VI SCOSI TY | NDEX | MPROVERS FOR LUBRI CATING O L COVPCSI TIONS  FI ELD OF
THE I NVENTION 5The invention is directed to polynmers suitable for
use as viscosity index inprovers for lubricating oil conpositions
including lubricating oil conpositions for passenger car and heavy
duty diesel engine as well as marine diesel engines and functi onal

fluids, such as automatic transm ssion fluids, and to |ubricating oil
conposi tions and fYHGOSEE IERSHHORJCUBRECATING Ofhr e

specifically, the 10present inventégﬁgtéﬁgtgiﬁied to certain |inear
triblock polynmers having a specifi e and star-polyners
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30  polymer-type VI improvers are commercially available and a great deal of research
has been done to develop star polymers providing the optimal balance of shear
stability, good solubility and finishability, thickening efficiency and cold temperature
properties.
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4 SUMVARY OF THE | NVENTI ON In accordance with a first aspect of
the invention, there is provided a class of polyners suitable for use
as viscosity index inprovers for lubricating oil 5conpositions, which
pol ymers conprise linear triblock pol ynmefs and/or star-pol yners

having nmultiple trib]ock ar oupled to a central core, such as a
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it ti I i g, i Si ng. a naj t .of I
of T ubr '8t i ng vIAEDERERY (RF LIPS Rse 0N s ry s raheE B Bt t
of | ubri cat iryhgMh8IGRRES ¥ndBikw BinRSToh YE AR TRére ArARS) EREs Mt fluéle
first aspect. In accordance wwth a fifth aspect of the
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star pol2)meiaderatn Yy isAn enpirisalimiien et denspdeuibe kinemptis vissptipeat a
core, whi ch can;pe chatach st A(?D@?angyl ob%e 3];18’53"%&%;&43 Ta%@ﬁr_@'alﬁ)&%i%ﬁ ASTM
wherein D represents an "outer |'ock ‘deri ve rondi ene;

represents ®dAIocK dghidrwddndicans adewedské oydnae efieiscdsity mefhr tempatagirannd

i nner random derijved.fromdiene; 10 n represents th ver g nunber
of arms per C%?%P‘%&‘%%’Pfqvﬁfl%é% CHYAIREPST P& SEﬁCﬁgca HE fh%‘g el esof

a pol yal kenyls-6Q4RhAGGNFREY: AR hal®h Bvd kiHeABiic H3oskty B ROLS SHich Rsults
nucl eus of a pol yal kenyl" coupling agent.

25  inreduced frictional losses at low shear viscosities at 40°C, thereby contributing to
improved fuel economy. For maximum fuel economy benefits, a viscosity index
improver will provide a reduced viscosity contribution over a range of low and high
shear regimes, and over the full range of operating temperatures.

It would, therefore, be advantageous to provide a polymer useful as a viscosity

30 index improver, which polymer provides all the advantageous properties of previously
known linear and star polymers; specifically shear stability, thickening efficiency, and

cold temperature performance, which polymer further has an increased viscosity

index and provides a fuel economy benefit.



At | east oneofdiene blocks D and D', preferably each of diene bl ocks
D and D', are copol yner bl ocks derived from m xed di ene nononer, in
whi ch from about 15 65 w. % to about 95 . % of the incorporated
nononer units are fromisoprene and fromabout 5 w.% up to about 35
Wt . % of the incorporated nonomer units are from butadi ene, and
wherein at | east about 80 wt. % of butadi ene, preferably at |east 90
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7 configuration. Increasing the percentage of butadi ene incorporated
into the polymer as 1, 4- units can increase the thickening
efficiency properties of the star polyner. An excessive anount

pol ybut adi ene, particul arly pol ybutadi ené having a 1, 2-
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the polyner as 1,4-units, such as grgél,tgr han about 60 wt.% nore
preferably greater than about 80 w. 9% ~ A as about 80 to 100 w . %
most  prefser allitA peBhRis hdvih AbRke SBIER atths 2bupl&Ush RarARBH whtcian%0
to 100 wt. % Sui t abl € nonoal kenyl arene nononers i ncl ude
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copol ymer and will instead comprise a pol ybutadi ene block, a tapered

segnent condaPifdsforpiperhlockPertas amymbsopreesas reeldewlarovei ghteod dism alwd
5,000 to about 60,000 daltons, more preferably from about 10,000 to about

30,000daltons, before hydrogenation.The term “number average molecular weight”,



25pyri di ne, quinoline, N ethyl-piperidine, Nmethylnorpholine;

t hi oet hers, such as dinethyl sulfide, diethyl sulfide, di-n-propyl
sul fide, di-n-butyl sulfide, nethyl ethyh sulfide; and in particular,
et hers such as dinmethyl ether, methyl ether, diethyl ether,

di n- propyl ether,, di.-n-butyl. ethe di - . g - ,
i oPerny ! o fraed bt efets ¥ € fiher flr S idio i gl s BRAGKL B BRI
benzene, ancEmeitidh @hb@a@gy@yyto“@lscaeﬁmapﬂystmusandard. ~ Even
with controll ed nononer addition and/or the use of a r_agdomz t he

nitial and tor minaldigen o GesizstorDskpBl yEbANE Ras HS Ay DHEGEA BYBLber
th " dont' ) i trh»
oon 2ot R e Bloc? o RANTE IS bYCtnd S8R ARG TRl fer BERED Y Radittn

t hi s i nvent ifatind tohefla@icathe shogtombiiony ghrypeetics ofeiansargopyphemn stahpolymeoy
a polynmer bl ock, the preponderance i

f which ter t 80%
preferably dHéba@esenhayCTo the rafio Sgﬂ’ﬁ!né‘lﬁﬁjéffg e%f’?ﬁa’? Ig(g%uq%g@ﬂglﬂtqs"ffolu%
the random it hof Bl nGAEDNORRL. B &l hitigi? ERESOLNENDS s BrsblaBly at

the living polynmers are forne e Inert |liquid solvents, suc
hydr ocar bondest gbout 4l4: hlsath as Hyestadmubbis, swchpmérgdpatieast ahewtad @], and

hept ane, oxt ane,. 2-et hyl hexane, nonane, decane,,.CV.C exane
melto hyl cycl éﬁgiéﬁﬁ’@,‘)féli‘e X@V@aﬁ?wgeﬁ%gﬁ@&@l?&%t‘%ggﬁée, nimber, aygage
et hyl be %e“‘%nolteaﬁae%ig@go%imfér SidakIIPeNpaI8ELlyRE RRYY HBBZENSS; such as at least

Cycl ohexane 1s prefer M xt ures of hydrocarbons e.g.,
101 ubri cat i rajpouot 0.8:1, maye mefratheailsest about 1.0:Tthe t enperature at which

the pol yneri zatiqgn i.s..conducted nay be rie .t hi A ra .
suchpasyf rom abo a@é@&ntt%p% 5 Téﬁ Y d;ﬁlg?resg%ﬁbﬂl? l?éleg%s‘gpga&f] @8%&?%%
about 80C. THBCiEEACITEI thE Stab poliRetsyofGRE priegsht Qiventidh @ proveidé improved

at nosphere, such as nitrogen, and may optionally be carrjed out under
pressure e. griscomepicprepertienin lpbrigating a5 cgmposionandsgipmatis tasgussion
The concgnt rat.i,on .of | i i r M mer
may al sol%var@lulcvi\i”tv‘flulllc?‘lu1 %E\%f enfJLl %lf?félg&%ﬂggl%sfﬁ %e’fﬁeer mﬁ g)l é;rs tb Fﬁeﬂegjg?ssiggﬂeé
nol ecul ar weingdtio@fard ferd tembagtupetespmisivebarpprindi st palystes, apd bygirto

the living polyners formed via the foregoing 20 ess
reacted i n aAollapRgiat Fmef?té%épif&?aﬁé}&ng% 4sugh B%P@&I?é A i%(ﬁglt? ng
agent. Pol . [ t ]

9 Y 3l BTN isHRHPAL %ﬁ%&y@gﬁﬁ?%ﬁeﬁ&r&% Whitdh Shificd kydRhfg

have been known for anu are described, for exanple,
in U S. PateptniNgessaryd 8518 3¢udilpekyaidiegatiteroparpiuiasgbereR08C 4¢ provide

conventi onal | y_.conpounds havi nq.at | east two .non-conjugated, al kenyl

PG aB B 3 ik oL EREts 4 SRee OeS A A R good

el ectron-w té’hg{r%"&u%ﬂ‘i'@i elovt c%llgpseaelﬂﬂﬁ!h@ﬁﬁi' b6lyRieed EURe pRB&H iSRATION Rdalts
:

have al kenyl oups that are capabl e of independent reaction with
di fferent | imiamgdyrsfl kinermstiantbcpsitytat H6°G, edpecimpipeesdifopaifeider popange of

conventional .conjugated diene [ I rs. : .

