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a multifunctional viscosity nodifier, by reacting in a
m xi ng device or 5 kneadi ng device a pol yner
conprising anhydri de groups, or derivatives thereof,
with an aromatic pol yam ne conpound. A

mul ti functional viscosity nodifier is typically used
to make an\EtHEHTH PREPARINGIAN INIDI2BDIFRYMER a

| ubricating™oiT.— wWien an imde is forned, by a

reacti on of a pol yam ne, conprising at |east one

primary am n?hé%ﬂféﬁh&ﬁ@lé’t&é’to"& h@tho@ﬁo%’@%ﬂfdg% iz polymer

of the polyner, amne functionality can be introduced
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I ng he properties of a base, Is useful
i reeatiamef ad@qls@m@@mmmag@bh%ﬁ e RIFBAH @M yncijggalty with
th a}hgel%é 3L} Bftnk E)% ﬁ@r%lh@ erﬁ%‘Qeﬂﬁy tdh BEREBdMet into the
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OIEr at Soot particles. thus preventin
exanpEpvitbaeds, iFot thid WSDm&]ﬁélemldEéd\@‘@qhﬁg atpﬁg/mer exhibiting
Eﬁg gl'd%'ef"t%ts'o? p9fe ?QQ%efé‘lqﬁl 1Bt &’éiﬂ dilB, 48 asQutontdidle hgine oils. In

I on o varni sh on aut onD i ve' engi ne parts,
tthle rapbljcatiomthei amine isgthought dersiactwiteacidig &@??I@%g%ﬁer@ﬁg ibyf @xidation
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\nnlsarmlstm yemduoﬁuoéwarnﬁ@wgautqnwyetaﬁmna narﬁeihﬁtﬁbﬁﬁioﬁiﬁlbétmg to
tcfé%naﬁg ‘?ecfdéﬁ&jf f%&ﬁ@ﬁb\/&é\ﬁ@% I@\&e%@g%%%éﬂ’c%mme groups provide

rrcating met ho reparing a
i amitididant mmeym The Hohwiticmabie of the ie alsepntibutss to desirable

ﬁh?dqf?%?qgﬁ iﬁg'vﬁcgéﬁyed?tth%gﬁﬁﬁtlﬁ %llaTﬁl ﬂ@g o@EEddgcﬁQ generally
getenes tand aamptduwwnalewmmp/oundiﬂen reqomlzmémillté@rf@rm% more
%H’érﬁ‘8@ée gﬁ% JHWﬁéWAlSS’Aétdhrb% Qﬁ&t&n&&eﬂﬂb%ﬁhgxh LH&WH azi ne

am nes are nore reactive
t han ar onat i A metheddor preparmatzadkidized prlyrrergpiingvotewd).S. Pat.
flﬁ ,5%?8’@ y'ﬁs gglje}{f”‘cﬁgs%ﬁﬁeé reakfiH | tJ?\ee%rng telSe?\inéng ?olymer with

mer 1 s no mor e han
TgTaﬁedrafahys!nddngnoua@enld a20lyasnife qomepaantylkirthel exajpriep4- (3-
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pEMinky agr motectadtive tiwnarremah@ammeacq ﬂrqubaqbgf thakpewe process for

p%]r %18& pég%ﬂﬂgg}/sd o el ?Q@mﬁ%tl@‘?mlcﬂ%}y S&%ﬁ% ik ﬂot more than

gree Or conversi on
t atmup 80O BA. Gitiis meansrthatab‘quhm Yooofdine alnhwkolge gpouwewllf m@rbg converted

to imide groups. In the presence of water, these anhydride groups will be partly or

totally converted to acyl groups. Another part of the anhydride groups may be
converted to amides. Such low degree of conversion generally causes two problems in

multifunctional viscosity modifiers:
First, the remaining acid and amide groups tend to form strong
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35 First, the remaining acid and am de groups tend to
formstrong CONFI RVATI ON COPY WD 2006/ 048328
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systens, thus causing signifjcant viscosity increases

of the oil solution. Secontty, remaining aromatic

primary am nes are sensitive for oxidation, thus

rapidly causing lubricant oil to discolorate. This

requires that low 5 nolecular weight al cohols and

HyHRIAEA R d e iR yadpR dthti® caiding sigRificamit vigcddity increases of the
i mdized polymer according to the state of the art to
@4poluign-acyl and primary amne groups. An imdized

pol yner can &ezend§, @ﬁbﬁi@@o@ﬁt@@ﬁrﬁﬁﬂy%@éﬁ arelg@nsitive for
imdization reaction in
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reaction and to dissolve th aromati c

Sulles e agCorssdp e HRy ¥ oAt i GayiBy ot pid prithary amine
?,1 |c(r) is added to the reaction. To avoid
scol oration of the surplus of aromatjc

an al dehyde AN iglidgechpiuterLanfiachs giainpe, bg C@lyryl['p gut’ the

Ritdizaten rexch 1r9§§olven-fh@s dseHIRCiA &f. U. Belseﬁ N@%’O%l 683
in ol additives i s undesirable, becaus cau
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o%% Ol G| deHy LY 588 8ded 43 deRerial gy, U. @\ﬂméthﬁb 5,207,938,
rpose 'of the present invention is to prov

pThﬁ:l@@%enCﬁ of thesg comepands g ok Addityes i éﬁd??HP?'ﬁePe%“tsﬁ thy cause

aﬁ]zh%wdﬂadraeaﬁmoqna@aw&osg free and am d- bound
pol yam ne process of the invention this aim.|i

achi eved, by AaPyipeeesishe siesepliBYSIYIPR & QRrOWRSR PERgESS for
gd?é%%%dnnmﬂjli@d%&ﬁn&* wﬁﬂﬁ‘ﬁ@é’dd&d %‘rﬁ%?of WYedttdLAGA hWups with

Xture r|S|n conpri si ng
daBpant todée@pwlg@@up&ﬁﬂgd@lly Q@F?Wégtft%@')@w 25 and an

aromatic pol ygume p‘ElFHH%@%F‘fF‘ue ﬁ&@n@ﬁ@ﬁﬂoﬁeﬁtd yﬂotnaéta rB€ess, for

reaction is carried out in the presence of an
Wehartnn@npm%pqiym@wth RNOWHAS RaseblerIBeHt fgee and amid-

t{;ﬂ %gg AfHyydride groups have been reduced wth
about % A particul ar advantage of the Broduct made

by t he proceds ths propess dthe Inwﬁlpnéms i isiaghieved, by a process for
r it Pér‘ngfdnqrrﬁ’ddféﬁ béjmiéﬁﬁ Qhiking BPRhEddig dVERr B B rédidtion of a

mixture, comprising a polymer, comprising anhydride groups, or derivatives thereof,
and an aromatic polyamine compound, characterized in that the reaction is carried out
in the presence of an acid.

