
EP0518949B1 Description The present invention relates to oil-soluble
Mannich base materials useful as dispersant antiwear and antioxidant
additivesforoleaginous compositions derived from amino-substituted
polyolefin polymers and het- 5   erocyclic nitrogen compounds US-A-4897086
discloses an additive for lubricating compositions useful as an antioxidant
which is Man- nich base adduct prepared by reacting a
polyalkenyl-substituted succinimide, an aldehyde and a triazole. The
invention relates to an oil soluble nitrogen-containing antioxidant
polymeric additive which comprises a Mannich Base adduct of at least one
oil soluble amino-substituted interpolymer derived from at least one 10
ethylenically unsaturated hydrocarbyl radical, at least one aldehyde
reactant and at least one heterocyclic re- actant containing at least one -
N(H)- group in the heterocyclic ring, wherein said amino-substituted
polymer comprises an amino-substituted interpolymer of nitrogen-containing
monomers and polymer chain monomers and is formed by a process which
comprises: (a) reacting at a temperature of less than [err] (i) at least
one monomer having a general formula of: 15
[err] wherein [err] comprises an ethylenically unsaturated hydrocarbyl
radical, n is an integer of at least 1, and X is selected from the group
consisting of imino, primary amino, secondary amino, and cyano groups, with
(ii) a masking agent comprising at least one metallic compound to form the
corresponding masked nitrogen-containing monomers; and 20     (b)
polymerizing polymer chain monomers with said masked, nitrogen-containing
monomer to produce a polymerization product comprising a polymer chain
including masked, nitrogen-containing monomer; and (c) deashing said
polymerization product and recovering said amino-substituted Interpolymer.
The oil soluble Mannich base derivatives are useful as viscosity index
improver-dispersant, dispersant, antiwear and antioxidant additives in
oleaginous compositions such as lubricating oils and fuels. Preferred 25
heterocyclic nitrogen compound are azoles such as benzotriazoles and
alkyl-substituted benzotriazoles. Pre- ferred amino-substituted
interpolymers comprise amino-substituted ethylene propylene norbornene
terpoly- mers. Such amino-substituted interpolymers can be prepared by
co-polymerizing ethylene (and, optionally, an alpha-olefin) with a masked
nitrogen-containing monomerwherein the primaryorsecondary nitrogen group of
the nitrogen-containing monomer is masked with an organometallic compound
(preferably, a non-halogen- 30  ated organometallic compounds), followed
bydeashing the resulting interpolymerto remove the organometallic compound
and thereby form the amino-substituted interpolymer. Other useful
amino-substituted polymers can be prepared by halogenation of a polyolefin,
followed by amination of the halogenated polyolefin. One object of the
present invention is the production of azole Mannich Base-grafted olefin
polymers in- cluding polymer chain monomers and nitrogen-containing
monomers having a substantially uniform level of 35  functionality among
the polymer chains. A still further object of the present invention Is the
production of azole Mannich Base-grafted olefin poly- mers including
polymer chain monomers and nitrogen-containing monomers which are
essentially devoid of organic halides. Another object of the present
invention is to provide a method for forming an azole Mannich Base-grafted
40  polymer chain of polymer chain monomers and nitrogen-containing
monomers which involves reacting a ni- trogen-containing monomer with a
non-halogenated metallic compound to formed masked, nitrogen-contain- ing
monomers, polymerizing polymer chain monomers with the masked group
containing monomers to pro- duce the polymer chain containing primary or
secondary amine groups and reacting these amine groups with an azole and
aldehyde to form an oil soluble Mannich base derivative having viscosity
index improver-dispers- 45  ant, dispersant antiwear and antioxidant
properties. Anotherfurtherobject of the present Invention is to provide a
method forforming an azole Mannich Base- grafted polymerchain of olefins,
referred to herein as polymerchain monomers, and nitrogen-containing mono-
mers, which involves (a) reacting (i) nitrogen-containing monomers having a
general formula of: [err] 



50  wherein [err] is selected from the group consisting of ethylenically
unsaturated hydrocarbyl radicals, n is an in- teger, and X is selected from
the group consisting of primaryamino, secondary amino, imino and
cyanogroups with (ii) non-halogenated metallic compounds to form masked,
nitrogen-containing monomers; (b) polymeriz- ing polymer chain monomers
with the masked, nitrogen-containing monomers to produce the polymer chain,
containing primary or secondary amine groups; and (c) reacting these amine
groups with an azole and alde- 55  hyde to form an oil soluble Mannich base
derivative having viscosity index improver-dispersant, dispersant, antiwear
and antioxidant properties. The non-halogenated metallic compound used for
purpose of the present Invention is an organometallic compound of the
formula: 2    EP 0 518 949 B1 [err] wherein M is a member selected from
Group IIA, IIB, lIIA, IVA, and the transition metal elements and is pre-
ferably an element selected from a group consisting of aluminum, magnesium,
and zinc, and wherein r is an integer from 1 to 4 and is selected so as to
satisfy the valence for metal M, and Y Is at least one of  [err], 5   [err]
and [err], wherein [err] are (preferably independently) selected from the
group consisting of hydrogen and [err] hydrocarbyl, which may or may not
contain unsaturation, including [err] alkyl, [err] aryl, [err] al- koxy,
provided that at least one of [err] is not hydrogen. Exemplary of preferred
[err] groups are members selectedfrom the group consisting of hydrogen,
methyl, ethyl, diethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl,
pentyl, and hexyl, and phenyl. Suitable organometallic compounds are
diethylzinc, and di-n-hexylmag- 10  nesium, with triisobutylaluminum,
triethylaluminum, and diisobutyl aluminum hydride being preferred. BRIEF
DESCRIPTION OF THE DRAWING Figure 1 is a graphical plot of the thermal
gravimetric analysis of a benzotriazole amino-substituted inter- 15
polymer Mannich base adduct of this invention, as compared to the
amino-substituted interpolymer Itself, as described In Example 8. DETAILED
DESCRIPTION OF THE INVENTION 20   Preparation of the Amino-Substituted
Interpolymer The amino-substituted polymers used in this invention can
comprise amino-substituted interpolymers which can be prepared by the
direct incorporation of masked, nitrogen-containing monomers (MNCM) Into
homopolymers and copolymers, such as polyolefins and particularly
ethylene-propylene copolymers (EPM), 25  to form copolymers, terpolymers
and tetrapolymers containing the MNCM. The nitrogen-containing monomer
(NCM) is an unsaturated compound which is copolymerizable with polymer
chain monomers (PCM), viz. olefins such as ethylene and propylene
(described In more detail below), using a Ziegler catalyst. The
nitrogen-con- taining monomer is preferably masked in a reaction with
non-halogenated metalliccompounds undercontrolled conditions and is then
contacted with polymer chain monomers for production of the
amino-substituted inter- 30  polymer. The amino-substituted polymers
preferably comprise polymer chains exhibiting a generally uniform
distribution of amino functionality and a low halogen content and are
essentially devoid of organic halides. Polymer Chain Monomers 35      The
term polymer chain monomer (PCM) as used in the specification and claims
includes conventional monomers normally used In the production of polymers.
The polymer chain monomers used in the method forforming an
amino-substituted interpolymer in accordance with the present invention are
preferablyselected from agroup consisting of ethyleneand [err]
alpha-olefins. Thealpha-olefins suitableforuse may be branch- ed or
straight chained, cyclic, and aromatic substituted or unsubstituted, and
are preferably [err] alpha-ole- 40 fins. Mixed olefins can be used (e.g.,
mixed butenes). The alpha-olefins, when substituted, should not be aromatic
substituted on the 2-carbon position (e.g., moieties such as [err] should
not be employed), since such an aromatic group interferes with the sub- 



sequent desired polymerization. Illustrative of such substituted
alpha-olefins are compounds of the formula [err] wherein "b" is an integer
from 1 to 20 carbon atoms (preferably to 10 carbon atoms), and T 45
comprises aryl, alkaryl, or cycloalkyl. Exemplary of such T substituents
are aryl of 6 to 10 carbon atoms (e.g. phenyl, naphthyl and the like),
cycloalkyl of 3 to 12 carbon atoms (e.g., cyclopropyl, cyclobutyl,
cyclohexyl, cyclooctyl, cyclodecyl, cyclododecyl, and the like), alkaryl of
7 to 15 carbon atoms (e.g. tolyl, xylyl, ethylphenyl, diethylphenyl,
ethyl-naphthyl, and the like). Also useful are alpha-olefins substituted by
one or more such X substituents wherein the substituent(s) are attached to
a non-terminal carbon atom, with the proviso that the 50  carbon atom so
substituted is not In the 1- or 2-carbon position In the olefin, in
addition to alkyl-substituted bicyclic and bridged alpha-olefins of which
[err] alkyl substituted norbornenes are preferred (e.g., 5-methyl-
2-norbornene, 5-ethyl-2-norbornene, 5-(2'-ethylhexyl)-2-norbornene, and the
like). Illustrative non-limiting examples of preferred alpha-olefins are
propylene, 1-butene, 1-pentene, 1-hex- ene, 1-octene, and 1-dodecene. The
alpha-olefin is generally incorporated into the amino-substituted interpo-
55  lymer in an amount of 10 to 90 wt%, more preferably at 20 to 70 wt%.
The amino-substituted interpolymer may optionally contain a third type of
polymer chain monomer which is an easily polymerizable non-conjugated
diene. Non-conjugated dienes suitableforpurposesofthe present invention can
be straight chain, hydrocarbon di-olefins or cycloalkenyl-substituted
alkenes, having 6 to 15 carbon atoms, for example: 3    EP051894B1 A.
straight chain acyclic dienes, such as 1,4-hexadiene and 1,6-octadiene; B.
branched chain acyclic dienes, such as 5-methyl-1, 4-hexadiene;
3,7-dimethyl-1 ,6-octadiene; 3,7-di- methyl-1,7-octadiene; and the mixed
isomers of dihydro-myricene and dihydro-ocinene; C. single ring alicyclic
dienes, such as 1,3-cyclopentadiene; 1,4-cyclohexadiene; 1
,5-cyclo-octadiene and 5      1,5-cyclododecadiene; D. multi-ring alicyclic
fused and bridged ring dienes, such as tetrahydroindene;
methyl-tetrahydroindene; dicyclopentadiene;
bicyclo-(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB),
5-propenyl-2-norbornene, 5-isopropylidene-2- norbornene, 5-(4-cyclo
pentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene, and
5-vinyl-2-norbor- 10      nene; E. cycloalkenyl-substituted alkenes, such
as allyl cyclohexene, vinyl cyclooctene, allyl cyclodecene, vinyl
cyclododecene. Of the non-conjugated dienes typically used, the preferred
dienes are dicyclopentadiene, 1 ,4-hexadiene, 5-methylene-2-norbornene, and
5-ethylidene-2-norbornene. Particularly preferred diolefins are
5-ethylidene- 15 2-norbornene (ENB) and 1 ,4-hexadiene. The non-conjugated
diene is incorporated into the amino-substituted interpolymer in an amount
of from 0.5 to 15 wt%; more preferably, from 1 to 10 wt%, e.g., 5 wt%.
Nitrogen-Containing Monomers 20      As used In the specification and
claims, the term nitrogen-containing monomer (NCM) means the unsa- turated,
nitrogen-containing monomers of this invention which contain at least one
primary amino, secondary amino, imino, and/or cynano group having the
general formula: [err] wherein [err] is selected from ethylenically
unsaturated hydrocarbyl radicals, and X is selected from the group 25
consisting of amino (-N(H)R') groups, imino groups (-CH=N-R'), and cyano
(-C[err]N) moieties, and wherein n is an integer of at least 1, preferably
1-4, and more preferably 1-2. R' In the above groups can comprise H or
hydrocarbyl (preferably H or saturated hydrocarbyl), e.g. of 1 to 15 carbon
atoms, and preferably alkyl of 1 to 5 carbon atoms, cycloalkyl of from 3 to
7 carbon atoms, and the like. Exemplary of such amino groups are -NH2 and
alkyl amino groups, e.g.,   [err] , and the like. 30      The unsaturation
in [err] is such that it is easily polymerized by Ziegler catalysts
employed in the practice 



of this invention. As used herein [err] preferably contains from 2 to 25
carbon atoms, and preferably from 2 to 16 carbon atoms. In particular,
[err] is selected from the group consisting of radicals derived from
ethylene, al- pha-olefins, homologues of alpha-olefins, norbornene and
homologues of norbornene, or from the group con- sisting of vinyl and allyl
radicals. Representative examples of such unsaturation are alpha-olef in
types shown 35 as (M1) and the unsaturation in the norbornene system shown
as (M2): [err] wherein R" comprises norbornyl, m is an Integer of from 1 to
30, and p is an integer of from 1 to 30. Preferably m and p are integers of
from 0 to 12. More preferably m is 0, 1, or 2, and p is 1, 2, or 3. It will
be understood 40 that the [err] and [err] groups can be branched or
straight chained, and that the norbenene ring can be substituted with the -
[err] group at the C-2 or C-7 position, i.e. R" can comprise bicyclo
[2.2.1] hept-5-en- 2-yl, or bicyclo [2.2.1] - hept-2-en-7-yl, respectively.
[err] preferably contains from 2 to 25 carbon atoms, and is selected
preferably from one of the two classes shown in (M1) and (M2). Suitable
examples from the alpha- olefin unsaturation type includes vinyl, allyl and
the higher homologues as represented by integral values of 45  m. Suitable
examples of the norbornene unsaturation type include norbornene and its
higher homologues rep- resented by integral values for p. More preferably,
[err] may contain up to 16 carbon atoms. Preferably, n is the number of
functionality sites per NCM and has non-zero integral values between 1 and
5, and more preferably between 1 and 3. The NCM is preferably soluble in
the liquid hydrocarbon solvent or diluent selected for use in the subse- 50
quent polymerization reaction (e.g., saturated hydrocarbon solvents, such
as hexane). Exemplary of nitrogen-containing monomers are members selected
from the group consisting of norbor- nenyl-methyl amines and imines and
preferably 5-norbornenyl-2-methylamine, 5-norbornene-2,3-dimethyla- mine,
5-norbornene-2-ethylamine, 5-norbornene-2-(4'-butenyl)imine and the like,
and norbornenyl-nitriles, such as 5-norbornene-2-nitrile,
5-norbornene-2,3-dinitrile, and the like. 55      The NCM may also Include
multiple functionality, that is the [err] moiety may be substituted by more
than one "X" group, in which case the functional "X" groups may be the same
or different. The hydrocarbyl radical In the NCM will preferably be
norbornyl, or vinyl, in structure with particular pref- erence for
norbornyl functionalized at the C-2 position or alpha-olefins
functionalized at the C-3 position. Not- 4    EP0518949B1 withstanding the
previously mentioned preferred unsaturated, nitrogen-containing monomers,
it should be un- derstood that the nitrogen-containing groups may be
located at other positions on the hydrocarbyl radical com- ponent of the
monomer, and it will be further understood that mixtures of such
nitrogen-containing monomers can be employed, if desired. Also, one or more
NCM can be employed in combination with one or more mono- 5 mer of the
formula: wherein [err] is as defined above, n" is an Integer of at least 1
(e.g., 1-4, preferably 1-2) and [err] is selected from the group consisting
of [err], -OH, [err], -SH, and [err] wherein [err] is as defined above. The
nitrogen-containing monomers useful in this invention may be prepared by
conventional methods and 10 detailed description of such NCM preparations
is not needed for a complete understanding of this invention. For example,
5-norbornene-2-methyl amine can be formed by condensation of alkyl amine
and cyclopenta- diene as described by K. Alder and E. Windemuth, Ber. 71,
1939 (1938). Masking Agent 15 Agents which have been found to be effective
in masking nitrogen-containing monomers for purposes of the present
invention include metal alkyls and metal alkyl hydrides and comprise at
least one organometallic compound selected from the group consisting of
compounds of the formula: [err] 



