
EP 0 497 411 B1 Description This invention relates to polymers, In
particular hydrogenated copolymers of isoprene and a monoalkenyl aromatic
hydrocarbon, useful as viscosity index improvers, a process for their
preparation and oil compositions 5   containing them. As is well known, the
viscosity of lubricating oils varies with temperature, and it is important
that the oil is not too viscous (thick) at low temperatures nor too fluid
(thin) at high temperatures. The variation in the vis- cosity-temperature
relationship of an o is indicated by the so-called viscosity index (VI).
The higher the vis- cosity index, the less the change in viscosity with
temperature. In general, the viscosity index is a function of 10  the oil
viscosity at a given lower temperature and a given higher temperature. The
given lower temperature and the given higher temperature for lubricating
oils 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 [err] and the higher temperature specified in the test is
[err]. The thickening efficiency of a polymeric VI improver is an
important, and frequently, the principal consid- 15  eration in its
selection for use in oil compositions. Polymeric Vi improvers which
significantly increase the high temperature kinematic viscosity without
appreciably increasing the low temperature kinematic viscosity are
preferred. The thickening efficiency of anygiven polymeric VI improver will
varywith polymercomposition and structure but willincrease with increased
molecularweght. Other properties are important including the ability of the
VI Improver to maintain an increase in viscosity even after subjected to
mechanical shear the high tem- 20  perature, high shear rate (HTHSR)
viscosity response of an oil composition containing the viscosity index im-
prover; the low temperature viscosity response of an oil containing the
viscosity index improver, the engine pumpability of a lubricating oil
composition containing the viscosity index improver, and the low
temperature startability of an engine containing the lubricating oil
composition. It should be noted that viscosity Index im- provers which are
solid and do not exhibit cold flow are particularly preferred for ease in
packaging and han- 25  ding. Polymers of this type are usually, but not
always, capable of being separated from solvent during man- ufacture by
means of cyclone-finishing techniques. US Patent No. 3,772,196 discloses
block copolymers comprising a single polymeric block of a monoalkenyl
aromatic hydrocarbon compound and a single polymeric block of isoprene
which offer a good balance of vis- cosity index improver properties.
However, these polymers comprise relatively high monoalkenyl aromatic hy-
30  drocarbon  contents which give lower HTHSR responses than polymers
having similar molecular weights and lower monoalkenyl aromatic hydrocarbon
contents. A viscosity index improver having a relatively small amount of
monoalkenyl aromatic hydrocarbon is dis- closed in US Patent No. 3,775,329
which describes tapered copolymers of isoprene and monoalkenyl aromatic
hydrocarbon monomers. Although US Patent No. 3,775,239 excludes the use of
randomizers, it is asserted 35  that the tapered copolymers do not have
significant homopolymer blocks of isoprene or of the monoalkenyl aromatic
hydrocarbons. The VI Improvers described include non-cyclone finishable VI
improvers, VI Improvers which provide relatively low HTHSR responses in
multigrade oils, and VI improvers with low thickening effi- ciencies. US
Patent No. 4,418,234 describes diene block copolymers which have high vinyl
contents and provide 40  good high shear rate responses. For any molecular
weight, an increase in vinyl content lowers the thickening efficiency of
the VI improver. In US Patent No. 4,418,234, it is asserted that
randomizers can be used as long as the total amount of homopolymer blocks
of monoalkenyl aromatic hydrocarbon is less than about 5 per cent by
weight, preferably less than about 2 per cent by weight. In accordance with
the present invention, there is provided a cyclone-finishable polymeric
viscosity index 45  improver produced by the process comprising the steps
of: (a) preparing by anionic polymerisation a copolymer having a number
average molecular weight in the range from 125,000 to 275,000, an isoprene
content from 90 to 98 per cent by weight, wherein at least 85%, preferably
at least 93%, of the isoprene units have a 1,4-configuration, and a
monoalkenyl aromatic hydrocarbon content.from 10 to 2 percent by weight;
and comprising a blockstructure A-A/Bwherein Ais 50     a homopolymer block
of the isoprene and A/B is a copolymer block of the isoprene and the
monoalkenyl aromatic hydrocarbon, the homopolymer block A comprising at
least 60% of the copolymer by weight; and (b) hydrogenating at least 95%,
preferably at least 98%, of the isoprene and at least 5% of the monoalkenyl



aromatic hydrocarbon. The hydrogenated copolymers of this invention are
cyclone-finishable as a solid polymer crumb and do not exhibit cold flow.
Oil compositions containing the hydrogenated copolymers have a good balance
between high temperature, high shear rate viscosity response; low
temperature viscometric response; engine oil pump- ability and low
temperature startability. The present invention further provides a process
for the preparation of a cyclone-finishable polymeric vis- 2    EP 0 497
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Magnetic Resonance (NMR) Integration of the aromatic protons. It has been
found however, that hydrogenation of more than 35% of the aromatic
unsaturation yields hydrogenated copolymers . . which are not
cyclone-finishable as a polymer crumb. . . 5      A partiularly preferred
method for selectively hydrogenating the copolymer is described I US Patent
No. 3,700,633. In the process of US Patent No. 3,700,633, hydrogenation of
the block copolymer Is accomplished in the same advent as was used during
the polymerisation usihg a- hydrogenation catalyst comprising the re-
action product of an aluminum alkyl and a nickel or cobalt carboxylate or
alkoxide. In general, hydrogenation is accomplished at a temperature in the
range from 250C to 175'C at a hydrogen partial pressure of at least 10  50
psig (344.74 kPa), and usuafly at a hydrogen partial pressure in the range
from 250 to 1500 psig (1723.69 to 10,342.14 kPa). In general, contacting
times in therange frm 5 minutes to 8 hours wil be suiffidentto pormit the
desired degree of hydrogenation. The (selectively) hydrogenated copolymer
is recoverable as a polymer. crumb using known techniques. The present
Invention further provides an oil composition comprising a major proportion
of an oil and a 15  minor proportion of a polymerlovlscosity index
improverin accordancewith the present invention. Forexample, the
(selectively) hydrogenated oopolymer of this Invention may be added to a
variety of oils including crude oil, mineral and synthetic oils,
lubricating ois, diesel oils, hydraulic ols and automatic transmission
oils. In gen- eral, the concentration of the (selectively) hydrogenated
copolymer in such oils may vary between wide limits with amounts in the
range from 0.2 to 3 weight per cent being most common. Concentrations in
the range from 20  0.4 to 2 weight per cent are preferred and
concentrations in the range from 0.5 to 1.5 weight per cent are most
preferred. Lubricating oil compositions prepared with the (selectively)
hydrogenated copolymer of this inven- tIon may also contain other additives
such as anti-corrosive additives, anti-oxidants, detergents, pour point de-
pressants, anti-wearlextreme-pressure agents and one ormore additional VI
inprovers. Typical additives which are useful 25  In the lubricating oil
compositions of this Invention are those described in, e.g. US Patent Nos.