With the process of the invention the incomplete imidized anhydride
groups have been reduced with about 75 %.

A particular advantage of the product made by the process of the
invention is, that it results in a solid viscosity modifier, wherein the ratio of imide to the
total number of functional groups (i.e. imide, amide & anhydride groups) is more than
0.85, preferably more than 0.90 and most preferably more than 0.95. This high ratio

- increases the stabilitae of the imidized product as multifunctional viscosity modifier and

reduces the need for extra additives. The advantage of a solid multifunctional viscosity

modifier is the lower costs for storage and shipping of this material with respect to its
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high ratio increases the stabilitae of the imdized
product as multifunctional Viscosity nodifier and
reduces the need for extra additives. The advantage of
a solid multifunctional viscosity 35 nodifier is the

| oner costs for storage and shipping of this materi al
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st’'yrene-di ene copol yners i ncl udi hg bl ock and
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styrene-di en@@@@bgﬂ@@h@s ﬁjﬁbsﬁ@ﬂﬁmétlohw Visedsngmaiietare EP(D)M
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ethaprianee being &ko Q@ alpga melf)gl&un@bw%peqﬁ)éljuggg @réedmonomers
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ance bein ha ol efin. Swta
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anY ake N%mgﬂlaﬁgg content of about 49 wt % and Kel tan

3200A, a pol ymer” having a Nbonex
The polymer comprising anhydride groups comprises between 0.1

and 10 anhydride groups per 1000 C-atoms. The preferred olefinic polymer comprising
anhydride groups therefore comprises from 15 to 80 wt% of ethylene, from 0 to 15 wi%
of a polyene, selected from non-conjugated dienes and trienes, and the balance being
a C; - Cyo alpha olefin, and from 0.1 to 10 anhydride groups per 1000 C-atoms and
may have a number average molecular weight of between 5,000 and 500,000 g/mol,



viscosity at 100C. of about 51, and an ethyl ene
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groups conprises between 0.1 and 10 anhydri de groups
per 1000 C-atoms. The prefe¥red ol efinic pol ymer
conprising anhydride groups therefore conprises from
15 to 80 wt% of ethylene, fromO to 15 % of a
pol yene, sel ected from non-conjugated di enes and
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2006/ 048328 PCT/ EP20

fremaish agids @ne aal;wﬂn@gq)/ﬁgélqumf suqﬂi%cq# ?(il g%s and derivatives

?ﬁé’r@&)ﬂélb@e BlafiPScid FgnaMSadidl Wﬁh%@cmm&onlﬁéﬁd peitkaconic acid,
car boxylic acids and Ci/’?gl i C an

hydri des
arrsageie ACiumaieiq ahyer Pi%@f‘b\é‘g‘deﬁ By HW&%{&&@? ARy
g%ﬂé@rfh%%nafémuﬁé isthaleléGdhhggridés, anhydrides and

erivatives t hereof include mal eic

cid

acid, himc i qgomptgca%ﬁ@n%a ) egﬁt %Sﬂr‘neoggf%ompnsmg at least
PESRRL Bk SupRC bwhibMhiabSst dRE Yok bﬂrﬂarymmﬂhé e&ﬂémd'raltld group and
di butyl fumarate. The preferred %T‘a]ﬁé)?g nct.i onal de but
OeHYlM oniginig eher faﬂfﬂgPaP'i HRUPSR{FXAPY ‘H‘%BW%’W& incdude bu
URARESTHARA t8 a?rﬁﬁ&o Hﬂfbe@oim?cﬁéss BREhAS, thiBRSbsterd, athiels acids,
groups, of which | east one is a pri mary amne, an
&Uéﬁfdmé @F@U}?Sand 10 optionally containing other

?Blg%rﬂﬁrhaﬁé' RRs fdenasmehst dﬂfcommghd)md @\émi@t% subject of this
| nc ut

are not limted to am_nes

iimHeatien ingludgtasergatia polyanyne gapRelyids érpﬁbﬁhﬁ gr%‘? E@‘S'S““g of.
Rffne Rprds2hled HtRMIMmalaam nes for

uﬁér}? cad??ﬁg?@gc%ldnpo& tll%gns and bt’slher ef ore subj ect of
this invention include aromatic pol yam ne conmpounds
fromthe group consisting of: 15 (a) an
N- aryl phenyl enedi am ne represént edabR3t he formula: H
R3 RI-Ar-NR2 in whi qRi-Ar—iN—4f ofiptic and RL is -H
-NH2, -(-NHAryl)-H -(-NHA kylY~H'R2NH aryl al kyl, a
branched or straight chain radical having from4 to 24
qﬁ‘WﬂL&ﬂ A&tlgaﬁ:nﬁmtana@v G@DHha\l k—xLlNH-alrmnHI r(—fNH@@ﬂWI),,,—H ~NH-
ar al ary hy r oxyal or .am_noal Q/ Ré?
(afNHZYI ab(ENIFI@ 5 reygﬁt,qh@p ra{ @@)awng\"‘_qgm4 CN naoH*ns that

g% éikyﬁlrhﬂkényh %ﬁ(Oi\{(lVa%H@l E|k9m |h?1<ﬂr@)éyragl&ll< oRBRINSAIKYS R is (-NH,, —

