PREPARATI.ON OF FUNCTI ONAL MONOVERS FOR GRAFTI NG TO LOW -MOLECULAR WEI GHT
POLYALKENES AND THEI R USE I N THE PREPARATI ON OF DI SPERSANTS AND

LUBRI CATI NG O L COVPOSI TI ONS CONTAI NI NG DI SPERSANT POLYALKENES 5 OBJECTS
OF THE | NVENTI ON The present i-nvention relates to novel functional
nononers and di spersant 10 pol yal kenes conprising such nononers. The
present i nventarmp Aplre greFaiesibALawoMdeRga (e R ARTKBoNes.ofv ch
have been ggaiEslvik et POILGALIKENDS 2IND THEWR USH PANE PREP ARATRONC
nmono-, bi - andr gi8bERIANES AR UBRIGARINGOIL WEMPOSIONS OONTXYEATGand

nitrogen atons. The present i pygpikeAnAUPONEALKENRI®LS to nethods for
manufacf uring these novel ' 15 nonomers and the di spersant graft

pol yal kenes conprising such nononers. The present invention further
relates to lubricating oil conpositions containing the dispersant graft
pol yal kenes in anobunts effective to function as dispersants and
potentially as | ow MNVWviscosity index inprovers. It is also contenpl ated

that the nolar proportions of 5ih f{)?ﬂ%tﬂﬁbhﬁnd 20
pol yal

mul ti-functional nononer to | ow ene ratio may be 0.2:1, 0.5:1,

101, 2:1, 41 d&@és%ﬁgﬁﬂﬁsgﬁir%%@a & bl Q0m WBRRER mondi & Sanko livplekene

backbone. SUMVA scl osed herein are novel nononers and
met hod$) of potydlikangssootprisivgeueh smono@eeh nononmers may be used to prepare

di spersants or ﬁ\iesgrr %gc?tnﬁwgét%%oﬁ%gr HMEX 1o ﬁ'tl\ﬁ'@’g eﬁ?ﬁl?er(e%ééﬁbbneg wiGLipsed

herein is the prep ion of a reaction produ ising one or nore

et hyl eni caidvy homsagrafied edth ethiiphiasllyouentaaeipsiphationo esrrsatitampng-. it aagen
and oxygen at.qQns.. For exanpl e, the reaction product. al.ned by reacting
ol e ¢ oAt RIoBA o BB S puE A R A B SO P oarc e a

m xture that naheCHBEGTRVerRiBR TGN hektesonaskoys forthenufactormptteise aeveand
corresponding am.c acid of 30 triethylene tetram.ne as well as the -

di - mall& nimenaRerscstas gisparsagt gatt aRlvalkgreCHRPNSRg %’:Cﬁﬂ‘%fi?é“?fét ram ne. The
graftabl e comaypdseMnifi@ntiGfitheneRi@fiatiiatng bR Bogpadited conatiainghiee | ow

MWV pol yal kene using free radical initiators. _ . . . :
‘ . dispersant graft polyalkenes in amounts effective to function as dispersants and

poténtiatly as low MW viscosity index improvers.
I is also contemplated that the molar proportions of the grafted mono, bi and
20 multi-functional monomer to low MW polyalkene ratio may be 0.2:1, 0.5:1, 1:1, 2:1, 411

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

SUMMARY OF THE INVENTION

Disclosed herein are novel monomers and methods of making such monomers.

Such monomers may be used to prepare dispersants or dispersant viscosity index

25  improvers (DVII'). Disclosed herein 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 may contain,
among other components, the mono-maleimide and corresponding amic acid of
triethylene tetramine as well as the di-maleimide and corresponding di-amic acid of

30 .
triethylene tetramine. The graftable compounds of the reaction product are then grafted

onto the low MW polyalkene using free radical initiators.

*



In a first aspect, there is provided a graftable reaction product of (a) a
pol yam ne having nore than one primary or secondary am ne and (b) an

acyl ating agent having at |east one point of ethylenic unsaturation
selected fromthe group consisting of naleic anhydride, malefic acid,
fumaric acid; itaconic acid, itaconic anhydride, citraconic acid,
citraconi c anhydr i i.q, ik i L.e.acid,
5 hexenol o adi A gopREanares Gefiets GARAE KRG trodlE NpRS RS S
Cl to CAhalikymaae irchnestegrrsnarpior sérenfieryegoinagnd dndarcesiatingtagenshainaaly of

the for egg%isp%ng\gg{n?iope &@nﬂ;r Hbhhfon ééf@&%&l %-mp{hgdd}&fxp CONBLING S Raleic

ni trogen-and oXxygen- contal ni ng conmpound having at~ least twd points of
et hyl eni enlyiside umateioacid, Thisnarierasid, itee@ntit @aidp itarpiist anhydride cdrgaenichagd,
specificatl I ef .10 - 7 ; RAA g ' of
one. twottspot EnBldides rfiteliiic B acslTB UL fmeERAGRY e S KOO 2l
conpoundatidy fededaroim adid Zeperiemeat Bdntricrbokdic agshans Entp Ggelkyl agiftestaes

am ne,  apfl b SU60nL NSHANGRRindtBRs (! 4y P 1ABaBIRg Wdreinrl!, ardfble

0 n n
understood To Té to all such chem c conmpoun The term "hononer" as

used in tesictors pewduct campdsey ef ritregars arse oyraghtcablaining cRyPeWIE SRVipg at
unsat ura | i } . . Nnitrogen- and oxygen-containi ng
tegxgrt\g% qoﬁgggf&hﬂ{emc%hg atibn.

conmpound reactiron product: The nononers may be nono-, bi- or
mul ti-functional. The graftable nonomer(s) may, but need not, be
recovered fr drhe teemgrextiion prodictlyas beddirethizasnegifieglion refersetogings i mgre

reaction, The present t hod nma | S0 co i f ver one
or nore OC&P%‘?‘{F@EI 8"@89&5%%5@%%%&@@“&%% %ﬁn%%é%%:?gg 'tifrig&%c%']g??ng
agent angciiHe @abidéhard Bna Seerival esppotnd tfhweneal frenp tloy icdetirmtioat hb dhef
maki ng a graft pol yal kene dispersant which is raff { Loduct of
an et hyI@?ﬁ‘%‘&Bl%ﬂe}ﬂﬁ§ﬁ@ ?ﬂ"a@%’ﬁ‘,ef 899@%?1@0%“'8?3%??'#@82 ! orﬁ?gtﬁ% ‘?{éaugﬁ ?’B atic
or ar omedd ¢nfERSILR REBHS bf sebRichemi®n cdomp@lunabkeTie tdrackhomanet has

met hod conprising the steps of (1%1 reacting an am ne and a}n a(i%*l%*,l ng _
agent hawseddgndhis| spesificatien paierstto dhe srafiabley ehyiericaly upspiipied FBPRIGO =
reaction f I ol i / f Adien PrOdtC OTed St i ng
of pri m?@hgﬂlgﬁé%oggﬁggﬁ%gg%%ary e{ﬁlﬁﬁe%n%gdrﬁg SS%M ﬂ?é;?% i ngng{r | east a

porti on mbndrhersr may thieanopr-otiwot molitfonetiongb| Yae Q@f%b!ﬁam@ﬁﬁﬁ'@r(ﬁbm%g byt
nunber average | ecul ar i ght Of S ah 0, , ; form
a grafte‘bee&gﬁﬂ}tal eﬁ%ﬁovﬁﬁéj\rﬂﬁf’% {hﬁe&r?gpgr prgﬁpgﬁg%p%{wﬁﬁeggr%? t g%%ﬁpggrti on
of the r@acidronTims peiseht inettidiempy bisal doenmiseabé istapeofi recaering a5 QbHate

0.5:1. graftable compounds from the reaction product of the acyiating agent and the amine.

In a second aspect, there is provided a method of makingj a graft polyalkene
dispersant which is a graft reaction product of an'ethy[enically unsaturated, oxygen- and
nitrogen-containing, aliphatic or aromatic reaction products grafted on a polyalkene
backbone, the method comprising the steps of (1) reacting an amine and an acylating
agent having at least one pdint of ethylenic unsaturation to form a reaction product,
wherein the amine is selected from the group consisting of primary amines and
secondary amines, and (2) grafting at least a portion of the reaction product onto a
polyalkene backbone having a number average molecular weight of from about 300 fo
about 10,000 to form a grafted polyalkene, wherein the molar proportion of the grafted

portion of the reaction product to the polyalkene backbone is at least about 0.5:1.
Disclosed herein is the graft reaction product of a low
MW polalkene with an ethylenically unsaturated, aliphatic or aromatic mono-, bi or multi-
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Di scl osed herein is the graft reaction product of a low, MNpolal kene
with an ethylenically unsaturated, aliphatic or aromatic nono-, bi or
multi- 2 functional nmononer having from3 to about 50 carbon atons in
addition to nitrogen and oxygen atons. The graft reaction product has a
mol ar proportion of grafted nononer to pol yal kene ratio of at |east about
0.2:1, alternatively at least about 0.5:1, alternatively at |east about
1:1, al t &matierial egnomer| hewing @cbrm& tczanouta‘tibgafb@nlatomdnaaﬁ/qmﬁo RIOgeB Ut

8:1. Ds X r [ i bpsH (_%yg\([

Vi scosi t;%hcl?ngg a?érg\s/ef’ﬁ‘?b cor 0&0%?3}?{5?1 s%ls'ggur IC"#tab nononer
and a | awnwh\bpm palyhmaaeaam pfraNeaté@boUhOQdmﬁembd@lMﬂ®st BBOUINO MW

pol yal keng h endant .unsat.urat ed. sit i fj.Gi

initiat o?ﬁ?‘ggéYe(I}g?@%HStt%b g';'i 3f1 alfgrgaliyely %@8{"8{3 nnﬁ%lr}érag?%%!ﬂedn(p&ol AR ne.

In sone aghpsiteents, grafting of the nononmer onto the pol yal kene backbone
is carried out after reacting the | ow MV pol yal kene with chlorine. In '

sone enbodi meptsziosad RbidiMG Hietrdd oMRRRMRIS dipdrsdre  onto the pol yal kene
backbone is carried using the "ene" reaction. In a third aspect, there is

provi dedopiodi NeVissaity bﬂéﬁdnpt@@ér Ac&@mw tHrodiyab 4 #ea g@émﬂ@eﬁnbmer Gag
provi di ng, an acyl at | ng? en Ha{gI ast one | nt ?t n%

unsat ur af fMMYY Bplvpike ai%n‘b'oiﬂ mga“gwé‘ae% \&rﬁﬁ)’ﬁ‘ ?%ti ng of
prinmary p&fﬂaﬁﬂ&s@ﬂuﬁhté@ﬁfb@d@’fg{afﬁ:ﬁd ImfcleﬁﬂhstlatﬁﬁbIpFUvm@dlldSlgraaQNd ating agent
and the amne; (d) heating the acylating agent and the amne to forma

reacti ongraﬂahlduntono(m))' tmr tivé diahgillengt af habbme peinpatiossrds,h guafting sofntheber
from about 300. t,0 @bat 10000 and. an .

average ol ecul a
it b omonemst siln i Balvaiens ko butatet pA P R R Mg
M Xt ur e; polyalkene with chlorine. (n some embodiments, grafting of the monomer mixture

~onto the polyalkene backbaone is carried using the “ene” reaction.

In a third aspect, there is provided a dispersant based upon a low MW
polyalkene produced by:

(a) providing an acylaﬁng agent having at least one point of 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 to form a reaction
product;

(e) providing a graftable polyalkene having a number averagé
molecular weight of from about 300 to about 10000 and an
initiator;

N adding said reaction product to said polyalkene forming a
rixture;

(9) adding said initiator to said mixture; and

(h) d heating said mixture to at least the Enifiation temperature of said
initiator;

thereby forming a dispersant.
Disclosed herein is the. grafting of an ethylenically-unsaturated, aliphatic or
aromatic, hydrocarbon monomer containing both nitrogen and oxygen
2a



(g) adding said initiator to said mxture; and (h) heating said m xture to
at least the initiation tenperature of said initiator; thereby formng a
di spersant. Disclosed herein is the grafting of an

et hyl eni cal | y-unsaturated, aliphatic or aromatic, hydrocarbon nononer
cont ai ning both nitrogen and oxygen 2a atons onto a | ow MV pol yal kene to
forma dispersant noiety. To neet the objectives of the invention, it is
preferable to react the polyal kene so that it contains at |east about 0.2
mol e of nononer per nole of polyal kene, or alternatively, 0.5 nole of
nmononer per nole. of polyal kene or, alternatively, 1 nole of nononer per
mol e of adpd b kaexa@ Gy p&ifélﬁéf’i@&)‘ 88h Y% dl@pé@érﬁ%&é ”W?)Orﬁ@ét g bbgg&ﬁeyf

pol yal kene or, alternatively, 4 noles of nono%e

pol yal kéﬁ@'leomveﬁfl‘qfeﬁhﬁt prefaipbleds feachtheapolalienceso ohafms rmn“@mqaet ie;aslt e of

| yal k
Povent | aasut f2oals pEdsBhd et A 6 BoERESXr BempfiRi O3 Paiaf o
al ter namomemjerrpefemoleabfmlmmbeorpaltgmlakmlﬁ bimdléef munddéppéyaldkene) has

5 nher t f bout 30 t 10000,
or of o ARPYAIRH e e o TpGe SosoSE et nal o Ed om0 1o

about 5000 or nore preferably fromabout 900 to about 4000. Particularly
useful polyal kenes have nunber average nol ecul ar wei ghts from about 1100
to about -3000. In carrying out the reaction, the polyal kene may be reacted
as a neat material or 10 dissolved in a solvent formng a solution. The
graftable nononer and an initiator are added to the polyal kene. The
graftabl e nononer and/or the initiator can be added gradually to the

pol yal kene or they can be added together or introduced successively or
introduced as aliquots of reactants. The rate of addition of the draftable
nononmer can be fromO0.1%to 100% of the entire charge of nononer per

m nute. The rate of addition 15 of the initiator can be fromabout 0.1 %
to about 100% of the initiator charge per mnute. The reaction
tenperature is maintained at a level which gives rise.to a satisfactory
reaction initiation rate. In one enbodi nent, the graftable nononmer and the
initiator "are
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each added at a uniform relatively slowrate during the reaction. The
resulting graft polyal kene may have a nononer to pol yal kene ratio of at

