-1- FRICTION MODI FIERS FOR ENG NE O L COMPCSI TION This invention relates to
| ubricating oils particularly useful for internal 5 conbustion engines.
More particularly, the invention relates to lubricating oil conpositions
whi ch exhibit inprovenments in fuel econony and fuel econony retention

t hrough use of certain friction nodifiers. The present invention is based on
t he di scovery that the use of certain fatty 10 acid ester derivatives of
tertiary hydroxyam nes as friction nodifiers can provide increases in fuel
econony as well as fuel econony retention for lubricating oils containing
these additives. U. S. PatenfRIZTION, MODIFIERREBOR ANGINE 60, COMPOSITISNUNder s,
di scl oses synthetic 15 lubricants based on al kyl ene oxide oils which may
contain a triethanolamne oleate salt. U S Patent 4,208,293, issued June
17, .1980 to .ZaWESk' ’Tﬁjik ?rﬁ)ef??cﬁ?rela't@rtc!) AL Ao oS Eﬁ%rtifcf?lrarlyﬁgefﬁ‘lsfo?‘in%rﬁﬂ.kcase

| ubricant which contains a friction re u0|§g anount of a fatty acid ester
of di et hanél am crenbustiéh elzpnanMoft, Eblqud0, thesswentdodbalates tB 1ybric@B®e ¢ib  NMbran et
al ., discloses a Iubricatin%aoiL whi ch contain ﬁhF conbin%%£?n of an organic
20 phosphor ous E¥TRASIHOBRENAY CRNBI APRINCHIENS Afolig! PRGN Yol Sfegpemy
triethanol am nere'@gng@ﬁ@{rgu%qﬁl,sgoftata@pﬁg[igﬁ%giﬂ&g h the invention there has
been di scovered a lubricating oil conposition which conprises an oil of

| ubricating viscosity and, as a friction 25 nodi fying fuel econony additive,

an ester formed as t reaction product of (i) a tertiary apine.of the
Formil & R ReRIN wher LreParent (5Ol R Rragh ateclieBuory TRt ATHOBIChHY

pref erabl y 1@l Kycid gdteresivianes BOteltidrp hiir6fBifesak Gidiondhodifas tadpevide R, R2
and R3 havi ng a hydroxyl %roup, with (ii) a saturated or unsaturated fatty
acid havi ng 10k 18 fpelossonemymgs wellegsefuglheapnomy rptenian Bidubricafing odp R2
and R3 is an al ol -erably, the tertiary amne will have at | east
one hydroxyalké%hgg%gp Sgg@ﬁgﬁ{'to 4 carbon atons. The ester nmay be a

nono-, di- or

U.S. Patent 2,951,041, issued August 30, 1960 to Saunders, discloses synthetic 4
15 lubricants based on alkylene oxide oils which may contain a triethanolamine oleate
salt. U.S. Patent 4,208,293, issued June 17, 1980 to Zaweski, discloses lubricating
oils for use as a crankcase lubricant which contains a friction reducing amount of a
fatty acid ester of diethanolamine. U.S. Patent 2,151,300, issued March 21, 1939 to
Moran et al., discloses a lubricating oil which contain the combination of an organic
20 phosphorous ester compound and an amine. Among the amines listed is

triethanolamine stearate salt.

In accordance with the invention there has been discovered a lubricating oil
composition which comprises an oil of lubricating viscosity and, as a friction
25 modifying fuel economy additive, an ester formed as the reaction product of (i) a
tertiary amine of the formula R;R,R;N wherein R;, R, and Rj represent aliphatic
hydrocarbyl, preferably alkyl, groups having 1 to 6 carbon atoms, at least one of R,
R, and Rj having a hydroxyl group, with (ii) a saturated or unsaturated fatty acid
having 10 to 30 carbon atoms. Preferably, at least one of R,
30 R, and Rj is an alkyl group. Preferably, the tertiary amine will have at least one
hydroxyalkyl group having 2 to 4 carbon atoms. The ester may be a mono-, di- or
tri-ester or a mixture thereof, depending on how many hydroxyl groups are

available for esterification with the acyl group of the fatty acid.



tri-ester or a mxture thereof, depending on how many hydroxyl groups are
available for esterification with the acyl group of the fatty acid. 2 A
preferred enbodi nent conprises a mxture of esters fornmed as the reaction
product of (1) a tertiary hydroxy am ne of the formula RIRZR3N wherein R1,
R2 and R3 may be a C2-C4 hydroxy al kyl group with (ii) a saturated or
unsaturated fatty acid 5 having 10 to 30 carbon atons, with a m xture of
esters so forned conprising at |east “4bout 30-60 wt.% preferably 45-55
Wt . % di ester, such as about 50 wt.% diester, 10-40 w.% preferably 20-30
wt . % nonoester, e.g. 25 w .% nonoester, and 10-40 w.% preferably 20-70
w.%triester, suchAa)sef@Sed/vemb/odimemsctcmpris&:{)a Rrietuer abésters tfdnmelddsrth«;eetabui@ oi |

iti f t hi t h CK t 15 wt. %
or Toss,  such medel PO AR MsolEe 3¢ s amgs R R osmng: Rengy req
tertiary hydroxyy 88 08, hiSbiegIdPorbip &1t @@QJ Afliriied opmgaﬁpﬂéd f!h%aanol ami ne,

et hanol dii sopropanol amne, tri-"isopropanol am ne, dinethyl ethanol am ne,
di et hyl et anohamignH) tonkk t@rbon dtiogishwarib laamixhee o’ébhyﬂs sdifetnirainaingmrising aa hehst

Farty ol ds 1 obobikbiy Phe-Geeel {EufTih dfer et aRabof bt 6 e 0 Rive

about 10 to 30wea %%Texablgnz?o 9@%% ghéHorfbry eldh® 5T @4y mdfib&tdrSaRf 10RO Wi, 2
Cl16-C22 acid, such as oleic, palnmtic, erucidic, eicosanic and m xtures

ther eof . Pref eprefecabic? @30 waPetribelst sidhon %wtt%maswlrur al source of the mixture
of fatty acids, such as soya fatty acid, soybean fatty acid, tall oil fatty
acid, cano fatty nflo Cottonseed fatty

aci d, Iinsi@d oi | f rFfi?mé’iX dtfhe ﬁﬁﬂf%ﬁ“ﬂ ?‘it“t" Paélflan és “11%1|1P%m“?%t‘¥5ﬁ h%‘ieda
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acids having a cis:trans isoner rati o of greater than 9

esterificationtodfSTMOFAty acids with the tertiary hydroxy am ne is carried

Preferred tertiary hydroxy amines include
15  triethanolamine, propanol diethanolamine, ethanol diisopropanolamine, tri-
isopropanolamine, dimethyl ethanolamine, diethyl ethanolamine, methyl
diethanolamine, ethyl diethanolamine and mixtures thereof. Triethanolamine is

particularly preferred.

20 Suitable fatty acids for forming the ester used in the present invention will
have about 10 to 30 carbon atoms and preferably the fatty acid is primarily a C;6-Cy,
acid, such as oleic, palmitic, erucidic, eicosanic and mixtures thereof. Preferred acids
are described by the natural source of the mixture of fatty acids, such as soya fatty acid,
soybean fatty acid, tall oil fatty acid, canola fatty acid, sunflower oil fatty acid,

25 cottonseed oil fatty acid, linseed oil fatty acid, palm oil fatty acid, or tallow fatty acid.
The most preferred fatty acid is a mixture of tallow/distilled tallow fatty acids having a

cis:trans isomer ratio of greater than 9:1.

The esterification of the fatty acids with the tertiary hydroxy amine is carried
30 out at a temperature of about 175-210°C until the reaction product has an acid value
of below 5. The molar ratio of fatty acid to amine is generally in the range of about 1.5

- 2.6 and preferably in the range of about 1.6 - 1.8.



