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25 crankcase lubricants meeting government specifications such as reduced sulfur

and phosphorus limits. It is widely believed that lowering these limits may have
a serious 1mpact on engine performance, engine wear, and oxidation of engine
oils. This is because historically a major confributor to phosphorus content in
engine oils has been zinc dialkyldithiophosphate (ZDP), and ZDP has long been
30  used to impart antiwear and antioxidancy performance to engine oils. Thus, as
reduced amounts of ZDP are anticipated in engine oils, there is a need for
alternatives to impart protection against deterioration in one or more of the
properties of engine performance, engine wear, and oxidation of engine oils.
Such improved protection is desirable whether or not ZDP and related materials
35 are included in the lubricant. Lubricants addressing these issues have been
formulated containing oil-soluble titanium compounds, as disclosed in U.S.



[ 0005] There remains a need, however, for |ubricants having good or

i m proved properties such as described above, including further

i nproved oxidative bstability. The technol ogy di sclosed herein
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[0009]  Various preferred features and embodiments will be described below
by way of non-limiting illustration.
[0010] The amount of each chemical component described is presented
exclusive of any solvent or diluent oil, which may be customarily present in the

25 commercial material, that is, on an active chemical basis, unless otherwise
indicated. However, unless otherwise indicated, each chemical or composition
referred to herein should be interpreted as being a commercial grade material
which may contain the isomers, by-products, derivatives, and other such materi-
als which are normally understood to be present in the commercial grade.

30 [0011]  As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl
group” is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include: hydrocarbon substituents, including

35 aliphatic, alicyclic, and aromatic substituents; substituted hydrocarbon substitu-

ents, that is, substituents containing non-hydrocarbon groups which, in the



ents, that is, substituents containing non-hydrocarbon groups which,
in the context of this invention, do not alter the predom nantly
hydr ocarbon nature of the substituent; and hetero substituents, that
is, substituents which simlarly have a predom nantly hydrocarbon
character but contain other than carbon in a ring or chain. A nore
detailed definition of the term"hydrocarbyl substituent" 5or
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[0013] Groups I, II and 111 are mineral oil base stocks. The oil of lubricating
viscosity, then, can include natural or synthetic lubricating oils and mixtures
thereof. Mixture of mineral oil and synthetic oils, particularly polyalphaolefin
oils and polyester oils, are often used.

25 [0014]  Natural oils include animal oils and vegetable oils (e.g. castor oil,
lard oil, and other vegetable acid esters) as well as mineral lubricating oils such
as liquid petroleum oils and solvent-treated or acid treated mineral lubricating
oils of the paraffinic, naphthenic, or mixed paraffinic-naphthenic types.
Hydrotreated or hydrocracked oils are included within the scope of useful oils of

30  lubricating viscosity.

[0015]  Oils of lubricating viscosity derived from coal or shale are also
useful. Synthetic lubricating oils include hydrocarbon oils and halosubstituted
hydrocarbon oils such as polymerized and interpolymerized olefins and mixtures
thereof, alkylbenzenes, polyphenyl, (e.g., biphenyls, terphenyls, and alkylated

35 polyphenyls), alkylated diphenyl ethers and alkylated diphenyl sulfides and their
derivatives, analogs and homologues thereof. Alkylene oxide polymers and
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Al kyl ene oxi de polyners and interpolyners and derivatives thereof,
and those where term nal hydroxyl groups have been nodified by, for
exanpl e, esterification or etherification, constitute other classes
of known synthetic | ubricating oils that can be used. Another
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25 [0019] The amount of oil in a fully formulated lubricant will typically be the
amount remaining to equal 100 percent after the remaining additives are ac-
counted for. Typically this may be 60 to 99 percent by weight, or 70 to 97
percent, or 80 to 95 percent, or 85 to 93 percent. The disclosed technology may
also be delivered as a concentrate, in which case the amount of oil is typically

30  reduced and the concentrations of the other components are correspondingly
increased. In such cases the amount of oil may be 30 to 70 percent by weight or
40 to 60 percent.

Polymeric Dispersant
[0020]  The lubricating composition of the invention contains a dispersant
35 comprising the condensation product of a carboxylic functionalized polymer

with an aromatic moiety through an amide, imide, or ester linkage. That is, it



[ 0020] The lubricating conposition of the invention contains a
di spersant 35conprising the condensation product of a carboxylic
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30 —Formula 1 )



Staming 1 to 5 or 1 to 2 carbon atons); and wnay be 1 to 10, or Ito
4, or 1 to 2 (typically 1). In one enbodi nent, when Uis an aliphatic
group, Uis in particular an al kylene groups containing 1 to 5 carbon
atons. [0024] An exanple of the am ne having at |least 3 or 4 aromatic
groups may be represented alternatively by a structure as shown in
Formul a (la): 10 Formul a | a wherein each variable U R, and R2
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Formula la

Ir=

wherein each variable U, Rl, and R? are the same as described above and w 18,

in this representation, 0 to 9 or 0 to 3 or 0 to 1 (typically 0).

[0025]  Further examples of an amine having at least 3 or 4 aromatic groups
15  may be represented by any of the following Formulas I-§2) and/or (3):

Formula (2)

Hz
HoN C NH, ﬁ
Ha

Formula (3)

20 [0026]  Isomers with various placements of amino groups relative to alkylene
bridges are also possible, including, as only one example, that of Formula (2x):
H

d H,N
H,N” : : ‘c; i SN :
2 = N



H2ZN NH2 H2 Fornul a (2a) Formula (3a) 15Any or all of the
N-bridged aromatic rings are capable of such further condensa- tion
and perhaps aromati zation. One other of nmany possible structures is
shown in Fornula (3b). Forrmula (3b) 20 H2ZN NH2 Formul a (3c)

[ 0028] Any of the fornulas (2), (2a) (3), or (3a) to (3c) could also

have
Formula (2x)

[0027] In one embodiment an amine having at least 3 or 4 aromatic groups
may include mixtures of compounds represented by the formulas disclosed
above. A person skilled in the art will appreciate that compounds of Formulas

5 (2) and (3) may also react with the aldehyde described below to form acridine
dertvatives, including those represented by Formula (2a) or (3a) to (3¢) below.
In addition to the compounds represented these formulas, other acridine struc-
tures may be possible where the aldehyde reacts with other with benzyl groups
bridged with the >NH group.

H
N N
O \©\
HoN G \ NH,
Ha

Formula (2a)

H
H H 2
NH
N N C A 2
-
HoN C NH; N
Ha

Formula (3a)

10

15 Any or all of the N-bridged aromatic rings are capable of such further condensa-
tion and perhaps aromatization. One other of many possible structures is shown
in Formula (3b).

H
H H 2
NH
N N c x 2
/
HoN C G NH; N
Ha, H,

Formula (3b)

H o2 NH
O N\ /Q/NU :: Y T :: |
HeN ~ C NH; N
Ha

Formula (3c)

20



further condensation reactions occurring resulting in one or nore
acridine noieties form ng per nol ecule. [0029] Exanpl es of the am ne
having at least 3 or 4 aromatic groups include

5bi s[ p- (p-am noani | i no) phenyl ] -net hane,

2-(7-am no-acridin-2-yl nmethyl)-N-4-

{444- (4- am no- phenyl am no) - benzyl | - phenyl | -benzene-1, 4-di am ne, N-4-

{4-
(5 (4-am no- 281 2N BE RN ) QUr (0G0 Sl ol
cycl ohexa-1, B AYRGRES RN Iﬁ@éﬁﬁ@%@@%ﬂ%ﬁﬁ% in one or more acridine
N14- (7-am nom@ggﬁeglf@m%ng)ﬁemﬂydule phenyl kbenzene- 1, 4-di am ne, and

m xt th b, t. th h I t

or 4" ar ot | U9 bu p XA GO EE F PR AYRGE G 1 PhaHHBRY RiRPA e
2- (7-ani go- abfs[}ﬂ(p?aﬁ‘nx)dalﬁﬂidtybheﬁﬂpm{em&( 2~ @ramino-acridin-2-ylmethyl)-N-4-
P & ) DSBS T O L SR
pre- pared bjA-64-pmovepkenybapimiodibeyzylgabenyly-2aft- %—dmmwphwyﬁmnmm)-am ne
desbr bed’ as AR P e AR BACRA bonael O LARMIRE N |17 MniiBachRin 3-
aromatic gr oﬁkﬂsethﬂh-?éléﬂ%mﬂ@ﬂ?obﬁrﬁém@e apd raxiresohereofyn P%@@P@%I
group ang atlegase #nis8EaHHB aY 1&.{st bk i @amaﬁmgmlﬁrr@agpse bib[}& (RhgeRy.de

used for the c ea| hatic, alj.cyclic, ro The
al i phatic al H%‘ﬁ‘?g@hr?gﬂlﬂéetg?%% GROHIOHE EI' - By 53”%& ST{TB{J% f4aBIF1é‘1°'
aromatic 20abhlﬁi}&aiﬁﬁ1004b@hzy1§~ ey albdahte] alﬁtdammm thixtores Iﬁmacpﬂ es of
al i phatic al ﬂﬁ@ﬁ?es ncl ude .f or rral ﬂ h¥ge (or reactive e v%

t her eof such GRS hﬁ&?@f% e%fd%r) VORI a%“’“%q‘a‘ 8 nal
Typi cal |y t hpamildehyprecawsycobepristngredadtihy de abiehbéﬂmﬂhofeWme (t}’plcall}’ 4-
Al t er natjisvel %ﬁs‘%ﬂ y
al so be prepg?émﬁﬁkfeh%ﬁgﬂ ?jgsut escrib e?ﬁda ﬁ?}@%%?ﬁ%h%gggﬁgﬁilé&
Deut schen Ché&pin ehamineduxingsé iﬁaﬁtt ¢r1paiod arommtic gpaps.dn cpibn epbadigirats,
enbodi ment t hele@one-NRY fuldsticial bRAS tan§ aPleadt zase@d}ﬂhf}ccxgém arhiaY gBRips.

anhydr i de_or 15F ReREtE st Gr B FERTisRanER AT, AR ign AP GHAtice The
amne with ahhblmﬁdﬂa]qdarmmbe: hngrcmpisamiﬂda Bxempﬂesvcef guitableraromatic
secondarsh ARy G881 USeLARL A0k OTREREL 3 I8 ARGE e s
derivative minelusie formpdeldledpr paaaativiepauiad et dherapl/aichde formalikgt
substi tut ed ?ﬁﬁ?&’n&l@é’lﬁ%@f 'e@?arﬁﬂ%n@ﬂar@ﬁﬁﬁ?t T%@mlﬁ%éﬁhaﬁc}’e@nﬁf ge the

group consi sting_of xyly ene? am ne,  4-am nodi phe
1, 4- di met hy| praRieyda;os feraldehyde. mﬁ%ﬁmaéléfe%é‘%ee%mwhﬁwweatéﬁ%%é'm4
35nent the angimitiCo@ibdtafaysdiee frepaiedddi Plensthaddldgy described in Berichte

25 der Deutschen Chemischen Gesellschaft (1910}, 43, 728-39.
{0031] In one embodiment the amine having at least 3 or 4 aromatic groups
may be obtained or obtainable by a process comprising reacting isatoic anhydride
or alkyl substituted isatoic anhydride, with an aromatic amine with at least two
aromatic groups and a reactive primary or secondary amino group. The resultant
30  material may be described as an anthranilic derivative.
[0032] In one embodiment the anthranilic derivative may be prepared by
reacting isatoic anhydride or alkyl substituted isatoic anhydride and an aromatic
amine selected from the group consisting of xylylenediamine, 4-aminodiphenyl-
amine, 1,4-dimethylphenylenediamine, and mixtures thereof. In one embodi-

35 ment the aromatic amine may be 4-aminodiphenylamine.



