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AUTOVATI C TRANSM SSI ON FLUI DS OF | MPROVED

VI SCOVETRI C PROPERTIES 5 RELATED APPLI CATI ON
This application is a continuation-in-part of copendi ng patent

application, U S. Serial Number 08/502,954, filed July 17, 1995. 10

BACKGROUND OwWoBFEsdeNVENTI ON Thi s i nvention rel RCHUIYF1IH10
conposition and a nmethod of inproving the 15 properties of power
transmitting fluids, particularly to obt-alnming automatic transm ssi on
fluids of inproved vi 9L TRON : | At gehr ansm ssi ons
continue to becone nore sophrsticated 1 n desran as venrcle technol ogy
advances. These design changes3ﬂ§ggmﬂﬂaﬂ5hgﬁﬁﬁﬁﬁﬁﬂgﬁeed to i nprove vehicle
operability, reliability, and fuel economy. Vehicle manuf act urers

wor | dwi de gre I ncreasi ng vehicle warrantee periods and service
intervals On the vehicles. This neans that the automatic

transmi ssion, and the automati c RELATEDSAPRLIGATION (ATF), nust be designed

to Operate reliably wthout maintenance for |longer periods of time. In the
25 <case of the fluid, this neans |longer drain intervals. To inprove

vehicl e oper adinig  gpplicatien; ig | § spniinyptioprinrprl: Af e copandingcPatedts have
I nposed stri ctapplications QUiS. Serial Nufmber 68/602,954 siled Utly 13, 1998 [ err] C. To cope
with | onge‘@ drain intervals and nore severe operating. conditions,

manuf act urers have increased the requi renents for oxidation resistance
of the ATF, and increased the amount 30 of wear protection that the fluid

must provide for the transm gaeRGBGRAGND OF THEMNVENTIesN f uel econony of the

vehi cl e and reduce energy | ossS I n torque  converter, nmanufacturers

enpl oy sliding torque converter clutches, which require very precise

control of fluid frixg irRBAtiorP RS to Bcontptition ditla method bE Mistbvihg thé'e
guest for_1 etter r@llsa |It¥ Ion%g{i s?{uv ce | .fuziﬂ a?éjpﬁgatitier-%ﬁomaﬁc
Uransm ssi'n EEARemeES < powey, traBatpiiting’ fluids, harticulny o aplaiping, &f
It is well kndvansmission Buidsofiimproved visgositigongbl.an ATF at | ow
tenperatures (e.g., -40[err]C wll result in inproved operability of the
Automatic transmissions continue fo become more sophisticated in
design as vehicle technology advances. These design changes result from
20 the need to improve vehicle operability, reliability, and fuel economy. Vehicle
manufacturers worldwide are increasing vehicle warrantee periods and
service intervals on the vehicles. This means that the automatic
transmission, and the automatic transmission fluid (ATF), must be designed
to operate reliably without maintenance for longer periods of time. In the
25 case of the fluid, this means longer drain intervals. To improve vehicle
operability, especially at low temperature, manufacturers have imposed strict
requirements for fluid viscosity at -40°C. To cope with longer drain intervals
and more severe operating conditions, manufacturers have increased the
requirements for oxidation resistance of the ATF, and increased the amount
30 of wear protection that the fluid must provide for the transmission. To
improve the fuel economy of the vehicle and reduce energy loss in the torque
converter, manufacturers employ sliding torque converter clutches, which

? require very precise control of fluid frictional properties. One common
element in the quest for better reliability, longer service life, and better

y 35 transmission control is the viscometric properties of the fluid.

It is well known that lowering the viscosity of an ATF at low
temperatures (e.g., -40°C) will result in improved operability of the
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transm ssion at | ow anbi ent tenperatures, that increasing the anount of
antiwear additives in the ATF will result in nore wear protectjion, and that
better friction control can be obtained by judicious choice of friction
nodi fiers. WO sHoepaetyer , we have now found that by proper s®cCraissessstf
viscosity nodifier 5 nol ecul ar wei ght, .the | ow tenperature operability,
service life, and friction control ofthe ATF, can be inproved

si mul t aneously. Correct choice of the viscosity nodifier

mol ecul ar wei gtransthissios athiow ambiéhtutetperatores; thatelemgeMmarmm of

viscosity reqL%ﬁtﬁi?@d?téddatmgsiﬁdthﬁyﬁrﬁew;iWesulf*ﬁPHfo?&Wa‘?r profidtibi, &h

al'l owi ng the f et us efat ur | SCOSI mts. ,
ot eobr ot Upastar iclisd Ganink e 6 QBAINER By MESRYSFhojRe:pF Fistion mod¥ﬁem "
hydr odynam c aHowevers wehhigve stipnafoundvihal by emper selddtigh of visdosity wadifiedi t Y, '

2 Sog" te@?é@“’f&’ﬁa‘(&'ﬂ’a‘ (8 1o ehipefdiire SPabiityserdie 1K, s ictbopci 1" -
to control thiSOnEA QQW?W?‘%@“@‘F% fluid's ability to

mai ntain this high |evel of Vi scosity under both high and | ow shear
rates, even after ¢ i LhcRb

t enper at ures and I(L)§v S e g&gsﬂﬁ% | s'iytgﬁ?ﬁb“ht' r%%lg?r'\' ?exdyt%lows the
operability asiiyiditP. mepy EEF'Y‘EQ ViacosibhfRauirements, iappesd bydhe rat e

control s fiQui dniaaeiasgaeramﬂiegﬂisqmaﬂewmgethe fliild & meehrngorbas igw terhperstirbe 20

LQ?{‘?““"Q&%%%*%?‘! SRt sty ﬁ‘%?%f%s‘fﬁ;“rﬁontr@ﬁ'&i’@%é]‘ﬁf

matter how asmcaa%ﬂ#@vd@mmﬁ. wfe%rdﬁams oHighy initial aisaesibsi on,

if the fluid |st hghkienmeraturew(w.gr tooessarrdewmc)hetwwwque, £ lmezon
transni ssi on R t 6

por tant 1n ¢ Pooind e ERCRABE ) ¥ 190#3&;‘1@% o3, Boboutsl A Year,.

si nce contt®| EBauallysimpaosapt isthe fuigs ita jraintainathis highclevel of yvisgesitMat i ons
i nI clutch a]gt uaviderdotth highlarel low shear rates, eveliéaftenuse.f The tighinitiabyisessitg Ul

sel ection of the is i

af or ement i oned prh%er é ﬁ‘l\%‘} Qﬁeag rateé’ '§Cﬂ?°%mg &% %’%"&%@@ | f
the nol ecul ar ReGRY o?st"ﬂl vf‘ﬁ!’bé’fsﬁ’?s'm ’QBr mperatyre apgd low s e?b@tﬁu

will be neededcamrqls dhbid: dedkager aﬂth:gmbressam:sl tPhisitis maghleakage tfromethat ur es.

he vi scoay Hn Q"B“%’“fak’ 2 8 1 Blopguiel, G830 kP AALA " ©

t he vi sc05|ty ure %

nmeet | ower -40?@"?l seB nsraigsion coptr! systesa. NG MAPEROWor ¢ he
35 viscosity s:!phléﬁcated ﬂletelecﬁmgjb controlvofithe trapsmibsidny ifithe Hiuik ishizaking|

shear and %llgﬁggga St re
viscosity cont b “qj%é Oﬂlﬁéﬂo‘d Ct‘ii\niwtser f"’m‘ fgﬁ N Qﬁ}’
transm ssion v ﬁég mqqgly nsmtssxcns usmg slldmg torque nverter

25 clutches since control of these devices is accomplished via minute
fluctuations in clutch actuating pressure.

We have found that by careful selection of the mojecular weight of the

viscosity modifier, the aforementioned properties of the ATF can be improved

30 simultaneously. If the molecular weight of the viscosity modifier is too low,
too much will be needed to produce the required viscosity at high
temperatures. This is not only uneconomical, but will eventually cause
elevation of the viscosity at low temperature making it difficult or impossible to

meet lower -40°C Brookfield viscosities. [f the molecular weight of the

35 viscosity modifier is too high, it will degrade by both mechanical shear and
oxidation during service such that the high temperature viscosity contributed

by the polymer will be lost, making the transmission vuinerable to wear and
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i nternal | eakage. However, addi ng sufficient high nol ecular wei ght pol yner
to give the required "used oil viscosity" causes el evation of the |ow
t-enperature Brookfield viscosity of the fluid, possibly exceeding the
speci fied WO BHIMOMUM vi scosi ty. Si nce fl ui ds PEXIUSHE/13618g t he
characteristics of this invention nust haye exceedi ngly good | ow
tenperature fluidity (i.e., Brookfield viscosity [err]15, 000

centipoise (cP) at -40[err]C), it is necessary to use a |lubricating oil

t hat cont ai ns internal Jealiageh difdwevsrs adding sufficient chighumolenul=ri weight polymebt ai n

the desired Brgogiveekitt FBquivdd Cuséd Yoil viscosity" causes’ldlevatidhO\ef dfheV

precise frictional characteri.stics to e o . t ransm ssi.ons, t hat .q‘ﬂyy are
Coedt . To misperte SRnkIe MsESshiof 85 fuja, postBHHoRRRG Ine Aparhed

modi fi ers. 15 maximum viscosity. SUMMARY OF THE | NVENTI ON
This_invengion relates to an automatic transm ssion fluid conposition 20

conpri si ng: . (,a LTBj or anount .of | j cati 0i | nt ai ni n
5 to 95 woi ght % ofSince ﬂuéséa(nm'pi e, %Eﬁ‘?ugﬁf'&f?a thispByeriibr must Baue ¢
viscosity of lexceedioglyrgdost low tenfpesature fluidityt(i.e.0 Breokfipld wisdodityt g18600ei ght
mierr]lo (corr ipoR JF el UICH R ReodssaryRibie & dicaling eff shisedttaits 2 1
a nol ecul ar V\é §¥nthetie E?%%%ﬂg N @R pmount stgggé@t) @%@Béﬁﬁt‘iﬂ#@%@ﬁt s;
and 30 10 vigoosity.from 0.01 to 5 weight % of a friction nodifier,

provi ding that the conposition has a -40[err] C Brookfield viscosity no
greater than 15, 000 centipoise and the difference between new and

shear ed vi scdifts Brovide Vempopreciss, ifrictiopaly, eharacteristics o 1o the
centi poi se whafandmissiBasthztdhey afe usspdanat Ty enett HiSOequirdment)dhey siedr rate
of 2x10[err] sgudifi fidion modifiers.

15

SUMMARY OF THE INVENTION

This invention relates to an automatic transmission fluid composition
20 comprising:

(a) a major amount of lubricating oil containing 5 to 95 weight % of
a synthetic lubricating ofl having a kinematic viscosity of 1 to 100 mm2/s (cSt)
at 100°C and 6 to 95 weight % of a natural lubricating oil having a kinematic
25  viscosity of 1 to 40 mm2/s (cSt) at 100°C;

(b) a viscosity modifier having a molecular weight no greater than
about 175,000 atomic mass units; and

30 (cy from 0.01 to § weight % of a friction modifier;
. providing that the composition has a -40°C Brookfield viscosity no greater
than 15,000 centipoise and the difference between new and sheared
. viscosity of the composition is no greater than 0.30 centipoise when

35 measured at a temperature of 150°C and a shear rate of 2x102 sec.-1.
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This invention also concerns a nmethod for providing a shear-stable
automatic transm ssion fluid. 5 BRI EF DESCRI PTI ON
OF DRAW NGS Figure 1 shows the viscosity |loss trapezoid for an
i deal , Newt ormwervre9d4ot fluid. 10 Figure 2 shows a typpcabsogiopsi ty

| oss trapezoid for a non-New oni an flzi d.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 =%**° Lubricating O ls
Lubricating oils contenplated for use in this invention are derived from
m xtures of natural Thi®rinvestiongiso lconeerissy méthod dol- plovidirag ianghearkstiable
Suitable 20 | tbﬁﬁgi%?ﬁn%ﬁioﬂlfﬁﬂi.i ncl ude basest ocks obt ai ned by

i somerization of synthetic wax and sl ack wax, as well as basestocks
produced by hydrocracking (rather t han sol vent extracting) the
aromati ¢ and pol ar conponents of the crude. In general, the natural
lubricatinggoil will have a kj & A ISP SRG08 el Fom about 1
t o about 4050mT[err]/s (cSt) ﬁﬂﬁ%i?‘ "?Au.‘ RRSTHINER: | ¢ | ubricating oil
will 25 have a kinematic viscosity ranging fromabout 1 to about 100
mierr]/s (cSt) at Figure 1QMowsthe. visoasitydoss rabbLsidl ifonan Vieal, Netbhiineach

type of oil tow e a viscosity rangi ng preferably fromabout 1 to
about 40 mmerr]7S (cSt), nore preferably, fromabout 2 to about 8
mferr]/s (cSt) at 100[err]C. 30 Natural lubricating oils include
ani mal oil g0 veget alFjguiei 2 shéws & typicabvibtosity loss fapezditifor 3 Ao iNewtonian
petrol eum oil s, neral oils, and oils derived fromcoal or shal e.
The preferred nﬂ;a%‘ral | ubricating oil is mneral oil. The

mneral oils useful in this invention include all common mineral oil 35
base stocks. This would include oils that are naphthenic or paraffinic in
chem cal structure. QOls ' Y8 “ R .A- hodol ogy usi ng

15

Lubricating oils contemplated for use in this invention are derived from
mixtures of natural lubricating oils and synthefic lubricating oils. Suitable
20 lubricating oils also include basestocks obtained by isomerization of synthetic
wax and slack wax, as well as basestocks produced by hydrocracking (rather
than solvent exfracting) the aromatic and polar components of the crude. In
general, the natural lubricating oil will have a kinematic viscosity ranging from
about 1 to about 40 mm2/s (cSt) at 100°C, and the synthetic lubricating oil will
25 have a kinematic viscosity ranging from about 1 to about 100 mm2/s (cSt) at
100°C. Typical applications will require each type of oil to have a viscosity
ranging preferably from about 1 to about 40 mmé2/s (cSt), more preferably,

from about 2 to about 8 mm&2/s (cSt) at 100°C.

