
EP0458415B1 Description This invention relates to oil compositions
containing functionalised polymers, and more particularly to oil
compositions containing functionalised polymers as viscosity index (VI)
improvers. 5      It is well known that the viscosity of lubricating oils
varies with temperature, and since lubricating oils are generally exposed
to a relatively broad temperature range during use, it is important that
the oil not be too vis- cous (thick) at low temperature nor too fluid
(thin) at high temperatures. In this regard, variation in the viscosity-
temperature relationship of an oil is Indicated by the so-called viscosity
index (VI). The higher the viscosity index, the less the change in
viscosity with temperature. In general, the viscosity index is a function
of the oil 10  viscosity at a given lower temperature and a given higher
temperature. In the United States of America, the given lower temperature
and the given higher temperature for automotive lubricating oils are fixed
by the test procedure ASTM D 2270. Currently the lowertemperature specified
in this test procedure is [err] and the high- er temperature is [err]
Various methods have been proposed for improving the rheological properties
of lubricating oil composi- 15 tions. Frequently these methods involve the
use of one or more polymeric additives. Methods wherein the poly- meric
additive is a linearor branched chain polymer, are disclosed, for example,
in U.S. Patents Nos. 3,554,911; 3,668,125; 3,772,196; 3,775,329 and
3,835,053. The polymeric additives disclosed in these U.S. Patents are,
generally, hydrogenated, linear or substantially linear polymers of one or
more conjugated dienes which may, optionally, also contain monomeric units
of one or more monoalkenyl aromatic hydrocarbons. Polymers of the 20  type
disclosed in this series of patents are typically prepared via the anionic
solution polymerization of the monomers followed by hydrogenation. A
selectively hydrogenated, linear block copolymer comprising a single
styrene polymer block and a single selectively hydrogenated Isoprene
polymer block, which block copolymer is according to U.S. Patent No.
3,772,196, is available commercially and is commonly used as a VI improver.
Methods wherein the polymeric additive is a star-shaped (radial) polymer
are taught, for example, in U.S. 25   Patents Nos. 4,077,893; 4,116,917;
4,141,847; 4,156,673; and 4,427,834. The polymeric additives disclosed in
these patents are, generally, star-shaped (radial) polymers wherein all, or
at least most, of the polymer arms are either homopolymers of copolymers of
conjugated dienes or copolymers of one or more conjugated dienes and one or
more monoalkenyl aromatic hydrocarbons. In certain of these polymeric
additives, however, one or more arms are either modified or different
Polymers wherein all of the arms are either hydrogenated hom- 30  opolymers
or copolymers of one or more conjugated dienes, selectively hydrogenated
copolymers of one or more conjugated diolefins and one or more monoalkenyl
aromatic hydrocarbons are described in U.S. Patents Nos. 4,116,917 and
4,156,673. Star polymers of the type disclosed in U.S. Patents Nos.
4,116,917 and 4,156,673 which are modified to incorporate functional groups
imparting dispersant characteristics are dis- closed in U.S. Patents Nos.
4,077,893 and 4,141,847. The polymeric additives disclosed in U.S. Patent
No. 35  4,077,893 are hydrogenated star-shaped polymers which are reacted
first with an unsaturated carboxylic acid or derivative thereof and then
with an alkane polyol. The polymeric additives disclosed in U.S. Patent No.
4,141,847 are hydrogenated star-shaped polymers which are reacted first
with an unsaturated carboxylic acid or derivative thereof and then with an
amine. Polymeric additives disclosed in U.S. Patent No. 4,427,834 are ones
wherein one or more of the arms of a star-shaped polymer such as one of
those disclosed in U.S. Patents 40   Nos. 4,116,917 and 4,156,673 is,
effectively, replaced with an arm prepared by polymerizing a nitrogen-con-
taining monomer. Star-shaped polymers wherein all of the arms are
homopolymers of isoprene, which star- shaped polymers are In accordance
with U.S. Patents Nos. 4,116,917 and 4,156,673 are commercially avail- able
and commonly used as VI improvers. Even more recently it has been
discovered that an unfunctionalized triblock copolymer comprising terminal
45  polymer blocks of hydrogenated isoprene and a monoalkenyl aromatic
hydrocarbon central polymer block is an effective VI improver. Thus, for
example, U.S. Patent No. 4,788,361 teaches that the triblock copolymer
provides a good balance between thickening efficiency, mechanical shear
stability and high temperature, high shear rate (HTHSR) viscosity
responses. 



As is well known in the prior art, thickening efficiency of a polymeric
additive has, heretofore, generally 50  been the principle, and sometimes
the sole consideration in its selection for use as a VI improver.
Particularly, polymeric additives which significantly increase the high
temperature kinematic viscosity without significantly increasing the low
temperature kinematic viscosity have been sought. Emphasis was, then, given
to obtaining a good VI improver based upon temperatures specified in ASTMD
2270, and little consideration has been given to the kinematic viscosity at
even higher temperatures, such as [err] Now, however, with the current em-
55  phasis on smaller, more compact, engines In which lubricating oils are
exposed to even higher operating tem- peratures, it is becoming important
to consider viscosities at these higher temperatures in selecting VI
improv- ers. Consideration needs to be given to both high-temperature,
high-shear rate viscosities and cold tempera- ture properties of
lubricating oils. 2    EP 0 458 415 B1 Recently, it has been discovered
that certain hydrogenated, asymmetric radial polymers yield particularly
effective VI improvers and offer improved high temperature kinematic
viscosities. These polymers. however, reduce the high-temperature,
high-shear rate viscosities and have little, if any, effect on the low
temperature 5   properties of the oil. U.S. Patent 4,849,481 discloses
hydrogenated, asymmetric radial polymers comprising a plurality of arms,
some of which are polymers of one or more hydrogenated conjugated diolef
ins and others of which are block copolymers comprising a polymeric block
containing predominantly one or more monoalkenyl aromatic hydrocarbon
monomer units and a polymeric block containing predominantly one or more
hydrogen- ated conjugated diolef In monomer units. These asymmetric radial
polymers are prepared by first coupling a 10  suitable blend of living
polymers in the same manner used, generally, to prepare star-shaped
polymers and then selectively hydrogenating the conjugated diolefin
portions of the radial polymers. As indicated in US Pa- tent No. 4,849,481,
these polymers do offer enhanced kinematic viscosities at higher
temperatures, such as [err] and it is expected that their use in engine oil
compositions for the smaller engines would offer signifi- cantly improved
performance. The need remains, however, for further improvement in high
temperature kine- 15  matic viscosities and it is always desirable to
achieve more readily accessible methods for obtaining suitable results. A
need remains for oil compositions having an improved high-temperature,
high-shear rate and im- proved cold temperature properties. U.S. Patent No.
