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DI SPERSANT VI SCOSI TY | NDEX | MPROVERS The present invention
rel ates to wiosgsassant viscosity index inprovers for |BOT/ERNVIS2IP

oi | s, especially notor oils, to a process for produci ng and

| ubricating oil conpositions and additive concentrates 5 cont ai ni ng
such di spersant viscosity index inprovers. More particularly, the
present invention relates to di spersant viscosity index inprovers
made from styrene/ hydr ogenat ed di ene bl ock copol yners.

Lubricating oils for use in crankcase engine oils 10 contai n conponents
whi ch are used to inprove the vi sconetric performance of the engine
oil, i.e. to provi @&SPBRSANTt VOSCORI BNJNDEXOIIMPROBBRE as SAE 5W 30,
10W 30 and 10W40. These viscosity performance enhancers, commonly

referred to as viscgsity index (V) .15 iLpprovers, _include olefin
copol yners, pol ynet a%r%’f% T8 mve)ntlognéeéf‘ggﬁn%?h d?poegrésr?aqed di ene bl ock
and star visopsi yyeisdex higwe ovedrer ifakrslabeioét ang callsed

nondi spersant VL _Jjopr Is e th do_not hel revent, varni sh
or sludge in th%s%$$l$¥g I“eﬁ%gﬁﬁﬁﬁa %% Eoprgce ﬁep?% PSS n%ngpﬁternal
conmbusti on engi hebricating oil Toompoaidgnbnshasdsaddiel fe aardepasiattiesg on t he

i . di ts., ly. d, |
i per sanfs, ar CoUA S IRET Bies PR REELBLET SARPLIAIUERE . ) (e
sl udge and var n¥ste npéeticiksaly, thespgperdedinmettieonidelate@sprtevent them
fromformng dif%%%.?gr?é'&fsé j;[#;ye .engi gﬁmalgseg%réﬁfc@ fIQJqIUSt ry standard

test for engine’C I'ness 18 gquence est (measuring
sl udge, var ni shstarenedaydigpernateshgiieep. block cofpalymarsashl ess di spersant

tp be ConSidered efﬂ&ﬁ%i&ﬁ%i&& é%ls fornﬂ§g ?hl8¥éﬁk£g§é”éﬁyﬂnef%&qglatEd
w th a nondi spersant
10 contain components which are used to improve the

viscometric performance of the engine oil, i.e. to
provide for multigrade engine oils, such as SAE 5W-30,
10W-30 and 10W-40. These viscosity performance
enhancers, commonly referred to as viscosity index (VI)
15 improvers, include olefin copolymers, polymethacrylates,
and styrene/hydrogenated diene block and star
copolymers. These materials are often called
nondispersant VI improvers because they do not help
prevent varnish or sludge in the o0il from depositing on
20 the inside of an internal combustion engine.

To prevent this sludge from depositing on the engine
parts, dispersants, commonly referred to as ashless
dispersants, are added to the motor oil. These
dispersants keep the sludge and varnish materials

25 suspended in the oil and prevent them from forming
deposits in the engine. The current industry standard
test for engine cleanliness is the ASTM Sequence VE test
(measuring sludge, varnish, and wear in the engine).

For an ashless dispersant to be considered effective, it

30 must allow a motor oil formulated with a nondispersant
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-2- VI inprover to pass this test while passing the industry

st andard Qﬁ;&%ﬁg&pence VI A fuel econony test, as well as pcr/Epsmisingr tests
required by the I ndustry. Generally, the fuel econony suffers as
nore ashl ess di spersant is added 5 to. the notor oil. A dispersant VI

i nprover can repl ace ashl ess di spersant and still maintain good

engi ne cleanliness in the Sequence VE test. In addition, it

will give betteVIf bmprevenohy pass HehiSequeatfce/VIlR Paslsing the sodnemyytest.
10 o] f e AL [ pti,Qn to
provide a | ubr| %5 P§é§él {\grd@speﬂe:r?\éé W fJEI\’/HT S@{S’??’?V 85)’( farsrpgéger Ia\%\/m ch

is highly effecbtherandsts requ%ﬂﬁd}QX)Whﬁﬂkﬂﬂysxnyubsﬁanekaﬂlamo@he of the
ashl ess e ddi n i 15
pr esent |nvent|o%§§eé§§ﬁ%mg ﬁ%%53953§%§%5¥§@%§5 d%%p%anQ% gr an§g(a
process fbr itstpréeparmdton. 011 A disperdfsamt n§tamweovartypncabpdaankcase
engi ne oi | o] ion t S ut 80.ta 95 r cent. by wei ght of
base oil, 0.1 t855E gg éﬁ%p%¥s €f§%55| IV S 58947 (vi1), and
5to 20 percentcméaaldnepersmntherﬁn¢némne VE test(Duh pad&agenmhuch

non- ai sper cant vELy 94 PE°b8EREL ST econony i I Bes et da PR LRy sant

IS requi eednbmystehta conposition. The active conmponents 25 of

t he DI kage nor I nt ai bout by wei ght
(%) of he ashleggkd¥§p§?sgn °T% he" é% ﬁ éﬁé§h§e556588 ri sed of

ot her |ngredienﬁﬁveuchoasta pr0V1dedEtkﬂﬁﬁNﬂatﬁﬂ@ aﬂﬂ:dWB@Eragemt an
anti oxi dant an | QuUS ot her n q?dltlve f0|I COﬁpO%ItIOHS
30 usi ng th¥lﬁF85éF¥ahF T stRTTY f & ( FRF Ea t he

present inventiapleikb séplhceomtéuwsﬁﬁnnmaﬁMthmAESof the apéneest of the

Pﬁ;gxozkp?gsefr ;ﬁégg%gng adéltlv eﬁé?%ﬁlly used %% %ﬂee%biggrsaq{ V&%%OSIty

15 present invention describes such a dispersant VI
improver and a process for its preparation.

For instance, a typical crankcase engine oil
composition contains about 80 to 95 percent by weight of
base o0il, 0.1 to 3 percent of a viscosity index improver

20 (VII), and 5 to 20 percent of a dispersant inhibitor
{DI) package which contains an ashless dispersant. Such
a viscosity index improver is a non-dispersant VII.
This is the reason that the ashless dispersant is
reguired in such a composition. The active components

25 of the DI package normally contain about 50 to 60
percent by weight (%wt) of the ashless dispersant, the
balance being comprised of other ingredients such as a
detergent, an anti-wear agent, an antioxidant and
various other minor additives. The oil compositions

30 using the dispersant viscosity index improvers (DVII) of
the present invention will still contain about 80 to 95
percent of the base o0il and preferably 0.1 to 3 percent

of the dispersant viscosity index improver. The DI



- 3- package will still conprise about 5 to 20 percent by weight of the
crankcase oil conposition. However, it wll be shown bel ow t hat equi val ent
per f or mancwoi98/18488 performance of the prior art typical oi PCEERYPSEIS on
can be achieved with the oil conposition of the present invention wherein
the DI package contains O to 60 percent of ihke anmobunt of ashless

di spersant used in the DI package of the prior art typical oi

conposi tion. e V, Il ong t S Ss
di spersant to bechﬁgQ f§ Qﬁ %gsggh%ggﬁgéint céﬂgﬁ}e th%W% i unt
needed with a nowedgépecéanlnevq:smlsq:we ¢idesonippmicen, . | Howenves ,t yii cal

i | composi tion ,,depchhbefoaboNeron cndl% ALARAN BATHI AN RIS,

di sper sant VISCOSIty I ndex | nprover |near opol ynmer or
star bl ock copolyﬁefprmﬂecemftmelprmx ai th | gk axdp glinsommes iddom aram of

the radialcor stpy BLAgk,EORQIWIEne [EEPECHiNEl N PSRN QY gAlde puTber

average nol ecul af werg conprises a

conj ugat ed di eneihwgnnhgon m@abexnaNMea@EepaﬁkagdznonMalghtOo&cBGmD to

200, 000 and a block of ao¥ P% aromati c arb n_having a nunber _average
mol ecul ar wei ght P9 %8bo HRY? t%& REFSRE Ta WSy Pk SFat i ¢
hydr ocar bon contentpatkégé OOBOtNm@hIomeHmrﬂypmimr @il Tompoka thlon.nyl

i m dazol e functignal ups chai ave een rafte 0o the
copol yrmer . ﬁ?@ §fsé ?o Y%thﬁ&K? F@W@F & nﬁFPéFﬁ& a
pol y( pol yvd nyl aaimmrsant\uwems bedu ¢atd) tnydartog@wted OC@I&Jrld:@alttF,‘d:oﬁipeﬁQd

arns, are known fromUS 5,0 rsant VI .inprovers hased
ethylene/propyleﬁ%/HP%n%m%%P?cﬂ%ﬁé?é?fi) ﬁhdﬁﬁ*?%%ﬁﬂaﬂﬁagélf?f5851fﬁére i s
no information i in&ékhemppdvéhese.e. the tHHIMMIPGE1 composition

described above.
The present invention provides a dispersaﬁt
15 viscosity index improver linear diblock copolymer or
radial or star block copolymer, wherein the linear
diblock copolymer and each arm of the radial or star
block copolymer, respectively, has an overall number
average molecular weight of 7500 to 250,000 and
20 comprises a block of conjugated diene having a number
-average molecular weight of 5000 to 200,000 and a block
of a vinyl aromatic hydrocarbon having a number average
molecular weight of 2500 to 100,000, the copolymer
having a vinyl aromatic hydrocarbon content of 5 to 50
25 weight percent, wherein 5 to 10 N-vinyl imidazole
functional groups per polymer chain have been grafted on
to the copolymer.
If said diblocks form arms of a radial or star
copolymer, the overall molecular weight of the radial or
30 star copolymer will, of course, be much higher than that
of the linear diblock copolymer.
The present invention also provides a blend of at

least two different copolymers of the presen£ invention.

his Sheet Has Been\lie |liced
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- 3a- docunents from which can be derived that the copolyners, 6 of the
present invention are effective dispersant viscosity index inprovers.

I f said dighogieisd ormarns of a radial or star copol yner, ptigpen@Ees |
nol ecul ar wei ght of the radial or star copolyner will, of course, be nuch

hi gher than that of the linear diblock caopglyner. The present
I nvention also provides a blend of at |east tw different copol yners of

resent invention.
the p For example, a blend of two different such linear

diblock copolymers may be used. Futhermore, it provides
a blend of at least one such linear diblock copolymer
and at least one radial or star block copolymer of the

5 present invention.

The base copolymers suitable for functionalization
to produce the copolymers of the present invention and
thus to be used as DVII {or without functionalization as
non-dispersant VII) include hydrogenated copolymers of

10 one or more conjugated diolefins containing 4 to 12
carbon atoms and one or more monoalkenyl aromatic
hydrocarbons containing 8 to about 16 carbon atoms. The
base copolymer may have a linear or radial architecture
or may be a mixture of such polymers. The polymers may

15 be hydrogenated selectively, completely or partially,
preferably to the extent that greater than 90% of the
initial ethylenic unsaturation is removed by
hydrogenation. Preferably, the hydrogenated polymers
are substantially free of ethylenic unsaturation.

20 Selective hydrogenation refers to processes which
hydrogenate a substantial portion of the ethylenic
unsaturation but leave a substantial portion of the
initial aromatic unsaturation unhydrogenated. As used
herein, a hydrocarbon polymer substantially free of

25 ethylenic unsaturation will be a hydrocarbon polymer
containing, on average, less than about 10 carbon-carbon
ethylenic double bonds per polymer chain. Polymers
containing more than this amount of ethylenic
unsaturation will, under certain conditions, exhibit

30 excessive crosslinking during a functionalization
reaction when the functionalization is completed in a
blending apparatus capable of imparting high mechanical

shear.



THO906PCT WD 98/ 13443

PCT/ EP97/ 05238 - 4- For exanpl e,
a bl end of yhywegfiehd erent such Iinear di bl ock copol yneca/Eryoses used.
Fut her nor e, |t provi des a blend of at |east one such linear diblock
copol yner and at | east one radial or star block copolyner of the 5
present invention. The base copol yners suitable for
functionalization o, pr.oduce, t he copol yners resent i ntion
and fhus to BeehubonBaTERToPE PR PREET TORIS P Sa PP atss

non-di spersant Viih) bul®l, ué&sbydﬁﬁ)gﬁlﬂabeﬂuﬁﬂtﬁﬂlg{f’rEérﬁubildrO As ohe \OélIrDre
conj ugat ed di ol efins containi bon a.g d,one or

tﬁlnlng 3@
nonoal kenyl ar on&PP¥"r POLYMRy FBE&PBoﬂg @Bﬂ?ﬂ?ﬁ?nEOSP{% %50 yiﬁoﬁ%f%Bﬂ

atons. The pollAeesCRRY! ¥EEACHBNpNAYRe@ usne@rfpéexﬁmﬁéaﬁ,r chitecture
or may be a m xture of such polyners. The polynmers may 15
hydrogenatéd sel 68EiPBEG, BBAPRBLIENyCoinbRIZF@FFOr Other &ﬁ%ﬂ@ﬁ%&ﬁ%ﬁ%?ﬁthe

extent that greatgtatihdRs90%eh hB€transition metal catalysts used for
Ziegler-Natta and metallocene type catalysts.

