BACKGRCUND OF THE | NVENTI ON The concept of derivati zing viscosity index

(V. I.) .i npr-ovi ng hi gh nol ecul ar wei ght ethyl ene copol yners with acid

moi et'i es such as nmal ei ¢ anhydride, followed by reaction with an anine to
forma nultifunctional viscosity index inprover oil additive is known in
the art and is described in the patent literdtTre. This concept is

descri bed, for exanple, in the follow ng patents: U S. Pat No. 3,316,177

t eaches et hyl ene copol yners such. as ethyl ene-propyl ene,

et hyl ene- propyl ene-di ene, which are heated to eIevated tegperatures in the
presence of oxygen so as to oxi BAGEGRQUND,DL2Hb, MYV, ts reaction with
mal ei ¢ anhydride which is present durlng the OX|dat|on The resultlng
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teaches grafting th ene copol yner eic_ an de ust
peroxide in a ¥%§¢F§€P|“§tblPnsépﬁpﬁoﬁ° ﬁﬁEPeanPﬁglépéFFFﬁQaisVéﬁépéﬁéwly

carried out unﬂﬂaeﬂJiﬁpgeeerfettoaadlbxvéeaetkﬁ&wﬂlEh phBkyawnandUis. Pat .
No. 4,137,185.+each§§ éeact Cltto g I ng %arbo Liic_acid anh drldes
and di car boxyl foad-i i nﬁ?d ega SHEnLAESRRER E‘anﬁéafiﬁg CERECi
anhydri de, et cdestcribed, cfoyl exampleol gnethecfolddwinghpatedts: anhydrlde
and a pol yal kyl ene pol ygngnephe, |ﬁg|b§t3§go§§7ltggbﬁgsag@hyugﬁg5|ty

I ncrease due to further reaction of primary_am ne groups which were
initially unreZRPelymers spgh aﬁbetEYlﬁﬂeIBI°P¥1§Fﬁ?ISF to 4,137,185 in

that' it teachesthiplégeapstbiybene-atefle} Owhicht arat Rehbed to elevated
temperatures  in the presence of oxygen so as to oxidize the

polymer and cause its reaction with maleic anhydride which
is present during the oxidation. The resulting polymer can
then be reacted with alkylene polyamines. .

U.S. Pat. No. 3,326,804 teaches reacting ethylene
copolymers with oxygen or ozone, to form a hydroperoxidized
polymer, which is grafted with maleic anhydride followed by
reaction with polyalkylene polyamines.

U.S. Pat. No. 4,089,794 teaches grafting the
ethylene cbpolymer with maleic anhydride using peroxide in
a lubricating oil solution, wherein the grafting is
preferably carried out under nitrogen, followed by reaction
with polyamine.

U.S. Pat. No. 4,137,185 teaches reacting C; to
C;g mono carboxylic acid anhydrides, and dicarboxylic
acid anhydrides, such as acetic anhydride, succinic
anhydride, eté. with an ethylene copolymer reacted with
maleic anhydride and a polyalkylene polyamine to inhibit
cross linking and viscosity increase due to further
reaction of any primary amine groups which were initially
unreacted.

U.S. lPat. No. 4,144,181 is similar to 4,137,185 in
that it teaches using a sulfonic acid to inactivate the



-2- remaining primary amne groups when a mal ei ¢ anhydride grafted

et hyl ene- pr.opyl'ene copolymer is reacted with a polyanine. U'S. Pat. No.
4,169,063 reacts an ethyl ene copol yner in the absence of oxygen and
chlorine at tenperatures of [err] to [err] with naleic anhydride followed
by reaction with polyam ne. A nunber of priér =di scl osures teach avoi di ng
t he use of polyam ne having two prinmary am ne groups to thereby- reduce

cross-1linking probl ens which beco more of a.probl emas the.nurher of
ami ne noi etie¥ ﬁﬂ@gn?opFﬁgaﬁgl9ﬂg$engF888PewP§niﬁcpgégég Fﬁqgéf %o
i ncrease di spgrafited. eGhyleneFpbpyhedeApppbold ymesn iNo rep@y2® ¥4 th weaches
an ethylene c §f¥gﬂgﬁe[eacted with mal eic anhydride in oil using a |ong
e

chain al kyl h 0 Or oxygen containing amne. US. Pat. No. 4,132,661
grafts ethyl ene copol yHe8; BatmgNper 4x168,8R48/ FRASES BRoRthyleRe h mal eic
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: : eaches an e ene. copol ymer i.ch. raf ted, using .a free
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W th an am ne havi ng a,sj PLL (o] ' S ALY, 3 T r,oup.
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polymer molecule is increased in order to increase

~ dispersancy.

German Published Application No. P3025274.5
teaches an ethylene copolymer reacted with maleic anhydride
in 0il using a long chain alkyl hetero or oxygen containing
amine.

U.S. Pat. No. 4,132,661 grafts ethylene copolymer,
using peroxide and/or air blowing, with maleic anhydride
and then reacts with a primary-tertiary diamine.

U.S. Pat. No. 4,160,739 teaches an ethylene
copolymer which is grafted, using a free radical technique,
with alternating maleic anhydride and a second
polymerizable monomer such as methacrylic acid, which

L; materials are reacted with an amine having a single
primary, or a single secondary, amine group.

U.S. Pat. No. 4,171,273 reacts an ethylene
copolymer with maleic anhydride in the presence of a free
radical initiator and then with mixtures of C; to C;,
n-alcohol and amine such as N-aminopropylmorpholine or
dimethylamino propyl amine to form a V.I. dispersant pour
depressant additive.



-3- U.S."Pat. No. 4,219,432 teaches maleic anhydri de grafted ethyl ene
copol yner reacted with a mixture of an anmine having only one primary group
together with a second amine having two or- nore primary groups. German
publ i shed application No. 2753569.9 shows an_ethyl ene copol yner reacted

wi th-mal ei ¢ anhydride by a free radical tech%ique and then reacted with an
am ne having a single primary group. German published application No.

2845288 grafts maleic alﬂ drpge %an“%%y{ﬁg;-@égwégnﬁaﬁgg% %;eqﬁgdpyde

thermal grafting at high tTenperatures n reacts wtrl aving one
primary group.gmfiiach ethyiene copplyrer  peagked ity pixtRee eficarher nal
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foll owed by reaction with an anm ne haV|q9.one primary or secondary group.
The early pat SRiNG KAViNg Fwe X, MORQPrimany JrouBfy 3 326, 804 teach the
general concept of graf@ermampublisioed-pphidetion dpo!l y2253569 o nehews

anhydri de and e | ' I ) 1.
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concept had the advant age t hat pusing oil, ,the, entire tion coyld be
carried out in an oil Hhan P *%??F?a?‘??ﬂ'*c then ?at%$2§ﬁ§%th§g{:ﬁe
comer ci al f onmalieiovantydride aoiti dn vethyl eneepropyhene waspalbymeyrabyage
over using a ' f r | [ o] :
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anhydride at 150°C to 210°C followed by reaction with an
amine having one primary or secondary group.

The early patents such as U.S. Pat. Nos. 3,316,177
‘and 3,326,804 teach the general concept of grafting an
ethylene-propylene copolymer with maleic anhydride and then
reacting with a polyalkylene polyamine such as polyethylene
amines. Subsequently, U.S. Pat. No. 4,089,794 was directed
to using an oil solution for free radical peroxide grafting
the ethylene copolymer with maleic anhydride and then
reacting with the polyamine. This concept had the
advantage that by using oil, the entire reaction could be
carried out in an o0il solution to form an oil concentrate,
which is the commercial form in which such additives are
sold. This was an advantage over using a volatile solvent
for the reactions, which has to be subsequently removed and
replaced by oil to form a concentrate. Subsequently, in
operating at higher polyamine levels in order to further
increase fhe dispersing effect, increased problems occurred
with the unreacted amine groups cross~linking and thereby
causing viscosity increase of the o0il concentrate during
storage and subs. juent formation of haze and in some



storage and subsquent formation of haze and in sone -4- instances
gelllng Even though one or nore noles of the al kyl ene pol yam ne was used
per nole of maleic anhydride during inide formation, cross-linking became
nore of a problemas the nitrogen content of the polyners was. i ncreased.
One solution was to use the polyanines antt #h&n to react the remaining
primary am no groups with an acid anhydri de, preferably acetlc anhydrlde
of U S. Pat. No. 4,137,185_¢r the sulfggic ﬁCId . 4,144, 181.
The cross-|inkPAtaRFes| Ssilingd F¥sny nP?§d°5ym8§8|5838§ 8f the

ethyl ene pol yarkptenangoipamind wasngsedi per heliengfomalpicmantiy@rade Which
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are U S. Pat.jheredséd? 46ne &Bfﬁgiagawaa{\Eooﬁsbhenaogwghﬁsn&@s ah@Pkhesd
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that as the gr evel S were |n 8a880%t 8 |ncrea e fth
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the mal eic a”@Véi&Qﬁcebe”tH&OﬂtﬁybéﬁﬂUﬁBiy&ﬂﬁﬁéhoﬂnHﬁiBsEESdaEBEﬁ t hese
grafted oil particles tended becone 1 nsol ub orm haze. To avoi d

usi ng |n|t|aI%F%“e§uﬁﬂvbggp@?ﬁx?ﬂé§3r¥ogrﬁPHfVPﬁﬁhaﬁﬂuig LeaFY withEbeo
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soﬁvént, pref@é?@in&“&*SﬁﬂgiQﬂiéﬂ $&P¥|§ﬂﬁstantially unreactive.
Patents or published applications showing the use of such
primary tertiary amines noted above are U.S. Pat. No.
4,219,432, wherein a part of the polyamine was replaced
with a primary tertiary amine; U.S. Pat. No. 4,132,661;
U.S. pPat. No. 4,160,739; U.S. Pat.\No. 4,171,273 German
No. P2753569.9; German No. 2,845,288; and French No.
2,423,530.

Still another problem which arose when using free
radical initiators with mineral o0il as the grafting medium
is that as the grafting levels were increased to increase
the dispersancy level, a larger proportion of the oil

s molecules in turn became grafted with the maleic
anhydride. Then upon subsequent reaction with the amine
these grafted oil particles tended to become insoluble and
to form haze. To avoid using initiators, such as
peroxides, for grafting and to avoid the use of oil,
several of the above-noted patents utilized thermal
grafting in solvent, preferably while using an ethylene
copolymer containing a diene monomer so as to achieve an
"ene" type reaction between‘the unsaturation resulting from
the diene moiety and the maleic anhydride. However,
generally such "ene" reactions are slower and less
efficient than peroxide grafting.



copolyner containing a diene nononer so as to achieve an "ene" type
reacti on between the unsaturation resultlng fronlthe di ene noiety and the
mal ei ¢ anhydride. However, generally such "ene" reactions are slower and

| ess efficient than peroxide grafting. . z% U S Patent No. 4,517,104
represents a further inprovenment over the ar? Tn that it pern1ts the
utilization of the generally |ess expensive polyalkylene polyan1nes havi ng

two reactive am ne gro SuGhy Y, ps,
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HU|t|funCtlOmgof95§§§2})/1n e{%her case cross-linking between ethylene
copolymer molecules is reduced or inhibited since many of
the polyamine molecules will have one reactive amino group
reacted with a maleic anhydride moiety of the ethylene
copolymer while its other reactive amine group reacts with
the acid component. A further advantage is that when the
grafting is carried out in an oil solution using a free
radical initiator, e.g. a peroxide, which is generally much
faster with better control than thermal cracking or
degradation, oil molecules which become grafted with maleic
anhydride and reacted with the amine will, to a substantial

W extent, be solubilized if a long chain acid component is

used.

While the multifunctional viscosity index
improvers and oil compositions containing these '
V.I.-dispersants disclosed in U.S. Patent No. 4,517,104 are
generally quite useful and advantageous, there nevertheless
exists a need for oil compositions containing
V.I.-dispersants exhibiting improved, i.e., reduced, low
temperature viscometric properties as measured, for
example, in the cold cranking simulator (CCS), ASTM D2602,
than exhibited by o0il compositions containing these known



|nprovers .and oil conpositions containing these V.I|.-dispersants disclosed
in US Patent No. 4,517,104 are generally quite useful and advant ageous,
there neverthel ess exists a need for oil conpositions containing
V.|l.-dispersants exhibiting inproved, i.e., reduced, |ow tenperature
viscenetric properties as neasured, for exafple, in the cold cranking
simul ator (CCS), ASTM D2602, than exhibited by oil conpositions containing
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ethylene
ethylenically unsaturated carboxylic acid moieties, (1i)
polyamines or polyols, and (iii) poly-n-butene substituted
dicarboxylic acid material containing a poly-n-butene of
from about 300 to about 3,000 number average molecular
weight. Oleaginous compositions containing these
multifunctional viscosity index improvers, which function
as dispersants and viscosity index improvers, exhibit
improved low temperature viscometric properties.

ETAILED DESCRIPTION OF THE INVENTION
In accordance with the present invention there are
— provided oil soluble viscosity index improver-dispersant
additives comprising the reaction products of (i) ethylene
copolymers, such as copolymers of ethylene and propylene,
grafted with ethylenically unsaturated carboxylic acid
moieties, preferably maleic anhydride moieties; (ii)
polyamines having two or more reactive amine groups
selected from primary and secondary amine groups, or
polyols; and (iii) poly-n-butene substituted carboxylic
acid material wherein the éoly-n-butene has a number
average molecular weight of from about 300 to about 3,000.



copolyrre'rs such as copol yners of ethylene and propylene, grafted with
et hyl eni cal | y unsat urated car boxylic acid nmoieties, preferably maleic
anhydride noieties; (ii ) pol yam nes havi ng two or nore reactive anine
groups sel ected from prinmary and secondary am ne group$, or polyols; and
(iii) poly-n-butene substituted carboxylic atit material wherein t he
pol y-n-butene has a nunber average nol ecul ar wei ght of from about 300 to

about 3, 000. -7- The nmultjfu ct [ onal Vi scos j ndex i nproyers of the
i nstant i nventThgh BHAUGHIq e}f@%’gb’s’?‘?ﬁ%‘f‘%go?ﬁaﬂb%xyl ic
acid material isistarnthdavertion adnumnmlttmjspmoamtm suls$t bbuted
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t- averagglr;%lee%g %e\'\%oqg;isobutene substituted dicarboxylic acid
material, V.I.-dispersants exhibiting improved low
temperature viscometric properties are provided.