4,898,914 and EP-A-215 501 disclose functionalised selectively hydrogenated
block co- polymers of the formula [err]  where n is 0 or an integer of at
least 1, 0 is an integer of at least 1, A is 20  predominantly a
polymerised monoalkenyl-aromatc hydrocarbon block and B priorto
hydrogenation is predom- inantly a polymerised conjugated diene hydrocarbon
block, to which copolymer has been grafted at least one electrophilic
graftable molecule or electrophile wherein substantially all of the
graftable molecules are grafted to the block copolymer in the
monoalkenyl-arene block. Structural formulae specifically listed include
A-B, A- B-A, A-B-A-B, B-A, B-A-B, B-A-B-A ad [err]. Specifically listed
conjugated dienes comprise 1 ,3-bu- 25  tadiene, 2-methyl-1,3-butadiene
(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene and 1,3-hexadiene,
of which 1 ,3-butadiene is listed as preferred. Preferred
monoalkenyl-aromatic hydrocarbons are vinyl-aromatic hydrocarbons of which
styrene, o-methylstyrene, p-methylstyrene, p-tert.butylstyrene,
1,3-dimethylstyrene, alphamethylstyrene, vinyl naphthalene and
vinylanthracene are listed, styrene being preferred. Preferred
electrophiles include carbon dioxide, ethylene oxide, aldehydes, ketones,
carboxylic acids and salts and esters 30  thereof, arylhalides, epoxides,
sulphur, boxoz alkoxides, isocyanates, sulphonates and various silicon com-
pounds. In Examples 1 to 14, the electrophile is carbon dioxide. The
modified block copolymers of US Patent No. 4,898,914 and EP-A-215,501 are
stated to be suitable for any purpose for which the unmodified base polymer
was formerly used, e.g. as adhesives and sealants or compounded and
extruded or moulded in any convenient manner, and they are stated to be
thermally stable, 



35  to have a low residual unsaturation, to be excellent in appearance
characteristics, melt-flow characteristics and mechanical properties such
as tensile strength and impact resistance. It is nowhere suggested in US
Patent No. 4,898,914 or EP-A-215,501 that any polymer described therein
might be suitable for incorporation in any oil composition. Surprisingly it
has now been discovered that certain of the polymers within the ambit of
the disclosures 40  of U.S. Patent No. 4,898,914 and EP-A-215,501 have
utility as viscosity index (VI) improvers in oil composi- tions. In
accordance with the present invention there is provided an oil composition
comprising a major amount of an oil and a minor amount of a selectively
hydrogenated carboxyl functionalised polymer of general formula B-A-B,
wherein each B, prior to hydrogenation, is a conjugated dlolef in polymer
block and A is a monoalkenyl 45  aromatic hydrocarbon polymer block, said
polymer being carboxyl functionalised in the aromatic hydrocarbon polymer
block thereof. The functionalised polymer may be regarded as a linear,
selectively hydrogenated triblock copolymer modi- fied by incorporating
carboxyl functionality therein, the selectively hydrogenated modified
triblock copolymer comprising a single, central polymer block containing at
least 85% w monoalkenyl aromatic hydrocarbon mono- 50   mer units and two
terminal polymeric blocks containing at least 85% w hydrogenated conjugated
diolefin mono- mer units. The block copolymer is selectively hydrogenated
such that at least 80% of the ethylenic unsaturation initially contained in
the polymer Is converted or saturated and the block copolymer is
functionalized by incor- porating carboxyl functionality into the polymeric
block containing at least 85% w monoalkenyl aromatic hy- drocarbon monomer
units. 55      The block copolymers useful in the present invention are a
modification of certain of those described In US Patent No. 4,898,914 and
EP-A-215,501, particularly in Examples 1 to 14 thereof. Example 1 thereof
dis- closes an experiment in which 45.36 kg of a polymer cement containing
a styrene-ethylene/butylene-styrene type block copolymer having a molecular
weight of about 50,000 and a polystyrene content of 30% w In cyclo- hexane
(5% solids) was lithiated at [err] using a diamine
(tetramethylethylenediamine, TMEDA) promoted sec- 3    EP 0 458 415 B1
butylLi reagent (1.1 mol base, 1.8 mol promoter). Arapid metallation
reaction afforded a thixotropic, semisolid cement which immobilized the
reactor's stirring mechanism (auger type) within 3-4 minutes. An aliquot of
the lithiated-polymer cement was quenched with [err] The remainder was
transferred through a 3.8 cm diameter 5   line to a vessel containing an
excess of [err] (1.36 kg) in tetrahydrofuran (THF). The carboxylated
product was treated with acetic acid (85 g, 1.4 mol) and finished by steam
coagulation affording over 1.81 kg of white, func- tionalized polymer
crumb. Analyses of the carboxylated product found 0.84 %wt [err] and 0.29
%wt [err] for a total polymer bound carboxylate content of 1.13 %/wt. A
deuterium (D) NMR analysis of the [err] treated aliquot found the D resided
primarily at aromatic sites, 10  at meta and para positions on the ring,
(90 % of total D) with the remainder of the tag or label being at either
benzylic or allylic positions (10% of total D). The technique cannot
discern between allylic and benzylic loca- tions. Thus, the label resided
principally, at least 90%, and most likely entirely, in the polystyrene
block of the polymer. It was inferred from this labelling experiment that
essentially all of the lithiation reaction (at least 90%) occurred In the
polystyrene block and that therefore essentially all of the carboxylation
must occur at these 15  sites. The weight average molecular weight of the
monoalkenyl aromatic hydrocarbon polymer block A is prefer- ably in the
range from 5,000 to 100,000 while the weight average molecular weight of
each of the conjugated diolefin polymer blocks B is preferably in the range
from 20,000 to 150,000. According to the disclosures of US Patent No.
