ORGANOMOL YBPENUMF BORON ADDI Tl VES FI ELD OF THE
| NVENTI ON [ 001] The present invention is directed to
wabi7un3zand phosphorous free, borated organonmobgbuszomoseoo
conpositions. More particularly, the present invention
is directed toward hydroxyl -contai ni ng borat ed
or ganonol ybdenum conpositions that are sul fur and
phosphorous free and that contain borated al cohols.
The invention also relates to |ubricants containing
the conpositions of the imention. BACKGROUND OF THE
I NVENTI ON [ 002J Contenporary |ubricants such as engine
oils use a wde variety of additives for enhancing the
per f or nkJ MELIYIBOIENDM-BORON ADIH TIAES of
operating conditions. For exanple, additives are used
to inprove the antiwear perfornmance of lubricants, to
reduce friction characteristics, to i ncrlelase OEI dati on
| Ty ek i ke. {003] Traditionally, the
FIEL?“@@‘ [ I\triq]?ﬁaddi tive for engi nedoi l's hgs b;aen
zi ne, di al kyl di t hi ophosphate. (ZDDP); and in order for a
(0011 o Th& Pl g Shrticd b fuliutiend phosthrass dree,
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inventigntip digsicted wverdaysbosphtomtbinngtbwatedrargatesiodybdenum

[ il of 0.08 wt % or
comp%gl%s nQC%ﬁgtuasreCs%%J% relltndl prhc;sr;])ﬁo%us f(x)'ee and that ccgntain borated

alcohols. The invention also relates to lubricants containing the compositions of

the invention.

BACKGROUND OF THE INVENTION

[002]  Contemporary lubricants such as engine oils use a wide variety of
additives for enhancing the performance of the lubricants over a wide range of
operating conditions. For example, additives are used to improve the antiwear
performance of lubricants, to reduce friction characteristics, to increase

oxidation stability and the like.

[003]  Traditionally, the principal antiwear additive for engine oils has been
zinc dialkyldithiophosphate (ZDDP); and in order for a lubricating composition
to meet indusiry standard tests and many original equipment manufacturer's
specified tests for antiwear, the amount of ZDDP used in the oil is at a
concentration that provides a phosphorous content in the oil of 0.08 wi% or
higher. One problem arising from the use of current levels of ZDDP is the
reduction of the efficiency of the catalyst converter now universally employed
with gasoline powered vehicles. As a consequence, there is a new focus on

reducing the levels of phosphorous in lubricating oils, especially engine oils.



hi gher. One problemarising fromthe use of current
| evel s of ZDDP is the reduction of the efficiency of
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gasol i ne powered vehicles. As a consequence, there is

a new focus on reducing the | evels of phosphorous in

| ubricating oils, especially engine oils.[004]

Reducing the | evel of ZDDP in a |ubricating

conposition, however, results in a significant

reduction in the antiwear perfornance of the

| ubricating conposition. For exanple, reducing the

| evel of ZDDP by one half fromthe typical .08 w%
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i mproved | ubricating conpositions. [006] Accordingly,

SUMMAARY OF THE BSVENBIOKhI S 1 nvention conprises oil
sol ubl e, hydroxyl contalining sulfur and phosphorous
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[006] Accordingly, in one of its aspects, this invention comprises oil soluble,
hydroxyl containing sulfur and phosphorous free, borated organomolybdenum
compositions containing borated alcohols. In one embodiment, the borated
organomolybdenum compositions are selected from compounds represented by

formulae I and II and mixtures thereof
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CA0 groups; the Rs are the sane or different C3 to
40 |inear or branched aliphatic groups, R (CO-0OC
wakm7gosups, or R-(CO-N (R )2 groups where R PGI/ES2007/005600
previously defined; R s are linear aliphatic groups of
2 to 4 carbons or polyal koxyl ated groups and
pref erably pol yet hoxyl ated or pol ypropoxyl ated groups,
wand z are 0, 1 or 2 and w+ z =2; and uis 0 or 1.
1007] Preferably, the borated al cohols are derived
fromnono, di and poly altdhols having 3 to about 35
carbon atons and functional derivatives thereof. [008]
Anot her enbodi nent of the invention conprises borated
or ganondR yOdBGOR)eGARGY ti ons prepared by seqliéntially
reactlng a fatty oil, dial kanol amne or a
ol yal koxyl at ed) am ne and .a no] ybdenum sour ¢e
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[007] Preferably, the borated alcohols are derived from mono, di and poly

alcohols having 3 to about 35 carbon atoms and functional derivatives thereof.

[008] Another embodiment of the invention comprises borated
organomolybdenum compositions prepared by sequentially reacting a fatty oil,
dialkanol amine or a di(polyalkoxylated) amine and a molybdenum source to
provide molybdenum containing complexes and thereafier borating the

complexes in the presence of an alcohol.

[009] In another aspect of the invention, there is provided a lubricating oil

composition comprising:
a major amount of an oil of lubricating viscosity;

an effective amount of at least one oil soluble, phosphorous and sulfur
free, hydroxyl-containing borated organomolybdenum compound with at least

one borated alcohol;

at least one oil soluble, phosphorous containing antiwear compound in an
amount such that the weight percent of total phosphorous in the composition is

less than about 0.06 wt% based on the total weight of the composition; and



anount such that the wei ght percent of total

phosphorous in the conposition is |ess than about 0.06
wowedrhessesl on the total weight of the conpositPONUS2007/005600

andan effective anmount of an ashl ess anti oxi dant.