20 | east .about 0.2:1, alternatively at |east about 0.5:1, alternatively at
| east about 0.8:1, alternatively at |east about 1:1, alternatively at

| east about 2:1, about 4:1, about 8:1, or even higher ratios. In

princi pl %ﬁeH@a%v&Eraf}tm&éQ%\d%orT JrQ&n %&em‘%ﬂi Xﬁé{!ﬁﬁﬁer{@grébﬁ Eﬂa&\qge@]}/ ags,fmuch

nmelt-blending ahd reacting a m xture consi g ess
gr af t abl @srbeisy ofvingeomer par e ofzaolqueoeyiabd@nme satid iamot niiticatfor all The

reaction r o a atu nder ditions,effective to
graft thé ?ro((r\’\]tgrréfr %xﬁ&?@ﬁo&t Dol @‘gY ﬂ’é 3 t Preseit  IRMIRDduct
under suc{fherema&enalltanamnevdie:be& $o as g poBalkbee poihyertew et polyaikent) haeast

about _0. ternativel east. ut, ,0.5; rnatively at | east
Sbout 50 . qumbet SulAke b Weait, Sl aopit 30g touiont 10009 arererbl
about 2: fronbbelit 300Lto Mt&ﬁ}omue)h préferaisly ﬁ’@ﬁnuébcﬁﬁt l-)oo% 48 50b9 d‘r' 180y
ratios. 3 In a fourth asPect here i s provi ubricatin

conposi t PEie@bpfrE ggout PP 57 pheut F000. aﬁé”{cﬁba X 'dﬁﬁéﬁé‘ep%(ﬁ&(eﬁéée'@fi\@pon a
| ow MV pali¥Bkkengags Prqﬂ&ﬁnlame, k@) frdth Qotit s #Bowut 860g19 agent having at

| east one point of ™ ethylenic unsaturatlon (b) providing an am ne
sel ect ed fronmntaReyigowh e resicien.tye @plyabqenmay benepded @3 e@aicma@nyi or

2oyl X naEtataril 2 BehBrfRY £ 5oboR e Gafde MBirk antin, (Al 16 o
gr af t abl adgral {catHeepalydibetioang Thengmﬁebieamenager amBbrethe mitiateei qmnt befaddedm
o oduct PE-RabaS et JaRBReS Poined ane ped bt of WiiPaST Bl SRR or
to said mtrstiuded aalfuots of reactants. The rate of addition of the graftable monomer can
be from 0.1% to 100% of the entire charge of monomer per minute. The rate of addition
15  of the initiator can be from about 0.1% to about 100% of the initiator charge per minute.
 The reaction temperature is maintained at a ié\}el which gives rise to a satisfactory
reaction initiation rate. In one embodiment, the graftable monomer and the initiator are
each added at a uniform, relatively slow rate during the reaction.
The resulting graft polyalkene may have a-monomer to polyalkene ratio of at
20 least about 0.2:1, altematively at least about 0.5:1, alternatively at least about 0.8:1, |
aitemattvely at ieast about 1:1, alternatively at least about 2:1, about 4:1, about 8:1, or
even htgher ratios.
“in principle, the graft product from the polyalkené may be made by melt-blending
and reacting a mixture consisting essentially of the graftable monomer mixiure; a low
25 ‘MW po!yalkené and an initiator The reacﬁon is caried out ata temberature 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 feast 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.



(h) heating said mxture to at least the initiation tenperature of said
initiator; thereby form ng a di spersant based upon a | ow MW pol yal kene;
wherein the di spersant polyal kene is present in an anmount sufficient to
i nprove the dispersancy of the base oil. Disclosed herein is |ubricating
oi | conprising a hydrocarbon base oil and a grafted pol yal kene as
described above. The grafted pol yal kene functions as a dispersant or as a
di spersant w trha Yousthesbegt, dwlein provifigarolperitaties oil thapdsispecsamisimpy 3a be
used in an anount ich ibs fr%@ﬁﬁbom 0.05% to 20% by wei ght solids of a
| ubricating oil confosi £i6i3°° | LED DESCRI PTI ON OF THE | NVENTI ON Wi | e
the invention will (e desiypiebsdt baseciamoect bemWiddyalkese produnee bpr ef err ed
5 enbodi nents, it wll P% under st ood th t he 'rﬁ\ﬁamlo i s, not |Ir1£1tfed to
those enbodinents. The'3nveRt" Qﬁ'&laﬁ gngaf"ge KiPd AtIRAR one point o
modi fi cati ons, and equi val enethyrsic unsytdpsionncl uded WI thin the spl rit and
scope of the clains cong}lr udi nﬂ}t Ni S_speci fi (iatti @)gr mul ti -
functi onal nononers accBPdi nB VG AT BPEEERT TRV &R ﬁgrodLHpec%rbs[lsingeq by-
reacting acylating agents, spdmagsaminéebcd egdondaiydeningd;th anines 10
havi ng nore than one prinary or 8ecQ dary .am ne h as_.triethyl ene
tetram ne. Mono-functio ga %WQ Q? 30%%{“& Btargf 8)? Te, by reacting
mal ei ¢ anhydride with @i neaeétm\gl tlr@ aoylytirgn agenti am:ryhe)ransm:aodmrrye am ne
such as 4- am nodi phenyl am ne r nore conpl ete description of am nes
used to prepare nono-functi Ber?éi O%rﬁ’gH‘érs see U. S. Patent Application No.
10/ 444,548 which is 15(d)ncopmﬁatgeaig:laﬁablemobjﬁlheeéeaan@e nufitber aosr@lgegr af t
pol yal kene (also referred to here; n as | SPerse nt al kene cordi ng
to the present invention is HEHEYHY 1L ] ﬁg‘“ a O&h%%bé‘lgy‘&l i“eh%’q &h a
pol ar, ethylenically unsat uram&mt;atqirr ef erably nitrogen- and
oxygen-cont ai ni ng, preferabl het erocyclic a ro raf
nononer, in the presenc& é?md'n%ﬁ?fja{?%&'onﬂ%g%%rﬁ%{n@ Ig’ﬂ]%ﬁ%%/ %@'an?rl ed
out wit h ei t her neat pol yaI kewgyrepol yal kene di ssol ved in solvent, or neat
pol yal kene in nelt for sin n extr cto Inthefollovvlng
par agr aphs are exanpl egaggf g%‘ﬁrf%ﬁ?' rhutéaé?fqpﬁa HE‘XQJ'F%@& ation
{h) healing said mixture to at least the initiation temperature
of said initiator; _
~thereby forming a dispersant based upon a low MW polyalkene; wherein the dispersant

polyalkene is present in an amount sufficient to improve the dispersancy of the base oil.

Disclosed herein is lubricating oil comprising a hydrocarbon base oil and a
grafted polyalkene as described above. The grafted polyalkene functions as a

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

3a



of (a) the bi-functional and higher graftable nonomer m xtures, (b)
grafted pol yal kenes to formdispersants, and (c) lubricating oil
conmpositions. Also, in the follow ng 25 exanples are descriptions of the
pol yal kenes, acyJating, agents, amnes, initiators, and solvents
contenpl ated for use herein to nmake the bi-functional and higher

graftabl e gpnppgr; t and di.spersants from pol yal kenes. 4 1.
Material s and Met (r)Q] a?Jr(l;)r ot & ?‘"BH"' Gho 0BG {9 @?éaﬂ bynweighylsetids of a
G aftabl e INbﬁmmgoMcxlmoﬁsorA Sol vents for Use in The Preparation of

Bi - Functi onal and Hi gher G aftable Mononer Mxtures 5 Useful solvents

i nclude vol atil e sol ven e readily renovable fromthe nononer
after the reaction is c@%{%@@lf}g SSHEE TN OF Bk INVENTIONI |y vol ati | i zed

and . renoved af ion t he reaction. Any solvent may be used
whi ch can di speﬁr! E(ra &]%nm @'QBIW@%? SPERRA nopPipeeifiicyith age wayndse rafediedd i n

such a5wawf@l@dmentsp marmiﬁ i lod pﬂic%rst@&prlgg! ahb ymlréhtﬂ)ﬁeﬁr i\%i:tllng{bdor cause
subse

si de reactjons,to. terial degree or interfere wt
processes whi ?h g‘?ﬁ :}B@'Q"ﬁe iof} ipEludes all ﬁﬁ?fBﬂ@eSmﬂQdiﬁ@%!onSMreﬁu:mt@ﬂ@bes
of sol ventnsaydlbe inblubsd Withia thé‘§ﬂa|ﬁ%d5§cfoﬁb%|?‘ﬁle%9 085 t?&l &%hsed ct@ﬂg

al i phatic or ahhc yclic . hydrocarbons, such as n-
i - hept ane, amevel; Q‘b‘é‘t AWk funsiiond mordfﬂnanseaccoyitﬂgoﬂoemarwesent invention

di hydr onagkg datmney b r h nd rel at.ivel 0 | | e
aromat i cs such as to?ﬁgﬁg%@ &Fwén{@b %%ngt% b%%%ai ¥6‘P‘¥ﬁar"§‘ h&minest ed.
15 NohY eabYiDg ’ﬁ%ﬂeotﬁlélﬂalf@dpamermbr semfdn‘amxcam’ﬂqus@thih aRthdry ehpaspae.

di chl orob zene, dichlorotolyuene and_others are al so
usef ul asmﬁgﬁ%ﬁmbp% %gg] APV EISHa S SREI Y, reafiing maieis pahydride

f or mami dewith c anjoest havangvamty @ie. primafy abs OsERHSNP! AhRd asicRO! Yenks

her ei n- A&E ﬁlo@iﬁh %% tedfare m xtures of  solvents. 20 Exanples of the
ket ones, apue- - £OF faMotR Somplats sieserntiongf aminas ised dpeprepare
cont enpl azmdmfmmdtvodel nimnbmrne 86t Ulg.nPheet YoiERRhONS: mﬁ,kgm%t Qhlcnk L one,

di et ket one | f ormam de, N, N-di et hyl formam
N, N- d net'H"?’&?E#%%ﬁ@'“ K\?re%ﬁel‘?(j? pyrrolidone, diethyl carbonate, propylene

g?[]te)??aé?oxglngmbélh?rg[ %ﬁﬂ Spﬁly?g%h% gaisstﬂé?%'wed' SORSBRYAs QFSBSFSanthgEraﬁ(gxg ethyl
according fo the present invention is made by reacting a low MW polyalkene with a
polar, ethylenically unsaturated, preferably nitrogen- and oxygen-containing, preferabiy
- heterocyclic and aromatic graftable monomer, in the presence of an initiator, The
20 reaction may be carried out with either neat polyalkene, polyalkene dlssolved 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 hlgher graftable monomer mixtures, (b) grafted polyalkenes
fo form dispersants, and (c) lubricating oil compositions. Also, in ‘the following

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



25 acetate, ethyl acetate, and dinmethyl malonate. The sol vents useful here
al so include base oils or base stocks, as defined in ASTM D 6074-99,
"Standard Guide for Characterizing Hydrocarbon Lubricant Base G'ls" 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 wijt hou t I ti ati n the reaction or causing
1 hou matdrlR d fe [?lo oF P%ES ‘e‘?&éﬂﬁﬂoé'a' apthHgher dewaxed

si de reactionsd
and hydrocrackeéggggfqﬁgﬁg eB 5 Fh and |soparaff|n fluids, base oils

whi ch contain lpow o f aromatl constituents, and fluid
pol y-a-ol efins are g(é%gag%% e@% EPRLRUOR O ﬁﬁf“ﬂ%oﬁﬁ‘ arg! pligieeni | s |
havi ng aromatic constitue "%‘? g

T“"‘r?g | ess than optimumin sone
I nst anges, is er t i sclo B. Acylating Agents for
Use In The Pr eggﬁfl on og%ﬁgﬂ}f—eun%? %ﬁ& Veﬁﬁdwﬁ'ﬁi% g"!ﬁ%lre@iéffﬁﬁm’@bfwﬁmnﬁhe
M xt ures Bongmehiadies feciehitiat Is&fbm;il&@ dredrigs Whieh iahd ‘ﬁoPFé%%‘i&' \ALRL LA
i nt erchangeably. The acylating agen? has

et hyl eni c ion
at I>/east oén'ga%gl f@;'&?m IP@?‘? ﬂ# er%ﬁ%'ﬁ‘f‘uf*&fﬁ@ﬁef(ﬂifﬁabb%ésedwh@b caGdBpdrse i t S

st ruct ur eor disshbd the édim A@irdducoq [ respond to
-HC=CH o - ' IIoa?:rngu ag%fﬁf(f?ﬁ(ﬂé‘é%gd{éﬁjﬁ%%@%k%&f détft(fﬁ e pp?

unsat ur at ?Qﬁ{e?@g—"“ %’etr ACHORAN 58YSE Site ceactinns fog oaterial degree wr irkeffere. will)

a ef i10i caédbgs s thescat gk ids, the | ower
al kyl est eqf hetrpg%f t- h‘gﬁﬁg Ult%l%sm?ﬁer €0 DBQ an%%?ﬁw)glnrﬁygq VG PRmPIES
repr esent® sﬂﬂe@ 17 obByd Bpenigclude straight nhait cortdambedvitain bishatiprasaityclic

|nvent|omvd%{ﬁﬁ§{r@blc oh LD6H ,ﬁf,,],ﬁl,caj‘l‘y“u sa’;urat ed acylating agent is a
nmono- or di basic aC| orj‘gl a0 4T val AT he T bt aNE Py gd‘rﬂ?ﬁﬁr degane,| ower

al kyl estd@lcél ne, hmyc!abexaal Ad duhy(drumaﬂ}ﬂcﬁleriemd@d&ah}ial‘cﬁnaﬁﬁﬁzaieﬁ@r Eid eé%%welyw
"Lower a r s of one to,s n carbon atons.

