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Vi scosity BACT WNENGE (TH, [ HeMerature is intended to prevent the

gl(lcefs;?v anm ng rosmbon il composRo s‘ﬂ%éﬂﬁ'&ﬂmph@e & bl OF at dast' e
ghy t"@c&t’b@m buss oil and one or more addmves, where each additive is employed for
the purpose of improving the performance and properties of the base oil in its intended
ipplication; e.g., as a lubricating cil, heating oil, diese! oil, middie distillate fuel oil, and
so forth. Lubricating oil compositions face rather stringent viscosity requirements, as
15  set, for example, by SAE specifications. Such compositions must meet a minimum
viscosity requirement at high temperature (at least about 100°C) and & maximum |
viscosity requirement at low temperature (about -5 to -30°C). The minimum viscosity
requirement at high temperature is intended to prevent the oil from thinning during
engine operation to the point at which excessive engine wear and increased oil
20 msumpttoa would result. The maximum viscosity requirement at low temperature
facilitates engine start-up in cold weather and also ensures the cold oil has sufficient
pumpability and flowability to avoid engine damage due to insufficient lubrication.
Simple blends of base oils having different viscosity characteristics generally do
“not meet the low and high temperature viscosity requirements of multigrade lubricating
25  oils. ‘The primary tool for meeting the requirements is the use of viscosity modifiers,
also referred to as viscosity index improvers or V.1, improvers.
* A viscosity modifier is conventionally an oil-scluble polymer, often a
_ hydrocarbon-based polymer with a number average moleculer weight in the range of
" ghout 20,000 to 200,000, These polymers, with their relatively large size, can
30 significantly increase kinematic viscosities of base oils even at low concentrations.
" However, lubricating oil solutions containing these viscosity modifiers are non-

' Newtonian in nature. Consequently, these solutions tend to give lower viscosities than
expected in & high shear environment. This behavior is believed to arise from shear-
induced alignment of the V.I. polymer chains. In an operating internal combustion

35 engine, viscosity modifiers therefore increase the low temperature, high shear (CCS)
" - viscosity of a lubricating base oil to a lesser extent than they increase its high
‘temperature viscosity. A point can be reached where the amount of viscosity modifier
- added to achieve the required minimum viscosity of the multigrade oil at high
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i5 Conventional dispersants can increase the low and high temperature viscosity

haracteristics of & base il by virtue of their polymeric nature. However, because
i it p@%ymer molecules are much smaller than those of a viscosity modifier, the
ispersant is much less shear sensitive. As a result, & dispersant contributes more to the
ﬂ@w temperature viscosity of the Eubn@mmg oil relative to its contribution to the high
20 temperature viscosity than does a viscosity modifier. Moreover, the dispersant, with its
lower degree of polymerization, contributes much less to the high temperature viscosity
of the base oil in an sbsolute sense than does the viscosity modifier. Thus, the
magnitude of the low temperature viscosity increase induced by the dispersant can
exeead the low temperature viscosity increase induced by the viscosity modifier without
benefit of a proportionately greater increase in high temperature viscosity as
ined from & viscosity modifier. Consequently, as the dispersant-induced low
ture wmsmty increase causes the low mpemmm viscosity of the oil to

25

difficult to ﬂmmducs an emount @f wmsaty mcdnﬁer mﬁmem to meet the minimun
30  viscosity required at high temperature without crossing the low temperature viscosity
threshold.

A continuing need exists for the development of improved dispersants which
can provide viscosity benefits to lubricating oil compositions and at the same time
achieve a dispersant function equal to or surpassing that of conventional dispersants.

35 Various oil-soluble, hydrocarbon-polymer-based dispersant additives suitable
for use in lubricating oil compositions are disclosed in the art. EP-A-208560, for
example, discloses dispersant additives formed by reaction of an amine, alcohol, amino
alcohol and mixtures thereof with a polyclefin-substituted dicarboxylic acid material.
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. Prop tustoe streams. PIB is 8 substanti Jaﬁy smorphous material w eneml%v contains

residual unsaturation amounting to about one ethylenic double bomd positioned along
20  each polymer chain. The double bonds serve as the sites for functionalizing PIB by
3 reaction with, for exmple, unsaturated carboxylic compounds such as maleic
mhydmde
As indicated sbove, ethyﬂenw«oﬂeﬁn copolymers and c-olefin homo- and
' @bmﬁymem have also been disclosed to be useful in polymeric dispersants. The

25 polymers prepared by polymerization of the corresponding monomers using
conventionsl Ziegler-Natta catalysts are generally not suitsble for use as backbones for
lubricating oil dispersant additives. Conventional Ziegler-Natta catalysts have relatively
high activity and several types of active sites, resulting in a-olefin polymers which have
M 's sbove 10,000 and relatively broad molecular weight distributions ("MWD").

30 Low moleculsr weight polymers can be obtained with these catalysts using & molecular
weight regulator such as hydrogen, but this saturates the double bonds in the polymers,
destroying the pcﬁymer"s reactivity in functionalization chemistries useful for producing

ispersants which rely on a high double bond content; e.g., functionalization with
unsaturated carboxylic compounds such as maleic anhydride.

35 Ethylene-a-olefin copolymers and a-clefin homo- and copolymers in the

' 'dﬁspersam molecular weight range can be prepared by polymerization of the
corresponding monomers using catalysts composed of a metaliocene compound (i.e., &
cyclmpmdmenyﬁsccmmmg transition metal compound) and & suitable activator or
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JP-A-63/037102 discloses a modified liquid a-olefin polymer_ consisting of an ‘
‘unsaturated C3 to Cjq carboxylic acid, anhydride, or ester thereof, bonded to an a-
15  olefin homo- or copolymer prepared by polymerizing one or more C3 to Coq a-olefins
' using a zirconocene-aluminoxane catalyst system. “The modified polymer is useful, inter
alia, as an additive for lubncatmg oils. The starting polymer is disclosed to have an
intrinsic viscosity of 0.005 to 0.4 dl/g, M ;, of 300 to 8,000, MWD of 3 or less, and a
C-13 NMR spectrum indicative of head-to-tail bonding, and an isotactic mm triad

20 fraction of 0.35 or less. Example 4 discloses an n-butyl methacrylate-modified liquid
propyléne-butene-1 copolymer, prepared by heating the liquid polymer (which has 76
mole % propylene content, intrinsic viscosity of 0.03 dl/g, Mn of 730, MWD of 1.88,
and an iodine value of 35) together with n-butyl methacrylate. .

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

25 prepared from a liquid ac-olefin polymer substantially like that disclosed in JP-A-
63/037102 discussed in the last paragraph. The epdxidated polymers are useful, inter
alia, as compatibility agents in lubricating oil. compositions. -

~ DE-A-4030399 teaches polymers and oligomers of propylene havmg functional
end groups, which are produced by reaction of hetero-atom-containing organic
. 30 compounds with polymers and oligomers composed of propylene and 0-40 wt. % of
another C to Cg 1-alkene.- The polymers and oligomers have A ; of 100 to 100,000, -
MWD of 1 to 3, and one unsaturated chain end. They are preferably prepared by
polymerization of the mo‘noiner(s) in the presence of a bridged metallocene-
aluminoxane catalyst system. Example 1. discloses the preparation of an isotactic -

35 propylene oligomer (M , = 800; MWD = 2.3) using a silane-bridged zirconocene.
Subsequent examples disclose the preparation of anhydride-, mercaptan-, epoxide-, and
carboxylic acid- terminated oligomers, among others, from the propylene oligomer
prepared in Example 1. The hetero-atom functionalized polymers and oligomers are

v
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C3 to Cyo monocarboxylic reactant compounds. Suitable
'mcﬁeophmhc reactants include amines, alcohols, amino alcohols, reactive metsl
sompounds, and mixtures thereof.
The dispersant additives have improved viscosity characteristics relative to the
corresponding commercial PIB-based dispersants. More particularly, formulated oils
and additive concentrates can be prepared using dispersant additives of the invention
comparatively higher molecular weight without adversely affecting the
25 viscometric properties of the system.
' Because the dispersant additives are based upon copolymers having a relatively
high level of terminal ethenylidene unsaturation, the additives have high active
ngredient concentrations and, thereby, enhanced lubricating oil dispersancy, as

a0

30

Fmgure 1‘1 isa pEot uf Mme kmemmc viscosities of S150N mineral oil solutions of
the I-butene-propylene copolymer of Example 1 and of a polyisobutylene of M, n=
2,225 versus solution concentration.
35 Figure 2 is a plot of the CCS viscosities of S150N mineral oil solutions of the 1-
bmemespmpymme copoﬂymeu’ of Example 1 and of a polyisobutylene of M 5 =2, 225 |

i
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wherein R' is methyl or a C3 to C} linear or branched alkyl group. ‘The R' group is

preferably methyl or C3 to Cqq alkyl, and more preferably methyl or C3 to.Cg alkyl.

When the alkyl group is branched, it preferably has at least one -CHj- 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-
25  methyl-1-pentene, S-methyl-1-hexene, 6-methyl-1-heptene, 7-methyl-1-octene, and the

like. Preferred comonomers include propylene, 1-hexene, and 1-octene, and the most

- preferred is propylene. The 1-butene copolymers of the invention include ternary and

higher copolymers, but binary copolymers are preferred. Thus, preferred copolymers

include 1-butene-propylene copolymers, 1-butene-1-hexene copolymers, and 1-butene-
30 l-octene copolymers. The most preferred are 1-butene-propylene copolymers.

The copolymers of the invention have a number average molecular weight of at
 least about 700, usually from about 700 to 10,000, preferably from about 1,000 to

5,000, 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
35  average molecular weight to the number average molecular weight (i.e, MWD

=M y/M y), of less than about 5, preferably less than 4, most preferably less than 3

(e.g., between 1.1 and 2.5). My, and M ,, can be determined by gel permeation

- chromatography (GPC) with suitable calibration. The use of GPC to determine M w
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The 1-butene copolymers of the invention comprise any oil soluble copolymer
containing units derived from 1-butene with at least some units derived from
comonomer(s) of formula (I) , wherein the copolymer has high terminal unsaturation as

‘described sbove. Preferably, however, copolymers of the invention contsin at least

about § mole%, more preferably at least 10 mole%, of units derived from the a-olefin

comonomer{s). Correspondingly, the content of units derived from !-butene is

preferably no greater than about 95 mole%, and more preferably not greater than 90

mole%. In particular, 1-butene-propylene copolymers of the invention prefersbly

contain from about § mole¥ to 40 mole¥% units derived from propylene (e.g. 10 to 40

mnﬂe%) more preferably from about 10 to 35 mole% (e.g. 15 to 35 mole%), most

preférably from sbout 15 to 3¢ mole% {e.g., 18 to 25 mole%).

30 The copolymers utilized in the present invention can be characterized in terms of

| tacticity. The backbones of a-olefin homo- and copo!ﬁrmm generally consist of
slternating methylene and methine carbons, with hydrocarbyl side chains Mh@d to the
methine carbons. Consequently, these polymers, unlike PIB, possess asymmetri
carbons in their polymer backbones and can be characterized in terms of their

'35  stereochemical configuration; i.c., tacticity. In atactic a-olefin polymers, the
hydrocarbyl side chains on the methine carbons have a random orientation sbout the
polymer backbone. The methine carbons randomly have R and § configurations,
creating adjacent pairs of either like conﬁguratwn {(a meso or "m" dyad) or unlike

20

28




Subsegluent exanpl es di scl ose_the preparation of anhydride-, nercaptan-,

epoxi carboxylic acid- term nated oli gonﬁﬁ@msmy ot hers
fromthe propyl ene ol i goner prepared in Exanple 1. The hetero-atom
functionalized polyners and oligoners are conpati ble wth, '

and - can be. conbined with, polar polynecg-to give alloys or

| t
i Fact eq ¢ soutiaubHoRa Feeridon 3 ipd) Aearic polymers 8%%5?.& piHfkely WRA' ' °7 1S
reaction pfraetians ofmeso and racemic dyads. ( ksptagtic gralefimpol ymmsa:mmamlerd to have

Wi thin itscsdthidGhedhife Ste kﬁﬂﬁéoﬁéﬁ%‘e@&ﬂhe samesndE‘é?ﬁdn@BﬂhegﬁdPﬁﬂersel ected from

the group consisting of (Jerr]| to Clerr] dicarboxylic acjd and
deri vat i vegaqueﬁ“‘e(‘i‘f heggip any giver) seqyensef threg giongmepunits (riads) alsthaﬁbam can

deri vatg vepe déseribaf as thd succdsbi®e GRE® Hy4ds r("mﬁﬂ)?rS)&iditﬂadﬁ&lﬂo‘IylﬁEfﬁl ved from
1- but ene and at .|l east

Shorer e BiegBiinany bofaf rgtlie piof shain Sinal aifertihe sequentdty i fne gl |
group, t hetlmmppbsltuaslddnﬁthel golymuhinkbom; mhcgmn By given triad\ie thehthany caatbel east

700, a cﬂ?éde&%rsu@@ésg{)%r&ﬁggmwf | ess thhan 5, and et henyli dene

groups term na "pol ymer ‘chai ns; and
In one embodiment of the present invention, the 1-butene copolymers employed