,al karyl
H (@ g)f.-r)@nﬁ\llzﬂg,t—@Cuz)n (Ie\{%r qul—gl!-bnlg whtﬁhé"f %'X%m @asi %a\r/%ie from 1 to
ofttahd Re iRy ReukH, atkiHBikeryM hikSXkyE Btaddyl, Hikarfiiheting $rom 4 to 24

carbon atoms, preferably is R equal H, R? equal -NH,, and R® equal H, which is

N-phenyl phenylene diamine (NPPDA) and its isomers.
(b) an aminocarbazole represented by the formula:

R l R1

in which R and R’ represent hydrogen or an alkyl, alkenyl, or alkoxyl radicAaI having
from 1 to 14 carbon atoms,

(c) an aminoindole represented by the formula:
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N- phenyl phenyl ene di am ne (NPPDA) and its isoners. 25
(b) an am nocar bazol e represented by the fornmula: R

woRXMNsse® R in which R and Rl represent hyRPCDER005011904

an al kyl, al kenyl, or al koxyl radical having froml
to 14 carbon atons, (c) an %ﬁinoindole represented by
the formul a: WO 2006/ 048328 PCT/ EP2005/011904 -5 R
HZN N H in which R represents hydrogen or an al kyl
radi cal having from1l to 14 carbon atons, (d) an

am no-i ndazol i none represented Qy the formula: R O
HZN N,,, NH H 5 in which R jshydrogen or an al kyl
radi cal having from1l to 14 of—&t ons, (e) an

am nonercaptotri azole re < i the formula: N
NH2 R~ HS NN H in whichvR CNT be absent or can
be C, - 010 linear or branched hydyocarbon sel ected
fromth group consisting of alkyl, aryl, alkaryl, or

arylal kyl. 10 (f) an am nopyri m di ne represent b
imwhich ,%@pgp_senw}taydrqgen Qr 5@% yl rpﬂlcm%wg%rq@grtggg ﬁ@%}on atoms,
?%)déirg&ﬁﬂoQﬁda%BlirﬁJnlé%p@EelﬂbdfQNHe fomsliigal having from1

carbon atons.
R
//O
HoN
2 N

|
H

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

(e) an aminomercaptotriazole represented by the formula:

N NH2
|4S’R—_< \7r/

/N/N
H

in which R can be absent or can be C; — Cy linear or branched hydrocarbon selected
from th group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:

NH,

PN

N~ °N

R

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

The process of the invention is characterized in that the reaction is
carried out in the presence of an acid. Preferably the acid has a pKa < 4. The pKa is
defined as measured in an aqueous solution at a temperature of 20°C.

Acids used in the process of the invention can be but are not limited to para toluene
sulfonic acid (PTSA), n-dodecyl benzene sulfonic acid (DBSA), methane sulfonic acid
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defined as neasured in an aqueous solution at a
tenperature of 20C. Acids u%éd in the process of the
i nvention can be but are not limted to para toluene
sul fonic acid (PTSA), n-dodecyl benzene sulfonic acid
(DBSA), nethane sulfonic acid WO 2006/ 048328
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t he process of 'the invention may have the foll ow ng
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aé]‘ﬁi &mé@&%tﬁl‘fh%rﬂ)o% ?'e)(t@ﬁ&v@!n&ﬂtmeVrﬁlxﬁ@d

ensi ve m Xi ng rictive dam can be used
separat e t he A wsticliémedanicambe yged {q sqparate thedged F%’he with the first

r%gghon%hg Ruthi E’H fYRs itlso S8 t@ﬁr&@nﬂ’éa%\(%ﬁka&@@kreb@t@ﬁ@?ﬂ restrictive

reactants. A restrictive dam can be, for exanpl e
adaneven be fen exgmple @ reverse Bighissrew setione filed safpw section, a

Sﬁﬁilb\ﬁ mgg%d?gr?égélwgéﬁéﬂcgh %ﬁﬁrﬁl&b{lﬁrﬁ ;ﬁdg%\ﬁ %Eét!di‘lﬂ corﬁlﬁnatlons thereof, or
other means known in the art. If an unflighted secltlgr? ISS l}SGS rl’? gan haovre a larger
diameter than the root diameter upstream of it, for example 5-25% larger, but not
greater than the screw flight diameter. The restrictive dam length should be from about
0.1 to 4 screw diameters, preferably about 0.2 to about 1 screw diameters in length. If a
reverse flighted screw section is employed, it can be single or multiflighted, preferably
multiflighted.

In case of the above-mentioned melt feeding this section becomes redundant.

A reaction Zone the part of the extruder reactor where the reaction



ot her means known in the art. If an unflighted section
is used, it can have a larger dianeter than the root

walr@awisses upstream of it, for exanple 5-25% | aPQEEP200%/011904
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not 30 greater than the screylfllght di ameter. The
restrictive damlength should be fromabout 0.1 to 4
screw di aneters, preferably about 0.2 to about 1 screw
dianeters in length. If a reverse flighted screw
section is enployed, it can be single or

rfblkésl gladed At @B criftiopf P irRBE Yypemdftmhhg gdiﬁ kslfouhd icase of

he above- nentian b
105 Raahe: S882,25poirith e etoBls N F e oo fSRTE pe
IRt Pthat'h estridte damadhfiguraliin i2 00drE hx2Biere separation boundary
PCT/ EP2005/ 011904 -7 t%n I ace. A descr.i

t1gEi9B belyyred zonesy i i§Me ]t}ajrhraer ly a5 @fllﬁéﬁic? Qq{g\];v section, the