but adi ene, i‘%‘g%fsjﬁﬁgfﬁse&i%m (%ﬁpg?h%/g?%u ni clﬁfggﬁ%@eg% Sgg 1%2’;1/ pse

coupl i ng agegieiBite PSSP duSdGhe BRiFodmatte TBlimb&eRal 0090 ahd ¢esults in
aromatic or heterocyclic. Exanples of aliphatic conpounds.i.nclude the

pol yvi ny25 arigicisasodsheayistahilisywishnait apdveatoationben thiksabg sfadengygthereby
phosphat es as_wel.l i I - . et

di met hyl acr M%Yln%%gnﬁ/ggf %ﬁ&{scéi ?%%?aélr%etg %%@%@%bﬁgaéa ﬁ%éed“ npdesratiurr?ctloude
di vi nyl pyri giemer @asl 100°C prytidei oghepstymedBaving a rediitvel Ipkefdynamit volume

coupling agents are the polyal kenyl argqmatj ¢ conpounds and nost
pref erred arfeve[ﬁéal}gs|0§\9p?rﬂlﬂ&’$€6]¥§{%ﬁéfe&§ﬁﬁl&ﬂ1@§? gﬁgﬁrrpl es of such

conmpounds i ncl UdePIIB&QQDq%ﬂ% etgrqhaqlgj%%ggmﬁ%@ger P66 Bfoatdr AAASTHOwt. %,

xyl ene, anthracene, napht ne an h are Substituted
with at $ceasst thevintalakeuyt oftpodydisne B phedtar mibyyeraof thelindention ecddrived from

thereto. Specifi.c exanpl i ncl ude t ol yvinyl benzenes e.
di vi nyl | trik’/‘it?ﬂ}Fneaergftgé’{%f%\?F ft ﬂE%‘T‘F;@n‘gE*@ RO H§%¥%¥viﬁ%‘?§/ﬁ Fyt g6 of the
total amount of butadiene, which can be incorporated into the polymer as 1,2-, or 1,4-

configuration units, is incorporated into the star polymer is incorporated ina 1, 4-



10 (CH=CH2)" wherein A is an optionally substituted aromatic nucl eus
and x is an integer of at least 2. Divinyl benzene, in particular
net a- di vi nyl benzene, is the nost preferred aromati c conpound. Pure
or technical grade divrnyl benzene (cont @i ni ng ot her nononers e.g.

styrene and et Sé{%r st r be used. The coupling a%ents may be

used i n admni S FIPg geaiage oh fuiadicap HsAwPE %Wéhthﬁrﬁ@b@é@ie
the 15size ofs tt he Ilﬁggq{ a
case, the nugl eusucan aggr%é%aggrﬂ}ebtgﬁkéﬁﬂ eﬁfc %@5 Eg%{%&/ @gusp Ipfié‘ﬁhe An
agent / nonoal &eesgi veam,irmat pdybﬂaﬂ:mﬂaﬂlnﬁﬂaﬂpps],ybetaglenahavmg alz2-

on(drvrnbee zen / monoal ken aro onpound). nucl eu
pol yal kenyl ﬁ 2™ a?@’éﬁ?vesar%aﬁlivarsﬁé 8‘3(‘]’830?’631?%3@}'6\/1?%@’%&% R’é?PemeS
after the pol ynerrb@;ﬁ&ﬁ&ﬂommérbﬁséa%q ﬁéc&éoé%@ﬁfe%hbl?ﬁﬁ i &Qﬁ?ﬁx%ﬁe%’t

i.e. the agent should be 20 added only after substa
nonomer has IBeBH0B 6AY be inseippratedhistd the palynpoliyeihes a 1,4- or 3 4T¢mﬁgnmﬂnn or

or ef or 4 y. 5 TELR WP B B e TR oh s MebBrer i e
of unsatur atlﬁﬁyﬂldr\als Ng-Pdtsy SRh -as AFEatH HfanQhoht’ Glmvﬁ%oﬁforelprb&rﬁﬂ? gfe:atgellS than
nol es, pref era 25 fromabout 1.5 to about nol es per

living poly Pu Wigtoesuchag gbouti$e te e mt. %,\mnséhre&!ablb@f@&dé@mabouw

or nore st agaes wfficient to convert at | east
about 80§wt 9&?65%%%{953%3%@@?%%/{%'ymsr into star-shaped
pol ymer. The coumultalgemmoalﬂcemymaﬂe b@n@rﬁéﬁshﬁﬂud&hoﬁdﬁﬁ}h@rm sol vent

as the livi n zﬁfé TTEI’I zation reacgtion. The coupling reaction can
be carried (9 Itnpa‘e e%i‘i P8 5FRE: MRy panbihaseney anyell asthe Alkakated om 0C

to 150C, pretgralk 20C y
be conducted in anyrtﬁr?géra?q Sgtm rrhogs% %r gh&)ga{paHﬂs?l%nglPﬂ- 8{}13/?%&}8%8'%
pressure of tértiambatydstyrepe. 5Tbapref@redhmnoa]l<(&nplar@e is shilrene. The

resul ti | i near .Qr st r sha ners can then be hydrogenated
usi ng aﬁg sui t abl &9 ﬁEB R Cﬁ?ﬁﬁ VSﬂt‘QPa‘PéY QY ARYNISE WLBE €. 9. a

copper or Md&ﬁmwgﬁ@ﬁuﬂ@bo@zﬁbwmoﬁ%aﬁroﬁt NB0RORY Ea1fFak HuSh a0

nobl e net al - cont ai ni n8 mpounds, can al so be used. Preferred
hydr ogenat i &igntahoat §&Pe0 éﬁimﬂaimalwu55@ﬂaﬂoﬁrdﬂ31063,rmefatabbrfrta"n raboutréoHI00

met al - cont ard%&géggw%gpgé fjagﬂooup VI1I of the periodic Table i.e.,
par u :

iron, cobalt "Ri ckel . Speci fic exanpl es of

preferred hydroggmpb@meesa@fahag feSerit iplerden Baiei e Hoak ko At D5 GhR (neD
ki esel guhr. Particu] arl é} sui t abl e hydrogenati on catal ysts are those

obt ai ned’ by 2Rk 4itpgbeuie PFFifﬁrabldafFQW abew HPde ﬁbl@-lf £ aﬁé&cStal?\PthmQrSgﬁ e
d |
Conpounas, OBy a8 AL k05, U ML) T B B

that is att &¢heeDdationste abedtl om@nmum@smeﬁxm&oarmaﬁoﬂ%sﬁﬂchmd)oo
for exanple maiugfa]%(fgaent No. 1,030,306. Preference is given to

hydr ogenat i B2 EsamRePreigrabhyEomgbart S00HM0ARont 760, 48daltons,
(e.g. alum num t frh&{dbdckieb q?r}ﬂqelgragéwayéﬂﬁsrdf'ﬂ'?&g% &%%rg Bf ﬁ%Ct

with a nickel salt of an organit aci ckel

sal i cyl a1 e, pisbasit elventgrivah be &ieedni tikizlg [l ehdry biahmianiopdlgmeniatioa) in
di-tert- but% benztglate ni %el salts of satu a d n%nocar hoxyli ¢
aci ds obt ai RGPy I VG PFISEHFeSt 2B rRIDIENHIRAT 5 ed, 105 XA Rlg 1B ShS-

atons in t hpate@es We2 M 4shnaay. bOth&RWHdH6@'Td "Fﬁngeférﬂadt ﬁlagﬁe§ence
of acid catalysts) or with nickel enolatés or phenol at es .

ni ckel acet dhmaeet swaekthiunh bydipedceon. s&lltabwfhtbumyhyairmadpdme rmmirm)a

Sui tabl e 20 [ atl on,cat own to those
skilled in 'fl{%%éa(r% a‘H’&P‘W s ?%36%3 lrsﬁ‘d%r“& n?%ﬁ%b’ Hﬁ’l%a%ﬁemrm QAR AR,
be exhasst i sth as phenyTlitaiukY 6k @hi GRENt
invention is sSrS %)a%llyﬁécg%uc?ggml n 112:2;', 8{6&%1@?@%@\1}2%@%]@% S

inert duri ndiR@anicalasdhe alkybithivsmscrich as methyllithivey efydlitbivar, pormyllithiim,
butyllithium, amyllithium, hexyllithium, 2-ethylhexyllithium and n-hexadecyllithium.

Secondary-butyllithium is the preferred initiator. The initiator(s) may be added to the



pol ynmeri zation is conducted. Suitably, at |east 50% preferably at

| east 70% nore preferably at | east 90% nost preferably at |east 95%
of the original olefinic unsaturation is,hydrogenated. Alternatively,
the linear and star polynmers of the present invention can be

30sel ecti vel y. hydr ogenat ed such t | ef.q i :

hydr ogenat eﬁ&’ﬁ%ﬁS@%} n\?\ﬁ}lﬁeén t%ﬁ%togﬁlg Fféa{lig%egh stf:g ﬁlﬁgio#él?\%} ‘gﬁg addifional
hydr ogenat edndfonser] esser extent. Preferably, |less than 10% nore

preferably | ess than 5% of the aromatic unsaturatt ns are

Eydr ogenat ﬁd. 1 hedriblork limeas pabarsenand wflack aHRs BLies siEF BONSE fehs
examl e 1 niiret ipRhlAel flaiq pleflyddf Bider A LS ARSIIMERLRO e

U.S. Pat gnt éhonkrdé8., pdEmefiaingahy raadommy]tisvprenedpot youtadesnedopalysiet.i d
formfromthe solvent in which.it 5 is hydrogenat by a cpnveni ent
means, such falowsd g ardition gt theetags) .erﬁg'?%gﬁai ﬁ@é‘?@ﬁwewfareé’.eg.
ubricatin i i sol vent

g ﬁédomé{f%ﬂ@%e@ﬁﬂ?% ﬁggyr%&?zaﬁgﬁ b iH@Reco Fartdaen

stripped of romthe m xt ornmed to provide a concentrate.
Sui t abl e coniyisopatredotyintaiienefoopolymisotet foBnatliviag polabevhavies the fognula

preferably from abou . 9% to about 15 wt.%.of th t.ar I r.