20 wherein M is a member selected from Group IIA, IB, IIB, IIIA, IVA, and
the transition metals and elements, [err] and r2 are the same or different,
are each integers of from 0 to 4 and are selected so as to satisfy the
valence for metal M, "Halo" is Cl, Br or I, and Y is at least one of [err],
and [err], wherein [err] are (preferably in- dependently) selected from the
group consisting of hydrogen and [err] hydrocarbyl and [err] hydrocarby-
loxy, which may or may not contain unsaturation, including [err] alkyl,
[err] aryl, [err] alkoxy, and [err] to 25 [err] aryloxy, provided that at
least one of [err] is not hydrogen. Exemplary of preferred [err] groups are
mem- bers selected from the group consisting of hydrogen, methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, tertiary butyl, pentyl, hexyl, phenyl
tolyl, ethylphenyl, naphthyl, methoxy, ethoxy, propoxy, hexoxy, pentoxy,
phenoxy, methylphenoxy, iso-butoxy and tertiary butoxy. Illustrative of M
are elements comprising at least one member selected from the group
consisting of Be, Mg, Ca, Sr, Ba, La, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn,
Re, Cu, Zn, 30 Cd, Hg, Al, Ga, Sn and Pb. Preferred are members selected
from the group consisting of Mg, Ca, Ti, Zr, Cu, Zn, Cd, Hg, Al, Ga, Sn and
Pb. Most preferred is Al. Preferably, when [err] is 1 or greater, Halo is
Cl. Most pre- ferably, the masking agent is a non-halogenated compound of
the above formula wherein [err] is zero, and where- in [err] is an integer
of from 1 to 4. Suitable organometallic compounds are diethylzlnc, and
di-n-hexylmagnesium, triethyl aluminum, triisobutyl aluminum, diisobutyl
aluminum hydride, tributyl aluminum, tripentyl aluminum, 35
trioctylaluminum, diethyl aluminum hydride, dibutyl aluminum hydride,
dihexyl aluminum hydride, trimethyl alu- minum, trihexyl aluminum, tridecyl
aluminum, tridodecyl aluminum, trihexadecyl aluminum, decyl aluminum di-
hydride, isobutyl aluminum dihydride, ethyl aluminum dihydride, didecyl
magnesium, dipropyl zinc, propyl zinc hydride, diethoxy aluminum hydride,
trimethoxy aluminum, sodium alkyls (e.g., [err]), methyl mag- nesium
hydride, di(isopropyl) magnesium, di (n-hexyl) calcium, di methyl
[bis(cyclopentadienyl)] titanium, with 40 triisobutylaluminum,
triethylaluminum, and diisobutyl aluminum hydride being most preferred.
Although the masking effect using zinc and magnesium compounds is
acceptable for purposes of the present invention, it has been observed that
masking with aluminum compounds is more effective in controlling catalyst
poisoning. Accordingly, organoaluminum 45  compounds are preferred over
organomagnesium compounds which in turn are more preferable than organo-
zinc compounds. Masked Functional Group-Containing Monomer 50      The term
masked, nitrogen-containing monomer (MNCM) as used in the specification and
claims, is in- tended to refer to the reaction products formed by the
reaction of the nitrogen-containing monomer and a masking agent comprising
at least one metallic organic compound (which preferably comprises a
non-halo- genated metallic organic compound). The masked,
nitrogen-containing monomer so formed is used as the ac- tual comonomer in
the polymerization process. 55      The preferred non-halogenated masked
nitrogen-containing monomers useful for purposes of the present invention
include those having the general formula: [err] 5    EP 0 518 949 B1
wherein n' is an integer of from 1 to 2, n is an integer of at least 1,
preferably 1-4, and more preferably from 1 to 2; [err] Is a member selected
from the group consisting of ethylenically unsaturated hydrocarbyl radicals
as defined above; X is a member selected from the group consisting of
amino, cyano and imino moieties as de- fined above; M is a member selected
from Group IIA, IB, IIB, IIIA, IVA, and transition metal elements; and Y 5
is at least one of   [err] and [err], wherein [err] are independently
selected from the group consisting of hydrogen, [err] hydrocarbyl, and
[err] hydrocarbyloxy, which may or may not contain unsaturation, includ-
ing [err] alkyl, [err] aryl, [err] alkoxy, and [err] aryloxy, which
preferably are members independently selected from the group of hydrogen,
methyl, ethyl, diethyl, propyl, isopropyl, butyl, tertiary butyl, pentyl,
hexyl, phenyl, tolyl, ethylphenyl, naphthyl, methoxy, ethoxy, propoxy,
hexoxy, pentoxy, phenoxy, methylphenoxy, iso- 



10  butoxy, and tertiary butoxy. Preferably, M is a metal element selected
from the group consisting of aluminum, magnesium and zinc. Masking Step 15
The reactive functionality of the NCM s (that is, the X groups discussed
above) are preferably protected, i.e. "masked", prior to introducing these
monomers into the polymerization reactor to form the amino-substi- tuted
interpolymer (C). Otherwise, an unmasked functionality would tend to react
almost immediately with the Ziegler-Natta polymerization catalyst, thereby
leading to a loss of activity. The masking reaction provides a chemical
deactivation of the reactivity of the functionalized monomer. This
deactivation is believed to be both 20  electronic and steric. Although not
wishing to be bound by any particular theory, it is believed that
deactivation may also involve the temporary replacement of highly reactive
groups, such as acidic protons. The organometallic masking agents are
believed to react in one of two possible ways with the nitrogen- containing
monomertoform the masked, nitrogen-containing monomer. These pathways
Include the following representative, but not exclusive examples. 25
Pathway 1 NCM Functionality            [err]                 MNCM
Functionality 30      [err]                    [err]
[err] Pathway 2 35 NCM Functionality    [err]
MNCM Functionality [err]                  - [err] 40       H Pathway 3 45
NCM Functionality    [err]                                MNCM
Functionality - C[err]N                       [err]
[err] 50 wherein "Bu" Is n-butyl, "iBu" is iso-butyl, and "Me" is methyl.
The reaction by Pathway 1 is fundamentally the replacement of an active
hydrogen of the NCM function- ality by a diakyl aluminum substituent. The
reaction is accompanied by loss of a mole of alkane, which in this 55
case is isobutane. The reaction of Pathways 2 and 3 is the addition of the
elements of the Al-H bond of M- [err] across a polarized heteroatom-carbon
double bond (that is, the >C=N, or -C[er]N bond) of the NCM func-
tionality. In both cases, the final MNCM functionality is for all intents
and purposes the same, i.e., a masked functionality of imino, amino, or
cyano. The reaction of [err] and [err] by either of the pathways indicated
6    EP 0 518 949 B1 above forms masked imino, amino, and cyano functional
group-containing monomers having the general for- mula: [err] wherein
[err], X, M, Y, n' and n are as previously defined herein. The
organometallic masking agent and NCM 5 are preferably used in the method of
the present invention in a masking agent: NCM molar ratio of 0.6-2.0:1, and
most preferably in a molar ratio of about 1:1, for values of n=1. Larger
integral values of n imply corre- sponding factor increases in the NCM to
masking agent molar ratios charged to the masking reaction. For ex- ample,
when the NCM comprises [err], the masking agent is most preferably used in
a molar ratio of 2 moles of masking agent per mole of such di-functional
group substituted NCM. Therefore, the masking agent 10 and NCM are
preferably contacted in an amount sufficient to provide from 0.3 to 3, more
preferably from 0.6 to 2, and most preferably from 0.8 to 1.5 (e.g., from
0.95 to 1.05) moles of the masking agent per reactive ni- 



trogen equivalent of the NCM. As used herein, the "reactive nitrogen
equivalents of the NCM refers to the moles of the NCM multiplied by the sum
of (a) the number of N-bonded H atoms in amino "X" group(s) In the NCM and
(b) the number of cyano "X" group(s) in the NCM. For example, if a given
NCM contains two sec- 15 ondary amino groups (or one primary amino group)
per molecule, 1 mole of such a NCM contains 2 reactive nitrogen
equivalents. Similarly, if a given NCM contains two primary amino groups
per molecule, 1 mole of such a NCM contains 4 reactive nitrogen
equivalents. The masking reaction, which can be performed in a batchwise,
continuous or semi-continuous manner, is preferably carried out by adding
the NCM to the selected metal alkyl masking agent, preferably in the pres-
20 ence of an inert solvent or diluent. It has been observed that the
desired MNCM are not formed in acceptable yields when the reverse order of
addition is used, that is, when the metal alkyl masking agent is introduced
into the selected NCM; rather, such a reverse order of addition tends to
form a highly viscous, sludge in the masking reactor. This sludge-like
material Is believed to be a result of prepolymerization of the NCM by
liber- ation of more than one Y-H (e.g. alkane) derived from a Y group on
each metal alkyl per functional group 25 masked, due to the substantial
excess of the NCM over the metal alkyl in the masking reaction zone. The
mask- ing agent and NCM should be contacted under conditions and for a time
effective to form the corresponding MNCM without substantial degradation of
the NCM. As used herein, the term "degradation of the NCM is in- tended to
include side-reactionsof the NCM and any component of the masking reaction
mixture, such as NCM alkylation, rearrangement and prepolymerization, which
decrease the yield of MNCM obtained in contacting 30  the selected NCM and
masking agent. Preferably, the selected NCM and masking agent should be
contacted at a temperature and for a time sufficient to form the MNCM in
essentially quantitative yields, that is, in yields of the MNCM of at least
about 95%, more preferably at least about 97%, and most preferably at least
about 99%, based on the NCM fed to the masking reactor. The masking
reaction should be performed in a reaction zone cooled to maintain the
reactants at a temperature of less than [err] (e.g., less than about [err],
generally 35 less than about [err], more generally from [err] to [err],
e.g. from [err] to [err], and most preferably from [err] to [err]. It has
been found that temperatures in excess of about [err] results in
substantial degrada- tion of the NCM even In the presence of the masking
agents. The pressure employed in the masking reactor is not critical, and
any convenient pressure can be employed, e.g., from 0.05 to 20,000 kPa.
Generally, the NCM and masking agent will be contacted for the masking
reaction for a time of from 0.001 to 10 hours, pre- 40 ferably from 0.2 to
3 hours. The masking reaction should be conducted in the substantial
absence of molecular oxygen and water, to avoid the deleterious effects
which [err] and H20 have upon the metal alkyl and the MNCM thus formed.
Pre- ferably, the masking reaction mixture (and the NCM, masking agent and
solvent charged thereto) will contain <20 ppm [err], more preferably <10
ppm H20, and preferably <20 ppm [err], more preferably <10 ppm [err], by 45
weight of the total reaction mixture. Most preferably, the masking reaction
mixture (and hence the materials charged thereto) will contain <5 ppm 02,
and <5 ppm [err] (by weight of the total reaction mixture). Preferably,
reactive halides will also be substantially absent in the reactor, e.g.,
<10 ppm by weight reactive halide (ex- pressed as the halide, e.g., Cl),
based on the weight of the total reaction mixture. As used herein, the term
"reactive halide" is Intended to refer to free halogen (e.g., [err]), metal
halides (e.g., dialkyl aluminum chloride, 50     boron trichloride, tin
tetrachloride and the like) or halogen-containing compounds (e.g., t-butyl
chloride and the like) that will form metal halide under conditions of the
masking reaction. Preferably the MNCM formed bythe masking process of this
invention are substantially free of halide, and contain less than about
0.01 wt%, more preferably less than about 10 ppm by weight, of total
halide. In the event the selected NCM was prepared by a process wherein
[err] is formed as a by-product (e.g., 55 as in the formation of
5-norbornene-2-carboxy (N-n-butyl) imine, as described above), or is
otherwise present, the NCM should be treated to remove H20 to a level of
<20 ppm, preferably <10 ppm, more preferably <5 ppm H20 (based on the
weight of the NCM). Such water removal can be accomplished by a variety of
methods, such as by cooling the NCM to a temperature sufficient (e.g.,
<[err]) to freeze the water out of the liquid NCM. 7  



EP 0 518 949 B1 Alternatively, the NCM liquid can be contacted with an
amount of molecular sieve (e.g. 3 Angstrom mol sieve) and fora time and
underconditions sufficient to remove the desired amountof water. While the
precise amount of mol. sieve will vary depending on its water absorption
capacity, the amount of water to be removed and other factors, generally a
contact time of from 1 min. to 1 hour at temperatures of [err] to [err],
employing from 5     1 to 500 gms. of NCM per gram of 3 Angstrom molecular
sieve will be sufficient to decrease the [err] level to <20 ppm fora NCM
liquid containing about 10 wt% [err]. The NCM feed can also be treated for
water removal by the addition of water soluble inorganic salts (such as
NaCl, [err], and the like) to form two liquid phases: the lower phase
containing the salts and water, and the upper phase containing the
dehydrated NCM, which can then be recovered by conventional liquid-liquid
phase separation techniques. 10 The masking reaction may be conveniently
carried out under an inert gas (such as N2, Ar, He), to exclude the
presence of air in the masking reaction zone. Any solvent useful for the
polymerization of the MNCM and the PCM (as discussed below) can be em-
ployed in the masking reaction. For example, suitable solvents include
hydrocarbon solvents such as aliphat- ics, cycloaliphatics, and aromatic
hydrocarbon solvents, or halogenated versions of such solvents. Preferred
15 are [err] or lower straight-chain or branched-chain, saturated
hydrocarbons, and [err] to [err] saturated alicyclic or aromatic
hydrocarbons, or [err] to [err] halogenated hydrocarbons. Examples of such
solvents are hexane, butane, pentane, heptane, cyclopentane, cyclohexane,
cycloheptane, methyl cyclopentane, methyl cyclohexane, iso- octane,
benzene, toluene, xylene, chloroform, chlorobenzene, tetrachloroethylene,
dichloroethane and tri- chloroethane. 20 The concentrations of the NCM and
masking agent in the selected reaction solvent or diluent are not crit-
ical and will typically be seleced to facilitate ease of handling of the
reactants and reaction mixture and the cooling thereof to remove, and
control, the heat of reaction. Typically, the NCM will be employed In a
concen- tration of from 2to 70wt%, and the masking agent in an amountoffrom
1 to40 wt%, based on the total reaction mixture. 25 It will generally not
be necessary to remove any unreacted masking agentfrom the NCM-masking
reaction zone, nor to remove any by-product Y-H from this reaction zone.
The product mixture produced in the masking reaction, containing the MNCM,
desirably should be main- tained at a temperature of less than [err],
(e.g., less than about 50C), preferably less than about [err], pre- ferably
from [err] to [err], and more preferably from -20C to [err], until the MNCM
is contacted for poly- 30 merization with the polymer chain monomer in the
polymerization reaction zone, as will be described in more detail below. As
indicated above, the MNCM formed will have one or two -M-Y groups per
functionality, and the value of n' will depend on the functionality to be
masked and the masking agent employed. For example, cyano func- tionalities
will require two -M-Y groups per cyano group when M is a trivalent,
divalent or monovalent metal 35 or element as described above. Preferably,
the MNCM comprises a complex of the formula: [err] wherein [err], X, M, Y,
n' and n are as defined above. The masking reactions of this invention can
be illustrated in the following reaction equations: 40 Masking Reactions
for Amine Groups [err] 8    EP0518949B1 H 



15                  [err] Masking Reactions for Cyano Groups 20 55 9    EP
0 518 949 B1 Masking Reactions for Imino Groups R2 [err] 30      Therefore,
when NCMs of the formula: [err] wherein [err] and n are as defined above,
and [err] is a functional group having an acidic hydrogen (e.g., -NHR',
wherein R' is as defined above), are masked by masking agents of the
formula: [err] 35  wherein each "hydrocarb." group can be the same or
different and comprises [err] hydrocarbyl (as defined above for R2 to
[err]), M' is divalent, trivalent or tetravalent M (wherein M is as defined
earlier), r' Is an integer of from 0 to (v-1), and r" is an integer of from
1 to v, wherein r' + r" = v, wherein "v" is a number of from 2 to 4 and is
the valence of M' in said masking agent, the MNCM obtained comprises
members selected from the group consisting of monomers of the formula: 40
(i) [err] 45 when [err] is hydrocarbyl, and (ii) 50
[err] wherein [err], M', and v are as defined above, and wherein Y"
comprises at least one of [err] and [err], wherein [err] are the same or
different and are H or [err] hydrocarbyl, with the proviso that at least
one of R2, [err] and [err] is hydrocarbyl. Further, when the NCM comprises
a monomer of the formula: 55
[err] wherein [err] and n are as defined above, and the masking agent
comprises metal compoundsoftheformula: [err] wherein M" Is divalent or
trivalent M (wherein M is as defined above), "hydrocarb." is as defined
above, r' 10    EP0518949B1 is an integer from 0 to (v'-1), r" is an
integer of from 1 to v', and the sum of r' + r" = v', wherein v' is 2 or 3
and is the valence of M" in the masking agent, the MNCM obtained comprise
monomers of the general formulae: (iii) 5 [err] 10 and 



