;e3ef Fbz6Tfi WO 99/ 36491 PCT/ US98/ 22757, AUTOVATI C TRANSM SSI ON FLUI DS OF

| MPROVED VI SCOVETRI C PROPERTI ES BACKGRQJND OF THE I NVENTION 5 Thi s
invention relates to a conposition i nproving the Qﬁcbllﬂe?ﬂﬂl es
of power transmitting fluids, partl j“lmmmmt ai ni ng automatic

transm ssion fluids of inpr oved Vi SCOSI y control. Automatic transm ssions
continue to beg@meepre sophisticated in He%i gn as vehi clrheshig ogy
advances. These design changes result fromthe need to i nprove 10 vehicle
operability, reliability, and fuel econony. Vehicle manufacturers worl dw de
are increasing vehicle r i I s on the

vehi cl es. Thi g means t% wacﬁ?&ﬁ?ﬂgsﬁjﬁgﬁi%g&ﬁr@%ﬂﬁhe automati c
transmssion fluid (ATF), nust YARCOMETRIGRROBEREWS t e reliably without

mai nt enance for |onger periods of tinme. In the case of the fluid, this
nmeans | onger dr BATKCRGUNBIOF. THOINVENTYON vehicle 15 operability, especially

at low temperat ir e, FRNIARLIALA, DakEOl AR HnSHEd S ndsiflicerment s for

fluid viscosity at - 3: P£ aﬁrl rain ntervals and nore
severe oper at i ngd"EBHH° Pod’ﬁ’ém“ ‘ﬁtﬁ‘lgél EJIP%'?’ bty faﬁ’é’}géég’gﬂ‘ct he requirenents
for oxidation rdsssissiaeBuidgofimpovat Fiscosindontrbr eased the amount of wear
protection that the Adtamaic raghisgoeodi@ud to becblembre aspiiRiicasd Drdesigh@s | Npr ove t he

fuel econony of g Mmslegy%dzaqce@nﬁheg@&g&g@chwgIg%nlﬁ%sheln@edtmnpmque ,
converter, nuf ahxélé"op%ra rrrpha%?flty ? ono l‘Uaeh Clgpnanu ac rersCI ultdc €s, Whi ch
require very precise con Liof PR PP orf A BPBERMT L Y comon

el enent in the qrfé%qeawweb'éwé?menep%@vq Eyyice on depehides Thif e, and
better transm ssiean tipowt pudmatis tritymissiprs epintixt aufomatir toperifsica SuidfATHe fluid. It
is well known t Bt e @Wainkd g opdite MélidbBOGIhbYt nntedihcbHomder peaivdstoetiper at ures 25

(e.g., -40C) Wil 4 ?a%é%f*me'ﬂ?nd mrn%ﬁx%qer%%ﬁpinle}vw PJ mgﬁ% {ehRfdsm ssion at | ow

anbi ent tenpgratu ntiwear additives in
the ATF wil |l 16\Sr est Tr?emlf e??ﬁ?‘%ly\ﬁkl pSgE“E"T i“&'ﬁlrfm%fﬁ&f h?‘he ?’poﬁ‘édtsfrgF friction
control can be JpRUEFHEH fcmﬂUjdd&m%%}s‘*oc‘ﬁonc@%wﬂf lepget qrgminep@ispider s. However,
appl i cant s have nmoxsefepenpdratitgabndivjonp mopeictget met inomasal thamegirasentsyfforrodi f i er
mol ecul ar wei ghtoxidhtth@ rdsi2iahde BMBE AL, L EinOPAERRE dnidudt.of Wekr BiBedtiot hal thd €, and

friction control uﬁf ON;Ffmtgeg%rmss&oqp&g#pgﬁv?m@wﬁ&%ﬁv%%aéevemrer ect choi ce

of the vi sco ar wel nmeet the

hi gh tenpera Our ém ‘&985’?efg9‘ 195% B RS TR F?‘Fp‘B@‘égCtB’f/rsfﬂ@%’iﬂW KEirer, while
al so al | owi ng t Ifenverteiciytchss, W fccrlli'fgmfbnrscﬁeéwtllobfﬁpﬂéhdémqw@‘ MPREEES ty linits.
H gh t enper at ur eOn¢icemosi depnentsin the goeskinthaner rdiaibmtiongbr seveia¢ life,andiyederodynam ¢
and 35 el ast ohydr.e8MRRAtMYERhe bl@&hﬂﬁ% propbrBdd of Mé fiki@l Vi scosity, at high

and ﬁfSL”EﬁZ Ay %‘%%QQ“"’? h‘ﬁqf"‘!’Q%X“E“S}‘{%‘r‘%wq“ff:?é‘%’gmgafecElqﬁal y
i mpor t ant ?{he@ﬁrd? HB?“‘"’[’W’P&SG Frﬁ? tgﬁf‘%‘ﬁﬁreg’s‘ﬁ‘f’sw 8\7@1““8’? vi scosity

under bot h hi gh temRreratuss: i insreasingttiesamopnt @hangifveas pddifiyes in ke Tl Iegoftnt ed from
M nosa 05/ 29/ ZOQﬁ)m])fb v pBtecparg end-thht better frictionicéritial caw besabadried by jadicibisgh
tenperat ures antnhbigWbrEhEas mbEheS HfRver, IBRichRdHavd Rwib RO A yptdpet operabi lity

as Vel | oo viggask idhy DhdllshSIRElA Wiy ﬁ@@oitgeé{.ée%@ﬁ@agﬁe&ﬁs@ control s

fluid | eakage at transm ssi on
itself, but ?Qaaksﬁ’déthi“‘ %F Bﬁ“‘ﬁﬂ@%‘ﬁf’@ge {LF, gan begmproyepgimpltapeqyslysi V) ar ound
seal s and val ves in Corescrhoipcef shei vissesitnmoedifitr molecidar sieighn alipyes thegfliicte  how

sophi sticated t h@eceheRih @Rpdraterd Risdosity r&fuuérh@tstulhﬁd%&fﬂy?dﬁ:ln&lﬂufadnfrert\Iﬂﬁlef luid is

| eaki ng under pra@s%sam\ﬁné e f’hh@to\ﬁ?éctvr?gogqglxw t&ﬁb@ra&ﬁc@%ﬁ&gtfﬁr{)&nmﬁh not

function properl ansm ssi ons using
sliding torque c %’ﬁ\’féﬂ"{’%?“sct‘?f'& ahsgg‘"%w’ht(?émﬁrgﬁﬁa’o’f‘rﬁﬁdfwdty?fgéc ?jew ces is
acconpl i shed3by Hasiehrdeodymamia weat reeirmss: i HHetcipitiplotscosity gidtiahignsierees (fr%. 10 By
careful sel ecti or90ed anti NE0°GR hiebothllaw (vel 00 e b lamd highsbasiatey(Im0@P f i er, t he
af orenent i oned psre@pgenetmse&coefromm@w&;r FEpaly dasodaﬁwwmdssabmta aaiaaias! y. | f t he

mol ecul ar - wei ghtthg Bﬂ:@el\é}'\%gcg Wdeppoc\j.l!x%%l?z(ndll ga(?racgvgvenaﬂgu@%_%}es i s not ‘

needed to produce t e required’viscosl t enper at ur es .
only uneconom cal, but will eventually cause eI evation of the viscosi ty at

| ow t enperat ure maki ng it 15 difficult or inpossible to neet wmm‘ “ }
Brookfield viscosities. If the nolecular weight of the vi sco nm

is too high, it will degrade by both nmechani cal shear and oxi dat i.gdefuri ng
service such that the high tenperature viscosity contributed by the polymer
wi |l be lost, maki n i 0 I bl i nd_i nt er nal

| eakage. However, ﬂ%&%%‘g tts{j) fﬁﬁ%ﬁ‘t ﬁs)’ /%?gc&ﬁaEQ'\/\%?g%%@pgl ynmer to give
the 20 required "used oil viscosity" causes elevation of the | ow :
tenperature (-40C) Brookfield viscosity of the fluid, possibly exceeding \
the speC| f| ed ITB.XI mm VI SCOSI ty. Pri or attenpts at pr ovi di ng an ATF '
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nodi fier. SUMVARY OF THE | NVENTION 35 This invention relates to a@ |
automatic transm ssion fluid conposition conprising: 2 Printed fr thJrUI nzgllza
05/ 29/ 2000 11:58:39 page -9 (a) a major amount of a lubricating oil
consisting essentially of a natural lubricating oil or blend of natural

| ubricating oils having a kinematic viscosity of at least 3 mMmR2/s (cSt) at
100C, (b) a viyws@askdby nodifier having a nol ecul ar wei ght Re gdgater than
about 5 175,000 atom c nass units; and (c) from about 0.01 to about

wei ght % of a friction nodifier; providi ng that the conposition has a -40C
Brookfield vi scosuagg/ l}%lrg‘a]bter t han 1% centl oi se and the difference
bet ween new and "¢He3red ELSTPoF A L?wcs ??bf?éels ° SAPITEM oA BTUEBr  t han

0. 30 centi poi se Opfighilithesallr Eighaiscosity a higk fcaptiptare gpd IomEhepr r@le congipldl a shear
rate of 2x 1 (Z fmildeakagt at highi pgessurs £Tikis i® Rotadakape Grom AiRrtassnassior ftcbuf or

providing a sheasakasgte. a{bhg. p?eéguﬁya‘eetg @34 mrawpwamané deblk thd &Bés%FthDESCRI F’TI ON OF
DRAW NGS 15 Fg g"{raf_smlssxon cc\gﬁrol s6s?em Iﬁotmzﬁtert l}{)w so;ﬁnstxcalé%pﬁe ﬁ?eég%n ctclp&ﬁ)g%tjo' d f OI’ a

Newt oni an fluid Vi SCOSI

non- Newt oni an fI”Eﬁ‘Ei‘“S"DE*PA’I‘E‘EDﬂ%S ‘Pﬂ“i"@\’l PEYSSURS ‘PIQEF@RQEBY E¥BODI MENT 20
Lubricati ng O | grahsissiog aill mgfugitios propamly e Tips @padedoly ingetaén t he | ubri cati ng
oil, or in the mamdssraﬁs dsmgalid@@tt&mcewasererﬁnchéa@m&r&ﬁmbnhéaé SvicMent i on are

der i ved from Nl bl iR ABhdnd in Tt GBS, bl Cat i ng Of [s al so
i ncl ude base s tal z lon. O ynt het i x and sl ack
wax, as weII s base 8‘5"@ Er%‘ﬁﬂ’i ‘i;w &F@BMW.%‘)SWP#@? 5 t han

sol vent extract |¥f§9m€tﬂh@eﬁPf9WﬁteF ef thall lmmmaseoeiﬂy dfhe ude. The
nat ural | ubri catrmatgulai Weight bfthehdseasitpamkdifie daba owMtbs HA will b€ hkedded torhi ch can be

determ ned in aggqhéa Wed 0 M Rnd t Thi s. If the
i catng oL el Ot e BT BARER L, S5 o)

w | | dlsplaythe lubricating
oi I's include %mCh@F“ ‘(ﬂ’l"%"”%"g‘éf’ﬁﬁll‘é‘vebl“'Pé:1?’%"“&‘3“ visepsttiey 1ohs malerglal ard oil)),
petrol eum oi | s, whightefahe viscosisy madifier ¢ theshighe it wilbdbefadolm tothabecipnica ke,  The
preferred natur adnd bxidtib€ firin@@redelsudhShatthOEplademPirdture THesifi ddRFiRdeddy| S usef ul

in this inventioge ;soweuam b@i]olt GAER. t%m,sﬂ,lnvmhéra@@é%értag&%ﬁémaﬂh' s woul d
i nclude oils thalt are, ructure 35

o et b T b AR UGN d‘%{%ﬂ%ﬁei"ﬂ'e‘a‘%’rWe‘;%“‘€°§’m°”° Gt o kal . and
clay or ot hef? agésired éléf'é‘l‘?‘lé{‘§°°é‘%ﬁ?“lﬁ‘iﬁt‘ﬂelﬁ‘\‘%?f‘@éwéﬁmpﬁ‘ﬁ'é‘v 8 be ext ract ed

oi | s produced, fRrookdirldistasity dfyhesloidymsiblesxceedios the spegifithmedhweviscesizuch as
phenol , sul fur di oxi Beor aftaniplsiat gbyidide MrATHseshihicomslMifRgiag AcA@e00 11: 58: 39

page -5 used oil viscosity and Brookfield viscosity all required the use of a synthetic

lubricating oil component, particularly a poly-alpha olefin lubricant component. (See

25  U.S. Patent Nos. 5,641,732; 5,641,733 and 5,578,238). However, synthetic
lubricating oils are far more expensive than natural lubricating oils. Therefore, from a
commercial standpoint, it would be highly advantageous to provide an ATF capable of
achieving acceptable used oil viscosity and Brookfield viscosity in use, which ATF
contains substantially no, preferably no, synthetic lubricating oil component.

30 ATF's provide very precise frictional characteristics to the transmissions in
which they are used. To meet friction requirements, ATF's must contain a friction
modifier.

