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improving the flow properties thereof. The present invention relates also to methods for

improving the flow properties of oleaginous compositions, particularly engine crankcase

lubricating compositions.

[0002] A wide vanety of compounds for use as lubricating o1l or fuel oil additives
are known. These include compounds variously referred to as pour point depressants
(PPD), viscosity index improver (VII) or viscosity modifier (VM) compositions, wax
crystal modifiers, and the like. In particular, Cashman et al, U.S. Pat. No. 2,825,717,
discloses the preparation of certain lubricating oil additives by the copolymerization of
polycarboxylic acid esters with other polymerizable monomeric matenals, including
vinyl compounds such as vinyl acetate. The preferred unsaturated polycarboxylic acid

esters therein are fumaric acid esters produced from C, through C,3 aliphatic alcohols.

[0003] Bartlett, U.S. Pat. No. 2,618,602, discloses pour point depressing and/or
‘ viscosity index improving materials obtained by polymerizing certain specified alkyl
fumarate esters. In particular this patentee discloses the use of polymerized fumarate

esters of Cj to Cy4 alcohols for such purposes. This patent specifically discloses that the
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[0005] There has also been disclosed in U.S. 4,713,088 and U.S. 4,863,486 (R. D.
Tack et al.) the use of specific diatkyl fumarate vinyl acetate polymers and copolymers in
various middle distillate fuel compositions for lowering the pour point and controlling
the size of wax crystals in these fuel composition products. Most specifically, these
patent applications disclose the use of such compounds in which the average number of
carbon atoms in the alkyl groups in the polymer or copolymer must be from 12 to 14. In
addition these additives are also disclosed as being useful in combination with the
polyoxyalkylene esters, ethers, esters/ethers and mixtures thereof, as well as with various
other additives. Furthermore, British Pat. No. 2,023,645 discloses, for use in treating
distillate fuel oils, various three-component systems which include as a first component
flow improvers having an ethylene backbone, such as various ethylene polymers
including ethylene polymerized with various mono- or diesters (e.g., vinyl acetate; and
C,; fumarates), as a second component a Iube oil pour depressant such as various oil
soluble esters and/or higher olefin polymers (e.g., dialkyl fumarate, vinyl acetate
copolymers), and as a third component various polar oil-soluble compounds (e.g.,

phenates, sulfonates, phosphates, and carboxylates).
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[0007] U.S. 5,330,545 (K. Lewtas et al.) discloses narrow boiling or sharply
fractionated middle distillate fuel compositions with improved low temperature
properties by the addition of a copolymer such as dialkyl fumarate-vinyl acetate. The
copolymers are directed to those having specifically limited branching characteristics and
limited amounts of ester monomers having greater than 20 carbon atoms and fewer than
12 carbon atoms. Furthermore, use of copolymer mixtures as taught in the prior art (GB
1,469,016) is specifically discouraged (column 2, lines 41-43) for the middle distillate

fuels of interest.

[0008] GB 1,469,016 discloses a combination of pour point depressants for use in
middle distillate, high end point fuels. The additives are based on an ethylene copolymer
such as ethylene vinyl acetate and a polymer that 1s a polymer of an olefin or unsaturated
dicarboxylic acid ester, such as dialkyl fumarate-vinyl acetate. Neither ethylene
alphaolefin viscosity index improvers nor mixed dialkyl fumarate-vinyl acetate

copolymers having controlled structures are suggested.



-4 [00091 GB 1,080,910 discloses light oil additives szsf)%%%ﬂﬁ oosl Nyl
acetate copolymer pour point depressants in conbination wit umar ate vi nyl

acetate CQRPIY@BIss Viscosity index inprovers; ethylene al phaghafbh,gpprol ymer
viscosity index inprovers are not disclosed. Dual pour point depressants in

conbination with a viscosity index inprover are not disclosed. The average
si de-chai n carbon nunber for the referdnce pour point depressant is 8.8 to
10.6 and for the viscosity index inprover, 7.6 to 8.6. The products for

whi ch thegp Aere@@e p@mmta@ao&f HdAi tdivesidivdsn B NAGHaIR - IRYI Tapghide high
viscosity I ndex lubricating oil basestocks having high saturates and | ow

sul fur caopelymer [Jﬁ).mmmtl%q»resﬁ%umam mmlpaatmt\snhilfmmgewmlracewtﬁt topolymeaus
addi ti ve conbi nat.ions for tg I &)'h | and. " nedi u&ﬂ' and crude oils.
o 67455 iieanbeae Thpraderet s Guieht alPhADENn stSorm el Fisnar e b Pl et

tol uene- djsesplciQkd. nDﬁBl“?@urf ?BmVSﬁpWSEzﬂrt@@ﬁ ablibMdioar Wit 2iVigosiBNthdagavy

petrol eum products ate esters used to prepare the vinyl acetate
copol ynerisipooresiast notf diaclosed uilee aivex@gs, sidexthairCearbancu@i®r det ehesreference

Consequently, all of the ynmers.are distin shed fro r ent

i nventi oﬁouh??‘ﬂﬁqefﬁ%ssﬂ?téﬁﬁés[g:m %%dsﬁ éH’p?eY‘éctoﬁPé%é‘if i TR f % §g rredi um
oi | s baseg, Aol hRichthSldert HOBERE Gin X YT ABRHRE & infAROd YHRb: mahdem

copol yners based on C8 and Cl16 that provide an average of Cl2 or 4 RO

113057 divicbhasesdaniudddating/@! basestocksdwvoig high satuiates| anddewtsol fuetontapt. a
toluene-oil mxture in conbination with m xed high carbon nunber side chain
fumarate-vinyl acetate copolyners, e.g., Cl6 plus Gs. RO 114338 discloses a

two conpoper] }%dfinrn\éﬁlahqrateﬁssedlsaaséiwea@rmﬁwghgus L08R cdABIn&RIRIBEReS IS a

Cl4 mal eate Vi néﬁ acet ate copolyner and the other is a naleate (Cl12) or
f umar at e i ﬁlesytl- kg mtdpuh"yﬁed Cnfﬂhwlborlb@n@ﬂtw rrhsqlwgs taheaddmvghﬂr\'lnﬂr bon

nunber al k i.s C t at conc {atr on,

b
linited PB%Q[CS#BWE?%%FSUT@ 1q 8 tﬁﬁlrc{‘ﬁgr'%lr %ﬁ nﬁ%fﬁ% el ‘91“& P?Wi{lmgf“f one of
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based on a m xture of three and nore nononers. The authors report that the
(co) pol yRePAYPSH o5 migediFapaiuperssedan i 2p8 (etirmrovdesn average of Ciz or

Ci1s. RO 113057 discloses an additive for crude oil that includes toluene or a toluene-oil
mixture in combination with mixed high carbon number side chain fumarate-vinylacetate
copolymers, e.g., Cig plus Cjs. RO 114338 discloses a two component additive for use
in diesel fuels. One of the components is a Cy4 maleate-vinyl acetate copolymer and the
other is a maleate (C,,) or fumarate (C,)-styrene copolymer. The component having the
higher carbon number alkyl side chain is claimed to be present at a higher concentration,
limited to a ratio of 10:1. Furthermore, it is required that at least one of the copolymers

be a styrene-containing copolymer.

[0011] An article in the Journal of the Institute of Petroleum entitled "Ashless Polymeric
Additives; Detergency Dispersal Charactenstics”, A.K.Misra, et al.,, Vol. 59, No. 570
(November, 1973) discloses various polymers, copolymers and mixtures, including
‘fumarate-vinyl acetate copolymers. Single carbon number fumarates were used e.g., C,,
Cs, Cp, Cyo and Cy6 and the copolymers were typically based on a mixture of three and

more monomers. The authors report that the (co)polymers can also display pour point
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Ther ef or Saes g GETERn T MaURITE i A OpbEh ¢ bie ThEiTTEalBhEIsBea 9. * 328)
The presepigsi sUM loot'ﬂls'&sk%ﬁo§§tﬁﬁu§ﬂir§ﬁﬁ@n§ﬁo?9m 1H}ﬁ‘éveﬂ%‘ﬁgeffe%'téﬂlﬁat'hl:y, in J.
Chem Tech. Biotechnol. 1995, 6 "Synthesis and Eval uatlon of Al kyl

Fumar at e-duringddiheetnat eo@ppeal pmeurs includiogiai vistdssy indexhimiréyar anderspeafies as

Fl ow | mpriover fo For holla Crude G 1", A Borhakur, et al. specifically
note that" l§{2S%epr essant / f | ow i mprovers/wax crystal modifiers for

resi dual fuel 0|Is and crude oils "tend to be specific to crude oils.” (Id.,
75) The authors evaluated the effect of the average carbon nunber of the

al kyl gr ddi2dfTheriaflpenegrodtlee basetchleormhe gledgioaiice qfr{bﬁpéfidlil‘eﬁslséﬁhqfﬁelné\*’(ade oi |
o0 o onfE e DA ShT AL MBS RRBS e SRS R gt g onl
that a mcosholytetsf asbsihedditi vesddincde )Ihpaﬁ'xﬂmﬂoaheal iof Tmeldg@zt Veluwde 4, Nuribegr age
4, 1995, 321-329, "Functions of Additives (5): VI Improvers and Pour Point
Depressants”, S. Takigawa observes that, with regard to the structure of pour point
depressants and their effect, "In recent years base o1l with a high viscosity and large i-
parafffin content started to be used in engine oils. Therefore, the problem of developing
PPD in the future emerges.” (1d., 328) The present invention is just such a response to
that need. Similarly, in J. Chem. Tech. Biotechnol. 1995, 62, 75-80, "Synthesis and
Evaluation of Alkyl Fumarate-Vinyl Acetate Copolymers in Combination with Alkyl
Acrylates as Flow Improvers for Borholla Crude Oil", A. Borhakur, et al. specifically
note that pour point depressant/flow improvers/wax crystal modifiers for residual fuel
oils and crude oils "tend to be specific to crude oils."” {Id., 75) The authors evaluated the
effect of the average carbon number of the alkyl group of the fumarate on the rheological
properties of the crude oil, Table 5 (Id., 78). While an effect was observed, the authors
evaluated only high average alkyl carbon number compounds (Cieo to Cz.) and

concluded that a mixture of behenyl and cetyl fumarate in the ratio of 2:1, average

carbon number 19.2, was best. Furthermore, the referenced study did not appreciate the
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Institute According to th evel of saturates, ur content and viscosity
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(1999). SUMVARY. THE | NVENTI ON [ 0014] An ad(ﬂdﬁi ve corwosi tion for inproving
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the group Consisting of lubricating oils of greater than or equal t . %
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t he range of raggreat er_than or equal. to,80 and equal to or |ess than 200, and
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copol erEF@mBibifhtthf %@ﬁ]kcﬁﬁdl@dcbtﬁ?ﬁs%lgneT@ dificARRYterebSnidlcahae! Bidy Wherein
the ethyl ene content of said ethylene containing copolyner is greater than
about 30exucesated balibats@h such ¢pmpesi donsad dentdiv daggsipobstharanertaedps i(Fong a

m xture Qf: first added | ubricating.oil flow. nprover co nent
cont ai ni ﬁgorpgﬁ%fﬂ)ntrﬁe Tagef qg? SepE™ %ﬁﬁaﬁ%ﬂ?agﬁga‘ﬁcﬁlgbym}eh ST AN SO | ved
from a ninstithi®a&ordihg 96 ahé ldve PSR aituridet ulful BEntefit fdCHivERit9findex depedant

ester groups, conpri si nsg a copolymer of (i) a first nononer of
example, "Basestock Struggle,” Lubes'N'Greases, 5 (3), 26 (1999).

SUMMARY OF THE INVENTION

[0014] An additive composition for improving at least the low temperature flow
properties of a lubricating oil composition comprising at least one lubricating o1l
basestock selected from the group consisting of lubricating oils of greater than or equal
to 90 wt.% saturates and less than or equal to 0.03 wt.% sulfur and a viscosity index in
the range of greater than or equal to 80 and equal to or less than 200, and at ]Jeast one
viscosity index improver selected from the group consisting of copolymers of ethylene
and at least one C; to about C;g alphaolefin, wherein the ethylene content of said
ethylene containing copolymer is greater than about 30 wt.% to about 85 wt.%, said
additive composition comprising a mixture of:

(A) first added lubricating oil flow improver component containing pendent ester groups
having repeating methylene units derived from a mixture of alcohols present within the

structure of said pendant ester groups, comprising a copolymer of (i) a first monomer of



28 OCTOBER 2005 WO 02/088283 PCTI US02/ 12481 _7 an eszgngT%fB ﬁ% satur at ed
di carboxylic acid or its corresponding anhydri de having the H
COR GCCROCH O (t) wherein Ris selected fromthe group conS|st|ng of
from abouV@H/8828bout C24 al kyl group provided that the BCEHHYIBBHe chain
carbon nunber is between 11.0 and 12.4 and (ii) a second nononer selected
fromthe group consisting of (a) vinyl ,ester represented by the fornula: O
/I OC HRCG\ R H vvherein Rt conprisgs an al kyl group containing froml to
about 18 carbon atons, bout C6 to about C46 straight. or branched chain
al pha- rmr?é‘offsé?rlq‘fa“a‘t‘ftfa'(ué*)te%ﬂ?ra@iﬁ’éyl‘%?c‘g or 35| SAREFPBNE PRI XATEE oY MEdst ur at ed
nmonoest erg pepLesented by the formula: R3 C = CH2 (1V) R4 wherein R3 is

hydr ogen or aC to C5 al kyl group; and R4 is a COORS group wherein RS is a
G to C20 alkyl, with the proviso that the average nunber of carbon atoms in
the groups constituting RS in tg) pol ymer or copolynmer is between 11.0 and
12. 4, and 28 OCTOBER 2005 WO 02/ 88283 PCT/ 0S02/ 12481
/

C——OR
\C:C 0y
RO—-—C/ \H
AN

O

wherein R is selected from the group consisting of from about Cg to about Cy4 alkyl
group provided that the average side chain carbon number is between 11.0 and 12.4 and
(11) a second monomer selected from the group consisting of (a) vinyl ester represented

by the formula:

0
J
0—«C
H,C==C R, an
\
H

wherein R; compnses an alkyl group containing from 1 to about 18 carbon atoms, (b)
about Cg to about Cyg straight or branched chain alpha-monoolefin, and (c) styrene; or a

polymer or copolymer of unsaturated monoester represented by the formula:

Rj

l

C=CH, Iv)
l

Ry

wherein Rj is hydrogen or a C, to Cs alkyl group; and R, is a COORs group wherein Rs
is a C; to Cyp alkyl, with the proviso that the average number of carbon atoms in the

groups constituting Rs 1n the polymer or copolymer is between 11.0 and 12.4, and



-8 (B) second added lubricating oil flow inprover conpggﬁgfo %ﬁgning
pendent ester groups having repeating nethylene units derive roma mxture
of al cohglg oph@sent W thin the structure of said pendant @g&Risod{Q4PS,
conprising a copolyner of (i) a first nononer of an ester of an unsaturated
di carboxylic acid or its correspondi ng anhydride having the formula: O H
JGCOR2 CCR&- \ H(i) wherein R2 +8-selected fromthe group consisting of
fromabout C6 to about C24 al kyl group provided that the average side chain
carbon ngmpedcohd dRkdaesYichdng olNHodbifpRANEr céibdnent SeARNMAnEORAMET &Rl ect ed
fromthe group consisting of said second nononers set forth in (A(ii),

pr ovi dedgioopeneringt eacatingemethiilene adisdderivgd nfsom cd rpEBiEe ied saleaholst prepamt a (1 V)

t hen the ayerage. nu erfof car?on a%pns in Ehe LouRs. £9 §%Hagtin$]§$ in the
pol yer  SrtEbEG YHSHTE §f Fuf REAGM S5 Kignrs s CmPHNE Bl Wef §FY rati o
of said pfghbfr 60HPERENSS 4roukAiuchis€ ERULHIIE ABRINGT it ccipdsfor@nPasiydian i s from
about 95:5 to about 40:60. [0015] Indeed, it has been discovered that the
use of thagngpedpfipglaconbi nation of components as an additive provides
unexpected i nprovenent in at |east the low tenperature viscosity performance
of lubricating oil conpositions that results in properties superior to the
additive effect obtained by u{ng either of these conponents alone. This
response permts the for Iatf%q?gi_§ eful lubricating oil conpositions that
enpl oy hi gh ethyl ene conten i ni ¢ @opol ymer vi S88sity nodifying additives
in conbination wth basestecks having high saturate and | ow sul fur content
as well as a high viscogyty index. In a preferred enbodi nent, the dua
additive conpositiaypef—the pregsent invention is enployed in conbination
with a viscosity index i ovi ng anmount of an ethyl ene-propyl ene copol yner
viscosity nodifier (or visébsity i ndex inprover). 28 OCTOBER 2005 WO

02/ 088283 PCTI US02/ 12481 -9

t

wherein R, is selected from the group consisting of from about C¢ to about Ca4 alkyl
group provided that the average side chain carbon number is between 12.7 and 15.0 and
(11) a second monomer selected from the group consisting of said second monomers set
forth in (A)(ii), provided however, that when the second monomer corresponds to
formula (IV) then the average number of carbon atoms in the groups constituting Rs in
the polymer or copolymer is between 12.7 and 15.0; and wherein the weight ratio of said
first component to said second component in said composition is from about 95:5 to

about 40:60.

