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STAR POLYNMERwUI9SGEXR TY | NDEX | MPROVER FQR¥2E199/01003
COVPCOSI Tl ONS Field of the Invention This invention
relates to star pol yners of hydr ogenat ed i soprene and but adi ene, and
to oil conpositions containing the star polyners. Mre 5
particularly, this invention relates to such oil conpositions with
excellent | ow tenperature properties and t hi ckening efficiency and
star polymers with excel l ent finishing characteristics.

Background of the Invention 1 '?gggﬁ ubricating oils
varies with t enper at ureQmI\'Pﬁ Pg%%\%bgﬂai?ev%éf S ar%yribﬁ%:r% iI'fied by a
viscosity index which is a fJMPROYVEROFORNOIHI COMPOSSTIONS at a given
| ower tenperature and a given higher tenperature. The given | ower
tenperature and_the given 15 hi gher tenperature have varied over the
years but are FieldfefcihetInyentiomn tine in an ASTM test procedure (ASTM

D2270). Currently, tfgil oVededSBIE @HIWe sSRECELEAn] ' fhe test is
40[err]C and the hig e% tenﬁ%rature S 15%Fér%%é? pbmymef%r?tmo engi ne

| ubri cants wi t hhy@deogenated nigannenep@nd buteddeney and1b@[@ik ] C, the one
havi ng the | owe | | VY It W ave the

hi gher viscositéoéggggéiéﬁé conﬁﬁgégnﬁc%%thfﬁg é?%ﬁé&ié}sg%éf?y i ndex

under goesS| ess particilamlpt ithid siewentiophzrdetbet eesucheoiknper at ures of

compositions with excellent low temperature properties

and thickening efficiency and star polymers with
. excellent finishing characteristics.

Background of the Invention

10 _ - The viscosity of lubricating oils varies with
temperature. In general, oils are identified by a
viscosity index which is a function of the o0il viscosity
at a given lower temperature and a given higher |
temperature. The given lower temperature and the gi#en

15 higher temperature have varied over the years but are
fixed at any given time in an ASTM test procedure (ASTM
D2270) . Currently, the lower temperature specified in
the test is 40°C and the higher temperature is 100°C.
For two engine lubricants with the same kinematic

20 viscosity at 100°C, the one having the lower kinematic
viscosity at 40°C will have the higher viscosity index.
The oil with the higher viscosity index undergoes less
kinematic viscosity change between the temperatures of
40°C and 100°C. 1In general, viscosity index improvers

25 that are added to engine oils increase the viscosity
index as well as the kinematic viscosities. _

The SAE Standard J300 viscosity classification

system does not specify the use of viscosity index to



- 40[err] C and 100[err]C. In general, viscosity index inprovers 25  that

are added. (2¢) oil s increase the Vi scosity I ndex. s the
ki nematic wgco,gilﬂlfes The SAE Standard J300 vi g@’gﬁ%m&
classification - syst em does neot speglfy the use of viscosity index to-
- 2- . classify multigrade oils. one tinme, however, the

Standard did require that certain grades meet | ow tenperature
vi scosi ties thetagsetty awiktaimnadee@iflsom At one kimemstdweverscddiet y

measur enent s t§%€ﬁh£¥d*ﬁ£ﬁf¥ i%lre Eﬁggeggtgg wﬁ%éﬁeera 15R09ni zed that

oils that were - excee y..Vi-Scaus; at, es caused engi ne
starting d|ff|tﬁmm¢tﬁ¢urﬁ(XﬂaFQﬂ;ﬂﬂmerthanwerhlsxtrﬁpnﬁated fromul ti grade

01 15 Whih PoSERRSRELIE Wt Y hkablfEfencs talBlURS gk, avour od

These oils gave t erature’e ed viscosities.
Si nce t hén, AS:I'Mperatum dorelidped st lnecogmdzed arﬂemgndjsmtlhattome@@CS)

AST LR % ASTNLCRRO T, B Rdetaiely S edime, 120

vi sconet er mh corr engi_ne cr
at IOM/tenperaﬁtarﬁ;ng'ﬂxﬁﬁrqummlbsngnlaold weathem13lﬂonnuhis detsoni, ned by

e 055, ™ SRLEREAR ouag \hIERSPRITR0 AN ARl SRR, | neK 12
characterlstlcwakﬂeslﬂnrexﬁawqynedls aheseoorisrgawe ‘the loskestr ddwto as
I SoS b T A A SE88 b 001 AP B, Spo
suf ficient t()HaBIdeuEmopHd(the cold cranking simulator (ccs), ASTM
D5293 (formerly ASTM D2602), a moderately hlgh-shear—
rate VLScometer whlch correlates with englne cranklng
speed and startlng at low temperatures ' Today cranklng
15 v150051ty llmlts, determlned by the’ CCS, are defined 1n:5
| the SAE J300 Standard and v1scosrty 1ndex is not used.
:For this’ reason, polymers that improve the v1sc031ty
characterlstlcs of lubrlcatlng oils are sometlmes
"referred to as v1sc051ty modifiers instead of v1sc081ty
20 1ndex 1mprovers. ' '
Today, 1t is also recognlzed that cranklng
"v1sc051ty is niot sufficient to fully estlmate a
.:lubrlcant's low—temperature performance in- ‘engines. SAE
J300 also requires that pumping viscosity be determined
25 ' in a low-shear-rate viscometer called the mini-rotary
viscometer (MRV). This instrument can be used to
'measure_viecosity_and gel formation, the'latter by the’
measurement of'yield stress. Ih this test, an oil is
slowly cooled over a two-day period to a specified
30 temperature before_viscosity and yield_str§§§ are
determined. A yield stress observation cop§titutes an
automatic failure in this test, while pumping viscosity

must be below a specified limit to,ensdre_that the oil




lubricant's | owtenperature performance in engines. SAE J300 al so
requires thqg P ggmpg vi scosity be determ ned 25 I n a | owPETER9IOH0E

Vi scomet er the mni-rotary viscometer (MRV). This instrunent
can be used to measure viscosity and ggel formation, the latter by the
measurenent of yield stress. In this test an oil is slow y cool ed

over a two-day perlod to a specified,3 er at ure bhef or.e vi and
yi el d stress ardill notyjgausg ﬁé‘dengﬁ\nﬁ ‘é?de’éflr’? ThSe RAPIET g%%gtﬁrrteﬁt es

an aut Ormtdd:rﬂ‘r@ ld1@l iweatthies toaditibhse PIHPitustyviisceomerimes nust
be below a specified limt to ensuzrg(i\sF ng& éhe o]

- 3- wi || gRfe rc"z%&’sé'—“aﬁseﬁﬁ‘ﬁn ??Ehc%sw AR 4ty failure

?lﬁre i % C<|\J/IF£/ ;/vea: herA S%%déifﬁnatﬂﬂalleshrésusemimnﬂse formulatfion ef t 0 as
- es ) ous nmaterials ar dlnthe
formul atioh -of Fullyfiqraulated B‘E‘é&lﬁﬁﬁ#ar%ﬂ%’d‘%nﬁ’r]ﬁz oi deeﬁez" fes the

basest ocks, whi ol JE8tddKE UAMIRH ihfafyl AheluBappabepiinic, napmrﬁ\agn
synthetlcally derlved f1ui'ds t he pol yneric and e pour

poi nt depr essantand &8t %hetlcalAé{rr@PS&lgeXuBW%%ﬁ %m I3fddd whi ch

act as antiwear i}, rové:g,e@n% tHY igout pRYREt SepfesSimed) Sshetiespafesant s, and
pour point depressant hese | ubri cant addltlves are usual Iy conbi ned

in diluent oi | animereugyditirdiqapt additizesr pdded gwhich act as antiwear
dlspersant-lnh|b%%) iﬂ%ﬁ%ﬁ%uéy fents, deterBbntPACKPGSersddnts, and Conmmon

practice in the atlon of a rmultigrade oil is to blend to a
target ki nemati cpcwscnmnq/ derressant.cr ThReAglubsteant addiiiites are

det erm ned by th@é&ﬁf¥§fééﬁklned in diluent oil and are generally

referred to as a dispersant-inhibitor package, or as a
"DI" package.

