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ADDI TI VE COVPQOSI TI ON COVPRI SI NG AN AM DI ZED OR
I M DI ZED POLYMER Technical Field This invention

WO 20081183848 0 a process for the preparati on of aPCI/EP2006/005482

functional polyner, an addit.iqe conposition, and in
particular to a process for the preparation of an
addi tive conposition conprising an am di zed or

i mdi zed polymer. The invention further relates to a

QBD'}/ grafted nlultl-fupncltl onal

properties of a lubricating oil corrp05| t| on. The

_oresent |nvent| on also relates to a nethod of

d ubricant drain intervals and inproving fuel

econorry and Trig Investradatéihoabibrobdé-forlthe p@édar&tf&htéflar\"énctlonal

many di scl osures on the preparation of poly
rednen geadditive caPPRSIagnein PAHHESP i RswisS fof the preparation of

ﬂ Q&'Alﬁ)%eco?ﬁ;ﬁiéxlbﬁ REmPABAY )éﬂ%rnﬁd@éli’»ioﬁw&&ﬂ?olymer The invention

8 fin non- Cg@deu ate |eneterp yners whi ch
goer rs@éens o higkly g ﬁv@ymzféelcttoaaldwfemaaba@ﬁm\mmelf% taimprove

Q/R:%Bélg%dé)ﬁarlldmg%églé%dc‘?%r&démésodﬂ%%br‘idaﬂﬁgoII bbmgsg.@aﬁe The

mresmtmgtm Algo esfates i amateedoldxisnding lpbrigantdiay iatpsvals and
ﬁ!})q?\%befugfet{?%ﬁ\y%dtf el(é%ﬁnf’r}-n Pharadligf i n sol ution

ted wth an“ethyl enica unsat ur at ed carboxylic
acid materi aThefaft c@melas marw sstpstiresrPnyihe preparation of polymer

ol Cﬁ/tek‘ rH:I'inF? |n 'BﬁtcSHp%ltléﬁsa‘EttHW&we‘%rBﬁy@ﬁé BB m &S QHB R thylene

as a m ne apo I‘OX am ne,
awna:hlefu@a@lmcgwugat@d dieneiterpalyaters whish aavﬁ Qq@jéftﬁtﬁér derivatized to

;g;gg.aéﬁio?u&je ?Jro ds‘l'n\f rlcatlrlndJQTé&@ﬁc{s"i%n@'lllu%tratgtl%s t)](pe of oil

2 185 oses a st ized 1mde grart
afdditiye. et hyl ene copol yner additive for lubricants. U S.

Pat. No. 4,14&, f’%p NY. 598855 q%cgdrseg E}F@%@lo\‘)ﬁgl&m\é@e&@nved from

t he backbone po i'5 ah oi
@hﬂymeea@d pmeapyrmefeeca:@p@syma atafingelubion grafiedpyitan ethyenically-

L%lsgﬂﬁa Hg?ﬂe il ﬂ%b@?ﬁ fo%\k%lfﬁlgrr@g&lomgw C?Iﬁﬁnctlonal

V|n I'done to pr
ruat@pelrrgamvewthu cmﬁbcwbgrwm SIUQ'DJ ap emlmmmﬁ lagpoly9l.Dr apPat .

A e, Hhnteaclcioa s BUSEI RS BORECRURGN BRI Sortol aactve

Prve prepar e e reaction of an interpolyner
influbsicangeeils. and a CS C8 al pha-nonoolefin with an

ol efini c carfpaxpli ‘Noaﬁ'1%7a1§)§'d?stcld% ma&%nz@e irhREra of a

acyl ating reaction interne I's then reactec[1
ethyleneapopuiinngr. additige ferdubricaots. 4, 340, 689 di scl oses a

process for guaphi iR & 148285 INMses a graft copolymer where the
backbone polymer is an oil-soluble ethylene-propylene copolymer or an ethylene-
propylene-diene modified terpolymer with a graft monomer of C-vinylpyridine or N-
vinylpyrrolidone to provide a dispersant VI improver for lubricating oils.

U.S. Pat. No. 4,320,019 discloses a multipurpose lubricating additive
prepared by the reaction of an interpolymer of ethylene and a C;-Cg alpha-monoolefin
with an olefinic carboxylic acid acylating agent to form an acylating reaction
intermediate, which is then reacted with an amine.

U.S. Pat. No. 4,340,689 discloses a process for grafting a functional
organic group onto an ethylene alpha-olefin copolymer or an ethylene-propylene-diene
terpolymer.

U.S. Pat. No. 4,357,250 discloses a reaction product of a copolymer
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organi c group onto an ethyl ene al pha-ol efin copol yner
or an et hyl ene-propyl ene-di ene terpolyner. U S Pat.

WN00643388%, 250 di scl oses a reaction product of PGI/EP2006/005482

copol ynmerand an olefin carbaxylic acid via the "ene"
reaction followed by a reaction with a

nmonoam ne/ pol yam ne m xture. U. S. Pat. No. 4, 382, 007
di scl oses a dispersant VI inprover prepared by
reacti ng a pol yam ne-derived di spersant with an

and an gletin é@mwﬁ@c\gr%meeﬁee sRGHaRoligweg by a reaction with a

r%ﬁd(érﬁlﬂg Bl QH\)Heerﬂ&tLﬂéene terpol ynmer. U.S. Pat. No.
gl scl oses poI addi tives for fuels and

I ubr i cant s cdpPrsiNg %r@?t@"@?ﬁ?l%f%‘bw \pREpVer prepared
5&@%&% él"p&lparﬁmlécﬂe‘x‘l%@i Bﬁ»per@%t}’\ﬁilh 5»{ om.gé@éwraqeq)r@wene

finally reacted an al karyl fonic acid
%Y'B@MW'FW@Mw&pwvlﬁﬂe'@%éeﬂmhﬁl%at| ng oils

conpri sing aylsowaaidiuaia 1Rafschises bolyhR? additdsy fohfuR® and
mass percent of an ashl ess dispersant and a viscosit

Inbisantseeomprising 2 grafted ethylere sorely mee erartedhetma aﬁlwmmey polyol or
| nve%%ln%& ﬁnaflly‘PéAédtéU‘\ﬁllth X afkaAA §ul1%rn§: &fd.the present

tion di scl oses m xed

et hyl ene/ al piY&: ¥/39477 teaghssynet-gradet ubrinating eisgomprising a low
idtl?l’r‘éf?-:slbés% IR fes€¥an thize rﬁ&fseﬁe?aé?rﬁ oﬂ@ﬁ%sﬂﬂ%s &l@é’érgaﬁt%d a

rafted, multi-functional WV fiers of
\p$@§éhmoduﬁlee fihegeferance dopanot tegch memlseg@ftﬁéaehl@sfunctlonal Vi

MU&.F.ér“s%‘F%&Béént%/%BL&h copol ymer Ml inprovers. This

atent does teach the functionality to nol ecul ar
wei ght r el at\Wénedil §y 63rdisdiesesingked elyylane/atpha-olefin copolymer

AUk fdncﬁdﬂ%‘?%@d&% m\édlfle@rﬂgqgi%réﬂcgyags HBf%SEH the highly grafted,

I nventi on 75,3 I scl oses a proceéss
multl-fpmcélpaah\ﬂgn@dlfmrgpfehhgmseah@vamﬂqnoxu dant olefin

copol ymer it Puefo. WHBh @bl tddfss hﬂmtf t.oaéuqﬁéf ncsbpbﬁymer Vi
ght T e

acconpani ed y the nolecular wei ction o
inppoieysrdhis rAlentdoesrBetigacitine fgm@l@nalﬁgto rnoscuIaawelghbrelatlonshlp

o e gty Sr R hRRERNRICHaP Ol Hiprftts 6 in8 BretehEfvention,
t he functi ord&Si Pgt. Ne. ﬁﬂ@@@ﬁdrsc@egatprmelsamrcnﬁ%nﬁrmgcﬁ
tﬂ?eréérﬂ%ha affi@lidd olefiH Eb rHQFéd % M\erbmFe%Vr%ﬁéapiraﬂmg is

resent | nventi on. groun the | nvention ‘
pmoamag by pheemalecuigr welghttedyclipnadfiteeiconglinmeéra sue ite mgichanical
%"eﬁﬁi}@ copol ymer is known fromU S. Pat. No.
2

; 257, whi ch describes the grafting of an
U.S. Pat. No. 5,556,923 discloses oil solutions of adducted

derivatized EPR or EPDM. This patent does not teach the functionality to molecular
weight relationship of the highly grafted, multi-functional VI improvers of the present

invention.

Background of the Invention

A method for preparing a highly grafted multifunctional olefin
copolymer is known from U.S. Pat. No. 6,107,257, which describes the grafting of an
ethylenically unsaturated carboxylic acid material onto a copolymer prepared from
ethylene and at least one C; to C,; alpha-olefin and, optionally, a polyene, wherein an
intermediate copolymer has grafted thereon from 0.3 to 0.75 carboxylic groups per
1000 number average molecular weight units of olefin copolymer. Next, the polymer
intermediate is reécted with a polyamine compound, resulting in an imidized
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et hyl eni cal | y unsaturated carboxylic acid materi al
onto a copol yner prepared fromethyl ene and at | east

W W THBstH C23 al pha-ol efin and, optionally, aP@UERMNE)05482

wherei n an internedi ate copalgyner has grafted thereon
fromO.3 to 0.75 carboxylic groups per 1000 nunber
average nol ecul ar weight units of olefin copolyner.
hbxt the polyner internediate is reacted with a

am ne conpound, resulting in an i mdi zedcopol. r,

EaREETa, WIREOB S PR IehsS.A SHIHDR! VS S B UoHIR DLeIb By of between
y@@@&n@%@@@o@ﬁmzo 000 and 150, 000 g/ rml A dr awback

this known process for prepari afted

n ar.
nul {1funct | GharagRek Pﬁth@dﬁWrﬂSchsg f?fr%{? ?rt%raeﬁ'eFW@éafged
haNrUReliGHaY bRfin WEpAtheM8 kTR Ired BireStaAb MblédularARE§itgIolymer to
drawback of this known process is that the conversion
et WHB. i ni di zed pol yner is not nore than about 80%

This means tmﬂ;tharwmba?&%f%skm@ ﬂb)é@ésl iden 4l tRdIBsnVeEdidn to the
not be converted to imde groups. In the presence of

ijedizad palyieerds aphiare mangbew&ao i s BEaRsihal goqt 20% of the
érmyéh&ié’ %r%gﬁé( fAIt A b %oﬁ\?‘érfed% Qe gré\ﬂﬁt Methe PPedeneé oi \bé?ter these

hyd groups may be converted to am des. Such
Mﬂe@e goueswidrespastly peigtally ésneriedde éF'd@é?HFenf\“@:tPer pat of the

Mywﬂ‘é gﬁoaﬁg mazalbe conlded t%tm.aéss rs%ﬁ W Hedte8 REESHVRBsIEH
oi | det eri or at es OM/tenperature

r@nw&fsa bighes CQ”FFE“ of polymgr @tﬁb&m sfficient dispergRNeyiRsPParies of the

&Pwﬂfcﬂ\ﬁe@&lo?atgi HeA6W térﬁbertaﬂﬁ’e RisEH 2k tHoiof a solid
novel highly grafted, nmulti-functional olefin

copol ynmer  cdMheRieetiobEhisunvaian is kerRMiee & RresrsSdakiRe preparation
&raaé’gﬂg‘ﬁﬁel HI%T'W &%fte&’ bh@ﬁ-tfurﬁftloﬁé] %Iéflﬂ‘é%BBlyl%Qr ESmp8sition without the

provi grafted, nmulti functional |ubricant
ahpuetentioned '@Wb@ékq‘ or inparting viscosity index,

di spersancy Whé?’rgbjéa(bﬂﬁmnv@h@@?%ttb Bovide aﬁhIPth grafted, multi-
| ubricating ol conposition, as well as enab

fanetiongeebriqant a@%\we effestive iomrewmewmlty Ifﬁlels\ﬁ'm?fﬁr@y and
Sritisia It ;ﬁ&?erflé)seﬂo aelﬁﬁin&mﬁ%%ﬂ rc@Pl'pl)élﬁé(n a@v&éﬂrésr@{ab% &fénded

Is to DTOVI novel rlcatlng COﬁpOSItIOﬂ

lelriraat Waﬁgntelﬁ\els_na@chqngprgwag f@aecqmmv arrdJHe&qcsﬁanny@llumlW
copol ymer a%fddh\é?o@éctt iR erVn@Qta'r%QeI%br’ﬂfalt hg Eﬁ c&rﬂposmon

prOVIde concentrate novel tive
qontaining the. hlSﬂJWﬁﬁfﬁ?doﬁ“Utf'Hénqtmélrﬂ|¢fmpopﬁb’m%‘@éﬁ't'b¢ @f:féest,nventlon

dWell é@to%r?ﬂgé ?%r?ééﬂtr&tfes%'f‘tt‘%%vﬂ YRt R ihiHiion.

conpri ses owm ng steps as described in claiml.
The novel |ubricant conpositions of the present

$J}Hr¢1?¢:&@h&mﬁﬁoﬁe an oil of lubricating viscosity and
ctive anount of the highly grafted,

mul ti - funct iggarovel rrpeess for the preparation of an 'additive composition
comprises the following steps as described in claim 1.

The novel lubricant compositions of the present invention comprise an oil of lubricating
viscosity and an effective amount of the highly grafted, multi-functional olefin

copolymer.