[010] These and ot her aspects of the invention wll

becone apparent fromthe detail ed description which

foll ows. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 011]

As not ed above, the inventi%n i's based on the

di scovery that certain borat'ed organonol ybdenum

conpositions containing a borated al cohol or al cohols

can be_effectivel onbined with | ower |evels of

ph88shEsctiye %ﬂ?%y%ﬁc%aﬂﬁ?ﬁ@mwﬁéa‘iﬁt—i ves heretofore

enpl oyed and ashl ess anti oxi dants to provide inproved

| ubricant conpositions. [012] Thus, one enbodi nent of
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roxyl.- cont gi nj sul fur- and phosphorous free
daﬂﬂ%aé?é lB?%%N@HﬁLg%H@ﬁ@n1conpositions containing a
borat ed al cohol or alcohols. [013] In a preferred
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roups where R | s
contgmmg antiwear additives heretofore employed and ashless antioxidants to

provide improved lubricant compositions.

[012] Thus, one embodiment of the invention comprises oil soluble,
hydroxyl-containing, sulfur- and phosphorous free borated organomolybdenum

compositions containing a borated alcohol or alcohols.

[013] In a preferred embodiment of the invention, the borated
organomolybdenum compositions are represented by formulae I and II and

mixtures thereof
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as previously defined; R s are linear aliphatic groups
of 2 to 4 carbons or polyal koxyl ated groups and
w@e@raomios y pol yet hoxyl ated or pol ypropoxyl at eBCT/US200%)05600
wand z are 0 1 or 2 and wz 2; and uis 0 or 1. [014]
The hydroxy 1-containing borated organonol ybdenurn
conpounds nay be prepared by borating organonol ybdenum
conmpounds having at |east one reactive M=0O group in
the nolecule in the presence of an al cohol or m xture
of al cohols having fromabdut 3 to about 35 carbon
atons. [015] Anong organonol ybdenum conpounds havi ng
at | east one reactive Mb=0O group, those
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reactive Mo=0 group in the molecule in the presence of an alcohol or mixture of

alcohols having from about 3 to about 35 carbon atoms.

[015] Among organomolybdenum compounds having at least one reactive
Mo=0 group, those molybdenum/nitrogen-containing complexes formed by
sequentially reacting a fatty oil, dialkanol amine and a2 molybdenum source by
the condensation reaction described in US Patent 4,889,647, which is
incorporated herein by reference, are particularly preferred. Such
molybdenum/nitrogen-containing complexes are believed to comprise

components III and IV
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include partially esterified polyhydric al cohols.
Exanpl es of such oils include those prepared from
w@elyabmsihavi ng 3 to about 20 carbons such as PCT/US2007/005600
trinmethyl ol propane, erythritol, pentaerythritol,
di pentaerythritol and the |like wth nonocarboxylic
acids having fromabout 3 to about 40 carbon atons and
with stoichiometric amounts to result in the formation
of esters having 2 or nore pendant hydroxyl groups.
[018] As stated, the organdrol ybdenum conpound is
conveniently borated in the presence of an al cohol or
m xture of al cohols having fromabout 3 to about 35
carbon atons and functional derivatives thereof. The
al cohol s may be aliphatic or aromatic nono, di or poly
whereaRCiQ b(ﬂ)ﬁto G&,allimnéa&rdfraﬁbhm aliphati® growy sxmhpteferabdy Wie to
tyl, gg |sooctyl nony| E,Scyl trjdecy
Cao; thf‘nB § atRibe §P C&I la:reﬂma 1PE%Hﬁpﬁr@§P%Pr abbialkdrilpigderoups; and n
1slt ounds such as propane diol, neopentyl glycol and
' |i ke, and functional derivatives t hereof such as
3 carboxy |, 2 propane diol, and N-carboxyl-bis
hydr oxy al kyl ene am ne. Exanples of suitable aromatic

al cohol s are phenol, al kyl ated, phenol,. c ech ,,_and
[016]  hebioRg, poéxal%ewgat%é gﬁ%‘i‘%P%ﬁq Ropigaating the o Syt
| roRky. - 2-
comp%g/{g% ggxs );IneZc ﬁxﬂaewgﬁd E%Lyréro gfg a%zﬁgﬁmp@ are Pt
pent aerylthritol. [ 019] Preferred al cohols include
e hexa ctyl al cohol and th Exxal
[017] 5 c%ﬂébée §a“319 s }.‘Ee A PIZPATHI& h‘f‘emEJ( Bt Poé}?igﬁ‘isal
includeP By 8@ potiliydric alcohols. Examples of such oils include
those prepared from polyols having 3 to about 20 carbons such as
trimethylolpropane, erythritol, pentaerythritol, dipentaerythritol and the like with
monocarboxylic acids having from about 3 to about 40 carbon atoms and with
stoichiometric amounts to result in the formation of esters having 2 or more

pendant hydroxyl groups.