4,898,914 and EP-A-215,501, the carboxyl functionality in the polymers
useful in the present 



20  invention may be Incorporated by reacting [err] with polymers metalated
in the monoalkenyl aromatic hydro- carbon polymer blocks. The polymers
useful in the present invention will generally have 1 ,2-microstructures
prior to hydrogenation within the range from 7 to 100 %. In general, any of
the methods well known in the prior art may be used to produce the triblock
copolymers which may be subsequently selectively hydrogenated, then
carboxyl functionalized and then used as VI im- 25  provers in the present
invention. Suitable such methods include, for example, those described in
U.S. Patents Nos. 3,231,635; 3,265,765 and 3,322,856. The block copolymers
which may be selectively hydrogenated, modified and rendered useful as VI
improvers in accordance with the present invention may generally be rep-
resented by the general formula: 30 B-A- B wherein B is a polymeric block
containing, initially, at least 85%w conjugated diolefin monomer units and
A is a polymeric block comprising at least 85%w one or more monoalkenyl
aromatic hydrocarbon monomer units. In general, polymers of this type can
be prepared byfirst combining a conjugated diolefin or a monomer mixture 35
comprising predominantly conjugated diolefins in a suitable solvent and
then polymerizing the conjugated di- olefin or the monomer mixture
comprising predominantly conjugated diolef ins in the presence of an organo
metallic compound, particularly an organo metallic compound containing an
alkali metal atom, until the poly- merization is substantially complete, to
produce the first conjugated diolef in polymer block. Particularly pre-
ferred organometallic compounds for use in preparing the block copolymers
useful in the present invention 40  with this sequential polymerization
technique are hydrocarbon radicals bonded to a single lithium atom. Suit-
able hydrocarbon compounds containing a single lithium atom include
unsaturated compounds such as allyl- lithium and methallylithium; aromatic
compounds such as phenyllithium, the tolyllithiums, the xyllithiums, the
napthyllithiums and the like; and alkyllithlums such as methyllithium,
ethyllithium, propyllithium, butyllithium, amyllithium, hexyllithium,
2-ethylhexyl- lithium, and n-hexadecyllithium. Secondary-butyl- lithium is
the most 45  preferred initiator. Suitable solvents useful in the
preparation ofthe blockcopolymers include hydrocarbons such as paraffins,
cycloparaffins, aromatics and alkyl-substituted cycloparaffins and
aromatics, containing from about 4 to about 10 carbon atoms per molecule,
for example, benzene, toluene, cyclohexane, methylcyclohexane, n-butane,
n-hexane and n-heptane. 50      Suitable conjugated diolefins include [err]
conjugated diolefins, including 1 ,3-butadiene, 2-methyl-1 ,3-bu- tadiene
(isoprene), 2,3-dimethyl-1,3-butadiene, 1,3 pentadiene and 1,3-hexadiene.
Mixtures of such conjugat- ed diolefins may also be used. isoprene is the
most preferred conjugated diolefin. Once polymerization of the first
conjugated diolefin polymer block has been completed, the monoalkenyl
aromatic hydrocarbon polymeric block may be formed by adding one or more
monoalkenyl aromatic hydrocar- 55  bon monomers to the solution containing
the living conjugated diolef in polymer block and continuing the poly-
merization until polymerization of the monoalkenyl aromatic hydrocarbon
monomer or monomers is substan- tially complete. Suitable monoalkenyl
aromatic hydrocarbon monomers include aryl-substitute olef ins such as
styrene, various alkyl-substituted styrenes, such as o-methylstyrene,
p-methylstyrene, p-tert.butyl styrene, 4    EP 0 458 415 B1
1,3-dimethylstyrene and alpha-methyl styrene, alkoxy-substituted styrenes,
vinyl naphthalene, and alkyl-sub- stituted vinyl naphthalenes. Styrene is
the most preferred monoalkenyl aromatic hydrocarbon monomer. In general,
the amount of monoalkenyl aromatic hydrocarbon monomer added will be
controlled such that the 5   desired molecular weight of the monoalkenyl
aromatic hydrocarbon polymer block is obtained. Once the preparation of the
monoalkenyl aromatic hydrocarbon monomer polymeric block has been com- 



pleted, the second conjugated diolefin polymeric block can be prepared by
adding additional conjugated dio- lef in or a monomer mixture comprising
predominantly conjugated diolefins to the solution containing the living
diblock copolymer prepared in the previous steps. Polymerization of the
added monomer Is then continued 10  until polymerization of the added
monomer is at least substantially complete. The B-A-B triblock copolymers
which may be subsequently hydrogenated and used as VI Improvers may also be
prepared by first polymerizing the monoalkenyl aromatic hydrocarbon block
with an anionic initiator comprising two lithium atoms and thereafter
growing the terminal polyisoprene blocks. The B-A-B triblock co- polymers
may further be prepared by polymerizing a f irst isoprene block and then a
monoalkenyl aromatic hy- 15  drocarbon polymer block having a molecular
weight equal to half that sought in the f inal polymer and then cou- pling
the resulting diblock copolymer using techniques well known in the prior
art. In general, preparation of the block copolymers, which will be
subsequently selectively hydrogenated, may be completed at a temperature
within the range from -150C to [err] In general, the polymerization will be
carried out in an inert atmosphere, preferably nitrogen, and may be carried
out under pressure, for example, 20  at a pressure within the range from
0.5 to 10 bar (50,000 to 1,000,000 Pa). The concentration of initiator used
In the polymerization reaction may vary over a relatively wide range but
will be controlled in combination with the amount of monomer used so as to
produce triblock copolymers having the desired molecular weights. As
indicated in the copending applications, the polymers which may be
functionalized and used in the pres- ent Invention may be functionallized
by first metalizing a previously prepared polymer by reacting the same with
25  a suitable metalization agent such as [err] Generally, the metalization
will be accomplished in the presence of asuitable polarmetalization