[ 0033] The process descri bed above to prepare the anthranilic
derivative may be carried out at a reaction tenperature in the range
of 20C to 180C, or 40C to 110C. The process may (or nay not) be
carried out in the presence of a solvent. Exanples of suitable
solvents include water, diluent oil, benzene, t- 5 butyl benzene,
tol uene, xylene, chlorobenzene, hexane, tetrahydrofuran, or mxtures

thereof The [peast i orrthermyceta@ daﬁzrri‘tfea Bdvé B Bi B&rthalahth@ﬁmﬁa defi®sfive may

t h h 3
ot her  enbod; Hotaes pbACF Gtstrn alitakd i 8 rated b AP RAR P diddhe
aromat i ¢ ami teel 1 0B arijilegroodss mdy @t sndysat) be edrrsedanstin thespresaseiofal ude
2- 10 nit rosao”{rédt”%xafﬁp'i‘és Jfoﬁ%ﬂ%fe%?i\ie%&g}n%mew%n'dh‘u&% oil, benzene, -

3-nitroaniline 1s aronat1 ¢ am rnes nay’ be
present al ongptyl bﬂmzah@ tﬁhxen@,azmleliaa@hio@@bm@nsathemnqm@imkwﬁsomam or

nitroanilinenangdre Qﬁéx‘é@?' THe f"éa%ﬁm‘(‘é oy @e?%?ﬂ‘o%x%e@i@@ﬂﬁer%lﬁ bat idedt

4- (4-nitrophenylazo)aniline) are knowh om US Patent Application
2006- 002531 AMOsPREIE FuEh agpitrogsn o aEgna tynieallpanifrogen.2006.

15Car b?x%/l I ﬁ[ﬁlﬁlgm}:t i Qﬂ@khe&%ﬁhﬁa@ify{&ﬁ% thb(aﬁﬁﬁhw@mmeslﬁ@y §alatm@§> -sub&ituted
presen ecnno reagCtl on ar ona m ne
P Cor Cohor - oY gihe Eramplgsc rreap Bt artnalil fathrnr e 2"

pol ymer 10Th emtxeauilmanﬁ Imwzduhhe rmyl @ﬁltﬂﬁadmebeidnﬁmahﬁmegs articularly

am nefuncti o lﬁ!ll gﬁith%f ?r)l(a)ﬁc a mtu,s aPrS %%resegxlg o%rg \{rm?qi the m?rg%glrl&%xyl ¢

functional - izé er may conp € an egaring one
or nore car bGQJydan@atétm p@qiupksavﬁmnytr@mdumandrMImnllmaM wigh Disperse

functlonallzeiﬂan%eley e{tlpaﬁpgﬁpﬁf}ﬁgﬂm}{ RS0 RnlIHBA! mwngfpguwﬁéwer

provi ded t hat al ns t one car I\; C acl nctionality

or a reacti vépﬁlq%ﬁtl%w Qﬂzsééﬁb@k‘{ﬂlt‘ﬂbeta"é:@‘lb vhedi Rsbapary 2, 280G |

anhydri de orcesbeilic Fﬁﬁ@n&gm@dqabl druncti onal i zed pol yner nay have a
25car boxyl i c onal | or a reac ui v

o oo e SRSST R Shhan s bl e et o Bk B S buion mraguct
t he pol yner d})féichlslmwmam am$neaort dcohiciadesgribeg above, katipokbyrberylbabidetnaal-
[ 0036] The ¢ | ene-
substi t ut edaigg(g»c%#ng Eil}&dﬂegﬂ?dnt?gdﬁel c%%@%?ggd gﬁiﬁ% aﬁ%prg}é yner,
an ester 30ofungtipaglided C@rhwhpcfen@twbn@d p@lﬁmeyrréfﬂle carboalyphdunctional-

ol efin-ppl ei era)%!s%éﬂﬁaﬁ@@lﬁ YEBhn oRItirPpdTRnet Bee?fﬂ Ghd &emsfeaéérboxyhc
copol ynmer of (i tyrene-e Ien&)@l pPa olefin Pﬁge f% )b1

hydr ogenat ed(oéleﬂé ené}gqoueémj §&Eeexdiie fenctiopal 1§ﬁ YMEF Ragkboge may
hydr ogenat edbé@k heﬂwpoghmr@owmgﬁﬁad pebvaaed thapitl soielins atrlearohk Quibx-

Ssqr i cognat e RaRdiinaty P R R g iafREbe st iCa R 0 Enaley

copol yner), @rg., anhydride or ester). The carboxylic functionalized polymer may have a

25 carboxylic acid functionality (or a reactive equivalent of carboxylic acid func-
tionality) grafted onto the backbone, within the polymer backbone or as a
terminal group on the polymer backbone.

[0036] The carboxylic functionalized polymer may be a polyisobutylene-
substituted succinic anhydride, a maleic anhydride-styrene copolymer, an ester

30  of a maleic anhydride-styrene copolymer, an alpha olefin-maleic anhydride
copolymer, or a maleic anhydride graft copolymer of (i) a styrene-ethylene-
alpha olefin polymer, (ii) a hydrogenated alkenyl aryl conjugated diene copoly-
mer (that is, a hydrogenated alkenyl arene conjugated diene copolymer, in
particular a hydrogenated copolymer of styrene-butadiene), (iii) a polyolefin

35 grafted with maleic anhydride (in particular ethylene-propylene copolymer), or



(iv) a isoprene polynmer (in particular non-hydrogenated

i sobutyl ene-i soprene copol yner or a hydrogenated styrene-isoprene
polynmer), or mxtures thereof [0037] The carboxylic functionalized
pol ymer described herein is known in |lubricant technol ogy. For
exanpl e esters of mal ei ¢ anhydri de and styrene- 5containing polyners
are known from US Patent 6,544,935. Gafted styrene- ethyl ene-al pha

ol efin poly (rfa é)‘f)]{érr%#]ﬂﬁgmgp 15%%955% ah &H%ﬂ ¢ fs%t&@n@%%ﬂgﬁg :

COponners d rive Fene an sopre ave use
preparing di SgRA¥EAL Qr @hﬁdr@g@naft@cb@mw iSAPTICRE PPHARSTDPAIMIBHEET BWredn

WO 01/98387. @34!; eCl"h%tdéﬂﬂﬂ@dﬂélﬂlﬁ@ﬁ(ﬁﬁﬁzéd‘ﬂo%@l@&rlﬁeﬁﬁfe%lﬁ is known in
copol yners a

desc ed inh a nunmher of fef renc cI ug n

3,106, 959; a r’l%ntljﬁi’ Q8% Eqnexpgipie SHarsy145e ot y ?/F‘E U'?V}eene
suc?:i gi csardgy@irtmdﬁ% pelymebeae lﬁhegmrlﬁ;d;mg} $ HafthE[SGléISBﬁulﬂﬂa&aﬂ istymsne- ;
i ncludin ent an
ala01 118, crupieRg iy R biRmeis AE Ll R RO PSR R Do
in US Patent 31/30%2 6901yt eBd Feri et framdsadnizgiene 28d iEpteavedaydbken used

al pha-ol efi hn US
bat one . rodE g&%ﬁaﬁgmﬁﬁg Gha GEPADUIES 50 BAUANEAN ABHELAGPHO
(such as |SOQU9 p87 -t B eRhand) stheene-ips phgiesolyBes 4t US
Pat ent s 14, 06&3@%‘66@'&@& ?m%%r éﬁfefé‘{%ﬁcéﬁngﬁlﬁ DB@M@@Q QMdUWSS Patents

iene (such 381 EsckBbeeddsEndt o&lgﬁmtﬁlapgﬁ@%@sa R R
Pﬁj{ ents 5, 798634:&@661Ifldnﬁl%rlﬁﬁﬁls%ﬁl:hcaﬁtﬂisgﬁﬂ:.lmrighﬂs Patente4,33 rﬂel'ﬁgﬁj DNen son;
| Sopr bney ar w2s 01 b R SR g G DS GELTeat dntepe AR e r s,

backbones arba‘mb@ndbsuﬁlbdﬁeﬁdﬁJ&Pa@mM§32)76an'ét5‘l'é,dﬁﬁm¢r£ﬁg§/7&® 228. Esters

IS T Py Byt v

particul ar pagd8-4044- ‘E@HF%I@ (e dsabansylers ag @orpag@tﬁ%filﬂ@s&ksu%@ﬁé%obutyl-
(i)-(iv) andeﬁetisbpfeﬂeldobolwﬁﬁwéw@eemiew%emcﬂm@raeenem ber,sbhanda

o sout L S18) L ATESMLESE e AT ST e PBUBEC SHShhs.
standard), whiopylemeyankencupcdrgugdHed Oi2fe ()S‘uchmghhm:yci@%tzghene]mﬂﬁ@a&hene)
>, 000 t %015 n%l%otpes&r]bé&)ml‘(_?lg I’QlQeQ‘:'tQ 5 798 4%&051’118 3;380‘@5 Fw&%i/g{’lsg{slymers

sui tabl € 'nu i ncl
50, 000, or 6nEHtoned nsthmp)aramapsmhm@ntm anewmonqmﬁr@ﬁ%gehsmwmr

B e
conbi nat i ons 2Eal ?%@ef'&ﬁ%ﬁé S d@ ?’Pﬁ“&éfo&“@STﬁﬂ?‘@ﬂﬂgaro %Wntﬁ AeoRd;Esydon,

are al so contgitel By RIM Wieridrhed Ty sz 0186 bublishvd 16f BldbRid AveRbIiOX
I's a p0|2%i SOBlflo lss?gneal IIn pal%cr&Paerrpa%gse Egtg?Sﬁr%%s%%gs! I%Etm\(l\%% gl%tpolymer back-
bones (i)-(iv) and (vi)-(viii).
[0038] The polymer backbone (other than a polyisobutylene) of the present
invention may have a number average molecular weight (by gel permeation
chromatography, polystyrene standard), which may be up to 150,000 or higher,
30 e.g., 1,000 or 5,000 to 150,000 or to 120,000 or to 100,000. An example of a
suitable number average molecular weight range includes 10,000 to 50,000, or
6,000 to 15,000, or 30,000 to 50,000. In one embodiment, the polymer back-
bone has a number average molecular weight of greater than 5,000, for instance,
greater than 5000 to 150,000. Other combinations of the above-identified
35 molecular weight limitations are also contemplated. When the polymer back-

bone of the invention is a polyisobutylene, its number average molecular weight
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(by gel perneation chromatography, polystyrene standard), may be 350
to 15,000, or 550 to 10,000, or 50010 10,000, or 750 to 5000 or 750
to 2500. (Thus, a polyisobutyl ene succinic anhydride nay be derived
froma polyisobutylene with any of the foregoing nol ecul ar wei ghts.)
Certain com 5nercially avail abl e polyisobutyl ene polynmers have a
nunmber average nol ecul ar wei ght of 550, 750, 950-1000, 1550 2000, or

