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FI ELD OF THE | NVENTI ON [ 0011The present invention is directed to sul fur and
phosphor owe 2b¢7®33180r at ed or ganonol ybdenum conposi ti ons pciuseoopanisoecul arl y,
the present invention is directed toward hydroxyl -containing borated

or ganonol ybdenum conposi tions that are sul fur and phosphorous free and that
contain borated al cohols. The invention also relates to |ubricants

contai ning the conpositions of the invention. BACKGROUND OF THE | NVENTI ON
10021 Contenporary lubricants such as engine oils use a wide variety of

addi tives for enhancing the performante of the lubricants over a w de range
of operating conditions. For exanple, additives are used to inprove the
antiwear performance of lubricants, to reduce friction characteristics, to
i ncrease oxi dati o PRGANOMOIBDENUNKBOROBBADRITIVESal |y, the
principal antiwear additive for engine oils has been zinc

di al kyl di t hi ophosphate (ZDDP); and in order for a |ubricating conposition
to nmeet industry standard tests and many origi nal equi prent manufacturer's
speci f i

i fi t IR t he amount of ZDDP used in the oil is at a
concenﬁﬁuﬁgﬁ N Nphosphor ous content in the oil of 0.08 w % or

hi gher . probl em ari.sing.fromthe use of current |evels of ZDDP is the
reduct i[gﬁ]ﬁf ﬁﬁ@pé’ﬁ‘f“&i”éﬁ 105t 15 dhigectgd 40 pulfus and ehospherewsésser sal | y

enpl oy edr et b rEdsGhbRHRA ' S e there is a new
focus c_)nrr eplucr_lgng th([a%l evgﬂeg‘?‘\f’g’ﬁiégdﬁﬁo%@? far{ﬁﬁﬁga?ﬂggﬁf%esgp s, especially
engi neimyérdion is direct¢d Oyardehiydrionylcbatdigiel barhtelDBiFandniolyBREHEAL | NY
conposi tion, .howe er,aﬁ{%e Irftqswi'n a significant reduction in the antiwear

[

per f or (TRHRSsHfons faat 140 Bhosrhvrens freempd thabeentein berlied ng the | evel
of ZDDRidsahodd) i LGal 9 S. level..can result in
as nmuch as dgggléﬁ\%ﬂrﬁv f gflgmgggc}fléégsﬁgk ?ﬁ lg(l%:@@aé}r% |éav{§%?§%gr%§ FRERREIEens ﬂé '

| ubri cthe iyentioposi ti on. SUMMARY OF THE I NVENTION [5] Very sinply, this
invention is based on the discovery that certain berated organonol ybdenum
onbi ned with borated al cohols can be fornulated with
NEROMUNILO) EUNVENTION phosphorous contai ni ng anti wear
conmpounds to provide inproved |ubricating conmpositions. [6] Accordingly,
in one[®2] t sCaspeupaerary hitricantesuclons ensivici IBSuSY 4 wi@k H/Blfi@gr apdroxyl

cont ai ni ﬁ?ﬂ suléj ur and . phosphorous free, berated organonol ybdenum
conposPIFISYES fBheahan perfarmpeehef the lubrisaatseonsydi wids rangeeotbor at ed

or ganogpépl D§H | e ; f oun represent ed by
Fof mul SECHPRELURFATRO ok RAMPE aRBLOEH 2 SRR eaBBhRET ( ote
(OR ) zBeGoymap @R L [ubijoants, REkeduce friction cHurficteristics, to increase

oxidation stability and the like.

D

[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.



M (HOw (OR )zB-0 jeu(0O B (OR) (OH) ) zwu Il - 3 - RO-13(OH)(OR")ylII
wherein Ris a C3 YO C40 linear or branched aliphatic groups and preferable
Cl2 to CAognomps3isthe R s are the same or different C3ptw/uSd@7lobsse@r or
branched al i phatic groups, R-(C0)-0-C3H5 groups, or R (CO)-N(R')2 groups
where Ris as previously defined; 12.-s are linear aliphatic groups of 2 to
4 carbons or polyal koxyl ated groups and preferably pol yet hoxyl ated or

pol ypr opoxyl ated groups, wand z are O, | or 2 and w+ z = 2; and uis 0 or
| . 1007] Preferably, the borated al cohols are derived fromnono, di and
poly al cohols having 3 to about 35 calbon atons and functional derivatives
thereof [8] Another enbodi nent of the invention conprises borated

or ganonol ybdenum conposi tions prepared by sequentially reacting a fatty

oi |, di#0ddnolReducingdhe levgl of AyRPioxa lihiréstingnéompesition, howvgbdenum sour ce

to provide, nmol ybdenum contai ni n npl exes and.t her eaf rating the
Conpl edsSul i AarERiEane e ton In B ofVear e F oGt s tho BsEac « ne