3eSfidiveGiam W B& chssidipsEpart binBeroadtian Qchd)‘ﬁselfefoe egaaple, when a
It should be noticed that a restrictive

cengle gumaltifiighteddenaspellightsr sgravesestion Eaﬁ“&‘%'?l@ﬁ HEARGEHY

r&&bﬂ@taﬁ%@éé’\@@reéﬁl&ﬁﬁe ddr@in ®ie@gios, cambéépattlwbr amﬁﬁdlse taa reaction
unflighted screw section, the 5 restricti

cesisi BBPBheEReton <R PRered R BERLas it e FEpRiiEhedS o the

XA BL iR iedd aftl feHcBo® EomBItan bé reglt&dlsd gy 1 se@mit some gas
flighted screw section is_enp Eo ed. Under such

clerd: @i b theyrgactiop 2ene Epmae REM4%R% hi s regi on can

be part of ora pafRaliGEzdMes tRRfIgiohrwher@ e soWyht] unfeacted
reacti on zone 1s operated under a v

r ©egents thyvRIpdLes, o-Rreductsyang @B?W@%ﬁ? W@Uf'ré%%fe%mdhe reaction are

rl%ﬁgvb@ﬂon%(’tﬂ@ p6®ﬂ1e?@ﬁe%§i‘@f‘e¢#éd3ﬁ’eeﬂ% df uiFgingitite §@W\aeg@3hrough
e.g. air) fllowinto the reaction zone from

f @&ajofz’idwat Zg0ey SUER Ve ZP R COHRBSTSLNEHE ML VBRS W r°é’“P'P?é vacuum
SQJVRY to reBl@AGESSIre ERAGEINKSH tHRYstISPRILU6TtSe valaties and/oi solvents.

and other volatile inmpurities fromthe reaction

r lortbe eaper ofspyitinie Ve W{@p a y§idk ZB‘F%fﬂ?—ﬁ yeuds ﬁrgaﬁagalaeteé ffom each

%F %}1 ragtrictife @ahy SRfilar t& thé¥eldtdribdtbsbo0b. Bse/6fithe vaARIM system
nt zone conprises one Qr nore vent

omlps)i@dpwngg briling Peipkefdhe valatllpgagwgleﬁ 2ad iaﬁ%atgﬁ their removal.

assist int heT&FJrﬂh@Péé%&t ﬁfe kh\%valcér%trldpﬁ@ oﬁiﬂﬁr‘e@bted reactants, by-
solvents. In the case of nultiple vents within aa/ent

zpieducts Aad v@ﬂ@ﬁt&t%wé@aﬁdﬁ@d be tpfsrdaeysed prgRsHre,gnd an inert
r ?ﬁ?%h&ﬁ éifbrﬁﬁassﬂltmgleﬁr mb@ bk FRERIUEES ahiRed ofhitrégen Hﬁﬁplng is

cuums stem helps to |ower the boilin (JO
pamnméarwawfm i thevfaovel ofdow MPlacalar Weight Batarials 3n (Gwers the
r%BbY? rfléirptr@s%hreaa?rﬁ ﬁ'szré\Jég & eRbpdH. Strippi ng of

unrea react ant s, oducts and co- product

the vents maylngm @ﬁfc?é’fner afriden I35t sudicRionzaae HeiPR mer may go
TLe l%ﬂeé?\g?ﬁ&%rgn toifduRSubiEhOS8SsuréBY exted e ﬁkﬂykﬁéldthrough a

e us nitrogen strlprlngls particularly help
i dietthbe cehwan underyvatar pelletizelt Qthansiymedizsvsh |aa|astuzhﬁ'!ft°f a

| eIt Br a p@&%un%ﬁ§§g9%%% ah aPpR2fsHsEN WHtH BPIdRGRANg of the

mass transpo ne, after the |ast
pgmdﬂctdadesﬁedz amandarwatep pelatiser igwyelesed. Its advantageous use is

illustrated in the examples below.

It is possible for the apparatus to be fed with the polymer in solid
form, such as pellets or crumb, in which case the polymer containing anhydride groups
is melted and heated to the reaction temperature, following which the process
according to the invention is carried out downstream in the apparatus. The acid can be
mixed with the polymer pellets or crumb. The acid can also be added to the polymer

melt through a feed opening in the wall of the apparatus.



25 through an extension to build up sufficient
pressure to extrude the polyner through a die to be
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as a turbulator: a strand bath or a gear punp may be
used. In applications in whith rapid cooling of the
product is desired, an underwater pelletizer is
preferred. Its advantageous use is illustrated in the
exanples below. 30 It is possible for the apparatus to
be fed with tihie a;se!py)eﬁbleifarme|aipdarafusrtmoesfeutwlmanhydnde

pellets or cr o ich ca

PRl BoyrEL Aty BoftrLihrie foriBs paeleh RERLRL e
t RRRAIRG Poigmef Pbh @%nf@lmmutaln @efghbars anhyeaidde futictianality
the .i nyenti on out. _downst.reamjn

vl B e pRGAIBL T eBleT 1ot CRUTRBINS RAp B lagpymer met
F}fé:vl ttfeeggie@ésgtw bﬁ?&ﬂ@trﬁﬁard;r@ﬂg aﬁilmr*methaddlelgare addeme
pol yner ! a_feed ope t
t he apparat u e\% @‘?fg% %ﬁ%%%'qﬁé% %ﬁ?%@é?’ﬁﬁ%@% d Yar|°§'5 ways.
%ﬁ@wﬁ?%ﬁé&i@wﬁgﬂhe UBQrW@Qd&siﬂen&wlrﬁ@% teichbose a sufficiently
anhydri1de contain

directly f

et aedmavae b TUEcHoN PR AR BEos5RRAPRgL S Ao possible,
Pfe} th%hcé :rt@ tE’Sbtiﬁﬁthé abélﬁagm}ewgﬁ r@Eidesdedithe BY meanbyoﬂuhe cﬂlgw rate

uncti onal | opt al ne ar a t
CRSTSh 08 AEFig Ve agBhoRereRY of B 78 L&?mw& y %ﬂ{%@??{ﬂce time has
be R dghggﬁﬁ Sl?l_%fé?grfl@ raeregﬂén@é fme tof 4—wmmetansi chéeznaviitd such a
are adde € aesirea, average.,r
rlang resifenge Hxe; @,agmp\;a?téon o g aerdqn ﬁigb\)’nﬁﬁ"§ %@tlc mixer is
dSefer Ay BYRS BB BarfyaRy &ﬂﬂ’ﬁ@pﬂo’c&& d)f&hé mv@rhrmse a

sufficiently Ilarge dist ect

port and the 'a@g%%fgvﬁ% P‘@’@é’l‘“%ﬁ e ‘Qa i Cﬁ&“gone are
fr@blabé@b?ﬂ%@atlctnﬂxé?bfoﬂd)\ﬁed b adRghsshily SNr@tage r esi dence

time by neans_of t flowrate 10 set

a high c onverEhed??lmertfﬂ%t |Qrt6¢,ﬁqchorh;ﬁq§eorgf§rqﬁ%gﬁas a teemperature

F §HfEE2580-8%0° balsor tePpORALHBO BEIBW ZBOHﬁ ef @blhigh melt viscosity will
resi dence tine 10 m nut es

