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FI ELD OF THE | NVENTION 5 The invention is directed to polyners suitable for
use as viscosity index inprovers for lubricating oil conpositions, and to
| ubri cati ng o?ft03d8fpositi ons containing the defined polymers. Mre
specifically, the present invention is directed to certain linear, radial
22d st ar - shaped rantcgg]W ROVERS FOR L RECAN 1 bl ock

pol ymers wherein at Teast O < T artao ; 6 oprene and
but adi ene; and to lubricating oil c@OMAOSITIONSNt ai ning the defined
copol ymers. BACKGROUND OF THE | NVENTI ON 15 Lubricating oils for use in
crankcase engine oils contain conponents that are wused to inprove the
vi sconmetri c PEFEID ORNTRIRINVENTE@NNe oil, i.e., to provide nultigrade
oils such as SA ) a | OM40. These viscosity performance
enhancers, commonly referred to as viscosity index (VI) inprovers include

ol efi n copol yners,wpol t hacryl ates, styrene/hydrogenated di ene bl ock and
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conprise copol yners of ethyl ene, propylene and, optionally, a drene. Small
pol yneric si den@Hung hedislined pelymers. Memwispecificilby, thei preseni Inyentisi it Virdge®f f ect

inoil. 25 P 1 zed p L e has one et hyl branch for every two
backbone car g{))#% f(’)#ggm é@%ﬁ%ngaﬁ%wfmﬂgms%ﬁgﬁ’mﬁ of isgpreng wdémac&m ned.
Ther ef or @9 atbleckaopslyaitrs et at Mast G} BISEY isiaFatid oidther 5l

havi ng a hi gher ethyl ene_content vasll di spllz;%t;/l an nllﬁ(%:é eas%dﬁ%@gpﬁerﬁ%gcp

t enper at ure ©OHIRIEIR] 3 tedybricating pil cpwppsidonss dontainng she definddEyopdtmenger |
pol ymer chai ns having | ong ethyl ene sequences have a nore crystalline
pol ymer 30 structure. Crystalline polyners are |less oil soluble than

anor phous poBAGKGROUNI OF THESINVENTHIONOCP can drop out of the oil,
causing the plugging of engine filters (and the |oss of the viscosity
nodi fying effect). Further, OCPs having substantial crystalline segnents
have beensfound, @a@Bifatide JIR L] Vs 1 . ftq interact with
2003L005 - 2 waxes in ths oil, toe 3 iR EPRBRELIN Einaih SomBO R nat'te
uncont r ol | abMéed tadmproyedhd viscometric performance of the engine oil, i.e., to provide

multigrade oils such as SAE 5W-30, 10W-30 and 10W-40. These viscosity

performance enhancers, commonly referred to as viscosity index (VI) improvers

include olefin copolymers, polymethacrylates, styrene/hydrogenated diene block and

20 star copolymers and hydrogenated isoprene star polymers.

Olefin copolymers (or OCP) used as viscosity index improvers conventionally
comprise copolymers of ethylene, propylene and, optionally, a diene. Small
polymeric side chains do not exert a substantial viscosity modifying effect in oil.

25 Polymerized propylene has one methyl branch for every two backbone carbon atoms.
Ethylene polymer is substantially straight chained. Therefore, at a constant amount of
polymer in oil (treat rate), an OCP having a higher ethylene content will display an
increased high temperature thickening effect (thickening efficiency, or TE). However,
polymer chains having long ethylene sequences have a more crystalline polymer

30 structure. Crystalline polymers are less oil soluble than amorphous polymers and as a
result, the OCP can drop out of the oil, causing the plugging of engine filters (and the
loss of the viscosity modifying effect). Further, OCPs having substantial crystalline

segments have been found, again primarily at low temperatures, to interact with




| ow tenperature viscosity and, in extrene cases, the gelling of the

| ubricating oil. These problens have been found to manifest in Ziegler
Natta pol ynmerized OCPs containing greater than about 60 wt. % et hyl ene

_ (hereinafter Bt ed to as "high 5 ethyl-ére content OCP(s)"). Due to their
nol ecul ar architecture, star polyners are known to provide inproved shear
stability conpaesdn the cUCRSd otifer OOPrchMEk Swhidh resalt iStitonRONAHIE [SreaSB4E DY
hydr ogenati on of anionically polynerized isoprene are conmercially 10
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provi de excellent shear stability, good solubility and excellent” cold
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t hi ckening efficiency and shear stability of star polyners remain possible.
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30 ethylene content OCPs. To provide an inprovenent in thickenin
efficiency, while maintaining low tenperature performance, U S. Patent No.

5, 460, 739 suggest t r o < ! | Si tribl ock copol yner
cgonarey ol T8 oF7 Sl tef M Mot huRisn
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polymer derived from butadiene. Since butadiene initially reacts faster than isoprene

20 when anionic polymerization is initiated with secondary butyllithium (the process
described in the patent), a polybutadiene block is first formed. As the butadiene
concentration is lowered through polymerization, isoprene begins to add to the living
polymer so that, when the polymerization reaction is complete, the chain is made up
of a polybutadiene block, a tapered segment containing both butadiene and isoprene

25 addition product, and a polyisoprene block resulting in a living tapered polymer
chains that, when coupled with divinylbenzene, produce a star polymer having a
polybutadiene block positioned distal from the divinylbenzene-coupled core. The long
ethylene sequences of these external hydrogenated polybutadiene blocks were found
to cause the same low temperature performance problems associated with high

30  ethylene content OCPs.

To provide an improvement in thickening efficiency, while maintaining low

temperature performance, U.S. Patent No. 5,460,739 suggests star polymers




content, which inproves thickening efficiency. The patent suggests that, by
pl aci ng the hydrogenated pol ybutadi ene bl ock nore proximal to the nucl eus,
the adverse 5 effect on | ow tenperature properties could be mnimzed. Such
pol ymers wer @%34%d to provide i nproved-Bow tenperature properties
relative to the tapered armpolynmers of U S. Patent No. 4,116, 917.

However, wherosipeifingariylsek sopstyBendraidiof @gdivigtfatéd pdlydomerdIFobfbutadiene/
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ef fici ency, @oddsprency Thehydeagsnated pelabwadiens hlesk providesianderreased ethyleneo t he
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col d tenperat gée performance. 15 SUVMARY OF THE | NVENTI ON | n accordance
with a fiPst HEp loyttemperaiyg grapesiss cowldrhe minimized dech pelymersvese found

pol yners sui : lh.'#llé‘(;'ﬁ ' | ' Xl ver i ' oi |
20 conposi ti gﬁ?}&\}éfﬁc po d?%ﬁgﬁ%%g%’%? g%%;l%ttgéﬁ ) L{a erglg%gﬁﬁé#&%nd
st ar - shaped of &hSldPatemn Nol. yid6913f Hosepere mdien sachopd] prdles veere phaidedrviah al east
70 wt. % of th but acgi ene i s, incorpO{at.ed into the polynmer as 1, 4 units
and the weig engied polybutadiens block gt 2 5ige syffigisntio Rrovide asmmditia thigkening)n

product 1= T Rficihcy2n 88bil 16k eMBbiatke Bl vdithahOc fhRied Biaf0e (PHEHEAP! Y 1 om

about 85:15 to abouft 80:20. 25 Ih accordance with a second aspect of the

i nventi ond¢ t Ipehysapsenerpolyrorsl a  copol yner, as in the first aspect, in the
formof a linear or radial, preferably a |inear copolyner, preferably
havi ng a nunber average nol ecul ar wei ght of fromabout 10,000 to 700, 000,

nore preferably frogrdbelherGeRAhsatheddoriffProvid VI Qﬁiﬂ@ﬁc‘é’hﬁz@@oﬁt hird
ed a the Ti1rst

aspect of the invention, there is provid copolyrrer, as in

aspect, in tpeovidingradiE eomparablp b thatef lipmethyleing goitewtr@G@Powithdut theo 25 ar ns,
preferably fr . tQ . wh i n_each ar referably has a
2003L005 - 4"’9Jrin°u %&E%'QFZ‘PQ@%gﬂﬁﬁi‘g‘ﬁﬁcﬁﬁ:&%@w&ﬁ’ﬁ%t 10, 000 to
300, 000, 1pore preferably from about 40,000 to 140, 000.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a class of
polymers suitable for use as viscosity index improvers for lubricating il
20  compositions, which polymers comprise hydrogenated linear, radial and star-shaped
random copolymers of isoprene and butadiene, wherein at least 70 wt. % of the
butadiene is incorporated into the polymer as 1, 4 units and the weight ratio of
isoprene addition product to butadiene addition product is in the range of from about
90:10 to about 70:30, preferably from about 85:15 to about 80:20.

25
In accordance with a second aspect of the invention, there is provided a
copolymer, as in the first aspect, in the form of a linear or radial, preferably a linear
copolymer, preferably having 2 number average molecular weight of from about
10,000 to 700,000, more preferably from about 50,000 to 200,000.
30

In accordance with a third aspect of the invention, there is provided a

copolymer, as in the first aspect, in the form of a star polymer containing from about 5

to 25 arms, preferably from about 15 to 20 arms, wherein each arm preferably has a




In accordance with a fourth aspect of the invention, there is provided a
di bl ock 5 copol yner conprising a first block derived from nonoal kenyl
arene, preferably styrene, and a second bl ock conprising a |linear polyner,
_as in the sec®%8%pect, wherein the nurider average nol ecul ar wei ght of

t he di bl ock copolynmer is preferably from about 10,000 to 700, 000, nore

preferably frmmmbebavéragOmoRoulapwait Qﬂ@om%@oﬁﬂ(ﬁ@@(e@@b@o}"ﬁﬁbﬂe C@eifeubﬁfi on

aspect of the invention, there is provided a |lubricating ol NPosI
conpri sing a i abou 00 tafl48000.0f | ubricating viscosity, and a copol yner
as in any of the first, second, third and fourth aspect, in an anount
effective to nodify the viscosity index of the lubricating oil conposition.

15 I'n accordance Vtabcord@icstwitlos fReeth a8bect BEthe IN@RMtIOR theleREpRVIR IR AMbEEd 2
met hod of nodifying the viscosit¥ i ndex of a lubricating oIl conposition

conpri sing a SRBPIIMET gorpprising a fisstiblegk detived fram mgnadlkanyk arepe, préferablyret hod

conpri ses addgj ' | ricating vi,scosit n effective anount
of a copol yngwgﬂset’ ?%égh%ogplb%%ie(cfj #‘#’?Pf,n%gael&ng dl?dwlﬁ{’taa}/lhﬁa S?Qﬂ?staﬁpe:%'pect. 20
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use of a co&oolg%gqr f any of the first, second, third and fourth aspéct to
modify the f %301098&7@?,0@, mase prederably ferm abeit594000ito 250,800.DETAI LED
DESCRI PTI ON OF THE | NVENTI ON | soprene nononers that may be used as the
precursors of the copolynmers of the present invention can be incorporated
into thelpol yner ds aeiordnce With-a fifth 3spéct afahé inyehiedd, Siere!i3i prévidadd M xt ures

t hereof. Pr ei@r abé&/ ﬂilt]he ma%orit of the isoprene is 30 incorporated into
the pol ymer aPrfaudg il compasitipn comprising a major Amoynbof oiboef lbrigatingpjissosity,

preferably gafdhebpdlhmBr A0iahy 3P i fr¥h 0 i (e MOSt
preferably great eI? ?%a% aboug 9(t) wtu. %S%gg’ctﬁﬁggggg%ut#agégcvt\k]lg%}a%qoé%ﬁoo
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the copolyners of the present invention can be incorporated into the
pol ymer as either as either 1,2- or 1,4-configuration units. In the

pol ymers19f the plreacdidanty ¥ithiaQixth Abpecfafthe #yeHtior Qherdhs prividsd s Tndfodt
| east about 75 wt. % preferably at I%égst about 8% wtefr ‘V%prsulch as atocgl

| east about SEmM@difying the,yiscqsityirdesof p lubridating pil sbmposition cemptisings a 8@jéro 100
w. % of t Qlﬂopﬁ{td?%iileﬂﬁuﬁﬁcahﬂg Ws@&rlt% Qﬂxch%ccfhéé] 80181())1!1 egeaﬁdigg toléaélld g{f io} S
lubricating viscosity an effective amount of a copolymer as in any of the first, second,
third and fourth aspect.
20
In accordance with a seventh aspect of the invention, there is provided the use

of a copolymer of any of the first, second, third and fourth aspect to modify the

viscosity index of a lubricating oil composition.
25  DETAILED DESCRIPTION OF THE INVENTION

Isoprene monomers that may be used as the precursors of the copolymers of
the present invention can be incorporated into the polymer as either 1,4- or 3,4-

configuration units, and mixtures thereof. Preferably, the majority of the isoprene is

30 incorporated into the polymer as 1,4-units, such as greater than about 60 wt.%, more
preferably greater than about 80 wt.%, such as about 80 to 100 wt.%, most preferably
greater than about 90 wt.%., such as about 93 wt.% to 100 wt.%.




Useful copol yners include those prepared in bul k, suspension, solution or
emul sion. As is well known, polynerization of nononers to produce

hydr ocarbon 10 pol ynmers nay be acconplished using free-radical, cationic
_and anionic i #0308t ors or pol ynerizationxatalysts, such as transition
nmetal catalysts used for Ziegler-Natta and netallocene type catalysts.