3,772,196 and 3,835,083. The preferredviscosity Index Improverpriorto
hydrogenation has the structureA-(AiB)-B wherein the num- bar average
molecular weight of the copolymer Is In the range from 150,000 to 240,000,
the monoalkenyl ar- omatic hydrocarbon, preferably styrene, content Is from
7 to 3 per cant by weight, the homopolymer block A 30  of isoprene
comprises at least 75% of the copolymer by weight, and B is a homopolymer
block of the mono- alkenyl aromatic hydrocarbon, preferably styrene, having
a number average molecular weight of at least 4,000,  4 most preferably at
least 6,000. The preferred copolymers are prepared by anionic
polymerisation In a cyclohexane solution until the ad- ution contains 15 to
50 weight per cent of the copolymer. Polymerisation occurs under a nitrogen
blanket at a 35  nitrogen partial pressure In the range from 0.5 to 2 bar
(50 to 200 kPa). After the polymenrisation reaction is completqd, the
preferred copolymers are hydrogenated in the pres- ence of a catalyst
prepared by combining triethyl aluminium and nickel 2-ethyihexanoate. The
hydrogenation V '~J  will most preferably reduce the unsaturation of the
isoprene to bss than 2% of the ethylenic unsaturation orig- inally
contained in the copolymer and saturate from 10% to 30% of the monoalkenyl
aromatic hydrocarbon to 40  give a total monoalkenyl aromatic hydrocarbon
contentfrom 6 to 4 per cent by weight for hydrogenated copo- Iymers having
a number average molecular weight in the range from 190,000 to 210,000. The
Invention will be further understood from the following Ilustrative
examples, In which Examples I to 6 are examples according to the present
Invention and Examples 7 to 9 are comparative examples. 



In the examples which follow, and eisewhere In this specification, unless
otherwise indicated, percentages 45  are percentages by weight. Example 1
Lving isoprene blocks were prepared by anionicaily polymerising about 85%
of an initial charge of 67.39 0   lbs (30.57 kg) of isoprene in
cyclohexano. The polymerlsation reaction was promoted by sec-butyllithium
In the absence of any randomizing compounds. The living isoprene blocks had
at least 93% 1,4-podymerised Iso-    A prene units. Polymerisation
continued aftorthe addition of 4.64 lbs (2.1 kg) of styrene until the
number average. molecular weight of the copolymer was 189,100 as measured
by GPC. The copolymer had a polystyrene con- tent of .5% by NMR and a total
molecularwelght of the torminh polystyrene*, b     of 7,800 as measured by
655   GPC on the sotld rnaterlal recovered after ozone degradation of the
copolymer prior to hydrogenation. The copolymerwas hydrogenated with a
catalyst composition comprising nickel and triethyl aluminum with Al/Ni
ratio from 2.1 to 2.5. The catalyst composition was prepared as a
masterbatch and used for all of the ex- amples. Hydrogenation also reduced
the polystyrene content to 5.1%. The hydrogenated copolymer wasy- covered
as a solid polymer crumb which did not exhibit cold flow. 4    EP 0 497 411
m1 The hydrogenated copolymer was added to an ogi composition which
contained 9.1% by weight of an ex- perimental additive package, 0.3% Hitec
623 (Trade Mark) which is a pour point depressant, and the balance was HVI
I OON oil, a bright and dear high viscosity index base oil having viscosity
at4OC of 20.0 to 21.0 mmls 5   (ASTM D445), viscosity index of 88 to 93
(ASTM D2270) and minimum flash point of 190.6 to 1960C (ASTM D92). The oil
composition contained an amount of the hydrogenated copolymer effective to
give a kinematic viscosity of 11 centistokes (11 mM2ls) at 100C and a SAE
grade of 5W-30. The hydrogenated oopolymerwas also added to oil
compositionswhih contained 31% byweight HVi 250N (DP) oil (a brightand dear
high viscosity index base oil having viscosity at 400C of 50.7 to 51.5
mm2/s (ASTM 10  D445). viscosity index of 89 to 92 (AS   D2270) and minimum
flash point of 221"C (ASTM D92)), 7.75% by weight of an additive package
sold as Lubrizol 7573A (Trade Mark), 0.3% Acryloid 160 (Trade Mark) pour
point depressant, and the balance was HVI lOON aol. The oil composition
contained an amount of the hydrogenated copolymer effective to give a
kinematic viscosity of 14 centistokes (14 mm2ls) at 100IC and an SAE grade
of 10W-40. is     The low temperature viscosity of the oil compositions
were measured according to ASTM D48 and the results are reported in the
following Table for comparison with subsequent examples. Example 2 f    20
Living isoprene blocks were prepared by anionically polymerising about 85%
of an Initial charge of 14.76 lbs (6.7 kg) of isoprene in cyclohexane. The
polymerisation reaction was promoted by seo-butyllithiurn in the absence of
any randomizing compounds. The living Isoprene blocks had at least 93% 1
A-polymedised isoprene units. Polymerisation continued after the addition
of 1.02 lbs (0.46 kg) of styrene until the number average mo- lecular
weight of the copolymer was 201,400. The copolymer had a polystyrene
content of 6.2% by NMR and 25  a total molecular weight of 9,100 as
measured by GPC according to Example 1. The copolymer was hydrogenated as
described for Example 1. Hydrogenation reduced the polystyrene content to
5.4%. The hydrogenated copolymer was recovered as a solid polymer crumb
which did not exhibit cold flow. The hydrogenated copolymer was added to ol
compositions as described in Example 1. The low temper- 30  ature viscosity
of the oil compositions were measured according to ASTM D4884 and the
results are reported in the following Table. Example 3 35      Uving
isoprene blocks were prepared by anionically polymerising about 85% of an
initial charge of 18.71 lbs (8.49 kg) of isoprene In cyclohexane. The
polymerisation reaction was promoted by sec-butylifthium in the absence of
any randomizing compounds. The living isoprene blocks had atleast 93%
1,4-polymrsed isoprene units. Polymerisation continued afterthe addition of
1.27 lbs (0.58 kg) of styreno until the number average mo- 



lecular weight of the copolymer was 231,000. The copolymer had a
polystyrene content of 6.4% and the total 40  molecular weight of block
polystyrene was 10,800 as measured by GPC prior to hydrogenation according
to Example 1. The copolymer was hydrogenated as described for Example 1.
