compound
(Z:I;azsses were bﬁgﬁg@@%mcﬂmﬁ%}mﬁfﬁ&ﬁomM&Mkloﬁﬁml&aﬁeﬁﬁg@bﬂs}ﬁmg a]rcomatic? at
nm were made by the perpendicular dr actors for
e A TS AU e o LA SRIE W S

each general ardfiy f y constructing Beer's Law plots from pure model
compound mixturdsibadekanetaadisiadstide nal peie-Ressashalies e9lansaBsiiuted aromatic

analogs. ZCLcFOf%ﬁ%ﬂl%%k%&%@é&hﬁwasmmmmwﬁﬂngwm@mbit a distinct
r

peak absorbance:at 272nm that corresponds to the sa%% fo idde?% trans%ongtpgtunﬂubstituted
tetralin model coRHBRMESIRS SHlisaRACIse MANR RO IR A PSSR TSP henes in

lubricating base gitifornia, with n-hexane as the mobile phase at a flow rate of {8mis/min.

Column eluent was fractionated based on the detector response from a dual
wavelength UV detector set at 265nm and 285nm. Saturate fractions were

15  collected until the 2685nm absorbance showed a change of 0.01 absorbance
units, which signaled the onset of single ring aromatic elution. A single ring
aromatic fraction was collected until the absorbance ratio between 265nm and
295nm decreased to 2.0, indicating the onset of two ring aromatic elution.
Purification and separation of the single ring aromatic fraction was made by re-

20 chromatographing the monoaromatic fraction away from the “tailing” saturates
fraction which resulted from overloading the HPLC column.

This purified aromatic “standard” showed that alkyl substitution decreased the
molar absorptivity response factor by about 20% relative to unsubstituted
25 tetralin, '

Confirmation of Aromatics by NMR:
The weight percent of all molecules with at least one aromatic function in the
| purified mono-aromatic standard was confirmed via long-duration carbon 13

30 NMR analysis. NMR was easier to calibrate than HPLC UV because it simply

measured aromatic carbon so the response did not depend on the class of

aromatics being analyzed. The NMR results were franslated from % aromatic

carbon to % aromatic molecules (io be consistent with HPLC-UV and D 2007)
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25 samples was calculated. by assuming that its molar absorptivity response factor at 272nm was
approximawly mgaabotetralin’'s molar absorptivity at 268nm, calculated frea /e awssiots. Weight
percent concentrations of aromatics were calculated by assuming that the average molecular weight
for each aromatic class was approximately equal to the average molecular weight for 30 the whole
lubricating basebyiksawipkp {Fi85a8k afi trerartimatiesds highipsatpataciincatbigtivasehe 1-ring
aromatics direcihfrom.the ;iﬁ%tg;gnlpﬁﬁgoils via exhaustive HPLC chromatography. -23 WO
2007/002005 PCT/US2006/023857 Calibrating directly with these aromatics. eliminated the
assumptions and uncertainties associated with the model compounds. As expected, the isolated

aromatic sampleiigcbav@maongsnaatenasio gbantbsamnedehsnepaensinbegayss it was more highly

substituted.55 Mé)égu srg{e?ificae!% t% aeeurs ler 8a|ibtrgx¥?ég}e HPL(E_—UV GEEOd’ the substituted benzene
aromatics were separa?e‘éq‘rom%eargur& ??hde Wj%rlcaflng? FLTIF 19 § Fvaters semi-preparative

HPLC unit. 10 gkéars sfesifioply.iasatieizly ngdnurchioxaieyaeladinbsddairs witteatiwadbonded silica
column, a 5cm 1,340 ZBABE ARG By IR AREAP TS KR BB COLETAS i r L2 micron

amino-bonded silicag)artlcles, manufactured by Rainin Instruments, Emeryville, California, with

n-hexane as thdMRYRE FHALBUE S31B0RSRBsSMBARERN% T CYARANM HentaidPraeditsiated based on

the detector respeﬁ$eﬁﬁ5mcmd_dafamw&h¢ngtb 400-GoeMbIzIeMR Ribem@nd RPbNEiokaiurate
fractions wege 15 6RUSHRA Al K A0PRTARRAIGAGR SHANGE.3,608 005012 (i dpagibance Lnits,

) ) ¢ shape
which signaled the onset of single ring aromatic elution. A"single ring aromatic FARIGH Was collected

until the absorbaidberhasatiemarthceesiiariidnizgsaie dbereasiad isquentydiasichipnasdnset of two
ring aromatic elyiR: dBHAG RSN GRSR AR/ IHBGIRG MR apRAcEaRYAR s made by re
20 OO Cesor, By taRing SoScia o Siher Side of the adrros Shach, the
resolution was improved sighificantly. '
15
The lubricating oils of this invention may also comprise a bright stock in the
fomﬂiaﬁon. If the bright stock is one with a viscosity index less than 120, itis
preferably included in the formulation at a leve! less than 10 wi%. If the bright
stock is one with a viscosity index greater than 120, such as an unconvertional
2C  bright stock derived from Daging crude petroleum (which has a viscosity index
of about 135), it may be included in the lubricating ol at a level up to 75 wt%.
One preferred formulation of lubricating ofl is one with & Fischer-Tropsch
dertived bright stock.

