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30 DETAILED DESCRIPTION OF THE INVENTION
[0008] Various preferred features and embodiments will be described below

by way of non-limiting illustration.

[0009]  The present invention thus provides a composition as described above.

The lubricant composition will contain, first, an oil of lubricating viscosity.
35 Such oils include natural and synthetic oils, oil derived from hydrocracking,

hydrogenation, and hydrofinishing, unrefined, refined and re-refined oils and

mixtures thereof.
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nor eover ,jsmay conprises a pofiybutene substl uent. Suitable chain
| engt hs of such substlmﬁeﬁﬂaLlnclude 300 t -ABg0, 400 to 800, and 450
to 700 nunber average nol ecul %ﬁNﬂﬁ ts] In certain embodinents,
t he nitrogen-containing d speﬁig y taijn on average | ess than
about 1. 30succinic groupsHe hydrocarbyl $uOHtituent, e.g., 1.0 to
1.2 or 251.05 to 1.15 such gpoups. [0024] A am ne is typically
enpl oyed in preparing the high TBN nitrogen- contai ning dlsPersant
One or nore pih %Féaﬂaﬁgl%né?amdﬁléf)l@ew apelifdegrovanfiequratly sy lewhphige
one or nore pabyg elilybhensamiineNsighavr 3go3000 oo J00-5H0DP akd @&-hﬂé NG lene
,l[J::]: tetsh)a/lrg% 2 tgc%ogps rcolxlnmonly ethy(enge&s H4)Sl'(|7(1:cr>]upr£at8‘?1rcl1axln%iecuﬁas dlg commonly
derived from reaction of an alkenyl acylating agent with a polyamine, and a
wide variety of linkages between the two moieties is possible beside the simple
imide structure shown above, including a variety of amides and quaternary
ammonium salts, Succinimide dispersants are more fully described in U.8.
30 Patents 4,234,435 and 3,172,892, Such materials may also contain ester link-
ages or ester functionality.
[0019]  Another class of nitrogen-containing dispersant is Mannich bases.
These are materials which are formed by the condensation of a higher molecular
weight, alkyl substituted phenol, an alkylene polyamine, and an aldehyde such

35 as formaldchyde. Such materials may have the general structure
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30 tetrarnine (TETA), tetraethyl enepentam ne (TEPA), and

pent aet hyl enehexam ne (PEHA). Such materials are typically

commer ci al Wy 2ayaiibabl e as m xtures of various isonmers cqit@d0i7Re2ed
range nunber of ethylene units and nitrogen atons, as well as a

vari ety of isomeric structures, including various cyclic structures.
The poly(al kyl eneami ne) may |ikewi se conprise relatively higher

mol ecul ar 35vveihchlﬂimgm»ae@tykmmm@ ahehd NEgSAnYara el ibil &N ehordTiAgil in

still botto 1 025 h TBN ni trogen-cont ai ni ng di spersant nay
al so be a prLt]‘ ?Plggﬁlg?ﬁ?ger sant, as described above. Post-treated

di spersants df82@bt aPHed mirogen- ¢Ce]aajtliinggdismsamit$ nidede eolynwriai gigpersant

di sper sant Widﬁnﬁzeée%gﬁ&{ a%‘ccn:n@l%llw ﬁ?dzo&ﬂb&%%@ébd 9@1@%&@5 diygieh fdfiin
al dehydes, ketones, carboxy g rocar %n substitut ed

succini ¢ %nhya%f?%eégcowfmgt%%ﬂ ‘?%%3}/ I SPBH! AbRpBaRTSChaggeteristics Lo
phosphor us cahppolydsr. Exenpl ary materials of this kind are descrl bed
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di spersant i smaubaﬁ a&le@h}dmpeasmt cathdxQRE tarlda, ayb@damntsabithetean@mnt

of boromgn the b an ghu&js ustp?rs%ﬁt'émides %oronlcampom B&Hd%g]f’ag sl.\éom—
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wei ght of the
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about 2 TBN, B
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groups per hmis?ﬁ Py|Su?tl'¢{Ql%tél e%tnﬁé%rof SL%H é?mgntgm%tgrmap%”w& tg 1009

succini c grou 5@ ional di's
may bear a h§®¥f dr8Pbyandstidsta {Uepembgr ﬁi@hﬂ@@rmal\?émlafgé’erﬁw aaifs- alm sfsiaght
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any of the ahpggr menti angd 1@”}15?@&39}/ erh g%&ﬂ Ih}!)i’%pmw Eh'eQHQA T%Wﬁftﬂg@hde

di spersant (or dl sper.sants i site n

amount of up YEABYL 5%‘?@?& rr§¥/ C RS ﬁsaﬁ d"r’iwaf"é‘ﬁsﬁ ﬁ%%yahﬁéwf:% L
to 6.0% or Lltiees Skaycro@ptise &b m’rnmitmpttly&ll@%ne’ﬁhmmeﬁ)srﬁummgdftotih_er 3to3
addi ti onal Sé‘tﬁgfeﬂé mnq?cngd %P@B%ﬁﬂtté %ﬁnﬁﬁ%’en@e SHF'?ﬁ'ﬁ'ﬁé‘rial%ﬂcﬁ%‘fettﬁ&tﬂylege-

enbodi nent s at are roug

the hi gROTENCHRE S (stﬁrEA) IerasgidensppiganinsntiEiAne 2a@ gt el slenehexamine
di sper sant ( S()PBMAj (SQBIE rrhzbbhﬁﬂs a%$ypT£Nyt Qo1ﬁ151€rc3e§fyl Ehl«zﬁfh@d: hdlbﬁkl@:ai%to[‘

t han does the giso ] lst? $ 106% n01§91] Jfl:?g 12 ? %

non- net al - COI’l}Uat.jlunl g é%la?% ésg Q/\ﬂl Je"8hk MF 1558 “'P%gen 3‘??
or provide ats Weldsts BOWY of Neoreaici FEICTERS, tloclvﬂ@gwarm@mwsmet piowctugad
in certain embeOEb ﬂk?}eﬁ@alﬁﬁeﬁgﬁi’yoh (émfsgycoﬂ{plég lrepcu@g%@ ]1%71613511&9&(3(’71‘@

The re nder of the ‘é %ﬁ&g& I‘OVI R?l cont ai ni ng
addi tives sutHeasamEGs “BR&Rpt B glér?f e‘wml*% beo{tﬂ@sentl re
| ubri cant col®pas]iti dhe ShguITdBPbemad:Udnetamtm&ng dispedsane.igay, aBo5Sbd @ @Bt-or
treated dispersant, as described above. Post-treated dispersants are obtained by
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5 [0030] Oten the conposition has a total sul phur content up to or
bel ow 0.5 percent (by weight), or up to 0.4 %or up to 0.3 % or 0.2

or 0.1% orwoearnd7% Some enmbodi ments may have | ower | ip@pfus2@fm62631
sul phur of 0.01% 0.05% or 0.1% One possible source of sul phur in

the conposition of the invention may be diluent oil which may be used
in the manufacturing processes for preparing 10 many of the

addi tives i ncl;aﬁm thmura,lgtﬂﬁ@g@cam@lpgﬁalaibd?mg“ﬁiﬂhsaq%égéﬁfsﬁeh G dhidrea,

t he dil uent 0|I t he invent.i on,

sul fur cont ent?E% 53‘@9%0‘3?)%%88? q‘ieéoéfs Ej @WOHYC[}B%%I’O%FL%B&““
ppm or |ess, orcIOQ phmirids, ppmesswms B&ropprampo2Bdsp pm phosiiSrp ooy
| ess. When sul bobhdd, rE%@lﬁJ'PﬁthitH‘?ﬂE o@'dns i?inéi @ﬁé Hgs%gibe& hlgt el H}rwm%

cont ent of th A (5 30 Ey
as up to g’ﬁPﬁﬂ r3»uB ﬂ%7>4éé82§éé 3167% p’p?ﬂ ?%3&?&?% B89 639,
conposi ti on has44a §08t o, 4 phaxphns k4 0@ns 600,30, apoLd@s0, Lad peroegnt2.byin

wei ght, or up. %H?ﬁ e:ln éqdu{?ént%’lﬂle (915]96192}?1? 1%?6‘6&1:9&’ dl'ﬂgelts?nt 1q Ceali’il{l @Ql?odk

or 0.05w %o
50 ppm or 10"piA GF ﬁp@s@t of hor@éﬁ@élimbfépﬁ@édmwrﬁ@st lsmab%ph@ﬁu@oi%@ercent

present from byp@ieiar 020402 pmﬁtm 5 f@?@tﬁb@r 12;093 ppw, or alternatively

0.01 to 08 er cent i.t.ion.has a total
ash cont ce]]r?t alﬁ(%%ﬁl e%n%vtﬁgfff B ?%BHI nt}é {%ﬁﬁ”‘fné dfgpegsant it fhe
as equal to oiubll@gst oY sio8 imcessiorenhoBimentdef bt el 46 ceddb%i ltyi weight of
certain emOdth1?65h%1lt ot 81 @Sty ePQteRt4d, 50100 1 téMG 0@ @r6 Qo 3 5‘% bt R

