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anount of chI orine is incor por ated into the pol yal kene, usually at a
tenperature of about 75 to about 125C. In the second step of the two-step
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with improved dispersing, detergent and/or viscometric properties. The polyalkene-
substituted carboxylic acid, anhydride or ester compositions are themselves useful as

20  emulsifiers. Such polyalkene-substituted carboxylic acid, anhydride or ester
compositions are commonly formed by halogen-assisted reaction of polyalkene and at
least one olefinic monounsaturated mono- or dicarboxylic acid, anhydride or ester,
most commonly maleic anhydride. Chlorine is the most commonly used and effective
halogen. In a two-step process, as described for example, in U.S. Patent No.

25 3,219,666, a polyalkene is chlorinated until there is on average at least one chloro
group for each polyalkene molecule. Chlorination can be achieved by simply
contacting the polyalkene with chlorine gas until the desired amount of chlorine is
incorporated into the polyalkene, usually at a temperature of about 75 to about 125°C.
In the second step of the two-step chlorination process, the chlorinated polyalkene

30  product of the first step is reacted with a molar equivalent, or a molar excess of ., B-
unsaturated carboxylic acid, anhydride or ester, usually at a temperature of about 100
to about 200°C. Alternatively, and as described for example by U.S. Patent Nos.
3,215,707 and 3,231,587, a mixture of polyalkene and o, B-unsaturated carboxylic



acid, anhydride or ester reactants can, in a single step process, be
contacted with chlorine gas (e.g., by passing chlorine gas through the

m xture with agitation) at an elevated tenperature (e.g., 140C or above).
Pol yal kene- substituted carboxylic acid anhydride or ester conpositions 5
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20  treat a halogen-containing product to remove halogen until the level of halogen in the
product is at an acceptable level. Certain methods for accomplishing this are known.
These methods, while capable of reducing the halogen content of the polyalkene
substituted acylating agent, can also adversely reduce the number of acylating groups
due to decarboxylation, manifested as a reduced saponification (SAP) number or level

25  of active ingredient (AI), and can further increase the manufacturing time by requiring
additional process steps (e.g., post-treatments or heat soaking).

U.S. Patent No. 4,943,671 to Dockner et al. describes a reductive
dehalogenation process for reducing the halogen content of an organic halogen
compound with formation of a hydrogen halide in which the organic halogen

30 compound is reacted with a hydrocarbon in the presence of elemental carbon at
elevated temperature, in the presence of an iron powder or iron compound co-catalyst.

U.S. Patent No. 5,489,390 to Sivik et al. describes a process for reducing the

chlorine content of an organochlorine compound in which the organochlorine



chl orine content of an organochl orine conpound in which the organochl orine
-3- conmpound is mxed with (a) an acid selected fromm neral acids other
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reactant, a poelinebebitomid® having a total of tetra- and tri-substituted
unsaturated end groups in _an amount up to about 90 nole rcent, wherein
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The method disclosed results in the formation of hydrogen sulfide as a by-product and
20  asulfur-containing polyalkene-substituted carboxylic acylating agent having a
relatively high kinematic viscosity.
U.S. Patent No. 6,077,909 to Pudelski et al. describes a method of providing
polyalkylene-substituted carboxylic acylating agents having a reduced chlorine
content, which method relies on the use of, as the polyalkene reactant, a polyolefin
25  having a total of tetra- and tri-substituted unsaturated end groups in an amount up to
about 90 mole percent, wherein the polyolefin is reacted with halogen on a molar
basis up to an amount equal to the moles of tetra- and tri-substituted end groups.
EP 0 684 262 describes a process for reducing the chlorine content of
chlorinated polypropylene or polyisobutylene, or a mixture of polypropylene and
30  polypropylene succinic anhydride, or polyisobutylene and polyisobutylene and
polyisobutylene succinic anhydride, in which the polymer, or polymer and succinic

anhydride mixture, is treated with heat for a specified period of time.



pol yi sobut yl ene succini c anhydride, in which the polyner, or polyner and
succinic anhydride mxture, is treated with heat for a specified period of
time. -4- EP 0 665 242 describes a nethod for reducing the chlorine content
of pol yal kene substituted carboxylic acylgtlng agents whi ch invol ve
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compositions having minimized halogen contents, as in the first aspect, in which the
sediment and cycle time are concurrently minimized.

20 These and other objects, advantages and features of the present invention will
be better understood from the following detailed description of the preferred

embodiments.

DETAILED DESCRIPTION OF THE INVENTION

25 Suitable hydrocarbons or polymers employed in the method of this invention
include homopolymers, interpolymers or lower molecular weight hydrocarbons. One
family of such polymers comprises ethylene and/or at least one C; to C,g alpha-olefin
having the formula HC=CHR! wherein R’ is straight or branched chain alkyl radical
comprising 1 to 26 carbon atoms and wherein the polymer contains carbon-to-carbon

30  unsaturation, preferably a high degree of terminal ethenylidene unsaturation. Such
polymers may comprise interpolymers of ethylene and at least one alpha-olefin of the
above formula, wherein R' is alkyl of from 1 to 18 carbon atoms, and more preferably

is alkyl of from 1 to 8 carbon atoms, and more preferably still of from 1 to 2 carbon



above formula, wherein R is alkyl of froml to 18 carbon atons, and nore
preferably 1is alkyl of from1 to 8 carbon atons, and nore preferably still
of from1l to 2 carbon -5- atons. Therefore, useful alpha-olefin nononmers and
conmononers include, for exanple, propylene, butene-1, hexene-1, octene-1,
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These polymers may be prepared by polymerizing alpha-olefin monomer, or
20  mixtures of alpha-olefin monomers, or mixtures comprising ethylene and at least one
C; to Cyg alpha-olefin monomer, in the presence of a catalyst system comprising at
least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an
aluminoxane compound. Using this process, a polymer in which 95 % or more of the
polymer chains possess terminal ethenylidene-type unsaturation can be provided. The
25  percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be
determined by FTIR spectroscopic analysis, titration, or C'* NMR. Interpolymers of
this latter type may be characterized by the formula POLY-C(R1)=CH) wherein R'is

C to Cy4 alkyl, preferably C; to C,3 alkyl, more preferably C; to Cg alkyl, and most
preferably C, to C, alkyl, (e.g., methyl or ethyl) and wherein POLY represents the

