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dependent on thgomposn.tlons are identified by a viscosity index which
is a function of the lubricating oil composition
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 compositions 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 temperature of 40°C and
100°C. 1In general, viscosity index improvers that are
added to engine lubricating oil composition increase
the viscosity index as well as the kinematic

25 viscosities. ,

The limitation on the amount of polymer than can be
used in a VI improver concentrate is dependent on the
concentrate's viscosity at storage and handling
temperatures. Sufficient fluidity must be maintained

30 so that the concentrate can be readily pumped from the
storage vessel into the oil blending vessel. The



concentrate's viscosity at storage and handling tenperatures. Sufficient
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SAE grade designations. (The present version of the

i Standard is SAE J300, revision MAR93.)
One approach to the obtainment of improved fuel

efficiency within a particular SAE grade is to

15 formulate with a VI improver that contributes enough
HTHSR viscosity so that the resultant engine oil is
above the HTHSR viscosity minimum defined by SAE J300,
but close to the minimum. Using such an approach, VI
improvers such as those disclosed in US 3,775,329 which

20 offer a relatively high contribution to kinematic
viscosity at 100°C (kinematic viscosity limits are also
included in SAE J300), and a relatively low
contribution to HTHSR viscosity are preferred. Two
polymers representative of this prior art are given in

25 examples 6c and 12c of this document. US 3,772,196,
which is hereby incorporated by reference discloses
linear block copolymers of styrene (S) and hydrogenated
polyisoprene (EP), having the structure S-EP.

In comparison to the S-EP polymers, a different

30 balance between thickening efficiency, and HTHSR
viscosity has been achieved with linear triblock
copolymers of styrene (S) and hydrogenated isoprene
(EP) having the block structure EP-S-EP as described in
‘US 4,788,361, which is hereby also incorporated by

35 reference. However, the EP-S-EP copolymers provide
substantially higher HTHSR viscosities than the S-EP

ade



contribution to HTHSR viscosity are preferred. Two polyners representative
of ;this prior art are given in 25 exanpl es 6¢c and 12c of this docunent.
US 3,772,196, which is hereby incorporated by reference discloses |inear

bl ock copolyners of styrene (S) and hydrogenated polyisoprene (EP), having
the structure S-EP. In conparlson to the S3EP polyners, a different 30
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in lubricating oil compositions. The triblock
copolymers have the,blbck structure hydrogenated
polyisoprene-polystyrene-hydrogenated polyisoprene
(EP-S—-EP) wheréin the first EP block has a number

15 average molecular weight at least 4 times greater than
the number average molecular weight of the second EP
block. The difference in EP block sizes significantly
reduces the HTHSR viscosity of lubricating oil |
compositions in comparison to EP-S-EP block copolymers

20 having similarly sized EP number average molecular
weights. The contribution of the asymmetric triblock
EP-S-EP polymers to HTHSR viscosity is comparable to
that of prior art S-EP polymers, and sufficient for the
making of SAE multigrade engine lubricants. The

25 differences in EP block sizes does not adversely impact
other properties needed for good performance, but
facilitates dissolution of the polymer into lubricating
oil to make lubricating oil concentrates which contain
more polymer and are more fluid than those containing

30 S-EP copolymers.

Accordingly, the present invention provides an
asymmetric triblock copolymer, useful as a viscosity
index (VI) improver, comprising polystyrene blocks and
hydrogenated polyisoprene blocks combined in molecules

35 having the structure EP'-S-EP", wherein EP' is a first
-block of hydrogehated polyisoprene having a number



polyisoprene:polystyrene-hydrogenated pol yi soprene (EP-S-EP) wherein the
first EP bl ock has a nunber 15 average nol ecul ar weight at |east 4 tines
greater than the nunber average nol ecul ar wei ght of the second EP bl ock.
The difference in EP bl ock sizes significantly reduces the HTHSR vi scosity
of “lubricating oil conpositions in conpartson to EP-S-EP bl ock copol ymers

20+ having simlarl I zed EP nunber_average nol ecul ar wei ghts. The
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wei ght (Mg betyeen,49n90032P8 saturate at least 95% by weight of the
polymerised isoprene units and less than 15% by weight
of the polymerised styrene units.
The polymers of the present invention are readily
produced as described in US No. 4,788,361. However,

15 the polymers of the present invention have molecular
weights which are not taught by said reference and are
selected to obtain surprisingly improved performance as
a viscosity index improver, especially in terms of
their ease of blending and handleability as viscosity

20 index lubricating oil concentrates.

The polymers of this invention which are useful as
VI improvers are preferably prepare by anionically
polymerising isoprene in the presence of sec-
butyllithium, adding styrene, and then more isoprene to

25 the living polystyrene molecules to make the living
block copolymer molecules, and selectively
hydrogenating the polyisoprene blocks. The present
invention further provides an asymmetric triblock
copolymer comprising polystyrene blocks (S) and

30 unhydrogenated polyisoprene blocks (EP) combined in
molecules having the structure EP'-S-EP",

wherein EP' is a first block of unhydrogenated
polyisoprene having a number average molecular weight
between 40,000 and 150,000,

35 S is a block of polystyrene having a number average

molecular weight between 25,000 and 60,000,

Sheet Has Been Reﬂlaced

T il



150, 000 before hydrogenation, S is a block of polystyrene having a nunber
aver age nol ecul ar wei ght (M) between 25,000 and 60,000, EP" is a second
bl ock 5 of hydrogenated pol yi soprene having a nunber average nol ecul ar
wei ght (M) between 2,500 and 30, 000 before hydrogenation and wherein the
mol-ecul ar weight ratio of EP'/EP" is at |elst 4. The triblock copolynmer is

suitably sel ectively,,10 hydr o ated to saturate at |east. 95% by wei ght
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. unsaturation. Hydrogenation of aromatic unsaturation
is suitably less than 15% to avoid reduction of the
amount of polystyrene needed to give desired thickening

15 efficiency.