Preferably, th f ' ' '
S o,  OUASSRRANIEI k). WASE e LR PO B EFES: 1 5

ani oni ¢ pol yneri zati on as ani onic po provi de
copol ymer s hathe presentrinvention ¢ah be inicarporsedyhito tiegiotynertas efthérs/elhdr, 1,250rsuch
as a nol ecul af _\Mﬁi ht gli st r.'hb ti,on of Iesz t han about 1.2. Most preferably,
the random cd%g et eH‘BIﬂE sy FR‘?HFPCQF%‘."F@F%Bt Y595t gyt i zi ng
a mxture of wl b shstoly &NGsasbubys 3l RNGreRRRANE! RastiBoRHoA. 9 subilad o

presence of an anionic initiator, to forma 1iving polyner. 1S well
known, and dilsast aba 85wy %e suorp prsferably gt BastRéoet0, Bach as, 9516, 190 Wwt. %, bf/i ng

pol ynmers may red by anjanic solution ymerization of a m xture of
t he” conj ugat etggg%ﬁiggc%sdg@gmteﬁ IPWEIE?)P@WE@P@#‘HHSW kali nmetal or an

al kali metal hydrocarbon, e.g., sodium naphthal ene, as anionic initiator.
The preferred initiator is |ithiumor a nonolithium hydrocarbon. Suitable
| i t hi um hydr ocar bdAs¢falrepolymepsinglyde those pregared ip buikdsuspensior solatiby br

l'ithium net | iat B thc conmpounds such as enyllithjum the
tolyllithi uns%"{lﬁén'x'?%% Yldlgl'tl ﬁﬁ%‘?r‘g’apé’ﬁﬂn?%’ ﬂ%BﬁF‘RW‘PF’PH? BFFE{,?’CC ﬁh‘if"?#"m
particul ao, tgotymdrkyaylbetdototniplishee bsiﬁ% freetriditdl] dafohi¥) an8lafidntd fnfti2édhs or
propyllithium butyllithium anyllithium hexyllithium

2- et hyl hexy| IRPLyReTHation gatalysisxsugh ay irpnsition metal Esdlyste used for ZidgldriVataands ¢ he

preferred inigd Ll Joded t he .30 pol ynmeri zation
m xture in t\/\r%ét%?&grr%?t stcgﬂéj s{,S' Op{ffeﬁa%% @g%ogﬂggfolg\ﬁ?ﬁ "ia‘bﬁ Erlg%eﬂil

nonomer . The ikventiny appdiopmed siaanionid pdljmedzdtioy as asivhic gl Bferiz2008 hd0Been (

The Iiving r%nd@] co‘gol%mar may be represented by the fornula A-M

wherein M i s U0 RIONIANE ‘Bﬂ% haying a nafropnelgculagweight distgibptier v/ Mn),
copol ynersof su@Pdsyd SBREEREwalkt BRINHANbAGE REEhaAShAReH IR (ﬁ‘eﬁ‘ekeﬂ# Rfe
absence of the qL(;roper control” of the polynerization, the réesulting

copol ynmer wi Irgndegy cdpelyaners nfitwmprespnt ipmentioarate fosmed by polysteeihgomixtieafa

pol ybut adi en | ock er.ed segnent .co i ni.ng both butadi ene and

i soprene addi?lfelblg)n‘?r ﬁ?eo%lﬁif:@,? ?fl?IBO%(HPVF’SIB5%%8“’51’3‘&?“%“59&%%0%@ random
copol yrer, t itifgor,eo ferara livimg pelyagirene nononer may be added gradually to

the pol ynerization reaction m xture containing the | ess reactive isoprene

such that the
20 As is well known, and disclosed, for example, in U.S. Patent No. 4,116,917,
living polymers may be prepared by anionic solution polymerization of a mixture of
the conjugated diene monomers in the presence of an alkali metal or an alkali metal
hydrocarbon, €.g., sodium naphthalene, as anionic initiator. The preferred initiator is
lithium or a monolithium hydrocarbon. Suitable lithium hydrocarbons include
25 unsaturated compounds such as allyl lithium, methally] lithium; aromatic compounds
such as phenyllithium, the tolyllithiums, the xylyllithiums and the naphthyllithiums,
and in particular, the alky] lithiums such as methyllithium, ethyHlithium, propyllithium,
butyllithium, amyllithium, hexyllithium, 2-ethylhexyllithium and n-hexadecyllithium.
Secondary-butyllithium is the preferred initiator. The initiator(s) may be added to the
30 polymerization mixture in two or more stages, optionally together with additional

monomer. The living polymers are olefinically unsaturated.




nolar ratio of the nmononers in the polynerization m xture is maintained at
the 10 required level. It is also possible to achieve the required

random zati on by gradually adding a m xture of the nononmers to be

copol yneri ze®@0@®08he pol yneri zati on m xtuge. Living random copol yners nay
al so be prepared by carrying out the polynerization in the presence of a

so-cal | ed random z@gf.j; ﬁ,%m
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et hyl sul fi d@lﬁamm%mmb @@Dbﬁbutadldneﬂ)imkuctapamddegmemwonmimag botﬂlet hyl 20
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with controll ed nononer addition and/or the use of a random zert
initial and ttlaﬂrpﬁlwapnmlrmonmsm gmta}mmg thtlzsnecactive ibeprenayuehtimt thehan a

"random' ano eri ve t he more.reactive and,|less reactive
mononer, reg%gel%r& %9(2?%%% g}e(gsgl ?8? WEZB%WSF aingaiped, tn‘f"?on, t he
term"r anolomrcqiﬁma IIE}M&EFIi 1%%@9@1&@10)’&@1’%6 7 r@ef:[uﬁd randthivB%én By walf
pr eponder ance of whic reater than 80% erably greater than 90%

such as greaféding Hdﬁ“‘%’"/&?ﬂ@éﬁ%@l%tq booer ¢rized derthecrulymnenizagion caintms ner
materials. T Afo'be a dar I nert
liquid sol ve;lm't?‘éﬁg}a\sﬁgg é’?gwﬁ?r%@lg bons é’lr%g!&ﬂ}' %%Sﬁy%c X?’BBﬁ%mguch as
pent ane, hexanthe plrﬁpnexrrd a sfb&&ﬂhﬂ)%donﬂzerom‘aﬁmﬁmz&set Icoomiounio hange
decane, cycl ohexane, t hy clo ex aromatic ydrocarbons e.g.,
benzene, tol {8 %Y%%éﬁ?@ﬁéa“ W@ rﬁé’“smaﬁﬂ“ét%whﬂ'@d%ﬁ@@"me“ are

pr opy! benie”ﬁﬁ:orﬁ&‘ﬁb@ﬁ%ﬁﬂﬁc ESIyPﬁe?fcﬁﬁxhe@ultMlé}Mfdﬂﬁnigrs M%ﬁ?@{] 0SS, Sudh -

lubricating oils, may also be used he tenperature at
pol yneri zat i éhtdlsctbﬂmm B’dtthbﬂgmim dianethgdaminies tltu-m-pmpyﬂaimne,angebulsylmdﬁnas

from about C out 1 r apl r.om, t o a out 80C. The
reaction is g%’ téﬁﬂ}gg%rp gﬂleoﬁ"?m aﬁp?tﬁ%lr?lpﬁ'? ﬁé‘?‘%h me
thioethers, such as dimethyl sulfide, diethyl sulfide, di-n-propyl sulﬁde, di-n-butyl

sulfide, methyl ethyl sulfide; and in particular, ethers such as dimethy! ether, methyl

20 ether, diethyl ether, di-n-propy! ether, di-n-butyl ether, di-octyl ether, di-benzyl ether,
di-phenyl ether, anisole, 1,2-dimethyloxyethane, o-dimethyloxy benzene, and cyclic
ethers, such as tetrahydrofuran.

Even with controlled monomer addition and/or the use of a randomizer, the
25  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,
respectively. Therefore, for the purpose of this invention, the term “random
copolymer” means a polymer chain, or a polymer block, the preponderance of which
(greater than 80%, preferably greater than 90%, such as greater than 95%) results

30  from the random addition of comonomer materials.

The solvents in which the living polymers are formed are inert liquid solvents,

such as hydrocarbons e.g., aliphatic hydrocarbons such as pentane, hexane, heptane,




as nitrogen, and may optionally be carried out under pressure e.g., a
pressure of from to about 0.5 to about 10 bars. The concentration of the
initiator used to prepare the living polymer may also vary within a w de
range and i s 28e¥&®ni ned by the desired nel7ecul ar weight of the |Iiving

pol ymer. 15 Where a star polyner is desired, the living polyners formed via
the foregoi nQ)xtaﬁk?%ﬂ@lﬂ&ﬁné?ﬂoﬁﬁ@(?a&@né,%y@lﬁh@ﬂ?ﬂﬁb}Ih%?icyél%ﬁ@)@dn@,rlgsaﬁ'@rﬂ tigM th
a pol yal kenyl coupling agent. Poiyalkenyl coupl i ng agénts capabl e o?

formi ng star hyérogaoss pgudenzenn, tolugnevetiiydbenaen tixexylerfesydiethylbanzenas, e

descri bed, fqr I [ S. . Paten - 203,985, 830. Pol yal kenyl
coupl i ng age%’tro a%ﬁ?ﬁ%eﬁv%cﬁglﬁéﬂeﬂs B%%d@xﬁ%f’ﬂ OCarRENS(E- §-110

non- conj ugat Q%r@ﬂa&ﬁ?ﬁils,gﬁ@m%b&&ﬂ groups are usually attached to the
sanme or different electron-withdrawing noiety e.g. an aronmatic nucl eus.

Such conmpounds have the property that at |east of the al kenyl groups are

capabl e of indep | AW hfferent L|ivi I rs and in this
respect are di ffe?lreh(r%ﬁ%g&gﬁlgém&gg}ﬁ%m&ip%%?c%ﬁfﬁbsa@@ggﬁﬁgﬂé%lv ﬁ?i zabl e
nononer s suclwitkin hwtideltange, such SORMMBOLES0°C Ry kLD N SO priferablydrafl @bout

pol yal kenyl caupl i ng ?gents may be used. Such conpounds may be aliphati c,

aromatic or HEt{etdabrut 80°C.E g fsaetiongs saitably garried oubim@aunert atmasphere, subk
| yvi nyl |yl ' hat d hat
Do e s s BftofBh dhd bl Ay b LRRER VAR pRISRODE, BDrosdli REREL° o7

sui t abl e 1het abaayc$ iccaboatpdbids i ncl ude divinyl pyridine and divinyl

t hi ophene. The preferred coupling agents are the pol yal kenyl aromatic
conpounds and nost preferred are the polyvinyl aronmatic conmpounds.

Exanpl es of such aoEReHEAFaRIPShE %rﬁtiitgr h&ﬁltﬁ ggewt%%gtﬁg li@fng:%tlyhﬁ?rgﬁgp ﬁy\ﬁfjih

e.g. benzene, toluene, xylene, anthracene, ene

are substi t utvary withih agvide eange andis detdraniydd by the plesiredomeleeulabwyight sfabbed
directly thei.et 0. iﬁgeci fic exanples include the polyvinyl benzenes e.g.
divinyl, tri vlivHS?Ipo T etrvi nyl benzenes; divinyl, trivinyl and tetravinyl
5 ortho- sneta- and para-xyl enes, divinyl naphthal ene, divinyl ethyl
benzene, divinyl _biphenyl, diisobutenyl benzene, diisopropenyl benzene,
and di i sopropenyl Whgseastiar POlyméngﬂeéif@iﬁh@li‘dngmmmr&fnmdmﬂsthaf@egdﬁoge
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agent. Polyalkenyl coupling agents capable of forming star polymers have been
known for a number of years and are described, for example, in U.S. Patent No.

20 3,985,830. Polyalkenyl coupling agents are conventionally compounds having at
least two non-conjugated alkenyl groups. Such groups are usually attached to the
same or different electron-withdrawing moiety €.g. an aromatic nucleus. Such
compounds have the property that at least of the alkenyl groups are capable of
independent reaction with different living polymers and in this respect are different

25 from conventional conjugated diene polymerizable monomers such as butadiene,
isoprene, etc. Pure or technical grade polyalkenyl coupling agents may be used. Such
compounds may be aliphatic, aromatic or heterocyclic. Examples of aliphatic
compounds include the polyvinyl and polyallyl acetylene, diacetylenes, phosphates
and phosphates as well as dimethacrylates, e.g. ethylene dimethylacrylate. Examples

30 of suitable heterocyclic compounds include divinyl pyridine and divinyl thiophene.