30 polymer chain. The chain length of the R' alkyl group will vary depending on the
comonomer(s) selected for use in the polymerization. A minor amount of the polymer

chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH?, and

a portion of the polymers can contain internal monounsaturation, e.g. POLY-



30 polymer chain. The chain length of the R alkyl group will vary dependi ng
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i nternal nonouyns ti d. rein R s as defined
above. These %r%ﬁ V’%GW%RUF (QBFH?%@WBOEE{??EFW%F%@% ed by known
nmet al | ocene [ Pat ent
Nos. 5. 493, 800 R PRl WEMeRRgLDeno B RRANGELRSLARSEY BIMANY B30, 030, 5
Anot her usef uprepdredsas descrprdyindf.§. Patert INbs. 3,49%309% 15eA6S, 130epdPRA7Hy cati onic

pol yneri zati o I S , y. and the |ike. Common pol yners from
this cl ass ﬁ%ﬂi&ff%&%%?gﬁﬂagrég@ggt ai ned by polynerization of C4 refinery

stream haw ng a bMAGRRG el BRks S poRRALS indfudeQs BOI9Hers/SHEpdRYd B catiditd an
i sobut ene content of about 30 Stopabout (150@ sﬁ&? fsnét%e p?%gzlnce of a

Lewi s acid capdymetizagion lof &ebatengristymeneland the dnlw onmmcmrpdbym@n from thivdassde. A
preferred source . of nonponer f n- b etroI eum f eed

B Feams: such BOHEPHTRASTERes DiaiftnidufReatialin S e MiRebErBo v he o
such as in U gutedfdalogftht Moaboht 958 ab38t 7490 Iby v RHA ¥h BBButefie Sorii@i bf aBRBer I ed
backbone of the present invention because it is readily available by

cationic poltprabputA80% by wis tmthb preserecest ad £mis gaid gatalysisiualy applgmdnwat al yst s) .
Such 15 p Iylso enes con reS|d ynsat urat ion in_anmounts
of “about " She TErhpHe S ESaE TR s « BRI Dk Ot Rorhepkel bRk Grong t he
chain.  Polyi s Y Sl R kfreand®idh QSRR 12 TR REBET Abdké abased on
hydr ocar bon chai ns havi ng a nunber average nol ecul ar weight (M,) of from

about 900 t odistlessd uztlwmt suvh @k ool BateneN.rg93761 3% Sebrisgauéylencais @ mst |

O o7 HE bR h e SEF SR abe papbhp 72

i.e., acid, m&ﬁia@@nmaﬁhﬁk afdafls (8B asih@lAICI rt;akaJyhtst)g Suth
nonounsat ur at%g C4 to C10 dicarboxyl |(écTEaC| dgwher ein (a) the carboxyl groups

are viciny, fdlyieobutylenatgederally catpiacesiduat andaouratidminsmaint dflaboatoreeast one,
preferably both of sajd adé’acent carbon 25 atons are part of said nono
unsat ur at i on: ethyleyic dapble bpnd per w#ym?r)chémaosa%on&ﬁﬁmﬁh%g ¥ Cl to C5
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t he hydrocarbon chains having a number average molecular weight (Ma) of from about
900 to about 2,300. Methods for making polyisobutylene are well known.

20 Preferred olefinic monounsaturated reactants used to functionalize the
polyalkene backbone comprise mono- and dicarboxylic acid material, i.e., acid,
anhydride, or acid ester material, including (i) monounsaturated C4 to Cyo
dicarboxylic acid wherein (a) the carboxyl groups are vicinyl, (i.e., located on
adjacent carbon atoms) and (b) at least one, preferably both, of said adjacent carbon

25  atoms are part of said mono unsaturation,; (ii) derivatives of (i) such as anhydrides or
C, to Cs alcohol derived mono- or diesters of (i); (iii) monounsaturated Cs to Cyo
monocarboxylic acid wherein the carbon-carbon double bond is conjugated with the
carboxyl group, i.e., of the structure -C=C-CO-; and (iv) derivatives of (iii) such as C;
to Cs alcohol derived mono- or diesters of (iii). Mixtures of monounsaturated

30  carboxylic materials (i) - (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



carboxyl group, i.e., of the structure -C=C-CO; and (iv) derivatives of
(iii1) such as C1 to C5 al cohol derived nono- or diesters of (iii). Mxtures
of nonounsaturated 30 carboxylic materials (i) - (iv) also may be used. Upon
reaction with the backbone, the nonounsatiurati on of the nonounsat urat ed
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20  carboxylic acylating agent will have, on average, at least 1.3 carboxylic groups per
molecule. Because the carboxylic group “functionalizes” the molecule (provides a
site for further reaction with, for example, an amine or hydroxyl group), such products
can be described as having a “functionality” of at least 1.3. The degree of
functionality can also be expressed as a saponification number. The saponification
25 number indicates the milligrams of KOH needed to completely saponify one gram of
polyalkene-substituted carboxylic acylating agent. Saponification can be defined as
the reaction of an acid or anhydride with an alkali base to form a metal carboxylate of
the acid, anhydride or ester. Functionality (F) may be expressed according to the
following formula:
30 F = (SAP x M:)/((112,200 x A.L) - (SAP x MW))
wherein SAP is the saponification number (i.e., the number of milligrams of KOH

consumed in the complete neutralization of the acid groups in one gram of the acyl

group-containing reaction product, as determined according to ASTM D94); M is



pol yal kene-substituted carboxylic acylating agent. Saponification can be
defined as the reaction of an acid or anhydride with an alkali base to form
a nmetal carboxylate of the acid, anhydride or ester. Functionality (F) may
be expressed according to the foIIovm ng_garnula: 30 F = (SAP X
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chlorine. As the reaction proceeds simultaneously with maleation, maleic anhydride
20  mono-succinated polymer is first obtained, followed by bis-succination/chlorination
on newly formed double bonds resulting from HCI elimination. Some polymer
having remaining labile allylic chlorine from the tri-/tetra-substituted double bonds,
some polymer with chlorine in the backbone, and some polymer containing unreacted
double bonds is included in the resulting polyisobutene succinic anhydride (PIBSA)
25 product.