30 Natural lubricating oils include animal olls, vegetable oils {e.g., castor
oil and lard oil), petroleum oils, mineral oils, and oils derived from coal or
shale. The preferred natural lubricating oil is mineral oil.

The mineral oils useful in this invention inciude alf common mineral oil

35 base stocks. This would include oils that are naphthenic or paraffinic in
chemicat structure. Oils that are refined by conventional methodology using

acid, alkali, and clay or other agents such as aluminum chioride, or they may
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extracted oils produced, for exanple, by solvent extraction with solvents
such as phenol, sulfur dioxide, furfural, dichlordiethyl ether, etc. They

may be WP Eat ed or hydrofi ned, dewaxed by chilli ngPOT/USs1aé19t i C
dewaxi ng processes, or hydrocracked. .The mneral oil may be produced
fromnatural 5 crude sources or be corrpgsed of isonerized wax materials
or residues of ot her refining processes. : Typically the
m neral oils vite lextractedidilsepraducedy frosinplesby fsoiveotredrattion W|tms{>|8en$/ S
(cSt) to 8.0 nafjchyad bﬁeﬁ&%dxfuaammalﬁm}éi d:ER%rd?étﬁ Keth&defd beé have

;?efglrpggaglrg'? Cﬁgltles Owﬁe&l‘i eﬁr‘?ﬂ %‘Q‘?ﬂq(g’? é?ta Swﬁﬁ'f‘grr]/s

(cSt) at 100[ epropesses, or hydrocrackedy iheamineraiutil inaytbenproditbed fmm naieral
hydr ocar borg oi
b Ol g8 Shuideof utawer g isomEiZ 4Bk thiteflis Sor%%etauaé of

ol i goneri zed, Lzed, an ymerize I'ns
pol ybut yl enes, g‘ﬁ&?ﬂﬁpﬁw R5€Spr opyl ene, i sobutyl ene copol yners,
chl ori nat ed polylactenes poly(l hexenes), poly(1l-octenes), poly-

(1-decenes), etc. Xﬂ\!ﬁﬁﬁ;e%ied Ot hé%}ekléing §-of
L A 0 i 8 U et

etc.]; 20 10andaaem;t|aumdosqumaﬁfpdm 2ttosrmm (oﬂt)aiaad mbsbbaefgmed;aré thd:se as
vv_eII as their Fﬁl&'vylﬁwlg Ieg%?%gmmm Ogpe hereof and t he
e’ﬁ hi's cl ass S

i ke. The prefer rom ynthetlc oils are
oligoners of [err]- oleflns particularly ol i goners of 1-decene. 25

Sy ?t het : ¢ lubricat lsﬂztheiusmoheamngrwh Uskstude hydlreasrbohldile aha! e abstituted

i nt er pol ymers, r e

hydr oxyl ygr o BCarbh g Sk, HE uamelifds, paliBledl Ui IfpbiriERRy .,
Thi s as%'e tims sy[ﬁ{met Pe ybuwne% eRel¥BIRYIeneshHy ProRyisne: y deekutyieae

pol émer shpr eloadsq:blymers, bhloﬁgét;d?blywem pb!yet-heism),(pdﬂe-oeterﬁspmdlpne
oxide; the a

(e.g., methyl-po sop? enaen9 Iﬁﬁm Sther %aw ng anﬁr@éfggdeé@i'

mol ecul ar wei PR "4yﬁ“ Gﬁgg "e§t ‘be"ze"ﬂ%l‘i!@rﬂb\ﬂ exndbghzens,
having a nol ecetcdr PWPObhylsf[emoﬂPheﬁﬂQOﬁemmwmamd polyphényls, etc.];

pol y-carb i t

QLerr]-a ] M%"ﬁf@f&*ﬁ%ﬁ%‘ frers, "%tﬁ hing indes, B wel gk feir

tetraet hyl ene 4givatives, g'@ogs. and homologs of a d the like. The preferred oils
from this class of synthetic oils are oligomers of a-olefins, particularly
oligomers of 1-decene.

25 Synthetic lubricating oils also include alkylene oxide polymers,
interpolymers, copolymers, and derivatives thereof where the terminal
hydroxyl groups have been modified by esterification, etherification, etc. This
class of synthetic oils is exemplified by: polyoxyalkylene polymers prepared
by polymerization of ethylene oxide or propylene oxide; the alkyl and aryl

30 ethers of these polyoxyalkylene polymers (e.g., methyl-polyisopropylene
glycol ether having an average molecular weight of 1000, diphenyl ether of

. polypropylene glycol having a molecular weight of 1000 - 1500); and mono-
and poly-carboxylic esters thereof {e.g., the acetic acid esters, mixed C3-Cg
g fatty acid esters, and C42 oxo acid diester of tetraethylene glycol).
35
Another suitable class of synthetic lubricating oils comprises the esters
of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids
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al kenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebasic
aci d, fumari cW&7#9403di pi c acid, linoleic acid diner, naloniRBCHESE/13610

al kyl mal oni c aci ds, aIkenyI mal oni ¢ qglds etc. ) with a variety of
al cohols (e.g., butyl al cohol , hexyl al cohol , dodecyl al cohol,
2- et hyl hexyl alcohol et hyl ene glycol dlethylene | ycol nDnoethers

propyl ene gl ycand alikenyl suceinici a¢ids, maleis ggldmazelazc agifd o suberin agid, sekasicie
di butyl adi pat acidlfyrdagt byid) adipic acié bikwidie acid dimeremulonic acidf alﬂﬁﬁﬁ!dhlc

o o S R ARG o RS T S ol o

of i nol eiatcohiol, hesyhaleohaindodeaey! alsnhole2-atkylhexyl alcobal, wamgrya@i one

g: gsOI)f 1(2) et ﬁﬂk&ﬁﬁéﬂé‘%ﬂd"ﬁdﬁo&ﬂé rBpylShe "gﬁ}cbﬁ%t@ b er r ed t f oi |
fromthis cl asgh?ﬁe Sméf‘aﬂge d'glﬁ}ﬁe?g'pggee &Ejﬁfy&e’@? arate. (i %qy

al cohol s. fumarate, dioctylrsehacste, | dilgoostyhtazetate, dilsndecyl arglats, | d!oaﬂyi;o

oL yols and po ﬁ‘éoa*dbé”s'u’éﬁ'%ﬂ dislcbih Sebatie, 1 2VINGL dIEHRBH  ane
Ben%/aer ythri Itoo 'xg'ﬁ fh"?'?‘flﬁ'fe compﬂaxéﬁ )‘{ﬂ’H%Fy ¥, Feacting %?d%f’ﬂ’e i Ee

Si | i con- bat@d eebasr(:gawastwmmqm %hnyemqu@slglmo)lanﬁ twolmole ok 2-athys 20
pol yar yl oxy- si hexamsic acldS afd theSiikd. C& pEOSRGI ffdin 39 LS ovsﬁitﬁén&' ass

of synt het 1I§8I u%‘?,'bgf%s"’%éﬂ ‘g:?@%m I's include tetra-ethyl

silicate, tetr8l tra-(2-ethyl hexyl) silicate,
tetra- (4-nethyl -2-et hyl hexyl) S|I|cate tetra-(p-tert-butyl phenyl)

silicate, hexa-(4- peii useruPad syt ua\.udimah rtmsansomcnaéxﬁésﬁm&he%mxanes

L bt o b 0 e
(e.g., tricr esyteombhaiml t rlmlyylotpmpqnnat pentaetythritel; hydlpmtauw'tmitd

decyl phosphonl hpﬁﬂggmmiyémﬂﬁmgt ra- hydrofurans, poly-[err]-olefins, and
t he l'i ke. The lubricating oils may be derived from

refined, rereflned oils, or m xtures thereof. Unrefined oils are

obtai ned directly fBiiepa-basedrolls (suchcas the polyalie- telyary-, sealyalioxye. or |
tcgggt miﬂ?l 20 Oboly%l‘yléﬁ,ﬂﬁl‘oxb?ilaldiﬁfﬁnd/\’sid&étét01fs ¥ icohfprise anoﬂ’fé#rlhsféftﬂaég?ﬁ”' ﬁﬂr
directly from gp‘?@?ﬂﬂ‘f%ﬁ gﬁ ﬁhés%b% #‘g‘ﬁgﬁﬁ?%%&ﬁ'ﬁhﬁe‘ﬁﬁa §
silicate, tetra-(z-ethylhexyl) silicate, tetra-{(4-methyl-2-ethylhexyl) siiicate
tetra-(p-tert-butylphenyl)  silicate, hexa-(4-methyl-2-pentoxy)-disiloxane,
poly(methyl)-siloxanes and poly(methylphenyl) siloxanes, and the like. Other
25 synthetic lubricating oils include liquid esters of phosphorus-containing acids
{e.g., tricresyl phosphate, trioctyl phosphate, and diethyl ester of
decylphosphonic acid), polymeric tetra-hydrofurans, poly-a-olefins, and the
like. '

30 The lubricafing 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 oil
obtained directly from a retorting operation, a petroleum oil obtained directly

35 from distillation, or an ester ol obtained directly from an esterification
process, each of which is then used without further treatment. Refined oils
are similar to the unrefined oils except that refined oils have been treated in



35 from distillation, or an ester oil obtained directly from an

esterification process, each of which is then used w thout further
treatment. Refined oils are simlar to the unrefined oils except that
refined oils have been treated in WD 97/ 09401
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nore purificWO8HMeps to i nprove one or nore properties. POTIUSHIEB610
purification techniques include distillation, hydrotreating, dewaxing,

sol vent extraction, acid or base exfrfaction, filtration, and

percol ation, all of which are known to those skilled in the art.
Rerefined oil soae@rmmnreipwﬁcttgort stepsitodmprae orfe opiriose ipm;mmeasmabl'em' | ar

to those used paimhlioh Nedtifiqued H&ﬁﬁeogisﬁﬂa}nﬁheﬁ rotreatifd’’ GoWaAg CbbiSert’ ©

al'so known as rec rocesse an re o lonal |y
procéssed by t%’ﬁﬁﬁﬂﬂeg 8(9’ bﬁgﬁﬁéﬁ ?ﬁ P?RFQ Sﬂda’bi"fWh‘Ch are

br.eakdown pr odiudwen to thase skilled irlthel ar&| Rgref‘mbé oils:hre ohitained by freatingtused of
this Jnventg ong ﬁ%@g Ot | bté(isp néfé'[gcp and 95
to 5 wei ghts % oqg Aﬁ Q? I E%lﬁ}c%t |hr?se u%@% &ha fu} era ?he sy nétsﬁet iC

| ubricating oi [er¢ U@P’@ﬁsrfedﬁmg’f ©processed 9#‘5 and are often

pol yol ester, oadditmallyqa-océssedoﬁ htéﬂhqumee][fer reg:ldo\iaﬁhr ispehi addmvd;]s Ehdtdi!rg
cont ai ns Blté%g ﬁ@zg\mgt % preferably 10 to 75 weight % an

nost preferably Hg\énb?o wei ght % synthetic lubricating oil.

