LONER ASH LUBRI CATING O L WTH LOW COLD CRANKI NG SI MULATOR VI SCOSI TY FI ELD
OF THE I NVENTION This invention is directed to a conposition of |ower ash

| ubri cat iwg@ 200700mé0osh | ow col d cranki ng si mul at or vi scosipcyjuspeosinesssed f or
use in natural gas engi nes. BACKGROUND US Patent Application 10/743932,
filed Decenber 23, 2003, teaches a finished |ubricant that has | ess than 8
wei ght per certOWERi Aid bUBRICATING O WYTH LAW G @ldd CRANIENE SIMUIATE@Rf r om

Fi scher Tropsch wax havi ng parti cul a\&bbo%ﬁ,ﬁred aromati.c and

cycl oparaffinic nolecular conposition an | east one lubricant additive.
This application, however, does not teach a |lower ash |ubricating oil
containing no viscosity index inprover that has a | ow col d cranki ng

si mul ator viscosity. US Patent Efgh) OESHBOINVENTDN79, filed Septenber 23,
2004, teages a nmultigrade engine oil conprising: (a) a Fischer-Tropsch

base oi l aracterized by a kinematic viscosity between about 2.5 and about

B, oSt At 100GreRge BN 0l Pe) £ B ARTRASIIORD h GHELAREERLN Too! eoul es:

(b) a pour point depressing base ol ndi ng component

addi tive packelfecrepidng sigulator vieessity, sefeped fariusatn oatsrdl gas ensAeB GF 3 and
(d) no additional pour point depressant additive or viscosity index

i nprover. Nothing is taught about bl ending | ower ash |ubricating oil

suitable for use in a natural gas g(@ K@?@UNF_WU" any viscosity index

i nprover and having a | ow cold cranking Si ator viscosity. PCT

Appl i catitths WO 2004/ 053030 and PCT Application WO2004/033606 teach
finished |ubricants nmade us ﬁS;/(_}fbase oi I s made from Fi scher-Tropsch waxt hat

have hi gh vi sé3&atept AHH'&?;?B%” ANI4BAR. dilsd Pecerber A3 2103 fegches 9F°‘§t§8§ijt| es.

‘lubricant that has less than .8 weight percent VI improver made having a
lubricating base-oil made from Fischer Tropsch wax having particularly desired
aromatic and cycloparaffinic molecular composition and at least one lubricant

15  additive. ‘This application, however, dées not teach a lower ash lubricating oil
containing ho viscosity index improver that haé a low cold cranking simulator
viscosity. |

US Patent Application 16/94»97‘79, filed ‘S‘eptember 23, 2004, teaches a

.20 multigrade engine oil comprising: (a) a Fischer-Tropsch base oil |

. cHaraCterized by a kinematic viscosity between about 2.5.and about 8 cSt at
100°C, and having a desired composition of cycloparafﬁ‘n' molecules; (b) a
Ap'our point depressing base oil blending Component; and (c) an ,additiv‘e
" package designed to meet the specifications for ILSAC GF-3; and (d) nd

~ 25 additional pour point depressant additive or viscosity index improver. Nothing
is taught about blending lower ash |ubricafing oil suitable for use:in a natural
gas engine without any VISCOSIty index improver and havmg alow cold cranking
simulator viscosity.

30 PCT Applications WO 2004/053030 and PCT Appﬁcatic;n W02004/033606

te’ach finished lubricants made using base oils made from Fischer-Tropsch wax
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Not hing i s taught about blending |ower ash lubricating oils suitable for
use in natural gas engines wi thout any viscosity index inprover. Lower ash
| ubri cat iwg 2070035t abl e for use in natural gas engi nes pairtus2eocpesssed col d
crank properties over current SAE 40 oils is desired. In addition,

l.o sh lubricatin ils with better Iowterrperature
(p:)lrjgtpggfersmqé?t %&eéﬁﬁvﬁﬁ?&'gf é '?q]dga‘fVlCSWscra'WﬁS'E\H’W@ﬁﬂscﬁi’ét'Qﬁal gas
engi ne oils (NERIY mtee@htragot&ﬁt&ericﬁw et BEE [ubliERAINGINS suftatile OrisBlig, require
the addition of viscosit rovers that may shear 1n use. In

ks vihpdg

addi ti on, sor‘rj@uﬁﬁ[t%saﬁng@ V'%‘t‘j’ﬁ'i’%‘ﬁﬁ%'%ﬂ‘(ﬁracturers (CEMB) require
that no conventional petroleumderived bright stock be used in the natural
gas engine oil, so blends with good viscometric properties w thout

convent i offal Lpeer astelubricsing oit @uablg kir L&bmkatafaﬂ?g@é @rﬁ@ﬁé@ﬁitk)l Wat I eastO:5T\|/_IvtE0/
| NVENTI ON W nvent d a lubri npri sing: a 0
of |lubricati n%@%@'@ epe ﬁ%agerfqugﬁpgéég% Cf"éé?]g egygdi Hy2ddii@hat er than 10 wt %
mol ecul es wi tdustoyEropantablémish Ifibiteting 8ad With beter|@l kéhnSdrafipb ecul es with

o mpl ecules with multicycloparaffinic

f f
?ngtc?/glnglo?{ ?Jr%‘il’ fu Efce'Pg‘? WQ@%%\&V‘&‘S pecicafionsd dviest purrpricialiyel 9ather ein t he
| ubr i cat i ng mnlgmmg:emeso mnﬁ@sn&s&«/wo%p&bnﬁééi@héw és@a%plé% g¥er which
is a ho r’Fe derivative thereof aver age nol ecul ar
wei ght of abé'ﬂl‘? a‘i@&%" VbSCQS'M'FW’b'ﬁ‘p&?‘(ﬁW dhahnay Sﬁﬁ@'t'@ Usandzh afditien.n t he
lubricating aomehasural gadldrigirafe@aPment ﬁ%%&u?é?é‘(o%sﬂf%@&@ Hight percent

or less, and a col d cranking S|nuPator viscosity a ess t han 9000

cP. In anot hé’ton)é%'SB@'rP@HP'eu(deerﬁ‘é@@ brightesteckdbeausedtin theanatwgl oas engioepri si ng:
a) between 5 gangb Biend¥ Witd $8Yd BSddristri®BRRerticl wWiREG Joh0ohRnNAPEddIEGH: Wherein

the derived bright stock are preferred.
15

SUMMARY OF THE INVENTION

We have‘invented a lubricating oil comprising: a) at least 5 wt% of lubricating
base oil, made from a waxy feed, having: greater than 10 wi% molecules with
20  cycloparaffinic functionality, a ratio of molecules with monocycloparaffinic
functionality to molecules with multicycloparaffinic functionality greater than 20;
and b) a DI additive package; wherein the lubricating oil contains less than 0.2
wt% viscosity index improver which is a homo- or co-polymer or derivative
thereof of number average molecular weight of about 15000 to 1 million atomic
25  mass units; and 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.

In another embodiment, we have invented a lubricating oil, comprising: a)
30  between 5 and 95 wt% lubricating base oil made from a waxy feed, wherein the
lubricating base oil made from a waxy feed has a viscosity index greater than
150; b) up to 75 wt% unconventional petroleum derived bright stock having a
-2-



| ubricating base oil made froma waxy feed has a viscosity index greater
than 150; b) up to 75 wt % unconventi onal petrol eum derived bright stock
havi ng awecosityoosndex greater than 120; c) between 5 ao/uB200at02385DWer ash
D additive package; and d) | ess than 0.2 wt % vi scosity index inprover
which is a hono- or co-p {85 r or derivative thereof of nunber average

nol ecul ar wei §#RoSBY '”Q%Q'Eea dwp 129 ¢) hetwerppf andohd wi%rieyer@gh & wherein the
| ubri cating oaddltwpa@ké@ensﬁ@a) lesytr%mw%aﬁscw%%d&?wﬁsv%r%éq gyl 16.3

cSt and a cold cranking sinmulator viscosity at - ss than 8000 cP.
Addi ti onal | y, "QOHA\pe- HOW@ﬁPéderaVe\B%@”@é%OftQS NHeker avarads mekecuigg Weight

conprising: agf a‘b%h?%dO@%@n‘nMQﬁ bfb%lb %s@%ﬁs Herelﬁr ?i?éelugﬁ Pgnc [as & aeed

havi ng greater than 10 w % nol ecul es wth finic lity, a

ratio of ol EigrBaliGyisqesitbHcl®PCE bphyesnt 125 énﬁ Gﬁétq&‘dmad iatopld erapdngcul es with
mul ticycl oparﬁﬁhla%ﬁlécaag{tdtwbuéys%ﬁ%b@b gbhan 20; and b) bl ending the

| ubricating base oil [ower ash DI additive package and | ess than 0.2
Wt % vi scosity index inprover which is a honpb- or co-polynmer or derivative

thereof of nupnber average nol ecul ar wei ght of about 15000 to 1 million

atom ¢ mass uffditienaiherehayerimenterht Prgesnip BRke addrigating ¢lacetpEsingby ASTM D

874-00 of 1.
vi scosi iy ai g B iR R AT R R WAMGE TR B0 | v ent e
| ower ash!GAE1Q B mpleaunsiwitx syelgparafiini¢ fungtienslity. egatisofmoleetles vith | ow

llevel s of VI (GRo&¥ anﬂﬁcg\ﬂnallt 6%‘?&&!(33%9\ ﬁplﬁ%c‘?dcota? i t hout

conventional petrol: eummgerlve stock or w onventi onal bright
stock havi ng noticnebyiarsetenibax 2grasnst rblensing thedybrichting lgﬁtseersl \bléh aer cold

crank propert é’rﬁh %Ah:. se new
lubricating ol:oﬁlgr %ér]ﬁgl Itrvg?%*% ow r?é(ebréa%r é’%gﬁ%'gﬁr ‘gﬂprgqeerl ow
exhaust em ssyvbigB js a\,hw@h- Qiroe-psdyreeyi aildeyivatbedberepihofmantitee agemgél el d

appl i catipns ﬁ‘leécﬁﬁ §619REf 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 lubricating oils (1.0 to 0.0% ash) with

véry low levels of VI (or even without VI improver), and also either without
conventional petroleum derived bright stock or with unconventional bright stock
having a viscosity index greater than 120, that gives better cold crank

25  properties than current low ash SAE 40 lubricating oils. These new lubricating
oils provide excellent low temperature properties and low exhaust emissions,
which are especially needed in remote gas field applications and selected
alternate fueled vehicles running on compressed natural gas. In addition the
shear stabilities are excellent due to their not having any viscosity index

30  improver added to them.



alternate fuel ed vehicles running on conpressed natural gas. In addition
the shear stabilities are excellent due to their not having any viscosity

i ndex i npwoves7/meied to them Natural gas engine oils typicealseqoslasser D

addi tive packages that give good oxidation and nitration performance and
the viscosity of the oil remains constant over the life of the oil. For end
users who neef&a’furﬁbge&edgm@wls@prpalhmayle@lrmidftwerpankagesﬁhatgtmt@ddocat|ons in

h t th Vi.SCO over. The viscosity
o over woul i enEng sifheBh Rl Mesia e VRERDY S SERehe o | woul d
drop bel ow t heonetagt aeeriié lifder $le aile Fomeed dagrisavhd meddt impldves kéwm d cause
I ncreased we h ves, .| np e
t enper at ur e gt%@g%r@%c& o%’tIn E;Wima g’%h tg?fB@?tttbe%‘ir’ erfﬂ?r‘Jeté’sed wear .
The | ubri dat |biq1d)0|laswuﬂf visduisity inmyreveri Dine mecpsntymm@vyr \ivblhltﬂbgeakr dd\‘lﬁl Vi ;SC|OS| ty
I ndex i nprov o the v and e e en ow
!terrp)éra'[rgre S(%o%%r %%ngﬂleh\é qoa@;?ftﬁ?\éﬂ Og@s%OB% @“ﬁ%ﬁ@r@?‘& uldgigxy f eed
that are usecrecturntriaaed:a‘uo‘ndrmlmH'atslvmtml(?c Edil&e&l?ctréaétlfd\{v@%‘raﬁd ria{élﬁ%‘héh&é’ r-ﬂ(gf&ggxt he

rover red overal | st, of the for ate roduc i np
l:glpd \érankl né@%&%ﬁ@fvﬁs 'WP@{%@ empﬁfﬁw\?@f H"Qag??e‘é{f Oé‘ffﬁ'lﬁq’"PP;'/n of the
| ubri cati ng oliscositylogineesasédwesr. wear and mai ntenance. Earlier formul ators

of | ower h lubricating oils did not appreciate the inprovenents that
coul d be 13]3tai ned when a |ubricating base oil with nore desired

cycl opar af f i nTieoloposEting @is bﬁthissm@nnbméquﬁb vBRBItRE8F MEviSEINH] fdeir ers have
pl aced a maj ar ha§ on reghjc exhaust (NOx) em ssionS fromtheir
equi pment . THgSPrcwjfve h’ﬁﬁ%d"f% SVeV & YisGagity pad gxesllsnt '@W\fé@P@f@tl@Qt al ysts,

and natural g@spértibs bﬂt@bllm:cﬂidgsbdsb%‘ils ﬁfa%le'fﬂiﬁ% V\?a&P bl t he
cont ext of tlc}'h | sc}a?sur means 1.0 to 0.0 wt % su uI ated ash
i s deternine gl{, OXBHNU gkgnmﬂféqmcp d/||sq§>§|§y mdex |mprover reduces the

15 . overall cost of the formulated product, improves the cold cranking simulator
viscosity, improves the shear stability of the lubricating oil and gives lower wear
and maintenance. Earlier formulators of lower ash lubricating oils did not
appreciate the improvements that could be obtained when a lubricating base oil

with more desired cycloparaffin composition is used.
20

!