Functionalization can be accomplished by halogenating, e.g., chlorinating or
brominating the unsaturated polyalkene to about 1 to 8 wt. %, preferably 3 to 7 wt. %
chlorine, or bromine, based on the weight of polyalkene, by passing the chlorine or
bromine through the polyalkene at a temperature of 60 to 250°C, preferably 110 to

30 180°C, e.g., 120 to 140°C, for about 0.5 to 10, preferably 1 to 7 hours. In accordance
with the present invention, the halogenated polyalkene (backbone) thus formed can be
reacted, in the presence of the metal, with sufficient monounsaturated reactant capable
of adding functional moieties to the backbone, e.g., monounsaturated carboxylic

reactant, at a temperature of from about 100 to 250°C, such as from about 180°C to



doubl e bonds is included in the resulting polyisobutene succinic anhydride
(PIBSA) 25 product. Functionalization can be acconplished by hal ogenati ng,
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(Al) and Tin (Sn). From a standpoint of performance, cost and toxicity (in handling),
20  metal compounds of Fe, Cu, Co, Ni, Ti, Zn, Sn and Al are preferred. Most preferable
are metal compounds of Fe, Ni, Cu and Co, particularly Fe.

Metal compounds useful in the practice of the present invention include metal
chlorides, metal oxides, metal alkoxides and metal alkyl carboxylates. Preferable
metal compounds are metal compounds that are soluble in the polyalkene, such as

25  metal alkoxides and metal alkyl carboxylates.

Examples of useful metal compounds include Fe(neodecanoate),, Fe(III)
oxide; Ni(IT) 2-ethylhexanoate; Cu(Il) 2-ethylhexanoate; cyclopentadienyl Co(I)
dicarbonyl; bis(cyclopentadienyl)dimethyl Zr(IV); Cu(l) acetate; Fe Chloride (FeCls);
Cr(II)-2-ethylhexanoate; Mn(II)-2-ethylhexanoate; Al chloride (AICl;); Al oxide, Zn

30  acetate, Zn Stearate, Ti(IV) 2 -ethyloxide and Sn acetate. Preferred are polyalkene-
soluble compounds of Fe, Cu, and Co, most preferably, the metal compounds are
polyalkene-soluble Fe compounds, such as Fe naphthanate, Fe(III) neo-decanoate,
Fe(1Il) 2 ethyl hexanoate, Fe(IIl) acetyl acetonate, Fe(1I) stearate, and Fe(1Il) 2, 4

pentanedionate, particularly Fe(III) neo-decanoate.



are netal conpounds of Fe, Ni, Cu and Co, particularly Fe. Metal conpounds
useful in the practice of the present invention include netal chlorides,
nmet al oxi des, netal al koxides and netal al kyl carboxyl ates. Preferable

met al conpounds are netal conpounds that. gye soluble in the polyal kene, such
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(e.g., 10 ppm to 2.5 mass%, as described in U.S. Patent No. 5,489,390). Such large
20  amounts of metal can contribute to depolymerization of the polyalkene backbone.

The preferred polyalkene reactant is polyisobutylene, more preferably
polyisobutylene (PIB) having a number average molecular weight (M) of 900 to
3000, such as 1500 to 3000. Further preferred as the polyalkene reactant is
polyisobutylene having Ma of 900 to 3000 (preferably 1500 to 3000) and more

25  preferred is polyisobutylene having Mx of 900 to 3000 (preferably 1500 to 3000), and
greater than about 60%, more preferably greater than about 80%, tri- and tetra-
substituted unsaturated end groups. Preferably, the polyalkene is derived from a Cq4
petroleum feed stream containing from about 10 to about 75 mass%, preferably from
about 15 to about 60 mass %, more preferably from about 20 to about 55 mass % of

30  isobutene, based on the total mass of olefin. The preferred olefinic monounsaturated

mono- or dicarboxylic acid, anhydride or ester is maleic anhydride (MA). Preferably,
the MA and PIB are charged for reaction at a MA/PIB molar ratio of from about 0.9



reduction in hal ogen content conpared to post-treatnent nethods using Lew s
acids (e.g., 10 ppmto 2.5 mass% as described in U S. Patent No.

5,489, 390). Such large 20 anopunts of netal can contribute to
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least about 75 mass %, of the chlorine is added before the reaction temperature
20 reaches 180°C. Preferably, the reaction product is polyisobutene succinic anhydride
(PIBSA) having a functionality of from about 1.2 to about 1.7, preferably from about
1.3 to about 1.6.
Preferably, the polyalkene and olefinic monounsaturated mono- or di-
carboxylic acid, anhydride or ester is reacted in the substantial absence of polyalkene-
25  insoluble elemental metal and metal compounds (amounts introducing less than 5
ppm of elemental metal into the polyalkene).
Although the process of the present invention, in addition to minimizing
halogen content, also minimizes sediment formation to a level at which filtration of
the product and/or addition of sediment-reducing agents becomes unnecessary, the
30  product may be treated with a sediment reducing agent to provide a product that is
substantially free of sediment (less than 0.08 mass %, preferably below 0.03 mass %,
such as from 0.01 to 0.03 mass % sediment).
Sediment reducing agents suitable for use include oil soluble strong organic

acids, preferably oil soluble hydrocarbyl substituted sulfonic acids. An "oil soluble"
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about 1.2 to outgdb%Il gu@mm{%{ara Imc(zﬁogg%g Elﬁa}[(is 1%{%&%&5%%%!@?@1 referably,
t he pol yal kenﬁmafadoﬂlaei(m CThetiydestastyl selfobc 40X aray Ok adiatursledrputhbiic aci d
anhydride or ester is reacted in the substantial absence of pol ?/al kene-
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and/ or addition of sedinent-reducing dgents beconmes unnecessary, the 30
product may belubilétit Ctl-saletie mabeganyes ke abtpinghit treading lelric@ngoBr oduct
that is sub an 0.08 mass % preferably
bel ow 0. 03 n;t;ag&ﬁ}ﬂc% gﬁ%’h&g& {a&eﬁl&o&f@ﬁﬂ{g S(lgﬁgéaﬁgss % sedi ment). Sedi nment
reduci ng agents sulliedbldeodagtyl ssisstitueat ofttRe Sulfonsodcidten sint£i gophgdmtarborci ds,
preferabl y oil sol ubl e hydrocarb substituted sul foni c acids. An "oil
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wherein the ti%drocar byl substituent 41 , petroleum5 al kyl, Iinear and/ or
branched chaihisdpygptiona Whenysuch aopthy ecqrb%groume pseswfethéy will genesay i ty.
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substi t uent diydtdtﬁrkwblﬁb:sntuenam d can cont ai n non- hydrocarbon groups such as