Viscosity Mdifiers Suitable viscosity nodifiers for use in

this invemgon are Tvmypfhe&uﬂﬁhaﬁhgldtrhmoﬁmhflémldmhlﬁ%h@‘n B0 95t

Lypeor v 'sgoi%@h%%f é‘ﬁg‘ﬂk A 98 to & Vot 9°6P Hetdhal RhpSuiipl’ ' >
greater than aB nthefisclbasating elkis a Raly-arplefiponionoester; diestenei ve
the broadest eﬁagl torQﬁD(ﬁJ?éé?tﬁdi'é@m T@ prefehdd ibticasihg bil fiS6rs BaMains

obtain i ho. vi PO %ﬁ;‘wﬁﬁﬁﬁ‘éaﬁ%f?%&????ﬁ oL e Bpepriesly 18 *°

restrictivi® tosﬂwmf%@nm@fcmhn@aunsmntlon Al t hough there is no

precise lower limt on the nol ecul ar wei ght of the viscosity nodifier
wi th which the | fhis i nvention can be obtained, the
nol ecul ar wei g Iy range from 50,000 to no greater than

about 175,000 (especially less than 175,000) 30 atomic mass units. The
term"atom c nmass uSiitabié mowwm fot ase dnrthissinvention defd ithssé af acqual

t o1/12 t ma :
"ol ecul arfomel gﬁ?welfoé&{'ﬁg pur poses Wﬁ#@ Wh"e th's molecqfxlzp‘?aﬁgeé mayt
wei ght aver age V@R acsording tthe-parfiguiar yee of a&sce%{rmp@ﬁerbys% the molecular
weight must be no greater than about 175,000 (especially less than 175,000)

to acheive the broadest embodiment of this invention, and typically less than
150,000, preferably from about 75,000 to 150,000 atomic mass units to

25 obtain the viscometric and shear stability requirements of a more restrictive
embodiment of this invention. Although there is no precise lower limit on the
molecular weight of the viscosity modifier with which the benefits of this
invention can be obtained, the molecular weight will typically range from
50,000 to no greater than about 175,000 (especially iess than 175,000)

30 atomic mass units. The term "atomic mass unif" is a measure of atomic mass
defined as equal to 1/12 the mass of a carbon atom of mass 12.

The term "molecutar weight”, for the purposes of this invention, refers

* to the weight average molecular weight measured for example, by gel
35 permeation 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



35 perneation chromatography. Al so, the term nol ecul ar wei ght, for

pur poses of this invention, is intended to enconpass both "actual"
and "effective nol ecul ar wei ghts". "Actual" refers to when a single
viscosity nodifier is WD 97/ 09401

PCT/ US96/ 13610 - 8- used -

t hus, when onwWpoBMeeyi scosity nodifier is enployed, the npl aInE6/13610

wei ght is the actual nol ecul ar wei ght of the viscosity nodifier.

The term"effective nolecular weight" reférs to when nore than one 5
viscosity nodifier is used to achieve this invention's benefits. Effective
nol ecul ar wei ghsed s thus cwhan anlyp pne wissasiy anodifien isi eingloyid, the oxdlegular

modifier's — ywelght ROMbACtudP b cufd? Weig UL the vishbdi§ modifidrur n i s det er mi ned
by mul tiplying the actual nol ecular wei ght of "the individual viscosity
nodi fier by its weight fraction in the viscosity nodifier mxture. 10

Sui tabl e viscosity Thelitérirefeffective midetuiar weight'y refers| tprwhen awie than one
pol yesters.g %éi,z dm& ;§%§@M@ achiVeO B t?WerﬁiBh "% “CEff ive
nd co o&/ err

hom)polyrrers a nor e, rmno err]
g ity Galeriared By SnminG SaHtnAvElY A
internal ol ef i nmlemﬂaro@?elgﬂycdlmtﬁﬁlonsml'ghttum ishdetenhineld byl mphplying the
aromatic, al ky%ﬁﬁéﬁ% Ibilar® 'dfpﬁ@; irﬁ:m&s%r\{.scosl.g.f@atﬂsﬁwyné Wdight || De

of ethylene w 1ns prefer
bei ng the copof@ﬁﬁ!q'h‘" eé!lsﬁ "@!HE P#HS! ene. ther pol yners can be
used such #6 pol yi sobutyl enes, hom)pol ynmers and copol yners of ([err]

d high
20 CLSOFLWL?!LM ?I'“*‘B"'?po yisBadity '“9“?2%2"“*%3 RGO ﬁr"‘%nd
but adi ene. Nbgé eRi f?fca?‘l"?b'%t '9?9‘5%0 ol inciide
suitabl e as vi bompblymers andmdpétymess ofntwiohorsmore/mohomersi ofcC2l te Cgppeg.,whi ch
my ggl Sﬁ;gr' b C leﬁnQ)’ﬂE:lgra &H f SblehRs endli ﬁqérﬁwéfégggnﬁhﬁﬂ gbe
(i ncl udi ngl® erﬁ'&?‘?h‘e '?'F'&‘Fapéf {'5 %Lyl—aroma rﬁﬁ%@%ﬁiﬁ
and{ or m)nf)\iile Rﬁrequentlyttmey wlfp@rnfsemryldme withi Ggatd 3l elefips, prartlcudzlrlyfels ns
or lower a

: g% fed bel [ InCPbgnGrs of let nﬁéﬂe] aﬁa ?PW D& potyrker

213 di et hy buEaKBeied Sich a3 AoisabuldetER FoMAROBTAT &t 20PBlmers 6f Feas

2, 3-di nmet hyl bu
i soprene and bama\dhleher aTﬁefm atactio \polypropylenat hﬂmmﬁeddm&mmmd\n nyl

di - or polysar opghdi gm& ymers of $hiene,\d §Y Withadprdiid &ifor Siitallienblr es of
vi nyl nono-, di- and/or pol yarorratlc ‘conpounds, but are preferably

nonovi nyl nDnoaronatlc conpounds, such as styrene or alkyl ated
styrenes substit ut eMoge spne:ﬁpdlyr]otbar hydrogathyl poilyroers suitable as viscosity

modifiers in this invention include those which may be described as
hydrogenated or partially hydrogenated homopolymers, and random, tapered,

25 star, or block interpolymers (inciuding terpolymers, tetrapolymers, etc.) of
conjugated dienes and/or monovinyl aromatic compounds with, optionally, a-
olefins or lower alkenes, e.g., C3 to C4g a-olefins or lower alkenes. The
conjugated dienes include isoprene, butadiene, 2 3-dimethylbutadiene,

- piperylene and/or mixtures thereof, such as isoprene and butadiene. The

30 monovinyl aromatic compounds inciude vinyl di- or polyaromatic compounds,
e.g., vinyl naphthalene, or mixtures of vinyl mono-, di- and/or polyaromatic
compounds, but are preferably monovinyl monoaromatic compounds, such as
styrene or alkylated styrenes substituted at the a-carbon atoms of the
styrene, such as alpha-methylistyrene, or at ring carbons, such as o-, m-, p-

35 methyistyrene, ethyistyrene, propylistyrene, isopropyistyrene, butyistyrene
isobutylstyrene, tert-butyistyrene (e.g., p-tert-butylstyrene). Also included are
vinyixylenes, methylethyistyrenes and ethylvinylstyrenes. The a-olefins and



styrene, such as al pha-nethyl styrene, or at ring carbons, such as o-, m,
p- 35 nethylstyrene, ethylstyrene, propylstyrene, isopropylstyrene,
but yl styrene i sobutyl styrene, tert-butylstyrene (e.g.,
p-tert-butylstyrene). Also included are vi nyl xyl enes,
met hyl et hyl st‘xrenes and et hyl vinyl styrenes. The [err]-olefins and
WD 97/ 09401 WO 97/09401 PCPUBIEN361H/ 13610
-9- | ower al kenes optionally included in these random tapered and
bl ock copolynmers preferably include~éthyl ene, propyl ene, butene,
et hyl ene- propyl ene copol yners, isobutylene, and pol yners and
co(p;olblymerk s t helowsr. alkenes Aspticjaaitglk sinclsdednini Ithéléae ravidom, ! tepered aamprmoa@pler ed
an ock copo Haﬂﬁ’ \ cls e y a : s less
t han about 5 rmb?‘e () e(i?‘ %rteﬁeer?blp.iﬁﬁ%%%o#%érﬁ%agﬁgiﬁhﬁbﬁgﬁ%uc%@?%’i nyl
pyri ti nes, vi nPrORYIRNe;Repolymers, [isnhylidens.ard polymers apd) ennolimersi thereafene
g hl or :c de, vi nyAsds alsatknowniinitie attcthesé mndor?, taperddtand blackeopofifthers may

peci fic exanp | ° soprene
and pol ymai(qé1 ot@sdﬁgggs%%ﬁ%?%%% %Aﬁ%?@e@@%&?@ﬁ' of ot | ock
copol ymers i nEPRRIgMerizahle s monareerso| SHcho e n¥inyl peyridines; eviny!  lactams,
pol ybut adi ene, nisthactyiates) einpldhisridyy vinyiidemo EbHds, 84yl atstales WRyPSieRMtENE
copol yrmer, pol éxh% i é/cl ohexane- hydr ogenat ed pol yi soprene, and pol yvi nyl
15 cycl ohexane- 6'g)e'nat ed pol ybut adi ene. Tapered pol yners include those
of the foregoing nononers prepared by nethods known in the art. Star-

shaped pol ygrers typgpatifiy @xamiples Sndlude Caidon? PblyMers TBF ibutatiidhe |dridféd to

i d | , th ' ised of h | t ] f
251§ Conj ugat e FOAreln: Bnd BelnerS BRGNS AT BotABR g SHREC aTVpcaL 20
| east about 80bdagk t heopalyrperat i dndudat urpalysiyreaegolyisopter@)% @olyshreneonat i c
Ropr esent at | veroyBataicie, P PORSOra fopemyint ogayshelsde giogibne
pol yners o‘;%i nfgﬁ’lﬁgi‘\?ﬁe?@y‘f’ﬁ@ I‘iyggi'@.‘g:' w_@ﬁ?@é;‘?&%‘sﬁﬂ?mzfm g’g‘"ﬁ%
3, 630, 905, 18, ceyclahexane-nsingenated palybuiadienes, Tapered polymers i tioose,
oo, & SRS rooty mainkiepmpere by e AN m gl
et hyl ene, pref éf’%ﬁ?‘i}"%@%ﬁs W‘?ﬂ?‘y 3 3t?1§f"8'ﬁ85598 %W%Eﬁkﬁ‘f tay,
preferably 20 said7ucleus,dhermoadeing nemprised of homopalyemer pr inpegilyraern of
\C/J[\h elr r] t t 0 shideédnljugdted Widtie® BAdRP Invorfdwviriyl ]arérﬁaﬁll fichbmels:" Mypfiafiy, §§

e no se 0l era a.degree
crystalli iy nggﬁﬁﬁdgﬁ of Wﬁﬁ%&a@{éﬁaﬁ& BAR Aot DR Bf HEIhindtc

unsaturation of the star-shaped polymer is reduced by hydrogenation.

Representative examples of patents which disclose such

hydrogenated polymers or interpolymers include U.S. Patents 3,312,621,

25 3,318,813, 3,630,905, 3,668,125, 3,763,044, 3,795,615 3,835,053,
3,838,049, 3,965,019, 4,358,565, and 4,557,849.

