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friction and wear inproves the fuel
BACKGROUND OF THE INVENTION

Lubricating compositions in use today are prepared from a wide variety of
15 natural and synthetic base stocks to which have been mixed various
additive packages and solvents depending upon the intended field of
application. The various additives employed in the additives packages can
include one or more additives selected from viscosity index improvers,
corrosion inhibitors, oxidation inhibitors, dispersants, lube oil flow improvers,
20 detergents and rust inhibitors, pour point depressants, anti-foaming agents,
anti-wear agents, seal swellants, friction modifiers, extreme pressure
agents, color stabilizers, demulsifiers, wetting agents, water loss improving
agents, bactericides, drill bit lubricants, thickeners or gellants, anti-
emulsifying agents, metal deactivators, and additive solubilizers. These
25  additives are added to base stocks such as mineral ofls, highly refined
mineral oils, poly alpha clefins, polyalkylene glycols, phosphate esters,

silicone oils, diesters and polyol esters.

There has been considerable effort expended to develop lubricating oil
30 compositions which will reduce friction and wear in engines, particularly

automobile engines, since such reduced friction and wear improves the fuel

efficiency of the engine. As a result of these efforts, various friction-




efficiency of the engine. As a result of these efforts, various friction -
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| ubricating conpositions. A nunber of oil soluble nolybdenum (

conmpounds have been disclosed 5 as useful in providing desirable

| ubricating oil properties such as antiwear, antioxidant and friction
reduction properties. Anong the disclosures of nolybdenum conpounds for
such purposes there may be nentioned U S. Patents 4,164,473; 4,176,073,
4,176, 074; doltderd 5and SHed Geddftjond a20itives8 haved heed, 88ded 4p4itdriesiingind
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conposi ti ONproviding benefits in all three of the aforesaid areas. Good antiwear and
antioxidant benefits as well as some friction modification properties are
obtained at molybdenum concentrations of 100 ppm. For good friction
15  modification properties, molybdenum concentration of about 500 ppm are

employed.

For improved lubricating oil package stability in engine oils, especially for
fully synthetic oils, and also for improved sludge handling, piston cleanliness
20 and antioxidant benefits, small amount of generally from about 5 to about

15 wit% of ester base oils have been employed.

It has previously been disclosed in U.S. Patent 4,479,883 that lubricating oil
compositions of somewhat improved friction reducing properties are

25  oblained when a hydroxy substituted soluble ester of a saturated or
unsaturated polycarboxylic acid having from 24 to 90 carbon atoms
between the carboxylic acid groups and a metal dithiocarbamate such as a
molybdenum dithiocarbamate (MoDTC) are both employed in a lubricating
oil composition. |

30

However, when an additve of a high hydroxyl ester comprising

trimethylolpropane and a C,-C,, acid having about one hydroxyl group per
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SUMMARY OF THE INVENTION

Lubricating compositions of significantly enhanced friction coefficient and
15  wear properties are provided in accordance with this invention by providing
a lubricating composition comprising a major amount of oil of lubricating
viscosity and a minor amount of an additive comprising molybdenum and a
dialkyl ester of an aliphatic or aromatic dicarboxylic acid. It has been
discovered that the combination _of molybdenum and the aforesaid
20 dicarboxylic acid diesters produce an unexpected, significantly
synergistically enhanced effect with respect to reduced engine friction and

wear.

The moiybdenum additive will generally comprise from about 0.005 wi% to
25  about 0.2 wi%, preferably from about 0.01 to about 0.1 wt% and the diester
additive will generally comprise from about 3wt% to about 20 wt%,
preferably from about 5 to about 12wt% of the total lubricating ol

composition.

30 DETAILED DESCRIPTION OF THE INVENTION

The lubricating compositions of this invention can comprise any suitable ol
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conposi tion. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The | ubri cating

conpositions of this invention can conprise any suitable oil - 2 APR 2004 4
having a | ubricating viscosity and can be used in fornulations for various
| ubricants, such as, crankcase engine oils (i.e., passenger car notor oils,
heavy duty diesel notor oils, and passenger car diesel oils), two-cycle
engine oils, catapult oil, hydraulic fluids, drilling fluids, aircraft and
other 5 turbine oils, greases, conpressor oils, functional fluids and other
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acids having 2 to 20 carbon atomé, trimethylol propane esters of
monocarboxylic acids having 2 to 20 carbon atoms, (2) polyacetals and (3)
45 siloxane fluids. Especially useful among the synthetic esters are those
made from polycarboxylic acids and monochydric alcohols. More preferred
are the ester fluids made by fully esterifying pentaerythritol, or mixtures
thereof with di- and tri-pentaerythritol, with an aliphatic monocarboxylic acid
containing from 1 to 20 carbon atoms, or mixtures of such acids.
20
The oils of lubricating viscosity suitable for use in the composition of this
invention are natural oils, hydrocarbon-based oils and synthetic oils,
preferably the natural oils being at least one oil selected from rapeseed oils,
canola oils and sunflower oils; said hydrocarbon-based oils are at least one
25  oil selected from mineral oils and highly refined mineral oils; and said
synthetic oils are at least one oil selected from poly alpha olefins,