nitro, amno, halo (e.g brono), .l ower al koxyl, |ower alkyl 10
mer capt o, oxo (=0T hetrﬁr:%rreg ydrop WOWPS"NIPFI)t is el aegéﬂe)prefgﬁa depieHe her
(-S), provi da%ﬁds a?@a&%ﬁﬁﬂélg%lléa)’)ﬁgﬁmiﬂg%199 nAﬁJa fit&lic ﬁél sihihégent 1s
retalned for e purposes t'hi's T nvention. en such non- hydrocarbon
groups are pr@smhﬁonatiﬂgaykwshbstgmnéamﬂaﬁc_hlyémmem suth agtitege bhtamedhwut 10

mass % of the tqtal weig of the at inth i _
’ the fractionation o} petroleum by d%‘?ﬁatlon and?or extraction, or by the alkylation of

aromatic hydrocarbons as, for example, those obtained by alkylating benzene, toluene,
20  xylene, naphthalene, and biphenyl. Preferred alkaryl sulfonic acids include those
obtained by the sulfonation of hydrocarbons prepared by the alkylation of benzene or
toluene with tri-, tetra- or pentapropene fractions resulting from propene
polymerization.
The alkaryl sulfonic acids typically contain from 15 to 76, preferably from 24
25  to 40, and more preferably from 28 to 36 total carbon atoms. The aryl moiety can be
derived from any aromatic hydrocarbon such as benzene, naphthalene, anthracene,
biphenyl, and the like, but is preferably derived from benzene or naphthalene, and is
most preferably derived from benzene. The preferred alkyl benzenesulfonic acids
typically contain from 9 to 70, preferably from 18 to 34, more preferably from 22 to

30 30 total carbon atoms in the alkyl substituent (or substituents) in the aryl moiety.

Particularly preferred is an alkylated benzenesulfonic acid having a Mn 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.



hydr ocar byl substituent. 15 The preferred hydrocarbyl substituent is

al karyl, and the preferred sulfonic acids are accordingly al karyl sulfonic
acids. Alkaryl sulfonic acids can be obtained by sulfonating alkyl
substituted aromatic hydrocarbons such as{{hose obtained from the

fractionation of petr u distillation and/aor ext.racti.on,. or t he

Al Kyl ation of ar ob RV PbeibE hed Bt bR B2 sufEc AoY 2 hiaRes o by

al kyl ati ng bepzfitalkjlalitep@cesdbs; ¥\ eReberzan dandeabstednih Rispitaily hlkedd &f er r ed
al karyl sulfonic acids include those obtained by the sulfonation of

hydr ocar bons pigasear €8 pelymer thezgatyn teinsesenge fderanaillypride.oAmons th €ata ri - |
tetra- or pentapropene fractions resulting from prqopene polynerjzation. The
al karyl sul f ofi7¢ alkylated heprenes W heagF, pEisrably GFAPLay o o ﬁ@,prﬁwé$téqnaqﬁt from 24

25 to 40, and re preferably from to 36 total car atons. The ar
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from benzene or naphthal ene, and is nost preferably derived from benzene.
The pr ef er r edolbthingd fiomrprepesubilitond, ematind or mixytpies shdrgofesthelike. fRreferably,o 70,
preferably from 18 to, 34 nore f.erably from22 to 30,30 total catbon
o i the e pr aisdyt orgaher SOPSERARlenb AR langyh Shiiofds
Particularly &@g}ﬁ{afﬁgni&t@gu@ﬁohwa@;@d benzenesul fonic acid having a M n of
from475 to 600 and an average of 2 al kyl groups wherein each of the al kyl

groups coit ai ns anThaledragrebyfsubstitnigd s8lferae awd isuseden an amguitieiestiveyfont ed

benzene used for preparing the sulfoni cid.is obtained.b kno
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Anmong the C9 to C70 al kyl ated benzenes which are preferably enployed in the

prepar ati on othetpnesest invertioniis typtdally & the sangglob droreskout 0ddde }|0vaasséhe, waxy
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m xtures thergehrbokylidwRadthite. Preferably, nonyl or dodecyl or either of
their equivalents in a mxture of alkyls is enployed in the preparation of
the sul fonic aci d. Te@romide heigpeseant pyitabla fios bserintfeels and fubrirants dhapalyalkensd in

an amount ef f cqLg. f Qe BLEXSM MRk, BRSLAB Ak, ASEL BORHE: T or mat i on

derivatized with a nucleophilic reactant, such as an amine, amino-alcohol, alcohol,
metal compound, or mixture thereof, to form a corresponding derivative. Useful

20  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 predominantly
hydrocarbyl amines in which the hydrocarbyl group includes other groups, e.g.,
hydroxyl groups, alkoxyl groups, amide groups, nitriles, imidazoline groups, and the

25 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, and preferably 3 to 9
nitrogen atoms per molecule. Mixtures of amine compounds may advantageously be
used, such as those prepared by reaction of alkylene dihalide with ammonia.

30  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



reaction time and conditions. When used, the amount of sulfonic acid
enployed in the present invention is typically in the range of from about
0.05to 1.0 nass % preferably 0.15 to 0.5 mass % based on the total weight
of the polyal kene and the 15 dicarboxyligreactants. To provide a

di spersant sultabl: I ) h iROL .

substituted ?aetrnga%(lgﬁ: ?’8‘{%@?’3? ?leh%e%@gaéyggéﬁﬂ&cf &slglgl}rg Lln%lgllk(((?hen be
further deripapylesdtriantibe.a nucl eophilic reactant, such as an am ne,

am no- al cohol , al cQho tal d, mxturethereof to forma
correspondi ng deri @Frwu@%%w "BOU&JHf H@Pl@ﬁnﬂWﬁ]é%d‘PB‘lm‘?ﬁéP?h/%tl 91 ng
functionalize hyed SaSkvai t@é@n 8 d £Qfpri se one or
nore additi on‘%l1 aﬁ)ﬁa)lmé{ne gll)%ggﬁg%xg?gg%%bve ¥ ‘3111r gQ:rSﬁJB n gse am nes nay
be hydrocar bylhnlémohﬁssandarlrlqyarhmefmbsmmuedlamir;es sayllao2.at, lﬁyl am nes in which
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pol yal kene a yoxyal ene pol yam nes 0 out to 60 sucﬁ as 2 to 40
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ami nes, including, for eXanple di am ndet hane; i am nopr opane,
1, 4-di am nomemiEstnﬂc,tL&edammasmamebe uspal Snmllnj]yeume may lusrsccmdeﬂmedamines

