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conpositions in the formof lubricating oil
conposi tions, greases, fuels_gr. functional fluids
subj ect to oxidative de_?r adation, containing, in the
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(also referred to as lubricant conpositions,
| ubg. L%t%ﬁ'ﬂ%ﬁrﬂdﬁ“ cating oil conpositions),
soe vari ety of machinery, are
susceptThbbesém ivxehdat iekeesde temporidtrison tiguoim gf Bbocage,oil
transportati on and ,usage, .parti.cul arly when such :
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oxi dati 6h. This oxidation, if not controlled,
contributes to the formation of corrosive acidic
pr d I k,ﬁ; esins and ot her
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ters I's thereforé a common practlceto
i peﬂtmd}erlgl epos Stli@ldn?bm@htsatrmemmddﬁ ihdgriemaehdivrés\aad iton catalytic

L;%ﬁ% gglg "great] g)gfogﬁ%te f}ﬁ:é %‘4?2‘8? Oﬂ{‘a’f ?)f.adaetmn if not controlled,

Lubfitibars & tﬁ@ﬂirﬁhlaﬂdﬁﬂ@f AbRlokiY ScidRGAOEREsY sitd gL yilrﬁmlﬂ#ﬁesms and
as anti oxidants are known in the art. The us

e

r nﬁmé AR B P desss, prd wpY éﬁaféﬁ@wss phispmery lpbh%cal and

G R R B R e o R R B L e
r dhrbreiion biShaAmbyl 2@Ro6tk 4n deticalichgise parbs sudhut g plstons piston

ra ph nyl e nes as effective antioxid

o 4pes BYF apd ikal TS ERSHRIEATE 21 cOBP RO o5 1 Pelops drposit
t Rh GRS RhM GntRRehan! MRS o & nBtER Bik&kenD ﬁﬂb@éﬂ gesbme extent,
exposure to oxygen at el evated tenperature.

Usxidag@08y 606 2260 tes es¢ibdifepar a- phenyl enedi ani ne
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am ne_and_butyl acrylate as an internedjate to ke ...
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US-A-5,232,614 describes substituted para-phenylencdiamines as effective

antioxidants capable of protecting crankcase lubricating oils from thickening and
studge formation after prolonged exposure to oxygen at elevated temperature,
UUS-A-2006/0052260 describes para-phenylenediamine hydrazide compounds
as antioxidants, particularly in lubricating oil compositions, including, in Example 1,
the production of a Michael adduct of a phenylenediamine and butyl acrylate as an
intermediate to make such a hydrazide.
US-A-2007/0006855 describes addition of a phenylenediamine compound to

ameliorate soot-induced kinematic viscosity increase of lubricating oil compositions



anel i orate soot-induced kinematic viscosity increase
of lubricating oil conpositionsPF2007L008 2 - for
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equi pped with ECGR systens. Also, it lists the

f olrtoomiossg further references .rpel ating to

phenyl enedi am nes: US-A- 5,207,939, US-A-5, 213, 699;
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¥ ?/Oé?ﬁjogg '}ga?s@z[% rs#’g%%g S’E‘%%S%%ﬁ& YEYSY provi di (ra]g
phenyl angdbiem in €5 S |aivt3ﬂtof;fr@ﬁti%§é?$%neﬁdﬂ%% $hak Rkt @above

not have hi gher nitrogen contents in a first
adisadantagpeanidralsere ipenid Rhendenediaraisapibat mitigatei oxidapee
f i on, grease, fuel,
o% &It ?cl)llﬁgil% eﬁﬁffuél@ J{Cdé}g?&{ggﬂ%)?i%dat i ve degradati on,
cont a| n| ng, in the form of a M chael adduct, a

A Spf t he gener al forrrula(l)

) where R1, R2 and R3 are

in d ep e‘?ﬂ@ ﬁﬁvﬁﬂtlmﬁ{é?ig%sacﬁ@ﬁ%ve pi‘cﬁﬁ@fﬁ b9 'brch)itﬁﬂ% yBhK¥ihmines
or al koxyal kyl groups, cycloal kyl rings, aryl groups

odersed dtomuMichae] §ddpets dht danot lsva highesitrggamgonteRts. and
R5 ar e, ndepe nt | dro en. at ons
al koxyahks s o?lggr ;)leé/tg{]o lEnvse %prow g%a gﬁ)rﬁwskt}/on in the form of a

alubeixytalgall confposidibk ydredsk, ofabik yi fugcuial leptsiipealtd yxidative
conne ted to the carbon atom of the carbonyl group.in

B gatenag i1 hedorm ol Michas! addueixg gesiyiggdpmine additive
SBffﬁQ%Eﬁ‘ie;?al(fbﬁﬂulé 8.y epr esented by the fornmula - CHR7CHR

R'R*N-Ar-NR*CHR*CHR’COR® (D)
where R', R” and R? are independently hydrogen atoms, linear or branched alkyl or
alkoxyalkyl groups, cycloalkyl rings, aryl groups or structure (11) below;
Ar is an aryl group;
R’ and R’ are independently hydrogen atoms, or alkyl, alkoxyalkyl or aryl groups;
R® is an alkyl, alkoxyalkyl, or alkylthioalkyl group, optionally connected to the
carbon atom of the carbonyl group in the above general formula (I) via an oxygen
atom,
structure (1) is represented by the formula

-CHR'CHR®*COR’® (1D}
where R” and R” are independently hydrogen atoms, or alkyl, alkoxyalkyl or aryl

groups; and



where R' and R8 are independently hydrogen atons, or
al kyl , al koxyal kyl or aryl groups; andPF2007L008 3 - R
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is optionally connected to the carbon atom of the
cardbonyl group in structure (BL) via an oxygen atom
the al kyl groups referred to above having from1l to 36

c & hom Akanakoaatkyt biealipyithinalkyé medipand feoh@inally d:cmﬂecttai to the
forn1of a free base or an oil-solubl.e salt th _of In
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r ﬁﬁ)lxjﬁgtmg' iéo‘ﬁﬁaos B 'aS@btx'ﬂlﬂg tP 'aEBe%{ Sathe GRS | on

# e,
engl ne, GDOSIt ornmati on~an metal corrosion. In
thi s specitfiideapdconhe inhentioplprowdesghewseds aaed-soluble or oil-

Rt B ot R OE: SR bR o rcuee
agink i chRdesfiadlinteAal cdnSbuBbn eidinedtpdatlt feplavien tmd/amletai
all weight or mass percentages expressed herein are

bageeb@n a.i. context of the additive, and for upon
the t oEnaJhl Vﬁg%&ﬁéatgg tﬁ@¥olﬁ%hémﬂﬁh%§& léglgr@ssmng QRFRLdShA the
nate word s en

or any cog ecifie e presence of state
f egtingsascsbedslovar i ntegers or conponents, but does

not precl ude t resence,or. additjon of o

other " Tt ineseiie e it eends ebffRente T iy dayent or
ther eogolvéﬁ'ﬂ ean@’éﬂ rv@e?@‘lt %Pﬁlas n%ig@s Sfpr&ked KPAH |aﬁ?ﬁised on ai.
essentlal y 0 or cognates may b enbraced W t hi

" conpr ¢ewett obtheadditiae.cod fowoaitke toldrsisht of @e@éﬁﬂvapﬁgkage

f I,
gf f gg i ‘ﬁ%ﬁi{rﬁ&% ﬁfs !3!%“%0%;1?%;&?’2% @&%ﬁfaﬁ %t r%ggeir #f?slct)alrt]gd features,

whi ch tbpsappintegsis of bydpatatsbyht doBEﬁtft?prel:hﬂi&em praenge otip

of ac ggound t hat cont iqﬁ hydr ogen. and car bon at ons
and i s 1 f TS WhE (RGP BB RpOERents Of Broups

di rect v Mk arie &%‘I‘é&@@n@‘tc‘%%mt{%?’ &r‘@bﬁﬁlé@%s&%ﬁﬂf‘bﬂ’ ARNRBgnates
or nore atons other than carbon and hydrogen ("hetero

at ons" jnap bwmbeadect Wetbmd ‘gomptiscaf Peetgnites vdwsomt ¢oapisip

hydr ocgsrsg ’naliy o%ulge%m its chusm% or'$estances not materially affecting the

characteristics of the composition to which it applies;

“hydrocarbyl” means a chemical group of a compound that contains hydrogen
and carbon atoms and is bonded to the remainder of the compound directly via
a carbon atom. The group may contain one or more atoms other than carbon
and hydrogen (“hetero atoms”™) provided they do not affect the essentially
hydrocarbyl mature of the group:

“major amount” means in excess of 50 mass % of a composition;

“minor amount” means less than 50 mass % of a composition.

Also, it will be understood that various components used, essential as well as

optimal and customary, may react under conditions of formulation, storage or use and



"maj or anmount” nmeans in excess of 50 mass % of a
conposition; "mnor anount” neans |ess than 50 mass %
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various conponents used, essential as well as optinal
apdo@ues omary, may react undeg.conditions of
formul ati on, storage or use andPF2007L008 . 4 - that

t gt he V@bl ONa13 §RvRIeOte pasiuthetinadest olndinad sadbiceulosf any
obtained as a result of any such reaction. Further, it

i suchgeagomnder st ood that any upper and | ower quantlty,

range r B RS d
[ ndepeﬁg'gl % i S% n% ds.té Dé%%%ﬁl%%pﬁggg:%ﬂ é\l Oiéy"ll‘l%lnl':ge o
I N\/{Emﬁii@\deﬁfmahﬂxemtmmegb@fndb;bmldbmﬂbeqwm‘@nﬁdr el ati ng,

where appropriate, to each and all aspects of the
invention, wll now be described in nore detail as

@%vmﬁb@wmmm@mmm deposi t - cont r ol
ng COMposI L1 onNs e found not, on]y

f or pafke @abxsqsmf@ephmno@ m@ﬁwﬂ?@@ FpproPRIate, ©raerpandy

nmet a- stitut.

prenys Shaar i HEE TR EREN R AERo RNl ds folows:

aromatic ring Ar may al so be highly-active deposit

control agents. n the phenyl enedi am nes of the

i RAENYLRNERHAMINEYy R6 and R9 i ndependent |y contain
f rom GS&% {?cérh%ﬁm@cc%i%ﬂﬁ lul'):ﬂttrab,ﬁ§ bil c¥hBssiddg ntly HRlfound not

5, " R7 and is an al kyl or al koxyal kyl
g Dnimfor pam-eubsnnew meetri@nabmme@bntépwqhor @n@wet%wtlmted

P bttt an A PRI R AR AR AR; s bRl SRRl oyt pgn?
a%ﬂ%ﬁc gﬁg@rhﬂg{@m Egglﬁmac@dfe d%i;ﬁm&(lmtrphmws group, R2
IS a ogen atom an IS a en
pr ef er 9%11%’1@@‘113’?@*% Q?YWHW?&FR‘}»IPT@{P’%EBL%&?%@{ Andrgerdenty
%am ﬁgo%%‘ £ b é'tgmﬁ CRLBRR ALy ‘bhﬁﬁ RE?RE) artdRE H'Qind R®

group e gener al fornu a () via an

oz@y@@rﬁqabﬂ mkoﬁ)mﬂ(leSrqug, i@ ohthdy popderalady contaial kip|22gmore preferably
alkox up or has structure (Il), where Ris an
alt I%?/I C&T Bfglﬂskyl or al kyl t hi oal kyl group contai ni ng

6 to Zéreférby&y RSis8 sh@stétﬁed ﬁl@hgpﬁoaiﬁ @itbataeudt dise dfdﬁdﬁﬂ and R’
to the carbon atom of the carbonyl %rou

f oy anfeptdgogen tonsaor &n 1ok plipan] gresPnR Wha Y%rya%%wwpg g 6%?38heﬁyl
are present, there may be one, two three or four such
g%’&gs in the Mchael adduct nolecule. Such cycl oal kyl
gr oups Mupreperasly, RdntmblhyBhioalkyl group containing 6 to 24, such as 8 to

12, carbon atoms that is bonded to the carbony! group in the general formula (1) via an
oxygen atom; and R is a hydrogen atom, alkyl or alkoxyalkyl group or has structure
(11), where R? is an alkyl, alkoxyalkyl or alkylthioalkyl group containing 6 to 24, such
as 8 to 12, carbon atoms and is bonded to the carbon atom of the carbonyl group of
general formula (1) via an oxygen atom.

When cycloalkyl groups are present, there may be one, two, three or four such
groups in the Michael adduct molecule. Such cycloalkyl groups preferably contain 3,
6, 7 or 8 carbon atoms.

The phenylenediamines of the invention are made by the Michael addition

reaction. Subject to their particular structure, they may be made directly by the



6. 7 or 8 carbon atonms. The phenyl enedi am nes of the
invention are nmade by the M chael addition reaction.
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made directly by thePF2007L008 . 5 - M chael addition
raagkiged, or they may be madesfroma M chael adduct

i nternmedi ate such as by transesterifying a M chael
aQGUGE! adbfRfon SEREBA, O they ey bd BhdehdndiMRNic! atiiRy im@hediate
be made by reacting, in a Mchael addition, a

phehys by sansgsientingonMethadl afded. an acryl ate deri ved

from al kanpol. ¢ [

R SR S S

I RRgRcfddBiohoa 2090 Enedinmmesempochdewhiodi reptaje dangyd fram an

oA ERMPIRTIE B G bbUBOLHER B PAGFPar e der bl
fe%ﬂeﬁ%r@ﬁ%ﬁ@%ng@%%%mm@.from 1 to 4 carbon atons in
the presence of a catal yst at a tengerature in the

e

range Infa @cornl @ggdanery, eyvmanhe mede Prrédrueans. dhey Mirhapl

transesterifying the inter L.at | .

cHRiSnR Ao it SIELTE AR syl 8,80 300 alkanol
Ofordinidg @nOT e taborcabak ysthe prdeinde odn canbanita teopuemnte in
at a tenperature in the range of 0 to 2000C.§n t{;e
Mhehange cafde LIGH PR AdRETBIdi{ Rl d NV ETERETHY HETS,

t Ex?erﬁ%&i@lem% BN A R c&%&qﬁ??‘mﬁ&? 6 8E 84 bfbACMBmOn the presence of
phosphoric acid or an anberlyst catalyst. In step (ii)

ofin i@ osmemhchtayd and ieant orgboy solvarh et clempespsire iraiiefaige of 0 to
exargEI e be a clay catalyst or a titaniumcatalyst or
at®&Euni num cat al yst. Preferably, the phenyl enedi am ne

has, of, fHavBciRl AMTRgeactidnibi the gesvecaitoditientd, tifercatalybt may
to 14, preferably from5 to 11, nore pr fera#l rom ..
5fcs exannle bg acaviisidogr PhosBRPTATHNG & LML Y%N%i step (ii) of
Lybrl cabi-ng ol ht LA b ekdngfiB6e RLRGIChERsOS
tﬁ% Sﬁ?oé'gé:ﬁ?m?irxé/egﬁ |og’st(k:1%%%% Sétgﬁ itr(#ajsor I;am)(ant gf oﬁvlS e
ofitahitlt ¢AYdt bgay ismbsint yatalyet. a nmi nor anount of at

| east one of the phenyl enedi am ne, conpounds. | . f

| ubr i cBEFSERPIY tg%gtgqnyl}nggmme?ﬁaﬁ o Hgveﬁhﬁvg%e’oﬁikrﬁ%& content

lpf)ﬁﬁgrﬂtt’r th @M%Efe%l@bfm@o%@! e6tiadeferHM Aah W Bdo 10.5, mass %.
u

ricating oils, 'synthetic lubricating oils and
m xtures thereof. The lubricating oil may range in

Vi ' [ hSid e mneral oils to heavy
I E‘E@W@‘gﬁlg‘ %ﬁ%&%ﬁg‘?ﬁi ne engi ne oils, mneral
| ubri cpibm@tifg bi canpositeme yisetul iyt thk peeticeaif Iis: present invention

General ly, the viscosit f. the oil ranges from2 to
490mgr§%§@)ép§'pq gmount o? oil 0%/ lugncatlrr]ag v(l)scc)sz{y and a minor amount of at least

one of the phenylenediamine compounds.