Hydrogenation reduced the polystyrene content to 4.5%. The hydrogenated
copolymer was recovered as a solid polymer crumb which did not exhibit cold
flow. 45      The hydrogenated copolymer was added to oil compositions as
described in Example 1. The low temper- ature viscosity of the oil
compositions were measured according to ASTM D-4684 and the results are
reported in the following Table. Example 4 50 Living isoprene blocks were
prepared by anionically polymerising about 85% o an initial charge of 56.20
lbs (25.49 kg) of isoprene in cyciohexane. The polymerisation reaction was
promoted by sec-butyllithium in the absence of any randomizing compounds.
The living isoprene biocks had at least 93% 1,4-polymerised iso- prene
units. Polymerisation continued after the addition of 3.89 lbs (1.76 kg) of
styrene until the number aver- 55  age molecular weight of the copolymer
was 262,400; The copolymer had a polystyrene content of 6.3% and the total
molecular weight of block polystyrene was 9,900 as measured by GPb prior to
hydrogenation accord- ing to Example 1. The copolymer was hydrogenated as
described for Example I although the extent of hydrogenation was not
measured. The hydrogenated copolymer was recovered as a solid polymer crumb
which did not exhibit 5 A.~~~~~~~~~~~~~~~~~~~~~~~~~~    EP0497411 B;1 cold
flow. The hydrogenated copolymer was added to oil compositions as described
in Example 1. The low temper. ature viscosity of the oil compositions were
measured according to ASTM D-4684 and the results are reported 5   In the
following Table. Example 5 iving Isoprene blocks were prepared by
anionically polymerising about 85% of an initial chargeoof 15.44 10  lbs
(7.0 kg) of isoprene in cyclohexane. The polymeofsation reaction was
promoted by soe-butyllithium in the absence ofany randomizing compounds.
The lving isoprene blocks had at least 93% 1, 4-polymerised isoprene units.
Polymerisation continued after the addition of 1.060 Ibs (0.48 kg) of
styrene until the number average molecular weight of the copolymer was
20,800. The copolymer had a polystyrene content of 6.8% and the total
molecular weight of block polystyrene was 10,200 as measured by GPC prior
to hydrogenation according 15  toiExample. The copolymer was hydrogenated
as described for Example 1. Hydrogenation reduced the polystyrene content
to 5.8%. The hydrogenated copolymer was recovered as a solid polymer crumb
which did not exhibit cold flow. The hydrogenated copolymer was added to
oDl compositions as described in Example 1. The low temper- @20   ature
viscosity of the oil compositions were measured according to ASTM D-4684
and the results are reported in the following Table. Example 6 26
Living isoprene blocks were prepared by anionically polymerising about 85%
of an Initial charge of 13.66 Ibs (62 kg) of isoprene In cydohexane. The
polymerisation reaction was promoted by sec-butyllithium in the absence of
any randomizing compounds. The living Isoprene blocks had at least 93%
1,4-polymerid isoprene units. Polymerisation continued after the addition
of 0.97 lb (0.44 kg) of styrene until the number average mo- lecular weight
of the copolymer was 216,400. The copolymer had a polystyrene content of
6.9% and the total 3o  molecular weight of block polystyrene was 11,300 as
measured by GPC prior to hydrogenation according to Example 1. 



The copolymer was hydrogenated as described for Example 1. Hydrogenation
reduced the polystyrene content to 6.5%. The hydrogenated copolymer was
recovered as a solid polymer crumb which did not exhibit cold flow. 36
The hydrogenated copolymer was added to oil compositions as described in
Example 1. The low temper- ature viscosity of the oll compositions were
measured according to ASTM D4684 and the results are reported in the
foilowing Table. 'i- '   Example 7 (Comparison) 40 Uving isoprene blocks
were prepared by anionically polymerlsing about 85% of an Initial charge of
18.76  X Ibs (8.51 kg) of isoprene in cyclohexane. The polymerisation
reaction was promoted by soc-butyllilthium in the absence of any
randomizing compounds. The living isoprene blocks had at least 93%1
,4-polymersed isoprene units. Polyherisation continued afer the addition of
1.28 lbs (0.58 kg) of styrene until the number average mo- 46  leoular
weight of the copolymor was 181,200. The copolyrner had a polystyrene
content of 5.6% and the mo- lecular weight of block polystyrene was 7,100
as measured by GPC prior to hydrogenation according to Ex- ample 1. The
copolymer was hydrogenated as described for Example 1. Hydrogenation
reduced the polystyrene content to 3.6%. The hydrogenated copolymer was not
cyclone-finishable as a polymer crumb. 50      The hydrogenated copolymer
was added to oil compositions as described in Example 1. The low temper-
ature viscosity of the oO compositions were measured according to ASTM
D-4684 and the results are reported In the following Table. Example 8
(Comparison) 55 i~ving Isoprene blocks were prepared by anonically
polymerising about 100% of an initial charge of 14.04 lbs (6.37 kg) of
isoprene In cyclohexane. The polymerisation reaction was promoted by
sec-butyllithlum in the absence of any randomizing compounds. The liing
isoprene blocks had at least 93% 1 4-polymerised isoprene units.