(iv)                                   [err] wherein R1, M" and v' are as
defined above, [err] is [err] hydrocarbyl, and Y" is [err] or [err],
wherein R2- 15      R4 are the same or different and are H or [err]
hydrocarbyl, with the proviso that at least one of R2-R4 is hydrocarbyl.
Generally, MNCM of formula (iii) are obtained when r' is zero and MNCM of
formula (iv) are obtained when r' is greater than zero. When the NCM
monomer comprises a cyano-monomer of the formula [err], and when these NCMs
are masked with metal compounds of the formula: 20
[err] wherein M"' is tetravalent M, "hydrocarb." is as defined above, and
r' Is an integer of from 0 to 3, r" is an integeroffrom 1 to 4, wherein the
sum of r and r" Is 4, the MNCM can comprise monomers of the formulae: (v)
26 [err] 30 40      or (vii) [err] wherein  [err], and M'" are as defined
above, and Y"' Is [err] hydrocarbyl, MNCMs of formula (v) are obtained by
use of m"'(hydrocarbyl)[err], i.e. when r' is zero. When r' is 1, the MNCM
is of formula (vi). When 45     r' is 2 or 3, the MNCM is of formula (vii).
To further illustrate the above, 5-norbornene-2-carboxy(N-n-butyl) imine
can be reacted with one mole of diisobutyl aluminium hydride in hydrocarbon
solvent as shown below: H
nBu [err]
iBu    EP 0 518 949 B1 Addition of H-Al occurs across the polarized double
bond of the imine leading the the masked nitrogen- containing monomer,
i.e., MNCM entity. Nitrile-substituted NCMs, e.g., 5-norbornene-2-nitrile,
can be masked with two moles of masking agent, e.g., [err], to generate a
masked amine monomer containing two atoms of M metal (e.g., aluminum) for 5
each nitrogen, although this is not a preferred method of masking the
functionality herein. The masking of a nitrile-substituted NCM can be
illustrated as follows: 10
Al (R) 2 [err] 15 It should be noted that the mutual compatability of
different masked monomers, i.e., MNCM arising from the reaction of
different NCM with masking agents allow the formation and Incorporation of
different MNCM into the same polymer. A representative, non-exclusive,
example would be to mask a mixture of 5-norbornene- 20  2-amine and
5-norbornene-2-carboxylic acid and/or 5-norbornene-2-methanol with
triisobutyl aluminum. In- corporation of this mixture in the polymerization
reactorwould lead to amine and carboxylic acid and/or alcohol residues on
the same polymer and is a suitable procedure for incorporation of multiple
functionality into the amino-substitued polymers. As compared to the NCM
having acidic hydrogens such as those bearing free acid, amine, or alcohol
25  groups, the NCGM formed by these reactions has all potentially reactive
functional sites either removed or complexed. Thus, the nitrogen atom in
the imine NCM, which might otherwise interfere with catalyst perfor- mance
by their lone pair donation, are effectively deactivated by chelation to
the metal atom. The resultant MNCM is very stable In hydrocarbon solution
(e.g., in hexane), both kinetically and thermodynamically, to- 



wards dissociation of the metal, in this particular case aluminum, from the
NCM residue. Nevertheless, the 30  masked amine group (and masked acid,
alcohol, etc. functional group, if present) is very conveniently regen-
erated, as will be described in more detail below. Preferably, the masking
agent is non-halogenated since it has been observed that masked,
nitrogen-con- taining monomers react In the presence of organoaluminum
halides by polymerization of the norbornene dou- ble bond, leading to
oligomeric, hydrocarbon-insoluble materials which are not available for
incorporation into 35  the polymer chain. Furthermore, this reaction may
also involve rearrangement of the norbornene system lead- ing to unreactive
MNCMs which are unacceptable for incorporation Into the polymer.
Preferably, the masking is accomplished by reacting nitrogen-containing
monomerwith hydrocarbyl aluminum compounds wherein the hydrocarbyl moiety
is a bulky group, that is, wherein the hydrocarbyl group is substituted
(e.g., alkyl-substi- tuted) preferably in the 1- or 2-carbon position,
e.g., a branched [err] to [err] alkyl group such as isopropyl, isobutyl 40
or t-butyl. In another embodiment of the process of this invention, the
MNCM prepared from an alkyl-substituted masking agent is reacted with a
lower alkanol (e.g., a [err] alcohol) and preferably a [err] alkanol, e.g.,
iso- propyl, isobutyl or t-butyl alcohol. The alcohols used are, in the
order of increasing steric crowding around the carbinol carbon, methanol,
ethanol (primary), isopropanol (secondary), and t-butanol (tertiary). The
reaction 45  of a MNCM of this invention with a lower alkanol can be
illustrated by the following (wherein [err] is as defined above): [err] 55
The reaction products so formed have alkoxy radicals derived from the
reactant alkanol bonded to the M metal of the MNCM. The term "alcohol
modified MNCM" is used herein to refer to the adducts of MNCM and alcohol
prepared in accordance with this embodiment. In an illustration of this
embodiment, the nitrogen-con- taining monomer, NBCA, is initially complexed
with triisobutyl aluminum (TIBA) and the resultant hexane solu- 12    EP 0
518 949 B1 ble product is further reacted with from one to two equivalents
of a dry alcohol (e.g., isopropanol). The tem- perature and other reaction
conditions employed in such alcohol modifications of MNCM can be any of
those discussed above for the initial masking reaction, and preferably a
temperature of from [err] to [err] is used, with from 1:1 to 2:1 molar
equivalents of alcohol being used per masked functional group. It has been
observed 5 that such alcohol-modified MNCMs are soluble In hexane. The
resultant polymerizations with alcohol-modified NCM's demonstrate similar
reactor performance than the results obtained for TIBA complexes alone. It
has been found that further improvement in the degree of steric isolation
of the masked NCM leading to an even lower degree of catalyst deactivation
was obtained by different alcohols with the alcohol having the largest
steric bulk, i.e., t-butanol, providing the most protection 10 against
poisoning with methanol providing the least, and the other alcohols being
arranged between these limits in the order of their crowding around the
amino group. Accordingly, the alcoholated masked, nitrogen- containing
monomer has been found to result in higher polymerization efficiencies,
higher polymer molecular weight and improved incorporation of
nitrogen-containing monomer into the polymer. 15 Preparation of the
Amino-Substituted Interpolymer The polymerization process of the PCM and
MNCM is performed In an otherwise conventional manner using suitable
methods, Including batchwise, semi-batch orcontinuous operations,
conventional polymerchain monomers, and catalysts known to be effective for
such polymerization. In this polymerization, the MNCM's 20 behave like the
non-polar homologues of these monomers. Especially preferred for use in the
present inven- tion are NCM-ethylene-propylene (EPM) terpolymers and
NCM-ethylene-propylene-diene (EPDM) tetrapoly- mers. The polymerization
process is preferably carried out in one or more conventional reactors,
including mix- free reactor systems, continuous flow tubular reactors, and
stirred-batch reactors. For purposes of illustration 



herein, when the process is described herein below with respect to a
continuous flow stirred tank reactor, the 25 reaction mixture is blended
(i.e., backmixed) with the incoming feed to produce a solution of
essentially uniform composition everywhere In the reactor. The monomers
which are suitable as polymer chain monomers include olefin monomers such
as ethylene and [err] alpha olefins, and unsaturated, non-conjugated
diolefins as described above. Illustrative of amino- substituted polymers
useful in this invention are homopolymers, co-polymers, terpolymers, or
tetrapolymers 30  containing the above olef Ins and/or diolefins, in
addition to the nitrogen-containing monomers. Exemplary of
amino-substituted polymers produced by this Invention are functionalized
polypropylenes (propylene homo- polymers, propylene-ethylene copolymers
containing less than about 10 wt% ethylene, propylene-higher ole- fin
copolymers containing up to about 10 wt% of higher alpha-olefins such as
hexene-1, pentene-1, octene-1 and the like), functionalized polyethylenes
(ethylene homopolymers and ethylene-propylene co-polymers 35 containing
greater than 90 wt%, usually 95 to 99 wt%, ethylene), ethylene-propylene
copolymers (e.g., elas- tomeric EPM), ethylene-propylene-diene terpolymers
(e.g., elastomer & EPDM) and the like. It is preferred, however, to perform
the process in a copolymerization process of alpha-olefins and preferably a
mixture of ethylene and propylene to result with an ethylene-propylene
(EPM) polymer. The resultant polymer preferably contains 20 wt% to 90 wt%
ethylene and 10 wt% to 80 wt% propylene. 40 It is also possible to include
a non-conjugated diene, such as dicyclopentadiene, 1 ,4-hexadiene or
ethylidene norbornene in the olefin mixture used in the polymerization
process In order to Introduce unsaturation Into the backbone of the
resultant polymer (EPDM). The amino-substituted polymers may be formed by
polymerizing polymer chain monomers with the MNCMs in the presence of a
polymerization catalyst, wherein the polymerization catalyst includes at
least one 45  vanadium compound, zirconium compound ortitanium compound,
preferably wherein the vanadium compound has a valence of at least 3 (e.g.,
3 to 5), and is preferably selected fromthe group consisting of vanadium
halide, vanadium oxyhalide, and vanadium salts of beta-diketonates, with
the vanadium halide preferably being va- nadium tetrachloride and the
vanadium oxyhalide compound having the general formula [err] where n is an
integer of 2 or 3, [err] Is a hydrocarbyl radical which is preferably a
[err] alkyl, phenyl or benzyl and 50   more preferably [err] alkyl (such as
a member of the group of methyl, ethyl, and butyl), and X' is halogen which
is preferably chlorine or bromine. The vanadium salts of beta-diketonates
have the general formula of [err] where 0~0 represents the beta-diketonate
anion. The preferred beta-diketonate is 2,4-pentanedion- ate. The
polymerization catalyst preferably also includes an organoaluminum
co-catalyst comprising organo 55 aluminum halides and organoaluminum
compounds having the formula [err]  wherein X" is a halogen, [err] is a
member selected from the group consisting of alkyl and aryl (and preferably
wherein [err] is a member selected from the group consisting of [err] alkyl
and phenyl, which is most preferably ethyl), and x is between 0 and 3, and
preferably greater than 0 up to 2 (e.g., between 1 and 2), and more
preferably from 1 to 1.2. II- 13    EP 0 518 949 B1 lustrative,
non-limiting examples of the aluminum halide cocatalyst useful in the
practice of this invention in- clude an aluminum trichloride, ethyl
aluminum dichloride, diethyl aluminum chloride and ethyl aluminum ses-
quichloride. It is preferred to have the vanadium compound and the
organoaluminum co-catalyst present in the poly- 5 merization catalyst in a
molar ratio of vanadium to aluminum of 1:2 to 1:30, with the molar ratio of
vanadium to aluminum more preferably being 1:5 to 1:15. The catalyst and
the MNCM may be present in a molar ratio of vanadium to masked,
nitrogen-containing monomers of 1:5 to 1:100, with the molar ratio of
vanadium to masked, nitrogen-containing monomers preferably being 1:10 to
1:30. The titanium catalyst has a valence of 2 or greater and Is preferably
insoluble In the polymerization media. Representative, but not exclusive
exam- 



10 ples of these catalysts Include  [err], and [err]. 1/3 [err] (Stauffer
AA Catalysts). The V and Ti catalyst can be supported on conventional
catalyst supports (e.g., on silica, [err], zirconium, and the like).
Electron donor modified versions of supported V and Ti catalytic systems
can also be used. The preferred catalysts for making elastomeric polymers
include vanadium compounds, preferably having a valence of at least 3 and
which are soluble in the polymerization diluent, such as [err] and [err]
wherein 15    X' is halogen, i.e., vanadium halide and vanadium oxyhalide.
The preferred vanadium halide is vanadium tet- rachloride. The
polymerization reaction zone for polymerization of the MNCM and polar chain
monomers(s) can also contain one or more of the conventional polymerization
promoters, such as halogenated and non-halogenated organic polymerization
promoters. 20     In addition to the foregoing consideration, the monomers
to be selected also depends on the nature of the polymerization process and
the catalyst used. The reactivity of unsaturated MNCM towards polymeriza-
tlon, Its efficiency of incorporation into the polymer, and its
distribution in the polymer is a function of the cat- alyst system used.
Thus changes in the nature of MNCM, particularly in the type of
unsaturation, are needed to accommodate the changes in polymerization
catalyst. 25     The preferred kinds of NCM hydrocarbyl radical for some of
the most common kinds of olefin polymeriza- tion for purposes of the
present invention are: NCM Hydrocarbyl 30 Catalysis
Radical                   Polymer Type 35    a.  Homogeneous Ziegler
5-Norbornene               Rubbery EP Polymerization with
functionalized at Vanadium Catalysts             C-2 and/or C-7. b.
Heterogeneous Ziegler    Acyclic alpha-                    Crystalline
Polymerization with            olefin function-           PE, PP Titanium
Catalysts             alized at C-3 45 The difference between the
requirements for heterogeneous and homogeneous Ziegler catalysts is pri-
marily due to the much lower reactivity of the norbornene based monomers
towards the heterogeneous cat- alysts. For example, while the incorporation
of norbornene based monomers is 50 to 90% for the vanadium catalysts, it is
usually less than about 30% for the titanium catalysts. Accordingly, the
polymerization process 50  is preferably a homogeneous Ziegler
polymerization because of a higher incorporation of the monomer, and where
the MNCM is a norbornene carrier, it is Incorporated at 50 to 90% with
vanadium catalyst and at less than 30% with titanium catalyst The process
is, therefore, often described herein with respect to homogenous
polymerization using vanadium catalyst. The polymerization reaction can be
carried out at any temperature suitable for Ziegler catalysis such as 55 a
temperature of [err] to [err], or preferably [err] to  [err] and more
preferably 15C to [err]. The pressure used in the polymerization process
can vary from 0 Kpa to 3000 Kpa and preferably from 20 Kpa to 1500 Kpa;
more preferably 100 Kpa to 1000 Kpa and 250 Kpa to 100 Kpa, most preferably
300 Kpa to 600 Kpa. Preferably, the MNCM is not be premixed with any
halogen-containing component of the polymerization 14    EP 0 518 949 B1
catalyst (e.g. vanadium halide or organoaluminum halide) and left to stand
for any appreciable period of time since the halide-containing catalyst
components have a tendency to react with the MNCM in which case the
metal-bound hydrocarbyl groups of the MNCM will be displaced by halogen.
The consequence will be MNCM degradation, including
polymerization/rearrangement reactions similarto those encountered when the
MNCM 



5   is reacted with an organoaluminum halide masking agent as described
above. It has been observed that the polymerization results with a greater
efficiency of incorporation of the MNCM to yield a higher molecular weight
polymer, and with decreased Incorporation of halogen into the resultant
polymer. Preferably, the MNCM is added to the polymerization reaction zone
separately from the polymerization catalyst components, so as to first
contact the polymerization catalyst in the presence of the polymer chain 10
monomer(s), preferably under polymerization conditions. Any known diluent
or solvent for the reaction mixture that is effective for the purpose can
be used in con- ducting polymerization of the PCM and the MNCM toformthe
maskedfunctionalized (amino-substituted) poly- mer. For example, suitable
diluents or solvents would be hydrocarbon solvents such as aliphatics,
cycloali- phatics, and aromatic hydrocarbon solvents, or halogenated
versions of such solvents. The preferred solvents 15  are C12 or lower
straight-chain or branched-chain, saturated hydrocarbons, and [err] to
[err] saturated alicyclic or aromatic hydrocarbons, or C2 to [err]
halogenated hydrocarbons. Most preferred are [err] or lower straight-chain
orbranched-chain hydrocarbons particularly hexane. Non-limiting
illustrative examples of diluents or solvents are butane, pentane, hexane,
heptane, cyclopentane, cyclohexane, cycloheptane, methyl cyclopentane, me-
thyl cyclohexane, isooctane, benzene, toluene, xylene, chloroform,
chlorobenzenes, tetrachloroethylene, di- 20  chloroethane and
trichloroethane. The polymerizations can be carried out in the presence of
a molecularweight regulator to produce an ami- no-substitued polymer having
any particulardesired molecularweight. Amolecularweight regulatorcommonly
used in this type of process is, for example, hydrogen. The amount of
molecular weight regulator to be used can easily be chosen based on
principles well-known to those skilled In the art, depending upon the
desired 25  molecular weight of the amino-substitued polymer. Hydrogen can
be introduced to the polymerization zone to moderate polymer molecular
weight. The hy- drogen will be generally added in an amount of from 0 to 30
mole percent, based on the total monomer (MNCM + PCM). After
polymerization, the polymerization is quenched at the exit of the reactor.
This quenching can be ac- 30  complished by the introduction into the
polymerization reaction mixture (e.g., in the reactor or into polymeri-
zation product effluent stream) of water, lower alkanol, or aqueous acid
(e.g. aqueous HCI) as quench liquid, generally using from 1 to 30 moles of
quench liquid per mole of total V and Al in the reaction mixture. The
desired amino functional group, i.e., X, incorporated into the
amino-substituted interpolymer as the masked functional group, can be
regenerated by removal of the masking metal, M, through use of conventional
35  de-ashing techniques, wherein the quenched polymerization product,
containing masked-functionalized poly- mer, the polymerization catalysts,
and unreacted monomers, is contacted with an aqueous liquid, e.g., water,
aqueous solutions containing mineral acids (e.g., HCI, HBr,   [err], and
the like), aqueous sol- utions containing mineral bases (e.g., caustic
ammonia, sodium methoxide and the like) or mixtures thereof. The resulting
hydrolysis reactions (hereinafter referred to as "de-ashing") liberate the
metal masking agent 40  and generates the amino functional group, thereby
forming an amino-substituted polymer. Such hydrolysis reactions can be
illustrated as follows: 45 50 55 15    EP0518949B1 Masked-Functionality
Polymer                         Functionalized Polymer 30
[err] De-ashing to regenerate the amino group can be conveniently
accomplished by contacting the quenched polymerization product with from
0.3 to 3 volumes of water per volume of polymerization reactor effluent (in



