-1- POAER TRANSM SSI ON FLU DS W TH | MPROVED VI SCOMVETRI C PROPERTI ES FI ELD OF
THE I NVENTION 5 The present invention relates to novel copol yners which can
be used in power transm ssion fluids to provide inproved visconetric
properties. BACKGROUND OF THE | NVENTI ON 0 Vari ous vehicul ar power

transm ssion systens such as { manual transm ssions,
continuously variable transm ?g}t‘g]@*wgﬁpﬁ(ﬁikﬂﬁp&m inthe art. New
power transm ssion syst eyBrRTMEROVED VIS, ? E@‘RI@%GPES(’FI‘H& conventi onal
power transm ssion systems are continuous elng re 15 designed to provide
i nproved vehicle operability, reliability, and fuel economy. Typically, a
new or re-desi P ] SSion systemrequires a specially

formul at ed powes Irﬁﬁﬁ.;oo.@ﬂ@id in order to neet its perfornmance

speci ficatkons. The fluids nust neet standards set by the vehicle

manuf acturers. For exanple, General Mdtors introduced a Dexron-Vi
specification for a"meq»memtdnmﬁbnadsm msl'ncmal ¢dpoiyosers whatBnbedetd pgmwecar s
and trucks eqU| h transm ssi ons. The Dexron-VI

speci fication rla n&‘ﬁ%’?% H]d’l_%%PTOHI‘ H’@éovc?éﬁ%wa@eir& PraRYHffrodat e transni ssi on
desi gn changes as well as pushes by automakers for fluids to |ast |onger
and performbetter. The Dexron-VI specification requires power transm ssion
fluids to exhiBAGKGROUND QF SEFSINVYENTIOMOC of |ess than or equal to 15,000
25 centipoise (cP). In order to provide power transm ssion fluids that are
capabl e oftOexhi bi t i ng the requisite perfor mance requi rements, one or nore

f the foll ti t i f t
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friction nodi flagésissidhs RRMSANRsmiBoak |c'oﬁt11§1ﬂ>tu§l"y%ﬂh§le tra?tgnﬁﬁbhé"’%@r aRgents,
viscosity nodifiers (VM, etc. Cenerally speaking, these types of

well known in the art. New power transmission systems are constantly being

designed and conventional power transmission systems are continuously being re-
15  designed to provide improved vehicle operability, reliability, and fuel economy.
Typically, a new or re-designed power transmission system requires a
specially formulated power transmission fluid in order to meet its performance
specifications. The fluids must meet standards set by the vehicle manufacturers. For
example, General Motors introduced a Dexron-VI specification for automatic
20  transmission fluids in 2006 model year cars and trucks equipped with Hydra-Matic
transmissions. The Dexron-VI specification ratchets up performance demands to
accommodate transmission design changes as well as pushes by automakers for fluids
to last longer and perform better. The Dexron-VI specification requires power
transmission fluids to exhibit a fluid viscosity at -40°C of less than or equal to 15,000
25  centipoise (cP).
In order to provide power transmission fluids that are capable of exhibiting the
requisite performance requirements, one or more of the following additive
components must be mixed in specific proportions with a base oil: viscosity modifiers,
lube oil flow improvers (“LOFIs”), friction modifiers, dispersants, metallic detergents,
30  antiwear agents, viscosity modifiers (VM), etc. Generally speaking, these types of
components are well known in the art, but the specific chemical compositions of the

various components are continually being invented.



conmponents are well known in the art, but the specific chem cal conpositions
of the wvarious conponents are continually being invented. WAM -2- The
present invention provides a novel copolynmer possessing characteristics of
both a LOFI and a VM which can be used in.power transm ssion fluids to

provide inproved yisconetric propert 2T e copol yner conprises a mxture
of al cohols havi nahﬁﬁreé%ﬁ%‘@égﬁ%ﬁﬁéfﬂdeéﬁ neyy t?BHOIé[F’GFrQO?SﬁSSE‘}ge‘mar@feH‘é I®hai ns
rangi ng from § t fic
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fromO0.10 to mnﬁl@vecBueréﬁroﬁbEleb.WEe\m@kyrﬂﬁ dom paisesomtixtoret dfadrobodsodi ment
the present ipnvention is a caqpol for sm ssion fluids
conprising a Eﬂ&%%awfﬁ%ﬂ whﬂrg}(ﬁ%{{wrhaogﬁsa% Héilc{?sc*\mrtsﬁawg OBrEECunber
of carbonsc ( Cip,qf r t t he
fol | owing 1o F%l Sate%s'ggh W&g&?ﬁ&?ﬁslﬁé@ﬁoe%lﬁcoe\?hﬁ?& “?éboég \k%?efr cﬁ'r?gd{l?%s(ltt he
nol e fracti onamtlilclednmg'ﬂiﬁc(enc)y (“CE)) rangingesen® 4 0tthié.00unber of carbon atons in
al cohol (i); j is the | owest nunmber of carbons in an al cohol in the
copolynmer and nust be at least 6; and z is the highest nunber of carbons in

an al cohol . | guameta ﬁm@mhlw}gm@@bodl ment, the present invention is a

power transm SSI conprising: (a) base oil conprising a
Goup Il base 20 stock, a Group 1] base stock and/or a Group I'V base stock
as wel | aﬁ m xtures ther and Cgeﬁl msr conpr.i sin %t‘ure of

al cohol s h@vi ng si d&2 8RR lﬁ‘s‘“’\%ﬁ fRDO e‘é& HUH%%‘}“OGPSE&P ylxger( POVehgi ng

from greater tham8ibonhs SompPAling?2 n‘ﬁﬁfdr@gfjalcohols having side chains with an

average number of carbons (C,) ranging from greater than 8 to less than 12 defined by

the following formula:

i X,Cn,

C, =t—-—

n i X

i=)

15 where X; is the mole fraction of alcohol (7); C,; represents the number of
carbon atoms in alcohol (7); j is the lowest number of carbons in an alcohol in the
copolymer and must be at least 6; and z is the highest number of carbons in an alcohol.