Detailed Description of the Invention

The olefin copolymer employed in the novel, highly grafted, multi-
functional olefin copolymer additive of the present invention may be prepared from
ethylene and propylene or it may be prepared from ethylene and at least one higher

olefin within the range of C; to C,; alpha-olefins.
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copolynmer. Detailed Description of the Invention The
ol efin copol yner enployed in the novel, highly

w@ewhtads48 mul ti functional ol efin copol yner adeCT/ER®OEH05482

the present invention may be 4orepared from et hyl ene
and propylene or it may be prepared from ethyl ene and
at |l east one higher olefin within the range of C3 to
C23 al pha-ol efins.- A - Preferred polynmers for use in
t he present |nvent| on C ners of et hmne and

re (¢}
one or nore fUgfars C@ﬁ’“&?rﬁﬁ%{ 'Jg thedpresesb #vg Rtignsargcopolymers of
&hmﬂr@aﬁr aﬁ@oﬂme@veﬁr@ecz@eehmﬁfmareé;ﬁﬂrrﬁéirs @en@rene and

| pha-ol efins suitable I n place of Eleneto orm

mﬁevlereﬁa@reyn%?t Peaterref (ainealena-AlefiomEATIARIE 1B aGe(ah Propylene to form

1Bk RYbERRePEto REURKH fNEorhBinA i With &tRYIBRS ¥A® brdpYehEd€form a
1- butene, 1-pentene, 1-hexene, 1-octene and styrene,

tEFRONEME NS Trbuteps:. al-BeERIENS <1-AgKene glroctene and styrene, branched
&aﬂ?&lPPfé Blé?lﬁé"@tlc% a'i:m{e’ﬂWIMéﬂeemg rﬂetﬁ?lgerﬁene 1 and 6-

heptene-1; and m Xtures thereo More conpl ex
'BP@V ﬁpt@aeﬂr gae ixturgs thatedfesi gnat ed as i nt er pol yners,

may be prepangd dépigk éreﬁmtdﬁérﬁmpcmeﬂtdesahmebmsnﬁ*terporymers
conponent generally used to prepare an interpol yne

58 B PERPAredUINgd rfy@rr@mﬁsrﬁ\snﬁe th thirdgoaponegtgenerally 'used to
FS(]Q Pare &Rl |H@ﬂ§o%n&'s%8§§at@nsda bBI‘y@r'ﬂaeﬁona—rhgr w&té@ﬂbhﬁ%ne&njugated

Iene conp onent 1s one aV|ng rom5 to 14 carbon
cafermsarrdrtnemﬁ@ dhainan-cppisgated isiene copworeatie ore Aaviag frem Sto 14

ChESPSbRISTF B il PRefBFBRE Hedidie r‘r\por'ﬂ&l .s%sréeténaea by the

structure and can include cyclic and bicyclo
RIGSRISE IR 8 VirmEgiosB éhitasl ucdurgiaad €an insydgdw/clic and bicyclo

&n@ﬁﬁ&@@&?&en%tﬁe%@ﬂe@%‘ ﬁﬁ‘-ﬁexa"d ee, Nk @i HeRadiene, 1,5-

hept'adi ene, 1, 7-octadi ene, 'di cycl opent adi ene,

@xaﬂlﬁw i Ye-heptadiensr bérostacienesdigrsions e, Rthyiidaeere;
rﬂoréorhsrpé %grq né@dnorb&neﬁé ad ﬁe&ad@nén aHdH 6- oefadrghreeA mixture

t han one can be used in t he preparatlon
qf mase p‘eﬁmr@rdleme pATEPeHpecHin ﬁm]pr@@ﬁrarg@pé@edntémlmr A preferred

rWne(RﬁLdg)%% it f&ii’_ ¥Pafingh térBB@Fn@PbMHFé’rpfiWért §Lfysﬁ’afe~°1$ 1,4-

i ene. e triene cofponent have at
hexadienewo non- conj ugat ed doubl e bonds, and up to about

30 carbon at@ygBibhk Ecﬂﬁp&i@@l Wil hB&Q 'a? %lastttWoer{b‘ﬁSCdr'rﬁ.%fargd double

in preparlng the interpo I nventi on are

bpngd §o€mddmmo|a!r>@nb3%arhorr atoms lﬂéhe @nﬁrrderpwabtﬁenes useful in
&e%ﬁf?@ﬁﬁ@)ﬁt d‘ﬂ@l?ﬁr@r GMRE %Hfr@ﬁjbr‘%ﬂﬁmopropylrdene -3a,4,7,7a-

o-1sodi cycl opent adi ene
tgtrqrydfmmdgnee ﬁ@swqﬁytrﬁgned@yplépe@ﬁyrpw aitydra-jsodicyclopentadiene,

éﬂd%? ﬁ’ieﬁ‘n !%ﬁ@%g@grhyﬁé p&heag;[g?@m@a@ _Pheptbidrer

Ethylene-propylene or higher alpha-olefin copolymers may consist of
from about 15 to 80 mole percent ethylene and from about 85 to 20 mole percent C; to
C,; alpha-olefin with the preferred mole ratios being from about 35 to 75 mole percent
ethylene and from about 65 to 25 mole percent of a C; to C,; alpha-olefin, with the
more preferred proportions being from 50 to 70 mole percent ethylene and 50 to 30
mole percent C; to C,; alpha-olefin, and the most preferred proportions being from 55
to 65 mole percent ethylene and 45 to 35 mole percent C; to C,; alpha-olefin.

Terpolymer variations of the foregoing polymers may contain from
about 0.1 to 15 wt % of a non-conjugated diene or triene.

The olefin copolymer or terpolymer is an oil-soluble, linear or

branched polymer having a number average molecular weight from about 20,000 to
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fromabout 15 to 80 nole percent ethylene and from

about 85 to 20 nole percent C3 to C23 al pha-olefin
WaRa0h/1838¢8 pref erred nol e rati os bei ng from aboRET/BE200§005482

75 nol e percent ethylene and &+ om about 65 to 25 nole

percent of a C3 to C23 al pha-olefin, with the nore

preferred proportions being from50 to 70 nol e percent

et hyl ene and 50 to 30 nole percent C3 to C23

al pha-ol efin, and the nost preferred proportions beln

% Ogymobagdetgpniaes By Sémef&FﬁW‘eﬂ@@ﬁ@gE@hb’@”ﬁsmﬁ’ﬁr

éh%r%ﬂﬂﬁ sfaRdhriZatién, alithapRf&fddnuniidr ROEGE rmdl@édlaﬂtw&g?ﬁ range of
he foreog?l ng pol ymers may contai n from about

00054000/ RO LGS BAV e AL eRPoT ST A SRS affisrcally to

Q*c%ﬁip%s&@ﬂh%ieﬁ%lph@%léfﬁf RPloliRrs, itSrpafymerd oSifterdl@ners. These
i near or branched pol yner havi ng a_ nunber aver age

aledalsinay Gesth Mg aRotiRe! BltereiRinicaBeTPBYS Sg/IoRd asthe basic
éﬁ?&’tf?ﬂsﬂ@éjoﬁ)ﬁe meléh%rmbl% %Wr@ﬁf@ﬁ&%nﬁ@ﬁally changed.

universal calibration standardization, wt

preferred nibeihyigoisalgensatirated icarondicasid W&F?gj'@' igfext grafted
(?f@o %OprEchﬂ)QQ CQQerQéF%| form Eﬁ abﬁét‘é& e@rﬁlléﬁﬁop@%erl These

nmer are used generlca y to enconpass eth
%ﬁ”ﬁ% oreaEiants WRIShyATe Sultablafos Brafing ante e GRRGIFRSTy FRIRGI at least

oHaesRyIEME Bbh@hRd Bﬁ)éaél%babr@féfhﬂ? EW@@PBHXZIIGEC@E)H@J anhydride
ol efinic nononers so | ong as the basic characterjstics

BOURsHYT 2PPIG1 FAEP, a/vfp%tsaoewhbl@dﬁe S5y larREIRS by oxidation or
HWF&%I@'ﬁé%FJW ARAcarhikyAt PRIt Alel 61t dHh %‘ieeﬁroup consisting

carboxylic aci'd material is next grafted onto t

qfra@@ée imethaenyliso cipramic, @rqtfenlqanraaielacfyrr@fléanéﬂtﬁw%@actants More
GERPAYTYs B35 AU s R e JOUE Bl o mlf
3cich Sumaireacq, mail@lﬁua@hmfm e Migtunecf dwo eh@orqwféheseambe'c
édﬁpdnd:eaérb@&awaﬁv@mepeo@is één%rﬁl?rﬂﬁ(&rt b%ser%@mto% @mmercial

roup, which 1's convertible into said carboxyl
agfratﬁmlﬁy Byd sawa& reaetionr Irtpe cass e unsauratpd capplymersts terpolymers,
|%5H9)é¥1d'd? its %ﬁﬁ{rcﬁfﬁﬁeﬁs ﬁfe?er?e‘d QL B8 Gtsre QUBchREn e B form a cross-

consi sti ng acryli met hacrylic, cinnam c,
ligked §ﬁﬁw<2'§urer¢é\l|“ég ¢he foﬁTBﬁdllc@l QIREiNOtReIRSPC r eact ants. Nore

preferably, 'I‘Héeetﬁﬁérhé’éﬁwdn%?ﬁ%ﬁ&& éé%éxy% %c@%&%ﬁﬁg tyiy can

t he group consi st n elc acld, Tumaric ac
Rfavide @n%mhgymcracﬂ@oxym greuR$ ReUMeleH reagars to m@r@aﬁﬁd polymer. That

il NRshy! r\q@hgé ankyrdtbdge QF\e @at@%ﬂli\é@rb%ﬁpérhﬁél@@jle kPthe grafted

genera t pre erred due ts conmerci al
mera{mlleumqlelaﬁah%@é N nr@\a@et MerearbarylinarauRs eepmolecule to the

dt rd copol yners or terpolyners, itaconic acid

or |ts an ydride is preferred due to its reduced
tendency t o Fheraarkoxyliomegriankisgraftadatathe RIGeGrivgd ofRéin

%)Eggn{eiam &bmBhRTtd | 'prlﬂ'lo‘ér @8 ‘F§§0 T@f@rﬁ%ﬁWV £ R %Eidycarboxyllc acid

c acld nateri IC&

turated car bq%é
asylatingierayne per 1Q @mm%&ﬁﬁaldzolgﬂroeqmlmr Hoe @Ir@mum level of

fﬁﬁ&%ﬁé‘i%'s e iVl Hé&feﬁ?gamleyé"ﬁﬁ N?tﬁ{m K &tisfA®Y Hispersancy
acrylate can provi de one carboxylic group’pe

nesfoenance. T blstrmgmgmaperé@mance is reache when on average less than one
functional group is present per polymer chain. Above the maximum functionality level

little, if any, additional dispersancy performance is noted and other properties such as
bulk viscosity and solubility of the additive may be adversely affected.

The grafting reaction to form the acylated olefin copolymers is carried
out in a first step (A) by reacting an olefin copolymer with an olefinic carboxylic acid
acylating agent, said process comprising heating said olefin copolymer to a molten
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pol ynmer while mal eic anhydride can provide two
carboxylic groups per nolecule to the grafted pol yner.

wab@oa3asiwoxyl i c reactant is grafted onto the pPEBEPIDEONS5482

ol efin copolyner in an anmountgsto provide 0.2 to 20,
preferably 1 to 6, of said carboxylic acid acylating
groups per 1000 C atons of said olefin copolynmer. The
m ni mum [ evel of functionality is the |evel needed to

achi eve the m ni num sati sf act rs

cRaditign #h A dempergiuce (4 the fenae 5 ﬁ%%‘i(g’g Fating, nuaficsh gxiruder or

é’ﬂrsﬂiﬂh@!’ r@@edn&s Saiti bRfinRrbaxyid A&yding gif’g@Hfbri@ sBideRpbiymer,
ymer chain. Above the maxi mum functional i tryata

fPRé'\S’@P"W Lpspaenty regiFing bR MAlRsHIAT Weithat sai egpolyme

BRIpEAItIRRNE the ran@@frsﬁh Z50eC @ BSTCp KrRPpEs praau@mg:b ga@neiauféﬁuced
viscosity and solubility of the additive may

raa@ev'ewv%ﬂrMat%copﬂwarWWr?grw%ﬁvwgﬁdnq'%?%rtwghf

r%ﬁyllnétfr%ﬁh £ bed td18E 0P lgyHiBr nd r%vﬁ@rﬂe't\ﬁéierp@Q tb R0 @f E4ifl Thrboxylic
step reacting an olefin cop o%cger with an

aﬂlféﬁwgﬁt@g@@ﬁabs@ﬁ% Paic] QP0Le ploms ¢fgaidpiefin capofyines, Hhetesulting
%P*T'Héﬂ lﬁﬂeﬂgecﬁlﬁt@tlé Bearaeteflz< B haVifPRAbNTRE ati@ aRylating functionality
tencondition at a tenperature in the range of 600C
eadompOdhinkestUcHyS: in a first extruder or a first

m xi ng devi qg thééﬂo@eg faf 1 fdﬂﬂnﬁ\gOcﬁé Ee{mbu @le'f.ﬁxdoabwgrs the olefin
agent onto said copol yne t1ona subsequent |y

GapalYE1eN is T6R 0 FHRbET ol RIFSHaFfesiBe SOHiPaRb BT FLAN BRtruger,
ihRABICE Alikdrer hasti&for, ﬂ@%dfté Qrt'éng Qré 8f 6P A6 240NC LRGN

produci ng a grafted, reduced ecul ar wei ght acyl at ed
thqd@mlwwrunﬁawaﬁgd ﬁafﬁei‘bﬂ'érackﬁ*\féiﬂ@%jé apg [fréétiP%iFaMEP@tﬁf are
sreia%éw cf) rféH"ioﬁhQ%ltEﬁ p%@n%@% S4B brafiHy. TR 'pl%e?ﬁhg\@aﬁ‘ipment is

sal d carboxylic acid acylating agent

gﬁnafallwepf@ﬂ frpoowwrea@teé heagentssanddbysresucts Qféfpﬁagsaﬁﬁ\g reggtion. The
r‘é? Abhdd e E%¥ rﬁ%cebﬁh& %Hﬁ ghﬂhﬁls sﬁffi%féﬁf @%r@%&é £t thY desired

havi ng car ''c acid acylating functionality
degrﬁﬁam acylatiom ?ﬁd ta allowt fop perification of the acylated €ggolyHer via venting.