0.6 wt %or O n.cerfain enboglments

95vi ded by deéé)rg’ér#gmo%ot eI EMPRFIEIEEN tﬂéﬁ maﬂig’f@%ﬁ leifa&?rb?omﬂlmng
magnesi um net dlspesaiobdy, beopreominér aiGuaupntishitale ad srovide Dy Dr OEMBITEN,
metals suygh ag: PAdh UM PENPOI Axel YTEN, BY LA AHR, Metal s, or by

other netals, or_conbinations t'al n anmount of ash may
al so be provi B947hy fhedditige i dhehighr BRNC SrpEsHdeniaHeg 3jimsesant,” the
| ubri cant conposictitanspobitivhend)r &RHdnal] B}\b@ﬂtalm)ﬁ] srrca;ymEﬁHé hﬁperssaﬁ having

conprise addif hopa raﬁg%ktiés\é%ﬁalmo%pl@a% Fli‘)t%%?]\({g?t 1L PRk Ly, Usgd, u% i 131

formulating lu ricat contai it one
nore of vi sco5ie yBhoef $llcérasdlsf’¢1’ﬁ@tfl%lﬁﬁ ﬁﬁ’ﬁ@r’lfl}fé’ﬁsless fi s it She high TBN

ant i ;)XI dant |S dla;ftifr'sau\t\/elad’ t &gﬁmaﬁ o(COr [0S &]Qﬂt 80NB# bb 1159, 074, 'Tl"réJﬁltspcrtsant
agents, seal -swe ent s, agents, our essant s

extrenme pressure C%&Sﬁ[ & a?ﬁrﬁc ’ 4)}“% Tors ot ‘H’(ﬁ Pc?gglefg?“b‘g’g’i F\?ﬁ‘?fﬂegt
35 [0034] Vi swokbPtty Inbdirfabens].gemesialcl groape potgrtmen embodinemitaltsis addi-
characteri zediaal Q%b&gamyﬁi&{}p&ﬁ? lﬁ@fﬂ/ﬁﬁﬁ%ﬁﬁ‘/l RO YIRS o SRIGH A Aﬁérahr@\ﬂ&&u—

nunber average nol

nd, 50
bet ween 50, 0 éf}iﬁtﬁlé@%"t?@&f t@ﬁ 1126‘3@963015@0}'6%%9‘?3@%6?7 Fsbisq, 2000 to
[ 00351 Hyd¥ océ&ﬁl@ﬁmrpd:loynéﬁeo cdn diecrusegkcts avy sddgionyl swndamidpdeyasmt

Exarrpl es | ncllgge bgo%tgggwgmr %Iga(?gcﬁkg)@laokﬁ{nﬁ Shgk wﬁl ﬁ[ngig i, B0

of to Cm inclu
i nternal ol efeixﬁlélpicvmlF chasiy beratedr ai grePasid priinened! Hie plpfaf[erlaentwned

aromatic, allkylinesyomatic, or 5 cycloaliphatic. Exanpl es include

et hyl ene- pro e pr.epar.ed. by yl e

and’ propyl Eyé)%kng@ﬁgpér{%}i{éégaésSuc%’é@édﬁ-&%lsrpgpséﬁ qe | 5P D be
styrene- nj waesced 1dilesisdcopsl yrevs dne @ride rbe’rW@l%la‘fstsf e cpinpesisipnyfor

nmodi fiers. ThesghdRobBIeiSs DAChUd® PRl abESobE Shb@kesRY dhedsRundd e
O onont & Y QYRR S PRRLYTEL S naT B iteeh, o it ddinints, n
i ncl udes var ﬁwgngubsttare udweghls sipriemés theTdneowonp igatiegh dBéhéispayant. In
contain fourgge %ﬁ%oﬁﬁﬁéﬁm t}?et Mtl@lﬂﬁl d'f%%t R UdR c(ﬁngautfggﬁefw\lgﬁelhe

2, 3-di net_hy1- 1@1 83 di ene, | or opren I SOprene but adi ene.
M xt ur es’>of <&@ ?ﬁfw@a&@an&%%%g 1‘a%l’eT%¥éjf'Wersa?he styrene content
of ' these cop@li2gjrer sSTheaytdiear?®ttaf he%drymeril-gbhtadin4QYditioeHSHQ% Bwnan

amount suitable to impart or provide at lecast 30% of the entire TBN 1o the
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15 the aliphatic conjugated diene content nay be 30%to 80% or 40%to
60% These copol yners can be prepared by nethods well known in the
art and argolpiQ@izky hydrogenated to renove a substantp@lydResiosRs: Of
their ol efinic double bonds. [0037] Esters obtained by copol ynerizing
styrene and nal eic anhydride in 90 the presence of a free radi cal
initiator and thereafter esterifying the copolyner with a m xture of

C4A8 al cohol 5ccah1mua:rne du§ ef Wbrias eMiboaRsdnty 3mmadibbyy cﬂgmaflsdlot BYas 50M, or

t | t h t
moai i ars. TtAL Rtk PR B EhF TP bt Bt BE -
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| ower car boxy-§¢4 QEIGQS thandf @ wabh. wn@laﬁbewadwm ey fh,,'mﬂtf}”a8 ativh ot Grewt %
conpri si ng apf afl dintoRitBaNig c@ﬂﬁn%%dzlﬁexftﬁﬁﬁtm% B Hb B GO &5 bAGk

t | t . t ol
oyl ene, etc. 981 Y BSR  8°0 G c FLEE aRoogmErD) LA A BeyTE P

excess &b a M@l@e\lbytmsegenamd fa“hqmroamn@ls ceuteiniigscacipmenahagiesiainciobtel or

The acidic o n t I L C
nunber of ca?%gnbg?tgﬁs@]{dgiéi }OM\?I lse%g%cgzlrgk F glgr &éta%t)%lsw&hh] l%tta.ssullﬁ]e

in_oil
amount of ex@eSbeRbrayp Wt%wlaglgear ?9111?%?%18&?“&%% af* Ge5ei.
The term " metabuintatfiagl miag atshée padidedody thherdsaiw@lofégrinvangisdof t he

metal to t heg@ggi VaLI%Pt ﬁ;bﬂfza&thfo;%‘fdsﬂﬁci?soﬁ??l%‘gr&gﬂpﬁ&\%ﬂtmﬁ Iﬂ%utfhﬁhe;

netal salt h net a
netal asCpr es@ppriseradglitipsahaddis xes wwcmmm%ccgwﬁévwalb’x@éé 4n é@rn’aﬂ@ng

equi val ents, lu@hc@tu{gﬁ-bbﬂ @sfitién@ TU1Q94tQhSl:h¢efy eviekases oﬂﬁh@rrel & $isabdty
wel | known to }hers

Pat ent esc echni ques
For making baeias, Pl Slifany fo@iebore MERABuT e Tl SET B
phenol s, phosphomiibitersi aigi- -rigsh dgenitst aenlesv f ¢ %ams tant - formnageatsopourhmdat
i nclude U. S.4dp &ﬁﬁ'ﬁ@ e&tt@% 3%1. r62a§@ﬂlé ﬁgﬁaty%a&l:h@m%lénd SopPid pa%%@atms
2,777,804 ¢ % g o83 162; 3 3188
3,488, 284; alf834 62 05y Nc’éjéf“?lﬁc&eﬂﬁf&&ya?ﬁ"e Pehimatie ARk &Jeagaﬁﬁlgze
whi ch i ncl ude ey badechrhat-ericdlpelpnaparedally bmisahimpkl sveagiedn§habi-c

far weights between 25,000 and 500,000, e.g., between 50,000 and 200,000.
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[ 0041] Anti oxi dants enconpass phenolic antioxidants, which may be of
the general the formula OH (R4), wherein R4 is an al kyl group

cont ai ni ng vlo b7df770r 4 to 18, carbon atons and a i s aRciRkeRSH0d 1
to50r 1to 3, or 2. The phenol may be a butyl substituted 5phenol

containing 2 or 3 t-butyl groups, such as The para position may al so
be occupied by a hydrocarbyl group or a group bridging two aromatic
rings. In. cenpgs) emﬁqbﬂﬁ%§ ﬂOWiﬁ}é}@-r(ﬁnp% b4 dORs 1V8sREEH- mﬂ\éxe‘ﬂnf%b\r&@

