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particularly useful as viscosity improvers having improved oxidative stability.

15 BACKGROUND OF THE INVENTION

The viscosity of oils of lubricating viscosity is generally dependent upon
temperature. As the temperature of the oil is increased, the viscosity usually
decreases, and as the temperature is reduced, the viscosity usually increases.

The function of a viscosity improver is to reduce the extent of the decrease in

20  viscosity as the temperature is raised or to reduce the extent of the increase in
viscosity as the temperature is lowered, or both. Thus, a viscosity improver
ameliorates the change of viscosity of an oil containing it with changes in
temperature. The fluidity characteristics of the oil are improved since the oil
maintains a more consistent viscosity over a wider range of temperatures.

25 Viscosity improvers are usually polymeric materials and are often referred to
as viscosity index improvers and sometimes as viscosity modifiers.

Ester group containing polymers are well-known additives for improving the
fluidity characteristic of lubricating oils. Polyacrylate, particularly polymethacrylate
ester polymers, and esterified carboxy-containing interpolymers are well-known and

30 are widely used for this purpose.

Dispersants are also well-known in the lubricating art. Dispersants are

employed in lubricants to keep impurities, particularly those formed during
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» 30 are widely used for this purpose. Dispersants are also well-known in the
| ubricating art. Dispersants are enployed in lubricants to keep inpurities,
particularly those fornmed during 1 3 N OV 20D3 operation of machinery,
in suspension rather than allow ng themto deposit on the spyrfaces of parts
contacted by the lubricant. Miltifunctional additives that gpo'\‘ﬁvdé’m@ot h
viscosity inproving properties and di spersant properties are |ikew se known
in the art. Such products are described 5 in nunerous publications

including Dieter..Kl nn... "Lubricants and Rel ated Products”, Verl ag.Chem e
b ( 1684, SpsgidseSy B hiperl SRl it Yoo FEWTL T B gemtff | SHPune

Addi tives", L@FiceSotpdr@Toitctel b lubMail, Ranney, "Lubricant Additives”,
Noyes Data Corp. (1973), pp 92-145, MW Ranney, "Lubricant Additives,
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Ranney, "Synthetic O ls and. Additives for Lubricants” es Daja r.p.
(1980) . pp’ oRMdeberiant Arhrish AR RPTLHanT & SPeborogies agalegerived

i ncor por a§ edihfugieforRY phit@FEAL Enclliding SDRte: OK kmMB, FQubABIRY &ndnREmiegdant

properties of organic conpositions such as lubricants and fuel by adding
t heret o ant i Bradwaist, Atarlagubhemsaichimbhl (W84).neer d853A3NAT.Y, Swmiathger and

ds, in . i . i .and the 1] . i i I h h
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under pr ol onfyediropere&remvg. condi ti ons in severe environnents. 25 One of the
maj or requirenents for automatic transm ssion fluids has been inproved | ow
: B

t enperat ure perfo_tn’ﬁr?&?, e EHJWP@HYG ?“étéfﬁ‘l‘ BHBFRPCH]S XTHEYS A HESIS um
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requi renents as low as 10, 000 cent’ pors -40C. The viscosity np
may conpild se hindsiedphtnalssulfpr amopdunds) ceftaih laeorhaticadminekhriditheliky st em enpl oyed

| ow t enper at ure. pdif GPHERS B SER I P ET PFBIHanC ECaHXBETeT B2t oo
are al so degaﬁ@e%e‘fy ia'f'fegt the low-temperature viscosity of the lubricant containing same.
Frequently, while many viscosity improvers or dispersant viscosity improvers
enhance the high temperature viscosity characteristics of lubricating oil, the low

20 temperature properties of the treated lubricant become worse.

Lubricating oils are frequently used in environments that promote oxidation,
so it is desirable to manufacture products for use in lubricating oil compositions that
do not undergo detrimental degradation under prolonged operating conditions in
severe environments.

25 One of the major requirements for automatic transmission fluids has been
improved low temperature performance, the current requirement approximating a
maximum Brookfield viscosity of 20,000 centipoise, and more stringent future
requirements as low as 10,000 centipoise at -40°C. The viscosity modifier may
comprise a significant proportion of the total additive system employed in an

30 automatic transmission fluid and can have a major impact on the low temperature

performance. Low temperature performance characteristics are also desirable in



. i 1:3 NOv 20p3 ot her applications such as in gear |ubricants. The

copolyners of this invention are also useful in many other |ubricating oi
conposi tions including, but not limted to engine oils, hydraulic oils,
industrial oils, etc. It is desirable, and a primary objec §ﬁoghﬁ@&
invention, to prOV|de 5 conpositions that can successfully resrst i dation
under use in severe environnents. Another inportant object is to provide
conpositions that reduce the extent of | oss of viscosity at high

t enper at ur es ile.not adversel reaS|n ture vViscosity

or T obet ont ot anpESian Sel aru el UiRues Tha ContVmR B HR Bl ulohe
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i nt er pol yner enviroatentse resistant to shearing. 20 O her objects will in part
be obvious in view of this di sclosure and will in, éa ear herei nafter.
Various pour poi nfnether wanosiantobied 4t ojpredd %?IEHOSF datyr e at

which oil wi fols fIf séorsﬁgléf hl?ﬁ‘W%H%@&ﬂlrgse\(&q{lgpﬁ& Qﬁ%réelwsiﬁcrteaélﬁge@t@ksvb‘e

conmer ci al ave prinma een organi c polyners, although some
nononeri c sute&tpaﬂmm v&'ﬁostg,odflaMdaehg ail cbmpgsitidrasi n al kyl) silicates, phenyl
tri stearill oxy-silane, and pentaerythritol ;Hetlrastear ate have been slhovvn to

be ef fectq Pr eABAEY OBjgsl 1548 HOWGRROVE; tb‘@u?orﬁS?tFﬁtesd%%’rt@Q%rfPQ l3re

believed to ?&PB&% &Bt?@dlt? ost he followi ng types of polyneric materials:
pol ynet hacryl a exanpl e, copolymers of various chain |ength alkyl

met hacryl at es (sea, n'foﬁe’ spebﬁ!iﬁliplobjch1§10 IB&txetht nﬁtltﬁ-@ﬁrpflﬁ@)addﬁﬂeqndhmated ywbam des
(see, for exanple, U. S. Patent 387,501); Fri ed§+ Crafts condensation
products of @mrevmsatlteeuswrtaﬁm ﬁlsnaﬁarmqpeﬂagﬁf A Sbsicatingeanpgsyion.

Yet another object is to provide lubricants having improved dispersant and
15  viscosity properties.

A further object is to provide lubricants having improved oxidation
properties.

Another object is to provide additive concentrates for lubricants, which
additive concentrates contain esterified interpolymers that are resistant to shearing.

20 Other objects will in part be obvious in view of this disclosure and will in
part appear hereinafter.

Various pour point depressants, additives which reduce the temperature at
which oil will flow freely, have been developed and those to reach the commercial
market have primarily been organic polymers, although some monomeric substances

25 such as tetra (long chain alkyl) silicates, phenyl tristearyloxy-silane, and
pentaerythritol tetrastearate have been shown to be effective. Presently available
commercial pour point depressants are believed to be represented by the following
types of polymeric materials: polymethacrylates, for example, copolymers of various
chain length alkyl methacrylates (see, for example, U.S. Patent 2,655,479);

30 polyacrylamides (see, for example, U.S. Patent 2,387,501); Friedel-Crafts

condensation products of chlorinated paraffin wax with naphthalene (see, for



.3 + .1~ NOV 2003 exanple, US. Patents 1,815,022 and 2, 015, 748)

Fri edel -Crafts condensati on products of chlorinated paraffin wax with
phenol (see, for exanple, U S. Patent 2,191,498); and vinyl carboxylate,
such as dial kyl fumarate copolynmers (see, for exanple, U. S:jpﬁﬁ\?r}h(ﬁ
2,666, 746; 2,721,877 and 2,721,878). 5 Esters of malefic ° :
anhydri de/ al pha-ol efi n copol yners have been suggested as pour point
depressants. For exanple, U S. Patent 2,977,334 describes the use of

copol ynmers of malefic_anhydride et hyl jch are esterified with | ow
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hydr ocar bon al cohol's having fr car bo he uneSterified 15
car boxyl i ¢ gpoupsointadepvesshraf.t Ronreeammpled U0S. RaentlB9TA334 dekcvibéshthsuch of
materi als as ethyl ene or propyl ene oxi de al cohol esters

| over - di al ky PeRALABETS Gfapaler @ %@aﬂlﬂé&?quy?sm%?@r&sgmﬁeé%}few ghbigh
3, 449, 250 deﬁﬁ‘iécﬁgalr%aghm%ﬁ?lgfamre&hfdiféahx%' e Afled] MGl &lcNareSUCh

as et hyl ene, propyl ene; 1sobutyl ene or vinyl aromatic conpounds suc
styrene as bdesegbet ek ubeing Spefus asc pown gometrasdjdagy g@lingdagdntsy ethickerergi | s,
as well as pour point depressants and viscosity index inprovers. The

copol ymet0i s visgesily impsevers etb, {05 mingrahand, suithgiisilscingludiigofvactignakifluidsr es of
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where R~ anduyffuliepst! gahedeprésammts Rhidh aepctbylass-muleitganitydelié Rbpdly@ers
hydrocarbon radicals having from1l to 4 carbon atons and the cycl ohexyl
radical, R3 egerfiedata §A%t Pr meyelr prekerabdn 9P@0%al Withh ¢i mixtaieorh straight£haiar hon
atons, and R4_i |.ect 4 03 of.r t he .Skl of
hydr ogen ands%{ﬁaﬁ%:l}yﬁcr:“%{)@ﬂl oaclz%{)r g,snﬂg%{l&'ztg%rﬁsg tﬂg\g}cﬁgb ?%‘?#g' fr ggihgséér 'orcli

atons. U1$. Babsiyliie SodpL c@DBe o udrddddd 0f leafl @Credied GatO Sich- martialsisng
interpolyners in which sone of the carboxy radicals are esterified and the
remai ni ng ethylene or propylene oxide alcohol esters, or lower-dialkylamino-lower-alkylene-

amines, U.S. Patents 3,329,658 and 3,449,250 describe copolymers of maleic
anhydride and alpha-olefins such as ethylene, propylene, isobutylene or vinyl
aromatic compounds such as styrene as being useful dispersancy and detergency
20 additives for oils, as well as pour point depressants and viscosity index improvers.
The copolymer is esterified to 30 to 95% with aliphatic alcohols or mixtures of
alcohols having from 10 to 20 carbon atoms, and the remaining carboxyl groups are

reacted with an amine of the following formula:

R R4

1
> N— R3—N
R2 H

25 where R and R, are selected from the group consisting of aliphatic hydrocarbon
radicals having from 1 to 4 carbon atoms and the cyclohexyl radical, R; is an

aliphatic hydrocarbon radical having from 2 to 4 carbon atoms, and Ry is selected



+ 5 carboxy radicals are neutralized by reaction with a pol yam no conpound
havi ng one primary or secondary am no group and at | east one
nono-functi onal am no group, and indicate that such interpolyners are
useful as viscosity index inproving and anti-sludge agents in |ubricating
conpositions and fuels. The patentee indicates that it is ic¥iNOVc#03that the
m xed esters described in these patents include both relatively 10 high
nol ecul ar wei ght carboxylic ester groups having at | east eight aliphatic

car bowyl i ¢ o&bB gt Shning SlonBrash i+ EBot, roRRACH e By BB oms i

the ester raghgal to dbatoor bl 4, 604,221 relates to interpolymers simlar
to those descri beg In the atorenentioned 300 and " 761 patents, except the
ester groups contBi$h Ratdndash 782,1360can&or3 93’389%3 i destiiitee esdrboxy-cuitaiming U. S.

Pat ent 5, 124,059 descr, bes esters siml ar terpo s characterized by
the presencelWFPAYRCrE ek srps of FPEFPPW@ ispls aﬁ%eﬁtsﬁ'%ﬁg&arm@%l ch

are, der ! ved LEBGRPARRIION 8hEHAR:] P Ratlide A RYLKIRANo (Mhodhd 1595 ABC

carboxylic ester "group havin t|c car ato In the
ester group; pl(iﬁ)mad)r steealsdarymamlmcagtnmp;alndcat é&isteongnmup—fhmtlongl :aninesgremp gr oup
of the formula, R CH2CH20) Z wher, R is.,a hydrocarhb roup of
1 to 50 car b# éﬁdé‘f?éet tSP ﬂyalmeag BYA “ﬁf‘ﬁuﬁﬁ ycopity dndgy mprpy ga’i‘?‘

i's a nunber hﬁlhh{ﬂﬁ%é 3 o% iAfu aﬁn Qorﬁﬂo ZanH?uéls.”*FH%EzEteﬁt@e ﬁﬁlctaﬂfs‘ tfla'finge Of

zero to 50 wt VI SO t Z cannot zero; and
optional 'y (®)isatititaabat thammaf bslmldlesnrfbsﬂem t@sepmehavihﬂgdmbommtweign 7
al i phatic carbon atons in the ester group.

1 high molecular weight carboxylic eSter groups havmg at least eight aliphatic carbon
atoms in the ester radical and relatively low molecular weight carboxylic ester
groups having no more than seven aliphatic carbon atoms in the ester radical.

U.S. Patent 4,604,221 relates to interpolymers similar to those described in
the aforementioned ‘300 and ‘761 patents, except the ester groups contain at least 8

15  carbon atoms in the ester radical.

U.S. Patent 5,124,059 describes esters of similar interpolymers characterized
by the presence within its polymeric structure of the following groups which are
derived from carboxy groups of said interpolymer:

(A) at least one carboxylic ester group having at least 8 aliphatic carbon

20  atoms in the ester group;

(B) at least one carboxylic ester group having an ester group of the formula
R
RO(CHCH;0),(CH,CH,0),—
wherein R is a hydrocarbyl group of 1 to 50 carbon atoms, R' is a hydrocarbyl group
of 1 to 50 carbon atoms, y is a number in the range of zero to 50 and z is a number in
25  the range of zero to 50 with the proviso that both y and z cannot be zero; and
optionally
(C) at least one carboxylic ester group having no more than 7 aliphatic

carbon atoms in the ester group.



+1 3'NOV 2003 U.S. Patent 3,956, 149 issued to Colenman relates to a |ubricant
or fuel conposition containing a nitrogen-containing ester of a
car boxy-containing interpolynmer. U S Patent 3,959, 159 issued to Col enan
relates to lubricating conpositions 5 containing a nitrogqny gagt ghfi ng
m xed ester of a carboxy-containing interpolyner. U S. Patent 4,284,414
I ssued to Bryant relates to a crude oil conposition containing m xed al kyl
esters of a carboxy-containing interpolynmer. U S. Patent 4,180,637 issued

to Evani et al. relates to rocess for preparing a | ow pol.ecul ar i ght
car boxy- cont ai ni n§-§o§@?@n§§58’18§&s5j§?d Pat éﬂ]F ‘,12‘@?9}"/5269 s SpEgattoCtE : get
al . relates Ed}nﬁosmdﬁcec%ﬁtafilﬁg%géeH%fdé&gc&thiﬂmgn@sﬁ?UbPra WErBM -containin%at

car boxy-contai ning I nterpo Pat ent "3, 085, 994 i ssued to Mis
rel ates to aintapdlgmygr.contai ning i nterpolynmer. U S. Patent 3,388,106 issued

to Muskat relates to a prqcess faqr Ki a 15 carboxy-containing. .

i nt er pol yner. U. SU-pdiatant 8&@@?1@%@@%6&&@8 rﬁ}ﬁ?ﬁé‘? )I(Lﬁﬁlcé?l&lcqlépcg?ltwpyoxy
alkyl ene g1y egliaifitbSnifbed-SRAIAMNY nARA AlAI0RY chiBbe) BANARL: intdrmdlyRar ent

: : rellates t0 nitrogen-confaining esters of” carboxy contal ni ng

i nterpol ymers havUmg P#émtd, 284,414 deuddntoeBeaht vilsteoso hycrudd offRothpd4iBiol53 Al
descri bes m xtures of esterified carboxy-contajning interpolyners and
addi tive conedeipingarixghalkylestere af 2 pbOT-cARIBE IMEHAY BNt ai ni ng

U.S. Patent 4,180,637 issued to Evani et al. relates to a process for preparing
a low molecular weight carboxy-containing copolymer.

10 U.S. Patent 4,200,720 issued to Evani et al. relates to a process for preparing
a low molecular weight carboxy-containing interpolymer.

U.S. Patent 3,085,994 issued to Muskat relates to a carboxy-containing
interpolymer.
U.S. Patent 3,388,106 issued to Muskat relates to a process for making a

15 carboxy-containing interpolymer.

U.S. Patent 3,392,155 issued to Muskat relates to a polyoxy alkylene glycol
ester of a carboxy-containing interpolymer.

U.S. Patent 5,157,088 relates to nitrogen-containing esters of carboxy-
containing interpolymers having relatively low inherent viscosity.

20 EP 0 848 053 Al describes mixtures of esterified carboxy-containing
interpolymers and additive concentrates and lubricating oil compositions containing
same. Residual acidity of the esterified interpolymers may be neutralized by reaction
with an amine.

U.S. Patent 4,088,589 relates to lubricating oils blended from petroleum

25 distillates and, if desired, a bright stock containing waxy or wax-like components
and modified by the presence of copolymeric ethylene-higher alpha-olefins viscosity
index improving agents, having their low temperature performance improved when
said copolymer contains a minor weight proportion of ethylene by the addition of
from 0.15 to 1%, based on the total weight of said lubricating oil composition of a

30 combination of pour point depressants comprising: (a) from 0.05 to 0.75 wt. % of an

oil-soluble condensation product of a chlorinated wax of from 10 to 50 carbon atoms



« sane. Residual acidity of the esterified interpolymers nmay be neutralized
by reaction with an amne. U S. Patent 4,088,589 relates to lubricating
oils blended frompetroleum 25 distillates and, if desired, a bright stock
cont ai ni ng waxy or wax-|i ke conponents and nodified by th IPREP Shife of

copol yneri c et hyl ene-hi gher al pha-olefins viscosity index inproving agents,
having their |ow tenperature performance i nproved when said copol yner
contains a mnor weight proportion of ethylene by the addition of fromO0. 15
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conpositions, these esters p%@@%ﬁ%ﬂmsi tions with

surprisingly superior oxidati Tty 1 “low tenperature
properties and ot RefrogtaSdohiMifig PESRRST bf erbox§loddiaittngli BRepSgmer Mading
viscosity index 20 inprovenent. These nitrogen-containing esters also
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havi ng a reduced specific viscosity 25 (RSV) of from0.05 to 2, said
i nt er pol ymer withi swpriséngly eaperion oxisiative stabilitynas mehloiselpw, teippragive podpestisd

nonomers bei ng, at .| east .0 of an.aliphatic ol.efin contain,. on to 30
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containing ester being characterized by the presence within its polyneric
30 struct ur e additivescss welltasecontAmingints ge-g+ dirbsWoBT. dnctallis Rasti¢lge $t¢} Bhihehe

carboxy gr Ou?lﬁm%];til?ga éoqn}i)onsst?orng ?ol xlmacil:the?y are added.

Broadly stated, the present invention provides nitrogen-containing esters

derived from a carboxy-containing interpolymer having a reduced specific viscosity

25 (RSV) of from 0.05 to 2, said interpolymer being derived from at least two
monomers, (i) one of said monomers being at least one of an aliphatic olefin

containing from 2 to 30 carbon atoms and a vinyl aromatic monomer and (ii) the

other of said monomers being at least one o,B-unsaturated acylating agent, said

nitrogen containing ester being characterized by the presence within its polymeric

30 structure of each of the following groups which are derived from the carboxy groups

of said interpolymer:



»1 3'NOV 2003 (A) from20 to 70 nole % based on nol es of carboxyl groups in
said interpolyner, of ester groups containing from13 to 19 carbon atons,
(B) from80 to 30 nole % based on noles of carboxyl groups in said

i nterpolyner, of ester groups containing from8 to 12 ca{)go \Ftﬁ)ﬂg‘s
optionally, 5 (C up to 20 nole % based on noles of car x@h 3 ups in
said interpolyner, of ester groups containing from2 to 7 carbon atons,
wherein from93 to 97% of the carboxy groups derived fromthe

boxy- cont ai ni ng, § nt | t | f.th
ol boxy oroups cofibh i JF B0 in otk 37 ks PR e OB FoRRRGERUE it Stips
whi ch are t haferh&@fidet b ehttNerdlipd @ASiniAP Erofl 1R 0caFIHRALRE, havi ng an

average of from1 to 1.1 primary or secondary amino groups, in amounts to
convert from5 up(B) frems3Q ia30509keots, thasedcen manled pPE cabiorylogrouphyrd sdide

groups to (D) .carbonyl -.am no_groups,. w t.h t react ed carboxylic acid or
anhydri de gr iiﬁ?iBOlP/HWéi%e g %@ga%c‘f)“%‘mf%i@%g& tﬂ;?a}f@%?t%lsa%qq'(?n%lby’anhydri de
groups. Aglditive gonpcgntpap®@maledyd, Ubgdsén RRIBROSE tdafidbkyF QaRIpsSinNGailine

foregoi ng nitrogen-containing esterified interpolymers afe also provided in
accor dance witt¢rpelymeprodsetar gionpeenntaning BERAL LEDcOBSCRIORTEI ON OF THE

PREFERRED EMBODI IVENTS 20 I to th t, | ti ifi
Ui tabl o 1 or "AEEILEOT B GeLo6 ahinedat Rk Ao/ AR Urk o ae bRBpREranis "
| ubri cating Ritrp6 AP id dsRABrAHERAE BRaRR!Tthé E8BolyErBERMotR hetesiiiad from

a m xture of nononmers as set forth in greater detail hereinabove and
her ei nbel ow. cathexylievasid poanharigde goupe mbicht ass thendicadted withrat deast encegmiand

| ubricatipng oil conpositions. 25 used herein, the terns "hydrocar.bon",
hydr ocat byl SBPSERIGS bearSira obRomE R REPoHY SrUBRTET Y HOEer Foed
has predom namblnys iy 60 PO LHREARESthaMs0P4 Bf iR aARRYEX hici@fortah@dride

i nvention. These include groups that are purely hydrocarbon in nature, that
is, they congemiupstinly carbon and hydrogen. They may al so i ncl ude groups
contai ning substituyents or atons which dg not alter .the.preqom nanily 30
ydr ocar bon_ char aBSLFABPIHETER SIPsarith e BLeA eI GarEoRyAD aF AT JB dndeo-

al koxy-, nit bRsns RirfainihB@se 9roups also may contain hetero atoms. Suitable
hetero atons w PI be 8 1 3 NOV 2003 apparent to those skilled in the art
and incl Wdle, for ¢ERemepidual carbiokylic aqid or adwdridgrovpsygen. Therefore, while

remai ni ng predom tly hydrocarbon in.character..wthin the context. of this
nvent i on, these QWIS et PHrAST SORBPSie comrsig fiEdotping, o
chai n or ring;RiBRICBABRIGPIRITRY iRkl aRtadFprovidbdlindfR6/d@hae With fRY €
t han t hree non-hydrocarbon substituent’s or hetero atons, and preferably no

nmor e t han oneresentlihvdngiopr esent for every 10 carbon atons in the hydrocarbon

nyar bcar bon i n nader ALENEES QRGP AL iR BDINIBTRRNES, >

SSEHRtTa tOH ot her
than carbgn and hydpgQgy to the present invention compositions suitable for use as a

dispersant-viscosity improver for preparing lubricating oil compositions comprise
esterified interpolymers derived from a mixture of monomers as set forth in greater
detail hereinabove and hereinbelow. The invention also contemplates additive
concentrates and lubricating oil compositions.

