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OIL SOLUBLE DISPERSANT ADDITIVES BASED ON lsBUTENE-ALPHA .. 

OLEFIN COPOLYMERS 

FJELD _OE _IBJiINYmfilQN 
5 The hMmtion relates to oilasolubme dis~ ldditiva usefia mn oleqmous 

compolitiom, hldudq -~ubricmmg oil compomdons md fud oompoltioos. The 

invmtmoo llso ~to concmntes ccnta.mms the &pen.mt lddima. 

- BACKG&QUlmQF IHBJNVENilOH 
10 Hydmcubon o&m composidons typicdly comprise a mixtun: of at least one 

hydrocarbon hue oil Md one or more additives, where am additive is employed for 

the purpose of mmpromg the perfonmnce md properties of the base •oil m its intended 

&pplmcation; e.a., 111 a lubricuing oil, hatms oiB, diesel o&B, middle dlistiUate fuel oil. and 

so forth. Lubricating oml composmtiom face rather stringent viscosity requirements, u 

15 Rt, fur aample, by SAE specifications. Such compositions must meet a minimum 

vi1C01ity requb'emmt at high temperature (at lent lbout 1 OO°C) md 1. maximum 

vIDIOOlmty mquffiremmt at IDow tempemture (about ~S to eJ0°C). The minimum viscosity 

nquinmmt It mgh temperatum is intended to pmvmt the oil ffom thiming dumg 

ape opemdoo to the pomt It which exceuiw engme wear Md increased oi 

2 o cmmmmption wou!d rcmmt. The maximum viscosity requirement at low temperature 

&ailtates mp mn .. up in comd we&her md also mmsura -the cold oil bu sufficient 

pumpibility amd 8owability to avoid mgine dlmap due to mmfticimt lubrication. 

Simpme bmend1 ofbue oils hmng dift"ermt viscosity chlrlcteristics pncnEiy do 

Mt meet the mow Md high tempfttUN viscosity requirements of mumtigmde !ubricatmg 

2 5 oils. The-primary tool for meeting the requmnments ms the use of viscosity modifiers, 

&mso refcrmd to u vilCOlity index imprown or VJ. impmven. 

A vilCMity modifier is ccmvmtion1Uy am oma .. somubie po&ymert oftm z 

hydrocmbo~ polymer with a number average molecular weight in the range of 

about 20,000· to 200~000. These polymers, with their reBativdy luge size, cm 

30 sipificmtly m~ kinematic visoolitia ofbue oils wen at mow concentrations. 

However,- lubricating oii solutions oontlimng these viscosity modifiers ue non~ 

Nmomam in nature. Consequently, these solutmons tmd to give lower viscosities than 

~edl in a high shear environment. Tms behavior is Hmmeved to misc ftom shears 

induced &Mipmmt of the V.l pofymer dWns. In 1n operatmg imcmal combustion 

3 5 engine, viscosity modifiers therefore increase the low temperature, high shear (CCS) 

Weosity of a filubricumg base oil to a le1Hr extent tbm they inCl"eln its hip 
tempen.tum viscosity. A point cm be reached where the mnount of viscosity modifier 

added to achieve the required mimmum viscosity of the muitignde oil at mgh 



els 
temperature precludes the possibility of meeting the required muimum viscosity at gow 

temperature. Consequmdy. oonsmmts exist on the amount of viscosity modifier which 
can be employed to meet the low and .high temperature viscosity requirements of a 

lubrimms oil composition. 
5 Lubrieatms oil compositions geMfllly amso ooamm polymeric dispersant 
~ whole primmy function is to maintain mmlubla formed by oxidation, etc. m 
a suspmsion m the oil and dws avoid sludge ftoccu!ation and precipitation. The 

dispawnts an typically hydrocarbon polymers havm1 a number average molcw!ar 

wmpt (~ M 11 ~) of about l 0,000 or less dW have been chemically modified to oontam 

10 polar groops; e.s., nitrogens Md Cltefecofttaimng sroups. The amount of dispenant 

employed is dictated md controlled by the effectiveness of the particuiu- ma.tcriat m 
achiwma its dispersant function. Engine oils commernially 1.vaillble at U.S. Mnice 

sw&om typically contain about two to four times u much dispersant u viscosity 
mmtifier, bne&i OD active mgredmmt. 

15 Conwndcmal dispersamu elm increue the ~ow amd mgh tempenwm visooaity 
c~me.1 of a hue oil by virtue of their polymeric Mturn. However, because 

di~ polymer molecules are mudl smaller tham those of a vi1COsity modifier, the 

di~ ms much lea dnr smsmw. As a result, a disperant con.tributes more to the 

mow tempemun Wlcosity of the Jubricatms oil relative to its oomribution to the mp 
2 o tanpmwre viltOlity thin does a viscosity modifier. Moreover, the dispemmt, with its 

mower d.- of poiymmiation, contributes mud!. las to the hip tempemtum viscosity 

of the hue oil in m msowte --b.n does the viscosity modifier. Thus,~ 
mqmtude of the iow tempemture viscosity mcnue induced by the dispersant am 

ex~ the low temperature viscosity mereue induced by the viscoaity modifier without 

25 the bmefit of 1 proportionately grater increue in high temperlh.lrc viscosity u 

obtained &mn a vilcolity modifier. Comcqumdy, u the dispenantsmduced low 

~ vilcolity im:reue causes the low temperature viscosity of the oH to 

mpproa the mnimum mow~ viscosity~ it becomes mcnumm 
difticmt to introduce am amount of viscosity modifier mftidmt to meet the minimum 

3 0 vtlOOlmty rap.tired It hip tanpemture without croumg the low temperature viscosity 

threshold. 

A co:ltinumg need exists for the development of improved dispersants which 

am provide viscosity benefits to lubricating oil oompositiom mid It the same time 

awe a disperum function equal to or surpusma that of conventional dispemmts. 
35 Various oil .. so!uble, hydrocarbo•polymersbued dispersant additives suitable 

for use in lubricating oH compositions are dbdoled in the art. EPsAe201S60, for 

eumple, dilclo1e1 dispenut lddmws formed by raction of m amine, alcohol, ammo 
l!ooboi and mixtures thereof' with a polyomefin .. submwted dicuboxylic acid material. 
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The poltyoEefin .. wbmtuted dir.uboxyUc acid material is prepued by racbon of a 

pomyoletin (e.1., pomyisobutylme) having Mn of 1500 to 5,000 with an umatmated 
dicm'boxylic add~ (maldc anhydride)~ mcb that the polymer product 

(pomyi!Obutmym mccmic amhydride) ~ ! .OS to l.2S moles of dicarboxylic acid 

5 producmg mm• per mote of poiyoiefin used m the raetion. Suitable pomyoldim 
in.dude homopolymers ad copomymen of C2eC10 mon.ooidm. 

USsA .. 5229022 teaches !ubricatmg addmva comprising ethylme-«--oldm 
cope~ tamindy substituted with mon0e- or dicarboxylie I.Cid produdng moieties. 
The ldd .. mbmtutedJ·polymer ~be further nacted! with nucleophilic reagmts such u 

10 &rines, adoohoms, mid metal compounds to give other materials useful u additives, such 

u·dis~. 

EPsAe490454 teaches alkenyl succimmide derivatives useful as dispaunt 
additives, wherein the alkenym group is derived from a terminally unsaturated atadic 
pmpykme oligomer. The succinimide derivative is formed by reacting the succinated 

15 oligomer with I Ci ~Cso mane. 
Pomyisobmy&me (l!JPm") bu oftm b=t\ the pofymer of choice in polymeric 

. dmspers1nts, ehidy bcausc k is readily 1.valable by eatmomc po~erization fi"om 

butene~. Pm .i11. subltmdaHy amorphous material wmch generally contains 

nmdud u~on ammmting to •ut one ethylcmc double bond positioned &Ions 
20 ·lW:h polymer chain. The double bonds serve u the mes for fimctionalizing Pm by 

~on with, for aampl~ unamrated cuboxyUt compounds such u maleic 
Mhydride. 

As indicated above, ethyimtHJ.--olefin copoAymers and a...oldn homo-- and 

oopo!ymn hive also beal disclosed to be usetbi m pomymeric dilp«SantS. The 
25 polymers prepamd by po~tion of the correspondmg monomers using 

·~vmtiond Ziegts ... Natta mtllym are 1mcnly oot suitable tbr use u backbones for 
mubric&ting cm dispenmt additives. Convmtiom! Ziegmer .. Natta catalysts have relatively 

hip mmty and le\'d typi:s of active~ resulting m cis0lefin polymen which have 

111 n'1 above 10,000 mid rdat.ivdy broad molecular weight distributions ("MWD"). 

·3 o Low momew11r weight polymers am be obtlmned with these cmBysts using a moim.du 

weight regumator such u hydrogen, but this murata die double bonds m the polymers, 

destmyms the polymets reactivity m functiooa&.ation chemistries useful for producmz 
di~ which rely on a high double bond oontatt; e.g., ftmctionllization with 
unmumtm Qfboxylic compounds such u maleic anhydride. 

3 5 Etbymm.u..cmefin copolymers Md a.eo&etm hom0e ud copolymers in the . 

