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relates to lubricating oil conpositions., Mre particularly, the present

tnvention relates to | i C 0-.Qi i L1.0 [,ch. exhi bit

i mprovenents in fuel \,ﬁé‘.@r‘% "QR&Q‘)@@Q@J'@Q:@?‘E%LM clutch fJigC"wl,'Ozlqnz
‘)erformance when used as aMﬁMﬁﬁ%&E&ﬁJMﬁDDlﬂiﬁé@wm OF THE | NVENTI ON

t has been proposed m many patents and articles (for exanple, U S. Patent

Nos. ' 15 4,164,473; 4,176,073; 4,176,074; 4,192,757; 4,248,720; 4,201, 683;

4,289, 635; and 4, 479,883) That oil soluble nolybdenumis useful as a

| ubricant additive. In particular, nolybdenum provi des enhanced fuel
econony i n gdseldresentinvéhtaeteldteetccldbice]inges!, compoisiidnsigMoot hagicolatly,ghe | ong

termfuel econony,. (i.e., fuel ecanony retention properties). The pr.iar
br oposaPIEEFHIVANGR [ienbywaGrn 4 Gvere re BEER h Barsonambs .o
2,000 ppiglicdohdtRy PrbSertidbRd exealeAt WetELteN BbR RAbARARY WheANlsedV¥AE
agents, dispersants, friction nodifiers, and the tike. ' The present

i nvEht osivREs@EOH.ound that fuel economy properties can be inproved using two
different types of nol ybdenum additives m conbination with an organic

frictioon 25 nodifier, a cal ciumor magnesi um over base%ﬁiﬂﬁ‘”ﬁﬁﬂmlﬂﬂnd a zinc
di hydr o EBxGYERAUND QF NVENTRONMARY OF THE | NVENTI Hipihlesent
i nvention concerns a lubricating oil conposition which exhiclbits i nmproved

fuel econony and fuel econony retention properties, the conposition
conpri sing: (Bhasabedr propbsddibrisamt pagnigi sredsiitlgs (fobgxahplepdss. Ryentavey. based

magnesi um or  cal ci tergent; (c) rogapi c_oj | | yble diperic

ol derutmotnidb 7 s dnt 8 074 EhoBtaan LEoAE 72 638kl hoBBEES aput
2,000 ppmioedxyhihdt MPsbLB sailydoshuielid ©séful @8NP RBAELH bddRReC ONPPStithian; (d)
an organic oil soluble trinuclear nolybdenum conpound present in such

anmount s TeRlyReenum proXidege eiPNcsd 8L ECATRIMY ofh FAFOITG PF SiESE! tTpledc eraipes.
conpoungndndihe b&PEHRAI aHdQBxhgz(&)n faél é%hﬁg.@.,%&%@bﬁorw rQbhfdh pRYEAS): and
(t7 "166166 ~1 9 J UL 2002 wO 01!3U948 -2 at | east one zinc

'(I?Ii hydr ocdaetRfiod PraTios ik dwpierily d/se dngihAed UNTRElere/mefrsA!er than BAS PRTNIAEK2,000

ol agi li t 0%, Or ) TBN: | S of

. Foast P O e o o B e e B B RE ) ol i
f r om t hdrigtioarmpedifiels cendcthadiker nagnesi um det ergent, and cont ai ns phosphor us
in an anount up to about 0.1 5 w.%fromthe zinc
di hydr ocar byl di t hi ophosphate. The conposition may be prepared by the
adm xt'ure of Theepiengmodveniors tmave feunchthedripelsicohomy paoreries cart berimprdyedi nent
of this inventi ition r i nv Lon npasses et hods
For 1 mpr St flerebEBER oL rBpab N BSERRRL ot SSRER.Ah SRS LTRASTES ckfbh
engihie, mbdifieretdombldunpoi shagneshen sévepisased alddhirgentt bed |ailrine atibydyodsrby!
CONMpPOoSi téiﬁ\no g‘f this invention to an engi ne and operating the engine. The
oi l.s of TWI® PSRIE! i on al so exhibit inproved wet clutch friction properties
whi ch make them useful as universal oils.

SUMMARY OF THE INVENTION

30 The present invention concerns a lubricating oil composition which exhibits
improved fue! economy and fuel economy retention properties, the composition
comprising: (a) an oil of lubricating viscosity; (b) at least one overbased magnesium or
calcium detergent; (c) an organic oil soluble dimeric molybdenum compound present in
such amounis so as to provide up to about 2,000 ppm (weight) Mo from said dimeric

. 35 compound in the composition; (d) an organic oil soluble trinuclear molybdenum
compound present in such amounts so as to provide up to about 350 ppm Mo from said

trinuclear compound 1n the composition; (e) al least one organic friction modifier; and (f)
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13 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS G| of Lubricating V'qqpﬁuﬁmm
The oil of lubricating viscosity may be selected froma w de variety of

base stRek$ 7944 Ncl uding natural oils, synthetic oils, orpdaspdenessat hereof.
Exanpl es of suitable base stocks may be found in one or nore of the base
stock groups, or mxtures of said base sfock groups, set forth in the
Anerican PetroleumInstitute (APlI) publitation "Engine Q| Licensing and
Certification System', Industry Services Departnent, Fourteenth Edition, .
Decenber at9B@st ,@d@endmrrdibyd@eer@méhiomgwm’& canperradip Théaawmpssitimkswasoat ain

| ess tha t er _t-han erc Ifur and
nave a vinGACK{SF MM EHAR iR et bEE portD el ErdCh iR SR g
the Pest Jpunads agfbatabiecid the pledeinee Af bisd eavciudDommaGhéditim Ifﬂonbméa:\@tmslsa

contain greater than or equal to 90 percent saturates and PCT/FPOQ/1 A 52

: | ess GAEAPMA’ TBEGFSIYD 1%3@!}3@%5%@\9@@@%%%% MOV ¢B 3P BPOVRIAX
greater t

e e A e o S Rl i
c) G oup theladpzistreobtiesingmgientnang sattecompenitians ase@arther @bgsimertnif this
saturates_ oIness than or equal to 0.03 percent sulfur and have a
viscosity in ex greater than or equal to 120 using the test nethods
specified in Table A below. d) Goup |V base stocks are pol yal phaol efi ns

PAO, a synth t| ase st ock oup V base stoc ncl ude all other
E)ase)stock)s/ not" ﬁgfﬁﬁeﬁl’e Weﬁf'adé‘éerlm”leqcorﬂﬂas?esopelﬁi?dlslﬁr Yappung the fuel

Anal ypi cadcoMBhtyastopeaies besh iMermBRsEnSttiek Enbihe PREtnyethes EolvBlid hS%ﬁﬁsaéfes
ASTM D2007 Vi scosity | ndex ASTM D2270 Sul fur ASTM D2622, D429 ‘
or D3120 Fsingihe #bricaing oltGompositisn i thiy inverdionrioran §NOIRG @nei erineftBeabl y
shoul d hayg,ide ViFEOSIE i 'ﬂg‘%ﬁvéﬁnoﬁta!gg%ﬁﬁlbﬁamppé\%tje\lfv@pklﬁicﬂt fral:!%sbrogvgﬂr s
Preferred oils are (a) base oil blends of Goup ill base stocks W &rou

| and G odpich makgsaent essky 350¥1!V@598|@*$)up 111 2 base stocks or bl ends of

nmore than one Group 111 base stock. Natural oils include animal oils and
veget abl e oi l S (e. g , castor oil, Iard 0| I) as well as mneral |ubricating

oi | s 1SuchDBSCRIR T DV RS eated or acid-treated
mneral lubricating oils of the paraffl ni ¢, naphthenic or m xed

par af fi ni c- napht henic types, 25 G ls of | ubri cating viscosity derived from
coal or shape are al so useful . OByiftthdiricatingbfiscesityng oi | s i ncl ude

hydr ocarbon oils and hal osubstituted hydrocarbon oils such as pol ymeri zed
and interpolynerized olefins (e.g., polybutylenes, polypropyl enes,

propyl enei sobutryt enef umpmbwmmscosawnwy tm.atsedmpaIfmhubwu@mea;etpbmba)se stocks

| h 1- 1-d
et ebf | BrRGPBLRBUlcbo syed iR TR R cEFABREY| BasEREese
di nonyl beﬂﬁﬁﬂﬁﬁ\aydie (oﬁnﬂﬁﬂﬂwhéen(yﬂ\orb&ﬂzwbése etdbk)g,rom| vp rexyrles of €aid. base

bi phenyl s, terphenyls, Iat hen etc | k

et hers antlogf R U&’Peaetéoﬁh diyhe Em%caé g "t”hénsél'B’r’% %ﬁ)\%’gﬁaﬁﬂ%%@% |
honol ogs tibersed aABdCEMBcdtiokesystentl’ 1R Gsky388Aes (De iirkyd 2 NEoLAE E@uwrﬁfers
and interpolynmers and derivatives thereof where the term nal hydroxyl

groups halvecaieksr 1R APeNdM dsPeeePPeatdS8n, etherification, etc.

constyst ut e anot her class of known synthetic lubricating oils that can be
used. These are exenplified by the oils prepared through polynerization of
et hyl ene @i deCoeupt bpyt ehreks comaﬂelesshéaalglaymeraem wtyrateetmm gm¢ateh€r@e

pol yoxyal kyl en oI [ th r |ng
an average nol §9§| AT m%fsﬁﬁ‘?rg}d aag'% y'i%%ﬂﬁ %’0& qutF?{}l%H é?‘Jﬂ “EF’B ene
gl ycol havi ng thamol 28cudirsg thedegihrhetbbdabpediiidaDia - T:b(b(bCA belodi. et hyl et her of

pol ypr opyl ene gl ycol having a nol ecul ar wei ght of about 1000-1500, etc.) or
nmono- and pol ycarboxylic esters thereof, for exanple, the acetic acid

esteryy, npxed @%uﬁ-(ﬂ l?esfeaéibyksa%rﬂalﬂsdréét%r 194n bheqtdi3o @Pp@eest dtasfeeraref
tetraet hyl ene gﬁ ycol . Another suitable class of synt het| c lubricating oils
s

that can be us dloamen equsl 1@ 08 pergest éwlftd|a@arf1adﬁ>a|\v%coaﬁy treex gregter ﬂpﬂﬁ%ance
aci d, succinic @&%% sé'a‘ﬁ)ﬁ'ne&%%%ﬁ OIﬁe teas!zgﬁ‘é?h{édsséb%%lﬂeh%?acﬂnéjﬁ el Ef 1 C

acid, azelaic a suberi ¢ aci d, fumari c aci d,




J S acid, linoleic acid dinmer, malonic acid, alkyl malonic acids, aIkerin
nalonkpogg@ g etc.) wth~a variety of alcohols (e.g., ﬁ¢mmbmmhggh h@fﬁ%@
al cohol, dodecyl al cohol, 2-ethyl hexyl al cohol, ethylene gl ycol , eﬁ
gl ycol nonoet her, propylene gl ycol, etg.) SpeC|f|c exanpl es of these
esters include dibutyl adipate, d|(2 e%hylhexyl) sebacat e, di n-n-hexyl
"funarate, di octyl sebacaie, diisooctyl azelate, diisodecyl azelate, diociyl
pht hal atle) 2@rdupdit ylaselstdehs a’oetairdgmeiatmsmn sebqaehte 90 tpeece? eatm;memmyﬁ
di ester of Ilnol iCc ac ester ac q, one
ol o of sebaldie Gt A apvma (5% mel<Ebt ST b nEVe Vs e GToHe o ERIAr Pb ol e
of 2-el hyl hexaosite 120iirgnHe tdxe ndikais dpetinesinumdfelh bapwsynt hetic oils al so
i ncl ude chose made from C5 to Cl2 25 nonocar boxylic acids and pol yols and
pol yol ethers such as neopentyl gl ycol, trinmethylol propane,
bentacr il " | icbun Y BSOL BEEV 1 ;&oyatprtauemﬁ@ AR5 BBl pBlaiod | | con- based
oils such as the polya , polyalk -,or yary oxysi | oxane
oils and silicate oils conprlse anot her useful cl ass of synt hetic