form ng the AWl edial |ﬁftlbfbr§€?/ﬁféh¥rﬂ'®"l§e udddo @&t inR ethylenically

copolyner is fed to rubber or plasti'c processing

wsalusaed cabexicasidmateriaktades olefimeenpiimer inplyds pefoxides,
H;B?Jde?&&&rs’ pbYesferd ah@ afsol FORBhiHoUhEs éﬁd &Q%Fa&l? t%@%mh

t he ethy eni cal unsaturated car oxy Ic acid

desagonse themmeliyde a Ty grafingdemperajure range and
s {5 olife FrBE réﬂ?&él@ "Réb‘?éééﬁ?itw&@ oﬁﬁé?é:ﬁreéll;é&flédl PtiatdB%re

processi ng equi pnment 1's generally vented from

azgbeiyrandtler @a@@m@r@m@ Bypriattiexane 2kebigraftiariytyl peroxide,
J, §@!ﬁﬁétﬂ h Q‘?/né?sﬁf -HRneRiaky- myl'prérém Mooéﬁﬁéﬁlb%utyl peroxide. The

GQUI IS SU cient to prOVI desire
igitgforis L@ﬁd iEgn amount efbetweenabogho peé%pﬁndu Fhouhd T waight based

6J1tﬁewdrﬁlbﬁfﬂ,quﬁgﬂowmhuyé a venting. The free-radi cal

Initiators used to graft the
et hyl eni cal |9theh@ath9¢ake@~r¢ iythe il fercefteeting raaction af ethyjene

dI5¥a-OLRA LIRS Wil ethyHitl§ uRSAtAEtEESarboxylic reagents, such as
halogenation reactions, thermal or "ene" reactions or mixtures thereof, can be used
instead of the free-radical grafting process. Such reactions are conveniently carried out
in mineral oil or bulk by heating the reactants at temperatures of 60°C to 240°C under
an inert atmosphere to avoid the generation of free radicals and oxidation byproducts.
"Ene" reactions are a preferred method of grafting when the ethylene-olefin copolymer
contains unsaturation. To achieve the high graft levels (up to 20 molecules of the
acylating agent per 1000 C atoms of the olefin copolymer) desired by this invention it
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hydr oper oxi des, peresters, and al so azo conpounds and
preferably those which deconpose thermally to a

WG awst3ases al extent within the grafting tenperBCTER2006/005482

range and tinme to provide fr.ee radicals.
Representatives of these free-radical initiators are
azobutyronitrile, dicunyl peroxide,

2, 5- dinethylhexane 2,5-bis-tertiarybutyl peroxide,

2, 5-di met hyl hex ne-2,5-bjs-terti but er.oxi
raawba.ne%ﬁse*fvatpﬁ?ﬂ%% rsetesieithe! e"ﬁw@rﬁﬁff‘?'a&%{‘ Fectioy 3ﬁaffee-
,Jaamgn%raﬁ%,o@f bet ween about 0.005% and about 1% by

wei ght based on the vvequht of the reaction xture.

O her met hod¥etriBarsecAnd fiePaihe Pelymesfniermsdiie Pasassiod
Qo Syl haa acpbiMtpfufbiins &R (X e réacted Ih £édtoherkeaddrior a

unsat ur at ed car boxylic reagents, such as hal ggenati on
secqBd MbrRg devies with apolvertine corapgund selectzd fram {iis @roup consisting
¢hereof , can be used instead of the free-radical

grafting process. Such reactions are conveniently

ca@ i uN@nyPhenylangdiamine fePresentsg by the fEwla: ng t he
reactants at tenperatures of 60Q0C to 240C under an

i nert atnosphere to avoid the generation of free

radi cal s and oxi dation byprogducts. "l%,ne" reactions are

a preferred nethod of a'&tlﬂ
et hyl ene-ol efi n copol y rcont a aturation. To

achi eve the high graft levels (up to'20 nDIecuIes of

the acyl ati ng agent per 1000 C atons of the

copol Piévoh Aag @F%@?twnﬁﬂ%s's rRvaNH O'ﬁ‘N'f'Frﬁﬁ)")bg" ~(NH-AlkyD),~H,

neceSWé/ar?IQIkg/pb'b?éM&éd BF SEAER dhBf ragias! hanngthtfhﬁ &b 24 carbon
raft reaction wt freeradical graft reac

Next atps $ha$ 8B KA aﬁivé@'kenwea'bwbr?é?'kvl %'E?%&V%fpéva'kyl or
pOSS@aﬁﬁuhBSk?aRbBWNHQ -@NH@bﬁg;d),@IMmyg (omggnt-mgs—mdwznn which

(A) is reac in a second extrud second q
devi cRand FHIaVeFOrAaToB 8 ioBRIRS iIVEEsent AISYh kenvl. alkoxy!,

gr ourhrsmyls hn‘zaiyn@a\ﬁﬁ% fr&rﬂ)4 t84N=AsoH enbrasyér@fée@bl@m BGH R? = —=NH,,
represen ormul a: in whi IS aro

and RANGR°= H, wh|qp| i9N- ph@npqua,a@ 9h§ny,1§r]q dlar(lmﬂ (N_PR|DA) and its
Kyl) ngdhmersNHaryl al kyl , a branched or straight chain
radi cal having from4 to 24 carbon atons that can be
al (ey|an anmeﬁ@%az% kapkgeented By Yogiformylaar i |

hydr oxyal kyl or am noal isS (-NH 2, -(NH(CH 2)n-
YmNH 2, -(CH 2)n-NH S which n and m
have a value from1 t §‘”R2/dr ogen, al kyl,

al kenyl , al koxyl, ara R'kar having from4 to 24
car bon at ons, preferibly R=H R = -NH 2, and R3 =
H, which is I\I-phenyl par a pHenyI ene di am ne (NPPDA)

and its isonmers (b) an am nocarbazoli %resent? P’ ,
t he fiBMRighR and R" represent hydrogen or an alkyl, alkenyl, or alkoxyr radical

having from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:
R

N

|
H

in which R represents hydrogen or an alkyl radical having from 1 to 14 carbon

atoms,
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in which R and Rl represent hydrogen or an al kyl,
al kenyl, or al koxyl radical having from1l to 14 carbon

WQe@Wnd338¢&) an ami noi ndol e represented by the PGF/EP1086/005482

in which R represents hydroge or an al kyl radica
having from1 to 14 carbon atons, (d) an

am no-i ndazol i none represented by the fornmula: in
which R is hydrogen or an al kyl radical having from1l
to 14 carbon atons, m, nomey captotri azol e

r ) AEANEG- 'B%@H@Wd?hiﬂsﬁmepﬁymbﬁm 3can be absent
or can be G - Cl10 linear or branched hydrocarbon
sel ected fromthe group consj Rlng 90 al kyl, aryl

al karyl, or arylalkyl. (f)aRgm-rgdyrim dine
represented by the for [ R represents
hydr ogen or an al kyl or al al having from1
to 14 carbon atonmns. Partlcularlykgreferred pol yam nes
for use in the present inventionare the

N- aryl phenyl enedi am nes, nore specifically the

N pheny\rrmhveﬁﬁyﬁ sl anvaraBalkyl @dl@kaﬁyjn@frﬂmph@nw carbon atoms,
G hé?ﬂé{rln%ﬁ@r@dﬂ&ﬁazo'\é RpRREhteh Y tRe RpuRAed] ami ne.

and’ Nphenyl -phenylenedlan1ne i's preferred
that the polyam nes contain o NH prlnary am ne

group so as to avoid coupIEI / or gel ling of the
dit

ol ef i n copol ymers upon Nf said diamne in the
formof a crosslinker. of the polyam ne will
provi de a chem cal 1ink betvquen the pol yam ne and the
acyl ated copol yner via an am de group in the case of a
mﬁno iB@hichaR yhabe ragsage;nlg:an ﬁe o ef(e‘lt, llleehren:tﬂbf]nﬁcge@hydrgc%rbon
t he | ny onsists of the_c ing,of the descrjbe
or' el B % roR ap Sesrdct AKIE Pl Sty STV
def) vat amimopheniapk.refrespited oy e fohrulacyl at ed pol yner
will initially proceed via the formation of an am c
acid species. This functionalityNHs generally known to
be tenperature and noisture sens|tive resulting in
both cases in the |iberation g*thg pol yam ne and is
thus undesired for the application] Characteristic of
the reactivity of a primry am\y sd the descri bed

di aci d acyl ating agent or d t hereof is that
the amc acid internedi ate cs ~Nwvkde a thermally and
hydrol ysis stable imde Iinking funcRionality by

i beration of reaction water. This imde formation is
the pphRIH R Fepresatd hﬁl‘rog%éheorFHnoél%ﬂ%r alRbkyl PAdi&l having from 1 to
above-nenti oned conponents m ght be present to sone
ext ent4 §aibematomsact i on product .

Particularly preferred polyamines for use in the present invention are

the N-arylphenylenediamines, more specifically the N-phenylphenylenediamines, for
example N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl-1,2-phenylenediamine.

It is preferred that the polyamines contain only one primary amine
group so as to avoid coupling and/or gelling of the olefin copolymers upon reaction of
said diamine in the form of a crosslinker.

Addition of the polyamine will provide a chemical link between the
polyamine and the acylated copolymer via an amide group in the case of a mono acy!
acylating agent.

A preferred embodiment of the invention consists of the coupling of
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The second step of the process of the invention is
preferably carried out in the presence of an acid.

WORR0l/1838¢8 pr ocess of the invention the inconpl BEBEP2006/005482

am di zed or imdized functi ommlized groups have been

reduced by about 75 % Preferably the acid has a pKa <

4. The pKa is defined as neasured in an aqueous

solution at a tenperature of 200C Aci ds used in the
roces of the inventjon can ut are not limted t

E’Srd&SF ety PIWIG Wit dipc J@?‘“g ﬁgﬁ'&?éé’ﬁ“"ﬁ@ﬁﬁ'é‘?{8°f9

@uupﬁlmpldftr@cadma(téa%&ﬁ«)memnmﬁmny deedivia t&@lf&n(dﬂbﬁ@bh amic acid
or sulfuric aCId$£ %ﬁ trifluoro acetic acj

sreceeObp fundighalib|is SeRPEIY KRowrsindgstPmpergtyng %ﬂﬁ’rﬁw'St“fe sensitive

feBLiIBRg feodtifcsded)in thd ik tioakdf Yhe pdigariifaahl qmthlus uh88sired for the
process of the |nvent|on i S carrled out inth

prriicalitie Chprastegalio! HREPRCtiVROTARITPRTY SMing rd ﬁ@é%?slc%bed diacid

adyedting %@lebft &Qie‘fﬁémeé tr?é?éof?ts tﬁé't %eba’#ﬁl@ @c@ﬂntbﬁﬁe@ﬁi‘éw&h Rbvide a
t he acid has hardly

PTaRlY 25 YA S b g TOe kI SersdfsRi B ST action water.

T HBid8 FétHiagion Ythé ?ré?fé@éﬂ telsuR of mecw@ceés "mY| 8thBeatsove- mentloned
turned out to be of little added val ue. The cﬁﬁocess of

SHBPQNGPETRIoBhPR RiFSBR! I8 SPFEctastin ha reafiios pe

sections, WhKsdBYd l@%p‘:@rﬂﬁé &@c@é&of'tﬁb inentionl i ?Véf@r@bly carried
devi ces: a feedi ng extruder rafting ruder

putyn therpresrncg 4R 2FigaVithdhe B@Pﬁk”‘eﬁ’f" PRl he disompRte

énhrdb:earbr%.@fzb&lf&qcﬂéﬁé}@éarbr@pg%we Bt RIdUBEY BEERSULITS %,
ch optionally the nol_ecul ar. wei ght may be reduced,

aref%alaly (tﬂe @@@h@%a (pgja $4Therka i gg{mqglna%megﬁged in an aqueous

ddirfohi RRAEMPEALAEWF 0! pol ymer with a pol yam ne
conpound, a degassing and finishing extruder

whi Oh ey beAGigh BeRAn s Pracess idne mnt(oa)canﬂ?ebtft@&jnwglm'ted
@af4Rlerie BlirdRY b8 (RTSAK ARk, tRhzé o RS OBN),

as a conical tw n-screw extruder

matgne sklfepiq aed(MeS@xrargulfuricreid (tb@é%) értf?ﬁpﬁ%acqyrs agid
(fcq‘—%db%}?l) nhEGEERIE e (fsfnm‘?samﬁm%' dhfdridie (A’!@,@ )flﬂr%?ErQIQy the

zone been designed to transport and melt and FP TP
reReliqhdn Jhfeproeess ¢fdne @a@wwnpapamsﬂ ophip the Bressace of PTSA or
BBgar eactive extruder. Optionally, a second zone of

the feeding extruder can al so be used as a
wat er - degassihe@men of pgid ured ferreferabbykeivean 1.26Ae MAke based

&Pﬂhﬁ@ﬁo&l@ﬂf he p@@gﬁ‘ﬁ%e @eto% ﬁmo@}ﬁ%’é‘écn@?\a@’ﬁﬁﬂiy any effect on the
preferably less than 0.5 wt % The degassi ng Zone can

@nyersion of the arftydside, groyps ﬁ%@'@%QWEQW uleéwaﬂtbﬂ%aahoye dupol%
KR tarhali @ et idRWMidelsafikng reactions. The second
extruder contains a grafting zone where the grafting

The process of the invention can be carried out in one ore more
sections, which may be carried out in the following devices: a feeding extruder (1), a
grafting extruder (2) for the graft reaction between an olefin copolymer with an olefinic
carboxylic acid acylating agent in which optionally the molecular weight may be
reduced, a reactor device (3) for the reaction of the functionalized acylated polymer
with a polyamine compound, a degassing and finishing extruder (4), which may be
followed by a pelletizer (5).