[0015] Indeed, it has been discovered that the use of this specific combination of
components as an additive provides unexpected improvement in at least the low
temperature viscosity performance of Jubricating oil compositions that results in
properties supernior to the additive effect obtained by using either of these components
alone. This response permits the formulation of useful lubricating oil compoéitions that
employ high ethylene content olefinic copolymer viscosity modifying additives in
combination with basestocks having high saturate and low sulfur content as well as a
high viscosity index. In a preferred embodiment, the dual additive composition of the «
present invention is employed in combination with a viscosity index improving amount

of an ethylene-propylene copolymer viscosity modifier (or viscosity index improver).



[ 0010] In accordance with another enbodi nent of the pre vention, the

dual additive conposition is prepared in concentrate fﬁ%‘%‘%“é&%em ent use
by forrmulators and in still another enbodi ment the dual additive conbi nation
of conporf¥AI0$883 enpl oyed in |ubricating oil conpositionsPAEVSHA2HI oved

fl ow properties. DETAI LED DESCRI PTI ON [ 0011] The conpl exity of bal ancing the
| ow-t enperature rheol ogi cal response o | ubricating oils has been conpounded
in recent years by the demand of regulators and autonobile manufacturers for

notor oils that provide better fuel econonmy and | ower em ssions. |n_an
ef fort tH’qlﬁbIW@CWéncee@eﬂbﬁpot PUlS‘FTIb@étTF‘Hﬁ ®fi Ihe PresRly &nvsaIRN. rBEofHad t o

br oduct g, RS SLABKS U 1 orRBkba 8 UeXIcAGRR! bin 30AChANA) BLJ b tormu b

viscosity ases poten to I mprove y redu0|ng
frictionand ihh&ill engihee. enhlndimesiTiises |d0mls adgigue r@dﬁasﬂm«;kszommhedtower
volatility. In order to achieve _the conbination of |ow viscosity and | ow

vol ati | i eRplayed imBbEICREREILCHPBAREGRS haNDe IMREPNENin Y PIRPEBES] es because, at a
gi ven viscosity, they have higher volatility than paraffins or isoparaffins.
By renoving aromatics and napht heni cs conponents having a |ow viscosity

i ndex, the resulting basestocks have a high viscosity index. However, since
n- parafflns have h'%&% Itlng points, they nust be reduced in order to neet
pour po Q¥r mal paraffi ns are renoved by a variety of
processes |nclud|ng, f or exanpl e, solvent dewaxi ng, catal ytic dewaxi ng,

hydr oi soneri zation, raffinate hydroconversion, as well as other proprietary
pr ocessefid1Th@he esathplesity sefc tbatanempmeet 108- tanphaanstrbxeklogjchh rbdpghsel bpar af fi n

content. AIthou h.such basest ocks have the pot nprove fuel econony
and | owelbaHERE B has heiny CHRRYBIES 17 B SS aéba demgas of Feep i apthpr over s

(LOFI'S) LsioRiBle Jﬁiu?adﬂﬁ}‘éﬁ‘ssﬂﬁnﬁxbtﬂ?rtﬁﬁsthgtf FFJWdet bétrt fueN&donbdy! shd Rowleer t her

exacer bated when the basestock is fornulated with viscosity i'ndex inprovers
based onemksisghs.elrhyr effiert comnpriont figrl etonydnen éulaiqahaglogalfrﬁhnamb@\reyrmd $0012]

Th ddit f.th t . fied f t
and secBCRaRpRIENe L Sau PRt dot Sarpody “edciers EBUHRS rore® (AR Sonet | mes
ref er r edpis@sid8kOhdBER 26RALNOID InPRREBRePedbddshy/th2 AllicmEOfrRBon in the

interpolyners). The first critical conponent of this mxture is at |east one
copol ymeengiog- Lawer polissans refuish biseytogksswithrlawed valias hivb oloyordet lorachgyeng t he

forml a: the combination of low viscosity and low volatility, refiners remove aromatic and
naphthenic molecules because, at a given Qiscosity, they have higher volatility than
paraffins or isoparaffins. By removing aromatics and naphthenics components having a
low viscosity index, the resulting basestocks have a high viscosity index. However,
since n-paraffins have high melting points, they must be reduced in order to meet pour
point requirements. Normal paraffins are removed by a vanety of processes including,
for example, solvent dewaxing, catalytic dewaxing, hydroisomerization, raffinate
hydroconversion, as well as other propnetary processes. The result of such treatment is a
basestock with high isoparaffin content. Although such basestocks have the potential to
improve fuel economy and lower emissions, their response to the standard lube oil flow
improvers (LOFIs) is poor. This unresponsiveness of the traditional LOFIs is further

exacerbated when the basestock is formulated with viscosity index improvers based on

high-ethylene containing ethylene alphaolefin copolymers.

[0012] The additives of the present invention comprise a mixture of specified first and

second component unsaturated dicarboxy esters copolymers (also sometimes referred to



0 H\V\ CGCOR C-CRUCH(1) wherein Ris selected frggodhesi suep consi sting
of fromabout C6 to about C24 al kyl group provided that the average side
chai n cawban/osgadser i s between 11.0 and 12.4 and, in a prefrerseed2grbodi nent
(ii) vinyl ester represented by the formula: 0 // OC H2C=CQ R (H) H
wherein R conprises an al kyl group containing from1l to about 18 carbon
atons. The production of these diestdP-copol ymers includes an esterification
reaction between unsaturated dicarboxylic acids or their corresponding
anhydr i desnteRsl \Wekls).aTht fest cpokym@hipoatitaf thik rihairest arledst ede topipmes. Such
reactions are well known in the art; for exanple shman et al, U S. Pat.
No. 2, 82%imerpol wneteifanca) ypayraied dsadornesteddvingdhe [Hayi4ini ng at col um 2,

| ine 35, which disclosure is incorporated herein by reference to the extent
permtted. The copol ynerization reaction of the diester nononers of fornula
(1), with a nononer of formula (%l), preferably vinyl acetate, is preferably
carried out in the presenceqof free—+adical initighyor, such as a peroxide
catal yst. [0013] The synergi stic ¢onbination of the present invention
includes, along with the speégiti%®d first conponent, at |east one second
added conponent conpri sigpg a~di carhoxy ester copolynmer or interpolyner
cont ai ni ng pendent ester grouhs having repeating nethylene units derived
froma m xture of al cohols preQent within the structure of said 28 OCTOBER
2005 WD 02/088283 PCT/Us 0 2 /1 24 81 pendant ester groups, conprising a

copol ymer of (i) unsaturated dicarboxy ester having the formula: 0\ H COR2
wherein R is selected from the group consisting of from about C¢ to about Cy4 alkyl

group provided that the average side chain carbon number is between 11.0 and 12.4 and,

in a preferred embodiment (ii) vinyl ester represented by the formula:

0
Vi
0—C
H,C=—=C R, (II)
\

wherein R; comprises an alkyl group containing from 1 to about 18 carbon atoms. The
production of these diester copolymers includes an esterification reaction between
unsaturated dicarboxylic acids or their corresponding anhydrides, as well as the
polymerization of the esterified monomers. Such reactions are well known in the art; for
example, Cashman et al, U.S. Pat. No. 2,825,717, specifically discloses the reacticn
beginning at column 2, line 35, which disclosure is incorporated herein by reference v
the extent permitted. The copolymerization reaction of the diester monomers of formula
(I), with a monomer of formula (II), preferably vinyl acetate, is preferably carried out in

the presence of free radical initiator, such as a peroxide catalyst.

[0013] The synergistic combination of the present invention includes, along with the
specified first component, at least one second added component comprising a dicarboxy
ester copolymer or interpolymer containing pendent ester groups having repeating

methylene units derived from a mixture of alcohols present within the structure of said



CCRD-.-\H O(1Wwherein R2 is selected fromthe i.Sting of
fromabout C6 to about C24 al kyl group provided that %ﬁéegggggggkside chain
carbon nunber is between 12.7 and 15.0 and, also in a preferred enbodi nent
(ii) vinyWWOsR(08828% epresented by the formula I1; and the wBFEIS¥EHo of said
first conponent to said second conponent in said conposition varying from
about 95:5 to about 40:60. Both the figgt and second copol ynmer conponents
are conveniently referred to as lubricating oil flow inprovers or LOFIs.

Al ternative chenical classes. of LCFlS havi t he sa verage side chain
carbon  RGRERN S SENBR GIMREENEB BB %’ﬁ’?%ofﬁ%\f}“saﬁnéra%géﬁﬁf qng etsﬁzé V'8&ent
inventioqh§E§m§h§o descri bed herei nbel ow. [0014] For purposes of the present
invention the following terns are defined: [0015] The term "about"” when used
as a nodifier for, or in conjunction with, the size of a variable is
intended to convey that the n ers and ranges disclosed are flexible and
that practice of the present iﬁx@ntion by those skilled in the art using

tenperatures, concentratiions, a @R, contents, campon nunbers, properties
such as nol ecul ar wei ght \and v¥scosity, etc., that are outside of the range
or different froma singleQafFée will achieve the desired result, namely
conpositions for inproving the IYow tenperature flow properties of high

vi scosity index, high sat ates, ¥ ow sul fur | ubricating oils, particularly
those in which there is pregent an ethyl ene al phaol efin viscosity index
inprover. If not otherw se stated, the term"about" typically includes a
range of 10% for the value that it nodifies. Furthernore, where a range of

val u e; 0 '2 7,\;1}3:2%& %jzsl%gse] éc}edi F‘ro}nor}[']g %&HW oY o280 HGHIBER, 20 2B 02108283

PCT/ U unl ess ot se expressed, that the present™invention
cont enpl arep prloeidedehafthobiage sidnglesn tirdbn anmbeuldevestn\i2t"hamd 15H@ ald,0adest

range. [0016] "Polynmer" incl]udes. copolyner unless aotherw se specifjcally
stated td'39eM ¢ RI4EEEd F@bagweﬁ%%} VH@L ie%tsar%?%vg?d?two e%@%‘@ﬁ@n@}q tion of

ooy S BTl SLLLISHAD Eppoth T BLECEAR Lanih i
varying from about 95:5to about 40:60. Both the first and second copolymer
components are conveniently referred to as lubricating oil flow improvers or LOFIs.
Altemative chemical classes of LOFIs having the same average side chain carbon
numbers in each of the components that are useful in the present invention are also

described hereinbelow.
[0014] For purposes of the present invention the following terms are defined:

[0015] The term "about” when used as a modifier for, or in conjunction with, the size of
a variable is intended to convey that the numbers and ranges disclosed are flexible and
that practice of the present invention by those skilled in the art using temperatures,
concentrations, amounts, contents, carbon numbers, properties such as molecular weight
and viscosity, etc., that are outside of the range or different from a single value will
achieve the desired result, namely compositions for improving the low temperature flow
properties of high viscosity index, high saturates, low sulfur lubricating oils, particularly
those in which there is present an ethylene alphaolefin viscosity index improver. If not
otherwise stated, the term "about” typically includes a range of + 10% for the value that

it modifies. Furthermore, where a range of values is expressed, it is to be understood,



copol yners can optionally contain a mnor amount (for exaiRbBrrdp@ater than
zero, but Iless than 10% by wei ght) of a nonconjugated polyene, I n which case
t he copoMyorer/08s383 sonetines referred to as a terpol yner. Rerr/usnvemience, the
term "copol yner" generally w1l be used throughout, but with reference to

et hyl ene al phaol efin polyners it is to_be understood to include both

copol ymers and terpolymers of ethylend2with at |east one other al pha-olefin.
[0017] The general term"lubricating oil flow inprover” (LOFI) covers all of

t hose addéedsi virsrwike chpresstidf yhat ltlee present mypiiem, cememplaat theofseveix odbeyst al s in
| ubricating (or lube for, short) oils in such a way as to inpart inproved |ow
t enper at'@p csh’g’ﬁH?rFﬁﬂ?S””EﬁﬁlﬁﬂgBW et[ﬂf?acffﬁtcﬂa%e'vehi cle operability as neasured by
such tests as pour point, Mni- Rotary Visconeter (MRV), and Scanni ng
Brookfield Visconeter, hereinafter defined. The majority of lubricating oil
f1 ow i ni0616} $PaymepoinghEescapolyropalnese ghergisespatifically poledrierts lomited

copol yners. These pol r re generally of t types, eith i de chain or
backbondogPabTEE Ry wudy iamue pelyestzaion of FomER IFiRTRY. JriKE BEesent

i nventi ap;ih e rerkfde! $o &MMhAECApREGH oPSiyRlede €Nl disd YiRBersldB8 1Bkt “siéd ckeni ng
Efficiency" (T.E.) is défined as the ratio of (a) the weight percent of a

pol yi sobudpplyenes eah optibualiyoron(aav airhiabt emoomiercéaimpje, agedtémthameam, ¥8612"

I nfi neu USA ITOP , for.rTErI desiﬁg}_gat ed,” I[ar atane N' fro Exxon1 Chem cal

Co.), h sf»ﬁ@aa % DYAVHERY N5 EEETHPEAET GRYCET 120V IR CAFREIPBATS thi cken a
sol vent - extdiardsadfapriditb ak atéﬁncﬂ?ﬁw@ﬂ. FoionCatitm@, Qleltern 8adpos A %Bﬁé}ﬁ'l'l)f' ed or
initial viscosity of 150 SUS at 37.8 C, a viscosity mgex of I0O5 and an ASTM
pour poiwill bé usedrthrougho8C)but patbrmaisndnge tektvieng alphpoledinSpdlymats 1139 tNeat r al

il) t i it f.12.4 tistok t .98.9C .t b) t. i ght t
o1 )t oeP IR Inlar ol SB0bbah N8R Sl Beon Bt P s Pl b oo
at the s@ner diphPeledinure. T.E. is related to weight average or viscosity

average nol ecul ar 28 OCTOBER 2005 WD 02/ 088283 PCT/ US02/ 72481 - 13 wei ght
and is a convenient, useful measurement for fornulation of lubricating oils

O e DU TanckPRA M LR PR PO PR I gl oo
Mh additives which modify the size, number, and growth of wax crystals in lubricating (or
lube for short) oils in such a way as to impart improved low temperature handling,
pumpability, and/or vehicle operability as measured by such tests as pour point, Mini-
Rotary Viscometer (MRV), and Scanning Brookfield Viscometer, hereinafter defined.
The majority of lubricating oil flow improvers are polymers or copolymers, or contain
polymers or copolymers. These polymers are generaily of two types, either side chain or

backbone (mixtures of these are also useful). For purposes of the present invention the

LOFIs employed are of the side chain type.

[0018] "Thickening Efficiency” (T.E.) is defined as the ratio of (a) the weight percent of
a polyisobutylene oil solution (available commercially as "Infineum V8512", Infineum
USA L.P., formerly designated "Paratone N" from Exxon Chemical Co.), having a
Staudinger Molecular Weight of 20,000, required to thicken a solvent-extracted neutral
mineral lubricating oil, having an unmodified or initial viscosity of 150 SUS at 37.8°C, a
viscosity index of 105 and an ASTM pour point of 0° F (-17.8°C); (commonly referred
to as Solvent 150 Neutral oil) to a viscosity of 12.4 centistokes at 98.9°C, to (b) the
weight percent of a test copolymer required to thicken the same oil to the same viscosity

at the same temperature, T.E. is related to weight average or viscosity average molecular



ENNM EN Mv = EN: M2 ENM wherein N is the nunberzﬁ% bﬁb&s of

nol ecul ar wei ght M [0020] "Viscosity Index (V.1.)" i y of a

| ubricating oil to accommbdate increases in tenperature with a m ni num
decrease MO0¥eE8 ty; the greater this ability, the high&CTF¥242481
nunerical value. In the field of lubrication and |ubncating conpositions,
V.l1. is typically measured according to, ASTM D2270. [0021] "Shear Stability
| ndex (SSI)" neasures the nechanical stability of pol yrrers used as V I.

i nprovers and subj ected to hi inrate icul ar Qse us

cr ankcase“elRlibAPg 4t f KM TG '%Ff“iﬁgeas‘ﬂ‘?@’em gdgefgrrpﬂl 1o e@i’ ‘t“és‘f‘ |%f
comonly ysed. padggasure performance, ASTM D3945, equi vaI ent to DIN 51382.
To determ ne SSI, the polyner under test is dissolved in a suitable base oil

(for exanple, soI vent extracted 150 neutral) to a relative vi scosity of 2 to
3 at 100 soIU|on|sthe circulated thrpopugh a dies f uel

i nj ector, ﬁmay] ot%{l ”B‘F‘ tThit¥t 9eH 48 S%UIMTH"(SI%E andg &;‘?Clﬂ atwtfé&f‘r%‘fﬁri‘g"?e
initial ; ioké-nematic viscosity (Vf), and

t he base ol ng?‘gg%glﬁt[ %%%(%hhé’c{tﬁ%f;% fo}l‘%m? 'Oe&%d[ 0gccor ding to the equation: SSI
(%9 = 100 x (V; Vf)Mu, ZNNMf erence sanple (as required by the DI N

met hod) is used to cali brate t}}ég test. The SSI value is indicative of the
resi stance of a polyner to nol®cul ar wei ght degradation by shearing forces,
The higher the SSI the | ess stable the polyner, i.e., the nore susceptible

it is to nolecular weight degradation. 28 OCTOBER 2005 WO 02/088283

PCTNS02/ 12481 - 14 M3022F "M BN:MROt ary Vi scometer (MRV)" performance is
nmeasured at | ow tenperatures r&g} is determ ned using a techni que descri bed
in ASTM D3829. MRV TP-1 is d%]t% m ned using the test nethod described in
ASTM D4684. This is essentially the sane as the MRV test except that a slow
cooling cycle is used. The cycle is defined in SAE Paper No. 850443, K. 0.
Hender sonwbereial N; iRy npmber pEmglecelesrpheglegtlagwergbdYbr at ure t hat depends on the
viscosity grade of the oil, e.g., -35 C for an SAE 5W

[0020]) "Viscosity Index (V.I)" is the ability of a lubricating oil to accommodate
increases in temperature with a minimum decrease in viscosity; the greater this ability,
the higher the V.I. numerical value. In the field of lubrication and lubricating

compositions, V.I. is typically measured according to ASTM D2270.