i nvent | @mpb&itioR. For RkaMipIe Fedutinlrtheati ' et lsing: a
maj or armugt of an oil oqu?’ubri cg?itﬁgq%/iilgggiﬂt)gpw%eﬂaégpgf%?gﬁ% ve anount
of at |@Ricalehd vii%h phespitras lgvel sanacesuls innd reuth as afseeen-fold decrease

hydr oxy.l -tﬁont i ni ngbb r at ed ogfqﬁngngl.¥ denum conBound with at | east one
bor at ed & SHGWYear periorijancg oLt JROTE 4G, COTPES Yiibs phor ous cont ai ni ng
antiwear conmpound in an anpbunt such that the weight percent of total

phosphogotsm ARBNSIE PR BN RSTION €ss than about 0.06 wt % based on the
total werght of the conposition, and WD 2007/103315PCT/ US2007/ 005600 - 4 -

ff j t. of .ashl i_oxi, d . 2.[10] T id oth
acpect SOl neVRHURBSRRF TV GRS Cabfa PR e dits et SRR descri pti on
whi ch fistbraeub ordanbidipbd rihRoRTp sdhddFwhkh cothBihed With bbﬂal&cé AfcdhRed above,

the invention is based on the discovery that certain borate

or ganorfsn/bel sermp leteth vl asbiess aatioxidanty anddowalewdlsa fgdtsphorous cohol s can
be effectivel.y conbined with l.oyer |evel.s of hor.ous cont ai ni ng

ant i \/\/eacfonott?ﬁﬁllI%{$ \?’ng“ﬁegf &P H’Pngd@\rﬁ% PB?/‘é‘&ledﬁbprggﬁﬁqg@@‘%ﬂ%&?‘ﬂﬁﬂf‘é‘%' provi de
i nproved | ubricant conpositions. [12] Thus, one enbodi nent of the

i nvention conprises oil soluble, hydroxyl-containing, sulfur- and
phosphd0963 f rAecerdinglydinermabite lagberisithis byysosion) comsprisastail soluhle bor at ed

al cohol, or alcohols.. 10131l n referred enbaqdi t of the inyention, the

ber at J%‘f’&éxgﬁ%ﬁ‘&?‘ﬂa‘@ﬁéﬂf?‘%‘%; ﬁB@éﬁﬂSBﬁgf O:ﬂseg ?%%oégﬁt%réaﬁ?/mp&%”é’énl and |1

and m xddthpssitidas @Bhtaining 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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0 RCGO-(CH2)1T-OHHC H2 Il NM \ ( (HOwW (OR)zB-0 C( 0-B (OR)z(OHw )u
RC NRR Il O\ /0 (1-10)w (OR )MoN. zB-0 )u(0 B (OR)z(OHw )u WO
2007/ 103346R@F/1084607/ 005600 - 5 - wherein R is a C3 toprCiskemeescoor
branched al i phatic groups and preferable 2 to C40 groups; the Rs are the
sanme or different C3 to C40 linear or branched aliphatic groups,
R-(C0)-0-C3H5 groups, or R-(00)-N-(1 C2 groups where Ris as previously
defined; R s are linear aliphatic groups of 2 to 4 carbons or

pol yal koxyl ated groups and preferably pol yet hoxyl ated or pol ypropoxyl at ed
groups, wand z are 0, 1 or 2 and w42 =2 and uis o or 1. [ 14] The
hydr oxyl - cont ai ni ng borat ed organonol ybdenum conpounds may be prepared by
berati ng organonol ybdenum conpounds havi ng at | east one reactive M=0 group
in the nol ecul e i nNRI4@-B{OIROCR"YE an al cohol or i xturdllof al cohols having
fromabout 3 to about 35 carbon atons. [15] Anong organonol ybdenum
conpounds having at |east one reactive M)=0 group, those

nol ybdavherein Rrisgdps tokualingarperduaprlscalipbatie groppssangd pieferablg Cretct i ng a

fatty oil, dial kangl am n u un densati on
reacti gjr‘lo gé%@ﬁ’ﬁ@%%%g&ﬁ%aﬁ%gﬂet &4%§§¢? %mhi?‘&l\&%%p?grn%ghﬁlﬁgrggt ed herein by
ref er enfighafé @rédpd, 'R—gb@)'—@-@gl% SRS, oSBCCayla@e ugionpt agas Kt ai ni ng
conpl exes are believed tqg, conprise conponents |1l and IVII NR'R" 0 0 s.
Mb as previously defined; R s are linear aliphatic groups of 2 to 4 carbons or
polyalkoxylated groups and preferably polyethoxylated or polypropoxylated

groups, wand zare 0, lor2andw+z=2;anduis 0 or 1.

[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



8% o0 o RC7 -0(CH2)n CHCH2 O /OoigMo - 6 - where Ris a C3 to 40

| i near or branched aliphatic group and preferably Cl2 to Co; the R's are C2
to C4 |i nmanoaiophiati c groups or pol yal koxyl at ed gr oupspcand2e7iosseho t o 12.

