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is. a function of the lubricating oil composition
viscosity at a given lower temperature and a given
higher temperature. The given lower temperature and
the given higher temperature have varied over the years
but are fixed at any given time in an ASTM test
procedure (ASTM D2270). Currehtly, the lower
temperature specified in the test is 40°C and the higher
temperature is 100°C. For two engine lubricating oil |
compositions with-the same kinematic viscosity at 100°C,
the one having the lower kinematic viscosity at 40°C
will have the higher viécosity index. - The lubricating
0il composition with the higher viscosity index
undergoes less kinematic viscosity change between the

_ temperatures of 40°C and 100°C. In general, viscosity

‘index improvers that are added to engine lubricating
oil compositions increase the viscosity index as well
as the kinematic viscosities.

Viscosity index improvers that are hydrogenated
star polymers containing hydrogenated polymeric arms of
copolymers of conjugated dienes, including.
polybutadiene made by the high 1,4-addition of
butadiene, are known from United States Patent
4,116,917. 1In said document the anionic polymerisation
of butadiene:and isoprene is described to prepare star



pol ymers:wi t h hydrogenat ed pol y(but adi ene/i soprene) tapered arns wherein
the star. arns contai ned hydrogenated pol ybut adi ene bl ocks that were
externar to the coupl ed nucl eus, before coupling with divinylbenzene to
prepare the unhydrogenated star palyner.  Since butadiene initially reacts
faster than isoprene when the anionic polynerisation is initiated with
secondary butyllithium a pol ybutadiene block is first forned. As the
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group. Thus, the polyrmerisatl on’ net hod Used resul acement of
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arns of the stEs1 POhYABIené EPDLEKS @M apered segment containing both
butadiene and isoprene addition product, and a
polyisoprene block, to give a living tapered polymer
that, when coupled with divinylbenzene, produces a star
polymer with the polybutadiene content becoming
dominant away from the divinylbenzene-coupled nucleus.
Since polymerisation conditions favoured high-1,4
addition of butadiene, rather than 1,2-addition,

" vinylic pendant group attachment to the carbon-carbon
backbone of the linear chain is minimized, so that,
after hydrogenation, the external positions of the
arms, remote from the nucleus, resemble polyethylene-
like blocks. Then, if there is 90 percent 1,4-addition
and 10 percent 1,2-addition of butadiene, after
coupling and hydrogenation the polyethylene-like
segments will contain 18 ethylene - (CH2CHj)- segments
for every -(CH2-CHR)-, where R represents a pendant
side-chain ethyl pendant group. Thus, the
polymerisation method used results in the placement of
polyethylene-like segments at the external positions of -
the hydrogenated arms of the star polymer, remote from
the coupled nucleus.

The present invention relates to star polymers
useful as viscosity index improvers in lubricating oil



t he couplied nucl eus. The present invention relates to star polynmers useful
as viscasity index inprovers in lubricating oil -3- conpositions

fornul at’'ed for high performance engines. The star pol ymers have specific
trib!éck copol ymer arns of poly(isoprene-butadi ene-isoprene) which
significantly inproves |ow tenperature pergaormance of the polynmers as
viscosity index inprovers when a) the star polyners conprise | ess than 15%
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temperatures in comparison to star polymers having
block ratios lower than 0.75:1 or higher than 7.5:1
(which includes diblock arms) as measured by a smaller
contribution to pumping viscosity and no yield stress
in the TP1-MRV. The star polymers of this invention
offer reduced viscosity at low temperatures when in
company with lower pour point concentrations than
poly (isoprene-butadiene) stars, that is (EP-EB)p stars,
of comparable and higher butadiene contents.
Accordingly, the present invention provides a star
polymer, useful as a viscosity index (VI) improver,
which comprises polyisoprene blocks. and polybutadiene
blocks combined in molecules having the structure
(EP-EB-EP')n—-X, wherein EP is an outer block of
polyisopfene having a number average molecular weight
(MW1) between 6,500 and 85,000, EB is a block of
polybutadiene having at least 85% 1,4-polymerisation of
the butadiene and having a number average molecular
weight (MWy) between 1,500 and 15,000, EP' is an inner
block of polyisoprene having a number average molecular
weight (MW3) of between 1,500 and 55,000, wherein the
star polymer comprises less than 15% by weight of the
polybutadiene, the ratio of EP/EP' is from 0.75:1 to
7.5:1, X is a nucleus of a polyalkenyl coupling agent,



pol ybut adi ene having at |east 85% 1, 4-pol yneri sation of the butadi ene and
havi ng a nunber average nol ecul ar wei ght (MA2) between 1,500 and 15, 000,
EP' is dn inner block of polyisoprene having a nunber average nol ecul ar

wei ghf (MAB) of between 1,500 and 55,000, wherein the star polyner
conprises |less than 15% by wei ght of the_polybutadiene, the ratio of EP/EP
Is fromO.75:1 to 7.5:1, X is a nucleus of a polyal kenyl coupling agent,
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performance in nmultigrade oilsS that contain surpiisingly, | ow_ pour point
depr essant saturate isoprene and butadiene units. “Stitably, at

least 98% by weight of the isoprene and butadiene unit

is hydrogenated. Preferably, at least 95% by weight.

The star polymers can bé prepared by the type of

processes as described in Canadian Patent No. 716,645

and United States Patent No. Re 27,145 which are hereby

incorporated by reference.

The star polymers of the present invention have
molecular weights which are not taught by the
references and are selected to obtain surprisingly
improved low temperature performance in multigrade oils
that contain surprisingly low pour point depressant
concentrations. The star polymers of the present
invention do not provide gelled o0il concentrates at
room temperature, and do not provide multigrade oils
with time—-dependent 40°C kinematic viscosities and with
time-dependent viscosity indexes. Preferably, the star
polymer comprises from 3% to 15% by weight of the
butadiene, more preferably less than 10% by weight.

In the solid state, differential scanning
calorimetry (DSC) results indicate that polymers of
this invention are semicrystalline polymers whose
melting point and crystaline character is derived from
the inclusion of the EB hydrogenated blocks. These
blocks are somewhat similar to polyethylene blocks that
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this interacti on w t recursors because o ance of pendant
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polyisoprene arms do not suffer this interaction with
wax precursors because of the abundance of pendant
alkyl side-chain groups that are present when 1,4-
addition, 3,4-addition, or 1,2-addition occurs with
isoprene. The star polymers of the present invention
are designed to be non-interactive to wax, like the
hydrogenated all-polyisoprene-arm star polymers, but
have better performance than the all-polyisoprene-arm
stars because they undergo coil volume collapse at low
temperature due to crystallization.

The star polymers of the present invention can be
dissolved in oil above room temperature. When the oil
is heated, the EB portion of the star molecule melts
and is solubilised in the oil. This increases the
0il's viscosity when it is needed for higher
temperature protection of the engine. When the
temperature is lowered, the polymers undergo
intramolecular crystallization of the EB blocks occur.
The EP blocks are required to retain polymer solubility
in oil, and to minimize or prevent intermolecular
crystallization. 1In oil, crystallization occurs
somewhat below the melting point of the solid polymers.
For the star polymers of the present invention,
crystallization in o0il occurs below 40°C. Likewise, the
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(EP-EBp) stars.

Common practice dictates that engine lubricating
0il compositions have viscosity indexes that are not
variable; however, for the engine lubricating oil
composition comparison examples which follow which
contain (EP-EB), star polymers and butadiene contents
of more than 10 percent weight, the viscosity index
changes with time because the crystallization of the
polymer in oil is slow, and occurs above 40°C. For such
polymers in a lubricating oil composition, the 40°C
kinematic viscosity is time dependent, thus the
viscosity index is also time dependent. The viscosity
indexes reported herein in Tables 3 and 4 are those
obtained when there is no further change in kinematic
viscosity at 40°C. For such polymérs it take up to
several days before a constant kinematic viscosity is
arrived at after blending the formulated oil is
completed.

The kinematic viscosity at 40°C, and thus the
viscosity index, can either increase or decrease after
a freshly-prepared o0il blend is stored several days at
room temperature. If only intra-molecular
crystallization occurs, the coil volume decreases,
kinematic viscosity at 40°C decreases, and this causes
viscosity index to go up. If there is inter-molecular
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number average molecular welght, and the EP block has a
relatively low number average molecular weight, so that
when star-star entanglements occur there are some EB
blocks from neighbouring molecules that are in close
proximity.

In examples which follow for (EP-EB)p star polymers
in formulated oils, examples where kinematic Viscoéity
increases and viscosity index decreases occur when EB
molecular weight is greater than 10,000 and EP block
size is relative low.

The star polymers in accordance with the present
invention, (EP—EB—EP')n star polymers, provide
multigrade oils with 40°C kinematic viscosities and
viscosity indexes that are not time dependent; in this
case it is believed that crystallization of EB blocks
occurs in oil below 40°C. Because crystallization rate
is a function of temperature, crystallization is rapid
below 40°C and this is reflected in the low contribution
of the polymers to viscosity in the TP1-MRV test.

