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The present invention is generally directed to a novel higher nolecular
wei ght di al kyl fumarate-vinyl acetate copofynmer (FVA polymer) that is . a\\ _
particul arly useful as a lube oil flow inprover (LOFI) or pour N
poi nt depr essantUBRIGANT MITHA HIGHER MOKECULAR 3¥EIGHT) COROLYMERhe \ '

hi gher nol ecul ar wei ght FVA co i cating oi I s Y
denonstrates superior |ow tem%ﬁé@%‘z"m&%ﬂ&rt ies versus - )

conventional FVA polyners. BACKGROUND CF THE | NVEI\FI'I O\I
A wide variety of compounds for use as lubricating oil or fuel oil
additives 15 are known in this art. These include conpounds typ| cal I y

referred to as pour

i vi scosi ty i nde roving .-
conposi ti ons wax: crﬁ&%ﬁ%&vﬂqﬂ“s‘s ggrméﬁraé)recfed to 36\°i"elfl¥ “PPB rs, and’_i :
the like. In PRdi 1 (e%?,ja that éﬂirﬂvs '
the preparati on 0 celﬂc%l o UE)I‘I cat| ng oi t| ves %vner?] is ph

copol ymeri zat i asefd aspmlujoeadlﬂommptoml(ﬂOFE)tm'rmuwbint deﬁrwamh;lutnman@l e
20 nonomner i c lals di A ungs as Vi n cetate.:
The ﬁ'ﬂ)@dﬁ%@&%@ggws{%a?@e@v%ﬂ%w‘g&e? inare
fumaric acid e "3{‘5\‘1 gnﬁf Mge? | phatic
al cohol s. %ﬁ{&mgmhdem% ggﬁ%%%& (Bartiett I scl ose e et’Jrrﬁl"épgi nt _

depr essi ng land/\mrsuslcsnmtlbgalFVﬁQﬁolylmrbex | nproving materials obt ai ned by
pol ymerizing certain specified alkyl" fumarate esters. 1n
particular, Bartlett discloses the use of polynerized funarate

esters of C[err] to (Jerr] alcohols for such purposes. Mreover, Bartlett
specifically di scl oses that the C[err] alcohol was nore effective

than the Cerr]B mcmmumnm)mmvmnomoth poI yneri zed esters = .-
exhi bi ted pour point de ressln propert.i 088589

(Rossi et al.) discléddgse tyekcammpaysd ?qf |“§%Ia$ﬁ‘-‘3?§'€ﬁ‘@§ ogffor fue médﬁm"es _
| ”b;' catings0i |, RESwh i ths a‘i’f Pifese ﬂﬁhﬁle%in‘f:@uﬁd}‘ibﬁgﬁly%}‘e}%ﬁtts 28 pb@ it | N9

of
depressants, viscosity index improving compositions, wax crystal modifiers, lube

oil flow improvers, anid the like. In particular, US-A-2825717 (Cashman et al.)
discloses the preparation of certain lubricating oil additives by the
copolymerization of polycarboxylic acid esters with other polymerizable
20  monomeric materials, including vinyl compounds such as vinyl acetate. The
. preferred unsaturated polycarboxylic acid esters therein are fumaric acid esters
produced from C; through Cis aliphatic alcohols, |

US-A-2618602 (Bartlétt) discloses pour point depressihg and/or viscosity
25 index improving materials obtained by polymerizing certain specified alkyl
fumarate esters. In particular, Bartlett discloses the use of polymerized fumarate
esters of Cy2 to Cy4 alcohols for such purposes. Moreover, Bartlett specifically
discloses that the Cy, alcohol was more effective than the Cy4 alcohol, although
both polymerized esters exhibited pour point depreséing properties.
30 US-A-4088589 (Rossi et al.) discloses the use of specified mixtures of

lubricating oil pour point depressants which include polyesters consisting of a
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pol yner i Cvﬁfgsﬁﬁsﬁf acrylic acid or nethacrylic acid and a hhfss

al cohol containing from 10 to 18 carbon atons, and/of 1Tnterpolymners
of a vinyl al cohol ester of a Jere®] to C[err] al kanoic acid (e.qg.,
vinyl acetate) and a di(Cerr]-Clerr] alkyl) fumarate as one of the

conponents th eIl %&% ?slté}%:%' ljlg{ﬁg &H %r }ﬂ Flfag@h& chdrﬁﬂﬁﬁ n?gnoggdétf %lp&koq h wax

content |ubricd VI SCOSIt oVi ng

et hyl ene copol mfémng\ﬁ‘éﬁx lmmmﬂt&ﬁv&mhnﬁtm&m%ﬁewmwS of

di al kyl fumarates, vin esters, _and_al kyl vinyl ethers for r‘H:)row ng- t he

pour poi nt ester ofp Ggﬂxc@lkmwﬂ@gamylrmtatq)@ndﬁéaﬂc‘aﬂxy kwhi ch. the

di al kyl f

2l conol s | nol udiRBREERs onofhe SERRHH hBleat B RbRYHe Tk skl bR |
m xtures aver adiigifwhk eBhtést libricafin: %%ﬂbmohtamfinclude viscosity index improvihiger € has
al so been disclosed in US-A-4713088 (Tack he use in various

m ddl e distil| dtkylensgopobymessi Alse,dS+AB25@iISr(Wignam) spbmstpmq!umqnsf

Coect 1 calty' | st fomarhe Fo st U PYR JREF O RPRTRA P B0y nriy

f umar at e- vi nyl &Ylﬂri’daﬁngﬁﬂﬂaﬂﬂfﬂfo%t le&i]arlym which ﬁﬁ%lﬂlﬁﬁhbﬁtesla}e di scl oses
t he use of such additives in which the avera:)g;I nunber “of . carbon:

atons in the alptwargd &rp@nms Ghéhwgbﬁesalmh pdusiwsutetmdgﬁyl@&whpkﬂiw;eza& 0
14. I n addi |on t bei ng useful in
conbi nat i ont® well as éﬁ"?}?ﬁl gulgeglav %‘ggmgg on ?ﬁ}ﬁrg ester/ethers

and m xtures thereof, as well 20 as with var| ous other additives.
Furt hernore, GB-A- 2023645 di scl oses, for use in treating distillate

fuel oils, various tﬁh@eh&mm&lmﬁémUﬁm-éﬂﬁml(ffd@k)ébe use in various f i r st

conmponent flow i an. eth ne bac bone

iyl one. pol ymdPRRlS AR AL AR riRErmahe APt POt g FoniBie 1

di -esters size éfﬁ\av&c cryMthigY *rhaséaiompe;smaﬂsﬂsﬁkmaﬂy iheli8¢ plpmbss 288 @ second
conponent a |l ube oil pour depressant such"as various oil soluble

esters and/Br hiopolymers of smcxﬁold;aﬂc-yl funjaratg-vinyl acetate c0pdymler¢y IMéstar at e- vi nyl

acetate copol yner n ird c ar

o | - sot ubl e corpsaiby  fiicies B e 8RR ARG Wi BE hifrage wypber of
car boxyl at es) . carbon atoms in the alka;l gidupb ﬁl ﬂ\E Polysted oF esslyrhér thivst He4vRd 120
(Lewtas) and US-A-4661122 that the size of wax crystals

form ng in fuel B ol additipni theaemddmams;ve@fso 1isgjosed pxcbeing useful in combination
with the polyoxyalkylene esters, ethers, ester/ethers and mixtures thereof, as well -

20 . as with various other additives. Furthermore, GB-A-2023645 discloses, for use in
treating dlstxllate 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 di-esters
(e.g., vinyl acetate; and C;3 fumarates), as a second component a lube oil pour

25 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).

It is also disclosed in US-A-4661121 (Lewtas) and US-A-4661122
30  (Lewtas) that the size of wax crystals forming in fuels Boiling in the range of 120°C



WD 98/ 28386 _ '

PCT/ US97/ 18335 3 .
to 500C w0 9sm@83sentrol |l ed by an additive which includes thecraissmessssand
copol ymer's of nono- and di-n-al kyl esters f nono-ethylenically unsaturated -

4 to C err] nono- or di-carboxylic acids, in which the average\ E *
nunber of carbon atons in the n-al kyl groups is from14 to 18. \
These patents $¢1500%C parctescomtrolied by an additive whiph incluzles thefpalymersahg y | N

fumarates and vinyl acetate, and specifically state that the :
funar at o5 can KEPOHEMETQLaRANGr AR di-ralkshestars o mepQrethylenicafly ynsatwited Cedd -

Fur ther mor e, t ke tablioror A Etioghe niBY, ol b fhndfer TGN BT .

unsat urat ed es e n-alkybgnoups isffioan14 to 18. Thedegjatenmwspmﬁereﬁhﬁfo'rves S
therewith, but do not specify that these additives are __10 roduced from
al cohol ni x$ur €apolymers of di-n-alkyl fumarates and vigylacetate, apd specifically sigtethatthe . -
dewaxi ng aid a ! . I e in '
which a | arge g?@%%#%{%ﬁ]bgkaﬁggoﬁénﬁl 3-8‘198}15%%ogwté?ﬁﬁc%&s’aﬁaﬁeﬁ derr]
al kyl groups. mixtles are used they are mixed prforetb @bterificdtion) Fhrtheieérethesic ul ar
wei ght FVA copolyners are typically . formed from a higher
tenper at ure exdateatsdisclose shause of yadewsrsthylenegmsofurated pgter copolymer figbher key

operating vari The..C | . n

copol ymer wt hﬁgb ‘393’%%&&“3@%%% %@ﬂ?gﬁgﬁﬁ%@%@%%ﬁ%@@&aﬁc

col um 340 produted fiom edhol pidgufgsandard typical |y between 20, 000 and -
50, 000 Dal tons which can al so be correlated to the neasurenent of

specific viscosity which has been measured between 0.2 and 0.3.°
The conventional pr r.ed .O.make this . . oduct rcially
Is to charge the re%‘ﬁ{ﬁtﬁwﬁﬁ%\/cilﬁ‘i;?seac?‘é?gfgmgﬁ% axdacop%'iymﬁiog'l mar at e

