E 2003L001 - 1 FRICTION MODI FI ERS FOR ENG NE O L COVPCSI TI ON Thi s
fnvention relates to lubricating oils particularly useful for internal 5
conbusti on engi nes. More particularly, the invention relates to lubricating
oi | conpositions which exhibit inprovenents in fuel econony and fuel
econony BB on t hrough use of certdin friction nodifiers. The present
invention is based on the discovery that the use of certain fatty 10 acid

ester derivatives pRICTRINIMODINFROFIRENCINEON CONMPOSITION fi ers can
. provide increases 1Tn tuel econony as well as fuel econony retention for

| ubricating oils containing these additives. U S. Patent 2,951, 041, issued
August 30, 1960 to Saunders, discloses synthetic 15 |ubricants based on
al kyl ene oxide oils which may contain a triethanolanine oleate salt. U S
Pat ent 4, 208, 2This iiseantion Jretatesl 19 lubdcating Ziwwepsiticulatlys asefubdor dptermaht i ng

oils for use_ as.a crankcasg, | ubricant, which contains .a fri,cti.on _reducin
anount? of CambysHan, eg@pgﬁ.esﬁgyeuaahbqugqrwaﬁb? éﬁYq’é{on:f. CHLR QH@”L‘%’,“fgl‘?‘gob, °
i ssued Mar " . WJMM di S i C 8o irdhv Whi ch
contain tﬁé’ggégr%?#g%%ﬁo aﬁ?gp‘gg%‘i%(k:n 638 %ﬁ%‘%hgﬁlﬁ’éﬁ )}ejgth gr ﬁ%!)%gﬁ%d&y and an

ani ne. Anpfientiditthadlighese bf sdreth frictiohmelifie@sol am ne stearate salt. In
accordance with the invention there has been di scovered a |ubricating oil

conposition which conprises an oil of lubricating viscosity and, as a
friction 25 nodjf

yi ng fuel econo ddi i v an effectiv ester
formed as the reScRFSMt BYGHOR £ ggse?i §n &'et(gﬁolvﬁrryytfhﬁ eusgfoq’tgiemi%’ot?i | a
RIR2Rg4 Wasiheéﬂeﬁﬁm&ivémfﬁém@em&%ﬁﬁmﬁa RbatitGod YAEdREeE hish, provigber abl y
al kyl, "groups having 1 to 6 carbon”atons, at |east one of RI, and R3
havi ng a liydeaeyingiuelipconsiniyhag ivell as Ja¢luecanenty oretentios foudebricatingiolly aci d
having 10 to 30 carbon_atons. Preferably, the tertiary amne 30 wll have
at | east Sﬁ@taﬁyﬁg&@%?‘@#w@roup having 2 to 4 carbon atons. The ester may

be a nono-, di- or tri-ester or a mxture thereof, dependi ng on how many
hydr oxyl

U.S. Patent 2,951,041, issued August 30, 1960 to Saunders, discloses synthetic

15 lubricants based on alkylene oxide oils which may contain a triethanolamine 01eate
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 effective amount of ester formed as the reaction
product of (i) a tertiary amine of the formula RjR;R;N wherein Ry, R; and Rs
represent aliphatic hydrocarbyl, preferably alkyl, groups having 1 to 6 carbon atoms,
at least one of Ry, R, and R; having a hydroxyl group, with (ii) a saturated or
unsaturated fatty acid having 10 to 30 carbon atoms. Preferably, the tertiary amine
30  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.



groups are available for esterification with the acyl group of the fatty
acid. 2003L001 _ 2 A preferred enbodi nent conprises a m xture of esters
formed as the reaction product of (i) a tertiary hydroxy am ne of the
formul a RLR2ZR3N wherein RI, R2 and R3 may be a C2-C4 hydroxy al kyl group
with (ii) a $883LP8Hted or unsaturated fattg-acid 5 having 10 to 30 carbon
atons, with a mxture of esters so forned conprising at |east about 30-60
wt.% preferably 45-55 w. % di ester, such as about 50 w.%diester, 10- 40
w.% preferably 20-30 w. % nonoester, e.g. 25 wt.% nonoester, and 10-40
w. % preferabl y 2prefé@rak erfbddimenst camprsac b ndgtu2dofMstérs formedtarthe fddction
Preferably, the lubricating oil conposition of this invention wll have a

NOACK vol at i Predpchef @l isrtiary hygroxy aminecafdhe fsmplathiReRaN whergn RysRpankiy ed

according to T, 08. ,Prefer tertiary.hydrox m_nes_.incl but are
ot 11 m Ced ¢85 B4 8 b phERET 2EA &l bk B O e iy

di i sopr 0p§n0|h§0ih?el{) th30 dafRR AAREGVRHTR Meixnié BBEdS 56 FOARAl AMptRingCt 843 |

et hanol am ne, nethyl diethanol am ne, ethyl diethanol am ne and m Xxtures

t her eof . Tri ebtarifl-6lniméo,ipsefembhyt 4%65 avtl% dprsefcsuckds aBOut S wat diester, 110-

acids for formng the_ester ed in the present invention will _have about
10 to 30 car BArviabomR ARy apéf’éwa |rpoqq¢étef,§t&-§5a*€% menogsterapd 10-48 . c22

aci d, such ai’ﬂ“/&%ﬁ”&”ﬁﬁi@%@&“ﬁ{;g?‘ihhdés% ‘gg_%qﬁgﬂ&g and m xtures thereof.

Preferred aci e natural source of the m xture 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, |iAQeed oi| Hrefexaplyacthe, lubsgatingi il feomppsiiondof s tigvendigns will yhayeia.

The nost pref fatt.y._ackd.is m xgure of tallow disti|led tallow fatty
aci ds havi ng @@& :"Pt‘hﬁ?’ of shept ?gt‘l"g%opr JFasacsBFh 35 4 'IS:Y.L&”Thaé Feasted
esterificati Qacplinghe AlsaM p58e0.ds with the tertiary hydroxy amne is
carried 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 generall )f’rtiafgrr}:&] eterrt?n eh?{&ro?tl})rogtnﬁnes include, but are not limited to,
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 Cy6-Ca2
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.