30 out at a tenperature of about 175-210C until the reaction product has an
acid value of below 5. The nolar ratio of fatty acid to amne is generally
in the range of about 1.5 - 2.6 and preferably in the range of about 1.6 -
1.8. 3 The reaction is catalyzed by acids including sulfonic acid,
phosphorous acid, p toluene sulfonic acid, nmethane sulfonic acid, oxalic
aci d, hypophosphorous acid or an acceptable Lewis acid. Typically, 0.02 -
0.2 % by 5 weight, and nore preferably, 0.1 - 0.15 % by wei ght of acid
catal yst, based on the weight of the ?atty acid is enployed in the process
to make the ester. Generally speaking, these friction nodifiers are used in
lubricating oils in an amount fromO0.05 to 2% prefeyabky 0.02 to 1% and
nmost preferably 0. 3hegeartipgys sytalyzed heiejis inchdols swfoniscagid, phesphbrpuserighp-. A

preferred enbodi nent .compri.ses _Lubricating.oil conpasitions containing the
ester of the il l/u me oy O,meg%é’crlnﬁﬁhflﬂl/e flﬁ i %Cr"gso aﬁc g?@f EW%’ © %f%?@mgf(gr’ﬁ?no-,
di- and tri- e@bqjtg)lemﬁmcﬁo’r{rwsgltyi, 0103 -alx% wyont ai n an organo-nol ybdenum
additive, so as to 15 provide 25 to 1000 ppm preferably 25 to 100 ppm

mol ybdenumSi n weightf anvd mprsgprefetablye Bipdsi x Yodry Weaghtdé neid entalydt, byseASTheDBESE) .
As an exanple of such oil sol ubl e organo-nol ybdenum conpounds, there maybe
ment i oned t he (bfiftlf‘%fé&&i’lﬂém%@,ye‘ﬁ‘i“tt{ﬁ? VIR phRerkssthe 858t ophosphi nat es,

xant hates, 20 thi oxanthates, sulfides, and the |ike, and m xtures thereof.

Particularly pref er(ﬁ&féra@i@gpi{ﬁiﬂgg %@ﬂﬂf@tigﬁ mgﬁﬁgslr%@q&tdQE ’lubric?'ting oils in an

di al kyl di t hi ophosphat es, ant hates an yl t hi oxant hates.
Addi tional |y, drmhemnrbyibénterd%,qrpfetably 0r63/toblkde and mobtdireferabl yybhd entiid 2Dy

conmpound. These .conpounds wi |l react. wth a basic nitrogen conmpound as
measur ed b§/61 W&Pt&#aﬁ%@@&bg%ﬁ‘%@g{ti tration procedure and are typically
hexaval ent. Included are nolybdic acid, amoni um nol ybdate, sodium

nol ybdat e, potassi um nol ybdate, and other al kaline netal nol ybdates and
ot her ol ybdenum sah tpsefemedy embpdithenyeomprsds dyhricating oil compositions containing the

ester of the invention, especially the aforesaid preferred mixture of mono-, di- and tri-
esters, which compositions also contain an organo-molybdenum additive, so as to

15 provide 25 to 1000 ppm, preferably 25 to 100 ppm molybdenum in the finished oil
composition (as determined by ASTM D5185).

As an example of such oil soluble organo-molybdenum compounds, there may be
mentioned the dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates,
20 thioxanthates, sulfides, and the like, and mixtures thereof. Particularly preferred are
molybdenum  dithiocarbamates, dialkyldithiophosphates, alkyl xanthates and
alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
25  compound. These compounds will react with a basic nitrogen compound as measured by
ASTM test D-664 or D-2896 titration procedure and are typically hexavalent. Included
are molybdic acid, ammonium molybdate, sodium molybdate, potassium molybdate, and
other alkaline metal molybdates and other molybdenum salts, €.g., hydrogen sodium
molybdate, MoOC14, MoO,Br;, M0,03Cls, molybdenum trioxide or

30  similar acidic molybdenum compounds.



nol ybdate, McOC 4, MOQ2Br2, Mc2Q3C16, nol ybdenumtrioxide or 30 simlar

aci di ¢ nol ybdenum conpounds. 2003L001 -4 Anong the nol ybdenum conpounds
useful in the conpositions of this invention are organo-nolybdenum
conpounds q{ %Rﬁ formula Mo(ROCS2)4 and A Mb(RSCS2)4 5 wherein R is an organo
group sel ec fom t he gr oup con5|st|n§'of al kyl, aryl, aral kyl and

al koxyal kyl, generally of from1l to 30 carbon atons, and preferably 2 to 12
carbon atons andmymgt ther efcdylbhymatdaypounfls 2usefml 1id theer Isompasivoms. ofsthisci al |y

preferred are the I al k I ocar bamat denum 10 Anot her group
of organo- ngV wgr?aﬁ?@&ﬁ%wﬁaégemmppw FHgtth‘g?’Y‘@%\tl ng conpositions of
this invention are trinuclear % R@%&w} gnpounds, especially those of the
formula MO3Skl Q and m xtures ere fherein the L are i ndependent |y

sel ected |igands having organo M&RBESW.th a sufficient nunber of carbon
atoms to render the conpound soluble or dispersible inthe oil, nis from1l
to 4, k S\/arwberemBmanpsgamhrgmxghselkcte@frosnﬂmgar@medorfsrsmgtonﬁ@lkgl@uspi wilkyleut r al

el ectron donati ounds..su ani nes, .al co 0S h| nes,

oha- et hor o SR aikG AT GEReRT PEo 8 s ontth bt oS i GrEISRBbeAID e

val ues. In IAgt e peci es
IS requi redﬁt{}%sggﬁfrg&?glr%%?@?l%lﬁ ﬁgzttéé f&{ai;fof[ﬂgart? e F%qe%%@?%?&er‘r&f‘%é%ﬁum
conmpound. Tdialkiykiithivcafbanmiars ofimiplybdemim.any val ence, for exanpl e, nonoval ent

or 20 divalent. Further the ionic species may be negatively charged, i.e. an
ani oni c species, or may be positively charged, i.e. a cationic species or a

mb f d g h ki.l | ed
person 1t he. ar fnofeE il of opeBbalilypiid SepeRudt SR S AtAE hr ougn
coval ent bogghpitidns Df 169 HvehileH &€ thifudde nEH1¥HHéﬁ&n CIRIPURARN dPet okd the

core, or through electrostatic bonding or eraction as in the case of a
count er - i onofothet fiorowdih Mo#Sel@Q.odndoomxiurey theteef rmtrean ¢hedt wee indeperalently and

selected ligands having organo groups with a sufficient number of carbon atoms to
render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4
15 through 7, Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from O to 5 and includes
non-stoichiometric values. In the instance n is 3, 2 or 1, appropriately charged ionic
species is required to confer electrical neutrality to the trinuclear molybdenum
compound. The ionic species may be of any valence, for example, monovalent or
20  divalent. Further the ionic species may be negatively charged, i.e. an anionic species, or
may be positively charged, i.e. a cationic species or a combination of an anion and a
cation. Such terms are known to a skilled person in the art. The ionic species may be
present in the compound through covalent bonding, i.e. coordinated to one or more
molybdenum atoms in the core, or through electrostatic bonding or interaction as in the
25 case of a counter-ion or through a form of bonding intermediate between covalent and
electrostatic bonding. Examples of anionic species include disulfide, hydroxide, an
alkoxide, an amide and a thiocyanate or derivate thereof; preferably the anionic species
is disulfide ion. Examples of cationic species include an ammonium ion and a metal
ion, such as an alkali metal, alkaline earth metal or transition metal, ion, preferably an
30 ammonium ion, such as [NR4]" where R is independently H or alkyl group, more
preferably R is H, i.e. [NH,4]*. At least 21 total carbon atoms should be present among