Thus, it is believed that the polymers of the
present invention offer improved function as viscosity
index improvers because of a) specific location of the
hydrogenated poleutadiene (polyethylene-like) block
and b) the limitation placed on butadiene content.
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polybutadiene, and its appropriate placement within the

star polymer, so as to be less or non-interactive with
the paraffinic and isoparaffinic wax-forming components
that are contained in conventional basestocks, a.
viscosity index improver is produced which can be used
with less pour point depressant, which is less
sensitive to the composition of the pour point
depressant, and which also does not require the use of
speciality pour point depressants to minimize the
interaction of the viscosity index improver with the
wax precursors. Pour point depressants, such as
fumarate-vinyl acetate flow improvers, which are
effective with viscosity index improvers having
polyethylene-like segments have been described in
European Patent Application Number 296,714.
Interactions of the viscosity index improver with waxy
components of basestock is to be avoided, for the
imposition of low-temperature cooling in the MRV tests
can result in polymer-wax lattice formation that
results in high MRV pumping viscosity or gelation of
the o0il which is evidenced by yield stress failure.
The attachment of many arms to the star nucleus by
coupling with divinylbenzene, results in a star polymer
with a relatively high density of arms which are in



| i ke’ bl ocks with each other, which can lead to cross- linking of different
star pol.yner nol ecules, and naxi m zes the coil volune size reduction that
shoul d result at |ow tenperatures when intra-nolecular crystallization of
the arnms attached to the nucleus occurs. It is also believed that by

m ni m zation of polybutadiene, and its appyapriate placenent within the
star polyner, so as to be less or non-interactive with the paraffinic and
i soparaffinic @@dséopﬂbﬁgmmaypaaeeaahtbahea;epaen&ahmadlynatonhgntional
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t he pour pointhighrdesanty afidpehyehhglsneddékenblockquadadactketuse of
speciality pouﬁhgoéﬂérd@@ﬁ@?EanEﬁcﬁan1QbﬁléebEhEhEnEﬁéécﬁfon of the

viscosity index I nprover wt e wax precursors our pol nt depressants,
such as funar dt¥dyeagnatedt EPéYﬁFéﬁprﬁﬁﬁobéﬁéfdlﬁﬁ?bhbépékefipE@th@r\ﬁnrt h

viscosity lnde%haﬁDiQV¢E§ hayj ngt&@byebean€s|bk§t§6ﬁ HE$1HQ%9 Q@Qﬂ
296, 71 I nte i ons of

described in Euhageaf Pat ent E i cati %g er
the viscosity 7kt ipRoGerndi {HACRALS aﬁbsn@ﬁfsmsiesaés§fow 65 {0 be
avoi ded, for thevenpSHp+OH,DF+ beuymertper abuintesaktingith mbeeMBMahests can

result 10 pol YL uBXchat hLGRolhIRLLORo! DAl LASULLS P BRLORNBY cpu e N9

Vi SCOSIty or I ST evl ence
failure. The athgchu@heuéfOﬁahyeashart@ndhel§har mu@eéﬁgrgyweﬁbpthﬁg with

di vi nyl benzenegry 64l i$z5018nShabcB8LYMBhuM bRedechelill ¥8hyp1Bkahcegnsity of

arms which are Ifume shrlnkage as the oil is cooled, or associate
with the polybutadiene block surfaces, as
crystallization takes place. This interaction process
may account for failing low-temperature results in
fully-formulated oils unless a) relatively high pour
point depressants are co-blended into the formulations,
or b} special pour point depressants are used that are
predisposed to interact with the polyethylene-like
segments. The use of such speciality pour point
depressants does not necessarily preclude the need of
an additional pour point depressant, of a different
composition, to properly interact with the wax
precursors of the basestocks that are included in the
formulated oil.

To counteract the high polyethylene-like density
near the centre of the star, the hydrogenated butadiene
blocks may be placed further from the nucleus. It is
not known with certainty why such positioning should be
favoured, however it is believed that when hydrogenated
star polymers are used as viscosity index improvers
which have hydrogenated poly(isoprene-butadiene-
isoprene) arms, that is, (EP-EB-EP'), star polymers,
the hydrogenated polyethylene-like segment of one arm
is further away from adjacent neighbours in solution
and the interaction of a wax precursor with multiple



close proximty to each other, particularly at the centre of the star. It
appears.that placenent of a high density of polyethylene-Iike blocks

adj acenf to the star centre, such as would be the case of hydrogenated

pol y(i sopr ene- but adi ene) bl ock copolymers, that is [err] stars, provides a
stronrg gffinity for a paraffinic and isapagaffinic wax nol ecul es, which
have [err] segnments, to interact with nore than one of the hydrogenated
pol ybut adi ene hydckgenatptiedolgbtihaedbenkebiookst b€ shar samd pblikmer

interfere mﬁtqméfgcﬁ%%sigl#éégtkgg 8%88655 t hus preventing conpl ete coi
e

vol une shrinkage as 'S CcO0 Or associate with the pol ybutadi ene
bl ock surfaces, agO%rpheaPtheath@hdiaR@éYchEbenﬁhlskenhEﬂé@gEbntgdocess

may account f %oiﬁbutasléﬁwB@&Eﬁga&aﬁﬁoﬁeﬁgl bEatBdf tbbyeigEEULA! gHe0i | S
unl ess a) relatlve g q our pol nt depressants are_co-blended into the
|

fornul ations, GteY %ﬁ% BSEFPBGFHtO epP8sShAT sPal ¥naE oL RS LG e
pr edi sposed t aihhleragk- pbl9eth§léﬁéy2hﬁ¥f§6§1bhkﬁsSEG”BétﬁlnIﬁQz@&Q of

need of an_addi R PLFORBERE pSFnE iaopy AESHRRaEEH BouyPRbrentBoRBBERE: on. to
properly intertee olosethe tas pubsidsoos bhethéabapeiéouke whal are
I ncluded in t?ﬁ éﬁiﬂuiﬁt€§ %hteEDmSQHEEE%EC gQEaEng%€96§eBEyk§§§e"ke

density near the centre e star enat ed butadi ene bl ocks may
be pl aced furt%€m5f¥%n$?h3th96+eu?helFe$§1 oPLkABRATHPLACEERFai nty why such

posi tioning SHQﬂ&thﬁli@a@yéﬁdlsh@mevgametasSfbeluspeﬂB§gaht&Ben _
Eydrogenated st mers are_used as vLscosL§¥ ﬂg nggﬁvers &hlch have
ydr ogenat ed p? %5 f cPR- bOFLBREReIRi ¥LPFRALTY R RE, PPRSELTY, IR AP Ist ar
pol yners, the dwycuogemahidhpbsyetrbygbbeabolte bggtikat thieondimensisnkdrt her
away fr°”1adj%%89ét£f19999£5§ EE ﬁQﬁQtEQQr polymer molecules to form
a lattice structure.
The crystallization temperature of hydrogenated
poly(isoprene-butadiene) star polymers may be lowered
by reducing the block molecular weight of hydrogenated
polybutadiene together with placement of the
hydrogenated polybutadiene between hydrogenated
polyisoprene segments, and this reduction results in
improved low-temperature TP1-MRV test results. It also
results in the additional benefit of butadiene-
containing star polymers that are not sensitive to pour
point depressant type or concentration, and which do
not provide oils which have time-dependent viscosity
indexes. The invention thus describes semicrystalline
star polymer viscosity index improvers that provide
superior low-temperature performance and which do so
without the use of relatively high concentrations of
pour point depressant or the need for supplemental pour
point depressants.
The star polymers of the present invention which
are useful as VI improvers are preferably prepared by
anionically polymerising isoprene in the presence of
sec-butyllithium, adding butadiene to the living



and 'the i'nteraction of a wax precursor with multiple -10- hydrogenated
pol ybut adi ene bl ocks of the sanme polynmer nolecule is | ess favoured. On the
ot her hand, polyethyl ene-1ike hydrogenated pol ybut adi ene bl ocks cannot be
pl aced too close to the outer edge or periphery of the star polyner

nmol ecul e. Wi | e wax-pol yet hyl ene interaction is to be mnimzed, the

pl acement of the hydrogenated pol ybutadi ene bl ocks too close to the outside
of thé star molecule will result in the Tnt®r=nol ecul ar crystallization of

