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D•crlptlon 

The pnt1entlnventton relatee to nitrogen containing grafted ethylene copolymen u..rut u mufti.. funclfonal 
vl1C081ty Index (V.I.) Improver addltlv•, e.g., vllcollty Index lmprovent-dlaperunta, for oleaginous compoel­
tlona, particularly fuel oh and lubrlcatlng olla, methods for prepertng Mid grafted ethylene copolymera, and 
to oleaginous compoelllona containing these nitrogen containing gmted copolymer9. More epeclflcally the ln­
atant Invention NlalM to a copolymer d ethylene with ottw alpha-olefin• u a backbone, Mid copolymercorn­
prleed d segmented copolyrns chains with campoalllona which .. lnlramolecufarly heterogeneous and ln­
tarmalecul•ly homogeneoul, grafted with ethytenlcally unaatur.ted carboxyllc acid material and reacted with 
polymilne conflllnlng one prtnwy amino group and at least one secondary amino group. The addltlvm d the 
Instant Invention provide oleaglnoua compoaltlona, partlcul•ly lubricating ol compoaltlona, exhibiting Improved 
low temperature vl8CClm8lrlc properties compared to conventional nlbogen containing grafted ethylen•alph• 
olefin copolymers. 

The concept d dertvatlzlng V.l. Improving high molecularwelght ethylene and alph•olefln copolymers with 
add moletlee 8UCh • malelc anhydride, folowed by ruction with an amine or an amine and a carboxyllc acid 
component to form a V.1.-dleperMnt ol addllve la known and II dlloloaed, lntar Illa, In the following patenta: 

U.S. Pal No. 3,318, 177 teach• ethylene copolymel9 8UCh • ethylen.propylene, or ethylen. propy­
lene-dlene, which are heated to elevated temperatures In the preeence Of oxygen IO as to oxidize the polysnw 
and cause la reaction with malelc anhydride which la present durtng the oxidation. The N8Ultlng polysnw can 
then be reacted with llkylene polyamlnee. 

U.S. Pal No. 3,328,804 teach• reacting ethylene copolymers with oxygen or ozone, to form a hydroper­
oxldlzed polymer, which le grafted with malelc anhydride followed by reacllon with polyalkylene polyamlnee. 

U.S. Pat. No. 4,089,794 teach• grafting the ethylene copolymer with rnalelc anhydride ullng peroxide In 
a lubrtcatlng oll IOlutlon, wtweln the graftfng la preferably carried out und• nitrogen, followed by ntaelfon with 
polyamlne. 

U.S. Pal No. 4, 137, 186 teach• reacting C1 to Cao mono carboxyllc acid anhydrld•, and dlcarboxyllc an­
hydrldea, auch as acetic anhydride, aucclnlc anhydride, etc. with an ethylene copolysnw reacted with rnalelc 
anhydride and a polyalkylene polywnlne to Inhibit crou llnklng and vlllCOlllty lncreau due to further reaction 
d any primary amine groupe which were lnltlaHy unf9acted. 

U.S. Pat No. 4,144,18111alml•to4,137,185 In that It teaches using a eulfonlc acid to Inactivate the re­
maining primary mnlne groups when a rnalelc anhydride grafted ethylen•propylene copolysner la reacted with 
a polyamlne. 

U.S. Pat No. 4, 189,083 reacla an ethylene copolymer In the abHnce d oxygen and chlortne at temper­
alurell of 1SO° to 250-C with malelc anhydride folowed by reaction with polyamlne. 

A numb• of prior dlacloeurea teach avoiding the uu of polyamlne having two primary amine groups to 
thereby ntduce croee-llnklng problerne which become more Of a problem• the runber Of amine moletlee add­
ed to the polymw molecule 11 lncMued In order to lncreue dlaperaancy. 

Gwman Publllhed Appllcatlon No. P3025274.5 teachn an ethylene copolymer l'9llCtad with malelc an­
hydride In oH using a long chain alkyl hetero or oxygen containing amine. 

U.S. Pal No. 4, 132,881 grafts ethylene copolymer, using peroxide and/or air blowing, with malelc anhydr­
ide and then '9acl8 with primary-tertiary dlamlne. 

U.S. Pal No. 4, 180, 739 teach• an ethylene copolymer which II grafted, using a free radical technique, 
with alternating malelc anhydride and a ucond polyrnerlzable monomer IUCh • methacryllc acid, which m. 
tllrlala are react9d with an amine having a •Ingle primary, or a alngle ucondary, amine group. 

U.S. Pat. No. 4, 171,273 ntactl an ethylene copolysner with malelc anhydride In the pntMnce d a free rad­
ical Initiator and then with mbcturea of C4 to C12 n-alcohol and amine such u N-amlnopropylrnorphollne or dl­
methylmnlno propyl amine to form a V.1.-dlsperunt-pour depreuant additive. 

U.S. Pal No. 4,219,432 teach• malelc anhydride grafted eth~ne copolymer reacted with a mixture of 
an amine having only one primary group together with a ucond amine having two or more primary groupe. 

German published application No. 2753589.9 lhowl an ethylene copolymer reacted with malelc anhydride 
by a fre•radlcll technique and then reacted with an amine having a •Ingle prfmm'y group. 

German published appHcatlon No. 2845288 grafts malelc anhydride on an ethylen.propylene copolymer 
by thermal grafting at high 18mperaturH and then f9acte with amine having one primary group. 

Ff9nch publlahed application No. 2423530 grafts rnalelc anhydrtde on an ethylen•propylene copolysnw 
with malelc anhydride et 1500 to 210°C followed by reaction with an amine having one primary or ucondary 
group. 

The early patents such • U.S. Pat. Noe. 3,318, 177 and 3,328,804 taught the general concept Of grafting 
an ethylen•propylene copolymer with malelc anhydrtde and then reacting with a polyalkylene polyamlne euch 
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•polyethylene amlnea. Sublequently, U.S. Pat. No. 4,089,794 wa1 directed to using an oll IOlutlon for he 
radlclll peroxide gniftlng the ethylene copolymer with malelc anhydride and then ruction with the polyamlne. 
Thie concept h8d the -.ntage that by using oll, the enth reaction could be mn1ed out In an oll eolutlon llO 
form.., ol concenlrat8, which 11 the commercllll form In which such addltlvee .. eo1d. Thia wu.., lldvMtllge 

1 f1'I« using a volatle eolvent for the reactions. which hu to be eubeequently 1emoved and replaced by ol llO 
form a concentrate. Subeequently, In operating at higher polyamlne levela In ard.- llO further lncnue the dle­
penlng lffect. lneNllNd poblems occurred with the unreacted amine group• croa.llnklng and thereby caus­
ing vtacoelty lncreaae of the ol concentrate dultng 1110nige and eubaequent formation of haze and In some tn­
etmncn gelling. Even though one or men moles of the ethylene polyamlne wu uaed per mole of malelc an-'° hydrtdedurlng lmkle formdon, croa-llnklng bec8IM more of a problem ae the nllrogen content of the polyment 
wu lncn.aed. One 8Glutlon waa to uae the polyamlnea and then to react the ...,.1n1ng pltnwy amino QIOUPI 

with anaclcl anhydltde, pnderablyacetlcanhydrlde,of U.S. Pill No. 4,137,185orthe8Ulfonlcacld of U.S. Pill 
No. 4, 144, 181. The CRIM-finking problem could allO be minimized by avoidance of the ethytene polyamfnae 
and Instead uelng amlnea having one prtnwy group which would react with the malelc anhydride whle the 

11 other amino groupe would be l8rtl8ry groups which were 1ubltantlally unreactlve. Patentl Oil publlehed appll­
catlonl 8howlng the UM of 8Uch prfmary-twtlary aml11e1 noted abow are U.S. Pat. No. 4,219,432, wherein a 
l*t Of the polyamlne wu replaced with a primary-tertiary amine; U.S. Pill No. 4,132,881; U.S. Pill No. 
4,180,739; U.S. Pat. No. 4,171,273; German No. P2753589.9; German No. 2,845,288; and French No. 
2,423,530. 

20 U.S. Pat. No. 4,518, 104 and 4,832,789 ntp19Mnted a further Improvement over the st In that they per-
mitted the utilization of the generally leu expenalve polyamlnee having two primary amine groupa, whRe ach­
ieving good dlaperuncy levele, Inhibiting croee-llnklng and allowing Initiator, e.g., peroxide, grafting In oH. 

U.S. Patent No. 4,517, 104 dlaclolea polymeltc vlecoelty Index (V.I.) lmprover-dleperunt addltfvel for pet­
roleum oH1, partlcul•ly lubrlcatlng ol1, comprtelng a copolymer of ethylene with one or men Cs to C21 alph• 

2S oleflne, preferably propylene, which have been gnifted with acid moieties, e.g., malelc anhydride, preferably 
uatng a free l'lldlclll Initiator In a aolvent, pref9rably lubricating oll, and then reacted with a mlxllmt of a carboxyllc · 
acid component, pntfenibly an alkyl aucclnlc anhydride, and a polyamlne having two Oil more pltmary amine 
groupe. Or the grafted polymer may be reacted with said acid component prereacted with aald polyamlne ID 
form aaltB, amldu, lmldea, etc. and then ructed with aakl grafflld olefln polymer. Th ... ructlona can permit 

so the lncorpcntlon of vsnleh Inhibition and dl1p81'18ncy Into the ethylene copolymer whH• Inhibiting crou-
Hnklng Oil gelling. ; 

U.S. Patent No. 4,832, 789 dlacloeea oll soluble vlacollty Improving ethylene copolymer9 ·IUCh a copoly­
mera of ethylene and ptopylene, reacted or grafted with ethylenlclllly uneabnted oarboxyllc acid moieties, 
preferably malelc anhydride moletlel, and then reacted with polyamlnea having two or men prfm•y amine 

31 groupe and a Cn to Cs. olefin carboxyllc acid component. .,..,..,.Y alkylene polyamlne and alkenyl aucclnlc 
anhydride, ,.pectlwly. Theee reaction• can perml the Incorporation ofvamlah Inhibition and dtepereancy lnllo 
the lthylene copolymer while Inhibiting croe•llnklng Oil gelling. 

Whle the additive• dlacloeed In U.S. Pat. No. 4,517,104 and 4,832,789 provide quite useful oft compoal­
tlon1 there le a need forol compoeltlonl which exhlbl better low temperature vlecometrlc properties than thoee 

40 paeae111d by conventlonal oll compoeltlons. 
The problem of providing V.I. oH additive• exhibiting Improved low teml*8bn vllcornetrlc properties II 

adchued In U.S. Patent No. 4,804,794. U.S. Patent No. 4,804,794 dllcloee1 eegmented copolynws of ethy­
lene and at leaet one other alpha-olefln monomer, each copolymer being lntl'llmolecul•IY heterogeneoue and 
Intermolecularly homogeneoua and at leut one aegment of the copolymer, conatltutlng at luat 10% of the 

"' copolymer'• chain, being a cryatalllzable segment Th•• copolymera are dllcloead a exhibiting good mech­
anlcal propertlea •uch u good shear etabHlty and • being useful V.I. lmprovere which provide lubrlcatlng ol8 
having highly deall'llble vllcoltty and pumpabllty properties at low temperatures. However, these copolymera 
.. dllcloaed • being V.I. lmproven, and there la no dllcloeure of grafting aald copolymere with an ethylen­
lcally unaatunlted carboxyllc acid material and thereafter reacting th ... grafted copolymers with polyaml11e1 

• containing one primary amine grouP. and at 1 .. t one eecondary amine group to provide multlunctlonal vle­
coelty Index Improver edc:lltlvee, e.g., viscosity Index lmprover-dlepM1&nt additives, for oleaglnoue compoel­
tlon1. Indeed, It WM lwetofore generally believed that these ethylene copolymerl coukl not be gl'llfted with 
conventional ethylenlcally unaaturated gl'llftlng rnaterlale and thereafter reacted with nitrogen containing com­
pounds auch • polyamln• without eubetantlally deleteltoully or adversely affecttng, I.e., broadening, the nar-

IJI row molecular weight dlatltbutlon (MWD). It wa1 belleved that thla deleterlou1 effect upon the narrow MWD 
would have a concomitant deleterlou1 effect upon the Int.molecular homogeneity, mlcrostrucbn (lnlramo­
leculer heterogeneity), and upon the advantageous low temperature vlecometrlc propertlea. It ha been aur­
prlllngly discovered that oleaglnou1 compo1ltlon1 containing ethylene copolymers of the lnltant Invention 

3 



·~-· 

EPD•B70B1 

grafted with ethylenlcally mono\insabnted carboxyllc acid matslal and reacted with polyamlne conmlnlng one 
primary amine gn>Up and one «more aecondary amine gn>upa to form riibugen contlllnlng grafted ethylene 
copolymers exhibit better low temperature vlscomeb'lc propertlea than thoae containing conventional nitrogen 
containing grafted ethylene copolymers. Thus, the multifunctional vleco81ty Index Improver acldltl"9I of the In-

" lfant Invention provfde oluglnoua compositions, parllcularly lubrlcalfng ol compoeltlons, exhibiting dllperaan­
C'f and betl8r low temperature vlscornelrlc characterlltlcll than conventional mulllfunctlonal vl9coelty Index 
lmpruvers comprteed of nllrogen «eater containing grafted conventional ethylene copolymere. 

The present Invention le dlntcted to off soluble nllrogen containing grafted ethylene copolymers weful a 
multtrunctlonal vlecoelty Index lmpn>vere « modlfln, e.g., as V.l. lmpn>ver-dlllpersant addltlvea, In ol•glnous 

10 compoeltlonl. The nitrogen containing grafl8d ethylene copolymera of the ln ... nt Invention provide ol•glnoua 
compoeltlons, In perllcular lubrtcallng oll compoeltlons, exhibiting Improved vlecomelrlc propertlel, perllcularly 
highly deelrable vllcoelty properties at low temperaturea, and dlllpersanC'f characteristics. 

The ethylene copolymers of the lnetant Invention are grafted with an ethylenlcally mono-unsabnted car­
boxytlc acid grafting mabtrlal and the grafted ethylene copolymere are then reacted with at IMlt one polyamlne 

111 containing only one primary amino group, at least one second.-y amino group, and preferably no tertl•y amino 
groups. 

The ethylene copolymera (l)(a) are dlscloled In U.S. Patent No. 4,804,794. Th ... copolyrnen are seg­
mented copolymere of ethylene and at 19811: one other alpha-olefin monomer; •ch copolymer 111 lntramolecu­
larly heterogeneous and Intermolecularly homogeneous and at l•st one segment of the copolymer, constl-

20 tulfng at least 10% of the copolymer's chain, 18 a cryatalllzable segment. F« the purposes of thle appllcatlon, 
the term •cryatalllzable eegment" Is defined to be each segment of the copolymer chain having a number-aver­
age molecular weight of at least 700 wherein the ethylene conl8nt Is at least 57 wt.%. The IWl'lalnlng segments 
of the copolymer chain .. herein termed the •tow cryatalllnlty segmenta• and are ch .. cterlzed by an average 
ethylene content of not greeter than about 53 wt%. Furthermore, the molecular weight distribution (MWD) of 

211 copolymer le very narrow. H le well known that the breadth of the molecular weight dlatrlbutlon can be char­
acterized by the mloe of various molecul• weight averages. F« example, an Indication of a narrow MWD In 
accordance with the praent Invention le that the ratio of weight to number-average molecular weight (M.IM.J 
le 1818 than 2. Alternatively, a ratio of the z-average molecular weight to the weight-average molecular weight 
(MJM.) of 1818 than 1.8 typifies a narrow MWD In accordance with the present Invention. It Ill known that a 

so P«tton of the property advantages of copolymers In accordance with the present Invention are related to these 
18tloe. Small weight hctlons of material can dlsproportlonatelx Influence th9M ratios white not slgnlflcantly 
alterlng the property advantages which depend on them. For ln ... nce, the presence of a 1mall weight fraction 
(e.g. ~ «!_low molecul• weight copolymer can depreu Mn, and thereby raise MJMn above 2 while maln-
181nlng MJM. lel8 than 1.8. Thelefore, the copolymer reacmnte, In accordance with the preaent Invention, are 

• characterized by having at l•st one of MJMn 1 ... than 2 and MJMw leas than 1.8. The copolymer reactant 
comprlse1 chalne within which the ratio of the monomers varies along the chain length. To obtain the lntra­
molecul• compoeltlonal he18n>genelty and narrow MWD, the ethylene copolymer reactants are preferably 
made In a tubular reactor. 

'° DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the Instant Invention there are provided compositions comprising nitrogen containing 
polymeric materlala useful aa multlfunctlonal vlacoelty Index lmprovera, partlcul•ly vlscoalty Index lmprover­
dlaperaant additives, for oleaginous materials, particularly lubricating one, which ant comprlled of cermln spe-

48 clflc types of ethylene and alpha-olefin copolymers grafted with ethylenlcally monounaaturated carboxyllc acid 
material, and reacted with polyamlne containing only one primary amino gn>up and at least one secondlll')' ami­
no group. 

More partlcularly, In one apect of the Instant Invention, hereinafter referred to aa Aapect A Such a com­
position comprlles the ntactlon product of: 

t10 (I) 
(a) a copolymer of ethylene and at least one other alpha-olefin monomer, 1ald copolymer comprlalng 
lntramoleculsly heterogeneous copolymer chains containing at l•st one cryst:allllable segment ol me­
thylene unfta and at least one low cryablUlnlty ethylene-alpha-olefin copolymer segment, wherein said 
at lent one crystallleable segment comprlsee at least 10 wt% of said copolymer chain and conmlns at 

A 1 ... t 57 wt% ethylene, wherein said low cryetalllnlty segment contains not greater than 53 wl% ethy­
lene, and wherein said copolymer ha a molecular weight dl1bibutlon characterised by at least one of 
of a ratio of MwlMn of lea than 2 and a ratio of MJM. of le11 than 1.8, and wherein at leaet two portions 
of an lndlvldual lntramolecularly heten>geneous chain, each portion comprising at leaet 5 wl% of said 
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chain, differ In composition fiom one another by at leaet 7 wt% etHYJene, aald copolymw being grafted 
with 
(b) ethylenlcaly monounaaturated carboxyllc acid material hll'llng 1 to 2 carboxyllc acid group1 or an­
hydride group to form grilfted ethylene copolymer, wherein the MWD of the nt1Ultlng grafted copolymer 

1 II within 10% or len of the MWD of 1ald ethylene copolynw (l)(a); and 
(II) 
at le•t one polyamlne containing only one primary amino group and at leaat one ucondary amino group. 
According ID another apect B the compoeltlon may comprlle the reaction product of (I) and (II) above and 

(Ill) a Cao to C400 hydfocmi>yl eubltltuted carboxyllc acid component containing 1 to 2 carboxyllc acid groupe 
10 or anhydride glQUP. 

The grafted ethylene copolymer (I) 11 delCl'lbed and claimed In co-pending European appllcatlon no. 
90305583.0 (EP-A-400887). 

To produce the Nactlon product, the componentl (I), (II) and (Ht) may be reected aubetantlally 1lmultan• 
oully or, e.g. componenla (U) and (Ill) may be pni-reacted eo that a primary or 1econdary amine group of the 

11 polyamlne (H) II 1tll avaHable for reectlon with (I). 
The nitrogen containing carboxyllc acid material grafted ethylene copolyma'8 of either apect A or B may 

r deelred be reeded or polt-b'eated with a vlacollty 1tabHlzlng or end capping agent euch 81, for example, a 
C1rC11 hydrocarbyl eubltltuted dlcarboxyllc anhydride. 

When the nitrogen containing grafted ethylene copolymerl of the Instant Invention .,. Incorporated Into 
20 olugl110U1 materllll1 IUCh • lubricating 0A1 the 1'81Ultant oleaglnou1 compo1ltlon1 exhibit better low temper­

abn vllcornelrlc propertlel than oleaglnou1 compoeltlona containing conventional nitrogen containing grafted 
ethylene copolymen. Furthermore, the nitrogen containing grafted ethylene copolymen of thll Invention func­
tion • dllperunta In olugfnou1 compoeltlon1 and generany exhibit eubltantialy 1ft11tar dllperaancy efficacy 
a convention.a nllrogen containing grafted ethylene copolymerl falling Outllde the 1cope of the lnalant In-

• ventlon. 

