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and kinematic viscosity at a given lower temperature and a

10 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). Currently, the lower
temperature specified in the test is 40°C and the

15 higher temperature specified in the test is 100°C. For
two engine lubricating oil cémpositions with the same
kinematic viscosity at 100°C, the one having the lower
kinematic viscosity at 40°C will have the higher
viscosity index. The lubricating oil composition with

20 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

25 viscosities.

Numerous methods have been proposed for improving
the rheological properties of lubricating compositions.
Generally, these methods involve the use of a polymeric
additive which cannot be handled as a solid.

30 Recently it has been discovered that certain
asymmetric star polymers are both solid polymers and
effective VI improvers for lubricating oil compositions.



effective VI %nprovers for lubricating oil conpositions as disclosed in
United States Patent No. 4,849,481. The patent describes asymmetric star
pol ymers of conjugated diolefin blocks, such as polyisoprene, and
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results in 30 a fall g d stress Is_evaluated in the
used to gra 0oils by the SAE J300 standard of the SAE
Engine 0il Viscosity Classification System.

15 Although reduced HTHSR viscosities likely indicate
good fuel efficiency, increased HTHSR viscosities are
needed for high performance engines which operate at
higher temperatures and rpms, or for engines having
marginally designed journal bearings. The Star

20 polymers disclosed in U. S. Patent 4,849,481 are crumb,
cyclone-finishable polymers which generally can provide
sufficient 100°C kinematic viscosities but provide
insufficient HTHSR viscosity to meet the SAE J300
requirements. To improve their HTHSR viscosity

25 contribution, a sufficiently low amount of monoalkenyl
aromatic blocks may be used, but this reduces cyclone
finishability. On the other hand, if more, or larger
monoalkenyl blocks are used, then the polymer becomes
gelated in o0il at low temperatures, and this results in

30 a failing yield stress when the oil is evaluated in the
TP1-MRV test, ASTM D4684.

In United States patent 4,116,917 viscosity
improvers for lubricating oil compositions have been
described which comprise a star polymer having arms

35 linked to a nucleus. The arms may for instance
comprise a poly(isoprene/styrene/isoprene) three block



TP1- MRV test,® ASTM D4684. In United States patent 4,116,917 viscosity

I mprovers for lubricating oil conpositions have been descri bed which
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Accordingly, the present invention provides a star
polymer, useful as a viscosity index (VI) improver,

15 which comprises polystyrene blocks and hydrogenated
polyisoprene blocks combined in molecules having the
structure (EP'-S-EP")p-X, wherein EP' is a first
hydrogenated block of polyisoprene (I') having a number
average molecular weight (Mp) between 10,000 and

20 100,000 before hydrogenation, S is a block of
polystyrene having a number average molecular weight
(M) between 6,000 and 50,000, and EP" is a second
hydrogenated blocks of polyisoprene (I") having a
number average molecular weight (Mp) between 2,500 and

25 50,000 before hydrogenation, the molecular weight ratio
of (My) I'/I"™ is at least 1.4, X is a nucleus of a
polyvalkenyl coupling agent, and n is the average number
of (EP'-S-EP") arms per star molecule formed by
reaction of 2 or more moles of the polyalkenyl coupling

30 agent per mole of the arms.

The star polymers in accordance with the present
invention show enhanced cyclone-finishability and lower
pumping viscosity in fully formulated multigrade engine
lubricants, and do not gel engine oils.

35 It is also surprising that while good melt
viscosity and good thickening efficiency in multigrade



of [err]"1"/1" is at least 1.4, X is a nucleus of a polyal kenyl coupling
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hydrogenated star polymers. With either improvement,
the polystyrene block is intermnal, vet the star
15 polymers have good melt viscosities at 121°C. Prior to
coupling, the arms have the structure polyisoprene-
polystyrene-polyisoprene (I'-S-I"-Li). The star
polymer is selectively hydrogenated to saturate at
" least 95% by weight of the isoprene units and less than
20 15% by weight of the styrene units.

The star polymers of the present invention can be
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

25 reference.

Although the reason for the improvement at low
temperatures is not fully understood, it is believed
that modification of the star arms by placement of a
polystyrene block between two polyisoprene blocks as

30 described above causes a smaller effective chain length
at lower temperatures as a result of intramolecular
association of the styrene blocks. When the
temperature increases the styrene blocks can dis-
associate giving longer effective chain lengths and a

35 greater contribution to kinematic viscosity, which is
not desired at the lower temperatures. Both the size



The star polyners of the present invention can be prepared by the type of
processes as described in Canadi an Patent No. 716,645 and United States
Pat ent No. Re 27,145 which are hereby incorporated by 25 r ef er ence.
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polyisoprene—-armed stars, yet this placement does not
decrease the polymer's contribution to 100°C kinematic

15 viscosity in fully-formulated multigrade oils.

The present star polymers which are useful as VI
improvers are suitably prepared by anionically
polymerising isoprene in the presence of an initiator
such as sec-butyllithium, adding styrene, and then more

20 isoprene to the living polystyrene molecules to make
the living block copolymer molecules, coupling the
living block copolymer molecules with a polyalkenyl
coupling agent to form a star polymer, and selectively
hydrogenating the polyisoprene blocks.

25 The star polymers of the present invention may be
characterized prior to hydrogenation as having a
central core or nucleus of crosslinked poly(polyalkenyl
coupling agent) and a number of block copolymer arms
extending outwardly therefrom. The number of arms, as

30 determined by conventional gel permeation chromo-
tography (GPC), may vary considerably but typically
range from 6 to 13.

In general, the star polymers may be selectively
hydrogenated to saturate the polyisoprene blocks using

35 any of the techniques known in the prior art to be
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The hydrogenated star polymers in accordance with

15 the present invention may be added to a variety of
lubricating o0il compositions to improve viscosity index
characteristics.

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

20 Natural lubricating oils include animal and
vegetable o0ils, such as castor oil. Mineral oils
comprise the lubricating oil fractions derived from
crude oils, coal or shale, which fractions may have
been subjected to cerain treatments such as clay-acid,

25 solvent or hdyrogenation treatments. Synthetic
Jubricating oils include synthetic polymers of
hydrocarbons, modified alkylene oxide polymers, and
ester lubricants, which are know in the art. These
lubricating oils are preferably crankcase lubricating

30 oils for spark-ignition and compression-ignition
engines, but include also hydraulic lubricants, metla-
working fluids and automatic transmission fluids.

Preferably the lubricating base oil component of
the compositoins according to the present invention is

35 a mineral lubricating oil or a mixture of a mineral
lubricating oils, such as those sold by member



m xture of ni‘ckel ethyl hexanoate and triethyl al um nium having 2.3 nol es of
al um ni um per nole of nickel is preferred. The hydrogenated star pol yners

i n accordance with 15 the present invention may be added to a variety of .
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| ubri‘cati ng base q;l.co onent. of the conpositoins accordu%? to the present
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viscosity of th ubricating base oil S present in e conposi tTons
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general ly from 3d0mer according to the present invention, all
percentages by weight based on total composition.