ETHYLENE COPOLYMER :
0il soluble ethylene copolymers used in the

invention generally will have a number average molecular
weight (B,) of from above about 5000 to about
500,000; preferably 10,000 to 200,000 and optimally from
about 20,000 to 100,000. In general, polymers useful as
V.I. improvers will be used. These V.I. improvers will
generally have a narrow range of molecular weight, as

— determined by the ratio of weight-average molecular weight
(B,) to number-average molecular weight (#,). Polymers
having a R /R, of less than 10, preferably less than 7,
and more preferably 4 or less are most desirable. As used
herein (R,) and (H,) are measured by the well known
techniques of vapor phase osmometry (VPO), membrane
osmometry and gel permeation chromatography. In general,
polymers having a narrow range of molecular_weight may be
obtained by a choice of synthesis conditions such as choice
of principal catalyst and cocatalyst combination, addition
of hydrogen during the synthesis, etc. Post'synthesis
treatment such as extrusion at elevated temperature and



[err]: to’nunber-average nol ecul ar weight (n). Polymers having a [err] of -
| ess ‘than 10, preferably less than 7, and nore preferably 4 or less are
nost desirable. As used herein [err] and [err] are neasured by the well
known t echni ques of vapor phase osnonetry (VPO , nenbrane osnonetry and gel
permeati on chromat ography. |In general, polyn8rs having a narrow range of
nol ecul ar wei ght may be obtai ned by a choice of synthesis conditions such
as choice of pr|n0|pal catal yst and cocata;xst ¢anbi nati on, ,additi on -of
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These polyners are prepare om et ene and~e cal ly unsaturated
hydr ocar bons imeleemiar cyeight %F?@?%I?@raﬁd1a09ﬁﬁrc containing from3 to

28 carbons, e.g. 3 to 1&@9& bpaﬁymefbea.ee b&b&ﬂ&dcgﬁehyaahyléa& afatain
from15 to 90 wgﬂ % ef ggp fer 3& g 2 ethylenE and 10
Lo 85w o FEIEeRe a€gg nvdrodarbane . ipsiatng) pyelid
preferably C3 abi¢yclicrand @cmékxabl9oﬁBain1@9rftonlphaoozafca:boﬂbble not
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be ‘w€ed in conblnat on_w th ethyl ene_and propyl ene_.to a terpolymer,
tetrapol ymer, %tt., | EIoRR 9% 6%?5% c31g3e§2eneprﬁfﬁ§§%ﬂ¥nh ﬁgptene

1- oct ene, Cis more preferably C; to Cg, alpha olefins. While
not essential, such copolymers preferably have a degree of
crystallinity of less than 25 wt. %, as determined by X-ray
and differential scannihg calorimetry. Copolymers of
ethylene and propylene are most preferred. Other
alpha-olefins suitable in place of propylene to form the
copolymer, or to be used in combination with ethylene and
propylene to form a terpolymer, tetrapolymer, etc., include
l-butene, l-pentene, l-hexene, l-heptene, l-octene,
l-nonene, l-decene, etc.; also branched chain alpha-ole-
fins, such as 4-methyl-l-pentene, 4-methyl-l-hexene,

o 4,4-dimethyl-l-pentene, and 6-methylheptene-l, etc., and

mixtures thereof. .

The term copolymer as used herein, unless
otherwise indicated, includes terpolymers, tetrapolymers,
etc., of ethylene, said C;3-,g alpha-olefin and/or a
non-conjugated diolefin or mixtures of such diolefins which
may also be used. The amount of the non-conjugated
diolefin will generally range from about 0.5 to 20 mole
percent, preferably about 1 to about 7 mole percent, based -
on the total amount of ethylene and alpha-olefin present.




1- norjene, -1-decene, etc.; also branched chain al pha-ole- fins, such as

4- et hyl - 1- pent ene, 4-nethyl -1-hexene, 4,4-dinethyl-I|-pentene, and

6- met hyl heptene-1, etc., and m xtures thereof. The term copol yner as used
herein, unless otherw se indicated, includgsgtgrpolyners, tetrapolyners,
etc., of ethylene, said C3-28 alpha ol efin and/or a non-conjugated diolefin
or m xtures of such diolefins which may al so be used. The anount of the

non- conj ugated di ol ef i rg, éés&%@tﬂéyefﬁareéreﬂ] ﬁéﬂ%oﬂgﬁgaeeaodﬂahss
percent, pref erably abobaq t(g abo‘l_L_g 7 rr:gﬁ? ercent ba€ ﬁn thg total -
amount of et hyft¥@fe 125 The BR onomer’ i the FeLPPL¥meX anp| es
of non-conj ugaimziutdenes that may be used as the third nonomer jn the
terpol ymer include: a. St rgy %gﬁp Y. e

1, 4- hexadi ene; 1, 5- heptadlene'ﬁgg o??ﬂaﬂg §é§%1fé @?%%%% %uéﬁaln acyclic
di enes such as: 5- met hyl - 1, 4 Heexadiens; ¥, %rheptydiene: oti6dbehadiene.
3, 7-dinethyl 1,7-octadigne; ﬂ%éﬁ&ar&n@ﬁu fcoaidﬁaydé@cmasene and
di hydr o- cynene. c. Single rin C cI| es such

1, 4- cycl ohexadi ene; 1, 5- cycl%d’&%&ﬂie 1“%"%‘?{] Re totiels %*‘E?\Ehyl

4-vi nyl cycl ohexene; 1-allyl 1/B+annnd¢gﬂedeme7€dimetuyhn2 7-octadiene;

3-al lyl-cycl opent ene; 4- aIIy qﬁ?? ﬁgg Sopr =4-(4- e )
cycl ohexane. d. Mul ti-sing e r| ng alrcyclic %réenaég %ﬁa%%%lgécggé Q‘%
4, 4' -di cycl opentenyl and 4, Aihydxeteymenew| dienes. e. Mul ti-ring

alicyclic fused and br'é&ﬁ“’éiﬂ&le ring alicyclic dienes such as:
' 1,4-cyclohexadiene; 1,5-cyclooctadiene;
~ . 1,5-cyclo-dodecadiene; 4-vinylcyclohexene:;
l-allyl, 4-isopropylidene cyclohexane; .
3-allyl-cyclopentene; 4-allyl cyclohexene and
l-isopropenyl-4-(4-butenyl) cyclohexane.

d. Multi-single ring alicyclic dienes such as:
4,4’-dicyclopentenyl and 4,4’-dicyclohexenyl
dienes.

e. Multi-ring alicycllc fused and bridged ring
dienes such as: tetrahydroindene; methyl
tetrahydroindene; dicyclopentadiene; bicyclo
(2.2.1) ~hepta-2,5-diene; alkyl, alkenyl,
alkylidene, cycloalkenyl and cycloalkylidene
norbornenes such as: ethyl norbornene:;
5-methylene~6-methyl-2-norbornene;
5-methylene-6, 6-dimethyl-2-norbornene:
5-propenyl-2-norbornene; S5-~(3-cyclopentenyl)-
-norbornene and S5-cyclohexylidene-
2-norbornene; norbornadiene; etc.

UNS C YILIC ACT TERIAL -
These materials which are grafted onto the
ethylene copolymer to make the acid grafted ethylene



di enes su¢h as: tetrahydroi ndene; nethyl tetrahydroindene;

di cycl opent adi ene; bicyclo (2.2.1)-hepta-2,5-diene; alkyl, alkenyl,

al kyl tdene’, cycl oal kenyl -and cycl oal kyl i dene nor bornenes such as: ethyl
nor bor nene; 5-met hyl ene- 6- net hyl - 2- nor bor ngng;q 5- net hyl ene- 6,

6- di et hyl - 2- nor bor nene; 5-propenyl - 2- nor bornene; 5-(3-cycl opentenyl)-
-nor bornene and 5-cycl ohexyl i dene- 2-norbornene; norbornadi ene; etc.

ETHYLENI CALLY RFE% T terials which
are grafted on%ﬁ%ﬁﬁﬁe co%‘&n@?ﬁ%ﬁ?fﬁ% ggisglg‘riafe{ Ieg Zt hy: gne
- 10 - copol ynsiicarbo¥ylimasid wherety (@) (the sarbaxyl gryPscagei d

mheLein (a) ;h%%?%ﬁiygﬂ({Uéuwmbéﬁﬁhdﬁdhr&ﬂ%aéinf-Ciﬁbdhed?OﬂS?ghﬂg?mb)
carbon atons) an are at | east_ope ef.er y_po of .sai acent
carbon atons alFSH& ]tﬁa%%i%%r%?#l&%ﬂﬁ%t?% ,'O?Pm%gf\d(??iaﬁs?gvéffs8§
of (i) such as xuowmslrdr paxrt @if tsajdrménael unsaturationd avneithr (dipsters
of (i). Upon r i A e h noppsat urati on of
t he di carboxyl ?}ga%{y}l\%gn{ c;dér‘li {j@t t.!%)‘%&g(sa?gers é:%%%‘sgsa lr]?&tgﬁ. é'1-"Fhus, for
exanpl e, nalei @ iQE¥£%§QnﬂEPQRKQ#r#%?%#ﬂﬁ%r¢ﬁe(1ExedBPﬁByre¢°§E@h
unsat urat ed NORAHNIGHE GHHYRNd CcopsdIme) €HE)VHohSEhs&tdra€iensothenaof
ar fumaric aci %& | taconi cjr aci d milrﬁltyc af d, nal e|$ anhgdrl des ch#oroggldel C
aci d, chl or ona/®RE %ea,c%\%'r)ﬁ ar 3 2k 8% feag:ta s madeidointe ol *
aci d, cinnanj c This), for exdnple, adlelic danhydriderbecones succinici s
preferred as i dﬂy§}f¥g appear to honopol yneri ze appreciably but grafts

0

onto the ethyl ene-‘copol yner to give
Exemplary of such unsaturated mono and

dicarboxylic acids, or anhydrides and esters thereof ar
fumaric acid, itaconic acid, maleic acid, maleic anhydrideﬁ
chloromaleic acid, chloromaleic anhydride, acrylic acid,
méthacrylic acid, crotonic acid, cinnamic acid, etc.

Maleic anhydride or a derivative thereof is
preferred as it does not appear to homopolymerize
appreciably but grafts onto the ethylene copolymer to give
two carboxylic acid functionalities. Such preferred
materials have the generic formula

R

1 2

e ——————

0O-Q«%
Q= 0~

O === =0

wherein R and R? are independently hydrogen or
chlorine.

As taught by U.S. 4,160,739 and U.S. 4,161,452,
both of which are incorporated herein by reference, various
unsaturated comonomers may be grafted on the olefin
copolymer together with the unsaturated acid component,
e.g. maleic anhydride. Such graft monomer systems may
comprise one or a mixture of comonomers different from the



t wo QarbeyIic acid functionalities. Such preferred materials have the
generi.c formula [err] wherein [err] and R2 are independently hydrogen or
chlorine. As taught by U S. 4,160,739 and U.S. 4, 161,452, both of which are
i ncorporated herein by reference, various unsaturated conononers may be
grafted on the ol efin copol yner together wt t¥lthe unsaturated acid
conponent, e.g:. nmaleic anhydride. Such graft nononer systens nay conprise
one or a mxture of conononers different fromthe unsaturated acid
conponent and wnsakturared; acid| compenentoandeVhich| eontadncopdNdon.d are

copol yner i zabl gopbipmépi fabé 24681 80pafildaf@napecabpol yhksikhbleSwitn
comononers do no dconta n f&eﬁlcgt OX¥|IC achq.g&gﬁgg @id ar% sters

o By eaiamerbohn bt sbentoianiranookiboqyE 6ot APBANGroRpRRaNd
portion; hydr ocom re aianfireeo oxythat achdngreupbaan
bEta'Ethy'e”'CaP@SééHééé'SQntgﬂgbngs ABQ?L?TELtQLQEﬁgféﬁib”ﬁnsLQPrSéggR'e

i sobutyl ene, hexene, nonene, dodecene, C.; styreneS, tor exanple styrene,
al pha- net hyl siyrehe agideenyalcehelnporpigns hydryrasbonencbothc. ; and
vinyl nononer sa1{phatiePhd NioMht2ESt 8bRtathityg &DpRAI dBetidlB¥hykeheBes
such as net hyl aqg eth%i V|n%lﬁléegon€2 e%c. Cbnggogers cgntglnlng
et o LhumL. PEotossmy eyt Sich
interfering r m ay C eql hbnené, ndodecenenéscof; suc
conononers (u t % i gh e c i t en can be
tol erated. Spgg% |€R%§éf%$f;€%% %%r%EgﬁfégbongggﬁgggéFﬁﬁiugg}F%é%’ _
fol |l owi ng: (APEEeEhEl ostyeene at Busee: deutvill ahxreneat efical candl vinfdrei n

thg¢§aturated wonélterd) B6r "BRAMPBeCvPhyl acetate, vinyl chloride, vinyl
- ketones such as methyl and ethyl vinyl ketone, etc.
Comonomers containing functional groups which may cause
crosslinking, gelation or other interfering reactions
should be avoided, although mindr amounts of such
comonomers (up to about 10% by weight of the comonomer
system) often can be tolerated.

Specific useful copolymerizable comonomers include
the following: ] '

(A) Esters of saturated acids and unsaturated
alcohols wherein the saturated acids may be monocbasic or
polybasic acids containing up to about 40 carboﬁ atoms such
as the following: acetic, propionic,'butyric, valeric,

— - caproic, stearic, oxalic, malonic, succinic, glutaric,
adipic, pimelic, suberic, azelaic, sebacic, phthalic,
isophthalic, terephthalic, hemimellitic, trimellitic,
trimesic and the like, including mixtures. The unsaturated
alcohols may be monchydroxy or polyhydroxy alcohols and may
contain up to about 40 carbon atoms, such as the
following: allyl, methallyl, crotyl, l-chloroallyl,
2-chlorocallyl, cinnamyl, vinyl, methyl vinyl, 1-phenallyl,
butenyl, propargyl, l-cyclohexene-3-~o0l, oieyl, and the
like, including mixtures.



‘pol yhasi-c :acids containing up to about 40 carbon atons such as the
foll owi ng: acetic, propionic, butyric, valeric, caproic, stearic, oxalic,
mal oni ¢, succinic, glutaric, adipic, pinmelic, suberic, azelaic, sebacic,
phthalic, isophthalic, terephthalic, hemnellitic, trimellitic, trinesic
and the like, including mxtures. The unsat drdated al cohol s may be
nmonohydr oxy or pol yhydroxy al cohols and nay contain up to about .40 carbon

t , h the followi ng:, allyl t hal t vl -ch | Lyl,

S ot oroal 1yte cinnanyl (B eréralen FRbdfurdtea hohdcarbolpl 06 do1ds
propargyl, 1-coahtdining-dpote abeyt,K l2ndarben|akemsi auChdaagagrylices.