these arns in solution. The re Q}t of _int.erml ecul ar g*{ H%%Iization is the
same as for [eP y&?&?ﬁ&ﬂ%%n&i& L5 i LSPRASE 0 } d possibly
gel | i ng occur spollymelriisedddwing Mlauk kwopdigmntehr,eandi mirsi amalpling
crystallizatiopyaf 1789y, StA" h*gﬁp | t % ma i lﬁ%[ cture.
The crystallization't em?ér aﬂj’?‘g 0 9@%&33‘@&1%3’#1%0 3{ :pshopar ﬁl%y%al a |9éine)
star pol ymers eeypddndongesd thy edueiangtiae pollaglenvol & @tasei ght of
hydr ogenat ed p%bﬁ.%%&‘j's@‘%ttt%ﬁ@ie@erca‘ﬂ e ¥efHRidrdferdtedydrogenat ed
pol ybut adi ene etwgﬁﬂ hyg;o enat ed pol yi soprene iﬁgnants, and this
reduction resuPEEEERLYm H%W%qéﬁbééﬂ%iéxwﬁ e\RIVHEGE results. It al so
results in thepadg¢isopraipyllendfrlive dfitieaditére polsmietiiniaty i &yf pHe/ners
that are not s It t ur, | rressant .type or..cancentrati o and
whi ch do not p?g\éfge_\égﬂc% \F/')'\%l cu%r%lé:\%lttq'%@%ydéc%énﬁ&en S vi sIg'osllst yl“?pr?dretx sr{i The
i nvention t hus téegedintad ns &gy \is talalddid iomart hpgughsutyitdeosi ty i ndex
| mprovers that Bn¥ieds ssénehl Qe i WRRRIAHY SRR JETRIRE UL ch do so
W thout the use of _relatively high _concentrations of

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 feasible to add a

randomizer such as diethyl ether to the living block

copolymer after the attainment of a sufficient

molecular weight of high 1,4-addition butadiene had

been obtained.

The randomizer can be added at the conclusion of

the butadiene polymerisation, and before introduction

of more isoprene to give the second polyisoprene block.

Alternatively, the randomizer could be added before

substantial completion of the butadiene block

polymerisation, and concurrent with the introduction of

isoprene; in this case, after coupling and

hydrogenation, the star polymer would be represented by

(EP-EB-EB/EP-EP’ ) ,X, wherein E_B/EP is a small

hydrogenated tapered butadiene/isoprene polymer block.

The hydrogenated polyisoprene blocks and hydrogenated

polybutadiene blocks have the previously described

molecular weights and the tapered block would generally

be smaller than the butadiene block.

The star polymers of the present invention may be
characterized prior to the hydrogenation as having a
dense centre or nucleus of crosslinked poly (polyalkenyl



pour poi nt depressant or the need for supplenental pour point depressants.
The star polyners of the present invention which are useful as VI inprovers
are preferably prepared by anionically polymerising isoprene in the
presence of sec-butyllithium adding butadiene to the |iving

pol yi-sopropyl lithium adding isoprene to the polynerised |iving bl ock
copol ynmer, and then coupling the living block copol ynmer nolecules with a
pol yal kenyl coupling agent to forma starlﬁoryner. The star polynmer so

attai ned can then be hydrogenated._ Suitably adiene, is added to the
Vg pol vi sSETIRMARY RSN e a Ry e ek chSeel TmEF GEFE bl ook i s
substanti al | y ectmiding dutwardhyporhemes £xom neline anwmibeghofl, dxrmedi a8on

t hroughout th ﬁﬁgﬁ' I, O | . t he bl ock copol yner
so that pol yeﬁ%}il)éene- %igg%l%(): se%‘fhf%‘ﬁﬁ %gﬁeﬁg?ﬁh ar weight are al so
obt ai ned. HowsitEomatograpky (GRS + JPAY tYREY t Fens he¥alby yPubpr ene bl ock be
made by hi gh Iy 1y ofade | 505 eoutd N§ISto i 13 shothd hembeasabéeage add a

i

andom zer Suel oSl o e ShET o} Pl o0, Bl cel copel rep after the
had been obt aideterniireed doylaneaes chingdle peltseataion hehrometogtaphof the
the second. pol yi soit ST Ec, it (erbb EThEs tib? pLRFaLo0BERE 0 2 00
bef ore subst amging cunpl f | e ofechrl geesdirern blockhpdbyheriaatiba, and
;ggcurrent Wit T8 ¢ W TOIEE 1 P RGeS OPL SR Cof | T EPLRiEaSRsaBhl-SE16RYUP! 1 NG
Suitably, however, the hydrogenation conditions are
chosen so as to hydrogenate at least 95%, preferably at
least 98%, of the original olefinic unsaturation, and
conditions must be employed so that the partially-
hydrogenated of fully-hydrogenated polybutadiene blocks
do not crystallize and separate from solvent before
hydrogenation, or catalyst wash-out is complete.
Depending on the percentage of butadiene used in
preparation of the star polymer, during and subsequent
to hydrogenation in cyclohexane, there is sometimes a
marked increase in the viscosity of the solution. To
avoid crystallization of the polybutadiene blocks, the
solvent temperature should be maintained above the
temperature where crystallization would occur.

In general, hydrogenation involves the use of a
suitable catalyst as for instance described in U.S.

Patent No. Re 27,145 which is hereby incorporated by
reference. A mixture of nickel ethylhexanoate and
triethylaluminium having from 1.8 to 3 moles of
aluminium per mole of nickel is preferred.

The hydrogenated star polymers of the present
invention may be added to a variety of lubricating oil
compositions to improved viscosity index
characteristics.

Suitable lubricating oils are natural, mineral or
synthetic lubricating oils.



hydrogenati on, the star polymer would be represented by [err] wherein EB/EP
Is a small hydrogenat ed tapered butadi ene/i soprene pol yner bl ock. The

hydr ogehat ed pol yi soprene bl ocks and hydrogenat ed pol ybut adi ene bl ocks have
the previously described nol ecul ar weights and the tapered bl ock woul d
general Ly be smaller than the butadi ene block. The star polyners of the
present invention may be characterized prior to the hydrogenation as having
a dense centre or nucleus of crossl|nked'p%§y(polyalkenyl - 12 -

coupli'ng agent) an r of. hl ock COR ms _ext endi outwardly
‘therefrom The nungggu nglggt&gpép énﬁ&uggnﬁgﬁFP n&"%el perneation

chronatographyV€§ECPbleap1&&mysmmﬁsa@ecabmprbwultprmﬂdnplrangs'fron1about
6 o 18. The nupRgk;arerage 1&9Jfr&%5]k%gwﬁhfﬁa%ftl%% AR AR SO

suitably determn y.means o rmeati on chromatograp I'n general,
t he 'star pol ynBr¥dgapiBs. hmaégearats@e Gsi WEighy fGﬁGFH@WSeW d@ e known i n

the prior art beehes&bgte@lale@ fror c@%"aﬁ.ﬂeﬁ%‘eb@tﬂle%ftsmsﬁwla% 1SRt AL on.
enatlon conditions are chosen SO as to

Suitably, howevei g@y%ﬁ
hydr ogenat e "at P X?PtQ PIFERLY O Lreatiegsd,. oY EeHh%i nal ol efinic
unsat ur ati on, aubr¢caduhgomalsuahcbadenp&m;@@tﬁa tolodtymichre e tial | y-

hydr ogenat ed o E?El r gyog ﬁg eg&l%!og%ay%%rgpt gﬁystalllze

and separate fr m SOl Ven t10n -out is

conpl ete. Depef8tay énbxh@ap§50ewbag@ @rebam@@men@ @@@damw -pr @p@sst i on of
the star pol y”Eﬁbr@k!b't'iﬁ%a@il%Ulai%Qp%tfetx%th/d%Q&%'R@a‘s‘en 1ubrGEtahgxane,
.there is sonetines a nar I ncrease in the viscosity qf the solutifon. To
01ls for spark-ignition and compression-ignition
englnes, but_;nclude elso hydraullc lubricants, metal-
-_'working'fluids and eutometic transmission fluids.
_ Preferably the lubrlcatlng base o0il component of
- the comp051tlons accordlng to the preserit invention is
~ a mineral lubrlcatlng 0il or a mixture of mineral
'_lubrlcatlng 011s, such as those s6ld by member
companies of the Royal Dutch/Shell Group under the
f:deslgnat;ons."HVI"; or "XHVI" (Trade Mark).
The Vvi&cosity of the lubricating base oils present
in the compos1tlons accordlng to the present invention
- may ‘vary within wide’ ranges, ‘and is generally from-3 to
35'mn?/$ at 100°C.. | o
- Accordingly, -the present invention also provides a
jlubricatingtoil eomposition comprising a major amount
:'(more than SOsw) of a lubrlcatlng ‘0il and a minor
" amount (less than. 50%w) preferably from 0.05 to 10%w,
'_.more preferably from 0.2-to 8%w, of a .star polymer '
'accordlng to: the present 1nventlon, all percentages by
weight based on total composition.
The present invention still further provides a
olubrlcatlng oil concentrate comprising- at-least 85% by
welght of a base oil and from 5 to 15% by weight of a
star polymer according to the invention, based on total
concentrate. Such a concentrate generally comprises an



avoird crystallization of the pol ybutadi ene bl ocks, the solvent tenperature
shoul d be nuai ntai ned above the tenperature where crystallization would
occur. In general, hydrogenation involves the use of a suitable catalyst as
for i'nstance described in U S. Patent No. Re 27,145 which is hereby

