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BACKGROUND OF THE INVENTION

When a fluid is subjected to external forces, it resists flow due to internal

friction. Viscosity is a measure of this internal friction.
The viscosity of oils of lubricating viscosity is generally dependent upon
20 temperature. As the temperature of the oil is increased, the viscosity usually
decreases, and as the temperature is reduced, the viscosity usually increases.
~ The function of & viscosity improver is to reduce the extent of the decrease
in viscosity as the temperature is raised or to reduce the extent of the increase in
viscosity as the temperature is lowered, or both. Thus, a viscosity improver
25  ameliorates the change of viscosity of an oil containing it with changes in
temperature. The fluidity characteristics of the oil are improved.
Viscosity improvers are usually polymeric materials and are often referred to
as viscosity index improvers.
It is desirable that viscosity improvers not adversely affect the low-
30 temperature viscosity of the lubricant containing same. Frequently, while viscosity
improvers enhance the high temperature viscosity characteristics of lubricating oil,
that is, they reduce the loss of viscosity with increasing temperature, low

temperature properties of the treated lubricant become worse. It is also desirable that
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In automatic transmission fluids (ATF) and other driveline lubricants and
crankcase lubricants, viscosity modifiers are often used to improve relative low and
high temperature characteristics. In ATF the requirements are currently for viscosity
at -40°C to be in the range of 7,000 to 20,000 centipoise (cP) and kinematic viscosity

20  at 100°C ranging from about 6.5 to about 8.5 centistokes (cSt). More recently,

' especially for factory fill requirements, shear stability has been included as a

performance requirement. A further goal is to reduce treatment levels of viscosity
modifiers, providing both a cost benefit and a performance benefit.

Other lubricating oil compositions that can benefit from this invention

25 include hydraulic 'ﬂuids, for example farm tractor fluids, industrial hydraulic

. application fluids and the like, lubricants for continuously variable transmissions

(CVT), for example push-belt and chain drive CVT, dual clutch transmissions,

manual transmissions, and others where viscosity characteristics of the lubricant are
particularly important.

30 ' The United States Environmental Protection Agency has instituted stringent

automobile-related environmental regulations. A primary focus of the regulations

relates to Corporate Average Fuel Economy (CAFE) standards, which mandate a
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The chal {£ngQeN@sfntyS t0 build both

Lighter viscosity grades are more appropriate for energy efficiency because

of reduced frictional ‘drag’ and greater accessibility to critical moving parts. For
example, a commercially available SAE 75W-90 synthetic gear oil provides good
fuel economy but lacks durability for severe service such as trailer towing.

20 It is well known to those skilled in the art that components which may
provide a benefit in one aspect may seriously degrade performance of another
aspect. Frequently, this arises from an adverse interaction between different
components in a lubricating oil composition. The challenge here is to build both
durability and energy efficiency into a single lubricating composition without

25  compromising critical areas such as scoring protection, bearing fatigue, seal integrity
and corrosion resistance.

Traditionally, for the formulator of ATF, continuously variable transmissions
(CVT), traction drive and other driveline lubricants, research and formulating has
centered around the design and or selection of a viscosity modifier with the best

30 combination of attributes. Some patents exist relating to combinations of viscosity

improvers which are said to provide special benefits.
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least one ethylene-propylene copolymer having a weight-average molecular mass

ranging from approximately 155,000 to approximately 250,000, and exhibiting an
20  ethylene/propylene weight ratio ranging from 60/40 to 54/46, from 2 to 8 parts by
weight of at least one poly(Ci.30 alkyl methacrylate), ungrafted or grafted with 1 to
8% of its weight of a dispersant monomer, the polymethacrylate having a weight-
average molecular mass ranging from 30,000 to 150,000, the ungrafted or grafted
polymethacrylate/ethylene-propylene copolymer weight ratio ranging from 1/5 to

25  1/1, and the complement to 100 parts by weight of diluent oil.
U.S. Patent 5,883,057 relates to a lubricating composition comprising at least
about 30% by weight of at least one mineral oil, having a kinematic viscosity of less

than about 8 ¢St at 100°C., (A) from about 5% to about 30% by weight at least one
polymér having an M., less than about 10,000, and (B) from about 2% to about

30 12% by weight of a polymer having a M. greater than about 15,000, wherein the
lubricating composition has a shear loss of less than about 15% in the 20 hour taper

bearing shear test. In one aspect, the lubricating compositions may also include (C)
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radical initiator, and if used, the chain transfer agent, are first combined to form a
mixture, whereupon from about 10% to about 80% of said mixture is mixed with
20 monomer (B); from about 20% to about 100% of the mixture of monomers (A) and
(B) is heated until an exotherm is noted, then while maintaining reaction
temperature, first adding the balance, if any, of the mixture of monomers (A) and
(B), over about 0.25 hour to about 5 hours followed by addition over 0.25 to about 5
hours of the remaining mixture of monomer (A) and initiator, optionally adding

25  additional initiator, whereupon the reaction is continued to completion,
U.S. Patent 6,124,249 describes a copolymer comprising units derived from
(a) methacrylic acid esters containing from about 9 to about 25 carbon atoms in the
ester group and (b) methacrylic acid esters containing from 7 to about 12 carbon
atoms in the ester group, said ester groups having 2-(C;4 alkyl)-substituents, and
30 optionally (c) at least one monomer selected from the group consisting of
methacrylic acid esters containing from 2 to about 8 carbon atoms in the ester group

and which are different from methacrylic acid esters (a) and (b), vinyl aromatic
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the aliphafic olefins contain from 3 to about 24 carbon atoms, said copolymer (A)

having M, ranging from about 600 to about 5000, and (B) at least one copolymer
coxhprising units derived from alkyl acrylate ester monomers containing from 2 to

20  about 25 carbon atoms in the ester group, and optionally, from about 0.1% to about
20% by weight of at least one member of the group consisting of vinyl aromatic
monomers and nitrogen- containing vinyl monomers, said copolymer (B) having
M. ranging from about 10,000 to about 350,000, wherein the weight ratio of
(A).(B) ranges from about 99:1 to about 1:99.

25 - In another embodiment, this invention is directed to a polymeric composition
comprising a2 mixture of from about 1% to about 99% by weight of (A) at least one
ethylene-aliphatic olefin copolymer wherein the aliphatic olefins contain from 3 to
about 24 carbon atoms, said copolymer (A) having number average molecular
weight ranging from about 600 to about 5000, and from about 99% to about 1% by

30 wéight of (B) at least one copolymer comprising units derived from alkyl acrylate
ester monomers containing from 2 to about 25 carbon atoms in the ester group, and

opﬁonally, from about 0.1% to about 20% by weight of units derived from at least

6



conprising units derived fromal kyl acrylate ester nononers containing from
2 to 20 about 25 carbon atons in the ester group, and opti®dal®0y, from
about 0. 1%¢ gy@est 20% by wei ght of at |east one nenfpefqyRbydsse group
consisting of vinyl aromatic nononers and nitrogen- containing vinyl
nmononers, said copolyner (B) having M, ranging from about 10,000 to about
350, 000, wherein the weight ratio of (A):(B) ranges fromabout 99:1 to
about 1:99. 25 In another enbodinent, this invention is directed to a

pol ymeric cor osi tion n xture of .from about 1% to about 99%
by e ght  of Ofeaperer 6 4 She confiife hins] FisRais ERGPENT L GHBPSHer wher of n

the al i phati gonfififg BfylCastoRiers. Edi@%p%l)tnibr (Bpﬁuﬂng%nﬁﬁf Pefge niideulasai d
copol ymer (A) having nunber avera ecul ar i ght ranging from about

600 to aboutWGE@G“MfWWhMW%@Q%’E%SO%BUt 1% by 30 wei ght of (B) at
| east one copol yRRFARHIPHESER § ok A b REEN ERMEOD ¢ate ester

nmononers containrng from 0 abou carpon atons In the ester group, and
optional 1y, fromTieabeveCombinationadfqel yndesre wsefiiip Aubricintuiwhere thegicaved from at

|l east 6 0 5 005 /08 5 [ fthegroup
consi sting O?%CTSC y’lfr)1 %\l}r{?“rr%% g ?P%ﬁ%mers @Eﬁ%ﬁ%gggﬁﬂﬁlgﬁ%% ntﬁ 3 nyl
noNnonNers. sa]uﬂnmrspbgtmfbr ¢pi3nh dnd\encigsed wyhiems, araeubag&mmit@mdtaaMorM&g ght

rangi ng fro out 10, 0 t TAI LED DESCRI PTI ON OF THE
PREFERRED E%@ﬂ%@éff’é erﬂwgaﬂ@wﬁw&ﬁﬁﬂ?ms P} Ancgrease FYPRASEORY o useful i n

| ubri cants wher e thaenbiaahts érethe Sftekehtn indbritRHEBIEIGdS hutdRBA krakshB&kfoRl SSi ON
fluids, transaxle lubricants, gear |lubricants, both for &dn and encl osed

syst ens, 19 r awamal wansmission pad eeaplubricaisy ding ansmssiandabricants inglvda those f | ui ds
and ot her | UfRbd &k G eRklal RBRIPERRONSAUTRAS F&ﬂdchah@ ahd DERERSN® of the

present i nvention include automatic transm ssion, 10 nanual transm ssion
and gear | ubViastomagic trapsmissiemnByid sequispmentnr it anet embadishengethe Bubwieants hat neet

the Ge I \Y
aut omat 1 ot AR Reraiey ok b e il o ke e AR BIRA 14

| ubri cants specficatien. hhaan;athdutmbodnnemf ftherlotaritahts arepeardsbrivasts ancinclade t hose

ior | cant aP* GREPLY el Ao Ko auingo et (o BOTAH Eant s

Addi tional | yMT-niuefieahier embodi ment, the lubricants are MI-1 [ubricants.

As described herein, the present invention relates to lubricating oil
compositions, and particularly gear oil and transmission fluid compositions. which
comprise an oil of lubricating viscosity. The oil of lubricating viscosity may be a

20  singular component or may be a combination of components to be combined with
functional additives. In one embodiment, the basestock comprises a major amount of
the mineral oils discussed below. The minority of the basestock may be composed
of other mineral oils or polyalphaolefins. The lubricating oil compositions of this
invention, may addifionally contain at least one functional additive, The functional

25 additive adds an additional characteristic to the compositions in addition to those
propetrties provided by the oil of lubricating viscosity. Examples of such functions
include antiwear, extreme pressure, antioxidancy, friction modification, etc.

Lubricating compositions are often subjected to high shear conditions.
Lubricating oils containing a polymer can experience shearing of the polymer,

30 resulting in reduction of viscosity improving properties. Accordingly, shear stability

of polymer containing lubricating oils is frequently important.



As described herein, the present invention relates to |lubricating oil
conpositions, and particularly gear oil and transm ssi g folcmi

conposi ti Leh conprise an oil of |ubricating vi he oil of
| ubri cati%bs%oé\%%sgi ty may be a 20 singul ar conponent O?Eﬁ/‘@é&égsoa

conbi nati on of conponents to be conbined with functional additives. In one
enbodi nent, the basestock conprises a major anount of the mneral oils

di scussed below. The minority of the basestock nay be conposed of other

m neral oils or polyal phaol efins. The lubricating oil conpositions of this

i nvention, may addi désenhed| hereinnrapatienlariye affectiye ccombinetiony 94| Visesitt i ve. The
functi onal I ti d ] a I Skl t

conpositi onéT§ ?cﬁ@gﬁd k’%{l?g?igt gasta%ggrfejddl%rbg%@r tt{;%sb%?fgg{ J@gk%fltg(?ﬁegqul of

| ubri cati ng petfemmnced yn ldex empersiro Fisesith addishearn stablity iim e |widke varietyl ofear

extreme pressure,. antj.oxi danc frictiaon dification. .etc. ricating
conposi tion ‘Sﬂ?ﬂcéﬁ?ﬁ‘ qPRHCaEOS 4 el g te’(‘)ceh?rgr?e'g?[':rglﬁpcccu(’}ﬂ%fi ctop%lﬁésn.s of E%‘Erre’l cating
oi | s contsi niubgsush pOInyRRE of light @X¢le ah@ SUY. shitastlngoviling beisfaclopynfizel, 30
resulting in_reduction of viscosity inprovin roperties.. Accor.dingly,
Shear st abi SEHGENCH  AbiIEAmE: GBI (R PERER HILR 3 Sngle Wailent | v

i nportant. 7% PavECThe? O0tmbinaibh Go0fRW< 2 fibdtaddal 48 3 mdvh sdesosodped herein,

a particularly effective conbination of vi scosity nodifying polyners has
been di scoveaedugtiot i vigrosity medifiemissegaent dayely repyliang ip dnprevedaiosBulation ow
tenperature e‘éi)n?o?rﬁéﬁi.ty and shear stability in a wide variety of lubricating
applications as well as excellent perfornmance under conditions of severe 5
duty sucld as in asl egtedfheteingbavet andc Kiscussed SU\greatehi details héreinafarovhiedi ng
satisfactory_fuel.. effici.ency, . .SaNE.,.Li ared atment with
a single vi scé)glglg?t;l/on%i ﬂ{p?holgéﬁ‘?/en{lﬁé cé%ﬁ%%ngﬁnéﬂgglushggg% %l\?@ a%é)sottlj ﬁglt anti al ,

of ten as nucdepelgma&s afdfirticulae dopotyingers ofalkyl Bcse esfermpobiomesr treat nent | evel s

resulting in inproved rul ati.on. ecpnom cs. 10. not ed, herei.nabove and
i scussed i n or dveronlpar ALRinarabrompiriiont diphuPe: Sae SIS

i nvent.i on CCUajﬁﬁ-(i,]%ﬁdmﬁﬁgtabmtilﬁre@&diuh_ene- al i phatic olefin copolyners and

particul ar copol yners of al acryl ate ester mononers. As noted herein,

| ubri cathg oil &S‘HXB‘S"SPTPPE(SWSO)&W%TW Hyrasgoyobaciande ssentplly & 818 9fand shear
stability arge ggsihdi &istat@ AAGIIEIo RIS b YphRical frofdrBSklated td MBGLIKON.
Traction is essentially a nmeasure of :
fluid and is ‘manifested under full fluid film lubrication. As defined herein, traction
is a function of the fluid’s molecular structure. Performance additives which activate
under boundary or mixed-film conditions where various degrees of metal-to-metal
20  contact occur don’t significantly contribute to the tractive effect.

Traction properties of fluids and thickeners are among indicators of
operating temperatures that might be encountered in gear and transmission oils
where constant chumirig generates frictional heat. Traction properties play a role in
the losses incurred directly by the fluid, especially in lightly loaded sitvations. In a

25  heavily loaded situation, a Jow traction coefficient fluid would be expected to run at
a lower temperature than one with a higher traction coefficient.

For a given fluid at a constant temperature, a profile of traction coefficient
versus slide-to-roll ratio can be determined employing a commercially available test
rig known as the Mini-Traction Machine (MTM) available from PCS Instruments,

30 London, UK., an apparatus wherein a highly polished steel ball bearing is loaded
against a highly polished steel disc. Both the ball and disc are rotated in relative

motion against each other while the velocity of each element is independently




the internal resistance of a fluid to flow. It is a physical property
related to the bulk fluid and is manifested under fuI Ej ofsl | M

| ubricati fined herein, traction |safunct|o luid s
nol ecul ar% 2@@% uﬁree Performance additives which acti vg'f:g S(Lz@ effr’ boundary
or mxed-filmconditions where various degrees of netal-to-netal 20
contact occur don't significantly contribute to the tractive effect.
Traction properties of fluids and thickeners are anong indicators of
operating tenperatures that mght be encountered in gear and transm ssion
oi | s where wotetedntA denired amgunof slimisdstraduped atdhmintasiaeg undey differesh
properties p | ui d,
especially |Jﬁﬁ%g%ﬁ{°? ﬁ Cﬁ eDe m@l ozrflsun&u({aﬁ%gfgfn %%W ;ﬂfé h’ggsdlflél tuati on,
a | ow tractitheir cramifoﬁlpmfﬂest amdmatldclwmﬂcdorbeoeéﬁqmms:m l:teccomparcdmt gizerd ower
tenperature Iaan one Wi th a higher traction coefficient. For a given fluid
at a const ant! Wture, a profile of traction coefficient versus

slide-to-goll ratS'yﬁth@tﬁ:n bb@st@&iserﬂﬂ‘tl&@lﬂrl?”ﬁd]?-ﬁlpﬁ&b]ﬁmCQ)ﬂﬂeirﬁl Alnbeyicavai | abl e
test rig known as the Mni Tractlon Va avai |l abl e from PCS

| nst r unent s, Petolepmdassitute (ARE) Groyp H&s%ﬁ%m@m&w@me&ﬂrﬁlsgwwe BeFiNshed st eel
bal I bear i ngyrh gnduihtd Rive I&Q&Itﬁéﬁonaeosmaeﬁac&ﬁﬁakeﬂhesipfb?&l&, thdserouﬁqi h L he bal |

and disc are rotated in relative notion against each other while t

vel ocity of minetal eilsenEer geps oil ﬁntélp‘@tmnént isypagtiquipripmrefonabtoampdaey @86825

PCT/ US02/ 083 lip is introduced at the

I nterface un@%tgrp&% fgéetlralnﬁmdér%osﬁ ng vel ocl fvésgg @'r action behavior of fluids
can be ctdpared s smqaérhemoahomg axlé eduratiility c tquates proofreduest opeatugat i vel y,
traction coefficients F’@Fg aeda }/{2 sl.ide-roll ratios. 5

Synt heti ¢ bat'S@B"trﬁtBTféun‘%é Uiy 9/ tb?f'lsﬁu%‘g"ﬁ B IR 0i 1 s and Anerican
Petrol eum I nstit whe waikd )J'xcﬁilﬁuﬁld durabglity &, todmplblylab&ﬁng degygred tceappliet ai |

el sewhere herein, are kno to, have | i tion coeffici ents conpar ed
to APl G oupmPliphdtagsoefplopding aad e sig % (1 B&g gadrloy; specd HYPPIBURE ons, it is

particul arl yyfeefr dftug,; @z)eﬁazieme 1b£amg dt'h?ﬁtsb&ﬂ 99ﬁfoﬁér§tb%hﬁ rhdddtafls as the
oil of lubricating viscosity not e herelnabove axl e durability

equates 19 rtedwwewe@p%makamgcruw@ﬁ?j@rt@m {(Bsmodearte tohigh C{aérﬁbiﬁ’é"%ﬁﬂl tions
such as trailgleed eq&&'glso Qﬂﬂla cx]hRe ERRROS aaef@ f&lwemb{eh;cu 143 With enpl oy a
test rig designed to a l e stages of "l oadi ng and speed, such as
(1) high | oaﬁirthqmp@pte@dn gpqcnh rslatulangg uphill travel, wherein these conditions simulate

a variety of trailer towing conditions. Key pieces of information obtained from the

evaluation are stabilized operating temperature of the lubricant and average
20 efficiency under various test stages.

