-1 - LUBRI CANT COWPOSI TI ONS W TH | MPROVED PROPERTI ES FI ELD OF
THE |1 NVENTI ON [ 0001] This invention relates to |ubricant conpositions.
More particularly, this invention relates to |ubricant conpositions
having reduced friction coefficient, inproved viscosity index and

i nproved sol vency. BACKGROUND OF THE I'NVENTI ON [ 0002] I npr ovi ng
frictional properties in lubricant conposition has been an objective

of the industry, yERICANTTCORIMERTIONS WiTHASESROVED PROTSFEEIEShE
power required to effect novenent and where the novenent is an

i ntegral [t 0 ersion system it is nost desirable to
of oot 1 JEH R A R o o o Y e e frret on. By

mnimzi nﬁ) friction in a_ lubricant system fuel econony and enert%y
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ef fi ci enclPOALE ndRisinyafionmelates orubisennt cempositions. phere padigulagly,

pronote syuch friction:r I I I ! [l SYSILEIE.
0003] Fr 1 PO iy EHEA MR oPloREishi AP R et Bt o S e
used in epmgprovediiscodrymtiat b impiovedtoloendydi fiers know in the art
i ncl ude glycerol nono-, di- and tri-ol eate and m xtures thereof,

ol eyl am de, ethoxyl ated am nes such as Duoneen(r) TDO, al kyl

di t hi ocar BAGK@ROUNWDYOE&HIFNVENTIINI t hi ocar bamat es, tri nucl ear

or ganonol ybdenum conpounds. [0004] Friction nodifiers are not

comonl y to inprove.the viscosity.index (VI) of a.lubricant.
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of al kyl mqnirtdte<xffect abdueimemetandcwhtratths, movgpoéntnsran aftegral part of an

al kyl met hacryl ates with Nviny]pyrrolidone or dijethylam noal kyl

met hacr y| GCEEY GERYCIFPRf EEThoIt YRSt sesieilly tarfilsst Zm@ﬁ'@nmzhnmw
active r . € yd. j - he. fln d
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anhydr i defupbkyorns, padendrgaeiffcicndy reahsohtdbsl. aRdcion ArklifAad habe been
| i ke. These materials function by increasing the viscosity of the
base oi | yedpopromaetasery meie-wdupingpreparpes it lubdeant Gesems. | ow
tenperatures VI inprovers are a well-known separate class of
additives than the friction nodifiers Mst, if not all engine

| ubri cant[09Q8POSFHLSNS mdHiBedsOarBUlall-RAoWh tifl tBetdit Yhd 'ai’@'b@f*f@ﬁtg{ a8l in
friction nodifiers. [0005]In the prior art, many friction nodifier
addi t i vesergineeoib&eamuatipnss tigittimndnodifiers know in the art include glycerol mono-,

di- and tri-oleate and mixtures thereof, oleylamide, ethoxylated amines such as

Duomeen® TDO, alkyl dithiocarbamates, molybdenum dialkyldithiocarbamates,

trinuclear organomolybdenum compounds.

[6004] Friction modifiers are not commonly known to improve the viscosity
index (VI) of a lubricant. Generally, VI improvers are olefin polymers such as
polyisobutylene, ethylene propylene copolymers, hydrogenated polymers and
copolymers and terpolymers of styrene with isoprene and/or butadiene, polymers of
alkyl acrylates or alkyl methacrylates, copolymers of alkylmethacrylates with N-
vinylpyrrolidone or dimethylaminoalkyl methacrylate, post grafted polymers of
ethylene-propylene with an active monomer such as maleic anhydride which may

be further reacted with an alcohol or an alkylene polyamine, styrene-maleic



used. For exanple, US 4,839,068 is directed to polyesters in |ubricant
conpositions that act as friction reducers, viscosity inprovers and
filmformng enhancers. The | ubricant conposition conprises m neral
oil and at |east one pol ysucci nate ester wherein the succinate group
contain al kyl or al kenyl substituents-2f0006]U.S. 4,683,069 rel ates
to lubricant oil conpositions exhibiting inproved fuel economy which
contain 0.05 to 0.2 wt% of a glycerol partial ester of a Cl6-Cl18
fatty aci RMYdride polunesinshmyackagmithyelocohqls epfl pmineg apd thgdike; s These

directed t i 8 i1 ] t. ... NRE.QV [hcti di f.yi )
properti esr?nla r?HP Lsnc? P{cl)%lgﬁgfl 1&%}}4%211& &%ew%%%' cogntiw %%ﬁ ?ﬂ\?ggp oggﬁ%aﬂlglg gnore
di mer est et FaH tBRlp¥esies thad af il Steaipeiangds.f Vo s ardfa Fellkmown
di al kyl dithi ophosphoric acids and 5-norbonene- 2, 3-di carboxylic

anhydr i de.scpeRospiEss @d5aRibdvdssthan ribe tlgdtion modifiesat Miestoifl not all engine

conposi tigns .exhi biting.good fri.cti gnal characteri.stics, wher he.
Compoi t1 g, Ferbnodifitn oams: Eaimata BHR BEReNT® fmpiiyernangqSction
hi ndered egbgerand di carboxylic acid esters. - 3 - [0009] EP 0815186

is directed to polyol ester conpositions, which exhibit |ower friction
coefficient when conpared to conventional synthetic esters, having

unconver t e@0dy|dr okythe Priowag, malP HHRSRLERICE BedifT¥ANSRSbdeR subdstéPad
oil formulation technol ogy, there renains a need for an additive that

will ef fecisedel yFereduempitie US | 4.83%9A6& oisf fdisctedt tof polyestbssdy Iubricant
: EBH g:m :qo?ﬁl;gosﬁgo%stthgp %cl:tl is %r’fafo%"Ped\déer"é‘,”%s%&.'it‘ﬁreHﬁ roivgrssz%{cfj film-forming
enhancers. The lubricant composition comprises mineral oil and at least one
polysuccinate ester wherein the succinate group contain alkyl or alkenyl

substituents.

[0006] U.S. 4,683,069 relates to lubricant oil compositions exhibiting improved
fuel economy which contain 0.05 to 0.2 wt% of a glycerol partial ester of a C4-Cyg
fatty acid as the fuel economy additive.

[0007] U.S. 4,707,301 is directed to lubricant additives that improve friction
modifying properties in functional fluids. The lubricant additives comprise dimer
ester and polyester materials derived from adducts of O, O — dialkyl

dithiophosphoric acids and 5-norbornene-2,3-dicarboxylic anhydride.

[0008] EP 0259808 is directed to lubricating oil compositions exhibiting good
frictional characteristics, where the composition comprises a mineral oil and

polyester, which includes hindered esters and dicarboxylic acid esters.

Pare



SUMVARY OF THE | NVENTI ON [ 0011] I n accordance with a first aspect of
the invention, there is provided additives useful for reducing the
friction coefficient in lubricant conpositions. In a further aspect
of- the invention, there is provided additives useful for inproving
the VI in lubricant conpositions. In_gtill another aspect of the
invention, there is provided additives useful for inproving the

sol vency of lubricant conpositions. [0012] 1 n another aspect of the

i nvent i on[000BEr eB'PSO{{lril‘%iSdeiractbdlbdE@@Bks&@@@@?béﬁi@ﬁsﬁﬁﬁfbﬁieﬂhm bher
additives_of the present invention having a reduced friction

coef fi ci efitctionmgpeffiséeny) when romppaeddics slonseional 0fyr8)atichestetshj baving
and advan%agpse_f %ﬂfogrfsent invention will becone apparent fromthe
detail ed esEW]%?? Pra EPEPT-ows . [0014] 1t has now been found that

| ubricating conpositions conprising a major anount of at |east one
base oi | n fectiye apmpount of hi gh vjscosiiy. po] yester
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i mproving properties in lubricant systens. “- 4 - DETAIL

DESCRI PTI @hbased 16hritants andhadditomgdlysintproves VE anpsolsengy imesanly lubticams. of
base oil. A wide range of lubricating base oils is known in the art.
Lubricating base oils that are useful in the present invention are

synt het i CS@. i;ggwwﬁﬁ@’ﬁ@%ﬂﬁi‘bw' | s of lubricating viscosity,

typical | tic viscosity at 100C in the
range of 2 to 100 nmm2/s, preferably 2 to 50 mm2/s, nore preferably
about 4 to 25 mmR/s. [0016] Goups I, II, I1l, 1V and V are broad

cat egor i d9031] pabr aseerdrRacey @ik 8pldgt aspect of the invention, there is provided

additives useful for reducing the friction coefficient in lubricant compositions. In a
further aspect of the invention, there is provided additives useful for improving the
VI in lubricant compositions. In still another aspect of the invention, there is

provided additives useful for improving the solvency of lubricant compositions.