In another non-limiting embodiment, the present invention is a power
transmission fluid composition comprising: (a) base oil comprising a Group 1l base

20  stock, a Group Il base stock and/or a Group I'V base stock as well as mixtures
thereof; and (b) a copolymer comprising a mixture of alcohols having side chains with

an average number of carbons (C,) ranging from greater than 8 to less than 12 defined

by the following formula:
Z X,Cn,
C, =
Z X,
25 where Xj is the mole fraction of alcohol (7); C,; represents the number of

carbon atoms in alcohol (7); j is the lowest number of carbons in an alcohol in the

copolymer and must be at least 6; and z is the highest number of carbons in an alcohol.



by the followng formula: X, Ch, Cn ="'-", EX, 25 where X ; is the nole

fraction of alcohol (i); C, represents the number of carbon atoms in

al cohol (i); j is the | owest nunmber of carbons in an al cohol in the

copol yner and nust be at least 6; and z iS-the highest nunber of carbons in

an al cohol . - BETRHILIADLBEES ORECRION DBNTHE INMENTNIENTI ON Unl ess ot herw se

indicated, all numbers expressing quantities of ingredients, reaction

condi tions, dinensions, physical characteristics, processing paraneters, and

5 the like, used i n i

being nodified in gjlnﬁéggo g&f(ls:éelsn?i le;a hael?ﬁﬁejr}l%rgaﬁru% &i@ggﬁ%%%ryﬁ%é&@ggess

i ndi cated to tdaeti@oednd@tions, dlhensmw;rphys(t@ll chaahdtasstisstprocsiing baraineerd, ahd owi ng

specification and clains nmay vary. depending upon the desired properties

sought to be 8Bt aﬁenwdwtftweﬁﬁé@@mandmﬁérﬁﬁ P’@rfo be npderpeod ay 9elp&a@élﬁe§ne| not

as an attenpt b nts to
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in light of tRhemeticddeslued set éget inable Sil@MNifd sroificaiigH 4Rl dmdxsbﬁa}amyyl ng

ordi nary roundlng t echni ques. Moreover, all ranges disclosed herein are to

be under st oodeReddugdpRp dssdasited B@@FWﬁ$ Rpehhe @mhtaﬁgedr ke presenidaventignany

and all subr r r "lto
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10" shoul d be ranges t\een (and

i ncl usi vel0f) eguigalonthdhescotRl dfeh@élaxlrnsaéu?&htdmmeﬁwimuas%ahlueat Qfastl& that is,
al | subranges begl nning wth a mninmumvalue of | or nore and ending with a
maxi mum val ue ceistrued mllglés;étheéwglber st sported signifiggry digstsand vy sgploinga U.'s.

Pat ent or pat I r t ng
description aﬁggé aﬁlﬁcor po ttgéehsm ‘%gr@%)erg%{bgﬁ ?‘{12?&% &lgsed 1'F"Feh]férg}'eeltirglvglgmd is 20 to

be under st ood uhderfteod fRcakcpPRpasable bepinding el éﬂdﬁig,/nang@valausanﬁamwnaan used

t hroughout thi s specification. Definitions for sone of these terns are
provi ded bel owubranges subsumed therein. For example, a stated range of "1 to 10" should be

15 considered to include any and all subranges between (and inclusive of) the minimum
value of 1 and the maximum value of 10; that is, all subranges beginning with a
minimum value of 1 or more and ending with a maximum value of 10 or less, e.g., 5.5
to 10. Any mentioning of a U.S. Patent or patent document or literature reference in
the following description also incorporates by reference that document herein and is

20  to be understood to be incorporated in its entirety.

Various terms are used throughout this specification. Definitions for some of
these terms are provided below.

The term “base stock” is defined in accordance with the definition provided in
the American Petroleum Institute (API) publication "Engine Oil Licensing and

25  Certification System", Industry Services Department, Fourteenth Edition, December
1996, Addendum 1, December 1998. A base stock is classified as Group I, Group II,
Group IIL, Group IV or Group V depending on the criteria specified below measured
using the specified test.

A Group I base stock contains less than 90 percent saturates and/or greater

30  than 0.03 percent sulfur and has a viscosity index greater than or equal to 80 and less
than 120.

A Group II base stock contains greater than or equal to 90 percent saturates
and less than or equal to 0.03 percent sulfur and has a viscosity index greater than or

equal to 80 and less than 120.



The term "base stock” is defined in accordance with the definition provided
in the American PetroleumlInstitute (API) publication "Engine Ol Licensing
and 25 Certification System', Industry Services Departnent, Fourteenth
Edition, Decenber 1996, Addendum 1, Dece#dber 1998. A base stock is

classified as G OupR G{OU@IH%@S&:‘ dtock donfiy drédter tﬁ%rpb'rpedum Rro0Fepatht dargtlarendi ng
on the criteria specified bel ow neasure using the specified test. A Goup

| base stock ahess than bregpial tedh0Dperpent sdfitr apd has avissosatydndex greaserttban o130 t han
0. 03 percent suI quind has a viscosity index greater than or equal to 80
and | ess thaff G oup Il base stock contains greater than or equal to

90 percent sat urat RGroap v assstbdlein acifol)%%bleﬁﬁ (PA O3 whedICi8 AtsystHblidbasand has
a viscosity index greater than or equal to 80 and [ess than 120. -4- A

G oup |11 Dase stosgtkeksont ai ns greater than or equal to 90 percent saturates

d | th 03 t | f t d
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(PAO which |§13§glf§éargsge@gogﬁlya§em Br BY 88ds-stRkG oup V base stock enconpasses

al| other base stocks which cannot be classified as a Goup I, II, IlI, or
| V base stock. TheTh@temn""Thwkkmng EfficerfayE ( BrkgdesciitRE)a mhéwoer Haslity t@ol yrrer S

ability to ken. Oi r nd is defined as: 2 Koil +polynmer 10
TE cln2ln K0|p1§wﬁﬁgﬂ§fﬂggn¥§s lgﬁﬁé dficentration (grams of polymer/] 00
grans sol ution), kv0|j+polyner |s ki nema hﬁ vi scosity of the polynmer in the
reference oil, and kvo;i is 15 1 f the reference oil.

The tern1HgDIecuIar wei ght" ( My, reﬂeES (o Khﬁlmelé%t aver age nol ecul ar

wei ght . val ues herein were determ ned using ‘gel perneation
chr omat ogr aphy

wherein ¢ is polymer concentration (grams of polymer/100 grams solution),
KVoittpolymer 18 kinematic viscosity of the polymer in the reference oil, and kv is
15 kinematic viscosity of the reference oil.

The term "molecular weight" (M) refers to the weight average molecular
weight. The M,, values herein were determined using gel permeation chromatography
based on polystyrene calibration.

