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and as much as 8:1 of grafted monomer : moles polyalkene backbone.

SUMMARY OF THE INVENTION

The present invention provides novel monomers and methods of making such

. monomers. Such monomers may be used to prepare dispersants or dispersant

26  viscosity index improvers (DVII's). One aspect of the invention is the preparation of a

reaction product comprising one or more ethylenically unsaturated, aliphatic or

aromatic monomers having nitrogen and oxygen atoms. For example, the reaction

product obtained by reacting maleic anhydride and triethylene tetramine. The

reaction product is a mixture ‘that contains, among other components, the mono-

30  maleimide and corresponding amic acid of triethylene tetramine as well as the di-

maleimide and corresponding di-amic acid of triethylene tetramine. The graftable

compounds of the reaction product are then grafted onto the low MW polyalkene
using free radical initiators.



The term "reaction product” as used in this specification refers to one or
nore conpounds fornmed by the reaction of one, two or nore reactants. Thus,
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20 viscosity index improver. According to this invention, a graftable monomer and a low |
MW polyalkene are provided. In some embodiments the low MW polyalkene has
pendant unsaturated sites for grafting. Sufficient initiator is provided to graft the
graftable monomer to -the potyalkene In some emboditnents grafting of the
monomer onto the polyalkene backbone is carried out after reacting the low MW
25 polyalkene with chlorine. [n some embodiments, grafting of the monomer mixture
onto the polyalkene backbone is carried using the “ene” reaction.

Another aspect of this invention is the grafttng of an ethylenically-unsaturated,
aliphatic or aromatic, hydrocarbon monomer containing both nifrogen and oxygen
atoms onto a low MW polyalkene to form a dispersant moiety. To meet the objectives

30 of the invention, it is preferable to react the polyalkene so that it contains at least
about.0.2 mole of monomer per mole of polyalkene, or alternatively, 0.5 mole of
_ monomer per mole of pc_s!yalkene or, alternatively, 1 mole of monomer per mole of

polyalkene or, alternati'vely, 2 moles of monomer per mole of polyalkene or,
2



nononer per nole. of polyal kene or, alternatively, 1 nole of nonomer per
nol e of polyal kene or, alternatively, 2 noles of nononer per nole of

pol yal kene or, 2 alternatively, 4 noles of nononer per nole of polyal kene
or, alternatively, as nuch as 8 noles of nononer per nole of polyal kene,
though the ratio is not critical for all aspects of the invention. The | ow
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onto the polyal kene. The graft reaction product un suc 17 CUAS
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at | east about, thefesdlih§ drart pYfhiked rr(a%kaﬁév Ak AinoRiet Yo polyalkene ratio of at

20 least about 0.2:1, alternatively at least about 0.5:1, alternatively at least about 0.8:1,
alternatively at {east about 1:1, alternatively at least about 2:1, about 4:1, about 8:1, or
even higher ratios.

. In principte, the graft product from the polyalkene may be made by melt-blending
and reacting a mixture consisting essentlatly of the graftable monomer mixture; a low

25 Mw polyatkene and an initiator. The reaction is carried out at a temperature and under
conditions effective to graft the monomer mixture onto the polyalkene. The graft
reaction product under such circumstances exhibits a monomer to polymer ratio of at
least about 0.2:1, alternatively at least about, 0.5:1 alternatively at least about 0.8:1,
alternatively at least about 1:1, alternatively at least about 2:1, about 4:1, and as much

30  as about 8:1, or possibly higher ratios.

“Another aspect of the invention s lubricating oil comprising a-hydrocarbon base
ol and_ a grafted polyalkene as de_scribed above. The graﬁed polyalkene functions as a

dispersant or as a dispersant with viscosity enhancing properties. The dispersant may
3 ,



alternatively at |east about 1:1, alternatively at |east about 2:1, about
4:1, and as nmuch 30 as about 8:1, or possibly higher ratios. Another
aspect of the invention is lubricating oil conprising a -hydrocarbon base
oil and a grafted pol yal kene as descri bed above. The. grafted pol yal kene
functions as a dispersant or as a dispersant with viscosity enhancing
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| ubricating oi | Thenposeltgraftpolyblkene (ako trorbaltb MWrdlA 285iSAIR G RiGne)

descripti ongcé)c}‘ .th% l?r?l ¥al kenes, .acyl ating, agents, amnes, Initidtors,
rding fo 'the present invéntion’is made by feacting a low MW polyalkene with a
polar, ethylenically unsaturated, preferably nitrogen- and oxygen-containing, preferably
heterocyclic and aromatic graftable monomer, in the presence of an initiator. The
20  reaction may be carried out with either neat polyalkene, polyalkene dissolved in solvent,

or neat polyalkene in melt form using an extrusion reactor.

In the following paragraphs are examples of reactants used in the preparation
of (a) the bi-functional and higher graftable monomer mixtures, (b) grafted polyalkenes
to form dispersants, and (c) lubricating oil compositions. Also, in the following

25 examples are descriptions of the polyalkenes, acylating-agents, amines, initiators,
and solvents contemplated for use herein to make the bi-functional and higher
graftable monomer mixtures and dispersants from polyalkenes.



and sol vents contenpl ated for use herein to nmake the bi-functional and

hi gher graftable nononer mxtures and dispersants from pol yal kenes. 4 1I.
Materials and Methods for Preparation of Bi-Functional and Hi gher
Graftabl e Monomer M xtures A. Solvents for Use in The Preparati on of

Bi - Functi onal and Hi gher Graftabl e Mononer M xtures 5 Useful solvents
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lubri cating 8' Iarg 4 sdou%éntempPéted as solvents herein. Also contemplated are mixtures of

solvents.

20 Examples of the ketones, ethers, esters, formamides, carbonates, etc. which
are contemplated include, but are not limited to, acetone, methylethyl ketone, diethyl
ketone, N;N-dimethylformamide, N,N-diethylformamide, N,N-dimethylacetamide. N-
‘methyl pyrrolidone, diethyl carbonate, propylene carbonate, diethyl ether, dimethyl
ether, isopropyl ether, 2-methoxyethyl ether, dioxane, dimethyl sulfoxide, butyl

25 " acetate, ethyl acetate, and dimethyl malonate. '

' The solvents. useful here also include base oils or base stocks, as defined in
ASTM D 6074-99, “Standard Guide for Characterizing Hydrocarbon Lubricant Base
Oils" which may be suitable for incorporation into a final lubricating oil product. Any
base oil may be used which can disperse or dissolve the reaction product without

30 materially participating in the reaction or causing side reactions to an unacceptable
degree. For example, solvent dewaxed and hyd_focracked base oils, paraffin and
isoparaffin fluids, base oils which contain low or moderate levels of aromatic
constiteehts, and fluid poly-a-olefins are eontemplated for use herein. The use of

5



base oil may be used which can di sperse or dissolve the reaction product
wi thout 30 materially participating in the reaction or causing side
reactions to an unacceptable degree. For exanple, solvent dewaxed and
hydr ocracked base oils, paraffin and isoparaffin fluids, base oils which
contain |low or noderate |levels of aromatic constituents, and fluid
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alternatively C; to Cjo, monocarboxylic acids and anhydrides thereof (that is,
20  anhydrides of those carboxylic acids or of those monocarboxylic acids), and
combinations of any of the foregoing (that is, two or more of those acids and/or
anhydrides).

Suitable acylating agents include acrylic acid, crotonic acid, methacrylic acid,
- maleic acid, maleic anhydride, fumaric acid, itaconic acid, itaconic anhydride,
25 citraconic acid, citraconic anhydride, mesaconic acid, glutaconic acid, chloromaleic
acid, aconitic acid, methylcrotonic acid, sorbic acid, 3-hexenoic acid, 10-decenoic
acid, 2-pentene-1,3,5-tricarboxylic acid, cinnamic acid, and lower alkyl (e.g., C4 to Cs
alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl fumarate, methyt
fumarate, etc. Rarticularly preferred are the unsaturated dicarboxylic acids and their

30 d‘erivatives; especially maleic acid, fumaric acid and maleic anhy.dride.



acid, aconitic acid, nethylcrotonic acid, sorbic acid, 3-hexenoic acid,
10-decenoic acid, 2-pentene-1,3,54-tricarboxylic acid, cinnamc acid, and
| ower alkyl (e.g.,-C, to C4 alkyl) acid esters of the foregoing, e.g.,
met hyl mal eate, ethyl fumarate, nmethyl funarate, etc. Particularly
preferred are the unsaturated dicarboxylic acids and their 30 -

derivatives; espeg] al |lamimkssh is '  ¢h: and | eic hydride. 6
C. Amines for Use in @]@ﬁﬁb%qsgégﬁgﬁhé}ﬁﬁfhﬁ%@t% Fg‘,\ﬁmgﬁﬁnﬂi Etﬂfgg’ aftabl e
Mononer M xtures The am nes nust be capable of being acylated by the

appropri ate acyl a&HengmirREan i ndary am nes. Am nes
capabl e of bein acylrg{ ed atrjs‘ét B%Egéibﬁggg%ﬁrhg‘y%g&%gt@ﬁta%qpr@?%?ﬁ)’léf[@
col um 4, | i #EBoNaBely Arimany er se¢andatylamines. Adainestcaplable of Hthg38fiaté@lLdm
10, line #$1 gigclesd B pkd ; Pat ent : , 427,702, col um 13,
line 5to collurm f;m;ﬁggagéé?%%hs%q’ﬁ%ecg "mélg‘?'@sﬁ&é%c?lgm"h%rl@ﬁymi us.
j[ Rcor por ?F ed#gnt gpeﬁé% G7eoelumn Aml)lige '|£6I1et|ove<ﬂi1mnls1;§m:n@e1g;y;gg§ F’bt?tglflt'JNoj n
e practices, b S n a ene_pol yam nes, aromatic
pol yani nes, e%ﬁ%_{'go‘?'y%é!%ﬁ%%’ g'ﬁga%g? ﬁ%bg)f l%*hége gk thesetdigclegurgs éne
pol yami nes ihetehyliscomporatedbe paferase hehiifly! eneani nes, but yl eneami nes,

pr opyl eneam nes, é’{ﬁﬁ t h%neam' nes, . hexyl ene- am nes, heptyl eneam nes,
oct yl eneani nes, 62”9 VArUsyarBingatyPae d1sefuhdn dhe Ipracticarad thisgineentloonadeogs

of t heselOanialiofermusdlyaninkS QrdinasE palyAahes! B %ﬁ%@a@@yﬁlﬁ% g#@aﬁﬁiét i tuted

pi perazines, etc, The am nes include, for exanpl, ‘ne,
di et hyl ene trianPRB® ($%BAEA e theotallvienr, polyapipee ninchiidamnmathyichdameine -

i mot byl ene g oo nes. DORKIEARICE, | AR Rneatine g R RIRHRENE) bPbdsnere,
di ani nocycl GfREHEhePtyergAmioes opeteneatnines notier godyméethilencamions) tespde. as
Sondensi ng g RMErhOBlosp T HES: rinetslEh 4 HihiearEivenaeS EgnpaikEad.
Exanpl edSof sybstitutsHepiperiagiory.atky| Ehe auuhgsuinaess, doeckdnple, Wiyidhehaumindle
oo 5% o e A Lo\ e "5, il
methylene)triamine, tripropylene tetramine, tetraethylene pentamine, trimethylene
diamine, pentaethylene hexamine, di(trimethylene)triamine, diaminocyclohexane,
diaminopropane, diaminobutane, triaminocyclohexane, as well as other polyaminic
20 . materials. Other higher homologs obtained by condensing two or more of the above-
mentioned alkyleneamines may be used.
Examples of suitable polyoxyalkylene polyamines are those which have the
formulae: _ ‘ ‘
(i) NHa(-alkylene-O-alkylene),NH,.
25 where m has a value of about 3 to 70 and preferably 10 to 35; and
(1) "R-(alkylene(-O-alkylene),NHs)s¢
where n has a value of about 1 fo 40'with the provision that the sum of all the n's is
from about 3 to about 70 and preferably from about 6 to about 35 and R is a
polyvalent saturated hydrocarbon radical of up to ten carbon -atoms. The alkylene
30  groups in either formula (i) or (ii) may be straight or branched chains containing about
2107, and preferably about 2 to 4 carbon atoms.
The pplyoxyalkylene polyamines, such as polyoxyalkylene diamines and
pblyoxyalkylene triamines, may have average molecular weights ranging from about
7