10 to prepare the dispersant additives of the present invention can have a high isotactic
index. The isotactic index is the percentage of isotactic (mm) triad sequences, based on
the total number of triad sequences present 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 at least 70%: 1-Butene.
copolymers of formula (I) with isotactic indexes of 70% 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.
20 Highly isotactic poly-1-butenes, for examplé, typically. have little or no.oil solubility at
M ,'s greater than about 1,500. On the other hand, the highly isotactic 1-butene
copolymers which.can be employed to make the dispersant additives of the invention
are sufficiently amorphous to have oil solubility at M o's well above 1,500. 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 I=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 aniorphous nature)and,
relative to analogous poly-1-butene having the same degree-of polymerization, either -
imparts or substantially enhances oil solubility. - S
30 ' The 1-butene-a-olefin copolymers useful in the present invention can be-
prepared by polymerizing monomer mixtures comprising 1-butene and an a-olefin of -
- formula (I) in the presence of a catalyst system comprising the reaction or complexation -
product of a cyclopentadienyl-containing transition metal compound (also referred to as
a metallocene) and a cocatalyst. The metallocene is typically a cyclopentadienyl ~ ---
35 derivative ofa Group IVB-VIB transition metal of the Periodic Table of the Elements
disclosed in the Handbook of Chemistry and Physics, 61st edition, CRC Press, 1980.
The metallocene is converted into an active polymerization catalyst by reacting or-—
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but ene- propy! cindependeitlyvelecred ffoneradioal groapsiwhichdome tyvalai bbydsroahetarben r] =
2,225 35 45kS PR hhgL afi® HERIE hOhdcRMbyl radicals, substituted hydrocarbyl
radicals wherein one or more hydrogens is repiaced by halogen, halocarbyi radicals,
hydrocarbyl-substituted Group IVA metalloid radicals, halocarbyi-substituted Group
IVA metalloid radicals, disubstituted boron radicals, disubstituted prictogen radicals,
substituted chalcogen radicals, and halogen radicals. Altematively, Cp and Cp* are
20 cyclopentadieny! rings im'ﬁhi_ch any two adjacent S or S* groups can be joined to form
& C4 to Cog ring to give & saturated or unsaturated polycyclic cyclopentadieny! ring.
A’ is a bridging group which serves to restrict rotation of the Cp and Cp* rings;
y isOor 1; Mis titanium, zirconium, or hafhium; X and X' are independently halogen
. radicals, hydride radicals, hydrocarbyl radicals, substituted hydrocarbyl radicals in
25  which one or more hydrogen atoms is repﬂacéd by halogen, halocarbyl radicals, and
hydrocarbyl- or halocarbyl-substituted organometafioid radicals. Alternatively, X and
X' are joined and bound to the metal atom M to form a metallacycle ring containing
from about 3 to 20 carbon atoms.
~ The hydrocarbyl and substituted hydrocarby! radicals which are suitable S, 8%,
3¢ Xand X include straight and bmncheﬁ alkyl and alkylenyl radicsls (e.g., methyl,
chloromethyl, ethyl, propyl, propenyl, isopropyl, etc.), cyclic hydrocarbon radicals {e.g.,
cyclohexyl, bromocyclohexyl, etc.), alkyl-substituted cyclic hydrocarbon radicals,
sromatic radicals (e.g., phenyl, p-chlorophenyl, and the like), and alkyl-substituted
gromatic radicals (e.g., toluyl, p-chioromethyl phenyl, etc.). The hydrocarbyl and
35  substituted hydrocarbyl radicals preferably contain from about 1 to 20 carbon atoms.
. The halocarby! radicals suitable as S, $*, X and X' are analogous to the
hydrocarbyl radicals described in the preceding paragraph, except that all of the
hydrogen atoms have been replaced by halogen atoms.
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Cerr] alkyl ethyldimethyisilyl, tnphenylgermyl tnmethylgermyl and the like. |
Halogen radicals suitable for S, S*, X and X' are fluoride, chloride, bromide,
and iodide.
Disubstituted boron radlcals suntable as S and S* can be represented by the -
10 formula RaRbB- suitable disubstituted pmctogen radicals by R3RbA-; and suitable
substltuted chalcogen radlcals by RaG- ‘wherein B is boron; A is a Group VA atom; G
is a Group VIA atom, and R2 and Rb are mdependently selected from the group
_ consisting of hydnde hydrocarbyl radlcals and substrtuted hydrocarbyl radicals in ‘
- .which one or more hydrogens are replaced with halogen ‘Thus, among the suitable
15 dlsubstltuted boron radicals are dlalkylboryl dlcycloalkylboryl dlarylboryl
dralkarylboryl and the hke Sultable dlsubstxtuted pmctogens include amino,
dralkylammo diarylamino, dxcycloalkylammo phosphmo dlalkylphosphmo
dlarylphosphmo dlalkylarsmo and the like. Surtable substrtuted chalcogen radicals
include hydroxy, alkoxy, cycloalkoxy, aryloxy, arylalkoxy, mercapto, alkylthlo
20  cycloalkylthio, arylthro and the like. '
Exemplary of saturated or unsaturated polycyclic cyclopentadlenyl rings formed
by the joining of two adjacent Sor S"‘ groups are mdenyl 4,5,6,7- tetrahydromdenyl
_ ﬂuorenyl and octahydroﬂuorenyl
Alisa radlcal which structura]ly brldges the cyclopentadxenyl nng ligands.
25 Among the suitable A’ are divalent hydrocarbon radlcals such as alkyhdene radicals;
e.g., methyhdene ethylidene and propylidene. Other su1table A mclude silicon-
containing radicals such as srlanylene srlaalkylene oxasrlanylene and oxasilaalkylene.
| Unbndged metallocenes are represented by formula (II) when y=0.
To prepare lsotactlc 1-butene copolymers for use in the dispersant additives of
30 thei mventron, the metallocene employed in the catalyst system is a chiral compound
either in its pure L or pure D form or a racemic mixture thereof. The metallocenes of
formula 41y useful for preparing isotactic l-butene copolymers are those where S and
'S* are chosen such that the metallocenes have no plane of symmetry contammg the
metal center and have a Ca axls of symmetry through the metal center. '
35 Illustratrve examples of bridged metallocenes of Formula (II) which can be
employed for the productnon of l-butene copolymers are dlmethyl-srlylbls(mdenyl) ' .
zirconium dimethyl; dimethylsilylbis (indenyl) zirconium dichloride; ethylenebls(mdenyl)
- zirconium dimethyl; ethylenebis(indenyl) zirconium dichloride; dimethylsilylbis(4,5,6,7-
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bis{cyclopentadienyl)zirconium hydrochloride, bms(cyclopenwdrenyﬂ)zarcomum methyﬂ
15 chloride, and bis(cyclopentadienyl)zirconium pheny! chioride.
Ilustrative examples of unbridged metaliocenes represented by formula (II)
(y=0) which provide tacticity control by having substituents on the cyclopentadienyl
sings of sufficient steric bulk to restrict rotation of the cyclopentadieny! ligands, and
thereby satisfy the symmetry conditions necessary to produce isotactic polymers as
20 noted above, include bis{tricyclof5.2.1.02,6]deca-2, S-dienyl)zirconium dimethyl,
bis((1R)-9,9-dimethyltri-cyclo[6.1.1.02,6)deca-2,5-dienyl)zirconium dimethyl,

: bus{mwd@[iz. 1.02,6)deca-2,5,8-trienyl)zirconium dimethyl,
bis(tricyclo[5.2.2.02,6Jundece-2,5,8-trienyl) zirconium dimethyl, bis((1R,8R)-7,7,9, 9=-
tetramethyl [6.1.1.02.6}deca-2, S-dienyl)zirconium dimethy] and the hafnium analogs of

25 the foregoing zirconium metaliocenes.
The metaliocenes described above may be activated to & catalytic state by
reaction, combination, or complexation with & cyclic aluminoxane of formula (RS-Al-
)y or & linear aluminoxane of formula RE(RS-Al-O)q, wherein R®is Cj to Cs alkyl
(e.g., methyl, ethy!, propyl, butyl or pentyl), and p and g are integers from 2 to about
30  25. Most preferably, RC is methyl and p and q are at least 4. Aluminoxanes can be
prepmd as described in US-A-5153157, the disclosure of which is incorporated by

. ’I‘he metallocenes of formula ({I) in whnch X and X' are independently selected
from the group consisting of hydride radicals, Cy to Cag hydrocarbyl radicals, C; to
35 Cag substituted hydrocarbyl radicals in which one or more hydrogen atoms is replaced
by a halogen, and C] to Cpg hydrocasbyl-substituted Group IVa metalloid radicals, or
in which X and X' are joined and bound to M to form a C3 to Cqp metallacycle, may
aiso be activated by ionic activators such as ion-exchange compounds. Theion
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70 to 989%. I'n addition, a mnor anpunt of the polyner chains can
cont ain termnal ethenyl (also réteferred to as vinyl) unsaturation
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pol ynmer,s can contain |]r?°i[[ernal rmnou(ﬁisaturatlon (e.g., POLY- D CH=CHR",

where B0is defined as above). The percentage of polyner chains:
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charge of M'; nis the total number of ligands Q; and n-m= d.
Any metal or metalloid capablie of forming an- anionic complex which is stable in
water may be used or contained in the anion of the second compound. Suitable métals
20 include aluminum, gold, platinum and the like. Suitable metalloids include boron,
' phosphorus, silicon and the like. Because of their commercial availability, salts
contaiﬁing anions comprising a coordination complex containing a single boron atom
| (e.g., tetra(pentafluorophenyl)boron anion) are preferred. Suitable compounds
containing comprising a single boron atom include di- and tri-alkyl ammonium salts,
25  N,N-dialkyl anilinium salts, and triaryl phosphonium salts.
Tonic activators of formula (III) can also contain a plurality of boron atoms such
as carboranes, metallacarboranes and boranes. - - '
- Further descriptio‘n, including othér-e'x"amples; of ionic activators which contain
a single anion and which may be used to activate the chiral metallocenes is provided by
30 EP-A-277003, EP-A-277004, WO-A-92/00333, and by copending, commonly assigned
' USSN 852437 (filed March 16, 1992), the dlsclosures of all 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
35  incorporated by reference. '
The metallocenes useful for the production of the 1-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
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the polymerization solvent. The supported catalyst systems can be prepared by
adsorbing and complexing the metallocene and the activator on & catslyst support
material. Further description of supported catslyst systems is found in US-A-5057475,
18 US-A-5017714, and commonly assigned, copending applications USSN 4683382 (filed
October 15, 1951), USSN 885170 (filed May 18, 1992), and USSN 926006 (filed
August §, 1992), the disclosures of all of which are incorporated by reference.
The polymerization may be carried out as & solution or a siufm’y polymerization.
The polvmerization may be conducted using the liquid comonomer reactants; i.e., 1-
20 butene and st least one a-clefin of formula (I), as the reaction medium. Alternatively, a
drocarbon solvent/diiuent inert to the polymerization can also be employed. Suitable
diluents include straight- and branched-chain hydrocarbons (e.g., propane, iscbutane,
butsne, pentane, isopentane, hexane, heptane, octane, etc. and mixtures thereof), cyclic
and alicyclic hydrocarbons (e.g., cyclohexane, cycloheptane, methylcyclopentane,
25 methylcyclohexane, etc. and mixtures therecf), and aromatic hydrocarbons (e.g.,
benzene, toluene, xylene, etc. and mixtures thereof). :
| The feedstream containing the 1-butene reactant may optionally contain other
rocarbons. The feedstream typically comprises less than about 5 wt.%,
prefersbly less than 4 wt.%, and most preferably less than 3 wt.% isobutylene; at least
preferably at least 30 wt.%, and most preferably at least 45 wt.% total
n-butenes (i.e., 1-butene and 2-butene); less than about 1 wt. % butadiene; and n-
butane and isobutane. The isobutylene and 2-butene components of the C4 feedstream
are substantially non-reactive in the presence of the catalyst systems and under the
polymerization conditions employed as described herein, so that the resulting polymer
35  contains essentially no units derived from polymerization of 2-butene and isobutylene.
_ These C4 feedstreams can comprise spent Cy4 streams produced as by-products
of the manufacture of polyiscbutylene or methyl-tert-butyl ether wherein the C4
feedstream (often referred to as Raffinate II) contains less than about 5 wt.%

30
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20  butene with the a-olefin comonomers of formula (D) 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 from about 100 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 about 400 to 100,000 kPa (4 to 1,000 bar); e.g., 500 to 2,500
kPa (S to 25 bar). o o o | _
Reaction time is not critical and may vary from several hours or more to several
minutes or less, depending upon'fac'tors such as reaction temperature; reaction
pressure, and the like. One of ordinary skill in the art may readily obtain the optimum
30 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
alcohol (e.g., methanol, propanol, isopropanol and the like) to deacti\}ate the catalyst
system and/or cobling or flashing the medium. - The product polymer can then be
35  recovered and purified by processes well known in the art. o
* The polymerization can be conducted as either a batch or continuous process.
When conducting a batch polymerization, 1-butene and the a-olefin comonomer(s) of
formula (T), optionally with diluent, can be charged together in one admixture or



Ay

i nparts or substantially enhan@iESaes

y. 30 The
present | n\mwwﬂé% be

: 2l g3 jaf U rISIng 1- jFE_““-'
[err]-olefin of formula (1) in the presence of a |gaftH$pE

conprising the reaction or conplexation -15- product off a REPLX&%@?