Lubricating o©0il compositions of the present

invention comprise 80 to 95 %wt of one or more base

10 oils, 0.01 to 10 %wt of the dispersant viscosity index
improver copolymer of the present invention or blend
thereof, and 5 to 20 %$wt of a dispersant inhibitor
package which comprises an ashless dispersant. The
amount of ashless dispersant in the dispersanﬁ inhibitor

15 (DI) package may be reduced as compared to the amount of
ashless dispersant used in current commercial
lubricating o©il compositions of this type. The
preferred amount of copolymer or copolymers is 0.1 to
8% wt and such compositions will normally contain 0.1 to

20 5 $wt. The most preferred range for use herein is 0.1
-to 3 %wt because with less than 0.1 %wt, the DVII
copolymer(s) will contribute too little dispersancy and
with more than 3 %wt, the DVII copolymer(s) will thicken
the motor oil too much to give the best viscometric

25 properties.

Other typical components of the DI package are
detergents, anti-wear agents, antioxidants, and various
other minor additives. Examples of the typical
components of a DI package are given in US-A-5512192 in

30 columns 27 to 31.

As discussed above, it is an important aspect of the

present invention that the presence of the dispersant

viscosity index improver of the present invention



initial ethylenic unsaturation is renoved by hydr ogenati on.

Preferably, the hydrogenated pol yners are substantially free of

et hyl eni ¢ ation. 20 Sel ective hydrogenatio é‘f"%ﬁ%

pr ocessesw\ﬁh%@h&g hydr ogenate a substantial portion (r# e @f%jg/l eni c
unsaturation but |eave a substantial portiqgn of the initial aromatic
unsat urati on unhydrogenated. As used " ® "herein, a hydrocarbon pol yner
substantially free of 25 et hyl enic unsaturation will be a hydrocarbon
pol yrmer ot it it e aferlagesed eseunitan ofbeahléfscdibparsambon

et hyl eni ¢ doubl e nds_per_pol.ynme ai.n.. Pol yner i ning nore
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shear. 5 Wi 84t same level of sludge and varnish prevention
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requirements for formulated oils are expected to become
more restrictive in the future.

15 The block copolymers which are being functionalized
in the present invention have long been used in
lubricating oil compositions as non-dispersant viscosity
index improvers. As referred to above, when one of
these polymers is replaced by its NVI-functionalized

20 equivalent, the amount of ashless dispersant in the DI
package can be decreased by at least 40 percent
depending upon the amount of DVII which is used in the
0il composition. As an example, consider a typical oil
composition which could contain 92 %$wt oil, 1 %wt of the

25 unfunctionalized diblock polymer described herein, and
7 $wt of a DI package which contains 57 %wt of the
ashless dispersant {i.e. the total amount of ashless
dispersant in the oil composition is 4 %wt). If the VII
in that composition is replaced by an equivalent amount

30 of DVII according to the present invention, then the
amount of ashless dispersant in the total oil

composition can be reduced to 2.4 %wt or less.



package whi ch conprises an ashl ess di spersant. The anount of ashl ess
di spersant in the dispersant inhibitor 15 (D) package may be reduced
as conpar edwoos/ti¥e3 anount of ashl ess di spersant used BGI/ERPTOEIIB
conmer ci al | ubricating oil conpositions of this type. The

preferred anount of copolymnmer or copolynmers #s-0.1 to 8% wt and such
conpositions will normally contain 0.1 to 20 5 %uw. The nost preferred

range for use hereinpi 1 : Wit h Jess, tham 0.1
%W, the DVII Ah?o%& {f_r‘rgr g?ls\ng_ﬁl §ég§%f|§)§ﬁ?§5ﬁ% l-}i t_t?e %flspiglrygancy
and W th msed tithafduBrimetingeocbVl comppal yiens s9f viihis tthypkepan be
the nmotor oil to cht i besteXi met §4,.6; 291 Propertd

Q her typical co%ﬁgﬁeﬁ'{lsqgg ?Egggﬁtpgckggg§§$e ypi dleh{'ergenf%,gaﬁ?s-sv\ear
agents, antioxi ddnspersadtsagreuselativelpt hew molerulaidiveiazst Exanpl es of

t he typi cal c nent a p g £; gl .V ' - A-5512192 in
30 col amﬁs 2?0%3%%2139 ah%h hg)k(sa %%gguggﬁé“% oa\/]giflzélcp ]?Lg an i nportant
aspect of the chloripaésent ornmeheadhoh hat th her pr esence suibddmpuatitsper sant
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use of | esser anoyptsadf pashbkefidsspsedante ethylene rcapiel wgtse ol
crrect on the fuBpLybUEeRR3 GRS poly;spBhEli SNt Ik ol o ¢
; ge t le to
5 achiieve thposernlhevekight sbedgeennsbyat ndGh ftE\EIT0 0N The whi | e
usi ng |ess of the ?:'Shlnessagiusggg. gn}iér;rpgtive of trl'xeeducotli Oor}.gpinaschalne%s
di spersant cont eAB<6f"thedY poly e
made from the chlorinated polyoclefin or via a peroxide
grafting reaction. Typical further derivitization
reactions are esterification with polyhydric élcohols,
15 such as pentaerythritol, or amidization with polyamines,
such as polyethylene polyamines. Such ashless
dispersants are described in detail in US-A-5512182.
Also included in these oil compositions are
detergents, antioxidants, antiwear agents, rust and
20 corrosion inhibitors, and other additives known in the
~art, such as are described generally in US-A-5567344.
Suitable lubricating oils are natural, mineral or
synthetic lubricating oils, or mixtures thereof.
Natural lubricating cils include animal and
25 vegetable oils, such as castor oil. Mineral oils
comprise the lubricating oil fractions derived from
crude oils, coal or shale, which fractions may have been
subjected to certain treatments such as clay-acid,
solvent, hydrogenation or catalytic dewaxing treatments,
30 examples including aromatic oils, non-aromatic oils and
naphthenic ocils. Synthetic lubricating oils include
synthetic polymers of hydrocarbons such as

polyalphaolefins, modified alkylene oxide polymers, and



formul ated oil, discussed above, provides the oil formul ator with

the ability to use less volatile base 10 oil m xtures due to reductions
in the | Qusbbiveey ature, hi gh-shear-rate viscosity ¥&EM70s13893). The
use of | ower volatility base oils is inportant as volatility
requirenents for fornulated oils are expesed to becone nor e
restrictive in the future. 15 The bl ock copol ynmers which are being
e o P estars shin BE BLESRNELEYGOLLEN:DEKPS| OnBhOEEN USeT |1

| ubricating oi f conpoSrtions as non-di spersant VvIScosity i ndex

i nprovers. As Lpebeiceditg abbsearahpneﬁaeabiy crankcahesbupoiyaELBgls
replaced by its functigpa 5 U|val nt of ashl ess
di spersant in ?hgwffor sparQ Lééggé ah %e ge Fgaseénbgggfépggst 40 percent
dependi ng uponeﬁ@EnaspuhUtoinEWhﬂembnsb hgdnseﬂlcnlnh51cants, met&l-
conp05|t% exa ul <°oNs |dg% aégglgra on £189 osition which
could co taln @3 S8k 9 o E ost “of “rRE ﬂn?hﬁc%lona 283" di bl ock

pol ymer descri bed heeéenabhpdthe lubrfc&M&ngfbaséﬂophckamﬁbm@mthoﬁoﬂheins
57 % of the | ess d| ers /ﬁﬁ .e. the total apount of ashless
di spersant in FﬂQPBFFt&8ﬂﬁo§FFPS § PIPFePhetQY§NLLON 1S an that
conposi tion lSmiﬁekamedubylaatqulwaueat anﬂuﬂturSOOf migéx®VI | according
to the present |nvent|on nount 8f ashl ess di spersant in

the total oil 1ub rlca&bﬂﬁo?ﬁﬁ?onSBQH pa FEBEEeﬁO% BY s/ eRPepr CPEREN1ES

WO 98/ 18443  of the Royal Dutch/Shell Group of CEEHEEEQg/GﬁaQB the
-7- Any ,ashl ess di spersants which are norma

|
used in Iubrlc%??hgnBFFOEBHpégFtroﬁ§ bhet AYRLh§hLC ARdpRcarbon g@d in the

present invent$ops IMDHCB&|MembEQSeoa§EhE§§ of the Hb§PErBants/8nell

relatively | ow_nol ecul ar melg N n
Group of Companhies under the designation "XHVI"™ (trade

mark) .
15 The viscosity of the lubricating base oils present
in the compositions according to the present invention

may vary within wide ranges, and is generally from 3 to

35 mm?/s at 100°C.
The lubricating oil compositicns of the present

20 invention may be prepared by adding a dispersant
viscosity index improver copolymer of the present
invention or blend thereof to a lubricating oil.
Conveniently, an additive concentrate is blended with
the lubricating oil. Such a concentrate generally

25 comprises an inert carrier fluid and one or more
additives in a concentrated form. Hence the present
invention also provides an additive concentrate
comprising an inert carrier fluid and 10 to B0 percent
by weight (active matter) of a copolymer as defined

30 above or a blend of such copolymers, the percentages by
weight being based on the total weight of the
concentrate.

Examples of inert carrier fluids include



5 pal yol ef i ns whi ch have been functionalized by chl orination or
mal eation with or w thout subsequent condensati ons bei ng done
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average 10 nol ecul ar wei ght between about 500 and 5000. The
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PCT/ EP97/ 05238 esters such ag@gvol ynmet hacryl ate esters. These
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conponent of th@romatic hydrocarbon is styrene.
It is important that the copolymer has 5 to 10

N-vinyl imidazole (NVI) functional groups per polymer
chain. Preferably, there should be an average of 7 to 8.

20 If there are less than 5 NVI grafts per polymer chain,
then the dispersant activity is insufficient to provide
acceptable engine performance when formulated into an
0il containing a DI package having a reduced ashless
dispersant content. Since a level of 7 to 8 NVI grafts

25 per polymer chain is high enough to provide good
dispersancy, there is no need to go to the expense of
grafting more than 10 NVI functional groups per polymer
chain. Use of more NVI than that can cause an
unacceptable level of polymer degradation and/or

30 crosslinking because of the increased amount of peroxide
grafting agent which would be necessary to add more than
10 grafts of NVI per polymer chain. If the level of

degradation is too high, the rheological properties of



conpositions according to the present invention is a m neral .
| ubricating oil or a mxture of m neral | ubricating oils, such as

t hose SOlG’Sﬁ%’e‘?}:{;ﬁer conpani es 10 of the Royal Dutch/ Shetkpdiosisg of

Conpani es e designations "HVI", or the synthetic hydrocarbon
base oils sold by nmenber conpanies qf the Royal Dutch/ Shell

G oup of Conpani es under the designation "XHVI" (trade mar k). 15

The viscosity of the lubricating base oils present in the

conmposi tions actbedehdg compheipte’ewill RRmivrsely afiggFady y ThuShin wi de

ranges, and is QQDFEakBMnEremé &0i1ization 35 MAH ivdrayedlo 100w 1d Qv1

The lubricating oi[ conpositions of the present 20 I nvention may be
prepared by addgmgfasdpspepsiwrer chainprevsiesy fhridesthhmaRemadefs! ymer
of the present in L 819; 851 bLE L eof 10 & dJdrd LAt I 1Qsle
Conveni ent |y, aﬁfaﬁafsffvgﬁg%%ggﬁtrét% ?@e%?endbdamth B the o~

| ubri cati Ag oi | inSacheagéonacehl r hpemgbaeed| withm reduygathrEamanta®f nert

carrier fluid anh‘iggsoﬁigﬁé?sant. additives in a concentrated form
Hence the presen rnvention al so provides an additive concentrate
conprising an inert Toarviieylf upmatihd Hpdrec@tbgreremitent of thgsenei ght

[ f I .def . ; I h
copol yrer s, & hecpBPadEagedRpyn a1 LE' bRyt jona EORKE A She sy =1

wei ght _of the inventdoncéntpatferably 20 to Exatwt es Tfe igwataldarri er
LE#;%EQ;?@gggg number gg%%gg%3éé§ecular weight of_%ﬁe linear C?ﬁﬁﬁ%ﬂ%ﬂ%mwm

and m xtures of okydhecarimensfwratialcohossar copolywmert hiey Rrefitakby

met hanol , et haz’g:oé,ogpﬁggn%olgbegt-The ?PW%§£$Q%§A 1 ety vgeei(r]éﬁputyl

ether. For exa carrier y an aromati c hydrocar bon
sol vent 5 ofucheasitakubheckxybeneefearably e40t 0t eof &, MGt LaTed of

toluene or xyleng withyan 2,eo0gk  nohbe 8 Vel gne LOP the vinyl
15 aromatic hydrocarbon block is preferably 20,000 to
50, 000.