-s 
· ·d&111perunt moiecullr weight range ca be prepared by polymermtion of dtc 

. · ~Mims monomers usmg cmlysts composed of a metallooene compOund (i.e., a 
eydoptmbdicnyJsoontmng trlmition metal compound) and a suitable zcaivator or 
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cocata1yst such as a1uminoxane. For example, US-A-5229022, noted above, describes 

the use of metallocenes for the preparation of ethylene-a-olefin copolyiners. JP-A-

63/05761 s discloses liquid a.-olefin random copolymers prepared by copolymerization 

of Cj to C20 a-oletins in the presence of cata1ysts formed from cyclopentadienyl 
5 zireonium hydride compounds and aluminoxane. The copolymers. have 1-99 mole% of 

units derived from one of the monomers present in the copolymer, an inherent viscosity 

of0.005-4 dVg, MWD of no more than 3~ iodine number of 0 to 85, and a CIJ-NMR 

spectriJm indicating the copolymer has a regular head to. tail structure. The copolymer 

is disclosed to contain terminal unsaturation on one. end of the copolymer chains. 

1 o Example 4 describes the preparation of a l-butene-1-hexene copolymer with 15 mole % 
butene content, intrinsic viscosity of 0.02 dVg, MWD of /1.82, and iodine number of 

SI. 

JP-A-63/037102 discloses a modified liquid a-olefin polymer consisting of an 

unsaturated C3 to C 1 o carboxylic acid, anhydride, or ester thereof; bonded to an a- · 

15 olefin homo- or copolymer prepared by polymerizing one ot more C3 to C20 a-olefins 

using a zirconocene-aluminoxane catalyst syStem. The modified polymer is useful, inter 
alia, as an additive for lubricating oils. The starting polymer is disclosed to have an 
intrinsic viscosity of0.005 to 0.4 dVg, Mn of300to.s,ooo, MWD of3 or less, and a 

C-13 NMR spectrum indicative of head-to-tail bonding, and an isotactic mm triad 

2 o fraction of 0.35 or less. Example 4 discloses an n•butyl methacrylate-modified liquid 

propylene-butene-I copolymer, prepared by heating the liquid polymer (which has 76 

mole% propylene content, intrinsic viscosity of 0.03 dVg, Mn of 730, MWD of I.88, 

and an iodine value of JS) together with n-butyl methacrylate .. 

JP-A-01/132605 discloses epoxidated liquid a-olefin polymers which can be 

25 prepared from a liquid a-ol~ polymer substantially like that disclosed in JP-A-

63/03 7102 discussed in the last paragraph. The epoxidated polymers are useful, inter 

alia, ·as compatibility agents in lubricating oil compositions. 

DE-A-4030399 teaches polymers and oligomers of propylene having functional 

end groups, which are produced by reaction of hetero-atom-containing organic 

3 o compounds with polymers and oligomers composed of propylene and 0-40 wt. % of 

another C2 to Cg 1-alkene. The polymers and oligomers have Mn of l 00 to l00,000, 

MWD of 1 to 3, and one unsaturated chain end. They are preferably prepared by 

polymerization of the monomer(s) in the presence ofa·bridged metallocene­

aluminoxane cata1yst system. Example t. discloses the preparation of an isotactic 

35 propylene oligomer (Mn= 800; MWD = 2.3) using a silane-bridged zirconocene. 
Subsequent examples disclose the preparation of anhydride-, mercaptan-, epoxide-, and 

carboxylic acid- tenninated oligomers, among others, from the propylene oligomer 

prepared in Example I. The hetero-atom functionalized polymers and oligomers are 
v 

:-.·:::--



~·· 

. ·•·· 

SUMMARYOFIJm~ 

5 The prumt mvmtion is~ to u ozJ .. soiub&e disperunt addinw comprising 

the rnction product of: 
(a) a copo!ymer functiomUzed to have within its structure at Beast one acy! 

tbnctioMl group selected! i'om the poup conlistmng of C4 to Cto dicuboxyiic acids 

Ind derivatives thereof md C3 to Ct o monoomboxylic Kids and derivatives thereo( 
10 the copoiym« comprising units derived from t .. butme Md It least one other a..olmm of 

formtda CH2eCHR1
, wherein R' is methyl or a C3 to C]2 linear or branched alkyl 

group, the copolymer having a number avenge molecular weight of at last about 700, 
a molecular weight distribution of Uess tham S, 1nd ethmylidene groups terminating at 
lent I.bout 300.4 of 111 polymer chains; md 

15 (b) at aeut one daivatizing compound comprising a nucleophilic n:a.ctmt 

The fimctioinatmd copomymers am be preplmd by reaction of labutm.aeo0Eefin 

oopolymm with monoumatunted C4 to C10 dicuboxytic ramnt compounds md 
mcmmmntumtm C3 to C10 monOCl!boxylic r~t oompoonds. Suitable 
· wdoophUic iactmtl include amme~ alcohol~ amino llooools. reactive mdlll 

2 o oompmmds, Ind mimns thereof. 
The disperunt additives have improved viscosity chmwteristlcs rdative to the 

corresponding~ PJB..bued dispemnts. More putiwlarly, formulated oils 

md Mcfitive co~ cm be prepared usmg dispmvmt iddmva of the invention 
with a com~ higher mom~ weight without ldvenely lft"ecting the 

2 5 VliD>metric properties of the system. 

lO 

Became the dispers&m additives are based upon copofymers hiving a relatively 
high levd of tamiml ethmylidme umatumdon, the additives have mgh active 

~imt cmmcentntions and, thereby, mhmced &ubricatina oil dispmmcy, u 
ahm°bited by~ smudge and varnish control properties. 

DllEf__PESCBieIJQN OF IHED_MWllLGS 
Figure l is a plot of the kinematic viscosities of S lSON mineral ?il so&utions of 

the l~uteMapmpyEme copo&ymer ofEumpme 1 ud of a po&ymsobutyBene of Mn ~ 

2,225 wnus solution concentration. 
35 Fmprre 2 is a plot of the CCS viscosities ofSlSON mineral oil solutions of the ls 

~propylene oopomymer ofExmnpEe 1 utd of a po&yi:sobutyime of Mn =-- 2,225 

wnu1 solution coocaitratiort . 
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-===!1 Figure 3 is a plot ofthe kinematic viscosities ofSISONmineral oil solutions of 
the BPSA/P AM dispersant of Example 2 and of a PIBSA/P AM dispersant versus 
solution concentration. 

Figure 4 is a plot of the CCS viscosities of SISON mineral oil solutions of the 
5 BPSAIP AM dispersant of Example 2 and of a PIBSA/P AM dispersant versus solution 

concentration. 

DETAILED DESCRIPTION OF THE INVENTION 
Pre.paration of the l-Butene-a.;.Qlefin Copolymer 

1 o The copolymers employed to make the dispersant additives of the invention are 

15 

oil soluble copolymers which contain a high degree of terminal ethenylidene 
unsaturation and which are· derived from 1-butene and at least one other a-olefin of 
formula: 

CH2=CHR.' (I) 

wherein R' is methyl or a C3 to C12 linear or branched alkyl group. The R' group is 
preferably methyl or C3 to C10 alkyl, and more preferably methyl or C3 to Cg alkyl. 
When the alkyl group is branched, it preferably has at least one -CH2- group between 

20 the ethenyl bond and the branch. Most preferably, the·R' group is methyl or a linear 
alkyl group of from 3 to 6 carbon atoms; i.e., propyl, n-butyl, n-pentyl, or n-hexyl. A 
particularly preferred R' group is methyl. 

Useful comonomers include propylene, 1-pentene, 1-hexene, 1-heptene, 1-
octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 4-

2 5 methyl-1-pentene, 5-methyl-1-hexene, 6-methyl-1-heptene, 7-methyJ .. 1-octene, and the 
like. Preferred comonomers Include propylene, 1-hexene, and 1-octene, and the most 
preferred is propylene. The I-butene copolymers of the invention include ternary and 
higher copolymers, but binary copolymers are preferred. Thu~ preferred copolymers 
include I-butene-propylene copolymers, 1 ;.butene-1-hexene copolymers, and I-butene.:. 

3 o 1-octene copolymers. The most preferred are I-butene-propylene copolymers. 
The copolymers of the invention have a·number average moleeular weight of at 

· least about 700, ·usually from· about 700 to 10, 000, preferably fro~ about 1, 000 to 
S,000, and most preferably from about 1,500 to 4,000 (e.g., from 2,000 to 3,500). The 
copolymers also have a molecular weight distribution defined as the ratio of the weight 

3 s average molecular weight to the number average molecular weight (i.e., MWD 
= M wf Mn), of less than about 5, preferably less th8n 4, ~ost preferably less than 3 
(e.g., between 1.1 and 2.5). M w and Mn can be determined by gel permeation 
chromatography (GPC) with suitable calibration. The use of GPC to determine M w 

( 



WO~ 

• .#' IS 1 Ei> 

TH\S SHEET HAS BEEN I 
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Md Ma is described, tor exmnpm, in W. W. Y~ J. J. Kirldtmd Md D. D. Bly. MQ.dm 

Sig Bxci~lkm.Uquid ~bl. John Wiley & Sons, New York, 1979. 