(i1) : R (alkylene(-0Oal kylene)” NH2)3-6 where n has a value of about 1 to
40 with the provision that the sumof all the n's is fromabout 3 to about
70 and preferably fromabout 6 to about 35 and Ris a polyval ent saturated
hydr ocar bon radi cal of up to ten carbon atons. The al kyl ene 30 groups in
either formula (i) or (ii) may be straight or branched chai ns containing
about 2 to' 7, and preferably about 2 to 4 carbon atons. The

pol yoxyal ky29Reld @bpuhi4988, asd cprefarably ﬁomyabkqﬂ dné th abboe2000d Su1table

pol yoxyal kylsg a nol ec r _weights ran from
bout 7 206D e e BB i BB a 06" 0P Sbipram

Suitabl e péiafargsiang ﬁt@epp&bywmm&ene rtﬂzhmﬁh%st hevimp layeraget h%llét‘ﬂﬁ%rasﬂéﬁghts

pol yoxypropyé fr%aarqugﬁmf e pol yoxypropyl ene triam nes having

aver age nol ec g from about 200 to 2000. 5 Gt her am ne
types us&ful in OHE:rmrambl ypeofuskful Sn Itﬁé’ Qﬂéctt@:@ oM AT dlle FNIRR
such as benéﬁ’}l'n am n and 3- e@ﬁ -I- am ne as well as am no- aromatic

conpounds s 37 bR B ﬁ Q ?@Me@reayleamme eRewelbrasubmino-10
in which Ar armnarcmmi cﬁmﬂ@@uﬁh ab N- QH diati kyI
-NH-al kylaryl, or a ljbr anched or swg{hgh E%a{?n reg %%'Jae rﬁg\d/:ﬂgﬁheﬁ o'inna'

24 carbon atons and the radical can $€ an s Bayl , al koxyl

aryl al kyl, al kylaryl, hydroxyal kyI r adi cal , R2 is --NH2,
--(NH(CH2),--),--NH2, CHZ-- H2, in which n and m has a
val ue from 1 to 10, and R3 is 15 hydrog | kyl, al kenyl, al koxyl,.

aryl al kyl, or alkylaryl radical, which ma ; rom4 to 24 c'ar bon at ons.
Sui t abl e N-aryl phenyl enedi am ne conpounds nay al so b, represented by the
formula: NH2 20 in which R4, R5 and Rf, are hydrogen or a linear or
branched hydrocarbon radi cal cont ai ni ng from1l to 10 carbon atons and t hat

r adi cal 10rayinbe wmoﬂl kyhr alikenydromatié kO)@Hd aREW q§ y! hyﬁF el KYLiNH-any,
hydroxyal kyI NH—- ?&kﬂoill\lk --|alkry?adrlylc%!" aabnranched or stralght cham radlcal having from 4
to 24 carbon atoms and the radical can be an alkyl, alkenyl, alkoxyl, arylalkyl,
alkylaryl, hydroxyalkyl or aminoalkyl radical, Ry is ~-NHz, --(NH{CHs)a--)m--NHs,
CHaz-—(CHz)a—NHz, --aryl--NHy, in which n and m has a value from 1 to 10, and R; is
15 hydrogen or an alkyl, alkenyl, alkoxyl, arylalkyl, or alkylaryl radical, which may have

from 4 to 24 carbon atoms. _
Suitable N-arylphenylenediamine compounds may also be represented by the

formula:

Ry Rs Rs
20 :
in which R4, Rs and Rg are hydrogen or a linear or branched hydrocarbon radical
containing from 1 to 10 carbon atoms and that radical may be an alkyl, alkenyl,
alkoxyl, alkylaryl, arylalkyl, hydroxyatkyl, or aminoalkyl radical, and Ry, Rs and Rg can
be the same or different.



be. the sanme or different. 8 Particularly preferred N-aryl phenyl enedi am nes
are the N phenyl phenyl ene- di am nes, for exanple,
N- phenyl.- 1, 4:- phenyl enedi amine (also referred to herein as 4- '
am nodi phenyl am ne), N-phenyl -1, 3- phenyl enedi am ne, N-phenyl -1, 2-phenyl ene-
di am ne, N-naphthyi - phenyl enedi am ne, N-phenyl napht hal enedi am ne and

I phenyl enedi am ne. Most preferably, the amne is

N -am no 5 propyl
4- amino- di phenylpﬁ‘ﬁg‘gl ?aPE‘i‘fe@%‘F I%ﬁwwmbdiamlmsplamyﬂemaﬂhamlmﬁ,-hyieﬁ){beher
usef ul ani nedibinpes, fddGhHPIR ﬁ)&ﬁﬁ ose represented by
the formula: 10 NH2 in \/\,ﬁ]?chmlg dq%ﬁ&g@%@ P'?ﬁ/@%ﬁe% d 5}1 %PR'WS 4-
gg kenyl , ] o: gﬂ'ﬁ@??he?ﬂgﬂfiﬂ hé&{lﬁfﬂ@yl ﬂr@hﬂj;llyteﬂedli;gm bO![*]F] Qt

can be ArRMEe NQhadtit %agn &q@_p}m ndpl es as those re resente
the fornul a: 2 f‘t"“@ﬁ‘ﬁ@@@ﬂ'ﬁ% aﬁ9dﬁf@§mnoor
an al kyl or ad?f@@\rl N"rak)em@ﬁarwmbdiamlﬁél Cralbbton prefsrab, HY ngnf,r%dagsol h%
such as tho ‘?;ﬁﬁ@ aqg # k}ﬁ L 9 H2N in which RIOis hydrogen or
an al kyl aV| ngj ? ed ¥ghe ﬁ%‘}ﬁ”&lﬁﬁﬂ%‘am'% no- mer captotri azol e
as repr esent ed bpthéra;s‘emlram:ae typeldy tl'Nfﬂ?de aminocarbazoles such as those represented

by the formula:

R7 Rsg

10 "

in which Ry and Rg represent hydrogen or an alkyl, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms, and R; and Rs can be the same or different;

aminoindoles such as those represented by the formuia:

Rg

!

NH, l

|

H
15

in which Ry represents hydrogen or an alky! radical having from 1 to 14 carbon
atoms,

amino-indazolinones such as those represented by the formula:_



HS --C NN | H am noperimdines such as those represented by the formul a:
NH2 N-';~5kNH R11 10 in which Rl1l represents hydrogen or an al kyl or

al koxyl .radi.cal having froml| to 14 carbon atons. O her- useful am nes

i ncl ude: 2-heptyl -3-(2-am nopropyl )i m dazoline, 4- nethylimdazoline,

1, 3-bi s-(2-am noet hyl )i m dazo[i ne, (2-am nopropyl)-piperazine,

1, 4-bi s- (2-am noet hyl ) pi perazi ne, N, N-di net hyam nopropyl am ne,

N, N-di octy[ethyl 15 ami ne, N-octyl-N -ne | et hyl ene  di am ne, and

2- met hyl - 1- (2- am nobutyl ) pi perazi ne, [ s/aAnd~\an+roth+-gzol es fromthe group
' 2 am nobenzot hi adi azol e and
R gh as 2NH4’ 6-

consi sting of am nothiazol e, ameben

am noal kyi t hi azol e, and am nopyrim

triamnopyrimdine. 10 It is also contwg at’etht hat “conbi nati ons of the
above am nes may be used to react w 0he or rbre acyfating agents. The
choi ce of am ne conpound w || dependiwin part, Jpon the nature of the
acylating agent. In the case of the preferred aagyl ating agent, naleic

anhydri de, m;d i advantageously with the anhydride
functional i Eﬂ;\ﬂgrﬁg lﬁ%}st prregéer{r?lre %ﬁﬂ,’a‘%ﬁﬂﬁ‘@g89§{°ﬂiﬁ)& dHFRDOR AtPPF.rar y

ani nes are pref eamaw-mesapidriafold aerepreduntdd tyy BE féfgula:d M de products
formed. Primary am nes, structurally described as RNH2, nay be wused in
whi ch the R group may contain performance enhancing functionalities
desirable for the final product. Such propeyti-es— ppy, i ncl ude, anong .others,

wear 10 protection, friction reduction a{ pr oHecti 02n agai nst oxi dati on.

| ncorporation of elenents in addi tH® car bpgn, hydrogen and nitrogen,
such as, but not limted to, the hal oge or Bul fur or oxygen, either
alone or in conbination, is also contenpl aMedrND. Method for Preparation of
Bi -Functé onal and H gher G aftable H

aminoperimidines such as those represented by the formula:

NH;

Ru

10 in which R41 represents hydrogen or an alkyl or alkoxyl radical having from 1 to 14
carbon atoms. ;

Other- useful amines include: 2-heptyl-3-(2-aminopropyl)imidazoline, 4-
methylimidazoline,  1,3-bis-{2-aminoethylimidazoline, (2-aminopropyl)-piperazine,
1,4-bis-(2-aminoethyl)piperazine, N,N-dimethyaminopropyl amine, N,N-dioctylethyl

15  amine, N-octyl-N-methylethylene diamine, and 2-methyl-1-(2-aminobutyl) piperazine,
and aminothiazoles from the group consisting of aminothiazole, aminobenzothiazole,
aminobenzothiadiazole and aminoalkylthiazole, and aminopyrimidines, such as 2,4,6-
triaminopyrimidine.