1.5 - 2.6 and preferably in the range of about 1.6 - 1.8. 2003L001 -3 The
reaction is catalyzed by acids including, but not limted to, sulfonic
acid, phosphorous acid, p-toluene sulfonic acid, nethane sulfonic acid,
oxalic acid, hypophosphorous acid or an acceptable Lewis acid. Typically,
0.02 - 0. 250y 5 Weight, and nore prefgrably, 0.1 - 0.15 % by wei ght of
acid catalyst, based on the weight of the fatty acid is enployed in the
process to nake the ester. Generally speaking, these friction nodifiers are
used in lubricating oils in an amunt fromO0.05 to 2% preferably 0.02 to

a0 Tt gl R e O, s

wei ght. A prefe nen rises cating oil conpositions

cont ai ni ngoidiBhordss ekci®f plibiRehd\selbhionacids prchank! yulfdnic Fctt, esxdlid peidf err ed
m xture of nono-, di- and tri- esters, which conpositions al so contain an
or gano- ol ypephasphedaist #0id orzm acsepioblesLewisvacit Bypiallyo8892ppR-2 e t¥er abl y

25 to 100 l'ybd in . the finj il it ] ined b
ASTM D185y eIk a8 Dot ai L bilp LB ipigRO DA chflilsh TasHELR I 1L oY
there may &Eilg%l{rgpﬁlie(?%% D8 aﬁﬁlggféaqaw;%%&&@ 10 fiakditepBesphat es,

di t hi ophosp ates, ates,” 20 thi oxant hates, sulfides, and the Ilike,
and m xtures thereof. Particularly preferred are nolybdenum

di t hi ocar bamat es, di al kyl di t hi ophgsphates, . al kyl xanthates and .. .
al kyl t hi oxant hatsseraiy gpeakingathepe TRERONMOMHIEE i 16 HCAERE B A di ¢

mol ybdenum 25 c e AP Mlabvan DS DG by 0ogen
conpound a@%‘b‘s@%%toA%%@%gggﬁ%G 4§>o¥%lﬁl'13§§%?ﬁ)lrtrat iygon procedur% and
are tyqj calkishbiavay ad Sibut 0.6006Y weiditar e mol ybdi ¢ acid, amoni um nol ybdat e,
sodi um nol ybdat'e, potassium nolybdate, and ot her al kaline netal nol ybdates

and other nolybdenumsalts, e.g., hydrogen sodi um nol ybdate, MOQ 4,
E/g%g; Lﬁds Nbg(%gfgarf%rlg:%%qn Q)'i!l?rqnénrtlcgr)ﬂp%ges qlbriéginz'ori]? dofipcRftiofls CofRnyRdaaum

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 hexayalcnt.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, €.g.,
hydrogen sodium molybdate, MoOCly, MoO,Br, Mo,03Clg, molybdenum trioxide or

30 similar acidic molybdenum compounds.



Anong t he nol ybdenum conpounds useful in the conpositions of this
invention are organo-nol ybdenum conpounds of the formula My(ROCS2)4 and
Mo(RSCS2)4 5 wherein Ris an organo group selected fromthe group
consisting of alkyl, aryl, aral kyl and al koxyal kyl, generally of from1l to
30 carbon 28038881 and preferably 2 to tZcarbon atons and nost preferably
al kyl of 2 to 12 carbon atons. Especially preferred are the

di al kyl di t hi oca tas alolyBabyie etunounls ARefubgh Bileoupmpdsitions of this
or gano- nol ybdenum conpounds” useful in the lubricating conpositions of this

i nvent i on iaventioni anticlgems- mmmbﬂhdmmcwmpxmm}imgfmgforembem ally those of the

formul a Mo3SKLQZ and m xtures i&(g@gjé erein the L are independently
sel ected |igands havi ng organo 24P a sufficient nunber of carbon

atons to render the conpound WE? ol di spersible in the oil, nis from
1to 4, k varies from4 15 throué bls selected fromthe group of

heutr al5 el ﬁﬁéréﬁ’ﬂRGQ Bﬁl'foi-ghﬂo gﬁﬁﬂp%&d&d oo tla:Sgrouyatcmsmuagmﬁ ekkyl, atyd.oivalkyl,
phosphi nes, and et hers, ranges fromO to 5 a

non- st oi cmndnﬁkmxswlkyblgﬁe@ally of fro@ | m}%%@wtp@s,@n Fra 1&%%&??‘?% ely
charged ionic eC|es IS o r t t he
tri nucl earREE B éﬂ‘iﬁlnpr% ﬁ@gg’ﬂﬂ' Og'% nﬁgﬁb%gpag%rﬁésﬁéé?agg%g%félgé#y&%gfegnce,
for exanpl g Wma% ogglog;bu@,hﬁ,mt Further the ionic species may be

negativel y charge . an ani‘oni ¢ species, or nay be positively charged,
I.e. a cationic species or a conbination of an anion and a cation. Such

ternms are known to a skilled person in the art e

presentO n the W&@quBWEMVW“%ﬁWH@H ﬂt(%s'%f ﬁulff?caﬁl?% one
or nore " Sbépetiallpaive ng Or
I nteracti 0?10 godS?nn&{{phgt@gﬁ I(]:daegté&dc: egﬂ{élgcd?\;?éﬁl%dyg@ ?mﬁg& aﬂ{‘eglr n? of bondi ng

i nt er medi ape ghetfveana deB,EIQ, antl miehest tesofitvherdo it g arEiedependsndy
ani oni ¢ species include disulfide, hydr Xi

d i de_and
t hi ocyanat eelmtechélgmdétléa"ﬂﬂeﬁ@é‘?" ERPH Y |ays%é°fﬁrée%rﬂ“6'h%ﬁ)él°gﬁ&8%°8 ‘ﬁ" L
di sul fid d
oo 1 A TRipB g Solfik P Rlcher SRR e Lo Hiflofil RIITANYANE, mm and a

metal ion met a ine earth metal or transition
met al , 14 ONthreE@f BQM $6lcted from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 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.. 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 jon and a metal
jon, 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,]". At least 21 total carbon atoms should be present among



30 amoni umion, such as [NR4]+ where R is independently H or al kyl group,
nore preferably Ris H i.e. [NH4]'. At least 21 total carbon atons should
be present anpbng 20BLOOL -5 all the ligands' organo groups, such as at
| east 25, at |east 30, or at |east 35 carbon atons. The ligands are
i ndependenti®3148} ected fromthe group oS5 X R1, Xt R2, X2 XI\ /R Y X
23, X, \\\ /Rl -1} --v4, x/ 2R and Xt O-RI / XX 2 ORx 5, 10 and
{n'hxt ures thar aef ligahder GiginoXgrotigs, sich agladleXstal’s; at Mo cisz it |iyass 85 @atbed from

e

atoms.

The ligands are independently selected from the group of
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and mixtures thereof, wherein X, X, X;, and Y are independently selected from the
group of oxygen and sulfur, and wherein R;, Rz, and R are independently selected from
hydrogen and organo groups that may be the same or different. Preferably, the organo
groups are hydrocarby] 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
selected from hydrogen and organo groups that may be the sanme or
different. Preferably, the organo groups are hydrocarbyl groups such as
al kyl (e.g., in which the carbon atom attached to 15 the renai nder of the
ligand is 86% ry or secondary), aryl, 6substltut ed aryl and ether groups.

