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L UBRI CATIVG8B00)S| TI ON FI ELD OF THE | NVENTI ON Thi s i nvent iRGT/USIB40ES to a
conposition and a nmethod for lubricating a steel belt continuously variable
transm ssion (CVT). BACKGROUND OF THE | NWENTI ON The continuing pursuit of
nore fuel efficient notor vehicles has led to the devel opnent of
continuously variabl e transm sseRIGARYNG OoMbesIaftompnuf act urers. The

maj or di fference bet ween a _ contrnuously vari abl e transm ssi on and
a conventional automatic transm ssion is that automatic transm ssions use

pl anetary gear sets to acconplish speed changes, whereas a continuously
variabl e transnission uses puIEEEEEiQEL3§§m£ﬁ§§§£3EEhnge speed. A

conventi onal aUtO”Bt'ffTrxtlrsa“§H1r§§t95thféI%Lt@é hgs 3 éofbo3iti¥Rd adedyction
ratios or "speeds", e. 5-speed autonmatic transm ssion. The

operati ng E?§ oth foir %WW%@S‘W s8i Greed| Kkt t Genbppronsivt ¥ardabdei on

rati o, or SE?Sﬂsm?§§§gn°'@C9‘li‘9' ne rpm ground speed and throttle position.
In a continuous vari ab transm ssion an alnost infinite nunber of

reduction rati os, Withl n fixed limts, can be achieved by changing the

relative radius of travel ol RecAfit BS BEEL T %M’ioﬁ“ ving and driven

pul l eys. The critical nechamsmti tor. The vari ator
i s conposed of two stékHe pubheynuémd pwtxmelt belft . morghefyril | @fficdente

d d cl d b h I diff
adi usee. REEOEnS ArIviaR THT| 85 S T SbeRieBY Gl Per seie b usa
travel) andv‘alreablilevdqumdmlegsncmsf Yy yachosed r( |l g:eamaﬂacrtsunémJel t Theavel )
very high redg%&' on JAI QUL aGhLEYES (V1 g1 di Rd | OWuBLaYYd SRE§IShie

Conver sel y

transm1551on and a conventional automatic transmission is
that automatic transmissions use planetary gear sets to
accomplish speed changes, whereas a continuously wvariable
transmission uses pulleys and a belt to change speed. A
conventional automatic transmission normally has 3, 4 or 5
fixed reduction ratios or "speeds", e.g., a 5S-speed
automatic transmission. The operating system of the
transmission selects the appropriate reduction ratio, or
speed, based on engine rpm, ground speed and throttle
position. In a continuously variable transmission an
almost infinite number of reduction ratios, within fixed
limits, can be achieved by changing the relative radius of

travel of the driving belt on the driving and driven

pulleys.

’ The «critical mechanism in the CVT is the
variator. The variator is composed of two steel pulleys
and a steel belt. The pulleys can be opened and closed

thereby allowing the belt to travel at different radiuses.
When the driving pulley is fully opened (small radius of
belt travel) and the driven pulley is fully closed (large
radius of belt travel) very high reduction ratios are

achieved (yielding low ground speeds). Conversely when the
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driving pulley is fully closed (large radius of belt travel) and the driven
pul I ey i sWQAS3Mpened (smal | radius of belt travel) increasegusdssoosgsput ©
speed over input speed are achieved (yielding high ground speeds). The
novelty of this design is that the belt s nade of steel. Two types of CVT
transm ssions exist. |In one design, the belt is "pushed" or corrpressed to
transmt po d ther b pyl a W th
a V-belt. Mﬂsﬁgg I%)sl?lej{'eélvjb%gI £ ? QJltode@?i n%%(%%gac §ah §£| pul T eys,
the | ubri catréﬁelbqﬁmﬁeﬁhﬁt@rhvenlmhlezaiSfﬁulby)td:petwd ghsmq.bbsradhme are

two critic r r f br;ic S trans SSI ns: (1)
control of aé)wgarngt %g?(}&i)cg%c%g SEg ric Iu'(‘)ll_n%%ee'& < nlcrépr%
st eel - on- st 8&¢ %@bﬂ*‘i’%ﬁiemselﬂlﬁml’mtgmrgnmmﬂ tspeeesiery low, e.g., 0.03 to

the belt fromslipping. Any sli causes cata
whi ch qui ckgde eads siteeflai | Uiwe tyes pafl €Y7 a:rr@ntsndssu.onsxm:tusrltg liddats

and have a phechsgisl(eqg biks tO-@Léh%Vafv-O%f YRR oy ¢ oAl Of

these surfaces can appropr| Gt ant
must have eR@EETentangeain c@hﬁr cdthahe thei chebnallschmldretderlasl ds aftoztehe

bel t - pul | eyc?ﬁglg]rlf a6 Hat heag5€?£%| ti c§ nee 'sfpgeirl Ct]'fto%n %Tu{st o}qgﬁéerﬁbhl gh

to prevent slippage 0 T Ensi €&t on mt he
engi ne to t@enda¢ye Wittdel gteelTwJﬂ;eg,ts,a that ilubigeftficn enéquinéments

friction, of the belt which will lead to
aPQV@a&étbcl:afafbrW esé )

oscillation and e nolse iIn ss ger” conpartnent of the vehicle.
This "whistling" of tReebeltars htghl ycuhtiésat abtequiMehavies nofof ourtie a

uni que conbipgLiLR,Pf BBEL- in CVT transmissions: (1) control of wear

and (2) control of friction. Since steel-on-steel
coefficients of friction tend to be very low, e.g., 0.03 to

0.2, extrenely high chgsi @,g)‘,feqbcxzof;\rnggplde%qlg%\o t?eﬂggy ey S:b(gzgt Itoﬁ\lﬁ;:?p

0.2, extremely high closing forces are applied to the
pulley sides to keep the belt from slipping. Any slippage
of the belt causes catastrophic wear which quickly leads to
failure. The pulleys are made to exacting limits and have
a precise surface finish to allow optimum operation. No
wear of these surfaces can be allowed. Therefore, an
appropriate lubricant must have excellent wear control.
The frictional characteristics of the belt-pulley interface
are also critical. The friction must be wvery high to
prevent slippage of the belt during transmission of high
torque from the engine to the drive wheels. Too high a
static coefficient of friction, however, can cause
"sticking" of the belt which will lead to oscillation and
audible noise in the passenger compartment of the vehicle.
This "whistling” of the belt is highly undesirable.

We have now found a unique combination of anti-
wear additives and friction modifiers that solve the
difficult lubrication problems created by the steel-on-

steel pulley system used in a continuously variable
transmission.
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PCT/ US98/ 00665 3 SUMVARY OF THE | NVENTI GN This invention relates to a
conposition and a nmethod of lubricating a continuously variable _
transm ssion conprising: (1) soniBRY o e IRVEN icating oil; and (2)
an effective anount of a perﬁUﬁmMﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂ1ETTE$#§¥Ve conbi nati on
conprising: (a) an or hiisc jprosptiare; rébates aw ne sadmpositionr gadi ca
phosphat e; an ) [..mre fricti {mgu |-ers g,lgg f ect ed
am des, (2) mgggglgnioﬁgl‘es,rlan(ﬁfl% aetéﬁéc))x%/ a e‘Idg ﬁégg Aﬁg%séééﬁ%ﬂ ON
OF THE | NVENOhPMikthygicating the variator systemof a CVT is not a sinple
matter. It presents a_uniq bl gm of r.ol ling wear. and friction to
very exacting ﬁﬁ?n ?S@ago?hgﬁ%ﬁ?m&egra g‘guéo‘r#rsgarr@sr}d bogllc’a%e ully selected to

provi de excel | ent{2\wadn c@fifectiznd gmiuntot oifnt @r frerefovmdndeheehhanting

nodi fiers. E& .ftr.i ction m)di:fiers nusi he selected so as to provide very

precise con Gt FETRLBAFIOR- SR L§ %t i on and not interfere with the

control of wear. 1. Lufa)i eai iorgaQiksphobphéaeing oils useful in this

I nvention are derived from .naturg% fI ubricatin néhetic
Féof. °+ £h

Il
lubricating oils, and fx@¥ 88iPfe agggpaﬂp@%%ﬂﬁéte; dn

{c) one or more friction modifiers chosen from:
(1) selected amides,
(2) succinimides, and

(3) ethoxylated amines.

DETAILED DESCRIPTION OF THE INVENTION

Lubricating the variator system of a CVT is not a
simple matter. It presents a unique problem of controlling
wear and friction to very exacting limits. The antiwear
agents must be carefully selected to provide excellent wear
control and yet not interfere with the friction modifiers.
The friction modifiers must be selected so as to provide
very precise controcl of the steel-on-steel friction and not
interfere with the control of wear.

1. Lubricating Oils

Lubricating oils useful in this invention are
derived from natural lubricating oils, synthetic
lubricating oils, and mixtures thereof. In general, both
the natural and synthetic lubricating oil will each have a
kinematic viscosity ranging from about 1 to about 100 mm?/s
(cSt) at 100°C, although typical applications will require
the lubricating oil or lubricating ocil mixture to have a
viscosity ranging from about 2 to about 8 mm?’/s (cSt) at

100°C.



t he natural and

viscosity ranging fromabout 1 to about 100 mmferr]/s (cSt) at 100[err]C,

al t houghWOAS340 applications will require the |ubricati nPaisesio06es
| ubricating oil
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may be extracted oil St Ee i de¥fa e

synthetic lubricating oil will each have a kinematic

m xture to have a viscosity ranging fromabout 2 to about 8

(cSt) at 100[err]C. WO 98/339400

PCT/ US98/ 00665 4 Natural lubricating oils include animal oils, vegetable
oils (e.g., castor OiNat@{i@1l aliqbehhatlﬁst r&ifélmﬁidl%dem B85 AL 10 J>§1s and
oils derived fromcoal or shale. preferred natural |ubricati n(lg

m neral oi NegstrbaBl @idisnet®dd i |§a$m¥ ugéla@ndcdrfsh 4 Her apereleum

basest ocks o 1Lhi ?na.'rié‘-‘r’a‘ldeoil% ! Saﬁc!i‘%lﬁé ed@ﬁli’%ée%lrsmorcoﬁér Yl 1 ghHd N
chenical strucfure, that are refined by conventional nethodol ogy using

acid, al kaffhe aﬁ@f@raydonaépﬁel hgenicating okl duminanadhioddi-de, or they

& ndufP! ¥ent ¢ ¥Mth

?iﬁl%! R
sol vents such as phenol, sul fur dioxi furtural, dichl orodﬁl ?'1 ?ret her,
etc. The?th%W-r edihss omaatias ioieks teataxere ngaplhthewg oF

%‘f‘f’l&l&r Qﬁe%ﬁ% jcalf t?ﬁ@%ﬁ?éa‘?kéﬁls thé[@e?r@ PEEBhed i; rray

catal ytic
be produce

om natural crude sources or be conposed

| Soneri ze
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oils wll

mierr]/s
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100[ err] rred mnera have

ki nemat i ¢ @X$Eesitede9ides mrmuzesi@ éomw{eeqamp/lg (&8t polasutestrpetienr ed
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are those
100[err] C.

hetic lubricating oils 1nclu

dichlorodiethyl ether, etc. They may be hydrotreated or
hydrofined, dewaxed by chilling or catalytic dewaxing
processes, or hydrocracked. The mineral o0il may be

produced from natural crude sources or be composed of

isomerized wax materials or residues of other refining
processes.

Typically the mineral oils will have kinematic

viscosities of from 2.0 mm?’/s (cSt) to 8.0 mm?/s (cSt) at

100°C.

The preferred mineral oils have Xkinematic

viscosities of from 2 to 6 mm?’/s (cSt), and most preferred

are those mineral oils with viscosities of 3 to 5 mm?/s

(cst)

oils

at 100°C.