[0012] In another aspect of the invention, there is provided a lubricant
composition containing the additives of the present invention having a reduced

friction coefficient, improved VI and improved solvency.

[0013] Other objects and advantages of the present invention will become

apparent from the detailed description that follows.

[0014] It has now been found that lubricating compositions comprising a major
amount of at least one base oil and an effective amount of a high viscosity polyester
additive having a kinematic viscosity at 100°C of at least about 2,500 mm%/s
provide friction reducing properties and VI and solvency improving properties in

lubricant systems.



and defined by the Anerican PetroleumlInstitute (APl Publication
1509; www. APl .org) to create guidelines for |ubricant base oils.

G oup | base stocks generally have a viscosity index of between about
80 to 120 and contain greater than about 0.03% sul fur and/or |ess
than about 90% saturates. Goup || base stocks generally have a
viscosity index of between about 80 td*4120, and contain |ess than or
equal to about 0.03% sul fur and greater than or equal to about 90%
sat ur ates. / ’f o ks generally have a viscosity index of
greater t et arre—cont ai n | ess than or equal to about 0.03%
sul fur and greater than about 90% saturates. G oup |V base stocks

I ncl ude pol yal phaol efins (PAO). G oup V base stocks include base

st ocks not[001f]l udad)ridanecomp%ﬁmhs/coxibﬁsé alxhagM Agicuablo€ baserall | Zewide
properties of h of .these five oups {30017 Tabl e, A: Base Stock
Propert i esran%a?ﬁfl&?@@@t% bsE oY 4 é% P¥Y ip ABe rrtc buprigatingdbasa mils ghat are

>0. 03% and, 289 ﬁnﬂle<i)?é%eﬁ ?ﬁkpenltlon>§r%(y%ﬁ1%eti<co oqg’ Ogn"%in unconventional oils of

lubricating viscosity, typically those oils having a kinematic viscosity at 100°C in

the range of 2 to 100 mm2/s, preferably 2 to 50 mm2/s, more preferably about 4 to
25 mm2/s.

[0016]  Groups L, II, III, IV and V are broad categories of base stocks developed
and defined by the American Petroleum Institute (API Publication 1509;
www.APLorg) to create guidelines for lubricant base oils. Group I base stocks
generally have a viscosity index of between about 80 to 120 and contain greater
than about 0.03% sulfur and/or less than about 90% saturates. Group II base stocks
generally have a viscosity index of between about 80 to 120, and contain less than
or equal to about 0.03% sulfur and greater than or equal to about 90% saturates.
Group III base stocks generally have a viscosity index of greater than about 120
and contain less than or equal to about 0.03% sulfur and greater than about 90%
saturates. Group IV base stocks include polyalphaolefins (PAO). Group V base
stocks include base stocks not included in Groups I-IV. The following table

summarizes properties of each of these five groups.

[0017]
Table A: Base Stock Properties

Saturates Sulfur Viscosity Index
Group I <90% and/or >0.03% and >80 and <120
Group i >90% and <0.03% and >80 and <120
Group IIT >90% and <0.03% and >120
Group IV Polyalphaolefins (PAO)
Group [V All other base stocks not included in Groups I, II, IIl or IV

."’"‘".



>80 and <120 Goup Il >90% and <0.03% and >120 G oup |V

Pol yal phaol efins (PAO Goup IV All other base stocks not included in
Goups I, I'l, Ill or IV - 5 - [0018] Synthetic oils include

hydr ocarbon oils as well as non hydrocarbon oils. Synthetic oils can
be derived from processes such as cheri_cal conbination (for exanple,
pol ynmeri zation, oligonerization, condensation, alkylation, acylation,
etc.), where materials consisting of smaller, sinpler nolecular
species are built up (i.e., synthesized) into materials consisting of

| ar ger, nore con‘gl ex nol ecul ar sBeci es. Synthetic oils include ]
hydr ocar bBW18] | s Synestigilsdnglude hydepcarbgniailseaspbel) ae nbr diyduceflionsoils.

(pol ybuty yRr l,enes ropyl ene isobutylene gopol.vners,
eyl ene. STarTe BbRDBY SR TR, A8hr HlosREts BRb e R eO Joryrar LT for
exanpl e) . e8] oA BEERIcH! OSikgonidBaBeAR a et &lari
hydr ocar b%r?Qg?llJ By way olf exa% e,r S%Os dg??idggﬁﬁ’o?hl%#{%io}%@gfg?’
Cl4 ol ef i ¢ts.)pwhetiexaieeiglst ¢rersisting rdysmiadler tsihplee dnolSadal s ScicRatre bkt up

Nos. 4,956, 122: 4,827, 064, and.éi, 827,073, iCh are hereiri
i ncor por at'€d wﬂ?e@;zgﬁ}mep materials consisting of larger, more complex molecular

species.  Synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (polybutylenes, polypropylenes, propylene isobutylene
( copolymers, ethylene-olefin copolymers, and ethylene-alphaolefin copolymers, for

example).

[0019] PAO base stocks are commonly used as synthetic hydrocarbon oil. By
way of example, PAOs derived from Cy, Cyq, Cjz, Ci4 olefins or mixtures thereof

may be utilized. See U.S. Patents Nos. 4,956,122; 4,827,064; and 4,827,073, which

are herein incorporated by reference,

[0020]  The number average molecular weights of the PAQOs, which are known
materials and generally available on a major commercial scale from suppliers such
as ExxonMobil Chemical Company, Chevron Phillips Chemical Company, BP, and
others, typically vary in viscosity from about 250 to about 3,000 mm?¥s (100°C),
although PAO’s may be made in viscosities up to about 100 mm?s (100°C). The
PAOQOs are typically comprised of relatively low molecular weight hydrogenated
polymers or oligomers of alphaolefins which include, but are not limited to, C, to
about Cj, alphaolefins with the Cg to about C;¢ alphaolefins, such as l-octene,
1-decene, 1-dodecene and the like, being preferred. The preferred polyalphaolefins
are poly-1-octene, poly-1-decene and poly-1-dodecene and mixtures thereof and
mixed olefin-derived polyolefins. However, the dimers of higher olefins in the
range of Cy4 to Cj3 may be used to provide low viscosity basestocks of acceptably

low volatility. Depending on the viscosity grade and the starting oligomer, the



[ 0020] The nunber average nol ecul ar wei ghts of the PAGCs, which are
known materials and generally available on a major conmmercial scale
fromsuppliers such as ExxonMbil Chem cal Conpany, Chevron Phillips
Chem cal Conpany, BP, and others, typically vary in viscosity from
about 250 to about 3,000 mm2/s (100C), although PAO s nay be made in
viscosities up to about 100 nmmR/s (100@3. The PAGCs are typically
conprised of relatively |ow nol ecul ar wei ght hydrogenated pol yners or

ol i goners al phaol efi ns whi ¢ch i.nclude, but are t limted , C2
Lo Shout  CAOSBRAde SrefiEmilinfy e 0y DivnriscebHa piSPids. S
as 1- oct enginot-HEGRRE ngl; hgadil } e
preferredqggFéalphaolggﬁﬁgqgggﬁpgkg-i-%k?%%gg%EgFg??ghgé ee5£2' Ch
pon-I-dodnnéhe and m xtures thereof and m xed ol efi n-derived

pol yol efins. However, the dinmers of higher olefins in the range of
Cl4 to C18 may be used to provide | ow viscosity basestocks of

accept abl y % bl : I . i i . t
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ol i goners, having a viscosity rangg of 1.5 to 12 m®/s. [0021] The
PAO f | ui dscapalystpeinglydingsi &t lejamnlie dlpminem paichienideabpros driflypride or

al phaol efin_in the presence of..a I rizatjaon catalyst such as the

Fri edel - G AFHACTE off SEPE TRUPAF xBth aferEnhelS sHER detanol. propanol or

trichlori dttadd &bbkIld 4Qé df cOfors SN BX8ThyPhclNEOs &thif Bwbx%w&h
wat er, al cohol s such "as ethanol, propanol of butanol, carboxylic

aci ds or esampic thecmethodetdiselosad dyatl . dratet iNd.  gyldf 1i8atel).S=dratent No.
exanpl e t ds di scl osed U. Patent. No, 4,149, 17 us .