equivalent units); the water may optionally contain from 1 to 30 wt% (e.g.,
3 to 10 wt%) of mineral acid(s). The 40  mixture is contacted for a time
and under conditions sufficient to de-ash the polymer and to regenerate the
amino group. Generally, the contacting will be conducted for a time of from
3 to 30 minutes, and a temperature of from 0C to [err], with vigorous
stirring. The use of an acidic aqueous liquid may be followed by one or
more water washes of the separated polymer to remove residual amounts of
the mineral acid. The 2-phase liquids resulting in the above steps will
permit recovery of a polymer-containing upper liquid phase comprising 45
the functionalized polymerand polymerization solventordiluent, and an
aqueous lowerliquid phase containing the mineral acid, and aqueous soluble
salts of the catalyst and masking agent metal(s). The aqueous layer will
preferably also contain unreacted NCM, due to the water solubilityof the
NCM attributed by the hydrophilic nature of the "X" functionality. The
polymer may be recovered from the upper phase by flash evaporation followed
by drying to remove 50  residual water. The flashing technique can Involve
the addition of the quenched polymerization product to a tank of hot water
([err] to [err]) sprayed with steam to strip off the solvent and unreacted
monomers. The polymer may be then dried by evaporation of water, generally
at temperatures of from [err] to [err], e.g., on a hot rubber mill. It will
be understood that any cyano groups of the NCM will, upon masking,
polymerization and regener- 55  ation, be regenerated as an amino group,
rather than a cyano. The amino group may be either primary or sec- ondary,
and is determined by the number of carbon radicals attached to thenitrogen
in the masked monomer. A single carbon radical leads to primary amine while
two alkyl groups lead to a secondary amine. The NCM is present in the
resultant amino functionalized polymer in an amount of from 0.01 to 40 wt%,
16    EP 0 518 949 B1 by total weight of the amino functionalized polymer
preferably in an amount of from 0.1 to 20 wt%, more pre- ferably in an
amount of from 0.75 to 10 wt%, and most preferably in an amount of from 1.0
to 7 wt%. The pre- ferred amino-substituted ethylene-propylene copolymers
employed in this invention will, therefore, comprise from 20 to 90wt%
ethylene, from 10-80wt% propylene, and from 0.01 to 40wt%
nitrogen-containing monomer, 5   more preferably from 0.1 to 20 wt%, still
more preferably from 0.75 to 10 wt%, and most preferably from 1 to 7 wt%,
nitrogen-containing monomer. The preferred amino-substituted
ethylenepropylene-diene terpolymers employed in this invention will
therefore comprise from 20-90 wt% ethylene, from 10-80 wt% propylene, from
0.5 to 15 wt% (and more preferably from 1 to 10 wt%) non-conjugated diene,
and from 0.01 to 40 wt%, more preferablyfrom 0.1 to 20 wt%, still more
preferably from 0.75 to 10 wt%, and most preferably from 1 to 7 wt%, 10
nirogen-containing monomer. The amino-substituted polymers employed in this
invention are oil soluble and have a number average molecularweight. [err]
of from 500 to 500,000. The amino-substituted polymers with [err] of from
500 to 10,000, are preferred for use In preparing the dispersant additives
of this invention for use in oleaginous compositions (more preferably [err]
of from 800 to 5,000). The amino-substituted polymers, when intended for
use in preparing 15  the viscosity index improver dispersants of the
present invention, preferably will have [err], of from greaterthan 10,000
to 200,000 or more, and more preferably from 20,000 to 150,000. For
electronic applications, the [err] of the amino-substituted polymer will
preferably be from 500 to 200,000, and more preferably from 700 to 150,000.
Preferably, the amino-substituted polymer will have within its structure,
on average, at least 0.5 (e.g., from 20 0.5 to 20), and preferably at least
1 (e.g., from 1 to 15) pendent reactive amine groups (i.e., primary and/or
secondary amine groups) per polymer molecule. The amino-substituted polymer
will preferably also have a molecular weight distribution [err] of from 1.0
to 20, and more preferably of from 1.5 to 15. Preferably, the
amino-substituted polymers have a substantially homogeneous distribution of
aminofunc- 



25 tonality between the polymer chains, that is, the wt.% concentration of
amino functionality is substantially uniform for chains of all molecular
weights. Furthermore, the polymers preferably cannot be separated into two
or more significant fractions (e.g., >5 wt% of total polymer) which have
different compositions arising from different levels of incorporation of
NCM and PCM. The "level of functionality" as used herein is defined to be
equivalents of amino functionality per unit weight of the amino-substituted
polymer, and is commonly ex- 30 pressed for these polymers in
milliequivalents of functionality per 100 gms of amino-substituted polymer.
The distribution of functionality in a polymercan be readily determined by
methods known in the art. One technique is to tag a random fraction of the
functionality with a UV-visible chromophore. The tagging is done by a
specific chemical reaction (e.g., amidation) on the functionality of choice
with a reagent carrying the UV- visible chromophore tag. The tagging
reaction is chosen to be one where the tagged functionality will exist in
35 that state through the subsequent investigations. The chromophore found
to be particularly suitable for this purpose is the phenyl ring and
proceduresforderivatizing aminofunctionalities with suitable phenyl group
con- taining agents are well known in the art. The derivatized polymer is
analyzed by a gel permeation chromoto- graphic procedure and the effluent
Is analyzed by two detectors, i.e., one for the quantity of the polymer and
the othersensitive to the concentration of the chromophore. The uniformity
of functionality distribution in the 40 original polymer is observed by
coincident responses of the two above mentioned detectors. Also, the
amino-substituted polymers have a low total halogen content and are
essentially devoid of any organic halide. Preferably, the amino-substituted
polymers contain less than 0.10 wt%, and preferably less than 0.03 wt%, of
total organic chlorine, with an organic chloride content measured by the
absorbance of 1/100 inch thick film of the polymer at 610 [err] of less
than 0.05, and preferably 0.03, absorbance units. 45 Analytic Methodology
Used in Examples 1-5 The polymerization rate was determined byweighing the
amountof rubberobtalned in a fixed time period. Monomer conversion and
catalyst efficiency (weightof polymer products/wt. vanadium catalystfeed)
were de- 50 termined to characterize the catalyst activity. Infrared
analysis (ASTM D3900) was used to measure polymer ethylene content while
refractive index [I.J. Gardiner & G. Ver Strate, Rubber Chem. Tech., 46,
1019 (1973) was used for ENB content In the absence of ENB in the polymer,
this was also used as a semi-quantitive measure of NCM content in the
polymer. Polymer Mooney viscosity was measured by ASTM D-1 646. Molecular
weight (number-average, [err]; weight-average, [err]; z-average, [err]) and
molecular weight distrib- 55 ution (MWD=[err]) were measured using a Waters
150 gel permeation chromatograph equipped with a Chro- matix KMX-6 on-line
light scattering photometer. The system is used at [err] with
1,2,4-trichlorobenzene as the mobile phase. Showadex (Showa-Denko America,
Inc.) polystyrene gel columns 802, 803, 804 and 805 were used. The
technique utilized Is described in Liquid Chromatography of Polymers and
Related Materials 17    EP 0 518 949 B1 III, J. Cazes, editor, Marcel
Dekker, 1981, p. 257 et seq., incorporated herein by reference. No
corrections for column spreading are employed; however, data on generally
accepted standards, e.g., National Bureau of Standards Polyethylene 1484
and anionically produced hydrogenated polyisoprene demonstrate that such
corrections on [err] or [err] are less than 0.10 units. [err] was
calculated from an elution time-molecular 5 weight relationship, whereas
[err] is evaluated using a light scattering photometer. The [err]  are used
as an indication of MWD breadth (the larger the value, the broader MWD).
Polymers were analyzed for amino functionality content by infra red
spectroscopy. Polymers containing aminofunctionalitywere dissolved in hex-
ane (approx. 3 wt.% solution) and quantitatively amidated with an equal
volume of acetic anhydride, according to the reaction below: [err] After
refluxing for two hours, the polymer was recovered, molded in a pad of
uniform thickness be- 



tween .003 to 0.02 inch thick The infrared spectrum of the sample contained
an intense absorption at 1660 [err] due to the carbonyl group. The
Intensity of this absorption was measured In absorbance units [err]. This
was correlated to the concentration of milliequivalents amino functionality
expressed in milliequivalents per 15  100 gm of polymer [err] by the
following relationship: [err] where [err] is the thickness of the polymer
sample expressed in thousandth of an inch. These analytical relations were
obtained by measuring the infrared extinction coefficients for the carbonyl
groups and closely related monomeric model compounds In hexane media.
Typically the experiment was con- 20 ducted with the derived NCM and
repeated to cover the span of obtainable concentrations of amino function-
ality. In all cases, Beer's law was found to be obeyed by the chromophore
between the concentration of 0-30 meq/100 gms of amino-substituted polymer.
Polymers were analyzed for the distribution of amino functionality among
the polymer chains (i.e., inter- molecular amino functionality
concentration distribution). The distribution of amino functionality in the
poly- 25 mers for purposes of tests run and comparisons made in connection
with this application Is measured by a chromatographic technique.
Uniformity (or homogeneity") of amino functionality distribution is
measured by observing the variation in the extinction coefficient, that is
the ratio of the concentration of the chromophore to the total weight of
the polymer as a function of amino functionalized polymer chain molecular
weight A polymer with a substantially 30  uniform amino functionality
distribution has this ratio substantiallyconstant over a wide range of
polymerchain molecularweights. Amino-substituted polymers employed in the
present invention preferably have the above- mentioned ratio varying by
from 0 to 15%, and more preferably from 0 to 10%, in the chain molecular
weight range of [err] to [err], provided the molecular weight range is such
that the polymer components contain at least 95%, and preferably 97%, of
the total weight of polymer, and that at least 95%, and preferably 97%, of
the 35 total equivalents of the amino functionality are included.
Uniformity of composition was also determined by a solvent fractionation
technique. In this procedure, a polymer hexane solution containing
approximately 1-2 grams of amino-substituted polymer per 100 ml. of sol-
vent was treated judiciously with isopropanol to precipitate a fraction of
the amino-substituted polymer. The precipitated amino-substituted polymer
was equilibrated for 30 minutes with the bulk of the solution and then 40
removed by filtration. More fractions were obtained by furtheraddition of
aliquots of isopropanol to the filtrate until the amino-substituted polymer
was almost completely precipitated. The last fraction was obtained by
evaporating the filtrate to a solid residue. Typically, the
amino-substituted polymer was divided into 8 or 10 fractions and these were
analyzed for ethylene residue content by infrared spectroscopy and for
norbornene residue content by changes in refractive index. As indicated by
the test results, amino-substituted polymers 45 employed in the present
invention preferably have substantially uniform compositionsof NCM, within
the chain molecularweight range of [err] to [err], which amount to within
15% and more preferably within 10% of the aver- age for the whole
amino-substituted polymer. The analysis of the norbornene residue content
indicated that no fraction of the amino-substituted polymer analyzed
contained more than 7% and preferably 5%, of the total weight of the
polymer, and that no fraction of the polymer analyzed contained 35% ormore
of the total amount 50 of amino functionality in the polymer. The
amino-substituted polymers were also analyzed for halogen content. For
purposes of this application, the halogen content of the polymer was
determined only for chlorine residues which appear to be the largest
fraction of halogen contaminates. Nevertheless, the analysis can be
generalized to other applicable halogens, i.e., bromine. Chlorine was
determined by elemental analysis according to instrumental techniques
established 55 in the art and organic chloride content in the polymer was
determined by the intensity of the absorbance of a polymerfilm of
standardized thickness at 610 [err] in the infrared spectrum where C-Cl
bonds absorbs strong- ly. The following examples are presented below to
illustrate the foregoing discussion for a better understand-   



EP 0 518 949 B1 ing of the invention. All parts, proportions and
percentages are by weight unless otherwise Indicated. Although the examples
may be directed to certain embodiments of the present invention, they are
not to be viewed as limiting the invention in any specific respect. In the
following examples, the following abbreviations have these meanings: 5
EADC       = ethyl aluminium dichloride EASC       = ethyl aluminium sesqui
chloride DIBAL-H    = di isobutyl aluminium-hydride NBCXA      =
5-norbornene-2-carboxaldehyde [err]      = aniline 10  [err]       =
n-butyl amine EXAMPLE 1 In separate runs, 2.5 mmol of NBCXA dissolved in 10
ml of hexane was slowly added, with stirring, to a 15  cold solution of 2.5
mmol of either n-butyl amine, or aniline in hexane. The addition was
performed under a nitrogen atmosphere and the reaction temperature was
maintained at [err] by external cooling. The reaction mixture was stirred
for 30 minutes and to the resultant cloudy mixture was added 20 gms of 4
Angstrom dry molecular sieve. After 30 minutes of contact with agitation
the clear solution of n-butyl imine or phenyl imine, respectively, of
NBCXAwas decanted off into a dry nitrogen filled flask. To this solution
was added 2.6 ml of 20  a 15% solution of DIBAL-H In hexane under nitrogen
over a period of 30 seconds. The solution temperature was allowed to warm
to ambient temperature [err] and after 30 minutes a pale yellow solution of
the masked amine monomer was obtained. [err] 35  wherein [err] = nBu or Ph
The course of the reaction was identified by C-1 3 NMR the solutions.
Solutions of the reaction with metal alkyls suitable for NMR analysis were
prepared, and C-I 3 NMR of the solutions was observed as described earlier.
The NMR results are shown in the Table below. 40 45 50 55 19    EP 0 518
949 B1 TABLE I C-13 NMR Data for S-Norbornene-2-Carboximine Complex with
Diisobutylaluminum hydride 5 (Data for Principle Endo Isomer Only) Compound
Carbox Carbon                Olefinic Carbon 10 5-Norbornene-
2-Carboxaldehyde(1)            198(d,170)         136.3(d,173)
131(d,171) 15 1+BuNH2(1:1) (2)              164.4(d,150)    135.9(d,168)
131.5 (d, 170) 20    l+PhNH2(1:1) (3)              166.5(d,153)
136.1(d,170)             131(d,165) 



2+[err] (1:1)               72(t,30)          136(d,165)
132(d,170) 25   3+(i-Bu)2AlH(1:1)              69.2(t,132) - All spectra in
hexane solution only 30      - Data in ppm from TMS; numbers in parenthesis
are coupling [err]-'HC (d=doublet; t=triplet) These experiments indicate
that the reduction of 5-norbornene-2-carboxyimine (Products 2 or 3) with
dii- sobutyl aluminum hydride leads to the formation of a single masked
amine monomer. EXAMPLE 2 35 79.0 g of 5-norbornene-2-carboxaldehyde
(NBCXA), (77.6 ml, 0.647 mole) were dissolved in 500 ml of hex- ane. 47.3 g
of n-butylamine (64 ml, 0.647 mole) was slowly added at 25%. The solution
was stirred for five minutes and cooled to-18C for several hours. The
liquid hexane layerwas decanted under nitrogen to remove the precipitated
waterwhich had frozen to ice and adhered to the sides ofthe reaction
vessel. The clean hexane 40  solution was removed under nitrogen to a
separate reactor and dried with 50 gms of dried 4A molecular sieve.
Afterthirty minutes, the hexane layercontaining the n-butyl mine of NBCXA
was separated from the molecular sieves and to it was added at -10C 80.3 gm
(0.647 mole) of diisobutylaluminum hydride as a 15% solution in hexane
under nitrogen. The solution was stirred under nitrogen for one hour to
yield the MNCM of 5-norbor- nene-2-methyl-(N-n-butyl) amine. The reactions
are summarized below: 45 50                      [err] 20    EP 0 518 949
B1 EXAMPLE 3 In this example, the MNCM obtained by reacting
5-norbornene-2-carbox-(N-n-butyl) imine with dilsobutyl aluminum hydride in
an equimolar ratio was introduced into an EP polymerization reactor. The
object was to 5   determine if this MNCM was acceptable for introducing
secondary amine functionality in EP. The MNCM was made according to the
procedures described below. 77.6 ml of 5-norbornene-2-carboxaldehyde
(NBCXA) (79.0 gm) was slowly added to a solution of 64 ml of n-butylamine
(47.4 gms) in 500 ml of hexane solution. The mixture was allowed to stand
for 3 hours at [err] [err] and separated from the precipitated water. The
clear hexane solution was dried by standing over 4A 10  mole sieves for 2
hours and slowly added to a solution of 80.2 gm of diisobutyl aluminum
hydride in 1000 ml of hexane at -30C under a nitrogen blanket. After 3
hours at room temperature, the resultant solution was ready for
introduction 5 into the polymerization reactor. The conditions of
polymerization are shown in Table 11 and the results in Table III: 15
Table II Conditions Reactor                = 3.875  liter  (CFSTR)
Temperature             = [err] Pressure               = 500 Kpa gauge
Agitation              =  1200  rpm 25               Residence
=  9 min. Al/V Molar Ratio = 10 for catalysts compounds 30
Hexane                 = 23.9  liters/hr. Ethylene               = 363
g/hr. Propylene              =  643 g/hr. [err]                - 1.896
g/hr. EASC                   = 1.22 g/hr. 