The present invention still further provides a

15 lubricating oil concentrate comprising from 10 to 80%w,
based on the total concentrate, of a star polymer
according to the present invention. Such a concentrate
generally comprises an inert carrier fluid, e.g. a
lubricating oil, and one or more additives in a

20 concentrated form.

Lubricating oil compositions prepared with the
present selectively hydrogenated star polymers may also
contain other additives such as anti-corrosive
additives, antioxidants, detergents, pour point

25 depressants, one or more additional VI improvers and
the like. Typical additives which are useful in the
lubricating oil compositions according to the present
invention can be found in U.S. Patent Nos. 3,772,196
and 3,835,083, which are hereby incorporated by

30 reference.

In a preferred embodiment of the present invention,
the polystyrene blocks and the hydrogenated isoprene
blocks are combined in molecules having the structure
(EP'-S-EP")pn-X, wherein the first hydrogenated block of

35 polyisoprene (I') has a number average molecular weight
(Mp) from 20,000 to 60,000 before hydrogenation, the
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first hydrogenat polyi soprene (1') has a_nunber average

mol ecul ar wei ght ( MBhe rakaREebNes 59, PobtaelvrRre¢RaFeydpdt i on, the

anionically polymerising isoprene, then styrene, and
then isoprene to prepare living polyisoprene-
polystyrene-polyisoprene~Li molecules. The living

15 block copolymer molecules are preferably coupled with
divinylbenzene using 3 moles of divinylbenzene per mole
of copolymer molecules. The coupled polymers can
suitably be selectively hydrogenated with a solution of
nickel ethylhexanocate and triethylaluminium having a

20 preferred Al/Ni molar ratio of 2.3:1 to saturate at
least 98% of the isoprene units and less than 10% of
the styrene units.

Such star polymers are cyclone finishable as a

polymer crumb and produce lubricating oil compositions

25 having excellant high and low temperature viscosities
suitable for high performance engines.

The present invention will now be illustrated by

means of the following examples.
Example 1

30 In this example, a star polymer comprising triblock
arms of hydrogenated isoprene and styrene was prepared.
In the first step of the preparation, living
polyisoprene blocks (I') were prepared by anionically
polymerising isoprene in cyclohexene. The

35 polymerisation of the isoprene was initiated by adding
sec~butyllithium. The polymerisation of the isoprene



pol ystyrene bl ock (S) has a nunber average nol ecul ar wei ght (M) from
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hen’ | ) L ivi o ! .
b0l ystys ene- pol v SoRTone. oL For etErBaErarEs 1itRg: e Hfed By eiinr
nmol ecul es are prefgreaneyteotipeedolmthonli ¢f nyiving epel vEsoprénavbescks.
di vi nyl benzgne pfﬁecg+§mﬁ§r£§£elaﬂﬁéf”thfgﬁésvaghsoﬁagéééﬁ P?'ﬁ?&ﬁéréa”

suitably be sel ect] drogenated w th a sol ution ‘of nicke
et hyl hexanoat e RRLYFEEreRNe P Locks URRVERY Ny BUEDET FYF29¢ dBOPeFnlakpl ar

ratio of 2.3:1 yoigRt Ul p 8 36;’:\@@098%813(%@91:@1@@@1&19'@'vkéré‘nghéﬁss |
t han *10% of the styren Uﬂlé&. Such star pol yners aie g§§loge fini shabl e as
a pol ymer cr unb SORPSA ACRIRERY | LSRPFERS! FO CoAPOST 1 Wb 28T LH%bhdg
excel | ant hi gh aguel yosopeaperpad Lyetyresoshbloeks sui Tiabdl sedoid hi gh

er f or mance, engi Nt ¢i | L] L1l us by neans-
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pol ymer conpri sisecend otkisepsent bieekyehbl bohavbpy epenunblest yyenageas

prepared. | n t Nandidehl ok MRepint NAuPr&par 00N, thi vi ner polyd sapigae bl ocks
(1) were preparvqeeiggtagég{léc?Mw vFv)asyg%lSI ng i1 soprene in cycl ohexene. e
The living tri-block copolymer arms were then
15 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
20 adding an alcohol.

The star polymer was next hydrogenated so as to
saturate more than 98% of the olefinic unsaturation
originally contained in the isoprene blocks and less
than 15% of the aromatic unsaturation using a catalyst

25 prepared by combining nickel ethylhexancate and
triethylaluminium (2.3 moles of aluminium per mole of
nickel). The melt viscosity of the star polymer was
sufficiently high to permit finishing as a solid
polymer crumb. The melt viscosity of the star polymer

30 was 37 megapoise (x 109 Pa s) at 121°C. The data and
results are summarized in Table 1.

Example 2

In this example, a star polymer comprising
isoprene/styrene/isoprene triblock copolymer arms was

35 prepared using the procedure described in Example 1
except that the number average molecular weight (Mp) of



35 pol ynmeri sati on of the isoprene was initiated by adding
sec-butyllithium The polynerisation of the isoprene -9- was conpl eted
to prepare living polyisoprene blocks (I') having a nunber average

nol ecul ar wei ght (M) of 58, 000. Pol ystyrene bl ocks were then forned by
adding styrene to the solution of | i vi ng-pmd yi soprene bl ocks. The

pol yneri sation of sfyre I et ar bI Kk

havi ng a nunberth& %@% O?ng A %ﬁé%éﬁfﬁ¢éf %p?gnz

bl Iocks wer e th&nuﬁl@éﬂedv@ya@eidnmgemsqur ewnel glot t t‘hen)sodaﬂttlw pxﬁljrst/yr@ne ,
pol yi sopr ene- p o e 0 I t opr ene
was conpl eted t %p§$) "2 o%@"’g‘?m%g%r%%]‘g‘ﬂ‘“b‘g?% é évltl%eg&ln%%bgr
aver age nDIeCLHwelqhngﬁMnXNmﬁothé ooondheolyisoprems deleek (Eihhwasatio
(MyY) was 8¢3. Thes ééVlnﬂhérirP*es o é@ﬁdafmwifgﬂ§ Mo fo t &Ny Las £PUP! ed

W t h d|V|nbeenzene usin divin enzene per nole of the, living
bl ock copolyneﬂﬂﬁbﬂé%htéElSQ¢ﬁ#Eb i tRere |E9#¥%%réW?%w%%:T%S?P%%%%d to

conpl etion aftef(xwpThpi he) étth:wm SI s (RITRI M desults sy pol yner were
deactivated by 20 addln ngqmﬁ The star pol yner was next

hydr ogenat ed scﬁ%%m?ﬁﬁé%.u+%1 e than 98% of the ol efinic unsaturation
originally contﬁxaﬁpﬂen3th@ompmp:smm)bIocks and | ess than 15% of the

aromatic Eglsat uration us Iﬁ&%@hg @fé\&y‘;(% g’gamﬁ%?é epgrgg?lb?/ﬁ&%fn ng ni ckel

et hyl hexanoat e and ni um ni'um per nol e of
ni ckel ). The mwmprs&mgtyswrem sterepe/ {PeproRs Embl%@én?%}%mﬁrto

permt finishingRs @as0htpared using the procedure described in

Example 1 except that the number average molecular
weight (Mp) of the first polyisoprene block (I') was