I ncotporated by reference. A m xture of nickel ethylhexanoate and
triethylalumniumhaving from1.8 to 3 noles of alum nium per nole of

nickel is preferred. The hydrogenated stat4pol ymers of the present

invention may be added to a riety of luhricating. oil oshtjions o
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oil's, coal or ptedent ilydrodenatedrstamypotyeehsdrry bl 2Rt @nEdLiBert ai n

treatments suchas. Clayiefids Selyedd i yEbrosanrd caddieavaBts.
Synthetic lubricating oils include synthetic po|lymers of hydrocarbons,
nodi fi ed al kyl&Hel PG R yHRFRTISREFS esﬁ’%‘ﬂrlh%ﬁa ‘F%’;’eﬁ\ﬁg%{\s ar 8% nown in
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ydr aui i o 1 GbriSEN Yo R ot AT ST WeCTThi 0 Gha NeosHerr T St on
fluids. Preferadmposiieibnbraceoidingase che poepemeninygenthencanpositions
according to té‘eescﬁfﬂééﬁ'tiﬁ”b‘%? | 90 &t Angh Nes b7 UPsé CAhaNY, B35, 9832
m xture of m nera

which are hereby incorporated by reference.

Preferred star polymers of the present invention
combine polyisoprene blocks and polybutadiene blocks in
molecules having the structure (EP-EB-EP’)p-X, wherein
EP is an outer block of polyisoprene having a number
average molecular weight (MW,) between 15,000 and
65,000, EB is a block of polybutadiene having at least
89% 1,4-polymerisation of the butadiene and having a
number average molecular weight (MWy) between 2,000 and
6,000, EP’ is an inner block of polyisoprene having a
number average molecular weight (MW3) of between 5,000
and 40,000, wherein the star polymer comprises less
than 10% by weight of the polybutadiene, the ratio of
EP/EP’ is from 0.9:1 to 5:1, X is a nucleus of a
polyalkenyl coupling agent, and n is the average number
of (EP-EB-EP’) arms per star molecule.

The coupled polymers can then selectively be
hydrogénated for instance with a solution of nickel
ethylhexanoate and triethylaluminium having a Al/Ni
ratio of 1.8:1 to 2.5:1 to saturate at least 98% of the
isoprene and butadiene units.

The present invention will now be illustrated by
means of the following Examples.

Example 1 mpa
mpa a e example a a p 1l me
mp 1 am e ae pecea



| ubricating oils, such as those sold by nenber conpani es of the Royal
Dut ch/ Shel | Group under the designations [err] or [err] (Trade Mark). The
viscosity of the lubricating base oils present in the conpositions
according to the present invention may-vary within wide ranges , and is
generally from3 to [err] at [err]. Accordingly, the present invention also
provides a lubricating oil conposition conprising a nmgjor anount (nore than
50%) of a lubricating oil and a mnor a t~™ (less than 50%w), preferably
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and f1om 5 to ‘ffﬁ&gﬂgﬁ%&%ﬁ? ey el 3 on,
based on total cYeheEsKAALe. Thec Pod YEGHdSAtASNe Ofe fica iSPrEsRsy (Wads an -
14 - inert carghetibdadpye adiding YRH-GRlch1d j@hiumnd T@ee or nore additives
in a concentrated form Lybricati Qi | conpositions prepared with the
present hydrogBﬁiV@8r§§3FlﬁGIﬁﬁnggw&fQQgﬁﬂec3ﬁFaFﬁ“§ﬁﬁ%F§g&ﬁﬁﬁFVﬁE“?hch as
anti-corrosivelagdny pedyiaoprexied molecudeisehgering apommben mvetegieessant s,
are useful in DRaePifar beiBRCSE 3s00d T ot sBur it MG KRS <
i nvention are fexmedbby adding bRieddiensoso 3he7zoled igmd of 335i08B, whi ch
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butadiene was completed to produce polybutadiene blocks

having a number average molecular weight of 4,800 as

determined by gel permeation chromatography. Proton

NMR analysis indicated that in the absence of a

microstructure modifier, the isoprene block contained

6.1 percent vinylic substituents while the butadiene

block contained 11.7 percent vinyl substituents as a

result of 1,2-addition. Thus, 89.3 percent of the

butadiene was polymerised by 1,4-addition. From proton

NMR it was also determined that 10.5 percent of the

polymer was comprised of polybutadiene.

The living diblock copolymer arms were then coupled
with divinylbenzene using 3 moles of divinylbenzene per
mole of the living block copolymer molecules. The
coupling reaction was allowed to proceed to completion
after which the lithium sites remaining in the star
polymer were deactivated by adding an alcohol.

Subsequent proton NMR analysis of the coupled polymer
indicated that the butadiene block contained 12.1
percent vinyl substituents, or that 87.9 percent of the
butadiene polymerised by 1,4-addition.

The star polymer was next hydrogenated at 75 C to
saturate more than 98% of the olefinic unsaturation
originally contained in the isoprene and butadiene
blocks using a catalyst prepared by combining nickel
ethylhexanocate and triethylaluminium (2.3 moles of



conbi ne pol yi soprene bl ocks and pol ybut adi ene bl ocks in nol ecul es havi ng
the structure [err] wherein EP is an outer block of polyisoprene having a
number average nol ecul ar weight [err] between 15,000 and 65,000, EBis a
bl ock of pol ybut adi ene having at | east 89% 1, 4- pol yneri sati on of the

but adi ene and having a nunber average nol ggul ar wei ght (MA2) between 2,000
and 6,000, EP" is an inner block of polyisoprene having a nunber average
mol ecul ar wei ghluhMBymopebemnwvtencs, ADBkahy . 40TABOhydhegenattibe st ar

pol ymer conpri g ess than e t t
of [err] is fr%ﬂ?@iﬁsﬁ g %86;2¥E%§ nuclegsggfagalexﬁg E&SQ g%&%ﬁ[ﬁglo
agent, and n |washeaaveoagetﬁmpbgature(EPSEBGEP'hlg ndléétl§ﬂaraﬁépecule

The coupl ed poéﬂggﬁfh8€nw%969 a@bSEEtYQhxaEﬁohydéggﬁaaaeéofebagaah%@ce Wi th
a solution of nic et hyl hexanoate and_triethylalumni umhaving a Al/Ni

ratio of 1.8:1the pobymefre sRififgreniiale§sensavdoralREIMESHYeWESand
but adi ene uni tgsedheopaeseriihaventi aalvihy pewnkeoif! thet PEF@dkey nmeans of

the foll owi ng anpl es a gt ogenat ed but adi ene
was prepared. Eﬁogﬁﬁ'legé ggingQ PR& % %ﬁ&?5flé atl?él%gggnlecules of
pol yi soprene wdetepmépadedybyidfifieventably spehpibgi sadgriimeprane iThe

cycl ohexane. Tﬁstgofgxaegkéa&tgna% Lfipb22PEANEA"a3LN I hi.al ed by adding

sec-butyllithidm nmerisation e 1soprene was conpleted to
produce |ivingE réﬁ@mﬁﬁrééepés havi ng a nunber average nol ecul ar

rﬁgggglazlgﬁ g?olIS?LYHHEaQbQﬁQrBEQGESeﬂ@mpléoraEdtbr padiypgrbut adi ene to
comprlsgng hydrogenated poly(isoprene-butadiene)
diblock copolymer arms was prepared using the procedure
as summarized in Example 1 except that the number
average molecular weight of the polyisoprene blocks as
determined by gel permeation chromatography was 41,600
and the number average molecular weight of the
polybutadiene blocks was 12,700. Nmr analysis
indicated that 90.5 percent of the butadiene had been
incorporated by 1,4-addition, and the butadiene
represented 20.5 percent of the total polydiene content
of the arms. After coupling with divinylbenzene, NMR
analysis indicated that the 1,4-addition of butadiene
was 90.5 percent, and that butadiene represented 20.4
percent of the diene content. The star polymer was
next hydrogenated at 75°C to saturate more than 98% of
the olefinic unsaturation originally contained in the
isoprene and butadiene blocks. The solution was washed
at 100°C before polymer separation from solvent. The
data and results are summarized in Table 1.
Example 3 (Comparison)

In this comparative example, a star polymer
comprising hydrogenated poly (isoprene-butadiene)
diblock copolymer arms was prepared using the procedure
as summarized in Example 1 except that the number
average molecular weight of the polyisoprene blocks as



pol yi soprene nol ecul es. The polynerisation of butadi ene was conpleted to
produce pol ybut adi ene bl ocks having a nunber average nol ecul ar wei ght of
4,800 as deternmined by gel permeation chromatography. Proton NMVR anal ysis
i ndi cated that in the absence of a microstructure nodifier, the isoprene
bl ock cantained 6.1 percent vinylic substhtuents while the butadiene block
contained 11.7 percent vinyl substituents as a result of 1,2-addition.