el ectrostati c bondi ng. Exanples of anionic species include disulfide,

hydr oxi de, an al koxi de, an am de and a thi ocyanate or derivate thereof;
preferably the anionic species is disulfide ion. Exanples of cationic

speci es incl, n anmoni umion and a rretsal ion, such as an alkali netal,
al kaline earth nmetal or transition nmetal; ion, preferably an 30 amoni um
ion, such as [NR4]' where R is independently H or alkyl group, nore
preferably Rllitdeigandss orgagougreupspsugheassat Ipast 25t al leasirIoor &t daest 3heuben be

pr esent anon 2003L001 -5 all the ligands' organo groups, such as at | east
25, at | east ., or at least 35 carbon atons. The |igands are independently
selected fromthe group of 5 -X-R1, XI\ R2, X2 -Y3, XR X2 X\\\ /Rl
X2~ N\ 4, R2 and X\ p-RL/\) 5, X2 \OR2 10 and m xtures thereof,
wherein X, X, XZThedighnis areendepdedmtigaelettgd frohethe grbupradm t he
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and mixtures thereof, wherein X, Xj, X5, and Y are independently selected from the
group of oxygen and sulfur, and wherein R;, R, and R are independently selected from
hydrogen and organo groups that may be the same or different. Preferably, the organo
groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to

15  the remainder of the ligand is primary or secondary), aryl, substituted aryl and ether
groups. More preferably, each ligand has the same hydrocarbyl group.



group of oxygen and sulfur, and wherein RI, R2, and R are independently

sel ected from hydrogen and organo groups that nmay be the sane or different.
Preferably, the organo groups are hydrocarbyl groups such as al kyl (e.g.,
in which the carbon atom attached to 15 the remai nder of the ligand is
primary or secondary), aryl, substituted aryl and ether groups. Mre
preferably, each ligand has the sane hydrocarbyl group. -6 The term
"hydrocarbyl " denotes a substituent haling carbon atons directly attached to
the remai nder of the ligand and is predom nantly hydrocarbyl in character
within the context of this invention. Such substituents include the

follow ng: 5 1. HydhecwihOhydisbabill' udnbes at Abktitusnt Bdviphairben (atehis evilyl e

al kyl or alkenyl), alicyclic (for exar‘rgl e cycl oal kyl or cycl oal kenyl)
substituents, 2iprdieditp she remainglenef the ligand apd iscyredqreinantbskydrogashyl an shaadtes

nucl ei and the_ L. a i t J: S [ e eringis
conpleted thr gﬁlgﬁkgiﬁ&% ﬁtgxﬁpfloﬁrntsﬁ%%}{%#n”% H?%ﬁ’é@%gﬁﬁrﬁg}tg@&‘? ‘}Ogﬂv}‘@m i ndi cat ed
substituents may together forman alicyclic group). 10 2. Substituted

hydrocar bos substi tueMydocdrbdit shtsstitiehRS tha€ @)t Aiphatitd (B Rxarhiydr MeAT Q04D PS
which, in the context of this invention, do not alter the predom nantly
hydr ocar byl créiesdicdforgample eiglpatkyl gepycloatkrngb sykstitpesds, jappmeaiis-, sliphagict pnde
aware of suitahl r : - i@l 0J.0.. & r
akoxyl , 15 malesfsAbEpb abbrmatSiici SRPER Bl o SO U PRE s sty AgHAR
Het er o substi tthefing,is to@apleted, theowlah tand thenpsrtivdiof hhe Wibdride(tha e cumily ntavotihdicated
hydr ocarbon in character within the context of this invention, contain atons
other than cavMB¥HugsTaantosrtherfognan aligelit giypbt her wi se conposed of carbon
atons. 20 hgportantly, the organo groups of the ligands have a sufficient
nunber of carbon atons to render the conpound sol uble or dispersible in the
oil. For exanple, the Svbstiteted bfdroearbon sibstitserityy #wt hisgribage wohtaingegheroat | y
range between I]iy&rgcaroo%’ g%\gsegv%%-x}/ i];xrﬁxré] g:'ontext of this invention, do not alter the
predominantly hydrocarbyl character of the substituent. Those skilled in the art will be
aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl,

15  mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.).

3. Hetero substituents, that is, substituents which, while predominantly
hydrocarbon in character within the context of this invention, contain atoms other than
carbon present in a chain or ring otherwise composed of carbon atoms.

20

Importantly, the organo groups of the ligands have a sufficient number of carbon

atoms to render the compound soluble or dispersible in the oil. For example, the number
of carbon atoms in each group will generally range between 1 to 100, preferably from 1
to 30, and more preferably between 4 to

25 20. Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these diallcyldithiocarbamate is more preferred. Organic
ligands containing two or more of the above functionalities are also capable of serving as
ligands and binding to one or more of the cores. Those skilled in the art will realize that
formation of the compounds of the present invention requires selection of ligands

30  having the appropriate charge to balance the core's charge.



to 30, and nore preferably between 4 to 25 20. Preferred |igands include
di al I cyl di t hi ophosphat e, al kyl xanthate, and di al kyl di t hi ocarbamate, and of
these diallcyldithiocarbamate is nore preferred. Organic |igands containing
two or nnrecﬁglﬁpe above functionalities7are al so capabl e of serving as
| i gands and2 inding to one or nore of the cores. Those skilled in the art
will realize that formation of the conpounds of the present invention
requires sel ecti eamppundsdening tBe feranla ylashid Qp pavspedtianis aoresr perotndelddiyance
the core's char.ge. 2003L001 -7- ounds having the formula Mo3Skl _ Q have
cationic cO?BgngﬁgWBgﬁﬂéﬂmﬂﬁxﬁﬁpgﬁﬁgsﬁ?ﬂﬂﬁﬁémﬁﬁg are represented by
structures such as 3~16 S1 MO' 8 6 and 8 X10 °~ ~ lva ;~01 i 5511 1 O
> "] V;7 57, and have net char qurgulo Consequently, in order to
solubilize these cores the total ar gl anomPBal | the 1igands nust be -4.
Four nonoanionic |igands are prefegred E‘Wth t wishing to be bound by any
theory, it is believed that two or re

r

i nt erconnected by neans of one or
mul tidentate. Such structures faljgg

rinugl ear cores may be bound or

no
\X?iw and the ligands 10 may be
hin t scope of this invention. This

N

and

and 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.
Without wishing to 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
10 may be multidentate. Such structures fall within the scope of this invention. This
includes the case of a multidentate ligand having multiple connections to a single core.

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

Oil-soluble or dispersible trinuclear molybdenum compounds can be prepared by

15 reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH4);Mo03S13-n(H,0), where n varies between 0 and 2 and includes non-stoichiometric
values, with a suitable ligand source such as a tetralkylthiuram disulfide. Other oil-
soluble or dispersible trinuclear molybdenum compounds can be formed during a
reaction in the appropriate solvent(s) of a molybdenum source such as of

