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20  produced by the reaction of monoamines or polyamines with polyalkenyl succinic anhydrides
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.

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 u§ing a two-
step halogen-assisted proéess 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”)
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disclosed.

J 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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20 While the use of the thermal reaction and highly reactive polymer has been found to
reduce tar and sediment formation, 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.
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20 highly effective at reducing sediment formation, leading to a reaction product that is

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  inthe art as a terminal ethenylidene group) can be represented as POLY -C(R)=CH,, 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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atons. Accor gh1ggl two Gg&etlﬁ odledingsh havingthofoensla &= GHRD whemeindR' is a straight or

branched chain alkyl radical comprising 1 to 10 carbon atoms. The unsaturated ethylene-o.-
20  olefin copolymers are polymers of cthylene and at least one a-olefin of the above formula.
The a-olefins employed in the foregoing homo- and copolymers are more preferably selected

from the C3 to Cg a-olefins of the above formula, R’ being a straight or branched chain alkyl

of from 1 to 4 carbon atoms. Accordingly, useful o-olefin monomers and comonomers

include, for example, propene, butene-1, hexene-1, octene-1, 4-methylpentene-1, decene-1,
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 C5 and
C4 a-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  cthylene 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 propenc and/or butene-1 are employed as the
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20 While 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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carboxylic materials (i) to ) ) ,
20  (iv) also may be used. Upon reaction with the backbone, the monounsaturation of the

monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid becomes
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-
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hydrocarbyl substituted sulfonic acids. The term "oil soluble” refers here to a hydrocarbyl

2-
2,
2,
d|
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2-
4

substituted sulfonic acid which is at least 50 wt.% soluble in mineral oil at 20°C. The
hydrocarbyl sulfonic acid may be a natural or synthetic sulfonic acid, such as a mahogany or
petroleum alkyl sulfonic acid, an alkyl sulfonic acid or an alkaryl sulfonic acid, wherein the
30  hydrocarbyl substituent (i.e., 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, amins, hais (&.g., chiloio or bromo), lower alkoxy, lower alkyl mercapta, oxo

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




15 conpounds, such as dilaurylthio dipropionate, dilauryl sulfide,

2-mer capt obenzi m dazol e, 2- nercaptobenzot hi azol e, di benzot hi azyl disulfide,

netallic salts of 2-nercaptobenzothiazole, diethylxanthogene disulfite,

etc.; quinoljne conmpounds such as hydroquinone, urea conpounds, etc. The

above |ist iQ0Hf93 ntended to be exhaustive: numerous cl asses of conpounds

that inhibit formation of free radicals in or ganic materjals are Q@QP known,
a
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9) hydr ocar bon character of the substituent is retained for the purposes of
this invention. When such non-hydrocarbon groups are present, they wll
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atons in the hydrocar substi tuent. preferred hydrocar byl
subst i t uknt amsl radrk areﬁdrablyafmmﬂ&@ fpﬁrtembqarl@a atpist dh¢ arvmeied car e desivediremng y

al karyl sul fonic a S nfiRaclf, BRhaVNGRY ¥ Lik
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of hydr OZCOar bgu%gtltuents) in the aryl moiety. . Particularly preferred is an alkylated benzenesulfonic acid

having a number average molecular weight (M,) of from 475 to 600 and an average of 2 alkyl

groups wherein each of the alkyl groups contains an average of 11 to 15 carbon atoms.

) 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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250C, and s pdiyRfeRE, A deglel Nt AREbn ddited, theddiebied Radlion tetiferdne, 48869 , and
under a pressure of from about 0 to 1000 kPag. Preferabl the reaction is

conduct ed 2dosh-O¥anethelyss, thedeactien tpeis gepegaliyfin § mga%ﬁ&?meg%l%@hepﬁg and
mor e pfelfseriaagglés%@@@WZJ@H%OQaB&u‘iQS’ﬂﬁ’&gs(e.tg)é\h%@hé\i?g!Ied, partial pressure

can be prov ging the reactor wi an 1 nert gas. The inert gas
can be any gas which does not interfere with the thernmal ene reaction under