SUMMARY OF THE INVENTION
35 This invention relates to an automatic transmission fluid composition

comprising:
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di chl ordi ethyl ether, etc. They may be hydrotreated or hydrofined, dewaxed
by chilling or catal yti c dewaxi ng processes, or hydrocracked. The rmi!,nﬁn_a@
oil may be produced from natural crude sources or be conposed of isomeri %
wax materials or residues of other refining processes. 5 Particularly
useful in conjunction wth the ATFs of the present invention are m neral
oils that areygfMgisl Y hydrotreated or hydrocracked. Thegg,péQs6$S€S expose
the mneral oil to very high hydrogen pressures at el evated tenperatures in
the presence of hydrogenation catalysts. 1n a typical hydrocracking process
a mneral oil feedstock is passed over a hydrogenation-type catal yst under
a hydrogen pressure ®f 10MaFFMERT At Bripating oif sEpsiRimg cpgtioly Phased per square
inch (psi)) at Qbti@tipeyiarblesd of angrlighricatmgrB0vinge MEd@ic iitbsty pfadcessi ng
removes sul fur a3 /int2rsqgRee @ec;ot her inpurities fromthe lubricating oil
and fully saturates gny al:kyl : - ' j f eedst ock.
The result i al;)sg)%g(ﬁ)oi l?vvl\%%%‘{l]&gﬁgl%err}r’g{ﬁ go{))gcu%%(l{vﬂé{’?%%éartéégllaé%bgﬁce and

vi scosi ty index. BEBIFIAPS HEAYY i t of these processes is that |ow 15

nmol ecul ar wei ght cor®t i t iemebeuldfol tabositSerpigh’élel a &igies medifiglaxes, can be

i someri zed fr onplovidiagrhattbe ddmassitioe Hasut-403C BudokBeld Viebedyyo preaatitdhng fi ni shed

base oils w th $3 800l cEAipsad dnYl the BRERNE BetWeM defIRERHAFLNERIPRELL | €S. These
hydrotreated oils rgei}{or;tipre‘on b@e Ihur(ligber lde.—vva?ged el tge{ gat al tl(i ly or by
conventional neans to pr ov‘freera%mba CEPRORE W PHRAES 5t R o ' enper at ur e
fluidity. CoftmerCpuashsenissiobdx!d Se28‘4 ubricating baseoils made by one or
nore of the af or eneriihisomestiop rloc@sses ainrdiod the proGHisy # srarRlatPautddsttic 0- Canada
P65, Petr o- CanagansRisdi@Pflui¥ukong, Ltd. Yubase 4, Inperial G| Canada MXT-5

and Shell XHVI 5.2. The lubricating oils may be derived fromrefined,

rerefined oils, -ﬁ L& 16 r gfined oils are obtained directly
froma natural M — e = or 25 tar sands bitunmen) w thout
further puri'ficati orfigy¥e }shews thevitcosirloshippesrsiddpr anigealf Nevdeniagiivig. i ncl ude a

shal e oi|l obtai ned diiguec dhywe atgpivabviscetityrdss ngpemiovad nooiNedtonian faéd.r ol eum oi |
obtained directly fromdistillation, each of which may then be used w t hout

further treatnmenor.Ref) %gc .llﬁo r ﬁiPﬁiElFﬂlR}EB ﬁl\)f'l?OHfM +ned oils except
that refined oi I’S’—RHV'E_@EFFﬂT‘EHﬁE@TW—UFFTTWUFE—UUFﬁTcaH on steps to

i nprove one or nore properties. 30 Suitable purification techniques include
distillatiom0 hydbrsating&lilsng, dewaxi ng, sol vent extraction, acid or base
extraction, filtratilohricasimgbilpemeoaiphted dur useaas the dfbrivakingdil, ariethk blewirvft o t hose

skilled in the amkicatiResigfor ke prehd s AVGHODI-AlAOM Y dafu@fubi@tingSasl oi I's in

processes i M| b 11AA3Rg UASH, 1A liok Ul ASH Bl o These rer ef i ned

oils are also known .as recrainmed or reprocessed of]s and are often
additionally pr 5@%&3%‘8‘”‘6’98f‘l{%thwé%’ﬁﬁ?"ﬁf[ﬁg’asfeg?&F %rﬂ‘B\??i{ by by J}%cﬁaéhf‘g g‘%‘fi‘i‘ﬁti ves and
oi | breakdowd® prsdsyest exgrtipgfiearopiairnd relpr campanens ofgicrude e Pty t he
criteria of the lubnivaing dibwillihacakibematicotscasita k), @hichcdolbedakroinedinl ) at | east
&ne m ngr5 ;'ﬂzgloizi)at&k@aﬁh@v@hhismﬂmds%fwle%&@%utmeﬁ*/s.thhé l@ﬁ'&ﬁtiréoi?l’sianz g;ﬂ f:ozn :
nosa : 58: - . : : : at (eas
one mneral oil %%n%kfoggﬁl%%le@rg |tcnegclsssaggse?csfﬁ)tﬂgt%{sﬁlgﬁ%%ggﬂg%‘g%ggt proxi mately
3.8 me/s at 1068%HE™MSvi scosity index of greater than 90, as can be
det ermi ned i ¥ accor dbigeral Ivlinchinp@iEaciyde 2pal opg vepgtelieloilsh-g-astaad indoi | t hat
constitutes the l&d eif)dpensiedn i) minaweilt,Asd dpdaived #6n bdanerigtel GThe/i SCosity. i
Instead, only S th&048talbRinnsh QtiRaltial oils nust have a ki nematic

viscosity of at least 3.mP/s at..100C. The lLubricating oils ful in the
practice of the g;est%?mg%%éﬁ??gﬂ’%&5’@@%&?55“9%%&”? ?%E“f‘%@? han 5 wt. %
based on the t otsckspdpigmeuldinciudanils thatargwgplshanic or paradhnig igghapiqabucr oy apout 3
W . % nost pdef dikliayare efisddby cinvediofabipethiddoDgymsingpcidifalkal) awdoty laetther

| Ub[i ga;[ji Pg Oi | Sagentysiéths biluminkt RRIbEAR! dr gty Rlay Be ckidkdtel 31N prétutey, lexf tOLay y 5 i
excl ude rom-t [ . t ; flg hydrocar bon |
oils and haIosuB%?ﬁ?%?g%mﬁvggggg%ﬁﬁﬁ%g?%gﬁgﬂgﬁbgﬁab Fggﬁgggzed,L i
pol ynmeri zed, and interpolynerized (e.g., ,polybutyl enes, polypropyl enes, 3
propyl ene, isobutyl ene copol yners, chl orPnated chl ori nat ed pol yact enes,

pol y( 1-hexenes), poly ( 1-octenes), poly( 1-decenes), etc. and 15 m xtures
t hereof; pol yphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls,
etc.); and al kyl ated di phenyl ethers, alkylated di phenyl sulfides, as well

as their derivatives, anal ogs and honol ogs thereof. Al so substantially or :
totally excluded fr t c i.tians .of e ese I hvention are !
synt hetic Iubricaf?ggl%?ﬁgoﬁﬁgg%géquﬂﬁg(gﬁg)oggdgﬁggléﬁﬁis% 20

i nterpolyners, copolynmers and derivatives thereof where the term nal |
hydr oxy groups have been nodified by esterification, etherification, etc.
This class of excluded synthetic lubricating oils is exenplified by:

e . o o




5 Printed from M nosa 05/ 24/ 2000 11:5B: 39 page -7 pht hal ate, didecyl
pht hal at e, dieicosyl sebacate, the 2-ethyl hexyl diester of linoleic acid
di mer, and the conplex ester fornmed by reacting one nole of sebal#dUbdii
W sh tvvo nol es of tetraethylene glycol and two nol es of 2-ethyi hexanoic
acid, and the like. Esters classified as synthetic oils substantially or
total l y excl udgglyfsk@m the 5 conpositions of the present iy g\‘/%%h%ﬁ al so

i ncl ude those ma(;e fromCS to Cl2 nonocarboxylic acids and polyols and

pol yol ethers such as neopentyl glycol, trinethyl ol propane pentaerythritol,
di pentaerythrito tri aerythrito nd t ik nt hetic | ubricating
oi |'s substanti aldl“"g)1 @?eﬁgg‘;@&f R gg&él”ﬁfégﬁhﬁf"gf‘ﬁ“‘pﬁéLy(gfﬂ%ﬁ et"iaﬁ‘i‘?é’yof the present
i nvention al so ichdingdecagivliq deypxipmpessses. Prdweraweckieda Sha mingm| gjlahdyypk - |

pol yaryl -, pol yakddooey from hatell cyale ydutoeyordt banpasee opisdnserigdidvag imaiefiai & 0i | S) .
Such oils incl uc}gf,ldg,@stolfgthgrrmgng§,10L,gsge§t e, tetra-isopr opyI silicate,

tetra-(2-et hyg hexyl )Paas'txculfirfy useel}xl n ccinéunct&m wnﬁghﬁyAlTF:hoﬁ esen?erQ%/' silicate,

tetra-(p-tert-butyl phe THY si | oxane,
pol y(met hyl ) - si "y &8s thay prg SfﬁaF‘y@ﬁ‘B?tffy‘Fﬁ!)wélﬁ%ma%?di Jkaﬁé@cessawm%e li ke.

O her synt heti ¢ thanynérd ail tormgrydighdydrodes passiuiesdt klpvaged tdngietukey inlthe excl uded from
the conposi ti ongreédéncd med@dsgeﬁ@iaﬁ catdé8N1nl aQybidalylrdeteckinlg Grocéls £mingraFoilof

phosphor ous- contgiy é &égel(a% gro%en wn% 2ol spmgrpa 19iSgen 3213 gby! Pphosphate
Y

and di et hyl ter o ur ans,
pol y- a- ol ef i ﬁ pRreiTR ?i‘?‘/lfe }‘ psé BISIFPEBIE vi scosity

modi fiers for ugengingfomi3e0 o AGSAE irb‘ﬁpraiaeéﬁftgﬁmcwlfg apgpigedey andytheheci f i c
nol ecul ar wei ghtimpaitigefromAhé lubridatiigoilinmd failyidaaurates amngtkyleayorammatiaccor di ng t o

the particul ar tyieu&fin ¥é &@d@ﬁ,kg yrh@rpéimf 1is§5asy§¢\dmh éxk}anapéaa@uil@aﬁ.omei ght nust

be no greater than. abou (es Q) to achieve
t he broadest enbodgt ﬁcea{‘& v'?coflﬁ mdex E eo?n%a‘rﬁ enxﬁtc??ﬁ‘ese P rocfsf‘es 'ﬁtréaggm% han 150, 000,

most preferably 'F‘?l‘ifhlﬁrd’l’féﬁﬁ‘{c‘“?%m@@‘e°@9e fepsisiodpsuginty “é?f‘??rﬁaﬁ b?r’é‘é"ée”ﬁ?ﬁ ts to obtain
the visconetri c feondingdyéehranched Isinicturss theeayiproadiegfirished bage eiométhr est ri cti ve
enbodi ment of t hsigaificavpiMprdyad loltdniRtafife grdjefiies. IThesd QydidtRetkSAs hayden | i Mt on

the nol ecul ar Wede@tﬁ&erfa@ w%ﬁ%e&l'xe?SaQe‘é&tfchy%PGU Johx%ﬁtm‘%l%ax‘(ﬁb Frbvx&é’he benefits of
ically range

this invention 0
from about 30, 0 esm& (?,ex &"’n%l 5y teglﬁerﬁbrﬁﬂu’%ﬁld cg eex'ramPla%qqy from' 75, 000
to no 30 gredl er“‘{rﬁaa“r‘i‘g a*’dEﬂJf de°7%" LR n(Oéfs‘ﬁéE.aéereré TRSEFS IAchislen o) |

pr ef er abl y no gr@wvrer REOR Retfo50an@B @65, Deontaadedd 80, Ymkang, LiF Yebased,m " at omi ¢
mass unit" is a [paRLoECOhdNMRTISGndBEE XUeisned as equal to 1/12 the nmass of
a carbon atom of mas?he:hamcz;m oxis% bewivmnﬁ%fﬂwlr%ﬁned oﬁso&' x%epur poses of

this inventi On’ tLe eof, ef%e& Eare o'btgme(%grecté%%%anﬁjura?souicmeeg[ cgalt rreasur ed for

exanpl e, by per rrea ron halﬁ ecul ar
wei ght, for %r pfsands pifumepy véthpy ey Ryff wailgn qr Hfaéﬂ?i’éda"ta’épléﬁ?faﬂ'ﬁ%g bot h
"actual " and " efdilegtiudes sha¢ ebqﬂmredmcghfr@ﬂarefoAmthBdrahonerfanesoltlm gihen a
si ngl e viscosi t yobeada ditetily ftotn disiiBiakion, dabHE whibh 818y G& e uedatvitbR GeGEt Y 6 Printed

from M nosa 05/ Z@Jagrggo Rgﬁlxreééis%ﬁ: ga?to tﬁc mueﬁnedrgﬁgéx}ép?ﬁxatl r&m@%ls%ﬁgd the

nol ecul ar wei ght LS t he. act ua ar V\Blg e viscosity nodifier.
The term "ef f ect %% Beont %{rm‘if\‘ie‘?“t‘j‘ﬁfam’? BIPR IJMPIGVHRE R TRYF BOREEN one
viscosity nmod?fi %’r"al}l%Puug@dmt‘GCha@Hqséﬂﬁé'dt fiptilation kydrofrenting deyeaisgisP¥ent Ef f ect i ve
nol ecul ar wei ght extractibn, edd arbhsateichctin, Sitrativn/rgd paehutivm dil vf whikhlareknewosi t y

nodi fier's nol ecilidke WBEDR the GANRErEANEE biRlre 0BRiInEd byl tRakndukkdiofis iet er m ned by
mul ti p| y' ng t he %E%c%gst r{fmt%% é’\fseA’\B' Q&x tl%fref‘ixtheoxl's n%e\éé r?xléatkedwlssa%):ﬁéot y

nodifier by its actiron 1nt xture Swtable
vi scosity nodi fllﬁ’f’g’“i’sﬁﬁ‘i"dﬂ"éiolﬁva'i"&?? Bﬁﬁa" 6rle)9 d‘ﬁ??aflyp%??ﬁggtbé'rs