Mor e prefera y, each ligand has the sane hydrocar byl group 2003L001 -6

The term "hydrocarbyl" denotes _a substituent havi g}gcar ton% rectly
attached to therheetﬂamndéﬂdf%ﬁfhifhedﬂfﬁ%ﬁnﬂ %Hﬂmﬂ‘?té}“e 3 ‘l"ﬂl Byl i n

h Lh ncl ud
Che fol T ovttedsd the FRBRAGr i nigebat “ﬁﬂéd°%ﬂ%@°‘i¥d%%?“’a’%‘ﬂ’%&‘é A

on’ s atic (for
exanpl e aljgwlin e ccﬁléﬁ@ﬂﬁ’t'kﬂs,m@énhﬁﬂ cKiéh (ubaim@xsinplude dedobawing! or
cycl oal kenyl') substituents, aromatic-, aliphatic- and

alicyclic-substituted aromatic nuclei and the Iike, as well as cyclic
substltuents V\/nereln the r thr h. a h t t he
li gand5(that ist anlylygr\%“fl:’ﬂ‘g %‘gf r%]bbla?t’ﬁe lﬁt%r%y@(})gs{aﬁg’?g Bm &
alicyclic t&fd Qfr AVRRAIKSHPS tsibstRidnts, drb@htid- 5,

t hose cont é}& ga#%ﬁ:l‘% 9@“%%%’#‘ 1(l?l)n‘i%}gérou S V\:hly}gh |ﬁﬁ?he context of this

i nvention, alqmaﬁmt adl aBéyclibgubgtiteelb nirorastid yudigid et b ke Iaar\mik @s oyelig he
substituent. Those skil I ed in the art will be aware. of abI oups

(e.g., hal wbsteggnwmew t’mlrmgas gorapleleddhrgughARatler PR “' 1&%" ¥pt o,
| kyl Ki bstituents, that
s subst 1 Hydedndirstes Sngifeg il sbiiler ffinfan gicjoicte %’?ﬁ character |

W|th| Ghe cont ext of thls i nvention, contain atons ot her than carbon
present in a chain or ring otherw se conposed of carbon atons.

| nportant |y, tha. or gSnbstiguted gaydedcartipa pubgHERtsHh A i éllﬁSFl‘?ﬂ“Eﬂ‘l‘P“&Jl‘Pﬂer of
carbon atons to render the.conmpound sol ubl e i b}.e £ @kl . For
exanpl e, t P¥TOSAEDRTL (EIBHP Scﬁ‘&’b%hn@t R eégc %‘%ﬁb%ﬁﬁ gieonenlrpg EP{% range
bet ween abp}ég ﬂmf) RQurocarbPCohaRieRf OF aldl sibéitaumt atThode skilled ialheiart 3611 band
nore prefeta P en about 4 to about

aware of sultable 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 about 1 to about

100, preferably from about 1 to about 30, and more preferably between about 4 to about
25 20 Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these dialkyldithiocarbamate is more preferred. Organic
ligands containing two or more of the above functionalities are also capable of serving
as ligends 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.



25 20. Preferred ligands include dialkyldithiophosphate, al kyl xanthate, and
di al kyl di t hi ocar banate, and of these dial kyl dithiocarbamate is nore
preferred. Organic |igands containing two or nore of the above
functionalities are also capable of serving as l|ligands and binding to one
or nore ofyohhimorores. Those skilled in4he art will realize that formation
of the conpounds of the present I nvention requires sel ection of |igands 30

havi ng t he appr r| ate et a ore's char -7
Conpounds havi ng ‘F‘HB“‘?‘:’G t%g(gﬂ Eﬁmﬁ'ﬁhé 2 Ghewe 0896 ssué'ﬁt}'?r?osuE n%ed by
anionic |i Sii s%ﬁ@m& S&Mﬂﬁﬁﬁ@@ﬁ“ﬁes such as and 5 7, and have
net charges of + Consequent I Y, | n order to solubilize these cores the

total charge anDng all the |igands t be -4. Four nonoanionic |igands
are preferred. Wthout mnshlng any theory, it is believed
that two or nore trinuclear cor may e bou d or interconnected by neans
of one or nore ligands and the |ifands be multidentate. Such
structures fall within the scope f tth |nv ntion. This includes the case
of a nultidentate |Iigand havrng
I's believed that oxygen and/or
the core(s). O l-soluble or dispers nuclear nol ybdenum conpounds can
be prepared by 15 reacting in the ap iate liquid(s)/solvent(s) a

nol ybdenum source such as (NH4) 2Mb3S13 H20), Wwhere n varies between 0 and
2 and includes non-stoichionetric values, with a suitable Iigand source
such as a wékralkylthruranrdrsulfrde CIher oil - soluble or dispersible
trinucl ear nol ybdenum conpounds can be fornmed during a reaction in the
appropriate solvent(s) of a nol ybdenu rce such as of 20

(NH4) 2Mb3S13n( H20), a ligand sou® ?d % tral kyl t hi uram di sul fi de,
di al kyl di t hi ocarbamate, or dialk 1 T hipp i ate, and a sulfur abstracting

n ections to a single core. It
e substituted for sulfur in

agent such

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);:Mo03S,3-n(H,0), where n varies between 0 and 2 angd 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  (NH;:Mo:S;3n(H,0), a lgand source such as tetralkylthiuram  disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such

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



cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a
trinuclear 2003L001 -8 nol ybdenum sul fur halide salt such as
[M]2] Mo3S7A6], where M is a counter ion, and A is a halogen such as O,
Br, or I, may be reacted with a |ligand source such as a :
di al kyl di tﬂ)bﬂ%[ bamate or dial kyl di t hi gphosphate in the appropriate

ve

tiquid(s)/so nt(s) to forman oil-soluble or dispersible trinuclear

nol ybdenum conpound. The appropri ate L qui d/ sol vent, .may be, .for _exanpl e,
aqueous ormg}yéﬁﬁﬁ“@‘sﬂﬁd‘d?ﬁ)‘%ﬁg‘p%‘c iap [@PM‘?ST‘%‘@* ‘glFef%M&e? é?‘Bﬁ?’i Py aﬁgy be

| nfluenced bg i pa[ogml?ah 2061, B 3P, P rb&tiddNith 0BG SoRfcHARen ¢ aUps. I n

t he corrpou‘ﬁol € present ' ‘1hventio at least 21 total carbon atons

shoul d be @ErRSRIthicHaR AR br diliRylditgidphbsphdte i thgaapprapriowdiuidts)ésbbieats)y, t he
| i gand source”chosen has a sufficient nunber of carbon atons in its organo
groups to wdnder@ntcilesobtmpendispersiile inacksar TGPB’B@%W“@‘H"HD‘% < IPRHIPNA%t i ng
conposi tion. .,The nol ybdenum co und is preferably an organo-nol ybdenum
conpourtd. 11‘1‘5d)1l§B]rVSBVé?y,Cjb‘?’llﬂgeﬁﬁ‘%ﬁ%d@l’ﬁﬂqs&%%ﬁﬁd is preferably selected from
t he group consisting of a nol ybdenum dithi ocarbamate (MDTC), nol ybdenum