10



Monomer M xtures 15 A novel nethod is provided herein of making a

bi -functional ethylenically wunsaturated, aliphatic . or aromatic, .

ni trogen- and oxygen-containing, graftable nononer, suitable for grafting
to a polyal kene to forma dispersant. The method conprises the step of -
form ng an acyl ating agent mxture conprising a solvent and an acylating
agent having at |east one point of olefinic unsaturation. The acylating
agent 20 may be di§s#ioeantemplateshibatesmbinatidng of thesabdve arnitet heaya6y Ladd RY

agent m Xt ur@aB8ByitH L an:-ar. dispersion. Suitable sol vents include
oxygenat es such als ‘g%eetaroﬁg}:&%dgsﬁgmgcﬁggé&' and am des such as N, N-di net hyl

f or mami de. The ndteoehcitesof aminer d:csesodmbvr:rillSdegmn]gI ine @&kt NGpok t_He; ﬁﬁhf@%ﬁ{he

hi gher to t : ' nt_m re .there ormng a_ mxture. e
hraner Lo B e UL SNE Rt fle] SE LT ITE 2 e e
eV it by s v e A s S T S e
"Met eri ng" s to add, rops or, continuously,

a ce(ra'[ :eung t it@%ﬂ*ﬁeﬁp%i"’m}&y %W%P’M ARINeS af%reiqrfﬁﬁ/ begatise of ke etabiligy of thehe
cyl ating adgeide prdutaefofthed.anPitRahNiRinkcse L Xi t

gczl ati ng agent gndut he di l-aam'mr.)ula ?)';yi %‘?m%?)'_ St?hlmﬂfr%g& td%écrgféegg%%rﬁ@-l%nﬁﬁy be
sol vent. ThéSt RoWhighs e Fnsirpue gnavh sostaisp pefforraanden gnbareigp famotibuakitiesThe

acyl ati ng agpRira@a f during or. after

t hgy ar egcorrbi naec_i. qkél)"ﬁ_[eh.(J'trr}g't‘:i\at%[o ?Lgcrtmn?g%afgg?tg ﬁ%g 'ﬁ?’é%’c deyy F?CH'& 3&?(%9?’%
agent ard - tPretesligm efrictione radurtionr andyprotectiary agatnsbmﬂ@ion.er&@bdrprﬁmibrlﬂa}f
reaction pr : C ' th rafting,reactjon.. The present
met hods may a s%nt%inngﬁlfs%erﬁot gﬁéﬁ@gdﬁoﬁgpggﬁ\pgmgﬁg- %‘%@%%H{ﬁ‘g ligriteditathe
conponent s fhalagenser s@iurior oxygenoditivdr abdne ortifeombinbtidn, g aRE eBhtciplatbhe

am ne. The acyl ating agent and the am ne may be provided in suitable nolar

ratios, 5 though su ' cJegilgedlh oL, al b aspect s of  the
i nvention. Suitable Cr’%ﬁ%?de%%ﬁé Zﬁﬁ%giéfaé%%cfgng%mit{f%r @ﬂﬁi”encl ude,
but are not limted to, e ranges  of from about 0.1:1 to about 4:1, from

about 048: 1 t0 aRopbdt: cheinbaOR A0baChdioh 5P RN biltnciBRd) RS ADAU

1:1 to about 4:1. ere the acylating agents are
anhydri de, tngatyratedr abiphatisl & eemiatic, anigogen-t hed r argenadontdigingabgrattale 5: 1

POl yal kanas motiofer, buitdfid % @afindt8 A%o}8fk@nb % 617 B68hE-BN TRE TREhSI™
comprises the step of forming an acylating agent mixture comprising a solvent and an
acylating agent having at least one point of olefinic unsaturation. The acylating agent

20 may be dissolved or dispersed in the solvent, and the acylating agent mixture may be
a solution or cliispersion. Suifable solvents include oxygenates such as acetone, base
oils, and amides such as N,N-dimethyl formamide. The method also comprises the
step of adding a di-amine or higher to the acylating agent mixture, thereby forming a
mixture. The di-amine or higher may be added to the acylating agent all at once or

25  slowly, for example, by adding aliquots or metering over a period of time. "Metering"
means to add, by drops or continuously, a specific amount over a certain time. The
method may Comprise the simultaneous metering of the acylating agent and the di-
amine into the solvent or premixing the acylating agent and the di-amine prior to

" mixing the reactants with solvent. The method also comprises the step of heating the

30 mixture. The acylating agent and/or the amine may be heated before, during or after
they are combined. The method forms a reaction product of the acylating agent and
the amine. The monomer may or may not be recovered from the reaction product

11



A. Pol yal kenes for Use In The Preparation O D spersant Pol yal kenes A w de
vari ety of polyal kenes (which may or may not have pendant unsaturati on)

are contenplated for use as a backbone for grafting. Exanples of polyal kene
15 contenpl ated for use include ol efin honmopol yners, copolyners, and
terpolynmers, such as, but not limted to, polyethylene, polypropylene,

et hyl ene-progoéfl ene ﬁ@]@;al kenes, ~polynmers containing two or nbre nonomers,
pol yi sobut end, *Fotdf Qe e gralting rpattipal kThes piasenesethpaistrmay lalso comprise
hydr ogenat edhpetepodiebidveriag oRl br opol yner s of

i sopr ene, SL{ﬁh as pol yrrerséof styr@%@%@?@%@?@%@@%‘g@%ﬂ& product of
(et hyl ene/ priopRr¥adIGmeant and theaminepol yers, such as et hyl ene- propyl ene ENB
terpol ymers, areTgksRveh of. use. terials. contenplated for use
herein also jnclude et"ﬁ'_yﬁ%%@?@?%@@ﬂeenémﬁﬁee'ﬂ@y SAYGred I skt mdlargatioom
about 15% t dheustusucionatios e awé citical ffooail alspeits 1 %hé GnverBont §§Péb[]ér ﬁ%re“e
noi eti es by Al t tively,. frqm30%to about 75% 25 et hyl ene and
from about é@go to dég%?éat?o%gygar%ggﬁg@ﬁfe'"ﬁlﬂg&t?‘Eér‘b?O‘n'ﬁWF%’rtP' thegergesefi fearnal s
may be opt i @hall §.1ricididtioatid |, fromf At 0% 1 @ ARKk: 9% SNt JR2PPSout 4501 V!

di ene nono I ncl yde, 1., 4- hexadi ene, di cycl opentadi ene, 2,
5- nor bomadin%hé,‘J"-I’]'ﬁ-ag{oﬂ/ﬁﬂdé%é&zutnﬂiﬂbo\%ﬁéﬁ, hehacylating agents iase pmalpigl acid e

cycl ohexane nealeic cmhipdidy, it Href@ired WOISH rafily Srdi - Qg MV
pol yal k pe has a%nunber ave?age nmol ecul ar vvef gﬁ?ﬂgfrg?ﬁﬁfg g‘u%&o'%g%'bgo
about 10Y0082°Wr¥Eferably from about 500 to about 8,000, or preferably from

about 900 to about 5000 or nore preferably from about 900 to about 4000. 12

Parti cul ar| Y. useMakeridlsvaiVnsthyalk ksh | ar
wei ghts from about 1108l to about BOg%ﬁy%ﬁﬁ%psﬁﬁﬂﬁgg@%ﬁ%e

Preparation of DAsperBelphlkbnes/fIriicm Th se in
p perBaly & T RrepRRSBH Of Qﬁeg%ﬁﬁ?glgﬁﬁgé’

the preparation of the dispersant 5 pol yal kenes inclu

unsaturat ed, alifhade carely offmigalkienesitdet mag bt AR Inot RARYENdENARRGRIARM) | N
U. S. Patent éo l.icatiqn Blo 101444, 548 di scussed above as well as an
et hyl eni cal P} %ﬁ's‘%f‘l?r’ag?% or USE| Fhat | @Cléﬂonﬁré’ﬁﬂrﬁ@“%i - Fyamplesnal palyalkangher

mononer $5 as cedemplastiior Dsé ckid8i sisinGfomidpolymerd, HobbRERFS ahiterbSHmers, 506
Pr epar ati on_of Q' spef san Pol yal kenes '

as, but not limited to, palyethylene, polypropylene, ethylene-propylene polyalkenes,

polymers containing two or more monomers, polyisobutene, polymethacrylates,

polyalkylstyrenes, partially hydrogenated polyolefins of butadiene and styrene and

copolymers of isoprene, such as polymers of styrene and isoprene. EPDM

20 (ethylene/propylene/diene monomer) polymers, such as ethylene-propylene ENB

terpolymers, are also contemplated for use.

Materials contemplated for use herein also include ethylene/propylene/diene
polyolefins containing from about 15% to about 90% ethylene and from about 10% to
about 85% propylene moieties by number, or alteratively, from 30% to about 75%

25 ethylene and from about 25% to about 70% propylene moieties by number. These
materials may be optionally modified with from 0% to about 9% diene monomers.
Useful diene monomers include 1, 4-hexadiene, dicyclopentadiene, 2, 5-norbomadiene,
9-ethylidene-2-norbornene, and 1-allyl-4-isopropylidene cyclohexane and combinations
of two or more diene monomers.

30 The low MW polyalkene has a number avérage molecular weight of from about
300 to about 10,000, preferably from about 500 to about 8,000, or preferably from

about 900 to about 5000 or more preferably from about 900 to about 4000.
12



10 Broadly, any free-radical initiator capable of operating under the
conditions of the reactions as outlined in the present specification is
contenpl ated for use herein. Representative initiators are disclosed in
U.S. Patent- No. 4, 146, 489, coI um 4, i nes 45-53, which is incorporated
here by reference. Specific "peroxy" initiators contenplated herein

I ncl ude al k%%? di al kyl, and aryl peroxides, for exanple: di-t-butyl 15
peroxi de (a @W'ﬁ@b‘éﬁ%@r‘@ﬁ’%ﬂsﬂmﬂ haué oumpkr pearage deledutdd Weidht€ HoM
per oxi de, b@j&,py PR ShoufiSead, 5- di met hyl - 2, 5-di (t- butyl per oxy) hexane, and
2,5-dinmethyl-2,5-di (t- but y?peroxy) hexyne-3. Al so contenplated are

peroxyester and perox&ket al initiators, for exanple: t-butyl peroxy

benzoate, t-anyl Farox OBéﬁmathCUS@lfbthe]ﬂ’maoadwrao'éDmpersént AUl NkOREL XY
benzoate, di-t-butyl diperoxyphthalate, and t-butyl peroxy isobutyrate. 20

Al so cont enpl at eq hérmohdrﬂén%p% éhg%?ed Gy )lg?éégﬂnh? st'g %rﬁaf gmdtﬁgggéﬁ?%lsg&to

t-butyl hydroperOX|de and en pero
i ni tiators, Aobal e@@&rﬁ'ﬁ'léde chty isally ansatdratgdnaliphatikaoe aromatic mono-functional

2-t-butyl aZQnéno%?-Q%X&Ib‘éﬂ%%‘gr IP%te)%t Afﬁﬁca?oﬁ(l@d Yo sRentane ni t ralsl ®

2, 2' -azobi s(2- et hyl propane ni
azobi s( cycl otelixamenaethyanically ehsatammted zaliphali) by raPornblid bRUGVMGH an@

simlar 25 n | ated such as, but not limted
di acyl per OEEI?J es, é?é onsgcnglﬁ‘iwotﬁ d%ssc‘@f‘l[? per oxydi carbonates. It is al so
cont enpl at.ed that conbinations of nore than one initiat or, including

conbi nati ons of 6 ff dnifiatorsyfad)se Ini Thd Pﬁpzli-étlom&f/mkber%ﬂm%ikeﬁ@é:h such
initiator coomonly has a characteri stlc m ni mum reaction initiation 30

t enper attgre, abo | ini,tiate a reaction and bel ow
V\/mméh t ﬂg react i %ﬁ)a‘f@ %RY Iﬂtee\rq%é'ecgl ﬁ% oé c?PBP/!ﬁP GPeripg Aindgr fne eendifions bt | v,
the mni rrumthéemactl@m a?np&ned T the presm][ﬁmblr&atqu*s @bgtﬁnhi{?t&b%ﬁg}éh@ﬁér%ﬁ
initiator. eparation .q ol yal kene The grafting
reacti on nmay b g@tggfr?a?i?%c'fﬁ %ﬂglrst@ ?,@‘5 cgreddp vg?éf‘?&éaéﬂi“éﬁagsc%ﬂ‘ﬁoﬂ3‘“93
nﬁlrrel y, (1) 4b&8i, cwhich eic tincomporaieti aateﬁer Byo r@feﬁéﬂ&ee r 8pb6iAt We?éxty" ”iﬂm (o?%
chl orination_proc carrying out the "ene" reaction. rafting
reaction ng&}'%BB‘Pgag?‘i ﬁgr(?"bfﬂc”ld 3'5)4 and agy! ipsraxidas: o0 @@imﬂl%dhé utyh of
thi s metifod pemyidee(abb@vpted ﬁellélrﬁas F’@tI'BP’t' , ARk PetiidNe-bu /cﬂfh‘}/l Eéfﬁxude

|

i ncorporated aboye by reference. Wen carry| ng out the ra trated
reaction, bOFHEIYhEETO %\d?, 0gfimstiyl- gﬁedl(t-butylperoxy)hexane and 2 5-dimethy1 2,5-di(t-

butylperoxy)hexyne-3. Also contemplated are peroxyester and peroxyketal initiators,

for example: t-butylperoxy benzoate, t-amylperoxy benzoate, t-butylperoxy acetate, t-

butylperoxy benzoate, di+t-butyl diperoxyphthalate, and t-butylperoxy isobutyrate.

