WO 02/ 086036 PCT/ US02/ 10906 TITLE Al -Weather Tractor Hydraulic Fluid
Using A Mxture O Viscosity Mddifier Types To Meet Shear- Stable

Mul tigradeovizesaséty Requirenents 5 BACKGROUND OF THE | NVENTIUSN/i@®001] Thi s
application clains priority fromU. S. Provisional Application 60/285,377,
filed April 20, 2001. [0002] The present invention relates to a functional
fluid, such as a tractor hydraulic fluid, which exhibits shear stable
viscosity characteristics and has a 10 wi de tenperature range of
operation. [0003] Requirenents for physical characteristics of functional
fluids, includ- ing | ubr| cating oils, @ELRecom ng nore stringent.

E t f t

0 e | SR o BB A0 o5 BRSTRT R S
the oil to be nor dykeedio MtetSear-Shattlé Multigrade & ineosityaR eyuitesnenisscosi t y
after shearing. The pr esen? ?'éﬁéﬁ&%lﬁ’ﬁﬂ@#%—ﬁlﬁ@Eﬁ#ﬁ)ﬁse of m xtures of

viscosity nodifier types t t hese physi cal
properties d0081) ubThsaepplicasion dens preritydren BnY Brovisienali Appleation
nodi fiers usgsd 587 filed Q3R 20PpeYI ous net hods used to solve this problem

have invol v dlCl us 0 seflection of base oils viscosity nodifiers.
O ten, thoug[ﬂ()b w LBfREFsent iRvenfipp; rglatgs fﬂJ%tf“B%“%iHir}g‘U@dS‘H& B PARYT y

t hi n base 0|H}@1ralﬂn>df1t1hie wihigh etxﬁfmersﬁieuf 8tab¥d ${x06sity chaquickigiEntnd &ae 4 hen
met wt the of vi SCosit fm) jers. The tightening of the shear

stabili IHB?ﬁa Py STy &erat 19 t ed the choice of viscosi ty
modi fiers deﬁQ&]e rrangumcmemtstfocaknm@ abfiractreisting of Hencgthmalt fluedpuinadud-25

ments. [ 00051}1 YuBricdt ﬁ{&e'a Is, g%eﬁg%%ﬂ'l%ng-rﬁlefeo @iﬁir%'eﬁf: ! %cﬁxg{)ﬁlgﬂp Gk PicBirefOr

preparl ng luBricatin ns suc S aut I C transm ssion
fluids. The Wandewet yiscopidies af Apy deeperatwrepdi-at -4Bas twhillemaintaining pighr y| at e

ester COIOOI M%Eeraﬂﬁ%l(%@dd))&hlc&@ﬁhgl mrm:g zﬂéd WﬁﬁﬂreC&Dt@balnﬁ‘ts}e Qh@é&%‘iabl@nd an
contal nin noners i s

esterlf fe ,134r\,linere one of

vyl L e I RGeS oA s SR 1 e SPTap T BYRUON TelBes 1o
bet a- unsat urthé elde af yiaturag oAgesabsityl o dpfddrygpey tet @rodisteedn maprohemenwinM  of
20,000 to a t ; The esterifi £bo nin t . r
can have an Ty SRRt A0 Bronb G S £ [ubilsaing BSREY n 9% 81 347 91 o7 EBRINET

al ., discl ogesdiiescessidtsynglyprovers 35 for |ubricating oil conpositions,
bei ng a COPGUYORS Vbtdishl infurdls ’E@écﬁ‘?&wﬂvbQh1s§ﬁb6’1eﬁ§h§ve’3nﬁr%me@1' RGods 12

and 13-19 carbon atons 1 n_the ester group
20 selection of base 01ls and viscosity modifiers. Often, though, low temperature

fluidity must be achieved by using very thin base oils, and the high temperature
viscosity requirements are then met with the use of viscosity modifiers. The
tightening of the shear stability requirement has severely limited the choice of
viscosity modifiers because many are not capable of meeting the shear require-
25 ments.
[0005] U.S. Patent 6,133,210, Tipton, discloses concentrates for preparing
lubricating oil compositions such as automatic transmission fluids. The viscosity
index improver can be at least one of a polyacrylate ester copolymer, optionally
containing nitrogen-containing groups; and an esterified carboxy-containing
30 interpolymer, where one of the monomers is a vinyl aromatic monomer and the
other monomer is an alpha, beta-unsaturated acylating agent. The polyacrylate
ester can have a M. of 20,000 to about 100,000. The esterified carboxy-
containing interpolymer can have an RSV of 0.05 to 0.35.
[0006] U.S. Patent 6,124,249, Seebauer et al., discloses viscosity improvers
35 for lubricating oil compositions, being a copolymer with units of methacrylic
acid esters containing 7-12 and 13-19 carbon atoms in the ester group; and a

comonomer that can be dimethylaminopropylmethacrylamide. Auxiliary viscos-



conononer that can be di net hyl am nopropyl net hacryl am de. Auxiliary viscos
WO 02/ 086036 PCT/ US02/ 10906 2 ity inprovers can also be included in the

| ubri catiwg ocosqoesi tion, including esterified styrene-nalperasazingdsi de
copol ymers (col. 16). The nol ecul ar weight (Mw) of the acrylic copolyner
is listed as 20,000 to 120,000 [0007] U? Patent 5, 646,099, Watts et al.,
di scl oses an automatic transms- 5 sion Tluid of inproved visconetric
properties, containing (anobng ot her conpo- nents) 0.05 to 2.0 weight
percent of dty Iimprdvmspsr oweralsebecinebhded dm theeludpricapng conyiositiong iofludihigt o C18
di al kyl f umar A

copol yners, it gggg?%ﬁélg mgg;g&g‘éw ﬁlteysr §:%? f@eer&mmgj'%g?%s ‘&L?%%OS]
The present (M‘v%ﬁﬂhérﬂﬂxll@ef?@fo&r@ef 1§é150@538t39@0 ol 20Ut providing low 10

tenperature [bborndl tw. shlpgtbnk ST, GBI VR atd §1C£115' dhyclagu% ﬁh@@ﬁonﬁa‘h@t&dﬂshﬁs-' n a
es o v|5005|ty nodi.fiers; .a po crylate ester

fluid by_ using vgnﬂé grreta

and an e%terSIQﬁ fly rrgpwvaﬂﬁg}%fpméw%m%ﬁ%%wa faipgg (a %008 Giher SAMB-e

useful in a nearsi)eﬂ(ys @b 2.@lweiglit percomdoft & dhsy iMPOORr sEhetdd Ghodls tl&f gtdfi? g
resent inventi.o cto ULl C ui ds

e ean bl o5 usng it G T L AHIRY bl EinSF atBR mo P Ak b

manual t r ansmhggiidncdpalymsrs, aqlo'mmlna%yllaMnmhys@ymea‘ land dlsei{ mmcfuasi ng

fluids for C[@Pétt]“”o’fﬁé éréﬁ@ﬁf ARERGS, acﬂéﬁégcﬁ%' 9eand of%r(’%t"} BEPPJMlﬁg)Io@“d

