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met hod for preparing an imdized polyner, and in particular a

mul tifunctional viscosity nodifier, by reacting in a m xing device or 5
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modification of the viscosity of the [ubricating oil. This type of product is generally
referred to as a multifunctional viscosity modifier, recognizing that it performs more
than one function when used as an automotive lubricating oil additive.

A method for preparing an imidized polymer is known from U.S. Pat.

25  Nr. 5,552,096. This patent describes a reaction in an extruder between a polymer with
grafted anhydride groups and a polyamine compound. [n the examples 4-(3-
aminopropylymorpholine and 1-(2-aminoethyl)piperazine have been used. As these
amines are more reactive than aromatic amines, a drawback of the known process for
aromatic polyamines is, that the conversion to the imidized polymer is not more than

30 about 80 %. This means that about 20 % of the anhydride groups will not be 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
converied to amides. Such low degree of conversion generally causes two problems in
multifunctional viscosity modifiers:

35 First, the remaining acid and amide groups tend to form strong




mul tifunctional viscosity nodifiers: 35 First, the remaining acid and am de
groups tend to formstrong -2- hydrogen and ionic bonded systens, thus
causing significant viscosity increases of the oil solution. Secondly,
remai ning aromatic prinmary amines are-&ensitive for oxidation, thus
rapidly causing lubricant oil to discolorate. This requires that low 5

nol ecul ar wei ght al cohol s and al dehydes have to be added to oil conprising
the imdized pol yner according to the state of the art to cap the acyl and
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A purpose of the present invention is to provide a process for
preparing an imidized polymer, with a reduced amount of unreacted acyl groups with
respect to the acyl groups originally present in the polymer.
Another purpose of the present invention is to provide a process, for
20  preparing an imidized polymer with an as low as possible amount of free and amid-
_bound polyamine.
In the process of the invention this aim is achieved, by a process for
preparing an imidized polymer in a mixing or kneading device, by a reaction of a
mixture, comprising a polymer, comprising anhydride groups, or derivatives thereof,
25 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
30 invention is, that it resulis 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
35  maodifier is the lower costs for storage and shipping of this material with respect to its




total nunber of functional groups (i.e. imde, am de & anhydride groups) is
nore than 0.85, preferably nore than 0.90 and nost preferably nore than
0.95. This high ratio increases the stabilitae of the imdized product as
mul tifunctional viscosity nodifier and3- reduces the need for extra

addi tives. The advantage of a solid nultifunctional viscosity 35 nodifier
Is the |lower costs for storage and shipping of this material with respect
toits -3- solutions, as well as its base-oil independent applicability. In
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groups Vi a ghd di&orbiéhes 0 oté tor B@nBs Pefses. are Keltan 312 a pol yner having
a Mooney viscosity at 1 of about 33, and an ethyl ene content of about

49 W % and Kel t an 3200 RrefgrrﬁgWWrsr{gw ﬁy!tgquggmféy:scosﬁy modifier are EP(D)M
20  copolymers. The preferred EP(D)M polymers contain 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 Cs- C+o alpha olefin. Suitable non-conjugated diene monomers
which may be used in the terpolymer (EPDM) are hexadiene, dicyclopentadiene,
ethylidene norbornene, and vinylidene norbornene. Examples of EP(D)M types for

25 making an elastomer containing anhydride groups via a free radical grafting process
are Keltan 312 a polymer having a Mooney viscosity at 125°C of about 33, and an
ethylene content of about 49 wi% and Keltan 3200A, a polymer having a Mooney
viscosity at 100°C. of about 51, and an ethylene content of about 49 wt%. (Royal DSM
N.V,, the Netheriands).