10The |i nearP® gppgqng?p 1§ y@ﬂ:é‘y %wawgﬁﬁoi%bué?ﬁgnﬁgg

principally int h&eﬁﬁ/’iﬂ@ﬁb(ﬁ%i&@%}cﬁé/p615/5‘1.&5&@1%01)61%13?%515@Oiiﬂcﬁorfm’l’, in the
y

passenger car and heavy du i esel "engines, andt in the formnulation
of aut omat i abseneashitegireper chutralof drecpodyneiizagien avikedsshescibsd it Uot- Patent

oi | of lubricat] L,SCQsi ty VI 1 [{prover . i - in:
amount eff eﬁ?'yef@og\[lho%‘?qf atrﬁ]é‘ﬁ{}’il SESSTTY a}nrcl1 d@? 1%%?@%&8 %??@éﬁbﬁ%ﬁxeﬂ@
oi I, and optygurahk kapedddaehnentaddiaidingbothbutdanednd Goprenw nddtibinproduct,

| ubricating oil/automatic transm ssion fluid conposition with the
required propértroddsoprensrtileck i Tryprspare amendem enpabmeer; 15 HaGTE SSCHYE 1 ui d

conposi t #5226 I%gaadYen%%%n%in&r &r&?r del JA981 ﬁ%ﬂ%{lgﬁo %ﬁ@}?ﬁ} n LY P Rfon YeadtigR HAYRFe

of the p Ihventron in-an anou from t 0.1 w. %to_
about 2.5 Wcobeairingfienesslyactive isopteas tudh tRatvthe nifar oatabofithe obowersip the

nore preferably fromabout 0.4 w. %to, 20about 1. .% sta as
mass per centPOAERRABLUPR BHEMEH ﬂna(“_ﬂPT_e% At th é"qulHP‘ia %FVF]g _rﬁﬁ_fl aa(%oelﬁ) bt
lubri cating ol @Rl i @RS tﬁﬂgﬁ&d&'ﬂ? a88INR AShixtRB of tHaenonomers to

viscosity index Inprover of the Invention may conprise the sole Vi
i mprover, orbemyolymetigeditol the polybienatticorminiturh. bivieg ragflomrgepelysiess mayr

exanpl e, in conbination wWth an VI .inprover conprisin 5

pol yi sobift yl 3@%?5;?6 WB%?&)%F@T%% Qpthe gﬁ&“&ﬂaafboﬁ’gﬁﬁ%?{s&(l &:Eﬁ a sosgalled

pol ynmet hacr vl fSizerTaidiaomided! e pORPLIHIBS s GRPAb ioRIdactfat@the catalyst and
unsaturated di carboxylic acid and a vinyl conmpound, interpolyners of

styrene and racdomhize thesnamer inawhich Jhirmeriragrs aredpgrspoaeddntgrto dhapadyiagr

i soprene, styrene/butadienpe.. and :

i sopr ene/ but%’&}ne é11tgl§)%5fu§;ﬂgg}1§rs grseq\%\lgﬁy %ﬁﬁ% T%gﬁ(gg%ste[ ﬁgeflvlﬁ}lg Fogenat ed
hormopol yner sirigfhyhistinglidanehanehihg apmnefepylafitel i-nbutyldmine adimethylaniline,
viscosity usef_ufr in the context of .the Npresent [ nvia_nt_l ](j)n % be

sel ect ed5 r opviriséncy Avinoling N-ehyl-pigending N-gistpd@errhofipgt ’85‘?‘? oSUSHS
and m xtures,.t ie6at b j ' ' | m
Tant i st TEeERged e IR bAEpRIpy) STde ANAU MIREPREAYL ShAT
gasol i ne engiufdedahdin prrianal ethedssicads digethiyl sthem thektedether, Hethiyltepher, di-

NIRRT AN 5 EN NI TN TG D O
centi stokes f o 3DqU iRt Jeil-0K &5 dinfihyTERS S En 2 ind BRGic ethers, such as
30 tetrahydrofuran.
Even with controlled monomer addition and/or the use of a randomizer, the
initial and terminal portions of the polymer chains may have greater than a “random”

amount of polymer derived from the more reactive and less reactive monomer,



Natural oils include animal oils and vegetable oils (e.g., castor

oil, lard oil); 5liquid petroleumoils and hydrorefined,

sol vent-treated or acid-treated m neral 0|Is of the paraffinic,

napht heni ¢ and m xed parafflnlc napht henfc types. QO ls of Iubrlcating

viscosity derived fro hal e al sp, serve .as psef ul, se oils.
s hfryh random

Synthetic | JBTREERYS g ?fF r‘f’ %‘&fl tﬁ‘a@mﬂ?%f‘r {sEBYFngP.Lhe frgm “ran

hal o- substi tdhe dﬁl@&lﬁ"fﬂ%lyrﬁéﬂ chadu6ha ?ﬁlyﬁfél‘ YRk | tBEPreBBiterance of which
interpolynerized olefins (e g, 10pof ybu polypropylenes

propyl ene- i dgteatey ItlwnéO&’oammfymb}ygreatm tban 9%5&110];)@‘6 givatey than &6 %) results

pol y( 1- hexenges ol y(1-9ct.ene ol y(1-decenes)); al kyl benzenes
(e.qg., dodegﬁp%gﬁggﬂ%%?a&%b?%ﬁi%§?%@ﬁ%%ﬁ5@ ginonylbenzenes di ( 2-

et hyl hexyl ) benzengs)solvRatsiR R the [iPing pol YR SRbSmed 2€ BRANMuS solvents,
al kyl at ed pol yphenol s); and al kyl at ed glphenyl et hers and al kyl at ed
di phenyl sulstFeshyisecarsue eigsatiphatic hdsrcarhona sechrspeiens bexancebeptane,
where the t SrRer SR RS A B SRS H B R P Romaric
E?\f)\%l fsly(rzlf1 thg?F Eocﬁlﬂjg?f ?:git ?gﬁzegﬁltgmh?hgse ar edriggﬂélﬁ;{?ﬁgléﬂgfeé@lmem

pol yoxyal kyreprylpssesassy & Yﬁﬁ% Beang és prpfepisily Mk fusestq é‘ﬁd@Pa@PM‘F &ne oxi de
or pr Opyﬂoen%l%ﬂﬂﬁhg&ls efli?)eoeadsgé'l and aryl ethers of

pol yoxyal kyl ene po s“(e.qg., nethyl- polyiso-propyl ene glycol

et her having a n’d]‘hecterhpeframm zgh!thmﬁ thﬂ:@ﬁ@nmnzdnqnhﬁmyhdmdmlana}olﬁe varied

| t hyl | |, h | | h d
Tono- and por UaF BOss e SRELrETenaPRar SUROP BRAHETEC RREANE(pE dekt
esters, m xede&%; &Hut 8040 P La&RIn8E &11?&'33! &%ﬁ&f‘&n%‘f bl 1ﬂh%h§§ph91fe such

tetraethylene gl ycol . 25Anot her suitabl e class of synthetic
| ubri cating a@nitmgcmrﬁndlmsonﬁhealésheecramuf outivpdejprsshrecs. @cd pisssues of from

pht hal i ¢ _aci i ni ¢ 'd al kyl succinic acids and al kenyl
SUCCInIéSaCIg@n%ﬁ%fé} 5@#%? ‘azel ai c acid, suberic acid, sebasic

acid, funmaric aciThe caféeptti@tofthe iﬂltﬁ‘:ﬁbﬁh&‘éd@&{n@ phtc TR livii@ b@l?‘hﬁr aﬁ?;talso
alkylnalonlc aci ds, al kenyl mal oni ¢ aci ds h a variety o | cohol s

(e.g., butylvagi ‘E@lﬁéla wide xapige ghé Meﬂnmﬁdébyhe desigH anpole wesighilofigey |
al cohol , eth 435% coI di et hyl ene gl ycol nonoet her, propyl ene
glycol). SpeC| xanples of such esters includes dlbutyladlpate

di ( 2- et hyl hexyl ) Teghavidé & statlpolymieXiyd hvhngpbl@rmrs fdraed yiasﬂeebﬁﬁ@goﬁng
di i sooctyl azel ate, djisodecyl azel ate, dioctyl phthalate di decy
pht hal a®, #FQEEJRYY Betractsd én an #ilitsona] FpeRRISHPP, aYidist alyabkeny ﬁw@p&

ebaci ¢ aci QUL b AR R RRD s SR ot B o R bl PO e o

2- et hyl hexakoowen dmi adnumber of E@reamﬂ are désmhbecﬂs, feyextahgild, in OL3. PatensNo.