(DAF) in a nol Famartd-tinPRiceRayinWHiclPd frgb ptoportidd of HIRCARY gréupstite Cyo 185 -
either in the presence of a solvent such as cyclohexane or run in the

absence of Ca alkykgroupsit . The sol vated process maintains the

pol yneri zat,_,on reaction at about . 109[err]C. The unsol vated process
starts at out 94[err]C, but is allowed to exothermin : excess of
121[err] C. It is therhd SoRfledfioted 16W& helebiflar ﬁéi%HmVA coPblyRfrslire @ypically
116[err] C. The initiator, TBPO can either be addéd in continuously

in the sol vat edopmestfem adigher teqperatyrickxothermicenroeess incanshinationawith theons in -

the unsol vated othet %?(soper-la_,ghgs v&r?abpeg.%het Sonventional process manufactures a FVA P ’
copolymer with a weight average molecular weight as measured by a GPC column

20 with a polystyrene standard typically between 20,000 and 50,000 Daltons which

can also be correlated to the measurement of specific viscosity which has been
measured between 0.2 and 0.3. The conventional preferred way to make this
prodixct commercially is to charge the reactor with viny! acetate and
dialkyfumarate (DAF) in a molar ratio between 0.8 and 0.85. The process is run

25 either in the presence of a solvent such as cyclohexane or run in the absence of
solvent. The solvated process maintains the polymerization reaction at about
109°C. The unsolvated process starts at about 94°C, but is allowed to exotherm in
excess of 121°C. It is then temperature controlled around a set point of 116°C.
The initiator, TBPO can either be added in continuously in the solvated process or

30  added in several discrete additions in the unsolvated process. This is done to
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noder at e hernms generated in the absence of sol vent at or
concentrﬁ‘?g gthe reactor is about 0.15 wei ght percent %&&ﬁyh{%#
However, the present i nventors have di scovered that higher nol ecul ar .5
wei ght (i.e., 50 000 to 350,000 Daltons) FVA copolyners can be made by

h ti | Pt
tCe?rggreZt ures, g‘ﬁ e O’%?ngeg‘ ated 18 the é‘?’ﬁ’ﬁqeoc"gssb‘vﬁ?tt |’13’[ed$%3{95cent ration,
number of ini tbéﬁc%trﬁ‘ﬁ’&i 'hltpélfea&uf istBoleats W?Q‘c&ﬁﬁ)ﬁhe total. ‘Mol ar ratio

of vinyl acetate to dialkyl fumarate (VA DAF) hese hi gher nol ecul ar-
wei ght FVA copol yners of the present invention have been denonstrated to

compri oing a7 " Eelgy 6 RS Gvaar e SBEbie e el i hoRbE ©' '
These hi ghey "Wegghr Sxaé sweom ﬁweso@mo\ssﬁm%p&%e&r&ﬁ%e&nad@\b?%msges .

perform part i cul wel I in catal ytic and isodewaxed basestock$ at
conpetitive inléonventional pracess cofiditioni.¢.oreantioretedperatyres; sesidade timeefite or -

[ mar odi ent -t r cBAica IRAALAR ConEERtatiR I B jator sddions Jupios HeERs e | 1
used in an ambyy L %ﬂé‘g B B 06 diali Fmbrate ey 2D Thesehlghertrﬂélééulﬁmwnt

of finished crankcase By conparison, conventlon
mol ecul ar wei gmexgﬁvmhﬂompo}yms of ﬁqmseniapwmmnriwebgenmﬁmamted/m

ingredient in he finished oil ass str nt | ow Ierrperat ure
tests. Wi k@ tﬁgg‘ Iyt improve low temperatng,p b&%ﬁ%’iscﬁq“g’ nsigan

present invent Bdsith Mdex i coBS] ,crent vv| | al | ow pour

poi nt depressa El‘alb )éﬁ%?g e ecdt%f(\fgpl gﬁlgower transm ssion fl uids,

gear oils, tractor hydraulie fluids (THF) and all other industri al
lubricants that require Lowt tur fl ow.and pour,. oint

per f ormance. In addiwgkq%émﬂ?ﬁﬂkﬂ!rwe’&% ﬂﬁiﬂsgfa'm g%ﬁ’t st

copol yners of P&?r@% ?ﬁﬂaﬁlaﬂ%a%ﬂtlﬂ ?lpﬁé’%{ﬂdjﬁo@ev&mé@bm&t%ﬁs at com r?etl’nvéidd' tive

for use in fue nent ow | nprovenent applicatio
SUWWARY OF 15 HEtrieaf\fiabésl (tie pertBﬁnance data preseiited hiereaftemdéntonstrates thas highen

ggg;;ggn;, el e A Ssnias activengrediont Beas o Srished tritkohdt il *"
can be accomplished if used in an amount of approxxmately 0.11%, based on the
total amount of finished crankcase oil. By comparison, conventional lower
molecular weight FVA copolymers require approximately 0.4% active ingredient in
20 the finished oil to pass the stﬁngmt low temperature tests. While this benefit is
- evident in crankcase oils, the present inventors believe that this improvement will
allow pour point depressants to be more effective in power transmission fluids,
gear oils, tractor hydraulic fluids (THF) and all other industrial lubricants that
| require low temperature flow and pour point performance. In addition, the higher
25  molecular weight FVA copolymers of the present invention provide a more potent

additive for use in fuel treatment, wax and flow improvement applications.

SUMMARY OF THE INVENTION
30 This invention relates to a lubricant which comprises a mineral oil

basestock which has been dewaxed via catalytic cracking and/or catalytic
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a |lubricwoospesssd fl ow i nprover - forned fromthe reaPCTAIN97MSA35UCt
(a) an unsaturated carboxy ester formed vig the esterification of an
unsaturated carboxylic acid or its correspondi ng anhydride wth a
nmonohydric . 5 aliphatic al cohol having an average carbon nunber of.

bet ween about is6merizatidn; aealklylene-alkylensisopolymaerpahdealubreatingilfiovn inmprogert he

f or mul a: % Wnere R' Is selected fromthe group '

consi sting of *WHF Srom ths feastior of. wherein Ris a C[err] to C[err]

al kyl group; and 10 roup -
(a)anunsamratetf&}bc??@ﬁ??&'inea este?gthaw flon, aﬂ_ |

consi sti.ng of ' ) a vinyl
f or mul a: [emnﬂnunuedcaﬂxm@hmacuhoﬁﬁgnudhqmnﬁhu;aﬂqdmﬂevﬂﬂr;muguﬂwmnc S
containing fro Lo 18 c rbon atons, an (1 )'an.
ol efin haV|5ng vmganaveragecar on number of between about 10 to 18, sald
[err] r .can .i ndependently be- hydro_ge_n, '
an al kyl haV| ng ]atrmm%‘bggﬁﬁyﬂa BEon atons, or a substituted aryl -
group, provided both Rlerr] and R[err] are gpt- hydr ogen, . 20 .
sai d reaction product having a specific visqosity in the range bet ween
about 0.3 to -~ 1.5, or a wei g, aver gge—@Recul ar wei ght of between
about 50,000 to 350, 000 Dal tone C _

R' H

wherein R' is selected from the group consisting of hydrogen and COOR and
wherein R is a Cg to Cx, alkyl group; and | | |
10 (b) a monomer selected from the group consisting of

() a vinyl ester_ha\}ing the formula:

H
1

CH~C_
0—-C—Ry

‘wherein R, comprises an alkyl group containing from 1 to 18 carbon atoms, and -
(i) an olefin having the formula
| K
_ “R
15 2 .
wherein R, and R; can independently be hydrogen, an alky! having from 1 to 28 |
carbon atoms, or a substituted aryl group, provided both R; and R; are not

hydrogen,

20  said reaction product having a specific viscosity in the range between about 0.3 to
1.5, or a weight average molecular weight of between about 50,000 to 350,000
Daltons. |



6 (Substitute) The lubricating oil flow inprover is
preferably added to the |ubricant in an anount between about 0. 005
to 10 wt . g upon the total lubricant, nore ' pr t ween
about " 0. Oﬁm .% and nost preferably between about qﬁﬁ@?éfggto
0.25 wt.% 5 The lubricant i6s one selected fromthe group
consisting of: crankcase oils, - power transm ssion fluids, gear oils,

tractor hydraulic fl Ny dr yc tluids,. t cycl ine.oils,
catapul t oils, dri!|#hgﬁpf’ﬁ%/‘%%@ﬁ%f‘*\é“’xﬁ%?\”%‘?{ﬁ‘b‘?'éég‘?ﬁlt°p‘$1°§“%“&'gfk
greases, and fugabitibatwédnsbest 0.665 to 10 wt.%, based upbiehd topdlilahiftaneior®i t s the
follow ng | ow tenperature properties: a pour point of | ess than about

-30[err] C, ‘a MRwefarably between abous 901 tecdwhi and ewsopeferghly between gbeptal to 60
Pa*s) at -30[er <.and.a NRV yield stress of |ess than about 35. - 15
The al kyl ene- al éb%@ﬁ%agéﬁ’gr?rrer Is preferably an ethyl ene propyl ene o
copol ymer. Tfie unsaturated carboxy ester is preferably dialkyl furmarate -

( DAF) and the vinyl ester is preferably vinyl acetate. The average
carbon nunber of t heThe lubricimiis enecselestedifrom thegroup abmsisting Df't ararfibaseailse

preferably between about .12. 5 t o 13.5. .2 .« s . Hhe, | ubri cant
oi |l flowinpr Ongwgsgmspgmfshgqu&gEtrqc%ri}yggpﬂm QB'éﬁr'aﬁdrPg}‘"°m‘d% the
present inventi grld engitd SIRCcdtapie dlls! &flfihd MRAR" ili2¥d niSredso? BRE ighédies, -
viscosity in thgﬁ:r ange bet V\%en abogi 0. §to ?’ 0, an‘g a wel ght avergggees_

mol ecul ar andfugktional flkids.ween about 50, 000 to 200, 000 Dal tons, nore*
preferably between 25 about 0.45 to 0.7 and a wei ght average. nol ecul ar -
wei ght of b¥# ween about 75,000 to 120, 000 Dal t ons. - The

present invention al §ge kit %ang- itd lﬁ%ﬁlﬁmﬁ o 8 abt xlti'égrﬂﬁ&:?t
whi ch conprises the stgps 154?‘:ﬂ elndf ng the go?l ov’xfgneé coér;ggggnts: (a) a
m neral oil point of less than about -30°C; a MRYV viscosity of less than about 60,000 cps at

-30°C; and a MRV yield stress of less than about 35.