di t hi ophosphat e, nol ybdenum dithi ophosphi nate, nol ybdenum xant hate

mol ybdenum t hi oyaedhpaed snol sohdslityrorstipeisitslityrdaybs nfluercedhyy the numbers
preferably, the nol ybdenum conpgund is presen
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I ncl ude an’lnﬁfﬁﬁqg%rl&l’lég ]gn ﬂv@%%'fga e %ﬁﬁg s{qéﬁl&?l?é?%?ﬁ'ﬁﬂ?ﬂgrd oi | )Q;Imiaqui d
pet r ol gyM gighfio apeliply Prefeblyned ligand vante cliosembash sufficichidhumbsapbdirbomer al
| ubricating oils of the paraffinic, naphthenic and mxed 25 .. .
par af fi ni catomshith#ai rEanp EEPUPEILP Fepder| the GOmRoDA solublen of HSPEmitl 4y the om
coal or shale. are also.useful base oils. Al kylene oxide polyners and
i nterpoly sicatife (PP es t hereof where the terminal hydr oxyl groups
have been nodified by esterification, etherification, etc., are 30 a cl ass
of known synthetic lubricating oils useful as basestocry%di n this invention.

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 Jubricating 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



These are exenplified by pol yoxyal kyl ene pol yners prepared by

pol ynerization of ethylene oxide or propylene oxide, the alkyl and aryl
et hers of these pol yoxyal kyl ene 2003L001 -9 polyners (e.g., nethyl-poly

i sopropyl ene gl ycol ether having an average nol ecul ar weight of 1000,

di phenyl ebfgiofif pol y-ethyl ene glycol_daving a nol ecul ar wei ght of

500- 1000, diethyl ether of polypropylene glycol having a nol ecul ar wei ght

of 1000- 1500) raqgg[,m éﬂegtﬁyl%%g%gsgl %%Ibl? X 3{0&9?5@% ﬁﬁﬁ?%qgrﬁg{?g&]}gék&%&”pl €,

t he aceti cP& rd esters an acid

di ester of of el A IHbERBGY Etbr o BIlIRyIGH 8l Ravihgselbouynitighi of

| ubricating S us In“thi's invention conprises the esters of
di car boxy! i500.a40005diethyl ethepbf palypropglend glyselclmivirigea molegulas weyght of 1889 ¢
acids and al kenyl succinic acids, nmaleic ackgﬁﬁgﬁelaic Ci su eri%iacid,

10 sebasi c 1289X,andumeppc and palycarappylic et '8} EXYRPIE HiCnET ¢ il %ni ¢
oL kel ) omi. ! I ! FTIONED ¢ !
o conol S ¢ Evgrs: Mied {58 Tl ters R €Y Gy kegtd Sitefnetiund glycol.

2- et hyl hexyl al cohol, ethylene glycol, diethylene glycol nonoether,
propyl ene glycol). Specific exanples of these esters includ ,dLbutéI
adi pate, di (2- etAnydtherxsuitablcetlatsaplc synthetis- brgating i dsedul th Hut (vealipihcat e,

di i sooctyl 15 azel ate, diisodecyl azelate, diQ A h i 1d

pht hal at e, CAMPFEESIIC €Y t(ﬂ?aff!w%"z‘icééshgﬁ%l%@‘?’* | g@ ég'k%irﬁ‘f iagigf el % aci d
di mer, a“dsfl@&ni‘éoﬁﬂ?hse’én& v QTR ikids € amldi@ GcidongelaR! &idf subeRacicid, aci d
wth two nolés of tetraethyl gne glycol and two noles of 2- ethyl hexanoic

acid. 20 Estieisic aséffunasie asidnadipiciacidolinelersl assl dimsr.undonigasis, pykmalonien 5 t o
Cl2 nonocarboxylic acids and pol yols and pal yo t hers n nt yl
gl ycol , t racidst RikeBYlpmaleaifeacidny BB A V#ISY &?,EY‘iﬂlhﬁgn{éage’r 'i}'fﬁﬂufr: ?'tcgﬁdaﬁ%aﬁ
tripentaerythrito Ll - bas | AR HéttrylenBOglyéeaty| -,
pol yal koxy-aglcong’ J}%d"’g%'l b%?@?lb?yegﬁlgii neaq%%é'aitﬁ%ﬂeg? %?J(’:at e inysencgén%ri se
anot her usefétioethens praplyleny nglpeil). ¢ Spebificcexmples Eythésacestate indude dituyl
silicate, tetraisopropyl silicate, tetra-(2.ethylhex ilicat tra-
( 4- met hy| - adinats| dlE?e%%ythXﬂP seleagps, #’Bt@é%ﬂ%@%ﬁbﬁl‘é% ﬁ&ﬁ?ﬁ‘%"" S ”1%?%‘:3?&
hexa- (4-net - 2=.pe | S I i Sebdidte, th
pol y( ”é?hylaﬁ%]é%y%}lgod&%%]a@, ﬁlclc%%ﬂﬂmla?& cﬂtﬁé@f Bﬁhﬂlat‘é, HRIRBASeBdtdte t e
2-ethylhexy! diester of linoleic acid dimer, and the complex ester formed by reacting

one mole of sebacic acid with two moles of tetraethylene glycol and two moles of 2-

ethylhexanoic acid.

20 Esters useful as synthetic oils also include those made from Cs to Cj2
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-ethyihexyl)
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.



sil oxanes. O her synthetic lubricating oils include |liquid esters of
phosphorus 30 containing acids (e.g., tricresyl phosphate, trioctyl
phosphat e, diethyl ester of decyl phosphonic acid) and polyneric
tetrahydrofurans. 2003LO0 -10 Unrefined, refined and rerefined oils can be
used in thgohweii cants of the presentgovention. Unrefined oils are those
obtained directly froma natural or synthetic source w thout further

purification treatnent. For  ex I shal e pil bt ai n di.rect from
retorting oper apﬁ‘l&;fg’?é’a_“ﬁp@?g d?"gg%f%qego%{}’dfﬂe ‘_"d‘is?‘_gé'[‘l eﬁ&%}ﬁaggd?ésp}el | ation
or est er ol AR ARl Gfibhied bR itk Bihin&RRBUPIIRAR 5B nafifal Usred

wi t hout fuP'ther treatment  wou e an unrefined oil. Refined oils are
simlar tosyifgeticustiedd Retooi Rathex qrpificitiwy trhawenbe diorfexatiple, & ska¢ ed i n one

or nore purification steps to inproved one or nore_properties. I\/ﬁn}{jasuch
puri fi cat i obtained rdifegilpdrom yeterting oprratiqns| atpediqleugbpilerhtaiasd AHesthoHoMaci d or

b tion, filtrati d_percolatj h i 1l ed

't he St ciskdian Rego6T 16T sPEnli ArGR G Pl G CRRA plede AR AL T UG

to obtain &?téb&ﬁfhrmle} fn_:éiﬂi%i §uldope &f LRRsined ba. itifiledhakarbemimlalo eirdy used
uchn rereri

in service. ned oils are al so known as reclained or reprocessed
oil's and ghfetifedioils extadpt ithendaby besrotethsetediyd neatendrmers pusificatom stgps of
spent additives and oil breakdown products. 15 Tpe con&gﬁrigt I ons ﬁ{) this

i nventi on tr émpiavad j9pa| ArymQEeBrapRTtiche Mapmmireh PBrilicationg %S SPubAT cat i ng

ol | s for passRngcr RenPRAINRSy BEELFHAN Yy ERRPSHIMABS ofE YefBldhon ™ O

anount of asestock of l'ubricating viscosity. The additives

| i st edjg bekpuwh kd Bode skile@ Ry thRde. t Rerfihed bils hiewbtainetl by provpssas sintilapitaal | y
used in such anpbunts 20 so as to provide their normal attendant functions.
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often are additionally processed by techniques for removal of spent additives and oil

breakdown products.