Synthetic lubricating oils include hydrocarbon
and halo-substituted hydrocarbon o©ils such as

oligomerized, polymerized, and interpolymerized olefins

[e.q.,

polybutylenes, polypropylenes, propylene,

isobutylene copolymers, chlorinated polylactenes, poly(l-
hexenes), poly(l-octenes), poly-{l-decenes), etc., and
mixtures thereof); alkylbenzenes [e.g., dodecyl-benzenes,
tetradecylbenzenes, dinonyl-benzenes, di{2-
ethylhexyl)benzene, etc.]); polyphenyls [e.g., biphenyls,
terphenyls, alkylated polyphenyls, etc.}; and alkylated
diphenyl ethers, alkylated diphenyl sulfides, as well as



oils and hal o-substituted hydrocarbon oils such as oligonerized,

pol yner i z&D 983940G nt er pol yneri zed ol efins [e.g., pol ybuPgTAISeR00665
pol ypr opyl enes, propyl ene, isobutyl ene copol yners, chlorinated

pol yl act enes, pol y(1- hexenes), pol y(1-pctenes), pol y- (1- decenes),
etc., and mxtures thereof]; al kyl benzenes [e.g., dodecyl -benzenes,
tetradecyl b S : : di en

ethylhexyl)ggﬁggﬁeéeg%gé %ves aﬁg%éﬁg a%&ﬂh?ﬁ%)%gs the?%é%he Fthe
al kyl at ed polijhenyThe lequrr%cgdmall&yﬁmnecﬂd@mms elme&@tfeﬂﬁdgn &idds

di ph | [ fid wel | ;
B UabE/ QOGBES S onBPmasE, (95 rraloring: obertic LIRS Gl SR  OfarkT t he

i ke. The prgéesned oils fromthis class of synthetic oils are oligoners of
[err]-olefins, particularly oligoners of 1- decene. Synthetic |ubricating
oi I's also include al kyP¥REN@%i Gl BBFyARFLENT | AL&FpatlPRerinclusisolaHerlenand

derivatives (pei&0boMRESs] h&nﬁ:@&ﬁbmﬁnebydrﬁéﬁbl%%&*ﬁs have ey dmdidd ed

by esterification etherlflcatlon his class of synthetic oils

i's exenplifiBaeEsot poBRES al KyR enfee E@ﬂ%ﬂer @Xﬁ%ﬁﬁa}ﬂed FEPYRS y RAVE athes of

et hyl ene oxi 63 0fi & ORYy er@st@glctematt%nal k&héﬂﬁéf@&xhlsﬁherét@f thesg s
pol yoxyal kyl ene pol yners (e |sopropy ene gl ycol ether

havi ng  an avétage ﬁﬁlé&ﬂF&Ft%€|@Hﬂsoﬂsﬂﬁﬂ?mRi |b¥t Hee L yRx ol kKpskassy | ene
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pol y- carboxylic” esters thereof .0., the acetic acid e m xed -

fatty acid eBrep¥lenqd exide] o%e a(ﬁJd‘:Edll et ALYkt refdiens erd gltyrmg
Anot pg;r ;gIX; ?8%?:5%{(&‘?)% PhnsYNLReyherkubricafing RELay £0PBLY SESHEdS, FSter S
glycol ether %mv1ng an average molecular weight of 1000,
diphenyl ether of polypropylene glycol having a molecular
weight of 1000 to 1500); and mono- and poly-carboxylic
esters thereof (e.g., the acetic acid esters, mixed Ci-Cq
fatty acid esters, and C;; oxo acid diester of tetraethylene
glycol).

Another suitable class of synthetic lubricating
oils comprises the esters of dicarboxylic acids (e.qg.,
phthalic acid, succinic acid, alkyl succinic acids and
alkenyl succinic acids, maleic acid, azelaic acid, suberic
acid, sebasic acid, fumaric acid, adipic acid, 1linoleic
acid dimer, malonic acid, alkylmalonic acids, alkenyl
malonic acids, etc.) with a variety of alcohols (e.g.,
butyl alcohol,'hexyl alcohol, dodecyl alcohol, 2-ethylhexyl
alcohol, ethylene glycol, diethylene glycol monoethers,
propylene glycol, etc.). Specific examples of these esters
include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-
hexyl fumarate, dioctyl sebacate, diisooctyl azelate,
diisodecyl azelate, dioctyl phthalate, didecyl phthalate,
dieicosyl sebacate, the 2-ethylhexyl diester of 1linoleic
acid dimer, and the complex ester formed by reacting one

mole of sebasic acid with two moles of tetraethylene glycol



phthalic acid, succinic acid, alkyl succinic acids and al kenyl succinic
acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adi pi c awioR8/394a9ol ei ¢ aci d diner, malonic acid, alkyl nmal oricx/zses/oesss al kenyl
mal onic acids, etc.) with a variety of alcohols (e.g., butyl alcohol, hexyl
al cohol, dodecyl al cohol, 2-ethyl hexyl gl cohol, ethylene glycol, diethylene
gl ycol nonoet hers, propylene glycol, etc.). Specific exanples of these
esters incl u diypat h"erx@b Y. e t di hexy|
fumar at e, %Qgct y? h}ssg'ggcg?e ﬁe%% | soocty o1 A%lé b&g(?l Ehgeclﬁlrkeazelgt e,

di oct yl phtma&faﬁr@edjlfdé@yIOfpmlﬁalfmo@ t@llél @d@)‘fls 9§b§d’§ﬁ1é8tﬁtﬁe021ét Ayehexyl
diester of linolele acid g i ai‘egh{:i@ conpl ex ester forned by reacting
one nol e of sebasic aci WI es of tetraethylene glycol WO

98/ 39400 Esters useful as synthetlc luww%gogsss 8lspd two

nol es of 2- e o d dt h o] I
fromthis c%('?sﬂ%%] g%% e;[nlé‘%éofrgﬂa% %gl péf moncﬁb%e rel] to %%(:g(?sr]gnal
al cohol s. Exkyslsisetnd agokymt heetletrsibr feali ngsoi heorebbylnchditeolhose

de f I | yol I h
made Trom ;%?:ixf’e&gf d‘i:ﬁrilf&%g '%OXY %gn@gcéfj?tﬁ{]gtcE)P yo ?Ji%?x&%%rwmwﬂs suc

as neopent yl ol ane pent‘aer yt
di pent aeryttwip@htaﬁwyfé‘e’ﬁtt@énytandl e, 14ké.the like. Silicon-based oils

(such as the pol yag ﬂcen-p&lé’éﬂy' lgol ¥§1f15)?xy s or&h?ol ?%'[ 9% 1SI | oxane
syn

oils and silicate oil IT‘EI‘I se anot ass o et
| ubricat i n@@lyzsryl‘rhe@@la kokpch uder t @pﬂaremgszyrsibax@net atirls sepdopyl

silicate, sffﬂéa?fé 20?% y! E‘éﬁ%ﬂfe %'n' H:?x%rre’uéeef\fll éfaé‘éet Byl gnehiypexyl)

silicate, ert-
hexa- ( 4- rrethu}@rﬂc@bm@xm)ls di sIl"hexanellSpoIrlyc(Lneltehy:Ie):rgeIthyénessllaade,

p0|y(nEthy|PQ€P¥i§opropyl silicate, tetra- (2-ethylhexyl) silicate,
tetra-{4-methyl-2-ethylhexyl) silicate, tetra- (p~tert-
butylphenyl) silicate, hexa- (4-methyl-2-pentoxy) -

disiloxane, poly(methyl)-siloxanes and poly(methylphenyl)
siloxanes, and the like. Other synthetic lubricating oils
include liquid esters of phosphorus—-containing acids (e.qg.,
tricresyl phosphate, trioctyl phosphate, and diethyl ester
©0f decylphosphonic acid), polymeric tetrahydrofurans, poly-
a-olefins, and the like.

The lubricating oils may be derived from refined,
rerefined oils, or mixtures thereof. Unrefined oils are
obtained directly from a natural source or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further
purification or treatment. Examples of unrefined oils
include a shale o0il obtained directly from a retorting
operation, a petroleum o0il obtained directly from
distillation, or an ester oil obtained directly from an
esterification process, each of which is then used without
further treatment. Refined o0ils are similar to the
unrefined oils except that refined oils have been treated
in one or more purification steps to improve one or more

properties. Suitable purification techniques include



siloxanes, and the like. OQher synthetic lubricating oils include |iquid
est erss ofPAYUMAYr us- containing acids (e.g., tricresyl phoRSHEYWs0p665,ct |
phosphat e, and di et hyl ester of decyl phosphonic acid), polyneric
tetrahydrofurans, poly- a-olefins, and thhe |ike. The lubricating oils may
be derived fromrefined, rerefined oils, or mxtures thereof. Unr efi ned
oi | s are ohjaifiedt MiTqst | HydrorrSatahdy) abefauing, OrsGWHEMEt égL SO Lo (€. 0. ,
coal, shale, or tar _ sands %ltunen) wi thout further purification or

treat nent. acidx@ppbase AXLFALIMd bi1ErahePude 28 RGTE At igBvai kH

directly fromh{&h 05t NENORRT Bbi @Rose 8kiAQEKOli@UNhe Adt. OREAEPLRed
directly fromdistillation, an ester oil obtained directly from an

or _ ,
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treatment. ginfRefdned tddse W& €bMobhint Ohd NBe¥PREH! BRASQI | STRESEP!
that refined oils have been treated in one or nore purification steps to
i nprove onererekined ppbper fres.also kpewapps yaaliFimest ivh repERARESRS
i ncl ude 81394, £ ditionall b hni
bCx/ USos/ 00LEE Pt ebrT | SEFen aqdirionally progessed by technigues for .
acid or baseeravahcef ovpent |additioms and ek dizpaksewnaprogucisi.ch are
known to those skillegnbfl the dlbricBeigll Bad qid & anecabial gednByutLpating
used oils in processes simlar to those Used to obtain the refined oils.
These rerefan@dsyithetie hikplikabimd agiteclii ered partépibresysthetis! and
are often q%%ti#mﬁl 0 e .t.gchgi L ar val, nt
additives and oi f%%kg%mgaggogﬁ§¥§%§thkﬂyﬁ§tﬁgbré%g?ingégheigg a i xt ure
of natural whdelynvhsyi c howevierat in®y tdidusl adlye. usefinl | cdnyinghnidrs i s¥e t he
choice of the partial synthetic ail conponents nay. wi del ary, wever,
particul arl§° E*ﬁ?gcoﬁ%inéFV3ﬂ§£%re°lfg and "pdly-a-olefind 88Y
particularly oligomers of l-decene.

2. Additive Composition
a. Organic Phosphites

The lubricating oil is combined with an additive
formulation. One component of the additive system of the
current invention is an organic phosphite. The organic
phosphites useful in this invention are the mono~, di~ and
tri-hydrocarbyl phosphites having the structures I and I3,
where structures I and IA are represented by:

Structure I
0

R—O—P—H

b

where R 1s hydrocarbyl and R; is hydrocarbyl or hydrogen;
Structure IA
R—0—P~—0—-R"

b—s

where R, R‘; and R" are hydrocarbyl. As used herein, the
term "hydrocarbyl" denotes a group having a carbon atom

directly attached to the remainder of the molecule and



conprised of mneral oils and poly-[err]-olefins (PAO), particularly
oligoners of 1-decene. 2. Additive Conposition a. Organic Phosphites The
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of the additive systemof the current invention is an organi c phosphite.

The organi ¢ phosphites useful in this igvention are the nono-, di- and
tri-hydrocarbyl phosphites having. the structures | and | A, where structures
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Rlerr] is hydrocar drogen; "Structure 1A RO P- ere R, R, and
R' are hydcop&esy . OfAsthééd h@Y%mhlomhe te$ﬁ¢hhy6¥©@9$byinch@@©te§h% group

h d d f I d
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I nventi on. S de h I ng:ad 1hehydroca roups;
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that is, . oaI cyc kenyl , aromatic
gr oups, albipypsgrvb§§81§ndthhe rlkﬁ ag mépmpéstGQClthQHthsanhéhérn t he

ring is CO%B';: gﬂ t%rfou%ea”%cﬁeéc\ﬁcl{]l ' 0(‘2) of suﬁgﬁlt@égcuhgdrocégﬁon

substitute rocarbon groups; roups tal ning
non- hydrocgﬁbﬁﬁssubsthﬁgentBSM| drauprs hec@@rttaéﬂln@f t hPs-hydeacavhondo not

al ter the I%H:%‘é‘&@‘tﬁ@ﬂftkyyﬂiéﬁ% rPRo E%Eéﬁtoéft ’Eﬁlgr@HG‘e 1?5)8{%9 <§¢§ %&@d in
the art will be aware of sulitable substituents i nc

hal 0, hydedbpr Hiig reredominantly hydrocarbon nature of the group.

Those skilled in the art will be aware of suitable
substituents. Examples include, halo, hydroxy, nitro,
cyano, alkoxy, acyl, etc.; (3) hetero groups; that is,
groups which while predominantly hydrocarbon in character
within the context of this invention, contain atoms of
other than carbon in a chain or ring otherwise composed of
carbon atoms. Suitable hetero atoms will be apparent fo
those skilled in the art and include, for example,
nitrogen, oxygen and sulfur.