promotersuch asa tertiaryamine, a bridgehead monoamine, an ether or a metal
alkoxide. After the polymer is metalated, the same will then be reacted
with [err] to incorporate an acid salt of the metal contained in the
metalization compound and then neutralized to form the carboxylic acid
(-COOH) radical. Polymers useful in the present invention may, for example,
functionalized to the extent of from 0.1 to 30  40 preferably 1 to 30, most
preferably 5 to 20, mol percent carboxyl functionality based on total
aromatic mono- mer in the polymer. In general, the selectively hydrogenated
and functionalized block copolymer useful in this invention may be used in
a broad range of hydrocarbons to improve the VI thereof. The selectively
hydrogenated, function- alsed polymer of the present invention is
particularly useful when added to a variety of oils including crude, 35
lubricating and fuel oils to produce oil compositions having improved
viscosity index characteristics. Preferably the oil is a lubricating oil.
The selectively hydrogenated functionalized polymer of this invention may
be added to oils such as middle distillate fuels, synthetic and natural
lubricating oils, crude oils and industrial oils. The oils may be
paraffinic, napthenic or aromatic. The polymer of use in this invention is
particularly useful when used in hydrocarbon liquids, particularly oils,
with non-saturated (aromatic) and non-polar groups as deter- 40  mined by
clay gel analysis within the range from 0 to 35 %w. Such oils include a
range of base oil stocks from synthetic oils such as polyalpha-olefin oils
to natural NVI oils. In general, the polymer useful in this invention may
be effective to improve viscosity index characteristics at concentrations
within the range from 0.01 to 15 %w although concentrations within the
range from 0.05 to 2.5 %w are most effective and concentrations within the
range from 0.1 to 2 %w are particularly preferred. The higher
concentrations might typically be those of a 45  lubricant concentrate,
which would normally be diluted with additional hydrocarbon oil prior to
actual use. In general, oils containing the VI improverof this invention
may contain other additives such as dispersants, detergents, anti-oxidants,
extreme pressure additives and pour point depressants. These additives are
not, however, necessary to obtaining the Improved viscosity index
characteristics offered by the viscosity index improver of this invention.
50     In a preferred embodiment of the present invention, a triblock
copolymer comprising a single central poly- meric block containing
predominantly monoalkenyl aromatic hydrocarbon monomer units and two
terminal polymeric blocks containing predominantly conjugated diolefin
monomer units will be selectively hydrogenated and functlonalized so as to
contain carboxylic acid (-COOH) functionality in the monoalkenyl aromatic
hydro- carbon polymer block and used as a VI improver. The weightaverage
molecularweight (Mw) of the monoalkenyl 



55  aromatic hydrocarbon polymer block In the triblock copolymer will
preferably range from 5,000 to 100,000, pre- ferably 20,000 to 70,000, and
the weight average molecular weight of the conjugated diolef in polymer
blocks will preferably range from 20,000 to 150,000, preferably 45,000 to
90,000. The molecular weight of each block will be controlled such that the
weight ratio of total monoalkenyl aromatic hydrocarbon monomer units to
total conjugated diolefin monomer units in the triblock copolymer based on
the weight average molecular weights 5    EP0458415B1 of the respective
polymer blocks is preferably in the range from 0.05:1 to 1:1, preferably
0.1:1 to 0.6:1. In the preferred embodiment, wherein the oil is a
lubricating oil, the viscosity index improver will be used in a fully
formulated SAE 1OW40 multigrade, overbased engine oil formulation. A SAE 1
0W40 overbased oil formulation 5   will preferably contain from 8 to 10 %w
of a standard SG/CD additive package and from 0.1 to 2.0 %w of the modified
block copolymer. The modified triblock copolymer will typically contain
from 0.1 to 40, preferably 1 to 30, most preferably 5 to 20, mol percent
(based on total aromatic monomer units) of carboxylic acid (-COOH)
functional groups. The modified triblock copolymer will preferably be
hydrogenated such that at least 95% of the initial ethylenc unsaturation is
converted (saturated). In the preferred embodiment, the base oil stock used
10  in a SAR 10W40 oil may be a mixture of pariffinic, napthenic and
aromatic oils, but the amount of unsaturates (aromatics) will be within the
range from 0 to 35 %/w based on total oil. In a most preferred embodiment
the monoalkenyl aromatic hydrocarbon will be styrene and the conjugated
diolefin will be isoprene. The invention will be further understood from
the following illustrative Examples. 15  Examples 1 to 4 Four triblock
copolymers having different polystyrene block molecular weights and
different isoprene poly- mer block molecular weights were modified to
contain from 0.94 to 1.5 % w carboxyl functionality via the lithium
metalation technique described in Examples 1 to 14 of EP-A-215,501,
discussed above. The resulting func- 20  tionalised polymers were used in
the formulation of an SAE 10W30 lubricating oil composition. The base oil
used in the oil compositions was an HVI 100N oil and the oil composition
contained 7.75 %w of a standard SF/CC commercially available additive
package and 0.5 %w "Acryloid" (trade mark) acrylic ester polymer (ex Rohm &
Haas). After preparation, the SAE 10W30 oil composition was tested to
determine the amount of car- boxyl functionality therein, the cold cranking
simulator (CCS) viscosity at [err] the engine oil pumpability at 25  [err]
using the TP1 mini-rotary viscometer (MRV) method according to ASTM D4684;
and a high temperature, high shear rate (HTHSR) viscosity at 150C and 1x106
seconds -1 using the tapered bearing simulator (TBS) according to ASTM
D4683 for the oil composition. For convenience, the results actually
obtained are listed In the following Table under the respective headings,
carb. funct. %w (based of total wt of polymer therein), Mol % carb. (based
on amount ofstyrene monomer), [err] cP [err] Pa.s); TP1/MRV [err]  [err] 30