18R s ieriEs, b iRTPerEtin BpoR G SRou bes v Bad S s ioht

acaﬁ',lbg RuNQhiee déér@@étfénr&f ey pcbl?merp vethenerel m‘eféﬁet"ﬁéeftﬂé temperature
carrying out the process_of ntion.

N TaReETLFasSS REMBSR BE5 POR 280 Kh TR (o Ranesti s the material

Zémﬁﬁg%@ dyd & ;5@@3%%%@&@2@@ ahd 91Wﬂegra‘d@hb@bﬂﬁe bylymer can
egassli ng extru er. ol ymer nelt mthe@c;]eactlo

OB IO RN, baN AN & TR B g Shear o the

258534 0f-of ffer MRBBFIHIVES S bel ow 250C, a too hi gh mel t
viscosity will result in high tor

At
above 320C snﬁw'acuﬁée%%?\@eenﬁ@ Tthﬁ%gSﬂP'smseg gg@:‘? idized
y&%&%tm@de WRSiha $ddes8 oPfhetifenBon KR muliitinbtiorar ﬁscosﬁy

rence he tenperature 20|nthereact|o0 ?
heouiber fgrﬂsbm?@n@gtﬁc/* FAMPT 8MPHRL anphai PP 85391% pisterably 0.05 to

\‘f&f% a&ase@ )Sntthé‘ﬂebhﬁof%@ tdt§| déh%@lflé}b oy tHéerhV\ﬁiﬁIhcﬁ?cQﬁl v13003|ty

and gra atron of the 'ymer can

Dodifimrredupsen vaIcapge YT T TN qmlpa?rﬁpgt%ato a major

sBR8fint'oPan biginous material, such as a lubricating oil or hydrocarbon fuel,
depending upon whether one is forming finished products or additive concentrates.
When used in lubricating oil compositions, e.g. automotive or diesel crankcase
lubricating oil, derivatized copolymer concentrations are usually within the range of
about 0.1 to 10 wt%, of the total composition. The lubricating oils to which the products.
of this invention can be added include not only hydrocarbon oil derived from petroleum,

but also include synthetic lubricating oils such as esters of dibasic acids; complex



production of |ower MWNderivatives. As discussed
above, one of the possible uses of the imdized 25

wW@eiogs3ss made with the process of the inventiPCI/ER2085011904

10

15

20

25

30

35

mul tifunctional viscosity difiers for lubricating
oils. A mnor amount, e.g. 0701 up to 49 W%
preferably 0.05 to 25 w% based on the weight of the
total conposition, of the nultifunctional viscosity
nodi fiers produced in accordance with this invention

‘é%fbr@ﬁ‘ndd@%?reﬁfé?@aﬂéiné @ﬁrﬁor&bbﬁﬁb @blds apanyiycols! divasic acids and
ol eagi nous materj a as a lubri

thﬁap@bq{phqpéqu q;lg %fép%gn%lg r{@eq}wgﬁd vVngt%: g’ra?eghglup@er 6,107,257

f\,ﬁ-n BhetdiMineii@ed BY psfefenge.Or addltlve concentr at es.
When used in Iubrlcatlng oi | 0oSitio

aut onot i ve or h§iape¥s OEF%R‘&%@QS elYH?H“E?B%B’rFQ“@%I other conventional

%'altu‘ééé b@&nciascmmp}diﬁﬁae&@ég‘aﬁ&t éﬁttWésrn%\gahte mumbuams other
hin the range of about / f the to

: |
ofmﬁé@ INARIMPTRNETS, Lﬁmeé%?ﬁi%goré?%@ Pg ibffpise 'lfq?@mg b8erts,

RIcpdyehts rusfinfibitsrs | fAMRIM hedifir@ mndenadied i ncl ude not
onl y hydrocarbon oil derived from petrol eum 35 but

al so include synthetic lubricating oils such as esters

cgh%' &gg%h%ioagf%@@l ex WD 2006/ 048328
esters nmade by esterfications of

s FidhAShewsa tWie-SCRYY §¥ryAehl s, di basi ¢ aci ds and

6]* & NG ivs PR §&@Mlﬁﬁéﬂ“fdﬂb\}v§d b b Gtati@IniRertandridgaesiag
U S.  Patent Number 6,107,257 ~which is herein

|Gﬁ¢ﬂJd§red by reference. The above oil conpositions may

GRY | PERAAMNE PRI aRh Rl G§AMANRESI@Ee tinfe Rl thet Exedsples and the

such as pour poi nt depressants, antiwear agents,
deampaiietiveieeriBients:  vi scosi ty-i ndex i nprovers,

g* § PLERA the réé?dda@ﬁh%rnﬂ@ RyAh$tARS reshidintcé ﬂﬁl@lfdﬂghé@ﬁmles only.
ergents, rust inhibitors, friction m)&;ﬁl[b&
ch@ 5 Slkaws tsﬁﬁaddlt?éé@ﬂ’% {5 2p¢ aptide rhyd Nersisdng
t extruder. Fig. 2 shows a tw n-screw
ext \r{%gﬁm °\N¥Hé éﬁ’r&’gg by a static m xer and a degassi ng

extruder. Fig. 3 shows the residual anhydride agai nst

resy Qé:etimsforthe Exanples and the Conparative
nts. 15 Fig. 4 shows the residual

an id
agai nst the rig8 f@“ﬁ%@g exaraplepilustrate Bsefkh? O@'ﬁ?'yls of the present
I\IIE%ISA@‘ A WMeH mﬂ&ﬁét%aﬂf aNP%%rﬁérrc%péryﬂweﬁ&brﬂﬁinm@Qthldnde

versus t rou%g put of the extruder.