polyalkylene glycols, polyisobutylenes, phosphate esters, silicone oils,

polyol esters, and other synthetic esters.

a0 In some of the lubricant formulations set forth above a solvent be employed

depending upon the specific application. Solvents that can be used include

the hydrocarbon solvents, such as toluene, benzene, xylene, and the like.




25 oil selected frommneral oils and highly refined mneral oils; and said
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pol yol esters, and other synthetic esters. 30 In sone of the |ubricant
formul ations set forth above a solvent begenpl oyed depending upon the
specific application. Solvents that can be used include the hydrocarbon
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CRANKCASE LUBRI CATI NG O LCRAMNKOASSSLUBRICSATIMGHRILSed in the fornul ation
of crankcase lubricating ©oIrls (i.e., passenger car notor oils, heavy duty
di esel notor oils, and 5 passenger car diesel oils) for spark-ignited and
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>0 001- 0. 1?ndividual components are also set forth below. All the values listed are

stated as mass percent active ingredient.

10

A L BIMAS S 6u EMAS S%‘S:‘
G ADDIIVER o oo i et
Ashless Dispersant 0.1 -20 1 -8
Metal detergents 0.1 -15 0.2-9
Corrosion Inhibitor 0 -5 0 -15
Metal dihydrocarbyl dithiophosphate 0.1-6 01-4
Supplemental anti-oxidant 0 -5 0.01-15
Pour Point Depressant 0.01-5 0.01-15
Anti-Foaming Agent 0 -5 0.001- 0.15
Supplemental Anti-wear Agents 0 -05 0 -0.2
Friction Modifier 0 -5 0 -1.5
Viscosity Modifier 0.01-6 0 -4
Synthetic and/or Mineral Base Stock Balance Balance

The individual additives may be incorporated into a base stock in any
convenient way. Thus, each of the components can be added directly to
the base stock by dispersing or dissolving it in the base stock at the desired
15 level of concentration. 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
20  described herein as the additive package, that is subsequently blended into

base stock to make finished lubricant. Use of such concentrates is

conventional. The concentrate will typically be formulated to contain the
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St ockBal anceBal ance The individual additives may be incorporated into a
base stock in any convenient way. Thus, each of the conponents can be

added directly to the base stock by dispgrsing or dissolving it in the
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about 7 to mass the concentrate or additi ]
. . ve package with the
remai ndep bei ng base stock. 15 The ashl ess di spersant conprises an oil

sol ubl e pol yneri.c hydroc
P yrhe final gran?(cgééocfu.%ricating oil formulation may employ from 2 to 20
mass % and preferably 5 to 10 mass %, typically about 7 to 8 mass % of the

concentrate or additive package with the remainder being base stock.

15 The ashless dispersant comprises an oil soluble polymeric hydrocarbon
backbone having functional groups that are capable of associating with
particles to be dispersed. Typically, the dispersants comprise amine,
alcohol, amide, or ester polar moieties attached to the polymer backbone
often via a bridging group. The ashless dispersant may be, for example,

»0 selected from oil soluble salts, esters, amino-esters, amides, imides, 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

25 condensing a long chain substituted phenol with formaldehyde and

polyalkylene polyamine.

The viscosity modifier (VM) functions to impart high and low temperature

operability to a lubricating oil. The VM used may have that sole function, or

30 may be multifunctional.