[018]  As stated, the organomolybdenum compound is conveniently borated in
the presence of an alcohol or mixture of alcohols having from about 3 to about
35 carbon atoms and functional derivatives thereof. The alcohols may be
aliphatic or aromatic mono, di or poly alcohols. Examples of aliphatic mono
alcohols include butyl, amyl, hexyl, isooctyl, nonyl, decyl, tridecyl and isodecyl
alcohol. Examples of diols include compounds such as propane diol, neopentyl
glycol and the like, and functional derivatives thereof such as 3-carboxy-1, 2
propane diol, and N-carboxyl-bis hydroxy alkylene amine. Examples of suitable
aromatic alcohols are phenol, alkylated phenol, catechols, and the like. Examples
of polyols include 2-ethyl-2-hydroxymethyl-1,3-propanediol, 2-methyl-2-
hydroxymethyl-1,3-propanediol and pentaerylthritol.



[020] The weight ratio of the al cohols to nol ybdenum
contai ni ng species can be varied fromabout 19:1 to
w@bwatiom119. [021] In the practice of the preseer/uS2007/005600
i nvention, any boron containing conpound capabl e of
providing a source of boron for the boronating of the
nol ybdenum and al cohol conpounds nmay be used. Such
boronati ng agents include boric acid, tri-nethyl
ortho-borate and tri-ethyl borate. [022] The anount of
boron to total hydroxyl confaining groups can be
varied fromabout 1:9 to about 9:1. [023] The
boronation reaction typically is carried out in an
[019] nePlreﬂ:ﬂanleaﬂbohq»lsdﬁemlgfethyliyk}hexandioncnyililuehbl antthe

Exoxel i afoalOeoc Ji Larng 12ReS PEoPPIMPBI A RADIcH CHOPen.

he reactants will be heated to a tenperature
Hous-{&g&{}d atinme sufficient to effect the boronation.
[024] The borat ed organorml ybdenum and al cohol

sitions of t elnve on ar useful as | ubricant
l020hdmwglg}{t<§m ?Haeeel&o U RPNiginipg species can

be varERbhP Aol FI-§ tbsab%?‘ﬂfbad a ' ubricating conposition

conprising a major anmount of oil of lubricating
vi scosity and an effective anount of the additive
tion of t i nvention. The lu cant wil| also

i
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compound capable of providing a source of boron for the boronating of the
molybdenum and alcohol compounds may be used. Such boronating agents

include boric acid, tri-methy! ortho-borate and tri-ethyl borate.

[022] The amount of boron to total hydroxyl containing groups can be varied

from about 1:9 to about 9:1.

[023] The boronation reaction typically is carried out in an inert diluent,
preferably a hydrocarbon diluent such as toluene, o-xylene, p-xylene and
ethylbenzene under conditions typically employed in boronating alcohols. Thus,
the reactants will be heated to a temperature and for a time sufficient to effect

the boronation.

[024] The borated organomolybdenum and alcohol compositions of the

invention are useful as lubricant additives.

[025] Indeed, in one embodiment of the invention, there is provided a
lubricating composition comprising a major amount of oil of lubricating
viscosity and an effective amount of the additive composition of the invention.
The lubricant will also include at least one phosphorous containing, antiwear

compound and an ashless antioxidant.



compound and an ashl ess antioxidant.[026] The oils of

| ubricating viscosity enployed in the lubricating
weoermpasists ons of the invention are typically thOBES2007/005600

natural and synthetic oils used in autonotive and

i ndustrial applications (APl base stock category

Goups I I, IIl, 1V, V) and gas to liquid (GIL) base
oil's. In the present invention it is preferred that
the base oil used be a Goup IIl, IV or GIL base oil

and nixtures thereof becaude of the |ow sul fur cont ent

of such base oils. [027] GIL base oils are those oils

derived fromisonerized Fischer-Tropsch waxes. _

Fi scher-Tropsch waxes, the high boili ng poi nt ][]fzsn dues

of Rl scher - sch synt hesi s, are hi paraffinic
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stocks may use an anor
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wax feeds are described in U S. Patent Nos_ 4,594,172
and 4,943,672. Gas-to Liquids (GIL) base oils may be

[027] ad\@’lTL&%%LtﬁlsVaﬂéStﬁQsé Bils BerivBa rAsth 1%%%%@ ﬁfﬂ?sc%%ou X ésch

have useful kinematic viscosities at
waxes; FischemBoopsaioweses, the bigh hoilingapoint rékidSés 6OF Rbhet
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content. The hydroprocessing used for the production of such base stocks may
use an amorphous hydrocracking/hydroisomerization catalyst, such as one of the
specialized lube hydrocracking (LHDC) catalysts or a crystalline
hydrocracking/hydroisomerization catalyst, preferably a zeolitic catalyst. For
example, one useful catalyst is ZSM-48 as described in U.S. Patent No.
5,075,269. Processes using F ischer-Tropsch wax feeds are described in U.S.
Patent Nos. 4,594,172 and 4,943,672. Gas-to Liquids (GTL) base oils may be
advantageously used in the instant invention, and may have useful kinematic
viscosities at 100°C of about 3 ¢St to about 50 cSt, preferably about 3 cSt to
about 30 cSt, more preferably about 3.5 ¢St to about 25 ¢St. These Gas-to-
Liquids (GTL) base oils may have useful pour points of about -20°C or lower,
and under some conditions may have advantageous pour points of about -25°C

or lower, with useful pour points of about -30°C to about ~40°C or lower.