The feeding extruder (1) may be an extruder for rubber bales such as
a conical twin-screw extruder headed by a gear pump, or a feeding extruder for rubber
strips, or a feeding extruder for crumbs or pellets. The feeding zone has been designed

to transport and melt and pump the polymer to the second part of the process e.g.
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reacti on takes place, optionally followed by a

nmol ecul ar wei ght reduction. Injection of the acyl ating
wWa@at13mwkl t he peroxi de generally takes pl ace PCI/EP1086/005482

grafting zone. Optionally, myhtiple injection of

acyl ating agent and peroxide is applied. The acylating

agent and the peroxide can be injected into the nolten

polymer as a nelt, as a solution or as a suspen3|on in

a volatile solvent or mineral oil fera

Raeive g REOTRY kP ERONARaNE of e TeRg i EXHIPT S8 Figo be used

@@@wgtea@g?gg% 2reer 1 to 4 screw dianeters to al I ow
sufficient dispersion of the acylati nlges ent .

I n
preferred erB& Yalst- d?%%ass&lﬂoﬁqn?é'ﬂle Bely 'P%ae%ﬂjéﬁ? to an

FRELRSF @xied Sréférabl@ﬁ’@s%ttﬁéin 815 WeAStheQiegassitg Porleiédn@&o be a first
extruder zone. This mul “Et,hg glfﬁrl]fl ection of reactants
i

zgne|of the exrudar 'é%egu taicagy g ing anchdowshsaring4eecions

in the pol ynie d8bhd 8Rflder ebRaHe agg'ralftlh? obhé G/théCtMe graftmg
reduce the anmount of byproducts, as we as inmp

renetiondakas riace wetienalnfollped by @ m@sw'arnwsv reemtgpnt ipisction of
tRE ra@%ﬁéﬂ'fg dgenk Qh@ﬂe%rbﬂdé@éﬁér@liyeta%saﬂ%e inthisReafting zonhe

reactl on zones. caSe of p e 1 njectlons
Priiinglly wlh@mﬁtlgn @f aw\qt@@ta@&n? @&t@%{ﬁ%ld%rseanﬂ%% eherggylating

é'g:eﬂf §5¢Me ;%Y@)Udé)éar%@‘ﬁgé%témhfd tﬁ@%dﬁ@n bB§riePtdla rﬁ@lplé@,ta solution

react ant l engt h of grafting zone is chosen
Q@SH SUSRENFien He? mdatd@ splge@ézf@wﬁggbmg ecabivi the @;ddltlon of the

Serauhd ¥v8lld'f5‘llot\r{"ﬁ1e@ Flgﬁﬁé a@érﬁfaﬁﬂlﬂgn ghdr Cloosdrew dlalnﬁ‘eters to allow
case o e injections the reactants the

iffecient digpsesian erﬁhwwlat@s\ﬁ]g@ngl y be extended to ful fill

the requi rerrﬁ;;t Fr@@ %o@ﬁn&ﬁ%%ﬁdn‘&%cﬁaﬁh%agent and

consunp tion o nononer. Alternative

|
Resevide atrap@at@«ﬂ at lﬁ@stgme @t adurihen exiguder Bene. &y hieuitigleggiggtion of
B3LERk g\;ll@al?dhv@ Qr‘{vegéért KEpdiSioR %Pf?r%' ddlé?rﬂeélftaﬂtg‘ﬁl RERYmer melt and

per oxi eratureln gratlng Zzone 1.s
ingrRRs gl eﬁwerr@arr@dme @etam%@wmr@m A aglljag impgove the color

cﬁ%é/ fikdl gFB'Hqut Ogﬂgnélﬁr@rﬂfl ﬂﬁé%&oﬂ&é’fs‘ th%ct‘éann H‘%ltip‘@élﬁéésﬁﬂ the

nmean resi stance | ow caused

rgeetew zgnesrdnthe ¢aserai eufinie tnnlqworz%ﬁh‘é inghvidyg) aatﬂuug erh@ected
%Q&aﬁp §'¥hb B rdhe st bRdr eﬁé\»éﬁ%nm obﬁqettepanamume&#

e gra tlng zone through an optional restrictive
réagtehtint o a purlfl cation zone, which is a region where

sol vent, unr ﬁ%h o?ﬁ'%fq}ﬁﬁ’m% 9¥né)fsQ:‘iinH§ér§to ABWRAE BEfxRie to

and ot her vo I mpu romthe reaction are
Jaspoese Smhﬂwntlaéy fasklfing in t@m%sbgr@ftme@ﬁwsm case of

@Hi[lhlfemg@&lohg SPHEEL kS tﬁé"{;r%ﬁﬂ\? desforPliill %bVi%[]&l%/ FR¥tended to

Zzone conprises one or nore vents w
folfitl therghuiversentof sgroxidesiecompesitiereanst eansumptiom gf gradinagnomer.

Alﬁerﬁﬁﬁle@t {hkeﬁgt'npgraﬂfre bithe d?!aﬂﬁ? E@ﬁe SAHIbOFaist 1 %BFn% extdht to

cas e vents wmthin a vent zone,
allowtfastar @ecomposmon of the added peroxide.

The temperature in the grafting zone is monitored by means of a
thermocouple mounted in the polymer melt. The temperature profile can be installed by
means of the resistance of flow caused by typical screw elements in the grafting zone
and by adjusting the screw rpms.

The grafted polymer may be transported from the grafting zone
through an optional restrictive dam into a purification zone, which is a region where
solvent, unreacted reagents, by-products, co-products and other volatile impurities from
the reaction are removed from the polymer. One preferred means of purifying the
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separated from each other by restrictive dans simlar
to those described above. Use of the vacuum system

Wh200p833848 | ower the boiling point of the vol at PCEEP2006/005482

inmpurities and facilitates their renoval. To further
assi st the renoval or stripping of unreacted
reactants, by products and co-products, the vents may
be under reduced pressure and an inert stripping

ent, such as nitro pbe i ntroduced. The use of
AAResge Hreuan s ol YOt Aope ugh a?wonacamr'swqw more vents

WighEptRhatfacLigy syBlefslb aédutRi iédsuPRARS As¥ist irpthe étrﬁbm{gsof the

t he 'vapor phase parti al gressure and i nproves

ol or SeleNsn i the castaf THHPIE VERIS T, 8 {ENiZaRe e vents are

PaFAPRoRteach %fr%@%?‘?estt@cﬁné rdaﬁiérsﬁml%f tOBRAE d@EcrlBéU%bove Use of
severe screw el enents. Besjde npr ovenent

the VASYUTA BYSRM DSIPSIP fqweay ﬂaﬁ/b?'w m'@*ﬁ&thw'?ﬂkﬁ éﬂfg‘gﬁ'ﬁ? anre

fh&iitatesithéir ”imdg. an opti onal reduct| on of the nol ecul ar
wei ght of the functional poly t he neans of

t her mal and TRSARBSN assist H’@dﬁﬁ@&?'l%’ﬁ rippig A negaciag reactants, by-

;ﬂQ&hcfté 86U B&bkodusts! fh@%ﬁ&rrhé\ﬁb@mn@&w&weaq)r@és@?@aﬁ@amnen
the head of the extruder to a reactor device (3) f

stiRpingagant. swcB Bs MIENEEY Badticddeeh dPrase Q! pYIOgRR Blripping is

iRy HRIDHATH R SRIBRAIGT fow MoRRDIE Welght Mt afs AFRYIoRers the
provi déed between the grafting extruder and the reactor

@01 RhasesEial ArasyuRgHANg IMREOVEE (13SSapPPQhe ext ruder and
reactor deV'@ﬁloﬁwgllﬁ%éﬁmﬁﬁgﬁ&ﬂzdﬁﬂefd‘aﬁ%e‘ dbeﬁ‘:h@@ﬁt iAEreased

surface. The reactor device can be a second extruder
temparayys Sy weaansaf mde gavare serew elamants: Beside theji@provement of the

M.ﬁcét%ﬁccfaséb.m@wﬁe h@h@f ,%&mémperm&%rthtshﬁu B&F 8HioRfonal

extruder w | é equi for adequate pressure with a

redysdion @f g@dﬂ@'@ﬁulebwmﬁq Qiimﬁ)fum%n@bmlwaﬁ hthefmeans qfingrmal

gn@rrﬁmnkgﬁdgb%@é%ﬁl y mxed reactor. In this case the
pol ymer can QFF nped throu?h the reactor device
I

at a very | J\neprrbé@@ mogdifig meltds trapsrorted by spnruinglements at
t%héé@oﬂﬁ@ eRfruder & EYeanF&J devReN®) f@gth%QQSdﬁ% &f e Reesbrafized

grafting extruder at a sufficientl én ext ruder
chhatﬁsieoolvm@rwﬂba po¥aMiseCoRoHnd A 6PNNeR gxe'ﬁye Mgy be provided

b\é'tﬁéé?'ﬁthé Yyréting Bariel ¥A® the reBiedd\AR LPREIaMPWRES (HRAdeRfon of the

n the reactl on zone and increased in tenperature in
qxrréd@reamrraaet@h@quoi»@rr@nnmed gifeyarihaee ghaufase. The reactor

o%@fcb%aﬁlbeaacééio% bktrRfer @P%%@s&@e@ Hﬁxe@%ﬁnt%@ﬁ aB% éfﬁﬁf mixer.

begi nning of the reactor device, in which
t he react antitharercterelexiopling statie mrxariton Areceding eirudegwill be

égah?b%ed %}dadteagatb repréiésaﬂat Witha pﬁ%‘dg%cﬁ&k?osbtmh%%an-EPSrtatlon of

osin actants can nbi ned or separa
the n@ltrg\lmopgh thel Qﬁsp@gly@mlxg@%@m| lgthis case the polymer melt can be

pumped through the reactor device at a very low pressure drop over the reactor device,
making use of a very small pumping zone at the head of the grafting extruder at a
sufficiently high extruder torque. This is possible because of the very low viscosity of
the polymer, which has been down-sheared in the reaction zone and increased in
temperature in the second reaction zone.

The polyamine and the optional acid will be dosed to the acylated
polymer melt at the beginning of the reactor device, in which the reactants and the
acylated functionalized melt are mixed and the imidization reaction takes place. The
dosing of the reactants can be combined or separate, as a melt, solution or suspension

in solvents or oil.
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in solvents or oil.A preferred enbodi nent of the
present process consists of injecting the polyam ne

WO e®b/1888#0r e t he second mi xi ng devi ce. | nj ect i PCI/ER2V06/005482

take place at the |last barreh2of the extruder, where
at the point of addition part of the pressure-building
transport elenments are substituted by severe m xing

el enents to i nprove di spersion of the reactants.

Al ternati vel the reactants are added at the entranc
of a severe APEFIEELRVPR mﬁf‘ta%éﬁe BESqRIROETRE C@QF'Fﬁd&‘med'”g

thB ‘E)otyaﬁm{eej@@tt&rfor@%é §&cond rﬁiﬁlﬁg rdétnee ﬂﬁjb@ﬁdﬂ &n take place at the last
di spersi on of mne with olymer nelt. The

2
*?%Sfﬁbef té‘?lﬂ*k‘“@ﬁr Wh%rerﬁﬁﬂ?ﬂ PQjRt °Jrﬁdﬁ@'°'éaa”‘1°f ths Rressure- -buiiding

t@ﬁbb@%@néﬁt’s Hi%asﬂuﬁsﬁ%ﬁte% fy@%ﬁ%btﬁub%léfﬁé&ﬂ& eslimprovd\@ispersion of
‘BEF ymer nelt. dition of the acid can take place

%acéant@m&?rrtaéw@@sdaweaﬁtaraf eEs addeg aé&%nﬁaﬁ\ée of a severe mixing

Rlibetdifded AL RE extradertandChe! tdLPor Aeviet SPEETrAR rhélecular
water, solvent or oil. The tenperature profile is

disnestin ghibg aminenvithia toe PalMSEMEYt abl e resi st ance of

fl ow caused e teipefdlireSH Elﬂé’\bcﬁrlmt%‘éﬂﬁr% AdYifidH i§ MBIy means
zone. | n one enbodi nent of the invention a surfactant

¢fa themrpacgPigdneted indhe Relyasr melt: Alditioneefihe acidcan trle place
tgélf'&rea&ﬁ]uﬂgﬁeddsm dr%ﬂeﬁ PeldeRamisd addEde 6%@&%"9%5 Bayiutien or

a) solubility characteristics conpatible wth m neral
ispeRsirmistwate, gelvetariohg oil, (b) boiling point and

vapor pressufif t@%é?&%r@fﬂr@ﬂlé fés'es‘lf’é'-bl|§I‘?'ed1 mteQnQBfeeﬂ ddjustable

| oner the flash point of the oil and pol arity
resiptaaps ef flay C@{ﬁegkﬁylt}’%ﬁ §eremeelppetain @)acthn ZJiet abl e

class of suqh cadkhitolAEn of fheliMiRBoh BRUFS&ASAT 9 Osed to solubilize
ta’;oducts of aliphatic and aromatic hydroxy conpounds

aning: Syrfagtanisinciede pit@pg netlinitedite thase chasactariggd as having (a)
stoWI@P«f:haraQéfépstﬁH "cBﬁ\ﬁB@Jlé ﬁ/ltﬁrnﬁn&‘é%%ghﬁheh@mﬂﬂc%g oil, (b) boiling

Ip hati c or pen0|ca | at es eresentatlv
F@K‘ﬁﬁﬂﬂ e@pgrr@emmr@tﬁylstnszﬁe asnogty greatimlower theflgsh point of the

di-«ha- (%)S:ach%my %E%IQB? %Iﬁ&llm@ fﬁéaﬁwamlh@@?‘ﬂ éﬁlt)ab%eb‘lgésad?@uch

25-7 Ter gi
%ldaﬁtaolsaml@de(swhe 6ractian BM’@F S qﬁﬁb‘?'@ﬁ'ﬁ é‘dd §mm%i!9t hyigraxy

doRfoUAgs Mﬂﬁ’§ﬁ\y%ﬂ5fo§ﬁha€k§ylEH@BX|@9 faf ﬁilﬂuésftﬁ’é"r%ﬂ 808 surfactants

group, e. react| Ea&
aé@9P@ﬂ@@|Yd1r@wnr?S@#Bb$thr@rpheAﬁ|mEH'@‘?XY Se&@ppesgﬂtatlve examples

ar¥ SURHANC® Rsod ﬁ%‘d 'Lbﬁﬂs qhoxe |36 rﬁ(Wuﬁ?s‘?ﬁHrP@hQMlcal Company),

derivatives of 0il solubl’e acids (e.qg. fatté aci d

NgadrI®3B-pandAdol 3hethitiesisal %ﬁﬂn&sawr Teygitol @lﬁﬁ@t@n@s(Umon
©drbid). ¥r&eRbd W&rﬁéhﬁldﬂ@%&&d&%@ﬂan&%%ﬁ:ﬁ%?uncTBﬁal

quantity of surfactant used depends I1n part on it
aaein. ietg. +QHseanable ef7eacting withl the arviated viqélnc,c@pplymer

concentrati ‘Nh%tr%fr cHiggbly StRuMh M ¥ 3B bl hbRYE Isdehikbnted by

are enpl oye
derivatives of oil soluble acids (e.g. fatty acids) with polyalcohols. Typical examples of

such compounds are glycerol monooleate and glycerol monostearate.