20  Also contemplated are hydroperoxides, for example: cumene hydroperoxide, t-butyl

hydroperoxide, and hydrogen peroxide. Also contemplated are azo initiators, for

example: 2-t-butylazo-2-cyanopropane, 2-t-butylazo-1-cyanocyclohexane, 2,2'-

azobis(2,4-dimethylpentane nitrile), 2,2'-azobis(2-methylpropane nitrile),  1,1"-

azobis(cyclohexanecarbonitrile), and azoisobutyronitrile (AIBN).  Other similar

25 materials are also contemplated such as, but not limited fo, diacyl peroxides, ketone

peroxides and peroxydicarbonates. It is also contemplated that combinations of more

than one initiator, including combinations of different types of initiators, may be
employed. _ »

_ Each such initiator commonly has a characteristic minimum reaction initiation

30 temperature, above which it will readily initiate a reaction and below which the reaction
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10 nmononer m xture may be used neat. Alternatively, they may be introduced
into the polyal kene as a blend wth appropriate solvents at a solids
concentration ranging from about 15%to about 75% for exanple, about 40%
The neat polyal kene fluid is introduced into a suitable well-stirred,

heat ed reactor which can be purged or blanketed with an inerting gas,
e.g., nitrogen, carbon dioxide, helium or argon or 15 otherw se isolated
from the anbfilbafocesd mornslowlyl graiok ehall. i Gorisequarly! the hiRinfles tdaRtlor RATRlre

t enper at ur e g &ﬁmﬁmydg&atg@?)?g}%szeﬁeqtt%fttn{tﬁﬁns‘r-em ially all of the initiator is

consuned during the’tine a reaction. For example, if DTBP
(di-t-butyl peroxide) is used as the initiator, the reaction tenperature
shoul d be great eP. t haMettsalst for FoEpaiGtioncoftliepysanoRsiyafkenecept abl e

initiators have different optimumreaction tenperatures, the choice of a

ticul initi r r ks ' t pof the.reaction tenperature or,
B er nat vl y. adroey e’ BHEE AL SEed out Ry @Be o sPHERF setdtian t ne
reacti ond cédhadsonearaely, c(cb)crlpadik;bil eeadtioh infitaterhed ?ﬂ?ﬂbté rr{aai'bglt t@Faﬁing, (2t) f
Co ti TR r.and reaction ti are no he only determnant's o
the. 25 r eacteahion BBko fRcor 63 SanieltiofserelTepettiondnd iasmfing readionused
to facili tanﬁy bB;j(xérrigd ?Dtﬂirlﬁ(ﬂlﬁtf’dntﬂ]l—l’f(d itk gbfﬁeﬂ %!f.;‘léb@él%)n 6§thY§f[n|e}h§§i may be

i nt ai ni i.di al kene. requently, tenperatu
TR0 o 1 "B Y o ARG5S ooy shove opraccd
proportions of tVwhedr &drhyiy %umﬁ@rrﬁaichpirﬁt_té%edi)%é{&ibhe%‘c’;trﬁ?% intito 3Rk | 08

I deal Ty, "nbst “or

condi ti %15 are selected so that an effective percentage

al'l of 19 heMosQmes MIXEFR May)be ised Begt aNtQibﬁité/elbb ﬂlﬂmay\ﬁbblin@mmftmdd?mdhehe
] | ' | € C, ol.yneric
g e

graft noietieS or entirely I ent hormBoI ners. _
cont enpl at effom ahawt 1P Holocahaut 76%., ddr exampie, aboabde%. fineanaat pblyalkbre Starisi ng

PoL; Sone: g SubowrBbid ST el ok, Bl Bl e
al t er nat i vebkanketed ewitit anbioerting. dasrel @ s nitrogkh ecarhbn \dibxideathdlians tor ager ok
Mol e, 15 otherwise isolated from the ambient air.

The polyalkene is heated to the desired reaction temperature, chosen, in part,
so that essentially all of the initiator is consumed during the time allotted for the
reaction. For example, if DTBP (di-t-butyl peroxide) is used as the initiator, the
reaction temperature should be greater than about 160°C. Since the various

20  acceptable initiators have different optimum reaction femperatures, the choice of a
particular initiator may require adjustment of the reaction temperature or,
alternatively, adjustment of the reaction time, in order to insure that the reaction
conditions are compatible with the choice of initiator.

Consumption of initiator and reaction time are not the only determinants of the

25 reaction tem‘perature chosen, the temperature condition is also used to facilitate
mixing and distribution of the reactant as well as maintaining fluidity of the polyalkene.
Frequently, temperatures above 160°C will be employed.

1. Molar Proportion Of Monomer

The contemplated proportions of the graftable monomer to the polyalkene and
30  reaction conditions are selected so that an effective percéntage (ideally, most or all of

the reactant charge) of the graftable monomer will graft onfo the polyalkene, rather than
14



alternatively at |east about: 2 noles, 10 alternatively at |east about 3
noles, alternatively at |east about 4 noles, alternatively at |east about
5 nmoles, alternatively at |east about 6 noles, alternatively at |east
about 7 noles, 15 alternatively at |east about 8 noles of the graftable
nmononer per nole of the starting pol yal kene. A contenpl ated maxi num nol ar
proportion of the graftable nononer to the starting polyal kene nay be

desi rabl e i ronying: diheris, toﬂgcbm@ﬂ:‘; or FRopYReNE . graft rﬁ@é‘t{et%eor ﬁ'%! ﬁrg‘%?%n%??
select a conts R rrzﬁ mﬁ | ar proportion of the g r(')trrer
to the start) WBHW&% 83 ﬁ"‘@F'%Y copfemplatad m'@uﬁhmf%ahm joh dhec grafftabie  of

product qualmdnomefetherstdrimPpSly M@é ad®YioRE: 1 ntroduced into the reactor
all at once, in several di screte charges, or at a steady rate over an -

ext ended peri od. ffast@beutGimalesi rum rate of addition of the graftable
mononer gi xture élférﬁmefyei?féabpélfdﬂtﬁtz% ek S sel ected 25 from at |east

about 0.1 % alternativ east about 0.5% alternatively at |east
about 1.0% al t@ﬁﬁﬁ@ﬂ%h’la} east aheat 0.5abales, 2. 0% 30 alternatively at |east

about 5.0% al tg{é?@éﬂvgﬁlamet%ﬁ %g?bg%%aut 10% alternatively at |east

about 20% alternative ea t550% 15 alternati vel y at | east
about 100% of th@tanmiwe&aatgeasmmm afolgr af t abl e nonomer m xture per mnute.
When added over léen{;r\%q & 18110 can be added at an essentially constant
rate, or at a rag Melya l?é'ﬁ 8% me. Any of the above val ues can

represef® an av ealtegreatively et lbhstaa‘bdmtsﬂibiéﬁ > the mninmumvalue of a rate
whi ch varies w tgltemaq]\a/eiy at least about 4 moles, |

alternatively at least about 5 moles,

altemnatively at least about 6 moles,

alternatively at least about 7 moiés,

15 alternatively at least about 8 moles
-of the graftable monomer per mole of the starting polyalkene.

A contemplated maximum molar proportion of the graftable monomer to the
starting polyalkene may be desirable in several situations. For example, it may be
preferable to select a contemplated maximum molar proportion of the graftable

20 monomer to the starting polyalkene in order to facilitate manufacturing cdntrol of
product quality.

The graftable monomer may be introduced into the reactor all at once, in several
discrete charges, or at a steady rate over an extended period. The desired minimum
rate of addition of the graftable monomer mixture fo the reaction mixture is selected

25  from:

at least about 0.1%,

altematively at least about 0.5%,

alternatively at least about 1.0%,

altemétively at least about 2.0%,

30 altematively at least about 5.0%,
' . alternatively at least about 10%,
alternatively at least about 20%,

altei‘natively at least about 50%,
15



The desired maxi mumrate of
alternatively at nost about
alternatively at nost about
alternatively at nost about

at npbst about 0.5%
10

addition is selected from
1.0% alternatively at nost about 2.0%
5.0% alternatively at nost about 20%
100% of the necessary charge of graftable

nononmer m xture per minute. Any of the above values can represent an
average rate of addition or the maxinumvalue of a rate which 15 varies

with tine. The graltétativaly abasreboifeyobe added as a neat liquid, in solid or
molten form or cut back with a solvent. Wile it may be introduced neat,
it may be cuff %%8&0%8%1 charge, ol graftatle mapemer migkird prrahingted \Wheo edtied ovens

of the nonortiie,afe irhorM& dnt e aH8&F LP4A esé%%&?éﬁ%ﬂh@%ﬁo’rlai%g[a%mr| 'S

diluted with a solvent. The nononer can be _

times (50% CGHERMithdimeomny of the ehevd valiigs can neps?enmnme;régé rat@t&fh addition or |

al ternat igvel .y 4 . 1. | ght or volune w a suitable
sol vent g\r/ tg(ia g%%ﬁngﬁﬁ%ah%ﬁ%ﬁ%&bﬁgﬁs @ﬁ'&ﬁﬁ%t lon of Initiator The

cont enpl at ed pr opbedesirasi maxitie date ofi sidition issdidutediaht abl e nononer and t he
25 reaction CO”dEHnBlea pf'b%?l ected so that at least nany, and ideally, all
of the nmononmer w grafrt drrectly onto the polyolefin, rat her than form ng
di menc, ol i goner atgmativelyhratmugsd bpomriiosgraft noieties or entirely

i ndependent hono ners. The ontenpl at ed m ni nrum nol ar proportions of
the initiator to.gﬁé{éatgpgrfqtgmséaﬁgﬁg P nmixture are fromabout 0.05 : 1 to

about 210 1. No alematively atwdstHBAREAREr tion of the 30 initia}]or ils .
contenpl ated, though too nuch of the initiator may degrade the polyal kene.
Wiile the initi a?@&“ﬂf&@ytﬂi%a@%ea%., in a preferred enbodiment, it is

i ntroduced Hcut alestativelyVdtinibst QbotRAbodn order to avoid |ocalized regions of
el evat ed concentrati on. y\f!6 The initiator can be added before, with or after

the graftabP pary chargexeirgsaitable esomer .tTii)sétl;lI@rpensn;xintbgE atinkedf the eltﬂm&é, at
han’t o ent pgs CREITRN of avROS R SR abdlicn B b bl iAo ety R
15  varies with time.
The graftable monomer may be added as a neat liquid, in solid or molten form, or
cut back with a solvent. While it may be infroduced neat, it may be cut back with a
solvent to avoid high localized concentrations of the monomer as it enters the reactor.
In one embodiment, the monomer is diluted with a solvent. The monomer can be
20  diluted by at least about 1 times (50% concentration), altemativély at least about 5 times
alternatively at least about 20 times, its weight or volume with a suitable solvent or
dispersing medium.