the selected re i tine.and 1] . IS4 ' | ect ed
fromone of the ?\‘gh?rg ﬂg' eag%%élg ls(al ﬁg&g}‘%{é’?#%drﬁléﬁrﬁcoﬁﬁoé ﬁgdlgérfg%ﬁﬁé %C%{c(l: §l’)e
ni trogen, camhghiddipmdideg (harthaftarriforncdworoXCAR’) compmngrthd eadtivel polpdkénegases

are nitrogen C02, and nitrogen jis.the nos (Cej;lgrred. ecaus eous
bypr oduct S ZHAIAF YaeRBrtEeURaR e bt prdat & Gof pmadBeanbonefar y.
though 20  fromabout 0.9:1to 3:1 (e.g., 1:1 to 2.5:1), and preferably in a mole ratio of from about 1.3:1

to 2.5:1 (e.g., 1.6:1 to 2.4:1). The free radical inhibitor is used in an amount of from about 10

to about 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. Alternatively, 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,
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| nhibit O2r0 ar\xe/cnlghr:tog 91%‘:%%3%01521 tgneeI (I;]f agrcl)ﬂ sglfll(ajlg SIH}OIIIC acid. As with the free radical
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
25  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

30  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,
35  such as by nitrogen stripping or by distiliation with or without a vacuum. The product

mixture typically contains the desired polyalkene derivative (i.c., polyalkenyl substituted
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ASTM D94. The sediment inhibiting effect of the free radical initiator is particularly
20  apparent when the product mixture has a high SAP no. (e.g., SAP > 48 mgKOH/g).

The average number of succinic groups per 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 to 2). In one
preferred embodiment the functionality is in a range from about 1 to 2 and preferably from
about 1.3to 1.7 (e.g., 1.3 to 1.5).

35
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lubricating oils, fuels, and functional ﬂulds but are more typically employed as intermediates
20  for producing additives. The polyalkenyl derivatives can, for example, be derivatized with a
nucleophilic reactant, such as an amine, amino-alcohol, alcohol, metal compound, or mixture
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, e.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; tetracthylene pentamine; and polypropyleneamines
35  such as 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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1,3- context of this disclosure, “coupling ratio” may be defined as a ratio of the number of
succinyl groups in the PIBSA to the number of primary amine groups in the polyamine

reactant.

25 Low haze and low free-amine polyamine-derivatized polyalkenyl 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 polyalkeny! 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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20
When forming a dispersant product, the functionalized, oil-soluble polymeric
backbone is typically derivatized in diluent oil. As lubricating oil compositions are
increasingly being required to be low in sulfur, and the diluent oil remains associated with the
) 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 resulting 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.
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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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|l ess than 2 w. %
free from sul fur.

such as | ess
The resul ting di spersant(s)
are nono- or bis- succinimdes) and nmay

be berated by 30 conventi onal

nmeans, as ¢ y taught in U.S. s. 3,087,936, 3,254,025 and
5,430, 105. Boration of the dispersant is readily acconplished by treating an
acyl nitrog ntai ning di spersant with a boron conpound such as boron
oxi de, boron halide boron acids, and esters of boron acids, in an anmount
sufficient to provide from about 1 to about 20 atomc proportions
boron for epltampid e of acyl ated ni€rwgén \dowpostamp®h. | 20031 GOB3 - KBmEXAVPLES
The effect pfthesireeradica—rhihttot 1 ottt of—sedi-rant-prodlced
during a th ﬁ%éﬁmyéggkfgﬁogf a p)%ggntioﬁg% plor’ alkenéx%ndian g &ohile was
det er mi ned DbReachie T/ Pime$°C/BRGt | N3NV ErF30snad3opol yi| 2sdst ene/s("BbB") , | and
mal ei ¢ anhydLLde_§£¢#MJ¥9$_44LAumu_ed MALA. PILB ratios lin both tRHe nresenhce
and absence| Bfenprhiazae (it &£9) (98m) The| PM used §28 t|Hfe  fol || 8%i ng 88xan® es haf a
M of aboutﬁ e e g vinytrgene- gomt et oof T Tdae Tesul ts
are shown bg ong?gﬂyggﬁgaiiﬁﬁahp e MALA:[PI B Fhenothiagine eactﬁgn SAP
Sedi ment  (®ddament &4ti%) (ppnm) TenpOIZbne (jJMASOH/ @O (wt | .05 ( &Ole5S.021Conp| 1
1.26:1 0 235(5—822—Corp-2—1—26-1+1001235/ 53732+ Conmp—3—-126-1-3069
235/5 65 1. 67 isedlRgaciorFoskine(%oo 28895 69 B 2 (Onp 5 1917: 118 23805 81 P
Conp 6 1. 17 AR ARGRHED B7 2. & AS| STIGWN, |16 3 NS {Ter MisoKeassior) 5grs
conventi onal—Pl nd the addition gf 100 ppm of phenot higzi ne
actual |y i ncAb@ed?) he amount of f8kfed detdiTmef24 | ncif 838i n@8idha 8755 anpunt
Of\] phenot hi azrmeTeducedtheanmount—of —sedrment;—at though—the—totat—amount
of’ sedi ment remained high (1.2 wt. % at 500 ppm phenot hi azi ne). Increasing
t he anount of As shown by the data of Table 2, in the thermal reaction of reactive PIB and MALA,
5  the presence of only a small amount of phenothiazine reduces the amount of sediment to or
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
10 reactor and when the sulfonic acid is added to the reactor in stages, as shown in Table 3.
Table 3
Example Comp 10 Inv 4 InvS Inv 6
MAILA: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 80
Sulfonic Acid (at t=0) 25 25 0 25
Sulfonic 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) 554 524 51.1 55.7
Al (mass %) 83.5 85.5 80.9 88.3
The disclosures of all patents, articles and other materials described herein are hereby
15  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