Oils of lubricating viscosity useful in the context of the present invention may
be selected from natural lubricating oils, synthetic tubricating oils and mixtures
thereof. The Iubricating oil may range in viscosity from light distillate mineral oils to
heavy lubricating oils such as gasoline engine oils, mineral lubricating oils and heavy
duty diesel oils. Generally, the viscosity of the oil ranges from 2 to 40, especially
from 4 to 20, centistokes, as measured at 100°C.

Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil};

liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of



from4 to 20, centistokes, as neasured at 1000C.
Natural oils include animal oils and vegetable oils
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and hydrorefned, solvent-treated or acid-treated
mppPeFades 0l | s of PF2007L008 . 64- the paraffmc,
napht heni ¢ and m xed paraffinic-naphthenic types. GOls

Of e |t G 8t apBh¥is 8RS nineddRfd S nhplamtoapear Oihal lebricating
also serve as useful base oils. Synthetlc | ubricating

ovisepsitndpinrd frya eerd aF Brwe 989 sereiag usaiubbase gt t ut ed
hydr oc%{rﬁﬁ)&zc%é Cfaﬁ*f%{?ﬂsaﬁcl?% Mﬁﬁ%ag?&bcﬁﬁdmd halo-substituted

I nt erp neri ze uty enes,
pﬂjfckwa@tmd @Rasch wpmyhme{ |as<ﬂabm¢rpd>lmmnmﬁpﬁbi§mdﬁ$,,

ORI GBSy PRSI PoaUeBRBLyEEF Ry BB hlprinared
(ﬁoi but lgfi’gseﬁéﬁ% ? po!ﬁifoaﬁﬁ@s?) benm@e@ws)) alkylbenzenes

benzenes di (2- et’hyl hex zenes

! ym@nwibeweaeg,tetrmesw&wweges ti@ppﬂéwle%es %u(%yl at ed

LK I
CryParaRebtopndnin L REEE. BRAOSRY o RhEL B ed
apslypenplspasd bikeT.ealf diplRinsethiae fud aihyleteéyimhleeyllscl fxnllei; snd
derived froma gas to Iqu|d procesggfro

Fﬁwave,wepgw Tregsithererthyroessiu grrsyniitie Al sgegi ved from
gmﬂﬁé&{ rgéé@ﬂm&e z%?leig?ﬁ)pg&l dyhdkided Bdrod@ons, Waseare

ene oxli pol ynmers and interpol ymers and
de&nmah@ve@nﬁ&&nsqﬁsthyedKMéGﬁéfﬁﬁﬁ@DﬁﬁydroxyI gr oups

nggt Ib & éerrrlg??lé{c{ﬁéalol e&ié& 1];1 %0 at Ier(s? ra]mé) %er?}ag%s tﬁér‘é@i{\kfﬁ)&e the

| bhiraahi ek @igtdips hhRSReARRD AN dsfehﬁdatimyl or etherification

pol yoxyal kyl'ene pol ynmers prepared b rization
e@wu@%ar@f(he@ élagﬁofﬁ@@rygusgﬁgetgxiug%cangﬁ érﬂ%[yrgx)%;e R axq?g}ﬁ‘{ed by

et (il;‘ls{(r);?yaﬁia/li g?x%/ #{%h&ﬁ‘@& Fg gb]%&%ﬁﬁ atlof- o ethylene oxide or propylene

er having a
Wﬁkﬁé uina raikwb axgl’ﬁrybéthel‘ﬁ)ﬁﬂp(ﬂyommybmy pobtrh:es((e(gf, pasihy}-polyiso-

ethylene I avin ecu of, 1

18’(5’@)’ g e Ssr DavinE A sty R Sy ol TR} afingdflathet 8t poly-
?@E& ha@ﬁq%ta' hold&ile RS LIRS 1000 %e1G00); afi mbab-tand

aC| rs and oxo acid diester of tetraethyle

gpylamrbowmteﬁews ﬂsquafﬂr EXBNRISSACHAC a5 Etiatsirpixed C-c’s Hatty acid
agﬁr'cqianK%Gﬁﬁﬁﬁ? %&%%mﬁg&ﬁgg 126y, di carboxylic

I'C acl GCEPRI ¢ acid, al kyl
succi njagowet gi;staae dlagd desyyheSubbrinatmgach dempnaaleszﬁxs of
acid, azelaic acid, suberic aci.d, g % %IC aci

g dky

f divaibpgylEcacis (g8 phibalicidd: sPFHSF af FUEITg ,aclds and alkenyl
s cgggz&a&fé fhal A &4, @él%@'a&daﬁibgﬁe a@ll ks%Bé/shc 4vRd, Birhsric acid,

wth a vari ety of al cohols g ., butyl al cohol
hedipic aalds bhalkic adddibmyt, maladhesiid, aksdmplppisagids, dicaghgplonic

S%%éli)ﬁ’glﬁbgb"ff?g"o‘i’f a?ca%sgﬁ!%en%u Jl Xl%&llxoel;@e% ag{abc ol éigdee Iyl alcohol,

| nekigiasytilBiHoy, lettatdnRad ol @ue(ﬁzyietergtymmhwher propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexvl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.



sebacate, di-n-hexyl fumarate, dioctyl sebacate,
di i sooctyl azel ate, diisodecyl azelate, dioctyl
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2-ethyl hexyl diester of linoleic acid dinmer, and the
corplrenss ester formed by reactyng one nole of sebacic
acid with two noles of tetraethylene glycol and two

nol es piteruedtiyishenaens 6ilsatiodnBERONGLOGRIe frém CsEs Cer s
useful as synthetic oils al S&@I ncl ude t hose macle frg
I

CBIOﬂ@CadEZYH%ﬁ‘%}é%? ROl anslofeo! SHERS SBER A HSORTY
pe dt %{ 31#5%}1' f dlp@ﬁtg the b1, @byagd hkfdlﬁﬁ&h’)ﬂeﬁd&%ﬁ@ﬁ&e

taerythri |
tri pensmemy-bimed db sucBiak lpokyaikbhsmdymll ,@Oémvxasﬂr

pol 0 .
oy et ate B iedi aflng et gaprefayheri
an@tibgats; ysef sils 1ﬁ&1@§§te@£et§3}l Rilieele] etrhivbiroea rsﬂs;atesaetrhr(z-

oi l's include tetraethyl silicate, tetralso

Sf:tlhy}djxg@é)sﬂtcgteg wtrp44- néth12h§§{Xm§>§fli)|sqhggpetetra-? erty butyl-phenyl)

gicege Eh%x%rgég F%%J?Q%&%%%?P?ﬂﬂé{&hé ;p% eﬁmethyl)sﬂoxane% and

h@&@ﬁﬁéhyfpiﬁémwlﬁ%mhﬁy(}ﬁmx yynxiditisithtoicateg oils include liquid esters of
pol y( et hyl S|onane and. pol hen I oxa
OPPRSPhaE SPIZAGHE 1%y ngﬂ és%yﬁgl?wi}%’l b Pﬁ 1‘%‘ 3EoTEhy
0@3’58*19%@&5@{3&!}% I Ry aRg p@@h@%e&&rﬂgﬁroﬁﬁh&r esyl

phosphat €, trloctyl phosphate, diet ester_of

decyl plibs pib oﬁhubn@aﬂn@)wsamtypmwm@eﬁéﬁp%&&r@‘ﬁmlfla?fsfimup
Ei%gbbocf( %srelog,%tlenﬁg leﬂh%%?cﬁ*éxrnx t éd GNIRLIRE ﬁe@ié%"lﬁp the oil

base™s or base oil
bbﬁmeﬁc@ﬂ‘n tv‘i'tﬁozatfyﬁﬁ & KRty nmemrmsm Istsostkisk, oPr efistuabihyreof, or a

the oil 0 Iubrlcatln vi scosit %ﬁ% %bor L.
croupreafia Graee | E%S@éﬁ@c gnd anefﬁw%/ﬂﬂé? f ?‘&bﬁ P
a Ou&ﬁlﬁyozi mgloglﬁ%’nt of ARSE SRGHCaARE VRARID s MTFRPAf, Group 11,

Goup I'l'l. Preferably, a major anmpunt of
t ﬁiemm IV af Gloup M hraat stagk, i 8 cusiurethersof The begs stack. arheggpstock

t Hlspe T ok e Rl Retief St RESES, mho oty iSeast 75, sueh

p5§£@é@bi§y %1@§ wigh@t MoatRefenblye fiie ke @bck, eabztse @ﬁ»pk bizné, has
preferably at | east 75, such as at Iea

vv@ isgfhrate %éqﬁt ﬁﬁ@’ﬁ@?rébwy%%h Brafera ystlhs@ Yor 8\? ‘bﬁggg @Y il haygea
: 11
PP egl(eil {l}?l?}’ Oqtiisgmoéllhﬁ re?é?ﬁlfi? E@seﬂxfan @' @ﬁ@ﬁlogtr}ﬁéfex%gf less tha

nd w I'l' have "a sul fur
comtefritywézghtess t han 1 preferably Iess than 0.6, and

t f bly I : ht .
The voPEtHIY ety 6o g Sppl e asuredbEHRAGHK
t D61 NOR Gkt Y&ﬂi?M‘ I|)£$8Y)) ti§§:§s &1&5@%@5&8@& pileferdt®s Rosé ﬂnam or equal

or equal to r ef erabl | ess than or equal %
nbr 25, prasé e!reéﬂzswgly asg Hhap ﬁamltf# togfh B10sY wef@tﬁblwﬁgstt an or equai 16,

prgE%gletrabX%/ 1sé(o\)?%f1mﬂg ﬁq;lg@k ﬂ'ﬁ%%groé’gfl%'lﬁ dGE thllle%%t gﬁ h@eterably

| eqishst 85{) nmseﬁ@faﬁﬂy fratn dbeastosE0040nost preferably

from a%%i%ztniz%gs? fotr ihc]base stocks and base oils in this invention are the same as
those found in the AMERICAN PETROLEUM INSTITUTE (APT) PUBLICATION “Engine Ol
Licensing and Certification System,” Industry Services Department (14th Ed,,
December 1996), Addendum 1, December 1998, Said publication categorizes base

stocks as follows:



Definitions for the base stocks and base oils in this
i nvention are the sanme as those found in the AVER CAN
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Li censing and Certification System™ Industry Services
Depagsiqgent (14th Ed., Decenbeg_1996), Addendum 1,
Decenber 1998. Said publication categorizes base

stocks as f@ghlowep PhAQG0E EontaiBless (hah 9GHokBntl sak@&es and/or
stocks contain | ess than 90 percent saturates and/or
greater than @r&erpeandee} peednt sElfgmad haves wsepssy sylex greater
i ndex greater . _

usi ng the testtﬁ%e Haggasi%g g@%‘? 4 %%%&ﬁ%?%bagﬁrzgql% ?%?mé%%g%

I base stockspesfitdinTagleciat er than or equal to 90

ercent saturates d I ess than or equal to 0.03
Do Gont sal (PuraelHesustaks coRaw BrsAO B e 00 prssnt
or equal to 8@&1@.%3'&%3%&5 Iﬁﬁigl olgguéﬂaé 093 bBReAtQ8tur and have a

nmet hods specified i n Table (¢) oup Il base )

st ocks cont ai viggpettiedext freaterchareefeaualto 89@ng base than 120 using
saturates and | ess than, or egual . 03 percent

sul fur and ha\}%etgﬁ\}?eg %dssisp?/mlﬁl%cgigxfaglreglater t han or

equal to 12Q) bigIill Beclksks tRitdodteatp eahlor eghal o Tafdreent
1. (d) Goup IV base stocks are "%gl yal ghaol efi}g&r

(PAO). (e) G Sfpralesisad dessiiseies oiyd FUGES aFeenishidyr apddave a

stocks not ingh ihfex@rEMBShn of dquall tb 120 Qi tdRhEhod
1 Anal yti cal %#E%%sfh c})(%Base St%cl?ul%r opertyin es?t o

Met hod Sat ur atspsifRSTMIBLRAO7 Vi scosity | ndex ASTM D

2270 Sul fur JM D 22 ITM D 4294 . AST 7 ASTM D

3120 CO ADOH RS WG a5 a6 DA RVAT iy PAD>

i ncor por at ed) iGtob e LS POGstih @it Bf othdidabd ekt ndNincluded in
Groups 1, 11, 111, or IV.

