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controlling EGR soot by utilising ) _
to reducing emissions, some engine designs advances are believed to have

generated other challenges for the lubricant. For example, EGR is believed to
have led to increased formation and/or accumulation of soot and sludge.

[0003]  Increased soot-mediated oil thickening is common in heavy duty
diesel engines. Some diesel engines employ EGR. The soot formed in an EGR
engine has different structures and causes increased viscosity of engine lubricant
at lower soot levels than formation of soot in the engine without an EGR.
Attempts to alleviate soot-mediated oil thickening are disclosed in the references
summarised below.

[0004]  Traditional dispersant viscosity modifiers (DVMs) made from
ethylene-propylene copolymers that have been radically grafted with maleic
anhydride and reacted with various amines have shown desirable performance to
prevent oil thickening in diesel engines. Aromatic amines are said to show good
performance in this regard. DVMs of this type are disclosed in, for instance, U.S.

Patents 4,863,623; 6,107,257; 6,107,258; and 6,117,825.



mal ei ¢ anhydri de grafted ethyl ene-propyl ene copol yners capped with
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i ndex inprovers, containing an ethyl ene al pha-nonool ef i n copol yrer

grafted with an ethylenically unsaturated car boxgl ic acid materi al
and deri vat (98] wj ﬂ%saﬁa@kﬁd}%érﬂﬁéi@ﬁﬁb“@@mwtwl ng F& R o dyndilising
[ 0007] U. S. , L [ i j VIS i j.pdex
i mprovers fggﬁ?ﬂtglrl%&dgt%?n%g%ﬁdgﬁg%ﬁ? g’??#wn%&eaéoégﬁynﬁg% eg W?@hﬁ%{s}

been gr af t eadmaesmvshis danedodiplantylangneronomer and t hereafter reacted

wi th am nes ai R} Ag,sul Lde,.units.. The | yer s either an
et hyl ene- prB@@ELnewC pﬁ&?ﬂﬁ?q@?%g %lfﬂ%eérfélyfﬁod% P gtadc% Eppolymers as
t er pol ymer . vikOé¥§ lidd& ifpioeads, bodbidirkdsth eihglne s@shaaiofddWiEBSpolymer
al pha- nonool ef,i Q capol yner qr aft?d with an_ethylenically unsaturated
carboxyl i c §&fgdgat a%/ni Slgries %nu%“agf’@:oﬁ%%%ﬂl}?g %f%nﬁ*ﬁ%‘abnﬁqﬁ‘e

material . [Q&89Rksed ®itRahia@8abniiid £3kAR MR OLHRAS0 di scl oses
mal ei ¢ anhydri de grafted et hgl ene-gropyl ene copol'yners capped with

sul phonami dé¥07hi t WoSnillatenés 2,380 AP ndisklesel apdeibmstionads visapdityi dedexor
henoxyani | j : ysef r i t.

100101 0 her "oyt 35 ORGSR AhbBEa Potlhr SRBNIT hdihesrasne

| ubri cant s havesateered conttonphatcmtri andl thelicnfierpehgtad mifhi aminep obntaimirs,

including t ' .osure of, British.Pat.ent 768 701. [0011] US
paent 4 2an nRGEe s o raPpblvpl it RURFien Tt doTehy Rdliper or
pol ybut ene uscthphrdenses sctdiess telppilymer. al kyl pol yam ne to nake a
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[0010]  Other dispersant viscosity modifying polymers suitable for lubricants
have been contemplated including polyacrylic copolymers, inoludiﬁg the
disclosure of British Patent GB 768 701.
[0011] US Patent 4,234,435 discloses a composition in which a succinated
polybutene is condensed with either an alkyl polyamine to make a succinimide
dispersant or an alkyl polyol to make a succinic ester dispersant.
[0012]  US Patent 5,182,041 discloses an additive composition comprising a
graft and amine-derivatised polymer having an average molecular weight ranging
from about 300 to 3500 which has been reacted with at least one olefinic
carboxylic acid acylating agent to form one or more acylating reaction
intermediates characterised by having a carboxylic acid acylating function within
their structure and reacting said reaction intermediate with an amino-aromatic
polyamine compound from the group consisting of an N-arylphenylenediamine,

. an aminothiazole, an aminocarbazole, an amino-indazolinone, an amino-



mer captotri azole and an am nopyrimdine to formsaid graft and

am nederivati sed copol yner. [0013]US Patent 7,361,629 and US Pat ent
Appl i cat i on waRfiRd/052842678 bot h di scl ose an am nati on pr odgEtuehoomesss?
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of achieving (i) and (ii).

[0016] The inventors of this invention have discovered that the lubricating
composition is capable of providing at least onec of (i) dispersancy, (ii)
cleanliness and (iii) providing a lubricant with acceptable levels of soot-
mediated oil thickening and/or sludge formation. Accofdingly, it may also be
desirable if an additive were capable for providing dispersant properties, and
optionally providing a lubricant with acceptable levels of soot-mediated oil
thickening and/or sludge formation.

[0017] In one embodiment the invention provides a lubricating composition
comprising an oil of lubricating viscosity and an amine-functionalised additive,

wherein the amine-functionalised additive is derived from an amine having at least 3



conprising an oil of lubricating viscosity and a product

obt ai ned/ obt ai nabl e by reacting a carboxylic functionalised polyner
with an ampgaanéRe at | east 3 aromatic groups (or at bLeggkiofomssss:
aromatic groups), at |east one -NH2 functional group, and at least 2
secondary or tertiary am no groups. [0019]In one enbodi nent the
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wherein the am ne-functionalised additive is derived froman am ne
havi ng at |&useam®iapredatewngicoapd, (abr oiktacide d9tmatharwratd¢wngicoand) 3- at
| east one - ) [ I Q. it | east 2 secondary or.tertiary
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make a covalent attachment of the amine to the hydrocarbyl-substituted phenol.



nmedi ated oil thickening in an engine lubricant, conprising including
in said lubricant an am ne-functionalised additive, wherein the

am ne- f unctworaloiegmdz additive is derived froman am ne bayjgRSnodbesssz
| east 3 aronmatic groups (or at least 4 aromatic groups), at |east one
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[ 0030] The a[ﬁbﬁ@dtﬁ%wd&ﬂlp%hnb@a%h igr Qfmtdbﬁczgfn%ugﬁscog’i}y | 64t a ng?oduwz
functional grou | east 2 secondary or tertiary am no droups

may be repr @@@ﬁ?‘g@ﬁg}laﬁﬁ bruracting ya: Carmymé-mtmmhmﬂepdmiernwﬁbl agaphne
\fllstrjlr gglaﬁ) ; RhaviY atPRast ¥ QHGR Qouf &3t RLEY 2 8haKP gr(()hb/ﬁ,l £akdsY one -NH,
functional group, and at least 2 secondary or tertiary amino groups.
[0024] In one embodiment the invention provides for the use of the product
obtained/obtainable by reacting a carboxylic functionalised polymer with an amine
having at least 3 aromatic groups (or at least 4 aromatic groups), at least one -NH,
functional group, and at least 2 secondary or tertiary amino groups as a dispersant or
dispersant viscosity modifier in a lubricant,
[0025] In one embodiment the invention provides for the use of the product
obtained/obtainable by reacting a carboxylic functionalised polymer with an amine
having at least 3 aromatic groups (or at least 4 aromatic groups), at least one -NH,
functional group, and at least 2 secondary or tertiaty amino groups as a dispersant or
dispersant viscosity modifier in an internal combustion engine lubricant.
[0026] In one embodiment the invention provides a method for reducing soot-
mediated oil thickening in an engine lubricant, comprising including in said lubricant
an amine-functionalised additive, wherein the amine-functionalised additive is
derived from an amine having at least 3 aromatic groups (or at least 4 aromatic
groups), at least one -NH; functional group, and at least 2 secondary or tertiary amino
groups.
DETAILED DESCRIPTION OF THE INVENTION

[0027]  The present invention provides a lubricating composition and a
method for lubricating an engine as disclosed above.
[0028]  As used herein the term “an aromatic group” is used in the ordinary

sens¢ of the term and is known to be defined by Hiickel theory of 4n+2 =



R2 may be hydrogen or a C15 al kyl group (typically hydrogen); U may
be an aliphatic, alicyclic or aromatic group, with the proviso that

when U is akbphalbssz the aliphatic group nay be Iinear péT,ggﬁw;&ggz
al kyl ene group containing 1 to 5, or 1 to 2 carbon atons; and w nay

be Ito 10, or 1 to 4, or Ito 2 (typically 1). &0031]The am ne havi ng
at | east 3 eleoamsingT gn@awemaﬁcp@@mglnm@eammat agrovp ofithk igrentipn mapd
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Formul a (1la orrm a (la) ereinin varil a
may be hydr ogathydeneairghimsdiOky¢legranspnd iy peddint grdupdras dém)cled®dnpmy be

hydr ogen or 5 al kyl 0 typical ly hydrqgen). . be an.

‘al i phatic, 5@?% ? o%er ergﬁ%dri&#t %8 cyW%ﬁ cﬁﬂ %’(% @Yet]??’a’iea‘{l)\ﬂgﬁ U
is aliphati earbd;dsrﬁc ﬁinbﬁdﬂﬁhs&l IR vﬂﬁhyanthﬁmlld Realg Dlcabiodishatt @bigsl ane
group contajning Lto or 1 to 2 carbon atons; and w may be 1 to 10,

or 1to 4, G#stPRE% l‘ﬂh(fﬂ%}oeah groupy pnd afdessta seeensafyzAilrERy AmiegteMF ound
of Fornula (do3d) Mayn@hsthdviRh @36 Smbic /58N at least one -NH, functional

group, and at least 2 secondary or tertiary amino groups may be represented by
Formula (1}):

oot

R2

wherein independently each variable,

R' may be hydrogen or a Cy.s alkyl group (typically hydrogen);

R? may be hydrogen ora Cy.s alkyl group (typically hydrogen);

U may be an aliphatic, alicyclic or aromatic group, with the proviso that when U
is aliphatic, the aliphatic group may be linear or branched alkylene group
containing 1 to 5, or 1 to 2 carbon atoms; and

wmay be 1to 10,0r 1 to4, or 1 to 2 (typically 1).

[0031] The amine having at least 3 aromatic groups, at least one -NH, functional
group, and at least 2 secondary or tertiary amino groups may be represented by

Formula (1a):

X H _ H X _
| | .
HoN ’\/ U /\/l\NHz
RE
R2




NH wherein each variable U RI, and R2 are the sane as descri bed
above and wis O to 9 or O to 3 or Otol (typically 0).
[ 0033] Exanpveomfosmrz am ne having at | east 3 aronati c gPowRS2009W6s2
represented by any of the followi ng Fornmulae (2) and/or (3): O
HeN - NH2 Formula (1a)

wherein independently each variable,

R' may be hydrogen or a Cy_s alkyl group (typically hydrogen);

R” may be hydrogen or a Cy.s alkyl group (typically hydrogen);

U may be an aliphatic, alicyclic or aromatic group, with the proviso that when U

is aliphatic, the aliphatic group may be linear or branched alkylene group

containing 1 to 5, or 1 to 2 carbon atoms; and

w may be 1to 10, or | to 4, or 1 to 2 (typically 1).

[0032]  Alternatively, the compound of Formula (1a) may also be represented

by:
N ﬁ NH. N U\O /©/NH2
HzN/Q;/ u/©/ Rz/ & NH; N \\m

w

wherein each variable U, R', and R? are the same as described above and w is 0
to Yor0to 3 or 0to 1 (typically 0).
[0033] Examples of an amine having at least 3 aromatic groups may be

represented by any of the following Formulae (2) and/or (3):

H H
: AN : : N :
HzN C NH
2 H, 2

Formula (2)

or



Forrmul a (3) 100341In one enbodi nent the am ne having at |east 3
aromatic groups may include m xtures of conpounds represented by the
fornmul ae diwwghpsatsgbove. A person skilled in the art V“Pblr/l@Po‘Bﬁlﬁ‘ﬁ%hﬁte
t hat conmpounds of Fornulae (2) and (3) may also react with t

al dehyde descri bed below to form acridi ne derivatives. Acrldlne
derivatives that may be formed include conpounds ill ustrajed
represented by Fornula (2a) or (3a) below In addition to
conmpounds represented these formul ae, a person skilled ip
will also appreciate that other acridine structures may” besp
where the al dehyde reacts with other benzyl groups brigged with the
>NH group. Exanples of acridine structures include tbheSg_represented
by Forrul ae (2a) and (3a): Formula (2a) NH2 110 NH2 N2
Formula (3a) Any or all of the N-bridged aromatic ri gdr e capabl e
of such further condensation and perhaps aronmati ci sat #4. One ot her
of many possible structyres is shown in Fornula (3b). |NH2

Formula (3)

Hz

NH;

[0034] In one embodiment the amine having at least 3 aromatic groups may
include mixtures of compounds represented by the formulae disclosed above. A
person skilled in the art will appreciate that compounds of Formulae (2) and (3)
may also react with the aldehyde described below to form acridine derivatives.
Acridine derivatives that may be formed include compounds illustrated
represented by Formula (2a) or (3a) below. In addition to these compounds
represented these formulae, a person skilled in the art will also appreciate that
other acridine structures may be possible where the aldehyde reacts with other
benzyl groups bridged with the >NH group. Examples of acridine structures

include those represented by Formulae (2a} and (3a):

H
N

N

‘/

HoN C x
H;

Formula (2a)



Forrmul a (3b) [0035] Exanpl es of the am ne haying at |least 3 aromatic
groups may be bis[p-(p-aninoaniIino)phenyl]-nethane,

2- (7- am no-wor2ogiaszsd2 yl met hyl ' ) - N- 4- PCT/US2009/065452
{ 4] 4- (4- am no- phenyl am no) - benzyl | - phenyl } -benzene-1, 4-di am ne, MN4-
044(4- am no- phenyl am no)-b enzyl kphenyl} -2 44-(4-amno -p
henyl am no) - cycl ohex a- 1 ,5- dienylnethyl kb enzene- 1 ,4
, N-[4-(7-am no-acridin-2-yl nethyl)- phenyl]-benzene- 1, 4-
m xtures thereof [0036]1n one enbodi ment the am ne havi ng

2-(7-am no-acridin-2-yl methyl)-N-4-
{444- (4- am no- phenyl am no) - benzyl kphenyl -benzene-1, 4- pee or

m xtures thereof. [0037] The am ne having at |east 3 { I C groups

may be prepared by a process conprising reacting an vldeh de with an
amne (typically 4- am nodi phenyl am ne). The resulta 2 ne may be

described as an al kyl ene coupl ed am ne having at |east [3 aromatic

br anched. 3 [ | ude
benzaldehyde or o-vanillin. Exaanes of an aliphatic aW&éhyde i ncl ude
f ormal dehyde (or a reactive eqU|va nt t? reof such as formalin or
par af or mal dehyde), ethanal or prop g%}cally t he al dehyde may be
f or mal dehydéngr obeitlz a:lfdthhywebmigw%r]o]i’ﬂﬁwp EAgE SHc NAyable 6Arsucedfugiikr at

a reaction te eraIure Qe range of 40 C Hg 180, C, ?r 50 C to,
170C. condensation and per aps aro at101sat1on ne other of many possible

structures is shown in Formula (3b).
NH,

=T

HzN 8] C
H Hz

Formula (3b)

[0035]  Examples of the amine having at least 3 aromatic groups may be
bis[p-(p-aminoanilino)phenyl]-methane, 2-(7-amino-acridin-2-ylmethy1)-N-4-{4-
[4-(4-amino-phenylamino)-benzyl]-phenyl}-benzene-1,4-diamine, N’-{4-[4-(4-
amino-phenylamino)-benzyl]-phenyl}-2-[4-(4-amino-phenylamino)-cyclohexa-
1,5-dienylmethyl]-benzene-1,4-diamine, N-[4-(7-amino-acridin-2-ylmethyl)-
phenyl]-benzene-1,4-diamine, or mixtures thereof.