di et hyl ene tri e | en tr tetraethle eptam ne and
pol ypr opyl ene%?rf{n sebed ?J%Q’V 16@% gﬁ;?@‘ﬁﬁ%.l&m@o vatnea. o 28 %esgn%eg
propyl ene)tri C d I lic di am nes
%&E@ lﬁrﬁﬁﬁ &Qm@os 913B9Y gﬁ% mcm §:7981786Y5
i (am’no

such as 1, 4- cyc ohexane ‘and hétérocyclic nifrogen conpounds
such as 5 im ﬁ&ifhll861e?sheaptdyczibﬁmbubsﬂﬁ&eécﬂnbdxyﬂlmaeyjammg genhes), besuadtedwit?, 4,
6- trihexanethyl enedi am ne .trjazine (TAHV) ,as descri bed U S. Pat

ﬁlﬂ%g% @%fﬁ‘. i?éd

6, 284, 71715 AhBARERe qpEmrqynd upigg sopyen hpigugsas dsser ex#aplean

am do- am nes c € 4,956, 107;
4,963, 275; anga%%m%% Jé,g%@q% 2%@5 u&s%g?ie%??ey%?l?ﬁpgég%éé? hyl ) am no mnet hane

(THAM) as descri bethd polyhlﬁenemlﬂ)etmnekil@arboiy)hodacy%ngQgentmzﬂylﬁs(ﬁ%derﬁl,aﬁﬂe@ 876;
and UK 989, 40\%1th Eegr%;{/lrrc%rrﬁspoun s suc Ials( ?no%o yrzi?lsé ang p(cj)lyhydric alcohols, or with
aromatic compounds such as phenols and naphthols. Preferred polyhydric alcohols
20  include alkylene glycols in which the alkylene radical contains from 2 to 8 carbon
atoms. Other useful polyhydric alcohols include glycerol, mono-oleate of glycerol,
monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof. An ester dispersant may also be derived from
an unsaturated alcohol, such as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1-
25  cyclohexane-3-ol, and oleyl alcohol. Still other classes of alcohols capable of
yielding ashless dispersants comprise ether-alcohols, including oxy-alkylene and oxy-
arylene. Such ether-alcohols are exemplified by ether-alcohols having up to 150 oxy-
alkylene radicals wherein the alkylene radical contains from 1 to 8 carbon atoms. The
ester dispersants may be di-esters of succinic acids or acid-esters, i.e., partially
30  esterified succinic acids, as well as partially esterified polyhydric alcohols or phenols,
i.e., esters having free alcohol or phenolic hydroxyl radicals. An ester dispersant may

be prepared by any one of several known methods as described, for example, in U.S.

Patent No. 3.381,022.



conb-structured am nes may al so be used. Simlarly, one may use condensed
am nes, as described in U S. Patent No. 5,053,152 or "heavy pol yam nes", as
described, for exanple, in any one of U S. Patent Nos. 5, 565, 128;

5, 756, 431; 5,792,730; or 5,854, 186. The]BonoIefin substituted carboxylic

Fexhii quas ge desd PrHSUAT eeed s Yspoe S sREASRTRAREL TR 5945035 and
5,229, 022, Spomédbugﬁeﬂerhuﬁé?nereaQ@sh&@@mnﬁmahp&hdeegrmmnau@ﬂéd\uiﬂed carboxylic

acyl ating agent” may ‘a derivatized wth hydroxyl conmpounds such as
monohydri ¢ ambﬁdlmchimoe%ﬁ@om@l)@thymemmne,acmﬁéh}ﬂ@ledmﬁmun@ﬂ9uch as
phenol s and na ﬁk ferred E ¥P§ ﬂlco ols 20 include al kyl ene
glycols in mﬁ1 yﬁP%??@W@"Fa& e8PV WNLGHIHY to 8 carbon at ons.
QG her usefsul tﬁ@ﬂemyaammoaie%helaShyda@iﬂd&nngﬁee? pehRBtilteRhed of gl ycerol,
monost earatc of glycerol, nononethyl “ether %bf ycerol g@ntaerythrltol
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partially 30 @5ty laﬁd/@ﬂ(ls}p‘e@Inml@oﬁm)dsmoﬂser\pﬁdfén@sdlwrianabémmaaﬁ@rl fied
pol yhydric al cohols or phenols, i.e., esters having free al cohol or

phenol i ¢ hydrwlsewa»@nblgatlmfééﬂ@plyeﬁ0§pfénxlasm:cmwnhﬂtﬂq@r\@ﬁa@oﬂ by any one

of several kno escr n

51, 095 15 R AT R R PR AR Pod A Py B e
from polyi sahqbyyhga@wasititwa @HpWMtlUibrlﬁia@ﬁhlﬁirﬁ aphyelithélothgitslwps and react ed
with polyethyl ene am nes . pol yet hyl ene_di ani ne, tetraethylene

pent am nefs ortrlanetb&sl%&lyamr%wg%és 6@)‘1%&?& WeU SePatent Mol 3/&3yPrlopy| ene di ani ne,
iy T o o ST kOO o€ RPHRY 45y BSAEST 1 L1 end
conbi nati on afon{éhtiopsl p@sﬁ@mmme @@ckﬁasbﬁ)tdtiou; &Cenkially szuxgﬁt 1l .SaRh b Neke
gg?;giygrgy[ g}?&?eéj%v:ntd% 554) 026'15 ; oqgt?oxnyofctgggggquant% r%édilypzﬁzg(t)r?lglrlzhtegrblyt of: (9 a
treating an acyl nitrogen-containing dispersant with a boron compound such as boron
20  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. Useful dispersants contain from about 0.05 to about
2.0 mass %, ¢.g., from about 0.05 to about 0.7 mass % boron. The boron, which
appears in the product as dehydrated boric acid polymers (primarily (HBO,)3), is
25  believed to attach to the dispersant bis-imides and diimides as amine salts, e.g., the
metaborate salt of the diimide. Boration can be carried out by adding from about 0.5
to 4 mass %, e.g., from about 1 to about 3 mass % (based on the weight of acyl
nitrogen compound) of a boron compound, preferably boric acid, usually as a slurry,
to the acyl nitrogen compound and heating with stirring at from about 135°C to about
30 190°C, e.g., 140°C to 170°C, for from about 1 to about 5 hours, followed by nitrogen
stripping. Alternatively, the boron treatment can be conducted by adding boric acid to

a hot reaction mixture of the dicarboxylic acid material and amine, while removing

water. Other post reaction processes known in the art can also be applied.