Exanpl es of $8i t athhigudsya reooaal bfspens ofidiunss andior bicekdewhpradiss! yner s and

copol yners of two oOr SablebleRs effeiisal ofis itifigahd@Bikria €f e invdalontinchidg, fol ef i ns,

i ncl uding both azgl, E'a%%ndamn'apltegq &‘lelﬁgraﬁtn'l RRing WRinGHatiB¥cde®y sthhidhght or
branched, aliphatic, ‘aromatic, alkylaromatic, cycloaliphatic, elc.
Frequently they wil | be of ethyl ene Wlth4C3 to C30 olefins, particularly
preferred being the copolynmers of ethylene and propyl ene. Ocher 15 pol yners
can be used such as polyi sobutyl enes, honopol yners and copol yners of C6 and
hi gher a-olefins, atactic pol ypropyl ene, hydrogenated pol yners and

copol ymers and terpolynmers of styrene, e.g., with isoprene and/or

but adi ene.
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More specifically, other hydrocarbyl polynmers suitable as viscosity
modifiers in this invention include those which may be descri bed a@4JULZM2
hydr ogenated or partially 20 hydrogenated honopol yners, and rando

tapered, star, or block interpolynmers (including terpolyners,

tetrapolyners) etc.) of conjugated di enes and/ or nonovinyl aromatic
conpounds W t o ®ptdonal |y, a-olef ns or |ower alkenes, @c@usishdst0 C1l g a
ol efins or | ower al kenes. The conjugated di nes include isoprene, butadiene,
2, 3di net hyl but adi ene, piperylene and/or m xtures thereof, such as isoprene

and 25 but adi engy  The pnpY QYJ\) ﬁczF ntc'nﬁ{e%?ﬁ?}’wﬂaa 1ncm2a%?c)(vlils(?:g51vhgi¥ | Vf“n;” or

pol yar omati ¢ cofpoun

nono-, di- and/ 6% IaEPé(?"HPPget'X% E‘B‘Hﬁb‘dﬁ S anghg,yiscayiy inslenplerealst Yanilnovi ny|
nonoar onati c com@uh@stemmm @sarcwser\mbeﬁssdw BR3P0 dsededinys. embsoil abst i t ut ed
at the a-car boncoaktdis tefbidniifeed hot heRehe sBeediad Rifienahip KiscolBt Mlesd, dlene, or ali
ring car bonSS SHe E've?a?l bfénd of{ﬁwapoxggﬁg%ia\%ta%n%ﬁgt c. v?ég sﬁ% g%l l%gsyf ﬁg% at

propyl styrene) L(ﬁ)ggropy styrene utyl styrene i sobutyl styrene,
tertbutyl styren p-tert-butylstyrene). Also included are

vi nyl xyl enes, net hyITg% quwcstnnﬁroewesf%mdwetah%9fthwreﬂtewene§n afhe a-ol efins and
| oner al kenes opibstamally fiee (Iess thard®at. %o batdd@s ehe kagah deight of B oand bl ock
copol ymers pr ef e%@#aw letsmdntageu ehhyl e&e reﬁfa&?}blta(ﬁ??ree @wuem\et

Pe
tef‘lg?’/lag]?e %cﬁ?yl n&xetxcqlponcf}{mg on?st ﬁg&he uXmﬁpx}sg oils sugsdan%alpy or}{)ml?lé(ej(cﬁlgdi COpOI ymers

copol yners may o fhgqemnogiiops pf/he E’f‘“—%ﬁ‘fﬁ‘?ﬂem&ﬁﬁﬁﬁ?%hyd’to%‘?on|°§S‘1“6!%%‘0t han about 5

nol e % of ot hesubgwel hy@mertor ailsl sechrm pidgveetized wolimerizeds iand ihteppylymeatizeres, vi nyl

| actams, 7 Printegd pf)ll}/lﬁlmlMsﬁﬁﬁ@rc@ﬁér%Q@ZQQl@nel@obﬁ@le%copﬁgﬁ‘ers Bhlorinated _

met hacr yI at es, L’Hl&%kne&%'lﬂ&érgg olYh! Wx)!:lehgﬁrﬂgl Flhclcféﬁ g Aoy L @%kes?@t@taﬂn‘i e, vinyl
Peh

S DT BRI i o g G ST e T

styrene. Typi caFtehlatakviasd dirhemslegiersnadiyiprd diphesyl sydidess sl gohsii sopr ene,

pol yst yr ene- pol ydrivataves, enabgs gpd hyrsdlgps gdrrefdol yet hyl ene, pol ystyrene-et hyl ene .
propyl ene copol yner ,A1paLasMhadlty oGdtallyRRE%RA Bol Y ORRAbAGS B0 bx¢desOpPr ene, and
pol yvinyl cycl ohekahez D AhaRS LAty BRlPUL atiER il ARGIAD POl ymers include
t hose of th(=2fo !y"g lgrrers gr% %gvst g} gnlnthe ari.

St ar - shaped B gw%? pIPRHY Y & ﬂfj’B’F‘é"é“&e NG ﬁ’a"’% YR E%P%ar ms | i nked
to 10 sai d nucl %Y§bc%’ﬁ@dlﬁFweﬁﬁfﬁgﬁ’%%ﬂﬁ%ﬂé% et Hondworiesdydedr inter pol yner
of sai d conj ugatwthedk lebrieatmp dilsas examplified by Ipolawxpatigtiéne polpnonmeesred By pi cal |y, at

| east about 80% e éﬁeloabf&hﬁhé&,&%%ﬁw@w@& AL dikARPMY eR@¥o0hest he aromatic f

unsaturation of § J%R?sct 0¥ &1§o ;0 o)A hlgry}g ggghati on.
Represent atiye §Y %%@‘éﬁlze; wﬁg} BE)% lhe 5%(1?190@13@@3%2511%# enated 15

pol ymers or 9nt V348 813,
3,630, 905, 3, 668w0lcpusr wigtaB 1494 40 1590)7@9 rRNe; andpopaBIrhyEdic cgerghged 49,
3,965,019, 4, 35&,. 56k acaiadcidlestets/mB4DC;-Quityabid estdry, dndCavimaciddebtsrvér s ar e

et hyl ene copol Y iR ShyiRkidoN] Ng from 15 to 90 wt % et hyl ene, preferably 30

to 80 wt. % of et hyl er gﬂﬂanj(’ 09 t(1§a§l é%d dg{? !&)n%gc pornﬁogﬂc%pl)y Qesé 70 wt. %

of one or nore C3 to (g,
a-olefins. Wil é“vﬁ’%io“ é’%g@ﬁ‘t"?%{?bm%‘ﬁ&ﬂ” Wﬁﬁ'f‘?‘ I59 %Sfeétf"rég{‘g A 1Ca degree of
cryslallinity ofcifis(eg., phthalic 28, mcml%CKhSI erceinigipeidsgn gkenylspsgingppgids,
differential scaidugidadlaE iciiiubitic acopebayioaid fundarieidid hdpieaciiythoeiopy| ene are

nost preferred. Gy hﬁfcr ﬁxalgﬁxggdlﬁﬁkﬁfﬁhlbﬁpll&ds' dkef lﬁﬁ&n@imd@reﬁg)ﬁjltﬁg@ to formthe

| 5 |
?gf% ;rr?rer pg[ ytré},cgh 1 etgr, glb% fz%} %e)g/?%lco%olf hoc\gfaatlco&cﬁ Zh%{}g?hexyl al@&lopr opy ene, to

1- hexene, 1- %epte@mlene elvepjcdieshyisne glygebmernsthery, PRgHEns@ly e aqcsﬁa br anc hed
chai n a- ol ef i ns exsupid oftBeséexaimtiddyehtert inokade diney) adiparep ditRydthylhekiddeelreste,

Snet hyl pent ene- Yi-nfledr iRt WdcrylleRRAL, AN octp ALk 6, BRbdtyy 2R @bgyll, etc., and

m xtures thereof. 30 Terpolyners, ietrapolyners, etc., of ethylene, said C3 |

to C2g a-olefin, and non-conjugated diolgfin or m xtures of such diolefins
may al so be used. The amount of the non-conjugated diolefin generally
ranges fromabout 0.5 to 20 nole percent, preferably fromabout 1 to about
7 nol e percent, based on the total amount of ethylene and a-ol efin present.
35 The preferred viscosity nodifiers are pol yesters, nost preferably

pol yesters of ethylenically unsaturated C3 to Cg nono- and dicarboxylic

aci ds such as net i lefic

anhydri de, funarlgégéyi,%éﬁgqh§$%¥|ﬁ%/ggfg%wlgF g%%%62§%g72880 11:58: 39
page -10



0 4 JU 2002 WD 99/ 3491 PCT/ US98/ 22757 Exanpl es of unsaturated estqe‘? tz‘m
may be used include those of aliphatic saturated nono al cohols of a l(!)Ld

1 carbon atom and preferably of from 12 to 20 carbon atoms, such as decyl
acrylate, lauryl nmethacrylate, cetyl nethacrylate, stearyl nethacrylate,
and the like and m xtures thereof. 5 O her esters include the vinyl alcohol
esters of C2 tQ,dedéof atty or nonocarboxylic acids, preferably.saturated
such as vinyl acetate, vinyl laurate, vinyl palmtate, vinyl stearate,
vinyl oleate, and the |like and m xtures thereof. Copolynmers of vinyl

al cohol esters with unsaturated acid esters such as the copol yner of vinyl
acetate with di BIhele ¢ rpiiﬁé@?’ dé%cr?syéFegﬁfa‘B’éhet?s'*éWheiﬁ dippier oBOlKSs ey be
copol ynmeri zed wididdinyerj 4nfl thgicpreplex pstsufomred beaapnonvercd: of smbbsicesidoditef i ns, e. g, )
0.2 to 5 nol es o ols CR@rraalhiylpttailics] 20d tvamaBbi Lethjiikindicpad, ahihelief

unsat urat ed est gfers Qssifi as FihRuOdils WhSalidfi A ffbid Chfald r@Rfydr i de fol | oned by

esterificatign. For exa e, copolyners .of styrene t efic anhydri de
esterified ngt h &IPS @5#&“5%%’8‘%“’&?‘&" 'Rﬂ'bc\m%(’see'f‘@? \,Prnc”?g:ég’%lx‘s Pat ent

3,702, 300. 15 Suewcxbeic 3515 wpiyolpan? rpolghers sush aspeppentybglycplhe est er

copol ynmeri zed wirinfethylplptopare pemabiteitainimbtearalkreel, tripdntaegritol; amittizi Iike.ng noONoner s
to inmpart di spersangyntdic iuBBcatthSR 10 TubktintaMol: hddl Sxcida¥Psimh @8 of suitable
unsaturated nit Eeilicng tﬁ%&i <ol iRy 1%:1aEosintll?deisilirxpc%[l}asegioﬁ%@rcl?ancy i ncl ude

t hose contai ni ng to 20 'carbon atons  SUCH as amno su,_‘flfj"uted ol efins as
p- (bet a- di et!Ay| BolyaH3btralypystrplvalkexy- g5 pelyaylpmystiergancile g sslicets pilg) Xych

het er ocycl es carilsyiiohge girpethylsiirdta ebh-sopbiy) dileate oetra @ -cthnbady i silitaed

subst i Ituent , hei gua-(meetwl-mge{hymwa;eldmiw@te&mq»ttaxh&uggbmy)h)satckty,lhefy(ni di ges such as
2- V! nyl -5- ef[ y n@%frli- -:eﬁ't@xy)-%g%x : ,'ol??i(}ﬁlet -si]m@aés,én'a lyfme | Yenyl yridine,

s-vi v gy o nEe e e BT bALNS, %z% Hingzal %%f’,;ytgéqy%&aﬁfe?

4- et hyl - 2- vi nyF-?Wréﬁn Tk QPR ABEG fuRtiatina fls p 110 ilidannd

2but yl - 5- vi niy| - pAFRide e thnepripRsitiqng Righe presenyinygntion inpluderliguid esgreefal so suit abl e,
e.g. N vinyl pyphosphodonestagingskivd (gl trigiegyé&plioshbate sriochphosihary bndgiethybl | dones
are preferred asgeraf ®cy@ptORPhdid)] @HndMc Rirathyayokurddy, [pb9lo-SIRE and the like.

N-(1-net hyl -vinyl) pyrrolidone, N-vinyl-5-nethyl pyrrolidone,

N-vi nyl 3, 3-di net hyl pyrralidone, N-vinyl-5-ethyl py~rolidone, etc. 30
Typical ly, the géﬁ%@i@ﬂéiﬁ%cosi ty nodifier will be present in a finished
ATF conposi tion i n Suitadlepisesithmpdibanfopusg ghip Bventionare hesefobs wlalixtbet ween 4
and 10 wt . % especifiamblycutdn etighthegy/ | WEikShif yiolsanth fahgrmdyYarf aqeakdig®et hacr yl at e,
the preferred viigeaaiday o0 ie&lty mddiferaR@MRs MALEL: WEEHI Rl béfEarfer

commer ci al 1y aval) aBl,& 73 otk 00y Oks AELLY SocPBl ML allbe ik dGBhamd. SUCh
conmmer ci al produ ,s,fnhe, concentration of ’act i ve pol yier IS pically 25
W.%to 75 wt . %! BaERENtieh bty krs Bl Mok Pl 1@5#°'Ei6\’%"h§r°°§nd di | uent.
The preci se Enotmi50.890 adnyje pass uyitsipefitdin @ visogmeiie andrshear #iabllitt 0 t he present 9
Printed from M nasigenits 20 R&ORsifidive 8ninpage thislidventidn, @ltdough thkrk is3002 WO
99/36491 f CT/ UgR81AS e imht oY% @R rloRBuiASwel o 1R Vist iRy th&f: bion@nibhlde pr ovi des
the required visgoRRLELS REORSLLLE S uilESEl b AEd BLER L hich) AR Modi fiers S
A wide variety of Frrcttan moditiers my be errpa]r o?% i nty,‘E ?‘leypr%sent

i nvention i ncl udPRgbeh-908) rrefiiptiytrom pY.00R) ued wgtt atebErbifiome’s 04 RIXy | at ed

am nes are a3lpaigtertethambaut 15008 shmciryess tin 1151060)i weferalplnd drester fhar use i n
this invention. 15h@8eudniPRass Qhitsf ThekimDRAMhkd @FtSis AR¢adiR osabmicinad from t he
group 10 consi stkfda leqlal dor1/10kledmasdfid Mbdtlattfst nlaligheof . where (1) and (I1)

are: R6 15 R (R30) nﬁ'xe Iterm "molec_ulag \)N( irgﬂt"_, fo'?%xe _plll\lrpcgsles) of (h%quemi_c'm,zr%feés t(ﬁﬂe 25
weight average molecular weight measured for example, by gel permeation
35 chromatography. Also, the term molecular weight, for purposes of this invention, is
intended to encompass both "actual" and "effective molecular weights". "Actual"
refers to when a single viscosity modifier is used - thus, when only one viscosity