15 Common practice in the formulation of a multigrade
oil is to blend to a target kinematic viscosity and
cranking viscosity, which is determined by the specified
SAE grade requirements in SAE J300. The DI package_and
pour point depressant are combined with a VI improver

20 | oil concentrate and with one basestock, or two or more
basestocks having different viscosity characteristics.
For example, for an SAE 10W-30 multigrade, the
concentration of the DI package and the pour point
depressant might be held constant, but the amounts of

25 HVI 100 neutral and HVI 250 neutral or HVI 300 neutral
basestock might be adjusted along with the VI improver
until the target viscosities are arrived at.

The pour point depressant's selection normally
depends on the type of wax precursors in the lubricant

30 basestocks. However, if the viscosity index improver
itself is prone to interact with wax precursors, it may
be necessary to add an additional pour point depressant

of a different type, or an additional quantity of the



SAE gréde requi rements in SAE J300. The DI package and pour point -

depressant.: are conbined with a VI inprover 20 oi | ‘concentrate.and with

one basest o¥R ¥4+ wo or nore basest ocks havi ng di f f e PEREPIYUNK; ¢ y __}

characteristics. For exanple, for an SAE 10W 30 mul tigrade, the |
. concentration of the DI package and t he~péur poi nt depressant mi ght |

be heJd const ant, but the anounts of 25 HvVI 100 neutral and HVI 250

neutral or HVIp&fo peiitt alepressantageatioelr Mightbee Adidied @ al ong wit h the

VI inprover: - . _.until et et vi-scosjties:.are arrijved, at.
The pour poi nt® %f%‘b?rbss%taentéq? tzlél%e&PFSHaﬁB?'%i I Pthermﬁfepé-ﬁd'g on the type

of wax precurstosmpen‘aﬂd‘r@ I:llﬂé‘rolloqpt w$@l deb@SESEALKS andiapaveiky i T the

vi scosity- |ndef< i.s.prone:to . interact wth wax

precur sors, %95})‘35 Wlllbé'eﬁé‘&éssawpet'os%o?if Afdiddionadn Bougoppipbi nt
depressant depréﬁs&htd@%h@&aml t YREre@Se st il iddtona f%%ﬁﬂ&htingf t he

pour point depressant uie f.or, t e basestocks to. .. conpensat for t hat
interaction. &3 A bgdcant. tenpératuie rheol ogy will
dggeflorafe and'ﬂ%ndﬂqé forgulat&bhu§§§ H&éﬂ|§f¥ﬂvéd atTQﬁaFﬁﬁant?eof
addi tional -poyr_ poi.n epressant_ generally .increases the cos

P %'Ip tﬁﬁ'§ﬁ§?ﬂétFEbV%§§9§ltles and crankenaevaspgsnnieﬁgon has

forml ating

been arrived ahd MTEI-MRY th'!Qcos:Lt){_ 1.§ %&@éﬁﬁdﬁdﬁew re !ti@@ik & and
cranki ng vi scosities, : MRV viscosity Is etern1 e
relatively |(mﬁqm§lng H&ﬁﬁpﬁgtV|§EésF$? ahienaee ofhydedd étr9ﬁeIdSstress is

desirable. The use of a VI 1mprover Wwhich contributes.
llttle to low-temperature pumplng v1sc051ty or yield
' stress is’ very de31rable 1n_the ‘formulation of
multigrade oils. It minimizes the risk of formulating
15 an oil that may cause an englne pumplng failure and it

prov1des the 0il manufacturer with additional

flex1b111ty in the use of other components whlch
‘contribute to pumping v1sc031ty ' ' -
Vlsc031ty index improvers thatfare hydrogenated
20 'P“'star'pOlymeré'éohtaihihbrH&Hrogeﬁated"ﬁolymeric arms of
copolymers of conjugated dienes, including polybutadiene
made by the high 1,4-addition of butadiene, were -
' preViously'describedfin.US—A-4116917. US-A-5460739
describe§TStér"polyMers with'(EP;EBlEP“) arms as VI
25 'improvers ‘Such polymers produce good thlckening
' characteristics but are dlfflcult to finish.
US-A-5458791 describes star polymers with (EP S-EP')
" arms as VI improvers. Said EP and EP’ are hydrogenated
blocks of polyisoprene, eaid'EB'is a hYdrogenated block
30  of polybutadiene and S is a block of polystyrene. Such -
' polymers have excellent flnlshablllty characteristics
" and produce oils w1th good_low temperature performance.

but the thickening characteristics are diminished. It




desirable. The use of a VI inprover which contributes little to

| owt enper atwoepsiRi Ng vi scosity or yield stress i s VRGEHERRMIWZD| e
in the formul ati on of multigrade oils. It mnimzes the risk of
formul ating 15 an oil that nmay cause anhserngine punping failure and it
provi des the oil manufacturer wth additional flexibility in the use

of ot her C°”po”%BE&d""BECde%_%Fa%%E%éﬁ‘ﬁee atbqepté%bggdﬁhgcgs'gf% ?g

Vi scosity index rnprovers-t ogenat ed star p

cont ai ni ng hydr egéhageddpbhyakentnarchardcteristicspengnexrsedlentdnj ugat ed
di enes, incl udi t adl s Jpde Lah; = ption of

but adi ene, mereggngghxgaegﬁé§§$§ere%%ﬁ| bdtﬁﬁa&ﬁgfg?%léé¥§geg - A- 5460739
descri bes star pabyiddes suth §¢BEPeEB&. ) arns as VI 25 i mprovers. Such

pol ymer s Rr oducg good thi;%g“i ggv ntio characteristics but are difficult to
finish. L - ar polymers with (EP-S-EP)

arns as VI inproversIn SacdrdBnaadwith the pueSeagenavention thekecks of

pol yi soprene, said EB is a hydro nateqbblock 0] f Ly Lepe and S
is a block of pBFP¥EFeEnE sgéﬁcﬂgfymer %‘f’sﬂﬁsrt?l as\}:é:%é:ﬁg‘%ﬁg%?gghga
finishability clfaoicttel srbap consiseimypspduce oils with good | ow

t enper at ure performnce (1) b“&slﬁﬁlééﬂfﬁﬁﬂ#§9 charactetlftlcs are

di m nished. It 5 woul d

be advant fggeous to be abl 119 pr ¢ERcS-EBFEP VWEK w th good t hickening

characteristics and excel |l ent finj shle&g &har acteristics. The present

I nvention prqvi des sddtla éB??ﬁ%TS'% n"ASummary of the Invention
wherein

EP is an outer hydrogenated block of polyisoprene
having a number average molecular weight (MW;) between
15 6,500 and 85,000 before hydrogenation;
EB is a hydrogenated block of polybutadiene having
a number average molecular weight (MW;) between 1,500 and
15,000 before hydrogenation and having at least 85% 1,4-
polymerization;
20 EP' is an inner hydrogenated block of polyisoprene
having a number average molecular weight (MW3;) between
1,500 and 55,000 before hydrogenation;
S is a block of polystyrene having a number average
molecular weight (MWs) of 1,000 to 4,000 when the S block
25 is external (I) and 2,000 to 15,000 when the S block is
internal (II or II1I);
wherein the star polymer structure comprises from
3% to 15% by weight of the polybutadiene, the ratio of
MW,/MW3 is from 0.75:1 to 7.5:1, X is a nucleus of a
30 polyalkenyl coupling agent, and n is the number of block
copolymer arms in the star polymer when coupled with 2
or more moles of the polyalkenyl coupling agent per mole

of living block copolymer molecules.