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



2003L0O0L -11 ADDI TI VEMASS % MASS % (Broad) (Preferred) Ashless DispersantO.1
- 201-8 Metal Detergents0.1 - 150.2 - 9 Corrosion Inhibitors0-50 - 1.5
Metal Di hydrocarbyl Dithiophosphate0.1 - 60.1 - 4 Anti-oxidant0-50.01 - 3
Pour Poi nt Depressant0.01 - 50.01-1.5 Anti-foam ng Agent 0-50. 001-0. 15

Suppl ement gh3Apf | - wear Agent sO- 50- 2 Addjjtional Friction Mdifier0-50 - 1.5
Vi scosity |Vbd| fiero-60.01 - 4 The individual additives may be incorporated

into a 'f —0—any——conuanloRt—uay %ﬁ%ﬁ%ﬁ%@eﬁﬁeﬁeﬁ% can

be added Hdi rectly to A@) tock by di >per§,mggqg di $sol wiagsie4 ingthe
basestockl at the desir evel of concenty| at|o¢]§ ‘5 Such bl Hgd)may occur
at anbi e tenperature or at an el evated em:)e AL Prefera alllthe

addi tives t~10r e viscosity nodifier pou oight depreq sant
are bl endLgxrl(’iﬁ$J)§pE’i§ entrate or additive oar aml;?odpqm i hed Sherein _ 4s the

additive t 1s subsequently bl =ndedo|]n.t}:5 bas¢st pgk-9 0 nake
finished Egﬁf%gﬁt%rzgﬁﬁt Use of such concenfrates is Pnnvin_t_jg?_‘;a?;_]:hg_
concentra go%glbntﬁ,ﬂﬂbﬁ@,lsl y be formul atedjto contsain f[he atﬂ)dlltj ve(s) ifn

bitat Fay 3 o At e ot i o
proper anpdhts—t-e—previ-de—the—dest+et—eoncentratomrtnTthe—fna

f or mul at i pMetdi @ihytrecabycRithiophesphateconbi ned wikth-@  predetlekn# ned amjunt

of base | phrican I5 The concenirate 1S (‘onve tTy mjde cor dafjce
with the Hcﬂi‘léﬂﬁscri bed in U.S. 4,938, ‘?"h r?léqraf w;

\ pat et [1bes ki ng
a pre-m x| 8fuAsdlheBepressant 0.01-5 0.01-1.5
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 0.01 -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



di spersant and netal detergents that is pre-blended at a tenperature of at
l east about 200C. Thereafter, the pre-mx is cooled to at |east 85C and
the additional conmponents are added. 20 2003LOA -12 The final crankcase
| ubricating oil formulation may enploy from2 to 20 mass % and preferably
4 to 15 mags Oébﬁf t he concentrate of a}qgi_tive package with the renmainder

bei ng base S%LOC 5 Ashl ess di spersants™naintain in suspension oil
i nsol ubl es resul ti ? from oxidation of the oil durin onmbust i on.
1ng.

ALl on Q ar or
They are partichhafingl eravkaascalybacasingal fosmalpaem My PRI P Y of
sl udge and_t he, f or on of varnigh rid A L Bgits LOE vafPimes. 10
Ashl ess di %’p@}dsgﬁ?%%i’b’n%rt?s]é glﬁsso?ol Ofsg‘% u%qngéﬂﬁgﬁtéﬁg? {i‘%uﬁ@?%ﬂgﬁ?bon ackbone
bearing ong.pind@NRidguned ieaal groups that are capable of associating with
particles to [Be di spersed. Typically, the polyner backbone is

functionalized by am ne, alcohol, amde, or ester polar noieties, often
via a bridging group. The ashl ess di spersant .may .. be, lfl]i‘ir exanpl e, sel ected
from oid sol ubl &shlgss JispersaBiss MaEIAIR ol SHSPFRSION, il dasolyblys, fsu Erqmp

oxazol ines_of, |lon aj.n Lt ; i | C
aci ds or ‘Pﬂg?“?"%%ﬁ;%r !I)]ééig}mé ﬁ%%égfg%@ﬁltbg' g;@?vagpgggﬂg?glagﬂ% c g?dn
hydr ocar bofg ipréviting ifd Preciphtatidtadf gqum banatibmef ngmishppdrticutare in
attached directly thereto; and Mannic condensati on products forned by
condensi nggaolivmgnghes.n substituted phenol with fornmal dehyde and

pol yal kyl ene pol yam ne. 20 The oil sol ubl e polyneric hydrocarbon backbone
of these dispersants is typically derived froman ol efin polyner or

pol yeng, especi aldh)esPalyoRhts OMBFite ki 8il3olubid Hlyietiahydidbatbén backbone
gr eat efOthan 50%?0?% %S\{)of aSCZQHP(; Cl8 olefin (e.qg., e¥hy| ene, propyl ene,
butyl ene, bewingtoecoranopdnbaivaal gronpnthal aresh ex?a}ssmmwubamwleé €2 to

%mz)fm?lyrerl;iag @@-Il;gl_(?s,cg.i lTySp(i)clalljlg)(! Sxeppooll)}/mngrr E)é:ckgglger %C%Qt?or}l 1%:&( Q}Q gﬁlinnt;?%lc%%of?
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 Ci5 olefin (e.g., ethylene,
propylene, butylene, isobutylene, pentene, octene-1, styrene), and typically a Cz 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
2 minor molar amount of the copolymer monomers, for example, 1 to 10 mole %, is

30  an o,-diene, such as a C; to Cyz non-conjugated diolefin (for example, a copolymer

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



pol ypropyl ene or polyi sobutyl ene) or a copolynmer of two or nore of such

olefins (e.g., copolyners of ethylene and an al pha-ol efin such as

propyl ene or butylene, or copolyners of two different al pha-olefins).