Thus, 89.3 peraéﬂérminéaebbugadipe@mwaﬁleﬁl¢HEbhaedgbnph, waedisti,gmo From

t NVR it de .5 at . of I
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coupl ed with dpelyplibediene bdprgs3wasl é§,600di vNnyl benigse sper nDIe of t he
living block cg ﬁ&k&ﬁ%&d”ﬁhﬁﬁmkﬁs ggﬁcgﬂﬁpbknghéeﬁﬁkhaﬁeW%Sh%b.%

proceed to co etiron after hirum'sites renalnlpg e star
pol yner were dé@@@FPQFéEeﬁbedévﬁgadﬁlﬁﬂgﬁhoﬁndsﬁb§e§9§ﬁﬂ B ﬁdﬁeNﬁR

anal ysi s of th@eﬁeéséﬁeeaobﬁnar brdbaat g¢ Ehéttbhglb baduerachblegitent
contained 12.1 Lcent Vi ny stltueTts percent of the

u
o aai ona poi wabr FBSaryst 4ARaR: FONPLIIRE Sith B4rIMIIbRaE ey (
hydr ogenat ed aAnZByﬁas00§atheateupmed,thahy&&%gehatba gteafi pbdymesat urati on

originally coniahed.La ther! 30" en5and; byLAdhane.blAska U5LA0SR eat al st

prepared by co rnrng nic heéxanoate and um ni um
mol es of - perceatuntnduihpér thrsl buﬁadmeuﬁebpntaheedyahgg@nat iw(a@

catal yst was t@§“9eﬁsbké€héd b!rh@“sﬁgk}eﬁeiyﬁ\@rdwéswﬁbﬁ"t nYastoRhalteem

tenperature, using a high dilution ratio. Stean hot watefr devol atilization

was used to Cogeupgm@ve more than 99% of the olefinic unsaturation
originally contained in the isoprene and butadiene
blocks. The polymer solution became extremely viscous
upon hydrogenation; it was diluted further with
cyclohexane before acid-wash and polymer separation.
The melting point of the PE-like blocks was determined
to be 98.5°C by differential scanning calorimetry. The
data and results are summarized in Table 1.
Example 4 (Comparison)

In this comparative example, a star polymer
comprising hydrogenated poly(isoprene-butadiene)
diblock copolymer arms was prepared using the procedure
as summarized in Example 1 except that the number
average molecular weight of the polyisoprene blocks as
determined by gel permeation chromatography was 58,000
and the number average molecular weight of the
polybutadiene blocks was 11,200. Nmr analysis
indicated that 90.6 percent of the butadiene had been
incorporated by 1,4-addition, and the butadiene
represented 14.7 percent of the total polydiene content
of the arms. After coupling with divinylbenzene,
analysis of the coupled, unhydrogenated star polymer
indicated that the 1,4-addition of butadiene was 90.2
percent, and that butadiene represented 14.5 percent of
the polydiene content. The star polymer was next
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I ar. wel ght_of the polyisoprene bl oc
moles of divinylbenzene per mole of llv1ng polymer was

used for coupling purposes and the number average
molecular weight of the polyisoprene blocks as
determined by gel permeation chromatography was 30,100
and the number average molecular weight of the
polybutadiene blocks was 5,250. The polybutadiene
content appeared to be 14.8 percent. The star polymer
was next hydrogenated to saturate more than 98% of the
olefinic unsaturation originally contained in the
isoprene and butadiene blocks, and the resultant
solution was acid washed and the polymer separated.
Finished product NMR analysis indicated that 99.1
percent of the olefinic unsaturation had been removed.
The results are summarized in Table 1.

Example 6 (Comparison)

In this comparative example, a star polymer
comprising hydrogenated poly(isoprene-butadiene)
diblock copolymer arms was prepared using the procedure
as summarized in Example 1 except that a ratio of 4
moles of divinylbenzene per mole of living polymer was
used for coupling purposes and the number average
molecular weight of the polyisoprene blocks as
determined by gel permeation chromatography was 38,800
and the number average molecular weight of the
polybutadiene blocks was 10,400. It appeared that the



- 17 - determ ned by gel perneation chromatography was 31, 700 and the
nunber average nol ecul ar wei ght of the pol ybutadi ene bl ocks was 15, 500. Nnr
anal ysi§ indicated that 90.8 percent of the butadi ene had been i ncor porat ed
by 1,/4-addition, and the total butadi ene represented 29.9 percent of the
total polydiene content of the arns. Afte{gcoupling with divinylbenzene,
anal ysi s of the coupl ed, unhydrogenatéed star polyner indicated that the

1, 4- addi ti on dutadibsiheneepres &0EEd P21 c2nbereadt t bat theetdbuaadi ene

cont ai ned t her.gj 9 ent.,.,rhe r X1 .. hydrogenat ed
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vi scous upon I PSRt QPer i & di u fungfieranitys s :phﬁﬁine before
aci d- wash andry% ymer se%gef%t i%gnﬁédl'h%&rr% t1ng pol r?tﬁ/aolfspstﬁé/e%PE- | ke bl ocks
was det er mi ned ¥R hPIIVTE pshewed cklagk i 29 - 3 RerFeRt cof okpee?t§Linhe data

and results arlm%ﬁm&z&d MulTJ@@éxe Aem&¥edb$ Hy%ﬁ@@@ﬂétﬁgﬂ) | phéhi s
conparative example, a star mer_co i Si rogenat ed .

pol y(i sopr ene-%%&?%r%?la\;b‘?gc %o%]icjl gfr%? S%f‘gr‘é]@%/a a%r%‘f)é?’élalﬁgiinﬁot he
procedure as senfdi2€d biyn dixdgrien th adx cepntingt  ddile mimddary av ettag e

nol ecul ar wei gigté)fqgg@e%%&y%éo#g foéeé‘siﬁleﬁ?%ﬂn d by gel perneation
chr omat ogr aphy was , 0 and the nunber average nolecul ar wei ght of the
pol ybut adi ene HXamdke whs(damp@oisepr anal ysis indi cated that 90.6 percent

of the butadi ene had theed &apsPor Bf€ b bind1d; adlditd Pho $he but adi ene
represented 14.7 percent of the totalg&gigdjene contené%ﬁg+| the arns. After

coupl i ng wi t h SARHIAT Heh AYRrogenRd {RE thROREERE Tl $¥®bgenat ed st ar
pol ymer i ndi catigsl ddiatcdel vmehe aghthhd | vdls O r bpid Belil enei @ st9E. Brocedure

as summarized in Example 1 except that a ratio of 4
moles of divinylbenzene per mole of living polymer was
used for coupling purposes. The number average
molecular weight of the polyisoprene blocks (I) as
determined by gel permeation chromatography was 56,250,
and the number average molecular weight of the
polybutadiene blocks (B) was 12,000. The butadiene
content appeared to be 17.6 percent. Analysis of the
diblock polymer indicated that 10.5 percent of
butadiene wés incorporated into the block copolymer.
After coupling with divinylbenzene, the star polymer
was hydrogenated and the resultant reaction mixture was
aqueous acid and water washed at 100°C. It was
subsequently determined that 99.3 percent of the
olefinic unsaturation originally contained in the
isoprene and butadiene blocks had been removed by
hydrogenation. The melting point of the polyethylene-
like blocks are determined to be 92.0°C by differential
scanning calorimetry. The data and results are
summarized in Table 1.
Example 8

In this example in accordance with the invention, a
star polymer comprising hydrogenated poly(isoprene-



percent, 'and that butadi ene represented 14.5 percent of the pol ydi ene
content. The star pol yner was next - 18 - hydrogenated so as to saturate
more than 98% of the olefinic unsaturation originally contained in the

i soprene and but adi ene bl ocks. The nelting point of the PE-like bl ocks was
determined to be [err] by differential scgpning calorimetry. The data and
results are summarized in Table 1. Exanple 5 (Conparison) In this
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di vi nyl benzenee¥ym@pthotkabfafier n@l@@@lmflmrmedommdtem@) i byopks poses
and the nU”berwé}:V@rﬁgfoﬂ%fé‘Hé f‘@éﬂf@n@fméﬁﬁn@g W%% 5’%§§?t%ﬂ&§

det erm ned by per maatlon chr omat ogr aphy” was e nu
average nol ecii® LT RALYTRY pol ThRitidnkee dYeRAGe bRl ecbar The

pol ybut adi ene waair (fjlﬂﬂf\toﬂptﬂ@élr&ﬁité@ pElisSoPeiEaplocHdeasSt @t BPMYABY Was
next hydrogen