[ 16] Anong pol yal koxyl at ed groups used in preparing the nol ybdenum

conpl exes pol yet hoxyl ated and pol ypropoxyl ated groups are preferred. [17]
Suitable fatty oils used in preparing the nol ybdenum conpl exes i ncl ude
partially esteritied polyhydric al cohols. Exanples of such oils include

t hose prepared from polyols having 3 tp about 20 carbons such as
trinethyl ol propane, erythritol, pentaerythritol, dipentaerythritol and the
| i ke with nonocarboxylic acids having from about 3 to about 40 carbon atons
and with stoichignmetric anounts to result in the formation of esters having
2 or nmore pe SGHxs FRepng phapashless gntigkidentt ed, the or ganonol ybdenum
conpound is conveniently borated in the presence of an al cohol or mxture
of al cohols having fromabout 3 to about 35 carbon atons and functi onal

deri vat i{0#8] t h@hesd and lothal aspbotssofithy ikeerldrPRall ibecOm e HRE iR We di OF
poly al cohq]s. . Exanples of aliphatic nono al cohols include butyl, anyl,
hexyl , ﬂ§86k?¢k?°ﬁ8 on Whighyfollopys. decyl and i sodecyl al cohol . Exanpl es of

di ol s i nclude conpounds such as propane diol, neopentyl glycol and the

i ke, anrg i i | VE as 3-carboxy-1, 2 propane

di ol , afd &r DoXy =D S hyaroxXy—ar Kytr-ehcarHe . Exanpl es of suitable
aronatii ficohols ar& Bhenol,,alky[ated phenol, catechols, and the Iike.
Exanpl ed0bH REPYecthe inveRtiapisihased omiberdiscavedy ghaypzentsdn ol |

2- met hy .2+ - - i.0l d. pentaeryl.thritol. - 7 -

[ 19] Pr%?%??gﬁgéicoEob@*%ﬁéPﬁﬁ@5§B§?ﬁ€?5§Wﬁ§Qaﬁ%?,°8¥¥9@§F86§6¥ and t he
Exxal r malobolotan Be efféctivelyacsmbihegiolithlewex 1endb bif bnehsareal Conpany,

Houst on, TX, . éZO . The weight ratio of the al cohols to nolybdenum

cont ai nFARALNEE AIveaT additues heretolors empleyeband ashlgsvantidxidants th21] | n

t he pragtd [ i.on. . any boron containing conpound
capableﬁg?ﬂg?%&P&?ﬁapgﬂég%%%ggﬁﬁﬁ%gggﬁ'for t he boronating of the nol ybdenum
and al cohol conpounds nmay be used. Such boronating agents include boric

aci d, th13§Eth ortho-borate and tri-ethyl borate. [22] The anount of
boron t 1%t al erﬁs@wmbaﬁtramﬁquthgmmlccraﬁomma? pddsofwtdm about 1:9 to

about 9;j - hor. i reaction typicgally Jjs carri ut in an
i nert dP%ﬁ%% ,Q%Pg gf F§H§£h§ rgggﬂﬁ%ﬁoﬂ§ﬁ%@ﬁ¥”§%@ﬁ”§§n?ﬁ¥’ num yy| ene,
p- xy| eneompdsitiong doaesialife & bdeited ANHHOl @R aldotyIsal | y enpl oyed in boronating

al cohols. Thus, the reactants will be heated to a tenperature and for a
time sufficient to effect the boronation. [24] The borated

or gano de si-td ons of. the inventjon are useful as

| ubri ca t%idd%rgv@[s&e&@%%&dﬁ{e%? Oif&h%’r{geé’}ffmdﬁ??eﬂ?m&?‘l the invention,
there i srganowmialgbdendr lHdrﬂ;@ééiﬁQnS?sz?}ésieﬂfbcpﬁ‘ﬁ%}rﬁﬁﬂg JENL %anmunt of
oil of lybricating viscosity and an effective anount of the additive
conposi??%#F%ﬁt KOl nvention. The lubricant will also include at |east one
phosphorous contaiging, antiwear conpound and an ashl ess antioxidant. WO

2007/ 103315PCT/ US2p07/ 005600 -
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[ 026] The oils of lubricating viscosity enployed in the |ubricating
conpositions of the invention are typically those natural and synthetic
oi | s usedworro@uitogstet i ve and i ndustrial applications (APPChasesinemko
category Groups I, H H, IV, V) and gas to liquid (GIL) base oils. In the
present invention it is preferred that the base oil used be a Goup IIl, IV
or GIL base oil and m xtures thereof because of the |ow sul fur content of
such base oils. [027) GIL base oils are those oils derived fromisonerized
Fi scher-Tropsch waxes. Fischer-Tropsch waxes, the high boiling point