i ncl ude tho C5 to Cl2 nonocarboxylic acids an ol yol s
and pol yol _daearats peRELCRAGHTE Mg remorvER s ally hoPar B DaruS o
pent aer yt hr ijd,gf twoq{o%%ﬁfg%béw&meh?ﬂ gréﬁ'ﬁ& tffdcﬂ%%@g %ﬁ@&hbﬁﬂttached to the

Silicon-based oils such” as the polyalkyl-, polyaryl-, polyal koxy- or
pol yar yRoxy sithé oodidfersink sleetneh-withdrewing mbiety @grqmrarwuatammlcamm Ggeﬁ ul
class of synthetic ubr| oils incl eth i cate,

h
tetrai sopr ofyFPRTIds Ayl ?‘E’ﬁ rgEPuPﬁﬁ‘aé?ﬁ?fFB@?/P#@ﬁ?ﬁeE? Féadhon B¢

tetra-(4- mﬂﬁ?drerﬁ‘li@lﬂ%dl‘ﬁﬁ&’rﬁ%h& iC@lsSesgett o d{fRerb@ionDsnventitany| )
10silicate, hexa-(4- nethé - 2-et hyl hexyl ) di si | oxane,

pol y( met hyl ):@mugat@dw@l@n izablesnonpimphesigh s biiedisnedsoptseete. Pure or

synthetic | t i,d_es

hosphor ous VABHE B kR eotiing B BT bR i S somppngsppay be

phosphate, diigtahiy] ar@ﬁﬁaﬁcﬁ oﬂﬁet&@@c'hﬁ hpspnpRs 6f aq«;p}ﬁhc atelpaldy iihide the

tetrahydrofurans. Ashless dispersants naintain in suspension oi

i nsol ubl es PaEHIN ﬁgﬂ palpallyl acetylene, diacetylenes, phosphates and phosphates as well as
dimethacrylates, e.g. ethylene dimethylacrylate. Examples of suitable heterocyclic

compounds include divinyl pyridine and divinylthiophene.



150xi dati on of the oil during wear or conbustion. They are

particul arly advantageous for preventing the precipitation of sludge
and the formation of varnish, particul ar IOy i n gasol i ne engi nes.

Met al - cont ai ni ng or ash-form ng detergent's function both as
detergents to redyce or renove. de i j r.al.i

rust inhibitors, é’f%’%?e‘igﬂ']ﬁlinﬁéggﬁé %é@éﬁo&ﬁﬁ%o r1 gysolrﬁgal'!nitcé% é%i%nagd)\?ng
engi ne i fe.m&ePﬁfgﬁmaﬁre gRNRIRlihyl eafid Genppupdd. dExdngac ofisuéh eonhmnmds
hydrophobic tail, with the polar head conprising a netal salt of an
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Mass % ( Pr efhatyl Behzod&hhicRd shlitSaRntdttd fohocadbbxdlic a8idVebidinePoy esaa6h 6f
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water in the presence of acid catalysts) or with nickel enolates or phenolates (e.g.,
nickel acetonylacetonate, the nickel salt of butylacetophenone). Suitable

20 hydrogenation catalysts will be well known to those skilled in the art and the
foregoing list is by no means intended to be exhaustive.

The hydrogenation of the polymers of the present invention is suitably
conducted in solution, in a solvent which is inert during the hydrogenation reaction.
Saturated hydrocarbons and mixtures of saturated hydrocarbons are suitable.

25  Advantageously, the hydrogenation solvent is the same as the solvent in which
polymerization is conducted. Suitably, at least 50%, preferably at least 70%, more
preferably at least 90%, most preferably at least 95% of the original olefinic
unsaturation is hydrogenated.

Alternatively, the linear and star polymers of the present invention can be

30  selectively hydrogenated such that the olefin saturations are hydrogenated as above,

while the aromatic unsaturations are hydrogenated to a lesser extent. Preferably, less

than 10%, more preferably less than 5% of the aromatic unsaturations are

hydrogenated.
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Thepolymer may then be recovered in solid form from the solvent in which it
5  is hydrogenated by any convenient means, such as by evaporating the solvent.
Alternatively, oil e.g. lubricating oil, may be added to the solution, and the solvent
stripped off from the mixture so formed to provide a concentrate. Suitable
concentrates contain from about 3 wt.% to about 25 wt.%, preferably from about 5
wt.% to about 15 wt.% of the star polymer.

10 The linear and star polymers of the present invention are used principally in
the formulation of crankcase lubricating oils for passenger car and heavy duty diesel
engines, andt in the formulation of automatic transmission fluids and comprise a
major amount of an oil of lubricating viscosity, a VI improver as described above, in
an amount effective to modify the viscosity index of the lubricating oil, and optionally

15  other additives as needed to provide the lubricating oil/automatic transmission fluid
composition with the required properties. Lubricating oil and automatic transmission
fluid compositions may contain the linear and/or star polymer VI improver of the
present invention in an amount of from about 0.1 wt. % to about 2.5 wt.%, preferably
from about 0.3 wt. % to about 1.5 wt.%, more preferably from about 0.4 wt. % to

20 about 1.3 wt.%, stated as mass percent active ingredient (Al) in the fully formulated
lubricating oil/automatic transmission fluid composition. The viscosity index
improver of the invention may comprise the sole VI improver, or may be used in
combination with other VI improvers, for example, in combination with an VI
improver comprising polyisobutylene, copolymers of ethylene and propylene (OCP),

25 polymethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and a vinyl compound, interpolymers of styrene and acrylic esters,
and hydrogenated copolymers of styrene/ isoprene, styrene/butadiene, and other
hydrogenated isoprene/butadiene copolymers, as well as the partially hydrogenated
homopolymers of butadiene and isoprene.

30 Oils of lubricating viscosity useful in the context of the present invention may
be selected from natural lubricating oils, synthetic lubricating oils and mixtures

thereof. The lubricating oil may range in viscosity from light distillate mineral oils to

heavy lubricating oils such as gasoline engine oils, mineral lubricating oils and heavy
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20 additive package for thi's enbodinment is |nfineum T4804 from
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(e.g., carbon dioxide). The resulting overbased detergent comprises neutralized
detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased
detergents may have a TBN of 150 or greater, and typically will have a TBN of from
30 250 to 450 or more.
Dihydrocarbyldithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,

lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
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Such organo-molybdenum friction modifiers also provide antioxidant and antiwear
credits to a lubricating oil composition. As an example of such oil soluble organo-
molybdenum compounds, there may be mentioned the dithiocarbamates,

25 dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

Other known friction modifying materials include glyceryl monoesters of
higher fatty acids, for example, glyceryl mono-oleate; esters of long chain

30  polycarboxylic acids with diols, for example, the butane diol ester of a dimerized
unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-substituted mono-

amines, diamines and alkyl ether amines, for example, ethoxylated tallow amine and

ethoxylated tallow ether amine,
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using X-ray techniques known in the art as well as by the use of a
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is calculated as follows: % Crystallinity = 14 Aff)xxx100% ,




4110 wherein ZAH (Jig) is the sum of the heat absorbed by the

pol ymer above its glass 20transition tenperature, Xnethylene is the
nol ar fraction of ethylene in the polyner calculated, e.g., from
proton NVR data, 14 (g/mol) is the nol ar'’ness of a methylene unit,
and 4110 (J/nol) is the heat of fusion for a single crystal of
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Total Arm N
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Basestock Balance Balance

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
5  additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition. The final lubricant composition may employ
from 5 to 25 mass %, preferably 5 to 18 mass %, typically 10 to 15 mass % of the
concentrate, the remainder being oil of lubricating viscosity.
The present invention also encompasses the surprising discovery that a
10  transmission fluid formulated with a novel viscosity modifying polymer exhibits
improved fuel economy over transmission fluids formulated with conventional
viscosity modifying polymers like polymethacrylates when the kinematic viscosities
of the transmission fluid of the invention and the transmission fluids formulated with
conventional viscosity modifying polymers, respectively, are the same. Thus, in a
15  non-limiting embodiment, the present invention is a method for improving the fuel
economy of an automobile comprising the steps of: lubricating an automotive
transmission with a lubricant composition comprising: (a) an oil of lubricating
viscosity; (b) a viscosity modifying polymer comprising a linear triblock polymer
and/or star-polymer having multiple triblock arms coupled to a central core, such as a
20 divinylbenzene (DVB) core, wherein the triblock polymers or triblock arms contain a
block derived from monoalkenylarene monomer positioned between two partially or
fully hydrogenated blocks derived from diene, wherein at least one of the diene blocks

is a copolymer derived from mixed diene monomer, in which from about 65 wt. % to
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about 95 wt. % of the incorporated monomer units are from isoprene and from about 5
wt. % up to about 35 wt. % of the incorporated monomer units are from butadiene,
and wherein at least about 80 wt. % of butadiene is incorporated into the random
copolymer block in a 1, 4- configuration; and (c} a performance additive package.

In this embodiment, the present invention utilizes standard methods for
lubricating a transmission as are well known in the art. And the lubricant composition
used in the method of the present invention is produced by blending the components
described below according to procedures which are well known in the industry using
standard equipment.