[028] Gas-to-Liquids (GTL) base oils have a beneficial kinematic viscosity
advantage over conventional Group II and Group III base oils, which may be
very advantageously used with the instant invention. Gas-to-Liquids (GTL) base

oils can have significantly higher kinematic viscosities, up to about 20 to 50 ¢St



Li quids (GIL) base oils may have useful pour points of
about -200C or | ower, and under sone conditions may
whawe/1ea3vant ageous pour points of about -25C opCT/O8E07/005600
wi th useful pour points of about -300C to about -400C
or lower. [028] Gas-to-Liquids (GIL) base oils have a
beneficial kinematic viscosity advantage over
conventional Group Il and Goup Il base oils, which
may be very advant ageously uysed with the instant
i nvention. Gas-to-Liquids (‘(?TL) base oils can have
significantly higher kinematic viscosities, up to
aboyt 20 to 50 cStat 1000C, whereas by conparison
at 1HQmevbegas iyoepmparisas sonimercialGraupelliiase mitsi can have
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| ubri cant conpositions. Also, the exceptiona ow
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oils have advantageously low NOACK volatility, and in combination with the

instant invention can provide additional advantages in lubricant compositions.

[029]  Blends of the foregoing oils may also be used. For example, a blend of
PAQ?’s, polyesters, alkylated aromatics and polybutenes may be used as the oil

of lubricating viscosity.

[030] The additive composition of the invention may be incorporated in the
lubricant in an amount sufficient to produce the desired antiwear characteristics.
An amount to provide from about 80 to about 450 ppm boron and about 30 to
about 5400 ppm molybdenum in the lubricating composition will be sufficient
for most applications. A preferred range is to provide from about 50 to 450 ppm
boron and from about 30 to 500 ppm molybdenum in the lubricating

composition.

[031] The phosphorous containing antiwear component of the lubricating

composition of the invention will be selected from those zinc salts used in



i nstant invention can provide additional advantages in
| ubricant conpositions. [029] Bl ends of the foregoing
woRis/103ys al so be used. For exanple, a blend oPCPEBL097/005600
pol yesters, alkylated aromati cs and pol ybut enes nmay be
used as the oil of lubricating viscosity. [030] The
addi tive conposition of the invention may be
incorporated in the lubricant in an anmount sufficient
to produce the desired ant|$6 characteristics. An
amount to provide from about“80 to about 450 ppm boron
and about 30 to about 5400 ppm nol ybdenumin the
Iubrlcatlng conposition wil] be sufficient faqr nost
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conpositions to provide antiwear protection. The zinc
salts preferably are salts of phosphorodithioic acids
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conposition, is |less than about 0.06 wt% and
preferably | ess than

[033]  The lubricating composition of the invention may also include an

effective amount of an ashless antioxidant. Amounts ranging from about 0.1 to
about 8.0 wt%, based on the total weight of the composition, are generally
sufficient although amounts ranging from about 0.2 to about 5.0 wt% are

preferred and amounts from 0.5 to about 3.0 wt% are more preferred.

[034] Typical ashless antioxidants include hindered phenolic antioxidants,
arylamine antioxidants, thioethers, thioesters, thiocarbamates, and
dithiocarbamates to mention a few. Examples of phenol antioxidants are mono-
and bis-phenols, phenol-esters and sulfide coupled phenols. Examples of amine
antioxidants are alkylated diphenylamines, alkylated phenyl-alpha-
naphthylamines, alkalated aryl phenylenedlammes alkylated phenothiazines,
and alkylated dihydroquinolines.

[035]  Optionally, but advantageously, the lubricating composition of the
invention may include an ashless dispersant. One suitable class of dispersants is
alkenylsuccinic derivatives produced from long chain substituted

alkenylsuccinic compounds with polyhydroxy or polyamine compounds. The



0.05 wt% [033] The lubricating conposition of the
invention may al so include an effective anount of an
wa@shassi1ant i oxi dant. Armounts rangi ng from aboptT/0SZ01/@05600
about 8.0 wt % based on the total weight of the
conposition, are generally sufficient although anmounts
ranging fromabout 0.2 to about 5.0 wt% are preferred
and amounts fromO0.5 to about 3.0 wt % are nore
preferred. [034] Typical ashless antioxidants include
hi ndered phenolic antioxi ddhts, aryl anine
anti oxi dants, thioethers, thioesters, thiocarbanates,
and dithi ocarbamates to nmention a few Exanples of
well kpews| PIHY A B ¥ rpressrds avpesific bxampheoda syitable dispersant.
oli-esters _and.sul fii de coupl ed phenols. Exanpl es of
Prefeggrrlﬁﬁé{haen ER 83ﬂ¥"é@%"%ff‘¥&ﬂ- at ed di phenyl ani nes,
al kyl at ed phenyl - al phanapht hyl am nes, al kal ated aryl
phenyl enedi am nes, al kyl ated phenot hi azi nes, and
[036]a kYhadebriaating componitiametthe iB¥BhtiGpmhanalsbyinchude optional
..advant agequsl the.l ubricating. conpgsition of the
additiVe 3heR 8% TP hormelie IGPrROHted in (HURRAEI-EOmpRgitions. Thus,
the lubdichaiabe ' i j | SHHC&
o PR Oh AP PPl Iy AERI S flofe of
deterggianyisresiey mmdifiexsgrpastridkibifark, fridtiomyodidyersy seal swell
|.yani ne ¢ upnds. Thewel |. _known Pl BSA- PAM .
compBRIIalE, REuF RO AbPr s B Rt P aspants ST gL e like.
di spersant. Preferably, the dispersant will be