ot her hydr ic flud can al so be used In her

appl i cald ondempengtugs flydiay, lvghéeraa@raaﬁgwh@%iw and zhem Yy @Faﬂqeg by

| NVENTI ON [Qm@ tw-[ﬁ@jpgi Sﬁeﬂbodni}'\/ﬁaﬂiﬂws &F}Tsmyﬂﬁ&a@rﬂ@ﬂém@ﬁdrtdnﬂ%n%dtérwlae for
use as a funtjon lrﬁj;[éldlna ﬁﬁ"@{s'c cong|t|ons conp%tjsmg
the fol |l owi f§? e‘&oﬁ%@ﬁ{é é&tyr(:aﬁ CORO ni‘f’rof Iuﬁ Bgs i 4G Weldoll ayvarsy (¢) 2 to
30 percent lmymvmcgmndﬁfona viscosity nodifier having a wei ght average

nol ecul ar L (c) Y. jght of a
second vi sc {;%/] Egi?ﬂ%)(% éltothg rg%'%t \}\rg\{% gHE’ 86?\5%? gsg)aenq%ﬁ%ég%rc Qv(a/es:wdr??&
greaterld hamyldrmhcoflutd@rmmhem a(Sl@) bandedas rg vageryooD other 2pocdom! Bodwher ei n
one of (a) afdubite hinBaPEhHRALAbAITRIBY, RRCHIEL RARGHIQIG Al ARclugider of

(a) and (b) 1s a I'ymer conprising vinyl aromatic units and esterif
car boxy! - corﬂtaiiwfﬁ@ contipuousfyy yanipblenansmisseny pndutragiign daiyps) aed oth er

concentrat e 3@mulicsfliids. They can also be used in other lubricating applications such as
gear oils and engine oils.
20 SUMMARY OF THE INVENTION

[0010] The present invention provides a composition suitable for use as a

functional fluid in a variety of climatic conditions, comprising the following
components:
(a) an oil of lubricating viscosity;

25 (b) 2 to 30 percent by weight of a viscosity modifier having a weight

average molecular weight of 10,000 to 60,000; and

(c) 1 to 6 percent by weight of a second viscosity modifier, having a
weight average molecular weight greater than that of component (b) and being
50,000 to 200,000;

30 wherein one of (a) and (b) is a polyacrylate or polymethacrylate and the
other of (a) and (b) is a polymer comprising vinyl aromatic units and esterified
carboxyl-containing units.

[0011] The invention further comprises a concentrate comprising:
(a) 10 to 70 percent by weight of an oil of lubricating viscosity;

35 (b) 20 to 80 percent by weight of a viscosity modifier having a weight

average molecular weight of 10,000 to 60,000; and



(a) 10 to 70 percent by weight of an oil of lubricating viscosity; 35 (b)
20 to 80 percent by weight of a viscosity nodifier having a weight average
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by esterlflcatlon or etherificati on constitute anot ss of _known
synthetic | upsGosuy d fgY from coal or shale are also useful. Usefu natura base oils may

20 be those designated by the American Petroleum Institute (API) as Group I, II, or
IIT oils. Upon occasion, highly refined or hydrocracked natural oils have been
referred to as “synthetic” oils. More commonly, however, synthetic lubricating
oils are understood to include hydrocarbon oils and halo-substituted hydrocarbon
oils such as polymerized and interpolymerized olefins (e.g., polybutylenes,

25 poly(1-decenes)), alkyl-benzenes (e.g., dodecylbenzenes); polyphenyls; alkylated
diphenyl ethers, and alkylated diphenyl sulfides. Polyalpha olefin oils are also
referred to as API Group IV oils. Other suitable oils include those prepared by
Fischer-Tropsch syntheses.

[0016] Alkylene oxide polymers and interpolymers and derivatives thereof

30 where the terminal hydroxyl groups have been modified such as by esterification
or etherification constitute another class of known synthetic lubricating oils.
Other synthetic lubricating oils include esters of dicarboxylic acids (e.g.,
phthalic acid, succinic acid, alkyl succinic acids) with a variety of alcohols (e.g.,
butyl alcohol, hexyl alcohol, ethylene glycol). Silicon-based oils such as silox-

35 ane oils and silicate oils comprise another useful class of synthetic lubricants.
Other synthetic lubricating oils include liquid esters of phosphorus-containing

acids.



O her synthetic lubricating oils include esters of dicarboxylic acids
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polyacrylate or polymethacrylate, then component (c) will be the polymer com-
prising vinyl aromatic units and esterified carboxyl-containing units. If compo-
nent (b) is the polymer comprising vinyl aromatic units and esterified carboxyl-
containing units, then component (b) will be the polyacrylate or

25 polymethacrylate. Component (b) is the lower molecular weight polymer, and
component (c) is the higher molecular weight polymer. That is to say, one or the
other of the viscosity modifiers will have a higher molecular weight than the
other, within the limits set forth below. Either of the two viscosity modifiers
may be selected as the higher molecular weight polymer, although it is preferred

30 the polyacrylate or polymethacrylate polymer be the higher molecular weight
species, that is, the species described as component (b). In the following de-
scription, the higher molecular weight component (b) is described as the higher
molecular weight species, although within the broad scope of the invention, these
roles could be reversed. Similarly, the amounts set forth below for components

35 (b) and (c) will apply regardless of which of the viscosity modifiers is designated
as (b) or (¢).
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[0023]  Alcohols that are useful for preparing ester (i) typically contain § to

24 carbon atoms, preferably 12 to 15 carbon atoms. Mixtures of alcohols are
commercially available and are frequently preferred. The alcohols used to

25 prepare ester (i) can be linear or branched. In one embodiment, 2 to 65% of the
alcohols are branched, and frequently 5 to 60% are branched. Examples of
alcohols useful to prepare ester (i) include n-octanol, n-decanol, n- and
branched- C;;, Ci5, Ci6, and Cy; alcohols, mixtures of alcohols, e.g., Ciz.15s
alcohols available under the tradenames Dobanol™ 25, Neodol™ 25, Lial™ ]25,

30  and Alchem™ 125, that have varying degrees of branching, for example, 5% to
50% branching, or even more, and Alfol™ 1214, which is substantially linear.
[0024]  Alcohols that are useful for preparing ester (ii) typically contain 6 to
11 carbon atoms, preferably 8 to 11, and most preferably 8 carbon atoms. These
alcohols normally have a 2-(C,.4 alkyl) substituent, namely, methyl, ethyl, or any

35 isomer of propyl or butyl. Examples of alcohols useful for preparing ester (ii)
include 2-methylheptanol, 2-methyldecanol, 2-ethylpentanol, 2-ethylhexanol, 2-
ethyl nonanol, 2-propyl heptanol, and 2-butyl heptanol.



al cohol s useful to prepare ester (i) include n-octanol, n-decanol, n- and
branched- Cl12, Cl15, Cl16, and C22 al cohols, m xtures of alcohols, e.g.,
Cl2-15 awoohok@3avail abl e under the tradenanes Dobanol ( ePCr/t&52/10906

Neodol (err) 25, Lial(err) 125, 30 and Al chemlM 125, that have varying
degrees of branching, for exanmple, 5%to, 50% branchi ng, or even nore, and
Al fol (err) 1214, which is substantially Yinear. [0024] Alcohols that are
useful for preparing ester (ii) typically contain 6 to 11 carbon atons,
preferably §0025]11, Thechot®sitipofedsesraltl) o 8stess (i) wietinnise pdlyase is giptaiigl s

normal |y hav\’?ltl%ﬂ%ﬁ{ pa]hgé O?I Igyg ﬁy%t ituent, namely, nmethyl, ethyl, or any