In accordance with the present invention there is provi ded a star

pol ymer -hay, structure selected fromthe group. consisting of
(1" (SE F’k'é%’}é%%}[err]-x 10 (11)  (EP-S- EBPEDBRPYPI X
(rrr) (EP-EB-S-EP' )[err]-X wher ei n - ~ EPis an outer

- hydrogenat ed bl ock of polyisoprene . ~hévi ng a nunber average nol ecul ar

melght (NMWerr]) bet ween 15 6,500 and 85, 000 before hydrogenati on;
EBis a hydrogenaiexﬁaﬂdxﬂtaﬁ gdewaSadreneséﬁudrﬁp viscosd tyudhaexaverage

f. d
and having. at 1 SRR 1811 boiBdsRblons comiit R BLoRTLR BRI O

I nner hydrogenunequnmanceohnpahyssopreetetrablduks mggalﬁd&hﬁtlgverage
nol ecul ar wei g d 55 betf.o rogenati on;
: ]tltm# %‘%} \t% erature ﬁ%%g %O%he poiwg%m a; : :

Sis a block o tyrene V|n wei ght
(MNerr])sof 1 \O@Eqa;w d@@lewhemprbeeSs bl dﬁkeﬁ@rovude er)eti&f:aal (1) and

2,000 to 15,00Q, .nt-ernal.

wherein the star pol y ltr%:&ea?t ?uctgﬁigs%ﬁ%?f%ses in qempari son %% {3&11'5% by

wei ght of the poilymersdhenéngt bdockt ratids lower thdh/ BVS5E bFORighdp: 1 toO -
7.5:1, Xis a acleqss a 30 pol yal kenyl coupling agent, and n is the
nunber of bl oc 6polymer arms in the star pol yner when coupled with

2 - or nore nDHm@s@fpbhgmaﬁhyaékeﬂwéréibﬂéIUEJ&E@anhlﬂﬁranﬁage o of
living bl ock: c%pa] Ter Ie ul es oF
-6 1 make v1sc051ty improved oil composrtlon.
' Concentrates can ‘also be made,'whlch will contain at
least 75% by welght of the base oil and 5 to 25% by
“weight of the star polymer. : S

Detailed Descrlptron of the Invention ' -

15 The star polymers of the preseént invention are
' 'readiiy produced'bY'the processes deseribed in
CA-A-716645 and US-E-27145. However, the star polymers
'of the present invention have molecular weights and
compositions which are not taught by the references and -
20 are selected to obtain surprisingly improved low
temperature performance as a viscosity index improver.
The living polymer molecules are coupled with a
polyalkenyl coupling agent such as divinylbenzene
wherein the'ratio of moles of divinylbenzene to living
25 polymer molecules is at least 2:1, and preferably at
 least 3:1. The star polymer is then selectively
hydrogenated to saturate at least 95%'by weight,
preferably at least 98% by welght, of the isoprene and
butadiene units. ' SRR
30 ° Both the size and placement of the styrene blocks
" 'are critical for 1mproved performance. The polymers
‘described by this invention contribute ‘less to

viscosity, as measured in the TPI—MRV test, than -




Said star polyners are useful as viscosity index | nprovers in oil

conposi ti ons wiessmzk4aat ed for high per f ormance engi nes. FOBEP99/01003
tetrabl ocks significantly i nprove | ow tenperature performance of the
polynmers as 5 vi scosity index inproverLsy - They provi de reduced
viscosity at |ow tenperatures in conparison to star pol ymers havi ng

bl ock ratios | ower, than Q.75:1 or higher than 7.5: 1.
These pol yners %We&&% é«? G?Edgﬁnv?htgeb%‘é%nl’f?nal (ﬂqjlyts(}ymg a
viscosity inprowibdk. SemMRoift the. polymerSodesttivdd oy ahial davien tivte,

which will contain at . | eqst, 75% by, wei ght. of, t he base oil and 5 to
25% by wei S GEHde miltigrade, S11S Withdhighek BAGISIEY on of the
Invention 15  indexeBhahdmhydRbyehatedf aDE-péEpEsdprdhecdtayn are
readily produced hy the processes described in CA- A- 716645 and

US- E- 27145  HoRRLMens, o1 ohher hygrpgenated pely (REyrena/SaBrfR%)i on have

nol ecul ar wei ghtisi g8l copol ymedMaesit 'pgm_?ma@ggh are not taught by the
ref erences and 20 are selected to obtain surprisingly inproved | ow

tenperature perfor manct® RFePeAtsdO¥PAFiPRIBAS| Apradeantage of a  The
living polymer mplagides dlskovey ea¥ EPclone finPHal&bdr RIIRmeRS

agent such as divinyl benzene wherein the ratio of moles of
di vi nyl benzene thighinrpvisle high high-femeerptures highwdhaan rateyng

preferabl ygat  (yrud@astistokitibBCint 8hgPREYHIELs | Srd oreplkeidywel y
hydrogenated to saturate at |east 95% by wei ght, preferabl’y at | east
98% by wei ght, cddielanaf smaldngolystyrpneabiesls uke tidhe Fgar Bot h

the size and pl mﬂgrs‘)f By %:t:‘)érvggﬁsb59§g§very sh@héa Gidd cal for

| nproved perfor The "pol yner's escribed by this invention :
contribute | ess Relystyreng ddesiksy enhgngedsagyedong-firistHng/mithoit t han

gelling the oil when the polystyrene block has a 3,000

15 to 4,000 number average molecular weight and were at the
external position, farthest away from the core. 1In this
invention, it has been discovered that the same
advantage is achieved when the polystyrene blocks are
internal in a tetrablock copolymer and, in the internal

20 case, the polystyrene block molecular weight does not
need to be limited to 4,000 maximum.