ExXAN@@agsd. [036] The lubricating conposition of the
invention may al so i nclude opti onal

Additive Preparation

{037]  In the additive preparation examples which follow, the organo-
molybdenum composition used was Molyvan 855™, sold by R. T. Vanderbilt
Company, Norwalk, CT. The composition is believed to comprise the structures
I1I and IV previously illustrated. The alcohol used was Exxal™ 10, an isodecyl

alcohol sold by ExxonMobil Chemical Co, Inc. in Houston, Texas.

Example 1

[038]  Molyvan 855™ (100 g), Exxal 10™ (100 g), boric acid (26 g) and
toluene (100 ml) were charged to a four-necked flask equipped with Dean Stark
trap, condenser, thermometer, stirrer and nitrogen inlet. The contents were
heated to 100°C and held there for 30 minutes. The temperature was slowly
raised to azeotrope temperature and held until there was no more water evolution
(-4 hr.). Water was collected in the Dean Stark trap. The product was hot-filtered
over celite, and the solvent was removed by evaporation, yielding a dark
greenish fluid. Yield: 190.5 g.



addi tives such as those nornally incorporated in
| ubricating conpositions. Thus, the lubricating
weoempasisis on of the invention may include one BPET/IBI087/005600

of detergents, viscosity nodifiers, rust inhibitors,

friction nodifiers, seal swell conpositions,

pour/ poi nt depressants, antifoamants, dyes and the

| i ke. EXAVMPLES Additive Preparation [037] In the

addi tive preparation exanples which follow, the

or ganonol ybdenum conposi t i-d3 -used was Ml yvan 855(tm),

sold by R T. Vanderbilt Conpany, Norwalk, CT. The

conmposition is believed to conprise the structures 111
Exampde BV previously illustrated. The al cohol used was

Exxal 10, an isodecyl alcohol sold by ExxonMobi

: 4 M eg@S, I [93
o 60y (PSR 408y, IERf Cllfne
toluege i(XOQ m)gyemncharged tme foubfeckad fasie eqh@%@ad}vhﬂ DPean Stark

f - ked flask equi pped with Dean Stark trap,
trap, Egﬁé%‘ﬂ%gr &'Wﬁﬁg@f@wﬂrw gpggndniet: Theeantentewere

heatelt® TOUYCSRAS held T8 2HE50 trrﬁnﬁ%%og[h%&ﬁ?qfeg? %%%{ag sggvrvly

30 m nutes. The tenperature was (
raised @ zeeipept temppemturcanainioelt elndil théde whaben¥asSwakr h@%ﬁnion

4 n A TR S ndim ehyaieadives polletcfon she Diesncstarkmp.
Theré‘eiffg%r}j iﬂ}}eg@dg@gg?ﬁfﬁ LBV ‘ﬁ?x%urgﬁ'mgﬁﬁaﬁgn,eyn%ot%reaérhgen product
was hot-filtered over celite, yielding a dark greenish fluid. Yield before
filtration: 207.1 g and yield after filtration: 183.4 g.

Example 3

[040] - Molyvan 855™ (110 g), Exxal 10™ (90 g), boric acid (23.5 g) and
toluene (100 ml) were charged to a four-necked flask equipped with Dean Stark
trap, condenser, thermometer, stirrer and nitrogen inlet. The contents were
heated to 100°C and held there for 30 minutes. The temperature was slowly
raised to azeotrope temperature and held until there was no more water evolution
(-4 hour). A total of 13 ml of water was collected in the Dean Stark trap.
Thereafter, the solvent was removed through distillation, and the crude product
was hot-filtered over celite, yielding a dark greenish fluid. Yield before

filtration: 191.1 g and yield after filtration: 174.3 g.

Lubrication Formulations

[041] Three oils were formulated using the additives of the present invention,
and for comparative purposes, two were formulated without the additives of the
invention. All of the oils contained the same base oil. Comparative oil A did not
contain ZDDP, while comparative oil B and Oils C, D and E of the invention
contained the same amounthof ZDDP. Oils C, D and E contained the additive