Actual fuel economy performance is conducted employing the EPA 55/45
cycle set out in Title 40, Code of Federal Regulations, based on the assumption of
typical use pattern of 55% city driving and 45% highway driving..

As used herein, the terms “hydrocarbyl” and “hydrocarbon based” mean that

25 the group being described has predominantly hydrocarbon character within the
context of this invention. These include groups that are purely hydrocarbon in
nature, that is, they contain only carbon and hydrogen. They may also include
groups containing substituents or atoms which do not alter the predominantly
hydrocarbon character of the group. Such substituents may include halo-, alkoxy-,

30 nitro-, etc. These groups also may contain hetero atoms. Suitable hetero atoms will
be apparent to those skilled in the art and include, for example, sulfur, nitrogen and

oxygen. Therefore, while remaining predominantly hydrocarbon in charactex within



“trailer tow start up; (2) noderate |oading at high speed; (3) noderate

| oad- noderate 15 to high speed sinulating cruise condi noder at e
to high | oad at somewhat reduced speed al so simnulati n?sgﬁg condi tions,
and (5) fWot02@83825ncreased | oad with further reducti onP¢HUSHBES sinul ating
uphill travel, wherein these conditions sinulate a variety of trailer

tow ng conditions. Key pieces of information obtained fromthe evaluation
are stabilized operating tenperature of the lubricant and average 20

ef ficiency under various test stages. Actual fuel econony performance is

conduct ed ernpé edrtex@ of fifls ERAnGdd Afese givGpsemar tomalh atdnnsTbthérethx#ocarmde of
Feder al Regul ations, based on the assunption_ of g C%| ‘gse ‘?anotgtern of 55%
city drivi ngresaet iny & ghain OFIRR,CLRFFVISS FRIuPOSAOf Garken #ame previdedthatithey,

“hydrocar bylget Qcﬂ'grs 9!@5&?@&5@@@ 0P IRG of 1KE Brocdsh of proaﬁtstcﬁ'ﬂn&h%iﬂoﬁ)e' ng
descri bed has predom nantly dr ocar bon character within the context of

this invention. Thgenera, m@lmmethgn abqyis thresanonzhydroparpen SpbHiANISOENBIET i n
nature, that, b s, fhes gfe?a%w&] E&Bx%% S8 P bedicle %W@Jﬂ'lo chifY, 2 59?1?/ al so
ns h do not alt

i ncl ude “groups con ai ni st uen’ts or ato er the
predom nant lig deranmobonhwnmamn dased fgrauipe MmUprcfe&btyhthngn@IpiStauent S may
i ncl ude hal o-

XY - ni t These 0, al so ont ain
hetero at or‘rspu“é‘b}'i’cg%‘iyaéﬂoﬁé{’ é'f’t8r ﬁ‘&?fé {}?ﬂ %eng%{;' frée &t afoénstﬂ@se Skilled in
the art and dafeh WftEhydispenexanpl e, sul fur, nitrogen and oxygen. Ther ef ore,
whi | e remai ni ng predom nant| droca n character
02/ 083825 A 5 mugmwéﬁf%@% H‘@P GI}HP%}‘F GKPTESsion %@HF@ t hese
groups npy CRékAIbE RS B%I&ﬁifol&bﬁbad} HKPERIBIR is RleQR Yk an Bméun€ Bedded @ ring
ot herwi se conposed of carbon atons provided that they do not adversely

affect r eactnrovldwtherdememlp\tei/ obfctivify oppestosgance cam by ingerparatel byHies nvent i on.
In gener a' P4, %I%Pééhn %@Déenﬁéarlﬁeanrﬁ?]nomgﬁ&ﬁﬁé bREbsity DBkidilyelss or hetero

5 atons, era e than one, wl present fof every 10
car bon at orrsmeansntl'lam; lmwbowe(}(!%% WWﬂWmﬁwﬁWﬂabm igrornepried iMt9st

oref 1 abl . < IEALRYES 0P MLy HSE QSR BAR, U BSRs b, Chey, are

essentially tons & carbon ‘an oughout t he
specifichti cmrtmnlirlyl‘aiab’ly thbpersfuﬂ‘r aesilbh BatentsHB3206018 which 10 exlpresbr si bl e i s
used. By oi ingo?';laolf'atef heremg eergnscla ?or relevantr{eacﬂmgs ma%ﬁls regar%m)unt needed to
The expression “lower” is used throughout the specification and claims. As
used herein to describe various groups, the expression “lower” is intended to mean
groups containing no more than 7 carbon atoms, more often, no more than 4,
20 frequently one or two carbon atoms.
It must be noted that as used in this specification and appended claims, the
singular forms also include the plural unless the context clearly dictates otherwise.
Thus the singular forms “a”, “an”, and “the” include the plural; for example “a
monomer” includes mixtures of monomers of the same type. As another example,
25  the singular form “monomer” is intended to include both singular and plural unless
the context clearly indicates otherwise.
In the context of this invention the term “copolymer” means a polymer
derived from two or more different monomers. Thus, a polymer derived from a
mixture of, for example, 2 or more of methyl-, butyl-, heptyl-, nonyl-, decyl-, etc.
30 methacrylates is a copolymer as defined herein. Likewise a polymer derived from

one of Co.13-, and Cjz.13- methacrylates, or a polymer having two or more distinct

10



provide the desired level of activity or performance can be |ncorporated by
being dissolved, dispersed or suspended in an oil of U & a0

Vi scosi t ywopaIsky, this neans that at |east about O. (BOIMSW&WQl ght of the
material can be incorporated into a lubricating oil. For a further

di scussion of the ternms oil soluble and dispersible, 15 particularly
"stably dispersible", see U S. Patent 4,320,019 which is expressly
incorporated herein by reference for relevant teachings in this regard. The
expressi on "BigoMe[is a LepolmRA ad duFiaLRdih. THECOPOIHkrsiof Bid iRVenBOlalsd MhyTS. AS

used herein to describe various groups, the expression "lower" i's intended
to mean gr oROPHATCYNiS derivied FOMNItRECE-COTMAIAING MERPIBE® at ons, nore often, no nore
than 4, 20 frequgpt t t t hat as
used in this speci ?ekgt %%oﬂﬁ g% ] pmg%g glaégl&fégrate%ih\éﬂ“ﬁ i n§9 Lﬁ‘gdrms al so

i ncl ude the lmrem al\’lsucnﬂlt&smdetchseamqnpleml numbarlhqlcainngtmmrmtolﬁehmgsm 44 99 46
Thus the sin I he. ral, for exanple
"a nono nstser ‘q?%nc Fy ‘H&lﬁnﬁ&l f'btree g em?‘"enﬁ?ﬁ?hgrelgg}bpf SR “%’E GISPIRE 3ot he ;Yp
exanpl e, 2&chﬁﬁelﬁﬂ'ﬂjlﬂhﬂﬂigeﬁmIvmd'shy)wﬁlmﬂpemmre ntended to include both

singul ar and plu cont ext cl arI wéeﬁd’ c tes ot herW| se. In the

context of this |ﬁ5é’ﬂ?‘?‘5‘ﬂ”§ r?i thig Ipyeatiof, gyay € PESSACEOf Yeri ved
fromtwo or dRes. dAfdilaérﬂnﬁayrmmﬁera&dethbtstubaaﬂihhly BlGerl$ied ¢EFbIyh@M a

m xture of, for_exanple, 2 or nore of nethy butyl -, heptyl -, nony! -
decyl -, et c.ussglynby Hﬁé‘?l‘jﬂp&t%sdlﬁpémlagdbﬁéplgﬁﬁéﬁalblsdlé}@ﬂ'i frReciDOlEpeY; i, an | keW| se a

pol ymer e r r

Dol yror Foavi SEepRe SaediR 1 ndite bhbog 3R, bt udopa MR oM h Bnat’

PCT / Us02/ OBMirtgl dilpéns sudhsas an od,pmwmdda:‘stoc#siopoigmemméi was pibgaralopol ymer s of
this inventi S rom n|tr en-cont ai ni ng
nonomners. Thglﬂesg’l”rgog%haa&g%%é&l dll& nfi%v c?lltlén 5’135%‘0’% gdcc\lﬁrﬁ'on'
frequently use!hbdsmaclemm distllstonsi Pt;efaratbdj}emhes ther pelypiet i pleparedriverthe ndi cati ng
the degree ofr ch%ogedi n t?}f?dﬂ SI ty within a given tenperature range. A
high VI sigrfifies Gf dyen ys a relatively small change in

viscositys with tdmperanitiodinent e dimmhsyimﬁ@ra@f)nll i & pariivi@atteh@BOdifRyt be
prepared in tbhe resence of a dl‘lﬁ{ient A diluent nay al so be added to a

subst antial | ngrah toik P@%smé%rfﬁ?ef) ly of hydrotreated naphthenic oil.  Also
contemplated are hydrodewaxed mineral oils. The diluent may also be a synthetic

oil. Common synthetic oils are ester type oils, polyolefin oligomers or alkylated
benzenes.

20 The expression “substantially inert” is often used in reference to diluents.
When used in this context, “substantially inert” means the diluent is essentially inert
with respect to any reactants or compositions of this invention, that is, it will not,
under ordinary circumstances, undergo any significant reaction with any reactant or
composition, nor will it interfere with any reaction or composition of this invention.

25  (A) Copolymer of Aliphatic Olefing

Copolymer (A) comprises at least one ethylene-aliphatic olefin copolymer

wherein the aliphatic olefins, preferably alpha olefins, contain from 3 to about 24

carbon atoms, said copolymer having M, ranging from about 600 to about 5000,

preferably from about 800 to about 4000 and more preferably from about 2000 to
30 about 4000 and polydispersity values (M /M,) ranging from about 1.1 to about 3,

more often from about 1.3 to about 2.5, and frequently from about 2.0 to about 2.4.
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‘usual ly by dissolving or dispersing the substantially diluent-free pol ymner
in an 10 appropriate diluent. In another enbodi nent, ag saddT tagnal dil uent,
often a hj iling diluent such as an oil, may be a copolyner
whi ch was ‘§é§?g§ in, and still contains, a |ower b0|¢gﬁgq@£ﬁuent whi ch
is then renoved by common nethods such as distillation. Preferably, when
the polyner is prepared in the presence of a diluent, the diluent is an
oil. 15 In one enbodinent, the diluent is a mneral oil. In a particular

enbodi nent the mneral oi] consists essentially of h){dr otreat ed napht heni c
oil. Also conte%l%@e‘ﬂnb&’ﬁ@wﬁ‘yd%déﬂﬁ%ﬁ RemRIised apqthyleneraiphgyiglefnt nay al so

be a synt hetd, g«rl%ﬂ}:a it i BhnB&ditent Ot Settiidhe Eh@ht b B8 BpéimerO!l Yol efin

ol i gonmers or zenes. 20 The expression "substantially inert"
i s often usednges fmmfaeomrﬁ@eml@ Tdiiol abeutt8§ mole/fhe pftensfzem iabput A to abowlt ¥xt ,

e e ST b U A RS A L espee

under or nary Cili e Bprefenred embodimego tien yogolgerf iscantethlyha@pmpyiew th any
reactant or onpositigon, nor wll it |ntefereW| h reactign or
uté@ Ml %ﬁ

conposi tion "(S’POIV!‘?F‘SW?%‘?)%FM epylene sentenk yanggs,fson) 98Pt §ef i ns

Copol yrmer  ( Ahole 95Rhére fterd From@ABkt 4318 ae&dmlseme .1 mﬁ@e lafe ddhederdialopol ymer
wherein the ali phatl c olefins, preferab Ig al pha ol efins, contain from3 to

about 24 caivBdAbieat WFRseXamRled a8 cbSEHNEFIMA dEeopban-Basedi SynthatisnCibout 600 to

about 5000, upgales it Phawalient (BARihLADRY viRORNBATO e pref er ably
from about 21800 to 30 about 4000 and polydispersity values (MW M ~)

rangi ng 1G¢ om abo@opalymer @)oo be fgmed by cepadymasizationonh egttybane and gnet @ about 2. 5,

and, T equentlte! 1RTLA°OWo ik Qo Bk AL0R, Gt CRgR mdi02/ 083825

PCT/ US02/ 08318 one e ynmer conprises an et yI ene- al pha
olefin copo;boyyrmnzatldns oosmlud:tgtpmsmglZl@i@d(httnenmetalﬂdceneectathStsne content of the

copol ymer gsges!frﬁm ﬁou!t 30 mole % to about 85 nole % often from about
45 to about & L bly, the copolyner is an ethyl ene-propyl ene
copolyner. 5 In @wpolphmef €BY Qdmplﬁﬁéﬁ)dinmj/latct bpolapenl Jorded vithth the

et hyl ene ro(@¥_l ene g&fl wher ei n the et q%l eiBe gé)gltsent ranges from
about 40!l ¥gHep of Benytat polpmpré ¥ o3t af A5pilisacies @ SOHESBEAE about 55
ol e % ThesgkRfyiicS eSpeBaIsy MbthXcrylic-, compounds, particularly alkyl methacrylates. at

least one copolymer comprising units derived from alkyl acrylate ester monomers

containing from 2 to about 25 carbon atoms in the ester group, and optionally, from
about 0.1% to about 20% by weight of at least one member of the group consisting
20 of vinyl aromatic monomers and nitrogen-containing vinyl monomers. said
copolymer (B) having M. ranging from about 10,000 to about 350,000, wherein the
weight ratio of (A):(B) ranges from about 99:1 to about 1:99 and preferably from
about 25:75 to about 75:25.
In reference to the size of the ester groups, it is pointed out that an ester
25  group is represented by the formula
-C(O)(OR)
and that the number of carbon atoms in an ester group is the combined total of the
carﬂon atom of the carbonyl group and the carbon atoms of the (OR) group. Thus,
methyl methacrylate contains two carbon atoms in the ester group. A butyl ester
30 contains five carbon atoms in the ester group.
In one embodiment, copolymer (B) comprises units derived from monomers

comprising from about 5% to about 75% by weight of alkyl acrylate ester monomers

12



avai l abl e, for exanple as LUCANT(TM Hydrocarbon-Based Synthetic Q|

mar keted by Mtsui Petrochem cals (Anerica) Ltd., New:- Qr bﬂT I\}P:B USA. 10
Copol ymarHéHAg can be fornmed by copol ynerization of et hgl ene a (? one or
nore al i pRYR 2083221 i ns under conditions known in the afCTURRARYPes incl ude
pol ymeri zati ons conducted using Ziegler-Natta or netall ocene catal ysts.

(B) Acrylate Ester Copol yners Copol ynmer (B) conprises an acrylate
copolymer. Included within the 15 definition of “acrylate copolyners' are
esters of acrylic acids, and the corresponding alkacrylic-, especially
met hacryl i c-containip framis), topl tarban atotny imthkyestengiohpand frameaboutadS% teast one
copol ynmer conpri sd units rived fromal k acrylate t ner s

cont ai ni ng f%ﬂ% %#fjgy 5’5‘5&& Of%?yl crrgl(a)tﬁ o rorrrrlgnol\ﬁlherst ‘f‘loélyale@\ﬁ%frr&g rlgﬁ%g%gﬁd
optional |y, $35cibonatmitin theSfeit goghbout 20% by wei ght of at | east one nenber
of the group consi st

IE‘% Zgﬂ‘gf vinyl arogatic rmnor.rers.aggr
ni t r ogen- cont ai nilR@eHReEFIORHER olyer () cUpRILSFS HLts dePdH% ng M n rangi ng
from abou§ 10, 00Qaf QbalRo3st mdROUORD aboth O Sindle t9heof MRYICKEthdcaflite edder (A) : (B)

ranges from about 99:1 to about 1:99 and preferably from about 25:75 to
about 75: 25. mpromass eantaining from ebaut § foaboyr2Scaibonatomp infheesls group a8ds poi nt ed

out that an est erg) Zofl GPrbh KR’ BRENSCHoRYE feal i flthRryfil QOR)  and

that the nunber of’ carbon atonms in an ester grou C i ned total of
the carbon mboomers cantainingfirdro abdut §topabputahicarbom atamsbo thezstongowr, anhe ( OR)
group. Thus, t1ms*tlyyl met hacryl ate contains two carbon atons in the ester
group. A but?f‘f %88ter 30 contains five carbon atoms in the ester group. In
one enbodd ment, qoepdiopaboul(B) moktpid sbewt 20mdle % nhivsaddredfrommatrieaser s )
conprising fromabout 5% to about 75%Db l.ght . of al kyl acrylate ester
nononers 12 %5 ety @b he \E5Up, PSRN "é#’tﬁs’é‘%‘)’?ﬁé@b‘% %séeﬁt%}?%qn?‘f’és from2 to
12 carbon at gifkaitifg oM 23 @boud BOsaboANtorhy BiMha et grdfp Which ahiewtardd5% by

wei ght of al k‘%flﬁ acryl ate ester nononers contaj nLn from13 to about 25
3 o}

carbon at onsdifigreph &oms methaggylaigpestary @naich €. dBbAamate , MBSy AR ( B)
conpri ses Unhib?%eqecroht‘éﬁﬁgf Vit morofhbrs2 B the3provied thalhé b Mk 68% Pl € % of

al kyl met hacr te ester _
15  weight of the esters contain not more than 11 carbon atoms in the ester group.