[0036] In onc embodiment the amine having at least 3 aromatic groups may

be bis[p-(p-aminoanilino)phenyl]-methane, 2-(7-amino-acridin-2-ylmethyl)-N-4-



[ 0040] The reaction nmay or nmay not be carried out in the presence of a
sol vent. Exanples of a suitable solvent include diluent oil, benzene,
t-butyl be B ene, xylene, chlorobenzene, hexane,

t et rahydr opﬁrgaﬁliomg%urjﬁ xtures thereof. [0041] The reacti Orl;C'rrT%J>§2ogsgmss4sz
preformed in either air or an inert atnosphere. Exanples of suitable
i nert at nos fihét-¢4-amerarplenylantioglebenayl] ahguy } -beypingal,4-yiamiine ogemixtures

[ 0042] Al ter%}éogel y, the amne having at |east 3 aromatic groups nay
al so be prepared by the nethodol ogy described in Berichte der

Deut schen CHH37kchdhe Gaset lhseingfai 16459 BO3romd 8¢ gr@Bs38ay Garprepuydd by a

Functi onal i sed_Pol .. 10043] The additive which is funct L
i th an am ROCHEy DTS HEREC uRldr) Teba Borgisy  (TRea” F

car boxylic ﬁmnmtdgmaaylhﬁ]@cb)pommspnmkmﬁe By bEed RO RO by MRy 1He a
copolymer, provided that it contains at |east one carboxylic acid

functi onal i 9PR¢d 2Ming ARYiRg at ledst PEATRHE SEFUPE At kg&hAne cNB fignctional group,

functional i hyd £t€eaSt 2 se%mﬁégfer&tng afiftidrbupsThe carboxylic
functionalised pol yner has a carboxylic acid functionality (or a

reactive eqlV38] entThefaldchydosmayils alaphatics tivycliomalaremytiqr The atipbatico

t he backbong,;.i 1.hi - pAl Kk I . i.nal..gr n
t he pol yner dgc (%(I‘)ﬁr%gets.’ BF%&E&] é?@%%?@'og%gﬁlg Pﬁ@u"ﬁi g%%ag{al%g a%% fi@urerg)r[&nay
be a pol yi sotslitdgl kanealdshydeioni evamiltiydr Egtengied pfren ,aliphatid elidehyde inciude
anhydri de-styre C | yner n_ester  of mal.ei c. anhydri de- styrene
copotyrer . IPEREHERE ey . rashle TR BeR0 it BRI i) e
anhydri de gfafialdeapdd)y ne@thafl 0t ) pfopShall enaygidayl enigs ailpktaydel efidyn be
pol ymer, (i 11,%_ a(g d ogenat? al kenyl aryl conjugated di ene copol yner
(that is, alfygt é&‘iﬁl RFnzl9ebida- ar ene conj ugated di ene copol yner, in

particul ar qulsyplr 0GB k&l s<RRP Ib¥ Wil o1t lay h §B&BH @ p&R&ke i IHel hndk
pol yolefin (in particul ar ethyl ene-propyl ene copolyner), or (iv) a
hydr ogenat e8f #&dptehtd BoloyaBr e A7$aE i cul ar i sobutyl ene-i soprene
copol ynmer o yd r =] rnen yer:), L or. 0 r.es
t her eof [OOELOSO]ea '{I]'Ee gqalrggljoa%/tﬁ)?{cﬁ%nog{? 8 gﬁ?sbgdg%g%r?g? léetggrqrggggaﬁg?eﬁ n
i s known i nsdlugnti cExamples fial ewiabldFerlvexaimplude dilupntestlebenzefie,nmbwiyc

anhydri de aﬂ&z%ﬁé’,rt%ﬂl%hg,ogﬁgrile?icrﬁg)rgl% gr‘laer, %e%ern?e, tetrahydrofuran, or mixtures
thereof.
[0041]  The reaction may be preformed in either air or an inert atmosphere.
Examples of suitable inert atmosphere include nitrogen or argon, typically
nitrogen.
[0042]  Alternatively, the amine having at least 3 aromatic groups may also be
prepared by the methodology described in Berichte der Deutschen Chemischen
Gesellschaft (1910), 43, 728-39,

Carboxylic Functionalised Polvmer

[0043] The additive which is functionalised with an amine may be a
carboxylic functionalised polymer. The carboxylic functionalised polymer
backbone may be a homopolymer or a copolymer, provided that it contains at
least one carboxylic acid functionality or a reactive equivalent of carboxylic acid
functionality (e.g., anhydride or ester). The carboxylic functionalised polymer

has a carboxylic acid functionality (or a reactive equivalent of carboxylic acid
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known fromU.S. Patent 6,544,935; (ii) grafted styrene-ethyl ene-al pha
olefin polynmers are taught in International publication WO 01/30947;

(ii1) copol ywermodesizved from i sobutyl ene and i soprene haygubReicEsed
in preparing dispersants and are reported in International

publ i cation 01/98387; (jv) grafted styrene-hutadi ene, and
styrene- | so;fyr“\gﬁ%fmégbv |%rﬂfé?<L ofoethy dagkhageq withing the priwmen packbpns endes

i ncl udi ng DEeﬁni%Qﬁgl%ﬁﬁbn@f@%&ﬂﬁnEﬁEa%ﬁB&]é, 512,192, and 5, 429, 758; (v)
an

pol yi sobut yl ene succinic /dri des have been described in nunerous
publ i cati onsl®&#l udThey caxbopatie fuectipnzBeed4gelyn@r 1may §928 Blgisehurgigne-

3,361, 673; 3: 4 L3 ] r 2ne- Nr.o cop r.s
have been dZ‘Jsﬁg(rnlﬁbce%l]ﬂfy %&%Spggitn)eelﬁ% sﬁgl%%g?%%g%h‘?g@ﬁ? ,c?’éhf?’ﬂ%ﬁ’aa% E%Ite\f@a
4,780, 228; (milck esthgdsdaftyfalephapolyefdrn aml elphaaniiyfi-nchddic C(apb%:@tfmr S
have been descrijbed in US Patent .5 67Q, 462: (vii.i) copol rs o
obutyl ene SHBAGH UgnFaHEREsT: St rorsrtsist ) ptEenday g aloha
;ﬁgob)érrg;% ert}ﬂv%\np i Ca?‘?iﬁ)’ Ebmégg?sng%&ﬁg%@mg%ﬂ? i&g)zg;tﬁg%pol yngorﬁs%@g?&%
ethyl ene, prid@ |1§r?eh3éﬂli%s%w§'@§#ﬁn@fbarteea cppisgaed digag cggolymer,’in particular

di cycl opent agdj, HardWRd] Jof SesGhd; b : 1420
and 5, 538, 651.%548&!\/&% o r?e%gg?yrrer5%5%%%12%?%&?%&12@3gmg’e%%%il%gd

in " Cheni st rsfhelpee-mepliltaf cgyobmetlibn Guhteshydegantedeiiopienn, pdtyinee inby
S A e e o iy
backbones (ipolymen), ammuixfurey thexdofi ). [ 00471The pol yner backbone (ot her
than a pol yi [%85%{[ yl he )car%]:)X);lpceﬁercggEarflIsed polymer described herein is known in
lubricant technology. For example:
(1) esters of maleic anhydride and styrene-containing polymers are
known from U.S. Patent 6,544,935;
(ii)  grafted styrene-ethylene-alpha olefin polymers are taught in
International publication WO 01/30947;
(iii))  copolymers derived from isobutylene and isoprene have been used
in preparing dispersants and are reported in International
publication WO 01/98387;
(iv) grafted styrene-butadiene and styrenc-isoprene copolymers are
described in a number of references including DE 3,106,959; and
US Patents 5,512,192, and 5,429,758;
(v)  polyisobutylene succinic anhydrides have been described in
numerous publications including US Patents 4,234,435; 3,172,892,
3,215,707, 3,361,673; and 3,401,118;
(vi)  grafted ethylene-propylene copolymers have been described in US
Patents 4,632,769; 4,517,104, and 4,780,228,
(vi1) esters of (alpha-olefin maleic anhydride) copolymers have been
described in US Patent 5,670,462;
(viii) copolymers of isobutylene and conjugated diencs (such as

1sobutylene-isoprene copolymer) have been described in US

11



i nventi on may have a nunber average nol ecul ar wei ght (by gel
per neati on chromat ogr aphy, pol ystyrene standard), which may be up to

150, 000 or Ro3h@foe2s82 9-. 1,000 or 5,000 to 150,000 or t@c}ARsfIONssHN>
to 100, 000. An exanple of a suitable nunber average nol ecul ar wel ght

range includes 10,000 to 50,000, or 6,000 to 15,000, or 30,000 to
50, 000. In one enbodiRasents 4,7 vaer7.06dSRbomd WasPatemufrpelicatisre Ufge

nol ecul ar wei ght of , 000, for instance, greater than
5000 to 150,000. O hgir(ﬁzfgg%%tr?g%odﬁs of the above-identified nolecul ar

wei ght |imtatiofis) arterpalysucrs onff ettpllatee chrop{6dB]lie not-oenjpgtydradicne
backbone of the inventign is,.a polyjsobutylene, . its n er_.avera
nol ecul ar wei ght (by%ﬁj‘é‘f 6%rW£?p3ﬁ{a§W8 tgbﬁag‘ﬁﬂf) aﬂ‘gm}@ hedn i U
standard), may be 350Pdtent$59008,400 ah$H,588,63000 or 750 to 2500. (Thus,
a polyisobubrlene succi nj ¢ anhydride may have, that_is, be derived

from a pol WBbut Maswertithe Rolymer brckhraes grealdy dycrbidiaulCemngtids . )

comer i al | ¥ealidid g CLARdhROBUEM LGB, KARES haY s aviiBelgay ef age
nol ecul ar wei ght. of 550, 750, 950-1000, 1550, 2000, or 2250. Some of
t he commer cPasaulik Rubliskgsl by f8nekie dwadsniend Pofspionsel. mity paticalan mabes

nunber aver age | 21\ ' e or nore
pol yi sobut y?gﬁégggﬁgﬁr%?%anﬁdfg?% ?%@%%?9%?‘?%%@ %1@0%@]%&8@ i ne havi ng
at | east 3 HWdfht i Thgrolpsemtackbener @alodratlamiat jolyibebutpete)xofl the present
functionalised pol ymer, under__known reaction conditi,ogns. The reaction
condi tions &I nﬁ% P9 B3 BT WeTass P hveviRe Vehts @)Iy g%r?ﬁrﬁ‘ﬁatmn
2010/ 062842PCT] USP000] 0B2453 1 OROL TG | ent Lon B oRucr . o ener
bt ai ned! obt & iaBIEob) PR PRGOR P HARPID rrtgn Bl A cammpleyafer
W th an am pgtRayhidbat avleﬁ%%tm@le@l!ﬂ@frweic?@xt PP cludbs 18868 1918, 000HE:
functi onal group, and at | east 2 secondary or tertiary am no groups

may be repr 848AtedS.890.tHS0RN0HRISRL004)n aneiewbogisient, ghg pEBIFLP#Rkbeng 4)

or 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
molecular weight limitations are also contemplated.
[0048]  When the polymer backbone of the invention is a polyisobutylene, its
number average molecular weight (by gel permeation chromatography,
polystyrene standard), may be 350 to 5000, or 550 to 3000 or 750 to 2500.
(Thus, a polyisobutylene succinic anhydride may have, that is, be derived from, a
polyisobutylene with any of the foregoing molecular weights.) Commercially
available polyisobutylene polymers have a number average molecular weight of
550, 750, 950-1000, 1550, 2000, or 2250. Some of the commercially available
polyisobutylene polymers may obtain the number average molecular weights
shown above by blending one or more polyisobutylene polymers of different
weights.
[0049] The amine having at least 3 aromatic groups may be reacted with the
catboxylic functionalised polymer under known reaction conditions. The
reaction conditions are known to a person skilled in the art for forming imides

and/or amides of carboxylic functionalised polymers.