The present invention further provides a process for
producing a dispersant viscosity index improver
comprising grafting N-vinylimidazole on to a linear

20 diblock copolymer, a radial or star block copolymer, or
a mixture of such copolymers, wherein the or each linear
diblock copolymer and each arm of the or each radial or
star block copolymer, respectively, has an overall
number average molecular weight of 7500 to 250,000 and

25 comprises a block of a conjugated diene having a number
average molecular weight of 5000 to 200,000 and a block
of a vinyl aromatic hydrocarbon having a number average
molecular weight of 2500 to 100,000, the or each
copolymer having a vinyl aromatic hydrocarbon content of

30 5 to 50 weight percent, wherein the grafting
functionalization is performed in a device capable of
imparting high mechanical energy, is performed in the

presence of between 0% and 15% by weight, based on the



carrier fluid may be a mneral base oil or m xture of m neral base

oils, such as those sold by nenber conpani es of the Royal

Dut ch/ Shel wo®@sasqa3of Conpani es 10 under the designati O?E‘Y’EW{“?%. g.
"HVI 60" base oil, or the synthetic hydrocarbon base oils sold by
menber conpani es of the Royal DutchiBShell G oup of Conpanies

under the designation "XHVI" (trade mark). The preferred di ene
used in the copalyikis O Bd& KRpol WASEWs iaN@NLeaR bl sapaene and the
preferred vinyl aromati ¢ hydrocarbon is styrene S

. It i
i nportant that tswf Giopienymet-Hay Binidagple is used gonfhatnPdi2ol8 (NVI)
functi onal grour%_‘pj%yﬁqﬁgtﬁe[%%e FunctSh#a: gligroq,fp%r @,}glrypotllgg\ég shauhdabe an

average of 7 to ere are less than 5 NvVI grafts per polymner

chai n, t hpre fited dinspger Sdt erRRAAMMEE - s i nsufficient to provide
accept abl e, engi ne p forh@aln- RN It QFARhe block Of |
cont ai ni ngejsa DI pacﬁlgihg% avﬁﬁlg a reécfﬂ{:ler% géeﬁ'%gss © di ggersant content.

Since a |l evel ofcépdalyrieiIprpidtePFor fuypatigelai@atdrai Ani $hai BAtBABugh
to provide good | a}-B’c,Kﬂ ; S ; phoe8e hei1khgigxpense
of gr af t?fngthn%rlgeu%%ﬁ\él élfrbg{\gatfleor%%lg%ggpg per polymner

chain. Use of nweidht ddwessdmt fomn Weugardncular copedymept &bl kel avel of

Bount of peroxitLid 8¢ ot tenpe ChARY ARY BRI e aEu ke O
more thamg NdEng) B t 5iqfi d\folpewe yxol viner. @diymerisf whiiehl evel 1ofuid
gg%;ggg;}ggzgg té¥)§¥é¥haééniéggggé)ifgﬂaﬁg()fgggﬁ%%l %_not procggéggé%§443
in blending equipment capable of imparting high
mechanical energy such as an extruder. As a result,
polymers having a molecular weight sufficiently high to
15 be solid at standard temperatures and pressures will,
generally, be used in the method of the present
invention. Moreover, it should be noted that chemical,
thermal, and shear degradation which occurs in the
blending apparatus increases with increasing molecular
20 weight of the.polymer. The amount of degradation is
_significantly reduced with the method of the present
invention and, as a result, the method of the present
invention may be practised with higher molecular weight
polymers than has been practicable in the extruder
25 processing of the prior art. Generally, however, the
method of the present invention will not be used with
polymers having a sufficiently large molecular weight as
to result in more than about 30% degradation of the
polymer during the extruder grafting process.
30 A non-dispersant VII may optionally be included in
the oil composition of the present invention. It will
generally be present in an amount equal to or less than

the amount of the DVII used. The optional non-dispersant



the oil conposition wll be adversely affected. Thus, it is faund
that utilization of an average of 7 to 8 NvI grafts per polyner

chai n provi@egidee best conbination of cost, rheol ogceapoRéeRerti es,
and di spersant activity 5 in an engine oil fornmulated with a reduced

amount of ashl ess di spersant. - 12 - The vinyl aromatic
hydrocarbon content of these copol ymers which will be

f unct li zed th t ferably 20 to 40 9%
The overal | 10 V1T REBAPRapE: 5B8 FOPERH Bt 0 Ghi T THEATnedr Rodrynor s

or the arns of I‘cadl @le olestiar cepplyaess mét@IBcB@éri?éﬂpblymers, 70,000 to
130, 000. The nunb gggge nol ecul ar the diene block is

of
preferably 40, 08@ ylagfe oFf pOYemgﬁﬁ ?ﬁnﬂ%ﬁr?ﬂﬁﬂ (fHIS&R ar

wei ght of the vhmal/olScopol@zm@mfat tBeby¥dFf ogat RO ) DCdmirse r afiey aldey 20, 000
to resent |nv§ntion further, rovides a
by ‘?&ﬁ

50, 000. The
process fér prefﬁf&&&éiH§m898#§B§F§aﬂf ERRTR3E S h 03

conprising graf viiegely virngbpbl ¢neeketRBréOf awl tmediny 2 romatdidl Ock
copolynmer, a radial or star bl ock, copolymner, or a mxture of such

copol ymers, wheP¥PROCREPBASeach MifgaFange of Tﬁ%ﬂ%ﬂﬂ?Ruﬂﬁﬂ%ﬂﬁﬂPQ%ﬁﬁﬁﬁﬁ:h

armof the or eaghthadiakter type 8hAMbd! Q€KL £ARPI ¥dBIhe &%ﬁﬂ?gi has
an overal | nunber average nol ecul ar wei ght of 7500 to 50,000 and

25 conprlse§fatBPoEQ“GﬂlépééﬁFﬁéaYEB Wi bele R/ iYRES Huride

average mgl ecul abmpeisqht oAl 8008hE0p200eRP0; eh @ dH OCk ol ymers Qfhid i nyl
aromati ¢ hydrocarbon havi ng a nunber average nol ecul ar wei ght of

2500 to 100, oooarﬁher&fEééeﬁ as the “EBp‘é}?ﬁ%’FS?\‘a"\/l\HgI PIHWRAT Hforkds ¢

hydrocarbon conpeakedk %9vent15nt9n59uM@'9ﬁé f&ﬂgnaﬂﬁﬁﬂdﬂﬂlJéﬁidyéaft'ng
functionalization is perfornmed in a device capable of i nparting high

mechani cal ener §f, PPROPELYBEREdaNA FRARCLYmErs fidsafc@ s dracmdrd0%and
15% by wei ght, basgd3eB8s5tRhe, Us-aA-3150209, US-A-3496154, US-A-3498960,

15 US-A-4145298 and US-A-4238202. Polymers useful in the
method of the present invention as the non-dispersant
VII base polymer also include hydrogenated and
selectively hydrogenated derivatives of block copolymers
such as are taught, for example, in US-A-3231635,

20 US-A-3265765, US-A-3322856 and US-A-3772196. Polymers
which are acceptable as the base polymer further include
hydrogenated and selectively hydrogenated derivatives of
star-shaped polymers such as are taught, for example, in
US-A-4033888, US-A-4077893, US-A-4141847, US-A-4391949%

25 and US-A-4444953.

In general, number average molecular weights for the
non-dispersant VII base polymer of between about 200,000
and about 3,000,000 are acceptable when the base polymer
is a star-configuration hydrogenated polymer of one or

30 more conjugated olefins or a star configuration polymer
of one or more alpha olefins. For base polymers which
are linear copolymers containing more than about 15 %wt

of monoalkenyl arenes, number average molecular weights
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anount of base copolyner, of a diluent oil, and sufficient

N-vinylim Wfd/ﬁ#bs used so that 5 to 10 N-vi nyl i m decoepei/esass i onal
groups per polynmer chain are grafted on to the copolyner. 5

The m ni mum nol ecul ar wei ghts of the block ;5 . copolynmers preferred for
functionalization in the nethod of the present invention are limted

by the nol ecul ar i ght _ne sary for the { cul ar_ copal r to be
a Sol  d dkeTERRR 1 BHp of br &0 A HEEBher & LR @dedipabTe.
Normal I'y |'iquid poéyNERE nbn-diHOeye@is Wi Cbass Il is a stat standard
tenperature and pressure do not process well = | i n bl ending equi pment
capabl e of inparEPRELGHRERTLION COPRLYRRH| CRNt L Qi HehARB]Y févt As

a result, o POhYABE Sk Y1 Nl éndi®) ekl afio MEh bl r SHifdiRisenidey high to 15
be solid at standard tengera ures and pressures wl |l eneral ly, be

used in the net pgeberapby ppekesen about 3GRHQ @nd Mhsvdr, 50, &bul d be

noted that chem cal,ppe non-d§EdPdan@ngr eyl adad ivan wWhicheccurs in
t he bl endi ng apparatus increases with increasi nq_l nmol ecul ar 20

wei ght of the polyseersamhe’BhotPRobymefedyr RIEgRIE] ¥ith diolafgmis iwdddt |y

reduced with the gpthod Ofn{hen Pt esefeyration, MR RN YWy A WJiaaul t,
t he net hod of the present invention may be practised wi th higher

nmol ecul ar wei ghtbe hydrogenateds tWaen Huve eelhymamcts dudredenatasd.exiheuder
25 processi f 1.or _art | J QYEVES - met hod
of the prlce)és:ent iq%(/(gﬁ é%ﬁaiv)m{(%rf nﬁ%&f e %e %%%ﬂeé] \{-ﬁ{)(ﬂg rrgorfs haevi ng a

sufficiently | argechmigees akngwd ght ®ike prior axns redidn €xempiree tten about

30 R o adenason Ay B act el S S o ol N Provess.
oi | conposition efhyhenpsezehtaiemahi¢ omsatuygtion is cong@rdied |y be
B R i
15 example, in US-A-3113986 and US-A-3700633, or the
hydrogenation may be accomplished selectively such that
a significant portion of the ethylenic unsaturation is
converted while little or no aromatic unsaturation is
converted as taught, for example, in US-A-3634595,
20 US-A-3670054, US-A-3700633 and US-E-27145. Any of these
-methods could also be used to hydrogenate polymers which
contain only ethylenic unsaturation and which are free
of aromatic unsaturation.
The number average molecular weights, as used herein
25 for all linear anionic polymers refer to the number
average molecular weight as measured by Gel Permeation
Chromatography (GPC) with a polystyrene standard. For
star polymers, the number average molecular weights are
determined by the same method or by light scattering
30 techniques.
The molecular weights of linear polymers or
unassembled linear segments of polymers such as mono-,

di-, triblock, etc., or arms of radial or star polymers
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- 12 - VII portion of the conpositions of the present invention
can be ol %6%13930' ynmers, netallocene pol yners, pol y&pkepitdsyigat e, or
pol ymers of hydrogenated di enes and/ or copol yners thereof with vinyl
am nes, but are 5 preferably honmopol ygqers of hydrogenated conj ugat ed
di enes or copolyners thereof with vinyl aronmatic hydr ocar bons. A
wi de range of nol ecul ar wei ght pol yners of the latter type can be

utilized as thebbfissepobypbing, are e$nyerel ewhlylimgRaurms by IGRGhi ofhearee
used in the 10 LELANSa Ofpd . ti.0on. mers, whi ch
are preferred aghtehgggg%%%ﬁer%gn; %/’I?I%p%f%lrd%ﬁ{]réeaQQbrapg%r es%rﬁ

i nvention incl udeichéchydlyopeharedi ged i vmearpolymers,ofthsopydotmererds and