In a particular embodiment, copolymer (B) comprises units derived from

(a) about 35 mole % to about 95 mole % of alkyl mcthaérylate ester
monomers containing from about 13 to about 25 carbon atoms in the ester group and

(b) about 65 mole % to about 5 mole % of alkyl methacrylate ester

20  monomers containing from about 7 to about 12 carbon atoms in the ester group.

In another embodiment, copolymer (B) further comprises from about 0.1
mole % to about 20 mole % of units derived from (¢} at least one member of the
group consisting of alkyl methacrylate ester monomers containing from 2 to about 8
carbon atoms in the ester group, which esters are different from methacrylate esters

25  (a) and (b), vinyl aromatic monomers and nitrogen-containing vinyl monomers, with
the proviso that no more than 60% by weight of the esters contain not more than 11
carbon atoms in the ester group.

In one embodiment, copolymer (B) may contain from about 0.1% to about
10% by weight of units derived at least one nitrogen containing vinyl monomer. In

30 this case, copolymer (B) typically displays not only viscosity improving properties
but also dispersant properties. Preferred nitrogen containing vinyl monomers are

selected from the group consisting of vinyl substituted nitrogen heterocyclic
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nononers containing fromabout 9 to about 25 carbon atons in the ester
group and (b) about 65 nole %to about 5 nole % of allgy oopthgeryl ate
ester non%ggzﬁ,s%gpt aining fromabout 7 to about 12 car egudeghsi N the
ester group, optionally 10 (c) fromabout 0.1 nole %to about 20 nole
% of units derived fromat |east one nenber of the group consisting of

al kyl nethacrylate ester nononers containing from2 to about 8 carbon
atons in the ester group, which esters are different fromnethacrylate

esters (a) and (b), ti c nononers an |tro cont ai.ni ng vi nyl
rononer s w menemes el en TORER povIRG BoRER. oY BTG ( pe
esters cont ahﬁné}ﬁérs MRfeftiak V@Yl k&y&ﬂﬁd&@%&bﬂ?ﬁsubﬂxtﬁt&@arﬁﬁés‘ar group. In a
particul ar enbodi nent , copolynmer (B) conprises units derived from (a) about

35 mole % to aboul @S mmcélavk/cpref@n mbodireeab rthe atkyl mgiedies ofy R ATEF s
containing f n roup and
(b) about 65EI%H#)SFJ@P/]{1 %}(’)l]Tg g%{ﬁggl%fié‘%ﬁégmﬁ@@ 'écatrl atﬁlggtggﬁngr

nmononer s SonPaticulaty ﬁrcfgmdalb where Thopomeri{blombgisas Rrddiyheaylonghacryldthe es t er
group. In another,e od| B) further cor rlses f r om about
02 Pl o vhro auitassoRRpen G Het e iBbn A A A TR b PoReiy one
menber of tPEI.S.ngB d:r(ghﬁlirtgt Nog $10&638y15, mnmacs;ﬁpao&s eS&Z&Bl&pran)drers
containing fr to ut, 8, .carbon atons in,the whi ch esters
re di 11 orenbIPhaish fask REYHigh inib omoparChesan pPrezeie (B e phpers i | c

nononer s andcghitdifeddiRieif.ont ai ni ng vinyl nonomers, with the proviso that no
nore than 60% by wei ght of the esters contain not nore than 11 carbon
atoms inlPhe este‘?‘crb]F'SGBPOIYIﬁerbHSéf%FPo@EPWE invendign pigpEsPaepy mghodbnt ai n from

about 0. 1%tﬁn theailtosév&x]wh&iﬂtareo&scwaeém&%f g&ﬂ%a&temeast one ni trogen
containing vin nmononer . his case, copo (B) typically

di spl ays not onI yIn\pnse,mlmduryent rppp@iymﬁngmdnrpmpesd tbuta padcsss cainppsing ant
properties r I ected from
TPt o co AR PR, FALAA Ml L o RORTROF 0 46151

021083825 0 Buo@ﬁﬂ'erszG%atnﬁﬂfousa%%am&mmmeatemsah diekgstcargrmxpalainyl acryl ate

ggp; lr’rgrms &ggl 3l t}%al\f}'nh nli%%lglé%t SOt ]?’/? Lﬁ/ %baut %f/ Sglv)vgl% Eltat Ic’éttto% He%'i)gr c?fl tﬁé’ !

group consisting of vinyl aromatic monomers and nitrogen-containing vinyl

monomers.
In another embodiment, copolymer (B) can be prepared by a process
comprising reacting, in the presence of a free radical initiator, one or more alkyl
20  acrylate ester monomers containing from 2 to about 25 carbon atoms in the ester
group, and from about 0.1% to about 20% by weight of at least one member of the
group consisting of vinyl aromatic monomers and nitrogen-containing vinyl
monomers, optionally, in the presence of a chain transfer agent, wherein the acrylate
monomers, the free radical initiator, and if used, the chain transfer agent, are first
25 combined to form a mixture, whereupon from about 10% to about 80% of said
mixture is mixed with the second monomer; then from about 20% to about 100% of
the mixture of monomers is heated until an exotherm is noted, then while
maintaining reaction temperature, first adding the balance, if any, of the mixture of
monomers over about 0.25 hour to about 5 hours followed by addition over 0.25 to
30 about 5 hours of the remaining mixture of acrylate ester monomers and initiator,
optionally adding additional initiator, whereupon the reaction is continued to

completion.
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In one particularly preferred enbodi nent, the al kyl noieties of the ester
groups of alkyl nethacrylate ester nononer (b) have 2- ({Gl-04Tallkyl )
substituenygozosss2Particularly preferred i s where nonomaicT(uss2/o8s8pri ses

2- et hyl hexyl nethacrylate. Acrylate copolyners |Iike these are known and are
described in nunmerous U. S. Patents including Nos. 5,108, 635; 5,534,175;

5, 696, 068; 5, 821, 313; and 6,124,249, each of which is incorporated herein
by reference for relevant disclosures contained therein. 10 Acryl ate

cOPOl YIer s usef ulyol e biRaRl EREMmb PRI ARRRLSAn TS Dggs  Known

in the art, several 0 e egorng patents. In one
enbodi nent, auoiQ/mrele % &)the esterdmnpinyppat Edstifycarbop aoar sisthe esgargraipng

reacting, in the resené:fe %{] a free raagi.cal initiator @ne or _nore al kyl
acryl ate ester rROfreRrelercesh paPoditAe e tiF 2 GOBOLBETPePE L AY FoPPSdns in t he
ester group, cafighisthg réibling) iché presentcdnadRevididd] ihikatop about 20% by wei ght of
at | east one nenber of the roup consisting of vinyl aromatic _nononers and
ni t r ogen-¢ont ai ni(hy fanhghout 335k Erabeyt 99/9% bnwegkirof enveranere alkyl acofae yer (B)
can be prepa r NPy [S) ' ' ce of a
free radical Es?%irﬁ%gfh gg, &gﬁgﬁ%ﬁ f:rrmr et";f‘%f Q§g%£gd;rg§9rdgtq Iétﬂgbg%sg{r%?m oners

cont ai ni ng f wbereif at leashbbaut SO oteek lobihe astenysonitain ahlease 6 carboryatompin therd from
about 0.1%°t stcaf%%ldt a2n % by wei ght of at |east one nenber of the group
consi sting of VvicnyF’ aromati c nononers and nitrogen-contai.ning vinyl

nononer s, opti onal) yrom abdund®. % es ebae 46% by eleiphnh of vateadtame aganmer wher ei n
the acrylate mer the free radical initiator, .and if used,,the chain
tranet o 18 germeeted R i g eons g & dy b S-SRl o SRR n 1 om
about 10% t ocabmitorfiotkd esterigebup BhKWHICK atedifférée drowd dcbylicheid 286818, nononer ;

t hen from about, 20% to about 100% of the m xture of nononers is heated
until an exotiR¥rarRmatic mongppers ARGHraEsNrcantaining yinyl FopYmer vth thiprewsder at ur e,

first addi ngmhhf, BRlaMGs 60%fbyawé’1gth§f thd BstdFh ¥briAif nSf moFPRMTE] SaBYer about
0.25 hour to about 5 hours followed by addition over 0.25 to 30 about 5

hours of t heatpesin the ggfengreepaad opticaslly limthe pseseroe ofnarrbain rteansierdagenti t i at or

opUl onal vy, a4l 1Ak o0t SR B $ITHRE AL ahSASLPh cont] v

are first combined to form a mixture, whereupon from about 10% to about 80% of

said mixture is mixed with monomer (2) to form a second mixture; from about 20%
to about 100% of the mixture of monomers (1) and (2) is heated until an exotherm is
noted, then while maintaining reaction temperature, first adding the balance, if any,

20  of the mixture of monomers (1) and (2) over about 0.25 hour to about 5 hours _
followed by addition over 0.25 to about 5 hours of the remaining mixture of
monomer (1) and initiator, optionally adding additional initiator, whereupon the
reaction is continued to completion.
Chain Transfer Agents

25 The process to prepare the acrylate copolymers may be conducted in the
presence of a chain transfer agent. The use of chain transfer agents to regulate and
limit molecular weight in polymer reactions is known, see for example “Concise
Encyclopedia of Polymer Science and Engineering”, J.I. Kroschwitz, Ed., Wiley-
Interscience (New York, 1990), page 139. An extensive discussion of chain transfer,

30 its effects, and chain-transfer agents together with an extensive bibliography,

appears in the “Encyclopedia of Polymer Science and Technology”, H.F. Mark,
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“PCT/ US02/ 08305 In one preferred enbodi ment, the al kyl acryl ate nononers
conprises at |least about 50 nole % of the esters containing at |east 6
carbon atons in the ester group. In one preferred embo@8nh ,zmﬁB) is a
copol ymer W @9831823% by a process conprising reacting, PATUNBOBORsence of a
free radical initiator 5 (1) from about 55%to about 99, 9% by wei ght of one
or nore al kyl acrylate ester nononers containing from2 to about 25 carbon
atons in the ester group, wherein at |east about 50 nole % of the esters
contain at least 6 carbon atonms in the ester group, and (2) from about
0.1% t o aboun.Gt¥4yloyd, il PM. Bikatds, Fésa Thtefstiended (e Yorkl A96%)] pit5ad- from t he
group consi st ng of acrylic acid, esters ﬁon,t initng from2 to about 8

car bon at ons®i0nBeth&f hsieare ¢PErsPY HRrPouated RergindYdFF R ent from acrylic acid

esters (a), Vi nWuifa &ijolfdsTBIPEHRTySmA0Ebtdnk t SPGB hrl QiiBEie?%:!yﬂinBﬁa;)ﬂuﬂKI
mononers, with the proviso that no nore than 60% by weight of the esters
contai n not whexampitan- and testiary dedecyimaseapians, arereferad * gr oup, and optional |y,
in the prgsence baj f rvark reifid), the free
radi cal i%i tiat o(rﬁohgnr?glgﬂo{iucéé?ﬁkgtpﬁ%e gﬂd‘;?tﬁ %aglgcx\ggﬁﬁdé%benﬁ? r“él{lﬁ rst
combi ned to drer mlk polymenzationh eolatigno rpolynenzativouteniuldon cpolimenizat®0% of sai d
mxture is mxed w tl] nonogerqglgjzg%to form a.secand m xture; from about 20%
to about 100¥FBFSIPHECNHAANE B "REOFREY g’sf“ﬁlm}ﬂﬁ "{qffs'i S heated until an
exothermis not ebpolyfien (BNiid prepRbdledipliyhg c@@eitiond] mneHpdr oft tudizal fir st
addi ng the bal ance, .if any, 20 of the m xture of nmononers (1) and (2) over
about 0.25 heRlYmeBaiffout 5 hours followed by addition over 0.25 to about 5
hours of 16 he remajuph REthElxdrs! deschbed iNRROMGK “EddycRpelid Bf PdlphrScieagd i onal |y
addi ng additional initiator, whereupon the reaction is continued to
conpl eti on. @{ngineerings (B F. M@’é‘ny@’[-z]g‘kqiﬁ% G- ddweshergep angt @pMengetddndacryl at e
copol yners s 11 ce of a chain transfer agent. The
use of chai Wt?@ggéeg?ﬁgsﬁesﬁghsﬁmhgﬁgb gﬁg&gnd limt nol ecular weight in
pol ymer reacti onsThess i Jindede fregrradised iitizied pojmerizatiorcerapleyinp et a of
Pol ymer Scie | i pat, . c .| ey.- .l Nterscience
( New Yor k, 1}&%"?&%&5@ }fg@&r Aﬁggfte sécrqé?dvéé&gﬁls%ém E(thcr? Ié%?da]c%i lﬁéﬁ? tr'(g’nsf er, 30
its effetis,inithcddedediods.t r ansfer agents together with an extensive
bi bl i ogr aphy,_... ears in the "Encycl opedia of Polymer Science and
Technol ogy" ,hﬁrﬁmr k, 15 :

Free radical generating reagents useful as polymerization initiators are well

known to those skilled in the art. Numerous examples of free radical initiators are
mentioned in texts by Flory and Bovey and Winslow mentioned hereinafter. An

20 extensive listing of free radical initiators appears in J. Brandnip and E.H. Immergut,
Editors, “Polymer Handbook”, 2nd edition, John Wiley and Sons, New York (1975),
pp. II-1 to II-40. Numerous free radical initiators are available and many are
commercially available in large quantities. Useful initiators include organic
peroxides, hydroperoxides and azo compounds. Redox initiators are also useful.

25 Examples of free radical initiators are t-butyl peroxide, t-butyl
hydroperoxide, t-amyl peroxide, cumyl peroxide, dibenzoyl peroxide (Aldrich), t-
butyl m-chloroperbenzoate, azobisvaleronitrile, t-butyl peroctoate and tertiary-butyl
perbenzoate, (TRIGONOX® 21 and TRIGONOX® C, respectively, both from
AKZ0) and 2,2’-azobis(isobutyronitrile), vAZ0O®-64, and,

30  2,2'—azobis(methylbutyronitrile), VAZO®-67, both from DuPont.

Free radical initiators are usually used in amounts ranging from about 0.01%

to about 10 percent by weight based on the total weight of reaction mixture.
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0 5 OCT 2005 WD 02/083825 PCT/US02/ 08305 N.G Gaylord, and N.M Bikal es,
Eds., Interscience, (New York, 1965), pp. 575- 610. Bot#safcTt h@se are
expr essl ygw&%#% ated herein by reference. Sul fur compeynRdssfsreci ally
mer capt ans, particul arly dodecyl nercaptans, for exanple, n- and tertiary
dodecyl nercaptans, are preferred. 5 Polynerization can take place under a
variety of conditions, anong which are bulk polynerization, solution

pol ymeri zation, erul sion polynerization, suspension polynerization and

nonaqueous disper.si on techni ques ol ( [ repared enpl oyi ng
convent i onal Gﬁ'&fﬂ’ddg‘cé‘f“@‘%ia@&sed f:}c%l% (g%iol 35%“‘.3%‘183' g%@ht’ FETHSEE are
descri bed i nogdAerrdi0bkout B1GY GbSUR 2%, fre@lenftp k¥ BIboR. 5066 abodn gl %N irgeer i ng”
(H.F. Mark, NM Bikales, C.G Overberger and G Menges), 2nd edition
(1988), publ rasuelfelby wejghey | ntersci ence. These nethods include free-radical
initiated pol ynerqzafy ?n*ﬂJFQ'- - S: r Ok - SO
descri bed t herei nT%r%aﬂogﬁo ocC e#lld(g%f %ﬁ%}ofg%?gg?%nm%ggﬁn%}mg%g%mﬁ'm hods.
Initiators Epmeleraidisciatiudmthe haf-lifeepf thedgitiatos atesgifen temperpotey natere ofit i on
initiators ape well known to those.skill in the art. Nunerous exanpl es
of free radi @’ﬁlreaftﬂf’tf’irﬁ?ﬁ?’ét“’g\pgag%ﬂ(fl‘(egkl%ra“?ﬁﬁmtaé')?tt elﬁv‘ Flory and Bovey and
W nsl ow nent i OneCMhledfl.ﬁzinghWO(g tl%uyog&:jeem)ems by eortiofléd engplofing 4 menbeadi cal
initiators appears in J. Brandrup_.and E.H I|nmmergut, Editors, "Polyner
Handbook", 2 te&m%%mclumncwf@f/uamorsmt,mwwg%ﬁur@’ casBfEon 5B 111 to
| 1-40. Nuner gldforhdrEshd'sBemalpel AisthbRl BreSiotdl§, cAMA irambdrQgehiitaBEYsedr €
commercially available in large quantities. Useful inrtiators include
organi ¢ 19er oxi d€sopolyynsr dBesse He the apresenl, nvewinpoun cEsrermlbt 8Pt taf at or s are
al so useful. . agg! I LCalgnddlt r - er oxi de,

t - butyl hydfeg%é)ﬁm é&aﬁc?fé%'n%gg{rng%%g,4Oc@ul%kﬁégg?g&°?d&&ugp éﬁléoggl per oxi de
(Al drich), tabdatdoyC toratint D600Qer benzoat e, azobi sval eronitrile, t-butyl

peroctoate and tertiary-butyl erbenzoate, (TRIGONOX(r) .21 and TRI GONOX(r)
C, respectively, e]{fﬁ?%efqﬂﬁﬁﬁc M%”Z%‘H‘s 2may -baz"t‘}ﬁ?’gliai“%béﬁ ﬁ@ﬁ??”r °fe),
VAZQ(1) - 64, ahiideralle héat Zarcsdh @R bs (B RYvEMtMEMRolIEd lefdtion VAGkeratn®y, both

fromDuPont. Free radical initiators are usually used in anmounts ranging
from abodi? ocanpecontrolled by using reactors with cooling jackets, controlling rates of addition

and use of reaction solvents.