1 - 1 1
P S Nt T N R 1 ) S S e S S
cont ai ni ng, ef(g.to Cho,teog. 182 or CRolefind, Ancnd2gtbotiBalphaditefims Brdciateon olefins,
atoms; and t - ajka n?%n oML YL U 20810k danksu & cydRsatibRd Ly

greater detail 1In Pat ent 6, 55 Ant 1 oxi dants al so

i ncl ude ar orratCV‘"cloélﬂﬁ Kk, %Wewf%lssmfh@%&taflel’teh@wﬂﬁ%%mnpswcmwed by
wherei n R5 cano;bﬂymepﬁegwth}geﬁmumd@ﬁo@l@’mejwtnog»nqu’pcesumt|tut ed by R7,

d R6 and R7 be |y a |
containing 1 16R8)°0 AAERERAAT Y B BYALAGE DAL BB ardlalbier class
enbodi nent, afl sicenabi Bodticne Ao gars le%lndcz:mlwﬁes%wawhamR}lbfétog@ﬂ-

di phenyl am neagueh pasiMeMmydaLdadi RBRBYbyRAYLAE aRb itdIedd Ahadhatapered,
10 star, and block interpolymers. The term “styrene” includes various substituted
styrenes. The conjugated diene may contain four to six carbon atoms and may
include, e.g.. piperylene, 2,3-dimethyl-1,3-butadiene, chloroprene, isoprene, and
1,3-butadiene. Mixtures of such conjugated dienes are useful. The styrenc
content of these copolymers may be 20% to 70% by weight or 40% to 60%, and
5 the aliphatic conjugated diene content may be 30% to 80% or 40% to 60%.
These copolymers can be prepared by methods well known in the art and are
typically hydrogenated to remove a substantial portion of their olefinic double
bonds.
[0037]  Esters obtained by copolymerizing styrene and maleic anbydride in
20 the presence of a free radical initiator and thereafter esterifying the copolymer
with a mixture of C4.15 alcohols also are useful as viscosity modifying additives
in motor oils. Likewise, polymcthacrylates (PMA} are used as viscosity modifi-
ers. These materials are typically prepared from mixtures of methacrylate
monomers having difTerent alkyl groups, which may be either straight chain or
25 branched chain groups containing 1 to 18 carbon atoms.
[0038] When a small amount of a nitrogen-containing monomer is copoly-
merized with alkyl methacrylates, dispersancy properties are incorporated into
the product. Thus, such a product has the multiple function of viscosity modifi-
cation, pour point depressancy and dispersancy and are sometimes referred to as
30 dispersanl-viscosity modifiers. Vinyl pyridine, N-vinyl pyrrolidone and N,N'-
dimethylaminoelhyl methacrylale are examples of nitrogen-containing mono-
mers. Polyacrylates obtained from the polymerization or copolymerization of
one or more alkyl acrylates also are useful as viscosity modifiers. Dispersant
viscosity modifiers may also be interpolymers of ethylene and propylene which
35 are grafted with an active monomer such as maleic anhydride and then derivat-
ized with an alcohol or an amine or grafted with nitrogen compounds. Suitable

amines include aromatic amines such as those disclosed in US Application
9



or a mxture of a di-nonylated am ne and a nono-nonyl ated am ne.
[ 00431Anti oxi dants al so include sul furized ol efins such as nono-, or

di sul - fidgs 9§y ures thereof. These material s genergldok: @631
sul fide |linkages having 1 to 10 sulfur atons, for instance, 1 to 4,

or 1 or 2. Materials which can be 10 sulfurized to formthe
sul furized organic conpositions of the present invention include

oils, fatty amcﬂsmegl@stmﬁgaw 6f 'dﬂ;%u@ﬁlﬂ ﬂ@&dﬁqu{abmcﬁaﬁ% th8E 98t the

t er - penes, ] uct s Is of ho parin
Sone’ such su A TFTYRHOME PR Tnrspa bt i D06 2BarioofREPehd "o
3,471, 404 and0P5A8T8B69. [ 0044] Mol ybdenum conpounds can al so serve as
ant i oxi dants, 95§ thﬁét%réeﬁf@%@%‘ﬂ%h%v&%@scﬁ' s%ﬁss%fv¥ﬁ:>ab é{l%{ehﬁiésof?lteh@i

functions such as antiwear %gen s. The use of enum and fur
cont ai ni n@ c SRPFEEALP SR VERPaFeth Y eper lﬁ‘é“bﬁ”r“%é‘f?p%l‘}ﬁ”@n%ﬂ%l% Pé?ﬁﬁfi \%élélP
agents and argtenewSa?am&mz& W, chdrddterPad .byNometh] 28bteB22) eXd@ks of that

I nstance, di %@ 91?%?)11“’% h{e%&ﬂtrfgz Qétltlaqgg@ écopiﬂi?%?o ﬁ]gas!bg'il %n%try of the

nol ybdenum and sul
combi ni ng a peitalr arsothgarrticudsy méum@llwwb@i@mﬁﬁ@mﬂh eaﬁ@alanTho

0i | - sol ubl & basiasdl hi:GRIS SRTPUAN LY fEEME ATkIHE MU AR AL fvn
co ex . cantacti n e n | SU L de rm
N LR B e R R et o e s

anount s of amixbxt dampgsing lah acglic clcgan@e:ond@peml waclihemsp@oi fdneprising

anti oxi dant a\f‘%abtt(ﬁlc' inek Vdrg’tlﬂl: s&f\f‘élﬁc(hill\fﬁ'ﬂle&? 111th't§1d' toludsit r%ﬁé}%eelthtf@l
75 anounts ca 1t ercent S to’4 percent

0 : b
or 0.2 to 4 B%‘Hcﬁcﬁ‘fm ‘Plﬁa’&‘ér’f’éﬁpHaler?bétﬂi%éWﬂ IC'LPI"F’é‘C%\Sﬁt‘? %l‘B%‘ﬁ{ 8%n 43€ fn
al kyl at ed di phenyter amhres.a plrenclesitdéahoénibbe hadint @ gdtiatmateriadnall mermally

anti oxi dgnt ¢ 9@111@{0%?%1111)& cﬁ@mhsat&%s B ;Llot/ﬁle% c%éré%q{fcs%ﬂﬂadlh¥ in oil.

wei ght . 10046 present the 1 nven
can be a non 1330@§t1b?f %eﬁ lﬁﬁﬁwcoawnéhewwﬁéﬁ terearheEH |rt11°achaf
often an aci trgohhehintatig" 32tht @at2Ao Tk boral MMeHLEBEIMﬂaaBkEﬂIw @fjuiaa-

polyol and arl]en% !)Ppll%tdc?mg%kgﬂxcyédlﬁpcﬁﬁ' 4d ﬂ%éutpﬁ rhéla]f D& \/%rmn% al Fatio of

m xture wth
2007/ 117776P@J’W ué@@bﬁmmze%i tifgkes @h R ﬂb%dlrﬁﬁéééﬁtﬂ i Borenal sqle wilbhave

nodi th er2om Xk e@fcs5o‘f@ 59\51,u1\ﬁﬂef%%2l7@|13&?3 opa 520 Ito 85OI or 20 to 80
wei erce e ) i nc i0 i
andgal cghol s 04% % OV ﬁﬁcéir%}a%f]aélaég Gil lénct‘ﬂ gj]r gﬁ’ f(%(?fi ;}‘g“r it
al cohol s i ncP@IéetSectdswlang tgilhyimlless foi mekingibagicosatik of suifpmcawdis carbox-
tg{rfglto Pg:oelngnlgé &84, S5heRER %:cgaﬁ}?mg& %&aé Sandi ke agan two bf hor8hese |
arabitol ; ymaH’r‘f ‘{%ﬁyﬁogsu%e}lg@é #Cﬁual igﬂgﬁ)% o%éwgt/(ﬁl %ﬁg%g % Z%Prgyg
erythrit2ol ; 26065861 aBB§EAEI; 01,365,391 BcH20gl i - 3:818,809; 3,488,284; and
tripentaer yt ?%Q%Qbfﬁ pAFsB% 18RkYd afjé ?&hhﬁl‘ﬁ@ﬁe@r%@% »whith ahowh %@erbasedl

gl ycol, glycero sorbit pent aer yt pent aer yt
10048] Al'i phaf eé"‘l?aPUBQSFFH EO%F%@Y%.?@@ K‘éfhwhtwwéget é?%‘bﬁthfé#‘t&’&ié”‘tﬂho‘se
aci ds cont ai nydrgeatRyit abadrucalr j@]mOa,tﬂﬂafB en&@ﬂeﬁl&aeﬁ@,ﬂhﬁkm figosdlr aC@IIIt— or

chai n hydr OC@lfqula]l e %p%i&;é)e@t 3 n' rl')g& cdt ﬁufgélfhg% xarat[%t Qer Y % 1ave

suitable for insta car on a aC|
can be d8ed wrﬁd@@n@nﬂatlmm wiathigr é}eaiuglammhclrmrsméww e%éwuéhrtb"@h S&tl@rm;

as well. Gengral hy thenRai @ bs AcHMPASAT BYXWel GrdCiGiixarate.” Salixarate
derivatives and methods of their preparation are described in greater detail in
U.S. patent number 6,200,936 and PCT Publication WO 01/56968. Detergents
of various any of the foregoing types may also be post-treated, e.g., by a boron