U8 Sao61sa.  LeeReAEEatEy halbaittres e ddig R ol R0l s rer
useful in5the weight/ptuhberosvehagpresketulaweergight asttilve approdicheer sant
VI base pol ynel,.aige | gghude DY OLQORNALAL AMhe ana adelflRE Vel Y

hydr ogenat ed derivati ves of ock copol yner Ch as “are taught, for
exanpl e, in US- Ae828ip85ve200 repdys: ALIBR6hYedbk" USoee332RB85 G edfiedtred to

US- A-3772196. Pol yners " i ch, are accept abl.e as the base pol.yner
further include®® ~SPPaRERE, eﬁﬁ?éeéu%%ﬁ %eell‘%%: i??tlejlry%ehyndarr(f&é’nﬂogﬁcumr
derivatives of weight dssarisbtpen posgmerd. Sistaldsy,artthet gt vaflae is
exanpl e, . N US- A; 403388 US- A- 4077893, US- A- 4141847, US- A-4391949
25 aﬁé Us- APF5Y58B3ENE Rimbex andléh%e%%lr%qt, hoeT 'avgrlhaegger?& &1 ar
wei ghts for theapparenthometlespbasawméight imsthepaolrrruleir hetiwhen cfbout
200, 000 d about 3,000,000 are acgceptabl e en the base pol yner
is a star-confi EBFai“FbFI FRAFbGEn3P %" 3t y%é%) '%?rod?%gnodﬁ'ra% %sorrmre

conj ugat ed ol ef pasydk spestar pobphe gsir tlhe ove ity ererage molefculae or nore
al pha ol efins. For '

cont ai ni ng nore"thi QZEBquggé/;\f‘%é&Patedoff%ﬁ:)ti%(Iecne%rme?%?gpﬁg%, M dfer
aver age bbl ecul asedei gibgs materials to be used in the columns of the
GPC, styrene-divinyl benzene gels or silica gels are
commonly used and are excellent materials.
Tetrahydrofuran is an excellent solvent for polymers of
the type described herein. A refractive index detector
20 may be used.

Measurement of the true molecular weight of the
final coupled radial or star polymer is not as
straightforward or as easy to make using GPC. This is
because the radial or star shaped molecules do not

25 separate and elute through the packed GPC columns in the
same manner as do the linear polymers used for the
calibration, and, hence, the time of arrival at a UV or
refractive index detector is not a good indicator of the
molecular weight. A good method to use for a radial or

30 star polymer is to measure the weight average molecular
weight by light scattering techniques. The sample is
dissolved in a suitable solvent at a concentration less

than 1.0 g of sample per 100 ml of solvent and filtered
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- 13 - bet ween about 80, 000 and about 150, 000 are acceptabl e.
When t he ngpodiisdasr sant VI base polynmer is a star RSTH/ERATIOABon
copol ymer containing nore than about 3 % of nonoal kenyl arenes,
the nol ecul ar weights are 5 pr ef er ably:bet ween about 300, 000 and about
1, 500, 000. The non-dispersant VIl polynmers, as well as the
di spersant VII copol mer s are mﬁth di ol efins t Qi
et hyl eni ¢ unsat urat?®n YIHP% oI5/ \Kﬁ’ﬁ"febrane Vylltg:erh (?rfoggl(eé(r%gteh%r\m
the polyner is hydsogs nﬁéﬁé,sizh@ cil.i)rectly‘lﬁdfmgm |1Q@hnia)sdaeztmtmgpl i shed
usi ng any of the techni ques known in the prior art. For exanple t he
hydrogenat i on nmagebk. acterpliNeS G IiNg MRATHrements éFﬁyP@ﬁ'@?&%?
aromatic unsaturaii gnel3cEOON Q£ efbart DAL disipaa mihods such as
t hose taught, QL % fh c:exarrp l e, |an ljasr-m- 86 aand US-p%(::1 700633, or the
Hydr ogenat$ on nagotaeeat:ca)hmn sW%e‘ﬂ@:’tqqﬁéi )Pfsﬂﬁﬁﬁi‘{rl?-ét The g
st gni ficant portyppeolehhes ot AYEAILE: HISAIANRT (Y ) Bf the sef@veried while
little or no aromati ¢ unsaturation is converted as taught, for
exanpl e, in US An8834508, ap(the says AMaeFigosth 39dAIZ7 (635 28%d SQSVENE7145.
Any of these 0 C d q%eNAE RPNT S
whi ch con’t’%??lngéﬁP E‘r? P rﬂfgé%érz%tb{ru#%el otr?q’éegﬁq;\bm ch ge ?lreee S
of aromatic unsaanéatébevant to such memsunamnzgrtaver age nol ecul ar wei ghts,
as used herein 2 or aé zélﬂ?c_ai’ ocj Wo%art%f gL ohQ the nunber
aver age mbf ecul a R : : ‘ ’
Chr omat ogr aphy (GPC)WWl wh ‘aatpol‘gl.stqlr eifrer st amblar &P - FR)r Bly, Johst #iley yiners,
t he nunber average | ecul t determ ned by the sane
met hod or by I|ight gga??érlﬁén"évg%lgp Sm?ec ni ques The nol ecul ar
wei ghts of Ii neaz.poLygbtsSQatterlng fgnma§§EMQM&njSdhm&ipnsegnents of
pol ymers such as nnng B. Huglin, g éd?f'iﬂégéﬁiéﬂﬁkess,rN%QWWOQ& r%QIaI or
star polyners

15 1972.

3. W. Kaye and A. J. Havlik, Applied Optics, 12, 541
(1973). .
4. M. L. McConnell, American Laboratory, 63, May, 1978.

The grafting process of the present invention is

20 preferably carried out using neat polymer in an
-extruder. The polymer feed consisting of one or more
polymers is introduced into the initial feed port of the
extruder. Optionally, a small amount of diluent oil may
be introduced with the polymer or at any other point in

25 the extruder. The NVI is introduced into the extruder
downstream of the polymer feed. The NVI may be
introduced neat or in solution in some organic solvent.
If additional oil is required, it can be added
subsequent to the introduction of the NVI. A peroxide

30 catalyst is then added to the extruder to initiate the
grafting of the NVI on to the polymer. The peroxide may
be added neat or in solution in oil. The reaction then

proceeds while the materials are being heated and mixed
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- 14 - before coupling, are conveniently neasured by GPC, where

t he GPC swyb9pnisas been appropriately calibrated. For pCTAY DI Sl | Y
pol ynmeri zed |inear polyners, the polymer is essential ly nonodi sperse
(wei ght average nol ecular - 5 wei ght/ nunger average nol ecul ar wei ght

rati o approaches unity), and it is both conveni ent and adequately
descriptive to report the "peak"” (sonetines referred to as
"apparent") nol deultdre weitgrdeas. rgadpowspdl by ud ayacuum Vemei%tthe

di stribution Ob%ﬁﬁngft%%u%&k%uquewﬂgég MﬁkH§c£§d1£ESerl$§cu ﬁg? number

and the wei ght average pea appar ent ight is
t he nol ecul ar VImrgiIﬁUQﬁS are reﬂlOI’Y@dnﬁlrnmspbel Eglxrhmwbﬁpxﬁeltmmm ogr aph.

For pol ydi |l .y e e i r e wei ght
shoul d be cal cul at e xf%?c‘%%t he c%ftg%att\co){gr gghfgﬁg %gfwﬁ@} ués:)g%ag tI‘—hoer materi al s
to be used in tlextonidems i¢f itshéhen proc&pgpdsfygr eﬁmt&lvinglladzjeirmarﬁeesgel s

or silica gels n u dar excel .rraterlals
Tet r ahydr of ur anégl ;%har?segggl%ﬁggﬁwlééhvéﬁg % F988 Srr%fs o Fiding Wit S5k
descri bed herei VIIApodfymeatsi.ve i ndex detect or may be used.

Measurenment of the tlrht'éedr{'ilu%%lt‘.l al lwr%lglggh ftgh brocess of r@h% %’OU I }%radi al

or star polyner is no orwar as easy si ng
GPC. This is inventiemansy bleeama!disaliteblstmqsmaemmmdres do not 25

separate y nd el yt. ck C col s.{n Sane. manner
as do the%l i nealri ?%M %S'gﬂl?scg%bgﬁr gﬁlGB 4% la??Jber a%?f(;unent de nlcse, t he
time of arrival campatiMler with pollyeﬂead:hl pelymdesz slet ecd torcongpaitblae good

di cat f th dt f di al
or 30 star BEr TES (YARGFETPHY RAFORE Buerdgt ot bngry wonld ! ®
wei ght by |ight teeat tter ismgliiethe glefinThensaapl poitsion of tih gsalywed in a

t abl I t ti I I
b2 € 90, Vel e careg Al 8 Sjingg g pyd B0k udh o) © P

PCT/ EP97/1@5238 portion of the polymer when the polyddr -contains an
aromatic portion. The liquid hydrocarbon may be a pure
compound but generally will be a blend of compounds such
as would be contained in a petroleum distillate
fraction. It is, however, important that the diluent

20 remain liquid throughout the processing. It is,
therefore, important that the diluent have a boiling
point above the maximum temperature that will be
encountered during the processing steps. Preferably,
the diluent will be a neutral petroleum distillate

25 fraction boiling generally in the fuel oil and/or
lubricating oil boiling ranges. Most preferably, the
diluent will have a specific gravity of about 0.9, an

ASTM IBP of about 377°C (710°F) and an ASTM 90% boiling

point of about 463°C (865°F). Low aromatic and non-

30 aromatic processing oils are generally preferred.
“SHELLFLEX 371” (“SHELLFLEX” is a trade mark), a

processing oil available from Shell 0il Company,



using a syringe and porous nenbrane filters of |ess than 0.5 [err]m

pore size directly into the light scattering cell. The |ight
scatteri ngwoeesagaanent s are perforned as a function BCTEPAAS3IE ng
angl e and of polynmer 5 concentration using standard procedures. The
differential refractive index (DRI) of the sample is nmeasured at the
sane wavel ength and in the sane sol vent used for the |ight
scattering. The oI I OWI n efer S . n esle I reI thore% S/ %Qj

nmeasur enent : et n S Ze-BxAusion 4 qU| ogr aphy,

W W Yau, J. J.pi@dﬁd&é:ﬁ.mb &1 D Bly, John Wley & Sons, New

Yor k, NY, 1979. atteri.n Po ner ,Sal yti
M B. Huglin, ed., A%té%le?ﬁ‘%mﬁess I\YeJW’Q‘(ﬁF%J agent act{fﬁagy used
3. W Kaye and w11, Métd@ly%ppdxc&ibd)ﬁha:sa,molﬁtt Sbich is desiredl@63).

. Connel can bor at 8. The
graftl ng oces fg’f‘ﬁgeep‘# ets%ntt AVEMY y(fr}?’i 3’3’ ggyom 91(9 &P PR C8%ri ed out
using neat polyner ipréferably t)@(tg’ﬂ.mengTh}hrﬁiﬂlmﬂlfz%Qd.oQtOﬁ%I sting of
one or nore ol rs ig introduced into the injtial fe port of t he
extruder. Opti or%ﬂgo %e %'hﬁr[ﬁﬁﬁs%tcedquﬂé)nt 0%i%° RJH);O wt %355
i ntroduced W th ¢le @by rmﬁeproiata afpeOthrii Qi H.tnlltflathr Anfyhe fexheuder .