30 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 wit% of ethylene, from 0 to 15 wi%
of a polyene, selected from non-conjugated dienes and trienes, and the balance being
a C; - C4 alpha olefin, and from 0.1 to 10 anhydride grdups per 1000 C-atorns and

35 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 content of about 49 w %
(Royal DSM N. V., the Netherlands). 30 The pol yner conprising anhydri de
groups conprises between 0.1 and 10 anhydrlde groups per 1000 C-atons. The
preferred ol efini ¢ pol yner conprisi ng4-anhydri de groups therefore conpri ses
from1l5 to 80 wt % of ethylene, fromO to 15 % of a polyene, selected
from non-conjugated dienes and trienes, and the bal ance being a C3 - C10
al pha olefin, and from0.1 to 10 anhydride groups per 1000 C atons and 35
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H R2 equal -NH2, and R3 equal H, which is

o R
RLAr—N@
R2

in which Ar is aromatic and R' is —H, -NH,, <(—-NH-Aryl),~H, ~(~NH-AlkyD,—H, =NH-
arylalkyl, a branched or straight chain radical having from 4 to 24 carbon atoms that

20  can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, hydroxyalkyl or aminoalkyl, R? is (-NH,, -
(NH(CH2)=)m—NHa, —(CH2)~NH,, —aryi-NH,, in which n and m has a value from 1 {o
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.

25  (b) an aminocarbazole represented by the formula:

N

R | R1
H
in which R and R’ represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
~from 1 to 14 carbon atoms,

(¢) an aminoindole represented by the formula:




N- phenyl phenyl ene di am ne (NPPDA) and its isoners. 25 (b) an

am nocar bazol e represented by the formula: NH2 PR in which R and Rl
represent hydrogen or an al kyl, al kenyl, or al koxyl radical having from1l
to 14 carbon atons, (c) an am noi ndol g-represented by the fornula: -5 R HZN

*r) I H in which R represents hydrogen or an al kyl radical having from1l
to 14 carbon atons, (d) an am no-indazolinone represented by the forml a:
R/O H2RN~NH N i HS5 in which Ris hydrogen or an al kyl radical having

from1l to 14 carbon atons, (e) an am nonercaptotriazole represented by the
formula: NNH2 R 1 HS NN H in which RRcan be absent or can be C, - C Q

| i near or branched hydrocarbon sel ect fromth group consisting of alkyl,
aryl, alkaryl, or arylalkyl. 10 (f nopylri m di ne represented by the
formula: N)--'"N N'""N66 R in I C resents hydrogen or an al kyl or
al koxyl radical having from1l to 14 car bon'l\btoms.

H

in which R represents hydrogen or an alkyi radical having from 1 to 14 carbon atoms,
{d) an amino-indazolinone represented by the formula:

R
/O

~NH
)

I

HoN

5 inwhich R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms,
(e) an aminomercaptotriazole represented by the formula:

N NH2
R~
HS 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, aryi, alkaryl, or arylaikyl.
10 (f) an aminopyrimidine represented by the formula:

NH;
NN

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
15 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




The process of the invention is characterized in that the reaction is 15
carried out in the presence of an acid. Preferably the acid has a pKa < 4.
The pKa is defined as neasured in an aqueous solution at a tenperature of
20C. Acids used in the process of the-$nvention can be but are not linited
to para toluene sulfonic acid (PTSA), n-dodecyl benzene sul fonic acid
(DBSA), nethane sulfonic acid -6- (MeSG3H) or sulfuric acid (H2SO4),
trifluoro acetic acid (CF3C2H), stannous chloride (SnCl2), al um num
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zone and di saverigeiiotibwing elamdntom t he reaction zone. The ami ne and the acid
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| scenario, the polymer that is fed into the feed zone will already be molten.
20 The feed zone is designed to form the polymer feed into a cohesive mass and convey
or pump the mass past a restrictive dam, which follows the feed zone and distinguishes
it from the reaction zone. The amine and the acid are added in this zone to the polymer
and combined with the polymer by extensive and intensive mixing.
A restrictive dam can be used to separate the feed zone with the first
25  reaction zone, which follows it so as to prevent back leakage of reactants. A restrictive
dam can he, for example, a reverse flight screw section, a filled screw section, a
shallow flighted screw section, an unflighted screw section, combinations thereof, or
other means known in the art. If an unflighted section is used, it can have a larger
diameter than the root diameter upstream of it, for example 5-25% larger, but not
30 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 melf feeding this section becomes redundant.
35 A reaction Zone the part of the extruder reactor where the reaction