35 reactant as in the case of borated dispersants.
[0041]  Antioxidants encompass phenolic antioxidants, which may be of the

general the formula
10



15such as dodecanoic acid, stearic acid, lauric acid, behenic acid,

or oleic acid. 100491 The esters used in the present invention nmay
be the nonggsb@¥wa18% such polyols and such carboxylic agi-§sis2dBs283Ch
ester is glycerol nonooleate. It is to be understood that glycerol
nonool eate, as is the case with other such materials, inits
comercially available grade, is a m xture which includes such 20
materials as glycerol, oleic acid, other Iong chain acids, glycerol

di ol eate, and glycerol trioleate. The commercial material is believed
to include about 60 5 percent by weight of the chem cal species
"glycerol nonooleate,” along with 355 percent glycerol dioleate,
and | ess than about 5 percent triol e and oleic acid. The anounts
of the nonoesters, described belo akgul ated based on 95t he
actual, corrected, anmount of poly ester present in any such

m xture. [0050] OQther friction nodi that are suitable for the
invention include fatty am nes, fatty phosphites, fatty acid am des,
fatty epoxides, alkoxylated fatty ami nes, netal salts of fatty acids,

sul furised ol gfiicngs rFaL rmY alk’j'?l q?&gldoﬂﬁmﬁgqr@%s@} EQE' e, éﬁHSx‘i §tf091fs and a

carboxylic acids and p fy nes, amne
aIkyIphosphoerthFG%ﬂ‘{0b51¥¢%én“b§é§e%t hPH@eF?h@ﬁYéﬁ3&6&V¥W€FUW§F
be presents onphgodicbnthinge: basBhs-batyl @rddbsf mcB@s or 0.05 to 10, or 0.1
to 5 or 0.2to 3 or 0.5to 2 weight percent of the conposition
100521Friction nodifiers may to sone eXitent overlap with the category
of 35antiwear agents. Suitabl e an g” i ncl ude phosphoric
acid esters or salt thereof; phogphit 5 phosphor us- cont ai ni ng
carboxylic esters, ethers, and am des i Xxtures thereof. In one
enbodi ment, the conposition is subs
2007/ 117776PCT/ US2007/ 062631 free of ‘phesSphorus- and/or

sul phur-contai ni ng anear agents; or the composi- tion may contain
such agents. &0053 ] The Il ubricant may thus contain a netal salt of a
phosphor us act & PREt BPSIden 1ayohlse s ¢GHRisH DY e1Payqerad) Pows)ers) grup
where R8 and R gng twadepenttenidsy nydraoashyddigefdnbe Rt sNionds 3ct@

30 carbon at :gg%gg)ﬁl é Qldécm)( 18911;7&%01?[) s%ﬁfe)%é(s),lhg?tc'x?lglp%hospau(t)lomdant of the

pent asul fi de an al Comat

0, 0- di hydP ocaloByitlaphosphor odi t hi oi ¢ aC|d The al cohol which reacts to
provide the R8 and R9 groups may b@kﬁ m xture of a 10 secondary

al cohol and a primary al cohol, foryinstance, a m xture of isopropanol
and 4-net hyl - 2- pentanol . The resul/ | Rci d nay bg reacted with a

basic netal conpound to formyhhes piaving a val ence
n, generally is alumnum |ead, ti rganese ébbalt ni ckel , zinc,
or copper, and in many cases, zinc 0./f orm zi nc

di al kyl di t hi ophosphat es. Such mat dm?fs are well 15known and readily
available to those skilled in the ar | ubricant formnulation.

horate e or HIRSTM 0l Lbey IYERCIAT BERY] LIRRCAARRG 261 o

borate ester he bor
bor on conpourd Umdtoat? Pease S&ﬁezé‘bﬁﬁéﬂ%’é} %@Péc?tnéd glkd rpee pexybutyl. Such
conpounds, hahdbyidens aeotqpotbebin @pithiad Qhy af UK. camaeysds,108! cohol s

and m ti5res [hﬁ]ﬂ]eOfAnngQ'da%ﬁleXsot E‘z?clude aromatic amines, such as those of the

formula

NHR?

o7 "
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90al cohol s i ncl ude nmonohydric al cohols, dihydric alcohols, trihydr c
al cohol's or higher al cohols. [0055] Boron conpounds suitable for
preparing Repenake ester include boric acid (includi ngyRbaRREiss:
acid, HBO2, orthoboric acid, H3B03, and tetraboric acid, H2B407),
boric oxi de boron trioxide, and al kyl borates. The borate ester
95may al so be prepared from boron halides. The borated ester may

contain at |e\§§érefﬁn1@° Bams@ﬁ%bwl @5&1&191 9 ey 1 GRRL AL Mt & 9 R30and R"
carbon atomns. éoigs rel at eg basahé) fricti og J?I)dl fiers/ ans tV\?
agents i ncl udé ot R AR B TRECTLP AR $RUD CPRAIER T 10 P OF
-U. S, Pat. Not tod2684 61185,2 eanbloranengeneralel amlprdépeante dn hyomaaciming aan-
epoxide with i ted

not actually dg(?%d)??(ﬁ% 09%13[159% CAT]RH qthép)&&%%g%lﬁ%&lér?%ﬁ %e‘é%??%%@gﬁj duct s
of epoxi des %“ﬁﬁ%}ﬂﬁeﬁt“wﬂ?cal |y borate esters. The epoxi des can be
comercial m xtures of Cl4-16 or Cl4-18 epoxides, which can be
purchased from ELF- ATOCHEM or Unj ar bHde a ich can be prepared
fromthe correspondi ng ol efins _ Puri fi ed epoxy
conpounds such as 35 1, 2- &pduy AmeNean ke Jpurchaded from

Al drich Chem cals. The borated podnds may\ be prepared by bl endi ng

the b d d.t d h t t i tabl
Lomperatur 6. TYRREATTY! B0 TERIR5E AR PBLGTO) PR U™ esence of

an inert |iqufe#ifedi Aimyjoxidenits alshendedi stirizedoldfon shak as oowor.ed. digul-
sui tabl e bor %%9 oPHQk&hPe% thée&ih? 19&“@5‘{@1@&]@%@%&1 gy ﬂﬁveasmr@éﬂﬁma@émmugl
car bon ol efl gé—? n anot h g nbodi nent 't he ant&vxﬁﬁ ﬁ an be a
fatty am de. SHIFWL, AOBis: A3 lé‘ﬁf‘la‘ée baded 8h 1t Hel R G oe
fatty anithe aslfultemlruob‘edn dhovelfwized agonc boxpbsitoscoUiheqiredeheinvention

condensati on 11?J lude Bﬂg t%tt?@cﬂisv\ﬂntdhes@é’fgnf%ggg n@?y ﬂml{]}gm I%Qde thereof, ter-

illustrative fatty i's oleamd ant ] wear agen
i s present oRCEGF cﬁflDW%@%S%@“F‘@Or@eéal{sooﬁGmthOdS of |PERFRB S o tuch
0.01 to 5, iBuidnoiddanatasflectn Be @Amtian 27 8Urithti Noy et47dpithend 4a5710639. 0. 05

10to 1 or 0.340)0.3 X\isrhgélﬁmp%f}@gﬁnc{%fca‘iah&sS%gR}%Sé lugl om@h@g/ 'Hi%iethese

ester ey, be 'present anpunt
ant i wearISagealarijs o alseeprst sheattusophes Gwisilioas. Wah @ Ehtiweategents. The

materials. [Q@b8f %U}tb@bﬂmﬁfanﬁ@lﬁb@&lﬁﬂﬂﬂ@é&ﬂﬁﬁ][ﬁﬁﬁﬂﬁﬂﬁﬂ[ﬁ&,‘tmwﬂﬁithﬁ‘ﬁ a

28;3} Sg dln,zse:o:scs}ﬁ %%s an%wear aoengeatn%r&%oxidants 1s %\gn eﬁtseﬁht Rfo 2 2%9 %’ed

for instance, discloses lubricating oil compositions containing a molybdenum
and sulfur containing composition prepared by (1) combining a polar solvent, an
20 acidic molybdenum compound and an oil-soluble basic nitrogen compound to
form a molybdenum-containing complex and (2) contacting the complex with
carbon disulfide to form the molybdenum and sulfur containing composition.
[0045] Typical amounts of antioxidants will, of course, depend on the
specific antioxidant and its individual effectiveness, but illustrative lotal
25 amounts can be 0.01 to 5 percent by weight or 0.15 to 4.5 percent or 0.2 lo 4
percent. In certain embodiments the antioxidant can be an alkylated diphenyl
amine. In certain cmbodiments that or another antioxidant can be present in
amounts of 0.1 to 0.85 percent by weight.
[0046] When present in the invention, the friction modifier can be a mono-
30 ester of a polyol and an aliphatic carboxylic acid, often an acid containing 12 to
24 carbon atoms. The monoester of a polyol and an aliphatic carboxylic acid
may be in the form of a mixture with a sunflower oil or another natural oil,