In general, hydrogenation involves the use of a
suitable catalyst as described for instance in U.S.
Patent No. Re 27,145 which is hereby incorporated by
reference. A mixture of nickel ethylhexanoate and

20 triethylaluminium having 2.3 moles of aluminium per
mole of nickel is preferred.

The hydrogenated polymers of this invention may be
added to a variety of lubricating oil compositions to
improve viscosity index characteristics.

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

Natural lubricating oils include animal and
vegetable oils, such as castor oil. Mineral oils
comprise the lubricating oil fractions derived from

30 crude oils, coal or shale, which fractions may have
been subjected to certain treatments such as clay-acid,
solvent or hydrogenation treatments. Synthetic
lubricating oils include synthetic polymers of
hydrocarbons, modified alkylene oxide polymers, and

35 ester lubricants, which are known in the art. These
lubricating oils are preferably crankcase lubricating



mhereinfEP' is a first block. of unhydr ogenat ed pol yi soprene havi ng a nunber

aver age nol ecul ar wei ght between 40, 000 and 150, 000, 35 - Sis a block
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preferred. designations "HVI", or "XHVI" (Trade Mark).
10 The viscosity of the lubricating base oils present
in the compositions according to the present invention
. may vary within wide ranges, and is generally from 3 to
35 mm?2/s at 100°C.
Accordingly, the present invention also provides a
15 lubricating o0il composition comprising a major amount
(more than 50%w) of a lubricating o0il and a minor
amount (less than 50%w), preferably from 0.05 to 10%w,
more preferably from 0.2 to 5%w, and especially from
0.5 to 2.5%w, of a triblock copolymer according to the
20 present invention, all percentages by weight based on
total composition.
The present invention still further provides a
lubricating oil concentrate comprising from 10 to 80%w,
based on total concentrate, of a triblock copolymer
25 according to the invention. Such a concentrate
generally comprises an inert carrier fluid, e.g. a
lubricating oil, and one or more additives in a
concentrated form.
Lubricating oil compositions prepared with the
30 present selectively hydrogenated polymers may also
contain other additives such as anti-corrosive
additives, antioxidants, detergents, pour point
depressants, one or more additional VI improvers and
the like. Typical additives which are useful in the
35 lubricating oil compositions according to the present
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| ubricating oil conpositions to inprove viscosity index characteristics. 25
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block of polyisoprene having a number average molecular
weight between, 3,000 and 18,000 before hydrogenation,
and wherein the molecular weight ratio of EP'/EP" is
between 6.0 and 25.

15 The polymers can selectively be hydrogenated with a
solution of nickel ethylhexanoate and triethylaluminium
having a preferred Al/Ni molar ratio of 2.3:1 to

saturate at least 90% of the isoprene units and less
than 10% of the styrene units.
20 The present invention will now be illustrated by
means of the following examples.
Example 1
In this example, a triblock copolymer of
hydrogenated isoprene and styrene was prepared. In the
25 first step of the preparation, living polyisoprene
blocks were prepared by anionically polymerising
isoprene in cyclohexane. The polymerisation of the
isoprene was initiated by adding sec-butyllithium. The
polymerisation of the isoprene was completed to produce
30 living polyisoprene blocks having a number average
molecular weight of 60,800. Polystyrene blocks were
then formed by adding styrene to the solution of living
polyisoprene blocks. The polymeriSation of styrene was
completed to produce polystyrene blocks having a number
35 average molecular weight of 42,100. Polyisoprene
blocks were then formed by adding isoprene to the
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copol yner according to the 20 present invention, all percentages by
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10 the aromatic unsaturation using a catalyst prepared by
combining nickel ethylhexanoate and triethylaluminium
(2.3 moles of aluminium per mole of nickel). The melt
viscosity of the polymer was 4.9 megapoise (x 10°Pa s)
at 121°C. The data and result are summarised in Table
15 1. |
Example 2
In this example, a triblock copolymer was prepared
using the procedure described in Example 1 except that
the number average molecular weight of the second
20 polyisoprene block was 14,300. The melt viscosity of
the polymer was 3.4 megapoise (x 10° Pa s)at 121°C.
The data and results are summarised in Table 1.
Example 3
In this example, a triblock copolymer was prepared
25 using the procedure described in Example 1 except that
the number average molecular weight of the second
polyisoprene block was 3,700. The data and results are
summarised in Table 1.
Example 4 (Comparison)
30 In this comparative example, a diblock copolymer
was prepared using the procedure described in Example 1
except that the second addition of isoprene was
omitted. The melt viscosity of the polymer was 4.3
megapoise (x 10° Pa s) at 121°C. The data and results
35 are summarised in Table 1.
Example 5



In a preferred enbodi nrent of the present invention, the polystyrene bl ocks
and the hydrogenated isoprene 5 bl ocks are conbi ned in nol ecul es havi ng
the structure EP' -S-EP", wherein the first hydrogenated bl ock of

pol yi soprene has a nunber average nol ecul ar wei ght between 50, 000 and
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i soprene S CGIp. o] el | i ving pol yi soprene bl ocks having a
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was prepared using the procedure described in Example 1

except that the number average molecular weight of the
first polyisoprene block was 62,000, the number average

15 molecular weight of the polystyrene block was 36,000,
and the number average molecular weight of the second
addition of isoprene was omitted. The melt viscosity
was 1.7 megapoise (x 10° Pa s) at 121°C. Compositional
data are summarised in Table 1.