15 2,800, the number average molecular weight (Mp) of the
polystyrene block (S) was 34,100, and the number
average molecular weight (M,) of the second
polyisoprene block (I") was 59,000. The I'/I"
molecular weight ratio (My) was 0.05. The melt

20 viscosity of the star polymer was 122 megapoise (x 105
Pa s) at 121°C. The data and results are summarized in
Table 1.
Example 4

In this example, a star polymer comprising

25 isoprene/styrene/isoprene triblock copolymer arms was
prepared using the procedure described in Example 1
except that the number average molecular weight (Mp) of
the first polyisoprene block (I') was 38,400, the
number average molecular weight (Mp) of the polystyrene

30 block was 11,200 (S), and the number average molecular
weight (Mp) of the second polyisoprene block (I") was
11,200. The molecular weight ratio (My) of I'/I" was
3.4. The melt viscosity of the star polymer was 17.6
megapoise (X 105 Pa s) at 121°C. The data and results

35 are summarized in Table 1.
Example 5 (Comparison)



pol ymer ‘crunt. The nelt viscosity of the star polynmer 30 was 37 negapoise
(x 105 Pa s) at [err] The data and results are sumrarized in Table 1.
Exanple 2 In this exanple, a star polymer conprising

| soprene/ styrene/isoprene triblock copolynmer arnms was 35 pr epared using
the procedure described in Exanple 1 exceptiit hat the nunber average

nol ecul ar weight (W) of . - 10 - the first polyisoprene block (1") was

56, 400, the number rEayes RATRAA VR GHRIR M) iStae RROIXREY r ene bl ock
(S) was 30, 000, cump# e ng sspPerns Agey renetidagrawe ghiritMdycief the second
pol yi soprene bl ock %Al ! was_5 2,500, Th‘f [t/ 1" tggl ecul ar. weight ratio
(Mvy) was 22. 6. & e]{/i%%séi‘ﬁ/g Ot TR a‘fSJﬁbe 5 %osc%“uﬁeegapoi se (X
105 Pa s)at [errdestilohd aimfkamgzlie ts exeemuntat Zgk immkxt eaverdganpl e 3
(Conpari so 10 l.n. t.hi ryat ] :

conpri si ngn"? soprnclaonlee/%ttlly%eri%fgskgg?gﬁé) té#&%%ﬁol%g%o ns I?A%r?lp?%%ar ed
usi ng the procedk'ed de&TridetPin Harfpmber akerroe maladelaumidhiver age

ol ecul ar wei ght (M Nh)o PftHdepdiysity Ry isgriengs blck 11700 Wasnd he 2, 800,
t he nunber average .nol ecul ar wei h%%}i}rl\ég‘% of._%&e Iysqtﬁ/rei}r%g bl ock. (S) was
34,100, and t he THRRR: ANRAEER WG R O i SRRaR
pol yi soprene bl qeid figgpmerse 39 difks [T 1wdd "46y8 Ul drhevengldculdr o (My)
165 B H° o Y B Ve R T el ey
of the star polymer was 64 megapoise (x 10° Pa s) at
121°C. Compositional data and melt viscosity results
are summarized in Table 1.
Example 6 (Comparison)

15 In this comparative example, a star polymer
comprising isoprene/styrene/isoprene triblock copolymer
arms was prepared using the procedure described in
Example 1 except that the number average molecular
weight (Mp) of the first polyisoprene block (I') was

20 10,000, the number average molecular weight (Mp) of the
polystyrene block (S) was 8,600, and the number average
molecular weight (Mp) of the second polyisoprene block
(I") was 44,900. The molecular weight ratio (My) of
I'/I"™ was 0.2. The melt viscosity of the star polymer

25 was 64 megapoise (x 10° Pa s) at 121°C. Compositional
data and melt viscosity results are summarized in Table
1.
Example 7
In this example, a star polymer comprising
30 isoprene/styrene/isoprene triblock copolymer arms was

prepared using the procedure described in Example 1
except that the number average molecular weight (Mp,) of
the first polyisoprene block (I') was 39,700, the
number average molecular weight (My) of the polystyrene
35 block (S) was 6,200, and the number average molecular
weight (Mp) of the second polyisoprene block (I") was



Exanple ‘4 In‘this exanple, a star polynmer conprising 25

| soprene/ styrene/i soprene tribl ock copol ynmer arns was prepared using the
procedure described in Exanple 1 except that the nunber average nol ecul ar
wei ght (M) of the first polyisoprene block (I') was 38,400, the nunber
aver age nol ecul ar wei ght (M) of the polystyzene 30 bl ock was 11,200 (S),
and t he nunber average nol ecul ar wei g (M) of the second polylsoprene

bl ock (1") was 243/ Th@%@%@ﬁ%awwm Zaelq Miwhbfof /¥ Tawas 4. The

Frel t]ViT?]COZi ty of. ds he ﬁ}i?rm@pt WES co@St i o H tmega@l@aT:_sg%dkyx{l@fE;v}afaw%s at
err e data and results e sunmar in Table .1.
( Conpar i son) I‘?‘Wﬁ‘?ﬁjss%o%ajr(?tl %&a"?ﬁljeﬁ%g: st gpngglss;.gf@. né‘g%%ﬁ g

| soprene/ st yr enedesopriswos 1l vesu Liop o yeresuramansi 2ed o pablkel Lising the

procedure dgscri 3 IEEganple 1 except that the nunber average 5

nmol ecul ar wei ght the first polyisoprene block (1') was 24,700, the
number average nol eckht d?hmlejmmRM) afstdte gl Yeay reame il gk ( S) vvas
7,100, and the niuderesy A0/} £644 Bdn et Y1 dd1€rddpo éﬂ“ea
'ponFsoprene bl ocks (I mas 46 800. The nmol ecul ar 1 Iﬁm ratlo (Mw)
of 1'/1" was 0. PrePeeteising s"c‘b%ﬁ?‘ipféﬁ YT R36TiRA ]%?g%m BYe negapoi se

(x [err] Pa s) adxdest |tKonptise tniitedr dadér Sl mmlécu/lamseiqhteaqg)t Sofir e
oxanl 6. 2t ar BT yIRE S R AT TRe i el 3Pt ety ook
copol ymer arms \msnlpmewrwqﬁ;imlemqw oteighte B&skcrobethe rpolystyrene
block (S) was 15,700, and the number average molecular
weight (Mp) of the second polyisoprene block (I") was
17,300. The molecular weight ratio (My) of I'/I" was
15 2.0. The melt viscosity of the star polymer was 52
megapoise (x 109 Pa s) at 121°C. Compositional data and
melt viscosity results are summarized in Table 1.
Example 9
In this example, a star polymer comprising
20 isoprene/styrene/isoprene triblock copolymer arms was
prepared using the procedure described in Example 1
except that the number average molecular weight (M) of
the first polyisoprene block (I') was 35,000, the
number average molecular weight (Mp) of the polystyrene
25 block (S) was 24,900, and the number average molecular
weight (Mp) of the second polyisoprene block (I") was
18,700. The molecular weight ratio (My) of I'/I" was
1.9. The melt wviscosity of the star polymer was 61
megapoise (x 102 Pa s) at 121°C. Cdmpositional data and
30 melt viscosity results are summarized in Table 1.
Example 10 (Comparison)