TABLE 1

Analytical Methods for Base Stock

Property Test Method

Saturates ASTM D 2007

Viscosity Index ASTM D 2270

Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

CO-ADDITIVES

Additional additives may be incorporated in the compositions of the invention
to enable them to meet particular requirements. Examples of additives which may be
included in lubricating oil compositions are dispersants, detergents, metal rust
inhibitors, viscosity index improvers, corrosion inhibitors, oxidation inhibitors,
friction modifiers, other dispersants, anti-foaming agents, anti-wear agents and pour

point depressants. Some are discussed in further detail below.



to enable themto neet particular requirenents.
Exanpl es of additives which may be included in

wo adwwioo@B: ng oi | conpositions are di spersants, PCT/US2008/085126
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detergents, netal rust inhibitors, viscosity index
| PiR6OMRE S, corrosion inhibitogs, oxidation inhibitors,
friction nodifiers, other dispersants, anti-foarning

agent sp yatin 6@ torageitichs anthe @ﬁé&éﬂtﬁmeﬁmoﬁl el Eesiean eentain one
Sonme are discussed I n further de%gi bel ow. FF 007L008
oxgnore@@laimcchmeﬁ@n@ whigly pSerdively g pdice forTHE P pESIpiLs upon use

néﬂn%rbflg%}/e vﬁl%ﬁﬁ@ WARALAIY 8 MbrRAGAPEIS, @%lﬂle@§§1spersants

ersan fectlvely reduce Tormati on of
dfmﬁﬁ iift shewpomosisens af tl;;a;ae*anhmvanwnohomlsesemgnh@éubi@\D@lmmem
added to I ybric Ashl ess ersa

o BrAIent FoRe bRl BPiaCRpehOERTaR o pLiges o

aPe Ghersl q%f%:alil’?|s&€é§?&1h;|§er§aﬁﬁ9:oﬁi@ﬁb@m’ﬁﬂa@k&l&ﬂ©l rmﬁen@r ester
functional groups capable of associating w.th

pRolt whigties atapleeddp élm%ﬁéﬂef brglgronsd afien veur pridgiapeouant ge

a?s(rﬁgeéﬁglgp?ar%ﬁiay%ecﬂpgangoa b G104 fr@ i s&@éi@galgoés%ré Gfino-

ol ymer one, ten via a dgi'ng
Q40P anhthés, ﬁﬁaﬁbsﬁeﬁﬁi aila&ﬂﬁﬁsaﬂbngral}mﬂahydrﬁwbceuamwﬁed mono-

Z%dgééyec%r;ﬁ;g@% g(%qliéjgro Y{ﬂqeﬁ ggetr %}q% gm%[ﬁndgr?\%%ves of long
h&%ﬁ’ﬁﬁg@%&@h@ﬁé Eﬁ&ﬁglﬁﬁéﬁ@ﬁﬁgom&ﬁ%&ﬁﬁé yblygmafi fiSicties

or an rides thefeof; thiocarboxylate derivatives of
| mhﬁh@rwiwmﬁr@oaﬁdo\ﬁ@maltﬂ@@d@ﬁaﬁlw rbfiyhsforaed by condensing a

d b
ety SoRBraR e E O B Ao TRl Sh B3p AL Behyamine.
for nedplkéycr&@r&@k@@ﬁmﬁg ildde @glyaﬂmmdmszadtmtmpmaaﬁn
wi th formal dehyde and p0|yg%éylene %1 %vgl d
Phisp@panésd PetisPaNs sihyiens/ RuF bR g XispRpbylpnsshpse

p?ﬁqéﬁr%@q %0 &l dr ﬂ%ﬁéﬂﬁf E‘:@%ﬁess%’?@ifsﬁx&{k abived from

ene/ but ene efin and pol yi sobutyl ene-based
dpslpsosagise sdBamtuted lmﬁrsluymplcerﬁlhydre?@ goups agthFaasted with

di d d b
c Spelsan s deti ved (am ool SSOULEnE. USRI B8,
PRLYELAWVERE pBaRR, ¢! % 90Lyoﬁﬁir¥@§l€ﬁé &ageind] am ne,

tetraethélene pent ar m or a pol yoxyal kyl ene

pmrquln ml@r@ethansoa Wkwf WROTAS - al?ﬁniﬁgrythrttoi and

tri Fqﬁg foleo] ggBQ ;
pent A er y t&?‘l' én%?‘g%n%@n&%l ong)é% er eolé&qh)mgmSh e
pasihbiastiar dfy Appeifsobeslcnt sibetisdtwidonotinatanbydrids ggoups and
conbi nat i on. of pol yi sqbut yl ene s b ted w
Sierr vethd gt diaky Eaiedont paber Sitgh T Byiidkyiene
?1 Lhe CON Q&Q&yp?opﬂiene ﬁﬁﬁﬁlﬁ@ roYUbI dt b&l'yalkﬁ@)e (ﬁamme eg.,

oxya1k ene pol yam ne, e.g., §%£
dpaﬁmthaleﬁ@diam@)e s@d@@xaymyl@ylp @ﬁl@tamir@rﬁsmé moles of (B), (C)

2SR Rl BTy A o e B g0
Apgthiaktidr &f(ah pedisdbapes saninic m@ma& ith (Bpapolydegleae
polyamine, e.g., tetracthylene pentamine, and (C) a polyhydric alcohol or
polyhydroxy-substituted aliphatic primary amine, e.g., pentacrythritol or
trismethylolaminomethane, as described in U.S. Patent No. 3,032,511,
Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing one mole of an alkyl-

substituted mono- or polyhydroxy benzene with 1 to 2.5 moles of carbonyl



conmbi nation of (A) polyisobutenyl succinic anhydride
with (B) a poiyal kyl ene pol yam ne, e.g., tetraethyl ene

weemwvaniose, and (C) a pol yhydric al cohol or PCT/US2008/085126
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pol yhydr oxy-substituted aliphatic primary amne, e.g.,
penb@esyt hritol or trisnethyljgl-arni nom et hane, as
described in U S. Patent No. 3,632,51 1. Another class

0501%5&“11&@_5 (. shensidetydle andparaPemalbinnicy ihd@s e 2 moles of

condensati on products. Geperally, the r odyct r
pp@ﬁékﬂénwiﬁ%ﬁlﬁér@i%b@% ??fcﬂXé%a’fes %8§|- Ew’%ﬁf&%ﬁiﬁ?‘&%@&

- . | H f
i et e A T
f oeruibclabycdielyand pplamafiortion las e hylbsjucaheh Be %em@rl@ P ey may

o RO BT B8 B0 L A R P

C ONEBASE LRalfcd SuGlas tomy deseibeden B PhieENo ¥, G488, of
a metal |l ocene-catal yzed pol yneri zation as

a . _
sBsanpleveifingionglized sad pedEgherdp el perapers s YRBatd psing
S Az =e gt , U
e e L
descr i BeddibgerddnSeanPatfenber Nost (3a%d dy808riefcdivphragtiofal post

functionalized and/ or deriyati zed fi
yiRegr sul e o ser s Tin SRRk B 936 and
desex bPedbiisder (Y Qis%é%@énit Nsadifentdhpietc@bpueatinkh@ acyl

di spersant can be further post treated by a variety of

C vitrpeeTt-tahing dispensans At et asos penpersd i5Bas heron ggde, boron
general ly tauwght, in U.S. _Patent. e £
Sﬁgg{&alfﬁén a%%srq%d’lecs)ﬂerso(ff%toﬁoena% ?dsgb}é}r san O%Pgﬁlr%gglﬁltgg%wde om
a0 aapb eshedphyottioaab mgomfor assh maletof agated oitogemeangposition.

Db e s CBBABITHRDAS ARG, B0 S B BLy erioar BEoTon

i 20 BAOMOLE SiHehis & BRI dRiIcPEQMh J@rafell HBHO adid pBly&Rrs (primarily
atom c proportions of boron for each nole of acyl ated

n{HBOgenisdehpadite attach tuwfdidpetsrntiardrannd damiteaiphamningmplts,

0.05.to 2.0, e. rqqm.0, 05, ta. 0. 9 .
pisPorhe TS ks bE Ainfice Bobish i pTRATRd RN Ahcink Hom
boKits 4a& %gﬁ@lﬁl VB frabgo¥i (BRed by t{HBER o8 eyl infirdpeh cewpehind) of a
to attach to the dispersant imdes and diimdes as

abetae cempeund, prefprably g@lﬂ‘r@ﬂ% BERARLYERS S WY O tFﬁ acinfiFRege.

B | ! e i 0 oocd,
ORI e PR sl 500, LE O 0o o
nbiid oder hoonpbilind}d bf niroger sirippiogp ddtachatiydl withe bdypy treatment
boric acid, usually .as. a slurr to.the. acyl .nitraogeq. ;.
oo adse e Baud pibt it R B ol plsRdgg e
€ald maldial 4 ahfife, e rb@bvihE QDN OHD pbit teacton pocesses

foll owed by nitrogen strlspln Alternatively, the

bormolydapwein thear coealsonelaeried: by addi ng boric aci d

(2,2, P2 AR RPRTLELMEBoBl e e PROIE, BEL e

I e@gpin@Rg@itOcessestionally, nitrogen-containing dispersants have been
“capped” to reduce the adverse effect such dispersants have on the fluoroelastomer
engine seals. Numerous capping agents and methods arc known. Of the known
“capping agents,” those that convert basic dispersant amino groups to non-basic
moieties (e.g., amido or imido groups) are most suitable. The reaction of a nitrogen-

containing dispersant and alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)j) is

described, for example, in U.S. Patent Nos. 4,839,071, 4,839,072, and 4,579,675. The



commonly known in the art can al so be applied. The
di spersant may al so be further post treated by

w0 e@enT@B2 Wi th a so-called "cappi ng agent." PCT/US2008/085126
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Conventional Iy, nitrogen-containing dispersants have
beem7le@apped” to reduce the adverse effect such

di spersants have on the fl uoroel astoner engi ne seals.
l\ltbii&lidsuﬁ" aQﬁ@@Qdﬂg:o&gz&ﬂﬁ@ diapdsane hinbfdemar seidin deserib@l, foihecample,

known cappln nts those that convert basic
diTSr B! Srd Sghbu BEe FOREHBAL £ ABIBEPEE RS

a?; gé?se&'f andBHS QAP §ﬁpp§{dgeag39§tar§d€sér%3d% UThe k@bl on

nitrog encont al ni n ersant an

aé,éﬁbaété(@}tc@h(: ecid); U, ‘é-‘tﬂ’mm é@et‘b@@etﬁ é%ﬁ&%\} )2-356,552,

G R W e

r @@E&ﬂa&!} Ofs. aalhiN® mmat@ﬂoﬁwﬁoﬁd@p@r& &atenahd 5, 026 405;
formc acid i s desc U.S. Pat

NS B tneNon GHSITE. 3286300 987 SALIGIO e i) Spoxides) and US.
! 1

LRSS o 0y R A BB A g

AnGGaIhOBUvE gidycnbekﬂcnahwcu)of cihphg Babget-caddomning dBparsampare

5k334 32%0 ﬁl 5 }5']12 5,716,912, 5,849,676, and

sk odRose skt | i kyl ene carbonates, e.g.

et hyl epg Lefh@Nakeh depds-comadienhitdgen &@@Sm@&&persanﬁ can be
(mono- epox?déle) U. S Is’Fggatent No. 5&4%26 495; U. S.

P
Nedied 1 9881788 prayidisg thgdehricstingqil sermpesyam itk frgm 0. 610 0.15,
bh%}eae?n‘i LAESYT 1ol h thais of @iﬁﬁg LedNO. 4,686,054 (nialeic

or ‘succi'ni’c anhy The foregoing I|ist
i Membicoﬁxiihmgsdrlavle-fc&nﬂng)dldnﬁ‘gemﬁmw& odth eapgenggnts to reduce or
| ni ersants are, kno

ni trogen-contajnin S 0 those
s?ﬁn}qvg gepasits ﬁ‘@l a<5§Irat‘39d W:S‘Frg]é%féﬁ%fé?g RN Vggtérﬁ%\é{epucmg wear and
C O sl and Richdiag %gglﬁ@ﬁfea'ﬁﬁt&%mﬂé SRRFZIF AL PBoladiktad with

in an anount provi ricating oil conposition
Wit idmgﬂwdmpbolﬁ@tmlowah 1153 pderdtead egrnyriinpnmetab yalt ¢f ap agilic

Y0 0of nityr
T T S T
Y WRpe smﬁ%agale a@gag tebcribelt zisaioirﬁdl&ircﬁ* rentralyslts, and would
i nhibitors, there reduci ng _wear and corr osi
eRPERly h@veemr@rahaaaey bergit by bt cen smw@éxgﬁa?#”@aw@ of
pf"f}a@lr() tﬁ%d AMatd ndudngr J%Q{apme l?da?z He@hémpd%t%@ b? R&cting excess

pol ar rising a metal salt of an acid
omgahcmpmmdé@gdan Fxide snhydsoxias) vadnaradcidia gas (e g carbon

bst antj.al | st0| C ri c mount. o
olRRHEE oL et ST ER TR Pl gl PR g as he
NEMEY 1@lersh nfotal dASk (8QUELLENR) @bl ISR oaerbﬂsbdl Uetbragsts may
nunber”  or TBN (as can be neasured by AST WH%/SOB%%OOF

f hosmaoTBY 08050 & greatere anthiypicel 1wﬂéh%f@taa"f By &é &o

'Hz%% porated by reacting excess netal conpound (e.g.,
an oxi de or hydroxide) with an acidic gas (e.g

car bonDetergents that may be used include oil-soluble neutral and overbased

sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, naphthenates,
and other oil-soluble carboxylates of a metal, particularly the alkali or alkaline earth
metals, e.g., sodium, potassium, lithium, calcium, and magnesium. The most
commonly used metals are calcium and magnesium, which may both be present in
detergents used in a lubricant, and mixtures of calcium and/or magnesium with

sodium. Particularly convenient metal detergents are neutral and overbased calcium



di oxi de). The resulting overbased detergent conprises
neutralized detergent as the outer |ayer of a netal

whawe/0(@sy. carbonate) mcelle. Such over basedPCT/US2008/085126
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detergents may have a TBN of 150 or greater, and
typbeadky will have a TBN of. jfor.om 250 to 450 or nore.
Detergents that may be used include oil-sol uble

neyfdnades BRAnOYBNFTREh S0t 450aT RIS, qderatrdsind sudarbmii zeldium

phenat es, t hi ophosphonat [icyl at t.
BeEneteh i Binget DIBPE e AR P TRt Sl A oo atons of
p@ét&’g&% 3*?1]163(}1& ReeBhdcalot n&ftra%lkl%th BayeRd dsg et al s,

potassium |ithium cal cium and

mag n eSSilﬂﬁ)n&fEh enaydstprappmidiiny sudwd seidsaviicaae trapdlyurtained

SRS TSR TSk RUSRER ] BB

MRgRaEE BttWnhiloSOTetBleuma: bhiyekkd ﬁk}lﬁti@%ﬂ&ﬂhﬁiﬁ hytedaatbons.
detergents are neutral and overbased cal |unPF20Q7L008

- Exgmplesigchugpdithese ohiinerhbyrakylating basaensotolwrng sy s,

R0, B RS BB 800,
Cenftbiondti¢nernad o]ﬁlodmhplrtgﬂﬁtes  Thetséityiheonower izassatbdont in the

tral d.. Sul f
e PO S SRR e 0
oL N e RikatyN§uifithice Géiiallg Rohinatday b 16 B inbie B@ferably from

aromati ¢ hydrocarbons such as those obtained fromthe
fﬁ@mﬁi(bnabp@mtomfs ppetlkyrsebstiteted Bomags 1KY at i on of

ar omat Jl‘fée & soiﬁlﬁl@ ?J}lsates Ex aml H/? %}fdﬁfcl é&gcﬁqné utrahzed with

obt ai ne I'ng benze uene,

napiiéd) a&(ﬁﬂﬁdesj ambgﬁyé carbondtée carbdvall ﬁg,esniﬁiks Ihyémsulﬁﬁes
such as chl orobenzen chl aor ot ol uene