Star polymers that contain hydrogenated
polyisopréne arms do not suffer interaction with wax
precursors because of the abundance of pendant alkyl

25 side-chain groups that are present when 1,4-addition,
3,4-addition, or 1,2-addition occurs with isoprene. The
star polymers of this invention are designed to be
minimally interactive to wax, like the hydrogenated all-
polyisoprene-arm star polymers, but have better

30 performance than the all-polyisoprene-arm stars._

To counteract the high polyethylene-like density
near the centre of the star, the hydrogenated butadiene

blocks are placed further from the nucleus by insertion



7 pol ymers that do not have the additional polystyrene
bl ock. ‘Sone.qf. L pol yners described by this invention . _ ) provide
nultigradgﬁﬁﬁPgééﬁ%h hi gher viscosity i ndexes than hyBFB@@%HF&H,

al | - pol yi soprene star 5. pol yners or other hydrogenated
pol y(styrene/isoprene). ' bl ock copolyﬁ%r star polyners. ' The
 present invention has an advantage of a .previous discovery that

cycl one fini shalfl anstiatepnhynEPS block. \Mnu:hsphotldﬁob?ghlbhgh tenpe&a;ure
hi gh- shear rat Vi Scosjtles In e 0ils are prepare y
addi ti on of sn%ﬁfgﬁop§§tVFB %ufﬁcﬁﬁ§5§%?qﬂﬁ§ §S&glg fRBPYReds. The

previ ous di scodewpvebpwned waxbelleved Ftﬂiaytswiéﬁnﬁyakaéeﬁa@‘@&a@@ﬁd

cycl one- flnlshlng wi t -hout ing the qil.-when the polystyrene. bl ock

has a 3,000 15PO*Y{§r3 666 ‘r\%‘ﬁ%egs %P@QGF‘aFmRE?ﬁﬂITSaW%re at the

ﬁXt e[) nal 5805| thaﬂedhyﬂtbgéﬁaﬁé@yafm.@raddt‘aé.‘ﬁ@htg pbﬂybbt&dlene da,\;/\%ven: |h on, it
as been di scovered that the advantage is. achi eve en the
pol ystyrene bl88i¥1§?8renehbl ék%ﬁrﬁhe|h¥4§°H§PPgﬁﬁoERlﬁ%kkﬂ%@ﬁﬁ‘ e in the

internal 20 segmenttbf §9d VEin renEdithek HW&?CEJ:@:& H‘&?Q&Em@oes not
need to be. I|n1ted 10 4,000 paxi mum - - " Star .polynmers that contain

hydrogenated Reighbauys o rspltian; ang be éHFFé?CFh@@r%Eta(ﬂﬂxm th wax
precursors becgusupboi hei @b umedary ciﬂeofhya‘ieaaHSté& 3§!$1yzt§madférﬂae chain

groups that are_present when 1, 4-add ditron, or
1, 2- addi¥f®i on oetoFkswf hth%oimqwolm@r molecglarlpolmrsamunaﬂ s

venti on are desi 9680tk deher handll YoT9bklyi BRELESKL YRyd fodBtacdd ke (he

hydr ogenated al |l - . po Iy|soprene arm st a ners etter
per f or mance thﬁﬂlYPM¢%@4eQﬁﬂRAQRﬁﬁwﬂ@@nQﬁnbstBleced too close'n9<nh@nteract

the high pol yethydenadd ker gsiisighery of the star molecule. While
wax-polyethylene 1nteract;on is to be minimized, the
15 placement of the hydrogénated polybutadiene blocks too
" close to the outside of'the'Star molecule will result in
the inter-molecular crystallization of these arms in
solution. An 1ncrease in v150031ty and possibly gelllng.
‘occurs, which 1s ‘brought about by the three dimensional
20 crystallization of many_star moleoules to form a lattice
structure. S-EP outer blocks (see I), EP-S outer blocks
(II),'or'thé"EP'ouEer'blocks'(as'in'IiI) are needed so
that 1ntramolecular assoc1atlon predominates "To

:'achleve the dual goals of m1n1m121ng intermolecular

25 ' crystalllzatlon and 1nteractlon w1th wax, the ratio of -
EP/EP' molecular weights (MW;/MW;) should be from 0.75:1
to 7.5:1. ' : :

The crystalllzation temperature of these
hydrogenated star polymers in 0il may be lowered by
30 reducing the block molecular welght of hydrogenated
‘polybutadiene together with placement of the
hydrogenated polybutadlene between hydrogenated
”polylsoprene segments and by substitution of S blocks'




near the centre of the star, the hydrogenated butadi ene bl ocks are

pl aced furt h¢yo 9742832t he nucl eus by insertion POT/ERD9/01003
internal EP" block. It is not known with certainty why such
positioning shoul d be favoured. Howeyger , it is believed that when
hydr ogenat ed st ar pol ymers are used as viscosity index inprovers
which 5 have hydroa@lated arns cont ai ni_ng polébutadiene and

pol yi soprene bl ok% PR gt FSFMCHPRY A BNEB| FREULLS in WmprasRd of
one armis furthesyaWEipd fHMANBOEMRY test rB8LIBBOUr $ti g SOl Mddwnesand the
i nteraction of a wax precursor with nultiple hydrogenated

pol ybut adi ene 10in thﬁ(ﬁﬁ@%%ﬁ°ﬁ%ﬁ3QﬁﬂﬁflﬁoPFnPPtﬁﬁFSBET§°?§a}%%%9f%ﬁ%mred

On the other haqﬂolfﬁﬁﬁﬁﬂihéﬁﬂﬁié'ﬂ@%shﬁﬂ%gg%ﬁ%ﬁeéo pourdpQQﬁVbUtad'ene
bl ocks cannot be placed too close to out er edge or periphery of

the star ndl ecul ePETPF$ant type %ﬁwey&myn@ﬁeapﬁt\ew@hu% Ratto be
m ni m zed, the ]éx:ovug% aﬁi@%fﬁh r{é%ehxfih%gaaﬁhﬁéeﬁe'ygy&ééiwfhgl ocks too

close to the out’si de star no ecule w | resu .
i nter-nol ecul ar Eryexes| i /Zhe omwsintiless &hgsndespribes semierystalline

Increase in viscgsifypd ir}gn%zgsxfléﬁ&’sﬂ@ gL O I:ngrogg‘fgr?ha PJS'vicf br ought

about by the three d| ystal ation nol ecul es
to forma |atticeuperior slqmwrawrepp@mfembhgeksn\is@elq:l) dGFSQS out er

bl ocks (| "%11: Ry EhFhéfpué’é‘toef %1%9:‘1%(135 h&[}h' Eb%céﬁ&%@f&’r@

t hat |ntranDIec a5500|at|on I eve e dual
goal s of n1n|n1zpugrlpmzntnﬂennﬂsaan¥5or they seeldl fourt supphenentd krmtn on

W th wax, the raﬁ$fn9fdepressants. _
The star polymeré'of this invention which are
useful as VI improvers are preferably prepared by
15 anionically polymerizing isoprene in the presence of
sec-butyllithium, adding butadiene to the living
. polyisopropyl lithium after the polymerization of the
outer block is complete, adding isoprene to the
polymerized living block copolymer, adding styrene at
20 the desired point depending upon the desired location of
the polystyrene block, and then coupling the living
block copolymer molecules with a polyalkenyl coupling
agent to form a star polymer, followed by hydrogenation.
It is important to maintain high 1, 4-addition throughout
25 the polymerization of the butadiene block of the block
copolymer so that polyethylene-like blocks of sufficient
molecular weight are also obtained. However, it is not
important that the inner polyisoprene block be made by
high 1,4-addition of isoprene. Thus, it should be
30 feasible to add a randomizer such as diethyl ether to
the living block copolymer after ﬁhe attainment of a
sufficient molecular weight of high_1,4-addition

butadiene had been obtained.