greenish fluid. Yield: 190.5 g. Exanple 2 [039] Mol yvan
855(tm (140 g), Exxal 10(tm (90 g), boric acid (23.5
w@ooanas3tdl uene (100 m) were charged to a foupenesioedooseoo
flask equi pped with Dean Stark trap, condenser,
thernoneter, stirrer and nitrogen inlet. The contents
were heated to 1000C and held there for 30 m nutes.
The tenperature was slowy raised to azeotrope
tenperature and held until there was no nore water
evolution (-4 hour.). A tofldF of 14 ni of water was
collected in the Dean Stark trap. Thereafter, the
sol vent was renoved through distillation, and the
compmsittien pf duuirtventéionhot sfowrt ey TdbleverAlelfithe oilsi @indaingd ahe
dark greenish fluid. Yield before filtration: 207.1 ¢
same phpspHaropS.Fpe ParfanEes FRomoall 2Agitive Basages | 040]
Mol yvan 855(tnm) ( 110 g), Exxal 10(tm (90 g), boric
acid (23.5 g) and tol uendabld nm) were charged to a

forr_nacl fl aclk aauinnad. wit Pean—-Stark-trap
—ooT—ITe TG —t—t

condenser ,| CHBPHBHEE & Compargtivg, | Bxampledh bispmpls & Example 6
Forppalatight eft s heat edP1B 1000C Gh& hel d PHR e forOUE

ZDﬁﬁ),W)gte . They t enper at grgg; Was slg_\e{sy rpi sgdiq o 0.45

EQUr ope [tenperatureg and fetdjumT i _there—was nojnore
E)E\a/fé?a&t‘é@ol ut i oré(-4 hour) O A total Gt 13(m df water O
Wit%tas colledted in the{Dean Starkl trap. Thereafter.|the

EXsvhdainivengs rermved through distilletion, ang the 1
wt%l ude product was hot-filtered [over celifte, yieldlng a

Adgﬁlrvlé green §animreI tl%éa ! Yéa?r{ng tr%% q°e Same Same Same
package, wt% (17.37wt%) treat treat treat
Base Qil Bal. Bal. Bal. Bal. Bal.

Inspections

% P 0 0.045 0.045 0.045 0.045
Solubility & C&B C&B C&B C&B C&B
Appearance

[042]  As illustrated in the attached Table 2, very good friction reduction,
antioxidation and antiwear control can be achieved with the borated alcohol-
hydroxyl molybdenum additives (Example 1 and 3) on low phosphorus
passenger vehicle lubricants (PVL). As shown in the High Frequency
Reciprocating Rig (HFRR), both Example 1 and Example 3 can help maintain
excellent frictional properties as evidenced by the low average coefficients of
friction (CoF) measured. Adding 0.5 wt% and 1.0 wi% of borated Example | to
the same base formulation, the resulting oil C and oil D can lower the average
friction by 17 to 22.4% in condition set one and 20.9 to 27.6% in condition set
two (in comparison to oil B). Likewise, adding 1.0 wt% of borated Example 3 to
the same base formulation, oil E can lower the average friction by 41.2% in
condition set one and 38% in condition set two. Comparing to others, the results
are very significant as most other conventional friction modifying agents can

only offer 0 to 15% friction reduction. In test condition two, oil B has only



filtration: 191.1 g and yield after filtration: 174.3
g. Lubrication Fornulations [041] Three oils were
wo eoomubmtied usi ng the additives of the presentPCT/US2007/005600

i nvention, and for conparative purposes, tw were
fornmul ated without the additives of the invention. All
of the oils contained the sane base oil. Conparative
oil A did not contain ZDDP, while conparative oil B

and Gls C, D and E of the invention contained the

same anount of ZDDP. O ls-d4D and E contained the

addi tiveconposition of the invention - shown in Table

1. AUof the oils contained the same phosphorous free
36.5ﬁfaa$@age rﬁlnaviamiecnricmdntadobdtienﬁab@ﬂhg mea$atdngerits. That

strated in the attached, Tabl e
meat ol PHouEN i TBEUETPRS PRSP RIAE B St WaHe asine borated

addlﬁ%’é 5Phis Y LR o@xcéﬁneﬁxggrd%ttﬂ i g&ggﬁ:{tgnafreﬁuexlcy up t% 85%

al cohol hydroxy num a
rangen | ow phosphorus passenger vehi cle lubricants (PVL).

As shown in the Hi gh Fre cy Reciprocating Rig
mérrple 3 can help maintain

(HFRR), both Exanple 1 a _ (
excellent TriclilQRGhpafs-OPColp&a- 3FEM an§9ﬁmes %xample 6
Test OW @ver age coef ft;\;al(ﬁnks ale DNt i opi(CoF) nwapur ed. oj1
Addi g0 5 w9 gmd—1— 0 w9t of —borated—Exanpte—1—tothe
PDS@Ne | laset, PAr null atasgrgo t he 2egsul i ng7i I IC and. o1 1| go.2
can lower the average friction by 17 to 2P.4% 1 n
HFRBndi tiveragset one @nhd420| 9 R1B627.69%9ilh3 condidt@¥n get 0.08
t wo_( Fniciompari $on _to oi B). LiKewise, adding 1.0 wt%
SKg60 borateeageanpl e93990 77.92 84.4 88.12 87.89
Hz/.5mm | Film
100°C Scar X/Y 0.33/0.73 | 0.23/0.7 0.2/0.7 0.23/0.7 0.23/0.7
(mm)
Set one Calc. scar area 0.192 0.128 0.11 0.128 0.128
HFRR
.7Kg/60 | Average 0.145 0.134 0.106 0.097 0.083
Hz/.5mm | Friction
60 mm/ | % Avg Film 22.06 36.49 85.46 83.12 85.97
75°C
Scar X/Y 0.28/0.73 0.267/ 0.30/0.7 0.30/0.7
(mm) 0.7
Set Two | Calc. scar 0.163 0.147 0.165 0.165
area
ASTM
D874 wit% sulfate 0.3 0.46 0.5 0.51 0.52
oil
D6443 wit% <.002 0.0459 0.0468 0.046 0.0469
phosphorous
D6443 wt% zinc <.002 0.0499 0.0504 0.0495 0.0506
D6443 wt% calcium 0.0895 0.0888 0.0884 0.0868 0.087
D6443 wi% sulfur 0.0396 0.1339 0.1302 0.1332 0.1307