S BB R E Ar b Bers P e daigh P aoRey Theetel spppagdyig chosen
' Haxhﬁ%r gﬁﬁ%@ MeQie@tedr B:I@tﬁ'tﬁésﬁna!’\brtoﬁu@blﬁb’ﬂy@khmgrzﬁg@‘&&n 100 to

havi rom3 to nore than 70 carbon atons
alXy pwferabiwfaowauégmsml% 9f hohtteickiomeieeldy regugal. or

gF rk36/| g{?%i ' ?%t e% &hg%@%e PICh q?/%%?ctlon with an

S Hbrropaiemeal ccﬁh;k@h& |su<31l.t=lsfaﬁ I’é)b;ﬁie&s@ hedroRidy, ebfi neutral or overbased
neutralized with oxides, dr oxi des, alk
cRicHBetamay be abtamed byt %jé)éf]?‘éi%@ the gy égﬁﬁﬁ@@bgmis may be

n*p%eh%%& ﬁy réﬁgﬂ{g%:?ghenﬂmﬁﬁ GRS Qfsultﬁﬂ‘ecoﬁ%'irﬁh% co u%H‘éHcEH as

I's chosen having regard
digdrogsh sﬁBNepfulﬁs.h moﬁomlldemrsdifmt dlbajtdet tp ﬁﬂl@apﬁoyiufrtawé@@ are

from100 to 2 r ef er abl t least 1

¢ B gn R SrbiepPRaM 7 i o RSr G Bal EL: et by sulfur
phshahsedndg&ul furized phenols are prepared by

reaction WI%h an appropriate netal conpound such as an

oxi de Brhydyagrix] didiophwephaaimetal sabip a‘@\fﬁ%%gfdlsﬁﬁi Bftivar and
rra t pnedagp Cgaeh!ﬁeq'h? %eﬁ&ﬂ%%@ ahm o'r Qlktén’?e Aty metal, or aluminum,

uril ze
Eead fin, molybdenum, manganese, nickel or copper. The zinc salts are most

commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2, wt. %,
based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P,Ss and then neutralizing the formed DDPA with a zinc compound. For

example, a dithiophosphoric acid may be made by reacting mixtures of primary and



prepared by reacting a phenol with sulfur or a
sul fur-containi ng conpound such as hydrogen sul fi de,

w@ mobreosbnohal i de, or sul fur di halide, to forpPCT/US2008/085126
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products which are generally m xtures of conmpounds in
whizehodoswo or nore phenol s argshri dged by

sul furcontai ning bridges. D hydrocar byl

didchhdpi @satmd eArahalvebahiustipe gitfiogiguphnirlcacitsedn bs prepared
antiwear and antioxi dant agents. The netal y be an
alkeritheokyd5eqeany] BEUBRPR AGEE SPtrelyrseeinyayng arla%tﬁ’danad the

U rocﬂﬁ)én)f Lgh tﬂ@ﬁﬂ&@%%n{ﬂeﬁkﬁll &Y ik PR &N er, memﬁ%e‘“tﬁe zZine
salts are t commonly used 1'n [ ubficating oi

asabty mzt)sbasfc @@ ngutrd) ziQ compeﬁxe:ir @il d/boused bat the owides, %fﬁromdes
bas the t taI t_of t e | ubr !
?ﬂ‘f'ﬁ g%ey \%@e&ﬁi}%’f)egr ed mmerglg c oG?d NG g & %Wil Ay

kB&iMin Le @Mk%ﬁ@dﬁ&ftb Kiftust OF i Bgess dfithyshsReaidydmpound in
di t hi ophosphoric, acid (DDPA), usually by reaction of

offé nevtrapriéonlcediosl s or a phenol with P2Ss and then

gig% | ﬁg%ea%r}eg ggﬁgﬁ@g@o %@%ﬁh&@&%&mm salfQgf

r gidedriotayb i dithiophsspbbrip adidseany ramdRAREGFHOAQEbY the Formula:
secondary al cohol s nmul tiple

di t hi ophosphoric aC|ds[§5£8%Q)g$%%§Ped where the

hydEeQ6aE Byl RILAURShE RaiRE 6r @FRreBNkydr&dayb 8 eaRAkadoyitdifing from 1
character and t'he hydrocarbyl groups on the others are

et i& etefermiy AU §2.i qarbonateet and. incheding kasiqaiesugh pralky alkenyl,
a?%/l %Jﬁgloglﬁgrgﬁr{daé ﬁ;ghn g‘gc ar%’lﬂsd Iga%'éuq’ar rgi%xergd Qéjﬁ and R'

FOXI onates ar

g @ﬂ@;ﬁpzﬂirb ﬁik@hploﬁyﬁd}ntaﬁﬁﬂgfe € B @hrban diotisy @%u, rtmqnaémhlls ynay, for

contai n an excess qf. zi nc d%

of XA, (ya §1hL rIFEPE oEB ™ HW§ émwz EPWE»&*{“?@’&?PX&W? I~
Qﬁi {F?c PUBIRYT, %Qtaééc@rp Zdétl'i‘}\'lﬁ’éxﬁ?/@ %‘h@ﬁ(}h butylphenyl,
di't |op osp y

és are oil-sol'ubl € sa
dcmdxemxdambmyicdc}phmﬁhy@pmm hytenyl. dig oaém tmlytamé)ﬂ solubility,

present the for |
SR SRERRL BY 0% LQRIH Ak FR(Fs Rl AodhapbaLE i
I 3&Hefllly be TR LA LRLREY Tn@mddmlgdrbsarbﬂrcaﬁqarpabﬁpﬁa@ cao thiPefore
carbon atons and including radicals such as al kyl,

ammw znmdyalkylaiatwoahﬁwatw Kl BrPSeahi VRN gwy Bipagtiqularly

r Qs%'ﬁﬁ %{(h%fx b e PR o @Jr%fe@élre‘ﬁgx g%ﬂ%cﬁﬁ%o% ogfzghboé)ntammg
groups” contai nin carbon atons. Thus,

t blﬁ)spﬁdus:klvés nﬁﬁrpmf&ﬁz te>0alﬁ;) bech dsdrost BiPB fo Bl @,m;fl;ﬂm 0.05 to

; | but v '
ﬁ@éﬁ%r@?y@f%%t&m Aath b BE RoRpian, 3y heo D bE Kb
A Bgant eorﬂélﬁﬂhélns cdtididing paBYhors Y&leBERm 0.02 to 0.16, such

ne yl cycl opent'y propenyl, butenyl. |In order to
obst b 081310 St b ﬁmm@ U3rind. 12omats tarised O aiabapss of the

chfr?pos&mn. In gilea&gfegea erBodil@nd b ORNOS PO A RitRRL 8f the
present invention contain zinc dialky} dithiophosphate derived predommantly (e.g.,
over 50, such as over 60, mol. %) from secondary alcohols.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by studge in the
lubricant, varnish-like deposits on the metal surfaces and by viscosity growth. Such
axidation inhibitors include hindered phenols, alkaline earth metal salts of

alkyiphenolthioesters having preferably Cs to Cy; alkyl side chains, calcium



generally be five or greater. The zinc di hydrocar byl
di t hi ophosphate can therefore conprise zinc dialkyl

walzaobioopBosphat es. The present invention may bRCT/US2008/085126
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particul arly useful when used with passenger car
deeseloogngi ne | ubricant conpositions containing
phosphorus levels of fromO0.02 to 0.12, such as from
0n&3/iHen0l shlfideooil kstobie Ph&htdsand sil8yrized phertdies batmephosnl furized

the total mm of the ¢ osition, apg.h ty
dP’é%’é*T‘mé‘?Fb}ilwng}%%nﬁ ﬁp%gpsqﬁsﬁégﬁ'ﬂf% @ﬁ@%?ﬂ%%%% Jil soluble
8 b%%@{]grng&%fhsy% &s@ibl1i0 0 D MRnt Qo U, 867, 351 6hd ASIyhHSHm-

T 4, or from0.08 to 0.12, mass % based on
t bentgioinglcompegndsf t he conposition n one preferred

enbodi gent ., l.ubri.cating.oil. i 1. :
o ooent SRy SRk PO RAS PREAR mbiiic oups
dedcueddipsadentfaating n(t®egn coMMamron06 t U barben ovias. 6B

nmol, % from secondary al cohols. Oxidation inhibitors
ORMEISE (G CHBIANINPTE RN WOREOTRE ISR GOTHCHBISIAVEg adotabof at
g iy X i . ‘ . .

R L B S B e R e
depaisirtty apratdrher petple.suaf agesn angilby atpins 008 +E§-, -SO;z- or

ar h. Such oxidatian i.nhibitors incl.ude. hindere

AT e R o di Sl AT iegmie fiuDLBr L 8o

abdl ehanedhitiorsh ey saviiavit Mastivelaesakl o/er&spstaadikd directly to
al kyl side chains, calciunPF2007L008 - 14 - .
neheyiitiesnoThe eofagie rings fre Syitiemblysubitidyisd B ofmer more substituents
s ' : p h L€ sul [ :
B B R AR R A Ly il Mok S e
t plogpar bamat es, oil sol ubl e copper conpounds as
described.in U S, Patent No. 4,6867,890, and ..

ol ybd%@n%mwrﬁaﬂg SEOTHIFRE W@F@&} ctpaigny it e
a?&?@faﬁ%n% LGS, A RGN @bi1 LEASdsitioNg oRHRPREsRt 1BVDUBS, in
attached directly to one am ne nitrogen contain from®6

t addigorctarthopheaysnediaine campaesl(fagdubintagichorey wot-tndhced

two aromatic_ groups s _hayi . :
| Rt RS PO o DR Rt Bt BBl B rom o1
OtcO3IRGsse, @ bhdétlotid abtyoxad o VRl othebprttred ehpodimeat, buhri@ating oil
grou an oxygen aor sulfur, at

i poséi%nghﬁw PR CRrIBYRST OB ARPIERGOR} &1 3@&??59 %3&3% AR

t &tms’daﬁmﬁ%& Hi &g ?9%95 %r%%&&icfaaﬁéﬁéﬁﬁ%gd ALRIdefum

am nes having at least t aromatic groups attached
diorepduny it an stheumiptavidjag the Thigicatiogreil cempesiigs witlefrom 10 to

typically substituted by o I substituents...
oy BT LR St A e TR Ryl il Siions wsef
agythe pAGNEATItROpresBTR¥Miond Ptk b P HUBFiOa IS oiMahigopitiens
antioxidants are commonly enpl oyed in conbination. In
oneligiehemragice ADGAPHERI INYIHPT Bt IRESBI] EOFAIEET B 8eter
Ofah RS0PE 55 SPbndsPNGRE, 'cBfkmin! dihless antioxidants other than
phenylenediamines, in an amount of from 0.1 to 5, preferably from 0.3 to 4, more
preferably from 0.5 to 3, mass %. Where the phosphorus content is required to be
lower, the amount of ashless antioxidant other than phenylenediamine will preferably
be increased accordingly.
Representative examples of suitable viscosity modifiers are polyisobutylene,

copolvmers of ethylene and propylene, polymethacrylates, methacrylate copolymers,

copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers



addition to the phenyl enedi am ne conpound(s) added to
anel i orate soot-induced viscosity increase, contain

wo eapi00082to 1.2 nass % of am ni ¢ anti oxi dant PEUS2008085126
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0.1 to 3 mass % of phenolic antioxidant. |In another
pereb@rsed enbodi nent, | ubricatsing oil conpositions of
t he present invention contain fromO0.1 to 1.2 mass %

Obf @il Sndatijlds@e bnd paroatiyOhylirdgendedragmldmat of
phenol i c antioxi dant and a noly bg um conpoun

aﬁmﬁﬁ/ IS9PERPCEAEY Reafighs rBA PRy Pta@s% 38 Wﬂ g Rappially
?f;?l} é&g{eﬁ hgyﬁmggei S b‘éﬁﬂ&m a ishRkybdenum
, cating ol conpositions useful in the

pr act i Aevisbsityniedpr iegeoner dmpemnt @matzpasrbqt}@ as awsgosﬂy index
| ubri cating oil 0

¢ P saits FHuefiomEn st meosettRadty st PH-BlaElpetas!
girRAlle Feabhapbdtds PPmiats, Biiesphplelsolyaointg Imﬁth&ﬁitﬁd@@c&rbyl»
anti oxi dants ot her than phenyl enedi am nes

afbghitutedfmenco pf dicarbppyls, ac&ng\@}xqbqhy hy¢r8ﬁqrbyfssup%3tgpn’s comprises
N T e g
Oﬁorﬂ@dﬁnés singgehtrak mitéamcomymde)t iruqmoyﬁn érspbiem dmarrﬁenén example,
w il preferably be increased accord

R BEBET P L0 X ARBTGE O G ATOABI AepNgEigiGoyo Cro nseturated
NMREhilcShex@lcecROd cobut, Y hienbox§RP adill WBihSinQns@tfdefitogen-
and propylene, g@ ol ynet hacryl ates, nethacryl ate

c opwdiying mmnogep Vyr@% t0 ¥ caghpr ateras; @riel BEeTl 4o Kyl ¢lefin
aci.d and d

B R U Rrts P GERGHRS op USRS LY ERUBERARRLL R o i,
hyeiregenihest @Q@@ihmaf 5 polfynet yf @hdbhcswoih ede to Stydeivefurther
but adi ene, and i soprene/butadi ene, .as well as the

DEPEIE I Y SFURIh et FroROpOIgIe MG S OR AmE B

| SRRLE %?b g}é | In¥atlPELXacl AR O MR ofingl b 8@ahe and then

functions as a viscosity index inprover and as a
dieaperesarttox ylx avip esipodf the gudisil nyidivritean dompe.diydioxy amine, or
d| S rlsants i ncl ude reaction products of am nes, for
%ﬁﬂ e, polyam nes, with a hydrocarbyl substituted
mn No- PrictdinGasdiney hh@ﬁ@%dﬂmbxﬂy\a@ém@m&ﬁ&e byelpaibde With the other
substltuent conprises a chain suffi | en th to
jenis of s fina) oﬂmﬂiswfawﬁ%& Frope i géu s include

yﬂg t%oegtrérs %h?l(‘) ?&tt&%@ld&“fﬁﬁ%ﬁ%ﬁe g%@ﬁ&l 13R6 %ye%{e esters of

r-of a
CRyﬂag uh;satpulya&bm}é&taerds efithwlioly,| foad:xauhxlft thgrbugang dﬁolte@te&@

unsat ur {{%%ﬁ%naq%fgf 3L A Vo SiBlothoBhod. S QS hted allyt-

nbdb‘éﬁ’tﬂ%‘eﬂ‘%ﬂ&ﬂo@rﬁh@ﬂ dfﬁ%ﬁ@éﬁhd@ i ferdntifes? ©reashpie, ethoxylated
at ons; d}érrer of a to O olefin with an

uméiawmme@n ﬂn@ymedlﬁ%@& elger gpingar boxyl ic acid

o o poIBREnst il RRUTR: QRAEREARLRRA 2R AUG6RGin

f trhf@ihds. Such organo-molybdenum friction m0d1ﬁers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil-soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, thioxanthates and sulfides, and mixtures thereof.