15 The alkylene-alkylene copolymer is preferably an ethylene propylene
copolymer. The unsaturated carboxy ester is preferably dialkyl fumarate (DAF)
and the vinyl ester is preferably vinyl acetate. The average carbon number of the
DAF alcohol is beMem about 12 to 14,' more preferably between about 12.5 to
13.5. '

20

The lubricant oil flow improver used to form the novel lubricant according
to the presént invention is formed from a reaction product having a specific
viscosity in the range between about 0.3 to 1.0, and a weight average molecular
weight of between about 50,000 to 200,000 Daltons, more preferably between

25  about 0.45 to 0.7 and a weight average molecular weight of between about 75,000
to 120,000 Daltons. -

The present invention also includes a process for formulating a Jubricant

“which comprises the steps of: blending the following components: (a) a mineral oil

. This Sheet Has Been Rerlaced ,

(T [ Sy s

REPLACED
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basest ock WRP8P83B&s been dewaxed via catal ytic cracki ng andPCT/USQWE3Ps i c.

i someri zation; (b) an al kyl ene-al kyl ene copgl yner; and (c) the reaction *
m xture of: _ (i) an unsaturated carboxy ester fornmed via the \
esterification of an unsaturated carboxylic acid or its

correspondi ng ahbhsestackovhigh asbeemdeovaxtdivia catalfitic crackingand/or aatalytiol havi ng

an average carbon nu.rrber_ f, be ﬁfg{ut 10 0 18, . unsaturated

carboxy ester hiRPPRGIZAHQN r%_ﬁtllgﬁene- qg}erc]opoymer md\ﬂ%é?‘@i"??‘“ﬁ@“%x@ﬁq et ed

fromthe group consi f)ianGned &a%ag%@&rmd%emnﬁcamﬁo Ris a .
(11

Clerr] to (Jerr] alkyl” group; and a nononer - sel ect ed from"'
the group consi sihsatgrated carboxylic acid or its chtgspandmgnyﬁhydademtha\mmhyﬂac

f I | k o
onTat & ng 1§ e ptagicleobal BSHaAh Abacs bonumber of beraespapodt F0 it e
havi ng the formyl, 1£rr] and Rlerr] can

i ndependent |y be %t%ﬁggen gxesﬁef(h?‘iﬁgw ng rom 1to28 carbon -

atons, or a substituted aryl group, provi ded oth Rlerr] and Rlerr] are not
hydrogen, such that the ratio of nononmer (ii)ffto unsaturated carboxy ester .

(i) is ~ between about 0.80:1 tadH{0: 1; a@d¢OR20 (iii) an
initiator in an anount between about 0.@5=tQ 0.25 w.% based on t he
total reaction m xture; and heating tﬁé reactggon m xture to a t enper at ur e
in the range between about 80[err]C to 130[err]C for a period of

bet ween about 2 'R f hip
addition to the“?‘eiéégltllﬁon%%@fﬁrﬁom %r?g&@ é&ﬁxsﬁhﬁfﬁ{d}%en |dr%b§|aﬁwf | ow
i nprover is for mmrmmxlg(aomﬁﬁlalkytgmmm ty in the range
10 (i) a monomer selected from the group consisting of:
(1) a vinyl ester having the formula: '
CH=C_ 0
2 #
Yo—-Cc=R,

wherein R, co@pﬁs& an alkyl group containing from 1 to 18 carbon atoms, and -
(2) an olefin having the formula |
. __/Rl
s R |
wherein R; and R; can independently be hydrogen, an alkyl having from 1 to 28
carbon atoms, or a substituted aiyl group, provided both R; and R, are not
hydrogen, such that the ratio of monomer (ii) to unsaturated carboxy ester (i) is
between about 0.80:1 to 10:1; and
20 (ifi) an initiator in an amount between about 0.05 to 0.25 wt.%, based on
the total reaction mixture; and heating the reaction mixture to a temperature in the
range between about 80°C to 130°C for a period of between about 2.5 to 6 hours -
from the time after the initiator addition to the reaction mixture; whereby a

lubricating oil flow improver is formed having a specific viscosity in the range
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nol ecul W of between about - 50,000 to 350,0 -

It is prefe Gt hat the ratio of nmonomer to unsaturated g‘g‘?@%ﬁgéﬁer S
5 between about 0.85:1 to 2.5:1. Mreover,8the reaction nmixture is
typically heated to a tenperature in the range bet ween about

80[err]Cto 10 ___ BRI EF DESCRI PT]I H

G b i s a pPeest o 0 (0 1 51 0F 4 VRBRLT IR GO RN AT O PR 850,
-30[err]C 5ooob%3gmowpdwed 10W 40..passenger car notor oil (PCMO ;
Fig. Ibis a pl ot of speC|f|c viscosity versus MRV viscosity at -30[err]C

for an . i sodewaxed 10W 40 PCIVD 15 Fi g 2a is a plot of .

FVA specific viscos stress .at - for.a
catal ytic dewaxed 1%3@%"@8% tio 0 mionomer o unsa f#fe&”??? 5“3’& ot of
speci fi c Vi$Copétineel Bbsit9. Qﬂ/tdl?,sqo%ibo%r 1Bt iﬁl& heated i
catal yti c dewaxed 10W 40 PCMO. DETAI LED DES | ON OF THE -
PREFERRED EVBCRI a/Eifiperature in the rangebetw‘éﬁeahﬂmag?mtmwﬂfmpo& tions of the -
present invention conprise: an ol eagi nous material, preferably a
| ubricating oil, generally in a major anount; and 25 an additive
conprised of a hi gher nol ecul ar wei ght | ubri cati ng oil .fl ow i nprover
conpri sing non-ethyl ene containing copol ymers which are soluble or

di spersi bl e i NnBRIEF DES . EINGS| s.

10 | Fig. 1ais a plot of FVA specific visbosit‘y versus MRV yield stress at -30°C
for an isodewaxed 10W-40 passenger car motor oil (PCMO);

Fig. 1b is a plot of specific viscosity versus MRV viscosity at -30°C for an
isodewaxed 10W-40 PCMO; |
15 Fig. 2a is a plot of FVA specific viscosity versus MRV yield stress at -30°C
for a catalytic dewaxed 10W-40 PCMO; and

Fig. 2b is a plot of specific viscosity versus MRV viscosity at -30°C for an
catalytic dewaxed 10W-40 PCMO.
20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The oleaginous compositions of the present mventnon comprise: an
oleaginous material, preferably a lubricating oil, generally in a major amount; and
25 an additive comprised of a higher molecular weight lubricating oil flow improver
comprising non-ethylene containing copolymers which are soluble or dispersibl'e in

these oleaginous materials.

The general term “lubricating oil flow improver” (LOFI) covers all those

30  additives which modify the size, number, and growth of wax crystals in lube oils in-



The general term"lubricating oil flow inprover"” (LOFlI) covers all those"
30 additives which nodify the size, nunber, and growmh of wax crystals in

| ube oi | Wwo 9828386 WO 98/ 28386 : _ PCT/US97/18335
PCT/ US97/ 18335 : : 9

9
such a way as to inpart inproved |ow tenperature handling, punpability,
and/ or vehicle operability as neasured by such tests as pour point

and m ni rot aruch a way astdkmmtprqve(dl\lﬁhl)temih\atumhmdhhg, mfmpabtlity,aat/ong oi |
flow i nprovers are. polyners or ~contain-polypers These poI ymers
are general |y G‘Ph'lclﬁcpﬁeﬁl’ég}’ %WP%F%@&MB&@‘%?S pour PQ‘““‘%"

The uni que hi g Wﬂ 3&99@ ,
pr esent |nvent|on are gmdvﬂ%‘,gg%ﬂ ?‘Tga?e alc ﬂd\{égsﬁ%ﬁﬁﬁnersor -
aver age contai bﬂymmnﬂ&esqioljunm@bmu of bwd eypt8, eititer baqkbetieemabl V.
bet ween about 12 to 10 14, and nost preferably between about 12.5 to

13.5. Mor eo¥er sideghajs. nj gher mol ecul ar wei ght FVA copol yrrers have

a specific viscosity in the range between : about 0.3 to 1.5,
preferably between about 0.3 to 1.0, and nost preferably between

about. 0.45 to 0.7, Orhanﬁgx@ﬁ%h nidleutar Weight FVA copalyhérs atcdrdingee theabout .
50, 000 to 350, 00 tons preferably between abqut 50,000 to-

200, 000 Dal t onPresentinvention are fasmed ios dialky) @lnwéﬂttmléﬁ qlp Baning an avesegeo

20, 000 Dal
Ilengt hs E))]? ?rgtn?\ \g%beﬁgf?etweenabom?o g?\%&ﬁ% ‘?Je?@g&}%bao%%gackbone

of the pol yger, 14Wan@fh %@&raﬂ}ebaﬁre&ﬂabout 12.5 to 13csr MbﬁddVEﬂfehésehEghtehe wax
crystal s inhi biti ng further_ crystal growh due_to branches 20 - and

non- cryst al | i zabdlecwagjweightF VA copelymershase a specific viscosity in the Taﬂgﬂb@tv!ﬁeﬂec hal n

have hot i ene LRGFEAR T BoreB REVAR IR 4.5 1d LUSERY Ay mepferpbippertle
chains. These RBLWOBUS t¥0IKobk Weight herkge mbﬁcﬂaﬁ&sgn@oﬂmm 50, beo SI de

chai ns 25 have been found nore effective in treating isoparaffins as
wel1 as n- par aftpi349,009Ialtons, preferably betwegneabent §0,000 to 200,000 Daltons, andrhe | ube

o1 T on TR Rl SR ol 75080 B AESR Bk P 5

The backbone variety have var.ious'lengths of methylene segments
randomly distributed in the backbone of the polymer, which associate or co-
crystallize with the wax crystals inhibiting further crystal growth due to branches

20  and non-crystallizable segments in the polymer. '

The sidechain type polymers, wﬁich ére the predominant variety used as
LOFI’s, have methylene segments as tﬁe side chains, preferably as straight side
chains. These polymers work similarly to the backbone type except the side chains
25  have been found more effective in treating isoparaffins as well as n-paraffins found

in lube oils.

