LOW-SEDI MENT PROCESS FOR THERMALLY REACTI NG HI GHLY REACTI VE POLYMERS AND
ENOPHI LES FI ELD OF THE | NVENTI ON The invention relates to a | ow sedi nent,
thermal process for preparing oil-soluble polyalkenyl acylating agent by
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20 produced by the reaction of monoamines or polyamines with polyalkenyl succinic anhydrides

O

have been employed as ashless dispersants and detergent additives in lubricating oils and in
fuels. Succinic esters produced by the reaction of monoalcohols or polyols with polyalkenyl

succinic anhydrides have also been used as ashless dispersants and detergents.

25 Polyalkenyl acylating agents have previously been prepared using a one-step halogen-
assisted reaction process in which a polyalkene and an enophile are reacted at elevated
temperature in the presence of chlorine, Such materials have also been prepared using a two-
step halogen-assisted process in which the polyalkene is chlorinated in the first step and the
resulting chlorinated polyalkene is then reacted with the enophile at elevated temperature.

30  Both the one- and two-step chloro processes can produce polyalkenyl acylating agents in
relatively high yields. However, these products typically contain residual chlorine, and
environmental concerns related to chlorine-containing materials make the use of the chloro

processes undesirable.

35 The polyalkenyl acylating agents have also been prepared by the direct thermal

reaction of a polyalkene and an enophile, often referred to in the art as the thermal (or “ene”)



The 'pol yal kenyl acyl ati ng agents have al so been prepared by the direct
thermal reaction of a polyal kene and an enophile, often referred to in the
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Both the halogen-assisted and thermal reactions described above also tend to produce
25  significant amounts of a sediment byproduct which must be filtered from the final product
prior to its use as an additive or intermediate. The thermal process also tends to produce tars,
which coat the reactor walls, necessitating frequent, time-consuming, and therefore costly
clean-ups of the reactor vessel. Sediment and tar formation is believed to be due, at least in
part, to the decomposition and/or polymerization of the unsaturated enophile, which has
30  typically been maleic anhydride.

USPN 3,412,111 describes a process for reacting olefin monomer with maleic
anhydride in the presence of either a hydroxyl aromatic compound, or an amino aromatic in
order to prevent an unwanted olefin polymerization side reaction. Similar disclosures are

35  made in each of EP-A- 0 319 809 A2 and EP-A-0 359 316 B1.
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reduce tar and sediment formanon and the presence of sulfonic acid has been found to further

ameliorate tar and sediment formation, there remains a continuing need for improved thermal
processes that completely eliminate, or further reduce the amount of sediments and/or tars,
most particularly sediment, such that the filtration of the reaction product is more easily

25  accomplished, or becomes unnecessary.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a low sediment-

producing process for producing polyalkenyl acylating agent, wherein highly reactive
30  polymer is thermally reacted with an enophile in the presence of an amount of free radical

inhibitor effective to reduce or eliminate sediment formation.

In accordance with a second aspect of the invention there is provided a process as in
the first aspect, wherein the reacting group of the enophile is olefinic or carbonyl, and the free

35  radical inhibitor comprises a phenothiazine nucleus.



In accordance with a second aspect of the invention there is provided a
process as in the first aspect, wherein the reacting group of the enophile
is olefinic or carbonyl, and the free radical inhibitor conprises a
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substantially sediment free and can be used, in many cases, without filtration.

Reactive polyalkenes are differentiated from conventional polyalkenes by terminal
vinylidene content. A polyalkene chain having a terminal vinylidene group (also referred to
25  in the art as a terminal ethenylidene group) can be represented as POLY -C(R)=CHj, wherein

R is an alkyl group, the identity of which depends upon the monomer units from which the
polyalkene is derived (e.g., R is methyl for polyisobutene), and POLY is the remainder of the
polyalkene chain. The percentage of the polymer chains having terminal vinylidene and the
percentages of other types of olefin unsaturation can be determined by proton, or carbon-13,
30 NMR. Polyalkenes having at least about 30% (e.g., 40 to 100%) terminal vinylidene chains
are classified as reactive polyalkenes, because such polyalkenes tend to have a higher
reactivity when employed in a thermal process, relative to the analogous “conventional”

polyalkene having a terminal vinylidene content of less than 30%.