Suitable hydrocarbyl polymers are ethylene copolymers containing

from 15 to 90 wt % ethylene, preferably 30 to 80 wt. % of ethylene and 10 to

30 85wt. %, preferably 20 to 70 wt. % of one or more C3 to Cog, preferably C3

to Cqg, more preferably C3 to Cg, a-olefins. While not essential, such

copolymers preferably have a degree of crystallinity of less than 25 wt. %, as

determined by X-ray and differential scanning calorimetry. Copolymers of

* ethylene and propylene are most preferred. Other «-olefins suitable in place
35 of propylene to form the copolymer, or to be used in combination with
ethylene and propylene, to form a terpolymer, tetrapolymer, etc., include 1-

butene, 1-pentsne, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, etc.;



determned by X-ray and differential scanning calorinetry. Copolyners of

et hyl ene and propyl ene are nost preferred. O her [err]-olefins suitable in
pl ace 35 of propylene to formthe copolynmer, or to be used in conbination
W th et hyl ene and propylene, to forma terpolyner, tetrapolymner, etc.,
I ncl ude 1- but ene, 1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene,
1- decene, et cWO97/08401 WO 97/ 09401 : PCT/US96/13610

PCT/ US96/ 13610 -10- al so
branched chain [err]-olefins, such as 4- ne?hyl 1- pentene, 4-nmethyl-1-
hexene, 5-nethyl pentene-1, 4, 4-dinethyl-1-pentene, and 6-net hyl - hept ene-

1, etc., and malsairbranchas ebhin a-slefins, suchTaspétmelbyki-penienepat-nethyd-1- et c.

of ethyl ene, saiestefbCSlhethy) feinel1 [fuaim&hgi{:s@egtene, aRd b-fiefyi ABptAgL o

di'ol efin or m xtures %é ’HH h Fl ns e use anount of
t he non- conj ugat SR BXHESINE®O | v ranges from about 0.5 to 20 ol e
percent, preferably fromabout 1 to about 7 nole percent, based on t he

total amoung of et hyiepae ¥.aae tétfdpot 'éic.pro?%g?! enel $aid Ca to Cg o-okh,
preferred viscosity nodi |ers gsters t

pol yesters of QIheenilg eﬂ é@“@ﬂeér‘? 8 Q&Gﬁ? r%sogﬁcpsed

di fa'r boxylhi 8 adhdsamount duhe nan-ampgaied)dmleﬁmgdnaanwtangeamdsabml0&6co acid,
mal ei ¢ anhydri dg %gpﬁ.o

unsat ur at ed ester !ﬁ?‘l&m pgefe d | e ttgoasbgugzmolep@ e on
saturated nono ‘&?i‘ﬁﬁ rgoyn %fte I‘éea&qa and pref erabl y of

from 12 to1B0 carbon atons, such as decyl acryl ate, lauryl nethacryl ate,

cetyl met hacr e n res
Chereof. 20 Y THe v@fﬁﬁ?&&fﬁ@ers .néf“ﬁ%%fé ColyStels, ol brdipitnly
Cerr] to d erPPivesters o@pthy enically wpsaty I?(S%i: E@"op?@ﬁ éncamoyylmqﬂet ed
such as vinyl auaehasemethaepiic and acrylioragids, maléiu lacid maiéio aphydridey furhaher at e,
vi nyl ol eate, ENY | i ke and m xtures t hereof . Copol yners of vinyl
al cohol esters W t'h Unsaturated acid esters such 25 as the copol ymer of
vinyl acet e with dial kyl fumarates, can al so be used. The

esters may be copol Examplesi ofiunsatudtéd esters thanaelyUbeusdd includeTthes® s such
as olefins, e. %hBth@s%ﬁraﬁ?m&ﬁ: Q&)tﬁs‘a&f At e’ lzarﬁbh%l?&b a?ad(ﬁrensatp% of, e d

aronmati c oI efin

30 acid or aniiiRmlgdo ﬁfmmatﬂy%ﬂ@mﬁeet ﬁ?W‘atFo\a“Ma?ﬁS‘P
of st yr enanethabrylate csteagyhimethacridate,sdret thisilike anidirhixtirenthereofand ani nes

are known, g9
Other esters include the vinyl alcohol esters of C2 to Coo fatty or
monocarboxylic acids, preferably saturated such as vinyl acetate, vinyl
laurate, vinyl paimitate, vinyl stearate, vinyl oleate, and the like and mixtures
thereof. Copolymers of vinyl alcohot esters with unsaturated acid esters such
25 as the copolymer of vinyl acetate with dialkyl fumarates, can also be used.

The esters may be copolymerized with stil other unsaturated
monomers such as olefins, e.g., 0.2 to 5 moles of C3-Cyp aliphatic or
aromatfic oléfin per mole of unsaturated ester, or per mole of unsaturated

30 acid or anhydride followed by 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.

: Such ester polymers may be grafted with, or the ester copolymerized

35 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

A



e.g., see U S Patent 3,702, 300. Such ester polynmers may be
gcafted with, or the ester copolynerized 35 wth, polynerizable

unsat urated nitrogen-contai ning nononers to inpart di spersancy to the
viscosity nodifiers. Exanples of suitable unsaturated

nit rogen-contai ni ng nononers to inpart di spersancy include those containing
WO 97/ 09401 wWO 97/09401 PCT/US96/13610
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20 carbon atons such as amino substitutediol efins as p-(beta-

di et hyl am noet hyl ) st yrene; basi c nitrogen-contai ning heterocycles carrying

a pol ymerd zgbbe ehent st | yudh %! dhithé Cublsbitidd UaiBfins ggf‘ﬁeﬁ“Vi nyl

4 to

ridi nes .and, the vinyl, al k ri,di nes sych, as, 2-vi nyJ] - 5-
by di ne. 2- ity eEGecty sty ens batié nifogsrearyining: héferyties camying a
3-vi nyl - pyr i di polymérizeble letgienidallye unsaturatdd) sulistinient] e.g. the vinyl ipyridiaes

4- et hyl - 2- vi nydg gl iehi iky) DyREISS stiejf a8Y2-yiRyL8-EHRF paitiing. R ety Bty | -
pirt e ang e S -

pyrrol i dones gaidineedemethyl-2rvinyh-pyridine ngethyl-2diryy-pitidine ahd 2-butylivingl-i done,
N- (1- et hyl -Viﬂwd? Igane, N-vinyl-5-nmethyl pyrrolidone, N

vi nyl - 3, 3- di net’hy ng%rﬁ%ﬁe‘ﬂc%é, N-vi nyl -5-ethyl pyrrolidone, etc. 15
Typically, the selected viscosity nodifier will be present in a finished

ATF conposi tion i n Nwingirtactamb erevalso Suitabik, léag \WN-Vifiyl (pyeroliderigsyooNiviegn 4

and 10 wt. ??@’.ﬁ!e!sy when the viscosity nodifier is a polynethacryl ate,
t he pféefg@ ed viscosity nodifier. 20 Friction Mdifiers

A wide variety of friction nodifiers may be enployed in the present _
i nvention i ncl udi ngrHe9inkP pyRvlidiiies 2re preferred and drk)exenBlified \WyaNaghyhi nes

or use it i AERIGHE, @a@%ﬁ@&%"fﬁ{}*ﬁ@ﬁ%ﬂﬂ?ﬁ NV Rt Y PlrrcldoRB -
sel ect ed vinyl-3,3-dimethylpyrrolidone, N-vinyl-5-ethyl pyrrolidone, etc. .
15
Typically, the selected viscosity modifier will be present in a finished
ATF composition in an amount between 3 and 15 wt. %, preferably between 4
and 10 wt.%, especizally when the viscosity modifier is a polymethacrylate, the
preferred viscosity modifier.
20

A wide variety of friction modifiers may be employed in the present
invention including the following:
25
(i) Alkoxylated Amines

Alkoxylated amines are a particularly suitable type of friction modifier

for use in this invention. These types of friction modifiers may be selected

30 from the group consisting of {I), {ll), and mixtures thereof, where (I) and {Il)
are:



30 fromthe group consisting of (I), (lI1), and m xtures thereof, where (1)

and (11) are: WO 97/ 09401

PCT/ US96/ 13610 . -12 -

[err] 5 10 and 15 [err] 20 25

wher e: Ris Hor CHerr]; Rlerr] is a (err]-err]

saturated or wiseosdedt ed, substituted or unsubstituted, PCT/US96/13610

al i phatic hydrocarbyl radical, preferably Cerr]-Clerr], nost preferably 30

Cerr]-Cerr]; Rlerr] is a str-dizzht or branched chain

Cerr]-Cerr] alkylene radical, preferably " derr]-derr];

R[err] Rlerr], and R err] are independently ti®Rg sanme or different straight
branched chain CJerr]-Cerr] al kywl ene radical, preferably

C[err] Cerr]; 35 R&rr], Rerr], and &l are |ndependently H or

CHerr];
al kyl ene ra

& el Rlerr] idgd a Stdd:\l ght orr&/anched chain C[e[ r)] derr]

preferabl y™t ~ Cerr]; Xis

oxygen or sul fur, preferably oxygen; mis O (Rio)gﬁeferably 1; and

10

15

20

25

30

35

40

R7
and
Rg
Rl-(X)m-Rz-N-Rg-N\ (1I)
Rg Ry
where:
Ris Hor CHg;

R4 is a Cg-Cog saturated or unsaturated, substituted or unsubstituted,
aliphatic hydrocarbyl radical, preferably C40-C2p, most preferably
C14-C1s:

Ro is a straight or branched chain C4-Cg alkylene radical, preferably
C2-C3;

R3, R4, and Rg are independently the same or different, straight or
branched chain C2-Cs alkylene radical, preferably Co-Cy;

Rg. R7, and Rg are independently H or CHg;

Rg is a straight or branched chain C4-Cg alkylene radical, preferably
C2-C3;

X is oxygen or sulfur, preferably oxygen; m is 0 or 1, preferably 1; and
n is an integer, independently 1-4, preferably 1.

In a particularly preferred embodiment, this type of friction modifier is
characterized by formula (I} where X represents oxygen, R and R4 contain a
combined total of 18 carbon atoms, R2 represents a C3 alkylene radical, R3
and R4 represent C2 alkylene radicals, Rg and Ry are hydrogens, m is 1, and



nis an integer, independently 1-4, preferably 1. 40 In a
particularly preferred enbodi nent, this type of friction nodifier is
characterized by formula (1) where X represents oxygen, R and R err]

contain a conbined total of 18 carbon atoms, Rerr] represents a
Cterr] alkylene radical, Rerr] and Rlerr] represent (Jerr] alkyl ene
radical s, R ewols7esmd: R err] are hydrogens, mis 1, and PCTUS96/13648

97/ 09401 PCT/ US96/ 13610
- 13 - each n is 1. Preferred am nel8onpounds contain a conbi ned
total of from about 18 to about 30 carbon atons.

fF’r eparati fm of ddth Wmi§ Ne Frefpednalfine dApolrids tfﬁlhﬁélﬁ%} é@ﬁb?ﬂ_ebst?ﬂal df?n;on'(:j 5
or exanpl e, ere an al kanol is first reacted, in
t he pr esen%baoug?by%éé@@g{a%ﬁ%ﬁ N unsaturated nitrile such as

acry'ronitrl le to form an ether nitrile internediate. The internediate
i s then hydrogenat e(!’reparahorpéﬁﬁéraﬁﬂh&cbﬂl bbﬁdé)m% &%@nwmén%al

o an ot hir mﬁ'ﬁegﬁﬁﬁeﬁ'ﬁﬁﬁmeﬁf’%%%& 453 B Siarl R Vot 50 O
oxi de, such as mﬂ%ﬂ@n&f acsatalyst, with andnsetiraiedaitrile suahfamralobdﬂlertefmal al yst
by a_convent i ongy iR di infer@ERABA! T | ftchiBdiate is ' HBAC holroBAbied,
ahen X\ 1 oxygdifelRERbiY Iyt HISSELa, of § poferfiond! 1fifoge Q%@%a%a?q e o>
an al kanol am rpjatinue blagk or Raneytnmqabltarfom,antethemnnmn Tive ethezcimine isvhi ch
can be furyper Ry ?éé’dédimﬁl ahklkylene Bﬁéététﬂiﬁ 34 &fhyRie fxi@é ‘?ﬁ‘ﬁléjgx‘égﬁncé“‘:h

hyl
B seunbeqn. " ot pHRERE balht .S Comrptonai Toethed ot s sboerat i e 1 <

sul fur and m i gafige ohabaut®8<4SOPCcti on nodi fyi ng conpounds can be
formed, for exanple, by effecting a conventi onal free radi cal reaction

between a |l ong chain alpha-qlefipn with a hydroxyal k mercapt an, such as
et ac hydr oxy et nyl - R IENGCEPBREHRS 11 SHPSIREPUIIR WAy X 5 S0RY
sul fide. THE | cargl mlisitpisdo kedct h;tdttyoayndlwxm amnidmajer ars alkkanol ammedsuoﬁhs
Zgl[gm Czt50 fg:’éé]ﬂéﬁ&ﬁtgﬁfe f foi 5’3?‘??6 c or oa su”i| “bg
chai n al kyl chI'SF%éﬂWﬂ" §'EJPW'88 |°§dﬁ'1 ch as hy%é'ﬁ & of RTER ?“Wl‘l’ea

di al kanol ani ne,preceds afshis typelis discussed-in, fonéxample, U.S. Patest Nod4,201 j684an
al kyl ene oxi de, such as ethylene oxide, in the presence of an

i ne 30 eBmpbunds West 3k sHBCRR i & 186 dnge it mhaid sprooids, o
di scussed can be formed, for example, by effecting a conventional free radical reaction
between a long chain alpha-olefin with a hydroxyalkyl mercaptan, such as
beta-hydroxyethyl mercaptan, fo produce a long chain alkyl hydroxyalkyi
sulfide. The long chain alkyl hydroxyalkyl sulfide is then mixed with thionyl
25 chloride at a low temperature and then heated to about 40°C {o form a iong
chain alkyl chioroalkyl sulfide. The long chain alkyi chioroalkyl sulfide is 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
30 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 m is 1, the present amine friction
modifiers are well known in the art and are described in, for example, U.S.
35 Patent Nos. 3,186,946, 4,170,560, 4,231,883, 4,409,000 and 3,711,406.