nganm isscarried oph éccf%qilng\t@ PECRAD PLEIS| IMYeREen. HOM] eupRATative
ﬂHéﬁf%tllﬁJs %tetthg sFJt@%ﬁﬂE artlid! %€ fHhibRBtior With¥lik fe FFBsence of an

| zation of an elastomeric copol ymer containin
aemlg/and wishout the presence of a static mixer, followed by a degassing extruder in the

exit zone of the twin screw extruder.

Fig. 1 shows a twin-screw extruder with a feeder section 2, a motor 3
and a barrel 4. The extruder barrel 4, comprising a feed zone 5, a reaction zone 6, a
purification zone 7 and an exit zone 8 has cores through which water for cooling or
steam for heating may be circulated to control the barrel temperature. The feed zone 5 -
comprises a hopper 52 and two injection points 54 and 56. Vent 71 is connected to a
vacuum system (not shown) to reduce pressure and assist stripping of solvent, un-
reacted reagents, decomposition products and volatile impurities. An infrared sensor 82
measured the temperature of the extruded material directly after the dye. The imidized
polymer is cooled in a water bath 11.

Fig. 2 shows a twin-screw extruder, with a feeder section 2, a motor 3
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groups is carried out according to the process of the
i nvention. Sone conparative experinents illustrate

w0 bwesissee of the art ie an i mdizati on w t houpCT/ER2005/011904

presence of an acid and without the presence of a

static m xer, followed by al égassi ng extruder in the
25 exit zone of the twn screw extruder. Fig. 1 shows
a twin-screw extruder with a feeder section 2, a notor
3 and a barrel 4. The extruder barrel 4, conprising a

bRES b?efPMﬁrh@bér%mtcbmangmm@d zane PU# réaonara zorme adoibwkd by a

and an exit zone has cores throug ph dga ga o]th feed

SEEF IMieret aﬁ§'t‘é§'3ﬁ’i' P SINSIRSH W Jedares e EHARI| s Rlpced: The

%Qr'ﬂé 5‘%n‘1ph§e§é‘h6@der€2 HRE b iHjéstiod b@nfseéﬁﬁaﬂwﬁ@ a5d Sﬁhermocouple
onpri ses a hopper 52 andtvvoln ection E{)lnt
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cooled in a Vde&nh X‘Példﬁ cpptaingag gpﬁtomgrlgﬁméyrger asedon a
%m\)%rn%ga rBpYI8d édgbéglfner%th Rnavilves aissut 3@@00<ynma|,, adC,JGtwiight ratio
06/04832 CT/ EP2005/ 011904 - q 8 %ar rel
of 560 COIIATENG #nUHABF 523 A"V E8 S5ies B5r 000 Laglps pas dosed
%f}??pge r5okd pueSbyera static mixer 9, after which a
sing

screw de assi n% extruder 10 is place

T f eed
zone 5 corrprle AWRSEPEad 2INISHIPNPRET Pfj 8% R n@#(gﬁrnff@ in Table
ﬁgolaﬁ‘)q (R PASS R TRPQPHP “Ges” FBTab¥@ny. 102 i's

nnected to a vacuum system (not shown) t reduce. .
pressure and Fﬁ'ﬁé’s\ﬂ@%@%@rﬁt Hb‘?“s\'@“ 8pink P 9% ﬁtZ% "M‘lﬁ?‘@%’t"éﬂ THF.

reagents, deQMBRHpidsABOP RAUSLS aN40-1ab 8HDI3F and comparative
inpurities. An infrared sensor 82 neasure

e¥ppEMeNnteB8-Athreysd LRt havribesn &ied °deY'f|héEf{"€Fr§“téP'i°thP“tS @
%?9 c%Kr@ser{b% ke @dind L@y oh thesexéRabrd Ak %xﬂ@&@é ub@ivBs made of

e an I[brl de_containi ng el astoneric copo

st ALbay R HEA BT ROTOURING RS MCRERRIRR Wil Bftatic
%Qéﬁl arfla & qgle%/cfgw deg%sggé @ﬁtrmr gmoéﬁeﬁ*tv'aﬂablé Qvééfthéaés@ﬁb of

onpri si ng n aver%% € groups per
@%%T%@wméaé@re the trﬁslgsabé?r) \5@6 peagiied with Ffeﬁiﬁwcoup e 58 and

BE with
'}gﬁﬁéa‘ﬂﬁé_ g@ﬁéeé;(tlﬁ&ed Bb%?lbl((a?) V\\gﬁdlﬁg%sg.ﬁ%de gﬁ?ﬁlyj@ﬁéi t(h_%_H wi
iyfeared sansKiSle 1) PTSA was dosed at injection point
56 as a 25 M(‘%n@@r‘s‘&n'&%é Mawanhyé@éfan@@ﬁﬁ@%s'&%rhned after
to L30-2 and 40-1 to nd conparativ
emdpewerdmrsg aamevapmabarg ﬁf f[f:—'ﬁ)amqi ﬁﬁ*@'é-beé@ﬁ P@%{Pm'f@obyo‘fﬁ'R
reS| ﬁ%fﬁeeétfsg tib fn‘?%l’%hgkﬁ§réﬂsen?éﬁde GRRYRRIBHRAK 291860 cm™

extruders. As gXt ruders
umna}wdmnwsbﬂwe EPNY rdthene abspraiien & 7281kmm 48D, bot h

whet her or nof, xR RPPHA Bn@NPPBA Kound as amide acid were

measured by standard chromatographic methods.
Results are presented in Table 1 and Figures 3 to 5.