Performance additive packages useful in the present invention are well known
to those skilled in the art. Suitable performance additive packages are concentrates
comprising mixtures of additive chemical components such as anti-wear agents, anti-
oxidants, friction modifiers, inhibitors, detergents, etc., that when treated at
appropriate dosages in lubricating base oils confer desirable properties to the resulting
lubricant. In the case of the present invention these additive packages would be those
capable of producing manual transmission fluids, automatic transmission fluids
(ATFs), continuously variable transmission fluids (CVTFs), dual clutch transmission
fluids (DCTFs) and other fluids that are commonly used in automotive transmissions.

Suitable friction modifiers include amides; the reaction product of a polyamine
and a carboxylic acid or anhydride; succinimides and derivatives of succinimides;
ethoxylated amines; etc. These friction modifiers are described in US Patent No.
6,613,722which is incorporated herein by reference.

Suitable anti-wear agents include oil-soluble phosphorus-containing
compounds. Examples of suitable phosphorus compounds are: phosphites and
thiophosphites (mono-alkyl, di-alkyl, tri-alkyl and partially hydrolyzed analogs
thereof); phosphates and thiophosphates; amines treated with inorganic phosphorus
such as phosphorous acid, phosphoric acid or their thio analogs; zinc
dithiodiphosphates; amine phosphates. Other examples of suitable phosphorus
compounds include: mono-n-butyl-hydrogen-acid-phosphite; di-n-butyl-hydrogen
phosphite; triphenylphosphite; triphenylthiophosphite; tri-n-butylphosphate; dimethyl
octadecenylphosphonate, 900MW polyisobutenyl succinic anhydride (PIBSA)
polyamine dispersant post treated with I13PO; and H;BOs (see e.g., U.S. Pat. No.
4,857,214); zinc (di-2-ethylhexyldithiophosphate).
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Suitable oil soluble phosphorus compounds also include esters of phosphoric
and phosphorous acid such as di-alkyl, tri-alkyl, tri-aryl phosphites and phosphates
and mixed thioalkylphosphite esters, for example as produced in U.S. Pat. No.
5,314,633, which is incorporated herein by reference.

An oil-soluble phosphorus-containing compound can be present in the
composition in an amount ranging from about 5 to about 5000 ppm phosphorus.

Other suitable dispersants, antiwear agents, corrosion inhibitors, detergents,
extreme pressure additives, and the like are disclosed in, for example, "Lubricant
Additives" by C. V. Smalheer and R. Kennedy Smith, 1967, pp. 1-11 and U.S. Pat.
No. 4,105,571, which are incorporated herein by reference.

As stated previously, suitable performance additive packages according to the
present invention are concentrates comprising one or more of the components
described above. Such performance additive packages are commercially available
and well known to those skilled in the art. Examples of commercially available,
performance additive packages are: (1) the following products manufactured by
Infineum USA L.P. (Linden, New Jersey): Infineum T4575, Infineum T4904 and
Infineum T4300; (2) the following products manufactured by Afton, Inc. (Richmond,
Virginia): Hitec 2038, Hitec 2435 and Hitec 3491, and (3) the following products
manufactured by Lubrizol Corporation (Wickliffe, Ohio): Lubrizol 9680, Lubrizol
6373 and Lubrizol DCT 03 VW.

When the performance additive packages are added to lubricating base oils at
an appropriate treat rate, they confer desirable properties to the resulting lubricant
composition. Depending on the specific performance additive package used, various
lubricant compositions such as, manual transmission fluids, automatic transmission
fluids (ATFs), continuously variable transmission fluids (CVTFs), dual clutch
transmission fluids (DCTFs) and other fluids that are commonly used in automotive
transmissions can be produced.

In various non-limiting embodiments, the performance additive package is
present in the Jubricant composition in an amount ranging from about 1.0 mass
percent to about 20.0 mass percent. In a non-limiting embodiment, the present
invention is a manual transmission fluid comprising an oil of lubricating viscosity as
described above, a viscosity modifying polymer as described above, and specific

performance additive package. An example of a commercially available, performance



13538 24838 15530 16400 06591 (ra) cct 32620 34627 L96 27620 33118
26435 33410 35710 Description EP-S-EP Tri bl ock No Butadi ene (BID)
EP-S-EP Triblock with 22 wt. % EB in D ,0EP-S-EP Triblock with 22 wt.
%EBinD EP-S-EP Triblock with 22 wt.""%ED in D EP-S-EP Tribl ock

with 22 wt. a((){%ilt;il\:l)e ipzrilcklgge for this embodiment is Infineum T4804 from Infineum USA (Linden,
ND.
In another non-limiting embodiment, the lubricant composition of the
invention is an automatic transmission fluid comprising an o0il of lubricating viscosity
5  as described above, a viscosity modifying polymer as described above, and specific
performance additive package. Examples of commercially available, performance
additive packages for this embodiment are: Lubrizol 6950, Lubrizol 7900, Lubrizol
9614, Hitec 403, Hitec 420, Hitec 427, Infineum T4520 and Infineum T4540.
In yet another non-limiting embodiment, the present invention is a CVT fluid
10 comprising an oil of lubricating viscosity as described above, a viscosity modifying
polymer as described above, and specific performance additive package. Examples of
commercially available, performance additive packages for this embodiment are
Infineum T4904, Hitec 2435 and Lubrizol 6373.
In another non-limiting embodiment, the present invention is a DCT fluid
15  comprising an oil of lubricating viscosity as described above, a viscosity modifying
polymer as described above, and specific performance additive package. Examples of
commercially available, performance additive packages for this embodiment are
Infineum T4300, Hitec 3491 and Lubrizol DCT 03 VW,
The present invention also encompasses lubricating compositions as described
20  above. According to the present invention, the lubricant composition of the invention
has a viscosity measured at 100°C from 2.0 to 10.0 mm?/s (cSt), and a Brookfield
viscosity of less than 15 Pa-s (15,000 cP), or less than 10 Pa-s (10,000 cP).

EXAMPLES

25 This invention will be further understood by reference to the following non-
limiting examples. In the Examples, all parts are parts by weight, unless otherwise
noted. The properties of certain VI improvers are described using certain terms of art,
which are defined below.

"Shear Stability Index (SSI)" measures the ability of polymers used as V.1

30  improvers in crankcase lubricants to maintain thickening power during SSI is

indicative of the resistance of a polymer to degradation under service conditions. The

higher the SSI, the less stable the polymer, i.e., the more susceptible it is to



EP-S-EP Triblock with 22 wt. %EBin D EP-S-EP Triblock with 22 wt.
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calculated as follows:

kv, . —kv .
SST =100 x X srest = KV ogter
kvﬁ'esh_kv

oil
wherein kv, 1s the kinematic viscosity of the polymer-containing solution before
5 degradation and kvaae, is the kinematic viscosity of the polymer-containing solution
after degradation. SSIis conventionally determined using ASTM D6278-98 (known
as the Kurt-Orban (KO) or DIN bench test). The polymer under test is dissolved in
suitable base oil (for example, solvent extracted 150 neutral) to a relative viscosity of
2 to 3 centistokes at 100°C and the resulting fluid is pumped through the testing
10  apparatus specified in the ASTM D6278-98 protocol.
"Thickening Efficiency (TE)" is representative of a polymers ability to thicken
oil per unit mass and is defined as:

TE - 2 ln kvar’!+po[ymer
cln?2 kv

oil

wherein ¢ is polymer concentration (grams of polymer/100 grams solution),

15 kVoil+ polymer 18 kinematic viscosity of the polymer in the reference oil, and kv is
kinematic viscosity of the reference oil.

"Cold Cranking Simulator (CCS)" is a measure of the cold-cranking
characteristics of crankcase lubricants and is conventionally determined using a
technique described in ASTM D5293-92.

20 “Scanning Brookfield” is used to measure the apparent viscosity of engine oils
at low temperatures. A shear rate of approximately 0.2 s is produced at shear
stresses below 100 Pa. Apparent viscosity is measured continuously as the sample is
cooled at a rate of 1°C/h over the range of -5°C to -40°C, or to the temperature at
which the viscosity exceeds 40,000 mPa.s (cP). The test procedure is defined in

25 ASTM D5133-01. The measurements resulting from the test method are reported as
viscosity in mPa.s or the equivalent cP, the maximum rate of viscosity increase
(Gelation Index) and the temperature at which the Gelation Index occurs.