The quantity of surfactant used depends in part on its ability to
solubilize the polyamine. Typically, concentrations of up to 40 wt% polyamine in
surfactant are employed.

The second reactor device should have a mean residence time to
allow substantial conversion of the acylated polymer and the polyamine. In general
reaction between the acylated polymer and a polyamine to form an amide is fast,

whereas the conversion to the imide species will require longer residence times.
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The second reactor device should have a nean residence
time to all ow substantial conversion of the acyl ated

weaoghes4eand t he pol yam ne. I n general reacti OPCHEP20OEINS482

the acyl ated pol yner and a pegyam ne to form an am de
is fast, whereas the conversion to the im de species
will require longer residence tines.In a preferred
enbodi ment the second reactor is operated to si rrul ate
as closely as possi bl.e a flow reactor. Bro

resi dence’ t i /i@ RIFISfTEA quoglﬁ“? the,sqrand (RAGRIdS QP‘?{@?d to simulate
4d6ISsehPss pEssiId aiplugXIdW RAstoH ﬁrbédi halﬁde‘hﬁe le'netdiﬁnbutlon is to be

target'ed reaction product in pol ynmer mel
Poidpdrsings this sa8 aoral "bat%%dlﬁfgbfﬂaﬂn @i%{ﬁr%ets%f%qcm prgluct in
th@%o%n%r m‘eltssa&n ﬁ|ug1f|zswrrgs@érﬁs§qmt§rrﬁ§ f&mxamwoﬁtameu by the use

Sul zer , Wnterthur nder the tr

of B oNIXQRiRIeNRH o PG AT SHERLT, KYNEERYY, SIRNangtinder the
PRIARHE bmdxaéuémﬁug ﬁb@snrﬁmgmgoc&@ttmg Bah Be dé@&ldé@%&he

time and the pol yner fraction. pical value is

rgtipashin h@wgenwﬁerreswén@e me@adébﬁ Polvrner fractioRgh &ma& zéa'ue is that

éwo WekR p%@n?é}%ét?\ﬁcmletexﬁ iR ARAY deVitk dRAFE N 758nd T18% of the
desired average residence tinme in the second reaction

mesreresigenpetiméached in various ways. One way of

achi evi ng thﬁ&@e%'wé&@vé’é@é@&@dér@ﬁ'ﬂﬂ@ﬁ%é ééﬁ%nu%édﬁon zone can
choose a suffici entld_@ arge di stance between the

henfeashechin VBEPYS WAY. (e WRRAShiRyINg domEpsied averads rasidence time
|Q‘P<§§M?JSS a Jﬁcnéﬂﬂ?‘iaﬁ&@ @vstén%e %M’ée’h th& hjtedh peH aﬂ&@lﬁé‘g@gassmg

resi dence tine y means of | ow rate settlng
lgeatioavié issalsn pessidenfer '§$téﬁc‘?bﬁ° Phtémpibe ylanifasbavesagq r@ﬁ'dence time

Syﬁrﬁb%@q&qhé fIEW rﬁ?%eﬁiﬂab?o S8R high@bRTEHSbY of ﬁle polyamlne a

rresi dence tine m nutes 1 s chosen. Wth such

high tesidesrel imedasiterbe chostiwbrefaiablyna &SI%ﬁﬂcem%fé—%mlnuteS is
&holbd hNYlnglIEFlea E)Betrésﬁdéﬂc)éqmé 2 d&hﬁ)flr%'tlahloYaH%ﬂ?'ucfé?Mlth a hlgh

carryi 9 out the“process of the invention.
veiyrae ptatie mixes éxprgterakinesedior samyng putitbe amoy% a%tha idvention.

t enper at ur e gfe MWeI?%Qh@@gc%qg&tloﬁ%né %F@f@rraﬁtyLHa%%

bel ow 2500C, an excessi ve Vi scosi t

temparatureef heween 268 a9 33908«/ vﬁqr?ern@@atqreﬁewow Rﬁ% lfélﬁf‘e
é)ﬁSs{i\fﬁﬁgHbH IAeft \ﬁ%cotsm?wﬁ‘%éult if hﬁg*?ﬁ@ﬁfu@% WhE \Aﬁ\pr‘i’é/geatl@gl?@'@uence

e avol d cause substantTa

taegqea;@wm frihe melth terapsratire aweé%& efbpuldibg, avprqi@d as this might
g@ggg%%ﬁt% mgggfrgaahee@g@p&ﬁﬁsﬁ iR Eﬁé?&ab@ m%ttms@raa}é in the

erature o terial

Se,e/cpnqi rReCtibreZeleds betwaesf ﬁaaﬂdﬂ%e@m@w tizg@eramra@l@eﬁhe material
%qgé‘ﬁyé’@ p%fe?%)& PEER PG %H? BeoRY. yRtKfAtbR oﬁthe polymer can
variation o enp he

al n ext erature and s
bmroméeqdp@dqmaiwwt bbvwratlwwa@mmaatuwd shigar for the

5}59@&{,65 of V& WV8 o gﬁ@gm reactor device is discharged

Into a connected finis extruder, which

devol at i || 2eEhe predy fre tbﬁéepqrwep@tpyﬁwcqyﬁ&mﬁmﬁrged into a

connected finishing extruder, which devolatilizes the functionalized polymer product
and, if desired, mixes the polymer product with any additional additives. The finishing
extruder is provided with an inlet port for receiving polymer from the reactor device.
The inlet port is preferably situated between the devolatilization port and the extruder
exit.

If desired additional injection ports may be provided along the length
of the finishing extruder for the injection of other additives. Such additives will be

chosen according to its beneficial properties on the functional polymer itself or its oil
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and, if desired, mxes the polynmer product with any
additional additives. The finishing extruder is

Woe@weissds wi th an inlet port for receiving pol BGEEPI0EMS482

the reactor device. The inletqport is preferably
situated between the devolatilization port and the
extruder exit. If desired additional injection ports
may be provided along the Iength of the finishing

extruder for the ction of addj ti ves. Such .
SHIoD) BafULaddtves o Bosh TRt StgphE e Bnstiobaeisp S spined by the
RHERRIdritefts ﬂé%uttlhg of| BKitibe WRith %b&mé cblbB &hblif fe statsility, viscosity

oi | sol ution additives are those that stabilize
staRility 816t i onal pol yner obtai ned by the process or to

its resulting a%rlefeﬁ‘éb@ﬁbb@ﬁnéﬂdttohtﬂeﬁﬁ%%n bA amlh%e ketone or
shelf life stability, viscosity stability, etc

%P%’f%?'ﬂéde%%aﬂ%ﬁ is g0dedat theieiRhing PXHISD EEB'H;?G’Q'“VG will allow

e RIHRr PEURLEIRET fAJE FilydnSiAg bl YemREeh bf MBndsSorafiiass. deduction of
the finishing extruder. This additive will allow the

e resiual ARSIy ISHArelerTe (& FcpERAWaBd fHSprierenemOldhe amine
w.m é‘ﬁgﬁné’bar?é’%éj\ﬁéll aSRid @BcMratibiethatidhy Bbc@rﬂyﬂﬁe use of

levels I1s preferred to reduce unwanted 1nterference of
arpeatigrpminesi Preferrryl anditiyss @se high Relling aldepydesy ketgnes, anhydrides
diseRl oration that m ght occur by the use of aromatic

am nes. Preferred additives are high boiling
al dehydes, KAIhrrembasiyentiof s pve @nd@nsmmfﬁﬁd'screte addition

&@B@% FRtiodd dUMastdnivanhé ﬁﬁ]sﬁiﬁ?‘ skitdder Hstddiordr FE&&iON to their

addi t1on of above-nentioned surfactants at the
yserassHNing selveptdizqussersakayg. schghalthe fefal %’I‘QHW pbsyrfastant in the

MeShelSidam e’ FPhMERE edi scussed above, such that the
total amount of surfactant in the finished additive is

10 wt % or | ek finighing exifusar wif allew thribyildiag wp of Sufiigiark gressure
lé'ﬁ{rgéié‘ﬂhe%lﬁrﬁﬂst%ﬁbﬁ b e topJeecﬁﬁ ‘Bg%ntu‘?ndSMd&&d&eHE%r Other exit

die to be cut an under wat er
rpéqjlﬁ étﬁ*t?ﬁ at hlétorea@tfanﬁbleﬁt@%asﬁa%@w May gl usedr In applications

|ﬁw P@tclaof?d'g LOdr o ggﬁyecp%n ldlﬁ&é’fwalté} pelletlzer is preferred.

app Ions_In coolin roduct 1s

dosired,  an Thedeyenioefurier reletes & a g@*‘bﬁﬁa’ﬁ%‘?‘f aoulti-funstional olefin
do'f%? {35%5#5& B? khd &Joeéseosofttﬁ’e F’i\v@ht%‘ﬁl ﬁﬁdﬂé@éérﬁﬂ!sm%between 0.2

ctironal olefin co y prepare

qndo%Oefslact@mat STeuPs IR RA0GE aboms: e fundlionl arpwes Erstsistias of amide
SR &% SH&QE@H%’H inIRAYRS ra‘?n%rof %Oﬁmge 3t fiRe grdlfs with

function roups COﬂSIStIn or i m de groups,

reppachta Beifunciional arerns is more g'taln(p %5 Pﬁf@raél*ﬁ rger edhan ﬁag@eand most
&E@P&b@, @{b}é\thgﬁ?%«:t to the functional groups is nore
5

preferably nmore than 0.90 and nost
pref erabl y nidechighnaraftedsmuliiffiendiiogall ofeftr eopplymers of the present

iftntiba A BL iRorXe8 irtd IHPRANGBINiR aRY cOMRNINEHBD  Thus, the
highly grafted, multi-functional olefin copolymers can be added directly to the
lubricating oil by dispersing or dissolving the same in the lubricating oil at the desired
level of concentration. Such blending into the lubricating oil can occur at room
temperature or elevated temperatures. Optionally, a portion of the oil or other additives
can be added at the finishing extruder to improve the later solubilization process.
Alternatively, the highly grafted, multi-functional olefin copolymers can be blended with
a suitable oil-soluble solvent/diluent (such as benzene, xylene, toluene, lubricating
base oils and petroleum distillates) to form a concentrate, and then the concentrate can

be blended with a lubricating oil to obtain the final formulation. Such additive
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i nvention can be incorporated into lubricating oil in

any conveni ent way. Thus, the highly grafted,
woredosi13Isesct i onal ol ef i n copol ymers can be addedI/EP2006/005482

directly to the lubricating-e§F by dispersing or

di ssolving the sanme in the lubricating oil at the

desired | evel of concentration. Such blending into the

| ubricating oil can occur at roon1tenperature or

el evated tenperatures, Opti on ortion of the

GRS BIaE1 WU PO Ry e Nace g RS ST 3 APt o about
A5 ;Ir@felrémv ﬁdrﬂ albbat 1®toeibosDBsRt% | Fghll @be%oﬁ\@&isfunctlonal
Alternatlvel rafted, mul gb% nction

Srirsavobmssiaiiore ey irate B i @Bty from about

68 fo-gB0oM9b  asE ol pasdd 6t {Hé%hcérﬂkéf@wé@hbenzene xyl ene,
t ol uene, Iubrlcatlng{base ojls and petrol

di stil | at es)Theghjy graited onelirfipctiogal %\‘l"fﬂ‘ qqp@}yrqerq@roducts of the

gregs iHveatich thi@ phh@ﬂﬁlﬁﬂﬁtyﬁhﬂ&ri@aﬂm{%ll Scthpdrdionk | whieh employ a
obtain the final fornulation.

basgialiin whish desadditves ame PISS?'Y/‘Eﬁ' E%‘F'Ffiﬁré%tséﬁch bage olgmay be

r?a@mﬁr'ab/ §yrhtﬂ9ﬁce<§1'| rRiRfurdiPthi feof. fHARE RS Sitable foP usd Mreﬂé'ldgt%e
referably fromabout 10 to about 35 wt% hig