20 Example 7 (Comparison)

In this comparative example, a triblock copolymer

was prepared using the procedure described in Example 1
except that the number average molecular weight of the
first polyisoprene block was 66,100, the number average

25 molecular weight of the polystyrene block was 33,100,
and the number average molecular weight of the second
polyisoprene block was 68,600. The melt viscosity of
the polymer was 2.4 megapoise (X 10° Pa s) at 121°C.
Compositional data and melt viscosity results are

30 summarised in Table 1.
Example 8

In this example, a triblock copolymer was prepared

using the procedure described in Example 1 except that
the number average molecular weight of the first

35 polvisoprene block was 106,700, the number average
molecular weight of the polystyrene block was 49,100,



pol yi soprene bl ocks. The pol ynerisation of styrene was conpleted to produce
pol ystyrene bl ocks havi ng a nunber 35 aver age nol ecul ar wei ght of 42, 100.
Pol yi soprene bl ocks were then forned by addi ng i soprene to the - 8-
solution of |iving polyisoprene-pol ystyrene bl ocks. The second

pol ynmeri sation of isoprene was conpleted-t¥ produce second pol yi soprene

bl ocks having a aver age nnlecular wei ght of 100 he lithiuymsites
5 renai ni ng & r}#jgﬁbe WSTR[ AE W’éﬁb"} IR The

pol yner was nexiolyisamgesred dell crk agad Al 6aL00 at ertrmrmeltmamél&%ﬁy tde

ol efini c unsat q:rha% ﬁ’%a“?‘(élg"'paaé Ié/ £ 'inseed {1 1t61:e I_;aso rene 1bé and | ess
Si

t han 15% of 10 mat1 c unsa at’r on hg a catal yst™pre ared by
conbi ni ng ni cké&lomRafA Heonmbalatarmnd mekthywigees ivumqsuEsmes of

al um ni um gper rgﬂngné)jlggcpkﬁ{ )rape el t viscosity of the polymer was 4.9
megapoi se. (x [err at [err]. The data and result are summarised in

Tabl e 15 1. In this exanple, a triblock copolynmer was prepared
usi ng the procedur grdegcird tmmmpldixmqum@qcejﬁpdlhmeﬁ hea s phgsa BEr age

nmol ecul ar melghtlpf t e secoqg 20 é% ren bIo was 14, 300.. The
ol £ vi ccos: ty e o S e AdReRSER IOl Tt ¥ el phat ]S he
dat a and resul ttheamumhemeavesbe mdldiwl dr weight of the second
10 polyisoprene block was 19,000. The melt viscosity of
the polymer was 4.4 megapoise (x 10° Pa s) at 121°C.
. Compositional data and melt viscosity results are
summarised in Table 1.

Example 10

15 In this example, a triblock copolymer was prepared
using the procedure described in Example 8 except that
the number average molecular weight of the second
polyisoprene block was 5,900. Compositional data are
summarised in Table 1.

20 Example 11 (Comparison)

In this comparative example, a diblock copolymer
was prepared using the procedure described in Example 8
except that the second addition of isoprene was
omitted. The melt viscosity was 5.2 megapoise (x 109
25 Pa s) at 121°C. Compositional data are summarised in
Table 1.
Example 12 (Comparison)

In this comparative example, a diblock copolymer

was prepared using the procedure described in Example 1

30 ° except that the number average molecular weight of the
first polyisoprene block was 106,000, the number
average molecular weight of the polystyrene block was
44,000, and the second addition of isoprene was
omitted. The melt viscosity was 2.6 megapoise (x 109

35 Pa s) at 121°C. Compositional data are summarised in
Table 1.



Exanple 3 In this exanple, a triblock copol yner was prepared 25 usi ng the
procedure described in Exanple 1 except that the nunber average nol ecul ar
wei ght of the second pol yi soprene bl ock was 3,700. The data and results are
summari sed in Table 1. Exanple 4 (Conparison) 30 In this conparative
exanpl e, a diblock copol yner was preparedlhsing the procedure described in
Exanpl e 1 except _t hat e second.addition of isoprene was omtted. The nelt
viscosity of t Biﬁﬁia ﬁggmﬂa§lﬁ88 poi se (x 105 Pa s) at [err]. The data
and results 35 aiep shimacompdrabi¥ebkrathplE&yxaapteiblock- 8epbhyinbis

exanpl e, tri C - WWAS e LN rqcedu ribed in
Beanpl o 1 excelf o REFbRRed BesHE° tHE RILEAaHE L ebOs BERT O, ERAABTE o

pol yi soprene bgsERPhathel, §be, numbenuﬁﬁeraaeemeéecglarnweeghtapfwéhght of

t he polyssyrenelbberom9§s8§r@9@ b@B@ktQﬁs”gﬂbgboavﬁh@9§g§§E?CHb@%a@@'ght
Vi |

of the second g hé grene S ¥
pol yner was 2.%° 8 FsWeid EOQfP§h§)pS ypt¥rpneTRecq,: 4agnd v 88Qrts are
summari sed in EaaIEhé nifiberEx@ephgebmoCerpabirsagighl blii $heogpabadi ve

examl e, a.dibl.ggl GBRRENICE1 1Bk RaSPRESTUS MEokEsRELERAY" SaTgogLEPed 17

summarised in Table 1.
10 Examples 14-26
In these examples the polymers produced in Example