The following examples are intended to illustrate several copolymers (B) of
this invention as well as means for preparing same. Unless indicated otherwise all
parts are parts by weight. It is to be understood that these examples are intended to

20  illustrate several compositions and procedures and are not intended to limit the
scope of the invention. Molecular weight values are determined employing gel
permeation chromatography (GPC) employing well-characterized polymethacrylate
(PMA) calibration standards. PDI is the polydispersity index, Mw/Mn, Filtrations
are conducted using a diatomaceous earth filter aid.

25 Examplel

A vessel is charged with 520 parts of a Cj515 methacrylate (which contains
less than 1% by weight of Cig — Cis methacrylate), 280 parts 2-cthylhexyl
methacrylate, 94.5 parts mineral oil (Total 85N), 10.5 parts t-butylperoxy-2-
ethylhexanoate (Trigonox T21S), 10.5 parts n-dodecanethiol, and 61.4 parts a

30  hydrotreated naphthenic oil (Risella G07, Shell Germany) and stirred for 0.2 hour.
One third of the mixture (326 parts) is charged to a reactor, An N; blanket is

maintained throughout the reaction. The materials in the reactor are heated to 100°C
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to about 10 percent by wei ght based on the total weight of reaction

m xture. 16 WD 02/083825 0 5 OCT 2005 PCT/ US02/ 08305 @&n8ChIAP, t he

i nitiatorgoaheswsed at about 0.05%to about 3% by wei ghtt/uspyessostore often
fromabout 0.1 to about 2% frequently from about 0.5%to about 1.5%or to
about 1% by wei ght. The choice of free radical initiator can be an

| nportant consideration. 5 Considerations include the half-life of the
initiator at a given tenperature, nature of the reactants, reaction

t enperatur e’oggﬁb.gég t[\elyeqpprggr?éxoﬂﬁgg th ri§9 5 I°é%VG1J\4)L1?r§1 B’é’@x‘v&i‘&r?& of the

pol ymer (B) cCdl a nunb techni gues 1 ncl udi ng
choi ce of i mehﬂirfgtlﬁl’dlscdixﬂxaﬁéd omftdrehqaﬁeraateuastmmmrmanw diei remaining 2fofonrer s and

sol vent type not ousl n transfer ents can be used. 10

Copol yrrer { Bfe BeRmernHaTa| BEBHY s HOBHRebh SdPu o SRy D sBeibg  ai

reaction tenpefaiHn@:ddiangi me: ttaﬁapéfatammheﬂ%aﬁtmemqm *@O0"E: fdrrequent |y,

from about 60'C to about 160' C. Because acrylic 55 %nerlzatlons may be
P

acconpanied heyrst iAveadgitionsl Ogf partisigencxcF 28| ie 63epatts 8 ispdded floowedken t o
Ao yinconthifins S Aol 2 CRIRCAAUICER. 340 PRMBEEAN FilddsHnly UST g

reactors wt ng | ac ets controlling rates o tlon and use of
reacti on solaneddisional38.45 ohrtso']?mai@SEMrrﬁﬂr@ﬁ far bhmmtlmd@@ted o §20fQiendr at e

several cop o] as means for preparing
sanme. Unles 11?’:5 r?&%%%yg%%wgﬁ‘*é')a@/w%a?? A °lﬁeasrts by weight. It is to
be under st oGEkainipkt2 these exarrpl es are intended to 20 illustrate several
conposi tjons and proc u not nt.ended. to t he scope of the
i nvent i oirp Mol ecdt WS c@‘ﬁ‘ﬂhg{f% aétsat? gllzﬁs H’ﬁ@&crgﬁ’ﬁl B@F}hﬁonéaé

per meat i on qBdsOfNash qus aghwe{gﬁDQf enpl-oy N enedrtblylated ) 120 E}ﬁiteml-alﬁ}dhexyl

pol ymethacrylate (P cal i bration standards, PDl is t spersit
i ndex, Mw/ Min"thﬁcﬂtl?t%ﬂ olP?§tS 7§Nem'é‘6‘ﬁ]d&‘it( ngadh TG, am&%hﬁwg yé Ir ltoh fil %/er

aid. 25 Exa $8 gRda v 3 P 5
met hacryl at ergal(lﬁv\tﬁllx ?:ﬂ%aﬁégnt gt%nr?is(q‘ﬁ%ggss Fvg%n a:g f: 6%11? 5%? a@%gjp_g“%lg
@

met hacr yl at eJodec2g@hiph pnds stirregh for 12hkouy) Onmﬂll heamixture 417§ passt & ni ner al
ol (Totgpy Sc%la}pged 105 5aP3Ldefdr t TSNS p%S'O)@(c addition of 7.2 parts N-(3-

(dirhethylamino)propyl methacrylamide and stirred under N3 blanket for 0.1 hour.
An N, blanket is maintained throughout the reaction. The materials in the reactor
are heated to 110°C over 0.25 hour whereupon an exotherm is observed and heating
is discontinued. The exotherm is to 138°C over 2 minutes. After the peak exotherm

20 is attained, the temperature drops to 137°C whereupon the remaining 2/3 of the
monomer/initiator/oil mixture is added over 1.5 hour. The temperature drops to
110°C about 0.2 hour after addition is started. The temperature is then maintained at
110 °C +/- 3°C for 1.5 hours. An additional 0.5 part Trigonox T21 in 4.5 parts
Pennzoil 75HC oil is charged followed by heating at 110°C +/- 3°C for an additional

25 2.5 hours. The materials are vacuum stripped at 135°C at 50 mm Hg pressure for 0.5
hour. To the residue are added 33.1 parts Pennzoil 75HC followed mixing for an
additional 0.5 hours and filtration The product contains 0.22% N and has viscosity
(ASTM D-445) @ 100°C = 502.7 centistokes.
Example 3

30 A container is charged with 33.9 parts methyl methacrylate, 7.5 parts butyl
methacrylate, 133.6 parts Co-Cy) methacrylate, 133.6 parts C1,-C;s methacrylate, 67.7
parts Cy6-C)s methacrylate, 13.65 parts N-vinyl pyrrolidinone and 130 parts Risella
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et hyl hexanoate (Trigonox T21S), 10.5 parts n-dodecanethiol, and 61.4 parts
a 30 hydrotreated naphthenic oil (Risella 7, Shell Gagya@dy)208nd stirred

for 0.2 h@uyoyesieie third of the mixture (326 parts) ispehesiesss o a
reactor. An N2 bl anket is maintained throughout the reaction. The

materials in the reactor are heated to 100*C 17 05 OCT 2005 WO 02/083825
PCT/ US02/ 08305 over 0.2 hour whereupon an exothermto 139.6 C over 4
mnutes is observed and heating is discontinued. After the peak exotherm
is attained

, e.remaining 2/ 3. of . t n r/in.tlato Lloymxture is
added over 1C."§988Uﬁ1.e THRiA @%@‘Fﬁf‘&?ﬁﬁ%&%ﬁ“&‘%@ %f}r'slrdrpéna\%ilqj'i on. The
t enper at ur e §7int Rgrpaft@itdliede € ddded Jf&llbvﬁdﬂzS)T st#fng gasr (2(;1 5lolhl|0UIA81§aé%ﬂr addi t:conal
0.7 part Trigonox, T21S jn 6.3 parts 85N oil s a owe m xi ng for
an addi t i onaiduPPEs! Hotepebsd mlé@@?h f ‘sl\ﬁ?‘a“ﬂ_ﬁ% Wﬁh@@?qtgf%oég’é s 6 th an
addi tional 38m@iaddas phacdPirftheSiabitioh |funn%$.'Wftl?‘§tiﬁ-iﬁg:a$d UddditidRat loent ed to
120C and filtered. Viscosity (ASTM D44§38%@ 100C = 356 centi st okes.

1.3 hp

Exanpl e 2 108GFH;dbs alixture ig heatesele WoPE over ey heatipg instopped #9d #kg hacryl at e
(which contains less th 1% ' of £l16 - C rylate), 120
bar t o 2- ot nyPRESEURE et Aatpriealy ROLRE ot Sty o BRI RE): | 7o)

3 parts t'bLEeFinQQ:f 8PSy arld aﬂﬁrhyhihﬁssai@qalﬁ°CTDioﬁ@ﬂe>ad&Ea’&9oﬂiheSfeﬂiamcg in 27
parts Pennzoil 75HC and 3 parts n- dodecanethiol and stirred for 0.2 hour.

One third of menpmerdiniiaieremixiure ipbeaus)and ds continped: fs P hepry, Temperaiure ol | owed by
t he addition o - - : _ i d q
St red unacitkpth R REES il O no B IDRRMODLE Wihe RERGAC MhaH D de an

t hroughopy tduditoRas copleted, e MRktETel iglcBoled) té DEO 6w 0@ howrrfelldvesdiad to 110C
over 0.25 hour whereupon an exothermis observed and heating 1is
di scont i nuedcharging G3dnarckrigonex 3o Thegratesiplsy arpstifed gt 8Q°C faf 2 Bpurs.fl2%eak

exot herm 20 ﬁa?to'?-}%oﬁééﬂquis ch%gecf ARG ﬂatadéfi?% ?{e%&c& for LR AGdiMbIET 8yBRR. t he

remai ning 2/3 mononer/initiator/c mxture is added over 1.5 hour.
The t enper at Theemelengds ateodilutedOwithn 80 peart additinpelr Rig¢ltacE Yddil,t ieated ivthst ar t ed.

The tenperature i en nmai,ntai ned orll +/-.3C for 1.5 . hpours. An
addi ti gﬁal 0&’5‘1%5% ig@r?goﬁ&x“’tmgiaﬁqﬁé p@éasmnbg%ngﬁs}mﬁﬁé g‘il’JL'Ir’ is charged
fol I owed)py dmadtingd gt didiifate’/ Thedfesil® isatepdht tli10MAWItR A Hatbmhi@bliss. The

material s are vacuum strlg ed at 135C at 50 mﬂﬂ% pressure for 0.5 hour.
To the resi dwghdailter sigiddhe BRrate qoateing amehimes havingMe = 63.000ved MM 7g for an

2.91.
While the processes to prepare the copolymers used in the compositions of
the instant invention are often conducted in conventional reactors employing
20  agitation means including mechanical stirrers and/or circulating pumps, another
useful means for preparing copolymers is to employ a high energy mechanical
mixing device. These include roll mills, ball mills or extruders. Of these, extruders
are preferred since the comonomers can be fed to the feed hopper in any desired
fashion. Methods of employing such devices, and especially extruders, are
25  described in a number of patents including Hayashi et al, U.S. 4,670,173 and Sopko
et al, U.S. 5,039,433, both of which are expressly incorporated herein by reference.
The copolymers used in the compositions of this invention may be prepared
in the presence of a diluent. A diluent may also be added to a substantially diluent-
free copolymer, usually by dissolving or dispersing the substantially diluent-free
30 polymer in an appropriate diluent. In another embodiment, an additional diluent,

often a higher boiling diluent such as an oil, may be added to a copolymer which
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‘additional 0.5 hours and filtration The product cont ai ns 0 22% N and has
Vi scosity (ASTM D-445) @ 100C = 502. 7 centi st okes. %%ﬁ
cont ai ner ed with 33.9 parts nethyl net hacryl a arts butyl
met hacryl $i02901%§596 parts C9-Cl1l met hacrylate, 133.6 p§ %15

met hacryl ate, 67.7 parts Cl16-Cl8 nethacrylate, 13.65 parts N vinyl
pyrrolidinone and 130 parts Risella 18 05 OCT 2005 WD 02/083825

PCT/ US02/ 08305 G 07 oil. The materials are stirred for 0.25 hour, then a
solution of 1.56 part VAZO- 67 in 3,1 parts toluene is added foIIovved by

stirring forWe Heﬂ?iﬁﬁlrm and stilheqniins, @lﬂ&icb?fémga@]%éﬂ}*‘ihﬂéﬂ’eﬂ FMOVERBY e 1 is
charged with Wm%&iﬁﬁcﬂ@cﬁstﬁ]ﬁﬁéﬁ 'I%‘fer f}ewhérﬁﬁggﬂgﬁ%r fgé&%h@?ﬁ‘g in the

addltlonfunnel Wth stirring a Ition at m xt ure
i s heated tothip@@’ngvefradjlu@ithtbcldlluehélaanmg |s stopped and the tenperature

rises exothernm C%l QXe Ergb ]di?'rgent % ihlu%%d&a al oxlsg e{llgrt lﬂgt}odh?gp beQI ns

to drop and after UL remai ni ng
mononer - i fi t |hat mineral xdnUrc&nslﬂs bemnal@n abf i Bydroxfttateuuea:bhftﬁmc 2oihourAlso

Tenper at ure Dcr ases 110C and is_held at 110C during
ad(rjrlp tion. AffQ g”éload? yggpdepax F'@'P%‘g‘ hﬂ'ﬁeds ilent gy aljode 2yt o 90C over
0.3 hour fol dipwegmben sohtBétdi dIlg atb efeer et oilkl bl PsIeRn 311gom-5ﬂeorrmds@zftécﬁ| s are
stirred at 90C for 2 hours, 0.26 part Trlgonox 21 is charged and the
material s ar®PE®Sted for an additional 2 -hours. The materials are diluted

with 80 parts ad@hﬁ'eﬁﬂ%ﬁsm‘?}' ‘St aﬂtlgﬂ)ﬁ)ﬁe@’ s ofﬁﬁ%ﬁﬁm"\fefct’encéftd 5.1FL| efg, to 150G,
and stripped at 150C, mm Hg pressure f hour, collecting 1 part

distill af Wihen ysed ilufbé Cpstexts Tsﬂhﬁt@dalmqu‘ionﬁw thlq diluetit Este@smm}bunﬂrt earth
filter aid. ivr %Jc{ (oaéngsrgé?:%fé'd?%oﬁB&mo\ﬁg‘éf thhsal\ﬁb‘%}rgithat 98 \qupn nd M., /M

= 2.91. Wi rocesses used
conpositi onsumif:r ordlha‘y|cnsumnanccsnvmrgocmy angmfloim mcmnmmnrqdeacmncmnvent i onal

reactors enp at ns |n nechani . Sti.rrers and/ or
o reur i o ustipador: R hichds WA MRy Aol o dBnRBRIRG: BTt o s o
grrﬂ oy ? hi gh enMcg%lcumem@msccﬁl polyifiexs g dé&vmmed uéfﬁgi‘S\elfl-lkﬁcﬁi'rialdﬁthbﬂkl I hm I'l's,

a m o} uder.s Xtru are prefe since the
com)nomali c‘i?ﬂc indbp ]ft?fatf‘?‘?egfgﬂgﬁ srfgﬁﬁ’é‘?dc‘j‘ o fteprining Eﬁ[ec‘ﬁﬁs"‘fﬁ‘@ﬁ Met hods
of enpl oyi NGaré el hedR3ati6F Shromateer@hi §aliAkdowneast siAdRREISsionéHBomatography)

and vapor phase osmometry (VPO). These and other procedures are described in

numerous publication including:
P.J. Flory, “Principles of Polymer Chemistry” Cornell University Press (1953),

20  Chapter VI, pp 266-316, and

“Macromolecules, an Introduction to Polymer Science”, F. A. Bovey and F.H.
Winslow, Editors, Academic Press (1979), pp 296-312.

W.W. Yau, J.J. Kirkland and D.D. Bly, “Modem Size Exclusion Liquid
Chromatography”, John Wiley and Sons, New York, 1979.

25 A measurement which is complementary to a polymer's molecular weight is
the melt index (ASTM D-1238). Polymers of high melt index generally have low
molecular weight, and vice versa. Mooney Viscosity (ASTM Procedure D-1646-87)
relates indirectly to polymer molecular weight. All other factors being equal, as
molecular weight of the polymer increases, so too does the Mooney viscosity.

30 ASTM Procedures D-1238 and D-1646-87 appear in Volumes 8 and 9,
respectively, of the aforementioned Annual Book of ASTM Standards.
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25 described in a nunber of patents including Hayashi et al, U S. 4,670,173
and Sopko et al, U'S. 5,039,433, both of which are exﬁie§§TyAm&corporated
her ei n bywmomzms:e The copol yners used in the conpoFCriuse#sss t hi s
invention may be prepared in the presence of a diluent. A diluent nmay al so
be added to a substantially diluent- free copol yner, usually by dissolving
or dispersing the substantially diluent-free 30 polyner in an appropriate
di luent. In another enbodi ment, an additional diluent, often a higher

boi | i ng dil uent saGhef@ifedafietiid, andTe M@hcdsifslofed & d@@ﬁﬂhym&rm&&uﬁh 19 WO
02/ 083825 05 QCT 2005 PCI/ US02/ 08305 was pr epared in, and still contains,

a | ower boi | Weightsipf Rekymers,a4isetfortis herein.is gl pemeationchromwiogmahyGPRdFSr such as
distillation r I esence of
@ Gl uent . T RRIRPEC R efinkl Gandal, 80 IRy enbBEEUERALR il BF72°0
m neral oi | . adrylate pgipmers ena lpeeferabiphdettirmined employilg polyaveylad staidirdconsi st s
essentially of hy thenl Al so, contenpl.ated, are
hydrodevvaied m neéj &é’ re"%‘?ﬁvaepﬂ‘ %orl!meyat%?l tg(?oyg'eﬁc g@’ﬁ?"ﬁ'ﬁ?’?s In %i1. common
E ynt hetic 0| pmfeaeceemamuent, magokymhﬁq combwdxﬁi)mlpn@h fr@?ﬂiﬁbl& 26% Ja kit a]E ed
enzenes. ression "substantia ert" is often used in reference
to diluents. %qeéE/)VWégp Lfgéé i*A CFWJ@CGLPH%/Q;F%“ sopely@Em Wpersin| the eH¥Er® neans t he
di luent is esm@nt faﬁ%ésfrdn{‘%oht 30MnbI2 % @5 Rt 84 &oﬁn% drAafdnfiont % @MPOSI tions
of this invention is, it will not, under ordinary circunstances,

under go any dogird % bureishtef6B) vpelvinethacriae papabimgn eomaprisinganisodrivebn, nor
will it yptegfgre with any reaction or conposition of this invention.