'B*Préﬂa? iggioil pemposiiqngaf ”t?n%ﬂes%’ﬂé'?‘ﬁeﬁ“%rbkﬁ‘é'luﬁré'?osﬁcﬁﬂ’m’?ﬂﬁ@”a"y

éﬁkﬂo édoé§&hhlycafsé QUBrieBHY m@Qortéba?I@l i@ arﬁH edriprabsiyndgriney

out 65 to 90 wt % base oil based on the concentrate
'W@f%?omWﬁi'Oﬁ|G@E|"959§L§htaé<?u‘qm'%"? and feick AgiNes |raqring and

raBal MiBREI dHofHESCAR Bk IkE: %Adifaﬁfa@%ué fé\é@m hiemidd achidveRiby
primary utility in lubricating oil compositions, whi

ch
KPRIPYINT H‘ekﬁf@é“’@Irm'XtPF?s\mlt@]p'ieﬁ%ntd@(ﬁnf’?@/ &b%e@”alcgg‘fﬂr\t/‘@ﬂa"y
MR H8Rr adHRBd R 3Re Bk IpdwWBRY iRl HlRk, héHy 8L hydraulic

or mxtures thereof. Base oils suitablé for use’in
flyidsp RPWerSteering) fluisisi angthe ke iGeas Biarsants '6‘#1‘é§trdﬁ' ofi§,goump oils and

d?ﬁ@rﬂ@dﬂcahﬁb’@ﬁ&érﬁﬁbéltfb%%ﬁ ats%%ﬂeﬁtqmﬁemé |ﬁ&§}bbﬁétlon therein of the
enpl oyed as crankcase | ubricating oil

%ﬁgﬁ'NRm'ﬁHquéﬂ thenRreeMiMesten- i gni ted i nt er nal

conbust ion qfh%é]ﬁﬁnc§tﬁﬁrblﬁ§rn%létﬂiﬁ§%h€erﬁ|6ﬂaﬂyr d8nkain additional
&lnes marine and railroad di esel engines, and the

dditiwes iRat Wil sigealy tke P'é%raptﬁgst&ﬁéh%t|a§%regéﬁe%vébe Wmulatlons
ﬁ%@%bwtyﬁ)eg obsiliffveX @rdnthidEg 2d@fiodd! 9|596§t§/%1c§ex |mprovers

invention’in base oils conventionally enpl oyed

antienidants rRFoeianrdlibitess detergRivie rdisnesIAits. ;POHHRPIPY quggssants

d?\ﬁméé(rébétrﬂ QM%QM'aht% béHuIdBiersRMasfictohaRédifigdsf | ui ds and
Tk, Goar Tubricants. industrial ofls punp oils

and ot her | dmihecarepargtion of Iebrigatag of BrmUlatisnsf isgommon practice

t@ﬁﬂr%@h&e fHeadithes | IR ¥ &t1ioan Sb%'s/ﬁééiwefmdr&ﬁeﬂ%hl:éﬁ{%tes in
m xtures of the present invention. These lubricating

hydrocaghomailae- Igo'ﬂ‘l‘éﬂeéfﬁ Rsigatinghell. 1oy otbghsiiiakleszrivant. d-}ﬁécla")’ these
(ﬁqgéﬁtﬁaYe‘ésrnEF BE d\Mtleb V\ﬁtH @Qbyl Ob hegchas apt ;?é'rtsgcsy‘ \ﬁé?ﬁmtlubncatlng

are reqU|re f or nul at |ons Anong t hese es of
Qlcher pa b waight ph@r—*@dét&'vgaafplﬁg@n@form!r@cfwh@g ybrigaRts, ©.9.

dré'ﬂ%gé’@ﬁ"l%tor%ﬂ:t, 1%l HAddse: of%@ﬁéé?ﬁr’afé% bﬂ!UuF&et & t8:make the handling

etergents dlspersants pour 0|n Pressants
of e vasighs Asistials 'eaﬁﬂ'ﬁfcﬁﬁﬁﬂﬁtaykwé&ﬁﬁ welf agtofagiligte solution or

diddefdioPi tARHhAIIbRINY: Thus, the highly grafted, mutti-functional olefin copolymer
would usually be employed in the form of a 10 to 50 wt% concentrate, for example, in a
lubricating oil fraction.

The highly grafted, multi-functional olefin copolymers of the present
invention will generally be used in admixture with a lube oil base stock, comprising an

oil of lubricating viscosity, including natural lubricating oils, synthetic lubricating oils and
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In the preparation of lubricating oil formulations it
is common practice to introduce the additives in the

WO 200011838480 to 80 wt % acti ve ingredi ent concenPCHER206/0D5482

hydrocarbon oil, e.g. mneralglubricating oil, or

ot her suitable solvent. Usually these concentrates nmay
be diluted with 3 to 100, e.g., 5 to 40, parts by

wei ght of lubricating oil per part by weight of the
addi tive package in formng finished lubricants, e.gqg.
pdrReBSEE%ot or 0i|'s. The purpose of concentrates, of

course, is tNPatUﬁ:'K@llst|h@IuBélaﬂlh1amG|l§3§nd\Fb@eVa’blé 6|l$S(eg castor, lard
materials less difficult and a

BRI RsteleuE) oS 351 THare B SPbT oo Acis S Sineral

lIlB‘r'tb%tmé B &%t b¥raiindd, in@phthBmit tahd ik ﬂ)aﬁﬁﬁhlcma@htﬁémc types. Oils
copol ynmer woul d usually be enpl oyed in the

of dlhristies vieGasitn AedNach e o8 6F Seééaﬁfﬂ glso Pﬁefar 5382 ol Fhe

inﬁfe'tIG floriestiry dilsfusag trl Bk invdHeioR irithce cﬁlfe&fftaﬂﬁnumber of commonly
[ti-functional olefin copolymers of the E?esent

FsRdeHTingii hydrpcageerepits. Wpichdnalddey buhargdiet kplizdtanPely-aipha-

dishR, Qlk%laféﬂsa%rﬁhﬁ&k alk¢leA® bklﬁé rb@lyﬁfér@'nrﬁte@folyh&é% i opbly@rs and
viscosity, includ |nﬂ natural [ubricating

deyivatinesitierpalb Heeathe arnamlgwammsz?wésava@'pgémodmed by

éﬂ?érﬁl'bét'lorp etherifi€itioH @ﬁ: %Bie?@abf d?d:alr§o>@ﬁ<§'aé" 8¢ Qﬁ@@h@orﬂbéé’ed oils.
(e.g., castor, lard 3 petrol eum oi |l s and
hydr or ef i nedThesQfemfnveen@m s dier Sipiiod FommANGH Hamaroving fuel

acdRbinG aht A%k @bfordy d G@Slh@«'ﬂf %Wehf&léwhé‘féﬂ%ﬂﬁﬂbﬁmo@%m prises
m xed” paraf fini c-naphthenic t | s of lubricating

agdingdeiang operatiog in mer&@a?e o tﬁg Ham'eleéfﬂ%'UQr"é%im@s%lmmposmon
RRskbLY dvoveThe synthetic lubricating oils used in this

I nvention include one of any nunber of connnnly used )
synt heti c hyds®Eneibad 6f extengipg kbricant (diaie intejyals n a vegigle is

éo'n%nﬁpﬁ&e& %an@%é(hd’»ﬂ e 'ae&ng% kxd ap&dtiny i?irfﬁé kfghkcase of the

I'ene oxide polyners, interpolyners, copolynmers and
\@8| evt@ﬁ.l%@atirmewb%qmpq%éio@Gteﬁ@rltteé*r&how hydr oxyl groups

have been mygidetife J?Ym&%(/ﬁb'tlﬁé E’:theﬁ%era%r@?frbrférﬁé’st d)leEbrlcatlng

etc, esters of dicarboxylic acids and silicon-based
Qiliis leo?ﬁ@tempé@@‘ﬁtsqmm@qu(ﬂ?m@'s@%?@rn@f“nelqnéﬁltquf"qr@ataqg

\}?&)Qlﬂpaﬁ thb"ﬂ?g{tﬂ&)’érﬁﬁeé YRkt SGRAGM ofthf cBH@Ikm%FQé’Q:‘i‘&Sed above.

durability of a vehicle wherein said od conpri ses
addl ng to andedpeingiaitgdi multifenctiopaliaielfinecopplymess of the present

|G||1 ‘ﬁﬁatyhfé 6&9(@9@5 '58%3% im SRR dnaPPropedies nB&ssary or

a od extendi ng |lubricant drain
deﬁtreqi masepﬁﬁlflgIubéﬁarma@ph@tle@ rﬁ@ﬁ'ﬁﬁaﬁf@!‘t teshnigua arfowell known in

tﬁganrdna%&%&gnétenaa%sgﬁsﬁy%&.bngaddnnsueﬁaﬁérankcase of
t et

e vehi cl ubrlcatlng oi I conposition described
above. A nmethod of inproving the |ow tenperature

g}{oqméstclr,ﬁﬁorpéfthélhrdug@tl ng oil is also contenplated.
ne onprises conbining an oil of |ubricating
Fig. 1 shows a preferred arrangement for carrying out the process of

the invention.

Detailed Description of the Preferred Embodiment

Fig. 1 shows an arrangement of a grafting extruder (2) and a static
mixing device (3). A feeding extruder (1) comprises a unit for grinding and dosing bales
(10) to a single conical extruder (11) headed with a gear pump (12), capable of
delivering a melt at 110-120°C to a side feed (20) of a grafting extruder (a ZE 60A x
58D UTX twin-screw extruder from Berstorff) with a diameter of 60 mm and an L/D ratio
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viscosity and the highly grafted, nulti-functiona
ol efin copol yner descri bed above. The highly grafted,

worehosi13IBesct i onal ol ef i n copol ymers of the pr eBREnEP2006/005482

i nvention may be post-treated7so as to inpart
addi ti onal properties necessary or desired for a
specific lubricant application. Post-treatnment
techni ques are well known in the art and incl ude
bor onati on, phosphorylation, and nal ei nati on. Short
cription of the Figure Fig. 1 shows a preferred

arrangenment fiy gr‘éﬁfn@)éxﬁgdé}lﬂon{dﬁlge@ﬂﬁcf@lwmﬁ zéres:
invention. Detalled Description of the Pr

~ed
Enbodt t@RePatiagon, feéhmn%ﬁreéﬁwsrwé%mw% @%@m L4g = 10
exs r udge és?s]ngaiﬁe@ﬂtt@trélﬁoﬁ@ %Iéﬂeﬁ@ﬁ/&%t(b%} méinkeRAMEp to a

extruder (1) nprises a uni for grindi ng and dosi ng
bal esleyel 'elsét'%?"s(?ﬁé’lvé'tl'b@fh“@af extruder ( 11) headed

wi g h Rfl&@ﬁ\?ed%ﬁl?zia}%)\d nﬁﬁﬁ%?br@e ok tr@&idymhg Rgert, With bn&¥D of 3.
110-1 0 a side feed grafting extruder

(A7 EA B Pk andriig Pine bk pre. Wi an U
Be5 Stﬁ?'ﬁfsft )erﬁ\bérgtu?e Qbéﬁﬁéﬁ%npion@%moﬁﬁlsﬁh@ é—é\%rﬁ%érﬁgcouple in

. grafting extruder conprises the foll ow ng
zonesme|1W'tiZ\af‘ ®pdrtation, heating and pressure build

l(Jp6 ZORfrsk %Qﬁsd’&rﬁahoﬁ%é&tl@n *anal es%ure“bﬁl@%%‘n@%tﬁ‘ﬁiﬂ_m 3.

to renove volatiles of EP-rubber, rralnly wat er
up/-t oA gesangdniestiony (@28) anskmixngsANGiTeniha Acylatng=agent with an
first jpnjsgction (22a) and mxing zone for the
a::é/latlng agent, with an UD of 3 . 4. Af

ech perPnIREFtioE 3R 3NAyIXinSFeNe e qfé%dﬁ dNéth an R Ad-

L/4) =p4econd thnkspéridtioh SrEaslicH aHEprBBaRs bETEOS 2RItk 8 L/D of 3.
co rising a sword thernocouple in melt with an L/ D of

A flegassing Z20ng(3Pde remphunreagied pewxgﬁdafﬂﬂaé@g@@@nt and other

bUI | oy JifRilesOfieh ¥ L/ o/ D = 3. 7. A second injection
(22b) and m xing zone for the acylating agent with an

L/ . oA vave for SArr@é@aam aeijated ¢ley(@3melta(ﬁa m xi ng zone
f 012 PRLEN WRere éthw@@ebér@te@ffeédmg? bloekssg%)ﬂ'@ polyamme compound

transportatl on, reaction and pressure up zone

wi t h and antionally the acidran Rediogad snined ot Eeactss) withan bRboRS.
ngse a%s%@orﬁ’cffe%e‘#&ureﬁﬁ%ﬁﬁérﬂgn%ﬁgtcoﬁ‘i ﬁsﬁé R&fword thermocouple

atiles an L/ D of or sanpling

the d@§) 'ﬂtt%%l"‘@dimﬂhﬁﬁslﬂ[)rﬁﬂt ( 265 12 A zone wherein
?tcﬂ n4p ‘gg}]rﬁr%ﬂ%rnéb&%’atfoﬁ%% HedUREKSId(p2onE WGP V/BNF3E29).
A valve (30) between the twin-screw extruder (2) and the second
reactor (3), which is an SMX reactor mixing device (DN150 from Sulzer), with 7 mixing
elements, a length of 1.4 meter, a diameter of 150 mm, and a content of 21 liters.

The static mixer is followed by a second twin screw extruder (4)
comprising a transportation zone, a pressure build-up zone, which is followed by a
degassing zone (41) for devolatization of water, residual polyamine and other volatiles
and a last zone (42) for adding and mixing of specified additives necessary for oil
additive recipes. A second valve (30b) separates the degassing extruder from the
pelletizer (5), which extruder is provided with an underwater pelletizing system.