20 (NHs),Mo3S;3-n(H,O), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such

cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear



i ncludes the case of a nultidentate |igand having nultiple connections to a
single core. It is believed that oxygen and/or sel enium may be substituted
for sulfur in the core(s). O l-soluble or dispersible trinuclear nolybdenum
conpounds can be prepared by 15 reacting in the appropriate

i qui d(s)/sBOFM (s) a ol ybdenum sour ce®such as (NH4) 2Mb3S13n(H20), where
n varies between 0 and 2 and includes non-stoichionmetric values, with a

sui tabl e | i gehddemumselfsuicdtidasalasuchtas IMYIM &Sy nwhiirs M fis deourBehien, and| -
sol ubl e or dispersible trinuclear nolybdenum conpounds can be forned during
a reactionAiis 2 Relogpp ey pathk Biooydninay begragedyith iy igaith so8tsecicR 38 @ as of

i al oyl di t BRI ket SRR RIRER Rl I leClreBnitle MG NBact  ng

agent such (HaRiailRNble Sttidpetsibié BitficledF molyB&dnubidoRtboRAQ.SPRY difpfopriate
Al ternati veloy, a trinuclear ZCFOSLOG - g rmwgbdenum sul fur hal’i dep salt such

as [ M ] 29 MoB&Grd6p]ventraaebéyiforiesamplepamiceus oramganand A is a hal ogen such as
Cl, Br, or I, may be reacted with a |igand source such as a
di al kyl di t hi ocarbamat e or di al kyl di t hi ophosphate in the appropriate

| aut dCo) S0l venty Shmpd oAb G WRIGg) i) BERIRERLE, by b yhgar

nmol ybdenum conpoun e approprra or exanpl e,

aqueous or gf gaibof - atéms AANA Mgasd’®idrgA@ gidupd.t ¥n ke dbmpairfis ifl the YpréRYt be
influenced by the nunber of carbon atons in the ligand' s organo groups. In
t he conpounitwention,hat lpasé Zdntotal jcavhemt atoms shiouldebss prezdnttamerlg dhthro Hgandssrs

shoul d be present anon |1 the ligand' s 10 organo groups. Preferably, the
gand Sur eeaengsdionLoturably e HeBRd Sorinberov6T Pk HEACER:aber Al Fedty gano
groups to fst%g}ﬁr i 8 &g&mp%ﬂﬂ8§% YohGer Othe Al RbRibled of Aspetsitié ii 313& ng
conposi tion. e nol ybdenum conpound 1s preferably an organ o-nol ybdenum
conmpound. hibrivhtigpe@npositivn. nol ybdenum conpound is preferably selected from

the group consisting of a nol ybdenum dithiocarbamate (MdDTC), nol ybdenum
di t hi ophosphat e, nol ybdenum di t hi ophosphi nate, nol ybdenum xant hat e,

The molybdenum compound is preferably an organo-molybdenum compound.

15 Moreover, the molybdenum compound is preferably selected from the group
consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum
dithiophosphate, = molybdenum  dithiophosphinate, = molybdenum  xanthate,
molybdenum thioxanthate, molybdenum sulfide and mixtures thereof.  Most
preferably, the molybdenum compound is present as molybdenum dithiocarbamate.

20 The molybdenum compound may also be a trinuclear molybdenum compound.

Natural oils useful as basestocks in this invention include animal oils and
vegetable oils (e.g., castor, lard oil) liquid petroleum oils and hydrorefined, solvent-
treated or acid-treated mineral lubricating oils of the paraffinic, naphthenic and mixed

25  paraffinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale

are also useful base oils.

Alkylene oxide polymers and interpolymers and derivatives thereof where the

terminal hydroxyl groups have been modified by esterification, etherification, etc., are

30 a class of known synthetic lubricating oils useful as basestocks in this invention.
These are exemplified by polyoxyalkylene polymers prepared by polymerization of

ethylene oxide or propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene



nmol ybdenum t hi oxant hate, nol ybdenum sul fi de and m xtures thereof. Mst
preferably, the nolybdenum conpound is present as nol ybdenum

di t hi ocarbamate. 20 The nol ybdenum conpound nay al so be a trinucl ear
nnlybdenun1%§ﬁp&ﬂnd. Nat ural oils useful as basestocks in this invention
i ncl ude ani o'l s and vegetable oils‘?é.g., castor, lard oil) liquid
petroleumoils and hydrorefined, solvent- treated or acid-treated m neral
| ubri cat i ngpolymersfle.ghangthylafofly ifopropyleptehyeel ethgnbaving @g @8rage molecular
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have been nodified by ésterifi I on; erification, etc., are 30 a class
of known synto@t iandl monéocaid polyoarbsxylietsutrs aherbafs et exdaplenthehacetic raceht i on.
These are exenplified by pol yoxyal kyl ene pol ynmers prepared by polynerization
of et hyd enéstessi Huxest Cp%@ ERiaasH esigréiand €ndOxg acyd digstear efrtgiracthyleneglifolt hese

pol yoxyal kyl ene 2003L001 -9- polyners (e.g., nethyl-poly isopropylene glycol
et her having an average nol ecul ar weight of 1000, diphenyl ether of

pol y-ethyl ene gl yoRithdramii@aBieaclaR! @lck'_slrﬁl'ietl‘é’e]'ugﬁéatﬁl? oiROQsehDIOR i EivRMtioPt her
of pol ypropyl ene gl ycol having a nol'ecul ar wei ght of 1000- 1500); and nono-

and pol ycar bomptises tet estars tafi etieasboxylioracedsafed. ephthéles acid: swuccadd deid, elykr s,
m xed C3-C8 fatty ag%d %gt rs and C13 Oxo acid diester of tftr et hyl ene
glycol .  An8YHeRiCsamidsapnd alkenyls syacindg Rewdes maleiq geide 261ag 31d-sSUGeRE @Fidn thi s

i nventi i .est-ar s;. j .C Xyl § £3-aG] . LiG.acid,
succi ni &5 acFeia £ ABGHER Ault S E RO RlLying) Wit e, AR, 2
aci d, azel aiagidaChlitenyduiglonic &gdg), wilh) asehisy of aldoHolsf(¢Bar hitylaglicehol aEéxy C
acid, linoleic acid diner, nmalonic acid, alkylnalonic aci ds, al kenyl
mal oni ¢ aci @kphel tdpdacylaalceha). dfetkylbexybladcahel, gethylpag glycal. cdinblylene eglydol
al cohol , dodecyl .al cohal., 2-ethylh |..al cohol, e | ene, gl ycol et hyl ene
Gl yoo! " nonGEmHERn P Bent NG o SPECIES Eiaese fh st dRists Hidue BT
i ncl ude di byhiphte, a2P@hMAheEIf ettty BexpexylSRipReat ediodlyt RebiR%ié! dlisudriyt e,
di octyl sebacate, diisooctyl
15 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 tetraecthylene glycol and two moles of 2-

ethylhexanoic acid.

20 Esters useful as synthetic oils also include those made from Cs to Cj
monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or

25 polyaryloxysiloxane oils and silicate oils comprise another useful class of synthetic
lubricants; they include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-(4-methyl-2-ethylhexyl) silicate, tetra-(p-tertbutylphenyl) silicate, hexa-
(4-methyl-2-pentoxy) disiloxane, poly(methyl) siloxanes and poly(methylphenyl)
siloxanes. Other synthetic lubricating oils include liquid esters of phosphorus-

30 containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of

decylphosphonic acid) and polymeric tetrahydrofurans.



15 azel ate, diisodecyl azelate, dioctyl phthal ate, didecyl phthal ate,
di ei cosyl sebacate, the 2-ethylhexyl diester of linoleic acid diner, and
the conplex ester forned by reacting one nole of sebacic acid with two
nol es of tetraethylene glycol and two noles of 2- ethyl hexanoic acid. 20
Esters usef % synthetic oils al so i ndPude those nade from C5 to C72
nonocar boxyl i ¢ aci ds and pol yol s and pol yol ethers such as neopentyl glycol,
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hexa- (4-nethyl-2-pentoxy) disiloxane, poly(nethyl) siloxanes an
pol y( methyl pheﬂythc)n %ldswxawlbsbtaﬁnddedlrsrmyt fretn en Ieatcnlﬁcamm@r@esss andaisedie

| d f ph 30 d | phosph
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used in the rircan resen |nven 1 On I ned s ar e ose

obt ai ned di ke eipioved Wite dornaiokd §fop@ft1esSYMah?tsh6h patfie&ion tdaamt;uésursh&teras
purification treatnent. For exanple, a shale oil obtained directly from

retorting oé@tlbl@‘il@h§olvanpe1stmneumcud lor daseatxieagtion.r ielitatipn fangd rpeB-offition] dr¢ at i on
or este obt ai ned ect fro n.esterificati.on, process and

o t hout 19 or kngPn 3 BESrakiifandhy 48 RARERELPImal SainerBy PSS anlf o
simlar to yhee Wi &f sisH refihc &ascg@ﬂlea RS YehRY Si10 SficH HiVeNREn biréayatlel N One
or nore purification steps to inp one or nore properties. ny such
purificati otn taeivei (el resefinbd afs atk sliso lknatvn s, redainweindr eptacassed @ils aadi d or
base extraction, filtration and percol ation are 10 kngwn to those skilled in

the art. RePEERAEdadsiticnally Progsssadiatteshnignescios sumowal of jspentiagditives,apd gied t o
obtain rEf'BﬁQkﬂb&ﬁpﬂRﬁkk?d to refined oils which have been already used

15
The compositions of this invention are principally used in the formulation of
crankcase lubricating oils for passenger car engines, preferably compositions having a
major amount of a mineral oil basestock of lubricating viscosity. The additives listed
below (including any additional friction modifiers) are typically used in such amounts
20 so as to 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 in the total lubricating oil composition.