and TBS [err] cP [err] For comparative purposes the same data was obtained
on an SAE 10W30 oil composition containing a commercially available
unfunctionalized diblock copolymer having a styrene polymer block with
weight average molecular weight 37,000 and in isoprene polymer block having
a weight average molecularweight of 61,000. These results too are
summarized in the following Table as is the amount of polymer in the oil,
(under the heading "Pol., %w") and the weight average molecular weight of
all polymer blocks. The 35  weight average molecular weight of all polymer
blocks, including both isoprene blocks, is presented under the heading
[err]  styrene, isoprene. For convenience, the composition containing the
functionalized polymers are identified as Compositions Nos. 1-4 In the
table and the composition containing the unfunctionalized poly- mer is
identified as Comparative Composition A. 40 45 50 



55 6    EP0458415B1 [err] 10 20 04 25    EP0458415B1 As will be apparent
from the data summarized in the foregoing table, the viscosity index
improvers of this invention are generally better than the commercially
available diblock viscosity improver Comparative Com- position A. The
significant Improvements occur in the high temperature, high shear rate
viscosities and in cold 5   temperature properties. Claims 10  Claims for
the following Contracting States: BE, FR, DE, IT, NL, GB 1. An oil
composition comprising a major amount of an oil and a minor amount of a
selectively hydrogenated carboxyl functionalised polymer of general formula
B-A-B, wherein each B, prior to hydrogenation, is a conjugated diolef in
polymer block and A is a monoalkenyl aromatic hydrocarbon polymer block,
said poly- 15      mer being carboxyl functionalised in the aromatic
hydrocarbon polymer block thereof. 2. A composition according to Claim 1
wherein the functionalised polymer is present in the composition in a
concentration in the range 0.01 to 15%w. 20  3. A composition according to
Claim 2 wherein the concentration is in the range 0.1 to 2%w. 4. A
composition according to any one of Claims 2 to 3 wherein the oil is a
lubricating oil. 5. Acomposition according to any one of Claims 1 to 4
wherein the carboxyl functionality is present at a con- centration in the
range from 0.1 to 40 mol% based on the amount of aromatic hydrocarbon
monomer in 25      the functionalised polymer. 6  Acomposition according to
any one of Claims 1 to 5 wherein the carboxyl functionality is present at a
con- centration in the range from 5 to 20 mol% based on the amount of
aromatic hydrocarbon monomer in the functionalised polymer. 30 7. A
composition according to any one of Claims 1 to 6 wherein the weight
average molecular weight (Mw) of each of the conjugated diolefin polymer
blocks B is in the range from 20,000 to 150,000, the weight average
molecular weight (Mw) of the monoalkenyl aromatic hydrocarbon polymer block
A is in the range from 5,000 to 100,000 and the weight ratio of total
monoalkenyl aromatic hydrocarbon monomer units to 35      total diolefin
monomer units in the functionalised polymer, based on the weight average
molecular weights of the respective polymer blocks Is in the range from
0.05:1 to 1:1. 8  A composition according to Claim 7 wherein Mw of each
block B Is in the range from 45,000 to 90,000, Mw of the block A is in the
range 20,000 to 70,000 and the weight ratio of monoalkenyl aromatic hydro-
40      carbon units to diolefin monomer units is in the range from 0.1:1
to 0.6:1. 9. A composition according to any one of Claims 1 to 8 wherein
each B, prior to hydrogenation, is a polyiso- prene block and A is a
polystyrene block. 45  Claims for the following Contracting State : ES 



1. A process for the preparation of an oil composition which comprises
mixing a major amount of an oil and a minor amount of a selectively
hydrogenated carboxyl functionalised polymer of general formula B-A-B,
wherein each B, prior to hydrogenation, is a conjugated diolef in polymer
block and A is a monoalkenyl 50      aromatic hydrocarbon polymer block,
said polymer being carboxyl functionalised in the aromatic hydro- carbon
polymer block thereof. 2. A process according to Claim 1 wherein the
functionalised polymer is present in the composition in a con- centration
in the range 0.01 to 15%/w. 55  3. A process according to Claim 2 wherein
the concentration is in the range 0.1 to 2%w. 4. A process according to any
one of Claims 1 to 3 wherein the oil is a lubricating oil. 5. A process
according to any one of Claims 1 to 4 wherein the carboxyl functionality is
present at a con- 8    As will be apparent from the data summarized in the
foregoing table, the viscosity index improvers of this invention are
generally better than the commercially available diblock viscosity improver
Comparative Com- position A. The significant improvements occur in the high
temperature, high shear rate viscosities and in cold 5   temperature
properties. Claims 10  Claims for the following Contracting States: BE, FR,
DE, IT, NL, GB 1. An oil composition comprising a major amount of an oil
and a minor amount of a selectively hydrogenated carboxyl functionalised
polymer of general formula B-A-B, wherein each B, prior to hydrogenation,
is a conjugated diolefin polymer block and A is a monoalkenyl aromatic
hydrocarbon polymer block, said poly- 15      mer being carboxyl
functionalised in the aromatic hydrocarbon polymer block thereof. 2. A
composition according to Claim 1 wherein the functionalised polymer is
present in the composition In a concentration in the range 0.01 to 15%w. 20
3. A composition according to Claim 2 wherein the concentration is in the
range 0.1 to 2%w. 4. A composition according to any one of Claims 1 to 3
wherein the oil is a lubricating oil. 5. Acomposition according to any one
of Claims 1 to 4 wherein the carboxyl functionality is present at a con-
centration in the range from 0.1 to 40 mol% based on the amount of aromatic
hydrocarbon monomer in 25      the functionalised polymer. 6. A composition
according to any one of Claims 1 to 5 wherein the carboxyl functionality is
present at a con- centration in the range from 5 to 20 mol% based on the
amount of aromatic hydrocarbon monomer in the functionalised polymer. 30 7.