oatont - No L3528 Sy e orSRnizail aiie Cher- O aipfions Hep KD syntliesis
descripti i WA owl . S
Nos. 5 74305 S MR BV TGN 8IS, REkAL D! 3942000 2RI,
4, 413, 156;4,2391330,40847,358 UM BH 536, 4,9504 02 4,9 H0)85 7, 4)885, 187, anahs 068,487,

herein incorporated by reference. The dinmers of the Cl4 to C18

ol ef i ns arghigh$es NpEE insorpasatepiyerpenpce. 4 The glimers, off thg oy to Cig olefins
Unconvent i : N d r nore of a m xture of base
st ock(s) Jgg?%gﬁggggﬁpgﬁgﬁg%ﬁﬁﬁgé£%§§3§§-Liquids (GTL) materials. GIL
base oil conprise base stock(s) obtained froma GIL process via one

or nore synthesis, conbination, transformation, rearrangenent, and/or
degr adat i dRO¥Hc ondneamentienal rhsse stooks daslyde eseProaptsonf eombdire ofbase

Fi sener - T Sash R St RuSier R S R T AT\ Roeles L base oil
CONpr i si NGomptisstBase stfcktdd AMIn&D ok GBETLYproeads! Via RRVEF bl kPntheWs'

boiling materials by hydroisonerisation and/ or dewaxing. The process
i s descri bethbifasione xaansfemationl. réarrfmement s andpB 4B gettian dd&;ondBuGing,
and suitable catalysts in U.S. Pat. No. 4,568, 663 ch, of . whj | S

i ncor por atpéacﬁérfg? SRPOPIET ERIEAR contaIng C?‘W@Er%g@gl%t@@kéig bi‘s@
char act er ig&d <t ¥oi &led hen Wy i ' bl 0

From about S sray < o A5l PRORLOPRRBUE (KET SRS prBkest fiin o
to about S@ntiwRigas omnpripngfaeniinyg dof tHranal©Otis Satblytio®lls cororeafed wd 1BPer

mR2/s. Th %TL base_sto%k %gglor ot her, hydr odewaxed, or )
hydr oi sorrgw g/ aaterialsy byohyarpisorpivalien oRe(oH faWAsIRSHas el her GuRESSy 1S

used typi j4n e t Qv i jAN | G Vi5CQsist i es,in
the r angecc%% érg%égﬂtfag.&éa%nﬁ% gH tU d§7FM§g,’ %@f@rzagﬁga%gﬂéﬁA%%%@%ﬂg
about 7 mudtgystevin €US! efaer Bl Vi, 5683663, dedeh "OR AhidlP i iRcoipErateddhierb®0 Gy
Ref erence herein to kinematic viscosity refers to a nmeasurenent nadé
by ASTM neefesence445. [0024] GIL base stocks and base oils derived
from GIL base stocks which can be used as base stock conponents of
this invention are further characterized typically as having pour



viscosity index of 130 or greater. References herein to viscosity

i ndex refer to ASTM net hod D2270. GIL base stock(s) having a

ki nematic viscosity of at |east about 3 MmRls at 100C and a viscosity
i ndex of at |east about 130 provide good results. [0026]1n addition,
the GIL base stock(s) are typically hirghly paraffinic (>90%
saturates), and may contain m xtures of nonocycl oparaffins and

mul ticycloparaffins in conbination with non-cyclic isoparaffins. The
ratio of [08e3haplETiertae (stotk(s) Gire! cHavdcdériden) tEAHIENtas | RavikE Nkinematic
conmbi nations varies wth the catal yst and tenperaturezused. Furt her,
GTL base ¥iserakiiesaidl YiSe obifram @ppuiclmm -k doeabpat YOI mm b ipiefierabiyd from

Tor & Lypi S8 A BRL $0 AR, BeRtpre Ry oot 3iSonBRiL Hhaut
sul fur angh pickYQ I8 GPNIEE sebk g{s{opaﬁfer ﬁ&&%@ﬁhxaﬂ%mglafbyimﬁa Rd/cat

hydr oi soneri zati on/ i sodewaxi ng F-T material, especi F-T wax Is
essenti al (oy solvent] Gepaked nvax plesied riade estdudds)mesed, titpieall$Tin bhs eresent
stock(s) conptises paraffinic mageri,als that consi st predom nantly, of
on-oycl | EVPRim RS FHEma Grtgites o the e Woubgel Bpe/ata J s
These GT Yypi [ Rl riakb

consi st éﬂfiﬁeﬁiﬁ?éﬁﬁ{fﬁi#f%épmd%zﬁﬁ&?{% BEr ARt B be A Sl R §
great er tiar/s& MOYCnARefeytict hetcddo pakifehiafia, visoosity REfRELIAD meagire kel
t han 85 vvt%non;qc&cl iC iso%araffi ns, and nost preferably greater than
90 it % noReesRY AS [Mepethad D44S. based on total GIL base stock
conposition. [0028] Useful conpositions of GIL base stock(s) are
recited in U S. Patent Nos. 6,080,301; 6,090,989, and 6, 165,949 for

exanpl e, [0b24h aGgIhbdselsfodkeeatNRAERbRE dlvedefiBMEBTE. base sfbcks WP &M
each conponent in the nmixture has been subjected to a different final

wax procesxsupef wschaseqsieck componnastsi ofithis ainventiorpare foftherhehdrasterizad .
0030] The_b il, of th t, | i | i t

[ east | ondYBEATY 35 dePinedoeain ey boue s cc Btsekpferdby odtipig o

base st oqk{e), m&ie ﬁ@ﬁ&aay?&%ﬁﬁ)lstopa& 53R B HER e Jgf?e?éﬂdﬂ@ aadéJﬁY !-féoed%re

aromati c conpounds. Exanples of al kylated aromatit compounds i nclu
but are rowet,iandt wdler sonmel éorldiit@d map hbbe bhdvasagaods poly esirs of abielt -as

di- or trj. esters. [0031] The preferred base stocks or base Qils
derived 40 Qgﬁewﬁﬁt‘&rﬂi‘ éﬁﬁ%ﬁgﬁa&)rd?omﬁscﬂ%%w%@d@ %Pﬁt YRaF Edewes:

char act or Tesnant pprkbe AERklly e COIPRALE bRR(T IS bl f those

| ow-t 0- nilavitig pegepointnof tabon +308CooMhigkes, Mottrasle Avaentiod by higher,
water-white in color. [0032] A preferred GIL base stock is one
conpri si ABoLsaprafarally Aoyt - 6%y BbRigherp Sirdereacesnheipincte pow rointeraferoto

dnchi ,
and e preRmiigR e Akt R BT ER Rt Gl et nge of

recurring nethyl ene carbons which are four or nore carbons renoved
froman end group or branch (Cl12 > 4), are such that: (a) BI-0.5(CH2
> 4) >15:[002&] ( bTh®aGAL &8s SleRkes) 4lerivad fmgn EHs unadrialscespsaiatly teysleo-

2%2? ;ét an egv%;ar I%f %&g{pgéc@gglg,z%g}ca‘l? ?(;Sreso?\}e% kde%ar:]{e eSYI‘lHJE:%iQ %Irax, especially F-
T material derived base stock(s) are also characterized typically as having viscosity
indices of 30 or greater, preferably 100 or greater, and more preferably 120 or
greater. Additionally, in certain particular instances, the viscosity index of these
base stocks may be preferably 130 or greater, more preferably 135 or greater, and
even more preferably 140 or greater. For example, GTL base stock(s) that derive

from GTL materials preferably F-T materials especially F-T wax generally have a



as having less than 0.1 wt % aromati ¢ hydrocarbons, |ess than 20 wppm
ni trogen contai ni ng conpounds, |ess than 20 wppm sul fur cont ai ni ng
conpounds, a pour point of less than -18C, preferably |ess than -30C,
a preferred Bl > 25.4 and (CH2 > 4) < 22.5. They have a nom nal
boiling point of 370C, on average they average fewer than 10 hexyl or
| onger branches per 100 carbon atons -@hd on average have nore than 16
nmet hyl branches per 100 carbon atons. They al so can be characterized

by a combi nation of dynam c viscosity, as nmeasured by CCS at - - 10
-7 40C, and§OriRe ARdexc 0130 gy grpaten s Referenpesgherein Bowiscepbe isex agafesyto

or of or 1 od O naed o 11270 S8 BN Rl P e A RBEmaliP S B st
of branche@opes aih?/Hat A06r@chErd #i8cbsith ihBdk of heldasPabrRNBoRRSEdRidood
contains at |east 90% of a m xture of branched paraffins, wherein

sai d brandB®dtsparaffins are paraffins having a carbon chain | ength of
about C20 to about C40, a nol ecul ar wei ght of about 280 to about 562,
a boiling range of about 650F to about 1050F, and wherein said

branched pagzfifi ' 0 Y. : o

free car bgn ﬁdegﬁo@g@d I:L]Ill)(?g}rplff:L h%%lsggg?%pfjiérr\g %@%ﬁggg{jp %ﬁ%&j?& g> S0%
[ 0035] | n stheatet)o\amdt eayBreanizin myixturde xofl BlgnocBelapaiaifivg Rndxinmticyclo-
(CH2 > 4), a g Free rban Index (FCl) are dfterm' ned as follows: .
Br anchi ng plal'”?tril RS HBFBPIANEE §Vi n%gy&_glq_;sg]aqrgﬁqgn Nosrragigenithe paphthenic

obt ai ned a C usi 0 50l UL i
a3 Tl PRBRIafh hlen M SR CTRIlng Tnfld WU Y LhRA bl
gi ves a peakpdramat esedat Firtkd, GAL bapetddks aatd dagbbis 6gfcalidetve very low

quantitative conditions using 90 degree pulse (10.9 tts), a pul se
del ay ti mSuB¥r ajgt Bitrogan santest, gen¢rallk contpipang lave thaptabonb hg epm, Apd mayen

spin-latti o ' ' sgans to.ensu 00d.