6
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and R6 I R (RgO)nH 1 30 RL - (X)m- RZ - N- RO - N(IlI) I \' (R50)nH
(Rg~)nH 1 I R8 R~ 35 where: Ris~Hor CH3; R is a Cg-C2g saturatecﬂpgu 2002
unsaturated, substituted or unsubstituted, aliphatic hydrocarbyl radi ca’l
preferably C10-C20, nost preferably Cl4-Cl8 40 R2 is a straight or branched
chain C 1-C6 al kyl ene radical, preferably C2-C3; R3, R4, and RS are

i ndependent |y {,h¢,sane or different, straight or branched,ghabd,fs2- CS

al kyl ene radical, preferably C2-C4; i R6, R-, and Rg are I ndependently H or
CH3; RO is a straight or branched chain d - CS aI kyI ene radical, preferably
C2-C3; 10 Printed from M nosa 05/29/2000 1l : 0 4 JU 2002
WO 99/ 3491 PCTN@%FYZQWWX‘? ithe mplariareight ‘éﬂ‘FF‘iNa mﬁlf‘ié’?aé?”sﬂg‘l“yf@%ygen; mis 0
or 1, preferabl yistosinametlifieri s an i nteger, independently 1-4, preferably 1.
In a particularly prekemhegdfcas adieoma tveighthteferd ty P@erthoré ﬂmhrCéricQEccﬁi@di fier is 5

characteri zed b ofdf?'ém'lxs%%(olalh;%%ﬁn%mﬁo‘ﬁ%&éﬁgtEffé%?f%gx%”ec ] contain a
conbi ned t ot 0 e radl cal, R3
and R4 repre entcl yieHas Faégsngléﬂ el "‘ﬁég’“&’ﬁ‘&f’ Fg g e°ﬁ mis |, and

each n is 1. Pre&purlyugen, afhichélt%wﬁs@wwdébmvlaplwnaﬁ@ewl melac aotwezghtof from
about 18 t o abouwtthdGdvaindehcaionalificPhaparethi feratiofin thh eisasitymodifenpounds, when
X is oxygen and gk, 1, is) for 10 exanple, by a nulti-step process where

an al kanol is first ¢ éﬁQbsx%%o}iB@m p]asi%eq@gr cagégl @nﬂﬁ@e&aﬁg hyeatt D 20

unsat ur at ed nltrlle sSucC

i nt er medi at ' THEATRIESSF ﬁ’étﬂl?%lfyémﬁg ‘tg H’B‘Ep@ mexs apqapolypers 9fy t he
presence of a cdﬁ?/%‘ﬁ‘ﬁqrﬁ)'ﬁﬁ}mﬁ&?ﬂf%'@ﬁéﬁ ién éé& QYedios. 1%@&}@%3@*1&10 Phum bl ack

or Raney ni ckel ,and @tefn@rdlfiag which elay BoRrilght orltighcRddnaibhatit] afnali@ allkfien react ed
w th an al kyl en&rdﬁ»@t,deyclosmbnoaac 115eqekdﬂyhﬂyleulwodahyldnawtmeg pregence of an

al kal i ne cat al ys ven t ho g erdature | t he range of
about 90-1 S BfﬁB%/ ppeihl o SR e b ane)a im0 Ve X i <
oxygen and ymfrécat“(?el"'%? &yeh gs lf° fsf’ tye\é’f WP PR RER B AP 8? kanol

am ne, such as @h&hg&@t @folefiss, atdctic Pdypmpaiene} indegemeti pdlpnanhdnd kopolrmerdse f wt her
oxyal kyl at ed by ah&Rgbly@ers ¥ shiendlt.gd WitRiskptbRAgd/ePbutaienesuch as et hyl ene oxi de

or propyl ene oxide. exanpl e,
U S Patent No. 4 l?or@ég%%% gOJthe; de%cér olﬁer@uﬁﬁ)&% %Qco'sﬂ"mgdgfehse friction

2Q
nodi f yi ng con(?od?\ﬁ‘éS '?:‘/5?1"088“{‘“ ?W%Sa Wh’fC{BF‘ayelgfa‘{ﬁ?P{’e]e agb'ydéqg?'?&e% °rrf’§nmlconvent| onal
free radi cal 24 edwtrgsnateshomaralyaers, gdganéeraitaperse. sRa cobleskiinengly®rsa hydr oxyal kyl
mer capt a. n, sucHinslsdibetmelpyets, cotppdiimets, @5) afesrjupgpeddicnes andfar mdurymyla | ong chai n
al kyl hydr oxyal kydmagtédripchends whie opt@ngly ochelefins at kykr atkgabsoxgy dlskyCrgsul fide i s

then m xed with sheated to
about 40C to fo Adtnd ¥$we?£!ké?m§ %f%tn u@m%ﬁ%{!ngsq %ﬁ@?e Qﬂadm g Iong chain
al kyl chl oroal k;f{?mgw q"fag’émﬁ glpt’[fﬂgﬁ ﬁ%’ﬁ“’?“ % i\/ﬁsfsﬂprg‘e | kanol ani ne,
such as di et Bandivadieire Thamenoviny! W@I‘?@H‘POW%%‘:‘% vivkdH s pelyasmadie, such as
et hyl ene oxi de, dompéunés, 8, Yyt saphibgerofor anixtarbdcdVinplancpat &it ygtor and at a

t enper at ur e nearpokRfratc@omPsullist B aldl @@ icra6 nARbVIY1 MEHRQHAcompBgesses of
this type are kgsﬂ 'stprelttehog alﬁglatec\%'{']&qen %bsqlu%aldtstﬁ@g c&rQon aleQx{s or?ﬁggﬁrl:rﬁt U. S.

Pat ent . 3,70 'S oxygen and e present

ani ne frl ction nd *F@P%mﬁ?yisnﬁﬁiorﬁwl?q’?sf ke aﬁd“e SY8%cri bed in,

for exanpl e, 3U. SthybareanproRysyes, BEEPYAGIEn] Bt StiraE iHByIstre3krt883, 4, 409, 000

and 3,71 1,406. vnxéstipdne&.gQip-tatihitadrenenmilspdncdhadapoevidgxylaed ude, but are not
limted to, the &%ﬂl%s%es and ethylvinylstyrenes. The a-olefins and Jower alkenes
optionally included in these random, tapered and block copolymers preferably include
ethylene, propylene, butene, ethylene-propylene copolymers, isobutylene, and
35  polymers and copolymers thereof. As is also known in the art, these random, tapered
and block copolymers may include relatively small amounts, that is less than about 5
mole %, of other copolymerizable monomers such as vinyl pyridines, vinyl lactams,

7
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PCT/ US98122757 N, N-bi s(2- hydroxyet hyl ) - n-dodecyl am ne; 04

N, N- bi s(2- hydroxyet hyl ) - 1- et hyl -t ri decenyl ani ne; JUL 7007
N, N- bi s( 2- hydr oxyet hyl ) - hexadecyl am ne; 5

N, N- bi s( 2- hydr oxyet hyl ) - oct adecyl am ne;

N, N- bi s(2- hydr, |') - oct adecenyl ani ne;

N, N- bi s( 2- hydr@igy%l )-ol eyl am ne; N, N-bi s(2-hydroxyet h;lcfmggtwezgﬂll am ne;

N, N- bi s( 2- hydr oxyet hyl ) - undeeyl am ne; 10

”&I—zblh g?rzoﬁggf, gwawgtj&g’ %{nwﬁggeoxﬁé%:cé o gu?% gcetlataén\]nnr;?stearate and the

N, N- bi s(2- hydr oXiket hoxyet hoxyet hyl ) - 1- et hyl - oct adecyl am ne;

N, N- bi s(2- hydr oxyet hygegific aampies naudeMntibb barerdyfduadste biydr Jsopralelagvam ne; | S
m: x B: :g g Egdr gx ; h]¥ lo} 1sc§brg9grlﬁg))\((t)\gﬁe%£ mél ﬁ%geﬁypical block copolymers include

NMER R R A N -

N, N- bi s( 2- hydr oxaplystignerethyésgepropiant welwy?ramlmwl cyclohexane- hydrogenated

N, N- bi s( 2- hydr oxppishptbne; ot dagyinyl biclopaxaeytyatgen@ed pdQbutadiene. Tapered

N, N-bi s(2- hydro %mélxr)ciula@%%%@ﬂ% M&BQBMAo%@?s rﬂ?‘cpaxed by methods known in the

N, N-bi s(2- hydrox&‘tNtSFsKlL})a Q fa T, %'ﬁ {1:]! %Qm xf%a rT]eu d polymeric s

N- 2- hydr oxyet hyl NS %i P SXYBERS TYC BT R PRI frm (r:ﬂf adecyl ani ne:
and N 2 hydr Sy R PPeisgs ke SR B EiE et SR PRYST DR o )

-stearyl am ne. Tdeejupatedidieps anflior me@vmndrmaVGmr@mers Typically, at least about

N, N- bi s(2- hydr oxgoet diytlelignieciesanlriey pidapyit 20% bthe afbthdic askativhiiosef the avai | abl e

from Tomah Conpagy. S%ggﬁ;oly;nlg,eisgg&cg kQPend@BN E-22-S-2. 3C The amine's
hydrocar byl chain le

b chaln and the
l ength and p05| tion g?prfsﬁ%m fx)%’)? ﬁ?‘?’g%‘gh%’ﬁjgscﬁg%(‘ﬂﬁ’ é%ll ¥ied to suit
speci fic reql? r eRpbFReE of PE?FP° AT deVﬁc‘?‘@&@ﬁﬁbz e’ ﬁ@ﬁiﬁe? 6¥90%8ar bon at ons
in the hydrocar b}$68/1a1B 63,04 NS,61 D 38RTIS8 20583 8,048 3,861,018, 45358845 arxig
t enperature and g§d7,8%89! ubi | i ty, however, if the hydrocarbyl radical is too

| ong, the amine wi " G bk o &gmirggmmﬁ %ﬁnlatcap%% &g}mmmg degree of

saturation in th 9ontent of the
hydr ocar byl @

M nosa OSIZQ?QOOWfFrf&’S @nﬁf};{ﬁ@ﬁ%f?rm%& @l‘ﬁggyﬁd np%g%ﬁ G mpgoy | od Trom

PCT/ US98/ 22757 i PrefaibleCs forfegs @'&?ﬁ?ﬁg Whie nefietsenvel, gich gﬂpRW@harP%rkbluéaVCt 0
| engt hen the pol y&g&a&ﬂwﬂsﬁm&gﬂdmsman ASQAGS, at QetdrRGECHSCra Bl dEdRalS wat er
sol ubi l'ity and d&%ﬁg%ﬁo&ﬁé Oté eHngh}néﬁe Eggopgi%e%&ﬁgmgﬁqs may be used

as such. However

reaction productOWrt% f’if[mg‘f‘ gﬁ EPpylgrlT(’:‘h ﬁgthﬁc?f’(?&“&r ‘alil‘ﬁc ma bor on
hal i de, a metzébo‘FOa’tbéla“%OY‘ﬁh@‘ha‘é'i‘fdmd PfPPYéF“ﬁSﬁ?l@matifpﬂlymafntﬁ‘f%PP‘iY@Frk?T bor at e.
Such adducts or uendevetuteug $-pamgnebichekénk Usheptaieg thocténos 1-exeail-decenbyeict; he

fol l owi ng struct &garanfiRl @Mﬁrﬁx—ol@@nsau%m&m@l 1-pénteRe 41ne(h¥ﬂﬂhexe1825'-|\| H-0- R10 \
/- (R40) n 15 V\:he gth %eaﬂ'vﬁ_l dﬁxR%hyl Ilzepé',nt%nﬁ rﬂ?_lmatgg En%] vgce aﬁ% S di cal .

previ ously define isTel or’an
(ii) Carboxylic BeEYs| Anhy dr| des wi th Pol yani nes 20 A secon fj?‘/*pe of

friction nodi*Pier usgf'mlwa he"talPﬂ‘%"efSn?}%rﬁfF‘Bﬂe’sta'Fﬁé‘?%%?d’t? B #Poduct of a
pol yam ne and a fdrdaaigated diokGh br Mikus bfsdeh dittefinBmbedldoype uicheThpamyaim ne

reactant cont ai nge fd @ik Bolb @l FherRTRAR REB: A8% S0 drk, 15 ni trogen
atoms with at |eas eraglﬁgom ab ut Fto alocfut 99\6#% PEY en{ngaseé etotai om% éﬂ%rl of a

primary anine grbBip & PERRI T hg Nl Lrogen “at ons
present in the fEﬂdrﬁ‘@?ﬁ“p’I“’ls‘l“P&ry or 25 secondary ami ne groups Non-1imiting
exanpl es of $6it abl e Taaprafersionpoimusdifiacirephiyestgre|most tftrebiepolyattsiedf such as
di et hyl ene tri amethgenfliyTapatursted @3 thyg eweo-tasd dicarkorpic(@iigsTEAl: as methreadichy | ene
pent am ne ( TEPA) propyl ene)triam ne,

di (1, 3- propyl enef"d%?'#g%rcﬁgﬂa% ﬁi%(?ﬁ?%@%ﬁére agkgidgtlctl onal suitable

anm nes include pol yoxyal kyl ene pol yani nes, such as pol yoxypropyl ene 30
triam nes and pol yoxyet hyl ene triam nes. $referred anines include DETA,
TETA, TEPA, and m xtures thereof (PAM. The nost preferred am nes are TETA,
TEPA, and PAM
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The carboxylic acid or anhydride reactant of the above reaction product is
characterized by formula (1I11), (fV), (V)) (M), and m xtures (Jtéhijledd? 35
13 Printed from M nosa 05/29/2000 |1:58:39 page -15 WO 99136491 O0 O R
-IC-OH; 1'I'l) ; R-1IC-0-1C-R R-R.\0(V),; and Hlon ~~0
5101S20i 04 J Ul 2002 i PCT/US98I22757 ' (IV); (M) where R' is a
straight or br chain, saturated or unsaturated, ali ' dr ocar byl
radi cal cont ai ﬁ?%gﬁggrom 9 to 29 carbon atons, preferabl y ?ggénégﬁfy%;o 23.
When R' is a branched chain group, no nore than 25% of the carbon atons are

in side chain or pendent groups. R' is pref r abl chai ned. The R
hydr ocar byl group i ng’faﬂ‘al? °fb‘|“§3‘fﬁlﬁdr?§ﬁf gt TRy FBF&%‘S&V B‘E?Sg&‘%é@&gcml | as

pur el y hydrocar ppluratsd sgpsalcopieofdelsast | ?ﬁﬁoomtomfan‘i prefsrably pldtapsi2a8 2(r edoni nant |y
hydr ocar byl neanarbbhadmd, fiely asciodt srytate) ufybRethaceians etldmbthatiiad, stbdr@nt s or

non- car bon at onsy, lafe] ABbE el yxt@bs 8&Lort he hydrocarbyl characteristics

or propertiessof suc t}x&%@t@r@%cfuﬁ‘étﬁé’@ﬁsﬁ al’é&uoﬁ&ﬁe%sofé?%scggzu%xscr' bed here. For
exanpl e, a purely hydrocarhb rou 0" al kyl group

substituted wit H“‘é‘°??é‘i°ﬁ85‘é)?°‘éh¥f§ff”ia?]ﬁéaﬁ‘tm d‘s*lilﬂﬁ‘ﬁ"e?ﬁ?‘?‘%l"l“y‘ l%“irarﬁ ME¥ in their
properties and weinigtehanyt gersiteleing dlehty,dindtha kikednd wixiigsmheten® @Gpoiymes of thi s
di scl osure. Non-dfivitiitalcBgbl ety alhemsa@irated Hamltebit t QUah 8 thdWBPolyh@r BOfinysi gni fi cantly

alter the hydr Oca%EtQXlxmt?E!?fcﬁﬁB&Fake%tcb?aﬁ Xe uperdoper ties of the general natwe of
t he hydrocar grou car r anhydride are Et her
gr oups (espeﬁ/al [y h I&Freétﬁréfnﬂ pesRpe ﬁeda &.ﬂ‘g nsa éﬁ? SBE™S SWER hoxy
n-i sot oxy, etc. asﬁﬁf”fsr o g "’Qicﬁ 2%}5@“6?’ iafiy0lg é’npeé é’PBGB atoms); 14
Printed fromN nithzﬁurﬂ&'eZQ/ 208Omdid 6HsaBdat@B@r or dfiydride follOved by U | 2002
esterification. For example, copolymers of styrene with maleic anhydride esterified
with alcohols and amines are known, e.g., see U.S. Patent 3,702,300.