2250. Some ofpytdee peAnTERIcA chirbdiaéedghaDhElyBekat SRdtayd g figa 3’303{05 may

one or %2%”*5%?@(5a%ﬁﬁf?@??iﬁﬁ&ﬁﬁ?'ﬁrﬁw‘iwﬂ brorcran SO S0 B

enbodi ment, (Thascapblykyobutylénmatcconabnineld deahyyrbe déﬂc@hﬁnn&es a

| yi sobutyl t 0
Dol Y1 S9BUL Y| 016, b SIS G B0 TS AT ML Sy BIOBL S
from a reactinercidty atrilapls gﬂlmbbwr?em@cﬂwmhrs&welammhw@wmr molecular
[0039] I n 0”%?%999%?6“75*0“95@1@@90%5 go@@ d%%%b“%%n% o RbRRR 8B

reacti ng a ca unctl onal I'se p
ani ne- funcueﬁ%}@b a!aawtwlﬁeewmerﬁgnat Obtealstéw@umbee ayprage Hroberaatc

groups, at Iﬁ@@ht%wﬂ\&%vfewzbmag oﬁé@HEhora?@IﬁéoH she BolSARPNEAT Y

or tertiary The a unc ltl avi ng at
| east 2 or 3‘?(%%3 tg’\“‘ééﬁ'ﬁ & 6?188%’15}’ ﬁ’é@elﬁe ﬁ\%fﬁﬂc E%‘PB gfir
functi on@l i zaﬂnmeﬁmqrolgmrsdﬁwtyreeacntﬂnomheﬁad«:rhg@nmlédmaztr weikht @Eabmlt 500
known to a Per 39 or._am des

n or .~ f de
of o boxy | s 1000 Batfle bfalidnel dbal s Gy SN roRTh
am ne- f unct i Bastion efithcgrobpirgybutylehandth makdi¢ z@wqmle}'rrer obt ai ned or
obt ai nabl e bp(mé?fwt A9y eﬁﬂ%@ﬁﬁéfﬂt e %wa%ﬂlﬁ%%é éagmeab mammwyan
am ne havi ng at 1 east or or mati ¢ dgroups, eas one- - NH2
functional gicaEie &6 caefhp é‘aﬁlozaisse BplFaIey Wath a@lélmmaﬁywaﬁweefba@ﬂmge
may, iniser tl@elvﬁh Larhagt 78Nt or 4 Rk AR R6GR! fdeddY oddINE, ﬁﬁ&ﬁﬂﬁaﬁ%roﬁﬁ)and at
and/or (5): Ilnu %ﬁ% wher ei n, |nq§Ee entI each VF. f
R2 and U are cf&% "B‘F@W %@P Hﬂlﬁ Fﬁfgn‘ﬁl gdditive
backbone andhamyg belcpd yosbbunyalraneh@ Etcﬁi)ps nody ad teanred voith v}ml garboxylic
coporyITer s bl bl SERRLECA KMo BoNli (S R0IHAT b R Rrown 1o &

copolyners (1n drogenate
st yr ene- but amrewe;kllléﬂ i thﬂoaryﬁirefbrrnglg(mndpaamd/@mrardeetoﬁymémeyhc func-

ol ef i nsyguchiigs.1BLlYbBRgeRr OPYl ene copol yners), (iii) hydrogenated
i soprene poI ners (in ‘particular hydrogenated styrene-isopre

pol ymers), of00dPl) ~ dheqpingrfpctignalizeg Pehexzé}hafqreeeaweéwime PRipingd
substi tut - d;(blﬁa’inzwlié by eRetisge earbbﬂsvlﬁ:eﬁl@étmah@a poaNet Wikh Dtk Eh&wﬁé)

ne embodi meRi“BEY 85 o4 SEHBRoNE: “0F SBb MR SEE PR 1
am ne m)l et i esodaoywr fertidrp amincagrops) mayydn ¢&jaimaybadism®ntsebe mpteaexﬁeld byn
whol e, nding am ne noieties of fornulas (2a),
(3), (3a g%%%h?g9§eﬁ%%&ﬁ$ tures thereof 15[0041]Whem t he pol yner
backbone BB i's polyigobut , S
functionalized poly
anhydride. Typic w,
to 3 (or as defihped |

BB i s other than|polyisobutyl 3y
carboxyl i c a@&d Tun tlonallty)

o

Formula (4)

or
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20grafted thereon, one or nore of the grafted mal eic anhydri de groups
may be a succinimde forned by reaction with one or nore of the

af orenenti oned am nes The nunber of succinimde groups nay be 1 to
40, or 2 to 40, or 3 to 20. [0042] The am ne-functionalized carboxylic
functionalized pol yner nmay be obtained or obtainable by reacting a
carboxylic functionalized polyner derived from 25nal ei c
anhydri de- styrene copol yners, Hsters of mal eic anHydride-styrene
copol yners, al pha-obefi p-maketr’ c antiyiyi de copohyrers -~ or,m xtiur es
thereof with an anijhe hg brmat i | qups, — BB
| east one -NH2 funciN gral g ) : ¥ secondagy~Qr/tertiary
am no groups. Typic “ﬁy t he product of thi s type nmay be desCxi bed as
an al ternati R T yner. Wthin the alternating copol ymer on or
nore of the mal eic gnhydride derived groups may be a group o
represented by Fornula (6): Forrmula (6) wherein R, R2 and U are
described previously, and the group &brEsleiila (6) may be bonded to
further conponents of the polyner backbone fhrough one or both Swavy
bonds shown BheicHe isdenendentit&ash Meriahle Bet Br andibloare as des@iedinrewpysly.

onl ybonte MVEBQ@;B!@séﬁ?sVa{ ﬁéz&ﬁ@f\b%cgbéﬁbeanaqhagr&rpcﬂygobmlél@q%@),\wwemr\d

ma e a roge alt om Qr, er non- ri r.oup. e

T o et ooty almCl o pE) B doeensigd akehVbayt edtinelad fiFreipepalgness

t he above- ﬂeﬁam?ﬁ%lggﬂyﬂe«igsauwd ca@)ohllmera]@iif sqrérrel;?maﬂi:tha), (B) polgovlefins

m Xt ures ther.eoQ an .exa 0 ILta e truct es a

T hr o) | Ll Pyt oetibieRe S BB § afdobE Pyt bitad). @

in Fornul a (Eydrogenpdedisohreamipolymers (in/priivelanhgddgamited siypdnenpbprenae
b b vy t Hkaﬁr]} Y

may Dbe repr eg?lggf;e?sg dr E?f ?Eé}?@éﬁér ofiso e anﬁ@%hﬂdé?ﬁ 3ss) ‘ﬁﬁi bgﬁ{u‘?

as in other ) ant s, t he are a variety of types of attachnents
of the dlcci pd Witdeonpoiueeipimislegiaupar jrawbin farewiasids paé £3)a o5 itiprebe
singl e bond, sub3ehited BY nvafibRURcENEhide @blipd iBfe GhbateheBR @a¢ bt he

r re ill r .S _not inten |.i i.ng. .
structure ccgjp%tlylgéreoq 1so%ren%tand 1St0 u% ecrile.t (}‘heeammcgn 11;[01&965 shown in formulas

(4) and (5) may also be replaced, in whole, or in part, by corresponding amine

moieties of formulas (2a), (3), (3a), (3b), (3¢), or mixtures thereof.

15 [0041]  When the polymer backbone BB is polyisobutylene, the resultant
carboxylic functionalized polymer may typically be polyisobutylene succinic
anhydride. Typically w, as defined in Formula (1), maybe 1 to 5, or 1 to 3 (or as
defined in Formula (1a), w may be 0 to 4 or 0 to 2). When BB is other than
polyisobutylene and has maleic anhydride (or other carboxylic acid functionality)

20 grafted thereon, one or more of the grafted maleic anhydride groups may be a
succinimide formed by reaction with one or more of the aforementioned amines.
The number of succinimide groups may be 1 to 40, or 2 to 40, or 3 to 20.

[0042]  The amine-functionalized carboxylic functionalized polymer may be
obtained or obtainable by reacting a carboxylic functionalized polymer derived from

25  maleic anhydride-styrene copolymers, esters of maleic anhydride-styrene
copolymers, alpha-olefin maleic anhydride copolymers; or mixtures thereof with
an amine having at least 3 or 4 aromatic groups, at least one -NH; functional group,
and at least 2 secondary or tertiary amino groups. Typically the product of this type
may be described as an alternating copolymer. Within the alternating copolymer one

30  ormore of the maleic anhydride derived groups may be a group represented by
Formula (6):
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[ 0044] I n one enbodi ment the am ne-functionalized carboxylic
functional - 20i zed pol ynmer may be derived fromone of the aromatic
am nes and from a non- polyisobutyl ene pol yner backbone. Exanpl es of
suitabl e structures of the anthranilic derivative derived from

4- am nodi phenyl am ne nay be represented by Forrmula (8): Formula (8)
wherein BB, as above, represents a polymer backbone. Tyglcally BB may

be an et hyI ene- propyl ene I ynel dertived from | epre- pr opyl ene
copol yners. %L B3 f ] el ei g Il ,
functionalize orm t|} ' and u

grafted units s :
on the backbone] Typi*cally~u may be 1 Yo 2000,
250, or Ito 50 020, 1to 10, or 1 to 4. [0045]A nore det ai | ed
description oaﬂjjt he Yam ne-functional i zed carboxylic functionalized

polymer is found inOlnternational Application PCT/US2008/ 10082944.
In particular see paragraphs [0013] QL@ 2(115&' [0027] to [0091] and
the preparative exanples 1 to 25 discl osed par agraphs [0111] to

A th an aronat 1 patpoud cont & na B hyOreRy ot pub. L he of o e

Wi i ni

group may t he§ émﬂ%gggﬁﬁﬁmoww%s %S% YRR B %f&%oaﬁﬂgelﬁ%} ong b

IA hydr gxg cowa‘iay Bomdy shoomEdn the kﬁ@@ﬂiﬁ@uaﬁngamb@veaﬁdw Iiekraxtv elly, Dby
ocat ed direct on, an, aro ti,c.rin hqu

al ternati vel 5 %Ga RRPOHER gg t0 tqu ibm‘ﬂ h\%ﬁﬁ%ﬁemﬁgt‘%rg Bé‘??iya]%%té’oa

to an aronmat hyxirgg@uqtpnt Mhemmpcdmmshcgrcmpdrﬁxq/argnmucﬂnnv'éﬂegrau}mnat ic

conpound ”Byfo%%‘iaatdg er&% 51@6‘%% @pr1a§ed & it é’g‘ﬁa‘bé gb%é“Séscrﬂ;E& afnhﬁ‘é% JIRNY

be any of the omat1 Cc 11 nNgs as ove
i ncl ude fuse®f @Grﬂﬂlﬁgeﬂ&fﬂ%‘il%(ﬁoﬁbmﬁ&es thetopieric or ol i gorrerl c

nEy be ooyl odES TR %@é’%’m S BHeb BOR G  EI R and At 200
m e o0
polyyrrer W t hgI %1%)90 ?ﬁ%&%’@ﬁﬁﬁ& ‘ggﬁj?ﬁﬁ’ y gﬂ &lﬁ; %l%lfl ranilic

aromati ¢ gr odqrsveais e g Gh-aohdi phed$l anaibh e MayPdtepeahied BROREn80A92,
Bera et al, August 24, 2006, see, for exanple, paragraph 0122. 25Such
materials may be represented by thS formula where PIB represents

pol yi sobutylene and n is 2 to 24.
Formula (7) o H

15 It should be noted that here, as in other dispersants, there are a variety of types

of attachments of the succinimide moiety to the polyisobutylene besides a

simple single bond, including various cyclic attachment structures, and the

structure illustrated is not intended to be limiting.