acyl ati nﬁ?&en%cgnc%% g’? ga@eﬂﬁea%ﬁﬁg’fb%‘é?%@éﬁ gthesn lﬂﬁe'lﬁtj@(bup
consilBt i r&@)!mamnounm@genaaé@d ddmbc CHydrorhitRneat §gl Y 564 5@ ,%%nzene

al t er nat 'dY(%'c}f"o l %q) ar boxyl i c aci ds nonounsat urate

al ternative %%12{389 (étfj"or qEFRe: Highlopotelyeng, aofloothesh sear des yisafulaas ds
and anhydoivdets tAliphe@f o drbaatit ﬁeto%@s %ﬁ?é’rérégéx% RImbLARRS, S%Bﬂét\él | faBl§' 98

or of tho§e nonocar boxyl i ¢ aci ds
.. are alse contemplated as so!vents herem Also contemplated are mlxtures 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-diethyfformamide, N,N-dimethyiacetamide, N-

~methyi pyrrolidone, diethyl carbonate, propylene carbonate, diethyl ether, dimethyl
ether, isopropyl ether, 2-methoxyethyl ether, dioxane, dimethyl suifoxide, butyl

25 acetate, ethyl acetate, and dlmethyi malonate. ‘

- The soivents 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 unaccepfable
degr_ee. For example, _soiven_t dewaxed and hyd;;ocracked base oils, paraffin and
isoparaffin fluids, base oils whfch_ contain’ low or moderate levels of aromatic
constituents, and fiuid poly-a-olefins are dontemplated for use herein. The use of

5



conbi nations of any of the foregoing (that is, two or nore of those acids
and/ or anhydrides). Suitable acylating agents include acrylic acid,
crotonic acid, methacrylic acid, maleic acid, naleic anhydride, fumaric
acid, itaconic acid, itaconic anhydride, 25 citraconic acid, citraconic
anhydride, mesaconic acid, glutaconic acid chloronaleic acid, aconitic

201G et S S 6 SRR o3 i o o

acid, 2-pentene-1,3 ricarboxyli c aci Py,
(e.g., O {nstanges.dp mmlpwmtatedemuerm:axﬂastsba;rbor egoi ng, e.g., nethyl
mal eate, ethyl fumarate, nethyl fumarate, etc Partlcularly preferred are

bl c acid f ﬁbng'rfq‘?%ﬁ;% §°fa” % BisPayabion g Hiddincionakantin t he
Preparation of Bi-Fun tlona @%’89 ?%bl e Mononer M xtures The

t | at
St el v e toeeftas r"@% iR Vnset BB astp Bisnicuesatpraton

agent, nanely prinary or secon

acyl at ed a®é uSddindercomgbably. UTEELe E’@tjamg hlgent4h§g2@t 2 Rl H(Fmtnéf é’!éf{}'?c 60

to col um satdr 424,367, colum 10,

S.  Pat
col um 13, [ negﬁoé‘lﬁ[y %"%&Y‘%ﬂ? kﬁ&) i i§§2§tn:pq§@re cSlsuntly. 1the pairteo otefinic
col um’ 17, urisaheatih, lea:tdrre@bohdﬂ@@e%:sm_ogyLﬁ@ =84, hﬁ}ﬂ%y‘ﬁ gb%g{so\%g[te @‘3
e

ref erence heref %YA the varj ous am ne types use practi
this i nverlOTg Pl Ll "i(‘f sPkAtoReis o | § dPrianearboxy (ﬂﬂmﬂlooalpgloyamrae@ry asdful.

ol yoxgal kyk X I K Iy m nes
Pnclng m@h@??&ggjﬁgﬂéﬁ nﬁﬂﬁgnﬁa%eéay%wgﬁ HY Z lﬂérf‘éé?fﬁnes
pen yi enedifrges th%é‘)’éW@ﬁ@iEi’aﬂﬁ. wed, thbezmhyﬁadmthaﬁlesf r@@?g@nﬁwg rzﬁ,?;at.%he[]
ol ynet hyly €%co c,..and hi gher honol o o t hese am nes Suc
gs %/he p?/pgrgggmrﬁ;s @éﬂg%nyﬁ}th FigPr ‘i%erguﬁ‘é’?n At ed: ﬁﬁ@bﬂélﬁ@s(ﬂ@m@awhe |

ani nes | n@na@iéfatéd)&cxde‘dmg:ﬂa@nta hy‘z’ucm’me ofl iBEsAcid, S AldR 8RR hbiF D& as
hept a- et hyl ene$ triam ne,

eyt R R L A A
pent aéd hy Meweertatkylimhesns alikitgroaid S0RNG)devbRBhMRA AbAGI nocycl ohexane,
di fim nopr OpaneThedégy at?n%bgéeanr%%qay} l%hiﬁge%??gagt 825 )é?enrgberasseit\algtlac!l frgri ﬂc:([eher
po yam ni c group
consisting of monounsaturated C4 10 Csp, alternatively Cy to Cop, alternatively Cy to
C1o, dicarboxyiic acids monounsaturated Cs to -Cas, altematively C; to Cyy,
alternatively C; to Cyg, mdnocarboxy[ic acids and anhydrides thereof (that is,
20  anhydrides of those carboxyfic acids or of those monocarboxylic acids), ahd
combinations of any of the foregoing (that is, two or more of those acids andfor
anhydrides).
' Suitable acylating agents include acrylic acid, crofonic acid, methacrylic acid,
~ maleic acid, maleic anhydride, fumaric acid, itaconic acid, itaconic anhydride,
25 cifraconic acid, citraconic anhydride, mesaconic acid, glutaconic acid, chloromaleic
acid, aconitic acid, methyicrotonic acid, sorbic acid, 3-hexenoic acid, 10-decenoic
acid, 2-pentene-1 .3,5-tricarboxylic acid, cinnamic acid, and lower alkyl (e.g., C{ to C4'
alkyl) ‘acid esters of the foregoing, e.g., methyl maleate, ethyl fumarate, methyl
fumarate, etc Rarticularly preferred are the unsaturated dicarboxylic acids and thelr
30 denvatives espec:aliy maleic acid, fumaric acud and maleic anhydride.



20 materials. O her higher honol ogs obtained by condensing two or nore of
t he above- nentioned al kyl eneam nes may be used. Exanples of suitable

pol yoxyal kyl ene pol yam nes are those which have the fornulae: (i)

NH2( - al kyl ene- O-al kyl ene), nNH2; 25 where m has a val ue of about 3 to 70
and preferabl y 10 to 35; and (| 1) R—(al kyl ene(- O al kyl ene) nNH2) 3-6 where

n has a val ue mlas éo \Mil I’OVI sion that the sumaf all the
nsis from about %H{@ S9N '?1 é?%PlehFGHPﬁBBﬁ'tafBi Highagout 35
and Ris a polyval it %@ ApEen % bon radical of up to ten carbon
atons. The al k ither fornula (i) or (ii) may be
straight or brghgﬁﬁgﬁgn%g%oﬁ?%em?ﬁ bgg’&gcy@eé gﬁheaéﬂpfzpwfﬁtéraiylaﬁmgbout
2 to 4 caragent azovely piithea @W\@ila 5

pol yox ne .di pn Srygﬁdy po lg(/%/‘gli}%sfjgirlrgﬁlzg!rsl%g tr’n%ébq% ﬂ@%@’v%teg\?é?age
mol ec u¥ w&f Qgheldn mﬁgﬁgﬂ?&f‘% ai%m 4.0ingbGito solomnatidiner of e a| y
from abouIPa@ﬁ H® @hMBG?OQQlun%H@)am@ 61P@! é’d?ﬁ?}ﬁﬂlwllﬁ]%e @"b@i”&é‘tem Cl ude

t he pol yoxy | ene and oI y 0X) propyl ene di am nes
pol yoxypré"%t/?rp@ cPlumn ﬂ slif@nd hyceNimmadd, lirel 32.ulBachwei tilse disAngirag i& r om

about 200hpf Q,%fpcﬁagdt}g;re@épeﬂgeh&%ﬁ? useful in the practice of this

I nvention include aromati'cc am nes such as benzyl am ne ‘and
3- phenyl - 1- pr op¥prathe eradsuserhinastyped meefuliro that pmaﬁ@@nﬂuﬁﬁssw&%rﬁém

N- ar he ented b thef rrrul R-Ar- | Rz 10

in V\m{?h %W?Qé’gb@'ﬁ?g{}f% éﬁg“’%? RAYIGES AN MWE'&&'PW polyappipes.y| al kyl |

- NH- - al kyl aryl$0me axdtmplasheﬂ the ﬁlm@tpwm,ﬁeg aﬂb@,@g t;g;,—)é{ )E §@%§
oxy

24 car bon,atone tl"be rradi cal can be an al kyl, al kenyl ,

aryl al kyl STVgR 'r"a “r’ix/a'r‘a%y%ﬁeﬁw?fBPvi'aiﬁ%%aﬁ%ymeﬂ%ﬁr@@mmm hexyipme,

(:\IH( C::lZ)aminm; Néﬁl;yien@hﬁn%dsaﬂ?d}de%ﬁmneér&(ﬂher NERmdthy I finds 2% QdRs 2
vaiue romJ hlg%er %omologs of these amines such as the piperazines, the amino-alkyl-
15 . substituted piperazines, etc. The amines include, for example, ethylene diamine,
| diethylene triamine friethylene tetramine, prdpylene diamine, di{hepta-
methylene)tnamme tripropylene tetramine, tetraeth)dene pentamine, trtmethylene
diamine, pentaetbylene hexamine, dr(tnmethylene)tnamme diaminocyclohexane,
diaminopropane, diaminobutane, triaminocyclohexane, as well as ofher polyaminic
20 materials. Other higher homologs obtained by condensing two or more of the above-
| mentioned aikyieneaminés may be used. o |
Examples of suitable polyoxyalkyiene polyamines are those whtc:h have the
formulae: _ ' ' ‘
(i)  NHx(-alkylene-O-alkylene)nNHs,
25  where m has a value of about 3 to 70 and preferably 10 to 35; and
’ M R (alkylene(—O—aikerne)nNHz)w
where n has a value of about 1 to 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 -satﬁrated hydrocarbon radicai of up to ten carbon vatoms. The alkylene
30  groups in either formula (i) or (ii) may be straight or branched chains containing about
2107, and preferably about 2 fo 4 carbon atoms. _
The ppfyoxyalkylene polyamines, such as potyoxyalkylene diamines and
polyoxyalkylene triamines, may have average molecular weights ranging from about
7



15 hydrogen or an al kyl, al kenyl, al koxyl, arylal kyl, or aIkyIaryI

radi cal, which nmay have from4 to 24 carbon at ons. SU|tabIe

N- aryl phenyl enedi am ne conpounds nay al so be represented by the fornula:
NNH (X) -- J 1 -J 0O R4RS HR6 20 in which R4, R5 and R6 are hydrogen
or a linear or branched hydrocarbon radical containing from1 to 10
carbon atons and that radical may be an al kyl, al kenyl, al koxyl,

ai kyl aryl ,2Q4 o alhaut | 4080 randy airkfgirablpr frai ﬁb@utky,bd) f@%‘b@ﬁ{ 20R0d Réuztﬁﬁe and
R6 can «rePcfhtg( @(g‘gngr [lfferent 8 Particularly Preferred

N-aryl pheld é% RIS IREPHR n{h ROMPIEHEYIea? annd eBolybxyproppept e,
N- phenyl idmpimenarhdenie@l ¢ d &f I S

a nod! phen jpingles %ﬁn@f) @ﬁ A phenyﬁﬁggléﬁ{% 265 RS niblecular wetghts

N- phenyl - Bﬂé {ﬂ%t?‘%lt 5%12199 N- napht hyl - phenyl enedi ani ne,

N- phenyl napht hdteaedingid BBHANGsdut ﬁ‘{“tﬁkpg adlicd Py Y m&%aﬁf%rg eczlyc%e:gi?grlnggc]: ne.

