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present invention relates to |ubricant conpositions

whi ch exhibit certain performapce characteristics;
particularly a | ow H gh- Tenperature, H gh-Sheer
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Lubri cant conpositions are well known in the art.

Lubri cant conpositions HSCOSIY &RADEade up of base
oil and various additives. Lubricant conpositions nust
neet specific performance characteristics such as, but
not limted to, kinematic viscosity and

Hi gh- Tenperature, Hi gh-Shear viscosity nmeasurenent
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the SAE J300 Engine Ol Viscosity Cassification.
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Vi scosi 1 ¥ibri&dn d8mpsifoiRass 1l kaowh o iidart NamkRatt c%%ﬂf)ositions are

economy. The present invention provides a lubrican
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conprising base oiI" having a viscosity ex equa
15 or dependingront thein ed®0se. and a first pol yner having a

and o Uie KPOGE BLbiaruihetfutheconamy oLughisict ihe SR ealues of
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non-limti ng e e present 1 nvention

| ubsrnpesitiorsdnpmgi 1owenH THSMahies ierkibitambtoved fipdleyofny. For every
havi ng a ki negatic vi scositﬁ as defined later in the _
sp@éﬁ%‘ YissesityrCrade jagninagum EHS of thegybmcany compesitignis specified in

20 ShER"s Ak 3564 Extxé‘lmé Bge\)/(iséo%%/)Cl%g%laﬁ&g Therefore, a lubricant composition

that has an HTHS that is at or near the minimum required for the SAE Viscosity

Grade is expected to provide the best fuel economy.
The present invention provides a lubricant composition comprising base oil
having a viscosity index equal to or greater than 120 that exhibits an HTHS at or near
25  the minimum for its SAE Viscosity Grade. The present invention is a lubricant
composition comprising base oil having a viscosity index equal to or greater than 120
and a first polymer having a kinematic viscosity ratio less than or equal to 0.25 and a

shear stability index (SSI) equal to or greater than 20 percent.

30 SUMMARY OF THE INVENTION

In a non-limiting embodiment, the present invention is a lubricant composition
comprising: a first polymer having a kinematic viscosity as defined later in the

specification ratio less than or equal to 0.25 and a shear stability index (SSI) equal to




-2- or greater than 20 percent; and a base oil having a
viscosity index equal to or greater than 120. In

anot her non-limting enbodi nent, the present invention

is a lubricant conposition canprising: a polynmer

having a kinematic viscosity ratio |l ess than or 5 equa
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15 r ang@en@dl velheasy fatyinathe felowing speciHivgton sntbabimsdnay vary

therein. For exanple, a stated range of "1 to 10" . .
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incorporated in its entirtety. The follow ng terns Used
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one or . nore .basest ocks. : . "
cons1dere({ to inc uge any and all subranges between (and inclusive of) the minimum

value of 1 and the maximum value of 10; that is, all subranges beginning with a

25  minimum value of 1 or more and ending with a maximum value of 10 or less, €.g., 5.5
to 10. Any mentioning of a U.S. Patent or patent document or literature reference in
the following description also incorporates by reference that document herein and is
to be understood to be incorporated in its entirety.

The following terms used herein are defined below.

30 (A) base oil- mixtures of one or more basestocks.

(B) kinematic viscosity- temperature specific property measured according to ASTM

D445.
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(B) kinematic viscosity- tenperature specific property
nmeasured according to ASTM D445. -3- (O kinematic
viscosity ratio of a polymer- the kinematic viscosity
of the polynmer in solution at.450C (kvl50) divided by
the ki nematic viscosity of the polyner in solution at
f@ lﬁhé’rhm visddiey Rty BBA bl}/ﬂ?&‘i’l el 1@RenaticPi §RSFF I Fpolymer in
uting the V|3003|ty nodi'fi er concentrate in an
Gr salption 2bI196E (kelf0) alivided Hyathe kinemkti& viseosige of GCpolymer in
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cohererdingfq 4STH Wéﬁl abl e. Polymer Concentrate 1 is

comer c bl e .from.| nf.ine .S
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I nf sRuRMHRAUSR hépMdbn: walnds i ¥IRI0, oS RAd deckierntic viscosity
commercially avail able from Chevron  Corporation as

Paratioerod tBel polyniealsobitibnCofhenthree Py mee corRehtyates are commercially
Pol yne ncentrate Concentrate Co entrte in

SRRl 1 PP TGS CORIITEE: | 1> eI baEV R figph Infineum USA as
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et 5 Sy e ORI A8 b, o
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30.50 29 96 kvl 50 f!cSt] 4.65 12.44 11.65 kvl 50/ kvl Q0
0. EomyraftonpsPyratqng 8451.

Table 1
Component Polymer Polymer Polymer
Concentrate | Concentrate | Concentrate
in Solution 1 | in Solution 2 | in Solution 3
Polymer Concentrate 1 24.4
Polymer Concentrate 2 23.0
Polymer Concentrate 3 27.0
API Group I 75.6 77.0 73.0
solvent neutral 100 basestock
Performance
kv100 [cSt] 30.48 30.50 29.96
kv150 [cSt] 4.65 12.44 11.65
kv150/kv100 0.15 0.41 0.39

15




-4- (D) CCS at -30C [cp]- neasured according to ASTM
D5293. (E) HTHS at 150C [cp]- neasured according to
ASTM D4741. (F) Shear Stability |Index- determ ned
according to ASTM D6278. TE = 14Ln(2) In kvpol ymer +WL
(G thickening efficiency- ¢ 2 kvoa 5 where ¢ is w%
po{myrer cdsxitpgd)mb] 'Tnélishﬁed'aécdﬂh%@@o AfS TV @5199@,)”1"elr

sol ution, and kv(oil) is QO of the oil. kv is
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£ ol ho ShEE SRR A5 efrrming E%dﬁki'g &STRIRITR, Che

Arrerl can Petroleum Institute ) publication
"Engine O | Licensing ayl- C_a.w_yzmﬂs stent,
try.gervic artrmcntz Furtlagt Edi ti on,
e?(hl iﬁ&lgﬂ im 1, Decenber 1998." The present

Sinvention is a I ubri cant conposition conpri Si ng base

oil having a scosity index ranging of equal
gr eat er “OREF lf W 20 7RI VeF, |k|"’g%01§ﬁ'6?r i) 18 &1 Oyokthe POlymer solution,

ki [ ti 25
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gr eat er Viahiats 2@upesinit oilt Andbdiedlodlisiivd divehsSstIRGEiRE MWefinitions
of the invention, the base oil conprises a Goup |III
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or Bep&tméftaFoBtechBURIti61R DedBmblil 9@60Ah&éndﬁem D &BefibBO1998.
embodi nent of the invention, 20 the base oil ‘conprises

a G oupThQ/pmslﬁsn‘(ﬁnklon isna D@ncam compositiom corpiising hase oil having a

of t.he nve t he ba rises a
& R dsxdanie ot B i G iseeh en Baa @ ot bolymer having a
an
Tttt AL Ol
15 yetquahtt dregreatenthhn 20 perognt. enbodl ment of the invention,
t he base oil rises (xou |, . Goup I V.and Goup V
25ebase %IER%fm] gembedime ‘?éth@mé’ﬁﬁtéfg% ﬁlﬁhasgplltcﬁ@pnsesaGroup

' ngf’_ﬁé%e%ckt b?oxﬁalﬁatsgﬁgcﬂs%o@ﬂggrgﬁ%%an gfag &a? Lo %@Hérgght

process Focess i
C osaterates aad lssathagas eqadl t@’()lﬂ)erpeg)@ﬁesiﬂlﬁlr bﬂcﬁhm wasdusitl idex

! ogr%gtre; %hrz]iglorr] eggﬁ rtc()) (I:Za(g bﬁlnasnothi(r) ;or? i(lranqtrirll; eml?(-)rdl_lment of the invention,

20  the base oil comprises a Group IV basestock. In yet another non-limiting embodiment
of the invention, the base oil comprises a Group III basestock and a Group IV
basestock. In another non-limiting embodiment of the invention, the base oil
comprises Group IV and Group V basestocks. In yet another non-limiting
embodiment of the invention, the base oil comprises Group II, Group IV and Group V

25  basestocks.