O her copolyners include those in which a mnor nolar anount of the

copol yner rs, for exanple, | to,L0 nole % is 30 an a, o>di ene, such
3R

as a C3t on-conj ugat ed diol efin”(for exanple, a copolyner of

| sobutyl ene and butadi ene, or a copol yner of ethyl e(ﬂe_, groﬁl Sfe d 1,4
2003LO0 heslieriee grndiashdidsne-3-nerbamensen e Prefersdogieneluisobusens ML 4% e

pol yi sobut enyl 400 %ﬁ% referabl -2200) succini m de di spersants.
The' vi scogspé RF%’%P?W%%Q" 915\5%&1!1 %escﬂf%crlga?r%art hi gh and | ow tenperature 5
operability to a lubricating oil. The VMused may have that sole function,

or may be nultifunctional. Miltifunctional viscosity nodifiers that also
function as di Sper sistdsityanedifis VMR rfomtionSuptiaiped Mgk eodiley wWHEFRMNEEs are

pol yi sobutyl ene, copol ynmers of ethyl ene and 10 propyle nd hi

al pha- 6! efdprebilppity adebricating atleéﬁhEéMﬁFgwﬁrYé}aﬁgé‘?ZE |33‘F3§‘,‘° 10%?513%? ‘9? at e
copol ynmers, capol. rs of an unsaturated dicarboxylic acid and a vi nyl
conpound, THH Bﬁ@m&rs of styrene and acrylic ester, and partially

hydr ogenat ed copol yners of styrene/isoprene, styrene/butadi ene, and

| soprene/ but adi ene, as well as the partially hydrogenated honopol yners of
but adi ene and iMﬂp'rfenmiomnhvisd;&itysopdiﬁn@/thiatvalﬁ@Ifll%}'éltﬁli’@r?é.dliil’éfs&msc"’é?lﬁépni ng or

ash-form ng detergents may, be present and these function

det er gent SKnog® eﬂﬂ@@l%YIS%Hiﬁwpddtgﬁﬁgfet%&&ﬁﬂb@?cﬁ%icapé}éﬁjtcpaﬁi%tz@’r]g&oarndr ust

i nhi bitiors, t eb [.n a a6 eylyalkgimah hwes, |ife.
Det er bnt Spr%ngﬂeene%'né{ ﬁggg%n%}%?%ﬁ%gl ?lryﬁg'ac? {:Iy\ll th |l gng hydr opﬁg%i c tail,
with the pabdbcryRasdcopodyéns Siopglymenebfibn sasatureted aiicaseixylio rgidrind a¥Apound.

The salts may contain a _ substantially stoigchionetric a n f t al
in which tdeegpound, interapelymgess el styeghe and awﬁ@estsr’ %P?ﬁ%&&?@’é’?&éﬁe woul d
typically have a total base n LR} ad; A SBagdiend, RywAbddM
D- 2896 of ‘fqPSﬁfr?f’rf 8%3}(3{@11](:?1?%&’&&2?&{% e t%h(?%bl udeoPlSPge _

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 saits, and would typically have a total base number (TBN), as
may be measured by ASTM D-2896 of from O 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, 1midazolines,

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



25 amounts of a netal base by reacting an excess of

As an oxide or hydroxide with an acig gas such as Cgrggaagiggrggun$hzuch

{gsgltl?g overbased detergent conprises neutralized detergent as the outer

nay hae a qgtal base (e.g., carbonate) mcelle. Such overbased detergents
y e a ! Nlof 150 or greater, and typically from250 to 450 or nore.

30 Other P93E¥lon nodifiers include oilff-sol ubl e” ani nes, ani des,

i m dazol i nes, am ne oxides, ani doam nes, nitriles, al kanol anm des

al koxyl at gghifianapoRallesén adstezOOBhd fdarboxylic acids asolubdEnyel WP%%W esters
of polycarboxylic acids, nolybdenum conpounds and the |ike. Det ergeht S that
may be uséet likec| ude oil-soluble neutral and overbased 5 sulfonates

phenat es, sul furized phenates, thiophosphonates, salicylates, and ’

napht henat es and ot her oil-sol uble carboxyl ates of a netal, ioart icularly

the alkali, e. di i Lt i .
’ Q%eter %ﬂ B AL BBShibd iddldde winsahbleragoesl and Ereghas
neutral or over asg cal ci urh and magnesi um phenat es and sul f onat ezd ed are

especi 8l | \uganAés) Mphéshtdd, hyolfwizadbypheniteshi dhlophpphprat Iyt
frequently used as anti-wear and anti gXi dabth awnt -."Fﬁ_e}t s “Ess' ap%be an
al kal i or raphthenaies @drqthﬁrr%lr%ﬂh}blwa@mﬁ?‘ﬁﬁﬂf a me @ﬁﬁ‘?“n%nﬁ??c?le‘h@&%’
manganese, nickel or.coppgk, T ' ts m, : OdYbase
in lubricaf ‘r\‘&l’oi’?taﬁswn&nﬁﬁiﬁ g5 %@ é{.a%ﬁ%%ﬂ-&b Pf)refergﬁlrgel(ﬁ)@gt?r 62 wt Ey Hsed
based upon,then i jated, 1 Japs i 1 0 oy

%g} taﬂ&ﬁ{agigﬁdlﬁhtphaiatémdlmhbhﬂﬁ» esygcnlly celomposi ti on. They may be

pr epar ed I n accor ce with known techniques by firs '
_ ccor _ \ t formng a
di hydrocar byl dithi ophosphoric acid (DDPA), usual>ll y by reacti og of one or

A LI R T
5100 LA Sl A s sk e
groups on 1eRE i, ﬁlcﬂ?yﬁdieﬂtﬁhym&gmnshamjcldehgmggypggt’ghe amgélﬁé%%ﬁ}ya% 9%ay byl
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
15 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. Altemnatively, multiple dithiophosphoric acids can be prepared
20 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 in the neutralization

25  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
Jubricant can shorten the effective life of automotive emission catalysts. Accordingly,

30 jndustry 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 1t is expected that future categories will require



hydr ocar byl groups on the others are entirely primary in character. To nmake
tfhe zinc salt any basic or neutral zinc conpound could be used but the

oxi des, hydroxides and carbonates are nost generally enployed. Comerci al
additives frequently contain an excess of zinc due to use of an excess of
t he basic zinc conpound in the neutralization 25 reaction. ZDDP provides
excel | ent #EBOYrotection at a conparatidely | ow cost and also functions
as an anti oxi dant. However, there is sone evidence that phosphorus in

| ubri cant ek tshphdsphorubeortficsftlubricanisite fofthauedivod tve.06isBicshessaldeyst s.

Accordingly, 30 industry has |limted the ampunt of phos ru at

| ubri cant s cemposibigns Phthisy H@ﬁnlﬁ?'bﬁfﬁgééplﬁé?fét@&rﬂpt s “(isg)""ti%ygt?g%e‘bqted to
requi re not_nore than 8 0. RErins ey i ni shed oil, and
it is expedt¥f oS Pk é“ﬁ?‘e{@g}??@s]p%%‘?“%“élu’?‘% 0031601 - 15 that the
phosphorus content of |ubricants be further reduced to 0.06 wt.% or |ess.