35 Preferred polyalkenes include reactive polyisobutenes (i.e., homopolymers of

isobutene) and reactive polybutenes. The reactive polyisobutenes and polybutenes preferably
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25  dodecene-1, and mixtures thereof (e.g., mixtures of propene and butene-1). Exemplary of

such polymers are propene homopolymers, butene-1 homopolymers, ethylene-propene

copolymers and the like. Preferred polymers are those derived from ethylene and the C3 and

C4 o-olefins of the above formula; i.e., polyethylene, polypropene, polybutene-1, and

copolymers of ethylene and propene, ethylene and butene-1, butene-1 and propene, and

30  ethylene and propene and butene-1.

The molar ethylene content of the unsaturated ethylene copolymers employed in the
process of this invention is preferably in the range of from about 20 to 80%, and more

preferably from about 30 to 70%. When propene and/or butene-1 are employed as the
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nononmer s cont ail rbon substltuents in the preparation of the
pol yal kene. The pol yal kenes have a nunber average nol ecul ar weight in the

range of 2br om abou\fvhile the polyalkenes are generally hydrocarbon polyalkenes, suitable polyalkenes

can contain non-hydrocarbon moieties such as lower alkoxy (lower is defined as groups
having up to 7 carbon atoms), lower alkyl mercapto, hydroxy, mercapto and carbonyl,
provided that the non-hydrocarbon moieties do not substantially interfere with the process of
the invention; i.e., they do not interfere with the thermal reaction between the polyalkene and
25  the enophile. The non-hydrocarbon moieties can be introduced into the polyalkene by
employing polymerizable olefin monomers containing non-hydrocarbon substituents in the

preparation of the polyalkene.

The polyalkenes have a number average molecular weight in the range of from about
30 300 to 5000 (e.g., 700 to 4000), preferably from about 450 to 3000 (e.g., 700 to 2500), and
more preferably from about 900 to 2500 (e.g., 1000 to 2300). Number average molecular
weight (M,) can be determined by several known techniques such as gel permeation
chromatography ("GPC"), vapor phase osmometry, proton NMR and carbon-13 NMR. GPC
additionally provides molecular weight distribution ("MWD") information, also referred to in

35 the art as polydispersity, which is determined by the ratio of weight average molecular weight
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backbone-substituted propionic acid. Exemplary of such monounsaturated carboxylic
reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride, chloromaleic acid,
25  chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and
lower alkyl (e.g., C; to C, alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl
fumarate, and methyl fumarate. A particularly preferred enophile is maleic anhydride.

Free radical inhibitors useful in the practice of the present invention include phenol
30 compounds such 2,6-di-tert-butylphenol, 2,4,6-tri-tert-butylphenol, 2,6-di-tert-butyl-4-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, o-tert-butylphenol, 2-methyl-6-tert-
butylphenol, 2,4,6-tri-tert-octylphenol, 2,4-dimethyl-6-tert-butylphenol, 2-tert-butyl-6-(a-
methylbenzyl)phenol, 2,6-di(a-methylbenzyl)phenol, 2,4-di(a, a-dimethylbenzyl)phenol, 2,4-
di-tert-octylphenol, 2,4,6-tri(a-methylbenzyl)phenol, 2,6-di-tert-butyl-4-hydroxy anisole, 2,6-
35  di-tert-butyl-4-methoxyphenol, 2-methyl-6-cyclohexylphenol, 2,6-di-tert-a-dimethylamino-p-
cresol), 2,6-di-tert-octyl-4-decoxyphenol, 2-tert-butyl-4-chlorophenol, 2,6-di-tert-butyl-




Free radtcal inhibitors useful in the practice of the present invention
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petroleum alkyl sulfonic acid, an alkyl sulfonic acid or an alkaryl sulfonic acid, wherein the
30  hydrocarbyl substituent (i.¢., petroleum alkyl, linear and/or branched chain alkyl, alkaryl, and
the like) imparts the oil solubility. Oil-soluble mahogany acids may be obtained by treating

lubricating oil basestocks with concentrated or fuming sulfuric acid.