ot her nmeans known in the art. If an unflighted section is used, it can have
a larger dianeter than the root dianeter upstreamof it, for exanple 5-25%
| arger, but not 30 greater than the screw flight dianeter. The restrictive
dam | ength shoul d be fromabout 0.1 td-4 screw di aneters, preferably about
0.2 to about 1 screw dianeters in length. If a reverse fllghted SCrew
section is enployed, it can be single or nultiflighted, preferably
multiflighted. In case of the above-nentioned nelt feeding this section
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20  products and co-products, the vents may be under reduced pressure and an inert

_stripping agent, such as nitrogen, may be introduced. The use of nitrogen stripping is
particularly helpful in the removal of low molecular weight materials and lowers the
vapor phase partial pressure and improves mass fransport.

In an Exit Zone, after the last purification zone, the polymer may go

25  through an extension to build up sufficient pressure to extrude the polymer through a
die to be cut by an underwater pelletizer. Other exit media such as a turbulator: a
strand bath or a gear pump may be used. In applications in which rapid cooling of the
product is desired, an underwater pelletizer is preferred. Its advantageous use is
ilflustrated in the examples below,

30 [t 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 meited and heated to the reaction temperature, following which the process
according to the invention is carried out downsiream in the apparatus. The acid can be
mixed with the polymer pellets or crumb. The acid can also be added to the polymer

35  melt through a feed opening in the wall of the apparatus.
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resi dence tPHE SHPSE Felerahiy. é§e$'§e’3ﬂ¢d@@1°fWPW"%‘H@WS&MF%@V‘F@@J%}@% time,

a conbi nat ijgRy Féfs:déﬁc@fﬁhé Ugl@dmithdtidndf Bh Sltrydr WIR aHigh Jdturht %l 'nﬁxer@g ef erably
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reaction zcﬂﬂ@eweﬂgﬁwﬁﬂ C2ﬁ9r W%G‘@S biplow 850 Red t‘@rﬁﬁ? wetli viscesitywile
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of the polymer can ronoted to a certain extend, by variati of
t enper at ur é:ag%s%@;\ha&c@grqqqgon of the polymer. With more preference the temperature

20 inthe reaction zone is between 275 and 290°C, while the temperature of the material
exiting the dye is preferably between 290 and 310°C. Degradation of the polymer can
be promoted to a certain extend, by variation of temperature and shear for the
production of lower MW derivatives.

As discussed above, one of the possible uses of the imidized

25  polymers made with the process of the invention is as multifunctional viscosity
modifiers for lubricating oils. A minor amount, e.g. 0.01 up to 49 wi%, preferably 0.05 to
25 wt%, based on the weight of the total composition, of the multifunctional viscosity
modifiers produced in accordance with this invention can be incorporated into a major
amount of an oleaginous material, such as a lubricating oil or hydrocarbon fuel,

30  depending upon whether one is forming finished products or additive concentrates.
When used in lubricating oil compositions, e.g. autometive or diesel crankcase
lubricating oil, derivatized copolymer concentrations are usually within the range of
about 0.1 to 10 wi%, 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,

35  but also include synthetic [ubricating oils such as esters of dibasic acid_s; complex




production of |ower MNderivatives. As discussed above, one of the possible
uses of the im.dized -25 polyners nade with the process of the invention is
as nultifunctional viscosity nodifiers for lubricating oils. A mnor
anount, e.g. 0.01 up to 49 wt% prefer@bly 0.05 to 25 W% based on the

wei ght of the total conposition, of the nultifunctional viscosity

nodi fi ers produced in accordance with this invention.can be incorporated
into a major anount of an ol eagi nous material, such as a lubricating oil
or hydrocar f aall - e ' ' fini shed
products or Qﬁgrds inﬁ‘d\/e ebyg'%rt]%gﬁat%r@g% %Hrﬁ’%{g\#ﬁ&e&dﬁ?iﬁd}ﬁg !)s? Fi((:b% ﬂglr? % ﬂigialnﬂ