" 

Ethylene and Alph•Ofefln Copolymw 

The ethylene and alp•oletln copolymenl defined ae (I) herelnafore &19 copolym .. of ethylene with at 
!eat ona other alph•olefln comprleed of eeamented copolymer chalna with compoeltlona which .,. lntramo­
lecufllfly heWogeneoul and Intermolecularly homogeneoue. 

For convenience, cert.In terme that ere repeated throughoUt the preeent 1peclflcatlon are defined below: 
a. Inter-CD deflnee the cornpoeltfonal variation, In tennl of ethylene con•nt. among polymer chain•. It fl 
•JCPNllecl a the minimum deviation (analogou1 to a etandard deviation) In twn of weight pen:ent ethy­
lene, from the av-. ethylene compoeltlon for a given copolymer aample needed to Include a given 
weight percent of the total copolymer IM'lple, which 11 obtained by excluding equal weight fractlona from 
both ended the dlllrfbutlon. The deviation need not be 1ymmelrlcal. When expreaecl • a •Ingle number, 
for example 15% Inter-CD, It eh.al mean the larger of the poeltlve or negative deviation•. For example, for 
a Gauulan compoaltfonal dlltrlbutlon, 95.5% of the polymw le within 20 wt.% ethylene of the mean If the 
118ndard deviation le 10%. The Inter-CD for95.5wt.%ofthepolymer1120 wt.% ethylene foreuch a aample. 
b. Intra-CD II the compoeltlonal variation, In terme of ethylene, within a copolymw chain. It II expreued 
• the minimum dlf,_..,ce In weight (wt%) ethylene that exllta between two portlon1 of a 1lngle copoly­
mer chain, each portion comprlllng at le&lt 5 weight % of the chain. 
c. Molecular weight dletrtbutlon (MWD) II a m881Ul'8 of the range of molecular welghta within a given co­
polymer umple. It II characterized In terms of at I.at one of the ratlol of weight-average to number-aver­
age molecular weight, 'fl.IDn, and z-aYa"Bge to weight-average molecul• weight, Uw. where: 

'I.NW 
flw • 'LNiM1 

L1 • 'LNiMi and 
ft l:N, I 

flz • EN1Mf 
'I.NW 

wherein N1 II the numb• of moleculee of molecul• weight M., 
d. Vleoolly Index (V.I.) II the ablllty of a lubricating ol to accommodate lncreaH1 In temperature with a 
minimum decn ... In vllcollty. The g19ater thll abllty, the high• the V.I. Vllcollty Index II determined 
according to ASTM 02270. 
The ln1tant copolyme111 are segmented copolym81'8 of ethylene and at le&lt one othw alpha-ofefln mono-
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mer wherein the copolymer'• chain contain• at least one Cl'yetlllllzable •gment of ethylene monom« units, 

•wit be more eolnPl*Y deecrlbed below, and at lea1t one low cryetalllnlty ethylene-alpha-olefin copolym• 

eegment, where In the low cryetalllnlty copolymer segment la charact.lzed In the unorlented !>Wk ate aft. 

at 18811 24 houra annealing by ii degree of Cl'yatalllnlty of 1 ... than about 0.2% at 23"C, and w'*9ln the co-
5 polylw'1 chain la lnlramolecularly heterogeneous and Intermolecularly homogeneou1, and h• an MWD char­

acterized by at IMlt one of M.JMn of 1811 than 2 and MJMw of 1811 than 1.8. Th• Cl'yetallzable eegmente com­
prlH from about 10 to 80 wt.%, preferably from about 20 to 85 wt.%, of the teal copolym• chain, and contain 

an avwage ethylene content which II at leut about 57 wt.%, pl9ferably at leut about 82 wt.%, and more pre­
ferably at lealt about 83 wt.% and which II not great. than 95 wt.%, more preferably <85%, and moat prefsably 

10 <75 wt.% (e.g., from about 58 ID 88 wt.%). The low Cl'yltalllnlty.'copolymer 1egment1 comprlle from about 80 

ID 1 O wt.%, prefwably from about 80 to 15 wt.%, and more preferably from about 85 to 35 wt.%, of the total 
copolymer chain, and contain an av.11g9 ethylene content of from about 20 to 53 wt.%, ~bly from about 

30 to 50 wt.%, and men ...,_.bly from about 35 to 50 wt.%. The copolymera comprlle lntrarnolecul•ly het­

.-ogeneoue chain eegmenta wherein at lealt two portlone of an lndlvldual lntrwnolecul•ly heterogeneoue 

11 chain, each portion comprlllng at lwt 5 weight percent of the chain and having a molecul• weight of at lealt 

7000 contain at leaet 5 wt.% ethylene and differ In compoeltlon from.one anoths by at leaet 5 weight percent 

ethylene, wher91n the Intermolecular compoeltlonal dl1perslty of the polymer 11 euch that 95 wt. % of the poly­

mer chalne have a compoeltlon 15% or leal different In ethylene from the av.age _!e'i!'t percent ethylene 

compoeltlon, and wherein the copolymer 11 chm'actertzed by at lealt one of a ratio of MwlMn of Im than 2 and 

20 a retlo of MJMw of 1811 than 1.8. 
Aa deecrlbed above, the copolymera wlll contain at leut one cryetalllzable eegment rich In methylene unllll 

(h.-.lnaft. called an "M" segment) and at least one low cryatallnlty ethylene-alpha-olefin copolymer 19gment 

(herelnaft. called a -r 1egment). The copolymera may be therefore Illustrated by copolY1"*9 eelected from 

the group conalltlng of copolymer chain 1tructure1 having the following segment eequencea: 

21 M-T, (I) 
Tt - (M - T2)x, and (II) 
rt - (Mt - T2)y - M2 (Ill) 

wherein M and T .. defined above, Mt and M2 can be the amne or different and are each M eegmenta, Tt 

and T2 can be the emne or different and are each T segmentl, x 18 an Integer of from 1 to 3 and y II an Integer 

30 of1to3. 
In ltrUCbn II (x-1). the copolymer'• M segment la positioned between two T 19gments, and the M •grnent 

can be positioned aibetantlaUy In the canter of the polymer chain (that Is, the rt and T2 eegmenta can be aub­

etantlally the emne molecul• weight and the eum of the molecular weight of the Tt and T2 eegmentl can be 

aubetantlaly equal to the molecular weight of the M 1egment), although thll 11 not 8118ntlal to the practice d 

• this Invention. PrlifMlbly, the copolymer wlll conteln only one M segment per chain. Thentfore, ltructuree I 
and II (x-1) .,. preferred. 

Preferably, the M eegmenta and T segments d the copolymer are located along the copolymer chain ID 

that only a llmlted runber d the copolymer chalne can BllOClate before the lterlc problems aeeoclated with 

packing the lowCl'yelalllnltyT eegments preventa furth•agglomeratlon. Therefore, In a preferred embodiment, 

'° the M •ament 11 locatad nes the cent. of the copolym• chain and only one M -ament I• In th• chain. 
Aa wll be 1hown below, a copolym• of the ltructure 

Mt - (T - M2>z (IV) 
(wherein M1, M2 and T .. u defined above, and wherein z 18 an Integer of at leaet 1) are undellrable as vis­

cosity modlflM' polymere. It has bHn found that solutions d 1tructure IV copolymel8 In oR tend to gel even 

45 when the Mand T portions have exactly the same composition and molecul• weight as structure II copolymera 

(with x-r-1). It II believed thll poorvllcollty modifier performance 11 due to the lnablllty d a canter T segment 

ID amrlcally atabllz8 agalnlt a110clatlon. 
The M eegmenc. of the copolymers of thl• Invention comprise ethylene and can aleo comprlle at lealt 

one other alpha-olefin, e.g., containing 3 to 18 carbon atoms. The T aegmenta comprl• ethylene and at lealt 

., one other alpha-olefin, e.g., alph•oleflne containing 3 to 18 cerbon alDml. The Mand T eegmentl can also 

comprlee oths pol~ble monomers, e.g., non-conjugated dlenes or cycllc mono-olefln1. 

Since the present Invention II considered to be mo1t preferred In the context of ethylene-propylene (EPM) 

copolymenl It wll be dncrlbed In detaD In the context d EPM. 
Copolymer (l)(a) In accordance with the present Invention Is preferably made In a tubular reactor. When 

a produced In a tubular reactor with monomer feed only at the tube Inlet, It Is known at the beginning of the tubul• 

reactor, ethylene, due to 11:1 high reactivity , wlll be preferentially polymerized. The concentration of monomera 

In solution changes along the tube In favor of propylene as the ethylene ls depleted. The reeult, with monomer 

teed only at the Inlet, 19 copolymer chalne which are higher In ethylene concentration In the chain eegmenta 
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grown near the reactor Inlet (811 dtiflned at the point at which the potJrriiftzatlon reaction conwnencee), and 
higher In propylene concentration In the chain segments formed near the raactor outlet These copolymer 
chalne .. therefore tmperec:I In composition. An llustratlve copolymer chain of ethylene-propylene II lchemat­
lcally prwented below with E rapresentlng ethylene constituents and P representing propylene constituents 

I In the chain: 

10 

1 2 3 4 

Segaent: 1-1-1-1-P-1-1-1-P-P-1-1-P-P-P-l-P-P-P-P 

Aa can be seen from this llustrattve schematic chain, the far left-hand segment (1) thereof represents that 
portion of the chain formed at the reactor Inlet where the reaction mixture le proportionately richer In the more 
reactive conetltuent ethylene. Thie 1egment comprtee1 tour ethylene molecul• and one propylene molecule. 

15 However, u subsequentsegmenta are formed from left to right with the more reactive ethylene being depleted 
and the reaction mixture proportionately Increasing In propylene cancenbatlon, the aibsequent chain seg­
ments become more concenbatad In propylene. The resulting chain II lntramoleculm'ly hetelogeneous. 

The property, of the copolymerdleCUlled heraln, related to lntrarnolecularcompoeltlonal dllperalty (com­
positional variation within a chain) shall be referred to u Intra-CD, and that releted to Intermolecular compo-

20 sltlonal dllperelty (compoaltlonal variation between chains) 1hall be referred to u Inter-CD. 
For copolymena In accontance with the present Invention, composition can vary between chain• a1 well 

u along the length d the chain. An object of thll Invention la to minimize the amount of Inter-chain variation. 
The lnmr-CD can be characterized by the difference In compolltlon between the copolymer fractions contain­
ing the hlghelt and loweet quantity of ethylene. TechnlquH for measuring the breadth of the ln18r-CD are 

25 known u llultratecl In "Polymerlzatlon of ethylene and propylene to amorphou1 copolymers with catalyets of 
vanadium oxychlortde and alkyl aluminum helkJ••: E. Junghanns, A. GumbokJtand G. Bier; Makromol. Chem., 
V. 58 (12112182): 18-42, wherein a p-xyleneldlmethylformamlde 1olvent/non-lolvent W8I uled to hctlonal8 
copolymer Into fnlctlonl of dlferlng Intermolecular composition. Other eolvent/non-lolvent 1yal8me can be 
used euch u hexane/2- propanol, u wll be dlecull8d In men detall below. 

ao The Inter-CD of copolymer In accordance with the present Invention 111uch that 95 wt. % of the copolymer 
chalne have an ethylene compoeltlon that dlffera from the average weight percent ethylene compoeltlon by 
15 wt. % or 1 .... The inferred Inter-CD i. about 13% or 1 ... , with the mott 1)1Wf9rred being about 10% or 
lea. In cornparllon, Junghann1 et al. found that their tubular reactor copolymer had an Inter-CD of greater 
than 15 wt. %. 

as Broadly, the Intra-CD of copolymer In accordance with the pnt1ent Invention 11 euch that at leaet two por-
tion• of an lndlvklual lnbamolecularly heterogeneous chain, each portion comprlllng at leaet 5 weight percent 
of the chain, dlffs In composition from one another by at leaet 7 weight percent ethylene. Uni•• otherwt.e 
Indicated, thll property d lnba-CD u referred to herein II baled upon at leut two 5 weight percent portions 
of copolymer chain. The Intra-CD of copolymer In accordance with the present Invention can be such that at 

40 leaet two portlonl d copolymer chain differ by at leut 10 weight percent ethylene. Dlfferencn of at 1 ... t 20 
weight percent, a1 well u, of at leut 40weight1*C9nt ethylene are also considered to be In accordance with 
the present Invention. 

The experhnental procedure for determining lnba-CD 11 u follows. First the lnmr-CD 11 eetabllahed u d• 
lcrlbed below, then the polymer chain II broken Into fragments along Its contour and the Inter-CD of the frag­

.fl menta II determined. The difference In the two raaults II due to lntr&-CD u can be seen In the lluetratlve ex­
ample below. 

tlO 

Consider a hetwogeneou1 umple polymer containing 30 monomer units. It conlllts of 3 molecul• d .. 
lgnated A. B, C. 

llllPIBIPBBEPPBBPPIPPPIPPPPPPP 
8 llllBPIBIPBBBPPBIBPPPBPPPllPPP 
C llPIBIPllEPBBBPBBBPPEBPPPIBPPP 

Molecule A II 38.8 wt. % ethylene, B 1148.8%, and C 1150% ethylene. The average ethylene content for 
the mlxbn II 44.3%. For thll umple the Inter-CD II 1uch that the hlghHt ethylene polymer contains 5. 7% 
more ethylene than the average whRe the lownt ethylene contant polymer contains 7.6% leu ethylene than 
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the average. Or, In other words, 100 weight% ofthe polymer II within +5.7% and -7.5% ethylene about an 
average of 44.3%. Accordingly, the Inter-CD 117.5% when the given weight% of the polymer la 100%. 

If the chalna .. broken Into fragments, tlwe will be a new Inter-CD; For 1lmpllclty, consldsflnt breaking 
only molecule A Into fragments shown by the slashes as follows: 

BEEBP/BEIPB/EBPPB/BPPBP/PPBPP/PPPPP 

Partlonl of 72. 7%, 72. 7"', 50%, 30.8%, 14.3% and 0% ethylene_.. obtained. lfmoleculH Band C .. 1lmlarly 
broken and the weight hcllon• of 1lmUar composition are gn>uped a new Inter-CD 18 obtained. 

10 In order ID det8rmlne the fraction of a polymer which 11 lntramolecularly heterogeneous In a mbcbn of poly-
mera combined from HYerlll 80\WC8I the mbcbn must be aepamted Into frllctlona which show no fUrther het­
erogenlty upon aubeequentfractlonallon. Th ... fractions are sublequently fracbnd and frllcllonated to nweal 
which .. hetwogeneous. 

The fragmentl Into which the original polymer Ill broken ahould be large enough to avoid end effect8 and 
15 ID give a reuonable opportunity for the normal 1tatlatlcal distribution of aegmenta to form ovs a given mono­

mer conYMWlon range In the polymerization. Interval• of gt 5 weight'!'% of the polymer .. convenient For ex­
ample, at an avermge polymer molecular weight of about 10', fragmentl of S!! 9000 molecular weight 81'9 ap­
propriate. A detaled mathematical analyala of plug flow or batch polymerization lndlcataa that the rme Of 
change of composition along the polymer chain contour wlll be moat aevere at high ethylene conversion neer 

20 the end of the polymertzatlon. The shortest fragments are needed here to show the low ethylene content aec­
tlona. 

The beat avalable 18chnlque for determination of compoaltlonal dlaperalty for non-polar polymen II aol­
vent/non-lolvent fnlctlonatlon which 11 based on the thermodynamlca of phase Hparatlon. Thia 18chnlque la 
deecrlbed In "Polymer Fractionation•, M. C.nlDw editor, Academic 1987, p. 341 and In H. lnagakl, T. Tanaku, 

a "Developments In Polymer Ch .. cter1zat1on•. 3, 1, (1982). Th ... are Incorporated herein by Nference. 
For non-cryetaHlne copolymera Of ethylene and propylene, molecularwelghtgoverna lnsolublllty mON than 

does composition In a aolvent/non-IOfvent aolutlon. High molecular weight polymer la IHI soluble In a given 
aolvent mix. Aleo, there 18 a systematic correlation of molecul• weight with ethylene content for the polymera 
deacrlbed herein. Slnca ethylene polymertzea much mON rapidly than propylene, high ethylene polymer alao 

30 tends to be high In molecular weight. Additionally, chains rich In ethylene lend to be 1881 soluble In hydrocar­
bon/polar non-aolvent mlxturea than pn>pylene-rlch chains. FurthermON, for cryatalllne eegmente, eolubllty 
la algnlflcantly reduced. Thus, the high molecular weight, high ethylene chalna are euly separabtd on the ba­
ala of thermodynllmlca. 

A fnlctlonmtlon procedure II as followa: Unfragmentad polymer 11 dlllolved In n-hexane at 23°C to form 
·~· 16 91 a 1% eolutlon (1 g. polymer/100 cc hexane). laopropyl alcohol II titrated Into the eolutlon unlll turbidity ap. 

.,... at which time the P1'9C1pltate la allowed to settle. The supernatant llquld 18 removed and the preclpllata 
18 dried by preaelng between Mylar4D (polyethylene terphthalabt) fftm at 1SO°C. Ethylene content II del8rmlned 
by ASTM method D-3900. Titration 11 1'91Umed and aubaequent fractlona are recovered and analyzed until 
100% of the polymer la colected. The titration• are Ideally controlled to produce fractions of 5-10% by weight 

«J of the qlnal polymer, especially at the extremes of compoaltlon. 
To demonstrate the brudt:h of the dlatrlbutlon, the data are plotted as% ethylene veraus the cumulative 

weight Of polymer aa defined by the aum Of half the weight % of the fraction of that composition plus the total 
weight % Of the prevloualy collected fractions. 

Another portion of the orlglnal polymer II broken Into fragments. Aeultable method for doing thla 18 by ther-
" mal degradation according to the foRowlng procedure: In a aealed container In a nitrogen-purged oven, a 2mm 

thick layer Of the polymer II heatltd for 80 mlnutu at 330"C. (The time or temperature can be emplrlcally ad­
justed bued on the ethylene content and molecular weight of the polymer.) Thia ahould be adequate to recluca 
a 1()1 molecular weight polymer ID fragments of 91 5000 molecular weight Such degradation does not sub-
1tantlally change the average ethylene content of the polymer, although propylene tends to be lost on acllalon 

llO In preference to ethylene. Thi• polymer II fractlonatad by the same procedure as the high molecular weight 
precursor. Ethylene content la meaaured , u well aa molecular weight on selected fractiona. 

The procedure to ch-.ctertze lntramolecular heterogeneity la laborious and even when performed at an 
abaoluta optimum, doel not show how the aegmentl of the chain are connected. In fact It II not poaalble, with 
current technology, to cletarmlne the polymer structure without recourae to the 1ynth11ll condlllona. With 

• knowledge of the ayntheala condltlona, the structure can be d~lned aa follows. 
Ethylene, propylene or high alpha-olefin polymerizations with lranaltlon metal catalyata can be descrtbed 

by the terminal copolymerlzatlon model, to an approximation adequate for the present purpose. (G. Ver Strata, 
Encydopedla of Polymer Science and EnalneerlnQ, vol. 8, 522 (1988)). In thll model, the relative reactivity of 
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the two monomers is specified by two reactivity ratios defined as follows: 
R = (rate constant for ethylene adding to ethylen~ 

1 (rate constant for propylene adding to ethylen~ 
R ::::: (rate constantfor propylene adding to propylene) 

i; 
2 (rate constant for ethyleneadding to propylene) 

to 

t/S 

20 

25 

30 

45 

50 

55 

Given these two constants, at a given temperature, the ratio of the molar amount of ethylene, E, to the 
molar amount of propylene, P, entering the chain from a solution containing ethylene and propylene at molar 
concentrations [E] and [P] respectively is 

E • C.EJ 
p • [PJ 

1B1CEJ + [P]) 

( [ E J + R2 [ P J) 

The relation of E and P to the weight% ethylene in the polymer Is as follows 

weight% ethylene = E + ~-5 p · 100 

(1) 

The values of R1 and R2 are dependent on the particular comonomer and catalyst employed to prepare 
the polymer, the polymerization temperature and, to some extent, the solvent. 