35 isoner 1 es of alcohols useful for preparing
ester (ii) [0 2:,6]udeUzefmliamngﬁeptoéﬂtmhmgznmm?%decladgIthOSZ-@ﬂfwyfubfmnaﬁ@l

2- et hyl hexa n y a 2z e noI
G0 o] bagoat pn iy BENARgl SUb%hf& i h‘t%ghrgﬁkgoﬁeg%s?gﬁémeg R

esters (Ti) Wﬂwi%vmﬁbvmﬂgﬂﬁeﬂﬂ |1§ ‘tWﬂr%‘é)ISPWe%‘ttTﬂgﬁ“tf}?éefP%@ @Pn%es§ to
?5 65t h[OOZQhCMSa%fNI viilly tmmf o@mwlﬂylngtﬁen?mgﬁ@ ?ﬁkﬂlwiierhj?l[l@ﬁ;ﬂo&@%a?@t ed
romthe gr ons ing of vin stituted nitro etero i
nonomer s, dﬁulﬁglc ﬂ%f‘%] %W?‘tepﬂggd?‘ﬁ AhaR %}}an%gbg‘? teﬁf"&??%ﬁ?%gen
het er ocycl i diateplamansalkyic hcrybatéd- yuay hs |dnne|ta;/binﬂnoedhy] mydthgzyylaad; i dalkghe, and
N-vi nyl capr I I a oners,
For exanp! 6 RURSHETL aphahlit A8 Moahiory|oiby | AFmaS. 15 BREHHle iRl

ot hacr 10 at @lkxinmingaky esry kit sneciflyamhees aneh wiichaor gmamaley TewoRor s,

for exanple c‘éhtaﬂn?sV‘@rtolé) catoen! ABIRORL el AGT ¥118M dEboRSREmsaklch Y& R-gach
al kyl or am noal k ﬁ()'é group contal ns 1.to°8 carbon atons, especially 1 to 3
S

carbon at ondOWEL8 esNeN_aHy, dimgrRylamingaropyagiyiqmidey N- fertlary alkyl acryl-
di met hyl am rimlilﬂ@spylh&Cdo)‘ﬂe@ﬁibﬂﬁng Nhét@ndryRinyided, ke example temiage budyldacryl-

correspondi rylamd or.exanple tertiary butyl acryl- am de and
Vi nyl - subst |a%t‘]HE "ger ﬁ%l Su"féﬁj[tﬁfgﬁ e§pe0| fic exanples of this type of
conponehi i f002He t Bpsafipreapapied off thimtypexofucempodentantlade ytheteeprepader s
having diffefant,ahiul o@?x?éfﬂécfm?é If%lhgar Of;}&\ﬁg ?%@egpélkghg Jhrp‘grtpg{ Aached

chain groups _containin
copol yner i z&dhgr stiaight ﬁhfllrl Qnbrignehask clifiin resgens euntiaing fgm ﬁnﬁ@oh&elca@h@@h as

vinyl pyri digggms,Nnd 'g}h‘ferfm{ %@Fbl@ﬁﬁ%ﬂecﬁ"i\ﬁkhzﬁikﬂﬁﬂ hyd ek BORItHYEen-cdftaining
met hacryl ate, or di rre y

expressed, d%?ﬁ%’i‘Férﬁuc B35 v pdg‘mH‘netc’,)g{)éSF‘%)/'hr@'rrBBaﬁg%/ ﬁ% g‘éﬁ‘f%tggl‘z‘g’é‘i“%'gﬁr ¥V|r g%
(1) 5%2® 75fethycrykitghr NaN~ ahklythybammlogt@ye&teelﬁacmamWs containing 1 to
11 carbon at[ﬂHfS]l n bmeer»%sléyex (3¢ ccgmpgneni5 (%) c(:)anglls)%abgog\),\(ﬁgfr%g} cgrfnprising
units derived from (i) 5% to 75% by weight of alkyl acrylate ester monomers
containing 1 to 11 carbon atoms in the alkyl group; (ii) 25% to 95% by weight of
alkyl acrylate ester monomers containing 12 to 24 carbon atoms in the alkyl
25 group; and (iii) 0.1% to 20% by weight of at least one nitrogen-containing
monomer selected from the group consisting of vinyl-substituted nitrogen het-
erocyclic monomers, N,N-dialkylaminoalkyl acrylate monomers, N,N-
dialkylaminoalkyl acrylamide monomers and tertiary-alkyl acrylamides, pro-
vided that the total equals 100%. In a representative polymer, 60 to 80% by
30 weight (typically about 68%) of the monomers are C;; to C;s alkyl methacrylate,
20 to 40% (typically about 30%) 2-ethylhexylmethacrylate, and 1-5% (typically
about 2%) of the monomers are dimethylaminopropylmethacrylamide.
[0029] The weight average molecular weight of the polymer of (b) (of which-
ever species) as determined by gel permeation chromatography (using a polysty-
35 rene standard) is typically 10,000 to 60,000, preferably 25,000 to 50,000, or
30,000 to 40,000, or 32,000 to 36,000 or 33,000 to 34,000. Approximately



al kyl acrylate ester nononers containing 12 to 24 carbon atons in the al kyl
25 group; and (iii) 0.1%to 20% by wei ght of at |east one
ni t r ogen-wornikasqBseag nononmer sel ected fromthe group consiPESTIUSg2/0f906
vi nyl -substituted nitrogen het- erocyclic nononers, N, N-dial kyl am noal kyl
acryl ate nononers, N, N- dial kyl am noal kyd acryl am de nononers and
tertiary-al kyl acrylam des, pro- vided that the total equals 100% In a
representative polynmer, 60 to 80% by 30 weight (typically about 68% of the
nmononer s ar €o@egpandlilG Snurhber| ametagacmplesubyr waights 209 rogglyc al 0,.90Gibiout
30% 2-ethyl nﬁ;olg 00 ok VR 2% of the
nmonomers are i’mgf |g%f‘%*&g??&?ﬁ%?#ﬁ’?rgﬁ%ﬂagﬁ?%%tz%f@-?'ﬂ% wei ght aver age
nol ecul ar waPBM] of Sueie pRlypsEsr a5¢ desrriped inhi gpateevdstaid piir Hg) patents
determ ned bByogebePeideaby@agchr omat ography (using a polysty- 35 rene
st andar [ iC 10, 000 to 60,000, preferably 25 000 to 50,000, or
30:000 tb 4gob¥B “orhdsmanetce Semputers: Bafofs EoMRAEE: KoproRieaEitel y WO
02/ 086036 PGiydusda/ ik0Oferally Cc30% spoddBoig bpuwbight. aRre fegablyathe cath@rnt vefi ght s
are, broadly 0 _ ), re often 15,000 to 30,000, typically
17,000 to 1 ,"81]5’8’.“9'%0(828?432%%8‘3%19%s are described in greater detail in
U.S. patent 40032]o69CoB®oneit 6)1i842 24008l VoEAdily Thedifign it destribedpbaeat ( b)
in the Conpgﬁéifeka‘?ﬂ‘% aQﬂcopBrﬁné}r(ﬂS@mn 1 iaPRRd AdnbmePaNE Al dsYerfiedPAarBbx - 18%
by weight. Preferably the anpunt of)" conponent (b) I1s 4-12% or 5-10%
[0032] HbnpsRBHanipg Menromers sxiiagle, vigybaiompaticgapnerasrs Jaclyds shirensianththee,
preferably gubsRoleir®yreats,aalthiolyh ofie? Mah yICardRAGGBHoRGHeRcanSAISs bk ivesed.