pol yam ne, e.g., polyoxypropylene diamne, or (D) a polyal kyl ene di am ne,
e.g., 10 polyethylene diam ne and tetraethyl ene pentam ne using about 0.3 to
about 2 noles of (B), (C and/or (D) per nole of (A). Another preferred

di spersant conbination conprises a comijgati on of (A) polyisobutenyl

succi nic anhydride with (B) a polyal kyl ene pol yam ne, e.g., tetraethylene
pentam ne, and (C) a polyhydric al cohol or pol yhydroxy-substituted

al i phatic priERAMPABSe, e.g., pentaerythritol or 15
trlsnethylolanlnonethane as descrlbed in US. Patent No. 3,632,511. Such
ashl ess dlspéﬁ@ﬁﬁﬂ% can be further post treated by a variety of

conventi onal post r
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boron conpound such as boron 20 oxide, boron halide, boron acids, and esters

of boron aci dermedbaisactingd25 s priyisehutylege (%IBa@p@@laﬂervémﬂamd@ (A iRa about
20 atom c pr f
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appears in the product as dehydrated boric acid polyners (primari

(HB®R)3), is 2 (h@m (THY) dgotRRecapeate i Itsapatrﬂeswe@béh%a@ﬁceaﬁr@anﬁf&@gnéhﬁd di i m des
as am ne salt t t n be
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about 3 nass r%tﬂﬂﬁ@gsﬂ@mpﬁoﬂ&ct\s\ﬂieme@fnea@wd ard ddhqgeem Cﬂ’fmesiﬂtd)ard)iho&nbor on
conmpound, preferably boric acid, usually as a slurry, to the acyl nitrogen
conpound and tskatsiindabletlh stirring at from about 135C to about 30 190C,

e.g., 140C to 170C, for fromabout 1 to about 5 hours, followed by nitrogen
stripping. Alternatively, the boron treatnent can be conducted by addi ng
boric acid to a hot reaction mxture of the dicarboxylic acid material and
am ne, while renmoving water. O her post reaction processes known in the art
can al so be applied. -16- EXAMPLES Exanple 1 To denonstrate the effects of
the inventive nethod, a series of polyisobutylene 5 succinic anhydride
(PIBSA) products having various functionalities/SAP Nos. were formed by
reacting 2225 M pol yi sobutylene (PIB) and mal eic anhydride (MA) in a

si mul t aneous chl orinati on/ nal eati on reaction under the foll ow ng conditions
in both
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5  residual chlorine contents. As shown by a comparison between comparative

Examples 5 and 7, when further nitrogen stripping is used to reduce the chlorine

content of the product formed in the absence of the metal, the cycle time is increased,

and far more sediment is formed, and the reduction in chlorine content is marginal.

As shown by a comparison between comparative Example 7 and inventive Example 8,

10  the presence of the metal compound allows for an 8 hour reduction in batch cycle

time, while achieving a comparable chlorine content and a reduced level of sediment.

Example 2
To demonstrate the adverse impact of higher levels of metal on the formation

15 of PIBSA products, PIBSA products having the functionalities/SAP Nos. shown were

formed by reacting 2225 M polyisobutylene (PIB) and maleic anhydride (MA) in a

simultaneous chlorination/maleation reaction under the following conditions in (i) the

absence of a polyisobutylene-soluble iron salt (Iron (IIT) Neo-Decanoate) and (ii) in

the presence of an amount of the polyisobutylene-soluble iron salt providing greater
20 than 2 ppm of iron (ppm of mass in PIB). The SAP No., level of active ingredient

(AI), chlorine content and sediment content of the resulting PIBSA products were

then measured and compared. The results are shown below, in Table 2:
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As shown by the comparisons of Table 2, the presence of greater amounts of

the polyalkene-soluble iron compound during the chlorine assisted maleation process

led to an increase in sediment, which is indicative of backbone depolymerization.

Example 3

To demonstrate the effects of the inventive method using other

polyisobutylene-soluble metal salts, polyisobutylene succinic anhydride (PIBSA)

products were formed by reacting 2225 Ma polyisobutylene (PIB) and maleic

anhydride (MA) using the charge ratios (of reactants) shown, in a simultaneous

chlorination/maleation reaction under the following conditions in both the presence

and absence of the specified amount of polyisobutylene-soluble nickel and copper

salts (Ni(II)-2-ethylhexanoate and Cu(Il)-2-ethylhexanoate). The SAP No., chlorine

content and sediment content of the resulting PIBSA products were then measured

and compared. The results are shown below, in Table 3:
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As shown by a comparison between comparative Example 13, and inventive

Examples 14 through 17, at constant nitrogen stripping times/temperatures, the

presence of the defined small amount of nickel or copper compound during the

chlorine assisted maleation process led to a product having reduced residual chlorine

contents, with no increase in sediment.

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

hereby incorporated into this specification by reference, in their entirety. The

principles, preferred embodiments and modes of operation of the present invention

have been described in the foregoing specification. What applicants submit is their

invention, however, is not to be construed as limited to the particular embodiments

disclosed, since the disclosed embodiments are regarded as illustrative rather than

limiting. Changes may be made by those skilled in the art without departing from the

spirit of the invention.
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C Content (mass % 0.117 0.105 0.106 0.104 0.102 Sedinent Content (vol %
0.01 0.01 0.01 0.01 0.01 As shown by a conparison between conparative
Exanpl e 13, and inventive Exanples 14 through 17, at constant nitrogen
stripping tines/tenperatures, the 5 presepnce of the defined small anount of
ni ckel or copper conpound during the chlorine assisted nal eation process

| ed to a product having reduced residual chlorine contents, with no

i ncrease in swiatienlaimdhe di scl osures of all patents, articles and other
materi al s described herein are to hereby incorporated into this
specification by reference, in their entirety. The principles, preferred
enbodi nents and no E ) i ;0040 n
described in ?he f%?@%@%%%pggé%P@?%gﬁpgﬁsn ]gﬁﬁg%%(%gan gggﬂgh?¥&f ?heir