Natural gas engine manufacturers have placed a major emphasis on reducing
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. Lower ash in the context of this disclosure means 1.0 to 0.0 wt%

25 sulfated ash. Sulfated ash is determined by ASTM D 874-00. Natural gas
engine oils that have greater than 1.0 wt% 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, detonation, spark plug 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 VI
-4~



engine oils that have greater than 1.0 wt % sul fated ash may be inconpatible
wth the em ssion catalysts used in nodern natural gas engines. Natural gas
engi ne oiwe dra2@se above this sul fated ash range nay &CIa/Sc@dmessexcessi ve
conmbusti on chanber deposits, pre-ignition, detonation, spark plug fouling,
cylinder head deposits, and port deposits. There are two principal

categories | ' | hjdrye | hSs & B s@pen® additive
packages (Dglﬁqg}rdggils;@%tﬁhggﬁ I’? gérsx a _dél)\%éir%//)egl gi(ﬁgkéées ékggtéjs %/Iérlvﬁpr (_)L\glgg,)re 2 Vi scosity
| ndex i mpr ovarooptanminarisiand Fembpsior yesoduntsas well 86 épRigier AXIdAIAR &k nant s
and combust 'tﬂ@%}f?%itﬂ'iﬁédﬂégﬂlfarﬁ‘%rﬂﬁh{g‘n 8varQsRaRY @@H Q’é!b?@éit‘s%l iHprévags 0i | wi th
the resultant tormation of varnish and sl udge e805| S. VMl inprovers nodify
t he vi scor nenedity ot vise@nelric sharestegstiasiib fubsiaants byyedudngthagaterd rate of

t hi nni ng Mt nar ' -ﬁ]b% r o ing with | ow

t enper at uérlmest&nbjﬂ&i\lﬁrr%ﬁgé\}g?%ﬁ erpgeltgélmger%Wg%hgﬁhgﬁﬁggnbmlﬁﬁgﬁnce at | ow and
hi gh t enper dempesatures \fframpravers theiehy prayits enhanted ppivrmeace shiowand nprover s

have to be ' addi.t | : : L are

avai |l abl e fﬁ@??@cﬁeﬁt\% S'sﬁﬁ%%':]%@gﬁa%gg%t%ﬁ{pgqﬁla%%g%%?“gygﬁé?gnﬁlgat ed such

t hat, when theyg tabe ustewitedaddiivapadkages Lliadditiva pecksdes gre peailablsi | bl end
havi ng t he ired. EEl S aqit:ne | L& Q4 sl ' to neet
the Cov r equiTheaiie SBRTRIsEAuabA PGB LR ER Sh tldt idtingy 2 TFF)
cont ai n th sparedieTded withtadubecstisg baemoil omibadei dildiiend bauihothiedigsireth i nhi bi t ors.

nvent | on ardopaiEn e fes B AGRe ol Bl B s MG ORIFERRRERE, oo

engi ne oil additive packages provide for a |lower ash lubricating oil with a
sul fated ash t enpab ut 0.0 and 1.0 mt% sul fated ash. Sulfated ash is
determ ned Y g . So called "ashless” D additive packages

provi de for Bhaddiplel @eRégdsithpicalytdontrirodispérbatts cdstermients, Weasinhibbors). 15

15  and oxidation inhibitors. Other components can be included. The DI additive
packages useful in this invention 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. Sulfated
ash is determined by ASTM D 874-00. So called “ashless” DI additive

20 packages provide for an “ashless” lubricating oil that contains less than-0.15
wit% sulfated ash. Examples of DI additive packages providing for less than
0.15 wt% suifated ash in the lubricating oil that are useful in this invention are
desbribed in US Patent 6,001,780, and incorporated herein. Examples of other
lower ash DI additive packages useful in this inventi'on are described in US

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

When incorporated in lubricating oil,‘ the lower ash DI additive package
provides enhanced oxidation inhibition, nitration inhibition, total base retention,
reduction in acid formation and reduction in percent viscosity increase of the

30 lubricating oil. The lower ash 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%.



wt % sul fated ash. Exanples of D additive packages providing for |ess than
0.15 wt% sul fated ash in the lubricating oil that are useful in this

i nvent i orwaneod®smsi bed in US Patent 6,001, 780, and i ncecpasatsd23ssT ei n.
Exanpl es of other |lower ash D additive packages useful in this invention
are described in US Patents 5, 726, 133 and 6, 756, 348, and i ncor por at ed

herei n. \Wienpj,peRhBEHRRNES! th@_dllé@ﬂﬂﬁ@élbéél@geio!f thid PeehtdNThapsbmplisestdi ti ve
package provi des enhanced oxidation inhibition, nitration inhibition, total

base ret ent i @ OTBAIGIASIEANS, B @F MoreEeteEIPNEm @Ne SEIEIe WAAT WhipEPEent
Vi scosi ty i ngfeaseorthoreidatibh inhiitoRddQictibed Rérelrower ash Dl addi tive

package is used in an anmount between 5 and 12 ww% in the lubricating oil,
preferably in an anount between 6 and 10 wt % One enbodi nent of the DI

additi ve packagfipRbathl b of RIKGAIHABN FRY BARRSE 501 8baMRep it di sper sant s,
one or nore detergents, one or nore wear Inhibitors and one or nore

oxi dat i on i nhiovidedthe ldisatindeibwitieakou 1 withs tp abeutdawt figofoine asmargi s

i nventi on may ' | L Kk ' bricating
of 1 “wi th aborebgae oft Flu, 36 apPaBii AR chBEk mik bRl Bt oLt 1
W . %to abol2v8. % taabouirldi white obenerreorganasy ipbittitors ansiaoub0.2 wit % % o about
1.5 wt. % of Lnhi byt ars.ar d . % bout 3 wt.
% of one or Frogg?bgoug{;(?"@g}f :Bgérfﬁef‘lrslrh@g%5@}@&3&@@;@@%&%@;@# hg{ﬁ'{]e (Blt'é)ggdi tive
package 60 t hiditiveneaskadeost thiminvahion meyrplsod semptiseesthedatlditivee draditiackilyi onal |y

ol of thi's IHOLRERMOREh B X o "aadi ti ve package that provides the
lubricating oil with about 1.25 wt. %to about 6 wt. % of one or nore
Chobe” oo APaRBLeiMipegt dr, BBAng ol Ml RRR By SRR B 200 aout
0.6 wt. % t o additvg patkaganhat rodtie®ine labricatmgeoibwittdalioubn. 25l % ba@bsut 6
15 wt. % of one or more dispersants, about 2 wt. % to about 6 wt. % of one or 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 traditionally used in the lubricating oil.industry.

The DI additive package of this invention may comprise diluent oil. |t is known in
the art fo add diluent oil to additive formulations 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 diluent oil may be a Group | or above oil.
A preferred amount of diluent oil may comprise about 4.00 wt%.

A. Detergent
Any detergents commonly used in lubricating oils 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-



described herein. These conmponents make up one enbodi nent of the D

addi tive package of this invention. The D additive package of this

i nvent i orworyozalos@sconpri se other additives traditional PgTaseesiosssshe
lubricating oil industry. The D additive package of this invention may
conprise diluent oil. It is known in the art to add diluent oil to additive

f or mul at i onsreapdcttid ssifonstes 2ddliefatdsdndlBHa atek 4] ehafs1d Q8ukation. A
preferred enbogi nmen ﬂﬁéﬁbe trlgrmed nm h anyhﬁlrﬁent ol f typically used in
MRt

t ] | . .
t he i ndust r yMegRELUR; MBENesiy. priassien@ig berigm. above oi . A preferred
anount of diluent oil may conprise about 4.00 wt% A Detergent Any. _
det ergents c_g{r{%rggtl used in lubricating oils may be used in this invention.

These deterg nhnay R inferpasateg rip he kigriersing o of this ioventienineay be | ow,
neutral, SredamBuntes ab&cﬁh.m\)o@fb/@%%@@%%g@ ,Fp?eﬁe@%@rf&éﬁ%]}%ﬁt 2 fglegrgents of

this invention may conprise sul fonates, salicylat enates. Met al

sul f onat es, §%ﬂqt§9’1'ta%es and phenates are preferred. Wen the termnetal is
used withrespect to sulfonates, salicylates and phenates herein, it refers
to calcium pagnesium |ithium nagnesium potassium and barium The _
det ergent mal- be Rife¥E@Mr ated into the lubricating oil of this invention in

t of oD gt .8 5 o prefergbly from about 2
o 510, abour eoved eifbdtentor SuABhGarila sy B e P B0 Tl oe b
| ubri cat1hg @imorsnittages cppipising ashlessydisparsarits of thaéype generaliye ni t r ogen

Conel 3o B A e d O BEOE Bl g
(PI BSA) - pol y ﬁg)-h@lww'ge aaWhBSAPlBﬁlﬁenulleawlawweightfog@:)oaﬁﬂdﬂﬂt_lo_r'/iﬁ@gp.gpgfgg)ni
e Rk e B L B
of 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 about 1.5 wt.
% to about 6 wi%. Preferred dispersants for this invention comprise one or
more ashless dispersants having an average molecular weight (mw) of about
1000 to about 5000. Dispersants prepared from polyisobutylene (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
term "succinimide" is understood in the art to include many of the amide, imide,
etc. species that are also formed by the reaction of a succinic anhydride with an
amine and is so used herein. The predominant product, however, is
25 - succinimide and this term has been 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 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. 2,992,708; 3,018,250; 3,018,291; 3,024,237 3,100,673;
3,172,892, 3,219,666; 3,272,746; 3,361,673; 3,381,022; 3,912,764; 4,234,435;
4,612,132; 4,747,965; 75,1 12,507, 5,241,003; 5,266,186; 5,286,799; 5,319,030;

-7-



about 1 wt. %to about 8 wt. % nore preferably in the anount of about 1.5
Ww. %to about 6 % Preferred dispersants for this invention conprise one
or nore asblesotiosper sants havi ng an average nol ecul ar pagiuskaoc (023857 of
about 1000 to about 5000. Dispersants prepared from polyisobutyl ene (PIB)
havi ng a nol ecul ar wei ght of about 1000 to about 5000 are such preferred

di sper sant s.5 feDsef. &f I5591 5766930 theldidclbisrdsibf WHidndte WBlebye one or nore
succi ni m des. The term "succinimde" is understood in the art to include

many of the IBGArBRIatadhyfeleralice: species that are al so formed by the reaction
of a succinic anhydride with an amne and is so used herein. The

predom nant product, however, is succinimde and this term has been

general |y actupirwention m@aﬁaﬁrwylssmemr GeRresussinigidess whichinayf b aithenany| - or

alkyl - substihuted SUSGbdifie hidhvatidhasleombidt AuBrbamgidie. Al kenyl or

al kyl succinimdes are scl osed I n nunerous references and are wel |l known
in the art. ioelying ene enagreesicsininigp sispersasircibphhavieds ayp Aok kgent Rt nat eri al s
enconpassed b @e termof art "succinimde" are taught in U S. Pat. Nos.
2,992, 708; 3 250; 3,01 8,291 ; 3,024,237; 3,1 00,673; 3,172,892;
3,219, 666; 3,272,746; 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; 5, 834, ear iphipiers52; 5,716,912, the disclosures of which are

her eby incor por ated by reference. This invention may conprise one or nore
succi ni fl@esWeahinbibitaessusl as mefrd dithiopbeerhetesied cARcdiakwh de. This i nvention

Ry CONprisey @éc‘t)p}fﬁ"sbﬁ&é'Ztﬂ)@el*ne‘té?\élghl\‘)bé\%a%?esohe@ﬁ?&ﬁntﬁ&fé@'dﬂ' m de

di spersants t een post treated. C. Wear inhibitor Wear
i nhi bitors stmresabhmr@ltesanambwﬁb@pﬁav‘éeﬁrq@l@tors piak dediregany in the

di 't hi-ophosphat g, ZiPBBbut 074 #. oflid 15D AR BreferTBly 3 tsaphilH &8 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 dithiophosphate. Other wear inhibitors that may be included are zinc
dialkyldithiophosphate and/or zinc diaryldithiophosphate (ZnDTP). The wear
inhibitor may be incorporated into 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 wh. % 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 phosphorus in the finish‘éd lubricating oil
are about 0.01 wt. % to about 0.11 wt. %, more preferably about 0.02 wt. % to
about 0.07 wt. %.

25 (
The alkyl group in the zinc dialkyldithiophosphate méy be, for example, 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, butyl, pentyl, hexyl, heptyl, octyl, decyl, dodecyl, and octadecyl. The

30  alkylaryl group of the zinc dialkylaryldithiophosphate is, for example, a pheny!
group having an alkyl group of about 2 to about 18 carbon atoms, such as
butylphenyl group, honylphenyl group, and dodecylphenyl group.

-8-



tricresyl phosphates may be included. Wear inhibitors may be present in the
anount of about 0.24 wt. %to 1.5 wt. % nore preferably in the anount of
about 0. 3wet0B6t@sabout 0.80 wt. % nost preferably i npCmasasmeoessspf about
0.35 wt. %to about 0.75 wt. %of the lubricating oil. A preferred wear

i nhibitor is zinc dithiophosphate. Other wear inhibitors that nay be

I ncl uded aregyzin | hw:hi.ophosphat e and/ or zi nc diaryidithi ophosphate
(ZnDTP) . Th?'ma?xﬁlﬂrﬁlbﬁiﬁl%y be i ncorlporat ed into the |ubricating oil of
thi s i nvent i @xidationanhibitessimey ¢ pegssot indhelower ash Phaddityepackage taor e

preferably irﬂinrrﬁ\?ﬁ_%@@gé\% o G Ilfbriéflr:(jftc?xiopéﬁ\t/@d Q44tioR: %%@refe%’réﬁ the

| ubricating ol ues may I nclude a smalT anount hydr ocar bon oi |
t hat was usesmbatirpertdbe Dhaddiivecagkagdsi & 3ihis d1yratian may eprapriseddneMigedreof
phosphor i L ol s ' ' ; %4 0 about
0.3 1w &g s phEDRRIGRR, Bt SEARSIED sl (Hhepdhia? Ty

al kyl group oxidation irtiibitorsiinglude] 414 tretbpleoebied2.6-dirigrt-betylphenolexanpl e, a

strai ght or pra eI ONRL VoS rdi.ar group of about 2
o about 16 P 5A Gonek TneRpR B pdheh stk bieron SLP P
prgpyl, ijS0-ZlQ'HD?ihylelbﬁﬁ?d(4-n|!mlnul*ﬁHertﬂerbhenh§p4,Q'I-t_)utslziwteye-biS@mﬂl > ;bylfﬁﬁdec%l,
and oct adecy]_ ., Lyl ar : zj e, di yl di t hi ophosphat e
is, for exan%ﬁebmﬁprger?g’ny‘?’%'?%%ﬁw@\?ﬁ%8‘82%6;4' %?/T 9;.5?185%1110{? about 2 to about
18 car bot0 at B2bmethyiehedis(dutsthyMéamnylpeoalh, nonyl phenyl group, and

dodecyl phenyl ,gr.oun. L I pn nh'%it r Oxidation inhibitors may be
present in t‘J?‘rg"P%@Yl%gg%ﬁq&gﬁﬁpﬁwl@h %%gage to mnimze and del ay the
onset of | ubgptmsthylexedad(destog@radheryiphdrol)a preferred enbodi ment the DI
addi tive pac of .this inventio e i Se.one or ._hi,nder ed phenol
oxi dation i n%’i%%ﬁfﬂ{'ggtyg'ﬁ?%ﬁ@"%‘?nﬁﬁ%‘é)‘?g’ggbﬁ he&'ﬂﬁ@bﬁ{‘ghg%‘@j“%'}ﬁ%t i on

i nhibitors i teetiudg-phéndl, 2 Gedilion-BaiendthB4rainG-pderetelf 2,okditert-piRM: ) ,

15  dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol),
bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and
bis(3,5-di-tert-butyl-4-hydroxybenzyt).