[0021] "Shear Stability Index (SSI)" measures the mechanical stability of polymers used
as V.I. improvers and subjected to high strain rates, particularly those used in crankcase
lubricating compositions. The diesel fuel injector test is commonly used to measure
performance, ASTM D3945, equivalent to DIN 51382, To determine SSI, the polymer
under test is dissolved in a suitable base oil (for example, solvent extracted 150 neutral)
to a relative viscosity of 2 to 3 at 100° C. The oil solution is then circulated through a
diese] fuel injector, for a total of thirty passes. The SSI is calculated from the initial
kinematic viscosity (V;), the final kinematic viscosity (V¢), and the base oil viscosity
(Vp), each at 100° C, according to the equation:

SSI (%) = 100 x (Vi-V/(Vi- V).
A reference sample (as required by the DIN method) is used to calibrate the test. The
SSI value is indicative of the resistance of a polymer to molecular weight degradation by
shearing forces. The higher the SSI the less stable the polymer, i.e., the more susceptible

it is tc molecular weight degradation.



oil, and is used by the SAE (3300 Specification) for dgfgetbpERgoshe | ow

tenperature punpability of a crankcase oil. The sanple is subjected to a

tenperature profile in accordance with the procedure. During the test, the
t enper at 0¥Y@ %43%Phdual Iy lowered to the test tenperature, PEAISOMEHSRE t hat
tenperature the yield stress (YS) is neasured in pascals, and the apparent
viscosity (VIS) is neasured in pascal_ﬁ,fe_conds, or centipoise (since the oil
is present as a two-phase system an apparent viscosity is determ ned rather
than a true viscosity). For exanple, in accordance with SAE requirenments for
15W40 oils, the target values of |ess than 35 pascals (YS) and not greater

t han 60 h q I I rovi de a
punpabl eﬂgﬁfnzgom ]'?l %ﬁ[qutVgsgé‘ﬁheﬁws‘{eggﬁng%n?g?ﬁr%?‘%glatt 2/]0 &[tgﬁ er]Bthegol d

Cr anki ngarsd il mﬂnmﬁfﬂ:&x gpertédmmmmeiesmbadomhéiSTM@B&l%duMRéd Tt-11ew

tenperatuyre and hig hear and s determn e de CI’I bed in
ASTM %égsmWFéeégﬁgt ¢ test ypeiho ﬂésqfﬁlﬁ{%r‘{lé%rgﬁf bgg§‘f pg”E%’S Theasalsthe
rel at ed ﬁﬁn&%tﬁe@&w é@&acegsmbpperofaﬁ&amg@yl:]e 0 usal dTRE G a%ofa@ﬁﬁedng- “The
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Brookfield W scorret er" test (ASTM 33) predicts potenti aI engi ne oil
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Brookfle{d Gehllex <ipncl?cflcatlonlst ess . th t a% dr} f&ﬂ%ﬁ | ess
than 8. 581FGd3%P" ThB P9 &t 24HA- Pé‘éie%i"bﬁ”ra%%ﬁ% Véﬁ‘toé‘ are %ﬁ@?’&‘c’: Zed by
low t o npgaratee vﬁ@és‘ﬁ?}” Bbr Wein@llE Sin dddofdandd GithaAN abgt8fertintMor 13%vdet er mi ned
by vapor phase osnonge or nenbrane osnonetry, of not greater than about
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prefer abbyIS) are consuﬂjered2 aé%%BmEl% 1%boc%8£r t%oprgvx%e a pumpable composition at -25° C,

i.e., to maintain fluidity.

[0023] "Cold Cranking Simulator (CCS)" performance is another test conducted at low
temperature and high shear and is determined using the procedure described in ASTM
D5293; viscosity results are reported in centipoise. This test is related to the resistance
of lubricating oil to cold engine starting. The higher the CCS value, the greater the oil's

resistance to cold engine starting.

[0024] "Pour point” measures the ability of an oil composition to flow as the temperature
is lowered; performance is tested according to the procedure described in ASTM D97
and the results are reported in degrees centigrade. It, too, is - measure of an oil's low
temperature performance. Although pour point is not importa:i. for engine pumpability,
it continues to be required by the industry as a measure of oil dispensability from a
contajner at low temperature. The typical pour point specification is =36° C for a SAE

SW viscosity grade oil and -30° C for a SAE 10W viscosity grade oil.



exanpl e from about 4,000 to about 60,000. Alternativelyy 55me|ght can
conveniently be suggested by the specific viscosity exh|b such
copolymers. Accordingly, such specific viscosities wll typl caI ly range from
about 0. 1WOtog/08@dut 2.2, preferably from about 0.2 to abobR€T/05@/12#1d nost
preferably fromabout 0.2 to about 0.7. Specific viscosities are determ ned
in accordance with the follow ng equation: Specific Viscosity = (Kvi, of
Solution/K,,;, of Solvent) - 1 whereint>K, ,:, of Solution" is the kinematic
viscosity at 104 F (40 C) of a 2.0 nmss/volune percent solution of the

pol ynmer (&@25] v&cainngrgdﬂioehfﬁeldrVi'Sfap.nile:tEr" toess Ké;TMﬂDtﬁﬁﬁ)eﬂ@dl%?r peteeberging | y
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tenperature. [0027) Sidechain-type polynmers are the predom nant variety used

as LOFTS, and such polyners have net hyl ene segnents as the side chains,
preferably as straight side chains. Wile not wishing to be bound by theory,
it is believed that these polynmers have various |engths of nethyl ene

segnent s (¢@gf ank Vi §rtd seh8d_hPT t&% SheRChRi AarfierdRe WOIWRS midiRtate

associate or co-crystallize with th e wax crystals inhibiting further crystal
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alphaoleflns or styrene.

Specific Viscosity = (K;s of Solution/K,;s of Solvent) - 1

wherein "K,;s of Selution” is the kinematic viscosity at 104° F (40° C) of a 2.0
mass/volume percent solution of the polymer (active ingredient or "a.1."” basis) in toluene
or commercially available mixed xylenes as the solvent, using Ubbelohde-type
viscometers with a viscometer constant of about 0.003 cSt/second; and "K,;; of Solvent”

1s the corresponding kinematic viscosity of the solvent alone at the same temperature.

{0027] Sidechain-type polymers are the predominant variety used as L.OFIs, and such
polymers have methylene segments as the side chains, preferably as straight side chains.
While not wishing to be bound by theory, it is believed that these polymers have various
lengths of methylene segments randomly distributed in the sidechains of the polymer that
associate or co-crystallize with the wax crystals inhibiting further crystal growth due to
branches and non-crystallizable segments in the polymer. Such side chains have been
found to be particularly effective in treating lubricating o1l basestocks containing

isoparaffins as well as n-paraffins.



[0030] Suitable ethylenically unsaturated di carboxyli c,;@s-FSpIEX 2d08€i I

anhydri des, which are eventually esterified, have the carboxyl or anhydride
groups | eapixadsm3 vicin. 2l carbons, and have 4 to 10 car bonssioiiigne
unesterified nmonomer nol ecul e. Suitable dicarboxylic acids or anhydrides
thus include fumaric acid, maleic anhydride, nesaconic acid, citraconic acid
and anhydride, and itaconic acid and-i&s anhydride. The particul ar

di carboxylic acid or anhydride nononer that is preferred will depend on the

i dent it y{0028] THeslubsibRNRNE .flobh Uprovére of trle pesssmnion@ttionsgeaenallyydongsiser, t he
preferred dicarboxylic acid is ?unaric acid. Wien the conononer is an

al phaol dpr&clnin Slop BRRIOVingepohyraers oF arjerpaiyanerh Hiel FYHAIRIRBAGN 56T SEAUSF ¢

anhydri . e it e | e en
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depends on the particular identity of the dicarboxylic nononer and its
conpnomEeMpeHEens fhaf senearhl kave lpy th moderaigerimim arerage fofesulas ity yast he
funaricrggkgaggagner or any other dicarboxylic nonomer, prior to
copolynmerizationwith a vinyl ester. In contrast, it is also conventional to
pol yneri ze mal ei ¢ anhydride with styrene or the al phaolefins, and to then
esterify. [0031] As indicated above, the dicarboxylic nonomer can be

copol yniﬂ@ dd Mg tlybacatingr | @t yilew dimpreveent ol otbgndtieseat  myentfory sinclhidet hese i s

a vinyl . ' Y, : L) .

02/ Osg2@%@%%@@%@9?&ﬁ]&g%e%of&érgﬂ%&\aie ,d‘%%iogﬁl‘;%gﬁé’ﬁﬁggﬁ‘}é\ﬁ RLis
an al kylspeifer pebiexizablagmbhefead eoinpburide, A8melar by akerss alphaokrtias abl y from
about 1 to 6 carbon atons, and nost preferably 1 carbon atom whereby the
preferr &%t er mononmer of fornula (I1) is vinyl acetate. [0032] The
preferred copolyners or interpolyners of lubricating oil flow inprovers are
di al kyl fumarate/vinyl acetate copol ynmers having average side chain carbon
nunber [0030] Suitable ethylenically unsaturated dicarbox ylic acids or their anhydrides, which

are eventually esterified, have the carboxyl or anhydride groups located on vicin.i
carbons, and have 4 to 10 carbons in the unesterified monomer molecule. Suitable
dicarboxylic acids or anhydrides thus include fumaric acid, maleic anhydride, mesaconic
acid, citraconic acid and anhydride, and itaconic acid and its anhydride. The particular
dicarboxylic acid or anhydride monomer that is preferred will depend on the identity of
its comonomer. Thus, when the comonomer is a vinyl ester, the preferred dicarboxylic
acid is fumaric acid. When the comonomer is an alphaolefin or styrene, the preferred
dicarboxylic monomer is maleic anhydride. Furthermore, whether it is preferable to
esterify the dicarboxylic acid or anhydride monomer first and then copolymerize, or to
first copolymerize the free acid or anhydride monomer and then estenfy, depends on the
particular identity of the dicarboxylic monomer and its comonomer. Thus, for example,
it is conventional to first esterify the fumaric acid monomer or any other dicarboxylic
monomer, prior to copolymerization with a vinyl ester. In contrast, 1t is also
conventional to polymerize maleic anhydride with styrene or the alphaolefins, and to

then esterify.

{0031] As indicated above, the dicarboxylic monomer can be copolymerized with a
vanety of different comonomers; the first of these is a vinyl ester comonomer defined by

formula (II):



characteristics as described above. [0033] The nole ragk%cqbngﬁgﬂ&%nyl ester
nmononmer, formula (Il1), to the nole ratio of the wunsaturate I carboxy
nononer, forrmula (1), in the polynerization reaction m xture can vary

typi cal | ywiorarassdseut 3.0: 1 to 0.33:1, preferably from abourCtuSoxtizign 0. 7: 1,
and nost preferably fromabout 1.1:1 to 0.8:1. These copol yners of the
present invention can be prepared by conventional free radical

pol ymeri zati on techni ques, for exanplel?7starting with a nmixture of all of

t he constituent nmononmers which mxture is essentially free of honopol yrner
or copolymer. Conventional free radical polynerization catalysts can be

used, such as azobis-(isobutyronitrile), gert- butyl hydroperoxi de, and

benzoyl peroxide. Such polynerizations }f/an be conducted neat or in bulk
(i.e., in the absence of a solvent) gorcin the substantial absence of

sol vent. Pol ynerization of the estef nongners is preferably carried out in
an i nert hydrocarbon sol vent, HgiFehCas hexne or hephane, or low viscosity

| ubricating oils. Polynerization is\carried out in an oxygen-free reactor and
the desired atnosphere can be maint!hined by utilizing a nitrogen at nosphere
as is known in the art. Tenperatures of about 65 C to about 150 C, depending
on the choice of initiator, can be used. Polynerization is carried out at

ei t her awhespherhichd: superalkyt gioopreniainipg dexsuraboaind on 1&iqahzm atopast ch or a

conti nuous ,basjs. Polynerizati on can be , stoppe i nown techni gues when
Che bror B SRR BT Lk 6 kBl Sftsn Sn o RREE L T LR ety SRE BN 1o
reached, tr&gﬁef@&d%gﬁkﬁ@nbﬂm bi foemslat(f) tshenylQashieon 28 OCTOBER 2005 WO
02/ 088283 PCT/ US02112481 -18 m xture, or can be allowed to go to conpletion.

Wiere a solvent other than a lubricating oil is used, it is separated from
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concent r atagk\0r fuaia@ate Ve yll dediatd) cepdl b rs Catvindga wirdgel Gdenshain odbod GRdHer The
second type of conmononer enpl oyed for copolynerization with the unsaturated

di car boxyharectppsitsges deseribad aPp¥ea- nonool ef i n. Strai ght chain al phaolefins are
preferred over branched chai n al phaol efins. Mreover, if branching occurs, it
is preferred that it occur at the beta-carbon, and that such branching

cont ai n [NB33dhe rhblarati@bd e Gnylandr proebaiesFbymulat(Ilyos ehd hale sdtoudf 1Be

carbons. Suitable al phaolefins typically contain between about 6 and 46,
e.g., betDEdHgHslitaraer aRanomer. sk gi-dp A1 ROIWBeT¢atipg Teaction mixture can

vary typically from about 3.0:1 to 0.33:1, preferably from about 1.5:1 to 0.7:1, and most
preferably from about 1.1:1 to 0.8:1. These copolymers of the present invention can be
prepared by conventional free radical polymerization techniques, for example, starting
with a mixture of all of the constituent monomers which mixture is essentially free of
homopolymer or copolymer. Conventional free radical polymerization catalysts can be
used, such as azobis-(isobutyronitrile), tert-butyl hydroperoxide, and benzoyl peroxide.
Such polymerizations can be conducted neat or in bulk (i.e., in the absence of a solvent)
or in the substantial absence of solvent. Polymerization of the ester monomers is
preferably carried out in an inert hydrocarbon solvent, such as hexane or heptane, or low
viscosity lubricating oils. Polymerization is carried out in an oxygen-free reactor and the
desired atmosphere can be maintained by utilizing a nitrogen atmosphere as is known in
the art. Temperatures of about 65° C to about 150° C, depending on the choice of
initiater, can be used. Polymenzation is carried out at eithers atmospheric or super-
atmospheric pressure and on either a batch or a continuous basis. Polymerization can be
stopped using known techniques when the preferred degree of polymerization (or

copolymer molecular weight) is reached, such as adding inhibitors to the reaction



carbon atons per nolecule. Mxtures of olefins my be usgerofe®z20052 C10- C24
m xture. Representative al phaol efins include 1-hexene, 1-heptene, 1-nonene,
1-decene\ é-p%x decene, 1-octadecene, 1-eicosene, 1-heneicosene, 1-docosene,
1-tricont%91%’ 2% et racont ene, 2- met hyl oct adecene, 2-ethy|%"UH§%%@?“and

m xtures thereof. The nole ratio of alphaolefin to unsaturated di carboxylic
mononer enployed in the reaction m xtyge wll typically range from about
1.2:1 to about 0.8:1, preferably fromabout 1.1:1 to about 0.9:1, and nost
preferably. abo 1.1 .Ih referred .copol r_ of i J . . copol ymer
b 1 oot meBEne cah® auPRa R 86 514 G e QRE. Bk, f rghBhufothdn s Btfica e

al cohol soii i Lib&l, TR espadRec fiohethdessaitnaf LOF JopoBmierI vy sthidaed prefesy r ed
conmononer for copolymerization with the unsaturated dicarboxylic nononer is

st yr ene. methofdp kpewe 1n [thes ap befase el LGHEs ey readydfor gssplvtign 4rlisSnssligmer | t he

mol ar ratio of styrene to.unsaturated. dj.carhoxyl i,c-containing nonomer (e.g.,
mal ei c gftﬁﬂp&rﬁoﬁgr}{%}g‘jnoﬁf%fng%dfé?Q/gﬁlgor*cﬁgﬁ?gﬁgﬂ%ﬁ]ggﬂgfo about 1:1; preferably
from about 2:1, to about 1:1, and nost preferably fromabout 1.5:1 to about

1:1. Most referably, equal nolar amobunts of styrene and unsaturated
car boxyl [ﬂ@éﬁtﬁbmiSﬁ@ondnﬁmf qaanepomera PEPIOYSAN {RIT ICERYIYBEBZIRH oY Ed thq n
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i nterpolyneriz car boxyl 7°’c” nonoirer. ario ods of
pol yner icontign btiweenabout 6 hiel 4, phradeehedisatind 10k@ad 33, aad pafsrablg-aboot B8 ni ng
nonomers are known in the art and need not be di scussed in  detail herein.
Such metdERE MADE RgE et landlinyree doPlehBt mayt boHsede Eitni 3 tasCasTexture.

pol ymer i i .eact,i u eqt he, e Q hagl
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| ess than about 25, 000, pr@g:erasl% | ess than about 15, 000, as determ ned by
menbr andCRSRBIEEr & metipderiaderens, Fredavipighsens i migPEs thearolneligHPRIeiRE? be as

descri beg agﬁﬁ%'féqnl % @RAURaBs d‘i@a%ox%'ﬁctrﬂgn&ﬂ&r %BR)@QB B8 the reaction mixture
will typically range from about 1.2:1 to about 0.8:1, preferably from about 1.1:1 to about
0.9:1, and most preferably about 1:1. The preferred copolymer of this class is a
copolymer of l-octadecene and maleic anhydride subsequently esterified with the

alcohols in the manner described hereinafter.