12



Forrmul a (5) wherein independently each variable, RI, R2 and U are
described previously; BB is a polyner backbone and may be

pol yi sobut yWwermejo/@essgopol ynmers of (i) hydrogenat ed al kemyirngbioh/ossasa
conj ugat ed di ene copolyners (in particular hydrogenated copol ymers of

styr ene- but ne i, ol oIe S ticul ar . .
et hyl ene- al gﬂ‘ﬁﬁl ef i é%}'é’ﬁ“ &?&“&ﬂg’g?ﬁ‘:@% by pisRsHingr &) carkgrylic
(iii) hydr Og@{bﬁbﬁﬂmécﬁﬁtﬂj}rﬁaﬁwﬂﬂ@bﬁ/%{n‘é Hal iR ﬁarehst%tar&hat&ygaﬁ}gemkﬁg one
styrene-isoprene pol yners). BB may be su%stltute

succi ni m de -YFodjricignal graippwad ah leI%‘&Lr %ﬁ¢(@édﬂ(fn)0Té¢fdal()'5f)mm@rgr¢lmsnw bre
substituted ups. [0051]In addition to
formul ae (4fagﬁﬁﬂ%%§?lﬁé@ﬂﬁ@%ﬂ%@h@?@ﬂ% ures nmay al so be forned
including trimers, tetramgks . her eqf . The

am no groups shomn n Fqf s (4) Dhe , in
whol e or in part t hq e of fllo xturegs thereof.
WD 2010/ 062842PCT/ 009,065452 [ 0082] Wen BB D61 yi SO t he
resul tant carboxylic¢/functionalised pdl yme may Typically NH2
ponisobutyB@ﬁe~Sﬂ§§Tn|c anhyklri de. Typically w, as defin d in

Formula (1) may be to 5 or Ito 3. [0053]Wien BB is ot hBf t han

pol yi sobutyl ene, anf has nal ei ¢ anhydride (or other carboxylic acid
functionality) grafted thereon, one or nore of the grafted maleic
anhydride groups is a succinimde ofortfaga @yi ne of the invention. The
nunber of succinimde groups may be 1 to 40, or 2 to 40, or 3 to 20.
[ 0054] The i fAVention product is obtained/ obtainable by reacting a
carboxylic functionalise
anhydri de-styrene
copol yners, (al

-styrene
1 Xt ures
ST BHne

-NH2 functi At Ieast 2 secondary or tjertiar no
groups. The result nt product may be represented bymFornuIZ]?g§ BB
Formula (5)
wherein independently each variabie,
R', R? and U are described previously;
BB is a polymer backbone and may be polyisobutylene, or copolymers of (i)
hydrogenated alkenyl aryl conjugated diene copolymers (in particular
hydrogenated copolymers of styrene-butadiene), (ii) polyolefins (in particular
ethylene-alphaolefins such as ethylene-propylene copolymers), or (iii)
hydrogenated isoprene polymers (in particular hydrogenated styrene-isoprene
polymers). BB may be substituted with one succinimide group as is shown in
formulae (4) and (5), or it may be substituted by multiple succinimide groups.
[0051]  In addition to formulae (4) and (5), additional structures may also be
formed including trimers, tetramers, higher-mers or mixtures thereof. The amino
groups shown in Formulae (4) and (5) may also be replaced, in whole or in part,

by the amine of formuia (3), or mixtures therecof.
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.10 \NRI BB\ NH2 R2 Formula (6) wherein R, R2 and U are descri bed
previously; BB may be a styrene-containing polynmer chain that may

cont ai n addibi;eRakssiicci ni m de groups. [0055] For nul a (6}0%ﬁ2@/§£452
repl ace the am ne containing group shown in Formula (6) wth the

amne of Formula (3), or mxtures thereof. Mannich Reaction [0056]In
one enbodi nH¥S2t he nidB fis polyisabaibyilered thedbisultang dibootybis dunétemelisednay
be a Mannic | 'y .2l bt al . Leact i t he

am ne havi ng°lgtﬁ‘%fl€ﬁ£ '?t yglcgﬁg%tp?g Igdrbﬁ)lﬁgénoe( %lr%c@?cb Il’@ja}sai/ldgl‘ Zir%’ Fra? vc s
groups), at d¢famdtindoenulhliP) hupbe il omd) orgt i, and at, |east 2

secondary o tiar 1L N0 _Qgr oyps er e -NH2, group.is .cqondensed
orea oy [905LY 1 S A0 e HRE oSt pr6 el SR, PriERaF o and
an al dehydeoihar aarﬂaﬂﬂiccibid eatctioRalithp o e tReréO, AR maiet GCIABRR frealf
the amne to the hydrocarbyl -substituted phenol. Reactigns to form

Manni ch pr oBhdteis 2aRlrids RRIPS] IS05 vycPHBmgedeh ifGearnide 1t the fipyaptiphe The
Manni ch pr oguGberBRsubl@Yighide ERupOmaPhed th 20, or 2 to 40, or 3 to 20.

[0054] The invention product is obtained/obtainable by reacting a carboxylic
functionalised polymer derived from 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 aromatic groups, at
least one -NH, functional group, and at least 2 secondary or tertiary amino groups.

The resultant product may be represented by Formula (6):

Nioasleasy
4< R

BB

o}
Formula (6)

wherein R', R? and U are described previously;

BB may be a styrene-containing polymer chain that may contain additional
succinimide groups.

[0055] Formula (6) may also replace the amine containing group shown in
Formula (6) with the amine of Formula (3), or mixtures thercof.

Mannich Reaction

[0056] In onec embodiment the amine-functionalised additive disclosed herein
may be a Mannich reaction product obtained/obtainable by reacting the amine having
at least 3 aromatic groups (or at least 4 aromatic groups), at least one —NH,
functional group, and at, least 2 secondary or tertiary amino groups where the
-NH; group is condensed with a hydrocarbyl-substituted phenol, (typically an

alkylphenol) and an aldehyde in a Mannich reaction to make a covalent
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4 carbon atonms, and is generally formal dehyde or a reactive

equi val ent thereof such as formalin or parafornmal dehyde. [0058] The
hydr ocar byl weubstosisuent of the hydrocarbyl -substituted paensboosmisssz
have 10 to 400, or 30 to 180, or 40 to 110 carbon atons. This

hydr ocar byl substituent nay be derived froman olefin or a,
pol yol efi n. 3 taf Q‘Fiaﬁ%‘nf’ i ey deesarbyl sibstitped Phena). Reactonsde e

which are comEBich palduds aédnbah! . Pol yol efins suitable for preparing
Manni ch reaction product of the invention are the sane as those are

described ab¥pd] THée pldghwsieaier to-foum dhei Mernadh padusb mayrhyvebletopkle pat &
by al kyl ati ﬁ%fu@gﬁ‘ Ql‘glns"%nhrfs %eﬁhﬂfdr&afﬁ%lﬁﬁl&fglr@&ﬁ@e %%[ehﬁﬁgregpﬁ\éﬁas
p ene, I'T- known

such as, a polyi sobutyl ene®or yprop usi ng
al kyl ati on hemhbdser parafommddebpdodi nent t he hydrocar byl - substi t ut ed

phenol may epat e al kyl ati.ng phenol, with | yi sobyt yl ene.
i ther | RealfoeBh hns oo G O BE oot oBF s oG ahetel ey
functional i asee 18ddi100,\ve 3¢ & D80, o4 (DAL D @adBh BBmsUTelsihgddkars @dubdineier )
wi t h additi onal poI.X%nes havi ng tl\ég (gr nore reactive sites may_be
possi bl e anB™®4PEMETIVesTer 4y oldnidier olyalefity| Veetulqlefms dprdydeotphiarqlifinss

I 'ow enough @icht Ae 1PRLURMWIRCIE RA FBmindrddIGh 2GRRYRL PBLR¥SIS suitable for
significant crosslinking of the polyner as evidenced by gellation,

i nconpat i bi PIepyring Msgaich gractign | nupduct ©of . the OoGoliex arfpthessapie suithasp|aee
pol yam nes | . y iam 2= dian .

R et hyl ot hi G Bl e R R i WA 1B GRRReq by alkying

N- ol ey1- 1, 3pimnebyiteiadilefin ne polpalkire tdhscribed paivgasiches, § polyisobstylene or

di et hyl enet [j,an triethylenetetragm.ne, tetraethylenepentamn nd
"pol yani ne é{))l? EI] gﬁ%elbne( olf’smga%'ﬁ@%gﬂ%o? ?ﬁ%“ﬁh}oﬁ%m poe |eﬁf1%8§ ant 1he
ermbodi ment  hjdroqobyt-aubstitntddngihualds npgl el ydparepoly antyhdsg Menaddiit ve

of Formul a é]% déarilved fromone of the polyam nes is believed to have
di spersant BPOPIRYHY'E®: And an additive derived fromone of the

pol yam nes pirtic@rrBabdod Yith ipelRelih&ved to have di spersant properties.
[0061] I n general, al kyl enepol yam ne bottons may be characterised as
havi ng | ess[®0§8h t Reactippual the pais fupgtionadisedpddicive He . nerpaatia|amine
boi ling bel awcabptisod 80Qer Wil Rlififtons - i
pol yam ne bot tcoms o%t glg%ec?rﬁvom Pﬁe 0&%@%&%%?%%%ﬁé¥ gp(?ﬁeeag%‘é?t ,
Texas desi gfitesetiay biPaodstE andaseful @mibames fencaboxyic GO fnctiFha e is

al kyl enepol 1 tto r red using an.ethylene . .
di chl ori de %r%‘;@fceglg‘s‘gp["do@] ﬁ?ﬁg@ﬁ%ﬁff@%@g, R M S Bl significant
monor eact i veossimdrppoftaa polymer nonvidenad dyi gelation, ingympaeibilse dr abenel or
a conbinati on onI. cappi ng am nes wi th non-cappi ng pol yam nes. Cappi ng
Pol ymer wi t '8N Wi ne [0063] Optional Iy the anine-functionalised

addi tive mapob0r t h@xampREt oM $uitaBle polyamines include ethylenediamine, 1,2-

diaminopropane, N-methylethylenediamine, WN-tallow(C4-Cis)-1,3-propylene-
diamine, N-oleyl-1,3-propylenediamine, polyethylenepolyamines (sucﬁ as
diethylenetriamine, triethylenetetramine, tetraethylenepentamine and "polyamine
bottoms" (or "alkylenepolyamine bottoms™)). In one embodiment the polyamine
includes polyalkylenepolyamines. An additive of Formula (1) derived from one
of the polyamines is believed to have dispersant propertics. And an additive
derived from one of the polyamines of Formula (1) is belicved to have dispersant
properties.

[0061]  In general, alkylenepolyamine bottoms may be characterised as having

less than two, usually less than 1% (by weight) material boiling below about
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capping amne, or mxtures thereof. The capping am ne nay be used to
nodify the total acid nunber (herein after referred to as TAN)
(typically @or8fiueiss®n i n TAN) of the am ne-functionali %%9/[]@9)‘3’)/6&5}(%
of the invention. The capping amine nay if necessary, cap unreacte
carboxylic ups in an anount to minimse any detrinental inpact on
ot her addit 0@°§p efgypicderapdent suchiethydeterpaipamiak botipas bbiaiedifroh toe
an interact tai-nin addltl e

det er gent, Pe%gv u@%ﬁgﬁp r¢ OP@ an%tor%eFr%%# A lnexfig dFSIg%aﬁ% eﬁgﬁgxﬁgrft % ﬁgm
am nef unct i dhalsimadasatiBi OOPE’. |E1eﬁmraﬁkye¢nepe@ammk hitdma neaphé peparddne.
I n one enbodi.ment a nctl onal i sed additive is not further
reacted wit Hm&géﬁﬁ&yﬁé‘ élﬂﬁr}ﬁ%“ B8 The capping anine may be a
nmonoani ne owmpol yartdabvely "@ppiap Rivikes Ik NBroiB¥adife, Aot MIRAdike, Fphne
or non-aromatic, [0065] The cappl ng am ne may be an am ne having two
i nked ar onSiosHinkisEbmegsbe myedt Handg eF m combuition ©frAsPRIY amingsewith voR-

i ncl ude bot Ry kgL and pol ynucl ear groups. The capping am ne
will typically have an N-H group capabl e of condensing with the one
ore nore cakls solbiel: o i€ pol ynmer that have not reacted vvlth

the am ne Ofp f prd;ﬁ&ﬁ!ﬂh& Fhe efﬂxtu I}unc[‘[ 091@1% %dRPVleynrl]elil leueﬁlr r ?actj B3n T8

be of the f &rel N an aronatiec nuc eus i's ‘fuse
points to anmﬁm amuxel eumisiurh thaedOURE tappiapithingImayr baniddrianyddify

21 1 Bast | Cull ot b PRt rEReR S o DB oed B

t hrough bri q‘gJN)g)ﬂthmamgesmhenmqbecp&dmﬁve dhes enynties) meldaﬂlﬁﬁgaﬁnﬁﬁay
be chosen from, anong others known to those skilled in the art,

al kyl ene | i MeigBaccessane cap uAeagisd caborrlic BTONRS Hod AR t PHRIAYasany
sul phide I H&@ﬁ%ﬁtalﬁ lrpxau&plamé@ aham@@g%% ant& F—:ﬁ’t 6Th§ Rt At APBct

sul phone I nkages phonam de |i nkages, I i nkages, azo
| i nkages, amgydinchde emripisractian bbﬁ’ﬂwwfhléhge%mbetcmémmgﬁ@dgm@lp@ld the

wi t hout any giferyenl an@mﬁ%%%ﬁ%f a@ﬁmt' Gn 9, dddﬁgkﬁgﬁgta%ﬁg

W th heteroato suc pyridine, pyrazine, pyr| m
t hi ophene. Exanphaésed)faddﬁe/eﬁns)rfatther geawtpgls viithata aempings edroine herlgi one

et | e RTBLL 8 S A UEL PR g RO BASRE 0

may al so becalplimgirhmbed by various substituents, incl ud| ng
hydr ocar byl 0067] The, cappi ng am ne nay, ener al ,

ents
contain one[@wafm &Fé%ﬂlf‘ EMPEIAYE WS & B1op2m e s ag}’ro&f‘ﬁ%me A”CIl 8¢ pappénia

reactive anhmgeGh®HPe hibadaH¥EL afBS B @nSibe@tic Ml tipl e am no groups,
as in the case _of the above described N, Ndi net hyl phenyl enedi am nes,

may be usef (10685 wdibe capsivecrmineymay henay amise rhagmgetivadiked aromatic
relatively Hlolléilegoqgl fHe%8fn S% ogtgaltﬂc%&%g} ! n%é%ﬁstéll ﬁ?ﬁg B! hednRglQr

gellation of the additive. I'n on ment e cappl ng am ne
i's derived ﬁm%mmeclﬁmgnnwdl dhesapong anmmgnlﬂmjrmcq:blyeheanecammf& grourys

l):‘ nrﬁg g gne%%[ E)(;r ) ngerts%ﬁ w?tpscﬁé lcj)ﬁ;:[: %{'eeﬁlore carﬂgxyeifc glrgﬁlljsugr? the pcﬁ{zr‘ngll' S

that have not reacted with the amine of the present invention.