In structures I and IA, when R, R;, R', or R" is
alkyl, the alkyl groups are C; to Cy, preferably C¢ to Cie,
most preferably C; to Cis. When R, R;, R', or R" is aryl,
the aryl groups consist of from 6 to 30 carbon atoms,
preferably Cs to Ci;, and contain at least one unsaturated
"aromatic” ring structure. Such groups are known to those
skilled in the art. Examples include methyl, ethyl, octyl,
decyl, octadecyl, cyclohexyl and phenyl, etc. R, R;, R',
and R" can also vary independently. As stated, R, R;, R',
and R" can be alkyl, aryl, may be linear or branched, and
the aryl groups may be phenyl or substituted phenyl. The
R, R;, R', and R" groups may be saturated or unsaturated,
and they may contain hetero atoms such as S, N or 0. The
preferred materials are the dialkyl phosphites (structure
I). The R and R, groups are preferably linear alkyl groups
such as butyl, octyl, decyl, hexadecyl and octadecyl. The



cyano, al koxy, acyl, etc.; (3) hetero groups; that is, groups which while
pr edem na¥d b8/39Yr ocarbon in character within the context BCTUSPE00665

i nvention, contain atons of other than carbon in a chain or ring otherw se
conposed of carbon atons. Sui tabl e hetgero atons will be apparent to those
skilled in the art and incl ude for exarrpl e, nitrogen oxygen and sul fur.

I n structur a e R, s al )
groups are edrr]rtgré% err [I)%freek[;ra “9’1 er (r?{n S}é err l<3\dJcrl;ll%tsatkh%;()ir%g&erabIy
Cerr] topgrdradecylwead R- tRP-épﬁ}ltaReCYbr R' is aryl, the aryl groups
consi st of from6 {0 S SHHA AT ARl FAP! ¥ gl 1t Gl & ugahd
contain at |east one UNSatUrated "aromatic I ng structure. uch "groups
are known timndihoisinaslkiy logd iion mikévges . Exanpl es i ncl ude net hyl, ethyl,

octyl, decyl, octadec d.ph r and

R' can al so vary mde%lleon%lte%%/ Lﬁmﬁéﬂ?ﬁ? 89 & I5| ﬁ{‘fentﬁ%n ng E?L cﬁsebe

al kyl , arylgf netye beitedeskkwl Hi’rcaapmét@s alecs cirfidoeal \iln @@p?armyltbelophenyl

or substit %§r§g&y ahnd 6246 E;lf[err] R, and R' groups may be saturated
t

or unsaturad rfay dont ain het ero atons such as S, Nor O The
preferred material s aWhlldae engl k;elffpelmcteplal tesnduntr ucefir ethg. 'Eh:e;aﬁia:nd

Rl err] groups_ ar re b ] aI k oups uch_as |, t
decyl , hexé%é hjatﬁd o]& adLe)éyI Q%ﬁe éﬁ F944hc  bene o

PCT/ US98/ OOﬁ&EeIQtIms,t typleéblyedhesar@ffed:dﬁo.wle amaurdrscymll be from
3-t hi aundec pent adec apent.ade s hites structures |
and | A may ths%%l $h§ %?%% ceor}hc %%r& L#]éé ﬁﬁe‘% (gnb(cjgd?erﬁ[ﬁﬁ% Y this
I nvention iBhé herese natehenmthed fAlddy vaidspisntésozdeecz%bed i3n 08. @ndPat ent
Nos. 5,185, 090 and, ps 2823 812-0 33 to 1.0s.

Examples for producing representative mixed

organic phosphites are given below.

Example P-1-A - An alkyl phosphite mixture was prepared by

placing in a round bottom 4-neck flask equipped with a
reflux condenser, a stirring bar and a nitrogen bubbler,
246 grams {1 mol) of hydroxyethyl-n-dodecyl sulfide, 122
grams (1 mol) of thiobisethanol, and 1924 grams (1 mol) of
dibutyl phosphite. The flask was flushed with nitrogen,

sealed and the stirrer started. The contents were heated
to 95°C under vacuum (-60 kPa). The reaction temperature

was maintained at 95°C until approximately 59 mL of butyl
alcohol were recovered as overhead in a chilled trap.

Heating was continued until the TAN (Total Acid Number) of
the reaction mixture reached about 110. This continued
heating took approximately 3 hours, during which time no
additional butyl alcohol was evolved. The reaction mixture
was cooled and 102 grams of a baseoil sold under the
trademark Necton-37® and available from Exxon Chemical Co.,

was added. The final product was analyzed and found to
contain 5.2% phosphorus and 11.0%.sulfur.



Wil e any effective anobunt of the organic phosphite nmay be used to achieve
the benefits of the invention, typically these effective amounts will be
from 0. CWOt98/33400 mass percent in the finished fluid. Pref arcisUsosiopdst r eat
rate in the fluid will be fromO0.2%to 3.0% and nost preferred is 0.3%to
1. 0% Exanples for producing represgptative mxed organic phosphites
are given below Exanple P-1-A - An al kyl phosphite m xture was prepared by
placing in a round bottom 4-neck flask equi pped with a reflux condenser, a
stirring bar and a nitrogen bubbler, 246 grans (1 nol) of

hydr oxyet hEkappded&cy-Bsal Ardealky2? phegphite moiytwre twasbpsepdred|bY and
194 grans diyb h ite. a f ed,:\W.t

ni t rogen, é%gﬁgé§a2%]tﬁeué%é?ée?éﬁﬁ%#%e%.nggghghggﬁten siéggg ﬁ%g%egato

95[ err] C unedlugaciangensegy kPaptirring hesgct don eenpeizaggre hwkbhed nt ai ned
at 95[err] nt proxi pagel y,29 Qﬂﬂﬂl .acove as
over head i%gg cg#?ﬁgd egagglzea??n H%%é?%%%ﬁ%%ﬂﬂ% untﬁlmgﬁgf#g%'( o?gl Aci d
Nunber) of grh®msr ddctn rakt di ehiedttbycabouand1094 gpes cdntiakledofieat i ng

t ook appr oy y ggﬁﬁ- duri C ti n LLi byt ohol
was evol veé.l @Eghr e%%:t [ onlscr% xt urggewawgh%ggl e anglgggégr ggr%hof Hg}%%gée%i I
sol d under sepdedr agshditie NeeioreR7pbartednd &hd |emiteionwexxohe@hedi cal

e, e ugtc IR S RLSC Ul s BRdLosRC i Somlany o 2%
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by placing in a round bottom 4-neck ask equip X condenser,
a stirringbudylard cahoilt vegenreobikeeed 280oyeahwadlinok) cbfilled trap.

hydroxyeth%%é@i%%t%%ss%hkkqgueaSﬁntil the TAN of the reaction mixture
reached about 70. This continued heating took
approximately 3 hours, during which time no additional
butyl alcohol was evolved. The reaction mixture was cooled
and analyzed for phosphorus and sulfur. The final product

contained 6.4% phosphorus and 19.7% sulfur.

b. Amine Salts of Organic Phosphates

The second component of the additive system of
the present invention is an amine salt of an organic
phosphate, The formulas of the amine salts of organic
phosphates wuseful in the lubricants of the present
invention are shown as structure II:

Structure II
0

R —O—P~——0H~- (H) xNR4 ({3-x)

O0—R3
wherein R; and Rz are alkyl or aryl, and further R; may be
H; and Ry is alkyl. The amine salts are selected so as to
be soluble in the lubricating composition. A preferred
method of preparing the compounds having structure II is to

react at least one hydroxy compound of the formula ROH,



granms (1 nol) of dithiodiglycol, and 194 grans (1 nol) of dibutyl
phosphi t e. WO 9882400 | ask was fl ushed with nitrogen seal ed andPCRAISISNIG6S
started. The contents were heated to 105[err] C under vacuum (-90 kPa).
The reaction tenperature was maintained g 105 to 110[err] C unti |
approximately 54 nmL of butyl al cohol were recovered as overhead in a

hilled t .. Heat i.ngQ: i ' h : ty ] '
Coached | apbREEE HA4ed 9RkbRUEyLTHroubn® wiRH Sonosihd SAF{ bERCGIIAYI ©,
3 hours, duri{®goshi chThe nphospheidas+eortiaining condmitiens cobtamed The

reaction m xture was cqol e z r OF HSn Y ul f he
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Or gani ¢ Phosplenieesal1Tlye miconces onfommrto-of antde dicklibigtidudiest ephosphbeic
present inventi.on i,s,an L.ne,salt of an organi c phosphate. The fornul as
of the anine2%¢&% S(ph&spg%g%?é phosphat es useful in the lubricants of the

present invention are stimwhyiresty ucmpoands: WWeducinurehe | pfepatatvben eofi

d al kyl |, f h ) ' i
Al “The e iE Shodindtas e Lohis R Kl chapfiteRittl 1o
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mono- and di ddwd .t ut edtphasphaetésasrds fhdtosiad eskmine salt of the
substituted phosphoric acid composition ultimately prepared
is soluble in the lubricating composition of the present
invention. Preferably the hydrocarbyl group R will contain
at least 4 carbon atoms and, most preferably, at least
about 8 carbon atoms. The preferred alcohols are the
aliphatic alcohols and, more particularly, the primary
aliphatic alcohols containing at least about 4 carbon and
preferably about 8 carbon atoms. Accordingly, examples of
preferred alcohols include l-octanol, 2-ethyl-hexyl
alcohol, 1l-decancl, 1l-dodecanol and 1l-hexadecanol. Other
preferred type of alcohol reactants are the primary linear
alcohols containing one sulfur linkage. Examples of these
materials would include 3-thianonanol, 3-thiaundecanol and
3-thiapentadecanol.

The molar ratio of the hydroxy compound ROH to
phosphorus pentoxide should be within the range of from
about 1:1 to 1:8, the preferred range being about 3:1 to
6:1. The reaction may be brought about by mixing the two

reactants at elevated temperatures above about 50°C.
Preferably the temperature is between 50°C and 150°C, and

usually below about 100°C. The reaction may be carried out

in a solvent or neat.



The hydroxy conmpounds used in the preparation of the organic phosphates of
this invention are characterized by the formula ROH wherein Ris a

hydr ocavg b8/aa4op. The hydroxy conpound reacted w th therCpesflecssus

pent oxi de may conprise a m xture of hydroxy conpounds of the fornula ROH
where the hydrocarbyl group R contains,irom1l to 30 carbon atons. It is
necessary that the amne salt. of ‘the substituted phosphoric acid
conposition ultinmatel r | ol kb [ ulrl ls Cﬁé?‘p jtion
of the present i nvent%gg.&%?j[eesgsréa%ﬁi %ﬁekﬁ?/dpgggrefgl q&b’%ﬁ%&%gw %ﬂt ain
at | east 4pcgpbsrdabynteantiingotheppbosphdtes destribed akane wgitdnraon

at ons. T eferr ; ~al L& i RN i i ol se @itk re
particul ar F%?B?héﬁgr %qng'rn% ai [ %ﬁ%ﬁdﬁﬁlccg%gr]a? (f%fgai%:% at’ Iée%lst a%l?ljt 4
carbon andopr éeaitibry apane.8 Bgefenabiynthe apivesiwgich asenfpactesd

preferred .;alc S IR i%? I t hyl - I calypd
1- decanol ,Wl?%ldo ecaﬁ%sgggugsﬁegxe ano .c @ g?uﬁr@gre erre(t:i:ﬁ'%ype Or%e
al cohol resel&st saxe eprhBapyi ey yseécordaryal bybdosbsarbyl aiamimgsonkasing ur
| i nkage. %@ngleggagg tfﬁf‘ﬁﬁlgat erials would include 3-thianonanol,

an -t

3-t hi aundecano i apent adecanol . The nolar ratio of the hydroxy
conpound ROH to phosphorus pent oxi deHsNBURY be within the range of from

about L1 \fie¥eln the B SLefiae 00 0500 SBRU! 5 1l firbonlh rgacti or
t enper at ur bydraigerdylalansup .50[ éenpoaibyeftbesabl ypydreceshydr aumps Rbet ween
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be carried out In a solvent or _ o
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to about 30 carbon atoms.

In one embodiment, the hydrocarbyl amines which
are used in preparing the amine salts of the present
invention are primary hydrocarbyl amines containing from
about 4 to about 30 carbon atoms in the aliphatic group,
more preferably from about 8 to about 20 carbon atoms, and
most preferably from 10 to 18 carbon atoms. Typical amines
include alkyl amines such as n-hexylamine, n-octylamine, n-
decylamine, n-octadecylamine. The invention also includes
nmixtures of these amines.