Most preferabl the amne is 4-am no- di phenyl amne

N- phenyl - fm'ﬁe%r?é'ﬁg?l hdwnawi ge)ine Gk (3-plsestyl! -eopyl earhinee aisi W@lluﬁke amino-
ani nocar ba#eh8se &tahoRRistR the fornula: J N R7 R8
10 in which R7 and ‘BRb8 reSpS:1 eggans{ﬁ%{/rﬁﬁ éﬁ&oerc}?%rﬂmg? E?ﬂres%ﬂtﬁ‘éﬁwhe fHrmyflaoxyl
radi cal having from1l to 14 car bonHato R7 aRgl R8 can be the sane
or different; am noindoles such as rhos - efited by the fornula: RO

R{—Ar—N

Ra

10 in  which Ar s aromatic  and Ri s hydrogen,-- --NH--aryl,
~NH-arylalkyl, —NH--alkylaryl, or a branched or straight chain radical having from 4
to 24 carbon atoms and the radical can be an a!ky! alkenyl, alkoxyl, arylalkyl,
alkylarvi, hydroxyalkyi or ammoalkyl radlcal Ry is —NH,, —-(NH(CHZ) —)m—NHp,
CHa—-(CHa)a—NH, —aryl--NHa, in which n and m has a value from 1 to 10, and Ry is

15 hydrogen_ or an alkyl, altkenyl, alkoxyi, arylalkyl, or alkylaryl radical, which may have
from 4 {o 24 carbon atoms. , '

Suitable N-arylphenylenediamine compounds may also be represented by the
formula;-

) N l\/\ NH,
| A
Ra - Rs : Rs

20 . | |
in which R4, Rs and'Rs are hydrogen or a linear or branched hydrocarbon radical
containing from 1 to 10 carbon atoms and that radical may be an alkyl, alkenyl,
alkoxyi, aikyiaryl, arytalkyl, hydroxyalkyi, or aminoalkyi r.édical, and R4, Rsand Rg can
be the same or different. '



NH2 15 in which RO represents hydrogen or an al kyl radical having froml
to 14 carbon atons, am no-indazolinones such as those represented by the
formula: 90 H2ZNNH NRo Hin which Riois hydrogen or an al kyl

radi cal having from1l to 14 carbon atons, ‘am no-nercaptotriazole as
represented by the formula: NNH2 HS N11 1 5 H am noperimdines such
as those represented by the formula: NH2 N~-NH 6Q R11 10 in which Rl11

repr esen: s hydrpcﬁg@'w'@‘ry ?rﬁfatrwlN-aryl;aﬂ\éwgaﬂemétdmglar@amb NQ-driePPiphehPehd:
carbon at QfFy; nes . pclude: ,
2-hept yl - 3-( 2‘-"%71 fﬁ’f%ﬁ?%ﬁ‘&’f%- i'\?ﬁPn?a%&YZﬂ i%@%’e%ﬁem‘?fwnier{?'éaiéﬁei"ﬁé,tO herein as 4-
1, 3- bi s- ( reinddipkeganine danophersi-1(RpREhRas@Min - Pip line;_
1, 4- bi s-( % .ngoﬁlt h Plaﬁﬁlf‘)i per azﬁ) néém,/ Nf I\Edi met hﬁn%hg'pr o'\gér'g@r]ﬁqﬁzef)henyiene'
N, N- di oct yfagﬁahyl i%‘%/ iieheftgaedipmipe. hphgnynaghiteslenatiizminecandhtiamino-
2- met hy| - pr@@A-dRpinaBiindn)iche@Rhfgs ne n ] hi;azol es framthe group
consi st ng. %f %nnpnot hi azr%ll e, ambeﬁﬂ?gﬁh?ézgﬁéﬂ)& tRé “'diine" W' "4 &l
iphenyiamine (also called N-phenyl-1, 4-phenylenediamine).

Other useful amine types include aminocarbazoles such as those represented

TN

H

10
in which Ry and R represent hydrogen or an alkyt, alkenyl, or alkoxyl radical having
from 1 to 14 carbon atoms, and Ry and Rg can be the same or different;

aminoindoles such as those represented by the formula:

Rg

NH, ,

|

. H

15

in which Rg represents hydrogen or an alkyl radical having from 1 to 14 carbon
atoms,

amino-indazolinones such as those represented by the formuta:



- arni nobenzot hi adi azol e and am noal kyi t hi azol e, and am nopyri m di nes, such
as 2,4,6- triamnopyrimdine. 10 It is also contenplated that conbi nations
of the aboye ami nes may be used to react with one or nore acyl ating
agent's. The choice of am ne conpound wi |l depend, in part, upon the nature
of the acylating agent. In the case of the preferred acyl ating agent,
mal ei ¢ anhydride, those 5 that wll react advantageously with the
anhydride functionality are nost preferred and, thergfore, appropriate.
Primary am nes are preferred becausg pf abili#y of the imde
products fornmed. Primary anine§ﬂqst lly descii bed as RNH2, nmay be
used in which the R group may contagF ¢
functionalities desirable for the f~p
i ncl ude, anong others, wear 10 protegtien, friation reduction and
- protection against oxidation. |ncomgpration ofl elements in addition to
carbon, hydrogen and nitrogen, such as, but not;limted to, the hal ogens
or sulfur'_E &hﬁé%gen either alone or in conbination, is also contenplated.
D. Met hod "t 8P°Br'&84} BYSr8ReR or BN Afiyheadicsh Beviaa frori Giet4 Girabh abires, Monormer
M xtures 15 A aowel-mseédnsii (o 1VA | _ i.ng a bi-functiona
ethylenically unsaturg?gd, g??Sﬁg?ﬁgg?aggqgﬂgﬁgyﬁﬁﬁinitrogen- and
oxygen-cont ai ni ng, graftable nononer, suitable for grafting to a
pol yal kene to forma dispersant. The netqqd coqg&bses the step of formng
an acyl ating agent m xture conprising a _sol vent an acyl ating agent
havi ng at | east one point of oIefH@Lgmgigatuq%tion. The acyl ating agent 20
may be di ssol ved or dispersed in the sokvent,and the acyl ati ng agent
m xture may be a solution or dispersioniNSuigabl e sol vents include
oxygenat es such as acetone, base oils, gnd am des such as N, N-di net hyl
formad de. The nmethod al so conprises thepystep of adding a di-amne or
hi gher to the acylating agent m xture, thereby formng a mxture. The
di -am ne or higher may be added to the acylating agent all at once or 25
sl owl y, famineperifpidinesyuchisl thesardfidime®h [ﬁ%ﬁ%gg. over a period of tinme.
"Metering" neans to add, by drops or contYnuous y, a specific anmount_over
a certain tine. The nethod may conpriseut he sinultaneous netering of the
acyl ating agent and the di-

N/ NH

Ry

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

Other- useful amines include: 2-heptyl-3-(2-aminopropyl)imidazoline, 4-

| methylimidazofine,  1,3-bis-(2:aminoethyl)imidazoline, (2—a.minopropy!)-piperazine,

| ?,4-bis—(2-aminoethyl)piperazine, N,N—dime{hyaminopropyl amihe, N,N-dioctylethyl

15 amine, N-octyl-N-methylethylene diamine, and 2-methyl-1-(2-aminobutyl) .piperaziné;

and aminothiazoles from the group consisting of aminothiazole, aminobenzothiazole,

aminobenzothiadiazole and aminoaikyithiazole, and aminopyrimidines, such as 2,4,6-
triaminopyrimidine. | :

10



amne into the solvent or prem xing the acyl ati ng agent and the di-am ne
prior to mxing the reactants with solvent. The nethod al so conprises the
step of heating the 30 m xture. The acyl ating agent and/or the am ne may
be heated before, during or after they.are conbined. The nethod forns a
reaction product of the acylating agent and the am ne. The nononer may or
may not be recovered fromthe reaction product 11 before carrying out the
grafting react il .alstheopempiated thett todbinmtipnabsdeCHNE Sned haytels to

recoveri ngreg@tqmmor;@&em%ﬁé&@%ﬁgg onents fromthe reaction product of

the acyl ating agent and & acyl ating agent and the am ne may

be provided i nTéeithaiitee ofratitie cakipdsind Wil BB is Y, rﬁoh%ea@ ufdObt the
of the invention. Suitable nolar ratios of

critical f aspect

di - ani ne tagtgdaa?bé gg?ﬁtgclaégﬁtca?%é’f tgePretsiied ackatiog apens madkic anhydrisler dngpes of
from &boubatOuill rdact adabstabedusly wh AR iolioh Qi ¢ Looef rOM about
0.5:1to ouf 4.1, and ?or_n 5’z’ibotﬁftﬂ!?&l: 1 t.odgtf)[%‘u%koh?lﬁ%é‘rogt érﬁgerg% f"é‘?‘i ng
agent s ar &"7&IOEF-i PPAePURtSr Primpe amines yale ipdeferreth ®epaesceof tek smbiity ofaihicos
are in thenidang@doétsf fopieabop; o t .31 ILf. rials, and
Met hods for Prggar ats ion O Dpi‘%‘gpgﬁg\"t'ﬁ%o|S$r§?@g%§sd‘i§"”98‘?faﬂ g@%@s Y bese
In The Pré&B8f dni whictr g $pegreamt mAy| gaitdie nesformante eentmncilgy fldictionalities

pol yal kenggcit\Mu ot ve pendant unsatyration) are

cont enpl a? é(sj&%%% ?%s{e%zlg[%e{ %@é %tbngnﬁlpngqeé{fj‘?‘cﬁ Ay ‘E‘%&Hﬁi gaops YheFamesie 15
cont e%l apededtion, Ugeliomabdaetionl ehd nplotsotipe| ygst, oRERWNY "Blrgorpistion of

t er.pol yne but not limted to, polyethylene, polypropylene,
et hyl ene- %%@p@\%ﬁeaa%iq%ﬁj . hygrgesand rﬁg?ﬂe&! RHEy a8yt GOt K’ﬁl{@d iibeer s,
pol yi sobubaingenpod sutfet baoxydert, ether N6He/ 8¢ i CbATbIHBBE Sic A4 &drﬁérln”élated

hydrogenat ed pol yol efins of butadiene and styrene and copolyners of

(ot hyl ene/ Z?S&-?ang%ﬂ%ﬁfﬁ@%ﬁ%%t% drarcinahand FUghot Grestalepy| ene
ENB “terpol ymers, are aif€h "8fpl ated for use. Materials contenplated

cont s ng. {1 G SHSLTMEEYR ti5 MBYUPTRSEE H Mk Ad L BRIGIb Rt govisely

2383? E;g:’;/i:mteéneafﬂmi@ti @8 bronatihenitrogén-alan8r Raydgaretdntafniyn 3R%bR:

nonomer, suitable for grafting to a polyalkene to form a dispersant. The method

comprises the step of forming an acylating agent mixture comprising a.solvent and an

acylating agént having at least one point of olefinic unsaturation. The acylating agent

20  maybe dissoived or dispersed in the solvent, and the acylating agent mixture may be

a solution or dispersion. Suitable 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 aliquoté or metering over a period of fime. "Metering”

means to add, by drops or continuously, a specific amount over a certain time. The

‘r_'nethod may éom_prise 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 comprisés the step of heating the

30 mixture. The acylating agent and/or the aminé may be heatéd before, during or after

they are combined. The method forms a reaction product of the acylating agént' and

the amine. The moriomer may or may not be recovered from ._thé reaction product

11



25 ethyl ene and from about 25%to about 70% propyl ene noi eti es by nunber.
These materials may be optionally nodified with from0%to about 9% di ene
nononers. . Useful diene nononers include 1, 4-hexadiene,

di cycl opent adi ene, 2, 5-norbonmadi ene, 5-ethylidene-2-norbonene, and
1-allyl-4- isopropylidene cydohexane and conbi nations of two or nore diene
nonomer s 9 The | ow b'B yal kene has a nunber average nol ecul ar wei ght

of from ab5iR™ F6HMdOY atg@ttfngooacmf Shapreseht O’mt!adﬂimhnaﬁ(lﬂsd @oBhAYS

8, 000, or tips efepraibbanve or referably from
about 900 to ae%out 40ogﬁ@bﬁgl&gﬁ?rggﬁ?ﬁacq'@&g'ﬁé?“tﬁ% EW‘APH\%‘) @QP@H@%C tivhve
nunber avéﬁ%@@/mgeﬁgﬂnéﬂnmegwmmefrom about 1100 to about 3000. B.

Mononers for l,on_of Di spersant PoI yal kenes The

nonomers cont g?rg? a?t% géﬁﬁ%gbg'gtg&?én Ui, 8mine eB‘é"E/) i jRviged t'%é”tﬂ?%’ﬁéﬁ@féhtfaﬂ@@,

pol yal kenéwtighcsuglieraioh dre miot akritiyalufos all Lispbed, of athb RAAL BN O Saﬁ%ﬂo@%&ar
Appl i cation

f d bed UsS Pat
Tor 444 patn B BRI EiGY 8 Iiuds, by Rl ip. dieergeaicéaom
al i phatlcabmutaﬂurmblaoobtltﬁluﬂﬂ@rhlélmlt oaznﬂtdtétghutm FBRCIRS 035‘;‘?(%%8 ‘gin n

this di scé Iﬁg Inltgﬁtors For Use In -The Preparation’o
Pol yal ken&% 4l {1 Bnobeytedty sWhese theacyiating agepiabire mtaleuxpeoﬂtd)mg

under t hemw“@ thﬁﬂﬁieﬂhe bifef &R MIIAN1ES s tjh%ergn% F‘n,?rg[rf) a gt?tné 5:11:%0r s |

speC|f|cat|on Iﬁ contenpl ated for use herein.
are ditscl RUHY U.S. Patent No. 4,146,489, colum 4, |ines 45-53, which
I's incorporated here by reference. Specific peroxy initiators

cont enpl at.ed hﬂé@lrﬁldwmhééi‘éz peial ~@~ ndsLoxides, for
exanpl e: di-t-butyl” 15 peroxi de %b'br"ev%%‘%z‘e (-;L. “'é‘“‘"l?ﬁ > dicunyl

peroxide, t-buylyl EopdikdRisTsr e IBEZOML %
2,5-dimethyl-2,5-di (t-butyl peroxy) ﬂexane aP%f g%'sr%erﬁam Polgathe&es

but yl per oxy) helxwlaie et of BolaREREPD vli&imay er H%E/%t/ ‘;‘gﬁn"i‘iﬁﬂt REn &%F&t aI

initiators I e: t-butyl Ber oxy benzoa er oxy PErzo

t - butyl pe%f%x?’g%@gfé&'é‘ for_ usgitas ge @Q’Sboﬂénfﬂéeﬁf@ﬁm@il -EX@EIDBBIS Of po!yaikene
ﬂ;ﬁ?ﬁﬁét?&?ﬁ@%fﬂ%&ﬁ%‘gﬁw R R cBbFumelh. B3 PR Dyser b Sre?

and hydr d§e ubé}ot)){mygd tn| p@!y@thy[%wpIp@bfecbpaleee.aeﬂnyienemrwmr& pbl@ﬁlkenes

polymers containing two or more monomers, polyisobutene, polymethacrylates,

- polyalkyistyrenes, partially hydrogenated polyolefins of butadiene and styrene and

;oopolymers of isoprene, such as polymers of styrene and isoprene. EPDM

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

terpolymers, are also contemplated for use. _

Materials contempiated 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 altemnatively, 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, S—norbomadtene