The !--butene copolymers of the invention poueu a high degree of termi!W 
' 

ethmytidme unaturadon (also mfmed to u vinyUdme unntumion). Thus, one md 

5 of the oopofymm bu the fonmfila POLY sC(R")-CH2, wherein POLY repmmts the 

pofym.er chlm mdl R11 ms Ct to C12 llkyt If lsbutme terminues the chain, R." is ethy!; 

m.e., C2 l.ikym. Otherwise, the identity of the R" alkyl smup depends upon the 

oomonmner saectcd fur po&~on with 1--butme. For example, if~ selected 

cmnonomer is propylene udl a propylene umt termmata the~ JR" is methyl. The 

10 copolymers cf the in.vmtion !have ethenylidlmc groups tennimmng at last about 300A. of 

tim polymer chains. More preferably, ethenyUdene smups terminate at leut SO% of the 

polymer clWns, most preferably at least 700" of the polymer chains (e.g., 70 to 98%). 

h addition,, 1 rinor amount of the polymer chains can contain terminal ethmyl (also 

referred to u vinyl) unsammtion (i.e., POLY aCH~H2. where ..CH=CH2 is ethmyl). 

15 Md a pomomi of the polymers ca contain internal mcinounaturmon (e.g., POLY .. 

(.~w, where R" is defined u. lbove). The pemmmge of polymer dmms 

ahibmng termi.nd ethenylidme umuum&on :nmy be determmed by F1'lllR spectroscopic 

~is, timtmon, or by ~13 or proton NM!t. 

The 1 ebutfme copolymers of the invention comprise any oil solubfile copolymer 

20 · ~g umts derived &om 1..Wtene with at least some units derivm &om 
eomonomer(s) of formula (I) , wherein the copolymer hu high termini) umaturanon u 

· d.aibed above. Prefinbly, however, oopolymm of the mvmtion contain at least 
about S mome%, more prefenbmy It !em 10 mome%, ·of units derived from the aoa0!efin 

oomonomer(s}. ConapondmsmJ, the contmt of umu derived from Isllmtme is 

2 5 pnfenbiy no grater than about 95 moieO/I, ud mom preferably not greater than 90 

mole%. In pncud1r, lsbutmo-pmpylmme copo!ymer1 of the invention preferably 

contlin &om lbmd s mome% to 40 mole"h umtl derived iom propylene (e.g. 10 to 40 

mo~e%), more pref'enbmy &om about 10 to 35 mo~e% (e.g. 15 to JS mole@h), most 

pmeftnbly i'om about lS to 30 mole'At (e.g., 18 to 25 mol~At). 

3 o The copolymers utilized in the present invention cm be chamcterized m tams of 
~dty. The backbones of a .. otefin homo-- md oopotymen gmenily consist of 
~I mdhyIDene amd methine cubons,, with hydrocarbyl side chains dtached to the 

mahine Clfbms. Comequmdy, these polymers, unlike Pm, pouas uymmdric 
CU'bcm m their polymer baekboinea Md CM be cb~ im tams of their 

3 5 ~aniea! configuration; i:e., tacticlty. In atactic CJ.eolefin polymers, dte 

hyd.rocuby] side chains on the methine carbons have a random orientation about the 

poiymcr bzckbone. The methine carbom randomly have Rud S oonfigumiom, 
aatmg adja.cmt pairs of either like configuration (a meso or 11m11 dyad) or unlike 
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configuration (a racemic or "r" dyad). Atactic polymers contain approximately equal 

fractions of meso and racemic dyads: -Isot~tic a-olefin polymers predominantly 

contain methine side chains oriented on the $ame -Side or plane of the polymer 

backbone, wherein any-given sequence of three monomer units (triads) in the chain can 

5 be described as two successive m-eso dyads ("mm"): Syndiotactic polymers 

predominantly contain methine side chains that ·8Itemate sequentially from one side to 
the opposite side of the polymer backbone, wherein any_given triad in the chain can be -

described as two successive racemic (11rr11
) triads, 

In one embodiment_ofthe present invention,.the I-butene copolymers employed 

10 to prepare the-dispersant additives ofthe present invention can have a high isotactic_ 

index. The isotactic index is the percentage ofisotactic (mm) triad sequences, based on 

the total number of triad- sequences pr-esent in the copolymer chains. --Syndiotactic (rr) 

and heterotactic (mr) triad sequences can also-be present. The relative abundance of 

the triad sequences, and thus the isotacticity index, can be determined using carbon-13 ---

15 NMR. A high isotactic index is -defined herein to be a~ least 700/o; -I-Butene_ 

copolymers offormula (I) with isotactic indexes of70~ to 75% or 80%-or--higher (e.g., 
80% to 99%) can be incorporated into the dispersant-additives of the invention. 

Highly isotactic polymers are often crystalline materials-which are unsuitable for 

use as the backbones in dispersant additives because of their limited oil solubility. 

2 o Highly isotactic poly-I-butenes, for ~ample, typically. have little or_ no oil solubility at . . . . 

Mn's greater than about 1,500. On the other hand, tbenighly isotactic I-butene 

copolymers which_ can be employed- to make the dispersant additives of the invention 
are sufficiently amorphous to have oil $Olubility at Mn's well above I,Soo.--The units 

derived from the a.-olefin -of formula (I) introduce side· chains of a length different than 

25 that of the ethyl side chains introduced by units derived from }-;.butene. The presence of 

two side chains having different chain lengths along the main polymer chain_ disrupts 
and lowers the crystallinity of the copolymer (i.e.,, increases its amorphous nature)-and, 

relative to analogous poly-I-butene having the same degree-of polymerization, either 

imparts or substantially enhances oil solubility. • 

3 o The 1-butene-a.-olefin copolymers useful in the present invention can be-

prepared by polymerizing monomer mixtures comprising- I-butene and an a.-olefiit of -- -

formula (I) in the presence of a Catalyst system comprising the reaction_ or complexation 

product of a cyclopentadienyl-containing tr-ansition metal -compound (also r-eferred to as 

a metallocene) and a cocatalyst. The metallo~ne ls typically a cyclopeiltadienyl 
35 derivative ofa Group IVB-VIB-transition metal ofthePerioaic Table of the Elements 

disclosed in the Handbook of Chemi511y . .and Physics, 61 st edition, CRC Press, 1980. 

The metallocene is converted into an active polymerization catalyst by reacting or---

f 
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oom»mms it with a oo-atdylt, which is typiCIDy either m llummoxane or m ionic 

KtM.tor, e.g., am ion·•msecompowd or am umon of:• Lewi1. md. 
~of the usefW mmllooene1 me those eootiinms ·two cydopentldimyl 

lipnds ump~ by the fonnuma: 

wherein Cp amd Cp• am the nme or dift"ermt cyclopentadienym rings substmwted with 

from Oto S mbmmmt groups S Md S* respcctivdy. wherein Sad s• are 
mdepmdmtmy selected &om radical groups which form covalent bonds to the carbon 

15 atoms of the Cpsrings, md include hydrocarbyl radicals~ substituted hydrocubyl 

mdiells wherein one or more hydrogens is replaced by halogen, hruocubyi radicals, 

bydroaarbyl~mbmmted Group IV A mehilloid radicals, ~ocarbylssubmmted Group 
IV A metalloid radicals, mmbstitu.ted boron ndical~ disubatituted pmctogm radicals, 
substituted cM!cogm radicals, and halogen mdicds. Aitem1dvemy, Cp. md Cp* are 

20 eydopentadienyl rings in ·Which ·any two adjacent S or S* groups cu be joined to form 

a C4 to C20 ring to give a awiated or unsatuBted polycyclic cydopmtadmmyl ring. 
A1 is a bridJing group which serves to restrict rotation of the Cp ad Cp* mgs~ 

y is O or 1; M is titanium, zircomum, or hammum; X and X1 are independently halogm 
radicals, hydride radica2s, hydrocmbyB radicals, substituted hydrocarbyl·· radicals in 

25 which one or more hydrogen atoms is replaced by halogen, halocubyl radicaAs, and 
hydroaarbyl~ or haloaarbylasubsdtuted orpnometdomd radicals. Alternatively, X ad 

X' are joined u.d bound to the metal mom M to form a mdlllacycle ring containing 
ftom about J to 20 carbon atoms. 

The hydrocubyl and substituted hydrocubyl radicals which are suitable S, S*. 
30 X Md X' include stnight amd branched alkyl and! alkylenyi radicals (e.g .• methyl. 

chloromethyD, ethyl, propyl, pr.openyi, isopmpyl, etc.), cyclic hydrocarbon radicals (e.g., 

cyclohexyl, bromocyclohexyl. etc.), aJkylssubstituted eycJic hydrocarbon radicaJs, 

1romatic fadic.Us (e.g.. phenyl. p--chiorophmyl, amd the like), and llkyl~substituted 
aromatic ndica.11 (e.g., toluyl, p--cbloromethyll pbmyl, etc.). The hydrocmbyi and 

J s substituted hydroclrbyl radicals prefembly cormwn fi'om about i to 20 carbon atoms. 
The !Wocarbyl radicals suitable u s, s•. x a X' Im lmllosous to the 

hydrocubyl radicals described in the precedins paragraph, except that au of the 

hydrogen atoms have been replaced by halogen atoms. 
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The organometallojd radicals sujtable a5 S, S*, X.and X'.include mono-, dj- and 

trisubstituted organometalJojd radicals of Group IV A elements in whlch each of the 
hydrocarbyl groups and the halocarbyl substituents are:as respectively defined in the 
preceding two paragraphs. Suitable hydrocarbyl-substituted Group IV A 

5 organometalloid radjcals include trimethylsilyl, triethylsilyl, triphenylsjJyl, 
ethyldnnethylsUyl, triphenylgennyl, trimethylgemiyl, and the like. 