The preferred coupling agents are the polyalkenyl aromatic compounds and

most preferred are the polyvinyl aromatic compounds. Examples of such compounds




i nteger of at |east 2. Divinyl benzene, in particular neta-divinyl benzene,
Is the nost 10 preferred aromati c conpound. Pure or technical grade divinyl
benzene (containing other nononers e.g. styrene and ethyl styrene) may be
used. The cou}PiLegs agents nay be used ingdm xture with snall anount s of
added nmononers which increase the size of the nucleus, styrene or
al kyl styrenenclufle ﬁié@@m%maﬁa%ombb@ndsueg%za@taﬁenedﬁ 9@@:@

un nucl eus,

pol y(di al kenyl coupling agent/nbnoal kefyl arofmatic co
e.g. a pol y(diaphﬂnﬁlcnbendémncswduah mrsybstuntam&mtdmspmnlkenyhgfmps The
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converted to the living 2 poI mers. The anount of polyalk cou
agent addéd rmgho\v,am;tavmdmana-ay Qﬁedlvﬂlaﬂgephtbdcnqg disfimylaithyt bcwenb,ehsmyD 5

nol e of the .agent nol e, of unsaturated |iyin | ymer.
Anount s of froé%P gu %"ttc(f’ygg%rtﬁe éﬁl f88°“YbB%‘fZ€P%:tﬂﬂ9@??P%Y!b@ﬁ?gﬁ: 5to
about 5 nol esTHRejrefeRtE affmdtic\dofpoRfdsy4F8 thodé feppésehrt b§dhe f0ulBADUNL , Whi ch
can be added in two or nore stages, is usually an anmbunt sufficient to
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can be cawr i @efeued a:tomaameﬁ@bumcespumot tvcnmaaltg&@wumaq@geenzaﬁ@aoa&ﬂlﬁgm 0C

to 150C, preferably from about 20C to about 2003L005 -9 120'C. The reaction
may be condudR&] Dpqnomers ‘Fréf %‘W&P?rﬁ‘sdpﬁél’]eﬂyfé“@ maj W w§dn The geuplingcgentsr essur e
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formed are cha acterlze nse center or Cr 0ss
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| i near unsat ol nd| outwagrd fr he nucl eus. The nunber
of arnms may Pé@nfyé%ﬁ;‘ FoupIng 3gsnkmep "é’c WG SOMPRUBH] 25. The
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10 any suitabl e neans. "A'hydrogenati on catal yst nmay a copper
or nol ybdenum conpound. Catal ysts containing noble netals, or nobI e netal -
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the polymerization of the monomers is substantially complete, i.e. the agent should be

added only after substantially all the monomer has been converted to the living
20 polymers.

The amount of polyalkenyl coupling agent added may vary within a wide
range, but preferably, at least 0.5 mole of the coupling agent is used per mole of
unsaturated living polymer. Amounts of from about 1 to about 15 moles, preferably

25  from about 1.5 to about 5 moles per mole of living polymer are preferred. The
amount, which can be added in two or more stages, is usually an amount sufficient to

convert at least about 80 wt.% to 85 wt.% of the living polymer into star-shaped
polymer.

30 The coupling reaction can be carried out in the same solvent as the living
polymerization reaction. The coupling reaction can be carried out at temperatures
within a broad range, such as from 0°C to 150°C, preferably from about 20°C to about




non-nobl e nmetal or a non-noble netal -containing compound of Group VIII of

the periodic Table i.e., iron, cobalt, and particularly, nickel. Specific
exanpl es of 15 preferred hydrogenati on catal ysts include Raney nickel and
ni ckel on ki @8@&Lehr. Particularly suitaBl-e hydrogenation catal ysts are

t hose obtained by causing netal hydrocarbyl conmpounds to react with

organi ¢ conpagoes, The Aartimap be chfd@iAUR anlvﬁe'ri atﬁﬁkﬁlée,ietg?ﬁhu@ghai&d or

ni ckel, the latter conpounds ctontaining at |east one organhic nmpound t hat
i s attached t@deruessureof framaboutd. Bbardapbet 18thers. as descri bed, for 20
exanple, in U K Patent No. 1,030,306. Preference is given to hydrogenation
catal ysts obtained by causing an alum numtrial kyl (e.g. alum numtriethyl

(A (Et3))  or al Ohertinshipadgodpthers inisForRaldre hirhctdriztiddied dSak bedtbr G0
organic acid (e.g. nickel dIISOprOBy| salicylate, nickel” napht henate,

ni ckel 2- &t hybckBsafaasstinked podp(polialkeayk coupling hgentranda mymber of atmsefl t s of

ted | ' ined b t] f. 25 ol ef '
Froma to 20 SosHanlinter iss bl BuARHs BushBRE S rofR URimileif Thoe or
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(e.g., nickel acetonylacetonate, the nickel salt of butyl acetophenone).
Suitabl e hydrogenation catalysts wll be well known to those skilled in

the art and the ' | ' ended, t e exhayustive.

30" The. hydr ogenat /o5 APk isat of SabhaBl RS LA R b By bartni fon

conduct edoi nasybuitablenmearns. & Bydrugeniativibathlystsmayes hiseded. AGopper drydr ogenat i on
ed hydrocarbgns, and m xtures of saturated hydrocarbons

reaction. Satoﬂj%

are suitable™ pegrompaunds, Satalysissqataning peble jnstaly O aeblgmdatd vent is the
sanme as the | [ Lzatg | efd. ' . at
aast 0% prof i doMUhaY co Y BB uscl PeEhind nROgH S cacelinien £
pref erabl y anoh-angbkie n¥ghasfa nonenobld metaktomhiafrigniompound af Gratp VHI bfthe

hyd ted, 5 Th d t ed d I then be recovered in
sgl irggfe(r;?me Prrodiy ﬁglr’}éé%82‘%8%@%?%0%?5%3}/%?%@%?@ eFgmples of onveni ent
neans, such prefétved I)dadRnakdneatdlifs SRINGR rﬁmpﬁhkﬁélr%wn‘fcﬂdel’ on Rieselgul:

lubricating oil, may be added to the solution, and the solvent st ri pped
of f from t hePagtigularly suitatile hydragenatipn eatalysts arel hosootsained by eausBig metkl e

concent r at eshﬁﬁg&ﬁ%ﬂ cfo%ﬁlgsot%treét With%rggnig Qc?rlrjlf)ou% s \M” ar%(? one of the group
VIII metals iron, cobalt or nickel, the latter compounds containing at least one organic
compound that is attached to the metal atom via an oxygen atom as described, for
20  example, in U.K. Patent No. 1,030,306. Preference is given to hydrogenation
catalysts obtained by causing an aluminum trialkyl (e.g. aluminum triethyl (Al(Ets))
or aluminum triisobutyl) to react with a nickel salt of an organic acid (e.g. nickel
diisopropyl salicylate, nickel naphthenate, nickel 2-ethyl hexanoate, nickel di-tert-
butyl benzoate, nickel salts of saturated monocarboxylic acids obtained by reaction of
25  olefins having from 4 to 20 carbon atoms in the molecule with carbon monoxide and
water in the presence of acid catalysts) or with nickel enolates or phenolates (e.g.,
nickel acetonylacetonate, the nickel salt of butylacetophenone). Suitable
hydrogenation catalysts will be well known to those skilled in the art and the
foregoing list is by no means intended to be exhaustive.
30
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.




preferably fromabout 5 wt.%to about 15 wt. % of the hydrogenated random
copol ynmer VI inprover. A hydrogeneated |inear random

pol yi sopr ene/ pol ybut adi ene copol yner of the 15 invention has a weight

rati o of pol y8iL0eri ved from i soprene toligol yner derived from but adi ene of
from about 90: 10 to about 70:30, preferably from about 85:15 to about

80: 20. VI i npa®Mataseddy Q&N Of .

i nvention wll heﬁge a%utjlﬁerblg’rd?gg\}gr age%r]rgtlcﬁégu ggﬁhmg?gﬁkgg&ﬁtr@n‘?%@gut 10, 000
to 700,000, Robanesizatdy isfeopdweith uSuiBD]0@0leass 50G) pdFerablyoat deast 0% mbtey from

about 50, 000 ¢ ut. .20 ,000. The.term"n er. average nol ecul ar
wei ght", as lfgé%ﬁlaaﬁ@r%i]?f’ft %Z@e’r“ Sttp(chf;WQiy ﬁ?%éygfgﬁﬁ%‘é‘“ﬂg@&?ﬁlﬁg neasur ed
by Gel Per meaikfiirafibh yWidesteamy. ("GPC') with a polystyrene standard,

subsequent to hydrogenation. It is inportant to note that, when
det ermini Ag the nunber average nol ecul ar wei ght of a star pol ymer using

this nethod, the.galcul ate umber average nol ecul ar weight wll be |ess
than the actual 2 ﬁgﬂygﬁoﬁflé&e ”gﬂ‘iﬂ_%i’ag‘r r%‘_ﬁ%@%%&&"&%ﬁﬂfg@uctwe
of the star ey thersolvEREini WiGe RS RydregenafedaidinkiBhvdniél MR SutNhd Sy deri ved
fromthe butadiene increases the TE of the'reSulting polyneric Vi

i mprover. | necvaporating the sQjvertie Adeombiveiyesil e @t lubnieating aih intayl beyadded yoneei zed

pol ymer, the . ed. |inear. random 30 pol.yi sqprene/

pol ybut adi eng&ggg%la@ri}gfrieg%ﬁ&% F.@Wﬁ‘g%ﬁﬂo&a’eﬂ%gﬂﬁg%h};&eﬁ)}? BIYideht ent  of
from about 1%oiicenahelSuiableteléehGatedoRbialiton hbod: Balt. Bfto aBodeS8 wil i Npr over
havi ng an ethyl ene content of from about 49 wt.% to about 54 wt.% The TE

of VI i nproPEferabiydrom aheutiSrut. foyte abejet it vt rof teiohiidsegeshtedwandsin t he

i nvention is ;= i nproved conpared to hydrogenat ed pol yi soprene
Vi inproversf:g#ﬂ%bg?g?lemprﬂ%csré of the material needs to be used. A
hydr ogeneat ed star shaped random pol yi sopr ene/ pol ybut adi ene copol yner 5 of

t he invention has i ght ratio of polymer derived fromisoprene to

pol ymer deri ved fmﬁ?g%?téﬁénﬁ r?“?‘g’ﬁ? BY¥iseprgne/polybutadisae copadymer, of the
referably f y ; . 3 - mer s
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may conprise fromabout 47to arns, pre 15 to 20
arms. Pref er lombusaiénenfiframs abarni9dd tofaboun 79:30, preferablyfeamabout 85:15 to

pol yi sopr ene/pol yhut.adi,ene copol yner ach ar have a 10 nunper average
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about 40, 000wilPhahkQiiurmil a06age MdlRuRF Vefsid BF Frofn MHFuARDYH0 RO700det © about
preferably from about 30,000 to 400,000, more preferably from about 50,000 to about

20 250,000. The term “number average molecular weight”, as used herein, refers to the
number average weight as measured by Gel Permeation Chromatography (“GPC”)
with a polystyrene standard, subsequent to hydrogenation. It is important to note that,
when determining the number average molecular weight of a star polymer using this
method, the calculated number average molecular weight will be less than the actual

25 molecular weight due to the three dimensional structure of the star polymer.

The incorporation of additional ethylene units derived from the butadiene
increases the TE of the resulting polymeric VI improver. In fact, due to the properties
of the anionically polymerized polymer, the TE of hydrogenated linear random

30 polyisoprene/ polybutadiene copolymers of the invention, having an ethylene content
of from about 15 to about 23 wt.% is comparable to that of an OCP VI improver
having an ethylene content of from about 49 wt.% to about 54 wt.%. The TE of VI

improver comprising the hydrogenated random copolymer of the invention is




140, 000. VI inprovers that are hydrogenated star shaped random

pol yi soprene/ pol ybut adi ene copol yners of the invention may have an
overal |l nunber average nolecular weight from about 100,00 to about
2,000, 000, pr280308DHly from about 15 300, 09pP.to about 1,200,000, nost
preferably from about 450,000 to about 800, 000. VI inprovers that are
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30,000 to 400h¢)00tembn®dprt@beumﬂly from about 50,000 to about 250 000. 20
Where the random copol yner is to be a block of a block copol yner, the block
copolynmer may be, and is preferably, prepared by step-w se poI yrreri zation

of the nononers e gy dm@@ﬁééfgars't%'sﬂ%ﬁir}%n (ﬁ@ Bglﬂﬁp}eﬁb@g%ﬁ&ﬁs mege &H%I%? ene

copolymer, followed by~ the additi
nmonoal kenyl atf&ﬂelnvqnmrimspwmlitmmn of palymendgrivey fimm apieng td pelymer mul a

ban’ be + ever SBveE bR Sert et Shott 902103 SPo olordlh e rablydrabowed
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mononmer to forma living polynmer having t ynonoa
ar ene- pol yi s@pﬁ@rﬁé/mlsymfeaahlxeﬁemboﬁuw Hbl&mmmdhbﬂembw eathen® is dcrmmer S
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0-, m and RufibkhNerige BRcula! WOBhIGHRh aﬁ&Mrlﬁ'ﬁ)OetﬂQb&ﬁerbW,gq_rstggabl% »In

butyl styrene. The preferred nonoal kenyl arene is styrene
star and | i ndem ghout 49,000 & abasib 390,009, muord ippdferakly fodm sbouteied0Otd about

hydr ogenat ed rene but adi.ene t he invention,
the styrene l%ﬁ %@"V??%ﬁ%o%?&r{.@%;mgﬁﬁf %gﬁ&fﬁﬁgggr%é}%é‘bR@ﬂS%Rf‘?/om about
5w.% to @b@bﬁtaﬂ&nﬂko%@lyﬂéﬁfcﬁftmhyeﬁtfdhrﬂ@gb% 28bvéfall’uniter abaﬂ% S0 wt.
nor e preferabl)f 5 from about 30 wt % to about 40 wt.% of the diblock

C(r)]polyrrer FRolequins veighi cf¥%é?°‘t‘rd90 é?tawtﬁgﬂ@%@@nﬂ?@@ﬂldhﬁronewuér ed in )
Sebecti vary 3Po000 &5 adubE 200080 ot kAL B foin kol BOROB TS 6RR UG 1Y, 24

as above, whi Mlempfmrcﬂs(lhatrarerhydegmm:undﬁm oopolginersuf dicoigearaiondvlihase laesser
extent. Prefera | ess than 10% re preferably less than 5% of the

aromati c unsAPEPeLIVErRseapQle r%edélﬂa’t?g m apaug 4 0,008 1, o). 0 paefemshin fsemni ques
are al so el kb 30M0b0 UHE,660, Bhor pHEAHY from about 50,000 to about 250,000.