[0035] The third preferred comonomer for copolymerization with the unsaturated
dicarboxylic monomer is styrene. In forming this preferred unesterified intermediate
polymer, the molar ratio of styrene to unsaturated dicarboxylic-containing monomer
(e.g., maleic anhydnide) can typically vary from about 3:1 to about 1:1; preferably from
about 2:1, to about 1:1, and most preferably from about 1.5:1 to about 1:1. Most
preferably, equal molar amounts of styrene and unsaturated carboxyl-containing
monomer (e.g., maleic anhydride) are employed. In addition, minor amounts of other
miscellaneous interpolymerizable comonomers can be included in the reaction mixture:
By minor amount is typically meant less than about 1, preferably less than about 0.3

moles of miscellaneous monomers per mole of carboxyl-containing monomer. Similar



specific viscosities. [0037] The resulting interpolyner, i terified
with an al cohol m xture of the type described bel ow m’?ﬁ%ﬁ@gg&?‘ﬁ‘to
esterification of the dicarboxylic nonomer. The esterification reaction can
be acconmlbogbesk2ss nply by heating the di carboxylic- contai pepgseelysrer and
the al cohol m xture under conditions typical for effecting esterification.
Such conditions usually include, for exanple, a tenperature of at | east
about 80 C, preferably fromabout 100 18-+to0 about 150 C, provided that the
tenperature is below the deconposition point of the reaction m xture, and

the wat erofide@sione] fisGatis OfisceBanesid Wshoaterd, Eppleadti espet0aeaets of Seh
conditions may optionally include the use of an excess of the al cohol

r eact ant akpbaclsfinsosfagontinoates fersn@rnd yoarzaed Witethgsicashoxylisananenieror  di | uent
such as mneral oil, toluene, benzene, xylene or the like, and the use of an
esterification catal yst such as toluene sulfonic acid, sulfuric acid,

phosphor (0383 Varcd fBodt | ke. pdibesazegndivrémnsorante varphadlefins dddergof are
wel | known in the art. [0038] Another class of lubricating oil flow inprovers
usef ul i dicathosylitaperaininghmphemersrae &POVNNMehe a5h 2ebRped sesbe Wiscpsed ifer s and
copol yner,s of, unsatur at ed noesters r a r . | ang-sj de chain
inoat ur apga e S ALTRTaRabH Bee BIChkoPmERET ReRhighEnaril

unsat ur aheEnFRRRIRSkadton ENas! difFRf theangtesOpOhIpNENEfi®EoibhSmers Magghof LOFTS
are intendéd to be used as m xtures within this class or with the other

LOFI s asdigeswrylietamboee ipitypedbdcarsiyetedie rivevesgen sipgsehed mteraslymsr nunber

deri ved 28 .OCTOBER 200 WO 02/ 3 I 4381 0 e long
chain al ﬁ?)‘ﬂg%iacnuer% eerrasvgr(flilgee r{]%ol(%)%u%rggvglcgrhfggd&ljsﬁt%%rj'ar%%']ﬁaz?’f)éﬁ’ E/%%F%ﬂ !%g may be
pr epar ediHah ol XB00@| 4s iddriina] 69 htdnsbramnbahomegy f NoporSedterifzAiemrfom at ons
per nolecule in such proportions that the average nunber of carbons in the
al cohol Fdgetlas weaghts e llnkmendesanbed asneral ¥ 3hoxe & aktly apabsusenesPrrdag (A
11.0 andséﬂe%'fft ﬁg O(S]@esbet ween 12.7 and 15.0 as descri bed above; saturated

al i phati af Cohol s are preferred. Short chain wunsaturated esters, having the
above-noted Forrmula (IV), but wherein R5 has |ess than 10 carbons,

preferaﬁlﬂi/ 1 to 5 carbaons, in ampunts of 5 to 50 nolar percent, preferably 10
to 20 ntf0] Fbs ssmitingyaicarPlymer ethep esierHes ity an elaphelanbdiys|of s yPed wit h

R A T L L
gi ven poeyenficanoh | rdaanen tdae daneccacipdishad eimyply by heating the dicarboxylic-
containing polymer and the alcohol mixture under conditions typical for effecting
esterification. Such conditions usually include, for example, a temperature of ét least
about 80° C, preferably from about 100° C to about 150° C, provided that the temperature
is below the decomposition point of the reaction mixture, and the water of esterification
is removed as the reaction proceeds. Such conditions may optionally include the use of
an excess of the alcohol reactant so as to facilitate esterification, the use of a solvent or
diluent such as mineral oil, toluene, benzene, xylene or the like, and the use of an
esterification catalyst such as toluene sulfonic acid, sulfuric acid, phosphoric acid, or the

like. These conditions and variations thereof are well known in the art.

[0038] Another class of jubricating oil flow improvers useful in accordance with the
present invention compnses the polymers and copolymers of unsaturated monoesters,
preferably polymers of long side chain unsaturaied monoesters, and copolymers of long
and short side chain unsaturated mono-esters. The polymers and copolymers of this
class of LOFIs are intended to be used as mixtures within this class or with the other

L.OFIs as described above provided that the average side chain carbon number derived



e.g., the mxture of esters will be a mxture of acryl akes19sER 005

2-al kylacrylates (e.g., nethacrylates). The polynmers or interpolyners of
Formula (IV) are characterized by nunber average nol ecul ar wei ghts and

speci fi c wioscmssxes es as descri bed above. [0040] The pol ynerGrranat/12481
interpolynmers of Fornmula (1V) can be prepared by conventional free radical
pol yneri zation techni ques, starting with a mxture of all of the constituent
mononers that is essentially free of pdlymer. Thus, the polynmers are

general ly random copol yners rather than graft or bI ock interpolymers.

Convent i §0@39] Thedeng ahaiaadliphalio/ pmers zat ihore descabeds its Fosudh (BE) aheisirsRs

(i sobutyronitrile), tert bu roper oxi de, db er oxi de, can be
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preferably carrled 0 n an inert drocar bon sol vent, such as hexane or
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oxygen-free reactor. Th esired at here can be mai tai e carrying
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m xture, Qb cakd LR réhloed ha tl@ak@ag@@ﬁﬂ%ﬁhbﬂﬁer lgﬁltm&?%@)v@e
021088283 PCT/ 0S02112481 -20 fromthe al cohols enpl oyed satisfy the val ues

f or eachrodt. Phefefabhys tallahel alot esters lu@rgmmewl}smcxfmlhba\duht saddatidweoiety,
conposition. The unsat?r ated e t rs are raI acr
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C to C20 préﬁgrea)g ZEHCI%}“EO C, 8eal Kyl group. A 2- a)kyl ac?yl ate |sBone

wher ei n RBmiber a@lréhgﬁlmolﬁfh'elahydrg(btsaﬂﬁypecgi%wp@sumﬁ9@dc&gﬂbc@ﬂlﬂs‘er epresent the
hydr ocar byl residues of mxtures of al cohols fromwhich the sane are
prepared, which alcohols are preferably saturated, although sonme degree of

unsat ur a0} TheP §olingess bhed WhedtpdTyxeldr @8 Bénmﬂa:otm)s call e e%@b@y@dbye. g,

| ess than about 2 nole % of the alcohols in the mxture can be
conventional free radical polymerization techniques, starting with a mixture of all of the
constituent monomers that is essentially free of polymer. Thus, the polymers are
generally random copolymers rather than graft or block interpolymers. Conventional
free radical polymerization catalysts, such as azobis (isobutyronitrile), tert butyl
hydroperoxide, and benzoyl peroxide, can be used. Such polymerization techniques
again include neat and bulk polymerization techniques. Polymerization of the ester
monomers is preferably carned out in an inert hydrocarbon solvent, such as hexane or
heptane or low viscosity lubricating oil. Polymerization is carried out in an oxygen-free
reactor. The desired atmosphere can be maintained by carrying out the polymerization in
a nitrogen atmosphere as is known in the art. Temperatures of about 65° C to about 120°
C, depending on the choice of initiator, can be used. Polymerization is carried out at
either atmospheric or super-atmospheric pressure and on either a batch or continuous
basis. Polymerization can be stopped when the desired degree of polymerization is

reached by known techniques, such as adding inhibitors to the reaction mixture, or can

be allowed to go to completion.



unsaturated. Straight chain or lightly branched al COhO#?o@éBBEﬁ% rred over
hi ghly branched al cohols. The m xture of al cohols enployed~are ose
containing fromC, to about C2o0 carbons which can be enpl oyed in such
proporti B3 02/PM28% he average nunber of carbons in the al cotRUSREgifdue of the
mononmer nol ecule is preferably between either (A 11.0 and 12.4 or (B)
between 12.7 and 15.0. Representative acrylate, and C, to C5 2- alkylacrylate
nononers suitable for use in prepari rrgzoche ester polyners and copol yners of
Formula (IV), subject to the above carbon nunber average restrictions,
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net hacr yligie &ezcank@wzlr 1FR ok YbA e re%te@dﬁqué forfunagvy! ate, tridecyl
acrylate, tetradecyl rret hacryl at e, pent adecyl acrylate, hexadecyl acryl ate,

and octadecyl acrylate. Most preferred acrylates or 2-alkyl acrylates are
those containing C, 2 tq Cl18 al kyl esters having a carbon nunber average in
the m xture for the al kyl® (al cohol residue) portion of the ester as
described in (A and (B” above. 28 OCTOBER 2005 WD 02/088283 PCT/ US02/ 12481
-22 [00411 The nature of the al cohols used for esterification, for exanple of
the dicarboxylic acid @=dabtydride, whetherI'¥yi or or subsequent to

copol yneri zation, is selected such that the average side chain carbon nunber
of each of the dual LCF” additive conmponents is as set forth bel ow
Moreover, while it is ppﬁferred to achieve conplete esterification of all of
t he carboxyl groups of tHe dicarboxylic nonomer, it is perm ssible to achieve
only partial esterification, but typically not |less than about 70 nole %
and preferably not |ess than about 80 rmole % of the car boxyl groups
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for estakylfi m&imrwe@b)ﬂeyeapsedmﬁgnmndghkg EEiprésanCﬂzré Al dmpbabyicrediduehof s,
preferably the CA to C24 aliphatic al cohols, and m)ré p}{f&l‘eerabl the C6 to
C24 al i PRELYTES &F @dtrhiols fremy wﬁw the SamEIEe PrParedr B dechlerreEHIAY y and
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degr ee O unsat ur at , less than ab I'S permssi le in
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branched alcohols. The mixture of alcohols employed are those contaiming from C; to
about Cyp carbons which can be employed in such proportions that the average number
of carbons in the alcohol residue of the monomer molecule is preferably between either
(A)11.0 and 12.4 or (B) between 12.7 and 15.0. Representative acrylate, and C, to Cs 2-
alkylacrylate monomers suitable for use in preparing the ester polymers and copolymers
of Formula (IV), subject to the above carbon number average restrictions, include methyl
acrylate, propyl methacrylate, propyl ethacrylate, octyl propacrylate, decyl butacrylate,
dodecyl pentacrylate, hexyl methacrylate, octyl ethacrylate, decyl methacrylate, dodecyl
methacrylate, tetradecyl methacrylate, hexadecyl methacrylate, octadecyl methacrylate,
tridecyl acrylate, tetradecyl methacrylate, pentadecyl acrylate, hexadecyl acrylate, and
octadecyl acrylate. Most preferred acrylates or 2-alkyl acrylates are those containing C;

to Cy5 alkyl esters having a carbon number average in the mixture for the alkyl (alcohol

residue) portion of the ester as described in (A) and (B) above.



esterification should include sufficient hydrocarbon (kg ﬁmoﬁﬁﬁ?&ﬁ chain

|l ength) to insure oil solubility or dispersibility in the lubricating oils
of the present invention. Thus m xtures of alcohols in the C4 to C26 average
carbon ndP&8%Hge are preferred, nost particularly in tHel/B80%B4824 range.
Alternatively, the alcohols selected can be based on single carbon nunber

al cohol s, provided that the resulting,side-chain carbon nunbers of the
conponents are in accordance with the val ues specified bel ow. However, the

al cohol s ed to duce the first and secopd co n s .of .the,. LOFI
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nunmber of between. 12.7 _ to . 15.0, re preferahl et wee 2.8 and. 14.0.
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n- hexadecanol., .n-oct adec |, .and m xtures t.hereof 0Q42]. Preferr
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addi ti orvipfsomibBipe los adieperIhiBPE fif ithes Jubricating oils of the present invention. Thus
mixtures of alcohols in the C4 to Cy¢ average carbon number range are preferred, most
particularly in the C¢ to Cp4 range. Alternatively, the alcchols selected can be based on
single carbon number alcohols, provided that the resulting side-chain carbon numbers of
the components are in accordance with the values specified below. However, the
alcohols employed to produce the first and second components of the LOFI differ in a
very specific and significant manner. One of the LOFI copolymers, herein referred to for
convenience as the first component, has an average side-chain carbon number between
,1.1.0 and 12.4; more preferably between 11.5 and 12.2. Average side chain carbon
number is determined either by gas chromatographic analysis of the mixture of alcohols
used in the esterification to produce the monomer or by C-NMR of the polymer. The
first component copolymer can alsc be referred to as the "low melting point” component.
In contrast, the second LOFI component (alternatively, the "high melting- p‘oint-"
copolymer component) will have an average side-chain carbon number of between 12.7

to 15.0, more preferably between 12.8 and 14.0. Representative examples of suitable

alcohols thus include n-butanol, sec-butanol, isobutanol, n-pentanol, neopentanol, n-



Such multifunctional V.1. inprovers are also well knowygijn. %Razpﬁs The oi |
soluble V.1. polyners will generally have nunber average nol ecular weights
of from about 20,000 to about 500,000, preferably from about 25,000 to about
400, 000, wisrg/ops8Berably from about 30,000 to about 300, 0®OTassodetssr m ned by
gel pernmeation chromatography or nenbrane osnonetry. [0043] Exanpl es of

sui tabl e hydrocarbon polyners include 2(‘3o_pol ynmers of ethylene copolynerized
with at | east one additional al phaol efi'/n nononmer having from3 to about 30,
preferably fromabout 3 to about 8 carhon atonms and which may be straight or

br anched;heygal.opgiang, iso9canck oft@Relr dt-fadecapoly. n-tncosanalnanteligersanalo i . %  of

a noncony, &gltlcﬁdn—%tfaﬁig dRY e Q&&%ﬁ&ltn-o%’%g %%l,%h%if%[u%set%&%pcOPO' ymers are
t hose conprising e yfené and propyl ene. Per et hyl ene copol'yners known in
the art and suitable as viscosity index inprovers in the present invention
i nclude those described as tapered or block copolyners (including .
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G Ver St rfagmgulatMn. JThuS| whild the gkl additapteim pdsitionrof 'tRRopres@Tt $nasitiBh @eddt
Modi fiers", D.. N Schulz and J. E. dass, editors, Anmerjcan Chem cal Society,
Washi ngt &8,sold, i, admiygge With@ofsrepdy Seh dPereyenyihe dpanenkidl Reymaly et dist

permtted).. 28 NV / 28 U 2 - The dual
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t he | ubrivgebiingimek (oI mihpobvenaddilivescapntyipites of betdoyiponadad)dnixaé cr nore
C3 to C8 al phaol efin, such copol ynmer conprisi Tﬁ’ greater than about 30 w.%
et hyl ene blendedfiioatheylugrigaiingr oif (tERPRHIAD @5 fefuatm By RyqBdRCenwil Pisef er abl y
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usefully can sent inthe V.I. ¢ Isn critical powciedthat
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anor phous, that is, such copolyners are free of crystallinity or have a | evel
of  crystpalymens til gérarall shayaneimpedeteeageanblecblpr Xerghys drfrainfabenteit,00 toscanni ng
calori mta[)gut(ﬁjo%ﬂo, preferably from about 25,000 to about 400,000, more preferably from

about 30,000 to about 300,000 as determined by gel permeation chromatography or

membrane osmometry.