The NVI is introduced i nt 0 the extruder ownstream of the pol yner
feed. The NVI nedfR radical IRt RRQHP rt%’ét"mor"”i rifhfolptfﬁod'n g5 $8nSor gani ¢
solvent. 19 dfraeei ¢ onala CljxiaﬂtSlrfgeCHdarc.Q(i,ori ofcahebe ypddedrein

subsequent to the introduction of the . A peI’OXI de 30 cat al i's
then added to tRORSETRIRFET Fathils at’ts'eec‘(t‘?’e‘5 the freeyradicyd Jnithé WI on

to the polyner. jfhe.peroxbaesdmayr the prd@mddedeifalondr ishitabikl @heln
oil. The reaction then proceeds while the materials are being heated
and m xed radical initiators include the various organic peroxides
and hydroperoxides as well as the various organlc azo
15 compounds. Typical organic peroxides include benzoyl
peroxide, t-butyl peroxypivalate, 2,4-dichlorobenzoyl
peroxide, decanoylperoxide, propionyl peroxide,
hydroxyheptyl peroxide, cyclohexanone peroxide,
t-butylperbenzoate, dicumyl peroxide and lauroyl
20 peroxide. Typical hydroperoxides include t-butyl
.hydroperoxide and 2, 5-dimethyl-2,5-di (t-butylperoxy}-
hexane. Typical organic azo initiators include
2,2~azobis(2-methylpropionitrile), 2,2-azobis{2-methyl-
valeronitrile) and 4,4'-azobis(4-cyanovaleric acid). 1In
25 general, the free radical initiator will be used in a
concentration within the range of about 0.05 to about
0.50 wt% based on polymer. Particularly preferred free
radical initiators include di t-butylperoxide;
1,1-bis(t-butylperoxy) 3,3,5-trimethylcyclohexane;
30 t-butyl cumyl peroxide and 2,5-dimethyl-2,5-di(t-butyl-
peroxy) hexane.
The copolymer, diluent, N-vinylimidazole, and free

radical initiator will be contacted at a temperature and



WO 98/ 13443 PCT/ EP97/ 05238
- 16 - in the extruder. There is usually a vacuumvent at the

end of theyg¥giiader where unreacted naterials and by- PCTIEPOTIeS2885 are
removed fromthe polynmer before it exits the extruder. After the
grafted polyner exits the 5 extruder ,git is then processed for
finishing activities such as dusting with antioxidants or bl ending

wi th ot her VI polyners. The diluent oil used in the
process of the BF@§§HF9 suf ficiRPENEPoRN AR behainy PR (R EqRJme T

hydrocarbon. A R4 thel NQUthﬁ!){ElEQQ%PQnaH‘éHnb@v@ l&{dﬁb'cﬁ: Gidiuent if it
i's conpatible with golyolefln pol ymers but not conpati bl e

with aromatic hpHpsearben pBPyFBAStiGhcACEuES | ueHte iAGFants willdede to

swel | the ol ef i g ApoEERY AN &l emeaélkaed@@w@%a able ofMltrAwuaH er&tqnmg
the aromatic hydrocarbon_nononer portion of t he pol yner when t

pol yner céntaln§e§h3n1061 en3F§Ha§P§hpé$t?QﬂﬁXQ¥Rﬁ¢ﬁmnﬂ(ﬁ%ﬂhﬂﬁﬂﬁﬂ%ﬂﬁt’Way be
a pure u e Wi ch
gragmg bi1g8Bemakby, J“l’?%) e dedi &0 He Wﬁ&

as woul d be contalne n a etroleun1d|st| ate fr IS,
however, |nportaﬁrennaaStBétéhﬂaéﬁt 20 remain |iquid throughout the

processing. It is, r t ant t i { a
boi l'i ng poi%? gggvgggﬁé§égx?ﬁﬁ tg%ﬁggéwﬁgg t%l éﬁ%#ﬂﬂh§€“§ﬁa
encount ered dur krgcthenptekespilagesinpthe Rrlpsencd|gf oxygen. t e dil uent

w il be goneutr gl DBLER! BYILIEE! bL! BEerSused {LaRLdAMbIAU Ilg general ly in

the fuel "oil ubricating ol i ng ranges.
preferably, theresult. dTheemeagphl| fhaveenfepeitind i thyreaaabi af kﬂxnhe(J.Q,

AST 7 % il
poi nt of about AB3Eaee B HRPER Fiy thef Soht rhEL e A0 AUARVE g B 11 N0
aronatic processmpmg oklidasiwedensnakbhleref eamedoxygen is 'r8HEd EX 371"
(" SHELLFLEX' isdergggd%hgaggkma@ion of the additive.

15 In general, and in the process of the present
invention, the extruder temperature may range from about
160°C to about 250°C, depending upon the particular
copolymer being processed, while the reaction between
the copolymer and the N-vinylimidazole takes place.

20 Variation of the temperature in the different stages of
the extruder is not necessary to the method of the
present invention and the temperature will therefore be

" maintained as nearly constant as possible as the
copolymer passes through the extruder except that the

25 temperature in the inlet zone, i.e. the zone or zones
where the feed materials are introduced may, generally,
be maintained somewhat below the reaction zone
temperature to maximize the mixing of the free radical
initiator thereby improving grafting efficiency.

30 The copolymer will be combined with the suitable
diluent first as the copolymer passes through the
blending apparatus. Introduction of the diluent into

the extruder before the N-vinylimidazole or the free



processing oil available from Shell G| Conpany, WO 98/ 13443

PCT/ EP97/ 05238 - 17 - Houst on,
Texas, USA wo9saxexanpl e of a preferred processi ng AYI/EP97/05238
The amount of N-vinylimdazol e reagent actually used wll,
general ly, exceed the anmount which is desiretbto 5 be grafted to the
copol ymer by about 10 to about 50% Preferably the grafting

funct i onal 1 2ati 0 a1 it ASELY TR the BLASENEROLn0108 p O, SO0 w %

based on the copoly eera Initrator of the
free radical |n|aqﬂsnmpdqmﬂmdagnanhalpml@ﬁ &he polpmerlOhat weﬁl@ctlve in a

grafting.reaction q %%%uge %'%escrlbedcggtﬁﬁgha5893§€@ibe used as the

free radical |n|t|a in the rocess o presen nvention
Suitable free AmadmeabopndwmamofsednahdddlﬁhenVacmeSnmegemt@ugh

per.oxi des drop er ox des as we he v Se 2r c_azo 15
conpounds. ° Typi A€ SFé&MQ?rper fﬁd8§elﬁgfﬁd808éﬁ56§ et %gg%x?%%
t-butyl peroxypi walviiflihidatiodkl erolefzeyl radical PRIOXater. Addition

decanoyl per oxi de, |onyI r.oxi de, . hydr hept yl _per oxj de,
cycl ohexanone pef Jg l“yilﬂlgﬁfﬁﬂﬁePﬁéﬁfoﬁge?8§¥5hﬁ@IOﬁé?%il *&nd
| aur oyl 20 p&h@&dﬂi iﬁymu&abrhyér@ﬁeﬁexdeSshﬁeéudsstdé&&ﬁdbed in

hydr oper oxi de and 2, 5- 2,.5-di but rox hexane.
Typi cal organic #5637 ﬁ%P%ZPgrs Fﬁ?Fu&gdlthX bF' 2hi free radical

2, 2-azobi 302- ”Ethhhﬁwuchthﬁu|eben%rala?obkééaiﬁﬁihyén increased amount
valeronltrlle) and 4, 4' -azobi s(4-cyano eric acid eneral, the

free radical iniCfacdesalinksd 8§e&°“ﬁx§d p°lymethEeﬁ??aE??ﬁP rthin the

range of about OrQ%ow@r%@oq&om the b@eaalw@@@ngtheg meaWEﬁyliﬁﬂda£6d@f|y
preferred free adi cal iators inc

ude di but %kéOXIde
1, 1- bi s(t - but yl p&2&x PR §e§ §°tF%ﬁe H?FG&BBOHERéﬁétu§OaS { 0% 12
peroxi de and 2, 5s@iinRtiky 13, 2- @uikablkykolvent. The temperature in the

15 blending apparatus at the point at which the
N-vinylimidazole is introduced is not critical to the
product of the present invention. For reasons more
fully explained below, the polymer will, preferably, be
at a temperature below about 210°C when the

20 N-vinylimidazole is introduced.

As the polymer, diluent and the N-vinylimidazole
continue to move through the blending apparatus, the
blend is next contacted with a free radical initiator.
The free radical initiator may be fed to the blending

25 apparatus neat or as a solution. Most of the free
radical initiators contemplated for use in the process
of the present invention are normally liquid and will,
generally, be introduced into the extruder in this
state. As is well known in the prior art, free radical

30 initiators such as those contemplated for use herein
generally have a very short half life at elevated
temperatures and frequently even decompose at

temperatures within the range of those contemplated for



per oxy) hexane. The copol yner, diluent, Nvinylimdazole, -and

free radical initiator will be contacted at a tenperature and
WO 98/ 134430 98/13443 PCT/ EP97/ §&E/@897/05238
- 18 - pressure sufficient to ensure that both the copol ymer
and the N-vinylimdazole are in the liquid,gr-nolten phase when the
reaction occurs. The reactants w II be contacted in a bl ending
devi ce capabl e of inparting high nmechani cal energy such as an

extruder, a Banbfey hgredn.  As~a rSF”i‘atmbY'ral%I’a{Héo?ﬁ%&tr LOTHYF M es are

referred to the 9@ Rad3caX! EHEEEStor into the bldhdify G iUt ep,
it is much preferred that the reaction take place in the absence of

oxygen. A 10  atniasr dQ¥n apCERRET 2FYIBf # 2T TREL, IRV MRARA § S kehiand

result. The reasgRf Qei1perleni 831bh§yr€ﬁ§£é£’f‘téfl Bfeng the t
oxygen is that the resulting additive ma nmore oxidatively

unst abl e i¥f any Oé:x%’@nei"%lﬁﬁe%ﬁf‘d up to Wlﬁ?%?@f’?ﬁ%ﬁﬂ&#% of the

addi tive. 15 ratugensbahs 8BdehButdemPk HGH Se OF RREY
i nvention, the etftmrpuedgr ut enper atsur e ?ray range from aboluc%lh'ﬁm%r quO[ err]C

to about 250[errt]h@ gFefeAdongeapbhonhe barthisl zggard, maxnmp@lwtm ng

processed, whil ti;Qn NN L8

N-vi nyl i m dazol % ta%ég%%&aég. ggg%%ﬂ)\//af?%ﬂ%%égﬁl%ﬁe tenpe at ure In t%e
different stageshesf blend withewbikehutiee fre@oradieesksaritiarahdsret hod of
t he 19 Presqnt ;ayent c%t%@@ehh%tﬁ?ﬁ{ﬁt%g Wide tci‘reraeﬁcﬁjte Rdec ¢

mai nt ai néd as nearl y constant as possi copol yner passgs
t hrough t he ext mibdert e1EEpt thatathesult, and as indicated supra, the

initial stages of the blending apparatus will be
maintained at a temperature within this range so as to
ensure maximum reaction efficiency. The temperature

15 will, however, be raised to the desired reaction
temperature as quickly after the free radical initiator
is added as is practicable.

The effluent from the reaction zone will contain

unreacted N-vinylimidazole when the grafting reaction

20 does not proceed to completion. Because the
N-vinylimidazole may be detrimental to a lubricating oil
viscosity index improver if allowed to remain in the
polymer product in an ungrafted state, at least a
portion of the unreacted compound should be separated

25 from the polymer product prior to use. Any of the
conventional techniques known in the prior art such as
stripping and extraction may be used. Frequently,
however, a portion of the unreacted N-vinylimidazole may
be separated from the graft reaction zone effluent

30 simply by vacuum venting the effluent after the grafting
reaction is completed. The vapour will contain, in
addition to unreacted N-vinylimidazole, free radical

initiator decomposition products formed as a result of,



25 tenperature in the inlet zone, i.e. the zone or zones wher e
the feed materials are introduced nmay, generally, be mai nt ai ned
somewhat bg)psial reacti on zone tenperature to naxPoTEPIVESR3AT Xi Ng
of the free radical initiator thereby inproving grafting efficiency.
30 The copolyner will be conbi ned wishh-the suitable di | uent
first as the copol yner passes through the bl endi ng appar at us.

| ntroducti on of }he dilueﬁt igto dat t he extruderl before the f £
N-vi nyl i mi dazol et BF EHR&™PFBe dedradaiyPRg (Y general, vacuum venting o
PCT/ EP97/ 05238 the grafting reactor effluent will -rekbve about 20 adi cal
initiator serves to re e the ampunt o . _Scissji.on.or degradatjaon of
the pol yrrer -t hat 2WBaFqo0E of "EngERERagted Nrvin bR HRF (Bt A0,
As the copol ynertfeedfandest| uenhe CoBhpOLEt & hé Olightheb zone e mxtuheder
they are next contacted either with N-vinylim dazole or a free

th
radi cal inPtiatoffEAHANE| bR vented S?uf‘ﬂe RE VFIRA TG e LHaHA (@

addition of the fr8eease theradpéak préssatOrof sthy efdmpRbrias: WS
described in US- A-5073600, prior addition of the free radical 10
initiator will, BeREPEtIy, result in an increased anount of

crosslinked or coupl depPplyfBEsi HftHEKPRQUUEE polymer HCOHRY §kdJeip t he
bl endi ng apparatus. N-vinylimdazol e can be fed to the bl ending

apparatus as a |@upatépnaBag the desippbie ofratiine Qfi RAHNY ShaFahle e
temperat @ in toe;d3ard pgi?ﬂgk”Eaﬁcﬁpﬁﬁé‘tééu?éméﬁf.hg@d}tt}ﬁr,w&h the

N-vinylimdazole I's introduced is not critical to product of the
present inventiopesFadeneeatbne @bHrehe procesgy|iy Ady AT vl sRcaws

pol ymer will, pr@&%ﬁ@b%_gﬁinute_s. b & i@@g&ﬁw&tb@mr%s%g A err]C

when the 20 N-vinylimdazole is introduced. t he pol yner,
di l uent and the REVPRYRFRI 8akerdon functieppliratiqd novée MTQHIF I

bl endi ng apparatiige bPEsent probé&8dehsrdeXte GHY aCHRE MWWt ddilRR1adi cal
initiator. The free radical initiator may be fed to the bl ending 25

appar at uslheat ovebght dbshributionpshaniprofugteef prior agd ¢glution
Initirators ConteF@A@E§9n£P£ZH§§Ohnmé@ﬁo@épceﬁﬁb narrower molecular

weight distribution minimizes the rate of degradation of
the polymer in lubricating oil service, and therefore
maximizes the retention of the "thickening" effect of

20 the polymer. This advantage is evidenced by lower shear
.loss or DIN (ASTM D-3945) loss. The product of the
present process also has excellent viscosity index
improving properties and excellent dispersant
characteristics.