i nvention, hoamhyénide orscartmixytioesier lyomisdlogemehssistel iredctienl of @ polyelkpexr dridcatl ar
enbodi nents di scl osed, . since the discl osed enbodi nents are regarded as
illustrative [Fa¥ABY Okeﬁaw MeqUNSATYTAlE] MeRos A disCarRgxybe aﬁ*&d@nfwrlﬁgagfestfgki |l ed
inthe art w ipng,fromthe spirit of the invention. -21 - \Wat
is clained: f%hgﬁ%%@§g§&¥g$g%Yoviding a pol yal kene-substituted carboxylic
aci d, carboxylic reatngrpotialicne aad bolksst one elsfinrc nyhcanbalpdmaeass os tied

reaction of a polyal kene anq .at | east one ol efini ¢ nonoynsat urated nono- or
di - car boxyl i ccaalaqxaﬁc aﬁﬁyﬁﬁwgﬁwr eSk & the RecseReeiilngen Bﬂ‘gﬁ‘i leashgne pgtedt i ng

pol yal kene a | efd i I = [ rboxylic
ot 0 annyar i puitiouh&sher iRaf BLIt: S RROR HBRAL R AT, MR ConBl BB
conmpound, whelgiCr, Bai MoyEtdlo,iNi, Bé&|RicCedd, Adand Be; grdoajl atdewst eid megabf My,

Ca, Ti, Zr, Hf, C,.No, M, Fe, , Ni, Pd, Pt, Cu, Zn, Al and, Sn:_and said
at |east one ABRAUN igntsadingdiiothe reRtipRdior i & timeet MOIR STERCTIMDE  to a ti me
at_ahi ch o eahals o R %8 polfaRenMA re S R SHBKRIRS: RRRURAGHEN HbhdL ¢! d

ol efi ni c nbnounsat urat e no- or di-carboxylic acid, anhydride or ester,
in an anmount dirdarbwotybe agdfanbydadoertester,0f ah emoabiontroduqupnirom atasts).Of to

el enental netal, basedq on th ss of |.yal kene. 2. The nmethod of claim1
wherei n sai d fﬁ?@tla? PRy Oﬁggamwwgaw%iﬁaﬁ?&ﬂ énaS?eéecew%er&r e-mi xed with,
or concurrent to the introduction of, said polyal kene. 3. The nethod of

claim2, wherein said nmetal conpound is introduced into the
2. The method of claim 1, wherein said metal compound is introduced into the

reaction pre-mixed with, or concurrent to the introduction of, said polyalkene.

3. The method of claim 2, wherein said metal compound is introduced into the

reaction pre-mixed with said polyalkene.

4, The method of claim 1, wherein said at least one metal compound is
introduced into the reaction in an amount introducing from about 0.1 to about 2 ppm

by mass of elemental metal, based on the mass of polyalkene.

5. The method of claim 1, wherein said metal of said at least one metal

compound is selected from the group consisting of Ti, Fe, Co, Ni, Cu, Zn and Al.

6. The method of claim 5, wherein said metal of said at least one metal

compound is selected from the group consisting of Fe, Co and Cu.

7. The method of claim 6, wherein said metal of said at least one metal

compound is Fe.



reaction pre-m xed with said polyal kene. 4. The nmethod of claim1, wherein
said at | east one netal conpound is introduced into the reaction in an
anount introducing fromabout 0.1 to about 2 ppm by mass of el enental
metal , based on the mass of pol yal kene. 59 The nethod of claim 1, wherein
said netal of said at |east one netal conpound is selected fromthe group
consisting of Ti, Fe, Co, Ni, Cu, Zn and Al. 6. The nmethod of claimb5,
wherei n sai d gret al Tief methbd ofélaine dsWhereia saRitradtal @aR@UAGk 4 folsalkesd-eduilé om t he
group consisting of Fe, Co and Cu. 7. The method of claim®6, wherein said
metal of sai dngfel sampaundne net al conpound is Fe. -22- 8. The nethod of
claim1, wherein said netal conpound is a pol yal kene-sol uble netal
conpound. 9. The nethod of claimb5, wherein said netal conpound is a

pol yal kene- sd.ubl eThematthbd cdeipion Bowherbin siidemerel doatchonhd ¢4 @poiyfkenvdasiwble sai d
metal compound is a pol yal kene-sol uble netal conmpound. 11. The net hod of
claim7, wherBftal COMRPUARL al compound is a pol yal kene-sol ubl e conpound. 12.
The nethod of claim 11, wherein said at |east one pol yal kene-sol ubl e net al
conpound is selected fromthe group consisting of Fe naphthanate, Fe(lll)
neo- decanoatH). FeThdmthdd ef biyim Bewheromtsaid hetal domponneiya pelgsikemsmsotubléEe( 1 1)
stearate, and Fe(lll) 2,4 pentanedionate. 13. The nethod of claiml1,
wherein said @@P&%Wdi s pol yi sobutene, said olefinic, nonounsaturated
nono- or di-carboxylic acid, anhydride or ester is selected fromthe group
consisting of fumaric acid, itaconic acid, maleic acid, maleic anhydride,
chl oromal ei ¢ Hci d, Tihhethodraf elain dnWwhieltindeid metalyddnepoant ds a pellyhlkeneydaleblaci d,
crotonic acid, cinpamc acid, and C1 to C4 alkyl acid esters thereof, and
sai d hal ogen §%P%¥Rflorine or bromine. 14. The nethod of claim 13, wherein
sai d pol yal kene is polyisobutylene, said ol efinic nonounsaturated nono- or
di -carboxylic acid, anhydride or ester is maleic anhydride and said hal ogen
is chlorine. 12.  The method of claim 11, wherein said at least one polyalkene-soluble metal

compound is selected from the group consisting of Fe naphthanate, Fe(III) neo-
decanoate, Fe(Ill) 2 ethyl hexanoate, Fe(III) acetyl acetonate, Fe(Il) stearate, and
Fe(III) 2,4 pentanedionate.

13.  The method of claim 1, wherein said polyalkene is polyisobutene, said olefinic,
monounsaturated mono- or di-carboxylic acid, anhydride or ester is selected from the
group consisting of fumaric acid, itaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic
acid, cinnamic acid, and C; to C4 alkyl acid esters thereof, and said halogen is

chlorine or bromine,

14.  The method of claim 13, wherein said polyalkene is polyisobutylene, said
olefinic monounsaturated mono- or di-carboxylic acid, anhydride or ester is maleic

anhydride and said halogen is chlorine.