[0043] Examples of suitable hydrocarbon polymers include copolymers of ethylene
copolymerized with at least one additional alphaolefin monomer having from 3 to about
30, preferably from about 3 to about 8 carbon atoms and which may be straight of
branched; optionally, a low concentration, e.g., less than about 10 wt.%, of a
nonconjugated diene may be present. Particularly preferred copolymers are those
comprising ethylene and propylene. Other ethylene copolymers known in the art and
suitable as viscosity index improvers in the present invention include those described as‘
tapered or block copolymers (including terpolymers, tetrapolymers, etc.) as well as those
that have controlled compositional homogeneity and/or heterogeneity within and among
copolymer chains,  (See:; for example, "Polymers as Lubricating Oil Viscosity
Modifiers", G. VerStrate, M. J. Struglinski, Chapter 15, in "Polymers as Rheology
Modifiers", D. N. Schulz and J. E. Glass, editors, American Chemical Society,

Washington, D.C., 1991, incorporated herein by reference to the extent permitted).



the level is equal to or slightly greater than the expggpgeabﬁh §da OF
associated with the test procedure). Copol yners of et ene an propyl ene
are nost WP ereBe¥d. Ot her al phaolefins suitable in place MT/gB@ptEne to
formthe copolyner, or to be used in conbination wi th et hyl ene and

propyl ene, to forma terpolyner, tetrgﬂply etc., i ncl ude 1-butene,
1- pentene, 1-hexane, 1-heptene, 1-oct etc al so branched chain
al pha-ol efins, such as 4-nethyl-I|-pentene, 4- nethyl-l-hexene,

5- et hyl pent ene- 1, 4 4- di methyl -1 -pentene, and 6-net hyl -heptene-1, etc., and
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procedure specified’in ASTM D3900 f
alpha-olefins, such as 4-methyl-1- pcntene 4-methyl-1-hexene, 5-methylpentene-1, 4,4-
dimethyl-1-pentene, and 6-methyl-heptene-1, etc., and mixtures thereof. Also useful are
ethylene alphaolefin copolymers, such as ethylene-propylene copolymers, also
containing a small amount of one or more non-conjugated dienes; such polymers are
known in the art as ethylene-propylene terpolymers or EPDM. When present, the
amount of the non-conjugated diolefin generally ranges from greater than zero, for
example from about 0.5, to about 10 weight percent, preferably from about 1 to about 7
weight percent, based on the total amount of ethylene and alphaolefin present. Blends of
ethylene propylene copolymers are useful, including blends of amorphous or
substantially amorphous copolymers with partially crystalline copolymers. When blends
or mixtures of ethylene propylene copolymers are used, the ethylene content values
recited herein typically apply to the mixture. “That is to say, if an individual copolymer
in the mixture has an ethylene content that is less than about 30 wt.%, but is blended with

a higher ethylene content copolymer such that the ethylene content of the mixture is

greater than about 30 wt.%, then such mixture is considered to be within the scope of the



et hyl ene- propyl ene copol yners between 35 wt. % and 85 w,s@&dnER Above 85
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and carbon-13 nuclear nmagnetic resonance spectroscopy can be enployed to
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of such copol yners. Also included are derivati ze yners such as post -
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mal ei ¢ 28 WO 02/ 088283 PCT/ US02112481 -26 anhydride whi ch nmay he
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copol ymer useful in the present invention is not critical to the
polymers. These are absolute techniques requiring no calibration when operated such
that all nucleii of a given element contribute equally to the spectra. For ethylene content
ranges not covered by the ASTM tests for ethylene-propylene copolymers, as well as for
any ethylene-propylene copolymers, these nuclear magnetic resonance methods can also
be used.
[0045] The total V.I. improver concentration, particularly in the form of a high ethylene
content ethylene alphaolefin content copolymer, will typically be employed in the final
lubricating oil composition in amounts of from about 0.2 to 2.8 wt. %, with the precise

amount being selected on the basis of the particular type and amount of basestock as well

as the targeted properties of the lubncating oil composition.

[0046] The V.I. copolymer or mixtures thereof may be degraded in molecular weight, for
example by mastication, extrusion, oxidation or themmal degradation, and it may be
oxidized and contain oxygen. When mixtures are*used; such degradation may be carried
out on one or more individual copolymers that are subsequently blended or on blended
mixtures of such copolymers. Also included are derivatized polymers such as post-

grafted copolymers of ethylene-propylene with an active monomer such as maleic



practice of the invention. Any process useful for prepggbegcﬁgﬁgmgopolyners
can be enployed, including batch reactors, continuous stirred tank reactors
and tubulap messdrs as well as the use of cat al yst syst ersr/a8ei 288
Ziegler-Natta, netallocene, constrained geonetry and diimnmne catalyst
systens. Various ethylene copolyners useful in the present invention,

i ncl udi ng net hods of polynerization, -déri vati zati on, bl endi ng, and
degradation are conveniently summari zed in contenporaneously filed, copending
United Shiagdelepatientmappt ifcdicr anacsat iwah awualeehol, ofialnaide(agd aa:l a;lhylase;i gned to

t he sane assignee as the present a at| on), di sc ichis

i ncor por Reb@ sy @7 hydrexyt aeinexe- éntseep eIEiOS [4{9%82?7?9%#1 0u n]ggm I
conposi t &P @;m?éoo fat Rk nr é%ac?&n ha{ hat nmay
be eit hePp%}?&pm}% sfsér%ﬁ g?‘% 3ﬁd3)5ﬁiabtylm xtrure o?{ Ega?ura arrlld C%ynt hetllgjcLl base

0i |'s. Thusch bastevai IsUslii RabNes. fH868)85%; i4r0GBrEBar g 48% ahdbt, 1459840 ghe
conpositions of the present invention in Iu%f t hose conventlonall enpl oyed

as cr ank61<%‘§§1é73‘l”ﬁbr‘?fc@fﬂien@a%}l“lssamf'(5‘!90‘§’B'é’|“1{fl Yt LS &P dBHFPERY | R t ed
internal g ggﬂﬁ u K rine
and rail r oa téésgﬁ gg i n?ﬁan& %,Q kﬁﬁ qnla{(bté%m% bgﬁgggeﬁgggr%%&%?% eggl SO
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in base oils conventionally enployed in aEd/or adapted for use as ower
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power steelpl gf s an 1 ke. | ubricants, iIndustrial oils, punp
oi | s andaotwedras| tibrisc af icag)yst lsyatmrrpomht aa)ﬁseolardﬁntaal snetbident | cdmsoanehe

i ncorporation therejn of the additives of the resent nvention, .[ 0 4 1
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prinmaril OCTOBER 2005 WD 02/ 088283 PCT/ 1JS02/ 12481 -27 " Grgoup L

and/ or " @Grgyegntiohlate txas/eslbndksurfﬁmaseedmawstenqiosarhaudylféod)mpnMeg Umged t ant
recently as aut onobi | e naquf acturers, g_lov rnment regulators int o(?uce nor e
stri ngentt aﬁférforl??é‘?n‘ée cPPRERIGN f or S E‘?@ ne G | ubreati-ng—oits, png icularly
as directed to oil volatilidd and husine8fbi Heetfide akhignéelat henslidnof these
criteria to basestock properties and the difficulties in neeting such

per f or rramélcemrt)elhcgllxbsmrqfh’éncldéscmrbvdtedﬂnerq_mbb@m'e&e@age@mtt@d(3) 6 (2000)
and 5 (3), 26 (1999) and in the article "The Effect of

(0047} The lubricating oil compositions of the present invention employ basestock or
base oil that may be either natural, synthetic or a mixture of natural and synthetic base
oils. Thus, base oils suitable for use in preparing the lubricating compositions of the
present invention include those conventionally employed as crankcase lubricating oils
for spark-ignited and compression-ignited internal combustion engines, such as
automobile and truck engines, marine and railroad diesel engines, and the like.
Advantageous results are also achieved by employing the dual additive composition of
the present invention in base oils conventionally employed in and/or adapted for use as
power transmitting fluids such as automatic transmission fluids, tractor fluids, universal
tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power steering fluids and
the like. Gear lubricants, industrial oils, pump oils and other lubricating oil compositions

can also benefit from the incorporation therein of the additives of the present invention.

[0048] However, the dual additive LOFI composition of the present invention is

particularly effective when present in compositions in which the base oil is pnimarily a



H gh Quality Basestocks on PCMO Fuel Econony" by K. Crg WB%Rz%s at,
presented at the 1999 Lubricants & Waxes Meeting of the I onal

Petrochem cal & Refiners Association (Novenber 11-12, 1999). G oup

cl assi fi cAtQ 6#¥88a8¥3 desi gnati ons have been establi shed by PRE/U&GFIIH8EN
PetroleumInstitute (APlI) according to the follow ng table:
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02/ 088283 PCT/ US02/ 12481 -28 weight. It is nost useful with one or nor e of
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content viscogityGiougdex |i npatorasgs as des@uifbed hefr eiVisdosiveIndek N |1 be
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[0049] Furthermore, most commercial Group II basestocks have had viscosity index
values in the range of about 95 to about 100. Consequently, Group IT basestocks having
viscosity indices in the range of about 110 to 119 as well as the other characteristics of
Group I basestocks have come to be unofficially identified as "Group II+" basestocks.
Typically, in order to produce the high viscosity index basestocks of Group 11, refiners
convert naphthenics present in the base oil to isoparaffins. Since isoparaffins can be less
responsive to LOFIs there has been a need for further improvements in 1.OFI technology.
The present invention is particularly useful when Group II basestocks are employed in
the lubricating oil formulation, more particularly when Group I+ basestocks are used
and also when Group III basestocks are used; mixtures of Group I and Group HI
basestocks can also be employed with the LOFIs of the present invention. Furthermore,
the present invention is also effective when Group II, Group I+ and/or Group HI
basestocks are used in admixture with Group I basestocks, and further wherein the Group

I+ and/or Group IT basestocks are present in an amount of at least about 20 percent by



with the current invention and an upper limting Va'“62§§C?8%Eﬂ2§ sary to be
enconpassed herein, i.e., if a basestock is characterized as a oup |1

basest ockyindRks2si he APl schene, it is within the scope of ptpgishyesent

i nvention regardl ess of how high its viscosity index. However, for purposes
of clarity, it can be said that G oup Ill basestocks are expected to have a
viscosity index of equal to or greater2&-han 120 and: equal to or less than
200; preferably equal to or less than 180; nost preferably equal to or |ess

than 160.y&Zaup: §d nRRdudhaupit bhe BRERSE OF kSctabeseaioakd amd @hennRaE Gt alsby from
several producers including ExxonMbil, Chevron, Petro-Canada, Excel
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are sol ubl! 0 SUFEQLATEMIAT TS 9, UBReT IR & W b dP P! S6€S el °F oil in
al | propeptdifised Reréi@ese. "HaNbasBAVEN Rl chatddRkizEA&s C&l@}ou?qw bds¥&ocic QeS| L1 on,
for instance, is soluble or stably dispersible in oil to an extent sufficient

to exerthd ABI sohtemdeds withiaghe seppeloé thenpresenn matentipm regardpsstdidiopd high gts

enpl oyed. . Mbr.eove t addi ti onal incqrporatign of othe dj-tives_ may al so
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the dual additive conposition can be incorporated intothe final, e.qg.,

fully foreaudlae edesd thibr 2eQtprefgradly equehioaasilessghan i 80;irsost praferaplyaaqudl vt such
effectiv unt . be-~sufficient. to vid aid lub il composition with an
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[0050] The dual additive compositions of this invention are oil-soluble, dissolvable in oil
with the aid of a suitable solvent, or are stably dispersible materials. Oil-soluble,
dissolvable, or stably dispersible as that terminology is used herein does not necessarily
indicate that the materials are soluble, dissolvable, miscible, or capable of being
suspended in oil in all proportions. It does mean, however, that the dual additive
composition, for instance, is soluble or stably dispersible in oil to an extent sufficient to
exert its intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher levels
of a particular dual additive composition hereof, if desired. Accordingly, while any
effective amount of the dual additive composition can be incorporated into the final, e.g.,
fully formulated, lubricating ©il composition, it is contemplated that such effective
amount be sufficient to provide said lube oil composition with an amount of the dual
additive composition of typically less than 10 wt.%, more typically less than 1 wt.%,

preferably from about 0.005 to about 0.7 wt.%, e.g., from about 0.02 to about 0.5 wt.%,



a ratio of the defined |ower average side chain carbon,pyeherraapR! YNer
(alternatively referred to as |lower nelting point or lerst conponent) to the
defi ned hi gher average side chain carbon nunmber copolyner (alternatively
referred wo @mssiye hi gher nelting point or second conponeptyngsziak] ows:
from about 95:5 to about 40:60; preferably fromabout 90:10 to about 60: 40;
and nost preferably from about 85:15 to about 75:25. In other words, in a
nost preferred enbodi ment there will b® a higher concentration of the first
defi ned conponent to the second defined conmponent present in the final
conposi t iaad. mpROM2{erdbie Mduabbaddi.@ we abourpd3 iwi.%nbadedt dre ther esight of saiént i on
can be incorporated into the lubricating oil in any convenient way. Thus, it
can be aduRrEnNESETPYSIiN-the oil by dispersing, or dissolving the same in
the oil at the desired | evel of concentration. Such blending can occur at
roomtenperature or elevated tenperatures. Alternatively, the dual additive
conposi t i[0051Teyffdee ve lamodes ofeidh & thad€Hidonipnkmsis aoro@neary capessedrad t he
concentrate then blended with lubricating oil basestock to obtain the final
conposi t %R0 ob e defHIsE dpveratvesagsi side ERANT CaTbr) "UBIERFAPRINECHIEEMRHEG Y i ve
conpositi I : eteiall r lsy from
about 40" FISTE 8 e PR B o s S e BhT ™ the
concent r @heincanbal reonben coprlgmthélteimati velypefzned. to [a0 03 h ghtremdlimlg paddiori ve
conposition of the present invention c e enployed in | ubricating oil
conposi t iSBIPNAHTARPEERD AP $HOWS ma?%?%? to &PO‘Ha‘g%gQ;oWE%r%R}b?@éi‘P Eyoutn a
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which is fective to inpart the enhanced ow properties cri bed herein.
Addi t i onakordganwembstgnefbredidinbodiesns eeec el bea higbér ¢dneepaationoaf]the first

requi rements of a selected t f lubricating oi] conposition can be
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conposition of the present invention typically is adapted to perform

sel ected functions by the incorporation of additives therein to form

| ubri cat i[#@p23iThe dyohpddiiivd emspaietiingefathe present orvention canbe opcorfarated iftor nul at ed

oils". Representative. additives typicall resent 1n .such.fornmul ations
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agents, anti-wear agents, detergents, rust inhibitors and the |ike. [0054]

Cor r osi oblénditigtanoeeur 2 ren leatRaratars Qe vatask temopiatureg eplternati edydbe dind

degr adat 288 tive composition may be blended with a base oil to form a concentrate, and the

concentrate then blended with lubricating oil basestock to obtain the final composition.
Such concentrates will typically contain the dual additive composition in amounts of
from about 2.0 to about 90, and preferably from about 40 to 80 percent, by weight, based

on the concentrate weight. The concentrate can also include the V.I. improver.