[0044]  In one embodiment the amine-functionalized carboxylic functional-
20 ized polymer may be derived from one of the aromatic amines and from a non-

polyisobutylene polymer backbone. Examples of suitable structures of the

anthranilic derivative derived from 4-aminodiphenylamine may be represented
by Formula (8):
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[0047] Mul ti pl e species of polyneric dispersants of the types

descri bed herei nabove may be used in conbination, such as m xtures of
di spersants based 5on different polyneric backbones (such as a

pol yi sobut yl ene backbone and t hose based on an ol efin copol yner
backbone), and di spersants having different types of aromatic
materi al s condensed thereon, whether on the sane or on different

pol ymer backbones. Thus, for[instance, the dispersant conmponent y
conprise (i) a polylsobutyle e of @unber average nol ecul ar wei ghtl of
about 10500 to about 10, 000 one succi ni ¢ anhydrijde
group (optionally, per t he conpogsition)
condensed with an aromatic am past tic ringsg and
at | east one primary or second vfﬁb ap Y aseridensat i on

product of an olefin copoly ing nulitiple oxylic
(optionally, per polyner, e CoIpQ on) 18
nitro-substituted aromatic afine. In oRE enbddi nent, the nunbér of

succi ni ¢ anhydri de groups or |ot her carboxyI|H group on the pol yner
group of the dE éﬁrs?gf may expressed as "per polyner, averagedy
over the conpos? Wen so expressed, any unreacted portion of
the polyner, fthat ei.n functlo al | wi.th S i

anhydri de or oF’f‘?él} card {)o F relgre%ents 4 P8 %erlzoﬁagﬁ(b%ed rfl}ﬂngarifé( §13 may be an
cal cul ati on. eﬂhml@lnqirhpyieaﬂb@;mimnt derives ﬁgmmhylgne—gcmiyigmgpglmemhe

pol ymer gr OURSQLO&,HGB%' 8 H%& W&@é@ﬁﬂ?&n@ﬁ&ﬁé&'tﬂ%ﬁﬁ ﬂg@e

the cal cul ation any unfu tlonaFlze unr acte ymer chail ns
| atter ndde BRidggrew, e@tﬂﬁd]rﬂslfbe PRERd raﬁeéﬁéltaﬁg@ﬁ%@ﬂ%hﬂn fhecbrackets,

expression ?ﬁ'fteﬁ%'t YaBbus BYefiaeesh ﬂl\éﬂfackﬁ'ﬁlec ONRAsdily @hay Bd 1 BL£2000, or 1
characteriza

ma sed, 25[0 amount of t he polyneric
di sper sant |H’§ ﬁF%foggb i afe b ﬁ % Hhﬁ? y Btat 1east 0.2 or
0.3 percent 0468 ghi mcﬂ'adhtaalsd@.eﬁcripluﬁl qfetheanﬁn@fu@nﬁnalmze:ﬁ Qeb@eilic

or 1to 2 pe{:&n%ﬁtonal’b%ed 0@%%%1%' HBund Er% frﬂ?rngﬁln)fﬂe/{s%ﬁ%c%ﬁﬁ)W%Zb?%/

supplied as concen resen
concent it e AB2944p lncartied posadi mgagrapﬂimgﬂ@@ﬂﬂ %11[(99213]5 [002°4 te Q0P| wmdithe

or 5to 20 pﬁféﬁ)‘ﬁfﬁtrve e A ?J%s-rlhﬁ) W@E%’s@d arQ%r PH? [ lﬁ?k@ﬁﬁ@ﬂ
technol ogy w |l alsq I nclud ani um conp whi.ch

SO U
may serve tolQUi%rt 15&%@%?@ lfeﬁmee?%ﬂ lizgd pobpasr s eeacsstwit gs?“c?é%éi“t’
control, FXI d@hp@@d adtaihidd £hadiokiyteyowh @Re usethtid @oup ﬂﬁety&hé@bylm an
engl ne oi

| 1
St or i al | whiERel e el hTaRe: A B s R e
scal e i riSan oopoundndy dese bonhydasxy ga)tmalseatnéy&nbeﬂy by ;ancaadmytnarmg,

mneral ofl. 4RHChs bl AN 0 GRerrB by R beioSARE $h e 2H vifich in

pr epar ed. | n-oryar re a use ant ornu
titani um mat 81Rgs aﬁmﬂdo BBtargInaide prove ﬂu@r ars ékph@h%brdr@w@rca% oliise

of several daysmaic &ﬁﬁﬂf&md@ﬁ&ﬁ cORbBI é.t%a?st QHY & bRinbatld 1i€asS OFWbiihg h]\éy

\?gr 3 i ﬁgms): gg%ls%lyso(%aheety%re o?%roa?gtic:s Itmlgsnas descrlge&n al:())c]:vea%%l 18%? Eriictlu(?en

20  ring aromatic compounds. Polymeric or oligomeric aromatic compounds may
also be used. In one embodiment the product may be obtained or obtainable by
reacting a carboxylic functionalized polymer with a hydroxyl-functionalized
additive having 2 or more aromatic groups as described in US Patent Publication
2006-0189492, Bera et al, August 24, 2006, see, for example, paragraph 0122.

25 Such materials may be represented by the formula
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scal e, provi ded however that they have dissolved or dispersed on a
gross scale. [0050] The nature of the oil-soluble titanium containing
mat erial can be diverse. Various nmaterials that nay be useful, as
wel | as nmethods for their preparation, are disclosed in U S Patent
7,727,943, Brown et al., June 1, 2010. 15 Anong the titani um
conpounds that may be used in the present technol ogy are various
organi c-containing Ti (1V) conpounds” such as titanium (1V) al koxides
i ncluding as titani um net hoxi de ytani u ani um
propoxi de, titaniumisopropoxi t'{gg%&h?L L OXIi and titanium

2- et hyl hexoxi de; and ot hes ani umeae oupds npl exes i ncl udi ng
but not limted to titanium 20phenates; ti j 3)

titanium (1V) 2-ethyl-1-3-hexagedi®hte or 1
titaniumol eate or titaniumt ; and tNta

(triethanol am nat o) i sopropoxi de. O her forns @f oil\-sol ubl e titanium
i nclude titani um phosphates such as titani um{ithi gphosphates (e.g.

di al kyl di t hi ophosphat es) and ti tani um sul fonakes (£. 0.

al kyl sul f onat es ene t he react.i soduct of titanium
conpounds V\n‘tvﬁ ‘2? rIgo‘i?B ‘i/timylﬁ}‘%a’ﬂ HF%EH‘P ftts, especially

oi | -sol ubl e HHHTE. Mumimmecmsm%@ammmdispensaﬂue of ¢l typds tlesmpibednong
others, or gai?ér&n%ﬁb‘gesinaglb%qg% ?1? c&%]lng 131? Oéu%h a-g @&R@gﬂpg%}p ?ntglbﬁged

exist ind orm con
Such titani uen dtaeitgiadyaedc bakhones duch aa\aaldlﬂbo@ltmleneémclﬂmmemdu ly

prepared by &9@9Béé&@rdnaatrﬁoléﬁﬁtclaﬁély&ér%%dlﬁ?San‘@'ﬁ&;%rﬂrlté h?ﬁngﬁﬁ%&ﬁi

to the person ski | he ar may exi st at’ rogmtenpérature
as a solid otprss pf a@Pbﬁtlchﬁéﬁaisr‘r‘ngPP%eﬁéh?féP’h Whether e HISCEE Oy
nmay al so be @ﬂ‘f&‘{érﬁ §dlyrieb&RboidsO MHUR! foriifstance i @1@15&1@&& doﬁ@fotnent may

| vent. [0051 th tit
olvent OO NPt Rl STRRTLIERE sudfiE kel Umese. Bes SRR e o
mat eri all8 ma§jObt groepdDE@Obeafiog at legstooite suaninikramhypded carbyel (dpdenally,
bet t
yalr ocar byl - BAHAERSE 4684 EDeAhe HrmyBLB) BGnAREeR with g, arqmptig amine
al kyl ) succikéngaahlgastidoeomtiie rings am%/ afrﬂga%tlommatr@mwcéemﬂéry amino
i nt er medi at Cgibay ahe (ﬁfséomeh@azdrypreauéttof@ﬁw@@n E6YREr Bhdrth AL Ie

nunber of ma lals, suc a am ne- based succi ni m de/ an de
di sper sant h%g’ﬂﬁy fcr%r@ul’%é‘?ﬂi@g@ﬁﬁ Ié‘PrEP Fla ¥ EE28H PV‘PVE‘ GB?‘PPﬁ’éIOnS
conponenfs ofvith mtmasﬁb@&fubasﬁdn&mwnnnm Gie bAagea® odinsge) i@ mumber ef,
an al kenyl - (or. ccinic. an drl nd a

o vont SRkt S R G U o O i B A BB R Bt drafle oF o
substi tut - etheshgmirsiné nayrbedeipdessed th “p.ermﬂlylmbr, aypTagod lovehihle, composi-

pol yam ne, ofjohXiHEes, E{';ﬁﬁ&%lh,[ ﬁ‘q} gﬁﬂ% tleH b¥tiod Qﬁh%#o%@ﬂé@%ﬁ%?{%@t €

i nternedi ate may be react ents suc
ani noal cohol Bemafﬁmﬁoailahé%wh wcyélﬂ%émh ihsts1 cdhesreaghnapbiceerowp, is

fatty agpds, irnfieling the edeslatibRenehogbt aﬁbomﬁ;ﬁt thé @ekdb¥r bPsudMPRbEps
Ti to a lubricant, .or else fu LhEy react ed tug igcm n]:“g

di spersants 98t JlyMmgE groppRidhe PFaBLBRY| écai" atpd by sy chvding frgm the
t et rai sopr Opydicltlllaham ahg uﬁambenﬂez&ﬂt(adrmteh) popRaidrshaly. Mied)tt@fimade

pol yi sobut €N&r 212 slt Jclorl1J %seﬁlltesnlé%gl mtﬁ:e fﬁ)se}{ce of the expression “per polymer, aver-

aged over the composition.” Either characterization may be used.

25 [0048] The amount of the polymeric dispersant in a fully formulated lubri-
cant may be at least 0.2 or 0.3 percent by weight, such as 0.3 to 5 percent or 0.5
to 3 percent or 1 to 2 percent. Alternatively, if the polymeric dispersant 1s
supplied as a concentrate, the amount of dispersant present in the concentrate

will be correspondingly higher, such as 2 to 30 percent or 5 to 20 percent.
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15dride at 140-150 C for 5 to 6 hours to provide a titaniumnodified
di spersant or internediate. The resulting material (30 g) may be
further reacted wth a succinimde dispersant from

pol yi sobut ene-substituted succinic anhydride and a

pol yet hyl enepol yam ne m xture (127 g + diluent oil) at 150 C for 1.5
hours, to pr oduce a titaniumnodified succinimde dispersant. In
certain enbo t s, 720 L <Gar 2 :
(o g ci tr ol oas[n: rf?gt&ﬁfﬁ%‘y*@s%?é@%%?ﬁ%ﬁs?*%%%@ N e
di spersant. m@bAettrt@apmmmw M dvaay §ervede imppit dgnefieipleelifgcdsinf
the Ti conmpopnfhertiddQaeh h@d@ml@mﬁél r&manotnhsn@ﬁhteﬁmlwﬁhéﬂ &@al 1212
conmpound may. conprise a titan u g} g‘?go;u d bOX}{ f;it

suitabl e al kiBtaRee, 18 ap; qugh} SobRa¢ h?/r Hlpels meanta
al koxi des whgaairl m@mﬂpeﬁyscgrr@updlws@omtaaman:r@scbplczﬁ g@@srsmeﬁleah anwil
or 4 to 15 or ﬁ car ona% alea 01% rtm)é %cl
linear or brén 8"alr O 5 A5 725° TPk (RIFRLY A DR ah g r%“f @Ba ractica
neodecanoat esantiai bedispastro)cph ot @sepahnat. elnt drderctargyepaye atuseiyt bibpicasty
contain 3 tog &%}?ﬁfo%og'leaﬁt O@l&éntapsﬂo%lcpﬁ%tgp E&gﬂtéﬁh%g séﬁl%%ul?gvé}r a 10

carbon atons. e caf boxylate
al t er nat i vel §Qurkq pesaverd] gosagrTHecksi |Sn§b nmreals rrtaa@chmtct@rmwmhma@ be

present jjgn t i Ao gt oy 5 E@
0500 af toﬂ%})éodgﬁgrse?gbig%gm ot @b fofin 81 BERMNratl holdt Vil Biak Br

titanium al 86 RPVded hawetes ﬂ?fﬁ(ﬁhfa’plﬂﬁ"égl%@l‘{eé Omﬁspﬁfﬁ?fi@fl 355‘0%8%‘0
ppm In ot he[oosnpodlmasuﬁehfftmurﬂomﬂe tltdmnwantauxnlgenﬁeaélt@n%
ppm It is bgl i eved .t hat cl tea tHetss Igmtl {)ul in /antﬁhgﬁ g
benefits may“BVEY be? SBE P HEH> 5 P4 PU &P %Se‘HF f
titanium e. gre,paﬁit}onl@:& dierlo®:d-i6(J.6r P8tentdB, 787,940, Bro%n or al:I,Sune 302@)}0