- 12 - (B) Est t t | ] . d l, 8

about 12 bar poibEhderEd dd' ELERRPEUOR) afiatdh Beflri #Ehglatlnto
an esterifyi nfCORERiniRg WP ntdRREME S herTban ateBen SebagtedcfEelmed from

saturated al cokph$raéd o4 TObd1 £ Pard (8FcolOE epbxiaésd atrehshturiyed
preferably cont |rh to about 40 carbon_at ons_and i cluge nohydr ox
conpounds suckFﬁhﬁ $i§kﬂﬁ¥ﬂ?r%5?ﬁﬁki& 5EB€3hB|?Pb ?a%B?? ZQQ?ﬁ9Fﬁ89aﬂg??s
oct anol , dodecambd| include worolyydrayy | campoands , such past yhethandd,, and
benzyl al cohol gk 2! er as, L ? hy ypnobut yl
ethers of ethy tha o’?’ Eﬁ%%ﬁ%\g' g%%%ﬁ?lhn% ?ﬁé{;ﬁ%?ﬂﬁi'cl Jl’ﬁle%]ng%' Xt ur es.
The al cohol e[pderanehc| cRlehexanel ¢ PYFlepentapal , gneerentylaaticebrlous
derivatives ofarid kyéiefil CxiEbitol £Pand| S1EGNEL | échébd &hG€h! agethbnabidi-ng

ati o of unsartEh O T SURBERCA. FHRLEABRCHE, B EOREORGR: Sof Rhout
1:4 to 4:1, prandrite ylibeutincuding: dikxtures ght Th&RAETOhGL CBpdxiEdE&sSHYLENE
COPELYMER include fatty alcohol epoxides, glycidol, and various
derivatives of alkylene oxides, epichlorohydrin, and the
like, including mixtures. _
The components of the graft copolymerizable system
are used in a ratio of unsaturated acid monomer component
to comonomer component of about 1:4 to 4:1, preferably
about 1.2 to 2:1 by weight.

NG OF E NE_COPOLYMER

The grafting of the ethylene copolymer with the
ethylenically unsaturated carboxylic acid material may be
by any suitable method, such as thermally by the "ene”

L/- reaction, using copolymers containing unsaturation, such as
ethylene-propylene-diene polymers either chlorinated or
unchlorinated, extruder or masticator grafting, or more
preferably it is by free-radical induced grafting in
solvent, preferably in a mineral lubricating oil as
solvent. _

The free~radical induced grafting of ethylenically
unsaturated carboxylic acid materials in solvents, such as
benzene, is known in the art and disclosed, inter alia, in
U.S. Patent No. 2,236,917, incorporated herein by



The grafting of the ethylene copolymer with the ethylenically unsaturated
carboxylic acid material may be by any suitable nethod, such as thernally
by the Yene" reaction, using copolynmers containing unsaturation, such as
et hyl ene- propyl ene-di ene pol ynmers either chlorinated or unchlorinated,
extruder or masticator grafting, or nore pféﬁ%?ébly It is by free-radi cal
I nduced grafting in solvent, preferably in a mneral lubricating oil as

I t. The f -radi cal ipnd d fti f | eni; cal ted
carboxyl i ¢ aci FREFEFPSRy | Fe CFedrEaaild Gl bYng i8 Pk s kBaRLY SaF T n,
and di scl osed, outewsihgafrea tadic®ht tnitintors288chids paroxpdest edd
herein by - HyaropGtekfAcs; dng hiefiiadebRbolhal)’ BoekrarBbelotaBLY
carried out usin .¥ree radical initiators such as pefo rdes. an
hydr oper oxi des, Vel fhaye| 2 keibbndoROint cgERABRY gﬁBQeahﬁPEhlﬂQOG and

boi l'ing point osedéRrdébompedeuthéfhnallpndivhiahtHecgrageengheenpeiturkhi n
the grafting tenperatyure rang to oyl de sa|£ free rgdicals. A c

Repr esent at i ve TIIRCER Previde fald Tes; tidicalsy BBBERsPOtArive of

2, 5-di net hyl - hethésg nEr@e-sadical einitiytbns yarpeasabutyteehitaileyper so
130) or its hex a{pd hélrs L3 - Lde_ [ s
peréxide. The i%??Tator 1'S. %%%e%g**é %gegu%¥ga Féeg?ggfﬁggyﬁegﬁgg %3?
0. 005% and aboufSab4 23ERPEFSPHE3RbLtAF ikFhexane: aralogyaer ddotertdary

and tenPQraturEﬁnf&laﬁﬂ?&xﬂQGfiﬂd[fié&m Depefbxieélcathﬁ_Fﬂiﬁl&tékeis
ca byt "at LRl e SLok 1egRhehe dUbdsh ol b B A4Sty
2.0% based on V& jdbased omecthai totdl tweightobfit the. pdhymetoseintdon , and
carbﬂ?ylic'acidtgﬁgégégﬁr@gdoérggbﬁ@diggltanéébaégr are generally used in a
wel ght The ethylenically unsaturated carboxylic acid
material, preferably maleic anhydride, will be generally
used in an amount ranging from about 0.01% to about 10%,
preferably 0.1 to 2.0%, based on weight of the initial .
total solution. The aforesaid carboxylic acid material and
free radical initiator are generally used in a weight
percent ratio of ethylenically unsaturated carboxylic acid
material to free radical initiator of about 1.0:1 to 30:1,
preferably 3.0:1 to 6:1. .
The initiator grafting is preferably carried out
in an inert atmosphere, such as that obtained by nitrogen
o blanketing. While the grafting can be carried out in the
presence of air, the yield of the desired graft polymer is
generally thereby decreased as compared to grafting under
an inert atmosphere substantially free of oxygen. The
grafting time will usually range from about 0.1 to 12
hours, préferably from about 0.5 to 6 hours, more
preferably 0.5 to 3 hours. The graft reaction will be
usually carried out to at least approximately 4 times,
preferably at least about 6 times the half-life of the
free-radical initiator at the reaction temperature



percent‘?étio of ethylenically unsaturated carboxylic acid material to free
radical initiator of about 1.0:1 to 30:1, preferably 3.0:1 to 6:1. The
initiator grafting is preferably carried out in an inert atnosphere, such
as that obtained by nitrogen bl anketing. Wile the grafting can be carried
out in the presence of air, the yield of thé4d&sired graft polyner is
general ly thereby decreased as conpared to grafting under an inert

at nosphere substantially free of oxyge The grafti ti will,usuall
range from abcﬁﬂpa](?yf 10 9F h R %’r%’f&%ﬁ%? r%ﬁ'é%&ﬁegES TIPS iﬁ%’%‘,\{yl
nore preferablperh¥ide) 2 murs athelgpat: amdhcinerhout | abelretel | yetarri ed
out to at | east approxigmt ' bl ' |.mes
the half-l1ife of the f r%g-%é/di%%f% i%%%?’-;%%@%ﬁﬁ%?%]é&%tr e

- 14 - enpl oy@elutipn \fig first heaked | to gratiing temperature ayd

per oxi de) 2 hﬁillfe&;eh?&fﬂéi‘ rdlaﬁildxml &E&!EI_ e&tcéfﬁd%yiﬁi@ia%ﬂ%tﬁtﬂﬁ?éiiém
process, usual,ly. . the copolynmer.solution is firs ed to graftin

t enper at ur e aﬁd'}/’tq?é‘r%epﬁ taé?élsié%‘gﬂya?hr%ﬁ’e?W%%méﬂd eFP% 4 and
initiator are hedededr addpd girior & theatging heyWhen | thé aveadeion atisied
prior t0 heal idypo hGD ife 'GAGd® hd £ GHRAALD LdIE 15 SEEPn AACedPbP 48!
can be ellnlnqte&’ y dn Tnert gas purge, e.g. nltrogen sparging. Preterably
t he carboxyl i ANGFt IR AURGe L BT NIERRILH SPAFFiNg] oWpPretexably they

limt in the RRAREBHYIS® Hdid) mftdridE!@yaDiitadded - idoxepef e pi Vibs! ow
0.4 wt. %or |less, .af, free naleic gnhydrjde bas on the total I ght of
pol yner - sol verﬁé’%‘{ﬁ"ﬁtiﬁym Jé“r% ® rﬁ?‘feer@]lcw ﬁfgﬂ“’rﬁ%’r a?'?ugt??jgg‘fi %@"'&:I
so| ution. Contli minus opreferabky dsklidw cw. Hfwthek oo begs j coficfreenhal et
?ng?i ‘C’)"'nt hcgz a@@ﬁfdﬁdét&éﬁ el ddtdi Aldignd Wt BolHfeFOLEE et  NE
. ’ solution, e.g. ethylene copolymer mineral lubricating oil
solution. Continuous or periodic addition of the
carboxylic acid material along with an appropriate portion
of initiator, during the course of the reaction, can be
utilized to maintain the carboxylic acid below its
solubility limits, while still obtaining the desired degree
of total grafting. |
In the grafting step the maleic anhydride or other
carboxylic acid material used may be grafted onto both the
polymer and the solvent for the reaction. Many solvents
such as dichlorobenzene are relatively inert and may be
o only slightly grafted, while mineral oil will tend to be
more grafted. The exact split of graft between the
substrates present depends upon the polymer and its
reactivity, the reactivity and type of solvent, the
concentration of the polymer in the solvent, and also upon
the maintenance of the carboxylic acid material in solution
during the course of the reaction and minimizing the
presence of dispersed, but undissolved acid, e.g. the
maleic anhydride. The undissolved acid material appears to
have an increased tendency to react to form oil insoluble



uti|irzed to maintain the carboxylic acid belowits solubility limts, while
still. optai.ning the desired degree of total grafting. In the grafting step
the mal ei ¢ anhydride or other carboxylic acid material. used may be grafted
onto both the polymer and the sol vent for Thd reacti on. Many sol vents such
as dichl erobenzene are relatively inert and may be only slightly grafted,
while mneral oil will tend to be nore raf&sd. The exact split of graft

bet ween t he su%%t?ﬁi%%’p?!s@ﬁ?°ﬁﬁﬁeﬁ&sdgﬂ3ﬁ YRe 35 3k ThESRALY
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I nsol ubl e -15- materia pp I ssol.ved acid material. The
split between BiBeral lgbrigating QilfFBgcgoPQHQr“ﬁﬁy removed. @fter the
enpirically freratbingnétepebutneaysbe abetdhasprhadlaolvienty zer the o sol vent

and polyner fractions. Jh rafting,l r @b [ ut_.d.n a .mneral
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be used as themzbtéevial andtas suselyest: foratheoend' praduptafto fsimmthey t h
the am ne mat S%Itlh%iéﬂéi éd&@%!@ﬂ%ﬁéﬂg:ie}& ated PTRQ'Oill haviny ld¥tached,

| ubricating a ve _conCentrate avi ng attached, grafted carboxyl
groups, when reeatted FARPOXEl GrAUPHat WReR rfacted ¥idth heARIN® to the

correspondi ng weEerdal Vo1l TaEs60bE! convaried &6 TheP cdrdespundigg out in
t he presence q; a.hlgy t emper at ure deconposabl e peroxi de can be
L erivatives.

The solution grafting step when carried out in the
presence of a high temperature decomposable peroxide can be
accomplished without substantial degradation of the chain
length (molecular weight) of the ethylene containing
polymer. ' '

. THE POLYAMINES
The amine component which may be reacted with the
grafted ethylene copolymer will genérally have two or more
reactive amine groups selected from primary and secondary
amine groups, preferably primary amine groups.
Preferred amines are aliphatic saturated amines,
— including those of the general formulae:

RIV - N - R/ | (I)

Rll
.and

L . v
RV =N (Clg) g=pmti=(CH3) -
'R' Ia' e l t R' (Ta)



acconpl i.5hed wi thout substantial degradation of the chain length (nolecular
wei ght)) of. the ‘ethyl ene containing pol yner. THE POLYAM NES The ani ne
conponeht which may be reacted with the grafted ethyl ene copol yner will
generally have two or nore reactive am ne grbéps selected fromprinmry and
secondary am ne groups, preferably primary am ne groups. Preferred am nes
are aliphatic saturated am nes, Egludrn t hose of the general fornulae:
[err] - 16 - wherei nwpern]in Rid.[ &'n] Rdr'e andd RId1{d ane \insteparidahtfiyom
t‘he group consgéféegeaf ﬂ%ﬁ ) gn L’%@z‘%’@&ﬁf% 0 My d¥ oéﬂ chlg ochar n

al kyl radicals err to [,err] Tal kyl éne ra
Cl2 hydroxy anfps ﬁFk’?ﬁ-ShS PEdPE&FGhQQnGhaint Sy Fadigal 'arﬁmo':f-[ err] to

[err] alkyl enecy gdamlt:ﬁy agdtbhegean en]a Q‘iiﬂi[dilrs]. @, j onal l'y |
conprise a noige err a ove, an
e * Fydpoey' aaind.tkTLeGn Gt ardh B, }%Zino a2 (o6,

wherei n each sB
preferably 2 tmﬂnoacf toadg alky&anberaﬂdcaam andd wherfedre R’ ‘ahdar e each
nunbers of typapeabl r p a ferably
about 3 to 7, p%nth %ﬂe g?%SFgg“%g Esas%aghgahE@H%Féeter 5ﬁ£ﬁﬁ%ﬂﬁh$
assure a facrle reaction it is preferred that [err] R, R, R"'"'", (s),

(s'"), (t) and (t') be selected in a manner sufficient ta provide the
compounds of fornula la withetypically at lyeast two prinmary am no groups.
Thi s can be rachi eved by sel (T Py + MR2G of said [err] R', or R"
groups.-to be hydrogen or by fetting (t) ofmula la be atfbewt one when
R'" is Hor when the (Ib) ety ¢ (

N

wherein R’ is as defined above, and wherein each s and s’
can be the same or a different number of from 2 to 6,
preferably 2 to 4; and t and t’ can be the same or dif-
ferent and are each numbers of typically from 0 to 10,
preferably about 2 to 7, most preferably about 3 to 7, with
the proviso that t + t’ is not greater than 10. To assure
a facile reaction it is preferred that RV, r’, Rr’’,

R’?’’, (s), (8’), (t) and (t’) be selected in a manner
sufficient to provide the compounds of formula Ia with
typically at least two primary amino groups. This can be
achieved by selecting at least one of said RV, R", or
R’’’ groups to be hydrogen or by letting (t) in formula Ia
be at least one when R’’’ is H or when the (Ib) moiety
possesses a primary a amino group.