phenot hi azi ne, above 100 ppm was shown to reduce the SAP of the reaction
product. The effect of the presence of phenothiazine, alone and in

conmbi nation with sulfonic 20 acid, in the thernmal reaction of a reactive
pol yal kene and MALA was then determ ned using, as the reactive polyal kene,
Qi ssopal 23903k80Bom BASF; 2300 M PIE havidfg a terninal vinylidene content
of at |east about 75 % . 2003L003 -17- Table 2 Exanple Conp 7 Inv 1 Conp 8
Inv 2 I nv 3 dGoppnehts shild\bdd dBstiued hafurthertinayde 2o@positions that @sut fgonpthe 2. 0

Reaction Te Time ((C, ), 230/ 5 23QL5 230/.5 230/5 .230/5 230/

Shonot i azi dTEsme oL G ieiohy Eatbpdiats 18 PAETRRs. BTRd cROARmNy A modss of
(ppm 0 0 O dpeftloBsf thepdicAEiRventivh hd@ beendfesdBibebinAhelOregbing Spesificftion0 What Vi sual
React or Foul i ng (% 255 20 0 10 25 SAP (nmgKOH/ g) 57.6 56.5 ,53.1 50.8 53.9
56.3 Al (meeliogisgybmyt gaher igyenyorg Bowevgp lsogte by copruedanlimifd @ HE data of
Table 2, 4 n ﬁmutap%e@hrgﬁﬁma&@d,%céﬁ@efsu&%dEhﬁo@m@mm&ga@ea he presence of

only a smal|” anount o enot hi azi ne reduces the anount of sedinent to or

bel ow 0. 05 willustSgive rathextban ising| Changestroay be guade hy thopendkilted in the agwithpt | evel of
"tar" format}on). nd J ncreases.the. Al of the reaction product (PIBSA), with
only a smal Iéelpﬁrbﬂ%f}?rgﬁhﬁsﬁlr%ﬂﬁt%e RS Purt her addition of sulfonic acid
aneliorates the noted reduction in SAP. Simlar results are achieved when

t he phenothiazine is dissolved into the MALA prior to charging to the 10
reactor and when the sulfonic acid is added to the reactor in stages, as
shown in Table 3. Table 3 Exanple Conmp 10 Inv 4 Inv 5 Inv 6 MALA PIB
(nolar ratio) 1.8 1.8 1.8 2.0 Reaction Tenp/ Time (C/hrs.) 230/5 230/5 230/5
230/ 5 Phenothiazine (in MALA) (ppm) 0 80 80 80 Sulfonic Acid (at t=0) 25
25 0 25 Sulfonic Acid (at t=2.25) (ppm) 75 75 0 75 Sedinment (wm.% 0.08
<0. 005 Trace <0.01