In this comparative example, a star polymer
comprising isoprene/styrene/isoprene triblock
copolymer arms was prepared using the procedure

35 described in Example 1 except that the number average
molecular weight (Mp) of the first polyisoprene block



Exanpl e 1 except that the nunmber average nol ecul ar weight (M) of the first
pol yi soprene block (1') was 20 10, 000, the nunber average nol ecul ar

wei ght (Mn) of the polystyrene block (S) was 8,600, and the nunber average
nol ecul ar wei ght (Mh) of the second polyisoprene block (1") was 44,900. The
nmol ecul ar weight ratio (My) of 1'/1" was 6.2 -The nelt viscosity of the

star. pol yner 25 s 64 g Ise (x 105 Pa s) at [err Conposj ti onal
data and nelt vi&to iW?Srggugﬁg'aF%esﬁﬂ%%?¥z%ﬂ%¥%99é%W%AQPl%&aﬂ%%%hﬁ I n

t hi EI 'exalzrrpl e, | a @Qr obl yherpebystysemg Blocki ssprxeaﬁ/ 55yg@mlﬁ/&1g@ptle@e
triblock copoly s e e I n e. procedure_described in
Exanple 1 excepgggﬁgértﬁggﬁ g%éﬁgaﬁg?géﬁ ﬁ%#%%ﬁlQﬁnﬁe?gth?hfﬁc%ﬁgthe first
pol yi soprene bl qeklyisdpnese J91q0R, (I1he wasbh23, 239er agEhevhebedtatanei ght
(M) of thegpol : o] ' ,3an ager= e
mol ecul ar m%igh%ﬁé%%§@g¥§?ﬁ% g%ﬁgﬁ%fg%lcﬁidg?%gg'%logiﬂ%ﬁmi_masisgggiﬁg -
15, 700. The nol hil Hre wRFJRtPOhYIOr (WAY oF Jegaroiwe (xc5l0thRang) tat

viscosity of thestw. p@orysivbiontd. AdR0 $R 1X Witrd¥a t5) rdsdiald ]
Conposi tional data and nelt V|scos%%¥9%§fults are summari zed in Table 1. 5

Exanpl e 8 In thi¥F ex3HPrariaed conpri si ng
| soprene/ styrendixauplentl t (Cdhpaki samppl ynmer arns was prepared using the

procedure scri bed 4§ EﬁEgW) F§? e %ﬂ?ﬁf nol ecul ar
wei ght (I\/h;i@of 10 ?ﬂe_ | rs%&no Pal('g%g% eén%?[ttlﬁ%%’k %I vvag(y%ﬁ%go t he
nunber average rRATRRTL ZFNGeRERE QKma Bfoekecorp L ENgF epentaining a

single block of polystyrene and a single block of

hydrogenated polyisoprene was prepared. In the first
step of the preparation, living molecules of

15 polystyrene were prepared by anionically polymerising
styrene in cyclohexene. The polymerisation of styrene
was initiated by adding sec~butyllithium. The
polymerisation of the styrene was completed to produce
living polystyrene molecules having a number average

20 molecular weight (Mp) of 3,300. Polyisoprene blocks
were then formed by adding isoprene to the solution of
living polystyrene molecules. The polymerisation of
isoprene was completed to produce polyisoprene blocks
having a number average molecular weight (M) of

25 51,200. |

The living block 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

30 after which the lithium sites remaining in the star
polymer were deactivated by adding an alcohol.

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

35 than 15% of the aromatic unsaturation using a catalyst
prepared by combining nickel ethylhexanoate and



bl ock (S) wa$ 15,700, and the nunber average nol ecul ar wei ght (M) of the
second pol yi soprene block (I") was 17,300. The nol ecul ar weight ratio
[err] of I'/1" was 15 2.0. The nelt viscosity of the star polynmer was 52
megapoi se (x [err] Pa s) at [err] Conpositional data and nelt viscosity
results are sunnarized in Table 1. Exanpl€19 +n this exanple, a star
polyner conpr|5|n |soprene/st renellsoprene trihl ock copolynmer_ arns
was prepared usith 3 g S MRd@s RIELdMBiE M PR IORa P he
nurrbgr gggr agﬁ mlo&@ul)ar \ﬂmegﬁﬁ.el(t:\ﬂﬁlslﬁoshft@ fofr &hep@lt)a:crsgﬁll@m%zblh@@( (1 )2
was 35, , the_n age nol.ecul ar .we of the styrene 25
bl ock (S) was quggb ﬁﬁﬁ§h§i%ﬂﬂ%ﬁ ébéq %%&@é Sﬁﬁ ) of the
second ponisopp@d@mbEO@KU@b D) e m@110®1SC6betmobéb¢h@rSWGmg@DhMmen)(hmw
of 1"/1" was 1.Q,5T | t fost ar,+pal r 6 g I se
(x 105 Pa s) at Q% b?ﬁ%%%ﬁ&agp ?% %g at QZXHEV|2?§§|§§E§e§§P

are summari zed FfﬁSP&B'-ISealfe Suamard 280 doofaddiesdn) Thet IFoH
exanpl e, a star tBQEY@flyﬁ@:lﬁ)rllsS|sriﬁ11|l%prt%n@/S$IEWIﬁ'I%/ 2%OPr §Mealdel Ma&q&s

copofymer arns S ared usi he ur. descrjbed in Exanple 1
except that thewﬁuﬂﬁﬁ?pg@ﬁ}gﬂglﬁ%¢%€hl nhgﬁﬁﬂﬁ %%ﬁ?l itﬁng%%%
po!yisoprene bl Bzlample- 123 (Cofipariwasn)29, 800, the nunber average nol ecul ar
vl gt (M of e 1 LY 0GR A EoL g LS, GP01300o 03 ARG overage
nmol ecul ar 5  weitght podwimgr Mipvang 'a/ pPolyisoprgne méemltarvwmtt pf
35,000 was prepared and hydrogenated, in accordance

with known procedures to be representative of "SHELLVIS

200" (Trade Mark), a commercial VI improver. The melt
15 viscosity of this star polymer is much less than 1

megapoise (x 10° Pa s) at 121°C; it cannot be cyclone

finished, and exhibits cold-flow properties at room

temperature.

Example 13 (Comparison)

20 In this comparative example, an all-polyisoprene
star polymer, having a polyisoprene arm molecular
weight of 46,000 was prepared and hydrogenated, in
accordance with known procedures to be representative
of "SHELLVIS 250" (Trade Mark), a commercial VI

25 improver. The melt viscosity of this star polymer is
much less than 1 megapoise (x 105 Pa s) at 121°C. The
data and results are summarized in Table 1.