si gnal -t o-tﬁglci@ lr%gﬁ_ﬂgg‘hb%gg?%@ %ﬁ %@m&%eﬁ&%ﬂg&?u@a SBL@B?%‘?HBT%BH

the fol | owbA@nt 80IGITIS badd Sobk(d) PBAIIMAN P BRNEY BBisBhREBA:S (sbBSaxing of

6.2-4.0 ppm hydrogens on ol efinic carbon atons; 4.0-2.1 ppm benzy%l c

hydr ogens Fal matenial, gppstiallpk-Tovarissssentially nijs; 2. 1-1.4 ppm paraffinic
CH net hi ne hydrogens; 1.4-1.05 ppm paraffinic CH2 met hyl ene

hydr ogens;

[0027} In a prefetred embodiment, the GTL base stock(s) comprises paraffinic

materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTL base stock(s) typically comprise paraffinic
materials that consist of greater than 60 wt% non-cyclic isoparaffins, preferably
greater than 80 wt% non-cyclic isoparaffins, more preferably greater than 85 wt%
non-cyclic isoparaffins, and most preferably greater than 90 wt% non-cyclic

isoparaffins based on total GTL base stock composition.

[0028]  Useful compositions of GTL base stock(s) are recited in U.S. Patent Nos.
6,080,301; 6,090,989, and 6,165,949 for example, which are herein incorporated by

reference.

[0029]  In the present invention, mixtures of base stock(s), mixtures of the GTL

base stock(s), or mixtures thereof, preferably mixtures of GTL base stock(s)

RN



-11- 1.05-0.5 ppmparaffinic CH3 nethyl hydrogens. [0038] The
branching index (Bl) is calculated as the ratio in percent of non-
benzylic nmethyl hydrogens in the range of 0.5 to 1.05 ppm to the
tetal nonbenzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm
Branching Proximty (CH2 > 4) [0039] A 90.5 M#z3CMR singl e pul se and
135 Distortionl ess Enhancenent by Pol arization Transfer (DEPT) NWR
spectra are obtained on a Brucker 360 MHzAMX spectroneter using 10%
sol ut i onspigviddadash coMponent iahé AiiiRehaChHRN seiBleckilithla it FRS! wax
CDCL3 solvent gives a triplet located at 77.23 ppmin the 13C

spect r um prcEsssigigcknigue sEnsostiute all er piot of thedasmdidr quantitative
condi tions using 45 degree pulses (6.3 j.is), a pulse delay tinme of
60 s, which is at least five tines the |ongest carbon spin-lattice
rel axatio [ : . ' : i
200 scans e bns s a6 S e P I idr S o piierS. S4B e e,
decoupl i nbaseftotk0] Geherallyatcorbasy posck(BareCB2oumIY Bhbeas@ck@Gynt Chitage
fromthe 135 DEPT 13C NMR experinent. A major CH2 resonance in all
13C NMR sPeekehthat Gapnbe dised dnelyde aliiwated tomate compguads. hyixamples of

car bons i re . or [ fr n_en £ or. bran
(Gp o 2y MR Skl coMRERRAS TRERey L 20 ek JRHPd vl e
the 13C chghiigaéneshinttpolfadiers heechBtdiyér €Rkebefs. at the end of the
branch or the nethyl ene carbon one renoved fromthe nmethyl on the

brar(‘rch. [0041] Free Carbon Index (FCl). The FCl is expressed in units
of carbon d is a asure of the nunber of.carbons.ih an .

i sopar af f ﬁ’ﬁ’ 3?E at LFE? é’fffnfgléfsa gasea‘ito?l_@ég ,?aage 8’:!& g?)rh‘ée%f : %Go\ﬂ; é]ﬂ#?fh%lf and/or
carbon anglofh GRAKPIBEIMEY EKRRRERI0Rs ﬁQ@ihg ;Prg@élﬂ_ fﬂaﬂﬂ]y:té!?a?aﬁ‘lﬁ'ic”b&ﬁ 08~
met hyl or branch” carbon as "one" the carbodns in the | are the Tifth

or - 12 tiomprawtare fgdhdyonherdctainedias heving Igh sitglatesdieaels, lbertv-mabulfur,
met hyl or from.? branch, net hane carbon. These car%ons appﬁar .bet ween
29. 9" ppm QNGB BIFREER; PR D A BRI oS3 2ah R GSs Rty aater- Whitg ik epled as
follows: a. calculate the average carbon nunber of the nolecules in
the sanple which is acconplished with sufficient accuracy for

| ubri catifie@3z) | repesferadd G Daspkyockiiyictie n@nipgrising pecdlial Meirghirbad
the sanple oil by 14 (the fornula weight of CH2); b. divide the total
car bon- 13FRRAGAE ingwaich Hiwapstert of biappkingy anmeaswsd s sheppercentage of

f .1 Q. i the int I
aver age. SALAON NAIBER.T (91 SheMne pidh) A benl S HealiER P ine
percentage of recurring methylene carbons which are four or more carbons
removed from an end group or branch (CH, > 4), are such that; (a) BI-0.5(CH, > 4)

>15; and (b) BI+0.85 (CH, > 4) <45 as measured over said base stock.

[0033] The preferred GTL base stock can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and (CH,
> 4) <22.5. They have a nominal boiling point of 370°C", on average they average
fewer than 10 hexyl or longer branches per 100 carbon atoms and on average have
more than 16 methyl branches per 100 carbon atoms. They also can be

characterized by a combination of dynamic viscosity, as measured by CCS at -



c. nmeasure the area between 29.9 ppmand 29.6 ppmin the sanple; and
d. divide by the integral area per carbon fromstep b. to obtain FCl .
[ 0042] Branching neasurenents can be perfornmed using any Fourier
Transform NVR spectroneter. Preferably, the nmeasurenents are
performed using a spectroneter having a nagnet of 7.0T or greater. In
al| cases, after verification by Massi®pectronetry, UV or an NVR
survey that aromatic carbons were absent, the spectral w dth was

limted to the saturated carbqon region, abo -80 ppmyvs, T
(tetramet h‘iﬂt Ep |aaﬁi<}ne%%}mﬂsa?§tyeﬁs Pse-aé'afegé’F 3@9?0 599%@!5?5 by b formule:
chl or of or @Q]ﬂam@ei:x&@g QQKRYaﬁﬁ)dﬂg?[‘?@ﬁ) pul ses followed by a 0.8 sec
acquisition tine. order ' to mnintze non-uniformintensity data,

t he proton decoupler was gated off during a 10 sec delay prior to the

excitation pul se and on during acquisition. Total experinent tines
ranged fr di#034) soThe prpfesed ﬁ?ﬂi ospilip @lsprharesterizad @s campsisingra mbgure