The hydrocarbyl substituent of the sulfonic acid can contain non-hydrocarbon groups
35  such as nitro, amino, halo (e.g., chloro or bromo), lower alkoxy, lower alkyl mercapto, oxo

(=0), thio (=8), imino (-NH-), ether (-O-), and thioether (-S-), provided the essentially



substituted sulfonic acid which is at |least 50 wt.% soluble in mneral oil
at 20C. The hydrocarbyl sulfonic acid may be a natural or synthetic

sul fonic acid, such as a nahogany or petrol eum al kyl sulfonic acid, an
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The alkylated benzene used for preparing the sulfonic acid is obtained by known
25  alkylation processes; e.g., the benzene can be reacted with a suitable alkene or oligomer or
polymer thereof in the presence of boron trifluoride. Among the Cg to C7q alkylated
benzenes which are preferably employed in the preparation of the sulfonic acid are
nonylbenzene, dodecylbenzene, waxy alkylated benzenes, and benzenes alkylated with
suitable branched chain polymers of up to 70 carbon atoms obtained from propene, butene,
30  amylene or mixtures thereof or the like. Preferably, nonyl or dodecyl or either of their

equivalents in a mixture of alkyls is employed in the preparation of the sulfonic acid.

The reaction between the reactive polyalkene and the enophile is conducted in the
presence of the free radical inhibitor at a temperature of from about 180 to 300°C, preferably
35  from about 210 to 250°C, and most preferably from about 220 to 245°C (e.g., 225 to 235°C),
and under a pressure of from about 0 to 1000 kPag. Preferably, the reaction is conducted
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P to glbout 3000 ppm, preferably from about 10 to about 2000 ppm, more preferably from about

20 to about 500 ppm, based on the weight of reactive polyalkene charge.

25 The mixture of reactants and free radical inhibitor can be introduced into the reactor
in any convenient manner prior to pressurizing (if any) and heating to reaction temperature.
For example, they can be individually charged to the reactor concurrently or sequentially in
any order; or can be mixed together in a separate mixing vessel, followed by charging the
mixture to the reactor; or a mixture of the polyalkene and free radical inhibitor can be charged

30  separately to the reactor, either concurrently with the charging of the enophile or sequentially
in either order. Altemnatively, the free radical inhibitor can be added to the reaction mixture in
stages, with an initial amount of free radical inhibitor being added prior to, or upon initiation
of the reaction, with further charges of free radical inhibitor being introduced, in one or more
additional charges, during the reaction. However introduced, the polyalkene is normally in

35  liquid form (e.g., polyalkenes which are normally solid at room temperature are introduced as

a melt at higher temperatures). The free radical inhibitor is typically employed as a solid,



20 t'o about 500 ppm based on the weight of reactive pol yal kene charge.
The m xture of reactants and free radical inhibitor can be introduced into
the reactor in any conveni ent manner prior to pressurizing (if any) and

heating to r&@&il@ﬁg tenperature. For exanple, they can be individually
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with the charging of the enophile or sequentially in either order.
Alternatively, the free radical inhibitor can be added to the reaction
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and brought to reHcanPder W%%WEGDWF%WWFQ&B& © FAT'R'ASHER at

or near (e.dsuchWhdtBh itlaPEhadle)of CAPESIATMALSITRRERE With tié\polyaliene e obstibr td on  of
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conpound is added to the reactor in stages, such that an initial charge of

CAP conmpéddnd is contacted with the polyal kene at or prior to the beginning

of the reaction, gRghoaRe pefere® babakidin, R @Actioh BéEgas thd pdiikeaomaound are

introduced into the resulting reaction m xture supsgﬂuent to %he &eﬁgni ng
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r adi cal inhibitor, the oil soluble sulfonic acid can be introduced, together with the mixture of the

polyalkene and CAP compound into the reactor. Alternatively, the sulfonic acid can be

charged to the reactor separately, be mixed together with the polyalkene in a separate mixing

vessel, followed by charging the mixture to the reactor; or can be charged separately to the

reactor, either concurrent with the charging of the CAP compound or sequentially in either

order. However introduced, the sulfonic acid can be introduced as a solid or liquid, but is

typically employed as a solution in an inert solvent (e.g., mineral oil) in order to facilitate the

mixing of the sulfonic acid with the polyalkene. In a particularly preferred method, at least

some, preferably at least 50 wt.%, of the sulfonic acid is charged to the reactor after

completion of at least about 50% of the reaction between the polyalkene and the enophile has

been completed.