15 Such ester polymers may be grafted with, or the ester copolymerized with,
polymerizable unsaturated nitrogen-containing monomers to impart dispersancy to the
viscosity modifiers. Examples of suitable unsaturated nitrogen-containing monomers
to impart dispersancy include those containing 4 to 20 carbon atoms such as amino
substituted olefins as p-(beta-diethylaminoethyl)styrene; basic nitrogen-containing

20  heterocycles carrying a polymerizable ethylenically unsaturated substituent, e.g. the
vinyl pyridines and the viny] alkyl pyridines such as 2-vinyl-5-ethyl pyridine, 2-
methyl-5-vinyl pyridine, 2-vinyl-pyridine, 3-vinyl-pyridine, 4-vinyl-pyridine, 3-
methyl-5-vinyl-pyridine, 4-methyl-2-vinyl-pyridine, 4-ethyl-2-vinyl-pyridine and 2-
butyl-5-vinyl-pyridine and the like.

25 N-viny! lactams are also suitable, e.g. N-vinyl pyrrolidones or N-vinyl
piperidones.

The vinyl pyrrolidones are preferred and are exemplified by N-vinyl
pyrrolidone, N-(1-methyl-vinyl) pyrrolidone, N-vinyl-5-methy] pyrrolidone, N-vinyl-
3,3-dimethylpyrrolidone, N-vinyl-5-ethyl pyirolidone, etc.

30 Typically, the selected viscosity modifier will be present in a finished ATF
composition in an amount between 2 and 20 wt.%, preferably between 4 and 10 wt.%,
especially when the viscosity modifier is a polymethacrylate, the preferred viscosity
modifier. The above-noted weights are of commercially available solutions of active
polymer in diluent. In such commercial products the concentration of active polymer

35  istypically 25 wt.% to 75 wt.%, based on the total combined weight of polymer and
diluent. The precise amount of viscosity modifier is not critical to the present

Printed from Mimosa 05/24/2000 11:58:34 page -11-



WO 991 36491 Oxo groups (e.g., -O linkages mthe main carbon chaff O Ester
groups (e.g., -C O hydrocarbyl); O Sulfonyl groups (e.g., - S - 04 JUL 2002
hydrocarbyl); and O Sulfinyl groups (e.g., - S - hydrocarbyl). O

PCT/ US98/ 22757 These types of friction nodifiers can be fornmed by reacting,
at a tenperature 5 from about 120 to 250C, at |east one pol yam ne and one
carboxylic aciyh Qhegnhydride in proportions of about 2 tqc18sdiRsaf
equi val ents of carboxylic acid or anhydride per nole of am ne reactant.
(iii) Oher Friction Mddifiers Optionally, other friction nodifiers may be
used either alone or in combination 10 with the foregoing described
friction modifi éPEORAHRHASVE FSHENEHR Y Rrevides Ihg Fequipd Misemei #BPeiitong t hese
are esters of caedabegfifg. aci ds and anhydrides with al kanols. O her
conventional friction nodifiers generally consist of a polar termnal group
(carboxyl, hydrgxydon VBdIFAR. €tc.) covalently bonded to an ol eophilic

)
hydr ocarbon chain. Ib Particul.arl. referred esters.of carboxylic acids and
anhydri des with al kahdl% &HE 4 8%] 'B‘%f’ﬂ'r‘elrsﬁ’,‘ay?%fem@%yéﬁr&‘&fp”[:“f%f“" Pent
4,702, 8S0. This iréfdeednddlovigches the useful ness of these esters as
friction nodifiers, (art Atakpatédyarbihe esters of succinic acids or anhydri des
Wi th thio-bis-al kanoAgexy ¥R bmPed drd ;p;sah@mmggwtgbu R befiidimadirechadecenyl

sucei ni ¢ anhydr idg, 30d L AULOLERS nicdl rsHALRL B b OLR GORyENt | onal
j )

friction nodifiers (1.e. 0 a oup + p IC y&rocarbon
chain) are dEscrPbé “gdﬁ,ab’i‘@)r ”@)E‘Hﬁ‘b’leg%‘erf\ﬂf’ "%‘é‘iei'gfndi (ﬁ e "Journal of
Tri bol ogy" ( 1992), Vol. 114, pp. 675-682 and M Bel zer and S. Jahanmr in
"Lubrication Science" (1988), Vol. 1, pp. 3-2p. Typically the friction
nodifiers will be present in finished ATF composition in 25 an anount
between 0.01't0 5, preferabl® 0.1 to 3 wt.%R$a! Swel| A 15 Printed from
M nosa 05/ 29/ 2000 1I:58: 34 QQ-Y%F - R QNf Ul 2002 WO 99/36491

PCT/ i JS98/ 22757 ATFs may optﬂonal y“confain seal swell agents such as
al cohol s, al kyl benzenes, substituted sul fol args) or mneral oils that cause
swel i ng of astoneric materials. Al cohol-type seal swell agents are | ow
volatility linear alkyl alcohols. Exanples of’suitable al cohols include
decyl al cohol, tridecyl alcohol and tetradecyl 5 alcohol. Exanples of
al kyl benzenes useful as ashl swell agents for use in conjunction with the
conposi tions2df the present invention include dodecyl benzenes,
t et radecyl benzenes, dinonyl -benzenes, di (2-ethyl he¥yl)benzene, and the

l'i ke. Exanples of substituted sul folanes are descgisbeghin U S. Patent No.
4,029,588, incorporated herein by reference for purposes of U S. patent
practice. MBAeral oils 1@iusefilim askseall swel I tgents are (Eypically | ow
viscosity mneral oils with high naphtq q&cﬁor ar ngiig content. Exanpl es
of suitable mneral oil seal swell agen 3 incl ude' |Bxxdn Necton-37 (FN 1380)
and Exxon M neral Seal GO (FN 3200). Wagn used imksthe ATF of the present
invention, asseal swell agent will typically conprise fromabout 1 to about
30 wt. % prefera@%%ﬁfronlabout 2 to about 20 wt.% nost 15 preferably from
about 5 to about w@uéé ¢E§ed on the total weight of ATF. OQther additives
known in the art may al’'s8 e added to the ATF. These additives include, but
are not linited to, Bibspdisstostsaturagheruvpmpratedgubitisitedpnuisgheiitfigheliphaticor r osi on
i nhi bi tors, detergenbhgrocakiliiiogl, prefembly Cep-aalf mbitpeterabyrdi4ihe | i ke. They are
%enle[1 ally didag ! o; gdK'Rgis aLsgﬁi }%?gmc%g c%&k@f-t@?@len@‘%icﬁﬂ Masr'ébliaaz-@g;t V.

mal heer an : n -1 . S
5380 2735, 506 4g7 ondayy N eheithiy B s ob g R gty HRE A |
5,185, 090; 5, 164, 103chaip G565 ewene ghigelprefeyablsrCaRepr esent at i ve anount's of !
t hese additives are 8SgRmuidRydreasdepapdénind .or CBg:0ad) (Pref erred) 25 '
Addi tiveW . 9N . %Cor r @g iiseikrhith ioPbriRhdd.chiln €-80allylene raliBI prepsablans-€9,. Ol - 50. 2
- 3D spersants0.10 - 102 - 5Antifoam ng AgentsO.001- 50.001 - 0.530
Detergents0.01 - 60.0l - 3Antiwear AgentsO.001- 50.2 - 3Seal Swellants0.1 -
80.5 - 5Pour Point Depressants0.01 - 20.%& - 1.5 35 Suitable dispersants
i ncl ude hydrocar byl succini m des, hydrocarbyl succinam des, m xed
ester/am des of hydrocarbyl-substituted succinic acid, hydroxyesters of

hydr ocar byl - substituted succinic acid, and Manni ch condensati on products of
hydr ocar byl - substi tuted phenol s, formal dehyde and pol yanm nes. M xtures of
such di spersants can al so be used. 16
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99/ 36491 PCT/ US98I 22757 The preferred di spersants are the al kenyl

succi ni m des. These include acyclic hydrocarbyl substituted sldclii Mpxes
formed with various ami nes or am ne derivatives such as are w dely
disclosed in the patent literature. Use of al kenyl succinim des which have
been treated W4 @49, i norganic acid of phosphorus (or an P%T%gﬁxp,y de

t hereof and a boronating agent are also suitable for use in the
conpositions of this invention as they are nuch nore conpatible with

el astoneric seals e from such sybstances as fl uoro-el astonmers and

si | i con-cont ai ni ng §§f¥¥ﬁ%?r§V]’§‘15cﬂ’{}l?r%b &Ry SOFE &' 2d3Yid £ r om
pol yi sobut enyl succiineger.anfeneddantdbel -4mefaablyal kyl ene pol yanmi ne such as
triethylene tetram ne or tetraethyl ene pentam ne wherein 10 the

pol yi sobut enyl substft, &néulahfﬁgﬁﬁwmoéimmmlyxé FMLERCaRAY Ng a number
aver age nol ecsul ar \/vteel.gjetSb kn b g)vrvane r’:of e500 to ﬁOO(P (grgferabl%dSOO to
2500) are parti cufaris suitanf e’ ’H%Eef’%ﬂ?gxyﬁ%{y% PoEPAASHPREd t h many
reagents known tt?}alpﬁl%férbgrk?‘?waz FeRreseRts a4p plkylengagdical Rg and Ry rgpresmi £2  Noss.
3, 254, 025, 3, 502kgEnt radichlsdR B RZ it hydr&Gghd mbd b a@ndachoxis daPreferrdraaninam ne- t ype

and phenolic antc-bﬂ%cjuﬁtﬁr&&ﬁain EXRHe 8012051 bR abb\R 18181aB& SV R&ARbHOXT dant s

Shar S S A e LA D

p, p' bi s(al kylphemirpiah fmdiie el v & 2 Pkl ig Pt scied gpthsPisePresfit 8 to 12
carbon at ons eachRlystPYidmo iseuaicd pigié Wenasgcryinuiiniade fasman etheinityie hi nder ed
phenol's (e.g., 2ptamadiaté.ETH: Ritkiryibdduein en hydirog@ialey,|preZerdbtydh the @refendwt ¥ | phenol ,
etc.) and bis- phgnehdndl jﬁytgogenaﬁozf"clataggt, ek ﬂ%iaﬁm]iﬁc%r ﬁéngﬂ' r_'liI':l@[ ¥o_'f9”1t yl phenol ),

etc.) and the |1 k% er%rcrilgnlet lrk\xle%th%xoal;]rﬁr?erllg ﬁlaﬁx%asctegfvvitéhl Akylehd Sldd, Sidh, 34 Il contain

t he vi scositﬁsrrmaai rer, friction hodi T er, an AR aesrred additives in a
natural and/ bt <HlereRxide: ip thpPieteateiohap Bafine qalyptdy asenyentipiabPeiiedisbhs such t hat
by addi ng t he coruerturan éeragaoflabpug®r-158fbunt of a suitable natural and/or
synthetic oil the resstiiet Mghdd dfb@pating the &AiRE @mpo@AE vhed X tshRygePandgr edi ent s
in the desired GONGaRIhAL A acid MiPamrddifs £ ANAGRILANE, dTfes GRBLALRA Syntheti c

oil as the lubricating oil | he desi.red a osition contains |ess
Chan o wh % of 5 B armEmstiale s pfs ek e isie BV ERGIoR e o1 | (o ner
oi | and synt %ti%‘wamx!dew@ 3 SHEEN§OXIde & Prapplerearidy: APToresEitinirf ibet ween 25
to 100, preferabdispussedami@SxanpledB.S. Parst Nprgfesdably from 75 to 90 wei ght
percent of the Vi sSCOWhéyX MRERE b isfl] the€4nifdridldn iRdiffihdompaihfieen Blesi 1 ed
addi tives, and S%Rﬁﬁ',?&r'&axﬂﬁgé)pgffeaﬁ%g\%(?lver%'ox]lati frégr cﬁ&ﬂgécﬁibﬁbeg’[’e@pﬁ%ﬁé es A

common net hod of _characterizin sconetric 1 or of lubricants
relative to hi ghChf%%B]éaFo;?%ﬂrwé‘lh@gé‘%%‘%f?] } MEFARE WO ﬁm'é dgo"ly %‘551_shear rat es,
and the abil 1y B8cagpn fhprodupgq lgngchaip alky ibyirepaiod swiidse dheleng Gan dfYler use, is
cal | ed the ' Vi sclodiotylkylogiSidelis dipemokdivith ioay! vhlgte si 4 lpw teoperaturcapthai d i s
devg! oped b% Wﬁa}&bkéd 18 @bdul v @ toSE:R5d 1bk Bhin hIRA chibroiidy) WNGIRI TRe wgrch?ﬂﬁp y of e
condi tions both 1 ) . i rinte rom
M osa 05/ 29/ 2ooa'®§é11{:l°é%?kggs“;§éig g §a?‘£ed3p%§°§%fm. ?%1%2?3%% g’é’%g%’.zfél N