[043] The wear results recorded in Table 2 indicate that oils C, D and E have
either equivalent or smaller (10 to 14% reduction) calculated wear scar areas;

therefore, the antiwear protection is sufficient with the new additives.




the sane base fornulation, oil E can | ower the average
friction by 41.2% in condition set one and 38%in
wa@oeonditbizeh set two. Conparing to others, the rBST/UBR07/005600
are very significant as nost other conventiona
friction nodi fying agents can only offer O to 15%
friction reduction. In test condition two, oil B has
onl y36. 5% average filmvia electric contact potentia
(ECP) nmeasurenents. That neans not enough film
formation is present durindSthe test, while adding
borated additives of this invention can inprove the
filmformation frequency up to 85%range. Table 2
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degrees higher than the result of oil B and 22.4
degrees higher than the result of oil A translating
WO ndog/1ed30tit 118% better in oxidation control . CQ&l/NR001L005600
A conposition conprising phosphorous and sul fur free,
hydr oxyl cont ai ni ng bor at ed or ganonol ybdenum conpound
or conpounds and at | east one borated al cohol having
fromabout 3 to about 35 carbon atons. 2. The
conposition of claim1l wherein the borated
or ganonol ybdenum conpounds 1&r-e sel ected from conpounds
represented by the Fornulae I and Il or m xtures
thereof I i p( (HOW(OR)ZB-O U(B (OR)z (K)w )u
CLAWMES:ein Ris a C3 to CO linear or branched aliphatic
group; the Rs are the sane or different C3 to 40
l'inear or branched aliphatic group, R-(CO-O C3H5
g rbu p% compRsticgy compPRsMgpbojpharhys enk suffuadree, hydroxyl-

' i ned: s are linear,C2 to C4 agliphatic
contdifié 86344 BEAIRIly Pufufindh S ind, o2 rarmpounas ohd at igast
one bdrated alcohal Favdig #ishn wbost 8 t8fabbut 35 c-ﬁlﬁﬁor?gfsgﬂéi tion

of claim2 wherein the borated al cohols are derived

from nono, di and pol yal cohols and functi onal

deyi i reof. 4.. The conpositjon of claim3

wier e 4o AR08 4ctaind e FORE Bis boturt pradseinbdeaum
compounidb aré sagetcd fraROedmp8udds fepreddhte® b?]-omtg g@g%@a% Phe8 1

0f claim4 wherein the range of boron
or mixtures thereof

R——C-—0~——(CHy);;—CH——CH,

% |

Mo
((HO), (OR'),B—0 { (O—B (C)R')Z(‘OH)W Yu

R—C——N
/

II

AN

R" R"
|
o_ 0

N

Mo
( (HO)y (OR),B—0}), (OB (OR),(OH),),

wherein R is a C; to Cyp linear or branched aliphatic group; the R’s are the same
or different C; to Cyp linear or branched aliphatic group, R-(CO)-O-C;H; groups
or R-(CO)-N-(R"), groups where R is as previously defined; R’s are linear C, to

C, aliphatic groups or polyalkoxylated groups; w and zare 0, 1 or 2 and w + z =

2;anduisOorl.

3. The composition of claim 2 wherein the borated alcohols are derived

from mono, di and polyalcohols and functional derivatives thereof.



hydroxyl and groups is in the range of about 1:9 to
about 9:1. 6. A lubricant additive conposition
w@e@pansds by boronating a sul fur and phosphor oPST/UEEE7/005600
or ganonol ybdenum conpl ex or conpl exes in the presence
of an al cohol or mxture of al cohols having from about
3 to about 35 carbon atonms wherein the weight ratio of
al cohol to nol ybdenum conpl ex or conplexes is in the
range of about 19:1 to about 1:19. 7. The conposition
of claim®6 wherein the orgdfionol ybdenum conpl ex or
conpl exes are prepared by sequentially reacting a
fatty oil, a dialkanol am ne or di (pol yal koxyl at ed)

ard.n eTlamdompnseitybﬂeﬂtﬂMrﬁ@J%%rexﬁ the R&tiS QTRASIHJI %‘ of
m 7 wherein the boronating is conducted wth
molywﬂpm EPMPRYRE Hain the wgastof B§: 1 e 1ckhposi ti on
will have a ratio of boron to total hydroxyl groups in
the range of about 1:9 to about 9:1. 9. The

c OTpoRtid E@mpokititned Me1Bindien Bkfeih iRe fré’ﬁéé’o?bbrdﬁaﬁy kA

about 12 to about 40 carbon atons and Wwherel
hydroxyl anderqups 1sfn theeraigsl dfatwiut dn? te ahawedflom 2 to 4

carbon atons. 10. The conposition of claim9 wherein

t he organonol ybdenum conpound i s Ml yvan 855(tm). 11.