in, for exanple, U S. Patent No. 3,705, 139. In cases when X is

oxygen and mis 1, the present amne friction nodi fiers are well
known in the art and are described in, for exanple, U S. 35 Patent Nos.
3,186, 946, 4, 170, 560, 4, 231, 883, 4, 409, 000 and 3, 711, 406. WO

97/ 09401 PCT/ US96/ 13610
-14- wo 97/0808npl es of suitable am ne conpounds i ncl uteruddErisced € not
limted to, t he foll ow ng:

N, N- bi s( 2- hydr oxyet hyl ) - n- dodecyl am ne; 54 -

N, N- bi s( 2- hydr oxyet hyl ) - 1-met hyl -tri decenyl am ne;

N, N- bi s(2- hydr oxyet lExampiescelmitablenamine compounds include, but are not limited to,
N, N-bi s(2- hydr qg L&\HQ .oct adecyl am ne;

N, N- bi s( 2- hydr oxye oct adecenyl anm ne;

N, N- bi s(2- hydr oxyet hy) - ol eyl am ne; 10

N, N- bi s( 2- hydr oxyet WN)brs(QQWdfémmfn-dodecylamme,

N, N-bi s(2-h droxyet
N ( 2- hydr oxBet hyl ) - ﬁ&m XVRHD: Linefnv tidsreoyimine: .
N, N- bi s(2- hydr oxyet B chexadecylamine;
N, N- bi s(2- hydr oxyet MWWMWFO&&MM@dGCW am ne; 15
N, N- bi s( 2- hydr oxyet
N, N bi o( 2- hydr oxyet ﬁb*%@%@“’&%wgwmmwamm%
N, N- bi s( 2- hydr oxyet bis(2hydsexyethvaleyiaming; o
m, ﬁg' SE% Eﬂgr oxyet N, N)bis@-Hydroxyettyl)ysteanyaiine; 0
, is ydr oxyet PN "
N, N- bi s( 2- hydr oxyet lb’%@?@%%%%ﬁﬂ"g
N, N- bi s( 2- hydr oxyet WNr{&-hydrasysthyihNdpydmpxyethoxyethyl)-n-dodecylamine;
N b SE 2- hydr oxy et YN bIBE RS Lo OT-AidthyiinaSeylamine;
is y roxye .
N- 2- hydr ox gthyl. WWW %ﬁ‘?ﬁ Jrethyk-octadecylamine;
et hyl ani ne 5oct adec #3"“ yl)—cocoamme
N-2- hydroxyet hyl , N- N\N-Bis2thyrirkyethyt)taicwdnting;
et hyl am ne] - st earyl ef erred addi tive
N, N- bi s( 2- hydr oxyet w%s@&yﬁmgi;gﬂ§gﬁbﬁﬁlm SFhis additive is
avai |l abl e from Toma lgeeit i on Tomah E-22-S-2.
N,N-bis(2-hydroxyethyl)-stearyloxyethylamine;

20 N,N-bis(2-hydroxyethyi}-dodecylthioethylamine;
N,N-bis(2-hydroxyethyl)-dodecyithiopropylamine;
N,N-bis(2-hydroxyethyl)-hexadecyloxypropylamine;
N,N-bis(2-hydroxyethyl)-hexadecyithiopropylamine;
N-2-hydroxyethyl,N-[N',N"-bis(2-hydroxyethyl)

25 ethylamine] -octadecylamine; and
N-2-hydroxyethyl,N-[N',N'-bis(2-hydroxyethyl) -

ethylamine] -stearylamine.

The most preferred addiive is  N,N-bis{2-hydroxyethyl)-
30 hexadecyloxypropylamine. This additive is available from Tomah Company
under the designation Tomah E-22-S-2.

The amine's hydrocarby! chain length, the saturation of the hydrocarbyl

chain, and the iength and position of the polyoxyalkylene chains can be

35 varied to suit specific requirements. For example, increasing the number of
carbon atoms in the hydrocarbyl radical tends to increase the amine's melting
temperature and oil solubility, however, if the hydrocarbyl radical is too long,

i's



The am ne's hydrocarbyl chain | ength, the saturation of the hydrocar byl
chain, and the length and position of the polyoxyal kyl ene chains can be 35
varied to suit specific requirenments. For exanple, increasing the nunber of
carbon atons in the hydrocarbyl radical tends to increase the amne's

nel ting tenperature and oil solubility, however, if the hydrocarbyl
radi cal is towobinegel WO 97/ 09401 PCT/US96/13610
PCT/ US96/ 13610 - - 15 - t he

amine will crystallize from sol ution. Detfl@asi ng the degree of saturation
in the hydrocarbyl radical, at the sanme carbon content of the hydrocar byl

chain, tends t¢hd amirmewilherysRliize Ftbnp ebltion DidtRedding'the delfie6 5 sBfurhtivh

oot i pabd. R %‘?ﬁﬁ%@ﬁéﬁd@’ VL Budrparty

solubility.  chain, tends tymeduae the raelting paint ofithe amings derreasing the amoust/er
thfﬁ my al so ofalkyié‘heué)ﬁéb 1B lé@héﬁrtm %lyaayaﬁﬂaeé cRéing SRAES s 89 gﬁfr@&gé:t
Wi a boro oun oric oron halide, a
met abor at e, gbo ?a@meéfws?e'?ﬁ@ﬂfa”% '8?59 S?IPE‘H Kyl borate. Such
adducts or derivatives may be illustrated, for exanpl e, by t he

]I;Flelr ?}M ngR[ Zﬁ : iJCt ur airhé anibé éompcunds may be des%g;drfesuch qu@gf grla mB?%i )
and where R[er pf,lﬂsg J‘F'PFEF"M%@#'{# °5FFacﬁt'R9 pm@lﬁ gﬁﬁ a borsn compouns (ii)

Car boxyl i c Aci ea¢hhasyaiborieoxide: a booory balide; @ metaborate, boricagid,comal momee, of
friction magifiger Haetha Mborate. NisuichraRIdictsO8r dérivdlives may béf!lﬁfshﬁfédﬁrfBPUCt

of a polyam ne an a I c a or ride. Brief
pol yami ne reac%ﬁ'ﬁ‘pémﬁ’y @"Pwmaéf%"fab%m@r carbon atons and from3 to

15 nitrogen atons with at | east one of the nitrogen atons present in the

form of a primary am ne group and at |east two of the remaining
nitrogen atonms 30 resent in the fo Oqf primary or secondary an ne
groups. Nogpglimtin exanpl es p F\abl e am ne conpounds i ncl ude:
pol yet hyl ene am nesgrguch(x), - Rz-N B-0-R3g

{(RaO)pn

20 where R, R1, R2, R3, Rg, X, m, and n are the same as previously defined
and where R1q is either hydrogen or an alkyl radical.

(i) Carboxylic Acids/Anhydrides with Polyamines

25 A second type of friction modifier useful with this invention is the
reaction product of a polyamine and a carboxylic acid or anhydride. Briefly,
the polyamine reactant contains 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

30 present in the form of primary or 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

35 include polyoxyalkylene polyamines such as polyoxypropylene triamines and
polyoxyethylene triamines. Preferred amines include DETA, TETA, TEPA,
and mixtures thereof (PAM). The most preferred amines are TETA, TEPA,
and PAM.



as diethylene triamne (DETA); triethylene tetram ne (TETA); tetraethylene
pentani ne (TEPA); pol ypropyl ene am nes such as di-(1,2-propylene)triam ne,
di (1, 3-propylene) triamne, and m xtures thereof. Additional suitable

am nes 35 include pol yoxyal kyl ene pol yam nes such as pol yoxypropyl ene

triam nes and pol yoxyet hyl ene triam nes. Preferred am nes -i ncl ude
DETA, TETA, W&P9v/09401 and m xtures thereof (PAM. The nost roTesevised

am nes are TETA, TEPA, and PAM WD 97/ 09401

PCT/ US96/ 13610 The carboxyi< acid or anhydride reactant of
t he above reaction product is characterized by formula (I11), (1V),
(v, (M), and m'xtures t her eof : [err] [err]
[err] R'

ferr] i \})'h caét;mcylxé 'acld ‘or %‘P'? dride” réactant, Q)‘ ﬁl abgve reac%onwh ere

R' is a strai g)mductssnhamamlzednhyfqmu ht(BY, 06, M)sandmxxmbs thergdiat i c
hydrocar byl radical containing from9 to 29 carbon atons, preferably from
11 10 to 23. Wen &' is a branched chain gragp, no mpre than 25% of the

car bon atonms dfe in side chain or penderff groupg§} R' is preferably
straight chaimed.- € - OH (MF}R' hydrocar®y+ @r-oup - ®el udeqdIv);
predom nantly hydrocar byl groups as well as purely hydrocarbyl groups.

The description of these groups as 15 predom nantly hydrocarbyl neans that
t hey contain no non-hydrocar byl

//0

Rn —
(v} and 8% (VI)

.

where R" is a straight or branched chain, saturated or unsaturated, aliphatic

hydrocarbyl radical containing from 9 to 29 carbon atoms, preferably from 11
10 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 hydrocarbyi groups

as well as purely hydrocarbyl groups. The description of these groups as

16 predominantly hydrocarbyl means that they contain no non-hydrocarbyi

substituents or non-carbon atoms that significantly affect the hydrocarbyl

characteristics or properfies of such groups relevant to their uses as

described here. For example, a purely hydrocarbyl Coq alkyl group and a

Cop alkyl group substituted with a methoxy substituent are substantially

20 similar in their propeities and would be considered hydrocarbyl within the
context of this disclosure.

Non-limiting examples of substituents that do not significantly alter the
. hydrocarbyi characteristics or properties of the general nature of the
25 hydrocarbyl groups of the carboxylic acid or anhydride are:



substituents or non-carbon atons that significantly affect the hydrocar byl
characteristics or properties of such groups relevant to their uses as
descri bed here. For exanple, a purely hydrocarbyl C[err] alkyl group and a
Cerr] alkyl group substituted with a nethoxy substituent are substantially
20 simlar in their properties and woul d be consi dered hydrocarbyl wthin
t he contwete/$401 hi s di scl osure. Non-1im ti namosspdees of
substituents that do not significantly alter the hydr ocar byl
characteristics or properties of the genel@F nature of the 25 hydrocar byl
groups of the carboxylic acid or anhydride are: WO 97/ 09401

PCT/ US9?/ 13610 . Ethder groups especnally hydrocarb yioxy sucBJ% phenoxy, benzyl ﬂer
groups (especi al rocar Xy Su enox en oxy,
n-i sot oxy, etc! M OZ ’f% %Fkogﬂf&“glf’@f)’p?“fﬂx ét‘o[ug t%yuea%ofﬁf‘ °<i"c ons) ;
Oxo droups (e. gtoms)D | i nkages in the main carbon chain);

0 | | Est er groups

grgup% d? e I[!)nhia)ges in tcpe main carbon cﬂaiH

| | Sulflnyl groups (e.g., - S -
hydrocarbyl). || 5 These types of

friction nodifiers % g at a tenperature from
about 120 to 250C, g%@gg@&g{%ﬁjp ﬁ%b%g’gnbne carboxylic acid or
anhydride in proportions of about 2 o 10 nol ar equivalents 10 of
carboxylic acid or anhydride per nolg of am ne reactant

Sulfonyl groups (e.g., - S - hydrocarbyl); and
i

(e.g , - G- O hydr ocar gyl,)
Sulfonyl groups (e.qg.,

o
Suffinyl groups (e.g., - S - hydrocarbyl).
|

These types of friction modifiers can be formed by reacting, at a
temperature from about 120 to 250°C, at least one polyamine and one
carboxylic acid or anhydride in proportions of about 2 to 10 molar equivalents

10 of carboxylic acid or anhydride per mole of amine reactant.