12



15 boron. If a boron-containing material is present, the |ubricant
conposition may in certain enbodinents contain up to 1000 ppm of
boron, for wHssrneRrs 10 ppmto 900 ppm boron, or 20 ppmpk@ R5Hd7/HRE1
or 25 ppmto 600 ppm or 25 to 200 ppm boron. [0060] Thus, there 1s
provi ded a nmethod for lubricating an internal conmbus- 90 tion

engi ne, conprising supplying to said engine the |ubricant conposition
as descri bed Q&hﬁ(\/@ma}-% REGLNE (NBYriBforPmbEdeY nkfuYe & :ﬁﬁﬁba eﬁgm@ oRndy

may be equi pp as recircuylation. ereis

provi ded a rret%ﬂéﬂ S%O?r é%@v\"’%g&%“é@&?“@dﬂlﬁ‘éﬁllebl lity of an engl ne
oi | conpositi ¢804 chPadpotpringlede divlgi triodd, dndbalcalatls vgthy highes intiynbarsdo
succi ni m de dh%ﬁE%@@HW gP@lfthleeSS f hOls %gluﬁé Weﬁlenglﬁgolgbﬂll&udmg

1.5:1 and a total base ﬁU an a ,

|nclud|ngfhntﬁint§aﬁﬁdéﬁaﬂﬂbﬂéﬂ¢E%ﬁ%$b§ﬁ?PﬂﬁthbFéésﬂn@H@HU di-, tri- and
non- net al - contamntd)gdaﬁdgltybme, ¢DRBRI; Binge &hcﬁll th'bﬁﬂ@dﬁ)@”%@bﬂbmgaiablto]
di spersant ha ; east i
sai d engine o?qaqgléﬁlp S“"mse iah"%se nJ?“‘"’t"% "HCE? G%'S ﬁl’f’gteééﬁthég?% éﬁ‘g *’Smae
total base numbyitadd, Iezpltlldé‘egsﬂl absutrigenberghrtol 30 radheb bi rdisthyleaastlyeol,

about 30% of thanyiehak b@smy@%b%lmio]tﬂ%ﬂm%gﬂh% th d@)@HM@@'tﬁr!t@ﬂ i's
reis

provi ded talnln

provi ded @y nefq?%(ng ofﬂeﬂaé}‘%éé ﬁ@ylf%ég‘%%ﬂf bgfh E’u‘@hthé eIStt‘J’fJgr i”@H{dFﬁgose acids
conposi tion wetianing h2 ts@dicapenfaemanteds kerening byaigitcthadi hgdrocarbyl
therein al | e&shoRBSuaRNIPlRlo SOOLBUTLOMSIALELEE of ATRIE! NGoB0 or 16

n|trogen conta|n|ng |spersant aV|n e nu er (0]
| east about 9. L§ 5B} AeM§satrmsids <‘ﬁm 'iterf@e@ é“r ?ﬁmmwﬂ%\éﬁtwf‘m with more

substituent” ar féveydrdsar byphsgisoug!. iGendstlg the actdsisos dicnatyrbseyiescid,
whi ch is el 's‘}eﬂomohg)camsa%léléiedh@qm'dngmsa&ﬁ b@chic ;PP BN, 1t

refers to a grou carb atom %
renai nder of k09&%hol é“émeétea‘-msqﬁia\n H§ pesabYRaEEN ynay He dhampmeesters of
character. Examgpl@sydcd clﬂy@mcﬂlc@frwyhgra@ms (Jne@hudestcmmog] ibxﬁﬂnoofeate

substi t uent S’Itt?% b'esu’ndgllslo[c))pahilt olgger Ih onoo ftt)eor%gs {f aé%liwgﬁll %} & SUCh

cyclic cyclic oal keny
aromati c-, Ilnaﬂ@aﬁIScm ltaﬁ@naﬂelc@é}lb{ ﬁ\culsbbgrﬁdmtwe@l l"famnmwh@ch includes such

subst i t ugpt s, mag il ds %@ce@mcloltl&c %Hﬂa%tﬁﬁy%sﬁscwmra@ﬂda EBerbl B1date, and
ortil on O e

conpl eted thr

Cobot t uont o S SdRe ABRIET T oy el e it BN Ryt B i Bt sbout 60 5
substituents mﬂhambyswm§Mb§ﬁh¢ubnmsabumtmsﬁyggmnbmmnomemhydﬂ@qambbﬁS
groups which,, ‘Sr'betr@ls‘%t% ﬁ:?ftdlé’!feattehm?d !é@é’?l%]' Bdut gﬂae’?&}nt %ltﬁﬁritetahﬁ oleic

predom nantly hydrocarbon nature o su bstitue

(especial |y ¢t I?%ﬂWPWﬁ%8$H$1“WVEF@%y e%FQ@QWEQWH%QﬁﬁE”mmdbmmdo“
aIkyIner@apta1eauhnbpommnﬂDQﬂumandf@MydOﬁmﬁmmhepﬁﬁanSubﬁysﬁuﬁﬁb&ue
that is, SUbE[E ent étl%'fﬁ@%o:‘f‘hﬁdcﬁﬁg@ 'h?lg % H[l@lg%n"for t}ﬂl: nOQIﬂ{onymcludc

hydrocarbon cter e con vention
ot her than c&cﬁ%brﬂﬂilﬁe% faftpphepridteai ftt pud vﬁl%lée%oﬂ?ﬁbs@ﬂxtﬂes»cékbﬁﬁated

at gms Het er G@lﬁpmﬁuhé‘sﬁlhﬂdﬂ §eﬂﬂsfdﬂ fatt@xéfg@sn,suffhi1§é@l9@l@fn§-ndm§Wﬁéﬁﬂﬁm%es
sSu Stltuents

no more than ﬁ%g%a“m¥8h§bfm aH%Féngﬁﬁﬁ'dﬁgpoﬂ6@1ﬂ§ﬁﬁ%@§?gﬂﬁs amine

subst i t u&ht Wﬁﬁ$Ob@kaésﬁﬁpnﬁ@ﬁdevery ten carbon atons in 20the

hygr ?c?r bylt gw@sqt;;1 twmlglﬁ Iééégt thhersicitbh |mochggé\‘|)nﬂ9rbc]£¥%8ﬁa&p?ﬂ oil free
substituents_ in y rocar ro I s.kn at some o
the material &2 Héfé 2@09’ 31933‘ ﬁfé’ﬁ 37:? t?# Phd-4 “?1 | O égntﬁl%t“’céﬁ*‘t
so that the @enmehehmscompbhsomlnal formulation may be different from
those that af @052@' t 'ﬁhdl%nalqg&%e#:ﬁ '1935%0&[61{%\@’]2115 %ﬁ1 I'R:f %ﬁ%%%jé ofa

95 deter ent) can mgrate iC or anionic s
mol ecul e¥.  TRBUPFYREEES- f Sy iiabde tilﬁé‘?’%ylselitﬁ@l%'&leridwﬁ?ﬂ@‘h?r%?dl‘élé%@Sf%rsﬁ’éd

upon enpl oyi ngeréde phospioRst han pabsghbeuspdo@sahingl AYERNGI@Nedidrs) ESers, and

amides or mixtures thereof. In one embodiment, the composition is substantially
13



above. EXAMPLES [0063] Exanple 1 - Reference. A baseline |ubricant
formulation is prepared of the foll ow ng conponents: 3550.1% 260 N

m neral oi o 0 N mneral oil 15% styrene/isopre
9 9 VAR ARb2631

viscosity Index nodifier, incl. 94%diluent oil 0.2% pour pol nt
depressant, including 54% di luent oil 7.2% succini m de di spersant,
incl. 50%dil . oil, 27 TBN, NNCOratio 1.3-1.6:1 1.5% overbased

cal ci um sul f opgd ef Ql@is@h@l@l@l §nd/{b1n§1|l|blﬂ1h RGncafAe dhdinetacehds; dr 88%omposi-
over based cal ci um al i de detergents, i ncl. -35%dil. oil