The conpositions of this invention preferably contain not nore than 0.08

W.% P 8nd not Q@midetiothamhibitars wir, eatxidentsheeduicnitkchdendgney ©f hasestieakade ASTM

D5185). 5 Oxidation inhibitors or antigxidants reduce the tendency_of
basest ocks deSriogie el 84T4ICE VHICBeAEIFreralipR CAN i &VI95PS EX ‘tchﬁnprl?gu%l%i%fenced

by the products. of x] daft.| AGrsh- dinseigll sdiRicBeRRGIHyS on
t he net al s%xr‘#aglggssugﬁd&bsﬁhg€sa§%si ty%%g\ﬂ%.&%c IV?E(i dati on i nhi bi t(yrys

i ncl ude hi nggosiRy pRAMA! Suchldxaddtion igkibitbrs inEtdd hakted phienols, alkaline earth

al kyl phenol t hi oest'ers having preferably C5 to Cl2 al kyl, si ﬂe c_gai s, 10
cal ci um nonypétpheaits of alkylphenolthiegstass heving preferabhe GsHENGRcBKEh 9 FhRIS; 2 ed

phenates, phosphosul furize r sl furize d ,

ester s,lomat':é[}’l“ m%b%&%ﬁ‘@@?e’&sﬁ‘leg%%%ﬁ%“@é phgﬁaégﬁggéﬁgnggﬁc]@g@?légbd in
U.s. 4, 867;&%9 RbffurizR Y BAEMTuALY 2ihDilidpar®6is 0 ystdsphokbusuebtersnhithéthbr s
sel ected f om%}he group consisting of nonionic polyoxyal kyl ene ﬁol yol s and

esters t hertaiskbarbpmlagesx pill sojitde eoppernainspouad dasaddsenbesl i1 kib. 4.867.8M0cangti ds

may be used. Copper and | ead bearigsg corrosion inhibitors may be used, but
are typi calglyhdgnum containing compounds.

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 wi.% 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



20 required with the fornul ation of the present invention. Typically such
conpounds are the thiadiazole polysulfides containing from5 to 50 carbon
atons, their derivatives and polyners thereof. Derivatives of
1, 3, 4-t hi adi azol es such as those described in U S. Patent Nos. 2,719, 125;
2,719, 126;20@51%0@ 087,932; are typical q.Lther simlar material are

nu'sS.

descri bed i Pat ent Nos. 3,821, 236; 3,904,537; 4,097,387; 25
4,107, 059; 4,136,043; 4,188,299; and 4,6 193,882. O her. ddi.thi ve(a Eyréﬁ t he
thio and alkylgnspsids it Anmidess obtamad Byreactipg2 biyeRPxde MHBAPYENH %hed i n

UK e SRS e s B2 B0 RS It i o o

Ves. en these conpolnds are included in

the Iubri CigE}eﬁﬂarﬁ.omﬁ?éiﬁdtQBf 0.DOEW0 0.5 thabd & £Xi8 Ingr@ties éntoriveniant. anount  not
exceeding 072 w.%active ingredient. 30 A small anobunt of a demnul sifying

conponent may be used. A preferred denulsifying conponent is described in
EP 330,522. It is obtained by reactin n 2003L -..16 __al kyl.en | de
with ad adduct Beemppidl dspressnis ioﬁ{fr‘é{%ﬁﬂg‘-oé‘ﬂ’o% @ew?'t] ngr%voelr%]' h‘%?‘[ gﬁ%

al cohol . The .denuil oi £ &6 SAQIM: dy it ficw 0P ¥8h bOBbuRdC Sedh AadiBvds mass %
active i n‘&PBH'.“ n%&&rﬁpga{l%%t}%fﬂlgaool? to 8. 05 mags % active ingredient

i s conveni gptwe WRWn. Pdypicall ©p tesssasiditivest Whichi isepricveothe ke Iterbperaiure
i nprovers, lower the mninmumtenperature at which the fluid will flow or

can be poufierity Sof thadtiid iaresCs and Gel Hiakkydwiamaraig/viyl asptate, SEROIYIENS: i ves

whi ch i nprove the | ow tenperatur fluidity of the fluid are C8 and C18

di al kyl quﬂVﬁi‘@W‘ﬁ%ﬂWlﬁggﬁﬁé'eéﬁcﬁbl ymers, pol yal kyl met hacryl ates and the
like. Foam control can be provided by many conpounds includi ng an

anti foamant of the pol ysil oxane type, for exanple, silicone oil or

pol ydi met hyl si Foxarmntrdhean by protvided hysmbauy compourds iaelpding gniaptifopmant

foll ow ng exanpl es_which are not t 15 be .&:onsi d@r %gﬂ’?%i (I)}lim tative of its
scope. Al | ofybepehsHgsanedyee. fgr sxamgive SICERE il of RYjY i

SH'&nt of an
additive without regard for carrier or diluent oil.

The invention is further illustrated by the following examples which are not to
1S 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.
EXAMPLE 1

20 The following SW-20 crankcase oil was prepared and tested in the ASTM
Sequence VIB test which measures fuel economy improvement versus a baseline
calibration oil after 16 hours of aging (Phase I) and after 96 hours of aging (Phase Hor
retained fuel economy). Qil A contained no fuel economy additive, 0il B contained
0.30% of a mixture of an ethoxylated amine and a polyol ester as the fuel economy

25  additive, Oil C contained 0.60% of the same polyol ester as the fuel economy additive
and Oil D contained 0.60% of the ester mixture of the invention prepared from tallow

acid and triethanolamine and containing 50 wt.% diester, 25 wt.% triester and 25

wt.% monoester.

30



EXAMPLE 1 20 The followi ng 5W20 crankcase oil was prepared and tested in
the ASTM Sequence VIB test which neasures fuel econony inprovenent versus
a baseline calibration oil after 16 hours of aging (Phase 1) and after 96
hours of aging (Phase Il or retained fuel econony). G| A contained no
fuel econoyadditive, G| B containedy70.30% of a m xture of an

et hoxyl ated am ne and a polyol ester as the fuel econony 25 additive, G| C
cont ai ned 0.60% of the sane pol yol ester,as the fuel econony additive and
Ol D contained 0.60%of the ester m e of the invention prepared from
tallow acid and triethanol arnine and containing 50 wt. %wiester, 25 w.%
triester and 25 w. % nonoester. 30 2003L001-17- G| A W~.% Di spersant 2. 500
Ant i f oam Agent 0. Oispeaait um Sul f onat e (TBN 300) 0. 880 Cal c2.608 Sul fonate (TBN
26) 0. 470 Phenolic Antioxidant0.900 Anti-wear AdditivesO. 78(%’0& scosity

Modi fi er0. 790 M néntifoam Agelise St ocksBal ance Each of Q| , C and D has
Sequence VI8 - rubReEgBSEHIREIENaE G 1 “Aa | el oo PR T °
Calcium Sulfonate (TBN 26) 0.470
Phenolic Antioxidant 0.900
Anti-wear Additives 0.781
Viscosity Modifier 0.790
Mineral Oil Base Stocks Balance

Each of Oil A, B, C and D has a phosphorus content of 0.06% and a NOACK

volatility less than 15%.