i,c nmononers..include

car boxy- 10 .¢ontai ni ng . nononer.. Sui.tabl e vinyl aromat

ryrens and TiiespuRee RaGer ynetid “tafrbbat SEREAUS ny FRL omaiosy -
nonomner s caraghsg-,bieydreryt, sulfheylsulbgirptarbeld wheremnds hyirboadbylsgsoupnies t hat
have hal o-, 1 NG, - - - ¢ byl -
wherei . ¢ he Tonag Byl 2 abonaRme i oudt PESNIen® SldMhey ol MEIQERL Y

ot her slibst icathshisybstitutedp| dysgnes etfe Hphiz-onctitylstarang - parsstert-btabbtyeye.enes

are al pha- ngj |-etﬁ9béfﬁ9§‘e, e ﬁartael'bt)veptbtllydx%/t Yiiyedife. Mixalies &thylo oF ¥hére, and
par a-| ower al kgoxy rene. M xtures of two or nor vinyl aromatic nononers

St
can be used."“@flﬁ%‘ﬁég? agpogrest Fagbe pisdsNtyreRe 1T BrEE*SA cont ai ni ng nonomer i s
pol yneri zed [0033] Vi Thé c@ﬂb@ﬁtgidoﬁtairﬁiﬁgﬁﬁ@{orﬁeﬁ ik PolyrBe 626D FXh-GAYIL Bdofr g
i nterpolyner, Since thf car OX\é- 20 cont ai ni.nt% mnoner I S iQ or$o ated into
the pol yrmer BHERTNL THE & BERRFYGTMHLE, ¢ BFPSYBAT-t 1949550 6‘?79 It bone,
e.g., tMe caobtuningrmopsmer és digqogptrated into the polymer backbone, the carboxy
groups extend from the polymer backbone, e.g., the carboxy groups are directly

attached to the polymer backbone.
[0034] The copolymer may comprise ester monomers with a mixture of
relatively longer chain alcohol derived moieties (8 or more carbon atoms, for
25 example, mixed alcohols of 8 to 18 carbon atoms) and relatively shorter chain
alcohol derived moieties (1 to 7 carbon atoms, for example, n-butanol). A
typical molar ratio of longer chain to shorter chain units is (70-95):(5-30).
[0035] An optional element in the esterified copolymer is an amino group
derived from amino compounds, and particularly those having an average of
30 from 1 to about 1.1 primary or secondary amino groups. In one embodiment the
amino compound is a polyamino compound having at least one mono-functional
amino group. An example of such amino compounds is aminopropylmorpholine.
Such amino groups can be present to neutralize residual acid functionality in the
polymer and can serve to enhance the dispersability of such esters in lubricant
35 compositions and additives for lubricant compositions. In one embodiment, the
molar ratio of the carboxy groups of said interpolymer that are esterified to the

carboxy groups neutralized through the conversion thereof to amino-containing



attached to the pol ymer backbone. [0034] The copol ynmer may conprise ester
nonomers with a mxture of relatively |onger chain al cohol derived

noi eti es WO 0a8dé e car bon atons, for 25 exanple, m xed @caalsor/s0906 8 to
18 carbon atons) and relatively shorter chain al cohol derived noieties (1
to 7 carbon atons, for exanple, n-butanol). A typical nolar ratio of

| onger chain to shorter chain units is (70-95):(5-30). [0035] An optional
elenent in the esterified copolyner is an am no group derived from am no
corrpounds grdupmaist genatadlyl §5:1 hos 9hlavidngrebarralvetiage abbut 36:5t r'Bhe linkageabout

1 primary Qb seaangar é[zhrﬂm\)ﬂ xﬁirn%” Fo 'Hlagnl‘?e Hﬁo%i&”tarﬁﬁ% I fiagTPound

|s a pol yam no conpound having at mono-functional ~ ami no group.
An exanpl e dpnetigrliayi no corrpounds i s am nopr opyl nor phol i ne. Such am no

groups can heoBsESeTypical B@H&ﬂe’#é 'o?Qhé Q;«peduﬁlcoﬁugbﬂex{t% talr@ra@deh%édlrﬂame
pol ymer nce th er sab d%/{ﬁﬁenésuc esters in

nd c to éen
| ubrica n@ %ggfﬁ&yrﬁws YRES: t i b@én rquqramr? AFPRIRXIBRELY |3 one
enbodi nent, dnl&eto cml I&tlorlatth@ copoliyer.c 8pbeikiy egamphs ¢ff thiatygeioftodhipingner

h f | h.
et ar e eShhb ety Fen R A S5 R0 SRR et kBl gbtom 4
groups is génettakhpogatdmst end3hd resédtprl@fcedlt)edftcates@ruflsatibmus @Btralize'ﬂhe
linkage confa %“@nfn‘ée grt% i@&r;/% &E Otix (RS %reﬁﬁ" tand'dél R oftfHeile:

am dine functiona T pol yners o _ZB corrponent
(c) arel@st é}fPMféHOfFrﬁTeeﬁiQ?C“Be ﬁhgtﬁatedéi/esavw@wes dsentyhéP 5943 nad ipAleEr s are
present in a@REPidtBtheleina one-to-one ratio in the copolymer. Specific

exanpl es of ISty of .conponent c] ude .those in which the _ alc I
reactants ar[h%ﬂoseﬁﬁ? Misieht "§éag‘?a’\T/‘P uiaf Jyfight ‘?fethf8"‘§c£358rin% 1668 O?Q%d t he
resi dual aci(df tvyhaaé\teerltsasyw)l fsi Q@ﬁaad)lly 56,00€ ubr 200,000, prdfetabhn 180j006. toThe
foregoing p XL t her gof |Is of eir re aratlon
are descri bglé% ?poa‘f e¥re8§tss gmllagr %&Jagr? %Or ‘Ef?"ﬁa (fg ll)eﬁr 1 ef e -
ences clied m@eclellan wefi Sr]anﬁeelwnghp ﬁl;@ﬁ(hgvefmaldaul(bﬂoﬁ)\eo AP0, Thee

vi scosity nDd%(Idn? foorrgﬁ)ment( Gf) ivRd @éfr’ﬁgoéﬁﬁnst ¥pﬁ?e hl%s&%ﬁhgé’ﬁti(%ﬁ RO Q. to

200, 000, prefera I e standard
Appr oxi mat elalych0% yoneisht R{ﬁfﬁ@blhv@r %fgeuq%ofn%ﬁréeene@ﬁ (feightose.c otse