25  In one embodiment of this invention, the lubricating ofls are made with a pour
point reducing blend component. The pour point reducing blend component is
a type of lubricating base oil made from a waxy feed. The pour poiht reducing
blend component is an i'sonie‘rized waxy product with relatively high molecular
weights and parﬁcuiar branching properties such that it reduces the pour point

30 of lubricating base oil blends containing them. The pour point depressing base
oil blending component may be derived from either Fischer-Tropsch or
petroleum products, In one embodiment the pour point reducing blend
component is an isomerized pefroleum detived base oil having a boi[iné range

-25-



fraction which resulted from overloading the HPLC column. This purified aromatic "standard" showed
that alkyl swlgstiggtiendecreased the molar absorptivity response factor bypadis2BGHea3siive to
unsubstituted 25 tetralin. Confirmation of Aromatics by NMR: The weight percent of all molecules with

at least one aromatic function in the purified mono-aromatic standard was confirmeéi via long-duration
carbon 13 30 AR atmiysB5ONIMResE haut &) @ dasrarsttinenaniaing sLERREH simply measured

aromaiic carbgp,50.6.R50RNFG: il enenuiay e lass st tapaiisng tsgssiblyzed. The NR
nslate

results were tr rom % aromatic .carbop to % aromatic mole stent with
HPLC-UV andepding Wﬁ%‘ﬁéﬁ%6@@%@@5&5@63%@9%@&%\/%8&%%5-99% of the
aromatics in higblysséucatas Asstontngrivesimeist WesasimpeinhigdueingBiendHigh power, long
duration, and good baseljine analysis. : gggeﬁ_ RAASHFSIRMateg @own to 0.2%
aromatic rﬁole&ﬂ@qﬂ%?é%ggéﬁ%iﬁ@%%{égcuratel;%%ﬁglggsr}y%%vbgvels _c?f %I WOl C ke§ with at least
one aromatic fumustiqrolny tiat e, aHeaxsheegresss2 Giober {an dorpayr ReliRid f‘b(g#;laaeminimum
carbon sensitivify.of 50951 GRnASMISaNgRTR PEadsemEr AA5FishBrirupshitaioivedn on a 400-500
MHz NMR with a 10-12 mm Nalorac 10 prohe was used. ' ] &&f@t@r as used to
define the shaﬁ@@ﬂ'ﬂ?epﬁ%@é?ﬁééaéﬁ%%%gﬁ &t Tty g?e\??lér%éf %%é%e%%gg%@ncy wa&%langed once
during the run tgrpxvidsasifactsdimmieigitibgtteecnlaimt Epe avshebark 1 Hi8ABRAERegion. By taking

spectra on either side of t i LIONINASHEN BN ECsTcHTECandvt 16 The
Iubricatin§§ils gflﬁasgi%\?e i%\ér?érfwgalra?gso%%nnﬁ%%%&%z@ bright stock in the . for. ulz(aition. If the bright stock
is one with a visubyifransbRsdss § ﬁ%‘?@?i?@”ﬁef@&ﬂ?‘iﬁ&ﬁ&&&ﬂ?%gﬁﬂuIation at a level less

than 10 wi%. If theqbrgbhts are described in detail in US Patent Applications 10/704031, filed
November 7, 2003, and 10/839396, filed May 4, 2004, both fully incorporated
herein. The lubricating oils of this invention may contain between 1 and 80

15 wi% of a pour point reducing base oll blend component. Preferably, they will
contain no conventional pour point depressant Additives. Conventional pour
point depressant additives work by minimizing the formation of wax networks
and thereby reduce the amount of ofl bound up in the network. Examples of

" conventional pour point depressant additives include polyalkyimethacrylates,

20 styrene ester poiymers, alkylated naphthalenes, ethyiene vinyl acetate
copdlymers, and polyfumarates. Treat rates of conventional pour po}ni‘
depressant additives are typicaily less than 0.5 wit%.

Energy Savings: |

25  In preferred embodiments, the Iubricating oils of this invention will reduce

| energy usé by at ieast 0.5, preferably greater than at least 1%, compared to

jubricating oils of the same SAE viscosity grade made with a conventional
Group | of Group Il base oil. The réduction in enérgy use fnay be as high as
15%. This is due to the low traction coefficients of certain base oils made from

30 waxy feeds, The lubricating olls of this invention will reduce energy use when
the lubricating base oil made from a waxy feed used in the engine oil has a
traction coefficient less than an amount calculated by the equation: Traction
Coefficient = 0.00Q x Ln (Kinematic Viscosity in ¢St) - 0.001, wherein the
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stock is one with a viscosity index greater than 120, such as an unconventional 20 bright stock derived
from Dagingcetggieepgissleum (which has a viscosity index of about 135), figpakfRdheisded in the
lubricating oil at a level up to 75 wt%. One preferred formulation of lubricating oil is one with a
Fischer-Tropsch derived bright stock. 25 In one embodiment of this invention, the lubricating oils are
made with a pilimepuaitit idscmsiig ible@tlit dneponetinTisdimpkinpuialic vthgosity ine#et component is a

type of lubricatingif gﬁ‘e%%ﬂe?m;@ﬁ‘t’ﬁ%%&ﬁ&n&?a%ﬁ ROiRhBEH S ipkeOsARONeNt is an

isomerized waxy product with relatively high molecular weights and particular braa hlng properties

such that it redﬁB@Eetﬁér\%Eﬁ‘cﬁBﬁ} Wcré’ﬁﬁatﬁ'ﬁgé‘t)ﬁ‘b?é’ﬁﬂ%g@dmﬁ?ﬁlﬁaqﬁ " &he pour point
depressing bam@@@admmmmae% Rofly 4 dehogsk et citiea Kadhg2Didpsdbra; petroleum