5-ethylidene-2-norbormene, and 1—atlyl—4-:sopropyitdene cyclohexane and combinations

of two or more dlene monomers,
30 The low MW polyalkene has a number avér‘age molecular weight of from about
300 to about 10,000, preferably from about 500 to about 8,000, or preféfabty from

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



exanpl e 2-t-butyl azo- 2-cyanopropane, 2-t-butylazo-I|-cyanocycl ohexane,
2,2'- azobis(2,4-dinethyl pentane nitrile); 2,2 -azokiis(2-nethyl propane
nitrile), 1,1 - azobis(cycl ohexanecarbonitrile), and azoisobutyronitrile
(AIBN). O her simlar 25 naterials are also contenplated such as, but not
limted to, diacyl peroxides, ketone peroxides and peroxydicarbonates. It
Is also contenpl ated that conbi nations of nore than one initiator,

i ncl udi ng €BWEYIREY eyl low M pelyalhends/imee mimber dvesdd Molotr ReigHeRlbay ed.
Each such ApgHi ey has a characteristic mnimumreaction
initiation m%%jﬁgggéggturebﬁabove which it will readily initiate a
reaction and bel ow which the reaction 13 will proceed nore slowy or not

at all. Conseqdent | Pondraess forr s indhe Fropatatiopesfadidpersant POWAIRGAYs
dictated by the selected initiator. D. Methods for Preparation. of

Di spersant Pol ygkk ' eactian. be carried_qut using one
of several reza(y:’?i oﬁﬁﬁg}%& %%)g{sefrﬁd?n%ﬁél @? '{S%) gr}% PLEParaipn ohdhe ispeFant t o
pronot & r ANEHengs dnelide etiydnically| wrsatuabicaD afliplRetRIM BrdatichoRelindtBE-Out

the "ene" | he fitd reacti.on, carried out 1 n solution
and a rmrenrl ﬁl et ae%rge%gséﬂ)gegg@gpbsn%te'ﬁ .%D"%ﬁ%g@¥n3@4ﬂé,54§ms.ﬁw Bbgve Rat ent
Appl i cat i-oveliNes abOdthgienmaBy iunsatupRedt akbhalieVver Msmii-ehalR&: i ng
out the r%g cal L ni %i a%ﬁddr.e&,gi_or?, bo!tibh the initi atorI an m{}%)gsﬁqgﬂ#r%%oner
m xture may be usad Redled A Fis ¢isdeEey, they may be introduced into the

pol yal kene as a blend with appropriate solvents at a solids concentration

‘rangi ng from @boutinitEfotsoF a0sé IV Fhe PFebarRkieRYfDispERNt £3 eat
pol-yal kene fluid is introduced into a g‘lﬁji tabl e wel P?sti rregl?,al%%g?%d

Mg ARy, P B o g e S o om
E ge anbi etite miaﬁtion'ﬁ”@s patiined ke te: ﬁ@sﬁﬁaép%éifkﬁtiéﬁ‘ﬁ &ﬁﬁ%rﬁlﬁ%ftéc?ﬁﬁtdsgrhere'{n. .
conbumed BAPIERGTERES IMTRIDR Fioidosed (. FRATS Nk, 1484 B,captia s, b OTEP
oul o B peoEr s, oo ¢, bTLALRG, | KoLl RS
i ni tiat or CHIVRIHRS herelhinchiste; aliom diabwh od ardnprpxities.dsr ekreplehdi-tbuyf a
- 15 peroxide (abbreviated herein as "DTBP"), dicumyl peroxide, t-butyl cumyl peroxide,
benzoyl peroxide, 2,5-dimethyl—2,Sdi(t-buty!peroxy)hexane, and 2,5-dimethyl-2,5-di(t-
butylperoxy)hexyne-3. Also contemplated are péroxyester and peroxyketal initiators,
for example: t-butylperoxy benzoate, t-amylperoxy benzoate, t-butylperoxy acetate, t-
butylperoxy benzoate, di-butyl diperoxyphthalate, and t-butylperoxy isobutyrate.
20 Also contemplated are hydroperoxides, for exampte: cumene hydroperoxide, t-butyl
hydropero_xide, and hydrogen peroxide. Also contemplated are azo initiators, for
example: 2-t-butylazo-2-cyanopropane,  2-t-butylazo-1-cyanocyclohexane, 2,2
azebis(2,4~dimethylpentane nitrile), 2,2-azobis(2-methylpropane  nitrile), 1,1
azobis(cyclohexanecarbonitrile), and azoisobutyronitrile (AIBN).  Other similar
25 materials are also contermplated such as, but not Iirhitéd to, diacyl peroxides, ketone
peroxides and peroxydicarbonates. It is also contemplated that combinations of more
Fhan one initiator, including combinations of different types of initiators, may be
employed. ) .
, Each such iniﬁator commonly has a characteristic minimum reaction initiation
30 température, above which it wil readily initiate a reaction and below which the reaction -
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particular initiator-may require adjustnent of the reaction tenperature
or, alternatively, adjustnent of the reaction tine, in order to insure
that the reaction conditions are conpatible with the choice of initiator.
Consunptiion of initiator and reaction tinme are not the only determ nants
of the 25 reaction tenperature chosen, the tenperature condition is also
used to facilitate mxing and distribution of the reactant as well as

mai nt ai ni R Hiodkeld hibr@fslom&eoﬂ%ﬂé@bifeﬂénsecﬁe‘ﬁﬂy% Wnlmh E@nﬁéﬁﬁ ?2[98?{?

160C wil | be enpl oyed. 1. | ar Proportion O Mononer The con
proporti orﬁ%“&ﬁ‘m@ﬁ@ %{ﬁﬁeﬂéﬂl@e relasiedinidfot he pol yal kene and 30 reaction
conditions are selected so that an effective percentage (ideally, nbst or

O el T Bt anhoRiGag R iopkhtidl 8f bROlASUGAIh! oraft onto the

pol yal kene, rather than 14 formng dineric ric, or honopol yneric-
graft noieties_or entirely independent - honopol yners. The alternatively
cont enpl at ed ml N AR éSdionogays beneargeds pahlsingnBRe mfr sewrehaeastiont i ng

pol yal Een%&ﬁ&jﬁsnzﬁrﬂhiy‘mﬁ I%Hida?ar%%cﬁfhp%nlﬂgto; ! ?omgt algé(ﬁ&iﬂ é}a\fﬁtllg}' )

| east about O. es, alternativel east about
alter nat | @Eﬁoﬂnﬁfﬂoﬂ @@@daﬁbgt (). @ Wﬁﬂ%@ut thel fémehaeaci@hy Hhe eding abaationl

mol e, gr}?é ba‘(tﬁleéf ok i €& ﬁo@?ﬂ#eas?@% Eedlg Is& ss% t}LlVeI étgtod\}lggg

about 3 m) ternati ve
| east -abofaung imbl.8sPateal f\epifcmtuonélw 1914414&"&&mechputat@d Erlmbmby refdreacaalt | veI y

3£ a:‘ "? ZET e_aﬁgﬁg ngl(é?ersr%?e "@f&'@ %ﬂ%dpl ea ‘i"ke % c&?{{ag?fpg;i? Eatg‘g
maxi min madoRb@r eRiRtUre eayobe taaed greaf t alubmamélp Ny trfay b@ intBddichbi Nsto the
polyal kene Hay e e el Gl aooridle SoNSR | sof oSXARLEon hngsy, 08
from about 15% to about 75%, for example, about 40%. The neat polyalkene fluid is
infroduced into a suitable well-stirred, heated réactor-wh_iéh can be purged or
blanketed with an inerting gas, e.g., nitrogen, carbon dioxide, helium, or argon or
15  otherwise isolated from the ambient air.

The polyalkene ié 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—butyi peroxide) is used as the initiator, the
reactlon temperature should be greater than about 160°C. Since the various

20 acceptable initiators have different optimum reaction temperatures, the choice of a
parficular initiator may require adjustment of the reaction temperature or,
alternatively, ad}ustnﬁent of the reacfion time, in order fo 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 temberature chosen, the temperature condition is also used to facilitate
mixing and distribution of the reactant as well as m‘aintaining. 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 polyatkene and
30 reaction conditions are selected so that an effective percentage (ideally, most or all of

the reactant charge) of the graftable menomer will graft onto the polyalkene, rather than
14



preferable to select a contenplated maxi mum nol ar proportion of the
graftable 20 nononer to the starting polyal kene in order to facilitate
manuf acturing control of product quality. The graftable nononer may be
introduced into the reactor all at once, in several discrete .charges, or
at a steady rate over an extended period.. The desired m ninum rate of
addition of the graftable nnnoner m xture to the reaction mxture is

sel ected famidg Qi'ﬂﬂeri%t oh ca%‘?%n%p%lyéﬂﬁrﬁl gr?ftr]'ﬁ&e é{ %Egre?a@[ggggr?&lent

. 0.5% alter natl vel east about er na
about 2. O%IOIQOD@V?@?@Wairh&@ltymatlvdlseaemtea‘@dmed Soiliegum &Icﬂ@mtmte.lofaha qiftiigast

about 10% i ast about, 20% alternatively at |east
ropBh [k Sl P ittt S

about 50 erna S100% of the necessary charge  of
gr af t abl e rmnoat&eas%rabdmdrﬂe1 p@tem nute V\hen added over ‘tine, the nononer

can be. added at, an es rate, or at a rate which varies
wth tY ne. Anya“i?f q“l‘f% {‘}’\?8 Z?%:I‘{?Jg Fr' represent an average rate of

addi tion or Eaf@heawb[ylam@%w@d@,eoqugegate which varies with tinme. The
desired maximumrate of addition is selected from at npst about 0.5%

al ternati vel y aemavely gblsast abagt.8 rapledr nati vel y at nost about 2.0% 10

alternatively aﬂtbrrf%%lyépl%ﬁét ade?a n‘%ﬂié ernatively at nost about 20%
alternatively at nost about 100% of t'he necessary charge of graftable

mononer m xt urddepwtively atieast shopt 3fndém above val ues can represent an
average rate fueaflgldil, AeQLt G FRgidyim val ue of a rate which

altematively at least about 4 moles,

alternatively at least about 5 moles,

alternatively at least about 6 moles,

altemnatively at least about 7 moles,

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

A contemplated méxifnum molar proportion of the graftable hxonomer to the
starling polyalkene may be desirable in several situations. For example, it may be
preferable to select a contemplated maximum molar propoﬁion 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 to the reaction mixture is selected

25 from: -
at least about 0.1%,
alternatively at least about 0.5%,
altefnative!y at least about 1.0%,
_ .a!temétivefy at least about 2.0%,
30 aitemaﬁvely at least about 5.0%,

. altematively at least about 10%,

 altematively at least about 20%,

 altematively at least about 50%,
B 15



15 varies wwth time. The graftable nonomer nmay be added as a neat |iquid,
in solid or nolten form or cut back with a solvent. Wiile it may be

i ntroduced neat, it may be cut back with a solvent to avoid high

| ocal i zed concentrations of the nonemer as it enters the reactor. In one
enbodi ment, the nononmer is diluted wth a solvent. The nononer can be 20
diluted by at |east about 1 tinmes (50% concentration), alternatively at

| east about 5 tdygRsitiva@l LELAGLdnsEl Yo, | east about 20 times, its weight or
volunme with a suitabl e’ solvent or I spersing nmedium 2. Ml ar Proportion

of I niti atdrthemecessaneshsirae eflgmftapler mboorseomidure pienntingtt onVhen Blded over
graftable g rr}}%ﬁ h r tion condi.tions are selected so that at
| east nany{m%;{gsi ea %/r, gaar\ ﬁégpggﬁgtﬁhgwhal 'W“S%Pgﬁ’tedf’? @glal AL MEECh he
pol yol ef i varieamitbrtinichaAny of i rpods wailies caflrégres@ iaf ,avefagea AR 6
graft igljies..or entire i nd ndent honopol ynmers. The contenpl ated

m ni mu ngf‘%ﬁ"%%abvﬂ"#%ﬂgﬁe Wﬁ&ﬁivﬁpﬁ &‘i‘tgrﬂ"{é@ the graftabl e nonomer

m xture are frdieaesid Malithum daté 6f ARAIN 1B sclebtedMRnspeci fic maxi mum
proportion of the 30 initiator is contenplated, though too much of the

initiator may GeGPERPAUKESTBI yal kene. While the initiator may be added
neat, in a prehrshgtheRReHbdeBLyt 1 69 s i ntroduced "cut-back” w th sol vent
in order to avoid localized regions of elevated concentration. 16 The
initiator can BEeradliuely Henestabowiz®%or after the graftabl e nononer. For

exanpg, the 'Eﬁ@rh%ﬁ{eﬁ{a%t@%?ﬁo&% so that, at any given tinme, the

anount of unreacte presé'ht is much less than the entire
charge, and pr stemalblely at nsoshbbodtr204, on of the entire <charge. In one

enbodi nment , thﬁlgérrﬂlﬁti{)g%{,% 0"3%8@3 ﬁ@?ﬁd after substantially all the 5

graftabl e nono there is an excess of both the

gr af t abl eof thenoemessagdhbhe godrabhisé irmotbiheémgixess ot hivkdty. &bl Hove
reaction._ l.n another enbodinent, the inpitiator nmay be added al ong with
the graf t X8I'8° (A ERIPSCnL PR FUPTage faf@s%féa\##t@m e maymmen ralve of gdauvbighas a
per cefs ageards wikietiiggt i re charge added per mnute) or at a somewhat faster
or slower rate, so there is an excess of polyolefin to 10 unreacted
initiator and 'mﬁ%‘@gﬁ@ﬁ RIS Ayl addedaeabed iaid in sofid of malten derm, or
unr _eﬁg t rergc;t{trlioatfdk%iﬂf alSSIVENE. e 9ERiIRGE FRAPHE intfddiBA ResU RThAN bb Ak YoER WAL
uri
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), alternatively 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 iniliator to the graftable monomer and the
25 reaction conditions are selected so that at least many, and ideally, all of the monomer
will graft diré(_:tly. onto the polyolefin, rather than forming dimeric, oligomeric, or
homopolymeric graft moieties or entirely independent homopolymers. The
contemplated minimum molar proportions of the initiator to the graftable monomer
- mixture are from about 0.05 : 1 to about 2 : 1. No specific maximum proportion of the