In another embodiment, the amine salts of the
composition of this invention are derived from tertiary-
aliphatic primary amines having at least about 4 carbon
atoms in the alkyl group. Usually the tertiary aliphatic
amines are monoamines represented by the formula:

CH3

R—C —NH>»

CH3
wherein R is a aliphatic group containing from one to about
30 carbon atoms. Such amines would include tertiary butyl
amine, tertiary octyl primary amine, tertiary octadecyl

primary amine. Mixtures of such amines are also



prepared by reacting the phosphates descri bed above wth at | east one am ne
conpound Wi98RA%498y be a primary, secondary or tertiary am nRCT/PBYHMSFGH| v
the am nes which are reacted with the substituted phosphoric acids to form
the amne salts are prinmary or secondaryfiydrocarbyl am nes having the
general formula: HHNR R' wherein R is a hydrocarbyl group and R' is

hyd ] | ' th h | R
ydarogen OrsthXgéeﬁafpyana[)QH?en Oﬁf:'éaﬁﬂéd’. &%en Mﬁﬂvﬁ’lagéogeid

and R" will contarn up to about 15 on atonms each a preterably

be al i phati ecfifneupsaldpt ahdéngthe ovradauir¥ Poimabngt 8 BRAcaabanxguessofl n
one enbodi nent, the hydrocarbyl am nes whjch are used in preparing the
ani ne sal tsCof tfe red@ftiatventlbhl arRr g mar PIHP@SIcarBF WiHaHes the

cont ai ni ng t . bout rggﬂ len A he al iphatl Loup,
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n- hexyl am ne, n-o m ne,. n-_decy I ne, n-octadecyl am ne. The

i nvention aP¥ 1ilﬁ§ﬁédg§°’ﬁi Q?ﬁr%éi'%f&'?}ﬂlﬁi% CAFRREAt 19 anot her enbodi nent ,

t he am ne s?l t?] of thsmm@&iytimméstmrﬁ:ﬂua?eenaﬁamgme ﬁﬁﬂé’ﬁdhfawm;
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butyl ani ne3EEEERREY oRESI ’1"%13/ afi neMa¥erPeary deteie fpnFeaskiye

am ne. sibstitesntefl sstEh asimhAesilale catB81kox¥P %3400 ether,
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thioether, etc. Examples of such amines include butyl, n-
hexyl amine, dihexyl amine, di-octyl amine, etc.

A further class of secondary amines are the
"Duomeens"” in which R' is long chain alkyl group and R" is
—-CH,CH,NH,. Examples of these products include N-coco-1, 3-
diaminopropane, N-oleyl-1,3-diaminopropane.

A particularly useful class of amine salts of a
phosphates is prepared as described in U.S. Patent No.
3,187,405 which is hereby incorporated by reference. These
materials are prepared by neutralizing with an amine, the
acid formed by reacting a hydroxy-substituted
phosphorothioc acid triester with an inorganic phosphorus
acid or halide. In this case, the primary alcohol group
reacted with the phosphorus pentoxide has the formula:

ﬁ

R~—0 —p —S—R]—OH

OR
where R is C;-to Cj¢ alkyl, and R, is C; to Cjo alkyl.

While any effective amount of the amine salt of
the phosphate may be used to achieve the benefits of this
invention, typically these effective amounts will be from
about 0.01 to 5.0 mass‘percent_in the finished fluid.



13 satisfactory and often preferred. Such m xtures are sold comrercially
under the trademark Prinene 81R (a m xture of Cferr] to Clerr] tertiary

al kyl prWed@8p%8i nes) and under the trademark Primene JM PCTAISA3/0066F e of
Cerr] to (Jerr] tertiary alkyl primary am nes), and both of these products
are available fromthe Rohm & Haas Corpgrati on. Secondary am nes include

di al kyl am nes having two of the .above included al kyl groups. The

secondary prdfesaBEItROt dbSag¥sTRLIL CBE, firofh -addutans, R tguy. bendisks erent,
and further, R' may bear other_ non-reactive substituents such as nitrile,

carbalkoxype%ﬁﬁQﬁeaQﬁWﬂﬁreiﬂ¥Q§@Fﬁ@ﬂ¥ érem OEzakpl s0 JrassicpeEGs™Mes i ncl ude

butyl, n- hexyl am ngxagb{\€xyést akbBodsl £65! iﬂ:oéﬁbi‘ﬁg an‘ine shytkhes cl ass
of secondary am nes are the "Duoneens” in | ong chai n al kyl

group and the|%rg¥§{QHRﬂQ§qh§ﬁq3VHF@rﬂFvenE98h9Wes of these products incl ude
N-coco-1, 3- di am nopropane, N-oleyl-1,3-di am nopropane. A particularly
usef ul class of am ne salts of a phosphates s pr ﬁared as described in

U S. PatenExapple Py2-B05-wAnte i3 iseridaplenctegvrat 6FUBPPREf efEfted These

material s @ﬁfrPé@Pah%rQMeﬂe%b%%bé?s' RGhdM EdhAhHP NRerd henaehdd 2271qr med
by reacting roxggsubstltuted phosphor ot hi oc aC|d triester

with an-i nBFasi co%h@é‘ﬁq?@r usca¥eBtor hamentral | pithi s cBae, ake MasSnary

al cohol gr d e S e d err
where R s t %’?‘?‘]%w qg\%ir%éﬂl kagf RRd: %%? cﬁ‘el:t?% oehf qag: T]*l °§’F“k[y| ]
a e

Wil e any Bepperaberenovhilef 2 ﬁfﬁ@ssaﬂg 8f )phégbhéﬂeﬁm@Pq&§ used
to achi eve?éﬁgo;gg@gf,h5§ éﬁdéci“ S dyend '&Blé&’@icaéﬂ&ﬁﬁ here iifectiy

anount s from about 01 to 5.0 nass percent in the fini'shed fluid.
grams (12 mol) of hydroxyethyloctyl sulfide was added.

During this addition the temperature of the mixture rose
approximately 20°C. At the completion of the addition, the

temperature in the vessel was raised to about 75°C and held
constant for four hours. The reaction mass was cooled and
filtered to yield 4770 grams of product. The product was
analyzed and found to contain 8.44% sulfur and 2.51%
phosphorus. The material had a TAN of 29.7.

One kilogram of the above product was returned to
the reactor and treated with Primene 81R (a tertiary alkyl
primary amine with 11 to 14 carbon atoms) (approximately
100 grams) until just neutral. The resulting product was
analyzed and found to contain 7.6% sulfur and 2.2%
phosphorus.

Example P-2-B ~ Into a suitable vessel equipped with a
stirrer, nitrogen sparger and condenser, was placed 380
grams (1.0 mol) of  hydroxypropyl-0,0-di- (4-methyl-2-
pentyl)phosphorodithioate. The vessel was flushed with

nitrogen, the stirrer started and the contents heated to

approximately 60°C. Phosphorus pentoxide, 47.5 grams (0.33

mol) was added over about 30 minutes. At the completion of

the addition the mixture was heated to about 75°C and held
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Pr ef er abMO 98i3948bsages will be fromabout 0.1 to 3.0 nass PBETAEHYOMES nore
preferably from0.2 to 1.0 nass percent. Exanpl es of nethods for producing
am ne salts of the organic phosphates afg given bel ow. Exanple P-2-A - Into
a suitable vessel equipped with a stirrer, nitrogen sparger and condenser
were chargeq 241dt 0k3iBer8turBX¥t S0LYENL HRFASULT dhe Obtoduct Thes Oi

was vigorously stirred and sparged with nitrogen at roomtenperature while
284 grans cooded @) fléﬁerﬁﬁog’mw%l%eﬁb@xiﬁ@%%déatemer E périod
of about one, haw, 28 dABdC2? 210 )oragls NAOREANNYIC ddeds Uk ge vas
added. Duririﬁ)g tl(ll)irns addi ti6n the tenperature gf t he m')xture_ r0S6 .
appr oxi mat elbiradhnerr] €6 @ramfe tOnp? eficdn oPLt he aeeMUeRFlak heriaaper at ure
in the vessgl. Mas pAj t g1aRout e ; angl, heldcanstant hdlsoh
hour s. Th:a%rlen\éé?ti%ﬁh%&ges was cool e}gé a%élﬁ'ﬁt g}’eg\e?g 3?&%%#7895 rglr% of
product. Hetk AUt Rés amdaicpnsainad L8uAd pbhosphenita. 8. 44% sul fur and
2.51% phosphorus. The material had a TAN of 29.7. One kil ogram of the above
product was returned to the reactor and treated with Prinene 81R (a
tertiary al kyl prinarg. diftietien Mddi fiersl carbon atons) (approxi mately 100
grans) until just neutral X )Th rgsulti ng product was anal yzed and found
to contain 7.6% sul fur and 5 Z%E‘Bﬁ Eﬁhorus. Exanple P-2-B - Into a suitable
vessel equipped with a stiTher amider qreirtIR gedd itk oNdeasel , iwashel aced
380 grans 1.0 . nol .Of hydr oxyptopyl - O, O-di - (4- pet hyl - 2-
pentyl ) pho %%ﬁtltﬂ‘)c?é"tt&.on ar‘%gr\?ééséﬁ%g tp?uEﬁgﬂc&ﬁ’fﬁ Hfrogen, t he
stirrer started and the contents heated to approximtely 60[err]C.
Phosphorus pentoxide, 47.5 granms (0.33 .nol added over about 30
ot

m nutes. At the conpletion of the t m xture was heated to about
75[err] C and hela

[ i
R§—C ——N — CH2 —CHp —N CHp —CH —N C —Rg

| Lo |

wherein Rs and R¢ are independently Cs; to Cys alkyl groups,
and vy = 1 to 10. _

One type of friction modifier useful with this
invention is the reaction product of a polyamine and a
carboxylic acid or anhydride. The polyamine reactant con-
tains from 2 to 60 total carbon atoms and from 3 to 15
nitrogen atoms with at least one of the nitrogen atoms
present in the form of a primary amine group and at least
two of the remaining nitrogen atoms present in the form of
primary or secondary amine groups. Additional suitable
amines include polyoxyalkylene polyamines such as
polyoxypropylene triamines and polyoxyethylene triamines.
The preferred- -amines are polyamines of having the structure
VI:
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that tenperature for about 2 hours. The product was cooled and filtered
to yi el dwoe3pisdosphat e ester. To a portion of the produmcT/sss/0866ins (0.5
nol) was added, with stirring, 66 grans (0.35 nol) of a commercial primry
am ne, Prinene 81-R The partially nggtralized phosphate had a TAN of 26
and cont ai ned 10. 2% phosphorus. c. Friction Mdifiers (1) Amdes The am de
friction nodifiers useful in the grieRtirknygntion are those having the
structure I'l1l: Structure [Il [err] wherein R err] and R err] are

I ndependently C[err] to err] al groupy, a =k t0 10. One type of
%I@ ] ﬁhtzﬁl—ské('%Vé' I gn |rslq{%ceH%}é3%tion product of a

friction nodifier u
acid or anhydride. The polyam ne reactant con-

pol yam ne and a car boxyl i
tains from2 to 60 total tarbon atons a fom3 to 15 nitrogen atons with

at | east O@ﬁe?& phegnidr A FBrPeSRN d, N grled L ATV Ole RrPR I FBI ¥, &M ne
group and at Teast FwWo of the remal ning nitfogen atons présent in the form
of primary or second@hgsaniinglydeupgommonAgdilyiedhyilensuiamisies @dglesas

i ncl ude ykene .. pol .Res,.,, su . r

triam nes gﬁéygg¥§%§yl§? 231“ (]éﬁg t()rbi%g“rlﬁqne(sz. Thghﬁre‘?lzlr%)‘g@,l ;Br%yegeggg%%ﬂfne

pol yam nes (BETAhvi(ag=t Ak, sandctetrvasthyleng\(pgstaeue® (TETA) (z = 3).