Vi sual Reactor Fouling (%9 16 3 3 3 SAP (nmgKOH/ g) 55.4 52.4 51.1 55.7 Al
(mass 9% 83.5 85.5 80.9 88.3 The disclosures of all patents, articles and
other materials described herein are hereby 15 incorporated, in their
entirety, into this specification by refgrence. A description of a
conp05|t|on conprising, consisting essentially of, or consisting of a
plurali ty_Mefl ned 2003L003 -18- conponents shoul d be construed to further
i ncl ude conpositions that result fromthe adm xture of said defined
conponents. The principles, preferred enbodi nents and nodes of operation of
the pr eserht i nlex@mcmrﬁormﬁecibemndeegd'winmmwtnortlrbTéing(Dlreerg@ilyngactérpgectiafi cati on.
What app h nstrued
as linmted %ea%gg@gé%tllé%Fa%{d [ﬁggéﬁ%ﬁ% gabél e ohgireoged 20128& croﬁ g% gfgl osed
enbodi rrenmiy%lreee 5@@@ drenh thesgroyp donssting bf podyisohutérey pol ypatend amhmuxtngs thasahges may
be made b [ S it of
the i nven%{?\)(i)r%%%%&]%éjfgérg% rhcnectuﬂ?&'gig t(mn%%g}égsn atbglﬁ%% {o rBgut 5666“ and a%ernfrggc tion
product comprdess qogtehtnd rintedst 30%, @addn angpmit: 1mthepesqne¢dtfwmeabah1d0;aoabmut 180C,
and in th ubst.ant i e aof , hal ogen, opsi sting. of polyal kene
sel ect ed ?9(% %bz&e'ggiugasgonsﬁstwfmﬁhtpolya Bi°ys seBuatrggcﬁ]érC‘h Qgrc%mrglr% %and ni xt ures
t hereof , plravthiaginanweienber aver age nol ecul ar wei ght (I\/h) of from about 300 to
about 5000, and a term nal vinylidene content of at |east 30% and an
enophile, in the presence of from about 10, to about 3000 ppm by wei ght,
based on the V\Féiueghbcepsaifyalnkenﬂwrebfsafdrpel@alkaﬂih@sad teintitil Riny @denc@AfRRl Fang a
phenot hi a17_| ne ny&df 2. The process of claim1l, wherein said polyal kene
has a teriha ylldene content of at |east about 50% 3. The process of
claim1l, wherein the reacting group of said enophile is olefinic or

car bonyl rocess, of claim wherein s al k pe has a M of

f r om about" 9005]? otp%ﬁgﬁ)s C]aﬁ%bdfhe%?ﬁld%ésrﬁ?can%?f&fh‘?fa%'g Eop § '8Pk %fﬁﬂg/drl de (MR).

5. The progessl. of claim4, wherein said free radical inhibitor conprises
unsubsti tut ed

4, The process of claim 1, wherein said polyalkene has 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 unsubstituted

phenothiazine.

6. The process of claim 4, wherein the MA and the polyalkene are reacted in a molar ratio

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

7. The process of claim 6, wherein said ene reaction product has a functionality of from

about 1 to about 2.

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

about 1.3 to about 1.7.

9. The process of claim 1, wherein the reaction is conducted in the further presence of from
about 10 to about 2000 ppm by weight, based on the weight of said polyalkene, of an oil soluble

sulfonic acid.
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phenot hi azi ne. 6. The process of claim4, wherein the MA and the pol yal kene
are reacted in a nolar ratio (MA polyal kene) of fromabout 0.9 to about
3:1. 7. The process of claim®6, wherein said ene reaction product has a
functionality of from about |I to about 2. 8. The process of claim?7,
wherein said ene reaction product has a functionality of from about 1.3 to
about 1.7. 9. The process of claim1l, wl&rein the reaction is conducted in
the further presence of from about 10 to about 2000 ppm by wei ght, based on
the wei ght of said polyal kene, of an oil soluble sulfonic acid. -20- 10.
The proced§ of Tt pioers9of olgine Pevhtren atlleagisd wabp afisaidsdfonisarid issurqdgefideftercid i s

i ntroduced, pf{ %Oﬁheé’jﬁ AlenoGHlied Bfn MOM@l kene has reacted with the MA

11. A process for producing an ene reaction product conprising thermally
reacting at a tenperature above about 180C, and in the substantial absence