Gorved bae oMY S PR L LT o0E (VG S0P cate SRRV BRI above about 950
degrees F (abdhlcﬁmewm tb)aamm eomutisalcdatadby f csneBorw BB BFparaffins. Preferably

the pour point gapassing RansmbdpeodindsCoRIRERRREWILORYS & kellinddangrerbpv@gbout 1050 F
(about 565 degr eesﬁﬁg In a second embodiment, thellgour 0|nt reducl blend %ttcomponent is an
isomerized FIS pASCARI TS RE ?J?Hatﬁ%f‘ e AN feibiads o s‘tﬁ&fns least 3 degrees C

higher than thegagingpbeEdt ferdisichatesshasesuteniedtienstel iwbbtwepndamnebB oSkerized

Fischer-Trapsch derived bot o t r d component
has an a\}gp age RS %Tgl%e?? W'%elgqﬁ{ﬁ&géé%n a%gsu%ée %‘é\{r%s Ziegl?% %ﬁ%oérrgl cgé#?%g gv%r%%e degree of
branching in thefrasfeqsespeaddenieabat B0Nawe U uDiaine hesscpilsmeada HomAbon atoms.
The pour point {edlciaeHanHgIRERRIBRBAISHIRRSTIBBHLE AE Pl 4V tlﬁai@m%tpﬁltﬁatlons

o S AR AN A A 5 A 1o
and incorporated herein. .
15 | : o
Traction data were obtained with an MTM Traction Measurement Systern from
PCS {'nstr_uments,r Ltd. The unit was configured with a polished 18mm diameter
ball (SAE AISI 52100 steel) angled at 22° to a flat 46mm diameter polished- disk
- (SAE Alsl 52100 steel). Measurements were made ét 40°C, 70°C, 100°C;..and
20 120°C. The steel ball and disk were driven independently by two motors atan
| average roling speed of 3 Meters/sec and a slide to rofl ratic of 40% [defined
as the difference in sliding speed between the ball and disk divided by the:
mean speed of the ball and disk. SRR= (Speed1 — Speed2)/ ({Speed1 +
SpeedZ)/?_)] The load on the ball/disk wes 20 Newton resuling in an estimated
25 . average contact stress of 0.546 GPa and a maximum contact stress of 0.819
GPa.

Each oil's fraction coefficient data was plotted against its respective kinematic -
viscosity dafa at each test temperature (40°C, 70°C, 100°C, and 120°C). That
30 | is, an oil’é 40°C kinematic viscosity {x coordinate] was paired with its 40°C
traction data [y coordinate], etc. Since kinematic viscosity information waé
generally only available at 40°C and 100°C, the 70°C and 120°C kinematic
viscosities were estimated from the 40°C and 100°C data using the well known
-97.



15 wt% of a pour point reducing base oil blend component. Preferably, they will contain no

conventiongd @avy7mopstsiepressant additives. Conventional pour point defpesaaab@asitbes work by
minimizing the formation of wax networks and thereby reduce the amount of oil bound up in the
network. Examples of conventional pour point depressant additives include polyalkylmethacrylates, 20

styrene ester pol/Fikie; Baatiasd haghttans8t/iethielevinylettereo Tepaty aess 1gnd

polyfumarates. TreeWalgeoEqaavstiona Res wally M%ﬁ?&?ﬁoﬂ‘%ﬁ%’ ifypically less than 0.5
wt%. Energy Savjng)s: 25 I%géﬁ?rred embodiments, the lubricating oils of this invention will reduce

energy use by al A T SRIYSAiuRS Andiumadae basisdontpard8Th Rd4tating oils of the
same SAE viscodrgogirdempsreturiivacsn RedidiabiGemindiwdrsqepdibash ailinkag feduction in

energy use giay, i 9 [Sl the low tractign coefficients of certain base oils
5 &Wg%g&éﬁbi%)éﬁ}[%%t g%&é%@%&?ee |8{ﬁ°v§/'fﬁ?%%| &3 gﬁ%r&ﬁse when the

made from 30 waxy. feeds. The .
lubricating base tﬁéﬁb@ﬁ@ﬁeﬁmq@@%@@ﬁﬁﬁﬁé efitlreepiaiayisctsittjamdottificient less than

an amount calcutieridtic thecestiationeid asH9orGpail 'g@éa&qggm%@(mnematic Viscosity in cSt) -
0.001, wherein the -26 WO 2007/002005 PCT/US2006/023857 Kinemaitic Viscosity in ¢St in the

“equation is the kinematic viscosity in cSt during the traction coefficient measurement and it is between
2 and 50 cSt; arfekg0H¥esin the traction coefficient is measured at an average rolling speed of 3
meters per.ﬁcoggalf?1 Edie to roll ratio of 40 percent, and a load of 20 Newtons. 5 Additionally the base
oil made from a waxy feed may have an EHD film thickness greater than an amount calculated by the
equation: EHD film thickness in nanometers = (10.5 x Kinematic Viscosity in cSt) + 20, wherein the
ion is the kinematic viscosity in ¢St during the EHD film