Non-limiting examples of suitable amine compounds
inciude: 1,2-diaminocethane; 1,3-diaminopropane; 1,4-diamino-
butane; 1,6-diaminohexane; polyethylene amines such as
diethylene triamine; triethylene tetramine; tetraethylene
pentamine; polypropylene amines such as 1,2-propylene
diamine; di-(1,2-propylene) triamine; di-(1,3-propylene)



possesses a primary a am no group. Non-limting exanples of suitable am ne
conpounds include: 1,2-diam noethane; 1, 3-di am nopropane; 1, 4-di am no-

but ane;- 1, 6- di am nohexane; pol yethyl ene am nes such as di et hyl ene triam ne;
triethylene tetram ne; tetraethyl ene pentgnhge; pol ypropyl ene amni nes such
as 1, 2-propyl ene diamne; di-(1,2-propylene) triamne; di-(1, 3-propyl ene)

- 17 - triamne; N,N-dinethyl-1, 3-diam nopropane; N, N-di-(2-am no- ethyl)
et hyl ene di am di ey a! | ) di _—n e
N- dodecyl -1, BSﬁaa{ﬁr\lieﬂ\él aﬁma{rl?%n mﬁ%/urzeid??%?g@?%% her %sn%?ﬁf' éz ﬁgmo

conpounds i ncl 1)a1ethlene cﬁ’aﬁﬁ% M- (3-hydroxye Rl hyt) 3-
cycl ohexane, anbpylrsren okl dayinei Resdadeeslof , 3propeneralahonayl ang[ err]

wherein [err] :¥ﬁdég{]%§g§%égmasane or different and are each integers of

from1l to 4, an err are the sane or different and are each

integers of from1 to Ith@musefwl aﬂ&nQ”QQﬂmﬂundsrmn%bm@eundalnaycllc

advant ageousl ﬂ;%ﬂfé%ﬂ s &(%'ﬂfdl 33 f%\FcPcBﬁ&féﬁQ Q{%&y' ene
erne di e

am nes involves the r ctlon of an, al such as yl ene
di chl ori de or NorHR Qﬁ"‘f%‘)m’vﬁ tHE a%rﬁ%nemc FPFRelRts in a
conpl ex m xture of alkylene am nes wherein pairs of nitrogens are joined by
al kyl ene groups forn1ng su h conpggn 83 diet iyl ene triamne,

beti enf

triethylenetet gblee esp

pi perazi nes. Lo “gogt o y( t yheneg gkz gﬁs %»eragg gabout 5to 7
nltrogen atonms Per nol ecul & gpe avai Ie co lally und ntrad(e::m@anes
such as "Pol yam ne H', "Pol yam ne 400" "Dow Pol'yami ne E-100"3 etc. Useful

aniQE§ al so include polyoxyalkylene
wherein P; and p, are the same or different and are

each integers of from 1 to 4, and n,, n, and n, are
the same or different and are each integers of from 1 to 3.
Commercial mixtures of amine compounds may
advantageously be used. For example, one process for
preparing alkylene amines involves the reaction of an
alkylene dihalide (such as ethylene dichloride or propylene
dichloride) with ammonia, which results in a complex
mixture of alkylene amines wherein pairs of nitrogens are
joined by alkylene groups, forming such compounds as
diethylene triamine, triethylenetetramine, tetraethylene
pentamine and corresponding piperazines. Low cost
poly (ethyleneamine) compounds averaging about 5 to 7
nitrogen atoms per molecule are available commercially
under trade names such as "Polyamine H", "Polyamine 400",
"Dow Polyamine E-100", etc.
Useful amines also include polyoxyalkylene
polyamines such as those of the formulae:

NHQ = alkyloneé O-alkylene>_— NH 3,

A (III)



pol yam nes such as those of the fornmulae: [err] - 18 - where mhas a
val ue of ‘ahout "3 to 70 and preferably io to 35; and [err] where n has a
valuelot about 1 to 40, with the provision that the sumof -all the n's is
fromabout 3 to about 70, and preferably froygabout 6 to about 35, and RV
I's a substituted saturated hydrocarbon radical of up to 10 carbon atons,
wherein the nunber of substituents on the [err] group is from3 to 6, and

a

is a nunber from3 to 6 which represents the nunber of substituents on

[err] The al kyl ene groups in either formula_(LII),.or may be straight
or branched chuhesecBnhasnanyaiBe,eL2apguf 3,40 ﬂroeﬂgaté)’i’“rgﬁﬂﬁlﬁ 18

carbon atons.

pPectafdl arly preferred pol yam ne conpounds are the

pol yoxyal kyl ene pol yam nes of Fornmulae IIl and IV, and the al kyl ene
pol yam nes represented by t@e -formul a [Err] wherei n\x i s ams i nteger of

about 1 to 10, preferabg Wlk¥lee
strai ght or branched .chain kyl ene ra

ok alliky Lainle wadical is a
cal having o 7. ef erabl y about

2 to 4 carbon atons. Exanpl es of the al kyl ene pol yam nes of Tornmul a(€V)
i ncl ude met hyl ene ami nes, ethyl ene am nes, butyl ene am nes, propyl ene
am nes, pentyl ene am nes, hexylene am ne., heptyl ene am nes, octyl ene

an nes, ot her
am nes such

ag&;{geg "NAS"S 381085 or! ABoBEC €PAD, WA B Pi Y on NESE
that the sum of all the n’s is from about 3 to about 70, -
and preferably from about 6 to about 35, and RV is a

. substituted saturated hydrocarbon radical of up to 10

carbon atoms, wherein the number of substituents on the
rRY group is from 3 to 6, and "a"” is a number from 3 to 6
which represents the number of substituents on RY. The
alkylene groups in either formula (III) or (IV) may be
straight or branched chains containing about 2 to 7, and
preferably about 2 to 4 carbon atoms.

Particularly preferred polyamine compounds are the
polyoxyalkylene polyamines of Formulae III and IV, and the
alkylene polyamines represented by the formula

H y-—-alkylene - § ' H
. { H x (V)

wherein x is an integer of about 1 to 10, preferably about

2 to 7, and the alkylene radical is a straight or branched

chain alkylene radical having 2 to 7, preferably about 2 to

4 carbon atoms.

Examples of the alkylene polyamines of formula (V)
include methylene amines, ethylene amines, butylene amines,
propylene amines, pentylene amines, hexylene anines,
heptylene amines, octylene amines, other polymethylene
amines, the cyclic and higher homologs of these amines such



as thé piperazines, the anmino-alkyl-substituted piperazines, etc. These
am nes include, for exanple, ethylene diam ne, diethylene triam ne,
triethylene tetram ne, propyl ene diam ne, -di (-heptanet.hyl ene)triam ne,
tripropylene tetram ne, tetraethylene pentanine, trinethylene dianm ne,
pent aet hyl ene hexami ne, di (trinmet hyl ene)tTi &R fie,

2- heptyl - 3-(2-am nopropyl )- imdazoline, 4-nethylimdazoline,

1, 3-bi s-(2-am_no i_m.dazol i |
1- ( 2- ani nopr off§A %\‘%’%’ﬁ EREINES Bﬁﬁ%ﬂ%m %Qzag.}trféi
N_N' d[nﬁthyammmqmaqwﬂesamatg Nmuesh(aMQneatgnckudeuafor example,

octyl-N - | gﬁﬁhﬂy %&%yg azi ne, etc.
Q her hi gher hom)l o S %nﬂrﬂ“ e use canllb tal ﬁ‘%ﬁ%‘l’ﬁ ensi ng two
or nore of th§e§E@FBmﬁbnﬁ§9R¥}QBQ< iamingy SHs(heREanaihyY Ianmidriamine,
n the. Encycl eaatlara e “*"I“?‘“ﬁ' ot B Boac neof byl en
in e Encyc cal. _Technol.0 er e heading o yl ene
-Am nes" (Klrk%§ﬁ %Pﬁﬁgﬂf Q& ﬁ&iéggkﬁi Ih SXER ence Publishers,
New YorléI éthSEﬁ(tmle&gmdﬂWillnd)y 2-&:"%;% gﬂmrmpm;m)s- are .
prepared by | 0 ,._%}g)g AR sults
in the product?‘éﬁs%?léﬁ%orrg?% m’xt ure@%ozﬁl 91:& rf\(la! gn}i nes, | ncrfoy(}ld}dh ycI I C
condensati on pRIGAECI1INGeH PYTiRiddne, ri‘é's(z‘\mji”é’ﬂﬁ‘%&ﬂr @ipsrazing anines

may be used fay, 4w1mseamhddmn)w®&mmt ,w%&mﬁ&ﬂndﬁﬁ

ol yam nes. of SPaPy Mo/ FRLoHEVLgRATE Batait st o %{&%@%&4 and
pol yoxyal kyl eﬂeamhsm ﬂeﬂem-ﬁa\@mydnlpa@dmm,gk&m.r arQiheyr from
about 200 to phgy br“ﬂ%o%%so'iﬁﬁ%i@'ﬂa& fgeogis%%@a#% t&aﬁq*ge 3Qp0. The

preferred pol yoxyal kyl ene amnes-In e pol yoxyet ne “and t he
pol yoxypr opyl Eﬁédﬁpéﬁi“ﬁe§wﬁ’nd’rt meX®o [0f0 Eher dAVE q@m%@mw aver age

nol ecul ar wei ghinesaig ag khowin Maguer200 to 2000. The
_ The ethylene amines which are particularly useful
-are described, for example, in the Encyclopedia of Chemical
Technology under the heading of "Ethylene Amines" (Kirk and
Othmer), Volume 5, pgs. 898-905; Interscience Publishers,
New York (1950), incorporated herein by reference. These
compounds are prepared by the reaction of an alkylene
chloride with ammonia. This results in the production of a
complex mixture of alkylene amines, including cyclic
condensation products such as piperazines. While mixtures
_ of these amines may be used for purposes of this invention,
it is obvious that pure alkylene amines may be used with
complete satisfaction.
The polyoxyalkylene polyamines of formulae III and
IV, preferably polyoxyalkylene diamines and polyoxyalkylene
triamines, may have average molecular weights ranging from
about 200 to about 4000 and preferably from about 400 to
about 2000. The preferred polyoxyalkylene polyamines
include the polyoxyethylene and the polyoxypropylene
diamines and the polyoxypropylene triamines having average
molecular weights ranging from about 200 to 2000. The



- 2Q < pol yoxyal kyl ene pol yam nes are commercially avail able and nmay be
obt ai ned, for exanpl e, fromthe Jefferson Chenical Conpany, Inc. under the
trade nane "Jeffam nes D230, D 400, D 1000, D 2000, T-403", etc. POLYCL In
anot her aspect of the invention the grafted hyl ene copol yner is reacted
wi th-a polyol instead of wth a pol yam ne. | tabl e pol yol conpounds whi ch
can be used include aliphatic polyhydric alcohols containing up to about

100 o e, 2 Bl oge! Bothalodf Urd pabattautsy Tptsashiolils

can be quite ructure: an CogBOSI exanp
they can be subayilketebtainedsuferi examplep faercihgr Jafkrrgencfhepigadned

Crainlor StLai@8ﬁ¥ﬁ lnIné%Cun?érdﬁﬁérﬁﬂadIYFhﬁé:"aéﬁﬁﬁﬁhﬁeFFQ-QbP¥|ere
gl ycol s such as ethylene glyc op g ol, trimethylene glycol,
but yl ene egcoPT4%ﬂd BB%?g?ycﬁTgogéCh¥égegret§§Fene glycol, triethylene
glycol, tetraethylene glycol, dipropylene glycol, tripropylene glycol,
di butyl ene glycol, tributylene glycol, angxﬁﬁgar al kyl ene glycols and

pol yal kyl ene glycols in which the al kyl en€~radrcal -contains fromtwo to
about ei ght . carbon at onn anethersaspechopfnthe; in¥enbhensthecogradted

gl ycerol, nonogekPpyénét 86poimétYyEsr pbachedt ettt Ar pbiyoldifgBbad of with

aerythritol, trlﬁegéaer thritol, 9,10-di hydroxystearic acid, the ethyl
ester of 9, 10-YiRGt¥dRIRBeraric acid, 3-chioro-1, 2- propanedi ol ,
1, 2- but anedi ol , 1, 4- but smitiable goBybkxaampouhdspwhichl canebeahgeédoxy

D el abevanilf S S b8k 5 RE Ut Rbr BT HRL ALy o cBnEkthth e
1, 4- di hydr oxy-abewtr 380t eatbon atems andyabeupelhir) abenteAl, hydgomyd
carbdhydrat es gpelipds UrHESECalBBAGDSCcatll YecHalidahiudoergal aat eteuctaget he
and chemical composition, for example, they can be
substituted or unsubstituted, hindered or unhindered,
branched chain or straight chain, etc. as desired. Typical
alcohols are alkylene glycols such as ethylene glycol,
propylene glycol, trimethylene glycol, butylene glycol, and
polyglycols such as diethylene glycol, triethylene glycol,
tetraethylene glycol, dipropylene glycol, tripropylene
glycol, dibutylene glycol, tributylene glycol, and other
élkylene glycols and polyalkylene glycols in which the
alkylene radical contains from two to about eight carbon
atoms. Other useful polyhydric alcohols include glycerol,
monomethyl ether of glycerol, pentaerythritol, dipent-
aerythritol, tripentaerythritol, 9,10-dihydroxystearic
acid, the ethyl ester of 9,10-dihydroxystearic acid,
3-chloroél,z—propanediol, 1,2-butanediol, 1, 4-butanediol,
2,3-hexanediol, pinacol, tetrahydroxy pentane, erythritol,
arabitol, sorbitol, mannitol, 1,2-cyclohexanediol,
1,4-cyclohexanediol, 1,4-(2-hydroxyethyl)-cyclohexane,
1,4~dihydroxy-2-nitrobutane,
1,4-di-(2-hydroxyethyl)-benzene, and the carbohydrates such
as glucose, mannose, glyceraldehyde, galactose, and the

like.