conposi t i ongicohwls; polyaipbagielineisoetcorsee gl mentioned isd.S. Pakant datibeg6d0V,257

derivati zed,geRgd h iSRRI ) are usually within the range of about
0.1 to 10 wt‘% of t eitotaﬁ%gé%{)és?‘??i on. The lubricating oils to which the
products of this invenkhesboranil bempekidumsimay epfienallytconiainyothgdcanventional oi |
derivedgro Incl tic lubricating oils such
as esters of Qﬁﬁ’%é%@“%c %Epg@%ﬁ‘%%ré%aln§ a}e{@tﬁ%a?éa%ﬁg’eér@)‘#'ggwgr‘%f‘%rat i ons of
nonobasi ¢ adsapsity-ipdey hprowdrs, dispiehsents; caresion iahibitora) ardifoansing poéntal phaol ef i n

oils, etc, ﬁe@}g@eﬂ@, @gﬁhhi%&g: fhﬁ}igg'n‘?‘%diﬁ)e%,gzﬁtd t@%%er 6, 107,257 which is

herein incl erence. above o0sitions may optionally
contain other conventional 5 additives such as pour point depressants,

antiwear aggmy . OX] ot her viscosity-index inprovers,
di spersants, rfdesg t?ﬁﬁiﬂﬁe—ﬁﬂ?‘-@%s, antifoam ng agents, detergents, rust
i nhi bi t1r s, Affig.¢ shows adeinfscevsextamdr.t he | i ke. Short description of the
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the Conpargt i ' .Fig. .4.sho t he residual anphydride
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Examples
20 The following examples iliustrate useful embodiments of the present
invention, in which an imidization of an elastomeric copolymer containing anhydride
groups is carried out according to the process of the invention. Some comparative
experiments illustrate the state of the art ie an imidization without the presence of an
acid and without the presence of a static mixer, followed by a degassing extruder in the
256  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
30  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-
reacied reagents, decomposition products and volatile impurities. An infrared sensor 82
~measured the temperature of the exiruded material directly after the dye. The imidized
polymer is cooled in a water bath 11.
35 Fig. 2 shows a twin-screw extruder, with a feeder section 2, a motor 3
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wt % soflation in THF. i%Ez@mElﬁa#%@-ééo L@Q}Z@ntﬂeﬂﬂ:#ei-ﬁoaa?oamb:ommtmo 37 and
conpar at i vexpdiniehd S&Althrodgh eséﬁrmgfheéﬁeaﬁieaat(ﬁmﬁ#&iﬁer%ﬁ{ thdigh @,&{%

di fferent thr oughputs (Q . and correspondi ng resi dence tinmes n the
ext ruder s. 2Ad cRSPOAIRG repidenga §mea dle aprfthe gxiRKlesy ﬁﬁreﬂm)d%’ﬁdlsawzsmm 48D,