[0066]  The polynuclear groups may be of the fused type wherein an aromatic
nucleus is fused at two points to another nucleus such as found in naphthyl or
anthranyl groups. The polynuclear group may also be of the linked type wherein
at least two nuclei (either mononuclear or polynuclear) are linked through
bridging linkages to each other. These bridging linkages may be chosen from,
among others known to those skilled in the art, alkylene linkages, ether linkages,

ester linkages, keto linkages, sulphide linkages, polysulphide linkages of 2 to 6
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sulphur atoms, sulphone linkages, sulphonamide linkages, amide linkages, azo
linkages, and direct carbon-carbon linkages between the groups without any
intervening atoms. Other aromatic groups include those with heteroatoms, such
as pyridine, pyrazine, pyrimidine, and thiophene. Examples of the aromatic
groups that are useful herein include the aromatic groups derived from benzene,
naphthalene, and anthracene, preferably benzene. Each of these various aromatic
groups may also be substituted by various substituents, including hydrocarbyl
substituents.

[0067] The capping amine may, in general, contain onc or more reactive
(condensable)} amino groups. A single reactive amino group is sometimes
preferred. Multiple amino groups, as in the case of the above described N,N-
dimethylphenylenediamines, may be useful as well, especially if they are reacted
under relatively mild conditions so as to avoid excessive crosslinking or
gellation of the additive.

[0068] In one embodiment the capping amine is derived from dye
intermediates containing multiple aromatic rings linked by, for example, amide

structures. Examples include materials of the general Formula (7):

RI
0
I H
C—N NHz
Rii
Formula (7)

and isomeric variations thereof, where R' and R are independently alkyl or
alkoxy groups such as methyl, methoxy, or ethoxy. In one instance, R' and R
are both -OCHj; and the material is known as Fast Blue RR [CAS# 6268-05-9].
The orientation of the linking amido group may be reversed, to ~NR-C(0)-.

[0069]  In another instance, R' is —OCH; and R' is ~CHs, and the material is
known as Fast Violet B [99-21-8]. When both R’ and R' are ethoxy, the material
is Fast Blue BB [120-00-3]. U.S. Patent 5,744,429 discloses other capping
amine compounds, particularly aminoalkylphenothiazines. N-aromatic
substituted acid amide compounds, such as those disclosed in U.S. Patent

Application 2003/0030033 Al, may also bc used for the purposes of this
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R' Formula (7) and isomeric variations thereof, where R and R are

I ndependent |y al kyl or al koxy groups such as nethyl, nethoxy, or
ethoxy. | n Q@8ojofRelsgice, R and RH are both -OCH3 and thg fl@%{%/b&lﬁzi S
known as Fast Blue RR [ CAS# 6268-05-9]. The orientation OF the

| i nking am do group nmay be reversed, to -NR-C(0)- . [0069]In another

i nst ance, RinvietiorQGHE tatrdcaRpingsami@eiBinchudd thdse imaithéch thie amgnk nivtugernss
Fast Viol et -21- . R .and Ri| ar th .t he .

mat eri al | sagg{s)%?g'é%ljﬂeo%]éﬁ %}?%ﬁlg%gﬂop y%}%sgo Qtuélﬁt ﬁ%‘?ﬁ%%%m&f’%é 8%s
ot her cappi sgf lyiiidsed eghoundsomadr tringul ar | y

am noal kyl hi azi nes. N-aromati c substituted acid am de conpounds,
st as § nolH] oo FE B SimoBiuisTe ki asiP i, BPHReaF D 1o 208700 4008 WO,
may al so beatssR@icibictielifddPras M- thivp. ARVEAK AN of SéH aPlaghine is
cappi ng am nes include those in which the amne nitrogenis a

subst i t uent PBFORRPISIBIRIING 80 eyal pc PherRFyaMHNe t¢fapminephenyd phenyl

ni trogen iseﬁﬂﬁndﬂ%%ngpgégﬁﬁ it W R r@Al18g¢mat i ¢ ring. [0070]1n one
enbodi ment the cappi ng am ne nmay_bé an amne having two aromatic
noieties |linked by an -0- gro of such an amne is

phenoxyphenyl am ne, al so kno . ' R, or am nophenyl
phenyl ether, which may be re 5 grmul a (8):

Formula (8)

and its various positional isomers (4-phenoxy, 3-phenoxy, and 2-phenoxy-
aniline). Either or both of the aromatic groups may bear substituents, including
hydrocarbyl, tertiary amino, halo, sulphoxy, hydroxy, nitro, carboxy, and alkoxy
substituents. The amine nitrogen may be a primary amine nitrogen, as shown, or
it may be secondary, that is, bearing a further substituent such as hydrocarbyl,
preferably short chain alkyl such as methyl. In one embodiment, the capping
amine is the unsubstituted material shown above.

[0071] The capping amine may be an amine having two aromatic moieties
linked by an -N=N- group, an azo group. Such a material may be represented
by Formula (9): '

Riil

RV
R”i\/=|—j C—H/ N
Rvii<\/\ / = \ /\b\ RV

Formula (9)

wherein each R group are hydrogen or substituents as described above for the
phenoxyphenylamine. Thus, cach or R™ and R™ may be independently be H, -
NIHs, hydrocarbyl or alkyl such as -CHj, halo such as -Cl, sulphoxy such as
-SO3H, or -803Na; and each of R¥, R", and R" is independently H, -OH, -NO»,
-SO;H, carboxy such as -CO,Na, or aIkoxjr such as ~-OC4Hgy. These materials are

described in greater detail in U.S. Patent 5,409,623, see column 4.
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Forrmula (8) and its various positional isoners (4-phenoxy, 3-phenoxy,
and 2-phenoxyaniline). Either or both of the aromatic groups may bear
substi t uentwp wrglsesde ng hydrocarbyl, tertiary am no, halpgriisasoploesss

hydroxy, nitro, carboxy, and al koxy substituents. The anmi ne nitrogen

may be a pri am ne nitrqgen, as shown, or jt nmay be secondary,
that is. bedd2 2 T e rabod e e e R AR I B ey, represcriied
preferably 5p@bhnﬁmqhqyalkyl such as nethyl. In one enbodi nent, the
capping amne is the unsubstituted material _shown above. [0071] The
capping am ne nay be an am ne haviny two ayomat\c noieties |inked by
an -N=N- group, an azo groQg NrEleT al npy-Nbe represented by
Formula (9): Formula (9) whe\ei n/each R\groj are hydrogen or
substituents as descri bed above for_the phenoxyphenyl am ne. Thus,
each or Rifi and Rn' may be indepeh@8tiy1®e H, - NH2, hydrocarbyl or
al kyl such 5 - ; , : : r
"sOhNa: and Saah of TioR SRS e R RIRURD e eq e
503H, car bosiptesiat Rheyen sgoRMBgIcigHy avkitpble sy calenowGaHRIspaeOeange 3.
mterial s aypscihbif bhbiRRAPCafifhE dmihl doybePR Mind 1E0Rg0RR

see col um

aromatic moieties linked by a —C{0O)O- group. Each group may be substituted as
described above for the oxygen-linked and the azo-linked amines. In one

embodiment this amine may be represented by Formula (11):

9

HO
Formula (11)

as well as positional isomers thercof. The material shown is phenyl-4-amino
salicylate or 4-amino-2-hydroxy benzoic acid phenyl ester, which is
commercially available,

[0074]  In onc embodiment the capping amine may be a diamine represented

by the N,N-dialkylphenylenediamine Formula (12):

Formula (12)

wherein R™ and R* may independently be hydrogen or a hydrocarbyl group
(typically containing 1 to 6 carbon atoms).

[0075]  An example of a particularly useful compound defines both R™ and R*
as methyl (N,N-dimethyl-1,4-phenylenediamine).

[0076] In one embodiment the capping amine may be an amine having two
aromatic moieties linked by an —SO,— group. Each of the aromatic moieties may
be substituted as described above for the oxygen-linked and the azo-linked
amines. In one embodiment the linkage, in addition to —SO,—, further contains

an —-NR-- or specifically an -NH- group, so that the entire linkage is —SO;NR- or
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WO 2010/ 062842PCT/ US2009/ 065452 [0072] I n one enbodi nent the
azo-1linked capping am ne nmay be represented by Fornmula (10): Fornul a
(10) that iwo sfmfedsss t rophenyl azo)aniline, as well as p%%g}dsﬂﬁ}%ﬁsc;s
i somers thereof The nmaterial shown is comercially available as a 3ye
known as Disperse Orange 3. [0073] In one enbodiment capping an ne
may be an an?@eNHravi ligonguenhodiveantc thiviceppieg dnink edapibearepsented by
group. EaCthﬁﬂﬂg(ﬂﬁy be substituted as descri bed above for the
oxygen-|inked and‘the azo-linked am nes. In one enbodi nent this am ne
may be represented by Forny : q C HO Formula (11) as

o/t her Quf 'ﬁ}h_(%3

1.

wel | as positional isoner sh S
phenyl - 4-am no salicyl at e\or 4- afn no- enzot ¢ acid phenyl
ester, which is conmercial Ny=avAi | abl & n one enbodi nent the
cappi ng am ne nay be a di am ne represe t?% by the
N, N- di al kyl phenyl enedi am ne For nul Ofn_“L )a: c? NH2 Fornul a (12)

[0077] The structure as shown is that of 4-amino-N-phenyl-

benzenesulphonamide. A commercially available variation thereof is
sulphamethazine, or N’-(4,6-dimethyl-2-pyrimidinyl)sulphanilamide (CAS
Number 57-68-1) which is believed to be represented by Formula (14):

N )

N\ B
N""ﬁ NH2

)

Formula (14)
[0078] Sulphamethazine is commercially available,
[0079] The capping amine may be a nitro-substituted aniline, which can,
likewise, bear the substituents as described above for the oxygen-linked and the
azo-linked amines. Included are the ortho-, meta-, and para- substituted isomers
of nitroaniline. In one embodiment the amine is 3-nitro-aniline.
[0080] Examples of other suitable capping amines include amino-substituted
aromatic compounds and amines in which the amine nitrogen is a part of an
aromatic ring, such as 3-aminoquinoline, 5-aminoquinoline, and $-amino-
quinoline. Also included are capping amines such as 2-aminobenzimidazole,
which contains one secondary amino group attached directly to the aromatic ring
and a primary amino group attached to the imidazole ring. Other amines include
N-(4-anilinophenyl)-3-aminobutanamide or 3-amino propyl imidazole, or 2,5-
dimethoxybenzylamine.
[0081] The capping amine may also be an aminoquinoline. Commercially
available materials include 3-aminoquinoline, 5-aminoquinoline, 6-amino-

quinoline, and §-aminoquinoline and homologues such as 4-aminoquinaldine.
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wherein Ri x and RX may i ndependently be hydrogen or a hydrocar byl
group (typically containing 1 to 6 carbon atons). [0075] An exanpl e of

a particul amy20i80ed242 conpound defines both R x and RX agci&dawdiesas2
(N, N-di net hyl-1, 4- phenyl enedi am ne). [0076] 1 n one enbodi ment the

capping am ne nay be an anmi ne having two_aromatic noieties |inked by
an - S2- gr ddf82leachho ranmiee gPétfmay 40 Bt iBsamRpbaiidsselet ek dsak
descri bed abgy¥g@obQzihfagzQgygen-1inked and the azo-1inked am nes. In
one enbodi nent the |inkage, in addition to -S2-, further contains an
-NR-- or spel@08ilcal The asppimg-Hemipeonay akso bermtingsabwituted dehiyikaipe, with