021 (5 PP o 6 B B RPRHe o5 0,

tetra-(p-terlorivmtyl phenyl)silicate, hexyl-(4- nethyl 2- pent oxy) d|S|onane,
pol y(net hyl ) si | oxanes) pol y(mnei hyl - phenyl)sil oxanes, etc.). Qher synthetic
| ubricating oils include liauid esters of phosphorus-containing aC|ds (e

g..,j¢tricresyl phOSphﬁEBleAUA@él%ttébl MchbHS‘fdr%%h@@éd%@t%ﬂ@lw s ~'1'0
01I30948 PCT/ PO01701 -s phosphate rethyl ester of decane
phosphoni ¢ acid, et d2ppemol yneric tetrahyaﬁﬁﬂﬂiﬁﬁé and the like. Unrefined,
refined and rereflnetgt‘a ey either naturaly Sygyhetic (as well as 5
m xtures of two or nDre of any of these) OP the type di scl osed her ei nabove
can be used in the c\dapusdy tidews of the pré§§Nt022iwent|on Unrefined oils
are those obtai ned A tly froma natural source w t hout
further purlflcatloﬂétﬁgatnent For exanp qu%ig 35 55? obtained directly
fromretorting operations, a petroleum oi ta|n %lrectly fromprimry
distillation or ester oil obtained directly frontan esterification process
‘and used 0 vvi'ltrhaoutl df uobrveting veabsigntisedin thih emvantiamnpefierablg shiobld Refe ned

oils are, si ar,to t refine ils, exc t have een .t her

treat ed IS¥°D e'ntﬁjrexn‘gr% 'Sﬁsgistlf'cpé?'i%b%l%FEE?SFEB?‘ngﬁ%(%regn% o?ren{?r«?ase oil
proper t ibehdsNENGroaipall Haide isidokatvinmrctcﬁmhrﬂrqiu@&)uprlebksmmcttsa of hipis@rossi il ed i n
the art such a soIveH xtraction, econP%%% tillation, acid or base
ext? act P8fe 51‘9‘:1 B PALIE5AS ohBPERINAR 08k CrarR éf‘? ed oils are obtained by
processes simlar to those used 1 s to obtain refined oils applied to
refined oils which have been al ready used in service. Such rerefined oils

are al so knovma*&éa’roéél"‘ﬂ%’ﬁcfnﬂf’a'r‘é’pra@éé@ﬁé’@bt?l qils (&ad cgFiceRldpE dyas ednal | y
processed .hmetét%mlcgmegsow srueﬁtaeqtqtne gefoRYA oiRfandRNenfREkIbd bR SCi@Eatidl

br eakdown products ci um or Magnesi um Over based Det ergent 20 The pr esent
i nvent i SRINEER Ihricsting eilppldbe meEtiic anhtwsic Wiiexed eptpAYICnARIRIN WRP

cal &k UMt & A6BcathS  GLARRY SieRbl |ifbrh CHAF IR GrRPAR tahed RghrPUI ghbiitic N an
engl ne and act as an-aclid neutralizer or rust 1nhibitor. This in turn
reduces lebrifiatieg valsr inalnde dwdrosaibon. ontzsaﬂdwéal@awhﬁilwmobhydmgafégm LPitS veh [Bssed
det er ge 1 S y d |ve na | at es,
sul f onat'e: grﬁszd %B(? es”lngégl& ?Qe%at% Cal g(lg bwl%)rt'ebm u:%%@}ﬂoigll% 2

bei ng pambpyterhasdatwtpeeé ecopelymers, e fcbloaibbigd pdstebmdﬁémsgeetc Wi ddly(me\emsbased,

that is the To al Base BN) will be at ) ut usual
berwoen PR SH el e GO APt S1anPy® pBEn Tetalnchindtsnzdnes
preéerr%déeypégﬁﬁe% ft?étraueéwbéhzbhe§ | diVEHYibeREeries, aBi- @Véh*qﬁéWﬂbé‘vﬁdeﬁEEm or
magnesi um sul fonate having a TBN from 250 to 450, especia cal ci um

sul f onat®¢.); polyghenys (e zpobirhenyts. OlErEBo4S. P@YPMQWB&W'S ‘BCThé'kW?tﬁ%ss of
over basi d r a t h C

Ol P SRl B Rehaby R, BP0 TR AVERT BRI A i
It is theredogs hearedfandfinelikeover basi ng that has the effect of neutralizing
acids which may build up. 5 In the present invention, overbased cal cium or
magnesi um sul fonate detergents may be derived fromthe salt of an oi
sol ubl e sulfonic acid, where a mxture of an oil soluble sul fonate or
al karyl sulfonic acid is conbined with cal ciumand heated to neutralize the
sulfonic acid that is present. This forns a dispersed carbonate conpl ex by
10 reacting the excess calciumw th carbon dioxide. The sul fonic acids
typically are obtained by the sulfonation of alkyl substituted aromatic
hydr ocar bons such as those obtained fromthe fractionation of petrol eum or
by the aIkyIatlon of aronatlc hydrocarbons Exanples i ncl ude those obtai ned



30 anounts so as to provide the finished |ubricating oil conpositions with
a TBN of at least 3.6 attributable to the overbased detergents and 1r8)ﬂUh‘IUﬂ?m
ot her which may affect TBN. For exanple, it 1. cal cium
sul fong\qg)oé@t\sgr gent of TBN 300 is used, the finished oil %w@ﬁdﬁg@eﬁa TBN of
3.6 (i e 1.2%of 300) attributable to the over based detergent. 19 JUL
2Q02 ~' ~" O 01 /30948 PCT/ El'" 00/10152 _7-4 ¢al cium or magnesi um phenat e or
salicyl ate overbased detergent may be prepared using a variety of net hods.
wel I known in jhgledet oxide NMUIWRERNAHD (PREBENARSs RAE &t alivdy Htﬁ@ééf”@h@r‘e' the
conpositions of this invention, both dinmeric and trineric oil solub

mol ybden et oisiexyhr @oHB® dhaVex B dBofied Jah esigrifisaian| @hermcat'on etc

or ganonol y h r

i a1 Ryl di CP AP o EITRr SRS, ko kT2 Pl R G R B B e uped. These are

t hi oxant haxemphﬂearb)oml atse;sreaadadtthmughIqmlyramtahmtoilreeh‘s;ylérr‘memsdé or propylene

Parti cul arl. ferr are m) umd al k di t.hi oc amat e

nol ybdenuf’ I d?lgﬂl ot bﬁ 6h€{v35§ u%%&oggﬁﬁﬁnﬁdcﬁ@ws Hetthe
present i m\é&mwﬁsmow@m@@uao&ﬂ&m@&@eﬁ byer’fab@ rh @bty \W@lgﬁ@bﬂé&cﬁﬂ 1500 R~
X~ ?2C~ X4 S R3 N\ ~ R~ X3 Ra R through R4

i ndependefiPhNY b’ Oh ROIYEHYgTE Slﬂ&?'nha‘ﬁ?%@cﬁ'é’df%’l‘?dl We‘SF“ & Gpay 00-1000C
hydrocar b [WeXrs N

i ndepende%ltle it g‘re"ﬁ(r)lta gﬁgg&géyﬂeg%%ﬁtcg?n{%?{bagsu fd’#aag% og;rjl'|t &If_%rggy our%5£rooggr)byl
groups, Rer mnn&u@’hﬁ P@llycarayxyme e2®rs themafclar examplef theranetic eidrastare, raxed ar .
The ri r i unt so that it
prowdl(g)mE “? a%gﬁ%%%gbgpm n g%ﬂjc}{ t%@%ﬁ%ﬁ%thﬂfﬁgﬁg@m tion, preferably
400 ppmto 2 000 ppm such as about 700 to 900 ppm especially about 800
ppm 25 The ot e rou denum co unds_usef ul

Plbri cating co e pBER R SR Vb 3% il R 5B Wt collprdse tre
nol ybdenumtemmmlmisox)asrme@sablgy gHigdie aefd, kbecifioragid, alHy[B.S(c&ﬁd did )z haamgh

m xtures thereof _\gnere n thg a} e |ndegendentl Iec%ﬁ*‘g %ands havi ng
organo gr S aPERS % PEPeRRCIHB A6y SBPETCPHE e pgeFie R4y 2P
conpouynd s&@ UM deit icidintdr| maﬂbrh§ abiB OBk Fn@lo‘ﬂ’uc lscnugraaleén;l rrﬁélbﬁlictalaro%uekb) 19

JU 2002 ~'1"O 01l 30948 is selected fromth up of neutr ﬂ
ol ectron WENRHECOHHERTS (o kuRsSiarel hoahPirebol. SPEemopsongng SRy

and et her sicoréld ethylcMRIQFcdIr BHY R &y@“%éwh@eﬁrd&%r@tgy%' Qt@ﬁt rSﬁecmc

values. At least 21 total carbon atons shoul resent anon
{Fgands: *Sxayarles of dugse, Cuamnnas ORI BASKOIESS. Hi2-FIYHEX Scbrct. Eahenys
carbon at@iffurat, 08qll 430g5er GSRLEH SRAE Ok dech WRIRONSIR] Mo R
20  didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of |lﬂ0|€lC acid dimer, the
complex ester formed by reacling one mole of sebacic acid with two moles of

tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

Esters useful as synthetic oils also include those made from C5 to C12

N
Uh

monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol, trimethylol

propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.

Silicon-based oils such as the polyalkylpolyaryl-, polyalkoxy-, or polyaryloxy-

siloxane oils and silicate oils comprise another useful class of synthetic lubricants (e.g.,

30 tetraethyl silicate, tetraisopropy! silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methyl-
hexyl)silicate, tetra-(p-teri-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy) disiloxane, c
poly(methyl)siloxanes, poly(methyl-phenyl)siloxanes, etc.). Other synthetic lubricating

oils include liguid esters of phosphorus-containing acids (e g., tricresyl phosphate, trioctyl



x" [/ '"-~"'S, |1Uand mxtures thereof) wherein X, X,, X2, and Y are
seI ected fromthe group consisting of oxygen and sul fur rein
R2, -and"RUYIE*4%el ected from hydr ogen and organo groups tﬁgfﬂﬁgmlﬂ k}? é%Ln%ODZ
or different. Preferably, the organo groups are hydrocarbyl groups such as
al kyl (e.g., in which the carbon atom-aitached to the renmi nder of the I5
igand is primary or secondary), aryl, substituted aryl and ether groups.
re prepgisille, dRAN ekieddnedite maepﬁ@reeamcm@yadd%em@ueh dréRrd il 4Rd
"hydrocarbyl " denotes a substituent having carbon atons di rectly attached
to the rthedikader of the ligand and is predoninantly hydrocarbyl in
character. 2U Such substituents include the follow ng: 1. Hydrocarbon
substituents, that is, aliphatic (for exanple al kyl or alkenyl), alicyclic
(for exanpl e tycéfomdkyefiraed ey&dll@aéfkmedybnbs snlhstirtaluﬂat / Snieht i @s, well as

al i phatic- and ?|IcyC|ICSbStItUt£? uc andthellg wel |
as cytli EVEHIESA IR AL B8 %f?yn°ft‘h%5 5t the 'SE'Bﬁ%‘f b?’éH‘QPHY%Eﬂh %Hé‘?
portion e édiepddit@nRhi thd séﬁt,.nw.ohwntmbgaﬁ@eresmaIotbwmdsmf@w treget her

corman alicyclic group) YCT/El '00/10152 2 Substituted dr ocar bon
subst i t uéritedirat eragyntheticisenre wnruhfuithey PHaIRar deatpon. d%é@p%mmb ershaée not

pc 11 epotl THTAR R B 5AEIGY bet PRIRT " Pefloeb® el e R e 1

be aware pcjmaauﬁts&lﬂﬂtiengnwﬁs c(ileotga'gnedadireptl)eﬁpmcarabbiynﬁtﬂtbncpmw@sfambumd

am n al kox a aIk ner capt o rq, sul f ox) tg. ).