For all transition metal catalysts specified herein, R1 is significantly larger than R2• Thus, as can be seen 
from equation (1), ethylene will be consumed more rapidly than propylene for a given fraction of the monomer 
in the reacting medium. Thus, the ratio of [E]/[P] will decrease as the monomers are consumed. Only if R1=R2 

will the composition in the polymer equal that in the reacting medium. 
If the amount of monomer that has reacted at a given time In a batch reactor or at a given point In a tubular 

reactor can be determined, It is possible through equation (1 ), to determine the instantaneous composition be­
ing formed at a given point along the polymer chain. Demonstration of narrow MWD and increasing MW along 
the tube proves the compositional distribution is intramolecular. The amount of polymer formed can be deter­
mined In either of two ways. Samples of the polymerizing solution may be collected, with appropriate quenching 
to terminate the reaction at various points along the reactor, and the amount of polymer formed evaluated. 
Alternatively, if the polymerization is run adiabatically and the heat of polymerization is known, the amount of 
monomer converted may be calculated from the reactor temperature profile. 

Finally, if the average composition of the polymer is measured at a series of locations along the tube, or 
at various times in the batch polymerization case, it is possible to calculate the instantaneous composition of 
the polymer being made. This technique does not require knowledge of R 1 and R2 or the heat of polymerization, 
but it does require access to the polymer synthesis step. 

All of these methods have been employed with consistent results. 
For the purpose of this patent, R1 and R2 thus simply serve to characterize the polymer composition in 

terms of the polymerization conditions. By defining R1 and R2 , we are able to specify the intramolecular com­
positional distribution. In the examples shown below where VCl4 and ethylaluminum sesquichloride are em­
ployed in hexane as solvent, R1 = 1.8 exp(+5001Tk) and R2 = 3.2 exp(-15001Tk), where is degrees Kelvin. For 
reference, at 20°C R1 = 9.7, R2 = 0.02. 

The R1 and R2 given above predict the correct final average polymer composition. If the R, and R2 and 
expression (2) are someday proven to be inaccurate the polymer intramolecular compositional distribution will 
remain as defined herein in terms of the polymerization conditions but may have to be modified on the absolute 
composition scales. There is little likelihood that they are in error by more than a few percent, however. 

Ethylene content is measured by ASTM-D3900 for ethylene-propylene copolymers between 35 and 85 
wt.% ethylene. Above 85% ASTM-02238 can be used to obtain methyl group concentrations which are related 
to percent ethylene In an unambiguous manner for ethylene-propylene copolymers. When comonomers other 
than propylene are employed no ASTM tests covering a wide range of ethylene contents are available; however, 
proton and carbon-13 nuclear magnetic reasonance spectroscopy can be employed to determine the compo­
sition of such polymers. These are absolute techniques requiring no calibration when operated such that all 
nuclei of a given element contribute equally to the spectra. For ranges not covered by the ASTM tests for ethy­
lene-propylene copolymers, these nuclear magnetic resonance methods can also be used. 

Molecular weight and molecular weight distribution are measured using a Waters 150°C gel permeation 
chromatography equipped with a Chromatlx KMX-6 (LDC-Milton Roy, Riviera Beach, Fla.) on-line light scat­
tering photometer. The system is used at 135°C with 1,2,4 trichlorobenzene as mobile phase. Showdex 
(Showa-Denko America, Inc.) polystyrene gel columns 802, 803, 804 and 805 are used. This technique is dis­
cussed in "Liquid Chromatography of Polymers and Related Materials Ill", J. Cazes editor, Marcel Dekker, 1981, 
p. 207. No corrections for column spreading are employed; however, data on generally accepted standards, 
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e.g., National Bureau of Standards Polyethene 1484 and anionically produced hydrogenated polyisoprenes (an 
alternating ethylene-propylene copolymer) demonstrate that such corrections on M.JMn or MJMw are less 
than .05 unit. M.JMn is calculated from an elution time-molecular weight relationship whereas Mzl'Mz is evalu­
ated using the light scattering photometer. The numerical analyses can be performed using the commercially 

ts available computer software GPC2, MOLWT2 available from LDC/Milton Roy-Riviera Beach, Florida. 
As already noted, copolymers in accordance with the present Invention are comprised of ethylene and at 

least one other alpha-olefin. It is believed that such alpha-olefins could include those containing 3 to 18 carbon 
atoms, e.g., propylene, butene-1, pentene-1, etc. Alpha-olefins of 3 to 6 carbons are preferred due to economic 
considerations. The most preferred copolymers in accordance with the present invention are those comprised 

10 of ethylene and propylene. 
As ls well known to those skilled in the art, copolymers of ethylen and higher alpha-oleflns such as pro­

pylene often include other polymerlzable monomers. Typical of these other monomers may be non-conjugated 
dlenes such as the following non-limiting example: 

a. straight chain acyclic dienes such as: 1,4-hexadiene; 1,6-octadiene; 
15 b. branched chain acyclic dienes such as: 5-methyl-1, 4-hexadlene; 3, 7-dlmethyl-1,6-octadlene; 3, 7-di­

methyl-1,7-octadlene and the mixed Isomers of dlhydro-myrcen-3 and dihydrooclmene; 
c. single ring allcycllc dienes such as: 1,4-cyclohexadlene; 1,5-cyclooctadlene; and 1,5-cyclododecadlene; 
d. multl-ring allcyclic fused and bridged ring diene such as: tetrahydroindene; methyltetrahydroindene; di­
cyclopendadlene; bicyclo-(2,2, 1 )-hepta-2, 5-diene; alkenyl, alkylidene, cycloalkenyl and cycloalkylldene 

20 norbornenes such as 5-methylene-2-norbornene (MNB), 5-ethylldene-2-norbornene (ENB), 5-propylene-
2-norbornene, 5-isopropylldene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene; 5-cyclohexylidene-2-
norbornene. 
Of the non-conjugated dlenes typically used to prepare these copolymers, dienes containing at least one 

of the double bonds in a strained ring are preferred. The most preferred diene is 5-ethylidene-2-norbornene 
25 (ENB). The amount of diene (wt. basis) in the copolymer could be from about 0% to 20% with 0% to 15% being 

preferred. The most preferred range is Oo/o to 10%. 
As already noted, the most preferred copolymer in accordance with the present Invention is ethylene-pro­

pylene. The average ethylene content of the copolymer could be as low as about 20% on a weight basis. The 
preferred minimum is about 25%. A more preferred minimum is about 30%. The maximum ethylene content 

30 could be about 90% on a weight basis. The preferred maximum is about 85%, with the most preferred being 
about 80%. Preferably, the copolymers of this invention intended for use as viscosity modifier-dispersant con­
tain from about 35 to 75 wt.% ethylene, and more preferably from about 50 to 70 wt.% ethylene. 

The molecular weight of copolymer made in accordance with the present invention can vary over a wide 
range. It is believed that the weight-average molecular weight could be as low as about 2,000. The preferred 

35 minimum ls about 10,000. The most preferred minimum ls about 20,000. It is believed that the maximum weight­
average molecular weight could be as high as about 12,000,000. The preferred maximum is about 1,000,000. 
The most preferred maximum is about 750,000. An especially preferred range of weight-average molecular 
weight for copolymers intended for use as V.M. polymer is from 50,000 to 500,000. 

The copolymers of this invention will also be generally characterized by a Mooney viscosity (i.e., ML(1, +4,) 
'° 125°C) of from about 1 to 100, preferably from about 5 to 70, and more preferably from about 8 to 65, and by 

a thickening efficiency ("T.E. ") of from about 0.4 to 5.0, preferably from about 1.0 to 4.2, most preferably from 
about 1.4 to 3.9. 

Another feature of copolymer of the present invention is that the molecular weight distribution (MWD) is 
very narrow, as characterized by at least one of a ratio of M.JMn of less than 2 and a ratio of Mzl'Mw of less 

45 than 1.8. As relates to EPM and EPDM, a typical advantage of such copolymers having narrow MWD is resis­
tance to shear degradation. Particularly for oil additive applications, the preferred copolymers have M.JMn less 
than about 1.5, with less than about 1.25 being most preferred. The preferred Mz!Mw is less than about 1.5, 
with less than about 1.2 being most preferred. 

The copolymers of the instant invention may be produced by polymerization of a reaction mixture com-
50 prised of catalyst, ethylene and at least one additional alpha-olefin monomer, wherein the amounts of mono­

mer, and preferably ethylene, is varied during the course of the polymerization in a controlled manner as will 
be hereinafter described. Solution polymerizations are preferred. 

Any known solvent for the reaction mixture that is effective for the purpose can be used in conducting sol­
ution polymerizations in accordance with the present invention. For example, suitable solvents would be hy-

55 drocarbon solvents such as aliphatic, cycloallphatic and aromatic hydrocarbon solvents, or halogenated ver­
sions of such solvents. The preferred solvents are C12 or lower, straight chain or branched chain, saturated 
hydrocarbons, C5 to C9 saturated alicyclic or aromatic hydrocarbons or C2 to C8 halogenated hydrocarbons. 
Most preferred are C12 or lower, straight chain or branched chain hydrocarbons , particularly hexane. Non-lim-
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iting illustrative examples of solvents are butane, pentane, hexane, heptane, cyclopentane, cyclohexane, cy­
cloheptane, methyl cyclopentane, methyl cyclohexane, isooctane, benzene, toluene, xylene, chloroform, chlor­
obenzenes, tetrachloroethylene, dichloroethane and trichloroethane. 

These polymerizations are carried out in a mix-free reactor system, which is one in which substantially no 
s mixing occurs between portions of the reaction mixture that contain polymer chains initiated at different times. 

Suitable reactors are a continuous flow tubular or a stirred batch reactor. A tubular reactor Is well known and 
Is designed to minimize mixing of the reactants in the direction of flow. As a result, reactant concentration will 
vary along the reactor length. In contrast, the reaction mixture in a continuous flow stirred tank reactor (CFSTR) 
Is blended with the incoming feed to produce a solution of essentially uniform composition everywhere In the 

10 reactor. Consequently, the growing chains in a portion of the reaction mixture will have a variety of ages and 
thus a single CFSTR Is not suitable for the process of this invention. However, It is well known that 3 or more 
stirred tanks In series with all of the catalyst fed to the first reactor can approximate the performance of a tub­
ular reactor. Accordingly, such tanks In series are considered to be In accordance with the present Invention. 

A batch reactor Is a suitable vessel, preferably equipped with adequate agitation, to which the catalyst, 
1s solvent, and monomer are added at the start of the polymerization. The charge of reactants Is then left to poly­

merize for a time long enough to produce the desired product or chain segment. For economic reasons, a tub­
ular reactor Is preferred to a batch reactor for carrying out the processes of this Invention. 

In addition to the Importance of the reactor system to make copolymers In accordance with the present 
invention, the polymerization should be conducted such that: 

20 (a) the catalyst system produces essentially one active catalyst species, 
(b) the reaction mixture is essentially free of chain transfer agents, and 
(c) the polymer chains are essentially all initiated simultaneously, which is at the same time for a batch 
reactor or at the same point along the length of the tube for a tubular reactor. 
To prepare copolymer structures II and Ill above (and, optionally, to prepare copolymer structure I above), 

25 additional solvent and reactants (e.g., at least one of the ethylene, al~ha-olefin and diene) will be added either 
along the length of a tubular reactor or during the course of polymerization in a batch reactor, or to selected 
stages of stirred reactors In series in a controlled manner (as will be hereinafter described) to form the copo­
lymers of this invention. However, it is necessary to add essentially all of the catalyst at the inlet of the tube 
or at the onset of batch reactor operation to meet the requirement that essentially all polymer chains are initiated 

30 simultaneously. 
Accordingly, polymerization in accordance with the present invention are carried out: 
(a) In at least one mix-free reactor, 
(b) using a catalyst system that produces essentially one active catalyst species, 
(c) using at least one reaction mixture which is essentially transfer agent-free, and 

35 (d) In such a manner and under conditions sufficient to initiate propagation of essentially all polymer chains 
simultaneously. 
Since the tubular reactor Is the preferred reactor system for carrying out polymerizations in accordance 

with the present invention, the following illustrative descriptions are drawn to that system, but will apply to other 
reactor systems as wHI readily occur to the artisan having the benefit of the present disclosure. 

40 In practicing polymerization processes In accordance with the present invention, use is preferably made 
of at least one tubular reactor. Thus, In its simplest form, such a process would make use of but a single reactor. 
However, as would readily occur to the artisan having the benefit of the present disclosure, a series of reactors 
could be used with multiple monomer feed to vary intramolecular composition as described below. 

The composition of the catalyst used to produce alpha-olefin copolymers has a profound effect on copo-
45 lymer product properties such as compositional dispersity and MWD. The catalyst utilized In practicing proc­

esses in accordance with the present invention should be such as to yield essentially one active catalyst spe­
cies In the reaction mixture. More specifically, it should yield one primary active catalyst species which provides 
for substantially all of the polymerization reaction. Additional active catalyst species could provide as much as 
35% (weight) of the total copolymer. Preferably, they should account for about 10% or less of the copolymer. 

so Thus, the essentially one active species should provide for at least 65% of the total copolymer produced, pre­
ferably for at least 90% thereof. The extent to which a catalyst species contributes to the polymerization can 
be readlly determined using the below-described techniques for characterizing catalyst according to the num­
ber of active catalyst species. 

Techniques for characterizing catalyst according to the number of active catalyst species are within the 
ss skill of the art, as evidenced by an article entitled "Ethylene-Propylene Copolymers. Reactivity Ratios, Eval­

uation and Significance•, C. Cozewith and G. Ver Strate, Macromolecules, 4, 482 (1971). 
It is disclosed by the authors that copolymers made in a continuous flow stirred reactor should have an 

MWD characterized by Mw1Mn=2 and a narrow Inter-CD when one active catalyst species is present. By a com-
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binatlon of fractionation and gel permeation chromatography (GPC) It is shown that for single active species 
catalysts, the compositions of the fractions vary no more than ±3% about the average and the MWD (weight­
to number-average ratio) for these samples approaches 2. It is this latter characteristic (MJMn of about 2) 

that is deemed the more important in identifying a single active catalyst species. On the other hand, other 
s catalysts gave copolymer with an Inter-CD greaterthan ±10% about the average and multi-modal MWD often 

with MJMn greater than 10. These other catalysts are deemed to have more than one active species. 
Catalyst systems to be used in carrying out processes in accordance with the present invention may be 

Ziegler catalysts, which may typically include: 
(a) a compound of a transition metal, i.e., a metal of Groups 1-B, 111-B, IVB, VB, VIB, VllB and VIII of the 

10 Periodic Table, and (b) an organometal compound of a metal of Groups I-A, II-A, 11-B and 111-A of the Periodic 
Table. 

The preferred catalyst system in practicing processes in accordance with the present invention comprises 
hydrocarbon-soluble vanadium compound In which the vanadium valence is 3 to 5 and an organo-aluminum 
compound, with the proviso that the catalyst yields essentially one active catalyst species as described above. 

15 At least one of the vanadium compound/organo-alumlnum pair selected must also contain a valence-bonded 
halogen. 

20 

In terms of formulas, vanadium compounds useful In practicing processes in accordance with the present 
invention could be: 

0 ( 1) 

" 
VClx(OR)3-x 

25 where x = 0-3 and R = a hydrocarbon radical; VCl.4; 

VO(AcAc)2, 
where AcAc = acetyl acetonate which may or may not be alkyl-substituted (e.g. C1 to C8 alkyl); 
V(AcAc)3; 
V(dicarbonyl moletyh; 

30 VOClx(AcAc)s. x• 
where x = 1 or 2; 
V(dicarbonyl moiety)3CI; and 
VCl3.nB, 
where n=2-3, B = Lewis base capable of making hydrocarbon-soluble complexes with VCl3, such as tet-

35 rahydrofuran, 2-methyl-tetrahydrofuran and dimethyl pyridine, and the dlcarbonyl moiety is derived from a di­
carbonyl compound of the formula: 

R-C-R' C-R crrJ 
tr " 
0 0 

In formula (II) above, each R (which can be the same or different) preferably represents a C1 to C10 ali­
phatic, alicycllc or aromatic hydrocarbon radical such as ethyl (Et), phenyl, isopropyl, butyl, propyl, n-butyl, i-

45 butyl, t-butyl, hexyl, cyclohexyl, octyl, naphthyl, etc. R' preferably represents an alkylene divalent radical of 1 
to 6 carbons (e.g. , -CH2"", -C2H4-, etc.). Nonlimiting illustrative examples of formula (1) compounds are vanadyl 
bihalides, alkoxy halides and alkoxides such as VOCl3, VOCl2 (OBu) where Bu = butyl, and VO(OC2H6)3. The 
most preferred vanadium compounds are VCl4, VOCl3, and VOCl2(0R). 

As already noted, the co-catalyst is preferably organo-aluminum compound. In terms of chemical formulas, 
50 these compounds could be as follows: 

55 

AlR3 , 

AlR2Cl, 

AlR',Rcl, 
Al2R3c1 3 , 
AlRC12 , 

12 

Al(OR)R2 , 

R2Al -AlR2 , 

AlR2I, 
and 
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where Rand R' represent hydrocarbon radicals, the same or different, as described above with respect to the 
vanadium compound formula. The most preferred organo-aluminum compound Is an aluminum alkyl sesqui­
chloride such as Al2Et3Cl3 or Al2(i8u)3Cl3• 

In terms of performance, a catalyst system comprised of VCl4 and Al2R3Cl3, preferably where R Is ethyl, 
5 has been shown to be particularly effective. For best catalyst performance, the molar amounts of catalyst com­

ponents added to the reaction mixture should provide a molar ratio of aluminum/vanadium (Al/V) of at least 
about 2. The preferred minimum Al/V Is about 4. The maximum Al/V is based primarily on the considerations 
of catalyst expense and the desire to minimize the amount of chain transfer that may be caused by the organo­
aluminum compound (as explained in detail below). Since, as is known certain organo-alumlnum compounds 

10 act as chain transfer agents, if too much is present in the reaction mixture the MJMn of the copolymer may 
rise above 2. Based on these considerations, the maximum Al/V could be about 25, however, a maximum of 
about 17 Is more preferred. The most preferred maximum is about 15. 

With reference again to processes for making copolymer in accordance with the present invention, it is 
well known that certain combinations of vanadium and aluminum compounds that can comprise the catalyst 

15 system can cause branching and gelation during the polymerization for polymers containing high levels of 
dlene. To prevent this from happening Lewis bases such as ammonlP-, tetrahydrofuran, pyridine, trlbutylamine, 
tetrahydrothiophene, etc., can be added to the polymerization system using techniques well known to those 
skilled in the art. 

Chain transfer agents for the Ziegler-catalyzed polymerization of alpha-olefins are well known and are il-
20 lustrated, by way of example, by hydrogen or diethyl zinc for the production of EPM and EPDM. Such agents 

are very commonly used to control the molecular weight of EPM and EPDM produced in continuous flow stirred 
reactors. For the essentially single active species Ziegler catalyst systems used In accordance with the present 
invention, addition of chain transfer agents to a CFSTR reduces the polymer molecular weight but does not 
affect the molecular weight distribution. On the other hand, chain transfer reactions during tubular reactor poly-

25 merization in accordance with the present invention broaden polymer molecular weight distribution and Inter­
CD. Thus the presence of chain transfer agents in the reaction mixture should be minimized or omitted alto­
gether. Although difficult to generalize for all possible reactions, the amount of chain transfer agent used should 
be limited to those amounts that provide copolymer product in accordance with the desired limits as regards 
MWD and compositional dispersity. It is believed that the maximum amount of chain transfer agent present in 

30 the reaction mixture could be as high as about 0.2 mol/mol of transition metal, e.g., vanadium, again provided 
that the resulting copolymer product is in accordance with the desired limits as regards MWD and composi­
tional dlspersity. Even in the absence of added chain transfer agent, chain transfer reactions can occur because 
propylene and the organo-aluminum cocatalyst can also act as chain transfer agents. In general, among the 
organo-alumlnum compounds that in combination with the vanadium compound yield just one active species, 

35 the organo-aluminum compound that gives the highest copolymer molecular weight at acceptable catalyst ac­
tivity should be chosen. Furthermore, if the AVV ratio has an effect on the molecular weight of copolymer prod­
uct, that Al/V should be used which gives the highest molecular weight also at acceptable catalyst activity. 
Chain transfer with propylene can best be limited by avoiding excessively elevated temperature during the poly­
merization as described below. 