1-13 were used as VI improvers in a SAE 10W-40
multigrade lubricating oil composition. The base stock
used in the preparation of the multigrade lubricating

15 0il composition was a blend of an "HVI 100N" oil (trade
designation, available ex Shell 0il Company, USA) (a
bright and clear high viscosity index base o0il having
viscosity at 40°C of 20.0 to 21.0 mm?/s (ASTM D445),
viscosity index of 88 to 93 (ASTM D2270) and minimum

20 flash point of 190.6 to 196°C (ASTM D92)) and an "HVI
250N" o0il {trade designation, available ex Shell 0il
Company, USA) (a bright and clear high viscosity index
base oil having viscosity at 40°C of 50.7 to 54.0 mmZ/s
(ASTM D445), viscosity index of 89 to 96 (ASTM D2270)

25 and minimum flash point of 221°C (ASTM 92)). 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) at 100°C. The
multigrade lubricating oil compositions prepared in

30 these examples contained 8.5 %w of "HVI 250N", 11.5 %w
of a commercially available API AG quality additive
package (ECA 12850), 0.5% w "Acryloid 160" (Trade Mark)
the identified polymer, and "HVI 100N". The viscosity
index (VI), the cold cranking simulator (CCS) viscosity

35 at -20°C, the engine oil pumpability (TP1l) at -25°C
using the mini-rotary viscometer (ASTM D4684), and the



except that the nunber average nol ecul ar weight of the first polyisoprene
bl ock was 62,000, the nunber average 15 nol ecul ar wei ght of the

pol ystyrene bl ock was 36,000, and the nunber average nol ecul ar wei ght of
the second addition of isoprene was omtted. The nelt viscosity was 1.7
megapoi se (x 105 Pa s) at [err]. Conpositildnal data are sunmarised in Table

1..20 Exampl e ,7.( ar i IS conparatlve exanple, a triblock
copol ymer was g‘rl E‘ar‘g::0 aiéu%en ?‘&Pg’cém dader i (HEESRY Biseosd ¥ etcept
t hat the nunbeﬂS@V@ragelnula aecwmu@hrlohnthhefth@br@@lbb&ﬁﬁm@ne bl ock
was 66, 100, th r vq&@ﬁ I | t he pal ystyrene
bl ock was 33,1 gofﬁé nu ‘%é§3%?§§§%ﬁnﬁggﬁfg% Wel HF% F% é §%bond
pol yi soprene bpéékcm@Poﬁth@@ The nelt viscosity of the pol ymer was 2.4

megapoi se s(x 105 Pa19) o3 thekkl exaRnesy Exr%aﬁtce@atlab%a@a%%b gligcosi ty
results are 30 sunnarlsed I n Tabl e hi s exanpl e,

tribl ock copol PP lﬁPépéFEH‘ﬁsFﬁﬁcﬁﬁérﬁﬁﬁb@€Uﬁ5 Hb§ér¢@@dPPﬁYE%ﬁhple 1
except that thanumNErlammwage mol ecul ar wei ght of the first 35

pol yi soprene bl ock S 106 7 t he .nunber avetrage_nol cular wei ght of the
pol ystyrene bl ock %ga i pojymers, gL % ChaRyER &QQr&désﬁgwgéular
wei ght of the mﬂchn@up@kﬁﬁs¢hﬁ@n¢hbl@@hpmmatlﬁﬁlﬁampre rmldt avi scosity of

10 separate evaluation established that the asymmetric
polymers readily dissolve at significantly lower
. temperatures than the comparative polymers. For
example, the asymmetric linear polymer of example 5
- could be completely dissolved in oil at 78°C, whereas
15 the S-EP polymers of example 4, 6, 11 and 12 required a
blending temperature of 115°C for complete dissolution
over a longer period of time. Also, at 7 percent or
greater polymer-in-oil concentrates, the S-EP block
copolymers of examples 6 and 12 show evidence of
20 gellation at room temperature. At 9.3 %w in o0il, the
concentrate of the asymmetric EP-S-EP polymer of
example 5 is fluid with no evidence of gelation at room

temperature.
The data and results for the SAE 10W-40
25 formulations are summarised in Table 2.

Examples 27-32
The fluidity of concentrates is determined by the
measurement of viscosity at a low-shear-rate. When

comparing polymer-in-oil concentrate viscosities, it is
30 important to keep in mind the relative amount of the
polymer that is required to achieve a specified
kinematic viscosity in finished 0il. For example, a 6
$w lubricating oil concentrate containing a higher
molecular weight polymer such as of example 12, which
35 requires less polymer for SAE 10W-40 multigrade in
example 25, will have a higher concentrate viscosity



t he polymer 'was 5 negapoi se (x 105 Pa s) at [err]. Conpositional data and
melt viscosity results are 5 summari sed in Table 1. Exanple 9 In this
exanple, a triblock copolynmer was prepared using the procedure described in
Exanpl e 8 except that the nunber average nol ecul ar wei ght of the second 10
pol yi.soprene bl ock was 19,000. The nelt- ¥Bscosity of the polymer was 4.4
megapoi se (x 105 Pa s) at [err]. Conpositional data and nelt viscosity
results are subhaPRi 8ef AW Fabrdcatipgapplecopcentrate coptappingxanple, a
triblock copol ysherwaslpeeparetetightg bmme&ogaaw gsdegcekhfgibnshxampl e 8
except that the ek Egber aver age nDIec m%ﬂghgégf bﬂ aeco polylsoprene
bl ock was 5, 90U EBnpEILIFERaCg5t RO y@eg 10W-48pmuliigsgde pyanpl e
11 (Conpari soninl exthpdecdfparative exanple, a diblock copol yner was
prepared ysing the ribed Ly aml e exge t hgt .1 he second
addi ti on gf |sopre%gi§g§ggag gggg é? gxgﬁPgélggbs}§9 1 Qédzﬁgegép0|se (x
[err] 25 Pa Epbde FerWPlChC§ﬁp§§inlEﬂéwm§§Sa0£reX§mp&35|éed2un4Tanﬁe 1.