The lube oil flow improvers of the present invention generally comprise
longchain flow improving polymers of the sidechain type, which contain pendent
30  ester groups derived from a mixture of alcohols whereby the alcohol residue can be

characterized as repeating methylene units, and which are oil soluble, or



| ongchain flow inproving polyners of the sidechain type, which contain

"~ pendent 30 ester groups derived froma m xture of al cohols whereby the
al cohol resj an be characterized as repeatin units,
and whi cﬂ‘?%% sol ubl.e, or VO 98/ 28386 T
PCT/ US97/ 18335 ' 10 10

di spersi ble, polyneric conpositions that generally have hi gher nol ecul ar

ol cout ar we ofiBRSTRHle RVRERpapoRions s exprsHL M ERS” Bolscrlr St
Dal tons, pref e@%%g&?gﬁ% géﬂn&%n%fbn%&éﬁﬂ? i.e., moleculaP Wightih the Angé abl y

bet ween about 000 Dal t ons

Al ternativel y, betwebn aldut 50,080 t0.350,608 Daitoné;pr&ﬁﬁblyﬁ) 00Rdo ﬁﬂ@,ﬂéﬂﬂ)aﬂtnn%nt i on
are nore conveni entl sed by .t he i ty exhibited by such
pol yners. Acco®ifl Mgs t);/P MME#@P“W@B@@ i@a&/ﬁ&%‘?’?pl cal ly be at |east
0.3, nore . preferably between -about 0.3 to 1.0, -and nost preferably
bet ween about 0.4 to 0.7. 10 Such specific viscosities"
are deternmned i n addermitively soch mdldvelat vicightd ofithe LOFI of thequesentinvention -

SpeC|f|c Viscosity (K-vis of Soluti vi s, of _ Sol,v
wher ei n " K- vi saf§fmesg copyeyently expressed %ﬂéﬁﬁﬂeﬁ leést?%?yt?‘i‘ te‘ib{'é\“‘}ﬂ Cof a 2. 0

mass/ vol une pe R MNIR n

(sol vent) 5&%§5§|‘+é% cmi%g’m*rerc :}1 Y, uglfl%g%t?g?ﬂﬁ)c}’g z{t%y%dg{glgs{glgrrset ers

with a vi scorrepaferably between abouta0:3 twl.0pimlmost poéférablytbeswamraboutdd to 07.
"K-vis of Solvent" is the 20 correspondl ng Kinematic viscosity of the
sol vent al ¥he at the same tenperature. - Al'l specific viscosities
reported herein areg ﬂa% éaﬂa%cgﬁtléme%mﬁﬁmgﬁrm%‘éﬁrdance with the followm The
novel |ubricating ol ow I mprover accor resent 1 nvent _

is preferably éqiatied: fromt he reaction product of : 25

(a) an unsaturated carboxy ester formed via the esterification of an
unsaturated carboxylic acid or its correspondi ng anhydride with a
nonohydri c v, IR oR nunber of
bet ween about 10 to 1858%8:?’&&8}10%%5#&% 3?%3’5 boxyﬁgeéper@ havi ng t he

formula: 15

wherein “K-vis of Solution” is the kinematic viscosity at 40°C of a 2.0
mass/volume percent solution of the polymer (a.i. basis) in toluene (solvent)
available commercially, using Ubbelohde-type viscometers with a viscometer
constant of about 0.004 cSt/second, and the “K-vis of Solvent” is the

20 corresponding kinematic viscosity of the solvent alone at the same temperature.

All specific viscosities reported herein are determined by the above method.

The novel lubricating oil flow improver according to the present invention
is preferably formed from the reaction product of: |
25 (a) an unsaturated cafboxy ester formed via the esterification of an
unsaturated carboxylic acid or its corresponding anhydride with a2 monohydric
aliphatic alcohol having an average carbon number of between about 10 to 18, the
unsaturated carboxy ester having the formula:



WO 98/ 28386 : PCT/ US97/ 18335

11 [err] wherein R is selected fromthe group consisting of -
hydr ogen vemgs/28385k and wherein Ris a (err] ‘to C er ptTaAisYyis3ss oup;
and (b) a nonorer selegyed fromthe group consisting of
5 (i) a vinyl ester having the formila: [err]

wher ei n R[err] corrprl ses an al kyl group containing from1 to 18 carbon
atons, and (ii) amyolefin having the formila:
[err] 10 wherein R err]and R[err] can i nggpendent |y be hydrogen, an-

al kyl group having from1l to HY, preferddRy 8 to 16, carbon atons,

or a substituted aryl group. The aryl @r=siy ' may be substituted vmth _
a variety of substituents, includi ngR.tfut no Hlimted to, - hal ogens

het er oat ons such as sulfur or nitrogen, or an al kyl group Preferably,

E:g(rabg:ryl %gougﬁyﬁtén?\ f)sls%gz?{ exarrpﬂ‘e\égrb{?p?ﬂl F%]pfgf e propy né t05

i sobut yl ene, buﬁ@féinRxsaCmtopemaﬂdyEgrd&p;(ﬁﬁE decene, dodecene t et radecene,
hexadecene, octadéecene, g/r ene, - a-nethyl styrene or 4-net hyI styrene.

The reaction product pref(b EMOMES$M¢W|®QOUPWH$$%ﬁ| ty in the
range betwegn about 0.3 to 1. | ecul ar . wei ght
of between gbout 50,000 to 3531)(700%11&?%)%"%68%]@ -Suitable

et hyl eni cal |y unsaturated carboxylic aci or their anhydrides,
which are eventually esterified to formYhe unsaturated car boxy ester have
the CH;=C A

No—C=R;

wherein R, comprises an alkyl group containing from 1 to 18 carbon atoms, and
| (ii) an olefin having the formula:
N
_ N\ R,

10 whereinR, and.Rz can independerntly be hydrogen, an alkyl group having from 1 to
28, preferably 8 to 16, carbon atoms, or a substituted aryl group. The aryl group
may be substituted with a variety of substituents, including but not limited to,
halogens, heteroatoms such as sulfur or nitrogen, or an alkyl group. Preferably,
the aryl group will be substituted with an alkyl group having from 1 to 5 carbon

15  atoms. Typical examples of the olefin include propylene, isobutylene, butene,
pentene, hexene, decene, d_odecene, tetradecene, hexadecene, octadecéne, styrene,
o-methylstyrene or 4-methylstyrene. The reaction product preferably has a specific
viscosity in the range between about 0.3 to 1.5, or a weight average molecular
weight of between about 50,000 to 350,000 Daltons.

20

Suitable ethylenically unsaturated carboxylic acids or their anhydrides,
which are eventually esterified to form the unsaturated carboxy ester, have the
carboxyl or anhydride groups located on vicinal carbons, and have 4 to 10 carbons

in the unesterified monomer molecule. Suitable carboxylic acids or anhydrides



car boxyl or anhydride groups | ocated on vicinal carbons, and have 4 to 10 .

car bons in the unesterified nononer nol ecule. Suitable carboxylic

aci ds or anhydri des WD 98/ 28386 :

PCT/ US97/W@3%28386 PCT/USIBI3S

I nclude fumaric acid, nmaleic anhydride, nmaaconic acid, citraconic acid and
Its anhydride, and itaconic acid and its anhydrlde

The particul ar _carboxylic acid or dr i de nmononer, which . is erred

5 will depend dfhedefuimagsacid,malet *’ng‘é' mesaspnic agid sc‘t"ﬁﬂ‘fgﬁc%‘ﬂ@a@% Kbnoner is
a vin r %ﬁr xvlic acid is funmaric acid. Wien
t he conmononer %hﬁﬁ{& ancfllih%oﬂirc aingﬁte or styrene, the preferred - .
car boxylic nononer is nalelc anhydrlde Accordi ngly,

esterification is conducted with mxtures of alcohols, which
al cohol s can be sl i ge Rarisulas crebexylis @r%?raaé#lydafmpmerdﬁ*amls%éﬁed

preferably tr S for
esterificat reateP endl %naﬁth,de%g@e@’xﬁM onogr_ngl" Th&shah?lk%&% hﬁm}iﬁ}%ﬂj é[ err]

al i phatic al CO estﬁf‘tli lﬁf&&dtcb&oﬂdﬁfdcld i Furhbrdd 4gd. aWihgh dhe con®dronteplss, . and
nost preferably the C[’er to C[err] al i phatic al cohols; provided, that the
average car bon an alpha-o eﬁmrrﬁmgm@ the prefarced carboxylicamennmer is maleiq aptwdridsoout 10
to 18, preferably 12 to 14, and = 15 nost preferably 12.5 to 13.5.
Primary al cohols are preferred over secondary and tertiary

al cohol's, and the al&e&wdnﬁglﬁt,rﬁtmimﬁb b&n&ﬁtddﬁﬂiﬂedlmﬁﬂek bPalgbhaigrwhictegr ce
of unsaturation (i.e., less than about 2 % is permssible in various

al cohol 10 alcokplstaan be slightlybrapehed; rmefpwaglmtryrgbt ehadm sapst peeferably skaighs ar e

gag]; g;;ﬁ? a? :/\e/ (ra 29@%%@5 TB‘E‘S’ &F qlgcg}%gscmgéﬁg gﬁloﬁ%&%ﬁaém A 68’0”“% sele‘fte‘? aPcoh oI

capryl al cohol thoCdpevt;s alxﬂﬁhehlcohay rptbfedbBoie|C,, Mlls%ﬁpﬂat@amh@ls, andet y|

al cohol , mar gar al cohol stearyl al cohol , arachidyl al cohol,
behenyl al coholmoslt pgnrfwb%/ryhe Cyz to Cys aliphetie dFOh%mf@\ydethﬂh&fcﬂhé averAge pasboms ¢ syl

ot obos for | oMy o agetap e BEERRAR bBIRG1R, BlAGaI RIS, B

conprises tif§e $hERpréfbrably 12.5 to 13.5. Primary didoholsvié Giefétrdd dver sedondsryiand
vessel the follow ng reacCtion m xture:

unsat urat ed carteiegy eloehnls, mod thecrqahalsiase preferably satueatedy nlthﬁugbrsome(de)gree

of unsaturation (i.e., less than about 2 mole %) is permissible in various alcohol

- mixtures. Straight and lightly branched chain alcohols are preferred over highly

branched alcohols.
20 ,

Representative examples of suitabie alcohols thus include n-octyl alcohol,
capryl alcohol, n-decyl alooho_l, lauryl alcohol, myristyl alcohol, cetyl alcdhol,
margaryl alcohol, stearyl alcohol, arachidyl alcohol, behenyl alcohol, lignocery
alcohol, myricyl alcohol and melissyl alcohol.