Particularly preferred are molybdenum dithiocarbamates, diatkyldithiophosphates,

alkyl xanthates, and alkylthioxanthates.



reacted either by grafting a C4 to C2ounsat ur at ed
ni trogen-cont ai ni ng nononer thereon or by grafting an

war@annst ed aci d onto the pol yner backbone anPCT/Hi82008/085126
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reacting carboxylic acid groups of the grafted acid
wpit2bu7ames am ne, hydroxy am ne,jgar al cohol. Friction
nodi fiers and fuel econony agents that are conpatible
Wi th t hediabhely, ilgicgdnia cofipbliel hinat amididivaylgldeoum
be included. Exanples of such materials include

gryeRaupt. HsspeupRuadbrihiegtarits apase HEpes copgjound as measured
e _ 1 - :
p%lagggrﬁ/btegé l?%@ﬁ ¥k P?S%@@,t?x]ﬁﬁglig g’ioc'&ﬁ%% é{ﬁieé)%g t}l'pf?%hjﬂy?xﬁgdﬁlem.

oxXyl1Cc acC W S, ] i
blttchrled dicaholgistie pcidf anamohimsrmotellatm sedivmanegbdage, pytassium

aci d; .oxazaql i.ne conpounds; al k at

rehPefbebtateat oo meld bl Pu R AR baayp seimee

A 8Sen shOfENARBERe, MbOOKYVRUSH:| MohOW g mdlgbdeatin trioxide or
et’hoxylated tallow ether am ne. Qther known friction
nethiler egidic swiyhidesen 6pmpPEIdsbl e or gano- nol ybdenum

conpou - |61 Jodifi

ol 56 phgions ST PERANE CRIRARTHIRL I B L TER g L s

| 1loEntatdraor gand-mobidesint cenpouBdanihe $orofuls Udl(ROCS;)4 and

gi\/}(o_ﬁig(lggg% gfﬁg{eg&g ?%errrrltpclﬁ wb d eq%n g{;nh%? %Ee%uﬂ](grg iﬁeng?rl)ililpdgonsi sting of
d.i,nkp!, anpnasmhi RAY Skox kAR Nahesily bhrexmaniorsat Fﬁ:fe@ﬂﬁy 2t0 12,
! y

sultTidés, and m xtures thereof. Particul ar preferred
atabarodtyiel erdmpostipréfesbhrdladef 840 12 carbon atoms. Especially preferred

di al kyl.di t hi.opho ant hat es, and
a?fﬁﬁiv“h%h&ilaaﬁﬁ'ﬁ’g E@%&%%‘?%ﬁ%&“éiﬁ - Additionally, the
mol y bdgRetieceoposiddgamymbigbdanuaciatiunid ydotld iutie lubricating
conmpound. These conpounds w | | r?&gﬁ wth a basic . 1
NFUTRRGEIPNE BPSUREIAEN ARSIV ERT B Wr‘?é?gmﬁiéf%ﬁ"s?% y
Db 896 thé %Jrﬁplagm%g%@%& nideks 3k Ged Ricsdh Vare independently

S
hexaval ent. In are nol ybdi c. aci d, anmoni um

nedlgcbaddtgend slodingmrpoioydselgtsevittposdBeieuimumbley ot kon aengs to

St e Gnbog TRl RSP ORI TR PR P Bl Nk om

MaR6l7, Q iTedydieteRoimihd so%p OEnaikrabélattoardaaeiio @mpounds such

nmol ybdenum conpounds. Anong t he nol ybhdenum co unds
usev er, princhalebrisorhospyRes, aad ¢thers. @E@é’ﬁ%&eé %mgf @fo S 3na

0 -l QIRRLN t 21R6taf OFHBH Ao rdsent
aﬁgﬁ%?@%%gﬁgm%ei n %lﬂgleg% organo gr oupmsel ecte e
f sinong dibthgligap! aeasi gtupgswh aakkighst 28ra lleastailabkgtlieashdd,

al koxyal kyl, generally of from1l to 30, preferably 2

t AL AEB hon at oms and nost preferably alkyl of 2 to

12 carpQp pain® B8predsais Gtidrivise RhEV L bE Rl all €lokhignprovers (LOFD),
di al kyl di t hi ocar bamat es of nol ybdenum
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to Cyg dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.
Some of the above-mentioned additives can provide a multiplicity of effects; thus for

example, a single additive may act as a dispersant-oxidation inhibitor. This approach

15 known.



Anot her group of organo-nol ybdenum conpounds useful in
the lubricating conpositions of this invention are

wao eimozdognr nol ybdenum conpounds, especi al |y tPOFESN8/085126
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the forrmula Mo SkLnQ and m xtures thereof wherein L
areodrndependent |y sel ect ed lijgands havi ng organo
groups with a sufficient nunber of carbon atons to
render Intthep&@ém veati@o htubzhyebea’[ecéis&geo $idblde anmdiiiee aihich

is f l f t
n@:aél&i%sgﬂr?? 58 ‘@h‘éf *g? %@%{J’Sﬁ? Oﬁt@% epd- 5! ha&?‘?téﬁﬁ?&‘gf}?éﬂf e
Eg%d&%{%b RBicVeh @ﬁit&b%’%ﬂﬁﬁscoﬁk}eﬁnﬁé §re—53!51(2§1{§‘§t£g%31t has

z ranges fromO to 5 and incl udes
nbafensfommtd thatsoriecowmbsitigns increpsgas vispositytvdtealstoged f9on

at Ome S oul resent n

E)FB% E agdg HIVES easltCRnge, e(%fe% %%’gct%n%%gﬂngfi%%g %ncrease
35&1&@&&@%@1&0@;008%1% mcﬁunaﬁmr@asmbs wztbithGMos e
known as |ube oil flow inprovers L():I | ower 3 Sohless

nitisielicasisie orarhiverides WhFR Aredsed 1=n| e a CRpEfioR p

ves are well known. Typi cal
o@%zﬁ%gﬁs%ééﬁ%ﬁb\%@@?ﬁsg%%dmr ove the | ow tenperature
f1 uidi Wenﬁuhriaanfg agintpositienCangaiCok el iRyte of theeabavementioned

RSG5 OPS ATy B MBS A a0 Lt

pé?:'e)éﬁéi;'tx@é( NGl NP &s déied GXRIBA. CRefrbdcnGORE eBidt aﬁxbants of such
p ol ydi met hyl sil oxane. Sonme of the above-nentio

mvme@hwefbrwma@ Inbriqanis) #reilisipd Selogt fAdé th§ Vaiuﬁa lsted
for I may act as a
di's Sga?e?dr'gr%tﬁagi %fa d?%%tﬁlmﬁﬂgjb?lf %tre Thi s approach is
knovvn PF2007LQ08 - 17 - In the present invention, it

may be necessary to incl udmm tive which

mai ntains the stability of scosity of the blend.
TRy Tl hough pol ar groupcenigs mi geandi t MESS Bqbi@Meed)
a’suitabl'y Tow vViscosity 1n the pre-blending stage, it
hhk?tabé)@rcrmrved that some cofpo$ftions incr Qésfg in
Scosi t en stored for prol ed peri ods tives
P%ﬂg’}%rf%m\gf? ¥Lctive in control I(a]:q%g this vi sco?ﬁ%
| PREL Bsleydraeliyd ithpbogphaicn hydribear bons 0.1-4
functionalized by reaction with no- or di carg)? lic
aépﬁ%mé%manhydrl des which are #s2d in the preB ;%/i on
V\E Lm,%i ﬁ%&%&ngl spersants as hgges nbef ore deggnipsed.
ating conpositions contain one or nore of
theta@lamm%zﬁg@ntl oned additives, Oeach additive P$01-0.15
al | nded,into the bas in an ano t hat
e ‘%Bﬁ ‘%EH @W&FE%&%’{%O pr ovi d% Pps desired fgnrbtc i on.
Repsesenbd@ticve ef fect anmounts @tssuch additiveés,5 when
used in crankcase | ubricants, %re | i sted bel ow., Al

t Nscsitvudedifipst ed 01-10 0.25-3
Basestock Balance Balance
FULLY FORMULATED OILS

Fully formulated passenger car diesel engine lubricating 0il (PCDO)
compositions of the present invention preferably have a sulfur content of less than 0.4,
such as less than 0.35, more preferably less than 0.03, such as less than .15, mass %.
Preferably, the Noack volatility of the fully formulated PCDO (oil of lubricating

viscosity plus all additives) will be no greater than 13, such as no greater than 12,



are stated as mmss percent active ingredient. TABLE 2
ADDI TI VE MASS % (Broad) MASS % (Preferred) Metal

woeaeny®sr s 0. 1-15 0.2-9 Corrosion | nhibitor OPEI/OSH0%085126
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Metal Di hydrocar byl Dithiophosphate 0.1-6 0.1-4
Antmoxdeglant 0-5 0. 01-3 Pour RAgi.nt Depressant 0.01-5
0.01-1.5 Antifoam ng Agent 0-5 0.001-0.15 Suppl enent al
Aptciforety ndgadtes tim11.00 FaHQ f@rilatat E’@]DOB/bﬁtHeip@eEseﬁ)t—aﬁvenﬁon
0-1.5 Viscosity Modifier 0.01-10 0.25-3 B t oc
Baxeéqs%!gy Ba‘reafwc%eﬁeﬂw EORMYICAPERP &feelsr ﬁtﬂna@g?mfﬁ*ﬁmﬁéﬁ than
g)g é)?@{phghﬁs el RghRgdduRfboabt Mg p@éslant(ﬁ@@@m preferably
It the present invention preferably have
ahmlafauifawdmsleﬁﬁASdi) doewst efhlahm@ssa’e os lkesh. as Iess t han

0. 35, 2 bl an .0, "
Chan of s ehaELRIAA 8 Sistd et BRI NRlisfne 7 ymgpitons
t Behb Bldsdntfiproitibiap@er BOPE: Qi dulfof cdrbnt uoe&tss ﬁi@n 1.0, Such as less
viscosity plus all additives) will be no greater tha

| o e FROBLP RGNS B RaE ik i3 BRI, ag . Prefarably.
ppx%flf BP0 %rfﬁ?etfﬁﬁj{r than Hﬁg 1'.1%{% RO NS oé’&%d of

e presen i nvention prefera ave~no greater
t hancdtﬁig()nscsmqrplasalhmidgﬂ\@al w1l hdmmrmﬂeﬂhamﬁo noclyzseat geater

¢ Ren s aB R Srg of of bt i Bu g Ficatiien
( SADDsit AR bEM p@éseﬁlt 1@vdﬁﬁ§§ %f&ﬁbk& B0 nd- ety thed nalates as
heavy duty di eSel engi ne@f@p fﬁ%l ubricating oil

composier thanéftféﬁ or h@ gma@s oRe Grrhpsrdoasa by hypalated
t
R A S

Oasle(SABBE%oﬂﬁentlﬁfefﬁaﬁwsI%or leke Noack volatility of the
fully fornmulated HDD | ubricating oil conposition (oil

of | ubri cati ng viscosity plus ail additives) wll be
n@ RATEH 20, such as no greater than 15,

pre ra Iy no greater than 12 Fully fornul ated HDD

| ubr i chmarydaedemmmb@ugh@nseseqfnuahéo piegaienne prvieritdddiive

B A K R

pPhasPhasadBagebulheretyaskathiadddtlives can be added simultaneously to the oil
to form the lubricating oil composition. A concentrate for the preparation of a
lubricating oil composition of the present invention may, for example, contain from
0.1 to 16 mass % of phenylenediamine; 10 to 40 mass % of a nitrogen-containing
dispersant; 2 to 20 mass % of an aminic antioxidant and/or a phenolic antioxidant, a
molybdenum compound, or a mixture thereof; 5 to 40 mass % of a detergent; and
from 2 to 20 mass % of a metal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 23, preferably 5 to 18, typically

10 to 15, mass % of the concentrate, the remainder being oil of lubricating viscosity

and viscosity modifier.

FUELS
As mentioned above, the substituted phenvienediamines may be used as

additives in fuels. As examples of fuels, the following may be mentioned.



HDD | ubricating oil conpositions of the present
i nvention preferably have a sulfated ash (SASH)

w@ommvendosnf 1.0 mass % or | ess. CONCENTRATES | PCTYHS2008085126
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desirabl e, although not essential, to prepare one or
nese07agsli tive concentrates conprising additives
(concentrates sonetinmes being referred to as additive

PaEKRGRSN 118 pRhif of auBhallm@@eial | ves can be added
SI nultaneousTy to the oil to formthe Iubrlcatln oi J

conposPtls gl fars depied Fematlent PppiReMsieaal Rt PeragRely finding

I [
P e S R P A e e

pb&n:yd:lﬂm édﬁ\wmmédiemtxﬂiate@elm aygdokelaCommonly, such fuels are

tr C ai ni,n per t'2t % of an
aIw LA wa Ot DB i op BeA ko TR ! ol
gﬁnmn@ara@m ar®the @MY Xfih Sndier @eks offattpadls extracted
mass Yo of a detergent; and from2 to 20 mass % of

a
wﬁ”@ﬁil plafithyush ¢s 2mssaed and Riloniss phgectyPatRe Trgliag often referred to

_ rom5 to 25, preferably 5 to
1 w@@g@%ﬁ%@@ %S/erg)mass % of the concentrate, the
r emai nBeampied sigpidiahd ﬁfts darbred Gatri agmul ecegetthle andkrial are
vi scosi ty nodi FUELS ment | d above, the R
TSR g1 TR BT RO TRy E T SEORE! thdraipy s olive
| Bi1 fié@hdt oilARaB¥ @mlﬁ%n@ﬁilfﬁﬁﬁ{x%en%h@ﬂ feabd RGN Seed oil,
menti oned. PF2U07L G| derived from pI ant or

ajaitplia cwhtbeqcftdllovoamchﬁﬁrmls*f dusherexipmplys frchifepiladeriod from

gg&%éfensaetsgréé asIlea ﬁaurtte %rlc{l]li?d’ g\ﬂ?ﬂi@ gh%e{i bi %h@ %ag%?}%ifﬂg?egf e from

][ BjalInaQﬁmalﬁﬁcsmf téxrth@a’lt r Eh;msmddﬁr whe;eh gk ddkmrwasfhﬁw hadsepartially
uel s, such as diese , such fu sar nown .
@Swrtﬁeéfwa el Rl el Bpater @nq?fa@y i ag simple

gg}){) ﬁﬂ%ﬁsﬁ oS3 &@R@é}cléﬁﬁlsrﬁg% a e RAcifh %lﬂ; BR also
neth esters of fatty acids extracted

f sumbbl ants such as r apeseed and sunf I ovver These

types ten.refer \

aci d ng‘f ﬁ{iﬁ’ﬁé%etr %fo{ty %&g?tﬁf)%séé%%o& ]Il%y en%I ¥ attgstﬁ%éo)rﬁf)y/vén for

f E0mA asf"@)'mrﬁ’ércfvi%%@’@é ehd@h gl pabylaberyl apaspashigithethyl esters

corlander oil, soyabean oil, cottonseed oi | unf | ower
off f&ttysa@tiwﬁbﬁ?to pafRorptPmSabFamIs o1 laprg %5 gRyristic acid,

I C L
SR R g LSt ST Sl PUBSREAcRE S
exanplkesicidyclhaseadt ksid dérdlaie deifl rlomlaor :n:,td, Jema;nomahe
ound .nut..and |inseed.oil

(Sj g"ﬂa Iﬁggzttcecﬁ]gigago%p%tf:namd or erucic acid, which haft an {T%}/nc number from 50
to 150, especially 90 to 125. Mixtures with particularly advantageous properties are

those which contain mainly, i.e. to at least 50 wt% methyl esters of fatty acids with 16
to 22 carbon atoms and 1, 2 or 3 double bonds. The preferred lower alkyl esters of
fatty acids are the methyl esters of oleic acid, linoleic acid, linolenic acid and erucic
acid.