Kinematic Viscog’tg/ igi ﬁt%@]{he e(ggg\tl 1at
thickness measurEment, aid RrYEVES 2iirye eistiliatehetieme frantiensetitfatnasat speed of 3
meters per seqoﬁ'ﬂ:flﬁbﬁﬁbimdcaiiih@ﬁase oif made from the hydroisomerization of a Fischer-
Tropsch derived waxy feed were produced in a pilot plant. The FIMS analysis
15  was conducted on a Micromass Time-of-Flight spectrophotometer. The emitter
on the Micromass Time-of-Flight was a Carbotec 5um emitter designed for Fi
operation. A canstant flow of pentaflourachlorobenzene, used as lock mass,
was delivered into the mass spectrometer via a thin capillary tube. The probe
was heated from about 50°C up to 600°C at a rate of 100°C per minute. The
20 properties of these lubricating base oils are summarized in Table L.
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of zero percent, and a load of 20 Newtons. Lubricating base oils made from a waxy feed having these
low tractionsepeliiciessmand relatively thick EHD film thicknesses are taugpiighdsyfiateRtApplication
10/835219, filed April 29, 2004, and incorporated herein. 15 Traction data were obtained with an MTM
Traction Measurement System from PCS Instruments, Ltd. The’unit was configured with a polished
19mm diameter ball (SAE AISI 52100 steel) angled at 22 to a flat 46mm diameter polished-disk (SAE
AISI 52100 steel). . Measurements were made at 40C, 70C, 100C, and 20 120C. The steel ball and disk

were driven in

mean speed of

ball/disk was 2

respective king
an oil's 40C kin

Since klnematlp ‘L'anc'f" in

120C kinemati

degs K) ]. The

oil were reporty
The traction cag

?ependently by two motors at:an aT,@Pﬁgl? rolling speed of 3 Meters/sec ang a slide to
roll ratio of 40% [defined as the difference in sliding speed between the ball and disk divided by the
the ball and dskp&REs= (Speedl - SpeedBi-§($peddl pr-Fpee jZ)i:&)]@él’h load on the
0 Newtoyisessilyg foarcesisnaied 25 aveg@“@“g“fonu CUSEEES ol 0-5¢8@Pa and a
maximum conmm N oil'S tractior ffict vasp "‘"“ inst its
" lét??tc:;t LCIIIVCI(J.L%??—HJV, ,utgi;;%guo ﬁ”dﬁJ That 30 iS,
asih i dired wilh its 40C triition dlata | oorglinate], etc.
' ﬁm i85 _generally bnly 309Bble lat A84Andl100M8he 70C and
. viscosities Wete @&f#Sited from the MOC 81004 datifsing|the@sl knpwn -27 WO
2007/002005 RCTIUS2006/02¥85 ¥Wilgalther Equation [ Log10(Log[LO(vis + 0.6)) = a -c* LdglO(Temp,
Walther Equation is the mostAiideés ysed &guation for esgimating viseesitiels at odd
temperatures and forms the basis foritiund&uidtiBadL visgagity-tempemgiyre chartggResults for each
2d on a linear fit 5 of tha jagpt{astienscoefficignt datal versyg kingmatig yiscosity in cSt.
efficient result for eac@@hgg%&@hghema%viscoc ity, %%i other 0.0 .
4-Unsaturations 0.0 0.0
5-Unsaturations | 0.0 0.0 0.0
6-Unsaturations | 0.0 0.0 0.0
Total 100.0 100.0 100.0
Total Molecules with 28.31 37.83 384
Cycloparaffinic Functionality
Monocycloparaffins/Multicycloparaffins 39.6 46.3 95.0
Boiling Point Distribution, °F '
75 847 063 na
T10 856 972
T20 869 990
T30 881 1006
T50 905 1045
T70 931 1090
T80 946 1122
T90 962 1168
T95 972 1203
Pour Point, °C ' -23 8 26
Traction Coefficient Not tested | Not tested
Viscosity (cSt) / Traction Coef. 6.4/0.01138
12.5/0.01732
15/0.0197
32/0.02415

na= not avallable
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kinematic viscosities, were read off of the plots and tabulated. Examples: 10 Example 1: One distillate

fraction (F{y8-49c2/md204® distillate bottoms fractions (FT-14 and FT-16) oblobricategpibssse oil made
from the hydroisomerization of a Fischer- Tropsch derived waxy feed were produced in a pilot plant.
The FIMS analysis 15 was conducted on a Micromass Time-of-Flight spectrophotometer. The emitter
on the Microrn%ﬁi&&pﬁ%%atmm%hww eftiisaupiisitingbdse Rilopseltldn. A constant
flow of pentaflourochlorobenzene, used gs lock mass s delivered d pectrometer via a
thin capillary tulhé. 'ﬁ%,%%%ewgé?r%?ﬁt&s‘%ﬁ%“é%‘af‘ﬁ{“ 5 ?Ypﬁ%\%(%%%{%ﬁgg% gfé_?goc er minute.
The 20 propertiesneftite sedetriteingoat® oidendes withavgleaaraifintdynclignaiy o8t7/002005

T648 Vil [ ol lifiSrots affini IOHSROIBNAIIGE0Es 0atr6.362 13.99
16.48 Viscositf 5?8‘6200?; r%%itg%hz%w sk G;J%Ta%uETuﬂ\&Jaﬁgmg

j . ‘ o :
0,041 no \iio6 uimiopeeE ITGiCPARY SHPRIPPARENEL CHE A 814 i Fafons 1.2 40.2
38.1 2-Unsaturgtignsit) e dreateinnattsiony 6.2 b 0.V greatsathanion&0:0.010 0.0
5-Unsaturations 0.0 0,009 S 4nRaksations SAQA Rfeheial 1ASEH) 40169 + 05 =

147. in addition, FT-14 arid FT-16 are also compositions of pour point reducing

base oil blend component. | FT~1 8 is a Fischer-Tropsch derived bright stock '

10 with a viscosity index much higher than 120.
Example 2:

Three different blends of natural gas engine ofl (NGEQ) using the FT1-6.4 andfor
15  the FT-14 base oils were biended with a lower ash D! natural gas engine ol
additive package. The natural gas engine oil blends all had appfoximately 0.5
v‘vt%.'su!fated ash and less than 350 ppm zinc and phosphorus. No viscosity
ihdek impréver was included in the three different blends. The formuiations of
the three different biends of natural gas engine oil are summarized in Table 1.