EP/EP' nol ecul ar weights (MNerr]/MNerr]) should be fromO0.75:1 to
7.5:1. The crystallization tenperature of these_ . ..
hydrogenat‘@ﬁ%’t‘@f‘z polyners in oil may be | owered by 30 PELERPHY e
bl ock nol ecul ar wei ght of hydrogenated pol ybut adi ene together with
pl-acenent of the hydr ogenat ed pot yWeut-adi ene bet ween hydr ogenat ed
pol yi'soprene segnents and by substitution of S bl ocks

-9- - for EBBloOCkfnackflizer %@u%t BE LAaEB fEtHd s:ddu %Hroav‘a%

| ow-t enperature TPl -NMRV. test. results, It _.also results . . -.
addi ti onal beHhs hunﬁdmeam%mééﬁasmnngam defore 1q§mo¢mrcgorlhetf are

| ess sensi i gl ARz o Jive GﬁQrﬁéé’éﬁﬁ aagg' RpRALCHALERL | on and

whi ch do not provid I”s which have ti ent Vviscosity
i ndexes. 1TmaA#ﬁﬁ#ﬂqﬁiVQM¥USt@és@ﬁpééﬂléﬁﬁhQﬁwéﬂehq|QQged befoxear pol yner -

viscosigy i ndesmd YBYIQHEE hat bHEQ&lgﬁe bloc 1% e%z'a%woherfasaat ure

performance and "whi ch do so. us relatlvely high

concentrailcnﬁpﬂﬁurrent W@&@rtbélhntueﬁmQESanoﬁnlQQPieweed for supplenental

pour © poi nt The [
I nvention which are ?%l]ym]ers °€/I the oev%%rg'r é?‘g)e\éri{g’ g‘r g%yy pr epar ed by

15 ani oni czHdnaqis nimed pmmgrlsgphpdeogenaﬂmpqam@séﬂ@eana dense
sec-butyllit d n sopr opyl
l'ithium aft e:u#{?ereggﬁ %rcalzéa | gg gfgg#makéa \ﬁﬁglt(@rc’lgﬁégghﬂ -conpl et e,

addi ng1¢ sopr eepld nghegent) apdl gneunbed ¢f \bhgzlblcmploltympml amms, adding
styrene at

extending outwardly therefrom The number of arms, as

determined by laser llght angle scatterlng studles may

about 22. - _

15 ' In general, the star polyMérS'may be hydrogenated
using any of the technigiies known in the prior art to be
suitable for hydrogenation of olefinic unsaturation.
However, the hydrogenation conditions must be sufficient
to hydrogenaté at least 95%'0f'the'drigihal'olefinic

20 . unsaturation, and condltlons must be employed so that
“the partlally-hydrogenated or fully4hydrogenated
polybutadlene ‘blocks do not crystalllze and separate
from solvent before hydrogenation, or catalyst wash-out

' is complete. Depending on the pércentage of butadiene

25 used in préparation of the star polymer, during and

| .subsequent to hydrogenation in cyclohexéne, there is

sometimes a marked increase in the viscosity of the

solution. To avoid'crystalliiation'of the polybutadiene
blocks, the solvent temperature should be maintained
30 above the temperature where crystallization would occur.
In general hydrogenatlon involves the use of a
suitable catalyst as described in US-E- 27145. A mixture
of nickel ethylhexanoate and triethylaluminium having




20 the desired point depending upon the desired | ocation of t he

pol ystyrene bkooks2ad t hen coupling the living bl ock caTIVERYS01003

nol ecul es with a pol yal kenyl coupling agent to forma star pol yner,
fol |l onwed by hydrogenati on. It is inporfjant to maintain high
1,4-addition throughout 25 the polynerization of the butadi ene bl ock of
t he bl ock poI | ene-1i ke bl ocks of sufficient

mol ecul ar wei ght allngg(r) 9% gé?‘mf*?mlgeﬁdp fo F% that
t he inner polylsqmﬁméxﬁgdmk be made by hi gh 1, 4- addltlon of

| soprene. Thus, it shoul d be 30 feasible to add a random zer such as
diethyl ether to Lh‘h hY9RAgRpatedc BtagpBry KBer S PEthiR IAVeRt IRt of a

sngICI Snt nol ecuhy peiHiedftiadlakidtgddit teﬁncatmgpla@.(y Q:Qﬁl'i’t@ﬂ‘ot%%eﬂ
opnt al ne e

randoni zer oul d iSRRI dindete chgsackeragtaes. For Q’F?é“%ﬁradﬁb@ne .
pol ynmeri zati on, %@hé@fﬁfﬁy Mfm%th@dOEtar polrﬁ@f@ xit Hee Rided Gove the

second pon|soprene bl ock Al ternati vel random zer coul d be

added before 5 %&nﬁﬂkilﬁﬂFhﬂastWédﬁé?aéﬂéﬁéxkﬁhekf%ﬁﬂ%mnﬁM%&ﬂﬂﬁ%? amed

concurrent wth tﬁE%deI“%ﬂBEﬂd&%fﬂb b&@@reE§ude oils and inbM&t3ligf pol yners
of the present |nvent|on maybe char acteri zed prior to hydrogenation

as having a densefils. Xemdditdomel engine eibss| e daibBg psiedlieny|
10 couphj ng agﬁ%)f@ﬂﬂllaaﬂll!m)%rf thBhQEKcCEP%yxﬁfésP&{mﬂulqg, dagndi ng

outwardly therefront The nunb ar s determ ned I"aser
li ght angle scatt%#b?&ﬁénﬁﬁﬁ(ﬁFthydraUIle§i91é®n5|IRHQﬂn%Pdiﬂ aﬁwplcally

ranges from aboutyd 3,40 of the selectively hydrogenated star polymers may
be blended into the oils, with amounts from about 0.05
to about 10 wt% being most common. For engine oils,
15 amounts within the range from about 0.2 to about 2 wt%
are preferred.

Lubricating oil compositions prepared with the
hydrogenated star polymers of this invention may also
contain other additives such as anti-corrosive

20 additives, antioxidants, detergents, pour point
depressants, and one or more additional VI improvers.
Typical additives which are useful in the lubricating
oil composition of this invention and their description
will be found in US-A-3772196 and US-A-3835083.

25 Preferred Embodiment of the Invention

In preferred star polymers of the present
invention, the number average molecular weight (MW;) of
the outer polyisoprene block is between 15,000 and
65,000 before hydrogenation, the number average

30 molecular weight (MW;) of the polybutadiene block is
between 2,000 and 6,000 before hydrogenation, the number
average molecular weight (MW3) of the inner polyisoprene
block is between 5,000 and 40,000, the number average



about 22. 15 I n general, the star polynmers may be hydrogenated
usi ng anyzéf-l:he t echni ques known in the prior art to be. sui t abl e
for hydrog QP4H20f ol efi ni c unsaturati on. However , PGAEP9/01003 _

hydr ogenati on conditions nust be sufficient to hydrogenate at | east
95% of the original olefinic 20 - unsattfation, and conditions nust be
enpl oyed so that .the partially-hydrogenated or fully-hydrogenated

pol ybut adi enembl eckka tloweinghicr (M al bf zEh@nsb b block fikom sol vent.