In a non-limiting embodiment of the invention, the basestock is made using
gas-to-liquids (“GTL”) process. GTLisa refinery process used to convert natural gas
or other gaseous hydrocarbons into longer-chain hydrocarbons. For example, GTL
can be used to convert methane-rich gases into liquid fuels either via direct

30  conversion or via syngas as an intermediate using the Fischer Tropsch process. As is

well known in the art, isomerization catalyst can be used with GTL to make Group III

basestock.
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can be used to convert nethane-rich gases into liquid
fuels either via direct 30 conversion or via syngas as
an internedi ate using the Fischer Tropsch process. As
is well known in the art, isonmgrization catalyst can
be used wwth GIL to nake G oup Il basestock. 5-

Accor di Agcérdinge tis Brest idveuesy, it lubfiBat wﬂa%bsq%ﬂ comprises at
conposition conprises at | east one polynmer (a "first

polopsteane)pohangerig “firsk pelymet 1) having edéndmyaticatiscositessiotlésarthan or

ccfabT 0.5 3a a el Sk DR 60T faul hl ot B2 percent, for
eqeimple, ualb ¥R bRdate: MM BFOph&nt Sf‘éqtfall %@?%atéﬁ%%{jﬁ  percent.

greater than 45 percent. 5 1n a non-

of the Im¥eot-lionting érebddimsht gfthy inventtan)piie freSpalymer comprises a
m ni. mum of wei ght percent styrene. In yet another
nofFMIT{m Pﬁgwéfﬁé‘gﬁ?rﬁgﬁﬁt%fmethe i nvention, the first

pol ymer I ckeni | €l.enc T al, to ar
LYo 8 a8 SOIRERSY T B Fotrcr
t hathickehiny efficiendy (TE)@quéllte at efeatel 8an2. @ forlékahipléd equal to or
non-limting enbodli ment of the invention, suitable

f i greatepBlapred er equahtordr geeatertbam@B. bl ock copol yner
i.e., bl.ock | nd bl
GO S e -
( 1dorhprdeUOfirRfdl BloSl8Spol 1AM qf'.g., fre moéktcepélgrr?gﬁgo? 9?%dom block

atons, for exanple, from4 to 6 carbon at

f r copolyrhery I Theulosmalthlo@dcopobymadrices bh andda drofir @ncBnjugatd@ dienes
carbon ato or exanple,.8 or cagrbagn atons. In
R RO el e AP foF R 1o OrcaopiasiRs or () from
c . gy . . 1

con RS TR Ra e AT BRI AT T2 <6 Sme o, 8 or

1, Gubaeri atdingne, chl oroprene, isoprene and 1, 3- but adi ene,

with isoprene and 1,3- butadi ene being particularly
pr ef er r 842 ne-limitingerapodiment fdhs iystian, dhedredk eapelymer is made

Us I her. eyt : .
2 conflbaleh AR DS BRO Bt BeRIRIL A Sl 55 imetny
subgthutadieit, aliloroptdnesisofrehé ald € 3Wutadiers{with isopted and 1,3-
aromatics_include styrene, al pha-nethylstyrene,

or bwadigee bging pyitiewlerly peaferred Mikuses o femeh coningated dienes are useful.

nmet hyl st yr ene arna-.t.ertiary-bu tyrene. | .
non- | i ni% i s ABBaRHRE SaBoditt i Bk biRton i Ropkgppolymer s
bl Rale HOROVIH B BSstitded RAFmARids 08 aitaté vinyPEibdtitutdaroth@fics include
exanple, from2 or 3, polyner blocks of the vinyl
styrene, alpha-methylstyrene, ortho-methylstyrene, meta-methylstyrene, para-
methylstyrene, para-tertiary-butylstyrene.

In a non-limiting embodiment of the invention, the normal block copolymers
has a total of from 2 to 5, for example, from 2 or 3, polymer blocks of the vinyl
substituted aromatic and the conjugated diene with at least one polymer block of said
vinyl substituted aromatic and at least one polymer block of said conjugated diene
being present. The conjugated diene block is hydrogenated as more fully set forth
hereinbelow. The normal block copolymers can be linear block copolymers wherein a
substantially long sequence of one monomeric unit (Block I) is linked with another

substantially long sequence of a second (Block II), third (Block III), fourth (Block IV),

~or fifth (Block V) monomeric unit.
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substituted aromatic and the conjugated diene with at
| east one polynmer block of said vinyl substituted
aromatic and at | east one polynmer block of said

conj ugated di ene being presentg-The conjugated di ene
bl ock is hydrogenated as nore fully set forth

her ei nb&hefelloWiag Referthtestdiftdse Gaip4D1Y B3, o?§{rﬁé¥§ ahé aﬂe'H@?e%"y

bl ock copolgners wherein a 30 substanti
seHgernosated by referenpes s 5.42%7A5%; YBPH2R,768. i s Ilnked with

anot her ubst%\%(&l al l;/h gﬁ,syﬁsqfngp@%@%{qﬁ C%g%gtn%téBl ock
1), th ),
( Bb&fofynyers TP& Oﬂ’i% bt édﬁd)ﬁnt of @ngl-r%\%stfltg ej}qoa%rggticf B8R ¥ normal

di scl ose suitable copolymers are

i nblock ooplpaehys inethe range ef fiof B) géOent 5870 b&c&t‘b&ﬁvd@&, for
I n thi (}?‘o iment, the vinyl substituted aromatic
cofffaMie.gform Qspéfceebﬁe Unpsgeat by weight.Thuis; the aliphatis ganjugated

t h
\tl)l gﬁéhe éémér?t )ﬁrrg i ?x@ tWaP&%ﬁ%glo?% gcgrgérg 8#&1 % Cé)%r gfgl}e&seﬁtm the range of
70frpmr3119p$‘drcém o0 gbdcentibyrwe KaRr %xa.lﬁg@nfréﬁ 408fes&nt tot&) percent
60 percent by wei ght. Thus, the ali phati ¢ conj ugat ed

di Bhweibht ent (i.e., the tot aI di ene bl ock content) of

| 30 t 1
80 por CRt SETRE bt itk chBides can oh DA SRV egional
60mtio@s Whichbite WRAIKHown iR tHeBt. IBSCHInDS it re@dodﬁhﬂﬁ I5f the

copol yners can be prepared by conventi onal
whinygantigmg thm_qdpommm aterprefrageddyyt anidmic golyarerization usivgg, for example,

or SRk st B OB 4F it by OO iy polp e eatiompatalyst.
an aI kaqu coﬁﬁﬁ@cmh&%ﬁ?l@%?gﬂ lg)mck%%g?ll}me}’ N ?és@%\%@aab%% is

a pol ymeri zation catal yst conmer ci exa
nohrfmleuml S¢kd Ocwhioh ynehydregaetdrsthatt-sbprege bbck a%ailable from

d
st Eém@g 1@%‘3%;‘ g%lll ngl nglrgg?:}gh]e I nfineum U. S. A
W Pde”Trﬁ%o% HERG e o B DGONRET M inb P R et

f ocompmdsitions am derforratof a @6ndeatrieelak 1sk\ﬂ@l\l\/ﬁnd>\ﬂn ih@eaftt Concentrates
Concentrates conprise one or nore conponents in oil.
TyPIRRIISeO5A O faracempersitsaneili rlomical eencesrategeanin from 3 to 25

pe&g&n{/%&%erh%?twdgﬁnpol n a non-limting enbodi nent of

t he I on sition conprises nore than one
pol ynerIn 4 flod-Hirstig&aBb dikeht ofttheineRiRes tHe dmpositiBh ic8@Prises

2 rfnlo;estthan one polymer. In this embodiment, the composition comprises a first
polymer as described above and a “second polymer”. Suitable examples of the
second polymer include, but are not limited to, olefin polymers such as polybutene;
hydrogenated polymers and copolymers and terpolymers of styrene with isoprene
and/or butadiene; polymers of alkyl acrylates or alkyl methacrylates; copolymers of
alkyl methacrylates with N-vinyl pyrrolidone or dimethylaminoalkyl methacrylate;
post-grafted polymers of ethylenepropylene with an active monomer such as maleic
anhydride; styrene-maleic anhydride polymers post-reacted with alcohols and amines.
These can be used to provide the desired viscosity in the lubrication composition.