20  Another embodiment of the DI additive package comprises the oxidation. inhibitor
2-(4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate, which is available
commercially from Ciba Specialty Chemicals at 540 White Plains Road,
Terrytown, NY 10591 as IRGANOX L118®, and no other oxidation inhibitor.

25  Additional or other types of oxidation inhibitors may be used. Additional
oxidation inhibitors may further reduce the tendency of lubricating oils to
deteriorate in service. The DI additive package may include but is not limited 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, alkylated
diphenylamine, phenyl-.alpha.-naphthylamine, and alkylated-.alpha.-

naphthylamine. In some formulations a synergistic effect may be observed
-0-



4,4 -bis(2,6-di-tert-butylphenol), 4,4"-bis(2-nmethyl-6-tert-butyl phenol),
2,2" -net hyl ene-bi s(4-nmethyl -6-tert-butyl phenol),

4, 4" - but Wwodeoereokios( 3- et hyl - 6- tert-butyl phenol), PCT/US2006/023857

4,41 -isopropylidene-bis(2,6-di-tert-butyl phenol),

2, 2' - met hyl ene- bi s(4- net hyl - 6- nonyl phenol ), i

2,2 -isobutyli | i i [

2,2 ot ny| SRR AL Ep P RHCRISIFL pepon aretodcpteny

2, 6-di -t er t -amings andl-hirdangd phentdoxidatigy ghibitesist - but yI - 4- et hyl phenol ,
2,4-dinmethyl -6- tert-butyl-phenol, 2,6-di-tert-I-dinethylam no-p-cresol,
2,6-di-tert-4-(N, N - dinethyl am nonet hyl phenol ),

4, 4" -thiobi gz Wﬁ&loyﬁi’afi&{ FnhEMBbQ BB B8 ncorporated into the lubricating oil of
2,2'-thiobis(4-methyl-6-tert-butyl phenol), .
bi s( 3- nethy|thiginveaiiasxip-26-aneeunt pliehaus &Y Ysie gbogk5 Wing. preferably

bi s(3, 5- di - thdrn)i 204k ¥l dr By Y 8RAYL) moﬁé‘%f@éblgr%%wnmt. bhe D

addi ti ve package conprises the oxidation Inhibit 2- (4- hydroxy- 3,

5-di -t - but ylabeoghz§wti%i ol ) acetate, which is available commercially from
Ci ba Specialty Chemicals at 540 White Plains Road, Terrytown, NY 10591 as
| RGANOX L 118(r), and no other oxidation inhibitor. Additional or other

t ypes of OXi6ﬁ%}R&i§i1%@&é{;§é&t§Hy be used. Additional oxidation inhibitors
may further of lubricating oils to deteriorate in
service.10rhe D additive package may include but is not limted to contain

such oxi dati it ar : Y] ) ] nc

di t hi ocar bama eé)owﬁggﬂ h@ei?@}"?ﬁf%ﬁeﬂgﬁ 1% %F(g'@g% %g)rfr%tsrg)g,o’f gﬁa‘d di phenyl

am ne. Di phecorhzoments toatintt beofavorahiyoeropleyed indhiadwentien. Bhesenot limted to,
al kyl ated di i . - A Lne,

al kyl at ed- . awésaérffgﬁF%%%%ydﬁgwa%&;{b?gﬁég;ﬁh%bgﬁtlgﬁéblgqgefn%rs gnloéti c effect
may be obserinttlded todénititti f f er ent oxi dation inhibitors, such as between

al kyl ated di phenyl am nes and hi ndered phenol oxidation inhibitors.

A. Wear Inhibitors

In addition to the wear 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 to, phosphates, phosphites,
carbamateé, esters, sulfur containing compounds, and molybdenum

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

25 1. Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonyl
phenyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene octyi
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol mono-oleate, and polyethylene

30 glycol mono-oleate; and t

-10-



One or nore oxidation inhibitors nmay be incorporated into the |ubricating
oil of this invention in an amount of about 0.05 wt. %to about 5 wt. %

pr ef er ablwofzoamoadwsut 0.2 wt. % to about 3 wt. % nore preEftsea@sloy3ssT om
about 0.6 wt. %to about 2.5 wt. % O her Additive Conponents The foll ow ng
other additive conponents are exanples of sone 6f the conponents that may
be favorably enplpyednai IS~ vent ; fo ifkves are
provided to illustrat gh[éﬁlkgh‘??ﬁllﬁst ?%Ir?, eﬁﬁ'@%ﬁ%&%ﬁ@nﬁ%ﬂ%%ﬁ%@#o limt
it: A Wear | nhi kcidsr melahseahsi tatiymcidoarine sakiemétallsialis obheavyesuifooised i n t he
D additive pack i her. . tradi ] ; LnQL bi |y be used.
As their nane i npaq%ﬁégfgr%%lhcég%ox%gﬁ 'g ® gegﬁtéawé’r”@%fé Orq%l\’/lghglphgép;ﬁﬁ?c parts.
Exanpl es of such estpents include, but are not linited to, phosphates,
phosphiteg, carbamat es, esters, sulfur containing conpounds, and nol ybdenum
conpl exes. B. Rust Inhibitors (Anti-Rust Agents) Applicable rust inhibitors
i nclude: 1. Nora' %g'ﬁulgﬁ(%{goxyet hyl ene surface active agents: pol yoxyethyl ene
| auryl ether, polyoxyethylene higher al cohol ether, polyoxyethyl ene nonyl

phenyl ‘et her, E%h?{ﬂéff)/e‘?é {Pﬁ;ﬁ%ﬁ éa%q#ééld h%gﬁ;%édoﬁ’t%otﬁ%f proBQ%t%?/fXélﬁgBMéﬁcge octyl

stearyl ether, yoxye ol eyl ol'yoxye sorbit ol

nmonost ear at e, ot piwleselvyidenpolyorysihytenenlikyb etiies and, pohyiodygibyigse hyl ene gl ycol
nono- ol eat e; a%géa'italgengg conpounds: stearic acid and other fatty acids,

di car boxyl i c acids, dl soaps, fatty acid amne salts, netal salts of
heavy sulfonic

D. Extreme Pressure Agents (EP Agents)

EP Agents that may be used include Zinc dialkyldithiophosphate (primary

alkyl, secondary alkyl, and aryl type), sulfurized oils, diphenyl sulfide, methyl

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

E. Friction Modifiers

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

20 F. Multifunctional Additives

Sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organo phosphorodithioate, oxymolybdenum monoglyceride,
oxymolybdenum diethylate amide, amine-molybdenum complex compound,

and sulfur-containing molybdenum complex compbund may be used.
|
25
G. Pour Point Depressants

Polymethyl methacrylate may be used.

-41-



acid, partial carboxylic acid ester of polyhydric al cohol, and phosphoric
ester. C. Denulsifiers Denulsifiers that may be used include additional
product s wb 200pb@Renol and et hyl ene oxi de, pol yoxyet hylpemarsadoepbk3sst her ,
and pol yoxyet hyl ene sorbitan ester. D. Extrene Pressure Agents (EP Agents)
EP Agents that may be used include Zinc dialkyl dithiophosphate (prinary

al kyl, secondaiy @y |mitR8d aryl type), sulfurized oils, diphenyl sulfide,
met hyI trichl orostearate, chlorinated naphthal ene, fl uor oal kyl pol ysi | oxane,
and | ead napht hdgyhmethagryiate pelyiners anstidimety sﬁmr’twpcwrn@*ﬁ@nay beavssd.aci d,

am ne, borated ester, and other esters. F. Miltifunctional Additives

Sul furized oxynol ybdenum di t hi ocarbamat e, sulfurized oxynol ybdenum or gano
phosphor odi t hi oat e, oxym)l ybdenum nonogl yceri de, oxynol ybdenum di et hyl ate
am de, am neXiHS&PPRYL Al . Q¥8'Sland sul f ur - cont ai ni ng mol ybdenum
conpl ex corrpound ma{// be used. Pour Poi nt Depressants Poly %‘P

met hacr yl &t eGRaGrale Viismpiovars M@ﬂmmrﬁﬁ)‘t%’rc@ Wlmrsﬁéﬁﬁ%\@*vﬁéﬁ‘%eﬁ fymers and

di met hyl sil hGRABE: fekiEhSlefMAr WagHSSHGboMl F5TRBItS Y nhilidf%tdremear s (M
| mprovers) General | nprovers are ol efin honmo- or co-polynmers or

derivative tH@Fse@mtéw%@fﬂﬂéﬁd%’ﬁodgér'%ﬂéém ak capepRfratiops framhoui@cfbo to 1
milion atomd s Yy fnk@iby mARERG Y BACKRG'R b WiichiRly A o1 1S at

concentrations from abou
added more at high temperatures than low, thus keeping the viscosity change

10  of the lubricant with temperature more constant than would otherwise be the
case. The change in viscosity with temperature is commonly represented by
the viscosity index (V1), with the viscosity of oils with large Vi (e.g. 140)
changing less with temperature than the viscosity of oils with low VI (e.g. 90).

15  Major classes of VI improvers include: polymers and copolymers of
methacrylate and acrylate esters; ethylene-propylené copolymers; styrene-
diene copolymers; and polyisobutylene, VI improvers are often hydrogenated to
remove residual olefin. VI improver derivatives include dispersant VI improver,
which contain polar functionalities such as grafted succinimide groups. | ‘

20
The lubricating oil of the invention has less than 0.5 wt%, preferably less than
0.4 wt%, more preferably less than 0.2 wt% of VI improver. Most preferably the
fubricating oil has no VI improver at all.

25 Base Oil
Three types of bright stocks are discussed in this disclosure: conventional
petroleum derived bri‘ght stock, unconventional petroleum derived bright stock,
and Fischer-Tropsch derived bright stock. Conventional petroleum derived
bright stocks were found to cause port plugging in natural gas engines, and

30 some natural gas engine manufacturers have specified that lubricating oils
used in their engines may not contain conventional petroleum derived bright
stock. Petroleum derived bright stocks (both conventional and unconventional)

-12-



to 10 wt% They function by thickening the lubricating oil to which they
are added nore at high tenperatures than |ow, thus keeping the viscosity
change ofwoOheodaekoscant with tenperature nore constant trhanseaaloadsst herw se
be the case. The change in viscosity with tenperature is comonly
represented by the viscosity index (M), with the viscosity of oils with

large VI (eoﬁe\?l%ﬂ%h fsmg%@w@o(zsﬁy%%gbsg@%% gl ﬁg\&pg{\n%sh@g aBbv&osi ty of

oils with | overs i1 nclude: polyners
and copol ynet89 ¢t atd0 ideoreps &, @r@fﬁ@bbl@bpvaeéo 65t a4 degress €nendmOpy | ene

copol yITer s SERESNFHAGIG FIRSITE! fig A BOLELREUE WoEniof | DT over s are

of ten hydroge ane resi du ol ef rover derivatives
i ncl ude di speatedgum Verl\retdmr@héqstpclv\lhﬂi&:alVl@&ﬂlfallmﬁqxcﬂfdﬂo1’00W@BJ onalities such as

gr 2t &0 YCCHRLI 85 GEPU R0 TN Behit B Ll Qb 86 HhDR iy hs Tess

than 0.5 prere ess t era ess than 0.2
wt % of VI mfmom\&aqmg\n:mde maefaansnotsvyy mdagwlaterctlmn'r@ drischeagdropschl i nprover

t all. B
i sol osuro: - SONGRRABEF bR Shonthrdiyrdishy BovaRh BpICIS S bRt o
petrol eum de4d u@bbtd@ﬂglwgrm@knd anidcosiydheax- gfeaﬂasthandlét); preferbblyght st ock.
Conventi onal e ) we 0 gcause ort
pl uggi ng in %%?E?f% LBSE’d ha}’t EH{%@E %%ﬁgﬁ#éﬁt%‘f'%‘?%gggp&g e manu?acturers
have spec¢d fi petrdidwat dleti‘mfd lright sigcloof smilsredsdonity ae100°@ngi nes may not contain

conventional petroleumderived bright stock. Petroleum derived bright
st ocks (both conventional and unconventional)are nanmed for the SUS

vi scosity at SREQ3degure 00 c&ﬁmhﬂme\dwl@ﬁsénécﬁ&aﬁ&mﬁer $8p vﬁs‘ﬁbsw 40 degrees
€ o ST o0l 3RS 2 b g LTSRS PO GBS RRR L, LN
stock has a prge@biytiey adeneas SI\E}IBDXXI BGXX, 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 are 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 ¢St, 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 less than 16.3 ¢St, and a maximum
cold cranking simulator viscosity at -15°C of 9,500 cP. A 25W-40 viscosity
grade has a kinematic viscosity at 100°C of at least 12.5 ¢St and less than 16.3
¢St, and a maximum cold cranking simulator viscosity at ;10°C of 13,000 cP. In
preferred embodiments the lubricating oils of this invention will meet the
25  specifications for natural gas engine builders, including Cummins L10, M11;
Detroit Diesel Series 50G, Waukesha, Caterpiilar, Jenbacher, Deutz, Wartsila,
Superior, MAN, Niigata, Perkins, Dorman, Guascor, Ulstein Bergen, and
Dresser-Rand, Categories | Il and lll.