The present invention is a novel copolymer for lubricant compositions. The

20 copolymer comprises a mixture of alcohols having side chains with an average
number of carbon atoms (C,) ranging from greater than 8 to less than 12 defined by

the following formula:
i X,Cn,
C, =T
n ,i X
i=j
where Xj is the mole fraction of alcohol (7); C,; represents the number of
25 carbon atoms in alcohol (7); j is the lowest number of carbons in an alcohol in the
copolymer and must be at least 6; and z is the highest number of carbons in an alcohol.
The following provides an example of how C, is calculated. Assume we have
a copolymer comprising a mixture of the following alcohols: 0.2 mole fraction of an

alcohol with a four (4) carbon side chain; 0.2 mole fraction of an alcohol with an eight

30  (8) carbon side chain; 0.3 mole fraction of an alcohol with a ten (10) carbon side



based on polystyrene calibration. The present invention is a novel copol yner
for lubricant conpositions. The 20 copol ynmer conprises a m xture of

al cohol s having side chains with an average nunber of carbon atons (C')
ranging fromgreater than 8 to |l ess than 12 defined by the follow ng

formula: 1=z X;Cn, C_= X, where X; is the nole fraction of alcohal (i);
C ,, representlagadQimele fictionof analsehel sndvastwelveldbsasbon sisle chain.gThee

| owest nunber i i | east
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conprising a pxture of the follow ng . alcohols: 0.2 nmple fragction of an

al cohol with Ofl%ﬁhe@ﬁ)ohe&awme legsd afbﬂéic?f,boﬁ)?‘?%Pétsﬂdﬁ&!‘%nméﬁt%89'2al cohol
wi th an eight : i kDo (O | &4.f ' : | with
aten (10)9ca1r %né%?tlgg%? g&@gﬁgﬁﬁwﬁﬂ;‘%g&%@%{) e S(}ea%lt?I %h’ggfl thqu@lgﬁ%doﬁgﬁgwm a
twel ve (12) cealbdatiei.de chain. The copolyner has a m xture of al cohols

wher eby the average nunber of carhon atons of tEHe al cohol  si de chai ns

equal s’ (0.2*8 + 0. 3he ayprags mumbey of carbomatoms ipthg sidechgins forjthe yariousngt j ce t he
al cohol havin i [} 5t i iR like the 0.2 5
nol e fracti onglgé)ﬁogimtgpg%h%}lﬁ(\%& %}BQQF%B%ﬁf?ﬂggr%gﬂlsgﬁég%g?eﬁ ,tll'é\;vas not
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chains for the various_, alcohgols that nake up the cqpol yner. is inportant
because i 10 deteRalmealieRt hogy g capqlypat iNBFAGEER MRK IR EheghORGE eUPRASTHASr . The

crystal li zation tefpeg o‘l’&rﬁerocfftﬂé‘ﬁre}é?n SRRANER &Eﬁﬁ& %ax*i‘&i’é/ rﬁ&%n&??oﬂﬁ%”er
interacts with wax I n t'he ['ubricant conposition. e copolymer of 'the
present i nvenhomimithiy @obgiimsst ofahé presentrimventios thel cvpalynted Romprisdsiantgyst
enbodi mrent of the present. invention, the copolyner conprises a first

monomer ester of an unsaturated dicarboxylic acid with an alkyl group having from

about Cg to about Cy4 carbon atoms, wherein the average number of carbon atoms in

15 the side chains of the alcohols ranges from greater than 8 to less than 12.
In another non-limiting embodiment of the invention, the copolymer
comprises a fumarate-vinyl acetate (“FVA”) copolymer. The FVA copolymer can be
prepared from dicarboxylic acid esters as is well known in the art. Other suitable

dicarboxylic acid esters can be represented by the general formulas:

7
/C-—C\
20 R R,
Formula 1

wherein R is a Cg to Cy3 straight chain alkyl group, R, is selected from the
group consisting of hydrogen and COOR, and R; is hydrogen or a C; to C, alkyl
group, €.g., methyl.

H o /R 2
C=C
R,” \(l:l——o R
25 0
Formula 2

wherein R is a Cq to C)g straight chain alkyl group, R is selected from the
group consisting of hydrogen and COOR, and R; is hydrogen or a C; to C;4 alkyl
group, e.g., methyl.



nmononer ester of an unsaturated dicarboxylic acid with an al kyl group having
from about C6 to about C24 carbon atons, wherein the average nunber of

carbon atons in 15 the side chains of the al cohols ranges from greater than
8 to less than 12. I n anot her non- I|mt|n enbodi nent of the i nvention, the

copol ymer conpris rat VI n " FVA! The FVA
copol ymer can be § {Eéa IBB%ﬁIF%F axylig aéé‘i d§f9\5€P‘ia“’knovm in
the art. O hean&matea{%l e%teréislfé%@ei@ébmuaﬁfad: aééﬁnaauymn%té Qe %@Nrﬁ‘/ﬂaﬂ@)’ the
general fornulas: O Formula 1 wherein Is a

Ci e straight Mwylrheaadkeplvl @m@e 1R4ryl Slabeﬂee@it:ed fromthe group consisting of

hyd d COR, R2 k ,
oty G =0 v RS eeadimpy SR G B, i By e Bien e s Bort e o
strai ght chai §0adfy perdé WP furffarateand FHREEE ztmmetﬂwcen%pmymeﬁtestmg of

hydrogen and COOR, and R2 is hydrogen or a C, to al kyl " group,

met hyl . -6- Exdifipll ésnahtetdan ham)fremeiﬁ)ttpdﬁ@dvto%&fm@ﬂsml gtouas;mge@tfecrrs Ciemzl ude
fumarate and | eate esters such as didecyl fumarate, decyl-lauryl fumarate,
di lauryl fumardte, |auryl-hexadecyl fumarate, lauryl naleate, etc. In this

enbodi ment of the iny&anhboes nérhﬁm \% éh%ddﬁfﬁént%&eqﬁﬂérﬁioﬂ tfhé REpAPmEL 5 60
mol e percent of fumarate and from60 to 40 nole percent of vinyl acetate.
The comprises maleate vinyl acetate (“MVA”) copolymer. In another embodiment of the
10 invention, the copolymer comprises a combination of FVA copolymer and MVA
copolymer.

The copolymer of the present invention can be formed by various methods
which are well known in the art. In a non-limiting embodiment of the invention, the
copolymer is formed by free-radical polymerization of a dicarboxylic ester

15  containing 0.5 mole fraction of an alcohol having ten (10) carbon atoms and 0.5
mole fraction of an alcohol having twelve (12) carbon atoms.

In another non-limiting embodiment of the invention, the copolymer is formed
by polymerizing dialkyl fumarate (DAF) and vinyl acetate (VA) as is well known in
the art.