20 Where the random copolymer is to be a block of a block copolymer, the block
copolymer may be, and is preferably, prepared by step-wise polymerization of the
monomers e.g., polymerizing the random polyisoprene/polybutadiene copolymer,
followed by the addition of the other monomer, specifically monoalkenyl arene
monomer, to form a living polymer having the formula polyisoprene/polybutadiene-

25  polyalkenyl arene-M. Alternatively, the order can be reversed, and the monoalkenyl
arene block can be polymerized first, followed by the addition of the mixture of
isoprene/butadiene monomer to form a living polymer having the formula
polymonoalkeny! arene-polyisoprene/polybutadiene-M. Suitable monoalkenyl arene
monomers include monovinyl aromatic compounds, such as styrene,

30  monovinylnaphthalene, as well as the alkylated derivatives thereof, such as o-, m- and

p-methylstyrene, alpha-methyl styrene and tertiary butylstyrene. The preferred

monoalkenyl arene is styrene.




skill in the art and are described, for exanple, in U 'S. Patent No.
3,595,942, U S. Re. 15 Pat. No. 27,145, and U. S. Patent No. 5, 166, 277.
Optionally, the VI inprovers of the invention can be provided with

ni trogen- cor@ELAdsng functional groups thgt.inpart dispersant capabilities
to the VI inprover. One trend in the industry has been to use such

“mul tifunctional™ I}{lstair'ﬂ]i’&ﬁif@ffri[lﬁﬂlg?&r&%xﬁﬁ?sﬁg%%ﬁcﬁ@@f gggr%ngmaor all of

t he di spersant. N trogen-containing functional®™ groups e added to a
pol yneri c VI hydmgenaed mapndgmagidlyiscprenefipdl ylmgadiereosvpal ymer @f thenineéntionnthe t he
pol yneri c backbone of t /l_ i nprover. Processes for the grafting of a

ni t r ogen- Con?%‘fﬂ“ﬁﬂ%ﬁ"g‘gﬁ 18?&’%%? SR GRINRTISE{TQmR 80K S W& Iohcl ude,
for exanpl e.abg@MY0Aet. %) BrelfidtBhln HorBEorR 26 which 18 ABBCT A% dde PRA in the
presence of a 25 free orglae}fcal 9i nitia(% or, either Bﬁ%tat, g?i”l n tﬁ%regéﬁedgence of
a sol vent 5 THeoni alpant 38t to abnutt40aw oo, abithe iblgeneopalyankerby shearing (as in
an extruder) or heating a free radical initiator precursor, such as

hydr ogen peroxi de. The anount of nitrogen-containing grafting nmononer wll
depend, to sone BQmﬂ&qupegniehﬁlmheﬂs‘e Rfdrbfiatedanl rédoveRAliY M saftied ¢ he
| evel of dispersancy required of the grafted polyner. To Inpart

di spersancy craanecdesetibad above.o Aotmiativelpsthe hibck icopelymer maap by selestivelne anount

of grafted nitrogen-cont aini oner _i.s suitahly betwee abo .4 and
about 2. 2. we MoBBERFERCR G ok CTRER Sibraus i highobergediagbove Wil e
20031. 0050- 13rdhicamsitubationd MedyartgeRatbd ika REBRYExthn? Mbferdfly, 18846104 he
total weight of grafted polyner. I\%Et hods for grafting nitrogen-containing
nononer ont o ¢ prederablydessdhans3% of thepfomatic argaBiratians ggehydrogenatedi ng
grafting nononers are known and described, for exanple, in U S. Patent No.
5,141,996, WD 98/13443, WD 99/21902, U.S. Patent No. 4,146,489, U.S.
Patent No. 4,292, $tkctienblyddogenalfei okniljoes e BR6 wHknowRas tidse Of drdimayy mer
Sci ence, Part, A:. Polymer Chemistry, Vol. 26, 1189-1198 (1988); J. Polyner
Sci ence, Pol ykithin the drband argdescribed, fapexample, in §53)Pagni Np. 3p90\W48r US: Rence,
Pol ymer L : . 28 ~mal |l to Gayl ord and Mehta and
Degr adat ijtgn g%%ngrs%g\s{%ﬁnﬁéfﬁgﬁ%égg%??ﬁez r opyl ene Copol ymer Rubber on
Reaction with Maleic Anhydride and/or Peroxides; J. Applied Polymner

Sci ence, Vol. 33, 49- 2558 987 to_Gayl ord, Mehia and, Mehta. 15 The
conposi tions of t OPﬂﬁ"'eﬁq %ﬁ‘ vers et H?YFGF‘B%F?‘}/'E"? Rroviled RIS s of

containing functional groups that impart dispersant capabilities to the VI improver.

One trend in the industry has been to use such “multifunctional” VI improvers in

20  lubricants to replace some or all of the dispersant. Nitrogen-containing functional
groups can be added to a polymeric VIimprover by grafting a nitrogen-containing
motety onto the polymeric backbone of the VI improver. Processes for the grafting of
a nitrogen-containing moiety onto a polymer are known in the art and include, for
example, contacting the polymer and nitrogen-containing moiety in the presence of a

25 free radical initiator, either neat, or in the presence of a solvent. The free radical
initiator may be generated by shearing (as in an extruder) or heating a free radical

initiator precursor, such as hydrogen peroxide.

The amount of nitrogen-containing grafting monomer will depend, to some
30  extent, on the nature of the substrate polymer and the level of dispersancy required of
the grafted polymer. To impart dispersancy characteristics to both star and linear
copolymers, the amount of grafted nitrogen-containing monomer is suitably between

about 0.4 and about 2.2 wt. %, preferably from about 0.5 to about 1.8 wt. %, most



crankcase lubricating oils for passenger car and heavy duty di esel engines,
and conprise a major anount of an oil of lubricating viscosity, a VI

i nprover as described above, in an anount effective to nodify the
viscosity i n@88LeAS the |ubricating oil, -afd optionally other additives as
needed to provide the lubricating oil conposition with 20 the required
properties. Tadetablyf fréiitaboet 006 to ARAPLIivit 99) bERM onQRE Adral Jaélght\ﬂf §'r£&érd0ver of
the invention in an ampunt of from about 0.1 wt. % to abouf 2.5 wt. %
preferably #PbMeabout 0.3 wt. %to about 1.5 wt.% nore preferably from
about 0.4 wt. %to about 1.3 w.% stated as nmass percent active
ingredient (Al) in the total lubricating oil conposition. The viscosity

i ndex i nprover of MéRodyYoe praftdiy fitve&PEatdifRgitehodfer BAtEPIYmENMPARBSes, OF
may be used in_conbination with other VI inprovers, for exanple, in

conbi nat i &n \*'M"il ﬁ“lkﬁb eNtpEgI-epnirining gsaffiag mpngalers mkn@‘yn@nédescubpdxlfsmers of
et hyl ene and

copol yner s oF th@a ug%gé%pcarﬁ%ﬁ%dlagghgﬁ%gﬁwgﬁ glf‘%%ﬁe& No™r =

i nt er pol yner 4, 1@5 mpr&@aandNam $92,81453h& RS, Rusht qu@germsse@s&cmd ymers of
styrene/ 30 |soprene rene/ but adi ene, and ot her dro enat ed

i sopr ene/ but §4PEKE S 6(%6‘1’ RE A, Oﬁaew@hqmla%y,t‘m! %rltlﬁ 1I19 R1R88%gk Kabewr
h | 0
T sl OGRS B 0B A s ST,

from nat ue al Lewérs; ¥alt 2h@23e30 €983 EIlh@Gaglolrthid M@htmdd)d admdn ahd QoS

t her eof . Thel.l Yy ranqe |nV| sc05|ty fromllht distillate
m neral oil s¥8 B : ag ith Malegic

m neral | ubri a ) |

vi scosity of Aq]ﬁedhlé)kl‘;le ﬂrdgt(?\rgpgs ulri%myég% h@u%%gm et?;%s‘sélteg egﬁ)tloﬁ'igﬁ@bky%(fd%?)
cent i st okes, teepdoidaMahtd ashMabaut 4 centi st okes to about 20 centi stokes,
as neasured at 100C. Natural oils include animal oils and vegetable oils
(e.g., castor oil, lard oil); 10 liquid petroleumoils and hydrorefined,

sol vent - i eat ed orrhae.i)ﬁ éﬁﬁ@tsaﬁﬂﬁbwcﬁhoﬂmle%sm HRGpAR/ igithé forfuldiRRNYEheni ¢
and m xed paraffinic- napht henic types. Gl s of Pubrl cating viscosity

derived fronttapkgaseubsicating eilssior p@smeagmdfmavmw disiselengihest dnet i ¢

nyar ocar bon SrPEiOERURE sEAORTh Mb Shbrtea L VB Gk Nl s ddpuveg

pol ybut yl enesbovppinymrmmdneaﬁ&nvart@ mddﬂisr&hd Gigdustty igie df@li@l'u]bﬂ'@a{tﬁl,g oil, and
chl ori nat ed yhut enes pol y(1- hexenes),  poly(1l-octenes),
pol y( 1- decen%&)?ﬁll&l‘) Adqitivesas nieeded to providé the luhncatmg oil composition with

20  the required properties. The lubricating oil composition may contain the VI improver

of the 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
about 1.3 wt.%, stated as mass percent active ingredient (Al) in the total lubricating
oil composition. The viscosity index improver of the invention may comprise the
25 sole VIimprover, 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), polymethacrylates, methacrylate
copolymers, copolymers of an unsaturated dicarboxylic acid and a vinyl compound,
interpolymers of styrene and acrylic esters, and hydrogenated copolymers of styrene/
30  isoprene, styrene/butadiene, and other hydrogenated isoprene/butadiene copolymers,

as well as the partially hydrogenated homopolymers of butadiene and isoprene.




(e.g., dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes, di (2-

et hyl hexyl ) benzenes); pol yphenyls (e.g., biphenyls, terphenyls, alkylated
20 pol yphenol s); and al kyl at ed di phenyl ethers and al kyl at ed di phenyl
sul fi des and 20@f&P9vati ve, anal ogs and honblogs thereof. Al kylene oxide
pol ymers and interpolynmers and derivatives thereof where the term nal

hydroxyl groups hayiés draebridaedli viseskiiusefill @ iheicemdek OoT, th@Eﬂ@édtflﬁ%hbﬁ)ﬁlay
etc., 25 constitute another class of known synthetic lubricating oils

These are ex&eselesteddropynatysl malwlbn&yrﬁhﬂtw@brsca}yngpése@ﬂwxmms
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gl ycol et her heawi mpricatitigl tle whett aslgﬂs@h’ie éifgxrﬂeQﬁﬁ ﬁﬁndﬂalﬂﬁﬂﬁmahngbhﬁﬁnd Bdavy
pol y- et hyl ene gﬁilcol having a_ nol ecul ar wei ght of 1000 to 1 and nono-
and 30 polsycéilu gtel pile sGenpesally; ghecyiscosity of r:}mﬁlmaege&fﬁénab@tukea@mak@stper s,

m xed \ yI ene
gl ycol . 2003Lg®§ 4-OI %ﬁgﬂgg é?gpgﬂlg{]ggﬁ %)(éllgdsl %Eé) g&%ﬁ’? E&efc;ou??o %ﬁtgzﬁa%%’g oils
conpri ses t heneashred at pd0°Cdi car boxylic acids (e.g., phthalic acid, succinic

acid, alkyl succinic acids and al kenyl succinic acids, maleic acid,
azel aic acid, suberic acid, sebasic acid, fumaric acid, adipic aci d,

l'i nol d di d |, | 5
oLt 861 o MR ARl R fmal b AR 0BG . GO R ©
dodecyl abcolighid pe&oeduhyblwl hydtsrefindd, sakzaulteaaa:dgirmemma@bﬁﬁn&@ Rels of ycol

nonoet her, propyl ene glycol). Specific exanples of such esters includes

di butyl adi pah@mf&m cznemmlm#‘e mixedpasifipic-naghthanip dyges. Qilseof fubicatingct y|
sebacate, dii Fri%& gchgj&e b QG |  phthal at e,

di decyl phtha g | el cos&fc Bll aca ;ﬁy(% %e%‘g&qésﬁqlhex (ﬂé di ester of
linoleic 10 acid dlner and the conpl ex ester forned by reacting one nole

of sebacic acid with nol es of tetraethylepe glycol and two nples of
2- et hyl hexanoi ¢ a8t heﬁ%“f%ﬁ%liﬂm%@d%yvé] en oHY @%@%Wbﬁ&% t hose

made frony C5 pY@roEhrBon oﬂPE\%%?B%ér&e sh&iﬁuagalgaﬁhx&i Slefifté! 00€| yO' esters

such as neopentyl gl ycol |nethy ol prop pentaery itol
di pent aer yt hpptybhtyms,tpdmmsdmmmpylohe 1ssbllltyboncmmem tiosnated as t he

7)Y Cate of | BOubAles R et i PR ol Rlece 0D pbubRRdReS. cuch

oi | s incl ude (4.8t 86&chiensenks, Q@iﬁeeﬁlﬁéﬂz@h@oﬂfmﬂg’lbeﬂehé§ﬂi(gv tetra-(2 20
et hyl hexyl)silricate, tetra-(4 nmet hyl - 2- eth};l hexyl )silicate,

tetra- (p-t er ethiylheyyDbangeras); polyphenyls (e.g., biphenyls, terphcnyls a.lky]ated
20  polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

derivative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,

25  constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and

30  polycarboxylic esters thereof, for example, the acetic acid esters, mixed C;-Cs fatty

acid esters and C,3 oxo acid diester of tetraethylene glycol.