Exanpl e 12 (Cogpakkg@f)-e! elmusrcaﬂ@ah%l b8 szsmb% aTﬁéﬁkock copol ymer
was prepared using, the Broc dure descri bed anpl e except that

t he nunber ave?&BElﬁﬁFé QI8#lmEPBﬁFnSFaFﬁeVF§F§§1§6P§|§§pP§ﬁ§u5P§canas
106, 000, the nanheakavebageishhecwliscoweiteht adf sthe aadysbyrerepkbesk was

10 seconds rate-of-shear are given in respect of examples
27-32 in Table 3.
. Examples 33-39
Multigrade oils of examples 21, 22, 23 and 25 as
shown in Table 2, which contain polymers of examples 8,

15 9, 10 and 12, require similar amounts of polymer. The
lubricating oil concentrate viscosities of these
polymers as measured in a Haake rotational viscometer
at 82°C and 10 reciprocal seconds rate-of-shear are
given in respect of examples 33-30 in Table 4.

20 TABLE 1
Melt Viscosity
Isoprene Styrene Isoprene 121°C M Poise
Ex. Mp'! Mp Mn" (x 10° Pa s)
1 60,900 42,100 9,100 4.9
25 2 60,900 42,100 14,300 3.4
3 60,900 42,100 3,700 -
4 60,900 42,100 0 4.3
5 60,800 38,600 6,400 2.5
6 62,000 36,000 0 1.7
30 7 66,100 33,100 68, 600 2.4
8 106,700 49,100 14,100 5
9 106,700 49,100 19,000 4.4
10 106,700 49,100 5,900 -
11 106,700 49,100 -0 5.2
35 12 106,000 44,000 0 2.6
13 57,900 47,000 55,000 -



44,000, and the second addition of isoprene was onmtted. The nmelt viscosity
was .2. 6 negapoi se (x 105 35 Pa s) at [err]. Conpositional data are
sumarised in Table 1. Exanpl e 13 (Conparison) In this conparative
exanple, a triblock copolynmer was prepared using the procedure described in
Exanpl e 1 except that the nunber average-rd ecul ar wei ght of the 5 first
pol yi soprene bl ock was 57,900, the nunber_average nol ecul ar wei ght of the
pol ystyrene bl ock was 47,000, and the nﬂﬁﬁéﬁ_ﬁverage nol ecul ar wei ght of
the second polyi soprene block was 55, 000, Cbnp05|t|onal data are

sumari sed in Table 1. 10 Exanpleséﬁixﬁé | n §gg§, xanmpl es the %olyners
produced in Exanple 1:13 were used a g F%La SAE 10W & 3

mul ti grade, | ubrj catPAGYBPT ébﬂ Tioff Hhe bas@‘ used |ﬁpﬂﬁe10
preparatld% of end
of an "HvVI 100N’ oil (trade d 5| nati on vai | abl e ex Shel | any,
USA) (a bright afld cléar hlgh? gc05|t§ ?%Hex bake- bi | h&ﬁ4ng vﬁ%c% ity at
[err] of 20.0 ta=x®1.02mR/s (ASIM D445»,8¢0scosi1y.7ndex 13 88 t®». 98 (ASTM
D2270) and m ni flas int o 6 to r] (A M D9 ) nd an
"HVI 250N" oil ?#ﬁ;de de5|gna?|§§ ava?régﬁe ex %%é%l npaﬁ%, SA) (a
bri ght and cl earlhi gh 4vi scosi fly2idndex Ba880o0i | ha¥ihg V|§dﬁb|ty JAtdberr] of

50.7 to 5 0 mi/gs 5 1.20 2,960 14.8 163 3.40
19 6 1.18 2,920 14.1 163 3.40
. 20 7 0.98 2,870 13.2 167 3.62
21 8 0.80 2,960 12.5 162 3.27
22 9 0.81 2,760 12.5 162 3.32
15 23 10 0.80 2,930 12.6 163 3.23
24 11 0.86 2,920 12.5 165 3.23
25 12 0.78 2,840 13.5 159 3.26
26 13 1.13 2,820 13.9 165 3.67
TABLE 3
20 Polymer Polymer Haake
Example Example Swt. vis., Poise

27 1 5.4

28 1 12.6

29 2 4.8

25 30 2 . 16.5

31 4 6.0 20.3

32 6 19.4



(ASTM D445), viscosity index of 89 to 96 (ASTM D2270) 25 and m ni num
flash point of [err] (ASTM 92)). The anount of each VI inprover was varied
so'as to provide a lubricating oil conposition having a kinematic viscosity
of *14 centistokes [err] at [err]. The nultigrade |ubricating oil
conpositions prepared in 30 these exanpllés-contained 8.5 %v of "HVI