resi dues of FischerTropsch synthesis,;5are highly paraffinic hydrocarbons
with very low sul fur content. The hydroprocessing used for the production
of such base stocks may use an anor phous hydrocracki ng/ hydroi soneri zati on
cat al ysthergtR i82 Onto Of;, liheaspebianicheé dliphbtic Ryoumcamt prefgrabll¢il;) to

catal ysts or a crystalline hydrocracki ng/ hydroi spneri zati on cat al yst,

pr ef er &bloygraupsdhe & ¢ ageathe spagme pp diffg F@,mcﬁgﬁ lincar or dgap t is ZSM 48

as descpi [ nl Ny NOx . CRS ' ' ks Tropsch
e { odpTafe dolbe R TEHNO s Bxd, SRR (CPERAAT, BMR el " et
Li qui dsis(gedidousBséeDndd; Ridyarbdiredy aliphgtio gsdypust to B dapbonnet ant

i nvention, and may_ have useful kinematic viscosities at 100C of about 3 cSt
to abowmolsalkegylated sreunsmang prsderably palyathoxygtrd aupelyproprdalsdef er abl y
about 3, t ot try 2 t.. These _G3s; igui (GTL) base oils may have
usefulgggﬁﬁép Pnggp%%(%B€3f§ﬁygdgd$Efﬁgk?éggdgHU%Z%r sone conditions may
have advant ageous pour points of about -25C or |ower, with useful pour

poi nts of about -30C to about -40C or |ower. [028] Gas-to-Liquids (GTL) base
oi | s hd@d4h bdhsfhxdraxykraeisring Rorgteskergangmal bdepirg FOmRpIHAS DAY nal

G oup H and 0 I | [ y used with
the | nvaperrroLRy Pake S SrlcnoliByERy EHamBol iy AAKE I ARF LR

si gni f ireasdive Mu=ghgradsi fiefiet moladiie 05 thid peesenge bbamblosho?@r noixbireaddt WO
2007/ 103315PCT/ US2007/ 005600 - 9 - at 100C, whereas by conparison

comer cilephals baping Haseabewts3 éaabauldS RAFRMMAPMSy| scosities up to about 15
cSt at 100C, and commercial Goup Ill base oils can have kinenmatic
viscosities up to about 10 cSt at 100C. The hi gher kinematic viscosity
range op16§s- tOmbhglordandiblybdmaen eohthoundspavats soleasteomprenctivei t ed

ki nematic viscosity range of Goup Il and Gqup Ill base_oils, in

conbi ndViosi® gioup, thnseimelydennay/aHigsn-cantaifing camplewes fumad Benef i ci al

advant ages in for (] i it i onal
ow sur Tanehiat kPR L kBl SRR E N mdfy Slemb SofikaaRy On%L ¥
the | owhsWohdensiteritactibn Sesiibed i US Pateat 43896647, anllichrisal kyl aromatics

base oils and in conmbination with the jnstant inventjion, can provide
addi t i omgprRaretedihegein by refgrenceante pamsslarly preferigdr duckry | ow overal |

sul fur cont.ent can. beneficiall.y i i f ggﬁn . I'n anot her
aspect ,meg’ébf{é PE?H‘utl O@ée%(‘éﬁxl‘_'%rgégé:%éx%yag% ‘%%v{ééﬁp géé%u f/ ow NOACK
volatiI&&ﬁpoﬂaﬂsﬁng@mmnrnation with the instant invention can provide
addi ti onal advantages in |ubricant conpositions. [29] Blends of the
foregoing oils may al so be used. Ebr exanple, a blend of PAOs, polyesters,
allcylated aromatics and pol ybgteites—-gay be used as the oil of lubricating
viscosity. [30] The additive conpogitihgn of the invention may be
incorporated in the lubricant in ary anount sufficient pggproduce t he

desired antiwear characteristics. angunt to provide om about 80 to
about 450 ppm boron and about 30 to jRdut 5400 ppm nol ybdenumin the
| ubricating conposition will be suf§4chbgnt for nost applications. A

preferred range is to provide fromabout 50 to 450 ppm boron and from about
30 to 500 ppm nmol ybdenumin the Lubricating conposition. [31] The
phosphor ous contai ni ng @nti wear conponent of the |ubricating conposition of
the invention wll __§§ng%ﬁg)ﬂLgﬂaﬁhosQ}ginc salts used in WO