(iiiy Other Friction Modifiers

Optionally, other friction modifiers may be used either alone or in
15 combination 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.
20 .

. 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 thic-bis-alkanols,

25 most particularly with esters of 2-octadecenyl succinic anhydride and
thiodiglycol.



(iti) Oher Friction Mdifiers Optionally, other friction
nmodi fiers may be used either alone or in 15 conbination with the foregoing

described friction nodifiers to achieve the desired fluid performance.
Anong these are esters of carboxylic acids and anhydrides with

al kanols. Qther conventional friction nodifiers generally consist " of a
pol ar term nawaymai( car boxyl, hydroxyl, am no, etc.) covatpotisye13610
bonded to an ol eophilic hydrocarbon chain. 20 Particularly
preferred esters of carboxylic acids and-d&rydrides with al kanol s are.
described in, for exanple, U S. Patent 4,702,850. This ref erence

teaches the usef ul ngB@nyfies of Ptherséstiventiondl Fictionomotlets (i), Spotar terminal

i cul arl h f . L, N ' . id h
Pl O bis. nl handdotB 5E dledaniies Bicaran) e Rl BEEHSEToR! fof, exponmiey M.
succi ni ¢ anhydrBelzemindthe "JaumalddfgTsibalogy” (1992), Vol. 114\pp.7678882 and M.

PCT/ US96/ 13610 Bejzer and S. Jahanmir in "Lubrication Science” (1988}, M. 1, PP 3:26. .
Exanpl es of other conventional friction nodifiers (i.e., polar term nal

group + ol eophilic hydrocarbon chain) are described by, for exanple, M
Bel zer in the "Jour Mjpically Tthebdtictipd' roddifiers, wilbl be 1présemip .in 6fiiske? ATH M

Bel zer and S. J iton iR antathéd | [ ' ‘e}@éﬁ , “k,o,pp. 3- 26.
Typically the frictl (i)tF?dnlg(ﬂ fi e{ﬂsl&\?éél 'ge'gﬁggghf’ I N M!ﬁ%ﬁ =
conposition in an anount between 0.01 to 5, preferably 0.1 to 3 wm.%

O her additives knov@then additives tknown incthedutethayobe laddéd Fo thé oSFF. LThese

additives ifg! UslkyleSP AT SdisPESEHER' aRtiRlr® agBhs! %ﬁﬁpﬁ%&é{%&ﬂn
i nhi bitors, dete nts,, extrene essure addityes, an e ke, ey are
general |y di scl‘Bé@ ‘isn,de?%'”’é"?a '@',“e'ﬂr&ﬁ‘frea?é tes; anddbe like. cThey are
Smal heer ogeheRallykdisciosisd Byyifohexdrapie, "tmbricant]Additivest bg. C.Pdt 8miathee
5,389,273, i 326 ykhheay, Sk SeTo gR013A and S, Fatentt: 5ol
Répr e:sent ative %ﬁgﬁrﬂég 615'4 ;adﬁizgg ; gzé:mr i 9d88633; o5 18R000;
( Broad) 15 §,m64M108;y ed)B8H)074; and 4,30G)571.ve W . %

W . % Corrosion | nhibitor 0.01 - 3 0.02 -1

Antioxidants Representative amounts of these additives 3ré summiarized as follows:

(Broad) (Preferred)
20 Additive W% —Wt%
Corrosion Inhibltor 001 - 3 0.02 - 1
Antioxidants 001- 5 02 -3
Dispersants 0.10 - 10 2 -5
25 Antifoaming Agents 0.001- 5 0.001 - 0.5
Detergents 0.01 - 6 0.01 -3
Antiwear Agents 0.001- 5 02 -3
Seal Swellants 01 - 8 05 -5
30 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.
35
The preferred dispersants are the alkenyl succinimides. These include
acyclic hydrocarbyl substituted succinimides formed with various amines or
amine derivatives such as are widely disclosed in the patent literature. Use of
alkenyl succinimides which have been treated with an inorganic acid of
40 phosphorus {or an anhydride thereof) and a boronating agent are also



Di spersants 0.10 - 10 2 - 525 Antifoam ng

Agent s 0.001- 5 0.001- 0.5 Det ergents
0.01 - ©6 0.01 - 3 Ant i wear Agents 0.001- 5
0.2 - 3 Seal Swell ants 0.1 - 8 0.5 - 5 30

Sui t abl e di spersants include hydrocarbyl succini m des, hydrocar byl

succi nam des, Woiseoest er / am des of hydrocarbyl -substit ut ed PIraEsvensiteci d,
hydroxyesters of hydrocarbyl -substituted  succinic acid, and Mannich
condensati on products of hydrocarbyl - subs?¥rut ed phenol s, formal dehyde and
pol yam nes. M xtures of such dispersants can al so be used. 35

The preferred guitaisie Jomise inrthe tdompusitiong | of $his triventibn @ . thady are muvhl mor:

| hyd
o e der vat | ComPetBE i Sdtmets %%F%T‘c*f*‘??eﬁ%"?‘?‘?%‘%w?%ﬁ%é? 43 e <
Use of s&ammgrﬁc@ndqsmmomw mersn Peby H"QMY sugsinimidesgani ¢
acid of 40 phomhswﬂomopomomwlr sutecinit enhpdider afdaar oiigistie polyassiyl ar e

glc.sr;) 0S96/ 13glosucl¥\oa§9 7{n8t%%};e tetramine or tetraethylene pentanilge wheremsmet abl e

for use in thepolyissbutenybsubsiifuentiis derived: from polyisolutene davingh anburber
conpati bl e w t Byatae tﬁﬁlé&hlﬁr%ﬁt iﬁﬁﬂiéf'd swsmswmn Geferably 800" &

Formed {1 om poRgPCbAt BRPISHY slifatie: 3?'56?'%%3 bR i i?ﬁé@s @ﬁbﬁﬁngess
such as tri et hyeagents dnowni tec those §kﬂ|aétlﬁyﬂ'6naﬁpet‘$%ﬂn eq- wh’a‘b’-elﬂait Nes.

pol yi sobut gyl 3282028, 380,677 Aled 4,657, 414pm pol yi sobut ene having a nunber
aver age nol ecul ar wei ght in the range of 500 to 5000 (preferably 800 to

2500) are particularly suitable. D spersants may be post-treated with many
reagents known to t Suitable k'ahlimd:la'mst are aamine(tgpae and gpherdlis. dntioxidaits. 10

3,254,025, 3,5 ﬁﬁ angsd.the’ type antioxidan ig&% pxi?{é\s are
am ne-type and | G ant OXI S. anpl.es o

ant i oxi égnts i ﬁ'@PE qa naptihylaming . i hRnylamBey | "’be?gy ted

napht hyl anitbe, hﬂlvhymmsr(e,g bw-ﬁ(a&ymhew&)hﬁams phereih theialkyd greups |

p, p - bi s(al kyl %ﬁfﬁ{ﬁ)ﬁ%ﬁl %eﬁa W’Qeéé?bantétsmé'l‘%h grPHQﬁ’ohc anticidntd '?mfhidé“ 8 to

i ndor od phenoFtSTall nindgredl phe qo@?k'%ﬁi@?ﬁ%{tﬁ PR, grmstrit o Eviabe
but yl phenol , emmml,bmbm@ bisphagols feq.- 44t hinethnienehis(2@-diteder t -
but yI phenol ) , Hubylphetidth), &89 and4Be like.
20
Additive concentrates of this invention will contain the viscosity
modifier, friction modifier, and other desired additives in a natural andfor
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
25 resulting fluid will contain each of the ingredients in the desired concentration.
Thus, the concentrate may contain a synthetic oit as the lubricating oil if the
desired final composition contains a lesser amount of synthetic oil relative to
the mineral oil. The concentrate typically will contain between 25 to 100,
preferably from 65 to 95, most preferably from 75 fo 90 weight percent of the
30 viscosity modifier, friction modifier, other desired additives, and synthetic
and/or natural oil.

Vi wic Properti

35 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 of the fluid to retain these viscometrics after use, is



20 Additi ve concentrates of this invention will contain the

Viscosity nodi fier, friction nodifier, and other desired additives in
a natural and/or synthetic lubricating oil, in relative proportions
such that by adding the concentrate to a larger anount of a suitable
natural and/or synthetic oil the 25 resulting fluid will contain each of
t he i ngredi enWO%494he desired concentration. Thus, théaraiseessroat e
may contain a synthetic oil as the lubricating oil if the desired
final conposition contains a | esser amoumt~ of synthetic oil relative to
the mneral oil. The concentrate typically will contain between 25 to 100,

preferably froocalitd tiwe QViscnsw Yossf Frapelzpidl.r oMheS viscodity \ossgltrapesoidegt of

t he 30 d
Synthetic o UEVeiRe by fisashiing HeiscBity of i ful Ufer & Virchf of idgloh®. 2"
A conmon net hoBOfG'f news t(%ﬁrt @'PF'ZMEQ‘"P%"M%“:O??@PF@": b@-héﬁ?‘g Hhe “sheared”
lubricants rel fid\s ptoduced byt passingat threugh a deeliihjector shedritestes for iméW

\Sllhggz)mat ri cssr aﬁ'ﬁ%rmgéﬂréﬁgn%bféduﬁr&d% é%ég%dgi?%ﬁg'ﬁ} Eoss trpaepemld' and

PCT/ U896/ 13610s0ome of the presently desired minimum values for the agore restrictivea | ed

the ' Vi scosit yemmBagiment Of s hveniidreale showii belowoss trapezoid is
devel oped by nmeasuring the viscosity of the fluid under a variety of

condi ti ons both "new' (i.e., fresh or unused) and "sheared" (i.e.,
used). The "sheared" fluid is proll'd@’ed by passing it through a fuel

i njector sfgear tester forty ti \BASCOS SQTFRAPEZMINt S required to
construct a 'Viscosity Loss Trapezoid and sonme of the presently
desired m ninum values for the nore restrictive enbodi ment of this

i nvention are shown bel ow SHEAR RATE (Type) NEW  SHEAREDable 1

éaEAR RATE (T Fluid Viscosity (1502C)56BS| T¥ Y {0SsedAREB®) D >2 60 | ng.so "
0° | |
(150[err] O, ygﬂd¥W[g PPICLER [ e 5&1 L% lﬂiper)r]Z-gdng[errF? y

Fluid Viscosity (150[err]C, cP 1 Xx 10[err] sec.[err] (Hgh) [err]2.60
[err]2.60 The vikb6sityi 1089 rabizdi@ i tHehadtmétruttet Jraghically Byspibisaged

dhear rate. F Bt ﬁ%?&f%é@ezﬁ?&w R Yo ghEC b jﬁ?ﬁ*éé“neﬁ%‘”e s, 2’
observed 1P t hshkow dhe itypes pf ghesomenad that are observed in this testing thure 1
shows a fluid which meets the requirements shown above, it is Newtonian in
nature, that is, its viscosily is not 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
20 shear) as is indicated by the decreasing viscosity when going from 200 sec.-1
to 105 sec.-1 shear rates. This fluid aiso loses viscosity when subjected to
mechanical stress (known as permanent shear which is evidenced by the
overall loss in viscosity between the fresh and used oil lines).

25 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).

30 Also, since improved operation of vehicies at low ambient
temperatures is an objective, it is desirable that the Brookfield viscosity at
-40°C not be greater than 15,000 cP for all embodiments of this invention.