C Rer o T ocandEARRLR 00 PRSPk sl a6 ROM bl ot SR
cycl opent adi esties gmem@ﬂoyadathammmm h&mﬂ@ﬂ Wﬁx @Wﬁﬂt@nym t he
amﬂn%%u&a@%ea did sUBARRDLY fikE of Oy,

CP:ﬁrl odi c Tabldﬁgh
t
i seﬂ“oﬁvéh od @@; &ﬁéﬁﬁfit eSmis ummwémvgr%pwmw%ﬁ%a'
;ﬁ,' Al noxan Y ,‘m.gh a b yisdans\piici toi theit jntiodattion irtat her
corrpound or a‘gﬁfﬁq‘}ﬁ’ O “QS%B‘W@' %c&mmw 'Va Or h@@s | i i L%?ggv%gmwge

used net al | ocgh

1- but enet® 981 ef i n copol yner § ‘f
prepared by pol ynerizi ng nononet bk

reactor emme@ smmulmwusﬁy or sequmuaﬂﬁy in either order. Generally, the reaction
10  mixture is agitated by stirring or other means during the entire polymerization. As
polymer is being formed, additional monomer may be added to the reactor. Upon
completion of the reaction, unreacted monomer and solvent are either flashed or
distilled off, if necessary by vacuum, and the polymer withdrawn from the reactor.
The polymerization may be conducted continuously or semi-continuously by '
15 feeding to & reactor the catalyst and sctivator in separate streams or admixed in one
stream, simultaneously feeding the 1-butene, comonomer(s), and (optionally) diluent in
any combination of separate streams or together in one stream, and by simultaneously
withdrewing from the reactor any unreacted monomer, diluent and polymer so as to
sllow & residence time of ingredients long enough for forming polymer of the desired
20 moleculsr weight. After withdrawal from the reactor, the polymer is separated from the
reaction mixture :
The pfefeﬁedl method for preparing the 1-butene-c-olefin copolymers of the
invention is & continuous polymerization process using a metallocene catalyst and
employing & dilute 1-butene-containing liquid feedstream wherein the amount of diluent
25  is at least 30 wt.% of the stream before admixture with the a-olefin of formula (I). The
preferred method is disclosed in commonly assigned, copending U.S. Serial No.
, (Docket No. PT-974), filed _____, entitled "DILUTE PROCESS FOR THE
'MERIZATION OF N@NsE H E a-OLEFIN HOMOPOLYMERS AND
COPOLYMERS USING METALLOCENE CATALYST SYSTEMS", the disclosure
30  of which is incorporated herein by reference.

The ﬁumctmomﬁnzed poﬂymer empﬂayed to make the dnspem’sam additives of the
invention is prepared by chemically modifying the butene-1 copolymer (hereinafter,

35  alternatively, referred to simply as the polymer) to have moieties present within its
structure which contain or constitute at least one acyl functional group selected from
the group consisting of C4 to Cj¢ dicarboxylic acids and derivatives thereof and C3 to
Cjp monocarboxylic acids and derivatives thereof. In particular, the polymer
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) - TheA'%ﬁf_o%Ccﬁ'rtﬂé’bol%Qr 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,
can be used in further derivatization reactions to make, for example, dispersant.

The polymer product can be characterized in terms of its active ingredient
(A.L), which is the weight fraction of functionalized polymer, based on the total weight
of functionalized and unfunctionalized polymer in the _pfoduct-. The AL for.polymers
of the present invention is typically at least 0.50, preferably from 0.65 to 0.99, more
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

' pblymer functionalization, the polymer can be first halogenated to about 1 to 8 wt.%
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20

25

30

35

halogen (e.g., chlorine or bromine), based on the weight of polymer, by passing the
halogen through the polymer at a temperature of 60 to 250°C for about 0.5 to 10
hours. The halogenated polymer may then be reacted with sufficient monounsatﬁrated
c_afboxylic 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
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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The monounsaturated carboxylic reactant can be grafted onto the polymer in
15  solution or in solid form using & radical initiator {e.g., peroxides, azc compounds, and
the like) to form a functionalized polymer having carboxylic acid moieties or derivatives
randomly distributed within its structure. “The free radical-induced grafling is generally
carried out at an elevated temperature in the range of about 100 to 250°C, preferably in
an inert atmosphere (e.g., Ny blanket).
20

Thc ﬁmmtnommzed pollymef (i.e., pulym&r substituted carboxylic
acids/anhydrides/esters) prepared as described above can be derivatized by reaction
with & nucleophilic reactant such as amines, amino alcohols, alcohols, reactive metals,

25  reactive metal compounds, etc. to form derivatized polymer. The derivatized polymer
compositions of the present invention can be used as dispersant additives in lubricant
and fuel compositions. '

30 L'ssfuﬂ amine oompounds for derivatizing functionalized polymers comprise at
least one smine and can comprise one or more additional amines or other reactive polar
groups. The functionsal group comprising a carboxylic acid, ester or derivative thereof
reacts with the amine to form an amide or imide.

Preferred amines are aliphatic saturated amines, including monc- and

35  (prefersbly) polyamines containing about 2 to 60, preferably 2 to 40 (e.g. 3 to 20), total
carbon atoms and about 1 to 12, preferably 3 to 12 (e.g., 3 to 9 nitrogen atoms) in the
molecule. These amines may be hydrocarbyl amines or may be hydrocarby! amines
including other groups, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles,
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: Derivatized Polymer From Alcohols

25 - The functionalized polymers can be reacted wnth alcohols to form esters. The
alcohols may be monohydric alcohols, polyhydric alcohols, aromatic hydroxy
compounds, unsaturated alcohols, ether-alcohols or anﬁhofalcqhols. The polyhydric
alcohols are the most preferred alcohols and preferably contain from about 2 to 10
hydroxy radicals. Suitable polyhydric alcohols include ethyelen glycol, diethylene -

30  glycol, triethylene glycol, glycerol, pentaerythritol, and so forth. The functionalized,
e.g., acid functionalized, polymers of this invention are reacted with the alcohols
according to cOnvgnﬁonal-esieﬁﬁcation 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

35 °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




tet r ahydr oi ndenyl ) s Sber Gy

di met hy | WO S3s88 il oi ndenyl ) PCTU:

“di chl ori de; {4l r ahydr oi ndenyl ) zi r.coni wm-gdi-a

et hyl enebis (4,5,6, 7-tet rahydr0| ndenyl ) zirconi um dichl or il $HSSHEET HAS BEEN
di met hyl si |yl bi s( 3- met hyl cycl opent.agi.enyl ) zirconi u

et hyl enebi s(3-net hyl I Nt adi en zirco di chegrrgessang ]
haf ni um anal J&*€ ;@'? UTEEs ‘?MY%éﬁSumﬂ £ ‘

f oregoi ng netliide).ocenes can be enployed in their pure L, pure D, racernic
and/ or meso forms. Racenmic forms of the foregoi ng netal | ocenes can
produce isotacti c poI ymers. I I I ust rati ve exanpl es of

unbri dged netDerivatized-Bolymer EroomResttive MetalsMetal(Compgunds 0) are the
di al yl megal | - giohh: 9o bl g b b

bi s(cycl o%ent adi enyl T tanluma @ﬁenypﬂ% m('cy?:‘{!opent adl, en%g tl tan| um

di benzyl , or regstive Sete GHERP éﬁ;@mm@% dmetalrooptaining complexes. M

bi s(cycl opentsas £@\fbirdd oithstiondifithe finkiicmiisted p@Iymerﬂ;e poﬂymmr substituted
bi s(cycl opentadlegi)ﬂ/’g

; ERB i s e B of el e

bi s(cycl opentMMMh@ImMWeﬁw reacting the fiinctiomaitzed ponmers with

L G PR A sl s g o 7,

exanpl es DI T df
whi ch provi denmmampmmdwﬂw dun@o sewesmgmmtmtmdm estedtication.

‘ _cycl opent adi eyl &Wﬁ foﬁﬂ%'rﬁéﬁgtﬁﬁﬂﬁé bﬁm‘PHﬂeﬁ& and B'thdnsitioh Ot @t i on
of the cyclopent enyI
s are useful for fommg the metal salts and complexes. Suitable compounds
include oxides, alkoxides, hydroxides, phenoxides, alkylates (e.g., methylates), nitrates,
15 nitrites, halides, carboxylates, phosphates, phosphites, sulfates, sulfites, carbonates and
borates. -

More particularly, complex-forming metal reactants include the nitrates, nitrites,
halides, carboxyletes, phosphates, phosphites, sulftes, sulfites, carbonates, borates, and
oxides of cadmium as well as meta! having atomic numbers from 24 to 30 (including

20 chromium, manganess, iron, cobalt, nickel, copper and zinc). These metals are the so-
called transition or co-ordination metals; i.e., they are capable of forming complexes by
means of their secondary or co-ordination valence. Further disciosure directed to the

reactive metal compounds suitable for forming such complexes and of processes for
eparing me c@mpﬂexu can be found in US-A-3306908, the disclosure of which is

25

" Reactive mem compmmds useful in preparing salts from the functionalized
polymer and/or an amine derivatized polymer as described above include the oxides,
Imydmxﬁdesg carbonates, halides, alkylates (e.g., methylates), and phenoxides of the
elkali metals, alkaline easth metals, zinc, cadmium, lead, cobalt snd nickel. Further
30 disclosure directed to these reactive metal compounds and of processes for preparing

the functionalized polymer salts therefrom can be found in US Reissue 26433, the

disclosure of which is incorporated by reference. |
The functionalized polymer can be reacted with any individual amine, alcohol,
 reactive metal, reactive metal compound or any combination of two or more of any of
35  these. Furthermore, the functionalized polymer can be reacted with the amines,
gicohols, reactive metals, reactive metal compounds, or their mixtures simultaneously
concurrently) or sequentially in any order.
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Lubricating Compositions _ _

As already noted, the derivatized polymer is useful as an additive, particularly a
dispersant additive, in oleaginous compositions. . The additives of the present invention
may be used by incorporation and dissolution into an oleaginous material such as fuels
20  and lubricating oils. When the additives of this invention are used in normally 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 0.5, and preferably
about 0.005 to 0.15 wt. %, based on the total weight of the composition, will usually be
25 employed. -
The additives of the present invention find thelr 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 of lubricating viscosity and may be natural oils (e.g.,
liquid petroleum oils) or synthetic oils (e.g., hydrocarbon oils such as polybutylenes,
30 . 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
- dissolutionin the oil at the desired level of a_dditive concentration. Alternatively, the
35  additives can be blended with a suitable oil-soluble solvent and base oil to form a
concentrate, and the concentrate can then be blended with a lubricating oil basestock to
obtain the final formulation. Such dispersant concentrates will contain, on an A1 basis,
from about 10 to 80 wt.%, typically about 20 to 60 wt.%, and preferably from about 40
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(rrr) 1o Wne%mbl W 6&& ral Levmédéh%gse Wgen atom
[L'-H is a Beemsntens) each selected te pesform Mdmw@mteé ﬁm@ﬂ@@oﬁ@ﬂmre
i ndependery | WWH@*@@MMQWM%MMW@@ @il formulation are meta! contai
substi t ut ed- hédrocar dical s, | ,-t,' | and subs tut ed haI ocar I
radi cal s and %@1 PRGOS -mX a8 oi d

radi cal s, di supiend iden ikl @mm@smm

i < § - ":'t Riky
o g MR e ‘W@g"ﬂ‘ﬁ?e%‘?%]ﬁﬁ oreeine ™

" charge of M; \a yutesiand(he like) Mmmty modmﬁersare

?t]gblngt ?ln ¢! ,V @gmgef; ’ ne |n 4 o%@ﬁ@ second

conpound. Sui fispereancy wwawgsmplea@ﬂ@ﬁ
l'ike. Suitabl %3% mﬁ Ufﬁéadtmmﬁ mtty ottsﬂt%d)ﬂﬁé@myd n and the

| i ke. Because of, t @@conmerm al aval IabilTty, salt cont ai ni ng
ani ons conpri StHEPECSPEMAYI nat i on conpl ex cont ai ni ng a si ngl e boron atom

Compositions, when containing one or more of these additives, typicelly are
15 blended into the base il in amounts which are effective to provide their normal
attendant function. In such compositions, the additives of the present invention are
enerally employed (é g., as a dispersant additivc) in an amount of about 0.1 to 20

ncentrates comprising concentrated solutions of the additives of thts
20 invention togettmer wmttt one or more of these other additives can be prepared by adding
the additives to the base oil, wherein the subject additives of this invention are present
in concentrate amounts as described above. The eollective amounts of the subject
additive together with other additives is typically from about 2.5 to 90 wt.%, preferably
sbout 15 to 75 wt.%, and most preferably about 25 to 60 wt.% additives with base oil
25  asthe balance. The concentrate will typically be formulated to contain the additives in
gmounts necessary to provide the desired concentration in the fins! formulation
centrate is combined with a predetemned amount of base lubricant.