A composition according to any one of Claims 1 to 6 wherein the weight
average molecular weight (Mw) of each of the conjugated diolefin polymer
blocks B is in the range from 20,000 to 150,000, the weight average
molecular weight (Mw) of the monoalkenyl aromatic hydrocarbon polymer block
A is in the range from 5,000 to 100,000 and the weight ratio of total
monoalkenyl aromatic hydrocarbon monomer units to 35      total diolef in
monomer units in the functionalised polymer, based on the weight average
molecular weights of the respective polymer blocks is in the range from
0.05:1 to 1:1. 8. A composition according to Claim 7 wherein Mw of each
block B is in the range from 45,000 to 90,000, Mw of the block A is in the
range 20,000 to 70,000 and the weight ratio of monoalkenyl aromatic hydro-
40      carbon units to diolefin monomer units is in the range from 0.1:1
to 0.6:1. 9. A composition according to any one of Claims 1 to 8 wherein
each B, prior to hydrogenation. is a polylso- prene block and A is a
polystyrene block. 45   Claims for the following Contracting State: ES I. A
process for the preparation of an oil composition which comprises mixing a
major amount  of an oil and 



a minor amount of a selectively hydrogenated carboxyl functionalised
polymer of general formula B-A-B, wherein each B, prior to hydrogenation,
is a conjugated diolef in polymer block and A is a monoalkenyl aromatic
hydrocarbon polymer block, said polymer being carboxyl functionalised in
the aromatic hydro- carbon polymer block thereof. 2. A process according to
Claim 1 wherein the functionalised polymer is present in the composition in
a con- centration in the range 0.01 to 15%w. 55  3. A process according to
Claim 2 wherein the concentration, is in the range 0.1 to 2%w. 4.  A
process according to any one of Claims 1 to 3 wherein the oil is a
lubricating oil. 5. A process according to any one of Claims 1 to 4 wherein
the carboxyl functionality is present at a con- 8    EP 0 458 415 B1
centration in the range from 0.1 to 40 mol% based on the amount of aromatic
hydrocarbon monomer In the functionalised polymer. 5   6. A process
according to any one of Claims 1 to 5 wherein the carboxyl functionality is
present at a con- centration in the range from 5 to 20 mol% based on the
amount of aromatic hydrocarbon monomer in the functionalised polymer. 7. A
process according to any one of Claims 1 to 6 wherein the weight average
molecular weight (Mw) of 10      each of the conjugated diolefin polymer
blocks B is in the range from 20,000 to 150,000, the weight aver- age
molecular weight (Mw) of the monoalkenyl aromatic hydrocarbon polymer block
A is in the range from 5,000 to 100,000 and the weight ratio of total
monoalkenyl aromatic hydrocarbon monomer units to total diolefin monomer
units in the functionalised polymer, based on the weight average molecular
weights of the respective polymer blocks is in the range from 0.05:1 to
1:1. 8 . A process according to Claim 7 wherein Mw of each block B is in
the range from 45,000 to 90,000, Mw of the block A is in the range 20,000
to 70,000 and the weight ratio of monoalkenyl aromatic hydrocarbon units to
diolefin monomer units is in the range from 0.1:1 to 0.6:1. 9. A process
according to any one of Claims 1 to 8 wherein each B, prior to
hydrogenation, is a polyisoprene 20      block and A is a polystyrene
block. Patentanspruche 25  Patentanspruche fur folgende Vertragsstaaton:
BE, DE, FR, GB, IT, NL 1.  Eine 6lzusammensetzung enthaltend eine gr6llere
Menge elnes 015s und eine geringe Menge aeies se- lektiv hydrierten,
carboxyl-funktionallsierten Polymers der allgemeinen Formel B-A-B, in der
jedes B - vor derHydrierung - ein konjugierterDiolefInpolymerblock ist und
Aeln aromatischer Monoalkenylkohlenwas- serstoffpolymerblock ist, in dem
besagtes Polymer in dessen aromatischen Kohlenwasserstoffpolymer- block
carboxylfunktionalisiert isLt. 2. ElneZusammensetzung nach Anspruch 1,
wobel das funktilonalislerte Polymer in derZusammensetzung In einer
Konzentration im Bereich von 0,01 bis 15 Gewichtsprozent vorllegt. 35 3.
Eine Zusarnmensetzung nach Anspruch 2, wobel die Konzentration im Bereich
von 0,1 bis 2 Gewichts- prozent liegt. 4. Eine Zusammensetzung nach
irgendelnem der Ansprflche 1 bis 3, wobei das t1 ein Schmierdl ist. 40 5.