30 initiator is contemp]éted, though -too much of the initiator may degrade the polyalkene.
While the initiator may be added neat, in a preferred embodiment, it is infroduced

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



the reaction. The initiator may be introduced into the reactor in several
(or, alternatively, many) discrete charges, or at a steady rate over an
extended period. The desired mininmum 15 rate of addition.of the initiator
to the reaction mxture ranges fromat |least about 0.1 % of the necessary
charge of initiator per mnute to alternatively at |east about 100% of the
necessary charge of initiator per mnute. The initiator can be added at an

essent i al I'fhe iniia®t 2ah bedddicdWefdre, Hith & &fap ',H;«ahgaéﬁéti)lésﬂmotrﬁbr? iffBFr‘-exEF%ﬁ;[é}bove

rates canﬁﬁ‘%elg}rit? ent an average rate of addition or the mninmumval ue of a

rate whic WMRY he@added sodhathat aespived timex thaampantof snreggtiid indiataf
the initi gredent & ik 83MdAR:Y /o i J0st
about 0. 1%ofent he necessar ﬁﬁgpﬁﬂgl%grﬁ?é{]?%gmyr ﬁaﬁr:ﬁ%(gworgfgﬁea té%?
100% of t t¥62i98cedsANG embediment, thaiinitialoormpe benaddedeatiFhaubakzmtially mitias can
represent e te, 0 | 14 .Qn_Qr e.maxi num val.ue of, a rate which
vari esgvm' tgﬂé}%a;%}r?e ggn{\ﬁi t:?aes Ibﬁg'q?‘irﬁdte?‘afggrth%%n’ ngna g r?é:a&ﬂo,t.h j{pe grartable

pr ef er abl ynangmeaahd vihe hpalyslefiv editrinyo essardiatly the hertioe alebzinh. ¢ OIRC embiialri ons
of the initj s,it. enters the reagtor. | referred enbodinent, it
’s subst aeoBHRLE e s Rl e BF, 5880 i, iin Tf g bl s e et

di luted bysetialietie! saho witeYridagBed & & PefadntatRl of BE SnBRSENAGO UHJA9 der Mes,
alternatively at |east ﬁ,glga} 20 tinmes, alternatively at |east about 50
tinmes itsTH'Ghe" 2 v8 asfer pripwalple. sadharsig et et Pspelyaiefi to
medi upe  UidredctelT PRREBI Bnd Olinihaby | MBn&RABEL | PBr Ahik CEmbOGmERBCHAN QY e -
been conbi ned, the reaction mxture is preferably mxed wth heating for
an addi t i BgRCted injtiafoptoynigaded meneaies Fremaing gebstantially eanstamialuring meost of
required fRres&idpl etion of the reaction can be determ ned experinentally,-

for 5 exanple, by determning when the concentration of nitrogen or of
nmonomer mi xt ur Bhd initiatos may mintredededdnta thatesetanin savess forpaltdmhatyely, mamypum

0 €51 Dk LARLE o PP gL 00 R BRRETS1 TP Mk

al | oviid  t mteobddditiont dféhe dittiarto wid feaotion mixturdiramgesdtony et ieast abOUE0. 1% of

R L A L A W B i

still at wécessay chaagrs bORitiator per minute. The initiator can be added at an essentially
constant rate, or at a 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 rate 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 ah 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 back with a solvent to
avoid high localized concenti‘ations' of the initiator as it enters the reactor. In a preferred
'embodimeht, it is substantially diluted with a process fluid. The initiator can be diluted
by at least about 5 times, altemnatively at least about 10 times, a!ter_natively,at least

- about 20 times, alternatively at least about 50 times its weight or voiumé with a suitable

30  solvent or dispersing medium.
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tenperature. 11l. Conposition and Materials For Preparation O Lubricating
O 1 Conpositions Conposition of Lubricating Ol Conpositions 15 The
lubricating oil conpositions of the present invention preferably conprise
the follow ng ingredients in the stated proportions: a. from about 70%to
about 99% by weight, alternatively fromabout 80% to about 99% by wei ght,
alternatively from about 88%to about 99% by weight, of one or nore base

oils; 20 b. from abgut 0pQ% % sol i ds -by wei ght,
alternatively from abou‘?p(b"3 %@b}ag%rl E;P %aelgffﬁ? "506 sol i ds by wei ght,
alternatively fromabout 0.15% sol i ds to about 2% solids by weight,

al ternatively ﬁﬁﬁfnﬂ@ﬁbcﬁwctenmg%vesbdaeldsombif*@tiome te&Ftoaoimibdsrebls peifghbly

alternati 0 15°osI|ds

al ternati @Fé‘d wtﬂrﬂe t’é A)f/e’srs &ga'ﬁ' M&J{gq %Q}D@B@%ﬁ%o&%f’@htmeof
one or rmmmegraﬁmed fpolcymip&ftlonmfohhspeast&mt cambémemnb@@behﬁﬁhfé{@r for- C.
fromOl%to 0% b alternativ fetyfromabout 0.2%.to about
159 by we PR Y oIS PR dhe sitseriraten gt aailir GO BgmABmutirs or

al t er nat i gelujfos r@mab@uiakib &@ﬁ@p@@dﬁng@muﬁ%uﬁfﬁe%stﬁmfsﬁeg'v%R%r sants 30
whi ch are gr af%ﬁ?rdg aI kenes made according to the present invention; .18

d. fromO0.0%s 8290, kst gone espemialyie complelipnatheina) cen e mrmYed 0. 0%
sol i ds toaﬁ@%reﬁ%&%mgéct%n‘%'ﬂﬁ%ed%w thi Y& o¥ F\KAWSAE rg toi@e@f)l ids

to about 2% sol ids by weight, alternativel roma out
about | % 56F¢ @8915§Sive Peding asm Qﬁ\@fﬂabymlt@!ng@h@t@mwgmloyoﬂ@‘r iappabed as

2I }t“efﬁgts : ve :‘n@ﬁk%?m (ﬂg(r) \éeg{ﬁ}&??do abOL}tQ bg (Erg) Vggeq%d%' %{/ﬂ @(aqﬁfgg%a{??fgm

from abouten@%‘a&utea about 6% of one or rmre di sper sants whi ch are not
made according to the present invention; f. fromabout 0.2%to 6% by

wei ght,  afyf er nahinpelskidd Q%Wﬁghag BaP [I'r%pgré?t% Of Lubricating Oil

Compositions

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

werght of one or more base oils; ,

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

' about 0.05% solids to about 5% solids by weight, altematively from about

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

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

.about 1.5% solids by weight, altematively from 0.5% solids by weight to

25 1.5% solids by weight, of one or more grafted polyolefins dispersant
vi_scosity 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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10 weight, alternatively from about 0.3%to about 3% by wei ght,
alternatively from about 0.3%to about 2% by wei ght, of one or nore
detergents; g. fromabout 0.01%to 5% by weight, alternatively from about
0.04% to about 4% by weight, alternatively fromabout 0.06%to about 3%
by - wei ght, of one or nore anti-wear agents; 15 h. from about 0.01%to 5%
by weight, alternatively fromabout 0.01%to 3% by weight; alternatively

from about 0.0§% t o Lo, 29 i ; t.ernat | - bgut ,0.1.%to
Bbout 256 by el ght Taf Cars Sy 0 0% Ralids B AR, SUSHIVEN AR B Dicke oo
to 4% by wei ght, al$clidninahet p% sdidgsdiyoueigt, Oternativalpfym aPOUMRDER solids

alternatively from o 9 % by .wei ght alternatively from
~about 0.005%to0 abo%%g%}g%%vh{%% gﬁf@g@%‘t %{%g%t“\%ﬁ% ‘P&i@ﬂf‘éiﬁ%l‘? 'g‘? But
not limted to, friabcubtlrsadisbepnsighiaionpor niore depoessapololcAing (884 bs f oam

agents; The percent s.af .d through i may be cal cul ated based on the form -
I n Wnisch they are ‘ﬂj%%ﬁ’g’dﬂﬂ?’&ﬁ"?;ﬁr‘f’ dvailable. The function and properties

of each ingredeent fiode00rf iccsboud Q0% byaneighe URERbIVERARGTH 8Bolf 0 LBIYIEM Rt S
are sumari zed in tq/e f ol I_ovvig)gg/ sections of this specification. A Base
b

Ols Any of the petroP¥Eight &F dllp@ptively fom about Qb%vipcrhnug 6%leof on¢ od as
process 30 sol ventork@ispbhe %r @ﬁi&ﬁ??ﬁfncﬂﬁﬁﬁd@ é%%ﬁgi?]nfo% tﬁ@@ré%{eﬁ?ﬁal%ntion;

| 0
i nvention can be used as the base . I ndeed, onventiona
| ubricating oift, orffoRbARAIUE 3% e S¥hley weight, mifgmatiealy fremuaimt 0.326 tB4%af t ed
Pol yojef i n Di sper sgpkanVi seaSd i X! (L afdied pplyvolefins
are di scussed in rm%ré?aghd'et aﬁfét@%[yg{gg??%%@%ﬁ {))\?VF)OJE '/%&%%@ga%&e%ghve{y
"Pol yal kenes The di &parabmut 05356 {cadthoen @%by weidhtigf oree oiracr deterfentgavent i on

cortal st S 8 STl BHCo %, JERy T GFUBNENG o BB BB B °

' about 4% by weight, alternatively from about 0.06% to about 3% by

weight, of one or more anﬁ—wear agents; ‘

15 h. from about 0.01% to 5% by weight, altematively from about 0.01% to 3%
by weight, alternatively from about 0.05% to about 2% by weight,
a[temative'!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% to about 2% by weight,
alternatively from about 0.005% to about 1.5% by weight, of minor
ingredients such as, but not limited to, friction modifiers, pour point
depressants, and anti-foam agents. 7 _

The percentages of d through i may be calculated based on the form in which they are

25 commercially évaiiab!e. The function and properties of each ingredieht 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 prooess
30 solvents for the graftable polyalkenes of the preéent invention can be used as the base

oil. Indeed, any conventionat lubricating oil, or combinations thereof, may also be used.
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alternatively at |east about | 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 noles, alternatively at |east. about 7 noles, 15
alternatively at |east about 8 noles, of grafted nonomer m xture per nole
of the original polyalkene. D. Gafted and Non-G afted Pol yol efi ns used as

Vi scosity ModiBj er Grafted mw%im%&éﬁ%m&sﬁyilﬁ'&'&?lﬁé%%ﬁ ng
0 the

pol yol efins can be used in the fornulations according pr esent

i nvention. TheHe: gmfied polyerfihoarl divcdsasdirthaid dadi RAleyebEhigdhy Sever al
exanpl es of polyolefins contenplated for use herein include

pol yi sobut enes, poly:net hacr. tes, polyal kyl styrenes, partially
TopolHEreai sty

hydr ogenat ed and styrene, anorphous pol yol efins

of .et hyl ¢ . | epe, ethyl.ene-propyl ene di ene pol yners,

pol yi sop?@ﬁ%aﬁg%ﬁgéfgégﬁg??%85?%?"@9% %'esgésgﬁwv%‘t?@d@”ﬁm%di fiers, as

t aught5 i n U. S.at RatseabouAt moids, on No. 101444,548 as 25 well .as U. S. Patent
No. 5,523,008 and [gat enég cited therein, can also be used according to
the present i A/ERETNHY 2b¢agt absyt0&iPPlRal Di spersants Ot her di spersants

al so hel p susp@Bhatipsipbtiehst ARk 0@ MAblbs OXi dation products, thus
preventing sludge floccul ati on and precipitation or deposition of

particul at es GHemativgly aplgpsisaaboghii meie.e di spersants include high nol ecul ar
wei ght al kyl §H§ﬁ5m@gg§a§mﬁhpgn§)lé§acti on products of oil-soluble
Il nhydr i

pol yi sobutyl ene succinic a e wth ethylene am nes such as -
tet r 48t hyl ene ajiemetivalyiat lanst dboutd ewisxl t s t hereof . Such conventi onal
di spersants arg I for use herein, although. frequently
t hey can be u%g%’%éﬁ%lggﬂ%gg%g%hgmo%ﬁ'i ons when the grafted polyolefins
accordi ng to thempiedeatlcashabott ®mobese used. Several exanpl es of
di spersants inglud 0 those.listed,in U S Patent No. 4,092,255, colum
1 Pihee 38 attedgivyrtipaaanguts fotes,
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 lbng—chain

20  polyolefins. Several examples of polyolefins contemplated for use herein include
polyisobutenes,  polymethacrylates, polyalkylstyrenes, partially hydrogenated
Copoiymers of butadiene and styrene; amorpﬁous poiyoleﬁris of ethylene and
Apropﬁene, ethylene-propylene diene polymers, polyisoprene, and styrene-isoprene.
Dispersant viscosity modifiers, as taught in U.S. Patent App!icéﬁon No. 10/444,548 as

25 well as U.S. Patent Na. 5,523,008 and patents cited therein, cén also be used according

to the present invention.
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succinic esters, alkylated with a polyolefin of isobutene or propyl ene, on
the carbon in the al pha position of the succininide carbonyl. These

addi tives are useful for mintaining the cleanliness of an engine or

ot her machinery. F. Detergents 15 Detergents to maintain engine

cl eanliness can be used in the present lubricating oil conpositions.
These materials include the netal salts of sulfonic.acids, alkyl phenols,
sul furized al kil pheowlentionlakPisséshaty at es, napht henat es, and ot her

sol ubl e nono- and dicarboxylic acids. Basic (vis, overbased) netal salts,
such as basi ¢ @ifleatlispersaatrdiso helpaluspend PBEILISS chgBB oM ictldaiios Bl and
magnesi urrblsal tti{@f%rg frequent |y u[?]ed as 20 detergents. Such detergents are
parti cul af %y H Q%ﬂo%@%%a:g &'¢544Hiom Pe dpRpsicurbpaticiaes rarametain an
- engi ne or patd)e SulESISidigeysdris m&waigﬂ%ol%hﬁfw&gﬁmkﬂss&kmﬂ%sé 3P0t e

' conteq\:gl'at ed for yse f(l)%l‘f)l n include those recited in U S. Patent No.