bot h whet harzaK30RMi-486 1A ASTEKUONIN-8B ! Bth Whether or not extended with a static
mixer and a single screw degassing extruder. Another variable was the dosing of
20  NPPDA. The temperature of the barmrel (T,) was measurad with thermocouple 58 and
temperature of the exiruded material (T,) was measured direcily after the dye with
infrared sensor 82.
Conversion of the maleic anhydride functionality was determined after
intensive drying and evaporation of free and amide-bound polyamine by FTIR,
25  following the absorption intensity of a representative anhydride peak at 1860 cm™,
normalized against the EPM backbone absorption at 722 cm™.
~ The residual NPPDA and NPPDA bound 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 variable was the
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directly after the dye with infrared-tknsor 82. Conversion of the nmaleic
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absorption intensity of a representative anhydride peak at 1860 cni,
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NPPDA and NPPDA bound as amide acid were neasured by standard
chr omat ogr ap8ampledt hoQs. [NRRDAL sPA8A [OredENt etvi i TEbI ¢ TpanPardfi/gnhg NPPO0*
5. -11- Sanple # Q NPP, rTp laph { |a NPE [ kg [lg/ m
[ 9WPPDA] yes/ no [ ni ﬂFg)ﬁﬁ]w{ Mﬁp _Eﬁf}r L) P’%‘"{Z E% EBQ 3 n{‘@] 27éppzﬁl1]
8526 30-B |3 2. 1304 yess .92B87@. 2/6 @6 Qé§5 35 C eng, 97 Beyes 3. 5q{n. a.g528
275 27 6026 2.37 n \/gs '2_!: n.-4d. 25 7798 . 30-E 3 1 97 0 Ves 3.5
n.a. 300 36 575630-BR0- F33 2237 0 yes 9o 2'69' 284859 8435 276R0- G 628. 73 6935
yes 15 261 [285 2858l 9449 L[$Q7H © 3. UEES 13501 ¢85 2373 6710 >H30-}p3
1.97 2 yes |30 261 285 519 327 1 130-2 3 2°37 2 yes 30 259 0.2 5881 207
3 2.17 2 ygs 12 3R 26038. 22.864 40- 20/5 5 Jegl 23yﬁ=s Mh.&8| 25380059 8. 729284 7798
40-3 10 7. 23— yESoH 26328343 612844 O P Ve~ B—265282 142
2026 0.5 0 1008 2 vis 281056 263110 801529 40 7 b0 30%0- 2 y& 1 57%
273 293 14.4 198B30-F40- 73[30 23769 2 yea 1.y8s{247 D1 260B 2284 40- .40 3@439
2 yes 1.3 2563822823368 —40-9-1+0—4—23—4-yes 4263 h-a__15-2669
, L30-G 479 0 ~ves 15 ~ 281 285 20.6 9440
L30-H g 3.94 0 vyes- 15 261 285 23.2 8710
L.30-1 3 1.97 2| yes 300 261 285 5.9 327
L30-2 3 237 2] yes 30| 259 285 0.2 5561
40-1 3 217 2 vyes 12 257 260 8.2 594
40-2 5  3.61 2 yes| 7.5| 259 259 8.7 1284
40-3] 10 7.23 2l yes 4 263 283 13.6 1284
40-40 18] 10.84 2| yes 3| 285 282 14.2 2026
40-5 20| 14.46 2 yes| 25 269 292 19.5 2181
40-8] 30| 21.69 2l yesl 1.5 273 293 14.4 1981
40-71 300 21.69 2| yes|] 15 2471 291 20.8 2047
40-8 50| 36.14 2l yes| 1.3 256 302 23.2 3308
40-90 10| 7.23 RS 4 263 na. 15 2669
40-10] 30| 21.69 1| vyes] 15 273 na. 21.1 4259
40-11 3| 217 1|  vyes 12| 25680 na. 4.4 2465
40-12f 30| 21.69 4 yes| 1.5 253 288 17.6 2513
40-13] 50| 36.14 4 yes| 1.3 259 302 19.2 2896
40-14] 40|  28.91 3 vyesl 14 257] 289 10.4 3112
40-15 10| 7.23 8] vyes 4 271 297 11.2 500
40-16) 10 7.23 3| yes 4 260] 293 8.6 934
40-17] 10} 7.23 3| yes 4 283 316 44 1123
40-18] 40| 24.97 2l nol 14 261 304 28.3 2002
40-19] 40| 24.97 3 no| 1.4 260 305 23.8 1401
40-20] 40| 24.97 4 nol 1.4 260 304 22.8 978