25 As used herein, the terms ‘“hydrocarbon”, “hydrocarbyl” or ‘“hydrocarbon
based” mean that the group being described has predominantly hydrocarbon character
within the context of this invention. These include groups that are purely hydrocarbon
in nature, that is, they contain only carbon and hydrogen. They may also include
groups containing substituents or atoms which do not alter the predominantly

30 hydrocarbon character of the group. Such substituents may include halo-, alkoxy-,

nitro-, etc. These groups also may contain hetero atoms. Suitable hetero atoms will be



+ 10 Throughout the specification and clainms the expression oil soluble or
di spersible is used. By oil soluble or dispersible is neant that an anount
needed to provide the desired | evel of activity or perfornmance can be
i ncor porated by being dissolved, dispersed or suspended in an oil of
| ubricating viscosity. Usually, this means that at |east 108 00Y 20dby wei ght
of the material can be incorporated in a 15 lubricating oil conposition.
For a further discussion of the terns oil sol uble and dispersi bl e,

ticularly "stably .di spersi.ble’ .S, Patent 4. 320 019 which i
Expr essly | AP A JBORERUR oy e PE i iuck I ety LU AREER o, 1
regard. As uggghehn THRRISRERIIE shdiRiRg PélohiindnlI§ H3BRRABES it RArBdter WIBin

a

singul ar formns , "an" and "the" include plural unless the context
clearly di ct Heeontskhefithis saventipny shese giouppmay eantiie atomsfoglies e catbon prasentner

i ncl udes m xtures.of pol [ referen Q an _acyl ati ng agent includes
m xtures of Efc%/&zﬂr}%rgrp%g%ﬁ%ﬁs’egp%})gﬁe 0?%%%%%% Bt "of this invention the
term"interpol ymen' géRadSndmded $haR thré@ hontBolirbé @0 3B s@iert® b hétbdof K688t
nononers. As used in the specification and clains, the term

car boxy- cont and prederaldy aosmerg than poe,widlr ke pissant fenr every &) £adban imgimthe

car boxy-cont ai ni ng, NoNoO . _The carboxy containin noer i s polynerized
Wi th ofher mENGREFROY ST FlrmearhQ oo aRchwsn UPH G TR Ao RS BEPHER ¢ he
car boxy- cont aidtbESbsPMGINRIre, thatli GRPRE dsbtidlfiiRe R atoRR MRBthRAGKRRNRd t he

car boxy gr OUES extend fromthe polymer backbone, e.g., the carboxy groups
are directl| yhzdogethed to the pol ymer backbone. 30 As described above, the

invention.relates-to njtrogen cont aj.ni ng.esters .derived .fromn
car boxy- E%nt ai ni naiqoﬁﬁé?lﬁoﬁ?né?%’% tith 1 R%\Vnidg% Efxllfref’s%l%rgl]rlucséﬂ?bée tHe size
of the ester dgpaiBk isiused. S BRQUiNiokb1©BE dispettibRs @Sdaff thaf A BmbSnt'RBALSBNT ed

by the formula -C(O (OR) and that the nunmber of carbon atons in an ester
group is thugpravide therdsswed lavet af agivity erhgerfoampiane enoba fcotpemteshbp dwing gr oup

and the carbgn atops..of the (OR) grpup. Thus t hyl met hacryl ate contains
two carbon aggﬁ‘gv?ﬂs@s}?grsggto rSt eBg%f"ﬁ%lﬁ’f s @ﬁ%&%oﬂf‘éﬂs_ﬁ% ?‘/[il%'éﬁ%a Bon
atoms i n thenRahLthad 4 UBast 000198 Y REGhiTB N lthe hideerRl Q88 MNWe HRYRIREIQN i @l at es
to a mxture of organic diluent and esterified interpolyners. Certain

di | uent s 5 as Iulirichtingeoidicomposition.i Fogracurtser digcugsivnidf the teimsbel selublerandi de

i nproved |ow,te ature properties.and..further.enhanced si.stance to

oxi dat i on. Oqug‘lﬁ)ﬁeoﬁffmﬁaé ARy “ispersible. o St Iij'ﬁ\‘/gﬁfein n4,i:§?§),(il e"H8CsBnce of
up to 20 nol %xﬁ(%ss@?iﬁé‘&ip&@te@ﬂe&?nWreﬁé&@%&'relgflﬁiﬂ&ablﬂn%ﬁﬁ thigtehrp!l ymer, of
ester groups containing fromz2 to 7 carbon atons. 15 Another el ement of the

present inventi onAsgisehia the epcerfisatianf andim the agpended claams, vleecsiigudanfemisria”,
conpounds, and.pargt..cuwl.arl 1 no_conpounds havi .an_average of. fram1l to
1.1 primary ofs orril&ear'?d&%(‘? ﬁ@%%&ﬁ% € |CRIIEHLS %@%&ﬁ%ﬁ?ﬁl{eﬂgs%n&h%s g%npound
is a pol gyam rRafGIEPREENdAW AIpAimée ailuded nilRiRG- b PekyhRAA! refRFENBS 1&TAUP.

Such ami no groups, when present in the esters of the present 20 invention
i n the proporeylaingagantancladrsvaixtueesiod nexdatingagents, gt sant properties of such

esters in lubricant co sitiopns and di spersibil.it f additives for
ubr i cant composi o &6 ORI ffenon sy 1 nthrboPine S et SN | <
t he extent ofje@&ddetdrh heabt PBreafifereManéiongnd. of neutralization of the
unesterified carboxy groups of the carboxy25 containing interpolyner

t hrough the conversiused iththesptcifieatianiand claons, shanterry cgrboyprsontaimng refers to

25 polymers which are prepared using a carboxy-containing monomer. The carboxy-

containing monomer is polymerized with other monomers to form the carboxy-
containing interpolymer. Since the carboxy-containing monomer is incorporated into
the polymer backbone, the carboxy groups extend from the polymer backbone, e.g., the
carboxy groups are directly attached to the polymer backbone.

30 As described above, the invention relates to nitrogen containing esters derived

from carboxy-containing interpolymers.



» It should be noted that the |inkage described as the carbonyl-am no group
may be salt, imde, am de, am dine and i nasmuch as any such |inkage is
contenplated within the present invention, the term"carbonyl am no" is
t hought to be a convenient, generic expression useful for the purpose of
defining the inventive concept. In a 30 particularly advsq;ﬂggqgm
enbodi nent of the invention such linkage is am de or imde, predom nantly
imde. 10 1 3 N~V 2003 W have found that both the anpbunt of am ne used,

as well as the in which jt I.s boynd [nto the.polyner.ester is o
extreme i nport a\rll\%, rez‘ﬁﬂnc@a{‘]? ‘bﬁ\ﬁézeaog%nﬁs*elrdgﬁﬂfpsi Hp’ﬁé%gﬂ%ﬁd tOHL%?ﬁiaBaelsIe\r/e
stability of %ﬁoﬁﬁiﬂepé%erﬁéd)ﬂy'ﬁfe%nﬁlﬁathe am no conpounds are firmy bound to
the pol yner by stable amde or imde links, the 5 oxidation stability wll

be enhanced. But if the stable am de -4HMER) i de i nks are not forned,

h of th ' i1 ] tached in.the f f .carboxylic .aci |t
whi ch can ettt B eimber Bt SEBALRoR i3 st Bt SRS TRy AE BARS S ng
extent. W haecadborOathRUBE iHeh@rbdtSA Reoup £l Ml Akem Sbeis T BERDR) ragpunt  of

am ne, as would be the expected and common practice, does not necessarily
assure that ithus méhyfmethacrifletsi ¢onthing bt earhon diomsnia/the ester groupontidulill | be

formed. Surprisin have found that, by using |less that stoichionetric
amount s of aﬁﬁt?‘fé’,oglf?{qsffﬂb%g%%%eat?%ﬁgllthﬁﬁﬁffrﬁrxm‘ am ne incorporated into the
conposition is | opebne thfboliphddt,] e FERHNInveAtiGH aldhtBs dMadRiaR & ofgihide

bonds forned, conpared to unstable salts is higher, and oxidative stability

i s enhanced. dilé&ensand estenfaadninterpatpuoensafiertainaglihuants ofs witlebepdieaiesad ingveateri on i s
t he nol ecul ar, ight. of the carboxy-co i ni i nterpol r _befor

esteri {1 L0t | OFAT \HERBOEP™T ey ER RS ndev | FRRRTAp BITPRRICE offid JUSy o
reduced speckinancid R8i8GhEdto dxidatiopf erence is to the interpolyrner before it
is esterified. For convenience, the nolecular weight is expressed in terns

of the "reduced spPaeidptionali demsittof'thefpresant innemsquoisythe prasenwhothp ite 28

wi dely recogni zed ans of expressi,n he nol ecul.ay si.ze of .a polyneric
subst ance. - ARGl dtt THEPLIOR, MPkS FoRead SE i oy RIeRRLTY’ CLASREE e Rev)
is the val ue .QRhiindSforh P t8GCAfHdANESIngM th the formula RSV = Rel ative
Viscosity - 1 Concentration wherein the relative viscosity is determ ned by

measuringd by neadswotifer gletidntof die plsent Soventivens thehpresénse o anyinofgreups
sol ution of qne rﬁ_m of the integ)(f)l yer in%‘iop m . of acetope and the
viscosity of ‘EEEoHE a3 TP CSFEP pRATY B0 AT IGETREY BV 1B%, @2 phove
formul a, the,6oReestrdhilqg 111 %ﬁ%&%%é’cdnﬁa&aﬂniﬁé gmtugé. ThidQe entbBaiRRY R Per

100 mM . of acetonhe. A nore de éd discus$ion o e reduced specific
vi scosity, abksindkpawmpowsl ishe poldmnoedcaisawdi hayingast leest! oresmions-furetianalonshi p

Lo the average,30 MOLecWan Mol 8 o9l AnbnygkBd HHe cABR°H tnd Bl v

20 invention in the proportion stated above, enhance the dispersant properties of such

esters in lubricant compositions and dispersibility of additives for lubricant
compositions.

An essential feature of the instant invention is the extent of esterification and

the extent of neutralization of the unesterified carboxy groups of the carboxy-

25  containing interpolymer through the conversion thereof to amino-containing groups.

It should be noted that the linkage described as the carbonyl-amino group may be

salt, imide, amide, amidine and inasmuch as any such linkage is contemplated within

the present invention, the term “carbonyl amino” is thought to be a convenient,

generic expression useful for the purpose of defining the inventive concept. In a

30 particularly advantageous embodiment of the invention such linkage is amide or

imide, predominantly imide.

10



. Chem stry, ( 1953 Edition) pages 308 et seq; Mark, Bikales, Overberger and
Menges, Eds., Enc-~rcl opedia of Polynmer Science and En ing Bering, 2nd ed.,
Wley Interscience (1988), V. 14, pp 4&3-465; and F.W Billnmeyer, Textbook
of Pol ymer Science, WIley Publishing (1962), pp 79-85. 5 Tﬂg | nt er pol ymer
The carboxy-containing interpolyners useful in preparing t MOV @903 usef ul
in the invention are copol yners, terpolyners, and other interpolyners of at
| east two nmononers, (i) one of said nononers being at | east one of an

aliphatic olefin taining,fr 0 30 carbon.atong and a vipyl aromatic
mononer and (i1 e 5enb Mol g ARmaRer Sht fit.E vela Bt e-gigha,
bet a- unsat ur @hRH iA&YbRndNAtAHE HolynierRisterlid ¥f extieid@aporiaficdGnd cah hdes hvati ve
t hereof. Derivatives of the carboxylic acid are those which are

pol yner i zabl siguificént( iiinpadieorothef pxidaivet Hebiliiyngf ther igned tpreduetm o bethe arging as

h be th ters; i all | kyl Goui i

contai n ng. f FORRPTHS 252 SEPRCROTd,th R Finiertly afble Riicecorcimit dBREs) 1y 2

carbon 155 at ggatidiPdthisi ey @ﬂﬁ?@&ﬂiﬁﬂéé&ieﬁuﬂff theRalii6 afede dfiorialiad ik i@ O. f
(0]

(i) to (ii) ranges from1:2 3:1, preferably 1:1. The carboxy-contai ni ng
i nt er pol yner nétsfopnedy amusdh dfythe amyneewillzbargftached wi b ifernp of garhgxyligrasihsalts

nmononmer with the al pha, bet.a-unsatyrated carboxylic,acid or derivative
ther cof . M xMHIRESBPE e RBHD P AUt RO VYD 20f PErONded 1P SagtpUS e SRishb
anot her) 20 iyd RAROLNSELSnAMHAE isfpea TERAaRIICYicRIBRAIE dnpift 60 Birdhd a3t ed
herein for use in the esterification reaction, if each has a RSV as
descri bed heweilld beTthasxpestedigrsticdmamen practipel dogs nolenegpisan Yeasswe dhatgnorehe

term nol ogy "[nterpol * refers .to.either one.s r at el y. pr.epar.ed

i nt er pol Wrer O%&eaé‘%r%‘i/gg leo?m‘[%oa“_ or r}B]ll(Le_ @?ndg_u‘@w ?‘?3?%@6@1 ’é‘@gln%{y’ we
separately PhraRabesd inat, B ROINSNES that sRRidhetib bdbuht9df hRafk, ant s and/ or
reaction 25 conditions aife different fromthe preparation of another

i nt er pol yner althavgh tho totaleansount i agirRSvicénporatdl 0 the cdmpoeitioons dawrrathed i n
the present invention. Preferred,int ol rs are those havi RSV, of from
0. 05" 17 eque A& TEING o6 =005 FBKe gl Gics biincp miel SOmPREH I SRRRYL o
0.35, often (QiQs BRher In@BLHAG e SIHRY B Hancdghe RSV ranges from 0. 05, often
from0.08, to 0.45. in still another 30 embodi ment , from0.08 to 0.35.

| nt er pol ¥$rer s havStij @StheofimpodantOcle@entooDtheSpresent iyantion Gs tthe Malecawlas

ticularl ful. 12 13 .. 2003 Aliphatic O efi Sud t | i phat i
01 1 1 . monon AR 4 they §orhEY P B PBAIRL (i PERECA R o NBTSHE o of

the inventi oRefgkRee RNGraAt Ghi this BpplRatich 3O KBV RENredh@Bspebifie! Videdity,NtHehi S
group are internal olefins (i.e., wherein the olefmc unsaturation is not
in the 5 "1" referendedhéo thednteipoiymen befonmit ds astasifiefli Far converligries, ieafoleaularAl pha

T but ene. | s SSRL oS Piesseh PLEn of HE ierd B liter soneig: ny 1e1oRReBEe
1- hexenepq 1- RARLERS willeQGEESPRized THIAHE 6 LBGreskink thel BOERRlar izk OF %%mé

1- pent adecene, 1-hexadeCene,” 1-heptadecene, 1l-octadecene, 1-nonade
1- ei cosene, %@bslankenaisassé mereir, -thio tasluestespetificetiscasity Gbbreviatgb RS0 s thee,

1- hexacosene, 1-oc¢tacqsene, 1-non epe tc. Commercially avail able
al pha- ol ef i nvﬁé‘ﬁ OEV‘%R? BB 2¢Ok .HCEYE&FE‘?%EW&F%M-OI efin mixtures include C 1

s-1 s al pha-olefins, C1 z-16 al phao 08 Vi v~ @l pha-olefins, C 4_i8
al pha-ol efins, C-6_tg al pha-ol RSV’IEB%%éLTU'@’ﬁTgWefi ns, Czz-za al pha-ol ef
ns, etc. Additionally, C3o+ al pha-ol ef PRTEEUERYPhs such as

wherein the relative viscosity is determined by measuring, by means of a dilution
25  viscometer, the viscosity of a solution of one gram of the interpolymer in 100 mi. of
acetone and the viscosity of acetone at 30° £0.02°C. For purpose of computation by
the above formula, the concentration is adjusted to 0.4 gram of the interpolymer per
100 ml. of acetone. A more detailed discussion of the reduced specific viscosity,
also known as the reduced viscosity, as well as its relationship to the average

30  molecular weight of an interpolymer, appears in Paul J. Flory, Principles of Polymer

11



. 15 those avail able from Conoco, Inc. can be used. Preferred ol efin nononers
i ncl ude et hyl ene, propylene and 1-butene. The nono-ol efins can be derived
fromthe cracking of paraffin wax. The wax cracking process yields both
even and odd nunber C~_zo liquid olefins of which 85 to 90% are strai ght
chain 1-ol efins. The bal ance of the cracked wax ol efins is A0 M¥e20p of
internal ol efins, branched olefins, diolefins, aromatics and inpurities.
Distillation of the C6_zo liquid olefins obtained fromthe wax cracking

process Yyi el fract) . Gs.-% al -ol efins ich ar seful in
prepari ng thgﬁ?—rﬂﬁ@l\p@?%&iglog? bagss §ﬁ§ ﬁWﬂflplgﬂf’lB&ﬂﬁﬁ’ _Wﬁ’SI@F é?ﬁ? g8 be
derived fr0@&@,@1«:&&&%@&%9#@1};@95%& d?lﬁﬁ%ﬁ}%eri]@é, 2hBied., WRGLREerdtiGlcds even
nunbered strai ght chalrn I-olefins Troma controlled Ziegler "polymerization.

O her net hodd988), \or bhapn 4934408; andhd- Wl Billmsyerf Tekibook mfelPalymar Spichesie

chl orinati on.dehyd hl orinatio paraffin and catal yti c dehydrogenati on
of par affrrs.“g%y'yf?ﬂéﬁé'ﬂ%{awg%%gg?gess for the preparation of nono-ol efins
are wel | &knoype trerbi9s@Rr of ordinary skill in the art and are described in

detail under"the héading 13 1 3 NOv 2003 "defins" in the Encycl opedia of
Cheni cal Technol ofg c8bognebnEining dnterpriymicrsansgfudtim peaparise thel esteshusefijdges

632-657, Interscience Publishers, Dy. of Jghn, W nd Son, ,1971, which
is hereby in r156erngpg&r%§op(§¥rg?rén@go¥mer§,t@%rcgpgvlgf%pcgpggpggﬁi]gastlj Pai ni ng
to nethods f{%{on%&@?r(f)”&e”gﬁ%ai@ ﬁt)%&ﬁers%e%gm{ 1@&9_@3&% I&h&(bralﬁmﬁm Siefihabl e

vinyl aromatic nononers which can be polynerized with the al pha,
bet a- unsat ur edrganimgyfrahihtp 3Qeatbsniathsiemd g twmd reomatic mosomeband (gt thd

t O h Lnyl tic. h h i nyl d
Ui iyl mabht haereb S prPEtr BB ah e ik ot SeeStasr et ARURTRSRTD  anes
that have halyBicall}lak@i6xyli€ aEiAVF MerkPativAUHERNY - DerdritiveN ¥t the dAWHxORAh&N | -
wherei n the hydrocarbyl group has from1l to 12 carbon atons and ot her

subst i t uent sareEshosp | wihigh odre t padymyuzabieaiith (Huthst plefinedr she rdngs arpmatic

al pha- net hyl st yrene, ra-tert-butyl styrene, al.pha-ethyl styrene, and

par a- | ower afq?ﬁ%‘e@t 9&@%?““& RN ngheo?s)(‘fr%esg?“ r @WF ﬁyﬁy? ﬁglt%?‘gc %i’ﬁ?ﬁorrer s
can be used. co%{téﬁ_hﬁlgefraﬂdz ?dl kydafdorr RH8S iRKIR &?&fﬁkﬁeﬁgu;g;%specially 2 carbon

Al ~ha, Bet a- Unsaturated Ac | eg Agent Suitabl e al pha,” beta-unsatura

acyl at i ng5 agetotrs, balgles hnd anltydadesr &jghe adido nTlof mblae ratiot efr(Pab (ikrapges feom
represent ed carboxyl jc acids, .anhydrides, halides, or |ower alkyl esters
Lher oo Thed® Fncinabrelemay dat ol gty Meimoierosquegred by

met hacrylic g&fg&mﬁhg th@DRAR Tr $Aiyl aRinRdtR" ARG omdr WIRT 11! dia, BelalinSathii@feof |
as well as 2 I carboxylic acids,” anhydri des and esters, preferably | ower

al kyl est er s carhexydiofacidive detivative theerdodn- t o- car bon doubl e bond is in an

| pha, bet a- it I f [ ,
"t oot aci O, - anhDARFHe 06 ™ Ba Dk AT B DIeC oy RTEHG 31 Ot BPY ABREY o

esters tbher eqiterhoRRrPWRIcRr 28 k¥pardieldprédidiPare RBhRNPLELS h&8int for k6d | e t he
carboxy functions of the al pha, beta-dicarboxylic acid, anhydride or the

ester 25 theestefifi¢atiog reactiahdf eachdiasd RSV as dysiribad hereimralhus, axisgd hereimst er |
preferably | ower kyl, i.e., .thoge contajning no re,than car bon atons,
esters ther eﬁ?m%a.m ﬁé‘? ﬁBPqIS??‘?tcﬂ?émé’aﬁ‘ﬁoB??nlflﬂt?éy i ‘§rp8ry%?eﬁe§8faeﬁsoﬁb @he(ﬁso% Il be
separ at ed by sﬁ&r&t&yﬁré}ﬁf&qﬂtéﬁ&ﬁﬁer & £hslidRlof two _@)ﬁhﬁ)ﬁ’é‘oﬁﬁféﬁﬁmefbo@tﬁg& of

preferred al pha, beta-unsaturated dicarboxylic acid, anhydrides or 3l
esters, prefér sépayatelipeprepaned irbipglymes tieoge timevlddi the reactadssandfuysag®ipounds

corres poggi I n%oﬁcﬁtiét?searg 81rfpe1flcl,n?%oml t%e preparation of another interpolymer.