2007/ 103315PCT/ US2007/ 005600 - 20 -l | ubrfi éati ng conmposip{j ons to provide
antiwear protection. The zinc saltgprefgyably are salts of
phosphor odi t hi oi ¢ aci ds or dithiocarbanc acid. Anong the preferred
conpounds are zinc dialkyldithiophogpﬁﬁ&gs (ZDDP' s) especially C3 to C6
secondary al cohol derived ZDDP's. ¢032] dhe phosphorous cont ai ni ng
antiwear conpound will be used in an anmpbunt such that the weight percent of
phosphor ous present, based on the total weight of the conposition, is |less
than about 0.06 wt% and preferably less than 0.05 wt% [0331 The

| ubricating conposition of the invention may al so i nclude an effective
anount of an ashless antioxidant. Anmounts ranging fromabout 0.1 to about
8.0 wt % based on the total weight of the conposition, are generally

o r r e ~ O~ a2 o -



WO 2007/ 103315PCT/ US2007/ 005600 wel | known Pl BSA- PAM represents a specific
exanpl e of a suitable dispersant. Preferably, the dispersant will be

bor at ed. wp26}7/i0Ba@s!| ubri cati ng conpositi on of the i nventconsowy/ 0es68@

i ncl ude optional additives such as those nornmally incorporated in

| ubricating conpositions. Thus, the lubricating conposition of the

i nvention may include one or nore of detergents, viscosity nodifiers, rust
inhibitors, friction nodifiers, seal swell conpositions, pour/point
depressants, antifoamants, dyes and the |ike. EXAVPLES Additive Preparation
[37] In the additive preparation exa®pl es which follow, the

or ganonol ybdenum conposi ti on used was Ml yvan 855TM sold by R T.
Vander bi |t Conpany, Norwal k, CT. The conposition is believed to conprise
the structures Il and IV previously illustrated. The al cohol used was
Exxai rm 10, an isodecyl al cohol sold by ExxonMobil Chem cal Co, Inc. in
Houst owheleRais.a €x e, plikead G38chnivhey \wdiph8Hid Brbyp 8fd prefelaiial CLGHEM (100 g),
boric acid (26 g) and toluene (100 M) were charged to a four-necked flask
equi ppeab; ihe IR Bean Gartarks linedy, aliiadionraupstas pyylated grquns: and i t r ogen
inlet..Thﬁ)?ggtents were heated to 100C and held there for 30 mnutes. The
tenpergth e s slowy raised to azeotrope tenperature and held until there
was no nore water evolution (-4 hr.). Water was collected in the Dean Stark
trap. The product was hot-filtered over celite, and the solvent was renoved
by evaporation, yielding a dark greenish fluid. Yield: 19255 g. WO

2007/ 1193$15 PG?WUS@)B?W@E@B@@@E@UE& aned én prepasige ths pokipdsssmy, (140 g),

to s 1Pl pLERVle ahd pelbrbeRly B bR, fllRd, o7 © e oot

thernoneter, stirrer and nitrogen inlet. The contents were heated to 100C

and held there for 30 mnutes. .The tenperature V\@? slowy raised to

azeot r YH 1t enpettahlgiatty oulspised inmrepanng the malyhdempn complexesvol ution (-4
hour . ). : : ' : trap.

Ther eaﬂcé?é@%%glaglgll %siﬁéﬁiaggowrﬁé%\@{%ﬁ?}g#gﬁﬁﬁﬁgp }eltgléaf{}i% gﬁ?ﬁ%ﬂ@%ﬁ%&é crude

pr oducthosepropiretli fromwr mslyolschiaviag i3t ®, atyoe |20 cegbansisuidh gy eeni sh fluid. Yield
before filtratjon: 207.1 g .and yield after filtratjqn: 183.4 g. Exanple 3
[40] MBIp¢Hhylgipsepang, erythgito ,wéﬁemﬁﬁi(%e@??% 1jQl a&éﬂhe(lg@. Wit angd

t ol uen z AR t.4.h Dean
Stark @rogéggﬁgﬁ]%'éﬁéﬁdg?ﬁ%@%&ﬁé&e&égﬁ trd:gl(r;&g%cg %\%}?Egglen I %%gtm‘%lhe

cont enst®ictEomdidaatbums idSGSulinch thel fdrinhaoa dfestedd havimgt 2or nidre t enper at ure
was sIo$%¥ raised to azeotrope tenperature and held until there was no nore
wat er Befantiydroxyl #19uPs- A total of 13 m of water was collected in the
Dean Stark trap. Thereafter, the solvent was renoved through distillation,
and the crude product was hot-filtered over celite, yielding a dark

gr eeni po1 8]l ui ds s¥ited dhbeirgasorhblibdenugm codfpbuhdds avaveniehtdydfdrated in
filtration: 174.3g. Lubricatiaon Fornul atiaon .[4]1] Three oils were

f or mul HieeRregenssget arale Pwyxmretqféﬂﬁ?l&léﬁ@vrr{a/é‘]ﬁm ahouthip peut

conpar aki 1 t i$pues of the
nvent s oAt SRR I LR ULE dEAVEHLE, BtrtE T ot A B e o1 A
di d noalipleati@bnavtihitic murog di ompalyahloohods. [Exanaplds Of bEpRati®monb E of t he

i 11 B0 BOUHEIRNS bRt beBh Hetbaon LI bGHISE (IBhGRSERe
phospharaneFERpRe druidRih e o Ginds ookl i o ah U nb AR 9
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.