backbone having functional groups that are capable of associating with
particles to be dispersed. Typically, the dispersants conprise am ne,
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oxazol i nes of |long chain hydrocarbon substituted nono and di carboxylic
acids or their anhydrides; thiocarboxylate derivatives of |ong chain
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Mul tifunctional viscosity nodifiers that also function as di spersants are

al so  known.unsaiuraiede dicasrwedic yaqibdrd @r yinyt €opmgunsloiutef| BAEMEED Rl yner s
of ethylene,and propylene and hi - [ I | at es,
pol yal kyl m?Wé???Fﬁ?gg?gWE? h%%c:{??r g%'—ié c@p@g@nﬁ@féﬁ%&g?@nﬁgl %géln &
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styrene and acrylic esters, and partially hydrogenated copol yners of
styrene/ i sdpe aastialyt hydpeepateddi@nepolymers @6&*&%?5@:@&}% Eﬁ?@?{e%% Rl | as

the partially h > nopol ymers of butadi ene and i soprene and
| soprene/ di \'/éf/ r%ﬁé@?\g@gﬁg bt al -contai ning or ash-form ng detergents

functiongboth as detergents to reduce or renove deposits and as acid

neutralizers or . rust inhibitors, thereb redtg.ci ng wear apd corrosion and
ext endi ng endetabcentaininger gsfdpirging detergents 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
generally comprise a polar head with long hydrophobic tail, with the polar
16  head comprising a metal salt of an acid organic compound. The salts may
contain a substantially stoichiometric amount of the metal in which they are
usually described as normal or neutral salts, and would typically have a total
base number (TBN), as may be measured by ASTM D-2896 of from 0 to 80.
It is ‘possible to include large amounts of a metal base by reacting an
20 excess of a metal compound such as an oxide or hydroxide with an acid
gas such a such as carbon dioxide. The resuiting 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.
25
Detergents that may be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates,
and naphthenates and other oil-soluble carboxylates of a metal, particularly
the alkali or alkaline earth metals, e.g., sodium, potassium, lithium, calcium,
30 and magnesium. The most commonly used metals are calcium and
magnesium, which may both be present in detergents used in a tubricant,

and mixtures of calcium andfor magnesium with sodium. Particularly



generally conprise a polar head with | ong hydrophobic tail, with the polar
15 head conprising a metal salt of an acid organic conpound. The 33IARR M4y
contain a substantially stoichionetric anount of the nmetal in which they
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a total base nunber (TBN), as may be rreaﬁjred by ASTM D-2896 of fromO to

80. It is possible to include |arge anounts of a netal base by reacting an
20 excess of a metal conpound such as an oxide or hydroxide with an acid
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sul furized phenates, thiophosphonates, salicylates, and naphthenates and
ot her oil-soluble carboxylates of a netal, particularly the alkali or
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conveni ent neta ents are neutral and over calctiu

havi ng TBN abofrthet@tal weighd @f FaNubeostiresit tethpagidover based cal ci um
phenates and sul furized phenates having TBN of from50 to 450. 5

D hydrocar byl dithi ophosphate netal salts are frequently used as secondary

ant| - weap auskiaadPHidks WeNlBrHRR HNkeSABlSnERy B hatg TR ISed T

| ubricating ol n anounts of 0.1 to 10, era based
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I nhibitors or anfi.oxi daHts reguce t.he t_eRcf,En%y of . base stocks to
of oxidation such as sludge and varnish-like deposits on the metal surfaces
and by viscosity growth. Such oxidation inhibitors include hindered phenols,
alkaline earth metal salis of alkylphenolthicesters having preferably C, to C,,
15 alkyl side chains, calcium nonylphenol sulfide, ashiess oil soluble phenates
and suliurized phenates, phosphosulfurized or sulfurized hydrocarbons,
phosphorous esters, metal thiocarbamates and oil soluble copper

compounds as described in U.S. 4,867,890.

20  Secondary friction modifiers may be included to improve fuel economy. Qil-
soluble alkoxylated mono- and di-amines are well known to improve
boundary layer lubrication. The amines may be used as such or in the form
of an adduct or reaction product with a boron compound such as a boric
oxide, boron halide, metaborate, boric acid or a mono-, di- or tri-alkyl borate.

25
Other friction modifiers are known. Among these are esters formed by
reacting carboxylic acids and anhydrides with alkanols. Other conventional
friction modifiers generally consist of a polar terminal group (e.g. carboxyl or
hydroxyl} covalently bonded to an oleophillic hydrocarbon chain. Esters of