According to the present invention, lubricant compositions for specific SAE

Viscosity Grades exhibit lower HTHS values closer to the minimum HTHS than

conventional lubricant compositions for that Grade. For example, the minimum



pol yner as descri bed above and a "second pol ynmer".
Sui tabl e exanples of the second pol yner include, but
are not limted to, olefin polyners such as pol ybutene;
25_hydrogenat ed pol yners and copol yners and terpol yners
of styrene with isoprene and/or butadiene; polyners of
al KHSfor Yl 53 86 Ik cattesnpBatiba ey ¥b aS@éTatﬁQE‘B'veo? 0 SAE
al kyl nethacrylates with N-vinyl pyrrolidone or
di Fnging QahViscadivyRequinemantsyClagsd]cati pumswhigh afdhett mimliyomrSTHS
of et hX' enepropyl ene with an active nononer such as

mal G5 Sy dri de; styrene-mal ei ¢ anhydri de pol yners
post-react ed with al cohols and am nes. 30 These can be
used to provide the desired viscosity in the
| ubrication conposition. According to the present
i nvention, lubricant conpositions for specific SAE
Vi scosity Grades exhibit | ower HTHS val ues closer to
the m ni mrum HTHS than conventional | ubricant
conpositions for that Grade. For exanple, the m ninmum
-7- HTHS for a 5WB0 | ubricant conposition is 2.9. See
Table 2 below for the SAE Engine QI Viscosity
Requi rements C assifications which include m ni num HTHS
requi renents. -8- Table 2. SAE J300 Engine QO
Viscosity Requirenents SAE Viscosity G ades For Engine
Ols (1)(2) SAE Low Low Low Shear- Low Shear -
Hi gh- Shear- Viscosity Tenperature Tenperature Rate Rate
Rate Grade (C) (O Kinematic Kinematic Viscosityl |
Cranki ng Punping Viscosityi't(cSt) Viscositylst(cSt)
(eP) Viscosity), Viscosityt4l, at 100C at 100C at 150C
cP cP Mn Max Mn Max Max with No Yield Stressi4d OW
6200 at -35 60000 at -40 3.8 - 5W6600 at -30 60000 at
-35 3.8 - - low 7000 at -25 60000 at -30 4.1 - -




15W 7000 at -20 60000 at -25 5.6 - - 20W 9500 at -15
60000 at -20 5.6 - - 25W 13000 at -10 60000 at -15 9.3
- - 20- -56<9.32.6 30- - 9.3<12.52.9 40 - -
12.5 < 16.3 2.9 (OW40, 5W40,810W 40 grades) 40 - -
12.5 < 16.3 3.7 (15W40, 20W40, 25W 40, 40 grades)
50 - - 16.3 <21.93.7 60 - - 21.9<26.13.7 1"t
Notes-1cP = 1nPa s; 1 ¢St = 1mi 1S (2) Al values are
critical speciTiablea iShEks)308 Edgine Od VisopsiyfbRbqudRAvehts see
t ext——Section3) (') ASTM D5203 14) ASTM D4G84: Note

that the pr esence SAE ‘ﬂayosyw@reldestﬁoefsgmems?’ﬁ’bl e by
t hl-s—aethe rdl ess of

Vi BCSAEL Yy ASWMSR¥EES T, LW Shearl-|AHRM-Shear-
( AViddasity ed Rateh pgrm sraten fdrm Rate
SAE Gr308( ) 1999 Sogi et {PCpf ngKmeaaic |[nViscosity®
-9t The | pbErapking doRpowirtg JiViszbsityficSi) |dbszositylaSty|t i on(cP)

enconpasspYisgositysy ¢rlisc@aEy 1300 ati8e°6si tly ptddess. I|n at 150°C
vafious npn-I|Ffiting emBodi nent sMinhe |fubri bant Min
copposi ti pn dfiax he |pMaxarith ifnvention sqtisfies the
regui remehts for S/EN\Ps’Oe'dw scosi t rlade OMX or {5W
§ _ y grjadge L
where xis| 10, 20, 30 YFes8Y. |5 I1n a non-flimiting
GAEN 6850 N85 TRYEIHE: Ud | ¢ NE 1 gI0r T gant_ cOMpoSI{TT oM _
co}mrl ses] a deterge=nt |n;11'z@itor packaggq. The det erjgent
| nhi v or | Ragkads GebRi %% | one s morje of The )
follow ngl netal o ash-contlai ni ng det grgents,
anf i gpivdantzseo &nks 1 sv6narat a@gnt s, 4rqust 1|nhi bifors, .
anti-foanm ng agentg, denulsilfiers., pour]l point
depr eswan}| 000 at -20 | 60000 at -25 56 - -
20W 9500 at -15 | 60000 at -20 56 - -
25W 13000 at -10 | 60000 at -15 9.3 - -
20 - - 5.6 <93 2.6
30 - - 9.3 <125 29
40 - - 12.5 <16.3 2.9 (0W-40,
5W-40, 10W-
40 grades)
40 - - 12.5 <16.3 3.7 (15W-40,
20W-40, 25W-
40, 40 grades)
5 . - - 16.3 <219 3.7
60 - - 21.9 <26.1 3.7
Y Notes-1cP = 1mPa’s; 1 ¢St = 1mm?S
@ All values are critical specifications as defined by ASTM D3244 (see text, Section 3).
) ASTM D5293
) ASTM D4684: Note that the presence of any yield stress detectable by this method constitutes a failure
regardless of viscosity.
Y ASTM D445
) ASTM D4683, CEC L-36-A-90 (ASTM D4741) or D5481
" Reprinted with permission form SAE J300© 1999 Society of Automotive Engineers, Inc.”




etc. 10 Metal -contai ning or ash-form ng detergents

function both as detergents to reduce or renove

deposits and as acid neutralizers or rust inhibitors,

t hereby reducing wear and corrgsi on and extending

engine life. Detergents generally conprise a polar

head with a | ong hydrophobic tail, wth the polar head
conprising a nmetal salt of an acidic organic compound.

The sal e hbyicentraomposigion i thespreseat inyestio encbmpesses diffefent SAE
a t .of the net i n. whi ch .case they are usually

clo LDt viipstey Braerain WioH BT Kb b eSO e B Repricant
B el R RS ek R PNP00 visosty
pogsidb 0¥V or $ Walwitkee kag 98 2880t 40.0f a nmetal base by

reacting an excess of a netal conpound such as an oxide
Sor hydr 8k Ben-hmifing gmbedimentoffhe inyigntior sheclubneant composition

di oxi P Qver bas et ergent ..conpri.ses 20 .
et bbifses bR Ba Rt PR e Aol B e kGBS odimprises
basge ¢rem6re sfahdMMRWaNg: Thé&Sl drsh-esBiniVRi8&RE antioxidants, anti-
detergents nmay have a TBN of 150 or greater, and

t ypeaagentsofust mbihitRs) antp-foarsin g egentsy demubifiers,pent poinhddpressants,
can be used include oil-soluble neutral and overbased
sufffonat es, phenates, sulfurized phenates,

10 thi OPhOMgt‘él%‘il?a?ning g# %sgi f?'gt Sde@e?@erﬁ?ﬁﬁ&@ﬁ!}ﬁ bsi %IE ggﬁe%%ﬁtﬁ to

ot her oil-soluble a netal, part

t heedatker temove depdsith iand aeanid heutmliabis or eusg inhilsitodls, Uhereby reducing
potassium |ithi ug1 cal.ci um. ang%rm%nesi um (Wth the

c oi§apd fogrosignp gnd rxteading enging lifs dPctergsnis gegerally gomprise a polar

g _ . e . _
or ™ £ IR IENHOBE o AP Ble Pl WAL i e suttof an
of adidik o gemi acuthpounda e Shlty i tontsiadl substakEulyaoibaktric

detergents include 30 overbased cal ci um sul f onat es
15 1 atment of thgnmgtabin which gase they arquanallyglesgthedtag nomnalipsmeutral