At the conclusion of the reaction, the resulting product mixture is normally treated to
remove any unreacted CAP compound and/or volatile byproducts or decomposition products,
such as by nitrogen stripping or by distillation with or without a vacuum. The product

mixture typically contains the desired polyalkene derivative (i.e., polyalkenyl substituted
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product m xture, ajid s6@hpeMBmBELSEERECRARGrsUPs P& mole of product mixture obtained when

reacting maleic anhydride with polyalkene is determined using the following formula:
25 F=(SAP x M/((112,200 x A.L) - (SAP x 98))

wherein SAP is the saponification number; M, is the number average molecular weight of the
starting olefin polymer; and Al is the percent active ingredient of the succinic-containing
reaction product (the remainder being unreacted olefin polymer, maleic anhydride and

30  diluent). The functionality of the polyalkenyl derivatives resulting from the process of the
invention is typically at least about 0.5 and preferably at least about 0.7 (e.g., at least about
0.9). Functionality is typically in the range of from about 0.7 to 2 (e.g.. 1 t02). Inone
preferred embodiment the functionality is in a range from about 1 to 2 and preferably from
about 1.3to0 1.7 (e.g., 1.3 t0 1.5).

35



ASTM D94. The sedinment inhibiting effect of the free radical initiator is
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o of - hbt AR gy 357 P BtRlandh afblriorEe Ren R e B R B an
cent ri f ugi ngaddiivetod b ehdntical 2ermadiae withowt treatmemae tengwé fhecedimentt 0 gi ve a
relative centrifugal force of about 500 at the tip of the tube, and

thereafter measuring the volume of sedinent in the calibrated tube. The
resul ti ng product Tht priotoss of cierpaddeys di @te isveotion aisudefid pertse ad addityesins  of

o0 e 1k DR e R VS Pl T LR
the i nvepdi oforicucifgidditiveer Tiegobalkemid dérivatres cam, fdr eloampde be derivaiited withuel s,
and functi ongl {1 HidSuacM! s S AMknine, %RinS 3coNol STRNSY FiaPonlpBb, BFth e
thereof, to form a corresponding derivative. Useful amine compounds for derivatizing
functionalized polymers comprise at least one amine and can comprise one or more additional
amine or other reactive or polar groups. These amines may be hydrocarbyl amines or may be
25  predominantly hydrocarbyl amines in which the hydrocarbyl group includes other groups, e.g.,
hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline groups, and the like.
Particularly useful amine compounds include mono- and polyamines, .g., polyalkene and
polyoxyalkylene polyamines of about 2 to 60, such as 2 to 40 (e.g., 3 to 20) total carbon
atoms having about 1 to 12, such as 3 to 12, preferably 3 to 9, most preferably form about 6 to
30  about 7 nitrogen atoms per molecule. Mixtures of amine compounds may advantageously be
used, such as those prepared by reaction of alkylene dihalide with ammonia. Preferred
amines are aliphatic saturated amines, including, for example, 1,2-diaminoethane; 1,3-
diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane; polyethylene amines such as
diethylene triamine; triethylene tetramine; tetraethylene pentamine; and polypropyleneamines
35  suchas 1,2-propylene diamine; and di(1,2-propylene)triamine. Such polyamine mixtures,

known as PAM, are commercially available. Particularly preferred polyamine mixtures are
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25 Low haze and low free-amine polyamine-derivatized polyalkeny! substituted succinic
anhydrides are very difficult to obtain at low coupling ratios. It has been found that problems
associated with haze and free amine content can be effectively addressed by modifying the
rate and sequence of the amination reaction. Specifically, it has been found that a faster
amination (a faster rate of polyamine reactant addition to the polyalkenyl substituted succinic

30  anhydride solution) of less than about one hour, preferably 15 minutes or less, eliminates haze
problems in dispersants that are provided by reacting polyamine and polyalkenyl substituted
succinic anhydrides in a polyalkenyl substituted succinic anhydride to polyamine molar
coupling ratio of less than about 1.0, such as less than about 0.9, preferably less than about
0.8. Cooling the polyamine-derivatized polyalkenyl substituted succinic anhydride solution

35  toless than 140°C, preferably to less than about 120°C, more preferably to about 60 to 110°C,
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dispersant product it is preferable to use a low sulfur diluent oil, or more preferably, diluent
25  oil that is substantially free (e.g. less than 2 wt.%, such as less than 1.5 wt.%) or completely
free from sulfur.