A 6.UBr lubaitnt adgie et doRRp SR ipsépLERd R &Bro?lﬁﬁﬂgta &ﬁgﬂ%a

ubri cati nq vi scosity; an effeCtive anp
¥

oj | of
phosef&wﬁ&i FEONEAHRBT bﬁ@%m@caw comaplexes in the presence of

an alcohol or mixture of alcohols having from about 3 to about 35 carbon atoms
wherein the weight ratio of alcohol to molybdenum complex or complexes is in

the range of about 19:1 to about 1:19.

7. The composition of claim 6 wherein the organomolybdenum complex
or complexes are prepared by sequentially reacting a fatty oil, a dialkanol amine

or di(polyalkoxylated) amine and a molybdenum source.

8. The composition of claim 7 wherein the boronating is conducted with
sufficient boronating agent whereby the composition will have a ratio of boron

to total hydroxyl groups in the range of about 1:9 to about 9:1.
9. The composition of claim 8 wherein the fatty oil has from about 12 to
about 40 carbon atoms and wherein the alkyl groups of the dialkanol amine have

from 2 to 4 carbon atoms.

10. The composition of claim 9 wherein the organomolybdenum

compound is Molyvan 855™,

11. A lubricant composition comprising



sul fur free, hydroxyl-containing borated
or ganonol ybdenum conpound or conpounds and at | east
wor@7hoszat ed al cohol having from about 3 to abpor/uSH07/005600
carbon atons; at |east one oil sol uble,
phosphor ous-cont ai ni ng antiwear conpound in an anount
such that the weight percent of total phosphorous in
the total lubricating conposition is |ess than about
0.06 W% and an effective anmount of an ashl ess
antioxidant. 12. The conpoBition of claim 11 wherein
t he borated organonol ybdenum conpounds are sel ected
from conmpounds represented by the Fornmulae | and Il or
m xtafregol heoant ofhard! of Ribricasing3vikcostdQ | i near or
branched al i phati c group; the Rs are the sane or
differeﬁl to CA0 |jinear or, .branched .ali hat*1 d
gr o HReTEe ML @f 2 BTReSiion ROfERyIRE AROFBheryt 70
sulfux‘éﬁ@é rb§ ﬁ%oﬁfa?%h%‘%rﬁtééﬁ(f)ﬁ%%ﬁ@lm Bdéhthi Ao &0
c groups “or pol yal'koxyl ated groups;” w and z
comp@uad@and ao teadt and borated atcéholdmying fiond aboul3 td 3boThS5
conposition of claim12 wherein the borated al cohols
carbogaloms} ect ed from nono, di and pol yal cohol s and
functional derivatives thereof. 14. The conposition of
cl ai £ 123stWiRY 6il Bolutle! fiidsphefodd- s&hahmh aiivydaderBound in
compound is in the range of about 19: to 1:19. 15.
an amihmt soab dsatithe weight paraent of pial phﬂsnhwouangﬁl%votaio ron

lubriéa?inlyggﬁégsi%on is less than about 0.06 wt%,; and

an effective amount of an ashless antioxidant.

12. The composition of claim 11 wherein the borated
organomolybdenum compounds are selected from compounds represented by the

Formulae I and IT or mixtures thereof

R—‘-CIL——O-—-(CHZ) CH————C}HZ

o\Mo/o I

' 7
( (HO),, (OR",B—O (O—B (OR"),(OH),, )y,

AEERAN
R" R"

I

(®]

o
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N
( (HO)y (OR),B—O, (OB (OR),(OH),),

wherein R is a C; to Cyp linear or branched aliphatic group; the R’s are the same
or different C3 to Cqq linear or branched aliphatic groups, R-(CO)-O-C3Hs
groups or R—(CO)—N-(R”)Z groups where R is as previously defined; R’s are



and Mo groups is in the range of about 1:9 to about

9:1. 16. The conposition of claim 15 wherein the
W@b@spbEsidus- cont ai ni ng anti wear conpound is ZBDRUSH#7/005600

The conposition of claim16 wherein the ashl ess

antioxidant is a mxture of hindered phenols and

aryl am nes.

-19-

linear C, to C, aliphatic groups or polyalkoxylated groups; w and z are 0, 1 or 2

andw+z=2;anduisOor 1.

13. The composition of claim 12 wherein the borated alcohols are

selected from mono, di and polyalcohols and functional derivatives thereof.

14. The composition of claim 13 wherein the ratio of alcohol to

molybdenum compound is in the range of about 19:1 to 1:19.

15. The composition of claim 14 wherein the range of boron to hydroxyl

and Mo groups is in the range of about 1:9 to about 9:1.

16. The composition of claim 15 wherein the phosphorous-containing

antiwear compound is ZDDP.

17. The composition of claim 16 wherein the ashless antjoxidant is a

mixture of hindered phenols and arylamines.