[0053] The dual additive composition of the present invention can be employed in a
lubricating oil composition which compnses lubricating oil or basestock, typically in a
major amount, and the dual additive composition, typically in a minor amount, which is
effective to impart the enhanced flow properties described herein.  Additional
conventional additives selected to meet the particular requirements of a selected type of
lubricating o1l composition can be included as desired. The lubricating o1l basestock for
the dual additive composition of the present invention typically is adapted to perform
selected functions by the incorporation of additives therein to form lubricating oil
compositions designated as formulations or "fully formulated oils”. Representative

additives typically present in such formulations include corrosion inhibitors, oxidation



of the metallic parts contacted by the lubricating oilzg -@¥ﬁWE
Illustrative of corrosion inhibitors are phosphosul furize ydrocar bons and
t he prodwa e&/mktss ned by reaction of a phosphosul furized giyideseasdzon with an
al kaline earth netal oxide or hydroxide, preferably in the presence of an

al kyl ated phenol or of an al kyl phenol thioester, and also preferably in the
presence of carbon dioxi de. Phosphosul3urized hydrocarbons are prepared by
reacting a suitabl e hydrocarbon such as a terpene, a heavy petrol eum

fracti onngfi@drC2i@ioRd mb&fitR, Pabperentss ughi-Agnfing Yigeahut yienear Wgkhtsf rom 5 to
30 wt. percent of a sulfide of phosphorus for 1/2 to 15 hours, at a
terrperat(iﬂt@géms,trhétmh@ﬁg@@ﬁth@:)gkf-to 6000 F (66 Cto 316 Q Neutralization of
t he phosphosul furized hydrocarbon may be effected in the manner taught in

U S Pat. No. 1,969, 324. [0055] Oxidation inhibitors reduce the tendency of

nmineral [@ok4§ COr6abRIANBIRSE, dlfb RFWi B€antibirEdti eigents Ofedlitedthe GRBraagucdvi denced
by the products of oxidation such as sludge and varnish-like deposits on the

met al sweff deemetahel naytsviersesied pygewiwpricaing oplx Ferapesaiion. i niiupiratyesof ncl ude
| kal i th nmetal | t f,al kvl.ph i t havi ly C5 t
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t-octyl pagidn tlaf pEGsphoslilngizyd Phefagiinn®ithpire AaBhoRARAPRAEAY lcAldenss
phosphosul furi zed or sul furized hydrocarbons, etc. {0056 Friction nodifiers

serve tdvdnpdde, pieferpblypiar tier praseis ehanadkdpiedt phegok or| afben adeylphgnobi |

conposi tions _such aut tic_transm ssi fluids. Reprgsentative exanples
of sui ttbtﬂegefﬁn& ?%ﬂ %%’F%l%r"s‘ & r?sgu?iedg?ﬁaﬁogag’g?g' l\gﬁosgf]%%ﬁé%@t hat

di scl osasdiadatdbnd Grél prepafedrtsy RAetina stibleWyroddgion shbh adaleiPeddl4 Hehdt
descri bes nol ybdenum conpl exes of  pol yi sobut enyl succinic anhg_drl de- am no

al kanol Petiglesm paetiomef a £2 105 s30taf1n patymer seqhoaseRolVigoipiwlent. vedh Epm bio

dinmeriz f at i gs; : 3¢ L7 t L SC kane
phosphoﬁglcbcwgcﬁS %C%glotqsa; Slﬂ.ﬁg‘? Oﬁg):hfmmgm%fo;?@% g%ést%glis’ ?zdc'{e%]?g%uﬁéé@ﬁeon
product sagfe af 1p0RFSENODGE B (661 O @3 16@° ez NeutrdliziorPaf thd\phosphSaRiuA&l t hat
di scl oses S-carboxyal kyl ene hydrocar bél§ succi nim de, S-carboxyal kyl ene
hydr ocartbirocathas; maybe eHestad ihie manngr Bughtan BT dstRN200%09.383- 02/ 088283
PCT/ US02/ 12481 -31 thereof; U S. Pat_ No. 3,879,306 that discloses
N (hydr oxyal kyl ) al kenyl -succinam ¢ acids or succinimdes; US. Pat. No.
3, 932, 2900547 Okiddiist hiskisors eediice ahe hdeneytaf minetlil 0il§ ko deteriatakeyin) seph@sphi t es
and epoxides; and U,/ S. Pat. No. 4,028,258 that disclgses the
which deterioration can be evidenced by the products of oxidation such as sludge and
vamnish-like deposits on the metal surfaces, and by viscosity growth. Such oxidation
inhibitors include alkaline earth metal salts of alkylphenolthioesters having preferably Cs
to C,; alkyl side chains, e.g., calcium nonylphenol sulfide, barium t-octylphenyl suifide,
dioctylphenylamine, phenylalphanaphthylamine, phosphosulfurized or sulfurized

hydrocarbons, etc.

[0056] Friction modifiers serve to impart the proper friction characteristics to lubricating
oil compositions such as automatic transmission fluids. Representative examples of
suitable friction modifiers are found in U.S. Pat. No. 3,933,659 that discloses fatty acid
esters and amides; U.S. Pat. No. 4,176,074 that describes molybdenum complexes of
polyisobutenyl succinic anhydride-amino alkanols; U.S. Pat. No. 4,105,571 that discloses
glycerol esters of dimerized fatty acids; U.S. Pat. No. 3,779,928 that discloses alkane
phosphonic acid salts; U.S. Pat. No. 3,778,375 that discloses reaction products of a
phosphonate with an oleamide; U.S. Pat. No. 3,852,205 that discloses S-carbox yalkylene

hydrocarbyl succinimide, S-carboxyalkylene hydrocarbyl succinamic acid and mixtures



al kyl ene oxide adduct of phosphosul furized N-(hydroxyabkyttonkiesg!
succinimdes. Preferred friction nodifiers include succinate esters, or

netal salts thereof, of hydrocarbyl substituted succinic acids or anhydrides
and t hi ob addearmsl s such as described in U S. Pat. No. 4 p82AISBYB488 wel | as
vari ous nol ybdenum conpounds. [0057] Di spersants mai ntai n conpounds resulting
from oxidation during use that are goluble or substantially insoluble in
the oil, in suspension in the fluid th k preventing sludge floccul ation and
precipitation or deposition on netal parts, Suitable dispersants include
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si | oxane. [0059]” Anti-wear agents, as their name inplies, reduce wear of
met al paraﬂlsylend?@prcbsedmm |<1fe1$hasph®ulfmemd| Nﬁ@ﬂbfdmwlkwbaalkagérﬂusuanmdza nc

di al kyl di hat dj aryl dit hi osphat 6 d
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phenol s, h%’dhfc'zlfﬂ %b@dn%ye'd Rhtennst sam@sl BV'anﬁ?dddéX'ﬁIde%loﬁép&leﬁﬂkatsG@n aQd ot her

oi | soI ubl e nmorio- and di carboxylic acids.” Hghly basic (viz., overbased)

met al saldesgritedah LaS. Pi iyl 4,3488 casavdhis vaeiogamohybdeterh Cgmprt es
(especially Ca and My salts) are frequently wused as detergents.

Representati ve exanples of such materials, and their nethods of preparation,

are f oungom]tb.%per@anlﬂna’i%lmba&ﬁgomsafes Foat bRiagbh _Qiiuﬂ%FMée fthiiegle July 11,
1985. 61] Conpositions when containing these conventional additives are

t ypi cal | ynsmhebid@d sulpmrmaﬂlhenm@éem lhel oil, amsuspessiom an t@r@iéfth@cmrbmtimg provi de
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t han one ;gdli@S thigie riblecdar WieSdher SRyt smﬁnd@tsl e feabiibh t}ﬂﬁdlﬁf o oil-soluble
di spersant-viscosity index inprover. Representative effective anounts of

such addipolysebusylend | Jugeinicat asbydrde ovitbwethyladeli amninss, aeahi \as Neigetidiesat By

pentamine and borated salts thereof.

[0058] Foam control can be provided by an antifoamant of the polysiloxane type, e.g.,

silicone oil and polydimethyl siloxane.

[0059] Anti-wear agents, as their name implies, reduce wear of metal parts.
Representatives of conventional anti-wear agents are zinc dialkyldithiophosphate and

zinc diaryldithiosphate.

[0060] Detergents and metal rust inhibitors include the metal salts of sulphonic acids,
alkyl phenols, sulfurized alkyl phenols, alkyl salicylates, naphthenates and other oil
soluble mono- and dicarboxylic acids. Highly basic (viz., overbased) metal salts, such as
highly basic alkaline earth metal sulfonates {(especially Ca and Mg salts) are frequently
used as detergents. Representative examples of such materials, and their methods of
preparation, are found in U.S. 6,127,321 based on an application originally filed July 11,
1985.

[0061] Compositions when containing these conventional additives are typically blended

into the base oil in amounts that are effective to provide their normal attendant function.
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[0062] When other additives are employed, it may be desirable, although not necessary,

to prepare additive concentrales comprising concentrated solutions or dispersions of the

dual additive composition (in concentrate amounts hereinabove described), together with

one or more of said other additives (said concentrate when constituting an additive

mixture being referred to herein as an additive-package) whereby several additives can

be added simultaneously to the base oil or basestock to form the lubricating oil

composition.

Dissolution of the additive concentrate into the lubricating oil may be

facilitated by solvents and by mixing accompanied with mild heating, but this is not

essential. The concentrate or additive-package will typically be formulated to contain

the dual additive composition and optional additional additives in proper amounts to

provide the desired concentration in the final formulation when the additive-package is

Thus, the dual additive

combined with a predetermined amount of basestock.

composition of the present invention can be added to small amounts of base 0il or other

compatible solvents along with other desirable additives to form additive-packages

containing active ingredients in collective amounts of typically from about 2.0 to about

90 wt.%, and preferably from about 5 to about 75 wt.%, and most preferably from about

8 to about 50 wt.% additives in the appropriate proportions with the remainder being



the total weight of any additive-package, or fornulati gﬁolﬁ’i‘bﬁf‘RW'?o's' be the
sumof the a.i. weight of each additive plus the weight of total oil or
di luent. [0063] The follow ng exanples are given as specific illustrations of
t he cl ai mD 03488288t 1i on. It shoul d be understood, however, vhatvsobva248nventi on
isnot limted to the specific details set forth in the exanples. Al parts
and percentages in the exanples, as | as in the remai nder of the
specification, are by weight unless otherw se specified. [0064] Exanple 1
[ 0065] Conparison of C]2,0-FVA and C13.2-FVA with Commercial LOFlIs in G oup
|| Baseshasekil] (deefinaAfomagatine 302y SRR PEAl Wabowr Kb ait 86 of dhs prediling of
9. 75% of a deter - _Jnhibitor_ additi.ve e (J i follow ng
conponent%%cgz&'fl Vﬁ}gg@%{%%??gersbﬁén i ﬁilgsreﬁ(ue/' dllg Z%E%ggnye%gl%g? {}%@]lé%ﬁpgﬁéaep gs
det er gent gxpZds&e@ Hirath lyd Blistd bR pltDRRh@tEienB(Lil \MAtend G EINe, additBeY dndadi udn
antioxidant), 8.10%of a viscosity i1ndex inprover and 82.15%of a Goup 2
basest ockthe Thd waigligiany additisspaokped & fomaHaten whichrwidl b the gpa offthe 20 wt . % of
an et hyl ene- prepyl,ene;. ¢ | rcant aj ni 0,:\... % et hyl ene and 80 wt. % of
an et hyl e‘?’%‘-g]gtrogSj;;(fhe?logjl%\gegpg%ﬁrrgrweé%]ﬁ%)glld%‘:d%l "?fzd‘mef‘éo et hyl ene. The basestock
had a Kkinematic viscosity of 22 ¢St at 40 C and 4.5 cSt at 100 C, a
viscosity index of 118 and a pour point of -18 C. The resulting fornul ation
wi t hout UOGRESINGEE folkwriag cyampletgarey Be€pspt \sPEdifichBlusrgiqnss of dhe -daimedof 2, 500
cP and a. ._poiwmt, of, .-21 0 risop of. the | . rature
perfor rranlgge%&)lp F?'t hlg S\l}g?lfjobésuw%%?@k gﬁéﬁlhwﬁﬁnth a{EY%s“OT-Ig.HOE%'FC%p?Os%g di al kyl
f umar at e/spedifit deapt sétefotb PO kheexampisi NIl parteved pgeentdpeleincihaicRa®pledoas number
of 12.3 that is known to be effective in reducing pour point. LOFI-3 is also
a di al kylWellasep sheaemamder atbe spesifiHonyare by verehigindsss atheruise sesadfied hai n
carbon nunber of 13.2 that is knowmn to be effective in reducing the MRV TP-1
apparent 28 OCTOBER 2005 WD 02/088283 PCT/ US02/ 12481 -34 viscosity in
basestocks with high wax content and with tapered bl ock OCP viscosity index
i nprovers. The dial kyl fumarate/vinyl acetate copolynmers were prepared by
reacting lpwlp%ﬁam%?{ar di al kyl fumarate nmononer with vinyl acetate by neans
of afre i i iAORL 4 P 1] d ¥t = . The
aver age. qaeb R N Gy 2l e e T R R
Basestock

[0066] An SAE 5W-30 formulation was prepared consisting of 9.75% of a detergent-
inhibitor additive package (including the following components: polyisobutenyl
succinimide dispersant, calcium sulfonate detergent, zinc dialkyldithiophosphate
antiwear agent, diaryl amine ahtioxidant), 8.10% of a viscosity index improver and
82.15% of a Group 2 basestock. The viscosity index improver consisted of a mixture of
20 wt.% of an ethylene-propylene copolymer containing 50 wt.% ethylene and 80 wt.%
of an ethylene-propylene copolymer containing 72 wt.% ethylene. The basestock had a
kinematic viscosity of 22 ¢St at 40° C and 4.5 cSt at 100° C, a viscosity index of 118 and
a pour point of —18° C. The resulting formulation without LOFI had a cold-cranking
viscosity in the CCS test at —25° C of 2,500 cP and a pour point of -21° C.

[0067] A comparison of the low-temperature performance of the various LOFIs is shown
in Tables 1-3. LOFI:1 is a dialkyl fumarate/viny] acetate copolymer having an-average
side chain carbon number of 12.3 that is known to be effective in reducing pour point,
LOFI-3 is also a dialkyl fumarate/vinyl acetate copolymer having an average side chain

carbon number of 13.2 that is known to be effective in reducing the MRV TP-1 apparent



[ 0068] As shown in Tables 1-3, the Cl12.0-FVA is superi Of (g t er LOFI-1 or
LOFI -3 or their conbination. However, although the pou (é) TERERI0% he oi |
decreasegvgﬁ /5@3 concentration of the C12.0-FVA is increased, both the MRV
TP-1 appar ent V&t osi ty and the Scanning Brookfield gel i RAEYSEA288s ar e
poorer (i.e., increase). [0069] The conbination of a Cl2.0-FVA and a Cl132-FVA
in an 80:20 ratio enables the use a _hagher LOFI treat rate (higher
concentration) in order to achieve the required pour point, wthout

degr adi ng. t he per t. p t anni ng
Br ookf i elgtﬁcos'ét 1|nn ‘E?‘;b}”% hlg}) “M%\P/%OFn ot %H %‘—[ﬁqé% ng égﬁyﬁmﬁ

LOFI - 3C131d@f\4 8\&95 Pye "‘dlﬁl%él-(ﬂﬁhaﬁ%lﬁnill- EMAa@ &&Joi mé’r@ wéd- BreplreliSbyd3,
-33-30-27-- 0.20-33,-33,-33-33-27-33,-33-36,-36 25 33, -36-30-27--36, -36

0. 30- 33- BRcE B, panwlar-@eksbfwrmmlqoashmy@zpﬁstsztasma%oﬁfam:@ 2 PCTI

S02/ 12481 .M sGO 1 r ent Si

CorrL or el poli et o, RBIE § Rd%@%l YperodtBRET %ﬁ%\ﬁﬁ%@?%‘%ﬁ FURIKT
0. 10- - - 241 @6Q3p 3%@(15@8 %gaetaﬂﬁrng@byd3c -NMR2030, 600, - - 25, 600, 32, 900,
48, 90029, 500, 27, 260 23, 300

[0068] As shown in Tables 1-3, the C;20-FVA is superior to either LOFI-1 or LOFI-3 or
their combination. However, although the pour point of the oil decreases as the
concentration of the C;20-FVA 1s increased, both the MRV TP-1 apparent viscosity and

the Scanning Brookfield gel index values are poorer (i.e., increase).

[0069] The combination of a C1;0-FVA and a C;5,-FVA in an 80:20 ratio enables the
use a higher LOFI treat rate (higher concentration) in order to achieve the required pour
point, without degrading the performance of the MRV TP-1 apparent viscosity and

Scanning Brookfield gel index.

Table 1
Pour Point (° C)

LOH Conc. LOFI-1 + Cioo-FVA +
(%) LOFI-1 LOFI-3 LOFI-3 CnoFVA Ci32-FVA
0.10 — — — -33,-33 -33
0.15 -33,-33 -30 -27 — —_
0.20 -33,-33,-33 -33 -27 -33,-33 -36, -36
0.25 -33,-36 -30 -27 — -36, -36
0.30 -33 -33 -27 -33,-36,-36 -36




0. 2544, 300- - - 24, 700, 29, 700 0. 30-- Sol i d41, 700 , 33, 900 te: |
Yi el dStress Failure Table 3 Scanni ng Brookfi el d Cel ?igogq%gf%ﬁggﬁg.