20
Table H o
Gomponent, Wi% ~TNGEOA | NGEO B | NGEG C
oo Aeh DI NGEO Additve Pkg.| 80 | 8.0 80
T T 13.8 0 46
FT14 762 | 920 | 874
Total 1000 | 1000 | 100.0
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Total Molecules with 28.31 37.83 38.4 Cycloparaffinic Functionality
Monocyclepgrafémedddodticycloparaffins 39.6 46.3 95.0 Boiling Point DistriagiigafadiinSeks 963 na T10
856 972 T20 869 990 T30 881 1006 T50 905 1045 T70931 1090 T80 946 1122 T90 962 1168 T95
972 1203 Pour Point, C -23 -8 -26 Traction Coefficient Not tested Not tested Viscosity (cSt) / Traction
Coef. 6.410.01438 }25{R:M 32nb 037 PP tA34A R iEriet Aruaitaine 13 ¥¥@ RN07/002005
PCT/13S2006/023857 FT-6. E)I' 14, and FT-16 are all examples of the lubricating base oils useful in
the natural gas engine oils of thls invention. They have less than 0.06 wt% aromatics, greater than 10
wt% molecules with cycloparaffinic functionality,-apg, gjratio of molecules with monocycloparaffinic
functionality to molecules with 5 multicycloparaffinic functionality greater than 20. Both FT-6.4 and

FT-14 have viscosity if (Eéﬂpsr@eater than 150. F I'Wlﬁhé‘ui%@@&é NS amount calculated by
the equation: VI = 28 x i RemateHSEos 0095 =—1A%

Gt aL J.UU = I A } Iir 1, :T'14 and FT'16 are
also compositions of pca{%(aﬁw %J@% o5t WA'S 15%6 1486
CCS Viscosity at -20°C, cP | 6008 5401 7997

NGEO A, NGEO B, and NGEQ T are examples of the natural gas engine olis
5  of this invention. NGEQ A, NGEO B, and NGEO C comptise & lubricating base.

oll, made from a waxy feed, having a viscosity index greater than 150. All three
of these examples also comprise a Iubricating base cil made from a waxy feed
having less than 0.06 wt% aromatics, greater than 10 wi% molecules with
cycloparaffin functionality, and a ratio of molecules with mcnucycloparaff nic

| 10 functionality to molecules with multicycloparaffinic functionality greater than 20.
Neither NGEO A, NGEO B, nor NGEO C contains any bright stéck, which'is
highly desired. NGEO B is an especially preferred natural gas engine oll, as itis
an SAE 15W-40, with a very low cold cranking simulator (CCS) viscosity at -
20°C.

15

Example 3:

An unconventional Group 1! bright stock derived from Daging Crude petroleum,
Daging Bright Stock, with the properties as shown in Table 1V, was blended

20 along with one or more Fischer-Tropsch derived 1ubrica{ing base oils and the -
same |0\-N9Al' ash D! additive package aé used in Example 27 Daging Bright
Stock is an unconventional pefroleum derived bright stock as it has a kinematic
viscoéity at 40°C greater than 180 ¢St, and a VI greater than 120. Three
different lower ash SAE 40 natural gas engine oils were blended. The

25 formulation details of the three hlends are shown in Table V, and the
viscometric properties of the three blends are shown in Table V1.
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base oil blend component. FT-16 is a Fischer-Tropsch derived bright stock 10 with a viscosity index
much highewihanoid0zedsxample 2: Three different blends of natural gas engtpaedeBE$3) using the
FT-6.4 and/or 15 the FT-14 base oils were blended with a lower ash DI natural gas engine oil additive
package. The natural as engine oil blends all had approximately 0.5 wt% sulfated ash and less than
350 ppm zinc and phosphorus. No viscosity ind&ehfanVer was included in the three different blends.
The formulations of the three giferent-blerds-ofnaturg ' summarized in Table li. 20
Table it Component, Wt% NGEO A NGEO B NGEO %W% ‘%ﬁﬁéﬁéo Additive Pkg. 8.0 8.0 8.0
FT-6.4 13.804.6 FT-14 78.2 9¥iBcB<i akawo0)x8t00.0 10914530 WO [2007/002005
PCTIUS2006/023857 The visg rties of eqch of the three blends are shown in Table Il
Table IIl Properties NGEO A N EE?‘@W%@P@ WAstdsity at 1HH cSt 1348 15.36 14.86 CCS
Viscosity at -20C, cP 6008 54 i " DB am§¢EO T are examples of the natural
gas engine oils 5 of this inventiopn. NGEO A, NGEO B,jand NGEO C comptise a lubricating base. oll,
made from a waxy feed, having a viStwsiBoihtleCgreater than 180. All threg¢ of these examples also
comprise a lubricating base oil rradefrom-a way-feed—havirg-less-than-6-06 wt% aromatics, greater
than 10 wt% molecules with cycloparaffin functionality, and a ratio of molecules with
monocycloparaffinic 10 functionality to molecules pgiierulticycloparaffinic functionality greater than 20.