[



shows a fluid which neets the requirenents shown above, it is Newonian in
nature, that is, its viscosity is not dependent on shear stress and is not
reduced by nechani cal shearing. Figure 2 shows a fluid that is non-

Newt onian, i.e., its viscosity is dependent on shear rate (known as
tenmporary 20 shear) as is indicated by the decreasing viscosity when going

from 200 secw®odosn to 10[err] sec.[err] shear rates. Thpmkéeasgioal SO

| oses viscosity when subjected to mechani cal stress (known as
per manent shear which is evidenced by the21- overall loss in viscosity
between the fresh and used oil lines). 25 Addi tionally, the

Kinermat | ¢ vi SCOSi Y E@finbdiford .ﬁé%@&fh&k&@.@ﬂgg'wmm Wi AR

100[err] C, befor be a
mierr]/s (cStW ﬁ'fﬁ%?t ‘”F?P"st'ﬁ "ﬁ%v(a g fpyth es'ﬂ‘é’a‘ﬁ ‘P‘Eﬁﬁ& deguiremert ot i§ ni mum
viscosity at lﬁe{:edsa}ﬁforfallaémb&ﬁménﬁ df thigfisvernkion té hae a difétence betwelrso,

oh obj ecti ve. MYk 8 a”%‘F“V?‘E“ el ool fHong and W'Y Shekes ! ©
-40[err]C ot rdegf 2x107 sep3 °f1|B’ grestes than,@.30|qentipgierli nents of this

I nventi on. WO 97/ 09401

Egi ﬁg?%}gmgl nce ye“gl Ve tf?n maysben%urrtge(r) nde ncer ‘G%é%“@% Ieﬁ(amples W th
| ess vi scous mthigh apedll l{%!@é“’?é“@ Rat W&Wm\@f%ﬂh'?@\ﬂnﬂ@lkf ield requirenment),

it is necessary for all enbodiments of this invention to have a

di fference tEet ween the "new' and "sheared" viscosities nmeasured at
150[err]C?;1 d the low shear 5 rate of 2x10| err] sec.[err] of no greater
than 0.30 centi poi se. Thi i on may be further understood
by the foll ow ng exanpl es which are illustrative and not restrictive

for this invention

0 .. , . EXAVPLES
Si xt een fi ni shed Aﬁ"ée%ﬁﬁlsﬂ?%mg& Were, plended ising & ﬂ?ﬂd%rddﬁ%?\&‘}di“’e
package and a paekages asdd soimidute oft sclverddexteacted | naitiab alisd ang nsyndihetic 15

hydr ocar boms ( pawrdaamdn @R dlefin APAC)TEhd furfiilatiohdor fHeke ifitffsCisidHowhs 1S

shown 8\é\fl Test Formul ati ons
Test Formulations

Component Mass Percent Fluid

Additive Package 8.00

4 mm 2/ (cSt) PAO 30.00

Viscosity Modifier as shown

Solvent Extracted 100 Neutral s

Solvent Extracted 75 Neutral } S0/50 ratio to 100%

20 The additive package contained conventional amounts of a

succinimide dispersant, antioxidants, antiwear agents, friction modifiers, a
corrosion inhibitor, an antifoamant, and a diluent oil.

The controlled variable in this series of blends was the molecular
25 weight (as previously defined) of the polymethacrylate viscosity modifier
used. The test biends are shown in Table 2 as Examples 1-16.

Table 2 also contains the measured fluid properties of -40°C Brookfield
viscosity, and the more restrictive embodiments of this invention: ie., "new"
30 and "sheared" viscosity at 100°C, 150°C "new" and "sheared" viscosity at the



Conmponent Mass Percent Fluid Addi ti ve Package

8.00 4 mm[err]/s (cSt) PAO 30. 00

Vi scosity Modifier as shown Sol vent Extracted
100 Neutral 50/50 ratio to 100% Sol vent Extracted 75
Neutral 20 The additive package contai ned conventional anmounts of
a succi ni wodsmsdes per sant, anti oxi dants, antiwear agents,pdsdbissio
nodi fiers, a corrosion inhibitor, an antifoamant, and a diluent oil.

The controlled variable in this series of -BRends was the nol ecul ar 25
wei ght (as previously defined) of the polynethacrylate viscosity nodifier

used. The test wpnghsanréteSsp\® ¥ R0Zagbe-L (f50°EXan¥)Cand 150°C "new" and..
Tabl e 2 al so coptains,the asg eq.fl %%ﬂp'%&qefrt | SB of 1 ,r,{:] gﬁ%r ookfield
vi scosity, and tIneas] ¥isqosty @'FSEQ’% iRl 5109 see T GPORE-EIS). e, |
"new' 30 and "sheared" viscosity at 100[err]C, 150[err]C "new' and

"sheared" viscosity : / . . . .
PCT/ US96/ 13610 gkampfes 1 through 11 in 148192/ (2 dingle viscosity nodifiers — |

shear rate of 2namgly. pplymethacrylale yiseasityraodifiers vapying indneleculer weightfrome '
and " ihggrfsmow&ommnoo. aThe kiatdiig Tablec r defimecthef acceptabie eIil’tc_lilécu_ll_z-zrbl )
sec.[err ; < : . : in Table
util i[ze ]si Elgl e w&ﬂégﬂ%é@omﬁﬂggéhe- “S?S'Wargé@ﬁ‘l‘%’gf;‘ﬁg %E:W?%t e viscosity

nodi fiers varying in nol ecul ar weight from 75,000 to 420, 000. The
data in Table 2 defi Eeamplesatc2pBadnd 4rshowuthat high moletiziveight ¥Rchsity

ting the,xi i i : fob Wt O0Se g o i |
125 "5 o™y < Aiiets pRILLGRERM for pfbalalf e tills O this jnvention, Fxaninié 1o, ¢°
unsui t abl e for [ blended e areonvegtional ST kinematic viscpsity. ofif.8dymm<is (cSt at i s
bl ended to a conQetC,andedatisfiés thena0aCiBroukfisld gistosityirequirtment](en 5008 cb§.St)

at 100[ er ' ' é.s‘ap% 0! ' i gﬁ 5

requirenent ([e gr , O%é:g@:? ,@ﬁoﬁ‘%\/&e’? %ﬁtioﬁeé%%%%g@egé g‘géttﬁg %hcf

i nvention are n ?ﬁ%é: taen [Red shearedn measurement &t fhe low shearale ob2 &

"shear ed" n#fsunefmsec.-hand HE0PO WS HBRCP ingreatdr tha 085 cPLMHurthelmenry; i the |

and 150[ err] C ofydje Gdstibtive’ efibodiniént! Pthe invéntich, ExXARMplE 1" RIS to' Melt fhe
"sheared" viscosity requirement of at least 6.8 mme/s (cSt) at 100°C, the
1560°C low shear "sheared” requirement of at least 2.6 cP, and both the "new"
and "sheared" high shear viscosities of at least 2.6 cP at 150°C and the high

20 shear rate (106 sec.-1).

Example 2 uses the same viscosity modifier as Example 1, but in an
amount sufficient to pass the more restrictive 150°C low shear "sheared"
requirement of at least 2.6 mmé/s (cSt). However, increasing the amount of

25 viscosity modifier to this level, increased the kinematic viscosity of the fluid at
100°C to over 11 mm2/s (cSt) and increased the ~40°C Brookfield to over
45,000 cP. Also, the 150°C low shear viscosity difference between the "new"
and “"sheared" fluid is 1.46 cP which is significantly greater than the 0.30 cP
limit. Finally, even with this high viscosity modifier treat rate, and resultant

30 very high 11 mm?/s (cSt) viscosity at 100°C, the blend still fails to meet the
more restrictive 150°C high shear requirement on the "sheared” fluid, i.e.,
2.44 cP measured versus >2.6 ¢P.

Example 3 uses a viscosity modifier of lower molecular weight which

35 is, therefore, more shear resistant. Example 3 is blended to a kinematic
viscosity at 100°C similar to Example 1, i.e., 7.38 mm2/s (cSt). Example 3

also meets the -40°C Brookfield requirement. Comparing Example 3 with



nore restrictive enbodi nent of the invention, Exanple 1 fails to neet the
"sheared" viscosity requirenent of at least 6.8 mmjerr]/s (cSt) at
100[err]C, the 150[err] C | ow shear "sheared" requirenent of at | east
2.6 cP, and both the "new and "sheared" high shear viscosities of at
| east 2.6 cP at 150[err]C and the high 20 shear rate (10[err] sec.[err]).
Exanpl e 2 use®opmesdslane vi scosity nodifier as Exanple 1, butecrmwssémnseio
anDunt sufficient to pass the nore restrictive 150[err]C | ow shear

"shear ed" requirement of at |east =236 nmerr]/s (cSt). However,

i ncreasing the anmbunt of 25 viscosity nodifier to this |evel, increased

the kinematic piffislei 1 ¥hes ttﬂikﬁ Wlbtaoim is more sHEUPIsRaBIE Ghan thyY VP 38118

/ St d | t 45 000
CP- Al S0, t ho. 480 4eERgIo e HsEomE e VRAS, obfaFRG) oh SRR L AT lghehow
and "shear ed" thanitboses obtaired-foriExaghple s1)si joweveraExampler Sastillrfalisalh thée 0. 30

cP |'i'm tganfd Paldmete@\ ¥ EXArhRelt)i S high viscosity nodifier treat rate,
and resultqsnt 30 very high 11 m’r{err]/s (cSt) viscosity at 100[err]C, the
blend still®fails to meet the nore restrictive 150[err] C hi gh shear

requi renent on t he Example dduses hedsame &iscosity modifierlds Exampies 3; bt incasus
[err]2.6 cP. amount thﬁaentEi?ﬁaH‘é’éseaﬁ tHE OShéarkis fR ;b&uf?aﬁbmsebf Ha}og 3 .

nol ecul ar wei

1!
o el i A1 SSniOR St b i
i .e., 7.38 nmiyielded a Kinsgnatic iscosity of 31.2 mm2/s{cSH atdB0:Cidnd a m[ngmpfc

Br ook | el gy COBfobREIR of 160°ER " ExatipPlstil did hBt mest the 150°C | high sheaP 9401

Exarrpl e 1 showshedred" fyidgequirqment of gt leash2.8,.cRs: Adding mpre visresippmodifien
(i.e., in gencogtasstthis raguirtement wouldbnlgdncrease thed-403C Brookfield isoosity hi gher

than’{ hose obigigge Fhts, R ﬁ‘gﬂréweéewﬁ‘ed.ﬂ@fwn{est $heibolc high!shed' the

sanme paraneters asregx %

viscosity nodi "shea Fagrent4s not @ yigblg pption asa *GuBrookfigld (wauld pass
al | the "stgearincieaté hirther ahove tivee$,000 tPtreguirament. restrictive

enbodi nent of this invention. However, the fluid of Exanple 4 yi el ded

a kinematic viscos of 1 /s (cSt) 00[ er a fajling

-40[err] C 10 Broo #%ﬂ% @Ltﬁ I'@a‘ﬁc‘i‘?l%gﬁl @%@et“?he

150[ err] C hi gh1@?6alow shear andchigh gsheat tsheareﬂ'jumhesmftatdeasttz Beaisforihé cP.

Addi ng nore VI ﬁ&ulln ”‘chnr I

i ncrease t i er ri % é‘ﬁ?‘édelwgnsi?%ﬁi}z?nﬁdﬁ ére;# o e, ﬂﬁgng nor e

vi scosity he, %{@FP? S UNE scause 'the viscosity
modlﬁer’s molecular weight is not greater than 175,000 and the difference
between the 150°C "new" and "sheared" low shear viscosity is no greater

than 0.30 cP and the -40°C Brookfield viscosity is no greater than 15,000 cP.

25 Examples 7 and 8, and 10 and 11, demonstrate that there is a lower
limit to the amount of viscosity modifier required (treat rate) at a particular
molecular weight to obtain this invention's more restrictive embodiment. For
instance, Example 7 having 8.0 weight % VP 5089 fails the minimum 2.6 cP
150°C high shear “sheared" viscosity requirement, while Example 8 having

30 8.5 weight % VP 5089 meets all the requirements of the invention's more
restrictive embodiment. Also, Example 10 fails the "new” and "sheared” high
shear requirements at 150°C, while Example 11 satisfies the 2.6 cP
requirements. However, the broader aspects of the invention are met in each
of Examples 7-11 because the molecular weight of the viscosity modifiers are

35 no greater than 175,000, the -40°C Brookfield viscosities are no greater than
15,000 cP, and the difference between the 150°C "new" and "sheared" iow
shear viscosity is no greater than 0.30 cP.



"sheared" requirenent is not a viable option as the -40[err]C Brookfield
wpul d 15 increase further above the 15,000 cP requirenent.