The invention is further elucidated with the following examples.

Example 1
Bales of rubber (Keltan 3200A, a product from DSM Elastomers, 49



10

15

20

25

30

35

and optionally the acid can be dosed, m xed and

reacted with an L/D of 5. 13. A second tenperature
WOorews838went zone conprising a sword ther nncoUPCEEPRB(/005482

inthe nelt with an L/D of 14814. A third

transportation and pressure build up zone with an L/D

of 5 (29). A valve (30) between the tw n-screw

extruder (2) and the second reactor (3), which |s an

VX reactor mxing device 5?10 from Sul zere)
A Pheihypen@nd 31 WA’ ol pErRY! RpRsr avsrag helbgniageight o

ﬂ@?d)?:ﬁ})l) aﬂé’re%trﬁdb@ﬂ %‘ﬂfllngﬁga% ailnd fell & an eiihﬁieﬁbﬂrbh rfiénte&iccording
is fo cond twi

leciprt A 15oa rate 3h SRR TR erae the 2 O e Eavel wpak by a
drefefred Wk & trbfsgot ér@’l@ﬁtr’@b’m&u%ﬁﬂﬂ@éédlﬁg éRifents! MolteAmaleic

devol ati zati on of water, resi am ne and

OV (50 s a0 116 BHRAG DS AeR 2abl P Sorab g 50 rate o

:96%56?@% fdb%gr o é}%bMte% K{)Te §§|§ﬁ<5d/off peFoxddd (AkEEINOL¥E Trigonox B) in
reci pes. A second val ve BObé arates the degassi

mineral @b was feshat the dpaing epinis23a 30) th? GAMBRER datgrof D% of the
RbB¥ tHRflg Hbtﬁth§&@wl§?)@88 \0@%@"25 P%'t@?éa%h%e%&tﬁnﬂﬂélt fedberature of

invention is further elucidated with OW n
B0shpneasuradinihe aneit thgmaacogpler(gfl 9@9%@?& %{rvng%iéﬁmg prgduct was

M&%fhef\reﬁr&&%'\@zgj A4 PARUM ofPV0tiepf et hyl ene and 51
wt % of propyl ene wth a nunber average nol ecul

wei ght of 128PRBGAMRS)dosgdaba Stst inigsdian eeint 21.rAsv# mﬁltahaOO Cata
rfa?éjofttpo RG/nBAL édéds%fbs@didéi‘iﬂg eaREErad %@'sf&mtnﬂxé;ﬂ (Q) 1 at

rate of The screw of
reI at i veI y v&éR'UW @tg%a‘?’/ef’é'ﬁf\é@ Th%‘enfaﬁdqqear%a@ptso%@ecnon point
Flgtga’ﬂ atéTbmgw%%urWl ng el enents. Mol ten nal ei c

was fed at the dosin p0| ntséj
22b) at a co?hﬂ tﬁwefaé@,r@ aftet amigte @do% degiag at hdhermocouple

(E%@)’ WHY HQt‘émeéd pa §9d)°‘¢t 'T‘Pi@ b‘éfreﬂ%ﬁﬁéia‘i’l‘r’re(oﬁh’?eostmﬁ‘xer (3) was

gonox in mneral oil was at the dosin
wpwﬁrylx zgaat 30815 tozavoid easting ﬁtetae rpaty@eéﬁtreamweffowlﬁ@ of the

6&Fﬁ'ﬁ<§ﬁmélh5ﬁH9|&8HEr sUPFICBWF HREfSiARer25 rpmto reach a

reacti on nel enperature of 2300C nmeasured by the

mel t ther nocwrésmmsxtmég%waﬁg o B eaRgle SEIGH Rruder
Wa ﬂ%’ﬂ @ntagﬁllébeﬁgh@ Q&rtin 1&;%)1 @Y) & tiNmabRhefo. ?:QQ% pelargonic

dose at a ti1rst | nj ection pol nt
ai@era/dﬁms asides!@w@ dosing nomté2oTh%temnegatHwaSawamtamed at 300°C.

'ﬁ%ib ?H@r%%lyeilﬂ feeerxfrﬁgett\ﬁasti’@@ t§5ﬁhh8erWaﬁ=ﬁrpeﬁ§t)zer &ystem (5)
sol ut1on

' | 25%PTSA I'n dosed at a second
inelpding Adwelpiizing hgapinyithaa s@r kafeeasﬁﬁmﬁsloar@/ Walgr repirgationmgystem

WiHTRE &kEH @fter am ne and PTSA dosing at the
therm)coupléJ (28) was determ ned to be 2900C. The

barrel tenpethaagdditivefcompesiipnpblaingdwas 3 dpanggnge and gel free
polymer with a melt flow index of 1.98 g/10 min (190°C, 2160 g).

The level of functionalization of the polymer melt is determined after
thorough purification by means of precipitation followed by elemental analysis. The
bound nitrogen level of 0.52% of the purified sample can be converted to a functionality
level of 2.6 per 1000 carbon atoms. Alternatively the level of functionality has been
determined by FTIR, following the absorption intensity of the representative peak for
the NPPDA succinimide at 1598 cm™, normalized against the EPM backbone
absorption at 722 cm™.

Conversion of the maleic anhydride functionality toward the imide was
determined to be 96% after intensive drying and evaporation of free and amide-bound
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accordingly set at 300C to avoid cooling of the
pol ynmer stream and fow ing of the polynmer nelt at the

w@alodas3sgsir f ace of the static mxer. The fini SPCTEP2006/005482

extruder (4) was a short 65-mgnsingle screw extruder
with a high vacuum applied at the venting port (41) of
the machine. 0.5 wt % pel argoni ¢ al dehyde was added at
t he dosing poi nt 42. The tenperature was naintai ned at

The mer nelt exiting the extruder was fed t
AP ER P arEng B15 SEsoTRipBIGRI ) riEPGRTHES anhyaide peak
#elgb8ichy AemEH2Ed %élhstalhéEPM mkbaq@wzalom anrd2wat'er

recircul ati on system wi t h heat excha% The addl tive

conposn t on B ApAbdenENala NEFDA iaAGE Ofhcb Y @seamide acid
ABAMITEY bgfst"ahdﬁrdrmwmétb@r\é{phuedﬁéthéﬁs vaPdet8/rifedtdloe 900 pm.

(1900C, | evel of functignaljzation of

pol yner nel tFLI eﬂ@M@Pfﬂﬂ%ﬂur&f%PeW'%ﬁwoﬁlﬁt?qu%?%Wrmed
pebRAMoISduIARGHRIrEAicion td Phl30vend PorAEMIND of 1.9.

anal ysis. The bound nitrogen | evel of 0.52% of the
purified sanple can be converted to a functionality

é&%ﬁ&raﬁxﬁe Exferidfnt AOOO carbon atoms. Alternatively the
eve unctionality has been determ ned by FTIR

fol | owi ng t hEnealgersstvasParforand ungerdreaty dentical conditions as

deslfi l?e%elﬂteﬁéh}ﬁfe PRAK trfe‘%ajbh&ffélpetr%@é\ofsfh‘écddms%é’ﬁ taan }P&ased

cm 1, nornmalized against the M backbone absor ption
raelt tepppeatune in thg Ma %ardwdaﬁeﬂf?éﬂneam@fecbymrqf@éllghtly

|ﬁé+@5§éoo§l§é\}v"s¥vérﬁm§j rEH@cérﬁérﬁQra‘f@ﬁorfjﬁﬁﬁkﬁ@d% él@mﬁﬁts) Melt

Y after 1 ntensive ryrng evapor ati on free and
tampa@nur@umewbby\empktherrappw!%éﬁ was 86&& FY$uiR this

é%%teﬁﬂ%htt the %t:ldlﬂvé ERhESSIAAHXiRedRAY AldelR oRfieE RiynétEPhe texture
, hormal i1 zed agal nst the EPM backbone absorPtl on

eftherogld sample indigated the presencgniioelRPPmR Was$o yosAhepility in
ﬁdﬁg\%d eg 'ngfaH@ﬁﬁws% Pys a{.&eﬁ!ﬂﬁ& remmaa,h%ggaesh@m of 3.4%.

etermned to be Furt her | ow

T@mek How indeyayaspot determivad @ﬁ?@»ﬁf’&t% g’ieawﬁyer@@rﬁf i9elfed
expected nol ﬁ{é%@él oY‘ﬁJntEnar |féiié‘ﬁtvbé%fhefte°m{%b03§s GORrigbdR

at an MAD of 1. nparative periment A The process
exaspiret fmndﬁtﬁ@geﬁé%lﬁ' 9f 0. a%%tlndj@ate%aﬁwpw%y lgyel of 1.6 per
%@ccra dibsexanple 1 with the major difference of

t he adj ustment to an i ncreased nelt terrPerature in the

mal ei ¢ anhydranyersinradfithe grajimaniygride finstienality towpghtheymide was
ARGFARSER R RENREh e (R o FRVBEATEA f EaaAESHide-bound

ng el ement tenperature, neasured by
NPROABYF TiRer nocoupl e (24) vvas 2540C. Also in this

experiment g cfe%@'mat ¥ BRIRRH drig8MaPRERAHBR 1¥RYrdting yield are
cl ear orange p mer he texturé
unacceptable and unwanted in the present invention.

Example 2
The process was performed under identical conditions as described

in example 1. The only difference is that no PTSA was dosed at the second injection
point (27).

Also in this case the sample obtained was a clear orange and gel free
polymer with a melt flow index of 2.1 g/10min (190°C, 2160 g).

The level of functionalization of the polymer melt is determined after
thorough purification by means of precipitation followed by elemental analysis. The
bound nitrogen level of 0.42% of the purified sample can be converted to a functionality
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of the cold sanple indicated the presence of gels.
This was confirnmed by solubility in THF foll owed by

WO ptosnasiHN t hrough a 25 micron filter resultiPGI/EP2086/005482

gel content of 3.4% The nel-of-l ow i ndex was not

det erm ned because of the presence of gels. The | evel

of functionalization was determ ned as described in

exanple 1. The bound nitrogen |evel of 0.32% i ndi cates
functional | | evel of 1.6 per 1000 carbon atonms.

@8?1’\92 SO tChe mal ei ¢ anhydride functionality

toward the i Ubﬁkﬁérm ofi@leenalib @dhydidequttinality &dward the imide was

I, nt ensi and evaporation of free

Sl e KERBAED FIaPPVR Or7inG AR BranerHana ep@nd amide-bound
NPPIALByOFT IR, falieling3ha\abdorptfort iR nkigNefel btdsatalive hehyaifife peak
unaccept abl e apnd unwanted in the present inventjon.

e 0PI 2 NPHRa'EPE @gaissiiag B5 P%?h‘?eae BH%CEP“%%%Z@&&P

condi tions aphélRts rréshmdal NPPERaSR ﬁPﬂ!DATHbQJnQréls)émlde acid
dlffergnce is that no PTSA was dosed at the s

MRPREE 8 siedatd ‘("E‘?’}‘amﬂf aphic ’Hetﬁﬂﬂ%wé%%teffﬂ@eg é?rB? §500 ppmM.

obt ai ned wasTRoughaRiE I@feﬂﬂgﬁn&@ﬁalﬂ?is 5dc§§taBFé| éﬁmxmmw tHe scope of
%ﬁmslt fl ow i ndex of Omn § 1900C,

160 9).
Presepbnveftianhiscesh Hﬁt E*‘e?treSHC‘?ﬂ‘ leyg) of BW%@VOQFE] ‘F dug toa
M@ RIddon0erstint (T ithd AisHyaHEE spabids toGRé infiBle BYedi@ans of
precipitation foll owed by el enental anal ysis. The

bound nitrogen | evel of 0.42% of the purified sanple
Edimpe sconverted to a functionalityl eveI of 2.1 per

Conversion of the nmal ei c anhy
functi onal i t | BFRAPIS WaRPETAr @édmgerdé@@tcm ¢raditiops ga described

inYamblee!. AdafitRADF Y&cﬂﬁé’hﬁﬁo@@ﬂa@%@@@é Féﬂosuaewasfﬁamdam
am de- bound NPPDA by FTIR, foll he absorption

eAELIOE, Sibdle 20AERR BERAANIN IO SRAKYIE IS Triaaron B of deige and

G D% lrespettiv@l, iaf g fﬁ&%}eﬂéﬁ vawé@ (EEAVI zksa%hlhe%%c@rk@%m K/QIUes (22b,
at 722 cm 1. The total residual NPPDA and NPPDA bound

23b) wereiblingded dortBisaxpeiment Shadesade o RriIRYEY Fadieed in

SBRLEQUEENCHRS 4 DR dtr BESodity PAn3Z00 ppm  Though this
| evel of functionality is acceptable and within the

scope of theflpe itbistcasaensanerie pbtaingdwassg clepperapg and gel free
BEAAHESH £t ﬂ%f;v .PM@# 312 ghgeﬁﬂ(ﬂgé ¢lugebg)a | overed

conversion of the anhydride species to the i mde

speci es. Exatfif level Oﬂ'ﬂ’é‘cb‘?’t?i‘é@@n\/%%he&qliffﬁ?rn@én isridptermined after
theugh 9@hﬂd‘aﬂ8ﬁ* by h23Hs 3 pldepiatidtaeilowed by elemental analysis. The

bound nitrogen level of 0.25% of the purified sample can be converted to a functionality
level of 1.3 per 1000 carbon atoms.

Conversion of the maleic anhydride functionality toward the imide was
determined to be 95% after intensive drying and evaporation of free and amide-bound
NPPDA by FTIR, following the absorption intensity of a representative anhydride peak
at 1860 cm™, normalized against the EPM backbone absorption at 722 cm™.