Examples 14 and 15 (Comparison)

In these comparative examples the star polymers
30 produced in Examples 11 and 13 were used as VI
improvers in a SAE 10W-40 multi-grade lubricating oil
composition. The basestock used in the preparation of
the multigrade lubricating oil composition was a blend
of an "HVI 100N"™ oil (trade designation, available ex
35 Shell 0il Company, USA) (a bright and clear high
viscosity index base o0il having viscosity at 40°C of



of the 'star 'pol ymer was 55 negapoise (x 105 Pa s) at [err] Conpositiona
data and nelt viscosity results are summarized in Table 1. Exanple 11
(Conparison) 10 In this conmparative exanple, a star polymer
conprising arns of a bl ock copol ynmer containing a single block of

pol ystyrene and a single block of hydrogensied pol yi soprene was prepared.

I he fi : :
were prepar ed 550 40 B bt §BH ks T bt L0 SRS SR 501 BRRBrat he.
po: yneri sai ion b S3Y(RSEMVBB2T0) tanad edihimaddf hasls epe it ydf i 190 ubn tdhe

pol ymeri sati on dhe S..C | 6t t W0 e Jd.\ | yst

nol ecul es havi ngé% cﬂu‘r%faﬂ{ %)ggeanég% rn)}ﬁfakcu#sadrNr m&rightéﬂ(ﬁ% 01903?/20%.r =ne

Pol yi soprene bldeksgnet tonheavs dlakle byx aShiehy Pibpempany, tHéhkolation of
living pol ystyneng jipl &6 lSfﬁ%;hﬁiﬁﬂl¥f§éé§fﬁ§oﬂn@éxiEQQée@le@§v£ﬂ§p|eted

to produce pol yisoprene bl ocks having a number average mol ecul wel ght
(M) of 25  5Ivbeeesihe atviAE tﬂfoé%)&o&cﬂ yiterO 8% St S T M Aol od it
gg\égln)yllngrenfrgre #;ﬁéé@s%w)iﬁée?foﬂl 89 nubbeezemsmle?zmd)ﬁ ahdthenimwmng bl ock
: ecyl| es, e cou eac s allowed to proceed to

conpl etion 30 ’%I]aﬁ}%rp%?EhOEh%E?ﬁ h&}##@ﬁégg Temaining in the star pol yner
nege deactlgateﬂh@yamddhngoﬂneathoﬁblimﬁheverawapngnEedma@ asxto

ydr ogena so_as_to sat t 9 . tni.c,unsaturation
originall Scont%f%%hg?pgt%%g%ggggéﬁ% %?gcggﬁég%lﬁgggoéﬁgiﬂ?h%n 15% of the
aromatic unsat ukEmematisi wiseosatil 95t 1fr epnttatokesomnAl aY Ak ckepC.

et hyl hexanoat e fﬂg multigrade lubricating oil compositions prepared in
these examples contained 31.0%w of "HVI 250N" oil,
7.75%w of a commercially available API AG quality
15 additive package ("Lubrizol 7573A" (Trade Mark)) and 0.3
2w "Acryloid 160" (Trade Mark) low point depressant.
the viscosity index (VI), the cold cranking simulator
9CcCS) viscosity at -20°C, the engine oil pumpabilty
(TP1) at -25°C using the mini-rotary viscometer (ASTM
20 D4684), and the high temperature, high shear rate
(HTHSR) viscosity at 150C at 1 x 106 seconds'1 in the
tapered bearing simulator (TBS) (ASTM D4683) were
determined for each lubricating oil composition.
All of these examples produced lubricating oil
25 compositions from cyclone finished polymer crumb. The
lubricating oil compositions have good HTHSR
viscosities and excellent low temperature viscosities.
The data and results are summarized in Table 2. It is
seen from examples 14 and 15 that polymer 11 appears to
30 contribute more to TP1-MRV viscosity than polymer 13.
However, example 26 contains 25% of the more viscous
"HVI 250" base stock.
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Example



of an "HVI 100ON' oil (trade designation, available ex 35 Shell Ol
Conpany, USA) (a bright and clear high viscosity index base oil having
viscosity at [err] of - 15- 20.0 to 21.0 [err] (ASTM D445), viscosity

i ndex of 88 to 93 (ASTM D2270) and mi ni mum fl ash point of 190.6 to [err]
(ASTM DO2)) and an "HVI 250N' oil (trade €agi gnati on, avail abl e ex Shel

Q| .Conmpany, USA) (a 5 bright and cle hj gh_vi scosity i ndex base oi
havi ng viscosity at [err] of 50.7 to 54. (ASTM D445), viscosity

i ndex of 89 to 96 (ASTM D2270) and mi ni num flash point of [err] (ASTM 92)).
The anmount of each VI inprover was varied&b as toTPA provide a
l'ubricating oil conpesi{her haveNgmer KinEoidc vigrestpy of 14 opsd) s okes
(mR/s) at [errlgxlhe i gradgsghybri catkng—8i| cogpesBtiongr prepar@eSin
these exany es contained 31.0%v of "HVI @bQy' oil palgf5%v of a cegmencially
avai lFabl e APl A T Tt T

Mark)) and 0.3 %wv "Acryloid 160" (Trade Mark) |ow point depressant. the
viscosity index X&), he col d%Pdnki ng %i4Af at or Z86CS) vi 388sity BtdYerr]
the éngine oil pwwabillzty (TPl .ab [err]3,usiong tha7m ni -rotagy vi sEoset er
(ASTM 20 D4684), and the high tenperature, high shear rate (HTHSR)
viscosity at 150C atr Bwx bh3ed @i jthen tidta 1t apmpad itdan ng si nul at or ( TBS)
(ASTM D4683) were determ ned for each lubricating oil conposition. Al of
t hese exanpl es produced lubricating oil 25 conpositions from cycl one
fini shed pol yneExgmpiies Ifhendullii d&ompgrdisondonposi ti ons have good HTHSR

viscosities and excehl @iedeOWRAAY ©x4npA%Y HheS star polymers
produced in Examples 11 and 13, were used as VI
improvers in a SAE 5W-30 multigrade lubricating oil

15 composition. The base stock used in the preparation of
the multigrade contained only Atlas "HVI 100N" oil.
The amount of each VI improver was varied so as to
provide a lubricating oil composition having a
kinematic viscosity of 10.5 centistokes (mm2/s) at 100°

20 C. The multigrade lubricating oil compositions
prepared in these examples contained 9.1 %w of a "DI"
(dispersant-inhibition) additive package (from Ethyl
Corporation) and 0.3 %w Hitec 623 pour point
depressant. The viscosity index (VI), the cold

25 cranking simulator (CCS) viscosity at -25°C, the engine
0il pumpability (TP1l) at -30°C using the mini-rotary
viscometer (ASTM D4684), and the high temperature, high
shear rate (HTHSR) viscosity at 150°C at 1x106 seconds_1
in the tapered bearing simulator (TBS) (ASTM D4683)

30 were determined for each lubricating oil composition.
Results are in Table 3, which show that each polymer in
examples 16 and 17 provide comparable TP1-MRV

viscosities.