I rrpofq ant¥ Q{tt H@ITEF 3 e%&)msq’toﬁﬁ o?e taﬁ'eunnefl %s?ﬂhagg 'Qei L?fl? i°LF eﬁﬁTXEP{uﬁb@?&) of
car bon 5uate®|ﬁsd tobds E@f@lﬂﬁhéﬁﬁamw@uﬁﬂthsoirw&eé ih BN e roore. pdﬁﬁtaﬁbhas‘t@;bﬁto t he
nunber of carbon atons in each g er aII r,an rg%\’\een about

n
to about ”TB’G"e&”Ef%r'B‘Eﬂeyp’PP%H?%b ”yls“F p&gg “°§de PUNPABPSF

bet ween gkited urAthb@naémutas%Q:veRr @itﬁ:rdha@l debam dismiﬂétwi\e acid or base extraction,
di al kyI di i hi ophosphat e, % xant haj e, car o%ggat es, dial kyl dithiocar banat e
e'of

("dtc"), Tkt ons gﬁr&cplégort ﬁéq reﬂmp)lsp?r@f@iqu@ ygrchéses similar to those used

di al ky| dig %bmrrmt &f a ﬁlea aosfbf.rhéoeané WhicRenaVet bbéh Wrkddy' 6&dd zrﬁsérb%te

formati on of the conpoun present invention requires selection of
@i sands Hagh H@’Qfﬁ’éda‘?)br Bisr Pk&pekrtqm gé 'eelaimpchift depiRseewIde olls eRdr gften( age

di scusse%@mb%@ Bﬁemm tQ@Nﬂl&Slast BRedtod ! RARABIkNGenh2¥aIiICEL 0BT 6

cores surround y anionic |1 gands, wherein the cationic cores are

r epr esentoegpkdpwatpredicls.es such as 158 ---'~~.885--""~"~ass pro M

|, and 2, which have negoehah 8¢ ftinetfm BRATESMENDbYergbth O der (O
solub|1|ze t hese cores gands nust be -4.

Four 2@onoani oni ¢ Ilgands are pr eferred. 20 Wthout w shi ng to be bound by
o nt er connectisd e trEanee ot el S bbb Sna  RE R uSRaperc
mul t i dentreagnesiuneor cmaumrr@tembm pDeecgemse@dnrmrmMcmgodmaoens that buitbues aht i s
bel i eved etf@%ta z%)mjyg n an ?gr H%Q{r%?epm ma nso‘rjbsﬁwlss,t%t ed Iegbc%u'ls'ﬁé%l eg; he
core(s). r enum corrpoun can ared by
reacting dna doh@s@pproprl ate liqui d(s)/sol vent (s) a nol ybdenum source such
as ( ) 2Mb3S13n( H20), where n vanes between 0 and 2 and i ncl udes

non-stoi chiometric values, with a suitable |igand source such as a

tetral kyl t hi urpia aisiuhf bﬂﬁ‘wagﬁ%ﬂ@ﬂh Qdrbsseluddierdeht DUEd @Rthis inV8ntlormay2882
V1' O 01130948 PCT/ EPO0/ 10152 ~ ' 10 nol ybdenum conpounds can be forned
during a desxed ifem inhenales applicy|ptesateiiepdtoenes Mivres Msrgeid&ihnsalgumcanduch
as (NH4) et I S oy sl f& de,
di al kyl di t hi ch{ﬁﬁ)gﬁg%?t@s bleg@aﬁﬁﬁ'?glgﬁ p$ Q‘éghaﬁ%’é%b éhés]u gérgb\?'tﬂr é.%tl ng
agent sucdivedssegathetie therisial Baké Nl.e‘lheor(FEBNbWIllsmﬁbatt eestt €D waﬂlwmwesn

f”Mt]e Prosiatie Sodhaha¥ i ERLeuP A BRER B 40, Tt Bt st BeBberis g,

or | ,useay thie inveaudreid amddértaesledg:amnseum@nsuom @siodate having a TBN from
OII al kyl di t hi ocar bamal e or di al kyl di t hi ophosphate in the appropriate

i qui d(s)75dPveR EPECAYY PSAIHHURSBYINASI ubl e tri nucl ear nol ybdenum conpound.
The appropriate |iquid/solvent may be, for exanple, aqueous or organic. 10
The ligand chosen nust have a sufficient nunber of carbon atons to render
t he conpound soluble in the |ubricating conposition. The term "oil -sol ubl e”
as used herein does not necessarily indicate that the conpounds or
additives are soluble in the oil in all proportions. It does nean that they
are soluble in use, transportation, and storage. 15 ' Preferred trinuclear
nol ybdenum conpounds fur use in the conpositions of this invention are
those of the formula Mb3S7((al kyl)2dtc)4 where the al kyl has about 8 to 18
carbon atons and .the al kyl being preferably a "coco" al kyl chaln mhlch |s

. r



Friction Modifiers At | east one organic oil soluble friction nodi fiﬁr Umﬁﬂtl
be incorporated in the 10 lubricating oil conposition. Typically) eJ

fricti apogpeadsger nmakes up about 0.02 to 2.0 wt. % of the Aarimrocadlsng oi l -
conposition. Preferably, from0.05 to 1.0, nore preferably from0.1 to 0.5
w.%of the friction nodifier is used. _If,)r_i ction nodifiers include such
compounds as aliphatic amnes or ethoxylated 15 aliphatic am nes, aliphat p
fatty acid am des, aliphatic carboxylic acids, aliphatic car boxyl ic ester

of polyols sucTtheaBmgﬁ%@fr overeasing @ metal @@tﬁggeat:mgnaéh@@ﬁplchm@@rm@xcess

gl ycerol t o] i es,
al i phati g?krﬁegé%?]aalﬁ%a P&%}n? %K%’?\ngﬁﬁlro lfﬂ%?ptﬁo E%plgs ?heag’kﬂ{] hﬁ%gpﬂgggﬁgt es,
etc., whexeess etaldidnploaeibasgigotpt bsw did yffecmtﬂmensahdum/ecnabmlﬁcremghtbuﬁar bon
atoms so as io render the conpound suitably oil 20 soluble. A so suitable
are al i pMBtic substituted succininides formed by reacting one or nore

al i pheati c succinic acids or anhydrides with amonia. ' Representative

exanpl es of suitable friction nodifiers are found in U S. Patent No.

3, 933, 659 whi dn ‘6?%?@@@%@@99 parbasesh erlgumnes @ﬁﬂ@%ﬂmﬁuﬁon%td@tﬁrgtt%ns

R L R T

di scl oseso@lb;a:esudbnzﬁeterr 5alkafryldsmiﬁ:muzedldf & tcgmairieds with. GiciBat end Hdeied to

3,779, 928 . h har i id t )
3 778 arbelite i G SuirgRE R LA R ROR R SoRR 2 BREtSH sriktnelg chiRn B
ol eand dereddtifg tRalegtdssNalcidhn Bath, cibowtiibride diTse IsoBesic Sciganypoynblydraeed

e TR A S S e L
N( hydr OXYid npkdich 68RYdi-petrofdunh B Gy agé @ﬁ(yﬁaﬂloﬁlb‘i%kcﬁkhgﬂndjﬁﬁdro&érﬁonfaE%}h B

3,932,290 which discloses reaction products of di-(lower alkyl) phosphltes
and epoxﬂ’@fé‘éde H}‘Péelﬂ’b@'”%tbé‘rﬁ'k)ﬂﬁi'“%bWSr‘?S‘@'%ﬁFcW'ﬁ”%d]%@@'@'ec”ﬁed@f‘kw he

oxi de adgw h&f geh%Hbéwékfslafchza%dcmbrehme%gehl%tanaér@raﬁld msmhm ., The
19 JU 2002 ~"="001 /30948 |'CTIIrP0O0/101 Coe - di scl osures of the
abovés r efléecplisysation @ayeb@qarrvefcbemp@r&\eemrew\qee@fea castadyst BHnplkpsting apeMer 0
friction i ch.nat { ofs Mgt gl | (o]

hydr ocar b%lgg‘ ut)ghstaﬁ{oe Sgctlglgﬁl %0 2%%{5 gtro asnhy g%‘%%d%tgﬁﬁg%ﬁ@salo eafl‘H(s)I S
such as dbtainéddy dahygrsgerrdicone! Neraflins34f, BﬁgolefBWSEpmceé fodm rdthylegrerer

cont ai ni L Cti r r t i but
are not eRbuly pAaMRNAE] Tne MNA SiGndcBiRLEN BN (R o O 8 ¢ o
am nes, dl0karxyloet earbebromanpreés abigrfione abgitdesio abow ddntartben amntsr pereglfyl~
bet ai pes r i mnes, am ne salts, am no guanidi ne,

al ka%(gl arﬁugg@?{%d %"h Clmcﬁay 10 Such friction nodifiers can contain

hydr ocar byl groups that can be sel ected from strai ght chai n, branched chain
or aromatic hy. roca ou adm xtures_t hereof) a may be sat urated
O renrur ot euThrl Bon e P ipotlos® 28 I ERedd ST A BHSWE R oPBR R and
hydr ogen dadipoiay. CTRE aarﬁomneofoeaaufneoheﬁaejr@si@mmtsmiseaaosuédwlz@nhel of
oxygen. Preferred h drocarb roups range from1l car bon at m; and

may be saClHPR edise %f?s%ﬂ’ﬁ Yégos%\“’éh PR e &g 3‘?%@}1‘8@2*’6\?? RUPPere IB )
hydr ogar RythhdnRaiRsecief erred friction nodifiers include am des of

pol yam nes. Such conpounds can have hydrocarbyl groups that are |inear,
either saturated or unsaturated or a m xture 20 thereof and contain 12 to
25 carbon at orgy yRAHEGh Arbun@e! @kr Stholih G of cBfcn?'d Ak e
am nes and al koxyl ated ether am hes al koxy ate am nes contal ning
about twdeterigestsofisesl &an esry wreade, pmrtypunellsewcblf benfronoglesut Kd ng abbg Sres s,

G thor | SaiasPaL S PEGH OPRRao i PTG | nErEsr JeE it RS 15 T4 ob

carbeo atzmnsurasdomytoGsIBlidk Ih@NAisBEd bkiEalte) &if eomb@monsmtme BN bosaE S|
chai n. Ethoxyl ated am nes and et hoxyl ated ether am nes are especially

pref erred GTfﬁH'bét‘?ﬁbr'\%éO ahe oyRikassd r@erﬂémﬁs@&’ a8t &igenh oieradditiyes Marsh H‘Fayan

adduct oray FEACT IFBR eREAGHE tir Wit By % 995%x&meﬁa@we@%nﬁob%nCac@xasde
bor on hallde met'aborate, boric acid or a nono-, di- or tri-alkyl borate.

used, the finished o;l will have a TBN of 36 (e '1.2% of 300) aﬁnbutable to the

overbased detergent.