Halogen radicals suitable for S, S *, X and X' are fluoride, chloride, bromide, 
and iodide. 

Disubstituted boron radicals suitable as Sand S* can be represented by the 
10 formula RBRbB-; suitable disubstituted pnictogen radicals by RBRbA-; and suitable 

substituted chalcogen radicals by R 8o-; wherein B is boron; A is a Group VA atom; G 
is a Group.VIA atom, and R8 and Rb.are independently selected from the group 
consjsting of hydride, hydro~rbyl radicals, and substituted· hydfocarbyl radicals in 
. whlch one or more hydrogens are replaced with halogen. Thus. among the suitable 

15 disubstjtuted boron radicals are dialkylboryl, dicycloajkylboryl, diarylboryl, 
dialbrylboryl, and the like. Suitable disubstituted pnictogens include amino, 
dialkylamino, diarylamino, dicycloalkylamino, ph~spfµno, dialkylphosphlno, 
diarylphosphlno, dialkylarsino,. and the like. · Sllj~le s~bstituted chalcogen radicals 
include hydroxy, alkoxy, cyclo~koxy, aryloxy, a..Yi~tk~xy, mercapto, alkyltlllo, 

2 o cycloalkylthlo, arylthlo~ and the like. 
Exemplary of saturated or unsaturated polycyclic cyclopentadienyl rings formed 

by the joining of two adjacent S or S* groups are jnden~l, 4,5,6, 7-tetrahydroindenyl, 
fluorenyl, and .octahydrofluorenyl. 

A'. is a radical whlch structurally bridges the c)'clopentadienyl ring ligands. . . . 

2 5 Among the sujtabJe A' are divalent hydrocarbon radicals, such as alkylidene radicals; 
e.g., methylidene, ethylidene and propyljdene. Other sujtable A' include silicon­
containing radicals such as silanylene, silaalkylene, oxasilanylene and oxasilaalkylene. 

' .. . . . .. ' . . . 

Unbridged.metallocenes are represented by formula (II) when y=O. 
. . . ·.. : . 

To prepare jsotactic I-butene copolymers for use in the dispersant additjves of 
3 o . the invention, the metallocene em~loyed in the catalyst system js a chiral compound 

either in its pur~ L or pure D form or a racemic mixt~re thereof. The metallocenes of 
formula (II) useful for preparing. isotactic 1.-butene copolymers are those where S and 
S * are chosen such that the metallocenes have no plane of s}rmmetry containing the 
metal center and have ~ C2 axi~ of symmetry through th~ m~ center. 

35 Illust~tive examples ofbridged meiallocenes ofFormula (II) which can be 
employed for the production of I-butene copolymers are dimethyf.;silylbis(indenyl) 
zirconium djmethyl; dimethylsilylbis (indenyl) zirconium djchloride; ethylenebis(indenyl) 
zirconium dimethyl; ethylenebis(indenyl) zirconium dichloride; dimethylsilylbis(4,S,6,7-

( 



~u~ 

~mindmyl) zirconium dimethyl; dimahylsUylbis(4,S,6, 7~tetra~hydromdmyl) 
~um dichloride; ethylmebis(4,S,6~ 1 .. tetrihydroindenyB) ziroomum dimethyl; 
ethylenobi1 (4,S,6~ 1 .. tett'ahydroindmyl) zirconium dichloride; dimethyimylbil(l~ 

methyieydopmmdimyl) ziroonium dimethyl; and etby!enebil(Jemethylcyclopentadimyl) 

5 meomum dich!oride; and the hatmum Malop of the foregoing ziroomum metlillocenes. 
TM foregoing mmallocmes can be employed in their pure L, pure D, racemic and/or 

mcm forms. Racemic forms of the foregoing met1Uocmcs am produce isotactic 
poEymcn. 

musntive examples of unbridged metamlocmcs represented by formula (Il) (y = 

1 o, 0) are the dialkyI metallocenes such u bis( eyclopmtadienyl)titamum dimethyl, 

bil(cydopmWtienyl)titanium diphenyJ9 bis( eyclopmtadienyl)titanimn dibmzyD, 

bil( cydopmtadienyl)zirconium dimethyl. bi( cydopmtadienyl)ziroomwn dipbenyl, and 

bil(cyclopmtadimyl)zirnonium dibemyl; and mono alkyl metaHoccnes such u 
bil(eydopmtadienyl)zircomum hydrochloride. bis(cyclopenwMmyl)ziroomum methyl 

15 chmoride, and bis(cyclopmmiimyJ}zircomum phenyl chl!oride. 
Diusttative examples of unbridged metallocmes represented by formula (D) 

~) which provide tacticity control by.having wbstimms on the cyclopattadimyB 

rump of ad!dent ltaic bulk to restrict romtion of the cyclopmtadienyl ligands, and 

th.my satilfy the symmetry conditions necessary to produce isobctic polymers u 
20 med above, include bi,s(tricyclo[S.l.l.OZ.6]decae2,,S .. dimyl)zircomum dimethyD, 

bil((Ut}-9,9--dimethyltri..cydo[6. l. l .02,6]deca .. zs .. diemyl)zm:oruum dimethyi, 
bil{ttieydo[S.2. ~ .o2,6Jdcca .. zs,s .. menyl)ziroomwn dimethy~ 
bil(tricydo[S.2.2.02,6Jundecas2,S,8 .. trienyl) zirconium dimetbyL bis((l~IR)e 7, 7,9,9e 

tetnmethyl [6.l.1.02,6]dec&s2,SsdimyB)zircomum dimethyl md the haihium analogs of 

2 s dw "foregomg moommmt metlllocmes. 
The metallor.enes described above may be activated to 1. r.mlytic state by 

raiction, oombimtioo,, or complexmion with a cyclic IEuminoune of formula (kC .. A&s 

O)p or a. lims alummoxane of formula JRC(llC .. AJsO)q, whmem :a.c is Cu to Cs &mkyl 
(e.g., methyE, ethyl, propym. butyl or pmtyi)t amd p and q are mtegen &om 2 to about 

3 o 25. Most preferably, RC is methyl and p mid q are at ~east 4. Alurinoxanes cm be 

prepared u described in US@AaS l S3 l 57. the disclosure of which is incorporated by 

~o 

The metdocmles of fomula. {Il) in which X Ind X' are independently selected 

ftom th.e.lfOllp oonsilting of hydride radicals, C1 to C20 hydrocubyl radicals, Ci to 

l 5 C20 submtuted bydroclll"byl radicals in which one or more hyd!ro1en atoms is re)ilacedl 
by a mdopm, md Ct to C20 hydrocarbyEambstituted Group IVa. meta!Ioid radicals, or 

mn which X md X' are joined and bound to M tu form a C3 to C:m metlliacycle, may 
Ilse be activated by ionic activaton such u ion .. excbange compounds. The ion 
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exchange compounds typiCally comprise a cation capable of irreversibly reacting with. a 

ligand of the metallocene (e.g., by donation of a proton) or of being otherwise reactable 
with a non-cyclopentadienyl ligand of the metallocene· and an anion which is compatible 
with and non.;,coordinating to the metallocene cation generated by the reaction of the 

5 metallocene with the activator. 

10 

The activator compounds containing single anionic coordination complexes can 
be represented by the formula: 

(III) 

wherein L' is a neutral Lewis base; H is a hydrogen atom; [L'-H]is a Bronsted acid; M' 
is a metal or metalloid; Q1 to Qn are, independently, hydride radicals, hydroc8rbyl and 

substituted-hydrocarbyl radiCals, halocarbyl and substituted"."halocarbyl radiCals and 
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted 

15 pnictogen radicals, substituted chalcogen·radical and any one, but not more than one, of 
Q1 to Qn may be a halogen radiCal; m is an integer representing the formal valence 
charge ofM'; n is the total number of ligands Q; and n;,;m = d. 

Any metal or metalloid capable of forming an anionic complex which is stable in 
water may be used or eontained in the anion of the second compound. Suitable metals 

2 o include alullliilum, gold, platinum and the like. Suitable metalloids include boron, 
phosphorus, silicon and the like; Because of their commercial availability, salts 

containing anions comprising a coordination complex Containing a single boron atom 
(e.g., tetra(pentafluorophenyl)boron aruon) are preferred~ Suitable compounds 
containing comprising a single boron atom include di~ and tri-alkyl ammonium salts, 

2 5 N,N-dialkyl anilinium salts, and triaryl phosphonium salts. 
Ionic activators of formula (Ill) can also contain a plurality of boron atoms such 

as carboranes, metallacarboranes and ·boranes. 
Further description, including other·eXamples, ofionic activators which contain 

a single anion and wbich"may be used to activate the chiral metallocenes is provided by" 
Jo EP-A-277003, EP-A-277004, wo;.;A-92/00333, and by copending, commonly assigned 

USSN 852437 (filed March 16, 1992), the disclosures ofall of which are incorporated 

by reference. 
Alternatively, the ion exchange compound may contain a compatible, non­

coordinating polyanion as described in WO-A-93/011172, the disclosure of which is 

J s incorporated by reference. 
The metallOcenes useful for the producti~n of the I-butene copolymers 

employed in the present invention may also be activated by an anion of a Lewis acid 

having a relative Lewis acidity greater than or equal to that of 

I 
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piimylms(periloorophenyi)borme, u described m E.PeA~S207J2, the disclosure of 

whim ms incorporated by~-

A metlllo~ olefin polymeriation caUl!yst may a!temdively be 

prodluced u a raction product m IOOOrd with US .. A-4752597, wmch dildon that a 

s solid ra.cbon product is obtained by ~I at leut one mm!mocme of a mdll of 
Group WB of the Periodic Table with 1n ammmoxane at a mole mo of about 1: 12 to 
n: 100 hued on the metam md aluminum. 