2. Molar Proportion of Initiator

The contemplated proportions of the initiator to the graftable monomer and the
| . 25 reaction conditions are selected so that at least many, and ideally, all of the monomer
will graft directly onto the polyolefin, rather than forming dimeric, oligomeric, or
The

contemplated minimum molar proportions of the initiator to the graftable monomer

homopolymeric graft moieties or entirely independent homopolymers.

mixture are from about 0.05 : 1 to about 2 : 1. No specific maximum proportion of the
30 initiator is contemplated, though too much of the initiator may degrade the polyalkene.
While the initiator may be added neat, in a preferred embodiment, it is introduced

“cut-back” with solvent in order to avoid localized regions of elevated concentration.
16



charge. In one enbodinent, the initiator my be added after substantially
all the 5 graftable nononer has been added, so there is an excess of both
the graftabl.e nononmer and the polyolefin during essentially the entire
reaction. I'n another enbodinent, the initiator may be added along with the
graftabl e nononer, either at essentially the sane rate (neasured as a
percentage of the entire charge added per mnute) or at a sonewhat faster
or slower rathe inigtor gan dej added befwreswitioior pﬁélythbeg?aftatﬁe)nﬁﬁom@r egpt 8fample,
initiator a r_thi.s epbod] rati o of
unr eact ed i gﬁt @%ﬁo unragggﬁg ﬂ?‘r%h%my NS ‘bﬁmwp ynrpactsd dnitiater
during m)st psesent isemud'alem tran thid enfirsichaRjeP and'Biefdisbly BlshRUrRdonh Bftﬂetéﬁﬁre
di screte charges, or

react or al natjvely, y

st eady rat e%%ég H( %Q? Q%J'BQN dee 'ﬁ"‘\%‘oﬂé’iqyr@%l adredl after S!!BSfﬂaﬁlaﬂwﬁli the
addi t1 onSof gréfeablenintorehr Hze bbén 120864, 86 tHerst il $h RRGRS of %BH‘P #e LRAGbe
about 0.1 % of the ne(fetgsae%/ charge of initi-ator per mnute

al ter nati vel\PEIM4To80Y BB oBolvalelv.dyring nessentiallys ther yenhnearr@:t:om i it amdtioer per
m nute. The gmiliddinry thedRite %@e rate, or at
a rate which varjies with Itll mg geggggg aﬁ@g\gﬁﬂcgﬁﬁ ?lé‘{)t?@géﬁ@%é‘ﬂ 6’«3‘?

rate of addiFPYHiaby thenwame Mtmimeasurad asfa gercantagetu de atire ehanget iat:ldedn;ﬁer 20
The deswednﬁm@qb ator to the reacti

it ur o ray ey U SBmnAklor 8P sl #ie. B e % ot Bupetird Tl dpy
char ge 69 H‘#‘fqaé r ingtiafor andurecadedtmaianer. 10050 this tdhthoaRa@rsaky eharge of

initiator p t: rates can r.e n average rate of

addi tion or %hfﬁégc{éﬂ ﬁﬁuat%gﬂlp@a'ﬁpggcg?d HOPQE W%?FDS'&&%F@Q’%%@F awmgz@OWﬂﬂ e
the initiat ¢he eadtidne added neat |t is preferably cut back with a sol vent
to avoid high | L.zed concent f the initiator as it enters the
reactor. In a prﬁ$€ t'@g) "@Y&f’d Ce "30%%9 reaetet Biseverrl (erdlteinativelvd many

process fl undd;creTélehargeé igrteadra ﬁéﬁd)bx%\téibl/éﬁ &tlextBi¥def pérRAS TIPS ired rf'ufnl?ﬁl.gg
alter nai{sveI% % %‘f ﬁtl)out; 10 times, alternatively at |east about
times t efH8L1 9 Kutiatordp the negclionpixture sange fam adeass phewt Gud %orofa

sui tabl e 30198|®édé€§éry @ha@b&ﬂ%ﬁét@tgpé"ﬁﬂ!nm@ tojdteﬁ'natlﬁ)ﬂf‘é?%% Cati Rt 1&)‘?f &t tHQ

Reacti on After the reactants have been conbi ne e reaction mxture
preferably NRFSSSAVGheroshehinitiatr psr minuted dine inifialbr gan be eridediah an@semany

conpl ete t hgodRafitrh@N or &h8 rate which varies with time. The above rates can represent an

average rate of addition or the minimum value of a rate which varies with time.

20 The desired maximum rafe of addition of the initiator to the reaction mixture may
vary from a maximum of at most about 0.1% of the necessary charge of initiator per
minute to at about 100% of the necessary charge of initiator per minute. The above
rates can represent an average rate of addition or the maximum value of a rate which
varies with time.

25 While the initiator can be added neat, it is preferably cut béck with a solvent fo
avoid high localized concentrations of the initiator as it enters the reactor. In a preferred
embodlment it is substantiafly diluted with a process fluid. The initiator can be diluted
by at least about 5 times, alternatively at least about 10 times, altematlvely at least
about 20 times, alternatively at least about 50 times its weight or volume with a suitable

30  solvent or dispersing medium.
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time required for conpletion of the reaction can be determ ned _
experinentally, for 5 exanple, by determ ning when the concentration of
nitrogen or.of nmonomer mixture in solution reaches a value at or
approachi ng a mninum pre-established value. After the reaction has gone
essentially to conpletion, the heat can be removed and the reaction
product can be allowed to cool in the reactor with m xing. Alternatively,

nore aggressive cool i Bg caPrdeedaraio?\GrdftingSResactforieat exchanger or ot her
apparatus. 10 Alternatively, the' reaction product may be rgm)ved vvh: I eF
still at or near ' erature. 111. nposi tion and Materials For
Preparation O Li}grgﬁgﬁa% ?%g“%ﬁ%%%gi ‘EC?'B'HQ? 30 FEREHQSH Mxture sy peefeiably O |
Conposi t i onsnig&d Witk Healing €artargddiiidnat 2O AP0 A b &hﬁné&é%ﬁé‘ Peadtidh e eO
preferably G rise dthe f ol GSQWI ng ingredients in the stated proportions:
a. from abou'ﬁgfﬁ%uf% dBoGYMBSen PT ke feaction |casr b detesminer expegiowmrtalBOder t o

about 99% bexasib@hby datdr@inia i 0 9 el ght
of one or m?r%?gey ils; n%ébﬁ% rlgfn(fdglggﬁt?ﬂghoﬁnﬁsl{yglga?ptgghlgggﬁepﬁ%wgeo i ds
by wei ght, éoﬁf'@? Fﬁf@ﬁ@%Fy/aiqeoahoraﬁat@tacmngs%n@cmmm)regsmbbg};os@@%| | gs by
wei ght, al ternat} f t . 0 | . t 0 sol.i ds

wei ght , al ternat {ngl tg/ﬁefr{?%bggﬁgtgosg eféégfﬂa%h %%nél%tiog‘bgrfﬁ he_‘[?tE)Q%nst?)Gf fed’%a/“ﬁg

vei ght, al t 8PS vep@onrnrgﬁu@patwegmw@iﬁtotml ;ggumiteagﬁeelitagmixigg. Meﬁfﬁfi@iﬁ,%
alternative 59 ' L,ght, ta . 5% sol i ds wei ,, O
one or rr[)reh‘)br“fétf%i ?%Q%g{%(ﬁigb%%g%ieﬁ% egn_{’sm%faﬁeggﬁ’f AN ﬂﬁ?fr%%éf%t‘:’s.- C.
from 0. 18 oyAltemnativaly, theYteaytionepghiict aldyebdabmvedd viile atibaubr hedborbactaRout
15% by wei gFgm e%ﬁ:?é natively from about 0.5%to about 10% by weight, or
alternatively B3 Aabout 0.5%to about 8% of one or nore dispersants 30
which are grafted pol yal kenes nmade according to the present invention;. 18
d. from 0. 0¥-sol Campositianand Maderidly FotiPyéparatibh@faibriciting opm about 0. 0%
solids to about Gotmpoisitisoy wei ght, alternatively from about 0.05% solids

to about 2% solids by weight, alternatively fromabout 0.1%solids to
Composition of Lubricating Oil Compositions

15 The lubricating oil compositions of the present invention preferably comprise
the following ingredients in the stated proportions:

" a. from about 70% to about 99% by weight, alternatively from about 80%
to about 99% by weight, alternatively from about 88% to about 99% by
weight, of one or more base oils;

20 b. from about 0.0% solids to about 10% solids by weight, alternatively from

about 0.05% solids to about 5% solids by weight, alternatively from about

0.15% solids to about 2% solids by weight, alternatively from about 0.15%

solids to about 1.5% solids by weight, altematively from 0.25% solids to

-about 1.5% solids by weight, alternatively from 0.5% solids by weight to

25 1.5% solids by weight, of one or more grafted polyolefins dispersant
viscosity index improvers;

C. from 0.1% to about 20% by weight, alternatively from about 0.2% to about

15% by weight, alternatively from about 0.5% to about 10% by weight, or

alternatively from about 0.5% to about 8%, of one or more dispersants

30 which are grafted polyalkenes made according to the present invention;.
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about 1 % solids by weight, of one or nore non-grafted polyolefins used as
5 viscosity index inprovers; e. from0.0%to about 10% by wei ght,
alternatively fromabout 0.2%to about 8% by weight, or alternatively from
about '0.5%to about 6% of one or nore dispersants which are not nade
according to the present invention; f. fromabout 0.2%to 6% by wei ght,
alternatively fromabout 0.3%to 4% by 1.0 weight, alternatively from

about 0.3%to abgut 3%y0.0%i sitls tal0%r sl b9l weigltr Qlferaét%tly(yﬂc{rﬁ%gg}etbﬁb%t
0 0

2% by wei ght, of one . o1 e, det ents; g.. fromabout 0.0 y
wei g%t , algt ernativel ygé“rdgg? §B%lf}t5%}6%@lglt%%{yoﬂerg%a{terg@gw fiin gheut 0.05% solids
al ternatively from abtouabut 0B $olide by Ukveidhb, BiterdBi &P tron? " b, 1B
anti-wear agents; 15 h. ik %) to 5% by Q\Btfogﬂta,bBQf?grAngpilia\e?efoy

f r9m§£.bout 0.01
from about 0.01 %to FeRut{ye SRlidgRy weight.qf eae oy Bioje rereraiied polyoleffdtted about
2% by weibght, al ternﬁgédéﬂj,mdggm,@p@g’t 0.1 %to about 2% by wei ght, of one
or nore anti- oxidants; and i. from about 0.0%to 4% by wei ght,
al ternatively fr8m ab®em 0f)%de abow iy by weiohk ialiemativelyt feom abowsd. 9% to abaout

0. 005% t o about 2% bygyeh ok t el [ t. 0.005%1 0 about
1.5% by weight, of ni n‘)oé{?dgi %8}’%3:!%&%@%@3&@ f%)g{ a%@ﬁﬂ@? fo; 3R é ¥ G ¥t i on
modi fiers, pour poi ntMowefispassants whichmde aottrmadeastoatietothe PheepEheRibRyCS

of d through i y b L.aul on.the formin_which the are 25

commerci al 'y ang I abﬁé‘.ﬁ_ﬁ‘?ﬁguﬁj%g’ttga%% g}m’e@gﬁgﬁﬂa&e%ﬁo@a{i}?% ﬁérx/ge@i Ehtby

i denti filBd above andN@egtealﬁérnmwmc&a_abﬁutlmg%&dlaﬁaﬁi_ss%ftﬁ waigRtRaltcRalivily t he

betrol eum or synt het 1o aBe3EFE o B3itaHe by Weighhor preer merasaleresss: 30

sol vents for theggr affrablabopbbyabk ansy, Q:P v?é]?tp%&iérﬁﬁﬁvély"lﬂﬁmé%ht : %ﬁogﬁgd
ricating oil, or conblnatl

Cher cof . may &l 50 be HEUl AR §VEHGEhrAETRy Ik 1aboDh §,96V% dotabolit Sty
I ndex I nprovers The \ggight! 6fbrerreahiisvedl §gélitscussed in nore detail in
section pbelow = om about 0.01% to 5% by weight, alternatively from about 0.01% to 3%
by weight, altematively from about 0.05% to about 2% by weight,
altemative‘!y from about 0.1% to about 2% by weight, of one or more anti-
oxidants; and
i. from about 0.0% to 4% by weight, alternatively from about 0.0% to 3% by
20 . weight, alternatively from about 0.005% fo about 2% by weight,
altematively from about 0.005% to about 1.5% by weight, of minor
ingredients such as, but not fimited to, friction modifiers, pour point
depressants, and anti-foam agents.
The percentages of d through i may be calculated based on the form in which they are
25 commercially available. The function and properties of each ingredient identified above
and several examples of ingredients are summarized in the following sections of this
specification. ' ' '

A. Base Qils

Any of the petroleum or synthetic base oils previously identified as process
30 solvents for the graftable polyalkenes of the present invention can be used as the base
oil. Indeed, any conventional lubricating oil, or combinations thereof, may also be used.