0
o1 g1 ol |y coma ik BariTAt forb SHerumar RO EARSY e S vkl i mwaber
resul tant sol Lavmragmsn@bemmhwl@md cbﬂet}p@IydsrPyblsmiahedblcEchsshed
ookt ot R S a e Liain 30, frBeig o Bledl Lty |
Exanpl e 6 ( Corfdtf igomT IRPIi SoRRAPRARLE TS eradpl b, 120 st dMPporyabysis
conpri si ng hy gt ol ik | SOPFRdYe - Db 0] 8 a S b Ogkt COPOLyTRr arns was
prepared usi n%etrhcee trogfedlgﬁtadlene was incorporated into the block
copolymer and that 90.0 percent of the butadiene
polymerised by 1,4-addition. After coupling with
divinylbenzene, the star polymer cement was reduced
from 20 percent to 10 percent solids content,
hydrogenated at 65°C and the resultant reaction mixture
aqueous acid and water washed at 50°C. It was
subsequently determined that 99.3 percent of the
olefinic unsaturation originally contained in the
isoprene and butadiene blocks had been removed by
hydrogenation. The melting point of the PE-like blocks
was determined to be 84.8°C by differential scanning
calorimetry. The data and results are summarized in
Table 1.
Example 9
In this example in accordance with the invention, a
star polymer comprising hydrogenated poly(isoprene-—
butadiene—isoprene) triblock copolymer arms was
prepared using the procedure summarized in Examples 1
and 8. The number average molecular weight of the
outer polyisoprene blocks as determined by GPC was
26,000, the number average molecular weight of the
polybutadiene blocks was 5,200, and the number average
molecular weight of the inner polyisoprene blocks was
22,300. NMR analysis of the triblock polymer indicated



as sunmarized in Exanple 1 except that a ratio of 4 noles of divinylbenzene
per nole of living polyner was used for coupling purposes and the nunber
average’ mol ecul ar wei ght of the polyisoprene bl ocks as determ ned by gel

per méati on- chr omat ogr aphy was 38, 800 and the nunber average nol ecul ar

wei ght of the pol ybutadi ene bl ocks was 10,,400. It appeared that the - 19
- but adi ene represented 21.2 percent of the total polydiene content of the
arnms. The st ar thalty iér. Swae rivyedito gein dudd ddethet e sr dsidotrairataditarah was
aqueous aci d ap o t Jgef, I h l,product
showed t hat 99. g %P@en\t,\%%‘?%ﬁ% olfgft?llr% gﬂt%g%%r%ﬁa?n%ﬁeé %ééiner&?e ved by
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sunmmari zed in Table 1. "Exanp 7 arlsogI hi s conparative exanple,

a star pol ymer TEBR5APH H‘g}xﬁy&@o@’é‘ﬁa SOBISy @ raé’ﬁ"e‘“@&teéd"@?&e% blidck
copol yner ar nswaas spbepafieth 13 ra@trelmlwe@cemuarte %3Slymmidnz:ed>ﬁ rtHxanpl e 1

h f. 4 _nol f di I
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pol yi soprene blisckgefie) aasl deitediiened by ojsl h@ﬁwhaﬂn amnmhmmhﬂnography was
56, 250, and thg hadenage I la | 1 Q§EM$&P bl ocks
(B) was 12, 000. y@EgB%quélene g%%t?%# apé@gf% %tgsb§&%3 percent. Zhalysis
of the dibl ockTpBi¢mér i ndicated that 10.5 percent of butadiene was

i ncor porated i gkambhe hloogkoapReliv®en. After coupling with divinyl benzene,
the star pol yner

In this comparative example, a selectively
hydrogenated star polymer comprising arms of a single
block of polystyrene and a single block of hydrogenated
polyisoprene was prepared. In the first step of the
preparation, living molecules of polystyrene were
prepared by anionically polymerising styrene in
cyclohexane. The polymerisation of the styrene was
initiated by adding sec-butyllithium. The
polymerisation of the styrene was completed to produce
living polystyrene molecules having a number average
molecular weight of 3,200. Polyisoprene blocks were
then formed by adding isoprene to the solution of
living polystyrene molecules. The polymerisation of
isoprene was then completed to produce polyisoprene
blocks having a number average molecular weight of
51,000.
_ The living polymer molecules were then coupled with
divinylbenzene using 3 moles of divinylbenzene per mole
of the polymer molecules. The coupling reaction was
allowed to proceed to completion after which the
lithium sites remaining in the star polymer were
deactivated by adding methanol.

The star polymer was next hydrogenated so as to
saturate more than 98% of the olefinic unsaturation
originally contained in the polyisoprene and less than



was: hydr.ogenated and the resultant reaction m xture was aqueous acid and
wat er washed at [err]. It was subsequently determ ned that 99.3 percent of
the ol €finic unsaturation originally contained in the i soprene and

but adi ene bl ocks had been renoved by hydrogenation. The nelting point of
the -polyethyl ene- |ike blocks are determned-to be [err] by differential
scanni ng calorinmetry. The data and results are sumarized in Table 1.
Exanpl e 8 | E 'émB% e)fam:hleea{mmctd@r tiasad usatth onh @& siimge rihieo cata lstsdr qiol yner
conpri si ng hydrogenate (l,sqprene- -20 - but adi ene-i soprene
triblock copol {t‘)ﬁgﬁpg.?ng 82§)éﬁrle%§_'/§g'usi ng the procedure as sgrrmari)zed I n
Exanpl e 1 exceBxampde aflt dCompardsiop)i sopr ene- but adi ene) bl ocks were

i ncor por at ed, i SOPEENELTRNQRRLAMAY i 38ickatBle] O sithe lbotiya@rpol ymer. The
nunber average nol ecul ar wei ght of the outeér pol isopr%ne bl ocks as
determined by GEMPEAFHES NOHCRRLIFRET0 GraiFh P d}/;@gm %he nunber average
nmol ecul ar }I\BI QPlefisbbﬁteﬁl@f yist adiepaerdd alingneched pYdeahutrd fees nunber

aver age nol ecul ar wel, Q e_inner. p I SO e 4 , 100. NMR
anal ysi s of t hSFFRHIGES 38 FREFPathe ie(rgléézlye }g&%@hﬁ%ﬁ%n‘gaﬁt of

but adi ene was bmddrtedr atned tihet gt rhlactske agep alojkestu v WeHgh o@D e cent
of the but adi epg,pqlopidrRedbext 4idds IR, A CUPldhe Ml ts

di vi nyl benzene; é star polymer cenent was reduced from20 percent to 10
percent sol i dsagenisama déndaddeatl {err] and the resultant reaction

M xture aqueougxaend AN Waldipavaseed at [err]. It was subsequently
determ ned tha

In thi;ﬂgaﬁg;£g¥ive example, a star polymer
comprising homopolymer arms of hydrogenated
polyisoprene was prepared using the proCedufe as
summarized in Example 1 except that butadiene was
omitted and the number average molecular weight of the
polyisoprene blocks was 46,000. The data and results
are summarized in Table 1.

Example 13 (Comparison)

In this comparative example, a linear hydrogenated
poly(isoprene-butadiene-isoprene) block copolymer was
prepared. In the first step of the preparation, living
molecules of polyisoprene were prepared by anionically
polymerising isoprene in cyclohexane. The polymer-
isation of the isoprene was initiated by adding sec-
butyllithium. The polymerisation of the isoprene was
completed to produce living polyisoprene molecules
having a number average molecular weight of 91,400.
Polybutadiene blocks were formed by adding butadiene to
the solution of living polyisoprene anion. The
polybutadiene blocks had a number average mnolecular
weight of 16,500. The living polymer anion was then
reacted with additional isoprene. The second block of
polyisoprene had a number average molecular weight of
116,000. Proton NMR indicated that 89.5 percent of
putadiene polymerised by 1,4-addition. From proton NMR



olefinic unsaturation originally contained in the isoprene and butadi ene
blocksﬁhad been renoved by hydrogenation. The nelting point of the PE-like
bl ocks 'was determined to be [err] by differential scanning calorinetry. The
data*and results are sunmmarized in Table 1. Exanple 9 In this exanple in
accordance with the invention, a star pal yger conprising hydrogenated
po!yglsoprene- but adi ene-i soprene) tri bl ock copol ynmer arns was prepared
using the proceduwgsSHIBBI deedrninEdarpbes 71 98nd £8 théheolymear waser age

nol ecul ar wei ght_of .the outer | vi sQprene C et er.m by GPC

26, 000, the nuﬁB@Pré§8§a8 RBF&%H%&?l%QthtQ% ?%éﬁﬁggykﬁ gg?%%e %Iocksmﬁzs
5,200, and thehpdrbgenatedayeimgl ecohsrlysitgbtephrede byneerbisiipidsopr ene

bl ocks was 22’ﬁQ?kgngﬁﬁggh$§hﬁogkeFQﬁdﬁ%&ghQﬁ 1BAMITRA U QG Rl @idles - 21 -

that 10.5 percen I ene was | ncorporated and that 90.Q perc%paiof
; ate

the butadi ene ffdabumaniyBe®esymole. addndckel) af t EXoLoRpNMRg IRLST

di vi nyl benzenetnhhetabapol ghneievage w8 i 1wan yirdioegetaided aned tfesulasul t ant
reaction mxture masm%gueous a0|& g&d ter washed. It was subsequently
det erm ned t haB¥§9S Fé&Rd 3 dALLS éfinic unsaturation originally

contai ned in thgampopsend-amwd but adi ene bl ocks had been renoved by

hyd tion. The.d d I ' '
ydr ogenati on eFEaggegg e&g@gl%%éa%% gqgng% %%%I&EF§%Eb%r%' Exanpl e 10