The~ system obtained by comm of the mmllocme md the aluminoxue 

or ionic activator may be homogmeous, heterosmeous or supported and may be 
10 formed prior to imroduction of the components into the polymerization reactor. The 

homogeneous catamyst may be formed m the nactcr by &dmixtum of the components in 
the pofilymerization :solvmt. The supported cata&yst systems cm be prepared by 

mdsorbmg and complexing the metaHota!le Md the activator on 1. catalyst support 
mateiilD. further descripuon of supported catlmyst systems is found in USsA .. SOS747S, 

15 us .. A .. SOI 7714, and commonly aaiped, oopmcing 1ppmicatioirms USSN 4683382 (&ed 

Odober JlS, 1991}, USSN 815170 {timed May Hi, 1992), and USSN 926006 {filed 

August S, 1992), the dmsdosums ofaU of which am mcorpontedl by re(erence. 
The po~on may be carried out u a somutio:n or a lluny polymerization. 

The po~on may be conducted using the liquid comonomm- reictmts; i.e .• 1 .. 

2 o bu~me amd at meut one a, .. omefin of formula (I). u ~ ra.ction medium. Altematimy, a 
hydroaJrlJon somwnt/dlumt inert to the pcmymerimion am also be c.mp!oyed. Suitllbie 
dimumts mncmude straight .. ad brmched-chain hydrocarbons (e.g .• propme, isobutane, 

butame, pentue, msopmtane, ~ beptme, odme. de. ad mixtures thereof), cydic 

and mieydic hydroom'bons (e.g .• cyclohexue, eycioheptue, methyleyclopenume. 

25 methyfoydohame, etc. Ind mixtures thereof), ad aromatic hydrocarbons (e.g., 

bcmmme, tolume, xy§me, etc. amd mixtures thereat). 

The t"eedltmlm eonumm1 the t~butme ractmt may optioMIEy contain other 

C4 hydrocmbons. The feedmam typically comprises mas thm about s wt.%, 

pmfmmy las thu 4 wt.%, and most preferably leu thin 3 wt% isobutylme; at least 

30 about 12 wt%, preferably at least 30 wt.'1-, and most preferably at last 45 wt% total 

tnsbmena (i.e., 1 .. lbutme and 2sbutme); Eeu thin about i wt % butadime; and n­

butane Ind isobmame. The isobutyiene and 2sbutene components of the C4 feedstream . 
are substmmally nonsre&Ctm m the presmce of ti. cm.lyst systems amd under the 
pomymmintmon oondmom employed u descnbcd herein, so that the resulting polymer 

JS contams essentially no units derived fi'om polymerization oflsbutme md msabutylme. 
These C4 ~scan comprise spat C4 ltrelms produced as by~produm 

ofdtc manuftdure of polyisobutymme or metJly& .. tertabut)'m -her wherein the C4 

fmimeam (often referred to u Raflmate m contains las dum about s wt.% 
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isobutylene, about IO to 70 wt.% saturated butanes and about 15 to 85 wt.% I-butene 
and 2-butene. The saturated butanes function as a diluent or solvent in the reaction 
·mixture, as do isobutylene ·and· 2-butene. Typically the C4 feedstream is maintained at a 
sufficient pressure to be in the liquid form both at the reactor inlet and in the reaction 

S mixture itself at the reaction temperature. 
The 1-butene and a.-olefin comonomer(s) offonnula (I), whether each is 

employed as a pure liquid or a· liquid mixed with a solvent/diluent, may be fed to the 
polymerization reactor as separate streams or as a single, pre-mixed stream, wherein the 
a-olefin content of the resulting polymer is controlled, inter alia,· by the wt.% of a-

10 olefin monomer(s), based upon the total weight of monomer, entering the feactor, the 
particular polymerization conditions employed. and· the catalyst system selected. 

When an aluminoxane activator is employed in the catalyst system, the mole 
ratio of Al to transition metal can be in the range of about 0.5 to 100,000, preferably 
about I to 2,000, and most preferably about 1to1,500; e.g., 100 to 1,000. When an 

15 ionic activator is employed, the catalyst system-may be prepared at activator to 
metallocene ratios-of about 0.1to10, preferably about 0.3 to3. 

The polymerization is generaJJy conducted at temperatures ranging between 
about -20 and 300°C, preferably between about O and 200°C, e.g., between 30 and ISO 

°C. The above-described catalyst systems are suitable for the polymerization of the 1-
2 0 butene with the a-olefin comonomers of formula (I) in solution over a wide range of 

pressures, wherein the pressure is typically controlled.to maintain the·diluent and the 
reactant monomers in.the liquid phase at the selected polymerization temperature. 
Accordingly; the .polymerization pressure is generally in the range of froJD about I 00 to 
300,000 kPa (1 to 3,000 bar), preferably from about 200 to 150,000 kPa (2 to 1,500 

25 bar), and most preferably about400 to 100,000 kPa (4 to 1,000 bar); e.g., 500 to 2,500 

kPa (S to 25 bar). 
Reaction time is not critical and may vary from several hours or more to several 

minutes or less, depending upon fa.Ctors such as reaction temperature; reaction 
pressure, and the like. One of ordinary skill in the art may readily obtain the optimum 

3 o reaction time for a given set of reaction parameters by routine experimentation. 
The polymerization reaction can be terminated by such conventional processes 

as contacting the polymerization reaction medium with water, caustic, dilute acids or 
aicohoJ (e.g., methanol; propanol, isopropanol and the like) to deactivate the catalyst 
system and/or cooling or flashing the medium .. ·. The product polymer can then be 

3 5 recovered and purified by processes well known in the art. 

· The polymerization can be conducted as either a batch or continuous process. 

When conducting -a batch polymerization, I-butene and the a~olefin comonomer(s) of 
formula (I), optionally with diluent, can be charged· together in one admixture or 
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gpmtdy in amy combination at appropriate ratios to a suhable reactor. Whm separate 

memm ue employed. tlhe monomers can be charged simualta.neousiy er sequentially in 

my order. Care mm be t&km th.It· ID inpmimts are dry and mbstamtidy ftee of 02, 

CO. C~ ind N .. , 0-., md S~ po!1r compmmd' with the ractlnts typiCally being 

5 pU!ed through mo!eoob&r sieves or other drying mans prior to their introduction into 

the macwr. S~uently, the catamyst Md activator preamixed m a soivmt/dilumt are 

dw'ged to the reactor while the raman mixture ms agitated to ltmt the polymeriation 

reaction. ~y, the catal)'lt md the activator can be sepamdy charged to the 

~or dther mmultamously or sequmtidy m either order. GenenI~y, the madion 

10 ~re is agitated by sbning or other mans durins the entire poiymerin.tiono As 

polymer is being formed, additional monomer may be added to the reactor" Upon 

oompBction of the reaction, unreacted monomer amd solvent are either lubed or 

distilmed off, if necessary by vacuum, mid the polymer withdrawn from the reactor" 

The pomymmintion may be conducted comiooously or semisoontinuoosly by 

15 Wing to a reacter the Clt&Eyst md aaiwtor in separate streams or admixed in one 

straw, simultmeo·u:siy feeding the 1..i:Jutme, comonoma(s), ud (optionally) diluent in 

my combination of separate strclms or together m one stream, and by simultaneousEy 

wkhdmwhlg from the reactor my umaded monomer, diluent and pomymer so u to 

lllow a raidmce time of ingredients long mough for forming JPOlymer of the desired 

2 o molcammu weight. After withdnn from the reactor, the polymer is separated from the 

reaeUO?m mixture" 
The prefared method for preparing the lebutmeeu--olefin copolymers of the 

imMmtion ms a oontinuou1 polymeriudon process wring a mcmmmooene catlllyst and 

empmoy&ng a dilute labutme--oomaimng liquid feedstream wherein the amount of diluent 

25 ns at meat 30 wt.% of the stream before admbrture with the a .. olefim offonnula (I)" The 

preferred method m1 disdosed in commoumfily assigned, copmdmg UoS. Serial No. 

~~· (Docket No. PT s974), filed ·"...---A entitled !!DILUTE PROCESS FOR THE 

POLYMmUZATION OP lNONsETHYLENE asOLEFIN HOMOPOLYMERS AND 

COPOL YM.BRS USING MET AILOCENE CATALYST SYSTEMS", the disclosure 

l 0 of whiclh is mooll'porated herein by ref'enmce. 