! 3 oy e Seviat
descr bed (EhEhegpFafing RarSRaloe iR B ksl oo B oty g
to prot oNSHOYPENT 2 M iahRWef BrascHeBOopsrafitsy wHeFEE 3@ 1AV dChh@fthsChid

up and CH2 180 degrees out of phase (down). APT is Attached Proton
Test. |t adrafiiiss dlavingaebeatbon shhia kaeth obaboutf CaHtm o @HE 4ara mulecular

t hen quaternarjes ,an are d . .Ihe sequenges ar eful int
every by antheh oL A0 o SR 2 i B aner AG Seenuang “Frie hertnyisd®h,
are cl earlyg inf d } ok 4 1F i :
properti es%gfﬁlzé;giﬁ ésfi gﬂ&%cgﬁﬁ%%%?%&#gﬁn %9q%9 ?@Fﬁbﬁ ﬁlgfl%ét e Werein
assunpt i orthe firet verboalicddxat ff waid btanahed freeaffing iis & lsasnpbeut X

i soparaffinic. Corrections are not nmade for n-paraffins or
cycl oparaffins, which may be present in the oil sanples in varying

anounts. T ycl i i r 3 i

oni 2at i o RRge. JARREAbLETE BRlhine RRESH BRHARPRLY G 2

| ow or zeramdsirkd Qartandniéo SPED raus deemii@nd as idiRfgs: i s a novenent anong

original equi prent manufacturers and oil fornulators to produce

formul ated oils of ever increasingly reduced sul fated ash, phosphorus

and sul f urBraoehinpindex meet ever increasingly restrictive

environmental regulations. Such oils, known as |ow SAPS oils, would

rely on the use of base oils which thenselves, inherent%\y, are of |ow
Yth

or zero i PPPE  st13Gr83EH hdt prluH o NOMRspaetrumsig Rbisin amrukaBols
b i | i & i tives, Even.if t ddi 1
nda ¢ ves 2 RECCOURAARERS bl 0% \biEas M EEPEL ' JMSOR e Fuctha

phosphor usshizhcal 8Bift tdfi@ntor ODEL, eBlverbEvERh ipeak dbdatedVad 7.2 A1PWBScLARr
| ow SAPS oils as conpared to lubricating oil$ fornmul ated usi ng

convent i orfai obfairedainder Quisaitetive oekditionsOfxitd 90 degRaRHfeofId ps)ed puildes
for vehiclge, en inesn%)oth spar k i%git d and conpression ignited) wll
have a sul %R WBRAN0 8 Which §i of ast fie times dhe lengsst bydragen,spin-laiice,
nore pref . 9 Q. 4 %.0r | ess, an
ash cont eﬁ%ﬁg%tyolﬁéé\?wm% rgﬁ? ggg ?caﬁl rgleaﬁ %?ﬁ%?%g%(ﬁgké%lo b0 r&%ee/?sagl? “or e
preferably 0.4 wt% or |ess, and a phosphorus content of 0.18% or

| ess, preferably 0.1 wt%or |less, nore preferably 0,09 wt % or |ess,
nost pref dPBly” detpmspesrare égﬁpedamord?\ng:@rthaf PWHZARE®SS: even
preferably 0.05 wt%or less. - 14 - [0046] The additives used in the
present inventi orP. 21662 hpmhhydregersionyargobyesngs;s. They typical ly have
a kinematic vi scgé#tdry at ]}8rOC of at |l east about 2,500 mM®/s,
preferably at ~4hBo by d5pgr Py Alelingg gathpn 3fomsie additives is in

t he range of abouf 5250- t 300, as asur.ed by ASTM
D2270. [0047] The kg pelbepBie .ﬁ%&?%n%?gf!%%%ﬁgw TPrERT AN EnEY
viscosity pol yest®l9.4 ppm paraffinic CH methine hydrogens;

1.4-1.05 ppm paraffinic CH, methylene hydrogens;

~—
1 i



*having chem cal structure 1I. Ri COOR2 - COOR2 - where RL = CB -
C20 R2 = Cg n =3 1to 14 [0048] For a nolecul ar weight range between
2,000 and 6,000 and when R2 is Cg (2-ethylhexyl) and RL is C4 to Cl12
(el efin part) or a four to twelve carbon nunber chain, n will range
from4 to 14. [0049] Preferably, the hjijgh viscosity poI yesters are
co-pol ymers of al pha-ol efins and al pha beta unsaturated 1,4

di carboxylic acid esters. Preferably, the alkyl group of the esters

is 2 ethyl -hexyl 1,081@.5Rp Bafa@Bnibi Mbﬁﬁ@ﬁ arxs P yesters enployed in
the present invention are comercially avai e from Al m Nobel under

t he tradename Kefienl ube 23000.
[0038] The branching index (BI) is calculated as the ratio in percent of non-

benzylic methyl hydrogens in the range of 0.5 to 1.05 ppm, to the total non-
benzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm.

Branching Proximity (CH, > 4)

[0039] A 90.5 MHZz’CMR single pulse and 135 Distortionless Enhancement by
( Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360
MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal
chemical shift reference. CDCLj solvent gives a triplet located at 77.23 ppm in the
3¢ spectrum. All single pulse spectra are obtained under quantitative conditions
using 45 degree pulses (6.3 pus), a pulse delay time of 60 s, which is at least five
times the longest carbon spin-lattice relaxation time (T)), to ensure complete
relaxation of the sample, 200 scans to ensure good signal-to-noise ratios, and

WALTZ-16 proton decoupling.

[0040] The C atom types CHs, CH,, and CH are identified from the 135 DEPT
3¢ NMR experiment. A major CH, resonance in all *C NMR spectra at =~29.8
ppm is due to equivalent recuiring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are
determined based primarily on the "*C chemical shifts for the methy] carbon at the
end of the branch or the methylene carbon one removed from the methyl on the

branch.

[0041] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and
is a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain, Counting the

terminal methyl or branch carbon as "one" the carbons in the FCI are the fifth or



- 15 - [0050] The additives used in the present invention generally
have an average nol ecul ar wei ght ranging from about 10,000 to about
20,000, preferably fromabout 12,000 to about 18,200, nore preferably
about 15,000. [0051] Formul ated | ubri cant conpositions conprise a

m xture of a base stock and/or a base oil and at |east one
performance additive. Usually, the bad2-stock is a single oil secured
froma single crude source and subjected to a single processing
schenme and neeting a p rtlc | ar s eCIfI ation. Base oils nprlse at

| east one YS! SRS |y SuRlght ichaln Bminadrmethyl rS’F branch
i nvention e Q i

bl ends of %[?ﬁla?lscgﬁﬁ?lf sﬂaé ot Rgfr% %‘g&%?bg{d’%n 2;Ii-ghn%/ ﬁgggejgz? ?Hlsﬁgﬁhe
as PACs. Marbopi®Epecttuny, Thévyeateaseasatddasablo®dl base oils. [0052] The
| ubri cant conpositions of the present invention conprise a ngjor
amount of at | east one base oil and an effective armunt of a hi gh

t h t t t.
{he. maj of BoRyanam AV ket b Gufloet SEMe RORpHE B B safbS yhicieT
i's present i BocyFRuMvithanglidient 4Rt %'Ltluﬁﬁcé&i 2811 afhild by Sinthly %
e.g., fromabout 85 wt.%to about 95 % based on the total weight

of the conpodividiog th@moéﬁchmwwgllta}fﬁhmsamplt oildbynkbfthe foratuls meiglit ol

Vi scosity po fter additive is present in amounts ranging from about
1 wm.%to about?10 wt.% preferably ranging from2 wt.%to about 7
w. % of the I it yes
of the pr e@eg%@‘ﬁﬁﬂ\l/]g rﬁﬁag%&gng?/ 18 gﬁé rall‘ér%rt(%%%?h’gét? ?%gn&var%ﬁ SO‘ﬁgglrﬁ}! the
addi ti ves sueterage carbgibdembor fiomhster artb abedie thedintegealmréd patdaction in the
nodi fier additive. [0053] The additives of the present invention can
be used in, BAPot linited to, both straight grade and mul tigrade
Lubri cati ng measdrg&ﬁw%faa bORRch Y OBER 87214 i 30 the¥afiffle: an
(conpression ignition) engines, ral gas glnes |ne engi nes,
aut omat i ¢ dandividbrathetintpedliassi gorearboRritaia sthpes € obtagi PE, gear boxes
and other industrial lubricants fornulated with highly saturated base
oils. - 16 - [0054] The lubricating conposition of the present

cuch s PR b Yol oot Saf b PRIFGBUG R AR ABDGR DiFFREm

anti - wear NEIH tipeeiroior OXi PaRrably! Uk nttakirek@h a?@gp&%‘élﬁ?éaﬁ%ﬁrg a
[ 0055] Di spersants useful in this irnvention are borate

non- bor at e?@e@ii‘@m@igeha‘dogtaammgnﬂg of griploon glsaatemaf.[n alleasds|, afet wirifecatiahtlsy,

i car boxy VS SERHOTE: DAY Pbae N sl reitis BrRicd e horcu R e i
r eaCt i on afeRBlINRlE] 4§ hﬁﬁ%d totRe QAtﬁifdtcflﬁ%qr @-? aBBhYd- %ﬂgﬂ}n‘? %’.' TMS
ene poly as

succi ni c anhydride wth an al koxy or a am ne su

tetraet hyl(mmpmh)dmﬂane) Todutiosadfets-Ab qmﬁcraabyswcagnttﬁi chlbsoformidl @wdre
anount froma g 0 5.0 wt{ o.pased on dispersants. D spersants
are used gf'éﬁg? V)f“si egrRBUPISCY Fllavasoby ad)-8 see 2amsition dimeoslpasder ton

the total ﬁ’l‘ﬁl’lrgl&te Rn-bdiPorkH B{tér&"i‘tty' &Qa,othla p?&gg%%ﬁpq& was gated off during a

10 sec delay prior to the excitation pulse and on during acquisition. Total

experiment times ranged from 11-80 minutes. The DEPT and APT sequences were
carried out according to literature descriptions with minor deviations described in

the Varian or Bruker operating manuals.