50. 15% al kyl é?lb’??ﬁ?ffﬁ&éﬁﬁ ‘8P§?1‘?11¥%X| dant 0.16% sul f Uri zed ol efin
anti oxi dant 10293}hi ndibe édbrphenolaycthes tentaanti roxtadaait 00.20@86sphorus acid.

t hi adi azol e qﬁg{d@ﬁ %%f‘tﬁ@f&?hﬁlﬂf 0. 98% zi nc di al kyl di t hi ophosphat e,
i ncl udi ng_9% di | uent oi 1% Sd | oxg;me anti_ foam agent, including

90% di | uent oi |l 1.01% addi ti onal (%Ilq (BAPETY)-Flo0b41Exanpl es 2-10 To
t he above basehdiraerR] ubdiRante fmiepandahilpmydsocatde drampsas@itiiningds to 30

I ndi cated in Hn%ndﬁ!nh@v‘ﬁt@q BcﬁBJ cﬁjtmg]:lbi@ br)]ll ]%Ellﬁyhgﬁ'}h Rgﬁﬂm?agpltf%l QPS gg

di spersant. I Sper Sant

pre- 15 par éddpy e 9s aheom tQ)ifmab@uQ @- ®1Wawasbsﬂ3plw@mdléiﬁma amd
pol yi sobut eneighgtdiovtatksieast i groanfayide Rdeni M’ graliruha Q@Q)qufr@o fa
part by \A\@l ght of conimal jl al tetraeth Iegﬁtgent Em nes t %f |
di spersant has*@ BN SPIABEH HEB Y ! eHPFAf & COHT AT r%@olﬁ‘.ﬂ%“o
oi |, or aboutand ¥emetyhad-mEnfanbl.eEhbasikingasid mpybeedadted whid a kdsicemetal
bel ow (The "HhghodBN Lg'fgﬁﬁrtﬁé%"t) ThIth&aI 3] ﬂa@rﬁig' t'\/ﬁ’l@lngé;n?%ta@&d]ly is

conventi onal |%8ers is al re(glgly r%? in the baseline
formul ati on. *1OHER} ?@Pé’rneﬁ]&‘é]g%ﬁpf; ty Picggl, 3R¢. WorRPRFT: B M many
purposes, a sesdseginof 16 dbmul aficodsllofdlabsiesphapar uchymaddalsgart ovtlhe
same baspj ' n%n&x@ﬁ IEHB %E’,d‘?lg a(/&Mb%‘toCﬁ’lBE pﬁe& ﬂgh% F%%ﬁtﬂﬁﬁ:‘qm fyllqglatlon

di spersant) al anounts 1 n | cate a conventi ona

succi ni m de cﬁ‘?%‘i&ér salﬁtompiﬂéb%%l@amr PoMicapygRliam i amtiyveys 42ninl? Pt
of a pol yi sobsteerehe( ma&b@smetl BP0} prephat by lﬂhfedaasti&@bﬂlacbﬁﬂiﬂ)cdmpdtmd

and 1 part bXné{V%lc %]{St e %OI@E?ENHJI’ ?elgrrbecpgrloé P eggm &ln\{l? {lgﬁydun Eom-

ref erence dlspersa a concen
cont ai ni ng 50944%ls| epléﬁméb@m compymdanalepliols pekmipgyies theggok dppiced the

bel ow. 20 alcohols include monohydric alcohols, dihydric alcohols, trihydric alcohols or
higher alcohols.
[0055]  Boron compounds suitable for preparing the borate ester include boric
acid (including metaboric acid, HBO,, orthoboric acid, HiBQOs, and tetraboric
acid, H.B4O7), boric oxide, boron trioxide, and alkyl borates. The borate ester
25 may also be prepared from boron halides. The borated ester may contain at least
one hydrocarbyl group often containing 8 to 30 carbon atoms.
[0056] A related class of friction modifiers/ antiwear agents includes borated
epoxides, which are described in detail in U.S. Pat. No. 4,584,115, and are
generally prepared by reacting an epoxide with boric acid or boron trioxide.
30 Boraled epoxides are not aclually epoxides, but are the boron-containing reac-
tion products of epoxides and may be typically borate esters. The epoxides can
be commercial mixtures of Cya.;o or Cis.g epoxides, which can be purchased
from ELF-ATOCHEM or Union Carbide and which can be prepared from the
corresponding olefins by known methods. Purified epoxy compounds such as
35 1,2-epoxyhexadecane can be purchased from Aldrich Chemicals. The borated
compounds may be prepared by blending the boron compound and the epoxide

and heating them at a suitable temperature, typically 80° to 250°C, optionally in
14



[ 0066] The experinmental sanples are tested for their effect on VitonTM
30 fluorocarbon specinens by the MB (Mercedes BenzTM test and the

MU (MU Frigdsgsa0shaf en) test. The MB test involves i mpigishsh; 2an
fluorocarbon el astoner in a beaker containing 350 nL of the sa @?

be evaluated and heating it to 150 C for 168 hours. The change in
tensile strength of the sanple after treatment is measured. The MU

t leSt t is simlage be’écd&%%? o) 1qbﬂ;1fiﬁ]"[i1?cﬂﬁle§19ﬁp 'u‘hh?ti@%és?@ﬂ 9&&[199“143 oceurred.
AP I N A RE RIS R M
di spersant, %oTdNM. calc d (neasured) MB test: %change in T/S MIU
5L, 1000 Ty S RS LT 05y,
5 can be an amide based on the condensation of a fatty amine as described above
with a carboxylic acid, or the condensation of a fatty acid with ammonia or an
amine, An illustrative fatty amide is oleamide.
|0058] Often the antiwear agent is present on an oil free basis from 0 to 10,
in one aspect 0.01 to 5, in another aspect 0.02 to 2 and in yet another aspect 0.05
10 to 1 or 0.1 to 0.5 weight percent of (he composition. A borate ester may be
present, for instance, in an amount of 0.1-0.5%. The antiwecar agent may be used
alone or in combination with other materials.
[0059] Certain of the above-described components, whether a boraled
dispersant, a borated detergent, a borate ester, or a borated epoxide, may conlain
15 boron. If a boron-containing material is present, the lubricant composition may
in certain embodiments contain up to 1000 ppm of boron, for instance, 10 ppm
to 900 ppm boron, or 20 ppm to 800 ppm, or 25 ppm to 600 ppm, or 25 to 200
ppin boron.
[0060]  Thus, there is provided a method for lubricating an internal combus-
20 tion engine, comprising supplying to said engine the lubricant composition as
described above. The engine may be a heavy duty diesel engine and may be
equipped with exhaust gas recirculation. There is also provided a method for
tmproving the seal compatibility of an engine oil composition which comprises
an oil of lubricating viscosity and a succinimide dispersant having a N:CO ratio
25 of less than about 1.5:1 and a total base number of less than about 90, compris-
ing: including within said engine oil composition at least one non-metai-
containing additive, comprising a nitrogen-containing dispersant having a total
base number of at least about 90; wherein said engine oil composition has less
than 1.0% sulfated ash and a {otal base number of at least about 8.5; and
30 wherein at least about 30% of the total base number of the engine oil composi-
tion is provided by said non-metal-containing additives. Likewise, there is
provided a method for increasing the TBN of such a lubricating composition
without the seal performance thereof, by including therein at least one non-
metal-containing additive, comprising a nitrogen-confaining dispersant having a
35 total base number of at least about 90.
[0061]  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
15
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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, that is, aliphatic (e.g., alkyl or alkenyl), ali-
5 cyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two
substituents together form a ring);
substituted hydrocarbon substituents, that is, substituents containing non-
10 hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,
and sulfoxy);
hetero substituents, that is, substituents which, while having a predomi-
15 nantly hydrocarbon character, in the context of this invention, contain other than
carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl, furyl,
thienyl and imidazolyl. In general, no more than two, preferably no more than
one, non-hydrocarbon substituent will be present for every ten carbon atoms in
20 the hydrocarbyl group; typically, there will be no non-hydrocarbon substituents
in the hydrocarbyl group.
[0062] 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. For instance, metal ions (of, e.g., a
25 detergent) can migrate to other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon emploving 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 included within the scope of the present invention; the present invention
30 encompasses the composition prepared by admixing the components described
above.
EXAMPLES
[0063]  Example | - Reference. A baseline lubricant formulation is prepared
of the following components:
35 50.1% 260 N mineral oil
21.5% 130 N mineral oil

15% styrene/isoprene polymer viscosity index modifier, incl. 94% diluent oil
16
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15

30

35

0.2% pour point depressant, including 54% diluent oil

7.2% succinimide dispersant, incl. 50% dil. oil, 27 TBN, N:CO ratio 1.3-1.6:1
1.5% overbased calcium sulfonate detergents, including ~44% diluent oil
1.08% overbased calcium alkylphenol sulfide detergents, incl. ~35% dil. oil
0.15% alkyl aromatic amine antioxidant