Mol ecul ar wei ghts of polynmers are determ ned using well-known nethods 15
described in the |iterbouyBé max gt aboubPS made &iaf elkylf methabeylate restai ng

nol ecul ar wej, rs are gel pernmeation chromatography (also known as

si ze-excl usi on chromat ography) and vapor phase osnonetry (VPO . These and
ot her pr ocedonténing feond elsmt 9 tweaboutr25 cmbnmaatomsirnhbbsitargtdupland ncI udi ng: P.J.

e o 1P S5 B S BP e RRSh s TS be S SERIE 58, 1250
Sci ence"15 F. m&mnﬁﬁ\/@yta&f@ floniaboul/V fbsdboiy, lﬂikﬁdﬂra&mmsﬁﬁﬂﬁ%ﬁfbtc‘gr&ipﬁﬁﬁi (1979), pp
296-312. optionally
(c) about 0.2 mole % to about 10 mole % of at least one member of the
group consisting of alkyl methacrylate ester monomers containing from 2 to about 8
carbon atoms in the ester group, which esters are different from methacrylate esters
20  (a) and (b), vinyl aromatic monomers and nitrogen-containing vinyl monomers, with
the proviso that no more than 60% by weight of the esters contain not more than 11
carbon atoms in the ester group, wherein the weight ratio of (A) : (B) ranges from
about 25:75 to about 75:25.
Polymeric compositions of this invention can be prepared by mixing together
25  the ethylene aliphatic olefin (A) and the alky! acrylate copolymer (B).
Other Additives
As mentioned, lubricating oil compositions of this invention may contain
other components. The use of such additives is optional and the presence thereof in
the compositions of this invention will depend on the particular use and level of
30  performance required. Thus the other additive may be included or excluded.
The compositions may comprise a metal salt, frequently a zinc salt of a

dithiophosphoric acid. One or more metal salts of dithiophosphoric acids may be
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"WW Yau, J.J. Kirkland and D.D. Bly, "Mdern Size Exclusion Liquid

Chr omat ogr aphy”, John Wley and Sons, New York, 1979. %155560 asur enent
which is conplenentary to a polyner's nol ecul ar wei ght ¥ Srel t i ndex
(ASTM D- 19B92/08382% yners of high nelt index generally hZGEUSBEB0%p| ecul ar
wei ght, and vice versa. Money Viscosity (ASTM Procedure D 1646-87)

relates indirectly to polynmer nolecular weight. Al other factors being
equal, as nol ecul ar wei ght of the polynmer increases, so too does the
Mooney viscosity. 30 ASTM Procedures D-1238 and D-1646-87 appear in Vol unes
8 and 9, reppesot inve minoraimoutietogirovideradiitionaleek trdme yatsside,cdatiofead\addVi

St andards. 20 05+, OCT (%1005 WO 02/ 083825 PCT/ US02/ 08305 A preferred met hod,
and the met hSW CHOREHOMBASEt er mi ne the nol ecul ar  wei ghts of pol yners as

set forth herein,othé @elivecthaEaby opticaby bR Ledria Ry ubEdihg off9bf wpp! yol ef i ns,
pol yol efi ni c. standards are usually enpl oi}e?@ Mol ecul ar wei ghts of acrylate
B rfgs

pol ymers ar elN¥¢THIOR  Bplude, T cpXeMRe dotasl PETSRRISC VisPostty BDEQYSEr ds. 5 As
not ed herein s td : : j lbi.ons. In a
£i NGReNSn 1ﬁl1tfﬁ1t?nhée£%§t|9, RPpbifl @ Fe?mﬁ%)aélﬂés)’%chﬁ gegmgfg%ms

preferred enbodi nent, meric cofposition conpri about 25%to
about  75% bntineeay gents cqi) stabrlizenshsppleawell gt odoranisking agesitsyandrantiher ei n t he
ethyl ene coptent.franges fromabout 30 nole %to about 85 nole % and from
about 75%to about 25% by wei ght of (B) a pol ynethacryl ate copol yner
conpri si ng unit s Thesei inaade] Butfareomt (ia)itedikno atxilddsy naxtremé/ptessusebagenits &d nol e % of

al kyl methacryl ate ester . nonaner.s containi ng..fraom ahout to about 25

car bon at orrsccﬁ?s'f)ﬁean s?xéqat'a? dﬁﬁ{;@% ABgYs %‘iﬂg‘ﬂg%%?@o’a}ﬂ% B 5 nole %
of al kyl 10vet naiedcyibaiise @gdneds sulfidesTRAD PlyBuIEA GihObphBruk I ereraleiMiding t 0 about
12 carbon atgps, in the ester group, and_optionally g,c) about 0,2 nole %to
about 10 nol éhydrenarbep hydeogen agﬂépmgmﬁi teydgacarbog PBRSPREE n BIONPASY MO al ky |
net hacryl at ecqsjoliids/AaMERIE. containing from 2 to about 8 carbon atons in

the ester group, Wwhich esters are different from nethacrylate esters 20 (a)
and (b), vinyl arSiHRNCYisReRbHEPEVERdalpn somsleas edtedito rhyjsositiindsfononer s,

W th the prairvRrs! GbisdbSiny RiofifleRf e 050 B¥IuME. OFhedd’ ark iRl pycONt @ N NOt
15 polymers, including polyisobutenes, polymethacrylic acid esters, diene polymers,
| polyalkyl styrenes, esterified styrene-maleic anhydride copolymers, alkenylarene-
conjugated diene copolymers and polyolefins. Multifunctional viscosity improvers,
other than those of the present invention, which also have dispersant and/or
antioxidancy properties are known and may optionally be used in addition to the
20  products of this invention. Such products are described in numerous publications
| including those mentioned in the Background of the Invention.

Pour point depressants are a particularly useful type of additive often
included in the lubricating oils described herein. See for example, page 8 of
‘Lubricant Additives” by C.V. Smalheer and R. Kennedy Smith (Lezius-Hiles

25  Company Publisher, Cleveland, Ohio, 1967). Pour point depressants useful for the
purpose of this invention, techniques for their preparation and their use are described
in U. S. Patent numbers 2,387,501; 2,015,748; 2,655,479; 1,815,022; 2,191,498;
2,666,748, 2,721,877; 2,721,878; and 3,250,715 which are expressly incorporated
by reference for their relevant disclosures.

30 Anti-foam agents used to reduce or prevent the formation of stable foam

include silicones or organic polymers. Examples of these and additional anti-foam
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carbon atons in the ester group, wherein the weight ratio of (A : (B)
ranges from about 25:75 to about 75:25. Polyneric corrp05|t| o] of this

i nvention can be prepared by m xing together 25 the etlh Ioéﬁeﬁ}ﬁfh phati c

ol efin (AWQRR@8RE al kyl acryl ate copol yner (B). O her Pﬂ@’@ﬁ@i"’@@é As
mentioned, |ubricating oil conpositions of this invention may contain

ot her conponents. The use of such additives is optional and the presence
thereof in the conpositions of this invention will depend on the

particul ar use and |level of 30 performance required. Thus the other

addi tive rraycdaﬁ)ohlﬂsdsw&l@des@ﬁbeawmﬁmonTﬂaﬁAﬁmposy He®9 . KRihef QUG3E4 S a net al
salt, frequently a zinc salt of a_ dithiophosphoric acid. One or nore netal
salts of ditBaaChmerenilf76cpages Hi16Be 21 0 5 OCT 2005 WO 02/ 083825

PCT/ US02/ 08305 pr: treme
pressure, anti -\/\/eﬁ:;te?&gé“dg ﬁantspgr%gfsdaﬁcy%gg’%? ﬁ%%?g %qﬂhés's %gl tl(%(/es t hat
may opt i onal dsh-poarucisg detergenth arel axomplifidi bygoibiscblsblc)meuttal snd basicesatts ofh i ncl ude,

for exanp I er ts, djspersan Vi.scQsjity | overs 5,0xi dation
i b e a8 8 AR ssBh RS IPbSiith® R erteBRhC AR premalRL “agent s,
anti - wear ag@-gtuﬁc pmblwmssa‘.caisicharaaer&ad sgalleswend difgeddton-toghssphi@eki ng agents
and anti- foam agents. These include, but are not limted to, auxiliary
extrene pres & agents and corrosion and oxidation inhibiting agents
exenplified by chingrifatiasc ahi"AbatddCo db8griimeGREINS WhereRf BdMietal $¢| fi des and
pol ysul fides, phosphorus esters including dihydrocarbon hydrogen phosphites
and tri hydr oBf8seBo Sivigipmetrieally IWFry%ERé‘ﬁﬁrfha‘bﬁlﬁpEEﬁ‘?tfsaWhF?élcﬁlhe pSide.

At | TarYo V! SROR dornlRELYE épa(rﬁg%gd ésﬂig)%eﬁ%& Wl BhA th 8 ARIKY HEOST LY

i ndex inprovers or Vi c05| Iers) may be include ese are
exenplified tyart alﬁlmﬂymshscusmlllmdﬂmghqml yi sobut enes, pol ynethacrylic acid
esters, diene pol \ | kyl i l eic
anhydrl de copol yrr'l%grmsaégs dF%g%n%? a‘ﬁ}{ dl?p %:(S(E)ﬁr?‘pe‘ﬁ“g 38?512&1 ]&éssqe ﬁﬁﬁy%&?ﬁgg’gnd

pol yol ef i ns. ddpbdingf mnmlcomtutmn smesienbggcntnqn'r disersant maey hlpmn tdsmlnustidnnse of the
present invention, which also d| spersa nd/ or ti oXi dancy

b oper i es. aPER BN IAHTEReRAGH St Tt PYoh & Koasher Peraf iR GRv PG T

15  does not ordinarily contain meta] and therefore does not yield a metal-containing ash

on combustion. Many types are known in the art, and any of them are suitable for
use in the lubricants of this invention. The following are illustrative:

(1) Reaction products of carboxylic acids (or functional derivatives thereof)
containing at least about 34 and preferably at least about 54 carbon atoms with

20 nitrogen containing compounds such as amine, organic hydroxy compounds such as
phenols and alcohols, and/or basic inorganic materials.

(2)  Reaction products of relatively high molecular weight aliphatic or
alicyclic halides with amines, preferably polyalkylene polyamines. These may be
characterized as “amine dispersants”.

25 (3)  Reaction p'roducts of alkyl phenols in which the alkyl groups contains
at least about 30 carbon atoms with aldehydes (especially formaldehyde) and amines
(especially polyalkylene polyamines), which may be characterized as “Mannich
digpersants”.

(4)  Products obtained by post-treating the carboxylic amine or Mannich

30 dispersants with such reagents as urea, thiourea, carbon disulfide, aldehydes,
ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitriles,

epoxides, boron compounds, phosphorus compounds or the like.
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20 products of this invention. Such products are described in numerous
publications including those nentioned in the Backgraound lﬁ{j mge I nventi on.
Pour point depressants are a particularly useful type 86 HtyiPve of t en

i ncl uded M0 ©488PUbricating oils described herein. SeePFEFSRPBHHI e, page 8
of " Lubricant Additives" by C V. Snal heer and R Kennedy Smith
(Lezius-Hil-es 25 Conpany Publisher, d eveland, Chio, 1967). Pour point
depressants useful for the purpose of this invention, techniques for their
preparation and their use are described in U S. Patent nunmbers 2,387, 501;
2,015, 748; 2, 655,(4y9; Pdlyihts.ahdipoBmbilof 4880lubiliziaf enondBers Buck 24 dékgl ;
2,721,878; and 3,250,715 which are e_xprgem?sl in_cor&&r at eﬁb@b@g ef erence for
their rel evametharrdaieodpyl decyl sthenand high e&b‘éﬁ’f"ﬁlgb‘s IS MPeRORANEGY  pr event
the formati ofyn@inisg 218 fsERMuenttCledde afliddaf@N CferiteO " G2 MhethaBAANEIET S.

Exanpl es of these and additional anti-foam 22 05 OCT 2005 WO 02/ 083825
PCT/ US02/ 083&8ylamidposindi paly-@xyethyleneksubsifutedy 2oryates. Confhiesst m@enbs" | by
Henry T. Ker | “ - sion, 1976), pages 125-162. Detergents
and di spegfsaﬁl%éac{r‘hg%gag %M%ecqgsé%%‘?%duci ng or ashless type. The

ash- produci ng detEwegbotesmentionaixdisgetsafits @dd lyiscasity implowdyt enagebatused irand basi c
salts of 5 aJsdktaI it ﬁ.lr %’.kal igtg. eartth metals with sul fonic acids, carboxylic
aci ds, phenof®" 9P QHPGAKTLSRLEBABFEIL i ds characterized by a | east one

(Cjii rect car bon-ltO-ml:asesp&iﬁ;fm ositions hxﬁk\BQEknclIh?td €fose ‘skitied 6n il art air'n]c_B awsed toI |
esignate netal salts erein the metal i pr nt in stoichionetrically
| ar ger anmpunfescribd in peerelsdini Rategts;1pclydig i’aﬁ .4'2%;&*{: U'Si'd”@éi‘@%' tiﬁd

techni ques fHH3RERPY.S.NPoRHI LTI Ish@n,auS. Welsh 6BNOWS. 5898 b6t enski | I ed in
the art and need not be discussed in detail here. Ashless det ergents and

di spersants &F%.063. eagh|of ghichsisiheeeby freorparated; heapin by qefgreneri fop relevant s
constituti ongeddy reggfﬁdﬂﬁ@stusgc{infiﬁb?ﬂgﬁ%% c osHiBﬁQ combustion yield a
nonvol atil e residue such as boric oxide or phosphorus pentoxi de; however,
it 15 does not orkhenabaveyllustratechi additivesal mayh cbacth dreefpmsent doe dubiseting el d a

met al - cont ai Qi ; [ Man re. ' e art, and
any of them géngy%gﬁ;ﬁ a%lc‘)igc oﬁ%;m&ﬁ)éeoqi%ﬁ llt eysl (?J%drl?%g t“gléép%}té%}lgr}?%ti on. The
f ol | owi ng5 ar fromlabais D10A%I tw @bouf 20% Re aci gho NInpmast] instasces,f theyagallosopitiitpiteaci ds (or

functional dg'crnin\z/l cguit 8?% tE) Ql?oru?%‘})o by weight, more often up to about 5% by weight.

The Oil of Lubricating Viscosit

The lubricating compositions and methods of this invention employ an oil of
lubricating viscosity, including natural or synthetic lubricating oils and mixtures

20 thereof. Useful oils of lubricating viscosity include those having kinematic
viscosities ranging from about 1 to about 80 centistokes or even higher (cSt) at
100°C.. In one embodiment, the oil of lubricating viscosity is selected to provide
lubricating compositions with a kinematic viscosity of at least about 3.5 cSt, or at
least about 4.0 cSt at 100°C.

25 Natural oils include animal oils and vegetable oils (e.g. castor oil, lard oil) as
well as mineral lubricating oils such as liquid petroleum derived .oils and solvent-
treated or acid treated mineral lubricating oils of the paraffinic, naphthenic or mixed
paraffinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale
are also useful.  Synthetic lubricating oils include hydrocarbon oils and

30 halosubstituted hydrocarbon oils such as polymerized and interpolymerized olefins,
etc. and mixtures thereof, alkylated aromatics, for example, alkylbenzenes,

polyphenyl, (e.g., biphenyls, terphenyls, alkylated polyphenyls, etc.), alkylated
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containing at |east about 34 and preferably at |east about 54 carbon atons
with 20 nitrogen containing conpounds such as am ne, 0{%% g dr oxy
conmpounds such as phenols and al cohols, and/or basic i 3 nf naterial s.
(2) React Whoymsaucts of relatively high nol ecul ar wei gar/usiiopdeati c or
alicyclic halides with am nes, preferably polyal kyl ene pol yam nes. These
may be characterized as "am ne dispersants”. 25 (:3) Reaction products of
al kyl phenols in which the al kyl groups contains at |east about 30 carbon
atons with al dehydes (especially fornmal dehyde) and am nes (especi ally

pol yal kyl enedlplﬁﬂn?'la&hélﬁ%hd alMyla€dd diphenPlesulitRE AR S d@Vaies," Malgd afd

di spersants’ Products obtai ned by post-treating the car oxylic am ne
or Mannich @Un@?%‘ﬁ%ﬁhérﬁ?ft%‘ Wedke.such reagents as urea, thi ourea car bon

di sul fide, al dehy Vlene. &g&@g@ﬁnﬂggﬁiw&ﬁg&gla% dcg%g(,éggg& Hiﬁsti t ut ed

succi ni ¢ anhydrides, nitril oron conpounds phosp or us
conpounds or theik¢erninakbhydryD gouBtiRve 0&H madifiaiY OBBEPisatRC T Ei2408 305 (5)

o Yer s £ SRRUNTE Lol Al A bl E AR B RBHET o5 oY/

met hacryl-ate, vin el an ecul it ol efins with
nononers cont ai Mmnothepsiitable slaisf s;tnttmﬁt mbnatgg mlammﬁibekwed aexiptised es or

These: my. ban soBRLPE A i sRocbonyls YR, td repo el o Gl Co

above- nent i Qﬂeﬁbcmbsmeaaag@depagowaﬁ&p@yd]ahérgrpr overs may be used in
addition to the additives of this invention. These corrp05| tions are well

known to those sktheresynthstic hubrigating, ils ;inglude) Jiquid setgrsi Af rmbasnhems U, S.