"" Molecular weight distribution and Inter-CD are also broadened by catalyst deactivation during the course 
of the polymerization which leads to termination of growing chains. It is well known that the vanadium-based 
Ziegler catalysts used in accordance with the present invention are subject to such deactivation reactions which 
depend to an extent upon the composition of the catalyst. Although the relationship between active catalyst 
lifetime and catalyst system composition is not known at present, for any given catalyst, deactivation can be 

45 reduced by using the shortest residence time and lowest temperature in the reactor that will produce the de­
sired monomer conversions. 

Polymerizations in accordance with the present invention should be conducted in such a manner and under 
conditions sufficient to initiate propagation of essentially all copolymer chains simultaneously. This can be ac­
complished by utilizing the process steps and conditions described below. 

ts0 The catalyst components are preferably premixed, that is, reacted to form active catalyst outside of the 
reactor, to ensure rapid chain Initiation. Aging of the premixed catalyst system, that is, the time spent by the 
catalyst components (e.g., vanadium compound and organo-aluminum) in each other's presence outside of 
the reactor, should preferably be kept within limits. If not aged for a sufficient period of time, the components 
will not have reacted with each other sufficiently to yield an adequate quantity of active catalyst species, with 

55 the result of nonslmultaneous chain initiation. Also, it is known that the activity of the catalyst species will de­
crease with time so that the aging must be kept below a maximum limit. It is believed that the minimum aging 
period, depending on such factors as concentration of catalyst' components, temperalllre and mixing equip­
ment, could be as low as about 0.1 second. The preferred minimum aging period is about 0.5 second, while 
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the most preferred minimum aging period is about 1 second. While the maximum aging period could be higher, 
for the preferred vanadium/organo-aluminum catalyst system the preferred maximum is about 200 seconds. 
Amore preferred maximum is about 100 seconds. The most preferred maximum aging period is about 50 sec­
onds. The premixing could be performed at low temperature such as 40°C or below. It is preferred that the 
premixing be performed at 25°C or below, with 20°C or below being most preferred. 

Preferably, the catalyst components are premixed in the presence of the selected polymerization diluent 
or solvent under rapid mixing conditions, e.g., at impingement Reynolds Numbers (NRE) of at least 10,000, more 
preferably at least 50,000, and most preferably at least 100,000. Impingement Reynolds number is defined as 

NRE = DN p 
µ 

where N is fluid flow velocity (cm./sec.), D is inside tube diameter (cm), p is fluid density (g./cm.3) and µ is 
fluid viscosity (poise). 

The temperature of the reaction mixture should also be kept within certain limits. The temperature at the 
reactor inlets should be high enough to provide complete, rapid chain initiation at the start of the polymerization 
reaction. The length of time the reaction mixture spends at high temperature must be short enough to minimize 
the amount of undesirable chain transfer and catalyst deactivation r~actions. 

Temperature control of the reaction mixture is complicated somewhat by the fact that the polymerization 
reaction generates large quantities of heat. This problem is, preferably, taken care of by using prechilled feed 
to the reactor to absorb the heat of polymerization. With this technique, the reactor is operated adiabatically 
and the temperature is allowed to Increase during the course of polymerization. As an alternative to feed prec­
hill, heat can be removed from the reaction mixture, for example, by a heat exchanger surrounding at least a 
portion of the reactor or by well-known autorefrigeration techniques in the case of batch reactors or multiple 
stirred reactors in series. 

If adiabatic reactor operation is used, the inlet temperature of the reactor feed could be about from -50°C 
to 150°C. It is believed that the outlet temperature of the reaction mixture could be as high as about 200°C. 
The preferred maximum outlet temperature Is about 70°C The most preferred maximum Is about 60°C. In the 
absence of reactor cooling, such as by a cooling jacket, to remove the heat of polymerization, it has been de­
termined (for a mid-range ethylene content EP copolymer and a solvent with heat capacity similar to hexane) 
that the temperature of the reaction mixture will increase from reactor inlet to outlet by about 13°C per weight 
percent of copolymer in the reaction mixture (weight of copolymer per weight of solvent). 

Having the benefit of the above disclosure, it would be well within the skill of the art to determine the op­
erating temperature conditions for making copolymer in accordance with the present invention. For example, 
assume an adiabatic reactor and an outlet temperature of 35°C are desired for a reaction mixture containing 
5% copolymer. The reaction mixture will increase in temperature by about 13°C for each weight percent copo­
lymer or 5 wt% x 13°C/wt.% = 65°C. To maintain an outlet temperature of 35°C, it will thus require a feed that 
has been prechilled to 35°C-65°C =-30°C. In the instance that external cooling is used to absorb the heat of 
polymerization, the feed inlet temperature could be higher with the other temperature constraints described 
above otherwise being applicable. 

Because of heat removal and reactor temperature limitations, the preferred maximum copolymer concen­
tration at the reactor outlet is 25 wL/100 wt. diluent. The most preferred maximum concentration is 15 wt/100 
wt. There is no lower limit to concentration due to reactor operability, but for economic reasons it is preferred 
to have a copolymer concentration of at least 2 wt/100 wt. Most preferred is a concentration of at least 3 wt/100 
wt. 

The rate of flow of the reaction mixture through the reactor should be high enough to provide good mixing 
of the reactants in the radial direction and minimize mixing in the axial direction. Good radial mixing is beneficial 
not only to both the Intra- and Inter-CD of the copolymer chains but also to minimize radial temperature gra­
dients due to the heat generated by the polymerization reaction. Radial temperature gradients in the case of 
multiple segment polymers will tend to broaden the molecular weight distribution of the copolymer since the 
polymerization rate is faster in the high temperature regions resulting from poor heat dissipation. The artisan 
will recognize that achievement of these objectives is difficult in the case of highly viscous solutions. This prob­
lem can be overcome to some extentthrough the use of radial mixing devices such as static mixers (e.g., those 
produced by the Kenics Corporation). 

It is believed that residence time of the reaction mixture in the mix-free reactor can vary over a wide range. 
It Is believed that the minimum could be as low as about 0.2 second. A preferred minimum is about 0.5 second. 
The most preferred minimum is about 1 second. It is believed that the maximum could be as high as about 
3600 seconds. A preferred maximum is about 40 seconds. The most preferred maximum Is about 20 seconds. 

Preferably, the fluid flow of the polymerization reaction mass through the tubular reactor will be under tur­
bulent conditions, e.g., at a flow Reynolds Number (NR) of at least 10,000, more preferably at least 50,000, 
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and most preferably at least 100,000 (e.g., 150,000 to 250,000), to provide the desired radial mixing of the 
fluid In the reactor. Flow Reynolds Number is defined as 

NR = D'N'p 
µ 

5 wherein N' is fluid flow velocity (cm./sec.), D, is inside tube diameter of the reactor (cm.), p Is fluid density 
(g./cm.3) and µ is fluid viscosity (poise). 

If desired, catalyst activators for the selected vanadium catalysts can be used as long as they do not cause 
the criteria for a mix-free reactor to be violated, typically in amounts up to 20 mol %, generally up to 5 mol%, 
based on the vanadium catalyst, e.g., butyl perchlorocrotonate, benzoyl chloride, and other activators dls-

10 closed In EP-A-0291361 and EP-A-0291359. Other useful catalyst activators Include esters of halogenated 
organic acids, particularly alkyl trlchloroacetates, alkyl tribromoacetates, esters of ethylene glycol monoalkyl 
(partlcularly monoethyl) ethers with trichloroacetic acid and alkyl perchlorocrotonates, and acyl halides. Spe­
cific examples of these compounds include benzoyl chloride, methyl trlchloroacetate, ethyl trichloroacetate, 
methyl trlbromoacetate, ethyl tribromoacetate, ethylene glycol monoethyl ether lrlchloroacetate, ethylene gly-

15 col monoethyl ether tribromoacetate, butyl perchlorocrotonate and methyl perchlorocrotonate. 
By practicing processes In accordance with the present inventi.~n. alpha-olefin copolymers having very 

narrow MWD can be made by direct polymerizatlon. Although narrow MWD copolymers can be made using 
other known techniques, such as by fractionation or mechanical degradation, these techniques are considered 
to be lmpractlcal to the extent of being unsuitable for commercial-scale operation. As regards EPM and EPDM 

20 made In accordance with the present invention, the products have good shear stability and (with specific ln­
tramolecular CD) excellent low temperature properties which make them especially sultable for lube oil appli­
cations. 

It Is preferred that the Intra-CD of the copolymer is such that at least two portions of an individual intra­
molecularly heterogeneous chain, each portion comprising at least 5 weight percent of said chain, differ in com-

25 position from one another by at least 7 weight percent ethylene. The Intra-CD can be such that at least two 
portions of copolymer chain differ by at least 10 weight percent ethylene. Differences of at least 20 weight per­
cent, as well as, 40 weight percent ethylene are also considered to be in accordance with the present invention. 

It is also preferred that the Inter-CD of the copolymer is such that 95 wt.% of the copolymer chains have 
an ethylene composition that differs from the copolymer average weight percent ethylene composition by 15 

30 wt.% or less. The preferred Inter-CD is about 13% or less, with the most preferred being about 10% or less. 

35 

The particularly preferred copolymers of this Invention are those that have a weight average molecular 
weight of from 20,000 to 250,000. 

Grafting Materials 

The materials or compounds that are grafted on the ethylene copolymer backbone to form the grafted 
ethylene copolymers of the instant invention are generally those materials that can be grafted onto said ethy­
lene copolymers to form the grafted ethylene copolymers, which grafted copolymers are then reacted with 
the polyamldes or with the carboxylic acid components and polyamines to form the nitrogen containing grafted 

40 ethylene copolymers of the Instant invention. These materials preferably contain oleflnic unsaturation and fur­
ther preferably contain at least one of carboxylic acid moiety, ester moiety, or anhydride moiety. The olefinically 
unsaturated portion, i.e., ethylenically unsaturated portion, is one which is capable of reacting the ethylen co­
polymer backbone, and upon reaction therewith becomes saturated. 

These materials are generally well known in the art as grafting materials and are generally commercially 
4S available or may be readily prepared by well known conventional methods. 

The preferred grafting materials are the carboxylic acid materials. The carboxylic acid material which is 
grafted to or reacted with the ethylene copolymer to form the grafted ethylene copolymer is preferably ethy­
lenically unsaturated, preferably monounsaturated, carboxylic acid material and can be either a monocarbox­
yllc or dlcarboxylic acid material. The dicarboxylic acid materials include (1) monounsaturated C4 to C10 dicar-

50 boxyllc acid wherein (a) the carboxyl groups are vicinyl, i.e., located on adjacent carbon atoms, and (b) at least 
one, preferably both, of said adjacent carbon atoms are part of said monounsaturation; and (2) derivatives of 
(1) such as anhydrides or C1 to C6 alcohol derived mono- or diesters of (1). Upon reaction with the ethylene 
copolymer the monounsaturation of the dicarboxylic acid, anhydride, or ester becomes saturated. Thus, for 
example, maleic anhydride becomes an ethylene copolymer substituted succinic anhydride. 

65 The monocarboxylic acid materials include (1) monounsalurated C3 to C10 monocarboxylic acid wherein 
the carbon-carbon bond is conjugated to the carboxy group, i.e., of the structure 
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0 
I I n 
c - c c . , 

(2) derivatives of (1) such as C1 to C6 alcohol derived monoesters of (1). Upon reaction with the ethylene co­
polymer, the monounsaturation of the monounsaturated carboxylic acid material becomes saturated. Thus, for 
example, acrylic acid becomes an ethylene copolymer substituted propionic acid, and methacrylic acid be-

10 comes an ethylene copolymer substituted isobutyric acid. 
Exemplary of such unsaturated mono- and dlcarboxylic acids, or anhydrides and thereof include fumaric 

acid, itaconic acid, maleic acid, maleic anhydride, chloromalelc anhydride, acrylic acid, methacryllc acid, cro­
tonic acid, cinnamic acid, methyl acrylate, ethyl acrylate, methyl methacrylate, etc. 

Preferred carboxylic acid materials are the dicarboxylic acid anhydrides. Maleic anhydride or a derivative 
1s thereof is particularly preferred as it does not appear to homopolymerize appreciably but grafts onto the ethy­

lene copolymer to give two carboxyllc acid functionalities. Such pref~rred materlals have the generic formula 

20 

25 

R' RI I 

I I c c 
I I 

0 -- c c -= 0 
\ I 

0 

wherein R' and R" are independently hydrogen or a halogen. 
Additionally, as taught by U.S. patent Nos. 4, 160, 739 and 4, 161,452, various unsaturated comonomers 

may be grafted on the ethylene copolymer together with the unsaturated carboxylic acid material. Such graft 
monomer systems may comprise one or a mixture of comonomers different from said unsaturated carboxylic 

30 acid material, and which contain only one copolymerizable double bond and are copolymerizable with said un­
saturated acid component 

Typically, such comonomers do not contain free carboxylic acid groups and are esters containing alpha­
ethylenic unsaturatlon in the acid or alcohol portion; hydrocarbons, both aliphatic and aromatic, containing , 
alpha-ethylenlc unsaturatlon, such as the C4-C12 alpha olefins, for example hexane, nonene, dodecene, etc.; 

36 styrenes, for example styrene, alpha-methyl styrene, p-methyl styrene, butyl styrene, etc.; and vinyl mono­
mers, for example vinyl acetate, vinyl chloride, vinyl ketones such as methyl and ethyl vinyl ketone, and nitrogen 
containing vinyl monomer such as vinyl pyridine and vinyl pyrrolidine, etc. Comonomers containing functional 
groups which may cause crosslinklng, gelation or other interfering reactions should be avoided, although minor 
amounts of such comonomers (up to about 10% by weight of the comonomer system) often can be tolerated. 

40 Specific useful copolymerizable comonomers include the following: 
(A) Esters of saturated acids and unsaturated alcohols wherein the saturated acids may be monobasic or 
polybasic acids containing up to about 40 carbon atoms such as the following: acetic, propionic, butyric, 
valeric, caproic, stearic, oxalic, malonic, succinic, glutaric, adipic, pimelic, suberic, azelaic, sebacic, phthal­
ic, isophthallc, terephthalic, hemimeliitic, trimellitic, trlmesic and the like, including mixtures. The unsatu-

45 rated alcohols may be monohydroxy or polyhydroxy alcohols and may contain up to about 40 carbon atoms, 
such as the following: ally!, methallyl, crotyl, 1-chloroaliyl, 2-chloroallyl, cinnamyl, vinyl, methyl vinyl, 1-
phenallyl, butenyl, propargyl, 1-cyclohexene-3-ol, oleyl, and the like, including mixtures. 
(8) Esters of unsaturated monocarboxylic acids containing up to about 12 carbon atoms such as acrylic, 
methacrylic and crotonlc acid, and an esterefying agent containing up to about 50 carbon atoms, selected 

so from saturated alcohols and alcohol epoxides. The saturated alcohols may preferably contain up to about 
40 carbon atoms and include monohydroxy compounds such as: methanol, ethanol, propanol, butanol, 2-
ethylhexanol, octanol, dodecanol, cyclohexanol, cyclopentanol, neopentyl alcohol, and benzyl alcohol; and 
alcohol ethers such as the monomethyl or monobutyl ethers of ethylene or propylene glycol, and the like, 
Including mixtures. The alcohol epoxides include fatty alcohol epoxides, glycidol, and various derivatives 

55 of alkylene oxides, epichlorohydrin, and the like, including mixtures. 
The components of the graft copolymerizable system are used in a ratio of unsaturated carboxylic acid 

material monomer component to comonomer component of about 1:4 to 4:1, preferably about 1:2 to 2:1 by 
weight. 
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Grafting of the ethylene copolymer 

Grafting of the ethylene copolymer with the grafting material is conducted by a process which does not 
substantially adversely affect (substantially broaden) the narrow MWD of the ethylene copolymer, e.g., rela-

5 tlvely low temperature and/or low shear process.While not wishing to be bound by any theory, It is believed 
that subsequent reaction of the resulting grafted ethylene copolymer with a polyamine containing at least two 
reactive (I.e. primary) amino groups to form a nitrogen containing grafted ethylene copolymer produces a prod­
uct having a broader molecular weight distribution than that of the original ethylene copolymer. Thus even if 
the grafted ethylene copolymer Is produced by a process which does not substantially broaden the MWD, the 

10 reaction of this narrow MWD grafted ethylene copolymer with such a polyamine will result in a product having 
a broadened MWD. On the other hand the process according to the invention using a polyamine containing 
only one primary amino group will result In a product In which the MWD Is retained within 10% or less of the 
original ethylene copolymer. 

In the grafting process used in the invention which does not substantially adversely affect or broaden the 
15 narrow MWD of the ethylene copolymer the grafting conditions, particularly temperature, are such that the 

narrow MWD as defined herein of the ethylene copolymer reactant if! not substantially adversely affected, i.e., 
is not substantially broadened. For the purposes of this application the MWD Is considered to be substantially 
broadened if the difference in MWD between the ungrafted ethylene-alpha-olefin copolymer and the grafted 
ethylene-alpha-olefin copolymer is greater than 10%. That Is to say the grafting conditions are those which 

20 are effective to yield a graft copolymer which contains an ethylene copolymer backbone having substantially 
the same or similar MWD distribution as the ethylene copolymer reactant. By substantially the same or similar 
MWD is meant a MWD which is about 10% or less different from the MWD of the ungrafted ethylene-alpha­
olefin copolymer, i.e., the difference between the MWD of ungrafted ethylene-alpha-olefin copolymer and 
grafted ethylene-alpha-olefin copolymer is about 10% or less. If a high shear and/or high temperature grafting 

25 method such as extruder grafting is utilized the narrow MWD, as defined hereinafore, of the ethylene copo­
lymer is substantially adversely affected, i.e., is substantially broadened. That is to say the resultant grafted 
ethylene copolymer no longer has the narrow MWD of the ungrafted ethylene copolymer. 

Generally, the grafting conditions used to graft the grafting material, e.g., maleic anhydride, onto the ethy­
lene-alpha-olefin copolymer depend, to a degree, upon the MWD of the ungrafted ethylene-alpha-olefin co-

30 polymer reactant. In general, the narrower the MWD of the ungrafted copolymer reactant the mffder the graft­
ing conditions, I.e., temperature and/or shear, that are utilized to produce a grafted ethylene-alpha-olefin co­
polymer having a MWD which differs 101 or less from the MWD of the ungrafted ethylene-alpha-olefin copo­
lymer reactant Thus, with ungrafted ethylene-alpha-olefin copolymers having broader MWO, harsher grafting 
conditions, i.e., higher temperatures and/or greater shear, can be used than with ungrafted copolymers having 

~ a lower MWD to produce grafted ethylene-alpha-olefin copolymers having a MWD which differs, e.g., is higher, 
from the MWD of the ungrafted ethylene-alpha-olefin copolymer reactant by no more than 10%. Generally, 
grafting is carried out In solution, preferably using free-radical Initiators, at temperatures below about 225°C, 
preferably below about 200°c, more preferably below about 190°C, and most preferably below about 180°C 
in order to produce a grafted copolymer having this narrow MWD. Higher temperatures wRI result in a grafted 

40 polymer which generally no longer has the substantially narrow MWD of the ethylene copolymer reactant as 
described herein. 

The radical grafting is preferably carried out using free radical initiators such as peroxides, hydroperoxides, 
and azo compounds and preferably those which have a boiling point greater than about 100°C. and which de­
compose thermally within the grafting temperature range to provide said free radicals. The initiator is generally 

45 used at a level of between about 0.005% and about 1%, based on the total weight of the polymer solution, and 
temperatures of about 150° to 250°C, preferably from about 150°C to about 220°C are used. 