The invention is described in more detail, though only by way of illustration, in
the following examples. :

30

Isobutame, 1 bmme (99 wt % minimum punty), md pmpyteme (99.9 wt.%
ninimum purity) were separately fed as liquids under helium pressure to a stirred
mixing tank (working capacity = 150 Ibs.) to form a liquefied pre-reaction feed mixture
35  having the following composition, based on the total weight of the mixture including
diluents, as determined by the amounts of each component fed to the stirred mixing
tank from the appropriate reservoirs: prdpyltene, 4.6 wt.%; isobutane, 60.9 wt.%; and
1-butene, 34.5 wt.%. The liquefied pre-reaction mixture was then continuously passed




(e.qg., tet ra gé)ent af [ uor ophenyl ) boron ani on) are preferred. Suitable
conpound¥ 06cont ai ni ng conprising a single boron at om PELUSAM7TI4- - and
tri-alkyl amroni um sal ts, 25 N, N-di al kyl aniliniumsalts, and triaryl
phosphoni um sal t:s. : lonic activators of formla (I'1'1) can also
contain a pf urallty of boron atoms such _22. as carboranes

met al | acar bor anes _and. b escri | udi ng
‘ot her exanpl H&MEPTFFH Evrgé@rgpghm%ﬁe ?)Fﬁf et begsc%{“?ﬁﬁ g‘éﬁﬁ?‘gn and
whi ch may be almmda and @ sécond setidf¢reatment bedsstontdining BAsnolscqlamewbsmb temdde

EP- A- 277003, s e mﬁﬁhég%é Q&ﬁﬁ&x(fn?sfﬁolﬁ'?ﬁ{g 31%%“ mixturg, The pre-

Al ternativel y t e 1.on exc conpo con conpa
coor di nati ng TW‘?&M@M eonfingopsly Mmtogtbﬁ(bgmmzofa temperature—controthde

ool oyed T Chmell 2l s‘?ﬁ‘&"ﬁ??‘?ﬁc“ﬁ%‘oﬁéﬁg‘w‘“@@?‘ BR Re e tobe
Lewi s acid 3%9 m‘ﬁ ‘N CAPLPTRTEISUIRWRS @t%d&ttlaséh(éégéﬁlg% ?’IE‘??"B?“ equal to

ot Eat FL tt;nllperaturewas set at 60°C. 4 - , -13-
A metal | ocenc. al uitig %3%3?”%'@%?#‘3%@?%%&@%*%%? A 867 el
be pr odeteabydroindeny) Ze€Clhwatalysb and: methylalumiooxaneicobatalgst/ wastieparatelydndc h

di scl osegg t hghnthuously fed to the reactor. Catalyst concentration in the reactor was set at 2.84 x
10-5 gram-mole/liter by manipulation of the catalyst solution feed rate in conjunction
with the pre-reaction mixture feed rate. The Al:Zr molar ratio was 1150:1. The
catalyst-cocatalyst solution had been earlier prepared under nitrogen by adding racemic ‘

_ | l,l-dimethylsilanyl-bridged bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride catalyst
15 dissolved in toluene to a 10 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,

- 20 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 M ;, of 2,880 and a molecular

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

PIB standard. The propylene content of the polymer was 20 mole% as determined by
carbon-13 NMR.

EXAMPLE 2 - Preparation of a Polyamine Dispersant
30 In a Parr autoclave, 200 grams of the 1-butene-propylene copolymer prepared

in Example 1 was reacted with 8.4 grams of maleic anhydride for 4 hours at 250°C.

The excess maleic anhydnde was stnpped with nitrogen at 220°C for 1 hour to yield a
-butene-propylene succinic anhydnde (BPSA) with a sapomﬁcatton number of 32.7.

Then 140 grams of the BPSA was dissolved in 113.6 grams of S150N mineral

'35 lubricating base oil forrmng a solution. 4.7 grams of a commercial polyamine was
| added dropwxse to the onl solutlon of BPSA at 149°C over a period of 25 minutes. The
polyamlne (PAM) compnsed a polyethylene po]yarmne having an average of about 6
nitrogen atoms and an average of about 10 carbon atoms per molecule. The solution



‘solid reactlonroduct I s obtained by reacting at |east one netallocene of

a netal b Group IVB of the Periodic Table with an BFfUESSe at a
.hole ratio of about 1:12 to ' ~1:100 based on the netal and al um num
The catal yst system obtained by contact of the netallocene and the

al um noxane or ionic activator nmay2be honbgeneous, heterogeneous or
supported ang. gy I u nts
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formed in theontsimingR.6BWtHIMN. xt ure of the components in t he

pol ynmeri zation solvent. The supported catal yst systens can be prepared by
adsor bi ng an ,‘ plexing.the netallocene and the activator on a catalyst

support LlpprliS pial Y IGRIDREIE NBETEIEE LN of supported catal yst systens
is found gn US- A Folyiref: SﬂS@Nmmmedn%ﬁ’M.meapomymr

WO- A-94/ 03506, 15 .. o | yier j zation, nma car

sol ution or X HHHFY FEY Wéme%@%ﬁ%ﬁf§a@g5% E@gﬂi
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xyl ene, etc. W%‘g ﬂa of folipHions %ﬁm&@%‘i%@m’@%@%ﬁé% 5% ai ni ng

- the 1- but ene same cosoen cpmmhn%hmede@moﬁponymmmbn of tig} &+bulene-
‘hydr ocar bgn
preferab % Igssﬁw%EJE
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i sobut yl ene; hatiops ef SA-BAM dispersans prepasgd and
nost preferalﬁgxﬁh ‘ consemmﬂaﬂjé\%@m Mg@ﬁ@mb?tﬂ@ne and
2-butene); less t an about W . % but adlen; And n- . .
i sobut ane. THE-¥es Sslageu olutinns yrese 1180 preparrsAf & fogupgreiall

PAM dis persant :

20  polyischutylene (3 5= 2,225, M, = 5,@00), followed by amination with a p@lya.mim _
comprising a polyethylene polyamine having an average of about 6 nitrogen atoms and
an average of about 10 carbon stoms per molecule, wherein the process lowers the
number average molecular weight of the polyiscbutylene backbone by sbout 10 - 20%.
The kinematic and CCS viscosities of the solutions were measured as described in the

25 preceding paragraph and plotted as functions of concentration, as shown in Figures 3
and 4 respectively. The viscometric propesties of the BPSA-PAM and the PIBSA-
PAM were quite similar despite the significant difference in the molecular weight of the
polymer backbones.

30

The peffomance pmpemes of the BPSAaPm dispersant prepared in Example
2 were compared to those of the borated PIBSA-PAM dispersant described in Example
3, by testing lubricating oil compositions containing the dispersants for sludge inhibition
via the SIB test and for varnish inhibition via the VIB test. In the SIB test, a dispersant
35 is added to a clear, bright supernatant oil obtained from a used crankcase oil
composition that has been used in a taxicab. The used crankcase oil contains a base
mineral lubricating oil, a viscosity modifier, & pour point depressant and a zinc
dislkyldithiophosphate anti-wear additive, but itself has no dispersant additive. This



30 are substantially non-reactive in the presence of the catal yst systens
and und&VO@Haisns pol yneri zation conditions enpl oyed as R§GE@¥SH&W4her ei n,

so that the resulting polyner contai ns essenti al srt-s—dorivead .
from pol yneri zati on of 2-butene and isobutyl ene. THIS SHEET ekl |
feedstreams can conprise spent C[err] strepos producedyas byRERIGWGED S

f th fact f but hyl-ters b . '
the Crerr] asperiagaoiimes heshepetieidtont il ibolublpsbiieratersts WRSRUGIAG | o

t han about 5inthe %ankcase‘dﬂ)cﬂﬁhg 88€) but it still contains onl-soluble sludge precursors which

PCT/ US95/ 07394

I sobut yl ene, 5‘8%&“81%“1? rth%:o ng/nss%fttﬂ? g%% sbhq[ngr’%%gorénn%dd onal o'ié“ SOIULSS w . %
1-butene . depositsdThe gudgaishibition of she dispessang mthﬁeéetmeed 'éih enting the | yent
or solvery I H.s@ﬂﬁ?ﬂe -gsgg{wmn air for sevétal hours m@%oﬂﬁaﬁd‘g(thb' aro@ACofRH 8(&%91

Typically the ream | s maintaine a cient. sure
to be in t heformediigthedlendgthe amoyntdo Yo? simijply "S‘HG‘? B{?“i‘ 5
m xture itsettedil. SIBevahRBQle fb?oh@dfﬁﬁ&abuhﬂxzed scale of 1 (high mhiﬂmommmm and
[err]-olefin chirmngrrer(s) of formula (1), whether each is enpl oyed
asapurehﬂﬁ‘? aliquid mxed with a solvent/diluent, my be fed to

t he poI yrmedn tlmtVIBlteseacchspersant is edmixad aviththe same test oib asuseid iy the, SIB

B'(rﬂe;/ ?e;( ef% ge%? m%(\gﬂ" {S%IQ} ed fo qpe [o? #Jre Qtl,sf I:ﬁ'&sctﬂﬁttfé]fxdlé)ﬁeaﬁ ?tf‘a]dérfg? Hedt! N9
~ .nononer (s), bmlmg, andovxposuze t@Nﬂ Sﬂa gml water ofasmish mhquqgrls determined byt or,

the HshhIGHpREHPEOLEE Wall iR P i thamsedmldamnmotmaaawwst
system sel ect ‘
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 tests can be found in U.S.
' Patent No. 4,954,572, the disclosure of which is incorporated by reference.
At equivalent active ingredients, the BPSA-PAM had a SIB value = 1.37 and
VIB = 4, whereas the borated PIBSA-PAM had 4.26 SIB and'5 VIB. The results
demonstrate that, at equivalent viscometrics, the BPSA-PAM dlspersant has

20  performance advantages over the PIB-based dispersant.
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V\hen an al um noxane activat the catal yst system the nol e
rati o of WOS@30ansition nﬂmmmmﬁ Mrm range of aboURCTIDIPSLGEI

100, 000, preferably abbut® | to"2, 00 and nost preferably about lto
1,500; e.g., 100:to 1,000. When an 15 ionic activator is errpl eyed the
cat al yst system may be prepared at actlvattgg to i Sttt
of about 0.1 tg ,10. . preferably about 0.3 to 3.
pol yreri zat i ofr 8%

“neral |y conducted at tenperatures r' 0
about -20 and 300[err]C, preferably between about 0 and 2 err
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bar), and nos l%@ﬁmﬁ (90@3%?’&1% nﬁ@“tb e g.,
500 to 2,500 group, th o@ﬁtet'mﬂﬁg bam)mber avemge molecular vheigit tof anlestubouts7000t
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pressure, and leastabiouk 30%@fell polymedichains;apdi | | in the art nmay readily obtain
t he opti num 30 r | Ferbilizi : ' et S bY
routine experi ment at’ or!t%d’fﬂ fig & iﬁe poi %r;slngat | O%Bpléﬁggt lon can be

term nated by such conventional processes as contacti ng the
pol ymeri zati on reagt T diisam gmtttvewt;mm Ecaﬁtéﬁeitﬁthe%ﬂ%

?Ihgohg![ al( ;S? de el s @_‘:_ kﬁmﬁﬁnm t.w_:;'w | eﬁ{gdtelact i vat e

product pol yresnssingtof ) niohodhsatus :r-.t@u,,? @4@6 thboiyhedci@; whiershe () elie Wel |

ol ther a bat c%%w(%?tﬂtm%tsi BEadicaBarbe oo sBA IR 1P G o

pol ymer i zat i omdjstertd gasbon atows is part fof the mosasmsturation; {G)anitydyide br Cy to Cs
aleoho! derived mono- or diester derivatives of (i); (iil) monounsaturated C3 to Cqg
monocarboxylic acids wherein the carbon-carbon double bond is allylic to the carboxy
group; and (iv) Cq to Cs alcohol derived monoesters of (iii).

3. The dispersant additive of claim 2, wherein the nucleophilic reactant is at
least one member selected from the group consisting of amines, amino alcohols,
alcohols, reactant metal compounds and mixtures thereof.

4. The dispersant additive of claim 3, wherein the nucleophilic reactant is an
amine containing from about 2 to 60 carbon atoms and from about 1 to 12 nitrogen
atoms per molecule.

5. The dispersant additive of cmm 4, wherein the amine comprises
potyethytemepotymne

6. The dispersant additive of any one of claims 3 to 5, wherein the acyl
functional group is at least one member selected from the group consisting of succinic
anhydride, succinic acid, and propionic acid.
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formula (1), optionally I be charged together in one
admi xt UM 2533806 ”“ | |||m ll "mr PCI/US95/07394 - 15-
separately in any conbination at &pptopriate ratios to ' .

When separate streans are enpl oyed, the nononer

si mul taneously or sequentially in 3gy order. Car rrust A at
all. ingredients are _dry and substantj IIy free of Jer T"I‘Lef ]
and N, O, and & &speemm’w oflﬁw L w@er%&eaqwglmhem ijolagticy 5

passes thr oqubxraﬂaew%oﬁ{m%s or other drying nmeans prior to their
i ntroduction into the reactor. Subsequently, the catal yst and

activator pre-mxed in a solvent/diluent are charged to th reactor
whi | e the reacti @ Thedispersans additiveadfandaimd, stherein thecadditiveisboratetito mbtain a

Char ged 1 o tvpued tiskéyaln shitvd RANSRE A abolf o793 620 Yl BertEnlas ' 1Y

either order. Generally, the reaction 10 m xture i's agitated by stirring

or other means dlb"'ﬂmd?ﬁu a%&%%ahﬁmgmm%m IOtSW%%fﬁ\é bei ng

fornmed, additional nonomer 3 react or po
conpl etion di’SPFﬁémr@d&NedﬁO R Urtosd| vent are either
flashed or - distilled off, if necessary by vacuum and the pol yner

e Lo B BisRacns ol composiinn rortuigy B Bt B B3 Rt o
t he cat al ystdisperbantcddditivief any of elpimsal o Sor 2tor8. or adm xed in one-

.stream simultaneously feeding the 1-butene, compnomer(s), and (optionally)
diluent in
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*any conbi nation of separate streans or together in one streangﬁﬁﬁg%Py
si mul t awmeDILLIIHOE w t hdrawi ng fromthe reactor any unr oner ,
_diluent and polynmer so as to allow a residence tinme of ingredients
"1 ong enough for formng polymer of the desired 20 nol ecul ar wei ght .
After withdrawal fromthe reactor, the polymer is separated fromthe
reaction m xture. The preferred nmethod for preparing the
1-butene-[err]-ol efin copol yners off ¥hd invention is a continuous
pol ymeri zati on process using a netall ocene catal yst and enpl oying a
~dilute 1-butene-containing |iquid feedstream wherein the anount of di | uent