-S2NR- or otk e, e I en hi $4.cappi,ng _am.,ne_may.b
r epr esent ed ‘Baﬁgﬁ#lljf%ﬁf%g)es ﬁ@&%@?&w#bgv%.l?,)%lteogv?% %ﬁlézyslt it %Fse‘aassf
shown i s t hadimefhyéxgminngladigghenyl| - benzenesul phonam de. A commercial |y

cvet LBl VOBl SPeLBSESh ey ALETERITE e S gt ol

which is beldlepesilihes bauélepresentmethpunfioiemibad ( B)butylaniline,  di-(para-
methylphenyl)amine, 4-aminodiphenylamine, N,N-dimethylphenylenediamine,
naphthylamine, 4-(4-nitrophenylazo)aniline (disperse orange 3), sulpha-
methazine, 4-phenoxyaniline, 3-nitroaniline, 4-aminoacetanilide (N-{4-amino-
phenyl)acetamide)), 4-amino-2-hydroxy-benzoic acid phenyl ester (phenyl amino
salicylate), N-(4-amino-phenyl)-benzamide, various benzylamines such as 2,5-
dimethoxybenzylamine, 4-phenylazoaniline, and substituted versions of these.
Other examples include para-ethoxyaniline, para-dodecylaniline, cyclohexyl-
substituted naphthylamine, and thienyl-substituted aniline.
[0085]  Additional capping amines and related compounds are disclosed in
U.S. Patent 6,107,257 and 6,107,258; some of these include aminocarbazoles,
benzoimidazoles, aminoindoles, aminopyrroles, amino-indazolinones, mercapto-
triazoles, aminophenothiazines, aminopyridines, aminopyrazines, amino-
pyrimidines, pyridines, pyrazines, pyrimidines, aminothiadiazoles, aminothio-
thiadiazoles, and aminobenzotriaozles. Other suitable amines include 3-amino-
N-(4-anilinophenyl)-N-isopropyl butanamide, and WN-(4-anilinophenyl)-3-{(3-
aminopropyl)-(cocoalkyl)amino} butanamide.
[0086] In one embodiment the capping amine may be useful as an
antioxidant. Of particular importance in that regard are alkylated diphenyl-
amines such as nonyldiphenylamine and dinonyldiphenylamine. To the extent
that these materials will condense with the carboxylic functionality of the
polymer chain, they are also suitable for use within the present invention.
However, it is believed that the two aromatic groups attached to the amine
nitrogen may lead to steric hindrance and reduced reactivity. Thus, suitable
amines include those having a primary nitrogen atom (-NH,) or a secondary
nitrogen atom in which one of the hydrocarbyl substituents is a relatively short

chain alkyl group, e.g., methyl. Among such capping amines are 4-
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Forrmul a (14) [0078] Sul phanet hazine is comrercially avail abl e.
[ 0079] The cappi ng am ne may be a nitro-substituted aniline, which

can, |ikew &M 5he substituents as descri bed above
oxygen-|i nk"gg 221 §' tsﬁe azo-linked am nes. Included are tﬁggq{)[]s?‘ﬁ%?ﬁ,ﬂsz

meta-, and para- substituted isonmers of nitroaniline. In one
enbodi ment  phenyleronsling, %mmdmmylamme 1D@stidbcanplidsoty, enheN,N-

sui tabl e ca s I,hcl.ude am no: ubstituted aromati c conpounds
ond am oo HEbdRBIBESeUARNC s A RREdld dh e e Bb R b b R e
such as 3- amlpmquntﬁtodmlm,pe&"oﬁﬂameqwtlimbdﬂ@mer@ﬁﬁi addigioh N6 Qiipatdahdeand

Al so i ncl ude%gare cappi ng am nes such as 2-am nobenzi m dazol e, which
cont ai ns on8PSERWREEIS ami no group attached di rectly to the aromatic

ring and a posTR'Y TAET HHvBLRYG R %gﬂﬁﬁ’gtﬁnﬁ@§ M dRZQls€q rd19g Jt Ber

am nes include N-(4-anilinophenyl) am nobut anam de or 3-am no
propyl imi degmbisatien vatls cagi pthefoxbenApr atbmde podsn) wisbiapen rtjth

am ne iy alaf b A ROBH 1AL AR COTEr Sl BXAld ARleTa ehiA! S

i ncl ude 3-am noqui no I ne am noqui nadl i -am’noqui nol'i ne
8- ami noqui n@mbﬂdaﬁa:nﬁ hawend|to §uesbeuathmas Othamappqlgl anahel ci inc\@e such

iﬁlﬂéggﬁffﬁ S S S R b A B L Bt B e e Bag B

am ne nmay avsdcthefacisong- §mlﬂﬁa1t1|rxteut1edaalyelﬁbzyd:ﬁm1wto inictipovas Iaﬁuﬁlphahc
substltuents as desﬁc&l bed above. e such be

di met hyoxy b&HAA YhPHET PotsUiceR s rwtl%rogz%‘ﬁl aa"tqul ;}uﬁ‘!stlé’fnﬁlltyc 9hig

am nes i ncl gelgnA| ini M, evidnt that some residual acid functionality may tend to react
incompletely with the relatively more bulky capping amine. Alternatively, the
aliphatic amine may replace a portion of a more costly aromatic amine, while
maintaining the majority of the performance of the capped additive. Aliphatic
monoamines include methylamine, ethylamine, propylamihe and various higher
amines. Diamines or polyamines may be used for this function i.e., capping,
provided that, in general, they have only a single rcactive amino group, that is, a
primary or secondary group; and typically a primary group. Suitable examples
of diamines include dimethylaminopropylamine, diethylaminopropylamine,
dibutylaminopropylamine, dimethylaminoethylamine, diethylaminoethylamine,
dibutylaminoethylamine, 1-(2-aminoethyl)piperidine, 1-(2-aminoethyl)-
pyrrolidone, aminoethylmorpholine, and aminopropylmorpholine. The amount
of such an amine is typically a minor amount compared with the amount of the
capping amine, that is, less than 50% of the total amine present on a weight or
molar basis, although higher amounts may be used, such as 70 to 100%.
Exemplary amounts include 10 to 70 weight percent, or 15 to 50 weight percent,
or 20 to 40 weight percent. Use of certain combinations of 4-phenoxyaniline
with dimethylaminopropylamine within these ranges, for instance, provides
particularly good performance in terms of soot suspension. In certain
embodiments, the polymers may be functionalised with three or more different
amines, for instance, with 3-nitroaniline, 4-(4-nitrophenylazo)aniline, and

dimethylaminopropylamine.
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al kyl anil i nes such as N-nethyl aniline and N-butyl aniline,

di - (par anet hyl phenyeam ne, 4-am nodi phenyl am ne,

N, N- di net hywyphenykamedi am ne, napht hyl am ne, PCT/US2009/065452
4- (4-nitrophenyl azo)aniline (di sperse orange 3), sul phanethazi ne,

4- phenoxyani | i He, 3-nitroaniline, 4-am noacetanilide

(N (4- ami noLd‘P@ U1 ) deanapnbredimentiths sapping aming By, by esiowed fraps the grawy |
ester ( phenyénsw_ng%f%ﬁiunﬁyggﬁngaodiaﬁeﬁg}ra%a%ﬁmmin)s;ﬁgemé&ma%ne, 3,4-

various benzyl am nes such as 2, 5- di imet hoxyberizyl am ne,

4- pheny| azodmiqthergpheneghydarpisei t.dtdimethgipbenylsnagiaminesad rixhges érenpl es
i ncl ude par 0X 1] . bl

cycl ohexyl sf}rb@?rt uglggh%%%ﬁ?%&%gﬁhgggﬁéﬁ%gﬁ#eerﬁg P% ﬂ%%‘it?‘% Erf’ ]éndt hg ' %ne.
[ 0085] Addi t conatingapiangirem sremimdipesylamad:, chApbneitiglpheeylchcitdniaed
in US Pat en 6th07 257 fand 6, 107, 258; sone of these include

ani nocar baz 31 ERXWER M5 0 daz ol es, ani noi ndol es, ani nopyrrol es,

am no- i ndazpl09opneghe repsiaptdiiné azhl BS rertddN@RhaRO aRiidZhdV@sy at least 3
am nopyri di nes, .am nopyrazi nes, am nopyri m.dines, pyridines, i

pyrazi nes, PYFRHE SIOHRSLY & BIOSEISHORATE S é%a,ctl%{lhatpm%ﬁqﬂbaweémwbleand
am nobenzot gy 3021i%S « GRS HllcABhfis@ pOISHet WethUWdCamine having at least 3
3-am noN- (4-ani | i nophenyl) - N-i sopropyl " but anam de, and

N- (4- ani | i ngpABHY Ig)“ﬂuBSa{%téﬂasé@nﬁoﬁﬁoﬁ%llqw(ldwomaI@}A@eﬁﬁlmy 2mgtendaryi oe.

[ 0086] I n ong.embodi H%%W Cappl.NG.:am I an

ant i oxi dant . %?yparnti cu g%@n@@?f@%&@qnﬁﬁ? @s@o&agﬁﬁggﬁgé’% kyl at ed
di phenyl am K881k uc Ahagprovessyindy pheayiainuet andaction derypatbiuine imythanng.
To the exte gLl al il condense with the carboxylic
functi onal .?@4@@{%@;@89@ {éﬁ%ilz(,)%'hey are also suitable for use
wi thin the @08sent Thavastionmay bowRY bt bd tartied b&lih eesteidnas of Heoliame,

aromati c grQups .attached the amne nitrogen_may lead to steric
hi ndr ance aﬁ TRGUEEFR FULb(G golvpnt *ﬁ‘fﬁ’él,e ‘i‘iHeP%lBFIe bgpgees t-oul (azenpose

having a priolgny, HildncO8abroBtshé -Hikie, Rirafy GERLALAF ¥ifthids @gedyrat om i n
whi ch one of the hydrocarbyl substituents is a relatively short chain
al kyl groupl0083)y. , Theweastion spphbe Pirfarreetoii pighcs fiihets amirery atmosphere.
phenyl azoanglj FamiAgA j = AN i m.d e

N N ot hy | ERF L i e B et e B ARRE) The BB ol
may al so i mpéwoeeant i oxi dant performance to the polyners, in addition

to di spersaaﬁxogﬂlqbr%atgﬁr L QRS rties. [0087] The above-descri bed
cappi ng amTres—nHy—b'e—U%"ed%Egﬁe or in conbination with each other.
They can al P8%%e uﬂ“hdlh:lbnihcaﬁ@icmp@:siﬁombmpﬁshwmoﬁhaif Lubﬁigag@t izi@cd@[t;rz].
non-aromati g, .e.g. . atic, amnes,, ch, in_one_e i ment , have
1to 8 car b%‘ffha?g?ré@?@eﬁ&?m?g&ﬂi n@’“éli‘ﬁ“ﬁe%lllseé’ﬁl AerdysdaEony frdaraniseas
am nodi phenyy}aegeration hafe hp@drihisaia, AMMRE, fheRCadd&-#eRddfAls &hd
variety of reasons. Sonetines it nmay be desirable to incorporate an
al i phatic amiecs ths¢tfer to assure conplete reaction of the acid
functionali [t0ﬁ99]f t DR RS ard @h&s@%b‘fﬁ\{ﬁéﬁt 1‘%&@157 %&Hpa ﬁeﬁﬁﬁlaﬁj ldialsy fitch
functionality may tend to react inconpletely wth the relatively nore
bul Ky cappi $9greenganerallgwidhroma(anpeitly littieh durthiear pheficaicntreatmenty repl ace a
portion of re mat.l c..am whi-l e i nt ai ni he
maj ority of[%tﬂggl perﬁgiﬁ;{l%?\@%% g‘PHIe“?%Eg%&mifﬁ F?l ir@é.exﬁffﬁ p g’f}h%ve been
nmonoani nes flunthkudesatedt hy loasi oe meat hylrifidatien PP dbRecadile R inLS
hi gher am nes. Di arriEpea. or. ol%/ar.ri nes may be .us%g for this funcfi on
i.e., cappi HGPEEFYvideH BHAY T gERaraknopRelp haat gafyinglude fgivant
reactive angxt@c860URcotdass distillaBomdciBLY b@fe SARRASRAT H1tAFiOH Pperddlttion
typically a primary group. Suitable exanples of diam nes include
di net hyl ani#¢ghoB¥¢-ani ne, di et hyl ami nopr opyl ani ne,
di butyl am pyl ap i Y, i l.ani: .
i ot hyl am OBt Ty any petncd o NEMUAIRNKRARD Ak rAIMARY or syprocessed oflyy pid,
are obtained by processes similar to those used to obtain refined oils and often
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of 40 Cto 180 C, or 50Cto 170 C. [0092] The reaction nmay or nay not
be carried out in the presence of a solvent. Exanples of a suitable

sol vent i nGiKagfkisent oi |, benzene, t-butyl benzene, teLRRIRs/654
xyl ene, chl orobenzene, hexane tetrahydrofuran, or m xtures thereof.

[0093] The reaction nmay be preformed in either air or an inert
at nosphere. a@x@ﬁpﬂwlimfprw’siedth}etebhmqtlesadm@sqﬁh@r eniowel afispent eddigess or

argon, typi gﬁ& L]){ péat( meC s of Lubricating Viscosity [0094] The
| ubricating conposition onprlses an oil of lubricating viscosity.

Such oil s i M98tHe Mhua]abﬂaméﬁslymtdaﬂtmg tid InsentOiel Iuﬁﬁbéntedlcmdenammal
hydr ocr acki n t|on and hydrofini unr e flned
and re- reflﬂﬂ%j Bﬁygfaé’% ?n(%gurcélétof rfégled?““[etfgggﬁﬁﬁﬁ"é‘ﬁl?f S‘b‘i 'S‘S hqutd

t hose obt ai pa@memrﬁemIaMdfsbnz@matrmédJaahm@rtremélatrhﬁrem 19Has8e 9E8rad v
wi thout (or with little) further purlflcatlon treat ment.