25

30



in service. Such rerefined oils are also known as recl ai med or reprocessed
oils and often are additionally processed by techniques for renoval of
spent additives and oil breakdown products. 15 The conpositions of this
invention ajg prjncipally used in the farmulation of crankcase |ubricating

oil s for passenger car engines, prefera ﬂy conpositions having a ngjor
anmount of ammneral oil hasestock of lubricating viscosity The addlrlves

listed be| ow (includi B ditional frjcti ifiefs §S$ caly
used in such anbunts 20°S0 as to provide their%ﬁ?g | atiend&& cti
S

Typi cal anfpunts for individual conponentsjare et {ortHreer
values |lisfed arc_srtated as nass percent CLTVE TNOredrent 1. tne tot
| ubri cat i ngA8esscBispeRsAmti on. 25 30 2003L0p1 - 91l - Zbpi T) VE IMESS 9% MAS %
(Broad) (Preferred) Ashless Dispersant 0.1 - 2 i Met al gents @.1 -
15 0.2 - 9] Metal REESAM S nhi bitors 0-5 0 - 1]5 N@t al 'hy(rocl:a:jrbyl (P
Di t hi ophosphe 1 -4 Anti-oxidant O ° 01 - |3 Poi nt
Depr essant 8] $518n3!.nl‘qbﬁqxg Anti-foam ng Anpnf ﬂsoﬁ Q.- 0d1- (Qe?lﬁg
Suppl enment aMemtmhy,xmr:arbgle]mtmogh&pﬂata Add{tiongl1 Fsictiqn Modidier 0-4 O -
1.5 ViscoprtyMdrfier—0-660t—4Thehdrviduva—addirtives nﬁg be
i ncor por at pénfirpxédantbasest ock i n any 0-5
Pour Point Depressant 001-5 001-1.5
Anti-foaming Agent 0-5 0.001 -0.15
Supplemental Anti-wear Agents 0-5 0-2
Additional Friction Modifier 0-5 0-1.5
Viscosity Modifier 0-6 001-4

The individual additives may be incorporated into a basestock in any
convenient way. Thus, each of the components can be added directly to the basestock
by dispersing or dissolving it in the basestock at the desired level of concentration.

5  Such blending may occur at ambient temperature or at an elevated temperature.

Preferably, all the additives except for the viscosity modifier and the pour
point depressant are blended into a concentrate or additive package described herein
as the additive package, that is subsequently blended into basestock to make finished

10  lubricant. Use of such concentrates is conventional. The concentrate will typically be
formulated to contain the additive(s) in proper amounts to provide the desired
concentration in the final formulation when the concentrate is combined with a

predetermined amount of base lubricant.

15 The concentrate is conveniently made in accordance with the method
described in U.S. 4,938,880. That patent describes making a pre-mix of ashless
dispersant and metal detergents that is pre-blended at a temperature of at least about
200°C. Thereafter, the pre-mix is cooled to at least 85°C and the additional

components are added.

20



conveni ent way. Thus, each of the conponents can be added directly to the
basestock by dispersing or dissolving it in the basestock at the desired

| evel of concentration. 5 Such bl ending may occur at ambient tenperature or
at an elev2%§ﬂ{$ nperature. Preferably, .all the additives except for the
Vi scosity r and the pour point'd@ﬁressant are blended into a
concentrate or additive package described herein as the additive package,
that is subsequeRheyingl eraokadsd lbricdsngeat toctaulationmey efriphoyshien 210 20ubasscant .
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desired co ' ' final formul ati on when the concentrate is
conbi ned w%ﬁﬁamdegwgg@tﬂg?en%tﬁ% anount of base lubricant. 15 The concentrate

is conveniently made in accordance with the nethod described in U S.

4,938, 880. That patent describes making a pre-m x of ashless dispersant and
netal dét er gent sAshigss jdispgrsants| enidinain guipspyen .Ailidesodblest reselkigg pBUL

200C. Thereafter, t re-m.x is cooled to at least 85C and the additional
conponent s arigcisnyehOHT aBte e’ 87 sSMbiRion, LiES ot RROSSE anrrisEEpiy o |
formul ati ong, e\@mhgsﬂmé bRBipfalioh apsm@%%sand“/ﬂ)@mﬁeﬁ f aRh¥sh?phrcdiaygss % of
the concentrate of additive package with the reminder beinhg base stock. 5
Ashl ess di sgspEmaitsgines.ntain i n suspension oil insolubles resulting from

oxi dation of the oil during wear or conbustion. They are particularly
advant ageous for preventing the precipitation of sludge and the formation

of var ”fé(?h’ part lé\%}ﬂlie%{ g}éB%?am%&%bﬁQeeaﬁ %ﬂisgglﬁl%é@%@gﬁ% B5dolhBRTbEARLRe

conpri se an oil u ynmerrcrnydrocarbon ( earrng-one of nore
functional geRipSordBitmakgusaRakll goahs Bt aeicapibigofbssbeifalgl with particRs the

di spersed. Typically, the polynmer backbone is functionalized by am ne,
al cohol , be dispersed. Typically, the polymer backbone is functionalized by amine, alcohol,
amide, or ester polar moieties, often via a bridging group. The ashless dispersant may
be, for example, selected from oil soluble salts, esters, amino-esters, amides, imides,
15 and oxazolines of long chain hydrocarbon substituted mono and dicarboxylic acids or
their anhydrides; thiocarboxylate derivatives of long chain hydrocarbons; long chain
aliphatic hydrocarbons having a polyamine attached directly thereto; and Mannich
condensation products formed by condensing a long chain substituted phenol with
formaldehyde and polyalkylene polyamine.
20
The oil soluble polymeric hydrocarbon backbone of these dispersants is
typically derived from an olefin polymer or polyene, especially polymers comprising a
major molar amount (i.e., greater than 50 mole %) of a C; to Cy3 olefin (e.g., ethylene,
propylene, butylene, isobutylene, pentene, octene-1, styrene), and typically a C; to Cs
25 olefin. The oil soluble polymeric hydrocarbon backbone may be a homopolymer (e.g.,
polypropylene or polyisobutylene) or a copolymer of two or more of such olefins (e.g.,
copolymers of ethylene and an alpha-olefin such as propylene or butylene, or
copolymers of two different alpha-olefins). Other copolymers include those in which
a minor molar amount of the copolymer monomers, for example, 1 to 10 mole %, is

30 an o,w-diene, such as a Cs to Cy; non-conjugated diolefin (for example, a copolymer

of isobutylene and butadiene, or a copolymer of ethylene, propylene and 1,4-



am de, or ester polar noieties, often via a bridging group. The ashl ess
di spersant may be, for exanple, selected fromoil soluble salts, esters,
am no-esters, am des, imdes, 15 and oxazolines of |ong chain hydrocarbon
substituted% and di carboxylic acids %r t heir anhydri des;

t hi ocar boxylat e derivatives of |ong chat “hydr ocarbons; long chain
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the partially hydrogenated homopolymers of butadiene and isoprene and

15  isoprene/divinylbenzene.