25 is at least 30 wm. @6of t he strean1before adnlxture mnth
[err]-ol efin of fopmHa—{t3—TFk = ~pf-ef-erted +roe=ts— %lsclosed in
WO- A- 95/ 33779 ent i § ; Ess | RI ZATI ON OF
NON- ETHYLENE [err]} N EFLN OLYMERS USI NG
METALLOCENE CATALYSLNSYSIEMS: 3 2Lepn3 =oa=0f-—the--Fefucti onal i zed
Pol yer e fu ctioralizqd poI enplo ed tp make the
di spersant additivies of N he i nvention epar e chem cal |y
nmodi fyi ng the but epe-1_€0yol (hereitnaft Sely,
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t- 16 - functionalized with nono- or dicarboxylic acid materi al
SUItab|anvFMwm@ in this invention i ncl udes the reiﬂﬁﬂ@ﬁﬁgﬁﬁﬂuct of
the polyner with a nnonounsaturated carboxylic reactant conprising
“at | east one nmenber selected fromthe group consisting of (i)
nonounsaturated Clerr] to (Jerr] dicarboxylic acids wherein (a) the

carboxyl groups are 5 attached to adjacent carbon atons and (b) at
| east one of the adjacent carbon atonrp # part of the
nonounsat uration; (ii) anhydride or g?er%] to (ferr] alcohol derived nono-
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‘of the present invention is typically at least 0.50, preferably from 0.65
WOaAsE preferably 0.75 to 0.99, and nost pref BGHFIPSHIFE to

.0 99. The pol yner can be functionalized with the
*nonounsat ur at ed carboxylic reactant by a variety of nethods.
- Such nethods include hal ogen assi sted - functionalization the "ene"
reaction, and free radical grafting. For hal ogen assisted - pol ymer
~functionalization, the polyner can b8 'Qst hal ogenated to about 1 to 8
wt . % 30 hal ogen (eg., chlorine or brom ne), based on the weight of
pol ymer, by passing the "hal ogen through the polynmer at a tenperature
of 60 to 250[ err] CFor—about U 5 t0 L0 Apur S. l??aﬁ?fﬁ*bﬁated pol yner
may then be reactgd with jsufficifent non unsatuEated - catboxylic
reactant at 100 td 250[eriy] C for| about F.S to L0 hours so the¢ product
obt ai ned w l{l contain the desired nunberiof nnles of the
monounsat ur at ed cdrboxyli|c reactiant 35 per nﬂea@ﬁ-%ﬁe halogenated
pol ymer. ProcesseqdN\of thijs generfpl typej are ta - . A- 3087936,
US- A- 3172892, and 72746. JAlternatively, d the
monounsat ur at ed cd lilc reactlant cani be m x _giﬁge addi ng
hal ogen (e.d., drine) tpo the o
- 17 - hot mat er| -Procegs of this typp ar ieScl osed in
US- A- 3215707, 3231587, 391764, 4110349, gand {535 and in
UK- A- 1440219. g_g;g ——hy
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*The pol yner and_the nmonounsat ur at ed car boxylic reactant can al so be

cont act &¥i0 95/33806 at el evated tenperatures to cause a ther mMBCT/USA#I7I®4eact | on
,tooccur. Cenerally, the 5 pol ymer and carboxylic reactant witl be
contacted with stirring and in the absence of Jerr] and water (e.g

under N err]) in a carboxylic reactant to polynmer nole ratio of about 1:1
to 10:1 at a tenperature of about 120 to 260[err]C for about 1 to 20 hours.

Thermal "ene" processes are #degc4i bed in US-A- 3361673 and

US- A- 3401118. Funti onal i zed polyner can be prepared using a
thermal "ene" typg=reactigon—pr=46 by—etr-or:- ~gr—es==tt=setgsefl i n

US- A- 5266223. * ’ : nnn unsft ur at € cirbol i ¢act ant can be
grafted onto the | utj onfor §n 1oli1 rm fisiing a radica
initiator (e.g., ounds, {and | 1|kﬁ) to forma
functionalized po[y A DOXYI 1§ "””‘~*'L*““'T’”” eri vatives
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groups. Th conpreEsi=ng aci; .
derivative [tjji} Hﬂll 1AL @ﬂ;ﬂ t$ wi tn AERLAGEMENT (SHI8EG, ﬁ@@@m@m@%ﬁ
Preferred an?né% &re”alehﬁtlc sat \”-~}\ ; udlng nono- and
(preferably) pol yani nes contai ni ng“ﬂa Fablly 2 to €0 964 Q—=lf§'@&7
20), total carbon atons and plcleraDly3tO 12 (e.g., 3 to
nitrogen atons) in the nol ecul e. ?ﬁése am nes nmay be hydrocarbyl
am nes or may be hydrocarbyl am nes 35 i ncl udi ng ot her groups, e.g.,
hydr oxy groups, al koxy groups, am de groups, nitiles,

i m dazol7. MThkedlispersant additivelof claitd, wmnbnmm capolyerer has swisotabtc ed
to as amindexabdbf gt liehss )70%. with 1 to 6 hydroxy groups and
pol yet hyl enepol yam nes such as di ethyl ene triam ne, trietyl ene
tetram ne, tetraethyl ene pentam ne and the I|ke and m xtures thereof, are

5 Usef ul - Tirgg e Bbdifigve, 18 BORAGK S blatn
nitrogen £ Spers sfeh Al 0LXI e of am nes
conpounds %é&ﬁ Rl t neo @% co@p';%éoh averaglng 5to 7
nltrogen at ons per nol ecul e avai | abI e under trade nanmes such as

"Pol yam ne H', "Pol yam ne, 400 , etc.), ol yoxgal kyl ene poI yam nes,

R
and the pol yam do affel Thedispersantadditive of any onef ciaimejs to.8, whereiniths popglymer
4963275, iaral l4nsenecpropylene copolymer containing from § to 40 mole% units derived from

propylene.

10. A lubricating oil concentrate containing from 10 to 80 wt.% of the
dispersant additive product of any of claims 1to Sor 7 to 9.

11. A lubricating oil composition containing from 0.1 to 20 wt.% of the
dispersant additive of any of claims 1 to S or 7 to 9.




The ashl ess di spersant may be prepared by reacting the am ne conpound wth

the polynmer of the invention functionalized with nono- or dicarboxylic acid

.naterial (e.g., succinic anhydride) dissolved or diluted in an inert
‘organic liquid (e.g., mneral oils) to a concentration of about 5 to
95 wt.% The reaction |s general ly condttcgeed at 15 about 100 to 250[err]C
'for about 1 to Q@ t|| t he d of vvat.ergks renoved.
iThe heati ng"??!’%‘r c@grbrel 8 O BYE $OYP  des or

'm xture c@p@iymm des and im des, rat her than am des and salts. The
‘relative proportions of the functionalized pol yner and the

“ami ne can var 7
' of bonds f oBbaiVIA
' di car boxy!l i ¢ aci e

conS|derabI_ dependi ng upon the reactants and the type
RY Cl-hHE ‘.'v‘ui?f-.’!fd‘rbrc‘e\_,i 05 to 1 nole of nono-  or 20

iPenioh 44 dirdcBH /¥n dﬂlﬁtﬁiﬁe bidpé&rhdde AAMiIvE Gorﬂ@ﬁiiﬁ@ ris

NI..00

1 G0 nt e sa

|used per . r.vt e% PoI yner From Al co

Ffuncti onal | Z6dFefe W@d“&% be react ed vm th al cohol s to formesters. The 25
2 COhOlZ et bet el tr al coh.ol 118 58 ﬁaﬁmﬁﬁ? 1_r|t_Kgroxy
: s sat u

pol yhydri ¢ HineRonsl g feleciadn e ki PRSI TR T
contain {1 omdbatstite thet6fand C ﬁ% onoomorslicacids nd deiaived eyt
l'alco

glycol |y€ﬂa%poﬁrg@ﬁ?ae?§;@rﬁﬁ rd%%ﬁ?%w%@%waﬂﬁ%ﬁ%

i e.g., acid fomuis SHaCER], wmemrwmm&tytmgc_g m@mgﬁmearaurémhed alliyhi th t he
; E%ng% Thi
'normal ly i nfol ves hegP%&pﬁﬁﬂéu%bW | otn%fl ze ﬁ‘gﬁgw ﬂi@ﬁ o

alcohols

. al cohol ,

optmolssular yeight dwmwregaﬁ&eés than3, A @@esmps terminating at

_ substanti al {e¥st! 384 of 210 hEISRIeE chdim ksl SOl vent/dr | uent . Terrperat ures from at

| east about 100

ants dem

t he redd®

" up.t.o the te erat,ure at one or nore of
\ @?&%‘@'g@m&@m GomRTEIg ﬁ@%&%ﬁ’}‘ twi t hi n

the range of aboThe heittivRalized 365tipmeds Gan b@@répmd rbdctton of 1-butene-ct-olefin

20

25

30 -

38

lymers with monounsaturated Cq to Cq dicarboxylic reactant compounds and
nounsaturated C3 to C¢ monocarboxylic reactant compounds. Suitable
nucleophilic reactants include amines, alcohols, amino alcohols, reactive metal
compounds, and mixtures thereof.

The dispersant additives have improved viscosity chMensucs relative to the
corresponding commercial PIB-based dispersants, More particularly, formulated cils
and additive concentrates can be prepared using dispersant additives of the invention
with a comparatively higher molecular weight without adversely affecting the
viscometric properties of the system.

Because the dispersant additives are based upon copolymers having a relatively
high level of terminal ethenylidene unsaturation, the additives have high active
ingredient concentrations and, thereby, enhanced lubricating oii dispersancy, as
exhibited by enhanced sludge and varnish control properties.

F’tgtnre E isa pﬂot of the kmemattc viscosities of S150N mineral oil solutions of
the 1-butene-propylene copolymer of Example 1 and of a polyisobutylene of 7, =

2,225 versus solution concentration.

Figure 2 is a plot of the CCS viscosities of S150N mineral oil solutions of the 1-
butene-propylene copolymer of Example 1 and of a polyiscbutylene of 7 5, = 2,225
versus solution concentration.
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fromabut 140 to 250[err]C. The esterification may optionally be conducted

in the -19-
presence of an esterification catalyst (e.g., sulfuric acid, p-toluene
sul fonic acid, and the |ike). Derivatized Polyner From Reactive
Met al s/ Metal Conpounds 5 The fgnpctionalized polymers of the

I nvention canb .reagt.ed eactive netals r.reactive neta
conpounds to for dﬁaé’mttogt %ﬁ%m%cww%ﬁpﬁéﬂiﬁm “lg& of
salts are fm@sﬁ@m&mmmmmamwﬁalms@fmwcmemm versugool yner
substituted EF and di carboxylic acid materials) with the reactive
mat al or @Fﬂ@@ 3@0 Met al conpl exes are typically achi eved by

reacting the furﬁgumrﬂabanf@hqﬁéSwmsmeﬂﬁf S 156N mirera oil solutiehsaffthes as

di scussgd ahaves &Sf‘uﬁo’é@%gen 4@%%%%@ St efsg%@l 98 on.

conpounds -""
Ceneral | y, cohest wc,‘-‘-w of alkali netals, alkaline earth netals, and the

transition nmetal s are useful for- f or mi ng the netal salts and
conpl exes. Swtable ands - incl ude ox , al koxi des, hydroxi des,
phenox| des, DE] LD 4 TIONOF THE INVENTIC! , 15 nitrites,
hal i des, caRaxiiaid DR BEREOlefip Cossiideps. sul fates, sulfites,
bonat N ) ' )
car onja}@es and The copofymefs employed to make the dnspersam additives of the invention are
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: '

15 ' - CH2=CHR' D

wherein R’ is methyl or a C3 to C{ linear or branched alkyl group. The R’ group is
preferably methyl or C3 to Cyg alkyl, and more preferably methyl or C3 to Cg alkyl.
When the alky! group is branched, it preferably has at least one -CHy- group between
20  the ethenyl bond and the branch. Most preferably, the R’ group is methyl or a linear
alky! 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.
Usefia! comonomers inchude propylene, 1-pentene, 1-hexene, 1-heptene, 1-
octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 4-
25  methyl-1-pentene, S-methyl-1-hexene, 6-methyi-1-heptene, 7-methyl-1-octene, and the
like. Preferved comonomers include propylene, 1-hexene, and 1-octene, and the most
preferred is propylene. The 1-butene copolymers of the invention include ternary and
higher copolymers, but binary copolymers are preferred. Thus, preferred copolymers
include 1-butene-propylene copolymers, 1-butene-1-hexene copolymers, and 1-butene-
30 l-octene copolymers. The most preferred are 1-butene-propylene copolymers.
The copolymers of the invention have a number average molecular weight of at
least 700, usually from 700 to 10,000, preferably from 1,000 to 5,000, and most ,
preferably from 1,500 to 4,000 (e.g., from 2,000 to 3,500). The copolymers also have
& molecular weight distribution defined as the ratio of the weight average molecular
35  weight to the number average molecular weight (i.c., MWD =2/ o,/ M p), of less than
5, preferably less than 4, most preferably less than 3 (e.g., between 1.1 and 2.5). My,
and M q can be determined by gel permeation chromatography (GPC) with suitable
celibration. The use of GPC to determine My,
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More particularly, conplex-formng netal reactants include the nitrates,

nitrites, hal i des, carboxyl ates, phosphates, phosphites, sulfates,
sul fites, carbonates, borates, and oxi des of cadm um as well as netal
havi ng atomic nunbers from 24 to 30 (including 20 chrom um a nanganese,
I ron, cobalt, nickel, copper and zinc). Ji;hese netals are the so-

called transitign or cg-ordination metals; e., they are ca abl e of

for m ng. congs¥ g@mnbed, qmmp!sfmt%w %we&nhmkmd apd Iy Medem

i tabl e f oy PPSPANDR LA ChARAGHAN, Job Wiley & Sohg Vo T C°2P°ﬁ3ds
ui |

t he conpl exes ca@%g W&"P r -@E@@y &r@@ssessaiughéegr%ﬁg@u@ﬂmt al

conpounds ughényideds wisepedtiondalse réfarréd fonas visylidene tmsatiahtion)d Thus, oneRfdy mer

ﬁ;g/r g)r(l gsa e derl vatlzeﬂfegtggxng?@%@%ﬁf a"lfo%veyétrtude t he tﬁX' des,

in and RT isz(gkta”ﬁjgaklkyl df kdbutene termindtesnhe zhain, RY xstethyﬁ

phenoxi des ;u
e %%é’%ﬂéw 0 "the

-cadm um |

t hese react]‘i" 3 Syl CLierwise,
funct i onal i esgor mmdmmimmu@mm@rﬂewemmm a!mtam?,s

The functio b briTneRddthh | n
al cohol , Wreaoﬁ%ﬂéwg r‘gg?&%%t un_ %r@‘éi%lm rlrb?'ﬁatlon

of twolér respelyseersaf ﬂwmvemon PHRS terminating gt 3%qu
pol Y{YEV ca 2 ‘ HoréfefablyTethe ﬁyhdene ou k&@ﬁlﬁﬂ&&l t 18R 50%0fthe al S,
reactive ounds aneou

(concurrent u@ﬁﬁﬂﬁeﬁ 4???1 %b%’é?ﬂﬁe ymergha.m ({g 570 to 98%).