[0043] DEPT is Distortionless Enhancement by Polarization Transfer. DEPT

does not show quaternaries. The DEPT 45 sequence gives a signal for all carbons



[ 0056% Det ergents useful in the fornulations include the normal, basic
of overbased netal, that is calcium nagnesiumand the like, salts of
petrol eum napht heni ¢ acids, petrol eum sul fonic acids, alkyl benzene
sul foni c acids, alkyl phenols, allcylene bis-phenols, oil soluble
fatty acids. The preferred detergentgsare the normal or overbased

cal cium or magnesi um sal i cyl ates, earboxyl ates, sul fonates and or
phenates. Detergents are used generally in amunts from about 0.5 to

about 25 Mﬁr?@eﬂ%%r@fo%%e@@lb’y 9brs%mttsﬂ}caﬁbo§lsto%ﬁbmﬁmﬁm hhas et ey

the total weight of the lubricating oil conposition. [0057] Exanpl es
of sui t abCH; ampt arekCHa i8¢ dagredsiond ef phagh@Eiowts, AREhs Adtah&l Bioton Test.

tert- but |, 4, 4- nethyl ene bi 6- di -t ert - but yl phenol ) .
2. 6 i - o PG pirbond G PY sRe 316 1 Flband Sthetrs s Sifareatienenet
| kyl at : i i ' i

Ant ) oxi dan oy SR ne seafbais ARTee BleRY L Al el ooy 4

about 3 wdrdspsdtingrCHhand dieametieylghire @leatlyeideutified &y tlgergichl shift and
conpositiaon. [0058] Anti -wear agent sq%eneral | yar eoi | - sol ubl ezi nc

di hydr ocr:]al?ltﬁﬁF'diT}Fﬁ PGB POPCRES| gTB&h Jagipde age @ﬁtegmi@ﬂ By &ﬂ%l&m
i - o pal . i ,
o oaent i She, AL 09 oL ShROAROY: SR b Senchl S i WBphRite.

W % basedCemedtiinglare\diobd@fortdgark sl ralyb RPaiffing QPREOS Haﬁz%l- present in
e

[ 0059] Conventional viscosity index ETVI) inprovers that can al'so b
useg i n dbdiol smples by vanyirgoaowrisi direwiycloperadling gontentsisgséasyred using

pol yest er_.0 his.. nyentipn, are t fin polyners such as
pol ybut er@?{deﬁoﬁ%agﬂa- B AC 'ﬁ%s‘“*é?BBZﬁJ%ﬁs, hydr ogenat ed pol ymers and
copolynmers and teipolynmers of styrene with isoprene and/or butadi ene,

pol ymers of al kyl acrylates or al kyl methacryl ates, copol yners of
al kyl net H8044] at 63 Lwbase btock(sy largwf rlowi dioreroosulflirnatchphesphonal éortent.

met hacryl gte, .post grafted pol yperg of, et hyl ene-propylene with an
active noﬂ?ﬁ‘?%ﬂsp 3 mi’geagenﬁém&ns %‘m@j m&wrm% EPRTHERCIWETS it pid fosmpilatory
wi th an 0 : ] t - ' n '

pol yror s SdapSie T ALEHEE ARr 1RTEATely KGR S oy DA
addi ti vesandrsulfus ednient asrgnset svér praabiogly feshidiveah@itonhenid Yedwar@son

total weight of the lubricating oil composition. The anmpunts al so.
depend onSucheCidfodinosi @5 JeWsPAY Sspidsi wowdttiebhen thoowse] o basei oifs which

modi 11 er %héljﬂ?élvgs?%ﬁ%r%ﬁtl:p,eal%sc%d loivxrr1 ok r}ierso 'inr}%‘lglngl.'llﬁ{]r é:n%ﬁci)ssp?xorus content.
Such oils when used as base oils can be formulated with additives. Ewven if the
additive or additives included in the formulation contain sulfur and/or phosphorus
the resulting formulated lubricating oils will be lower or low SAPS oils as

compared to lubricating oils formulated using conventional mineral oil base stocks.

[0045] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wi% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wi% or less, an
ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably 0.4 wt%
or less, and a phosphorus content of 0.18% or less, preferably 0.1 wi% or less, more
preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and in certain

instances, even preferably 0.05 wt% or less.



nol ybdenum di t hi ocar banmat es. Exanpl es of nol ybdenum di t hi ocar bamat es
include C6 - C18 diallcyl or diaryldithiocarbamates, or

al l cyl aryl di t hi ocar bamat es such as di butyl, dianyl,

di anyl -di - (2-et hyl hexyl ), dilauryl, dioleyl and dicycl ohexyl

di t hi ocarbamate. The anount of nol ybdenum dit hi ocarbamate(s) present
inthe oil, ranges fromabout 0.05 tol4bout 1 w % based on tot al

wei ght of - 18 - lubricating oil conposition. The nol ybdenum cont ent
can range from about 20 to about 500 ppm nost preferably from about
50 to about 120 ppm [0061] Defoamants, typically silicone conpounds
such as po ket } .al: ) I
o b e e R e
such as defdysiybicatly;havswakingmtie vaswosityt atof00°MesRataldakittabeas 2 500hnminée,

is less than ll\lﬁm%gnd of ten Ig@s than 0.2 wt % based on total weight
of | ubri caftefgallymbdeast about 3.608mmHe Idecbrhiheasrditivesels iarthe apnge of

commer ci al d hakl i n I otk are usual ly
not added %Br?gg%gf?lggﬁ’tlﬁ ?f%%@pgpé&p%dgégﬁgﬁseuﬁ?ﬁ?é%&ﬁe%ml ch can be
obtained fromsuppliers of lubricant oil additives. Additive packages

with a vari et%/ of ingredients, proportions and characteristics are
avai | abl e [#Ad7ke| Ebe poditiyes vsas mpbe poeseat mvpnidemars high [viscakidy phlyesters

requisite e of t ultimate conposition into account. [0063]1n
prepari ng Illij%éng %P{}g%lrﬁtm g’ﬁf)i‘si tions of the present invention, the
additives of the present invention and, optionally, other additives
are added to and m xed with a bas i ke up a substantially
honbgeneous m xture. Preferably, is a GIL base oil

[ 0064] The following non-limting e provided to illustrate
the invention. Exanple 1 [0065] | ubri cant conpositions
were formul ated and eval uated for educi ng properties using
a GIL base oil. The GIL base oil d Ki nematic viscosity at
100C of about 3.6 mmR2/s. The additive®dS%d Wds a high viscosity

pol yester, Ketjenlube 23000, having a kinematic viscosity at 100C of

where R; =Cg—-CQ_0
R2= Cg
n=3to 14 I

[0048] For a molecular weight range between 2,000 and 6,000 and when R; is
Cs (2-ethylhexyl) and R, is C4 to Cy, (olefin part) or a four to twelve carbon number

chain, n will range from 4 to 14.

[0049]  Preferably, the high viscosity polyesters are co-polymers of alpha-olefins
and alpha, beta unsaturated 1,4 dicarboxylic acid esters. Preferably, the alkyl group
of the esters is 2 ethyl-hexyl. The preferred high viscosity polyesters employed in
the present invention are commercially available from Akzo Nobel under the

tradename Ketjenlube 23000,

-



- 19 - about 3,000 mR/s. Ketjenl ube 23000 was conpared wth
comercially available additives at varying treat rates: |ndopol

H 1500, a pol yi sobutylene (PIB) VI inprover, and Perfad FM 3336, a
friction nodifier additive. Perfad FM 3336 has a ki nematic viscosity
at 100C of about 13 nmmR/s. Additionaliky, LZ 7720c, a pol yester known
to inprove VI was used to show that not all polyesters provide good
friction reducing properties. LZ 7720c has a kinematic viscosity at

100C of ﬁﬁQBDLE’OQth%ﬁve[sQ&@@]inTﬂH@ rEdefit HIRRNGOARTdnetEH LRSTRAGHES
using a H gh Frequency Reciprocating Rg (HFRR), Tonmercially
avai | abl embtegnlaPGgeighs trangipg tfsom ThmukiARRDG0e st abeth 86,0084 prefembish éom

| ubricity, or i|ity of uid to fect frictiqon between surfaces
inrelati %)@%31%89 o ahent @!M%@?OT‘?W&&;‘@E{YO?@U&&%Q%QH ed in

determning lubricity are friction coefficient, filmthickness and
scar average. The test nethod used was based on a nodification of
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nodifier. As a result, the friction coefficient was relatively high

ranging from0.15 - 0.22. Suprisjngly, using Ketjenlube 23000, at .the
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based on the total weight of the composition. By effective amount, it is meant that
the high viscosity polyester additive is present in amounts ranging from about 1
wt.% to about 10 wt.%, preferably ranging from 2 wt.% to about 7 wt.%, of the
total lubricant composition. Optionally, the additives of the present invention may
be used in combination with other additives such as molybdenum dithiocarbamate,

a known friction modifier additive.