20 In a non-limiting embodiment of the invention, the copolymer exhibits a
thickening efficiency (“TE”) ranging from 0.10 to 1.00.

The descriptions of the copolymer of the invention above encompass various
“spacer” monomers added to the backbone of the copolymer for the purpose of
extending the chain length per mass and increasing the thickening efficiency of the

25  copolymer. Suitable spacer monomers include, but are not limited to, maleic or
fumaric esters having side chain alcohols with less than six (6) carbons or alpha
olefins with less than eight (8) carbon atoms (e.g., 1-octene with two carbon atoms in
the backbone).

In a non-limiting embodiment of the invention, the spacer monomer is an

30  olefin defined by the following formula:

H H
\ /
C=C
/ \



di al kyl fumarate can have from50 to 100 wt. % of its al kyl groups ranging
fromC6 to C24. In yet another non-limting enbodi nent of the invention,

t he copol yner conprises nal eate vinyl acetate ("MA") copol yner. |In another
enbodi nent of the 10 invention, the copoIJyrrer conprises a conbi nati on of

FVA copol yner and copol yner. The copgl ymer of the present invention can
be forned by IHRTEOR €S Pt s & Dapir o DR AEA NS Lkl i TRTBY By, L rgpyL.
non-limting Myss fy_ [ i1Q . o) s, .
free-radical %olgl% %ﬁ?gﬁgﬂﬁ%@,é%&ﬁ%rlglgb%ﬂ,!&?ale g’ré'%'ga{égﬁg%ibgérﬁggb&%ﬁnml e

fracti on of anlkal etbemk.ghavdtihaxyl,ethaxyD) carbon atons and 0.5 nole fraction
of an al cohol havi twel ve ((12). carbon atons., In anpother non-limti

erbodi et of the TRVEHISGAN TRLNE SRBPPHERS T theomNaR oSO HEES SR e

di al kyl fugar afiged PR }h%gobe aReL Aok W%r_o@ﬁe'il%ﬁiféﬁzleh P dFficiRe. art .
20 In a non-limting enbodi nent of the invention, the copolyner exhibi'ts a
t hi ckeni ng ef ffiocéxammye, (@h TN copolyinrey chn bermixetiOvitlothe.coOpolyiiee ofiths cmveptiorons  of
t he copol yner of the invention, K above encgilln;l)lass vari ous cer" nonomers

added to the KICRBURECGMAI:E ROBASIRIRS conGniE B Hleh BURb ORI ted t e ng t he

chain length Q@ﬁolf@gﬁoﬁﬂgidvgﬁﬁ&ﬁsi ng the thickening efficiency of the 25
copol yner. Suitable spacer nononers include, but are not limted to, nmaleic

or fumaric est erslhearfanyinstadeesctianay &l teotindial toimddifyebs copgodymeiof tec) car bons
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copolymer contains nitrogen species such as N-vinylimidazole, N-phenyl-1-
phenylenediamine, vinyl pyridine, etc.
The copolymer of the present invention containing nitrogen species can be
15 formed by various methods which are well known in the art. For example, the
copolymer of the invention can be copolymerized with a nitrogen containing
monomer such as, but not limited to, an amide formed by reacting methacrylic acid
and dimethylaminopropylamine. As another example, the copolymer of the present
invention can be grafted with a nitrogen-containing grafting agent such as, but not
20  limited to, N-vinylimidazole.
The present invention also encompasses a power transmission fluid
comprising (a) a base oil and (b) at least one copolymer as described above.
According to the present invention, the base oil comprises one or more base
stocks. Suitable base oil comprises a Group [ base stock, a Group Il base stock, a
25  Group III base stock and/or a Group IV base stock as well as mixtures thereof.
In a non-limiting embodiment of the invention, the base oil comprises up to
5% of a Group [ base stock.
In another non-limiting embodiment of the invention, the base oil
comprises a Group II base stock. An example of a suitable Group II base stock is
30 Yubase 3 which is commercially available from Yukong Limited Corporation
(South Korea).
In another non-limiting embodiment of the invention, the base oil

comprises a Group III base stock. Examples of suitable Group III base stocks



where X is hydrogen; a linear or branched al kyl group, e.g., nethyl, ethyl,
1-propyl, 2-propyl, 1-butyl, 2-butyl, 1l-pentyl, 1-hexyl; a hal ogen, e.g.,
chloride, bromde; or an alkyl ether, e.g., nethoxyl, ethoxyl. In various
non-limting errbodl nments of the |nvent|on;§ ot her polyrrers can be 5 m xed

wi th the copol yngr of the invention to provide | ved t hi ckeni ng
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copol ynmer of tLr] kf Jrbn (SASHAE, er exanple, a polyisoprene-containing
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so it has disp rsa | i ke properties (i,e ol ymer has polarlty to
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al so enco sg%tgrgamﬁowsw v Pca o AN PRI 9%(1%55){ ﬁyrsaarﬁﬁ%aén%sta and
(b) at | east ? as descri bed above According to the present

i nvention, the E\é%eggér?mgg:nprl ses one or nore base stocks. Suitable base oil
conprises a Goup In zbasxehanmg(emboc@nemtpafltlhe inaseiont the lpowar tr%n&@mpﬂlhiﬂl base

stock and/or a Goup |V base stack as tures thereof a
non-1initing ENBBIACHERE OHMOE ichiR EiRginsRS %@b@a@éﬂ% mOé{sl ﬁngléée dwt 5 5%

o o) e 6 A G ST 4,
sui t abl e G ouplehte; &se oftomglchaia polycarboxylic acids with diols, for example, the butane
diol ester of a dimerized unsaturated fatty acid; oxazoline compounds; and
alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether amines, for
example, ethoxylated tallow amine and ethoxylated tallow ether amine. Suitable
friction modifiers are described in more detail in U.S. Patent Number 7,300,910
20 which is hereby incorporated by reference.

In a non-limiting embodiment of the invention, the power transmission fluid
comprises one or more metallic detergents. Suitable metallic detergents include oil-
soluble neutral and overbased sulfonates, phenates, sulfurized phenates,
thiophosphonates, salicylates, and naphthenates and other oil-soluble carboxylates of

25 ametal. Suitable metallic detergents are described in more detail in U.S. Patent
Number 7,300,910 which is hereby incorporated by reference.