(Conparison) In th onmpar at\ Xanpl'e,” a selectiv rogenat ed star
pol ymer conpr i prrgazeds fobma thiengiod yolegsk isdigaitest ynedabdied la siThf e bl ock
of hydrOgenateBolymers were dissolved with stirring and at 115°C in

HVI 100 neutral (Exxon low pour basestock). The

concentrates were allowed to cool to room temperature
overnight. Table 2 identifies the polymer conéentrates
that were fluid or gelled at room temperature.
Examples 27-40

A SAE 10W-30 multigrade was made using the polymer

made in example 1, and SAE 10W-40 multigrade engine
oils were prepared using the polymers as prepared in
examples 2-13. For the SAE 10W-40 oils the amount of
each VI improver used was controlled so as to provide
lubricating oil compositions having kinematic
viscosities in the range of 13.5-15.0 centistokes
(mmZ2/s) at 100°C. Lubricating oil compositions for both
the SAE 10W-30 and the SAE 10W-40's contained, in
addition to the polymer, 11.60 percent weight of "DI"
(dispersant-inhibitor) package ECA 12850 (available
from Exxon Chemical), 0.1 wt® "Acryloid 155"
polymethacrylate pour point depressant (available from
Rohm and Haas), 8.5 percent weight "HVI 250 N" (Shell
Deer Park), and "HVI 100N" (Shell Deer Park). Example
40 was carried out without a polymer composition, for

reasons of comparison.



pol yi soprene was prepared. In the first step of the preparation, |iving

mol ecul es of pol ystyrene were prepared by anionically polynmerising styrene
in cycl'ohexane. The pol ynerisation of the styrene was initiated by adding
sec-butyllithium The polynerisation of the styrene was conpleted to
produce, | iving pol ystyrene nol ecul es hayj ng a nunber average nol ecul ar

wei ght of 3,200. Polyisoprene blocks were then fornmed by addi ng i soprene to

the solution of living pplystyrene nol ecul es. The pol ynerisation of
i'soprene was then conplefed to produce polyisoprene bl ocks having a nunber
aver age nol ecul ar wei ght|of 51,000. The |iving polymer nol ecul es were then
coupl ed with divinypenzpife fisi®hg'3 Fofles” ofl di viny benzene per nole of the
pol yner nol ecul es. Fhe CJtﬂ)Ign@rgaQignmﬂg & ewed 0 proceed to
conpletion after which the liTthiumsites remaining in the star polyner were
deactivated by addi ng nethanol. The star pol yner was next hydrogenated so
as to saturate nore than|98% of the olefinic unsaturation originally
contained in the polyisoprene and | ess than - 22 - 15%of the aromatic
unsat uration using thé& cptalyst of Exanple 1 (2.3:1 AL/N. Exanple 11
(Comparison) In thi& conparatiwe exampbe,oawostar pol ymer conprising
honmopol ymer arms of Hhyir pgenat el poloyi sopieae was prepared using the
procedure as sunnarﬁqu ﬁ’Exaﬁblg Eyeibé%taﬁhat but adi ene was omtted and
t he nunber average Foleclil ar wei ght of the polyisoprene bl ocks was 35, 000.
The data and results
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are 'summarized in Table 1. Exanple 12 (Conparison) In this conparative
exanmpl e, a star polynmer conprising honopol yner arms of hydrogenated

pol yi soprene was prepared using the procedure as summarized in Exanple 1
except that butadiene was onitted and the number average nol ecul ar wei ght
of thke polyisoprene bl ocks was 46, 000. Thesdata and results are sunmmari zed
in Table 1. Exanple 13 (Conparison) In this conparative exanple, a |inear
hydr ogenat ed pol y(i soprene-but adi ene-i spgisbaned bl ock copol ynmer was

prepared. In the first step of the preparation, |iving nolecul es of
pol yi soprene wer ed by ipaically p I Si i in
cycl ohexane. Theq%%§€€€%- isat?%% ( é:"?lhe isg%¥£§%h§££9?n???%§ggyby addi ng

sec- butyllit ko oty oo o e Siars -0
produce living pol yildoprene nol ecul es havi ngf bowmsinbeadialeragegedl ecul ar

wei ght of 91, 400. Pglgybut adi ene blpocks were j byt adi ene to
the solution of Iiv?ﬁé polyisopreﬁg ani on. Tﬁgéw%?¥€%¥:%?%ﬂgyb€%gks had a
nunber average nol ed® ar wei ght of3 16, 500. THeuld\iel BbPyneelani on was
then reacted with additional isoprgne. The sgsend RbOCK1&h-§olyi soprene had
a nunber average nnlgcular wei ght of 116,-000f Pr ot on NMEyindica ed t hat
89.5 percent of butadiene polynerided by 1, 45 L t TR E P pfBton NVR

-23 - it was also déa®erm ned that &.9% of t heopbdymet fbswegapri sed of

pol ybut adi ene. The pgl yner was thep hydrogenﬁéfg?ugéggffoggégiyst prepar ed
a :
g

by conbi ni ng ni ckel et hyl hexanoate and triethf um ni um nol es
21 8 flows readily-no gel
22 9 flows readily-no gel
23 10 flows readily-no gel
24 11 flows readily-no gel
25 12 flows readily-no gel
26 o - 13 would not flow-gel

The viscosity index (VI), the cold cranking
simulator (CCS) viscosity at -20°C (in centipoise), the
engine oil pumping viscosity (in poise) at -25°C using
the mini-rotary viscometer TP1-MRV method (ASM D3684),
were determined for each lubricating oil composition.
TP1-MRV results are failing if viscosity is above 300
poise or if there is a yield stress exhibited in the
test. The data and results are summarized in Table 3.
Example 41-54

A series of SAE 10W-40 multigrades were prepared

using the same materials as in Examples 27-40, except
that the pour point depressant was changed to 0.5
percent weight "Acryloid 160", a polymethacrylate
available from Rohm and Haas Company. The properties
of the multigrades are given in Table 4.



of al um ni um per nole of nickel). Proton NMR indicated that the polyner was
98. 81% hydrogenated. The results are summarized in Table 1. Exanples 14-26
In theSe exanples, 5%oil concentrates were prepared fromthe pol yners
i ndi cated in Table 1. The polyners were dissolved with stirring and at
[err] in HVI 100 neutral (Exxon |OMpop§6Q§SEStOCk). The concentrates were
allowed to cool to yoomtenperature overnight. Table 2 ideptifies the

pol ymer concentratep that were fluid or gelled at roomtenperature.
Exanpl es 27-40 A 10W 30 nul tigrade was nade using the polynmer made in
exanpl e 1, and SAE‘LOWN 40 nultigrade engine oils were prepphred using the
polymers as preparefl in exaqgges 2-13. For the SAE 10W40 pils the anount
of each VI inpr&er|used was:"controlled sq as to prqyide | hbricating oi
conpositions ha dﬁ ki nemat icc” Vi scosities In the range - ofafl3. 5-15. 0
centistokes [err] af Fefr]® QFor? céﬁtl'ﬁg i@ Eorpob teh-on.s $pr both the SAE
10M30 and the SAEPLGW 20" cQntai fred i 'adm tToﬁ' t'b , e, bol yner, 11.60
percent wei ght & Pt ﬁdﬁ§QEMSaﬂt=ﬂnﬂ| éﬁ p% ECARL2850 (avail abl e
from Exxon Cheni caf ruOruldNt "A@gl oymet ate pour poi nt
depr essant (avallé3 & £ Forh RBM*AnE FRa%) pef%en |;ht "HVI 250 N
(Shel |l Deer Park),'fand "HvVI | OON' (SheII Deer Par k). Exanple 40 was carried
out Wi thout a polynmer conposition, for reasons of conparispn. - 24 -
[err] )
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-25- Table 2 Exanple Pol yner Concentrate Fluidity 14