Commercial mixtures of the stated kind are obtained for example by cleavage
and esterification of animal and vegetable fats and oils by their transesterification with
jower aliphatic alcohols. For production of alkyl esters of fatty acids it i3
advantageous to start from fats and oils which contain low levels of saturated acids,

less than 20%, and which have an iodine number of less than 130. Blends of the



by nmet hods known in the art. Rapeseed oil, which is a
m xture of fatty acids partially esterified with

w@hooemreB2 is available in large quantities anPiCT/aR200&085126
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obtained in a sinple way by pressing fromrapeseed.
Reeyeled oils such as used kigchen oils are al so

suitable. As al kyl esters of fatty acids,

cmwlﬁeg &tdrosy dfﬁ)éréoﬁxlitgb%,eeﬂg.tr@pdsh@i, ﬁm{ﬂoﬁm}:,n@ﬁaﬁm, castor,

exanpl e as commercial mxtures: e et hy r opy|

DD ghesrER S B 51 g1 gt e bTbrigThet ?ga@fﬂéé byt gn 2
Lo g%z%gy 6PLBNAL0 e (k9 hcRBIRbRerRbf lvilth i€ d@6kd to more than
nmyristic acid, palmtic acid, paimtoleic acid,

sB@ar%odrome iokatundted Gittyeicids wethdiSdiathoacians, petarelsukd.c

acid, ricinoleic.aci.d, elaeostearic aci.d, .lin | C n:

2ot . PafipnanebEeRa oty EhRINE N e UPGREL piotuels
dRE 35N @érbrcaGloth STimEY MGicGetalslk ehatadal, Gbe haié@edd Yedehs demaging
nunber from50 to 150, especially 90 to 125. M xtures
wiorthe prifitonEenaen SPTERIVEGR: 4B BGS B agengiablesgwge. It has
CBlENSEPAR TR At FR% LR BEMY e
1guadtiorofdedoltbhalivbladsiuelTae. deel et add vaweittlafutptur dioxide is
ester f fatty acids. are the. nethyl esters.of oleLc..
Sbraed) Prsteretulies o FROPIRPE Sei RN G0 Ay CaBY peation and
CROTERSGHo Ao Wtk Hhﬁﬁo@;ﬁdﬁcfhﬂgﬁ hRbES, HbHe adcd 0htabdnade for

for exanple by cleavage and esterification of aninal

adigse) egdt abl e fats and oils by their

trans erification W . j ' I

pr odugflltmbshao a Syﬁn O\e@fs(%bza}llslé)dc/ﬁéﬁ)te%@mg% FI(CJIEISI%%H% ﬂ?é)teﬁai’ 5%oth,
agivadirageeibeicof, shmible dNvemgfuilisedeasch fokll s whi ch cont ai n

| ow | evel s of saturated acids, less th 20%.. an

whi ch WRVE B3 oG RBmag Pe E@fé&ﬁﬁﬂwﬁﬂw@?fﬁéﬁgﬂag‘igm"‘e
ofi1 BQ@%E%&? SEQA8h particRarty HRILAY BISRER LAY Ak Plested §&ivatifes of
suitable, e.g. rapeseed,  sunflower, coriander, castor,
supedsednil, gpamet] oidcoydras eddsuafewerask otied dibwr pARKSil,

esters,of fat aci ds based, on new. [ : :
et gt il e P& s RpB T Slg B agruixture with
dethevedetaBleMlr@RritAtars 8Q. mixXads franynseiotiat edapatddyoil methyl
acids with 18 carbon atons, are preferred.

Peteriaadpalm ¢il pedebes®d are oils capabl e of being

ut | | | S | j = . 3 f . ‘ﬂro}eumu
From s Parenb s e pHfniyusE i MR TR et

| ésbedaimihegrdsenttivenéinw israppheable tonnigomisudbiadng! aaddetroleum-

are_obtained froma renewabl e source, | S n

%%fﬁ? SEFIT Ry G B ERmPn o 8L SLRE e R uore

f Qermshi{ RaBasP¥0 theeaeipiy/all &Rt 95 YR By We?hoiﬁf theblt edg b derived
distillate fuel, e.g. diesel fuel, and very little
sfribprumandiopsiithel $o3irdeor med. Certain derivatives of
vegetable oil, e.g. those obtained by saponification

and re-esterification with a nonohydric al kyl al cohol,
Mpjeslduttsed as a substitute for

Preferably, the diesel fuel is a petroleum-based fuel oil, especially a middle

distillate fuel oil. Such distillate fuel oils generally boil within the range of from 110
to 500, e.g. 150 to 400, °C. The fuel oil may comprise atmosphertc distillate or
vacuum distillate, cracked gas oil, or a blend in any proportion of straight run and
thermatly and/or refinery streams such as catalytically cracked and hydro-cracked

distiilates.



di esel fuel. Thus, a biofuel is an oil obtained from
vegetabl e or animal nmaterial, or both, or a derivative

wo b@poofog2 capabl e of being utilised as a fuel . PEWIUBRD8/085126
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many of the above oils may be used as bi of uel s,

prebermed are vegetabl e oil .dgr.ivatives, of which
particularly preferred biofuels are al kyl ester

deri vabihee Sx@fpiéﬁrfe&sel&ueﬂs kncheietit ﬂ:h&e’@ﬁbpm}i fuels Ofiadhenropsch

oi.l, sunfl ower ol ive Qi

oftelsnple ‘Po"é%?seé) T et Sngwl%’ésé*a%#?%?ﬂg?fje P aBRaD) fucls,
ain%ﬂ)%sso{o fi 1@{%‘? DSHHES aM Ed3] BdeFsioneaekalh %&'e'such fuels, syngas
derivative . mxtures in any proportion of
r dpesdéd 1soﬂ"n1st gﬁmsrh;dé aod tlem caneerisditernonnbal peafiyrs byst lapcher-
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| patERtid eRciisyapRhiieadl ieotharisatixd, byéscakking ahdigldraBdmerisation
petrol eunderived fuels in any rati For  exa

| e t
| wageld 3 vapeiyod PuBpyaraens| Eelets isasparaiing, Hicky %ffrg%in? ang aromatic
I
Ry AL RIRIPL 1 PR, Y i
Dﬁxe!se:tm;famehts Emkﬁet abby Aﬁh@u@tﬁ@g efe dierel fueb dgrived from plant or

pet.r o] eum bas , especially a m.ddle . . .
st fodtess pabies SAME Sishe FREBF er ot & §fignation with otter
gg@gﬁgﬁhm boil within the range of from 110 to 500,

e.g. 150 to 400, OC. The fuel oil may conprise
at nos phisfarablylitee dieseh fuel Bes aadphwrcanigrtiol ﬁb@@st@r%@@aﬂre

gas 0|I | f; t

aparTsy sl fSh8rS e PoPMULPOARRIE 6016 0 B LR Ficiuin
céadenllywérdavdiyofGupbliede atyd shiyablosuch radkesd thh less than 50,
dis IIa es. PF2007L008 exa of
CeListbts 5at i 204 HUbe s Fsprrr Qg By PR o s
Fi scher-Tropsch fuels, also known as FT fuels, i ncl ude
t hose descri bed as gas-to-liquid (GIL) fuels,
bFOUNCSHOMNALFQW IS BTL) fuel s and coal conversion
fuel s uch fu INSTRAR
gener =t SRR St OuppaRREt ntept bay b i g e
Fhuseti@iat llidOPEEde @fﬁhﬁ&&thaﬂ'ﬂi&vﬂa b eddivpathadfghnehicieyower is

th b dified b h talytic,
it GRS T oo LA At e T hon gty BdSRiener B
h%&@%&m ﬂEdt skﬁo\ya%Isi)v@er\fﬁmrsfsgﬁo%ﬁ@mﬂﬁam@ns

S | SO- ara |ns cycl o-paraffins and aromatic
cbymmwppHMOneden %@yﬁfﬁuﬁg eiis CHW fied issteahtesldiksipaghachine

Ll
O R A b B b PRIy B APl hen o
Ph&A! ardrcoBQbtTBE a BARTRAB(bascH)asd E&&(EvesThﬁSﬁ)eﬁBy which

used al one or in conbination wi th other
determine the properties and classification of the functional fluid.

GREASE

As mentioned above, the substituted phenylenediamines may be used as
additives in greases. Greases are often used in place of oils for lubrication where the
tubricant is required to maintain its position in a mechanism and where opportunities
for frequent re-lubrication may be limited or not economically justified. Examples

include the use of grease on bearings, axles, hinges, gears, and shiding parts,



types of fuel. Preferably, the diesel fuel has a
sul phur content of at nost 0.05% nore preferably of

w@eomostosD. 035% especially of at nost 0.015, PB6DYS2008/085126
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wei ght. Fuels with even |ower |evels of sul phur are
aboorsaet abl e such as, fuelswmith |less than 50,
preferably |l ess than 20, for exanple | Qopm sul phur by

wei ght Gedasésess cormpdyed bfl\li%ﬂariEérLdg%ud\Submati oatreth] ab ov eynthetic

t he conpositions of inventjon may find on
£ Qb iCOmAINafipRTHEEOr. A SANISEBH P %@%ﬁ%ﬁ%ﬁ%aﬁmaﬁ
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Ive, control nove ey are fluids designed
f fnrmluyidipo,dymmthﬁr a@cﬂ;honﬁt&ﬁ@hsesm fcagaxampie extreme pressure

d.fluids.f
gg%ﬁﬁngscéxiﬁt? g‘h@“ S5 on c§ %Eg%of %onboss onomlilﬁx i1 t%él?ﬁesg agents,

tbﬁ@&@dagkﬂtk@nav&amynsdeﬁl igieRlers. N t he pl anni ng,
real i sati on and conmm ssioni ng of systens including

such aTh¢ wbecatmgdaseonibibatis u&fd ig PE‘F&@E“% Fhsiggess s%répfoﬁltmns can

a

D5 e YR ARG MR lra DAL By ABLRE AR offp g synthetc

CREASHEs Adtinenl lubreding bivese didvks ssduisiniprepreog the g,reases can be any
henyl enedi e .us dd

CraeRionally r‘%'%nﬁg Rossstagks ﬂgrb‘fegcﬁg’%b? P%f'af i Eiﬁph%‘gm A Mixed

| Hﬁ%'cﬁ@ek UHBRIBal RBndry BEchBRDEs ihSlube Gt dx@fhpled distillation,
maintain its position inh a mechani smand where

oppeet aniatalgdc dovaxinge seleent exeadtighy hyda{inevhingaydecracking, and
Ilphﬁg&}or not economcally justified. Exanples

HeT "he use of grease on bearings, axles, hinges,
gears spadh&ld dills fight par ﬁ@ud@&%ﬁﬁﬂe&@ﬁtﬁeﬁ@hﬁmcaﬁ&’oﬁ&s@ ar e

conposed of a lubricating,fl such as ne
oPolgglstpeipFlad Jigemolbricap i P@ﬁeft ﬁ@rf‘éﬁ?ﬂﬁ]é(mae golyalphaoleﬁﬂs
tf AEEREER p(%l#’ %g)h%} eBndBhdbe ﬁr%@ﬁ’ced’%@h ihonalphs Bﬁ:lﬁlns usually

quantities her conventional additives may al so be
[ mzﬂt;udmg abputt8hl @E’mmﬁ@bmﬂl ali gosperizetigrsproedsh ahich produces

addi ti itives |n 0

%réeg% mgrdgtﬁggmerg,rﬁep aﬁ%{; of t(}j\gs)%%rf&% h’gifg(llregtg{ﬁgdo 11 0gomer is
C@gdanss hodroeHatditd efodlucd ackirard Siyd@enbsn. Ohd mpessdely used
agents, and VISCOSI%& i'ndex inprovers. The lubricating
bﬁ§§@ﬁh¥ﬁ@ﬁﬁﬁﬁﬂ§ﬂhé C§'¥Spreparing the grease

CO”DOSPEHep I@.ﬁtaﬁ%rk ef?nnﬂ cﬁ:g catith (ﬁ@@l\(&ﬁﬁe‘ Wlblsﬁ[zeH&e@ & alkylate

m nera 6t ¢ hydrocarbon oils -or synt het
ebﬁt&ﬁnwffr{brﬁ thd\Alkgéatajn dﬂbbnzwamltﬂ\getmgmmé@@) $h®@1pslyum0f

a t he a n be nti.o
- GRS UF o R0 B TP GH B PPy i o eratking or
RbiR6NESza8PE ofvied. base crudes. Conventi onal

re i nery techniques include, for exanple,

di st i | Inghidedhin the group of synthetlc oils are those recovered from tar sands,
shale oil, light hydrocarbons produced via, for example, the Fisher-Tropsch process
for converting synthesis gas (CO and hydrogen) into hydrocarbons, wax isomerate
oils produced by the catalytic hydroisomerization of natural petroleum waxes (i.e.,
slack wax) or synthetic waxes (i.e., Fischer-Tropsch waxes) or mixtures of such
waxes.