25 The present invention will be further understood
from the following illustrative Examples.
Examples

In Examples 1-4 a linear diblock copolymer was

extruded in a Berstorff ZE-40A twin screw, co-rotating,

30 fully intermeshing, fully self-wiping extruder at a rate
of 36 kg/hr (80 lbs/hr). The copolymer used was a
polystyrene - hydrogenated polyisoprene diblock

copolymer containing about 37 %wt polystyrene and having



of the present invention are normally liquid and wll, generally, be

introduced into the extruder in this state. As is well known in the
prior art swébffshadi cal 30 initiators such as those coptggpyaisess f or
use herein generally have a very short half life at el evated
tenperatures and frequently even deconpose,at. tenperatures within
the range of those contenpl ated for WO 98/ 13443

PCT/ EP97/ 05238 use herein.

As a result, it3iCtdabdpreiRvhdr iWhidduod about 9t7h8010reeTF‘8d| cal initiator

into the bl endlf&g; PPSEALMS block wa HRIAYMNA tATREr 2kHEGeag rkgagenabl y
practicable an s then rel ativel }@(?wog\lﬁél y thereafter grlérr]g t he

temperature 5 than$8% Rf chits r‘e“kﬂlé}ﬁ)l F5 Y0 SHE JOSPegaréaBt i ofihis

tenperature so gs tOr&AS & drird MED i @i.ency during the grafting
reaction. In this regard, maxi mumreaction efficiency is generally

real i sed When tExampige ature of the bl end with which the free
radical initiator "lshé-%lock'tﬁiﬁdl;hrle}‘: Gl af%fdeqnlc% %EhEQtE Bk

about 160[err]Ct 0& err aresult, as | n cat ed
supra, the conveyed adt stbded/ hot Se/rii’d')ng ﬁ'lbsalfamE Whiiecber

mai nt ai ned at 5 L at W&y V\‘_cf]rlrp_)é&:' S m@&%éooqs GHOFI gwt  ENsure

maxi mum reacti on e f CI ency. tenperature 1 however, be
rai sed to the desvirylinkdaioke (NVI) atreh@é’ra&lw@ aseqencklay af retet hé free

radical {gitiatpf ¢ p1/midS axdr@%cﬁ% Con%;)%gt'o‘\ralﬁlo?t was used golNe

effluent™trom the reactl on zone unr eact e
N-vi nyl i mi dazolieniveh the rpuPtidey redctdimethyl-2, Sddéd tnbutplpecedyt o

completion. - Begauste Py sur in Nelibdd Widazale ey cpeodebypRayaL to a

| ubricating oil viscosity index inprover if allowed to remain in the
pol ynmer productThen copelynef tresl tsttdten paissleshst vacuum porpoppe@ateﬁ ahe

unreact ed COWO&@:@Q&%@ bE $9PAL €0 23 nches 'LIMLRE HOLYIBL product

prior to use. conventional "techni ques knowi I'n the prior
art suchlfs exiting i ppt i arrd abe raxct |bmrmaymbieru§eér FPeddatnekyg,

however, a port na{)ér%é"e ééﬁ‘fr?aé::tleech N2 #Ja'cmaq;@;dm e"‘mycopolymeQeln

separ at ed from e graft tion zone effl uent
this example contained 2400 ppm of nitrogen which was

bound to the polymer.
Example 2
20 This example was run as Example 1 but with the
following feed rates: polymer 36 kg/hr (80 lbs/hr),
NVI/acetone 5.4 ml/min, peroxide/oil 240 ml/hr. The
Example 2 polymer had a bound nitrogen content of
900 ppm.
25 Example 3
This example was run as Example 1 but with the
following feed rates: polymer 36 kg/hr (80 lbs/hr),
NVI/acetone 13.6 ml/min, peroxide(t-amylperoxide)/oil
240 ml/hr. The Example 3 polymer had a bound nitrogen
30 content of 1800 ppm.
Example 4
This example was run as Example 1 but with the
following feed rates: polymer 36 kg/hr (80 lbs/hr),



30 sinply by vacuumventing the effluent after the grafting

reaction is conpleted. The vapour will contain, in addition to
unr eact ed Wp'$i/mays M dazol e, free radical i nitiator REITIERIZESA3Bon
products fornmed as a result of, WO 98/ 13443

PCT/ EP97/ 05238 - 23 - - 21 - for
exanpl e, degradation. In general, vacuum venting of the grafting

reactor effluen veg,apo to d f@oéﬁ BRE 1 ddwey sy eact ed
N-vinylimdizol Ee‘“’v\gl ntcglrtgqg 33 : Hi/%?n )I;teeﬁ The terrpe# at)ﬁre in the

zone where the 450 ml/efrfl u@he Esamehee@l mhmer diad qurkunden i meeEted to
i ncrease the va L %§u;ﬁ gf #He conponents to be vent ed.

The process of Ql ﬁg t P of the present i nvention has the
desirable feature oﬁ'hhepngympesabreml Bxalples btamarvelpolagerhéhandl i ng
equi pnent Furt her y about
15 secondé Sféﬁgufnglﬁ’lcﬁu?gégf% #ch‘?;é{]ﬁ]%@a van%e;%ce)é%ver
prior art sol utisag ﬂ&mctt;lOOIﬁallB.zafoomulérhedpemgium @fls for testeingesBm

process therefore ha nar r.ower, nol ecul ar 15 stribution than
products of pri SPIH‘Pﬁ gdloﬂt t8A EnlBe SHRCYF Bn%T S za?lggr}s hods. The

narrower nol ecul_ar wei ght di r| but| n the r
degr adati on of Ingredignt ool ymer in 2 RO Zﬁt -%S%erefore

mexi ni zes the rehent Quosf oihe "thickenitg” ef f ets.®f 20 t&@ebblyner

Thi s advant age is_evi ed by | ower gss or DIN TM D- 3945)
| oss. Tha?0 produ@ﬁ Egf (l%%@% 8 ? preseﬁetgr ocess %?so has excel'!?}lg\en%fivI

viscosity i ndexECA 1103i9mprovi ng properid es and exczl | ent di spexsamt
characteristi cs The prese nventi on, Il be furt

under st ood 16r00|’?1 the followng i ntf éust rati ve anpl es. S Exanpl es
I n Exanples 1- 4Harr|g|cnqar30d| bl ock copad 4.rer vvas 14.4 extrudeEtmyh
Berstorff ZE-40A twi n screw, gg rotatlggl fully intermeshing, fully
sel f-wi pi ng ext NYde@Taf t&d BV 36 kg/hr (80 Ibs/hr). The

copol yner sused Was-drafted vRal ystyrene - hydrogeda® ed pol yi soprene di bl ock

(“SHELL” is a trade mark)
ECA 11039 is a polymethacrylate type pour point
depressant. AC-60-C is an overbased calcium salicylate
type detergent. HITEC 1230 is a proprietary DI package.
20 Rheologicél properties were tested with the
'following industry standard tests. KV is the kinematic
viscosity (mm?/s), at 100 °C measured by ASTM D445. CCS
is the Cold Cranking Simulator high shear viscosity
(mPa.s), measured by ASTM D5293 at the low temperature
25 specified for the particular grade of the oil. MRV is
the Mini-Rotary Viscometer low temperature, low shear
viscosity (mPa.s), measured by ASTM D4684. The Orbahn
Test measures the permanent loss of KV when the oil is
sheared in a diesel injector rig according to
30 ASTM D3945.
Results of these rheological measurements are given

in Table 1. Results show that all four of the NVI-



copol ynmer contai ning about 37 %\ pol ystyrene and havi ng - WO -

98/ 13443 PCT/ EP97/ 05238

- 22 - g total nolecular weight of about 97, 000. ptifkpo7/0s238

pol yi sopr ene b?“ck was hydrogenated to renove greater t han 98% of
its original ethylenic unsaturation. This ,, _ is referred to as Pol yner
A 5 Exanple 1 The bl ock copolymer was fed into the
extruder and conveyed at 36 kg/ hr (180 | bs/hr). The_ first injector
port was used tardfjedtPal YiSGUrE W P 1/ 40 oils. N Hlhyfive dabse (NVI)

and 32.5 9wt aggiane @cieddd & Pfa 10 of anbutd 10 Aty s . Ther S@ROhd ect or
port was used to I nject the peroxide

2, 5-di net hyl - 2,8Ldi4%1 b{RYA mf Ghe NVI-graftegepatamess ggweiheresriktowoil
at a rate of 240 fd Wryre VLSco-gleclcé%o‘ﬂd‘c”%rhe@egtévtehgg ﬁ??gdx)n@ré/acuum por t

operated at a pressure of 6 kPa (26 i nches prior to 15
exiting the di esfpitalt edeagmactﬁaﬁlr@ l}r’{dérhﬁatQ;rba@@I Tesitzed, dewat er ed,

d d, d t d
SELD Srted and beckpasiy R, SRR osse serfl DeSpEggRl e SPILALTS

2 20 Thi sl lexveamp | veeagas thn @MOGOISb@t Z\M t:hSthewas run on
e f oot EALESo Ty ShdpldY 4R A3 Bokumers, | i {geetone 0.4
ni trogen contergiwén in TableddD sipmm that all four of the NVI-grafted
10 polymers give oils which show less wear than the oil
based on the unfunctionalized VII.
Thus, all of the NVI-grafted polymers give better
low temperature rheological properties and less engine

wear than the ungrafted polymer.



25 Exanmpl e 3 This exanple was run as Exanple 1 but with the

followng feed rates: polyner 36 kg/hr (80 I bs/hr), NVI / acetone 13.6
m/mn, per 55@%5 anyl peroxi de)/ oi | 240 m / hr. The PETmPR1/65238
pol ymer had a bound nitrogen 30 cogt%gnt_ of 1900 ppm Exanpl e 4
This exanple was run as Exanple 1 but with the foll ow ng feed
rates: polynmer 36 kg/hr (80 |bs/hr), WO 98/ 13443
PCT/ EP97/ 05238 - 23 -
NVI / acetone 23.6 m /i n, peroxide(t-anyl peroxide)/oil at 400 m / hr.
The Exanpl e 4 pol ynef.had ja béound| ni tirogen content of 4700 ppm
The pol yners from Ex ed 1-4 as| wel{l ag thg 5 ungrafted di bl ock
copol yner precursor pere tlgnjed te | o SAE 15W 40 fully fornmul ated
engine oils for test|dg gfhé | o gfoomJI atijon for these oils was the
fol | owi ng. | grediedt| & | 2 | S | G@nd, % Conc, % Suppl i er
SHELL 100N G | 444 45770 Shel | 10 SHELL 250N G |
39.0 39.0 Shel | ECA 11039 0.2
0.2 Exxon o |AC60-Q 0.5 0.5
Shel | HI TEC 1P300 14. 4 14. 4 Et hyl
NVI - grafted DVI | 415 Nor- gr af t ed VI | 0.9
("SHELL" is a trade [@rk)4| e | « [EGA|LKOBSi § a pol ynet hacryl ate type pour
poi nt depr essants ACN6D-C | §) gnVoy &l bgsed cal ci um salicyl ate
type detergent. H TE®R3Q Ps| £ py cprji €@ ary Ol package. 20
Rheol ogi cal properties werje tested wijth the follow ng industry
standard tests. KV i§ tihe |ki ngmatjc vijscosity (mierr]/s), at 100
[err] C neasured by ABTM [445. | CCS
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s the Cold Cranking Sinulator high shear viscosity (nmPa.s), -
measured by ASTM D5293 at the | ow tenperature 25 specified for the

parti cul a{v&;@f;{;‘pf the oil. MVis the M ni - Rot arpcvkpiapeRger | ow
tenperature, [ ow shear viscosity (nmPa.s), neasured by ASTM D4684.
The Orbahn Test nmeasures the permangpt. | oss of KV when the oil is
sheared in a diesel injector rig according to 30 ASTM D3945.