PCT/U898/09§§5p}@ducts where z is greater than 3, the products are

commonly referred to as "polyamine™ or PAM. The preferred
products of this invention employ diethylene triamine,
triethylene tetramine, tetraethylene pentamine, "polyamine”
or mixtures thereof. _ o

The carboxylic acid or anhydride reactant of the
above reaction product 1is characterized by compounds of

structure VII and structure VIII and mixtures thereof:

Structure VII Structure VIII
O O
| I
R—C—OH R—C—0—C—

where R is a straight or branched chain, saturated or
unsaturated, aliphatic hydrocarbyl radical containing from
9 to 29 carbon atoms, preferably from 11 to 23 carbon
atoms. When R is a branched chain group, no more than 25%
of the carbon atoms are in side chain or pendent groups. R
is preferably derived from stearic, isostearic or oleic
acids. '

The hydrocarbyl group R includes predominantly
hydrocarbyl groups as well as purely hydrocarbyl groups.
The term "predominantly hydrocarbyl”" group as used herein
means that " the group contains no non-hydrocarbyl
substituents or non-carbon atoms that significantly affect
the hydrocarbyl characteristics or properties of such
groups relevant to their uses as described here. For

example, a purely hydrocarbyl C,, alkyl group and a Cz alkyl



Structure Vi L’Hrr] where z is an integer from1l to 10, preferably from1 to
3. These WO&¥3M480 cormon pol yet hyl ene ami nes such as di et hy?ﬁws?%“éﬁﬁ ne
(DETA) (z = 1), triethylene tetramne (TETA) (z = 2), and tetraethyl ene
pentam ne (TETA) (z = 3). For products where z is greater than 3, the
products are commonly referred to as "pol yam ne" or PAM The preferred
products ofgidis | nuesitiateml owidnhet hatl enge oy n%uﬁsrmeidzmltene are
tetram ne, tetraeth | ene pent.am ne, am ne m xt ure ere The
car boxyl i c SRPET r St asct Bt "8? %epéﬁa\%tllééct?%‘i ‘B&Ygt beg
characteri Z@&@yd&péwoum@@x@fca%bwct WigttMrd andhest r ughtegt VI |df anayisxt ures
thereof: Structure VII Structure VI 11
[err] wher (dFEGLOSUER 1 aj ght or branched chain, saturated or unsaturated,

al i phatic hydrocarbyl gkaglheas corjgi ni g‘gbg‘.,ﬁpmgmgé) 29 rgakbon @ onms pot
preferably from 11l to 23 carbon atons. We s a branched chain group, no

nore than 25ieifigrRnERY hodl B ONsthE e hﬁ%ﬁ%bﬁal FRRTasdRFdMti§SousE R i s
pref er abl ycxlg%déé(@gléé OHfS‘:ﬁ@r b@nekﬁ@shﬁﬁﬁké @"f R GRERsrbliie dghgincar byl

group Rin predom nantly drocar by roups as well as purely

hydr ocar byl ©§r dapscampexykiem ag amdyycdridgy @recar byl " group as used
herein means that gthe égt;g@lﬂ LonsMyslepcanh
substituents or non-car borﬁ at ons thfat sl gni fsli can??lfloaffe%t tﬁﬁ E gr ocar byl

char act er i sSPhe®Ro%Y, pPeperiPEy, ofesheRYyr dapsSotraElev &¥C - 1t cpqmquhﬁsfésy as
geﬁg'rlr)fdar‘giﬁoxy 3\5833%828%5 t& Pof eLyriwdr oM DY! LS ddolkYli Y oup and
PCT/ US98/ 00685 linkages in the main carbon chain); ester groups (i.e.,
~C (0) ~O-hydrocarbyl) ; sulfonyl groups (i.e., -S0,~-
hydrocarbyl); and sulfinyl groups (i.e., -SO-hydrocarbyl).

A preferred embodiment is when Rs and R¢ are
derived from 1isostearic acid and the polyamine is
tetraethylene pentamine.

While any effective amount of the amide friction
modifier may be used to achieve the benefits of the
invention, typically effective amounts will be from about
0.01 to 5.0 mass percent in the finished lubricant.
Preferably dosages will be from about 0.01 to 3.0 mass
percent and more preferably from about 0.01 to 1.0 mass

percent.

Example FM-1-A - Into a suitable reaction vessel equipped

with a stirrer, nitrogen sparger and condenser, was placed
450 grams {1.57 mol) of isostearic acid. The stirrer was
started, the flask flushed with nitrogen and heated to
appréximately.110°c, at which time 189 grams (approximately
1 mol) of tetraethylene pentamine (TEPA) was added
dropwise. When the addition of 1l:.he TEPA was completed, an
addi-tionai 450 grams (1.57 mol) of isostearic acid was

slowly added. The temperature of the reaction mass was



17 group substituted W th a met hoxy substi t uent are
substantially simlar in their properties and woul d be consi dered

hydr ocar byw0 98/3840i n t he cont ext of t hi s di scl osur epcisisnoes ‘of
substituents t hat do not significantly alter the hydrocar byl
characteristics or properties of the gengéal nature of the hydrocar byl
groups of the car boxyl ic acid or anhydride are: Ether groups (especially

hr ool ar 1y STy Braee Grtpthe ) uths, UBE R RN seiaderes

-O i nkagesov¢rh¢a;ina| Whelarbeherhplrn)iuctasbnr s@owads &I ndtrogen sparge

h%?z)cgr Bg?; gérggé%lqu andSLél ];oupihr( i vgé&&gs@fﬁ%?gc&})bﬁrﬁe S% Eé'} er r BY

ermbodi nent i shaheamE] ecnfe] eatb &t Lt lite akr@adREHY Xbo°L) Oehd SQé&@@Iér? wagi d
and the polyam ne is tetraethyl ene pentanine. While any effective

amount of t HEPBRA Qe  ri The 0B hHERf PEPCREy beoksappreximately bhbobosef | ts
of the inventh®npriovpiceal s etbeabhlye AIMPKS Wahk %Jl&%@@bou"lfl Q% f
0S e from

5.0 mass percent in the finished l'ubricant. Pref erably ages w
about 0.01 t}F¥Y HREH&ICeR 44n@ifFogePref erabl y from about 0.01 to 1.0
mass percent. Exanple FM1-A - Into a suitable reaction vessel equi pped

with a stirrer, njitro en spar and condenser, was placed 450 granms (1.57
mol ) of isostkaiRke aEHgl-B Thgns%upr@rae@msesta&owd washerepasked| eshedtwi t h
ni trogen andciheat eshd i ARERKI MBS Y gl lad '%stﬂl"{?x_};égi) FHE £

(approximately 1 nol) of tetraet hyI ene pentam ne added
dropwi se. \VIRSSEIRT HadrEidn of Thee PFEldNQKfasWQ,ﬁ)n}énéﬂ-ﬁdedam@ddfwmﬁlat0450

grams (1.57 sohpaPl & spstBaidggeaci d was sl owly added. The tenperature of
t he reacti on nmass was

(2) Succinimides
The succinimide friction modifiers of the current
invention are compounds having the structure IV:

Structure IV

o)
o) R,
R
7 NA(CHz ——CHp —N—-CHp —CHp —N
Ciko !

z

wherein R; is Cs to Cs3 alkyl, and z = 1 to 10.

The alkenyl succinic anhydride starting materials
for forming the friction modifiers of structure IV can be
either of two types. The two types differ in the linkage
of the alkyl side chain to the succinic acid moiety. In
the first type, the alkyl group is joined through a primary
carbon atom in the starting olefin, and therefore the
carbon atom ‘adjacent to the succinic acid moiety is a
secondary carbon atom. In the second type, the linkage is
made through a secondary carbon atom in the starting olefin
and these materials accordingly have a branched or

isomerized side chain. The carbon atom adjacent to the
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sl owry rWPA8E%Md the water of condensation col |l ected overPeHUSIMWMEFH wat er
production slowed, a nitrogen sparge was begun and a slight vacuum applied
to the system By the tine the tenperature reached 200[err]C, the
reaction was conplete. The entire process took approximtely 5 hours. The
product wag;&oQlied aciél miedyanthardtoredis ddcedsadioundat ocaiiizahn 6. 4%
nitrogen. Exanple FM 1-B - The procedure above was repeated except that

ol ei ¢ aci cFaiI F@F, was substituted for the isostearic acid. The

product was anal yzedrged 41041t 0 seRBEALE CafifiyAlinegeNe s ( 2nSucki pum des
The succinimde friction nodifiers of the current invention are conpounds
havi ng t hec¥Rguct §heWRy: a8t r fEmpcdure [ %] wHeERi n 1Apkagesi s diequdht o

d

Cerr] alkyl, and z = o 10. The_al kenyl _succinic anhydride.starting
mter | al's SO (ATt FEORT o SRS AHBAE S SHTREY PE PORiaR b ol t her
of two typsBefingihe #hat t Yges dekiéhal byt hensatkpgeedf shefmikyl witte chain
to the succipic aci iety. ln the first type, the al kyl group is,joined
t hrough a Pf+%ETy %“g?%&ﬁl'om i r#]’iar?geisetsar Qg OIS n,ma"rﬁf’yjtarﬂg? e he
carbon atDieRffaceRdecdtyl thiecciRUce| dnlgydfididl Nbeetddeden il SQEERTRT Y
carbon atom In.the second t , the linkage is _nade through a secondary
Carbon at RRYATTRE oarqerAfeaR h AHES HEe TG S (e P HaRS Vave
branched ogudcSDIEE | &gttt idie,CRaio. The carbon atom adj acent to the

Structure IX

H
| 0
H——~C
0
C
AN

4

wherein R is C; to Cz7 alkyl.

The second type of alkenyl succinic anhydrides,
with 1linkage through tertiary carbon atoms, are produced
from internally unsaturated olefins and maleic¢ anhydride.
Internal olefins are olefins which are not terminally
unsaturated, and therefore do not contain the

HoC =—C ~

H
moiety. These internal olefins can be introduced into the

reaction mixture as such, or they can be produced in situ

by exposing o-olefins to isomerization catalysts at high
temperatures. A process for producing such materials is
described in.'U.S. Patent No. 3,382,172. The isomerized
alkenyl substituted succinic anhydrides are compounds

having structure X:



WD 98/ 39400 PCT/ US98/ 00665 19
succinic acid noiety therefore is necessarily a tertiary carbon atom The
al kenyl ®WQO8B39M08 anhydrides of the first type, - shown aBcTASIMMOEER e | X,

with |[|inkages through secondary carbon atons, are prepared sinply by
heating a- olefins, that is, termnallyjunsaturated olefins, with maleic
anhydri de. Exanples of these. materials would include n-decenyl

succi ni ¢ anhydride, tetradecenyl %Hﬁ%kgh% aghydride, n-octadecenyl succinic
anhydride, tetrapropenyl succinic anhydr Se, etc. Structure I X [err]
wherein Ris Cerr] to (Jerr] al kyl.CHRe second type of al kenyl succinic
anhydri des, with |inkage through terfiary carbon atons, are produced from
internally unsaturated ol efins and f@Hgig anhydride. Internal olefins are
ol efins which are not termnally unsitura ed, and therefore do not contain
the [err] noiety. These internal B+elins n be introduced into the
reaction m xture as such, or they ca prdduced in situ by exposing
[err]-olefins to isomerization gatal ystp _at jigh tenperatures. A process
for producing such materials is WesgrNed inNg. S. Patent No. 3,382,172.
The isonerized al kenyl subst it ut eds succini c anhydri des are conpounds havi ng
structure X WO 98/ 39400 !

PCT/ US98/ 00665 20 Structure X [erf$H2)y —CH3

where x and y are independent integers whose sum is from 1
to 30.

The preferred succinic anhydrides are produced
from isomerization of 1linear a-olefins with an acidic
catalyst followed by reaction with maleic anhydride. The
preferred o-olefins are l-octene, l-decene, l-dodecene, 1-
tetradecene, 1l-hexadecene, 1l-octadecene, l—éicosane, or
mixtures of these materials. The products described can
also be produced from internal olefins of the same carbon
numbers, 8 to 20. The preferred materials for this
invention are those made from l-tetradecene (x + y = 9), 1-
hexadecene (x + y = 11) and l-octadecene (x + y = 13), or
mixtures thereof.

The alkenyl succinic anhydrides are then further
reacted with polyamines of structure VI. The preferred
succinimide friction modifiers of this invention are
products produced by reacting the isomerized alkenyl
succinic anhydride with diethylene triamine, triethylene
tetramine, tetraethylene pentamine or mixtures thereof.
The most preferred products are prepared using
tetraethylene .pentamine. The alkenyl succinic anhydrides
are typically reacted with the amines in a 2:1 molar ratio
so that both primary amines are converted to succinimides.
Sometimes a slight excess of isomerized alkenyl succinic

anhydride is used to insure that all primary amines have



where x and y are independent integers whose sumis from1l to 30. The
pref er r ed W% anhydri des are produced from i sonerizati BRT/YEIYG06Er
[err]-olefins with an acidic catalyst foll owed by reaction with mal eic
anhydri de. The preferred [err]-ol efingiare 1l-octene, 1-decene,

1- dodecene, 1- tetradecene, 1-hexadecene, 1-octadecene, 1-eicosane, or

m xtures of ybhegadnat ermhadl Sprodddies PoFduehs desEtiked a8 aicﬁ@dwxdor@ﬂuced
(6]

frominternal olefins of the sane carbon nunmbers, 8 t The
preferred mEtEREEREe ¥ this invention are those made fronrl t et radecene

(x +y 9), 1- hexadeghetdX types b¥ aikbilnpeiadecenet{dn tmpairidrs Of
nrxtures t hereof. The al kenyl succinic anhydrides are then further reacted

with pol yamicagsbgr usedudpdidigrally e Pp FRRPERREIRRI ni mide friction

modi fiers of this invefd o flc QLS @fogueaétﬁyer q8C thd\g bECpost-
I somerized al kenyl succinic anhydride with diethylene triamhe, trlethylene

t et ram ne, ftéreraﬁeehwenéuséheanmeceﬁsmdxtw edNyhaydrer TaE teghaiques
preferred pLREAUGES th@raert pr'?ﬂ?é‘éédtecﬂﬁiél?@eée&réé@&hihéﬂﬁdﬁenbﬁﬁ‘ Bee.