0.16% sullurized olefin antioxidant

1.2% hindered phenolic ester antioxidant

0.02% thiadiazole corrosion inthibitor

0.98% zinc dialkyldithiophosphate, including 9% diluent oil

0.01% siloxane antifoam agent, including 90% diluent oil

1.01% additional diluent o1l

[0064]  Examples 2-10 To the above baseline lubricant formulation is added
an amount, as indicated in the following table, of a high TBN nitrogen contain-
ing dispersant. This dispersant is, in particular, a succinimide material pre-
pared by condensation of about 6.5 parts by weight of a polyisobutene-
substituted succinic anhydride (M, about 1000) with 1 part by weight of com-
mercial tetraethylenepentamines (TEPA). This dispersant has a TBN of about
100 in a concentrate containing 14% oil, or about 116 on an oil free basis, as
reported in the table below (The “High TBN dispersant™). This is in addition to
the conventional dispersant which is already present in the baseline formulation.
[0065] Reference Examples 11-13. For comparison purposes, a series of
formulations are also prepared by adding to the same baseline formulation
(which contains the 7.2% succinimide dispersant), the additional amounts
indicated of a conventional succinimide dispersani, prepared [rom about 13.2
parts by weight of a polyisobutene (M, about 2000) —substituted succinic
anhydride and 1 part by weight of a mixture of polyethylene polyamines. The
reference dispersant has a TBN of about 27 in a concentrate containing 50% oil,
or aboul 54 on an oil free basis, as reported below.

[0066] The experimential samples are tested for their effect on Viton™
fluorocarbon specimens by the MB (Mercedes Benz™) test and the MTU (MTU
Friedrichshafen) test. The MB test involves immersing a fluorocarbon elas-
tomer in a beaker containing 350 mL of the sample to be evaluated and heating
it to 150 °C for 168 hours. The change in tensile strength of the sample after
treatment i1s measured. The MTU test is similar but uses a different specific
fluorocarbon elastomer specimen. For each test, results closer to zero indicale

betier seal compatibility.
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MB test, addition of the high TBN dispersant |eads to an
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the conventijdghal di spgBsant is pre§e9ht8 9)n t he base‘53 Yine|formilDation,
a sanpl e (Ex414) coptgi ning 2.6 %q0f 4 He sanp hi 4BN 15 di %errsant
of EX&er' € 4 \chl & p ?BN of —the—fof ||U|2)L| ot g-{& ther-esttts—shol
MIU Vi t onm tlensil.e 31 féngt h_resul t|9 o9.0)47% Thi s-484 i n ¢onpar¥’son
with +1. 4% fqr the pageline Ref. Bxj 11Gp.9gontji ni ng fno _52.8
ni t r ogen- contai ni ng[ gi_ spersant mhctg eVeT,, & [COME clralty non-viabie
formul ati on overal}>TBN 6. 1) The 1Pdsll%d ofl Exarits 14 nay 38:?
conpared wt tS t hose| 48 Exanpl e 6, |ilBlludBoati ng 18-43ViD -44.3
2007/ 117776RGT/ U8200§5062631 that tilggﬁ @5@ encie of _phe hi qh BN, 5
di sper sant does—frotiieat—tofurther—deter+oratton+R-seal—properties
when it is adfed to @%onpositionjild WBité&h a |di spefdshnt iis altéddy
present. Ref’, No added conven-
bascline | tional dispersant 8.1 (—-) -47.1 -45.2
Ref. 11 | 0.6 8.4 (-—) -48.1 -52.0
Ref. 12 | 1.1 8.7 (—) -49.4 -53.6
Ref. 13 | 1.6 8.9 (-} -48.5 -54.3
Y __ same formulation as for Ex. 1 bascline, re-run for direct comparison with
Reference Examples 11-13.
— not determined
[0067]  The results show that in the MB test, addition of the high TBN
5 dispersant leads to an unexpected improvement in the test results, that is, a
lessening of reduction in the tensiie strength of the elastomer sample. In con-
trast, when a conventional dispersant is added, there is little change or a slight
worsening of elastomer performance. In the MTU test, the high TBN dispersant
again leads to improved properties, although of a somewhat smaller magnitude.
10 And in the MTU test, the presence of the added conventional dispersant feads to
a significant deterioration of seal properties.
[0068]  Example 14 and Reference Example 15 (baseline formulation). In a
similar test in which none of the conventional dispersant is present in the base-
line formulation, a sample (Ex. 14) containing 2.6 % of the same high TBN
15 dispersant of Example 2 (overall TBN of the formulation = 9.1), the results

show MTU Viton™ tensile strength results of -47%. This is in comparison with

+1.4% for the baseline Ref. Ex. 15, containing no nitrogen-containing dispersant

whatsoever, a commercially non-viable formulation (overall TBN 6.1). The

results of Example [4 may be compared with those of Example 6, illustrating
18



[ 0069] Exanpl es 16 and 17 and Reference Exanple 18. In another simlar
5 test, the seal performance of fluids containing the high TEN

di spersant w@@9qyeHd i onal dispersant, and a m xture ofpbqR%gmwmaan
di spersants was eval uated, at equal ampunts of dispersant (6.15 %
active chem cal basis), but differing TEN levels. Data is presented
in the followng Table: Ex. 16 Ex. 17 Ref Ex. 18 Hi gh TEN

di spersant, %ifatkRe %réélccq}f’cﬁ@'ﬂ {dropah cﬁéﬁl?sex'hﬁ@&;s’ nof0lcadt @Ofu@théﬁdefgl\bla—

cal cul ated (neasured

change in T/sfioefﬂdeglseowﬂ i PR 10 SiceRZAgHON o T sshersant i

already present.

[0069] Examples 16 and 17 and Reference Example 18. In another similar
5 test, the seal performance of fluids containing the high TBN dispersant, a

conventional dispersant, and a mixture of these dispersants was evaluated, at

equal amounts of dispersant (6.15 %, active chemical basis), but differing TBN

levels. Datais presented in the following Table:

BEx. 16 Ex. 17 Ref. Bx. 18
High TBN dispersant, % 6.15 2.55
Conventional dispersant, % 3.60 6.15
TBN, calculaled (measured) | 13.3 (13.3) 11.1 (11.3) 9.4 (9.7)
MB test, % change in T/S -51.0 -53.5 -59.7
MTU test, % change in T/S -48.1 -47.9 -54.6

10
[0070}  The results from examples 14-18 suggest that the beneficial effects of

the high TBN dispersant are more apparent in fluids whose seal performance is
already degraded by the presence of a conventional dispersant. Once a nitrogen-
containing dispersant is already present in a formulation, the high TBN dispers-
15 ant can be added, contributing additional TBN without further harming seals.
[0071] Examples 19 and 20. To the same baseline formulation as that of
Example 1 there is added 1.72 percent by weight of the dispersant of Examples
2-10 (2 percent including diluent oil} — Example 19; or 1.72 percent by weight
ol a similar dispersant (2 percent by weight including diluent o1l) — Example 20,
20 The dispersant of example 20 has a TBN (oil containing) of 103, or 120 on an
otl-free basis, and is prepared using a heavier cut of polyamine, also referred to
as ethylene amine still bottoms. The percent change in tensile strength by the
MB test is -47.7 for Example 19 and -53.1 for Example 20. Both examples
exhibit improved results compared with an untreated baseline; the material
25 prepared with letraethylenepentamine as the amine component of the dispersant
appears to exhibil superior performance Lo that prepared with the polyamine still
bottoms. This result is unexpected since it conventional belief that dispersants
prepared from TEPA as the amine source are more aggressive to fluoroelas-

tomer seals than are dispersants prepared from ethylene amine still bottoms.

19
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[0074]  The result show that, in all instances, the high TBN dispersant may be

added without significantly harming the seal performance of this severe baseline
25 fluid. Moreover, at cqual treat levels, (1.60-1.67%), the lower molecular weight

material provides better seal performance, while contributing a higher level of

TBN to the formulation.