The ethylenically unsaturated carboxylic acid material, such as maleic anhydride, wNI 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 

50 percent ratio range of 1.0:1 to 30:1, preferably 3.0:1 to 6:1. 
In the practice of the instant invention when these ethylenically unsaturated grafting materials are grafted 

onto the aforedescribed ethylene copolymer the resultant grafted copolymer contains the residue of the ethy­
lene copolymer as the backbone and the residue of the ethylenically unsaturated grafting material as the graft­
ed moiety. By residues is meant the respective moieties produced by and remaining after the grafting process 

55 or reaction. Thus, for example, while the ethylenically unsaturated grafting material may be malelc anhydride, 
after the grafting reaction it is the succinic anhydride moiety that is grafted or attached to the ethylene copo­
lymer backbone. Thus, this succinic anhydride moiety is referred to herein as the residue of the ethylenically 
unsaturated grafting material, I.e., residue of maleic anhydride. 
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A preferred method of grafting is by free-radical induced grafting in solvent, preferably in a mineral lubri­
cating oil as solvent. The free-radical grafting is preferably carried out using free radical initiators such as per­
oxides, hydroperoxides, and azo compounds and preferably those which have a boiling point greater than about 
100°C and which decompose thermally within the grafting temperature range to provide said free radicals. 

5 Representative of these free-radical initiators are azobutyro-nitrile, 2,5-dl-methyl-hex-3-yne-2, 5-bls-tertlary­
butyl peroxide (sold as Lupersol 130) or its hexane analogue, di-tertiary butyl peroxide and dicumyl peroxide. 
The initiator Is generally used at a level of between about 0.005% and about 1 %, based on the toal weight of 
the polymer solution, and temperatures of about 150 to 220°C. 

The Initiator grafting is preferably carried out in an inert atmosphere, such as that obtained by nitrogen 
10 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, preferably from about 0.5 to 6 hours, more pre­
ferably 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 employed, e.g. with 

15 2,5-dlmethyl-hex-3-yne-2,5-bls-tertlary-butyl peroxide 2 hours at 160°C. and one hour at 170°C., etc. 
In the grafting process, usually the copolymer solution is first hea~ed to grafting temperature and thereafter 

said grafting material such as unsaturated carboxylic acid material and initiator are added with agitation, al­
though they could have been added prior to heating. When the reaction is complete, the excess grafting ma­
terial can be eliminated by an Inert gas purge, e.g. nitrogen sparglng. Preferably the grafting material such as 

20 carboxylic acid material that is added is kept below its solubility limit in the polymer solution, e.g. below about 
1 wt. %, preferably below 0.4 wl o/o or less, of free maleic anhydride based on the total weight of polymer-solvent 
solution, e.g. ethylene copolymer mineral lubricating oil solution. Continuous or periodic addition of the grafting 
material such as carboxyllc acid material along with an appropriate portion of initiator, during the course of the 
reaction, can be utilized to maintain the grafting material such as carboxylic acid material below its solubilit~· 

25 limits, while still obtaining the desired degree of total grafting. 
In the Initiator grafting step the maleic anhydride or other carboxylic acid material used will be grafted onto 

both the polymer and the solvent for the reaction. Many solvents such as dichlorobenzene are relatively inert 
and may be only slightly grafted, while mineral oil will tend to be more grafted. The exact split of graft between 
the substrate present depends upon the polymer and its reactivity, the reactivity and type of oil, the concen-

30 tration of the polymer in the oil, 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 an­
hydride. The undissolved acid material appears to have an Increased tendency to react to form oil insoluble 
materials as opposed to dissolved acid material. The split between grafted oil and grafted polymer may be 
measured empirically from the infra-red analyses of the product dialyzed into oil and polymer fractions. 

35 The grafting is preferably carried out in a mineral lubricating oil which need not be removed after the graft-
ing step but can be used as the solvent In the subsequent reaction of the graft polymer with the polyamine or 
polyol and as a solvent for the end product to form the lubricating additive concentrate. 

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 

40 containing polymer. This can be an advantage as opposed to high temperature thermal reactions which depend 
on degradation to apparenUy form free radical reactive sites. Measurement of molecular weights and degra­
dation can be evaluated by determination of the thickening efficiency (T.E.) of the polymer as will later be de­
scribed. 

The amount of grafting material such as carboxylic acid material used in the grafting reaction is an amount 
45 which is effective to provide a grafted ethylene copolymer which upon further reaction with the polyamine as 

described hereinafter provides a material exhibiting the properties of a multifunctional viscosity index Improver 
additive, more specifically a viscosity index Improver-dispersant additive, i.e., a material having both V.I. im­
proving and dlspersancy properties in an oleaginous composition. That is to say, an amount which is effective 
to provide, upon reaction of the grafted ethylene copolymer with the polyamine, an oleaginous composition 

so exhibiting Improved viscometric and dispersancy properties. Generally, this amount of grafting material, e.g., 
moles of carboxylic acid material such as maleic anhydride, is an amount which is effective to provide a grafted 
ethylene copolymer, e.g., ethylene-alpha-olefin substituted carboxylic acid material such as ethylene- propy­
lene substituted succinic anhydride, containing an average number of acid material moieties, e.g., succinic an­
hydride, grafted to or present on a 10,000 number average molecular weight segment of a mole of ethylene 

55 copolymer of at least about 0.1, preferably at least about 0.5, and more preferably at least about 1. The max­
imum average number of grafted moieties present per 10,000 average number molecular weight segment of 
a mole of ethylene copolymer backbone should not exceed about 10, preferably about 7 and more preferably 
about 5. Preferably, the average number, moles, of grafted moieties present per mole of ethylene copolymer 
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backbone is at least about 0.6, preferably at least about 0.8, and more preferably at least about. Preferably, 
the maximum average number of grafted moieties grafted to or present per mole of ethylene copolymer back­
bone should generally not exceed about 10, preferably about 7, and more preferably about 5. Thus, for example, 
a mole of grafted ethylene copolymer, e.g., ethylene- propylene substituted succinic anhydride, containing an 

5 ethylene copolymer backbone such as an ethylene- propylene backbone having an average number molecular 
weight of 50,000 contains grafted to said backbone an average number of succlnic anhydride moieties of from 
about 0.5 to about 50, preferably from about 0.6 to about 10. Typically, from about 0.2 to about 12, preferably 
from about 0.4 to about 6 moles of said carboxylic acid material are charged to the reactor per mole of ethylene 
copolymer charged. 

10 Normally, not all of the ethylene copolymer reacts with the carboxylic acid material, e.g., malelc anhydride, 
to produce a grafted ethylene copolymer, e.g., ethylene-propylene substituted succinic anhydride. The resul­
tant reaction product mixture, therefore, contains reacted or grafted ethylene copolymer, e.g., ethylene-pro­
pylene substituted succlnlc anhydride, unreacted or ungrafted ethylene copolymer, and unreacted grafting ma­
terial, e.g., maleic anhydride. The unreacted ethylene copolymer Is typically not removed from the reaction 

15 product mixture, and the reaction product mixture, generally stripped of any unreacted grafting material, is util­
ized as is or Is employed for further reaction with the amine as desrribed hereinafter. 

Characterization of the average number of moles of grafting material such as carboxylic acid material, e.g .. 
maleic anhydride, which have reacted per mole of ethylene copolymer charged to the reaction (whether It has 
undergone reaction or not) is defined herein as the average number of grafted moieties grafted to or present 

20 per mole of ethylene copolymer. The resulting reaction product mixture can be subsequently modified, i.e., in­
creased or decreased by techniques known in the art, such modifications do not alter the average number of 
grafted moieties as defined above. The term grafted ethylene copolymer is intended to refer to the reaction 
product mixture whether it has undergone such modification or not. 

The grafted, preferably acid material grafted, ethylene copolymer is reacted with a polyamine to form the 
25 nitrogen containing grafted ethylene copolymers of the instant invention. When the grafted ethylene copolymer 

Is reacted with a polyamine the resultant product Is a nitrogen containing grafted ethylene copolymer. 

Polyamlne 

30 The polyamines containing one primary amino group and at least one secondary amino group are typically 
those that contain one primary amino group and from 1 to about 6 secondary amino groups. Preferably these 
polyamines contain no tertiary amino groups. These polyamlnes may also optionally contain an oxygen or sulfur 
atom. The amino groups, and the oxygen or sulfur if present, are separated from each other by hydrocarbylene 
groups, preferably alkylene groups, more preferably alkylene groups containing from 1 to about 6 carbon atoms. 

35 These polyamines contain from 2 to about 7 nitrogens, from 7 (8 if an oxygen or sulfur is present) to about 
80 carbons, and optionally a sulfur or oxygen atom. These polyamines include polyamines represented by the 
formula 

(I) 

wherein: 
R1 is a hydrocarbylene group containing from 1 to about 6 carbons; 

45 R2 is a hydrocarbylene group containing from 1 to about 6 carbons; 
R3 is a hydrocarbyl group containing from 1 to about 40 carbons, preferably from 5 to about 30 carbons, 

and more preferably from about 10 to about 20 carbons; 
z has a value of from 1 to 6, preferably 1 to 5, and more preferably 1 to 4; 
y is zero or one; and 

so A Is oxygen or sulfur. 
Preferred hydrocarbyl radicals represented by R3 are the aliphatic hydrocarbyl radicals, either saturated 

or unsaturated. The preferred aliphatic hydrocarbyl radicals are the acyclic aliphatic hydrocarbyl radicals, either 
saturated or unsaturated, straight chain or branched. The preferred aliphatic acyclic hydrocarbyl radicals are 
the alkyl radicals, either straight chain or branched, with the straight chain or slighUy branched alkyl radicals 

55 being preferred. 
Thus, R3 is most preferably an alkyl radical containing from 1 to about 40 carbons, preferably from 5 to 

about 30 carbons, and more preferably from about 10 to about 20 carbons. Preferred alkyl radicals are the 
straight chain or slightly branched alkyl radicals. 
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Preferred hydrocarbylene radicals represented by R1 and R2 are the aliphatic hydrocarbylene radicals. Pre­

ferred aliphatic hydrocarbylene radicals are the acyclic aliphatic hydrocarbylene radicals. Of these, the alky­

lene radicals are preferred. The preferred alkylene radicals are those containing 2 to 4 carbon atoms. The most 

preferred alkylene radical is propylene. 

The polyamines of the instant invention may contain an oxygen or a sulfur atom, I.e., they may be polyamine 

ethers or thioethers. In such case, y in Formula I is one and these polyamine ethers or thioethers may be 

represented by the formula 

H2N.f R1-NHT; R2-A-R3 (la) 

wherein R1. R2, R3, A and z are as defined. z 
Alternatively, the oxygen or sulfur atoms may be absent, and the polyamlnes contain only nitrogen, carbon 

and hydrogen atoms. In such case yin Formula I is 0 and these polyamlnes may be represented by the formula 

H2N .(R1-NHt'z R3 (lb) 

These polyamines, including the polyamine ethers and thioethers, are known compounds which may be 

readily prepared by conventional methods. Some of these compour;ds are commercially available. 

Some Olustrative non-limiting examples of compounds of Formula lb include: 

H2N-CH2CH2cH2NHCH2CH2CH2NHCH2CH2CH3 

H2N-CH2CH2CH2NHCH2CH2CH2NHCH2(CH2)15CH3i 

H2N-CH2ca2-NH-CH2CH3i 

.H2N-t-eH2CH2cH2-NHtJCH2(CH2)9CH3; 

H2NT-CH2CH2CH2-NHttCH2(CH2)5CH3; and 

H2NT-CH2CH2-NH~H2(CH2)19CH3 

H2NT-CH2CH2CH2NHtJ CH21-CH2troCH3J 

H2Ni-Cff2CH2cH2NHtJ CH2T-CH2tiJ-Cff3i 

H2N-t-eH2ca2cn2NHtJ CH2T-CH2)14 CH3I 

H2NT-CH2CH2CH2NHTJ' CH21-CH2tJ5CH3; 

H2N"f-CH2CH2CH2NHt"J CH2T-CH2tr6CH3; 

H2N"f-CH2CH2CH2NHtJ CH2-fCll2>1s-CH3i and 

H2N-t-eH2ca2cH2NHtJ CH2-fCH2)20-CH3 

Some illustrative non-limiting examples of compounds of Formula la include: 

H2N-CH2ca2ca2NHCH2CH2CH2NHCH2CH2CH2-0-CH2CH2CH3: 

H2N-teH2ca2cH2NHtt CH2CH2CH2-S-CH2CH2CH2CK3: 

a 2Ni-(:H2ca2NHT'j CH2CH2CH2-0-CH2CH2CH2CH2CH3: 

H2Nt-CH2CH2CH2NHtz' CH2CH2CH2-0-CH2--tCH2trtf""CH3: and 

H2Nt-eH2ca2cH2NHt, CH2CH2-S-CH2CH3• 

It is to be generally understood that mixtures of two or more different polyamines, as well as individual 

polyamines, may be used in the present invention. 

It is preferable to employ mixtures of two or more different polyamines, particularly mixtures of polyamines 

wherein the only difference between the polyamines lies in R3 being a different alkyl. Such a mixture, for ex­

ample, may contain 5 different polyamines of Formula lb wherein R1 is propylene, z Is 3, and R3 is respectively 
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dodecyl, tetradecyl, hexadecyl, heptadecyl, and octadecyl. Such polyamines are referred to as tallow amines 
and are generally commercially available. 

REACTION OF GRAFTED ETHYLENE COPOLYMER WITH POLYAMINE 

The grafted high molecular weight ethylene copolymer, preferably In solution, such as an oil solution, con­
taining 5 to 95 wt.%, preferably 5 to 30 wt. %, and more preferably 10 to 20 wt.% of said grafted ethylene co­
polymer, is readily reacted with the polyamine by introducing the polyamine into said grafted ethylene copo­
lymer containing solution and heating at a temperature of from about 100°C to 250°C, preferably from 125 to 

10 175°C, for from about 1 to 10 hours, usually about 2 to about 6 hours. The heating Is preferably carried out, In 
the case of ethylene copolymer substituted dlcarboxylic acid material, to favor formation of lmldes or mixtures 
of imides and amides rather than amides and salts. In the case of ethylene copolymer substituted monocar­
boxylic acid material heating Is preferably carried out to favor formation of amides rather than salts. Removal 
of water assures completion of the lmidation/ amldation reaction. Reaction ratios can vary considerably, de-

15 pending upon the reactants, amounts of excess, type of bonds formed, etc. Generally, from about 1 to 5, pre­
ferably from about 1.5 to 3 moles of ethylene copolymer substituted 111onocarboxylic or dlcarboxyllc acid moiety 
content, e.g., grafted succinic anhydride content, Is used per equivalent of polyamine reactant, e.g., primary 
amine. 

Preferably, the ethylene copolymer substituted mono- or dlcarboxylic acid material and polyamines are 
20 contacted for a time and under conditions sufficient to react substantially the primary nitrogen In the polyamlne 

reactant. The progress of this reaction can be followed by infra-red analysis. 
This reaction can be conducted in a polar or non-polar solvent, e.g., xylene, toluene, benzene, and the 

like, and Is preferably conducted in the presence of a mineral or synthetic lubricating oil. 
In aspect B of the instant invention the carboxylic acid material grafted ethylene copolymer, e.g., succinic 

25 anhydride grafted ethylene-propylene copolymer, is reacted with the polyamine containing one primary amino 
group and at least one secondary amino group and a carboxylic acid component which Is described more fully 
hereinafter. In the reaction involving the carboxylic acid material grafted ethylene copolymer, polyamine, and 
carboxylic acid component it Is generally preferred that a reaction mixture containing said carboxylic acid ma­
terial grafted ethylene copolymer and said carboxylic acid component be first prepared. This reaction mixture 

30 can be readily prepared by admixing the carboxyllc acid component and the carboxylic acid material grafted 
ethylene copolymer. Into this reaction mixture is then introduced the polyamine. The polyamine is then reacted 
with the carboxylic acid material grafted ethylene copolymer and with the carboxylic acid component to form 
the nitrogen containing carboxylic acid material grafted ethylene copolymer of the Instant Invention. 

Alternatively, the polyamine and the carboxylic acid component can be added substantially simultaneously 
35 or concurrently to the carboxylic acid material grafted ethylene-propylene copolymer to form a reaction mixture. 

This reaction mixture is then reacted under conditions effective for the three components to react and form 
the nitrogen containing carboxyllc acid material grafted ethylene copolymer of the instant invention. 

Furthermore, the carboxyllc acid component and the polyamine may be prereacted, and this prereacted 
carboxylic acid component/polyamine may then be coreacted with the carboxylic acid material grafted ethy-

"" lene copolymer to form the nitrogen containing carboxylic acid material grafted ethylene copolymer of the in­
stant invention. 

Carboxylic Acid Component 

45 The carboxylic acid component includes: hydrocarbyl substituted dicarboxylic acid or anhydride, preferably 
succinic anhydride or acid, having 12 to 49 carbons, preferably 16 to 49 carbons in said hydrocarbyl group; 
long chain monocarboxylic acid of the formula R10COOH where R10 is a hydrocarbyl group of 50 to 400 carbons 
and long chain hydrocarbyl substituted dicarboxyllc acid or anhydride, preferably succinic anhydride or acid, 
having from about 50 to about 400 carbons In said hydrocarbyl group. The preferred carboxylic acid component 

50 is the long chain hydrocarbyl substituted dicarboxylic acid or anhydride, preferably succinic acid or anhydride, 
having from 50 to 400 carbon atoms in said hydrocarbyl group. Said hydrocarbyl groups are essentially aliphatic 
and Include alkenyl and alkyl groups. The longer chain acids and anhydrides are preferred, particularly when 
the grafting reaction Is carried out in lubricating oil. 

The C60-C400 hydrocarbyl subtltuted dicarboxylic acid or anhydride includes the reaction product of the C50-
55 C400 hydrocarbon polymer, generally a polyolefin, with (i) monounsaturated C4 to C10 dicarboxylic acid wherein 

(a) the carboxyl groups are vlcinyl, i.e., located on adjacent carbon atoms, and (b) at least one, preferably both, 
of said adjacent carbon atoms are part of said monounsaturation; or with (ii) derivatives of (i) such as an hydrides 
of (I). Upon reaction with the hydrocarbon polymer, the monounsaturation of the dlcarboxyiic acid, anhydride, 
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etc. becomes saturated. Thus for example, malelc anhydride becomes a hydrocarbyl substituted succinic an­
hydride. 

Typically, from about 0.7 to about 4.0 (e.g., 0.8 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 C4 to C10 dicarboxylic acid, anhydride or ester 

5 are charged to the reactor per mole of polyolefin charged. 
Normally, not all of the polyolefln reacts with the unsaturated acid or derivative and the hydrocarbyl sub­

stituted dlcarboxyllc acid material will contain unreacted polyolefln. The unreacted polyolefin 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 C4 to C10 dicarboxylic acid or anhydride, 

10 Is employed as the carboxylic acid componenl 
Characterization of the average number of moles of dicarboxyllc acid or anhydride, which have reacted 

per mole of polyolefln 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 saponlflcatlon number of the resulting 
product mixture using potassium hydroxide; and (II) the number average molecular weight of the polymer 

15 charged, using techniques well known In the art. Functionality is defined solely with reference to the resulting 
product mixture. Although the amount of said reacted polyolefin cont~lned in the resulting product mixture can 
be subsequently modified, I.e., increased or decreased by techniques known in the art, such modifications do 
not alter functionality as defined above. The term C50-C400 hydrocarbyl substituted dlcarboxylic acid material 
Is intended to refer to the product mixture whether it has undergone such modification or not. 

20 Accordingly, the functionality of the C50-C400 hydrocarbyl substituted dlcarboxylic acid material will be typ-
ically at least about 0.5, preferably at least about 0.8, and most preferably at least about 0.9 and will vary typ­
ically 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. 