Polymerisation continued after the addition of 0.97 lb (0.44 kg) of styrene
until the number average mo- 6    EP 0 497 411 51 lecular weight of the
copolymer was 189,700. The copolymer had a polystyrene content of 6.4% and
a poly- styrene block having a molecular weight of 13,300 as measured by
standard GPC prior to hydrogenation. The copolymer was hydrogenated as
described for Example 1. Hydrogenation reduced the polystyrene 5   content
to 6.2%. The hydrogenated copolymer was recovered as a solid polymer crumb
which did not exhibit cold flow. The hydrogenated copolymer was added toDol
compositions as described in Example 1. The low temper- ature viscosity of
the oil compositions were measured according to ASTM D-4684 and the results
are reported in the following Table. 10 Example 9 (Comparison) Uving
Isoprene blocks were prepared by anionicaly polymerising about 100% of an
initial charge of 28.50 lbs (12.93 kg) of isoprene In cyclohexane. The
polymerisation reaction was promoted by sec-butyllithium in 15 the absence
of any randomizing compounds. The living isoprene blocks had at least 93% 1
,4-polymerlsed iso- prone units. Polymeorsation continued after the
addition of 1.50 lbs (0.68 kg) of styrene until the number aver- age
molecular weight of the copolymer was 207,000. The copolymer had a
polystyrene content of 5.9% and a polystyrene block having a molecular
weightof 14,000 as measured by standard GPC prior to hydrogenation. - :
\.,.~dThe copolymer was hydrogenated as described in Example I although the
extent of hydrogenation was 2o  notcdetermined. The hydrogenated
copolymerwas cyclone-finishable asa polymercrumb which did not exhibit cold
flow. The hydrogenated copolymer was added to oil compositions as described
in Example 1. The low temper- sture viscosity of the oil compositions were
measured according to ASTM D-4684 and the results are reported 
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.08:    EP 007411  1I a      Hydrogenation  increases copolymer weight
giving S               an appearance of about a 3% loss  in polystyrene.
Thus, Example 8  indicates that styrene units were not hydrogenated. 10
b      Total block  segments of polystyrene measured prior to hydrogenation
by GPC after ozone degradation which excludes isolated or terminal styrene
units. 15       C      A viscosity less  than  300  is acceptable  if the
oil compositions do not exhibit a yield stress. Yield stresses were not
exhibited. 20   d  Not cyclone-finishable  as a solid polymer crumb. e
Diblock having  no  copolymer block. Examples 1-6 exemplify sufficient
hydrogenation of the preferred A-(A/B)-B copolymers to provide both 25
cyclone-finishability and good low temperature viscosity. Comparative
Example 7 represents a hydrogenated A-(A/B)-B copolymer having too few
polystyrene segments as a result of too many hydrogenated styrene units
(about 36%). to be cyclone-finishable as a solid polymer crumb. Acceptable
low temperature viscosities for modern engines are less than 300 poise (30
Pus) with lower values being preferred. Examples I and 3 exhibited the
lowest viscosityfor a 5W-30 oil and a IOW-40 oil with 30  respect to the
hydrogenated copolymers of this invention. Although Example 6 had a
viscosity marginally hih- er than 300 poise (30 Pa a) for a 5W-30 oil, it
had a viscosity significantly lower than 300 poise (30 Pa a) for a a OW-40
oil. Comparative Example 7 yielded a low viscosity for a I OW-40 oil, but
the hydrogenated copolymer could not be cyclone-finished as a solid polymer
crumb as previously stated. Comparative Examples 8 and 9 establish that
larger amounts of polystyrene in the hydrogenated copolymers leads to
excessive low temper- 35  ature viscosities. Claims 40   Claims for the
following Contracting States: BE, DE, FR, GB, IT, NL 1. A
cyclone-finishable polymeric viscosity index Improver, produced by the
process comprising the steps of: (a) preparing by anionic polymerisation a
copolymer having a number average molecular weight In the 45        range
from 125,000 to 275,000, an Isoprene content from 90 to 98 per cent by
weight, wherein at least 85% of the isoprene units have a
1,4-oonfiguration, and a monoalkenyl aromatic hydrocarbon content from 10
to 2 per cent by weight and comprising a block structure A-A/B wherein A is
a homopolymer block of the isoprene and AB is a copolymer block of the
isoprene and the monoalkenyl aromatic hy- drocarbon, the homopolymer block
A comprising at least 50% of the copolymer by weight; and 50        (b)
hydrogenating at least 95% of the isoprene and at least 5% of the
monoalkenyl aromatic hydrocar- bon. 2.  A viscosity Index improver
according to claim 1, wherein from 10% to 30% of the monoalkenyl aromatic
hydrocarbon is hydrogenated. 65 3. Aviscosity index improver according to
claim I or claim 2, wherein, after hydrogenation. the hornopolymer block A
has a number average molecular weight in the range from 90,000 to 225,000.
4.  A viscosity index improver according to any one of claims I to 3,
wherein, prior to hydrogenation, the oo- 9    
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S *' a IHydrogenation increases copolymer weight giving an appearance of
about a 3% loss in polystyrene.                                       I
Thus, Example 8 indicates that styrene units were not-hydrogenated. o
nTotal  block segments of polystyrene measured rior to hydrogenation by GPC
after ozoneo degradation which excludes  isolated or terminal- styrene
units. r 15   C     ~A viscosity  less than  300  is acceptable  if the
- oil  compositions do not exhibit  a yield stress.
ii Yield stresses were not exhibited. 2        d       Not
cyclone-finishable as a solid polymer crumb.