[06053] The additives of the present invention can be used in, but not limited to,
both straight grade and multigrade Iubricating oil formulations for both gasoline
and diesel (compression ignition) engines, natural gas engines, turbine engines,
automatic and manual transmissions, marine diesel engines, gear boxes and other

industrial lubricants formulated with highly saturated base oils.



Fluid 8 Fl
23000 0 2.

| uid 10 GIL 3.6, wt % 100.0 98.0 95.0 90.0 Ketj enl ube

9 FI
0 10.0 KV @40C, m®/s

ui d
0 5.
-16 -

[0054]  The lubricating composition of the present invention may be formulated
with one or more additional additives such as ashless dispersants, normal or
overbased metal detergent(s), anti-wear additive, antioxidants, rust inhibitors, and

defoamants.

[0055] Dispersants useful in this invention are borated and non-borated
nitrogen-containing compounds that are oil soluble salts, amides, imides and esters
made from high molecular weight mono and di-carboxylic acids and various
amines. Preferred dispersants are the reaction of polyolefins (C, - Cs olefins), such
as polyisobutenyl succinic anhydride with an alkoxy or alkylene polyamine such as
tetraethylenepentamine. The borated dispersants contain boron in an amount from
about 0.5 to 5.0 wi% based on dispersants. Dispersants are used generally in
amounts from about 0.5 to about 10 wt% based on the total weight of the

lubricating oil composition.

[0056] Detergents useful in the formulations include the normal, basic or
overbased metal, that is calcium, magnesium and the like, saits of petroleum
naphthenic acids, petroleum sulfonic acids, alkyl benzene sulfonic acids, alkyl
phenols, alkylene bis-phenols, oil soluble fatty acids. The preferred detergents are
the normal or overbased calcium or magnesium salicylates, carboxylates, sulfonates
and or phenates. Detergents are used generally in amounts from about 0.5 to about
25 wt% more preferably from about 0.6 to about 6 wt% based on the total weight of

the lubricating oil composition,

[0057] Examples of suitable antioxidants are hindered phenols, such as 2,6-di-
tert-butylphenol, 4,4'- methylene bis (2,6-di-tert-butylphenol) 2,6-di-tert-butyl-p-
cresol and the like, amine antioxidants such as alkylated naphthylamines, alkylated

diphenylamines and the like. Antioxidants are used generally in amounts from
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about 0.01 to about 3 wi% based on the total weight of the lubricating oil

composition.

[0058] Anti-wear agents generally are oil-soluble zine
dihydrocarbyldithiophosphates having at least a total of 5 carbon atom, the alkyl
group being preferably C, - Cq. They are typically present in amounts of from about
0.01 to 5 wt%, preferably 0.4 to 1.5 wt% based on total weight of the lubricating oil

composition.

[0059] Conventional viscosity index (VI) improvers that can also be used in
addition to or in combination with the high viscosity polyester of this invention, are
the olefin polymers such as polybutene, ethylene-propylene
copolymers,hydrogenated polymers and copolymers and terpolymers of styrene
with isoprene and/or butadiene, polymers of alkyl acrylates or alkyl methacrylates,
copolymers of alkylmethacrylates with N-vinyl pyrrolidone or dimethylaminoalkyl
methacrylate, post grafted polymers of ethylene-propylene with an active monomer
such as maleic anhydride which may be further reacted with an alcohol or an
alkylene polyamine, styrene-maleic anhydride polymers post-reacted with alcohols
and amines and the like. These additives are used in amounts from about 1.5 to
about 15 wi% based on total weight of the lubricating oil composition. The

amounts also depend on the desired viscosity specifications.

[0060] Friction modifiers that can also be used in this invention comprise
molybdenum dithiocarbamates. Examples of molybdenum dithiocarbamates
include C4 - Cyg dialkyl or diaryldithiocarbamates, or alkylaryldithiocarbamates
such as dibutyl, diamyl, diamyl-di-(2-ethylhexyl}, dilauryl, dioleyl and
dicyclohexyl dithiocarbamate. The amount of molybdenum dithiocarbamate(s)

present in the oil, ranges from about 0.05 to about 1 wi% based on total weight of



Exanple 3 [0069] Table 3 illustrates the solvency properties, as
measured by the aniline point, of the high viscosity polyester-GIL

bl ends as conpared with those of PIB-GIL bl ends. Solvency is neasured
by the aniline point as nmeasured according to ASTM D611, which is

i ncorporated herein by reference. Lower aniline point translates to
better solvency. As shown in Table 3,18P E i ncreased the aniline point
of the m xture, whereas Ketjenlube 23000 did not. The aniline point
of the lubricant conposition remained relatively constan{ wth
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[0061] Defoamants, typically silicone compounds such as polydimethylsiloxane
polymers are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of
these additives combined is less than 1 wt% and often less than 0.2 wt% based on

total weight of lubricating composition.

[0062] The foregoing additives are all commercially available materials. Indeed,
these additives are usually not added independently but are precombined in
packages which can be obtained from suppliers of lubricant oil additives. Additive
packages with a variety of ingredients, proportions and characteristics are available
and selection of the appropriate package will take the requisite use of the ultimate

composition into account.

[0063] In preparing the lubricant compositions of the present invention, the
additives of the present invention and, optionally, other additives are added to and
mixed with a base oil to make up a substantially homogeneous mixture. Preferably,
the base oil is a GTL base oil.

[0064] The following non-limiting examples are provided to illustrate the

invention.

Example 1
[0065] A series of lubricant compositions were formulated and evaluated for

friction reducing properties using a GTL base 0il. The GTL base oil used had a
kinematic viscosity at 100°C of about 3.6 mm?¥s. The additive used was a high

viscosity polyester, Ketjenlube 23000, having a kinematic viscosity at 100°C of

=
: ]
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about 3,000 mm?s. Ketjenlube 23000 was compared with commercially available
additives at varying treat rates: Indopol H-1500, a polyisobutylene (PIB) VI
improver, and Perfad FM 3336, a friction modifier additive. Perfad FM 3336 has a
kinematic viscosity at 100°C of about 13 mm?%s. Additionally, LZ 7720c, a
polyester known to improve VI was used to show that not all polyesters provide
good friction reducing properties. LZ 7720c has a kinematic viscosity at 100°C of

about 500 mm?s.

[0066] The friction coefficient was measured using a High Frequency
Reciprocating Rig (HFRR), commercially available from PCS Instruments. The
HERR test method measures the lubricity, or ability of a fluid to affect friction
between surfaces in relative motion under a load. The factors considered in
determining lubricity are friction coefficient, film thickness and scar average. The
test method used was based on a modification of ASTM D6079. ASTM D6079 is
incorporated herein by reference. The modified test method used is as follows. A
2-mL test specimen of fuel was placed in the test reservoir of an HFRR. The
temperature of the specimen was increased from 30°C to 160°C at a rate of
2°C/minute. When the specimen temperature was stabilized at 160°C, a vibrator
arm holding a non-rotating steel ball and loaded with 400-g mass was lowered until
it contacted a test disk completely submerged in the specimen. The ball was caused

to rub against the disk with a 1-mm stroke at a frequency of 60Hz for 75 minutes.