PCT/ US98122757 ({etnolaniag ayd. 1 Srvized: B ayicng pxifeqeuphues PEStRe I Mhassi ng it
through a fudf ipipsence efanghhaline catedyst end af lemperayrevpesr (OATIMfQmAiEZsyred The

measur enent s r eganitiecdmpaundso Rdcesses bf tais tyye &€ kiowhnyn thogsani @ pezosedin, and sone of
the presently degj&edpeiud, Bl Y@l Urs,150r the nore restrictive enbodi ment of

this invention are salloc\é\sngvgﬁén% O%ﬁh 'e“é%b\%%%%‘k Qﬁné‘%%n%%ge[) SHEAR

RATE T aNEWSHEAREDFI! ui d SCOS]| . SecC. -
(Low) >_2. 60>_2. 6BHI kipep Witheapand qredserriped ippiqr exampis Usks Eatent Nes- P4 §H%4S 60>2. 60
det er m ned i A5 actbl0dahd23 s, AT DdAG834060

Examples of suitable amine compounds include, but are not limited to, the

following:

11
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The viscosity | oss trapezoid is then constructed graphically byl glpt Zﬁnz
the four neasurenents shown above agai nst shear rate. Figures 1 and how
the types of phenonena that are observed in this testing. Figure 1 shows a
fluid which neets the requirenents shown above, it is Newtonian in nature,
that is, its viscosity is not 15 dependent on shear stress and is not
reduced by negRapisenl shearing. Figure 2 shows a fluid tBatydegnarsy
non-Newtonian, i.e., its viscosity is dependent on shear rate (known as
tenporary shear) as is indicated by the decreasing viscosity when going
from 200 sec. -1 to 1x106 sec.-1 shear rates. This fluid also | oses

vi scosity when subjected to nmechanical stress (known as pernmanent shear

whi ch is evidenced BYNtbire-kydeoxpstlyl)inglodec@l@ming vi scosity between the fresh
and used oi | |ines) .NRdsk3-hydroayetiyl)-1tnhykiridedamilinging/i scosity of the nore

restrictive enbodr MR b; H’@?@AF&%&@F{ %QQCQ), leRffOre and after shearing is
>S>c

desired to b That' is, the "new' and "sheared"
fluid nust h e a mﬁf\'rhﬂqav Y té%e%’ﬁﬁ‘@f ‘of at least 6.8 mm®/s (cSt). 25

Al so) since i nproved\-Ypisamideydn)verdeeinslamine: | ow anbi ent tenperatures is
an objective, it is }dﬁshxs(almldeoxydﬂat) oteplemBrookfi el d vi scosity at -40C not be
greater than about I3NGAR- Eﬁroxﬁ& {egrpllaﬁgm@ot greater than about 15,000 cP
(determned in accorrgfﬁqjes wdgox é%h%u (N a?n%% for all enbodi ments of this

i nvention. Further mor’e gedl e Y( is mpre of a concern when
dealing with'ess 30N ?@6’6&“%%@?‘3@%’“{‘%&‘ Yiun-fiedecyfanipe: 40C Br ookfi el d

requi renent), it is MbdekZhydgoxjathyldimeteirbutdeaantes of this invention to have
a difference betweernnNags-ReivdxydislyctimRRalyDd ethyi-Stadedylainis; measured at. 150C
and the | ow shear rq{,gj @;2_ ,or“gh %ScoaJanf no greater than about 0.30 cP.
This invention may brg %Fd nwﬁ f d. by the follow ng exanpl es which
are 35 illustrative hlab% YFREPPRIVEPEr this invention. 18 Printed frcm
M nosa 05/ 2912000 11M-Hgbisirhyisqyuethyhp-dodgeylgxyethylgminenoz WO 99/ 36491

PCT/ US98/ 22757 ', | MNeXANRL-ESrokhetieyd-lATFoxybthylamihor mul ati ons were bl ended to

meet the required vixsqsrcmm ﬁy'deoxpgt@parea,iygsyed@ﬁﬁlrdeped above. Fluid
Formul ations 1 throug yvgraeoxg - Bdde yWn0. bl ends of mneral oils

usi ng the same ba5| % onI ‘ai ned ashl ess di spersant,
anti-oxidant, extre j:?f‘%& rf@gecﬁ °rp6°§ ‘AP Pnhi bitor | and friction
modi fiers. THe viscod

”é%'hb?“ﬁ’ﬁ'@")rher‘?é‘ﬂéﬂ“wra@ﬁ‘ﬁ ng oils used to form
Fluid | Fornul at i onsN,N-hi${2-bydgdxy8hydirhexaienyhisionretimipel ow. 10 0i 1VI Ki nemati ¢
Vi scosity(nmR/sl at mQQg:EggnymﬂSahvgns,s(iﬁyd}@%tﬁﬁj 100~3. 1Exxon Sol vent 100

Neut ral 100~4. 015 | mpgg }1 ;IIQ 258 9Pet ro- Canada
65P95~2. 5Pet r 0- Cana a@r} %f thehﬁor mul ati ons contai ned a
bl end of vi scosi ty fer§ PP FREPPS ™Y hol ynet hacryl ate vi scosity

modi fi ers ha¥i ng ml@@%‘ﬁ?clvﬁéﬁa@rﬁ@eof 75,000 and | 40, 000. The conpositi ons
of these Fluid Formul ations are shown in Table 1, along with rel evant test

r ﬁsul trs]. The r esul t STIRHRM D réf‘éhe;ﬁamltﬁ;e%mNdh&;_&ﬁ}@mtxp@ﬁy[)ﬂ uid Fornul ati ons ﬁ
t hrou 3 usin 25 wei ght
(no g?eat er t hgn &9%&%?9;@81 iadﬁé\\;%'gg@aﬂ%%?@ 00 {ng&\g Wgce:rom ty 019 no
greater than 18, S‘g’é?ﬂﬂ‘ 5% ::Eu ce between the new and sheared viscosity
of | ess than3®.30 cefhsapinesdyqresmipyl cislsngtiy shetsaturigéonpé the Bysepcarhd spairyl
conposi tion had ed ihe RS addypogiti@adf e pblhmalﬁylﬁxeelﬁxrarcarﬂlﬁ(vﬁnemlt nmeasur ed at
shear rates 2 x s%ec% r&fﬁﬁcmentsaﬁg e;mﬁi)lelgx@re% ‘the e df dako BB 16 11l SCOSi ty
g;ggt er2 lt Ihan 6. 8hygrlggarby?radxcal tendsjio mcreasg h%%tn%’gmellt\nng”géger&lgé %ﬁ/oﬁooo 11:58: 39

solubility, however, if the hydrocarbyl radical is too long, the amine will crystallize

35 from solution, Decreasing the degree of saturation in the hydrocarbyl radical, at the
same carbon content of the hydrocarby! chain, tends to reduce the melting point of the

12
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0 4 JU 2002 WO 991 36491 PCT/ US98/ 22757 Tabl e 2Test Resul t sFigy UR;W
FORMULATI ON123Base Additive Package'l 0. 601 0. 60l 0. 60Vi scopl ex 5061 %

140, 000) 4. 894. 804. 44Vi scopl ex B-220 (MW 75, 000) 6. 116. 005. 56Exxon Sol vent 75
Neut r al 24. 25- - Exxon Sol vent 100 Neutral 24. 25-inperial Ol

MXT- 551. 20- Pet r o- Canada 65P30. 0030. 0030. O0OPet r o- Canada 100P-52. OOTEST
RESULTSNew Fl wighshagmatic Viscosity @ 100C) mme/ sec7. 907 p8fs009B¢-00kf i el d
Viscosity @-40C, cP12, 40011, 4009, 680Vi scosity @ 150C, 2 x 10~ sec' ',
cP2.962. 963. 00Vi scosity @150C, 1 x 106 sec' ', cP2.832.792.76Used

Fl ui dKi nematic Viscosity. @100C, [ sec7.407. 507.46Vi scosi @1 50C, 2 x
10' sec' ', cP2*78%, ‘%ﬁ%’g%ﬁ%%i ‘t%@‘f@é‘é?’ ‘%‘e%‘*fbé‘eg%'é‘”‘y ‘,‘Yt‘%ﬁz. 722.732. 69
base additive p&akagendsionnciiassals amires petel solwbititydng deerease fis eirsolhiitnt  su~ci ent
to provide a fi ni shefthe Adire wuintphunes mayl be tused as swoldi Hdwever Qe inaphlscfe ed27 W . % 5
The principl es, iphefoRk 56d «&ITR QIR SoduBNHHTRIRS cHpoRReLd 4sQoRd the
present i nventi gn,Nays,peeh. deselaned. Ln e, Toledol ng, spefLti.cati on.
However, the i nventon Ch S 1At é.nd'ea g BEProtEL gt ler&in is not to
be construed as SPibffidust ot dsrivaduesmay bs ilysraied. £o5 exaspl BthoBingi nce t hese are
to be regarded asuciukd fostywlati ve rather than restrictive. Variations and
changes may be nmade by those skilled in the art without 10 departing from
the spirit of the invention. 20 Printed from M nosa 05/29/ 2000 11:58: 39
page -22 04 J U lg 2002 5 What ing})e}li med is: 1. An automatic

transm ssion fluid conposition conprising: ' (a) a natural |ubricating

m neral oil free of Ryntketd c ®21Ns conpr BsétRyoca bl end of natural

| ubricating mineral oils having a\l gi erffatic viscositr greater than about 3
mR/s at 100C, wherein said bl end SF4Hatural 1 ubricati ng mneral oils
conpri ses: J2 10 at least one first natural mineral oil havi ng a viscosity
of at least 3.8 mmR/s at 100C ; and at | east one second natural mneral oil
havi ng a vi scosivihyre 8f R{,8S R, RAIX, B, dhd Mt/ sahe dsQvioadfldefinddiaBCOBdrd Y | ndex of
at |east about 9, iskRhet RdrcRed¥: ik Akyl faMicQf Vi scosity nodifiers having an

effective nol ecular |get f a B;;{EydggéstthtPElg no greater than about
r

ro
175, 000 atom c nass (ﬂ its?rb%(ﬁlclfr%cé%g om apout 801t 0 about 5 wei ght % of a

friction nodt%ier; 29%d5weof Helh medifieraissie] Wil DR PGS hagaon 40C
Br ookfi el d vi scemidug ofppolyamiag and arcirbaxylidroidtor ABy@ide Bréefiy.itisaiolyemiand t he
di fference betweenuaitlhentame\foarndo sdear amboy itemOm frymCfto therageg@ss tion is no
greater than abGyh aleadCont 6thd MReSFadMIG el B Btk &t pAmbS BRBE gty € Oof 150C
and ~ shear rat &nd :It lezas)?t']ix(f)ozof %n%(r:e'n;aming nitrogen atoms present in the form of primary or
25  secondary amine groups. Non-limiting examples of suitable amine compounds
include: polyethylene amines such as diethylene triamine (DETA); triethylene
tetramine (TETA); tetraethylene pentamine (TEPA); polypropylene amines such as di-
(1,2-propylene)triamine, di(1,3-propylene) triamine, and mixtures thereof. Additional
suitable amines include polyoxyalkylene polyamines such as polyoxypropylene
30 triamines and polyoxyethylene triamines. Preferred amines include DETA, TETA,
TEPA, and mixtures thereof (PAM). The most preferred amines are TETA, TEPA,
and PAM.
The carboxylic acid or anhydride reactant of the above reaction product is
characterized by formula (I}, (IV), (V), (VI), and mixtures thereof:
35
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2. The conposition of claim1, wherein said second mneral oil is a
hydrocracked mneral oil. 3. T he conposition of claim1l, wherei

Brookfield viscosity of said 30 conposition is no greater than a ou{]]L 1@2000
centipoise. 4. The conposition of claim1 wherein the effective nolecul ar
wei ght of the viscosity nodifier is no greater than about 150, 000. 35 5.
The conposi tl‘g?99;6 glaimd4, wherein the viscosity nodifi gerisssmisr

pol ynmet hacryl ate é AJU ENDED SHET b. ' The conposition of claim1,
wherein the friction nodifier is selected fromthe group consisting of (I);
(I'1); reaction products of polyamines with ¢ll1l), 61V), (V), (VlI); and

m xtures thereof, wHere (1), (Il%g (), (v, (\/}I (V1) are;. 5 R6 |1 10 R
(R30) nH | / RIRY {X)mORR2 - ; (RgY) A 1501~ R~~208" 25 38YB5 40 R6 | R

(RgO) nHI / RL - (XYmR2 - N - Rg’- NT \ (R50)nH(Rq0)nHI | RgR-1 04
JUL 2002 (I1) ; O0OOR' - ,C- CH(IIl): R - 1C-0-1C- R (1V); 0
R.- R~ \ O(V); and OH ~~0 (M) 22 i B o~~~ -

0

[ Y

R'l__ OH
o) (V) and o (VI)
g

where R" is a straight or branched chain, saturated or unsaturated, aliphatic
5  hydrocarbyl radical containing from 9 to 29 carbon atoms, preferably from 11 to 23.
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 straight chained.
The R" hydrocarbyl group includes predominantly hydrocarby! groups as well

as purely hydrocarby! groups. The description of these groups as predominantly

10 hydrocarbyl means that they contain 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
Co alkyl group and a C alkyl group substituted with a methoxy substituent are
substantially similar in their properties and would be considered hydrocarbyl within

15 the context of this disclosure.
Non-limiting examples of substituents that do not significantly alter the

hydrocarbyl characteristics or properties of the general nature of the hydrocarbyl
groups of the carboxylic acid or anhydride are:
Ether groups (especially hydrocarbyloxy such as phenoxy, benzyloxy,
20 methoxy, n-isotoxy, etc., particularly alkoxy groups of up to ten carbon atoms);