Zi nc Di h~drocarbytdit hi ophosphal e Conmpound  ~'~'" O 07130948 19 JUL 1200 7002

PC?1 EPQQ, - -13 At | east one zinc di hydrocar byl dipf-hi at e nust

be addg\dét%g/}(?ﬁg | ubricating oil conposition. Preferably ;ik:?]}éﬁl%)fh‘iﬁh

di al kyl t hi ophosphate is used. This provides antioxidant and anti-wear

properties to the |ubricating conposi ti~dnm. They may be prepared in

QCcordance with known techniques by first formng a dithiophosphoric acid,

sually by reaction of an 5 al cohol or a phenol w sh P?S5 and then

neutralizing t dithio hosghori c acid with a suitable zi Bc congound.

M xtures of al’c@OHB™s Ha'28B°%/4Bd PhERIE P G 2HeWa!Er QERASER  PRIBISF MR TRRY be

secondar Mre%'a?&ﬁ‘%ﬁ]g FXAHE 65mBihodd! GRIZhEQAY $eidncl ude) but are not

restricted to the follow'ng Ii1st: iso-propanol, is-ocfanol, 2-butanol,

met hyl isobutyl carbonol (4-nethyl-1pentane-2-0l)) 1-pentanol, 2-mnethyl

butanol , and 2-net hyl - 1- propan,..d&&.dh dSasduigie 10 zinc

di hydr ocar byl di t hi ophosphat e co‘rrp%ur@czm‘ mary zinc) secondary

zinc, or mxtures thereof. That is, the zinc conpound contains primary

and/ or second | Kyl .oups. The al kyl, groups .can ve 1.to . car bans,
et orably . d6 15 (visaies Biispagoetiont Rl rempr erRifiperc ind Bitiatibur
50 nol e §eIDbleMpiolyBddHunt 'M B UALSYaHE 0gaiddY | Bl dniiieP P sRBRt & saupRUSGahs- t he
at | east one zinc 15 di hydrocar b};{éﬂl t hi ophosphat e conmpound. | n addition,

t he | ubr MEAXRAEHUBT | COBRPY SIS i@ t diplgyidithiosashprpalgs p iplndditimaResPhatepat i s
t he 0S : N ' o] Iy L hi e u S | d
e e o S e R e S i L A
cont ent MixtnTashibepsdiz iRactictidilydrefe et rel mohibdphurs siaive didhionarkbriates.r om about
0.025 wt.%to about 0.1 w.% It is also necessary that the volatility of
the lubricating oil conposition, as nmeasured using the NOACK Vol atility
Test, be aboutTHESmailyBdeonml disty!dghiobarbsmite tineerrtargeussld ds bo atiBitiwe ighe

pr ef er abl yesi n 'gnQ,ee .ange o£m8 tod 1x5 V\gs. (Vb 'I;nefm%mf\/roluqt,i lity Test 25 is
used to REZSIH EVERECRTHETEPPVE FHLE S Dy ITOWRIIe ™R 2 2500
accarsdi ng to the procedure of ASTM D5800. The evaporative loss is reported

n mass percent. The conpositiong can be used in the fornuiation of
‘rankcase | ubri cmi ng oils (ige. ,leag(sen r notor oils, heavy duty
di esel notor oil s,wnd pass,ng‘e&”cy di I/éé..s) for 30"%park-ignited and
conpression-ignited gngines. Th ditivgsllisted be are typically used
in such anmounts SO/és to pm'\r/g?e tkei r pnornal aglenda functions. Typi cal
anounts for indiwsdual conporgEnts arg;also seg“forth belgy. All the values
listed are stal ed as nmass percent active i ngredient. - ~~"0 01130948 -14

5 10 rcrzl >o00nol s2~ 9 JU 2002 ADDI TI VEMASS % ( Br oad) MASS
(Preferr &) fsblbgis SRDiisgeesdenty. Benot20% strdifid kbain Mbtaichéx:tabainpe ot sOorbatic

150. 2 - rrosion inhjbitorQ - 50 - 1.5Supplernental ti-oxidantO, - 50.Ul
T8 7 pBUPGSGTIN Srau bR do B4 Coasgs S 210 XadrPLat R HEPRGERIOIEN R, 001
- 0. 15Suppl &yeehadtoMbi a2 \seRir Agent $he folld.Hy@rocatby? Gidips, RT ihedughnR Vaskyf ber sO
- 50 - 1.5Viscosity Mddifier0.01 - 200 - 15Synthetic and/or M neral Base

St ocd Bardgiticaba difieenthemans FWdhedi spersant conprises an oil sol ubl e

pol ymeri c hydrocarbon backbone having functional groups that are capabl e of
associating with particles to be dispersed. Typically, the dispersants
conpri se ani nel h&afiEeRiél oroane qew!ybsenem additiys| iatsembinga @rgoum sgithaidhwraviges t he
pol yrer Vi Qe " i be,
For” exarpias S0po BphE e ing 1 RhE Pl A5 aHR ok B a8abh 3o e R 2008 oBRY e
i m des, @&ndh@saioli 166 10800 ppry, esrmcielilpdpaicBtpepm.subst i t ut ed nono and

dic oxylic acids or their anhydrides; thiocarboxylate derivatives of |ong
chai™ hydrocarbons; |ong chain aliphatic hydrocarbons having a pol yam ne
attached direcThy diber gicqup andrddivimelybdedu dorkpdunddAeful lin Ghe LubaRAAH

PCTI JCP00110152. . . o
compositions of this invention are trinuclear (irimeric) molybdenum compounds,

0 especially those of the formula Mo,S,L,Q, and mixtures thereof wherein the L are
independently selecled ligands having organo groups with a sufficient number of carbon

30 atoms to render the compound scluble in the oil. nis from 1 to 4, k varies from 4 through



-15condensati on products fornmed by condensing a |ong chain substituted
phenol with formal dehyde and pol yal kyl ene pol yam ne. O her netal - coﬂtgajumz{m
or ash-{@piargsdet ergents, besides the overbased 5 nmagnepeviyed1d&d Ci um.
detergent, may be present and these are the neutral netal detergents which
function both as detergents to reduce of renove deposits and as acid
neutralizers or rust inhibitors, thereby reducing wear and corrosi on and
extending engine life. Detergents generally conprise a polar head\Mtkllo'!
hydr ophobi, & smabélectedtfron bee pmuarofh@aualceiwrdrs@mtiag rmtravlousast sudf aarwaer, d

amoant of UME neolo PP EneTFerf RS e M HBRLO o 2ok sitegon ©

neutral saditisomenit venesd ﬁt\ynna@alzhmﬁawban ta@csraé shasie beupieeent( diddhg sdshemy
be measured %% ASTM D- 2896 of fromD to but neutral_ phenates nmay have a

TBN up t 0'98BSUCrIaNS OrPURS, Sieh aé@h@@sik?ﬁoah'ea@t@r GeAt 825t crteoHRIOMD| ubl e
neutrgl phenates, sulfonates, sulfurized phenates, thiophosphonates, and
napht henates and ot her oi | -sol ubl e carboxyl ates of a netal, particularly
the al kali or Hilgande aeagelactgedahsthe grapp, cangistingrp! pot assi um |ithium and
magnesi um 20 Rust inhibitors selected fromthe group consisting of

noni oni ¢ pol yoxyal kyl ene pol yols and est ¥ s therd&of, pol yoxyal kyl ene !
phenol s, and anioni c al kyl | fgnic acids y_be/used Copper and | ead
beari ng corrosion inhibitorg nay be used, t are typically not 25 required
with the KeRmul ation of t¥e preseént |nveﬁ!|on Typi &l ly such conpounds are
the thiadiazole polysulfides containing from5 to 50 carbon atons, their
derivatives and polyners thereof. Derivatives of 1,3,4 thiadiazoles such as
t hose descrlbed in U S. Patent Nos. 2,719, 125; 2.719,126; and 3,087, 932;
are typicdit Qtherfsinilar natéﬁlahs’aﬁb described in U S. Patent Nos.

3. 821, 236—.3} 37 4,097, 382'2> 107, 059; 4,136, 043; 30 4,188,299; and
4,193, 882 her a |ves are . _ghan pol yt hi o sul f onam des of
thladlazoles such as hose descri bed in UK Pat ent Speci fication No.
1,56Q0830. Benzotriazol es derivatives also fall wthin this class of

addi tives. Wen these conpounds are |ncluded in the |ubricating

conposi t | BK, MPHes Hreterl wiherelh Xy Xor ks 8¢ Yi Feastleaeslifiemribe %Q%éﬂ"‘%ﬁj'”s 5 @
W . % act i W§gERFnRHUMDE, - and Jeh@reﬁ“h,,zl@o%nyh QrdLERERAG% om MydfdgeRadhdBrgano

i nhibitors or ant|OX|dants reduce t he t endency of base stocks to

det er i or Areuprhtrebmayhe Waisemedet Eifeerlathirgieraklh the ctANgeseRRE BiE POt uct s
of - oxi datdgps46én 88 a'ﬂlwféoe ANQNE HeShirbok @1 RASERS RN Rerimhadr SURkaces
and by V|scos|ty gr owmt Such oxi dation inhibitors include hindered
phendPs, ligeReli$ ﬁéméalrQf‘r\seﬁét‘éﬂysaﬂfrlsSl@ISméJMQ/?'Wh@fﬁ%Pthﬁr gespsr Morgwiraigrably,
pref er abl ¥, £SiqkA cal ci um nonyl phenol sul fide,

ashl ess o(%/ﬁc g %F{ rﬁ?ér%#‘eeg %ﬁé&%ﬁ?un zed phenat es) phosphosul furized o'
sul furized hydrocarbons al kyl substituted di phenyl am ne, al kyl substituted
phenyl and naphi by, ' P st ; t [ S | ess
th|ocarbanates?é%dgﬁglggﬁnggpﬁilggéggsg}E§%§“UQ§ §££é8d§%§§$%ﬂgﬁﬁndﬁ%ép

4, 867, 890=itdvbst tprie¢ eemeihdar ef ﬂ‘reeh@nldydndsmb;sredomtredtlyd|hpdma§itmmimelsaratiet?our
poi nt, dep, her,w, s npwn as tube oil flow inprovers, |ower the

ni ni ?8 n‘%‘eragﬁ?u %'n%ﬁ?%ﬁ‘e{(f ReW®id will flow or can be poured. Such
addltlves are 15 well known. Typlcal of chose additives mhich inprove t he

| ow tenperature flujdity fluid are. Ce to C e dialk el vi nyl
hoot at o copol yiher 5. HSEaRRY I HBEHAERS) BCE Gt atTar REMAG ARDSh ARG ban

be provi dggybi nawngﬁaeow%%myn%Lksﬂyueguk@ﬁyn)a@bbsﬁmtaremaag t:—h hatic- and
ponS|onane type, for exanple, | 'cone oill pol ydlnethyl oxane. A
smal | ano@lﬁt/c'@fSL@SkﬂéWdlasbm?ilmgudorﬁo‘dﬁbmtlkm@ﬁ \Méi /s e\flic Aulpﬁwqrt’mmaegn the
sui t akl e o] cli hed

obtagged %fpﬁgg%%#ﬁéégﬁh&ﬂgnl%ﬁgﬁ%;ﬁgqgﬁ<?hn§hhgﬂgtéﬁagggalne by“k§g§Flng
a bi s- eposubdstventsimay poethbyrinen2licalicgtoab) The denul sifier shoul d be used
at a level not exceeding 0.1 mass % active ingredient. A treat rate of
0.001 to 0.05 nass % active ingredient is convenient. The viscosity

modi fier (VN)2funceup@ifute® hyBatirbbh gkumndieh@w thenper ahbse @mmhgl héy- 10
a lubricating oil. The VMused may have chat sole function, may be 30
mul ti f unchYBRRATDOMSIQUPE UMBIER Steanoly pligs 8¢ tRjeeRIan eIl BYdragaroy| @@Wﬁrc@f B as
di spersants are also rcT~roon o> s2 known. Suitable viscosity nodifiers
are pol yi sobutyl ene, copol yners of ethylene and propyl ene and hi gher

al pha-ol efins, pol ynethacryl ates, polyal kyl net hacryl ai es, V1' O 011 30948
rcT~rooi ~ol sz ~ 9 UUL 2002 - 17 methacryl ate copol yners, copolynmers of an
unsaturated di carboxylic acid and vinyl conpound, inter polyners of styrene
and acrylic esters, and partially hydrogenated copolyners of

o o o M



Sonme of the above-nentioned additives can provide a multiplicity of

ef fectwp oiRowg’ for exanple) a single additive may act gCTEP00/10152 19 JuL 2002

di spersant -oxi dation inhibitor. This approach is v~ell known and does not

Fequire further elaboration. . 10 The i,ndividual additives may be

incorporated into a base stock rn any donveni ent way. Thus, each of the
'orrponents can be_added directly to the base stock or base oil blend by

di sper sisHpstdvendi sidwisgistifjed in the arhwill bgsawvase of kRUitabIHa®EPi(¢.obhlhaled espediaily