Metal-containing or ash-forming detergents may be present and these function
both as detergents to reduce or remove deposits and as acid neutralizers or rust
inhibitors, thereby reducing wear and corrosion and extending engine life. Detergents

20 generally comprise a polar head with long hydrophobic tail, with the polar head
comprising a metal salt of an acid organic compound. The salts may contain a
substantially stoichiometric amount of the metal in which they are usually described
as normal or neutral salts, and would typically have a total base number (TBN), as
may be measured by ASTM D-2896 of from 0O to 80. It is possible to include large

25 amounts of a metal base by reacting an excess of a metal compound such as an oxide
or hydroxide with an acid gas such as carbon dioxide. The resulting overbased
detergent comprises neutralized detergent as the outer layer of a metal base (e.g.,
carbonate) micelle. Such overbased detergents may have a TBN of 150 or greater, and
typically from 250 to 450 or more.

30

Other friction modifiers include oil soluble amines, amides, imidazolines,

amine oxides, amidoamines, nitriles, alkanolamides, alkoxylated amines and ether



10 propyl ene and hi gher al pha-ol efins, polynethacryl ates,
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e use ks neut a

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 alcohol 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
secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared
where the hydrocarbyl groups on one are entirely secondary in character and the
hydrocarbyl groups on the others are entirely primary in character. To make the zinc
salt any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an
excess of zinc due to use of an excess of the basic zinc compound 1n the neutralization

reaction.

ZDDP provides excellent wear protection at a comparatively low cost and also
functions as an antioxidant. However, there is some evidence that phosphorus in
lubricant can shorten the effective life of automotive emission catalysts. Accordingly,
industry has limited the amount of phosphorus that lubricants can contain. The
proposed category (ILSAC GF-4) is expected to require not more than 0.08 wt.% P

and 0.5 wt.% S in the finished oil, and it is expected that future categories will require



napht henat es and ot her oil-sol ubl e carboxylates of a netal, particularly the
al kali, e.g., sodium potassium |ithiumand nagnesium Preferred are
neutral or overbased cal cium and magnesi um phenates and sul f onat es,
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al kali or alkaline earth nmetal, or alum num Ilead, tin, nolybdenum
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wear protection at a ratiyely | ow cost and also functions as an
anti oxi gént ca M?@E@ﬁé"ﬁé&‘s@ﬁ@%ﬁ/?@%ﬁ%‘@g]ﬂﬂle“?}ﬁ%%‘ﬁé}‘ rized I(,i]"’t%?‘if”cant
can shorten éﬁﬁﬁi e hf A OO, 1 SSiHQ y »

Accor di ngl yr}hggp}ﬁ)frsl ust reé has F’}]?nartlgééf t ﬁg Ilgxrr%laﬁltqg o?dhpﬁ%lg’gﬁggr uggt?ﬁét metal
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require not nore than 0.08 wt.% P and 0.5 w.% S in the finished oil, and
it is expectBefypdraunt GANGHBINELOBPORNES wi || require 2003LO0 - 15 that the

phosphorus content of |ubricants be further reduced to 0.06 wt.% or |ess.
The

15 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, but are typically not
20  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
material are described in U.S. Patent Nos. 3,821,236; 3,904,537; 4,097,387,
25  4,107,059; 4,136,043; 4,188,299; and 4,193,882. Other additives are the thio and
polythio sulfenamides of thiadiazoles such as those described in U.K. Patent
Specification No. 1,560,830. 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 wt.% active ingredient.
30
A small amount of a demulsifying component may be used. A preferred

demulsifying component is described in EP 330,522. It is obtained by reacting an



conpositions of this invention preferably contain not nore than 0.08 wt.% P
and not nore than 0.5 wt.% S in the finished oil (test nethod ASTM D5185).
5 Oxidation inhibitors or antioxidants reduce the tendency of basestocks to
deteriorate in service which deterioration can be evidenced by the products
of oxidation such as sludge and varnish-1like deposits on the nmetal surfaces
and by viscosity growh. Such oxidapng i nhi bitors include hindered
phenol s, alkaline earth. nmetal salts of al kyl phenolthioesters having
preferably C5 takgtRe akikdy withiaeaddinaiobmined ®ycedcting mbimepoxjpteemidi a pollyhydiie,

ashl ess oils soluhl henat es.and sul furi zed phenates, . .phaosphosul furized or
sul furized hydr ?)lﬁgl?og'oﬁy’, Qeﬂﬂﬁgﬁﬁfoﬁ?%@ bedpsgf &t a ]r%%"glé‘lm C’E%F‘Hgégt};ﬁﬁﬁsg@ actyiey
sol ubl e copper fRMAKANC BSatdRESF DIDOH td M0 mBss % aB6Ve BERdieANd coffRindadenum

cont ai ni ng conpounds. 15 Rust inhibitors selected fromthe group consisting
of nonioni ¢ pol yoxyal kyl ene polyols and esters thereof, polyoxyal kyl ene

phenol s, aRd ani oni cpal kyl. sul foni ¢ agi ds. be ed... Copper and | ead
beari ng co?rosion inﬁ?ﬁi‘EPS‘W&?“ﬁﬁ’8@?87“%3?*%?£S$§Bﬂ% Ppégﬁg.’ﬁﬁﬁrﬁgquired

with the fornul afnignofenipb@npe esehich kivRNg Wb flowy@ica@bt Yosrde Buchapdtings ar e
t he thi adi azol e pol ysul fides containing from5 to 50 carbon atons, their
derivatives antrepBfl kppwnt hupigadrof thase ydditives wideh 1mproxe tthg low doBpesaiureych as

t hose descri bedgj,i; Pat: S 719, ; 126, 32;
are typical. O ﬂ{elfraltgl%rﬁ hgrmlgrargtr%rl\@ig a"imdglrcle8 lgs%?i %Iﬁngeavlﬂﬁsa}ce%g%j 8(51)%0 ﬁ%%r?’
3,821, 236; 3, 90dql58kylmktlp@R1887and2be Ukl 07, 059; 4, 136, 043; 4, 188, 299; and
4,193, 882. her additives are the thio and polythio sulfenam des of

t hi adi azol 2 such as those described in U K. Patent Speci fication No.

1,560, 830. Benzotri ag@discéiftfol Védn \veS pRiviRedf 8y méhy Ntdmpdiinds Cindledingf the
additives. Wen these conpounds are included in the |ubricating conposition,
they are prefepetfpymprefethe nolysidaxansonpe fabexampleesilinene0oip optpodsdipethyle

i ngredient. 30 ék%g%gl anount of a denul sifying conponent may be used. A
preferred '

15 The present invention further provides a method of lubricating a
compression-ignited internal combustion engine comprising operating the engine an

lubricating the engine with a lubricating oil composition as defined herein.

The present invention also provides a concentrate comprising an oleaginous
20 carrier fluid, a friction modifying fuel economy additive as defined herein,
optionally an organo-molybdenum additive as defined herein and one or more co-
additives as defined herein, said co-additives excluding viscosity modifiers and
pour point depressants, in such amounts to provide the lubricating oil composition
as defined herein when the oil composition employs from 2 to 20 mass % and
25 preferably 4 to 15 mass% concentrate. The concentrate may contain 1 to 90, such as
10 to 80, preferably 20 to 80, more preferably 20 to 70, mass% active ingredient of

the additive or additives.