Component Wi% NGEO D | NGEO E{NGEOF
Lower Ash DI NGEQO Additive Pkg. | 8.00 8.00 8.00
FT-64 - 2352 | 2342 | 2563
FT-14 54.05 49,53 43.15
Daging Brigh_t Stock 14.43 19.05 | 23.22
Total ‘ 100.0 100.0 100.0
\ Table VI
Properties NGEO D | NGEQOE | NGEOF
Viscosity at 100°C, ¢St 13.24 13.53 13.51

CCS Viscosity at -20°C, cP | 5831 6123 8123

NGEO D, NGEO E, and NGEOQ F are preferred exampies of an embodiment of -
5 the lubricating oils of this invention, even though they contain bright stock. The

bnght stock has a viscosity index greater than 120. All of them meet the '
kinematic and CCS viscosity specifications for SAE 15W-40 engine oils Al
comprise a lubricating base oil, made from a waxy feed, having a viscosity

“index greater than 150. Additionally, the lubricating base oils made from a

10 waxy feed used in these blends have less than 0.06 wi% aromatics, greater

than 10 wi% molecules with cycloparaffin functionality, and a ratio of"mc_)lecuies
with monocycioparaffinic functionality to molecules with multicycloparaffinic
functionality greater than 20. Even though they contain unconventionat
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Neither NGEO A, NGEO B, nor NGEO C contains any bright stock, which is highly desired. NGEO B
Is an especrthzpref®a®d natural gas engine oil, as itis an SAE 15W-40, wighrarysingemesold cranking
simulator (CCS) viscosity at - 20C. 15 Example 3: An unconventional Group 1l bright stock derived
from Daging Crude petroleum, Daging Bright Stock, with the properties as shown in Table 1V, was
blended 20 alorR§ FRIRUEHAIVebREgHE strakapg sn\imeosil lodeicitipgberstheisanddbe same lower

ash DI additive pagdageCxougechisitiosamnplgs?. Daging Bright Stock is an unconventional petroleum
derived bright stock as it has a kinematic viscosity at 40C greater than 180 cSt, and a VI greater than

120. Three different lower ash SAE 40 natural gas engine oils were blended. The 25 formulation
details of the thFe@miRlads are shown in Table V, and the viscometric properties of the three blends
are shown g Table VI. -31 WO 2007/002005 PCTIUS2006/023857 Table IV Daging Bright Stock
Viscosity at 100C, cSt 21.45 Viscosity at 40C, ¢St 186.2 Viscosity Index 137 Pour Point, C -21 Table
V Component \Kt&eREE0alrebres engiGED FaviogeSAsh BINGERAdiiveBkes 8.00 8.00 8.00
FT-6.4 2352 2Aale Ry sy BB+ SRRHBL BHS TSP LS 414005 23.22 ot

100.0 100.0 100.0 . )
package used in the earlier examples. The blend contains no viscosity index

improver or conventional pour point depressant additive. The natural gas
10 engine oil is tested for kinematic viscosity at 100°C and cold cranking simulator

viscosity at-20°C. The formulation composition is summarized in Table Vit and
the test data is summarized in Table VIll.

Table VI

Compornent, Wid NGEG G
Lower Ash DI NGEO Addifve Pkg. |80
Fr6.4 5760
FT-16 6440
Totl 700.0
Table VI
Prqpa;ﬁes . NGEQ G
Viscosity &t 100°C, o8t | 134

CCS Viscosity at -20°C, cP | 5616

15
This example of natural gas engine oil has a lower CCS viscosity than the
blends in the earlier‘ examples with Daqing Bright Stock. This is due to the
combination of two different desirable lubricating base oils, ohe of \&hich is a
Fischer-Tropsch derived bright stock with a viscoéity in&ex greater than 120

20 (FT-16), and the other (FT-6.4) is'a\tubrica'sing base oil, made from a waxy
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Table VI Properties NGEO D NGEO E NGEO F Viscosity at 100C, ¢St 13.24 13.53 13.51 CCS
Viscosity aiwgQes#dtfds1 6123 6123 NGEO D, NGEO E, and NGEO F arffgigureexamples of an
embodiment of 5 the lubricating oils of this invention, even though they contain bright stock. The
bright stock has a viscosity index greater than 120. All of them meet the kinematic and CCS viscosity
specifications fof%ﬁ\‘:'% Vo*()»{?-&d’ SROA BHeAgraiRs Sher 1oRmndAIsg o a Rrefededm a waxy feed,
having a viscosigromaéz gndatgritparaiiOcdhdebtitioally, the lubricating base oils made from a 10 waxy
feed used in these blends have less than 0.06 wt% aromatics, greater than 10 wt% molecules with
cycloparaffin functionality, and a ratio of molecules with monocycloparaffinic functionality to molecules
with multicycloparaffinic functionality greater than 20. Even though they contain unconventional -32
WO 2007/002005 PCTIXJS20061023857 petroleum derived bright stock, and no viscosity index
improver, they still have very low CCS viscosities at -20C. Example 4 5 A blend of natural gas engine
oil having a SAE 15W-40 viscosity grade is prepared by mixing FT-6.4 and FT-16, with the same
lower ash DI additive package used in the earlier examples. The blend contains no viscosity index
improver or conventional pour point depressant additive. The natural gas 10 engine oil is tested for
kinematic viscosity at 100C and cold cranking simulator viscosity at -20C. The formulation
composition is summarized in Table VIl and the test data is summarized in Table VIIl. Table VII
Component, Wt% NGEO G Lower Ash DI NGEO Additive Pkg. 8.0
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FT-6.4 27.60 Ff-16 64.40 Total 100.0 Table VIl Properties NGEO G Viscosity at 100"C, cSt 13,4
CCS Viscogity ffi2862668 5616 15 This example of natural gas engine oi(lijlalsmas %%%zgé%ﬁ viscosity
t .