like. . --21 - Included within the group of aliphatic alcohols are those
al kane. pol yol s which contain ether groups such as pol yet hyl ene oxi de
repeati-ng units, as well as those pol yhydric al cohols containing at |east

t hree hydroxyl groups, at |east one of which has been esterified with a
nmono--car boxylic acid having fromeight to ab@ =30 carbon atons such as
octanoic acid, oleic acid, stearic acid, linoleic acid, dodecanoic acid, or
tall oil acid. Exanples of such partially esterified polyhydric al cohols

are the nono-ol eate of Sratuded YR {he FRWP Ff @lighatriciatcohols
nonost ear at e ofar@ WiRigd ,alhdli psiyolfitvhdh SE6MEA Dh , elélr L doups such as

di - dodecanoat e of. erythritol. referred class_of ali I c_alcohols are
t hose cont ai ni ﬁ%%%%ﬁ#aﬁ%ﬁt%% Wiikay A% y‘P? s sc%lﬁ?sot? ning -
three to 15 carpoiyhydric dlcvchalsisconfaininhct leastdesres \ypdodxyl
erythritol, pe hrjg of | | Ty d |k al
gluconic acid, @ yggr'aldcg%/e&é,g %gﬁﬁgg%%%%eﬂéﬁ%%%%ﬁgﬁgﬁm a _
2, 4- hept anedi o/mono-carhaxiEkia ragid having HesemRight ta abouteci@nrcarbon,
2, 3, 4- hexanet r izlomsl ,shch g Bdndlc acfaA-dléEdeiEid) stearic aciad,

2,2, 6, 6-tetrakis(hydroxyne ) -, cvcl ohexanpl, 1,10-decanedi o] dth

li ke. An especi%%‘%}%%?%‘#%é %q%%’arbq %o?%éﬁr?%]ta?)g’gh%* agid, anples
pol yhydri c al kef|suclopartiakly esterifidd melyhydirig alcalwols are time bon
atons and havi ~d e ¢ I _a&% I

exenplified i n%’? aﬁ)ove %;ﬁ%ﬁﬁ%’hﬁ%l I ed alco %Igpgid‘?%%&' the
represented by RnRE&HeaATats \9f gk¥gerqontthe \dirstearate mf (2prbiteb; tand

1, 2, 4- hexanetritle GiFdAdEEdaHBdiedr ARSI, the |ike. THE POLY- N- BUTENE

SUBST! TUTED CARBOXYLI C %CIpEJ):e e-l;:%'%db‘ I‘claszs_ of aliphatic alcohols are those

containing up to 20 carbon atoms, and especially those
containing three to 15 carbon atoms. This class of
alcohols includes glycerol, erythritol, pentaerythritol,
dipentaerythritol, tripentaerythritol, gluconic acid,
glyceraldehyde, glucose, arabinose, 1,7-heptanediol,
2,4-heptanediol, 1,2,3~hexanetriol, 1,2,4~hexanetriol,
1,2,5-hexanetriol, 2,3,4-hexanetriol, 1,2,3-butanetriol,
1,2,4-butanetriol, 2,2,6,6~tetrakis(hydroxymethyl)-
cyclohexanol, 1,10-decanediol, and the like.
An especially preferred class of polyhydric
_ alcohols are the polyhydric alkanols containing three to
o . 15, especially three to six carbon atoms and having at
least three hydroxyl groups. Such alcohols are exemplified
in the above specifically identified alcohols and are
represented by glycerol, erythritol, pentaerythritol,
mannitol, sorbitol, 1,2,4~hexanetriol, and tetrahydroxy
pentane and the like.

OLY-N-BU SUBSTITUTE YLIC ACID TERIAL

The poly-n-butene substituted dicarboxylic acid
material which is used to make the multifunctional
viscosity index improver of the instant invention includes



The.pol y-n- butene substituted dicarboxylic acid material which is used to
nmeke t-he nubtifunctional viscosi ty index inprover of the instant invention

i ncl udes - 22 - the reaction product of poly-n-butene with (i)
nonounsaturated C4 to [err] dicarboxylic acid wherein (a) the carboxyl
groups are vicinyl, i.e., located on adjasegR e&arbon atons, and (b) at

| east one, preferably both, of said adjacent carbon atons are part of said
nono unsaturation; or with (ii) derivatives of (i) such as anhydrides or
[err] to C5 althehateaddiiioreproguct of @Qii{-m-:buﬁer(e' ywitdpofi) eaction with

the n-butene pEINGE éd}%ﬁﬂ?{‘%‘”%&‘ﬁ [ﬁ]ﬁﬁfg exa%{f&’%+feﬁ9'ﬂﬁ,d” de

anhydri de, or ester becones satdurat ect el c
becones a pol FhA® [GAarRexyYd SEQURSR éf%d@cﬁ’rﬂ rarﬂfrﬁl-rq cated «on |3diacent

about 0.7 to amwoncl dtonlss, gmd Ob) ta aﬁsﬁ)ra{ea; qi&yféfmpmb&n,l deto

about 2.0, and refera fromtabout : a ut_ .l rml es of said

unsat ur at ed Cf ﬁ’%’&%ﬂ it AT ea e % Oare char ged

to the reactomqsatumi‘l'ém'f. mﬁwxﬂnediti)t e.iariﬁaatri)&b o ) Isucm(ns all of

t he poly-n-bu ansat lvative and the
ta?i%st I tut ec?a"dl dar %égﬁ&e%&ciﬁf ‘Qﬁ G

pol y- n- but ene oxytic acid nmateria contai n unreacted

pol y- n- but ene 8imgrars ©fctldd polUpan Feagtdaon with dde \nrivitenenalynenm
the reacti on Rihe wchduiratiia s dﬁwldi&tﬂdﬂm& tacid, inHyiPide,

com*rerC|?IIyt|3_fe8%§:te%F) deat%% o) u%tc magi,ﬂlur’ stri eq'tﬁof an%?unreact ed
monounsat ur a arﬁ%r

enpl oyed for faﬂﬂﬂlmaeezhﬂqmsma lpale-reviutenss sihstitited suciiier .
Character| zat iapfhydfrildes average nunber of noles of

Typically, from about 0.7 to about 4.0, (e.g., 0.7
to 2.6) preferably from about 1.0 to about 2.0, and most
preferably from about 1.1 to about 1.7 moles of said
unsaturated C, to C,, dicarboxylic acid, anhydride or
ester are charged to the reactor per mole of
polynormalbutene charged.

Normally, not all of the poly-n-butene reacts with
the unsaturated acid or derivative and the poly-n—butene'
substituted dicarboxylic acid material will contain
unreacted poly-n-butene. The unreacted poly-n-butene is
typically not removed from the reaction mixture (because

_ such removal is difficult and would be commercially

— infeasible) and the product mixture, stripped of any
unreacted monounsaturated C; to C;q4 dicarboxylic acid,
anhydride, or ester is employed for further reaction with
the amine as described hereinafter. _'

Characterization of the average number of moles of )
dicarboxylic acid, anhydride, or ester, which have reacted
per mole of poly-n-butene charged to the reaction (whether
it has undergone reaction or not) is defined herein as
functionality. Said functionality is based upon (i)
determination of the saponification number of the resulting
product mixture using potassium hydroxide; and (ii) the



dlcarboxyllc acid, anhydride, or ester, which have reacted per nole of
pol y- n- but ene charged to the reaction (mhether it has undergone reaction or
not) is defined herein as functionality. Said functionality is based upon
(1) determ nation of the saponification nunber of the resulting product

nmi xt ure using potassi um hydroxide; and (iiJ 4he - 23 - (ii) nunber

aver age nol ecul ar wei ght of the poly-n-butene charged, using techniques

Il Kk [ F I I
the resulting biSh pEmnpY! avePade, EnsRalfs USIaRE B cilel Bolf:Fopleent”
pol y- n- but ene cbargededusﬁnghtecbsﬁqueﬁgwplbdBDPWHIinutbecawtbe
subsequent |y n?ﬂgé?fgnail Y 5&CasEiﬁ aosogsiyeaieﬁ Péfb%ﬁBEEQ%QStEQP““ in

the art, such I catlon ter funcCtionalit defi ned above.

The term pol y- ﬁeﬁe%shéqsaseévﬁstBaxavsarbok}FPeuaB.&hﬁaéypng ef sadénded
to refer to thgeaeedacponyxhubatuhatbehtainbas1nndnégQeeu&uqhgnpébaue@tIOn

of not. Accordin t he f nct nallt th but ene substi.t ut ed

di carboxylic a%fgLﬁﬁ?e??ﬁ BSQP§§t§&|FVE&?1F§as% Bodfc5ess eﬂr?Férably
at | east aboutdécseased hwstephaiunSIynawnleasthabaut.OSBphand wll vary
typicall'y fron%aafficﬁtﬁohe aBOHBtZaEtéf eunceién591 % aBraE%&ﬂthaBBQE

about 0. t o apbout .4, nost rerera om apou
forn1the pol y- P term Bob¥rnrhue nﬁlEHPﬁBiﬁPtEdaéFﬁaﬁﬁP§VF&F Fﬁé
et hyl eni cal | y nateriabt #d fhtenledytocragets #ot theaproduet, misitdreanhydri de

Gual |y have nUABEReR. bt .y8s naRdeERGpR AHER! noplfs BaBibh 8e Retrange or

about 300 to about 3, 00Bccerdinglylythet fsnatibpalitgoofnghe 000. The

2 Eﬁfgﬂg pol yngs Sy ahEpiteh¥Cubse it 878aPBBRYE S ab3AChakeriaiNG391
be typically at least about 0.5, preferably at least about
0.8, and most preferably at least about 0.9, and will vary
typically from about 0.5 to about 2.8 (e.g., 0.6 to 2),
preferably from about 0.8 to about 1.4, and most preferably
from about 0.9 to about 1.3.

To form the poly-n-butene substituted dicarboxylic

acid material the ethylenically unsaturated dicarboxylic
acid material, i.e., acid, anhydride or ester, is reacted

To

with a n-butene polymer. The n-butene polymers will
usually have number average molecular weights (ﬂn)
within the range of about 300 to about 3,000, preferably
W between about 400 and 2,000. The n-butene polymers are
derived from n-butene monomers. Generally, these n-butene
polymers are derived from mixtures of n-butene-1 and
n-butene-2 (both cis and trans) monomers. Generally, such
monomer mixtures contain from about 40-90 wt.3% n~butene-l
and from about 10-50 wt.% n—-butene~2 monomers, preferably
from about 50-90 wt.% n-butene-1 and from about 10-50 wt.%
n-butene-2 monomers. These monomer mixtures may also
contain minor amounts, i.e., below about 5 wt% of isobutene
monomers. The isobutene monomers is, however, present
merely as an impurity or byproduct resulting from the
processes used to produce the n-butene-1 and n-butene-2
monomers. It is desirable to minimize the amount of
isobutene monomer present in the monomer mixture.



pol yners are derived from m xtures of n-butene-1 and n-butene-2 (both cis
and trans) mononers. Cenerally, such nonomer m xtures contain from about
40-90 wt . % n-butene-1 and from about 10-50 wt. % n-but ene-2 nononers,
preferably from about 50-90 w. % n-butene-1 and from about 10-50 wt. %

n- but ene- 2 nononers. These nononer m xt ures2day al so contain m nor anounts,
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however, present nmerely as an inpurity or byproduct resulting fromthe
processes used to prodRRENSRONR h RS- Bhe FPIR RAL N DOHARALIE nthutene
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about 1 to 8 , preferably 3 to 7 wt. % chlorine or bromine, -
based on the weight.of polymer, by passing the chlorine or
bromine through the polynormalbutene at a temperature of 60
to 160°C, e.g., 110° to 130°C, for about 0.5 to 10,
preferably 1 to 7 hours. The halogenated polymer may then
be reacted with sufficient unsaturated acid or anhydride at
100 to 250°C, usually about 180 to 235°C., for about o.slto
10 hours, e.g. 3 to 8 hours. Processes of this generai
type are taught, inter alia, in U.S. Patents 3,087,436;
3,172,892; 3,272,746; and U.S. Patent Application Serial
No. 919,395, filed October 16, 1986, all of which are

% incorporated herein by reference.

Alternatively, the poly-n-butene and the
unsaturated acid material are mixed and heated while adding
chlorine to the hot material. Processes of this type are
disclosed in U.S. Patents 3,215,707; 3,231,587; 3,912,764;
4,110,349; 4,234,435; and in U.K. 1,440,219, all of which
are incorporated herein by reference.

By the use of halogen, about 65 to 95 wt. % of the
poly-n~butene, will normally react with the dicarboxylic
acid material. Upon carrying out a thermal reaction
without the use of halogen or a catalyst, then usually only
about 50 to 85 wt. % of the poly-n~butene will react.
Chlorination helps increase the reactivity.



10 hours,, e.g. 3 to 8 hours. Processes of this general type are taught,
inter.alia,-in US. Patents 3,087,436; 3,172,892; 3,272,746; and U.S.
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are incorporated herein by reference. Altefrg8iwvely, the poly-n-butene and
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the hot material. Processes of this type are disclosed in U S. Patents
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grafted et hyl ene copol yner, preferably in solution generally equal to about

5.tﬁ 30 wt. % preferabitye l§ratted dthy&éﬂelacpél%ﬁeﬁ,bpréﬁ&ﬂhb!yFQﬁCted
with a mxture,of e ity
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car led out to favor, he case of g Z am nes
_ substltuted dlcarboxyll id material by heating said

mixture at a temperature of from about 100°C to 250°C,
preferably from 150° to 200°C, for from 0.1 to 10 hours,
usually about 0.5 to about 3 hours. The heating is
preferably carried out to favor, in the case of polyamines,
formation of imides rather than amides and salts. Thus,
imide formation will give a lower viscosity of the reaction
mixture than amide formation and particularly lower than
salt formation. This lower viscosity permits the
utilization of a higher concentration of grafted ethylene
copolymer in the reaction mixture. Removal of water, e.q.,
by N, stripping, during slow addition of the amine with

stirring assures completion of the imidation reaction.
Reaction ratios can vary considerably, depending upon the
reactants, amounts of excess, type of bonds formed, etc.
The amount of polyamine or polyol used is an amount
effective to enhance or improve the dispersant properties
of the compounds of the instant invention. Generally, in
the case of the polyamine, the amount of polyamine used is
an amount which is effective to provide from about 0.5 to
about 1.5 equivalents, preferably from about 0.8 to about
1.2 equivalents, and more preferably from about 0.9 to
about 1.0 equivalents of primary amine per equivalent of
acid of the grafted dicarboxylic acid moiety e.g., succinic
- anhydride.



formati on of imides rather than ami des and salts. Thus, imde formation
will give a lower viscosity of the reaction mixture than am de formation
and particularly lower than salt formation. This |ower viscosity pernits
the utilization of a higher concentration of grafted ethyl ene copolymer in
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su ituted dicarboxylic acid material a escrlbed herelnafter S

used, suffici@fdduct is used to provide about 1 to 2 reactive, e.qg., '
primary, amine groups per dicarboxylic acid moiety in the
grafted ethylene copolymer, depending upon whether
primarily imides or amides are formed. Usually, 1 to 2
moles of said adduct are used per molar amount of said
dicarboxylic acid moieties in the grafted copolymer. For
example, with an ethylene-propylene copolymer of about
40,000 B, a thickening efficiency of about 2.1,
and averaging 4 succinic anhydride groups per molecule, and
making imides, about 4 moles of amine with two primary
amine groups and about 4 moles of poly-n-butene substituted
succinic anhydride would preferably be used per mole of

% grafted ethylene copolymer.