pat ents igcl dyiaftng-hcRls, fhr 2afnpit3 Bhosbhak: esterd QdyiRte teldalRdrof g% 881, U.S.
4.952.328 US4 gl9J‘?§:7‘°’64r9 upgeggfsgél 502" (Buygﬁ S @6"6%9%5?3&’ 5696, 067,

each of whi dﬁm sﬁllhtené@pdl q&sorquhr as etlje hmhmlkvlﬂy polpdrgk-e rppéyatkoxy-r, ebevant
di scl osures 05,48 Iubrlcatlng oils conpositions. The
LA R 30 ol

above-ill ustpoa)falr Y Eﬁll%e present in lubricating

conposi tions at dneefined;neflmtliand revdfined olls,teither ramird. o@@ﬂr%dﬁy (aewglhis, usual |y
O A T TR M T TN AT AN, S
t o about 15% d3yd iNahgtdmpositions of the present invention. Unrefined oils are those obtained
directly from natural or synthetic sources without further purification treatment.
Refined oils are similar to the unrefined oils except they have been further treated in
one or more purification steps to improve one or more properties. Refined oils
include solvent refined oils, hydrorefined oils, hydrofinished oils, hydrotreated oils,
20  and oils obtained by hydrocracking and hydroisomerization techniques.
Rerefined oils are obtained by processes similar to those used to obtain
refined oils applied to refined oils which have been already used in service. Such
rerefined oils often are additionally processed by techniques directed to removal of
spent additives and oil breakdown products.
25 Specific examples of the above-described oils of lubricating viscosity are
given in Chamberlin, III, U.S. 4,326,972, Buropean Patent Publication 107,282, and
A. Sequeria, Jr., Lubricant Base Oil and Wax Processing, Chapter 6, Marcel Decker,
Inc.,, New York (1994), each of which is hereby incorporated by reference for
relevant disclosures contained therein.
30 Preferred oils of lubricating viscosity are mineral oils containing at least
about 55% aliphatic saturates, less than 0.5% sulfur, preferably less than 0.1% sulfur

and more often less than 0.1% sulfur and viscosity index greater than 100.
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"The O 1 of Lubricating Viscosity The | ubricating conpositions and net hods
of this invention enploy an oil of [lubricating viscosigy ocr di ng
natural or synthetic lubricating oils and m xtures 20 thereof.” Useful oils
of | ubri cX0®@83rEcosity include those having ki nenati ®CYUSEH8I6| es rangi ng
fromabout 1 to about 80 centistokes or even higher (cSt) at 100C. In one
enbodi nent, the oil of lubricating viscosity is selected to provide

| ubricating conpositions with a kinematic viscosity of at |east about 3.5
cSt, or at |east about 4.0 cSt at 100C. 25 Natural oils include aninal

oi I s and veget abl &PIoGio8p (& .cils comaihiag a0ldast 9095 chtwrated, ndSmorehdn @E3% ner al
| ubricating nd sol vent- treated

oi.ls such as |i id tro]l eum derived oil
or acid t reaf"étl&_‘"rﬂ%ﬁ%r]eéf alaﬁgﬁhlié,%aﬁﬁ)ﬁba’?q Yi&cosity {ndex fotalF%lsf ﬁ?(ﬁ?f_é,esﬁ?ﬁ‘_&ﬂi’ heni ¢ or
m xed  par af plefalred for B RENbLhTs RBHionOThese e dedhiibed ff AMBricsh PE@Sbdy deri ved
fromcoal or shale are also useful. Synthetic lubricating oils 1nclude

hydr ocar bon bistityte{ A Foblicgtion; LHI% (EnginecOih fipensing dndrCestificstienSystens’,

pol ymeri zgd Lt ' ' m xt ures ({hereof,
B kot at e ar SAgHR AT BLON SRErcRughiRy ouflcines L PR O 1upgE O°

bi phenyl s, t @il phdDieks Engih&Qilslt ed pol yphenyls, etc.), alkylated 24 5 OCT

2005 WO 02/ 0838 PCT/ US02/ 08305, di phenyl et hers and al kyl at eq di phenyl
sul fi des and thezlg'gr ?’5’5& i‘%gél,“saélﬁgfo(?gscménﬁe ﬁﬁﬂﬁ"&?&u t’?f@/eeo’f“ B the 1ike.
Al kyl ene oXi @bterinirlaliofIuSing (e protb@ir sk yiteh 3 STANDPrdakiéa-46mes t her eof where

their term nal hydroxy] .qroups have been nodified by esterification,
etherification, b %!?r,‘cqéiﬁﬁf ﬁ‘?“lﬁﬁ“b&%‘fttl?éﬁc Qils @PRFATSEN &R artigle leﬁ?)b(/n synt hetic

| ubri cating Biokis - “LOBRaNRE Efgthdeabe Volass 49 pagesnigdass, iNarkii bR EANNQY O | s that
can be used conprises the esters of di- and pol ycarboxylic acids and those
nmade from CoAriigle D exPressiyolerrpeaipd iby taferanse derdrelenans olisclashrgs sontginecet her s.

QG her synt hegjgiyl ubricating oils include Iiquid esters of phosphorus- 10
contai ning acids, for exanple, phosphate esters, polyneric tetrahydrofurans
and the I|ike, silheyaroubadditivesd¢ssribeddhreinscan ive agdst dixbdtlylte the putiriganty | - |

A e R
m xt ur eslof drgamicodiluemtrsechods mingralodil, hiphem) bepkeriehelubyper icae|to$adh dver ei nabove
can be additive concentrate. Preferred additive concentrates contain the diluents referred to |
hereinabove. These concentrates usually comprise about 0.1 to abaut 80% by
weight of the compositions of this invention and may contain, in addition, one or
more other additives known in the art or described hereinabove. Concentrations
20  such as 15%, 20%, 30% or 50% or higher may be employed.
LUBRICATING OIL. COMPOSITIONS
The present invention is also directed to lubricating oil compositions
comprising an oil of lubricating viscosity and a total of from about 1% to about 50%
by weight of copolymers (A) and (B) as described hereinabove.
25 . In one particular embodiment, the lubricating oil composition is an automatic
transmission fluid. Automatic transmission fluids of this invention typically
comprise a major amount of an oil of lubricating viscosity, a total of from about 3%
to about 12%, often to about 10% by weight of a polymeric composition comprising
(A) from about 1% to about 99% by weight of at least one ethylene-
30 aliphatic olefin copolymer wherein the aliphatic olefins contain from 3 to about 24
carbon atoms, said copolymer (A) having number average molecular weight ranging

from about 600 to about 5000, and
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15 used in the conpositions of the present. invention. Unrefined oils are
those obtained directly fromnatural or synthetic sources .t t further
purlflcatlontreatnent Refined oils are simlar tot g?gﬂ?ed oils
except t h¥P Y¥A4%E2%een further treated in one or more puk F@ %3 on steps to
i nprove one or nore properties. Refined oils include solvent refined oils,
hydr orefined oils, hydrofinished oils, hydrotreated oils, 20 and oils

obt ai ned by hydrocracking and hydroi sonerization .techniques. Rerefined
oils are obtained by processes simlar to those used to obtain refined
oil's appl i ed t o r(BJ ifreeu absiut 99%hiocdhottalZe Uyeweigktl efetyeasiseng GoRO®@EYi ce. Such

f d ted t
rer et neS, of Lol B 808 bR bio LGRSl LoRIRGgYRR g o0t o0 o
exanpl es of ablaet mmndemsrmlﬂmcbster groum fand upirqnaliu |fmg1 abnstdbl% ttyabmne given in
Chanberlin, 4.3 72, E Pat ent bl 282, d
Charber 11 K v Y e BB e bR G m e HEEahe 252,200
Decker, 4§ nCmoncN@fé X kittok8@A4donta@ vifyl mbrioders. Sanhl@pﬁﬂly{ndr Byhpaigt ed by

reference for relevant disclosures contained therein. 30 Preferred oils of
| ubri cat i ng Wmkepaverage Folscipreight ranging froghiogpi G0 &g aboutisP.000 oyt 559%

al i phatic saturatg mlh&%&ow@rafgt éaét She fﬂé{al ditfi6iLeE Rty sehieswent dgaq, 0. 1%
sul fur and nore often less than 0.1% sulfur and viscosity in ex’ greater

t han 100. 25pd@r GoiOTEPREGH, Wles i peGaR BndOMosisR MhGEBn5 API Group Il oils
contai ning at |egst : t A ten | ess
than 0.01% sul fufiﬁ it 381\7{? ?g}c?g(?l?{? tl&éjquﬁgtﬁgagﬁncf%ggtr{%n Zslsjpegéar cﬁf
preferredof mongmanomdmﬁshgtalmixaj;onamowrttof amoil Gﬂiemaangawdzestyr prb&uabi)n Arrer i can
Petrol eum Lit AP| | i G t| . i ne. Li g and
Certificatioh a@’?%f a§°t)3\bgpﬁ %1%3%5 %f?ng W faanﬁéeii%%c?t y
Cui del i nes f @mpdsigsea@erisingr Mot or and Di esel Engi ne Ols". The |evel
of unsaturation cap _be deter dj n eterm i ons usi ng
the procedure set(AgLf'Eon} ﬁb%é'lll% d‘wﬁ&?@ h&"@@ tﬂFbétsFeaSt %BF i€ g?"tl G&scription
of lubricanty h%am% SfirScopBRARF Whéréin e amr hétfé'cﬁefm! cbhtMn frod3 B 4Molt 24
"Lubrication Engi neerlaﬁg Vol une 43, es 184-5, March, 1987, which

&g

article % eSephoasiams, § lymst & haying E‘f’é Avesage gRolechlap yeight TaREiRg osur es
contai ned tH&H G4kt 600 to about 5000, and

(B) from about 99% to about 1% by weight of at least oné copolymer

comprising units derived from alky! acrylate ester monomers containing from 2 to
about 25 carbon atoms in the ester group, and optionally, from about 0.1% to about

20 20% by weight of at least one member of the group consisting of vinyl aromatic
monomers and nitrogen- containing vinyl monomers. said copolymer (B) having
number average molecular weight ranging from about 10,000 to about 350,000,
and minor amounts of extreme pressure additives, antiwear agents and corrosion
inhibitors.

25 The lubricating compositions of this invention are illustrated by the examples
in the following Tables. The lubricating compositions are prepared by combining
the specified ingredients, individually or from concentrates, in the indicated amounts
and oil of lubricating viscosity to make the total 100 parts by weight. The amounts
shown are parts by weight and, unless indicated otherwise, are amounts of chemical

30 present on an oil-free basis. Thus, for example, an additive comprising 50% oil used

at 10% by weight in a blend, provides 5% by weight of chemical. These examples
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The various additives described herein can be added directly to the
lubricant. Preferably, however, they are diluted withja bgWantial |y

i nert, no«,%;/bs\észlsl quid 15 organic diluent such as m n&ralsopesses napht ha,
benzene toluene or xylene, to forman additive concentrate. Preferred
additive concentrates contain the diluents referred to hereinabove. These
concentrates usually conprise about 0.1 to about 80% by weight of the
conpositions of this invention and may contain, in addition, one or nore

ot her additiyves kn I, e art or scr v trations
20 such as 1“5%”%%?@%’6@35&? NS FYIPSYS ] mbe rgot B%ngnd;q%kf%nﬁthe CATING O L
COWPCSI Tl ONShiklveveftiohsent i nvention is aI so d| rected to lubricating oil
conposi tions CO[TDI’I sing an oil of lubricating viscosity and a total of
from about 1BXemBled oyt 500 by wei ght of copolyners (A) and (B) as
described herei NaRONEF isProphidd B eriBlAg tdgstué@paa@bmbﬁmhatom@arﬁpml cating oil

COI'TpOSItIOﬂ is an aUtOI'TB.tIC transm ssion fluid. Automatic transm ssion

fluids ofS t 2 naﬁs/@ﬁt& 6%t ippmingral il sabution; afea spokpesiraceyia BOUTOPOIBN oi | of
| ubri cating ° ften to
about 10% by&éggl ght qpﬁtsﬁo{ gl!lr%‘%{ %%@Jg@ﬁn %@%"?@P?E%Q’ %’i& éraom about 1%

to about 99%yey4.5\par@lvr a bth§llend-propilereopat st lanag MQ~aBomnﬂtMg/m efin
copol ymer wherein_the al ICDﬁatl c alefins contain from3 to abo cgt 24 carbon

atons, said TopollHEANT AJC-RORM. nepOrRrpmh siliceps i M 38eaL L3 P& YHA" r angi ng
f rom about 642MitilvO cGHeeMFate xR ini Pharfd o? a%tu?@&ﬁdlsp\é@aﬁ%% f

PCT/ US02/ 08305 (B) from_about 9%t0 about 1% by wei ght of at 1east one
copol yner0 cmigisobstylege (Mi, t-950psubstizuted suscniz| anpydride-pylyeth geregobrminenoner s
containing from2 to about 25 carbon atons. in the ester gr oup, . and
optional |y, a8 apedet0baaied opddyenputylepeod My We%(nt S*thstltate | 8¢&ificone nenber
of the group Sl St of vi,n aromat i c ni t gen

cont ai ni ng \ﬂnﬁ){/{] dﬁ@ﬂfgﬁ‘g?{]gm B%%V%"‘E%&?F&%ng‘é‘)t ?‘l&so H #‘6’& Ver age

mol ecul ar wegsghtsutrsamwdn@céxmerranapm& péitaddAfirifoD estbropllyetiyiend Golyamitd mi nor
oI i depr eED: Pd Subetieaa k2 SARITEBHT bAORMRATIPAED 14 anot her
enbodi mepy ﬁahesmta&]h&au Hkit aéi@npp?ér{sldiﬁht}l%y@fogﬁﬁﬁhoﬂihite, gldpmanposi tion

conpri sing a _major anmount an oil | ubricating viscosity, preferably
dialkyl d1phenylamme 6.8 parts dodecyl mercaptan-propylene oxide feaction

product, 0.4 parts 2,5-di(t-nonyldithio)-1,3,4-thiadiazole, 1.4 parts fatty imidazoline,
2.7 parts di-fatty hydrocarbon hydrogen phosphite, 1.4 parts borated C¢ epoxide,
3% borated magnesium sulfonate, and sufficient mineral oil to make 100 parts
20 concentrate, and sufficient Texaco ATF basestock to prepare 100 parts of ATF.
Example B
‘An ATF is prepared as in Example A except 4.23 parts LUCANT HC-2000
and 2.82 parts of the product of Example 2.
Comparative Example A
25 An ATF is prepared as in Example A except 12.6 parts of the product of
Example 2 and 0 parts of LUCANT HC-2000.
Comparative Example B
An ATF is prepared as in Example A except O parts of the product of
Example 2 and 6 parts of LUCANT HC-2000.
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a Goup Ill oil, a total of fromabout 3%to about 30% by wei ght of a
polymeric conposition conprising (A) fromabout 1%to about 99% by wei ght
of at |east one ethylene- aliphatic olefin copolymer widr 8Ch 8% aliphatic
ol ef i ns cAY@ey083®F om 3 to about 24 15 carbon atons, s&CHUVSHI8IGner (A
havi ng nunber average nol ecul ar wei ght rangi ng from about 600 to about
5000, and (B) from about 99%to about 1% by wei ght of at |east one
copolymer conprising units derived fromal kyl acryl ate ester nonomers
containing from2 to about 25 carbon atons in the ester group, and

optional |y, from viausity Ghatlerietics had EhedPstafifity Y theeA D bre Afius@hited @t one
menber of the group consisting of vinyl aromatic_ nononers and nitrogen-

cont ai ni ng viAkeringohBlee r\discosisy determpgtiontere mage smrloyieg th (atbrecedyess age
nol ecul ar wejghbiesangi ng from about 10,000 to about 350,000, and ninor
amounts of extreme pressure additives, antiwear agents and corrosion

i nhi bi tors. 25 Thisverabiestére Avpilellaio neasusna aomppsiiionsi rsisiance ¢ sheae
illustrated f T ting
conpos t1 ons Héek EhaRSAEDE fign ek da.  Ghe AT e AE R, Tetred BELFE

i ndi vi dual | ySkear Tesmml‘hmns:elpuhslssheﬂsstandardttbse entitibd CAtiseobitgrBheaatStabilitpaf oi | of

Shown ar ¢ pal TS By AL RERR o i fs@ep AR o S el e R ot s of

chemi cal 30 pr eReNCaveAdig SBédt, Lérden lmmmﬂfmgland OIThe%ampltet ifalseddi tive
conprising 50% ojl used_ at 10% by wei g i.n a blend, provides 5% by wei ght

of cheni cal . Pukished a0 15d 358y peyg 6@‘?“ 2?)6?‘13%%32? drputsoss gesiteli§n/ 08305 ar e

pr esent edo f ONofnhdng SBurddricyishali6, DOTESer BB, GeAfishy2 BRtH W ihdséWeRipiRE 4@ | i Mt the
scope of this inventron. Exa rrpl e A An ATF is prepared by m xi hg together 3

parts of thelnGeraprated hereingbysatsreace Emmionnathgfanrt)@dw for 205wimsntheishedr al o |
sol ution of ressant, 250 parts per
fosd fNEEa‘rl Pfg{gté I&‘dnggto gII%Q kﬁétcnﬂﬁo?.

mllion parts o 03|t|on ppm of red dye, 4.5 parts
of an et hyl ene-propyl ene copol yner having M - 3300 and M/MWh "= 2.3

(LUCANT HC-2000), 250 ppmsi.licone gntlé amagent, 7.35 partsyof an
additive concentrate'coE{&%F?-}%ng 40. %xt uze of dlgpersants
consi stimf ofests:

-40°C Brookfield Viscosity

(ASTM D2983) (centipoise) 16,000 7,690 10,400 9,230
KRL Shear .
100°C vis (initial) (centistokes) 6.947 7.288 6.922 6.737
20 100°C vis (final) (centistokes) 6.681 6.35 6.467 6.348
A viscosity (%) -3.8 . =129 -6.6 -5.8