EADC                   = 12.48 g/hr. Hydrogen               = 120 w ppm on
ethylene 40              NCM  (masked as above)              = 23.40 g/hr.
Table III 45 Polymerization  Parameters                     Polymer
Proportion Rate          Catalyst               Ethylene
[err](1+8)         MNCM 50      (g/hr)   Efficiency  (g/g)   Content
(wt%)    (100C)   (conv %) 766               405                      45.8
18           93 The results of this example show that polymerization with
the MNCM generated by the addition of diiso- 55 butyl aluminum hydride to
imines is an acceptable method for incorporating amine functionality in EP.
21    EP 0 518 949 B1 EXAMPLE 4 In this example, amino-substituted EP
polymer obtained by the procedures described in Example 3 was analyzed for
distribution of functionality along the polymer chains. The objectwas to
demonstrate that the for- 5 mation of MNCM by reaction with nonhalogenated
aluminum alkyls lead to a substantially uniform distribution of
functionality in the polymer chain. The polymer was analyzed by (i) the gel
permeation chromatography method and (ii) the solvent-nonsolvent
fractionation method according to the procedures outlined earlier and
described in detail below. 102 gms of the polymer made in Example 3, with
diisobutyl aluminum hydride as the masking agent, was 10   dissolved In 500
ml of hexane. To the clear solution was added with magnetic stirring
isopropanol from a bur- ette. After addition of approximately 35 ml of
isopropanol a slight white precipitate was obtained. The rate of addition
of isopropanol was slowed to -1 drop/minute and agitation continued until a
sizeable amount of poly- mer was precipitated. The precipitated polymer was
equilibrated with the remaining solution by slow agitation at room
temperature for 30 minutes. The slurry was filtered through a weighed
filter paper and the residue 15 dried to obtain the first fraction. To the
filtrate was added a further amount of isopropanol (approx. 7 ml) to
precipitate the second fraction which was removed in an identical manner.
Continuing this process eight frac- tions of approximately equal weight
were obtained with the last fraction being obtained by evaporation of the
filtrate of the seventh precipitation. The fractions were labelled in their
order of precipitation and each aliquot was recovered, dried and analyzed
according to the techniques described above by a combination of infrared 20
spectroscopy and refractive index. Table IV 25       Fraction
wt (gms)               NCM Content  (wt %)[err] 1                    1.2
1.3 2                    1.0                           1.4 3
1.4                           1.5 4                    1.0
1.4 5                    1.3                           1.5 6
1.1                           1.3 35            7                    1.7
1.5 8                    1.5                           1.3 40         Note
(1):   NCM content determined by refractive index, which is proportional to
the actual weight percent. 



45     The analysis of the amino-substituted polymer shows that the polymer
has a substantially uniform dis- tribution of amino functionality among the
polymer chains. EXAMPLE 5 so     In this example, the amino-substituted EP
polymer made by the procedures set forth in Example 3 was analyzed for
chlorine. Chlorine content was determined by two procedures, i.e., (i) a
total chlorine content by elemental analysis, and (ii) a measure of organic
chlorine by infrared spectroscopy. 5.1 gms of the polymer was dissolved in
200 ml of hexane. The solution was filtered to remove all sus- pended
impurities. Sufficient isopropanol to precipitate all the polymer was then
slowly added with stirring to 55 the clear filtrate. The precipitated
polymerwas recovered by filtration, dried and analyzed by chlorine content.
The amino-substituted polymer was found to contain 101 ppm Cl by elemental
analysis, and to provide 0.03 absorbance at 610 [err] by infrared
spectroscopy (absorbance measured for a film of uniform thickness of 0.0508
cm (2/100 inch) with similar film of nonfunctionalized EP as reference). 22
EP0518949B1 As indicated above, the amino-substituted polymercan comprise a
polyolefin substituted by amino groups prepared by halogenation of a
polyolefin toform a polymersubstituted by halogen groups, followed by
reaction of this halogenated polymer with an amine. Such processes are
conventional (and are disclosed, e.g, in U.S. Patents 3,275,554, 3,438,757,
3,565,804, and 4,000,353) where the halogen group on the halogenated poly-
5   mer is displaced with the nitrogen-containing compound In the
subsequent reaction therewith. For example, a polymer of a [err] to [err]
monoolefin, e.g., polyethylene, polypropylene or polyisobutylene, (e.g.,
having a [err] of greater than 10,000, such as 15,000to 500,000 ormore,
generallyfrom 20,000to 250,000) is halogenated with either bromine or
chlorine; preferably the latter. The halogen may be conveniently added as
gaseous chloride, liquid bromine, or a hydrohalogen, e.g., HCl or HBr gas.
10     The amount of halogen introduced will depend on the particular
polymer used, the desired amount of amine to be introduced into the
molecule, the particular alkylene amine used, and the halogen used. The
amountof halogen Introduced will generally be in the range from 1 to 5
halogen atoms per molecule, depending on the reactivity of the resulting
halide. On a weight percent basis, the amount of halide will generally
range from 1 to 25, more usually from 1 to 10. 15     The halogenation step
may be conducted in the temperature range of from ordinary ambient
temperatures to 120C. To aid in the halogenation step, the polymer may be
dissolved in a suitable solvent, such as carbon tetrachloride, in orderto
lowerthe viscosity of the polymer, although the use of such a solvent is
not necessary. The time required for halogenation may be varied to some
extent by the rate at which the halogen is in- troduced. Ordinarily from 2
to 5 hours is a satisfactory halogenation period. 20     The halogenated
polymer and amine compound (e.g., ammonia, alkylene polyamine or
polyalkylene poly- amine) may be brought together in the presence or in the
absence of an Inert solvent, particularly a hydro- carbon solvent. The
inert hydrocarbon solvent may be aliphatic or aromatic. Also, aliphatic
alcohols may be used by themselves or in combination with another solvent,
when capable of dissolving the reactants. The reaction may be carried out
at room temperature (20C), but elevated temperatures are preferred. 25
Usually, the temperature will be in the range of from [err] to [err].
Depending on the temperature of the re- action, the particular halogen
used, the mole ratios and the particular amine, as well as the reactant
concen- trations, the time may vary from 1 to 24 hours, more usually from 3
to 20 hours. Times greatly in excess of 24 hours do not particularly
enhance the yield and may lead to undesirable degradation. It is therefore
pre- ferred to limit the reaction time to fewer than 24 hours. 30     The
mole ratio of halogenated polymer to amine compound will generally be in
the range from 0.2 to 10 moles of amine compound per mole of halogenated
polymer, more usually 0.5 to 5 moles of amine compound per mole of
halogenated polymer. The mole ratio will depend upon the amount of halogen
present in the ha- 



logenated polymer, the particular halogen and the desired ratio of
halogenated polymer to amine compound. After the reaction has been carried
out for a sufficient length of time, the reaction mixture may be ex- 35
tracted with a hydrocarbon medium to free the product from any low
molecular weight amine salt which has formed. The product may then be
isolated by evaporation of the solvent. Further separation from unreacted
hydrocarbon or purification may be carried out as desired, e.g.,
chromatography. THE ALDEHYDE MATERIAL 40 The aldehyde reactants employed in
preparing the materials of this Invention will generally comprise for-
maldehyde or paraformaldehyde, although it will be understood that other
aldehyde-group containing com- pounds, such as C2 to [err] hydrocarbyl
aldehydes (e.g., butyraldehyde, acetaldehyde, Propionaldehyde, and the
like) can also be employed. Apreferred group of aldehyde materials are
compounds of theformula: R"CHO, 45 wherein R" is H, aliphatic hydrocarbon
radical (e.g., having from 1 to 4 carbon atoms), oraromatic radical (e.g.,
having from 6 to 10 carbon atoms). THE HETEROCYCLIC NITROGEN REACTANTS 50
The heterocyclic nitrogen reactants useful in present invention comprise
heterocyclic compounds contain- ing a 5- or 6- membered ring with one
nitrogen hetero-atom or two or three adjacent nitrogen hetero-atoms, in
which two adjacentcarbon atoms of the heterocyclic ring mayform partof
afurther6-aromatic, heterocyclic or alicyclic ring system, wherein the
heterocyclic compound contains at least 1 -N(H)- ring group. The hetero-
cyclic compound can contain other hetero-atoms, usually O or S. Preferably,
the heterocyclic ring is unsatu- 55  rated. The 6 membered ring system,
part of which may be formed by two adjacent carbon atoms of the hetero-
cyclic ring, can comprise an aromatic ring system, for example, a benzene
ring or naphthalene ring system. This adjacent 6-numbered aromatic ring
system can also comprise a heterocyclic ring and an ethylenically un- 23
EP0518941B1 saturated alicyclic ring system. The heterocyclic ring and the
adjacent 6-numbered ring system may be substituted or unsubstituted. (Pre-
ferably substitution in such systems occurs on carbon-atoms of the ring).
Suitable substituents comprise alkyl, alkaryl, aryl, aralkyl or alkenyl,
such as alkyl groups of from 1-10 carbon atoms (methyl, ethyl, propyl,
butyl, 5   pentyl, decyl and the like), aryl are from 6-10 carbon atoms
(such as phenyl and naphthyl), alkaryl and aralkyl are from 7-10 carbon
atoms (tolyl, xylyl, ethylphenyl, and the like) and alkenyl of 2-10 carbon
atoms (such as ethenyl, propenyl, butenyl, decenyl, and the like). Suitable
substiutents also include polar substituents, pro- vided that the polar
substituents are not present In proportions sufficiently large to alter
significantly the hy- drocarbon character of the hydrocarbyl group. Such
polar substituents are exemplified by chloro, bromo, keto, 10  etheral,
aldehydo ornitro. The upper limitwith respecttothe proportion of such
polarsubstituents on the group is about 10 wt% based on the weight of the
hydrocarbyl portion of the group. Such polar substituent containing groups
are referred to as hydrocarbyl groups throughout this specification.
Preferred herein are heterocyclic compounds of the formula: 15 [err]
wherein Z is N, C(H) or C(R*), and R** is H, -OH, -Cl, -I or R*, wherein R*
is [err] to [err] hydrocarbyl (most pre- ferably [err] to [err] alkyl). 25
Exemplary of heterocyclic reactants useful in this invention are triazole,
benzotriazole, 5-methyl benzotria- zole, 5-ethyl benzotriazole, 5-butyl
benzotriazole, 5-propyl benzotriazole, 5-dodcyl benzotriazole, 2-methyl
benzotriazole, 2-ethyl benzotriazole, 2-butyl benzotriazole, 2-propyl
benzotriazole, 2-dodecyl benzotriazole, 5,7-dimethyl benzotriazole,
5,7-diethyl benzotriazole, 5,7-dibutyl benzotriazole, 5,7-dipropyl
benzotriazole, 



5,7-didodecyl benzotriazole, naphthotriazole, 5-methyl naphthotriazole,
5-ethyl naphthotriazole, 5-butyl 30  naphthotriazole, 5-propyl
naphthotriazole, 5-dodecyl naphthotriazole, imidazole, 4-methyl imidazole,
4-ethyl imidazole, 4-butyl imidazole, 4-propyl imidazole, 4-dodecyl
imidazole, 5-methyl imidazole, 5-ethyl imidazole, 5-butyl imidazole,
5-propyl imidazole, 5-dodecyl imidazole, benzimidazole, 5-methyl
benzimidazole, 5-ethyl benzimidazole, 5-butyl benzimidazole, 5-propyl
benzimidazole, 5-dodecyl benzimidazole, 2-methyl benzimi- dazole, 2-ethyl
benzimidazole, 2-butyl benzimidazole, 2-propyl benzimidazole, 2-dodecyl
benzimidazole, 5,7- 35    dimethyl benzimidazole, 5,7-diethyl
benzimidazole, 5,7-dibutyl benzimidazole, 5,7-dipropyl benzimidazole,
5,7-didodecyl benzimidazole, pyrrole, 3-methyl pyrrole, 3-ethyl pyrrole,
3-butyl pyrrole, 3-propyl pyrrole, 3- dodecyl pyrrole, 4-methyl pyrrole,
4-ethyl pyrrole, 4-butyl pyrrole, 4-propyl pyrrole, 4-dodecyl pyrrole,
5-me- thyl benzpyrrole, pyrazole, 5-methyl benzpyrazole, 5-ethyl
benzpyrazole, 5-butyl benzpyrazole, 5-propyl benz- pyrazole, 5-dodecyl
benzpyrazole, 7-methyl benzpyrazole, 6-ethyl benzpyrazole, 7-butyl
benzpyrazole, 6-pro- 40  pyl benzpyrazole, 7-dodecyl benzpyrazole,
5,7-dimethyl benzpyrazole, 5,7-diethyl benzpyrazole, 5,7-dibutyl
benzpyrazole, 5,7-dipropyl benzpyrazole, 5,7-didodecyl benzpyrazole,
2-pyrroline, 3-pyrroline, 3-pyrazoline, carbazole, 5-methyl carbazole,
Indole, 3-methyl indole, 3-ethyl indole, 3-butyl indole, 3-propyl indole,
3-dodecyl indole, 4-methyl indole, 4-ethyl indole, 4-butyl indole, 4-propyl
indole, 4-dodecyl indole, pur- 45  ine, phenothiazine, phenoxazine,
perimidine, and the like. Most preferred are benzotriazole and
tolyltriazole. PREPARATION OF THE MANNICH BASE DERIVATIVES so      The
amino-substituted polymer is reacted with the aldehyde and heterocyclic
reactant in accordance with this invention by contacting In a reaction
zone. The reactants are contacted for a time and under conditions effective
to react the aldehyde, reactive amine groups of the amino-substituted
polymer and the -NH groups of the heterocyclic nitrogen reactant to form a
Mannich Base condensation product containing heterocyclic ni- trogen units
bound to at least a portion of the amino-substituted polymer through a
hydrocarbylene group de- 55  rived from the aldehyde (e.g., a methylene
[err] group derived from formaldehyde). The conditions of temperature and
pressure under which the reaction occurs can vary widely, and gen- erally
temperatures of from 0 to [err], preferably from 25 to 150C. Temperatures
of less than 0C can be used but undesirably slow reaction rates can result.
Reaction temperatures of greater than 200C, up to the 24    EP 0 518 949 B1
decomposition point of the reactants or reaction products, can also be
employed, with the attendantformation of by-products. The pressures in the
reaction zone will be sufficient to maintain a liquid reaction medium, and
generally pressures from 0.1 to 1000 kPa, and preferably from 1 to 100 kPa,
will be employed. The reaction can be carried out in a batchwise,
continuous or semicontinuous manner, in one or more re- 5   action zones.
The reaction can be conducted in any conventional apparatus such as stirred
tank reactors, tub- ular flow reactors and the like. The reactants can be
charged to the reaction zone continuously or intermittently, together or
sequentially, in any order. Generally, the amino-substituted polymer and
any solvent for the reaction will be first charged to the reaction zone,
followed by aldehyde reactant and then by addition of the heterocyclic
nitrogen reactant, 10 which can, if desired, be introduced to the reaction
zone as a mixture of the aldehyde and heterocyclic nitrogen reactants.
Preferably, the amino-substituted polymer is not contacted with the
heterocyclic nitrogen reactant in the absence of the aldehyde reactant at
reaction conditions. The process of the present invention can be
accomplished using a wide range of ratios of reactants, and the
amino-substituted polymer aldehyde reactant:heterocyclic nitrogen reactant
will generally be charged In 15  a ratio of from 1:0.1:0.1 to 1:50:50,
preferably from 1:0.2:0.2 to 1:10:1 0, and more preferably from 1:0.5:0.5
to 1:5:5, molar equivalents of amino-substituted polymer moles of aldehyde
reactant:moles of heterocyclic ni- 