10, 000 to 5Qrfeablpreé emakiny ozos(ﬂl%bnbﬁt 25, R005-d%e AddprittveOf mBOdTRRAGNT (C)

in the corrp05|t|o of the prese ention is.g 6% wei ght .
bref or ably. dAEUATAE A EBRBBRERI( & Saripdieah eIl 5 or ZrepLrdury C i anmuni
of conp2hentwdight. i Gerlaib-cédbmeikialllyrevtilvide dotmdofmhetpolymer of (c) are provided

with approximately 50% polymer and 50% diluent oil, if such materials are used,
the amounts would be adjusted accordingly (e.g., to a broad range of 2-12%, and
SO on).
[0038] The total amount of components (b) and (c) in the composition will
25 broadly be determined by the amounts set forth above individually for (b) and
(c). In certain embodiments, the total of these components will be 5 -15%, or 8-
12%, or 9-11% by weight.
[0039] Component (d) is a mixture of components, some or all of which are
typically present in a fully formulated lubricant of the present type. However,
30  such a mixture is not considered to be required in any particular detail in order
for the formulation to exhibit the improved viscosity properties of the present
invention. Component (d) is a fully formulated additive package suitable to meet
an original equipment manufacturer’s requirements for a functional fluid of the
type under consideration, such as a tractor hydraulic fluid. The details of such a
35 package can be varied considerably in a manner well known to those skilled in
the art of formulation of lubricating fluids. Such variations will be determined,

in part, by the requirements of the specific equipment to receive the lubricant



i nclude those with an upper limt of conmponent (c) of 3 or 2.5 or 2.4
percent by 20 weight. Certain comrercially available fornms of the pol yner
of (c) arwoprosdioded w th approxi mately 50% pol ynmer and 5@@rdiSoxenve oi |, if
such materials are used, the amounts woul d be adjusted accordingly (e.g.,
to a broad range of 2-12% and so on). 50038] The total anount of
conmponents (b) and (c) in the conposition will 25 broadly be determ ned by
the amounts set forth above individually for (b) and (c). In certain
enbodi nent s,compesitainal Erdmplee o€ additpesant sadditive parkbgesltig have Beerl@94d or

9- 11% by We'19thact(lr%gﬁgalul%maggl%tdlga))sédsmaU@ )Pta%rn?s 9 3? gg@ ggt@m gAe or

all of which resent In a full ricant of the
present typd004hlnev pelelB@XSm@l?Sa)frthStﬁYPé qf§0ﬁm0né0h§1pﬁéiﬂlé’dﬂﬁbld§eﬂm%| red

n any par i amatlela, Iméial 5l ObelhRntoribh Ak o0 49 @81 i Lo} fae a
i npr oved_ vi scosi ty erties of %)I’ esent inventio onen #TEI S a

fully f o} wlcéicéﬂmdb‘tﬁr‘? sgd SBQBR%{@@%"GE HhpRHQdapid or aaﬂ %?%r @gﬁgqs

manuf Sct urerr-gg @:qgu, nesvent of ﬁQﬁncﬁdfalLk}dﬂlltmbphoS‘ﬂhuted 005 td G (&. gpefoal%jedsf
consi der at i yer S .0

package canOIJl!:t)thgt1 IIHOC?ES%H gera ?'%‘i’n(a n@%ﬁ%ﬂ ?ltroﬁgmﬁoP%]qlﬁ%géSpgﬁl |1 ed
in the art sefit $uphnas mcptmm@de figpersants.i Mhét uold@ntlsu@lmqmpormntsomsywilsld be

det erm ned, A f dB¥dfe requirements of the specific equipnent to
receive the Wge% t WD 02/ 086036 PCT/ US02/ 10906 9 conposi ti on. Exanpl es

of addi @ ved084Hl ada"hmwwe%ag@sqrﬁ&ﬁ ARRNE PedWpigaldy prepared At @dding

hydraulic flynifoneh@ i $@h@seeh com o&ntpﬁttﬁet(ﬁl BafiBmidh @ANsh BpSibariaws.

[ 0040] SpeC| fic exanples of this té&e 8 nent %%)pl caI ly i ncI ude anong
ot her nateri S‘I"BeraHEFa?uc FStERPHI G atedY 8 &e 8@8&3 2% (e.g. 1.41%
of a 5 cal ci[0042}ver Ths etbovel canpdrenche e gﬁnﬁn th@tﬁomql dent $uldy fanhhlamlar

agent s, SUhyBicat o (fe form b1 AlnePlife g i 41 KOAEVL HBPRRT AR 0, S
a nitroben- cordlgr mnngmdlcgpl@bmcstarg oguc i &mysamcpmmtdm di copeeraie sthe@ her

convent i onalcggginﬁa%ﬁ,@gaﬁ e@éﬁ‘f& b@eag{afcﬁéﬁmel lab &ﬁéf %F‘i‘n rg%@tuhQQ)‘}%o%he

conposition repare by a nfponent S b,
c and d to cHAPEhdRN A2 fwé lbbmcanaﬁamﬁpwlﬁg &tor &xamplss é*pfrala%nt dhpeilat ur e,
such as apprgr{ipaéfl ﬁ@&snll)”'(h) bamegqgm)epmem[&o%l hthér @@mq)ee@aﬁp%tent S
can be in tl‘{a?][i(g[pg}%m’ trli‘e for I a{yg SI Ub]’tl caoé!ﬁ {) tl{l% f&; 33:9( a
concentrate a 5 &Y SSRFIhiTh 5 4DL 61 08 2% A0 of
| ubri ca20 ng perdent Ify m%htamxe3@ﬁesp¢1tentn aadcthecandurat ef t}teheecrond viscosity
modifier (c) can be 10 to 60 percent by weight, or 20-50 percent.
[0043] The first step in carrying out the method of the present invention is to
blend components a-c or a-d as described above. Thereafter the mixture typi-
cally is supplied to the fluid reservoir of the equipment to be lubricated, and
25 thence to the moving parts of the equipment itself.
EXAMPLES
[0044] In the examples presented below, the amounts are expressed as per-
cent by weight. The polymethacrylate viscosity modifier is a mixed alkyl meth-
acrylate copolymer containing a small amount of dimethylaminoproyl-
30 methacrylamide, as described above, except as indicated. The esterified maleic
anhydride/styrene copolymer is a material, as described above, which is esteri-

fied with a mixture of alcohols and further reacted with amine.



concentrati
nor e

wei ght, or

ons wil |l

20- 60 percent,

greater than in a final
anount of wbDle/08d0B6 of

or

| ubrica

30-50 percent;

nt conposition.
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viscosity nodifier (b) can be 20 to 80 %% percent by weight or 30-70
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and the anount of the second vi'scosity nodifier
20-50 percent.

(c) can be 1

as descri be ove. Thereh}ter xhuretlypiqy cally 19 syppllied.to|the
fluid reserﬁct)'%8 of—the eq'}%ﬁe.?qﬁgshkﬁkﬁ%?icat%d, an? 25 ?hencegéo t# he
movi ng par t|LahpohenteGoii ppent | tsel f.| EXAMPLUES [0Q44] 1n the ¢xanples
pr esent ed tq%a%v,oﬁ he anbunts afeggxpriesged ads @fph- |Cefly Ry g\ ghtg; ghe
pol ynet hacrpyd-ate %iSC“Sit' redi-er—Hs—afixed—alkyt—metf—acrytate
copol ymer céﬁgﬂPﬁﬁﬁﬁygﬁgnall apount of difretlhy4-a%i opOeyl| €d7 | 6.17
met hacr y| arfiVdeos¥ mpdiliet hed apove, exgeRbo S 4b 966 daiade |TH®o6 st 81 ddoi €d
mal ei ¢ anhy MM delsdiyatede| copo] ynmer ijs a matlerial, |as degcri bed above,
which is esteri- fied with a mxture lof alcahals and furtlher reacted wWith
am ne. WO QHso8803bmPIeiy US02/ 109084 10 TABLE jsem|Exx3 1 (ref.|) 2g(ref.) 3
4 56 Conmponbpdridé/stBeesree O 1 9{1.7 87.19 89.21(90.7 91.8 91./8
Pol ynmet hacr|yl,3f, n%nggﬁﬁSQ 6.96p 6.17 |6. 17 iscosityy nodilfier 40,000 40,000
20, 000 33,Cq99§§%80 (M| as jndicatled) Estlerified nmaleflic 3.84 1.68|2.3
1.8 1.8 anhydttdéfrstyrene—copptyner—(MV—1740,000) T Additive _pe bkagbt‘ﬁl. 49
4.49 4.49 ( Addivvopaekaggebt prpf 8dPed Mbtthod* 4.A%i t| DR45 |@AC|<45240)9
44.4 43.8 44pgi44. 4 AN BorDf4P| @1000 >8.8 §.8 8.7(8.9 9./0 9.1(9.1