As be seen from the foregoing data, the combination of copolymers provides
shear stability and good viscosity improving characteristics without advcrsely'
25  affecting low temperature performance. Moreover, this is accomplished with
reduced total levels of copolymer.
Examples C-G
API 75W-90 gear lubricants contain 4.8 parts sulfurized isobutylene, 1.65
parts of a the product obtained by reacting the hydroxypropyl ester of di-
30 (methylamyl) dithiophosphate with P;Os and neutralizing with a branched primary

amine, 1.24 parts of borated polyisobutylene (M, ~ 950) substituted succinic
anhydride-polyethylene polyamine reaction product, 0.25 part alkylated
naphthalene, 5 parts Cis.j3 alkylated benzene, 0.35 parts oleyl amine, 20 ppm
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10 pol yi sobutylene (Mn --
reacti on product,

pol yam ne

substituted' succinic

and pol yi wosa08sesne (Vn - -

anhydri de- pentaerythrit
further
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950) substituted succinic anhydride-pol yet hyl ene
bor at ed pol yi sobutyl ene (
anhydri de- pol yet hyl ene pol yam n
950) substituted succinic
est er- pol yet hyl ene pol yam ne
reacted wth 2,5-di nercapto-1, 3, 4-thi adi azol e ( DMID)
hydr ogen phosphite,
mer capt an- pr opyl ene oxi de
lyibeOimifonth deeftf0 pEpae 0l e, 1. 4
drocar bon
8meuniyo
Qf B8

parts o

r oduct,

15 parts
8.2

| f onat e,

le B An

ATF i s preparepirea)0ipartEofdulicantA except 4. 23 parts LUCANT HC-2000 and 2. 82

parts of ghe product of Exanple 2. Conparative Exanple A 25 An ATF is
prepared "as_in Exanple A except 12.6 parts of the product of Exanple 2 and
0 parts of| Bxhiggd®\T HC- 2000. Conpar at ilve Exanplee B An AF- iﬁ prepared as in
Exanpl e A [except—0—parrs—ot—theproguct—pt—apphre—2—apd6—patts—pof LUCANT
HC 2000. 283 81 acT 20054 WAL/ [0hS8 P40pT eeEBllog 55t AQ o4 1 FAD
characteri|stics and she?%gﬁ lfity of th‘1 ol @ illustrlated in the

f ol | ow ng Hable—-scaght chrnLﬂas+eﬂ- > erploying-t-he test

pr ocedur eg L @QU Sei/el?al tlest 4%are f t olheadurelf

conposi ti Qsod®S1 St ance to jghear] 5ipndef copslit1ons of hi|gh s@ear| stress.
One usef ul{-test s thelKRL._Taperled-Bearipg—Shear ! Test . This Is_a bublished
standar d t|d9RetientYigepsy | viléedsi tly Sfédr st abl#ity | of 198 ansni2&d? on
Lubricants'l_ ,) > -desgribed In1CEC L-45.T93 available frnom CEC | 61 New
Cavendi sh | &iteet Vieoiion WiMisAR, Efdt and. HPRd8sane #BET ils HI98 publ i shed
as DIN 51 1388CO &3t 5 land is available fromDeutsches Institut fur 10

Nor mung, Burgérfenshaée 6, 1000 Berlin 30, Germany. Both of these

references af@mples H-K

API 75W-90 gear lubricants contain 4.8 parts sulfurized isobutylene, 1.65
parts of a the product obtained by réacting the 'hydroxypropy] ester of di-
10 (methylamyl) dithiophosphate with P,Os and ncutra]iziﬂg with a branched alkyl

primary amine, 0.15 part oleyl imidazoline, 1.5 parts of branched alkyl amine salt of

Cis1g alkyl phosphoric acid, 1.74 parts of borated polyisobutylene (ﬁn ~ 950)
substituted succinic anhydride-polyethylene polyamine reaction product, 0.25 part
alkylated naphthalene, 5 parts C,¢.15 alkylated benzene, 0.35 parts oleyl amine, 0.035
15  parts monoisopropanolamine, 0.13 parts oleylamide, 20 ppm siloxane based
antifoam agent, 0.1 part carboxylic polymer antifoam agent, 0.18 part of 2,5-di(t-
nonyldithio)- 1,3,4-thiadiazole, the indicated amounts of LUCANT HC-2000 and
prdduct of Example 1 in a sufficient amount of the indicated base oil to prepare 100

parts of lubricant.
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I ncor porated herein by reference.
| oss of several

t he shear
Exanpl e:

2
16, 0007, 69010, 4009, 230 (ASTM D2983) (centi poi se) KRL Shear

AAB Tests:

(initial) (centistokes)6.9477.2886.9226. 737 100C vis (final) .
(centistokes)6.6816. 356. 4676. 348 A viscosity (%-3.8-12.9-6.6-5.8 As be

seen fromthe

f oregoi ng dat a,

t he conbi nati on of copol yners provides

Enpl oying this procedure for 20 hours,
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Examples L-O
API 75W-90 gear lubricants contai.n' 4.8 parts sulfurized isobutylene, 1.9

—

|ished with
| ubricants
pr oduct

nyl)

ched prinmary am ne,

uccinic
kyl at ed

am ne, 20
d antifoam
f
f LUCANT HC
i cat ed base

parts of Cj4.16 phosphite, 0.59 parts of a ~the product obtained by reacting the

hydroxypropy! ester of di-(methylamyl) dithiophosphate with P,0s and neutralizing

with a branched alkyl primary amine, 0.15 part oleyl imidazoline, 1.5 parts of

branched alkyl amine salt of Ci4s alkyl phosphoric acid, 1.74 parts of borated

polyisobutylene ( M, ~ 950) substituted succinic anhydride-polyethylene polyamine

10

reaction product, 0.25 part alkylated naphthalene, 5 parts C,¢.15 alkylated benzene,

0.4 parts oleyl amine, 20 ppm siloxane based antifoam agent, 0.1 part carboxylic

polymer antifoam agent, 0.18 part of 2,5-di(t-nonyldithio)-1,3,4-thiadiazole, the
indicated amounts of LUCANT HC-2000 and product of Example 1 in a sufficient

amount of the indicated base oil to prepare 100 parts of lubricant.

15

Example L M N 0
Base Qil 4cStHVI | 4cStPAO | 4c¢StHVI | 4c¢StPAO
Mineral Oil Mineral Oil
(API1 Gp. IIT) (API Gp. 1II)
LUCANT HC2000 12 12 15 15
Prod Ex. 1 12 12 15 15
Kinetic viscosity 15.86 14.48 20.84 19.23
(100° C) cSt.
Kinetic Viscosity 94.70 82.12 132.12 115.61
(40°C) cSt.
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succinic anhydride-polyethylene polyamine reaction product, 1 part oleyl
imidazoline, 50 ppm siloxane based antifoam agent, 0.08 part carboxylic polymer
antifoam agent, 0.18 part of 2,5-di(t-nonyldithio)-1,3,4-thiadiazole, 0.995 parts 4
cSt polyalphaolefin and sufficient mineral oil to bring the total to 100 parts by
weight. Kinematic viscosity @ 100°C = 27.90.
Example

A synthetic gear oil composition (75W-90) contains 70 parts 4 cSt
polyalphaolefin basestock, 15 parts LUCANT HC-2000, 15 parts of the product of
Example 1, 5 parts Cy¢.15 alkylated benzene, 0.25 part alkylated naphthalene, and 10
parts of an additive concentrate containing 1.54 parts of an 80% by weight in
mineral oil spirits solution of heptyl-hydroxyphenylthio-substituted 1,3,4-
thiadiazole, 16.62 parts of a the product obtained by reacting the hydrox ypropyl
ester of di-(methylamyl) dithiophosphate with P,Os and neutralizing with a branched
alkyl primary amine, 12.5 parts of a 67% in mineral oil solution of borated
polyisobutylene ( M,~ 950) substituted succinic anhydride-polyethylene polyamine
reaction product, 50 parts sulfurized isobutylene, 0.5 part carboxylic polymer
antifoam agent, 1.25 part oleylamide, 17.21 parts mineral oil and 0.38 part
monoisopropanclamine.
Reference Oil 1

A mineral oil based 80W-90 gear lubricant contains 3.2 parts sulfurized
isobutylene, 1.16 parts of the product obtained by reacting the hydroxypropy ester
of di-(methylamyl) dithiophosphate with P,Os and neutralizing with a branched
alkyl primary amine, 0.4 part of branched alkyl amine salt of Cy4.15 alkyl phosphoric
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100 C cSt. Ki ﬁet I c Viscosity96.3984.18136.89120.19 (400 C cSt. Exanples L-O
APl 75W 90 gear lubricants contain 4.8 parts sulfurizedg €0bu2gd ene, 1.9 5

parts of Ghhfsphosphite, 0.59 parts of a the product pebusiznedsby reacting
the hydroxypropyl ester of di-(nethylanyl) dithiophosphate with P205 and

neutralizing wth a branched al kyl primary am ne, 0.15 part ol eyl

I mdazoline, 1.5 parts of branched alkyl am ne salt of Cl4-1s alkyl
phosphoric acid, 1.74 parts of borated polyisobutylene (M - 950)
substituted succini c anhydri de-pol yet hyl ene—pol yanm ne 10 reaction product,

0.25 part al#id A-8& pagh 9f naprasers polyisphipylenec{ B g~ 23 ubstityied Siscifie, 0. 4
parts ol eyl ' _ i g ' agen :

carboxylic %g}’ ?ﬁd\grp% gﬁ'@?@&g ogyg%g{rl}?, ?%Eﬁ%, ?gérdtutt?)?dm ‘ulffizdd p@{t}

2, 5-di (t - nonoléfiti/esteriadid TpiSturs, VIR partsz miongisaprapandlanine, 2. b gara ptsylamideof | UCANT

HC- 2000 and duct qf ample 1 ] ffheient he i ndi cat ed
base oil to %ﬁ%p%@ec%%cawgn%fm{l@gr%i%gnr%t q)'&jéf(}%argp?fgm&'lgg; é&&'q)h cSt HVI 4
cSt PAOA x St1,bitKiadiSioldPND 0Ma2epatt] of GIKyMhydroaiphéiylthio APMTDYin alsuffjcfeAPl G p.
[11) LUCANT HC200012121515 Prod 5@ 11%1’2%515 g’jneti.c L @

vi scosi t y15. HROEAt 9B5ase @1l 19 piepare 1{J) perts: & TubRGaRk dyipematic viscosity (cS0)

Vi scosi t y94. #P82192353 % 16027466, (40°' C) cSt. 15 31 05 OCT 2005 WD 02/083825
PCT/ US02/ 08305 Exanple P A partial synthetic gear oil conposition (75W90)
contai ns 30 m&uaoup 1l basestock (Chevron UCBO 4 cSt (100N)), 29

arts Petro-Ca : . ' | adi pat
(F’M)bisl \e/S,rA\OEstQ?q%g}@%w %533;9@5%%9'[8?9&1'09@55%5%‘6 cotFinP 857 farts$AREI ! adi pate

10 Cig alkyl/Cs alkenyl hydrogen phosphonate, 25 parts polyisobutylene (M, ~ 1000),
0.2 part of aminopropyl amine neutralized styrene-Cis.;¢ maleate copolymer, 0.15
part of -2,5-di(t-nonyldithio-1,3,4-thiadiazole), 4.57 parts sulfurized isobutylene,
1.66 parts of the product obtained by reacting the hydroxypropyl ester of di-
(methylamyl) dithiophosphate with P;Os and neutralizing with a branched alkyl

15  primary amine, 0.84 part of the product obtained by reacting the hydroxypropyl ester

 of di-(methylamyl) dithiophosphate with P2Os and neutralizing with_ a branched
alkyl primary amine, 0.13 part oleylamide, 0.04 part monoisopropanol amine and
0.1 part carboxylic polymer antifoam agent, in a 4 cSt. polyolefin oligomer base oil.
Kinematic viscosity (cSt) @ 40°C'= 97.40, @ 100°=14.42,
20 Reference Qil 3
A synthetic gear oil composition (75W-90) contains 55.5 parts 4 cSt
polyalphaolefin basestock, 30.7 parts polyisobutylene having number average
molecular weight of about 1500, 5 parts C¢.15 alkylated benzene, 0.25 part alkylated
naphthalene and 10 parts of the additive concentrate used in Example Q.

25 Traction is a property used to predict the operating temperature properties of
fluids. Using the Mini-Traction Machine (MTM) test rig described hereinabove, the
traction profiles of lubricant Example Q and Reference Oils 1-3 were Icompared at
75°F over a range of sliding to rolling contacts. Lubricant example Q is identical to
Reference oil 3 except lubricant Example Q employs the mixture of polymers of the

30 instant invention while Reference Oil 3 employs a polyisobutylene. It was
determined that lubricant Example Q runs with the lowest traction coefficients

throughout the entire slide-roll range, suggesting lower operating temperatures under
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From these data, it is apparent that durability of lubricant D is consistently

superior to both the baseline lubricant and the comparative lubricant.

It is known that some of the materials described above may interact in the

final formulation, so that the components of the final formulation may be different

from those that are initially added. For instance, metal ions (of, e.g., a detergent)

can migrate to other acidic sites of other molecules. The products formed thereby,

including the products formed upon employing the composition of the present

invention in its intended use, may not susceptible of easy description. Nevertheless,

all such modifications and reaction products are included within the scope of the

present invention; the present invention encompasses the composition prepared by

admixing the components described above.

Each of the documents referred to above is incorporated herein by reference.

Except in the examples, or where otherwise explicitly indicated, all numerical

quantities in this description specifying amounts of materials, reaction conditions,

molecular weights, number of carbon atoms, and the like, are to be understood as

modified by the word "about".

M

Unless otherwise indicated, each chemical or



olefin/ester/acid m xture, 0.027 parts nonoi sopropanol am ne, 0.1 part

ol eyl am de, 0.053 part carboxylic polynmer antifoam aggmt ocP. Jdd part of
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vari ous nodes of contact. Reference Ol 1 had the greatest traction
coefficient over the entire range while Reference G| 2 had sw\lﬁ@?t | ower
traction coefficients conpared to G| 3 but substantially gre e t he
traction coefficients of lubricant Exanple Q 5 Using the axle durability
test rig discussed herei nabove, the test that conpares operating
tenperatures under five different operating conditions, the operating
tenperatures of several lubricating oil conpositions are conpared.
.Specifically, the performance of |ubricant exanple D and that of |ubricant
Ref erence 2 are conpared to a baseli 80W 90 | ubricant, Reference

| ubricant 1. 10 The test results arerga ented as dlfferences i n operating
t enperature of the test oils .conpared to the, base Table |: Staged
Durability: Opdratiry ub@ﬁp@}efflh?enwﬁmqwsmﬂp qri)g EW“B&MSS‘P%@% | St age
|1 Stage 111 Stage | VStage 5 Exanpl e D-20. 8- 30. 2- 26- 28. 2- 24. 8 Ref erence

27. 4- 124. 3and a3etabofFrdin @houtHetoabdult W% by wezghapbmp@bﬂmtrha@mmmgn lity of

| ubricant Dis consistently 15 superior to both the baseline |ubricant and
t he cogparative | ubr(agantat 1dakt ére etindome-dliphtticalafn obpdljraemwh@ringhe descri bed
above may interact in the final fornulation, so that the conponents of the
final for rmﬁbﬁiticqneﬁﬁ?svcoha@dnd fbfes ﬁmboua‘ 108arbSOAEmE @pelynitriAjhdvin@dded.

For instance, netal |ons (of, e. g a detergent) can mgrate to other
acidic sit of .ot ec bg S 6Od cts formed thereby, 20 including
t he product’s Foshe OHb 59 O Pl@ osition of the present

invention in its intended use, may not susceptible of easy description.
Neverthel ess, all dBdh rasdeast enpdopakymer gomprsng Bhjt eéﬁ’ﬁé%@“hre i ncl uded
within the scope of the present invention; the present i nvention
enconpasses the conpositi@p praboat Zimble %adabnit 9§ mdle Yeofigdbylent s descri bed
above. 25 Each of the docunents referred to above is incorporated herein by
r ef er ece. meth¥GoRte dster niRoetd FWnGining frowhadoRt 9 tdetiomt 28 cabph atinis i the
indicated, all numerical quantities in this description specifying amunts
of materi agsg,ﬁg&gl?cdhhon condi tions, nolecular weights, nunber of carbon
atons, and t are to be understood as nodified by the word "about™

~Unl'ess otherwise indicateg, eagh chem ¢ad: 8%k sOndle95br 2RYPmethacrylate

ester monomers containing from about 7 to about 12 carbon atoms in the ester group
and wherein the alkyl moieties of the ester groups of alkyl methacrylate ester monomer
15  (b) have 2-(C;.4 alkyl) substituents, and
(c) optionally, from about 0.1 mole % to about 20 mole % of
at least one member of the group consisting of alkyl methacrylate ester monomers
containing from 2 to about 8 carbon atoms in the ester group, which esters are different
from methacrylate esters (a) and (b), vinyl aromatic monomers and nitrogen-containing