bef ore hydroggnation,,. or. catal yst wash-out . .is complete. _Depending on
the percent age® Ye%t%mé%cﬁea 5 4'ngzé‘g‘ef‘ngﬁ?eﬁa?%??’&nl%fe’itr?e"?tlata%ﬂol yner,
during and = betwéewsemEntardd 12J000eFakh0bhé NS YLdEN AN tSRANE 1S
soneti nes. a nprked incrgﬁse.inwthemyisc.sity Of'tﬂ§“' solution. To
avoi d cryst al PP attdh RELIRF sOMpodesdi dRgs than L% d waights 6fyent

t errpter ﬂsur et stigel| pbii)}goﬁ&idﬂei‘ie)ed‘nao the @bleys' 'ébamlfmwgr gé Ufﬁoﬁi\/trt?.rg':k 1 |
crystallization ccur.. - . ... ...In general, hydrogenation involves
the use of a t°’gfysuiﬁhﬁﬁizQiﬂﬂ%yﬁgfléétaﬁgcgﬁb%kFiRPlX?HE??FfE&. A mixture
of nickel et hylberanwaire iy athybaktnBos Um fyif\Gr polymers of

- 11 - . from1.8 to 3 noles of aluniniumper_nyle of nickel is
preferred.  the present,dnyemtdepnaredPEeEerahly Mk the styustugeenti on

may be added t®-pp Mgy ok.lubricating oils to-inprove 5 ... viscosity

- index characteristics. For exanple, the = selectively hydrogenated
star pdPyners may The LRIRIaD Polymersareopelectibrely hdrmgenatedi || ate
Tﬁgluztr;sglnt hekith a'Golution¥UhakkbibetRpihdtabdte ddd/de oils and

triethylaluminium having a Al/Ni ratio of about 1.8:1 to

2.5:1 to saturate at least 98% of the isoprene and

butadiene units. -

15 Having thﬁS'broadl§ described the present invention
and the preferred embodiment, the invéhtion is further
‘described by the folldwing examples which should not be

| construed as the limits of the invention. '
EXAMPLES | N |
20 Polymers I to 3 were made according to the present
invention. Polymérs 1 and 2 have internal polystyrene
'blocks'andaPolymer 3 has an external polystyrene block
on each star arm. These polymers were compéred to two
polymérs made according to US-A-5460739, Polymers 4 and

25 5, two commercial pdlymefs;_Polymers_G'ahd 7, and a

polymér'madeJaCébrdihg"to"US?A-5459791, Polymer 8. The

”ﬁbinéf compositions and melt viscosities of these

p@lyMers are shown in Table 1.: =




oils. In addition to engine oils, they may be used in 10 the fornul ation

of automali Gyb'l ) ssion fluids, gear | ubri cants, and RCIEPIHN1003
fluids. In general, any amount ©off3the sel ectively hydrogenated star
pol yners may be bl ended into the oils, with anpunts from about 0.05
to about 10 wt % bei ng nost conmon. For engine oils, 15 amounts within
the range from about 0.2 to about 2 W% are preferred.

Lubricating oil conposifrons pre arpd[WwhTihe hydr ogenat ed st ar

pol yners of this |nventkgn may aI60u3 o [« donfriin pther additives such as
anti-corrosive 20 adagist i ves, t jJooHdRtls, | dgt efeggnt s, pour poi nt
depressants, and one or e add.ti Ag—A—rptavets: Typi cal

addi tives which are usefffil . |n the | pbri cptiing il conmposition of this
i nvention and their deS(?ﬁbnlon o | i [eb [ejrf dengRiin US- A- 3772196 and
US- A- 3835083. 25 Pr e8] djergat [-of|~t e {yenti on I n
preferred star polyners gr* e presant nwen I on, the nunber average
nol ecul ar wei ght (MN er H3—e# +He—putertpot-ytsopr ene bl ock i s between
15, 000 and 65, 000 forg ydr pggnati gn, tﬂe *u er average 30

nmol ecul ar wei ght (NMYerrE43qj th mpalwbu adi epe blqgk S bet ween
2,000 and 6,000 before r % I’%’itl-oﬂ‘,’_ hes Myper|s |« | average nol ecul ar
wei ght (MAB) of the inne g‘@ ﬁr oM ¢ \0 P ok |is| bet ween 5, 000 and

40, 000, the nunber aver ggeo « 8 - 12 -

nol ecul ar wei ght (M{errf) of thg pbl styregne{bljoch if bet ween 2, 000
and 4, 000 when the ¥ bl qck—Ts—extferaia
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bet ween 4,000 and 12, 000 when the S bl ock Is internal, t he ét ar

pol yner: cogﬁ;-'-—- }#ress than 10% by weight of 5 t he pol ybut adi ene and
the ratio kf@@ ]/ MNerr] is from0.9:1 to 5:1. CT/EP99/01003’
1, 4-pol yneri zation of the pol ybut adreﬂe bl ock is preferably at | east
89% The star polyners of -the present ‘invention are preferably of
the structure, (S- EP- EB- EP')[err] X. 10 The coupl ed pol yners
are selectively hydrogenated - = "iwi.th-a sol:uti on of -ni ckel ethyl hexanoat e
and triethylal um gi Jmha/ing /N fratio of about 1.8:1 to
2.5:1 to saturate at [ edsig 48%afist [ g% ¢ and .. butadiene units.
15 Havi ng t hug! gr padey [<idecf Hed & pr esent .invention and
the preferred enbodi & jahe ﬂvgnnb B e f‘:':,u t her descri bed by the
fol | owi ng exanpl es ShqU! Y 0t [Bd™ |7 |™ ¢onstrued as the linits of the
I nventi on. EXAN 20 Rolymdrsf1 to 3 viere made according to
t he present I Nnviena,l pn Pollynerg 1]ar{d 2 have: i-nt er.nal pol ystyrene
bl ocks and Pol yner 3 [ha¥ 21 gx@rgag g 1stlg ¢ne bl ock - on each star’
arm These pol yners ﬁfeﬁ’ergcqpa{e 3 19 |t o pol ymers nmade according to
US- A- 5460739, Pol yrreré’z chwzsv ~ By |[ewpygomyrer.ci al- pol yners, Polyners 6
and 7, and a pdl yher dqade dccprdi ngy tlo PS-A-5458791, Pol yner 8. The
pol ymer conpositions fand TC VT JCopt e af hese o pol ymers are shown
in Table 1. " ar 13w |~ o I e fo fo o .
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[err] - 14 - [err]

- 15 - wo0 99/4254001 yners 1 and 2 clearly have superior nelgCT/EP99/01003
viscosities to the commercial polyners and the polyners of
US- A-5460739 and US- A-5458791. Polyner 3 {#s. a superior melt

viscosity to those of US-A-5460739. The 5 melt viscosity of Polyner 3 is
slightly | ower than ci.al_star al t hough t he

gh co Pal ymer 7
pol yners have 8g¥%ﬁf?mﬁ(ﬂ thé - yb&@ﬁ?té?@ﬁﬁleﬁn?% ts. However,
the total arm nplecosibtie®i ghtthevdonindreiale pplymetst 8Rd the p&lppedst o