In a non-limiting embodiment of the invention, the power transmission fluid
includes antiwear agents such as dihydrocarbyl dithiophosphate metal salts. The metal
can be an alkali or alkaline earth metal, or aluminum, lead, tin, molybdenum,

30  manganese, nickel or copper. Suitable antiwear agents are described in more detail in
U.S. Patent Number 7,300,910 which is hereby incorporated by reference.

In a non-limiting embodiment of the invention, the power transmission fluid

comprises oxidation inhibitors. Examples of suitable oxidation inhibitors include, but

are not limited to, hindered phenols, alkaline earth metal salts of alkylphenolthioesters,



30 Yubase 3 which is commercially avail able from Yukong Limted Corporation
(South Korea). In another non-limting enbodi nent of the invention, the base
oil conprises a Goup Il base stock. Exanples of suitable Goup Il base
stocks -8- are Yubase 4 and Yubase 6 mhicg are conmmercially available from
Yukong Limted Corporation (South Korea)”” ' In a non-limting enbodi nent of

t he i nvent i oncal¢ig@ noagtoheng! spHileqoi) paulls phenatesfand sylfurizedphanatessent i st okes,
for exanple f . .] st S r..5 -limting

enbodi ment of 5?%}%?8%\1/&3%%‘?80%,Sﬁﬁﬁék%a@g?%cﬂboﬁ%?@lgg%&?ﬂz es{agg&red elrte{e;nngi ng from 15
to 35 per cent thidéaakaval i Solubldicopped chmpomlsahd hidlybdehurcodtdiningnd are
determ ned according to ASTM D 5800. According to the present invention, the
power transm SYNEARNES.LPWitabihoxidatinn inkibiters arcdespihed infmarpdetyin Bywp. Fgtent
conmponent s which k { h Lt |l 0 detergents,

Vi scosity SerdW}ng?Ig?J@@%Oaﬁ%ﬁq? lrlf%leé% ﬁgg??raftwc?ﬁe#ﬁ%%di fiers, antifoamants,

antiwear agents, etifa nbh-lanifiagembbiihiengoehib adieiBeH, thdf pdve tlaBveRtibefuid he
power transm ssion fluid conprises one or nore friction nodifiers. Suitable
friction nodi £QIBPIESE QB¢ pHIBOresiscosite mogiiers. i Frampdes of suijable sisgosityopesbiiersr s of

hi gher fatty ids, I 0 e; ong
chai n pol ycar E}'%;(y ipgfyg%)lbg?%v@t ﬁdp&%ﬁ{ eggggéépﬁgﬁ%?r%dlslg%ﬁg%e’gﬂﬁ/zl{negﬁa%gl}?%?é’est er
of a di meri zeghetiasoldt ablyhak] dopalinthrs SfRadlshigat&DAipaboddic Rhthndal Koyy! at ed
al kyl - substi tuted nono-am nes, diam nes and al kyl ether am nes, for

exanpl e, &9 hosgmpauad. MiarpRwmars ofstyaene aadrnenyic gsies. and Pastialt hedrogampicd .
Suitable frigtion kfiers.ar escrli Iy re. Lhodn: U S nt
Nunber 7, 300, S5 IBTNAT e el S b e B dpEah B buliisre s & &
non-limting erhaeiaeHydafcehdted homepdli@ers of Betapieneand fsapreae.ssi on fl uid
conprises one or nore netallic detergents. Suitable netallic det‘erﬂe_nts

i ncl ude oil- sol ublea peirtipatinggrabesimend der igueTtRathe PowshBprsassionsiipiflur i zed

phenates, — t h%&ﬁg@%ﬁgﬁg §¥ ffpte A AR StitaBA R ARRLARNAN GRe, BFar@HBET

oi | -sol ubl e car
15  limited to, polysiloxanes such as silicone oil or polydimethyl siloxane.

Lubricant compositions such as power transmission fluids according to the
present invention exhibit improved (i.e., lower viscosities at lower temperatures)
viscometric properties. For example, lubricant compositions according to the present
invention can satisfy the requirement of a Brookfield viscosity at -40°C of less than or

20 equal to 20,000 cP, or of less than or equal to 15,000 cP.



25 a netal. Suitable netallic detergents are described in nore detail in
U S. Patent Nunber 7,300,910 which is hereby incorporated by reference. In
a non-limting enbodi nent of the invention, the power transm ssion fluid

i ncludes antiwear agents such as di hydrocd® byl dithiophosphate netal salts.
The nmetal can be an alkali or alkalineggaiglés netal, or alum num lead, tin,

nol ybdenum 30 nanganese, ni ckel or copper. Suitable antiwear agents are
described in nore detail in U S. Patent Nunber 7,300,910 which is hereby

| noorporated by reiet snge bR LU e PRNIE Hondn e et T on

t he power transm ssio ui rises oxi‘dation i i'tors. es of
sui t abl e oxi daht espdlnhetyitthe prebdit intdatiodwhs foamed iothe lfdlldwiag madnehimgened
phenol s, alkaline earth nmetal salts of al kyl phenolthioesters, -9- calcium
nonyl pheno? s@idtadimaiate onemetevsHyndetsedanhesardtuts sheavpindlabcels were
phosphosul f ur 'chgg'm i &fli?err'if?ﬁaﬁya%ge%@}é??ogi)eaggg& g&?%gé‘fgnﬁcsattl%ﬁsTth tal
t hi ocarbamat es,; oI I sol uble copper "conpounds and nol'ybdenumnt cont al hi ng
conpounds. Sukdagfah® veott HediedwithRhirligtion SO @r desarsi bed in nore detail in

U S. Patent 5 Nunber 7,300,910 which is hereby incorporated by reference. In

a non-limiting enbdf fask was aliaveed;tp geeltand the sohieionovas washaheithdwp &), HOQi d

conpri ses one_gr re Vd I di,fl.er s, EX l.es of sul.tabl ESEQsity

o 11 ers i metceRg o B AR R G Ry ErE B TusRine it A Y 3EREne.

pol ymet hacg yl ab@®ns o NEHIRE Whtat. €A EslREe) 8RS FornfedP dlhy MBILenedhy @wddniziat wigkt ed

di carboxylic acid and a vi IP{| 10 conpound, interpolyners of st(gqrﬂene and
Higr

pol,
acrylic ester gnhyseispdet Oalfiligradyand sgenagvagorated o |l (orel /& mabar foreminiesopr ene,
st yrene/ but adi nd 1.0 Lh j e partially
hydr ogenat ed F[@Q fﬁg?%%g#lgedgéb%ggyg |e§(r¥eﬁ'ra}§% O?gugﬁééﬁﬁéqog?eg' non-limting
enbodi ment of the MABRNL.i RBactilte fPOMRISyhERREf B¢ ON-C|,WuinaraedMondfifer ONe or
nore antifoanants. Suitable antifoamants include_ _but are not 15 limted to,
pol ysi | oxanes such as [sili cofempdnent pol ydi met hyAmoundigdne. Lupri cant
conposi tions such as pewer—transpission—fti-ds—accorgdi-ng—to—the| present
i nvention exhibit inprioved %F&@F?OIP‘ER/%r vi $cosi ties 40 | over t enper at ur es)
visconetric properties| For pRXAMiEnolt UDF ' ¢ant conpqgisel ons accprding to the
pr esent

Dodecyl Alcohol” 372.68
Fumaric Acid” 232.14
p-Toluene Sulphonic Acid® 23.1
15 'Analar Toluene is commercially available from BDH Chemicals Ltd. (Poole, England).