14
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04 JU 2002 i where: Ris Hor CH3; 5 Rl is a Cg-C2g saturateglﬂw 0
unsaturated, substituted or unsubstituted, aliphatic hydrocar byl éo% Q,Zal;
R2 is a straight or branched chain Cl1-C6 al kyl ene radical; R3, Rq, and RS
are independently the sane or different) straight or branched chain C2 CS
al kyiene radical; , 10 Ro, R-, and Rg are independently Hor CH3; RO is a
strai ght or brwgesre;chain CL-CS al kyl ene radical; X is ogfd8e,9% sul fur;
m sOorl; nis an integer, independently 1-4; and 1 15 R' is a straight or
branched chain, saturated or unsaturated, aliphatic hydrocarbyl radical

containing from9 toogdeasdan AbOMHaYed A tidtRaiRlcaifbiensinal when R' is a
branched chain group, no nore than 25% of the carbon atons are in side

chain or pendent groups. 20 7. Thg conposition of claimb, wherein the
friction nodifier is an ethoxylatjgd am ne, al kyl ami de, or mXxtures

t hereof. 8. The conpbsetgroupsdé.gcte@iQamylrocatghei n t he conposition further
conpri ses a borated or non-borated succinimde dispersant, a phenolic or

am ne antioxidant, such 25 that theOsum of the di spersant) antioxidant, and
friction modifier is_between about .0 and about | | wei ght percent of the
conposition. 9. The €YiApYArUPske-8f - B BYrP@OYha?ti n t he conposition has new
and sheared ; ~iscosities of at | eastl about 6.8 m2/s at 100C 30 10. The
conposition of claiml, wherein the~conposition has new viscosity of at

| east about 6.8 mTQ/§ulﬁr§JI %rgtgé‘s@glg' {% S'?y?z%g%g'l' scosity of at |east about 2.6

cP at 150 C for shearin c.-1. i 35 11. The
conposition of claim1, further conprising a seal swell agent. 23 AME~~DED
SN~E' | 12. A method for producing the conposition of claim1, conprising
the steps of: (a) providing the natural lubricating mneral oil free of
synthetic oils; and .w.., 5 10 (b) adding to the lubricating oil the
viscosity nodifier afesap@siof Bctidd mbdifiabhcube brifedig ragéring 04 ofempdaguré ri ct i on

nodi fi'er. 13.5 TheontsRA36 {6RCOk lekst &ieg;b@maMB Shdtabatylic GARARybdRN
conprises two Vig BI%EC!I‘E%S gpa(ﬂ!)\ft p) ﬁ)r]%'moq)ar equ‘;va}ejntk'of%gg&yli& adid ojr athyhridIe pér
mole of amine reactant.
(iii) Other Friction Modifiers
Optionally, other friction modifiers may be used either alone or in combination

10 with the foregoing described friction modifiers to achieve the desired fluid
performance. Among these are esters of carboxylic acids and anhydrides with
alkanols. Other conventional friction modifiers generally consist of a polar terminal
group (carboxyl, hydroxyl, amino, etc.) covalently bonded to an oleophilic
hydrocarbon chain.

15 Particularly preferred esters of carboxylic acids and anhydrides with alkanols
are described in, for example, U.S. Patent 4,702,850. This reference teaches the
usefulness of these esters as friction modifiers, particularly the esters of succinic acids
or anhydrides with thio-bis-alkanols, most particularly with esters of 2-octadecenyl
succinic anhydride and thiodiglycol.

20 Examples of other conventional friction modifiers (i.e., polar terminal group +
oleophilic hydrocarbon chain) are described by, for example, M. Belzer in the
"Journal of Tribology" (1992), Vol. 114, pp. 675-682 and M. Belzer and S. Jahanmir
in "Lubrication Science” (1988), Vol. 1, pp. 3-26.

Typically the friction modifiers will be present in finished ATF composition in

25  an amount between 0.01 to 5, preferably 0.1 to 3 wt.%.

Seal Swell Apents

15
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24 V', ;a~.,,-;, p~~ TCTAL FH at .1 ~ ~ ~
AALA AL AS@ Ay. A . A9. A, . AO. A. A3. A3. An. A Ay. Ah. AS. Al % Af Hf . AR AUInZ02 A~
, 2
I\/N38v$%& S{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cajc
a] cal] ca] ca] ca] cTa] ca] ca] calcalcalc”a]calc<alc(al 1@B'v'W x"y"k#& )% "' .[.\.]
1T PI™NT 0! 468903¢410) € [ V] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca];ﬁas]gg,@g};ga] ca] ca] ca

b<<>??dACCDEEEEEE! FFGHK7Lf NOPP( Q Q@ Q+Q wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca

b tosal [T o ighahislaalsalgaloialealoaloel oo calcal ead oot

gg&gggghhi i | wok AsXTveFeass) %lait%f]%éé}f%mawear]%%a]%@?}l@éwﬂéaq of elateradriéa) ca) cal ca
] ca] ca] ca] ca] capesiidsn]dahddire ajet oletl agerslacadve edlatidityi lirear pikyl Bicatiolsi Nj | kKkkkkkkpl n
oqqt ?vvvvvvvvv{ Examples of suitable alcohols include decyl alcohol, tridecyl alcohol and tetradecyl

~{val gb] X] 1] ga] ¢ he IE ;,] TJO@ lﬁT aluga&ﬂfgah% Lpaleaheal srbgalaal cal cal cal o
aJ ca] ca] ca]ca] ca c calc ca
& . GOQTWZ\ m-wz} @S feféf]veal]oeaﬂ&* g doggeytbenzenes,

a] ca] ca] ca] ca] c&Fé@]ﬁ@]l@af]sc@l]oea]@aqem]dc(é]edial]i@a])‘c@ai]cea]a@a]i@dqeca] ca] ca] ca] ca! -

Examples of substituted sulfotanes are described in U.S. Patent No. 4,029,588,

q8m’2{ val gb] X] 1] %l:ﬁ&»lt%]e?eﬂl @Jf&@dcf;?drslﬂ];&és] &%lscait&ﬁ!;&cﬁ@l adhsalsel cal cal cal ca

]O%Q?]G%oi]\(gﬁ]m g] ;a egffl g‘%!& ‘Ut%a OWFVAT%% %‘&fﬁ%a‘j"éa]%a‘]@%a] ca]ca]ca]ca]ca
e¢ 81 wntabjecninepgofh seabyyiell peesSDX| wr mhe] Xj e

] c7a] ca] c”a] ca] 6%?]‘6’5}]‘%‘%{]%’5]3&%&0&‘5‘]
_ZU] c] ca] c”a] ca]l@bsﬁ@@z]xglaqlmdélmqw)aﬂ]nd @w}ooa/}mw]swpd dneoer|eneal] c
a] ca] ca] ca] ca] cajed &l teA TH eltieplesérRinOa}io h Gl swell agent will typically comprise

X @EVHC&24@R . ¢ |
a][ cg] caj ca] Cf }%i?el iggg]]\;!a caécaﬂﬁ%i&gi b% qu W%t@aé“gglhif]@r&]zfg] \(/:\;rle % 8 :

}xsnid_Z] c] ] t‘%f‘?i]w&'é ] ca] ca] ca] ca] ca]

ca] ca] ca] cal] ca] ca] dihe ajditypapwaind szm adqdqygg theAT T@em 10%& () - @
10%& () - @P 10%&dit{ves 1@1&@(}%&%( ot @nB40Rlifpyrsan@, antiwear agents annox1dants

aWU6 '10%t & () 'cd)xrolﬁp/&hi@torﬁ Qetcré@l%ﬁ Kiréfe ]ﬁr):ssﬁré additives, and the like. They are

"10%ré& ()-!0 1% 12 @d in, Q‘é p)e lgathd%;th@ &&)V Snm%lggergrgltR

10t =ML0% &' ( 109
10% t & ( 3%?A< eane %’(ﬂ k?é PI'I 2&%’ (Z"‘so@f&?/? &3@4873%5?«593?7 110% & () -
S10% & () Svz X6g1254. BH0 ORI )51@1@%9@{) 616095 &80T #:ced9drs i)-!lO% K;
K& ()-010% & () -v! " dBPretenthfive amow&f&leée)ad&ﬂveiéx‘k’m&u(la)nzedasfollows

310% & ()-01 110% & ()-!11109%66& ()- .10% & ()-"#$9%&' Sj H=! 10:1Y

10%t& ()-!'pl 10%t& ()-& 10% & ()- * 1Qiodi)( ) - 9 10%r&'e'(’€)d9m 10: 10: S1zX9H=!

S10% & ()-13F 100 Addiind 004 & 09 () -] 1004 WERD) - 1A 10% & ()-" |
I@zer:I(?) 1%% g;)“a‘;]‘{‘wb“’ioo/é%& ()AL%O(V%)() Llog]%30 1)-stuo 1oc%zz<(&)() S
@

10% 7& () - S@ B" 5)1ipcx's|an\é w'x"y"bCl 0,110 S10%VE A ‘%JI';,O%/& ()- 10t
Antifoaming Agents 0.001- 5 0.001 - 0.5
30  Detergents 001 - 6 0.01 -3
Antiwear Agents 0.001- 5 02 -3
Seal Swellants 0.1 - 8 0.5 -5
Pour Point Depressants 0.01 - 2 0.01 - 1.5
35 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, formaldehyde and polyamines. Mixtures
of such dispersants can also be used.
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Ol 109%8S&' ()-!'h0l 10%E=E=& ()-!'l 10%EE& () -
109 ()-9"))~+-v-%".zX9bCl 37 10%& ()-!6] 0&10%& ()- &P1OUE ()-!(0&$10%
uu& () -!#0&$10% %% ()-!'b&10%f& ()-'. X. Y. Z. [.\.].~.~DbCF
S10%&' ()-s!109& ()- s10% ()-&@0%& ()- 10M 10M 10M
=MLO%VE' () - hbleddésdmU3bCl (KOSF 109&' () -l OSF 10%&' () - M @Sfuysh®948s7() - m u” SF
109H& () - m #=0SF 109& () - nl SF ]
10¥8S& () - m 4566899xV7bCl "7 109%& ()-!'( y*10%& ()-!0y*10%& ()- y*10%
'()-110SF 10%&' () - 109%& ()-mD:-:::::mbC Y : :
fOC(Va)&' 0 0% q(&) ( )310 égr?{i?edo di/%%}g“ts)g% e ey TSR {hpserjpelude acyclic
b<<>??dAwW4bC! | Oydreragy!(sybsptipd pogimimides formed with various amines or amine
& ()-m 010%p& drivatived Rtkds&ic(WideD/! disclb@bik die patendliterhDfb & df ik GGACCDEEEEWX9. C
#g% E I\E/lé(é‘l’/g:_( %_' S Y uckidifiack Whik hatd B-¥iirdaled Wik hOM QAR dod-oPpHRY KO of & M Oy 10%& () -
103=ML! g" 10% 6&'%3’3%}%@%"(b)°'-°f‘ﬁ‘6‘%)’§“‘(a)“’- AOOREP I 8 M B6ERRPSY 10
10FGH JK7LWU3HC LB CREHIRRES 1) 2ty DRIGECTH2LIY!S Yorgrqmeriy sealppgde from
;& () -! ¢’ 10YEE& s¢ch suhs@rc@9s forgrelpgtorary dnNSIRFXOERIMOS Saslodivts.
=t 10%V&' () - 37" 10%byiSoHuleny! dbidbidiiifoémdd)from poBisoB@dnd s(dcinlcQhBAfEdahdan( ) - | LSL0%X#X
#& ()-&Q QQ Q %Wamine such as triethylene tetramine or tetraethylene pentamine wherein
10 the polyisobutenyl 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.p., U.S. Pat. Nos. 3,254,025, 3,502,677 and 4,857,214).
Suitable antioxidants are amine-type and phenolic antioxidants. Examples of
: 15  the amine-type antioxidants include phenyl alpha naphthylamine, phenyl beta
naphthylamine, diphenylamine, bis- alkylated diphenyl amines (e.g., p,p™-
bis(alkylphenyl)amines wherein the alkyl groups contain from 8 to 12 carbon atoms
each). Phenolic antioxidants include sterically hindered phenols (e.g., 2,6-di-tert-
butylphenol, 4-methyl-2,6-di-tert-butylphenoi, etc.) and bis-phenols (e.g., 4,4'-
20  methylenebis(2,6-di-tert-butylphenol), etc.) and the like.
Additive concentrates of this invention will contain the viscosity modifier,
friction modifier, and other desired additives in a natural and/or synthetic lubricating
oil, in relative proportions such that by adding the concentrate to a larger amount of a
suitable natural and/or synthetic oil the resulting fluid will contain each of the
25  ingredients in the desired concentration. Thus, the concentrate may contain a
synthetic oil as the lubricating oil if the desired final composition contains less than 5
wt.% of synthetic oil relative 1o the total amount of oil (mineral oil and synthetic oil).
The concentrate typically will contain between 25 to 100, preferably from 65 to 95,
most preferably from 75 to 90 weight percent of the viscosity modifier, friction
! 30  modifier, other desired additives, and synthetic and/or natural oil.

Viscometric Properties
A common method of characterizing the viscometric behavior of lubricants
relative to high temperature viscosity at both high and low shear rates, and the ability
35  ofthe fluid to retain these viscometrics after use, is called the 'Viscosity Loss
Trapezoid'. The viscosity loss trapezoid is developed by measuring the viscosity of
the fluid under a variety of conditions both "new" (i.e., fresh or unused) and "sheared"

17

Printed from Mimosa 05/24/2000 11:58:34 page -19-



10M =t 10% y" 10%@@& ()-M 10%& ()-M 10%& ()-S10%& ()-9' 109%& () - 7 10M

10MQY RST$UU VWUSKC 10! kOl 109& ()-''0l 109%& ()-''0l 10%G G & () - OdolUL1286
& ()-"1°1 109 ()-'!l 10%& ()-'|WKmMYYZZWX7KC 10! 1109%&' ()- - 109%& ()- 9! 9#
10%& ()-F 109# 109%{& ()-F !'9# 10%wW& ()-F !| 10%{(&'()-'Zv[[[[[[[\uj_@lO!
s$,10% & ()- 10 10 10 =109%& ()-F7 10%& ()-5" 10%& ()-!01109%& () -\

WA MC a}[ 9 _\@)3&4 PCT/US98/22757
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& ()- @A0%n () - 'Vﬁcdkﬂ?/ﬁd‘s/&ﬂ@besz&‘&ﬂd)%&e@thé ZreskR Y0NS ed InininkiBdRues for the

more restrictive embodiment of this invention are shown below:

5
Table 1
VISCOSITY LOSS TRAPEZOID
SHEAR RATE (Type) | NEW SHEARED
Fluid Viscosity (150°C), cP | 2 x 102 sec.~] (Low) >2.60 >2.60
Fluid Viscosity (150°C), cP | 1 x 106 sec.-1 (High)’ >2.60 >2.60
* determined in accordance with ASTM D 4683
10

The viscosity loss trapezoid is then constructed graphically by plotting the four
measurements shown above against shear rate. Figures 1 and 2 show the types of
phenomena that are observed in this testing. Figure 1 shows a fluid which meets the
requirements shown above, it is Newtonian in nature, that is, its viscosity is not

15 dependent on shear stress and is not reduced by mechanical shearing. Figure 2 shows
a fluid that is non-Newtonian, i.e., its viscosity is dependent on shear rate (known as
temporary shear) as is indicated by the decreasing viscosity when going from 200 sec.
-1 10 1100 sec.”] shear rates. This fluid also loses viscosity when subjected to
mechanical stress (known as permanent shear which is evidenced by the overall loss

20 in viscosity between the fresh and used oil lines).