Ene Zusammensetzung nach irgendeinem der Ansprfuche 1 bis 4, wobel die
Carboxyllunktionailtat be! einer Konzentration im Bereich von 0,1 bis 40
Molprozent vorliegt, bezogen auf die Menge des aromati- schen
Kohlenwasserstoffmonomers In dem funktionallslerten Polymer. 6.  Elne
Zusammensetzung nach irgendeinem der Ansprflche 1 bis 5, wobel die
Carboxyllunktionalitit bei 



einer Konzentration Im Berekch von S bis 20 Molprozentvorliegt, bezogen auf
die Menge des aromatischen Kohlenwasserstoffmonomers in dem
funkfionalisierten Polymer. 7. Eine Zusammensetzung nach irgendeinem der
Ansprfche I bis 6, wobei das durchschnitillche Moleku-
largewicht(Gewichtsmittel) (Mw) Jades konjugierten Diolefinpolymerblocks B
Im Bereich von 20 000 bis 50      150 000 vorliegt und das
durchschnittliche Molekulargewicht(Gewichtsmlttel) (Mw) des aromatischen
Mo- noalkenylkohlenwasserstoffpolymerblocksA im Bereich von 5000 bis 100
000 lIegt und das Gewiclitsver- halitnis der gesamten aromatischen
Monoalkenylkohlenwasserstoffmonomereneinheiten zu den gesam- ten
Diolefinmonomereneinheiten in dem funktlonalisierten Polymer, bezogen auf
das durchschnittiche Molekulargewicht(Gewichtsmittel) der entsprechenden
Polymerbl6cke im Bereich von 0,05:1 bis 1:1 liegt. 55 8. Elne
Zusammensetzung nach Anspruch 7, wobei das Mw jades Blocks B im Bereich von
45 000 bis 90 000 liegt, des Mw des Blocks Aim Bereich von 20 000 bis 70
000 liegt und das Gewichtsverhaltnis der aromatischen
Monoalkenylkohlenwasserstoffeinheiten zu den Diolefinmonomereneinheiten im
Berelch 9    von 0,1:1 bis 0,6:1 liegt. 9.  Eine Zusammensetzung nach
irgendeinem der Ansprflche 1 bis 8, wobei jedes B - vor der Hydrierung -
ein Polyisoprenblock und A ein Polystyrolblock ist. Patentanspr Ache fOr
folgenden Vertragsstaat: ES 1.  Ein Verfahren zur Herstellung einer
Olzusammensetzung, umfassend das Mischen einer grafteren Menge 10
eines 6ls und einer geringen Menge eines selektiv hydrierten,
carboxylfunktionallsierten Polymers der -_        aligemeinen Formel B-A-B,
In der jades B - vor der Hydrierung - ein konjuglerter Diolefinpolymerblock
ist und A ein aromatischer Monoalkenylkohlenwasserstoffpolymerblock Ist, in
dam besagles Polymer in dessen aromatischen Kohlenwasserstoffpolymerblock
carboxylfunktlonalisiert ist. s  2.  En Verfahren nach Anspruch 1, wobel
das funktionalisierte Polymer in der Zusammensetzung in einer Konzentration
im Bereich von 0,01 bis 15 Gewichtsprozent vorllegt. 3.  En Verfahren nach
Anspruch 2, wobei die Konzentration im Bereich von 0,1 bis 2
Gewichtsprozent liegt. 4.  Ein Verfahren nach irgendeinem der Ansprilche I
bis 3, wobei das (1 ein Schmierol ist. 20 5.  Ei Verfahren nach irgendeinem
der Anspruche I bis 4, wobei die Carboxylfunktionalitat bei einer Kon-
zentration im Berelch von 0,1 bis 40 Molprozent vorllegt, bezogen auf die
Menge des aromatischen Kohlenwasserstoffmonomers In dam funktionalislerten
Polymer. 25  6.  Eln Verfahren nach irgendeinem der Anspruche I bis 5,
wobel die Carboxylfunktionalltat bel eaner Kon- zentration im Berelch von 5
bis 20 Molprozent vorliegt, bezogen auf die Menge des aromatischen
Kohlenwasserstoffmonomers in dem funktionalislerten Polymer. 7.  Eln
Verfahren nach irgendeinem der Ansprflche I bis 6, wobei das
durchschnittliche Molekulargewkcht 30      (Gewichtsmittel) (Mw) jedes
konjugierten Diolefinpolymerblocks B im Bereich von 20 000 bis 150 000
liegt und das durchschnittliche Molekulargewlcht (Gewichtsmittel) (Mw) des
aromatischen Monoalkenylkohlen- wasserstoffpolymerblocks A im Bereich von
5000 bis 100 000 liegt und das Gewichtsverhaltnis der ge- samten
aromatischen Monoalkenylkohlenwasserstoffmonomereneinheiten zu den gesamten
Ololeflnmonomereneinheiten in dam funktionallslerten Polymer, bezogen auf
das durchschnittliche Mo- ss      lekulargewicht (Gewichtsmittel) der
entsprechenden Polymerblocke im Bereich von 0,05:1 bis 1:1 liegt. 8.  Ein
Verfahren nach Anspruch 7, wobei das Mw Jades Blocks B im Bereich von 45
000 bis 90 000 liegt, das Mw des Blocks A Im Bereich von 20 000 bis 70 000
liegt und das Gewichtsverhaltnis der aromatischen
Monoalkenylkohlenwasserstoffeinheiten zu den Diolefinmonomereneinheiten im
Bereich von 0,1:1 bis 40      0,6:1 liegL 



9.  Eln Verfahren nach irgendeinem derAnsprfche I bis 8, wobei jedes B -
vor der H-lydrierung - ein Polyiso- prenblock und A ein Polystyrolblock
!st. Revendicatlons Revendications pour les Etats contractants sulvants :
BE, DE, FR, GB, IT, NL i.  Une composition d'huile comprenant une quantit6
majeure d'une huile et une quantlte mineure d'un po- lymere a
fonctionnalit6 carboxyle s6lectivement hydrogene de formula B-A-B, ou
chaque B, avant l'hy- drogebnatlon, est un bloc de polymbre de dlolefine
conJugube et A est un bloc de polymere d'hydrocarbure monoalcenyl
aromatique, ce polymere 6tant pourvu d'une foncthonnalilb carboxyle dans
son bloc de po- lymbre d'hydrocarbure aromatique. 55  2.  Une composition