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 the lubricating
base oil made from a waxy feed has: less than 0.06 wt% aromatics, greater
than 10 wt% molecules with cycloparaffin functionality,c and a ratio of molecules

' -13-



Unconventi onal petrol eum derived bright stock, such as bright stock derived
from Dagi ng crude, has a viscosity index greater than 120. Fi scher-Tropsch
derived bwogbha7/®e@sk has a kinematic viscosity between aboats2d6/023857 and
about 40 cSt at 100 degrees C and a viscosity index greater than 120,
preferably greater than 145. It often will not have as high a viscosity at

400C as pet ' gk HiBrdeycloRiamh iitlioRdiRAK rifiodicd W midRGagbAkRlc 1000C.  SAE

J300 June 2001 contalns the current "specifications Vi scosity
grades. The fumstiongdtyigigaterthen@0.this invention are preferably nultigrade.
Preferably they are one of SAE 15- XX, 20- XX, and 25-XX, where XX is
selected from40, 50, or 60. Mre preferably they are SAE 15W 40, or SAE
20W 40 vi sco&otdCignking Simuatanyéscopityef er abl y t hey are SAE 15W 40 viscosity

grade. A 45 I s | I . ' ' | | C of at
Teast 12,8 cdf o gHYRF B bYn@IALE R Rafe S1REERH Corklr L bter Hect i
si nul at or vi Solsséranking sinEOT \d$coB|NBEG et usad 20 WesBurs the viscopetficade has a
ki nematic vi ' 0 A I . 6.3 cSt,
and a maxi w%@%hfggﬁgﬁ% %%%sn%fn%@qéo(ﬁg\% gé@?ﬁ’ttg'ﬁg? %ﬁéﬁgilw ch. A
25W 40 vi scodhe jesy medodiasieterkiinesenid cranking sinsilatpr eiscddt@®ECASTMAD | east 12.5
cSt and | ess 16, . ' cgld king. simil.ator viscosity
ot -100C of - P3080p eSufthe raMeR BN Rer e SOLAREN: PR, o1 s o
t hi s i nvdfit i eisceditylhasbeen fdunddpeoirélateatvittolow temperahire reagingasardigg. ne
buil ders, in kNG i ns.L10, 1, Detroit Diesel.Series. 5 Waukesha,
Caterpillar, g\?g%ﬁ%@ﬁ% F&pﬂgaﬁ?@?m\ﬁgw%f??ﬂ?g §m5'iart?ro ?er‘?\?ﬁfﬁlg T perki ns,
Dor man, Guaseagine blis by BAERBS0Qemreyvisad th Rmesxen - Fkhlad:mogahﬂlgﬂg bi&mlétgi I9 and || ]Ic .
The lubricating oils of this, invention .my.contai.n t ween 5 an 5 wm%o
The base o | RieEviPeRbrdizab Rutthe Bofs BrEstbE BvaBan REhe the
| ubricating generally less than 9000 cP, preferably less than 7000 cP or 8000 cP, and

15  more preferably less than 6000 cP. |

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

20  generally comprise at least 40 weight percent n-paraffins, preferably greater
than 50 weight percent n-pa’raffins, and more preferably greater than 75 weight
percent n-paraffins. The weight percent n-paraffins is typically determined by
gas chromatography, such as described in detail in US Patent Applicétion
10/897906, filed July 22, 2004, incorporated by reference. The waxy feed may

25  be a conventional petroleum derived feed, such as, for example, slack Wax, or
it may be derived from a synthetic feed, such as, fbr example, a feed prepared
from a Fischer-Tropsch synthesis. A major portion of the feed should boil above
650 degrees F. Preferably, at least 80 weight percent of the feed will boil above
650 degrees F, and most preferably at 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 point above 0 degrees C, more usually above
10 degrees C.
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base oil nmade froma waxy feed has: |less than 0.06 wt % aromatics, greater
than 10 wt % nol ecules wth cycloparaffin functionality, and a ratio of

nol ecul eswibtznommoemsycl oparaffin functionality to nol eculPe3/useada/023857

mul ticycloparaffinic functionality greater than 20. Cold Cranking Sinul ator
Viscosity: The engine oils of this invention ha(/e a |l ow col d cranking

Si mul at or vi-He0Rlh Yris Rl rGRA eR0e P U RUAS (M BRRREL Wabiford of fily used Lo

measure the visconmetric properties of base oi engl ne ol under | ow
tenperature thaiesghommwpromdtai@mmmu@F@éh%rrTfpﬁécftmoae%& anki ng

si mul ator vi fﬁ@% Hé’tob@foﬁ‘ﬁg\#l&:@%%o&%hﬁ gg Hsay%roﬁ'l df?d}grt\ﬁige'v?nt nt! poi se,

cP. Cold cranking Sinulator viscosity een-foun corre wth | ow
tenper at ur e effyidrasadioantdaug re|pecss, ll"tcatdlr@rmttﬂrafgamzpﬁuﬁﬁhai@k)dt cranki ng

si mul at OI‘5VI qt%t Lfn?( hifici f\A'Ie@?éi deﬂfzatﬁx@g'opﬁlegél d%n%%th&ﬁ%?%e%régfv ised in

June 2001 cra Simu Or VISCOsIty neasure -2Q0C of the
engi ne oil s of this |nvent|on are | ow, generally | ess than 9000 cP,

preferably I s, than 7000 cP or_ 8000 cP, a preferably | ess than 6000
b Lubr i Lat SIRGK BASERPP ORRANSd TR Ca RN BRI THATEH TReRSIordS Bse o | s
used in the bi@H&rrlh?@}bbﬁ&gkrﬁ%br BY sélhém rémt@éﬂtﬁé‘hﬁk%ﬂrf%ﬁorﬁrW?@n@alwaXy feed.
The waxy feed use t ractice of this invention wl eneral |y

conprise at plagisaxs rﬁié‘?vﬁFﬂd P selventhdeyeiior fepdstogisdrenalse \p y(j’t“@é’tf er t han 50

wei ght peg Ceﬂfesé‘p%@@&é‘s‘ H?dro@n%‘ékﬁ@”@uﬂfaﬁ{/ Bfetdted @éc%@%@h%/@r'&%i‘hciﬁg%lll ght
percent n-paraffins. The wei ght percent h-paraffins is i cally determ ned

by gas chron@egdisayhe aitiegemeonieaide ptiow vaIHed\é/ﬂtalslack way elﬂé(?‘éﬁ'PmAppl i cation

10/:897906, fb&l@%t%ﬁrﬁéd%ﬁs d%%%% Mﬂb%&& th€ hRiogBs BontEhe Waxy feed
may be a conventional petroleum derived feed, such as, for exanple, slack

wax, or it nhlydisgeg#g Qfélaﬁ slagnvax sgmbaesediorlawer thewiFoges andgulfekanpl e, a
feed Pr epar edgntent. 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.

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 combustion and chemiluminescence detection by ASTMD

4629-96. The test method is further described in US 6,503,956, incorporated

herein. Sulfur is measured by melting 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 competitive in the near future as large-scale Fischer-Tropsch synthesis
processes come into production. Syncrude prepared from the Fischer-Tropsch

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

procéssing into lubricating base oil. Accordingly, Fischer-Tropsch wax
-15-



froma Fischer-Tropsch synthesis. A mgjor portion of the feed should boil
above 650 degrees F. Preferably, at |east 80 weight percent of the feed

wi || boi Iwakow#od®® degrees F, and nost preferably at | eastusd@emneisght
percent will boil above 650 degrees F. Highly paraffinic feeds used in
carrying out the invention typically will have ‘an initial pour point above

O degrees C,_ nore Tropsch
derived" ne ?\@ef‘%%gﬁ%!é&%?@g (ffojrg %ﬁ}%g‘?ﬁghﬁ -I%jlg/el &gdré}lgdlfﬁiﬁgﬂsfrompor S
produced at a&oasrehngttage irgcaBskif dtshieverticopEisbherrisersnl. waphs nPEBaIBt ¥R for t he
esour ces. g ay (D Gisccb 8y dipks a5 koot RACoPuS
wast e, deri \pabpertess, efict dmesmir pamtﬂandynlmudaoplrthnlslowmére lowisBack wax can be
Py ocr adki HCTeRyP R el bpRuRgten oEh AL pRnBbaSo ohEr i1y
'[SlhaCk wax i shaviegaexeelizot fomﬂametatmntprdmvh&s mgy be ekitavek sAgesp@ ed by one of
hese proces r i ng .i.S _usual rackin
W also el RsP ARl s RREE bl Sy B 2o "
de[| ved frorms@a\‘/ei!mt\loét%ﬁ1353688)aﬂl$5,262,®58;mg1ldﬁyz’alm\tmpeﬁbaﬁionreduce t he
N trogen and GrHaTPYishisammoRta RaER e Bt o Very hi'gh vi scosi ty
|ndtex,tnm(rjral Ihy in the range of from about 140 to 200, depending on the oil
content and the starting material fr S prepared.
Therefore, slRyqizere Og[ﬁqultﬁng éfrcopﬁgp'ﬂﬂ@‘ﬁé'va&&y%%%d\@%h\fgabrf)caf i ng base
oi | s havi ng gyd¢EiEom&riLfoy caayst ihvanl |@n§lﬁdnzaTbﬁzmm<yndwe1§}dmmiménzmg this

i nvention preferably_has | ess than, 25 nmbi ned d
sul fur. NitreRjeions: WB%W@@OW'%%\%%S&%@% 190881??%??5'& ?ggg;]l ggt i ve

conbust i on agdsaiieMtbiadies percszdlRbrRelIap Biety, L5 me@hgd@genaﬁm t est
met hod is further described in US 6,503, 95?_ cor
component, and a refractory oxide support.” The sRape Qe%&nve intermediate
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, ZSM-438,
ZSM-57, SSZ-32, offretite, ferrierite, and combinations thereof. SAPO-11, SM-
3, SSZ-32, ZSM-23, and combinations thereof are more preferred. Preferably
20 the noble metal hydrogenation component is platinum, palladium, or

combinations thereof.

' The hydroisomerizing conditions depend on the waxy feed used, the

hydroisomerization catalyst used, whether or not the catalyst is sulfided, the

25  desired yield, and the desired properties of the lubricating base oil. Preferred-
hydroisomerizing conditions useful in the current invention include
temperatures of 260 degrees C to about 413 degrées C (500 to about 775
degrees F), a total pressure of 15 to 3000 psig, énd a hydrogen to feed ratio
from about 0.5 to 30 MSCF/bbl, preferably from about 1 to about 10 MSCF/bbl,

30  more preferably from about 4 to about 8 MSCF/bbl. Generally, hydrogen will
be separated from the product and recycled to the isomerization zone.

-16-



herein. Sulfur is neasured by nelting the waxy feed prior to ultraviolet
fluorescence by ASTM D 5453-00. The test nethod is further described in US
6, 503, 956yoizncompwsat ed herein. Waxy feeds useful in thiPETiUsSz@a23387 ar e
expected to be plentiful and relatively cost conpetitive in the near future
as | arge-scal e Fischer-Tropsch synthesis processes cone into production.

Syncrude pr r e LSERer - : hS&ESheorm Xt ure of
various solid, rﬁ@&%ﬁ%@%&g@@ﬁ@b%ﬁP%gé;raglgﬁ@%?%%g@g@f scher-Tropsch
product s whirsbretfickiond having grhater thaged weightpsreerndmaoleculesswittbi | contain a high

proportion | ch : | i ; sing into

| ubricati ng%%@gqgﬁél%ﬁ@c‘%pﬁ?ﬁé%@w T&?@iﬁ%@%g@%ﬁ%ﬁ%ﬁeﬂﬂgﬁps gn

excel | ent f eeelghtgerpare pwidcatpsiwitpmonedyciopalafinic %laﬁﬁQﬂ@"Wag'éedlﬁcﬁo%ﬁ:cor di ng
to the process of i I i ~alT solid at
Foom ¢ enior S PETaRY K ETRIER SRS W pR Rl oty
properties, teucdleadepwitin mplicydlogenaffivicdurttipoality greatatdhan 20.f Bhe¢ owi ng

o Rt b Rl TR obR B R Y b istae Dose
description iof thewquatiore Vi @8od Isgiimematic MiaTodignetxioiiCpt 8o esdespawy be found
B
achi evedi®py esgreesCi rign'tihthendbequbtiadreférs o theyatural lpganithinztatthe basateal yst in
Pyl of somer | KEPU T §SeBhes BY 351 Do SR shape sel ecti ve
i nternedi ate pore size nol ecular sieve, a noble netal hydrogenation _
por e a1 ze’ mopetarly: BEEC SR S BRI PSRN GrHes Cons! sti ng
of SAPO 11, SARBedldrcitReed.1ThéMdofirSiih@ hayZobhidR ongSMidbe sEpb} 48,
15  either before or after fractionating of the lubricating base oil into one or more
fractions. The hydrofinishing is intended to improve the oxidation stability, UV
stability, and appearance of the product by removing aromatics, 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 oil to less than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5. The hydrofinishing step may also be
needed to reduce the weight percent aromatics to less than 0.3, preferably less
than 0.06, 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 molecules with multicycloparaffinic
functionality greater than 20. ‘
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ZSM 57, SSZ-32, offretite, ferrierite, and conbi nations thereof. SAPO1 1,
SM 3, SSZ-32, ZSM 23, and conbi nations thereof are nore preferred.

Pr ef er ablwotzh@/modwse net al hydrogenati on conponent i s plpatiusaene/opssst adi um
or conbi nations thereof. The hydroi sonerizing conditions depend on the waxy
feed used, the hydroi sonerization catal yst used, whether or not the

catal st i & gy flehs L. AR MRl foaRPihehith sk @doptoner 1 es of the

lubricating base oI'r.” Preferre onerti zing conditions useful in the
current i nveytliicisopanafiogeTheyraye ameasseabls qualitige gf wisatuated moleeHles; 13

degrees C (500 7 F r : to 3000
psig, and a 'ﬂ?ﬁdgﬁ"gegojap ﬁhﬂ#e%@geﬁg@?gﬁyrﬁg%eglgéoés%ra%?g1t8 z“%ﬁ%ﬁ e@&% Ebl ,
pr ef gr abl y fmaeculdsowith tydapaaditnic fureticedEy, mre prafe@bpraseaieatep 20 om about 4
t o about CF/ bhl . n I [ 1| ated fromthe product
and recycl ed X p{%grqu%@f?gn %8ﬁ%$#ﬁ%ﬂtm%€§{|§%@?i zation conditions
aL e prefer aﬁhorndc&blbpamﬂintafupmtmdaﬁiptq)weigbtpermmi nieleculésowith havi ng great er
than 5 wei ght percent |l ecul.es W th_ I Wy bhopality,
nore prefer a{BF@C QQHaFPJ*@? g%tcg?na[hwagheitgp {vi{‘%ﬁé@t 918’2# een%rgwglggéégt}%eﬂgg\avi th
rmn_ocyc:c opalrzo‘, b}/m motelipetdrabiglgidager tidre30.r floe prassned of predarhisaatly y have a
rati o of nol ecul es w.th nocycl opar af fini c... ' ' o nol ecules with
mul ti cycl opa‘fy&k)f’?'f‘ﬁﬁ@"f GWEe‘I‘%PISﬁﬁf't}‘t@mﬁ’%ﬂ?%ﬁra@hgﬁﬁé%f%ﬂ%hgwtrh %ct ions will
typical Iy ?Aau@ri@tmg 986 bil fradtiofs prayidestextelidnaoxidaticnsiatrility dawdidagked by t he
equati on: = 28 x Ln(Kinematjc, Viscosity at 1000C) + a ur poi nt
| ess than zeY%atég’gﬁéé‘?{'é.s depingcrddiive SPﬁ{?"%\()%'Pd éSFWH%CPﬁ%EB@&Iﬁg'Sg Rfg‘?hanp- 10
gegr ees C. v Ibeicd:ti?gTbBQ% ler@étlbg‘s ihave ae\feegrg perehhelefiad lesathahd@ari thm to the
ase 'e'. Viscosi i ndex is determ ASTM D, 2270- 9 98) .
Optional Iy, PWB”?W%HS%‘PE_}%% %%r&&f?fﬁﬁa%@ﬂ%%@éa 1@“%%’?&’@{3‘?@@% Si on
d;ewam ng maythag oy dr i iubliciing baddeil irxétionk ipréfekblchaveya weightr péroerdne or nore
S , ) . .
°ps 15  aromatics less than 0.3, more preferably less than 0.06, and most preferably
less than 0.02.