Interpolymers having RSV from 0.05 to 2 are contemplated in the present
invention. Preferred interpolymers are those having RSV of from 0.05, frequently
from 0.08, often from 0.12 or 0.2 to 0.8 frequently to 0.35, often to 0.25. In another
embodiment, the RSV ranges from 0.05, often from 0.08, to 0.45; in still another

30 embodiment, from 0.08 to 0.35. Interpolymers having RSV of from 0.08 to 0.25 or
from 0.10 to 0.2 are particularly useful.
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«1 3'NOV 2003 Ol RCCOR (1) R GGCOR 1 1 OOI | RGC R (GCEO
(I')y O (including the geonetric isoners thereof, i.e., cis and traps)
wherein each R is independently hydrogen; hal ogen (e.g., chloro, brono, or
i odo); hydrocarbyl or hal ogen-substituted hydrocarbyl of t\vS afagr bon
atons, preferably alkyl, alkaryl or 5 aryl; (preferably, at least one Ris
hydr ogen, nore preferably, both R are hydrogen); and each R is

i ndependent |y hydrogen or hydrocarbyl, preferably |ower alkyl of up to 7

car bon atorrs;i@. g ’ngﬁt hyl, ethyl, butyl or heptyl). These al pha,

bet aunsat ur ylic acids, anhydrides or al kyl esters thereof
contain a total cghi®l §0sHag8b1¢TN manélﬁerafzhaaawagefmt Rthe ﬁ%ép’aﬁmidm’oﬂkﬂeto 15
carbon atons. Exanpl es 1 i nclude mal efic acid or anhydride; benzgldgmal efic

anhydri de; cimlte@miymtsecff the mwmn als; mmm@lyﬁnmf 24 89 caltbaacamrns abic

anhydri de; t acom c_ac mar at e: C
nmesaconi c ac1 1segrﬂw aIiCSIB%FrbaE;‘?Fé%g a’t‘gherelélo ?8!33 10Tm§g?u5?tgm lﬁé‘x nth’gth I
mal eat e; phesyi of Bl gosﬁwdiﬂddﬁloﬁﬂd -418€nd bkealphﬁhﬂs@lsandmphdmefaﬂspd}a,
bet a- unsat ur at ed d| car )(/Ellc conpounds are well known in the art. Mlefic

15 anhydri deprefasteds i ¢ aci Examplatyimar plefiagi d Wsldehe lcBudaneal kypropyers: s

t hereof are erred nterp S or
nor e.of any gfb {eﬁg,sésoggtﬁnalg e%%n%segleﬁ&ilﬁgbﬁlrt} fve'ltn YW%’R‘%{&% )1%63%%% in
the above foygprRndIayl-6a8hcli N-d8deBerichan- tﬁd&@ﬁ@om-&tt@@cem@el NPeshteddcess] from
a mxture of al cohol S, sone containing over 7 '20 car bon atoms and in such

i nst ances, t hdicxateeenegr ougheptadeeennni nl@ctadetsae t ol mhradsastsoxy logieaseneiur i ng

and aft e{O f OE e%lélgg]segg t r.ied(l)c%tsg"nrepol }metracos:lgr]lle,s {-peﬁt(aj(l:{)rsgne, 1-hexacosene,

1-octacosene, 1-nonacosene, etc. Commercially available alpha-olefin can also be
used. Exemplary alpha-olefin mixtures include C;s.;3 alpha-olefins, Ci.1¢ alpha-
olefins, Cj4.1¢ alpha-olefins, Cj4.13 alpha-olefins, Ci6.13 alpha-olefins, Ci¢-20 alpha-
olefins, Cx;.28 alpha-olefins, etc. Additionally, Cso+ alpha-olefin fractions such as

15 those available from Conoco, Inc. can be used. Preferred olefin monomers include
ethylene, propylene and 1-butene.

The mono-olefins can be derived from the cracking of paraffin wax. The
wax cracking process yields both even and odd number Cq.3 liquid olefins of which
85 to 90% are straight chain 1-olefins. The balance of the cracked wax olefins is

20 made up of internal olefins, branched olefins, diolefins, aromatics and impurities.
Distillation of the Ce.20 liquid olefins obtained from the wax cracking process yields
fractions (e.g., Cis.1s alpha-olefins) which are useful in preparing the interpolymers
of this invention.

Other mono-olefins can be derived from the ethylene chain growth process.

25  This process yields even numbered straight chain 1-olefins from a controlled Ziegler
polymerization.

Other methods for preparing the mono-olefins of this invention include
chlorination-dehydrochlorination of paraffin and catalytic dehydrogenation of
paraffins.

30 The above procedures for the preparation of mono-olefins are well known to

those of ordinary skill in the art and are described in detail under the heading
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« 1 3'NOV 2003 provides a nmethod of introducing the desirable ester groups
initially, and elimnates the need to introduce the ester groups in a
separate subsequent step. In another preferred enbodi nent, the al pha, bet a-
unsat urated agent conprises a mixture of two or nore conpoh@mi®y. 2008us,
interpolyners prepared fromreaction 5 m xtures wherein (ii) conprises 2 or
nore, usually up to 4, preferably 2, different al pha-beta unsaturated

acyl ating agents are contenplated. A non-limting exanple mght be a

m xture of nglefig .acid_or anhydri w th esters of cacryldg..aci.gds, her

m xtures ar %B&‘%n’ﬁl th? gg‘.cy 19 Pfi ?h%}f‘ﬁlr ?g@o&gm §?°i?P_§ ﬂo"ﬁ“%&%ﬁ‘&??
conponents, &gYer"S¥plmBHtE PRI 680-657, MtdrsFBRIENPSOITsREB] DV dfojonnewaspt her .
However, it is preferred that one of the conponents is present in a najor
anmount , i . e.andfime 19hgwitch isdieesbysindorpdratediby refersnce for iy relsyant idisclogures
preferred enbodinent, the tpotal anount of ditional conponents is present
in anounts rmmﬁg}orrgmﬁgd@&p{ega@p%%?—&e%d er nol e of maj or conponent,
nmore often fypm ArdhhaticOVBndmeio!l es, preferably from0.03 to 0.1 noles m nor
15 conponent™ per nol'e of major conponent. Exanples of preferred m xtures of
acyl ati ng agents Suitablavieyl arometicimenomeisydithieanpe polpmedzesl with dheralpha

aci ds, especjally ester,s af .nethacr.yl.i cid. Prefer esters are .| ower

al kyl ester s.etﬁﬂ?{%’é‘ff@@flé‘ﬂ' g ﬁegfsrlé uﬁ‘i %ﬁ??‘éa’g{ ﬁ’ﬁ@ﬁ}{’%ﬁ?tﬁé S%eé’ﬁf'sglﬂ?rone
cont ai ni ng R 4renARE ¥inoARrAh HE iHAGIY] Adihidbrds @hd VAW hagHtkalbne8 TR S Of
met hacrylic 20" acid. Especially preferred is a mxture of malefic anhydride
and met hyl oalsebéysed. Bubstitutedbtyremes inglude sordngs that have. halery alkexy-aedrhoxy-

f f this.i ti t.h ' I
Feact | ngtthar oo etltoni ifparPal rertnant buerRbfareun G Eef fiy £
styrene. O [LHESE aRAGd bfdl|oWidrYsubkiali81ts. dEt bR adyOb s (RS ﬁ{/dr_b&ﬁS -s0Bitflear e
made of mal efic anhydride 25 and styrene and have a RS

in the range of
0.05 to 0.8 gyehey ainé yalplm-Dethylstyireren pava-GrEbutylstyednsy adpha-¢thystyeEnes and 0. 25,
are especi al | seful . O these latter preferred i.nterpolynmers, copolyners
of malefic aﬂ%?‘g?‘i"ﬁfeaué?fﬁ' %WP%néJhﬁ%‘?Sn Byo ) rﬁ?rervé’ﬂlc?rgWa%/%gmﬁglpgrfsiCé‘n
anhydri de t opstddie86r Rk 288 AkIstrdnedafe sroReelal |y preferred. They can be

pr epar ed accorg%éﬁgslt?{) netﬁogé/sb’r{om inﬁt%he art, as for exanple, free

r adi cg: L tMI_mchde_heatg_yatedbwcxug'ﬂgygmper oXi dlel) sol ution pol ynerizati on.
gglsf:?i bgdl :1 ;e:lgf)re gféﬂl%aa]%hg,&ﬁagﬁﬁsg{ug%gg a%)rllgtir\ll\ée agenl(snu%\é\ﬁﬂ T thter;)%ep%rrgtio%no are

the interpolymers are represented by carboxylic acids, anhydrides, halides, or lower

alkyl esters thereof. These include mono-carboxylic acids (e.g., acrylic acid,

methacrylic acid, etc. and esters, preferably lower alkyl esters thereof, as well as

20 dicarboxylic acids, anhydrides and esters, preferably lower alkyl esters thereof

wherein a carbon-to-carbon double bond is in an alpha,beta- position to at least one

of the carboxy functions (e.g., itaconic acid, anhydride or esters thereof, a-methylene

glutaric acid or esters thereof,) and preferably in an alpha, beta-position to both of

the carboxy functions of the alpha, beta-dicarboxylic acid, anhydride or the ester

25  thereof (e.g., maleic acid or anhydride, fumaric acid, or ester, preferably lower alkyl,

i.e., those containing no more than 7 carbon atoms, esters thereof). Normally, the

carboxy functions of these compounds will be separated by up to 4 carbon atoms,
preferably 2 carbon atoms.

A class of preferred alpha,beta-unsaturated dicarboxylic acid, anhydrides or

30 esters, preferably the lower alkyl esters thereof, includes those compounds

corresponding to the formulae:
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« 1 3'NOV 2003 including U S. Patents 2,938, 016; 2,980, 653; 3,085, 994;
3,342,787, 3,418,292; 3,451,979; 3,536,461.; 3,558,570; 3,702, 300;
3,723,375; 3,933,761; 4,284,414, and 4,604, 221. These patents are

i ncorporated herein by reference for their teaching of thg,_pr § tion of
suitable interpolymers, especially nmalefic anhydride and ﬁﬁyﬂﬁpgfﬁ
containing interpolyners. Qther preparative techniques are known in the
art. The carboxy-containing interpolynmers nmay al so be prepared using one or
nore additional interpolynerizable conononmers. The additional cononorner is
present in relatively mnor prgportions. Generally, the total anount is

| ess than 0.3 nole, usually legps than 0.15 nole of additional conononers
for each nole of either tReGHEG+ORr the 10 al pha, beta- unsaturated
carboxylic acyl ating agent.]Exaanes of additional corinoners include
acryl am des, acrylonitrilp+~0H+Q4+QRrrolidi none, vinyl pyridine, vinyl

et hers, and vinyl carboxylates||!n one enbodi nent, the additional
conononers are vinyl ethers or @Qinyl carboxylates. Vinyl ethers are
represented by the formula R -CH=CH ORZ wherein each R~ 15 is hydrogen or a
hydrocar byl group having 1 to 30, or to 24, or to 12 carbon atons and RZ is
a hydrocarbyl group having 1 tey 30 carbon atons, or to 24, or to 12.
Exanpl es of vinyl ethers inclu met hyl vinyl ether, propyl vinyl ether,

2-et hyl hexyl vinyl ether gn l'i ke. The vinyl ester of a carboxylic aci d
may be represented by the f nu‘h 0 R3CH=CH (O Cr4 Wﬁﬁreln R3is a

hydr ogen or hydrocar byl 3& ,ylng froml to 30, 12 carbon atons,

or just hydrogen, and R4 drocarbyl group haV|ng 1to 30, or to 12,

or to 8. Exanpl es of V|nyI estgnys include vinyl acetate, vinyl 2

et hyl hexanoat e, V|nyI but anoate, vinyl crotonate. The nol ecul ar wei ght
(i.e., RSV) of I a adj ust.e a ui red
inthis inveﬁ?@glngi%g 8§%§§f§,ﬁ§§5%F§%f fi o§%0%5%n€a§ Fgfgh ?d%gg

e.g., controlndeperdbitly @gaioen Ealoghnt (s chiBrsf ®omed drnxbddspdiyﬁmﬂ)yaroe

prepared froma vinyl aromatic nononer and aliphatic carhox |c aci ds or
anhydri des ah@.lOE@t titutrerfydrocarybpbvmisl § carbore atpmsy Prefaraty e Lkt i s
2?’{ ﬁge a? ph %y E(I%Eeléc& 1§’r "btjﬁ%/ st %%Rt?’x(s) h&gﬂpé aﬁ?&le %gefélldpﬁlt b&tﬂtlf“greq{yd%{i%ﬁ} ituted
and each R’ is independently hydrogen or hydrocarbyl, preferably lower alkyl of up
to 7 carbon atoms (e.g., methyl, ethyl, butyl or heptyl). These alpha, beta-
unsaturated dicarboxylic acids, anhydrides or alkyl esters thereof contain a total
carbon content of up to 25 carbon atoms, normally up to 15 carbon atoms. Examples
10  include maleic acid or anhydride; benzyl maleic anhydride; chloro maleic anhydride;
heptyl maleate; itaconic acid or anhydride; citraconic acid or anhydride, ethyl
fumarate; fumaric acid, mesaconic acid; ethyl isopropyl maleate; isopropyl fumarate;
hexyl methyl maleate; phenyl maleic anhydride and the like. These and other alpha,
beta-unsaturated dicarboxylic compounds are well known in the art. Maleic
15  anhydride, maleic acid and fumaric acid and the lower alkyl esters thereof are
preferred. Interpolymers derived from the mixtures of two or more of any of these
can also be used.
Alternatively, the (OR") group in the above formula may contain more than 7
carbon atoms, being derived from a mixture of alcohols, some containing over 7

20 carbon atoms, and in such instances, the ester group may remain attached to the

carboxy group during and after formation of the interpolymer. This procedure
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. styrene. 17 1 3 NOV 2003 Preferably, the aliphatic carboxylic acid or
anhydri de and esters thereof is at |east one nenber selected fromthe group
consisting of malefic acid or anhydride, itaconic acid or anhydride,

fumaric acid, a-nmethylene glutaric acid, acrylic acid, nethqpﬂyyiﬁmpcid or
an ester thereof or half acid-esters of the dibasic conpounds. 5 1n one
preferred enbodi nent the interpolyner is derived fromstyrene and nalefic
anhydride. In another preferred enbodi nent the interpolyner is derived from

altor pr of cRPUAeCHRPHEn ol P Goabfe S} Doy ARy ARERAR e 10 (1
anhydri de: meflaed irbucdhélesidr gfSiipS in 4 &e?amfsub@qg@ﬁ sfepom

(1-3):(2-1):(0.01-0.3), 10 preferably from(1-2):(1.5-1):(0.01-0.03), nore
preferably from lnknotheOmefsrnod pmbodistent theralphabeip- fnsgirated agenpepmprises a

Esterification Esterification (or transesterification. when &h .

i nt er pol ynmerMESHE aﬂ%r. Oelt BIPTHFP B%riengf . fﬁg’ iHH?IBP@ae{/SnBrregar%%néqb@ reaction
acconpl i shedmby,RedHeREh MY cshprishe 216 maie,ehamm{wﬁ» 4 hgvefengbly e difeii it e
RSV) and the desired al cohol (szﬁand al koxyl ate(s) under conditions typical
for effecti ngplesbeta uhsateraied acyBting, agwntid prei eontempitiediddd nperlinttiaggranply

tenperature of | east 80C, hut nore preferabl . eV re,
provi ded t ha’?’lﬁ}’ﬁi’etaewrgt "BAFS aﬁh‘{ﬂrt g‘fhé(g‘aé ‘e’vllﬁévs%{%ﬁstegﬁ %C?@s%t Q{i%sgo%g? tion
t enper at ur e RfxtadY arcRoRECA®Rtedf the reaction m xture or products 20

thereof. Water or |ower alcohol is normally renoved as the esterification
proceeds. These cBiwh(iilesmprses omixtaraf menpmeticenpansnigstieyymay be present

substantjally inert, normally Iiquid,, organic solvent or diluent h as
mineral 81 %ﬁt Yhugheun f)é?r%é ol0 9’% éﬂ‘gh?fr ﬁﬂgemrkbt lg_rpde% .ﬁre(gé}f%r‘? ioég&’f?pn
catal yst Suclyfisorefts }EEsentin' Pibjor Afibsht, iS!hate kifand0irfole 3 BB WiTk@fd. dhi de,
boron trifluoride-triethylamne,” methane sulfonic acid, 25 hydrochloric
aci d, anmoni amespecially erefpired pmbpdiment; iths tetaldimewnteathadditipaab pempongntsi ke,

These conditions and variations.the f |1 _kno in the art., | east
93% pr ef er aBi§Fr4{" PRQUR'S EgnE,rong @@(&) tif)’?é '?ﬁ‘é\i\ﬁ%sa#’ﬁro Wflef ?lfg%‘? X ﬁgmé?nefl e

i nt er pol ymer are (aeRvRsh eslot Qo @Rt £ mEES URsferably @¥HL9D30f0 8lICakMsSmang

al koxyl ates over the stoichionmetric requirement for conplete esterification
of the 305 cardoponehtper madaef mejpr anpayent. i n t he esterification process

provi ded the ester, content. remains within the.93-97% r ange. il e.excess of
al cohol s and al koXy#apiss ofgpre cired W’f@o@fﬁ S?ylﬂmgeg%qnésdagq é%%i%f)sacé(g t

al koxyl at es gaRe ROk id%sIeRBNENIR SoRU HpAIARNAI aMioifhdigiydosd eBradser ve,

for exanpl e, uent or solvent in the use of the esters, and simlarly,
opti onal reaestesnrentodenglky egters. 1Al espemallymeefdrradmixiurercd aoyletthgagenth e ongan

simlarly serve as diluent, or.solvent in.the use of the ester it

general |y pr&PEFIPEE rSalf”ﬁﬁh%@gﬁgw%fy&ﬁé‘?@,mj?‘ﬁgﬁlfy te%tsersaoﬁsd‘ll eétﬂ%c@lél%t_s are
removed by tQalni aRGiaAY plefBited!ish it O mitie - anhldiae @idmietiyl okndhyt i n
the art. As noted above, the conpositions of this Invention contain ester
groups. Fr ompiferaioly ntethd) metbadrgdsted on t he total nunber of noles of carboxyl
groups in the

Particularly preferred esters of this invention are those of interpolymers made
by reacting maleic acid, or anhydride or the lower esters thereof with styrene. Of
these particularly preferred interpolymers, those which are made of maleic anhydride

25  and styrene and have a RSV in the range of 0.05 to 0.8 preferably to 0.5, often to
0.35, preferably from 0.08 to 0.25, are especially useful. Of these latter preferred
interpolymers, copolymers of maleic anhydride and styrene having a molar ratio of
the maleic anhydride to styrene of about 1:1 are especially preferred. They can be
prepared according to methods known in the art, as for example, free radical initiated

30 (e.g., by benzoyl peroxide) solution polymerization. Suitable interpolymerization

techniques are well known in the art and are described in numerous U.S. Patents
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. interpolynmer contain ester groups having from13 to 19 carbon atons and
from80 to 10 30 nole % based on the total nunber of nobles of carboxyl
groups in the interpolyner contain ester groups having from8 to 12 carbon
atons. Preferably, the ester contains at |east 45 nole @% N d nol es of
carboxyl groups in said interpolymer, of ester groups containingirom8 to
12 carbon atons. In an optional enbodinent, the esterified interpolyner has
up to 20 nole % based on the total 15 nunber of noles of carboxyl groups in

Pref erabl v, brediegnos prens Apss Sl LaRthSn Sobpadecaalrel iR
containing 408 gd. & 6N ASSRIAIE3 76080053 923,915Up93RIE; Ut 1w, bt med by
reacting the’ carboxXy-containing interpolymer with alcohols alt Flough

frequently, 4&6pk22lal Theskqutdntnee indokydrated heredn by refersaceefor ghaiutsaghing bé

i ncorporated fromone of_ the 20 nonqners used o prepar he i nterpolyrner.

Exanpl es of %8 @FW”%H%O%?“‘?B%C‘PW@W?@ WECIPI@%F%A‘E}E,anﬁ¥4r5ﬁO?nT& SiyféRe

2- et hyl hexangl,.; ARASCaigt probllARcRRRiqudd @RS BERERRACGhe aliexadecanol ,

hept adec%olgnéaéﬁggg{(}a 0 : et'c.n%ngre%fass of 5?%ohol s includes comercially

avai | abl e mi xt ur eShaofarbdxyatontaing Bt practs medyadie bexuwepareshwsing o ot mavey

conprise, for_ exanp|le, vari Qu% m xt ures of_al c(g{nol sl havi ng fr.om 8- 2;4 car bon
g 1t1anq

atoms. O thadditigna Ierpelmerieably comengmsts The PHPS TR ERPIGH, "Bne
contains fr O@%EQ nlq'igoﬁ?r[) SFRoRd AiFheraMy kha RRE1RRIoubf RMst than@.3 o, LAy i C
carbon atons. e"al cohols may conprise, for exanple, octyl alcohol, decyl
al cohol , dodesythambdémmdle of additmhatydmadooehofor ephrmeldof yithes theodlefin oibe adecyl

al cohol, etc. 30 Several suitable sources .of these cohol mXxtyr.es are the
t echni cal? gr algkabateonwsaiuindy carbgeylic t?éyﬁﬁ% ?@miéxampg?fh&fé a?éﬁ%‘?a\? ol

Conpany, Hou n lothitrile, NNy 12prd1dfhonE B iAd,cohol s

(Vista Chem g%rﬁ&o&igg%@%d% %Ek’?‘qgfﬁ%l%ﬁ?y a?’coh}(ljl Igﬁftleri ved flrngir%ﬁgfﬂ mal and

\éeget ab[l_e Iatrﬁylaﬂ}iekrs,cﬂnld viyheerbok ybtey. Rlytl)\riede_md?)ldénaﬂpﬂhle i?d?i;;'nké_élcpnﬁomdera, and
mory. Tertiary al kanolanjnes, i.e., N, i -(lower alkyl)amno

al kanol ami ne& Vify clhgrsr yuhear Xﬁf"éﬁare the esterified interpolyners.