25
| The present invention also includes a process for forming a lubricating oil |
flow improver which comprises the steps of:
(1) charging into a reaction vessel the following reaction mixture:
(a) an unsaturated carboxy ester formed via the esterification of an

30  unsaturated carboxylic acid or its corresponding anhydride with a monohydric



30 - unsaturated carboxylic acid or its corresponding anhydride wth a
nonohydri c WO 98/ 28386

PCT/ US9 7 Wk 99328386 13 PCT/US97/18388 phat i C
al cohol having an average carbon nunber ofj;3between about 10 to 18, the
unsaturated carboxy ester having the fornmula: [err] wherein R
Is selected fromthe group consisting of hydrogen and COOR and 5 wherein

Ris a Cerr] aliphafie alcbhdllhylhggnmumge carbon number of between (abputal 0w k3 eie
selected fromthe groyp gonsisti (i) aV|nyI
ester having tRRsa Fﬁﬁ?alca‘%(’ e{tgrrl?ﬂvmgthefonn%ere, n Rlerr] conprises an
al kyl group containing from1l to 18 carbon at ons, 10

(ii) an olefin having the formula [err] " wherein Rerr] and Rl err]
can i ndependently be hydrogen, an alggyl havi gom1l to 28 - - carbon
atons, or a substituted aryl group, p! e\g._ both R[err] and Rl err] are not
hydrogen, such that-the ratio of nongaer to unsaturat ed carboxy ester
(a) is 15 between about 0.80:1 td%10:1; d (c) an

initiator in an arrpunt bet n about "0.05 t0.0.25 w.% based on the
total reacti onWheseiRd ffromt e group c%‘?f”‘?ﬁe@ﬁhﬁ’ﬁ{?&"ﬁé“ﬁ’@&@ﬁ‘&ﬁ m xt ure

to a terrpersat u&rﬁgﬁeihkﬁ?a or}gq:%w%%&pto 100about 80[err]C to 130[err]C,

nore preferably ween about [err]C, for a period 20 of

bet ween about 2.5 to 6 h@byrsmbnomerd sefectedfrom thesgrotip eonsistingafor addition to

t he reaction m xture; whereby a lubricating oil flow inprover is
formed having a () avmy ester having the formula: __

H
|

R VN cf/-oRl
wherein R, comprises an alkyl group containing from 1 to 18 carbon atoms,
10 - (i) an olefin having the formula
_ ___/Rl
R,
wherein R, and R; can independently be hydrogen, an alkyl having from 1 to 28
carbon atoms, or a substituted aryl group, provided both R; and R, are not -
hydrogen, such that the ratio of monomer (b) to unsaturated carboxy ester (a) is
15 between about 0.80:1 to 10:1; and |
(c) an initiator in an amount between about 0.05 t0.0.25 wt.%,
based on the total reaction mixture; and - '
(2) heating the reaction mixtux;e to a temperature in the range between
about 80°C to 130°C, more preferably between about 80°lC to 100°C, for a period
20 of between about 2.5 to 6 hours from the time after the initiator addition to the
reaction mixture; whereby a lubricating oil flow improver is formed having a
specific viscosity in the range between about 0.3 to 1.5, or a weight average

molecular weight of between about 50,000 to 350,000 Daltons.



specific Viscosity in the range between about 0.3 to 1.5, or a weight

aver age nol ecul ar wei ght of between about 50,000 to 350, 000 Dal tons..
W08/ 283 .
PCT/ Uso7 RBasSss PCT/U§%/18335

The preferred lubricating oil flowinprovd's are err] to CJerr] dialkyl
fumarate-vinyl acetate copol ymers. The nmole ratio of the vinyl ester to

unsat ur at ed car box t he I rization r 'on. ] xture can
vary t ypi cgl ﬁ? B@t&anggggﬂﬁwwpmve}:sm& P QBI% 90:1 to
1.5 1. o ﬁxmarate-vmyl acetate copolymers. The mole ratio of the Netftd

Al reactions and results |isted Tabl es 1A and 1B bel ow wer e obt ai-ned
using a netal ussaturated cwosﬁlmmheﬂwfpobpmammeamwlmmedammsure.' _
The vessel s a 300 S tc ntai ner. Tables 1A
and 1B bel ow IWH“‘U qghl &Rwe @Wbﬁigm re generated with a
variety of frocess condltlons and with the performance results - .

listed. The mmjor variables were vinyl acetate to DAF mol ar ratio,
the reaction starting tenperature, remtherm t he wei ght

{)ﬁrcent of the freeAr“tadl cal injti egi B%Ph’&ség éﬂg%qﬁ%t\r‘?q%% TBRO)) N :
e sequence %lﬁi)‘eﬁ‘ﬁi?gm jon an

t he residence e IS
defined as theﬁt a?rfﬁt%:?ﬁcg?%resg%l?ﬁﬂéﬁ&t'?ﬂﬁegatmga?e E EE&MZIT%@HE%}EE in

all runs) pl uswas s 30 nistainiess steel bateh cmlsamh!n @ables 14 and 1Bjbelowilist various: 2.5 -

hours, then thﬁf IS no Soag’éiil ne. The rman.ce ta-listed.is for a SAE
10W 40 | ubM ca %g“m YRR Wi W?ﬁe'?% éd"aﬁ'&g PEegess sgnditigns 3gd ey e

treated W th Opdk t+REP&ERSHMaREE | e f vant
low 20 terrperaturg tests fﬂc?ir{‘ﬂ%sryeg&?:ir ?rh% g&f‘fa%l\)irﬁlegg?fgn%m%ﬁm&moEA%ASTM

D3829) yield molar ratic tthereactionsstarting tenfferdtiie, rdabior exotivesing theokeipgltss t han -
60, 000 centi poi se at -30

Tabl e 1A percegt;pf the %s&@&cw@twm&, t-butyl perogiogte (TRPO)), the sequencey o,
Resi dence -25tl.m|r§§)md _profa&géﬁﬂé ©of TBwsiﬁng 'réhftion .aﬂ-c?m&'reii@ér{cla ﬁngeoof the -

TBPO Tine (hours
0.075 2.515 reactior? In this case/ resitlence tirhe is defined as the total inBidtor addition time

0.3 2.5 3 99. 9 1 ' 30 .
0 3 6.0 ~ (equalg 2.5 hours inpil_ mns) plys gsoak period. If the residgpce time is equal to
g- g 2.5 302 5 Idurs, then thétes no séhkRime. The performafi data listed is for a SAE 0.15

10W-40 lubricating oil blended with isodewaxed basestock. All blends were

treated with 0.11 percent active ingredient of FVA copolymer. The relevant low
20  temperature tests for the crankcase lubricating oil is MRV (ASTM D3829) yield

stress less than 35 MPa, MRV viscosity of less than 60,000 centipoise at -30°C.

Table 1A

Run % Active VA/DAF Reaction wt.%  Residence
25 No. Ingredient Mole Ratio Temp, °C TBPO Time (hours)

1 48.8 1 80 0075 25

2 717 1 80 03 25

3 99.9 1 80 0.3 6.0

4 745 08 80 03 25
30 5 - 79.9 0.8 ' 80 0.15 60

6 96.3 1 80 L 015 60

7 66.7 1 80 ’ 0.15 25



96. 3 1 80
66. 7 1 80

08/ 2836 9828386

Eé\lm

/ US97/ 18335 |

68. 7 0.8 80
94. 8 0.8 80 |
0.8 8 80 687 0.8 0.
80 <15 0 5
0.15 3.8 - ° 139.9.'8 | é’z% 1 - 1
0.3 6.0 10 14452 898 1
0.075 6.0 n  1mpe 300 1
0.3 6.0 16 96. 5 1
0.15 6.05 18 1789 odo- - 1
0.15 6.0 13 1841 @9.6 = 1
0.15 4.0 1 0.2 1
0010 6.0 ¥ 23‘_’“. g8.9. 1
0.22 6.0 15 ° 21100 9g5.8 1
0.15 6.0 1% 2245 931 1.
0.15 6.0 23% 94. 2 1
0.15 6.010 17 2499 d6. 8 1
0.15 3.5 18« 2596 28. 2 1
0.3 6.0 26 96, 9 1
0.15 5.0 28 27%2 3'8 8 1
0.15 6.0 20 2989 Q4.7 1
0.12 6.0 21 2%sg 952 1
0.15 6.0 30 92. 8. 1
0.15 2.515 22 37921 M. 3 1
0. 15 5.0 2953* 32.942 89 2 0.8
0.15 6.0 33 78. 1 1
0.15 6.0  #* 363 7
0.15 6.0 25 3982  qL.5 0.8
0.3 2.5 36 73, 8 0.8
015 60 38 9% 3% 1
0. 15 6.020 27 88_.8 | 1

28 94.7 |

29 95.2 1

30 928 1

31 943 1

25 32. 89.2 08

33 78.1 1

34 937 1

35 91.5 0.8

36 738 0.8

30 37 81.1 1
38 69.6 0.8

15

1%

80

2

0.
0.
.5

80 .

9.

80
84
80

.

© 90

87
100
101

" 100

101
100
100
101
100
100
100
110
120
120
120
110
120
120

120

120
120

0.15 6.0
0.15 2.5
PCT/USY7/18335
15
075 6.0 9
3 6.0 10
- 4975 60 90.9
899 3t e0
84 015 25
80 015 6.0
T90 015 .38 .
8703 60
10
10@.975 6.0
1003  60°
101515 60
100 -
10&15 6.0
- 10415 40
100
100010 60
10022 . 6.0
11815 6.0
120
12615 6.0
1200.15 * 6.0
11 :
12815 3.5
1283 6.0
120
1 00.15 5.0
015 6.0
012 60
015 6.0
0.15 25
0.15 5.0
015 60
015 60
015 6.0
03 25
015 6.0
0.15 6.0
015 25

* denotes that nitrogen stripping occurred.