10 - 25 Ba”gn?cﬁ{% esst}%rﬁ {%ﬁﬂ&uﬂﬁb \fﬁgt%ar#tﬁ Qsédqg%h%%ﬁ@q%aﬁ{oﬁégypﬁfe

mllion, parts
regardl ess ofati¢us %rﬁmﬁr@nwnmgﬁ @&y t:qwfép@mﬁ@uﬁhl as Fltam@ntiéY) ehcegides

that amount Slﬂdl‘u(ﬁii ﬁ§ fitdhuRnéthoXide Ofitahlidn Bﬁfo&ﬁiepﬁfan’ﬂuh'ﬁr Mid, |t1t§‘1|1150
be effective. {) Thetltalum on‘Ru arIed

| ubri cant coHPo I?POBH idg, UKD V@W‘&n ﬁﬁlﬁ%}lmn%ﬁ%ﬁ opifen are A efo
t he ot herw sétdnimnhsoatholutits bﬁ&iﬁpl@k@mﬁ:hﬂ]&ﬁg bg) naartinbiyedoroetitahmineli ng
the titani um und i.n_t 0 o] 0 :
sui t abl ?as ol egﬁr{%esoﬁlga%%lgl ci@teb 'ifmes Luct%ha% Hga%nﬁrﬁra(m\?) QQ:O@H tl !’:uhe?{me%tl(pa%
conponent s s ot Htasura eitaatt mknﬂianm olaatf: oF titdrawimrtariiate;emdsieniuas(lV)

ol ycer ol 10mprQel a8l ningolisSRRpIRR. BUER BindosbEShRiN dantl RRraant

or a deterge such as an ased sul furized E henat e det ergent

Such addi t i ofiAnIeBHAReRRIALES sucp s cHpymedigHaPhasPRaGE (G8nt oi |, may
typically bedid]!l@ mﬁﬁid; thlﬁﬁte% fdhd iveiRaGkEpLates tlar@&mﬁfnﬁfeﬁ}?d)rto

as a D det er ﬁ blttOI‘ cﬁ gi; %0055 Add| dl on conventj onal
conpone Yl PR g T et s S i et At
present i nvealsl torfonﬁaalts respevidey ol sobblasklist i Tiemitymioaglouydeoqnl thyede

any or ol 1 - obbuke Faff hiony Ra bt RLEC BBy B0 1 SR

such addi ti venay also exist in dimeric or oligomeric form, containing Ti—O-Ti structures.

Such titanium materials are commercially available or can be readily prepared by
30 appropriate synthesis techniques which will be apparent to the person skilled in

the art. They may exist at room temperature as a solid or a liquid, depending on

the particular compound. They may also be provided in a solution form in an

appropriate inert solvent.

[0051] In another embodiment, the titanium can be supplied as a Ti-modified
35 dispersant, such as a succinimide dispersant. Such materials may be prepared

by forming a titanium mixed anhydride between a titanium source such as an
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is an ashl ess dispersant or polyneric dispersant other than the
condensati on product as described above, that is, other than a
condensati on product of a car- 20boxylic-functionalized polynmer with
an aromatic noiety. Dispersants are well known in the field of

| ubricants and include primarily what is known as ashl ess di spersants
and polyneric dispersants. Ashl ess dispersants are so-call ed because,

as suppl i ed, alkbgie dad Atydesuakay] subBtifke i@ cinié anidiridel swedr a58dn Mkenyl-
fat ed. ash bricant.. Ho

contribute to syl when, added tao a | wever t.hey
oy of - cour @5 S BRERE SaE el o TBe e ac s R e
a |l ubricant wdusged directlydest mey de-reawed withi any cfpacimserAfhhassals, such as
di spersants I .q . 0

el atively h@ﬁ EARR TG gt dPa okl 1ROLER LS Budonsate
di sper saht s M¥id ifurrsionalii£b) thetcethtonants sai ol ikiseytasedisedoimimide/smide
having a var gigharsHt, f?é'!?é‘ﬂa Qﬂcleil;ﬁllu(b'ﬁli{ ulcBink gl riH)é%hH?a&%yQQine?@Q%

where each RI ]s I ndependent an al &ﬁ% group, frequent )
pol yi sobut yI BrEogy-sopfaifing palyesice dispaisaniepigpared hy) the reastion od eubsistat
on t heI pol {L@c})m&mi@aﬁi& d@f@cwtﬁ@rp\?wl]ﬁdl,daﬂ_ﬁma[l@htalﬁ@bhﬁmng,rmaﬁméres

bor 1o’ of (e TGTAAp RS HiAGAGHEh Gl EFSHae PP 198 <G x
is 2, tidet hythenggened swrin aselcoloby) axiinsal Sohdlgtetlaetaigiheie ppertisrialehols
Val ues of x lto Qr.. (o] 4, h | ay
commont y. dor Lottty deiS by Tuepraftudifytrea Uil iiBs BR4LEY P lfpat
pol yam ne, ahutosa Wbdisamani elsy fefthérimkeigd svithethasuecinivadisparsants ag des i s
possi bl e bes] i i tyr i i
Dar ety of s edaBert. RS fn cTaifIc L et B g R RaSErobI i O

modes of | i ikaksactsd witle2 perty (byipwlomic polisohnigac subtittuisdsugpiaic anhy-
possi bl @5 i ngdidlaMiOVB50 BOForLY €d 6 hodf torsadids a tHafiundiiodifdd dibfersant or

o ne. vy batierpediqtt TRS el maRFRL (] sl iy B RHE 5eBe BT 5vidha o
1:1.5 to 1: Zsuecintimideadispabartttiame pobtisstivere-subytiaitedsieirde ashydrédt @sl a
bei ng the Co&ggg@gfehgﬂol o) Cﬁm@%ﬁg%g Q%ﬂpgé@adigg{?%gﬁ ﬁ%? 139608 fo

anhydri de or I've  equi val en reot W Cyl'enéani ne) .
Succi ni mi de ®cdpes & sitandumraodifipdrsaceinimidedbsparsansd ln pertpig enpdianenss,

4,234, 430 an@tadivkd 4oBPEudihuch aEF i Q3RRRIPrtesTRES Ecitiatd 4 S@FH) SndlRYe DE

simlar to those described apove except "that they typically would nqot

conpri se an KPABIFEOr Combirad With goHesasrdtnapcl fraetercat niayhimyugve the solubil-
di spersant iy biegertiey etk an comipgbihdest ers.

[0052] In one embodiment, the oil-soluble titanium compound may comprise
a titanium (IV) alkoxide or carboxylate. A suitable alkoxide is titanium (IV) 2-
25 ethylhexoxide or other alkoxides wherein the alkoxy group may contain 3 to 20
carbon atoms or 4 to 15 or 6 to 12 or 8 carbon atoms. The alkoxy groups may
be linear or branched. A suitable carboxylate is titanium (IV) neodecanoate or
other carboxylates where the carboxylate group may contain 3 to 20 carbon
atoms or 4 to 18 or 6 to 16 or 8 to 12 or 10 carbon atoms. The carboxylate
30  group may be branched or, alternatively, linear.
[0053]  The oil-soluble titanium compound may be present in the lubricant
composition in an amount to provide 5 to 10,000 or to 5000 or to 1000 parts per
million by weight (ppm) of titanium, alternatively 10 to 500 ppm or 20 to 400
ppm or 50 to 200 ppm. In other embodiments the amount of titanium may be 5
35  to 45 ppm. It is believed that cleanliness /anti-fouling /antioxidation benefits

may even be obtained at relatively low concentrations of titanium, e.g., 5 — 100
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These materials are simlar to the above-descri bed succini m des
except that they 20may be seen as having been prepared by reaction of
a hydrocar byl acyl ating agent and a pol yhydric aliphatic al cohol such
as glycerol, pentaerythritol, or sorbitol. Such materials are
described in nore detail in U S Patent 3,381, 022. [0057] Anot her

cl ass of ashless dispersant is Mannich bases. These are materials

which are fo d e NSaki of i ghet . Weli :
25al kyl subséﬁut@éort)%eﬁgﬁ?qgn gf E;?F%S%%ﬂ%ﬁﬁé{m g%&ygﬁﬁgﬁ%ﬁeﬁ%gum
such as forn®d 1 teilasy dan Kupdtsiaranillion ordytoHgsseham a0 gare par mabiogdtr e

OHOH - - CH2- Nige B2 ] pép i3IS I2 11 dRbofilcrfoltish BtHR db%&io@nh&. of isiePEPESthat
and the |like) and are descrihed_i.n re detail .j.n % Pagen% ,

3, 634, 515. 3%‘{‘86@’8]1%%%558f§§é¥§9rﬂr§%9md’§fB‘di evilLalse opeftestive:
addi tives, | wﬁioésh] ar g“lgetl'rt_emiahi qodiptﬂ:lhd(l‘ag_ﬂb@ﬁmlpaﬂaﬂtcmhﬁym‘i&nmmﬁbsition
contain polar functionality to inpar i r c aragteristics to
the ool ymar - mnyEen alndd?, lRS by HaBRE B WL HnEr BB d MipRan
t echnol ogy d(tspitestug)abdyeprediesimg theditaningycompdungen ¢heaformp afat concen-
conprise the [ r td . ] t 50
b host -t 1 oalaf It laheEt & QAR RIBRARR bpibIRTER S RREAARIG S 805

t hese are urdanalchinpgpetds sehnas - agntioriiaatiaFisties madiigromch s shceiode,

al dehyde9, Kkg{oabsRateCauRP¥MEAICuRE a6l subAAa8RPBrsautD 81 b HeteREnS ekl 43-
i ¢ anhydrides, n es

conmpounds. Rt QY!%”LIéSIé?g § Efpggﬁ(’)‘i(il’%%ét&%?‘%r%g%{ qnﬁgﬁﬁ%ga@fqn?@?%fgﬁﬁ%?@%%aﬂy

Pat ent 4, 654akag wiflDOGENT bR, aap witicafy aliabludtd e aw additippbedkane aome-

G spersant. | oBssEat o TV Sy RERES gy o O O (e
[0055] Additional conventional components may be used in preparing a

15  lubricant according to the present invention, for instance, those additives typically
employed in a crankcase lubricant. Crankcase lubricants may typically contain
any or all of the following components hereinafter described. One such additive
is an ashless dispersant or polymeric dispersant other than the condensation
product as described above, that is, other than a condensation product of a car-

20  boxylic-functionalized polymer with an aromatic moiety. Dispersants are well
known in the field of lubricants and include primarily what is known as ashless
dispersants and polymeric dispersants. Ashless dispersants are so-called because,
as supplied, they do not contain metal and thus do not normally contribute to
sulfated ash when added to a lubricant. However they may, of course, interact

25 with ambient metals once they are added to a lubricant which includes metal-
containing species. Ashless dispersants are characterized by a polar group at-
tached to a relatively high molecular weight hydrocarbon chain. Typical ashless
dispersants include N-substituted long chain alkenyl succinimides, having a

variety of chemical structures including typically
O

R R!