Exanpl es i ncl ude ;N ey D S ALORD @i Gich R

5-di et hyl am no- Z-Sigwg{r%{swéfﬁ eg@gﬁ}?:ﬁ% O%t gr plﬁ yners mgy be m xed lest ers

derived {§omishydfgeh oAk hpdroafibyl lgemipdiasingriab 36j orgo Akcattol12 cebrn atomsragdat

| east 7, often at |east 12 carbaon atops (relativel i gh ul ar. i ght
al cohol s) an®e i alssrcarybatonp Arvige | &V "qui'é‘?? aforB%PSX%EAk%r&i”gimeﬁ’f%l%ﬁmﬁvgl y
| ow nol ecul at,; \wel . - [ . n

at o1 nol udeEE R SR i B e e o1

i ncludi ng i serAike. t hereof . M xed esters of the carboxy-containing

i nterpol yner are nost ,conveni ent| repared by first esterifying.the

car b(ﬁi(y- con':]ai ni EJhF n‘f‘_%)‘lp%"l:zﬁe al afﬁ’xﬁ’ @ of I%V@ﬁi%se’?{f ilrzty eggolgﬁgr _

wei g ahgo Lhen fdk : ; Q% BR s@Molo 1 n
appropri g?e ;ﬁﬁgﬁn?@c’& converr%lﬁg} %%gg%s%rgg to Q%gg?ﬁt hén%ar boxy
groups of thgoj driter pebyboratdnes, esjusr hydrapepsand Ratis o gpdrocarbylgroipriygvingtletos ar e
prepared by neutralizing from5% u? tofI ess than, 5&%0 of. thae La(%\na‘l,.nl ng

car boxy groupd: #F i ZmebriPad. abxamAleseof ginvk ofiyts weluds Wpwhacgtats hind

described b eleﬁl\%hteQarﬂ)lﬁ{e?-{riﬂym&t&ﬁgf%p\?iﬁﬂ%&hﬁﬁt@9 20 esters.
The molecular weight (i.e., RSV) of such interpolymers can be adjusted to

25 the range required in this invention, if necessary, according to conventional
techniques, e.g., control of the reaction conditions. |
Preferred interpolymers are prepared from a vinyl aromatic monomer and
aliphatic carboxylic acids or anhydrides and esters thereof.
Preferably, the vinyl aromatic monomer is styrene or a substituted styrene
30 (either ring substituted or substituted on the aliphatic ~C=C group), most preferably,

styrene.
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<« When utilizing a conbination of high nolecular weight and | ow nol ecul ar

wei ght al cohols, the esterification nmay be carried out, for exanple, by
initially esterifying the carboxy radicals with the higher nol ecul ar wei ght
al cohol s and then subsequently esterifying the partially-e3tenoyi mn

car boxy-containing interpolymer with a 25 | ow nol ecul ar weight, e.g., 1-6
carbon atons, alcohol, to obtain a carboxy interpolynmer having at |east 80%
of the ester groups high nolecular weight esters and the bal ance of the

ester groups bei 0 ecul.ar. wei.ght.. esters, .Far..ex ification
with a conbinati g[%et?f‘%r‘%he ﬁ%hqt%\ﬁawgf%l&?cé °§%‘i‘ hdﬁfldgf'@ac:g%tglg tﬁe;r%/@f&é at
acconpl i shedighdd o8 GRS sefectedl fr&iAtRY ftlip Wshsibitey 66hRldIE heidtdramhydride, t he

hi gh ol ecul ar 30 wei ght al cohol then esterifying the remaining carboxylic
groups Wit h itdeenicoavidrok eahydridendumiric atidohehgthylenagluanc apid, demlie adiddegr ee
of esterification. 20, 1 3 NOV,2003 Alternativel the carboxylic groups
of the interpsthpsrslic aslg opan E"ftﬁﬁﬁ‘?rﬁﬂgcﬂ'd’é‘hf}m&g siss ’Pfl thg d\l';haﬁﬁ cgmrploé? te of the
al cohol s 4 0 obt ai laf drfbRRERAKY 1GERo RN N8 deAY &S BBhY §pfentVagd ei N at
| east 80 5tm)l e per%ed;l}% @?fﬁeg éen?%er gr oups1 %gbvg]l bée_n obt ai ned ??{)m hi gh

mol ecul ar weinglefc ahgddidd. sSinandthehprefeated sobodimenh thedstemolymesup detbesd fepns

obtained from | ow mol ecu] ay. wei ght al cohol s. The 1,N0 npound The
car boxy- cont ﬁmpﬁdnnﬁﬂféf‘wwg Wﬁ?ﬁ?eléi %&Pﬁ_ﬁ@g}he no group. The
carbonyl - am no gr puRg. I RELU gefaﬁedﬂ%bdquaﬁ;&m@%elen@aio e U

amdic acid salts or m xtur thereof. Thus, use of the expréssions

"neutralize, antgdtidatietiangylic 16ciét a' estee thatof garges | fromt (1rg):(201 )@ 01-9.9% mat i on
but refer to reaction of an am no co nd with car baxyli.c. aci

functiond devefspehly vigomnp g2k 1.-5'A):@a91g@ﬁ ’-@ernar%?ra@ﬁ ?rgxhér]i&e@j?%%
unesterifi edm%é‘troﬂ}gfé)’zlbil 8l d1 @fgsanhydri de groups of the esterified

i nterpol ymer and an am no conpound. Am no conpounds i nclude anmoni a and

am nes. Am ngstesificationare used to 15 form carbonyl -am no groups nmay be nono-
or polyam nes provided that the average .nunber aof primary and secondary

ani no nitrogens i ESR ﬁart@nu??rttgpnqulqn th?rf’lﬁ’g‘?nr ﬁl"e{?f“?rﬁgl ﬁgnﬁﬂlﬁ B a

monoam ne Cpg{?%gai fiae iﬂ@Weerca%e%nQ@Jo&mﬁi@hém 19 QR ORG OF ih8

adm xture w pol'yam ne having 2 or nore primary and secondary am no

ni trogenss Theerpolyners ofipoingd theayreeisite pREYaname, thahdesired adeohalEnando
group is primary or secqndary. and one o re.is tertiary. .

Ari nopr opy| melkgkypie(Rd uader @Wﬁ%ltéﬁf?ﬂ(iﬂ? g%?‘ltmﬁrﬁsf?@ﬁtﬁ?téo%xgﬂm 8%9‘1“1% ani no
compound may ;,ah 30 B Qxa%r%&uﬁ ‘?elﬁéeratjﬂf'es &6f W ﬁéﬁstog'@’(f?rbd?%&epﬁ‘sﬁdﬁéﬁ%g to
containing 2 Of nbre primary or secondary am no groups, provided that the
aver age nunbepowf opéveimnyrep providedrttatr tie aemhpevatgreois psaintainet ébetivk therlewiest no
greater than 1.1, preferably |less than 1.05. |l es .0

2;.5 Exa [ rmnoarﬂélpﬁs
i ncl ude al i pH&gaMAPosHHoRelSMPERtIrs OF BN FompRRenyi of ok yachRR FREWEE OF KLU Ry |
groups ngt alg Ok thVﬁte@} dr foWeR AIcOREI RoRth AT PreADdvEEhS tiRSesYifchtior HraeEdE.NeS .

I n one enbodi nment, am nes are polyam ries having an average of from1 to
1.1, pr ef er allihgseocsnditioris sy optiommily ancladey thenisa ®fgr substantialdy itert, agapalbine

G oup, a1 andbiaragcsaben e bantieh saBHnRoN: Dpeie ArtiEbhed HeBE oyl i o
group deri Veqik]:erzﬁ{ﬁ' ?1& este}iﬁ%am cgtqgét such as toluene sulfonic acid, sulfuric acid,
aluminum chloride, boron trifluoride-triethylamine, methane sulfonic acid,
25  hydrochloric acid, ammonium sulfate, phosphoric acid, sodium methoxide and the
like. These conditions and variations thereof are well known in the art.
At least 93%, preferably at least 95% up to 97% of the carboxy functions of
the interpolymer are converted to ester groups. An excess of alcohols and
alkoxylates over the stoichiometric requirement for complete esterification of the
30 carboxy functions may be used in the esterification process provided the ester

content remains within the 93-97% range. While excess of alcohols and alkoxylates
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5 10 15 20 25 pyrroles, pyrrolidones, caprolactans, oxazolidones, oxazol es,
t hi azol es, pyrazol es, pyrazolines, imdazoles, imdazolines, thiazines,
oxazi nes, di azi nes, oxacarbanyl, thiocarbanyl, uracils, hydantoins,

t hi ohydant oi ns, guani di nes, ureas, sulfonam des, phosphorany giey 2003
phenol t hi azi nes, am dines, etc. In one enbodi nent, the carbonyl pol yam no
group is derived froma norpholine. Exanples of suitable norpholines

i ncl ude am noet hyl nor phol i ne, am nopropyl nor phol i ne, etc. Exanples of such
pol yam nes i i l.am 1.ne i.b 1.NQ- | 2

B2 ot i and i E oS A s AR T S e e o el B R Ao M

pyri dyl et hyl alitbRateNcaDsepy Ifbrex@hipyd, asrtdngent bEESaENt 4 @Ry isedflthd Siydraranae,

bi s(di met hyl am _no) propyl am ne, bis(di et hyl am no) et hyl am ne,

N, N- di et hy| sigplagliy PRitrawd] serctien nisidie gy foluene,ynegdined be remeverbas Migymprazone,

2- am no- S-nmer.capt.ot hi adi azol e, | ~yet hyl - am nosyrazol i ne

1 ot hyl ~an ROt isehF s HRet or et OF it el RE®, Miemasiy piefirsdor e,
2- am noetfiy| tHat addeidted BicORSIEIERK Yt dnArdIREAES At ®moved by techniques such as

N- met hyl - N- ani nopr opyl acet am de, N-am noet hyl succi ni m de,

N- et hyl ami ndisiltianrige thaiaeeivelblsuewn & haatthl or osucci ni ni de,

3-am noet hyl ur aci h’s@t&{n taﬁg\fegttﬂé/ B réqﬁign%.’ thiN_invention cRnﬁain Rsler groups,.
or t ho- am noet hyl - N'Nd1 fret'hyl benzeénesul f am de, am noet’hyl™- pheno "BZi ne,

N-am noet hyl &gl 2016l 70 enold %abased Bh eitytota? nibEYd fthélesl aZ €drb&Meyl groups in the
N- et hyl - N-am noet hyl - S- et hyl di t hi ocar banate, etc. For the nost part, the

ani nes are t Foegpolypics portaintesich Stvpy havies Femni ip-18raathonatorse arsh flamB0ai no

f b t terti —ani , he tert.i i
o oup 7ot ERBl AR Rhed 3350 REr, FhbBL 5L I S Gl Bl bt
pol yam nes nijterpOiyhik BottBinteBteP gfttips Bahg Bdf Sitd MOskFPon 4t6mAD Prefbrablyaihees,

they contain one prinmary-am no group and either one or two tertiary-amno
groups. The pgtyeontaios atregashetSamobaih,cbased aini plokasi of aarboxd gmdpsadre said

referably heterocyclic. am nes such as apin ky] - substj tuted norphol.i nes,
Dl per azi nis. TUGPPEIRELST B BGUPS FOmEETaPRa: fonl e pighiss 1D POty ar o
usual Iy am ngmbbd@nient] the @8leAfit® iRBrpoRimdr had ZipCR PP M 9 Hhasddob@fthe total

substituents may |ikew se be present 'in the am nes. The carbonyl -am no
groups of5t heuwbemafxoledpaf earboxyg gravpe il yrterpslymes of gstyr Foupohgyingiomhe

Dol D ng. | f Grioek 2Pl HeRe FrsRisbi e CofeSfine Rk 3uBkialY Sfisedt tifea
hydr azi nes V\’@ﬁfi@% @cl)\lﬁél?/i%iz §6ASPlDDBrBAP Stbins UG ebtr Sotiptelre AuaRY AR OF

aromatic 22 p3 substituent including, Tor exanple; alkyl-,
e.g., cycli crantigrthamadiokg-conteinfeg, imterpblymee. with aédhatsy lalthougha fikguentlgt c.

The hyd b bsti.t t.s, Iy, tain f 1 24, t
L0 12 al i phafieeRly BuroNELHEN BRBr Uit cspt sRmes s rSoprtR i odh obMsnpl o
phenyl, abkyhpheméts NedaB pibjart oy %ﬁ&%‘éﬁi Fxahiiestb K ddefifl Abhol FeRidhlier a

met hyl, ethyl, 5 propyl, butyl, pentyl, "octyl, cyclohexyl, decyl or dodecyl
group. O her inshaiepl es of the hydrocar theptageloups i ncl ude oct adecyéctangdhenyl ,

b |, heptyl phenyl | pha- ht hyl t a- t hyl tyl- ht hyl | eyl
and St earyl - arageais " REHRET oladtiipal o BRORCh Stiedbatony drast el
preferred cl aggaddaghdidReadebmolNefd=1 hydrocarbon-substituted hydrazines, e.g.,

the dinmethyl, diethyl, diphenyl and dibutyl hydrazines. 10 The
car boxy- cont ai ni n@nendtlass pdl ajevbolsi iscloter cnineerciabyl avalabEnmaitwien @f alcobelsony|

i . JThe | - t ai ni i nt [ terif.ied
descr | beds abI0Ee Popo GRS PIACHEY GHRBTYS e BRfeRly EioOn s Ees, fe
i nt er pol ynmer faﬁ:toh lﬁﬂﬁin% fldkh 894! Gfbon Lk, S0P heRaRbRY &dthedcla? NcdRIR LKFEHO%0

and nore preferably from 15%to 35% of the residual carboxy groups
renmai ni ng i nit thes myereianf deelconding fromy8rer 1 neaybdmeatoms,cind cindthexdrom 12ntoaldi ne at

t enper at ures t.o 350C or higher provided that said tenperature i

mai nt ai ned béH&WIF [G8r Béémsﬂleiaé‘ﬁ’%ﬁﬁimﬁy MRS fg’é @%’ﬂﬁlc?m’ ‘fﬁ%lduct s
obt ai ned t her, r i r e.pf ten

From 120C, i enolSRleEnUochll, Ryea RIFRESON eRiat RISyl @B GRACeR
97 nol e % ofSetéral sniratilo xqurgesadissohlcahdd arikinres-acotht sichniog gradecaiqphblsrseld may

be esterified and then the pargially 2 sterified interpolyner is
subsequent | y Upgeidheprmg N@Oﬁ% ﬁ'ﬁoﬁﬁﬁﬁﬁﬁ(@‘{ Gowpany, floyston, Texas) and under
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< nitrogen~ontaining ester having from5 up to less than 50 percent of the
unesterified carboxylic groups converted to carbonyl-am no groups. The
anount of am no conpound used is sufficient to react with up to | ess than
50% of the unesterified carboxy groups of the polynmer. 25 13 WONOt203r
enbodi nent, the carboxy-containing interpolynmer is reacted with a
relatively high nol ecul ar wei ght al cohol and optionally a relatively | ow
nol ecul ar wei ght al cohol and an ami no conpound. The al cohols and am no

ds haye b i bed. aboye. | copal dwith th
ot or pol yor YEGHERY A neGrIORRITEe (ER s \eoted et T BT 1 e

ani no conpougéhived fréth nafimye hid I8gdtitle Fhie aindl SHl@RImAMErAIRIYBY, Be H@apied W th
the interpolynmer sinultaneously. The relative proportions of the several

descri bed raHgakel.dfondpaypnd Emosy. groups to the 23 1 3 NOV 2003
carbonyl -am no greup._are expressed i r of | e.per.cent ages of
(20-70): (8030): (o] S0 GBRMTER Fe N (Ry g SR EFRLEHE Moy bs
(40-60) : (§0- 4@ (& 18)ephf. 1th3) . estétfrican ﬁl@e_rﬁ&?ﬂ&@ndSEX‘ﬁ@lﬁlebe #sRde alloRe as
wel | as in various cor%)| nations in this final step, since the different

ani nes can cdimathyiethanotfinfine MNahtdiethyletpnalamiiccandii-dinthtasino-2 pantanglt y
characteristics to, the final roducts. FEor_ ex |l e,, am conpoynds. whi ch
contain sulfide ahl® SRETAT BISTOIATCR May bERRET Sitprs defvelifm 2 combipaliop
syner gi sti cabf ¥lc¥hdid irdtidiReh MoKy cént@RFhgait MéRNTNER@N b RidtdRNEFbdr atoms
formul ations in which they are subsequently used. The Diluent 10 As noted

her ei nabove, (relaévalp higbgnelearer weighttaldobolshansral¢abalseeptairong leshithan didathent .

Ot th in th f .t il t. The dil t

o so e Whaaneh GHRNGL b mifed ik FER, ol AlcsHEResontiEngssy Bn 7
di ssol vi ng OparBb AR Helude SHERARIN étBdroY, ﬁ’b%zti@ﬂ_tblftérﬁfﬁ_ PRGE fand MeRdhol,
appropriate diluent, or by adding a higher boiling point diluent to an

i nt er pol yner inchding isdmers thekepfier boi | i ng 15 point diluent such as tol uene

and renoving the Lawer hoili poi.nt diluent b .g., distillation., A w de
Vari ety of i uentRHbLEE Yol atRey e Neabima i et By
oil's, veget ame?a@a by R A ARl tAé lcrboRNEortdAE ThiefpoBirhdr Wills thedfelASEHT type
oil's, especially carboxylic ésfers, polyolefinoligoners, espe0|allg

pol yal ph&d| ehigh mdeailirguighiraicohols thénkyitlathedrelativedy havs madeca latrivweight elsobdler eof .

et For rance. S onarSBuRAR T CDE s SR B PSR s SPORTe
Particul arl yiﬁf&b?ﬂ?@eﬁt@és@er%(l)lﬁ)spri{rHégni-%fdhﬁﬁg Wi &r§ A ﬁxié?éeriby deseligihg

excel |l ent viscos characteristics at very |ow tenperatures, for exanple
from-5C to {frd6C5%28p Mabiss lean 50%rf thy mérhaining aditonw rgreuptshwith iampaonia, iampr oved

| ow t enperature perfarnmance when ed in conjunction,W.th.the dispersant
viscosity i mfFrfels agl?y e ‘T‘W?Sé’ﬁ'tltﬁ%sﬁ ‘?Fé@ibeﬂnbeé%“ﬁﬁ%r?b ?‘tfoﬁp'ﬁ?lggll}g}gt y at
very | owmppenpgr@tures. In particular they all display Brookfield

viscosities (expressed in centipoise) at -26C ranging from50 to 400, nore
preferably from 8Whan @ilZzingtd coribBatizredfi| high wldralae vaigBrand K6 W ahelecular

viscosities (expressed in centipoise) ranging.from 100 to 150 oy,
preferably f&&fﬁq‘ié’%"?‘el%gkﬁ e%?'&ﬁ??ﬁ'f’@l’&%ibgcffg?‘?‘{ é’g}’a (S %@P@f%%%’e&“‘é | oyi ng
ASTM 24 esterifying the carboxy radicals with the higher molecular weight alcohols and then

subsequently esterifying the partially-esterified carboxy-containing interpolymer with a
25 low molecular weight, e.g., 1-6 carbon atoms, alcohol, to obtain a carboxy
interpolymer having at least 80% of the ester groups high molecular weight esters and
the balance of the ester groups being low molecular weight esters. For example,
esterification with a combination of high and low molecular weight alcohols may be
accomplished in sequence, first carrying out the esterification with the high molecular
30 weight alcohol then esterifying the remaining carboxylic groups with the low

molecular weight alcohol, to attain the desired degree of esterification.
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+ 1 3'NOV 2003 Procedure D 2983 described in greater detail hereinafter.
These particularly useful diluents display viscosities (ASTM Procedure
D-445) at 40C ranging from2.5 to 6 centistokes and at 100C rangi ng from 1
to 2.5 centistokes. Low tenperature viscosity (Brookfield v%ﬁ‘ﬁ é[ﬁ%

fluid lubricants is 5 determ ned using ASTM Procedure 2983,] Test
Met hod for Low Tenperature Viscosity of Autonotive Fluid Lubricants
Measured by Brookfield Visconeter, vvhi ch appears in the Annual Book of ASTM

St andar ds,  Sect 5 Phi | d A.. Th d |
B ok el d Vi sconnlignafa i Bt PR otihk inFrhiiybefirBbS SRultloil 12° °
avai | abl e fr gyperfHeaokih aqulxlaﬁe Eif&hé‘%%hdlg t&%B&E@hﬁreb@ﬁﬁecﬁEﬁﬁgméﬁhthﬂg USA

The choice of diluent also affects oxidation performance of I'ubricating oil
conposi t i onsingeprlaned wlgerpltn@t téast &gmnlecmneat of thg esist gnogps)havterhesn obtagwadi on.