1 L flows readily-no gel 15 2 flows very

sl owl y-gel 16 3 woul d not flow gel 17 4
woul d not flow gel 18 5 flows readily-no gel 19

6 ¢ woul d not flow gel 20 -27 - 7 woul d not fl ow gel
21 8 flows readily-no gel 22 9

flows readily-no gel 23 10 flows readily-no gel 24

11 flows reddily-no gel 25 12 flows

readil y-no gel 26 13 « woul d not flow gel The viscosity
i ndex (VI), the col d]c}aiki ngisifruliator (CCS) viscosity jat [err] (in

centi-poi se), the Engi
mni-rotary vi scomnet ¢
| ubricating oil conpq

above 300 poise or iff there is a yield stress exhibited

data and results are

10W 40 mul ti grades

27-40, except thd@ t

wei ght "Acryl oi d %60’

Conpany. The proqgrti
&

CCs -20°c,
cP (x10’3Pa s)

Table 4

100°C
13.82

Kin Vis
13.88

W
1.04

Polymer Polymer

Example

g @1 paphing, viis@sBt B (En DoBse)| at [err] using the
r—TPL- MR®W st kod( ABMAD3684) — wer et det ermi ned for each
sition. TP1-MRV results are failingif viscosity is

n the test. The
sumari zed in Table 3. Exanple 41- A series of SAE
re prepared using the same materialg as in Exanpl es

e poux point depressant was changed to 0.5 percent
Sahol y@ptHady yhae Jval | &bl Tr ewp Rohm and Haas

es of @ het mil H grades—are gi ven—i i [Tabl e 4.

2,970
2,880
3,000
2,800
2,980
2,990
2,890
2,910
2,980
3,200
3,430
3,250
3,330
2,360

13.96
14.09
13.81
13.91
14.06
13.94
14.13
14.41
13.83
14.12

6.47

14.1

0.84
0.98
0.98
0.97
1.27
1.02
.74
.0

10
11
12
13

none
fail by yield stress

VI increases
VI decreases

41
42
43
44
45
46
47
48
49
50
51
52
53
54

* %k %

*
* %




-26- [err] -27- [err] -28- TH148 CL Al MS 1. A star polyner,
useful as a viscosity index (VI) inprover, which conprises polyisoprene

bl ocks "and pol ybut adi ene bl ocks conbined in nol ecul es having the structure
[err}, swherein EP is an outer block of polyisoprene having a nunber average
nol ecul;ar weight [err] between 6,500 and 8§,000, EB is a bl ock of
polybutadlene havi ng a nunber average nol ecul ar wei ght (MA2) between 1, 500
and 15,000 and having at |east 85% 1, 4-pol yneri sation; and EP | SHam4Bnner
bl ock of polyisoprene having a nunber average nol ecul ar wei ght ( MAB)

between 1,500 and 55,000, wherein the §t %E gg*ﬁmr conprises |less than 15%
by wei ght of the butadiene, the rati Is fromO0.75:1 to 7.5:1, X

is a nucl eus of a polyal kenyl coupling agent, and n is the nunber of bl ock

copol ymer armspin Ahgegka 0P911n¥£reru&‘@?ﬁlCQHpbeél%bblgyoﬁ.nﬂ'@ke (vohes of the
pol yal kenyl coupling agent per nole, o bl ock cg gplecules 2.
The star polynﬁmpﬁegﬁFdlﬂﬁlFB EPHPHFﬁeSmH8h¥gﬁ°PH8ne

polybutadiene blocks combined in molecules having the
structure (EP-EB-EP')p-X, wherein

EP is an outer block of polyisoprene having a
number average molecular weight (MW;) between 6,500 and
85,000,

EB is a block of polybutadiene hav1ng a number
average molecular weight (MWy) between 1,500 and 15,000
and having at least 85% 1,4-polymerisation; and

EP' is an inner block of polyisoprene having a
number average molecular weight (MW3) between 1,500 and
55,000,

wherein the star polymer comprises less than 15% by
weight of the butadiene, the ratio of MW;/MW3 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 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.

2. The star polymer according to claim 1, wherein the
polyalkenyl coupling agent is divinylbenzene.

3. The star polymer according to claim 1 or 2, wherein
the number average molecular weight of the outer
polyisoprene blocks (MWjp) is between 15,000 and 65,000.
4. The star polymer according to any one of claims 1-
3, wherein the number average weight of the
polybutadiene block (MWp) is between 2,000 and 6, 000.
5. The star polymer according to any one of claims 1-
4, wherein the number average molecular weight of the
inner polyisoprene blocks (MW3) is between 5,000 and
40,000.

R DR



pol yal kenyl coupling agent is divinyl benzene. 3. The star pol yner accordi ng
to claim1 or 2, wherein the nunber average nol ecul ar wei ght of the outer
pon|sbprene bl ocks [err] is between 15,000 and 65, 000. 4. The star pol yner
accordkng to any one of clainms 1- 3, wherein the nunber average wei ght of

t he ‘polkybut adi ene bl ock (MA2) is between 35000 and 6,000. 5. The star

pol yper according to any one of claims 1- 4, wherein the nunber average

mol ecul ar wei ght o&héhethmnpblmleyi aenbedenlgl aokanwa&a)e iof lndtavieen 15, 000

and 40, 000. 29- 6.. The a o t O fqidsd ms 1-
5, conprising PésSopﬁ&ﬁsf&% gﬁ wei g %llmi ® %& but %%‘lte%ga% %ﬁlé:%gt ;e'r pol yner
according to aﬁy omheoStarapmdymerGacwnédehm ttive ainat paeoP I elefimss I om
0.9:1 to 5:1. J;p e ralidl tRQ WIRY o %cfow WO JAN¥rRRE (Qfo:al aigrs k-, 7,

wherein the 1, nerisation o the pol butadlene bl ock is _at |east 89%
9. The star poByneF Qcé@ﬁélﬁ@lﬂ@eanﬁc§ﬁédépgb¢§|ﬁ§yion§ Afh &8s 4 the

nunber of ar ms 7WhghegYp! e:@heV\Alt m—?)bﬂy@@&{ls&tmdrﬁ%ﬂ)ftkﬂ! Wolyibrrsrmeper
cules. 10. The star polynmer according to

nol e of living k .cop
any one of cIaPRQ % smﬁ&%é1 dlylsoprene bl ocks and t he pol ybut adi ene
bl ocks are at DeasmhpastmalpplwW@mogenam@dnglto By omar ofolofadmsadcor di ng

to claim 10, V\,ger %rt Ne ROl § Sc?%r%%?ro'b?ess > tvnferpqu(mé%plﬁn& hiocks

are at |east 98% hydrogéenate preparing a star polyner as
claimed in anyleastof @icdien pfldivimydberdane Rer A9lnicdall Wi yreri si ng

i soprene in theprgseRtR19mereeolecules.
10. The star polymer according to any one of claims 1-8
wherein the polyisoprene blocks and the polybutadiene
blocks are at least partially hydrogenated.
11. The star polymer according to claim 10, wherein the
polyisoprene blocks and the polybutadiene blocks are at
least 98% hydrogenated.
12. Process for preparing a star polymer as claimed in
any one of claim 1-11, which comprises anionically
polymerising isoprene in the presence of sec-
butyllithium, adding butadiene to the living
polyisopropyl lithium, adding isoprene to the
polymerised living block copolymer, and then coupling
the living block copolymer molecules with a polyalkyl
coupling agent to form the star polymer.
13. A lubricating oil composition comprising a base oil
and a viscosity improving amount of a star polymer as .
claimed in any one of claims 1-11l.
14. A lubricating oil concentrate comprising at least
85% by weight of a base oil and from 5% to 15% by
weight of a star polymer as claimed in any one of
claims 1-11.

PS38/TH148FF
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butyl l'i t hiumy addi ng butadi ene to the living polyisopropyl lithium adding
i soprene to the polynerised |iving block copolyner, and then coupling the
living bl ock copol ymer nol ecules with a polyal kyl coupling agent to form
the star polynmer. 13. A lubricating oil conposition conprising a base oi
and a viscosity inproving anount of a star polyner as clained in any one of
clains 1-11. 14. A lubricating oil concentrate conprising at |east 85% by
wei ght of a base.oil and from5%to 15% by wei ght of a star pol yF#r 148
-claimed in any.one of clains 1-11. PS38/ TH148FF

ABSTRACT

STAR POLYMER VISCOSITY INDEX IMPROVER
FOR LUBRICATING OIL COMPOSITIONS

The present invention provides star polymers which
are usefui as viscosity index improvers in oil
_ compositions formuiated for high performance engines.
the étar polymers have triblock copolymer arms of
hydrogenated polyisoprenefpolybutadiene—polyisoprene,
whiéh'provide excellent low temperature performance in
lubricating oils, and can be used in the present of low

.pour point depressant concentrations.
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