T R T
andSTM D2O@est fRdie0ab 88. MaY boGide TBNCEIGE firSs aﬂm&?gs 8f a metal base

equal to 50. Sulfonates can be prepared from sulfonic
achyiEcaghing#n exasss 9f watal goropaumidrsach asan exide euhyidooridé with an
of Ca(iiléyl substit ut edd.ar.an'a{..f'?c h%/l?r ocar bonsg ,such as .
t nESECEBY ATt B Ao e By 1T PBRAAY TTBFBCI5EITbFIBRRIses
20 O ndralib& ddtdrpbrmtids M SNiterMa PTRIfIaGn NIHRE &Y P RAHon FEPARLBS. Such
i ncl ude those obtained by al kyl ati ng benzene, tol uene,
x ybeanbased dpliet deatsenay have a TBN of 150 or greater, and typically of from 250 to
450 or more.
Detergents that can be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and
25  naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali or
alkaline earth metals, €.g., sodium, potassium, lithium, calcium, and magnesium
(With the constraints noted herein). The most commonly used metals are calcium and
magnesium, which may both be present in detergents used in a lubricant, and mixtures
of calcium and/or magnesium with sodium. Common metal detergents include
30  overbased calcium sulfonates having a TBN greater than or equal to 250, for example,

a TBN from 250 to 450; neutral and overbased calcium phenates having a TBN
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di phenyl or their hal ogen derivatives such as

chl or obenzene, chl orotoluene and chl oronapht hal ene.
The al kyl ati on can be carried out in the presence of a
catalyst with al kylati ng agentlg-having from3 to nore
than 70 carbon atons. The al karyl sulfonates 10 usually

copteaten thianamnequilao 30; id Sﬁ%ﬁz% Bte@hAbg @EITBI\agﬂe}z(ier than or
substituted aromatic noiety e oil soluble

suPqeahin 88 or al kyI aryl sulfonic acids can be

2:%2%{583‘3“%“5 fp5?§a§é%ﬁ¥m, sgig nlc%lg? lgvggﬁilr arg ggncally obtained
ni by ﬂ{eesillfoﬁﬁ’t'i(ﬁ{ @fsall%‘] QuBtaEes al%fmahh?x Eﬁ%‘bﬁtlbons:r aRfh m@ obtained

of metal conpound i's chosen 15 havi ng regard to
d eﬁomﬂhefﬂmloﬁa‘cmh@f petneleurproo by che dkiylatignpoLabmytic hyxgesarbons

B e oL B L b e L fln,
ot iy BT RO o

al uhlofsnaphthelebe. TheralkyTationsaa e Warr PANGR HEHE prederde®If alatalyst with
cop The zinc salts are 20 typically used in
oisiin

| ub grageres having ﬁﬁmﬁn t%mere than 7Q earbon efomspdihe @fkaryl sulfonates

10, hsftGBEn fh e Kok eingn BRI sUoT SRS pragaic

Camdis prepared in accordance wth knovvn t echni ques by
first %Iorm ng a di hydrocarbyl dithiophosphoric acid
( DDPA) , Ths @dlsbgubtg/suibaettes onalkyl wyiesutfpnmﬁls cah boheltrabized with

a ph. noI t EQeE{Z: %Ig al d Lh ax&pr’geesgtsa:r ,|gSé15th (ges hydrrT(‘)ssulﬁdes
d' hﬂfa?é%hﬂér@{ég h& e@x%fsgp COW&%&%‘I‘%&Q Qoﬁaéﬁx‘&f fs®hosen

primary and secon ary ternative

nru htmpg ecgird tol thp desird PBN oéithedmal pdutibup typixaile davges fiwm 100 to
t he_hydrocar byl _groups on one are entirely secondary in

ch32@ ¥t areregngof the stpyehiometrisglly waviiess on the others are

entirel i r |
any b aSIX)ClH%dr u)(l ﬁh?d}%o ta?er m%tﬁln%lt%efré@%n@éﬂ%d%ﬁ ahti-wear
t hen@antivsidims agémm rThe el md)emrdmmledmkaauhe edfiS netal, or

general ly eng)l oyed. Commercial additives frequently
coﬁlumlnwanleé diss snadybdenwe, mgegangsey siekelf orappsic ddi§ zaic salts are

0 o Sty sl BRI R e A OLR N6 B, o exprppte, from
0' o. 2516|2!J\b{ %eﬁ%ﬁtt Saééﬁ upoR YH tefafivipht 8f thB leRRAERESH cémposition.

aci ds and erepresented by the foll ow ng Tornul a:
ROThey can be prepared in accordance with known techniques by first forming a

dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or more
alcohol or a phenol with P,Ss and then neutralizing the formed DDPA with a zinc
compound. For example, a dithiophosphoric acid can be made by reacting mixtures
of primary and secondary alcohols. Alternatively, multiple dithiophosphoric acids
can be prepared where the hydrocarbyl groups on one. are entirely secondary in
character and the hydrocarbyl groups on the others are entirely primary in character.
To make the zinc salt any basic or neutral zinc compound could be used but the
oxides, hydroxides and carbonates are most generally employed. Commercial

additives frequently contain an excess of zinc due to use of an excess of the basic zinc

compound in the neutralization reaction.




p-g Zn R S 2 wherein Rand R may be the sane or

di fferent hydrocarbyl radicals containing from 5 1 to
18, for exanple, from2 to 12, carbon atons and
including radicals such as alkyl;,. al kenyl, aryl,
aryl al kyl, al karyl and cycloaliphatic radicals. In a

non-1i mZ‘iﬁd“&h?dﬁj@Qﬁb?ﬁlihd%;{ﬁgwté?halﬂ%?i??ﬁgb@sa é%(ﬁihydrocarby]

groups of 2 to 8 carbon r s’ can,
f oditkiophgpdphoribecids lyd manbe reppesented by tiapfollowingdfoimbla:

i -butyl, sec-butyl, anyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadeqgh, ? etihyl hexyl, phenyl, 10
but yl phenyl , cycl ohexylj, hﬂ hylicycl opentyl, propenyl,
butenyl. In order to o ts?x??ﬁ$ Psolubility, the tota
nunber of carbon atons |Rid.e. Rjand R) in the

di t hi ophosphoric acid will ge %rally be 5 or greater.

Th ' j i thi hat n, therefore. ,
Coritfir 8 Kb ROBERHDIe <ok Bt QRROSRASHE SRR R Rl hipe from

51 eass 180fof sxdmple, facrh Qab1 20éarbdifatding @A@ ireudB®FraliRals such as alkyl,
i ntroduce hydrocar bﬁqlayﬁroups into the dithi ophosphoric

15akkenysaryt ardalkpha and eyapaiphatieradaralsp dn @ewondiasingf
l.£oh b d. | i nst ances,
B <aD o SROR R A i b oA RO TRES: s, e
i S
al el Scans /i es(@mpllaz 5@&1491@nlﬁspylmr@gggégfm%gwﬂé% gﬁguyl,

be nore than 60 nobl e pertent seco

mokmyh erlexgl, idexdnoactyl, debylatodbicyhbotpbash tﬂaéthylhékgfu plengl,

segcondary .in aracter. give 20 better ar control in o
107 GRS flitn. Bt St menpharapast baenihainaadernobtain oi

o, S} e B8 LRI DL RSNSOI

vi sadsiill genarglly be f @agreatupalheadink dibydrosardnl dietidhosptigecan

Oxidation inhjbitors or antioxidants reduce the

t ethgesiesy comnmse ging|dialkyl dithipphgenhates o Canuenientlyeat JgageS0 (mole)

whj j [ : ' by the pr.oduct.s .of .

i G R P T
15 onadiieareBt@ndsyrdlesiet. and by viscosity growth. Such

oxi dation inhibitors include hindered phenols, oil

sol ubl e%mae@n&ggs eflsecendarea colmdneandss used. In some instances,
R TR e R —
COBRSD oMM SEHHTN 4 en o ifor o no
c omola praeens secondary. Metal dithiophosphates that are secondary in character give
20  better wear control in tests such as the Sequence VE (ASTM D5302) and the GM
6.2L tests. The high levels of nitrogenous TBN required by the present invention to
control soot related viscosity may increase wear and corrosion performance.
Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service which deterioration can be evidence by the products of oxidation
25 such as sludge and vamish-like deposits on the metal surfaces and by viscosity growth.
Such oxidation inhibitors include hindered phenols, oil soluble phenates and
sulfurized phenates, phosphosulfurized or sulfurized hydrocarbons, phosphorous
esters, metal thiocarbamates, oil soluble copper compounds as described in U.S. Pat.