The lubricating base oils u'seful in this invention are distinct from
polyalphaolefins in that they are made from a waxy feed. Another distinction

20 between polyalphaolefins and the lubricating base oils useful in this invention
are that polyalphaolefins do not contain hydrocarbon molecules having
consecutive numbers of carbon atoms. Polyalphaolefins are tri-, tetra- or
penta- oligomers of 1;alkenes. Polyalphaolefins ére small aliphatic molecules
with branching of long alkyl chains at 2-, 4-, 6-, etc. positions, the posiﬁons

25  depending upon the extent of oligomerization. Unlike polyalphaolefins, 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 oils made from a waxy feed of this invention were
characterized by Field'lonization 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
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either before or after fractionating of the lubricating base oil into one
or nore fractions. The hydrofinishing is intended to inprove the oxidation
stabi | i t ywoldwmbams! ity, and appearance of the product PYTUSxWéioRass?
aromatics, olefins, color bodies, and solvents. A general description of
hydr of i ni shing may be found in US Patent Nos. 3,852,207 and 4,673, 487,

| ncor por at eqy fb‘?fuﬁé@maggﬁd B%ﬁ%ofyr’e I Sy BY pRAcHRy Malbﬁm@@ﬂdﬁﬂoﬁt@ 1educe the

wei ght percen I cating base oil to | ess_than 10,
preferably Im§$oﬁthaﬂubﬂcam@59|@ft@bat§¢%ﬁe B dlepnpanillargfatbendl8® preferably

| ess than 0. & IRRu8Y btk Bl 16 1Bl 5 Blobe 6 ResHIStedrenictsiyce the

wei ght percen ess : preferably | ess th%y 06, nore

preferably Iamisthe hmbe@vasmeaéﬁfﬁﬂfrmﬂbopfrwgr%ﬂo)ﬁme@@ eraiR 0 189°C pey 4
prefert ed; e ol almAde RXALALRP BELfiha Gt At Ry B Mehiase condi tions in

the process & TARENTOR are produce one or nore sel ected
fractions ofsdentnomeiat ag sbarseddidm hux #0itp 2By atarale ofd sR5C8RE PRer cent

nol ecul es Wlél ﬁ%_cl oparaffinic functionality, and a ratio of nolecules with
nonocycl opar % ¢ functional i ty to nolecules with multicycloparaffinic
functionality greater than 20.The lubricating base oil fractions have

greater than 50 weight f ve neasurabl e
guantities of N§,ME5} %?eﬁ'g ﬁﬁflugce,ﬁWe%?écln@a?goudﬁ%ogﬁélf{fl\ﬂahﬁbﬁ@s Iie{orﬂs;i‘%l y they have
]gr eat er n?anfab@rm gmbomﬁmWWmeWemﬂassnmdtm beyd), speh et weight

unctional it re prefera te a I ave a
ratio of wei é?ff %@Y%e‘{??er%neé{: é{"%@ngr@%%%gﬁ?“?%%c @Qr%t ?onal ity to
wei ght perCe@@mﬂi@ﬂ@@gér@awarie"a\aérageld,?cslpedmmf finic functionality greater
than 20, nore preferably greater than 20, even nore preferably greater than

30. The presence of predoninantly cycloparaffinic nmolecules with
nonocycl opar ghé lubkicatingeise @ilgbf this inverttibe WGué)clharacﬁeﬁged:)lagsEIMﬁ Inté r act i ons

provi des 1gxcglklaﬁgst ar? rlng etclljlgg W|th%q;}erent numbers ONO unsaturatlons 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-unsaturations. 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-unsaturations, 2-unsaturations, 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6-unsaturations from the
FIMS analysis, minus the wt% olefins by "H NMR, and minus the wt%
aromatics by HPLC-UV is the total weight percent of molecules with

25  cycloparaffinic functionality in the lubricating base oils of this invention. Note
that if the aromatics content was not measured, it was assumed to be less than
0.1 wt% and not included in the calculation for total weight percent of molecules
with cycloparaffinic functionality.

30 Molecules with cycloparaffinic functionality mean any molecule that is, or
contains as one or more substituents, a monocyclic or a fused multicyclic
saturated hydrocarbon group. The cycloparaffinic group may be optionally
substituted with one or more substituents. Representative examples include,

-19-



volatility, as well as desired additive solubility and el astoner
conpatibility. The lubricating base oil fractions have a wei ght percent

ol ef i ns Iwex0atmm0i0, preferably | ess than 5, nore pref ecahisgodesssst han 1,
and nost preferably I ess than 0.5. The lubricating base oil fractions
preferably have a wei ght percent aromatics ['ess’than 0.3, nore preferably

o Te ucoful D ARGt R B GloRbRa, <y BRRub Bkl ARERERIL: The 1S that
thley ?r ﬁag}ag?yélmlmp:]% dtsﬁaiysidm'aﬂ)hthfmml nehectadym'bperdalieoa, (bentadecan-6- ent i on are
Phat "polyal pHUBRSRRag niRr GEAAPRm RS shSPle: edMhdecdhes

consecut | ve nyndphitslafe, aed therlikat ons.  Pol yal phaol efins are tri-, tetra- or
pent a- ggorrers of 1-al kenes. Pol yal phaol efins are snmall aliphatic

nol ecul es*w th branching of Iong al kyl chains at 2-, 4-, 6-, etc.
positions, t Mblmﬂﬁ'stvintbnﬂomt&:gelnﬂérra@lmtpimncﬂldmh@xmmanyfmolbbgermaitilaat i on.

Unl i ke pol yal hao f| n ubricatin ils us i n our_invention
contai n hydr ﬁ‘?&?f?g%érﬂﬁ?f HBQE s(gthP? S%VL?%E‘P Cahons I at ons.
Mol ecul ar Comm@mﬂe vat ibyubdtided Wit d sihgle eadriobgrlibastiraied siydmdarbonom a waxy
feed of this i nvp,\’%tlon wer e characterhﬁg bg Fi \%hd. | oni zat i n Mass

Spect r oscopy FRIMENER{QSeYERANGLARNS GYP'ERAGTIE JPHP YR nunbers of
unsat ur atfigonspptididly disdtiktitdaivite Bnefor hitee BObRIRIENGS Réprémmi\ﬂe dxaagiiésons was
determ ned by FIMS The sa | es, werei ntroduce eferably

by placing a 'a5kde buiaseRet limitssiie. eyclonsepy, CdFogHtéA c %‘gf‘ %Pog‘g§@r0|l to be

tested in a giy@l%ﬁe&ﬂPQpbht@ﬂ&céﬁJ@%l) cYBeh&aplel érafﬁsetnu@e was placed at the tip
of a solids probe for a mass spectroneter, and the probe was heated from

about 500C up to 6000C at a rate of 1000C per mnute in a nmass spectroneter
operating at jabesfiesifittPmuBityclopdraffiRRanctionality mean any molecule that is a

15  fused multicyclic saturated hydrocarbon ring group of two or more fused rings,
any molecule that is substituted with one or more fused multicyclic 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 ring

20  group preferably is of two fused rings. The cycloparaffinic group may be
optionally substituted with one or more substituents. Representative examples
include, but are not limited to, decahydronaphthalene, octahydropentalene,
3,7,1 0-tricyclohexylpentadecane, decahydro-1 ~(pentadlecan-6—yl) 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 deuterochloroform.

30 B. Acquire a normal proton spectrum of at least 12 ppm spectral width and
accurately 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
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spectronmeter was scanned frommz 40 to nmfz 1000 at a rate of 5 seconds per
decade. The mass spectroneter used was a M cronass Tine-of-Flight. Response
factors fwo 2aétooemspound types were assunmed to be 1.0, ®othistévat2isse? ght
percent was determ ned fromarea percent. The acquired nass spectra were
summed to generate one "averaged" spectrum The lubricating base oils of

t hi s i nvent i osgnebdigitizatinredyinamic sxhgbof 55,080, Preteratk éheedyrantdc ravigecnilles wit h
di fferent nur’g%eée%(gjo&r}ﬁ@rleurati ons. The nolecules with different nunbers of
unsaturations nay be conprised of cycloparaffins, olefins, and aromatics.

| f aromati cs GeMeapureskmintégnaldntgnsifiechetiveamount s in the |ubricating base

oil they would pr&h@%&%ﬂi {oYefo\j"\Ei dentified in the FIMS anal ysis as
en erins

4-unsat urati ons. re present in significant amounts in the
| ubricating base &i2-1.0ppm (@iyicd be predomi nantly identified in the FIM

anal ysis as 1- unsgtyéﬁt&[gﬁﬂfsgm%%%t otal of the 1l-unsaturations,

2-unsat ur ati ons, , 4-unsaturations, 5-unsaturations, and
6- unsat ur at i dds Usingrine meldelilsBweithlt ysthe testisobstatdecdatérthineé®by ASTRYDIH NVR,

and mnus th %.ar tics by HPLCG-UWV is the total weight percent of
nol ecul es w f%%y%%%@%?affi nic functionality in the lubricating base oils

of this invention.. No¢avérbgé nidedulie fafmuiasfithe saardied hydvasarohs measur ed, it
was assu to be I?ﬁs t han 0.1. ‘cel.uded in the cal culation for

W‘%fand ngft in

total wei ght percénf "OAVeBYRBINRAIALITMUA Y BBRIARS i ni ¢ functionality.

Mol ecul es with cyadl Tpetadlfintegel ntarsity eaahi shalnkegrakMeriBitlegful e that is, or
contai ns as one or or a fused nulticyclic

re,substjtuents, a nocyclic .
sat urat ed hydr ocar‘lbgﬁe W%ﬁ'.'m?ﬂél?yc@ﬁﬂs@wgwdirgﬁ%‘ (§tabelintegal/BUmBBE Plonal | y
substituted wth operogensmrfernsufsti tuents. Representative exanpl es
include,but are nqt_Jimted to, cl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl , % TJ‘ne numger of olef%:ny hydr gen‘sn(/:olefmymtegralllr%/tegral ger penty
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 allylic to
olefin integral ratio between 1 and about 2.5. When this ratio exceeds about 3,
it indicates a higher percentage of tri or tetra substituted olefins are present and

that different assumptions must be made to calculate the number of double
30  bonds in the sample.
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cycl oheptyl, decahydronapht hal ene, octahydropental ene, (pentadecan-6-

yl )cycl ohexane, 3,7, 10-tricycl ohexyl pent adecane, decahydro-1

- ( pent adewanre@~oogdos napht hal ene, and the |ike. Mol ecul esP@irtus2006/023857
nonocycl oparaffinic functionality nmean any nol ecule that is a nonocyclic
saturated hydrocarbon group of three to seven ring carbons or any nol ecule
that is substAtopades Weasuramenhlgy BPheridéycl i c saturat ed hydrocarbon group of

three to sevefhd jnBhol U8 BPmedBife FF [IBRIR ol dHufosAlifta 1835t oR8 affthanal |y

substituted wth one or nore substituents. Representative exanples include,
but are not |funstioadn the lubyestiog beps pils Wblsdrwengwn emplaveperigniett cycl ohexyl ,
cycloheptyl, F@Wér@%ﬂdat&%ﬁ}m%%‘?Hig%qﬁbﬁd?ﬁlahbiﬁiquwbl ecules with
mul ticycloparaffinic functionality ‘mean any nol ecul e that i's a fused

mul ticycli® sQbremategtaptydHEE&D Isystemi aogpigd oty HPHSOdNodmAgay UdeMisr i ngs,
any nol ecul e §hatio ieitibsd td 4t A8 C’Heﬁwﬁs@ﬂgn.%emf:ﬁlﬁnu&gﬁe Mlidugycl i c
saturated hydrocarbon ring groups of two or nore ftused rings, or any

mol ecul e t hat alogagicblessesindae highly satuwrated himicaling baseasig svasonada an dteed

hydr ocar bon ggQL ; ' y T. d icyclic
Shturat ed nycpBiboihat OVPerPa IEHER il BhRG Sme; Te AHERAA L ™ The
cycl opar af f i nugsddooibfs arajysisadiffigreniated hrpmsdib staleaiesdangelyhorothe msisnalT e

substi tuenpts. S i a i e r imted to,

decahydr oﬂgp hiﬁiﬁéﬁb&%@%ﬁ%ﬁ@?%e {egﬁ% rﬁéﬁblg%ng%‘qb%r)gﬁﬁ%ﬁﬁéy né%ﬂt adecane,
decahydro-1 - (imparoacdic gont@injig moleplies alueniirst, folidwel dylthd polydycdlie A ef i ns: The
W% defins in t% base,oils, of . this i nven;écgqu \f_%re det er m ned

by pr ot on- R AR FR B SFRFACleIE ptafhuferlf BRSAQR 181 G ot 5 1056
of the test hucratias vih sintilad dotiige bolhd oiarbctemthose with only alkyl 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 spectra was accomplished recognizing that their peak
electronic transitions were all red-shifted relative to the pure model compound
analogs fo a degree dependent on the amount of alkyl and naphthenic

20  substitution on the ring system. These bathochromic shifts are well known to be
caused by alkyl-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
Quantitation of the eluting aromatic compounds was made by integrating
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 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
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B. Acquire a normal proton spectrumof at |east 12 ppmspectral wi dth and
accurately reference the chem cal shift (ppn) axis. The instrunment nust
have suf fwoi2esmoogmsn range to acquire a signal wthout ecerise@dionssst he
recei ver/ ADC. When a 30 degree pulse is applied, the instrunent nust have a
m ni munsi gnal digitization dynam c range of 65,000. Preferably the dynamc
range wil | beexegpiddispomy fiveclasses. of Measaticecantunds wgreabbsemvashisinighdys bet ween:

6.0-4.5 ppm (94\}@%{99@%/*%@@&%"?aggﬁm%’@'g%tﬁléﬁsg%"gf 0.5 ppm (saturate) D. Using

t he nol ecul ar S eterm ned by ASTM D 2503,
calculate: 1. The average nol ecul ar formul a of the saturated hydrocarbons

2. The averag I lar _formula of the olefins 3. The total integral
intensity (:sﬁﬁ%ﬁl{iﬁﬁ?rﬁqo@gral intensities) 4. The integral intensity per
sanpl e hyds ogdRLCti\OWvas used fog ideintifyinglibeseodladsed 0b gemsaticreoimponmdsgvén The

e o o e B SR TP RS B e B0 ey © e
formul a/ 2) 7. stidngiyihédh eihglehrirgy drgmatitsNiMRyFsuizfitutiomatsotdffectedrdbsorptibn doubl e
bonds XL 1eS CBEoRMTUEY, Thol st LR ey UBhERL Ak Shialb b Rug VLo Y
ol efins by 1HnhdNMRri6w spdchisichardgmatize dut knoWwhowr dfficib@Btthehasdribe % ol ef i ns
result i 516 ow, |ess than about 15 weight percent. The ol efins nmust be
Five classes of aromatic compounds were identified.. With the exception of a
small overlap between the most 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-ring 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 spectral peak absorbances to the
substituted aromatic analogs.
20
For example, alkyl-cyclohexylbenzene molecules in lubricating base oils exhibit
a distinct peak absOrbancé at 272nm that corresponds to the same (forbidden)
transition that unsubstituted tetralin model compounds do at 268nm, The
concentration of alkyl-1-ring aromatic naphthenes in lubricating base oil
25 samples was calculated by assuming that its molar absorptivify response factor
at 272nm was approximately equal to tetralin’s molar absorptivity at 268nm,
calculated froh'n Beer’s law plots. Weight percent concentrations of aromatics
were calculated by assuming that the average molecular weight for each
aromatic class was épproximately equal to the average molecular weight for
30 'the whole lubricating base oil sample.