trogen reactant. The reaction can be conducted in the absence, or In the
presence, of a diluent or solvent for the amino- substituted polymer.
Suitable solvents include mineral and syntheticlubricating oils, and
hydrocarbon solvents 20 such as aliphatics, cycloaliphatics, and aromatic
hydrocarbon solvents, or halogenated versions of such sol- vents. The
preferred solvents are [err] or lower straight-chain or branched-chain,
saturated hydrocarbons, and [err] to [err] saturated alicyclic or aromatic
hydrocarbons, or [err] to [err] halogenated hydrocarbons. Non-limiting il-
lustrative examples of diluents orsolvents are butane, pentane, hexane,
heptane, cyclopentane, cyclohexane, cycloheptane, methyl cyclopentane,
methyl cyclohexane, isooctane, benzene, toluene, xylene, chloroform, 25
chlorobenzenes, tetrachloroethylene, dichloroethane and trichloroethane.
The reaction time can vary widely, and will depend on such factors as the
amount of reactants employed, the size of the reaction vessel,
thetemperature and otherfactors. Generally, the reaction time will range
from 0.5 to 48 hours, and more typically from 2 to 12 hours. The
heterocyclic nitrogen reactants are attached to one or more of the nitrogen
atoms of the amino-sub- 30 stituted polymer through the residue of the
aldehyde employed, e.g., [err] In the case of formaldehyde. For the
amino-substituted interpolymers employed in this invention, this can be
illustrated as follows: [err] 45 wherein EP represents the balance of the
polymer, and R** is H, -OH, -Cl, -I, or [err] to [err] hydrocarbyl.
Similarly, the use of amino-substituted polymers, prepared by amination of
halogenated polymers, can be illustrated as follows: 50 [err]
EP0518949B1 wherein "Poly" represents the balance of the polymer and R** is
as defined above. Generally, from 50 to 100 wt.% (and preferably from 80 to
100 wt.%) of the N atoms in the amino-substi- tuted polymer will be primary
and/or secondary, and therefore reactive with the aldehyde and heterocyclic
nitrogen reactants, and preferably at least 10 wt.% of the reactive N atoms
(e.g., from 10 to about 100 wt.%), 5   and more preferably at least about
50 wt.% (e.g., from 50 to 100 wt.%) of the reactive N atoms in the amino-
substituted polymerwill be reacted with the aldehyde and heterocyclic
nitrogen reactant to form >N-ald-hetero N groups (wherein "ald" is the
linking unit derived from the aldehyde reactant and "hetero N" is the
residue of the heterocyclic nitrogen reactant). The Mannich base
derivatives of the amino-substituted polymers prepared bythe process of
this invention 10 are soluble in common organic solvents and in mineral
oils. The novel polymers of this invention are useful In oleaginous
compositions as dispersant-viscosity index improver additives or as
dispersant additives, and possess antioxidant and antiwear properties. The
polymers of this Invention are characterized by improved thermooxidative
and thermal stability properties compared to the amino-substituted polymers
from which they are prepared. The polymers of this invention also find
utility in other applications such as thermoplastic 15 systems, and are
capable of being cast into coherent films, being used as additives for
conventional thermo- plastics, and the like. As pointed out above, the
products of this Invention prepared from amino-substituted polymers having
(a) a [err] of from 500 to 1 0,000 (preferablyfrom 800to 5,000) are useful
as dispersant additives in oleaginous compositions and (b) a [err] offrom
greaterthan 10,000 to 200,000 ormore (preferablyfrom 20,000 to 150,000) are
useful as viscosity index improver dispersants in oleaginous compositions.
20 OLEAGINOUS COMPOSITIONS The additives of the present invention can be
incorporated into a lubricating oil (or a fuel in any convenient way. Thus,
these mixtures can be added directly to the lubricating oil (or fuel) by
dispersing ordissolving the 



25 same in the lubricating oil (or fuel) at the desired level of
concentration of the dispersant. Such blending into the additional
lubricating oil (or fuel) can occur at room temperature or elevated
temperatures. Alternatively, the additives can be blended with a suitable
oil-soluble solvent/diluent (such as benzene, xylene, toluene, lu-
bricating base oils and petroleum distillates, including the various
normally liquid fuels described in detail be- low) to form a concentrate,
and then blending the concentrate with a lubricating oil (or fuel) to
obtain the final 30 formulation. Such additive concentrates will typically
contain (on an active ingredient (A.I.) basis) from 3 to 45 wt%, and
preferably from 10 to 35 wt.%, of the additives of the present invention,
and typically from 30 to 90 wt.%, preferably from 40 to 60 wt.%, base oil,
based on the concentrate weight. The additives of the present invention
possess very good dispersant and antioxidant properties as meas- ured
herein in a wide variety of environments. Accordingly, the additives are
used by incorporation and dis- 35 solution into an oleaginous material such
as fuels and lubricating oils. When the additives of this invention are
used in normally liquid petroleum fuels such as middle distillates boiling
from [err] to [err], including ker- osene, diesel fuels, home heating fuel
oil, Jet fuels, etc., a concentration of the additives in the fuel in the
range of typically from 0.001 to 0.5, and preferably 0.005 to 0.15 weight
percent, based on the total weight of the composition, will usually be
employed. The properties of such fuels are well known as illustrated, for
ex- 40 ample, byASTM Specifications D #396-73 (Fuel Oils) and D #439-73
(Gasolines) available from the American Society for Testing Materials
("ASTM"), 1916 Race Street, Philadelphia, Pennsylvania 19103. Normally
liquid fuel compositions comprising non-hydrocarbonaceous materials such as
alcohols, ethers, organo-nitro com- pounds and the like (e.g., methanol,
ethanol, diethyl ether, methyl ethyl ether, nitromethane) are also within
the scope of the invention. Such materials can be mixed with the
hydrocarbon fuel In varying amounts of up 45 to 10-20% or more. For
example, alcohols such as methanol, ethanol, propanol and butanol, and
mixtures of such alcohols are included in commercial fuels in amounts of up
to about 10%. Other examples of materials which can be mixed with the fuels
include diethyl ether, methyl ethyl ether, methyl tertiary butyl ether, and
nitromethane. Alsowithin the scope of the invention are liquid fuels
derived from vegetable ormineral sources such as corn, alfalfa, shale and
coal. Normally liquid fuels which are mixtures of one or more hydrocarbona-
50 ceous fuels and one or more non-hydrocarbonaceous materials are also
contemplated. The fuel compositions of this invention can contain, in
addition to the products of this invention, other ad- ditives which are
well known to those of skill in the art. These can include anti-knock
agents such as tetraalkyl lead compounds, lead scavengers such as
haloalkanes, deposit preventers or modifiers such as triaryl phos- phates,
dyes, cetane Improvers, antioxidants such as
2,6-ditertiary-butyl-4-methylphenol, rust inhibitors, bac- 55 teriostatic
agents, gum Inhibitors, metal deactivators, upper cylinder lubricants and
the like. The additives ofthe present inventionfind their primary utility
in lubricating oil compositionswhich employ a base oil in which the
additives are dissolved or dispersed. Such base oils may be natural or
synthetic. Base oils suitable for use in preparing the lubricating oil
compositions of the present invention Include those con- 26    EP0518949B1
ventionally employed as crankcase lubricating oils forspark-ignited and
compression-ignited internal combus- tion engines, such as automobile and
truck engines, marine and railroad diesel engines, and the like. Advan-
tageous results are also achieved by employing the additives of the present
Invention in base oils conven- tionally employed in and/or adapted for use
as powertransmitting fluids, universal tractorfluids and hydraulic 5
fluids, heavy duty hydraulic fluids, power steering fluids and the like.
Gear lubricants, industrial oils, pump oils and other lubricating oil
compositions can also benefit from the Incorporation therein of the
additives of the present invention. These lubricating oil formulations
conventionally contain several differenttypes of additives thatwill sup-
ply the characteristics that are required in the formulations. Among these
types of additives are included vis- 10  cosity index improvers,
antioxidants, corrosion inhibitors, detergents, dispersants, pour point
depressants, 



antiwear agents, friction modifiers, etc., as described in U. S. Patent
4,797,219. Some of these numerous ad- ditives can provide a multiplicity of
effects, e.g., a dispersant-oxidation inhibitor. This approach is well
known and need not be further elaborated herein. In the preparation of
lubricating oil formulations it Is common practice to introduce the
additives in the 15  form of 10 to 80 wt. %, e.g., 20 to 80 wt. % active
Ingredient concentrates in hydrocarbon oil, e.g., mineral lubricating oil,
or other suitable solvent. Usually these concentrates may be diluted with 3
to 100, e.g., 5 to 40 parts by weight of lubricating oil, per part by
weight of the additive package, in forming finished lubricants, e.g.,
crankcase motor oils. The purpose of concentrates, of course, Is to make
the handling of the various ma- terials less difficult and awkward as well
as to facilitate solution or dispersion in the final blend. Thus, a dis- 20
persant would be usually employed in the form of a 40 to 50 wt. %
concentrate, for example, in a lubricating oil fraction. The additives of
the present invention will be generally used In admixture with a lube oil
basestock, com- prising an oil of lubricating viscosity, including natural
and synthetic lubricating oils and mixtures thereof. Natural oils include
animal oils and vegetable oils (e.g., castor, lard oil) liquid petroleum
oils and hydro- 25  refined, solvent-treated or acid-treated mineral
lubricating oils of the paraffinic, naphthenic and mixed paraf-
finic-naphthenic types. Oils of lubricating viscosity derived from coal or
shale are also useful base oils. Alkylene oxide polymers and interpolymers
and derivatives thereof where the terminal hydroxyl groups have been
modified by esterification, etherification, etc., constitute another class
of known synthetic lubri- cating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide 30
or propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene
polymers (e.g., methyl-poly isopropylene glycol ether having an average
molecular weight of 1000, diphenyl ether of poly-ethylene glycol having a
mo- lecular weightof 500-1000, diethyl ether of polypropylene glycol having
a molecular weight of 1000-1500); and mono- and polycarboxylic esters
thereof, for example, the acetic acid esters, mixed [err] fatty acid esters
and [err] Oxo acid diester of tetraethylene glycol. 35      Anothersuitable
class of synthetic lubricating oils comprises the estersof dicarboxylic
acids (e.g., phthalic add, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, se- basic acid,
fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic
acids, alkenyl malonic acids) with a variety of alcohols (e.g., butyl
alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene
glycol, diethylene glycol monoether, propylene glycol). Specific examples
of these esters include dibutyl adi- 40  pate, di(2-ethylhexyl)sebacate,
di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl
azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the
2-ethylhexyl diester of linoleic acid dimer, and the complex ester formed
by reacting one mole of sebacic acid with two moles of tetraethylene glycol
and two moles of 2-ethylhexanoic acid. Esters useful as synthetic oils also
include those made from [err] to [err] monocarboxylic acids and polyols 45
and polyol ethers such as neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol and tripen- taerythritol. Silicon-based
oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxysiloxane
oils and silicate oils comprise another useful class of synthetic
lubricants; they include tetraethyl silicate, tetraisopropyl sili- cate,
tetra-(2-ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate,
tetra-(p-tertbutylphenyl)silicate, hexa- 50 (4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes and poly(methylpheny)siloxanes. Other synthetic lu-
bricating oils include liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, diethyl ester of decylphosphonic
acid) and polymeric tetrahydrofurans. Unrefined, refined and rerefined oils
can be used in the lubricants of the present invention. Unrefined oils are
those obtained directly from a natural or synthetic source without further
purification treatment. For ex- 55   ample, a shale oil obtained directly
from retorting operations, a petroleum oil obtained directly from
distillation or ester oil obtained directly from an esterification process
and used without further treatment would be an unrefined oil. Refined oils
are similar to the unrefined oils except they have been further treated in
one or more purification steps to improve one or more properties. Many such
purification techniques, such as dis- 27 



EP0518949B1 tillation, solvent extraction, acid or base extraction,
filtration and percolation are known to those skilled in the art. Rerefined
oils are obtained by processes similar to those used to obtain refined oils
applied to refined oils which have been already used in service. Such
rerefined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques for removal of spent additives and
oil breakdown prod- 5   ucts. Compositions when containing these
conventional additives are typically blended Into the base oil in amounts
effective to provide their normal attendant function. Representative
effective amounts of such ad- ditives (as the respective active
ingredients) In the fully formulated oil are illustrated as follows: 10
Wt.% A.I.                 Wt.% A.I. Compositions                (Preferred)
(Broad) Viscosity Modifier                  0.01-4
0.01-12 Detergents                          0.01-3
0.01-20 Corrosion  Inhibitor                0.01-1.5
.01-5 Oxidation  Inhibitor                0.01-1.5
.01-5 Dispersant                          0.1-8
.1-20 20        Pour Point Depressant               0.01-1.5
.01-5 Anti-Foaming Agents                 0.001-0.15
.001-3 Anti-Wear Agents                    0.001-1.5
.001-5 25        Friction Modifiers                  0.01-1.5
.01-5 Mineral Oil Base                   Balance
Balance When other additives are employed, it may be desirable, although
not necessary, to prepare additive con- 30 centrates comprising
concentrated solutions or dispersions of the novel dispersants of this
invention (in con- centrate amounts hereinabove described), togetherwith
one or more of said other additives (said concentrate when constituting an
additive mixture being referred to herein as an additive-package) whereby
several ad- ditives can be added simultaneously to the base oil to form the
lubricating oil composition. Dissolution of the additive concentrate into
the lubricating oil may be facilitated by solvents and by mixing
accompanied with 35  mild heating, but this is not essential. The
concentrate or additive-package will typically be formulated to con- tain
the additives in proper amounts to provide the desired concentration in the
final formulation when the additive-package is combined with a
predetermined amount of base lubricant. Thus, the dispersants of the
present invention can be added to small amounts of base oil or other
compatible solvents along with other desirable additives to form
additive-packages containing active ingredients in collective amounts of
typically 40  from 2.5 to 90%, and preferably from 15 to 75%, and most
preferably from 25 to 60% by weight additives in the appropriate
proportions with the remainder being base oil. The final formulations may
employ typically about 10 wt. % of the additive-package with the remainder
being base oil. The multi-functional viscosity index improvers of the
instant invention may be utilized in a concentrate 45 form, e.g., from 5
wt.% up to 50 wt.%, preferably 7 to 25 wt.%, in oil, e.g., mineral
lubricating oil, for ease of handling, and may be prepared in this form by
carrying out the reaction of the invention in oil as previously discussed.
All of said weight percents expressed herein (unless otherwise indicated)
are based on active ingredient (A.I.) content of the additive, and/or upon
the total weight of any additive-package, or formulation which will 50 be
the sum of the A.I. weight of each additive plus the weight of total oil or
diluent. This invention will be further understood by reference to the
following examples, wherein all parts are parts by weight, unless otherwise
noted and which include preferred embodiments of the invention. EXAMPLE 6 



55 13.2 ml. of 5-norbornene-2-methylamine (NBMA) (12.8 gm.) was added to
200 ml of hexane. To this sol- ution was added 81 ml. of a20 wt.% solution
of diisobutyl aluminum hydride (DIBAL-H) in hexane at [err] under a
nitrogen blanket over a period of 90 seconds. The resultant solution
containing the MNCM was introduced 28    EP 0 518 949 B1 into the
polymerization reactor to prepare an amino-substituted EP interpolymer. The
conditions of polymeri- zation are shown in Table V and the results in
Table VI: Table V 5 Conditions Reactor                 = 3.875 liter
(CFSTR) 10 Temperature                             =  [err] Pressure
- 500 kPa gauge Agitation               =  1200 rpm Residence Time    =  9
min. 15 Al/V Molar Ratio =  10 for catalyst  compounds Hexane
= 4.22  kg/hr. 20                Ethylene                =  67.5  g/hr.
Propylene               =  162.1 g/hr. VC14                    =  0.646
g/hr. 25                EADC                    = 4.25  g/hr. Hydrogen
= 120 w ppm  on ethylene NCM (masked as above)               =  1.917
g/hr. 30 Table VI 35     Polymerization Parameters
Polymer Proportion Rate          Catalyst                 Ethylene
ML(1+4)       MNCM (g/hr)   Efficiency  (g/g)  Content  (wt.%)   [err]
(cony %) 173              267                   36.8                 6.7
92 40 The resulting amine grafted ethylene propylene polymer was isolated
as follows. 500 ml. of the hexane solution was mixed with a 10% solution of
diluted HCI in 500 ml. of 1:1 water and i-PA at [err] for 1 hour. At the
end of the period, the water layer was removed and the supernatent hexane
layer was washed with 500 45 ml. of water. The pH of the hexane layerwas
adjusted to 7 and the polymer recovered byevaporation of solvent. EXAMPLE 7
Into a 500 ml. reaction flask was introduced 10 g. of the amino-substituted
interpolymer produced as in 50 Example 6, dissolved In 200 ml. of THF. The
mixture was stirred at room temperature, and a solution of 0.8 ml. of 37%
formaline (0.01 mole) was added to the above polymeric solution. Then 1.31
g. (0.011 mole) ben- zotriazole, dissolved In 50 ml. THF, was added. The
entire mixture was stirred for 12 hours at room tempera- ture. Then, the
THF and waterwas removed on rotary evaporator. The solid obtained was
washed with acetone and dried. Analysis: 0.196 wt.% N. 55      The product
polymer analyzed for 0.196 wt% N, compared to the 0.06 wt % N In the
amino-substituted polymer charged to the Mannich Base reaction zone. FTIR
spectra of the Mannich base polymer product so 