[ 0096] Ref i nB#fajlie ngnbthenig jopmixgd tneeaifinicarqphgnisi | S@eé)@@ép@ﬂ% degivesave

been furt heﬁ.o;.ﬂr&ﬁ'; §0sHal: &qﬁlxg[rem efeopUrification steps to inprove one
nor e proaer les. Purification technl gues are known in the art and

i ncI ude sol | exSynibeiiotubrisatiemeiiy afedlrscsful amiamlcbudc; hgdiodarbpn lpds euch
extraction, ag t&l&%&ﬁ%@l zft)l%r CRt ng&éfl?mer?seg olgflns Eg gl i g)(c))?yﬂ.lﬁ FI‘e regf poeI‘y_

oils are al so wn as 'épr ocesse
obt ai ned bypmpgtaesseSpmpyﬁbhasomqfleﬂmseoptﬂemeitsp opdla( Inhéxehed)ed pol(s-

ond ol ten, GRS onail, e oceaped By, Leohmaes (L et ed Lo

oi | s usef ul dd)dkcmbbhﬂﬁei hetdnadesjiten@ered I idedlyBchiletide da(l -8Bl Ihexyl)-
benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls);
diphenyl alkanes, alkylated diphenyl alkanes, alkylated diphenyl ethers and
alkylated diphenyl sulphides and the derivatives, analogs and homologs thercof
or mixtures thereof,
[00100] Other synthetic lubricating oils include polyol esters (such as
Priolube®3970), diesters, liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, and the diethyl ester of decane
phosphonic acid), or polymeric tetrahydrofurans. Synthetic oils may be
produced by Fischer-Tropsch reactions and typically may be hydroisomerised
Fischer-Tropsch hydrocarbons or waxes. In one embodiment oils may be
prepared by a Fischer-Tropsch gas-to-liquid synthetic procedure as well as other
gas-to-liquid oils.
[0100]  Qils of [ubricating viscosity may also be defined as specified in the
American Petroleum Institute (API) Base Oil Interchangeability Guidelines. The
five base oil groups are as follows: Group I (sulphur content >0.03 wt %, and/or
<90 wt % saturates, viscosity index 8§0-120); Group II (sulphur content <0.03 wt
%, and >90 wt % saturates, viscosity index 80-120); Group II1 (sulphur content
<0.03 wt %, and >90 wt % saturates, viscosity index >120); Group IV (all
polyalphaolefins (PAOs)); and Group V (all others not included in Groups I, 1I,
II1, or IV). The oil of lubricating viscosity comprises an API Group I, Group 1T,
Group I, Group IV, Group V oil or mixtures thercof. Often the oil of
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oils, vegetable oils (e.g., castor oil,), mneral lubricating oils
such as liquid petroleumoils and solvent-treated or acid-treated
mneral | ubwoaajos«oi | s of the paraffinic, naphthenic etrisxasissss:
par af fi ni c- napht henl c types and oils derived fromcoal or shale or
m Xt ures thfr eof . [0099] Synthetic |ubricating_oils are useful and

i ncl ude hydPMOESHHENViSFELysis AR ART Gopynbr Peavg Hn@rovn BloGroupety 98dor

ol efins (e. ghixtuRQ! &b meﬁhanpa}m% %nyéfemﬁﬁcatmgoméo%n?u§ QLA %h eOe
copol yners); polﬁ(l hexene - octenes), poly(1l-decenes), and

m xtures t hSrewrL G@mnﬂl %21’2@?1@5 ofloranixtutesiberobenzenes,
tetradecyl b mpes,rnbl Eﬂ%nxg BERESRESt ik métala%etﬁ%ﬁspggxégefny Rﬁg@%g@}he

pol yphenyl s phenyl s terp eny
di phenyl al kfdmlw reabloyigpatfeet subipheingl frarh K80 ed, % dhk yimto€ thedirphen pif the

et hers and | at e hi d and the. derivat,iyves, anal ogs
and honol oggéct(%eer ?o?esgﬂﬁe%wﬂpgﬁ ‘P ‘gﬁ? o BRSNS het i ¢
ljybrl cat i n?[ﬂlﬂpg i maé udbnmﬂn%Od:mﬂfdsh glon GRyiChe &s the If@gﬂhﬁﬂﬁ%ﬁ&emrate
iesters, liqyid e sphor us- cont ai ni.ng aci ds
tricresyl ?\%Q‘Hh&t E"tﬂyt ffff ‘{})P‘? pHeGHE: eff &wal%wdm%tmm@gtpmofofhe
decane phosphemidn 3€iifl) theOforROloY NErdoficdr@lat ANV AIR! MadNBe MMN&EL Mith
oduced by Fischer-Tropsch reactions and typically ma

oils may be pr
be hydr oi so#giflﬁl%fé’él Oftite écﬁﬁh iTpdplech lhyélftotﬁnbb%mbrlcmt%é ¢ ratig of ke o

Syncheti ¢ pronaairs AInPRRRALEE cPtherbilbE RIEich e PREBENA G b ftieft

of | ubri cat ¢ihipohidsabs rangesraf/1:2P so9%é bdemlgmdoaso gpecilb:08dyiweighte

Aneri can Peb al L& 1[}C(u)l nst i tute[v(eAPI) Base G| Interchangeability
Gui del i nes. Jﬁ're—grve%-&?@—gf-f—ér oups are as follows: Goup | (sul phur
content >0. @303 %YThar@dhposi€on oftioHalspicompliess, oﬂieﬁ%ﬁﬂohﬁattd&dﬁiﬁuwes

80-120); & sul phur c ent <0.03 wt % and

sat ur at es, '\%Jgé’g?ir R?‘_f{ E"B%‘}P%Qfﬂé XPp : CORBIEH 3t eas(ts‘lﬂepﬁ rm‘%%‘n‘{l"é‘ﬁ’fwaé@rsos
W % and >@@coMty Wmﬁ@ﬂf@fsatﬁergéﬁ@ CRRibY mBgieRrs> ld@wcalTa@bis | Yorkddidn
pol yal phaol ef i ns (PAO5) )' and Group V (all ot hers not included in
Groups |, |inhibitpps, dispersgnts (pkher dMﬂ die pmie; Gactiongliveds edditivy of dpiehkes
an API Grou I u o} r

m xtures t higl?r Jgg]l‘ogo%?gﬁgcl% lﬁg‘@g‘??‘g’% s abrllpcc{(il)itS %%Sﬁ%‘ gdéggl?ét ydo}t 1}569 fhar, ﬁ'?e
Goup I, G@n@elﬂlﬂct@m@wdladﬂlm@rmwwt (m\{entmn mﬁtw@sdtaheveéoéxtreme

Alternatlv e VIS n_an_ AP

1, Goup II% ¥SShpe Q ents \911 1d%n?§ mqg ures eréo erflbli]glffsrhémérrmﬂ?‘ffly
the oil of dlepbnrssmﬁsl E@Ivs\sdhﬁgtg/geptseaemt mmwtaypthkaioEy t yepidadilya nfatty-
remaining a ter, geégtr act.i n% mlOO W % t he zthﬁgof he anount . of
the addi 1 vEBLlalRd JeTGRE Rl o RBEVANe Of TOOTE b H5ehRFTRIETAGT PGS
addi tives. ]n@.&ﬁﬂhlﬂ&ﬁglkd&ﬂb hcating conposition nay be in the formof a
concentr at e and/ or fully formulated lubricant. If the lubricatin

conposi t i onl0dP4k heTP‘?ﬁ@HFV%ﬁfﬂ@ ipyenting maybe aided to 8 MeuinenEne RRES ©
may be combp ped, Wi 4 28ddidi 91“@'05%'%%9 16%@9/ bPO‘U@%@%%éQt PRTGE 0, 12
finished lubricant), the ratio of the of conponents of the Invention
to the oi | W% tebrwe%t pﬁ@le\lublcwungwoamdmopnt o diluent oil include the

ranges of 1 o] 10: 90. by
Per f or rrance{ i@ | ti ?geé i]ub%i@% ‘gf‘ﬂ%p %Sgtrlr(f)nom :%8#?1(1)15 qléln% ﬁerg%l%ﬁmbélgmn

ot her per f oenginrec e Thel dhittineb sombistiont dnginep@ey of meyceotadeic tanvEghagetn@ad se
at | east gglg of \[gg.t al cieactl vators, viscosity nodifiers, detergents,
friction FHBAON §¥i'f Rear agents, corrosion inhibitors,

di sper sant sjoqogjher i Ba ehmdaﬁenmhé iterinka P B8baR dnashditd ‘riﬁyorfe RIE&RNt
invention as described above), dispersant viscosity nodifiers (other
than the anftaled eieing Graicelied hawe quty dicse! rginsdra gisalianfuchlsd gagine, a
descri bed ahgy4q) a@ﬁe‘il@ﬁf‘eng RSSHUS %lggfgas?ohn@mao%i @.i@tea W%ﬁ%m In one

i nhibitors, denu fiers our point depressants, sea
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0.0l wt %to 20wt % or 0.05 wm %to 10 wt % or 0.08 wt %to 5 wt
% or 0.1 w %to 3 w %of the lubricating conposition. [0105] The

| ubri cati noweQFRAGIski on may be utilised in an internal eeRrRMSLE ({%452
engi ne. The internal conbustion engine may or may not have an éx aust

Gas Recirculation system [0106]1n one enbodi nent the internal
conbustion emgi)fhélen’agliebeteanailoggé)hlsticme«tn&nb onyine dicygdifoellddyerngitvesndy

duty diesel 11‘?%'ﬂﬂ§)emb% g 0% q,JP gﬁ(ae%ng{ene a natural gas fuelled

engi ne or a m xe gaso I ne aI C engi ne. In one enbodi ment
t he i nt er nal01®GhbuShi dnterny corabusipneagmedi@stt a Rusitokedr drgioke cagide n

anot her enbgqdi a soli,ne.fuelled e 010 e i nternal
conbust i on 6{@ Iﬂtﬁyg@ecog‘bfsgan SRENGY ! Qf%é‘fer ngm‘érfé Sr‘?g engines, pigion
internal copiststdn@iesIghnRed dRELILAGINTRI ind &utinfifle 280 FhBRSngia¥d. at i on
pi ston engine | ow- | oad . di esel engi nes, and autonpbile and truck

S
engi nes. [ 01@PBIrhe TibgHpbricant CRBRPBEIR fosrnr ghterad qombutien ceBA® HEwi iin

engi ne nmay trablg, f n " t
sul phur, phgfba%(})er u(ztb iy e‘ﬂ m%a%ﬁgﬁ&g‘lst kr:ﬁr(eg%&%%adg% %:Lg ten?hyflphgius b

or
sul phur conséphated asfhéAéﬂiyf@eSb’I)l contant.i Cret Sumlydrb@nlen\h/tof %@renglessnl or
0.8 Wt % or %%?l%gﬂlﬁéﬂjre?\%‘t%qugssl 8%3’8\9 r3le¥¥t L Of E les og S

enbodi nent cont en he rah % 10
0.5 w % owt0Gs0t lwts %IJIOIlGOeIﬁbWIH%t fﬁl&esuﬂ;ﬁmpboﬂeuﬁmaprlieemtthmyngmeoﬂ) 2

w % or |essg, Q, % % or, | ess, or even

0: 06 we 96 opop2ae o Bt . of BT vade 0 8 e s The Bhastiatie EOnei e
enbodi ment bt&e. mhﬁ%nh(lésl&SmC@ Nt o s, e 01085 VP drdesk08PRAM.0OWt 825
ppmto 700 ppm The total sulphated ash content ly be 2 w % or

| ess, or 1.8 issofdP° sl °6rlesf= PT\}H0De%r %0 @i dess.orIngoRgy empbpdimegt ghe of

0.8 wt % or ph&pSoru@lcoteRt fﬂﬁy?{@:Ql’)O lpﬁfisto 1|0@O %Bﬁl %F@Qﬂbﬁﬁrﬁ) mb%gjm The

sul phat ed ash content nay % " or
0.2 Wt %t omalzpylnbtate%asp@m@pt mar)he %%%mrrﬂém or hé wu%rcrrclaw, ayl. 1 wt

comost L1 0Ny b R0l R ik 1o8NBE BNyt ool WAL G800 SIS tixoRy o

characterised as Having at |east one o [ 'sul phur” cont ent
w % or | essmbwédlm)en’atlml‘amhqﬂamdmhcponteehmapﬂae(l) a5 wt 996000.91veis%, onflid wt

(i) a suI?h%tqe gﬂﬁgé%ﬂtﬂ of 1.5 w %or less. [0110]In one

enbodi nment ﬁ‘posml on is suitable for a 2- stroke or
a 4-stroke pEW0dBhe dmaﬁel embbdifmal ko Mbridatiap &MPoIRionNis0BL engine oil,

wherein the lubricating composition is characterised as having at least one of (i)
a sulphur content of 0.5 wt % or less, (ii) a phosphorus content of 0.1 wt % or
less, and (iii) a sulphated ash content of 1.5 wt % or less.

[0110] In one embodiment the lubricating composition is suitable for a 2-
stroke or a 4-stroke marine diesel internal combustion engine. In one
embodiment the marine diesel combustion engine is a 2-stroke engine. The
ashless antiwear agent of the invention may be added to a marine diesel
lubricating composition at 0.01 to 20 wt %, or 0.05 to 10 wt %, or 0.1 to 5 wt %.
[0111]  The following examples provide illustrations of the invention. These
examples are non-exhaustive and are not intended to limit the scope of the
invention.

EXAMPLES

[0112]  Preparative Example 1 (EX1) is a polymer head group synthesis. 500

mL of 2M hydrochloric acid is added to a one-litre 4-neck flask equipped with an
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enbodi nent the marine diesel conbustion engine is a 2-stroke engine.
The ashl ess antiwear agent of the invention may be added to a marine
di esel | ubriwatiivgeenposition at 0.01 to 20 wt % or 0. A&rtgeddhesds?
% or 0.1 to 5w % [0111] The follomjng exanpl es provide
illustrations of the invention exanpl es are non exhaustive and

are not i nt eNFEFaStFTeht ew%aﬁ@ﬂev fuppel iwithemitiogen lirs¢sppd) qogdenser.