The resuiting dispersant(s) are preferably non-polymeric (e.g., are mono- or bis-
succinimides) and may optionally be borated. Such dispersants can be borated by
30  conventional means, as generally taught in U.S. Patent Nos. 3,087,936, 3,254,025 and
5,430,105. Boration of the dispersant is readily accomplished by treating an acyl nitrogen-
containing dispersant with a boron compound such as boron oxide, boron halide boron acids,
and esters of boron acids, in an amount sufficient to provide from about 0.1 to about 20

atomic proportions of boron for each mole of acylated nitrogen composition.




I.er, esters having free al cohols or phenolic hydroxy radicals. An ester
di spersant may be prepared by any one of several known nethods as

descri bed, for exanple, in U S Patent No. 3,381,022. Wen formng a

di spersant p the functionalized, oijgsoluble polymeric backbone is
typically derrvatrzed in diluent oil. As lubricating oil conpositions are
I ncreasingly being required to be lowin sulfur, and the diluent oil

remai ns associated with the dispersant product, it is preferable to use a
| ow sul fur JdEXAMRLES |, or nore preferably, diluent oil that is
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sufficient t hpresnliscee shoenbelbout 0.1 to about 20 atonmic proportions of
boron for each nole of acylated nitrogen conposition. EXAMPLES The effect
of the free radical inhibitor on the anobunt of sedi ment produced during a

t hermal n@actaplelof a conventi onal pol yal kene and an enophil e was

determ ned by thermally reacting conventional polyisobutene ("PIB"), and
mal ei ¢ anhydride ("MALA"), in varied MALA PIB ratios, in both the presence

and absence [@xaqple )MALAPIHE | Phénethiizeus ®dadtiont he  f ol| ISR ng ex Hetilnest had a
are shown Dbl ovi | TEBRESEONKIRT b phondeMPAIPhe. Read T8O (SHhfhent[
Exanpl e(nol ar rati @) (ppm Tenp/ Ti me ( ng KOWhdsM . %

Comp 1l [ 1.26:1 0 235/5 78 22

Comp2 | 1.26:1 100 235/5 87 3.2

Comp3 | 1.26:1 300 235/5 65 1.6

Comp 4 | 1.26:1 500 235/5 69 1.2

Comp5 | 1.17:1 0 235/5 81 2

Comp 6 | 1.17:1 100 235/5 87 24

As shown, in the thermal reaction of conventional PIB and MALA, the addition of
100 ppm of phenothiazine actually increased the amount of formed sediment. Increasing the
15  amount of phenothiazine reduced the amount of sediment, although the total amount of
sediment remained high (1.2 wt. % at 500 ppm phenothiazine). Increasing the amount of
phenothiazine, above 100 ppm was shown to reduce the SAP of the reaction product.

The effect of the presence of phenothiazine, alone and in combination with sulfonic
20 acid, in the thermal reaction of a reactive polyalkene and MALA was then determined using,
as the reactive polyalkene, Glissopal 2300 (from BASF; 2300 M, PIB having a terminal
vinylidene content of at least about 75 %).
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below 0.05 wt. %; reduces visual reactor fouling (indicative of the level of “tar” formation)

and increases the Al of the reaction product (PIBSA), with only a small reduction in SAP.

The further addition of sulfonic acid ameliorates the noted reduction in SAP. Similar results

are achieved when the phenothiazine is dissolved into the MALA prior to charging to the

reactor and when the sulfonic acid is added to the reactor in stages, as shown in Table 3.