250N', 11.5 % of a commercially avail abI e APl AG quality additive package
(ECA 12850), 0.5%w "Acryloid 160" (Tr atBhkrk) the identified pol ymer, and
"HvVI 100N'. The VI scosity |nc¥> t he Id cranki ng si rrul tor (CCS)
viscosity 35 err theggﬁgml et y (TPl?L ?a %rrL usi ng
the mni-rot ar\/ \ er 84) an “I’ni—'na S. ﬂls

t enper at ur e, hi gh sg ar rate (HTHSR) i scosMy at [err] at 1 X [err]
seconds -1 in the t ‘éered beari r‘?g si mul at or (fBS) (ASTM D4@é§) wer e

determ ned for each3dil conpositdon. 5 8Al | of these 3aml es
produced | ubricatinggoi l corrp05|§| ons from a goncentrate of, 6% w of the
polymer in "HVI 100N". The asymietric polyners of the inventi‘on dissol ved

much qui cker than tBé conparati e sanples and8a 10 separ &% Gval uation
establ i shed that thgasymetricqgol yners readigly di ssolve aty sggnificantly
| ower tenperatures than the conparative polyners. For exanmple, the
asynmetric |inear p yrrer of egg Ie 5 8 36.1

10 39 6 31.6



coul d be 00ﬁﬁ+erefy dissolved in oil at [err], whereas 15 the S-EP
pol yners of e a %Ekgﬂk$ga§nd 12 required a bl endi ng tenperature of

[err] for co n over a |longer period of tinme. Also, at 7
petcent or gre EmmmF oil concentrates, the S-EP bl ock copol yners
of - exanpl es 6 dence of 20 16 gellation at room tenperature.
At: 9.3 %wv in oil, the concentrate of the asymetric EP-S-EP pol yner of
~exanple 5 is fluid with no evidence of gel ation at room tenperat e
data and results for the SAE 10W# 40 25 fornmul ati ons are summarised in
Tabl e -2. Exanmpl es 27-32 The fluidity ©fL corite@ht3 ates is determ ned by the
measur ement -of ‘viscosity at a | owshear-rate. Wien conparing pol yner-in-oi
concentrate viscosities, it is 30 ortant to keep in mnd the relative
amount of the é@lyﬁﬁraﬁﬁamet§lﬁeﬁﬁﬂbé9ngoCQ@hﬂyméra ypeéiii ad Ri nematic

“viscosity in flvm»séagdt |:Lnd5§kr (Q&@Wﬂhﬁro@a@ Yo EE&LS%P ggé%*cy%ﬁ%ea}] Ir 2}] e

~containing a h t po
35 requires 3 Spdp $ Byd§%ﬁeféﬁﬁﬁopﬁﬁwﬂF&P§8€e|HlBE§ﬁpN§ P)5. wil l
have a hi gher comb&nbdaha mnﬂeca&by havind3 thet BgruatGreEPYBSHER!, Ng Oi

- concentrate contalahggeanlgper %egxtg%cﬁgégﬁhﬁggbéggégaﬁggegs of exanple

6, which fequires nore pol yirer
polyisoprene having a number average molecular weight

between 40,000 and 150,000 before hydrogenation,
'S is a block of polystyrene having a number average
molecular weight between 25,000 and 60,000,
.10 . EP"™ is second block of hydrogenated polyisoprene

having.a”number average molecular weight between 2,500
and.30,000.before hydrogenation, and wherein the
molecular weight ratio of EP'/EP" is at least 4.
2. The copolymer according to claim 1, wherein the
15 . number average molecular weight of EP' is between
' 50,000 and 110,000, the number average molecular weight
of EP" is between 3,000 and 18,000, and the molecular
weight ratio of EP'/EP" is between 6.0 and 25.
_ 3. The copolymer accordlng to ¢laim 1 or 2, wherein
20 :the nunber average molecular weight of the polystyrene
- :block is between 35, OOO to 50,000.
7_'4.j The copolymer according to any one of claims 1-3,
wherein the EP' and EP" blocks are at least 98%
_ hYdrogenated.
25 5. The copolymer according to claim 4, wherein less
than 10% of Ehe aromatic unsataration is hydrogenated.
6. Process for preparing an asymmetric triblock
copolymer as claimed in any one of claims 1-5, which
" ‘comprises anionically polymerising isoprene in the
- 30 presence of sec-butyllithium, adding styrene, and then
ﬁore isoprene to the living polystyrene molecules to

U

R



in exanple 19. 5 Mul tigrade oils of exanple 14, 15, 17 and 19 in
Tabl e 2, which contain polyners of exanples 1, 2, 4 and 6, require simlar
anbunts of polyner. Their lubricating oil concentrate viscosities as
measured in a Haake rotational visconeter at [err] and 10 reciprocal 10
seconds rate-of-shear are given in respect?7of exanples 27-32 in Table 3.
Exanpl es 33-39 Multigrade oils of exanples 21, 22, 23 and 25 as shown in
Tabl e 2, mhchm%5%t%P% bbY&ﬂ%r%l%?keﬁ%ﬂﬁiﬁ%eB mqhecubes,) aRRd 12, require