No. 4,867,890, and molybdenum containing compounds. Such compounds are

30 utilized within the constraints noted herein.




30 utilized within the constraints noted herein. -12-
In one aspect of the invention the l[ubricant includes
at | east 0.0008 nole percent hindered pheno
antioxidant. Cenerally, hindergd _phenols are oi

sol ubl e phenols substituted at one or both ortho

posi ti Oﬁon%Eémf%&QMMQEe ldBﬁhM%clm%@%hye%t' F0®R%nole

mononucl ear enol s such as 2,6-di-tertiary
al ky‘pp‘ﬂémuieseqldwgol atxiians (ﬁeriw‘:tlLyL hinderet phé’r,\dls 8re oil soluble

L SokesBiEd o e Stalk e aBy e whablasampogids nclude

d

I T e T
5 ast-butiipghend, D,m&jt@edbutpi prackd- tﬂimey‘lqihéndlMélkyl 2,6, t-butyl phenol,

nethylenebls tert bu | -o-cre

g, and 8 dlmﬁﬂgyl, 4d-b34ty§lgzh|eylol) afther suitable hindered

phg i lﬁél'uﬁgngle{ﬁy‘% it PR n af ARy ten RGES

| Nhindéred pheddt 64 ﬁﬁtﬁylaﬁ’bfst@teﬁr%% &&%&1 Syl M%ﬁyleneblsa -tert-

noni oni ¢~ pol yoxyal kyl ene polyol's and es ‘ef s t her eof
poamylkg-atdsgl) cansl P emethglenesl(ZB6ridotibutylpdiekgl). Thé hindered phenol

acid an be used. . Copper and | ead bearing corrosion
10 ﬁ?f"zl?etc‘?ﬂxgteggﬁ ‘ﬁg‘q}ggd Typically such 15 conpounds
ar e thi fel 50
car bon gtq gﬁsmlbﬁ gl%lfbéé%g rﬁtoslgﬁlle\cﬁgs an @"S{%gf‘% égllrigsr&?r&gr eof
Depolyat yallederad palyolS andledtérs aobraf oot goxydtidylens phbigsls and anionic

des% Sg%d in US Pat. Nos 2,719,125; 2,719,126; and
in%cgist%, gaped.-xher similar materi aI s are

e Db by B AR 0 ity

15 4, dQ3p&Bds afd thiadiaaoldi Jiollyseliﬁ(ﬁﬁ eoﬁthmlrigfﬁ(ﬁn?md 5BQaiboh tdms) their
suI f enam des of thiadi azol es such as those described in

UKderpegtizes an spémersélmrmanmvatweseﬁl,s%d thigdiazoles suchais dhose

wes TR B PR M 219 P Pl 2P R O g iR omer

COfRARI fria@itiald 28 Mescibed IVDIS: ®bi. WoRI B8END34; 3,903 53’70111 057,387,
not exceeding 0.2 wt. percent active ingreédient.

snéJ107 Qﬁ&tﬂfd%}%h 4d|ér8129§1 and 4‘1@93:8)8'% dOthet adxhtmvdsetm%ledhxomd

sui t.a de si.f I s,.des
20 S BBLS rE  A  TRER 253 R B
W kac@ﬁ‘ca@i@g e, 1%@@30@&@6&5&@@5 'd@lgvzﬁllvgé §ls§ MP(WREIH%{S Riass of
a polyhydric alcohol. A'treat rate of O.
masdlifressc é’vﬁheraﬂnesev@mpmgmésjare ﬂlﬂlCllldBdtly ;ﬂnec]abncd?mugrcomplomlon they
de ressants, otherw se known as 8 oi| flow
6}0@9 IPIS\%'@F I} 3fpamount not excee mg 2 wt. percent active ingredient.
A small amount of a demulsifying component can be used. A suitable
25  demulsifying component is described in EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric
alcohol. A treat rate of 0.001 to 0.05 mass percent active ingredient is typical.
Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives
30  are well known. Typical of those additives which improve the low temperature
fluidity of the fluid are Cs to C;5 dialkyl fumarate/vinyl acetate copolymers and
polyalkylmethacrylates. Likewise, dialkyl fumarate and vinyl acetate can be used as

compatibilizing agents.
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m ni mum tenperature at which the fluid will flow or can
be poured. Such additives 30 are well known. Typi cal
of those additives which inprove the | ow tenperature
fluidity of the fluid are C8 t-a3Clg di al kyl

fumar at e/ vi nyl acetate copol yners and

pol yal kidooetpadbiliyy ednesccut wheveesain tiped dffloljrdemifat wed the
Vi nyl‘a}écet ate can he used as __ _conpatibilizing agents.
13manyastpnet Bplor oy Vissasibtwodifigrreite disal aedwlmlgﬂp@s@cd;f An uneven

YT By R ol in ROEEGEL G e fB Wyt e

ungyvge Qran{y)ip%@kﬂaﬂée SHsEEHES "ReGRoBIEmASENTET byiif a Qbﬂlﬁ%ﬂlfiﬁl agent
m xture €ither a tendency to separate or a grain

apb@an&h bedrenarbes grotpettpelid] te mfusctivohhv@dupthatisirvey ta break up or
atl bi | ] té agent 5 having a hydrocarbon group
atP SYALPIINE f unctional group that serves to break up

or  preysgh cBﬁ‘t%‘l'dﬁPu d?ng aéiﬂ? |91|T1 E@H%&{?ldﬁ’ &Ythdi’l‘?gjmpéfntlfoamant

many conpounds I nc

pobiythe ipokyailex dny pype, farrexamplepbiticors dil erosudydimettol sﬂoxane
pol ydi met hyl siloxane. Sonme of the above-nentioned
addi t i veQMERHK ﬂk?r*’&%’%‘@e'&tlﬁﬂﬂ 3qditives cgn povisteragppkiplicipof effects;

t NS kY ex%g ng?e ch‘d ﬂtg\;ebca?%gfé i S&e?&n?g}(ldgﬁom 1b1 Or This

di sper sant |on In approac

K n@mowhds d&HSknBWh an@qoky @otfrbt[dlfé%rtﬁér%o@éﬂdﬁn It stimb8rtant to
inmportant to note that addition of the other

c omié thateddition efithetthes camponesnpotyd abave mwss comply with the
o] forth herein. In a non-limting
Igbtﬁmsetf%@qeﬁ?}%ntl on conprises one or nore ashl ess
15 di SpH $aAG ﬁmlﬂ_ﬁ‘g‘i‘erﬁﬁ(mlﬁx%ﬁt @leﬁﬁ@érﬁﬁﬂtc%nﬁnﬁges‘ (H’l%ldil Aort Réhless

pol yal kenyl or borated polyal kenyl succini mde where
t h@smrkamgz | T}g-:r a;shbss élsmrsantsachnhndndat}@ol}@ﬂ(eobfbén borated

o gxtRep! shivegbimis %Eﬁe e g 888V Hah e L olefn

knggf;@mgn)?a g&?ﬁ%ﬁﬁt%n ﬁdiﬁbé?'abeé HBL I%Pka»éfght s%&ru% 700 to

ydro on su stlt ted succi n|
poﬁ QD@oﬁ)lthee rwyelll ks dlspersmtsydcludi@thebﬁl sahﬂblet jmiy«ﬂl dsters of
sol upl e oxaz%l | xazol i he di spersants

d .l
deRYAFREPTPOTLTH Mﬁ%@fﬁnﬁu@ﬁq £t B%Fysseb%tmﬁ@uwmc anhydride,
%%ffﬂlle da s@ﬂﬂ’;led Hl% ér}dui%&gnéi&ﬁghﬁé flflrg}%g%@ts dtivRd from

I mting I ment ricant co I'on contalns
O Bydrocdrbon subsﬂmtedmbcmfc anbhdredesandi disabsaited ainincealcohols.

non-limting enbodi ment, the_ present invention
conpr i sBs2 Bainiigang embodiment, lubricant composition contains 0.5 to 5 wt.
percent of ashless dispersant.