45.

i

79



38 69. 6 0.8 120 0.15 2.5
denotes that nitrogen stripping occurred. WO 98/ 28386
PCT/ US97 . _ 1 :
Tabl e 184";163;83%386 Run . MRV Yield . MRV App. Viscoity F%‘J?’%%fw35
Speci fic Low Tenperature ' No. ®Bress at -30[err]C
([err] O Vis. Per f or mance
(Pass/ Fail) 5 1 < 35 - 30
0. 6175 P 2 <35 ﬁi’—él 655 -30
2 : gggg PRun MR\:1 Bield MR\K&? Viscosity 21%%: PoAnk Spectﬁc Low 'rmpaﬁnre
0.5139 Po. - Stressg at'“kgs o 259973 Vis. P°‘f°m°§o
0.5211 P 10 6 <35 23, 048 (PassIFall)33
0. 8637 R S~ <35 23444 L : 36
0.6382. 5 1 p ¥ g 2AB55 o 3,243 06175 - P_3g -
0. 4640 P <35 9 21,6535 2311 279 0.6947 P 36
0. 5955 10 35 23, 692 ' F 36
0.5019 5 153 u8g37 971 120 ¥ 36
0.7166 P <35 12 22,03335 23 123 . 05139 P36
0. 7736 P <35 13- 2297 35 - 24p 413 0.5211 p 36
0. 9668 P ' <35 - 37, 337 - 27
0.7200 10 6 <35 15 23048 35 38 790 0.8637 P3p
0. 8655 P 20<3516 23,14435 2% 300 0.6382 P36
0.9983 17 35 23, 300 i - 36
0. 7493 3 <35 1g B2 3B 704 04640 Pao
0.5709 P <35 23279 <35 -3623 000  0.5955 P -36
0. 362 B 2543520 . a3 65235 ' 235 200 - gs019 p33
0.4182 P 21 . 23, 900 ' -30
0. 6078 15 [+ <35 23, 971 - =36 0.7166 P :
12 <35 24,123 36 0.7736 P
13 <35 24,413 . 36 0.9668 P
14 <35 37,337 27 0.7200 P
15 <35 . 38,790 36 0.8655 P
20 16 <35 23,300 36 0.9983 P
17 <35 23,300 -36 0.7493 P
18 <35 35,724 -30 0.5709 P
19 <35 23,000 36 0.362 P
25 20 <35 23,200 33 . 0.4182 P
21 <35 23,900 -30 0.6078 P
22 <35 25,000 -36 0.4127 P
23 <35 25,000 33 0.4157 P
24 <35 23,500 <30 0.4477 P
30 25 <35 27,900 -33 0.5217 P
26 <35 28,808 36 0.5298 P
27 <35 39,100 -33 0.3749 P
28 <35 24,000 -36 0.3885 P
35 29 <35 22,800 -39 0.4241 P
30 <70 83,327 33 0.3049 F




22 <35 25, 000 _ - 36 ' 0.4127 P

23 <35 25, 000 o -33 0. 4157 P
24 WEO98/28386 23, 500 : - 30 _ 0. 48crrus9is3ss P
30 25 <35 27,900 - : 17 -33 0. 5217
P 26 <35 28, 808 - 36 0. 5298
P 27 < 35 39, 100 -33 0. 3749
P 28 31 <3570 123241 000 -36 - - 36 0.3239 . 3885
P 35 2% <169 1600392, 800 33 03463 0. 4241
P 30 <33 37307 337 9. 3049
F WO 98/333386 <70 160,400 - -36 0.2438 - F. -
EST 1'Us97/ 1838534 <los 16780 | 2 0.2402 32337 F -

< : - .
32 <5105%3 <#8d, 033 201517 SR | °-2387 2463 F F
33 < 70 36 <168, 400 228,747 -3 02085 2438 F F
34 < 10 , 800 o -3 _ 2402 - F.
5 35 37,05 <jl§‘7201, s¥737 B gy st 200 R67
F 36 38 <<10% 300008, 747 <33 -%202  F 0.2055
F 37 <146 299377 =35 —0—3314
F _ 38 < 105 300,000 : -33 0. 2202
F 10 10 . Tables Allists thetvaribhefavidid Gyl hestite/dmlkyl RiArate molar
acetate/di al kyl fumarate nol ar rati o, ‘reaction tre[ggerat ure, anount
of catal yst armatipcesackiontemperstire; smounpof catalyst and residence timep that witee e '

copol yners of diff.erent, nol ecyl ar ohRts.. Table 1B.sho t.h | ow
enperatur e, perFiSAIRAERAEE coRRtuBes o S St mptcar SR LB ABALONERe The
resul ts cl ear | [pwstempetdhive pefRhatice bf tike PElyMBEs iR WA isdgewiRldtadtRockerght . as
15 measured by spécific viscosi tg&n show excellent |ow tenperature .

performance. results cleaglyshoythatsopplymesypefovéight average sicl¢cular aveighs, asoout 0.:35
gi ve passi 1 ow t erat.ur erfo ce.in the MRV .test. In _
Cont rast . Popdhsured by mscBEuiseesy. show excelight 103 tsrmper Ui bRdA: 0. 35
give failing |QupdigmeRNSHRcIfERbIRA D OVE abdif OMSV%ive passing 16®St - 20
It is nost surprising that "a nmani pul ati on of several key variabl es woul d

" temperature performance in the MRV test. In contrast, copolymers with specific

viscosities below about 0.35 give failing low temperature performance in the MRV
test.
20 _

It is most surprising that a mahipulatioh of several key variables would
result in a dramatic imprbvement in the performance of the molecule. Previous
conventional wisdom was that the performance of pour point depressants or LOFI
was independent of molecular weight. If molecular weight Was not important, then

25  aprocess to manipulate the molecular Weight of the polymer was not relevant.
The present invention has sent forth above data which supports the claim of the
present invention that specific viscosity and molecular weight greatly effect the low
temperature performance in isomerization and/or catalytic dewaxed basestocks.
The discovery by the present inventors that there is a minimum specific viscosity
30 and molecular weight which is required for meeting a specific performance criteria

is therefore a surprising result. Therefore, the present inventors have discovered



result in a dramatic inprovenent in the performance of the nol ecule.

Previ ous conventi onal wi sdom was that the perfornmance of pour point
depressa was i ndependent of nolecul ar V\fplgqﬂéﬁ?? {?P
nol ecul a% was not inportant, then 25 a process ’h ate t he
mol ecul ar wei ght of the polymer was not relevant. The present

i nvention has sent forth above data which supports the claimof the
present inventi at .specifi VIS npl ecu ight qreat |

B Foot cho o ik Blan it betthSg P ARieTTRL SR PEV ISl R
catal ytic dem%hﬁﬁﬁm%befomulated The d| scovery by the present
inventors that there is .a mninum specific viscosity 30 and nol ecul ar
wei ght which is required for nmeeting a specific performance criteria

is therefore a surprising result. Ther I ¢ present i_nvent ors have

di scovered WD 98/ 28386 w :

PCT/ US97/ 18335 Table 2 demonstrates the conditions under which the data sdéorth in |
that through process refinenments higher nolecular weight FVA copolyner |ube

oi | ' f | Tablesthand/4was obtained. TablesB and 4 below demonstrate that a reduced

EXAMPLE 2 t t di.t d which .
the data set fot'r?qjir?tﬁofOOSSv% é@ﬁ%@ﬁ@ﬁg@ s gﬁ’t g’?t??éxld I %Ia(lég grandlz
bel ow denonst r at&ddviled 8r b4t !ﬁ@dewaxed basestéckfié‘itxlfﬁ‘e%tx% inGn&%ing e cricaf t he

LOFI of the present 1nventioh 1n either an SO ewaxed or catalytic
dewaxed basest dok tempstatire pedpfeetiasidiscussed abevs; prpvided thatithe peabtion product | ow

10 has & Upecesnenge vErey ThHATEESRHeTALREL |50 ToRAer HFh 7 and o

- wei ght VRSl e MM SRdiL IR o tiRividth aB5utOR B 12808D ﬂémﬂgo to 120,000
Dal t ons. _ Table 2
Table2
“Run % Active VA/DAF -~ Reaction wt.%  Residence
15 No. Ingredient Mole Ratio ~ Temp. °C TBPO Time (hours)
1 68.7 08 . 80 ' 0075 6
2 452 08 80 : 015 25
3 74.5 0.8 - 80 ' 03 25
4 9.9 0.8 80 E 015 6
20 5 96.9 1.0 100 - 015 5
6 69.6 1.0 : 87 015 4
7 488 1.0 80 ' 0075 2.5
8 667 10O 8 015 25
9 711 10 .80 03 25
25 10 %9 10 50 015 6
11 899 . 10 79 0.15 3.8
12 96.3 1.0 . 80 0.15 6
13 100 1.0 80 03 6
4 94.1 1.0 80 03 6
30 15 99.9 1.0 80 03 6
16 6

88.1 1.0 84 0.075




Run ' 9% Active VA DAF Reacti on w.% Residence

15 No. I ngredient Mole Ratio Tenp. [err]C TBPO Tine
(hours) WO 98/28336 68. 7 0.8 80 PCT/US97/18335
0.075 6 2 45, 2 0.8 19 80
0. 15 2.5 3 74.5 0.8 S 80
0.3 2.5 4 79.9 0.8 80
0. 15 6 20 5 96. 9 1.0 Table3 100
0.15 5 6 69. 6 : ' 87
0.15 4 7 48.8 (isogewaxed Basestock) g
8- 225 - g g Ran g MRV Yxeﬁ$7id7RV App ’}-’m&sny Pour Point g(hpeclﬁc Low Temperature |
0: 3 2 5 2 5N0 10 " Stress 90. &t -30°C 1 0 . (°C) g(Vis. Performance
0.15 6 5 11 '89.9 1, o S T79 (Pass/Fail) =~
0.15 3.8 12 06~ 1 . - 20 ' -
0.15 6 113 < 100 76500 1. 0 27 go 04640 F
0.3 6" 2 14 <35 94.1 422001.0 36 - 80 0.5019 P
0.3 6 30 15 ' 99.9 1.0 o 80 ;
0 3 6 3 16 <70 38 159,400 1. 0 27 84 0.5139 F
0.075 6 4 \WD 98<78386 83,100 : 33 0.5211 F
PCT/ US97/ 18335 5 <245 723,000 19
Table 3 : _ (I sodewaxed oBsasest ock)
Run MRV Yiéld M®pp. Visbd¥ity Pour F¥int 055782 fi & Low
Tenper at ure 7 No <35 St sgs6 at -30f7 06175 ([epr] O
Vi s. Per f or ce ' ' -
(Pass/ Fai | ) it 1<§5_ <3Hi00 76,908 063382 _ 37
0. 4640 F 9 X35 48500 42, 280 - 0.6947 P36
0.5019 3 59, 400 727
0. oige P w0 s 540 83, 100 07166 Fay
0.5211 F 4o 5<% - <P3%00 - 723,680 07736  F21
0. 5298 F 12 6<70 <é9100 . 54,304 08637 - &0
0. 5709 F <35 32,500 - 27
0.6175 p B §“° 435300 33, 280 08655  F3p
0. 63382 P 14 <175 138,000 _ <21 0.9668 F
20 15 <175 106,400 | 21 12230 F
16 <70 57,400 T «18 1.2764 F
Table 4
(Catalytic Dewaxed Basestock)
25 Run MRV Yield MRV App. Viscosity  Pour Point Specific Low Temperature
No. Stress at -30°C ) 0 Vis.  Performance
(Pass/Fail)
1 <175 127,600 =33 ' 0.4640 F
2 <35 41,600 =30 0.5019 P
30 3 <105 64,800 -33 . 0.5139 F
4 <105 78,600 <36 - 0.5211 F
5 <210 279,000 -30 0.5298 F
6 <70 53,000 -33 0.5709 F
7 <35 42,000 =30 _ 0.6175 P
35 8 <35 40,300 -33 0.63382 P