simlar am)unt§eDéct)D‘ir§D?rhydfb@eh&bih@ath@gp@lju@@@ﬁ@mé rslécksscosities of

t hese polyners as pnal visconeter at [err] and 10
reci procal secohd§gfgﬁgrﬁﬁaéh%%quf ‘&“@%ﬁ1¢+99e£ﬁﬂﬁﬁl%& %xanples 33-30 in
Table 4. 20 a base oil and a viscosifBlHEngrdfel sing saosunly ¢Sommene
Styrene slsopg £8f£ b%E’Q' Lertlaimed (66810t
Cetr] §?ﬁh Tr i %ggg%ymer % % %1me in NG &lo
4.9 25 2 ClaB@SQ 0° 42 100 14, 300 3.4 3 60, 900
42,100 " 38 /00 lubrlcatlng ofl coﬁ@bﬁ%&bte céﬁ%ﬂiﬁhn 10 to O
4.3 5 60, 80g0 b 630 ¢ g g 62t000 36, 000
0 g, Daseq on ggrafitoncentzatgy of SpeaggRetsic g
106, 700 4%t A0Plock cddoliMler as claimed ®n adP6on®0cf cladbmdO0D-5.
19, 000 10 4Aé’&§§mm4991309ribloéﬁ’3&§Blymer é%éggﬁsing o
polystyrene blocks (S) and unhydrogenated polyisoprene
. blocks (EP) combined in molecules having the structure
EP'-S5-EP",
wherein EP' is a first block of unhydrogenated
15 polyisoprene having a number average molecular weight
between 40,000 and 150,000,
S is a block of polystyrene having a number average
molecular weight between 25,000 and 60,000,
EP" is second block of unhydrogenated polyisoprene
20 having a number average molecular weight between 2,500

and 30,000, and wherein the molecular weight ratio of
EP'/EP" is at least 4.
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11 106,706 49, 100 0 5.2 35 12 106, 000 .

44,000 0 2.6 13 57, 900 47, 000 55, 000

-- - 14 - TABLE 2 CCS TP1 [err], cP MRV, cP TBS

Pol ymer Polymer (x [err] (x [err] [err] 5 Ex. Ex.

% W Pa s) Pa s) Vi Pa s) 14 1 1.19 2, 880
12.7 164 3.46 15 2 1.19 2,860 12.7 163
3.51 16 3 1.18 2, 810 13.3 164 3. 44 ¥73291
1.24 2,800 13.1 164 3.46 10 18 5 1.20
2,960 14. 8 163 3.40 I®B S R A C T.18 2,920 14.1
163 3.40 20 7 0.98 2,870 13.2 167 3.62 21
8 0. 80 2,9 0.81
2,760 12.5 16g'QSYN"I"[ET3I.iLI*?3cz‘r)rlr\stE’Ldé%3(20‘130116)\‘%4E?R7 ‘?125%958%” 2,930
12. 6 163 3.23 24INDEX IMPROVER) FeR OIL GOMEQSITIONS 2 5 165
3.23 25 12 0.78 2,840 13.5 159 3.26 26 13
1.13 2,820 13.9 165 , . 3.67 TABLE 3 20 . .

Pol yier Pol YRy PTesent inveptigneproyides asyppgfric triblock o
Vis., Poise 27copolymers which are usefuf. @s viscosity inBe# 28 1
8.0

4"

im&%o@ers in 0il compositions formulated for high
performance engines. The triblock copolymers have the
5 block structure hydrogenated polyisoprene-polystyrene-
hydrogenated polyisoprene wherein the ratio of the
number average molecular weights of the first and
second hydrogenated polyisoprene blocks is at least 4.

P534/T3291FF



29 2 : 6.0 4.8 25 30 2

8.0 16.5 31 4 6.0 20.3 32

6 7 ~ 6.0 19.4 - 15 - TABLE 4 W

Pol yner . Haake Exanpl e Exanpl e FR(E 15%he repl3gament sheet
Poi se 33 8 . . 6 : Subs%@hté s"_heet 8 Janaéry 1998

8 8 36.3 35 : Date: (g- ff‘gf .
15.2 36 9 . 8 29.0 37

6 17 8 38 10 - 4 - 8 36. l 10

39 This is the repl acenent

sheet Substltute epgrage %°5%ﬁﬂkﬂﬁ/*ﬂ%¥§thﬁh) heEUeenT4%%ﬁﬁ9(§Q§/\l MS 1.
An asymetric trib50¢cR00opefgrerhydroglenationy 8i $80ai blodldex (V1)

leggg\éez EP)COWDH ShBYyRey¥ehY "RIAHY A KRmbRk 304-0%8" ROFLAL £k ROL YdHOPT €ne
(Mp) between 25,000 and 60,000, EP" is a second block

5 of hydrogenated polyisoprene having a number average
molecular weight (Mp) between 2,500 and 30,000 before
hydrogenation and wherein the molecular weight ratio of
EP'/EP" is at least 4.

The triblock copolymer is suitably selectively

10 hydrogenated to saturate at least 95% by weight of the
polymerised isoprene units and less than 15% by weight
of the polymerised styrene units.

The polymers of the present invention are readily
produced as described in US No. 4,788,361. However,

15 the polymers of the present invention have molecular
weights which are not taught by said reference and Qre
selected to obtain surprisingly improved performance as
a viscosity index improver, especially in terms of
their ease of blending and handleability as viscosity

20 index lubricating o0il concentrates. :

The polymers of this invention which are useful as
VI improvers are preferably prepared .by anionically
polymerising isoprene in the presence of sec-
butyllithium, adding styrene, and then more isoprene to

25 the living polystyrene molecules to make the living
block copolymer molecules, and selectively
hydrogenating the polyisoprene blocks. The present
invention further provides an asymmetric triblock
copolymer comprising polystyrene blocks (S) and