Cemper oL gp 2 ByoREERE, Ahef refb o DR AR BB O G, 6,

additives except for the viscosity nodifier and the pour point depressant
are blended into a %gncentrate or addjtive agka%e descri bed hergi n.as the
addi tive pacHH@’é’ﬂ?f‘ {thg §’9§tﬁ‘ﬂs%a‘ﬂf§‘n?lsf/‘ed'lgéﬂ Yo Icdent JUBRT OLCARRR t he
fini shediegihd 1d wbkECRRcombPdEndE 8HGREIT Ak il WFbt exariti€ aht YuR®ef STdEHI G AEmi0
contain the additives) in proper anounts to provide the desired

concent raepghotonNPiikoenatally rebeebeteeedAPYUA drioEReVcHNL ertieabl fios ebnrilned
with a pg r oj bx i . . : f the
pr esent I%lbﬁggtrg\tél %ﬁ@ﬁ%rﬁ@%@#a@{f B‘%‘é"%%? %85%{ rt\& %EBL& ?O'Ofﬂg)%"%gg@?@gas{ ?‘%g‘dg

vi scosi tdiglkyidithiapinospmdte atatkybanibiaies i cayboxyietesat diabkyklithionarbesdatel (fdtdy, and

magnesi um over hase tergent; . (b),.,an.qil .sol ubl e dinmer|c . yhdenum
compound™ELgs g\ﬁr ‘i’1 %Z%ﬁ?@g‘%@’%q 5%‘88t¢$‘§¥&%ﬁ?‘€§ﬁ%ﬁm§%ﬁefﬁh?ﬁ‘%@ﬂ%@dﬂ&'?e el at
| easd ongll esAdiapitsatl fbiriticANofTRgicbmBbunding! theprédent @rghticmRqTird¥Cselection of

di hydr ocar bgl di t hi ophosphat e conpound, to provide a |ubricati ng oi |

conposi ('0BACHARPRNS 2PBIPRERethaigede balnge the orrERNIGR4RS Fistypsed PelBwlt 15
v~~t.%or |ess, 30 nolybdenumin an anmount up io 2,000 ppmfromthe drneric
Mo conpound and an anount up to about 350 ppmfromthe trinucl ear

nol ybdenum corPBRAYISS REvipe dBe HeMILE iMOBH-Rat\#HE RIODES apE8tSUIoYndRd Yf r om
a zinc dinfye Qéélr{o*%%’lvﬂb?efﬂ% meftgﬁexmaksre@%mémésemea bg's@aue%%éﬁiasl&_ The
concentrate I1s preferably made in accordance wth the nethod described in
US 45938, 880. That pal ent describes making a pre-nmix of ashless dispersant
nd netal detergents that is pre-blended at a tenperature of at |east about

00C. Thereafl the pre-mix is cooled to at |eas 5C and the additional

corrponenSs’ﬁ'r'Eﬂ%lm The final crankcase S@WI formul ati on may
enploy frgm2 tq 20 S % preferably 4 io 1 ss‘%_ nost preferably
about 5 tq 17 ss % ¢f the concentrate or ad{iftive'pac e, wth the

r emai nder b?g e ptock. 10 The eight oils le 1 were

co

eval uat epio ef yent of friction properiso 19JUL 1 PCT/ EPOO/ 10152
: ~'1'" O 0N 30948 19 000000" VOOOOONOr CO0~NM
v'voT" Q00O NOr-CCntnNv v .= 000 Q0Qr0

O~N vT. - OCQo~f 7Nv™ a' ' Ogg00000000~~0~NV'8D- G0000OOVO00O | ~OrCx f
700t nNv VOTOO00000000Qu 70 ONN' ~t Or GO00000000~OONO DNt t 0. - =000N O_
f nCCOQO~- Df DCCCVQO-~. . . ~UN. 0oc~~~c~n~, (~U ~ ~Q a~
which have net charges of +4. Consequently, in order to solubilize these cores the total
charge among all the ligands must be —4. Four monoanionic ligands are preferred.
20  Without wishing 1o be bound by any theory, it is believed that two or more trinuclear cores
may be bound or interconnected by means of one or more ligands and the ligands may
be multidentate, 1.e., having multiple conneclions {o one or more cores. i is believed that

oxygen and/or selenium may be substituted for sulfur in the core(s).

25 Oil-soluble trinuclear molybdenum compounds can be prepared by reacling in the
e appropriate liquid(s)/solvent(s) a molybdenum source such as (NH,);M0,5:;:n(H;0),
where n varnies between 0 and 2 and includes non-stoichiometric values, with a suitable

ligand source such as a tetrelkylthiuram disulfide. Other oil-soluble trinuclear
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ietralkylthiuram disulfide, dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur
abstracting agent such as cyanide ions, sulfite ions, or substituted phosphines.

5 Alternatively, a trinuclear molybdenum-sulfur halide salt such as [M'];[M0,S;Ag), where M’
is a counter ion, and A is a halogen such as CI, Br, or I, may be reacted with a ligand
source such as a dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate
liquid(s)/solvent(s) to form an oil-soluble ftrinuclear molybdenum compound. The

appropriate liquid/solvent may be, for example, agueous or organic.

10
The ligand chosen must have a sufficient number of carbon atoms to render the
compound soluble in the lubricating composition. The term “oil-soluble” as used herein
does not necessarily indicate that the compounds or additives are soluble in the oil in all
proportions. It does mean that they are soluble in use, transportation, and storage.
15

Preferred trinuclear molybdenum compounds tfor use in the compositions of this ‘
invention are those of the formula Mo,S,((alky!),dic), where the alkyl has about 8 to 18
carbon atoms and .the alkyl being preferably a "coco” alky! chain which is a mixture of
chains of varying even numbers of carbon atoms from typically a C; to C,g alkyl, mainly

20 C.o Cy2 and C,, alkyls derived from coconut oil.

The trinuclear organo molybdenum additive is used in such amounts so that it
provides up to 350 ppm, preferably 10 ppm to 350 ppm Mo in the lubricating oil
composition, such as about 75 to 150 ppm Mo.

25

A sulfurized molybdenum containing composition prepared by (i) reacting an
acidic molybdenum compound and a basic nitrogen compound selected from the group
consisting of succinimide, a carboxylic acid amide, a hydrocarbyl monoamine, a
phosphoramide, a thiophosphoramide, 2 Mannich base, a dispersant viscosity index

30 improver, or a mixture thereof, in the presence of a polar promoter, to form a
molybdenum complex (ii) reacting the molybdenum complex with a sulfur containing @
compound, to thereby form a sulfur and molybdenum containing composition 1s useful in
the form of either a dimeric or trinuclear Mo compound within the context of this invention.

The sulfurized molybdenum containing compositions may be generally characterized as a
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2002 /)r1™00/ 10152 . (a) The dispersant is a 54% active mneral oil
solution of borated polyi sobutenyl succinimde dispersant. 5 (b) The
overbased My sul fonate had a TBN of 490bB -a 57% by weight solution in

I neral oil was used. (c) The overbased Ca sulfonate had a TBN of 300; a

5;%) by Emmrelnsm/wliwrtom!d;]ﬁ dcjilfeﬁ @bsiOidiirO@S}bdtﬁxmbunﬁf ]Hd\/févBﬁ%ey Sffeeﬂé@iebaj I
pol yi sobut en succinic aphydride;, a 72% wei ght solution in 10 m nera
011 s QU BECLOmBRIOS. i W HH PO RIS S PES R SR S2UFTER WO O
cocoal kykydehedms i g ef‘hlhEFyléid#?@xéﬁ bR thSsah Fvgﬁedeff rgtgrcéemra%gﬂo%ﬁ@ Aghdons,

mainly C°" C z and C' a rom coconut oi "dtc" represents

di t hi ochepamitzegen gloms' Mothdibasic' nilregenvodigaimosarnpouad used instileuyeparation
mol ybdenum di al kyl _dithi ocarbamate 15 avail abl e from V~anderbilt Chem cal
(the ex ﬁpeggﬁapﬁogﬂm%g.e al kyl groups is ' proprietary to the

manuf acturer). (i) "ZDDP" is a 50%450% wt. m xture of zinc

di al kyl di t hi ophosphate with 85 wt_. % secondary al kyl groups and ~15 w . %
primary al kyl groups, and zinc difé!wﬁﬁééuosphate with 100% pri mary

al kyl 'groups. 20 (j) and (k) are friction nodifiers (FM. (m "LOFI" is a

| ube oil flow inprover, a 48% solution of a dialkylfumarate-vinyl acetate
copol yner. ()t le@sponesorganis| el ise'ubisp disyierar mofiden siusy beotiiceirereled imihei al | y
avajd abl g asynlar 1 Tuni it i+ 20 ricti I nts
weried mai e”grélh? g’"?a&nﬁ%sg%éht T%?‘F@yﬂgféngmgéﬁiné%&?%e%‘é%cg/&traggﬁmpgg%yizﬁgeri g
( HFRR) . wWIffe ofitheklebrieatmgaaiOcarvyosiloBi  P3efeddbls tieet 0.05db itdh etbre preder@blyriioor on Ra

roughness,. , 5~ Thi. S, pLQt 0ocol. nsi f 3 separale runs at 3 constant
terrperatairteOsO' 8'8,‘/“018%? Fr%ﬁ'%%oﬁj‘sffétrr\gs %eﬁew disc and bail for every run.
Settings: |oad 400 gm Frequency 20Hz; 'Immstroke length 10 Start

Lermeratue o ot ufiven ST INGSE £F A e. o o HBB T
resid t s afipteaticnenimiek calibhatiAMINRIDY Sinldes, &pikansarboxylic acids, aliphatic carboxyiic
' esters of polyols such as glycerol esters of fatly acids as exemplified by glycerol oleate,
aliphatic carboxylic ester-amides, aliphatic phosphonates, aliphatic phosphates, aliphatic
thiophosphonates, aliphatic thiophosphates, etc., wherein the aliphatic group usually
. contains above about eight carbon atoms so as io render the compound suitably oil
20 soluble. Also suilable are aliphatic substituted succinimides formed by reacting one or

more aliphatic succinic acids or anhydrides with ammonia.

Representative examples of suitable friction modifiers are found in U.S. Patent

No. 3,933,659 which discloses fatty acid esters and amides; U.S. Patent No. 4,176,074

25 which describes molybdenum complexes of polyisobutenyl succinic anhydride-amino
alkanols; U.S. Patent No. 4,105,571 which discloses glycerol esters of dimerized fatty
acids; U.S. Patent No. 3,779,928 which discloses alkane phosphonic acid salts; U.S.
Patent No. 3,778,375 which discloses reaction products of a phosphonate with an
oleamide; U.S. Patent No. 3,852,205 which discloses S-carboxyalkylene hydrocarby!