LOFI - 1LOFT-1 + LOFI-3C12.0 FVACL12,9-FVA + (9% LOFT- 30 3.z-FVA 0.10---6.57.4

0. 159. 9- 8w 02/@F82%$9. 7--8.2, 9.36.8, 6.5 0.25--6.6-5.9, 4.5FCTAGI2AMZ117.5 28
OCTOBER 2005 WO 02/ 088283 PCT/ US02/ 12481 -36 [0070] Exanple 2 [0071]

Formul ati on Contai ning a Hi gh-Ethyl ene Content O efin Copolyner Viscosity

| ndex | nprover [00721 An SAE 5W 30 formdl-ati on was prepared consi sting of

9. 75% of a detergent- inhibitor additive package (as described in Exanple 1),
8.60% of a viscosity index inprover EabdeB1.65% of a Group H basest ock. The

Vi scosity index inp th p Iene containing 72
Wt . % et hyl ene. The Bﬁg‘éi&t" Vﬁ%@”&te’ﬁm{ﬁ)g %ﬁ’%ﬂ&ﬁ gﬁ y22 cSt at 40 C and
4.5 cSt at 100 C, a viscosity index of 118 and a pour point of -18 C. The

resulting formulation without LOFlI had a CCS viscosity at - 25 C of 2,300 cP
and a pourL@Bi nt off -RQFE1 [DOZGFI-The usé&Gdl-3a hi gh:eFWN eneéCigehvént |OCP in
ol i QeI 16 oer cone th| SLEBA-Ipgt nt debi bl o o EmEvRTTIN
0.10 — — — 27,800 35,300
0.15 35,200 — Solid' — —
0.20 30,600, — — 25,600, 32,900,
48,900 29,500, 27,200
23,300
0.25 44,300 — — — 24,700,
29,700
0.30 — — Solid' 41,700, 33,900
42,600
Footnote:

1 Yield Stress Failure

Table 3
Scanning Brookfield Gel Index

LOFI Conc. LOFI-1 LOFI-1 + LOFI-3 Ci0 FVA Ci20-FVA +
(%) LOFI-3 Ci32-FVA
0.10 — — — 6.5 7.4
0.15 9.9 — 8.2 — —
0.20 9.7 — — 82,93 6.8,6.5
0.25 — — 6.6 — 59,45
0.30 — — — 12.1 1.5




the prior art has taught that conbinations of high- an bgf e content
OCPs can be used (see Engel et al., US Pat. No. 3, 6g§ 8)%%%%ver, this

approachwepressesst s a conprom se. As | ow et hyl ene cont entpQ@FsG282&dded to

t he hi gh-ethylene content OCP to inprove the responsiveness of the
lubricating oil to the LOFI, the treat rate of the viscosity index inprover
needs to be increased, the thickening3@fficiency of the viscosity index

i nprover decreases, and the cold cranking viscosity (CCS) of the conposition
i ncr ease@070DBX4hpld shown in Table 4, neither LOFT-1 nor LOFI-3 (as

described in Exanple 1), nor thei ] xture, s effective.in reduci.ng the
bour | por MOTTbER R agany Ebrielveg ersteh-Hih i Caplede T Cop et SIEORIY ¢ he
combi naty,ap. Wgr C, 2.0-FVA and Cl13.2-FVA did reduce the pour point, while
mai nt ai ni ng TP-1 apparent viscosity. 28 OCTOBER 2005 WD 02/ 088283 - 37
Tabl e 4 Performance of SAE 5W 30 Containing Hi gh-Ethylene Content OCP

Vi scosity I ndex | nprover' PCT/US02/12481 TestLOFI-1LOFT-1 + LOFI-3Cl12.0-FVA +
LOFI - 301[%27%1\/4&"1\)%&1-‘15%02@}1%@&9'} 8‘@636?3%?%&‘%%0%??%9 Phardepget- (

C) - 30- 30npitiidf HleiveNGeRe3de. 1LR 7 EQALARL £S5 6d% RARYPLKAL on =
0.20 w . n& ]té?\ﬁ e4 Heg&?irg ¢ éﬁi%re 0075] E@an@?e'S f(%%?;g]@%orrpgrlﬁson of
C, 2. () - Ryhravg 38 R6FHWAfwi Ghodpt HrislaesiodkOFTlse viscasifyl intdek ampioveGrvoaspan  and
Goup |11 Basestocks .

ethylene-propylene copolymer containing 72 wt.% ethylene. The basestock had a

kinematic viscosity of 22 ¢St at 40° C and 4.5 cSt at 100° C, a viscosity index of 118 and

a pour point of —~18°C, The resulting formulation without LOFI had a CCS viscosity at -

25° C of 2,300 cP and a pour point of -21° C.

[0073] The use of a high-ethylene content OCP in such a formulation undesirably
increases the pour point of the lubricating oil. In order to overcome this pour point debit,
the prior art has taught that combinations of high- and low-ethylene content OCPs can be
used (see Engel et al., U.S. Pat. No. 3,697,429). However, this approach represents a
compromise. As low-ethylene content OCP is added to the high-ethylene content OCP
to improve the responsiveness of the lubricating oil to the LOFI, the treat rate of the
viscosity index improver needs to be increased, the thickening efficiency of the viscosity
index improver decreases, and the cold cranking viscosity (CCS) of the composition

Increases.

[0074] As shown in Table 4, neither LOFI-1 nor LOFI-3 (as described in Example 1),
nor their mixture, is effective in reducing the pour point to the target level for an SAE
SW-30 oil (-36°C). However, the combination of the Cj29-FVA and C;3,-FVA did

reduce the pour point, while maintaining MRV TP-1 apparent viscosity.



[0077] An SAE SW30 fornulation was prepared consistings gbr8gpR%®RI 2
detergent- inhibitor additive package (as described in Exanple 1?, 8.50% of a
viscosity index inprover and 45.43% of a Goup | basestock and 37.17% of a
G oup M bI¥EH2HERSE3 The viscosity index inprover consisted RFI/ESAR1248r e of 20
wt . % of an ethyl ene-propyl ene copol ynmer containing 50 wt. % et hyl ene and 80
wt. % of an et hyl ene-propyl ene copol yrrgﬁ containing 72 wt. % et hyl ene. [0078]
As shown in Table 5, neither of the stdndard LOFls (LOFT-1 and LOFT-3 as
previ ously described; LOFI-4 is a dialky] fumarate/vinyl acetate copol yner
havi ng an average side chain carbon ”ﬁﬂbi;bder of 14.0), nor their conbinations

resulted in passing perf nce in i ,?)a?oe .m xture (all failed yield
stress), but the conbi nat ?%eﬁ%wa?cﬁedts%g? C -é%&gﬁ the C13 2-FVA resulted
in excellent |ow t enpEERENH BelRQTdENTRTIEYV] 28 GThABERN 26 WO 02/ 088283
PCT/USQ2/ 12481 U+ Oyr ".p QONMMMMH _ o00rNOO

Test LOFI-1 L.OFI-1 + LOFI-3 Ci20-FVA +
LOFI-3 Cias-FVA
MRV TP-1 26,900 40,800 Solid” 27,300
Viscosity
Pour Point (° C) -30 -30 -27 -36
Gel Index 8.3 12.0 119 8.2
Footnotes:

1 LOFI Concentration = 0.20 wt. %
2 Yield Stress Failure

[0075] Example 3
[0076] Comparisen of Ci20-FVA and Cy3,-FVA with Standard LOFIs in a Mixture of
Group I and Group III Basestocks

[0077] An SAE 5W-30 formulation was prepared consisting of 8.90% of a detergent-
inhibitor additive package (as described in Example 1), 8.50% of a viscosity index
improver and 45.43% of a Group I basestock and 37.17% of a Group III basestock. The
viscosity index improver consisted of a mixture of 20 wt.% of an ethylene-propylene
copolymer containing 50 wt.% ethylene and 80 wt.% of an ethylene-propylene

copolymer containing 72 wt.% ethylene.

[0078] As shown in Table 5, neither of the standard LOFIs (LOFI-1 and LLOFI-3 as
previously described; LOFI-4 is a dialkyl fumarate/vinyl acetate copolymer having an
average side chain carbon number of 14.0), nor their combinations resulted in passing
performance in this basestock mixture (all failed yield stress), but the combination of the

Ci20-FVA and the C;32-FVA resulted in excellent low-temperature performance.
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f0079] Example 4
[0080] Effect of Cip6-FVA to C13_2—FVA Ratio

[0081] An SAE 5W-30 formulation was prepared consisting of 9.75% of a detergent-
inhibitor additive package (as described hereinabove), 8.10% of a viscosity index
improver and 82.15% of a Group II basestock. The viscosity index improver consisted of
a mixture of 20 wt.% of an ethylene-propylene copolymer containing 50 wt.% ethylene
and 80 wt.% of an ethylene-propylene copolymer containing 72 wt.% ethylene. The
basestock had a kinematic viscosity of 22 ¢St at 40° C and 4.5 cSt at 100° C, a viscosity
index of 118 and a pour point of —18°C. The resulting formulation without LOFI had a
cold-cranking (CCS) viscosity at —25° C of 2,500 cP and a pour point of -21° C.

[0082] The ratio of the Ci;0-FVA to the Cj3,-FVA was varied from 100:0 to 0:100. As
shown in Table 6, optimum low-temperature performance as indicated by overall low-
temperature performance was observed (using 0.25 wt. % LOFI) when the ratio of the

C120-FVA 1o C32-FVA was greater than about 40:60.



0O ow "~U,-. OVIOvi OOb~-."-" NN U000 N 2% ?EES%EEZ 05 WO

02/ 088283 PCT/ US02/ 12481 -39 [0079] Exanple 4 [0080) ? ec 2.0-FVA to
Cl13. 2- FVA, | 0081] An SAE 5W 30 formul ati on was prepare nsisting of
9. 75% of aa e/ljéeg%%;ent - inhibitor additive package (as descrpicgré@é)“ﬁé?éilnabove),
8.10% of a viscosity index inprover-#nd 82.15% of a Goup |IT basestock. The
viscosity index inprover consisted of a mxture of 20 w. % of an

et hyl ene- propyl ene copol yner contai fi,fjgg50 W . % et hyl ene and 80 wt. % of an
et hyl ene- propyl ene copol yner containing 72 w. % et hyl ene. The basestock had
a kinematic viscosity of EFecaSiC;atF¥0 € GndFY¥ASRa®' at 100 C, a viscosity

I ndex of 118 and a pour point of -]8C The resulting fornulation wthout LOCFI
had a

LOFI Conc.
(%) C120-FVA : Cy3,-FVA Ratio
100:0 80:20 75:25 67:33 33:67 0:100
0.25 24,700/ 26,100/ 29,300/ 36,000/ Solid /
-36/5.9; -33/76.1 -36/17.4; -36/8.5 -277/6.6
29,700/ 28,400/
-36/4.5 -36/6.4
0.30 41,700/ -33, 33,900/
-36/8.2; -36/6.8
42,600/ -36/
12.1
Footnote:

1 Test results: MRV TP-1 Viscosity / Pour Point / Gel Index

[0083] Example 5
[0084] Formulation Containing a High-Ethylene Content Olefin Copolymer Viscosity
Index Improver

[0085] An SAE 10W-40 formulation was prepared consisting of 9.75% of a detergent-
inhibitor additive package (as described hereinabove), 10.30% of a viscosity index
improver and 79.95% of a Group II basestock. The viscosity index improver was an
ethylene-propylene copolymer containing 72 wt.% ethylene. The basestock had a
kinematic viscosity of 36.6 ¢St at 40° C and 6.1 cSt at 100° C, a viscosity index of 113 and
a pour point of —18° C. The resuiting formulation without LOFI had a cold-cranking
viscosity at -20° C of 3,200 cP and a pour point of ~18° C,

[0086] As shown in Table 7, neither standard LOFI composition (as described

hereinabove), nor their mixture, was effective in reducing the pour point to the target value



col d-cranking (CCS) viscosity at -25 C of 2,500 cP andz@o%?ﬂgEP?i) t of -21 C.
[0082] The ratio of the C 2.0-FVA to the Cl3.2-FVA was “varie om 100:0 to
0: 100. As shown in Table 6, optinmm | owtenperature performance as indicated
by over al WQ @388 nper at ure perfornmance was observed (usi n§COUBB2/ES1 % LOFI )
when the ratio of the Cl12.0-FVA to C}3.2-FVA was greater than about 40:60.
28 OCTOBER 2005 WD 02/088283 -40 Table 6 Effect of C 2,0-FVA to C13.2-FVA

Rati o' PCT/USO LOFT . (9% Cl12,0-FVA : C132:FVA Rat ]
1oo|: 880:@b%%z‘é%%é%@:Oé?b?qqfod%?oﬂggéﬂérvéﬁ? ,lﬂ?}e}"‘/%?t?o@n/ﬂsfé‘?éo@d/%slid/ 36

[5.9; 3%, ,2-3;@@n!duZed‘lméﬁéﬁé&i&7@ﬁf1§ﬁ%xa7lﬁﬂxglﬁﬁv4ﬂﬂ-1/ap- aehtvRefy 6. 4
0. 3041, 7007/ -33,33,900/ -36 / 8.2;-36 / 6.8 42, 6001-%6 [/ 12.1 Footnote: 1
Test results: IVvIRV TP-1 Viscosity / Pour Point / Gel Index [0083] Exanple 5

[ 0084] Formul ati on Containing a Hi gh%EEh?/l ene Content O efin Copol yner
Viscosity |Index Inprover [0085] An OM 40 fornul ati on was prepared

consi sti NPe@frmfind®3 PAE 200LL@ LR mind ANYHPEM lendddintdnY ©(T8GKR081(Rdedescr i bed
her ei nabove), 10.30% of a viscosity in ex inprover and 79.95%of a Goup Il
basest ock. The viscosity index inpriopeeveras an et hyl ene- propyl ene copol yner
containing 72 wt.% ethyl ene. The basestock had a kinematic viscosity of 36.6
cSt at 40 Cand 6.1 cSt at 100 C, a viscosity index of 113 and

LOFI LOFI-1 LOFI-1 + LOFI-3 Ci20-FVA | Cj50-FVA +
Conc. (%) LOFI-3 C2-FVA
0.10 — — — 43,900° / 34,300 /
-24 24
0.20 26,000 / 29,200/ 82,200%/ | 34,100%/ 27,500 /
27 27 27 27 -30
Footnotes:

1 Test Results: MRV TP-1 Viscosity / Pour Point (°C)
2 Yield Stress Failure

[0087] Example 6
[0088] Comparison of Cyg, Cy1, and C); Fumarate-Viny! Acetate Copolymers

[0089] An SAE 5W-30 formulation was prepared consisting of 9.75% of a detergent-
inhibitor additive package (as descnibed hereinabove), 8.10% of a viscosity index
improver and 82.15% of a Group I basestock. The viscosity index improver consisted of
a mixture of 20 wt % of an ethylene-propylene copolymer containing 50 wt.% ethylene
and 80 wt.% of an ethylene-propylene copolymer containing 72 wt.% ethylene. The
basestock had a kinematic viscosity of 22 cSt at 40°C and 4.5 cSt at 100° C, a viscosity
index of 118 and a pour point of —18° C. The resulting formulation without LOFI had a

cold-cranking viscosity at =25° C of 2,500 cP and a pour point of -21° C.

[0090] An SAE 10W-40 formulation was prepared consisting of 9.75% of a detergent-

inhibitor additive package {as described above), 10.50% of a viscosity index improver and



a pour point of -18 C. The resulting formlation w thoug ocQEseR
col d-cranking viscosity at -20 C of 3,200 cP and a pour poi rl?tE 2290{3118 C.

[ 00861 Asvehnyesadgsn Table 7, neither standard LOFI conpositpefus@siaggscri bed
her ei nabove), nor their m xture, was effective in reducing the pour point to
the target val ue 28 OCTOBER 2005 WO 044088283 -41 PCT/ US02/ 12481 for an SAE
| O 40 oil (-30C). However, the conbination of the C]2 o-FVA and the
Cl13. 2- P97 5% dii ae@raupdl pesestoplki the wétiokiey maden timipriveg clviRisiE@®-of aapiparre of

i scosity. Table 7 Performance of SAE | OWM40 t ai_ni ng. H gh-Et.hyl ene Cont ent
o Vi o Foi0n e By re copsty TEEFONHAmE 50 B Ardthgtens GneOR Y56 8 Fun
Cone. ) LOBlendGloh AertVAi Afer cda800 #34v3004nyRAe 24TRe FASBID29. 200
/82,200 /347100 /27,500 /" -27-27-27-27-30 Footnotes: 1 Test Results: MRV
TP- 1 Viksroshtio/viscdBuyiof PobruSt ¢id0° Qand elldSsur bHE Grai Vispasity QO ]of EXArpd e 6

0088] Conpari. f €0 €11, and Qu F t e Vi t at |y
[ 0080] “ARDGAES BRSO B ol e ks PBANEL GBHA LOFAGHE: & Sorsmetng,

det er g&MdcositPhi Dige ef ofadelid &p/%(pggggf%i,g@g_qlg\s@.ri bed hereinabove), 8.10% of a
viscosity index inprover and 82.15% of a Goup Il basestock. The viscosity

i ndex inprover consisted of a mxture of 20 wt % of an et hyl ene-propyl ene
copol y ont ai nj 50 . % et hyl ene n 0 . % of et hyl ene- propyl ene
copol ygﬁ{w@oat(:aii"?i%%’ﬁ" St 3“3%‘?1%"«5‘?%{)" %ﬁgh‘ﬁbﬁ'\élge%ébb%?ﬁ Sg‘tﬁ?%ﬁﬁ%n&

vi scosIahye@jim%i?arcﬁxt@f%éfonQeaﬂdaléoﬁolc;ﬁtd AldoHeByiCalc8hMi AGAT the pldaedxe of 118

and a pour point of -18 C. The resulting formulation wthout LOFT had a
col d- crdgakilreg ivilseoyile ). avere 25algatsd 12, 8O0 thePS AR W -pdand plod RAEFOW 0. C,

As shown in Table 8, neither the C90-FVA nor the C;;4-FVA alone or in combination
with LOFI-1 or the C;3,-FVA, was as effective as the combination of the Cj;0-FVA and
the C|3_2-FVA.