i e    Diblock having no copolymer block. Examples 1-6 exemplify sufficient
hydrogenation of the preferred A-(A/B)-B copolymers to provide both 25
cycone-finishablity and good low temperature viscosity. Comparative Example
7 represents a hydrogenated A-B>)-B copolymer having too few polystyrene
segments, as a result of too many hydrogenated styrene units (about 36%),
to be-cyclone-finishable as a solid polymer crumb. Acceptable low
temperature viscosities for modern engines are ess than 300 poise (30 PE a)
with lower values being preferred. Examples I and 3 exhibited the lowest
viscosity for a 5W-30 oil and a IOW-40 oil with 30  respect to the
hydrogenated copolymers of this invention. Although Example 6 had a
viscosity marginally high- er than 300 poise (30 Pa 5) for a 5W-30 oil, it
had a viscosity significantly lower than 300 poise (30 Pa a) for a IOW-40
oil. Comparative Example 7 yielded a low viscosity for a IOW-40 oil, but
the hydrogenated copolymer could not be cyclone-finished as a solid polymer
crumb as previously stated. Comparative Examples 8 and 9 establish that
larger amounts of polystyrene in the hydrogenated copolymers leads to
excessive low temper- 35   ature viscosities. Claims . 4o   Claims for the
following Contracting States.: BE, DE, FR, 0S, IT, NL
; 1.  A cyclone-finishable polymeric viscosity index improver, produced by
the process comprising the steps of.. (a) preparing by anionic
polymerisation a copolymer having a number average molecular weight in the
45         range from 125,000 to 275,000, an Isoprene content from 90 to 98
per cent by weight, wherein at least 85% of the Isoprene units have a
1,4-configuration, and a monoalkenyl aromatic hydrocarbon content from 10
to 2 per cent by weight and comprising a block structure A-AB wherein A is
a homopolymer block of the isoprene and A/B is a copolymer block of the
isoprene and the monoalkenyl aromatic hy- drocarbon, the homopolymer block
A comprising at least 60% of the copolymer by weight and 50         (b)
hydrogenating at least 95% of the isoprene and at least 5% of the
monoalkenyl aromatic hydrocar-   ;4 bon. 2.  Aviscosity Index improver
according to daim 1, wherein fom 10% to 3O% of the monoalkenyl aromatic.i-X
hydrocarbon is hydrogenated. 55 3.  Avlscosity Index improver according to
claim I or claim 2, wherein, after hydrogenation, the homopolymer block A
has a number average molecular weight In the range from 90,000 to 225,000.
4.  A viscosity index improver according to any one of claims I to 3,
wherein, prior to hydrogenation, the co- 9    EP 0 497 411 B1*M polymer has
the structure A-(AJB)-B wherein the copolymer has a number average
molecular weight In the range from 150,000 to 240,000, the isoprene content
is from 93 to 97 per cent by weight, the mono. 



alkenyl aromatic hydrocarbon content is hfr 7 to 3 per cent by weight, the
homopolymer block Acorp- a       primes at least75% of the copolymerby
weight and B isa homopolymer blockofthe monoalkenyl aromatic hydrocarbon
having a number average molecular weight of at least 4,000, preferably at
least 6,000. S. Aviscosity index improveraccording to daim 4, wherein,
after hydrogenation, the copolymer has a number average molecular weight in
the range forn 190,000 to 210,000 and the monoalkenyl aromatic hydrocar. 10
bon content is from 8 to 4 per cent by weight. 6. A viscosity index
improver according to any one of the preceding claims, wherein the
monoalkenyl aro- matic hydrocarbon is styrene.. 7. A viscosity index
improver according to any one of the preceding claims, wherein at least 93%
of the iso- 15 prene units have the 1,4- configuration. 8. Avisoosity Index
improver according to any one of the preceding claims, wherein at least 98%
of the iso- prone is hydrogenated. 20  9. A process for the preparation of
a cyclone-f inishable polymeric viscosity Index improver as claimed in any
one of claims I to 8, comprising the steps of. (a) anlonically polymerising
Isoprene and a monoalkenyl aromatic hydrocarbon to produce a copolymer
having a number average molecularweight in the range from 125,000 to
275,000, an isoprene content from 90 to 98 per cent by weight, wherein at
least 85% of the isoprene units have a 1,4-configuration, 25        and a
monoalkenyl aromatic hydrocarbon content from 10 to 2 per cent by weight;
and comprising a block structure A-AID wherein A is a homopolymer block of
the Isoprene and A/B is a copolymer block of the isoprene and the
monoalkenyl aromatic hydrocarbon, the homopolymer block A comprising at
least 60% of the copolymer by weight; and (b) hydrogenating at least 95% of
the Isoprene and at least 5% of the monoalkenyl aromatic hydrocar- 30
bon. 10. An ol composition comprising a major proportion of an oil and a
minor proportion of a polymeric viscosity index improver as claimed in any
one of claims I to S. 35  Claims for the following Contracting State: ES 1.
A process for the preparation of a cyclone- finishable polymeric viscosity
Index improver, comprising the steps of: (a) anionically polymerising
isoprene and a monoalkenyl aromatic hydrocarbon to produce a copolymer 40
having a number average molecular weight in the range from 125,000 to
275,000, an isoprene content fotm 90 to 98 per cent by weight, wherein at
least 85% of the isoprene units have a 1,4-configuration, and a monoalkenyl
aromatic hydrocarbon content from 10 to 2 per cent by weight; and
comprising a block structure A-A/B wherein A is a hornopolymer block of the
isoprene and A/B Is a copolymer block of the isoprene and the monoalkenyl
aromatic hydrocarbon, the homopolymer block A comprising at 45        least
60% of the copolymer by weight; and (b) hydrogenating at least 95% of the
isoprene and at least 5% of the monoalkenyl aromatic hydrocar- bon. 2. A
process according to claim 1, wherein from IO% to 30% of the monoalkenyl.
amatic hydrocarbon is so      hydrogenated. 3  A process according to claim
I or claim 2, wherein, after hydrogenation, the homopolymer block A has a
number average molecular weight in. the range from 90,000 to 225,000. 4. A
process according to any one of claims I to 3, wherein, prior to
hydrogenation, the copolymer has the structure A-(A/B)-B wherein the
copolymer has a number average molecular weight In the range from 150,000
to 240,000, the Isoprene content is from 93 to 97 per cent by weight, the
monoalkenyl aromatic hydrocarbon content i from 7 to 3 per ce.-:- by
weight, the homopolymer block Acomprises at least 75% of the copolymer by
weight, and B is a homlopolymer block of the monoalkenyl aromatic
hydrocarbon hay- 10    EP 0 497 411 BI 



n                          Ing a number average molecular weight of at
least 4,000, preferably at least 6,000. 5. A process according to claim 4,
wherein, after hydrogenation, the copolymer has a number average mo- C
.         5       lewuiar weight in the range frm 190,000 to 210,000 and
the monoalkenyl aromatic hydrocarbon content is from 6 to 4 per cent by
weight. 6  A process according to any one of the preceding claims, wherein
the monoalkenyl aromatic hydrocarbon is styrene. 7. A process according to
any one of the preceding claims, wherein at least 93% of the isoprene units
have the 1,4- confIguration. 8. A process according to any one of the
preceding claims, wherein at least 98% of the isoprene Is hydro- genated.