Table 3

Example Comp 10 Inv4 Inv 5 Inv 6
MALA:PIB (molar ratio) 1.8 1.8 1.8 2.0
Reaction Temp/Time (°C/hrs.) 230/5 230/5 230/5 230/5
Phenothiazine {in MALA) (ppm) 0 80 80 30
Sulfonic Acid (at t=0) 25 25 0 25
Suifonic Acid (at t=2.25) (ppm) 75 75 0 75
Sediment (wt.%) 0.08 <0.005 Trace <0.01
Visual Reactor Fouling (%) 16 3 3 3
SAP (mgKOH/g) 55.4 524 51.1 55.7
Al (mass %) 83.5 85.5 80.9 88.3

15

The disclosures of all patents, articles and other materials described herein are hereby

incorporated, in their entirety, into this specification by reference. A description of a

composition comprising, consisting essentially of, or consisting of a plurality of defined




10 reactor and when the sulfonic acid is added to the reactor in stages, as
shown in Table 3. Table 3 Exanpl eConp 10l nv 4lnv 5Inv 6 MALA: PIB (nol ar
ratio)1l.81.81.82.0 Reaction Tenp/ Tine (C/ hrs.)23015230/5230/5230/5
Phenothiazin%9§% yﬁLA) (ppm 0808080 Sulfopdc Acid (at t=0)2525025 Sul fonic
Acid (at t=2. Lrb?pprr)7575075 Sedi nent (w. Y% 0. 08<0. 005Tr ace<0. 01 Vi sual
React or Foul in 9916333, .SAP 55.A452. 451 155 7 Al S
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pr ef er r ed entBAHCHAH W&“ﬁﬂl&&@“"g{f Smc&ﬁ‘éﬁ"g?cﬁ%ﬁf%?boﬁ £ raéesrgﬁffrl‘l}brﬂ?ent i on have
been descr i b&lusiritive ifthdratisadeding. Shaages maabé made Bthdse skiflgd incledrowishdm t | S
their invention, however, .i.s not, to.be construed as limted to the

particul ar eﬁ@ﬁﬁW&ﬁwgﬁﬂfgef GV e the discl osed embodi nents are
regarded as illustrative rather than limting. Changes may be made by
those skilled in the an without departing fromthe spirit of the
invention. CLAIMS: 1. A process for producing an ene reaction product
conprising thermally reacting at a tenperature above about 180T, and in

t he substantial absence of hal ogen, a pol yal kene having a nunber average
nmol ecul ar wei ght (Wnh) of from about 300 to about 5000, and a term nal

vi nyl i dene content of at |east 30% and an enophile in the presence of from
about 10, to about 2000 ppm by wei ght, based on the wei ght polyal kene, of
free radical inhibitor. 2. The process of claim1, wherein said polyal kene
has a termnal vinylidene content of at |east about 50% 3. The process
of claim1l, wherein the reacting group of said enophile is olefinic or




carbonyl’, and the free radical inhibitor conprises a phenothiazine nucl eus.
4. The process of claim1, wherein said polyal kene is pol yi sobut ene,

pol ybutene or a mxture thereof (PIB) having a M of from about 900 to
about 2500, apghipasd enophile is naleic aghydride (MA). 5. The process of
claim4, wherein said free radical inhibitor conprises substituted or
unsubst it ut eggpygpet hi azine. 6. The process of claimb5, wherein said free
radi cal i nhi g‘rm’—éonpri ses unsubstituted phenothiazine. 7. The process
of claim4, wherein the MA and P113 are reacted in a nolar ratio (MA: PIB)
of from abouy 0.9 O prdx Bene FAGRA PGS ofprisihSinBRmhlly WG aPa Sai d
ene reaction lbrodlf%: Oﬁ%sfbgp%g%%?%%]nafﬁaylo tromoglg%ou 1 toyaboult% 2. 9.
The process oémperaureraigve what $803Csamiddn dp subsianiéal plesangsrod lalegenrapolyplkene