Method* Limit

D445 @ 40°C <45 40.9 44 4 43.8 44.7 444 44.5

D445 @ 100°C >8.8 8.8 8.7 8.9 9.0 9.1 9.1

D2983 @ -20°C <3.0 1.53 n.d. 1.61 1.80 1.72 1.68

0
D2983 @ -40°C <30. 21.5 86.0 25.5 27.5 26.0 25.5
0
D2603A (% shear | <20 30.8 3.1 15.6 20 15.6 16.3
after 30 minutes)
TABLE, continued

Item / Ex: 7 8 9 10 11 12 13

Component

Base Oil 92.0 ([92.2 924 923 924 |91.9 92.1

Polymethacrylate |61 1595 |565 |550 |528 |6.32 |6.03

viscosity modifier

— o 33,000 | 33,000 | 33,000 | 33,000 | 33,000 | 33,000 | 33,000

(Mw as indicated)

Esterified maleic |19 |19 |20 |22 (23 |18 1.9

anhydride/styrene

copolymer (Mw

170,000)

Additive package 0 0 0 0 0 0 0

Test Method*

D445 @ 40°C 442 |44.1 436 [44.2 |449 |44.0 44.3

D445 @ 100°C 9.1 9.0 9.0 9.1 9.3 9.0 9.1

D2983 @ -20°C 1.70 1.63 1.58 1.61 1.65 1.73 1.63

generally be approximately an order of magnitude or
For exanpl e,
| ubricating viscosity (a) can be 10PCa/yser/c@®né by
t he amount of the first

Oto

[0043] The first step in carrying
bl end conponents a-c or a-d



D2983 @-20C <3.0 1.53 n.d. 1.61 1.80 1.72 1.68 0 D2983 @-40C <30. 21.5
86.0 25.5 27.5 26.0 25.5 0O D2603A (% shear <20 30.8 3.1 15.6 20 15.6 16.3
after 30 wormawe®pe TABLE, continued Item/ Ex: 7 8 9 10 11 pC2/uS82/1@806ponent
Base G| 92.0 92.2 92.4 92.3 92.4 91.9 92.1 Polynethacrylate 6.1 5.95 5.65
5.50 5.28 6.32 6.03 viscosity nodifier ;33,000 33,000 33,000 33,000 33, 000
33,000 33,000 (M, as indicated) Esterified maleic 1.9 1.9 2.0 2.2 2.3 1.8

1.9 anhydride/styrene copolynmer (M,, 170,000) Additive package 0 0 0 O
0 0 0 Test dajdrod” 40445 @406 Aha@s44 44 43.[6414. 7 Ads 9 (49 4493 5 D445 @
100C 9.1 9.6 3.83 g 19363 9 g g T %3983 (5- 206170163158 61165
1.73 1. 63 WDBBBAE6h3BeRCT| USG2/ 10006 | 182 Dok @|- Yok 25.558 26.(96#%4. 5|26. 5
25.5 26.0 2GR 30260aksf % shear 16.3 15.7 18.2 18.14 19.1 15.8 16.8 after
30 m nut es)—TABLE —cTontinuedTtenr/ 1415 161718 19 (ref. ) (Tef.)
Conmponent Base O 92.0 92.0 92.5 93.4.93..5 Polynethacrylate 6.18
6. rlrg 5.13 4-91a6-546-30vise siféngd:c??%?uegB,OOO é:,ooo ?g,ooo 20, 000
61, 000 61, Qdeem / Ex: |14 15 16 17 18 19
(ref.) | (ref.)

Component

Base Oil 92.0 92.0 92.5 92.4 934 93.5

Polymethacrylate | 618 |6.18 |5.13 |4.91° [6.54 |6.30

viscosity modifier

— o 33,000 | 33,000 | 33,000 | 20,000 | 61,000 | 61,000

(Mw as indicated)

Esterified maleic | 18 |18 |24 |27 |01 |0.24

anhydride/styrene

copolymer (Mw

170,000)

Additive package |0 0 0 0 0 0

Test Method*

D445 @ 40°C 44.0 43.8 45.0 n.d. n.d. n.d.

D445 @ 100°C 9.0 9.0 9.3 9.0 9.0 8.9

D2983 @ -20°C 1.64 1.62 1.72 1.64 n.d. n.d.

D2983 @ -40°C 27.0 26.5 25.5 24.0 57.0 35.0

D2603A (% shear | 16.2 16.2 21.1 22.5 114 11.9

after 30 minutes)

ASTM - D445 determines the kinematic viscosity of a fluid at the specified
temperature. Results are presented in units of mm?/s (cSt).

ASTM - D2983 measures the low-shear-rate viscosity of a lubricant at specified
temperatures from -5 to —40°C. Results are presented in Pa-s (10 centipoise)
ASTM - D2603A measures permanent shear loss in a lubricant after irradiating
the lubricant in a sonic oscillator, and for this application is run for 30 minutes.
n.d. not determined

a. without dimethylaminoproylmethacrylamide monomer.

b. pour point depressant amount of a polymethacrylate or maleic anhy-
dride/styrene copolymer.

10

[0045]
modifiers enable a single oil to meet the kinematic viscosity requirements at
40°C and 100°C, D2983 requirements at -20°C and -40°C as well as the 30
minute D2603A requirement. These requirements could not be met by use of