This calibration method was further improved by isolating the 1-ring aromatics -
directly from the lubricating base oils via exhaustive HPLC chromatography.
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"conventional" olefins; i.e. a distributed m xture of those olefin types
havi ng hydrogens attached to the doubl e bond carbons such as: al pha,

vi nyl i derwQ 20072002d¢05ans, and trisubstituted. These ol ef i RCTyyse@6xdss7 have a
detectable allylic to olefin integral ratio between 1 and about 2.5. Wen
this ratio exceeds about 3, it indicates a higher percentage of tri or
tetra substi Caligdtirg dﬁfécﬂgmhehqne%mau@mjimimaied thef dssumptionsgnthpt | ons nust

be made to calcul ate the I I Rt tics
Measur ement  BY° q[flgﬂ\t@ wssoﬁ%%{thgy ‘g% 0 rrggisurg‘sl% %@bgw@g&@%l ecul es
with at | easbrmlc&eﬁfmﬁ had & lowesr iresponse faotor they the amoded chrapeunsi | s of this

I nvention e ed.a Hew ett. Packard 1050 Series Quaternary G adient High
Per f or mance 58 T RREY AN bs(tgf;’f ) system coupled with a HP 1050

Di ode- Arr gy UV-\/s detector interfaced to an HP Chem station.

| dentificati of the individua e t ted
| ubricating 8&%‘%36‘?‘?”@39\"%30 ﬁﬁ%a% Qaﬁgraal%%@l ?‘ﬁ'ﬁpﬁlel ?”‘BQ/ t?g péﬁi t%ga?'[ Zrﬁ
gn:‘jf t hei { e![ %‘bhﬁhe’fdr?@lahé@\ﬂer@fﬁlepérawd fuomn thesieulk Ebmgtld:lbrmamngabm ail

ifferentiates, arqmati c no] ecul e t he ba ng-
nunber (or mbFBIGNAKES PN W&Bﬁragv%@%g&r%‘ﬁbgp)gra'?ﬁﬁ Sar{“ﬁ “}sq “Pgedlrl %g
:; gm : g contyay @Imﬁe@b%@uh@éa@a Bhi® dn érﬁ'ﬁgo bfgﬁuwsmeb bolumhga 5oﬂnycycl ic

s in order of increasin e ba nu

A orat | G0wi R ATTHIP Gath [RIPEeR SH e Assm S 4 b fies ot My
substitution ffind-Benddddlic! parm;lés)mnfatcﬂﬁ@d b'y”lR&ﬁ?xIN\drishumaﬁht Beweirgiille,
substitution. Unequivocal identi fication of the vari Oﬁ{ﬁbﬁéﬁﬁﬁm | aromatic

hydr ocar bons Galifamiahwith nhexamas hereebilenbase gt 4w sie ® recogni zi ng

that their p@&urﬁh%ﬁbh%bgfrbétm&édlaagédw@ @dtbctbeebspbhdd fesmiaadiatl i ve to the
pure nodel conpound anal ogs to a ree egendent on the .amount of al kyl

and napht heniwavelansih YVide t%ﬁetﬁez M- Spteate RAREWPS ¢ shifts
are vel | fgovnytQedEntil the 265nm 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  ftetralin.

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 translated from % aromatic

carbon to % aromatic molecules (to be consistent with HPLC-UV and D 2007)
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caused by al kyl -group derealization of the -electrons in the aromatic ring.
Since few unsubstituted aromati ¢ conpounds boil in the |ubricant range,
sone degrwe 2067/me@sshi ft was expected and observed for &Chr/uskoosloesssti nci pl e
aromatic groups identified. Quantitation of the eluting aromatic conpounds
was made by integrating chromatograns made from wavel engths optim zed for

each gener al b9'kﬁ§\§ingfthé>c%w/96;ﬁth@\é%mém iR AR @RI RIatihg Bagd M8 W ndow
for that aronatic. Retention tine window limts for each aromatic cl ass

were det er mi PBYWBIE siagladinBr@ValicSat i ng t he i ndi vi dual absorbance spectra of
el uting conpounds at different times and assigning themto the appropriate
aromatic class based on their qualitative simlarity to nodel conpound

absor pti on spbgh pawenvong duealien capt gapddassiinganalyais wewsweeded o ar omat i ¢

conpounds swel2Qbefr ¥edsird oridtlck ddah 46 81286 affthatfe AbiBedibs.and HI | ubri cating
base oils. HPLC UV "Cal |%rat I on: HPLC-UV was used for identi f%ugta t hese

cl asses of aMgraspecifiealivdamesuratebnmaasueioy leygls|ol @b moleavigswithy #tigasir omat i cs
typically ab 3 ti | IR e hRsal @domat i cs.
A Ryl -subst i ThE %Sﬁﬂgﬁ‘gfé‘%gt&?eﬂét'ei'gRgE’%gsrtépﬁagar:gb%?gg&)wuﬂnég‘gogﬁ%?h@?ﬁ% e it is

i mport ant t o tagvelaAnDimumseenaessitivity of §OAYY by ASTM slapdayddragiseifes of
aronati cs an ' e mati c
conmpounds vve%eslérgx\(le){r?f [ qr?&fdt:&bfxﬂ'f %%ZMQQ%SQSWRM@ME?QW@%@@ Pgﬁit ween

t he nost 10 ghirgbe wasiused! AsbinPC integratiorsaivere wasaishd hedefinedhe share | east

hi ghly retai h: L i f ' VAP | asses
wer e basel i'ngbﬁﬂéegéﬁé%ggﬁ%%ﬁ@ﬁ%“‘ éﬂﬁa\t{g hy(;:(r%rt "Z@gg&f’gﬁ uti nﬁ%—gsgng and
2-ring aromatdnce dating #Enmn e eidradifadts fromémpging énel alinhiatie pealointariehod.

pee ot RBRSRS kA RORAFd AR R BE oPBR TRl P i 1 255 vere

resolution was improved significantly. .

15
The lubricating oils of this invention may also comprise a bright stock in the
formulation. If the bright stock is one with a viscosity index less than 120, it is
preferably included in the formulation at a level less than 10 wt%. If the bright
stock is one with a viscosity index greater than 120, such as an unconventional

20  bright stock derived from Daqing crude petroleum (which has a viscosity index
of about 135), it may be included 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 Inone embodiment of this invention, the lubricating oils 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 point reducing
blend component is an isomerized waxy product with relatively high molecular
weights and particular 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 petroleum derived base oil having a boiling range
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conmpound m xtures based on the nearest spectral peak absorbances to the
substituted aromatic anal ogs. For exanple, alkyl-cyclohexyl benzene

nol ecul esworrodmuloedosat i ng base oils exhibit a distinct peak/iasb®enbmsste at
272nm t hat corresponds to the sanme (forbidden) transition that
unsubstituted tetralin nodel conpounds do at 268nm The concentration of
al kyl - 1-ri n%b@ﬁ@ﬁ@éut%w@gﬁe@gm@bmm 510megm|m)garmimtams atdeant!5@s was

cal cul ated by assumng that its Qrptivit t 27
st oxi RN DEMERIN o paratine FTEteo T e ok B LRt o7 & 272
; ?Lﬁglt ?E gd m;tﬂ@@i@e&iwotdegwn hevs a Holing hﬁ;]ngmeaibr::ﬁatabomﬂtﬁ @tbpu’n%%f

cal cul ate ass at the I
each ar omat 4€9rges<R)- A S&ﬁ‘ﬁ%o@(ﬂﬂ?f{n@?& hlﬁj%qurtp(?' ”&@gﬂoﬁe"eﬁ& ZE:UYEIr g\TEl I;ﬁ'[
;8; t thgre @nglr%\r/ﬂedé%hﬁéfah%tm% ﬁlslchérﬁn’bbgch a"érmdqa@ttomsmoomm hatihpd was

i solatin e ri.ng aroma di tl h
| ubri cati ng RS&E8OiHE that @l%‘%‘ﬁ%&%@r??% ré'ﬁ?'bﬁ‘&fpg’& héﬁf/()f(ﬁ? F%ﬁg%"%ng
g;;gg;‘ Ll%/e\c/im Emﬁbtstﬁfbﬁﬁﬁs%{)e‘ﬁm WS, ﬂ'drﬂl’eﬂ@ﬂ %d)rﬁdﬁizeaﬁd@tﬁ@rﬁmpsdledmlvedcer tainties
ounds e t ed

sanpl e had abqt@mprpé%&%ée'ﬁr;g%t/"ép ap gPY ﬁgmﬁ{ﬁg}gpm fﬁ&bsfﬁmapﬁgggﬁiosnﬂ ! \(/:vas
mor e hi ghly érPQ\?érh%é‘ %cul%(%@lgﬁp@éweéﬁabbm 600RICAHUET f0yarzidn br at e t he
HPLC- WV et hod

stitutéd b t
bulk of 1the amage;@egragowg@c@wg AR R (R S S
10 grans of §I§W?Jlr§néf‘@§ pdli 4 dﬂé‘eﬁ'bén étoh&zﬁm@@ﬁgo@ﬂ%duahgmeﬁd onto an

am no- bonded
D o DD cobampancats @ Toiribedam e roUBdTRER Anivations ApA7BAFaL Hed O 25CM X
manuf act ur edRye gl BobfSiEUBRIeS o FIB it 4| 20048l Rlyindorpotatbd n- hexane

as the mobile™p aseataf | um el uent was
fractionat ed hbras‘ed e lubrisatieg eils @fithip éﬁ@ﬁh@b”ﬁV&ﬁWﬁ’“"tﬁﬁi‘fVeen 'and 80

15  wi% of a pour point reducing base oil 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 oil bound up in the network. Examples of
conventional pour point depressant additives include polyalkylmethacrylates,

20 styrene ester polymers, alkylated naphthalenes, ethylene vinyl acetate
copdlymers, and polyfumarates. Treat rates of conventional pour point

depressant additives are typically less than 0.5 wt%.

Energy Savings:

25 In preferred embodiments, the lubricating oils of this invention will reduce
energy use by at least 0.5, preferably greater than at least 1%, compared to
lubricating oils of the same SAE viscosity grade made with a conventional
Group 1 or Group |l base oil. The reduction in energy use may be as high as
15%. This is due to the low traction coefficients of certain base oils made from

30 waxy feeds. The lubricating oils 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 = 0.009 x Ln (Kinematic Viscosity in cSt) — 0.001, wherein the
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wavel ength UV detector set at 265nm and 295nm Saturate fractions were
collected until the 265nm absorbance showed a change of 0.01 absorbance

uni ts, whwohosimomsed t he onset of single ring aromati cpelratseaa/023855i ngl e
ring aromatic fraction was collected until the absorbance ratio between
265nm and 295nm decreased to 2.0, indicating the onset of two ring aromatic

el uti 03 EUFKlﬁétﬁuéﬁct PRcasid irs€Pan &’?}d @quaﬁbntidﬁtﬁesdnegie&lcwisngs@rmmtl c fraction
was made by rechro r aphj.n e nonoar c fracti the
"tailing" saf4iingtt 'é%ng?‘ft BtCPSﬁC\%M @ﬁa§tg§mep 4 @rﬂe(f)‘@%‘?r\ %aﬁs\ﬁg%tsh
§0| um. ghj[ ﬁwﬁé’r@}nfthédgardhm@bﬁ@lémIsaﬂWuﬂéd fsfmvmwdmfolhaglepbe@ ob8tit ut i on
ecr ease e nol ar absorpti vi r espon act qr bau tive t
unsubst i t ut eBreieEs P&l SEONEEFIAR %fqudﬂp%f’fs‘i} BFEET an i fzﬁﬂ\é@wv@b%ht 0
percent of aAbdlﬂa{aﬂWeeﬁasvénoﬁlhnaaie frérastwaydead ma@meae BREHD fim i n t he
purified nono-aronma

I ¢ standard vva conf via |on tion carbon 13
NMVR anal ysi sthidiess,gigatendan anainew) PBIFH'@BN{EYQ‘HG BB E vE E@c@ﬁ‘se it sinmply
measured ar Ofmékhessclﬁrn*aaanéféré be10.8 XNARSRal sttty tesstnd 20nwhbmictrass  of
aromatics being anal yzed. - The NVR results were translated fr % aromatic

carbon to % Kinematic Yiseasitydncabinthe eguation s fne dprmalic iscaBthiin&Ptand D 2007) by

know ng t hat 43dR&EHD ﬁlhﬁhﬁk@é@%tméésurémamgawlt%aﬁeiwaéreg andli50i cfatl ng base
oils were single-ring aronatics. gmfgower | ong dur at hg% %@ﬂ ood

basel i ne1@nampsser an pelszipmenispee t"é‘l’t?rsrﬁ?é%?‘é‘da?@ to 0.2%

aromatic nol 8?%!’8%8!‘(%9{ &nd BEGAd &SR] Ndwtohs, EGWaﬂﬁ@bé(sé@%ﬁHé@e fr@m devel s of
all nolecules wt east one aromatic function st andard D

5292-99 et hwxmmdrkwing|tla&fetl@wga@§0ra0¢ﬁfﬂﬁlwﬁﬁ%F%P{eﬁléh%ﬁ fimof 500: 1

(2%, ASTI St Al Bl kil {F8 Potch Applion 4016255:0) syt 28, 26,500 M

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 AIS| 52100 steel) angled at 22° to a flat 46mm diameter polished-disk
(SAE AISI 52100 steel). Measurements were made at 40°C, 70°C, 100°C, and
20 120°C. The steel ball and disk were driven independently by two motors-at an
average rolling speed of 3 Meters/sec and a slide to roll ratio 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 +
Speed2)/2)]. The load on the ball/disk was 20 Newton resulting in an estimated
25  average contact stress of 0.546 GPa and a maximum contact stress of Ot.81t 9
GPa.