N-—[R2-NH],-R?-N

30
where each R' is independently an alkyl group, frequently a polyisobutylene

group with a molecular weight (M) of 500-5000 based on the polyisobutylene
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10[ 0061] Anot her additive which may be present is a detergent,
typically, a netal-containing detergent. Mst conventiona
detergents, as used in the field of engine |ubrication, provide
basicity or TBN to the lubricant, due to the presence of basic netal
conpounds (netal hydroxi des, oxides, or carbonates, typically based
on such netals as cal cium magnesium or sodiunm. Such 15netallic
ov?ar based depzeweclaf, Sind gﬂzs?e ﬁﬂé}%ﬁeegi‘ﬁﬁps,%nﬁﬂﬁﬂpaﬁgdeﬁ (GURpehaped
salts, are eral i ngl e phase,. honpgepgous oni an syste

char act or | 2ol W) i e A0 AR GITA e POCU B L Tt mp Rt VAP E RO AT B

present for diethyleale tratiine veloen x ov Zitngthybentehtetramaie; wiemet 15\, 0of t he

t al dt i cul i di i i t
el and {NRLBREYIEN Bh ROl MAUCHEORRONG LR BN, WEn
met al rabi o. myplgsulesrane commminly denived frememgaction ¢loamlkemd aclaging agent

equi val ent s @it 1p@hale, bt & RBAEIH ¥ ANirkaBls b6 cBE HEH G PRBfieS is
conpound. A neutrages:’{rg% [ sali has a nmetal ratio of on

. A salt,
having 4.5 tPesdle efdngfe wadg siueiyre phpwn ﬁm\fﬁapné%ﬂmgmarleﬂa%
met al ~excessafides ahd Qabiey@irg AlEnoMimasaltd! iAds®fa durfoty bhn@ades of linkage of
enbodi nent, the i ubri cantt tgor{ﬁo%if tti og1 mag con*ﬁ%r;i se @3{ 250ver base
det er gent ha eﬁ"g SOHBT g ortat 1O Gr A TB 45T PR D NEESINESY RS 4ESY s,
or at | éést lfkapes Uhetratio dDHthei casiaryt groidd odrthd deydatidPagmt i®the nitrogen

[0062] The ovgrhasedn MBLSK 29 13"1% SYRICA Y iRTLARATEd R NERE! § ROy 2D,
acidic materia (ot prcal' Ty an I norgani ¢ acl d ST oner car boxylic "acid
such as car bbn.dicokEde)Cevitaih od thdsgtmaterialt may 2lee be desrgwdias beorgpibend

(also refer r&gldteﬁsaﬁllﬁ)?%mét@ct%fgsﬁjd%@Qrbﬁ%tﬁ)%ﬁ%tﬁm QIRiE GnBYERRSoHead

net al base, typica In a reaction nedium of_ an gne .inert, organic

sol vent (e giiVe gquigsisnt tereof yapht naly(elbylsapaming) negintgide dispeantyjaze
or gani c 1subsinbad fall trdhead YU 8. BaRhds 2rouns afd PnoPei2and UCHP @3 58895.
phenol or al ghol .iy(sa&r senlt 'I'.he1 agisgi&% rgarll)i %ubst ratf W{QJ

hormal Iy havEISeiamETEnE PN b BRI 0 PG AR AS PP ES BHE0! ' Peegr e
of sol ubi | i ttypicallgivoul@npOAGRYrIdeenarboliatic oxgetyi ¢ substrate may
conprise a s |1 C . = :
benzenesul fowlotg@gci . grgeor\%lll%'lgr?g%sahlgsus%%pneg%%}/w&@?@r&%%%%ﬁé{g@%gfﬁﬁ%ggf| o
aci d, provi diheseanaianigloxys smdlagin hegbave-dasasihediseecioimidps eieept Bal they
sal i Cé' ape dﬁ%?'b@{%@érgai he@«itﬁﬁ"t@&% pr@ﬁar@% %9'1‘%&&1_‘09@1"@_ rdﬂaﬁﬂ@gpylaﬁng agent
providing a enat e er nt., r.a S nic acil d, rrovi ain .
phosphonat e %P@lé(m’c.?“ ﬁ@ratwg@éwb?uﬁwﬁeﬁw% PERapATHI G of Sarbifeh
andhsgl i geni Budtemetegialit ae d&wilmledEn e Haﬁﬁﬁn rms.elilzz;tja:htssazagndozmhei r

nmet hods or p ation are.we own..to t S | 1 N e alrt.
patont s desolft87he! MRS of S kel A FEVREbIch sl i B

sul f oni ¢ aci wgterigds whichlare fagied Dy thh eond esatpinosiphliigher moledslar suetzht,

m Xt ur egzof . f .t I U . oy
> 616, 905: 2912):{%&%%1}%62&@[1%0 ngﬂgﬁ%‘%&g%{lﬁ’sﬁ Eé%aﬁ@%%&sﬁlﬁﬁ%g&%l
3, 365, 396; 3dgpdel sach mataslgugy hape thesgnged stragires, 629, 109.

Sal i xarate detergents areQfbscribed in U S. pat ent

OH
@»CHz-NH-(RZNH)X-RZNHCHZO
o
o A /\R1

(including a variety of isomers and the like} and are described in more detail in
U.S. Patent 3,634,515.

30 [0038] Other dispersants include polymeric dispersant additives, which are
generally hydrocarbon-based polymers which contain polar functionality to
impart dispersancy characteristics to the polymer. These may, again, be similar to
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6, 200, 936 and PCT Publicati on WO 01/56968. Saligenin detergents are
de- scribed in U S. Patent 6,310,009. In sone enbodi nents the
detergent may conprise an overbased sul furized phenate detergent,
whi ch nmay be present in an anount of 0.1 to 2 percent by wei ght or
0.2 to 1 percent or 0.4 to 0.8 percent. In 15sone enbodi ments the
detergent nay conprises a sulfonate detergent, which may be present

In an amount th%fdlgyeilsah% & thElL d%lc@@& 95v P1hht BRYGHN gdbrafly®
BelP A0S I Bhena e

to 0.9 percent. I'n certain e rze hena
det er gent anEIOfé?OwITSGﬁ%ﬁ@%ﬁ?‘éﬁ{j@mﬁcrﬁ&wn?@%fr esent in atotal amount

of 0.2 to 4 gﬂ)@ nt M¥pseirdhtan Sso BePobOtrdated B@rréﬁﬂion%ﬂﬂaﬁy boalabety
percent. 20[ 0064 An her c onent rrg%jf)be a antl

Bt i oxi dant s° Ao RER S Haar Thipeac GrintAra birauAZolisn P80 o
butyl substi ﬂmtﬁ‘tﬂephlelﬁhydesphétanén rarbdx@lic 3(:1tdsb1u§tc;tbcngﬁm198bstiﬂmedpaceam

position may. aI b ie hydr o IS
bridgi ng t wo'® M{ll c’ (r%l?tggeés % %dgatbt%g?n S 01>1<I} gli%]&)plgorsgﬁ%&sglrdﬁwg nd
greater det aRbfelrmdes SctallanpaitcharGsacnose hAth‘lpadJ i Eaenti4 25448Bul t ype
of phenolic hWPxi t I

t he general Eﬂ%bgt u(rgllg-lré aﬂ&n@?t&{m%}ggé’?gﬁgéﬁlgmgpigfr Soa%(gr ?e@brfolﬁgyse
such as an aPyp Sgrergpt bbmesghﬁpﬁ@le labrgcant, pr{0g to 5, or 1do gy o ¢ mirc@rt

to 8 or 13 tO[(ﬁysqgr b%&h%dumgwmcﬁ Rhy Be pAdsERN s At RMBrgedN e i SARY, kY|
uch .ant i oxi dant 3{1

can be t-but elr aration are de d
in greater dé&e&}l'fcoﬂ?"%}ns defsrgeitit O%ﬁn‘i@%lona[ g%éﬁeﬂﬁt F‘%R?f’d’a‘ﬁttg‘ ; Eﬁg
[ Inﬁ | ijde Sr orr]raf enlpglﬁmm&lansngcﬂ“roaﬁleadaki)ci@tcﬁed“wpdmehwluafﬁicalﬁsdamtb the

al kyl ated phenyl na anm.n i.nc ana m
AR and SRR A Som bR 4 o AR BN AR AT Bates,
nonyl at ed di Qtpem}]ydmsnéonfh& actalnng calanmmen@gnesm,-orwénm) Such
descii bgq he ﬂhc%ﬁllb%éd?/ 63, BRo 0RrAlY ALV Ebatld @XhudBtHaSed aits,

di sti ngul she rom e poly I C ar omat |1 c-cont al ni ng mat er
t echnol ogy dacgqnsedlynengle PaBes, domaggaeys NgwoniapesySter dfacigined by Y

anti oxi dant ﬁfé&al\éﬂohtbnt |2 Bﬁfes@lﬂf iR dat wohldd distessi ifbndrdizeliel hos,
2t um compoti. ARG IBLIRISIUPGOmANNSS y LS Rk scle: e
cont ai ni ng acmpymtémamednwﬁﬂs thef metat. oMhakmiongt eDagess tnietah is thrimonly
oS L AR 0 O CARE A g oo
di spersants, equﬁ‘vg}q:nts of the meta to the equivalents of the acidic organic compound. A
neutral metal salt has a metal ratio of one. A salt having 4.5 times as much
metal as present in a normal salt will have metal excess of 3.5 equivalents, or a
ratio of 4.5. In one embodiment, the lubricant composition may comprise an
25 overbased detergent having a metal ratio of at least 3, at least 5, at least 8, or at
least 10 and up to, for instance, 20 or 15 or 12 or 10.
[0062] The overbased materials are typically prepared by reacting an acidic
material (typically an inorganic acid or lower carboxylic acid such as carbon
dioxide) with a mixture of an acidic organic compound (also referred to as a
30 substrate), a stoichiometric excess of a metal base, typically in a reaction medi-
um of an one inert, organic solvent (e.g., mineral oil, naphtha, toluene, xylene)
for the acidic organic substrate. Optionally a small amount of promoter such as
a phenol or alcohol is present. The acidic organic substrate will normally have a
sufficient number of carbon atoms to provide a degree of solubility in oil.
35 [0063]  The acidic organic substrate may comprise a sulfonic acid such as,
e.g., a hydrocarbyl-substituted benzenesulfonic acid, providing a sulfonate
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materials may al so inpart inprovenents in deposit control and

filterability. Typical anobunts of antioxidants wll, of course,
depend on the specific antioxi- 15dant and its individual
ef fectiveness, but illustrative total anounts can be 0.01 to 5

percent by weight or 0.05 to 3 percent or 0.1 to 1 percent or 0.2 to
0.5 percent or 0.15 to 4.5 percent or 0.2 to 4 percent. Additionally,
nore than ondéetergehioxicdebitxylieyachl; ppowdinta caboxyletet detérgemnaispacieoasd of

e s oI 5l Rl TR B B T Bhenoh meitiog
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Vi Scosit y i n%ffj%@P niG %ﬂp dSieraaoxyiggeidiy isp@?leénﬁo%ml b a&ﬂt%wa%ﬂﬁy
pr ope[ﬂt Le:daér@ Mﬂﬁmafﬁjof\ﬂkﬁs@ﬁklw&?JSbe&nMGOI [7996?7]5_13@9051& 6186, 91;
el ude phospRooR At kg ah Rl ar P S enatsrdts Soeb 4nt 1Lk
as 30nef@l thudpaABSphEt B62950BsShbramtaditergentsers daswibedlin $).8 hpatew
phosphorus- ¢£ggf ?B@'aHSP%PI‘P n% agﬁ)naﬂﬁkjjélﬁ éser ah%i‘eguﬂ?ﬁéte e apiqdes;
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10[ 0069] The inlgtﬁ olczimautyigrmh Tlonpak positivatrady slad ﬂ:e@fccwpmdhbyphor us
aci d. Metal I 0 M