The results show that the use of mixtures of two types of viscosity
15



(MVas indicated) Esterified nmalefic 1.8 1.8 2.4 2.7 0.1 0.24

anhydri de/ styrene copolyner (Mv 170,000) Additive package 0 0 0 0 0O
Test Met wo* 02008603 @ 40C 44.0 43.8 45.0 n.d. n.d. n.d. D42BT@S00D090O.0 9.0
9.3 9.0 9.0 8.9 D2983 @-20C 1.64 1.62 1.72 1.64 n.d. n.d. D2983 @-40C
27.0 26.5 25.5 24.0 57.0 35.0 D2603A (%,shear 16.2 16.2 21.1 22.5 11.4
11.9 after 30 mnutes) ASTM - D445 determ nes the kinematic viscosity of a
fluid at the specified tenperature. Results are presented in units of

m2/ s (cSt) .eitheABEsityDRO8F1aredens. e Of thadidudar sdteas theairmproivemesi dhtagfeda

| ubri cant ati%?}Pceﬁh% el a§ %’@;grﬁdj{h%%%%ogm fex.t 0 -40C. Results are presented

in Pa-s (10-3 centi pol se O03A neasures pernmanent shear loss in a
| ubri cant afl@46]i r r ldesamplgs khand dgr itcianoteds thatsdsi shegs dpss it eemewhdt f or

this applicafigiR thén iHBthePexAAplkNUt ASbelicVed thdiQheddel A6 SQd bE Bdudddt hout

di et hyl am nopr oyl nﬁt hacg%xla%m de Eﬁ oner,. b our poi nt depressant anpunt

of 8 pol YetRRtiinghe B eedoraes Myiesw HiaterQ By biBcog BE WA A The

resul ts showigdosity tinedifize @f thd ximouas off tHewestesified wfrevieSgalsict ynhyldvide

nodi fiers enahl si.nal il to meet the kinematic viscosity requirenents
BobBeR3bReAal

at 40C and® requirenents at -20C and -40C as well as the 30

m nut e D2603804Hqui Aenusad . heTéios ¢he deyoi r'bydnotarbybshbistitaentbeornBtydngcagey of WO

02/ 086036 PGELL0R/KAQPH its IpdRiab &dns¥i SRRM! it YvdIPRAEW RTto RhNaSkilid Rt cul ar

note is the 1 nprovenent obtalne In the D445 test at 100C and t he D2603A

test. [Hbaeart nSescaliptlbs 14 eefgrsdto1a grqup; kavieg aFarthel atork dupetly aftached;te

sonewhat  hitgbegmiifaer dMthethslec s amalRsing lbrehﬁmhﬁnitl?\&ﬁ@rééh?%oﬁ bgagﬁ%ml ues
ess an y

oo b0 T GGl L0 LS Pl B S, range of Tees than 20 by
esterified 40048ne/ hpdrecabanspdstitdentsc ol isrediphatie W at,. alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,

15 and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two
substituents together form a ring);

[0049] substituted hydrocarbon substituents, that is, substituents containing
non-hydrocarbon groups which, in the context of this invention, do not alter the

20  predominantly hydrocarbon substituent (e.g., halo (especially chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

[0050] hetero substituents, that is, substituents which, while having a pre-
dominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Heteroa-

25 toms include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl,
furyl, thienyl and imidazolyl. In general, no more than two, preferably no more
than one, non-hydrocarbon substituent will be present for every ten carbon atoms
in the hydrocarbyl group; typically, there will be no non-hydrocarbon substitu-
ents in the hydrocarbyl group.

30 [0051] 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

35  of the present invention in its intended use, may not susceptible of easy descrip-

tion. Nevertheless, all such modifications and reaction products are included



[0047] As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl
group” is used in its ordinary sense, which is well known to those skilled
in the 1woantsecoSpecifically, it refers to a group havi ngPa&Tamoborwoat om
directly attached to the remai nder of the nolecul e and having predom nantly
hydrocarbon character. Exanples of hydrgcarbyl groups include: [0048]

hydr ocar bon substituents, that is, allphatlc (e.g., alkyl or alkenyl),
alicyclic (e.qg., cycIoaIkyI cycloalkenyl) substltuents, and aromati c-,

al i phati c-, witlinghel smpecqfcﬂhb@rwbstrivcuti@d the presentinygbton eneompassestheel | as
cyclic subs ot her portion
of “the mol ecureRRnHERELE of nt *"f‘%éh?g&?%ﬁ?@e*@?%“gﬁ?ﬁ 9 Lobdsl
substi tuted [ﬂ%@]ocagb‘éh 0£ub§t40€u@ﬁtﬂ§ refersgd o abgymds iinGRIRPERh HEEIhibYg

non- hydr Ocarr@fé?erg:reo%&e\ﬂﬂh& lthe Eﬂarhf)}%s contviste Ohekiss eb(ﬂM@ﬁ‘ltyl laalcadszi gt

alter th ant | rocar bon subst. t uent eci al
o oro B mawa?ig}%ﬂmwoneﬁpsaﬁmg St g 0 bsgpecially

nitroso, andosditi‘oﬁxx,ymplc[cﬁmﬁ(li/elgbtsenmmbenbsf cimbentaoms hadd tis, likelbat itb bent s
whi ch, whil [ §re: ] ] Gar C ont ext
o this nvgw ?%éshé‘o% & B’no%lfl&{)ﬁ%@ﬁwy%d Xl%ug tPnCist &ﬁ&%&? ncﬁc&eﬁ ?.?hglrw on
conposed of chamixa catmmposﬁ;o@rrg&r@s tmhsreum@hgnﬂei bqlmmrpre@q/@erbemg tar ogen,
and enconpa%%nﬁﬂa%ﬁu %‘r‘&f&tﬁa@mPWhhéW}n’ay JoEarh ,mé Ps'oﬁ{!-)fi Wﬁrddﬁbgaaeﬁlva In

general no nore t referab no nore han one on- hydr ocar bon

subst i tifent tiiesd anskopies seeh maé?rlaiwfyclt 8Ff eaffrbfﬂ}v HPgaFELoo o b PYeSERoBar by
ﬁrSUD; t)ép: GRd chmxﬁé}eranOS%d f}?)mwonreha&flﬁﬁx?ambeﬁusfubfﬁaidauwctompbalemtnlst he

yar ocar by rou 1,S a 0 e materl a
descri bed af Eﬁ%f’ HE%Y%%% arfynSOIY‘ﬂﬁ ]a‘t'me ¢ rstrllﬂqg{’?‘?yohe Cg%to{“ﬁgiy P‘ﬁ)‘éem
conponent s oﬁ thheofnnnmblai amaveri &{ morcsmyndnmsedmﬁfoattﬂht If rsoto bhasdetstrakd ar e
initially a S n n
morate o ofane i8pet B RREE anfkf rah BB erkdioriotiliss oBr (ol SR inky 1R
t her ebyl5 i ndndgpiengenthe cpmbined: withoy mdnéwmuaémpmnngt ?h‘é asymgodiffarent 35 of

the present coRiRREARN A§‘ubécﬁhér@hﬁQH’@@X&%@MOW&’OMU@U%@%MW 8f"OperBRRY
descri p- t|on Nevert hel ess, all such ficatjions and reaction products

are included w@zwseeﬁseﬂm@me&awm@@@t mateyipkiniahfechdhe b3pie yrd pREel
present i nveRhiARteristibs optRS@Mpdsnianinden cemgderpasses the conposition
prepared by adm xing the conponents described above. [0052] Each of the
docunents referred to above is incorporated herein by reference. Except in
t he Exanpl es, or where otherwi se explicitly indicated, all 5 numerical
gquantities in this description specifying anounts of materials, reaction



condi tions, nolecular weights, nunber of carbon atons, and the like, are to
be understood as nodified by the word "about." Unless otherw se indicated,
each chewoarlos@se conposition referred to herein shoul d bedmisez/pves ed as
being a commercial grade material which may contain the isoners,

by- products, deriva 10 tives, and other lﬁuch materials which are normally
understood to be present in the comercial grade. However, the anount of
each chem cal conponent is presented exclusive of any solvent or diluent
oil that may be customarily present 1in the comrercial material, unless

ot herw se i R} &3t &thimkl j4:S t0 be understood that the upper and |ower
amount, range, and ratiro limts set forth herein may be 15 independently
conbi ned within dn i’@PWPEsIHPN coEBblseior sk RsandRectifingt dhddiin acyaidiNedft s. As
used her ei n,clinfiRicORURTHsOompRdfiE Shd RAWoMTREREMPbhoNtSf " permits the

i ncl usi on of substance,sl that . do not materially affect the basic and novel
charactetistics &f) thel @Sllr‘gb' NG YISERFLY: consi derati on. WO 02/ 086036