30  succinimide, S-carboxyalkylene hydrocarbyl succinimide acid and mixtures thereof; U.S.
Patent No. 3,879,306 which discloses N{hydroxyalkyl)alkenyl-succinimic acids or

@ succinimides; U.S. Patent No. 3,932,290 which discloses reaction producls of di-(lower
alky!l) phosphites and epoxides; and U.S. Patent No. 4,028,258 which discloses the

alkylene oxide adduct of phosphosulfurized N-(hydroxyalkyl)alkenyl succinimides. The
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) 40C Break in - The unit is run at steady state conditions-velocity
Preferred friction modifiers include amides of polyamines. Such compounds can
have hydrocarbyl groups that are linear, either saturated or unsaturated or a mixture

20 thereof and contain 12 to 25 carbon atoms.

Particularly preferred friction modifiers are alkoxylated amines and alkoxylated
ether amines, with alkoxylated amines containing about two moles of alkylene oxide per
rmole of nitrogen being the most preferred. Such compounds can have hydrocarbyl

25 groups that are linear, either saturated, unsaturated or a mixture thereof. They contain
12 to 25 carbon atoms and may contain one or more hetero atoms in the hydrocarbyl

chain. Ethoxylated amines and ethoxylated ether amines are especially preferred.
The amines and amides may be used as such or in the form of an adduct or
30 reaction product with 2 boron compound such as a boric oxide, boron halide, metaborate,

boric acid or a mono-, di- or tri-alkyl borate. Q

Zinc Dihydrocarbyldithiophosphate Compound
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accordi ng to claiml1l wherein said nolybdenumdineric or trinuclear conpound
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claim11 wherein said zinc dihydrocarbyl dithi ophosphat e conpound conpri ses

zinc froma primary al kyl group, secondary al kyl group, or mxtures

t her eof . The compositions can be used in the formulation of crankcase lubricating oils (i.e.,

passenger car motor oils, heavy duty diesel motor oils, and passenger car diesel oils) for

30 spark-ignited and compression-ignited engines. The additives listed below are typically

used in such amounts so as 1o provide their normal attendant functions. Typical amounts

° for individual components are also set forth below. All the values listed are stated as

mass percent active ingredient.
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\ tﬁL &Lpersants comprise amine, alcohol, amide, or ester polar moieties
attached to the polymer backbone often via a bridging group. The ashless dispersant
may be, for example, selected from oil soluble salts, esiers, amino-esters, amides,
imides, and oxazolines of long chain hydrocarbon substituted mono and dicarboxyhc
acids or their anhydrides; thiocarboxylate derivatives of long chain hydrocarbons; long

chain aliphatic hydrocarbons having a polyamine sitached directly thereto; and Mannich
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15 Such other known detergents include oil-soluble ‘neutral phenates, sulfonates,
. sulfurized phenates, thiophosphonates, and naphthenates and other oil-soluble
carboxylates of a metal, paricularly the alkali or alkaline earth metais, e.g., sodium,

potassium, lithium, and magnesium.

20 Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene
polyols and esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids may

be used.

Copper and lead bearing corrosion inhibitors may be used, bul are tynically not

25  required with the formulation of the present invention. Typically such compounds are the
thiadiazole polysulfides containing from 5 to 50 carbon atoms, their derivatives and

polymers thereof. Derivatives of 1,3,4 thiadiazoles such as those described in U.S.

Patent Nos. 2,719,125; 2,719,126; and 3,087,932; are typical. Other similar materials are

described in U.S. Patent Nos. 3,821,236; 3,004,537; 4,097,387; 4,107,059; 4,136,043;

30 4,188,299; and 4,193,882. Other additives are the thio and polythio sulfenamides of
thiadiazoles such as those described in UK Patent Specification No. 1,560,830.

s Benzotriazoles derivatives also fall within this class of additives. When these compounds
are included in the lubricating composition, they are preferably present in an amount not

exceeding 0.2 wi.% active ingredient.
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Pour point depressants, otherwise known as lube oil flow improvers, lower the

minimum temperature at which the fluid will flow or can be poured. Such additives are
15 well known. Typical of those additives which improve the low temperature fiuidity of the

fluid are C, to C,, dialkyl fumarate/vinyl acetaie copolymers, polyalkylmethacrylates and
the like.

Foam control can be provided by many compounds including an antifoamant o1

20 the polysiloxane type, for example, silicone oil or polydimethy! siloxane.

A small amount of a demulsifying component may be used. A particularly suitable
demulsifying component is described in EP 330,522. It is obtained by reacting an
alkylene oxide with an adduct obtained by reacting a bis-epoxide with a polyhydric

25  alcohol. The demulsifier should be used at a level not exceeding 0.1 mass % active

ingredient. A treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

The viscosity modifier (VM) functions to impart high and low temperature
operability 1o a lubricating oil. The VM used may have that sole function, or may be

30 multifunctional.

Multifunctional viscosity modifiers that also function as dispersants are also
known. Suitable viscosity modifiers are polyisobutylene, copolymers of ethylene and

propylene and higher aipha-olefins, polymethacrylates, polyalkyimethacrylates,
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t X<ss10%sk, $&|£€) - 4553 k‘“]&éssld%:k, s&( T 45510 skopg () - 4sE3 @6k, & ()-4s
s10%k, s&'|()-45s10%k ' ﬁ%le%k,sé’E- 14 =t %’%‘ l
z"B&<ss10%sk, $& (}- 42 52PUEK| SR ()-4551(>%§E,s&' ){4$818 $§,1§&§>E sls10%sk, s&
'()-4MBb| |1®|E HEIRRE sl 2o T|= o
xgK<ss10%gk | E&6() | 4585810 KEBR () %51@@(, $&) ()BMB TV K| sEE g,g@m%sk S
& ()- 4"55105% Bs&] ( gfr% 1 s&,us&'(%éd% Slxl |12 muﬂg ol gl¥|® |
@z"B&<sle%kg & & - 485300 §:§()§l§g)§&§§,sd?§j)-§$§@ sk, s&é -E;EQLO%;k s&
()-4M'Bbx{g|” & ~ = ElL
#PUR (oS<dsl& csk;‘:;%&'( - As51PUsK|, SsL0YsK, $&| () =4, $s10%sk, $&] ( s ﬁ)’%:k s&
()-4,ss1096K33E &) - M85EPY ‘“E@()-"’;Zl"@ %, s&88() 1A EE .'t’\f>8f§/ % S& (ss
1096k, s& (4451096 k568 (V4051 00k e84 Y1 4051 0% ki sk 4) 1 4t

)
X. /134567I P4sle%3$10%3k s& ()-4ss10%k, s&' ()- 4sle%3k s&' ()- 4sle%k s& ()
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xss1l0%k, s& ()-4ss10%k, s& ()-4ss10%k, s& ()-40S7ss10%k, ss109sKk, sf('g(h Amzs
109k, s§06)/ §g§§10%;k, s& ()-4ss1l0%k, s& ()-4ss10%Kk, s& () MasskeiEk &JL E) -4(
ss10%sk, s& % -4z"B&7ss10%k, s& ()-40ss10%k, s& ()-40ss10%k, s& ()-40M
xssl1l0%k, s& ()-4ss10%k, s& ()-4

" #$%0S7ss10%k, ss10%k, s& () -4, sle%:k,QQ&' ()-4,ss10%k, s& ()-4ss10%k, s&

) - 4ss10%sKk, s& ()-4ss10%k, s& ()-4(ss10%k, s& ()-4%&' ()+z">0S7ss10%sKk, ssss]b
sk, s& ()-4ss10%k, s& ()-40ss10%kNos(ipr 1€ Bb xss10%k, s& () -4+-.2678;
gK+ss10%k, s& ()-4ss10%k, s& ()-4ss10%k, s& ()-4ss10%k, s& ()-4ss10%Kk, s& (

) -4ss10%k, s& ()-4ss10%k, s& () - 4;

=>@BCDCy K5 s LOYAK dispefdart 56 1D %K, B6tile v erkP %nksdhdion) ofd BErEEEMS koS oblitefifis 10%
sk, s& ()-4ss10%Kk, s& ()-4ss10%k, s& ()-44d JIMOPRgGtss10%sk, s& (ss10%k, s& ()
-45510%k, s& (FUCEHEDEISUSRELSANt- 455109k, & () - 45510%k, s& () - 4ss10%sk, s& ()

cas10%ek, Bk () iz uRie eSS0 SR A s S s 0snse

) - >3X10%sk, s& minesa@xdioveskyseg!. () - >3df hknmopd H+5WEBJ" { X10%sk, s& () - >3X10%sk, s&

() - >3X10%sk, s& () - >3X10%8kK, & () =>3X10%sk, S& ()s>3X1PYsk, s& . ().- >3prsuxz| mv
Baover EE ) Tos vt Ty ubdas o dafo At d ROy Sreidth sl b k
, S& () - >3| ~mQLMEDHRH, ek (ed>3X10%k, s& () - >35WeBJ " { X10%sk, s& () ->3X10%Kk, s
& ()->3X10%sKk, %% >3cCHX109X10%sk, s& ().- >3X10%sk, s&'zéo) - >3X10%sk, s& () - >3X
10%sk, s& () - >3§E’ k refers . B@m@mg@%wmm@m % Y YelohkegyiIn Bg ()
- >3X3Q%sK, S& (nire3xeks S&d ) - >3X10%sk, s& () - >35W6BJ" { r R2+X10%sk, s& () - >3X
10%k, s& ()->3X10%k, s& ()->35W6BJ { X10%Kk, s& ()->3X10%Kk, s& ()->3ML+X10%k
,S& ()-> BJ“No K106k kS Y@:$) ((shXl0vak woen ElkybB)el cogsrlkykeligin deikpmatixtee () -
>3cGHX1096K, S&XE0¥ K@i (d-3XLAYS ' () 23X & &) ~>3%10% ' ()->3
X109k, s& () - f%@%bgg%?‘g s 8’{‘%1%3 : +xﬂ’ied§7§ k%%?'?‘ ) %%gf%@& K, é 8‘3'"?;% ssgﬁbsggﬁ‘")s & (
) - >3X10%sk, s& ¢9cosgxaibesdk HE repressppihidcermaessk, s& () - >3X10%sk, s& () - >3

X10%sk, s&.() - > 9 56y -.>3%109 s&! >3ML+X10%& k., . s& () - >35W5B
3L, oo b (T St IRi R ey 82% ARl o R oldadiM SRR Siathdangee, s
X10981, s& () - >8viiabiek frofl (Vane@ilo B nsi€al( Jthe 3XERYSNGSIR ¢f) the3 XK9Vmkoups' {§) - >3
X109k, s& () - >3nN. 10%&(1 s& @(51>3X1>0%k’ s& ()->3X10%k, s& ()->3X10%k, s&