[0075] 1t should be understood that the performance reported herein focuses

on fluoroelastomer seals, which are recognized as being susceptible to degrada-
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Exanpl e Added di spersant, % TBN of fluid: calc'd (nmeasured) MB test:
% change in TS 21 (ref) none (baseline) 8.3 (8.4) -60.2 22 Hi gher M,

hi gh TBN, 63%02711%7476( 12.1) -67.2 93 H gher M, high TBI\%C%U% 7%%26%%

(10.1) -65. ower M,, high TBN, 1.60 12.4 (11.3)
M" high TBN, 0.8 10.4 (9. 8)

tion in the presence of conventional nitrogen-containing dispersants. Perform-
ance of scals of other chemical compositions will, naturally, be expected to
depend on other variables and may be differently affected.
[0076]  Each of the documents referred to above is incorporated herein by
5 reference. Except in the Examples, or where otherwise explicitly indicated, all
numerical quantitics in this description specifying amounts of materials, reac-
tion 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
10 commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials whicl arc normally understood to be present in
the commercial grade. However, the amount of cach chemical component is
presented exclusive ol any solvent or diluent oil, which may be customarily
present in the comumercial material, unless otherwise indicated. It is to be
15 understood that the upper and lower amount, range, and ratio limits set forth
herein may be independently combined. Similarly, the ranges and amounts for
each elementt 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

20 and novel characteristics of the composition under consideration.
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succi ni m d8°H %‘r sant (b) is a polyal kene with a nunber average

nol ecul ar wei ght of 300 to 1500 and wherein the poly(al kyl eneam ne
conpri ses one & nidrcelubErst tIRBSHLANPhARY MWavehglaans d ® St Wiewsie the
uni ts and sgcdifinfBddfpRYRN ) has an NS@DGaGOBHPASH:1 kN havi ng | ess than 1
0% sul fated ash and a total base nunber of at |east 8.5; wherein

at | east 30% ofg t t r.of C .fi0R, 1,8 I
by non-netal - c‘osr']t 21?}% %ﬁgﬁgﬁ%&\é@m‘ﬁ_op a’?? m%ﬁe%@%%alntﬂ) éovn@%%ﬁ ?@eﬁ
of cl ai m Busgveipddedispsrapng npes beragnd disnernhs up to 0. 12 percent by
wei ght phosphorus and up to 0.5 percent by weight sulfur. 3. The
| ubri cant conpdsi tThenlubficaltatampbsition2ofvbirai H vieeeihyttie deaatby | dispersant
substitue . th Chddin di spersant (b) conprises a pol ybutene
and the d{&éxggﬁgésn@z?gs% f"(’:%’n a(lglﬁs on average less than 1 3 succinic
groups per hydrocar byl substituent. . 4. The lubricant conposition
of any one of cFa tupriggnt somRRFIon of slaimys st i WIROSHORrfOmBIses
has an N: QOppat 1009€F ppm Bodort 0 2. 1: 1.

8. The lubricant composition of any one of claims 1 to 7 wherein the
succinimide dispersant (b) is present in an amount of 0.1% to 11% by weight.
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5. The lubricant conposition of any one of clains 1 to 4 wherein the

succi nim de dispersant (b) is a borated di spersant. 6. The
| ubricant conposition of claim5 wherein the borated di spersant
conprises 0.25 to 3% boron. 7. The | ubricant conposition of

claim5 wher ei 8. tThe haeiganisidnmsiteamiuhg ese dhclpipm I © DGBeppnthbaittopen

8. The luhri t | b 0 f _clal q_ 7 rein the
Sucei ni m o2 Rl GURRAR, b N @B IarPRR <ELBIT, sholifs " IS Tl )
wei ght .  number tg thefgpanpasihoincant conposi tion of any one of clains 1 to
8 wherein the nitrogen containing dispersant (b) is present in an
amount sui t abl ¢0t OTIEHE)QJB_FIﬂ:&ntll.cdrﬂp(’fsiti(ﬁi af abﬁ&ﬁhe_lthﬂlﬂeﬁmst ¢ fohe th?reinlth_e
conpositiQn.. . e nicant Go itjon,of any one of clains
TT6°5 wnisiorrtchmoPet B B RASLIRRRBRL & Bar e “base munber o
8.5 to 13. 11. The lubricant conpgsition of any one of clains 1
to 10 further &bnprlhgiRgricant compositipns gE cnyi Mgofdflamey dafr Wadilyra
N CO rati gor@apridiegs than 1.5:1 and a total base nunber of |ess than
90. 12. The lubricant conposition of claim 1l wherein the

succi ni m de di r e I : it uent..0 r
aver age npl ecu}?og}l(r%l S\ﬁe@%‘ﬁﬁlﬁ%f‘ Eg‘?‘é%}tg‘?‘%%ﬁgég‘?%@‘? g)lfg%%g;aﬂ i1 z{njﬁ%%%:}ie
| ubri cant bessmyedet poessdhae 198 m 11 or 12 wherein the succini mi de

di spersant (c) contains on average 1.4 to 2.0 succinic groups per
hydr ocar byl sub2t Theibticant compodition dhieaimubt mdardin Germpodnimide dispersany

one of cl al er gl e L ni i : n
N o rati O gr ) bt Bk Al Bfe thaBRIA ki be MR
any one ofhag| ki0Rgo 30000 14 wherein the succinim de dispersant (c) is
present in an anmount of 0.3%to 6.0% by wei ght. 16. The
| ubri cant conpo3i tThenlubfican\compesitibn cfalaim 11 @r 12 Wherkeihethecapgininsidag
at | east i i difi i spersa I i Ifi.er
friction g@ﬁ?ﬁ@f{g’s gé%gliﬁgeéf{ ’a Q%r%%‘?oi?'dg’nt Qtoa%ci%ﬁl&gggué’goe%{ ,ﬁ)@(gorcra{)bsb?lon
i nhi bi t or SubgHtient ust agent, seal -swell agent, anti-foam agent. pour
poi nt depressant, extrene pressure agent, fluidity nodifier, or
copper passi valdr .The lubricah? .corfipesitioi foif aantoneasfpelsintsi DN t©fl 3 anlyereinethef
clainms 1 ; el X n il | yhricating viscosity
is 60 to c‘é@?@éﬁﬁlﬁ%aﬁﬁbﬁ{pﬁ%dﬁr# %f'orlhie'lﬁ%blr'!if‘?an_t conposition of
Ubr i cat 1 ng vi bhodiiyPECagh CompEB BB AEaRY By Gerlghs, 1 to 14 aprein the
conposi t i arcipitiiedegeyntads)prédgnt il anaapaneh0svofo 810y bneeipht.cl ai ms
1 to 18. 20. A nmethod for lubricating an internal conbustion
engi ne, conpri 4 gL SHBARELM: RBmbOsiB& Qfﬁi:?%'dé%ftcl’é%nwl% il§°’ﬁ5}’d1 Lihjon
of any one ?f claims 1 to 19.,b - . 1. The met hQJ(S:I of ¢ ?gigﬁ%ag%hhé
wher ei n t Helgapl 8% afiscosiin Jaedibe efspaiwnt yiscogibavoditiery fickier medifrne.
22. Thedn@gth@éntp%ntﬁixadam,%iatimb@&_ %gfht,t c!s‘tﬁrdsﬁﬁlvi)ihi&itbtzg gﬁﬁ%&ﬁ'agﬁﬁtgb?ﬁs@v@ll
equi pped with exhaust gas recircul ation. : met ho r. ..
ot ovt notichb EXGTAE ABRRY R (PTNT S eisAg R se RESRROE S0k (N
conpr i sesmadifet,lor obpgenlprsscatarng vi scosity and a succi ni m de
di spersant having a N.COratio of less than 1.5:1 and a total base
nurber of | essi1 harhe9RibrieMiMohfioligion dMalyushdef WaARL N &ANE wRIinahe! |
i 1yUg . |

conposition at l.east. o non- net al -cant ai ni additive, .conprising a
1Y ogen. SO OB P ILTIBRIGHAE TaviiNg® S5t ok PEEE by R of &t | sast

90; wherein said engine oil conposition has |ess than 1.0%
sul fated ash ahdl abeolubricasdsempopiion offanyt oncegEclagnsg;l to 17 wherein the

amount of the oil of lubricating viscosity is 30 to 80 percent by weight.

19. A composition prepared by admixing the components of any one of claims
1 to 18.

20. A method for lubricating an internal combustion engine, comprising
supplying to said engine the lubricant composition of any one of claims 1 to 19.
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and wherein at | east 30% of the total base nunber of the engine oi
conposition is provided by said non-netal -containing additives.

21. The method of claim 20 wherein the internal combustion engine is a

heavy duty diesel engine.

22. The method of claim 21 wherein the heavy duty diesel engine is equipped

with exhaust gas recirculation.

23. A method for improving the seal compatibility of an engine oil
composition which comprises an oil of lubricating viscosity and a succinimide
dispersant having a N:CO ratio of less than 1.5:1 and a total base number of less than

90, comprising:

including within said engine oil composition at least one non-metal-containing
additive, comprising a nitrogen-containing dispersant having a total base number of at
least 90;

wherein said engine oil composition has less than 1.0% sulfated ash and a total

base number of at least 8.5;

and wherein at least 30% of the total base number of the engine oil

composition is provided by said non-metal-containing additives.
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