Formul ati on Conparative Ol A Conparative G| B Exanple 4 G| C Exanple 5

al

D Exanple 6 G| E ZDDP, wt% 0 0.45 0.45 0.45 0.45 EX 1 additive,

0 0.5 1 OWO 2007/103315 PCT/US2007/005600

-7 -

[019] Preferred alcohols include 2-ethyl-1-hexanol, octylalcohol and the
Exxal™ alcohols 9, 10, 12 and 13 sold be ExxonMobil Chemical Company,
Houston, TX.

[020] The weight ratio of the alcohols to molybdenum containing species can

be varied from about 19:1 to about 1:19,

[021] In the practice of the present invenfion, any boron containing
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.

wt % 0



EX 3 additive, wt%0 0 0 O 1 Additive package, w % Same treat 0 7.37wtom
Sane treat Sane treat Sanme treat Sane treat Base Ol Bal. Bal. Bal. Bal.

Bal . | nspeot20@m®3315 PCT/US2007/005600

[026]  The oils of lubricating viscosity employed in the lubricating
compositions of the invention are typically those natural and synthetic oils used
in automotive and industrial applications (API base stock category Groups I, II,
IIL, IV, V) and gas to liquid (GTL) base oils. In the present invention it is
preferred that the base oil used be a Group III, IV or GTL base oil and mixtures

thereof because of the low sulfur content of such base oils.

[027]  GTL base oils are those oils derived from isomerized Fischer-Tropsch
waxes. Fischer-Tropsch waxes, the high boiling point residues of Fischer-
Tropsch synthesis, are highly paraffinic hydrocarbons with very low sulfur
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



%P 0 0.045 0.045 0.045 0.045 Solubility & Appearance C&B C&B C&B C&B C&B
[0421As illustrated in the attached Table 2, very good friction reduction,
ant i oxi davoano7angsiant i wear control can be achi eved w t hpcirasbarabzdo

al cohol - hydroxyl nol ybdenum addi tives (Exanple 1 and 3) on | ow phosphorus
passenger vehicle lubricants (PVL). As shown in the H gh Frequency _
Reci procating R g (HERR), both Exanple 1 and Exanple 3 can help maintain
excellent frictional properties as evidenced by the | ow average
coefficients of friction (CoF) neasured. Adding 0.5 wt%and 1.0 wt % of _
borated Exanple 1 to the sanme base forfol ation, the resulting oil C and oil
D can |ower the average friction by 17 to 22.4%in condition set one and
20.9 to 27.6%in condition set_two (in cqr‘rPari son to oil B). Likew se,
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friction reduction. In test condition two, oil B has on 5%
aver age Kinemaiir yisqosityriange eftGat-tpbiquitds 4G TIHMsems ks comypmntd to Heat means

o el e B S s et ot T e S oL o
85% r angmbiaktién Zvith the instant invention can provide additional beneficial

advantages in formulating lubricant compositions. Also, the exceptionally low

sulfur content of Gas-to-Liquids (GTL) base oils, in combination with the low

sulfur content of suitable olefin oligomers and/or alkyl aromatics base oils and in

combination with the instant invention, can provide additional advantages in

lubricant compositions where very low overall sulfur content can beneficially

impact lubricant performance. In another aspect, Gas-to-Liquids (GTL) base

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



Test Conpara- tive Ol A Conpara- tive Ol B Exanple 4 Ol C Exanple 5 G|
D Exanple 6 Ol E PDSC Onset, C 257.80 268.4 278.1
WO 2007/103315 PCT/US2007/005600

-10-

lubricating compositions to provide antiwear protection. The zinc salts
preferably are salts of phosphorodithioic acids or dithiocarbamic acid. Among
the preferred compounds are zinc dialkyldithiophosphates (ZDDP’s) especially
C; to C4 secondary alcohol derived ZDDP’s.

[032] The phosphorous containing antiwear compound will be used in an
amount such that the weight percent of phosphorous present, based on the total
weight of the composition, is less than about 0.06 wt%, and preferably less than
0.05 wt%.

[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 phenylenediamines, 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
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well known PIBSA-PAM represents a specific example of a suitable dispersant.

Preferably, the dispersant will be borated.

[036]  The lubricating composition of the invention may also include optional
additives such as those normally incorporated in lubricating compositions. Thus,
the lubricating composition of the invention may include one or more of
detergents, viscosity modifiers, rust inhibitors, friction modifiers, seal swell

compositions, pour/point depressants, antifoamants, dyes and the like.

EXAMPLES

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.



Scar X/Y (ram) 0.33/0.73 0.23/0.7 0.2/0.7 0.23/0.7 0.23/0.7 Set one Cale.

scar area 0.192 0.128 0.11 0.128 0.128 HFRR
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Example 2

[039]  Molyvan 855™ (140 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 14 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: 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 amount of ZDDP. Oils C, D and E contained the additive



. 7Kg/ 60 Hz/.5mm Average Friction 0.145 0.134 0.106 0.097 0.083 60 mn / 75C
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composition of the invention 1 shown in Table 1. All of the oils contained the

same phosphorous free passenger car motor oil additive package.