The al kenyl "succi ni ¢ anhydri des are typical reacted wt e amnes in a
2:1 nol ar r &oito Idaittiesk tsot wogeﬁ:#eny atmlﬁé:e?lane v ectidd trgasinai Witikhdes.

Somet i mes a 3 Ir%%hl%xoa%sﬁiéjfsd&p 5&955‘1‘15@?&‘ ! ?EEBC' BhosphBYEL5dack S, used

to insure that all primry am nes have
PCT/ US98/ 00668 Bhlfaydicepcid TheD?ﬁmft@nﬁ @ﬁetheaetpéﬁcesee@oﬁpeuha of

structure | ¥oubl® SHO 9IS QbnBlies! M1 de deichld ORoMA fash Sofian e sused

I ndividually or 1n conbi nation. ~Thé di succinimdes of structure 1V may be

post - Patent No. 3,502, 677, U.S. Patent No. 4,686,054; and U.S.
Patent No. 4,857,214.

Another useful derivative of the succinimide
modifiers are where the alkenyl groups of structures IV, IX
and X have been hydrogenated to form their saturated alkyl
analogs. Saturation of the condensation products of
olefins and maleic anhydride may be accomplished before or
after reaction with the amine. These saturated versions of
structures IV, IX and X may likewise be post-treated as
previously described.

While any effective amount of the compounds of
structure IV and its derivatives may be used to achieve the
benefits of this invention, typically these effective
amounts will range from 0.5 to 10 weight percent of the
finished fluid, preferably from 1 to 7 weight percent, most
preferably from 2 to 6 weight percent.

Examples of methods for producing compounds

having structure IV are given below.

Example FM-2-A - Into a one liter round bottomed flask

fitted with a mechanical stirrer, nitrogen sweep, Dean
Starke trap and condenser was placed 352 grams (1.00 mol)
of isococtadecenylsuccinic anhydride (ODSA obtained from the

Dixie Chemical Co.). A slow nitrogen sweep was begun, the



treated or further processed by any nunber of techniques known in the art.
These techni ques woul d include, but are not limted to, boration,

mal eati owoagsbsaei d treating with inorganic aci ds such as pesxegbeees aci d,
phosphorous acid, and sulfuric acid. Descriptions of these processes can
be found in, for exanple, U S. Patent 3,254,025; U.S. Patent No.
3,502,677, U S. Patent No. 4, 686, 054; U S. Patent No. 4,857,214.

Anot her useful derivative of the succinimde nodifiers are where the

al kenyl gr 6FHIFrer ststasttedes ar\sd | thendnatemi®l bebpahgdr o§enatla®® @e for m

their saturl?“t"@ 'é.\ii analgeg a‘??tur | £ 1§ he ond%gﬁgge
products o o%l?ltns and mal e| c anhydr i g% may glgoa%:corrg i she re or
af ter reacttiedragithiylene @ﬁhﬁémllliheyéssaﬁdﬁét sdovéyskbmnouch st dipt fube |V,

I X and X I ty desg e Wi any
effecti veng:mu%}t@m]éteh%%ég%%gund%%tructyqr e%%%ir?d%?fﬂs}} e vat | \l}‘gg may
be used to taadpeawturike diertdd tsiofutdi snéreesdd oto Lgptcavhyréhesewas
effective ampunts wl | fromO.5 to 10 weight, percent of the fi r%lshed
fluid, pref&ishl ’FrEWPla}llog‘rf wei QREIREr &S IF%%‘E“}S‘-? ePEraBfy & B 2o 6
wei ght  per Ggitter Exany oF ahemmidtadslfl )i pufduasngoioereeads nhadtienbean
structure 1V are given bel ow.__Exanple FM2-A - Into_a one liter round

bot t oned f ISFKKS (HESP -wi (1Hea fﬁ’é@ﬁaﬁﬁa@alcoé’tlleﬁir &p, Yiedtodbr arasyctpangd

Starke trapmndpeendensarev@sed! aeed 3p219:5885 (1lydeiem! )49% grams.
i sooct adecenyl succinic anhydr| de (ODSA obtained fromthe D xie Chem cal
Co.). A sIESFGRRY Y&Fodm8ep w&s begun, the WO 98/ 39400

PCT/ US98/ 00665 22 stirrer started and the nmaterial heated to 130[err]C

Example FM-2-B - The procedure of Example FIM-2-A was

repeated except that the following materials and amounts
were used: n-octadecenylsuccinic anhydride, 352 grams (1.0
mol) and tetraethylene pentamine, 87 grams (0.46 mol). The
water recovered was 8 mL. Yield: 430 grams. Percent
nitrogen: 7.1.

Example FM-2-C - The procedure of Example FM-2-A was
repeated except that the following materials and amounts

were used: isooctadecenylsuccinic anhydride, 458 grams (1.3

mol} and diethylenetriamine, 61.5 grams (0.6 mol). The
water recovered was 11 mL. Yield: 505 grams. Percent
nitrogen: 4.97.

Example FM-2-D - The procedure of Example FM-2-A was

repeated except that the following materials and amounts

were  used: isohexadecenylsuccinic anhydride (ASA-100
obtained from the Dixie Chemical Co.), 324 grams (1.0 mol),
and tetraethylenepentamine, 87 grams (0.46 mol). The water
recovered was 9 mL. Yield: 398 grams. Percent nitrogen:
8.1.



| medi ately, 87 gr ans (0.46 nol ) of commerci al tetraethyl ene
pent ani ne W@ 98/3848kd sl owly through a dip tube to the hot stPET&898/00665

i sooct adecenyl succi ni ¢ anhydri de. The tenperature of the m xture

i ncreased to 150[err]C where it was hel or two hours. During this
heating period 8 nmL of water (~50% of theoretical yield) was collected in

t he Dean St ha fl eq ¢t t du e
product wei ;@Eﬁﬂm a'fd!l.f WS??aB?é gf rl%nsﬁ?glrpgengé ??%{%gn:
7.2. Exanpl 1R ZacBl), Thedprld@edgnrsns)f OExaannepmenmm@gsewyalt edseicdept
t hat thefollovmng terials and nount s re I ni

d d
anhydri de, ﬁ’éie&ra et T’%‘frﬁa% eB?—fﬁf‘%\ﬁPLg ef%ef)r% E(#%CTI(‘SI 26

nmol ). The egQV8r S e Opcoba r st
ni trogen: 7@&&:8& % E %(il,qu gTheerfoggg&r lg@g?afégalr?gl ﬁsl\/fglg\ B§ B8

r epeat ed ex&e:mmtﬂgat wsne fR)ldQﬁﬂ nghne@erd aldtend BewRGt @Qﬁ&@%eélas}(
| sooct adecenylSUee| wﬁhanaydaégel?g%&sﬁ@ (‘g WIrnAW stirrer, a

di et hyl enet ri'am ne, gr ans he water recovered was 11
. Yield nltfmmegr asweep, Per dean rﬁ&arrdr@ertrap QandEﬁarﬁﬂr@W D - TirRe

Tater i al o aRPLION S Eateisn. LU T SOHeaaobEngPsdtcP L) AnpaFige
(ASA- 100 obtgined, Iy Oa[aéegg Dn e el Cndar A4 AT 10 HBAY g2

t et raet hyl enepent am ne er recovered was 9 ni.
Yiel d: 398 grlaiss. temﬁ%maﬂnne momrdgémmr& 1. Durivg @®/i3oseating period 3

PCT/ US98/ oogﬁ-g 33, SR S 2 e The Brodiel oL XEERL R P AR 97Reor am

(1.0 nol), grans 0 2Ni ¢ base o
product was coocled, filtered, weighed, and analyzed.
Yield: 1120 grams. Percent nitrogen: 6.1; percent boron:
0.9.

{3) Ethoxylated Amines
The ethoxylated amine friction modifiers of the
current invention are compounds having structure V:
Structure V
CHCH20H
Rg —X—(CH?2) % -—-N/
CH2CH20H
wherein Rg is a Cs to Czs alkyl group, X is O, S or CH,;, and
x =1 to 6.

Alkoxylated amines are a particularly suitable
type of friction modifier for use in this invention.
Preferred amine compounds contain a combined total of from
abbut 18 to about 30 carbon atoms. In a particularly
preferred embodiment, this type of friction modifier is
characterized by structure V where X represents oxygen, Re
contains a total of 18 carbon atoms, and x = 3.

Preparation of the amine compounds, when X is
oxygen and x is 1, is, for example, by a multi-step process
where an alkanol is first reacted, in the presence of a

catalyst, with an unsaturated nitrile such as acrylonitrile



under the trademark Necton-37 and avail able from Exxon Chemical Co.) and 1
gram of anti-foamant DC- 200 sold by Dow Corning were placed in a 2 liter
round beydosrssdod | ask fitted with a heating mantle, an ovePOBEEIS06¢T er, a
nitrogen sweep, a Dean Starke trap and a condenser. The sol ution was
heated to 80[err]C and 62 grans (1.0 m4) of boric acid was added. The

m xture was heated to 140[err]C and held at this tenperature for 3 hours.
During thit® ffe:a:m gy pedthiead natm;l@f ingegmedasteol | EbeedniarhbdideaniSt ar ke

trap. The ¥@§ {;&q; h?ﬂi gh and ana zed.. Yiel d:
1120 grarrEt OWSZ roden pg#élﬁ cen gggn n(%) Iﬁfnox Iat ed
Am nes Theosvemtyilosiadd hamhrngehaitcbnonartradiy‘stersuoh ahepiatﬂ.num bhaektion
orr] Lol SRLIB AT 0 St St i | E SeEndt PRt ©
Al koxyl at € atheres raaetadpam.tthcmrarbykyiuémabbamyepe smfchf rast ebthybenef i er
for use i S inyen erred_am ne c unds caont a ganbi ned
total of %ébogqA 51. pE SL?C?BO Carfoh ihe ﬁa&“g Bt cﬁyar?y
preferred cmmimalntrmmna,l mtizouypae: of ﬁexmmnahunmdnrf |te11e | sacdar att eboaed by

structure V where X represents oxygen, Rerr] contains a total of 18 carbon
atons, and®% 1503C. "Preparation of the am ne conpounds, when X is oxygen and

x is 1, is, for exan&ndy r@eﬁﬂ&&'oﬁtﬁf?eﬁéﬁﬁ?éstﬂ‘@eéﬁlﬁé gbﬁsae ks first

reacted, in the presence of a catalyst, w th .an unsaturate nltrl e such as
acrylon|chQ9 Mpowaugnd x is’1, is to react a fatty acid with

PCT/ US98/ Q@R i24 or an alkanol amine, such as ethanolamine, to form
an intermediate which <can be further oxyalkylated by
reaction with an alkylene oxide, such as ethylene oxide or
propylene oxide. A process of this type is discussed in,
for example, U.S. Patent No. 4,201, 684.

When X is sulfur and x is 1, the amine friction
modifying compounds can be formed, for example, Dby
effecting a conventional free radical reaction between a

long chain a-olefin with a hydroxyalkyl mercaptan, such as

B-hydroxyethyl mercaptan, to produce a long chain alkyl
hydroxyalkyl sulfide. The long chain alkyl hydroxyalkyl
sulfide is then mixed with thionyl chloride at a low
temperature and then heated to about 40°C to form a long
chain alkyl chlorcalkyl sulfide. The long chain alkyl
chloroalkyl sulfide 1is then caused to react with a
dialkanolamine, such as diethanolamine, and, if desired,
with an alkylene oxide, such as ethylene oxide, in the
presence of an alkaline catalyst and at a temperature near
100°C to form the desired amine compounds. Processes of
this type are known in the art and are discussed in, for
example, U.S. Patent No. 3,705,139.