The data and results are summarized in Table 2. It is seen fromexanples 14
and 15 that polyner 11 appears to 30 contribute nore to TP1- MRV viscosity
t han pol ynmer 13. However, exanple 26 contains 25% of the nore viscous "HVI

250" - base st ock. 16 - 17 - TABLE 2 CCS TP1 Pol yner Pol ymer

- 200, cP MRV, cP TBS, cP Ex. Exi8 - (%) * [err] [err]
VI . (x10-3 5 a s) Pa s) Pa s)
14 11 - 0.97 3,490 220 I§§E§;§3 3.49 15* 13

1.12- 3, 020 177 158 3.61 * % based on the total

conposition 10 Exanples 16 and 17 (Conpar€&®n) | n tteke conparative
exanpl es the star poby srprogytoslern Ezerpies lirgnepl3, were gsgdcas Vi
improvers in a SAE SWaR.nul ti grgader | ubrixaati3ng oi(k1953 coygposi {xop=3 The
base stock used in the preparation of theggnyjtigragle £ontained oy At as
"HVI {4 OON' oil. ~Theanount of eachh Vi T TIprover was vari ed So as to provide
a lubricating oil conposition having a kinematic viscosity of 10.5
centistokes [err]eat Jerr] 20 0.83 The 3ub209rade 2obri catig oil 2,91

conpaositions pr red in these g | es go i ned 9 %w of "D
(di spersant - i hhibit g]ré addi ti \Peyggegkageg(?{’@m Et hﬁ1]3 16b 2.98
* %w based on the total composition

Examples 18-29
In these examples the star polymers of examples 1-

11, and 13 were used as VI improvers in a SAE 10W-40
multigrade lubricating oil composition. The basestock

5 used in the preparation of the multigrade lubricating
oil composition was a blend of an "HVI 100N" oil and an
"HVI 250N" o0il. The amount of each VI improver was
varied so as to provide a lubricating oil composition
having a kinematic viscosity of 14 centistokes (mm2/s)

10 at 100C. The multigrade lubricating oil compositions
prepared in these examples contained 11.6 %w of a
commercially available DI package (ECA 12850, available
from Exxon Chemical), and 0.3 %$w pour point depressant
"Acryloid 160" (available from Rohm and Haas). The

15 viscosity index (VI), the cold cranking simulator (CCS)
viscosity at -20°C, the engine 0il pumpability (TPl1l) at
-25°C using the mini—rotary viscometer (ASTM D4684), and
the high temperature, high shear rate (HTHSR) viscosity
at 150°C at 1 x 106 seconds—1 in the tapered bearing

20 simulator (TBS) (ASTM D4683) were determined for each
lubricating oil composition and are reported in Table
4.
Examples 30-40

In these examples the star polymers produced in

25 polymer examples 1 through 13 were used as VI
improvers in a SAE 5W-30 multigrade lubricating oil



Cor poration)” and 0.3 %v Hitec 623 pour point depressant. The viscosity

I ndex (VI), the cold 25 cranking sinulator (CCS) viscosity at [err] the
engine oil punpability (TP1) at [err] using the mini-rotary visconeter
(ASTM D4684), and the high tenperature, high shear rate (HTHSR) viscosity
at [err] at 1x106 seconds 1 in the taperedigearing simulator (TBS) (ASTM
D4683) 30 wer e det er,m ned for each Iubrlcatl oil conposition. Results
are in Tabl e 3, CRHPOS AR t hadtee s esdI0FTe dRaihee Prepagiad 1o Mfovi de
cF:)olrrpar abl [e TP]1 MRe wiudadgyriades lubricating 'Bcllll wad E&Son "HVIITRDORC yrrer

ol ymer err

[err] Vi [&P%vap?ﬁl@s)baseswé:]%) ° CePa.mounﬁ_;aE;%) efé:h V(fl 1)mprov[e

3,020 201 varietb@o as? i@l pkpvidE3a lubrldaﬂwﬁg oil &pﬁ@©81tlon213
160 * O RA! O 5t tal q 3 X aples d n these
exanpl es the stara1 ?I%?/r?ersl o?ﬂa Vl % %ft ° ?( rTI&Jv?/eréLjs%s as Vi

exa
i nprovers in a Sppe/alv &F HAO ?grggbellﬂ]éitéa?ﬁﬁg dubrieapdnpt Pbh. The

basest ock 5 dlgU%ltth.%n%r iR i@f thieeemélxtamghlage dondialierld nd .@d
COITpOSI tion vvas

amount of each \%f"’ Pﬁp%\?g;‘mkaﬁ% rllyecilv%lég’l rﬁg @&d& l%(elzggrgk@?ﬁlﬁl'n&-rhe
conposi tion havilzgsd KifremExxon ShewiicslePakénders)i stakkesw MEyrs)loli@ at
1000 e | REAIBANDLLSAY Dpls ATROS BkoR MBI o 985
pour point basestock. The Control sample contains
these same ingredients, at the same percent weights,
but there is no polymer in the blend. The viscosity
index (VI), the cold cranking simulator (CCS) viscosity
15 at -25°C, the engine oil pumpability (TP1l) at -30°C
using the mini-rotary viscometer (ASTM D4684), and the
high temperature, high shear rate (HTHSR) viscosity at
150°C at 1 x 106 seconds'1 in the tapered bearing
simulator (TBS) (ASTM D4683) were determined for each
20 lubricating o0il composition. Results are in Table 5.
Scanning Brookfield tests (ASTM D5133) were also run;
results are reported at the temperature where viscosity
was 5,000, 10,000, 20,000, 30,000, and 40,000 cP(x10~
3pa s). Scanning Brookfield results are in Table 6.
25



commercially avail able DI package (ECA 12850, avail abl e from Exxon

Chem cal ), and 0.3 %w pour point depressant "Acryloid 160" (avail able from
Rohm and Haas). The 15 viscosity index (VI), the cold cranking sinmulator

. (CCS) viscosity at [err] the engine oil punpability (TP1) at [err] using
the mni-rotary visconeter (ASTM D4684), -arad t+he hi gh tenperature, high
shear rate (HTHSR) viscosity at [err] at 1&) seconds- in the tapered
beari ng 20 simul ator (TBS) (ASTM D46833%e_determ' ned for each

| ubricating oil conposition and are repordgsd i n Taltipa 4. Exanples 30-40 In
these exanpl es the sp@fypoFYMes$) REQduUCeshd Rp25 W@ yper exanpl@Ess lop
through 13 werexused @, VI i npepyers ingfgSAE SW3{p+rdil ti gfpde (whg+ZXating

oi | - 19 - conposition. The basestockduiggd in phegpreparati onpgf gfhe
mul ti grade | ubrrvaﬁ-ng—oﬁ—warww—%kf—kmrpmr—bmk—g‘he-

anount of each VI inprover was varied so as to provide a lubricati hg oi |
conposition 5 18having a ki nedaePc vi scofixy of 10146 cent L§Rokes J+AR/ s)

at [err] The nuhti grade |ubricatBrg oil Lagesitionsagrepanegd in these
exanpl es cont ai gg)g 11.60 %v of a comrercially available D additive
package, ECA 12 (from Exxon Chem cal -Param ns), 0.5 % "Acryl oi'd 10