Table 1

Comparative | Comparative | Example 4 | Example 5 | Example 6
Formulation Oil A OilB Qi1 C OilD OilE
ZDDP, wt% 0 0.45 0.45 0.45 0.45
EX 1 additive, 0 0 0.5 1 0
wt%
EX 3 additive, 0 0 0 0 1
wt%
Additive Same treat | Same treat 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
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36.5% average film via electric contact potential (ECP) measurements. That

means not enough film formation is present during the test, while adding borated

additives of this invention can improve the film formation frequency up to 85%

range.
Table 2
Compara- | Compara- | Example 4 | Example 5 | Example 6
Test tive Oil A | tive Oil B QilC OilD OilE
PDSC Onset, °C 257.80 268.4 278.1 275.9 280.2
HFRR Average 0.124 0.136 0.113 0.092 0.08
Friction
5Kg/60 | % Average 93.99 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 wt% 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 wi% zinc <.002 0.0499 0.0504 0.0495 0.0506
D6443 wt% calcium 0.0895 0.0888 0.0884 0.0868 0.087
D6443 wt% 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.
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[044]  Also as illustrated in Table 2, very good antioxidancy is achieved with
the borated mix alcohols, hydroxyl-containing molybdenum additives of the
invention. As shown in Pressure Differential Scanning Calorimetry (PDSC), the
onset temperature of oil C and oil D is 7.5 to 9.7 degrees higher than the result of
oil B and 18.1 to 20.3 degrees higher than the result of oil A. Since oxidation
rates generally double with about 10°C increase in temperature, these results

can be translated into about 75% to 97% better in terms of control of viscosity or
acid number increases or any other comparable measurements for control of
oxidation (i.e., oxygen uptake). Likewise, the onset temperature of 0il Eis 11.8
degrees higher than the result of oil B and 22.4 degrees higher than the result of

oil A, translating into about 118% better in oxidation control.



0.0895 0.0888 0.0884 0.0868 0.087 D6443 W % sul fur 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)

cal cul ated wear scar areas; therefore, the antiwear protection is sufficient
with the new additives. WD 2007/103315PCT/ US2007/ 005600 - 15 - [0441Al so as
illustrated in Table 2, very good antjoxidancy is achieved with the borated
m x al cohol s, hydroxyl -contai ni ng nol %‘denum additives of the invention. As
shown in Pressure Differential Scanning Calorinetry (PDSC), the onset
tenperature of oil Cand oil Dis 7.5 to 9.7 degrees higher than the result
of oil BagngiM§. 1 to 20.3 degrees higher than the result of oil A Since
oxidationrates generally double with about 10C increase in tenperature,
these results can be translated into about 75%to 97% better in terns of

control of vi COSJ\B% or tacd lqwe%nbersttonccroea%gﬁl or any other conparable
measur enent s IHSP fiom?fg??éhu( e §Xygen upt ake). Likew se, the

onset tenper at ur eatddasodre ghobphotolis @ndlagfue Gse, hiygmiyl don@ikfBoraegul t of oil B
and 22.4 degrees_higher than the result of oil A translating into about

118% bet CEganpmolybiepsm ewrogatel. - 16 - CLAIMS 1. A lubricant
addi tive conposi t4qd,COHIokRéd Weohol having from about 3 to about 35 carbon atoms.

2. The composition of claim ! wherein at least one phosphorous and sulfur
free, hydroxyl containing the borated organomolybdenum compound is represented by

one of Formula I or 1I:

|
R—C—0—(CH,)7—CH—— (']H2
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((HO),, (OR"),B—O0 f { O—B (OR"),(OH)y )y
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( (HO)y (OR),B—0 §,
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AN
/ o_,!/

(OB (OR"),(OH), ),

wherein

R is a Cs3 to Cyp linear or branched aliphatic group;

the R's are the same or different, with each representing a C; to Cyo linear or
branched aliphatic group, a R-(CQO)-O-C;H; group or a R-(CO)-N-(R""); group, where R
is as previously defined;

the R"’s are each a linear C, to C, aliphatic group or a polyalkoxylated group;



at | east one phosphorous and sul fur free, hydroxyl containing borated

or ganonol ybdenum conpound; and at | east one borated al cohol having from
about 3 to about 35 carbon atons. 2. The conposition of claim1
wherein at | east one phosphorous and sul fur free, hydroxyl containing the
bor at ed or ganonol ybdenum conpound is represented by one of Fornula | or 11I:

0 RCO-(CH2)1cCHIH2 Mox ( (HOw (OR )zB-0( OB (OR)z(OH)w )ti RCNIIIlI 0 O
\/ IM\ (FIC) (OR) B-0 L(0 B (ORI z{( w wherein Ris a C3 to C40 linear or
branched al i phatic group; the Rs are the sane or different, with each

representing a C3 to Co linear or branched aliphatic group, a

R- (C0) - 0- C31- $oandrziPedeh 021 Br §:G0)k-2N- £ Rnlid i90 0H P, suthfHata Rydrdx@Srdipayi ousl y
defined; the R's are each a linear C2 to C4 allphatlc group or a

pol yal kogyasenteandgr oup; - 17 - wand z are each 0, 1 or 2; w+ z = 2;

and uis O orn}“?ou@ that a hydroxyl group is present; and nis 1 to 12.