In cases when X is oxygen and x is 1, the present

amine friction modifiers are well known in the art and are



to forman ether nitrile intermediate. The internediate is then

hydr oagenweeB/39400pr eferably in the presence of a conveRCTHISo8/00665

hydr ogenati on catal yst, such as platinum bl ack or Raney nickel, to form an
et her am ne. The ether amine is then acted with an al kyl ene oxi de, such
as ethylene oxide, in the presence of an al kal i ne catalyst by a

conventi on Ogiitlgg atat he amrp |n {Jhg rapgg q\gpéjt %0138%0[9gr€5r]c

Anot her net repafl ng € 'conpounds, Xygeh and x is
1, isto r@adt70a516@t,t3¢ aandeam h4aﬁﬁr8n9©00andn3a7khn®®6am ne, such as

et hanol am ne, to for Ler | Ky ed by
reaction with an al kyrg lorém erPa%I té%b\ﬁ %?‘Hy %&) éﬂ nﬁ:i%la?l' k)gj oxi de.
A process @fre Mok tl)&}ne.tlezi dics c udse dfd I, owianrg exe,rerha,s u—&ydiab@retthM) -
4,201,684. Wien X i.s_sulfur and x is the n.ne. frictiq di

conpounds CAPIEYIFGFAREd,  for };{r% 3@4 RS an{ng‘ H\%ﬁ‘tﬁonal
free radlcxﬂruaﬁméwyaemuebmeen aNJNTFnswﬁﬁhydxﬁxgetﬁyﬁn4E?Mddeayﬂamdm@ﬁyalkyl
nmer capt an, xyet rcaptan, to produce n ain
al kyl hydr &iﬁw%@[ﬁ 8é‘¥/ e ‘Péh@g‘ﬁaﬁ%{? K91 hydr oxyalbﬁﬂ‘%&%( ide is
t hen mi xed haiddoxdviittypll) ~ohitadedengllafihew t enpe b (A d,ddwiydieaiigd t o

about 40[err]CtoformaI hai,n al k ul fi The
| ong chai n SHEHEEMEGr oal k Tg%LC}I~l H%XY%gQWn%a{fé%%r%’byer% eai%ﬁ"}) R
di al kanol aradafgcﬁmhm di et hanol am ne, and,N)N-BlEes(2-adydmddetdiyigl-ad ene

oxi de, such a Xi in the presence_of .an al kalne catalyst and

at a terrperdé} q'%ygpg\lp]ec to formthe det‘éﬂl‘?e}?il%ﬁa'ﬁey‘{:r&ﬁ%ﬁéﬁ’ -

Pr ocelsses ﬁgdéﬂﬂmtﬂﬁa&gﬁw?)lgn the art amr:g W&Q(Wy&hyﬂqr—

exanple, U Pat_ent 705, 1 I n cases en X i e x |s 1,

t he present oﬁﬁ%tﬁﬁoﬁlé’ﬁlﬁﬂﬂpﬁ'ers are wel | Xrioupts ciﬁ\é?%ﬂ’i
hexadecyloxypropylamine; N,N-bis(2- hydroxyethyl) -

hexadecylthiopropylamine; N-2-hydroxyethyl,N-[N',N'-bis(2-
hydroxyethyl) ethylamine] -octadecylamine; and N-2-
hydroxyethyl,N-[N',N'-bis(2-hydroxyethyl)ethylamine]-
stearylamine.

The most preferred additive is N,N~-bis {(2-
hydroxyethyl) -hexadecyloxypropylamine which is sold by the
Tomah Chemical Co. under the designation E-22-S5-2.

The amine compounds may be used as such, however,
they may also be used in the form of an adduct or reaction
product with a boron compound, such as a boric oxide, a-
boron halide, a metaborate, boric acid, or a mono-, di-,
and trialkyl borate. Such adducts or derivatives may be
illustrated, for example, by the following structural
formula: |

CH2CH20
Rg —X—(CH2) x ——-N/ —0—Rg
CH2CH20//
where Rg, X, and X are the same as previously defined for
structure V and where Ry is either hydrogen or an alkyl

radical.
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described in, for exanple, U S. Patent Nos. 3,186,946, 4,170, 560,

4,231, 883yo93/49490 000 and 3, 711, 406. Exanpl es of suitabl e apgriesssmopssunds”
i nclude, but are not limted to, the follow ng: N, N-bis(2-hydroxyethyl)-
n- dodecyl am ne; N, N- bi s( 2- hggroxyet hyl ) - 1- met hyl -

tridecenyl am ne; N, N- bi s(2- hydr oxyethyl ) - hexadecyl am ne;

N, N- bi s( 2- hydr oxyet hy oct adec

hydr oxyet hyl ) - oct adecé%ﬁ ‘ﬁ‘glylves %MI 2“%’5/0?&3}8?%;/5% 38989I 58 ne:

N ( 2- hydr oxyled hpb).rehsl— (ttnyahsmo.ytamr@(yemydié rarf dbldmyhmne;xon. These
N, N-bi s(2-h et hy

N D o2 A L R dOU R OB Aiiar agents,  corrosion
N, N- bi s( 2- WWWJ)meﬂ@ﬂe@ﬂmmepyIMMe pressure additives,
N D 52 UG OUEL Y dge NOXOERYl XML PRULEM 08 atsciosed i, for
N- 2- hydroxyekémblé\# [ lestmbaatz Adadﬂtwewt hyy) echyl ansmelnest adery| Roi ne;
gtngaryl am en‘:\%‘g\r’ thylpln% rP?d lb:*ﬁ Bzﬂrgxyggg%%e&hﬁgrgﬂe]
hydroxyet hyl ) - hexadecyhexydetpybantse ificthdes stled hyettdie Tgma.hsChem‘i cal
oo "enev: 50 Ryt S ot SRR ol SR o,
product wi té\lﬂyf_DOd‘;@Dl@@ImB'}d naplthafa tR DN oFhiede oid Rolobikamone-
T ot 8T Al o A LB BT PO el
structural hetaul asaJ[tfsr,r] subler e AlighlyX basit X adkalihe seaPrias metali ousl y
?:g: ng_forséﬁgﬁé es es?;g]gm. elrye&earr{c] IJIgS sealltths%‘r %drfol%%rﬁe%rtl?/nugleﬁyl
as detergents. They are usually produced by heating a
mixture comprising an o0il soluble sulfonate or alkaryl
sulfonic acid, with an excess of alkaline earth metal
compound above that required for complete neutralization of
any sulfonic acid present, and thereafter forming a
dispersed carbonate complex by reacting the excess metal
with carbon dioxide to provide the desired overbasing. The
sulfonic acids are typically obtained by the sulfonation of
alkyl substituted aromatic hydrocarbons such as those
obtained from the fractionation of petroleum by
distillation and/or extraction or by the alkylation of
aromatic hydrocarbons as for example those obtained by
alkylating benzene, toluene, xylene, naphthalene, diphenyl
and the halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be
carried out in the presence of a catalyst with alkylating
agents having from about 3 to more than 30 carbon atoms
such as, for example, haloparaffins, olefins that may be
obtained by dehydrogenation of paraffins, and polyoclefins
such as, for example, polymers from ethylene or propylene.
The alkaryl sulfonates usually contain from about 9 to

about 70 more carbon atoms, preferably from about 16 to
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Ot her add¥PP%2¥M nown in the art may be added to the power RGTAVSI$H0pESng

fluids of this invention. These additives include dispersants, antiwear
agents, corrosion inhibitors, netal detergents, extreme pressure additives,
and the |Iike. Such additives are disclosed in, for exanple,

“Lubricant Askliti ves" Sxriery. &mh@eeéeﬁndaﬂcYKenéﬁﬂytﬁfﬁtéd 186cdmatiz 1-11
and U.S. Patent 4,105,571. The detergents ude the netal salts of

sul foni c adlRREtY% kyl PRENoMEOSts yIRTRESHEd IGFh PRIGING | KIELREFERES at es,
napht henat eﬁl@ns’d@t hgh1eilmsolullrena®eg- ad diear khendite, achl§nesidgh ghly

basic (i.e., _overbased) netal salts, such as highly basi'c al kaline earth
et al sulfo‘iﬂ%n%*é%rpe@? IM3OTees gy BERAHe-s) are frequently used as

detergents.  They ar @hgs@ﬂaﬁl&@% e&lg@t EBRpBuAtE! Whe 8O é'g an
oil soluble sulfonate or alkaryl sulfonic acid P an excess o0 al i ne

earth netalugedpoind AevvEalhaing eqthese f@lk%bﬂ%le@@lﬁ@®&¢al$ﬁhd$onﬂbf any
sul foni c achf,prgsephe %ﬁ‘ifbﬁﬁ'i:‘é@f tﬁrclh%g G2 SH SR S&%Cﬁgﬁiﬁ&g{&egoml ex

by reacting the excess nmetal with carbon oxi de to provide esl red
over basi ng. aﬁh@X5@¢$onFér§@Pé§e§veQAHhQﬁMM§$&Mn$H¥ﬁ%ﬁ%N hydresnididei on of

al kyl SUbStMt‘E@E'ear%@Edﬂeé‘ygh‘aca%ﬁ%s %tlonﬁwbt@w% Jfrog the

fractionation Eﬁtro eum by distil 7o extraction or by
t he al kyl atb@ﬁl@f\ ar oB¥EMPLR§dravesr Ifedsiam f@m@mma@lqm@mraxn@@, by

al kyl ating Beggesson! Aldiitfhe X4haNTadRONDR! SRtacdl PRl dRded! Necne

hal ogen atlves obenzene, ‘or ot ol uene and
chl or onapht dbkahiéne Tig@ ik yheta bn opmpovadcaks i 8 dedutln nexkhespr @fentlraf a

cat al al yst W L 8qat k¥hatbngoRgents HautPgiizom aRoyt BnkOoaRAEyE Naly A0, £ar bon

ato
acids. Generally, the amount ranges from about 100 to

about 220%, although it is preferred to use at least 125%,
of the stoichiometric amount of metal required for complete
neutralization.

Dispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid, thus
preventing sludge flocculation and precipitation. Suitable
dispersants include, for example, dispersants of the ash-
producing or ashless type, the latter type being preferred.

Ashless dispersants, which are the preferred
dispersant for use in connection with this invention, are
so called despite the fact that, depending on their
constitution, the dispersant may upon combustion yield a
non-volatile material such as boric oxide or phosphorus
pentoxide. Ashless dispersants, however, ordinarily do not
contain metal and therefore do not yield a metal-containing
ash on combustion. Many types of ashless dispersants are
known in the art and, as any of them are suitable for use
in the 1lubricant compositions of this invention, the
following examples are only illustrative.

Reaction products of carboxylic acids (or

derivatives thereof) containing  at least about 34 and
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about 50 carbon atons per al kyl substltlﬁed aromatic noiety. The nost
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General ly, t a%gnt ranges from about 100 to about 220% although it is
preferred to use’at "I'east 125% of the stoichionetric anount of netal

required for conplete Nlalxtorgalm-zairi mtelai—meutaammgnajsm.ﬁis@f @li1|s(;j>'b@§ahdb| es,
resulting fr [ r|n suspensi on i n_the ui
preventing S%E%ge fgl occ §ﬁ% e% tg'f"? oFEOR | EABFLS ?-%%e?%aﬁf—%
i ncl ude, f orscdxaiel esaxhs,peamadés oflntﬂaiaesashex@z@ﬂit@e@gaﬁa a@é\&@&s tbﬁ?e
the latter I.Ng, RL ferred | ess di spersants
preferred dlwsi%g}lg%t Fple?ﬁ(gé i n° %rb‘-h d‘ﬂ"%q h ré)cla%\lg’é(ﬁrt |SBPStéFBt§6
cal | ed despmoaot-he dratt diﬁﬂrbmkmmhdlngcmﬂsthemr anhydride or ester
derivatives thereof wherein the 1long chain hydrocarbyl
group is a polymer, typically of a C, to C;, monoolefin, the
polymer having a number average molecular weight of from
about 700 to 5000.

The long chain hydrocarbyl-substituted
dicarboxylic acid material which can be used to make the
dispersant includes the reaction product of 1long chain
hydrocarbon polymer, generally a polyolefin, with (i)
monounsaturated C; to C,;o dicarboxylic acid wherein (a) the
carboxyl groups are vicinyl, (i.e., located on adjacent
carbon atoms) and (b) at least one, preferably both, of the
adjacent carbon atoms are part of the monounsaturation; or
with (ii) derivatives of (i) such as anhydrides or C; to Cs
alcohol derived mono- or diesters of (i). Upon reaction
with the hydrocarbon polymer, the monounsaturation of the
dicarboxylic acid material becomes saturated. Thus, for
example, maleic anhydride becomes a hydrocarbyl-substituted
succinic anhydride.