VWi | e napht hgni c, a drotrea th |Is C arti cuIarIy
good Vi scorre&?l?]clé ﬁ Wlflre *3@ h]zgn ‘ia)[nf}‘[el %‘}é ﬁ‘f‘ﬁg
them terg tgotbiﬁedlﬁomwaﬁéwﬂafM@kﬁt@bﬁolsI n an espeCI ally prefer_red
enbodi nent the diluent consists esSentially of |ower viscosity, highly

par af fi ni ¢ olhsAmiyaicompeunded and hydro-refined paraffinic diluent oils
conpri se a nost d |ralea .cost-eff ctive e of baeflwdforthe

purposes of this ?/‘éﬂ PHRCONHRINg Interpplymers 69 % CRrRomy 1"9“%%?8}% diPy
linear or sopR¥éAt-amimd ko {)pﬁm%ﬂ@s ZRhidek! Maldiel, aRRdnieRalRy, AGRgised

usi ng hydrogen contain i f any, resi dual ol efm ¢ C=C bonds whi ch
tend to be omlélaaltsxmlmlxgust@ptepﬁl Shus/sd of tbgmpmss1qrtsé‘npmae\1fze,| neutraladingient

oils can, onta,l,n re Ve [ u omat.i ¢ co ents,
Chey arol 1 oL g sheisdReitn Yobere oreedinfenanies grmpoiad
count er part sygh asédi‘Béxfa,fhc ‘ébﬂc&sfuhytion%ﬁdérﬂaﬁﬁ@ Bleddof. LA %aﬂ%{;ﬂ%ﬁlﬁ@tg%h agd
hydro-refined types o l uent oils are preferred for the conp03|t|ons of
t hi s i nventi deriveleframsenasferifiod hcarioaiylic aiidd at i anhydridebgtoups ,ofathd ¢sterified good
vi sconmetrics, at very | ow t enperat ure Li ghter viscosity hydrotreated or

hydr o-r ef i netftgRQIXIFLANd 38 any ‘?lf%mf(%‘ln 1.0-3.5 ¢St kinematic viscosity at
100C) are nost apRuLRRS béthFduhdySiRéiHie MhdnialBd RERGELC L omAks Which drd¥GARALboN i N
30 automatic transm ssion, gear oil, and hydraulic fluid applications,

whi | e mety unfa@m cartfongl- Nﬁiﬁo@ﬁ@swnsscbs mopo-hgmipalyansaesepropislcd tiat thecawerdgs  ( of

4.0-7.5 cSt klnematlc Vi SCO t 1000 .rmay al.sp be used. for lication
"1 gasol ine A ﬁ.%@&m%gmﬁ ndiky BORO RBngeRs i GoBR IS by SRS

i nvention ma b, A S agdgh
concentr at esmr?ab@mégnt in ot“ﬁo g{sé?ér%lﬁﬁn%%pgﬁg %ﬁcgeclgﬁrrgir}}éw ng(; g?gpti ves
whi ch ar e desloné¢ bedn iadmixtet with dxepcﬂyd:mheﬂmvmgeﬂ owmo@ei@rﬁnav;e andRemntiargt es

are then added, al.on vm't{]hot her perfornance: |rrpr(f g
amino n1trogens e amino ¢compound may be a polyamiiie, wherein one amino

20  group is primary or secondary and one or more is tertiary. Aminopropylmorpholine
and dimethylaminopropyl amine are examples. The amino compound may also be a
mixture of these with one or more polyamines containing 2 or more primary or
secondary amino groups, provided that the average number of primary or secondary
amino groups in the mixture is no greater than 1.1, preferably less than 1.05.

25 Examples of monoamines include aliphatic amines such as mono- and di—alkyl
amines having alkyl groups containing from 1 to 20 carbon atoms as well as cyclic
monoamines.

In one embodiment, the amines are polyamines having an average of from 1 to
1.1, preferably one, primary or secondary amino group, and at least one non-
30 condensable mono-functional amino group such as a tertiary-amino group, a

functionally-substituted nitrogen atom, or a nitrogen heterocyclic group derived from
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-'addPtives, If desired, to an oil of lubricating viscosity to prepare a

finished |lubricant conposition. The additive concentrates preferably
conprise from25 to 85% by weight, 10 preferably from 35%to 80% by wei ght
of the nitrogen containing esters, and from 15 15%to 75% k) wev

preferably from20%to 65% by weight, of substantially inert, normally
liquid organic diluent. Preferably the diluent is selected fromthe group
consisting of paraffinic oils and synthetic oils. Additive concentrates are
prepared by a nethod ¢ rising mxing at el evated t erature, .the

For 6goi ng 1 e RVEoien, caolatiin. doxiznfidhres Oletien MIEISLoVE cat i on
of the I nterpahiommes, ik@dd-8lds 0 WnitzSMREPIheEirRs, ¥eazinks) ldiadfies, abfachib@myl,
preparation of the esters of the carboxy~ontaining interpolyners used in

t hi s i nvent i bipcarbamyl, euraeils, ihydanteingl thivhydantqaing guehidinesf urein| ubfonamides, wi se
indicated in_these and the fal.low ng exanples, or 20.el.sewhere in th

speci 11 cat | of I ET keRsphege ihigdiies AmiURGE et She mbpaigt, e giatboni

t enper at W eSp@lyfinind SO Kegerfvel Hhdit -a MotphBlihe BGirpldsSoft stiddabB| hyrpholines
comercially avail abl e 93-96% H2SO4. Met hanesulfonic acid is nomnally 70%
in H20. The wmxludataminoetbyleorpliodiae,i eminoprapsinaerpheling, (9jc. deExampled od sush t ot al

i d nunb henol pht hal.ei.n i ndi cat or). he st i d .
(br omphenol BOMERPRG: c ARG of hetyBininf Sivhag S RBuBbrinf s finiae o
nunber i ncl ugdesmaRhmiddY LstBsylAnhiie) Unasisihllettsthniifd-NBityRifng at apyiyl- The

strong acid nunber is the nmeasure of the acid nunber of the catalyst. The

di ff erence bethylemine he Nvomblingetniamise, t héctrabydrapyridyhetiytaming,s t his—aci d

nunber dye to.unesterified polymer., .Exanple .1-F.30 A reac i.s _ghar ged
w th 304l pafEeGEne b Eb BRI qc pTRIRERLO B AGr o e il
ﬁ” hydri gg/ St yhéapRheBAMMe, PBEMBItyMminé, [Lakidde§1pyRizBnd, 2LdRiholsemBedptdrer
avin

? thiadiazole, = 1-(methyl-amino)pyrazoline, = 1-methyl-4—aminooctyl  pyrazole, 1-

aminobutylimidazole, 4—aminoethylthiazole, 2—-aminoethyltriazine,
dimethylcarbamylpropylamine, N-methyl-N-aminopropylacetamide,
15 N-aminoethylsuccinimide, N-methylamino-maleimide, N-aminobutylalpha-

chlorosuccinimide, 3-aminoethyluracil, 2-amino-ethylpyridine, ortho-aminoethyl-N,N—
dimethylbenzenesulfamide, =~ N-aminoethyl-phenothiazine, =~ N-aminoethylacetamidine,
1-aminophenyl-2-methyl-imidazoline, N-methyl-N-aminoethyl-S-ethyldithiocarbamate,
etc. For the most part, the amines are those which contain only one primary-amino or
20  secondary-amino group and, preferably at least one tertiary-amino group. The tertiary
amino group is preferably a heterocyclic amino group. In some instances polyamines
may contain up to 6 amino groups although, in most instances, they contain one
primary-amino group and either one or two tertiary-amino groups. The polyamines
may be aromatic or aliphatic amines and are preferably heterocyclic amines such as
25  aminoalkyl-substituted morpholines, piperazines, pyridines, benzopyrroles, quinolines,
pyrroles, etc. They are usually amines having from 4 to 30, or to 12 carbon atoms.

Polar substituents may likewise be present in the amines.
The carbonyl-amino groups of the carboxy-containing interpolymers also may
comprise the groups derived from hydrazine and/or a hydrocarbon-substituted
30 hydrazine including, for example, the mono—, di—, and tri-hydrocarbon-substituted

hydrazines wherein the hydrocarbon substituent is either an aliphatic or aromatic
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+ 1 3'NOV 2003 RSV= 0.158, 3265.6 parts of a 20.G%solids in toluene slurry
of a mal efic anhydride/styrene/ nethyl nethacrylate (1:1:0.05 nole ratio)
terpol ymer having RSV= 0. 143 and 1131 parts Alfol 1218 (a m xture of
predom nantly straight chain primary al cohols having fronm 32N0\ 288 car bon
atons). The materials are heated to 120C with 5 NZ bl ow ng while renoving
toluene. A mxture of 70.2 parts nethane sulfonic acid and 1132.6 parts
Al fol 810 (a m xture of predom nantly straight chain primary al cohols

having from 8.,ta 10.carbon .at I8, 2dded r ating.i.s begun
whi | e renovi W& S@)ﬁ?‘g?n@%‘gg%){%eeg 1c?r %‘Jlg%le’, edg t %%ﬁ??%‘?%";”g@%ﬁ%@%’ g’ F&action
i's conti nuedalk@il-1erallQlretc. TREBYArOAr¥& Qibstitberits) deaaatyionte abmopap té\n

al i quot has total acid nunber 10 = 11.5 and stronq_acid_nunber = 5.13 , net
= 6.37, aboul498emup &st2pliphatie garbanatamg; Preferead sobstisagntss ingluds foseamples

charged and r | i i . r J t al
er - nurber EybEREPhEY oF o ARG BHEEwhkinghe MY oyl AptbyiEBeLe
esterifies. giogylsbutongeraigl dcti/ls cyvtatiekd| detgDondodbey? grofipp Dthes ekibiplagofthes
NaOH. Exanple 2-E 15 An ester is prepared by a process simlar to that of
Exanpl e 1- E kydsecgihonggraunsquelyvde eqiedesyl, beheaylubenzyk Sepiyliobenydf alphajapbthyl

anhydri de-styrene le ratjg .l .: anE v} = .4

equi val ent s -"éﬁ“&?ﬁtﬁﬁf g‘lltyq_%@ﬂgﬂ’coé%’l agﬁ%ﬁé& d) ug%up\?glee%r?%{ el %g}%?rb,&ﬁf ol 810
al cohol s. Exawafitafed dHydta26RE04 pief@edflascandiadey | theANM, Nodikydrogartiih-stbstithiel | owi ng
exanpl es serve to illustrate the preparation of ni troqger] contai ning esters

of the car bokydreznasas-gi thg dimetbylpdiethyk diphgryd and dibuty] Bydragiesst i on and are not
intended,as limti thereof . . .ndicat ner W nd
per cont alils are. by POE AL Rt FaphDE-ER RALIRL Shyelne FAMAVELS
in degrees %ﬁioU%'ouIEi ITthe adat o §-conRint@N it pslgmes imag b ehtarifledrs edeyaibedr t h
filter aid. The "hindered 25 phenol" is a m xture of nono- and di-tertiary
butyl phenol ghovex Hallowing esterficationion thesatboky grouns pithe frierpplygwst el leashp upxanpi e

1-E, 2911 t .1 solids | | | fj o
anhydri de/ g ? r%ﬁg}?}&%1 prﬁ%?%bc&?#gto %ot(ol@gﬁi aﬁd 5@%3%%@%@8% 152/? ;t)oo?sy/r"rer
havi ng RSV=' Q¢ the8esiifdl SakBckySrO@strémaihing in thelkeesifibd eierbblydier iral behectur ry

of a malefic anhydride/styrene/nethyl nethacrylate (1:1:0.05 nole ratio)
t er pol ymb§ hawthray ardne-atGempgatares upse 897G etchigher fpr thatsaidi temperpyre 1218

and 1170.2 27 . ~ S V. os_parts .Al fol usi 6.7. t

sul foni c aci Hj.a“}&alﬂ%jr %q%‘ﬁ%ﬁiéﬁn}ggf‘lflg‘} peipt ?ﬁtg‘e égatcga%tsl agd%hgg@d@mcﬁb%g%g parts
50% aqueous MafddftiRoreifieh al icafpefafigeSiahgng fidfi 80°CDhived bitérafFfbMAR0EMMIp @M ne (
10.2 parts) is added and the materials are mxed for 2 hours at 15(?0, 6.1

parts hi nder 800°6hembus, forexaniisd atdaest Ohamakateeigal9S tadé mele Ypd dha Armxy50C.

and 20 mm Hg pressure. ,The residue Js mxed with 43 rts moneral, oil
(Total 85N) §ﬁ’6‘pf‘ Pflf‘é’?'g’a?‘y'@ﬁﬁ’ﬂ}% lﬁgeﬁ’or“?ﬂ%ersl{l?‘yo egesi%n%&%ozg‘%l%%mﬁ}ra‘@dugf a
product  pg epassehaSintetpdirasPlstsubsdgubmilyRuétt@ Withes] alind Teathpiendi tb obid apar t s
of 50% aqueous NaOH for 1 hour at 150C 10 whereupon 3.1 parts

ani nopr opy| noityigoi-icantaining esthl daving drono S ZpHe lass than| vreicepy ohhgunpgerifisd 2

hours. A hindered phenol is added ( 1,8 part.s) and the,na |.al

stripped to fgé_@‘yé %@umnc%vwgs@upaéboﬁ—ﬂ%‘% q?‘g’spaipg %ﬁ%‘%‘gr%d%ﬁ'eonol

gg?ufﬁgnp?; t ??@ngggﬁsegxlig é%ff%‘%* &@Mt it @ €L b Mchna$ 098 ofMthy iundsterifitd Oi |
carboxy groﬁps of the polymer.

25 In another embodiment, the carboxy-containing interpolymer is reacted with a
relatively high molecular weight alcohol and optionally a relatively low molecular
weight alcohol and an amino compound. The alcohols and amino compounds have
been described above. The alcohols may be reacted with the interpolymer to form an
intermediate which is subsequently reacted with the amino compound. Alternatively

30 the alcohols and amine may be reacted with the interpolymer simultaneously. The

relative proportions of the several described ranges of alkyl ester groups to the
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+ 15 Foll owi ng substantially the procedure of Exanple 1-E, 2491.S parts of
27% solids in toluene slurry of a malefic anhydride/styrene/ nethyl

nmet hacrylate ( 1:1:0.05 nole ratio) terpolymer having RSV= 0.16 and 3314. 4
parts of 20.3% solids in toluene slurry of a malefic 13 Nov

anhydri de/ styrene/ met hyl nethacrylate ( 1:1:0.05 nole ratio) ter%ugq ymer
having RSV= 0. 14 are esterified wth 1131 parts of Al fol 1218 and 1133 20
parts of Alfol 810 enploying 70.3 parts 70% aqueous net hane sul fonic acid.

ot e G Ao 58 25 S5 ReD s WAoot 036}t
ami nopr opy| ) gdg@%@mﬁz.g) REKRHVAN A He pRGERM rfaf|96 isétgmuy:?o-@-)ﬁo-m@ﬁmm nder ed

phenol are a ereupon about one-third (1100 parts) of the naterials
are m xed with 27Bheming coipeursls cai be (std akoine 85 Nell anih vEiols cersbiationBxmnpl e

equal anbunt TGT T8Ek St s 50 RHERLy BT cnconaPa s ditedist il Sk g
acid of 25()40009%151ﬁ¢r95ryt§?ﬁ1i1ﬁt§t&{ara@ﬁﬁ9ﬁ& 13EMUE Ifilal HASduER. OForEXaMiPI& aknibki S

neutralized by mxing Wt 6.2 parts of 50% aqueous NaCH for 2 hours at
150C 28 1 ®nypuyds wbisB m@m@&v and. disyblge groupsnisttheir atmateps epyintaiache ar e

added over 0.5 hour .fol | owe y.heating for 2 hours..,A hindere henol is
Rdded (6.1 pipedricalh il Fletmedrdie.fE eflripeaniguadstl ot
pressure. AnQhidRkhel-afe RBEdgBeitiy\ded.ed phenol and 440.6 parts mneral oil
(PetroCanada 100N) "are added and after m xing, the oil solutionis 5

filtered. ExEnpDdu@tN Fol | owi ng substantially the procedure of Exanple 1-N,

2491.5 pgrts of a,27%s Li ds jn t(%guene sl.yrr 1pf .a.malefic .
anhydr i dl styr enePelekl hRERRERYS s Somposbensel thiF dhverFion e cRREYe
havi ng RSV= @ihibﬁt.aﬂjﬁer?’ﬁﬂe?-aré‘pt’éﬁ’dr&&irpthe BredbhcdGr ey diflent. "THOdiRht @B algb U 'y

of a mal efic anhydride/styrene/ nethyl nethacrylate (1:1:0.05 nole ratio)

t er pol ymer hiaviaddedR3v=a Osub4tantialye sliloentffrasd copalymerl usuplly thy ofissplving 01218
and 1133 parts of, Alfol, 810. enpl.oyi ng 70. arts 70% aqueous.

ot hanesul { ofireeTaing ot Sanaly (SRnGle 2t e SARGOTRE FieSh: BnbY s
continued fOofqdnd1QWigher HBilAL IPBHRINES tb AndhteRSIInBediniTis & BweP bbifing aci d
nunber = 3. 4, ne%] :%1%, FIOFII%Wi nglg essenti aleﬁ?ﬂﬁe proé%lgﬁre ‘fg of] anpl e
1-N, thel5st rpoigt dibiedt schnsubhehé aediramavingl heJower bailisg Pt ddvens bacrl, 22. 5
parts am nopr.o&){l nor phol i ne are added and reacted for 2 hours, 6.6 parts
hi ndered phefistitiafog. added and the materials are stripped to 150C at 20 nm
Hg pressure. The pegidliQadidy B<@thets ad weagRd iRANALE atrab oNdIsusl aef

hi ndered phenol and 896.2 parts mneral "oil (PetroCanada 100N) and
filtered. 20minenatplils, voghtaBlercilkaind mninsal ofisrand dynthetic Gilk0Gichas estetype bids,

product of Exanplge 2-E at _20.6% by i.ght solids in toluene, and 532.9
o 5 Al fol SBEaRY cHRBPYICTIAEIrn, RRTRIPED P LeTpe dsPRIIST PRHHIOIEDRC
whi ['e regpvi %%?érk’%?%lkﬁhté@héﬂz!eﬁ&, hd Ardxtlired WdrsofNBLIBARMSH diReh Hasing and

532.9 parts 810 al’cohol's 1s prepared and 1s added as 25 a stream from
an addition partiodhr chamact®ri§idsoleadsito | enhiweati pgyfarmenceaoérdispessanbvis@sQy The

rate of refluxing is_.qdjusted tQ nmintai fast .yefl ux.(3-5 drops r
Cecond) at 18mesoverhar fluk Br pica. BrdonBry uibls dero b poitieing BT o
nunber = 9. 5dis§1£a§'%gel?&1't %i&%gfgg‘bha;%&eﬁstic@e& REY o UBRBEramurds, foPlexahpdt 97%

esterified. Ov 1 hour at 1 parts 50% aqueous NaOH are added and
t he mat eri al froar-&°@itx e °at

25 Naphthenic and synthetic diluents that impart improved low temperature

performance when used in conjunction with the dispersant viscosity improvers of
this invention have in common very low viscosity at very low temperatures. In
particular they all display Brookfield viscosities (expressed in centipoise) at -26°C
ranging from 50 to 400, more preferably from 80 to 200. At -40°C useful oils have
30 Brookfield viscosities (expressed in centipoise) ranging from 100 to 1500, more

preferably from 125 to 600. Brookfield viscosities are determined employing ASTM
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. 30 t"errperature over 0.5 hour. While maintaining tenperature, 5.8 parts
am nopropyl norpholine are added over 0.5 hour followed by heating at 150C
for 0.5 hour. The 29 1 3 NOV 2003 naterials are mxed with 2.9 parts of a

t-butyl ated phenol followed by vacuum stripping to 150C and\ iq{or\ym
pressure then, after renoving vacuum an additional 2.9 par | at ed

phenol is added. To 920.3 parts of the materials are added 230.1 parts
PetroCanada 100N oil, the materials are mxed then filtered. % = 5 0.053.

Sl & 9N AgtGRath-An i AR ARkl Shl Bl s ©
materi al s ar@lughes élla@lf v19c;o‘§1ti%wAsaM Brooédurd B-449) lag 26 ralm@néa&‘d‘m Qfs tohe

f oregoi ng exanpl es descri bes conpositions of the invention wherein from5

up to 50% ofcenh%tob%rﬂﬂéﬁyll@(b°cal@ngin§rffoahhw2 pgentistakigps, after esterification,

For 1 ovi ng. exampt oot 1FierPRPs "SiRbREP tarmeRhel TRAEAM/t IHEPBRRRw €.,

50% and of t eqetatiticd 11@91%) NSTMePwQQ&Irer2983?C8t&15ddﬁdir’b@s>£YMeﬂloﬂCl doPrLow
anhydride are converted to carbonyl am no grou ps. nparative Exanple 1 A

reactor is chemppsgfurg Miscgsiy Oﬁa”ﬂttemofw%l Fhy JLUW%MF Measnrqdobx:éireo lald ry of

a mlefic a d / t [ et h th 0,

t er pol yner ngéf(g{laee 5 HBﬁ%p%ﬁa %é’fz%“ﬁ%w? Pféésl’éw St@“%%%’?secﬁ%n%l uene
slurry of a ABTHf iPhilddelptiRyPAI UsAstmerpeddwﬁﬂaydmmsh@demeﬁl Viscdm@iePS nol e
ratio) terpolynmer having RSV= 0.14 and 1l131 parts Alfol 1218 al cohol

m xt ure. Thewhigh e dgseribadeinh gt E@CG@IQZOTIIW@WCNZS availibiey fuom |Broeldiaddi ng

t ol uene. xt.ur e. of ar Ifonl c acid and 1132.6 parts

Al f ol 1@ n%%%‘fenﬁ'g}‘taﬁ?%??@ a%ﬂ%%ﬁ z‘EE 6§ hour, heating is begun while
removi ng water anth&ykaes of allai &lsosafadtd b)aaitgma;serm&cewﬁmbﬁa@ﬁﬂ Gili s 25
continued for 16 hours, renoving water as toluene-HZO azeotrope. terials

are about 97ca@spositions jcontahing Hles sitragay caniatnms esterst ofathiy enventiom Whidert s

50% NaOH Wi t
i honr opy | MAPBHSPIencindy dOHAE ety GRPIUierss BT Sl Shwar, BApishlAr &opd
mai ntai ned 1yiaQietdi&d AtQWQelﬂgelﬁfﬁgé {He®) r‘arfafcoﬁl&@l'hbﬁs B(brﬁﬁﬁfn%qh&ﬂeféﬁh to boe

materials are stripped to pressure, cooled 30 and m xed
with 886l% paridaivelynansiablei IIn(iﬁoe@IemSEy\Ipref@@ed erhbadideat the2 giluenConpastat i ve

CXampl© 2 BSREY o T s B AR e B oduct ofExampl e

]gilopetZ hﬁloﬁ?]sm% ?g%i&gggf}aﬁgd ie{n% A de QPP aEIHiO!diRvRd oY dd8disBd dhost50C
desirable and cost-effective type of base fluid for the purposes of this invention. The
paraffinic oils are usually essentially linear or somewhat lightly branched in

20  structure, and when processed using hydrogen contain little, if any, residual olefinic
C=C bonds which tend to be oxidatively susceptible. While some of the paraffinic
diluent oils can contain relatively high levels (up to 8%) of aromatic components,
they are often not as oxidation-sensitive as their naphthenic oil counterparts of
similar viscosity.