Step 4 mol ecul ap MELIN 2160734 W Js2n-3456981. Polymer 3 has a
superior melt viscosity to those of US-A-5460739. The
5 melt viscosity of Polymer 3 is slightly lower than the
commercial star Polymer 7, although the polymers have
approximately the same polystyrene contents. However,
the total arm molecular weight, which is the sum of the
Step 1 to Step 4 molecular weights, is lower for Polymer
10 3 than the total arm molecular weight of Polymer 7,
which is the sum of the Step 1 and Step 2 molecular
weights. If Polymer 3 were modified by increasing the
Step 2, Step 3, or Step 4 molecular weight so that the
total arm molecular weight approximated that of Polymer
15 7, it is expected that the melt viscosity values would
match or exceed that of Polymer 7. Generally, polymers
with higher melt viscosities are easier to cyclone
finish. S
Polymer concentrates were prepared using Exxon HVI
20 100N LP basestock. The concentrates were used to
prepare fully formulated SAE 10W-40 multigrade oils. 1In
addition to VI improver concentrate, these oils
contained a pour point depressant, dispersant inhibitor
package, and Shell HVI100N and HVI250N base oil. Diesel
25 injector rig (DIN} testing for lubricant viscosity loss
according to test procedure CEC L-14-A-93 shows that
Polymers 1 to 3 are representative of VI improvers
having high to intermediate mechanical shear stability.
These results are shown in Table 2. The high shear rate
30 viscosity, as measured in the Tapered Bearing Simulator
(TBS) at 150°C was typical of conventional star polymers
having this level of permanent stability. This is

significant because the results easily exceed the



10 3 than the total .arm nol ecul ar weight of Polyner 7, which'is
the sumof .the .Step 1 and Step 2 nol ecul ar wei ghts. [If Pol - were
modi fi ed by Pﬁ?ﬂaﬁglng t he Step 2, Step 3, or Step 4 ﬁﬁF@%%WQW“Melght
so that the total arm nol ecul ar wei ght approxi mat ed that of Pol ynmer
15 7, it is expected that the -melt visébstty val ues woul d - match or |
exceed that of Polynmer 7. Cenerally, polyners wi.th hi gher melt

vi scosities ar@ipamumr réequiyeheme of SAE fitminglard J300. Pélﬁﬁéﬁ%ﬁi

concentrates wgre Brﬁgg%ﬁgduéﬁe o&%g@ggﬁv %%IFHF#UPEFggﬂ%%%§§8%§540_The

concentrates were use
mul ti grade oi | ®olymers 4 aadd51|on to VI |npr0ver concentrate; -these oils

cont ai ned a pour po a Spersa i.nhi bi o ackage, and
Shel | HVI 100N and H@PESggﬁbgaé g jmu e2§11 w ﬁFécFB?t?+EF%HJ N) testing
for |ubriscant Poiymerty adbss exhlblunﬁuawﬁlﬁgoemtyeshdéﬁOﬁﬁdyre CEC

L- 14- A-93 sho ol yner to 3.,are re re entative of VI

i mpr overs mﬁehagaﬁﬁcﬁlg 6)%g\?n di"SEE REETHSHI oBI TR stability.
These resul ts tempehatmre nsteddae,?. th&wﬂscgbisyeQndénatﬂléﬁeased/ iEsity, as

measured in-th a I ng Si.nmul gt or f 150 err]C was

typical of con@éit? gQOStah gﬁﬁﬁ@ﬁ§lc Vlsc°ﬁé5¥nﬁtt%9 &t per manent

st abl lity. Thi ehaﬁge but tlsé gro%a Qﬁ@co@&@:@uaeopbédrﬁﬁ&htﬁ aasify exceed the
r equi t of, SAE Standard J300. Polyners 1

and 3 mdPched Fﬁ%gb%? %%dlréf eﬁﬁ?@ ﬁégfg ﬂc%°%f5h°w a t#mﬂ yners 4 and

5. dependence
o " The Exxon HVIlOON polymer concentrates were also
used to prepare fully-formulated SAE 5W-30 multigrade
'0ils. These résults are given in Table 3. In addition
15 to the VI improvers, these oils ‘contained pour point
depressant, a dispersant inhibitor package; and
additional Exxon HVI100N LP base oil. Given the
reproducibility of the TPI-MRV test at -35°C, there was

'no significant difference in performance between

20 Polymers 1, 2 and 3, versus 4 and 5, but all were
51gn1f1cantly better than Polymer 8, as well as the

commercial Polymers 6 and 7.




The SAE 10W40 nul tigrade oi

exhi bi t ed.a wio39a344ky | ndex tine
t enper at ure storage,

period of
from

room
163

Polymers 2 and 3 did not show a tine
Exxon HVI 100N pol yner concentrates were

to 200.

whi ch contained 5
dependence.

Pol ymer
Over

1 al so
a tPCHEPWRIH03

the viscosity index increased
The kinematic visqgsity at 100[err] C did not
change but the 40[err]C viscosity dropped from88 to 72 10

d

endence.
Tiblee?

centi st ok
The

used to prepare
ful ly-formul at ed SAE S5WER{} frmtintaingreade SAE 5W-80| MultIiheader 0dlkts are given

es.

in Table 3. In addition 15 to the VI inprovers, these oils contained
pour poi nt A Kaeryent HRbd-b tehsPe kgt T
addi ti onal Exxom Ohgoo vgn el 15p0°C egﬁpgu0|bl éiy of
the TPI- MRV tesf her 6.8’ 0" spahi|figgnf |di fTgrénce in
per f ormance bet ween 20 s 1 2 a d,Ba ersus and 5! but all MWere
significantly bgtted than Pelgnef 810-49 wdl 16Ks|tRe05 | 3,2%hmfer29.400
Pol ymers 6 and 2 0.67 10.40 159 | 3.07 | 3,490/ -31,200
Table 3 H rtarnnnpe,ln SAE I5\M 30 mhlfygradp Qlls
Pol ymer Pol ynef Ken Vils, 0-7¢ 4hgs &8 | 3.0%p| 3,510 { 31,000
ot 100[errfC 4 0.6BU[ FI 716266 - 4on@br | C3.05- JoBF23qd 4. 27,600
cSt. 35) ¢ P 1 012 214040
161[err]  3.05] 35200 | $96Boo| 10-65 | 361 | 300%7| 3,23Q) 42870059
3.07 3,490 I, 2@0 0.89 [P 10.350. 16162 |1@.88 | 3)280 | 346,800 3} 510
31,000 7 0.68 10.62 166 3.01 3,330 47,000
8 0.75 10.54 165 3.02 3,290 41,400
a) the time-dependent behaviour was not verified in
5 this case by monitoring kinematic viscosity with time.
VI is the viscosity index and it is determined by
ASTM D2270. High-temperature high-shear rate viscosity
(HTHSR) at 150°C is determined in the tapered bearing
simulator (TBS) by ASTM 4683. DIN VIS loss is the
10 viscosity loss at 100°C and is determined by CEC L-14-A-

93.

determined by ASTM D5293.

CCS is the cold cranking simulator viscosity and is
TPI represents the TPI-MRV

viscosity as determined in the mini-rotary viscometer

test method,

ASTM D4684.