Additionally, the kinematic viscosity of the more restrictive embodiment
measured at 100°C, before and after shearing is desired to be at least 6.8 mm2/s (cSt).
That is, the "new" and "sheared" fluid must have a minimum viscosity at 100°C of at
least 6.8 mm2/s (cSt).

25 Also, since improved operation of vehicles at low ambient temperatures is an
objective, it is desirable that the Brookfield viscosity at -40°C not be greater than

1 about 18,000 cP, preferably not greater than about 15,000 cP (determined in
accordance with ASTM D 2983), for all embodiments of this invention.
Furthermore, since seal leakage is more of a concern when dealing with less

30  viscous materials (due to the low -40°C Brookfield requirement), it is necessary for all
embodiments of this invention to have a difference between the "new" and "sheared"

viscosities measured at 150°C and the low shear rate of 2x102 sec.”! of no greater
than about 0.30 cP.
This invention may be further understood by the following examples which are

35  illustrative and not restrictive for this invention.
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0il A% | Kinematic Viscosity

(mm?/s) at 100°C
Exxon Solvent 75 Neutral 100 ~3.1
Exxon Solvent 100 Neutral 100 ~4.0
Imperial Oil MXT-5 105 ~3.9
Petro-Canada 65P 95 ~2.5
Petro-Canada 100P 110 ~4.0

Each of the Formulations contained a blend of viscosity modifiers,
specifically, polymethacrylate viscosity modifiers having molecular weights of 75,000
and 140,000.

The compositions of these Fluid Formulations are shown in Table 1,
along with relevant test results. The resuits shown in Table 2 indicate that Fluid
Formulations 1 through 3 using viscosity modifiers of an appropriate molecular
weight (no greater than about 175,000 amu) have a -40°C Brookfield viscosity of no
greater than 18,000, and a difference between the new and sheared viscosity of less
than 0.30 centipoise (cP). Also, both the new and sheared composition had a viscosity
greater than 2.6 cP at 150°C when measured at shear rates 2 x 10% sec.”’ and 1 x 10°

sec.” and a kinematic viscosity greater than 6.8 mm?/sec.
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Test Results

FLUID FORMULATION 1 2 3
Base Additive Package” 10.60 10.60 10.60
Viscoplex 5061 (MW 140,000) 4.89 4.80 4.44
Viscoplex 8-220 (MW 75,000) 6.11 6.00 5.56
Exxon Solvent 75 Neutral 24.25 -

Exxon Solvent 100 Neutral 2425

Imperial Oil MXT-5 - 51.20
Petro-Canada 65P 30.00 30.00 | 30.00
Petro-Canada 100P - - 52.00
TEST RESULTS

New Fluid

chmauc Viscosity @ 100°C, | 7.90 7.90 8.00
mm?/sec

Brookfield Viscosity @ -40°C, | 12,400 11,400 | 9,680
cP

VlSCOSIty @ 150°C, 2 x 10? sec’ | 2.96 2.96 3.00
' cP

Viscosity @ 150°C, 1 x 10°sec” | 2.83 279 | 276
1cP

Used Fluid

Kmemauc Viscosity @ 100°C, 7.40 7.50 7.46
mm?/sec

Viscosity @ 150°C, 2 x 10% sec’ | 2.76 2,73 2.82
! cP

Viscosity @ 150°C, 1 x 10°sec” | 2.72 2,73 2.69
|, cP

* base additive package contained a friction modifier in an amount
sufficient to provide a finished ATF with a friction modifier content of
0.27 wt.%.

5 The principles, preferred embodiments, and modes of operation of the present
invention have been described in the foregoing specification. However, the invention
which is intended to be protected herein is not to be construed as limited to the
particular forms disclosed, since these are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by those skilled in the art without

10 departing from the spirit of the invention.
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(a)  anatural lubricating mineral oil free of synthetic oils comprising a blend
of natural lubricating mineral oils having a kinematic viscositv greater than about 3
mmZ2/s at 100°C, wherein said blend of natural lubricating mineral oils comprises:

at least one first natural mineral oil having a viscosity of at least 3.8 mm2/s at

100°C ; and

at least one second natural mineral oil having a viscosity of less than 3.8 mm?2/s
at 100°C and a viscosity index of at least about 90,

(b) a plurality of viscosity modifiers having an effective molecular weight
from about 50,000 to no greater than about 175,000 atomic mass units; and

(c) from about 0.01 to about 5 weight % of a friction modifier;

provided that said composition has a -40°C Brookfield viscosity no greater than about
18,000 centipoise and the difference between the new and sheared viscosity of the
composition is no greater than about 0.30 centipoise when measured at a temperature
of 150°C and a shear rate of 2x102 sec."1,

2. The composition of claim 1, wherein said second mineral oil is a hydrocracked
mineral oil.
3. The composition of claim 1, wherein the Brookfield viscosity of said

composition is no greater than about 15,000 centipoise.

4. The composition of claim 1 wherein the effective molecular weight of the

viscosity modifier is no greater than about 150,000.

5. The composition of claim 4, wherein the viscosity modifier is a

polymethacrylate.

21

AMENDED SHEET



1098 & () - #x47ijkl zYL?2 1 10! 10! 10!- yy=10% & ()-- y 7108 & ()-- z
'.109% & ()-- yh0.10% & ()--1q .10% & ()-1y|[:L?2 1 10 yF - 109%&m&&) £ )y 10
y  1098K" && ()- yF 109&K'&& ()-F y ! 109&K" &&' ()- y109&K"&& () -
y&L0%&K" &&' ()- c?L?2 1 10 #3 :

109RK" && () - LOYRK" && () - LOYRK" && () - LOYRK" && ()- YF

- 109&K" &&' ()-% AHI ¢’ DL?2 1 10 #109&K"&& () - #3

109RK" &&' () - L0OYRK" &&' () - 10%&K" && () - 10%8K" && ()-cy{ ?L?2 1 10 SY
Ys109% & ()- 10%8K" &&' () - #3 10%8K" &&' () - 10%8K" &&' () - 10%8K"&&' ()- |[:L?2 1 10
0S 10% !, & (¥-( VTiOSmpostions claim 1 SaBrebOM@sic)ion iodifer i0Megted fromghg S

1098 & () - Sf1908& cbnsistifg ot R diRadiod Ploblitd & poRbmibedbith (i, ' By dB0% f & () -9

0, ! -
Sy410% & () 9(\%); and mixtures thereof, where (1), (I1), (IIT), AV), (V), (VI) are:

5
Rg
|
10 R (R30) pH
| /
Ry - (X)y - Ry -N (I);
\
(R40) nH
15 I
R7
20
Rg
[
R /(R3O)nH
]
25 Ry - (X)y=R2 = N - Rg - N\ (I11);
[
| |
Rg Ry
30
\.-.-,.f OI lo lol
R" - C - OH (II1); R" - <I: -0-¢C~-R" (IV);
o)
I V
Rn_ R"_
0 (V) and 8% (VI)
I Ng
35 0
40

22

fl,‘. ol ",-\'-u.




s3L10% & ()- SO0S 10% & ()- @oYzYSME&B 1 10 M109%R?2& ()-  M10%!r& ()- S

MBL0%&: ()~ 10 MBLOYBSE! () 1, > #10%! #1 & () S&10% & () - 2BFI] ~|\ > 1 14

' LRS10% & ()-S10% & ()-S109% & ()- SF10% & ()-! " Mb10%M w & () -

A grnN 3S10% & () - S10% & () - S10% & () - 1" LRS10% & () - S10% & () - S10% & () - hL

,3S10% & ()-S10% & ()-'' LRS10% & ()-S10% & ()-S10% & ()--' LReG+3S10% & () -

LRS10% & ()-S10% & ()-S10% & ()-' LRS10% & ()-SeD+3S10% & () ° "1098& ()- h
"10%¢& ()-S10% & ()-' LR-S10% & ()-S10% & ()-.25gij | [:-310$ 0, @I0%& ()-

f<1098& ()- L71098& ()- °,1:109%& ()-f SR91098& ()-  SE9L0%& () -

i kI yhLO1H L10%BSE&: ()- ! H' L109&&& ()- ! H L10Y%&&S: ()-! H L10YR&&' () - !

09&310%&&& ()R is H or CHs;

4 s PSR L AR ettt gt ) i

& ()-! H L1ovgdrqepbyhnadisadoges ()-1{_ ?hLO1H L10% L10%&&& ()-! H L10%&&& ()-!

#ilﬁH?higi/ﬁ&fl@ fs! a[dtrhr%@%&&&n@ed'djhlhl%mc}ﬂ&\e }adncgl L O ;
< 0 0&&&
" L10%R&& () - l%?ﬁie“k é%@ﬁ%ﬁﬁéﬁﬂk}ﬁ&{ ‘”F']L‘q ?‘? chaij “()-1H |

“L1098&& () - | 4snlkyienegadigal () - | opd@LOLH LlO%#SLH LlO%&&& () I H LlO%&&& ()-!
HLI0VEAIY ) R/ ARGl RO Gl 0341 L10VRAE, () 13LIY L10% (). |

5@2"?@&%@%8&%@% ARGt () ) Crort Liovass () 11k L

109&8&" () - ! H X109@8R rsulﬁm L10%R&& () -! #3LH LlO%&&& ()-1'H L10%&R&&' () -
hD+OH' Llo%&&&n(js)di&LH Llo%&&& ()-!'H L10%&&& ()-! H L109%&&& ()-! H Llo%&&& ()-!
#3L-5: ?DE

+o+={ L10%&#3L|4"Efb%%&"(‘}de?fﬁdﬂléol&&é“?) | H L10%&&&' ()-! H L10%&& ()-! H L10%&
8&&-{) - | EcFmt A diggr avpight ovkeancherichaim oglumted or upqatui: pheyc hydrocarbPRa’ ()-!H L1 |

0%&&& () - ! H Lriafit@sSnthining fromPDio 20 Loy #3hnbktwith QléBbdvi{o) thdt led Q%&& () - ! H L10%&

&& () -1 H L10 % ot 410% | H L10%8&&!

) - 4 LlO‘V&&&%P@ﬁ_%&@% ’F‘?%P@tkﬁ%%@ %“319“1'% R o ﬁ&?él}?H L 1098&&! (§
21 #3LH L10%@8endent g1qupsi 00888’ () - | H L109&&E& () - ! H Llo%&&& 0)-

9% +KQ{ 2, OH L1091 L109&&& () -1 H L10Y&&E ()-! #3LH Llo%&&& ()- | H L 100688 ()-!

H L10% 00 o 0 ’
H LlO‘V%OEg :S\/Efg%@&g&ts dﬁﬂi {‘1?} léw_iﬁwtﬂe%tl:ol‘nlrgo/ner is elt}ftsl'll_{eé'lo R&E () -!

f F+S1096& () -3%ine] algglamide) on%msuh@m' ()-!H L10%R&& ()-! H L10%&& ()-!+01

23B{naT3 f9%L0%&& ()-10$10$10$ f, =1098& ()-!f/10948S& ()- f° fllofm& 0)-

f/ 10968 X{ Y o
L0 () B Y T3 oo R o hes%?%%r?ﬁﬁoé%n&a%%%&% 5 doves () -
f1f109R& ()- Hotasedees I\O)Iborafe@ﬁeo y dispersantygkenolic ey qutiggidant, such

f &L<109&&5( ) -that|tHel R tKe) digpefsdotDintiORNidakir, (ahd Bictiy mdAifi&ss borweenfabsik Q%6 & () -

f1$10%6 & of 0% ()-& " 10%& ()-&

1098& () - &%éﬁfgﬁ"gg ﬁgé@%&&? BP{W"@“@%% 1(¢J)& () - f3418’/02%2&' ()- f

#10929Z& ()- f 109Z9%Z& ()- f109%@Z& ()-! 109& ()-&2|[:uT3 f ' @O%IZ& ()-

f1 (c)qx/ggg 8 -9. f $ QIBeESMositipn of&m&ﬂlf%@%&h(dm]?gs%ﬁ&}g%(&;l@éa?d séleari% o528 ()- @
070 < o4 VR - Y O< 0 ' -

f S$F1109Z9Z &’ %)@Néeg f/ﬁ‘d%%ﬁﬁ% q"?’i/%?gdgf%\;&y()-tq Z9NA4 10 ‘>s/* 10% $& () -

"5*10% &) - K s*10% & ()-!0s*10%k& ()- $s*10%* & () -

fy&109%6-* & () -10] d| [Thléeingdditioh of @iORBkBerein-the co@hibfBrhas hew STsABME Bit ( ) -

FV' s*1092Z& () ast oot # Find2)s at (B CLAN% e ab i VIsbbsitDof athlast SRTPLEP & (sbe

f & - &10%* & (g ;
for shearing rates up to 1x100 sec."].

35 11.  The composition of claim 1, further comprising a seal swell agent.
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®) adding to the lubricating oil the viscosity modifier and about 0.01 to

about 5.0 weight % of the friction modifier. ,’
|
|
13.  The composition of claim 1, wherein said composition comprises two viscosity |

modifiers.
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