"Mini Rotary Viscometer (MRV)-TP-1" measures yield stress and viscosity of
engine oils after cooling at controlled rates over a period of 45 hours to a final test

30  temperature between -15°C and -40°C. The temperature cycle is defined in SAE
Paper No. 850443, K. O. Henderson et al. Yield stress (YS) is measured first at the



pol ymeri zati on of hydrogenated butadiene ("B))"); and "S" indicates
units derived from styrene. Pol ymer Exanpl es 2A, 4A, 5A, 8A and 9A
represent the present 5invention. For each of the star pol yners of
Table 1, the coil collapse tenperature ( ), (in Goup Il base

stocks), b NiE RN ATl dui o Plitens( L ANE A0 YL RIHEheat LRBEIRYS Pa

i ndex (SSl) were erm ne ermned using 1 mass% pol yner
in STS ENJ- 4R3r dliflcaenite of 0.4 tT 125 1. eSphakant aiseosityawwepbetbdin mBa Faiyltee 2:
10 Table 2 Exanple CCT (C) TB SSI TE/SSI 1B 40 2.46 15.31 0.16 2B 120
2. 44 8.40 0.e99ivaRntely 2. 74 20.60 0.13 4B

"Pour point" measures the ability of an 0il composition to flow as the
5  temperature is lowered. Performance is reported in degrees centigrade and is
measured using the test procedure described in ASTM D97-02. After preliminary
heating, the sample is cooled at a specified rate and examined at intervals of 3°C for
flow characteristics. The lowest temperature at which movement of the specimen is
observed is reported as the pour point. Each of MRV-TP-1, CCS and pour point is
10 indicative of the low temperature viscomentric properties of oil compositions.
"Crystallinity" in ethylene-alpha-olefin polymers can be measured using X-ray
techniques known in the art as well as by the use of a differential scanning
calorimetry (DSC) test. DSC can be used to measure crystallinity as follows: a
polymer sample is annealed at room temperature (e.g., 20-25°C) for at least 24 hours
15  before the measurement. Thereafter, the sample is first cooled to -100°C from room
temperature, and then heated to 150 C at 10°C/min. Crystallinity is calculated as
follows:

% Crystallinity = (Z AH )x X methtene X % x100%,

wherein ZAH (J/g) is the sum of the heat absorbed by the polymer above its glass
20  transition temperature, Xmemylene 1S the molar fraction of ethylene in the polymer
calculated, e.g., from proton NMR data, 14 (g/mol) is the molar mass of a methylene
unit, and 4110 (J/mol) is the heat of fusion for a single crystal of polyethylene at
equilibrium.
“Coil collapse temperature” can be measured by plotting relative viscosity vs.
25  temperature, wherein “relative viscosity” is the ratio of the kinematic viscosity of a 1
mass % polymer in solvent at 100°C to the kinematic viscosity of the solvent at 100°C.

The CCT is the temperature at which the relative viscosity is highest.

For the Examples, a series of star polymers were prepared having
30  compositions as presented in Table 1. Each of the star polymers had on average about

12.5 arms per star molecule.



120 1.89 0.93 2.03 5B 120 2.34 5.00 0.47 6B 60 2.31 20.25 0.11 7B 40

2.43 10.95 0.22 8B 120 2.32 4.13 0.56 9B 120 2.35
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A comparison between Example 1B and Example 7B demonstrates that the

presence of butadiene in at least one of blocks D* and D*’ effects the SSI of the

resulting block polymer. Example 7B {(comparative) and Examples 2B, 4B, 8B and

9B (inventive) all have similar ratios between the size of blocks D’ and D*’, and

similar butadiene contents, but different PA contents, and a comparison between these

examples demonstrates the effect of the size of the PA block on both CCT and SSI. A

comparison between Example 3B (non-preferred inventive) and Examples 2B, 4B, 8B

and 9B(inventive) demonsirates the effect the ratio between the size of block PA and

D’ has on SSI, although Example 3B does provide a fuel economy credit (see Table

3). Example 6 (comparative) and Examples 8B and 9B had similar butadiene and

polystyrene contents, but a different ratio between the size of blocks D’ and D”’ and a
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made by bl ending the follow ng conponents using stan equi pnent
and procedurlésthagigh9é previdingwily -3 hetatie lubricatingldil omyositindiavinge high
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0.2 wt.%of a LOFT, Viscoplex 5011H sugpl ied 10 by Evoni kRohMax USA,

I nc; and®(4yelgthee tpafgicrnse ofl CHaRE1B1/12 (PV49@bada Purity L65 (PCB5)
supplied by : 2 CA). Al of the wt.% are based on

t he total mﬁgk‘%sgggg&t%%go‘fl%l??éggg conposition. The viscosity

nodi fyi ng polynmer of the invention in the formof a star polyner

havi ng an a\i,\%lg e of about 12.5 arns per star nol ecul e was made by

m xi ng 1510 oof the star polymer with 90 wt. % Synnestic 5
o by penefe DR K ER DRG] ¢ Sverson mver (o
resulting viscosity nodifying pol y@s)y of the inyention is an EP-S-EP
1C 0.97
2C 1.95
3C 1.78
4C 1.92
5C 2.09
6C Sample gelled
7C 0.97 (estimated)
8C 2.10
9C 2.27
15 As shown, maximum fuel economy performance is provided by the star

polymers of the present invention.

In order to illustrate the surprising discovery that a transmission fluid
formulated with the novel viscosity modifying polymer of the invention exhibits
improved fuel economy over transmission fluids formulated with conventional

20  viscosity modifying polymers like polymethacrylates when the kinematic viscosities
of the transmission fluid of the invention and the transmission fluids formulated with

conventional viscosity modifying polymers, respectively, are the same, the following



triblock polymer with 22 wt. % EB in D according to the present
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I nformation detedths) Ex29mi.es Ex
“EP” indicates ethylene/propylene units derived from polymerization of
isoprene; “EB” indicates ethylene/butene units derived from polymerization of
25  hydrogenated butadiene (“BD”); and “S” indicates units derived from styrene.
Comparative fluids, Examples 12-22, were made by blending the following
components using standard equipment and procedures as are is well known in the art:
(1) one of four (4) base oils; (2) one of three (3) polymethacrylate polymers; (3) one
of two (2) LOFIs; and (4) a performance additive package.
30 The three (3) different polymethacrylate viscosity modifiers (“VM”) used are
all manufactured by EvonikRohMax USA, Inc. (Horsham, Pennsylvania) and are as
follows: Viscoplex 12-075; Viscoplex 12-115; and Viscoplex 12-199.



Add Treat [w% Base Stock Base Stock Visc [mR/s] VM VMtreat [w%

LCOFI LOFI

treat [Ww% 21 7.5 PC65 2.5 STRIB 7 V5011H 0.2 22 15 PC65

2.5 V12-199 6 V1-180 0.3 23

10

15

20

27

The four (4) different base stocks used are as follows: PetroCanada Purity
L65 (“PC65) supplied by PetroCanada (Alberta, CA); Yubase 3 and Yubase 4
supplied by SK Lubricants Co. Ltd. (Seoul, Korea); and Synfluid PAO 2.5
(“PAO2.5”) supplied by Chevron Phillips Chemical Company LLC (Woodlands, TX).

The two (2) LOFIs used are as follows: Viscoplex 1-180 andViscoplex 5011H,
both supplied by EvonikRohMax USA, Inc.

And the performance additive package was Infineum T4290 from Infineum
USA. In the various exemplary fluids, either 15 wt.% or 7.5 wt.%. of the
performance additive package , based on the weight percent of the fluid, was blended
to make the comparative fluid. The treat rate for each example appears under “Add
Treat” in Table 4.

Table 4 shows the specific types and amounts of polymethacrylate polymer,
LOFI and performance additive package, respectively, included in the Examples. The
remainder is base oil.

The comparative examples were blended to varying target kinematic
viscosities @ 100 °C (“KV100™) by varying the amount of viscosity modifier for a
given additive package treat rate and base oil mixture.

Example 23 was purchased. It is the factory fill fluid used by Hyundai Motor
Company for its 6 speed transmissions.

See Table 4 below for a summary of compositional information concerning
the exemplary lubricant compositions. “Base Stock Viscosity” is the viscosity of the
base stock prior to the addition of any additives. In the table, Viscoplex products

appear as a “V” followed by the product number,



7.5 PC65 2.5 V12-199 8.5 V1-180 0.3 24 15 PC65 2.5 V12-199 3.5 V1-180
0.3 25 7.5 PA0O2.5 2.5 None O None 0O 26 15 Yubase 3 3.0
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Table 4. Compositional Information for the Examples

Ex | Add Base Base Stock | VM VM LOFI LOFI
Treat Stock Visc treat treat
[wt%] [mm?2/s] [wt%] [wt%]

21 |75 PC65 2.5 STRIB 7 V5011H | 0.2

22 |15 PC65 2.5 V12-199 |6 V1-180 0.3

23 |75 PCo65 2.5 V12-199 | 8.5 V1-180 0.3

24 |15 PC65 2.5 V12-199 | 3.5 V1-180 0.3

25 | 7.5 PAQO2.5 2.5 None 0 None 0

26 |15 Yubase3 |3.0 V12-199 | 4.7 VI1-180 0.3

27 |15 PC 65 2.5 V12-115 | 7.5 V1i-180 0.3

28 |15 Yubase3 | 3.0 V12-199 | 1.5 V1-180 0.3

29 |15 Yubase3 | 3.0 VI12-115 | 5.5 V1-180 0.3

30 | 7.5 PC 65 2.5 V12-199 |55 V1-180 0.3

31 |15 Yubase 3.7 V12-075 | 11.5 V1-180 0.3

3/4
32 |75 PAO2.5 2.5 V12-199 |4 V1-180 0.2

example fluids were evaluated for fuel economy according to the New European

Driving Cycle “(NEDC”) testing protocol in the following manner. Tests were

The kinematic viscosities at 20°C, 40°C and 100°C- KV20, KV40 and

KV100- of the example fluids were measured using standard procedures. And the

conducted to measure the efficiency of a six speed automatic transmission lubricated

with an example fluid was measured using the NEDC testing protocol (3) according
to EU Directive 98/69/EC on a Hyundai Tucson vehicle. The NEDC procedure was a
combination of the ECE-15 and the EUDC (Extra Urban Driving Cycle) with a cold

start procedure.