m xer and a single screw degassi ng extruder. Another

vari abl e was the dosing of 20 NPPDA. The tenperature
w@boobles3mrrel (T1l) was nmeasured w th ther nocopgi/EP85/011904

and tenperature of the extr ded material (Tn) was

measured directly after the Eye with infrared sensor

82. Conversion of the nmaleic anhydride functionality
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of free and am de-bound pol yam ne by FTIR 25
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304D-23. 4 FBA019.721)- 22 30 219. yes|2 ydsd 1. 24818 282 22.822.8 2093
2693_146-23-50- 32 862 yes— 13 25630525 74052430

190334 2 P854 28720, 829308 30 Zo0n0 IR29 3 207
Ves0-244 250 200792. 8 208 48s|26 A(|26.204) 2 p6§ 1.3 208 3308
253 246 2214 2001 402716041464 yes 25262367
2000257329 42830 20. P 3%5%s 182521 29/ps3g 28 2082
40428640 Ao 6fb.20|yes 1.4 253490 AR(8 45330 4£06127. 60224 2901
yes 1|4 256 295 23 8 1560 [4(4-31 40 26 0P 3 ng 4.5

2740-2307 1905 4/240/L40- 32 480 ¥€5|93 1280 63| 2780805 12284 2732
6240-580- 339 300l 93 3 NG 5. 9ed0Y 4FH 145 65 27440- 34 2 2538
a2 R 2P S Bt 13°8 113 L 4Rt a8 e 02 3

nod®29 2840/3127.% 46 L4AD-36e40 29.49 RHp 4280287 3298

IW_BO |_'+U-0>I 2‘7}660 UZ 64IU L)Iieg 46&1.4.>J.U 25‘6 S 995 rabl g5 g 1560
L4031 40| 26.02 3 no| 45 273 307 115 68
L4032 30 18.93 3 no 55 271 305 12.8 64
[40-33 30| 18.93 3 no| 55 269 297 14.6 65
L40-34 40 26.02 3 no| 45 269 307 13.6 113
[40-35 40 26.02 3 no| 45 284 312 14 46
L40-36] 40| 28.39 3 no| 45 287 310 6 64
L40-37] 40| 26.02 3 no| 45 287 310 14.3 62

Table 1.
* NPPDA is the sum of free and amide-bound NPPDA

In Fig. 3 the residual anhydride is plotted against the residence time
for all Examples and Comparative Experiments. Lines have been drawn through all the
points wherein an acid was present in the reaction (lower line) and the points wherein
no acid was present during the reaction. Fig. 3 clearly shows that the residual
anhydride is about 75 % lower after a reaction in the presence of an acid than after a
reaction without an acid, thus making a compound that could not be made before. The
invention therefore also relates to a solid compound, and in particular a solid
multifunctional viscosity modifier comprising a polymer containing between 0.1 and 10
functional groups per 1000 C-atoms, the functional groups comprising mainly aromatic
amine-based imide groups, characterized in that the ratio of 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. From table 1, the ratio of imide groups with respect to the
functional groups, calculated as (100-anh/anhg) / 100, it can be seen that this ratio in
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conprising the multifunction vi scosity nodifier
according to the invention ahnd wherein the anount of

| ow nol ecul ar wei ght aromatic pol yam ne conpri si ng
compound in the oil is smaller than 10 ppm WO

2006/ 048328 PCT/ EP2005/ 011904 -14- CLAIMS 1. Process
for preparing an imdized pguyms in a mxing or
kneadi ng device, by a reaction fTon of a mixture,
conprising a polymer, containing anhydride groups or

5 deri ‘F@Bbé@%&ort ﬁ%ﬁé?@nfg ANEhidFePpENRéD if apmilking Br RReading device, by
conpound of which | east one of the am ne 85@?‘5’)‘%#

a pri me pagligne a r&'ﬁ%%uﬁ"@]ﬂ”ﬁ’@a 3 RPIYMARL CQNiRINE € groups or
i s car rdefdaiidt thetedfRBdRINGHEMESC %Iy&ﬁh%@ﬁhp&umdf whicratYeast
based on the anpbunt of th ol yam ne of an.aci

e
Pr oces Pnec m%am@etgaa%s;ﬁ mpﬂm%@p@pnct}qﬁ%ct%r&egdg }hq%ﬁqe reaction

an ol ef+ Ear‘ﬁ@@%hb’lmﬂﬁe préSef@atetiidts f aria Aol% ®a86d vh Me amount
of ethylene, from20 to 85 wt% of a C3 - Cl10
al pha- rsHeop@yamine pfahdeidi o 15 wt % of a pol yene

sgl ect qf’roéés%'ad&eﬁaln@qabWﬁhe%eﬁeﬂmé pégﬁherr id @helefiabsbolymer
fromO0.1 to roups per

Pr oces§0§lﬂf'ém|ff9@1 &M%w%@ of elfleneifion %%toaﬁi‘g%zs oéa% - C1o
pol yamzﬂ&éﬁ’u’&ﬁ@&@ﬁ frém b RheEbed pBIS/éHE se(lé’ate@ﬂom non-

N-aryl | enedi am ne represent ed the f ‘irJE@J
R3 Ri- qsanmgami dignes\aF drienes ang f%%Prﬁtt? d0znByaRrle; rouny ber 1000
- NH2, yl)n H -(-NHAkyl) 20 H,

-NH ary aI , a branched or straight chain radical
hawvi ng Rroeassiacerding te £IADH. MNBTAN PRAYOal; raféyaawmompound is

al kenyl go kP aral kyl, al karyl, hydroxyal kyl or
am noal %t Rzrhs (-NH2, - (NH(CH2) Gﬁ’)m NH2i

[

- (CH2) r(a Mawmhgnquglamlﬂe repieseRtes’ yrihe iRk a val ue
from1l to 10, and R3 is hydrogen, alkyl, alkenyl,
al koxyl, aral kyl, al karyl having from4 to 24 carbon
atons, preferably is R 25 eqyal H Eg equal -NH2, and
R3 equal H which is N nggxl' ene di am ne
(NPPDA) and its isomner ( g&arbazole
represented by the fornul a:

in which Ar is aromatic and R" is =H, =NH,, =(~NH-Aryl),—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 (~NHy, =(NH(CHa)—)m—NHz, =(CHz):—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 4 to 24 carbon atoms, preferably is R’
equal H, R?equal -NH,, and R® equal H, which is N-phenyl phenylene
diamine (NPPDA) and its isomers.