Resul ts of these rheol ogi cal neasurenents are given in Table 1.

Resul ts show that aFfamiRs of atfk wsed a polypprodeedsgomposed of the

PCT/ EP97/ 05238 same polystyrene/hydrogenated polyisopfene diblock 9rafted

pol ynmers give good 15W40 oils. RI’I five oils were thickened to a KV
of about 14.3miekyTes Amnd e qomieed of anokBerg|| four of the NVI-grafted
polyners give heti@le| Qe /hydrod HPRIAHYIS 1\ Woptaskt ueb1BUk EBBY1ghye
slightly nore bggé ¥é 3éhea? egrra%ation iﬁrgt%'ﬁe%bahn Test . BE1 i An

i ndust ry St andathpenepmeained akpuieaklirit dlapered polystysehewandwehat the
General Mbdtors L,t YES, MY ' coptakni c e
five polyners. rgae%u? trfs?éiec gl ven 1 noﬁl'eazbzlse'(y{b:'how&t %gt g%?ﬁ?oﬁ??gyg?he

NVI -grafted 10 is rebéyredstqiase RelygreshiBEch show | ess wear than the oil

based on the u i onal i zed VII. Thus, all of the NVI-grafted
pol ymers give i 1278 | ow t enperature rheol ogi cal properties and |ess
engi ne wear Thih poleyngm s erqreinggeby the same\WRe9Bpd3448 at

PCT/ EP971&5238 the same feed rates as F..%?am'p_l[eerlr but with a polymer
blend of 75 %wt Polymer A and 25 %$wt Polymer B. This
Example 5 polymer had a bound nitrogen content of
1950 ppm.

Example 6
15 This polymer was prepared by the same method and at
the same feed rates as Example 5 but with a bilend of
90 %wt Polymer A and 10 3wt Polymer B. This Example 6
polymer had a bound nitrogen content of 1250 ppm.
Examples 7 and 8 used a polymer feed composed of the
20 same polystyrene/hydrogenated polyisoprene diblock
Polymer A and a co-feed of a radial
polystyrene/hydrogenated polyisoprene polymer, referred
to as Polymer C. The arms on Polymer C were
polystyrene/hydrogenated polyisoprene diblock polymers
25 containing about 6%wt polystyrene and having a total
molecular weight of each arm of about 55,000. About 20
cf these diblock arms were coupled together to form
Polymer C.
Example 7
30 This polymer was prepared by the same method as
Example 1 but with a polymer blend of 75%wt of Polymer A

and 25%w of Polymer C and injecting neat NVI at a rate
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- 26 - Exanples 5 and 6 used a pol yner feed conposed of the
sane pol ystywpegeiddaydr ogenat ed pol yi soprene di bl ock PEcTErFI7THSBRd a
co-feed of anot her pol yst yrene/ hydr ogenat ed pol yi soprene di bl ock
copolynmer 5 t hat contai ned about 10 %wy,tapered pol ystyrene and t hat
had a nol ecul ar wei ght of 225, 000. Thi s second pol yner is referred

to as Pol yner B. ample b . Thi s pol r.was prepared by
the same nethod Shdat T?mgp'thqéh%in%"?% rht g@%&%?blae W"d’lff with a
pol yner bheadogén 78ofttenPobynes1 A medl. 25 %t Pol ymer B. This

Exanpl e 5 pol yner had_a pound nitrogen content of 1950 ppm
Exanple 6 15 El‘a—mﬂiﬁi-g pol ymer was prepared by the sanme nethod and at

the same feed rates agiEX Reb il prdphPedBAdf same metHOLWndPrymer

A and 10 %t Polyner B. This Exanple 6 ol ymer had a bound nitrogen
content of 1250 ppfn same mjecn%a’ﬁ?ﬁ%% aisaﬁfﬂfr@]lfsgd SX QSR et ded

conposed of the 201 ymerSBIBn@ObY SEYE RO BN EhOY eNat L rmlvyio%om&%egé i ock
Pol ymer A and a co-%\ed of a radi al pol yst yrene/ hydr ogenat e

pol yi soprene pol Jhis Exapple o) polymer thadisd munemitropgen fantept A yner
C were poiyg@y{,&gg/ hydr ogenat ed pol yi soprene di bl ock pol yners 25
cont ai ni ng about 6%w pol ystyrene and having a total nmol ecul ar

wei ght of each aExg®Pl@bBut 55, 000. About 20 of these diblock arns

were coup{gd togethefgd 0of 0f NYi spersafOl ViErsHould allodE§¥Qyé%é%fg% of
Thi s pol yner was prepared by the sane nethod as Exanple 1 but wth a

pol yner bl end ofqEo&it obts PeRYRIniNg less ofdhmsaghdfe spoldimne rsamid
Injecting neat Nj;Qt;8 f@&@ﬁred in oils containing a non-dispersant
VII. This example demonstrates that, when replacing
Polymer A with the NVI-grafted version of PolYmer A from
15 Example 1, at least 40 %wt of the ashless dispersant
required for use with Polymer A can be removed from the
motor oil formulation and still maintain acceptable
engine cleanliness.
The motor oil formulation for this experiment used
20 Chevron 100N and 240N base oils and a proprietary DI
.package from Ethyl containing the same additives
normally used to make satisfactory motor oils with
Polymer A except containing 40 %$wt less ashless
dispersant. A 10W40 motor oil was formulated using
25 1.1 3wt of the DVII from Example 1, the DI package
containing the reduced level of ashless dispersant and
the two base oils at the correct ratio to meet the 10W
specification. The ability of this oil to satisfy the
engine cleanliness requirements was tested in the
30 Sequence VE engine test for sludge, varnish and wear.

The following results were obtained.
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- 27 - of 9.1 m/mn. This Exanple 7 polynmer had a bound

ni trogen @%ﬁ%sof 1910 ppm Exanpl e 8 P EroRabager was
prepared by the sane nethod and at 5 the sane injection rates as
Exanple 7 except with a pol ymer blepd of 60%u Polymer A and 40%w of
Pol ynmer C. This Exanple 8 polynmer had a bound nitrogen content of
1850 ppm Exanple 9 10 Use of a dispersant VII should all ow
preparati on of Sequenceniin Tesl Reshk ning | ess of the ashl ess di spersant
than is required in oils contai ning a non-di spersant VI1. This
exanmpl e denonstieftes et , when repl aci ng Result po| yd&@s sA Baitlh Spes

NVI -grafted verng) Aer m 15 anpl e | 40 % of
the ashl ess di sfg}eér}s%adrgt A srlgmcfﬁ&?ed for Siﬁs%i(vvith P(J?I/garrtgr Oiaggln be

renoved from t Recker Armgiaenidlydgeaul atibriand sti B/ Endi-# &iim accept abl e
engi ne clgeanl i %’%é: Engi vahEi dptor oid dormul atiggp 5015 this
experinent used 2 age &gelvr}eon al_OON and 240N base oi l quan a r;l)rlrl(?pri etary DI
package from EtRiataorftki st ipaHessame addi®ives P/Fnér.dalmip used to
make sati sfactqy. or~.0j | i t Pojynmer A ex ntai.ning 40 %w
| ess ashl ess Aol |scpag‘lF svgena\t,g le)OWlO m)'?io?/ oi | vvas%?(lﬁ r%l?;baf“gd( using 25
1.1 % of the MAW il BWEEY e(ka) the DI pmckage P/F 38@Nk@kni ng the

reduced | evel of ashless dispersant and the two base oils at the
correct ratio to magle thgpdMtion of SRRCIHALRIHONnvEME i lddni Bfed i O |
to satisfy the engine cleanliness requirenents was tested in the 30

Sequencé WVE en@RragastetHins | UdtIe iatiingh ehd wiarwherein thee fol | owi ng
results were obfaidethil minimOW 1B4%For the test. Similarly, the

PCT/ EP97/ 05238 28 -

composition of the present invention exceeded the minima
for the rocker arm cover sludge, average enginé varnish,
and piston skirt varnish aspects of the test. The

15 average cam wear and maximum cam wear aspects of the
test were passed by a wide margin. These results
demonstrate that in oils containing a DVII according to
the present invention, at least 40 %$wt less ashless
dispersant is required to meet engine cleanliness

20 performance than is required in oils using a non-

dispersant VII.
_ Example 10

The reduction in ashless dispersant which is allowed

by use of the DVII of the present invention not only

25 brings an economic advantage by reducing the cost for
ashless dispersant, but it also provides for improved
fuel economy, in the inventive formulations. To
demonstrate that the reduction in ashless dispersant
brings an improvement in fuel economy, another

30 formulation was prepared like Example 7 except the base
0il ratio was adjusted to give a 5W30 oil. That is, it

contained 1.1 %wt of the DVII from Example 1 and the



Sequence, VE Test Results Test Item Resul t

Pass/ Fail Spec Aver age engi ne sl udge 9.34 P/IF 9.0 mn
Rocker Ar mxggaBsssd udge 8. 42 PPF 7.0 mn 5 APET/RPAT/0E288 Ne
Var ni sh 5.82 P/IF 5.0 mn Pi ston Skirt Varnish 6. 54
P/IF 6.5 mn Average Cam Wear ([erc]sd - 17 P/ F 130 max
Maxi mum Cam Wear ([err]m 28 P/ F 380 max The

conposition of the present inyention achjeved 10 aver age, engi ne

sl udge rating ofsaé‘?%fwtei%gtﬂée 'pmprlep%%@/fa% Ip?ﬁ)ﬁ?%rﬁeﬂ% B0 for the
test. Sinmlarlynddially reqeirgdsist onsofwitie fheseni-diveatsomnt exceeded
the m ni ma for the rocker armcpver s e ver a ngi ne,_varni sh,
and pi ston ski rtpqmﬁ%[}"a%’b%?ﬁts %‘?“??\Jemfré%t“l%étl S5 ‘9§v§t?%g%§163a?ﬁ§\ear
and maxi num camgiesge Bsect s Biel heconomy wd £gliea®l ceassiathy byha W de
margi n. These results en(?%r ate th‘gi in oils containing a DVII
according o  indugtygy p'?ti-?s’&ﬂ?r FERTe WA %Rt 40 omt | ess ashl ess

di spersant is requirgd dife Mejuaitd nergl e | nass st samerd ofgance than

is required in oils using a non- di spersant VII. Exanpl e 10
The reduction i meafHead a3 saht SR steferiree ©il angythge of the

DVI1 of the preg§ifed MaNF@L Mokbthy Ziproverdh10FE R LCOH O £ @ev@nt age
by reducing the cost for ashl ess dispersant, but it al so provides

for inproved The Hakle R{MIMShows tHe | FhaMiaxd T ™ T oHsl rempent

dermonstr gt t hatedhesfedipii®N 3B EsheSSOM SR BaMs well adrindstdd
i nprovenent in fuel econony, another_ 30 formul ati on was prepared |ike

Exanpl e 7 excepttesfes pasich were perferped emsSWi] ustkd 4 »F vidha 5WB0 oil .