Other synthetic lubricating oils that can be used include silicone oils (e.g. ethyl

phenyl polysiloxanes, and methyl polysiloxanes), polyglycol oils, (e.g., those obtained

by condensing butyl alcohol with propylene oxide), and carbonate esters (e.g., the



sol vent or catal ytic dewaxi ng, solvent extraction,
hydr of i ni shi ng, hydrocracki ng, and vi s-breaki ng.

w@gowhatoBr oi |l s that can be used include synt hrCT/US2008/085126
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hydr ocar bons such as pol yol efins includi ng pol ybut ene,
pekypérs@but enes and especi al | yp3he pol yal phaol efi ns

(PAO . Such poly-al phaol efins maybe produced from

| bhgiat o |r@i¢ﬁng) Cebka 510@1819 alithyetig0 virdbmita P fahnuthaBedidr followed
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Fi sher ocess fqr conv
Shhast ok Seabrial ohd By SCRE A GO ST ohsggium,

' 8048 alaki@h) Efanﬁﬁloﬂx%i%ﬁgmﬁﬁmt lth&akidkdHetGnclude clays and modified
hydroi soreri zation of natural petrol eum waxes (i.e.,
s Flapk polajeap rastypios Hrattion blakesili¢d gads, alumigehepmplesps phlymers,

%tﬁsl%c &nmrg %(r}dll’% & tl?rfn S%CJ] W6 65 I’%n)bﬁé a §§fpc§fl?a§t 18111 metal such
R That"can be used ude” si
Obd Sthiuén, godleinhwpoﬁbsiﬁmbr B@hﬁtﬁlilb@éﬁﬁheﬁetalamd} ;lim‘tahylkm strontium,
pol ysi | oxanes), pol ygl ycol t hose qbtai ned
bharem BERaES UBUt IRP RIS e Py ﬂmé i ide ABIR POD e
c {RFIURTHO0R] Tre st wRIeAdEl
o?"r?ggﬁ 1&%‘5%%&{858&21 %Tghlé2 ﬁ}% é: et hyl car bonat e tegydf orm
athickicfierdst geases (sl [vineoh wyhyde@ntste@mteof the latter with
tetraet hyl ene glycol for exanple). Still further
synthetic lubricating oils that can be used include
pekywwienyls ethers; esters of dibasic acids such as

di - 2-etﬁy|hexy| sebacate esters of _poly ol.s such
as tri Frl@wyﬁrmonp’fra@awéwmaﬁw}ﬂrw d&ﬁ@beé@hihaé?%\’ﬁflg ggmples
t %{cﬁ%{v‘é@cﬂ%{a&ed Hx%%ttﬂnf%)é?@ Bfafn@' Iaﬁrﬁ%ﬁé%fy late
tripelargonate esters o ycols such as C oxo acid

di ester of tetraethyl ene glycol or conplex esters

U o SRR bR Bl Saflps harsc o' @ o 2
2- et hyl hexanoi ¢ acid. A variety of thickening agents
for greases have been devel oped incl uding the

Example 1

Preparation of 3-(4-phenviamino-phenvlamino)- propanoi¢ acid methvl ester:

Michael addition of 4-aminodinhenvlamine with methyl acrvlate

N-phenyl-p-phenylenediamine (4-ADPA; 162 g} and methyl acrylate (120 ml)

were charged into a 4-neck 500 mL round-bottom flask equipped with mechanical
stirrer, condenser/Dean-Start trap, and inlets for nitrogen. It was heated fo 80°C to
dissolve all the 4-ADPA. Acetic acid (24.8 ml) was added followed by reflux for 2-3
h. The mixture was cooled to room temperature, treated with ethyl acetate (400 mL),

washed with 10% NaOH solution (400 mL), water, brine, and dried (Na;SO;). The



al kali and al kaline earth netal and al um num soaps;
and particularly those of sodium |ithium calcium

wharmwonsodnd al umi num O her thickeners incl udePCi/agm08/085126
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and nodified clays, polyureas, asbestos, carbon bl ack,
spizbwasogel s, al um num conpl exes, pol yners.

pht hal ocyani ne, and i ndanthrene. A suitable soap may
beolers alak rafiryamamiriad to shedialaboued3 aofiddatbuifhesodipision of

or potassium.,or an alkalin rth nmetal such as

@ﬂa@awawéﬁ?%w R bR P e SR @dﬂ%&?ﬁg}cﬁ J¥d
Igyﬁ@& LS Heliydensireari ¢ acid, hexanoic acid, oleic

aC| azelaic acid, and 12- hydroxystearlc acid. The

nost w del y-used t hi ckener for greases is |ithium
1§-h¥d[ggystearate. EXAMPLES The invention will now be
peFt rly described in the foll owm ng exanpl es which

apgpiation 8t BogdgbnRinlihdbhedviieniseppepaioid ed el(adtithio)ethyl
her eo PREPARATI ON OF PHENYLENEDI AM NES Exanple 1
Pﬁ@ﬁaratlon of 3-(4-phenyl ani no-phenyl am no) -
pﬁ%%@ﬂ%c@t%ndqf@e&i%en a‘iga &lo-onGRAEL 0 2B RO QE methyl ester

4=arm nodi phenyf ant nmet nyl acrviate

Nevith @ rhywldrpevpiin gﬂ&bguhdﬁhh1ne (4- ADPA; 162 g) and met hyl

| m h d int
Found. bt Db PR SRR FRiceh e A ST e p g &
CRRASNRAIV Q%msuﬁﬁ@(tw {1 fdhd t0REné Nloetnsl) fefe el Qg€ B-neck 500

It" was héated to 8Q0C to dissolve ail the 4-ADPA.
Acétrp@nchbcptaam faskeeayippedurdthadtiagr. Rsan dod@koipeeiesr) eppdemer,

a3l o e 108, PSSP AT BERES 10

Naﬂalca@lldaﬁ 4 afealAditadgen, azﬂttehuendxrmm) eatrdindd ireifle Dean & Start
(Na2SO™4) . ThePF2007L.008 24 t was ., rotar .

e VAR BTRY Mo VEh MHTUBSwPropesidg (5 (g ﬂgﬂ dedripfp the reaction

C Rk Qts%@cﬁh Of nitSAGT 11942 WRSiofk %§ bormea Ry 25_5 UnRi ﬁﬁ:@ompietwn of

HPLC. e structure of the product was confirnmed by
aredetk®@s NvRrmird hp HP L2 . Pflezp@ph:ﬂﬁ@lpem soBution-vyst sl Wed with

ez(?jé &%—Isgg#ig)rgnéw ha?fl-ggc{% OI o %&r q)fﬁie( Qe Hlh %%)S%}J] Ythe solvent

Swhéroddre @yé@mtmmm@w b‘kﬁﬁﬂt DO):of prap mml adiich wed supfected to
ester wth hydr oxyet hyl yl sul f

3Kpgelmhe ﬁgstlaaﬁomo BHErH %Pglffﬁt opah Sr%cﬂge PHhEREgipet was
egg F f%%&aﬁqﬁﬁ%yethyl n-octylsulfide (29 m)

were placed in a 4-neck 500

Example 3
One-step preparation of 3-(4-Phenylamino-phenvlaming)- propanoic acid isodecyl

ester: Michael addition of 4-aminodiphenviamine with isodecyl acrylate

N-phenyl-p-phenylenediamine (4-ADPA; 40g) and isodecyl acrylate (53 ml)
were charged into a 4-neck 250 mL round-bottom flask equipped with a mechanical
stirrer, a condenser/Dean-Stark trap, and inlets for nitrogen. It was heated to 80°C to
dissolve all the 4-ADPA. Acetic acid (6 ml) was added followed by reflux for 5 h.
The mixture was cooled to room temperature, treated with ethyl acetate (400 mL)
washed with 10% hydrochloric acid, 10% NaOH solution, water, brine, and dried
{Na;SOy). The solvent was rotary evaporated to obtain about 76 g of product. The



mL round-bottom fl ask equi pped with a stirrer, Dean &
Stark receiver, condenser, thernocouple and nitrogen
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110- 115C under a stream of nitrogen, and tol uene (30
nepzeeiog ai ned in the Dean &-$fsart side arm was
renmoved. Titani umisopropoxide (3.3 nL) was added into
t benpleast dfaBactod &as aoirmed by OfT- 1 4ndddRinC. Thestneaot bbthe
was refluxed for 24 h un t conpl etion of reaction
aﬁfoé'éﬁté‘f%cﬁwbﬁﬁﬁéa@‘i%&‘%\gﬁed t ol uene sol ution was
then washed with 10% HCl sol ution, 5% NaOH sol uti on,
water, brine, and dried (Na2SO4) . The sol vent was
rEkannleeNaporat ed to obtain about 2 1 g of crude

L ' | Z RO y DY ¥ = L
Of\/h&ﬁ@i eﬁiﬁm&l(‘df 4V@ﬁn§d3ﬁﬁdn&mﬁﬁn&)%th B e&ﬁﬁ’aﬂ:ﬁt@nﬂhfﬁ acrvlate
e-step. preparation
3- ( 4- F%ewynﬁm Wﬁﬁé?@?’ﬁ%rﬁ%’)‘\DPﬁdﬂgrﬁé red gefhy! peyigiedy o6
eﬁ@ ere %&g@aex}nmaéﬂ@' E&lﬁ%ﬂfﬂ%@\ﬁﬁ‘ LR LPRARYL EBh AWM h N

decyl ate enyl enedi am ne
( AreDRAA] st@@} aaamddersadﬁwsmtydpaa@ ihESs for )ntmeﬁre It was heated

cha d int 4-nec nmL..r ou tt.om S

G% &9 dWCBY] e ajl'thg 4ﬁ“§9%‘gal‘b‘c§?? ?‘P ?1? gml) was ad% 5 followed by
C%@@ R&Ery 1PeB ik AlrK what 8fbled@ddobilt@hperfitare, Bbdted@an ethiyt
was heated to 80 C to dissolve all e 4- ADPA. Acetic

adetit¢ GORMLmers! w&*e@wbliﬁmwﬁfﬁmw (A0Grrk.), syager, bripgeand

ol 0573, BP0 A SRR Y TbPal i Pk roduct

a@h@corﬂ.}ﬁ%dﬂaﬁhbaﬂbm tria® Donfismteé by FikiRnand Iéli’i@{: dihesryeNae of the

The sol vent S t vaporated to obtain
aBT@éFCtWSQO%‘?mES@dJ andriSSHE7L008 - 2 5 -
conpl etion of reaction was confirmed by FT-IR and
HPLC. The structure of the product was confirmed by 1

HEamdpleIC- NVR.  Exanpl e 4 Preparation of

bR Y AR R B inG BRRARG G,

4¢RNIIBRANERNAS B&)t&rartfﬁﬁ@esmﬁbatﬂmeﬁal-(waﬁxenﬂamﬁtol’wdm_@ﬂnduaaced

N-phen I-p- p_ en /| enedi am ne (4- A A; 100 g) and net hyl
cLE : ¥nto a 4-neck 500 nL

round k aﬁo%@ih%@h@tﬁle%&k T0R5,.2-

a conde igg@%ﬁﬁglpga@@g%mp@ [ n1 | ets for irqltroge?%g

I hydm&a&he:@tyﬂmh%m@ﬁ% Banly a&t@ﬂuﬁ@e £00 mh evere plpyed in a 4-neck

Gt TRt BethekoifBe B0 oupe, PR R il o

t E(ﬁﬁ%ﬁéér \hdroBdpyd ariGetraded 10140 0Tt rbactian evavaishedated tivder

10% NaOH sol ution (400 ni), water, brine, and
reflux at 100-115°C under a stream of nitrogen, toluene (30 mL) entramed in the

Dean & Stark side arm being removed. Titanium isopropoxide (3.3 mL) was added
into the reaction under a stream of nitrogen. The reaction was refluxed for 48 h until
the completion of reaction by HPLC. The cooled toluene solution was then washed
with 10% HCI solution, 5% NaOH solution, water, brine, and dried (Na2504). The
solvent was rotary evaporated to obtain about 32.4 g of crude material, which was
subjected to Kugelrohr distillation to give 27 g of product. The structure of the

product was confirmed by 1H and 13C-NMR.



dried (Na SO4) . The solvent was rotary evaporated to
obtai n about 182 g of product. The conpl etion of

w0 e@en7es2 was confirmed by FT-1R and HPLC. ThePCT/US2008/085126
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structure of the product was confirmed by IH and
13GhoN® Exanpl e 5 Prepar at i-gg -of

3-f 4- phenyl am no- phenyl am no) - di propanoi c acid di (2-

(Eednibleld 0) ethyl ) ester: transesterification of

3-(4-phenyl ami no) - dipropanoic acid di thXI ester .. .
Prcparation o ey hiicyglohexety Nemethqxypropionyl-para-phenylenediamine

3- (4- Phegyla81,R0 ﬂ’ef%? Qs 3163k R9oh- i REARAN@irfer 8Lthermocouple and

di met hyl "ester (20Qg), 2- hydroxyethyl n-oetylsulfide

( Bditdged inleandhe Dhskens ch@@ed with NueY, &N grigvdehaxgil-para- neck

500 ni round- m f k _equi W tifrer
ool AL LOTobb SRR ERF, Hof Qe g om
Nirtd Re&TdniWls&tirred RE32P€adtil @mples. Thereabe@t @aksungdesken up in
reflux at 100-1150C under a stream of nitrogen,.

L wlerencextagenivjtheruqoss sty dioidodan waskgdapiee dimes vdibm

oi . . . . _ ,
e L e S
Ti‘rlﬂxef(ﬁa:_@.t 'Sonn;: palseeplecipacted and 48s temoved.| Selhent was removed by
conpl etion of reaction by HPLC. .Th I t ol

SEIAY PWPOTRAE L HER RSt R SRgn e TR o e SGhent was
’;%ﬁ?vé@ty;dt%'evﬁ}%trﬁfm‘ IRekAein@ A6l atiled Gere(rbindRAy vacling

lvent was rotary evaporated to obtain about 32.4 ¢
ofiistliatide (Rt £96°8) to vibidatviveays. slatk) wdlpwdiquid Kugel r ohr

distillation,to gi.ve 2 Ty t
he' o PR Re R gAY PTG B
26f the Foai!veas@offieRarat i andf3INNMR.

N -tricycl ohexyl -N - nmet hoxypropi onyl - par a- phenyl enedi a
m ne A 100m 3-neck flask was fitted with an overhead

]Csffhgmc;@?ﬁ@g?gpl e and a nitrogen inlet. The

ask was charged wth N, N,
NAntipxidyot Aftéwitd - par aphenyl enedi ani ne (27.19), methyl

acryl 150m d gl aci.al ' [

eact D AR SRRl B A R sl e B Ry Bfntatca

;&ﬁg%da%luﬁgﬁin@/ﬁS%lb@éi@%hsU@nd&d@m)@éﬁi@iﬁﬁ Sohnteim:d gttt wnads of the
us sodi um roxi de [ i

ABRBRpIc SorubR e 0SB BT CABBHSE PEH RS to be

F Sachl 8{:1 m{{r@%ﬁ»n\ﬁgﬁr 1@ € Ahl Porh PosiEatR MRS otREBsAREM TR

preciprtated an I

was renoved. Sol vent was renoved b
r ot ar yTevapepoaitioonwertheajpnied agtinsiadasaliencagparigon in the form

xyl enes and fjiltered. Sol vent. was ved by rot .
e AR B SR HERSIRE R LA Sl g déntical
\éggé;m\gg:agﬁ 'tc%o!kaﬁé fg)ﬁn(og e MARAGh Tenpor@@ ThedthGoRidation Engine
w i quid.
Oil Si?r/mlation Test (MHT4-TEOST), part of the ILSAC GF-3 and GF-4, whose

+

stated purpose is to measure the tendency of the oil to form deposits. It is however an
anti-oxidancy test since deposits start to form when antioxidant becomes depleted.
The test determines the mass of a deposit formed on a specially constructed
steel rod by continuously stressing a repetitive passage of 8.5g of test oil under
thermal-oxidative and catalytic conditions. The instrument used was manufactured by
Tannas Co. and has a typical repeatability of 0.15(x+16) mg wherein x is the mean of
two or more repeated test results. The TEOST test conditions are listed below. The

lower the amount of deposits obtained, the better the oxidation stability of the oil,



The conpl etion of reaction was confirmed by FT-1R and
HLPC The structure of the product was confirnmed by IH
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The products of Exanples 2, 5 and 6 were each bl ended
i ;e@nifoud | y-formul at ed crankcase | ubricating

conposi tions: one conposition contained 0.44% by nass
of the Exanple 5 product, and the other 0.29% by nass

of the Exanple 2 product so as to be present on an
equi-mol ar. basis. - Th

i dentical. The CONMPESISTONSITVELECBNAliMat ed agai nst a
base-line conparison in the formof a conposition that
| acked a phenyl ene di am ne but that was ot herw se

The eval u on took the formof the

i cal
I\/'ij i‘G’P?etﬁésrrper atur eastfﬁelgno oxi dati on Engine Q|

&p‘ggt%a&@n whose st atqd,mufspose is to nmeasure the
tendency of the oil to formdeposits. It is however an

aited Torpaainey test si2¥¢& deposits start to form when
ti gxi.dant becones F
ﬁg qg 1“8 deposit fom%{%@s ecg%?%qg%gégrﬁ?t%%y%g
steeple flod . conti anLLSSIgmnBIt ressing a repetitive
passage of 8.5g of te I? . under thernal - oxi dative
W@Wdéfteéﬁﬁ)/tfi”@ cond|t|1§ﬁ§ Re i nstrunent used was
M{Zétct ured by Tannggj Qﬁua@%lhvaﬁe @nlaRh€at, Pb, and Sn
repeatability of G 15(x~l ) wherein x is the mean
of two or nore repeated test results The TEOST test
conditions are listed below. The |ower the anount of
deposits obtai ned, the better the oxidation stability
of theripi ﬂesﬁ%z@@?dsﬁ)@&s mg@ofldepoHEQEE shbitn belstv:
Condi tions Test Paraneters Settings Test duration 24
hours Rod Terrperature 285C Sarrpl e size 8.5g (mxture

T Sanpre TTow

rg}ileé’yleﬁg(ﬂ?rﬂ’lnﬁ 1%F8mp?§ajl?%n %d?;/ di @ % nL/ ni n_Catal yst

larg@bBDT € m xture containing oBe, Pb, and Sn The
results. expressed as.ng of deposits. .. are-showi-below
PhenypleAedi ani ne i n Conposi ti od3Deposit Exanple 2 23.1

Example 5 324
Example 6 38

None (base-line comparison composition)  46.7

The results demonstrate that both mono and di-substituted Michael addition
products are highly effective in inhibiting deposit formation in the test in comparison

with the base-line case.