In a non-limiting embodiment, the present invention comprises ashless
detergent. These ashless detergents and dispersants are so called despite the fact that,
depending on their constitution, they may upon combustion yield a non-volatile
material such as boric oxide or phosphorus pentoxide; however, they do not ordinarily
contain metal and therefore do not yield a metal-containing ash on combustion. Many
types are known in the art, and are suitable for use in lubricating compositions. These
include the following:

(1) Reaction products of carboxylic acids (or derivatives thereof) containing at

least 34 with nitrogen containing compounds such as amines, organic hydroxy

compounds such as phenols and alcohols, and/or basic inorganic materials. Examples



25 detergent. These ashl ess detergents and di spersants
are so called despite the fact that, depending on
their constitution, they may upon conbustion yield a
non-vol atile material such asjgaric oxide or
phosphorus pent oxi de; however, they do not ordinarily

Cobf fheke aveldescrived it ﬂﬁrfsm(%%%%teﬁﬁt UMW, @'aﬂ b?os 3,219,666; 4,234,435;
met al -cont ai ni ng ash on conbustion. Many types ‘aré€

kn@:04:4011 and Gt 65,23 nethigh eresher¢tybineorp oratadstey rieference.
| ub 03|t|on These . 30 i nclude.the
o1 ow K eaEfORBRAbHS AT S TGDL e malSh R 8N akighag or alicyclc

(Ohalchfs iaH dn‘ﬁ%@s LRars ek alﬁﬁgﬁéa]é(ﬁgj&ﬂm@é. El(a%@gs gf‘th@ge. aE

nitrogen contalning co

5 hydesoxiped fmnmdierfdﬂowuxglpamts)\hmﬁb late Haneb flh@&b@ﬂa&d tﬁyﬂ@fe@énce
basi c inqQrganic materi al s. nples -1 of these are

debet-ilseNosn 3248, 5561 1.6 Ay éeﬁ5ér§t5§, and, 556 78@4. Nos.

a2 er COR A wReof pb R R Biusp Rl bSMainsa

pr mlstc;oscaaéonr £brak gl a‘Idéh%yﬂék 41l BEHEARhiOR h&@tbe%hﬁhéhk& as
or alicyclic halides with am nes such as oxyal kyl ene

pol' Mannik dispersentp|' dixanfpleseshesarase csesdebndrmblmjfoﬂlomngnpatents
10 o e erety BRomated B ety B S A7 orad 482205 687 574
3, §5és§55 3, @2‘5148% 36P68R9. 2 erfd?’.? aﬁf@&dl on products of

al Kyl phendl's’in’which th group contains at

| east 3¢ Paodats ctitained by pbstafed&iiydxg&nﬁﬁdoﬁMaﬂﬁﬁh dhbéMants with
ma e characterized as Manni ch_ di spersant
é‘}?gﬂé%geaﬁ 3 e thipwey camionisaslfide, aldehydss) kaineg, carboxylic acids,

Dah St Ms6 ] SoBBLARVBEATRARL Sobed BLRL WS Founds,
15 3, ﬁl&ﬁpﬂ(&ﬁs cOmpatndi &2 thedile. %x@ﬁﬁbl&@? thesé hrdfedehitekisn the following
obt ai ned cﬁx post-treating the am ne or Mannich

d| R#Sens ¥ihch axp hereby incernosatgd hy seferenea: 85S. Rati Nos: 8:4639,242;

cos a0 sh =t A L SRR, 6L

ep@ﬂogqu boron conmpounds, 15 phosphorus conpounds or

the |ike. Exanpl es of these are described in the

f ol | owi 69 Intsenodymers wh piisolbdizing mbyoriers sugoasateeyl thgthacrylate,
3,63 3, 649,

20 5ol 8551 cherging Taglhmolzoylg? bt oleTinyy ihgrotioniopbonsaiping pole
3, £fddtiReRks @Qdam?hoZlﬁﬁl Q’(?rg}atc!s%k a-l:rgia E‘%M@% g(fx)yeth lene)-

0|I-solub|1|2|ng monomers suc
20substitptedciecylhteet Rrampleglofhgde amtlmnbed inhe gchtovﬂhgf)ateﬁts which
Wi thhrg})lgorrers cont.ai ni

ol ar
are y incorporated by regrenge: U.S. Pat. Nos. 3,329,658; 3,449,250; 3,519,565;
3,666,730; 3,687,849; and 3,702,300.

25 The detergent inhibitor package of the present invention can contain

phosphorus, sulfur, chlorine, ash, etc. In a non-limiting embodiment of the invention,
the lubricant composition comprises less than 0.08 weight percent of phosphorus. In
another non-limiting embodiment of the invention, the lubricant composition
comprises less than 0.5 weight percent of sulfur. In yet another non-limiting

30  embodiment of the invention, the lubricant composition comprises less than 150 PPM,

for example, less than 50 PPM of chlorine. And, in another non-limiting embodiment

of the invention, the lubricant composition comprises 0.35 to 2 mass percent of ash.




substituents, e.g., am noal kyl acrylates or acrylam des
and poly-(oxyethylene)- substituted acrylates. Exanples

of these are described in the foll ow ng patents which
are hereby incorporated by refg¢sence: U S. Pat. Nos.

3, 329, 658; 3,449, 250; 3,519,565; 3,666,730; 3,687, 849;
and 3,702,300. 25 The det er gaampleyi bi t or package of
the present invention can contfarn phosphorus, sulfur,
chlorine ash, etc. In a non-limting enbodi ment of the
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t he |nvent|on the lubricant_ conposition conprises |ess
t R 7056 feirdy minuses wersmsecbto foamulaterihe diferemprkapples. Different
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nonllmtlng exa es, Exanples 1-12, illustrate the
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10 S o Sos: Hbh AEmPEC e Rheear pmmepdaly efhieile from Chevion
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use(medﬁ?%htbg RS T et VRLosf (A AT Bic sabiiy

f i indicep@ S et the fingt @otynadr esnceRhierasedGa nbeeangtl essard siywn in
#(% fed to fornmulate the different exanples. Polyner
CottblniZate 1 is commercially available fromInfineum

USA as t I :
vl L abT e S A Bmo) B R iRy cdlhy blending

15 Congiens badestaks snmahasremrmeﬁﬂraitys desaribabdbevé acuording vo wall known
Cor poration as _ Parat one 8451. The ki nematic Vviscosit

r anpthedsang teehniques ad he VigspIEtng propfatiesef thesdfierept bt‘%ﬁ’étOCkS
f 'éass‘estt?al Y@%e‘d‘l{fgmgeve Z?es%xé Bedc pﬁecﬁﬁaﬂ%lh?fl are

erent grades o

I u br ic antn theiResis &QARH1NG C@m@bﬁﬂﬁﬂqd aldytebgennibhitgtor package
vari ous base stocks with the concentrates descri bed

aWEnG@@BW@iVNéﬁbﬂﬁbfrm Inﬁnﬂmw S Avet A4 GronppRty2iig e @eur point

20 pifepts SR iAo RLCRGhE T e e B8 DB TREE Ppigent 3 i
| My dadtgenthAhibltbr %J&Eag/@édnﬁﬁércﬁlq@'ﬁ%l%le feRPanfaim U a#P6000.

detergent i nhi bi package
Examples 1-3 are representatlve of SW20 lubricant compositions.

Compositional information for Examples 1-3 is shown in Table 3. Examples 4-6 are
representative of SW30 lubricant compositions. Compositional information for

25  Examples 1-3 is shown in Table 5. Examples 7-9 are representative of OW30 PAO
lubricant compositions. Compositional information for Examples 7-9 is shown in
Table 7. Examples 10-12 are representative of W20 PAO lubricant compositions.
Compositional information for Examples 10-19 is shown in Table 9.

The kinematic viscosity of the exemplary compositions was measured at

30 100°C and 150°C was measured according to ASTM D445. The HTHS of the

lubricant compositions were made according to ASTM D4741. Results for the

various examples are shown in Tables 4, 6, 8 and 10.