silicate, hexa-(4-nethyl-2-ethyl hexyl)disiloxane, poly(nethyl)siloxanes and
pol y( et hyl phenyl ) si |l oxanes. Ot her synthetic lubricating oils include
liquid esters of phosphorous-containing acids (e.g., tricresyl phosphate,
trioctyl phodptaf® diethyl ester of deeld phosphonic acid) and polyneric
tetrahydrofurans. 25 Ashless dispersants nmaintain in suspension oil

i nsol ubl es resul tiAxbthér@uitat)¥ b 6fynetit MbrRblingdbild AEnHRRS (RlesfepTHUS i ON.
They are partjcul arly advantageous for preventing the precipitation of

sl udge and t écaraxylic iasids &.-2.v Bhthalihacighsueginigl agid, plkiyhsucgmimadidreanshadkenys. 30

When the VI i . . Of 1 . Lnventiaon is repl.ace a. ni trogen-

functional i zéggpéétglé?\%la ’e%%lgfchelrag%%?&? ﬁ(élda%bﬁﬁfa 1?1’ ﬁegjﬁflggglﬁd Mt in the
formul ati on 20{p3d 898, linbfeic acid emete frabsestidyaldImAki actds, ARkes AthaldgReENdi Ng
upon the amount of dispersant- viscosity index inprover (DVII used in the

oi | conpodi t iaeids) with avaseiytofialaohels de-ga Shtyl alcahelghersi alcgholi dodegilcalédholbot h

as detergents r 1S a s acid neutralizers or
rust i nhi bi to%r%t?ylﬁ %@%&ﬁ?ggwgﬁ%ﬁéggﬁ%h el&%gﬂgg'%ﬂn%e r,e[;gpgﬁlap?léfygﬂl& ne
life. Deterg@pesifigeranples yf aeirsictanaudes dibutyhgdigatal ditz-ahymgylmyafa@aaobi c
tail, wth the polar_ head conprising a netal salt of an acidic organic

conmpound. Théi-gderyl fymarateiogtyl sgbacates diispackyl jagelateodiisodesyd ezelateadioetnt of

the metal in ' €4 ch.lbe r . ral 10
ol to. and iR, SREEH ool Ry HpUE) e BT 2R AR U ey BE 1R 2
measur ed 1y adiSHiinER 886 yheadonipleestertfornid by reaatiigeorimeole tof eébagicwidivithase
may be incorporated reacti ng excess netal conpound (e, g.,. an oxide or
hydr oxi de) V\nﬁ)‘f’ﬂ "ﬁcwﬁ%‘r@@i@c H?%COE ?“,“?E‘%’l? BW?FSd?f@X“rtBﬂ?‘?xaPﬁé’ iyl ting

over based detergent conprises neutralized detergent as the outer |ayer of

a netal base (e.g. carbonate) mcelle. Such overbased 15 detergents may
have a TBN of 150 Estergusefitl@s syrihetict gilsi atsal inglude tHosémade #roBSs af Cf,r om 250 to

450 . _Di_hyd byl , di t hi h tal salt t d
2o ant i wear - HIREOSROTANe Aiscand JRRl SRR S R s BereaeBWAEDEOor &l kai t ne
earth meusl, udmhedlolpropdie, peaitadrfBsitol  difent i thBEA MMA ripENRRAARSRI. Ni ckel or

copper. The zinc salts are nost commonly used in |lubricati'ng oil and may be
prepared in accordance with known

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful ¢lass of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-

20  ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

25
Ashless dispersants maintain in suspension oil insolubles resulting from
oxidation of the oil during wear or combustion. They are particularly advantageous
for preventing the precipitation of sludge and the formation of varnish, particularly in
gasoline engines.
30

When the VI improver of the present invention is replaced by a nitrogen-

functionalized equivalent thereof, the amount of ashless dispersant in the formulation



techni ques by first formng a di hydrocarbyl dithiophosphoric acid (DDPA),
usually by reaction of one or nore al cohol or a phenol with P2S5 and then
neutralizing the formed DDPA with a zinc conpound. For exanple, a

di t hi ophosphef@30@ci d may be 25 nade by +gmcting mixtures of prinmary and
secondary al cohols. Alternatively, multiple dithiophosphoric acids can be

prepar ed whercgn bb edtiale@ 9 abYboud RS peReMY Qﬁdu?%ﬁPoﬁfBE'ahﬁJu}ﬂt @g&%&ﬂ in

character and_the hydrocafbyl groups on t s are entir primary in
character. Toissasty mHex improver(DVIDarsed rathe ®ilmompesitioal zi nc compound  coul d
be used but the oxides, hydroxi des and carbonates are nost generally

enpl oyed. 30 Cbnnercial additives frequently contain an excess of zinc due

to the use of an M@tﬁﬁﬁontﬁhn"g@aﬁﬁﬁrﬁnﬁ% ﬂ@e@eﬁm%mohlf&gmﬁ d&%‘é&%&ﬁ‘i iozat ion

reaction. 2003L005 -17 Oxidation inhibitors or antioxidants reduce the
t endency &f rWh@P &F resnevs depositsand ap e¢idnmeutralizeesy arirog. inlgkitom} thereby reducing

deterioratior&h eneowden tb S| ud elln t)p | ubri cant, var.ni sh- ke
deposits on tha Bt Al SR saen e Detegeepisarnprally compriss 2 ag

i nhibitors lmeidldﬁhfall hgito aﬂ wﬁh'ﬂﬁa' W) R34 tOmPRiak a3 tiSalof an

al kyl phenol t hi oest ersaﬂgav{mwpref er abl y CSpto Cl12 al Eﬁ ' glade chai ns,

cal ci um non;’»‘?lﬁ}‘r‘éﬁ%ﬂlc §OMpP B16|sagbmmcentpmaxbe@nmdw stoichiomietmial

phenat es, I urized Ey r QG ons, hor

esters, rret a H?@@éi‘% g’s“’h%hcg‘% e, i s ‘g %fd}%'@ %”E’Bg i bed in
U.S. Pateat hits, maﬁzumawxcammlameEMumf amnqa@amaeasumy
aromati c am own_ fri ctlon nodi fiers include oil-sol uble

or gano- ol yb b?ﬁmm ta§0 Aolaggesnomnt pha aretahbpse way bﬁmmmorrated s

composi T .V'oﬂe"%s'i’é%ﬁﬁ R R0 BRbIRR .o R ik iy Brond ) R AR
conpounds, t feg.ecarbgn &mxnbmt Thmmsluitlhg odtrbiredcieidpgein t@Bprides neutralized

di thi ophosph tes, di t‘E tes, ant hat es, thi oxant hates, sulfides,
and the |ike etﬁ%m‘?ﬁ f"l"e‘?él‘o‘\mt (&1 cArhanals) apigslles Sush overbrseddenum

di t hi ocaibamaéteentsFha) WEQ'T];N%PTWBP Ql%r,ém?ﬂ tlll'lﬁﬁr g’fﬁﬁof from

al kyl t hi oxant hates. OQher known fricti teri a i nclu

gl yceryl nond&dtoedX) @fmore) hi gher fatty acids, for exanple, glyceryl
nono-ol eate; esters of |ong chain polycar boxyl ic acids with diols, for
exanpl e, the butane diol ester of a dinerized unsaturated fatty acid;

oxazol i ne conpounDshydecsrtayl idakiopRbspha| iathl- A arel frdifuBatlyBRA as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,

20 lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil and may be prepared in accordance with known
techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually
by reaction of one or more alcohol or a phenol with P,Ss and then neutralizing the
formed DDPA with a zinc compound. For example, a dithiophosphoric acid may be

25  made by reacting mixtures of primary and secondary alcohols. Alternatively, multiple
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are
entirely secondary in character and the hydrocarbyl groups on the others are entirely
primary in character. To make the zinc salt, any basic or neutral zinc compound
could be used but the oxides, hydroxides and carbonates are most generally employed.

30  Commercial additives frequently contain an excess of zinc due to the use of an excess

of the basic zinc cornpound in the neutralization reaction.




am nes, diamnes and alkyl ether am nes, for exanple, ethoxylated tallow

amne and ethoxylated tallow ether amne. 25 Pour point depressants,

ot herwi se known as lute oil flow inprovers (LOFT), [lower the mninmm

tenperature at®RKP®h the fluid will flow-ar7can be poured. Such additives

are well known. Typical of those additives that inprove the |ow tenperature

fluidity of the fi Dxidaio ikKbiters 6 Bnehixalideyd reﬁﬁtféﬁhéte‘f-[g%é&ydfmlg.‘e‘%ﬁ Bifio 3°

copol yners, and pol ynet hacryl ates. Foam contro can be ‘provi ded by” dn

anti f oanant OHCEFH%“\F}O‘I“%W“@Xdeaw,etmanwﬂkf n egldembeddg;mt fudyid dmg]éedi i ves
| ydi net hyl gj n arn'% ( -, 18 .Sone e abqve-nenti one I Ve
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may act as a dxispesrsinhibitord idelutl©Rindeded Phtmils, alifilife ﬁl%?aglgallssof\’\e I known

and need not further elaborated herein. 5 I't may al so be necessary to

i ncl ude arr ad%ﬁﬂpgsﬂwmqﬁt%hww preferabdy €5 &b Cla alkylaide dhamsydadciomi ty of the

bl end. Thus, r cqnt ai ni ng ditives achieve a suitably
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conposi tions émuiferised hydrodasins] phospherousésire dnbal thicAbARRES, BELIRSS-

Addi tives 10 which are affective in controlling this viscosity Increase

i ncl ude the | URECLFRERRPURS, 8f drserbsshia U-SnBatemd\én.Mz&ﬁg,w, arﬁhmbl}dndem,ir?h mon?-

or di carboxyld i L . wWhi.ch are used in the preparation o

t he ashl essyd%@é%@ggﬁ?@bg%%%{rig%ér%gaz*c\(l)ﬁrygﬁgs!'scI osed. 15 Representative

ef fectivellanounts of such additional additives, when used in crankcase

lubricants, are Ijsted bel ow. ADD Tl VEMass % (Broad) Mass % (Preferred)

Ashl ess Di sper san#@‘?‘in frickien. ‘Frélm@éqeeql!'&ﬂt@c@Iglﬁ-ﬂo-m@Gb@nungd%@ipmmgs.on

| nhi bi t or 0- 5Guch br@unbahalyb@dundfirREAR Fddiffid dd B idhnt arsl aritiw

Ant i oxi dant 0- 50, Oléa-n 2 Plgur Poi nt” De reésgn?lsgpgéfﬁ_e dYiogydapt and antiwear
credits to a lubricating oil composition. As an example of such oil soluble organo-

molybdenum compounds, there may be mentioned the dithiocarbamates,

15 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
20 higher fatty acids, for example, glyceryl mono-oleate; esters of long chain
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.

Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to Cy5 dialkyl fumarate/vinyl acetate

30  copolymers, and polymethacrylates.

Foam control can be provided by an antifoamant of the polysiloxane type, for

example, silicone oil or polydimethyl siloxane.




Ant i f oam ng Agent 0-50. 001-0. 15 Suppl enental Antiwear AgentsO - 1.00 - 0.5
Friction Mddifier0-50 - 1.5 BasestockBal anceBal ance It may be desirabl e,

al t hough not essential, to prepare one or nore additive 20 concentrates
conpri si ng ad¥P3LoPes (concentrates sonetings being referred to as additive
packages) whereby several additives can be added sinultaneously to the oil
to formthe lubricating oil conposition. The final |ubricant conposition
may enpl oy 2003L005 -19 from5 to 25 nmass % preferably 5 to 18 nass %
typically 10 to 15Semasef theabovchmentanedendtlitvecari provide aahnlepliciBebidreeist Of

lubricating viscasity. .This invention will be further understood by
reference to t%' ﬁsépoi 8?‘%8%871@8133]5?5&"[5“’5@&” 3¢t e disBesaionistation igfibitor. {Thés

properties ofappesabRiswl khd®h YEhSIHE be ' IpRgigertain terns of
art, which ar gpdefi ned below. In the Exa%?ggﬁa&%pa%@ are parts by

wei ght, ufl ess otherw se noted. "Shear Stability Index (SSI)" measures the
ability of polynerns_use s V.lI. 10.i overs.in crankcase |lubricants to
mai ntai n thi ckeni rllgfnﬁéﬂ\ﬁgsp%&dlref"?‘féargé? "?"E;E)c[erﬂ?l 3ddjtivg vhieh maetips thetstability of a
pol ymer to delk videdsitgdf uiRdfiénds ETHsC AitifotgH ipbiaf Biou Iéaﬁtaiﬁlhggg&ubggeacﬁé e al NE
| ess stable the polymer, i.e., the nore susce tibie 1t 0 degra af'i on.
SSI is defi naBitahly {Gve viseosieyrin shyeproflenslingstageic has/ween vbsaroai thyt doass and i s
cal cul ated a : . 51 = 100 x'fresh -  kvafler kv fresh - kvoid
wherein kvf h%f}sg%’%]lgy’% lrrllégrrﬁ% % "&ﬁ‘cgﬁlgg‘r"??/“ gpredifar B’G]‘iﬂgﬁﬁl PeRRfisaiMidigvesol ut i on
before degr addth ae effectivevintcoh@oling thik PREGfyGnMtb 8L 35dIbde A 161 chain

pol ymer - cont ai ni ng, sol ution 20 after degradation. SSI 1s conventionally

i .
det er m ned ugp'ﬁi@’c%@‘l’ﬂﬁ Pmotrenatigeq hy esaptiomwith otk pt dicabexylic@idsosr DI N bench

test). The phiEidet MR I ' %r d i sui,t abl. e base oil (for
exanpl e, sol vert egtractheagg.ﬁtéeglﬁé@%&%? \éﬁ ngpt]hgla%tl?% SPEEeRSiaFy of 2 to 3
centi st okes herefmbeforadidckobel.r esulting fluid i s punped through the testing
apparatus specified in the ASTM D6278-98 protocol. 25