40-10 30 21.69 1 yes 1.5 273 n.a. 21.1 4259 40-11 3 2.17 1 yes 12 256 n. a.
4A 2465 40-12 30 21.69 4 yes 1.5 253 288 17.6 2513 40-13 50 36.14 4 yes
1.3 259 302 19.2 2896 40-14 40 28.91 3 yes 1.4 257 289 19.4 3112 40-15 10
7.23 3 yes 4 271 297 11.2 500 40-16 1fp-.7.23 3 yes 4 260 293 8.6 934 40-17
10 7.23 3 yes 4 283 316 4.4 1123 40-18 40 24.97 2 no 1.4 261 304 28.3 2002
40-19 40 24.97 3 no 1.4 260 305 23.8 1401 40-20 40 24.97 4 no 1.4 260 304
22.8 978 -12- Sanple # Q NPPDA PTSA THE Tv Tr Tp anh / anho NPPDA [kg/h]

[g/mn] [%\PPDAlLyesino Iminl 1C [Cl (9 [oond 40-21 40 30 75 4 n
260 304 13.|4Samplp# ko NRPDA] 7TSAYdsTHFE B8 195Tw2] 8 TeookEnhi@nbg NEFDA
15 52 S0'5 SR B iy e £ 1067 200 S
206 22,4 2401 4021y 6804130054 yes 125 82 30|20.250p7320430- 25134 20300
5760 4 iei 1. 47988 208%31% 560 LA 3750 26:82 P 4252073 309911, 3088
L40-32 30 18 9343—2510 558 2328805 12. 8|64 yekj40- 333 30 2]%1 93385n0 5.25.7469 297
146 65 L u 34 406 02 2 no 45 269 Qf\7 Q u3 HO Ql-_\ /Iﬂ ’)R_O '-2 Ro
4.5 284 213 14 A6 a030s K078, 30 3 Hlo 4§ 267 B10 Bhoa 2BHp-37 Bizo. (308
no 4.5 287 310 3408 6240/ Taph egll. * NPIPDA yes Theg gumad;|[Trear7jand ags ge- baiaasl
NPPDA 40-26| 40| 26.29 2l yes 1.3 253 296 22.4 2901
40-27| 60| 41.40 4/ vyes| 1.25 262 307 204 2732
40-28 30 20.70 3] vyes 1.5 253 271 20 2538
40-29 40, 27.60 2 yes 1.4 251 290 23.8|
40-30 40| 27.60 4 yes 1.4 256| 295 23.8 1560
L40-31 40 26.02 3 no 45 273 307 11.5 68
L40-32 30, 18.93 3 no 5.5 271 305 12.8 64
L40-33 30, 18.93 3 no 5.5 269 297 14.6 65
L40-34| 40 26.02 3 no 45 289 307 13.6 113
L40-35/ 40| 26.02 3 no 45 284 312 14 46
L40-36 40 28.39 3 no 4.5 287 310 6 - 64
L40-37 401 26.02 3 no 4.5 287 310 14.3 62
Table 1.
B 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
5  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
10  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 0.85. From fable 1, the ratio of imide groups with respect to the
15  functional groups, calculated as (100-anh/anh,) / 100, it can be seen that this ratio in
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rpm s and rE!ae&ei%BﬁWﬁélﬂﬁiéwtaﬁnr@@ b%wa@%@dﬁtﬁ@ram@w areﬁ@tmtempewaﬂmgh t he

poi Nts Wi t Npdt@ue 27HEHSE 2@0"’@ d ﬁé’é?ﬁr'ﬂ@%ﬁrﬁﬁ@?%hﬁu\’lf &'Sres:a-ﬁiﬁl %nﬁﬂ«ﬂfdé“:‘s Stigney. t hat

with an rpm between 300 and rpmand a reaction tenperature etween 275
and 290C a nearly 50 %ln&&geﬁta%mﬁvnt@ﬂ'frﬁewcﬁ% aredwN?BDAdJéemt pohafomd. |In