3. The conposition of claim2 wherein the borated al cohols are derived from
nono, di and pol yal cohol s. 4. The conposition of claim3 wherein the

rati o of al cohol nmol ybdenu nd. | t 19:1 to
1:19. 53 Th@l%@mgﬁw BFCIGH BIar apEAE A ORas %“rf{ié‘ 6 f¥Br on to
total hyedfayydi 84 piRsicbifold. N the range of about 1:9 to about 9:1.

4.  The composition of claim 3 wherein the ratio of alcchol to molybdenum

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

5. The composition of claim 4 wherein the range of boron to total hydroxyl

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

6. A lubricant composition comprising:
a major amount of an oil of lubricating viscosity;
an effective amount of at least one sulfur and phosphorous free, hydroxyl
containing borated organomolybdenum compound;

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

composition is less than about 0.06 wt%; and

an effective amount of an ashless antioxidant.

7. The lubricant composition of claim 6 wherein at least one phosphorous and
sulfur free, hydroxyl containing the borated organomolybdenum compound is represented

by one of Formula I or II



6. A lubricant conposition conprising. a major anmount of an oil of

| ubricating viscosity; an effective anount of at |east one sul fur
and phosphorous free, hydroxyl containing borated organonol ybdenum conpound,;
at | east one oil soluble, phosphorous-containing antiwear conpound in an
anount such that the weight percent of total phosphorous in the total

| ubricating conposition is |ess than about 0.06 wt% and an effective anount
of an ashl ess anti oxi dant. 7. THe | ubri cant conposition of claim®6
wherein at | east one phosphorous and sul fur free, hydroxyl containing the
bor at ed organonol ybdenum conpound is represented by one of Fornula | or |

- 18 - 0 fi RL0-(CH2)u-CHCH2 Mo\ ( (HOw (ORI zB-0 C( 0-13
(R)z(OHw)u RCGNII O /O / \ (HO w (OFfl1z13-0 )u M (0 B (O1Th(OHw I |
wherein R is a GBt&046(¢HpeatHor—BHanched al i phatic group; the Rs
are the same or different, wt eaca

representing a C3 to C40 |inear or
branched aliphatic group, a R Q03)-&@ C3H5 group or a R—?CO)-N—(R')Z group
where R is as preV|oust defi ne MO he R's are each a linear C2 to 4

al i phatic group or a po alkocy ated group w and z are each 0, 1 or
2; w+ z = 2; and u"ios),w@/RdzBT guch Ph_aﬁ(orﬁ”ﬂ%hdxyl group is present; and

.
R* R
11
|
o 0
Moy
( (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, with each representing a Cs to Cy linear or
branched aliphatic group, a R-(CO)-O-C3;H;s group or a R-(CO)-N-(R""), group where R
is as previously defined;

the R"’s are each a linear C; to C, aliphatic group or a polyalkoxylated group;

wand zareeach 0, l or2; w+z=2; and uis 0 or 1, such that a hydroxyl group is
present; and

nis1to 12.

8. The composition of claim 6 further comprising at least one borated alcohol

having from about 3 to about 35 carbon atoms.

9.  The composition of claim 8 wherein the borated alcohols are selected from

mono, di and polyalcohols.

10. The composition of claim 9 wherein the ratio of alcohol to molybdenum

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



nis 1to 12. 8. The conposition of claim6 further conprising at
| east one borated al cohol having fromabout 3 to about 35 carbon atons.
9. The conposition of claim8 wherein the borated al cohols are selected from

nono, di and pol yal cohol s. 10. The conposition of claim9 wherein the
rati o of alcohol to nolybdenum conpound is in the range of about 19:1 to
1:19. - 19 - 11. The conpositifn of claim 10 wherein the range of
boron to hydroxyl and Mo groups is ih"the range of about 1:9 to about 9:1.

12. The conposition of claim 11l wherein the phosphorous-containing antiwear
conpound i s ZDDP. 13. The conposition of claim12 wherein the ashless

anti oxi dant i9i1a Wh&édtigshionhif oidBh 0l whbRioths ravgd ofbitba e MeBexyl and

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

12.  The composition of claim 11 wherein the phosphorous-containing antiwear

compound is ZDDP,

13. The composition of claim 12 wherein the ashless antioxidant is a mixture of

hindered phenols and arylamines.
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