19



C. Dispersant Pol yal kenes The di spersant pol yal kene according to the
present invention contains: 5 at |east about 0.2 noles, alternatively at

| east about 0.5 noles, alternatively at |east about 0.8 noles,
alternatively at least about 1 nole, alternatively at |east about 2 noles,
10 alternatively at |east about 3 noles, alternatively at |east about 4
noles, alternatively at |east about 5 noles, alternatively at |east about

6 nol es, alternBtiveGrafeed PagslkfiaDisperéaOVistosibPindek Hhpbvarg! ¥ at | east
about 8 noles, of grafted nononer m xture per nole of the original

pol yal kene. D. Giad geafied pdlydlefinsareldisetsRal inohat idesilws sshigh DASGRSI t Y
Modi fiers The conventional viscosity index inproving polyolefins can be

used in the forngl ati [ to the present invention. These are
. CaperbpPliir e

conventional ly | ong-cha Several exanpl es of polyol efins

contenpl ate b iRad i sobutenes.. pol ynet hacryl ates,

pol yal kyl st 3?%%285 Bﬁs%&??‘?'%’??ﬁ%%%ﬁ%@%g@% pr%%%l'@’r‘?ﬁp%rg)ﬁ?%ﬁ@?adi ene and

st yr ene, S anor phodtdegsbBhaut&f2 melesf et hyl ene and propyl ene,

et hyl ene- propyl | I s ol yi soprene, and styrene-isoprene.
L e

Di spersant Vi scosi ft in U S. Patent Application No.
10/ 444,548 as 25ltesidtively atleSst SbaleOB M¥les,5, 523, 008 and patents cited
therein, can al sg, be_ used, accordi o the present invention. 20 E.
Convent i onal Di sagtgF?zS'H‘?F ﬁ%‘@%ﬁggmi%nt s al so hel p suspend insol ubl e

engi ne oil oxi dadlfefriatipslpdtiebst.abdolit® moldsevent i ng sl udge floccul ation and
pr eci piﬁﬁti on or dg_Po,si tion of particulates on netal parts. Suitable

di spers4ht s i nclai§Eatve)y ahispelabodt3 mefaght al kyl succini mi des and the 5
reaction productgierfatitbl abRhstRILs pf}ﬁbie%obutyl ene succinic anhydride with
et hyl ene am nes such as tetraet Hy ene pentam ne and borated salts thereof.
alternatively at least abouf 5 moles,
alternatively at least about 6 moles,
alternatively at least about 7 moles,
15 alternatively at least about 8 moles,

of grafted monomer mixture per mole of the original polyalkene.

D. Grafted and Non-Grafted Polyolefins used as Viscosity Modifiers

The conventional viscosity index improving polyolefins can be used in the

- formulations according to the present invention. These are conventionally long-chain

20  polyolefins. Several examples of polyolefins contemplated for use herein include

polyisobutenes,  polymethacrylates, polyalkylstyrenes, partially hydrogenated

copolymers of butadiene and styrene, amorphous polyolefins of ethylene and

propylene, ethylene-propylene diene polymers, polyisoprene, and styrene-isoprene.

Dispersant viscosity modifiers, as taught in U.S. Patent Application No. 10/444,548 as

25 wellas U.S. Patent No. 5,523,008 and patents cited therein, can also be used according
to the present invention.

20



Such conventional dispersants are al so contenplated for use herein,

al though frequently they can be used at reduced concentrations when the
grafted.pol yol efins according to the present invention are used. Several
exanpl es of dispersants include 10 those listed in U S. Patent No.

4,092, 255, columm 1, lines 38-41: succinimdes or succinic esters,

al kyl ated with a(ﬁpq)ol yol efin of isobutene or propylene, on the carbon in

t he al pha positi of Conwestiawal Dispatsantr bonyl . These additives are useful
for maintaining the cleanliness of an engine or other machinery. F.

Det ergents 15 Detngfedispersantsraisahaiprsuspgidiasailisiaehbing o8 oidatidteprid®ds,ithud he

present | ubrgd g‘?énlt'- i Qsitions. These materials include the netal
salts of sulqgonl clﬂgcsljl@‘g:Ie fé%g'@?ﬁo'bﬂ@%@f?[p't@ﬁ?q AF AgRRpItioNSS Pastiratatess on aneipl

sal i cyl at es,panaphuiwblet disperamts Gidiede Bigh UHbIECUIAORSIGhEARY] Cﬁuﬁélﬁih{?d%' Ly #fd ds-
Basi c (vi5$, QY irBapseqj tf@iaﬂ %Its, such as basic al kallne earth neta

sul f onat €s (es@éJ iP5Y "ifsc I%l’ﬁ?ﬁ'\ %Wlﬁéﬂﬁﬂ?’iﬁﬁ‘ﬁlm@nm{f’@ﬁ Vit albrieny aodmas as
20 det er gentssich &8 ttradetyRin@itintar@h € aRAbbidl flik¥hdis&f ul for keeping the

i nsol ubl e particyl material s in an engine or other nachinery in

te / .
suspensi on. O he “&ké"ﬁﬁ?’%’g‘oﬂ?‘ disnessainese alsernopiepipiated férouseubereine nthough
i ncl ude t hosequetivi ®dyidanbe 9 ) : I . lines
35- 36: sulfongt es,yt phgnapese, _(S)?(P%Fggﬁnulcc%lapﬁ?og%ﬁé’[t'é@égpgﬁéﬁ%ﬁ%eﬁtp%‘ﬁﬁffr@. G
Anti - Wear AGEFRTEIngdo Apg prageat indenfionsare ased.h Severabexanpipd ofdispareshis chelar  of
met al papt s thokeNg al kil ¢k Dy 0 d _zinc,di L di t hi ophosphat es
and organo nol yb_fésé?\cﬁrﬁf l%%ﬁé&%é?%‘u%’ﬁag’ggﬁb?‘ggﬁgnﬂrﬂ'rmsg{’iﬁl'd?‘f(}?i'r@?gf& fat es
are repr eseRUeRiniQ @stsrs, afiytated mitbreapolyoitiin oliasbiagendspropilelt, dNhe-Qbdiamt S
Oxi dation ighi bitQr 4 tj-oxidants, reduce t t endency of |ubricating
oils to deg‘mér ;yéérh%t @O?'ﬁégéqv#h e.s'u%'?'g"q?efﬁ&’f’ﬁﬁati S¢ afdives argeHealdl iy
i ncreased oimaintaisihgshe gleanlingsbyf alengine Bucthsr mhckidrgat i on such as sl udge
and varni sh-1i ke deposits on the nmetal 5 surfaces. Such oxidation

i nhibitors inclugde all{f@ﬂe@%tgart h netal salts of al kyl phenol thioesters
havi ng preferably C5 10 | kyl side chains, e.g., calcium nonyl phenol

o s oSt B R B AR BRI D e PSR B 2o
oil compositions. These materials include the metal salts of sulfonic acids, alky!
phenoals, sulfurized alkyl phenols, alkyl salicylates, naphthenates, and other soluble
mono- and dicarboxylic acids. Basic (vis, overbased) metal salts, such as basic alkaline
earth metal sulfonates {especially calcium and magnesium salts) are frequently used as

20  detergents. Such detergents are particularly useful for keeping the insoluble particulate
materials in an engine or other machinery in suspension. Other examples of detergents
contemplated for use herein include those recited in U. S. Patent No. 4,092,255, column

1, lines 35-36: sulfonates, phenates, or organic phosphates of polyvalent metals.

G. - Anti-Wear Agents

25 Anti-wear agents, as their name implies, reduce wear of metal parts. Zinc
dialkyidithiophosphates énd zinc diaryldithiophosphates and organo molybdenum
compounds such as molybdenum dialkyldithiocarbamates are representative of
conventiqnal anti-wear agents.
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such as nol ybdenum di al kyl di t hi ocarbamates. 10 I. Pour Point Depressants
and other Mnor Ingredients Pour point depressants, otherw se known as |ube
oil flowinprovers, |ower the tenperature at which the fluid will flow or
can be poured. Such additives are well known. Typical of those additives
whi ch optim ze the low tenperature fluidity of a lubricant are
Cs- Cl18-di al kyl fumarate vinyl acetate copol yners, and pol ynethacryl ates. 15
Many m nor i ngredi.ent AntikDxidadts not prevent the use of the present _
conposi tions as lubricating oils are contenplated herein. A non-exhaustive
' des rust inhibitors, as well as extrene

list of oth Y/ s |ncI

plr Zssﬁr eoadglrt i VES, a?igﬁqéé” ibjfors "\Lf"c@‘l'd@” %rﬁ?‘?%aﬁﬁ?éﬁ@ﬁ@ﬁvﬁ lubgicatingy eits. to
VIORKI NG EXAMRiEBI28 e Ihlbaiét&r@mbﬁ BnapaeatieRedtly Hbieblaf bl Yigbery
Mononer for @ﬁjﬁ; tth % his exanpl e, an ethylenically- unsaturate

cont ai ni ng f f%&? fixicskiony such amsludge @%V@nwélkeﬂepmiatamheuma! i s
prepar ed5 A saffficas, reagérprox@étwnpnﬁﬁ'ibmr%h n?cfho%' eSikailnd *bea%' e @% 8
stirrer, the rreter and wat-er-cool ed reflux 25 condenser th

about 14 m HQGRPHV‘P?@FH?IhafVﬁ}erﬁfﬁf@r@b%{nﬂsatboGtz alkg! gldef cham eeg adsm@m de.