,
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commercially available fromInfineum USA as P5224;
Conponent 2 is a pour point 20 depressant commercially
avai |l abl e from I nfineum USA as V385; and Conponent 3 is

a detergent inhibitor package-tenmercially avail able

from I nfineum USA as P6000. Exanples 1-3 are

r epr esentFibly 8. CompU¥itiohalInféxiiitictOfsp Exlein -5W20 Lubricants

nrmncn tional information for anrml es is shown in

bIe 3. Exgmnmentes are repr@sdr{tva’/ﬁ: eE!cn‘Z (BVBD | Ex.3 [wt%]

A-O-et H H f Ar

1o arm UIIpUDI LI oS wnpu 5t LI || Of +-OR—1+6+
?‘Eﬁ%‘fﬁﬁ% 1-3 is shown in Tabl egéﬁ Exanpl ggb ar e 9-60

GPfEx60L fL 1 VE of  OMBU PAD T T rrpo3sj§1r on\b. 39.95
lonpositional information for|Exanples 7-9 1S shown in

adsestdck Exanpl es 10-12 are répr ey at | ve 4920 PAGs 63

bricant conpositiaons Compositional infornmation for

['I'l_—lf“\q l\)_

)&mmhetscmzemgaueé shovvn in Tabl e 9.93The | ki nBfft i c 0.00

llllll 1y r\rJ At

Fa¥al IV V.aWal las ata¥al
1 CTIC CI\CII’JI al y \JUII’JUQI LTUIIQ VVA O 1 Ao UT

(POIHB@Q?RF"@@@@ZV\BS measur ed|acc8Oi ng|t o ASYM D445, 0.00

—l m

Fobricant—conpos OnNSTWeT Hae
ccoﬂél ng&#cghﬁ%‘?l\%l D4741. Result Prgp the vgr |Bous 3.61

AN M QO

&fenfpe shown 1 n Tabl es 4, 60_26 angd 109 2016- | Tabl®g0
Conpositional Information f1or Exenpl ary 5W20

Lubricants Conponent Ex. 1 [wt% Ex. 2 (wt% Ex. 3
[ wt % nent_1_9.60 60 9.60 _Basesto
39.31 39 o'eéaspégf"&l‘!b@“fe l’é‘o"éﬁ‘aﬂ?néﬁr ﬁée'BBfarb%"eﬁ%ﬁubr icants

qoncentratre I 4,93 0.00 0. 00 [Pol y

d.00 2.99 0.00 Pol ymer Concentra%qu 0. Ooe%%. 3. 61 Ex. 3
(aeplodest]2 0.20 0.20 0.20 Tabl e 8.56Per i or namsee 8.73
Information for prnplary S0 _lubricantts Ex. 1 Ex 2
EBCGS aky3000 [¢rdSt] 8.56 8.66 8]73 STOS aff -3@@0[ cp]l 557840
H620-S440 —HFHS—at—150€fept—261; 27277

AdTEHS &t 150°C [cp 251 27 2.77

Conclusion
Examples 1-3 are illustrative of 5W20 lubricant compositions with Example 1
being illustrative of the present invention. As expected, Example 1 has the lowest

HTHS of the exemplary SW20 lubricant compositions.

Table 5. Compositional Information for Exemplary SW30 Ultra

Lubricants
Component Ex. 4 [wt%] | Ex.5[wt%] | Ex. 6 [wt%]
Component 1 9.60 9.60 9.60
Basestock 1 30.85 32.68 32.12
Basestock 2 50.35 52.00 51.64
Polymer Concentrate 1 9.00 0.00 0.00
Polymer Concentrate 2 0.00 5.52 0.00
Polymer Concentrate 3 0.00 0.00 6.44
Component 2 0.20 0.20 0.20




Exanples 1-3 are illustrative of 5W20 | ubricant
conpositions with Exanple 1 being illustrative of the
present invention. As expected, Exanple 1 has the

| onest HTHS of the exenpl ary.9¥20 | ubri cant
conpositions. 10 Table 5. Conpositional Information for
Exenpl ary S5Y§Bled. tl’&for'n%i’c'e‘lﬁfﬂrﬁlati@ﬂ'mf)ﬁﬁ&h Rty stvBoitta
Ex. 5 (W% Ex. 6 [w9% Conponent 1 9.60 9 80 9.60
Basestock 1 30.85 32.68 32.12 Ltﬁamtsock 2 50. 35 52.00

C

1 A Dol ssiay et » ot A 1 0O

ﬂ ﬂﬂ Dr\l \Il“ r

L. U5 Ul YIICI CUTTC T al C L I

n
CGoncentrate 2 0.00 5.52 0.00 1" wnc@ﬁﬁate 3 Ex.6

=T

Féwggi%g# 6. 44~ Component 20 AH)' 201" Lul%ﬁ%r Tabyte ?0.86

e Information for| Exenpl'ary pWBO

1

LubCS eerB0osC [&- 4 Ex. 5 Ex. 6 | kvigisd cSt] 10682 10. 81 6470

fe—

086 CCS at -30C [cp] 6250 6510 6470] HTHS at 150C
&FLTHS 2035@ C1[2pB. 22 Conc:IjT0

usi on2®3Exanpl es 3416 ar & 3.22

| Hgstratire—f—5WB0—tubrcant—compos+tions—wi-th
1 V I \JUIIPUUI T—OTTo vv: T -
Exanple 4 being illustrative of the present invention.

Asc G4 £d, Exanple 4 has the |owest HTHS of the
exenplary 5WB0 | ubricant conpositions. Table 7.

Conposi Exantyies 4-6fae¢ itristrativel oftS WEXERiBH adry c@ﬂﬁ@slﬁ&ﬁ wﬁl@ Example 4
Lubr| cants Conponent Ex. 7 [wt% Ex. 8

iystrsiverod s presepbinventien. 145 expected) ple 4 has the lowest

Oq_ggﬁg 63&&%}%81%1%}1' SQV%) lugncant compgsqgonsconc entrate 2

Table 7. Compositional Information for Exemplary 0W30 PAO

Lubricants
Component Ex. 7 [wt%] | Ex. 8 [wt%] | Ex.9 [wt%]

Component 3 12.00 12.00 12.00
Polymer Concentrate 1 9.71 0.00 0.00
Polymer Concentrate 2 0.00 6.09 0.00
Polymer Concentrate 3 0.00 0.00 6.91

Basestock 7 2.00 2.00 2.00
Basestock 5 45.05 48.26 47.55
Basestock 6 ’ 31.04 31.45 31.34
Component 2 0.20 0.20 0.20

Table 8. Performance Information for Exemplary 0W30 PAO Lubricants

Ex.7 Ex. 8 Ex. 9
kv100 [cSt] 10.69 10.82 10.82
CCS at -35°C [cp] 5930 5870 5670
HTHS at 150°C [cp] 293 3.14 3.28
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Pol ymer Concentrate 3 0.00

0.00 6.91

Basestock 7 2.00

2.00 2.00 Basestock 5 45.05 48.26 47.55 Basestock 6
31.04 31.45 31.34 Conponent 2 0.20 0.20 0.20 Table 8.
Exegpl ary OABO0 PAO

Per f or mance | nformati on for
Lubri cants

10C8rclusior at

Ex.7 Ex.8 Ex.9 kv100 [cSt] 10.69 10.82
-35C [cp] 5930 5870 5670 HTHS at 150C

[cp] 2.93 3.14 3.28 15 18- Conclusion Exanples 7-9 are
i |1 ust r Bxanples 7-9ona dlusi@ivedsfiiVe 30 P A€bluprisant icomposifiors with

et R

exy
Conpositional |
Lubricants Conponent Ex.
[wt %

tive of. the, pr
Hieepreseat inyepfiony
%%L@YH@%%%@?F{%%BW PA WBQ&@M

on for

enpl ary
10 [Wt 9% Ex.
Conponent 3 12.00 12.00 12.00 Pol yner

t i t :
%CIE}E fé}@lm%rlle 7 has the

igghl ©

11 [w9% Ex.

12

Concent r at el ablg 93 & ompyyitipnad Infosmatien faokxemplazy §V920 PAO

0.00 3.23 0.00 Polymer Concent

Basestock 7 2.00 2.00 2.00

rbat e

Badt

&3, 0.00 0.00 3. 68
LGOS 4 46.85 48.92

0,51, Descisgaiei %2 B W CROTNEA (5773 e

Bx@omppenent W20 PAO 10 Lubrj cantZ00 12.00 12.00
Polymer Concentrate 1 5.30 0.00 0.00
Polymer Concentrate 2 0.00 3.23 0.00
Polymer Concentrate 3 0.00 0.00 3.68
Basestock 7 2.00 2.00 2.00
Basestock 4 46.85 48.92 48.47
Basestock 5 33.65 33.65 33.65
Component 2 0.20 0.20 0.20

Table 10. Performance Information for Exemplary 0W20 PAO

Lubricants
Ex. 10 Ex. 11 Ex. 12
kv100 [cSt] 8.83 8.91 8.93
CCS at -35°C [cp] 5720 5620 5540
HTHS at 150°C [cp] 2.70 2.80 2.87

Conclusion

Examples 10-12 are illustrative of 0OW20 PAO lubricant compositions with

Example 10 being illustrative of the present invention. As expected, Example 10 has

the lowest HTHS of the exemplary SW20 PAO lubricant compositions.