5
Sequence VIB — Fuel Economy Improvement
Qil A Qil B 0il C Qil D
Phase I 1.06% 1.89% 1.58% 1.83%
Phase II 1.13% 1.13% 1.38% 1.64%
10 EXAMPLE 2

Oils E, F and G were prepared. Each oil had 50 ppm molybdenum present as
trinuclear molybdenum dithiocarbamate, an anti-wear additive. Qil E was otherwise
the same as Oil B, Oil F was otherwise the same as Qil C except that 0.3 wt.% of the

15  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
fuel economy obtained when the fuel economy additive of the invention is used in
combination with an organo molybdenum additive.

20



Phase 11.069%.89%. 58%. 83% Phase 111.13%.13%.38%..64% 10 EXAMPLE 2 QIs
E, F and G were prepared. Each oil had 50 ppm nol ybdenum present as
trinucl ear nol ybdenum dit hi ocarbamate, an anti-wear additive. Ol E was
otherwise the same as Gl B, G| F was otherwise the sane as O 1 C except
that 0.3 w2008l8P1 t he 15 pol yol ester fuég - econony additive was present and
Ol G was otherw se the sane as D except that 0.3 wt.%of the ester

m xture was presgntm%hc%%égggﬁ, E%c eﬁgcgﬁrn CHl o ?awggaslsgg)lﬂoe@ggatéomeeach

oil. The data shows coop rative effect on fuel econony

obt ai ned whairffidientfofdtickanctamctatitics bf eiloE, Fled iGvEht immmnu'sexallednthe

conmbi nation with an organo nol ybdenum additi ve. g 2003LOOL - A hjg
frequency réHT@r}Hi%tﬁM@F piagufarier) bBSS UBEEME Ly ANe sk PEaieeol 3 &) I’cﬁ"ent of
friction ch %ﬁl%hﬂsucs of oils E;, Fand G The instrunment is called the
AUTOHFR anof PHctured by PCS Instrunents. The test protocol is shown
in thegtable below 5 HFRR Protocol Contact6 nm Ball on 10 nm Disc Load,
N3.9 Stroke Length, Ml Frequency, Hz.20 Tenperature, C. 100 Tinme per Stage,
m n. 60 HFRR Coefficient of Fricti onHERRAYGIoLOl Tine, nin. Gl EQ|l FOI G

Contact 6 mm. Ball on 10 mm. Disc
Load, N 3.9
Stroke Length, Mm 1
Frequency, Hz. 20
Temperature, °C. 100
Time per Stage, min. 60

HFRR Coefficient of Friction @ 100°C

10
Time, min. OilE OilF Oill G
5 0.12 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 0.14 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
35 0.13 0.13 0.09
60 0.14 0.13 0.10




50. 120. 140. 15 100. 120. 140. 15 150. 130. 140. 15 200. 130. 140. 10 250. 130. 140. 10
30 0.13 0.14 0.10 350.130.140.09 400. 130. 140. 09 450.130. 140. 09

500. 140. 130. 11 550. 130. 130. 09 600. 140.130. 10 2003LOCA - 19 Caims: 1. A

| ubricating oil conposition which conprises an oil of lubricating
viscosity awmdrLo|s a friction nodifying ffiouel econony additive, an effective
amount of ester forned as the reaction product of (i) a tertiary am ne of
the formula RIRRRBN wherein RlL, R2 and R3 represent aliphatic hydrocarbyl,
preferably al kyl, groups having 1 to 6 carbon atons, at |east one of R,
R2 and R3 lgayingkd a hydroxyl group with (ii) a saturated or unsaturated
fatty acid™having 10 to 30 carbon atons. 2. The conposition of claim1
wherein at |east one of Rl, R2 and R3 is an alkyl group. 3. The
conposition of claim|] Lch has not npre than 0.08. wt. % R, a a NOACK
volatility Ilesslthan P&é‘%‘?&%ﬂ.O‘W%Wswplcgnc%‘?wﬁéi% ol \%Eg‘r‘tgfcﬂ“{‘%er eis

present Q. Qﬁcﬁﬁtyzan%, WL 2 Riction modifying fuel economy additive, an effective amount of

ester formed as the reaction product of (i) a tertiary amine of the formula RiR;R3N
wherein R;, R; and R; represent aliphatic hydrocarbyl, preferably alkyl, groups having
1 to 6 carbon atoms, at least one of R, R; and R3 having a hydroxyl group with (ii) a

saturated or unsaturated fatty acid having 10 to 30 carbon atoms.

2. The composition of claim 1 wherein at least one of Ry, R; and R; is an
alkyl group.
3. The composition of claim 1 which has not more than 0.08 wt.% P and

a NOACK volatility less than 15 wt.%

4. The composition of claim 1 wherein there is present 0.05 to 2.0 wt.%
of the ester.

5. The composition of claim 1 wherein the tertiary amine is
triethanolamine.

6. The composition of claim 1 wherein the fatty acid has 16 to 22 carbon
atoms.

7. The composition of claim 1 wherein the fatty acid is tallow fatty acid.

8. The composition of claim 1 wherein the ester is a mixture of mono-, di

and tri-esters, the mixture comprising about 30-60 wt.% diester, 10-40 wt.%
monoester and 10-40 wt.% triester and wherein each of R;, R» and Rs3 is a C-C4

hydroxyalkyl group.



of the ester. 5. The conposition of claim1l wherein the tertiary amne is
driethanolam ne. 6. The conposition of claiml1l wherein the fatty acid has
16 to 22 carbon atons. 7. The conposition of claim| wherein the fatty acid
is tallow fatty acid. 8. The conposition of claim1 wherein the ester is a
m xture ofyopmper, di and tri-esters,.tthe m xture conprising about 30-60

L

Ww. % di ester, 10- 40 wt.% nonoester and 10-40 w. % triester and wherein

each of Rl, R2 Ial Sﬁq 0%094% chz}mlrP&K@eﬁﬁhe?ﬁ@?ﬁsm%%om pafs 9. The

conposi tion Of conposition er conprises an organ

o- nol ybdenyy ﬁgq:; O}Sj?db,ﬁhlﬁ.na@dmwtmprg@wadidagt 2providin0CES ppomi0HRd| pdenum i n
t he conposi t| 0 10 he conposition of claim9 wherein there is present 25

to 100 ppnmolybtgrooe imuthe chmpositien.conposi tion of claim 10 wherein the
or gano- nol ybdenum additive is a trinuclear nolybdenum dithiocarbamate.

10.  The composition of claim 9 wherein there is present 25 to 100 ppm

molybdenum.

11.  The composition of claim 10 wherein the organo-molybdenum additive

is a trinuclear molybdenum dithiocarbamate.