The react or nbRIXBRERH Ur € I sed tlglg%l 0C and Wﬁ{dﬂa ux at

t enper at uren V\ﬂpl e at thgglf(gé; erzgt'c% %o?ﬁ %g of P mhig B:ne

are qui ckl Phpmhoéulﬂﬂ'@éd|qlit&bllftlmEdshydMGadmnsTlaad roeg@:ﬁfd ma)m{d@ﬁ@mdﬁo L{rﬂgout

3 hours and f a . mxture of reaction products
sul:t??gﬁac}ls angm dﬂétg@& hﬁﬁ%qrﬁ;?ragtese g.,

conprising amc acl the formation of a .
bi -functional nononmer mixture. This reaction 22 mixture, wthout subsequent

purificd®ion or keparBeurdPoint Depregssaets and otherMinablisgredientgr af ti ng onto a
pol yal kene. Exanple 2 Laboratory Preparation of Graft Low Ml ecul ar Wi ght

Pol yal kene 5 Ar I I ¢ heating nmant
sti ?/r er, ther rmrrg?éﬂrﬂlp&mt dé ﬁ%@ﬁ%ﬁogﬁ%@s%%grggggjsvﬁ%] gggﬂtmi’@&r%ﬂo‘%ﬂﬁ@%t
pol yal kene. terhieergtuse iah \vdichpthentiid will Bewgarscanobé eotiesd. esuaeradgngb@yvmy walpove
the surface h ene,.i s tg to 17 Durin
heating t hekgé @/alerl@ vfogﬂg)t?ﬁ g%ngl%? H’%ﬁ‘ CRlPEe 3 C{?@B%at”’e fluidity of"a
lubricant are Cs-C1e-dialkylfumarate vinyl acetate copolymers, and polymethacrylates.
15 Many minor ingredients which do not prevent the use of the present
compositions as lubricating oils are contemplated herein. A non-exhaustive list of other
such additives includes rust inhibitors, as well as extreme pressure additives, friction

modifiers, antifoam additives, and dyes.

WORKING EXAMPLES
20 Example 1

Laboratory Preparation of Bi-Functional Monomer for Grafting

In this example, an éthylenically—unsaturated monomer containing both
nitrogen and oxygen, having two sites of unsaturation, is prepared. A 500 ml reactor
equipped witﬁ an electric heating mantle, stirrer, thermometer and water-cooled reflux

25 condenser is charged with about 14 ml of N,N-dimethyl formamide and about 7.0 g of
maleic anhydride. The reactor temperature is raised to about 150°C and allowed to
reflux at temperature. While at that temperature, about 5g of triethylene tetramine are
quickly introduced into the solution. The reaction proceeds for about 3 hours and
leads to the formation of a mixture of reaction products comprising amic acids and di-

30  maleimide, e.g., the formation of a bi-functional monomer mixture. This reaction
22



fed bel ow the surface of the solution. Wen the pol yal kene reaches the
appropriate 10 tenperature of 170C, the purge gas -is redirected to flow
over the surface of the polyalkene. Wth the pol yal kene at tenperature,
two solutions, one containing the nononer mxture fromExanple | and the
other containing di-t-butyl peroxide initiator are introduced. The nononer
m xture i s prepared by dissolving about 25g of the nononmer from Exanple 1
in 25 m of ﬁi’!"ig-!fe?r‘f{éhqq’iisvba@we%ohdﬁdaﬁnn ios sppaatior df b&mF@néHtéSin\aitﬁgquput
f the

10 -g of di - tgrhtit¥lonREL BXi .0 60 nl of heptane. Five aliquots o
nmononer sol u%i onMare %E?ﬁ’%@ﬁé‘gd into the resin kettle over a sixty mnutes

period. The_ full charge of initiator solution is netered into the resin
kettle over E¥pmplade sixty mnutes period. After all of the reactants are
added, the mixture is allowed to react for five (5) hours. 20 Exanple 3
Labor at ory Prahliesaiary Breparatipniaf Graft Ly Mokécutaileidhit FRaValRbKENE A resin
kettle equipped with an electric heating mantle, stirrer, thernoneter and
gas inleP was chéy (S tpttln eavinped1witts ap eéctrdc meating alande ketivesr( tHesepaeter

s 1l ot por ey ROt & o il 2BR60 R E BERP AR 188 8¥inlet démiace
of the sol uth®gas e fadeithes befow dreabqyelthakkrae oftte soldtion. e FAPAKdERE
heat ed ' [ ti he | yal kene sol yti on was purged with
o’ i nor t+ ng el EA7OC, B3 el Wiho il X Fast it on Meringnans dte:
pol yal kene e belowntheeariied of e epiptiarRWhAER® tHee POIGAIRENY %a@ﬁe&&ea?@ﬂf)ﬁﬂgc’
ol'yal kene

t he pur g edi.rected. to flow over the surface of the p

sol ut i og.ﬁ ZWte&%fn@i ﬁi g PHgeseAsulS Biirasted e flovapyardhet srisse afuhe of
170C about p8lyaBgnef WithntheOpdlyalkéricd B keriBEIAIRE, Wio<bilifonsOdf &‘,o‘ﬁli:’émnb fie
reaction between 4- am nﬁgheﬁn | enedi ami ne and mal ei ¢ anhydride, Wwas

i ntroduced &f9NCHer HEETs How Ple d13ng| the qthes spofeining diA-butl peiaxidedoitipeirni ng

Then del i verod aver -3 hotroriadt Mol BbBoRd ) iehithg dbolERsIRs ¢F o na
45 minut es HNemeL fromrExanmple -bhin ¢b mbebliHfe Tl initiater swhticinnisr peparsd. by Wien
the reaesi 0QissBRINGOABILLYS g GG PE-AIAPRNEENA #FRplhe! FhbSfbQ i he
monomer solution are introduced into the resin kettle over a sixty minutes perioa.
The full charge of initiator solution is metered into the resin kettle over the same sixty
minutes period. After all of the reactants are added, the mixture is allowed to react for
five (5) hours.
20
Example 3
Laboratory Preparation of Graft Low Molecular Weight Polyalkene
A resin ketfle equipped with an electric heating mantle, stirrer, thermometer
and gas inlet was charged with about 11.8 g of a neat polyalkene (Indopol H-100) and
25 about 29.8 g- of o-dichlorobenzene (about 28% by wt.). The gas inlet permits the gas
to be fed either below and/or above the surface of the solution. The mixture of the
polyalkene and o-dichlorobenzene was heated to 170°C. During heating the
polyalkene solution was purged with an inerting gas (CO,) fed below the surface of
the solution. When the polyalkene solution reached the appropriate temperature of
30 about 170°C, the pufge gas was redirected to flow over the surface of the polyalkene
solution.
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reaction m xture at atnospheric pressure. The resultant grafted | ow

nol ecul ar wei ght pol yal kene was washed with acetone and was, then, dried
under vacuum at 60C. An 10 IR spectrum of the graft product exhibited peaks
at 1600 cm 1, 1720 cm -1 and 1780 cni'l. Exanple 4 Laboratory Preparation
of Graft Low Ml ecul ar Wei ght Pol yal kene A resin kettle equi pped with an
electric heating mantle, stirrer, thernonmeter 15 and gas inlet is charged

wi th about 100g v¥hir ﬁﬂﬁttalﬁmbYﬁlek@d?&lon-r??trﬂsg?%dgp&ﬁtterﬂ%% 2 %(h %‘?E}Zﬁé&‘ﬁe

fed either he r above the surface o uti on
heated to 1 9 Ri Mg Bmchionsl mm@ﬂiﬁilmatu(e,nMS&d ypongthe n@abﬁ‘brﬁﬁetﬁd&éhu ng

as (C02 Tl ol yal kene
grgeacgles %he a B??érw?ﬁ‘ E&a%é gﬁgtnﬁélg&%ﬁ] h%%% vy%s '%\‘g’(ﬁﬂﬁe‘g %témF@dFtPe@ﬁed
to flow overpo&ﬁ‘&eﬁ@rﬁpbtﬁ!@ﬂoﬂ $thetiqrOcqnédigiag ketotal oabdut e gpstldr-ebk§nsedkide
t enper at gre, nt ai ni n functi onal mononer
i )r(r}[) ure gas érgﬁ%tggﬁqé%éﬂgg? ﬂ{c?)% %2'?’9\@8#"&93%0&5? nﬁ%éﬂ%&!ﬁ%ﬂﬁ&ﬁﬁﬂéx@]ﬂ)r
mel ei ¢ anhy @i aediioral Wideminutes attembihiofithg tdiutyl gé?ﬂdle s@%ﬁ@%'v@é’s ln@'oﬁ?@ézcg

are introdu nmer mxture is prepare di ssol vi ng
t he nononer Wﬁerbglpee fg%&'of‘mﬂasﬁ%“?'ﬂﬁen |t5$09 Q§B'|°[Rh%"ﬁe"% V}!ﬁsep"&ﬁfl&tﬂ lf§0n25he
di ssol vi ng admmtibn Shﬁlxlgre)ét dtmotsplbéﬂcywe@éi‘frém'rﬁ@ rééhltgﬂt qpaﬂgildﬁ\?rqﬁe% ! te?'@t
0 e over

al i quots of Plk S%olutlon are introduced e resin
a sixty m nfPE8¥GR? i‘”é’a washigd with acetangrand was, than, dae@uném \#oLIOm: atﬁOﬁ@Imn ed

| nt ot he0r e4R mpbthirh of M bratodaoinitbY peakddt $80PBRHOd 726 i &t 1zfh the

reactants are1added the mxture is al 0 reac

24 W clai nf™: A reaction product of (a) an amine having nore than one
primary or secondary am ne and (b) an acylating agent having at |east one
poi nt of et Ethpié:z; unsaturation; wherein the reaction product conprises a
ni trogen- gen- 5 containing conpound having at |east two points of
et hyl eni ¢ uﬂ@'& oY Rriepapatiomef GrafttowMoleoulac WeightPalyalkenewher ei n t he
acylating agent is selected fromthe group consisting of nobnounsaturated

C4 to C50 di car bexgkih ket eéufppéEPWRH NAbCREk g iaktRO EREPSRLABN LS
acids; gonydrl 2es et %ﬁeflrgeg "With about 100g of a neat polyalk
g of a neat polyalkene. The gas inlet permits
the gas to be fed either below or above the surface of the solution. The polyalkene is
heated to 170°C. During heating, the polyalkene is purged with an inerting gas (CQ;)
fed below the surface of the solution. When the polyalkene reaches the appropriate
temperature of 170°C, the purge gas is redirected to flow over the surface of the
20 polyalkene. With the polyalkene at temperature, two solutions, one containing a
mono-functional‘ monomer mixture based upon the reaction between 4-
aminophenylenediamine and maleic anhydride and the other containing di-t-butyl
peroxide initiator are introduced. The monomer mixture is prepared by dissolving
about 22g of the monormer in 25 mi of THF. The initiator solution i.s prepared by
25  dissolving about 10 g of di-t-butyl peroxide in 60 ml of heptane. Five aliquots of the
monomer solution are introduced into the resin kettle over a sixty minutes period.
The full charge of initiator solution is metered into the resin kettle over the same sixty
minutes period. After all of the reactants are added, the mixture is allowed to react for
f ve (5) hours.
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combi nations of any of the foregoing. 10 3. The reaction product of claim
1, wherein the acylating agent is selected fromthe group consisting of
acryli-c acid, crotonic acid, nmethacrylic acid, naleic acid, maleic
anhydride, fumaric acid, itaconic acid, itaconic anhydride, citraconic
acid, citraconic anhydride, nmesaconic acid, glutaconic acid, chioromaleic
acid, aconitic acid, methylcrotonic acid, sorbic acid, 3-hexenoic acid,
10- decenoi cVe&laim: 2- pentene 15 1, 3,5-tricarboxylic a?ri)d’ ci nnam ]E: aci d, f and
Cl to &4 alkyl acid ester f e, foregoi ng,. nd _conbi nati ons of any of
t he foregoi n)g;. g’O 4. %Ftegcﬁ%'gg{(ls%ﬁt 8?6 L aﬁ?'“%%ﬁ\”ﬁﬂl’_{‘oﬁﬁh@a&wq pémany bat i ng
agent is me@md@wia]‘niné.anmaa)ra&ﬁ:ﬁéylalmgpé@m{avmb & 18540 dn @&ﬁf ﬁ{: Ethyb%ﬂ]c
acyl ati ng agat rét?o na‘lfvﬁj?lr(:.ar%agdrl dte. . The reaction product of any one of
the preceding clais, "UWREIEihC t/RECtGne REqqush Gortuises ﬁisnlfrﬁgeredﬁgz aggg]??gm ng
he am he awdtdifiag aospatihdBad ic! :
;bout 0.1:1to b(g)ut Bﬁp_ 1Ih ga gilreggtctﬁooﬂr@{gsgaﬁg%lbg? d(gllsélu?ﬁt ?"Wnerel n the