25 In general, the hydrotreated and hydro-refined types of diluent oils are
preferred for the compositions of this invention, because of both their oxidation
stability, and their good viscometrics at very low temperatures. Lighter viscosity
hydrotreated or hydro-refined paraffinic diluents (of 1.0-3.5 ¢St kinematic viscosity
at 100°C) are most appropriately useful with the products of this invention in

30 automatic transmission, gear oil, and hydraulic fluid applications, while medium
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5 pdrts hindered phenol, the materials are stripped to I50C at 10 nm Hg.
Anot her 1.5 parts hindered phenol and 231.4 parts mneral oil (Total 85 N)
are added, the materials are mxed and filtered. Conparative Exanple 3

Fol |l owi ng substantially the procedure of Exanple 1-E, 25083. @apﬁw Spf a 27%
10 solids in toluene slurry of a malefic anhydride/styrene/ nethy

nmet hacrylate (1:1:0.05 nole ratio) terpolyner having RSV= 0.158, 1141 parts
of 20.6% solids in toluene slurry of a mal efic anhydri de/ styrene/ net hyl

nmet hacrylate.( 1:1:0.0 e rati.o).terpol r ving..RSV= 3 2089.5
parts of a 2Vi§°f%t3égwr8§e¥% Paﬁaﬁtgﬂ‘é ofls E?f ﬁy?-(%ﬁésﬂg‘.“é ge SHscofly' 41 AFE)
anhydri de/ sty5eR6d Behdudl formiphiastiot ialg@sdling ahd ie88l oipings.r ati o) terpol yner 15
having RSV= 0.14 are esterified with 1 135.4 parts of Alfol 1218 and 1196. 4
parts of Al fol 8IDilygntigomginingsppelymeny, afdlkis usvertionameyube Jafesredciod as

Fol l owm ng essentially t r dur.e. .of 1- St e RYES
neutral i zed zvﬁﬂhvezgo%gp{ggtego o%q&ggllt}ge W%%SSH%I% %@ﬁaﬁ bihe (%Sfr;ﬁﬂé

ani nopr opy| ngfR@bhdecinipreving dedtiagdwhich ateedestibedlinn@edter detall patinbelbwnder ed
phenol are added whereupon one half (1834 parts) of the materials 20 are

m xed with 48&digvpmoneenttatesrae then adted adloms Nyithy wther | performanceasmpeying i ve
Exanpl e 4 The, procedure aof  Co rati,ve Exanple. 3.is. repea i ng
Total 85N wi Qqﬁlﬁgﬁs’elgHgﬁlregng)uﬁfn&zp?pgflf%t&fn‘él LRHENP rr??%graa{h%gﬁrda%ﬁéﬁ%gr ative
Exanpl e 5 25:¢mgRafehor is charged with 1507 parts of a 20.6%solids in
toluene slurry of a nmalefic anhydride/styrene/ nethyl nethacrylate (

1: 1: 0. 05 nol e rat i o)Theedgitive gencentrotenprefesably gomprigmiion@p tfa&ﬁ&sbymwsht, 1218

| cohol pj xture..T t efd,al heat.ed 120C wi th. i il
enovi gl of ucereratfy EPCERs? i€ a0 by Wikl P R ot g ohtsife Syt e | S
parts methane sulsbowi 5286l deRitd, p2bierablyPRsr 2094 fod598 ) walghohdlsubstattiatlg 30 i s

added over 0.5 hour, heating Is begun while renoving water and excess
t ol uene, st abi | iindrhgormallysigmid PreenicalbluentoPrefesatiy thei dilvent is seleated oy the

i 31 1.3 2(i 03 1 ol - H20 .0pe, '
Cbout | 989 est er BRI kAt HE Ty o RIARPEo B Lhe o
am nopr opy| Norp&kddsy, ﬁﬁﬁtl%@%ﬂlgaﬁ;ﬁ?? n‘ﬁxﬁltgraguﬁ eRsted RenfepiiR! fiYoRgbifig

mai nt ai ned 1 hour followed by a on o 5 parts hindered phenol. The
material 85 are stripped to 150C at 20 nmm Hg pingeediants, frothe gp&ifiesiamountsl ed t o

5 130C, 3.4 Eart hijngsetreg Elhen ahrle a(iided and the materials are m xed
with 21 4.2 pad3BRES ALEHRerICalo OVBYe materials are filtered. The

filtrate is the pradWiowiddexdiBORHe t8NRusdatel the prdpaafith o theddseerd/sethe!l  as
viscosity-inproving additives and provi de enhanced di spersancy for

| ubri cating cirboxyeppuainingomtsrpodymerstusad dhabis, invendipnpansly iatge netx tignded réal

oxi dation resistance a so _good |.ow tenper.at ure, pr rties 10 without an
adver se i npaﬁ‘imtlﬂg tﬁpﬁﬂﬂ?ng%%tﬂgwﬁeem@{icgtgﬁq f}gg_se %&eﬁﬁ?%ﬁlg&x %mpl\‘%’ d!
conposi t h®Nns cREwkdM fn thb ¥FRfi@RoE PSR, Al P&\‘%&Jndapméﬂiag@sf ar@By Weigh®fand

| ubricating viscosity and a mnor anmpunt of the nitrogen containing esters
or additive cmpemturesisresn dégrets Gelsinyebulfioiv. acil isdypicallyrasmmertislly heatlgbleat est

t. F | it nt ai ni ng ,40% by. wei, ght of i|. of
"Ubr 1 cati ng 95 980 FegO. MeBRzreiSe ard- Besfnfy tiatni gl efelyotor
ot her materi glisiAQAGH iP'8RERted! by ABRHFhingems fobdtactONpmYergiheidipihaltine

conposition, Is considered as conprising a nmajor anount of an oil of
| ubri cati ng widikats) ayd thbsteorfy axd entmbyr, (bromphenol hlvsumdicatornehite reagtiont han

50% of the total wejght of . ition T f Le., 51 % 8Q% and
09% ar ¢ A%] ofEHITE ok e TG R R Fon Fom e as i At i 50"
Cor r espondi nQat?Mt!mh?éstE&nng'cﬂpﬁurﬁE@Pq@Hﬁ RERurk 5 the QdaRehIAD UF theydatge.l v,

| ubricating ol'l “conpositions of this invention conprise, on a neat chemi cal
basis, from @Thediffepentd Yetmeentliegivb acidommbefs; the net anid ouRbes isgh&geibpumbirght of
t he nitrogen containi ngedegotleri fied interpol ynmer.

-

due to unesteri ymer.
Example 1-E
30 A reactor is charged with 3044 parts of a 22.1% solids in toluene slurry of a

maleic anhydride/styrene/methyl methacrylate (1:1:0.05 mole ratio) terpolymer having
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+ The 'l ubricating oil conpositions of this invention include |ubricants for
heavy 25 duty diesel engines wherein the esters are derived from

i nterpolyners having RSV ranging from0.2 to 0.8, nultigrade hydraulic
fluids, lubricants for manual transm ssion fluids, and |ubri¢3nkev fzm
continuously variable transm ssions, wherein the ester is derived from

i nterpolynmers having RSV ranging fromO0.08 to 0.35, Additive concentrates
of this invention are used in effective anounts to provide the desired 30

Typical 1y, oot o6 AR E A0 o it 'l O Rigeaf TR, &4 omnatiom 0. 01
to 10% by WeinghdridelSefréneAhtB ﬁ&hacrylzfeinﬂc.@./oymfoleom@ @RAPstraer Hiving REV-ght  of

the nitrogen containing esterified interpolynmer. Additive concentrates are
prepared by M43 angl 11 ueris\Alfal 1248 b svinuesdof pragaminanthyestraigift #bainiprnasy

m xi ng, the ¢o ent s Ki t he additiyxe concentr An ;5 vat ed
Fenper at ur o SSUOBAFY HEd ) ot sirton B6msk 1 SRR Fiea 13 SV Som

t enper at uy e-N?bm%%jwhﬂ@Eemg foNidnB9 Ak &1y70TH partd eihand wWlnic acid
conposi tions and nethods of this invention enploy an oil of lubricating

vi scosity, iand1laRAagariadilfobdltadniztpm efaredonghanilyshraighi sheiny simary elcelgls

Nat ural oils_include imal oils, and vegetable pils Q.. lard op}. castor
oil) as wel Ishaé'?gnﬁ?fgripo F(Eﬁ?r?’?,%tafo ?’o]islaggeécﬁ?%era(gé P‘é‘fn?’&gﬁfé ¥ %eg'ﬁnmwg}lf s and

sol vent-tr e%ﬁ@vir%%éﬂer]&dtek&% ffluens HebAIzikpy £ 119598 al ledrefdtivaiatontinbed foat i ng

oil's of the paraffinic, naphthenic or m xed paraffinic-naphthenic types.
O |'s of | ubrl&hairngempgopwiatey agltnluenedIr azeoieensl Aoraligeetihes tntd agidsmmabees ul .

Synthetigc lubricating oils include hydrocarbo j | n | ogsubstit yut ed
hydr ocar Bon T)illls<al §‘Ef£h5t5?§lgpa(ﬂ‘{/]ﬂlém Yed 5glr:i’d’ f’?ﬁ‘e&pﬁ’ ff’r%‘?tl gée%‘%o‘fsi‘ﬂ?%& c. and
m xtures t hejRmfonaPbk phREARBNEH arkth¥RBe AN the(rBaclion iPLAMIRAY for l6eHdpRENY! S,
15 al kyl at ed pol yphenyls, etc.), alkylated di phenyl ethers and al kyl ated

di phenyl sul Ahdbguathas toted acid muxnbei w89, steonglagigumber fidbhetgudy, abeut 8k and
the like. Al kyl i de pol yners and jnt I and_ der] i ves thereof
where their ?ﬁéﬁa%ﬁﬁtm%?ﬁﬁgf“&‘ﬂ&lz Vﬁﬁgggﬁ%ﬂ%%‘%iagﬁe%fﬂgg)?%ri fication,
etherificati ppymflE9.g constitute another useful class of known synthetic

S

| ubricating oOITs. Anot her suitable class of synthetic lubricating oils
that canlbe used Aorpter sgquepaned by o proasessfsindilar taniht 96 Bremplsobclil emplepingis and

th de from 5 to. CZ boxyl i i ds_and .pol yol d_ .
pol yol ot hor sSOYARY Sy A ABERE POBPRCH PrgaBie EPACAGHRF Jarde deied)of
phosphor us- copl.giniiraviag Rk PRt 481814 Suividnd\OH of ivfop 131 REoidieald &6

silicon-based o1l s such as the polyal kyl 25 pol yaryl -, pol yal koxy-, or
pol yar yl oxy- equivstane—OHlof Adfod 850 dlcgtedse oi |l s. Unrefined, refined and
rerefined oils, eithe arur_g Pl ‘.h. well as m xtures of two or

nmore of any ) : -y pE bset—nherei nabove can be used in the
Compos L 2gns of thfe POASHING ExutIbd QBrve o aifusiiid el §re?§1€ti6ﬂ1Qﬁ_enif%§éH_-n9d
directly fromnatural or synthetic sources w thout further purification
treat nent. 36orRehingemtess dBtharcartokyrcbrtaining inteepalymers fusereth hid wventiwapmndt hey

have been further treated ip one qr re rification,steps t.o inproye one
or nore propdFt P‘éts!nt‘F‘?Zngqun BBE B‘eéqrg’g 3%)%':581 lrl(ﬁﬁef&iﬁ@”lg%t 31&?@&? 5
processes si g;&/ﬂcé}{taéeg a}e:‘&s@ei%ﬁt‘? grégﬁu&batréhﬁndsﬁﬁérﬁ?%@ieh@eﬁﬁﬁbd &4 it Qegr&dsi ned

oi I s which have been al ready used in service. Such rerefned oils often are
addi ti onal | y CelsiseBiltetioby are@omdiictpdasingiardiatbmdceons eathofiltdr ast. Biecindgredi ti ves
and oi |l breakdown, products..5 Specifijc exanples of the above-described oils
of | ubriéati ﬁ&@i‘%&é‘?ﬂ“%?%%‘?@é‘ﬂd fihte@@mm molg. | " U's. 4,326,972 and
Eur opean Pat I;cati on 107,282, both of which are hereby incorporated
by ref erenceiggbmr‘aré'g‘r‘lgvant di scl osures contai ned therein.

Following substantially the procedure of Example 1-E, 2911 parts of a 22.1%

solids in toluene slurry of a maleic anhydride/styrene/methyl methacrylate (1:1:0.05
mole ratio) terpolymer having RSV= 0.158 and 3124.9 parts of a 20.6% solids in
30 toluene slurry of a maleic anhydride/styrene/methyl methacrylate (1:1:0.05 mole ratio)
terpolymer having RSV= 0.143 are esterified with 1083.1 parts Alfol 1218 and 1170.2
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+ A bdsic, brief description of lubricant base oils appears in an article by
D. V. Brock, "Lubrication Engineering", Volunme 43, pages 184-5, March, 1987,
which 10 article is expressly incorporated by reference for rel evant

di scl osures contained therein. O her Additives As nentioned, additive
concentrates and lubricating oil conpositions of this invédtNew 208y contain
ot her additives. The use of such additives is optional and the 15 presence
thereof in the conpositions of this invention will depend on the particul ar

use and | evel of Ik Qr nan required. : ot,her . NEY,

i ncl uded or B8 I‘dt}g)zga8&%%%215@3%%@eﬁ@ggﬁg%n&%gﬁqg'eAa&gpel&g?i@lgﬂpt%ftg?ér/fetg%ent |y
a zinc salt &ferds Ghikbd MOSEDAFArE %% Aquebud NFOH tt6 rhitralidehihe phosH oidl C
acids are often referred to as 20 zinc dithi ophosghat es, zinc

O, O di hydr ocRinsfhylathinapieporspina(&&2 pane) iseAded majeripdeareriaied forthey are

sonetines referr by, th bhrevi ati on ZDR. ., On r re zingc.salts of

ST TR ophos LA s 1 bilgs RBBGEY kinod fre e SRS B Ss Rle it ts

addi tiona exoPEnEndPEE T Ry prédtute; WERY redidde aninixedav a8y .6 RRFE efifgacel O her
additives that may optionally be used in the lubricating oils of this 25

i nvention i ndlotad&NJ and @icsehl e, det ergents, dispersants, suppl ement al

Vi scosity inprover oxi dation inhibiting agents, corrosion inhibiting
agents, poupp—’b@g?-qi?-_i%pressi ng agents, extreme pressure agents, anti-wear
agents, color stabhd btZsHeSacid@f a0R4 phAQBY aga0dtet plépRareddayRr BRahplONeH is

di spersants and suppl enmental viscosity inprovers may be used in addition to
t he ni t r ogemmesiratizednbynmizisg avith §16 paitssofi Hfe ragnenns NaOBExfor dnboysraislo@ie

agents corrosion,and oxidation.inhibjting agents i, Ch be jncl uded
e the cBmothEPae" s Hard SOl RaROE gl B ARET e 2R T ed B, )
3 NOV 2003 ahdaBh@tfhiC2 MbafsOCAT HfAdsred Bh&hadNiis addelf (il $eparth dnd The/ Siateriaese
phosphorus esters including di hydrocarbon and trihydrocarbon phosphites,

nol ybdenum ceripredridd 50%hat thsm Hg eressurpe Anothiet h8iparts hindetsid pherpl age 28 S

i nclude materials. such I at ed .5, di,phenyl .am_nes, hinder enol s,

especial Iy t émﬂﬁr\?f?fb{altsoégtgllgﬁ) 9re£ﬂgv§;1 a“ijlra%ﬁf)%mg% el golyton ﬁﬂﬂ%w gr oups
in the posi tg%ﬂggh@ to the phenolic -OH group, and others. Such nmaterials
are well known t0 ose of skill in the art. Auxiliary viscosity inprovers

(al so solfeti mes rEdlawing stlstansialy SeompeeduienafeRxamplpriek.e24916r parissefodi% y
nodi fiers) may, be included in_.the co sitjons of this 10 inveni.iQ

U scosi 1y i natids ar SOl S 9 B AP Ry oS PatsplifoncCoos
pol ymet hacr yliof ragh)depdlyiict haliig REFenpt eshdH3T8. PPArBINS,39%P sdiidalikluene
styrenes, esterified Styrene-malefic anhydride copol ynmers, hydrogenated

al keny! ar eneslony u@fa@emﬁﬁimﬁm@ﬂ?ﬁme@@%ﬁpmﬂy@%ﬂmﬁ_s(111NQ}D§i mglec rational I
have i sper SEROIThEMBEERSY T Roid 48 rug s b B1 £C Bifis SEXBE I ARty 58 ' °°

optional 4y DEartiSef Alfolagfl tenfifloyifk 1708 PaASUEYS Aledli HelhaNSRhifole Rukh

products are described in nunerous publications including those nentioned
i n t he BackgFollowingfessentallynthe roeadureFafchxaniple HeNethewdtiong acidoissneutralivgd e by

Tt he - aidi { OB 0 RAER SD T S GHO VB i PR R BRLE PP SO

Those whi ch pRYBGS Burd! €8 $aRE hinddd iphetdl@rd Addea %&Héfe@xFélﬁldab%h?oﬂteﬂhirdknom
to those skilled in the art.; see for exanple, page 8 o Lubri cant

Addi tives" b(1100\partSnef theenateninds Re mixedodth T party mancral ik Totad &SdHpady
Publisheé Cifzvel and, Onhio, 1967). Pour point depressants useful for the
pur pose i t fiftgefnyent i on, techniques for their preparation and their use
are describe@gydhpled-y- S. Patent nunbers 2,387,501; 2,015, 748; 2,655, 479;
1, 815, 022; 2, , . 2,666, 748; 2,721,877; 2,721,878; and 3,250, 715 whi ch
are expressly i ncFhppramedue bf Exafipledads fapeated eiplacing Eatal8SNIivith [ap sgnads .
Anti-foam agents used tqQ red or. prevent the formation of stable foam

i ncl ude sili gAY ogﬁe%?(gaéﬁﬁ%ij@@M@.OllExanpl es of these and additi onal
anti -foam 30p¢ sijyi ons are described in "Foam Control Agents", by Henry

T. Kerner ( Cor poration, 1976), pages 125-162. 35
30 The strong acid of 2040 parts of the ester before neutralization of Example 1-N

is neutralized by mixing with 16.2 parts of 50% aqueous NaOH for 2 hours at 150°C
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-1 3'NOV g009 Detergents and di spersants nmay be of the ash-producing or

ashl ess type. The ash-produci ng detergents are exenplified by oil soluble
neutral and basic salts of alkali or alkaline earth netals with sulfonic
acids, carboxylic acids, phenols or organic phosphorus aci?g ﬁ&fracterized
by a | east one direct carbon-to-phosphorus 5 |inkage. The reY g8 ¢ salt”
is used to designate netal salts wherein the netal is 10 15 20 present in
stoichionetrically larger anmobunts than the organic acid radical. The

relative amount of al present, in "basjc.saltsy,i,s fr ent i ndi cat ed
by the expre¥ r%}wom@?anmg&fm%}ﬁylef&m’wv e %ﬁv%&? oﬂre}lpﬁﬂ‘gﬁ‘g t he
nunber of ey Al & 5 hBfirs TeA Alind¥r&B BRkinol AR 4611 Opaits) AR MR materials are

stoichionetric anount. Thus, for exanple, a basic salt containing tw ce the
amount of nettapped dorhSO°Ecit 20 nirh Elgiredsuiei dmether &.8avans hindeted phenokandf4t-Git i o

MR) of 2. Basjic salts. techni for . preparing and using themare well
§<n0\)/vn to thd?@séﬂWantﬂll i?ﬁeclforénﬁ(?% ﬂgﬁ\ﬁ aﬁ%é‘(‘]‘%ﬂd{a t?gtegflg’élﬂg’utzllﬁ oﬂnsolﬁ"zltogilf here.
Ashl ess det efigegi s and di spersants are so-called despite the fact that,

depending on its constitution, the detergent or dispersant nmay upon
conbusti on yExdmple6Mnvol atile resi due such as boric oxide or phosphorus

i de; h it d dinari | i d th d
ot yreld a mot arraliing RREREUR i bRGRS of BRAARE 1% 400 Bl At T Che
art, and anysqfis 'hﬁt“anl&{eeslm BP:Q:rﬁaléiQranH%deﬁtfgrélﬁhhétﬁy]i maRbsyiafe (1hi:g.05

invention. The followng are illustrative: ( React1on products of
car boxyl i ¢ ambldsrafioy termrlymert having REYFe01y and Bdht Aipaita gl at 20.8%ssolds imnd

ferab)y at_ least 54 t o with ni t aj i h
D am neld or bleRe Sk 068 g b age Site AR ErarES G U] DR aRaB Ry o
basi ¢ i nor ga{é'g@_lﬁﬁér%ivﬁ%%s@@ml £8 cQbrifidacHnn 1630 pamevdf Kifsll Bneramantsy are

described in iItish Patent nunber 1,306,529 and In nmany U.S. patents
i ncl udi ng t hparfsaifl @l 0 eBgploying 70.2 parts 70% aqueous methanesulfonic acid. Butanol

i e i B S R B 3
93, 697, 4283, 31§ﬁbe35¢7834,%n§ 343 ndBert48 438et = 5.0, Following essentially the procedure
15  of Example 1-N, the strong acid is neutralized with 19.2 parts 50% aqueous NaOH,
22.5 parts aminopropylmorpholine are added and reacted for 2 hours, 6.6 parts
hindered phenol are added and the materials are stripped to 150°C at 20 mm Hg
pressure. The residue is mixed with a second portion (6.6 parts) of hindered phenol
and 896.2 parts mineral oil (PetroCanada 100N) and filtered.
20  Example 7-N
A reactor is charged with 3000 parts of the product of Example 2-E at 20.6%
by weight solids in toluene, and 532.9 parts Alfol 1218 alcohols. The materials are
heated, under N,, to 120°C while removing toluene. A solution of 33.8 parts
methanesulfonic acid and 532.9 parts Alfol 810 alcohols is prepared and is added as
25  astream from an addition funnel over 0.5 hour while heating the materials to 135°C.
The rate of refluxing is adjusted to maintain a fast reflux (3-5 drops per second) at
135°C. The materials are refluxed over 24 hours. Total acid number = 9.5, strong
acid number = 4.8, net acid number = 4.7 or about 97% esterified. Over 1 hour at
150°C, 20 parts 50% aqueous NaOH are added and the materials are mixed at
30 temperature over 0.5 hour. While maintaining temperature, 5.8 parts aminopropyl

morpholine are added over 0.5 hour followed by heating at 150°C for 0.5 hour. The
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3, 306, 9083, 454, 6074, 194, 8863, 311, SS83, 467, 6684, 234, 43S3, 316, 1773, 501, 4054, 4
91, S273, 340, 2813, S22, 1795, 696, 003, 341, S423, 541, 012S, 696, 0673, 346, 4933, $41,
678S, 779, 7423, 3S1, SS23, 542, 680RE 26, 4333, 381, 0223, S67, 637 (2) Reaction
products of relatively high nmolecul ar weight aliphatic or &Bi 81203 hal i des
W th am nes, pref erabl y pol yal kyl ene pol yam nes. These may be characterized
as "am ne dispersants” and exanpl es thereof are described for S exarrpl e in