) - >3X10%k, s& PYPUSEE) fr”i—‘@gr GYER- s&' () - >3X10%sk, s& () - >3X10%sk, s& () - >
5WsBJ " { X&@)%s k,(SBDlDB’"— ?sBXMﬁﬁOS’f'v\(l) mihdure of 2|nckdialkyldithiophosphats with 85 wt.%
QL+X10%sk, s& ()->35W6BJ_{ X10%sk, s& ()->3X10%k, s& ()->3X10%sk, s& ()->3X10%
K, s& ()->3cC+X Wf@%k?’g&' (%’9%%%<1W5)%k?g&"’(‘)g >§5<m%ké'§ ©(§rouRsc1 (98K ¥ () -
>3X10%sKk, s& () diabosbbieichsspoHate with 380 N\orinkdQ %k §@ups .- >3X10%sk, s& () - >3X10%
k, s&'zg)) - >§X10(V , S& g%‘ >3X10%sk, s&'{F%- >35W6BJ { (), -/ 14r RR+X10%k, s& ()->3X1
0%k, & (Y- s k BERITETOR ORRIET PMbosk, s&' () - >3X109%6k, s& () - >34689: ;
=QL+X10%¢ms & (DOFIB RV Rbe (D ¥UBInpPSel) a 281 Y@lonsoka(dialRyANsHEIBle eyl bLetz@X10%
sk, s& () ->3=?ACEFCGcG+X10%k, sX10%k, s& ()->3X10%sk, s& ()->3X10%k, s& ()->3X
10%k, s& () - >3%aREReLE () - >3X10%k, S& () - >3GHILNPRj J* +X10%sK, s& () - >3X10%
k, & () - >BYL0%BBCPE! i) nr3NLAYE Koy rhdr IREL0US knodhidr) caRFBEI RSWRIe R2+XL
0%k, s& ()->3X10%k, s& ()->3X10%sK, s& ()->35WBJ {' X10%k, s& () ->3X10%sk, s&
' () ->3_acdf gi MIR@nel80d& () - >35WeBJ" {, X10%sk, s& () - >3X10%sk, s& () - >3X10%sk
, S& (95 >3X10%8k, s& () ->3i | nprsucC+X10%k, sX10%k, s& ()->3X10%k, s& ()->3X10
%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3uvxz}nN. +X10%k, s&
' ()->3X10%sk, s& ()->3X10%k, s& ()->3X10%sk, s& ()->3X10%k, s& ()->35WBJ" {rR
2+X10%sk, s& () ->3X10%k, s& ()->3X10%k, s& ()->35WBJ" {- X10%k, s& ()->3X10%
K, s& ()->3ML+X10%sk, s& ()->35WBJ" { %X10%k, s& () ->3X10%k, s& ()->3X10%k, s&
" ()->3X10%k, s& ()->3cC+X10%k, sX10%k, s& ()->3X10%k, s& ()->3X10%k, s& () -
>3X10%sk, s& () ->3X10%k, s& ()->3X10%k, s& ()->3nN. +X10%sk, s& ()->3X10%Kk, s&
" ()->3X10%sk, s& ()->3X10%k, s& ()->3X10%k, s& ()->35WBJ" {r R2+X10%k, s& () -
>3X10%sk, s& ()->3X10%k, s& ()->35WBJ {- X10%sk, s& ()->3X10%sk, s& ()->3QL+X1
0%k, s& ()->35WBJ " { kX10%sk, s& ()->3X10%k, s& ()->3X10%k, s& ()->3X10%k, s&
' () ->3cCHX109X10%sk, s& () - >3X10%k, s& () ->3X10%k, s& ()->3X10%k, s& () - >3XJ®
0%k, s& ()->3X10%k, s& ()->3nN. +X10%k, s& ()->3X10%k, s& ()->3X10%sk, s& () -
>3X10%sk, s& ()->3X10%k, s& ()->35WsBJ" {r RR+X10%k, s& () ->3X10%k, s& ()->3X1
0%k, s& ()->35W6BJ" { X10%sk, s& ()->3X10%k, s& ()->3QL+X10%k, s& ()->35WBJ" {
X10%sk, s& () ->3X10%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3cG+X10%k, sX10%
sk, s& ()->3X10%sk, s& ()->3X10%sk, s& ()->3X10%k, s& ()->3X10%k, s& ()->3X10%
sk, s& ()->3) J*+X10%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3
X10%sk, s& ()->35W6BJ" {

r RR+X10%sk, s& () ->3X10%k, s& ()->3X10%k, s& ()->35WBJ" { X10%sk, s& ()->3X10%
sk, s& ()->3ML+X10%sk, s& ()->35WsBJ" { %X10%sk, s& () ->3X10%k, s& ()->3X10%sKk, s
& ()->3X10%k, s& ()->3"$& *cC+X10%k, sX10%k, s& () ->3X10%k, s& () ->3X10%sk,
S& ()->3X10%k, s& ()->3X10%k, s& ()->3X10%k, s& ()->3*+-/246nN. +X10%k, s& (
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1 dh, 410%6-& () - H310996:& () - H3) 10906-& () - H310%4-& () - H310996:& () - HB10006-&
) - H310984-& () - H3dH, 4109848 () - H310986-& () - H3) 10994-&' () - H310984&' () - Rl
& ():H3G .ldl$q
. 1d10996-& () - H310996:& () - H310986-& () - HS10%s& () - H310996-& () - HBC G
. 1d109%96-& () - H3109%96-& () - H310996-& () - H3( 109%96-& () - H310996-& () - H3109%96-& () - H
w- GX .1dQ .1d10%6¢& ()- H3(10%6& () - H310086:& () - H310086:&! () - H3GK {

ovaoa e ) AT S LS EARRE S ) AR SRR Sl SRR Ky o

109%80-& o 1

et 0506 L ﬁa%éfo%ﬁi%ﬁ% e e S e e, (3 0 e

) - H310%9anglishe tidd Q9% Rii¢ronHBa roughness.

1{_C +10984& ()-H310%6-& () - H3109%84& () - H310%96-& () - H3G|

.1 d10984-& () - H3! #$9%&' (0S+109%86-&' () - H31094.09%84-& () - H310%86-&' () - H3109%84-& () - H

31099a& + H3+10
e by %erﬁdﬁ'@é é%*% @Hgﬁé%:té run8 Fat+3 006R:8a {0 reRD 28 Es ((Bo!

.l d. /134ﬂlmn+mam&usm+m9@w& émammw/%e&y(rmnr@mwgﬁ () - H310%84-& () - H310
996-& () - H310984& () - H3789:
<=dH, +10986-& () - H310986-& () - H3+10986-& () - H310996-& () - H3&10984-& () - H3G

. 1 d=>@\BCDp( G{
1 d10986& () ~re10PR5 09 9100868 () - HBA10086-& () - HB10984-& () - HBDEGH JKNpT4

. Fre quency 20Hz; 1mm stroke length

1 d109%84-& () - HB10966.& ()- H310%0/6+&' &) B100Re-& () - H310%84-& () - H3d10%84-& () - H
3100888 () - HAINDOBSETt: tpm{eram@@% (12036,

|d(10%/ol-& () - H3( 0%%+&§ o8& () - HBVWZ\ ]~ | P4{

1 d109%84-& () - Hstya‘(lﬁf/@%‘a(' |%€E6 & ()-H3109%4-& () - H310%94&' () -H3109%84-& ()-H
3109868 () - H3_abdgd [}l%‘g 41 d1010986-& () - H30G

.1 d10984-& () - H310%6+&! 5‘-!3100/8/&& () - H3f hj krmpagG+109%84-&' () - H310%96-&' () - H31
09868 () - H316986-Durptioh BOWRHRE. () - H310984-8' () - H310984-& () - H3qr t uvwx| * D{ +109%8%6

+& () - H310%e-&' () (?Worﬁa
‘I d10986-8’ () oLk @H‘th 109868 () - H310986:&' () - H3109%96-&' () - H310%6
H310984& () 968 ()-H3{_C , 1086:-& ()- H3( 10986-& () - H31
00818 (- ho1 506 5#69’%%8 5Re6.

11094 () - HBpP, 10994 () - H3( 1094.0986& () - H310986& () - H3+109846-&' () - H310986
+& () - H3109 dH, , 10086-&' () - H3109%84-&' () - H310%84-&’ () - H310%
%r&(%) H310°/$§3§(') Hﬁé BT ThbiE'S - - -

“Idh, ;. 10906& () - H310%%+& () - H3109%84& () - H3109%86:&' () - H310994-& () - H310%84-&" ()
"H310986-€' () - H3xX<, , 10940996-& () - H310996-&' () - H310996-&' () - H3109%96-& () - H3GQ
.1 dkK/ 10986-8' () - H310986&' () - H310986-&' () - H3109846-&' () - H310986-&’ () - H3] 10%84-&’ (
) - H310986:&' () - HBW kK/ 1010994-& () - H3G|
|1 d10986-8: () - H310%4+&: () - H310%4+&: () - H3gG 1010109%86:&' () - H310986&' () - H310904
& ()- H3109%96-& ()- H3109%96-& () - H310994& () - H3[ 2#10986-&’ () - H310%84-&’ () - H3Q
1 d10984-& () - H3109%84-& () - H310984-& () - H3l LO109%A.0%4-& () - H310994-& () - H310984-&
' () - H310996-&' () - H310986-&' () - H310986-&’ () - H310996-&' () - H3dH, 0109%84-&' () - H310%84
& () - H3109%84-&' () - H310986&' () - H3G
1 d10986-& () - H3l PO10986-& () - H310986-& () - H310986-& () - H310986& () - H310986& ()
H310986-&! () - H3109%86-&' () - H3dH, 010986-&' () - H310%846-&' ().~ H38&10%84-&' () - H3&L0996-&
() - H310996-€' ()-H3G[ . Idt, 0G|
1 d10996-&. () - H310986-&' () - H310984-& () - H3109%86-&' () - HBL0%4& () - H3t X<
|1 d10986-&: () - 3109848 () - HB10%4-&! () - HB10%4-&! () - HB10%4+&! () - HB10%4-&! () - H3
10906:&' () - H3dH( <10%86-&' () - 3109868’ () - H3Q
1 d10996-€ () - H310986-&' () - H310986:& ()-H3
PT81010%84&' () - H310986-&' () - H3d10986-&’ () - H310986-&' () - H310984+-&' () - H310986& ()
"H310996-€' ()- H3' D(810%6-&' ()- H3109%96-& ()- H3109%96-& ()- H3109%96-& () - H3G

| d109%86-& () - H3pTBL0%4-& () - H3L0%A0%6&' () - HBL0%E&' () - H310%84-&' () - H3d 10984

Q& () - H310984-& () - H310%046-& () - H3

" #$° D(810986-&' () - H310%84-&’ () - H310986-&' () - H310%94-& () - H3109%84-&: () - H3G

1 d$9%& () *t, 8G]
|1 d10986-& () - H310%84-&: () - HB10%84&! () - HBL0%4&! () - HBL0%4&! () - H3* +, . / 012pT8G

L1d10%a& () - H310%WE& ().~ H3109%96& () - H310986& () - H310984& () - H310%84-& () - H3
109868 () - H32345678dH, 810986-&’ () - H310986-& () - H3Q

. 1d10996& () - H310994& () - H310984& () - H389:

<=>7t X<1094.0986-& () - H310986-&' () - H310986-&’ () - H310984&’ () - H310986-& () - H3109%84

& ()- I—Bl?Wa%g(Amﬁ&I@B@EQET<10W&& () - H310984-& () - H310984-& () - H310984-& ()
- H3¥
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1d(10996-& () - H3(10986-& () - H3( 10986-& () - H3f ghi j kI it X<10986-810986-& () - H3109%86
+8& () - H310984-&'*( ) - H3109846-& () - H310984-&' () - H310984-& () - H310986-&' () - I—BrEDwa.i{M
[t X<10984-&10984& () - H310984& () - H3G
.. 1d10%6& () - H3109%84& () - H3{ ~0S710%40%4& () - H3109%6-& () - H3&109%6-& () - H310%
0%-& () - H310084-& () - H310%84-& () - H3109%84-& () - H3| \ <0S710%40%4-& () - H310%84-& ()
- H310%84-& () - H3G|
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tX<109% & () -410% 810% & ()-4&1006 &' () - 410%W & ()-A4710% & ()-410% & ()-410% &
() - 4dH(<10% & () - 410% & () - 410% & () - 410% & ()-410% & () -4 t!7W

{g(<10% & ()-410% & ()-410% & () - 410%
"$06 @10% & () - 410% & () - 410% & () - 4100

{Y&(*+, -1 3G t!7W
1096 & ()-4109% & ()-4109% & ()-4109% & ()-4109% & ()-4-./ 01234t X<{ t!7W