15 9. A process for the preparation of an oil composition which comprises
mixing a majr proportion of an oil and a minor proportion of a polymeric
viscosity index improver prepared by a process as claimed in any one of
laims I to 8. y                  20 Patentansprfiche et
Patentansprlche fir folgende Vertrajsstaaten  BE, DE, FR, GB, IT, NL 25 1.
Ehi polymeres Viskositatsindex-Verbesserungsmittel, des in einem
Zyldon-Finishing-Verfahren bearbei- tet werden kann, hergesteilt durch das
Verfahren, umfassend die Schritte: t         j                  (a)
Hersteillen durch anbonisches Poiymerisleren sines Copolymers mit einem
durchachnittiichem Mo iekulargewicht (Zahlenmittel) im Berelch von 125000
bis 275000, einem Isoprengehailt von 90 bis 98 Gewichtsprozent, wobsi
mindestens 85% der isopreneinheiten eine 1,4-Konfiguration aufweisen, und
30        einem Gehalt an monoalkenylaromatischem Kohienwasserstoff von 10
bis 2 Gewichtsprozent, und mit einer Blockstruktur A-ANB, wobei A ein
Homopolymerblock des Isoprens und ANB ein Copolymerblock des Isoprens und
des monoalkenylaromatischen Kohbenwasserstoffs ist, wobel der
Homopolymerblock A mindestens 60 Gewichtsprozent des Copolymers umfa1t; und
(b) Hydrieren von mindestens 95% des Isoprens und mindestens 5% des
monoalkenylaromatischen. .R4  XKohlenwasserstoffs. 2. Ein
Viakosititsindex-Verbesserungsmittel nach Anspruch 1, in welchem 10 bis 30%
des monoalkenylaro- matischen Kohlenwasserstoffs hydriert worden sind. 40
3. Ein Vkosittaindex-VerbesserungsmitteI nach Anspruch I oder 2, wobei der
HomopolymerblockA nach dem Hydrieren ein durchschnifUiches Molekulargewieht
Im Bereich von 90000 bis 225000 aufwelst. 4.  Eki
Viskosltitsindex-Verbesserungsmittei nach rgendeinem derAnsprfche I bIs 3,
wobei das Copolymer vordem Hydrieren die StrukturA-(AIB)-B aufweist, wobei
das Copolymer sin durchschniltiches Moleku- largewicht (Zahlenmittel) im
Bereich von 150000 bis 240000 aufweist, der Isoprengehait 93 bis 97 Ge-
wichtsprozent betrigt, der Gehalt an monoalkenylaromatischem
Kohlenwasserstoff 7 bis 3 Gewichtspro- zent betragt, der Homopolymerblock A
mindestens 75 Gewichtsprozent des Copolymers umfaBlk und B sin
Hornopolymerbiock des monoalkenylaromatischen Kohlenwasserstoffs mit einem
durchschnittiichen Molekulargewicht (Zahlenmittel) von mindestens 4000,
vorzugswebse mindestens 6000, ist. 5.  En
Viskositftsindex-Verbessocyngsmittel nach Anspruch4, wobei des Copolymer
nach dem Hydrieren sin durchachnitliches Mdekulargewicht (Zahienmittel ) im
Bereich von 190000 bis 210000 aufwelst und der Gehalt an
monoalkenylaromatischem Kohlenwasserstoff 6 bis 4 Gewichtsprozent betragt.
6. Ein VskositltsindexverbesserungsmKite nach sinem dervoratehenden
Ansprfache, wobei der monoalke- nylaromatische Kohlenwasserstoff Styrdl ist
7. 'Eh Viskositftsindexverbesssrungsmittel nach einem der vorstehenden
Ansprflche, wobei mindestens 93% der Isopreneinheiten sine
1,4-Konfiguration haben. 1,
11,    EP 0497411 BI .  Ein  skositflsindwxwerbesserungarnitlel nach sinern
der vorstehenden Anspruiche, wobel rnidegens 



98% dos Isoprens hydriert worden shid. 5   9.  Ehi Verfahron zur
Herstellung ednes polymeren Vskosutitlsndex-Verbesserungsmittel, das in
elnem Zy- klon-Finlshing-Verfahren bearbeitet werden kann, wie in elnern
der Ansprfilche I bib 8 beansprucht, urn- fassend die folgenden
Verfahrensschritte: (a) anionisches:Polymerisleren von Isopren und von
elnem monoalkenylaromatischen Kohlenwasser- stoff zwecks Herstdllung eines
Copolymers mit einem durchschnitlichen Molekulargewicht (Zahlonmit- 10
tel) im Bereich von 125000 bis 275000, einem Isoprengehalt von 90 bis 98
Gewichtsprozent, wobei min- desatns 85% der Isopreneinheiten eine
1,4-Konfiguration aufweisen, und ednem Gehalt an monoalke- nylaromatischem
Kohhenwasserstoff von 10 bis 2 Gewichtsprozent und mit einer Bockstruktur
A-A/B, wobel Aein Homopolymerblock des isoprens und A/B ein Copolymerblock
des isoprens und des mo- noelkenylaromatischen Kohlenwasserstoffa ist, und
wobei derHomopolymerblockAmindestens 60 Ge- 15        wichisprozent des
Copolymers umfa&t; und b) Hydrieren von mindestens 95% des Isoprens und von
mindestens 5% des monoalkenylaromatischen Kohlenwasserstoffs. 10. Eine
(lzusammensetzung, unfassend einen gro8eren Anteil elnes 61s und einen
kleineren Antel eines polymeren Viskosltatsindex-Verbesserungsmittels, wbe
in einem der Ansprflche I bis 8 beansprucht Patentanspruche fir folgenden
Vertrasstasat: ES                        . 1.  Ein Verfahren zur
Herstellung ednes polymeren Viskositltsindex-Verbesserungsmittels, das in
einem Zy- Ido-Finishing-Verfahren bearbeitet werden kann, umfassend die
foigenden Verfahrensschritte: (a) anionisches Polynerisieren von Isopren
und von einem monoalkenylaromatischen Kohlenwasser- stoffzwecka Herstellung
elnes Copolymers mit ehnem durchschniWtlichen Molekulargewicht(Zahlenmit-
tel) im Bereich von 125000 bis 275000, ehnem Isoprengehaltvon 90 bis 98