Each oil’s traction coefficient data was plotted against its respective kinematic
viscosity data at each test temperature (40°C, 70°C, 100°C, and 120°C). That
30 s, an oil's 40°C kinematic viscosity [x coordinate] was paired with its 40°C
traction data [y coordinate], etc. Since kinematic viscosity information was
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
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probe was used. Acorn PC integration software was used to define the shape

of the baseline and consistently integrate. The carrier frequency was
changed owoeoaduno2edg the run to avoid artifacts from i nagcmgiseéve/oadssphati c
peak into the aromatic region. By taking spectra on either side of the
carrier spectra, the resolution was inproved significantly. The |ubricating
oi I's of this WalthenEqoatiomdy-og 8(h.og 00pisi+s@ 6P =4 L@l oyl 0fienip) db?@KM)_r mul ati on.
If the bri ghtThﬁtWQIgﬁeir% ?ﬂg" Wi &h a vi saolsi té i ndex less than 120,7it is
preferably i nclruded s mOPAe s S FRTQE WAk used payalion fasestimaing1o w % 1f the
bri ght stock vissosities atiddd températoss tiyd fondethadbasad ) thABTHAD34sUCh as an

unconventi on ! ck derived fraom Dagi ng crude petrol eum (whi ch has
a viscosity ?7!?8%('{)%? %Q%ﬁﬂrefg%ﬁ' ﬁﬁsq#g&orb%aqqrp@%w@aep edia & lingar %‘éti ng oi l
at a Ie\r/]eﬁ upf the 135 tratthdn oﬁegic@WEﬂﬁég@fhuﬁ(kfﬁ@H{ﬁEiv%oﬁfy ih%@%?@éi ng Oi:c if,
one with a Fiisgher-Trops rive right stock. In one enbodi ment of this
i nvention, t ﬁ'e%g’ lcf‘fbcgqeg@?qqibesgﬁfgr egch Oﬂé’g@\ﬁ% Kngmatir yiseasithtandeetbel ng bl end
conponent . Tlepetic visobsifes] adtcicad ol Mk SOERFRAAALUARga type of lubricating
base oil nade froma waxy feed. The pour point reducing blend conponent is

an isomerized waxy product with relatively high nol ecul ar weights and
particul ar bExamplesg properties such that it reduces the pour point of

| ubricating base oil blends containing them The pour point depressing base
oi | bl endPng Ex8MpBriEnt may be derived from either Fischer-Tropsch or
petrol eum products. In one enbodi ment the pour point reducing blend
conponent is an isonerized petrol eumderived base oil having a boiling

rangeabove alggdtdi : = : d ains at | east
50 percent b mqlﬁﬁtgtegﬁggfgj‘f?'&Z.Qeﬁvﬁ%rg-@ﬁ?ei%tﬁoe Sp'g%?t%ﬁ&(ﬁf'qé@ﬂ essi ng
base oil bl e%&i‘@oﬁb'ﬁﬁ@ﬁ’ﬂéﬁtbaﬁﬁ oll mesiedrom thei Hyidrajsoneerizatiob of/e Fsehest 1050 F

E) ?gﬁgt 565 daeses dblived Wl 1866 AR HEROLITR Wpilol HEPTHE FAAEHnalgRuC! Ng
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 F|
operation. A constant flow of pentafiourochlorobenzene, 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 I.
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conmponent is an isonerized Fischer-Tropsch derived bottons product having a
pour point that is at |east 3 degrees C higher than the pour point of the
di still atwohasmozios it is blended with. A preferred i somremiusea6/023857

Fi scher-Tropsch derived bottons product that serves well as a pour point
reduci ng bl end conponent has an average nol ecul & wei ght between about 600
and about 1100 and an average degree of branching in the nol ecul es between
about 6.5 and about 10 al kyl branches per 100 carbon atons. The pour point
reduci ng bl end conponents are describe@higa h detail in US Patent Appl]i cations
10/ 704031 , |fil ed Novenber 7, 2003, and 10/839396, filed May 4, 20d4 bot h

fully incorporated her The | ubri cat' i in riay
cont ai n bet ween 1Aand,€hp%g@snf a_pour E?€$£dur|nn aéqu0|l £€ d
conponent . Br ef er af$6psity alglP0iPI £Stont ai $-3Fvent | o8P phurl6dB nt

depressant additi véiscosiymatd0iC,a®il pour p0|3ﬁ231|epr esgtpt additio®s wor k by
m nim zing the Tor nﬁ\/i&ﬁs@ﬂn&@% nerwor K$ anq53ner by {@duc, T qqgam)unt of

O

oil bound u Pranples—o €an H+agna tH ot+Hht—¢ ressant
TR SRR 70T S A K LoD i

addi tives include po T acryl ates ene les yie | kyl at ed
napht hal enes, et hyl en@"\/q Qlefinsicet at e copol yA¥Ps, and bl yf imaPdes.| Tr eat
rates of conventional FikBrWi%i nt depressant additilves are typicallyj | ess
than 0.5 wt% Energy Savings: In Nk%?\@é] ed gghodi n”entsg,_5the Igbr5i ca\tl ng
oils of thig invention will gy by at | t refierably
greater than at least 1% co{%g'rgéglr 'Bﬁ% Ebl’l cagl ng |oi | s of 1he3§Iq SAE
viscosity grade made with a €ORveHIEIOAS] & &b | dr PSup t%\@e oil. The
reduction iﬁt energy use nay ?nélnaaturﬁtlghsiﬁs 1500 Thi s i8.0due to @.6e |low
traction coefficients of cerd4-dinsatopsiensl! s reale friom paxy feedro The

lubricatingloils of this invepkoirMoht | redycg engrgyglgse whem g

o =

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
T5 847 963 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 (¢St) / Traction Coef. 6.4/0.01138
12.5/0.01732
15/0.0197
32/0.02415

na= not available
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the lubricating base oil made froma waxy feed used in the engine oil has a
traction coefficient |less than an anount cal cul ated by the equati on:

Tracti on woehdvome@at = 0.009 x Ln (Kinematic Viscosity PoTasSe)o6/02835001
wherein theKinematic Viscosity in cSt in the equation is the kinematic
viscosity in cSt during the traction coefficient nmeasurenent and it is
between 2 angrgQ gPliy Qr?}gFrh%ra%'éll%tl@mbfe@%ﬂk@ﬂu@%ﬁﬁ? phsNbild Gset@asur ed at
an average ro I|hg spée nmeters per second rati o of

ide t I
40 percent, thedaturalgad enging @ilpeithéniavenieni tTiWSYIBPY e?ﬁﬁ‘%‘%@ 8‘%/ made from a
waxy feed m%(rgﬁ%V%_@%ﬁ%?%éﬁ hPWhdpl RbiBERES Qﬁﬁ%%&épéréﬁﬁnc&urhcﬂ@ﬁum aral cul at ed

by the equat m t hi ckness I n nanoneters = x Ki nematl C
Vi scosi ty i nacdio)of maepulestvditenanesys|orprasinig fL@CNﬁf@BUstPW"?W"??’S{V't "n the

equation i s Fn lgﬂl{ﬁf@f{‘lhxﬁ fl}ﬂcﬁGﬁ‘%w %rg'aféé?t%n SHITBAE FTe4 Bl FT-4 bl ckness

measur ement , nmeasured at an entrai nnent
speed of 3 mmﬂyp@exw@ﬁ@rtf@nsﬁodéﬂﬁﬂ has p Ml gfqaterdhan ap @Mdtent , and a
gtl ve?ﬁb {icosaig aragy-d)eeds bavi ng

| oad of 20 ba
t hese | ow trNg%YHﬂ%t%d bglﬂ?%é tnb g\/lan thick"EHD fil'm t hi cknesses
are taught i n4USInRatdiion, mppmaoatﬁTo‘rﬁ a@/msmposlthné@f P@HT pointgedoeing,  and

Veasurerent &9 GIREPdRAARLCET A otE PR AT RERAM bR bAREERC o

runen e unit was configured with
a polished lammaMﬁuanmm¢kmimmE@EeﬂmSh152100 steel) angled at 22 to a flat
46mm di anet er polished di sk (SAE Al SI 52100 steel). Measurenents were nade
at 400C, 700C, 100C, and 120C. The steel ball and disk were driven
mdependentl&i XP W notors at an average rolling speed of 3 Meters/sec and
a slide to rFf"PatTo of 40% [ defined as the difference in sliding speed
between the ball and di sk divided by the nean speed of the ball and disk.
SRR= (Speedl - Speed2) / ((Speed 1 + SpeedZ)IP&J he | oad _on the ball/disk
was 20 Newt ofmhressdifferieniplendseaf nadtraigaseangine oil ( EO) using the F1-6.4 and/or

15 the FT-14 base oils were blended with a lower ash D! natural gas engine oil
additive package. The natural gas engine oil blends all had approximately 0.5
vlvt%.sulfated ash and less than 350 ppm zinc and phosphorus. No viscosity
index improver was included in the three different blends. The formulations of

the three different blends of natural gas engine oil are summarized in Table Ii.

20
Table lI |
“Component, Wt% NGEO A |NGEO B | NGEO C
Lower Ash DI NGEO Additive Pkg. 8.0 8.0 8.0
FT-6.4 13.8 0 46
FT-14 782 | 920 | 874
Total 100.0 | 1000 | 100.0
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average contact stress of 0.546 GPa and a maxi mum contact stress of 0.81 9
GPa. Each oil's traction coefficient data was plotted against its

respect i weoknerawadosc vi scosity data at each test tenper@Cwrus2¢o$023857 700C,
100C, and 120C). That is, an oil's 40Q0C ki nematic viscosity [x coordi nate]
was paired with its 400C traction data [y coordinate], etc. Since kinematic
viscosity in I : ral I @athdV e Bapke #00C, the
700C and 12 ﬁéE?#’e’ﬁ%t{'?@%@?%gsﬁte%hs%?éﬁégtbﬁg% o from the 40C and 100C
data using the well knownWalther Equation [ LoglO(LoglO(vis + 0.6)) =a - ¢
* LoglO(Tenp, degs K) ] . The Walther_Equation is the nost w dely used
equation for estimating viscosities aeblsdld tenperatures and forns the basis
for the ASTM D341 €05+ ;

H-Sseosty—tenperatureqeharisoes Tt ach oil were
reported on a i nehPTOPEReE? ¢ he | og tr NPESHA gle%’i?lg eﬂ?kgé?e ver sus
ki nematic viscosit /Visﬂoﬁl?‘at 106F¢ eacti pnq1gagT T ciseag | es4lss flor each oil at
15 ¢St kinematic viscosity, and other kinematilc viscosities, |were read off

of the plots and t abasaliecbsiticabrporescP Ex&ops e [1:540e di g0BT1 dte fraction
(FT-6.4) and two diistillate bottaons fractionsI(E T-14 6) of

| ubricating base oil made from the hydroi sonmerization of a Fischer- Tropsch

derived waxy odu in.a pilot pl . &S was

conducted on @S%&mﬁ%@%ﬁﬂ%ﬁg‘\fé@ﬁ %EF%’BE‘%F%EE‘}%’%QS&&S %ér\é.se@@é é‘ﬁ tter on

t he M cr omas sof TigRvedtion| INIFEO Wa NGECHE, bad SIGESD eamprisera ldbkéajingdater F

operation. A constant flow o nt af | our ochl or pbenz k mass,

was del i ver ek RRge {TRE Sy {eﬁg’c PYHER EIPCQ/?I}‘]%'%doef(kﬁrﬁﬁg‘gﬂaﬁﬁﬁgrey&?ﬁtgg The

'FIJ'L obe was h_ea(;fq@efstgreﬁmngblela})som%_ orise aLIQbrﬁfwﬁfjbase ail matle frofn amﬂqmt I m nut e.
e properties of these lubricating, base aqi ar, i .Z i.n Table |.na=

not ava | abl €ravinglgss than 9.6 Vﬂg aletl ngs,;gr%ﬁgq &‘%Qﬁﬁ@%ggg%fm?gé&'qﬂubri cating

base oi|s usedydlophiaffin functionality, and a ratio of molecules with monocycloparaffinic

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

15

Example 3:

An unconventional Group Il bright stock derived from Daqing Crude petroleum,
Daqing Bright Stock, with the properties as shown in Table IV, was blended