That is, it : i 1.4 & Idef € in @k .
VIO 98/ 13443 dlsﬁéJEEa?d@G\ﬂn 1 3% dpd NandVId £ P%WPQ?/%OSZS% i1bg

- 29 - Sequence VIA Results
SAE 10W-30 oils 0.5 % EFEI (min standard)
15 SAE 5SW-30 oils 1.1 & EFEI (min standard)
SAE OW-20 oils 1.4 % EFEI (min standard)
Invention 5W-30 1.42 % EFEI (actual)
Repeat Invention 5W-30 1.51 & EFEI {actual)

The first three rows in the table show the standards

20 in increasing level of performance. In other words, the
lowest level of performance is for 10W-30 oils, then 5W-
30 oils, and finally OW-20 oils. It can be seen from
reviewing the test results in the fourth and fifth rows
of the table that the composition of the present

25 invention exceeded the standard for fuel economy for the
equivalent 5W-30 cils and also exceeded the standard
fuel economy test at the next highest level of
performance (for OW-20 oils). These results show that
the reduction in ashless dispersant allowed by the use

30 of the DVII of the present invention does indeed provide

the additional advantage of improved fuel economy.



sanme amount of the proprietary DI package that is normal |y required
for use with the non-di spersant VI Pol ymer A except containing 40

%Wt | ess hl ess di spersant. Fuel econony ?ﬂﬁﬁﬁ“kég usi ng
the 5 wq%%ﬁgﬁy standard Sequence VI A test. i n e Sequence

VIA test, the test sanple is measur ?gl _agai nst a standard reference
oil and the Ef fective Fuel Econony Tnprovenent (EFElI) is neasured.
The tabl e bel ow shows the standard m ni rumrequirenent 10 for SAE
10\B0, 5WB0, and OVPite oi$e @ W | ingenthive wWWII allowssthe whdrhuleter
performed on 5 | Si 1 L SPg{ I r. of
the present i n%%t?%%&cg the Ag%g‘aue?]%%l%%A g&e?\éﬁ%ss%é PLQQ&S %Pgowgatoi | s
0.5 % EFEl (mlesstngbody 6rty pepEensW 3Dheifeduction in aghle$dsEFE|
(mn standard) . HE oi : .49 1n standard)
| nventi on 5W BOdISPers c%%?%o Eéé?w(%%? u%ﬁ/)thé lm/glggpe%t Sﬂl@énti on
5W 30 51.51 2 5% {acttlé)use of more bahe $tosk ¢hrkeweows in the
tabl e show t he ds. 20 co i ' ve formance. In
ot her words, th‘géfggﬂlEYbV\eTsrtu?egselPrgéf:g%%%?g *Tgnlc'l(ép%st?%% FOW 38 0FI s,
t hen 5W oBDs oo f sredudedi valayi O POane | smpdttzmn be seetedt othe
reviewing the test results i éhe fguréptagd i/i f%h [ OWS of the table
that the conmposTt?bi®of ?‘-f%ag?[ EentOREST eI LRRT10Y B cERUBH PRESEt8Rdard
for fuel economnterthdeenvironmequi vakenthéyV 8eoe | samadf atnolexcended t he
st andar fuel econg sf_a e next.highest_level of .
performg]n%e (f oFS B 26" Bi 11 ?}’ﬁ‘he%eb\r’%{s]m §°‘§ S %5tf°rmulagf‘ﬁ‘ésr‘éﬁ‘65ti on
in ashless di spgreavlyalhoresséy fhel useodfmy, asfathesiM |obflbherpresent
;Bg?nétgzogS?s éggfgg prg%#%gii%t con%ggtgdgﬁtéﬁga o?ggfgéggSSQf | npr oved
PCT/ EP97/ 05238 Finally, it is known by those skilied0ir the art that

not all DVII polymers impart all of these benefits to

15 the formulated engine oil.



The use of the inventive DVII allows the fornmul ator to reduce the

normal ashl ess di spersant treat rate by at | east about forty
percent. Theop®dugd i on in ashl ess di spersant cont ent PCHESITRREB by
the inventive DVII, 5 allows for the use of nore base stock of | ower
volatility. This is increasingly inportant- as engi ne oils of reduced
volatility are inportant to protect the engine's catalytic
converter, leading to | ower em ssions : into the environnment. Further
t hese sanme fornul ations, 10 using the inventive DVII, provide for
formul ations with greatly increased fuel econony, as a result of

| ower ashl ess di spersant content& L @ theét fSr nul ati ons.

Finally, it is known by those skilled in the art that not all DVII

polynmers inpart all of ' ts I [ il
DAL 2l pfgibeseshenefiicod &y Sindex lg%gog%gllgtg%gemm&

- 31 - copolymer or radial or stay |blwgk gapolymer, wheresin the
di spersant. vi scos|LY. | Nex) b 0T Y541 L deandll Bl GFKarn of cHEORAIMIAN o
yner, I'n the |

radi al or star bT'ock copo er _ near di bl ock copol yner
and each arm of $harrhtioak oepolymer, stespdstioictelgopdiaman aveneddt i vel y,

has an oveg al ‘2‘8295 %%ocié%?l}{gig&?lg@lﬁi:#@ cypi-gg*go ol ZZ%Q)O' dod 43 000

and corrprri1 a conj uga ene havi ng a nunber
aver age nol ecul acompr gbes od BDOOK t of 200z ugatkd dilegek having apfnumbgimy |

aromati ¢ hydrocarbon havi ng a punber. aver gy ar | ght. of
2500 to 100, OOO,aYﬁ’éa%%p'B?g%%‘?faﬁ) gej‘%%voﬁgsanovitnoylﬁyr'onat i%g%dr%gggr on
content of 5 to &P a vinylwerghdtperloydngcatisrreiha bt al Grukbeimalvensgeazol e

ngg} Iy(r)rgfl gr OUpmsofgcr:u gjl:yvqg{glg@aép 5'%(? tboeelrb(g,r(?gé,ecLh%n cc:polymetrO the

10 having a vinyl aromatic hydrocarbon content of 5 to 50
weight percent, wherein 5 to 10 N-vinyl imidaiole
functional groups per polymer chain have been grafted on
to the copolymer.

2. The copolymer according to claim 1 wherein the diene

15 is isoprene and the vinyl aromatic hydrocarbon is
styrene.

3. The copolymer according to claim 2 wherein the
‘overall molecular weight of the linear diblock copolymer
and of each arm of the radial or star block copolymer,

20 respectively, is 70,000 to 130,000, the polyisoprene
block molecular weight is 40,000 to 80,000, the
polystyrene block molecular weight is 20,000 to 50,000,
and the polystyrene content is 20 %wt to 40 %wt.

4. A blend of at least two different copolymers

25 according to claim 1, 2 or 3.

5. A blend of at least one linear diblock copolymer
according to claim 1, 2 or 3 and at least one radial or
star block copolymer according to claim 1, 2 or 3.

6. A process for producing a dispersant viscosity index

30 improver comprising grafting N-vinylimidazole on to a

NN [l
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!
2. The copol ynmer according to claim1l wherein the diene 15 IS isoprene

-and the vinyl aromatic hydrocarbon is styrene. 3. The

copol yner woosgrisksng to claim2 wherein the overal | eirapoy/esasgei ght
of the linear diblock copolymner and of each armof the radial or
star bl ock copol yner, 20 respectivel3g -is 70,000 to 130, 000, the

pol yi soprene bl ock nol ecul ar weight is 40,000 to 80,000, the

pol ystyrene bliowkenoidelvek erpeiumaer, 20 100 alo 050 5080, block  and the

pol ystyrene ¢ s 20 9 { %M . <A blend of ~at_|east two
di ff erent cop%%ﬁfeﬁrgéls'%gr /gwnélc)gcolf H%!tsc‘)mc a9 oi[,ymfrgl’ gherein tk%. A

bl end of at |eastadnelinewmardidldockampiomererand each aemobdi Bget 8rcl ai m 1,
2 or 3 and at S ne, r adi I st.ar bl ock copol r according to
claimi1, 2 oregf% 1adl) G&dg&parlgcbels%c o"r°Pﬁrla’&t?6rngeél’a?gbég‘i&m N3Pscosity

i ndex 3® amproeal k anpubest reagvegraafe imeg eldudiany Wieiiglaz elfe 7600t eoa

WO 98/ 13443 250.000 a omprises a K PCT/ EP97/ 05238

- 32 - Q1 H%r20f FERE S55013 RACCka ofadi SPNdHIRFER BEBRR

copol yrmer, orhavimgtarreumbe s ke ram Ingieicu l asvheetightt BE 5000 toOr each

| i near di bl oc opol yner and each arm af the or | each radial or star

bl ock copol yn@c?’ cfcgip%rbq i?/gt?djsﬁcq?} & vinyl, RTeetir) hydRBERTRORr age

mol ecul ar weilghtimg &5S0fhber average?xbiRQMlandweagpei 6€s280bl psk of a

conj u ed dige havi n nunber average nol ecul ar wei ght of 5000 to
200,08@6 and a bl ofthe \ﬁ%ﬁqacjl’ cﬁ?é’ﬂ%é’“ﬁfdm aPgoA Vvinyl aga@akica nunber

aver age nol eqidod@igdt @intdl0 dHO 5l@o 50 WRAgBBOpetkBend! ®AREP £QPOI yner

having a vinyl aromatic hydr.aocarhon content of 5 to 50 weight
percent, whergls 9ratting rfé"lfrta‘f‘%/riar}d'zfa&r’reﬁ dRaPRFAPFBRC §npardeyHed in a

devi ce cald e Of ingarin g ijrgheddeharkcakbnergygyisi S
performed in the pres n,ceré{ bet ween 0% and 15% bgng wei ght, based on
t he anount ofpelﬁfs‘g‘"ﬁ%%o‘iry e Rfesgnce of bgtwgent U8 prdaha®sbYfi ci ent

N-vi nylld mi dazaadigghts, useskS®n the anidiait bfoBaBet 8op01 ¥t NybEng dazol e
functional grouRs PET.51, and PRUAE: GRAND L3NS IR ed on Lo Lhe copol yner.
that from 5 to 10 N-vinylimidazole functional groups per
polymer chain are grafted on to the copolymer.
7. The process according to claim 6 wherein the
20 functionalization is performed in the presence of 0.05
to 0.50 wt% based on the copolymer of a free radical
initiator.
8. The process according to claim 7 wherein the free
radical initiator is selected from the group consisting
25 of benzoyl peroxide, t-butyl peroxypivalate,
2,4-dichlorobenzoyl peroxide, decanoylperoxide,
propionyl peroxide, hydroxyheptyl peroxide,
cyclohexanone peroxide, t-butylperbenzoate, dicumyl
peroxide, lauroyl peroxide, t-butyl hydroperoxide,
30 2,2-azobis(2-methylpropionitrile),
2,2-azobis(2-methylvaleronitrile),
4,4'-azobis (4~cyanovaleric acid), di-t-butylperoxide,

1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane,

QT



7. The process according to claim6 wherein the 20 functionalization is
performed in the presence of 0.05 to 0.50 wt % based on the copol yner
of a free wodsasd43 initiator. B. The process JM@”H&’EO
claim7 wherein the free radical initiator is selected fromthe
group consi sting 25 of benzoyl peroxi3de, t-butyl peroxypival ate,

2, 4-di chl orobenzoyl peroxide, decanoyl| peroxi de, pr opi onyl per oxi de,
hydr oxyhept yl t pextoxd eemylperoxidqs,c|agite arofd MséPari-de St - but y| per benzoat e,
di cunyl . Renoxi oxide, t-butyl hydroperoxide, 30
2,2-azobis (Zc-llrreptt?hy pgop?%%f&{)?ﬁfea?{% .2, 2-azobis

(2- net hyl val 2 oniA ritkyicating oil4 compogidhion CoMPyaRadddFeric acid),

di -t - butyl peroxid t b ight of di

1 1-bi (1. butyl perdiyd % £%51G PRESENt. oY) Spdght of a dispersapt oo 1544a
PCT/ EP%// 05238iscosity index improver copolymer acco3ging to claim 1,

t - but yl cunyl per oxi de j -2 .5 : i.(&~butyl peroxy) hexane.
9. A lubricat n%)ro Ié%:ggn%?)lgelxﬁ ?r?r%)%ﬁggit%g:dam 4 O E'3'(a) 0.01 to 10
percent by wei ght(of 2 b SHemrsmnents by wedigbtoeift ¢ dadprrsapEover copol yner
according to claiml Qs le r o ai or 5;
(b) 5 to 20 pettEmtey %\ae?%ﬁﬁezo‘%cymf%&%glg rls%zraln'z‘;“lghﬁ%%g gﬁ%ﬁleglgtagrkpglg age
conprising an ash{®&ss8dlitspedspercegntd by weight of( ope80rtwo98 baseent by
wei ght, of one or nore base 10 oils. 10. An additive concentrate
conprilf ng arPiirt carrier fluid and 10 to 80 percent by weight of
a dispersant 10. An add&loSid dneent nater comprdéspabyaer iaecor dangién claim

L 2 Ogl\,:\sié)rar?d bi(?%jo aa(bc%redrlcré%tt %y(:lwaeli@h% Q% g' dispersant
viscosity index improver copolymer according to claim 1,

2 or 3 or a blend according to claim 4 or 5.
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