React on pr ofirlsoRe Ry i AT il ofa iyt gt GiGwse "BEwe
| east 30 car bgigp F%l%‘@aﬁ&ldﬂﬁhﬁﬁ%é%ﬁ@@ﬁt@kﬂeﬁ faaenabdeving &acamnd, afi nes

10 (especi al I al kyl ene pol yam nes), which nay be characteri zed as
"Manni ch 37 a tl@lali\lgf Rﬂm tdnmyleltpé;pbcmim added THo ¥k Tpartd of the smtérindgiaren t he
foll owi ng U nts _
illustrati vea‘%eg%%bg %goggbf"gaéQ%ﬂn@e%elﬁigeﬁ%e‘w}?g flg5edorhitict s
obt ai ned Hy post-treati ng t he carboxylic am ne or Manni chdi spersants

Wi t hsuch reagents as urea,thiourea, carbondisulfide, aldehydes, ketones,
carboxylic agk_@i:gr,’_lﬁ;&ir ocar bon substi tut ed succi ni canhydri des,

nitriles, epoxides, bor nco hor co
Exenpl arymat eri al é ke dwétpe g ftﬁB @F&\%ﬂlﬁiﬁn@ﬁs‘hN
patents: 3, 03%@@(&%&&%@5&& 3&&3&58% ﬁ%@mt?sﬂ@ésﬁ%&ﬁﬁt@n%%r&%%di@@o §773, 64

9, 2293, 200, 1073, 366, 569 0933, 649, G693, 216, 9363, 367, 9433, 533, 9453, 658, 8
363, 254, 0253hmt1251°§ @3@1@;@3 697, 5743 256, 1853, 403, 1023, 573, 0103, 702, 7573

, 278, 5503, 442, 808 7 703. 5363, 2 455, 8313, 591, 5 83 704, 3083, 28
1, 4283, 4?‘?5 8323, cﬁéﬁé Eégeig% regoing cxaiip 3sdergy eé)cqﬂéﬁ%ﬂsfr'ﬁ‘% e gy L%S?Hers of
oi | - sol ubi | i #ihB@inHReY %Psw:izo%s ofhY | cabBRIYRE Mkl bE  ankidivde gﬁﬁgé ghder and
hi gh nol ecul ar wei ght ol efins w th nononers”containing polar “su Stituents,
e.g., am noabst@;riﬁ@b@lylammvmedrtetchnhonwamlm@grom yl ami des and

pon (oxyet hyl ene)- substituted acr Iat pese may be ch X! terize. as
"pol yneric di sper Q¢ SOmBgrAt VSX&’H’B? JBHOXIg  Framplss o fYSfatE ingidar

fol | owi ng U. SompetitRidk Sbut3wBaSin65Sledst 63@% 530 odeft 4, R500085 &3 thS4Resdoriitd, 565

3,702,300 The above- not ed patents are incorporated by reference herein for
their di $%1 osubexyligfacid@r ashidsids articoprearicd te earb@yl amifleggretpsve- i | | ust r at ed

ot her addltlﬁs maé eEch ge;present in lubricating conpositions at a

concentratio °. 4 g s 0.001 % by weight, usually ranging from 0. Ol
% to 20% by wei ghts rehftoRSdhat §tvﬂﬂp3?(§4a4 6ak’t§36f a0 o6 QBfidd MUbRiehd QP of 2% L O
10% by wei ght, nore often up 5% by weight. 5 These other additives can

be added dir maidi(yarthydﬁdﬂjstmm/meglybmethaéwb\tee(rlalbﬂ) 05 nivdeventie) terndhyryermaemgl | ut ed

i th bst di | |
ol 11 napht nalosnDdfes e o mAerBR sl redlia st ifensaany v B GROER r at o
The ni t r ogen  gRatiaé/lyRaeAfkiS snctfackMis (1: m@Btrhae riRY t@BolyRePRAMARSY=i Nt O

these additive concentrates.” Preferred additi ve concentrates contain the
di luents 10 ﬂéﬂandeldﬁ@aﬂeﬁéthébbS/elCOWmaumnEhmmmb are hedted tc H2PEi se

fromO0.01 to 90% b often O, 0% i 0 th co sjtions
of “This i nventiick el Teayhie frtdhe toheh o ritire o0t Pt BOBTRRTGaN: ¢ | ves
known in the,ghtan@ri 192 $carik A8 19! MY ErixthRNRSIHER LY S SHéﬁP h%ﬁnri'g':_hé? 20%
30% or 50% or hi gher may be enployed. 15 The lubricating conpositi ons of

thi s inventi beguarehild leowyvimgtveateriandicheese kelwgmeestabilizing at 150°C. The reaction is

25  continued for 16 hours, removing water as toluene-H,O azeotrope. Materials are about

97.3% esterified. The strong acid is neutralized with 27 parts 50% aqueous NaOH.

While maintaining the temperature, 75 parts aminopropylmorpholine are added over

0.75 hour and the temperature is maintained 1 hour followed by addition of 6 parts

hindered phenol. The materials are stripped to 150°C at 30 mm Hg pressure, cooled
30  and mixed with 886.5 parts mineral oil (Total 85N).
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in the followi ng Table. The lubricating conpositions are prepared by
conbining the specified ingredients, individually or fromconcentrates, as
indicated, in the indicated anounts and oil of l|ubricating viscosity to
make the total 100 parts by weight. The amounts shown are parts by wei ght
and, unless indicated otherw se, are ambunts of 20 cheni cdl 3 Nowsemy on an
oil-free basis. Thus, for exanple, an additive conprising 50%oil used at
10% by weight in a blend, provides 5% by wei ght of chem cal. Amounts of
conmponents r Fé g anpl e nunber are as prepared These exanples are
pr esent ed foe&% i éﬁzﬁ§%€%urposes only, and are not intended to limt the

scope of this invanteh@or is2éhatgedtwigh ERE0TPhEs oD theTgbliget lof &aﬂn te OfE.t Mae
nitrogen-containing esterified interpolyner of the indi cate exanple is

conbi nedf wi t Fatgrigle sug h@%ﬂe%@ewo?cs%@r Narivheaenpon 8 e pitsedimetty a@mmnr@mu Ing
18. 27%
L0, 2mb ot 2 BRI SR B DR FHPRL R TE Shufr N Mg B e

1000) subssti paﬁs&ﬂnmpﬁbhél a{maenﬂ@a@td&yﬂpea@o PSO°Z a1 0enm e t AABtheO1.5
product, 3.2% of dibuty hydro en phosphite, 0.51 % of 85%(E)hosphor| c acid,

4.29% bor at eaarﬁ&lwdemn@wd 1dawyts m&lumw@w 82120 iare aglded, the materials
anhydri de- et hyl e 39 1 3 NOV 2003 reaction product, 2.56%
borated G ~ Le}%(@?é? &%éﬁ}g%}{]dl (nonyl phenyl )anmi ne, 6.41 of reaction product
of t-dodecyl CombpaativePxamle Br opyl ene oxi de, 0.26% of N N, di et hanol tall ow
amne, 1.02%of a fatty dial kyl phosphite, 0.38% of 1-CH 2heptadecenyl

i m dazol i ne, 7.69FplRDE sWhsiantially te@romdmgaf Frxample kEu203 pats ofrr2 B

S, S --t de
IkyI beﬁgeng&isdﬁﬁ gﬁllh%?egécl%{} 3% o‘Q‘iSf a‘bdser% eérggt{‘%d%’f&%?rygfekw ééﬁzene
sul foni ¢ aci thole3ra%) @frpéifmerd havimd RISVEN0 958, alml nefResasees (MVRluend- )
salicylate (AC 60C from Shel | Chem cal % W % of a kerosene sol ution of
yial

si | i cone ant blraEnefage maleic canhpdrdsystgen mefhacidatond1:0.88 molef irgticant

| | | 0 ddj t
Concent rat e (BoG0;MeSird 4\aep s b 2050') Bl a2 1ee b B o My b3
stocks) . TabhemdlelcUbrilyasaé/streasmlcthyPraettsdryitle EXBOPSemblel ritiol Stetgolyfnd The

conparative |ubricants of Table 2 are prepared in the sane manner ‘as those

of Tableld ehewps RENs hibagestrifed wthrhdﬁéé pofts pﬁéxlfow%}& arsh! E36e pastsiadced

e P OB b BB G eSO, AR Rl S

Comp. 1V A corpabadduke of Bxampt 11N tﬁblstrs@grm@lal Tslmtrhlszear@mrzgdpm s®@Abi ni ng
9.8% by weight of the nitrogen-containing esterified interp e;zgmsr of

Conpar at i ve Exigaps Na@H\37 4 marts agsinnprepyinerpheline am addedeand zeacteph foy L\boght o. f

SUbot 1 tuted St ez g R e rthe ofs BRI AR yns malFrbny
ani nonmet penejrer@iked with 458 Q%Hﬁémlt?era‘i%%(mlﬁﬁm aﬁdﬂﬁ@t@féﬁhw anm ne, 4.08% of

CSZ post treated pol ybutene (M - 1000)
Comparative Example 4

The procedure of Comparative Example 3 is repeated replacing Total 85N with
an equal amount of PetroCanada 100N mineral oil.

Comparative Example 5

25 A reactor is charged with 1507 parts of a 20.6% solids in toluene slurry of a
maleic anhydride/styrene/methyl methacrylate (1:1:0.05 mole ratio) terpolymer having
RSV= 0.13 and 261 parts Alfol 1218 alcohol mixture. The materials are heated to
120°C with N blowing while removing toluene. After cooling the materials to 95°C, a
mixture of 16.2 parts methane sulfonic acid and 261.4 parts Alfol 810 alcohol mixture

30 is added over 0.5 hour, heating is begun while removing water and excess toluene,

stabilizing at 150°C. The reaction is continued for 18 hours, removing water as
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40 ' 1 3 NOV 2003 substituted succinic anhydride-ethyl ene pol yam ne
reaction product, 0.70% of oleylamde, 2.11 % of dibutyl hydrogen
phosphite, 4.72% borated pol ybutene (M 1000) substituted succinic

anhydri de- et hyl ene pol yam ne reaction product, 2.82% bor at eg 30%% Xi de,
3.55% di (nonyl phenyl )am ne, 7.04% of reaction product of t d %

nmer capt an and propyl ene oxide, 2.82%of N, N,-diethanol tallow am ne, 8.45%
decyl oxysul fol ane, 1.47% of gl ycerol nonool eate, 0.42% of a m xture of Sand

ai ko bensen@int#E) ER0Ke" SAUSHER Fe pholn A oD R i 0 o,

benzene sul f pRiperaagé,d27.9. 530ts ‘Valﬂ)ihoptoFﬁfr@ﬁﬂi@ﬂné Qtditailded 6Verso.bi ksipeandnthif oam
agents and 10 sufficient mneral oil diluent to bring the total % by wei ght

of the addi tiepweragne éhmeitaingdo!l howofollowed by gfdition of §Sepastsstindar¢dyphespl.

silicone antifo n m.n oid.of lubricati LScOosit Texaco
st ocks) . Theﬁf)er 0 ue?f't%;& %r? sﬁﬂ%e lﬁ%ﬁ?@lgn?t %&gﬁ%lﬁej%prﬁsé“esg%j dé%?ngar,tc(g&géitaati on
condi ti ons Uus3090, 3.4400ts onderddUpidthbire Hadéd hkPineQhatefials AR Moled Wi I NpM
Beaker Oxidation 15 Test, wherein the oil sanple is subjected to air

oxi dati on at Partsoinersbedl (Tasel 5N, The meisials are fisngso She filirste iaithe produstnt ed i n

the foll ow ng tablg; % Vi.scosi.tv lncrease (cSt. (.~ 40C . d Nunber
Chang~D- 664) | | 4#@?%@%“%‘5 (g%ﬂé%‘tnvfnt‘fé.aée e aﬁV{Sﬁ?sity‘f. 1% é‘\g‘i’“‘ieﬁ 5.3
0. 60 Conp | | indlprovide eBHaricedBishdfsahby Jorllubficatibg loll doatpobitiofie eAs nbRM dbbee,

foregoing data that the oxidative stability of lubricating oil conpositions
cont ai ni ng t ey pevjsisexesnbiasalexidatien resistanes andralsorgood how temneraturie propgities

superior 4o bricati 0i.l _conmposition containing a conmposition
of the pqu or&gﬁéqt%ta&(ésf _‘H{c?ﬁﬁ“{“ﬂg%he%_ﬁ@%r%?ﬁ&% erials described above
may interact in thebrdQtihg bidlcompbdilidridf@Ms i@nfidiféorhpifie GAANBP ARt ah he
final fornulation may be different fromthose that are initially added. For

i nstance, neeiiof lWisating viseosify and adainer gmeunt efathe mitrogen @niedin@ egensiogr at e
o o o B 0 TSR A RO USER ST R,
i nvention i netaiglé, A @mneiRmitien ConfAiing) 0% Byseeipht dfl & 6If oL ABYicaRBCHiRbRN.-
Nevert hel ess, all such nodifications and reaction products are incl uded
wi thin the sawhbibe bplaneecbamgpmadewp of avatety efotheroatprials each presentin amount
:Bg\cl)g)azzes fere that 399%> L;i“cl)eq FSTORE %(cj)m%Xsi 191{?- i)s(icr(])ﬂsiaer}gd %S %%%Ql%é adgqséforri bed
amount of an oil of lubricating viscosity. More frequently, a major amount is meant
more than 50% of the total weight of a composition. Thus, for example, 51%, 80%
and 99% are major amounts, and minor amounts are less than 50% by weight.
20  Corresponding examples of minor amounts are 1%, 20% and 49%. Typically,
lubricating oil compositions of this invention comprise, on a neat chemical basis, from
0.01 to 10% by weight, more often from 0.20% to 5% by weight of the nitrogen
containing esterified interpolymer.
The lubricating oil compositions of this invention include lubricants for heavy
25  duty diesel engines wherein the esters are derived from interpolymers having RSV
ranging from 0.2 to 0.8, multigrade hydraulic fluids, lubricants for manual
transmission fluids, and lubricants for continuously variable transmissions, wherein the
ester is derived from interpolymers having RSV ranging from 0.08 to 0.35, Additive
concentrates of this invention are used in effective amounts to provide the desired

30 viscosity index and dispersancy to a lubricating oil composition. Typically, on a neat

chemical basis, they are employed to provide from 0.01 to 10% by weight, more often
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« 1 3'NOV 2003 295 8RO 1 Wiat is clained is 1 1. A nitrogen-containing ester
derived froma carboxy-containing interpolyner 2 having a reduced specific
viscosity (RSV) of fromO0.05 to 2, said interpolymer being 3 derived from
at | east two nononers, (i) one of said nononers being at IqagstN 9ne of 4 an
aliphatic olefin containing from2 to 30 carbon atons and a Vvi Rylz‘momati o
5 nononer and (ii) the other of said nononers being at | east one al pha,

bet a6 unsaturated acyl ati ng agent, said ester being characterized by the
presence within 4 7. ped ri t u . Of 4 al | oups
whi ch are de ?n\}e(lc)jkﬁ%otr%p? I@égg ‘Léég oéﬁﬁ{ger %%Bgéno? &&s:[glpﬁlgi %1{@} pegl {31%&9@9{ A)
from 20 to 7QddiGhe cOadentsses ae prepeesl Bf midingosuhllygatoarpslevaieds tintpeddbure to

i nterpolyner, of ester groups containing from1l3 to 19 carbon atons, 11 (B)

from 80 to 3@ciligte mgingaibesomnonptemaking uarthe additivg eensentrate. s Aing‘eleyated
i nt er pol f est, t.aini
opt 1 onal 1y EEBpafity s dSRERARIAN AelibBurd A, b bt cfih8ire, |

sai d 14 int eTROON e Lubridatifig Vedcogfyoups containing from2 to 7 carbon atons,
15 wherein from93 to 97% of the carboxy groups derjved fromthe

car boxy- cont ai ni n§he bibrigatingrempesitiony andemebpdgphihissinvention panioian et of he

car boxy groups . ISl i 0 ¢ { d. i de groups
whi ch are th@ﬁ?&gﬁg(‘) @b%}g’a@?@gﬂ%ﬂ{aﬁ%@ﬁﬁﬁg@%ﬁgs%%%bﬂ%rgﬁpﬁgﬁeﬁg havi ng an
average of from INiRrdl @ild irkclydei afiiznal odls afé vegutkibley oitnferno, lgrdosip sastérovihasver t
from5 up to less than 50% of 2Q the carboxylic acid or anhydride groups to

car bony| - ani Well gs gunssal Inhricgtipg ot guch s diquidgtetrelermosils and sghveat-tsatesdnASidr i de
9 OThe cEfor Sl BBRF pblbub s HRmCRbRENNE s A e BpraBiY HepfHhcll AP

cont ai ni ng 2mfixedrpataffific-hapith&ae type® MOils 48 lubritatthgNGbosiP derdved. froth @odisirer  of
claim1 containing at |east 45 nole % based on noles of 2 carboxyl groups

in said inteshals yreenalsoopseéidt eSygthetip Jubtinating Milsginchgm kydrecarpne ailph #nd 3

atons. 1 4. The este f cla,m1l.wherein t | i phat i lefin i | pha
ol efin. 15, MapBRlflen RyproeRith oil G bRt R e RuB iRz oS 2
styrene or aefd. Shdshixbudése thesdoy, BRGIberkzefics, PoBpREdyEr (0., biphkiipls, tefpbesyls) t he
al pha, beta-unsaturated acylating agent is an 2 aliphatic carboxylic acid
or anhydt} dealkileted robphenyl® etk alkylated diphenylsetbers grd alkylatadgliphraykiuifidese

al pha, beta-un [ ! ] r i . thereof is at |east
one nenber sg? dZ%%é%ﬁéaﬁlg%f%%oésragﬁg@:@!}ogﬁ gsit}l%of)afngr%r%ﬁe@ﬁ c acid 3 or

anhydri de, itaconiagkydéiebxitle poliyds aitEintekpoiRhérs add ddivativesahérydoniergtheirar i
acid, 4 acrylic acid, methacrylic acid or an ester of any of these, or half
aci d- est er s~ tsrmirlak hgdrgk Wagioupt baysobesismodified by esterification, “etherification, etc.,

constitute another useful class of known synthetic lubricating oils.

20 Another suitable class of synthetic lubricating oils that can be used comprises
the esters of di- and polycarboxylic acids and those made from Cs to Cy
monocarboxylic acids and polyols and polyolethers.

Other synthetic lubricating oils include liquid esters of phosphorus-containing
acids, polymeric tetrahydrofurans and the like, silicon-based oils such as the polyalkyl-

25  polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and silicate oils.

Unrefined, refined and rerefined oils, either natural or synthetic (as well as
mixtures of two or more of any of these) of the type disclosed hereinabove can be
used in the compositions of the present invention. Unrefined oils are those obtained
directly from natural or synthetic sources without further purification treatment.

30 Refined oils are similar to the unrefined oils except they have been further treated in

one or more purification steps to improve one or more properties. Rerefined oils are
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1 8. The ester of claim1 wherein the interpolyner is derived fromstyrene
and 2 mal efic anhydride. 1 9. The ester of claim8 wherein the interpolyner
is further derived from2 nethacrylic acid or an ester thereof. 1 10. The
ester of claiml1 wherein the nole ratio of (i):(ii) ranges,f 1'055to 3: 1.
1 11. The ester of claim9 wherein the nole ratio of styreﬂe{mez
anhydride 2 nethacrylic acid or ester thereof ranges from( 1-3 ): (2-1):
(0.01-0.3 ). 1 12. The ester of claim11l vvherein the nole ratio of styrene

- malefic a i f r

13 NOV zqw‘g%i &é“q%é°%g%§u ?(%r%g ct:l%(s\é ?su"’gu %4 Qe@ﬁ ap@%ﬁ% }efﬂm%m of

the ester Ofwﬁlbﬂlhﬁvébéenaalfbaﬂy asedlin s%\tm:e 7S%hbxserefﬁale@ loils oftea aed hdiﬁﬂi‘dnaﬂyel ect ed

fromthe group consjisting 3 of paraffinic oils and synthetjc 3%"%5%[1 114. A
@

conposi ti on RIeewsss Pégtftcbmélll%ﬁ W%’@d\/\}?emoﬁalt plosrent addjtivessand a WRed or
2 hydrorefi affinic oil. 1 15. A conposition according to claim13
wherein the difuent is a synthetic oil 2 selected fromthe group consisting

of carboxylic est@peelf&ruiample;afﬂhaabbm‘d‘ldSczibedldﬂgoﬁh:b&catihg]sﬁscoa't)earegiven of
claiml1l wherein the RSV of the interpolynmer ranges fromO0.0S 2 to O.