Copper Corrosion Performance
The products of Examples 2 and 5 were each blended into fully-formulated

heavy duty diesel engine lubricating oil compositions: one composition contained
0.44% by mass of the Example 5 product and the other 0.29 mass % of the Example 2
product so as to be present on an equi-molar basis. The compositions were otherwise

identical. The compositions were evaluated against a base-line comparison m the



Exanple 3 33 Exanple 5 32.4 Exanple 6 38 None
(base-line conparison conposition) 46.7 The results

waoleomzdosat e t hat both nono and di - substi t ut edPdt/TRze$/085126
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addi tion products are highly effective in inhibiting
depesidos formation in the testygi.n conparison with the
base-1ine case. Copper Corrosion Perfornmance The

PERAUS T ofhofiaPhelciZdanthebyluer dapartbubitandedothatose
rally-fornul ated heavy duty di esel engine lubricating
oﬁkm@@hpositions: one conposition contained 0.44% by
mass : ;

oo 1P HEYSHER, Fo EARELAIE IR Rt By Rin he
c fpuin-ofah athebeise slentltw cooppdsint dnomsequemela bhss thaserntained a

ident)cal.. The conpositions re eval uat ed ai -
R B PR TR T R
apﬁéﬁgrpga%biph@{yz dhatandiRokRdeia tRharYl sepeirgina Wap & skvohddrh &t
was Ot herw se identical. The conpositions were al so
ewllylgoen(“serdi nEPA) r Ehess HispberdpisdainespLithe pKetvgr m
of an ot herw [ ' Q i: e : i = r
e fbsielandish e EEAREC Bl ATRAT I 00 if ek ARl Aon
r ey @3entigopareatohist hose known in the art, nanely an

N-al kyl - N -. ph | - - ph | [ ' i h
B kyl ieribheniookal BBt s M QPR RSE" phigh gess
_C@iefe@@ﬁéine 1BHSantd ReleRBAME 1RALLhd M ReSorffde BBous metals such as

i nventive conposition and of the reference conposition
dedpper @b ys adrpmiontytused in cgpbistlpwersiané beninghe of t he

nitrogen at ...The. eval [ t e
AsT Do O it S s i Al
| ubricants to determne their tendency to corrode

- Bmnlshedomins inp@mpesitiphgs. THEPResults, expressed as
f-Py—rrass—of—copper—are owt-tetow—Exanpte=2"7"0%

CKHPPIEZ5 6.2 None (base-line c&%parison conposi tion)
Sfangfie 5Cn PDA (reference conparison 172.6

conposi tion) _ -
None (base-line comparison composition) 5.4

Sec Cy; PDA (reference comparison 172.6

composition)

The failing limit for the test is 20 ppm. Thus, the above results demonstrate
acceptable performance of the Michael adduct-containing compositions (Exs 2 and 5)
that is equivalent to the base-line comparison and that is much superior to the

reference composition.



The failing limt for the test is 20 ppm Thus, the
above results denonstrate acceptabl e perfornmance of
wo b@onre@Bael adduct-contai ni ng conpositions (ERGT/RSZNgEI085126
5) that is equivalent to the base-line conparison and
t Fradonioss Mmuch superior to theopeference
conposi tion. PF2007L008 2 9 - What is Clained is: 1. A
cwssl(tjlagﬁed{g the formof a lubricating oil
conposition, grease, fuel, or functional fluid subject
to oxidative degradation, containing, in the formof a
M chaek I
gener ; @ng'squnf?t;?@%l%és cﬁl_ﬂzrgérﬁ,ﬁﬂNR E%S 9@@%{‘/@&&{ g?e@& fuel, or
V\ﬁlﬁctmﬂa ﬂm sulifRctam dx iRat e degiaddépe nogpining, imibe @mf a Michael

bra hed Ky kyl groups,
?f%l ?q“ﬁéé‘mu}?ra FYF © gb‘&ﬁs‘wral&?’“& ri@t ure (11)
bel ovv Ar i s a0 RANYAr-SROUHR'GURANORRS are
i ndependent |y hydrogen atons, or alkyl, alkoxyalkyl or

awpéreigr oups; R6 is an al kyl, al koxyal kyI or

ah ko L) R LIYha MRy %gaﬂogmtbeﬁs QRRAEGEShche bR or
carbon om o) e car bon group i n the above general
f ﬂkmyaayl(gn)upsj aychnlkykyigen oaargrhgrospm oestorcturé (1) belaw;
represented by the formula - CHR7TCHRSCOR (I1) wherein
RY 79 2R8 299> i ndependent | y hydrogen atoms, or al kyl ,

#km ¥ ind@perRENy Y dPRS at] oRRKIIS aIﬁBxy’aﬂll@l lor aryl groups;
koxyal kyl or al kyI t'hi oal‘g(%&F group and is optionally

cBhisen tab], tabkoxhrdkgapibakyl et o feraupe oRtmBNn geng et P T
t t
7t A0 o sty o 05 HARE BB dgETo i TS

aﬁdmt he phenyl enedi ami ne being in the formof a free
base or as an oil - bIesItthereon. A
cHIHsBES tHDgRTopEesgnty ‘?Fﬁé G HH’&‘F 4im 1 wherein R6 and RO
i ndependent | Yom®6 to 24 carbon ato 3. A
conposi tion %gﬁtqél n(?fa%}il n claima1 wherein, vvhgﬁ) any of
RiherB2 F3ind RA ardiBderrRndenty IRgrdesn atoms) wyalkyy alkoxyalkyl or aryl
aI ko xaé<y| group, it or they contain 1 to 22 carbon

A conposition as clained in claim3

\A@%fs% ra;k)mqm; Emyiczfr adezthiaalkngmuﬁeénd R@ptxaamoasem@i to the
an al ky] or_al oxyal kyl group, E or the contaln lto

2cabyrhaiern F G Ew strogigre (11) via an oxygen atom;
the atkyl groups referred to above having from 1 to 36 carbon atoms, and the

phenylenediamine being in the form of a free base or as an oil-soluble salt thereof.

2. A composition as claimed in claim 1, wherein R®and R” independently contain

from 6 to 24 carbon atoms.

" . . . . 5l 5l pd pd ps
3. A composition as claimed in claim 1 wherein, when any of R\, R, R, R, R,

R’ and R® is an alkyl or alkoxyalkyl group, it or they contain 1 to 22 carbon atoms.

4, A composition as claimed in claim 3 wherein, when any of RY R% R RY RS,

R and R® is an alkyl or alkoxyalkyl group, it or they contain [ to 12 carbon atoms.



5. A conposition as clainmed in claim2 wherein, when

any of Rl, R2, R3, R4, R5, R7 and R8 is an al kyl or
w@bdoony@Bkyl group, it or they contain 1 to 22PCHUKIING/085126

atons. 6. A conposition as clainmed in claimb5 wherein,

whesrasy of Rl, R2, R3, R4, .Bg.- R7 and R8 is an al kyl

or al koxyal kyl group, it or they contain 1 to 129

car bona ab@pssitich asAlAMEP aSEIRiOD wasredl, ailerdny of RI, & R R, R,

wherein Ar is a substituted pheny;a gr oup ?nd ft Least

oReangfR s an fkyher atkaxyalkyhgrai Je taoimntagt | g 22 carbon atoms.

conposition as clained in claim?2, wherein Ar is a

substituted phenyl group and at least one of R : Rz . .

afd R3A icsmaodityalr génmat onelait 5, whagnpukintanywifs. R, R, R, R,

ROt i i LRtk AR by S L0 2RI

atom 10. A conposition as clained in claim7, wherein
Rl is a phenyl group, R2 is a_ hydrogen atom and

), R2 s s
al.phenfylcogpetifion astclaimed Fhelaigt 1ieras Af|ind ﬁéﬁ“ﬁ“ﬁdghﬁpﬁ group
8, wherei i is a hydrogen atom
aéhn(ﬁl a}l\lfealgts&g%% e%?a“g?gg%% h%gg% aé%f‘rbosi tion as clained
inclaim9, wherein Ris a phenyl group. R2 is a
hydrogen atom.and Ar, i s.a phenyl, gr.oup.. 13.

b oS CPBRORE L1 HEHS i Ba ot NGEI T s 7 IpS g sAphggy! erovp
al vk IdakQak oy R GC0MA KEQ9h Bl dtbBeh foh0 24, such as 8 to
12, carbon atons that is bonded to the carbon atom of
t he carbonyl group in the fornmula (I) via an oxygen

om and R3.is a hydr in @K tituted phenyl
T icoxyARRTPOUP LD N p 3 n@bin Py plinyed nheny] group
adrdeydt leadd do@ey & KA andRdh ki dbpaadtiayl gr oup cont ai ni ng
6 to 24, such as 8 to 12, carbon atons and is bonded
to the carbon atom of the carbonyl group in structure
(19, Vi R BRHOANIEH aLinitn RFAART L0 reinR ' s a piehyl Aoup, R* is a
conposntloﬁ as clained in claim1l, wherein is an
ahydydgehiacmh kyd Agiscuphesrgredmi ng 6 to 24, such as 8 to
12, carbon atons that is bonded to the carbon atom of
the carbonyl group in the forrmula (I) via an oxygen _
atpm  ArgmB3silisn & diteo gedaiat BMvha@En®' Ky h plamyl group, R” is a
al koxyal kyl group or has structure (lIl) where RO is an
ab¥dypgenagtdio ayhik s 2 eng ¥R hi oal kyl group cont ai ni ng
6 to 24, such as 8 to 12, carbon atons and is bonded
to the carbon atom of the carbonyl grqup in structure
(1). vi A& camposisigress ddioml il SainA9 congrosiR iivaphesnytap isa
in claim12, erei i s _an al kyl t hi oal kyl group
Cmr%gqqia,tﬂjnenwfﬁﬁpr}&gg‘h%fg@‘g to 12, carbon atons that

I s bonded to the carbon atom of
13. A composition as claimed in claim 10, wherein R® is an alkylthioalkyl group
containing 6 to 24, such as 8 to 12, carbon atoms that is bonded to the carbon atom of
the carbonyl group in the formula (I) via an oxygen atom; and R? is a hydrogen atom,
or alkyl or alkoxyalkyl group or has structure (1I) where R’ is an alkyl, alkoxyalkyl or
alkylthioalkyl group containing 6 to 24, such as 8 to 12, carbon atoms and is bonded

to the carbon atom of the carbonyl group in structure (I) via an oxygen atom.



t he carbonyl group in the formula (I) via an oxygen
atom and R3 is a hydrogen atom or alkyl or

w@bdoony@Bkyl group or has structure (I1) wher ePRYUSBORIBS126
al kyl, al koxyal kyl or al kyl thi oal kyl group contai ni ng
or2an728s such as 8 to 12, carhon atons and is bonded
to the carbon atom of the carbonyl group in structure
(13. \éu Afoafnpﬁsﬁy'grems dtiared id BlainT he, wiongo & is onalbfltidakyhgtoup
in the form_of [ ubricati oi I conposition
CERSHTISE A0 & P 25F 19 UbF1iegt R L Godneg [y carbon atom of
gﬁg%%%ﬁﬁag%uﬁ Qe fé)&n@iﬁ‘?? Ria anldkyed 80RO ARORP td LRy d8fgen atom,

imto in the formof a lubricating.oi

|
comngliogior alax gl gk @ipray hanstoicture 1D wikare g%is Pplklstloeivelkyl or

i i .18, _Th it i .
¢ DT R R hyae e A5 SPOPER Gudr et BT pgpded
f ol tBopheRyfenesiiamiyngoup &l eaicade {15 omaashlgssatom.

di spersants, netal detergents, corrosion inhibitors,
nmet al di hydrocar byl dithiophosphates, antioxidants,

PoYr pRi claglpgﬁg&?éﬁgﬁht%d arlg ?i‘aﬁﬁ i @’r‘l'i}g&)gh f_fl_{'ﬁ &f sh al R @B Maroup

agent S an VI SCOSI ty no lers. . e conposi t1on
obontdiaing617 24 fuch hes tccByparbeii atgme st oy bandedto the carbon atom of

co-additives, different fromthe phenyl enediani,n

e Eebaty e oin 48 BBl pB b et P RS EryBiragen wom.
COF 10 0P BIkbRIHIB! tefiP,or MBS @tuclirbYIg0aE RY Is an alkyl, alkoxyalkyl or
di t hi'ophosphat es, anti oxi dants, pour [

t
Gy ldg Y SO doBEATORE A4 PasiLes it eRbRTEeRs andjsdonded

V] SCOSi i fel i it
e
i nternal conbustion engine conprising operating the

O ot b A L% A S

comprising an oil of lubricating viscosity in a concentrate-forming amount.

17.  The composition of claim to [ in the form of a lubricating oil composition

comprising an oil of lubricating viscosity in a major amount.

18.  The composition of claim 16, further comprising one or more co-additives,
different from the phenylenediamine, selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates, antioxidants,

pour point depressants, friction modifiers, antifoam agents and viscosity modifiers.

19. The composition of claim 17, further comprising one or more co-additives,
different from the phenylenediamine, selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates, antioxidants,

pour point depressants, friction modifiers, antifoam agents and viscosity modifiers.

20. A method of reducing deposit formation and/or reducing metal corrosion in an
internal combustion engine comprising operating the engine and lubricating the

crankcase of the engine with a composition as claimed in claim 18,