15 Representative effective amounts of such additional additives, when used in

crankcase lubricants, are listed below:

ADDITIVE Mass % (Broad) | Mass % (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 02-9
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-2
Pour Point Depressant 0.01 -5 001-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-15
Basestock Balance Balance

It may be desirable, although not essential, to prepare one or more additive
20  concentrates comprising additives (concentrates sometimes being referred to as

additive packages) whereby several additives can be added simultaneously to the oil

to form the lubricating oil composition. The final lubricant composition may employ




"Thi ckening Efficiency (TE)" is representative of a polyners ability to
thicken oil per unit mass and is defined as: '~+ paly,Rer TE = 2 In cln2
“Ir;.it 30 2003L005 -20 wherein c is polyner concentration (grans of

pol ynmer/ 100 ¢P@#805o0l ution), kvoij + poly¥er is kinematic viscosity of the
polymer in the reference oil, and kvo;1 is kinematic viscosity of the
reference oi lfror 51605 ndsk 98)lprdterably BH A8 ads Gy pichtly 30 W6 25 Wass & oflthe
cold-cranking characteristics of "crankcase |lubricants and Is

convent i onal opnepatiaterthesamainidagbeing oid of hibgigatingewiscoistipd i N ASTM D5293- 92.
"Scanni ng Brookfield" is used to neasure the apparent viscosity of engine
oils 10 at low tenperatures. A shear rate of approximately 0.2 s-11is

produced at shear Hii§ ive@sorDeIIPW fitBeRthdeARRAY 8 YefatbRe 18 tieVfollswiasur ed
continuously as the sanple is cooled at a rate of 1C h over the range of

-5C to -46C, espmplsst fethe dollawiag fixamples, thi ipropertins of icertain iMIyimpraveeste 40, 000
nPa. P). : : i fined in . A D5133: 01. Th
Teasur eront s SRR B eRRAA Ml o At hitR i dorutes Boloot ot the Bxamplescall i ¢y i o

nPa. s or the parisiaregiaets by GRiglitenles ot iwise dofedof Vi scosity increase
(Celation Index) and the tenperature at which the CGelation |Index occurs.
"Mni Rotary Visconeter (MRV)-TP-1" neasures yield stress and viscosity of

engine oils after i . bt riod of .45 urs to
a final test 20 te%%%%@l%@%e@%ﬂ ?%@E'gllﬁgﬁ{e%@ty%@&t%%‘ﬂsggﬁ? “tycle is
defined il ShAproRersdn chimkcibddbtants to thaitteindBicREfingpower. du¥ing!IbIsd r ess (YS)
i's measured f'idéSt' at .the test tenperature and apparent viscosity is then

measured at ¥ FALLYP _°§ f%&‘“&?c%"f@ _ ymes tedegragption under geryice gouditionsi SIS | .
for Apparent pghsr@igsy, the Ids 9@5&% ?&Xﬁgﬁ:i%g thé)ﬁlo}crﬁsccﬁﬂplct)aviﬂsefgt cP. 25

"Pour point" neasures the ability o di 1""conpositio ow as the
t enper at ur e degrhdatome $S1Reddfmedan de pescentgge of pdlyimer-degvabdsashy ias agdé isand
is neasured ﬁSilngdt h(;. liest_ procedure described in ASTM D97-02. After
prelimnary calculal as IolIOwWS:

15

kv —
SSI=100><M

kv fresh kvoil
wherein kveesh is the kinematic viscosity of the polymer-containing solution before
degradation and kvag is the kinematic viscosity of the polymer-containing solution

20  after degradation. SSI is 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
apparatus specified in the ASTM D6278-98 protocol.

25

“Thickening Efficiency (TE)" is representative of a polymers ability to thicken

a

oil per unit mass and is defined as:

kv
TE = 2 In oil+ polymer
cln2 kv

oil

30




heating, the sanple is cooled at a specified rate and exam ned at intervals
of 3C for 30 flow characteristics. The | owest tenperature at which
novenent of the specinmen is observed is reported as the pour point. Each
of MRV-TP-1, 2@8B80@nd pour point is indicxgive of the |ow tenperature

vi sconmentric properties of oil conpositions. 2003L005 -21 "Crystallinity”

I n ethyl ene- ;e i - t echni ques
noan |1t he et 8hE poiinBe LB T A g ARG R s S lony;
calorinmetry (kBSGypoj-edt kineBGtic aischstyusfebe palymensithe refergatedil,iand ky ;ds
follows: a 5,polyner.sanple.is anneal ed at roomtenperature (e.g., 20-25C
for at |east "i{i’ts’ﬁrvéscoﬂ ofthe HlereRElr enent . Thereafter, the sanple is
first cooled to -100C fromroom tenperature, and then heated to 150 C at
10C mn. Crystallinity is calculated as follows: to % Crystallinity = (~
AH )x x 13 X100% "ColliCrapkisgdimulaEsCCS) gl aiseashee ofihe adldichankingat absor bed

by the pol yneg_above. it |l ass .transition tenperature, xrnthylene is the
nol ar fracti Sharg‘f oRY Ioiﬁ%ng‘f‘fls? fubrisapts gad 1s @3%103‘Ptﬂ$et8‘?@m?9¥§lﬂﬁ?prot on
NVR data, 14 tdchik Hedceibbdth ABTHM DBRSRE92f a nethylene 15 unit, and 4110
(J/mol) is the heat of fusion for a single crystal of polyethylene at

equi librium EXAMPLE 1 Three radi al polynmers were prepared having

conposi tions as pk edy | »Jable 1: Table | *EP indicate .

et hyl ene/ pr opyl! eneggagﬁrﬁ%nsgd%}é’gmég fsr%s%gﬁ%wwq @3@8}?{&&“ V&ﬁ%&gﬂﬁ‘?doﬂs

| sopr ene;10 EBat Josli eaiperangtd) YA 8 hedr Date @ @ppiokintatelp 0iveis ik Qiice®hdiBsr zati on of
25 hydrogenat ed but adi ene. The above nol ecul ar wei ghts were determ ned as

pol ystyrene &GERseapedon 108 Pandpparegt viseasiy pomgasured-contipegisboas; the sample is ™
le, th j ' SP8, D b e ALY NY

ﬁ(gg{) rGat es.r 85}?11261 rhi%%(?fng%%% t@%f%lggo{/ver € %Oﬁf§¢§+ %ggc Yggrlré}r%t & %nount  of

sol i d pol ynmewhidirtbevjscosirycdadedds 40000 enka. s cPar Thd testprduveis defined in

' / EB* Bl ock Conp. 10071012
Pol ymer But ad IAW%& B?—%‘i e measurements resgl?ing }rom t}m test method are reported as
15 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
20 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
test temperature and apparent viscosity is then measured at a shear stress of 525 Pa
over a shear rate of 0.4 to 15 . for Apparent viscosity is reported in mPa.s, or the

equivalent cP.
25

"Pour point" measures the ability of an oil composition to flow as the
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

30  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

indicative of the low temperature viscomentric properties of oil compositions.




Conp. 20346675819 Inv. 122.0072700 2003L005 -22 cal cul ated. Each bl ended
oil sanple was subjected to degradation in a standard 30- cycle KO test.
Results are shown in Table 2. Table 2 Polyner Treat for Polynmer kv100 Fresh
Ol (cSt)kviCooapeser (cSt) kv100 of 15 ci-(mass % Al) Conp.

115. 0014. 520. 68 Conp. 215.0013.720.63 Inv. 115.0014.580.61 5 The data of
Tabl e 2 denonstrates that the VII of the invention (Ilnv. 1) is nore shear
stable than the conparative materials (Conp. 1 and Conp. 2). Further, |ess

of Inv. 1 is need . iev Kyl 15.0 ¢St. _which establishes
the inproved thi c?gﬁlt%lglﬁﬁ fllgcelﬁl éﬁr]\%gﬁg#’haf lgﬁgﬁgféfﬁv’ﬁl‘é‘“’fﬂe rf’ﬁ?fpbe@e"}sgl.g U%Usi ng
VI i nprover s téxhninned kaswdn Inthe aft,as maldirdsGatthé@seifla diffefetialtsc&ifin

appr oxi mat i % comer cji al PCIVDQgE?Fssenger car notor oil) and HIﬁD (heavy duty
di esel ) for myPlorimshy BISC) deskp apdiegeditameasuse esystalliaity e¢ followst aup 1,

Goup Il gnd ﬁ&&& : d Al reat es and
pour poi n't§ d&?r essg’%@e)ll%a?ﬁ%?)%tg%%ﬁﬁ%n%&’&b%@? F(%rnag%g‘rg[:aﬁn%oigﬁr ed

t o det er m ne befoes theanéasutetint. t ENGREATRIr the sathple MRist &stled ©CDO0 LT £6H rd6m
Brookfield, MRV-TP1l, Pour Point). The fresh oil, |ow tenperature

vi sconet ri cs terpperaigraranditheaheatpd ép h3Q@Q ay 403 mimvCrystaliingty it celaudlated ave

conpar abl e t%lrlgwse of prepared with Conp. 1. 20 EXAMPLE 2 Conpared to

hi gh- et hyl enée cont ent (greater than 55 wt. % derived from ethylene) olefin
copolymer (OCP) VI inprovers, the VI inprovers of the invention can be
shown to allow for nore flexibility in PPD and baseg,oil selection and

provi de !Power treat rat®s.Criveralling Abk Je punmabiH-bsl00RV- TPI ) data for
fresh oils 4110

wherein ZAH (J/g) is the sum of the heat absorbed by the polymer above its glass

transition temperature, Xmethylene 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
15  unit, and 4110 (J/mol) is the heat of fusion for a single crystal of polyethylene at

equilibrium.

EXAMPLE 1
Three radial polymers were prepared having compositions as presented in

20 Table i:

Table 1
Polymer Butadiene PS Block EP/EB* Block
Comp. 1 0 0 71012
Comp. 2 0 3466 75819

Inv. 1 22.0 0 72700

*EP indicates ethylene/propylene units derived from polymerization of hydrogenated
isoprene; EB indicates ethylene/butene units derived from polymerization of

25  hydrogenated butadiene. The above molecular weights were determined as
polystyrene equivalent weights.

For each polymer referenced in this example, three oils were blended in the
same base blend with varying VM treat rates. The resulting kvigo values were

30 recorded, and the amount of solid polymer (treat) needed to achieve a target kvyo0 was




25 bl ended with a VI inprover of the invention (Inv. 1) or a high-ethylene
OCP (Conp. 3 having an ethylene content of 64 wt.% and a M of 97,000), in
15W0 HDD fornul ations, are provided in Table 3. The oils are initially

bl ended wi t h 2608LB#D 2003L005 -23 added, apg-then supplenmented with various
PPDs at different treat rates. Atotal of seven PPDs are tested with five

treat rates f BR&D . . . _

treat %v. S. (cF%aI\?.“ S. Vi SE%??E}IIE@@%)S%B%{ %&%ﬁé%%gi%g%%@m%‘%25‘?&9%833?2
17554895 0. 5<ygedd0 & BEQ9 afe sho8wmdb AaPES3520921 1< 3526935<3521283 PPD
20. 1< 3527240< 3521395 0. 3< 3529207< 3523860 0.5< 3529251< 3522444 0. 8<

35534069<3523059 1< 35s32415< 3523930 PPD 30. 1< 3529629< 3520689 0. 3<
3529921< 35238 . 5< 3530154<3521966 0. 8<3529872<3521750 1< 35s30132<

3521093 PPD < 35s53768< 3524426 0. 3<_3532236< 3524440 0. 5< 3532060<
3528805 0. 84 P3h@eer2 3kqaditssh Qi (683 42008 AMHESN82 PPO Bélyter Beabfp2<
3522007 0. 33528116<3523127 kvigo of 15 cSt
(mass % Al)
Comp. 1 15.00 14.52 0.68
Comp. 2 15.00 13.72 0.63
Inv. 1 15.00 14.58 0.61
5

The data of Table 2 demonstrates that the VII of the invention (Inv. 1) is more
shear stable than the comparative materials (Comp. 1 and Comp. 2). Further, less of
Inv. 1 is needed to achieve target kv;g of 15.0 cSt, which establishes the improved
thickening efficiency of the inventive VI improvers.
10
Using VI improvers Comp. 1 and Inv. 1, lubricating oil formulations
approximating commercial PCMO (passenger car motor oil) and HDD (heavy duty
diesel) formulations are prepared using a matrix of base oils (Group I, Group II and
Group HI), grades (15W40, 5W30 and 10W40, treat rates and pour point depressants
15 (PPDs). The resulting formulations are measured to determine fresh oil, low
temperature viscometrics (CCS, Scanning Brookfield, MRV-TP1, Pour Point). The
fresh oil, low temperature viscometrics of formulations prepared using Inv. 1 are

found to be comparable to those of prepared with Comp. 1.