than the blends in the earlier examples with Daging Bright Stock. This is due to the combination of
two different desirable lubricating base oils, one of which is a Fischer-Tropsch derived bright stock
with a viscosity iNdiext i eriieddghan 120 20 (FT-16), and the other (FT-6.4) is a lubricating base oll,
made from a waxy, -33 WO 2007/002005 PCT/US2006/023857 feed, having a viscosity index greater
than 150, and alsot haviharisRiRg @l caraRfiSiGand cycloparaffin composition. -34 WO 2007/002005
PCT/US2006/023857 What is claimed is: 1. A lubricating oil, comprising: (a) at least 5 wt% of
lubricating base oil, mad&@Jroft kashRySedf HbuRaling bagealpmbde fithwadvanglfsades with

cycloparaffinic functionality, qt,a@iﬁggio of molecules with monocycloparaffinic functionality to molecules
with multicycloparaffinic functionality greater than 20; and 10 iii. a DI additive package; wherein the

lubricating oy contains less thaj 0.2, Wie ViSCasily INGEX. 1o iies with cycloparaffinic
functionality,

ii.  arafio of molecules with monocycloparaffinic functionality

to molecules with multicycloparaffinic functionality greater
than 20; and

10 iii. a DI additive package;

wherein the lubricating oil contains less than 0.2 wi% viscosity index
improver which is a homo- or co-polymer or derivative thereof of number
average molecuiar weight of about 15000 to 1 million atomic mass units;
and wherein the lubricating oil has a sulfated ash by ASTM D 874-00 of

15 - 1.0 weight percent or less, and a cold 6rankirig simulator viscosity at -
20°C less than 9000 cP.

2. The lubricating oil of claim 1, wherein the lubricating oil has a sulfated
ash by ASTM D 874-00 of 0.15 weight percent or less.

, 3. .The lubricating oil of claim ’i,-where_in the cold cranking simulator
20 viscosity at -20°C is less than 7000 ¢P.

4, The lubricating oil of claim 1, wherein the iubricating base oil has less |
than 0.06 wit% aromatics. ' : :

5. The lubricating oil of claim 1, wherein the lubricating base oil has a

viscosity index greater than an amount calculated by the equation: Vi =
25 28 x Ln{Kinematic Viscosity at 100°C) + 95.

6. The lubricating oil of claim 1, having no conventional petroleum derived
bright stock,
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improver which is a homo- or co-polymer or derivative thereof of number average molecular weight of

about 150 llign atomic mass units; and wherein the lubricating oi sh by
3 LS boas 2 upise

ASTM D 874- 1.0 weight percent or less, and a cold cranking simulator viscosity at - 20C less
than 9000 cP. 2. The lubricating oil of claim 1, wherein the lubricating oil has a sulfated ash by ASTM

D 874-00 of 0-157‘."’ei9‘ﬂ5%‘ﬁrgﬁé_‘bﬁféﬁaéirﬁ-ﬁh%\) rieatingnaik ol Klaih sy einig.eai cranking

simulator 20 viscosity at -20C is less than 7000 cP. 4. The lubricating oil of claim 1, wherein the
lubricating base oll had<2 8848 6% wt% aromatics. 5. The lubricating oil of claim 1, wherein the
lubricating base oil has a viscosity index greater than an amount calculated by the equation: Vi = 25
28 x Ln(Kinemat® ViSdssiupéeatiogoi-obeag Thehigbrisaifidoil BY\C#hniacasiyigede-conventional
petroleum derived bright stock. -35 WO 2007/002005 PCT/US2006/023857 7. The engine oil of claim
1, having a kinergaticThedobryating @@ bebve dnwhaizianbel GidicSing bibe dilbisieapimgr oil of claim 7,
which is a SAE 15W-40.vj ' . 9. lubricating, oil of claim 1, wherein the lubricating base
oilis a pou? 5 point réﬁﬁ?é%%ﬁ@?ﬁ%gﬁ&%%@ﬁéﬁﬁ% The lubricating oil of claim 1, wherein the

waxy feed is Fischer-Tropsch derived. 11. The lubricating oil of claim 1, addjtionally comprising a pour
ot reducing iibe I BIRLEIAR GMEHEAEH 12 “FREATNEHAY SRS B RASHIERS e lubrcating

oil reduces energy usiedhyedt least 1% compared to a lubricating oil of the same viscosity grade made
with a conventional Group | or Group 11 base oil. '

11. The lubricating oil of claim 1, additionaily comprising a pour point
reducing base oil blend component.

10 12. The lubricating oil of claim 1, wherein the lubricating oil reduces energy
use by at least 1% compared to a lubricating oil of the same viscosity
grade made with a conventional Group | or Group i base oil.