R9I are i ndepﬁ iﬁﬁ% gpggap%yﬁp Mﬁ%ﬁ) (t%n% a}(nr?l§ %1" % T‘Pﬁ\%gﬁ&ﬁ%ﬁ%w
atons, are r@%{tﬁi Fﬂ;ﬁ pabﬁam grepier Ide@ﬁl indJ. §h33ff@nb6ﬁ§9{i@ﬁt s eppgdildeand
(P2 35) a5d apsahy g@g@ bt Bﬁemmnot:&iafn@'isr@ Afhdlrdd sHR¥AE Q6RF, Rihich may hay have

phosphor odi t hi ol he al cohol which react's 15to0 provide t
and group@‘erﬁye Std'u?ﬁl%t ure of alllgy?hols for instance, a
t-a

I!
HO CH,CH,COR?
t-alkyl

wherein R? is a hydrocarbyl group such as an alkyl group containing, e.g., 1 to
18 or2to 12 or 2 to 8 or 2 to 6 carbon atoms, e.g., 4 or 8 carbon atoms; and t-

30  alkyl can be t-butyl. Such antioxidants and their preparation are described in
greater detail in U.S. Patent 6,559,105.
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m xture of isopropanol and 4-nethyl-2-pentanol, and in sone

enbodi nents a m xture of a secondary al cohol and a prinmary al cohol,
such as isopropanol and 2-ethyl hexanol. The resulting acid may be

reacted with a basic nmetal conpound to formthe salt. The netal M

havi ng a val ence n, generally is alumnum |ead, 20tin, nmanganese,

cobalt, nickel, zinc, or copper, and in many cases, zinc, to form

zi nc di al kyl gjgeB) OPNOSRAGIBEs 2ISY LI BlohR AfiBey¥8hbh K OMR1 A0

readily avail able to, thos killed in the art of l'ubricant
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may be used Twopicabimeente ofanwetidants vali otieatrss depgndom pheysnegificantioxi-

lubri cant t oghhiendew ia8ividie cHRYE 66 IR YbuP Bl RirakivE SSARPAMS QIR RS bOD.01 to
engi ne such as ae%gﬁol ine-fired di ese| - f d _aut onobi

or [re |l e engine, a
heavy duty dr P& &i“ﬁég,hté’fr?aﬁ’i 0e3 BpicsRl ord éitﬁé,PeB‘Fe“é"éPa?t‘ioéﬂ!éPﬁ“ﬁé%
gngi ne. gughoﬁengitaeﬁs ﬁa%emrwm ket denat Afldibtﬁﬁﬂllyhﬁhofélbrahmﬁtanftayi-

€ proviade ,0 .t he u ,om ence It .may. lubr..cate the noving.parts
of Phe) enerl B8ntify By AR AC TR BERER colyoliitionN A b Ty Fe Sek S Bl
separ at e southzes; carobingd puemallefifest.sunp. EXAMPLES [0073] A seri es of

| ubrica fo ti F- LA i
comonanls C[deen! | Mottt BiFBAELIRORALRRY rCffkcl 8 HOUtsedithydex
sul f onat e an&@MPIRYRER Y ‘a&f@rtgérm@ﬁelrsg &ayd g elsisa an Aposampasaignsgyt this

1. 1% Zi nc di adcdeib@ichyhivaphpaphaboveldse i1l $9Rkets) including pdlyRifbutenes,
Dispersant vl SOt Aery R adid Slrers R B aldh San@pOiThierS polyalidASiireidt "
esterified styrene-maleic anhydride copolymers, hydrogenated alkenylarene-

25  conjugated diene copolymers, and polyolefins. Multifunctional viscosity improv-
ers, which also have dispersant and/or antioxidancy properties are known and
may optionally be used.

[0067]  Another possible additive is an antiwear agent. Examples of anti-wear
agents include phosphorus-containing antiwear/extreme pressure agents such as

30  metal thiophosphates, phosphoric acid esters and salts thereof, phosphorus-
containing carboxylic acids, esters, ethers, and amides; and phosphites. In certain
embodiments a phosphorus antiwear agent may be present in an amount to deliver
0.01 to 0.2 or 0.015 to 0.15 or 0.02 to 0.1 or 0.025 to 0.08 percent phosphorus.
Often the antiwear agent is a zinc dialkyldithiophosphate (ZDP). For a typical

35  ZDP, which may contain 11 percent P (calculated on an oil free basis), suitable

amounts may include 0.09 to 0.82 or to 1.0 percent. Non-phosphorus-containing
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15pound conponent (including 66.5%diluent oil) 0.5% Hi ndered
phenolic ester antioxidant 0.3% Aromati c am ne anti oxi dant 0.1%

Hydr ocar byl - substituted succinic anhydri de Lesser anpunts of
corrosion inhibitor(s) and antifoam agent(s) 20Additional conponents
- see below Base oil of lubricating viscosity - Goup Il base oil in
an amount to = 100% [ 0074] Si x specific lubricant fornul ations are
prepared by amilvest axgntsaholnge botdte tdhersghrielicpbmpandnippxidelpse

materials I|i eIo te
| ubri cant fo‘?#ﬁg r?%rh% cbf} %Bsec & %degﬁ@ongggﬂ%ncso%%ﬁﬁgucg i°6N Eﬁ‘lg?fle
test by ACEAOiEﬁBS Pressurized Differential Scanning Calorinetry. In

this test, aopggp!e dli}%ﬂ ﬂ&?éé Sf"%b\héar"é%@ﬁt%‘inélpdé dp?f Et%séé{e‘%s G&lttanGidRatg

of pressurlz tioh to npresse air.

Fol | owi ng eci@rtrinyees iseeh as olm @r’trtm@et Méfé‘ﬁ @pETS, §mlﬁiﬁﬁs é&% gaides of10C
at 40C per nﬁﬂ#bﬁ?y—?ﬂ%rcﬁﬁio&&ﬁb ReRlisah p3dlEl. Unhéde AfteAXisGidy B0 @MpAE 1S

detected by h 30 oxidation indquction ti Is the tine,
starting whetiapoRs (%gnfrt@alehafdto Mo icaR e YORG it B TGRIARSET These

event. Resulatediaés dreesdréiskd in greatet égtail on WS Plalilication2806-0070AEPCT .
s L Cab g BT, SXarLe A {onal component ()
(et hyl eham W969] i Adle.lubfesndinpay also contain a metal salt of a phosphorus acid.
Metal salts of the formula [(R®*0O)(R’0)P(=8)-S],-M where R® and R are
independently hydrocarbyl groups containing 3 to 30 carbon atoms, are readily
obtainable by heating phosphorus pentasulfide (P,Ss) and an alcohol or phenol
to form an O,0-dihydrocarbyl phosphorodithioic acid. The alcohol which reacts

15 to provide the R® and R® groups may be a mixture of alcohols, for instance, a
mixture of isopropanol and 4-methyl-2-pentanol, and in some embodiments a
mixture of a secondary alcohol and a primary alcohol, such as isopropanol and
2-ethylhexanol. The resulting acid may be reacted with a basic metal compound
to form the salt. The metal M, having a valence n, generally is aluminum, lead,

20 tin, manganese, cobalt, nickel, zinc, or copper, and in many cases, zinc, to form
zinc dialkyldithiophosphates. Such materials are well known and readily
available to those skilled in the art of lubricant formulation. Suitable variations
to provide good phosphorus retention in an engine are disclosed, for instance, in
US published application 2008-0015129, see, e.g., claims.

25 [0070]  Other additives that may optionally be used in lubricating oils include
pour point depressants, extfreme pressure agents, anti-wear agents, color stabi-
lizers, and anti-foam agents.

[0071] It is known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be

30 different from those that are initially added. For instance, metal ions (of, e.g., a
detergent) can migrate to other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon employing the
composition of the present invention in its intended use, may not be susceptible of
easy description. Nevertheless, all such modifications and reaction products are

35 included within the scope of the present invention; the present invention encom-

passes the composition prepared by admixing the components described above.
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C2 Succi ni m dedi spersant, fronpoly- 7% 82 (ethyl eneam nes), incl. 50%
oi | C3 Succi ni m dedi spersant, fronpoly- 4% 96 (ethyl eneam nes),

i ncl. 50% oi l Succi ni m de di spersant, from aromatic am ne, incl.
50% oi | 3%

[0072]  The presently-described lubricants may be used to lubricate a mechani-
cal device, by supplying the lubricant to the device. The device may be an inter-
nal combustion engine such as a gasoline-fired or diesel-fired automobile engine, a
heavy duty diesel engine, a marine diesel engine, or a stationary gas engine. Such
5 engines may be sump lubricated, and the lubricant may be provided to the sump
from whence it may lubricate the moving parts of the engine. Alternatively, the
lubricant may be supplied from a separate source, not a part of a sump.
EXAMPLES
[0073] A series of lubricant formulations are prepared containing the follow-
10 ing components, given as percent by weight:
2.19% Overbased calcium sulfonate and phenate detergents (including about
40% diluent oil)
1.1% Zinc dialkyldithiophosphate (including 9% oil)
1.5% Dispersant viscosity modifier, containing an aromatic nitrogen com-
15 pound component (including 66.5% diluent oil)
0.5% Hindered phenolic ester antioxidant
0.3% Aromatic amine antioxidant
0.1% Hydrocarbyl-substituted succinic anhydride
Lesser amounts of corrosion inhibitor(s) and antifoam agent(s)
20 Additional components — see below
Base oil of lubricating viscosity — Group II base oil in an amount to = 100%
[0074]  Six specific lubricant formulations are prepared by including, along
with the above components, those materials listed in the table below, in the
amounts indicated. Each lubricant formulation is subjected to an Oxidation
25 Induction Time test by ACEA E-5 Pressurized Differential Scanning Calori-
metry. In this test, a sample of lubricant is heated in a pressure cell capable of
pressurization to 700 kPa (100 psi), supplied with compressed air. Following
equilibration at 50 °C, the temperature is increased to 210°C at 40°C per minute
and maintained at 210°C until an oxidation event is detected by heat flow. The
30  oxidation induction time is the time, starting when 100°C is reached, until the
onset of the oxidation event. Results are reported in minutes to oxidation onset.

Longer times indicate greater stability.
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C4 Succi ni m dedi spersant, fronmpol y- 4% 127 (et hyl eneam nes), incl.

50% oi | Tetra(2-ethyl hexyl)titanate 0.12% C5
Succi ni m dedi spersant, fronpol y- 7% 122 (et hyl eneam nes), incl. 50%
oi | Tetra(2-ethyl hexyl)titanate
Example | Additional component(s) % component | OIT (min)
C1 Succinimide dispersant, from poly | 4% 90

(ethyleneamines), incl. 50% oil

C2 Succinimide dispersant, from poly- | 7% 82
(ethyleneamines), incl. 50% oil

C3 Succinimide dispersant, from poly- | 4% 96
(ethyleneamines), incl. 50% oil
Succinimide dispersant, from aromatic | 3%

amine, incl. 50% oil

C4 Succinimide dispersant, from poly- | 4% 127
(ethyleneamines), incl. 50% oil
Tetra(2-ethylhexyl}titanate 0.12%
C5 Succinimide dispersant, from poly- | 7% 122
(ethyleneamines), incl. 50% oil
Tetra(2-ethylhexyl)titanate 0.12%
6 Succinimide dispersant, from poly- | 4% 164

(ethyleneamines), incl. 50% oil
Succinimide dispersant, from aromatic | 3%
amine, incl. 50% oil
Tetra(2-ethylhexyl)titanate 0.12%

[0075] In the above table, examples C1 through C5 are comparative or
reference examples. The succinimide dispersant from aromatic amine is a
polyisobutene-substituted succinimide condensation product with an aromatic
amine comprising, in large part, molecules believed to have the structure of
5 Formula (2), above, including isomers thereof. Tetra(2-ethylhexyl)titanate is
used in an amount to provide 100 ppm Ti to the lubricant.
[0076] The results show that the presence or absence of either the aromatic
succinimide dispersant or of the conventional poly(ethyleneamine) based
succinimide dispersant have little effect on oxidative stability (Compare Exam-
10 ples Cl1, C2, and C3). The addition of 100 ppm soluble titanium to the lubri-
cants of C1 and C2 leads to a modest increase in stability of about 41 to 49%, in
terms of OIT (compare C4 with C1 and C5 with C2). However, when 100 ppm
of titanium is added to a lubricant that also contains the aromatic succinimide
dispersant, the OIT is increased by over 70% to a value in excess of 160 minutes
15 (compare Example 6 with C2). This represents a significant and unexpected
improvement in oxidative stability.
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0.12% 6 Succini m dedi spersant, fronpoly- 4% 164 (et hyl eneam nes),

i ncl. 50% oil Succi ni m de di spersant, fromaromatic am ne, incl.