of hal ogen, po:{)\}’ﬁ esscfg{];%%du%fnggn RALXAKSE R stu?g%érﬁqﬁm k&?n@é&“p

consi sting of I'so ene ybut en€e and m tures €reo havi ng a
nunber avefrlm@eltumdth@&mtam h&é?Cghmd lém)sumanﬁalelpﬂe@pb@ﬁhalmm wbmb@uwrlzag)o and a

t erm nal n n f . 9 i MA), in
the pr eser?cfé/g ?neg 5%%‘ a t?'e%r@,gp C@%“&%@E%O@%&te%ﬁ?lw e\%{%?@ H&%g%sﬂ%? Ogn %heI
wei ght poIhyahgemmbeodvefagemolteaddrmlghi (Vi) bf fron atmonIoitsibegt 250h hahotehiiaadi ne

I th ed bout
180 o abodt Fencen ik 0y B BAREAMGHEM, AR EI L 1Bt b0 kpa.

and said mabougoompmby weligkm bdsecbnautme m&lyamlk@kme sfitke mafied! irhibitoni ti al charge
of MAis contacted,w

reaction, comprisined pthotthlazme HH?JQ l\Xl%lr ere%étlogrls rm{edtatoa tteplﬁetr o{“ﬁ]d{q‘g of the

nore a 5 ONAl ges o uced into the
resul ti ng ab@ac8l orbet 2603€eansubdeea]meuvretoﬁfrbmebdmle@tmomgowkPla}wdlszeaMA on. 12.

A process .for cin ne reaction.produc (1S rmally
reacting at °°£ta9?‘gwg‘é?aé<?% yealkﬁ[')eoi}léhg' télﬂtm'ti% Harees otfHPAmg aecltesg%th?antl al ~absence
of hal ogemplypikéngnesr peionprhesiepigningof titalekeng askdreot adrefatiditivrtahehaggeoeffMA

consi sting of, polyi.sohuten utene and m xtur s, ther f havi ng a
number av ea'ﬁtég)dr%%éé'&tﬂaﬁﬁﬁﬂ@f‘%%ﬁ%ﬂ/ﬁ)"“ﬁ?Sq’rs%%e tﬁ? ?8' 566"%500, and a

termnal vinylidene content of at |l east 30% and mal ei c anhydrl de (MA), in

t he presence of from t o about 3000 ht, .based on the
Wt ght pol el keAdrSar BT R rERRIBH CeBRTErAE HREERS agi ne
nucl eus, cahffingt Bgve AuaIBIPC,iabdial thessBgpmtigifabsence of halogen, polymer comprising

polyalkene selected from the group consisting of polyisobutene, polybutene and mixtures thereof,
having a number average molecular weight (Mn) of from about 900 to about 2500, and a terminal
vinylidene content of at least 30%, and maleic anhydride (MA), in the presence of from about 10,
to about 3000 ppm by weight, based on the weight polyalkene, of free radical inhibitor
comprising a phenothiazine nucleus, 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;
© stripping the reaction mixture of excess MA;
(d) adding a hydrocarbon solvent; and

(e) filtering the reaction mixture.

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

nucleophilic reactant.




(a) cooling the reaction m xture to bel ow 200C after conpletion of the
reaction; (b) introducing an additional anmount of from about 1 to about 10
wt. % based on the weight of the reaction mxture, MAinto the reaction

m xture and stirring for a period of fppm about 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. 13. The process of claim 4,
further quﬁp“sfﬁ%r&%é&%tfklﬁ% imh@raﬁsg.&ﬁ&ﬁeomh@&&%%sé%&éaﬂam %Josq)phlllc
reactant. -21- process of claim1 wherein sald nu hi

react ant |C®"S§Efllge<t,fta@dwf fr‘@h?‘t treingrelgelp!, n@éﬁhsqnmouma@fmlamqaéﬂereaf cohol

am no- al cohol, netal conpound, and m xtures thereof. 15. The process of
claim 14, wherein said nucl eophilic reactant is a polyam ne. 16. The process
of claim 18, whEheaireressiod claiatd, wbereipsad esleoplsliq reartaned awplytminkie nucl eophi l i c
reactant in diluent oil that is at |east substantially free from sul fur.

16. The process of claim 13, wherein the reaction product is reacted with the nucleophilic

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