Prepndm o~e ]functionaliml loiymer 
The functmomlized polymer employed to make the dmspernnt additives of the 

iimmtioo is prepared by chemically modifying the butene--1 copolymer (hereinafter, 

l 5 wt~y, rd"ermd to simpmy u the polymer) to have moieties pr~smt within. its 

ltmctum which contain or constitute at least one gqil functional group sdectcd ftom 

the group oonsiiting ofC4 to C10 dicuboxylic acids and derivatives thereof and C3 to 

Cuo monocuboxylic acids and derivatives th«00f. In pmiwim-9 the polymer 
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functionalized with mono- or dicarboxylic acid material suitable for use in this invention 

includes the reaction product of the polymer with a monounsaturated carboxylic 

reactant comprising at leaSt one member selected from the group consisting of (i) 

monounsaturated C4 to Cto dicarboxylic acids whereiri (a) the carboxyl groups are 

5 attached to adjacent carbon atoms and (b) at least one of the adjacent carbon atoms is 

part ofthe monounsaturatlon; (ii) anhydride or Ct to·Cs alcohold~rived mono- or 

diester derivatives of (i); (iii) monounsaturated C3 to C 10 monocarboxylic acids 

wherein the carbon-cai'bon double bond is allylic to the carboxy group; and (iv) Ct to 

Cs alcohol derived monoesters of(iii). Upon reaction with.the polymer, the double 

1 o bond of the monounsaturated carboxylic reactant becomes saturated. Thus, for 

example, maleic anhydride reacted with the polymer becomes succinic anhydride, 

maleic acid becomes succinic acid, and acrylic acid becomes a propionic acid. 

Suitable unsaturat~d acid materials useful as functional compounds include 

acrylic acid; methacrylic acid, maleic acid, maleic anhydride; fumaric acid, and the like. 

15 Particularly preferred ate the unsaturated dicarboxylic acids and their derivatives, 

especially maleic acid, fumaric acid and maleic anhydride. 

A ponion of the polymer normally does not react with the monounsaturated 

carboxylic reactant, so that the product mixture will contain unfunctionalized polymer. 

The produCt mixture, which is stripped of any monounsaturated carboxylic reactant, 

2 o can be used in funher derivatization reactions to make, for example, dispersant. 

The polymer product can be characterized in terms of its i.ctive ingredient 
. . 

(A.I.), which is the weight fraction offunctionalized polymer, based on the total weight 

offunctionalized and unfunctionalized polymer in the product; The A.I. for polymers 

of the present invention is typically at least 0.50, preferably from 0.65 to 0.99, more 

25 preferably 0.75 to 0.99, and most preferably 0.85 to 0;99; 

The polymer can be functionalized with the monounsaturated carboxylic 

reactant by a variety of methods. Such methods include halogen assisted 

functionalization, the "ene" reaction, and free radical grafting. For halogen assisted 

polymer functlonaliz&tion, the polymer can be first halogenated ·to .about t to 8 wt.% 

Jo halogen (e.g., chlorine or bromine), based o.n the weight of polymer, by passing the 

halogen through the polymer at a temperature of60 to 250°C for about0.5 to 10 

hours. The halogenated polymer may then be reacted With sufficient monounsaturated 

carboxylic reactant at 100 to 250°C for about 0.5 to 10 hours so the product obtained 

will contain the desired number of moles of the monounsaturated carboxylic ·reactant 

3 5 per mole of the halogenated polymer. . Processes of this general type are taught in US­

A-3087936, US-A-3172892, and US-A-3272746, the disclosures of which are. 

incorporated by reference. Alternatively, the polymer and the monounsaturated 

carboxylic reactant can be mixed and.heated while adding halogen (e.g., chlorine) to the 

( 
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. bet material. Pmcases of this type are di1elosed m USsA~J21S707, 3231587. 

3912764, 4110349, Md 423443S Md in UJ( .. Ael4402]9, the disclosures ofaU of which 

1rn mcorpomed bf mfermce. 
The pomymer md the monounaturated carboxylic ~cm l&so be contacted 

5 at cl~ed tan~ to cause a thermal "cmePI reaction to occur. Genemlly, the 

po~yiner mid carboxylic reactlnt wm be co~ with stirrins Ind m the absence of~ 
mud water (e.g., under N2) in a cmboxylic ~t to polymer mole ratio of about l: l 

to UO:] at a tempnture of about 120 to 2600C for about 1to20 houn. Thermal "ene11 

pmceues m dleicribed m us .. A .. 3361673 ud US~A .. J4011 ll, the dmsc&osura of which 

10 Ire moorpomcd by reference. 
Functionalized polymer am be prepared using a thennaB wenew type reaction or 

by chliorimtion as disclosed m US .. AsS26622J, the disclosure ofwmch is incorporated 
by reference. 

The monounsmnted carboxylic mamt can be snfted onto the polymer in 

15 ~h1don or in solid form using a rame&J initiator (e.g., peroxides, uo compounds, and 
the like) to form a functiomlized polymer havmg Clfboxylic acid moiaies or derivatives 
rmdommy distributed within its structure. The tree ndicallsmduced graftmg is genemllly 
canied out at m elevated temperature in the mnse or about I 00 to 2S0°C, preferably in 
m inert atmosphere(e.g., N2 bimket). 

2·0 

Dm__--PoOO»m 
The functiondized polymer (i.e., polymer substituted Clrboxyl!ic 

l.cids/Mhydrida/mm) prepared u described above can be deriwm.ed by reaction 
with a n.uclmphmc reactant such u amines. moo adoolho!~ IMcoholl, remmve mads, 

2 5 reactive metal compounds, ete. to form d!erivatized polymer. The derivatized polymer 
compositions of the present invention can be used u dispenut additives in lubricant 

nd fuel! composmoos. 

3 o Useful amine compounds for derivatizing fi.mcti~ polymers comprise at 

Deut one amine and cam comprise one or more additional mnina or other reactive polar 

sroups. The functional group comprismg a ca.rboxyic acid, ester or derivative thereof 

reacts with the amine to form ml amide Oli im&de. 
Preferred amines are dplhatic sammted mmna, mduding mono-- md 

35 (preferably) polyamines conwmns about 2 tc 60, preinl>Dy 2 to 40 (e.g. 3 to 20), total 
cmbon atoms md about l to 12, preferably 3 to 12 (e.g.~ J to 9 mtropn atoms) m the 

mclecuUe. These amines may be. hydmcmbyl amines or may be hydr=arbyl amines 
including other groups, e.g., hydroxy groups, llkoxy groups, amide groups, nitril~ 
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imidazoline groups, and the like. Hydroxy amines (also referred to as amino alcohols) 
with 1 to·6 hydroxy groups and polyethylenepolyamines.such as diethylene·triamine, 

triethylene teti"amine, tetraethylene pentamine and the like and mixtures.thereof, are 
particularly useful. 

5 Useful ·amines also include aticyclic diamines, heter9cyclic nitrogen compounds 

such as imidazoline~ · commerical mixtures of amines compounds (e.g., 

polyethylenepolyamine compounds averaging S. to 7 nitrogen atoms .per molecule 

available under trade names such .as "Polyamine H", "Polyamine 400", etc.), 

polyoxyalkylene polyamines, and the polyamido and related amines described in US-A-

10 4857217, 4963275, and 4956107, the disclosures of which are incorporated by 

reference. 
The. ashless dispersant may be prepared by reacting the amine compound with 

the polymer of the invention functionalized with mono- or dicarboxylic acid material 

(e.g., succinic anhydride) dissolved or diluted in an inert organic liquid (e.g., mineral 
15 oils) to a concentration of about 5 to 95 wt.%. The reaction is generally conducted at 

about 100 to 250°C for about 1 to 1 O hours until the desired amount of water is 
removed. The heating is preferably carried out to favor formation of imides or mixture 

of amides arid. imides, rather than amides and salts. The relative proportions of the 

functionalized polymer and the amine can vary considerab.ly depending upon the 

20 reactants and the type ofbonds formed, but generally from 0.05 to 1 mole of mono- or 

dicarboxylic acid producing moiety content in the functionalized polymer is used per 

equivalent of amine •. 

Derivatized Polymer From Alcohols 

2 5 The functionalized polymers can be reacted with alcohols to form esters. The 

alcohols may be monohydric alcohols. polyhydric alcohols, aromatic hydroxy 
compounds, unsaturated alcohols, ether-alcohols or amino-alcohols. The polyhydric 

alcohols are the most preferred alcohols and preferably contain from about 2 to 1 O 

hydroxy radicals. Suitable polyhydric alcohols include ethyelen glycol, ~iethylene 

3 o glycol; triethylene glycol, glycerol, pentaerythritol, and so forth. The functionalized, 

e.g., acid functionalized, polymers of this in~ention are reacted with the alcohols 

according to conv~tional. esterification techniques .. · This normally involves heating the 
functionalized polymer with the alcohol, optionally in the presence of a normally liquid, 

substantially inert, organic liquid solvent/diluent. Temperatures from at least about 100 

J s °C up to the temperature at which one or more of the reactants decompose are used. 

The temperature is usually within the range of about 100 up to 300°C, and typically 

from about 140 to 250°C. The esterification may optionally be conducted in the 

f 
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praence ofu aterlfication catalyst (e.g., sulfuric acid, pstolume adfomc acid, and the 
Bike). 