The total residual NPPDA and NPPDA bound as amide acid

measured by standard chromatographic methods was determined to be 500 ppm.
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in exanple 1. Addition of reactive nononer as well as
per oxi de was hal ved and reduced to a single addition

W@R00easis48mal ei ¢ anhydride and Trigonox B of 1.BC/EPIH06/005482

0.2% respectively at the firgi-set of valves (22a,

23a). The second set of valves (22b, 23b) were blinded

for this experinent. The dosage of am ne was reduced

i n consequence to 4.0 kg/hour at dosing point 27. Al so

in this case the sanple obtginﬁd was a cl ear orange

and gel free polynmer with flow index of 3.2

g/ 10m n (1900C, 2160 g). The | evel of

functionalization of the polyner nelt is detern1n%?

Bfter /bﬁfﬂcsa@wrﬂmrﬁpéraf'%ﬂf adrlthiecontPosiigR PFRaAET Bihthe steps
fol | ovwephdisirt enent al anal ysis. The bound nitrogen

| evel of 0.25%of the purified sanple can be conyerted )
Lo a @CEABIREIANGEReRRONGe Sl sthylene 200! ISRBLETE Gt Brige a-olefin

Conver si Oé'hdot)pt'id?'l%llm &dly‘en%@%édjﬁoﬁ %Bﬁicbﬁjﬂgbﬂeﬂ)dlenes a.nd

toward the imde was deternm ned to be 95% after
i nt ensi verenss RNRIISIISTom abait; 1Gro 8P mqle perggpt of ethylene, from

am de- bougigd, NPt s dnoleTpercerit @F EQW%% t:;gea-eféﬁﬁrana F{r‘éﬁw about 0 to

intensity of a representative anh peak at
cm 1 , nothed pereent ofarid Polvere %qup&mﬁ@mswtmb%@verage

at 722 crhdieculdhReibRtt @h%lhﬁ%ﬂﬂﬂboé\'%% Gotd WiRRRA &Rk d

as am de acid neasured standard chromat ogr aphi ¢
met hods vRRsbUltieadid ﬁé!dat!fts 3ent 30IdPREIIS ACMPTiging Aeating said

process f;s‘e{ rhdFo RIRBRNInafioR bt aﬁbrﬁpéihiu'ré/m tﬁé’%}%%' dfisoPC to
the steps conprising: (A) reacting a

r epar ed
g| eP in co’fb%)l G narafting, Ietarfyﬁteqa@uaﬁ@oraaflrpteragtngcﬁ%weasal@ olefinic
C23 a- ol efarbh@idacyPilingU3dht dhto @a.e%wpﬁeﬁ@pﬁsrﬁaw $UtRBYuently

non- conj ugat ed di enes~and trienes conpri si ngﬁrom
about 15 redueag mreolg@ﬂ%rem'gfaifofé@ﬁwoeﬂlémefﬁ eaprsatupgin the

to 85 mlr@nqgﬁfcﬂ@ cb 3564 t@eﬁyoprgggcﬁg ng%fleréi Alflickd RfBlecular

about 0 to ercent of said polyene, said
copol ynerveightiasylaiedrrapplymeshayiage Wb@é avepgasIaiaular weight

rangi ng frhadhd 8RC1 beo REL Wand’\hé\;hgaﬁ 142 0i 2L 80 molecules of

carboxylic actd acyl ating agent, said process

conpri si rigicheatbowic ein @cpatingagent sraéteﬁtﬂef 880Q 6raiems ghsaid
at a ten‘p@éfﬁ\.;w@ yhiertdify range of 6Q0C to 2400C,

grafting, 1n afirrst extruder or a first mxing
devi cdB) gaaeling| iarg saceNd gKiseIEFIor @ SEEQNEMIXNY Qﬁj’m sl agylated

said CODCHo}SHEgﬁr ARl G el 'vV tMP&?&Hﬁ@%%pﬁ@ﬁ&‘géle&eH R®m the

nol ecul ar of sal copolyirer at a tenperature in
t he rangearedp cBBHING 61:3500C, t hereby producing a

grafted, GPdaedniéngihddiamine represented by the formula:

H RS
G
R2

in which Ar is aromatic and R" is —=H, -NH,, =(~NH-Ary),—H, —(-NH-
Alkyl),—H, —-NH-arylalkyl, a branched or straight chain radical having
from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl,
alkaryl, hydroxyalkyl or aminoalkyl, R? is (~NH,, =(NH(CH5)=)m—NH,
—(CH,),—NH,, —aryl-NH,, in which n and m has a value from 1 to 10,
and R? is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from
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wei ght acyl ated copol yner havi ng a nunber average
nol ecul ar wei ght ranging from1,000 to 80,000 and

whawengpsad | east 0.2 - 20 nol ecul es of said caP@DERINE005482

acid acyl ati ng agent grafted2per 1000 C atons of said

ol efin copolyner, and (B) reacting, in a second

extruder or a second m xi ng device, said acyl ated

copol ymer made in (A) with a polyam ne conpound

sel ected fromthe group consisti f: (a)_an T
N-aryl phenyl”eﬁ?@dﬁ%%‘?%gtp r@@z‘“ﬁ?@g'ﬁy 'Tjhglf'o‘ﬂﬁﬁ gnd Ry =H,
which Ar i s \gHi6HBIN-Bhéiyll phth phe Ib'ne didhide (NEPDINF AMdy/its isomers.
n-H, -(-NHAl kyl) n- E|- a_branched or

strai ght (Ehaa%m'aa?%h?zqin%(ﬁnﬁ ep;qg%qmth?(gorgw 1% ar bon

atons that can be al kyl, X xyl, aral kyl,

al karyl, hydroxyal kyl or (-NH 2,
-(NH(CH 2)n- )mNH 2, - (G b’2NH2 in
whi ch n and m has a val ue 0, and R3 is

hydrogen, al kyl, al kenyl ,Ral koxﬂ ar Rkyl , al karyl
having frond to 24 carbon atorrB preferably RL = H R

= -NH 2, and R3 Lch is hen | ene

i am na’ ( NPROANG T B FsReae G pOdhobs RlsBar BRI akow!
repr esent ed rhyicltHaving from ﬂito nmcwbbﬁlat%sand R1

represent hydrogen or an al alkengﬁgaor al koxyl

radi cal Hﬁ)\/@fﬁ‘ga”ﬂ'ﬂﬁ'ﬁfjfi'etr%prfﬂe%%‘i’ By Hhesfp (c) an

am noi ndol e represented by the fornula: in which R
represents hydrogen or an alk radi cal having from1
to 14 carbon atons, (d) an rgazol i none
represented by the for nidpN: ich Ris hydr ogen or
an al kyl radical having fron NI4 carbon atomns, (e)
an am nonercaptotriazol e represented by the fornul a:
in which R can be absent or can b€ a G - C10 |inear
or branched hydrocarbon sel ected fromthe group .
consi sting & WAICk\R repsgsgnts hydkegep or apraligy W%ﬁ%g@v'w from 1to
an ani nopyr iy Girbkh stepsesent ed by the fornula:in which
R represents hydrogen or an al kyl or al koxyl radical
havi ng f (@man Q”@'"de@éﬁlmeéﬂéj’ﬁﬁe“t?d by fiefoppyaess as
claimed in claim1, wherein the reaction in a second

ext ruder R
/O

N/NH
|

H

H,N

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon
atoms,

(e) an aminomercaptotriazole represented by the formula:
N NH
/R—< \”/
/
H
in which R can be absent or can be a C; — C4o linear or branched
hydrocarbon selected from the group consisting of alkyl, aryl, alkaryl,

or arylalkyl.
(H an aminopyrimidine represented by the formula:
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or a second m xi ng device of the acyl ated reduced
copol ynmer made in (A) with a pol yam ne conpound is

W@ 2006i18384Hut in the presence of an acid. 3 . TPEI/EP2006/005482

process as clainmed in claim23-wherein the acid has a

pKa < 4. 4 . The process as clainmed in claim 3,

wherein the acid is PTSA or DBSA. 5. The process as
clainmed in claim4, wherein the amount of PTSA is

between 1 and 3 nol % based on the pol yam ne. 6. The
process as claimed in any of theNpgeceding clainms,

wherein the first extruder is a tw n-screw extruder

and the second m xing device i)g7a~gtatic m xer device.

7. The process as clainmed in cfaim®6, wherein the
reaction mxture i s degassed : e static m xer

devi ce by neans of an extrudg e process as

claimed in any of the precediNig (A8, wherein the

nol ar rati o between the pol yam ne cogpound and the
acylating agent is between 0.9 and 1.2. 9 . The

process as Ghyy ELAIThRurQlerFAra BNyl oPERES Padidif

t enper at ur qu?)hﬁu éebrctél’Hon %rx eur erae! n tsho W ! aving
m xer devi c€ram 14e 1# eadonZrgTs. 10. A highly gr afted
gl ti fﬁ@;?’r%b%%aés @élﬁ% QWHy\ﬂﬁéremRﬁg cfign m’ag&%nd extruder
process urt er conprising between 0.2 and

20 f urritd sasand gmru@ée\p@e ofthe @cytatgd deduced W@P@'M'ﬂi‘@f mﬁalm (A) with
gr oup [ f _

char aiat g@?ﬁt@& cBthp %En@mh%%rléy?dé rﬁoﬁgtiﬁéeéag?né deor Clidrri de
Yr oupsThe pracessasedtaimed in pleint dnwhereindhe geidings ai RKarprde

4 han f.ar : ;

4o er i roBess &g PREim) JAMGeHdng B0a B oa or DBSA
Tonposihe mnceasra@rql@mﬁg imclain érwhereinitbe emount ofiRTSA is between 1
| ubri or anount of the highly
grafted, :n'glot% unc%'?/%h%%“%ln{@él]n copol ymer of claim
8.0. 12 TheTirecdssiasi aizimed dn any ofdberpreseding glaihs,ovhdreinthe first
Fur t hel GOOmE bMdscilw %ﬁﬁ%ar%ﬂ@ t Qééoha ?mﬁﬁé QEtiedis' 4 Ftic
the group consisting of additional viscosit ndex

i mpr oveixer, devittel oxi dants, corrosion inhibitors,

eter t
Gt wellt HoctisSRTUSRRNT cBAE, BRI A RLEAF kR is degassed
fri ct iafter treditdticonixer c1e3nceTWembam ofcan éxtrgider. |

orrpo I

ubrl iﬂ{el ;ﬁ’g évélfssagociéll{ﬁb&ﬂnsgﬁ g%%%&'h% H}‘ﬁs %Aeré’t'u the molar
consi gatlmgetwreenamwvarome§om99nmchemd tt\e@cvlgtlm]agent is between

0.9 and 1.2.
9. The process as claimed in claim 6 or claim 7, wherein the temperature of the

reaction mixture in the static mixer device is at least 275°C.

10. A highly grafted, multi-functional olefin copolymer, prepared by the process of
claim 1, further comprising between 0.2 and 20 functional groups per 1000 C
atoms, the functional groups consisting of amide or imide groups,
characterized in that the ratio of the amide or imide groups with respect to the
functional groups is more than 0.85, preferably more than 0.90 and most
preferably more than 0.95.

11. A lubricating oil composition comprising a major amount of an oil of lubricating
viscosity and a minor amount of the highly grafted, multi-functional olefin

copolymer of claim 10.



m xtures thereof. 14. The lubricating oil conposition

as clainmed in any of the clains 11 to 13, wherein the
warwans3sed a | ow nol ecul ar wei ght pol yam ne coPGF/EB100¢005482

conpound in the oil is snmalle4-than 50 ppm 15. A

met hod of inproving fuel econony of a vehicle wherein

sai d nethod conprises adding to and operating in the

crankcase of the vehicle the lubricating oil

conmposjtion. of claimill -14.

0 a; e pbagatnd o Ptopasiginotataims O FHiaet rodprtpr adone

addi ngadditiversdleRiey fedn B group b@hsﬁtﬁh@l&a&@tl@fal ig€osity index

vehicle the lubricati n%gml

t

Qsitio claim1l -
L. 17MPReYeER ROORTtS oM AG MR 2R G fSpersants, pour
i nt er viadikt dePredsHRd] aitiveahn agents) dhifodniEditd) ddmauifierd Se$friction
adding to_and aerating in the crankcase of the vehicle

the | UBPHIESSi ng oi| conposition of claim1l - 14. 18.

13.met hokk 10briddting W icBspbsifor SVEIAIRTIES A2 Whewmﬂ%fdnll dfubricating
of a lubricati n%&fl |, said nmethod . conprisij

n
oh o VoS BrSPiestaHiprd TRecarSi GORRING RS MRG0y, Syninet it and

gr af t edixtuied therdofncti onal ol efin copol ymer of claim 10
or claim11l. 19. A nethod of |upricati ngfan aut onoti ve

Fhgi nelREPHEGating il gomepsitien 2vABIMeskE apy {ymgAd to 13
oper atwideinthé BRoGhEdTEIBReNQE L \ﬁelé}utp@lﬁfﬁw@c@ﬁﬂh%

the lubricating oil conposition of claiml
compound in the oil is smaller than 50 ppm.

15. A method of improving fuel economy of a vehicle wherein said method
comprises adding to and operating in the crankcase of the vehicle the
lubricating oil composition of claim 11 -14.

16. A method of improving durability of a vehicle wherein said method comprises
adding to and operating in the crankcase of the vehicle the lubricating oil
composition of claim 11 - 14.

17. A method of extending lubricant drain intervals in a vehicle wherein said
method comprises adding to and aerating in the crankcase of the vehicle the
lubricating oil composition of claim 11 - 14.

18. A method of improving the low temperature properties of a lubricating oil, said
method comprising combining an oil of lubricating viscosity and the highly
grafted, multi-functional olefin copolymer of claim 10 or claim 11.

19. A method of lubricating an automotive engine wherein said method comprises
adding to and operating in the crankcase of said automotive engine the

lubricating oil composition of claim 14.