Fig. 5 the grpyadi Ioﬁéo% Nﬁ%nad?%é\{ﬁ%a@ te‘?ﬁé‘&pﬂé? bR Jré\ﬁ:ﬂ‘ck%ug?ﬁlrnéje I s

plotted as a functlon of the throu l'ine is drawn ough

t he 15@xaﬁa§ﬁr@@eﬁapr@du%%bprbﬁaeteﬁt§uwtogﬁaéwe bwvfpiegtjmlewgr lingHs pepduped droger | |
i s produced 85419 Q_E?g,‘& e 2. |
is clearly %’ﬁ@anén?cr?%ﬁlﬁwqflect ur e&@thﬁtgo# ﬁ%%%ez gﬁﬂ?br Sl uapnﬁlﬁ%@x i<;1l='rrmunt
remai n as athpBush loper rasislypNRNRA agtouphiemain ag a cospit pEiheanesapeg abbieng
extruder. Thhg rﬁixlapéﬁd b&asing thf'ucIe'Pel'HléTéIB\n%Qﬁ'e RSY ¥TRE Hhiaiﬁséjgﬂgrhﬁﬁﬂt oi |

wi t hout further additives to avoi d discol oration of surpl us. The
lubricant oil without further additives to avoid discoloration of the NPPDA surplus. The

ne
t

20  invention therefore also relates to a lubricating oil, comprising the multifunctional
viscosity modifier according to the invention and wherein the amount of low molecular
weight aromatic polyamine comprising compound in the oil is smaller than 10 ppm.




20 invention therefore also relates to a lubricating oil, conprising the
mul tifunctional viscosity nodifier according to the invention and wherein
t he amount of | ow nol ecular weight aromatic pol yam ne conpri si nhg conpound
inthe oil is smaller than 10 ppm -14- CLAIMS Process for preparing an

I m di zed polyner in a mxing or kneadyag device, by a reaction of a

m xture, conprising an olefin copolyner conprising from15 to 80 w % of
ethylene, from20 to 85 wm% of a C3 - Cl10 al pha-nonool efin, fromO to 15
wt % of a pol yene sel ected from non-conjugated dienes and trienes and from
0.1 to 10 anhydride groups per 100 ons cont ai ni ng anhydri de groups or
deri vatlves t hereof and an aromatic pol yam ne conpound of which at | east
one of the ani ﬁ%cegﬁéﬂmsenaﬁnaaﬁmﬁﬁﬁq/p@ﬂmnﬁ@n adRiXing ©f kngaging davicenay a t he
reaction is cé??q“%él%%f""ﬁ“r'fetq?@’ 7 Capoimes fonpesig UomdBde BAsed on
the anount of “he ﬁmy fi fﬂ“ggt ‘?P%’f’&fa% ﬁ@@?sm%‘&ﬁﬂﬂrﬁ@f"tﬂdoéﬁal m1,
wherein the ar i %ﬁ?"ﬁ%te% gg{g’oggga@gld%?}h q’V’SngS? f'"%[ﬁm

N-aryl phenyl en&di %{’ in
which Ar is arg Yﬂ@%ﬁ&f an an omal NRISCRPOY! J“gfiﬁ% "’P{IIL?"“ R” H,
-NHaryl al kyl , E %29 % r?%ﬁ%f |' e%ﬂsmm to 24
carbon atons fﬁ amlm e%qeﬁ ceog RSP aé‘ljléd?‘i}ll (o I°R  ameyntof |

hydr oxyal kyl of U RIAN @90 i s (-NH2, - (NH(CH2)n )m NH2, - (CHR). - NH2,
-aryl-NH2, in WhICh n and mhas a value from1 to 10, and R3 is hydrogen,

o e M L
ey ey oA s il ) o o ocarzol

iR
R1—Ar—N@
R2

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 (~NH,, —(NH(CHz)n—)m—NHz, —~(CH2)—NH;, —aryl-NH,, in which
n and m has a value from 1 to 10, and R? is hydrogen, alkyl, alkeny[ alkoxyl,
aralkyl, alkaryl havmg 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:

in which R and R" represent hydrogen or an alkyl, alkenyl, or alkoxyl 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,
(d) an amino-indazolinone represented by the formuia:




in which R and Rl represent hydrogen or an al kyl, al kenyl, or al koxyl
radical having from1l to 14 carbon atons, (c) an am noi ndol e represented
by the formula: R H2N*II N i H in which R represents hydrogen or an