~Qbmw=from !Racdve.Met&Es1Met1LC.otrm9midl 
5 The fimctkmlized polymen of the mvcmtioo CM be racted with reactive mdals 

or ractiw mdal oompo~ to form metal alts or mmu~mns complexes. Metal 
mtl ~funned by ractioo of the fimctmoftllized po§ymer (i.e., pcmymer mbsdmted 

inmM>e ud dicuboxylic add materials) with the ractive mm! or metaa compounds. 
M~ complexes n typically achkwed by ractina ~ fimdiomlized pomymen with 

10 ammes amd/or IEoohoh u discussed above and! also with complex fonning reactive 
m~ oompounds either during or subsequent to aminatiort mdlor esterification. 
Genenlly. the compounds of alkali metals, alkaline earth metals. and the tnmition 
mdlEs ere usemm for forming the metal salts Md complexes. Suitable compounds 

include oxides, dkoxides, hydroxides. phenoxides, alkytates (e.g., methylues). nitrates. 

15 nitrites, halides, Clfboxylates, phosphates, phosphites, sulfates, mlfites, carbonates and 

ban.ta. 
More pnwmmiy. oompBex~formin1 mdaU ~ include the nitrates, nitrites, 

ha&d~ carbo~ phosphat~ phosphit~ sul&ta, •dfita, Cm'bomta, borates, md 
mddes of cadmium u wdl u metal having atomic numbers &om 24 to 30 (mcmudins 

2 o chromium, mAn.pnae, iron, cobalt, nickel, oopper and zmnc). These metals are the so.. 
alloo transition or coe0rdinmon metals; i.e., they 1re capable of formmg complexes by 

meams· of th• .oondmy or oo--ordinltion VISence. fwther disdowre directed to the 
. . 

~metal oompoum!s mitlbie for formili'l.I mch oompmexes and of proceues for 

~die oompIDaes am be found in us .. A .. J306901, the disclosure of which is 

25 incorporated by~. 
Reactive metal compounds useful in prepmmg ult1 tirom the functionalized 

po[ymer mdlor In amme deriwtized poMymer u descrmbed above include the oxides, 

hydroxid~ ~ates, halides, alkylates (e.g.~ methy&ates), mid phmoxides of the 
a.WW m~s, adblme mth metlis, zinc, cadmium, lad, cobalt md mcket Further 

. 3 o discBosure directed to these reactive metal compounds and of processes for preparing 
the functionllimd polymer Slits tberdom can be found in US Reissue 26433, the 

dildomn of which ms moorpomed by rderaooe. 
The ibnmcmmed pomymer can be raaed with amy indmdull l.rine, ucohol, 

ractM metal, reactive metal compound or any combimtion of two or mom of any of 
3 s these. Furthermore. the furictionalized polymer can be reacted with the amines. 

meohols, radiw metaJls, reactive metlll compounds, or their mixtures smmumtmeously 

{concmrently) or sequenmmmy in any order. 
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The amine and alcohol derivatized polymers of the present invention as 
described above can be post-treated for use as dispersants with a berating agent 
selecied from the group consisting of boron oxide,. boron halides, boron acids and 

5 esters of boron acids in an amount to provide from abo1.1t 0.1 atomic proportion of 
boron for each mole of the nitrogen composition to about 2() atomic proportions of 
boron for each atomic proportion of nitrogen used. The borated derivatized polymer 
can contain from ·about O.OS to 2.0 wt. %, e.g. O.OS to 0. 7 wt. % boron based on the 
total weight of said borated nitrogen-containing disp~t compound .. 

10 Treating can be carried out by adding from about O.OS to 4 wt.% (based on the 

15 

weight of the deriva~ polymer) of the borating agent and heating with stirring at 
from about JOO to 190°C for from 1 to S hours, followed by nitrogen stripping. A 
. preferred borating agent is boric acid, which· is usually added as a slurry. to said nitrogen 
compound. 

Lubricating Compositions 
As already noted, the derivatized polymer is useful as an additive, particularly a 

disp~ additive, in oleaginous compositions. The additives. of the present invention 
may be used by. incorporation and dissolution into an oleaginous material such as fuels 

2 0 and lubricating oils. When the additives of this invention are used in nonnally liquid 
petroleum fuels such· as middle distillates boiling from about 65 to 430°C, including 
kerosene, diesel fuels, home heating fuel oil, jet fuels, etc., a concentration of the 
additives in the fuel in the range of typically from about 0.001 to O.S, and preferably 
about O.OOS to 0.15 wt.%, based on the total weight of the composition, will usually be 

2 5 employed. 
The additives of the present invention •find ~eir primary utility in lubricating oil 

compositions which employ a base oil in which the additives are dissolved or dispersed 
therein. The base oils are oils oflubricating viscosity and may be natural oils (e.g., 
liquid petroleum oils)· or synthetic oils (e.g., hydrocarbon oils such as polybutylenes, 

3 o end-group modified. alkylene oxide polymers and copolymers such as diethyl ether of 
polypropylene glycol, polyol esters, and the like) or mixtures thereof. 

The additives of the present invention can be incorporated into a lubricating oil 
in any convenient way. They can be added directly to the oil by dispersion or 
dissolution in the oil at the desired level of additive concentration. Alternatively, the 

3 s additives can be blended with a suitable oil-soluble solvent and .. base oil to fonn a 
concentrate, and the.concentrate can then be.blended with a lubricating oil basestock to 
obtain the final fonnulation. Such dispersant concentrates will contain, on an A.I. basis, 
from about 1 O to 80 wt.%, typically about 20 to 60 wt.%, and preferably from about 40 

I 

( 
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to SO wt.%, additive, and typically &om about 40 to 10 wt.%, prefenbly from about 40 

to 60 wt.%, bue oil, bued on the concentrate weight. 

The addiidva of the~ mvamoo may be mixed with other typu of 

mnvmdond lddmves, ach selected to perform at least one desired imedom. Among 
5 the other idditmva which may be m the mubricatins; oil formulation are metal oontainms 

detqentlinhibiton, viscomy modifien, mti .. war qmt1 Md pom- depmmms. The 

metal dctcrgmtfmhibkors are gcmemlly buic or ova-bum a.l1c&U or alblme emth mml 

wts or mixtures thereof: {e.g. mixtures of Ca and Mg a!lu) of one or more orpnic 

ldd~ (e.g., mmfonata, nap~ ph&mlltel ud the like). ViKOlity modmfim am 
10 gmudy h~mi pollymm or pol~ optiou]ly dmiwtized to imput 

di~cy or some other property, having number avenge moMecular weilJhts of from 
103 to 106. The Mtiwear agents me· typmcdfily oilsmmublc zinc dibydrocubyl 

ditmophospmttes. 
Compositiom, when containing one or more of these addmtiws, typically are 

15 b~mded mto the bue oil m amounts which we effective to provide thar normai 

1.ttmd&nt fimcdon. In -mch oompositions, the addhiva of the pramt invmtion an 

gma'lly employed {e.g., IS I. dmspemnt zddlitive) m am amount of about 0.1 to 20 

wt%» preferably &boot 0.1 to 6 wt.%, hued upon the total weight of the composition. 
Additive co~ comprising co~ted toiutiom of the additives of this 

2 o invention toptbs with one or more of these other additives cu be prepared by addmg 

the Mllttitiva to the hue oil, wherein the subject additives of this _mvmtiozm are present 
in concentrate umunts u daaibcd above. The co&mective amounts of the subject 
additive together with other additives is typiailly ftom about 2,S to 90 wt.%, prmfinbMy 

lbout 15 to 75 wt.%. mmdl most preferably about 25 to 60 wt.% additives. with bue oil 

2 5 u the Wuce. The con~ will typically be formul1ted to oo?mtlin die additives in 

the lmOOnb ~to provide the desired ooncmtratiorm m the &ml fonmlmion 
whm the oooomtnte ms combmed with a predetermined! amount ofbue &ubricmtt. 

JO 

The invention is described in more dmil, though only by way of illmtnaon,, in 

the following eumpmes. 

J;XAMPIJll~JPmmltkmRfJ~~h,opyig CQiQhma: 
Isobubme, l~butme (99 wt.%. minimum pwity), md propylene (99.9 wt.% 

minimum purity) were sepamdy fed u liquids under helium pressure to a stirred 
mOOng tank (working Clp&dty s l SO lbs.) to form a liquefied prea~on feed mixture 

l 5 having the following composition, based on the total weight of the mixture including 

dliluems, u dderm.ined by the a.mounts of each component fed to the stirred mixing 
tut ftom the appropriate ramvoirs: propylene, 4.6 wt.%; msobutame, 60,9 wt.%; and 

1 sbutme, 34.S wt.%. The liquefied pre--reaction mixture WU thm oommuouSiy passed 
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using pressurized helium through a first set of treatinent beds containing activated 
alumina and a second set of treatment beds containing JA molecular sieves to remove 
traces of moisture and the polar components from the pre-reaction mixture. The pre­
reaction mixture was then continuously fed into the bottom of a temperature-controlled, 

5 baffled, 1.2-Uter stirred reactor. Reactor residence time was set by the feed rate to be 
30 minutes. Reactor pressure was maintained at 1700 kPa gauge. Reaction 
temperature was set at 60°C. 