selon la revendicatbon 1, dans laquelle le polymere fonctionnalise est
present dans une proportion comprise entre 0,01 et 15 % en poids. 3.  Une
composition selon la revendication 2, dans laquelle ladite proportion eat
comprise entre 0,1 et 2 % 10    EP 0 458 415 B1
L      S en poids. 4.  Une composition selon l'une quelconque des
revendications I A 3, dons laquelle l'huile est une huile lu- 5
brifiante. 5. Une composition selon l'une quelconque des revendications I a
4, dens laquelle la fonctionnallte carboxy- le est presente A une
concentration comprise entre 0,1 et 40 moles % par rapport A la quantitl de
mono- mere hydrocarbure aromatique dans le polymbre fonctionnalise. 6.  Une
composition selon l'une quelconque des revendications I A 5, dans laquelle
la fonctionnalite carboxy- le est presente b une concentration comprise
entre 5 et 20 moles pour cent par rapport A la quantite de monombre
hydrocarbure aromatique dens le polymere fonctionnalis6. 7. Une composition
selon lune quelconque des revendications 1 A 6, dans laquelle le poids
moleculaire 15      moyen en poids (Mw) de chacun des blocs B de polymAre
de diolef ine conjuguee est compris entre 20 000 et 150 000, le poids
moleculaire moyen en poids (Mw) du bloc A de polymere d'hydrocarbure
monoal- cenyl aromatique est compris entre 5 000 et 100 000 et le rapport
en poids du total des mailles de mono- mere hydrocarbure monoalcenyl
aromatique au total des mailles de monomere diolofine dens le polymere
fonctionnalise, sur la base des poids mol6culaires moyens en poids des
blocs de polymeres respectifs, 20      est compris entre 0,05:1 et 1:1. J
Une composition selon la revendication 7, dens laquelle le Mw de chaque
bloc B est compris entre 45 000 et 90 000, le Mw du bloc A est compris
entre 20 000 et 70 000 et le rapport en poids des mailles d'hy- drocarbure
monoalcenyl aromatique aux mallles de monomere dlolf ine est compris entre
0,1:1 et 0,6:1. 25 9. Une composition selon l'une quelconque des
revendications 1 a 8, dens laquelle cheque B, avant l'hy- drogenation, est
un bloc de polylsoprene et A est un bloc de polystyrene. Revendicatlons
pour l'EtWt contractant sulvant: ES 30 1. Un proc6d6 pour la preparatbon
d'une composition d'hulle, qui consiste A m6langer une quantit6 prepon-
derante d'une huile et une quantitA plusfaible d'un polymere carboxyl-
fonctionnallse, hydrogene de fagon selective, de formule gen~rele B-A-B,
dens laquelle cheque B, avant hydrogenatlon, est une sequence polymbre
diolifinique conjugue etA eat une sbquence de polymbre hydrocarbons
aromatique monoalce- 35      nyil, ce polymbre etant carboxyl-
fonctionnalisd dans sa sequence polymere hydrocarbon. aromatique. 2. Un
procede selon la revendication 1, dens lequel le polymetre fonctionnallse
est present dans la compo- sition selon une concentration dens la gamnme de
0,01 A 15 % en poids. 



40  3. Un procede selon la revendicathon 2, dens lequel la concentration
est dans la gamme (1e 0,1 A 2 % en poids. 4. Un procede selon l'une
quelconque des revendications 1 a 3, dens lequel lMhuile est une huile
lubrifiante. 5.  Un procede selon l'une quelconque des revendications 1 A
4, dens lequel la fonctionnalilt carboxyle est 45      presente en une
concentration dens la gamme de 0,1 A 40 moles %, en se basant sur la
quantitb de mo- nomeres hydrocarbone aromatique dans le polymere
fonctionnalise. 6. Un procede selon l'une quelconque des revendications I A
5, dens lequel la fonctionnalit carboxyle est presente en une concentration
dens la gamme de 5 A 20 moles %, en se basant sur la quantite de mo- 50
nombres hydrocarbone aromatique dans le polymbre fonctionnalis6. 7. Un
procede selon l'une quelconque des revendications I A 6, dens lequel le
poids moleculaire moyen en poids (Mw) de chacune des sequences polymere
diolefinique conjugue B se situe dens la gamme de 20 000 A 150 000, le
poids moleculaire moyen en poids (Mw) de la sequence polymere hydrocarbone
aro- cs      matique A se situe dens la gamnme de 5 000 A 100 000 et le
rapport ponderal des motifs monombres hy- drocarbone aromatique
monoalc6nyle aux motifs totaux monombres diolefiniques dans le polymere
fonc- tionnalise, en so basant sur les poids moleculaires moyens en poids
des sequences polymere respectives, se situent dans la gamme 0,05:1 A 1:1.
8. Un procede selon la revendlication 7, dens loquel Mw dans chaque
sequence B se situe dans la gamme de 45 000 A 90 000, Mw dans la sequence A
se situe dens la gamme de 20 000 a 70 000 et le rapport ponderal des motifs
hydrocaebone aromatique monoalcenyle aux motifs monornmres dioldfiniques se
si- 5       tuent dans la gamme de 0,1:1 A 0,6:1. 9. Un proced6 selon lune
quelconque des revendicatlons 1 a 8, dans lequel chaque sequence B, avant
hy- drogenatlon, est une sequence polylsoprine et A est une sequence
polystyrene. 1O 15 20 25 30 35 40 45 50 55    