The invention is further illustrated by the following examples which are not
30 to be considered as limitative of its scope. All percentages are by weight active

ingredient content of an additive without regard for carrier or diluent oil.



denul si fying conponent is described in EP 330,522. It is obtained by
reacting an -16- al kyl ene oxide with an adduct obtained by reacting a

bi s-epoxide with a polyhydric alcohol. The demulsifier should be used at a
| evel not exceeding 0.1 mass % active ingredient. Atreat rate of 0.001 to
0.05 mass % active ingredient is convenient. 5 Pour point depressants,

ot herwi se known as |ube oil inprovers, lower the mninumtenperature at
which the fluid will flow or can be poured. Such additives are well known.
Typi cal of those additives which inprove the |ow tenperature fluidity of
the fluid are C8 and C8 di al kyl fumar ag/\w acet ate copol yners,

pol yal kyl met hacryl ates and the |ike. 1%2%%%&%%nt rol can be provided by many
conmpounds including the antifoamant of the polysil oxane type, for exanple,
silicone oil or polydinmethyl siloxane. 15 The present invention further
provi des aSnmet hod dielfoBpweng PHG28 craepieeaid ivens- prgpared dnifegedan thoMSdMi on
engi ne conpri sing operating the engine an. lubricating the engine with a

| ubri cati ng oSFq‘g%'ﬁg%ﬁ F%ﬁ "gga?ié?ei%ﬁlérﬁs ﬁfg?le?crqpoqap{eln?ﬂxggeéﬂ?nti %%ﬁt?gﬁs%lpgo
provides a copg@ihfid 6i1 GREPTE BduFYo Py iﬂé ﬁf}ﬁhé‘g%ﬁd a#lr S@h&UrShf EéiH%?PhaéeHor
friction nodifying fuel econony additive as defined herein, ©oOptionally an
or gano- nol ybdestaimed dik] tecomoray). defli A ednthimee nn faeldcconemgraddurve, Odl- B addiained es

as defined herein 0faid,co-a ditives _ excl uding viscoslty nodi fiers and pour

poi nt depr ess A% of A raixtue rittBoxylated apinFeAndna PPLYS} Bétgk ahihediel economy
ey =0 . \ Pl . -
conposi t og g&dlﬂ?él @%ﬁy&iﬁ%géﬂl@.@ﬁ% 3fﬁfe Orhe ﬁ@?@?%s'tér'ﬁ% B ERRI 9% Pé&%ﬁhﬁéﬁo

mass % and 25 preféra nmass% conce e concen

contain 1 to 9Ad CiUDleoafained.60% %P thétdraniabiry o thetiav@ion'presared abertaldy 20
to 70, mass% active ingredient of the additive or additives. The invention

is further il Reigtansk Gipthapolameing gind wontrgning MPpweke ditisten 39 evtifottriester and 25

wt.% monoester.

15

Oil A

Wt.%
Dispersant 2.500
Antifoam Agent 0.001
Calcium Sulfonate (TBN 300) 0.880
Calcium Sulfonate (TBN 26) 0.470
Phenolic Antioxidant 0.900
Anti-wear Additives 0.781
Viscosity Modifier 0.790
Mineral Oil Base Stocks Balance

20  Each of Oil A, B, C and D has a phosphorus content of 0.06% and a NOACK
volatility less than 15%.



30 to be considered as |limtative of its scope. Al percentages are by

wei ght active ingredient content of an additive without regard for carrier
or diluent oil. -17- EXAMPLE 1 5 The foll owi ng 5W20 crankcase oil was
prepared and tested in the ASTM Sequence (Y¥I.B test which nmeasures fuel
econony inprovenent versus a baseline calibration oil after 16 hours of
aging (Phase I) and after 96 hours of aging (Phase Il or retained fuel
econony). G| A contained no fuel econony additive, G| B contained 0.30%
of a mxture of an ethoxylated am ne and a pol yol ester as the fuel econony
10 additive, Gl C contained 0.60% of the sane polyol ester as the fuel
econony additive and G| BeqwmicaiViBd- Bud®éombniynenpsivement xt ure of t he
invention prepared fromtallow acid and triethanol am ne and contai ni ng 50
w.%diester, 25 wt.%triester and 25 w.% nonoester. 15 Gl A W.%

Di spersant 2.500 Antifoam A 0. 001 i um Sul f (TBN 3 0. 880
Cal ci um Sul fonate (TBN 26) Ogﬁd% Phenol i%é‘ﬁ—gnti oxi dawwo Ang‘lsix%ear

Addi tives 0. 7BHaseVi scosity Mpdichs er 0.79Q9 89M neral O1l58Base St ockk3Bal ance
20 Each of Gl A B, C and D has a phosphorus content of 0.06% and a NOACK
vol atility | eBbasebn 15% -18-13% 1.13% 1.38% 1.64%

5

EXAMPLE 2

Oils E, F and G were prepared. Each oil had 50 ppm molybdenum present as

10 trinuclear molybdenum dithiocarbamate, an anti-wear additive. Oil E was otherwise
the same as Oil B, Qil F was otherwise the same as Oil C except that 0.3 wt.% of the
polyol ester fuel economy additive was present and Oil G was otherwise the same as

Oil D except that 0.3 wt.% of the ester mixture was present. Coefficient of friction

data was collected for each oil. The data shows the desirable cooperative effect on

15  fuel economy obtained when the fuel economy additive of the invention is used in

combination with an organo molybdenum additive.

A high frequency reciprocating rig (HFRR) was used to evaluate the
coefficient of friction characteristics of oils E, F and G. The instrument i1s called the

20 AUTOHFR and is manufactured by PCS Instruments. The test protocol is shown in

the table below.
HFRR Protocol
Contact 6 mm. Ball on 10 mm. Disc
Load, N 3.9
Stroke Length, Mm 1
Frequency, Hz. 20
Temperature, °C. 100




Sequence VIB - Fuel Econony Inprovenment G| A QI BGOGIl CGI| D Phase
1.06% 1.89% 1.58% 1.83% Phase 11 1.13% 1.13% 1.38% 1.64% 5 EXAMPLE 2 O s
E, F and G were prepared. Each oil had 50 ppm nol ybdenum present as 10
trinucl ear nol ybdenum di t hi ocarbamate, an-#ti-wear additive. G| E was
otherwise the same as Gl B, G| F was otherwi se the sane as O 1 C except
that 0.3 wt.% of the Eﬁlﬁéo' gfter uel ecgnony additive was present and Q|
G was otherw se the s et algeﬁng\?mpf thhat 0.3 w.%of the ester mxture
was present. Coefficient of friction data was collected for each oil. The
data shows the desirable cooperative effect on 15 fuel econony obtained when
the fuel econony additive of the invention is used in conbination with an
organo nol ybdenum addi tive. AgpigR dJe”“Pd%é’u%FH@t%rpfa})F(ﬁF@g rig (HFRR) was
used to evaluate the coefficient of triction cnaracteristics of oils E, F
and G The instrunment is called the 20 AUTOHFR and is manufactured by PCS

I nstrunents. The test protocol is shown in _the table below HFRR Protaocql
cont act © mnf eallimgsnig, ) O sc Ollas, 5.0 Mk Legth, WHE
Coofficiont qi Frictson o dooc 042 0| T Bfh CTREGTIITORRTER