*Decyl Alcohol, Dodecy! Alcohol, Fumaric Acid and p-Toluene Sulphonic Acid are all commercially available from Sigma-
Aldrich Co. (St. Louis, MO).

Next, a C19-C, fumarate-vinyl acetate copolymer was synthesized from the
20  monomer. The fumarate monomer prepared above was charged into an autoclave
reactor. The contents of the reactor were heated to 60°C to melt the fumarate
monomer, and the reactor was then purged with nitrogen to remove oxygen. Next,
22.85g of degassed vinyl acetate and 32.05g of cyclohexane were added to the reactor.
The autoclave was sealed, heated to 117°C, and the pressure was adjusted to 4.2 bar
25  using nitrogen.
After the reactor was allowed to stabilize, an initiator solution comprising 5.78
weight percent of t-butyl peroxy perpivalate in cyclohexane was added to the
autoclave using a standard high performance liquid chromatograph pump at a constant

rate over 110 minute period. The contents in the reactor were allowed to sit for 15



invention can satisfy the requirement of a Brookfield viscosity at -40C of

| ess than or 20 equal to 20,000 cP, or of |less than or equal to 15,000 cP.
_10- Exanples The present invention is illustrated by the foll ow ng,
non-limting exanples. The copol yner of tlHe present invention was forned in

the fol | ow ngmmafRend thenrediptied intd aG00MT, fchint bt at ffaskD TaeBdsuliag sehfibhesi zed,
The reactants shown in Table 1 were conbined in a 2 liter RB flask
assenbl ed f orVBHHAPREAPN I9faEy g¥ansrater foaPY sunutehat 10pLaat Himbar xaswimhebitted wi t h

stirring towls?%gafog{;e ef,aggg%ﬁ%gg%%drp%%&as all owed to cool and the solution

was washed two (2) ti'ons’ of 5% NaCH (aq) sol ution foll owed
by a washing w th Sdveeeatdyti@lstsiwerd fetfarticd@nshetopbilmherd T spadific . A

tol uene | ayer forned, The toluene |ayer was dried wth anhydrous sS4,
filtered and Yiegrosity obthgsepalymar was moesurgdat dyssighteragnt parygtuae perqesd inst eps

descri bed ab I r 4 g@g@r. eactants for
t he Synt hesi g%g*e}{% ﬁ%ﬁféﬁf@%ﬁe@%u%@ géeg%ﬂ%cﬁé@’ n&%nﬁ?%& [g] Anal ar
Tol uene' 500 cdpebyierANag alvaburdd Gsin GeDPetaryitiorACE@nedt@eraptd. @FPC)FUm@ri ¢ Aci d
232. 14 p-Tol uene Sul phonic Acid 23.1 15 ' Analar Toluene is commercially

avai | abl e f r ofBpRdBNVesAboul 3G00Q Baléans, Engl and) . 2Dccyl Al cohol, Dodecyl

Al cohol , Fumaric i 0 i of r g ially
avai l abl e from Si Sﬁnlaoqd%{}grnl% gg&%:o“%r}%g% %E%g:ysrgp %S%f%ep%“% k gralgﬁ%gg%;lg
f umar at e- M nydccaci@igtbahe presdny ieni@s tiydtipblgficz @ds bleadadtiie DEXRODITVREpe The

fumar at e nononer prepared above was charged into an autoclave reactor. The
contents of tPRVY daesypsiqiefledhedieichyqesovhieh asrelk ovwninghaie Thiononer,

and the reaCt‘Qardgé(eX%S ir Jﬁ@@luﬂi‘éoggaﬁqeswghgbn@'gﬁ%ggﬁg?ﬂé 8f£q%@ﬁ}4§id9>é§§g§£'am,'\‘e” !

22.85g of degas vi nyl "ace cycl ohexane re’added to the
reactor. antioxidants, antiwear agents, friction modifiers, corrosion inhibitor, antifoamant and

diluent oil. The compositions of Examples 1-5 are shown in Table 2.
15



The autocl ave was seal ed, heated to 117C, and the pressure was adjusted to
4.2 bar 25 using nitrogen. After the reactor was allowed to stabilize, an
initiator solution conprising 5.78 weight percent of t-butyl peroxy
perpi val ate in cycl ohexane was added to t aut ocl ave u5|ng a standard high

performance |iqu t ogr.a a cansta ver. 1 m nut e
period. The conttﬁ?g}lg’n’a %}tgﬁétogr%’?ir%\’ﬁmﬁ“?h"gf atpd wi ht °m nut es
and then enptied into a 500nti, rm@ ridTthé LRshtion e resulting sol ution
was stripped aon a rotary evaporator 90 mnutes at 100C at_2Qpnbar vacuum
The steps above yiel ded 146.33g of copd)l yirel . | S&¥er a| ditad yt)i cBF 4t est Exviere
perforned onjthe copol YigRpenedde specifi ¢ [Ras¥doP C PRdstd] PimbdR] QORRYAR (MRS
nmeasured at 2 wei ght percent per volune percent in tpluene dt 40C The
measured spec¢ific viscosity was 0.23. The Mv of the copol yndr was neasured
usi ng Gel Per reahimrr Gharbmmabiogy iaplyid{ GPC) . 8The| neasufed IMv was dbouf 307 00C
Dal t on. | n or dems pichensalyiethe heolpwerf or mance properti es of a power
transm ssion| 10 according to the presenf invenfion, the copoliyner

bl ended i nto|BERRON VI -type power trangni®98¢on #IOU ds $H0hg |t &M gled000

which are well.Jtknown in the art. The "adpack” .in theifluid dontains
conventional |d#¥Effts of succinim de di spefbht, “HREi pxUHMts, AibT weaf®20!
agentS, fri Ct'On ﬂhd1Lf=€_rre, corrosi-on—imhi-bi-t-of antifoamantland —diluent