20 EXAMPILE 2
Compared to high-ethylene content (greater than 55 wt. % derived from

ethylene) olefin copolymer (OCP) VI improvers, the VI improvers of the invention
can be shown to allow for more flexibility in PPD and base oil selection and provide
lower treat rates. Low temperature pumpability (MRV-TP1) data for fresh oils

25  blended with a VI improver of the invention (Inv. 1) or a high-ethylene OCP (Comp.
3 having an ethylene content of 64 wt.% and a M, of 97,000), in 15W40 HDD
formulations, are provided in Table 3. The oils are initially blended with no PPD




0. 5< 3527121< 3522042 0. 8< 3526869< 3521616 1< 3528800< 3521935 PPD

60. 1<3526950<3522111 0. 3< 3528884< 3523837 0. 5< 3528630< 3521966 0. 8<
3529429< 3522693 1<3528522< 3522640 PPD7 0. 1<3524529<140214678 0. 3<
3524646< 353088005 5< 3524468<3520935 0. 8%8526558< 3521343 1< 3526745<
3521539 e: Shaded cells indicate visconetric PPDs wused represen failures 5
No t . t comgasdim HeSitH [ ;

pol ymers 2003L005 g?%%ﬁ %%%%@é%ﬁ%&?@s%@%ﬁ{e?%@n{égﬂg e(%b@ga? fe | ess
sensitive to ScHen BBDgareitested with five dreai fatearfior ¢aPtygean t he hi gh- et hyl ene OCP

VII. EXAVPLE 3 5 There are two industry accepted engine tests for

determ nation of used oil low tenperature visconetric performance. In the
eval uati on of PCMO f gupmlsati ons, used oil |ow tenperature visconetric
performance is deterpined usipng an APl -certified double-length Sequence
11 F test. For the ¢gval uat ¥8h| of HOD forlmul Bti onp, th€olpck TI test is
relied upon. Used oills are geperated in engiviie tpsts and subsegpuently 10
tested for |ow tenperature viseai®t|rixs. per {gmymapcey sFor yiligcpppbl e- 1 engt h
| RF test, passage _ 6 COBEh ot igee g EeFONMELri Cs,
particularly CCS and 03 | <35 24632 | <175 54895
0.5 <35 26015 <35 21955
0.8 <35 27075 <35 20921
1 <35 26935 <35 21283
PPD 2 0.1 <35 27240 <35 21395
0.3 <35 29207 <35 23860
0.5 <35 29251 <35 22444
0.8 | <355 34069 <35 23059
1 <35s 32415 <35 23930
PPD 3 0.1 <35 29629 <35 20689
0.3 <35 29921 <35 23499
0.5 <35 30154 <35 21966
0.8 <35 29872 <35 21750
1 <35s 30132 <35 21093
PPD 4 0.1 [ <355 53768 24426
0.3 <35 32236 24440
0.5 <35 32060 28805
08 | <35 38423 36753
1 | <355 42009 45182
PPD 5 0.1 <35 26492 22007
0.3 <35 28116 23127
0.5 <35 27121 22042
0.8 <35 26869 21616
1 <35 28800 21935
PPD 6 0.1 <35 26950 22111
0.3 <35 28884 23837
0.5 <35 28630 21966
0.8 <35 29429 22693
1 <35 28522 22640
PPD 7 0.1 | <35 24529 | <140 214678
0.3 <35 24646 <35 30043
0.5 <35 24468 <35 20935
0.8 <35 26558 <135 21343
1 <35 26745 <35 21539
5 Note: Shaded cells indicate viscometric failures. PPDs used represent

conventional technologies including both FVA and PMA-based polymers




MRV-TP1, cannot deteriorate over one Wgrade. To pass the Mack T-10A

test, MRV-TP1 viscosity of the used oil cannot exceed 25,000 cP with no
yield stress failure when tested at -20C regardl ess of the Wgrade of the
fresh oil. 15200®05WB0 PCMO fornul ati ons.ggotai ni ng 100% G oup-11 base oils
are prepared. The two fornulations are identical, except for the VI

| nprover. One for [ ' 1.1 L ghs ene. . .4

et hyl ene cont ent o'fr%Sgi iwo&&a(ﬁl&ﬁ {Iﬁl%g%tw&fgg?%‘g%so%%é%s {éﬁsel '8 F‘lo(eﬁgg%f’ﬁldd' Vi
i nprover of téfeasmoidand BRD(thavthe hjgh-&fyEhe OCROVIIOr nul ati ons are subj ect ed
to a double-length Sequence IIIF test, the visconmetrics for used oils
results are neasured, and the used oil kv40 and MRV-TP-1 results are
provi ded in Tekh®PLE 2003L005 Table 4 -25 VM nv. 1Com .4 Test Hourskv40
i ncrease MRV-TPT Vi s. kv40 increase MRV-TPI  Vis. (% (cP) (% (cP)

0- - - - 10900- - - - 6410Thege gregwRi0D LY 2SStk 12IONE d6tkiABAtion of used oil low

30- 6. 21470016, 612200 40- 4. 51520021. 913600 50- 1. 71500026. 616100
600. 91560029. ETP0EH"S §ECIREBE BS 9’5&%‘260?'!36‘8.65 uateiuef eMghiprmulations, used

9011. 6190004 %iBRa34RMpaAAd vELEEPR beH3AMARE 1 820mARABARP P ABL Whtified
double-length Sequence IIIF test. For the evaluation of HDD formulations, the Mack
T10A test is relied upon. Used oils are generated in engine tests and subsequently

10 tested for low temperature viscometrics performance. For the double-length IIIF test,
passage requires that used oil, low temperature viscometrics, particularly CCS and
MRYV-TP1, cannot deteriorate over one W grade. To pass the Mack T-10A test,
MRYV-TP1 viscosity of the used oil cannot exceed 25,000 cP with no yield stress
failure when tested at -20°C regardless of the W grade of the fresh oil.

15

Two 5W30 PCMO formulations containing 100% Group-II base oils are
prepared. The two formulations are identical, except for the VI improver. One
formulation is blended with high-ethylene OCP (Comp. 4, ethylene content of 58
wt.% and M, of 135,000), and the other with a VI improver of the invention (Inv. 1).

20 The two formulations are subjected to a double-length Sequence IIIF test, the
viscometrics for used oils results are measured, and the used oil kvso and MRV-TP-1

results are provided in Table 4.




12031. 42420064. 435200 13054. 53200072. 749200 14092. 84550083. 965300

* 150153. 67090092. 786500 160243.9112500105. 910200 As shown by the data of
Table 4, with the lubricating oil containing Inv. 1 as the VII, MRV-TP1
viscosity incoemses |inearly with kv40 angs MRV - TP1 exceeds the 5 maxi mum
limt (60,000 cP) at a point at which kv40 had risen to about 120% For the
oi | blended wih 4 he high-ethylene VII (Conp. 4), MRV-TP 1 viscosity
deteriorates faster than kv40, and increases above 60,000 cP at a
poi nt corregpondivig to g kv40 inchease of only]|about 85%onpesrefore, i

can be showt tiradt Hdwes USeRvQlihert R | MRVEFET Vi€ | VG LREELECT MRV - PFV}Q
I nprovers ofl the inventijon a(%lsuperl or ;C@.)those 1 £%5‘hl gh- eth

cont ent OCPg— EXAPLE 4 For HDDfor rut at, Bo, Pgssage o the ?vm, = I A

H 1 Tead ~ill | ~aar + r At Dn bt rilc r oLl enel lj’ h
t est | S t he UlTl _y CcUuU U1 T va I. UII'J I at v oUW C T T T T C Ot L gy aS
been est abl ilshed L hat—addi ng-thePPD 132 is equiv 5¢an t
testing the [ail w9h Ppr Alt63est hils!1a®d®k bl é 16 15WI0  HBB200

formulation|with 3the same D -§di sper sanil476thi bi {or) b@\6kage and 1B28&@ oi|l s.

Shown in Talhle 5 40 e PPD resphfise pfofilis200 or hoth 2resh and afiendt est
oil's that 4are blsmded with tye butjadi engpdy ee Conp. 2deand {he I1BY&NT I V¢
material Iny. T §@W Z003L00%Y g 26 UETPen 5630 © purrpa@< 5Ty 01 Ol 15500

cont ai ni ng Imv: 73S stgwn [(5 IUc eﬁjl VdIIE:g o to lile 2Y 3 contatt sm{:uu

2. TABLE 5 FNote Shaded——cetr+ 1 cate € s \

Al bUII;LI T U xe a LIL)
.2Inv. 1 Fresh ﬁ$qulsnnl [l I:rg_“. O-HUs ) '03 [~ t{reatyY Q4 ixq (cP) éjmﬁ S

(cP) Y.S. Vi (cB% souls _(EBS ppd 10 12%61q4<%1#213;6<%>6é5233,@h354
0. 3<3524632+3516880<3523971<B584561] 0. 5+26M6015L535161R80<3526917239AM578

U

O

110 20.0 20800 58.0 30200
120 31.4 24200 64.4 35200
130 54.5 32000 72.7 49200
140 92.8 43500 83.9 65300
150 153.6 70900 92.7 86500
160 2439 112500 105.9 10200

As shown by the data of Table 4, with the lubricating oil containing Inv. 1 as the VII,
MRV-TP1 viscosity increases linearly with kvyq and MRV -TP1 exceeds the
5  maximum limit (60,000 cP) at a point at which kv, had risen to about 120%. For the
oil blended with the high-ethylene VII (Comp. 4), MRV-TP1 viscosity deteriorates
much faster than kvy, and increases above 60,000 cP at a point corresponding to a
kvyo increase of only about 85%. Therefore, it can be shown that the used oil low
temperature viscometrics for the VI improvers of the invention are superior to those

10 of high-ethylene content OCPs.

EXAMPLE 4
For HDD formulations, passage of the Mack T-10A test is the only used oil
low temperature viscometric requirement. It has been established that adding the PPD
15 after the test is equivalent to testing the oil with PPD. All test oils were blended in
15W40 HDD formulation with the same DI (dispersant-inhibitor) package and base
oils. Shown in Table 5 are PPD response profiles for both fresh and after-test oils that

are blended with the butadiene-free Comp. 2 and the inventive material Inv. 1. Low




0. 8<3527075<3516004<3526983<3514569 1<3526935<3515927<3527454<3514726 PPD
20. 1<3527240<3515136<3528334<3513678 0. 3<3529207<3516362<3528239<3514774

0. 5<38529251<3516201<3527834<3515582 0. 8<35534069<3515767<3529185<3516071
1<35532415<350%840%3530161<3516694 PPD 3024<3529629<3514000<3527945<3514081
0. 3<8529921<3515867<3527172<3515058 0. 5<3530154<3516108<3527312<3515058

0. 8<3529872< PPD
20. 1935553765 AE Tenge PEOPEINIAR Setapm i £ nitbud Wb RadR At aco ety o

0. 5<3532060<3®0lB0E €25§2210<70, 18392-

0. 8<3538423<70, 19644<3538124<10521080 1<35s542009X7023481<3541886<10524294,
PPD 50. 1<3526492<3514820<3527272<3513566

0. 3<3528116<3BABREGB<3526557<3514616 0.5<3527121<3515266<3525646<3514742

0. 8<3526869<3515641<3527554<3515329 1<3528800<3515793<3527241<3515166 PPD
60. 1<352695043317840860.7874<3514188 0. 3<3528884<Bmi7872<3526589<3514925
0. 5<3528630<3518514<35296RsBBI5013 () 1Bed 6RP429<3bERsBeRB5286 ] Tad iAo

1<3528522<3520241 <3328 957 8> 1 AB2PPPY(Y. ISHe 18P PY D T0T2 R4 Y R 1 30t epY
0. 3<3524646<:?Fg21 P I £ 1hg 23 79 ﬁ 1388349

] A < 9
0. 8<3526558<3 29181L<3 21 16894~ |'<35 "25971 ~ |'<35 14561

05 [<35 26015 |<35 16130 |<35 26917 <35 14578
08 |<35 27075 |[<35 16004 |<35 26983 |<35 14569
1 <35 26935 [ <35 15927 {<35 27454 |<35 14726
PPD2 | 0.1 <35 27240 |[<35 15136 |<35 28334 |<35 13678
03 |<35 29207 (<35 16362 |<35 28239 <35 14774
05 |[<35 29251 |<35 16201 |[<35 27834 [<35 15582
0.8 |[<35s 34069 |<35 15767 |<35 29185 |<35 16071
1 <35s 32415 [<35 17040 | <35 30161 [<35 16694
PPD3 [0.1 [<35 29629 |<35 14000 |[<35 27945 |[<35 1408l
03 |<35 29921 [<35 15867 |<35 27172 |[<35 15058
05 |[<35 30154 |<35 16108 |<35 27312 |[<35 15058
08 [<35 29872 (<35 15813 |<35 27725 |<35 15298
1 <35s 30132 | <35 15509 |<35 27679 |<35 15201
PPD4 (0.1 |<35s 53768 [<35 15538 |[<35 52715 |<35 14961
03 |<35 32236 [<35 16614 |<35 31497 |[<35 15868
05 |<35 32060 |<35s 18013 |<35 32110 |<70 . 18392
0.8 | <35 38423 |<707 19644 <35 38124 |[<105:21080"
1 <35s 42009 | <70 23481 | <35 41886 | <105 24294 -
PPD5 |01 (<35 26492 |<35 14820 |<35 27272 [<35 13566
03 |[<35 28116 |<35 15256 |<35 26557 |<35 14616
05 |<35 27121 |<35 15266 |<35 25646 |<35 14742
08 |[<35 26869 |<35 15641 |[<35 27554 |<35 15329
1 <35 28800 | <35 15793 |<35 27241 |<35 15166
PPD6 (0.1 |[<35 26950 |[<35 17846 |<35 27874 |[<35 14188
03 |<35 28884 |<35 17872 |<35 26589 |<35 14925
0.5 |<35 128630 |<35 18512 |<35 25960 |<35 15013
08 (<35 129429 |[<35 19186 (<35 28625 |<35 16451
1 <35 28522 [<35 20241 <35 29795 [<35 17132
PPD7 |0.1 |<35 24529 [<35 14592 |[<35 27761 |<35 13410
03 [<35 24646 |<35 14841 <35 25341 |<35 14406
0.5 |<35 24468 |<35 15357 |<35 25004 |[<35 14723
0.8 |<35 26558 |<35 15757 |<35 25181 |[<35 14702
1 <35 26745 | <35 16175 |<35 24379 |[<35 14381