13. A lubricating oil, comprising:

{(a) between 5-and 95 wi% lubricating base oil made from a waxy |
15 feed, wherein the lubricating base oil made from a waxy feed has
a viscosity index greater than 150;

(b) up to 75 wit% unconventional petroleum derived bright stock
having a viscosity index greater than 120;-

{c) between 5 and 12 wi% lower ash Di addiﬁve package; and

20 (d) less than 0.2 wt% viscosity indéx improver which is a homo- or
co-polymer or derivative thereof of number avérage molecular
weight of about 15000 to 1 milfion atomic mass units;

wherein the lubricating oil has a kinematic viscosity at 100°C between
12.5 and 16.3 ¢St and a cold cranking simulator viscosity at -20°C less
25 than 8000 cP.
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13. A lubricating oil, comprising: (a) between 5,and 95 wt% lubricating base oil made from a waxy 15
feed, Whereww?ﬂlﬂ?&fﬂﬁng base oil made from a waxy feed has a viscoskyndseoarezses7than 150;
(b) up to 75 wt% unconventional petroleum derived bright stock having a viscosity index greater than
120; (c) between § and.12 wt% lower ash D] additive package; and 20 (d) less than 0.2 wt% viscosity
index improver wrif:?h ?Qﬁ%@?{bqagpgcéiﬁ)gﬁy‘ﬂfg} b uheesindng dredeatineimsr phiaEge molecular
weight of about 15000ftem ety teedriccFisessrdipsuaheesivete lubricating oil has a kinematic
viscosity at 100C between 12.5 and 16.3 ¢St and a cold cranking simulator viscosity at -20C less 25

than 8000 cP. -361SLOBANTARAAG LT UERR ADIRSERT 1 ERedibiBauaB phghelam 13, wherein
the lubricating base oil l%dae\Uom%v%%i%:fed %Fiﬁcger-'l;ropsch derived. 15. The lubricating oil of
claim 13, wherein the IUBTiCatNG PASE e RO 485 rEemdiESiess than 0.06 wt% aromatics. 5
16. The lubricating oil Q{_claim 13, wherein the lubricating base oil made from a waxy feed has greater
than 10 wto®moletPies \WRAEGRING stisi claiin diomdirieimine ikkiseling drseibmatte

monocycloparaffinic furetienatly fesitiasyraerihamiioweRRacrENc WRRIQRAI% AmAeT than 20.
10 17. The lubricating Fﬂh8£§111%! ]a%ﬁvg‘hreﬁeln he#‘ggcatln‘ghbase oil made from a waxy feed is a
blend of two or more lubrica AR e R R RIRRRY Gieeatiicat 100 degrees. C. 18.

Ing base oils

A process to make a |fbrRénafivitodoniesisesonith rseliattioparairizeiingtoastptirsatsie from a waxy
feed, having: 15 i. grepfgy gn 10 wt% molecules with cycloparaffinic

10 17. The iubricating oil of claim 13, wherein the lubricating base oil made
from a waxy feed is a blend of two or more lubricating base oils having
different kinematic viscosities at 100 degrees C. |

18. A‘process to make a lubribating oll, comprising:
(a) selecting a lubricating base oil, made from a waxy feed, having: |

15 i.  greater than 10 wi% molecules with cycloparaffinic
functionality, ‘

ii. aratio of molecules with monocycioparaffinic functionality
to molecules with multicycloparaffinic functionality greater
than 20; and ‘

20 (b) blending the lubricating base off with:
i.  alower ash DI additive Fsackage;

ii. lessthan 0.2 wi% viscosity index improver which is a
homo- or co-polymer or derivative thereof of number

average molecular welght of abaut 15000 to 1 million
25 atomic mass units;
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functionality, ii. a ratio of molecules with monocycloparaffinic functionality to molecules with
multicyclopegedtisri®desnstionality greater than 20; and 20 (b) blending the R{EEVE&E#/BEEEE0Il with: i. a
lower ash DI additive package; ii, less than 0.2 wt% viscosity index improver which is a homo- or
co-polymer or derivative thereof of number average molecular Weigén of about 15000 to | million 25

atomic mass units; -3¥&eipbeusetinomt RAsSopsiesseivbyASTM R BRAIHhE oil has a

sulfated ash by ASTMyBIGHT #cpebat 3 festiabipeibaiapking Siantdetoe olgcomtykib g28iPqulator viscosity
at -20C less than 90 g cP. 199 Uée process of claim 18, wherein the lubricating oil has a sulfated ash
by 5 ASTM D 874-0 5‘?3(5!—‘% V\Pel 1§t percent or less. 20. The process of claim 18, wherein the

lubricating base oil has a viscosity index greater than an amount calculatedlﬁé%}[{}j% e(EJation: VI =28 x
Ln(Kinematic Vist®sit)/ % Aroeesp-pigglain T4usiein faedrbnraing ol e as ARG base oil has

less than H) 0.06 wtoASTINIRETS-RPofThespnedgisspetadainadi@sincluding the additional step of adding
an unconventional petroleum derived or a Fischer-Tropsch derived bright stock having a viscosity

index greater thagy12Q4lg Hag-kuarigatinghbrs svithehptRs 1R ARG SR ObERED 4 Sistbatgin the

lubricating oil has a cold. cranking simulator wscosit():/ at -20C less than 7000 cP,, -38
index greater than an amount calCulated by the equation: VI = 28 X

Ln{Kinematic Viscosity at 100°C) + 95.

21. The process of claim 18, wherein the lubricating base oll has less than
10 0.06 wt% aromatics. '

22. The process of claim 18, including the additional step of adding an
unconventional petroleum derived or a Fischer-Tropsch derived bright
stock having a viscosity index greater than 120 to the lubricating base
oil.

15  23. The process of claim 18, wherein the iubricating oil has a cold cranking
simulator viscosity at -20°C iess than 7000 cP..
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