The result of the NEDC testing protocol is a fuel economy of the vehicle

reported in liters of fuel consumed per 100 kilometers of driving. Lower numbers for

fuel economy are the desired result.




V12-199 4.7 V1-180 0.3 27 15 PC 65 2.5 V12-115 7.5 V1-180 0.3 28 15
Yubase 3 3.0 V12-199 1.5 V1-180 0.3 29 15 Yubase 3 3.0 V12-115 5.5

V1- 180
29

Table 5 shows the following measured performance properties of the example
fluids: KV20, KV40, KV100 and the results of the NEDC fuel economy testing

protocol for each of the exemplary fluids.

5 Table 5. Measured Performance Properties of the Examples
Ex KV100 KV20 KV40 NEDC Result
[eSt] [eSt] feSt] [1/100km]
11 5.68 45.25 21.83 8.36
22 5.55 44.19 21.938 8.42
23 5.52 38.38 20.085 8.45
24 4.62 38.8 18.77 8.44
25 2.78 19.6 9.97 8.28
26 5.45 50.85 23.69 8.52
27 5.53 51 25.25 8.43
28 4.5 43.74 19.93 8.42
29 5.55 55.96 25.29 8.51
30 4.59 32.59 16.65 8.36
31 7.82 91.4 38.27 3.62
32 3.46 222 11.88 8.30
33 5.46 59.69 26.09 8.50

Figure 1 is a plot of the results in Table 5. The plot show the statistical fit of a
line generated by plotting Fuel Consumption in liters/100km versus Kinematic
Viscosity at 20°C.

10



0.3 30 7.5 PC 65 2.5 V12-199 5.5 V1-180 0.3 31 15 Yubase 3/4 3.7
V12-075.11.5 V1-180 0.3 32 7.5 PA02.5 2.5 V12-199 4 V1-180 0.2 The
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Figure 1. Bivariate Fit of NEDC Results
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The “*”s at KV20 of approximately 62 mm?/s are repeat runs of Example 23.
5  Example 23 was measured six (6) times. The recorded values [I/100 km] were: 8.49,
8.50, 8.48, 8.52, 8.51 and 8.47. The average measurement of 8.50 1/110 km appears
in Table 5.
The “A”s represent the NEDC values measured for Examples 12-22. The
dotted lines represent a 95% confidence interval for the generated data.

10 The “*” at KV20 of approximately 45.25 cSt represents Example 1 according
to the present invention. For Example 11 at other KV20s, a dashed line was
generated by extrapolating the statistical fit.

Fig. 2 is a plot of only Examples 11, 12, 13 and 16-18 as well as repeat
measurements for Example 23.

15



5 KV100- of the exanple fluids were neasured using standard
procedures. And the exanple fluids were evaluated for fuel econony
according to the New European Driving Cycle "(NEDC') testing protocol
in the foll owing manner. Tests were conddcted to measure the
efficiency of a six speed automatic transm ssion lubricated with an
exanple fluid was nmeasured using the NEDC testing protocol (3)
according 10 to MHipdk CeNEDCERRB094Uniptivn varddy WiknatiEUGsarity et oCe.
The NEDC prqocedure was..a.conbination of the ECE-15 and the EUDC
(Extra Urban Dri&bdu ' dure. The
result of the NERG,festing protocol My of the vehicle
reported inijlite ¢f fuel consunmed per 1007kil onet grs of driving.
Lower nunbefs f(gsg.bf uel econony are the-tdesired rjegult. 29 Table 5
shows the fol W ng{nmeasured perf e propertigs jof the exanple
fluids: KV2()va TKV100 and the r ults of the NEDC fuel econony

t esting protceol %)r each of xhe emplary fluids.| 3Table 5. Measured
Per f or mance | R% opsé les of the | es Ex KV100 icSt]] KV20 [eSt] Kv40
[cSt] NEDC RESU| t8.441100knj .68 45.25 21.83 8.3 22 5.55 44.19
21.938 8.42|#3 5 52|38. 38

. 08@

8.357
8.3-
8.25 e e I U NN R
10 20 30 40 S50 80 70 80 90 100
Kv20
5 In conclusion, lubricant compositions according to the present invention

exhibit superior fuel economy performance over lubricant compositions containing
conventional viscosity modifying polymers like polymethacrylates at the same
kinematic viscosity. Example 11 and Example 12 are directly comparable. As shown
in Table 5, Example 11 exhibits superior fuel economy performance to Example 12.
10 The measured fuel economy for Example 11 was 8.36 liters/100 kilometers and the
fuel economy of the comparative fluid having the same KV20, Example 12, was 8.42
liters/100 kilometers.
Figures 1 and 2 further illustrate the superior fuel economy performance at a
common KV20 of lubricant compositions according to the present invention as
15 compared to lubricant compositions containing conventional viscosity modifying
polymers like polymethacrylates. Clearly, the product of the current invention as
represented by the “*” has a lower fuel economy than the comparative examples.
The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference. The
20  principles, preferred embodiments and modes of operation of the present invention
have been described in the foregoing specification. What applicants submit is their
invention, however, is not to be construed as limited to the particular embodiments

disclosed, since the disclosed embodiments are regarded as illustrative rather than



8.45 24 4.62 38.8 18.77 8.44 25 2.78 19.6 9.97 8.28 26 5.45 50.85
23.69 8.52 27 5.53 51 25.25 8.43 28 4.5 43.74 19.93 8.42 29

32

limiting. Changes may be made by those skilled in the art without departing from the
spirit of the invention. Further, when used to describe combinations of components
(e.g., VI improver, additives and oil) the term “comprising” should be construed to

include the composition resulting from admixing of the noted components.



5.55 55.96 25.29 8.51 30 4.59 32.59 16.65 8.36 31 7.82 91.4 38. 27
8.62 32 3.46 22.2 11.88 8.30 33 5.46 59.69 26.09 8.50 Figure 1
Is a plot of the results in Table 5. The pI ot show the statistical
fit of a line generated by plotting Fuel3 Consurrptlon in liters/100lcm

versus Kinematic Viscosity at 20C. 10
CLAIMS:;

I. Polymers suitable for use as a viscosity index improver for lubricating oil
compositions comprising hydrogenated linear polymers characterized by the formula:
D’-PA-D’?;

and hydrogenated star polymerscharacterized by the formula:

(D’-PA-D)-X;

wherein D’ represents a block derived from diene; PA represents a block derived from
monoalkenylarene; D*’ represents a block derived from diene; n represents the
average number of arms per star polymer formed by the reaction of 2 or more
moles of a polyalkenyl coupling agent per mole of arms; and X represents a
nucleus of a polyalkenyl coupling agent;

wherein at least one of diene blocks D’ and D’ is a copolymer block derived from
mixed diene monomer, in which from about 65 wt. % to about 95 wt. % of the
incorporated monomer units are from isoprene and from about 5 wt. %, up to
about 35 wt. % of the incorporated monomer units are from butadiene, and
wherein at least about 80 wt. % of the butadiene is incorporated in a 1, 4-
configuration; and

wherein D’ has a number average molecular weight of from about 10,000 to about
120,000 daltons; PA has a number average molecular weight of from about
10,000 to about 50,000 daltons; and D’” has a number average molecular

weight of from about 5,000 to about 60,000 daltons.

2. Polymers, as claimed in claim 1, wherein D’ has a number average molecular

weight of from about 20,000 to about 60,000 daltons.

3. Polymers, as claimed in claim 1, wherein D*’ has a number average molecular

weight of from about 10,000 to about 30,000 daltons.

4. Polymers, as claimed in claim 1, wherein PA has a number average molecular

weight of from about 12,000 to about 35,000 daltons.



30 Figure 1. Bivariate Fit of NEDC Results The "."s at KV20 of
approximately 62 mR/s are repeat runs of Exanple 23. 5 Exanple 23
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and Exanple 12 are directly conparable. As shown in Table 5, Exanple
11 exhibits superior fuel econony performance to Exanple 12. 10 The

nmeasured fu ers
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| ubri cant cadeasbabaut dfsl-according to the present invention as

8. Polymers, as claimed in claim 7, wherein the ratio between the number
average molecular weight of D’ and the number average molecular weight of D’’ is at

least about 2.0:1.

9. Polymers, as claimed in claim 1, wherein the ratio between the number
average molecular weight of PA and the number average molecular weight of D’’ is at

least about 0.75:1.

10.  Polymers, as claimed in claim 9, wherein the ratio between the number
average molecular weight of PA and the number average molecular weight of D”’ is at

least about 0.9:1.

11. Polymers, as claimed in claim 10, wherein the ratio between the number
average molecular weight of PA and the number average molecular weight of D’ is at

least about 1.0:1.

12.  Polymers, as claimed in claim 6, wherein the ratio between the number
average molecular weight of PA and the number average molecular weight of D”’ is at

least about 0.75:1.