30 unhydrogenated polyisoprene blocks (EP) combined in
molecules having the structure EP'-S-EP",

wherein EP' is a first block of unhydrogenated
polyisoprene having a number average molecular weight
between 40,000 and 150, 000,
35 S is a block of polystyrene having a number average
molecular weight between 25,000 and 60,000,



conbi ned i n nol ecul es haV|ng the structure EP'-S-EP", 5 wherein EP
is a first block of hydrogenated pol yi soprene havi ng a nunber average

nol ecul ar weight betweeh 40, 000 and 150, 000 before hyd en :
bl ock of pol ystyrene havi mg a nunber average nol ecul ar rr&% Gﬁbegg?lag%ﬂﬁémasheet

25,000 and 60, 000, 10 EP" is second bl gubstituteyshissdergtiafuary 1998
pol yi soprene having a nunber average nol ecul ar wei ght ipgieeen 2 5%9 and

30, 000 before hydrogenati on, and wherein the nol ecul ar wei ght rgﬂlo of

"EP'/EP" is at least 4. 2. The copol ymer actdfding to claim 1, wherein the
15 nunber average nol ecul ar wei ght of EP' is between 50,000 and 10, 00,
t he nunber average nol ecul ar wei ght of EP" is between 3,000 and 1 — and

t he nol ecul ar weight ratio of EP /EP" ig getmeen 6.0 and 25. 3. The
copol yner according to claim1 or 2, sthe nunber aver age
nol ecul ar wei ght of the polystyrene bl ock is between 35,000 to 50, 000. 4.

. The copol ymer accprdi £y 4 &madet er P, and EP"
bl ocks are at | east 9896 IEgﬁenate lbgéékngoﬁoixm$9 &%§ﬁ%?%§%cord|ng to

claim4, wherein Y&35°%h %f e 1BPSRYERe eﬁgaFa$b§909P#x§tyrene
hydrogenat ed. 6. Btockss(3brang dyeiroggnateds polpisoprémée bIsdks o@®B)ner as

clainmed in any ongoﬁf,lﬁé&lm m?o dcutills Cli}tagﬁ'ﬁat Eﬁgsseﬁgg&?@l%%ﬂ?lé’ﬁm” si ng

i soprene in the 3 presence o sec-b Arram I'ng styrene,” dnd then
nmore i sopreng to t he YH&F$AP FH y§tsy|ae|§érﬁ1§l béarksof ohydrogenated

polyisoprene having a number average molecular weight
between 40,000 and 150,000 before hydrogenation,

S is a block of polystyrene'having a number average
molecular weight between 25,000 and 60,000,

10 EP" is second blogk of hydrogenated polyisoprene
h;ving a number average molecular weight between 2,500
and 30,000 before hydrogenation, and wherein the
molecular weight ratio of EP'/EP" is at least 4. >
2. The copolymer according to claim 1, wherein the

15 number average molecular weight of EP' is between
50,000 and 110,000, the number average molecular weight
of EP" is between 3,000 and 18,000, and the molecular
weight ratio of EP'/EP" is between 6.0 and 25. -
3. The copolymer according to claim 1 or'2, wherein

20 the number average molecular weight of the polystyrene
block is between 35,000 to 50,000.

4. The copolymer according to any one of claims 1-3,
wherein the EP' and EP" blocks are at least 98%
hydrogenated.

25 5. The copolymer according to claim 4, wherein less
than 1§§ of the aromatic unsaturation is hydrogenated.
6. Process for preparing an asymmetric triblock
copolyme;_as claimed in any one of claims 1-5, which
comprises'anionically polymerising isoprene in the

30 presence of sec-butyllithium, adding styrene, and then
more isoprene to the living polystyrene molecules to

—
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-17 - make the living bl ock copol yner nol ecul es, and sel ectively
hydrogenating the polyisoprene blocks. 7. A lubricating oil conposition
conprising a base oil and a viscosity inproving ampunt  of an

asynmetric tribl ock copokyner as clained in any one of 1§ i5 the ’fpg.wme"hSh“t
| ubricating oil concentrate conprising 10 to Sstituteasheabton8 tdanalary 1998
concentrate, of an asymetric triblock copolyner as clgged 4 D one of
claims 1-5. 10 9. An asymmetric tribl Qckscopol ymer conprisin

pol ystyrene bl ocks (S) and unhydrogenat ed pol yi soprene bl ocks (EP) conbi ned
i n nol ecul es havmake t tize st ivictgiiblocR cSpoPimenhesbeculdy, iand first bl ock

wei ght  bet ween §§?%%%tgﬁﬁi?i%“3%8"8???‘??%52%&_@@2%%@%{%?&?3 Fiavi ng a
nunber average nbt edll HPERTAFHID Sl ke EAMPSS HBLOR EPIRE FVT EP" i s second
AR ekt et o ook R
E\II3V§ / %P,,aggﬁﬁé?@%ﬁé%’sﬁq%l%%% %gpogymer as cfafmed in any one of 9
claims 1-5.
8. A lubricating oil concentrate comprising 10 to
80%w, based on total concentrate, of an asymmetric
triblock copolymer as claimed in any one of claims 1-5.
’ 10 9. An asymmetric triblock copolymer comprising '
w polystyrene blocks (S) and unhydrogenated polyisoprene
blocks (EP) combined in molecules having the structure
EP'-S-EP",
- wherein EP' is a first block of unhydrogenated
15 polyisoprene having a number average molecular weight
between 40,000 and 150,000,
S is a block of polystyrene having a number avé?age
molecular weight between 25,000 and 60,000,
EP" is second block of unhydrogenated polyisoprene
20 having a number average molecular weight between 2,500
and 30,000, and wherein the molecular weight ratio of
EP'/EP" is at least 4. .
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