[0112] Prepar ed4. ¥ 8 o4 ammh&did h&?&ml}le hssa@e@%armé fagad ERHRo 9 'q({“hel%'es
500 nL of 2M hydrochloric acid is added to a one-litre 4-neck K

equi pped W tﬁid&wn foveslHe thenghpiged witht 4k sofed 37 Yatainpidghydesahiionysindh
ni trogen |i

added, and t e gnﬂg eat 8&31? t&gggggkrﬁveqryd%?tg?gggg ﬂg}é‘erﬂe %aSk
charged wit his41®a15tag1edf afalGO’ °% faor ﬂdiouiehydﬁnesﬁlam ii90 hemn dodlée tsoinnl:ﬁenin
i s added drop- eri.od,.of ut es

T anere o Rindkafl 050 D555 sBBY s W sofheBR e RGP LA SFrterd o g, o

anbi ent t enpereatigr mmu‘B& gA@ftha eﬁ@/dehWréaMtloﬁOhLHthrpr@ﬂucﬁlelo!bfﬂmed via
hydr oxi de in.wat.er m nutes. At the end of the

d
reaction, a SGRHep- pﬁ%{%@? ?%né SO Wg‘éﬁ iy, pelieved {9 pEmANLY berac pempeyndral

solid pr OdUCForhﬁllab@) Ia@\i@&rﬂaed BEGVERITh | Mdaf@n! 1R CUMRAUNL AR iR fikkAn 62)
as described above. 'In addition, the resultant product may contain a

smal | per centapestentngs @l produetdesedorn Formld &) estlesstibetbshovebed above.
[ 0113] Prepar@yiye %@%ﬁgﬁ%@%@_@@ 1@%%58&33{3?%?toEﬁBliqsoRutylene

pol yi sobut yl ene "sucTi
three-itre,sucingciabytadkwel thepeduatiof EXn A\tlmemlm d4nieck Ensk equipped

thermowel I, s rface i.nl et th ni t i ne St ktr
with condenselrﬁgla%{(E fETsd P n hﬁW‘W%%b%i ’t‘ré?‘ncg @ﬁ%c\”ﬁﬁl dlaté?ﬁ??aﬁ‘i‘%ean

( 1_27g 0 ]9) , (() IWSBO I’-Setagm&r@o lwsiths &bﬂﬁe}tﬂs&ﬂ&s 1hc&ﬁ1r@dfll_bhfh mﬁf {po@&ﬁb@gﬁeﬂﬁ)lsg&ih@rgo
wei ght o an 0 g e sk is ated to
C. The pr odlfé'%ﬁff‘deeﬂbl(‘ﬁﬁ gd @M gﬁd%bfi%w&?ﬂw B tdeMYBDST (76 388
then raised 4gleddigr @efﬁ'ﬁﬂoh@d)@b)%ﬂﬂ'd'ﬂu%ﬂemmim f %)On"l"ﬁé"ﬁasﬂ(r RAideteaab JgX1l
is renoved. The tenperature is then raised to 1 C and held for 10

hours. To th&-fThgsRofuctRfdBY ! {4A2Pt ots #ided dowibvondbe derspaaturs is thener
ai d, and thegithaskigopt @tm@ﬁﬁ‘%ﬂ‘ {h_?t\%t&dfﬂ)?f BUGRoducE SEHE Rorreh‘loggd of

t he di atomaceous earth filter ai he resultant” product I's a
oil with a nTher@gwnra(tUntleﬁtendﬁlsed 65168 %6 a[ldiﬂ:l!tﬂ mrehﬂahcwtrs v@o Ehafipsleis3

(EX3) is ar t mal el nat

copol yner wi @ﬁgé h rﬁéﬁﬁg% & g toln:?feou,& ?art% fﬁ%r i necel%l %D n?e(ﬁ]fﬁ %rﬁed
wi t h an overfiléaed Shnoughara, s¢doad rp:umd;ﬂ ofsthbsdiaﬁ)meedusl @irth\l\/ﬁltbr aid. r ogen
i ne, and Dean- St rktra enser is char th a nal ei nated
et hyl ene- pr orﬁ%lglﬁ PrOgHg! gﬁgf‘ g*‘t%"%%@ﬂﬂé%’é%gség t&he copol ymer

has a nunmber[oav4r agereﬁmaﬁwtﬁaamw 9hExah i8Q0RactR pRoddcibf %@Iﬂeﬁﬁ{e@ c
anhydride is grafted on to the ethyl ene-propyl ene copol di l uted

in oil (75: ZMleogPieBzEne cepolyner wth hsrrrogrst of §3€L.- 8A gyo- ¥Tﬁ¢e4‘ﬁllf>‘é%ﬂaﬁks
heated to 11Qufped REPIMAAMR e @Etidre! tlfeﬁ%o@elgésu%)&r?aqg‘f‘rﬁetskaﬂ%ﬁrogyﬂﬁne

tenperature is then raised to 160 C and hour s
flask i s addad Repobiatlorrapf withdiendenwe doushaegedt withi atreatlelamatstd ethgllebdren

flask cont é@f’lﬁe ]ptf)]%ol}ér% a?\ﬁltler}%_o[hlg r’%:tﬁ?l % 5 %‘93618 X tcloo szer tha rakn%rlnlaer

di at onaceou he rest odict
with a nit r@'emgemwmlar&fm@t bY 8080%and O Blwi Y efralaici abydeideniplgeaféed on

S00-M ' hr et ORISR oth BHOLLER Sl HrobyE Aoad st Breh gid "
charged wi t inehtwil @ns@ganﬂhla mRsK B h3ald t41ﬂ8°¢mﬂh)e @Mmh@ﬁlﬁx@ (19)8 %@Q

C. Nitrobenzene (4 42 nmmol ) is then char

Che st OPe e bty b m@eraguraaaéwntrasecaweit%xficamml@rfom@aew de
di hydrate (%fe fadic id48d45™® fbnﬁﬁ Br 904l rgmgl %t 00 Lig, ald %ﬁdﬂm
1S to t

stir for 18 hours. Water m xt ur € and
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[0117] Conpar ati ve Exanple 2 (COVWP2) is a reaction product of

pol yi sobut yl enc succini c anhydride w th am nodi phenyl am ne. A
one-litre, wWohakkstd ask equi pped with an overhead stiryg ’

t hernowel |, subsurface inlet with nitrogen |ine, and Deaﬁ?lggze?wwts?sép
wi th condenser is charged wth polyisobutylene succinic anhydride
(300.0 g) (osndenss aredilisaddihamightaydecorsl pragom of thelsbatomaenong) earttofibendidr
wei ght of 2 i | i .329, 4 . The fla i ated to 110
& A nodi phiny e Blodi5Tha Bht iPgind atlops B0t Pite

t enper at ur e[(145] heBrapaiasied tBxahfiflc C AndEKE) d if ora 1Qedveini S.prédudt heof

flask is adde rtion of .a di atomace th filter aid, an hen
flask cont eﬂlfglygp‘g&%?qlﬁl[{ee?@dnﬁﬂgﬁﬁﬁ}? a 8@%@%8???% 6‘?“"?%0“0“‘ Hlasi
di at omaceousitkahtdvethichd Qirradiisl chab@ (i WhdtNineRAMME (2135¢,a1 0Rk61)04dd
wth a nitrogen content of 74 % Rheol oglv Test [01%8]A series of

f 0. 74 W '
sanpl es pr ep&EfEdodfBve- Arisoknamadf danh A2 swelhisthen phargrddp depyflasks To
The sanpl esyRl@rrilf28diof Tihet 18 8d ! ted4nMitl ﬁ%éni%tﬂ}d}o‘ﬁi'éie%'iﬂgp% 77

phosphorus and ash content. The sanples contaln an”anmount
from the prepdPannoleaexsaidl dhicdesstion isedlowbdtoestir forel Sshamp. S¥atar @6 mL)

anal ysed usj scil | r | ogy w th. a, TA. nstrunments
AR OO helsdacd B ROl Bhh PIhe HIRROIDLIE] ok Ll f7 Pgrogtlpo
flat top pl Atlé; Pé@datblyet (8 anpdre wieizhplinakidd dad the iiytuterifeatet el 0l *@tunder

variable te ure peltjer nplat f the rhegneter. The sanples are
pr e- shear edmg{ﬁ@)ﬁ (%c%‘gvcgif&bo&tsaé’s@ﬁ%@fyd&g@égcg%ﬁfnmﬁmﬁ%o Pa to ensure
that all sapghep hawpasutive M kamblased | gexsheds h Stredckion Theosadp! &5
are al |l owed t?l equj.librate for 5 mnutes before the oscillation test
s i niti at eleincEedianicaEd A EotsEME tr 40 S Fopd dofto ek chiTsrdpeth
bet ween eaclinfoBiiPQLRhoHiS ﬁbm@o@[@mm ﬁmweﬁédfia%nddcg(zagrﬁlgf MBS Minbf, @

tenperature sweep tést at a constant strain o . , Covering the

t enper at ur enifrapyeenst (240 nd-t b9 1BOOY anidtthtrarecthyleemeniug hekeridadihydrtt al
of 30 poi nt &. i $ct I i r diy ng_is .defined
in nore det i3Pq|h%’ %ﬁﬁ%ﬁ@o‘?@é&ﬁﬁdb@%ﬁ?@%ﬁ%@ﬁ dz%e?mf %’31 ?e}é’gﬁjy
U rich Zol | fempPuabiré Shelchduys. VI mceadtion i2 0g2ged tSBN a3tdB1687 Gor dBrdazengpioh17.
General ly, & resul t.s.are obtained, for l.es with r
PR TR i e R R g S PR A
basel i ne sob0&HIMPagéquivalednt to@50paik) of liydrdpeh €t30tgduts,.om a rati o of a
0' m of each (iigf“ dat e slpe.ci es to that of the equivalent reference oil
to provide ¥ m&%&%@%@%&‘ mg:e i i strgeictiPe BiRduat upf
1011911 n eagdlyRaseylchd Quédhic Wndl 8l HfithGmitatiphehfafBle RYogofRarison
to a representative sooted drain oil. The sooted drain oil is

anal ysed pri®K faskegqeiprsdiithear evahpashptorery termowellcbanfess. inlet with
[ 0120] The rﬁ%?&? aht.ai fad Hhotn-§0A rﬂ@glo%{}’h SeSafRAsdrest 'cﬂ@’gl%@t Srifthat

the additive of the I'nvention reduces Soot structure built
rel ative topumisplesyksde dnerimc ginhydridep(30410 p) behdrerthe eslyisobulytane has a

obt ai ned fo ﬁ@[{g gx@gr e G . ratio s less tha €. JThe resylts

obt ai ned ar{g’} ablvgajgi ellgr(i)ultl% ‘f%ﬁ}ftaﬁ%dr?é)b ﬁ?%g@?%tiq}g(@fﬁ‘ reljabfer]glﬁ%#

Rat e of Prepdrcatette 1E8dGplAem{natifphenylasincv@s. cogsisaded supra-surface. The
temperature is then raised to 160 °C and held for 10 hours. To the flask is added

a portion of a diatomaceous earth filter aid, and then flask contents are filtered
through a second portion of the diatomaceous earth filter aid. The resultant
product is a dark oil with a nitrogen content of 0.74 wt%.

Rheology Test

[0118] A series of samples prepared above are evaluated in a drain oil

rheology test. The samples are based on engine oil lubricants with low sulphur,
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G Ratio COW1 0 1 EX2 0.25 0.1481 EX2 0.50 0.0637 EX3 0.73 0.340 EX3
1.45 0. 117
WO 2010/062842 PCT/US2009/065452

phosphorus and ash content. The samples contain an amount of product from the
preparative examples described above. The samples are analysed using the
oscillation rheology test with a TA Instruments ARS00™ rheometer in oscillation
mode. The test geometry is a 40 mm flat top plate, and the sample is placed
directly onto the flat variable temperature peltier plate of the rheometer. The
samples are pre-sheared for 30 seconds at a shear stress of 0.080 Pa to ensure that
all samples have a similar bascline shear history. The samples are allowed to
equilibrate for 5 minutes before the oscillation test is initiated. The samples are
equilibrated for a further 1 minute between each temperature step. Sample
evaluation is performed with a temperature sweep test at a constant strain of 0.06,
covering the temperature range of 40 °C to 150 °C with measurements taken at a
total of 30 points. G’ is the elastic, or storage modulus, and is defined in more
detail in The Rheology Handbeok, Thomas G. Mezger (edited by Ulrich Zoll),
Published by Vincentz, 2002, ISBN 3-87870-745-2, p.117. Generally, better
results are obtained for samples with a lower G’ value., The data obtained is shown
in table 1. In Table 1, COMP1 is a baseline sooted drain oil, G’ ratio is calculated
from a ratio of a G’ of each candidate species to that of the equivalent reference
oil to provide a normalised measure of reduction in structure build-up.

[0119]  In each case, the calculation of G’ Ratio is made by comparison to a
representative sooted drain oil. The sooted drain oil is analysed prior to each
sample to allow G’ ratio calculation.

[0120] The results obtained for the rheology screen test indicate that the
additive of the invention reduces soot structure built-up relative to untreated
drain oil. Typically better results are obtained for samples where the G’ ratio is

less than one. The results obtained are:

Table 1
Sample Containing Treat Rate of Preparative G’ Ratio
Preparative Example Example (wt% on actives basis)
COMP1 0 1
EX2 0.25 0.1481
EX2 0.50 0.0637
EX3 0.73 0.340
EX3 1.45 0.117
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Conparative Study [0121]The results obtained for EX2 are conpared
with a conparative exanple (COMP2). The results obtained are: Table 2
Treat Rate Wh6@@kisiye (W % on actives basis) G Rati opEXsedtt8ssz
0.0637 COVMP2 0.784 0.522 [0122] The conparative data denonstrates
that the additive of the invention

Comparative Study

{0121]  The results obtained for EX2 are compared with a comparative
example (COMP2). The results obtained are:

Table 2
Treat Rate of Additive G’ Ratio

(wt % on actives basis)
EX2 0.148 0.0637
COMP2 0.784 0.522

[0122]  The comparative data demonstrates that the additive of the invention
reduces soot structure built-up relative to the comparative example.

[0123] 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
different from those that are initially added. The products formed thereby,
including the products formed upon employing lubricant composition of the
present invention in its intended use, may not be susceptible of easy description.
Nevertheless, all such modifications and reaction products are included within
the scope of the present invention; the present invention encompasses lubricant
composition prepared by admixing the components described above.

[0124] Each of the documents referred to above is incorporated herein by
reference. Except in the Examples, or where otherwise explicitly 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." 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 materials which are normally understood to be
present in the commercial grade. Iowever, the amount of ecach chemical
component is presented exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless otherwise indicated. 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
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reduces soot structure built-up relative to the conparative exanpl e.
[0123]1t is known that sone of the materials described above may

i nteract iwolffybidagl fornulation, so that the conponendsy@hodoRBsas2
final formulation may be di fferent fromthose that are initi al y
added. The products forned thereby, including the products forned
upon enpl oyrrich shmenanf thoimyestian vay dF ushe topetwentith rapgnt PoRMPYNtS t S
i ntended u pti bl e of easy description.