GewAchtsprozent, wobei min- destens 85% der Isoprenehnhelten elne
1,4-Konfiguratbon aufweisen, und einem Gehalt an monoalke- nylaromatischem
Kohlenwasserstoff von 10 bis 2 Gewichtsprozent; und mit einer Blockstruktur
A-A/B, wobei A ein Homopolymerbiock des Isoprens und A/B ein Copolymerblock
des Isoprens und des mo- noalkenylaromatischen Kohlenwasserstoffs let, und
wobei derHomopolymerblockAmindestens 60 Ge- wichtsprozent des Copolymers
umfagt; und                                                         I b)
Hydrieren von mindestens 95% des Isoprens und von mindestens 5% des
monoalkenylaromatischen Kohlenwasserstoffs. Yk     2.  En Verfahren nach
Anspruch 1, In welchem 1.0 bis 30% des monoalkenylaromatischen
Kohlenwasser- stoffs hydriert werden. 3.  Ein Verfahren nach Anspruch 1
oder 2, in welchem nach den Hydrieren der Homopolymerbbock A ein
durchschnitffiches Moelkulargewicht (Zahlenmittel) Im Bereich von 90000 bb
225000 aufweIst 4.  Ein Verfahren nach irgendeinem der Ansprfche I bis 3,
wobel das Copolymer vor dem Hydrieren die StrukturA-(A/B)-B aufwaist, in
welchem das Copolymer ein durchschnittiches Molekulargewicht(Zahien-
miltel) im Bereich von 150000 bbs 240000 aufwest, der Isoprengehalt 93 bis
97 Gewichtsprozent betragt, 45      der Gehalt an monoalkenylaromatischem
Kohlenwassesoff 7 bis 3 Gewlchtsprozent betragt, der Homo- polymerblock A
mindestens 75 Gewichtsprozent des Copolymers umfaft, und B ein
Homopolymerblock des monoalkenylaromatischen Kohlenwasserstoffs mit einem
durchschnitffchen Molekulargewicht (Zah- lenmittel) von mindestens 4000,
vorzugswelse mindestens 6000, 1st. 50  5.- Ein Verfahren nach Anspruch 4,
In weichemrdas Copolymer nach dem Hydrieren gin durchschnitiliches
Moiekulargewicht (Zahlenmte ) im Bereich von 190000 bis 210000 aufweist und
der Gehalt an rnonoal- kenylaromatischem Kohlenwasserstoff 6 bbi 4
Gewichtsprozent betragt. 6.  Ein Verfahren nach einem der vorstshenden
Ansprflche, In weichem der monoalkenylaromatische Koh- 55
lenwasserstoff Styrol isLt. 7.  Eh Verfahren nach einem der vorstehenden
Ansprflche, in welchem mindestens 93% der Isoprenelnhe' ten sine
1,4-Konfiguration haben. .2      ;    -1 : '   . : . __,    ...   :;.:   .
. 12   -   -   ' _ -- -    B. Ein Verfahren nach elnem der vorstehenden
Ansprfiche, in welchem mindestens 98% des Isoprens hy- 



Vdrbrt werden. E 9. Ein Verfahren zur Herstsllung diner 6lzusammonsetzung,
welches des Vermischen sines gr5seren An- tells dnes 0is und sines
idelneren Anteils eines polymeren Viskosltltsindex-Verbesserungsmeltes umn-
faLt, das nach elnem Verfahren, wie in einem derAnsprOche I bis 8
beansprucht, hergestellt warden ist. 10  Revendicatlons Revendlcatbons pour
les Etats contractants sulvants BE, DE, FR, GB, IT, NL 1. Un agent pdymire
am6liorantl'indico de viscosite susceptible definiton au cyclone
produitparle proc6de 15      comprenant lea etapes selon lesquelles (a) on
pr6pare par polymerisation anlonique un copodymere ayantun poids
moldculalre moyen en nom- bre compris entre 125 000 et 275 000, une teneur
en isoprene comprise entre 90 et 98 pour cent en poids, ob au moins 85 %
des mailes d'isoprbne ant une configuration 1,4, et une teneur en hydrocar-
bure monoalcenyl aromatique comprise entre 10 et 2 pour cent en polds et
comprenant une structure 20        sequencee A-A/B oa A est un bloc
d'homopolymere de I'isoprene et AB est un bloc de copolymere de l'isoprbne
et de l'hydrocarbure monoalcenyl aromatique; l* bloc d'homopdymbr A
constituent au moins 60 % du copolymere en poids; et (b) on hydrogene au
moins 95 %, de prgfhrence au molns 98 % de l'isoprene et au moins 5 % de
l'hy- drocarbure monoalcenyl aromatique. 25
, 2. Un agent ameliorant l'indice de viscosit6 selon la revendication 1,
dans lequel une proportion de 10 % A 30 % de l'hydrocarbure monoalcenyl
aromatique est hydrog6n6e. 3. Un agent am6rlorant l'indice de vlscositb
seon la revendication I ou Ia revendication 2, dans lequel, aprbs
hydrogenation, le bloc d'homopolymere Aa un poids mol6culalre moyen en
nombre compris entre 90 000 30 et 225 000. 4. Un agent am6liorant l'indice
de viscosite selon l'une quelconque des revendications I a 3, dens lequel,
avant hydrogenation, le copolymbre a la structure A-(A/B)-B ob le
copolymere a un poids molculaire moyen en nombre compris entre 150 000 et
240 000, la teneur en isoprene eat comprise entre 93 et 97 pour cent en
polds, la tbneur en hydrocarbure monoalcenyl aromatique est comprise entre
7 et 3 pour cent en polds, le bloc d'homopolymbre A constitue au moins 75 %
du copolymbre en poids, et B est un bloc d'homopolymbre de l'hydrocarbure
mnonalceny aromatique ayant un poids mrolculaire moyen en nombre d'au moins
4 000, de preference d'au molns 6 000. 4   5. Un agent am6lorant l'indice
de viscosit6 melon la revendication 4, dans lequel, aprbs hydrog6nation, le
copolymbre a un poids modeculaire moyen en nombre compris entre 190 000 et