160" pour point 2depresgant, and.Bxxon "1ByI11000 N' It pout7poi nt 3.62
basest ock. The ntrol .sanpl e gogt,ai ns same | edi e , at 3 hg sane
percent wei ghts?%but tﬁere IS goggolyrreglﬁ%’%t he bl e%% The%lﬁscosi Y 1 ndex
(VI), the cold &Banking§ sinul aPeP6( CCS) dilsbosi t yy 1. at 1pérr] theblengi ne

oi | punpability,(TP1) at [err]g g7 2,940 140 162 3.62
25 8 1.10 . 2,600 98 189 3.65
26 9 1.28 2,600 97 185 3.71
273 10 1.07 2,610 127  Var.  3.62
28 11 0.97 3,200 173 159 3.60
29 13 1.02 3,250 174 159 . 3.66

1) 0il sample a gel at room temperature

2) yield stress failure _

3) Variable kinematic viscosity at 40°C, wvariable VI, on
storage; some evidence of gelation at room temperature,
not suitable for use as engine oil.



using the mini-rotary visconmeter (ASTM D4684), and the high tenperature,

hi gh shear rate (HTHSR) viscosity at [err] at 1 x 106 [err]] in the tapered
bearing simulator (TBS) (ASTM D4683) were determ ned for each 20

| ubricating oil conposition. Results are in Table 5. Scanning Brookfield
tests (ASTM D5133) were also run; results-age-reported at the tenperature
wher.€ vi scosity was 5,000, 10,000, 20,000, 30,000, and 40,000 [err] 3Pa s).

Scanni ng Brookfield results are in Tabl efgplesd . 20 - Table 4 CCS
TP1 Pol yner Pol ymer [err] MRV, cP T f Ex. Ex.
(%) *. [err] [err Vi [err] Pa s S’S Pa s) 18
1 1.20 3, 0Bglymer Rﬂéymer16220 :f3P3 B[B lgg 2 TBs,g13933
3, 060 148 Ex. 161 Ex. 3. 64(¥wry] (x30 (x10 VI...{x10
---- 21 4 1.07Pa s) 3 1B® s) 131 Pa 13
3.62 22 5 0. 80 3, 160 266 160 3.46 23 6
0. 96 3,150 [err] 16]0 3.5 7 07 - 2,940
30 93 0 36
140 162 3.62 25 1. 10::‘L ot 2,60 9% 189
3. 65 26 9 31 1,282 2,568 3,099 1¥» 3. 2 [err] - 10
1.07 2,610 32 127 4 Var.p, 30 3. 6232@90 11 147 0. B/ 3.89200
173 159 0 29 3 3, 250 7 159
3.66 1) Gl sanﬁ a gel a% room%- earﬂ)erat%u'rjeo% yi et i streilsé]jf ailure 3)
Vari abl e ki nemat34& viscosi 7y at [ertd var3abde VI, I3 163 3.03
35 8 0.81 3,050 116 190 3.07
36 9 0.93 3,110 116 185 3.10
37* 10 0.76 3,100 125 Var 3.01
38 11 0.72 3,380 168 159 3.08
39 12 0.89 3,180 140 161 —-——-
40 13 0.78 3,390 145 16l 3.12
Control None ——— 2,810 82 129 2.13

* Variable 40°C kinematic viscosity and viscosity index
on storage, some gelation tendency at room temperature
but no evidence in TP1-MRV At -30°cC.



storage;” soneé evidence of gelation at roomtenperature, not suitable for

use as engine oil. - 21 - Table 5 CCS TP1 Pol ynmer - Polyner -20,cP
MRV, cP TBS, cP EX. Ex. (%) *. [err] [err] Vi
(x10-3 Pa s) Pa s) Pa s) 30 1 0.93 3,110
136 162 - 31 2 0.972 - 3,090 125 162
- 327 4 0. 80 3, 290 147 172 3.09 33 5
0. 60 3,100 178 161 - E&Elg_é 7 0.73 3,100
131 - 163 3 03 35 116 190
3.07 36 0.93 Scaél%m Brookff@-ldr T%ratu@ Hhere
10 0.76 F—?‘-lcRPlymer 158 scosityds: 3 01 3 0,
3, 380 168 5o 3. 680% 10§2092 2°c§8°89 30, §0980 40, gfiﬁo
161 ---340 13 /s 390 4 B1 )
Control None  ---- 2, 81‘6‘10 o3 (30" 3 i§é° 3 2. 1éX1°v3r| ab¥%°4ﬁc
ki nematic vi scosi ) | ) 1e5) A
at room tenperature but no eV|dence in TPl MRV At [err] - 22 - Table 6
Scanri ng Brookfi d, Fenperat Uf€- fhere2Bx! Pol yiret- 7 vi scosilty? i s: B9 O
5,000 10,000 3120, 0G0 30-9905 4020QQ -29.9 -32.1 -33.7
10 32 4 -23.6  -27.1 -30.4 -32.7 -34.1
33 5 -21.9 -25.3 -28.1 -29.6 -31.0
34 7 -23.5 -27.6 -30.6 -33.0 -34.6
35 8 -25.0 -28.4 -31.2 -33.5 -35.0
36 9 -24.0 -28.4 -31.2 -33.5 -35.0
15 37 10 -23.2 -27.5 -30.1 -32.3 -34.0
38 11 -22.4 -26.6 -29.7 -32.0 -33.5
39 12 -23.3 -27.4 -30.3 -32.6 -34.2
40 13 -22.3 -26.6 -29.9 -32.2 -33.7

It can clearly be seen from Tables 1-5 that the

20 star polymers according to the present invention are
both cyclone finishable and possess good viscosity
characteristics.

In comparison, the star polymers of the comparative
examples a) possess acceptable viscosity

25 characteristics, but they are not cyclone finishable,
b) are cyclone finishable, but do not possess
acceptable viscosity characteristics (note, in
particular, the poor performance in the engine oil
pumpability (TPl) test), or c¢) are not cyclone

30 finishable and do not possess acceptable viscosity
characteristics.



5

(x10- 3

-22.9
-29.9
-32.7
7

- 28.
- 33,
- 34!
- 23.
- 29.