Alternatively, the polyamine and the poly-n~butene
substituted dicarboxylic acid material may be pre-reacted
to form an amine-acid adduct, and this adduct may then be
reacted with the grafted ethylene copolymer. In the
amine-acid adduct the acid moiety of the poly-n-butene
substituted dicarboxylic acid material is generally
attached to the polyamine moiety through salt, imide,
amide, amidine, or other lihkages formed with one reactive,
e.g., primary, amine group of said polyamine so that

~ another reactive, e.g., primary, amine group of the
polyamine is still available for reaction with the acid
moieties of the grafted ethylene copolymer.



adduct is-used to provide about 1 to 2 reactive, e.g., primary, amne
groups per -di carboxylic acid nmoiety in the grafted ethyl ene copol yner,
dependi ng upon whether primarily imdes or am des are fornmed. Usually, 1 to
2 nol es of said adduct are used per nolar anount of sai'd dicarboxylic acid
noieties in the grafted copol yner. For exam@7e~with an ethyl ene-propyl ene
copol ynmer of about 40,000 [err] a thickening efficiency of about 2.1, and
averagi ng 4 succinic anhydride groups per nol ecul e, and naking im des,
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condensing th I - byt stituted dicarboxylic material, preferably
a succinic acfp o'rﬁ&nh%'rl Qe’ﬁ h a pol yanm ne such as those described above

under "The Anmines". TheRepgleion. {inthe orase of carbelyaninaci Breseyahive
adduct by readnidatf o Wrd/or eind dde DOh Yofi- Ehé EPE1 pLK<hiténdNSiEst deuted

pregar ed from&iﬁ%éﬁ%ﬁ?i{g]acid material can be done as a solution
reaction with said dicarboxylic acid material, preferably
poly-n-butene succinic anhydride, dissolved in a solvent
such as mineral 0il, to which the other reactant is added.
The formation of the adducts in high yield can be effected
by adding from about 0.5 to 3.3 preferably about 0.7 to
1.3, most preferably about 1 molar proportion of the
alkylene polyamine per molar proportion of poly-n-butene
succinic anhydride to said solution and heating the mixture
at 140°C to 175°C or higher until the appropriate amount of
water of reaétion is evolved. Typically the mineral cil
solvent is adjusted so that it constitutes 50% by weight of

o the final acyl nitfogen compound solution.
| Another, and generally preferred, method of making

the multi-functional viscosity index improvers of the
instant invention is a sequential reaction process
comprising (i) forming the grafted ethylene copolymer, (ii)
adding to said grafted ethylene copolymer the poly-n-butene
substituted dicarboxylic acid material so as to form a
mixture of said grafted ethylene copolymer and said
poly-n-butene substituted dicarboxylic acid material, and
(iii) reacting this mixture with the polyamine or polyol.
_ A minor amount, e.g. 0.001 up to 50 wt. %,
preferably 0.005 to 25 wt. %, based on the weight of the



of a pefy-ﬁlﬁutene or chlorinated pol ynormal but ene and mal ei ¢ anhydri de,
etc. is.knowmn in the art, as seen in U S. Pat. No. 3,272,746. Reaction, in
t he .case of a polyani ne, preferably am nation and/or imdation of the
pol y- n- but ene substituted dicarboxylic acid material can be done as a
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armunt of an
oil derived from petroleum, but also include synthetic
lubricating oils such as esters of dibasic acids; complex
esters made by esterification of monobasic acids,
polyglycols, dibasic acids and alcohols; polyolefin oils,
etc.

The multi-functional viscosity index improvers of
the instant invention may be utilized in a concentrate
form, e.g., from about 5 wt. % up to about 50 wt. %,
preferably 7 to 25 wt. %, in o0il, e.g., mineral lubricating
oil, for ease of handling, and may be prepared in this form
by carrying out the reaction of the invention in oil as

— previously discussed.

The compositions produced in accordance with the
present invention have been found to be particularly useful
as fuel and lubricating oil additives.

' When the compositions of this invention are used
in normally liquid petroleum fuels, such as middle
distillates boiling from about 65° to 430°F. including
kerosene, diesel fuels, home heating fuel oil, jet fuels,
etc., a concentration of the additive in the fuel in the
range of typically from 0.001 wt. % to 0.5 wt. %,
preferably 0.005 wt. % to 0.2 wt. %, based on the total



ol eagi-nous-material, such as lubricating oil or hydrocarbon fuel, depending
upon whet her one is forming finished products or additives concentrates
Wien used in lubricating oil conpositions, e.g. autonotive or diesel
crankcase lubricating oil, the nitrogen-containing or ester-contalnlng
grafted pol yner concentratlons are usual |l y=v#?htn the range of about 0.01
to 10 wt. % e.g. 0.1 to 6.0 wt. % preferably 0.25 to 3.0 wt. % of the

total conposition. The ubrlcatln QI|S t i ch roducts of this
i nvention can ¥eightcqt |ﬁBPu88mRBF hyﬁéghyﬁﬁﬁ¥l¥ ed-omrhese
petrol eum but additivesl cdn &pnth&butelmhe&cstahglamwsasumhlaSagsters of
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produced in ac nti o been t.0 be
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0.001 wt. % toférSspark¥ignitédr andy compeesstionkinited inteinallased on the
t ot-ef =29 combustion engines, such as automobile and truck engines,

marine and railrocad diesel engines, and the like.
Advantageous results are also achieved by employing the
additives of the present invention in base oils
conventionally employed in and/or adapted for use as power
transmitting fluids such as automatic transmission fluids,
tractor fluids, universal tractor fluids and hydraulic
fluids, heavy duty hydraulic fluids, power steering fluids
and the like. Gear lubricants, industrial oils, pump oils
‘and other lubricating oil compositions can also benefit
from the incorporation therein of the additives of the
present invention. |

U Thus, the additives of the present invention may
be suitably incorporated into synthetic base oils such as
alkyl esters of dicarboxylic acids, polyglycols and
alcohols; polyalpha-olefins, polybutenes, alkyl benzenes,
organic esters of phosphoric acids, polysilicbne oils, etc.
selected type of lubricating oil composition can be
included as desired. | |

The additives of this invention are oil-soluble,

dissolvable in o0il with the aid of a suitable solvent, or
are stably dispersible materials. Oil-soluble,



wei ght-” of the conposition, will usually be enployed. These additives can
contribute fuel stability as well as dispersant activity and/or varnish
control behavior to the fuel. The conpounds ef this invention find their
primary utility, however, in |ubricating 0|? conposi tions, which enploy a
base oil in which the additives are dissolved .or dispersed. Such base oils
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- , composition with an amount of the additive of typlcally
from 0.01 to about 10, e.g., 0.1 to 6.0, and preferably
from 0.25 to 3.0 wt. %, based on the weight of said
composition.

The additives of the present invention can be
incorporated into the lubricating oil in any convenient
way. Thus, they can be added directly to the oil by
dispersing, or dissolving the same in the oil at the
desired level of concentration, typically with the aid of a
suitable solvent such as toluene, cyclohexane, or
tetrahydrofuran. Such blending can occur at room
— temperature or elevated.

Natural base oils include mineral lubricating oils
which may vary widely as to their crude source, e.g.,
whether paraffinic, naphthenic, mixed, paraffinic-
naphthenic, and the like; as well as to their formation,
e.g., distillation range, straight run or cracked,
hydrofined, solvent extracted and the like.

More specifically, the natural lubricating oil
‘base stocks which can be used in the compositions of this
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used in the c@#ﬁ@@ﬂ?ﬁ@ﬂéabpuﬁhﬂss to about 9 cSt. at lo00°C.
Thus, the additives of the present invention can
be employed in a lubricating o0il composition which
comprises lubricating oil, typically in a majof amount, and
the additive, typically in a minor amount, which is
effective to impart enhanced dispersancy relative to the.
absence of the additive. Additional conventional additives
selected to meet the particular requirements of a
temperatures. In this form the additive per se is thus
being utilized as a 100% active ingredient form which can 1

added to the oil or fuel formulation by the purchaser.
Alternatively, these additives may be blended with suitable

N oil-soluble solvent and base oil to form concentrate, which
may then be blended with a lubricating oil base stock to
obtain the final formulation. Concentrates will typically
contain from about 2 to 80 wt. %, by weight of the
additive, and preferably from about 5 to 40% by weight of
the additive.

The lubricating oil base stock for the additive of
the present invention typically is adapted to perform
selected function by the 1ncorporation of additives therein
to form lubricating oil compositions (i.e., formulatlons)



-31- invention may be straight mineral lubricating oil or distillates
derlved fron1paraff|n|c napht heni ¢, asphaltic, or m xed base crudes, or,

if desired, various blends oils may be enpl gyed as wel | as residuals,
partlcularly those from which asphaltic constituents have been rennved The
oils may be refined by conventional nethods using acid, alkali, and/or clay

or other agents such a&e@b@%ﬂ%@t@b@hﬁd&tﬂes l@pmne prddaid eth Guch
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typically in ajgajor amount, and the addltlve typically in a mnor anDunt

which is effective to |npart hance di sper san relative to the absence
of the additive. AdditVdfgesd sg 15%?% &4 neet the
particul ar reqemperanuseobperhbdpdtqttme&hd|1uhnxcdtmngidﬁ1zahﬂtpeumntﬂ se
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to the oil or I on by urcha ser ese

addi tives nayesblbll-&nééﬁentﬁhlﬁj"tiélﬂ"él&?l oxo [flmididy \Péhtl%d:%m | to
form concentr at@reshi Clrhege tvﬁ%&ohat@l fiodd T 1\rish atd ujaneﬁnryg Hiigh base
stock to obtain.the flnal. tio Cbnce trates mn ically contain
from about 2 PELSEWIAT 9&% c&tﬂ}a}?e %erabl y from
ab\(iljt 51to 40ﬁomyestegbt. oﬂ!hehwmdnblsmtwemo“&yfﬂeﬁsmmaigu)Me base stock

the additjjueiQhtized to include other properties or functions, such
as the addition of dispersancy properties.

These oil soluble viscosity modifying polymers
will generally have weight average molecular weights of
from about 10,000 to 1,000,000, preferably 20,000 to
500,000, as determined by gel permeation chromatography or
light scattering methods.

Representative examples of suitable viscosity
modifiers are any of the types known to the art including
polyisobutylene, copolymers of ethylene and propylene,
polymethacrylates, methacrylate copo;ymers, copolymers of
an unsaturated dicarboxylic acid and vinyl compound,

U interpolymers of styrene and acrylic esters, and partially
hydrogenated copolymers of styrene/isoprene,
styrene/butadiene, and isoprene/butadiene, as well as the
partially :.ydrogenated homopolymers of butadiene and
isoprene.

Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition. .Illustrative
of corrosion inhibitors are phosphqsulfurized hydrocarbons
and the products obtained by reaction of a phosphosul-
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Oxidation inhibitors, or antioxidants, reduce the
tendency of mineral oils to deteriorate in service which
deterioration can be evidenced by the products of oxidation
such as sludge and varnish-like deposits on the metal '
surfaces, and by viscosity growth. Such oxidation
inhibitors include alkaline earth metal salts of
alkylphenolthiocesters having preferably Cg5 to C,, alkyl
side chains, e.g., calcium nonylphenol sulfide, barium
toctylphenyl sulfide, dioctylphenylamine,
phenylalphanaphthylamine, phospho-sulfurized or sulfurized
hydrocarbons, etc.

Other oxidation inhibitors or antioxidants useful

" in this invention comprise ‘0il-soluble copper compounds.

The copper may be blended into the oil as any suitable oil
soluble copper compound. By o0il soluble it is meant that
the compound is oil soluble under normal blending
conditions in the oil or additive package. The copper |
compound may be in the cuprous or cupric form. The copper
may be in the form of the copper dihydrocarbyl thio- or
difhio-phosphates. Alternatively, the copper may be added
as the copper salt of a synthetic or natural carboxylic
acid. Examples of same thus include C,4 to C,g fatty
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cbﬂber CONPOW¥Hn 2 to 8 carbon atoms. Thus, the radicals may, for
example, be ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl,
butylphenyl, cyclohexyl, methylcyclopentyl, propenyl,
butenyl, etc. In order to obtain 0il solubility, the total
number of carbon atoms (i.e., R20 ang R21,) will

generally be about 5 or greater. Copper sulphonates,
phenates, and acetylacetonates may also be used.

Exemplary of useful copper compounds are copper
cul and/or CuII salts of alkenyl succinic acids or
anhydrides. The salts themselves may be basic, neutral or
acidic. They may be formed by reacting (a) polyalkylene
succinimides (having polymer groups of M, of 700
to 5,000) derived from polyalkylene-polyamines, which have
at least one free carboxylic acid group, with (b) a
reactive metal compound. Suitable reactive metal compounds
include those such as cupric or cuprous hydroxides, oxides,
acetates, borates, and carbonates or basic copper
carbonate.

Examples of these metal salts are Cu salts of
polyisobutenyl succinic anhydride, and Cu salts of
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allow the reaction to remain at a temperature above about

140°C for an extended period of time, e.g., longer than 5

hours, or decomposition of the salt may occur.

The copper antioxidants (e.g., Cu-polyisobutenyl
succinic anhydride, Cu-oleate, or mixtures thereof) will be
generally employed in an amount of from about 50 to 500 ppm
by weight of the metal, in the final lubricating or fuel
composition. : ' _
Friction modifiers serve to impart the proper

friction characteristics to lubricating oil compositions
such as automatic transmission fluids.

\— Representative examples of suitable friction
modifiers are found in U.S. Patent No. 3,933,659 which
discloses fatty acid esters and amides; U.S. Patent No.
4,176,074 which describes molybdenum complexes of poly-
isobutyenyl succinic anhydride-amino alkanols; U.S. Patent
No. 4,105,571 which discloses glycerol esters of dimerized
fatty acids; U.S. Patent No. 3,779,928 which discloses
alkane phosphonic acid salts; U.S. Patent No. 3,778,375
which discloses reaction products of a phosphonate with an
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anhydrides and thiobis-alkanols such as described in U.S.
Patent 4,344,853.

Dispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid thus
preventing sludge flocculation and precipitation or
deposition on metal parts. Suitable dispersants include
high molecular weight alkyl succinimides, the reaction
product of oil-soluble polyisobutylene succinic anhydride
with ethylene amines such as tetraethylene pentamine and
borated salts thereof. _

Pour point depressants, otherwise known as lube
oil flow improvers, lower the temperature at which the

~ fluid will flow or can be poured. Such additives are well
known. Typically of those additives which usefully
optimize the low temperature fluidity of the fluid are
Cg=C;g dialkylfumarate vinyl acetate copolymers,
polymethacrylates, and wax naphthalene. Foam control can
be provided by an antifoamant of the polysiloxane type,
e.g., silicone o0il and polydimethyl siloxane.

' Anti-wear agenfs, as their name implies, reduce
wear of metal parts. Representatives of conventional
antiwear agents are zinc dialkyldithiophosphate and zinc
diaryldithiosphate.
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Compositions when containing these conventional

additives are typically blended into the base oil in

amounts which are effective to provide their normal

attendant function. Representative effective amounts of

such additives are illustrated as follows:

l!dgiti vg w;. t a= i = Wt. a. i o
| (Broad) (Preferred)
Viscosity Modifier ' .01-12 .01~4
Corrosion Inhibitor .01-5 .01-1.5
— '
Oxidation Inhibitor .01-5 .01-1.5
Dispersant .1-20 .1-8
Pour Point Depressant .01-5 .01-1.5
Anti-Foaming Agents .001-3 .001-0.15

Anti-Wear Agents : .001-5 .001-1.5
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phenol s, sulfurized al kyl phenols, alkyl salicyl ates, naphthenates and

other oil sol ywhherg®@neilapdsd carboxylic acids. Iigadlneddasi C galiahce
over based) netal sales, such as highly basic alkaline earth netal

sul fonates (especially Ca and My salts) are frequently used as detergents.
Representative exanplemheh sthermadditives are emnployesd Hddmay be
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1987, the di sc%gétﬁrggio \M]f heregyc: %cor dr at eg’q%J re%?raence%Sorre of
t hese numer ouSongentrasesc seMprising songentyated wou e.g.
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hereinabove described), together with one or more of said

other additives (said concentrate when constituting an
additive mixture being referred to herein as an additive
package) whereby several additives can be added
simultanebusly to the base 0il to form the lubricating oil
composition. Dissolution of the additive concentrate into
the lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this is not
essential. The concentrate or additive-package will
typically be formulated to contain the V.I.-dispersant or
multi-functional viscosity index improver additive and
optibnal additional additives in proper amounts to provide

N the desired concentration in the final formulation when the
additive-package is combined with a predetermined amount of
base lubricant. Thus, the products of the present
invention can be added to small amounts of base oil or
.other compatible solvents along with other desirable
additives to form additive-packages containing active
ingredients in collective amounts of typically from about
2.5 to about 90%, and preferably from about 5 to about 75%,
and most preferably from about 8 to about 50% by weight
additives in the appropriate proportions with the remainder
being base oil.
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with one or more of sai;giceeRddoh ¥aT1( §Y GuEANEE" Lt A b
constituting an additive m xture belng referregto erern as an additive
package) wher EBfeseneeatcathet £oddowinaghexaapdessi Whereido@dily paFtshe base
oil to formtialkslr beAbirtisel inadeated!,| ate Paiee By weieht hededdiltive
concentrate |§§?8%R$F%ug%§ggﬁng{gllg b?’ﬁfig itlsia:sr?e:ed bé ﬁgiﬂ\ﬁirlatﬁi and by
m Xi ng acconpdni h ™ e ng, i ages ial. e
cch/ent rat e oweaghtsi us- patedgeand| Which include preferred embodiments

' of the invention. '



typicalI'y be formulated to contain the V.l.-dispersant or multi-functional
viscosity index inprover additive and optional additional additives in
proper: amounts to provide the desired concentration in the final
formul ati on when the additive-package is conbined with a predetermn ned
anount of base |ubricant. Thus, the products#®f=the present invention can
be added to snmall anobunts of base oil or other conpatible solvents al ong

with other desirable additives_ to formadditive- Rackages containing active
i ngredi ents in coll ecti Theafipbhr¥ing e¥pRPiILS, 11LYSEERLS: COMBORdtilnS 90%

and preferablyf§19 beuts5d&0tnhoH&oﬁi%bfanﬂeﬁﬁabtahef&h&bhtlbhﬂ&habawb 8
t o about 50@6 additives_ in_the aﬁnggrlate groportions with the

r emai nder be| 5§§ 8?I Or comparzhive; R FﬁuPﬁ% éns may enpl oy

typically about 10 wt. % of the additive- package wi th the remai nder being

base oil. Al of said weight perceﬁ_erA‘ VAT u._-'n are based on active
ingredient (a.i.) content of the adC ' —uJpon the total weight of
any additive-package, oInFBrﬂuFQ?FﬁﬁrmﬁPEﬁeﬁnPFebélﬁﬁédsﬁﬁpongHE gfi an

wei ght of eachomdébiuewhuaohh&m@nghnoov‘,zes.ghel perbeﬁt ditl maleicThi s
exanpl es, wher MAYSF a8 e PEEE RERY el RERTIRRe . SobaTvaRy JEPEL),,
wei ght and aII(hﬂvtnglargmnfghlevaleoﬁuﬂbéﬂanm@hiequevagenhobécsh&plnic
Tehghfs as not ginyd@pfadhpel &PahU8e grakecacHatabediTeahS ethyibfe! BYARRNRE"-
of about 42-45%, a propylene content of about 55-58%, and a
B, of about 30,000) in S100 NLP base cil. This
solution is heated to 175°C with stirring under a nitrogen
atmosphere. To this solution are added 140.0 grams of an
oil solution containing 50 weight % polyisobutenyl succinic
anhydride (PIBSA); (having a polyiscbutene B, of
about 950, an SAP number of 112, and containing about 20%
unreacted polyisobutene) in S100NLP base oil. The
resultant reaction mixture is mixed with nitrogen stripping
for one hour, and 5.7 grams of diethylenetriamine (DETA)
are added to this reaction mixture over a period of 15
minutes. The reaction mixture is then stripped with
nitrogen for 15 minutes. At the end of the strip, 3.25
grams of dodecylsuccinic anhydride are added to the systenm
(% as end-capping agent.
The Shear Stability Index (SSI) and thickening
efficiency (T.E.) of the EPSA-PIBSA-DETA polymer are
determined and the results are set forth in Table I.
The Shear Stability Index is determined in
accordance with ASTM D3945. The Shear Stability Index is
an indication or measurement of the propensity of a

A eXxXDb

'\_/,



The, follomnng exanples |Ilustrate conpositions falling outside the scope of
the i.nstant invention and are presented for conparative purposes only.
COVPARATI VE EXAMPLE 1 Into a reactor vessel are placed 500 grans of an oi
sol ution containing 20 wei ght percent of. naleic anhydride grafted

et hyl ene- propyl-ene copol yner (EPSA) (havi-hgtla -graft |evel of 0.102

m | liequival ent of succinic anhydride per gramof grafted material, an

et hyl ene content of about 42-45%. a propyl ene content of about 55-58% and
a Rn of aboutpdly®eén)tondégpadel oérphreakdownThbsasdpweromolechdarcwetight

[err] with stioii gy UREshH axabaﬁeaeeoaéﬁaafmﬁaef&eeéhI sthgl HigRBrAkReadded
140.0 grans of _an oil solut]on conta ni % pol yi sobut enyl
succi ni ¢ anhy3%T dehe prerg) shear, sHab gﬁ?|§8£§?§ﬁe [err] OF about 950, an

gﬁgorl\llllfgbgr of 1|12 andrrentnickegingoeff6iencyeqrti Bd) pmgyaecﬁnéanab en
t t

Stri ppi ng 1 or VAR by “Shy' Bling G’ SPalh k| £ n8iVhEE  qlepiiten 38

added to thi slo@zgramrbheénduet sadd popymevdinfaltestnoids. whhehr éacaion

mxture is themgbh o? p@f@r {de NhehLgsT ﬁ?ﬁeﬁgl ﬁﬂﬂi?éatgﬁggﬂ‘i%eﬂﬁv?.ﬁ t ge

strip, 3.25 grans é succini c an ﬁ e are e systém as
end- cappi ng dﬁbﬂ?°s#5% %ﬁe ﬁigﬁ?I?Fy PRaex ess+?caﬁa tynindexi p§ 105
efficiency (Tamd)anfasiee pdiai- poha¥- &ETAesoFynvmanewﬁlmeqmvaed and the

el e Sy Gt ety it o HtReRing < RYELARAT,
or neasur enents ofelatedrbpctibet yupber average mopecyher Welqhgraud és a
br eakdown tc>ﬁbigwggn@@ﬁfgﬂéarpfgéghéapohgggﬁrgﬁgﬁtexposure to shearlng

forets. The hi gher the
COMP T P 2

A lubricating oil composition formulated to 10W40
specifications with a standard detergent inhibitor package
and containing 12.52 weight % of the reaction product of
Comparative Example 1 is prepared by adding said reaction
product to said oil. The CCS at -20°C in centipoise and
the Kinematic Viscosity at 100°C in centistokes of this
fully formulated lubricating oil composition is determined,
and the results are set forth in Table I.

The following Examples illustrate compositions of
the instant invention.

EXAMPLE 3

Into a reactor vessel are placed 314.9 grams of an
0il solution containing 20 weight percent maleic anhydride
grafted ethylene-propylene copolymer (EPSA) (having a graft
level of 0.102 milliequivalent of succinic anhydride per
gram of grafted material, an ethylene content of about
42~45%, a propylene content of about 55-58%, and a
Mn of about 30,000) in S100NLP base cil. This
solution is heated to 190°C with stirring under a nitrogen
atmosphere. To this solution are added 97.22 grams of an



SSI. the nore shear stable the polyner. The thickening efficiency (T.E) is
defined as 2 divided by.the nunber of grans of a polyner dissolved in a 100
gram bl end of said polyner in a test oil, which is a solvent extracted
neutral mneral lubricating oil having a viscosity of 6.04 CST at [err] a
viseosity index of 105 and an ASTM pour poi4® =of -25F, which will give a
viscosity of 12.08 CST at [err] The thickening efficiency is related to the
number average, nol ecul ar wei ght apd is a npre_convepi ent 8gractical :

measur enent . TEhVREITEien senreining FOLYeigREN§ BPLYZBTRUERPRORUFSiRIFat ed
to 10WMO0 specanhydiides(pibsap shavingdpdtyengbuteneh®jji odr package and
containing 12.52 wejight % the ClL LOQ,PLOd ragi el
i's prepared b?bgﬁﬁi%ggSa?d£$%a Y?%%gpégdggféfoggéigggﬁ?hB?ﬁZ¥C%§r§?aF§§r]
in centi poi sep@ly-nHouténe;awith \saidspelyan-butene heing: derdned fromhas
fully forml geopbrisptapy ebhes2HPAS! 5500tk Sndphebboed, sandel e results
are set forth in Table I. e OF oW, nJ, Exa Iei Il lustrate conpositions of
the instant iRVRWESRAT2 D@D & StfﬁtbsﬂbPEﬁggbr DeSL8PNLP basg R4ls]4The
grams of an opésaDtatht Obe&€biéhniigtube esohixadr with miteogenansyeipping

fted hyl - | | hayi |
o1 equival cREE ofS oRLnthee "SR, 42 oFaRe )t naLpilly eflefriapdhs, (Bimd) 12
et hyl ene contare addedoto tRigspeactponppistureoavent aoperhodt 08§5658% and
a [err] of abpih,80s000inkNred8PNLR RezEuPl! isTEhenSekyippRal wikRated to

[err] with stirring under - a nltrogen atnnsghere. To thjs solytion are -added
97.22 grans oRibkogen_fap 15.,pinuges: oftcEReaPRANGESENRBEREP, 2- 05
DQLZ-n-bUtenegﬁ&ﬁﬁi6deodecylsuccinic anhydride are added to the system

as capping agent.
The SSI and T.E. of the aminated EPSA polymer are
determined and the results are set forth in Table I.

E PLE 4
A lubricating oil composition formulated to 10W40

specifications with the standard detergent inhibitor
package as used in Comparative Example 2 and containing
12.50 weight percent of the reaction product of Example 3
is prepared by adding said reaction product to said oil.
The CCS at -20°C in centipoise and the Kinematic Viscosity
at 100°C in centistokes of this fully formulated

\_) lubricating oil composition are determined, and the results
are set forth in Table I.