functionalit ) Y/ Hut T80 RESR ffclaimbs,
Hie f )
wherein the )r"%gfé %%n |§§%8%tﬁ%%ﬁﬁapﬁg%i?t%§_ p}ltesenge o?ﬂﬁ)?r omaabout 10
to about 200Cermnat Hipylidenagvntentefatidash 0% raad we prpiphiloin tel meserde of fromiabowdPubl e
sul foni c aci i, i ﬁt'n}ﬁﬁd{m . % of
t he sul f oni cq%%qoé}%@?ﬁ?%%@gbgg t8 %@cﬁe@éﬁ{hﬂ%ﬁ%@éﬁ tE"h‘g@PllE éls' react ed
with the MA. 12. The process of claim4, wherein the reaction is conducted
at a tenperature aTe le\ﬁilﬁlﬁ'd Syre of
from about Otzto a(gglﬁyo%%(gﬁﬁﬁg%l’gﬁ%egm%%klg%q%%ﬁt&actned it ﬂ\eg:gﬁtg PM such
that an initiadleasthovg®)%®f MA is contacted with the PIE at or prior to the
begi nning of the reaction, and one or nore additional charges of MA are
introduced into the resulting reaction mxture subsequent to the beginning
of the reacti3on. Thaprotése oficlaioek whefingheaieaqting grooppf aii engphileds eleftiiie dronal

steps of: carbonyl, and the free radical inhibitor comprises a phenothiazine nucleus.

4. The process of claim 1, wherein said polyalkene is polyisobutene, polybutene or a
mixture thereof (PIB) having a M, of from about 900 to about 2500, and said enophile is
maleic anhydride (MA).

5. The process of claim 4, wherein said free radical inhibitor comprises substituted or

unsubstituted phenothiazine.

6. The process of claim 5, wherein said free radical inhibitor comprises unsubstituted
phenothiazine.
7. The process of claim 4, wherein the MA and PIB are reacted in a molar ratio

(MA:PIB) of from about 0.9 to about 3:1.

8. The process of claim 7, wherein said ene reaction product has a functionality of from

about 1 to about 2.

9. The process of claim 8, wherein said ene reaction product has a functionality of from
about 1.3 to about 1.7.

10. The process of claim 5, wherein the reaction is conducted in the further presence of
from about 10 to about 2000 ppm by weight, based on the weight of PIB, of an cil scluble

sulfonic acid.




(a) ‘cooling the reaction m xture to bel ow 200C after conpletion of the
reaction; (b) introducing an additional anpunt of from about 1 to about 10
wt. % based on the weight of the reaction mxture, MA into the reaction
m xture and Sphiprgowg for a period of frommbout 0.5 to about 6 hours; (c)
stripping the reaction m xture of excess MA; (d) adding a hydrocarbon
solvent; and (e) filtering the reaction m xture. 14. The process of claim

4, further conprising reacting the ene reaction product with a.
nucl eophi | i ¢ IHeactBhaprocess 5f claireldyherain gt lspst 69 wt-f of she sylenieacid is dptepduced

nucl eophi | i ¢ Jteagialisokor R A hedefd@itdife MOUP consi sting of ani ne,

al cohol , am no-al cohol, netal conpound, and m xtures thereof. 16. The
process of claim 15, wherein said nucleophilic reactant is a pol yani ne.

17, The procass ofrrghflos bficlai 1R Whkiin (hereh 3 id Raled Ul forpSraluRAGH ot Wi L N
t he nucleophilic reactant in diluent ol that 1s at |east substantially
free from sulabeut 180 to about 260°C, and under a pressure of from about O to about 1000 kPa, and said

MA is contacted with said PIB such that an initial charge of MA is contacted with the PIB at

or prior to the beginning of the reaction, and one or more additional charges of MA are

introduced into the resulting reaction mixture subsequent to the beginning of the reaction.

13. The process of claim 4, comprising the additional steps of:
(a) cooling the reaction mixture to below 200°C after completion of the reaction;
(b) introducing an additional amount of from about 1 to about 10 wt. %, based on
the weight of the reaction mixture, MA into the reaction mixture and stirring
for a period of from about 0.5 to about 6 hours;
(c) stripping the reaction mixture of excess MA;
(d) adding a hydrocarbon solvent; and

{e) filtering the reaction mixture.

14. The process of claim 4, further comprising reacting the ene reaction product with a

nucleophilic reactant.

15. The process of claim 14, wherein said nucleophilic reactant is selected from the group

consisting of amine, alcohol, amino-alcohol, metal compound, and mixtures thereof.
i6. The process of claim 15, wherein said nucleophilic reactant is a polyamine.

17. The process of claim 14, wherein the reaction product is reacted with the nucleophilic

reactant in diluent oil that is at least substantially free from sulfur.