20  vinyl monomers, with the proviso that no more than 60% by weight of the esters contain

not more than 11 carbon atoms in the ester group, said copolymer (B) having M.
ranging from about 10,000 to about 350,000; wherein the weight ratio of (A):(B) ranges

from about 99:1 to about 1:99
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WO 02/ 083825 PCT/ US02/ 08305 conposition referred to herein should be
interpreted as being a comercial grade naterial which may c¢QAtEIIN ke

i soners, by-products, derivatives, and other such naterials which are
normal Iy understood to be present in the commercial grade. However, the
anount of each chem cal conponent is presented exclusive of any 5 sol vent
or diluent oil which may be customarily present in the comrercial material,
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er i to. t AP HEr Ly GG S fhaviaFROERe Gh Bem e iR bbb BT R
basi ¢ and novel characteristics of .the compositjon .10 under .consideration.
Whi I & ¢ he TeilReRY /RIS FSIvE BIoBRRTSEOp ARG foptA Focbatt & Ferbn ploms i thesPfer
enbodi ments, it is to be understood that various nodifications thereof wll
becone  apgueuns mhichoestarsaie differentefiom methasrydate estgtsr{a) dulddhyiny @romatic
specification. Therefore, it is to be understood that the invention
di scl osed rheiomens arsd nitbgerdechtiningorneyl nsanomers] ithohié prowvasitbatnotrhere thal |
Wi thin the scope of the appended clains. 35 05 OCT 2005 5 Clains 1. A
| ubri cat i nggopby wefshP8BiteicSidrsCtHin fotiBore thadi 11 Qkbdndehe &t the@stet goapi ty and
a total of fromabout 1 to about 50% by wei ght of copol yners conprising (A
at | east one ety e"ﬂgabbﬂb%hg%n%ﬁ{goaﬁwep&nﬁm WHRS R hibnbfiRr (B! | Phati ¢

m 3 to abolt 24 d

olefins containfro arbon atons, said copolyner (A) having

M rangi ng_from abouyt ..600 to.aho 5000; and (B) at |east one copol yner
conpri si n%ogﬂntsgsaggﬁﬁyygay]fmg%acr(a - about 35 nole %to about 95 nol e % of
al kyl 10 net hacryl ate ester nongners contai.ni ng from.about 9 to about 25
carbon atons im-the fi IPE‘P‘C"@P&?H @H@owloﬁﬁgg]f‘mg% WHSIE o6 t 0 about 5 nole %
of al kyl methacrylate ester nononers containing fromabout 7 to about 12
car borl0at ons i n t he @9t erisgnethylengradpharndefst eppohaneswhereipdhesathdencof t he
ester groups of alkyl nmethacrylate ester nononer 15 (b) have 2-(Cl_4

al kyl') subsintenteanigss framdibout 30 mole % to about 85 mole %; and

(B) is apolymethacrylate copolymer comprising units derived from
(a) about 35 mole % to about 95 mole % of alkyl
methacrylate ester monomers containing from about 9 to about 25 carbon atoms in the
15  ester group and
(b) about 65 mole % to about 5 mole % of alkyl methacrylate
ester monomers containing from about 7 to about 12 carbon atoms in the ester group,
and optionally
(c) about 0.2 mole % to about 10 mole % of at least one
20  member of the group consisting of alkyl methacrylate ester monomers containing from
2 to about 8 carbon atoms in the ester group, which esters are different from
methacrylate esters (a) and (b), vinyl aromatic monomers and nitrogen-containing vinyl

monomers, with the proviso that no more than 60% by weight of the esters contain not
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(c) optionally, fromabout 0.1 nole %to about 20 nole % of at |east one
menber of the group consisting of alkyl methacrylate ester ngg§obEr U5
containing from2 to about 8 carbon atonms in the ester group, which esters
are different frommethacrylate esters (a) and (b), vinyl aromatic
mononers and nitrogen-contai ning 20 vinyl nononmers, with the proviso that
no nore than 60% by wei ght of the esters contain not nore than 11 carbon

atoms int n gnoun.  sat Havd W&o rakigd 08 8) Hag about
10,000 t o 458 3 Ao REhEE SRRl IR, el e Regh S PEL0D AT ToC
about 99:1 to aboyt . 1:99 3 5 .OCT 2005 wherein copolymer (B) further
conpri ses %Pﬁ%‘ggéﬂ%d? b‘?ﬂ?ﬁg' cto about 20 nole %of units derived from
(c) at |east one nenber of the group cansisting_ of alkyl t hacryl ate
ester nononers %ont ﬁh‘?ilH@“qaﬁlaﬁrpg COBPaHHOR 05016% %6‘?@%&%#«? q“%ﬁtnﬁ’éet togr
group, which esters are different fromnethacrylate esters (a) and (b),

vi nyl ar orthe¢ estergroupsaxfrikyl arethaaitate genomentha hayend (Gi-nglkybrgroimeered with t he
proviso that no nore than 60% by wei ght of the esters contain not nore
than 1% cayliegin @pfBthencdmgrises urits derived fronPabolih@. 1Pitoraboat 109§ byiweight of
conposition of claim1 wherein nonomer (b) conprises 2-ethyl hexyl

met hacr yl aﬁftfeast?bneml?oéeﬂ%hfaﬁ{ihé‘%nﬂ mosG®OsSi tion of claim1l wherein 10 (A)
is an et hyl ene-al pha ol efin copol yner wherein the ethylene content ranges

from about 30 le 9 : - :ggij 0 ' - ate
copol yner COITpIIBI?Si ng/f}te(r?luﬁlg&glégi%\ile ?%lrh n?ﬁ&aﬁ%ﬂ@g@n@%%?@%ﬁm 95
nol e % of al kyl ., methacryl ate. ester nonongers containi.ng fromabqut 9 to
Rbout 25 GAFRAH By RIDCHTF COMPTISTE TEtR, BT eSae oy ER I CRERIPE o6 ¢ o
about 5 nole % of al kil net hacryl ate ester npnoners containi ng f r om about
7 to about 12 carbor(l tonféomri‘b?\“feﬁe@foeﬂboﬁ?%%%,"bya‘ﬁ%lg]étp%fi%‘ﬁé?rp’;?*("élg‘y]about
0.2 nole %to about 10 nole % of at |east one 20 nenber of the group

consi st0i ncpcoylatalektpt mopomexsrophtainang fomr2 iombontsdSscaclnt aioms irgthe ester gRup.o about
8 carbon atons in the ester group, which esters are different from

met hacr yl aikereitag east(abbubSTimole) % of ithydsteds comedin at lkan Groartonaatelns in the

ni trogen-containing vinyl nononers, with the proviso that no nore than 60%

by wei ght Qferighipeai#rs contain not

(2) from about 0.1% to about 45% by weight of at least one

monomer selected from the group consisting of acrylic acid esters containing from 2 to

15  about 8 carbon atoms in the ester group and which are different from alkyl acrylate ester
monomers (1), vinyl aromatic monomers and nitrogen-containing vinyl monomers, with
the proviso that no more than 60% by weight of the esters contain not more than 11
carbon atoms in the ester group, and optionally, in the presence of a chain transfer
agent, wherein monomer (1), the free radical initiator, and if used, the chain transfer

20  agent, are first combined to form a mixture, whereupon from about 10% to about 80%
of said mixture is mixed with monomer (2) to form a second mixture; from about 20%
to about 100% of the mixture of monomers (1) and (2) is heated until an exotherm is
noted, then while maintaining reaction temperature, first adding the balance, if any, of

the mixture of monomers (1) and (2) over about 0.25 hour to about 5 hours followed by
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37 5 OCT 2005 nore than 11 carbon atonms in the ester group, wherein the
wei ght ratio (A):(B) ranges fromabout 25:75 to about 75{@5.0c% e

| ubricating oil conposition of claim3 wherein the alkyl noietie§S 0f the
ester groups of al kyl methacrylate nononmer (b) have 2-(Cl_4 al kyl) groups
and 5 wherein (B) further conprises units derived from about 0.1%to about
10% by wei ght of at |east one nitrogen containing vinyl nononer. 5. The

| ubr i cati ngy ik dy &%%%'t&'aﬁ&t%fho%lrsabf'fh%ﬁé’fﬁ'ﬁﬁﬁ hikfike bPmBnGABA1Y R Prepared

by a proceSs conprising reactin e pre ence 0
nitiator (1 fromab 5% t..99. 9% e or IkI
10 oo h Bt PR ARG S PP A AR b Y R i HeaGiort Eplimb s i

the ester group, wherein at |east about 50 nole % of the esters cont a| n at
| east 6 cafW@MeEAbNEs in the ester group, and (2) fromabout 0.1 %to about
45% by wei ght of at |east one nononer selected fromthe group consisting

of acrylic aci d6.est eTke bnicating aibcdmpositidpntaf claim Sawbereingmororher(2pt ons i n t he
ester group and which are different fromalkyl acrylate ester nononers (1),

Vi nyl  ag ongdrsriseh A ANRIgen @0fkatding BiEFImMessiaéi ni ng vi nyl nonomers, with the
provi so that no nore than 60% by wei ght of the esters contain not nore than

11 carbon atomg in ffhey Vl\.ﬁ?&@cfn 1P&U?nn%c%ﬁﬂ)nclﬂtcl al xLVHerefnr(Bt) ﬁr@?ﬁ%@ﬁ(}% of a

chain transfer agent, erel n nono (1) free r adi nitiator, and
if used, the ch en [ FH‘ to forma mxture
wher eupon PP ﬁB%BElSlﬁgi/e%cg}n%ﬁbou %r%%?n@é gf%gfgl}ad& ngﬁ?rs m xed with
nmononer (2) to forma sec (Erom about é aﬁ ut 100%_of the
m xture of nononers ?ai n}‘a‘ir 1°n‘§’é exicTs APRipINIDE Tomgy g‘f‘trﬁ abaYi4d, t hen
whi | e nmai ntai ning reacti on terrperature first adding the bal ance, if any,
of the misarbereatoms iibHisresies S(OMp, add (2) over about 0.25 hour to about 5
hours foll owed by 38 05 OCT 2005 addition over 0.25 to about 5 hours of the
renmai nihhg m xt ure of (Wpnotherméth)crelindacid edtérns abutainingofromrvatolapoatdid cagbon
additional initiator, whereupon the reaction is continued to conpletion.
6. The | ubgtbmatih e eBick gfodppasd tion of claim5 wherein nononer (2)
(c) the at least one monomer selected from the group consisting of
methacrylic acid esters containing from 2 to about 8 carbon atoms in the ester group énd
which are different from methacrylic acid esters (a) and (b), vinyl aromatic monomers
15  and nitrogen-containing vinyl monomers, with the proviso that no more than 60% by

weight of the esters contain not more than 11 carbon atoms in the ester group, optionally

in the presence of a chain transfer agent, wherein monomers (a) and (b), the free radical

initiator, and if used, the chain transfer agent, are combined to prepare a first mixture;

from about 10% to about 80% by weight of the first mixture of monomers (a) and (b) is

20  combined with monomer (c) to prepare a second mixture; from about 20% to about
100% of the second mixture is heated until an exotherm is noted; then while

maintaining reaction temperature, first adding the balance, if any, of the second mixture

over about 0.25 hour to about 5 hours followed by addition over 0.25 to about 5 hours
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5 conprises a nitrogen containing vinyl nmononer. 7. The |ubricating oil
conposition of claim2 wherein (B) is prepared by a process conprising
reacting, in the presence of a free radical initiator (a) t{@5r@aThaesylic
acid esters containing fromabout 13 to about 25 carbon atons in the ester
group, and 10 (b) the nmethacrylic acid esters containing from7 to about 12
carbon atons in the ester group, and (c) the at | east one nononer selected

about 5 oo BT it e, FRIGHRRL NN AR RANRIROE HlicRupOthe T O * 1

met hacrylic acid esters, (a) _and. (b), vinyl aromatic nononers 15 and
nitrogen-é%‘ﬁ?iﬁ%é‘hw JHBWE%E’& with the proviso that no nore than 60%
by weight of the esters contain not nore an arbon at.ons, in the ester
group, optionaldy i%etlﬂ@ICﬁFlégQﬂé’émBPS‘HO‘EﬂéaWW i‘i L FOmBHSRg allas apf
nmononers (a) and (b), the free radical initiator, and if used, the chain
transfer auember ofithe growbensisting oppeyypoint deprepsantspgorragios; inhibieih GRGTE 10% t o
about 80% by weight of the first m xture of nononmers (a) and (b) is 20
conbi ned WiréssurRdadinees, @ajiwear gadijvas,antiox daus) detergents; eshléss dispatsants, 20% t o
about 100% of the second m xture is heated until an exothermis noted,

then whi | &ricHgd MbaifiRid) dnd ARELAARGHAINRT RheteR, thé bil SF hidativg Hibevsitpl ance, i f
any, of the second m xture over about 0.25 hour to about 5 hours foll owed

by additiao . I 1%55 I i ni ng
first m xtctréfng’jfﬁésp{liléaggr%yﬁgﬂgl&nsgleg%g iﬁt%lngﬁqael%? It |n§itgglr§g, B ﬁeéégﬂggnr@t he
reaction is continued to.conpletion, | ubricatin i sition of
claimi1 flfryPﬁ‘g{‘]c 8’6#&1% %H’& 1 |Vés§gs[1tyoaﬁéoa_ﬂ€%§1rnggf0@ ﬁ%&‘égééﬁg%ﬁgi sting of
pour point depressants, corrosion inhibitors, extrene 5 pressure additives,
antiwear a881$PKSSs antioxi dants, detergents, ashless dispersants,

friction nodifiers, and antifoam agents and wherein the oil of |ubricating
vi scoslidty conpti sesAmautosatic transmission Spidwomprising smaier emeurfrodap od@fhsi sti ng
of mineral oil or synthetic oil having kinematic viscosity at 100C rangi ng

f r om aboutluBri¢atingRissbsity) a taraindfl fedm kiesut 39%Dto%born] (% by e ghtt of n polymiessi on
fluid conprising a major anount of an oil of lubricating viscosity, a

total of frMBRRRUoAHkRgabout 10% by weight of a polyneric conposition
conpri sing
(A) from about 1% to about 99% by weight of at least one ethylene-
aliphatic olefin copolymer wherein the aliphatic olefins contain from 3 to about 24
15  carbon atoms, said copolymer (A) having number average molecular weight ranging
from about 600 to about 5000, and
(B)  from about 99% to about 1% by weight of at least one copolymer
comprising units derived from alkyl acrylate ester monomers containing from 2 to about
25 carbon atoms in the ester group, and optionally, from about 0.1% to about 20% by
20  weight of at least one member of the group consisting of vinyl aromatic monomers and
nitrogen- containing vinyl monomers, said copolymer (B) having number average
molecular weight ranging from about 10,000 to about 350,000, wherein copolymer (B)

further comprises from about 0.1 mole % to about 20 mole % of units derived from (c) at

least one member of the group consisting of alkyl methacrylate ester monomers
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(A) fromabout 1%to about 99% by wei ght of at |east one ethyl ene-
aliphatic olefin copolyner wherein the aliphatic olefins contain from3 to

about 24 15 carbon atons, said copolynmer (A) having nunberm ﬁgm
nol ecul ar wei ght ranging from about 600 to about 5000, an %3; f about

99% to about 1% by weight of at |east one copolyner conprising units
derived fromal kyl acrylate ester nononers containing from2 to about 25

carbon atons in the ester t:] HuBMBRR Bhted-ade %0 t 0 about
20% by 20°€ tiaawt\g EEPma?E? 8%@#%%9%%%@% lg?ﬁ? 4eté(lﬁggoug’ consi ste::i ng of vinyl
aromati c nmpnoners and., nif{rogen- containi.ng vinyl nmnoners | opol yner
(B) havi ndiffisi&ionypgthy {atf‘rf%l“‘é%(ﬂ?a‘?& 69%1 ‘{jﬂg af%{ﬂétf‘:n‘&W?%%%S&B%ﬁﬁ‘%%ﬁr,FOOO to
about 350, 000, wherein copolyner (B)  further conpri] fromapout 0.1 nole
% t 0 aboutcomining] Winyusnomers, ¥ithdlrg Rravise thamleyreéﬁa% é@ggy W(?Pgt ﬂgtﬁﬁer of the
group consisting of alkyl nethacrylate ester nononers 40 05 OCT 2005

cont ai ni ngstkrsaonidirt ot alxveithad 1¢ athon awnene therestehgrodBt er group, which esters
are different frommethacrylate esters (a) and (b), vinyl aromatic

nmononmeks and ni t r ogeRd neiast aheintgofist ekt onermetelr dithiophobpltake sgal sweldo t hat no
nore than 60% by wei ght of the esters contain not nore than 11 carbon

atons in theestien i ABpreSsaff) dsHibsd AspeRiRiitng cbfrodibn iddtsitorone net al
di thi ophosagﬁrgf@ﬁé)ggft E@'gl Ia asgent, [I))our poi nt depressant, ashl ess

di spersant and .corrosi on i.nhihitaor : : Ol @Hﬁrﬁ ™ rising a
maj or anount ofl%a G‘iggarlolﬂl&&gqo%&gncg"glpgﬁng?qé?gﬂrér% out ?égr!t) gggi% 30% by
wei ght of a polyneric c ositi onpr.i Si A) from about 1% t.0. about
90% by wei G OLFOREbPUED Wt AluAtEHEsiEY o haghaberts SRR sEblS
wherein the aliphatic olefins contain from3 to about 23 car bon .at ons,

sai d copol yner (A) H&i ngfremmbent 136 & sheut Kby weshtodi 3 ?as?%ﬂ?g‘?tﬁﬂe“err om
about 600 to about 5000, and (B) from about 99%to about 1% by wei ght of at
| east lone atiphatioyotefin coprtpmeswhereunthe sliphatic oleding eentpialfigm 34e pPhruLé ester
nononers containing from2 to about 15 25 carbon atons in the ester group,

and opt i ongkboh atdhFaidpblythet (A} BavihPuimBa Yvirpgemiofiolanfveight angitg one
menber of the group consisting of vinyl aromatic nononers and nitrogen-

cont ai ni n LAKbut B8 BESut 5880.An@opol yner (B) havi ng nunber average
nol ecul ar gf&%‘?‘gﬁt“tr anggﬁg rom about 10,000 to about 350,000, and mi nor

amounts of extrene esspre addi éd‘%gosaboﬂpi%%eigg@&t 2 1@5&%&9{@%&&9&

i nhi bitors and wher e}

comprising units derived from alkyl acrylate ester monomers containing from 2 to about
15 25 carbon atoms in the ester group, and optionally, from about 0.1% to about 20% by
weight of at least one member of the group consisting of vinyl aromatic monomers and
nitrogen- containing vinyl monomers, said copolymer (B) having number average
molecular weight ranging from about 10,000 to about 350,000, and minor amounts of
extreme pressure additives, antiwear agents and corrosion inhibitors and wherein
20  copolymer (B) further comprises from about 0.1
mole % to about 20 mole % of units derived from (c) at least one member of the group
consisting of alkyl methacrylate ester monomers containing from 2 to about 8 carbon
atoms in the ester group, which esters are different from methacrylate esters (a) and (b),

vinyl aromatic monomers and nitrogen-containing vinyl monomers, with the proviso that
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20 copolyner (B) further conprises fromabout 0.1 nole %to about 20 nole %
of units derived from(c) at |east one nenber of the group cgngig?rmof

al kyl methacryl ate ester nonomers containing from2 to about car bon

atons in the ester group, which esters are different from nethacrylate
esters (a) and (b), vinyl aromatic nononmers and nitrogen-containing vinyl
nononers, with the proviso that 41 05 OCT 2005 no nore than 60% by wei ght

?1f2 the estens conh8b9 ke ot i @erd Lom@iRSt AéRMan M LhdoABkéihs &f oup. MV

the ester group.
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