TABLE T
COMPARATIVE
EXAMPLE 2 EXAMPLE 4
. T-E- ) 1.65 1.69
SSsI ' 27.3% 28.5%
K.V. in cst
‘at 100°C 15.07 14.71

CccS in centi-
poise at -20°C 3749 3255



anhydri de (PNBSA) (having poly-n-butene [err] of about 905, a SAP number of
90. 9, and about 22.7% unreacted pol y-n-butene, with said poly-n-butene

bei ng derived froma nononer mi xture containing 65 w.% n-butene-1, 32 w.%
n-butene-2, and 3 w. % isobutene) in S100NLP base oil. The resultant
reaction .mxture is mxed with nitrogen 3t#3pping for 15 minutes and 3. 62
grans of diethylenetriamne (DETA) are added to this reaction m xture over
a period of 6 mnutes. The_.reactio i xture j.g._then ri pped with nitrogen
for 15 minutes. At th®Se lb‘ls%trﬁ&%t gypft Gi:? dﬁ‘s'%k’ltfgg'e&h%% ni c
anhydri de ar €ozndadttiont kentasindmga theapuilitd fagperttion&ie viSicamickeyT. imdenf t he
am nat ed EPS r elelPatgd 13 S £ in Table
| . EXAMPLE 4%8?%@?28% %8%{1 oalt A o’Jntllﬁ?; ﬁ*g&}ﬁ?q%‘ﬂ% "P'_
speci fi cati omychi Lpwelre C&Sanaadd afore i hetherodowdiemperatursed in

Conpar ative Biaephetzieproperties)d thdnbEheeicdl! frmARtitn [duhtA36HPN
product of Exan‘g#g ’% i S Qre red g:y 3&? Sﬁ’gsal d reaction pr.oduct to said

oi | . The ccs2aPuitifpnckiopad; i &% &éﬁ?ﬁ"i"ér\ﬁl’éédéﬂ%/ outside |
centi st okes thet beopkublify ther instant |inmventiond Conparative Hxanple 2) .
determ ned, and the results are set forth in Table |I. TABLE | COVPARATI VE

EXAMPLE 2 EXAMPLE 4 T. E. 1.65

1.69 SSI 27. 3% 28.5% K. V. in cSt at [err]
15. 07 14.71 CCS in centi- poise at [err] 3749

3255

'\/;



- 43 -"As illustrated by the data in Table 1 the oil formulation containing
the.multifunctional viscosity index inprover of theé |nstant I nvention

(Exarnpl e 4) exhibits a. much | ower CCS, and, theref ! E H"i@"“
|ng a

tenperature visconetric properties, than the oil fo

mul'ti functional viscosity index inprover=f##|fng out i e scope*o

I nstant invention (Conparative Exanple 2). - 44 - CLAIMS: 1.

sol ubl e reaction product, useful as a multifunctional viscosity |ndex

| mprover f or CGAL¥G7 nous conpositions, conprising reaction product of: (a)
oi | sol uble ethyl ene copol yner conprising fromabout 15 to 90 wt. %

et hyl ene and from aboit 1§%ios§§uﬂﬁe %bg tia‘gf‘a?&%%u%ﬂi g)%rr toafocz(?gt 5 000

al pha-ol efin, having a nu average “roreco
to 500, 000, gu&tnﬁunmmnnaﬂ» vn:ypsntyaunﬁeunémf@mm»ﬂgm s d

material haviBgpdsi®idn&dr egﬁsﬁslﬁel tedERYBR 9&oaﬁb-ﬁedwfde group: (b)

organic polyanlne haV|n ast _two reactive am ne_groups selected from
primary and secondary (&) ne°b?oﬁﬁ§“béﬁ gEhydene, cgppdymer, Gopprigingne
substituted dicarboxylic actf}oﬁaabbual 15s giod 9poki¥-. n%bmWemvnaw ffztwber

aver age nol ecul ar wei ght of 0_t0 gbout %) Q
reaction product according o a|n1ggm§grg% ga? Qe%sg Soey S Sﬁﬁene
substituted succinic acid ongnﬁ}Ehadelegin. hawengeacnnmbeprauecage

according to claim2 molecular weight of from about 5,000 to
500,000, grafted with an ethylenically
\_ unsaturated carboxylic acid material having
-1 to 2 carboxylic acid groups or anhydride
group:

(b) organic polyamine having at least two
reactive amine groups selected from primary
and secondary amine groups, or polyol; and

(c) poly-n-butene substituted dicarboxylic acid
material, said poly-n-butene having a number
average molecular weight of from about 300
to about 3,000.

2. The reaction product according to claim 1
wherein said (c) is a poly-n-butene substituted succinic
N\, acid or anhydride.

3. The reaction product according to claim 2
wherein said poly~-n-butene is derived from a monomer
mixture comprised of n-butene-1 and n-butene-2.

4. The reaction product according to claim 1
wherein said ethylene copolymer of (a) is an ethylene-
propylene copolymer. '



wher-€i n said poly-n-butene is derived froma nonoper mxture conprised of
n- butene-| and n-butene-2. 4. The reaction product according to claim1l

wherein said -ethyl ene copolynmer. of (a) is an et hylml mm)mumtu)npol ynmer .
45 5. The reaction product according to claim1l WA A t of (b)
used is an anobunt effective to provide ar F8ast froma out 0.5 to about 1.5
equi val ents of primary am ne per acid equival ent of the dicarboxylic acid
material present in ( an c). 6. The reaction product,_according to
claim 1 wherein said ?a) c%i?&“%i%rﬁﬁ‘iﬁ%ﬁt c%‘ifé‘?%ﬁff% wRetaim, fy of
about 30 to Shexeirttthiehdmountarof athjutusl tis Zn einownipreffective heoi ng a

nunber - aver a%%aqqé_:deec%ﬁrl \@;}gﬁ:’;ﬁ éﬂﬁn{ B é'i%ﬂﬁ 135 g%@%ltf‘gﬁllﬁ%%%o% ai m

grafted with“mal éirc anhydr e reactron_ product
1 wherein (bPHi®azy paine: periarishiemivalent Rf dheddcarkoxylisxyatid | ene

pol yam ne hawiat@rdtal @EsdntO iR | (3 Yar@l (1 groups sel ected fromthe gr oup
consi sting of al kylene pol yam nes havi ng al kyl ene groups of about 2 to 7

carbon atons and 2 to 11 nitrogens, and pol yoxyal kyl ene pol yam nes, wherein
t he al kyl ene groups cd@nt ai IThe tmeactdorh praducts acabrding urdbarlaim 1

oxyal kyl ene | 3 : 8 I g according to
claim?7 wher gﬁ%%gﬁd§g§1%gtﬁ1’ngﬁ%gﬁs§%nﬁ é:n tllﬁgén%t n%h%&&%e reaction
product accoegsegtialdiyaiofi abowtd® e Adnwk.arkeREhxlens@nd@leyt 30) and
(c). 10. Thetbezot wdl B pepylane) Havireg £ minberdidide MB1a8iid€) are
first pre-re%ceti%gt fi%' lt%vée%a%er %afctalb%rtlltwfoh, O(Oa() ‘to 200,000, grafted

L with maleic anhydride.

7. The reaction product according to claim 1
wherein (b) is polyamine, said polyamine being an alkylene
or oxyalkylene polyamine having at least two primary amine
groups selected from the group consisting of alkylene
polyamines having alkylene groups of about 2 to 7 carbon
atoms and 2 to 11 nitrogens, and polyoxyalkylene
polyamines, wherein the alkylene groups contain 2 to 7
carbon atoms and the number of oxyalkylene groups is about
3 to 70.

8. The reaction product according to claim 7
o/ wherein said polyamine is diethylene triamine.

: 9. The reaction product according to claim 1
formed by simultaneously reacting (a), (b) and (c).

10. The reaction product according to claim 1
wherein (b) and (c) are first pre-reacted, followed by
reaction with (a).

11. A lubricating oil composition exhibiting
improved low temperature viscometric properties comprising
(i) lubricating oil,



11.. ‘A fﬁbficating oi | conposition exhibiting inpro

viscometric properties conprising (i) lubricating oil -46 and 1)

mul tifunctional viscosity index inprover conprising "Hﬂl"ﬂ")ﬂlﬂﬂﬂlj"lﬂll of (a)
oi | sol ubl e ethyl ene copol ynmer conpri sing fron1abou

et hyl ene and from.about 10 to 85 wt. % of ~a#6l Bast one

al pha-ol efin, having a nunber-average nDIecuIar wei ght of fron1about 5, 000
to 500, 000, graft th th ni_cal un urat d nono- or_dicarboxylic
acid or anhydfffe e‘q(i'ﬁn) “Hla"g'rﬁe ’%dﬂﬂ?% Siﬂ’é’ eé%ls’tmﬂr\m’%act i ve anine
groups sel ect comprisimg meactdonh mﬁmpmm ne groups, or polyol; and (c)
pol y- n- but ene substltut digar @@q}qgﬂe butene
havi ng a nunber average( ﬁol gcq' %?imwg %ht rom c@od’lﬁﬁfg ({&l‘;&o Jtngs 000.
12. The conposition accor di ﬁ@%a&%lﬁ%l%%nﬁalqwﬁm ARUtEIOMO1 t o

50 wt. % of said nultifunct Iamt wosq-.«asnstsywmdvdmtowastl%neT@

conposition accordlng to cI brlcatln concéhtrate.
14. The conposition accordl 8¥‘m ffa\ﬁﬂ }‘é rséé’e&'aﬁfpol yner

of about 30 to 80 w. % et hgdodleeuam' wecug'htZ@ft (friﬂl \albmﬁb 5, Q00 ctne, havi ng
a nunber - average nol ecul ar \yRig %boOfRQQ Fleal O Oahpé%%%ﬂ%ﬁ%ﬁ% ed with
ac

mal ei ¢ anhydride. 15. The conp SItIO cording to cl in (b) iIs
a pol yam ne, said po|yan1neu9§pﬁgraﬁed mono- or dicarboxylic acid or

anhydride;
(b) organic polyamine having at least two
reactive amine groups selected from primary

and secondary amine groups, or polyol; and

(c) poly-n-butene substituted dicarboxylic acid
material, said poly-n-butene having a number
average molecular weight of from about 300 to
about 3,000.

12. The composition according to claim 11 which
contains from about 0.01 to 50 wt. % of said
multifunctional viscosity index improver.

13. The composition according to claim 11 which
is a lubricating oil concentrate.

W,

14. The compOSLtlon according to claim 11 wherein
(a) comprises a copolymer of about 30 to 80 wt. % ethylene
and about 20 to 70 wt. % propylene, having a number-average
molecular weight of about 10,000 to 200,000 grafted with
maleic anhydride.

15. The composition according to claim 11 wherein
(b) is a polyamine, said polyamine being an



Y al kyl ene or oxyal kyl ene pol yam ne havi ng—at—-east—two _prinary
am ne groups. 16. The conposition according to claim 15 wherein wherein
sai d al kyl ene pol yani ne contains al kyl ene groups of aﬁmml,m mﬂﬁ“mn
atons and 2 to 11 nitrogens. 17. The conposition acco it I 11k
wherei n sai d al kyl ene polyanine is diethyTéﬁ%‘Trianine. 18. An conposition
according to claim 16 wherein said oxyal kyl ene polyamne is a

ol yoxyal kyl e ' Lpe_wherejn the e groups contain .2 to 7
Ear%ong, t%e %ﬁﬁggéggPLgx?§¥R§§gﬂ3n§rBﬁng#ggfrgﬁ?&ﬁ@u? 318885%0 tond t he
nunber of nitPBiparyiandheugroups.11. 19. The conposition according to
claim 11l wherein (c) is a poly-n-butene succinic anhydride or acid. 20. The
conposition according to claim19 wherein said poly-n-butene is derived
froma mononer nixt ur el@onpFReeBOBPORIBLPR BCFORAANG- Bat 6haim. 151wherein
ol eagi nous cowipemse ixixosajlncalldyne?éogéﬁiyéﬁiﬁélébﬁt&iﬁs(&ilglyieﬁﬁ”’&&bﬁﬁg 95 an
et hyl ene- prop 0, r_graft W t ic.an ride, efein (c) is
con%rised of %%ﬁ§§ﬁ£5ﬁ$é%gg§ﬁ€%?n?gbﬁﬁh?ﬂ?rge,°aﬁg m%gF89ﬁn§b) i s
pol yam ne. 22. A process for preparing V.I|.-dispersant exhibiting inp[ode
| ow t enperature visco [ Opié OPSHbd LS I) +Qr Wa[epe] o] e
ethylegg copol r aGPi' a nunbe 5%§§?§a§p%%?%€§fé? &gig%%iﬁflgr%ﬂ§5ﬁgat
5,000 to 500,%%@‘%&%@? t1gsAigthylepne triamjnene and about 10
to 85 wt. %of at least one C3 to C28 olefin in an oil solution with at
| east one 18.

. An composition according to claim 16 wherein

(;/ said oxyalkylene polyamine is a polyoxyalkylene polyamine
wherein the alkylene groups contain 2 to 7 carbons, the
number of oxyalkylene groups is from about 3 to 70, and the -
number of nitrogens is about 2 to 11.

19. The composition according to claim 11 wherein
(c) is a poly-n-butene succinic anhydride or acid.

20. The composition according to claim 19 wherein
said poly-n-butene is derived from a monomer mixture
comprised of n-butene-1l and n-butene-2.

21. The oleaginous composition according to claim
Y 11 wherein (a) is comprised of an ethylene-propylene
copolymer grafted with maleic anhydride, wherein (c) is
comprised of poly-n-butene succinic anhydride, and wherein
(b) is polyamine.

22. A process for preparing V.I.-dispersant
exhibiting improved low temperature viscometric properties
. comprising (i) grafting oil soluble ethylene copolymer
having a number average molecular weight of from about



olefinically unsaturated dicarboxylic acid or anhydr i de_using—a—free
radical initiator at elevated tenperatures; (ii) adm xing with t ted
et hyl'ene copol ynmer of (i) with poly-n-butene substitut u““\m m&g‘\ﬁ\mm d
material to forma reaction mxture; and (iii) reactlng

m xXture with at | east one pol yam ne cont3di ﬁPng at |east *twd reactlve am ne

groups sel ected fromprimary and secondary am ne groups, or at |east one

pol yol . 23. Th r to cIa|n122 mh sai thylene

copol ynmer i s-g ﬁogt %ﬂ 3??81&?’35;%’@ Slgl Vet age

nol ecul ar weieghiyylenel amd abowt 20 @@O &50@0 10@1)3 atnd.e;a;stpror@s:j rom about
30 to 80 w. @6e e t ‘WFF 24. The process
accordi ng to Bli ﬁ?‘mﬁg%’ﬁ%& (?%91"&?1 ni ca unsat urat eda di car boxylic
acid or anhyeuleéémga#éwem@sa&uara&edam:mlw apidl A anhydirids ding to
claim 23 whegglifgsal d;'rlé@ yadital Snitlitdicid dY @levdtddE rempdpadiiras; and

oxyal kyl ene pql,yam_hnes ocess..ac to clai.m 23 rein said
pol y- n- buteng éb?‘f’fnﬂﬁt"@g (‘Ju-cgg‘r ﬁ&&/ﬂ @%‘ﬁ %&YQ%% q?%yﬂﬁ%ﬁﬁec“dm d or
anhydri de. 2withhpolyeonsbutaneostibst itmtedidicairbdyxyrldio axdid] matlerialut ene
has a Rn of LL0Fe0U! raQetidn? ¥ euded®%nd (iii) reacting said
reaction mixture with at least one polyamine containing at
least two reactive amine groups selected from primary and
secondary amine groups, or at least one polyol.

23. The process according to claim 22 wherein
said ethylene copolymer is an ethylene-propylene copolymer
having a number average molecular weight of from about
20,000 to 200,000, and comprises from about 30 to 80 wt. %
ethylene and about 20 to 70 wt. % propylene. '

24. The process according to claim 23 wherein
sald olefin:l.cally unsaturated dicarboxylic acid or
anhydride is maleic acid or anhydride.

25. The process according to claim 23 wherein
said polyamine is selected from alkylene polyamines and
% oxyalkylene polyamines.

26. The process according to claim 23 wherein
said poly-n-butene substituted dicarboxyllc acid material
is a succinic acid or anhydr:l.de.

27. The process according to claim 26 wherein
said poly-n-butene has a M, of from about 300 to
about 3,000. '