20  along with one or more Fischer-Tropsch derived lubricating base oils and the
same lower ash DI additive package as used in Example 2. Daging Bright
Stock is an unconventional petroleum derived bright stock as it has a kinematic
Viscoéity at 40°C greater than 180 c¢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 blends are shown in Table V, and the
viscometric properties of the three blends are shown in Table VI.
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the natural gas engine oils of this invention. They have |l ess than 0.06 wt %
aromatics, greater than 10 wt % nol ecul es with cycl oparaffinic

functi onavotzgg7/memsa rati o of nol ecul es with nonocycl opacaffseenicm23857
functionality to nolecules with nmulticycloparaffinic functionality greater
than 20. Both FT-6.4 and FT-14 have viscosity indexes greater than 150.
FT-6.4 has a VI greater than an anouiabiedV/cul ated by the equation: VI = 28
X Ln(Kinematic Viscosity at 1000C) + 95 = 147 In additjon, FT-14 and FT-16
are al so conpositions of pour poi nt reducﬁ)%n%%@‘tcﬁwc“b end conponent.
FT-16 is a Fischer-Trops e st-otd W i scosity index much
hi gher than 120. Exanplie '%O#}ﬁ%@%wffzgﬁent bb%‘n s of ngtural gas engi ne
oi I (NGEO using the FT-Gifod tQ;ro"([;flf.*s T- 14 bgge oi IS were blended with a
| ower ash DI natural gas engine oil itive package. The natural gas
engine oil blends all had afguoeiy n‘ﬂéxely D.5 wt %@8%ul fated ash and | ess than
350 ppm zi nc and phosphlorus. No viscosity index inprover was included in
the three different bl ends.Por&oindr il at{ ons of-2the thrke different blends

of natural gas engi ne oH—are—surrartzed—+nr—TFable++—Fable Il The
visconetric properties of each of the three blends are shown in Table II1.
Table 111 NGEO A, NGEO B, and NGEO C%;fe\@xarrpl es of the natural gas engine
oils of this invention. NGEO A, NGEO and NGEO C conprise a lubricating
base oil, nmade fliCompanasiyicheed, having 3 NGBOQEs| NGEONHENGEGH er than 150.
Al'l three of these exanples also conprise a lubrjcatingibase oi] made from
a waxy feed havi|hgweedsh thélﬁE@eédlth@/Emcnan@s gt el tHAA 1D Wt %
nol ecul es with cgyed opar afHHn—funeti-onaty-andprattoref-—aplecul es with
nonocycl opar af fi rxﬂ:Tc ?’Junctl onality to nol ec LﬁS‘%‘? gg%l t|i c??cggopar aff nic
functional ity gregtgr tham 20, 54.05 4953 43.15
Daqing Bright Stock 14.43 19.05 23.22
Total 100.0 100.0 100.0
Table VI
Properties NGEOD | NGEOE | NGEOF
Viscosity at 100°C, ¢St 13.24 13.53 13.51

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

NGEO D, NGEO E, and NGEO F are preferred examples 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 for SAE 15W-40 engine oils Al
comprise a lubricating base oil, made from a waxy feed, having a viscosify
index greater than 150. Additionally, 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 oflmqlecules
with monocycloparaffinic functionality to molecules with multicycloparaffinic

funptionality greater than 20. Even though they contain unconventional
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Nei t her NGEO A, NGEO B, nor NGEO C contains any bright stock, which is

hi ghly desired. NGEO B is an especially preferred natural gas engine oil,
as it iswo:2eAmi®msY 40, with a very | ow cold cranking sipomistas/0¢B8ES5)
viscosity at - 200C. Exanple 3: An unconventional Goup Il bright stock
derived from Daqgi ng Crude petrol eum Daqing Bright Stock, with the
properties a@etmﬂm\rmdemve”ﬂainigbt $tuck, \aad nblvisedsit) inti@nignpbydr, ©B¢ sl haRs e

Fi scher - Tropys(eg.g gﬁébéqlgs o%'n i Cg%ﬁﬁ' base oils and the sanme | ower ash D
additive pac € ag Used i e 2. Daging Bright Stock is an
unconventional petroleumderived bright stock as it has a kinematic

vi scosity at )éléqppq:egreater than 180 cSt, and a VI greater than 120. Three
di fferent Io Sh SAE 40 natural gas engine oils were bl ended. The
formul ati®on detalls of the three blends are shown in Table V, and the

Vi scorretrlcegvr ﬁlrtles of the three blends are shown in Table VI.Table IV
Tabl eV Tabl & ENRiGERRIEral gagengine o havioge FAR BWptkviecasiy geadanipl es of an
enbodi nment re | , gh they
contain bri g‘%t E’ilt@ggz%klﬁgwwdﬁrh?ﬁ%%ih%%rﬁgcdﬁt%ﬁﬁg’ggm eat er than
120. All of Raska9eveead infke R@rh@fn@twl@ahe:@@ndlagommstr}owsmsntf/nrml ons for
SAE 15W 40 made from a
waxy feed ﬁgﬁ%rg*é®ﬁﬂé?®$@%ﬂdﬁo&t E;;éi%é!?rﬁt hmgﬁSSEgﬂam‘?'lg@ﬁally, t he

| ubri cat‘i(?wg engine el is @%@H@rkm@maacmggsntyaedommd coltl bemiingl stmdiatdrave | ess

th 0.06 w @;‘rgtt | | ffi
fuﬁ(r:]tl onal i t\%&gnd a‘bg? ﬂﬁgfotn’?\[qaégﬁ O%BO\A@ ‘%hﬁ‘%‘ﬁﬁ%ﬁmtﬁ'?gﬁkg&ar e
functi onal i tfetest delads auemarizediniiablé Yl oparaffinic

Table Vi
Component, Wi% NGEO G
Lower Aéh DI NGEO Additive Pkg. 8.0
FT-6.4 27.60
FT-16 64.40
Total 100.0
Table Vil
Properties NGEO G
Viscosity at 100°C, ¢St 13.4

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 Daging Bright Stock. This is due to the
combination of two different desirable lubricating base oils, ohe of which is a
Fischer-Tropsch derived bright stock with a viscoéity index greater than 120
20 (FT-16), and the other (FT-6.4)is a lubricating base oil, made from a waxy
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functionality greater than 20. Even though they contain
unconventi onal petrol eum derived bright stock, and no viscosity index

i mpr over ,woheyr/®eiosl have very | ow CCS viscosities at - 20T/USEdoanpiss7 4 A

bl end of natural gas engine oil having a SAE 15W40 viscosity grade is
prepared by m xing FT-6.4 and FT-16, with the sane | ower ash D additive
package used f?"?fj'ﬂ"%é‘ngéﬂ'ﬁc@?‘%'ﬂﬁ%gﬁf‘er% 0% aad @lsethaving serefereadosi ty i ndex
i mprover or GROMENS ARNGJclopaEfiPebMpodteR essant additive. The natural gas

engine oil is tested for kinematic viscosity at 1000C and col d cranki ng
simul ator viscosity at -200C. The formnul ati on conposition is summarized in
Table VII and the test data is summarized in Table VIII1. Table VII Table
VIIl This exanple of natural gas engine oil has a | ower CCS viscosity than

the blends in the earlier exanples with Daqging Bright Stock. This is due to
t he conbination of two different desirable |ubricating base oils, one of
which is a Fischer-Tropsch derived bright stock with a viscosity index
greater than 120 (FT-16), and the other (FT-6.4) is a lubricating base oil,
made from a waxyfeed, having a viscosity index greater than 150, and al so
having a preferred aromatic and cycl oparaffin conposition.Wat is clained

is: 1. Alubricating oil, conprising: (a) at least 5 wt% of |ubricating
base oil, made froma waxy feed, having: i. greater than 10 wt % nol ecul es
with cycloparaffinic functionality, ii. aratio of nolecules with

nonocycl oparaffinic functionality to nolecules with nmulticycl oparaffinic
functionality greater
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than 20; and iii. a D additive package; wherein the lubricating oil
contains less than 0.2 wt% viscosity index inprover which is a hono- or

co- pol ymewoanomeedosat i ve t hereof of nunber average nol eedlrars2evsiogdss7 of
about 15000 to 1 million atom c mass units; and wherein the lubricating oil
has a sulfated ash by ASTM D 874-00 of 1.0 weight percent or less, and a
col d cranki ngWhahislcitimed ist scosity at - 200C | ess than 9000 cP. 2. The

| ubricating oil of claiml, wherein the lubricating oil has a sulfated ash
by ASTM D 874- 60 d¥ lubricatingsiltampsisingent or | ess. 3. The lubricating oil of
claim1l1, wherein the cold cranking sinmulator viscosity at -200C is | ess

than 7000 cP. 4. The) | ubeagd wish oPlubrigdtinglbab&oll, madefen Whgy feely i cati ng
base oil has less than 0.06 Wt % aromatics. 5. The lubricating oil of claim

1, wherein the |ubricabf®fePbase oil has a viscosity index greater than an
anount cal cul ated by the equation: VI = 28 x Ln(Kinematic Viscosity at

1000C) + 95. 6. The | ubt.i cadrea@r thdn 10fwich aiofacliesivath dygloparagiiyent i onal
petrol eum derived bri ght s'goc%. 7. .The engine oil of claim1l1, having a

ki nematic viscosity at 10008"S"3¥n 12.5 and 16.3 cSt. 8. The lubricating
oil of claim7, which is a SAE 15W40 viscosity grade. 9.  The lubricating
oil of claim1l, whereiniit hea faiibraf cadlecuipsheitemondcyickhpargdiinic fumatioalityeduci ng

base oil bl end component. 10. The  lubricating oil . .of claim wherein the
waxy feed is Fis ngr STt opS(]:\H na%l??q)%%wlth mulitlcyaoparafflnlc fﬁnc?tlonaﬁfty greaeter

than 20; and
10 iii. a DI additive package;

wherein the lubricating oil contains less than 0.2 wt% viscosity index
improver which is a homo- or co-polymer or derivative thereof of number
average molecular 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 éranking 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 1, wherein the cold cranking simulator
20 viscosity at -20°C is less than 7000 cP.

4. The lubricating oil of claim 1, wherein the lubricating base oil has less
than 0.06 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: V1 =
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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11. The lubricating oil of claim1l, additionally conprising a pour point
reduci ng base oil blend conponent. 12. The lubricating oil of claiml1,
wher ei n twe 2bartoeaat i ng oi | reduces energy use by at | eastr/uBocongsared to a
| ubricating oil of the same viscosity grade nade with a conventional G oup

| or Group Il base oil. 13. A lubricating oil, conpri si ng: (a) between 5
and 95 wt % | upri gk leRginba% ®f Blalm @ﬁ@/iﬁ@{@ﬂmém‘éﬁéyis&@ﬁgat woeTcEh&tweba
| ubri cati ng base oil de froma waxy feed has a viscosity index greater

made
than 150; (b) up'das B38hconventional petrol eum derived bright stock
having a viscosity index greater than 120; (c) between 5 and 12 wt % | ower

ash DI additige pgaskageatiransll ¢fchlaimes whidhds aBAE W6\WH-40 sisesitl yradedex | nprover
which is a honb- or co-polynmer or derivative thereof of nunber average

nol ecul ar wei ght -of 1 . A I its; wherein the
| ubricating ofl Hﬁg I@Q@?t&r&é? &gdé)ﬁls%@gﬁe@h% l%@%ﬁ%g? \gégﬁglésgurand 16. 3

cSt and a5 col d crpainkretgcisgmakatod blendoopiohgntat - 200C | ess t han 8000 cP. 14.
The lubricating oil of claim13, wherein the lubricating base oil made from

a waxy feed is,Fi - Tt oDs. ' LD i b LG 19l f claim
13, wherein t?‘%’ |@§m§g.'%3'ﬁgfs%% T/’Qﬁrr%%mhreo‘ﬂng; #\%/gé;'/sclﬁég%ﬁgéb?%ss t han
0. 06 wt % aronat i aerivekb. The lubricating oil of claim 13, wherein the

| ubricating base oil made froma waxy feed has greater than 10 w %

nol ecul es withyc [ il sad |l 70l ecul es with
nonocycl opar a ?'i ﬁlﬂ?q@ﬁﬁgﬂ'ﬁ%ﬁgﬁ {'I%/m]tc% a‘é@ﬁéé%lpe@%rﬁwg%*ﬁr%é oparaffinic
functionality greegdusing 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 Il base oil.

13. A lubricating oil, comprising:

(a) between 5-and 95 wt% 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 wt% unconventional petroleum derived bright stock
having a viscosity index greater than 120;

(c) between 5 and 12 wt% lower ash DI additive package; and

20 (d) less than 0.2 wt% viscosity index improver which is a homo- or
co-polymer or derivative thereof of number average molecular
weight of about 15000 to 1 million 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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than 20. 17. The lubricating oil of claim13, wherein the lubricating base
oil made froma waxy feed is a blend of two or nore |ubricating base oils

havi ng diwbenermo2dosnemati c vi scosities at 100 degrees CPCIAIS2006{02386BSS tO
make a lubricating oil, conprising: (a) selecting a lubricating base oil,

made froma waxy feed, having: i . greater than 10 wt % nol ecules with

cycl opar af fi niig, foine fubaegingt ¥il ofl dlaimal 3; @heeimtheTobieiihgsage dihmade

nmonocycl oparaffinic functionality, to nmolecules with nulticycloparaffinic
functionality grz'éﬁ”é? "‘ﬁ’f&ﬁeefé‘,s F%BG%H})PB&#&HV&S- the |ubricating base oil
with: i. a lower ash D additive package; ii. less than 0.2 wm % viscosity
i ndex i npr oved5whiiheHubricaéindp oifrof claim t3) whekgimére labrickding\bate vit ntader eof  of

nunber average ul ar i ght 0 bout 150 o) mllion-atom c nass
uni ts; wherein tﬁ‘ﬁ%ﬁy"\'%ﬁ%@?ﬁ l?é%@gﬁgos%‘ﬁégreognaéicﬁ' by ASTM D 874-00 of
1.0 weight percent or less and a cold cranking sinulator viscosity at -200C
| ess t hanb 90006.cPTha fubritatingmilad eksém d8, wherein the lubsiceting beserel mate i cati ng oi |

has a sulfated a T 4- : ' r 20. The
process of clai msftlbé’f?%v‘\'ﬁ%y%% r?%segrfg%gﬂhggtﬁ?ﬁ%twgg%gcg!%? @?yg ?t‘aﬁ@?ty i ndex
greater than an doocivhalitplbodkatidotyolebdesyilamanocydibparaffiBicx Ln( Ki nemati c

Vi scosi ty at 10000 g O 12 biealBE WA RS oRbafdfiilthiodie) Gbbiet e

| ubri cati ng base oi
than 20.

10 17. The lubricating 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 lubricating oil, comprising:
(a) selecting a lubricating base oil, made from a waxy feed, having:

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

i. aratio of molecules with monocycloparaffinic functionality
to molecules with multicycloparaffinic functionality greater
than 20; and

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

ii. lessthan 0.2 wi% viscosity index improver which is a
homo- or co-polymer or derivative thereof of number
average molecular weight of about 15000 to 1 million -

25 atomic mass units;
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0.06 Wm % aromatics. 22. The process of claim 18, including the additional

step of addi ng an unconventional petrol eum derived or a Fischer-Tropsch

derived bwogbha7/®e@sk having a viscosity index greater tram/ubs2@etessshe

| ubricating base oil. 23. The process of claim 18, wherein the lubricating

oil has a cold cranking sinmulator viscosity at -200C | ess than 7000 cP.
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.

19. The process of claim 18, wherein the lubricating oil has a sulfated ash by
5 ASTM D 874-00 of 0.15 weight percent or less.

20. The process of claim 18, wherein the lubricating base oil has a viscosity
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 oil 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 lubricating oil has a cold cranking
simulator viscosity at -20°C less than 7000 cP..
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