50% 0il 3% Tetra(2-ethylhexyl)titanate 0.12% [0075]In the above
tabl e, exanples O through C5 are conparative or reference exanples.
The succini m de di spersant fromaromatic amne is a

pol yi sobut ene-substituted succinim de condensati on product with an

aromati c am [{R79PMPIHaeh NEF thieNdd ik td ddferredb Ok 8Ss tlﬁéér?}éﬁ@ed QeftdY By
t he structure of 5ForTrruI a (2), ?bove, i ncl udi ng | somers. he['lr eof .
Tetra(2- et hqufgfﬁ}?‘j't ilihe mmeRfign, of any document 1s not an admission that such docu-

ment qualifies as prior art or constitutes the general knowledge of the skilled
person in any jurisdiction. Except in the Examples, or where otherwise explicit-
5 ly indicated, all numerical quantities in this description specifying amounts of
materials, reaction conditions, molecular weights, number of carbon atoms, and
the like, are to be understood as modified by the word "about." It is to be
understood that the upper and lower amount, range, and ratio limits set forth
herein may be independently combined. Similarly, the ranges and amounts for
10 each element of the invention can be used together with ranges or amounts for
any of the other elements. As used herein, the expression "consisting essentially
of" permits the inclusion of substances that do not materially affect the basic

and novel characteristics of the composition under consideration.
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used in an amount to provide 100 ppm Ti to the lubricant. [0076] The
results show that the presence or absence of either the aromatic
succi ni m de di spersant or of the conventional poly(ethyl eneam ne)
based succinim de dispersant have little effect on oxidative
stability (Conpare Exam 10 pies Cl, C2, and C3). The addition of 100
ppm soluble titaniumto the lubricants of d and C2 | eads to a nodest
i ncrease i n $thabls dldimedfisabout 41 to 49% in terns of OIT (conpare C4
with d and C5 with C2). However, when 100 ppmof titaniumis added
to a lubricant thht Adubdcaomroaipositidng campnesinigc succi ni m de

T60 m mat es EE&%&%Z’H‘E&Q&%@%%%@; "OThi s Tepresents a oot ©
signi fi cant and Rpsbenessint ppmpusng the ¢andensagignipyedust abp cpbpxylic-

[0077] Eagh ofynthiendloed 581}11&? RNALEET 8nid2ic3ROUE) thiod JACHY BRida! i%ﬁd@,ﬁcfrte‘ésfbr

by reference. The nention of any docunment 1s not an adm ssion tha

such docu- n@Mfag§udd fies as prior art or constitutes the general
know edge of the gliahlofidsdatis@anilmPedmpdinidsdi ction. Except in the
Exanpl es, or where otherw se explicit- 5 |y indicated, all nunerical
quantities in this oasdubrplanotommpestiby ofiglaamoluwheren theadigydradns compris-
reaction condition |.ecul.ar i ght s unber of carbon ons, .and
the I ke, “are { soRRneftRarpaRt 1 ABarom B B e e LS Masf 300,
t o be uhder stingchndraitleasheneippmaramdsdcondary ampemgioupange, and ratio
limts set forth herein may be independently conbined. Simlarly, the
ranges and anount3 flbe lubricaaheepmppsiiien ot elaimp¥ewheseanthiconomatic pming isd
together wi tR,raRERE WY thaRRUMuse fOr any of the other elenents. As
used herein, tphe expréssion "consisting essentially of' permts the

i nclusion of substances that
novel characteristics of
is clained is: . Allyhrlic

oi | of Iubricatifagdiscdsi ¥,

i on. ks

H
1 N (aj an
saanri S t he
aromatic noi ety through an amtde, im de, or ester I‘ivnkage; and

(c) an oil - sobuhkeildeha iy S8R e
15 R! and R? are hydrogen or C,_s alkyl groups;

U is an aliphatic, alicyclic, or aromatic group; and
w is zero to about 9.

4. The lubricant composition of claim 1 wherein the dispersant compris-

es a condensation product with a nitro-substituted aromatic amine.

20 5. The lubricant composition of any of claims 1 through 4 wherein the
carboxylic-functionalized polymer comprises a polyisobutylene moiety of
number average molecular weight of about 500 to about 10,000 bearing at least

one succinic anhydride group.

6. The lubricant composition of any of claims 1 through 4 wherein the
25  carboxylic-functionalized polymer comprises an olefin copolymer bearing
multiple carboxylic groups.

7. The lubricant composition of any of claims 1 through 6 wherein the
amount of the dispersant of (b) is about 0.2 to about 5 percent by weight.
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2. The lubricant composition of claim1 wherein the dispersant
conprises a condensation product with an aromatic am ne having at

| east 3 aromatic 10rings and at | east one prinmary or secondary am no
group. 3. The lubricant conposition of claim2 wherein the
aromatic amne is represented by the structure NV wherein

i ndependent|y each variable 15R and R2 are hydrogen or Cl1,5 alkyl

groups; Uis an ag] nﬂeqﬁ&caﬂk b&ﬂiﬁbéﬁon%?aﬁf@ﬁ@faﬁrﬁsgrtﬁfb%?hainxghé’i‘ V\Jnnsthe

zero to about. 9. | ubri cant COTTEIOSI i on of aim1 erein
the di spersaﬁksperé%rqfé&%m@ame@saawwo Hideremgjiethofnumber average

ni tro-substiindledlaar tlﬁa@ﬁuﬂeo@%abomaolambme@.ﬂﬂg at:wametsu@am@é
any of clains1 .t he car boxgmlc functi

al
o] yrrer © conpRHGatias A FliTe Bith WA arg o dritpd aromatic
nol ecul ab wengd amf haiogist 1660 ohe pahmmy ol fecoffarlyeatinmgralp dndd§il) a@naden-

2y of ol af nitphtfoBi@iPan glefin copolitnertii oL FRY cGRIRAR kol Fion a
pol yner conpm”t@e@béhﬂttt@ﬁﬂomaémlyiﬁer bearing multiple carboxylic

gr oups. 7. The lubricant composition of any of clains 1 through
6 wherein the ano@ntlhefdubngangcepepsitian oppny By claimapdhwough3 wherghoihe 5

percent by V‘@il%l’iiubie titanium copol A€ cbiBrikEPNEita AR BV Y 1Rk 0@@%‘0‘6&
cl ai s égthrou 7 wherein the di spersant of (b) conprises (i)

pol yi so tylgﬁ‘ ‘moi ety of nunber average nol ecul ar wei ght of about

condensed wi t - antar QRGTYETCA FRSAGUIAG LMY BLERTS I RSHAR L IS IS Hifs
and havi ng avilisebhdle tramipn icomppund cempasekatitgnam 0/ )gr-oihyllendxidei ) a

condensation product of an olefin copolyner bearing nultiple
carboxyl i c groupsliv Thedubricanbcempesitionvédnnerbdakims ! diviongh 9 wherein the

9. The |ubri Gﬁ%hﬁ)@é‘ﬂ%ﬁﬁm%nﬁfouﬂ@%o& riSéHitA vk hBSQiGho e Wher ei n the
oi |l -soluble titanium conpound conprises a titanium (I1V) al koxide or

car box- 130yl ate. 12. The lubricant composition of any of claims 1 through 11 wherein the
oil-soluble titanium compound is present in an amount to provide about 5 to
about 10,000 parts per million by weight titanium.

13. The lubricant composition of any of claims 1 through 12 further
comprising about 0.5 to about 5 percent by weight of an ashless dispersant or
20  polymeric dispersant other than a condensation product of a carboxylic function-
alized polymer with an aromatic moiety.

14. The lubricant composition of claim 13 wherein the polymeric disper-
sant other than a condensation product of a carboxylic functionalized polymer
with an aromatic moiety comprises a condensation product of a hydrocarbyl-

25 substituted succinic anhydride or reactive equivalent thereof with a

poly(alkyleneamine).

15. The lubricant composition of any of claims 1 through 14 further
comprising about 0.05 to about 3 percent by weight of a non-polymeric aromatic
amine antioxidant.

30 16. The lubricant composition of any of claims 1 through 15 further
comprising at least one additive selected from the group consisting of viscosity
modifiers, pour point depressants, metal-containing detergents, zinc
dialkyldithiocarbamates, and anti-wear agents.
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10. The lubricant conposition of any of claim1l through 9 wherein the
oi | -sol ubl e titani um conmpound conprises titanium (IV)

2- et hyl hexoxi de. 11. The lubricant conposition of any of
claims 1 through 9 wherein the oil-soluble titanium conpound
conprises titani um neodecanoate. 1512. The |ubricant conposition of
any of clains 1 through 11 wherein the oil-soluble titani um conpound
is present in an bhodrmompespiuypigpaiss bytadmikingathe gemponess op ghaim er
mllion by weight titanium . 13. The |l ubricant conposition of
any of clainms 1 tlrﬁ-oﬂgmetﬁgdff% ubgicalingp meshag caldiyi cocunpiesing siplying
percent by weighi defic@medabtiess cdinposeitidanif aak oFQpaki¢methkeugh BRer sant
ot her than a condensation product of a carboxylic function- alized
pol ymer with an ar@nihé methodedfyclaim 18 whetein tHé enechinricaalevicedeposnteioi
of claim13 &Qﬁ&th %Eghﬁplyneric di spersant other than a

condensati on product OF a carboxylic functionalized polymer with an
aronmati c noiety Cephi i : i : -
25substi t ut ed sucgrn%éﬁgﬁﬁ§§§f§®ﬁ§?&¢§§§P?&%@ggﬁF@QFSﬁFat%gﬁgéﬁw§f?h
a pol y(al kyl Baaekasi¢nddevice, comprigng meduding witinsaiddnpaeinti(bha dispetsgntof
claims 1 thrQughislds giléréoﬂéénsﬁﬁﬂi?bk&du@%%’@%o?ﬂﬂﬁﬁh&ti@@ﬂ&%g%8%%3%%

by wei ght of a non-polynerjc aromati ¢ am.ne anti oxi dant. [

| ubri cant coAfpHSMRHEMALtYHIPUSH 2R 2aTIAE IR 05 GeieT BBkage epdfc) an oil-
conprising ajolligasitaring aaghdunde sel ected fromthe group consisting
of viscosity nodifiers, pour point depressants, netal-containing
detergents, zinc dialkyldithiocarbamtes, and anti-wear agents.

17. A conposition prepared by adm xing the conponents of claim 1.
18. A nmethod for lubricating a nechani cal device conprising supplying
to said device the lubricant conposition of any of clains 1 through
17. 19. The nmethod of claim 18 wherein the mechanica
device is an internal 5conbustion engine. 20. A method for

i nproving the oxidative stability of a lubricant for a nechanical
device, conprising including within said |ubricant (b) a dispersant
conprising the condensati on product of a carboxylic-functionalized
polymer with an aromatic noiety through an anmi de, imde, or ester

| i nkage; and (c) an oil- 10sol uble titani um conpound.
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