210 000 et la teneur en hydrocarbure monoalcenyl aromatique eat comprise
entre 8 et 4 pour cent en poids. 6. Un agent ameiorant l'indice de
viscosite selon l'une quelconque des revendications precedentes, dans 45
loquel I'hydrocarbure monoalcenyl aromatique est du styrene. 7. Un agent
am6liorant l'indlce de viscosith selon i'une quelconque des revendications
pr6c6dentes, dans lequel au mains 93 % des mailles d'isoprene ont la
configuration 1,4. S8. Un agent amdliorant l'lndice de vscositb melon l'une
quelconque des revendications prc6*dentes, dans lequel au moins 98 % de
Ii0soprbne eat hydrog6n6. 9. Un procede pour ia preparatfon d'un agent
polymere am6liorantl'indice deviscosit6 susceptible de finition au cyclone
selon l'une quelconque des revendboatfons 1 A 8, comprenant lea etapes
selon lesquelles: (a) on polymerise anioniquement du styrene et un
hydrocarbure monoalcenyl aromatique de maniere A produire un copolymbre
ayant un poids moldculaire moyen en nombre campus entre 125 000 et 275 * ;
.000, une teneur en bsoprene comprise entre 90 et 98 pour cent en polds, ob
au mains 85 % des mailles d'isoprine ant une configuration 1,4, et une
teneur en hydrocarbure monoalcenyl aromatifque comprise entre 10 et 2 pour
cent en poids; et comprenant une structure sequenc6e A-A/B od Aest un bloc
d'ho- 13                              ;   .1'    EP 0 497 411 Si     i
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*  C  L  M  S  * mopolyrnmre de l'isoprene et AIB est un bloc de copolymbre
de l'isoprine et de I'hydrocarbure monoal- k c6nyl aromatique, le bloc
d'homopolymbre A constituant au molns 60 % du copolymbrne n polds; et (b)
on hydrogene au moins 95 % de l'isoprbne et au moins 5 % de l'hydrocarbure
monoalcenyl aroma- 5         tique. 10. Une compositin d'hufle cornprenant
une proportion majeure d'une hulle at une proportion mineure d'un agent
polymkre ameliorant l'indice de viscosit6 solon l'une quelconque des
revendicatbons a 8. 10  Revendlcations pour l'Etat contractant sulvant: ES
1. Un proc6d6 pour la preparation d'un agent polymbre am6liorantl'indlce de
viscosite susceptible do finition au cyclone, comprenant les 6tapes solon
lesquelles: (a) on polymrrise anloniquement de l'isoprene et un
hydrocarbure monoalcbnyl aromatique de manlere 15       da produire un
copolymrre ayant un poids moleculaire moyen en nombre compris entre 125 000
at 275 000, une teneur en isoprene comprise entre 90 et 98 pour cent en
poids, ob au moins 85 % des maples d'isoprene ant une configuration 1,4, et
une teneur en hydrocarbure monoalcinyl aromatique comprise entre 10 et 2
pour cent en poids; et comprenant une structure s6quenc6e A-A/B ob A eat un
bloc d'ho- mopolymrre de I'soprene et A/B est un bloc de copolymere de
l'isoprene et de l'hydrocarbure monoal- c6nyi aromatique, le bloc
d'homopolymhre A constituant au moins 60 % du copolymrre, en poids; et (b)
on hydrogene au mains 95 % de l'isoprene et au mains 5 % de I'hydrocarbure
monoalcenyl aroma- tique. 2. Un proc6d6 solon la revendication 1, dans
lequel une proportion de 10 % a 30 % de l'hydrocarbure mo- 25
noalcenyl aromatique est hydrog6nee. 3. Un procede solon la revendication I
ou l revendication 2, dans lequel, apres l'hydrogenation, le bloc d'ho-
mopolymrre A a un polds molAculaire moyen en nombre compris entre 90 000 et
225 000. 4. Un proo6de solon l'une quelconque des revendications I A 3,
dans lequel, avant hydrogbnation, le copo- 30     lymere a la structure
A-(AlB)-B ofi le copolymnre a un polds moldculaire moyen en nombre compris
entre 150 000 at 240 000, la teneur en isoprene est comprise entre 93 et 97
pour cent en poids, la toneur en hydrocarbure monoalcenyl aromatique est
comprise entre 7 et 3 pour cent en poids, Is bloc d'homopoly- mere A
constitue au mains 75 % du copolymere en poids, at B est un bloc
d'homopolymAre de l'hydro- carbure monoalcenyi arornatique ayant un poids
moldcuaire moyen en nombre d'au mains 4 000, de pre- 6frence au mains 6
000. 5. Un procidi solon Ia revendication 4, darns lequel, aprls
rhydrog6nation, Is copolymbre a un poida mo- leculaire moyen en nombre
compris entre 190 000 et 210 000 et la teneur en hydrocarbure monoalcinyl
aromatique est comprise entre 8 et 4 pour cent en poids. 40 6. Un procede
salon l'une quelconque des revendicatlions precedentes, dans loquel
l'hydrocarbure monoal- cbnyl aromafique est du styrine. 7. Un procbd6 salon
l'une quelconque des revendications prsc6dentbs, dans loquel au moins 93 %
dernalles 45      d'isoprene ant la configuration 1,4. 8. Un procid6 solon
l'une quelconque des revenditions prbcbdentbs, dans lbquel au mains 98 % de
l'iso- prene est hydrogene. s0 9. Un procbd6 pour la preparation d'une
composition d'huile, solon lequel on mblange une proportion ma- jeure d'une
huile et une proportion mineure d'un agent polymbre arnmliorant l'indlce de
viscositb preparb par un procedb solon l'une quelconque des revendications
1 a 8. 55 14 ..       ,tW    