Ex. 10 Ex. 11 Ex. 12 kv100 [cSt] 8.83 8.91 8.93 CCS at
-35C [cp] 5720 5620 5540 HTHS at 150C [cp] 2.70 2.80
2.87 Conclusion Exanples 10-12 are illustrative of
ON20 PAO | ubricant conpositiong9wi th Exanple 10 being
illustrative of the present invention. As expected,

Exanpl e 10 has 15 tTsbledde Misdodikies of tHelBasestoly ary
5M20 PAQ | ubricapt conpositions -19- Tahle 11

|sco§ia§qst§§kof t he Bbgem“@f&ks Baseskwatﬂwﬂ‘iﬂ at 4OC kv &k

A4 40

Is “'5‘(?‘%222;{’0“ 3 9@97‘Z4Lr Lusuib)s z%ﬁéélsrsgklﬁgﬂg%

.ﬁgs sdd oBasestpCck 5 44461 3. 98 176 SEeSTOoCK 6 47-
3E°T48 2Basest bok 7 18'70 4,26 138 'Toble 17| 130

eBas"estpthn of Pplynmerigencentrates 1493Ki nemati c 103

t
i scosity Ratio Shear Stahilityllndex [%  Pally
OB\%Séﬁpﬁlﬁﬂe 1 0.15 52.8.%l yner Conceﬂ169ate 2 0.

ﬁ/l‘]\l\l_\ll—;<

N 20107 chaoar

RS " he. Pl ymor | Bohoent r it es | A0%abl o 12 wer e 126

fsregfba@@ accorgdi ng [%@IIVI Lol /o USV@g poiy
I

ol utions preparked by endi ng | Pol yner “Concent rat es i

Baxdst3ck Tespectj vel y,1&am@ a Gloup | basest ockl havi ng3ga
v100 of 4. 70 ¢ The kvl Q0 ofl the solutiaon s 15

OX[\JU)Q._'

.2 cSt. it -20- CLAING:
Table 12. Description of Polymer Concentrates 1-3

Kinematic Viscosity Ratio Shear Stability Index [%]
Polymer Concentrate 1 0.15 52.8
Polymer Concentrate 2 0.41 7.0
Polymer Concentrate 3 0.39 49.7
5 The shear stability indices of the Polymer Concentrates in Table 12 were

determined according to ASTM D6278 using polymer solutions prepared by blending

Polymer Concentrates 1, 2 and 3, respectively, and a Group I basestock having a
kv100 of 4.70 cSt. The kv100 of the solution was 15.0 + 0.2 cSt.




1. A lubricant conposition conprising: a first polyner
having a kinematic viscosity ratio | ess than or equa
to 0.25 and a shear stability index (SSI) equal to or
greater than 20 percent; and bage oil having a
viscosity index equal to or greater than 120. 2. A

| VDLAJMSB: conposition according to claim1 where the
first polynmer conprises a mninmmof 5 weight percent
styrene. 3. A lubricant conposition according to claim
1 ere,the.first Lymer conprises a normal bl ock
col\pl'\gl yrr‘%rlﬁfrllg.ag{?m?ﬁo%g}l%cggw ol ymer) or a random

bl ock copolyner. 4. A lubricant conposition according
to claim1 further conprising a second polynmer. 5. A
| ubr i camfirst poyost haing akoenditingiscosity mbimlets taaroeiequal he 0.25 and

ol i %%}iﬁﬁ&%e%xsgﬂfééétﬁ?%&?%@rah%{ & Berbercango yrer s
Dt ad o ey ng s FHRERI Hhd SPH BERAE 150,

nmet hacryl ates; copol yners of al kyl nethacrylates with

N-. vinyl pyrrolidone, or dinethylam noal kyl

et hacr4yluineanteompasitionsaseorgingytastaimds where the first polymer
et : £t N, l,ve nmonomer such as maleic
anﬁ&?ﬁggﬁg 812%{@3@28%% Ié%% gpé‘r%%ﬂhtfgfrlerbce pol yners
post-reacted with al cohols and am nes. 6. A |ubricant
conposi tion according to claim1 conprising a detergent
i i bi tdAubrisagkesgepostippracedrdipgsnelagm Inwhere dfe firsiepolymer

fol |l owm ng: net or ash-cont.ai ni ng.det er gent s,

e Be e bl ARV GEl s AiEhudk P iedt o a andom block

aqbkogﬂﬂgjng agents, denulsifiers, rust inhibitors,

ashl ess detergents and pour point depressants. 7. A

| ubricant conposition according to claim®6 having a

concent [ at.i on of hosphor us. | ess. t han. 0, 08 wei ght

pek contA MbsieangeomdosioniAcsaTRing i plsuml RS ommIPE 3 scond

agﬁﬂ & having a concentration of sulfur |less than 0.5
idﬁ? percent. 9. A lubricant conposition according to

claim6 having a concentration of chlorine |ess than

150 PP 0, A lubricant conpositjon according to claim |

6 Mavi % ltéwcggthco&r&pﬂs)éwp a,cgﬁgm,géo claim 4 wherein the second polymer is

selected from a group comprising olefin polymers; hydrogenated polymers and
copolymers and terpolymers of styrene with isoprene and/or butadiene; polymers of
alkyl acrylates or alkyl methacrylates; copolymers of alkyl methacrylates with N-
vinyl pyrrolidone or dimethylaminoalkyl methacrylate; post-grafted polymers of
ethylenepropylene with an active monomer such as maleic anhydride; styrene-maleic

anhydride polymers post-reacted with alcohols and amines.

6. A lubricant composition according to claim 1 comprising a detergent inhibitor
package comprising one or more of the following: metal or ash-containing detergents,
antioxidants, anti-wear agents, rust inhibitors, anti-foaming agents, demulsifiers, rust

inhibitors, ashless detergents and pour point depressants.

7. A lubricant composition according to claim 6 having a concentration of

phosphorus less than 0.08 weight percent.




fromO0.35 to 2 mass percent. 11. A |ubricant
conposition according to claim1l that satisfies the
requi renents for SAE J300 viscosity grade O or 5W
where xis 10, 20, 30 or 40. 1221A lubricant conposition
conprising: a polynmer having a kinematic viscosity
ratio less than or equal to 0.25 and a shear stability
ingex (gﬁl%§equal to.or greater than 20 percent; and a.
ba%e oi f* HEWFIMG cAMPesitIsIcegrdingde claig uhaving deongentgation of sulfur
th rei concentration of phosphorus in
thggﬁ %%?Pégﬁ?igg%%@?“ on is less than 0.08 weight
percent and the concentration of sulfur is |less than
0.5 weight percent. 13. A lubricant conposition _
ac®or di Rg}ub@ca@l eompastionrscending theldmdehaing T oomseitsaion of

G&Hgmlléllessbt%éslg1§69{;Mand/or a Goup IV base stock.

10. A lubricant composition according to claim 6 having an ash content ranging

from 0.35 to 2 mass percent.

11. A lubricant composition according to claim 1 that satisfies the requirements

for SAE J300 viscosity grade OWx or 5SWx where x is 10, 20, 30 or 40.
12. A lubricant composition comprising:

a polymer having a kinematic viscosity ratio less than or equal to 0.25 and a
shear stability index (SSI) equal to or greater than 20 percent; and |

a. base oil having a viscosity index equal to or greater than 120,
wherein the concentration of phosphorus in the lubricant composition is less than 0.08

weight percent and the concentration of sulfur is less than 0.5 weight percent.

13. A lubricant composition according to claim 12 wherein the base oil comprises

a Group III base stock and/or a Group IV base stock.