15.  The method of claim 14, wherein said polyisobutylene has a number average

molecular weight (M) of from about 900 to about 3000.

16.  The method of claim 15, wherein said polyisobutylene has greater than about

60% tri-and tetra-substituted unsaturated end groups.



15. The method of claim 14, wherein said polyisobutyl ene has a nunber

average nol ecular weight (M) of from about 900 to about 3000. 16. The

nmet hod of claim 15, wherein said polyisobutyl ene has greater than about 60%
tri-and tetra-substituted unsaturated endsgroups. -23- 17. The method of
claim 16, wherein said polyisobutylene is derlved froma C4 petrol eumfeed
stream contai ning fromabout 10 to about 75 nass % of isobutene, based on

the total naslg. of ThHeahdthod dBclaikhes, Wttehsml s4if pGly@doBht&len‘éh@dﬁN&d(ﬁ‘b)n 5@,d at
| east one ol efinj ¢ npnounsaturated mono- or di-car boxylic acid, anhydride

or ester and PeEplegm fgederapm %Té%magém@hé‘?%lééio tq ghout é%exa%%wswﬁﬁ?r%ar ratio
(A/B) of fro { t .5. 19. The nethod of claim 18, wherein
(C said hal :)Bﬁg%lgjéhsth?ﬁ Erllo ﬁ%e |n 0 the reaction in a nolar ratio (CB) of
fromabout 1.2 to about 3.5. 20. The nethod of claim19, wherein said at

| east one ol efini ¢c_nonounsat urated . nono-_or _di-car boxE/I ic acid, anh dr| de
or ester and i$ai d Psimethedakelaim [rubaeindA) said at sast one plefinimandinsatifatedapout

15 hours, at g ﬁo@%pﬁf %%)ﬁrh%facfdr rﬁiﬁﬁggr &8G BgB?, ape H{)]ﬁ/gﬁgne arf jchar-gg' met hod

of cIa|m20 ereln e 1S ral se reacti on® and

i ntroducti on fof rea&ich 1halm@eﬂraheqms) aéitfroin hl@omer%lblalbeutCﬁSf rom about 100C to
about 170C, and ends at a tenperature of from about 180C to about 240C. 22.
The net hod of cI ai m 21, wherein about 8 mass % to about 35 nass % of the

total anount qﬁﬂ; : t 23. The
met hod of cl a| m 22 ﬁ@?éifﬂfg% ast %H&ra a%}} Jlgg@a#%nﬁ@gagﬁwgw
i nt roduced i ntctionén & eatiriratio @e/mbéfmhmﬁoaab.zit@mbdmxtwre reached 180C. 24.

The net hod of claim 23, wherein said pol yal kene is polyisobutylene, said at
| east one ol efinic, nonounsaturated nono- or di-carboxylic acid, anhydride

or est er I s l e'ﬁle%gﬁg(ﬁ bfj 99 %%C(Fel %18% & t% rc’ﬁeqfn'l on&ﬁts tH’th‘e thod
TaEY EBztops o

of claim 24, V\/nerel n sad ne canoa 4- 26.

The net hod Ofm@ﬂ@loﬂ‘dﬂyarbbbﬁ}ﬂﬁlamuﬁan@dlmdb ysaéétarmdsuﬂdqioll)talut@d aﬁaaxrebawl ic acid,
carboxylic anhydride or carboxylic ester product has a functionalit of from
about 1.2 together for from about 1 to about 15 hours, at a temperature of from about 100°

about 240°C.

21.  The method of claim 20, wherein the temperature is raised during the reaction
and introduction of said halogen begins at a temperature of from about 100°C to about

170°C, and ends at a temperature of from about 180°C to about 240°C.

22. The method of claim 21, wherein about 8 mass % to about 35 mass % of the

total amount of halogen is introduced into the reaction per hour.

23, The method of claim 22, wherein at least 70 mass % of said halogen is

introduced into the reaction before the reaction mixture reached 180°C.

24.  The method of claim 23, wherein said polyalkene is polyisobutylene, said at
least one olefinic, monounsaturated mono- or di-carboxylic acid, anhydride or ester is

maleic anhydride and said halogen is chlorine.

25.  The method of claim 24, wherein said metal compound is Fe(III)

neodecanoate.



to about 1.7. 27. The nethod of claim 11, wherein said polyal kene and said
at |l east one olefinic, nonounsaturated nono- or di-carboxylic acid,
anhydride or ester are reacted in the absence of elenental netal and

pol yal kene-i nsol ubl e nmetal conpounds. 28.,4The nethod of claim1, wherein
said netal of said at |east one netal conpound is selected fromCo, Sn, Ti,
Zn, Ni and Cu 29. The nethod of claim 28, wherein said netal of said at

| east one metx@l  clupAtRed bSclsigd ec\blwﬂelﬁrs@lmwlyamde%st&ﬂed armomm@m of
claim?29, wherein said netal compound is selected from ¥a|kene sol ubl e

Ni and Cu corfthoxykc amwdrige ar easbowydic ssteeprafnsthos a\ﬁmﬂem{ltw érom about 1.2

pol yal kene- S%H]B‘%‘ﬁ 1N} and Cu conpounds are selected fromthe group

consi sting of ') "2- et hyl hexanoate; Cu(ll) 2-ethyl hexanoate; and Cu(l)
acet at e.

27.  The method of claim 11, wherein said polyalkene and said at least one olefinic,
monounsaturated mono- or di-carboxylic acid, anhydride or ester are reacted in the

absence of elemental metal and polyalkene-insoluble metal compounds.

28. The method of claim 1, wherein said metal of said at least one metal

compound is selected from Co, Sn, Ti, Zn, Ni and Cu

29, The method of claim 28, wherein said metal of said at least one metal

compound is selected from Ni and Cu.

30.  The method of claim 29, wherein said metal compound is selected from

polyalkene-soluble Ni and Cu compounds.

31.  The method of claim 30, wherein said polyalkene-soluble Ni and Cu
compounds are selected from the group consisting of Ni(II) 2-ethylhexanoate; Cu(Il)

2-ethylhexanoate; and Cu(]) acetate.