Suitable dispersants include hydrocarbyl
succinimides, hydrocarbyl succinamides, mixed ester/amides
of hydrocarbyl-substituted succinic acid, hydroxyesters of
hydrocarbyl-substituted succinic acid, and Mannich

condensation products of hydrocarbyl-substituted phenols,
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hydr ocar byl beahsttirtasted it and idbcgrborylacidacefispbeosphhbydsi derorarest er

derivatives _ther j h o) i r Y. r i ner,
typically ofang’?/é?g&re}mgﬁéggg rfn m)%g% %@%{}ﬁeg%%ﬁgngéﬁgh%%gé%&m é/er
aver age nol €oul arseneirghthef cémpoms dbicats 700 tbis0Q@@veRhéon as| drigey arehain

makce e o ERER oY RApRSabTRE At cBRt el ool el Sot S o bon
pol yner, geseabalthpcaspolasol eflugrovallagtiomers and silicon-containing
elastomers. Polyisobutenyl succinimides formed from
polyisobutenyl succinic anhydride and an alkylene polyamine
such as triethylene tetramine or tetraethylene pentamine
wherein the polyiscobutenyl substituent is derived from
polyisobutene having a number average molecular weight in
the range of 500 to 5000 (preferably 800 to 2500) are
particularly suitable. Dispersants may be post-treated
with many reagents known to those skilled in the art, see,
e.g., U.S. Pat. Nos. 3,254,025, 3,502,677 and 4,857,214.
Representative amounts of these additives in an

ATF are summarized as follows:
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Lubricating Oil Balance Balance

The additive combinations of this invention may
be combined with other desired lubricating oil additives to
form a concentrate. Typically the active ingredient (a.i.)
level of the concentrate will range froin 20 to 90 weight
percent of the concentrate, preferably from 25 to 80 weight
percent, most preferably from 35 to 75 weight percent. The
balance of the concentrate is a diluent typically comprised
of a lubricating oil or solvent.

Table 1 contains ¢il compositions illustrative of
the present invention. All of the amounts of materials
shown in Table 1 are in mass percentages. The "Base 0il"
shown in Table 1 contains required levels of corrosion
inhibitors, anti-foamant and viscosity modifiers.

The composition shown in Table 1 as Example E was

subjected to two critical performance tests: (1) an FZG
gear scoring test according to ASTM D-5182; and (2) a
steel-on-steel friction evaluation. Also, evaluated in

these tests was a commercial lubricant used as a factory

SUBSTITUTE SHEET (RULE 26)
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'n Table 1ccooentttaiicr}LSenrtequiisr ec%nelaes\/\,lerlesd Ofagoréoskggction of speed and
temperature. The results in Table 2 show the superior
steel-on~-steel friction characteristics of the compositions
of the present invention as exemplified by the product of
Example E of Table 1 when compared to the commercial CVT
factory £fill fluid. In CVT systems, a higher dynamic
friction coefficient is better, as is lower static friction
coefficient, as long as the static coefficient remains
above the dynamic coefficient. The product of Example E is
clearly directionally better in both of these criteria when
compared to the current factory fill product.

Specific features and examples of the invention
are presented for convenience only, and other embodiments
according to the invention may be formulated that exhibit
the benefits of the invention. These alternative
embodiments will be recognized by those skilled in the art
from the teachings of the specification and are intended to

be embraced within the scope of the appended claims.
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show t he superror anti- wear performance provided by the conpositions of
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the group consisting of —~Rl, where R is
hydrocarbyl and R; 1is hydrocarbyl or hydrogen, and

R ~—0—P ~—0—R"

b—w

where R, R', and R" are hydrocarbyl;

(b) at least one amine salt of an organic
phosphate having the structure

0

R —=O-—P —O0H- (H) xNR4 (3-x)

O—R3 ; Wherein R, and R; are
alkyl or aryl, and further R; may be H, and R, is alkyl; and
(c) one or more friction modifiers selected from
the group consisting of:
. (1) amides having the structure
0 0

R5—C—N—CH2 —CHp —N CHy —CHp —N C—Rg

} } !
' Yy

wherein Rs and Re¢ are independently Cs; to Cizs alkyl groups,
and v = 1 to 10,
(2) succinimides having the structure
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reaction product of an ethoxylated amine with a boron
compound, the reaction product having the structure:
CH2CH20
Rg —X—(CH2) x —-—N/ —O0 —Rg
CH2CH20//
where Rg 1s a C¢ to Cz alkyl group, Re is either hydrogen or
an alkyl radical, X is O, S or CH;, and x = 1 to 6.

2. The 1lubricating composition of c¢laim 1,
wherein the organic phosphite has R groups selected from
the group consisting of decyl, undecyl, 3-thiaundecyl,
pentadecyl and 3-thiapentadecyl.

3. The lubricating composition of claim 1,
wherein the amine salt of an organic phosphate is derived
from a compound selected from the group consisting of 1~
octanol, 2-ethyl-hexyl alcohol, 1l-decanocl, 1-dodecanol, 1-

hexadecanol, 3-thianonanol, 3-thiaundecanol, and 3~
thiapentadecanol.
4, The lubricating composition of claim 1,

wherein the friction modifier is the amide derived from an

amine having the structure:
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derived froma co I m t he group consisting of 1 -octanol,
2- et hyl - hexyl al cgﬂmmtllmclmﬂumm“ -dodecanol, 1 -hexadecanol,

3- t hi anoM&mel/i394@- t hi aurtdec¢andl , sand 3- thi apent adecanol . 4pCT/Usdgmessset hod
of claim1l, wherein the lubricating oil contains a synthetic base oil. 5.
The met hod of claim | wherein the Iubr'fati ng conposition further
conprises: an effective anount of.a netallic detergent. 6. The net hod of
claim5, wherein the netalyic detergent is elected fromthe group
consisting of: cal cig .e.,_cggl_c.i.n %cugngaey um sul fonate,
and magnesi um phenate. 7. The net hod | ai m wherein the lubricating
oil further conprises: an\effective anou t f an ashl ess di spersant. 8.

A lubricating composition for lubricating a continuously variable
transm ssi ovherehe lisbhrncantrgerofipori 1i ba tOnppresfemall yi ftem el dfo J.1) a
maj or anount of a lubricating oil; and (2) an effective anount of a
performance enhanci ng addi tive conbination conprising: (a) at | east one
or gani ¢ phosphite sel@ctedTheoniuheigabmpgcousmpm$imﬁmﬁ [ceff r lclaimvhdre R i s

hydr ocar byl _.and e h car hydr ogen, ere
a%d R ar)é Vﬁ’fd: ollﬂa %h% aﬁlng e}byec%d éﬁg?ggneg ?‘hg cgﬁ%f’mgfn%nogrgam C
phosphat e rmi\amgﬂtdm strlmnm@ [(EEE‘}\), wheiretihy Iiener r tetnamBher r(TETR ,al kyl

| and furth is alkyl; and
or more’ £ 119 e kAR PRaFLe BEELABATF, SREFRL g oup cons) sting of (1) |

am des havi ng the structure [err]

6. The lubricating composition of claim 1,
wherein the friction modifier 1is the ethoxylated amine

where X is oxygen, Re contains a total of 18 carbon atoms,

and x = 3.

7. The lubricating composition of claim 6,
wherein the ethoxylated amine is N,N-bis (2~

hydroxyethyl) hexadecyloxypropylamine.

8. The lubricating composition of claim 1,
wherein the friction modifier is the reaction product of

the ethoxylated amine and a boron compound.

9. The lubricating composition of claim 1,
containing an amide friction modifier and an ethoxylated

amine friction modifier.

10. The 1lubricating composition of claim 1
containing an amide friction modifier, a succinimide
friction modifier and an ethoxylated amine friction

nodifier.

11. The lubricating composition of claim 1,

wherein the lubricating oil contains a synthetic base oil.
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wherein R err] and 3{ i dently C9 to C29 al kyl groups, and y =
1 too10, weewepo  cIRMIGAI MITIRES" 7 Raving™ The” potmsuoisss o
[err] , wherein Rlerr] i's & CPert] to err] alkyl group, Xis O S or CH,
and x = 1 to 6 or the reaction product gk an ethoxylated am ne with a boron
conpound, the reaction product having the structure: [err] where Rerr] is
a (Jerr] to (Jerr] alkyl group, Rerr] is either hydrogen or an alkyl
radical, Xis O Sor CHerr], and x =1 to 6. 9. The | ubricating
conposi tion of claim82.wherldien fhbricghbng proxgiditsdmscR gebaps sl ect ed

fromthe gr SLSLI decyl, undecyl, 3-thiaundecyl, pentadecyl and
3-t hi apent aggggﬁgplg&bp%]feﬁq'ubri cating conposition of claim8, wherein the

am ne salt of an orgamnceffiesphu¢ cancuniere & ed detehld o« agiengentel ect ed from
t he group consisting of 1- -34- octanol, 2-ethyl-hexyl al cohol,

1- decanol, 1-dodecanol, 1-hexadecanol, 3-thianonanol, 3- thiaundecanol, and
3-t hi apent adecanol . 113. Tiael vbubritatihg oopmpobibhonf off acraim VitBsr ei n

the friction_nodifi i ani de . derived from an L ne_havi t he
structure. PRrFsunghe Peardiadt fersideito 14 ThEiePE EraRa S (Hhmm 1
3. 12. Thechsbstiagi ngofonpeslidiam of salldfonetéd, wheakciumhe phemete,s

sel ected froma di et hyl ene.triam ne (DETA), triethyl ene

EQUP_coppsSisting o

t et rani ne (ﬁ%ﬁ?gl‘éﬂds‘ﬁgﬁ%ﬁ%%&ﬁ% meﬁiuﬁbp(*?ﬁ?if.‘ 13.  The lubricating
conposition of claim8, wherein the friction nodifier is the ethoxyl ated
am ne where X is oxygen, R eLr opntains.,a total of, 18 carhon atons, and X
= 3 14.  The |ubri caﬁiqng co si(iﬂ"géﬂr’rc&f%legai FRMROS LT, r‘?l%t hﬁfﬁflﬂoxjyl at ed
am ne i s NNfhirsherhygdinpxyeity! ) hexadecyl oxypropyl am ne. 15. The
| ubricating conposition of _claim8, whereip the friction nodifier is the
reaction product of t /& &LfE Ilé{Feam‘&W%eo R £ PO é&ﬁ&ﬁﬁﬁl&rﬁ. The
lubricating conposition of claim38, containing an amde friction nodifier
and an et hoxyl at ed anHEﬁ frlfﬂg OQuQPgéééfﬁg composition of claim 14,

wherein the ashless dispersant 1s a polyisobutylene

succinimide reacted with a alkylene polyamine.

16. A performance-enhancing additive composition
comprising a mixture of:

(a) at least one organic phosphite selected from

the group consisting of r Wwhere R is
hydrocarbyl and R; 1is hydrocarbyl or hydrogen, and
R—0—P-—0—R"

b—s

where R, R', and R" are hydrocarbyl:;
(b} at least one amine salt of an organic
phosphate having the structure
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17. The Iubricatlzﬂ claim8, wherein the lubricating oi
contains a syntheti mmm""m ﬂ The lubricating conposition of claim
8, furtEOMBMIPI sind: an effec

sl ve anpbunt of a netallic REITAISYent6es

- 19. The lubricating conmposition of claim18, wherein the netallic

det er gent

Is selected fromthe group capsisting of cal cium sul fonate,

cal ci um phenat e, magnesi um sul fonate, and magnesi um phenate. 20. The
| ubricating conposiggion of claim8, further conprising: an effective anmount

of an ashl ess di spgfrsant. 21. A nmet hod of lubricating a continuously

vari abl e tkgns%s&pon_gngg);‘hg4l lébls{l cating conposition of claim8 which
conprises a nﬁ

transm ssi on. 0"‘—'R3

heet Has Been Replaced

I

ding the lubricating conposition of claim8 to the

;, Wwherein R, and R; are.
alkyl or aryl, and further R; may be H, and R4 is alkyl; and

(c) one or more friction modifiers selected from
the group consisting of:

(1) amides having structure

cﬁ o
R5—C—N——CHp —CHpy —N CHy —CH2 —-—N c —Rg
} !

wherein Rs and R¢ are independently Cg to Cgs alkyl groups,
and y =1 to 10,

(2) succinimides having the structure

0 0 R+
Ry N4<CH2 ~—CHp —N—-CHp —CH2 —N
Q@ !

Z

wherein R; is Cg¢ to Ciz alkyl, and z = 1 to 10, and

(3} ethoxylated amines having the structure
CH2CH20H
Rg —X—(CH2) x —'-'N/

CHZCHon, wherein Rg 1s a Cg¢ to Css

alkyl group, X is O, S or CH,, and x = 1 to 6.

17. The additive of claim 16, wherein the

components are blended at temperatures above 100°C.

18. A method of 1lubricating a continuously
variable transmission using the lubricating composition of
claim 1 which comprises adding the lubricating composition

of claim.1 to the transmission.
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