Exemplary of such unsaturated dicarboxylic acids or anhydrldes thereof are fumaric acid, itaconic acid, 
25 maleic acid, maleic anhydride, chloromaleic acid, chloromaleic anhydride, etc. 

Preferred about C60 to about C400 olefin polymers for reaction with the unsaturated dicarboxylic acids or 
derivatives thereof are polymers comprising a major molar amount of~ to C10, e.g., C2 to C6 monoolefin. Such 
olefins include ethylene, propylene, butylene, isobutylene, pentene, octene-1, styrene, etc. The polymers can 
be homopolymers such as polyisobutylene, as well as copolymers of two or more of such olefins such as co-

30 polymers of: ethylene and propylene; butylene and isobutylene; propylene and lsobutylene; etc. Other copo­
lymers include those in which a minor molar amount of the copolymer monomers, e.g., 1 to 10 mole%, Is a 
C4 to C11 non-conjugated diolefin, e.g., a copolymer of isobutylene and butadiene; or a copolymer of ethylene, 
propylene and 1,4-hexadiene; etc. 

In some cases, the olefin polymer may be completely saturated, for example an ethylene-propylene co-
35 polymer made by a Ziegler-Netta synthesis using hydrogen as a moderator to control molecular weight. 

The olefin polymers used will usually have number average molecular weights within the range of about 
700 and about 5,600, more usually between about 800 and about 3000. Particularly useful olefin polymers 
have number average molecular weights within the range of about 900 and about 2500 with approximately 
one terminal double bond per polymer chain. An especially useful starting material is polyisobutylene. The num-

40 ber average molecular weight for such polymers can be determined by several known techniques. A convenient 
method for such determination Is by gel permeation chromatography (GPC) which additionally provides mo­
lecular weight distribution information, see W. W. Yau, J. J. Kirkland and D. D. Bly, "Modern Size Exclusion 
Liquid Chromatography", John Wiiey and Sons, New York, 1979. 

Processes for reacting the about C50 to about C400 olefin polymer with the c.._10 unsaturated dicarboxylic 

45 acid or anhydride are known in the art. For example, the olefin polymer and the dicarboxylic acid or derivative 
may be simply heated together as disclosed In U.S. Patents 3,361,673 and 3,401, 118 to cause a thermal "enen" 
reaction to take place. Or, the olefin polymer can be first halogenated, for example, chlorinated or brominated 
to about 1 to 8 wt. %, preferably 3 to 7 wt. % chlorine, or bromine, based on the weight of polymer, by passing 
the chlorine or bromine through the polyolefin at a temperature of 60 to 250°C, e.g. 120 to 160°C, for about 

50 0.5 to 10, preferably 1 to 7 hours. The halogenated polymer may then be reacted with sufficient unsaturated 
acid or derivative at 100 to 250°C, usually about 180 to 235°C, for about 0.5 to 10 hours, e.g. 3 to 8 hours, so 
the product obtained will contain the desired number of moles of the unsaturated acid or derivative per mole 
of the halogenated polymer. Processes of this general type are taught in U.S. Patents 3,087 ,936; 3, 172,892; 
3,272,746 and others. 

65 Alternatively, the olefin polymer, and the unsaturated acid or derivative 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; and in U.K. 1,550,219. 
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By the use of halogen, about 65 to 95 wt. % of the polyolefin, e.g. polyisobutylene, will normally react with 

the dicarboxylic acid or derivative. Upon carrying out a thermal reaction without the use of halogen or a cat­

alyst, then usually only about 50 to 75 wt.% of the polyisobutylene will react. Chlorination helps increase the 

reactivity. 
s Particularly preferred as the acid component is polyisobutenyl succinic anhydride. 

PRE-REACTED POLYAMINE-CARBOXYLIC ACID COMPONENT 

The aforesaid polyamine and carboxyllc acid component may be pre-reacted, with the acid being generally 

10 attached to the polyamine through salt, imide, amide, or other linkages so that a primary or secondary amine 

group of the polyamine is still available for reaction with the acid moieties of the grafted high molecular weight 

ethylene copolymer. 
The carboxylic acid material grafted ethylene copolymer is reacted with the polyamine containing one pri­

mary amino group and one or more secondary amino groups and carboxyllc acid component or pre-reacted 

15 polyamlne/carboxyllc acid component substantially as described hereinafore for the reaction of the carboxylic 

acid material grafted ethylene copolymer with the polyamine. Thus, for example a reaction mixture containing 

the grafted ethylene copolymer, e.g., ethylene-propylene substituted succinic anhydride, and carboxyllc acid 

component, e.g., polyisobutenyl substituted succinic anhydride, is prepared by admixing these two reactants, 

and the polyamlne is then introduced Into this reaction mixture and the reaction Is carried out as described 

20 hereinafore. Alternatively, the carboxylic acid component and polyamine may be added substantially simulta­

neously to a reaction mixture containing the carboxylic acid material grafted ethylene copolymer. 

Generally, the amount of the carboxylic acid component utilized is an amount sufficient to provide about 

0.5 to about 4 moles, preferably from about 1 to about 2 moles of said carboxyl acid acid component per molar 

amount of the carboxyllc acid moieties present in the grafted ethylene copolymer. For example, with a grafted 

25 ethylene-propylene copolymer of about 40,000 Mn and averaging 4 succinic anhydride groups per molecule, 

about 4 moles of polyisobutenyl succlnic anhydride would preferably be used per mole of grafted copolymer. 

Generally, from about 1 to 5, preferably from about 1.5 to 3 moles of the combined carboxyllc acid moiety con­

tent of the grafted ethylene copolymer and the carboxylic acid content are used per equivalent of polyamine 

reactant, e.g., amine. 

30 Under certain conditions, particularly upon storage, oleaginous compositions, particularly oil concen-

trates, containing the multifunctional viscosity index improver additives of the instant invention may exhibit an 

increase In viscosity. This viscosity Increase appears to be due, at least In part, to chain extension and/or cross­

linklng of the nitrogen containing grafted ethylene copolymer of the Instant invention. In order to stabilize the 

viscosity and retard or inhibit said viscosity increase of these oil compositions the nitrogen containing grafted 

35 ethylene copolymers of the Instant invention can be treated or post-reacted with a variety of materials, partic­

ularly acid materials, to Inactivate the reactive amino groups, i.e., secondary amino groups or primary amino 

groups. This treabnent prevents, diminishes, or retards chain-extension and/or crosslinking of the nitrogen con­

taining grafted ethylene copolymer. Thus, for example, the nitrogen containing acid material grafted ethylene 

copolymer may be reacted or post-treated with C1 - C30 monocarboxylic acids or anhydrldes, preferably acetic 

40 anhydride, or unsubstituted or C1 to C28 hydrocarbyl substituted dicarboxylic acid anhydrides as disclosed In 

U.S. Patent No. 4,137,185; the sulfonlc acids of U.S. Patent No. 4,144,181; and the C12 to C18 hydrocarbyl 

substituted dicarboxylic anhydrldes, preferably C12 to C18 hydrocarbyl substituted succinic anhydride, of U.S. 

Patent No. 4,803,003. 
Preferred viscosity stabilizing materials are those disclosed in U.S. Patent No. 4,803,003, i.e., the C12 to 

45 about C18 hydrocarbyl substituted dlcarboxylic anhydrides. These anhydrldes may be represented by the gen­

eral formula R11Y wherein R11 is a hydrocarbyl group containing a total of from 12 to about 18, preferably 12 

to 16, more preferably 12 to 14, and most preferably 12 carbons, which are essentially aliphatic, saturated or 

unsaturated, and include alkenyl groups, alkyl groups, and mixtures of alkenyl groups and alkyl groups, pre­

ferably alkenyl groups, and can be straight chain or branched, and Y is a dicarboxylic anhydride moiety. When 

so R11 Is an alkenyl group it Is preferred that the olefinic unsaturatlon site be located near the anhydride, e.g., 

allyllc to Y, moiety. The radical Y will usually contain 4 to 10, preferably 4 to 8, more preferably 4 to 6, and most 

preferably 4 carbon atoms and will define a dicarboxylic anhydride. The Y radical may be represented by the 

formula 

55 
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H 

\ I 
0 - c z c - 0 

\ I 
0 

wherein Z is selected from alkylene and alkenylene radicals containing from 2 to 8, preferably 2 to 6, more pre­

ferably 2 to 4, and most preferably 2 carbon atoms. Preferably Z is an alkylene radical. The most preferred Y 

10 radlcal is the succinic anhydride radical, i.e., 

H 
I I 

H c c H 

15 I I 
0 -==- c c ==- 0 

\ I 
0 

20 The Y radical is linked to the R11 group by a carbon to carbon linkage. 

The amount of the hydrocarbyl substituted dicarboxylic anhydride utilized is a viscosity stabilizing effective 

amount. By viscosity stabUizing effective amount is meant any amount which is effective to stabilize the vis­

cosity of an oleaginous solution of the nitrogen containing acid material grafted ethylene copolymers, i.e., in­

hibit or retard the Increase in viscosity over an extended period of time of an oil solution, particularly an oil 

25 concentrate, of the nitrogen containing grafted ethylene copolymers. Generally this amount is from about 0.5 

- 2.5, preferably 1 - 1.5 moles of C12 to about C18 hydrocarbyl substituted dicarboxylic anhydride per mole of 

any remaining primary or secondary amino groups of the ethylene copolymer grafted with a carboxylic acid 

material and thereafter reacted with the polyamine. 

The chain extension termination or end-capping of the nitrogen containing grafted ethylene copolymer 

30 which was preferentially prepared in a mineral oil solution can be conducted by subsequently introducing the 

C12 to about C18 hydrocarbyl substituted dicarboxylic anhydride directly into the reaction system used to prepare 

said nitrogen containing grafted ethylene copolymer, or it can be a separate non-integrated reaction step. Gen­

erally, the nitrogen containing carboxyllc acid material grafted ethylene copolymer Is first produced by prepar­

ing the grafted ethylene copolymer and then reacting this grafted copolymer with at least one polyamine, or 

35 with the carboxyllc acid component and polyamlne, or with the preformed carboxyllc acid component and poly­

amine, and this nitrogen containing grafted ethylene copolymer is then subsequently reacted or treated with 

the C12 to about C18 hydrocarbyl substituted dlcarboxyllc anhydride in a end-capping or chain extension limiting 

step. A viscosity stabilizing effective amount of the C12 to about C18 hydrocarbyl substituted dlcarboxylic an­

hydride Is introduced into the heated solution containing the nitrogen or ester containing grafted ethylene co-
40 polymer and the reaction carried on for a period of about 0.25 to B hours at a temperature of about 100° to 

200°C being preferred. In order to fully complete the reaction, it is generally useful to utilize a slight excess, 

i.e., about 1 to 30, more usually about 1 to 10, percent by weight of the C12 to about C18 hydrocarbyl substituted 

dicarboxyllc anhydride. The entire reaction is generally carried out under an inert atmosphere, for example, a 

nitrogen blanket. 
45 This reaction can be conducted in a polar or non-polar solvent, e.g., xylene, toluene, benzene, and the 

like, and is preferably conducted in the presence of a mineral or synthetic lubricating oil. 

Alternatively, at least a portion of the C12 to C18 hydrocarbyl substituted dicarboxyllc anhydride or other 

end-capping agent can be introduced into a reaction mixture containing the carboxylic acid material grafted 

ethylene copolymer prior to or concurrently with the introduction of the polyamine reactant, and the remaining 

60 portion of the end-capping agent can be reacted with the preformed, partially end-capped nitrogen containing 

grafted ethylene copolymer. 

The nitrogen containing grafted ethylene copolymers, i.e., the derivatized ethylene copolymers, of the in­

stant invention, either unreacted or reacted with the viscosity stabilizing or end-capping agents described here­

in afore, may optionally be post-treated by contacting said nitrogen containing acid material grafted ethylene 

55 copolymer with one or more post-treating reagents selected from the group consisting of boron oxide, boron 

oxide hydrate, boron halides, boron acids, esters of boron acids, carbon disulfide, sulfur, sulfur chlorides, al­

kenyl cyanides, aldehydes, ketones, urea, thio-urea, guanidine, dicyanodiamide, hydrocarbyl phosphates, hy­

drocarbyl phosphltes, hydrocarbyl thiophosphates, hydrocarbyl thiophosphites, phosphorus sulfides, phos-
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phorus oxides, phosphoric acid, hydrocarbyl thiocyanates, hydrocarbyl isocyanates, hydrocarbyl isothio­
cyantes, epoxides, eplsulfides, formaldehyde or formaldehyde-producing compounds plus phenols, and sulfur 
plus phenols. 

Since post-treating processes involving the use of these post-treating reagents are known insofar as ap-
s plication to reaction products of high molecular weight carboxylic acid acylating agents of the prior disclosures 

and amines and/or alcohols, detailed descriptions of these processes herein is unnecessary. In order to apply 
these processes to the compositions of this invention, all that Is necessary Is that reaction conditions, ratio of 
reactants, and the like as described in these prior disclosure processes, be applied to the novel compositions 
of this invention. The following U.S. patents disclose post-treating processes and post-treating reagents ap-

10 plicable to the compositions of this Invention: U.S. Pat. Nos. 3,087,936; 3,200,107; 3,254,025; 3,256,185; 
3,278,550; 3,281,428; 3,282,955; 3,284,410; 3,338,832, 3,344,069; 3,366,569; 3,373,111; 3,367,943; 
3,403, 102; 3,428,561; 3,502,677; 3,513,093; 3,533,945; 3,541,012 (use of acidified clays In post-treating car­
boxylic derivative compositions derived from the acrylating reagents of this invention and amines); 3,639,242; 
3,708,522; 3,859,318; 3,865,813; 3,470,098; 3,369,021; 3, 184,411; 3, 185,645; 3,245,908; 3,245,909; 

15 3,245,910; 3,573,205; 3,692,681; 3,749,695; 3,865,740; 3,954,639; 3,458,530; 3,390,086; 3,367,943; 
3, 185, 704, 3,551,486; 3,415, 750; 3,312,619; 3,280,034; 3,718,863; ~,632,616; UK Pat. No. 1,083,903; UK Pat. 
NO. 1, 162,436; U.S. Pat. No. 3,558,743. The processes of these patents, as applied to the compositions of 
this Invention, and the post-treated compositions thus produced constitute a further aspect of this invention. 

A minor amount, e.g. 0.01 up to 49 wt%, preferably 0.05 to 25 wt. %, based on the weight of the total com-
20 position, of the V.I. lnprover-dispersants produced in accordance with this invention can be incorporated into 

a major amount of an oleaginous material, such as a lubricating oil or hydrocarbon fuel, depending upon wheth­
er one Is forming finished products or additive concentrates. When used In lubricating oil compositions, e.g. 
automotive or diesel crankcase lubricating oil, derivatized copolymer concentrations are usually within the 
range of about 0.01 to 25 wt %, of the total composition. The lubricating oils to which the products of this ln-

25 ventlon can be added include not only hydrocarbon oil derived from petroleum, but also include synthetic lu­
bricating oils such as esters of dibaslc acids; complex esters made by esteriflcatlons of monobasic acids, poly­
glycols, dlbasic acids and alcohols; polyolefin oils, etc. 

The nitrogen containing acid material grafted ethylene copolymer of the invention may be utilized in a con­
centrate form, e.g., from about 5 wt% up to about 49 wt. %, preferably 7 to 25 wt. %, in oil, e.g., mineral lubri-

30 eating oil, for ease of handling, and may be prepared in this form by carrying out the reaction of the invention 
In off as previously discussed. 

The above oil compositions may optionally contain other conventional additives, pour point depressants, 
antlwear agents, antioxidants, other viscosity-index improvers, dispersants, corrosion inhibitors, anti-foaming 
agents, detergents, rust Inhibitors, friction modifiers, and the like. 

35 Corrosion inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts con-
tacted by the lubricating oil composition. Illustrative of corrosion inhibitors are phosphosulfurized hydrocarbons 
and the products obtained by reaction of a phosphosulfurized hydrocarbon with an alkaline earth metal oxide 
or hydroxide, preferably in the presence of an alkylated phenol or of an alkylphenol thioester, and also prefer­
ably In the presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a suitable 

40 hydrocarbon such as a terpene, a heavy petroleum fraction of a C2 to C11 olefin polymer such as polyisobutylene, 
with from 5 to 30 wt. % of a sulfide of phosphorus for 1/2 to 15 hours, at a temperature in the range of about 
66 to about 316°C. Neutralization of the phosphosulfurized hydrocarbon may be effected in the manner taught 
in U.S. Patent No. 1 ,969,324. 

Oxidation Inhibitors, or antioxidants, reduce the tendency of mineral oils to deteriorate In service which de-
45 terioration 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 alkylphenolth­
ioesters having preferably C5 to C12 alkyl side chains, e.g., calcium nonylphenol sulfide, barium t-octylphenyl 
sulfide, dloctylphenylamine, phenyl alpha-naphthylamine, phospho- sulfurized or sulfurized hydrocarbon, etc. 

Other oxidation inhibitors or antioxidants useful In this invention comprise oil-soluble copper compounds. 
50 The copper may be blended Into the oil as any suitable oil-soluble copper compound. By oil soluble it is meant 

that the compound is oil soluble under normal blending conditions in the on 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 
thlo- or dlthlo-phosphates. Alternatively, the copper may be added as the copper salt of a synthetic or natural 
carboxylic acid. Examples of same thus include C10 to C18 fatty acids, such as stearic or palmitic acid, but un-

55 saturated acids such as oleic or branched carboxylic acids such as napthenic acids of molecular weights of 
from about 200 to 500, or synthetic carboxylic acids, are preferred, because of the improved handling and sol­
ubility properties of the resulting copper carboxylates. Also useful are oil-soluble copper dithiocarbamates of 
the general formula (RR'NCSS)nCu (where n is 1 or 2 and Rand R' are the same or different hydrocarbyl rad-

25 
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icals containing from 1 to 18, and preferably 2 to 12, carbon atoms, and including radicals such as alkyl, alkenyl, 
aryl, aralkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as Rand R' groups are alkyl groups of 
from 2 to 8 carbon atoms. Thus, the radicals may, for example, be ethyl, n-propyl, 1-propyl, n-butyl, I-butyl, 
sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, 

5 cyclohexyl, methylcyclopentyl, propenyl, butenyl, etc. In order to obtain oil solubility, the total number of carbon 
atoms (i.e., Rand R') 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 Cull salts of alkenyl succlnic acids or an­
hydrides. The salts themselves may be basic, neutral or acidic. They may be formed by reacting (a) polyalky-

10 lene succlnimldes (having polymer groups of Mn of 700 to 5,000) derived from polyalkylene-polyamines, which 
have at least one free carboxyllc acid group, with (b) a reactive metal compound. Suitable reactive metal com­
pounds 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 polyiso-
15 butenyl succlnic acid. Preferably, the selected metal employed Is its divalent form, e.g., Cu+2. The preferred 

substrates are polyalkenyl succlnlc acids In which the alkenyl group has a molecular weight greater than about 
700. The alkenyl group desirably has a Mn from about 900 to 1,400, and up to 2,500, with a Mn of about 950 
being most preferred. Especially preferred is polyisobutylene succinic anhydride or acid. These materials may 
desirably be dissolved In a solvent, such as a mineral oll, and heated in the presence of a water solution (or 

20 slurry) of the metal bearing material. Heating may take place between 70. and about 200°C. Temperatures of 
110°C to 140°C are entirely adequate. It may be necessary, depending upon the salt produced, not to 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-polylsobutenyl succinic anhydride, Cu-oleate, or mixtures thereof) will 
25 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 dis-

30 closes fatty acid esters and amides; U.S. Patent No. 4, 176,074 which describes molybdenum complexes of 
polyisobutenyl succlnic anhydride-amino alkanols; U.S. Patent No. 4, 105,571 which discloses glycerol esters 
of dimerlzed fatty acids; U.S. Patent No. 3, 779,928 which discloses alkane phosphonlc acid salts; U.S. Patent 
No. 3, 778,375 which discloses reaction products of a phosphonate with an oleamlde; U.S. Patent No. 3,852,205 
which discloses S-carboxyalkylene hydrocarbyl succinimide, S-carboxyalkylene hydrocarbyl succinamic acid 

35 and mixtures thereof; U.S. Patent No. 3,879,306 which discloses N(hydroxyalkyl)alkenyl-succinamic acids or 
succinimldes; U.S. Patent No. 3,932,290 which discloses reaction products of di- (lower alkyl) phosphites and 
epoxldes; and U.S. Patent No. 4,028,258 which discloses the alkylene oxide adduct of phosphosulfurized N­
(hydroxyalkyl) alkenyl succinimides. The most preferred friction modifiers are esters or metal salts of hydro­
carbyl substituted succinic acids or anhydrldes and thiobis-alkanols such as described in U.S. Patent No. 