obtained showed characteristic absorption peaks due to benzotriazole along
with peaks due to the parent poly- mer. The Mannich base polymer product
was found to be soluble in tetrahydrofuran, heptane, xylene and min- 29
EP 0 518 949 B1 eral lubricating oil. The above benzotriazole-EPDM polymer
Mannich Base productwas analyzed bythermal gravimetricana- lysis under air
(Perkin Elmer II model) to determine the polymers thermooxidative
stability. A TGA analysis ofthe amino-substituted interpolymerof Example 6
was also made as a comparison. The data thereby obtained 5   are
Illustrated In Figure 1. These data indicate that the [err] onset
decomposition (in air) of the amino-sub- stituted interpolymer of Example 6
was increased to 4300C for the product of Example 7. These data indicate
the benzotriazole EPDM reacted polymer is more stable than its
amino-substituted polymer presursor by about [err] at a weight loss of 50
wt%. 10 EXAMPLE 8 The procedure of Example 7 was repeated employing 7.4 g
of the amino-substituted polymer produced as in Example 6, dissolved in 100
ml of THF, except that 0.00074 mole of formaline was added (as the 37%
formaline solution), and 0.075 g (0.000635 mole) of benzotriazole dissolved
in 20 ml was employed. The THF 15  was evaporated by stripping with dry
gaseous [err], and the solid product was washed with acetone and dried. The
product thereby obtained was found by analysis to contain 0.184 wt.% N. The
benzotriazole Mannich base polymer product of Example 8 was then tested for
sludge inhibition (via the SIB test) and varnish inhibition (via the VIB
test), as described below. The SIB test has been found, after a large
number of evaluations, to be an excellent test for assessing 20  the
dispersing power of lubricating oil dispersant additives. The medium chosen
for the SIB test was a used crankcase mineral lubricating oil composition
having an original viscosity of about 325 SUS at [err] that had been used
In a taxicab that was driven generally for short trips only, thereby
causing a buildup of a high concentration of sludge precursors. The oil
that was used con- tained only a refined base mineral lubricating oil, a
viscosity index improver, a pour point depressant and zinc 25
dialkyldlthiophosphate antiwear additive. The oil contained no sludge
dispersant. A quantity of such used oil was acquired by draining and
refilling the taxicab crankcase at 1000-2000 mile Intervals. The SIB test
was conducted In the following manner the aforesaid used crankcase oil,
which was milky brown in color, was freed of sludge by centrifuging for one
hour at about 39,000 gravities (gs.). The resulting clear bright red
supernatant oil was then decanted from the Insoluble sludge particles
thereby separate out 30  However, the supernatant oil still contained
oil-soluble sludge precursors which on heating under the condi- tions
employed by this test will tend to form additional oil-insoluble deposits
of sludge. The sludge inhibiting properties of the additives being tested
were determined by adding to portions of the supernatant used oil, a small
amount of the particular additive being tested. Ten grams of each blend
being tested were placed in a stainless steel centrifuge tube and were
heated at [err] for 16 hours In the presence of air. Following the 35
heating, the tube containing the oil being tested was cooled and then
centrifuged forabout 30 minutes at room temperature at about 39,000 gs. Any
deposits of new sludge that form in this step were separated from the oil
by decanting the supernatant oil and then carefully washing the sludge
deposits with 25 ml of heptane to remove all remaining oil fromthesludge
and furthercentrifuging. The weightof the new solid sludge thatforms in the
test in milligrams, was determined by drying the residue and weighing It
The results were reported as 40  amount of precipitated sludge in
comparison with the precipitated sludge of a blank not containing any addi-
tional additive, which blankwas normalized to a rating of 10. The less new
sludge precipitated in the presence of the additive, the lower the SIB
value and the more effective was the additive as a sludge dispersant. In
other words, If the additive gave half as much precipitated sludge as the
blank, then it would be rated 5.0 since the blank will be normalized to 10.



45      The VIB test was used to determine varnish inhibition. Here, each
test sample consists of 10 grams of lubricating oil containing a small
amount of the additive being tested. The test oil to which the additive was
admixed was of the same type as used in the above-described SIB test. Each
ten gram sample was heat soaked overnight at about [err] and thereafter
centrifuged to remove the sludge. The supernatant fluid of each sample was
subjected to heat cycling from about [err] to room temperature over a
period of 3.5 hours 50  at a frequency of about 2 cycles per minute. During
the heating phase, gas which was a mixture of about 0.7 volume percent
[err], 1.4 volume percent NO and balance air was bubbled through the test
samples. During the cooling phase, water vapor was bubbled through the test
samples. At the end of the test period, which testing cycle can be repeated
as necessary to determine the inhibiting effect of any additive, the wall
surfaces of the test flasks In which the samples are contained are visually
evaluated as to the varnish inhibition. The 55   amount of varnish imposed
on the walls was rated to values of from 1 to 11 with the higher number
being the greater amount of varnish, In comparison with a blank with no
additive that is rated 11. 10.00 grams of SIB test oil are mixed with the
indicated amount of the products of Example 8 and tested in the
aforedescribed SIB and VIB tests. The data thereby obtained are summarized
in Table VII below. 30    EP0518949B1 Table VI 5           Example 8
Product: Charge Amount                  SIB, mg           VIB rating 0.08 g
7.42                    10 10                   0.16 g
5.23                     5 0.24 g                     2.19
1-2 0.50 g                    2.58                   1-2 15 The above data
illustrate the sludge and varnish Inhibiting properties of the products of
this invention. Claims 20 1. An oil soluble nitrogen-containing antioxidant
polymericadditive which comprises a Mannich Base adduct of at least one oil
soluble amino-substituted polymer derived from at least one ethylenically
unsaturated hydrocarbyl radical, at least one aldehyde reactant and at
least one heterocyclic reactant containing at least one -N(H)- group In the
heterocyclic ring, wherein said amino-substituted polymer comprises an ami-
25      no-substituted interpolymer of nitrogen-containing monomers and
polymer chain monomer and is formed by a process which comprises: (a)
reacting at a temperature of less than [err] (i) at least one monomer
having a general formula of: [err] wherein [err] comprises an ethylenically
unsaturated hydrocarbyl radical, n is an integer of at least 1, and 30
X is selected from the group consisting of imino, primary amino, secondary
amino, and cyano groups, with (ii) a masking agent comprising at least one
metallic compound to form the corresponding masked nitrogen-containing
monomers; and (b) polymerizing polymer chain monomers with said masked,
nitrogen-containing monomer to produce a polymerization product comprising
a polymer chain including masked, nitrogen-containing monomer; 35
and (c) deashing said polymerization product and recovering said
amino-substituted interpolymer. 2. The oil soluble additive of claim 1,
wherein said masking agent comprises a non-halogenated metallic compound
and said amino-substituted interpolymer comprises less than 0.10% by weight
of halogen. 40 



3. The oil soluble additive of claim 1 or claim 2, wherein said
amino-substituted interpolymer comprises less than 0.03% by weight of
halogen. 4. The oil soluble additive of any of claims 1 to 3, wherein [err]
contains less than 25 carbon atoms. 45  5. The oil soluble additive of
claim 4, wherein [err] contains not greater than 16 carbon atoms. 6. The
oil soluble additive of any of claims 1 to 5, wherein [err] is selected
from the group consisting of radicals from alpha-olefins, norbornene and
alkyl-substituted norbornenes. so  7. The oil soluble additive of any of
claims 1 to 5, wherein said [err] is selected from the group consisting of
vinyl and allyl radicals. 8. The oil soluble additive of claim 6, wherein
[err] is selected from the group consisting of radicals derived from
alpha-olefins having the general formula of: 55
[err] wherein m is an integer of at least one. 9. The oil soluble additive
of claim 6, wherein [err] is selected from the group consisting of radicals
from nor- 31    EP 0 518 949 B1 Table VI 5           Example 8 Product:
Charge Amount                 SIB,    mg         VIB rating 0.08  g
7.42                    10 0.16  g                   5.23
5 0.24  g                   2.19                   1-2 0.50  g
2.58                   1-2 15 The above data illustrate the sludge and
varnish inhibiting properties of the products of this invention. Claims 20
1. An oil soluble nitrogen-containing antioxidant polymeric additive which
comprises a Mannich Base adduct of at least one oil soluble
amino-substituted polymer derived from at least one ethylenically
unsaturated hydrocarbyl radical, at least one aldehyde reactant and at
least one heterocyclic reactant containing at leastone -N(H)- group in the
heterocyclic ring, wherein said amino-substituted polymercomprises an ami-
25      no-substituted interpolymer of nitrogen-containing monomers and
polymer chain monomer and is formed by a process which comprises: (a)
reacting at a temperature of less than [err] (i) at least one monomer
having a general formula of: [err] wherein [err] comprises an ethylenically
unsaturated hydrocarbyl radical, n is an integer of at least 1, and 30
X is selected from the group consisting of imino, primary amino, secondary
amino, and cyano groups, with (ii) a masking agent comprising at least one
metallic compound to form the corresponding masked nitrogen-containing
monomers; and (b) polymerizing polymer chain monomers with said masked,
nitrogen-containing monomer to produce a polymerization product comprising
a polymer chain including masked, nitrogen-containing monomer; 35
and (c) deashing said polymerization product and recovering said
amino-substituted Interpolymer. 2. The oil soluble additive of claim 1,
wherein said masking agent comprises a non-halogenated metallic compound
and said amino-substituted interpolymer comprises less than 0.10% by weight
of halogen. 40 3. The oil soluble additive of claim 1 or claim 2, wherein
said amino-substituted interpolymer comprises less 



than 0.03% by weight of halogen. 4. The oil soluble additive of any of
claims 1 to 3, wherein [err] contains less than 25 carbon atoms. 45  5. The
oil soluble additive of claim 4, wherein [err] contains not greater than 16
carbon atoms. 6. The oil soluble additive of anyof claims 1 to 5, wherein
[err] is selected from the group consisting of radicals from alpha-olefins,
norbornene and alkyl-substituted norbornenes. 50  7. The oil soluble
additive of any of claims 1 to 5, wherein said [err] is selected from the
group consisting of vinyl and allyl radicals. 8. The oil soluble additive
of claim 6, wherein [err] is selected from the group consisting of radicals
derived from alpha-olefins having the general formula of: 55
[err] wherein m is an integer of at least one. 9. The oil soluble additive
of dalm 6, wherein [err] is selected from the group consisting of radicals
from nor- 31    EP 0 518 949 B1 bornene and homologues of norbornene having
the general formula of: 5                                             [err]
wherein p is an integer of at least one. 10 10. The oil soluble additive of
claim 9, wherein said nitrogen-containing monomer is selected from the
group consisting of norbornene methyl amines and norbornene carboximines.
11. The oil soluble additive of claim 10, wherein said norbornene
methylamine is 5-norbornene-2-methyla- 15      mine. 12. The oil soluble
additive of any of claims 1 to 11, wherein said non-halogenated metallic
compound is an organometallic compound of the formula: [err] wherein M is a
member selected from Group IB, IIA, IIB, IIIA, IVA, and the transition
metals elements, Y is at least one of   [err]  and [err], wherein [err]
are independently selected from the group consisting of hydrogen, and
non-halogenated [err] hydrocarbyl radicals, and non-halogenated [err]
hydrocar- byloxy radicals and r is an integer of from 1 to 4. 13. The oil
soluble additive of claim 12, wherein M is an element selected from the
group consisting of alu- 25      minum, magnesium, and zinc. 14. The oil
soluble additive of claim 13, wherein said organometallic compound Is
selected from the group consisting of triisobutylaluminum,
triethylaluminum, diisobutyl aluminum hydride, diethylzinc, and di-n-
hexylmagnesium. 30 15.  The oil soluble additive of any of claims 1 to 14,
wherein said polymer chain monomers are polymerized with said masked,
nitrogen-containing monomer In the presence of a Group IVB or VB
metal-containing polymerization catalyst. 35   16. The oil soluble additive
of any of claims 1 to 15, wherein said polymer chain monomers are a mixture
consisting essentially of ethylene and propylene. 17. The oil soluble
additive of claim 16, wherein said Interpolymer comprises 20 wt.% to 90
wt.% ethylene and 10 wt.% to 80 wt.% propylene. 40  18. The oil soluble
additive of any of claims 1 to 17, wherein said masked, nitrogen-containing
monomers are present in a range of 0.01 wt.% to 40 wt.% by total weight of
said amino-substituted Interpolymer. 19. The oil soluble additive of any of
claims 1 to 18, wherein said masked amino-substituted interpolymer is
contacted with an aqueous liquid in said de-ashing step. 



45 20. The oil soluble additive of any of claims 1 to 13, wherein said
heterocyclic reactant comprises at least one heterocyclic compound of the
formula: [err]                            H 32    EP 0 518 949 B1 wherein Z
is N, C(H) or C(R*) and R** is H, -OH, -Cl, -I or - R*, wherein R* is [err]
to [err] hydrocarbyl. 21. The oil soluble additive of claim 20 wherein Z is
N and R** Is H, -OH, -Cl, -I or -R* wherein R* is [err] to [err] alkyl. 5
22. The oil soluble additive of claim 21 wherein said aldehyde is
formaldehyde or paraformaldehyde. 23. The oil soluble additive of any of
claims 20 to 22 wherein said heterocyclic reactant comprises benzotria-
zole or tolyltriazole. 10  24. The oil soluble additive of any of claims 1
to 23, wherein said amino-substituted polymer has a number average
molecular weight of from 500 to 500,000. 25. The oil soluble additive of
claim 24, wherein said amino-substituted interpolymer has a number average
molecular weight of from 800 to 5,000. 15 26. The oil soluble additive of
any of claims 1 to 25, wherein said amino-substituted interpolymer has a
mo- lecular weight distribution of from 1.0 to 20. 27. The oil soluble
additive of claim 26, wherein said amino-substituted polymer has a
molecular weight dis- 20      tribution of from 1.5 to 15. 28. A method for
forming an oil soluble Mannich Base additive as claimed in any of claims 1
to 27, (a) reacting at a temperature of less than [err] (i) at least one
monomer having a general formula of: [err] 25        wherein [err]
comprises an ethylenically unsaturated hydrocarbyl radical, n is an integer
of at least 1, and Xis selected from the group consisting of imino, primary
amino, secondary amino, and cyano groups, with (ii) a masking agent
comprising at least one metallic compound to form the corresponding masked
nitrogen-containing monomer; and (b) polymerizing polymer chain monomers
with said masked, nitrogen-containing monomer to produce a polymerization
product comprising a polymer chain Including masked, nitrogen-containing
monomer; and (c) deashing said polymerization product and recovering said
amino-substituted interpolymer. 29. Afuel oil composition containing from
0.001 to 0.5 wt.% of the oil soluble additive of any of claims 1 to 27. 35
30. Alubricating oil composition containing from 0.1 to 20 wt.% of the oil
soluble additive of any of claims 1 to 27. 40 PatentansprOcho 1.
6llosliches stickstoffhaltiges polymeres Antioxidansadditiv, das ein
Mannichbasenaddukt von minde- stens einem olloslichen aminosubstitulerten
Polymer umfalat, das von mindestens einem ethylenisch un- gesattigten
Kohlenwasserstoffrest, mindestens elnem Aldehydreaktanten und mindestens
einem hete- 45      rocyclischen Reaktanten, der mindestens eine
-N(H)-Gruppe in dem heterocyclischen Ring enthilt, ab- geleitet ist, wobei
das aminosubstitulerte Polymer ein aminosubstitulertes Interpolymer aus
stickstoff- haltigen Monomeren und Polymerkettenmonomeren umfalt und durch
ein Verfahren gebildet wird, bel dem 