(b) an aminocarbazole represented by the formula:

N

R | 1
i R

in which R and R' represent hydrogen or an alkyl, alkenyl, or alkoxyl radical
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R O-NRL in which R and Rl represent hydrogen or an
al kyl, al kenyl, or al koxyl radical W 2006/ 048328

weOn6BR3e05/ 011904 -15 having from 1l to 14 carP@DRP2005/011904

atons, (c) an am noindol e represented by the fornmnula:
R H2N *N~ H in which R réfg{r'esents hydrogen or an

al kyl radical having from1l to 14 carbon 5 atons, (d)
an am no-indazolinone represented by the formula: R
fO HZN N NH H in which R is hydrogen or an al kyl
radi calhaliayifiae ffoo'n? darbén atbnar bonbat ogs,f (e)I an

am nomer captotriazol e represente t he forml a:
N-NH2  (RISFRemngin ‘éelfﬁpr?ﬁg%‘sghhﬁq%@ﬁ“%e absent or can
be C, - Cl10 linear or branched pydrocarbon sel ected
fromth group consisting of al aryl, al karyl, or
arylalkyl. (f) an am nopyri pr esent ed by the
formula: NH2 N N 66 RH R represents
hydrogen or an al kyl or al ko Nt cal having from1l
to 14 carbon atons. 4. Process according to any of
the clains 1 - 3, wherein the acid'has a pKa < 4. 5.
Process according to claim4, wherejn the acic% i S PT?A

or  DESIn WHChGOEPES8TIsdYAteReRios 608 /yiragisal having from 1 fo T4 carbon

atoms,

(d) an amino-indazolinone represented by the formula:

R
//O
HoN _NH
N

|
H

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

(e) an aminomercaptotriazole represented by the formula:

N NH2
HS’R_< it

N-N
!
H

in which R can be absent or can be C; — Cy linear or branched hydrocarbon
selected from th group consisting of alkyl, aryl, alkaryl, or arylalkyl.
(f) an aminopyrimidine represented by the formula:

NH,

N” "N

QQ

R

in which R represents hydrogen or an alky! or alkoxyl radical having from 1 to

14 carbon atoms.

Process according to any of the claims 1 - 3, wherein the acid has a pKa < 4.
5. Process according to claim 4, wherein the acid is PTSA or DBSA
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-16 6. Process according to claim5, wherein the
anmount of PTSA is between 1 and 3 nol % based on the

w@ologasEspe 7. Process according to any of the PCEERIOFQL1904

clainms, wherein the mxing device is atwin screw
extruder. 5 8. Process accor ing to any of the

precedi ng clainms, wherein at |least the last part of

the reaction is carried out in a static m xer device

or a kneading device. 9. Process according to claim

&. Whermpbrst RBcdramgltb @RINTEXihETEini the ERGARSEPTSA iebetveen 1 and
static mxer devi ce or kneadi ng device by neans of an

in |ind Bplypasedandiie PaYEMi§er . 10 10. Process

gecor dippgedss agordidh td BRy Bf 16 BeHicading lcRiiis, wivdnein ehemiXirgy device
nolar ratiqg between the aromatic pol yam ne conpound

and t hdS afK) 8FTedeU96hbs of the pol ymer is between

®. 9 an(Pr&ce%s hécortingas ahy aﬁtﬁ@bﬁﬁcﬁemg@la?my Weréihat least the last
precedi n% cl ai ms, wherein the tenperatu

react i TR Sheyeaction 1§ garried Qit ip 2§ g;rmg@(,g%vge Q aglfneadmg device.
least  3reéess hocdrdingee klafin eowmémdhe aé‘e(ﬂ:tlblﬁ] rrMLﬁrellﬂ;lé@"ssad after

solid nultifunctional viscosity fier s%q
pol ymerhe g meier geves Reisaging dswae _*EM ”?‘?ﬂﬁ‘épfg;gﬁl ine'Sthge screw
gr oups gflider1000 C-atons, the functional groups

onpri si ng aronatj c am ne- gased im

cﬂl@ar actR éP‘FeféécF?fdtnﬁé? appef gpr%:egmgﬁﬁﬁ"ag ‘&‘%ﬂﬁéh%\ﬂoﬁr ratio

r espectpehizehlife afdﬂﬁéﬂc Owg@hwﬂar&jmﬁoma drartee bit@ari@e §houps of the
preferably nore than 0 and nost 20 preferably nore

than 0.P9Mmet % betwgen @3N %i | conposition, conprising

tihe nulprhEddnebbaamy tY bRf 86tk YraBbingickdi ms aﬁH@élﬁltMteﬁﬁperature of
the invention and whereln the anmount of ﬁﬁomatl

pol yanithRreaginfpmidyradn g@rﬁﬁ‘iﬁrﬁ*&i"% qeics % ahga¥ 24vdr-age

ol eculgyid %@rhﬁb&nd)fanbﬂ g@rﬁéhlar% £4ne n&ﬂﬂuﬁ&@n@l%c@é@hodlfler

inthe oil is smaller than pm
comprising a polymer comprising between O 1 and 10 functional groups per
1000 C-atoms, the functional groups comprising aromatic amine-based imide
groups, characterized in that the ratio of 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.

13. Lubricating oil composition, comprising the multifunctional viscosity modifier
according to the invention and wherein the amount of aromatic polyamine
comprising compound with a number average molecular weight of between

5,000 and 500,000 g/mol in the oil is smaller than 10 ppm.