[0090] An SAE | OW 40 fornul ation was prepared consistifg,

i nhi bitor additive package (as described above),
viscosity index inprover and 28 OCTOBER 2005 WD 02/ 088283 PCTI US02/ 12481
basest ock. The viscosity index inprovetCEnE1348d of a
20 wt. % of an ethyl ene-propyl ene copol ymer containing 50 wt.

an et hyl ene- propyl ene copol ymer containing 72 wt %

det er gent -

79. 75% of V&0 @/083p83 |

m xt ure of

et hyl ene and 80 wt.

% of

Raf@of a
10. 50% of a

- 42

et hyl ene. The basestock had a kine ttlﬂc viscosity of 36.6 cSt at 40 C and
6.1 cSt at 100 C, a viscosity index #1533 and a pour point of -18 C. The
resulting formulation W thQrlaf¥ C&ﬂgaﬁsoﬁ%@-c?(j@]nb]pg viscosity at -20 C of
3,400 cP and a pour point of -18 C 0. 0-FVA, synthesized from
n-decyl al cohol, and a Cl1FOmBitg- VstwhtA}tie@Iez‘é@Pdlr’mms an equi nol ar m xture of
n- decyl al cohol and n-dodecyl al cohol (using the procedure described in
Exanple 1), were evaluated in both the SAE 5W30 and the SAE | O 40. As
shown in Tabl e[ eirther [he &Fp. - YA ddie T Ig NERRvakdhe]or in
conbi nati on W iEj‘ﬁF’ECFT-l of tqﬁe Cl13. 2-FVA, was as ? fective as the
conbi nation of |the C, 2. () - FZénanth)the C13. 2 FVA 28 OCTOBER 200l WD 02/ 088283
-43 Tabl e 8 Peffermance—Copparisento—C10 "frag at-e—Vi-nhyl Acetate
Copol yners PCT %9@7/‘12481 LR oF SAE§‘51W303L§S oRPhg" /- 1@0 0
C10. 0- FVAO. 20Spfd 1So[ i V. H, 7,4~ 2450, 500 / -24
v any 0 458%00Y) o4 ¢ )

LOFI - 10. 04 C10 B’"ﬁ\]/d Aé goﬂ/ud / -2%33, go?/ -p4 ; ‘7.8 ci3. 2{ FVAD. 04
0110- FVAO. 20So| LG¥FI-1- 2180I d 0021

Cioo-FVA + 0.16 + Solid’ / -21 59,900/ -24 /7.9

Cii2-FVA 0.04

Cno-FVA 0.20 Solid’ / -21 Solid’ / -21

Cyo-FVA + 0.16 + 138,500 / -27 70,900° / -27

LOFI-1 0.04

Cio-FVA + 0.16 + Solid’ / -21 231,000° / -24

Ci;2-FVA 0.04

Cr20-FVA + 0.16 + 30,200/ -36/ 34,600/ -30/

Ci;2-FVA 0.04 11.6° 6.9*

Footnotes:

oW

Yield Stress Failure
Gel Index

MRV TP-1 Viscosity / Pour Point (°C)
MRV TP-1 Test Temperature: -35° C for SAE 5W-30; -30° C for SAE 10W-40

[0092] Although the invention herein has been described with reference to particular

embodiments, it is to be understood that these embodiments are merely illustrative of the

principles and applications of the present invention. It is therefore to be understood that

numerous modifications may be made to the illustrative embodiments and that other

arrangements may be devised without departing from the spirit and scope of the present

invention as defined by the appended claims.



C 1.0-FVA +0.16 +138,500 / -2770,900' / -27 LOFT-10.04 ~ +0. 16

+Solidi / -21231,000 / -24 C13.2-FVAO.04 C120- FVA +0. 1@%%7,@85}{?09526 / 34, 600
/[ -30 / C132-FVAO.0411.646.9" Footnotes: | NW TP-1 Viscosity / Pour Point
(O 2 MRV TP-1 Test Tenperature: -35 C for SAE 5W30; -30C for SAE 10W40 3
Yield Stress Failure 4 Gel Index [0092] Although the invention herein has
been described with reference to partitular enbodinents, it is to be

under st qodizhkrat t hese enbodi nents are nerely illustrative of the principles
and applications of the present invention. It is therefore to be understood
that nunerous nodifications may be nmade to the illustrative enbodi nents and
t hat ot her . : i 1 i r i,rit and
scope.of . HE s e I B e S e cheR
2005 - 44ukH @dtng oillcorApositieh ¢dnvien sopdsdst baa ldbeicalimpoidvistgtoak skleast frda | ow
tenperature flow properties of a lubricating oil conposition conprising at

| east orke BTN ewsisHyE off lulyicstiag GER 08 areatardbiart poagual fe Sgrvuh sebrisiestipg of

| ubri catin il 0 - W, 9 r at e n | ess t han
or equarttane: el 8 SRl 03 Chu T LBkedg MRetly J Y TR e ot or
than or egegued 80 an80cqnd teqsdksd thaar200essdthapastOie @Apchsaly iheastimppever
viscosity index inprover selected fromthe group consisting of copol yners of
et hyl eneclapigddrom dbs Erawecasisting of copdlpmans ef sthyleamand at fpas0ong GotofCia

nonconj ugat di i C e . i | ene
Contaf hERgeEhsi S0 BIRLELR, LN RAHSARCIME Hclip F e RGN o1
conposi kii@rctbolgne icdhtighiAg oxdlytrer 9f ereal) thid SO addedh BIbki gatsaityadditive | ow

i nprover conponent conprising a copolyner of (i) at |east one first nononer
of an URSAPOFHEPRECHPESPBEYPTWEREi d having the fornula: 0

(A) first added lubricating oil flow improver component comprising a copolymer of (i) at

least one first monomer of an unsaturated dicarboxylic acid having the formula:

Q
AN
H C—0OR
/ ) M
=C
RO—( \H
\O

a cis-1somer thereof, or a corresponding anhydride of said cis-isomer, wherein R is
selected from the group consisting of from Cg to Cy4 alkyl group provided that the average
side chain carbon number is between 11.5 and 12.2 and either (ii) a second
copolymerizable unit selected from the group consisting of (a) vinyl ester monomer

represented by the formula:

O

V4

O0—cC
\
H,C=—=C, R, (ID
H
wherein Ry comprises an alkyl group containing from 1 to 18 carbon atoms, (b) Cs to Cys
straight or branched chain alpha-monoolefin monomer, (c) styrene monomer and (d) a

polymer or copolymer of unsaturated mono-ester represented by the formula:



H\GCORc=e RO-CQ Hma cis-isoner thereof, or a cor i nhydri de of
said cis-isonmer, wherein Ris selected fromthe group5§§§2§g#?ggﬁof fromC6
to C24 al kyl group provided that the average side chain carbon nunber is
between 11.5 and 12.2 and either (ii) a second copolyndrizable unit selected
fromthe group consisting of (a) vinyl ester nonomer represented by the
formula: 0 // OC H2CQ R (Il) Hwherein R conprises an al kyl group
containing from1l to 18 carbon atons, (b) C6 to C46 straight or branched
chai n al pha-nmonool efi n nononmer, (c) styene nononer and (d) a polyner or
copol ynmer of unsaturated nono-ester repfesented by the forrmula: 28 OCTOBER
2005 -45 R3 wherein R3 is hydrogen or a.Cl ﬁo C5 al kyl group; nd R4 is a
COOR5 group wherein R5 is a Cto C20 atkyr,2with the provis What t he

aver age nunber of carbon atons in the oups constituting R5 in the polyner
or copolymer is between 11.5 and 12. 2, %48) second added |ubricating oil flow
i nprover conponent conprising a copolyner of (i) at |east one first nononer
of an ungatdindted hyideagehax yl € aodtd dkaywdmy dnbiR fior AO@R; fbuPRehdrem IGAE RP-C

H O a cis-isaoner_thereof, or a correspondin nhydri de of said. cis-isoner,
wher ei n aF@l tio5820 alkyl, with the proviso that the a%erage n%m%er ggcarbon atoms 1n the groups

constituting Rs in the polymer or copolymer is between 11.5 and 12.2,

(B) second added lubricating oil flow improver component comprising a copolymer of (i)

“-at least one first monomer of an unsaturated dicarboxylic-acid having the formula:

- 0

AN
H C——OR,
/ (Im)
C—=C
RO—-( \h
N

O

a cis-isomer thereof, or a corresponding anhydride of said cis-isomer, wherein R, is
selected from the group consisting of from Cg to Cyy4 alkyl group provided that the average
side chain carbon number is between 12.7 and 15.0 and (ii) a second copolymernizable unit
selected from the group consisting of those set forth in (A)(i) provided however, that
when the copolymernizable unit comprises a polymer or copolymer of formula (IV) then
the average number of carbon atoms in the groups constituting Rs in the polymer or
copolymer is between 12.7 and 15.0; preferably from 12.8 to 14.0, and

the weight ratio of said first component to said second component in said composition is

from 95:5 to 40:60, preferably from 90:10 to 60:40.

2. The additive composition of claim 1 wherein said unsaturated dicarboxy ester comprises

dialkyl fumarate and said vinyl ester comprises vinyl acetate.

3. The additive composition of either claim 1 or claim 2 wherein the moles of vinyl acetate
to moles of dialkyl fumarate used in preparing the copolymers of said first and second

components is from 3.0:1 to 0.33:1.



selected fromthe group consisting of fromGC6 to C24 al ky rovi ded
that the average side chain carbon nunber is between 1}'5.#%%?@86 and (ii)
a second copol yneri zabl e unit selected fromthe group consisting of those
set forth in (A (ii) provided however, that when the copolynerizahle unit
conprises a polynmer or copolymer of forpula (1V) then the average nunber of
carbon atons in the groups constituting RS in the polyner or copolyner is
bet ween 4.2IMe adighi viesc @ppqsrtedneslzbly i tragns 120 8 viheraa Ug nanlerrtanerage ghecylat i o of

said first. conponept to.said.second conmpone hn ind,conmposition is from
95: 5 to1ﬂ@ggbgpﬁ?§5§¥58?§a¥wgﬁP§@9Tﬁﬁ?%Igﬁ?agpbé9giﬁgeadditive conposi tion of
claim1 wherein said unsaturated dicarboxy ester conprises dialkyl funarate

and said vinyl ester conprises vinyl acetate. 3. The additive conposition of
ei t her ¢l aihm addyrvect aappastioadraay ol chemad|ted wieroinrppid weensdy endexompubes of

Comonerts Aopies g et DA SHPaE 3B (R iP5 03800, ' The additive

conposition of any of claims 1 to 3 wherein the nunber average nol ecul ar
wei ght of said first and second conponents is from4,000 to 60,000. 5. The
addi ti veéd. Jorpdditiviesompbsigiep obhny phélagnsi! tooS whedser it fisviadd/er swdsedondi ndex -

i nprover has a .nunber. aver age .np] ecul ar i,ght bet ween .20, 000 and 500;
000, 6. FRERE it AFATUSESST EPET U H S el 10 FO S MAGHERR sa1d f1 15t
and/ or  sakgnseGPRdarteRPRORGAbr hishyRHEOPIhYERIHE OBhL AgHo@fs ddlocestii fied C4
to C10 nono-ethylenically - unsaturated di carboxylic acid or anhydride,

wher ei n vidirzlcarizoxyindyiboapkasioae Kadatedalphe-menoplatih. car bons, and (b) at | east
one C6 to C46 al pha-nonoolefin. 7. The additive conposition of claim®6
wherein, in said copolynmer, said esterified dicarboxylic acid or anhydride

i s deriveght LodniNaLeinpoanby df tiden 68vheldig, iaddidtdopelearpasd titanief any of
clains 1 to 5 wherein said first and/or said second conponent is a copolyner

conpr i sdi-agfoxXydly aeist @ranhyéadags deg v Domordeistamiyémical | y unsat ur at ed
di carboxylic acid or anhydride, wherein the carboxyl groups are |ocated on
vi ci nal carbons and (b) styrene. 9. The additive conposition of claim$8

wher ei ngsahel asdiGondopRaliyief arysofalaidene westerdafd et apl/el eiankydai de
interpolyner. 10. A lubricating qil conposition conprising at |east one
| ubri catPREoBI 1% seRt WaRr canrieed@! (a) esteritied C; 10 Cyp mpno—ethylemca]ly :

unsaturated dicarboxylic acid or anhydride, wherein the catboxyl groups are located on

vicinal carbons and (b) styrene.

9. The additive composition of claim 8 wherein said second copolymer 15 a styrene

esterified maleic anhydride interpolymer.

10. A lubricating cil composition comprising at least one lubricating oil basestock selected
from the group consisting of lubricating oils of greater than or equal to 90 wt.% saturates
and less than or equal to 0.03 wt.% sulfur and a viscosity index in the range of greater than .
or equal to 80 and less than 200, preferably between 110 and 119; at least one viscosity
index improver selected from the group consisting of copolymers of ethylene, at least one
C; to C,g alphaolefin, and 0 to 10 wt.% of a nonconjugated diene, wherein the ethylene
content of said ethylene containing copolymer is greater than 30 wt.% to 85 wt.%; and a

dual additive composition of any of claims 1 to 4 and 6 to 9.

11. The lubricating oil composition of claim 10 wherein said viscosity index improver has

a number average molecular weight of between 20,000 and 500,000.



fromthe group consisting of lubricating oils of greater than or equal to 90
wt.%saturates and less than or equal to 0.03 w. % sul PACTHRER293 scosi ty
index in the range of greater than or equal to 80 and | ess than 200,
preferably between 110 and 119; at |east one viscosity index inprover
selected fromthe group consisting of copolyners of ethylene, at |east one

C3 to Cts al phaolefin, and 0 to 10 wt .9 of a nonconjugated di ene, wherein the
et hyl ené 2. it Aritricefing aildcatindittne of enhai ciang iCopotipmerlli s'hgreemtserd &iedn 30
w.%to %5,m¢.@6 and.a  dual additive conposition of an¥Mﬁf ckﬁbgs 1 to 4 and
6 to 9. AP¢IUVEEOTRATTUALS WGSBI I OnyBeitli SR BT Hedd Witer Bt dart %
viscosigyﬁgﬁg%%b&ggkgggﬁEgﬁqlsamqugg&opverage mol ecul ar wei ght of between
20, 000 and 500, 000. 28 OCTOBER 2005 -47/- 12. The lubricating oil conposition
of either claim10 or claim1l wherein said dual additive conposition is
present in_an_anmpunt cqnprising between 0,005 an .7 W.% . preferably

d 0.7 v / [
bet ween 18: dhe dxyicaune Gl comporisioas any 9t ciapas LA i € Athiergn 61 YeERPEsINGEdN of
oo o ! to < Fut ! ! o
o amounp Bl Serktnt b APEEEND R eniEaBI Y SR O e

conposition of either claim10 or claim1l, in the formof a l|ubricating oil
concentrate wherein said dual additive conposition conprises from2 to 90
wt . % of 14aildpel lWBAFEME iy OMPostitdent £ake. clasn 1R oreflrgl ¥lorni herfounn®f &he | ow

t enpera . - I -a_l: Licat i it i §hng at
Pl i A Lt ST B R RS o ST T

| ubri catitl9g cbkdid lemithahpiofigogeenataer. t han or equal to 90 wt. % saturates and
|l ess than or equal to 0.03 w.% sulfur and having -a viscosity index in the
range of 'greater than or equal to 80 and | ess than 120; and at | east one
Vi Scosi iAN ' o legte I J.SLd - ol.ymers of
et hyl enﬁe:y' Qt e}?idsc{rp%n%ﬁ%ﬁl?lg %%SQ);\AAII pt)ﬁg%ﬁr%@l en,glr()%gmggﬁgés (?Lfog\%\ﬂu%}éag@%a&y
nonconj egapedtion enenprivhigr &i krasthenelityicetineg eiinbanstodt selacwdd efrdwyl thmegroup

cont ai ni ng,copol;irrqt’ar i.S %reat er .than 35 V\ﬁ.%to 75 %.% whi ch et hod
conpr i sERISHIEER 1ukralaR §F GBPIREURS BT INPRRFGERP ol YhE BHIHPCaat (5% e
conposi fLQ%rehudy 913 ¢+.8 MRfk 4@ HhviBNGvRedPyIndekbin tﬁ@?@rg%td?c%eaf?ér thhdl m 15
wherein said dual additive conposition is i nclyuded in sai | ubricating oil
conposi ¢n gual to &0 aafdensttheohpPi idng lbet weerviBogQ5indny DAPTOVRE selebitd drosof .

the group consisting of copolymers of ethylene, at least one Cs to Cyg alphaolefin, and 0 to
10 wt.% of a nonconjugated diene, wherein the ethylene content of said ethylene
containing copolymer is greater than 35 wt.% to 75 wt.%, which method comprises adding
to said lubricating oil composition the dual additive composition of ény of claims 1 to 4

and 6 to 9.

16. The method of claim 15 wherein said dual additive composition is included in said

lubricating oil composition in an amount comprising between 0.005 and 0.7 wt. % thereof.