10 0.12 0.14 0.15

15 0.13 0.14 0.15

20 0.13 0.14 0.10

25 0.13 0.14 0.10

30 0.13 0.14 0.10

35 0.13 0.14 0.09

40 0.13 0.14 0.09

45 0.13 0.14 0.09

50 0.14 0.13 0.11

55 0.13 0.13 0.09

60 0.14 0.13 0.10




Time, min. Gl EGI FOIl G 50.12 0.14 0.15 10 0.12 0.14 0.15 15 0.13
0.14 0.15 20 0.13 0.14 0.10 25 0.13 0. 0.10 30 0.13 0.14 0.10 35 0.13
0.14 0.09 40 0.13 0.14 0.09 45 0.13 0.24"0.09 50 0.14 0.13 0.11 55 0.13
0.13 0.09 60 0.14 0.13 0.10 5 -20,- Cainms: 1..Use of an ester as a
friction nmodifjghed N @ lubricating oil conposition which conprises an oil
of lubricatinmgvrscosity, the ester being forned as the 5 reaction product
of (i) atertiary amne of the fornula RI RZR3N wherein Rl, R2 and R3

represent aliphatic_hydrocar byl gf;ioups having 1 to 6 carbon atons, at |east
one of Rl, R2 ant RBeipdwanssten ahpdristign meddigs In qjlubriqating oil commeshioadviyeh
unsaturated fatty acid.having.l0.t.o 30 .carbon atonps, 10 2. T use of.the
ester as a fricti oﬁo%ﬂgegi %r% %lﬂngg lﬁ%‘b"(r%f“c‘gt‘f‘%g? S@(’I {ﬂ%oﬁ%e&sﬁ?lp%ﬁggrslef@f atp?’red in
claim1, wherein thgchbh phsfutCohiifh eGaERYImidE Qs rRull K)R,RINOMRFein B, The
use of the ester as a friction nodifier in a lubricating oil conposition as
claimed in clainms R.andR; ropresest aliptatic hydrocarbyl groiprehavasg hto 6 sabon atoans, 15
hydroxyal kylgroup ath ﬁa\a{étno%ezof ?, ﬁz gr?c{ R?Ha\%gg g%'ydroxyl group, with (ii) a saturated or

unsaturated fatty acid having 10 to 30 carbon atoms.

10 2. The use of the ester as a friction modifier in a lubricating oil composition as

claimed in claim 1, wherein the aliphatic hydrocarbyl groups are alkyl groups.

3. The use of the ester as a friction modifier in a lubricating oil composition as
claimed in claims 1 or 2, wherein the tertiary amine has at least one

15 hydroxyalkyl group having 2 to 4 carbon atoms.

4. The use of the ester as a friction modifier in a lubricating o0il composition as

claimed in any of claims 1 to 3, wherein the tertiary amine is triethanolamine.

20 5. The use of the ester as a friction modifier in a lubricating oil composition as
claimed in claim 1, wherein the ester is a mixture of mono-, di- and and tri-

esters.

6. The use of the ester as a friction modifier in a lubricating o0il composition as

25 claimed in claim 5, wherein the mixture of esters is formed as the reaction
product of (i) a tertiary hydroxy amine of the formula R;R;R;N wherein R;,

R, and R; may be a C,-C4 hydroxy alkyl group with (ii) a saturated or

unsaturated fatty acid having 10 to 30 carbon atoms, with a mixture of esters

so formed comprising at least 30-60 wt.% diester, 10-40 wt.% monoester, and

30 10-40 wt.% triester.



4. The use of the ester as a friction nodifier in a lubricating oil
conposition as clained in any of clains 1 to 3, wherein the tertiary am ne
is triethanolanmine. 20 5. The use of thelester as a friction nodifier in a
| ubricating oil conposition as clainmed in claiml, wherein the ester is a

t f d. t t 6. Th f the est.
et on ot 11 dr 1he WAy uiiong BoreDbes PronbGRa gl GPamRtaon A ci ai m

5, wherein the m x¢heeddh aﬁi%%lﬁm&ssl {o% Wré‘r’%tﬁer}ﬁtty%&hh@% topzz%ém)tn of (i) a
tertiary hydroxy am ne of fornul a RIRZR3N wherein RI, R3 may be

a C2-C4 hydroxy al &ginsgroup with (ii) a saturated or unsaturated fatty acid
having 10 to 30 carbon atons, with a m xture of esters so formed conprising
at least 30-60 wt.%diester, 10-40 wt.% nonoester, and 30 10-40 wt.%

triester.s- 21 % ’H?@uéésoeftﬂé edhdis ‘Esfhgtﬁoélaxﬁo&ﬁf:f Gl 159ﬁc£§giojli ct%gnag,em@ﬁ Boin the

| ubricating oil conpositio

fatty acid has 16 ¢lainZsd manpoﬂclammm7 5vh%reuTtHe fugpacill id tatow Fhtef acké a
friction nodifier in a lubricating oil conposition as clained in any of
claims 1 to 7, wherein the fatty acid is taIIowfatty acid. 9. The use of

the ester as a fJigtion ifier in.a_lubri i ng 0si tion

clainmed in any od1:’ ﬁ'%fl?ﬁan&?(?s@ a%@%qorqxp ‘§?‘ hB‘r?@%‘?ﬂc E?I?C%IBR%@?I{ #n has
a 10 NOACK vol ati lafrfedih ala?» offclatnen t& 8SWhertfh thmﬁariéﬁﬁng&l tO®pESHiGH h@Sa a
friction nodifier in a lubricating oil conmposition as ¢clainmed in any of
clains 1100 9, wheNOACK hvelatilitysofplrSeseltor@es85 to 2 wt % of the ester. 15 11.
The use of the ester as a friction nodifier in a lubricating oil conposition

as clained in any of clainms I to 10, wherein the lubricating oil

conposi tion 10. The use of the ester as a friction modifier in a lubricating oil composition as

claimed in any of claims 1 to 9, wherein there is present 0.05 to 2 wt% of the
ester.
15
11. The use of the ester as a friction modifier in a lubricating oil composition as
claimed in any of claims 1 to 10, wherein the lubricating oil composition
further comprises an organo-molybdenum additive in an amount providing 25
to 1000 ppm molybdenum in the finished oil composition.
20
12. The use of the ester as a friction modifier in a lubricating oil composition as

claimed in claim 11, wherein there is present 25 to 100 ppm molybdenum.

13. The use of the ester as a friction modifier in a lubricating oil composition as
25 claimed in claims 11 or 12, wherein the organo-molybdenum additive is a

trinuclear molybdenum dithiocarbamate.

14, The use of the ester as a friction modifier in a lubricating oil composition as

claimed in any of claims 1 to 13, wherein the lubricating oil composition

30 comprises one or more co-additives selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates, anti-

oxidants, pour point depressants, anti-foaming agents, supplemental anti-wear

agents, additional friction modifiers and viscosity modifiers.



further conprises an organo-nol ybdenum additive in an anount providing 25

to 2000 ppm nol ybdenumin the finished oi]l, conposition. 20 12. The use of
the ester as a friction nodifier in a Iu'b2t2i'cating oi | conposition as

clainmed in claim1l, wherein there is present 25 to 100 ppm nol ybdenum 13.
The use of the ester as a friction nodifier in a lubricating oil conposition
as 25 clained in clains 11 or 12, wherein the organo-nol ybdenum additive is
a trinuclear nlsypgeasnint RERE A BRI madifier Hea UibRicRing B c6HpSIitic ad
friction nodifier in a lubricating oil conposition as clained in any of
clains 1 to 13, whelamned infenylafithd claimanttoil4, wharpioghe lubmicatdfg ¢ibopmpssorone or
nore co-additives selected from as ss dj spersants,  nefal ergents,
corrosi on inhi bi to?%“,talﬁ%f‘%ltlmﬁﬁeﬁ%‘r(gég?”fﬁ/fjbﬂﬁe&H?HB%stb‘ﬂh{)'gé‘,’tggﬁti - oxi dants,
pour poink depressants, anti-foam ng agents, supplenental anti-wear agents,
additional friction nodifiers and viscosity nodifiers. -22.- 15. The use of
the ester as a fI6. Us¢ of thenadiditiverasidefiaed itbanycef ¢laignsol to 8 dompmgirbviag tlesfuel ai med
in any of the clains 1 to 14, wherein the lubricating oil conposition,

contai ns not nore etpaamy. @8l eelogoonemy retentipi fer dehyicating ajls. opngpining 199id Use
of the additive as (g(ﬁél ned in any of clainms 1 to 8 for inproving the fuel
econony and fuel ef Wﬁ/ retention for lubricating oils containing said
additive.