40 4,344,853. 
Dlspersants maintain oil insolubles, resulting from oxidation during use, In suspension in the fluid thus pre­

venting sludge flocculation and precipitation or deposition on metal parts. Suitable dispersants include high 
molecular weight alkyl succinimldes, the reaction product of oil-soluble- polyisobutylene succinic anhydride 
with ethylene amines such as tetraethylene pentamine and borated salts thereof. 

45 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 op­
timize the low temperature fluidity of the fluid are C8-C18 dialkylfumarate vinyl acetate copolymers, polyme­
thacrylates, and wax naphthalene. Foam control can be provided by an antifoamant of the polysiloxane type, 
e.g., silicone oll and polydimethyl siloxane. 

so Anti-wear agents, as their name Implies, reduce wear of metal parts. Representatives of conventional an-
tlwear agents are zinc dlalkyldithiophosphate and zinc diaryldithiosphate. 

Detergents and metal rust inhibitors include the metal salts of sulphonic acids, alkyl phenols, sulfurized 
alkyl phenols, alkyl salicylates, naphthenates and other oil soluble mono- and dlcarboxylic acids. Highly basic 
(viz, overbased) metal sales, such as highly basic alkaline earth metal sulfonates (especially Ca and Mg salts) 

55 are frequently used as detergents. Representative examples of such materials, and their methods of prepara­
tion, are found in EP-A-0208560. 

Some of these numerous additives can provide a multiplicity of effects, e.g., a dispersant-oxidation Inhib­
itor. This approach is well known and need not be further elaborated herein. 
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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: 

Additive 

Viscosity Modifier 

Corrosion Inhibitor 

Oxidation Inhibitor 

Additive 

Dispersant 

Pour Point Depressant 

Anti-Foaming Agents 

Anti-Wear Agents 

Friction Modifiers 

Detergents/Rust Inhibitors 

Mineral Oil Base 

Wt.\ a.i, 

(Broad) 

.01-12 

0.01-s 

0.01-s 

Wt.\ a. i. 

(Broad) 

0.1-20 

0.01-s 

0.001-3 

0.001-5 

0.01-s 

.01-10 

Balance 

Wt. \ a.1. 
(Preferred) 

.01-4 

.01-1.s 

• 01-1. 5 

Wt, t a. i. 

(Preferred) 

0.1-8 

• 01-1. 5 

.001-0.15 

.001-1.5 

• 01-1. 5 

.01-3 

Balance 

When other additives are employed, it may be desirable, although not necessary, to prepare additive con­

centrates comprising concentrated solutions or dispersions of the dispersant (in concentrate amounts herei-

45 nabove described), together with one or more of said other additives (said concentrate when constituting an 

additive mixture being referred to here in as an additive package) whereby several additives can be added si­

multaneously to the base oil 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 dispersant additive 

50 and optional additional additives in proper amounts to provide 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 typ­

ically from about 2.5 to about 90%, and preferably from about 5 to about 75%, and most preferably from about 

55 8 to about 50% by weight additives in the appropriate proportions with the remainder being base oil. 

The final formulations may employ typically about 10 wt.% of the additive-package with the remainder 

being base oil. 
All of said weight percents expressed herein are based on active ingredient (a.i.) content of the additive, 
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and/or upon the total weight of any additive-package, or formulation which will be the sum of the a.i. weight 
of each additive plus the weight of total oil or diluent. 

As mentioned hereinafore, the nitrogen containing acid material grafted ethylene copolymers of the pres­
ent invention are particularly useful as fuel and lubricating oil additives. 

5 The nitrogen containing grafted ethylene copolymers of this invention find their primary utility, however, 
in lubricating oil compositions, which employ a base oil in which these copolymers are dissolved or dispersed. 

Thus, base oils suitable for use in preparing the lubricating compositions of the present invention include 
those conventionally employed as crankcase lubricating oils for spark-ignited and compression-ignited internal 
combustion engines, such as automobile and truck engines, marine and railroad diesel engines, and the like. 

10 Advantageous results are also achieved by employing the additives of the present invention in base oils con­
ventionally 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. 

15 Thus, the additives of the present Invention may be suitably Incorporated Into synthetic base oils such as 
alkyl esters of dlcarboxyllc acids, polyglycols and alcohols; polyalphe--olefins, polybutenes, alkyl benzenes, or­
ganic esters of phosphoric acids, polysilicone oils, etc. 

The nitrogen containing carboxylic acid material grafted ethylene copolymers of the instant invention are 
oil-soluble, dissolvable in oil with the aid of a suitable solvent, or are stably dispersible therein. The terms oil-

20 soluble, dissolvable In oil, or stably dispersible in oll as that terminology is used herein does not necessarily 
Indicate that the materials are soluble, dlssolvable, miscible, or capable of being suspended in oil in all pro­
portions. It does mean, however, that the additives for instance, are soluble or stably dispersible in oil to an 
extent sufficient to exert their intended effect in the environment in which the oil is employed. Moreover, the 
additional incorporation of other additives may also permit incorporation of higher levels of a particular copo-

25 lymer hereof, if desired. 
Accordingly, while any effective amount, i.e., dispersant or viscosity index improving - dispersant effective 

amount, of the additives of the present invention can be incorporated into the fully formulated lubricating oil 
composition, it is contemplated that such effective amount be sufficient to provide said lube oil composition 
with an amount of the additive of typically from about 0.001 to about 20, preferably about 0.01 to about 15, 

30 more preferably from about 0.1 to about 10, and most preferably from about 0.25 to about 5.0 wt. %, based on 
the weight of said composition. 

35 

The following examples, which include preferred embodiments and wherein all parts and percentages are 
by weight unless otherwise Indicated, further illustrate the present invention. 

Example 1 Illustrates the preparation of an ethylene-propylene copolymer of the instant invention. 

EXAMPLE 1 

An ethylene-propylene copolymer having an ethylene content of about 58 wt. %, a thickening efficiency 
(T.E.) of about 2.8, an Mw of about 105,00, an Mn of about 98,000 a MwlMn of 1.094 and Mz!Mw of 1.088 Is pre­

"° pared in a tubular reactor under the following condition: 

45 

55 
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Reactor Inlet Temp. 

Reactor Outlet Temp. 

Sidestream Feed Temp. 

Catalyst Premix Temp. 

Catalyst Premix Time (Sec.) 

aeactor Residence Time (Sec.) 

at Sides~rem 1/2 

Inlet Feed ~ates 103Kg/hr 

Hexane 74. 7 

Ethylene 0.47 

Propylene 6.96 

VC1 4 0.015 

Al2(C2H5)3 Cl 3 0.39 
Sweep flexane 2.23 

Sideetream Feed Rates 

H:exane 11.23 

Ethylene 1. 3'7 

Propylene 2.65 

Total Hexane 88.20 

Sidestream Feed Splits (wt..%) 

Sidestream 1/2 

-20°C(-4°F) 

13 °C( 57°F) 

-32"C(-26°F) 

33°C(91°F) 

7.87 

!..26/1.40 

(Klb/hr.) 

(164.8) 

( l. 03) 

(l5.J6) 

(0.03375) 

(0.861) 

(4.926) 

(25) 

( J • 02) 

( 5. 84) 

(194.7) 

70/JO 

Example 2 illustrates the grafted, i.e., succlnic anhydride grafted, ethylene-propylene copolymer of the 

35 instant invention. 

EXAMPLE 2 

700 grams of a 15 wt.% Solution in 5100 NLP baseoil of a copolymer prepared in accordance with the pro-
«J cedure of Example 1 are introduced into a one liter reactor and heated to 175°C with nitrogen purge. 17 .5 grams 

of maleic anhydride are charged to the reactor in 10 stages, each stage consisting of 1. 75 grams of maleic 
anhydride. After each charge of maleic anhydride, 0.28 grin of di-t-butyl peroxide is charged to the reactor as 

initiator for the free radical grafting reaction. After the last charge of di-t-butyl peroxide is Introduced into the 

reactor, the reaction mixture is stripped with nitrogen for two hours. The total acidity of the reaction mixture is 

45 0.14 meq./g. of sample. The Mw and Mn of the grafted copolymer are 101,000 Mw and 87,000 Mn. The M.JMn 
of this grafted copolymer is 1.16, while the MzfMw is 1.137. 

Examples 3-4 illustrate the nitrogen containing carboxyllc acid material grafted ethylene-propylene copo­

lymers of the instant Invention. 

50 EXAMPLE 3 

Into a reactor vessel containing 150 grams of a 20% oil solution of the succinic anhydride grafted ethylene­

propylene copolymer of EXAMPLE 2 are charged 196 grams of S130N mineral oil and 4.4 grams of N-isode­

cyloxypropyl-1,3-dlamlnopropane. The resulting reaction mixture is heated to 190°C for two hours under nltro-

55 gen sparging to form the nitrogen containing succinic anhydride grafted ethylene-propylene copolymer. 
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EXAMPLE4 

Into a reactor vessel containing 150 grams of a 20% oil solution (20% active ingredient in 80% oil) of the 

succinic anhydride grafted ethylene-propylene copolymer of EXAMPLE 2 are charged 196 grams of S130N 

5 mlneral oil and 7.3 grams of a tallow amine (a mixture of N-dodecyl-tripropylene-tetraamine, N-tetradecyltri­

propylene-tetraamlne, N-hexadecyl- tripropylene-tetraamine, N-heptadecyl-tripropylene- tetraamlne, N-octa­
decyl-trlpropylene-tetraamine, and N-eicosyl-trlpropylene-tetraamine). The resultlng reaction mixture is heated 
to 190°C for two hours under nitrogen sparging to form the nitrogen containing succinic anhydride grafted ethy­

lene-propylene copolymer. 
10 

Cl alma 

1. A composition comprising the reaction product of: 
15 (i) 

(a) a copolymer of ethylene and at least one otheralpha-ol~fln monomer, said copolymer comprising 
lntramolecularly heterogeneous copolymer chains containing at least one crystallisable segment of 

methylene units and at least one low crystallinity ethylene-alpha-olefin copolymer segment, where­

in said at least one crystallisable segment comprises at least 10 wto/o of said copolymer chain and 

20 contains at least 57 wt% ethylene, wherein said low crystallinity segment contains not greater than 

53 wto/o ethylene, and wherein said copolymer has a molecular weight distribution characterised by 

at least one of of a ratio of M.JMn of less than 2 and a ratio of MJMw of less than 1.8, and wherein 

at least two portions of an individual intramolecularly heterogeneous chain, each portion comprising 

at least 5 wl°/o of said chain, differ in composition from one another by at least 7 wt% ethylene, said 
25 copolymer being grafted with 

(Ii) 

(b) ethylenlcally monounsaturated carboxylic acid material having 1 to 2 carboxyllc acid groups or 

anhydride group to form grafted ethylene copolymer, wherein the MWD of the resulting grafted co­

polymer Is within 10% or less of the MWD of said ethylene copolymer (i)(a); and 

30 at least one polyamine containing only one primary amino group and at least one secondary amino 
group. 

2. The composition according to claim 1 wherein said copolymer (i)(a) has an intermolecular compositional 
dlspersity such that 95 weight% of said copolymer chains have a composition 15 weight% or less different 

35 from said average ethylene composition. 

40 

3. The composition according to claim 2 wherein said intermolecular compositional dispersity of said copo­

lymer (i)(a) is such that 95 weight% of said copolymer chains have a composition 13 weight% or less 
different from said average ethylene composition. 

4. The composition according to claim 3 wherein said intermolecular compositional dispersity of said copo­

lymer (i)(a) is such that 95 weight% of said copolymer chains have a composition 10 wt.% or less different 

from said average ethylene composition. 

5. The composition according to any of claims 1 to 4 wherein said low crystallinity segment of said copolymer 

(l)(a) comprises from 20 to 53 wt. % ethylene. 

6. The composition according to claim 5 wherein said low crystallinity segment of said copolymer (i)(a) com­
prises from 30 to 50 weight% ethylene. 

60 7. The composition according to any of claims 1 to 6 wherein said crystallizable segment comprises at least 

55 

57 wt. % ethylene. 

8. The composition according to any of claims 1 to 7 wherein said copolymer (i)(a) has a total minimum ethy­
lene content of 20 % on a weight basis. 

9. The composition according to any of claims 1 to 8 wherein said copolymer (i)(a) is characterized by a 
weight-average molecular weight of from 20,000 to 250,000. 
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EXAMPLE4 

Into a reactor vessel containing 150 grams of a 20% oil solution (20% active ingredient in 80% oil) of the 
succinic anhydride grafted ethylene-propyfene copolymer of EXAMPLE 2 are charged 196 grams of S130N 

5 mineral oil and 7.3 grams of a tallow amine (a mixture of N-dodecyl-bipropylene-tetraamine, N-tetradecyltrl­
propylene-tetraamine, N-hexadecyl- bipropytene-tetraamine, N-heptadecyl-tripropylene- tetraamlne, N-octa­
decyl-bipropylene-tetraamine, and N-eicosyf-bipropylene-tetraamine). The resulting reaction mixture is heated 
to 190°C for two hours under nitrogen sparging to form the nitrogen containing succinic anhydride grafted ethy­
lene-propylene copolymer. 

10 

Clalma 

1. A composition comprising the reaction product of: 
15 (i) 

20 

25 

30 

(ii) 

(a) a copolymer of ethylene and at least one otheralpha-ol~fin monomer, said copolymer comprising 
intramolecularly heterogeneous copolymer chains containing at least one crystaillsable segment of 
methyfene units and at least one low crystallinly ethylene-alpha-olefin copolymer segment, where­
in said at least one crystallisable segment comprises at least 10 wto/o of said copolymer chain and 
contains at least 57 wt% ethyfene, wherein said low crystallinity segment contains not greater than 
53 wt% ethylene, and wherein said copolymer has a molecular weight distribution characterised by 
at least one of of a ratio of M.JMn of less than 2 and a ratio of MJMw of less than 1.8, and wherein 
at least two portions of an indMdual intramolecularly heterogeneous chain, each portion comprising 
at least 5 wt°/o of said chain, differ in composition from one another by at least 7 wt% ethylene, said 
copolymer being grafted with 
(b) ethylenically monounsaturated carboxyllc acid material having 1 to 2 carboxylic acid groups or 
anhydride group to form grafted ethylene copolymer, wherein the MWD of the resulting grafted co­
polymer is within 10% or less of the MWD of said ethylene copolymer (i)(a); and 

at least one polyamine containing only one primary amino group and at least one secondary amino 
group. 

2. The composition according to claim 1 wherein said copolymer (i)(a) has an intermolecular compositional 
dispersity such that 95 weight% of said copolymer chains have a composition 15 weight% or less different 

35 from said average ethylene composition. 

4() 

3. The composition according to claim 2 wherein said intermolecular compositional dispersity of said copo­
lymer (l)(a) is such that 95 weight% of said copolymer chains have a composition 13 weight% or less 
different from said average ethylene composition. 

4. The composition according to claim 3 wherein said intermolecular compositional dispersity of said copo­
lymer (i)(a) is such that 95 weight% of said copolymer chains have a composition 10 wt. % or less different 
from said average ethylene composition. 

5. The composition according to any of daims 1 to 4 wherein said low crystallinity segment of said copolymer 
(i)(a) comprises from 20 to 53 wt.% ethylene. 

6. The composition according to claim 5 wherein said low crystallinity segment of said copolymer (i)(a) com­
prises from 30 to 50 weight % ethylene. 

so 7. The composition according to any of claims 1 to 6 wherein said crystallizable segment comprises at least 

55 

57 wt.% ethylene. 

8. The composition according to any of claims 1 to 7 wherein said copolymer (i){a) has a total minimum ethy­
lene content of 20 % on a weight basis. 

9. The composition according to any of daims 1 to 8 wherein said copolymer (i)(a) is characterized by a 
weight-average molecular weight of from 20,000 to 250,000. 
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10. The composition according to any of claims 1 to 9 wherein said copolymer (i)(a) has a MWD characterized 
by at least one of a ratio of MwJMn of less than 1.5 and a ratio of MzfMw of less than 1.5. 

11. The composition according to claim 10 wherein said copolymer (l)(a) has a MWD characterized by at least 
one of a ratio of Mv/Mn of less than 1.25 and a ratio of M.zlMw of less than 1.2. 

12. The composition according to any of claims 1 to 11 wherein said copolymer's (l)(a) chain segment sequenc­
es are characterized by at least one of the structures: 

(I) M - T 
(II) T1 - (M - T2)x 

(Ill) T1 _ (M1 _ T2)y _ M2 

wherein x and y are each integers of 1 to 3, M comprises said crystallizable segment, T comprises said 
low crystalllnlty segment, M1 and M2 are the same or different and each comprises an M segment, and 
T1 and T2 are the same or different and each comprises a T segment. 

13. The composition according to claim 12 wherein said copolymer's (i)(a) chain segment sequences are char­
acterized by structure II and x is one. 

14. The composition according to claim 12 or claim 13 wherein in said copolymer (i)(a) said T1 and T2 segments 
are of substantially the same weight-average molecular weight. 

15. The composition according to claim 14 wherein in said copolymer (i)(a) the sum of the weight average 
molecular weights of said T1 and T2 segments is substantially equal to the weight-average molecular 
weight of said M segment. 

25 16. The composition according to any of claims 1 to 15 wherein said monounsaturated carboxylic acid material 
(l)(b) is selected from the group consisting of C4 to C10 monounsaturated dicarboxylic acid material, C3 to 
C10 monounsaturated monocarboxylic acid material, and mixtures thereof. 

17. The composition according to claim 16 wherein said C4 to C10 monounsaturated dlcarboxylic acid material 

30 is selected from maleic anhydride, maleic acid, and mixtures thereof. 

35 

18. The composition according to claim 17 wherein said C4 to C10 monounsaturated dicarboxylic acid material 
is malelc anhydride. 

19. The composition according to any of claims 1 to 18 wherein said polyamine contains 1 primary amino 
group, from to 6 secondary amino groups, and from 7 to 80 carbon atoms. 

20. The composition according to any of claims 1 to 19 wherein said polyamine further contains a sulfur or 
oxygen atom. 

40 21. The composition according to any of claims 1 to 20 wherein said polyamine is represented by the formula 
H2N(R1 - NH)z(R2 - A)y R3 

Wherein: 
R1 is hydrocarbylene containing from 1 to about 6 carbons; 
R2 is hydrocarbylene containing from 1 to about 6 carbons; 

45 R3 Is hydrocarbyl containing from 1 to about 40 carbone; 
A is oxygen or sulfur; 
y is zero or one; and 
z has a value of from 1 to 6. 

50 22. The composition according to claim 21 wherein R1 and R2 are alkylene and R3 Is alkyl. 

55 

23. The composition according to claim 22 wherein R1 and R2 are independently alkylene containing from 2 
to 4 carbon atoms and R3 is alykl containing from 5 to 30 carbons. 

24. The composition of matter according to claim 23 wherein R1 and R2 are propylene, and R3 is alkyl con­
taining from 10 to 20 carbon atoms. 

25. The composition according to any of claim 1 to 24 comprising reaction product of (i), (ii) and (iii) a C60 to 
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C400 hydrocarbyl substituted carboxylic acid component containing 1 to 2 carboxylic acid groups or an­
hydride group. 

28. The composition according to claim 25 wherein said C60 to C400 hydrocarbyl substituted carboxylic acid 
5 component (iii) comprises C60 to C400 hydrocarbyl substituted C4 to C10 dlcarboxylic acid or anhydride. 