OCwo U~ .

star
25

cP cP cP cP cP [err] [err]

[err] [err] Pa s) Pa s) Pa s) Pa s) Pa s) 30 1
27.1 -29.7 -31.9 -33.5 31 2 -23.5 27. 4
-32.1 -33.7 10 32 4 -23.6 2271 -30.4

-34.1 33 5 -21.9 -25-23 - -28.1 -29.6 -31.0 34
-23.5 -27.6 -30. 6 -33.0 -34.6 35 8 .25 0
-31.2 -33.5 -35.0 36 9 -24.0 -28.4 E:éﬁkﬁ
-35.0 15 37 10 -23.2 CLAIME 5 -30. 1 -32.3
38 11 -22.4 -26.6 -29.7  -32.0 -33.5 39 12
-27.4 -30. 3 -32.6 -34.2 40 13 -22.3 -26.6

-32.21. I8®tan trament awdfnlbassaervifsangitapliswlex 5(hat the 20
star polyners ageRryHingr ! Qi REGRF N sd ISy e BRIy diiie -

fini shabl e and possess good VISCOSIty characteri'sti¢cs. In conparison, the

fini shabl e,

in partlcular

test),

pol ymer s ofhl{qﬂ@%“f?d%ﬁ% R ISORRANS Do %%Mﬁ%ﬁ?@@ﬁ@&%i ty
char act eri Hdwisag [He tgtezyu@mﬁ;mo(cmcy(s-mre f{-M,shable, b) are cyclone

0 nat SEsSS ac ahl e, vi scosi t har.acteri stics (note,
{ F?E;C)l’::rfjosr h "hq{&ﬁjer Thed K1 afgi lity (TPL)

or c) ar@ciqtlagpme:me B0 ) Haiviirsmadolrmm&r cmremgqamsslmﬂmept abl e
vi scosity chara%ggﬁwfﬁ) betwddh 10, Gt G- ADYS doo Aetdile POl ymer usef ul

as a viscosity in

10

15

20

25

30

ydrogenatlon, S is a block of polystyrene having a
number average molecular weight (Mp) between 6,000 and
50,000, EP"™ is a second hydrogenated block of
polyisoprene (I") having a number average molecular
weight (Mp) between 2,500 and 50,000 before
hydrogenation, the molecular weight ratio (My) of I'/I"
is at least 1.4, X is a nucleus of a polyalkenyl
coupling agent, and n is the average number of (EP'-S-
EP") arms per star molecule formed by reaction of 2 or
more moles of the polyalkenyl coupling agent per mole
of the arms.

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

3. A star polymer according to claim 1 or 2, wherein
the number average molecular weight (Mp) of the first
polyvisoprene block (I') is between 20,000 and 60,000,
the number average molecular weight (M,) of the second
polyisoprene block (I") is between 5,500 and 33,000,
and the ratio of the molecular weight (My) ratio of
I'/I" is between 1.8 and 10.9.

4. A star polymer according to any one of claims 1-3,
wherein the number average molecular weight (Mp) of the
polystyrene block is from 10,000 to 35,000.

5. A star polymer according to any one of claims 1-4,
wherein n is the average number of arms per molecule

| O O



i nprover, ‘Which conpri ses polystyrene blocks and hydrogenated polyisoprene
bl ocks conbi ned in nol ecul es having the structure [err] 5 wherein EP is
a first hydrogenated bl ock of polyisoprene (1') having a nunber average

nol ecul ar wei ght (M) between 10,000 and 100, 000 before hydrogenation, Sis
a bl ock of polystyrene having a nunber avezage nmol ecul ar wei ght (M)

bet ween 6,000 and 10 P! is se h ogenat ed bl ock. of

pol yi soprene (I% e%aQ?Hﬁgﬁg ﬁBg 33@%}%§e ﬁn$ hﬁ%ibgﬂfﬁﬂ? PRA) MBLEWREN

2, ?00 and 50, 006hb&eaome. hydr ogenati on, the nol ecul ar weight ratio (My of
["f1" is at |eagt 4 poly e | { ng agent,
and n is the avééf ag]g% nu%%ﬁow%]%;géo?@?? Igér) n%ll% &){és E}a? Cl JCé)Ig%Iié ?br?red
by reaction of @herennrbhaDPe$YD$OPhengob¥aCkeh?Iatoh@$$hg9&@ent per nole

of the arnF fa ng@éaner according to claim1, mhereln t he 20
pol yal keny cou agent 1s divinylbenzene. 3. A star E iner accordlng
mhgr

to claim1l or star 1 PRl AP erCaoritne DI 3RV &R v amp) 1o t he

first polyi SOprm@rQiQCKeéé thafi be¢VeENtRO, Qﬁ&naﬂﬂcwngé)eurabeoﬁumber

aversage nol ecul ar  wei ttéah) of the second 25 pol yi soprene block (I") is
bet ween 5, 500 é%gdggg hd the ratio of the nolecular weight (My ratio
-or 1'/1" is bet&eenPﬁoBeaﬂdfdﬁ.ﬁreparﬁngtarsp&typelymenoaﬂiqyaimednynone of
claims 1-3 u ver c h he 30

polystyrene bIo%§§ °£$r%§1§g§§%g ? ﬁgewggéﬁ ggﬁéfgggg £n§§ﬁ%?92% ording to
any one of cl ai pelymarighegeisopreset ke Bherpgesen@de?tofe@rns per nol ecul e

butyllithium, adding styrene, and then more isoprene to
the living polystyrene molecules to make the living
block copolymer molecules, coupling the living block

15 copolymer molecules with polyalkenyl coupling agent to
form a star polymer, and selectively hydrogenating the
polyisoprene blocks.
9. A lubricating oil composition comprising a base oil
and

20 a viscosity improving amount of a star polymer, as
claimed by anyone of claims 1-7.
10. A lubricating oil concentrate comprising 10 to 80
%w, based on a total concentrate, of a star polymer as

claimed in any one of claims 1-7.

T3316SIN

RO R RN



o Lot - ' :

== 24-- when coupled with 3 noles of divinyl benzene per nole of the arns. 6.
A star polyner according to any one of clains 1-5, wherein the polyisoprene
.block is at least 98% 5 hydrogenated. 7. A star polynmer according to any
one of clains 1-6, wherein |ess than 10% of the aromatic unsaturation is
hydrogenated. 8. Process for preparing a star polyner as clainmed in 10
any one of clainms 1-7, which conprises anionically polynerising igo ein
the presence of sec- butyllithium adding styrene, and then nore isgéigne
to the living polystyrene nolecules to nake the |iving bl ock copol yner
nmol ecul es, coupling the Iiving bl ock 15ABSEBAGCyner nol ecules with
pol yal kenyl coupling agent to forma star polyner, and selectively
hydrogenating the pol ¥y ARPEENAMR OPkSeofr Tyt It CRIPKISIEL |riereRs | {1 On
conprising a base oil and 2 a viscoslity IﬂEFOVIﬂg anount of a star

pol ymer, as claimed by anyone of clai FEMPOBITIONSA |ubricating oi
concentrate conprising 10 to 80 %v, based on a total concentrate, of ‘a star
pol ymer as cl ai med iThedRte@etofi ndleditibnlpfovidds68khlr polymers,

i useful as viscosity index improvers in oil
compositions, having triblock copolymer arms of
hydrogenated polyisoprene and polystyrene wherein the

5 polystyrene is placed near the core of the star polymer
to provide excellent low temperature performance and
finishability as a polymer crumb; a process for their
preparation; and lubricating oil compositions and

lubricating o0il concentrates containing them.
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