In addmtmm, a minor amount of the polymer chains can contsin terminal ethenyl (also
referved to as vinyl) unsaturation (i.e., POLY-CH=CH2, where -CH-=CH2 is ethenyl),
15 and & portion of the polymers can contain internal monounsaturation (e.g., POLY-
CH=CHR", where R" is defined as above). The percentage of polymer chains
exhibiting terminal ethenylidene unsaturation may be determined by FTIR spectroscopic
nalysis, titration, or by C-13 or proton NMR.
The 1-butene copolymers of the invention comprise any oil soluble copolymer
ntaining units derived from 1-butene with at least some units derived from
comonomer(s) of formula (I) , wherein the copolymer has high terminal unsaturation as

described above. Preferably, however, copolymers of the invention contain at least 5

mole%, more prefersbly at least 10 mole%, of units derived from the a-olefin

comonomer(s). Correspondingly, the content of units derived from 1-butene is

25  preferably no greater than 95 mole%, and more preferably not greater than 90 mole%.
In particular, 1-butene-propylens copolymers of the invention preferably contain from $
mole% to 40 mole% units derived from propylene (e.g. 10 to 40 mole%), more
preferably from 10 to 35 mole% (e.g. 15 to 35 mole%), most preferably from 15 to 30
mole% (e.g., 18 to 25 mole%).

30 The copolymers utilized in the present invention can be chmctenzed in terms of
tacticity. The backbones of a-olefin homo- and copcﬁymers generslly consist of
alternating methylene and methine carbons, with hydrocarbyl side chaing attached to the

methine carbons. Consequently, these polymers, unlike PIB, possess asymmetric
carbons in their polymer backbones and can be characterized in terms of their

35 stereochemical configuration; i.e., tacticity. In atactic a-olefin polymers, the
hydracarbyl side chains on the methine carbons have a random orientation about the
polymer backbone. The methine carbons randomly have R and S configurations,
creating adjacent pairs of either like configuration {(a meso or "m* dyad) or unlike

20
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- 20 - Post Treatnent - Boration The am ne and al coho
derivatized polyners of the present invention as descri bed above can
ke post-treated for use as dispersants with a borating agent sel ected
fromthe group consisting of boron oxide, boron halides, boron acids and 5
esters of boron acids in an amobunt to provide fron1about 0.1 atomc
proportion of boron for each nole=dR-the nitrogen conposition to

about 20 at Qif:¥anBé BMHb MWE&H y com ria@a@méupéapaa@wﬁfmwmﬁm g iwith gof

B Tl f 0 Ao P e e
dﬂmmaeﬂaﬂmtene ang anianion Shich is compatible

of said ;_:n;mi ertaiidng]

I T

heating 8t lmmaﬂmnmgmhmheacnvaww om about 100 to 190[err]C for from1l to 5
hours, fol | owed Poxﬁg%ﬂdﬂg'c xﬁasg smgﬁeaﬂéﬁ&%bé fioh bmpRxBOGRAl | S

boric acid, mhlch | S usua urfy to sard nitrogen
conpound. 1'be reprssante: &%@&l tions As already noted, the

derivatized poTyner IS useful as an additive, particularly a

di spersant additiyve OMS bositions. The additives t he

pr esent inventioﬂﬁLE&hﬁdﬁgﬁﬁggsugid& y i ncor poration and dlss& ion into
an ol eaggnous material such as fuels 20 and Iubrlcatlng oils. When the
addi tives of thi.s

flel s such FBEH B pecieal VR LREEH A JRFRe Mot Eolt s Bongelid aft B4
including isamekatioo setalicid] iQstal Qf asd, mdmmmmw fadiealspliydrodachyl kod| s,
etc., a congentdabheNacatthfradicals, halocarbyl and substituted-halocarbyl radicals and
hydrocarbyl- and halocarbyi-substituted organometalloid radicals, disubstituted
15 pnictogen radicals, substituted chalcogen radical and any one, but not more than one, of
Qﬁ to Q, maybea halogen radical; m is an mteger representing the formal valence
harge of M'; n is the total number of ligands Q; and n-m=d.
Axy metal or metalloid capable of forming an anionic complex which is stable in
water may be used or contained in the anion of the second compound. Suitable metals
20 include aluminum, gold, platinum and the like. Suitable metalioids 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 anion) are preferred. Suitable compounds
containing comprising & single boron atom include di- and tri-alkyl ammonium salts,
25 N, N-dialky} anilinium salts, and triaryl phosphonium salts.
' Tonic activators of formula (TI1) can also contsin & plurality of boron atoms such
as carboranes, metallacarboranes and boranes.
Further description, including other examples, of ionic activators which contain
& single anion and which may be used to activate the chiral metallocenes is provided by
30 EP-A-277003, EP-A-277004, WO-A-92/00333, and EP-A-631589.
Alternstively, the ion exchange compound may contsin & compatible, non-
dinating polyanion as described in WQ-A-93/011172.
The metallocenes useful for the production of the 1-butene copolymers
employed in the present invention may also be activated by an anion of a Lewis acid
35 having a relative Lewis acidity greater than or equal to that of
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b
additives in the fuel in the range of typically from0.001 to 0.5, and
preferably 0.005 to 0.15 wt. % based on the total weight of the
conposition, will usually be enployed. 25 The additives of the
present invention find their primary utility in lubricating oi
conpositions which enploy a base oil in which the additives are dissol ved
or dispersed therein. The base 0|I£l$ﬁe oils of lubricating viscosity

and may be n %ﬁ&hs}@f@ as! | s) or synthetic
oils (e.g. @ &?hﬁ?l as dr?o uty e%égw?ﬂ end- gr.oup
modi fied al kyI eneAdR §°’éﬂ@§ ogmvfa tion patalystanay & W’é‘?’&&b"of 30
pol ypropyl e n@rﬁﬁd@i& 8 m&mi prodidiif accdnd MMSJMSZSB? Mvifich dRslosesthay -

T bl rbon o3 s LA el e % Bl R, ¢
the oi |l hy dGsags IVBof the Penodnc Thiblewith a a!mmnmﬁaheam ol ratib of dbmitriel foevel
bl ended wi t hﬁ@@@%ﬁé@%ﬁ Bl g EAEER . vt "an base of | 1o Torma 35
concentrate, and Thecatalystsystent ebtsined bhcontias df tiemietdliodent and thetalurinokang oi |
basest o0k, Lo ope et U gl B gou SO AR by
t y pi cal | y 20foreed oring t@m@dmn@féhﬁwwmm intg the poﬂymenzatm reactos;
" ‘Zg ady ti ¥Smogidonhy Bitfiddt!niay BeBhél nthéfbaltfor by aBimBisre Tl
' the polymerization solvem The supported catalyst systems can be prepared by
adsorbing and complexing the metaliocene and the activator on a catalyst support
msterial. Further description of supported catalyst systems is found in US-A-5057475,
US-A-5017714, US-A-5240894 and W0-A-94/03506. _
18 The polymerization may be carried out as a solution or a slurry polymerization.
" The polymerization may be conducted using the liquid comonomer reactents; i.e., 1-
bmme and at least one c-olefin of formula (T), as the reaction medium. Alternatively, a
~ hydrocarbon solvent/diluent inert to the polymerization can also be employed. Suitable
diluents include straight- and branched-chain hydrocarbons (e.g., propane, isobutane,
20 butane, pentane, isopentane, hexane, heptane, octane, etc. and mixtures thereof), cyclic
and alicyclic hydrocarbons (e.g., cyciohexane, cycioheptane, methylcyclopentane,
methylcyclohexane, etc. and mixtures thereof), and aromatic hydrocarbons (e.g.,
benzene, toluene, xylene, etc. and mixtures thereof).
: The feedstream containing the 1-butene reactant may optionally contain other
25 C4, hydmc&rbons The feedstream typically compnses less than about 5 wt.%,
preferably less than 4 wt.%, and most preferably less than 3 wt.% isobutylene; at least
ab@ut 12 wt.%, preferably at least 30 wt.%, and most preferably at least 45 wt.% total
n-butenes (i.e., 1-butene and 2-butene); less than about 1 wt. % butadiene; and n-
butane and isobutane. The isobutylene and 2-butene components of the C4 feedstream
30 are substantially non-reactive in the presence of the catalyst systems and under the |
polymerization conditions employed as described herein, so that the resulting polymer
contains essentially no units derived from polymerization of 2-butene and isobutylene.
These C4 feedstreams can comprise spent C4 streams produced as by-products
of the manufacture of polyisobutylene or methyl-tert-butyl ether wherein the Cg
35 feedstream (often referred to as Raffinate IT) contains less than about 5 wt.%
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base oil, based on the concentrate weight. The additives of
the present invention may be m xed with other types of conventi onal
additives, each selected to performat |east one desired function. Among 5
the other additives which may be in the lubricating oil fornulation are
met al cont ai ni ng detergent/inhibitors, viscosity nodifiers,
anti-wear agents and pour depressants. Th#- net al

det t/i pgibi Daable abdetdr. Wherddg
ar th ot ol Rebstl)i3 aff CortRAI anhphiRpiate il ROk re“‘s of 2‘:&%
ms &8 APy e& g FQuomers cweb&&%eig @@%ﬂm

salts) of oH&ea

napht henat eii% BRRALES i b%hﬁcénlthﬁ)mﬂ iMredients lave 4 ind isgbstarially ﬁeeefog

generally h @f@@@n@gﬁ pzm eStfe!éspé‘ﬁ?ﬁ}!l %ﬂé*ﬁeﬁ#} tl.ze(rja'ég

| mpart
mol ecul ag WE&WM glf mobecular saevesm[wmr]drymg tidhsms prior & Imvmtmdmumagent S
|

ooy o O%M‘#’h’g m&w nor e om%mtoﬁg mxgg !?I ves typl cally are

Conposi tion
15 bl endeﬂm@&t@mmwmemﬂmmmxm mm@um &R0 emﬂﬂde

their nornma 9&?%@&@@& ﬁ‘gﬁhéwﬁﬁoy & Wt@ﬂﬁl tives

of the presen |%’vent|on e
di sper sant mgmw&yf sivgu ‘-.“ﬂ‘?*'*—f‘- Hely AF t%eW\ﬁFd% GGM&HS‘Z %FM% y 0.1

to 6 wygdb dﬁtw&nﬁm&@m s hERAGIe polimerization. As

i ‘. A 1 & E AT

Additive concent rat es concentr at ed sol of t he .addi tives of
this 20 pRIYERE ihel Q&%%MW@WWWY@W&@ CIEHEDT- PR i ves can
be prepared c@ﬂzp&ﬁén @fthe reaction|gnresicled monsmeoardwivensgreaither fidskedeon t he

subj ect addi,z I#@@d‘ft ||nﬁn%wﬂ%ﬁm%wwﬁ?&%@%%@e

amounts as &8
addi tive toget herTheigolynesrizetiomnidy be conducted: gpmtinudusly drrsemi-abatir aasﬂshyo 90

0
\EISVtO' \/(Z : ‘%%ES i m\/ﬁ mﬁ“@ﬁ@% @%@J&ﬁ%ﬁoﬁ%m ﬂm ﬁim%%gconcent r at et WI2|5| to
typical |y betreammiswitangously fesdingithe 1 fhutengicamansmer(s), and (optionslly) lwentin
necesssary ffy Bézﬁﬂmhﬂﬁ@& Mﬁ@t&ﬁ&aﬁﬁ% Solieklier i Ond iﬁrémﬁfaﬁd B bimuftahidclilyOn
o e OO ithiravaing from 1o foacior any unescted ssoromer, diliese BBt i ite
allow a residence time of ingredients long enough for forming polymer of the desired i
20 molecular weight. After withdrawal from the reactor, the poﬁymer is separated from the
reaction mixture.
The preferred method for preparing the Eebuteneeaaolleﬁm copolymers of the
invention is & continuous polymerization process using a metallocene catalyst and
employing a dilute 1-butene-containing liquid feedstream wherein the amount of diluent
25  is at least 30 wt.% of the stream before admixture with the a-olefin of formula (I). The
preferred method is disclosed in WO-A-95/33779 entitled "DILUTE PROCESS FOR
‘THE POLYMERIZATION OF NON-ETHYLENE o-OLEFIN HOMOPOLYMERS
AND COPOLYMERS USING METALLOCENE CATALYST SYSTEMS".