4, 092 2 55eagiiupRdudts of pireeluble: prlyisahitylermswsiniqamdvdride with ethlapenamines
phosphat esgf pBRGAli i 2 nts 25 Anti-wear agents,
as their naneasgq?rgﬁ&gg,gﬁ% educg{lﬁ?eg@g?%sé%{égffﬁt@%? Zinc
di al kyi di t hi optishptravestianal dispecsatitaaye alspioofsinusziad tfors usm dewmirg aalthough
nol ybdenuy I j di thi ogcarb es, a
ropt esent R1ATE M Eart e LRy AP Ieel bRl B8 GNP yBlefos
Oxi dat i oradcatiity tooths, preserdritvendivn dae tused r Sdueral &xenmplen dedispeshnisubeiugat i ng

oi | s 0 er.iorate, i rvj Ge. ' teriorafipn c e evi.denced by
i ncr ggseéggg}ﬁ "\S/tlggc'})‘s%"ti| ﬁ%‘ﬁ{]{.@f})-t%@b%?ggue?lgmef%-oﬁ}}e&ﬁgﬁﬁ- §H€W""H§§%‘°1 Qbge
and var nissibeihickestete paigiiaedonitti epstpsiatin bf subtasesr pRBoneXbil8ld 8&tbon in

i nhi bitors i qc%ﬂtﬂde | kal j&ne earth _netal salts of al k%/ciiphenol t hi oesters
havi ng pr@?e"f‘ﬁ F yPREEOfio 0! 1he aFYsAniTidee camanys, Thege acdiivesuare R phenol
sul fi de, ‘rmhin@inind PR MThES ofdieaNdindbPhfeARHIR am ne,

phosphosul furi zed or sul furized hydrocarbons, and organo nol ybdenum
conpounds sui_h as rmlrybdenum di al kyl di t hi ocarbamates. 10 I. Pour Poi nt

Depressants ahd ot REfeT@CRE} | ngredi ents Pour point depressants, otherwise
known_as | ube,oil flow inprovers, |ower. the . o
15 Detergents 1o maintain engine cleanliness can be used in the present lubricating

oil compositions. Theée materials include the metal salts of sulfonic acids, alkyl
phenols, sulfurized alkyl phenols, alkyl salicylates, naphthenates, and other soluble
mono- ahd- dicarboxylic acids. Basic (vis, overbased) metal salts, such as basic atkaline
earth metal sulfonates (especially calcium and magnesium salts) are frequently used as
20  detergents. Such detergents are particularly useful for keeping the insoluble particutate
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 and zinc diaryldithiophosphates and organo molybdenum
compounds such as molybdenum dialkyldithiocarbamates are representative of .

conventional anti-wear agents.
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tenperature at which the fluid will flow or can be poured. Such additives
are well known. Typical of those additives which optimze the |ow
tenperature fluidity of a lubricant are CB-Ci $-di al kyl fumarate vi nyl
acet.ate copol ymers, and pol ynet hacryl ates. 15 Many mnor ingredients which
do not prevent the use of the present conpositions as lubricating oils
are contenpl ated herein. A non-exhaustive list of other such additives
includes rust ighibifesDxidsniee! ! as extrene pressure additives, friction
nodi fiers, antifoam additives, and dyes. WORKI NG EXAMPLES 20 Exanple |
Laboratory Preparation of Bi-Functional Mnoner for Gafting In this
exanpl e, an et HyXigaliaminhipitarss or antiteidantsn oedice dbattandenog db dathicating olgen

and oxygen Lng;t Lt es.;of uratiaqn, . repared. A 500 m
react or e(g]%tiga%rlggg% %%V?ﬁ g&e’%? ﬁé@ﬁ%&,g{‘ i%ﬁaonrga‘ﬁ\"ﬁ%r?c t 341"8?3,33?‘1’51&“%?@?@
and wat er - 8wbbythe plodugts 25 ogidattensieh dssslotige getlvavnish-iRbeepodid o tRfmetal
N, N- di net hyl farmmge, and.about .7..0 g of | ei.c anhydrj de. The reactor
terrpera@{ur%drlfaggé'ai sefg‘C 0 %E'Pn 13@@’% éﬂq%dﬂgﬂ’”er 1ty Bet espls aflr e.
Whi | e at tdllfiphemitbioasiere hasbguprofgally CFitet 0yl amgl bRk AHIRE 8k cAMiLEK! Y
i ntroduced i %}g‘ t he soI%éfi(%n. The_ reaction proceeds for about hours and
| eads to tHEVIPREREY | on BHTIAR. i xt diostiphendamineon pr pheed-alnbarmaphéntamiaei
aci ds and gHospRostifufrdt B sulirted HyRRchIIML bl dPiar® Rioh/HdBRLMOAFhoORATEr
m xture. This reactjon 22 mxture, w thout subsequent "purificati BRA" or
separ at i orPUsP asdnplyhdenun dialkvidithiogsreamates. grafting onto a pol yal kene. .
Exanpl e 2 Laboratory Preparation of Gaft Low Ml ecul ar Wi ght Pol yal kene

5 A ragin kettlie eqpiop®bin HEpRRs8hRCIAd HtHIF Mihag |SusStirrer,
thermoneter and gas inlet isQ%hafged Wth'ébdulf'glb!%ggfe%g" neat

pol yal kene. Th?)ﬂ%gs inlet permits the %as to be fed either bel ow or above
the surface of POBIt dEPEIPSantheolhsWiae kBawn jas lubral BewiBpioves, IDuel thg

heating t hempata(@ekan@nion MUTARMWN Kl ah A4 pBAAS SR BhainEd 2 ?h%ﬁ’ the
surface-of the solution. Wen the polyal kene r ac%es the appropriate 10
t enper at urk8owR. 17pdcalt ¢fcthpse gddiines which eplimizetthe low teinparaturer fltitiéy stiaf ace
of the lubricant are Ce-C1g-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 with an electric heating mantle, stirrer, thermometer and water-cooled refiux
25 ‘c'on'denser 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 info the solution. The reaction proceeds for a'bo'u.t 3 ﬁ-ours 'and
leads to the ermation of a mixture of reaction products comprising amic écids and di-

30 maleimide, e.g., the formation of a bi-functional monomer mixture. This reaction
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“pol yatkenemWth-thepotyal kene at—tenperat ure, two sol utions; “one
containing the nononer mxture from Exanple | and the ot her containing.

di -t-butyl peroxide initiator are introduced. The nonomer mxture is
prepared by dissolving about 25g of the nononer fromExanple | in 25 ni
of THE The initiator solution is prepared by 15 dissolving about 10 g of
di-t-butyl peroxide in 60 m of heptane. Five aliquots of the nononer
solution are introduced into the resin kettle over a sixty mnutes period.

The ful | chaixgee,ofithicnit rsuawruea@bmr’icafbd &r BBLRERA bMdhdohents &S isDidiRt td.e
over the s 8 utes period. After all of the reactants are
Ve okt 208

added, the 5%%1 toreact for five (5) hours. 20 Exanple 3
Laboratory Preparation of Graft Low Ml ecul ar Wi ght Pol yal kene A resin
kettle equr%‘mbiwiith an electric heating mantle, stirrer, thernoneter and
gas inlet is charged with about 11.8 g of a neat polyal kene (1 ndopol

H 100) and latswgtorpBramargtignof CoatliLonl Motehzafieigha Polyulid8% by wt.). The
gas inlg permts the gas to be fed either bel ow and/ or above the surface .
of the ol ution® T8 kede masinpedwith polojerticheatingomentti, shitran Gisempeeesri S

heated to 1@ gOf)jgé R th

|(r312r'?| ngogatg ?g%?gfe]’gggcﬁ%%@%teaﬂgu fa I(;afeﬁ%%éﬁg}aﬁgbgg—# g ‘EigF?%r}%ts o
pol yal kene ‘23R8t Fohe rsheifiss belpw %’p’iﬂ%@@%@Wﬁ@rﬁféﬂ@&iﬂﬂ@noi’h@b@mmmm@ 30
t he purge MTddStor@?@Fﬂi g tr%aﬁrlngﬁéﬁecﬁbﬁfaiéetﬁ@ t§?&rf@[g@g%t9fant:n§-ﬁr9§égsa@@

sol ution. ﬁ(fV‘h e mai ntaining the sollution a reaction ure ,
of 170C abd® P 0&’3‘@9 Sfage @b i palwian ¥aan mm@fkamﬁwm,ﬁ filmsmtsupnﬁa the
reacti ag bQéMF@rﬁnﬁ' Am7gegheny hage e(f'%&

i ntroduced t %nce into th%@Iﬁ a% kene sol uti on é%r% 3‘ﬁd?me
cont ai ni ng 983’?3‘?8? Wha%u?ﬁﬁﬁaﬁze@ @5‘ Pﬂtratbtﬂtf yiwo pesiiudicigl eor oem“amrag dhein
hept ane i s midiRinAehimp 88mI%eIm ts, g Qr an
addi ti onal 45 m nut es after al I&%?%'{l %he t%uty piEé'{r?] ﬁ%gu@ogfe?%ﬂ‘é&ﬁ%a&

i nt r oduced ARNEIRIURRE. (dRCFOBRMES “&%ﬁ‘fﬁeﬁﬁ@f’e@ﬁt@d Gvoiistoiviroo Bemit S5g didhe
distill ed frﬁcﬁi@rﬁdﬂ&"drﬁ@)ian%le”? ¥ 95 6nks Tﬁbm%@hﬁsﬁﬂaforWaﬁrﬁﬁﬁ i€ prel B&ﬁed B+ one

result grafted | ow nol ecul ar wei ght | kene 1's
and i s, Sgﬂﬂge@%‘ﬁa@rg ?a@‘uﬁcﬁﬁtﬁt? e ir‘StnESfF Rl ©H beptanen fve aimiozs of the

monomer soiution are infroduced into the resin kettie over a sbdy minutes pariad,

The fult chiarge of initiator solution is metered into the resin keifie over the same sbdy
- minutes pariod. After all of the reactants are added, the rnixture is allowead to react for

five {G) hours. |

Exampie 3
Laboratory Preparation of Graft Low Molecuttar Weight Bolyalkens

A resin ketlle equipped with an electric heating mantie, stirrer, thermometer and
gas inlet is charged with about 11.8 g of 2 neat polyalkene (indopol H-100) and sbout
25 28.8 g of o-dichiorobenzene (about 28% by wt.). The gas inlet permits the gas to be
fed either balow and/or above the surface of the solution. The mixture of the
polyalkene and o-dichlorobenzene is heated to 170°C. During heating the polyalkens
solution is purged with an inerting gas (CO;) fed below the surfacs of the solution.
When the polyalkene solution reaches the appropriate temperature of about 170°C,

30 the purgs gas is redirected to fiow aver the surface of the polyalkens soiution.
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10 graft product exhibits peaks at 1600 cm', 1720 cni and 1780 ¢ .

Exanpl e 4 Laboratory Preparation of Gaft Low Ml ecul ar Wi ght Pol yal kene
A resin kettle equi pped with an electric heating mantle, stirrer,
thernoneter 15 and gas inlet is charged with about 1 OOy of a neat

pol yal.Kene.” The gas inlet peimts the gas to be fed either bel ow or above
the surface of the solution. The pol yal kene is heated to 1700C. During
heating, the polyalkene is purged with an inerting gas (002) fed bel ow

t he surface of t.i.on. n_.the al kene reaches the appropriate
tenperat ure of %@Cﬁ‘%{ mBﬁrﬁb%s gionart B‘e P EIRYatIrow 6UEE atwst 348§ ace

of the 20 i ymhidmeiioMinhridnmbaksd Req Boh SRR Skt S0 UL ons

one cont alg m)n(gi functigonal nopnonmer m xture base on the reaction
bet ween 4- }g%ﬁjﬁ% EOF A7 Rlgin @ni s & aintuerd ed aéﬁdca Inéo teher
cont ai ni ngp@yaiker&mﬁcwtmnpe&r bR ddtdihiak %rtoﬁ Bf étﬁ)tuf 9 Sfjm-{mﬁ%%gg&ﬁér

m xtured Snﬁ g_{!)ar ed di ssol ving about 22g of nomer
THE The i nf'tf H}“%FB? isdnen delivereheyasd f‘tﬂ”“?S‘ eri @@@tantm@reabﬁuﬁedﬁergw of

di -t-butyl adl&tl’dwsl &2 mirfut$atdr for RRPLARG! ol b)&@m %lh%f)fﬁm&fd&*gg E%
solution are jntroduced into the resin kettle over si xt ri od.
The full cRAFHE BLOTRISES. A P-ddierebeiveans '%éﬁéfia@drqmtr@ itelae’ciwremmaurkatt | e

over the sgimesgheticyoreiuns!t Ts RRIASS: ardhds e ., Are added,
the m xture |s§al | gpwe to re%ct for o IverDMhELQUEBF\Q '?QF%g’ngéﬁmé 1. A

graf t abl e VEXEM G ?5’?8?%(5’%”%? pay. @‘%&W&W?@Uﬁh&ﬁﬁﬁcmﬁmﬁome}rthn
pri mer yiforgrappesitar snitisnRaRBd: &0 af SO NG, AYPRG havi ng at least one

poi nt of ethylenic unsaturation selected fromthe group consisting of
mal ei ¢ anhydride, maleic acid, fumaric acid; itaconic acid, itaconic
anhydride, .citraconic acid, citraconic anhydrlde mesaconi ¢ acid,
aconitic aéﬁﬁmﬂ ﬁhylcrotonlc aci d, 3-hexenoic acid, 10- decenoic acid,