S
sSh 1 otk

S
T 52T T4 000

oil. The conpl(¥§ ®ions of Exanples 1- 5 ale (giﬁ%vm ?Onl7:i'ao! Al

COTTpOSi tions wer—ansti-sston—atds T %’fg?]d“‘hi ot
t he I nventi or%g(EPVEA 2 Ex.3 Ex.4 Ex.5 Cgrggonpnt's !ma;s()o/bdo
K

I mass % !”B-S;WIFWQthhziWJW s FR pBdOTTS [ ahQHE 1T ok0hE

chains of the,algmebed s in the copol yner
C8 FVA 1.740 0.000 0.000 0.000 0.000
CI2FVA 0.000 0.000 0.000 0.000 2224
Infineum V385* 0.250 0.250 0.500 0.000 0.250
Viscoplex 1-300* 0.000 0.000 0.000 0.500 0.000

*Infineum V383 and Viscoplex 1-300 are both commercially available pour point depressants from RohMax Oil

Additives.
S
Various performance properties of the power transmission fluids of Examples
1-5 were measured. KV 100 and KV40 were measured according to ASTM D 445,
The viscosity index was measured according to ASTM D 2270. The Brookfield
Viscosity at -40°C was measured according to ASTM D 2983.
10 The performance properties of the exemplary power transmission fluids are

summarized in Table 3 below.



Adpack 8.000 8.000 8.000 8.000 8.000 Yubase 6 49.468 49.022 49. 709 49.709
49. 201 Yubase 3 40.542 40,177 40.739 40.739 40.325 CIOCl2 FVA 0.000 2.551
0.000 0.000 0.000 C I FVA with 40% of the FVA replaced 0.000 0.000 1.052
1.052 0.000 with nmaleate C8 FVA 1.740 0:1300 0.000 0.000 0.000 Cl2 FVA

0. 000 0.000 0.DiKle0. P&Gormaice Proptrties wf the/Biaiiplary Power Toindmiséion P1di09 0, 250

Vi scopl ex 1-300% 0._000.0. 000 00000 500_0.000 *1nf neym V385 and-\iscopl ex

1-300 are bo’t hpeéf(‘}’ff?f’é'f"c'i)'ﬁ?ﬁr? avait*abl e| pofit 2point “a‘eqf)refésaﬁfs f rlomBohMak O |
Addi tives. 5 ManiYowse perf or mANC®.Ip6 opertﬁ).eds of| t et3power t)nzzonsn ss:)u@m f|uids

of Exanpl es ‘W— e—freastred—Ky—100—and, Kv40—were—rreastrgd—accotgrngi t o
ASTM D 445. leo |tgcosi ty i ndexg\]/’vas meass‘l?r ed accvg'rldi all toé 2;\STI\ 5‘3 The
Br ookfi el d ¥eoshty at -40C wa¥-onmeasur @8 accor di¥g to ASTM D 29829.7 10| The

per f or mance %S(y%d@;? of tTheexggplary ggyer [t Tansgm S$T ongi i urds aRe
summari zed ipn Tahle 3 helow [-13- Table 3. Performance|Propertiles of th

Exenpl ary PowepokfipldYepasivstt o |FI 618  Per'P8Ptrance #¢Wpert y12ER0 || ER8209 Ex. 3
Ex. 4 Ex. 5 [T&cpn Yubase 0.186 0.144 P.430 0.430 0.186| Kv1l00 (jcSt) 6.1(5.9
6.1 6,2 5.9 | Kv40 (cst) 30.6 (29.8 29.4 30,0 29.7 Viscosity Index 150 147
158 161 148 | Brookfield Viscosity at 40 33,600 13,900,16, 600 12, 700 88, 200
C (cP) NOACK Xo&SsOfasdR. 2 22.12 22.22 2222 22.2 | 222 222 222

Conclusions
Examples 2, 3 and 4 are illustrative of power transmission fluids according to
S the present invention. Examples 2 and 4 contain a copolymer comprising alcohols
having an average of eleven (11) carbon atoms. Example 3 also contains a copolymer
comprising alcohols having an average of eleven (11) carbon atoms and contains a
dimethyl maleate spacer. Examples 2, 3 and 4 all exhibit a Brookfield Viscosity at -
40°C less than 20,000 cP.

10 Examples 1 and S are illustrative of power transmission fluids which fall
outside the present invention. Example | contains a copolymer comprising alcohols
having an average of eight (8) carbon atoms in its side chains. Example 5 contains a
copolymer comprising alcohols having an average of twelve (12) carbon atoms in its
side chains. Examples 1 and 5 exhibit a Brookfield Viscosity at -40°C greater than

15 30,000 cP.



Concl usi ons Exanples 2, 3 and 4 are illustrative of power transm ssion
fluids according to 5 the present invention. Exanples 2 and 4 contain a
copol ymer conprising al cohols having an average of eleven (11) carbon
atons. Exanple 3 also contains a copolyneL conpri sing al cohol s having an
average of eleven (11) carbon atoms and C thtai ns a di met hyl mal eate spacer.
Exanples 2, 3 isClgime ibit a Brookfield Viscosity at - 40'C |l ess than
20,000 cP. 10 Exanples | and 5 are illustrative of power transm ssion fluids
which fall outside the present invention. Exanple 1 contains a copolymer
conpri sing al cohol $. hawi cragolq/mea\f@ﬂag;eoxoﬂg the gidco¢iB) perfurinanceaifqsver n its side
chains. Exanple 5 contﬁ S a caqpoly r|S|n alco ol s .havi hg an
average of twERRsIigsion iy FB%‘HP%WBW IPH“‘FF@ @P%S g% P& 8 eEkk%{WbWéB a and 5
exhibit a 8ro | 4-
wat s 015 nad e St SEEbl R aifd FonOEERL Al Bl ot B2 e by Ml ce
of power traﬁﬂhﬁﬁsgﬁnnmkuids conprising: a mxture of al cohols having side
chains with an 5 average nunber of carbons ranging fromgreater than 8 to

| ess than 12 defined by the Iomnng formula: YX,Cn, CY, X where X is
the nole fraction of aIcohoEZ?P C, ,; represents the nunber of carbon
atons in al cohol (i); j(F§=the—+ﬁmest nunber of carbons in an alcohol in the
10 copol yner and must be at | ast 6; and z is the highest nunmber of carbons
in an alcohol. 2. The copol ¥iter’ according to claim1 conprising a first

nmononer ester of an unsaturated dicarboxylic acid with an alkyl group
havi ng from about ®&ereaY apdatmolechactay tfstcohpbliy Cragpresents the number of

carbon atoms in alcohol (7); j is the lowest number of carbons in an alcohol in the

10  copolymer and must be at least 6; and z is the highest number of carbons in an alcohol.