al kyl radical having from1 to 14 carbon atons, (d) an am no-indazolinone
represented by the formula: -15- ROJN NNH i H in which Ris hydrogen
or an al kyl radical having from1l to 14 carbon atons, (e) an

am noner captotriazole represented by the formula: N NHZ RI HS NN i H
in which R can be absent or can be C, - C10 |inear or branched hydrocarbon
selected fromthe group consisting of glkyl, aryl, alkaryl, or arylalkyl.
(f) an am nopyri m di ne represented the f/phula: ~NH2 N''"N 66 R in
whi ch R represents hydrogen or al koxyl radical having from1l to
14 carbon atoms. 3. Process accérd 0 amHof claims 1-2, wherein the
acid has a pKa < 4.

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 T
HS” _q%u’N

H

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

NH,

A

N N

R

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

3. Process according to any of claims 1-2, wherein the acid has a pKa < 4.
4, Process according to claim 3, wherein the acid is PTSA or DBSA.
5. Process according to claim 4, wherein the amount of PTSA is between 1 and 3

mol% based on the polyamine.

6. Process according to claim 1, wherein the mixing device is a twin screw
extruder.
7. Process according to claim 1, wherein at least the last part of the reaction is

carried out in a static mixer device or a kneading device.




4. Process according to claim3, wherein the acid is PTSA or DBSA. 5.
Process according to claim4, wherein the amount of PTSA is between 1 and 3
nol % based on the pol yam ne. 6. Process according to claim1, wherein the
m xing device is a twin screw extruder. 7. Process according to claim1,
wherein at |least the last part of theqgeaction is carried out in a static
m xer device or a kneadi ng device. -16- 8. Process according to claim?7,
wherein the reaction mxture is degassed after the static m xer device or
kneadi ng device by means of an in line single screw extruder. 9. Process
accordi n@ t o clPEGes3 acerrdin@ioriaime , wheesin ihareartipe Mg is degagpethaliarc

pol yam ne conp8itiaticTaixerdevichisy sreadingdeyissdysneans of o inlingsinale $rseWeen 0. 9
and 1.2. 10. PrYEleE according to claim1l1, wherein the tenperature of the
reaction mxture in the static m xer device is at |east 275C. 11. A solid
mul tifuncti onal viscosit% nopdi f.i er opprisin a O“éFEr onprising between

0.1 and f unE(FERRPCRFEUHE 1 yhere the saqlar raginbetveen e MRS gnal
groups conprisP (I;a'?r};@ ﬂp%%%ﬁhﬁéggﬂj FrHIERUPG PHEPOlYEISY | %‘?rh%'ghe i mi de
and functi onal aa déps are present in aratio of the imde groups to the
functional groups of nore than 0.85. 12. Lubricating oil conposition,

P thor an  EPSeEL Bl 4G Bl R Sireral TR o0 R © ' 2 ™
11, whereln ¢ hy AL, oo d o i g Bt Bl i
conprising conpound 1 n the ol s snmaltTer than 10 ppm 13. The solid

mul tifunctional viscosity nodifier as in claim11l, wherein the ratio of
imde grqyps tQ doRenHRAMCIGMRisHsRY Riddingr %s M comiprisihg € sol i d
mul ti functi onapepiesf 851 dnél Mﬁihﬁgﬁgdsge? Ot L lom YRR tHe HindaBhdiO ©f
i mide groups tgryRE chHpHdin afid Hated™ife 5138Ps, 4nd Wherein the imide
and functional groups are present in a ratio of the imide groups to the functional
groups of more than 0.85.

i2. Lubricating oil composition, comprising the solid multifunctional viscosity
modifier according to claim 11, wherein the amount of low molecular weight
aromatic polyamine comprising compound in the oil is smaller than 10 ppm.

13. The solid multifunctional viscosity modifier as in claim 11, wherein the ratio of
imide groups to the functional groups is more than 0.90.

14. The solid multifunctional viscosity modifier as in claim 11, wherein the ratio of
imide groups to the functional groups is more than 0.95.