5 Note: Shaded cells indicate viscometric failures.




2003L005 -27 Shown in the follow ng Table 6 are PPD response profiles for
both fresh and after test oils that are blended with Inv. | and a shear
stabl e hi gh-ethylene OCP polyner (Conp. 3). PPD appetite based on used oil
| ow t enper at woe3Lpespabi lity does not chapge for oil containing Inv. 1. On
the other hand, oil blended with Conp. 5 4 has catastrophic punpability

failures due to pr | ut L.ons. to the
problemare |Iim teﬁﬁ%}ﬁgl&@é %Y\/%rfgnﬂﬁlgg%m?ﬁgr%@ péof%gf%q’(ﬂ?? EF%%‘H“P

O | Used O | \Aftsr test @bsttifatSrd bRhdedSvith $nv. (Y a¥h&r\¥iadle KigRethldne\dSP (cP) PPD
10. 1<3526194<3516436<352 0524503 0. 3<3524632<3516894<3520031<17573387
0. 5<3526015<3¢ )glit‘gd&g Q}Lﬁ’ﬁ W ased on used oil low temperature pumpability

0. 8<3527075< < 9 038
PPD 20 10350 cogbror T Tor 07 SRl thy, £ -Onthooiher i) Gif BIRASIL WG b
0.3<35292@7<35m6SGQNBﬁﬂmnﬁﬁnﬁﬁmm5Tﬂhﬁeﬁ@&ﬂﬁQﬁﬁimﬁﬁwﬁﬂaﬂs&&&Bﬁﬁ&ﬁBﬁ&6824
0.8<3534069<§§i€ﬂg7<35 1653? 1<$532415<3517040<3522592<10516435 PPD
30. 1<3529629 BLSAS éH gm.are ligysd7

0. 3<3529921<3515867<3521341<7f 115453 0. 5<3530154<3516108<3522170X1014492

0. 8<3529872<3515813<3521990<3518316 1<3530132<3515509<3520401X7016156 PPD
40. 1<3553768 LA BIEE83<3538313< 14828 0. 3<3532236<3516614<3523529<7018593

0. 5<3532060<P5+46TF<3525318<70-46440—0-8<3538423<7040644<3
1<3542009<70p34812£3533421<1052088% Comp. 4
Fresh Oil Used Oil Fresh Oil Used Oil
Vis.

treat | Y.S. (cP) YS. Vis.(cP) [ Y.S. Vis.(cP)|Y.S. Vis. (cP)

PPD1 |01 |<35 26194 |<35 16436 |<35 20599 <305 24503'
03 | <35 24632 |<35 16894 |<35 20031 7338?
05 | <35 26015 |[<35 16130 |[<35 20118 5, o
0.8 | <35 27075 |[<35 16004 |<35 19354
1 <35 26935 |<35 15927 |<35 19381
PPD2 | 0.1 |[<35 27240 | <35 15136 [<35 20399
03 (<35 29207 |<35 16362 |<35 22488
0.5 | <35 29251 (<35 16201 |<35 23268
0.8 <35 34069 |<35 15767 |<35 23235
1 <35 32415 1<35 17040 |<35 22592
PPD3 10.1 <35 29629 |<35 14000 [<35 21164
03 |[<35 29921 |<35 15867 |<35 21341
0.5 |<35 30154 |[<35 16108 |<35 22170
08 |<35 29872 |[<35 15813 [<35 21990
1 <35 30132 <35 15509 |[<35 20401
PPD4 0.1 |<35 53768 |<35 15538 |[<35 38313
03 (<35 32236 |<35 16614 |<35 23529
0.5 |<35 32060 |<35 18013 |<35 25318
0.8 <35 38423 |</0 “19644 | <35 30119
1 <35 42009 | <90 :23481 | <35 33421
PPD5 | 0.1 |[<35 26492 |[<35 14820 |<35 21290
03 |<35 28116 [<35 15256 |<35 22036
05 |<35 27121 |<35 15266 |[<35 21890
0.8 [<35 26869 |[<35 15641 |<35 20998
1 <35 28800 [<35 15793 [<35 20549
PPD6 [0.1 | <35 26950 [<35 17846 |<35 18283
0.3 |<35 28884 [<35 17872 |<35 21460
0.5 |<35 28630 [<35 18512 |<35 21854
0.8 | <35 29429 <35 19186 |<35 22993
1 <35 28522 |<35 20241 <35 23940




PPD 50. 1<3526492<3514820<3521290<7015007

0. 3<3528116<3515256<3522036<701. 5756 0. 5<3527121<3515266<3521890<7014845

0. 8<3526869<3515641<3520998<7i } . 15500. 1<3528800<3515793<3520549<70: 15954
PPD 60. 1<352696/68517846<3518283<7015361. 93 3<3528884<3517872<3521460<70

. 16950 0. 5<3528630<3518512<3521854<717106

0. 8<3529429<3@Q§E§%<§%%9934405I ' 20182, 1<3528522<3520241<35239404 05. 19708
2003L005 TABL - -28 VWM Inv. 1Com p. Fresh Gl Used O Fresh

4-O-0-44 1 =00

1LIOILASTU- IO ZUS5 U000

1@ 5<35 . 55570 i%_S(%p)

€ proald2dde |x<108e 191209
N€350CP20A62i nyr<h@sr 22887 hojit
| €35 of 1983dpr gnelgandi5203

Gl Used O eat Y. S. (cP) vy Vis. (cP) YIS Vis. (e€bnpY4S. VI's.
(cP) PPD 70. 52935 THe 32630 1220509 19109 i, 53R 240%0FRpd 0il__

14841<35 204
26558<35 157
Not e: Shaded
denonstrat es
t hi ckening e
t he CCS debi

A |

ey I s,
Hel vi
ficiend3 of
s, and G.he |cd5d Rédber diBfe [A6RFETrt
i soprene/ styfene HIG8kK |peBsyne65358 i RBSOVEBBSIM t ha3gTpr 08393 t Higheni 15307
efficiency. The digcl osUress obepld paBsnt 36189 tiCkBs anghsgt hgrasmat efsgahs
desc!’i bed her ‘t& Hafed dSlis 1A XGEESﬁEHf&ffEﬂ&Qs. T ther et ey, o thrs
speci fication by reference. e principles, preferred enbodi nents and nodes
of operation of the present invention have been described in the foregoing
speci fication. Whatheaapl progides dembndtiatdsthdted VI irhpré Otk @ the iROMRIGADrovide NOt

to be construed as Iimted to the particul ar enbodi nents ]
5 e thickening efficiency of the high ethylene content OCP VI improvers without the

CCS debits, and the cold temperature properties of isoprene and isoprene/styrene

block polymer VI improvers with improved thickening efficiency.

The disclosures of all patents, articles and other materials described herein are

10 hereby incorporated, in their entirety, into this specification by reference. The
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

15  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, PPD and oil), the term “comprising” should be construed to

include the composition resulting from admixing of the noted components.

20




di scl osed, since the disclosed enbodi nents are regarded as illustrative

rather than 15 |imting. Changes nay be made by those skilled in the art

wi t hout departing fromthe spirit of the invention. Further, when used to

. describe conbpmabesons of conponents (e.gq_ VI inprover, PPD and oil), the
term "conprising” should be construed to include the conposition resulting
fron1adnixin%ggéﬂg§? not ed conponents. 20 2003L005 -29 CLAIMS: 1. A polyner

suitable for *a viscosity index inprover for |ubricating oi

conpositions, which polyner conprises at |east one, at |least partially

hydrogenated 5 |inear or star-shaped random copol yner of isoprene and

but adi ene, wHer ei rd Relymensuitaply foppse apatisqasisy indeadinproger foriluhrizaping efled i nt o

t he pol yner unjts.an weight _ratio of |sopren ddi tion product
o but ad ene oo, S SRk g R Bpia ARy ARt
about 90: 30 tineatyy$tar $Raped randdn coptemEU§erf andlbatddiche, Wheesi 4 163t 70
weight ratio is _fromabout 85:15 to about 75:25. 3. The polyner of claim

1, wherein s3td%sfitherbutadigneis|ingnspgrated intathe palgmar asthd upiss gnebthe sveightai m 3,

about 10, 000" Sreeree R s o TBRANEHE S on FRuTiIn S SGfifhels O

| i near pol ymed a kéige of frorbsbout9@Nageabo®7@30| ar wei ght of from about 30, 000
to about 400, 000. 20 6. The polyner of claimb5, wherein said |inear polyner
has a nunber average nolecul ar wei ght of from about 50,000 to about

250, 000. 4. Bhe p Emsl i j l. ' pol yrer .
25 8. Thelapo;ﬁymerq43¥$§fyﬁﬁ1og,kmvﬁéfgpﬁﬂ§{aﬁd& @%Pgﬁﬁgﬁﬁeﬁﬁﬁh%su@%%gg out 4to
about 25 armboutdid®5each arm has a nol ecul ar wei ght of from about 10,000 to
about 300,000. 9. The polyner of claim@8, wherein said star polyner has
from about 15 to about 30 20 arnms, and each arm has a nol ecul ar wei ght of

from about 68, 000 The pafiedr ot iR 30whdin SHEPAPEPR'a IMfealbdlified having a
nunber aver age nol eClIJJI ar wei ght o’FWfrolr%S abou?ﬁ%SO,aOO(S; t% g‘g‘gut 800, 000.

15 4 The polymer of claim 3, wherein said linear polymer has a number average

molecular weight of from about 10,000 to about 700,000.

5. The polymer of claim 4, wherein said linear polymer has a number average
molecular weight of from about 30,000 to about 400,000.

20
6. The polymer of claim 5, wherein said linear polymer has a number average
molecular weight of from about 50,000 to about 250,000.
7. The polymer of claim 1, wherein said polymer is a star polymer.

25

8. The polymer of claim 7, wherein said star polymer has from about 4 to about

25 arms, and each arm has a molecular weight of from about 10,000 to about 300,000.

9. The polymer of claim 8, wherein said star polymer has from about 15 to about
30 20 arms, and each arm has a molecular weight of from about 60,000 to about 140,000.

10. The polymer of claim 9 having a number average molecular weight of from
about 450,000 to about 300,000.




2003L005 -30 11. The polyner of claim1l, wherein at |east about 90 wt. % of
the butadiene is incorporated into the polyner as 1,4 units. 5 12. The

pol ymer of claim1, wherein at |east about 90 wt. % of the isoprene is

i ncor por at ed 2pmt.oost he pol yner as 1,4 unitf_13. The polymer of claiml,
conprising an anionic living polynerization product. 10 14. The pol ynmer of
claim1, wherein said polyner has a nol ecul ar weight distribution of |ess
than about 1.2. 15. A dibl ock copol ynmer having at | east one first polyner

bl ock deri ved]f r ormhepoli@@drialimar @/mereiitdeddt abRASD AN SFAROBEadiChd/ BT
bl ock conprising the polyner of 15 claim1l. 16. The di bl ock copol yner of

clai m 15, hadrsegporated iia thermdymefeasnipt BRitS- ar  wei ght of from about 10,000 to
about 700, 000, and wherein said at |least one first block conprises from
about :5 wt.%to about 60 w.% of said diblock copolyner. 20 17. The

di bl ock sopdRymeThepolyinterf thaimV ehedein sdeddt AboddO0 vavVe f3Re i¥oprRfdisar

wei ght of from about 50,000 to about 250,000. 18. A lubricating oil

conposi tion &PEArated inta theepalymeras it usifs. oi | of | ubricating 25 viscosity,
and a polynmer of claiml1, in an anmount effective to nodify the viscosity

i ndex of the lubricating oil conposition. 19. A nethod of nodifying the
viscosity ind@x ofTha pblyntarofitiaitg 10edmprisiippsi anionic i1l frinddzatiofipra@iucanount
of oil of lubricating viscosity, which nmethod conprises 30 adding to said
oil of lubricating viscosity an effective anount of a polymer of claiml1.

10 14, The polymer of claim 1, wherein said polymer has a molecular weight

distribution of less than about 1.2.

15. A diblock copolymer having at least one first polymer block derived from
monoalkenyl arene, and at least one second polymer block comprising the polymer of

15 claim 1.

16.  The diblock copolymer of claim 15, having a number average molecular
weight of from about 10,000 to about 700,000, and wherein said at least one first
block comprises from about 5 wt.% to about 60 wt.% of said diblock copolymer.

20
17.  The diblock copolymer of claim 16, wherein said number average molecular
weight of from about 50,000 to about 250,000.

18.  Alubricating oil composition comprising a major amount of oil of lubricating
25  viscosity, and a polymer of claiml, in an amount effective to modify the viscosity

index of the lubricating oil composition.

19. A method of modifying the viscosity index of a lubricating oil composition
comprising a major amount of oil of lubricating viscosity, which method comprises

30  adding to said oil of lubricating viscosity an effective amount of a polymer of claim 1.