(a) bel einer Temperatur von weniger als 600C 50           (I) mindestens
ein Monomer mit elner allgemeinen Formel Rl(X)n in der R1 elnen ethylenisch
ungesittigten Kohlenwasserstoffrest umfaSt, n eine ganze Zahl von
mindestens I ist und X ausgewahIt ist aus der Gruppe bestehend aus Imino-,
primiren Amino-, se- kundiren Amino- und Cyanogruppen, mit 55
(ii) einem mindestens elne metallische Verbindung umfassenden
Maskierungsmittel umgesetzt wird, um das entsprechende maskierte
stickstoffhaltige Monomer zu bilden, und (b) Polymerkettenmonomere mit dem
maskierten stickstoffhaltigen Monomer polymerisbert werden, 33 I !II
1111111111111111 1111111B111    EP0518949Bi um sin Polymerisationsprodukt
herzustellen, das sine Polymerkette umfalit die maskiertes stickstoff-
haltiges Monomer einschileat, und (c) das Polymerisationsprodukt entascht
und das aminosubstituierte Interpolymer gewonnen wird. 5   2. Ollosliches
Additiv nach Anspruch 1, bel dem das Masklerungsmittel esne nicht
halogenlerte metallische Verbindung umfalt und das aminosubstituierte
Interpolymer weniger als 0,10 Gew.% Halogen umfaat. 3.  Oll8sliches Additiv
nach Anspruch 1 odor Anspruch 2, bel dem das aminosubstituierte
Interpolymer we- niger als 0,03 Gew.% Halogen umfalt. 10 4.
6ll8slichssAdditlv nacheinemderAnsprfche I bi 3, bei dem R1 wenigerals 25
Kohlenstoffatomeenthalt. 5.  6llosliches Additiv nach Anspruch 4, be! dem
R1 nicht mehr als 16 Kohlenstoffatome enthalt. 6. Oll8sliches Additiv nach
einem derAnsprflche 1 bls 5, bei dem R1 ausgewahit ist aus der Gruppe
beste- 15      hend aus Reston von a-Oiefinen, Norbornen und
alkylsubstituierten Norbornenen. 7.  6llosliches Additiv nach einem
derAnsprOche I bis 5, bel dem das R1 ausgewahit ist aus der Gruppe be-
stehend aus Vinyl- und Allyiresten. 20  8.  Oll8sliches Additiv nach
Anspruch 6, be! dem R1 ausgewihit Ist aus der Gruppe bestehend aus Resten,
die swich von a-Olefinen mit der aligemeinen Formel H2C=CH-(CmH2m0-
ableiten, wobei m sine ganze Zahl von mindestens sins let. 25 9-
Oll6sliches Additiv nach Anspruch 6, bei dem R1 ausgewahit Ist aus der
Gruppe bestshend aus Resten aus Norbornen und Homologen von Norbornen mit
der aligemeinen Formel 30                                 ((CH 2)- 365 in
der p sine ganze Zahl von mindestens sins !st. 10. 018sllchesAdditiv nach
Anspruch 9, be! dem das stickstoffhaltlge Monomerausgewahit ist aus
derGrup- pe bestehend aus Norbornenmethylaminen und Norbornencarboximinen.
40  11. 6llo8liches Additiv nachAnspruch 10, bel dem das
Norbornenmethylamin 5-Norbornen-2-methylamin Ist. 12. 6llosliches Additiv
nach sinem der AnsprOche 1 bis 11, be! dem die nicht-halogenierte
metallische Ver- bindung sine organometallische Verbindung mit der Formel
M(Y)r 45      Ist, in der M eln Mitglied ausgewahit aus den Gruppen IB,
IIA, IIB, IIIA, IVAund den Obergangsmetallele- menten ist, Y mindestens
sines aus R2, R3, R4 und R ist, wobei R2 bis R5 unabhangig ausgewahit sind
aus der Gruppe bestehend aus Wasserstoff und nicht halogenierten C1- bis
C16-Kohlenwasserstoffresstn und nicht halogenierten C1- bis
Ci-Kohlenwasserstoffoxyresten und r sine ganze Zahl von 1 bis 4 ist. 5o
13. 6ll5sllchesAdditiv nachAnspruch 12, bei dem M sin ElementausgewahItaus
derGruppe bestshend aus Aluminium, Magnesium und Zink ist. 



14. 6llosliches Additiv nach Anspruch 13, be! dem die organometallische
Verbindung ausgewahit !t aus der Gruppe bestehend aus Triisobutylaluminium,
Triethylaluminium, Diisobutylaluminiumhydrid, Diethylzink 55       und
Di-n-hexylmagnesium. 15. 6Ollosches Additiv nach sinem der Anspruche 1 bis
14, bei dem die Polymerkettenmonomere mit dem maskierten stickstoffhaltigen
Monomer in Gegenwart sines Gruppe IVB oderV-3 Metall enthaltenden Po- 34
EP0518949Bi Iymerisationskatalysators polymerisiert worden sind. 16.
6118sliches Additiv nach elnem der Anspr0che I bis 15, be! dem die
Polymerkettenmonomere sine Mi- schung sind, die im wesentlichen aus Ethylen
und Propylen besetht. 17. 6118sliches Additiv nach Anspruch 18, be! dim das
Intbrpolymer 20 Gew.% bis 90 Gew.% Ethylen und 10 Gew.% bis 80 Gew.%
Propylen umfalt 1& 6II8e1lches Additiv nach einem der Ansprflche 1 bis 17,
bei dam die maskierten, stickstoffhaltigen Mo- 10      nomere in einem
Bereich von 0,01 Gew.% bis 40 Gew.%, bezogen auf das Gesamtgewicht des
amino- substituierten Interpolymers, vorhanden sind. 19. 6llosliches
Additiv nach einem der Anspruche I bis 18, bei dim das maskiertb
aminosubstituierte Inter- polymer in der Entaschungsstufe mit einer
walrIgen Flfesslgkeit kontaktiert wird. 20. 6illoeiches Additiv nach einem
derAnsprflche 1 bbe 13, be! dim der hetrocycische Resaietant mindestens
eine heterocyclische Verbindung mit der Formel /~~~~~~~~~~~~~ 20
N RO N 26                                                     H umfailt, In
der Z N, C(H) oder C(R*) lot und RW H, -OH, -Cl, -I oder -R* ist wobel R*
C1- bis C2-Kohlen- wasserstoff lot. 30  21. 6Olloslches Additiv nach
Anspruch 20, bei dem Z N st und R** H, -OH, -Cl, -I oder -R ist, wobei R*
C1- bis CrAlkyl ist. 22. Ollosliches Additiv nach Anspruch 21, bel dem der
Aldehyd Formaldehyd oder Paraformaldehyd let. 35  23. Oll6sliches Additiv
nach elnem der Anspruche 20 bis 22, bei dim der hetbrocyclische Reaktant
Benzo- triazol oder Tolyitriazol umfait. 24 6118ellches Additiv nach einem
derAnsprilche 1 bis 23, bei dem dus aminosubstituierte Polymerein durch-
schnittliches Molekulargewicht (Zahlenmittel) von 500 bis 500 000 aufweist.
40  25. 6116slichee Additiv nach Anapruch 24, bel dem das
aminosubstitulerte Interpolymereln durchschnittliches Molekulargevwicht
(Zahlenmittel) von 800 bis 5 000 aufweiet. 26. Ollosliche Additiv nach
elnem derAnsprfche I bis 25, bei dam das aminosubstituierte Interpolymer
eine Molekulargewichtsvertailung von 1,0 bis 20 aufweist. 45 27.
6llosliches Additiv nach Anspruch 26, bel dem das aminosubstituierts
Polymer sine Moiekulargewichts- vertillung von 1,5 bis 15 aufweist. 28.
Verfahren zur Bildung sines 8ll8slichen Mannichbasenadditivs gemaa sinem
derAnsprflche I bis 27, bei dim (a) bei elner Temperatur von weniger als
60C (i) mindestens sin Monomer mit einer aligemeinen Formel Rl(X). in der
R1 oinen ethylenlech ungeslttigben Kohlenwaseerstoffrest umfait, n eine
ganze Zahl von 



55           mindestens I ist und X ausgewihit ist aus der Gruppe bestehend
aus Imino-, primaren Amino-, as- kundaren Amino- und Cyanogruppen, mit (ii)
einem mindestens sine metallische Verbindung umfassenden Maskierungemittel
umgesetzt wird, um das entsprechende maskierte stickstoffhaltige Monomer zu
bilden, und 35 1111111 111111111111111 11 11111    EP 0 518 949 51 (b)
Polymerkettanmonomere mit dem maskierten stickstoffhaltigen Monomer
polymerislert werden, urn ein Polymerisationsprodukt herzustellen, das sine
Polymerkette umfalt, die maskiertes stickstoff- halt ies Monomer
einschliel~t, und (c) das Polymerisationsprodukt entascht und das
aminosubstituierte Interpolymer gewonnen wird. 5 29.
Brennstoffolzusammensetzung, die 0,001 bis 0,5 Gew.% des oll8slichen
Additivs gemnfi einem der An- spr~iche I bis 27 enthalt. 30.
Schmier5ladditivzusammensetzung, die 0,1 bis 20 Gew.% des olloslichen
Additivs gemail einem derAn- 10      spruche 1 bis 27 enthalt
Revendlcatlons 15  1. Additif polymrrique antloxydantcontenantde l'azote,
soluble dans I'huile, qui consisat en un produitd'ad- dition, du type Base
de Mannich, d'au momns un polymere A substituant amino, soluble dans
l'huile, deriv6 d'au moins un radical hydrocarbyle A insaturation
ethylenique, d'au moins un corps reactionnel aldehy- dique et d'au moins un
corps reactionnel het6rocyclique contenant au mons un groupe -N(H)- dans le
noyau hithrocycllque, dans lequel ledit polymbre A substituant amino
comprend un Interpolymere A subs- 20      tituant amino de monomeres
contenant de I'azote et de monomeres de chatne de polymhre et eat forme par
un prooide qui comprend: (a) la reaction a une tbmperature inf6rieurea A
600C (i) d'au moins un monombre repondant a la formule generale: 25
dans laquelle R1 represente un radical hydrocarbyle A Insaturation
ethylinique, n est un nombre entier au moins egal a 1, et X est choisi
entre les groupes Imino, amino primaire, amino secondaire et cyano, avec
(Ii) un agent de masquage comprenant au momns un compose metallique pour
former les mono- mares azotes masques correspondents ; et (b) la
polym6risation de monomeres de chatne de polymAre avec ledit monomire azote
masqu6 pour >    30         obtenirun produltde polym6risation comprenant
une chains de polymire renfermantle monomire azo- te masque; et (c)
I'Mimination des cendres dudit produltde polymerisation etla separation
dudit interpolymhre asubs- tituant amino. 35  2. Additif soluble dans
l'hulle suivant la revendication 1, dans lequel I'agent de masquage
comprend un compose mhtallique non halogene et l'intarpolymbre A
substituant amino oomprend moins de 0,10 % en polds d'halogbne. 3. Additif
soluble dans l'hulle suivant la revendication 1 ou la revendicatlon 2, dans
loqual l'interpolymbre A substituant amino oomprend molns de 0,03 % en
poids d'halogine. 40 4. Additif soluble dans l'huile suivant l'une
quelconque des revendIcations I A 3, dans lequel RI contient moins de 25
atomes de carbons. 5. Additif soluble dans I'huile suivant la revendication
4, dans lequel RI ne contlent pas plus de 16 atomes 45      de carbons. 6.
Additif soluble dans I'hulle suivant l'une quelconque des revendications 1
A 5, dans lequel R1 est choisi 



dans le groups consistent en radlcaux provenant d'alpha-olefines, de
norbornine et de norbornenes A substituant alkyle. 7. Additif soluble dans
l'huile suivant l'une quelconque des revendications 1 A 5, dans lequel Is
radical R1 est cholsi entre lea radicaux vinyle et allyle. 8. Additif
soluble dans I'hulle sulvant la revendication 6, dans lequel RI est choisi
entre des radicaux derives d'alpha-olefines repondant A la formule
generale: H2C=CH1CmH2m)- dans laquelle mn eat un nombre antler au moins
egal A un. 36 I     L  N111111111111S11    EP0518949BI 9. Additif soluble
dans l'huile suivant la revendication 8, dans lequel R1 est choisi dansa l
groupe consistant en radicaux derives du norbornene et d'homologues de
norbornene repondant A la formule generale: 5
C2 P 10      dans laquelle p eat un nombre entier au moins egal A un. 10.
Additif soluble dans l'hulie suivant la revendicatlon 9, dans lequel l
monomere azote est choisi dans le groups consistant en
norbornene-m6thylamines et norbornene-carboximines. 11. Additif soluble
dans l'hulle sulvant la revendication 10, dans lequel la
norbornbne-methylamine est la 5- norbornene-2-m6thylamine. 12. Additif
soluble dans l'huile suivant l'une queloonque des revendications I A 11,
dans lequel Is compose m6tallique non halogen6 est un compos6
organometallique de formule 20
~~~~~~~~~~~~M(Y)r 20      dans laquelle M eat un 6l6ment cholsi dans les
Groupes IB, IIA, IIB, IIIA, lVAet parmi les el6ments faisant partie des
m6taux de transition, Y representb au moins un des Groupes R2, Rs, R4 et
R6, R2 A RO etant choisia independamment entre I'hydrogene, des radicaux
hydrocarbyle en C1 A CIO non halogenes et des radicaux hydrocarbyioxy on C1
A CIO non halog6nes, et r est un nombre entier de 1 a 4. 25  13. Additif
soluble dans l'huile suivantla revendication 12, dans lequel M est un
61ement choisi dans le groups consistant en aluminium, magnesium et zinc.
14. Additifaslubledans l'huile sulvantla revendication 13, dans loquel Is
compose organometallique eat chol- ai dans le group. consistant en
trilsobutylaluminium, tri6thylaluminlum, hydrure de diisobutylaluminium, 30
diethylzinc et dl-n-hexylmagn6sium. 15. Additif soluble dans l'hulle
suivant l'une quelconque des revendications I A 14, dans lequel les monome-
res de chalne de polymere sont polym6ris6s avec Is monomere azot6 maasqu6
en presence d'un catalyseur de polymerisation contenant un metal du Groups
IVB ou VB. 35 16. Additif soluble dans I'huile suivant l'une quelconque des
revendications I A 15, dans lequel les monome- res de chaihe de polymere
consistent en un melange form6 essentiellement d'6thyline et de propylene.
17. Additif soluble dans M'hulls suivant la revendication 16, dans lequel
l'interpolymere comprend 20 % en poids A 90 % en polds d'ethyline et 10 %
on poids a 80 % en poids de propyline. 18. Additif soluble dans l'huile
sulvant l'une quelconque des revendications I A 17, dans lequel les monome-
res azot6s masques sont presents en une quanti6t comprise dans l'intervalle
de 0,01 % on poids A 40 % en poids sur la base du polds total de
l'interpolymere A substituant amino. 45 19. Additif solubledans l'huile
suivantl'une quelconque des revendicatlons I A 18, dans lequol
l'interpolymbre A substituant amino masqu6 est mis en contact avec un
liquids aqueux dans l'etape d'elmination des cendres. 20. Additif soluble
dans l'huile suivant l'une quelconque des revendications 1 a 13, dans
lequel le corps rao- 



50 tionnl h6t6rocycique comprond au moins un compose het6rocycilque de
formule: 56 37 IOID1111111111l11111 111 1101    EP 0 518 949 B1 R**~~~ 5
/ dans laquelle Z represente N, un groups C(H) ou C(R*) et R** representb
H, un groupe -OH, -Cl, -I ou 10      -R*, R* d6signant un groupo
hydrocarbyle en C1 A C24. 21. Additif soluble dans l'huile sulvant la
revendication 20, dans loquel Z represente N et R** repr6sente H, un groups
-OH, -Cl, -I, ou -R*, R d6signant un groups alkyle en C1 A C3. s 22.
Additif soluble dans l'huile suivant la revendication 21, dans lequel
l'ald6hyde eat le formaldehyde ou le paraformaldehyde. 23. Additif soluble
dans l'hulle sulvantl'une quelconque des revendlcations 20 h 22, dans
lequel le corps r6ac- tionnel heterocyclique consiste en benzotriazole ou
tolyltriazole. 20 24. Additif soluble dans l'huile suivant l'une quelconque
des revendications I A 23, dans loquel le polymbre a substituant amino
possbde une moyenne num6rique du poids mol6culaire de 500 A 500 000. 25.
Additif soluble dans l'hulle sulvant la revendication 24, dans lequel
l'intbrpolymbre A substituant amino possabde une moyenne numerique du poids
mol6culaire de 800 A 5000. 26 26. Additifsoluble dans l'huilesuivantl'une
quelconque des revendicatlons I A25, dans loquel l'interpolymbre A
substituant amino poss~de une distribution des poids moleculaires de 1,0 A
20. 27. Additif soluble dans l'hulle suivant la revendicatlon 26, dans
lequel le polymere A substituant amino pos- 30      sede une distribution
des poids moldculalres de 1,5 A 15. 28. Procede pour former un additif du
type Base de Mannich, soluble dans l'huile, suivant l'une quelconque des
revendications 1 A 27, par (a) r6action A une temperature inf6rieure A 600C
(i) d'au moins un monomere repondant A la formule 35       9g6nrale: dans
laquelle R1 represente un radical hydrocarbyle A insaturation 6thyl6nique,
n eat un nombre entier au molns egal A 1, et X eat cholsi entre lea groupes
imino, amino primaire, amino secondaire et cyano, avec (II) un agent de
masquage comprenant au molns un compos6 metallique pourformerle monombre
azote masqu6 correspondent; et (b) polymerisation de monombres de chains de
polymbre avec ledit monombre azote masque pour for- mer un produit de
polym6risation comprenant une chains de polymbre renfermant le monombre
azot6 masque; et (c) 6limination des cendres dudit prodult de
polymdrlsation et separation dudit interpolymbre A subs- 45        tituant
amino. 29. Composition d'huile combustible contenant 0,001 a 0,5 % en poids
de I'additif, soluble dans M'hulle, sui- vant l'une quelconque des
revendications I A 27. 30. Composition d'huile lubrifiante contenant 0,1 A
20 % en polds de I'additif, soluble dans l'huile, suivant 60      I'une
quelconque des revendicatlons I A 27. 55 38    