17. The est ein GhamherinnHeUyth 326,972 jaad Batpnsan Pagnt Bublicaiion, 1A7,282bojB & frorln
0.08 2 to 0. é'ﬁlch llue]‘r%re y}tgcoﬁg&rgtrecllj ﬁgre%%@ti%]f g&ﬁ'dﬁ‘sofo@&e@fwﬂtﬁﬁ thOtdfn. am no

conmpound is a polyamn he ester wherein the
pol yami no conpound baslcsbﬂlabdeemﬁtroamfum&ngbasapllcaplseasst inng aficle by D.V.
anm nopr opyl mor phol i ne, and di met hyl am nopr o 1 20. An_additive

concent r at e BEIghr | Libtisation Fngiwefng” é%lwe\%! @P&esofs"r%eMQ“ﬁli‘r tlp%be‘ﬁhlch
contai ni 9 eshiele gf e)fﬂr@éswaﬁcg re{técp LR¥arbfte RO Ry it gﬂélfmr%@ c§ntﬁln§d
: met ho

substantial ly 1T nert, nor I quI or gani c diluent.

conpri si ng mhgtey, at an el evated tenperature, from25%to 85% 2 by wei ght
of the nitrogen containing ester of claim1 and from 15%to 75% by 3 wei ght
of a substanéﬂﬁ!’_ﬁ,@lﬂéﬁt, normal Iy liquid organic diluent. 45

As mentioned, additive concentrates and lubricating oil compositions of this
invention may contain other additives. The use of such additives is optional and the
15  presence thereof in the compositions of this invention will depend on the particular
use and level of performance required. Thus the other additive may be included or
excluded.
Compositions often comprise a metal salt, frequently a zinc salt of a
dithiophosphoric acid. Zinc salts of dithiophosphoric acids are often referred to as
20 zinc dithiophosphates, zinc O,0-dihydrocarbyl dithiophosphates, and other
commonly used names. They are sometimes referred to by the abbreviation ZDP.
One or more zinc salts of dithiophosphoric acids may be present in a minor amount
to provide additional extreme pressure, anti-wear and anti-oxidancy performance.
Other additives that may optionally be used in the lubricating oils of this
25 invention include, for example, detergents, dispersants, supplemental viscosity
improvers, oxidation inhibiting agents, corrosion inhibiting agents, pour point
depressing agents, extreme pressure agents, anti-wear agents, color stabilizers and
anti-foam agents. The above-mentioned dispersants and supplemental viscosity
improvers may be used in addition to the nitrogen containing esters of this invention.
30 Extreme pressure agents and corrosion and oxidation inhibiting agents which

may be included in the compositions of the invention are exemplified by chlorinated
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«1 3'NOV ?20p3 1 22. A lubricating oil conposition conprising a nmajor anount
of an oil of 2 lubricating viscosity and a mnor ampunt of the ester of
claim1l. 1 23. The lubricating oil conposition of claim22 wherein the
conposition is an 2 automatic transm ssion fluid and the ester is derived
froman interpolymer having 3 RSV ranging fromo0.08 to O. 44.3 NO¥42003rhe
lubricating oil conposition of claim22 wherein the conposition is a 2 gear
| ubricant and the ester is derived froman i nterpol yrrer havi ng RSV rangi ng

3 f 0.05 t0.0.3 Th b 2
wher ein i ho DRSS ixcEadariond," Prighid SEIAAS oR4 { pGTRARE) BReRiorfR I’ e
ester is derjnwRding ARY@EBcdrbéE bR iiRIFoc3ribaVpHIpIREY, fr@uwdeﬂ,uﬁ reffipdurds; 0 0. 8.

1 26. The lubricating oil conposition of claim22 wherein the conposition
is a? Iubrlamirtheflbﬁr heavy duty di esel engines and the ester is derived

froman interpoly 3 havi WV...ran f 0. 7

| ubricating oil ¢ Bs?xtl %]?“of‘ﬁ}! lélPﬁh ggfn%n ?ceﬁ] té %Sr%psglgpt ?%nauf}gﬂgd
nul tigrade h¥ighéyl iathihdsUithRPdl pReoRsS teSecial dt@bse\/ﬁﬁlwﬁg Qeftiary hIRYE by mer
havi ng RSV 3 ?aﬁg}ng from 0. 08 ?o 0. 3t56%1 25/ The lubricatin }g oi |

conposi ti on Bichals demiap2buibilegisups !mﬁfledmﬁl@gl qrthento; the phenalighGR greurt 6pd manual

t ransm ssi ons, an ar i S rived from r ymer 3 havi ng RSV
rangi ng fror’r‘?tlljeré chnﬁgt sireﬁe Q9 Bﬁ?sga??]ﬁg %Teoac%npom tion of claim
22 wherein the CoRpgitiaty ﬂ@cdsﬁyfmgrdv@ﬁ éhﬁ@@bm&@xﬁe&f&ﬂéﬂé&t@%'ﬁsdﬁﬁw fder

transm ssions and the ester is derived froman 3 interpolyner having RSV

rangi ng fr omndprogers @rovis®sity gnodifigs) may be included in the compositions of this

A ALY ALY, A E AS3E ALE2 AL2 AL ALE ASE AS. ASl 2. A92 ALF2.
2. A9. ALYL AL'F—_"Vﬁ{HPnAg A@‘i"ﬁ‘%)i\d%’?r%vfﬁs A Wl )&QIF}A‘E“R’L %@ @‘R?%Rssz A 2. A

9FY. ALE. ALY2p 4} ?ﬁﬁeﬁa&yk@ iy Rosidv_ Eydro enated diene polymers, polyalkyl styrenes,
RveM<{ vql gb]g(] cal] ca] ca] ca] ca] cRa] cal ca] caj ca] caj ca a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] capsterifesd] cmnaméqleam | caplgmrER hxiae Boategl Qikgb’]@(?ltﬁa] cal] ca

L) oo ob] ca] oo SRR SRRORFES) SRMGRRERATIETBLARISAN Y, (1

_Z] ] ca] ca] cap@a] GrdrC aldsel &ﬁllceabsakﬁahfv@m&i cwhichl £18d aale a(ll@]?e]ré'a@l caliea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca! \ /] /1 1 #00000! 1ulll#2y234mir 4488;

w=| ==>} xl%cmqqupc)apmelﬁ@c@? dma]voaqndap@)appaqr@élyda] wsfl da) asidjtion) @a‘]léa] ca] c

Run L% 2R R R 8 s Rly bR bR ) o o

] Ca] ca] Ca] Calrﬁﬁid ﬂﬁke%&ﬁioﬁa& qﬁ]tﬁ@]}%k li&d @lradé Maventaaaaadt ok jthdsékkOl ul
hnrrrssquvvUx{{{{{w mhc”Ykf [ U] c”]ca] caJca] ca] ca] ca] c”a] ca] ca] cMa]ca]ca]ca

] ca] ca] ca] caputdjcetdpusap hempya}maq%aﬂtlcaroa]edf‘la’]rcf@]@ma] calc”a] ca
11j1D_B f d Z]c

| ca] cAl ol ca] caT oRPEAPOA] depeupR] BAY Ba] BAPAG] ol b AU LRl prYROHE: STz v} w
rmgb\ W] sVl ﬁﬁa}i%%ﬂg]ﬁéﬂﬁ a&&ﬁbaf %L&ﬁi C@hGé&] s8icaahspbe akeaheadsalisal fajeal caj c
a]J ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca! e4

%. | 57Akq~@jiteydturyl apd]axg }v]euaqnoazpda]th@s]e@hl]lbé]mﬂm] arh] m]f@af)eear}ma]n,aaf 8 ca] ca

B

| al cal cal cay RaFEatC AUNAS PTaE ol U balse: i o) KEPih SIS APt ot e
ca] ca] ca] ca] ¢akfahg 2liBiTder, @B&&Wm\df\!ﬂ%a cy&&qio@ﬁ]d"e ?és@&'hlé?ﬁ’deﬁﬂ]f@ﬁhféa] cajc

a] ca] c*a] ca] ca] ca]ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] cal ca] caljca]ca]calg

c. =l z+1@ vqpupovkéithiglihvadtion] eckajiqeds dor theiy pedperatipe and thejraust et ]rd:b’eé] ca] ca

el eeaoki Lo s Jid i pedpotbe s k3 SR SR adpbiaficay ona

I cal ca] ca] ca|qgplag] 721 887,520 £&1€ 2 &l 250 P13l whidh € are=ekpréddiySificdrborated

by reference for their relevant disclosures.

Anti-foam agents used to reduce or prevent the formation of stable foam

include silicones or organic polymers. Examples of these and additional anti-foam

30 compositions are described in “Foam Control Agents”, by Henry T. Kerner (Noyes
Data Corporation, 1976), pages 125-162.
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ca] ca] ca] calilkali onjabdine xpoxORetR)s- with osuiianic) acidsy carboxylic “acids, phenols or
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=s109& ()-! Ns2Y"109& ()-s!Ns2Y"109%& ()-s <&B{Y:!!DLSG' 10%8<8<& ; FSS10%<&

'() -, @O%& €XpreskibBYsraLt) ratd”- (abbsegiated- YIRDOowbeck )is efiner| ws 1the npoder/of) -

10%& ()-] 10%<& ()-2Z 10%<& ()- AR
10968 E%lqs@qrfwi@(t% ?‘-Z’l‘i‘ﬁé?}’f‘eé%\?%ﬂ%@ﬂ#‘iéo o sjoichigmetrie ynoupt. Thys, « gy 10

UP<P<& () -! Xe-& oy 100 ' . Ui &1 ' .
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stoichiometric amount, has a metal ratio (MR) of 2. Basic salts and techniques for

preparing and using them are well known to those skilled in the art and need not be
discussed in detail here.

15 Ashless detergents and dispersants are so-called despite the fact that,
depending on its constitution, the detergent or dispersant may upon combustion yield
a nonvolatile residue such as boric oxide or phosphorus pentoxide; however, it does
not ordinarily contain metal and therefore does not yield a metal-containing ash on
combustion. Many types are known in the art, and any of them are suitable for use

20  inthe lubricants of this invention. The following are illustrative:

(1) Reaction products of carboxylic acids (or derivatives thereof)
containing at least 34 and preferably at least 54 carbon atoms with nitrogen
containing compounds such as amine, organic hydroxy compounds such as phenols
and alcohols, and/or basic inorganic materials. Examples of these “carboxylic

25  dispersants” are described in British Patent number 1,306,529 and in many U.S.

patents including the following:

3,163,603 3,399,141 3,574,101
3,184,474 3,415,750 3,576,743
3,215,707 3,433,744 3,630,904
3,219,666 3,444,170 3,632,510
3,271,310 3,448,048 3,632,511
3,272,746 3,448,049 3,697,428
3,281,357 3,451,933 3,725,441
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"Y10%&' ()- 10 10 3,316,177 3,501 405 4,491,527
10F=s109& ()- 8109%& §340,281 w- - . U. dEbGh3, 5@0%&' ()- mg@g/@m) - S@0%& ()-L'!10%&
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-(12)W&'()-y10%&'() u;’ %B //dEbCIIL () - 10%& 656 0%&' ()- F10%& ()-LG'
109%&' ()-109%& ()-// dEbC! ! ' () - y&109
y$- 109&' () - @310%& 3:$51.65200& () 4/& 89 -1 1u111#RE Cl12
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34mio4paqar 44k5b@ ! 1 1LyG' 10%& ()-3!1 10%& ()- 10 10 103=s10%& () -
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k568889: Y7b@'fL '109& () - 4! SLmt 109&' () - 4! Lnf 109%&

LyG' 100/&{() 3! LyGAooBe (§“)0§ prodygty -of relgtively, high) molepplag: wgight) gliphatic or

alicyclic halides with amines, preferably polyalkylene polyamines. These may be
characterized as ‘“amine dispersants” and examples thereof are described for
5  example, in the following U.S. patents:
3,275,554 3,454,555
3,438,757 3,565,804
(3) Reaction products of alkyl phenols in which the alkyl groups contains
at least 30 carbon atoms with aldehydes (especially formaldehyde) and amines

10 (especially polyalkylene polyamines), which may be characterized as “Mannich
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F'109%& ()-!16" F'109& ()-!1 F"109% ()-LG 10%: ()-!; .

LG 109%&' () - ! dupgrsqis gyish mugh repgeniguas \ured” fiouremogarpn displfids, aldolkydes,-

'S &01 " 10%& f(gt-ones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitriles,
epoxides, boron compounds, phosphorus compounds or the like. Exemplary

materials of this kind are described in the following U.S. patents:

3,036,003 3,282,955 3,493,520 3,639,242
3,087,936 3,312,619 3,502,677 3,649,229
3,200,107 3,366,569 3,513,093 3,649,659
3,216,936 3,367,943 3,533,945 3,658,836
3,254,025 3,373,111 3,539,633 3,697,574
3,256,185 3,403,102 3,573,010 3,702,757
3,278,550 3,442,808 3,579,450 3,703,536
3,280,234 3,455,831 3,591,598 3,704,308
3,281,428 3,455,832 3,600,372 3,708,522

4,234,435

10 (5) Polymers and copolymers of oil-solubilizing monomers such as decyl

methacrylate, vinyl decyl ether and high molecular weight olefins with monomers
containing polar substituents, e.g., aminoalkyl acrylates or methacrylates,
acrylamides and poly-(oxyethylene)-substituted acrylates. These may be
characterized as “polymeric dispersants” and examples thereof are disclosed in the

15 following U.S. patents:

3,329,658 3,666,730
3,449,250 3,687,849
3,519,565 3,702,300

The above-noted patents are incorporated by reference herein for their disclosures of

20  ashless dispersants.
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These other additives can be added directly to lubricating oil. Preferably,
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concentrate. The nitrogen containing esters of this invention may be incorporated
into these additive concentrates. Preferred additive concentrates contain the diluents
referred to hereinabove. These concentrates usually comprise from 0.01 to 90% by
weight, often 0.1 to 80% by weight of the compositions of this invention and may
contain, in addition, one or more other additives known in the art or described
hereinabove. Concentrations such as 15%, 20%, 30% or 50% or higher may be
employed.

The lubricating compositions of this invention are illustrated by the examples
in the following Table. The lubricating compositions are prepared by combining the
specified ingredients, individually or from concentrates, as indicated, in the indicated
amounts and oil of lubricating viscosity to make the total 100 parts by weight. The
amounts shown are parts by weight and, unless indicated otherwise, are amounts of
chemical present on an oil-free basis. Thus, for example, an additive comprising
50% oil used at 10% by weight in a blend, provides 5% by weight of chemical.
Amounts of components referred to by example number are as prepared These
examples are presented for illustrative purposes only, and are not intended to limit
the scope of this invention.

In the Examples of Table I, 8.1% of the nitrogen-containing esterified
interpolymer of the indicated example is combined with 0.025% red dye, 7.8% of an
additive concentrate containing 18.27% of a polybutene (M, = 1000) substituted
succinic anhydride-ethylene polyamine reaction product, 3.72% of CS, post treated
polybutene (M, = 1000) substituted succinic anhydride-ethylene polyamine reaction
product, 3.2% of dibutyl hydrogen phosphite, 0.51% of 85% phosphoric acid, 4.29%
borated polybutene (M, = 1000) substituted succinic anhydride-ethylene polyamine
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reaction product, 2.56% borated Cs epoxide, 5.64% di(nonylphenyl)amine, 6.41%
of reaction product of t-dodecyl mercaptan and propylene oxide, 0.26% of N,N,-
diethanol tallow amine, 1.02% of a fatty dialkyl phosphite, 0.38% of 1-OH-2-
heptadecenyl imidazoline, 7.69% decyloxysulfolane, 0.38% of a mixture of S- and
5 S,8’-t-dodecyl dimercaptothiadiazole , 5.38% of Ca overbased (MR 11) alkyl
benzene sulfonic acid, 2.12% of Ca overbased (MR 1.2) alkyl benzene sulfonic acid,
3.8% of an oil solution of a calcium overbased (MR ~ 2.5) salicylate (AC-60C from
Shell Chemical Co), 0.5% of a kerosene solution of silicone antifoam agents, 0.05%
of a lower alkyl ketone, and sufficient mineral oil diluent to bring the total % by

10 weight of the additive concentrate to 100%, and mineral oil of lubricating viscosity

(Texaco stocks).

Table 1
Lubricant Example Product Of Example
I 1-N
15 1 2-N

The comparative lubricants of Table 2 are prepared in the same manner as
those of Table 1 except the products of examples of the invention are replaced with

the products of the comparative examples.

20 Table 2
Lubricant Example Product Of Example
Comp. I Comp. 1
Comp. II Comp. 2
Comp. Il Comp. 3
25  Comp. IV

A comparative lubricating oil composition is prepared by combining 9.8% by
weight of the nitrogen-containing esterified interpolymer of Comparative Example 5
with 0.03% by weight dye mixture, 7.1% by weight of an additive concentrate
containing 21.12% of a polybutene (M, = 1000) substituted succinic anhydride-

30 (ethylene polyamine/tris-hydroxymethyl aminomethane) reaction product, 2.82% N-
phenyl-a-naphthyl amine, 4.08% of CS, post treated polybutene (M, = 1000)
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benzene sulfonic acid, 2.82% of magnesium overbased (MR 14.7) alkyl benzene

sulfonic acid, 0.59 % of a kerosene solution of silicone antifoam agents and

10  sufficient mineral oil diluent to bring the total % by weight of the additive

concentrate to 100%, 0.04% of a kerosene solution of silicone antifoam agents and
mineral oil of lubricating viscosity (Texaco stocks).

The products of the lubricant examples are subjected to oxidation conditions

using a 450 hour duration modification of the Ford Aluminum Beaker Oxidation

15 Test, wherein the oil sample is subjected to air oxidation at 150°C. Test results for

several compositions are presented in the following table:

Example % Viscosity Increase (¢St @ 40°C) Acid Number Change (D-664)

I 14.38 1.54
20 Repeat I 12.8 1.30
I 5.1 1.31
Repeat 11 5.3 0.60
Comp III 17.2 2.81
Comp IV 31.3 1.56
25 It can be seen from the foregoing data that the oxidative stability of

lubricating oil compositions containing the compositions of the instant invention is

surprisingly superior to that of a lubricating oil composition containing a
composition of the prior art.

It is known that some of the materials described above may interact in the

30 final formulation, so that the components of the final formulation may be different

from those that are initially added. For instance, metal ions (of, e.g., a detergent) can
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3 " derived from at least two monomers, (i) one of said monomers

eing at least one of
an aliphatic olefin containing from 2 to 30 carbon atoms and a vinyl aromatic
monomer and (ii) the other of said monomers being at least one alpha, beta-
unsaturated acylating agent, said ester being characterized by the presence within its
polymeric structure of each of the following groups which are derived from the

carboxy groups of said interpolymer:

O 0 NN S W B~

(A) from 20 to 70 mole % based on moles of carboxyl groups in said
10 interpolymer, of ester groups containing from 13 to 19 carbon atoms,

11 (B) from 80 to 30 mole %, based on moles of carboxyl groups in said
12  interpolymer, of ester groups containing from 8 to 12 carbon atoms, optionally,

13 (C) up to 20 mole %, based on moles of carboxyl groups in said
14 interpolymer, of ester groups containing from 2 to 7 carbon atoms,

15  wherein from 93 to 97% of the carboxy groups derived from the carboxy-containing
16  interpolymer are ester groups, the balance of the carboxy groups comprising residual
17  carboxylic acid or anhydride groups which are then,

18 (D) reacted with at least one amino compound having an average of from 1
19  to 1.1 primary or secondary amino groups, to convert from 5 up to less than 50% of
20  the carboxylic acid or anhydride groups to carbonyl-amino groups,

21  with the unreacted carboxylic acid or anhydride groups remaining as

22 (E) residual carboxylic acid or anhydride groups.

1 2 The ester of claim 1 which is substantially free of ester groups containing

2  from 3 to 7 carbon atoms.
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1 4 The ester of claim 1 wherein the aliphatic olefin is an alpha olefin.

1 5. The ester of claim 1 wherein the vinyl aromatic monomer is styrene or a

2 substituted styrene.

1 6. The ester of claim | wherein the alpha, beta-unsaturated acylating agent is an

2 aliphatic carboxylic acid or anhydride, or esters thereof.

7. The ester of claim 6 wherein the alpha, beta-unsaturated acid or anhydride, or
ester thereof is at least one member selected from the group consisting of maleic acid
or anhydride, itaconic acid or anhydride, fumaric acid, a-methylene glutaric acid,

acrylic acid, methacrylic acid or an ester of any of these, or half acid-esters of the

w»m Rk W N

dibasic compounds.

1 8. The ester of claim 1 wherein the interpolymer is derived from styrene and
2 maleic anhydride.

1 9 The ester of claim 8 wherein the interpolymer is further derived from

2 methacrylic acid or an ester thereof.

1 10.  The ester of claim 1 wherein the mole ratio of (i):(ii) ranges from 1:2 to 3:1.

1 11.  The ester of claim 9 wherein the mole ratio of styrene:maleic anhydride :

2 methacrylic acid or ester thereof ranges from (1-3):(2-1):(0.01-0.3).

I 12, The ester of claim 11 wherein the mole ratio of styrene : maleic anhydride :

2 methacrylic acid or ester thereof is 1:1:0.05.
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2 gear lubricant and the ester is derived from an interpolymer having RSV ranging
3  from 0.05 to 0.35.

1 25,  The lubricating oil composition of claim 22 wherein the composition is a
2 crankcase oil for gasoline engines and the ester is derived from an interpolymer

3 having RSV ranging from 0.2 to 0.8.

1 26. The lubricating oil composition of claim 22 wherein the composition is a
2 lubricant for heavy duty diesel engines and the ester is derived from an interpolymer

3 having RSV ranging from 0.2 to 0.8.

1 27.  The lubricating oil composition of claim 22 wherein the composition is a
2  multigrade hydraulic fluid and the ester is derived from an interpolymer having RSV
3 ranging from 0.08 to 0.35.

1 28,  The lubricating oil composition of claim 22 wherein the composition is a
2 lubricant for manual transmissions and the ester is derived from an interpolymer

3 having RSV ranging from 0.08 to 0.35.
1 29, The lubricating oil composition of claim 22 wherein the composition is a
2 lubricant for continuously variable transmissions and the ester is derived from an

3 interpolymer having RSV ranging from 0.08 to 0.35.
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