Nevert hel ez‘? anﬂtl&'é&%tﬁ@ﬁn%gﬁ{?ﬁgatl ons and reaction products are

i ncl uded wiRiSh t bes Bmdpbere]fn ttlln@tane%tgrdu'oaam/}émmbsﬁztpemthe)rptlgﬂmhrbyl

i nvention encom)ass s. l.ubri.cant conpo i.on ared i the
component s SHGGe T BRd B R0 SRR b i PRLBvaR AR Bl B

above is i nﬁors;ﬁbatceny,hlerreﬂefs fBya ERABIRNGR. a EXGERttdn dh%@tl;E&ﬂmhle@?eo or
wher e ot herw se ex itly indicated, all nunerical quantities in

this descr F'}ﬁ‘ieah‘l ée i Hgleas Fad aﬁlﬂlgrPé?CB}niuaPIgly hydie¢arben character.

condi ti OnSExQﬁbQQBkﬁj}dM/@érQW Ou]gtsulgpglgeof carbon atoms, and the |ike,
are to be understood as nodified by the word "about." Unl ess

ot herwi se i ndi cl) dadrasaenchbsiigantsothat gapaliphation(crmf ebybortakinghei n
shoul d be rnreted r de i.al may
contain thleﬂql&g:(l)IB ," ﬁ&?opa?gé glf&oaq eri’v %'{b?!\}telgﬁtg d‘{Tg {(ﬁﬁam' aﬁjhgpc'
materi al s whd clicpele-ndstitatddy atonteics substituentspes prab estcyictic tsubstituents
commer ci al _gr ade e t of, each che cal co nen
resent ed STETAE e rpyrtclFd SRR S R P g RERgE e o
cust omari | yulptiasant topsthéheraenam)ci al nateri al, unl ess ot her wi se
indicated. It is.to be understood that the upper. and | ower anount,

range, and rati 61 fHRSE&cShydrorarbom sytstifentsy that if.nAbpitygRss oy taining

conbi ned. Ebﬁﬂhg@:rowrboﬁ heodBNAEEh, A0 Gh & BBMBLSof thRTinPaRIbnE L8 B A1t (hE hE
i nvention may be used together with ranges or ampunts for any of the

ot her el enerrdeminapilyshydroearben Hmtwenof e Stl’eﬁﬂ’we‘lhy@rg)c dwley (especially
b d
which i 5 weR and HEGES Al hRURY, o MR il Gl OBt 83

refers to aulghoyp; havi ng a carbon at om di rectly attached to the

remai nder of th cule Vi red m. na dr ac
character. ng gnheg roh rsp{c%g? tﬂg Toiy Fthtb‘? ‘X'thI w %’?‘a"mg a
hydr ocar bopresiubﬁltantlyetmcﬁocatﬂnmt ch@actéﬂ i hiad b@ntéﬁ 6f thiglide)¢hti®d, contain
al kenyl ), alicyclic (e cycl oal cycl oal kenyl ) substituents,
and ar omat PEeT 2 i H:'&Pl aTinggyc g‘?t“c&}%?mégls‘i?ﬁg’toﬁ? Pepragbampcand
substit uengs) h@&rd’lﬁddls A IEdECIull $hus UBSeh Uit cﬂ\%ﬁeén@oﬁlﬁgssréu'ﬁﬂtﬂl&ts
conpl eted through anot her portion_ of t he nolecul e (e.
subst i t uenes RYEEFLhBIYE othignyg! randgimidazolyl.  Inj gynesglpsig tﬂtl,FtTEdthaﬂ two,
hydr ocar bo i e
non- hydr-oci F%%&ﬁﬁgr%ﬁ%g&é th& %?’nﬁo lgwggérlétrfeé:[?rélﬁo tg}%ﬁgqﬁr}ven fegennt f5
not alter Eh@’ymredvhvmawmsym hl}ﬂjhﬁb’atrdnbﬂ grap rtgpiodlly, Hieers whH thietnwenin-
(e.g., hal and, f | u 0). hydr oxy, al koxy,
BT capt o, (ﬂ r%??r%gﬁ gul{s}/ltuem n(%h n¥(%rocar83,rl CP sul phoxy) : (i)
het ero sub$tl12t6q1entwmlé [i]"333 m\&nttsmlhst: ibictie et plaweid Cin, reMtldnetdtay ipefetred
predoni nantllE%H‘El dr ocar hon char act er tﬁ t he .conte t of, th

[

i nvention AiStThat 1P h2h URAFBIORL | thaty VETioHS B beLFé't“Hn%tﬂi‘F‘éF% wdll

conposed ObecidAPpatMTEs tiddd skilled ik itMd d'?@hﬁét@%%@d’fﬁg'tﬂ@' ;ﬂ@ﬁﬂ%ht dqhwur,
oxygen, nltrogen and enconpass substituents as pyrid uryl,

thi enyl andhPreferazibisto. beiyndgestadhat the invspiéon ﬁeﬁﬂos%herpmet &tetsled too
nore than or every
Fen car bon i) RO RS ST S Hscisbod bihe AFp MR L V0
no non-hydr ocar bon substltuents in the hydrocarbyl group. [0126]Wile
t he invention has been explained in relation to its preferred

enbodi nents, it is to be understood that various nodifications
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The clains defining the invention are as follows: 1. A lubricating
conposition conprising an oil of lubricating viscosity and an
am ne-functionalised additive, wherein the am ne-functionalised

additiv rQm an m ne. _havi at least 3 aronmatic groups,
at Ieas?Tf(l)t?l(éﬂ-F t?mngtl ona né? b5, & fﬂgggf | east 2 secondary or

tertiarylam na Bibei¢psng Woeipekitiohheorapiisiag famnelli onahbs@gingdeistoNs hSd an
product obtai nable by reacting the am ne having at | east 3 aromatic

gr oups, %[fllnleefé}§?tl‘2ﬂi’élsefikll-421dft&f¢et‘i"%‘ﬁ&ln g aprinerfiencaionplisesh anlélé‘éolﬁd‘é@l’yved
or tertigpy @rﬂg&@nag 2 athbdl 3 ﬁ%ﬁB]%BS/éegﬁ%sf HGLPORE!REE RAHUBRA group,

and wherein car unctl ona
pol yi sobartdydtdemsst Qu;ecdmﬂa«:y aﬂteytiamydﬁnmolgyms, a rral e| c

anhydri de:- styrene copol yner, ester of a maleic anh drlde styrene
copol yne¥h hérgfh ﬁwemnmfmtw%wi @i{éﬂﬁw@ gedishebipmsple ‘¥ Tehchag dheamine

anhydri de,gfaht 1cepal a}fﬁﬁl%tle];gr()?l%( &t %é’srt %rﬁg Ry hﬁf&ﬁgﬁ%lpgz%u(ﬁl ehd Qt least 2

polymer, (ii) a hydrogenate ényl aryl conjugate ne  copoly
(iii) a spobydirgidyn mertiery Z(I'n'm)a gohpﬁwﬁgamtmyﬂm(fpnanmaﬂmécypdlymew

m xt ures_ther.eof. . atln CO ion.of ¢ mJ1, wherein .

the ami g W?Bnﬁﬁ Q&‘é’ Pt Wt]log ]d‘%egp b’n?erroﬂﬁ &h péﬁii"ﬁ% DytylFnpguggnic

| east 4 ahgbBEE CpAyRUBSa flaldi€agihydnRle-stiéné Uélﬁ)‘b _I}Q‘H@xj A WdRr 8P ahaleic
he

| east 2 secondary or tertiary amno groups. [ ubricating
conposi tanhydeflesivaena aopolvackrian alpla ahfmmm@w n@)ahldleecamvl}&nm onatmaleic

910D Ahybffe £ QR cohbRul NGl N sBrHPen e Bnn ied BHFAMTTHY) 2

or tertiar roups-rs repr sent

wher ei n lyidegsnatientlkenglaahyl véonjedited dithel SOﬁmﬁhegeﬁllpra o@bie&iral&ytw) a
group; R2 is hydrogen or a Cl.5 alkyl group; Uis an al |phat|c

al i cycl W%?geékakﬁﬁie}ﬁmfeg% Bofymegi ehniHersstherreh that when Uis
aliphatic, the aliphatic group nay be |inear or branched al kyl ene
group cont ai ni ng 1 to 5 carbon atons; and wis 1 to 10. 4. The

| ubri catd.ng chnpdsbicatingofcomipabitiol, ofhenimi nl wm&rélhothfh amindtfenctionalised

| ubricati of clajmd4, wherein wis or 2. 6. The
| ubri caﬁdﬁﬁ ‘eﬂoﬁp(ﬁf‘gwtefl ﬁOIBfancérrainmlsaW%%tr lepst %varcgnth grotips, it 16ast one -NH,

functional group, and at least 2 secondary or tertiary amino groups.

3. The lubricating composition of claim 1, wherein the amine having at least 3
aromatic groups, at least one -NH; functional group, and at least 2 secondary or tertiary

amino groups is represented by the formula:

~ B N
T | H
HZN/(/\\J/ . //]\NH
Rl

Formula (1a)

Zx

wherein independently each variable,
R!is hydrogen or a C,_5 alkyl group;
R* is hydrogen or a Cy.s alkyl group;

32



7. The lubricating conposition of any one of clains 1 to 3, wherein
the am ne having at |least 3 aromatic groups is

bi s[ p- (p-am noani | i no) phenyl ] - met hane, 2-(7- amno -acridin-3

-yl met hyl ).- N-4- {444- ( 4- am no- phenyl am no) - benzyl ]  -phenyl} - . i
benzene-4 ,laala@a%@; a Fyﬁl%&r&fé@aflﬁéf‘é‘&a wigh theropisgrthetatheyU is aliphatic,
conposi ty : I8y ms,q i l4i

functi ontgleiraggf&atgé;%f?r@?n?}g bg lgfg?ﬁﬁégt%tcgf%ne sézf(‘:scrgT h?ﬁ cgﬂﬁyﬁ}g?gc}eﬁ 5 &arbon
The | ubratems; amgl conposition of claim8, wherein the polyisobutyl ene
succini¢ angdﬁéde is derived froma polyisobutylene with a nunber

aver age mot efUtar wei ght of 350 to 5000. 10. The lubricating
conposition of any one of clains 1 to 9, wherein the hydrogenated

al kenyl aryl conjugated di ene copolyner is a hydrogenated copol ynmer

of styrehe- bﬂ@dﬂubﬂ@atlngqummimubﬂﬂ@mBng’hcminp(asiiStli tord.of any one of
clains 1 to 10, wherein the polyolefin grafted wth mal eic anhydride
is an et hyl ene-propyl ene copolyner. 12. The lubricating conposition

of any ane ofTd Jabbating @rddositidies£élainh e whydinoenrat &b i soprene
polymer is a hydrogenated styrene-isoprene pol yner. 13. The

| ubricating conposition of claim1, wherein the am ne-functionalised
additive;is : | L t] . i ne havi ng at

| east S%érongﬁlgg#gg&b%é%&fggg@} 9%%1%&? H ﬁeﬁlllgt%i Igrr?al group, and at

| east 2 secondary or tertiary am no groups with a carboxylic
functionalis pol.ymer formng . an imde or amde. 14. A nethod of

| ubri ca'?f'l ng gﬂiq ﬁ{bé‘tcﬁféﬁlg c,CBH%ﬁngt’i"BnO ABY MEecHinplaies g te dpptRareig the mine
i nternal ty NeY th ri.C 8l

R M e - S o s B S R G A
car boxy lampindagitino preilingthy ply e+ 4 v t dmian-rienplenthioe)-bepzal ] -pleast } -3
aronmat i S, (I:_lrouef_)g,4 ciit | east one g&?ﬂgz functional group, and at |east 2
secondary A% ert AT 0 ABXYFSUBE RS a di spersant or di spersant
viscosity nodifier in a lubricant, wherein the carboxylic

functi omgal i sethePRbYERind SopSRidh 3PRHY ¥hE BF-cBHfs! N7 2AAYAI 48 carboxylic
pol ynmer, a mal ei ¢ anhydri de-styrene copol yner, an ester of a maleic
anhydr i denefignatised polpoley mezr pobmsodnphenasustinie aeliyirideanhydr i de

copol yner, or a maleic anhydride graft copolynmer of (i) a

styrene-et hyl ene-al pha olefin polyner, (ii) a hydrogenated al kenyl

aryl comj.ugati@ HibeRetie®RehpdeRion(bf claid POknelat ithe g@[ i§dbikylene succinic
hydr ogenat ed .i soprene pol yner, or mXxtures thereof 1 .'the use of

ci ai m 15nhygrddeisrariyed|fimn pphrisebutylene Feily narmbenpusegomotsrglareveight of

lubri cansg ¢4 5000,

10.  The lubricating composition of any one of claims 1 to 9, wherein the
hydrogenated alkenyl aryl conjugated diene copolymer is a hydrogenated copolymer of

styrene-butadiene.

11. The lubricating composition of any one of claims 1 to 10, wherein the polyolefin

grafted with maleic anhydride is an ethylene-propylene copolymer.

12, The lubricating composition of any one of claims 1 to 11, wherein the

hydrogenated isoprene polymer is a hydrogenated styrene-isoprene polymer.
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13.  The lubricating composition of claim 1, wherein the amine-functionalised
additive is a product obtainable by reacting the amine having at least 3 aromatic groups,
at least one -NH; functional group, and at least 2 secondary or tertiary amino groups

with a carboxylic functionalised polymer forming an imide or amide.

14. A method of lubricating an internal combustion engine comprising supplying to

the internal combustion engine the lubricating composition of any one of claims 1 to 13.

15.  The use of the product obtainable by reacting a carboxylic functionalised polymer
with an amine having at least 3 aromatic groups, at least one -NH; functional group, and at
least 2 secondary or tertiary amino groups as a dispersant or dispersant viscosity modifier in a
lubricant,

wherein the carboxylic functionalised polymer is a polyisobutylene-succinic anhydride
polymer, a maleic anhydride-styrene copolymer, an ester 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 copolymer, (iii} a polyolefin, or (iv) a hydrogenated isoprene

polymer, or mixtures thereof.

16. The use of claim 15, wherein the lubricant is an internal combustion engine lubricant.
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