1096 & ()-4109% & ()-410% & () - 410% &
8; <dD( <10% & () - 410% & ()- 4G t!7W

9 JuL 200

o) - 4109 & () - 410% & () - 4109 &() 4
% ()-410% & ()-4* G t17W

{5 410% & () - 410% & () - 410% & () - 44567

{10% & ()-410% & ()-410% & () - 4<=>@BCDF| PO10% & () - 410% & ()-410% & () - 410%

*& ()-410% & ()-410% & ()-410% & () -4FH K [21 PO110% & () -4010% & ()-410%
& ()-4G t'7W Oil 1 Oil 2 Oil 3 Oil 4 '
{(10% &| oveVoBIeXZ 7011088 & () -[410%Eg () - 4] c ¢ ()-410
0% & ()-42\531@5%9# 0% & () - -4109 & ()-410% & ()-4G t!7W
ilO%‘& TA50% f”ﬁ ¢ rWTH J.E’I"AP‘ g 4}1 Z?;ﬁddpﬁfﬁuwa (1)0 ‘ﬁ}cﬁ& &7()-410%
(Tosg QI L5000 P8 000 B0 pom
st 0y - 41004
tu?V\LO%mQrgamﬁﬁM HO)-athés g (41008 () - 41006 B4 - ardws g (P- 478 10G
t'?W{,lo%& (- 410%‘&4)-410%‘& ()-410% & () - 4hH, 10
t17WL0%8 &Spped I0PER () - 410% & ()]- 410% & () -410% & () - 414% & () - 47H, 10Q
t1 7W{109% & ¢)p1410%(& ()0669%‘& () -4p0 & ()- 4hHp s 0.081
t!7WL09 0’ F & ()41 (T=410% § g - #1Q78& G Jo& 7 0
t'7W{1“‘°'® e GS/U&U go-& )= "\ﬁ SO Ah 1 5
| o g sio e o g3 $Hatoa
t . . : .
{10% & ()-4188M () 141003889 . 41004 £:124 41 x410cHBR () 4103236 - 41096 & ()
- 4940% & () -Q0%4 & () - 418R% () Ja10@224) - adD( <1008 () J4108:886) - 4G t! 7TW
{109% & () - 410968 () -]410%.891) - 4t]X<1DARE0% & () -008% & () - 47U08F & ()]- 410% &
"()-410% & (00¥10% & () -040B36 & (|) - 4]0.18%10%(& ()0.699% &[() - 41088 & ()|- 410% &
"()-4¢ |t 7V9 08 0.095 0. 128 0.095 0.14
o (T TeE TGO (e ST LD o
-41090& LIRSS, SO &)~ ar)-éu. VE J.U"/O' 4G t!
kO<109% ¢ Mﬁ-&iuv@_@?‘ wiu,ﬂ g %&'4'42%109 5 ()-4
|1 <O<109 1A 33* SGa0st T 0.145.
0.25 0.108 0.133 0.107 0.145
0.3 0.11 0.134 0.108 0.145
0.4 0.113 0.134 0.112 0.145
0.5 0.115 0.134 0.114 0.144
, 0.6 0.116 0.133 0.116 0.143
0.7 0.117 0.133 0.117 0.142
0.8 0.118 0.132 0.118 0.14
0.9 0.119 0.131 0.118 0.139
1 0.12 0.13 0.119 0.138
The data show coefficient of friction versus sliding speed using "SD. 1777”
5 (Borg-Warner, paper friction material) clutch plate material, ie. wet clutch friction

10

performance when used &s a universal lubricaling oil, such as a universal tractor

fluid.

These data (Tables 2 and 3) show the consequently superior results for Qil 3

which contained both the molybdenum trimeric and dimeric compound as well as

the friction modifier.
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{1# 2<10% &10%,& () -410% & ()-410% & ()-410% & () - 410% & () - 410% &'fﬁﬂ'Jﬂf%ﬁ
()*dH, <109 & ()-410% & ()-410% & ()-410% & ()-4)109% & ()-4G t!7W
*+ -./0t, < t17W
}10% & ()-4%% & ()-410% & ()-47109% & (?4- 410% & () - 40256789: KCBGLOY & () - 41
004 & ()-410% & ()-410% & ()-410% & ()-410% & ()-410% & ()-4: :
=>?AH(310% & ()-4G t!7W
109% &' 9% & ()-A10% & ()-410% & () - FGHE X<1.09%4.0% & ().- 4710% & () -
q;m%&- QP86 E mestfelind o 10elh PoeriaRih TR i R i S B4 o
*& () - 4100, e . o -
(TR a () ool LA VEoON Friction Anparalus (LYFA) s 150°C Jor Oils . 2, B and 4.0t e ¢
Q& .‘ ?)10?1 goregemozﬁé{&s ?;;e%vrﬁqwas @esdNbéd in BXiXR TefreAcss u¢H adRIPNGtRN(OF 410%
{* abcdef gf@%ﬂf@w@@w ‘Melroindse ag) Allagied oy Fluideodaditiyes eogds @xdationtoos &

Ciooe & () “BESY S B GhRblIRN B POYIER B Pt T nGoisty i Bt (-
e | s et (o St ase, et [t
E) ~4109% &UEN '@qub%rgpi(gn ggé% BiY )WA@%S. ﬁﬁ,van% NPbert, R. léf. &ngine

10% & ' 9 ' i ' ' % &
(0 5 IR LA SO, (g S IR (Lo G0
{109 & ()whidoar& icporporateddsate DR RIafprente s & () - 410% & () -410% & () - 410% &
()-410% & ()-4W ?#109%6 & ()-410% & ()-410% & ()-4G t!7W.

{10% % ()-410% & () - 4t X<10% &' () 10% & ()-410% &' ()-410% & ()-410% & ()-410%
*& ()-410% & frheéré@&@i&'g(aroééa@(eﬂﬁ%&d lo ARideshere i Fefiotibudn Ofdtte 8) - 410%
*& ()-4G t!7TW{t, <G tr7w

{&10% & ()-4&10% & ()-410% & ()-4710% & ()-410% & () - 4t X<@ :

L TI0WE () 44U (e AMORE ()AL & () SO E | LiAT A MO O

{109 & () -47109% & ( yarhpe%Bkd (1dwdbpiedd Wredidiy (edblPehénts afd 18146 &nbhed 1098
' ()-41098& ()-4710% & ()-41098 & ()-4dH, <109%°& ()-410% & () 5,410% & ()-410%
C()-¥G tTW (Throughout the test, the machine maintains 10kg/cm*® unit pressure .

10% & () - 4t X<10% & 04 094 &1L =14 10%E & ( )~ 410 & () 4L L0 & L7 &LOYE & ( -
J o008 (-4 | o <o o bhaenar S5 G ot Pt Rlass Sidosttrd A & ¢
t!7W{t, <@g t!7wW at 2.8 m/s, speed ramps (0-2/8-0 m/s) and low speed (.0016 m/s)

&10% & ()-4810% & () -410% & (),-4710% & ()-410% & () - 40S
EIO%‘ & (§ 2410%* & ()ij %Wy(s)l( Zl\”ié%’&"t%“%@i%%%% 8 ﬁ?géé/ﬁ%aé) lorayseRd () - 4
" #dH, 710% & () - 4* 1@ Befatort Brold ot the test. |
{1096 & ()-410% & ()-410% & ()-4#90 +. 14_27109 109% & ()- 4109 & ()-410% & ()-4
1098 &9) - 41098% () - 40088 diegtinpusoperatinn 2apoedssartd loptss de{oreAbgbavih (uidi Gl
t17wW -

{109 & ()-410% & () ‘SORRBIHEERIEHRE: () 1006 & ()-410% & ()-410% & () - 410% &
'()-410% & ()32110%* 450y cHEMN (3arhEGsHdvie Ut 21 Bigher (empeRiEd. () - 410% & ()
-410% & ()-413/&&' ()-4

) 150°C Aging - exiended {one hour) operation at steady state only.
5) 150°C Cooling - ramp and low speed breakaway measurements
- 25 made afier the Aging portion of the test.
6) 100°C Cooling - steady siete operation, ramps and low speed
opereation.
7) 40°C Cooling - steady state operstion, ramps and low speed
@ operation.
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{&10% &
L'.109%-& 6
1 109%-& () -
1 109%+-& () -
1 109%& () -

-4810% &' ()-410% & ()-4710% & ()-4109% & ()-4ST| L. L 9%-& (99 JuL 1001
1-’%‘%88+1089108+ 610%531-&' ()-s s?(1%>%3+&' ()-(12)%*&' J("%’-‘éb@(‘f“?z t 4
110%+& ()- !10%& ()- '10%& ()- '10%& ()- | MO%& ()-zZ |[:{ t
1 109%& () - !10%& ()- !'109%+&5(¢)- !10%& ()-)? "$!yY9|[:{ t
110%& ()- !10%-& ()- '10%& ()-)? ~$! 110%& ()-yY9|[:{ t
109 & (WHATLRYERAMMEDIE0YE () - 110%& ()-)? " $! 110%& ()-!"-138yY9|[:{ t

1 109%+-& () -

TTO%& ()- T10%& ()- !10%& ()-)? " $! !10%& ()-8:; <FGHz"B|[: {

t110%-& ()-!10%& ()-!109%& ()-

1.

A lubricating oil composition which exhibits improved fuel economy and wet clutch

friction properties, said composition comprising:

a) an oil of lubricating viscosity;
b) at least one overbased calcium or magnesium detergent;
c) an oil soluble dimeric molybdenum compound present in such amount so

as to provide up to 2,000 ppm Mo in the composition;
d) an oil soluble trinuclear molybdenum compound present in such amount so
as 1o provide up to 350 ppm Mo in the composition;
e) at least one organic oil soluble friction modifier; and
) at least one zinc dihydrocarbyldithiophosphate compound,
wherein said composition has a TBN of at least 3.6 attributable to said overbased
calcium or magnesium detergent, a NOACK volatility of about 15 wt.% or less and
phosphorus in an amount up to about 0.1 wt% from the zinc

dihydrocarbyldithiophosphate compound.

The composition according to claim 1 wherein said overbased calcium or
magnesium detergent is selected from the group consisting of calcium and

magnesium phenates, salicylates, sulfonates and mixtures thereof.

The composition according to claim 1 wherein said overbased detergent is an

overbased calcium or magnesium sulfonate.

The composition according to claim 3 wherein said overbased detergent is a

calcium sulfonate which has a {otal base number of from 250 to 450.

The composition according to claim 1 wherein said molybdenum from the
trinuclear molybdenum compound is present in an amount of about 10 ppm 1o 350

ppm.

The composition according to claim 5 wherem said molybdenum from the dimeric

molybdenum compound 1s present in an amount of about 400 ppm o 2,000 ppm.
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The composition according to claim 7 wherein said molybdenum dimeric or

trinuclear compound is present as molybdenum dialkyldithiocarbamate.

The composition according to claim 1 wherein said molybdenum dimeric or
trinuclear compound is a8 molybdenum/sulfur complex of a basic nitrogen

compound.

The composilion according to claim 1 wherein said  zinc
dihydrocarbyldithiophosphate compound comprises zinc from a primary alky!

group, secondary alkyl group, or mixtures thereof.

The composition  according to claim 10 wherein said zinc
dihydrocarbyldithiophosphate compound comprises at least about 50 mole %

primary zinc from a dihydrocarbyldithiophosphate compound.

The composition according to claim 1 wherein said the friction modifier is an

ethoxylated amine.

The composition according 1o claim 1 wherein said phosphorus content is about

0.025 wt.% to 0.1 wt.%.

A method for improving the fuel economy properiies of an iniernal combustion
engine, which comprises: (1) adding to said engine the lubricating oil composition

of claim 1, and (2) operating said engine.

A concentrate for blending with an oil of lubricating viscosity, said concentrate

comprising:
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