4. 0.66 . 10 66 - 162 3.05 3,230 27,600 5 0.68 "

10. 65 161 3,220 28, 700 6 0. 89 162
2.88 3, 28YY°99’4654%00 7 0. 68 10. 62 168‘3'1"‘}3’98&1“"33 330
47, 000 : 0.75 10. 54 165 3.02 3,290 41, 400
a) the tine- dependent behavi our -was not™ v8rtfied in 5 this case by
nonitoring kinematic .viscosity mﬁth tinme. VI is the viscosity
index and it is determned by - - ASTM D2270. High-tenperature
hi gh-shear rate.viscosity : .. - (HIHSR): at. 150[.err].C i's determi ned in the
t apered bearing si mul at or (TBS) by ASTM 4683." DIN VIS loss is the 10
viscosity loss at 100[err]C and is de@éﬁnhnbddﬁy CEC. L-14- A-. 93. CCS
is the cold cranking simulator: viscosity and is " ¢ det'er-mi ned by ASTM
D5293. TPI represents the ' TPI-MRV Viscosity as determined in the
mni-rotary vi §oorretper5tar Ppolymsr hev#mi tmesmme selected from
- 18- T the group coﬁs&seihg“@f; 1. Astar polyner havi ng
the structure selected f ,
(1) | (S-EP EB-EP')n-X |
(I (EP-S-EB-EP'),~X
5 ' - (III) (EPeEBfS?EP')n-X

whereln L R .
EP is an outer hydrogenated block of polylsoprene
' hav1ng a number average molecular welght (MWl) between
6,500 and 85,000 before hydrogenation;
0 _ EB 1s a hydrogenated block of polybutadlene having
'_a number average molecular welght (MWz) between 1,500 and’
15 000 before hydrogenatlon and hav1ng at least 85% 1,4-
'”polymerlzatlon,' SRR
EP' is an inner hydrogenated block of polyisoprene
15 having a number average ‘molecular weight (MW3) between
1,500 and 55,000 before hydrogenation;
| S is a block of polystyrene having a number average
molecular weight (MW:) of 1,000 to 4,000 when the S block
is external (I) and 2,000 to 15,000 when the S block is
20  internal (IT or III); ) o
wherein the star polymer structure comprises from
3% to 15% by weight of the polybutadiene, the ratio of
MW1/MW; is from 0.75:1 to 7.5:1, X is a nucleus of a
polyalkenyl coupling agent, and n is the number of block
25 copolymer arms in the star polymer when coupled with 2
or more moles of the polyalkenyl coupling agent per mole
of 11v1ng block copolymer molecules.
2. A star polymer of claim 1, wherein the polyalkenyl

coupling agent is divinylbenzene.
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‘the group consisting of (1) (S EP EB-EP' )[err]-X

(1) { W SydBeFP )[err]-X 5 (111) - ( EP- EBPETEPYYPIEPY | - X
wherein EP is an outer hydrogenated bl ock of polyisoprene

havi ng a nunber average nol ecul ar wei ght _(MN-err]) between 6, 500 and
85, 000 before hydrogenation; 10 EB is a hydrogenated bl ock of

pol ybut adi ene havi ng unber average ul h

bet ween 1,500 and A st3g Bﬁgyrb%]f o‘?€ ngmé’ 5ﬁ§éngeflﬁgv%ﬁé Jg ieast 85% -
1f4- I pol yBEr ki WAen coupled witlERt ileast Bnmeﬁehydfogenated bl ock

of polyi soprene avi ng a nunb e _np (NVB)

bet ween dsgengﬁgegge CP%’éf'B‘?%ee rﬂfir]d% #’g “copblym Sis a

bl ock of polystmbga@umagLng a nunber average nDIecuIar melght

(MNerr])' of 1000to4000 when the_S [ t | (] d
2,000 to 35, 0004when?t AE2Z BP%X‘EGJF > 1bami‘ rePn QF I(3|s'| Wffﬁ‘ef%fqg) the) &

wher ei n the StahuﬂBE¥”Bfre§&§é'%¢'Iéﬂc&IH@Meﬁ@&xﬁ r@mh) of tRdbawreb% by wei ght
of the polybutadiene, the ratjo of is fro ég ﬁ % 5:1, X
is a nucl eus of PRLlyisoprgaeyhleehyis cl?ﬁﬁﬁqerﬂg ]ar’g@ﬁ’to aﬁ‘ﬁdmﬁ- p 8 ﬂﬁ?rber of

bl ock 25 copﬂw%riyeﬁéﬁohn the &h&sepcamgé/\ﬂﬂm&%uahcede ha 2W,) or

nore noles of th al ken coup ll%f agent per |V|ng bl ock
copol yner nolec@ﬁe§he POlybEtadlﬁp%t °$kﬂﬁﬁn?e§ﬂe%ﬂ QVHPQ aﬁﬂeﬁepﬂ t he

Emll)g/al_ kenyl befo2uPhiAY088REE 1618, diYd MY @R rage molecular
weight (MW;) of the inner polyisoprene block is between
5,000 and 40,000 before hydrogenation, the number
average molecular weight (MWs) of the polystyrene block
is between 2,000 and 4,000 when the S block is external
15 (I) and between 4,000 and 12,000 when the S block is
internal, the star polymer comprises less than 10% by
weight of the polybutadiene, and the ratio of MW1/MW3 is
from 0.9:1 to 5:1. |
5. A star polymer of any one of the preceding claims,
20 wherein the 1,4-polymerization of the polybutadlene
block is at least 89%.
6. A star polymer of any one of the preceding claims,
wherein the polyisoprene blocks and the polybutadiene
blocks are at least 95% hydrogenated.
25 7. An oil composition comprising:
a base o0il; and
a viscosity index improving amount of a star
polymer of any one of the preceding claims.
8. A polymeric concentrate for oil compositions
30 comprising:
at least 75% by weight of a base oil; and
from 5% to 25% by weight of a star polymer of any

one of claims 1 to 6.
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3.

coupled with a

bl ock

A star polymer of claim2, wherein n is the nunber

St
copol yma?ter nol ecul es.

3 | Qond reLincrusdvideRit BROERARORET 0! N
5  Internafional Bupgust ar pol yner of c |m1 2 or
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I ght t K
m'eﬁ o m‘%“%“‘é‘i“l’?‘&““é’ﬁ?‘é‘?‘%ﬁ”% P%"g"?"‘)’“a%n P e ko i o

of the pol ybut ad| ene, and t he rat|
(éﬁpgorﬂynm 5. A star polymer o
era)vomszadne 1, 419rbydePesz(@d.ie8) ofust
89% A star polyrrer of 4

N TR e

e 0i | 30, EIAAS96 ER The Hague (NL).a V| SCOSI ty [
ner. of any one of th rece

P Bl ﬁ’@%@,“t?@;?n AEREN
i ght o‘fn a base orl; and
er of any one of clainms 1 to

ns.
ont Dnve,o

ol ymaGF« i By iU} B 1. %%ﬂ’%g% Kf; KP,

0 of Wﬂ R0, RY, D MEE%

f anYSIOS?@sL)

he poAriboi I(GEIGM,KE LS, mw SZ, ss,ath)

ny on@m’dﬁl t(AT BE’ %Kéﬂ@?  RE, T3, TM)

°| yb@“ﬂ?ﬁ%’éﬂ LU, MC t(BF
CONPEYS ¢k, [cdl) c; eNPEA,SaN) Gw, ML, MR, NE, SN,

ndex TmPGpVi ng amount of a star

o 8. - Apolyneric

NHbsig N9 ~at least 75%
fromﬁeg%iﬁrﬂn%&bsmch%drght of a star
0. Before the expiration of the time limit for amending the

claims and to be republished in the event af the receipt of
amendments.

(S7) Abstract

crumb.

(54) Tifle: STAR POLYMER VISCOSITY INDEX IMPROVER FCR OIL COMPOSITIONS

Star polymers which can be nsed as viscosity index improvers in oil compositions formulated for high performance engines. The
star polymers have tetrablock copolymer arms of hydrogenated polyisoprene-polybutadiene~polyisoprene with a block of polystyrene and
which provide excellent low temperature performance in lubricating oils, exhibit good thickening efficiency, and are finishable as polymer