PCT/ US02/ 10906 1B) ab¥at2 tosaboleB0rgitréent by .wedglitafposistosivy rmudifi@bhevingra use
as a functignal, fluid in var | of | i i e candi .. nprising the
fol |l ow ng cowr%%lhteaﬁ'teggeén?%fu F\Wo?% tc())if aP%ﬁr%%Q(ftﬁ)g%vquggggat% y;a%?b) about 2 to
about 30 percent (byabmitghto alfous 6vpercersibyywaighi of ersehand mipcasitywiogkfieraver age

mol ecul ar W%iagmg ﬂ%ve@’n?'d{/ex%g% ﬁ%@eéu@aré\pélggt %géﬁ)_@ha;n tﬁgfjﬁt( SImpRRt (1 %1‘3 about

6 percent by wel gD a se VI SCOsl ier , avi ng a wel'ght

aver agelGol €inga#bantP8I004e sheer2Q00:t hat of component (b) and 10 being
about 50, 000 to afstin2éHe 60Q) awﬂe(rbgeima%w@gylé@)o@p@lyﬁi@)hdcsylatep@wa@ryl ate
or pol ymet hacy ILP?ft@ ang Ege ot her ofoe_&?%%an g,g) is a poif%mar cor‘r}%risi ng
vi nyl  ar omatARer i @2 af oL L & POy © & VIS A APAi G gNRiand eseritigde
conposi ti on cafboslybicomthindhgoeitsr (a) is a polynethacrylate and (b) 15 is a
pol ymer conpri Si i i |t . ifi - i ning
ni to. 3. The compotlt bomBBRATE of ot FaRRECRHELY L bBri@hRaTMic SRID

pol ymet hacr y$ atpolymeic oampyising i fylearomatip ringte sandristesi fersk i:arédxylrmtajotﬂg (i)
met hacrylic ggkd esters containing 8 to 24 carbon atons in the al cohol

noi ety of 20 the ester group and (i Iﬁ%) nethacrylic acid esters containing 6
to 12 carbon atoms i hh§ heOHPRYHBN Rbi ElyMofl.i HEhegeine rthgr AQRYachHake Fhe
_nurr?_e_r ) of cahbafetdh&iyate Nvikédsityl snddifeat @bmiphides tigtsndeReéd ofromabbon (8t oms
in (ii).

20  the ester group and (ii) methacrylic acid esters containing 6 to 12 carbon atoms

methacrylic acid esters containing 8 to 24 carbon atoms in the alcohol moiety of

in the alcohol moiety of the ester group, where the number of carbon atoms in (i)
is greater than the number of carbon atoms in (i1).
4. The composition of claim 3 wherein the polyacrylate or
polymethacrylate viscosity modifier also comprises (iii) at least one monomer
25 selected from the group consisting of: methacrylic acid esters containing 1 to 10
carbon atoms in the alcohol moiety of the ester group and that are different from
methacrylic acid esters (i) and (ii); vinyl aromatic compounds; and nitrogen-
containing vinyl monomers.
5. The composition of claim 1 wherein the copolymer comprising vinyl
30  aromatic units and esterified carboxy-containing units is an esterified sty-
rene/maleic acid copolymer wherein the ester moieties comprise a mixture of
alcohol derived moieties having 8 or more carbon atoms and alcohol derived
moieties having 1 to 7 carbon atoms.
6. The composition of claim 5 wherein the esterified styrene/maleic acid

35  copolymer further comprises an amino group derived from an amino compound.



4. The conposition of claim3 wherein the polyacrylate or polynethacrylate
viscosity nodifier also conprises (iii) at |east one nononer 25 selected
from t he woaaps@ensi sting of: nethacrylic acid esters contearrisozyi®oé o 10
carbon atons in the al cohol noiety of the ester group and that are
different from nethacrylic acid esters i) and (ii); vinyl aromatic
conpounds; and nitrogen- containing vinyl nononers. 5. The conposition of
claim1l wherein the copolymer conprising vinyl 30 aromatic units and
esterified carboxy-Eontanpisigoruof ¢lgim 4 farthes¢canpfisieg: sty- rene/ nal eic acid
copol ynmer wherei . Lell i 186E U 8.0 | erived
noi eti es havi ng gd%?ﬁnﬁgﬁgea?g%%fﬁﬁg%éﬂtiﬁ%%g}m&ér@\?edapa%fg??‘égghavi ng
1 to 7 car b®gngh and dygmmanpeteg sfosi ti on of claim5 wherein the esterified
styrene/ nmal ei ¢ ag, dTh§5o%ngmm diMbd Neyh&GeiPddi § Q8 dRIVe PRIz JEOHPri SRS | ved
from an am no conpound. 02/ q860d?'§ PCT/ US02/ 10906 . 15 % e con‘gom tion
of claim 1 RhIF3EPNE SATMODFRGSIPdsd drpm Ay BIWP PARUSIYE PhACHIPNAIRING, { he
fluid the capaggénts,t antieddantoemali-wed dyoaspigteon trasdifiers. addenicop@osi tion
of claim?7 i itive package conprises 5 at |east one
conponent S‘gﬁg%ﬁgﬁgﬁﬂggﬁr%ﬂ%. group consi sting of netal -containing
detergents, anti &idanneentete compasinggents, friction nodifiers, and

ni trogen- contai ni i | SRt ) yout 10
g%?%thBQB%%Bgt?’/% ﬁcrci ltc@?wlé Ht ¥ Qn AITBf lu%'nQth%g)s_cép

to about 70 perc y wei ght 0 ricating viscos- ity; (b)

about 2W t oigbout 80 percent by weight of a viscosity nodifier having a
Wte;i gPt 18v§r agg mbgg&d@rzomitmut 8b paﬁ,t@ut ?ﬂ-@ue@@:ﬁ dfga ai_tg@@gityﬁao@ﬁ&g _hf@_ﬂﬁlg( c)
abou o abou erce wei a nd Vi scos ifier
naving a veitghtiEay eYesber orkeulr et poyl LEBHT Y bt B30 4R Grponent (b
and 15 bei ng abdu} atxit A0CGotaboab6lipeizent BY O eigihexfai seconé vofcofiy meddidrb) 1 s
a pol yacryl . Qr . S

pol yrer con%traﬁlsn%nagal\glll%'g? L%@%{O%C%bﬁwgégﬁ%f egt;eP ghnﬁifn gt((jgﬁ %ogjﬁllgoor{fg? gﬂ(,)oarlllt{al ai ni ng
units. 10. Aemg swat 56:0000prbewtIWPW:t ract or or of f-road vehicle,

conprising 20 sypplyiniéhel E(5tRAdIBF iCAPRORICHIR: &f pSlhyRictatrylate and the

other of (a) and (b) is a polymer comprising vinyl aromatic units and esterified
carboxyl-containing units.

10. A method for lubricating a tractor or off-road vehicle, comprising

20  supplying thereto the composition of claim 1.