[0067] As can be seen from Table 1, treating the GTL base oil with Indopol H-
1500, a VI improver, at a treat rate of 2 wt.%, did not form much of a film. This
shows that Indopol H-1500 does not behave as a friction modifier. As a result, the
friction coefficient was relatively high ranging from 0.15 - 0.22. Suprisingly, using
Ketjenlube 23000, at the same treat rate, provided the base oil with a very low
friction coefficient ranging from 0.028 - 0.059. Compared to a known friction

modifier additive, Perfad FM 3336, at a treat rate of 2 wt.%, Ketjenlube 23000 gave
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similar film thickness but lower friction coefficient. Ketjenlube 23000 provided

excellent film thickness and lower friction coefficient when blended with a GTL

base oil.
Table 1

Fluid 1 Flaid 2 Fluid 3 Fluid 4 Fluid 5
GTL 3.6, wt% 98.0 98.0 98.0 98.0 90.0
Ketjenlube 23000, 2.0 10.0
wit%
Indopol H-1500, wi% 2.0
Perfad FM 3336, wt% 2.0
LZ 7720¢c, wi% 2.0

Friction Friction Friction Friction Frietion

Coefficient ' ient | Coefficient

HFRR

Temperature, °C

60 0.059 0.153 0.071 0.098
70 0.051 0.168 0.072 0.095
80 0.053 0.172 0.07% 0.071
90 0.048 0.180 0.079 0.055
100 0.042 0.200 0.075 0.044
110 0.031 0.227 0.069 0.037
120 0.028 0.208 0.046 0.040
130 0.029 0.223 0.048 0.033
140 0.025 0.210 0.046 0.036
150 0.040 0.203 0.043 0.032
160

Average film% 76.4 52 74.4 34.9 712
Average Scar, pm 239 429 138 329 257

e
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-+22 - [0070] The additives of the present invention not only provide
a lubricant conposition with a reduced friction coefficient and

i mproved viscosity index but the additives al so advant ageously

i nprove the solvency of | ubricant conpgﬁttions.

Example 2
[0068] As can be seen in Table 2, the VI of the lubricant composition

significantly improved with the additive treat rate. The VI was calculated from
the kinematic viscosity (KV) at 40°C and 100°C using ASTM D 2270, which is

herein incorporated by reference.

Table 2
Fluid 7 | Fluid 8 | Flaid 9 | Fluid 10
GTL 3.6, wt% 100.0 | 98.0 | 95.0 90.0
- Ketjenlube 23000 0 2.0 5.0 10.0
( KV @ 40°C, mm%s | 14.68 | 15.87 | 17.88 | 220.0
KV @ 100°C,mm*s | 3.65 | 3.92 | 434 5.19
VI 138 148 159 179

Example 3
[0069] Table 3 illustrates the solvency properties, as measured by the aniline

point, of the high viscosity polyester-GTL blends as compared with those of
PIB-GTL blends. Solvency is measured by the aniline point as measured
according to ASTM D611, which is incorporated herein by reference. Lower
aniline point translates to better solvency. As shown in Table 3, PIB increased
the aniline point of the mixture, whereas Ketjenlube 23000 did not. The aniline
{ point of the lubricant composition remained relatively constant with increased

Ketjenlube 23000 treat rate. However, the aniline point increased with increased

PIB treat rate.
Table 3
Fluid | Fluid | Fluid | Fluid | Fluid | Fluid | Fluid
11 12 13 14 15 16 17

GTL 3.6, wi% 100 98.0 08.0 95.0 95.0 90,0 | 90.0
Indopol H-1500, wt% 0 2.0 0 5.0 0 10.0 0
Ketjenlube 23000, wt% 0 0 2.0 0 5.0 0 10.0
Aniline Point, °C 1192 § 1203 | 1193 | 1214 | 1194 | 12451 1197




[0071] 1t will thus be seen that the objects set forth above, anong

t hose apparent in the preceding description, are efficiently attained
and, since certain changes may be nade in carrying out the present

i nvention without departing fromthe spirit and scope of the
invention, it is intended that all matter contained in the above
description and shown in the acconpanyiLpg-drawi ng be interpreted as
illustrative and not in a limting sense. [0072]1t is al so understood
that the following clains are intended to cover all of the generic
and speci fi c[002@]t ur Eke akiditives iofvihntpresenh énwintiod ese rarie hravidead lubricant
statenents of the, scope of the jnvention, which as a matter of,

| anguage, ni GEEPOSEIaViIhpgefaged frichpr sesifieient and improvedwincosity wdex hul

one base of | andoniESn AR ctRplRERI 2 PlpRARGHRF , BORAALy Con” luinfat

hi gh vi scosidammelteest er additive is a co-polynmer of alpha-olefins
and al pha, beta unsaturated 1,4 dicarboxylic acid esters having an
aver age nol ecul ar wei ght rangi ng from about 10,000 to about 20, 000
and havi ng Lhe ic.viscosity at, 100 C,.of at | t .about 2,50
e/ o sa'd WHATET i G WG Pe kel Al e ohiBtiae JAGR o8 PoRTRBRUOE
w %to abou&\/\pﬁl&ﬂ‘!"ﬁn WeOhrek8ink Uedbrit AT AR éffféibntt)lgzattaﬁlﬁ SRR dePlin
of claiml1, erein the conposition conprises abobut 50 wt. "% to about
99 wt. % of cmngesamaldasmadadnbmswying but tha. présemt dovgrdmint withow!f deplasting
2, wherein said at |l.east one b Qil is a GIL base oil 4. The |
conposi ti on ?méﬁ%ﬁ?ﬁlﬁ ang AR %s § /Y RbLONLdh & 1 e Saat allj maiter conpripsd
base oil. 5,4k Skibi; | &l e R £
sai d high viscos??y po yééé@?ag%3?€¥%§{H%?ﬁ%gépﬁgﬂé i C vF%%%%?@%EE%ﬁ
100 C. of atasliasttatizbant ndt G089 limilagsensé. The conposition of claims5,
wherein said esters contain 2-ethyl hexyl as an al kyl group. 7. A

met hod for inproving frictional properties in a |ubricant conposition

conpri sing Lg Q- i L4 i.sing.at | east o base oi
2 oh v 2o 8707 oft it 2 FRERERIAR RO RIS R Hts o RS 47 SRSt
W. % to abodt thkOgeperic %ndl spdafid Bdathres UTRRS iihvedfionIR8inNd&RtiBed and all
pol yester additive is a co-polyner of al pha-olefins and al pha, beta

unsat ur at ed statamgnts &f itlassaope cddhelinasnizens winsh aga makien efitaniguaga, sught ey

at 100 C. of 2 m n and an average nol ecul ar wei ght rangi ng
f r om about 1%}%%%%{151]%%%%?%5& 000.



8. The method of claim7, wherein the conposition conprises about 50
w. %to about 99 wt. % of said at | east one base oil. - 24 - 9.
The nethod of claim8, wherein said at | east one base oil is a GIL
base oil. 10. The nethod of claim8, wherein said at | east one base
oil is a PAO base oil. 11. The nethog of claim9 or 10, wherein said
hi gh viscosity polyester additive has A"ki nemati c viscosity at 100C.
of at |east about 3,000 mR/s 12. A nmethod of providing friction
reduci ng properties and viscosity index and sol vency i nproving
properti é®hatis alalmdaris:.cant system usi ng the conposition of claiml.

13. The nmethod of claim 11 wherein said esters contain 2-ethyl hexyl
as an al le' AYancBat composition comprising a major amount of at least one base oil and a high
viscosity polyester additive, wherein said high viscosity polyester additive is a
co-polymer of alpha-olefins and alpha, beta unsaturated 1,4 dicarboxylic acid esters
having an average molecular weight ranging from about 10,000 to about 20,000 and
having a kinematic viscosity at 100° C. of at least about 2,500 mm?/s, said additive being
present in an amount ranging from about 1 wt % to about 10 wt % of the total

COmpoSition.

2. The composition of claim 1, wherein the composition comprises about 50 wt. % to

about 99 wt. % of said at least one base oil.
3. The composition of claim 2, wherein said at least one base oil is a GTL base oil.
4. The composition of claim 2, wherein said at least one base oil is a PAO base oil.

5. The composition of any of claims 3, 4, and 2, wherein said high viscosity polyester

additive has a kinematic viscosity at 100° C. of at least about 3,000 mm?s.

6. The composition of claim 5, wherein said esters contain 2-ethylhexyl as an alkyl

group.

7. A method for improving frictional properties in a lubricant composition comprising
adding to the composition comprising at least one base oil a high viscosity polyester
additive in an amount ranging from about I wt. % to about 10 wt. % of the total
composition wherein said polyester additive is a co-polymer of alpha-olefins and alpha,
beta unsaturated 1,4 dicarboxylic acid esters having a kinematic viscosity at 100° C. of
2,500 mm?/s and an average molecular weight ranging from about 10,000 to about

20,000.

8. The method of claim 7, wherein the composition comprises about 50 wt. % to about

99 wt. % of said at least one base oil.
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9. The method of claim 8, wherein said at least one base oil is a GTL base oil.
10. The method of claim 8, wherein said at least one base oil is a PAQO base oil.

I1. The method of claim 9 or 10, wherein said high viscosity polyester additive has a

kinematic viscosity at 100° C. of at least about 3,000 mm?*/s.

12. A method of providing friction reducing properties and viscosity index and solvency

improving properties in a lubricant system using the composition of claim 1.

13. The method of claim 11 wherein said esters contain 2-ethylhexyl as an alkyl group.