Exanples 5 and 6 show that at a nol ecul ar wei ght of 175,000, the

150[ err] C | ow shear and hi gh shear "sheared"” values of at |east 2.6 cP for
t he nore restrictive enbodi nent of the invention are not net However,
these 20 exanpbesemat i STy the broader aspects of this inventicynusbensaiese t he
Vi scosity nodi fier's nolecular weight is not greater than 175, 000 and
the difference bet ween the 150[err]-@4new' and "sheared" | ow shear
viscosity is no greater than 0.30 cP and the -40[err] C Brookfield
viscosity is no greater than 15,000 cP. 25 Exarrpl es 7 and 8, and 10
and 11, denobnstrate_that, therg is.a the unt . of
viscosity nodifier E%%ﬂ]P'F%gi ﬁ' ?étaé? blends B}ahq 8’5? R whigha,

wei ght to obt ahave maedularavaighis’ cﬁth@bbndss&am dﬂD;ﬂQOetoﬂml,OﬂmtTﬁerblends

I nstance, Exa 5{);@0 cP
150[ err] C hj gﬂmstﬁeé? mﬁgg’regéﬁs VI.§ osb@t“gn 603“"? '?A‘Eéﬁ % |&ag

vk o 50 7 Sasprcn and fommege s eiREne siposiFhent of s kmertien.o AceaRingly

i nventi on' S rmExample 12rwitht the higher anbledilar meighil (Q&Z,OEQ)alﬁmlsetolméealthis t he

phew | and " Shepiefliont Ofhore resthifd” efBBHimAS" 1502t W[ﬁfda}@en@grroa or

Exanpl e 11 sat | es Ifenents. However

aspects of theV'Fﬁ%Wt?ﬁiGa‘fPeaﬂgtth?rf%%@Ww [)roa faﬁ%ﬁhﬂ the,cedise t he
mol ecul ar wei gahd 8éhezned" low sheat viscosity idifference at E0°Crof ngrgreaiter thare0.30

175, 000, t.{ba [err]C Brookfield viscosities are no greater than

15,000 cP, and"the difference between the 150[err]C "new' and "sheared" | ow
shear viscosity is no greater than 0.30 cP. WO 97/ 09401

PCT/ US96/ 13610 it can be seen from Table 2 that only those blends in which the

have ol eoul ar ML W %*ﬁ‘ﬂé@v?'}‘%ﬁfé%w;@% ﬁ’oﬁé"“‘ﬁ}hﬁﬁgr“snds
wi th nol ecul ar MYER %W&a‘g 9 oG Miscesihef Movad 5
aspects antb t hgreatercthan 45/000tcdPvand: atiEOP G’ newd aind Nsheared” dowishiear viscosityi ngl v,

Exanpl e 12 wi t GigfehEnda % ﬁ@ég mantPght (252,000) fails to neet this

i nvention's nore restri ctl 150[ err] C | ow shear "sheared"
viscosity of 2.6 cP and thi s i nvention's broader aspect of having the "new
and "sheared" | ow sAlaoughi itisgeissiblel td makertlends usihd viscogity mbdifiersofthiecr

than 0.30 10 fﬁrred molecutar weigtits t4t fAf oRé oF rﬁJrQr&Im:&&nétﬁetcfﬁHaVof hose
bl ends i n %] ! Cgus mventrons more restrictive embodiment by raising or lowering the treat
rate (see, Example 7 versus Example 8 and Example 10 versus Example 11),
the converse cannot be said about viscosity modifiers with molecular weights
greater than 175,000. That is, that merely manipulating the tfreat rate of
viscasity modifiers of higher molecular weight, fluids containing them cannot
25 be made to meet all of the necessary viscometric criteria, as has been
previously shown.

The principles, preferred embodiments, and modes of operation of the
present invention have been described in the foregoing specification.
30 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 departing from the spirit of the
invention.
35



nol ecul ar wei ght of the viscosity nodifier is no greater than 175,000, can

this I nventon's broad aspects be net (i.e., a -40[err]C Brookfield
viscosity of no 15 greater than 15,000 cP and a 150[err] C "new' and
"sheared” | ow shear viscosity di fference of no greater than 0.30 cP)

Al 't hough it is possible to nmake bl ends using viscosity nodifiers of the
preferred nol ecul ar weights that fail one or nmore of the visconmetric
criteria of WPIHN | nvent i ion's nore rest I gt i ve errbodl nen?cws%ﬂ? ng or

| owering the treat rag-Exanpl e
10 versus Exanpl e 11JT- 5qosity
modi fiers with nolecdl a , that
merely mani pul ati ng tthe i gher

nol ecul ar weight, flygid t all of
t he necessary vi scongtr wn.

The principles, prefgrr e
present invention haje n. 30
However, the inventidgn not to
be construed as |li ce t hese
are to be regar ded riations
and changes nmay be parting

fromthe spirit of tHe
- 25 -
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NEW
7.38
11,90
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~ 748
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ote 3: VP = Viscoplex, a trademark of Huls Ametica
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WO 97/09401 PCT/ US96/ 13610

-.26 - omatic transm ssion fluid conposition conprising:
(a) - a”mm)m H“Hl lﬁ“' ubricating oil containing 5 to 95 wei ght % of a
syntheti ¢ lubrycating ol having a kinematic viscosity of 1 to 100

mierr]/s at 100C and 5 to 95 weight %of a natural lubricating oil"

havi ng a ki nawept/a9461 vi scosity of 1 to 40 nmmjerr]/s at 100CRCTAUS96/13610  ( b)
a viscosity nodifier having a nol ecul ar w8fght no greater than . about
175,000 atom c nass units; and (c) fromO0.01 to 5 weight %of a
friction nodifigyaims: pProviding that the conposition has a -40C Brookfield
vi scosity no greater t han 15, 000 centi poi se and the difference between
the conposition's new and sheared viscosity of the conposition is no
greater than 0.1B0 cé&mayomatic transmissiandiid eampesition eomprisingir e of 150[err] C
and shear rate of 2x10[err] sec.[err]. 2. The conposition of claim1,

where the synthetic,qil is ly-Terrlzsolefin, . nonaest L ester,

pol yol ester, or m x esatrﬂ%(fgééf'{"""{ L%l?xhncaﬁqg %‘o W’pg#oo& &eéﬁ%‘y&‘)fmher e
the | ubricating syithetic bricating oil bavingra iieeaatioiviscesity pb yto[ 110 md/et n.

4. | Tthﬁ Corr}wtswovgrhrﬂ 50bBS Wight!vsIdf d hmu{ata{;&&a&nﬁg ra\ilﬁhéw ﬁm?éma¥i¢

pol ynmet hacryl ate. . ion of claimd4, ere the friction
nodifier is se|"éﬂ°3@'$%mmﬁ{§2§%33$’bc nsisting of (1); (lI1); reaction
products of polyamnes with (111), (I1V), (V), (M); and m xtures thereof,
""l“e_r e (1), (1), (lgy. @l Wacostty)modilidr) haViry a molecular weight nol grebter than

(1 about 175,000 atomic mass units; and

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

providing that the composition has a -40°C Brookfield viscosity no greater
than 15,000 centipoise and the difference between the composition’s new
and sheared viscosity of the composition is no greater than 0.30 centipoise
when measured at a temperature of 150°C and shear rate of 2x1 02 sec.-1.

2. The composition of claim 1, where the synthetic oil is poly-a-olefin,
monoester, diester, polyolester, or mixtures thereof.

3. The composition of claim 2, where the lubricating oil is a mixture of
mineral oil and poly-a-olefin.

4, The composition of claim 3, where the viscosity modifier is a
polymethacrylate.

5. The composition of claim 4, where the friction modifier is selected from
the group consisting of (1); {I1); reaction products of polyamines with (lll}, (IV),
(V), (VI); and mixtures thereof, where (1), (It), (111}, (IV), (V), (V1) are:

_ Re
R (R30)nH
| /
Ry ~ (X} - Rz -N\ (1);

(I|z4o) nH
Ry
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and $ Ris Hor CHerr]; Rlerr] is a (err]-Cerr]
saturated or unsaturated, substituted or unsubstituted, al i phatic
hydr ocar byl radical; Rlerr] is a straight or branched chain (Jerr]-Cerr]

al kyl ene radiwealv70940R[err], R err], and err] are i ndependecriogedizelosane
or different, straight or branched chai 7C[ err]-Cerr] al kylene radical;

Rlerr], Rerr], and R err] are independently Hor CHerr]; Rlerr] is a
straight or branched chain (Jerr]-Cerr] al kyl ene radical; X i's oxygen or
sul fur; mis O or 1, nis an integer, independently 1-4; and R' is a

hydrocarbyl radical containing from9 to 29 carbofj®atons with the proviso

straight or branched chain, saturated or unsatura%ed, al i phatic :
that ¢« when R' is a branghed chain group, no rmre(RthQHZS% of the carbon

at ons are in side chaip or pendent groups. /
Ri - X)y-Rp - N - Rg - N {(II);
(1|250) nH (1?40) nH
Rg Ry
O O ﬁ'
R* = C = OH (I1I1); R"-lcl,'-o-C-R“ (Iv);
o}
I Ve
RY — RY o .
(3 w0 = " Ca oo
4 S
where:
Ris Hor CH3;
R4 is a Cg-Cog saturated or unsaturated, substituted or unsubstituted,
aliphatic hydrocarby! radical;

R2 is a straight or branched chain C1-Cg alkyiene radical;

R3, R4, and R5 are independently the same or different, straight or branched
chain C2-Cs alkylene radical;

Rg. R7, and Rg are independently H or CHg3;

Rg is a straight or branched chain C1-Cs alkylene radical;

X is oxygen or sulfur;

misOor1;

n is an integer, independently 1-4; and

R" is a straight or branched chain, saturated or unsaturated, aliphatic
hydrocarbyl radical containing from 9 fo 29 carbon atoms with the proviso that
when R” is a branched chain group, no more than 25% of the carbon atoms
are in side chain or pendent groups.



\38 %Mﬁmnm""wm, The corrp05| ti ;)ﬁ801: claim 5, where the friction

modi fi ef % et hoxyl at ed am ne, alkyl amde, or mxtures thereof. 7.
The corrp05|t|on of claim®6, where the conposition further conprises a
borated or non-borated succinimde dispersant, a phenolic or am ne

anti oxi dant, waodvoeémat the sum of the di spersant, antioxi danpcressdndsiocti on

nodifier is between 2.0 to 11 wei ght perC@ﬁ' of the conposition. 8.

The conposition of claim1, where the conposition has new and shear ed

vi scosities of at Ieast 6. 8 m’r{err]/s at 100[err]C : The conposition
of claiml1, V\/n a Wga S at

| east 6.8 erfs at err an ?‘em 52“8“'8 Wl@g‘f Srf&?'h% E}§ gh
shearing rates B°’E\ﬂatf53 Prﬂ'kﬂéﬁ“‘ﬂ%rqr]m“‘m'eiﬁ‘ereqfc met hod for pr odum ng
the conposition of claim1 conprising the steps of: (a)

roviding a maj-pr a ddi n
![Do the | 8br| ca![fl)ng gﬁTg]{:%e Vi sco%hﬁhbwgqhé ﬁ'@gﬁgoq %"tge[)(:é%ﬁ%? % gf
the friction mhorates, or ﬂ°!!1b°fat¢ﬂe$§6¢m'8§¢$l dispersaghy aophenalicc|ofi ramine9,
where the Vi scogitioxidamtli Sl thatthe sunvaifemel éﬁaahtankueﬁaaﬁth%dahwﬁbn

i nemat ¢ vi scdopupet R et B8z ol ﬁﬁ@@é"’%’b‘cﬁ*@%%" S| e

8. The composition of claim 1, where the composition has new and
sheared viscosities of at least 6.8 mm2/s at 100°C.

8. The composition of claim 1, where the composition has new and
sheared viscosities of at least 6.8 mm2/s at 100°C and at least 2.6 ¢cP at 150°
C for shearing rates up to 1x106 sec.-1.

10. A method for producing the composition of claim 1 comprising the
steps of:

(a) providing a major amount of the lubricating oil; and

(b) adding to the lubricating oil the viscosity modifier and 0.01 to 5.0
weight % of the friction modifier.

11.  The composition of any of the claims 1-9, where the viscosity modifier
has a molecular weight less than about 175,000 atomic mass units and the
synthetic lubricating oil has a kinematic viscosity of 1 to 40 mm2/s at 100°C.