10 

15 

20 

27. The composition according to claim 26 wherein said C60 to C400 hydrocarbyl substituted dicarboxyllc acid 
or anhydride is selected from C50 to C400 hydrocarbyl substituted succinic acid, C60 to C400 hydrocarbyl 
substituted succlnic anhydride, and mixtures thereof. 

28. The composition according to claim 27 wherein said C60 to C400 hydrocarbyl substituted succinic anhydride 
comprises polybutenyl substituted succlnic anhydride. 

29. An oleaginous composition comprising: 
(I) oleaginous material; and 
(II) composition according to any of claims 1 to 28. 

30. The composition according to claim 29 wherein (i) is lubricating oil. 

31. The composition according to claim 29 containing from 0.001 to 20 wt % of (ii). 

Patentanspr uche 

1. Zusammensetzung, die das Reaktionsprodukt van 
25 (i) 
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(a) elnem Copolymer aus Et hylen und mindestens einem weiteren a-Olefinmonomer, wobei das Co­
polymer intramolekular heterogene Copolymerketten umfaBt, die mindestens ein kristallisierbares 
Segment aus Methyleneinheiten und mindestens ein Ethylen-a-Olefin-Copolymersegment mit 
niedriger Kristallinitit enthalten, wobei das mindestens eine kristallisierbare Segment mindestens 
10 Gew.% der Copolymerkette ausmacht und mindestens 57 Gew.% Ethylen enthilt, wobel das 
Segment mit niedrlger Kristallinitat nicht mehr als 53 Gew.% Ethylen enthilllt und wobei das Copo­
lymer eine MolekulargewichtsverteHung besitzt, die durch mlndestens elnes der Verh#iltnisse M.JMn 
van weniger als 2 und MziMw van weniger als 1,8 gekennzeichnet ist, und wobei mindestens zwei 
Antelle einer indivlduellen, intramolekular heterogenen Kette, van denen jeder Antell mindestens 5 
Gew.% der Kette ausmacht, slch in der Zusammensetzung um mindestens 7 Gew.% Ethylen von­
elnander unterscheiden, wobei das Copolymer mit 
(b) ethylenlsch einfach ungesAttigtem Carbonsaurematerlal mit 1 bis 2 Carbonsauregruppen oder 
einer Anhydridgruppe gepfropft ist, um gepfropftes Ethylencopolymer zu bilden, wobei die Moleku­
largewichtsverteilung des resultierenden gepfropften Copolymers lnnerhalb van 10 % oder weniger 
der Molekulargewichtsverteilung des Ethylencopolymers (i)(a) ist, und 

(ii) mindestens einem Polyamin umfaBt, das nur eine primare Aminogruppe und mindestens eine se­
kundAre Aminogruppe enthAlt. 

2. Zusammensetzung nach Anspruch 1, bei der das Copolymer (i)(a) eine solche intermolekulare DispersitAt 
der Zusammensetzung aufweist, daB 95 Gew. % der Copolymerketten eine Zusammensetzung aufwei­
sen, die sich um 15 Gew.% oder weniger van der durchschnittlichen Ethylenzusammensetzung unter­
scheidet. 

3. Zusammensetzung nach Anspruch 2, bel der die intermolekulare DispersitAt der Zusammensetzung des 
Copolymers (i)(a) eine solche ist, daB 95 Gew.% der Copolymerketten eine Zusammensetzung aufwei­
sen, die sich um 13 Gew.% oder weniger van der durchschnittlichen Ethylenzusammensetzung unter­
scheidet. 

4. Zusammensetzung nach Anspruch 3, bei der die intermolekulare Dispersitat der Zusammensetzung des 
Copolymers (i)(a) elne solche ist, daB 95 Gew. % der Copolymerketten eine Zusammensetzung aufwei­
sen, die sich um 10 Gew.% oder weniger van der durchschnittlichen Ethylenzusammensetzung unter­
scheidet. 
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Zusammensetzung nach einem der Anspruche 1 bis 4, bei der das Segment mit niedriger Kristallinitit van 
dem Copolymer (i)(a) 20 bis 53 Gew.% Ethylen umfaBt. 

Zusammensetzung nach Anspruch 5, bei der das Segment mit niedriger Kristalllnitit van dem Copolymer 
(l)(a) 30 bis 50 Gew.% Ethylen umfal!t. 

Zusammensetzung nach einem der Anspruche 1 bis 6, bei der das kristallislerbare Segment mindestens 
57 Gew. % Ethylen umfal!t. 

Zusammensetzung nach einem der Anspruche 1 bis 7, bei der das Copolymer (i)(a) einen minimalen Ge­
samtethylengehalt von 20 %, bezogen auf das Gewicht, besltzt. 

Zusammensetzung nach einem der Anspruche 1 bis 8, bei der das Copolymer (i)(a) durch ein durchschnitt­
llches Molekulargewlcht (Gewichtsmittel) van 20 000 bis 250 000 gekennzeichnet ist. 

Zusammensetzung nach elnem der Anspruche 1 bis 9, bei der das Copolymer (l)(a) eine Molekularge­
wlchtsverteilung aufweist, die durch mlndestens eines der Vert-iiltnlsse Mv/Mn van weniger als 1,5 und 
Mz!Mw von weniger als 1,5 gekennzeichnet ist. 

11. Zusammensetzung nach Anspruch 10, bei der das Copolymer (i)(a) eine Molekulargewichtsverteilung 
20 aufweist, die durch mindestens eines der Verhaltnisse M.JMn van weniger als 1,25 und M2/Mw von weniger 

als 1,2 gekennzeichnet ist. 

12. Zusammensetzung nach einem der Anspruche 1 bis 11, bei der die Kettensegmentsequenzen des Copo­
lymers (i)(a) durch mindestens eine der Strukturen 

~ W M-T 
(II) T1 - (M - T2)x 

(Ill) 11 - (M1 - T2)y - M2 
gekennzeichnet slnd, in denen x und y jewells ganze Zahlen von 1 bis 3 sind, M das kristallisierbare Seg­
ment umfal!t, T das Segment mit niedriger Kristallinitit umfaBt, M1 und M2 gleich oder verschieden sind 

30 und jeweils ein M-Segment umfassen, und 11 und 12 gleich oder verschieden sind und jeweils ein T-Seg­
ment umfassen. 
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13. Zusammensetzung nach Anspruch 12, bei derdie Kettensegmentsequenzen des Copolymers (i)(a) durch 
Struktur II gekennzeichnet sind und x gleich 1 ist. 

14. Zusammensetzung nach Anspruch 12 oder 13, bei der die Segmente 11und12 in dem Copolymer (i)(a) 
Im wesentlichen das gleiche durchschnittliche Molekulargewicht (Gewichtsmlttel) besitzen. 

15. Zusammensetzung nach Anspruch 14, bel der in dem Copolymer(l)(a) die Summa derdurchschnittllchen 
Molekulargewichte (Gewichtsmittel) der Segmente 11 und 12 im wesentlichen gleich dem durchschnittli­
chen Molekulargewicht (Gewichtsmittel) des M-Segments ist. 

16. Zusammensetzung nach einem der Anspruche 1 bis 15, bei der das einfach ungesittigte Carbonsiure­
material (i)(b) ausgewihlt ist aus der Gruppe bestehend aus elnfach ungesittigtem C4- bis C10-Dicarbon­
siurematerial, einfach ungesittigtem C3- bis CwMonocarbonsaurematerlal und Mischungen daraus. 

17. Zusammensetzung nach Anspruch 16, bel der das einfach ungesittigte C4- bis C10-Dicarbonsiuremate­
rial ausgewihlt ist aus der Gruppe bestehend aus Maleinsiureanhydrid, Maleinsiure und Mischungen 
daraus. 

50 18. Zusammensetzung nach Anspruch 17, bei der das einfach ungesittigte C4- bis C1o-DicarbonsAuremate-
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rial Malelnsiureanhydrid ist. 

19. Zusammensetzung nach einem der AnsprOche 1 bis 18, bei der das Polyamin 1 primAre Aminogruppe, 1 
bis 6 sekundire Aminogruppen und 7 bis 80 Kohlenstoffatome enthilt. 

20. Zusammensetzung nach einem der Anspri.iche 1 bis 19, bei der das Polyamin auBerdem ein Schwefel­
oder Sauerstoffatom enthAlt. 
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21. Zusammensetzung nach elnem der Anspruche 1 bis 20, bel dem das Polyamin der Formel 
H2N(R1 - NHh(R2 - A)yR3 

entspricht, in der 
R1 ein zweiwertiger Kohlenwasserstoffrest mit 1 bis etwa 6 Kohlenstoffatomen 1st, 

6 R2 ein zwelwertiger Kohlenwasserstoffrest mit 1 bis etwa 6 Kohlenstoffatomen ist, 
R3 ein Kohlenwasserstoffrest mit 1 bis etwa 40 Kohlenstoffatomen ist; 
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A Sauerstoff oder Schwefel ist: 
y O oder 1 1st und 
z einen Wert van 1 bis 6 besitzt. 

22. Zusammensetzung nach Anspruch 21, bei der R1 und R2 Alkylen sind und R3 Alkyl ist. 

23. Zusammensetzung nach Anspruch 22, bel der R1 und R2 unabhAnglg Alkylen mit 2 bis 4 Kohlenstoffato­
men slnd und R3 Alkyl mlt 5 bis 30 Kohlenstoffatomen 1st. 

24. Materialzusammensetzung nach Anspruch 23, bel der R1 und R2 Propylen sind und R3 Alkyl mit 10 bis 
20 Kohlenstoffatomen ist. 

25. Zusammensetzung nach elnem der AnsprOche 1 bis 24, die das Reaktionsprodukt van (i), (ii) und (iii) einer 
C60- bis C400-kohlenwasserstoffsubstituierten CarbonsAurekomponente mit 1 bis 2 Carbonsliluregruppen 
oder einer Anhydridgruppe umfaBt. 

28. Zusammensetzung nach Anspruch 25, bei der die C60- bis C400-kohlenwasserstoffsubstituierte Carbon­
sAurekomponente (Iii) C60- bis C400-kohlenwasserstoffsubstituierte C4- bis C10-DicarbonsAure oder -an­
hydrld umfaBt. 

27. Zusammensetzung nach Anspruch 26, bei der die C60- bis C400-kohlenwasserstoffsubstituierte Dicarbon­
sAure oder das entsprechende Anhydrid ausgewAhlt ist aus C60- bis C400-kohlenwasserstoffsubstitulerter 
Bernsteinslure, C60- bis C400-kohlenwasserstoffsubstituiertem BernstelnsAureanhydrid oder Mischungen 
daraus. 

28. Zusammensetzung nach Anspruch 27, bei der das C60- bis C400-kohlenwasserstoffsubstituierte Bern­
steinsAureanhydrid polybutenylsubstltuiertes Bernsteinslureanhydrid umfaBt. 

29. Olige Zusammensetzung, die 
(i) Oliges Material und 
(Ii) elne Zusammensetzung gemAB einem der Anspruche 1 bis 28 umfaBt. 

30. Zusammensetzung nach Anspruch 29, bei der (i) SchmierOI 1st. 

31. Zusammensetzung nach Anspruch 29, die 0,001 bis 20 Gew.% (Ii) enthAlt. 

Revendlcatlons 

1. Composition comprenant le produit de reaction: 
(i) 

(a) d'un copolymlllre d'ethyllllne et d'au mains un autre monomlllre apha-olefinique, ledit copolymlllre 
comprenant des chaines de copolymlllre ii heterogeneite intramoleculaire contenant au mains un 
segment cristallisable de motifs methylene et au mains un segment copolymlllre d'ethyllllne et d'al­
pha-ol6fine de faible cristallinit6, ce segment cristallisable constituant au mains 10 % en poids de 
la chaTne du copolymlllre et contenant au moins 57 % en poids d'6thyllllne, le segment de faible cris­
tallinlte ne contenant pas plus de 53 % en poids d'ethyllllne et le copolymlllre ayant une distribution 
de polds moleculaire caracterisee par l'un au molns d'un rapport Mp/Mn lnfllrieur ii 2 et d'un rapport 
M,/Mp inferleur ii 1,8, et deux portions au moins d'une chaine individuelle ii heterogeneite intramo­
leculalre, dont chacune constitue au mains 5 o/o en poids de ladite chaine, differant l'une de l'autre 
dans leur composition d'au mains 7 % en poids d'6thylene, ledit copolymere etant greffe avec (b) 
une matiere acide carboxyllque ii mono-insaturation ethylenique ayant 1-2 groupes acide carboxy­
lique ou groupe anhydride pour former un copolymere d'ethylene greffe, la distribution de poids mo-
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leculaire du copolymere greffe resultant s'ecartant de 10 % ou moins de la distribution de poids mo­

leculaire dudit copolymere d'ethylene (i) (a) ; et 

(Ii) au moins une polyamine contenant seulement un groupe amino primaire et au moins un groupe ami­

no secondalre. 

2. Composition suivant la revendication 1, dans laquelle le copolymere (i) (a) a une disperslte de composition 

intermoleculaire telle que 95 % en po Ids desdites chaines du copolymere aient une composition qui differe 

de 15 % en poids ou moins de ladite composition moyenne en ethylene. 

3. Composition sulvant la revendication 2, dans laquelle la dispersite de composition intermol8culaire du co­

polymere (I) (a) est telle que 95 % en poids desdites chaines de copolymere alent une composition qui 

differe de 13 % en poids ou molns de ladite composition moyenne en ethylene. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Composition sulvant la revendicatlon 3, dans laquelle la dispersite de composition lntermoleculaire du co­

polym&re (I) (a) est telle que 95 % en poids desdltes chaines de copolymere aient une composition qui 

differe de 10 % en poids ou molns de ladite composition moyenne en ethylene. 

Composition sulvant l'une quelconque des revendications 1 A 4, dans laquelle le segment de faible cris­

tallinlte du copolymere (I) (a) comprend 20 A 53 % en poids d'ethylene. 

Composition suivant la revendication 5, dans laquelle le segment de faible cristallinlte du copolymere (i) 

(a) comprend 30 A 50 % en poids d'6thylene. 

Composition suivant l'une quelconque des revendications 1 A 6, dans laquelle le segment crlstallisable 

comprend au moins 57 % en poids d'6thylene. 

Composition suivant l'une quelconque des revendications 1 A 7, dans laquelle le copolymere (i) (a) a une 

teneur minimale totale en ethylene de 20 % sur base pondilrale. 

Composition suivant l'une quelconque des revendications 1 A 8, dans laquelle le copolymere (i) (a) est 

caracterise par une moyenne ponderale du poids molttculaire de 20 000 A 250 000. 

Composition suivant l'une quelconque des revendications 1 A 9, dans laquelle le copolymere (i) (a) a une 

dispersion de polds mol8culaire caracterisile par l'un au moins d'un rapport Mp/Mn inf6rleur A 1,5 et d'un 

rapport Mz/Mp interieur A 1,5. 

11. Composition suivant la revendication 10, dans laquelle le copolym&re (i) (a) a une dispersion de poids 

moleculaire caracterisee par l'un au moins d'un rapport Mp/Mn inferieur A 1,25 et d'un rapport Mz/Mp lnte­

rieur A 1,2. 

12. Composition suivant l'une quelconque des revendications 1 A 11, dans laquelle les sequences des seg-

40 ments de la chaine du copolymere (i) (a) sont caracterisees par au moins l'une des structures : 

50 
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(I) M - T 
(II) T1 - (M - T2)x 

(Ill) r1 - (M1 - T2)y • M2 

ou x et y representent chacun des nombres entiers de 1 a 3, M comprend ledit segment cristallisable, T 

comprend ledit segment de faible cristallinlte, M1 et M2 sont identiques ou difterents et comprennent cha­

cun un segment M, et T1 et T2 sont ldentiques ou diffilrents et comprennent chacun un segment T. 

13. Composition suivant la revendication 12, dans laquelle les sequences de segments de la chaine du co­

polymere (i)(a) sont caractilrlsees par la structure II et x est egal a 1. 

14. Composition suivant la revendication 12 ou la revendication 13, dans laquelle les segments T1 et T2 dans 

le copolymere (l)(a) ont principalement la mAme moyenne ponderale du poids mol6culaire. 

15. Composition sulvant la revendicatlon 14, dans laquelle la somme des moyennes ponderales des poids 

moleculalres des segments r1 et T2 dans le copolymere (i)(a) est principalement egal a la moyenne pon­

derale du polds mol6culaire dudit segment M. 

16. Composition suivant l'une quelconque des revendications 1 a 15, dans laquelle la matlere acide carboxy-
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lique mono-lnsature (i)(b) est choisie dans le groupe comprenant une matiere acide dlcarboxylique mono­
insature en C4 a C10, une matiere acide monocarboxylique mono-insature en C3 a C10 et des melanges 
de ces matieres. 

5 17. Composition suivant la revendication 16, dans laquelle la matiere acide dicarboxylique mono-insature en 

10 

15 

C4 a C10 est choisie entre !'anhydride maleique, l'acide maleique et des melanges de ces matieres. 

18. Composition suivant la revendication 17, dans laquelle la matiere acide dlcarboxylique mono-insaturl!l en 
C4 a C10 est !'anhydride mai6ique. 

19. Composition suivant l'une quelconque des revendications 1 a 18, dans laquelle la polyamine contient 1 
groupe amino primaire, 1 a 6 groupes amino secondaire et 7 a 80 atomes de carbone. 

20. Composition suivant l'une quelconque des revendicatlons 1 a 19, dans laquelle la polyamine contient en 
outre un atome de soufre ou d'oxygene. 

21. Composition suivant l'une quelconque des revendications 1 a 20, dans laquelle la polyamine est repre­
sentee par la formula 

dans laquelle : 
20 R1 est un groupe hydrocarbylene contenant 1 a environ 6 atomes de carbone ; 

R2 est un groupe hydrocarbylene contenant 1 a environ 6 atomes de carbone ; 
R3 est un groupe hydrocarbyle contenant 1 a environ 40 atomes de carbone ; 
A est l'oxygime ou le soufre ; 
y a la valeur 0 ou 1 ; et 

25 z a une valeur de 1 a 6. 
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22. Composition suivant la revendlcation 21, dans laquelle R1 et R2 sont des groupes alkylene et R3 est un 
groupe aikyle. 

23. Composition sulvant la revendication 22, dans laquelle R1 et R2 repr6sentent independamment des grou­
pes alkylime contenant 2 a 4 atomes de carbone et R3 est un groupe alkyle contenant 5 a 30 atomes de 
carbone. 

24. Composition suivant la revendication 23, dens laquelle R1 et R2 sont des groupes propylene et R3 est un 
groupe al kyle contenant 10 a 20 atomes de carbone. 

25. Composition suivant l'une quelconque des revendications 1 a 24, comprenant le produit de reaction de 
(I), (ii) et (ill) d'un composant acide carboxylique a substituant hydrocarbyle en C50 a C400 contenant 1 a 
2 groupes acide carboxylique ou groupe anhydride. 

26. Composition suivant la revendication 25, dans laquelle le composant acide carboxylique a substituant hy­
drocarbyle en C50 a C400 (ill) comprend un acide ou anhydride dicarboxyllque en C4 a C10 a substituant 
hydrocarbyle en C6o a C400. 

27. Composition sulvant la revendication 26, dens laquelle l'acide ou anhydride dlcarboxylique a substituant 
hydrocarbyle en CllO a C400 est choisi entre un acide succinique a substituant hydrocarbyle en C50 a C400, 
un anhydride succinique a substituant hydrocarbyle en C50 a C400 et leurs melanges. 

28. Composition suivant la revendicatlon 27, dans laquelle !'anhydride succinique a substltuant hydrocarbyle 
en CllO a C400 comprend un anhydride succlnique a substituant polybutenyle. 

29. Composition ol6aglneuse, comprenant: 
(I) une matlere oleagineuse ; et 
(ii) une composition suivant l'une quelconque des revendications 1 a 28. 

30. Composition suivant la revendication 29, dans laquelle (i) est une huile lubrlfiante. 

31. Composition suivant la revendication 29, contenant 0,001 a 20 % en poids de composant (II). 
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