| The ﬁmcmomﬁwed po&ymer emplcyed to make the dispersant additives of the
invention is prepared by chemically modifying the butene-1 copolymer (hereinafter,
alternstively, referred to simply as the polymer) to have moieties present within its
structure which contain or constitute at least one acyl functional group selected from

35 the group consisting of C4 to Cqg dicarboxylic acids and derivetives thereof and C3 to
C1¢ monocarboxylic acids and derivatives thereof. In particular, the polymer
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The invention is described in nore detail, though only by way of

illustration, in the foll owi ng exanples. 30 EXAMPLE 1 -
Preparati on of 1-Butene-propylene Copol yner | sobut ane,
1-butene (99 wt.% m ninum purity), and propylene (99.9 w.% . m ni num

purity) were separately fed as liquids under heliumpressure to a stirred
m Xxi-ng tank (vvorkl ng capacity = 68 kg (155@4bs )) to forma liquefied

FL e- {e?clt | ONsheish nzoidhmtm:ﬂﬂnuﬁt Br HidarbBey Ekfn%x%m&ﬁ%msPﬁam@MeﬁnmLmd bon
e tota e.nm xtu cl udi,ng dil ue m ned by
t he anounts EB&“@M © SEACHER BFR ”FEBF@‘BPPW%WW ounsar}umtggﬁ;ﬁig fromthe
appropri ate ;,m 21t w,m‘w: selettedifionbtiiegpoup Edhsiting of (i) Wt . %
and 1-buteng

cont | nuOuS| Aapibandd cg 18 cy HBHAGE 1R b A %ﬁ&%ﬁm%) Me%o%y@%uw&%

PCT/ US95/507 3@teched to adjacent carbon atoms and (b) at least one of the adjacent carbon atons-is

using press Eh§%x§r9ﬂ ;c]dhé,a %Péoﬁg ShonB0pfl Ni Ng
activated W&J@Em ruﬁélé and a gﬂgé@] ﬁdé?‘[?f %féﬁent ms cont al nibﬁg 3A
mol ecul ar s.@e@@@@m@mﬁ(’% (iif) menoyesatursred G5 &0 (1o mongcHh

conmponent s fyR&Reh ﬁ%h%uﬂbbbﬂﬂ@aﬁ@ﬁ@tﬂhﬁmrbo MUre

baffled, 1 2- ¢ B@pﬁéﬂdeﬁ&%ﬁnﬁo@a@@%&‘e Bith RO rraGiosE S s ﬁéﬁé"%é&ubﬁe the
feed ratie t tbdnd of the moBSumsenwited carBorylicaeain becomesmaturaetn Thugdor at 1700
kPa gauge. Reex%zcntphe? Tnaleic anhydride reacted with the polymer becomes succinic anhydride,
- maleic acid becomes succinic acid, and acrylic acid becomes a propionic acid.
Suitable unsaturated acid materials usefu! as functional compounds include
acrylic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, and the like.
1%  Particularly preferred are the unsaturated dicarboxylic acids and their derivatives,
~ especially maleic acid, fumaric acid and maleic anhydride.
A portion 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,
20 can be used in further derivatization reactions to make, for example, dispersant.
' The polymer product can be characterized in terms of its active ingredient
(A.L), which is the weight fraction of functionalized polymer, based on the total weight
jonalized and unfunctionalized polymer in the product. The A.L for polymers
of the present invention is typically at least 0.50, preferably from 0.65 to 0.99, more
preferably .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 '
fimctionalization, the "ene” reaction, and free radical grafting. For halogen assisted
polymer fimctionalization, the polymer can be first halogenated to about 1 to 8 wt.%
30 halogen (e.g., chiorine or bromine), based on the weight of polymer, by passing the
halogen through the polymer at a temperature of 60 to 250°C for about 0.5 to 10
hours. The halogensted 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

35 per mole of the halogenated polymer. Processes of this general type are taught in US-

 A-3087936, US-A-3172892, and US-A-3272746. Alternatively, the polymer and the

monounsaturated carboxyﬁic reactant can be mixed and heated while adding halogen
(e.g., chiorine) to the

28
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tenperature was set at 60[err]C At the sane time, a solution
of racem c di nethylsilanyl-bridged bis(4,5,6,7- t et rahydr oi ndenyl )
ZrC[err] catalyst and nethyl al um noxane cocatal yst was separately and 10
continuously fed to the reactor. Catalyst concentration in the reactor was
set at 2.84 x 10[ err] gran}nDIelllter by nanlpulatlon of the catal yst
solution feed rate in conjunction wth the pre-reaction mixture feed

rate. The Ahstnateieb Prodédses dﬂ&sk?ﬁ!kré dssmeed in US-AC32B9709! 323168V al yst

101" o et nyP Ao 1 B MR o ey 5 21 scon um

di chl ori de cat al Vidse pblymerding tied me&umamdt&mb@whe;é&m%dmhewmw

593 ol o of LR %**?*??é‘&éfaesm;w&%“*%wéf&%%?%@f b 1o

obt ai n the polyaier sod carboxylicaeactans v mgm@cmlﬂma
dri ed. AR the
top of the reagvj[a%err(egblﬁﬁdﬂ‘rta i‘%éﬁ ute AqUEOUS soi %‘ﬁ%@# ?411

: Mﬁ%@z@%@c @rabodu@tz ou%s’Ewn@hre@agh a
heat exchangficeiss iAdest %wmasmé?j mmdmmml hg to

at nospheric pres to rem)\fe unre ct ed nopoper butﬂane fromthe
pol yrer pr W%%@L@%ﬂy RGO o
have ajmrrby@m@ﬁmmwmmﬁmmLmsza@B wei ght di stri butlon of 1.68, as
determ ned by ge er neat i r usi Rl B rd. The
propyl ene contenw ”ﬂg'l"?ﬁ‘@ %ﬁ%% @%ﬂ%ﬁdﬁ% yr%engi%

car bon- 13 lemwm@n’mwﬂm&W@gaanmor@gmm@eﬂ,mmpﬁmmant 30

0 a Parr a8l geeR0h L ATRS oy BRfaiuep " e

I n Exanpl e was rea Wi : ‘ ng .u@ )
250[err] C omly d!smbmed wmthm ats structure The free mdncalsmducedl ;» ns generally
15 camed out at an elevated temperature in the range of sbout 100 to 250°C, preferably in

an inert atmosphere (e.g., Ny blanket).

caustic, sciabbddatitemper

The fumgnahzed polymer (i.e., polymer substituted carboxylic
20 acids/anhydrides/esters) prepared as described above can be derivatized by reaction
with a mucleophilic reactant such as amines, amino alcohols, alcohols, reactive metals,
reactive metal compounds, etc. to form derivatized polymer. The derivatized polymer
compositions of the present invention can be used as dispersant additives in lubricant
and fuel compositions. | :

25

Ussfu! amine compounds for derivatizing functionalized polymers comprise at
least one amine and can comprise one or more additional amines or other reactive polar
groups. 'The functional group comprising a carboxylic acid, ester or derivative thereof

30 reacts with the aiiine to form an amide or imide.
referred amines are aliphatic saturated amines, mcﬂudmg mono- and
(pm’efefwﬂy) polyamines containing 2 to 60, preferably 2 to 40 (e.g. 3 to 20), total
carbon atoms and 1 to 12, preferably 3 to 12 (e.g., 3 t0 9 nitrogen atoms) in the
_ molecule. These amines may be hydrocarbyl amines or may be hydrocarbyl amines
35 including other groups, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles,
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The excess mal ei ¢ anhydride was stripped with nitrogen at 220[err]C for 1
hour to yield a 1- but ene- propyl ene succi nic anhydride (BPSA) with a
gaponi fication nunber of 32.7. Then 140 grans of the BPSA was

di ssolved in 113.6 grans of S150N mineral 35 |lubricating base oil formng
a solution. 4.7 grans of a commercial polyam ne was added dropwi se to
the oil solution of BPSA at 149[err] C ove?Y~a period of 25 m nutes. The

pol yam ne (m&hmkmagmmmm theliket Hytiroxy amineg {sisoneeféread topsaminy elcalypis)of
about 6 OIS, - ahds O per
mol ecul e TRE soﬁlné)l*‘on YD Ot 5@%@@%%1%1&9%&&&&%@8&%&

PCT/ US96/ 07 irthylene tetramine, tetracthylene pentamine and the like and mixtures thereof; gre

was then stgi ggﬁﬂmtrogen at 160[err]C for 60 mnutes, to yield a

di spersant Sol ut_oh_ . containjng 0.62 w. % . EXAMPLE 3 -
Vi sconet®i ¢ Meas &isefil amipes somc!udea?‘cyql@d;q@ms, Q%SWW%W gencampounds | ons
of the 1- buhm@mbw mgm,mofmmm?¢@@§(g le 1 were

prepared at seyeral_ on(;entrat i n t.he . range o to 8 w.%
Anal ogous sBPIESieEeRs SRR 815 e Slos S g gl U7
w@mmaummmeﬂh@emm vyeted, neasured in

L & AR e o]
DAnTIE m“,\ 2ol |

al so prepar gehilabl

cent i st Okesowgﬁéeﬂm& sl 1hE pRAM A ariRddPcesiibbal B REY! U

plotted as
10 4857217, 4563275, and 4956107.

- The ashiess 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
oils) to & concentration of about 5 to 95 wt.%. The reaction is generally conducted at
15 =&bout 100 to 250°C for about 1 to 10 hours until the desired amount of water is
removed. The heating is preferably carried out to favor formation of imides or mixture
of amides and imides, rather than amides and salts. The relative proportions of the
functionalized polymer and the amine can vary considerably depending upon the
reactants and the type of bonds formed, but generally from 0.0S to 1 mole of mono- or
20 dncnrboxyhc acid pmducmg moiety content in the functionalized polymer is used per

The ﬁmcu@mﬂmd polymem’s cen be reacted with aﬁcohols to form esters. The
25 glcohols may be monohydric alcohols, polyhydric alcohols, aromatic hydroxy
" compounds, unsaturated alcohols, ether-alcohols or amino-alcohols. The polyhydric
aleohols are the most preferred alcohols and preferably contain from about 2 to 10
hydroxy radicals. Suitable polyhydric alcohols include ethyelen glycol, diethylene
glyeol, triethylene glycol, glycerol, pentaerythritol, and so forth. The functionalized,
30 e.g., acid functionalized, polymers of this invention are reacted with the alcohols |
gccording to conventiona! esterification techniques. This normally involves heating the
functionalized polymer with the alcohol, optionally in the presence of 2 normally liquid,
substantially inert, organic liquid solvent/diluent. Temperatures from at least about 100 -
°C up to the temperature at which cne or more of the reactants decompose are used.
35  The tempersature 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
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10 sol ution concentration, as shown in Figure 1. Simlarly, the CCS

vi scosities of the sol utions were neasured in centipoise at -20[err]C
8si ng ASTM Met hod No. D2602, and plotted as shown in Figure 2. The

ki nemati c and CCS viscosities of the 1-butene- propyl ene copol yner
solutions were | ower than those for the polyisobutyl ene at the sane
concentration, even though the degree of 1fol ynerization of the 1-butene- 15
propyl ene Cop@ielERss adstdrifidaidn édm?m (@l S sulfilridcid fp-tolifnd Sl ifoniORid, e s

Di spersant . 150N mineral oil utions of the BPSA- PAM dlspersant

pr epar ed ﬂﬂ@ “in Exanple 2 mere prepared at several concentrations over
the range fromO0.5 to 4 . % Analogous sol utions were al so prepared

of a cormerl , Srom Rkt g ersant prepared by the | ow
-tenperature & T t ‘ yrsobutyl ene ([err]=
2,225; [®8rr]= 5, Gﬂ@) nelized cﬁmmﬁﬁ@um%onmbwmémmremwpm@dag a

pol yet hyl eng, C'Io?é!x%iﬁ:%! %ﬂ%&&%@é@@ﬁ@@@@@ M

an average of on atons_per nol ecul €° pr.ocess

| oners the formed by-reastiogcof tae fsctionalied polymer G £hgolyey sastitited ene
backbone by MJM icarbé¥fic acﬂd mateHaB) %Wﬁd&@ﬂ%‘ﬂmmm&ﬁﬁ dl@ﬂ@s of the

sol utions re as red as d i hed | ) recedi ra h and
pl ot ted as\%@?@iTE %&‘L I @'I’B Qj’ﬁglégl’? nd 4

respectjgel ﬁmﬂé&@nﬂﬂm@lﬁ@h@l&@sdﬁm dlRsveahd alse VRSN VBSA-

PAM wer e qui_t 5| mlar despi t.e. thg |f|cant dlffer F@ﬁ rml ecul ar
wei ght of 4% B8 e S SRR Reiation indfi
The perfor Memﬂymemmeumﬁs dfiatkaBP®talsslkadine mhmﬂqgnﬂaﬁmemwm&xanpl e

éx\gerr{aleeconp%&gs&%ﬁs?ﬂﬁ?m nﬂgftﬂég@%&isﬂsﬁﬁ oséstsl ons con?@iﬁﬁﬁe?h;n

di sper sant s inclid %W@nﬂ es, p em:@dasr]d ®s {eg methylates), nitratessh
i nhi bi tjgn \fmﬁmﬂﬁéﬂmm&@ c&msgynais@, PHRpIE, pRSdphites, SHIBRE, S@fifes, carbonates and
borates. |

_ More particularly, complex-forming metal reactants include the nitrates, nitrites,
halides, carboxylates, phosphates, phosphites, sulfates, sulfites, carbonates, borates, and
oxides of cadmium as well as metal having atomic numbers from 24 to 30 (including

20  chromium, manganese, iron, cobalt, nickel, copper and zinc). These metals are the so-
called transition or co-ordination metals; i.e., they are capable of forming complexes by
means of their secondary or co-ordination valence. Further disclosure directed to the
reactive metal compounds suitable for forming such complexes and of processes for
preparing the complexes can be found in US-A-3306908.