4' - ‘ " . . .
amne is trieth ene N8Ee3Gtiop Hpdist Oéﬁém\ﬁewbﬁerﬁlrlsfaiecacmalﬁ?g aﬁemﬂ ie sblég_ﬁiajout
0.1:1 to aly el T t ne. of .t pr.ecedi ng
cl ai ns, V\he?ig? nlql!lte he r&rpeadgﬁisg’ﬁa%r%fgmcﬁ{ogggrr%ﬁagéedsa(gyégaﬁﬁfbﬂ'%arﬁ?W’ﬁr gcdgp o
The react i SROHUBGARIAteE &hy tonBsof mohatatsoxylic oa€ids whmhgdniddshetharsone drg

sel ected fr q LSt f al kyl polyam nes, polyoxyal kyl ene
pol yam nes Cgémr?q a[%ﬁﬁg?g?%ﬁgﬁkz&ggﬁﬂgums. 10. A method of making a graft

e St Do B AR oA coatren ity St e,
o omat 1 o dat WSS TRy R s R er 9B eive MieRadisciciGamelni ank.nod
conpr i si ng makic sarydrioé, fuldariceacitlj ecatic AId) atadbRic AhraNkéet tifE e Yeid,
citraconic anhydride, mesaconic acid, glutaconic acid, chloromaleic acid, aconitic
acid, methylcrotonic acid, sorbic acid, 3-hexenoic acid, 10-decenoic acid, 2-pentene-
15 1,3,5-tricarboxylic acid, cinnamic acid, and C4 to C, alky! acid esters of the foregoing,
and combinations of any of the foregoing.
4, The reaction product of claim 1, wherein the acylating agent is maleic
acid.
5. The reaction product of claim 1, wherein the acylating agent is maleic
20 anhydride.
6. The reaction product of any one of the preceding claims, wherein the
reaction product is formed by contacting the amine and the acylating agent at a
molar ratio in the range of from about 0.1:1 to about 4:1.
7. The reaction product of claim 6, wherein the amine is triethylene
25  tetramine; and wherein said molar ratio is about 0.1:1 to about 4:1.
8. The reaction product of any one of the preceding claims, wherein the
reaction product comprises a graftable mixture.
9. The reaction product of any one of claims 1 to 6, wherein the amine is
selected from the group consisting of alkyl polyamines, polyoxyaikylene polyamines
30  and amino-aromatic compounds.
'10. A method of making a graft polyalkene dispersant which is a graft reaction
product of an ethylenically unsaturated, oxygen- and nitrogen-containing, aliphatic or

aromatic reaction product grafted on a polyalkene backbone,
25



havi ng at | east one point of ethylenic unsaturation to forma reaction
product, wherein the amne is selected fromthe group consisting of
primary am nes and-secondary anmines, and (2) grafting at |least a portion
of the reaction product onto a pol yal kene 5 backbone havi ng a nunber

aver age nol ecul ar wei ght of from about 300 to about 10,000 to form a
grafted pol yal kepe V\{Ferern t he nol ar proportion of the grafted portion of
the reaction protgﬁé'?e inff%orrsmg;tar Rtene obél) kéantieg ian aatiné aad tin abg aiﬁngoa®n1.

11. The net hadngdbt I@h@t‘dﬁelﬁbl b e l@nr rﬂrﬂs%ﬁf%l%rrg c?rggageb negrl'OZiHate!w%erem

fromthe group consi st n?
ter pol yrer sthe1@ming is spips Gﬂefrhmdthefgrolialomni‘kﬂng whfphﬁiafﬂy Giftnd20 bY@ |s8E8R1ary

backbone is c up_cansi |n ol yet hyl ene,

pol ypr opy1 g B 2L ralthl O 4™ LR b Fesitok prafvenano a poialkeno
propyl efe/ @Kbomﬂ)}hewygm srumbar aW@r%gGBhbl@dulQF Wéhg?it Bt km "%%[rf'?,ﬁo 40 bout
pol yal kene S setjF fromthe group consistin

pol yi sobut ené, pR)I y%?lﬂﬁ% yalkengoWareiry §trW'érnléf§P0ﬂlQ6 Of)&lretgrdtécyportron
hydr ogenat eaf tipoteaotieaf prﬁﬁucﬁi;o @retp’éWaﬂ@ﬁe%Béi(bﬂnléﬁ@é‘ﬁeas}%ﬁoa_thfs et hod of any
one of clainms 1Q. to ;I‘ﬁe wherein t'he am ne nor e an one primry or

secondary am ne. 45, dethed ehRiRIM 9 wheprin the Polyaliiine by doenie S@f@ﬁbtfed
2 u(nf';‘)%ﬁi Rl BEi Rl R ok R, oo e PR PRl cbs ot g
of prindry anirf@s ahbe sefeoriaf glainilfewhetain toopblyakegs bhekiamg istsergtaagent
et on” iR ) chsitl ekl 61 AARIARE baR e B e oS aepretareber
average nPEENMErs, wetl githylerfe/ prapylemefiiens@spdiyenaout 10000 and an
mxture (o) hdd ng o B7 b oEWEEIER e piakodtadtornys relepiedy
sai d m xt ufi®em (th@tgrdalﬂasx)nslhmm nf tpoa,trsevmtér@mﬁ:ﬂ)&hélhﬁcr?faté@'pﬂ)lydil@[&jzr@ﬁ@éﬁ
ther eb¥5f or, gh[?:ﬁy ﬁy&irog nateg1 polyolefins of butadiene and styrene.
14.  The method of any one of claims 10 to 13, wherein the amine has
more than one primary or secondary amine.
15.  Adispersant based upon a low MW polyalkene produced by:
(@) providing an acylating agent having at least one point of ethylenic
20 unsaturation;
(b) providing an amine selected from the group consisting of primary
amines and secondary amines;
{c) combining the acylating agent and the amine;
(d) heating the acylating agent and the amine to form a reaction
25 product;
"(e) providing a graftable polyalkene having a number average
molecular weight of from about 300 to about 10000 and an initiator:
{f) adding said reaction product to said polyalkene forming a mixture;
(g} adding said initiator to said mixture; and
30 (h) heating said mixiure to at least the initiation temperature of said
' initiator;
thereby forming a dispersant.
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26 16. The dispersant of claim 15 wherein the nunber average nol ecul ar

wei ght of the polyalkene is fromabout 1100 to about 3000. 17. The

di spersant. of claim15 or claim 16, wherein the acylating agent is

sel ected fromthe group consisting of acrylic acid, crotonic acid, _
met hacrylic acid, maleic acid, 5 maleic anhydride, furnaric acid, itaconic
acid, itaconic %hydri de, citraconic acid, ci traconic anhydri de, mesaconic
acid, glutaconi g aci dheciserreanl of claimi 85 wvoaint the namber aeiafe | mbRrEGR} C

aci d, sor bigesigs el i ; Qi id, 2-pentene- _
1,3,5-tri caﬁ%&ﬁ?hﬂdﬁz Cilﬁﬁ%%bgt&%@%é% 06(:30% C4 alkyl acid esters of
the foregoing, ®&nd combiisRidapns: ahimany oPfoiaiha el %igﬁ'@' @gﬁcégtlin]ggaglegb 'és;l_l-[]e i s

[ | ai. 15 ta 17, wherein
sei oot od 1 o PREomY: @ouriCoRlilio Aol 84, i samAPart afiydlec das, 1.

The di sﬁerS’aaieicoénl'mlyidenmm?rics:aﬁidltfﬁta%éniboac@i iﬁ%ﬁ%ﬁ%%}@ﬁg?@t&%&% 3&&,‘3“ ed
I Sti. al kyl am nes, al| ) , .

Lt O MRORR SR, Sl ot gHonut o agi, akt, dbort sant

of any one aofd, etethyisrofdnid Qci&?sor%eé(ﬁd,@-ﬁé}?enbﬁaﬁéid,ol@-d%eﬂgﬂcé%& ! ér'g%ﬁg. a

graftable m ltll’,e. 21, The di spersant of any one ‘of cfains 15"t ;

wher ei n thg1 i:%n b licaFE, eiRBAMishacigrandeGytodt: alkyanithestemmfiie fcﬂégoiﬂ'@,go

di sper sant aafi cohidatidAs Wh j tion product has at |east two
poi ﬁt s of ethyil eni-cI usnsa%fgippgﬁeégagA | ubricating oil conposition

conpri spng: 25 (1 (2) a base oil; and a dispersant based upon a | ow MV
polrrBaI keng prodaged ﬁ{/‘.e PBErIHO anngneet slgjmatlbrig dgembraatiengcyritingeast

one poi nt abent is selected from the group consisting maleic acid and maleic anhydride.
19.  The dispersant of any one of claims 15 to 18, wherein the amine is

selected from the group consisting of alkyl amines, alkyl polyamines,
polyoxyatkylene polyamines and amino-aromatic compounds.

15' 20. The dispersant of any one of claims 15 to 19, wherein the reaction
product comprises a graftable mixture.

21. The dispersant of any one of claims 15 to 20, wherein the amine has
more than one primary or secondary amine.

22.  The dispersant of claim 20 wherein the reaction product has at least two
20 points of ethylenic unsaturation.

23. A lubricating oil composition comprising:
(1) abase oil; and
(2)  adispersant based upon a low MW polyalkene produced by:
(a) providing an acylating agent having at least one point of
25 . ethylenic unsaturation;
(b} providing an amine selected from the group consisting of
primary amines and secondary amines;
(c) combining the acylating agent and the amine:
(d) heating the acylating agent and the amine fo form a reaction
30 product;
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et hyl eni ¢ unsaturation; (b) providing an. am ne selected fromthe group
consisting of primary am nes and secondary am nes, (c) conbining the
acyl ati.ng agent and the ami ne; (d) heating tAe acylating agent and the
amne to forma reaction product; 27 5 (e) providing a graftable

pol yal kene havi ng a nunber average nolecul ar weight of from about 300 to
about 10,000 and an initiator; (f) adding said reaction product to said
pol yal kene formng a m xt(§)ePqugélﬂgiadgmgablaipbiyalﬁdrieahmng a rafhisbrrEvetddee;

and (h) heating said mxture | t initiat tenperature o

said initiator; thereby form h%lé;&l!%rspiéhégﬁﬁo%g%od‘?mgﬂo QEPHM(MNO and an
pol yal kene; wherein the 10 dinfaorsant pol yal kane is present in an anount
sufficient to inprove the i spersancy, of .the base oil, 24. The |ubricating
oil of claim23 wherein tr@ aﬁﬁq;gg r?é'zd Frsclion Wé?&?héo spidi pelyglkene Swaingiar y
ami ne an8 the reaction productiht@e: at | east two points of ethylenic

unsaturation. 28 L ‘
{(g) adding said initiator to said mixture; and

(h) heating said mixture to at least the initiation temperature of
said initiator;
thereby forming a dispersant based upon a low MW polyalkene; wherein the
10 dispersant polyalkane is present in an amount sufficient to improve the dispersancy of
the base oil.
24.  The lubricating oil of claim 23 wherein the amine has more than one

primary or secondary amine and the reaction product has at least two points of
ethylenic unsaturation.
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