At the same time, a solution of racemic dimethylsilanyl-bridged bis( 4,5,6, 7-
tetrahydroindenyl) ZrCl2 catalyst and methylaluminoxane cocatalyst. was separately and 

10 continuously fed to the reactor. Catalyst concentration in the reactor was set at 2.84 x 
I0'.'"5 gram-mole/liter by manipulation of the catalyst solution feed rate.in conjunetion 
with the pre-reaction mixture feed ;rate. The Al:Zr molar ratio was 1150: I. The 
catalyst-cocatalyst solution had been earlier prepared under nitrogen by adding racemic 

I, 1-dimethylsilanyl-bridged bis( 4,5,6, 7-tetrahydroindenyl) zirconium dichloride catalyst 
15 dissolved in toluene to a I 0 wt.% solution of methylaluminoxane (MAO; molecular 

weight = 1000; aluminum content= 5.93 mole%) in toluene; followed by addition of 
-further toluene to. obtain the final solution. All toluene employed was molecular-sieve­

dried. 
The product stream was continuously removed from the top of the reactor, 

2 o quenched with a dilute aqueous solution of caustic, scrubbed with water to remove the 
caustic, passed through a heat exchanger to heat the stream, and flashed by venting to 
atmospheric ·pressure to. remove unreacted monomer and ·n-butane from the polymer 

product. 
The resulting polymer was found to have a Mn of 2,8.80 and a molecular 

25 weight distribution of 1.68, as determined by gel permeation chromatography using a 

Pm standard. The propylene content of the polymer was 20 mole% as determined by 

carbon-13 NMR. 

EXAMPLE 2 - Pre.paration of a Polyamine Dispersant 
30 In a Parrautoclave, 200 grams of the I-butene-propylene copolymer prepared 

in Example I was reacted with 8.4 gtains ofmaleic anhydride for 4 hours at 250°C. 

The excess maleic anhydride wa8 stripped With· nitrogen at 220°C for I hour to yield a 

1-butenC-propylene.succinic anhydride (BPSA) with a saponification number of32.7. 
Then 140 grams of the BPSA was dissolved in ll3.6 grams ofSlSON mineral 

3 s lubricating base oil forming a solution. · 4. 7 grams of a commercial polyamirie was 
added dropwise to the oil solution ofBPSA.at 149°C over a period of25 minutes. The 
polyamine (PAM) comprised a polyethylene polyarnine having an average ofabout 6 

nitrogen atoms and an average of about I 0 carbon atoms per molecule. The solution 

( 
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WU tbm stripped with nitrogen at 1 (§0°C for 60 mmutes. to yield a dispersant solution 

oommmns 0.62wt.%1't ' 

EXAMPI.AJ, .. YJgmetric Meuummem1 
5 Po~ymer. SISON minerd oil solutiom of the l~eno-propylme copolymer 

~ m Example l were preplmd at~ conc.mtntiom m the rmp of from 1 

to I wt.%. Anamogoos solutions of a polyisobutylene (Mn -2;225; M w= S,000) were 

also prepared. The kinematic viscosities of the solutions were measured m cmtinoka 

at 1 OO°C using ASTM Method No. D44S, and the ruults plotted as a function of 

10 1elution ooncmttation, u shown in Figure l. Sbmlarly, the CCS viscosrues of the 

somutiom were meuum'd m omtipom1e at ~20°C using ASTM Method No. D2602, amdl 

plotted u shown in Fipre 2. The idnematic and CCS viscosit&a of the lebutme-­

pmpyime copo!ymer somutions were mower than those for the polyisobutylene at the 

same ooncentTIWon, even though the degree of polymerintion of the l sbutmes 

15 propyfilme copolymer wu significantly higher du that of the pofyisobutylene. 

Di~- SISON minenE oil solutions of the BPSAePAM dispermt prepared! 

m Example 2 were p~ It sevcr&m conamuatiom over the rqe ftom o.s to 4 

wt.%. Ana.iogou1 solutions were also ~ of a oommerdllly available PmSA­

PAM m~ pmplmd by the IDow tmnpuuurn maeimtion of 1 chlorinated 

20 polyisobutyEmc (M n8 2,225; M w 8 S,000), followed by mnmoo with a polyamine 

comprising a poiyethyMene polymnine having a avmige of about 6 nitrogen atoms md 

u 1tvemge of about 1 O carbon atoms per molecule, whera~ the process lowers the 

number ·average mol~ar weight of the polyisobutylene backbone by about 10 s 20-/0. 

The !kinematic Md CCS viscosities of the solutions were meuulll!d u described in the 

25 preeeding panpph amd plotted u functions of ooncmtntion, u shown in Figures 3 

Ind 4 mpectivdy. The vismmetric properties of the BPSAsPAM mid the PmSAe 

PAM were qua m1lr despite the significant dlifermce m the molecular weight of the 

pofilymer backbmus. 

Jo ~sm_lYDlTat 

The perfonmmce properties of the BPSAsP AM dispersant prepared in Example 

2 were compared to those of the borated PIBSAeP AM dispersant described in Example 

J, by testing mubricating oil compositions conu.ining the dispers;mts for sludge mfu"bition 

via too sm test and for vmmsh mm"bition via the vm test, In 'the sm - a dmsperum.t 

35 is addled to a cmar, brisht supernatant oil obu.med firom a used~ oil 

compolffition tMt hu bum med m a tmdcab. The used crmkcuc oil oontlins 1. bae 

minn lubricating oil, 1 viscosity modifier, a pour point depmuMt and a zinc 

dilJkymdit]hiophosphate mti~wear additive, but itself bu no dispersant additive. This 
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supernatant oil has been separated from the oil insoluble sludge deposits which form 

in the crankcase oil during use, but it still contains oil-soluble sludge precursors which 

on heating under the conditions of the SIB test tend to form additional oil-insoluble 

deposits. The sludge inhibition of the dispersant is then determined by heating the 

5 dispersant-oil blend in air for several hours and comparing the amount of sludge (in mg) 

formed in the blend to the amount formed by a similarly treated blank containing only 

the oil. SIB values are reported on a normalized scale of 1 (high inhibition) to 11 (no 

inhibition). 

In the VIB test, a dispersant is admixed with the same test oil as used in the SIB 

1 o test. The oil is then subjected to one or more test cycles that include heat soaking, heat 

cycling, and expos0re to NO, S02, and water. Varnish inhibition is determined by 

visual inspection of the wall surfaces of the test flasks and comparison to a blank with 

no additive. VIB values are reported on a scale of 1 (high inhibition) to 11 (no 

inhibition). · 

15 A more detailed description of the SIB and VIB test-scan be found in U.S. 

Patent No. 4,954;572, the disclosure of which is incorporated .by. reference. 

At equivalent active ingredients, the BPSA-P AM had a SIB value= 1.37 and 

VIB = 4, whereas the borated PIBSA-PAM had 4.26 .SIB and 5 ym. The results 

demonstrate that, at equivalent viscometrics, the BPSA-P AM dispersant has 

2 o performance advantages over the PIB-based dispersant. 

li1JH1i1i1Nr 
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l 0 An oilQOsoluble dispenant additive comprising the reactiomi product of: 
(•) 1. copolymer fimcdomlimi to have within its structure at last one acyl 

timcdomm group e!ected !tom the group oommsting of_C4 to Cto diemboxyli~ acids 

md ~ themof amd C3 to Cuo monocuboxylic acids mdl deriv1tives therm( 
the copolymer oomprilmg wdts derived ftom £ .. butme and at !eat one other ex-olefin of 

formula CH2~1, whmein R.1 is mdhym or• C3 to C12 linear or bruched alty§ 
group, the copolymer hmna a :number avenge molecular weight of at least about 700, 
a moiecumar weight dimibuticm oneu tbm s, and ethmyAidme groups tmminltmg at 

leut about JOO.A. of aH polymer chaim; ad 
(b) at ieut one derivatizing compound comprising 1 nucleophilic read.lmto 

2. The dispemnt additive of daim ~, wherein the acyl functional group is 

derived from at meut one moncunsattmnted cuboxylic reactant selected &om the group 

oo~mnna of(i) monounsaturated! C4 to C10 diclfboxylic acids wherein (a) the 

carboxyl sroups are attached to adjacent carbon 1.toms mid (b) It least one of the 
adjacent ·carbon atoms is pan of the monounuturation; (ii) anhydride or Ct to Cs 

alcohol derived monos or dimer derivatives of (i); fill) monoonmu.rated C3 to Cto 
monoavboxylic acids wherein the ~on double bond is aUylic to the carboxy 
group; ud (w) Ct to Cs licoho! derived monoesters of(ili). 

3. The disperani additive of claim 2, wherein the nucloophilic react1nt is at 

leut one member sdected from the group oonsmstmg of amines, amino alcohols, 

lloohols, reactMt mdll compounds and mixtures theroof 

4. The dispcnmt additive of claim 3, whenm the nucleophilic n:amnt is an 

lmine comamm1 from about 2 to 60 carbon atoms and fi'om about i to ]2 nitrogen 

atoms per molecule. 

S, The dispersant additive of claim 4, wherein the amine comprises 

polydhylenepo!ylmine. 

60 The dispcmnt addiave of amy one of claims J to S, wherein the acyi 

fun~onll! group is at least one member selected &om the group comistins of summc 

miliydride, mmmc acid, and propiomc acid. 
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7. The dispersant additive of claim 1, wherein the copolymer has an isotactic 

index of at least about 70%. 

8. ·The dispersant additive of claim l, wherein the additive is borated to obtain a 

borated dispersant additive containing from about 0.05 to 2.0 weight percent boron. 

9. A lubricating oil concentrate containing from about 10 to 80 wt.% of the 

dispersant additive product of any of claims 1 to 5 or 7 to 8. 

I 0 .. A lubricating oil composition containing from about 0.1 to 20 wt.% of the 

dispersant additive of any of claims 1 to 5 or 7 to 8. 

( 