<70

9 <35 46, 100 - 27 0. 6947 P 15 .
10 <105 69, 000 . - =24 0 7166
11 < 55, 800 - 30
12 ﬁg”’”’“ 69, 100 | - 21 0. %6%3’597’18355
13 <140 153, 300 2024 0. 8655
14 <175 ' 138, 000 -21 0. 9668 F 20
15 <175 06, 400 - _ 2230 F
16 <70 ® 400 W00 P ORI F ¢
Tabl e 4 10 <105 53000 - (Cataytic Dewafl@tbéBasedt ock) 25
Run MRV YI1Q| d I\a\jsApp \49&66)SI ty PourggPoi nt o.79@eci figc Low
Tenper at ure ~ Stress at -30[err]C (C)F
Vi s. Per f or mdAce <105 55,200 =30 . 0.8637 :
(Pass/Fail)s 13 1<175 17600 1278300 0.8655 -3¥ -
0. 4640 F ' < - 41,600 =30 -
0. 5019 p gy 0 12550 %t’ 7800 09668 F33
0.5139 F 15 <70 - 49206 78,800 - - 12230 -¥6
0.5211 F ' 27 00 -
0. 5298 F 16 g’o 527 53910880 1.2764 - B%g
0. 5709 F 7 <35 : 42, 000 -30
0.6175 P 35 8 <35. 40, 300 -33
0. 63382 10p WD 98/ 28386 C _
'PCT/ US97/ 18335 - ' . 20 9
<70 48, 500 -33 - 0. 6947 F ' 10
<105 53, 000 COMPARATIVE EXAMPLIES F 11
<105 49, 400 . - 30 ' 0.7736 _ F 12
<105 55, 200 Asshownin Table 5A34he polymers of Compggative Example 3 were 13
:%Zg %gg:%g%ated with the same pro:cg% conditions of Ex%n@gég Comﬂ:algative Exampi]e‘ll 5
<70 149, A0dfemonstrates that in additichito molecular weiglit. tA2 3¢erage fumber of carbdib

57, 400

atoms in the alkyl groups of tiig polymer or copol)}n'xggig3 greferatlJ:ly between 12
and 14. The average number of carbon atoms in the alkyl groups of the polymers
of comparative Example 3 is 12.0. As shown in table 5B, all of the polymers of
Comparatwe Example 3 fail the MRYV low temperature performance test even

20 though they are high molecular weight (i.e., specific viscosity of less than 0.35). In
this case, residence time is defined as the total initiator addition time (equals 2.5
hours in all rﬁns) plus a soak period. If the residence time is equal to 2.5 hours,
then there is no soak time. The performance data listed is for a SAE 10W-40
lubricating oil blended with isodewaxed basestock. All blends were treated with

25  0.11 percent active ingredient of copolymer. The relevant low temperature tests
for the crankcase lubricating oil is MRV yield stress less than 35 MPa, MRV
viscosity of less than 60,000 centipoise at -30°C and a pour point of lower than -

30°C.



10 COVPARATI VE EXAMPLE 3 As
shown in Table 5A t he poI ymers of Conparative Exanple 3 were
gener at ewb 98/29386 he sanme process conditions of Exanple 1. ﬁclmtsymsssse

Exanpl e 15 3 denonstrates that in addition to nol ecul ar wei ght the

aver age nunber of carbon atons in the al kyl groups of the polyner
or copolyner is preferably between 12 and 14. The average nunber of
carbon atons in the alkyl groups of thEablelSArers of corrparatlve
Example 3 is 12. 0 A% shown |n tabhl e 5B, aII of the pal ymers of

Conpar ati ve B¥8hpl e BAFEE| ¢ heV | ow t S§PEPHL ur e b’gf‘forrraﬁiséle'l"ést even

20 though t hRy. ar e Higrghentrol eQuéleRatibei ghtTefp.c€. , SPEBPOf i C ViIE@Qkoutsy of | ess
t han 0. 35). l#&——e——this-case—rosidencetinme s defi-ned-as-thetotal - -
initiator addition ti¥e (equals iP5 A0 hours 48 all rund) plus a soak
period. |Ifsthe resideswse tinme i v.2equal to Jod hour .21 tahen there i's
no soak tine.,The per mance data listed is, for E 10W 40

| ubri cati ng ofl bl end‘;esg’rvm th i sglo‘gwaxed balestock A"l bl ends. %re treated
with - 25  @.11 per®eént activd.d ngredi entlobf copdldner. The & el evant | ow

tenperature t eat+rg—ott—is—h | d
stress | ess than 35 MPa, MRV viscosity of less than 60,000
centipoise at -30[err] C and a pour poi EablefSB ower than - - 30C.
WO 98/ 283?6 . . .

PCT/ US97/ %33§un MRV Yield MRYV App. Viscosity Pour Point Specific Lové'{emp.

Tabl e SA No. RurStress % Act-BGPE€ VA DARPC) VBeasity i OPerformancent . %
'Resi dence 1 s = ¢ o3 . TBPO
Time (hours) ? : 331.0 O 110

0. 08 2 6 E0 2 © 544,000 97. 8 - -30 0037 . F 100
0.21 4 3 #6.3 C 1 _ 110
0.15 g <0 T, TVIMToTg I F "Too
0.15 15 4 <7 1,850,000 -33 0.61 F

* TVTM denotes too viscous to measure.

That measure of performance can be quantified by adding the low and high
- molecular weight FVA copolymer LOFI' to the lubricating oil at the same active -
20 ingredient treat rates as measured by dialysis. The higher molecular weight FVA
copolymers of the present inventidn with a specific viscosity between about 0.3 to
1.5 and a weight average molecular weight between .about 50,000 to 350,000 can
demonstrate passing performance in the low tem;ierature viscosity tests at one
third of the active ingredient of the lower molecular weight FVA copolymers
25 havirig a specific viscosity between 02 to 0.3 or a weight average molecular
weight between 20,000 to 50,000. - ' |

For example, in a crankcase lubricating oil formulated with a high ethylene
viscosity modifier (i.e., from about 40 to 60% ethylene) to a SAE 10W-40 grade
30 oil, that the lower molecular weight FVA copolymer will require an ;active‘ '

ingredient treat of 0.3 weight percent or greater to pass all low temperature tests.



Table 5B 10 Run MRV Yield MRV App. Viscosity Pour Point

Specific Low Tenp. No. Stress -30[err]C

([err] O Vi scosity Perfornmance 1 < 70 655, 000
-33 WO 98/28386 F 2 < 70 - BEE/USBT1833S

-30 0.57 F 3 22 <70 TVTIWF

- 27 0. 35 F 15 4 < 70 -1, 850, 000

-33 0.6 * TVTM denotes too vi-scous to neasure.

1 | F
That measur e oFheimprovedhigher saleqular ayeight FVA gopalymeravillgreatithe;semeand hi gh
| ecul i gt - 1.Qt heat.log 0 th
Totive 20" PHbaER RRRAOE! o1 Stiohth sl phbH B0 EMordhire Bts, 1€ D000,

nol ecul ar wei ght FVA copol ymers of  the present invention with a
specific viscosity between about 0.3 to 1.5 and a wei ght_average
mol ecul ar wei ght beFigueas l4oané: 1B shayoe plas ofkow tampesature performancgafonst r at e

passi ng perforgance in th )E[.C Vi SCQS]: est _one ' :
third of the a@?‘f@%‘% ?8@%&%@@%%%§@(eﬁ@%&%r& %@Eg?ﬁa&ﬁvg&&bﬁol ymer s
25 having a gRemchiseoditysifi af isodewstddiRbestook, t'ltheg)]& dmodstidtedite sap@iorge
mol ecul ar wei ght between 20,000-to 50,000. - o For
exanpl e, in a performeaeeof high meleculagweight fusanate-airoliacotate capalymerset hyl ene
viscosity nodifier (i.e., fromabout 40 to 60% ethylene) to a SAE 10W 40

grade 30 oil, that the |ower nolecular wei ght FVA copolynmer will
require an active Figures 2A 86d 2BisRoW alpiStasf 16W ténperi@rdPérfdtfaf@nés or
greater to pass all low tenperature tests. - WD 98/ 28386 .

PCT/ US97/ 18335fumarate-vinyl acetate copolymers of different molecular weights as mgasured by The

i d hi gh | a[ wei EV, | Wil he
bt foant |t or niReRtcseaRivs e i depaREoaEtet] oo Ui Fmamiaa e ¢ o5 s
Figures 1A andsubrisfpfcimizhéd oftiigh RblecaaPeight futhabAtevitlylBdeste ebpolymers.




5 fumar at e-vi nyl acetate copol yners of different nolecul ar wei ghts as

measur ed by specific viscosity in an i sodewaxed basestock. The pl ot
denonst r ajy@osiRsgeSUpEr i Or performance of high nol ec%é’flg‘éﬂfﬁgis '
fumar at e-vi nyl acetate copol yners. - Figures 2A and 2B

show a plot of |ow tenperature perfor mancé of 10 f urarate—vinayl—acetate

copolyners of different nol ecul ar weights as neasured ¥mmuu&!ﬂﬂﬂﬁ£§mrc

viscosity in a catalytic dewaxed basestock. The plot d

superior performance of high nol ecul ar wei ght fumarate-

copolyners.  CLAIMStAI V5 1.  Alubricant which conprises;

a mneral oil  basestock \égh%gﬁgn%swhlg&‘en dewaxed via catal ytic cracking:

and/ or catal ytic isomeriZ: : comprise¥m al kyl ene-al kyl ene copol yner;
and a | ubr i caty el bil bhWoLRRHRNas bR Behrixe@Td BRalf@ACt i ON
product of: (a) an unsaturated carboxy ester forned Via the

esterificati oncuoicking ands catalytic isoowerization; i c acid or its corresponding
PUnber of between 10 to. #8 GTE-Ahe FOROBTeEAMoxy oot or having t he
L;(rj;rglgg:n and [C%rdr:{] an‘é‘h%:drlglln?ggh?gﬁ?o&fgﬁiﬁ{r?ﬂ?&éﬁ?ﬁwf?&? p?&gn ! .
(b) a nononer sel ected f rayarn imsatyrated carboxy estenforméd via the esterification of §n ) a
vinyl ester ha\‘/lilglé tape% Jarcgonxl;'iic? écid or £tse I:éx]responding anhydride with a monohydric

aliphatic alcphol having an average carbon number of between about lo.to 18, said - -

unsaturated carboxy ester having the formula:

P
H_ ,C-OR
,C=C_ |
R H

whérein R' is selected from the group consisting of hydrogen and COOR and
wherein Ris a Cs to Cx alkyl group; and - _ |
(b) a monomer selected from the group consisting of

() a vinyl ester having the formula:

¥
CH™ C\
' ' _ O0—C—R,

wherein R, comprises an alkyl group containing from 1 to 18 carbon atoms; and
(i) an olefin having the formula
K
“R.
| 2 .
wherein R, and Ry can independently be hydrogen, an alkyl having from 1 to 28
carbon atoms, or a spbstitutéd aryl group, provided both R, and R, are not .

hydrogen, said reaction product havinga specific viscosity in the range between

_—
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wherein Rl err] conprises an al ' ' i ng from1l to 18 carbon
o ) AR TI, e
wherein err]..and R err] can inrdependent|ys ber hydrogen, an al kyl havi ng
from1 t%°2 Pbon atons, or a substituted aryl ‘group, pmf‘{@é’@ﬁh -
Rlerr] and Rl err] are not hydrogen, said24eaction product having a specific

viscosity in the 24 (Substitute) range -

between 0.3 tqQ 1.5, or wei ght, aver age | ecul ar Lght of bet 50, 000
to 350, 000 Dag*{%‘ﬁgﬁ 1015, or a weight a%%ﬂ?ﬁ?@@éﬁfﬂ%t&@?b&%@@@ﬁ?@%@
wherein sai d ssppbePhitdss 0i! flow.inprover is added to said lubricant in an

amount. between 0.005 to 10 wt.% based upon the total |ubricant. - 3.
The lubricant according to claim2 wherein said lubricating oil flow

i nprover is added {o saj Jicant i.n an apoynt, between 0,01 to, 2 w.%
babeq. apon t he tot 3. | 5B bicart Setording 1 ol Hheren SRR AW AERB PRARY © o
cIaiml-Mer%' | [ Shriall ihsn | - haDs ik o -
-30[err]C ra%’g? Lm#&gﬂl}érl cantﬁ%@?g@g%%&%&;c?ﬁ%b%épgﬁ /g’ai d

| ubri cant exhbdsed spen thertotaRubricantVi scomet er vi scosity of less than 60 Pa*s

at -30[err]C. 6. The lubricant according to claim1 wherein said
| ubricant exhibits a Mni Rotary Visconeter yield stress of less than 35

MPa. 3. The lubricant according to claim 2 wherein said lubricating oil flow

improver is added to said lubricant in an amount between about 0.01 to”2 wt.%,

based upon the total lubricant.
4. The lubricant according to claim 1 wherein said lubricant exhibits a

pour point of less than about -30°C.

5. The lubricant according to claim 1 wherein said lubricant exhibits a
MRY viscosity of less than about 60,000 cps at -30°C.

6. The lubricant according to claim 1 wherein said lubricant exhibits a
MRY yield stress of less than about 35 MPa.

7. The lubricant according to claim 1 wherein said alkylene-alkylene

copolymer is an ethylene propylene copolymer.

8. The lubricant according to claim 1 wherein said unsaturated

carboxy ester comprises dialkyl fumarate.

9. The lubricant according to claim 1 wherein said vinyl ester
comprises vinyl acetate. —
Y REPLACED i
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?. - The lubricant according to cl akm 1 wherein said al kyl ene- al kyl ene

;gggl’én’er is ;na?wmﬁlﬂlmnmnm opol yner. 8. The | ubri cant

saturated carboXy esper/usoNiBsises "
di al kyl fumarate. @ S The Iubriscant according to claim 1 wherein

said vinyl ester conprises vinyl acetate. 10. The
lubricant according to claim1 wherein the olefin is sel ected fromthe
group consisting @ proRykbAcant accding ke tlaim DwhRrsdn the dlefi BRelectodxene;
decene, dodecene, tetradecene, hexadecene, oct adecene, rene,

a- met hyl st yrﬁaqmthﬁgrmnnspnmt@gpf@ﬁ@ylene, isobutylene, bntene,mtqnebth accordi ng
toclaim1l erei ai d gver car.bon nunber of id alc i s _between
12 (o 14, deses doddtabe Wikihiehe peRlURCe AR RoE. 13Rl Fridibprebe T oo
aver age cq&hg&duﬂgyﬂméﬁ said al cohol is between 12.5 to. 13.5.. : '

13. The lubricant "according to claim1 wherein said reaction - product has
a specific viscosity in the range between 0.3 to 1.0, and a ' wei ght -

aver age nol ecul ar_ wei n,50,0 000,Dal t

T orocess. ot or R BHF SSrUPELa Hain PG R4 PRS0 Eiston

bl endi ng t ey btlet 84410 aROAAIABANRED sbout 121014, . (8) a mineral of |

basest ock. whi c een dewaxed vi a catal yti c cracki ng and/ or catal yt I C

i someri zati on; (b) an al kyl ene-al kyl ene copolyner ~and

12.  The lubricant according to claim 11 wherein said average carbon

number of said alcohol is between about 12.5 to 13.5.

13.  The lubricant according to claim 1 wherein said reaction product
has a specific viscosity in the range between about 0.3 to 1.0, and a weight average
molecular weight of between about 50,000 to 200,000 Daltons.

14. A process for formulating a lubricant comprising the steps of:

blending the following compohents: |

(a) a mineral oil basestock which has been dewaxed via catalytic
cracking and/or catalytic isomerization;

(b) an alkylene-alkylene copolymer; and

(c) the reaction mixture of’

(i) an unsaturated carboxy ester formed via the esterification

of an unsaturated carboxylic acid or its correspbnding anhydride With a
monohydric aliphatic alcohol having an average carbon number of between about

10 to 18, said unsaturated carboxy ester having the formula:

§

- e=c{
R H

wherein R' is selected from the "grbﬁ'p consisting of hydrogen and COOR and
wherein R is a Cy to Cys alkyl group;
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(c)

car boxy ester

xture (1) an unsaturated

- a

forme flcatlon of an unsaturated carboxylic
acid or jts Corgsg glmmﬁm'n m with a monohydric a'ﬁﬁ@?@gwhm

havi ng any AIALS

car boxy ester
(Substitute)
consi sting of

sel ected from

ester havi.ng the f

carbor nunrbesr jetween 10 to 18, sai
having the fornula: © o Jeerr]
wherein R is sel ected fromthe group

ted

26.

hydr ogen and rein.Ris a (Jerr]
to Cerr] al kylt hgroup; z ;amonoémer selected from t%e group copplﬁt)uzgic))t?mnormr |-
e WRifyPESterHavitg tRE formula: ' a viny
mm axﬁ'P W% ormuta; wherein. R[err] :

conprises an al kyl group contalnlng frogg 1 to 18 carbon

atons, and
wherein R err]
from1l -

provi ded both

(2) anijolefin hawngtheforrrula [err]

and Rlerr] can mde;ﬁiﬁéﬁi\ly bglhydr ogen, an al kyl- havi ng
to 28 carbon at om@—@-—Rjsubstituted aryl group,

Rlerr] and R err] are not hydrogen, such .
that the fatl%ﬁéreﬁmmpﬁkésdﬁ‘ﬁ@l@@tﬂbn%ﬁﬁg)ﬁﬁmlto 18 carbon atoms, alst er i s

between 0.80:1 to 10:1; and o (|||) an
initiator in an anoi2)anplefindaying thesformule. 25 .% based on
the total reaction m xture; and . R : :
___/ 1
Ry

wherem R and Rz can mdependently be hydrogen, an alkyl having from 1to 28
carbon atoms, or a substituted aryl group, provided both R; and R; arenot
hydrogen, such that the ratio of monomer to unsaturateﬂ carboxy ester is between
about 0.80:1 to 10:1; and | |
(iii) an initiator in an amount between about 0.05 to 0.25

wt.%, based on the total reaction mi:iture; and

heating said reaction mixture to a temperature in the range between
about 80°C to 130°C for a period of between about 2.5 to 6 hours from the time
after said initiator addition to said reaction i_nixn.zre; whereby a lubricating oil flow
iniprovér is formed having a specific viscosity in the range between about 0.3 to
1.5, or a weight average molecular weight of Between about 50,000 to 350,000
Daltons. ' |

: 15.. The process according to claim 14 wherein said ratio of monomer

to unsaturated carboxy ester is between about 0.85:1 to 2.5:1.

16.  The process according to claim 14 wherein said reaction mixture is

heated to a temperature in the range between about 80°C to 100°C.

17.  The process according to claim 14 wherein said average carbon

number of said alcohol is between about 12 to 14.
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heating said reactHon mxture to a terrperature in the range

between 80[err]Ct ul,ﬁumgm eriod of between 2.5 to 6 hours from ;I
diinitiator addition tpc;wsdmmtl on

the = WO 98/28386
m xture; whereby a * lubrhcating oil flow inprover is for red¥.

having a specific viscosity in the | © range between 0.3 tao
1.5, or a weight average nol ecul ar wei ght of bet ween \ k 1
50, 000 to 350, 000 Dal t ons. 15. "The process

according to clai erein said ratio nononer to-
unsaturated car bo% est'@F PFCERRAGHE ng)togga@ }%wbengmlsaxd average carbon

16. The proggs ﬁ%%ﬁfd%dwofﬁbﬁﬁ?éeﬁ‘awu & 3,52 d reaction

m xture i s heat toaterrperaturelnt e range bet ween 80[err]Cto 1 '_ y
OO[err]C. . 27 (Substitute) - 17. =
The process accorg h_% claim 14 er ei’n sajd aver age carbon nunber of
said al cohol i's b %’ ¢ Prqcsss acco nstoclmmmwhm@%@é@mmodum Ag to

e 2 17 W1k ol ABEAAE RGE MRS ol o3 4 G Ry 2L 5" 12

reaction proskerdgenmeleeulapweight of betweanabout 73)0001f 120)000 balteiazen 0. 45 to 0.7
and a wei ght average nol ecul ar wei ght of between 75,000 to 120, 000 Dal t ons.
20. The process according to claim14 wherein said unsaturated carboxy

ester conprises dbgl Kyl ypRiedy fccordmg to claim 14 wherem sald unsaturated
carboxy ester comprises dialkyl fomarate, - '

—_——

This Sheet Has Been R,

(IR I ll! fill