2- pent ene- kaboraldrl SRR id esters of the
f or egoi ng, and cor%?g%tl on‘!')siIl %?égék@%?’d'?‘@%?gﬁf%@ﬁ?%%‘%@ﬁ the graftable
reaction product co rlses a nitrogen- and oxygen-containing conmpound
having at | east “t {5 pSi®EEUEPeG g @ iclectiivshaaliramiantie, stirrer, thermometer

15 anhdgasinietis charged with about 100g of a neat polyalkene. The gas iniet permits
the gas io be fed either below or above the surfase of the sofution. The polyalkene is
heated to 170°C. During heating, the poiya!kene is purged with an inerting gas (CO,)
fed below the surface of the solufion. When the polyalkene reaches the appropriate
temperature of 170°C, the pus;ge gas ts redirecied to flow over the surface of the

20 polyalkens. Wih the polyalkene at temperature, two soiutions, one containing a
manc;»funcﬁonafi monomer midiure based upon the reaction beiween 4-
aminopheny%nnediamiﬁe and maleic anhydride and the other e:omainingﬁi«t—but}f
peraxide injfiator are mtroducnd The monomer miklure is prepared by dissoiving

| about 229 of the monomer in 25 ml of THF. The iniiator solution is prepared by

25 dtssoi\aﬂg abot 10 g of di-t-butyl peroxide in 60 mi of he optane. Five aliquots of the
-monower solution are infroduced info the resin keffie over a sixty minufes period.
Tae full c:narge of iniliator solution is metered info fhe resin ketlie over the same sixty .
minies pnnod After all of the reactants are ac%ded thn m.xturﬂ is aiiowed fo react for
five {5) hours,
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2. The reaction product of claim1, wherein the acyiating agent is

sel ected fromthe group consisting of maleic acid, maleic anhydride,
fumaric acid and conbinations of any of the foregoing. 3. The reaction
product of claim1, wherein the acylating agent is maleic acid. 4. The
reacti on product of claim 1, wherein the acylating agent is maleic

anhydr i de¥eslaimhe reaction product of claim1, wherein the reaction
product is formed by contacting the polyan ne and the acyl ati ng agent at
a nolar ratio in the range of fromabout 0.1:1 to about 4:1. 25 6. The
reaction pr odubt ofAéF&ﬁia#?%reaﬁW%‘r@Pﬁuqtﬁ’é(ﬁ)cﬁ pelvamiee ihavipg irgar yhahane
tetram ne, to'ﬂ%e@&-}daéi hrﬂﬁheaé}%n ) lafl dE?l'aﬁh% a@é}h%wngeat 13 oME BB Tof Sai d
nolar ratio 1S about out he reaction product of claim
1, wher ei ¢ihyipric aewa&aﬂ%s@g@ﬁ@ f‘"P@“ theIgeup CO&‘ﬁ'ﬁS&Qﬁ plqealeigipapedridle; Maleie| ar
ratio of éc,h:? m%f@nba@ Q- S, ARAI hydPiab N chBonit 3NSE QiraddREn about
0.5:1 to about 3:1, and wherein the reaction product conprises a

gr af t abl eankystidss @wee@comﬁ@c&deae@m%a?jﬂo@eﬁwlcmtowp &cith B hexRerieienids HE-

pol yam ”Q:Iéc@n&é"aé’@t E8enfhOM 3 B8 GHALPICRIG bad e 6f al@{;lkéblid @é?é%%?‘ti’i@s

pol yoxyal kyl ene pol yam nes and am no-aromatic corrpoun s. 9. A nethod of
meki ng a fgieapingpany srreinetienss plearyaplt thatiPregoing whegeiarthe orafteblel ®achevduct of
an et hyl epbgak bymphsat a habgtn- M&@Qen%BﬂaMﬁgﬁ%‘?ﬂbuﬁe%@hg al@ast Rd Phatic
or aromatic reaction products grafted on a pol yal kene backbone, the nethod
conpri si einthel ehdpric gpsgtunptipeacting an anine and an acyl ating agent

havi ng at | east one point of ethylenic unsaturation to forma reaction
product, -wherein the anmne is selected fromthe group consisting of
primary am ne¥ andSetqaetian yprafiched, claimy | 2yhefelr then@cuptinde #enk iporti on
of the reafkictrdi Q%bu;?@&r%lstﬁg@hﬁé@é K868 MACKRARGIRRY fukthrR JiRed
average nol ecul ar wei g from about 300 to about 10,000 to form a
grafted ﬁ@ﬂ&bﬁlaﬁ@fﬁf’ed%éﬁ@ienfof%@‘%l ar proportion of the

3. The reaction product of claim 1, wherein the acylating agent is maleic
‘acid.

4. The reaction product of claim 1, wherein the acylating agent is maleic
anhydride.

5. The reaction product of claim 1, wherein the reaction product is

formed by contacting the polyamine and the acylating agent at a molar ratio in the

range of from about 0.1:1 to about 4:1.
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grafted portion of the reaction product to the pol yal kene backbone is at
| east about 0.5:1. 10. The nethod of claim9, wherein the polyal kene
backbone is selected fromthe group consisting of ol efin honopol yners,
copol ymers and terpolymers. "11. The nethod of claim9, wherei n the

~pol yal kene "backbone is selected from:t heﬁg}ro_ consi sting

pol yet hyl ene, Sol yptSppreing Pragnsh o s&pr the:gy) )ﬁ@'ﬁﬁr'% t“eérr‘ﬁﬁeré? hyl ene/

propy! enqéﬂirﬁ.ae RARR YoyRitihg adént id MRABENOMed; HaiHBrén swiehebinratibes
pol yal kene backbone is selected fromthe group consisting of

pol yi sobLﬁbQHteD 1ddp@Retifatryl at es, pol yal kyl styrenes, partially
hydrogenat ed pol yol efins of but adl ene and styrene. 26 13. The net hod of
claim9 wherein the am ne has nore_than one primary or secondarY am ne.

14. A dispersdnt basedeagion RoRh ARy [ yAPRERSS PEYARERAIRM 1§ BPISK ovi di ng

an acyl atdnﬂgdrﬁ&emnemvltm ntflarl :@agtofqr.»@ pra%mneofo @ikl Qrﬁhy?ziridé”ﬁm et i on;
(b) providing an anine selected f consi st n rimary

roup
am nes arf@n@seRidimnaoul fihbo abeyt 3(:101‘?‘8?’ H‘ihﬁge"i the ra%@noaﬂf?ﬂf g'%ﬁ?c? t he
am ne; (Qraf@®Rt mpurthe acyl ating agent and the amine to form a reaction
product; (e) providing a graftable pol yal kene havi ng a nunber average
nol ecul ar wei ght of from about 300 to about 10000 and an initiator; (f)

addi ng sai d reacti qmepeasisit plodusblciaid Yalkenre frer pbipgmie s delicted (9)
adding said initiator to said m xture; and &Ppgyphe tin ng B&Id m xture to at
h

| east t h&OMhithg S9h cPRHFBRaPLAkYLPOYaIeS; ¥)ESr Mhg a

di spersa@}nmél_grom‘laa,gcgmﬁggﬁ@ant of claim 14 wherein the number aver age

nol ecul ar wei ght of the polyal kene is fromabout 1100 to about 3000. 16.
-~ The di spersant of claim 14 wherein the acylating agent is selected

9. A method of making a graft polyalkene dispersant which is a graft
reaction product of an éthylenicaliy unsaturated, oxygen- and nitrogen-containing,
aliphatic or aromatic reaction products grafted on a polyalkene backbone,

the method comprising the steps of (1) reacting an amine and an
acylating agent having at least one point of ethylenic unsaturation to form a reaction
product, wherein the amine is selected from the group consisting of primary amines
and secondary amines, and (2) grafting at least a portion of the reaction product onto
a polyalkene backbone having a number average molecular weight of from about 300
to about 10,000 to form a grafted polyalkene, wherein the molar proportion of the
grafted portion of the reaction product to the polyalkene backbone is at least about
0.5:1.

10. The method of claim 9, wherein the polyalkene backbone is selected

from the group consisting of olefin homopolymers, copolymers and terpolymers.

11. The method of claim 9, wherein the polyatkene backbone is selected
from the grbtjp consisting of polyethylene, polypropylene, ethylene-propylene

copolymers, and ethylene/ propylene/diene‘ copolymers.
12, The method of claim 9, wherein the poiyalkene backbone is seiected

from the group consisting of polyisobutene, pblymethac_rylates, polyalkylstyrenes,
-partially hydrogenated polyolefins of butadiene and styrene.
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fromthe group consisting of acrylic acid, crotonic acid, methacrylic
acid, maleic acid, nmaleic anhydride, fumaric acid, itaconic acid,

i taconi ¢ anhydride, citraconic acid, citraconic anhydride, nesaconic
acid, glutaconic acid, chloromaleic acid, aconitic acid, nethylcrotonic
acid, sorbic acid, 3- hexenai ¢ acid, 10- decenoi ¢ acid, 2-pentene-

1,3, 5-tri car bokdyl i cFheongthodioh slaim & wherein thmamine has rearedhRy PR grimasst ers of
t he foregQisageondaANdmmanDbi nations of any of the foregoing. 17. The

di spersant of claim 14 wherein the acylating agent is selected fromthe
group consisting maleic acid and mal ei ¢ anhydride. 18. The dispersant of

claim 14 wherejfn th@dl@ﬁér§§nﬂb%s§@h§§ﬁ sthvi M%éi%kerﬁ&‘d@u&@w sting of alkyl
am nes, al kyl .pol yam nes, pol yoxyal kyl ene ‘}i/\am nes and am no-aromatic
d

corrpounds 27 (@p. prﬁ\édlags@é@wﬁtlngaﬁgemfamﬁfrﬂ sbianet print ebetyialior oduct

conprises a graftghh@rafost ure. 20. The dispersant of claim14 wherein the
am ne has nore than one primary or secondary am ne. 21. The dispersant of
cl ai m 19 wher dPh tRigvidipacen @nipe ciilrotechfematha ggip cenwstipei ot sricrry

et hyl eni ¢ unsat ur a{riAfs akPsednbdRdnGAdd: ng oi | conposi tion conprising: (1)
a base oil; and (2) a dis E’ﬁr sant "based upon a | ow MW pol yal kene produced

by: (a) provi dfhg @Mbigg %Iaﬁgéﬁgeﬂi&@ijmf%{ﬂmpeast one point of

ethylenic ungaf urr?etam@fhe(éwa%@\ég&«t@ad% AinB%o ﬁﬁhe.aci‘e%én&rf&%@&e group
consisting of primary ~am nés and secondary_ am nes; (c) nbi ni ng t he

acyl ati ng ager{?) arRioYigiag shorstabledyolyrllene nipvingea Awibst |aﬁgfaagéﬁ@'e @t he
amne to forma r%é?éﬁt%'@froﬁf%é?gao ﬁ)eébogf Q)U(Jd'dﬂﬂ o igiti&bkabl e pol yal kene
havi ng a nunber average nol ecul ar ~wei ght from about 300 to about
10, 000 and an{f)  adding said reaction product to said po;yalkene forming a mixture;
~ (@) eadding said initiator to said mixture; and
(h) heating said mixture to at least the initiation temperature of said -
initiator;

thereby formihg a dispersant.

15.  The dispersant of claim 14 wherein the number average molecular

weight of the polyalkene is from about 1100 to about 3000.

16.  The dispersant of claim 14 wherein the acylating agent is selected
from the group consisting of acrylic acid, crotonic acid, methacrylic acid, maleic acid,
maleic anhydride, fumaric acid, itaconic acid, itaconic anhydride, 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 C, to C, alkyl acid esters of the foregoing,

and combinations of any of the foregoing.

17. The dispersant of claim 14 wherein the écyléting agent is selected

from the group consisting maleic acid and maleic anhydride.
18.  The dispersant of claim 14 wherein the amine is selected from the

group consisting of alkyl amines, alkyl polyamines, polyoxyalkyiene polyamines and

amino-aromatic compounds.
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initiator; (f) adding said reaction product to said polyal kene form ng a

m xture; (g) adding said initiator to said m xture;

mxture to at least the initiation tenperature of said initiator;
form ng a dispersant based upon a | ow MV pol yal kene; wherein the
di spersant pol yal kene is present in an anmount sufficient to iqrﬂ)rove t he

di spersancy dP- t hdhgaligpessant obglaimrd whassin dBg 153t Proghicsem

the am nghasdmi@rthan one primary or secondary amine and the reaction

product has at |east two points of ethylenic unsaturation. 28

20. The dispersant of claim 14 wherein the amine has more than one

primary or secondary amine.

21. The dispersant of claim 19 wherein the reaction product has at least

two points of ethylenic unsaturation.

22. A lubricating oil compositioh comprising:

) a base oil; and
(2) a dispersant based upon a low MW polyalkene produced by:

(a)

(b)

(©)
(d)

(e)

(f)

(9)
(h)

providing an acylating agent having at least one point of ethylenic
unsaturation; _ '

providing an amine selected from the group consisting of primary
amines and secondary amines;

combining t.he acylating agent and the amine;

heating the acylating agent and the amine to form a reaction
product; _
providing a graftable polyalkene having a number average
molecular weight of from about 300 to about 10,000 and an
initiator; '

adding said reaction | product to said polyalkene forming a
mixture; .

adding said initiator to said mixture; and

heating said mixture to at least the initiation temperature of said

initiator;

thereby forming a dispersant based upon a low MW polyalkene; wherein the

dispersant polyatkene is present in an amount sufficient to improve the dispersancy

of the base oil.

23. The lubricating oil of claim 22 wherein the amine has more than one

'prirhary or secondary amine and the reaction product has at least two points of

ethylenic unsaturation.

28

and (h) heating said

t her eby

S85 &her ei n