25 Reactive metal compounds useful in preparing salts from the functionalized
' polymer and/or an amine derivatized polymer as described above include the oxides,
hydroxides, carbonstes, halides, atkylates (e.g., methylates), and phenoxides of the
alkali metals, alkaline earth metals, zinc, cadmium, lead, cobslt and nickel. Further
disclosure directed to these reactive metal compounds and of processes for preparing

30 the functionalized polymer salts therefrom can be found in US Reissue 26433.

The functionalized polymer can be reacted with any individual amine, alcohoi,
reactive metal, reactive metal compound or any combination of two or more of any of
these. Furthermore, the functionalized polymer can be reacted with the amines,
alcohals, reactive metals, reactive metal compounds, or their mixtures simultaneously

35 (comcurrently) or sequentially in any order.

AMENDED SHEET
IPEAJEP



35 is added to a clear, bright supernatant oil obtained froma used

crankcase oi l conposition that been used in a taxicab. The used
¢rankcase oil contains a base mneral lubricating oil, a viscosity
nodi fier, a pour point depressant and a zinc di al kyl di t hi ophosphat e
anti-wear additive, but itself has no digpersant additive. This

- 24- super nat ant 0|I has been separated fromthe oil insol uble

sl udge depoBoitsTrelingnt ¢ Bore ~in the crankcase oil durlng use, but it

-

still contains o ting under
t he conditions oﬁ?%@@@@%@% > g&@%@&ﬂ = nso@ubl g
ﬂgg;)fln t st hlﬂmbﬂ@wmbepnmﬁomum dispersants withea qus sgensd by
conrparlgng tﬁgéu anrnuntmmgg i[gd%@kl%ﬁ%merOQ% ﬁo%n@ﬂ %?r&g%%sd tq the
anount f2r neHeIsP dgrip pn pmoypile mwﬁﬂ ﬁr@Mmmﬁ gat@wqmopomon e oil.

val ues nr@@m 10 of the'MfrbEen coRsposiivh o ghout m@&mgmpmm@m to 11
SI B val % Bl GoRShoRIED

Sl xed wi 1 FOTORSOE S0 sermic Rspporsion o€ plrbprd . dts Dppited dE el AOVERT | <

then subj ecmﬂcdm&mnm 0596 2.0 w6.1% 088 3205 a7 wm% wlmrmsd cohisitatgl heat

et or mined etk OF Wi il RircgerE bR BBl oPbd s "ot 1 he test

determ ned ¥
fl asks s=nd corrpatmhebﬁmﬁmtbﬁaddmg&ombadﬁ@ﬂﬁw4 wil % (hasedoon thee

reported o nw&ghﬁ b the Heribari 8l Potynik?) 5F the BBatihg adent @R heating with stirring at
from about 100 to 190°C for from 1 to 5 hours, followed by nitrogen stripping. A
preferred borating agent is boric acid, which is usually added as a slurry to said nitrogen
compound.

i85

As &hﬂeady nmed, the deﬁvauzned polymer is useful as an additive, particularly a
dispersant additive, in oleaginous compositions. The additives of the present invention
may be used by incorporation and dissolution into an oleaginous material such as fuels

20 and lubricating oils. When the additives of this invention are used in normally liquid
petmﬂeum fuels such as middle distillates boiling from about 65 to 430°C, including
kerosene, diesel fisels, home heating fuel ofl, jet fuels, etc., & concentration of the

additives in the fuel in the range of typically from 0.001 to 0.5, and preferably 0.005 to
0.15 wt. %, based on the total weight of the composition, will usually be employed.

25 The additives of the present invention find their 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 of lubricating viscosity and may be natural oils (e.g.,
liquid petroleum oils) or synthetic oils {e.g., hydrocarbon oils such as polybutylenes,
end-group modified alkylene oxide polymers and copolymers such as diethy! ether of

30 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
additives can be blended with & suitable oil-soluble solvent and base oil to form a

ncentrate, and the concentrate can then be blended with a lubricating oil basestock to
obtain the final formulation. Such dispersant concentrates will contain, on an A.L basis,

from 10 to 80 wt.%, typically 20 to 60 wt.%, and preferably from 40

38
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i nhibition). 15 - A nore detailed description of the SIB and VIB
tests can be found in US A- 4954572. At equi val ent
active ingredients, the BPSA-PAM had a SIB value = 1.37 and VIB = 4,
wher eas the borated Pl BSA-PAM had 4.26 SIB and 5 VIB. The results
denonstrate that, at equival ent visconetrics, the BPSA-PAM di spersant has
20 performance advant ages over the Pl szased di spersant.

- 25 - CLAI {6550 wat. %, addmvéé arftypichliyp®bibioeo SOSPEY:S prefierablglifiony 0 6O6PWE.9%,N0
the reactio &?f g (gpol ymer functionalized to have
withinita @?& § élmﬁﬁﬁg’fceﬂﬁﬁt iﬁé‘ functional group selected fromthe
group consi sti ng%a@ﬂﬂveﬁoﬁtheﬁmm]mmuam hmyibbmxﬁ:wﬁh ottendypee of vat i ves

t her eof and S eo

t he copoly corrprl S| ng %Lgﬁﬂ%ﬁé@f@@@é%ﬁﬁg%ﬁ@ %ﬁ‘? dgﬁ%uﬁﬁéﬁégst&@&g ot her
[err]-ol%fit .‘ bagiprthe lluhnemfgrmwom@hm auwmmlw nng] to

Cerr] Ii w;r w@%ﬁl%ﬁﬁ&%&'ﬁmﬁﬁﬁd %sgéﬂsjt byt i on

aver age nol ecu
“of less thafetsl ortR @egwaliRasicn fsthesed alkal or alkaline earth

saits or mixtures thereof, (e.g. mixtures of Ca and Mg salts) of one or More Organic
acids, (e.g., sulfonates, naphthenates, phenates and the like). Viscosity modifiers are
10 gmm‘alﬂy hydrocarbon polymers or polyesters, optionally derivatized to impart
lispersancy or some other property, having number average molecular weights of from
@3 to 106, The antiwear agents are typically oil-scluble zinc dxhydmcarbyﬂ
dithiophosphates.
Compositions, when containing one or more of these additives, typicaily are
15 blended into the base oil in amounts which are effective to provide their normal
- attendant function. In such compositions, the additives of the present invention are
genenally employed (e.g., as a dispersant additive) in an amount of 0.1 to 20 wt.%,
prefersbly 0.1 to 6 wt.%, based upon the total weight of the composition.
Additive concentrates comprising concentrated solutions of the additives of this
20 invention together with one or more of these other additives can be prepared by adding
the additives to the base oil, wherein the subject additives of this invention are present
in concentrate amounts as described above. The collective amounts of the subject
additive together with other additives is typically from about 2.5 to 90 wt.%, prefecably
gbout 15 to 75 wt.%, &nd most preferably about 25 to 60 wt.% additives with base ol
25 as the balance. The concentrate will typically be formulated to contain the additives in
the amounts necessary to provide the desired concentration in the final formulation
when the concentrate is combined with a predetermined amount of base lubricant.
The invention is described in more detail, though only by way of illustration, in
the following examp!les _

3¢

Jﬁsohutane ebutem (99 wt % minimum pumy) and pmpylene (99.9 wt.%
minimum pusity) were separately fed as liquids under helium pressure to a stirred
mixing tank (working capacity = 68 kg (150 Ibs.)) to form a liquefied pre-reaction feed
mixture having the following composition, based on the total weight of the mixture
35 including diluents, as determined by the amounts of each component fed to the stirred

mixing tank from the appropriate reservoirs: propylene, 4.6 wt.%; isobutane, 60.9

wt.%; and 1-butene, 34.5 wt.%. The liquefied preefeamon mixture was then
continnously passed
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| east 30% of all polyner chains; and (b) at |east one derivatizing
conpound conprising a nucl eophilic reactant. 2. The di spersant
additive of claim1l, wherein the acyl functional group is derived from at
| east one nonounsaturated carboxylic reactant selected fromthe group
consisting of (i) nmonounsaturated Clerr] _to (Jerr] dicarboxylic acids- y
wherein-(a) the- carboxyl groups attac to adj acent carbon atonms and (b)

at | east ongspefnstdae oﬂadsﬁmrdég frated dronetienoil insolpbls sludge amsmmnwmwat i on;
i

(ii) anhydride or @!ﬁ’lﬁ%@? S{ﬂ' \o/ﬁgleg)@%p ?éch;g%qgf\%lggxw i ¢

ggrhga&%z?Zm;hmnmgmmdudmecmmkmmudﬂhhtSﬂbunuuménmﬁmmdmmhﬁmmﬁmﬂﬂnﬂﬁumhxy
gr OEIJ'Ee glngpééfp%ﬂ ﬁqf%édl ’tl&#e ?Mo}x Q?Mémgé/%&ﬁf lstfi e nuc ﬁ'shﬁg{ gé r eact ant is
at | eas ondispessastoildlenddn sif for savenehbougs mcammmgtthe\gmgmamh@se (ﬂarﬂ@
Wtﬁé% ﬁmél&ﬁ%tg]&%@ Jer o Rk E&ﬂh r ct ant is
NN SN T o
atons per niphibiié 5. The dlspersant additive of claim 4, mhereln
2ddi t1ve of ”py ﬁﬂh@ Staes, R et damt it sthe e as BB e S0B,  ¢
at | eaq® onestreThecsil ischercsubjbcfeddoond er mwooe festeyetes shit mchede leatsoaking, heat
anhydri de, @éﬁﬁg%ﬁ eﬁ;ﬁbs%m 'ROPSOR! B8H GafdE! Famish inhibition is determined by
visua! 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). ‘
18 A more detailed description of the SIB and VIB tests can be found in US-A-
4954572, |
At equivalent active ingredients, the BPSA-PAM had a SIB value = 1.37 and
whereas the borated PIBSA-PAM had 4.26 SIB and 5 VIB. The results
demonstrate that, at equivalent viscometrics, the BPSA-PAM dispersant has
20 performance advantages over the PIB-based dispersant.

Zl. C'(I)'Egl Zi sp gan'gg?éﬁ

an anmine c

AMENDED SHEET
IPEA/EP



L 4

- 26 - 7. The dispersant additive of clai
copol yner .has an isotactic index of at |east 70% ' r“ J H “
- di spersant additive of claim1, wherein the additive is borae t@otas

bor at ed di spersant additive containing fromO0.05 to 2.0 wei ght percent
bor on. 9. The dispersant_additive of any one of clains 1
to 8 wherein the copolyner is a 1-but endd propyl ene copol yner cont ai ni ng
from5 to 4@rmmMEo units derived from propyl ene. 10. A
| ubricating oil concentrate containing from10 to 80 wt.% of the dispersant
additive product of any of clains 1 to 5 or 7 to 9. '

. 1. An oil-soluble dispersant additive comprising the reaction product of:

(a) a copolymer functionalized to have within its structure at least one acyl
functional group selected from the grbup consisting of C4 to C1¢ dicarboxylic acids
and derivatives thereof and C3 to Cyo monocarboxylic acids and derivatives thereof,
the copolymer comprising units derived from 1-butene and at least one other a-olefin of
formulas CHy=CHR', wherein R’ is methyl or a C3 to Cy linear or branched alkyl
group, the copolymer having a number average molecular weight of at least 700, 8
molecular weight distribution of less than 5, and ethenyhdeme groups terminating at
least 30% of all polymer chains; and

(b) at least one derivatizing compcu_nd comprising a nucleophilic reactant.

2. The dispersant additive of claim 1, wherein the acyl functional group is
derived from at least one monounsaturated carboxylic reactant selected from the group
consisting of (i) monounsaturated C4 to Cyq dicarboxylic acids wherein (a) the
carboxyl groups are attached to adjacent carbon atoms and (b) at least one of the
adjacent carbon atoms is part of the monounsaturation; (i} anhydride or C1 to Cs
alcohol derived mono- or diester derivatives of (i); (jii) monounsaturated C3 to Cig
monocarboxylic acids wherein the carbon-carbon double bond is allylic to the carboxy
group; and (iv) Cj to Cs alcohol derived monoesters of (iii).

3. The dispersant additive of claim 2, wherein the nucleophilic reactant is at
ieast one member selected from the group consisting of amines, amino alcohols,
alcohols, reactant metal compounds and mixtures thereof.

4. The dispersant additive of claim 3, wherein the nucleophilic reactant is an
amine containing ﬁ‘@m 2 to 60 carbon atoms and from 1 to 12 mtmgen atoms per
molecule.

. The dispersant additive of claim 4, wherein the amine comprises
polyethylenepolyamine.

6. The dispersant additive of any one of claims 3 to 5, wherein the acyl
fumc&mmﬂl group is at least one member selected from the group consﬂstmg of succinic
anhydride, succinic acid, and propionic acid. :
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11.- A lubricating oil conposition containing fromO0.1 to 20 .
~di spersent additive of any of clains 1 to 5 or 7 to 9. Vﬂ" ﬁm"
Y
. _ L]

-26-
7. The dispersant additive of claim 1, wherein the copolymer has an isotactic
index of at least 70%.

8. The dispersant additive .of claim 1, wherein the additive is borated to obtain a
borated dispersant additive containing from 0.05 to 2.0 weight percent boron.

icating oil concentrate containing from 10 to 80 wt.% of the dispersant
additive product of any of claims 1 to 5 or 7 o 8.

10. A lubricating oil composition oonminiﬁg from 0.1 to 20 wt.% of the
srsant additive of any of claims I to S or 7 t0 8. '
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