2. The copolymer according to claim 1 comprising a first monomer ester
of an unsaturated dicarboxylic acid with an alkyl group having from about Cs to about

Cy4 carbon atoms.

15
3. The copolymer according to claim ! wherein the copolymer comprises
an FVA copolymer.
4, The copolymer according to claim 3 wherein the FVA copolymer is

20  prepared from a dicarboxylic ester.

5. The copolymer according to claim 3 wherein the FVA copolymer is 40

to 60 mole percent dialkyl fumarate and 60 to 40 mole percent viny! acetate.

25 6. The copolymer according to claim 1 comprising a polymethacrylate,

polyacrylate or styrene-maleate copolymer.

7. The copolymer according to claim 1 wherein the copolymer includes a
spacer monomer selected from the group consisting of dimethyl maleate, 1-hexene

30  and diethyl maleate.



3. The copol yner according to claiml| wherein the copol yner conprises an
FVA copol yner. 4. The copol yner according to claim3 wherein the FVA
copolymer is 20 prepared froma dicarboxylic ester. 5. The copol yner
according to claim3 wherein the FVA copelyner is 40 to 60 nole percent

di al kyl fumarate agd 60Tho®csfdlymdracpatdimgnd cMimBlcoageisiigeh VA pomefaad an

copol yner according to claim1 conprising a polynethacrylate, polyacrylate
or styrene- maPléHR 8PASEHBOYMBEL. 7. The copol ymer according to claimi wherein
t he copol yner includes a spacer nononer selected fromthe group consisting
of dinmethyl naleate. 1-hexene 30 and diethyl nmaleate. -15 8. The copol yner
according to clainm3 cofi taoigndr\ddcqdingnetladngd camprioingfii VA ppBees andaoner .

9. The copol ynmer, according to claim3 conprising FVA polynmer and a 5

pol yi sopr ehe- BYRISAPTRNGTEOUHANESPATH FHBPMEL0. The copol ymer according to clai m
3 wherein the FVA polynmer contains a nitrogen species. 10 11. The copol yner
according to claim 10 wherein the nitrogen species is selected fromthe
group consi sting ot0.vi nThe @ypol whéreaccdddinigny kiaim Gazlodrein almolF WA pHodyrgér-

| - phenyl enedi ami ne. 12. The copol ymer according to claim 1l wherein the

copol ymer exhfBit§18s {NIPEER pRCEKENi ng ef ficiency ("TE") ranging from0.10 to
1.00. 13. A power transm ssion fluid conposition conprising: (a) base oi
conprising a Goup Il base stock, a Goup IIl base stock and/or a Goup IV

base stockd as well1Bs niTké¢ copedymérercestiingandiad 10heesip theynivbgdnapetigs 8i de
chains with an average nunber of carbgns ranging_ fromgreater than 8 to
| ess than 12 #é§9teeigomyhe group spnsisting@! v Bwhpyrding Neviyylimidazole and N-phenyl-

1-phenylenediamine.

12.  The copolymer according to claim 1 wherein the copolymer exhibits a

15 thickening efficiency (“TE”) ranging from 0.10 to 1.00.

13. A power transmission fluid composition comprising:
(a) base oil comprising a Group II base stock, a Group III base stock and/or a
Group IV base stock as well as mixtures thereof; and
20 (b) copolymer having side chains with an average number of carbons ranging

from greater than 8 to less than 12 defined by the following formula:

where JX; is the mole fraction of alcohol (7); C,, represents the number of
carbon atoms in alcohol (7); j is the lowest number of carbons in an alcohol in the

25  copolymer and must be at least 6; and z is the highest number of carbons in an alcohol.

14.  The power transmission fluid according to claim 13 wherein the base

oil comprises up to 5% of a Group I base stock.

30 15.  The power transmission fluid according to claim 13 wherein the

base oil comprises a Group II base stock.



X, where X, is the nole fraction of alcohol (i); C represents the nunber
of carbon atons in alcohol (i); j is the |owest nunber of carbons in an

al cohol in the 25 copolynmer and nust be at least 6; and z is the highest
nunber of carbons in an alcohol. 14. Thelgower transm ssion fluid according
to claim13 wherein the base oil conprises up to 5% of a Goup | base
stock. 30 15. The power transm ssion fluid according to claim 13 wherein the
base oil conprises!@ G dbppavendzaemsssivokluid agordinsg totHainp bivehererrathe mi ssi on
fluid accordi%}% tol claim13 wherei.n the , base oil conprises a Goup Il base
stock. 5 17. THE BSREPrSFShSRMPRAst PGP according to claim 13 wherein the
base stock has a viscosity of less than 4.7. 18. A power transm ssion fluid
according to claim 13 conprising one or nore of the follow ng conponents
which are %ell knowh i nThépowentrandeissiogdhuid acoseding to dainy U3 whewek the bases,
viscosity i ndetx igg)r overs Cﬁ[rot%i OQ; nhi bitors, oxidation inhibitors,
friction nodi ?lo‘él? S alegcé)éP%g e AR - f oani ng agents and anti-wear agents.
19. The power transm ssion fluid according to claim 13 wherein the antiwear
agent is a di hydrocarbyl dithiophosphate nmetal salt. 15 20. The power
transm ssi on fl ui dl&ccoAdiaver trangrhission f8idpseerding totedaim| 13 epmpsisinglineor a

Brookfield vi More cl)tt the ?cgllo-véggc cclJr(ralggnetngavvhigﬁ ar%qzyeqi k&o%vnzi%’thg (a)rtzccff):'tergeonts, metal
10  rust inhibitors, viscosity index improvers, corrosion inhibitors, oxidation inhibitors,

friction modifiers, dispersants, anti-foaming agents and anti-wear agents.

19.  The power transmission fluid according to claim 13 wherein the
antiwear agent is a dihydrocarbyl dithiophosphate metal salt.
15
20.  The power transmission fluid according to claim 13 wherein the fluid

exhibits a Brookfield viscosity at -40°C less than or equal to 20,000 cP.

20