15 conpared to |ubricant conpositions containing conventional
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10,000 to a . ' ver,age ol ecul ar
wei ght of f?‘gotrfr%cggao# ? ,tgg%B%%QB%O@OEO%@%SM%&O&Z:ﬂ Pg?syan%urr%,eras
clai med in abaugs tholcshler @eightbf i@ aBoutU 0180 t@¥ieFua 36,000 deledtspandied ghd a
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of from abouf. 12 S60@otymead)as tlaBbediCidml 50 ndiereiBthe r&io howyereths number
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is at |eastleaBbpout1l. 8:11. 8. Polyners, as claimed in claim7, wherein
the rati o between the nunber average nol ecul ar weight of D and the
nunber average nol ecul ar weight of D' is at |east about 2.0:1.

21.  Star polymers, as claimed in claim 20, wherein the ratio between the number

average molecular weight of D’ and the number average molecular weight of D’ is at

least about 2.0:1.



9. Polyners, as clainmed in claim1, wherein the ratio between the
nunber average nol ecul ar wei ght of PA and the nunber average

nol ecul ar weight of D' is at |east about, 0.75:1. 10. Polyners, as
claimed in claim9, wherein the ratio befueen the nunber aver age

nol ecul ar wei ght of PA and the nunber average nol ecul ar wei ght of D'
is at least about 0.9:1. 11. Polyners, as clained in claim10,
wherein the Jatiq,between the,nunber .ave I j

and the nu gr a&é?ré)goiﬁﬂg ’eaélﬂaé g@}enl "glf"q o?a’g%‘e |H§%%'t{-l aﬁgegé@eg%gﬁ% ol
1.0:1. 12. aB@ﬂ%éfﬁf&ecum weel ghit BEPIAIaRd Eleriuimier awkiegeinoletiiler wailghof D’ is at
bet ween the nunber average nol ecul ar wei ght of PA and the nunber

aver age nol deast aroupBi’ght of D' is at |east about 0.75:1. 35 13.

Pol ynmers, as clainmed in claim 12, wherein the ratio between the
nunber average nol ecul ar wei ght of PA and the nunber average

mol ecul ar wey3ght Sudir g8lyrhérs ads clatasd iradieivd 27) . vehetein thodatitdétyween the nasber
clainmed in claim13, wherein the ratio between the nunber aver vs
ol ecul ar  weivERES BIOlSsALIA eiahs &F B0 eARDROEE GV SrBEImaIea S Fight Ol s at
is at |east ... 15. Star polyners, as clainmed in claima1,
wherein n ié%ggﬁ&%%gg%%e, fromabout 4 to about 25. 16. Star
polynmers, as clainmed in claim15, wherein n is, on average, from
about 10 to gbout_20. . 17. Star | rs,.as clained.in claimls
having a toth  noTHIHOIWTEs A5G THBPR LTSI ok giein fhetalfbesth the timber
100, 000dal t oRg;ake nQlar JueldP o PPAGRH HIRNSumbek BverBbdiho ROLYFWEBht #5D’’ is at
claimed in claim 15, wherein D has a nunber average nol ecul’ar wei ght
of from abouease@ha®®0d.%lb about 60,000 daltons; 13" has a nunber

aver age nol ecul ar wei ght of from about 10,000 to about 30, 000

dal tons; and PA has a nunber average nol ecul ar wei ght of from about
12,000 to abgut FhaQfyiHak!RRkimédin Shiad 1 ROIHEIEN the @0 béidied e thel mimber
claim 15, wherein the ratio between the nunber average nolecular
wei ght of Daversge medecylpniersha obP Agad thn munhes pvaggRelegplapveight g D™ is at
| east about .1 Star polyners, as clained in claim19,
wherein the I%aas??%uuégﬁ\%élén t he nunber average nol ecul ar wei ght of ID
and the nunber average nol ecul ar weight of D' is at |east about

1.9:1. 21. Star polyners, as claimed jin_claimz20, wherein the ratio
between ¢ he RunbetaARYHES RoteEa 51t G R eAH0 DRSA Harmoer
aver age Mol egula sl wietor PA il theiRhnR AotihePmBlclular Rbigh?dr DOkt
polymers, as claimed in claim15, wherein the ra%lo bet ween t he
nunber aver depst almlueO®tr wei ght of PA and t he nunber average

nol ecul ar weight of D' is at |east about 0.75:1. 23. Star polyners,
as clainmed in claim 22, wherein the ratio between the nunber average

nol ecul ar weight @ fAviaad, dsheiRvateslany 26, aaerdn acutia beties fHe rimter
is at |least about 0.9:1. 24. Star polynmers, as clainmed in claim 23,

wher ei n t he avatage nisdeontes iveighé ofBifitsad themmabys anerpecmpleculpevgisht of DpAs at
and t he num:ierS ver age nol ecul ar weight of D' is at |east about

1.0:1. 25. €h¢ Or%l &eﬁérs, as clainmed in claim19, wherein the ratio
bet ween the nunber average nol ecul ar wei ght of PA and the nunber

average nol ecul ar. wei ght of D' js at.|east about 0.75:1.
2 Linear polymers, as claimed in claim 1, having a total number average

molecular weight of from about 40,000 daltons to about 1,000,000 daltons.

29. A lubricating oil composition comprising a major amount of oil of Jubricating
viscosity, and polymer of claim1, in an amount effective to modify the viscosity index

of the lubricating oil composition.



26. Star polynmers, as clainmed in claim25, wherein the ratio between
t he nunber average nol ecul ar wei ght of PA and the nunber average

nol ecul ar weight of D' is at |east about, 0.9:1. 27. Star polyners,
as claimed in claim 26, wherein the rati}d between the nunber aver age
mol ecul ar wej ght of PA and the nunber average nol ecul ar wei ght of D'
is at |east ¥boutA method of mglifyingiae wispestityredex ofgdublicting @ilicamppsition 1,

havi ng a tot r_a I r- wei ght . of from about 40.000
dal tons t o SouPFRGnKEhEaGEE T St hBhee ooy G Bl coRpReR
conposi ti on addigrtb said @il MEjrivatig iscisitp bn efftctdie ahiddnt €Bjdlfer of claim 1.
viscosity, and polyner of claiml, in an anount effective to nodify
the viscosity index of the lubricating oil conposition. 37 30. A
met hod of nmodi fyigotleyi Ly b d [ j -
conposition cbrrprjlgs? ngﬁtéﬁhgﬁg?h%}r{f%gﬂ?le%weéﬁ%%ﬁp tIr @éf@gﬁ%ﬁ%l%er recited
vi scosity, whickaihmritet hod conprises adding to said oil of lubricating
viscosity an effective anount of polynmer of claiml1l. 31. A
concentrate conprising from3 w.%to 25 w.%f the star polyner
recited in aghai Malmetidd fofinffRbNAY telhell XRRNY BF ﬁ'%\ﬂ hbile, EGAPRTYg B
an autonobile, conprising tnﬂg fogl oW ng stepié: ?a ?ug?ﬁlheéafﬁ? g a% ©
aut onot i ve tfollowimgstepen systemwith a | ubricant conposition
conprising (a) an_oil .aof .| ubricating.viscosi.ty; (b) a viscqgsit
modi fying pol ymetPeompHFEHEE I RESPORE GHREREsnmRerov e ARt
formula: D -PA-D'; angofi aéiti&ﬁ)l:c)iﬁﬁﬁﬁng3(az&1@6ﬂ%fl%ﬁ@athy%\tigt%s{tjﬁr nul a:
(D -PA-D')n-X;, wherein D represents a block derived from diene;, PA
represents a bl od® demiwsegsity Badifvng aplvery reanphsng hear pplyssent s a
bl ock derived from di : . t he average nunber of arns per
star polyner formed b?ﬂgrﬁ%tg?éegﬁyﬁgg?oﬁuyor nore noles of a
pol yal kenyl coupling agent per nole @f-pg-mB;; and X represents a
nucl eus of a pol yal kenyl cou I,i%? agent; wherein at |east one of
di ene bl ock &ndstagpeymers charciesp ‘%&lﬁf‘?}l’ﬂbék derived from nixed di ene
nononmer, in which from65 wt. %to B5-PY55-D”%1- . the incorporated
nmononmer units are fromi soprene an(g fromb D % up to 35 wt. % of
t he i ncor pomdtesn PO ngpresentsni leckadegived frombditmag PAnepreaents ablecke deradd from
| east 80 wt. % of the butadieng,is incorporated in.a 1,.4-
confi gurati on; RN AR SRR PGS TR diens BreRgseglithe
of from 10,000 ¢ vedf A3Aalak hSper Bl haiymits RUHRATLy NEFALRBH A5
wei ght of from 10,00%3to 50, 000 dal t_ong;%%{j D’ hag a nunbélr aver age
mol ecul ar wei ght mflesfaf@molyadicayt eouplingegentipértiools;of amus; @od Xarepresents a
performance addi tn{lc\:llgusp G akpao(:l,}?dlkenyl coupling agent;
wherein at least one of diene blocks D’ and D’’ is a copolymer block derived from
mixed diene monomer, in which from 65 wt. % to 95 wt. % of the
incorporated monomer units are from isoprene and from 5 wt. %, up to 35
wt. % of the incorporated monomer units are from butadiene, and wherein at
least 80 wt. % of the butadiene is incorporated in a 1, 4- configuration; and
wherein D’ has a number average molecular weight of from 10,000 to 120,000
daltons; PA has a number average molecular weight of from 10,000 to 50,000
daltons; and D’’ has a number average molecular weight of from 5,000 to
60,000 daltons; and

(c) a performance additive package.