30 carboxylic acids and anhydrides with alkanols are described in US
4,702,850. Examples of other conventional friction modifiers are described
by M. Belzer in the "Journal of Tribology" (1992), Vol. 114, pp. 675-682 and



deteriorate in service which deterioration can be evidenced by the products
of oxidation such as sludge and varnish-like deposits on the netal surfaces
and by viscosity growh. Such oxidation inhibitors include hindered
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ashl ess oil sol uble phenates and sulfurized phenates, phosphosul furized or
sul furized hydrocarbons, phosphorous esters, netal thiocarbamtes and oi

sol ubl e COpngrBelE&WQd%ﬁ&uﬁﬁﬁ?T‘LLhﬁléahéh HeBncd’ BEBEUOL. 40 pBedeidar y
friction nodifrers may be included to i nprove fuel econonmy. O 1l- soluble

al koxyl at ed Qrensucteexardpledsrorgancametali MolYRE&AYTo i nprove” boundary | ayer
| ubrication. The am nes nay be used as such or in the form of an adduct or
reaction product with a boron conpound such as a boric oxide, boron

hal i de, met ghqnatigniRfs Csdletrdor frammote , gibup orconsistiag kydf b@@@f’@'c 25
QO her friction nodifiers are known. Anong these are esters, fornmed

react i ng5car]:hm)}qxdyath<ymmd30|a@§ %’I%?é?eir‘éié%eﬂﬁof HPQly RS neClpHEPOIéoﬁ\? nti onal
friction nodifiers al. polar termnal group (e.g.

car boxyl or am%%@f?&ﬁo&&%%ﬁ? bonggd@to an ol eophi | lic hydrocarbon
chain. Esters of 30 carboxylic aC| ds and anhydrides wth al kanols are

described in US 4,702,850. Exanples of other vent i onal
modi fiers ar@oparandlead hearng @éﬂ%&ﬂ 'Pﬁ%ﬂtﬁ@ mﬁ’&&%bﬁ’ecgrb ‘%t %‘5@& (1992),

Vol . 114, 675- 6 no. ylﬁéml b
" Eubrl cat | EEP cl e@Hggg "?‘Q’ggﬂﬁ %@ﬁ'ﬁa@p%f %Ng;@ﬁérﬁ%v%ﬂ?uchT exarrglméwcl sn
or gano- ngt al ¢drfip @Md@dmﬂxmth&nﬁazalmbobsuﬂides §eh‘@dnl@ﬁl framah tonel grERAD

COrSL 119, e LS 5 RS SRR SIS LS.
Copper and | gad;bedLd g, FOLEOMARB dRBERIdONS m Paterteiosbia, 748 426y pi cal | y
2,719,126; and-3,087,932; are typical. Other similar materials are described
in U.S. Patent Nos. 3,821,236; 3,904,537, 4,097,387, 4,107,059 4,136,043,
45  4,188,299; and 4,193,882. Other additives are the thio and polythio
sulfenamides of thiadiazoles such as those described in UK. Patent
Specification No. 1,660,830. 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

20 0.2 wt% active ingredient.

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 alkyiene oxide with an adduct obtained by reacting a bis-
25  epoxide with a polyhydric alcohol. The demulsifier shouid be used at a level
not exceeding 0.1 mass % active ingredient. A treat rate of 0.001 to 0.05

mass % active ingredient is convenient.

Pour point depressants, otherwise known as lube oil flow improvers, lower
30 the minimum temperature at which the fiuid will flow or can be poured. Such
additives are well known. Typical of those additives which improve the low

temperature fluidity of the fluid are Cg to Cy dialkyl fumaratefvinyl acetate



not required wth the forrmulation of the present invention. Typically such
10 conpounds are the thiadiazole polysulfides containing fromb5 to 50
carbon atons, their derivatives and polynmers thereof. Derivatives of APRI0M4
t hi adi azol es such as those described in U S. Patent Nos. 2,719, 125;

2,719, 126; and 3,087,932; are typical. OQqger simlar materials are
described in U S Patent Nos. 3,821, 236; 3,904,537, 4,097,387; 4,107, 059;
4,136, 043; 15 4,188,299; and 4,193,882. O her additives are the thio and

pol ythio sg&ﬁ@%g}g%@&%ﬁmmbmcﬁqgﬂe@ar@q&g lias. t hose described in UK

Patent Specification . 1,560, 830. Benzotriazol es derivatives also fall
within this class of additives. Wen these conpounds are included in the

| ubricating. conposi.tion, they are prefer p ! nt,.. not
exceeding 2820 XMWHR afeh v LS rPg(%'giBéntbs’ ipé%fal F&g‘ﬁ%rﬁ?gowgﬂgﬁu%gi fyi ng
conponent nBytilamERd of At epeksiRskandeypsi figr nexaraploneilicons ddsari bed in
EP 330,522. It is obtained by "reacting an al kyl ene oxide with an adduct
obt ai ned by pelydooethy! silospse25 epoxi de with a pol yhydric al cohol. The

demul sifier should be used at a | evel not exceeding 0.1 mass % active
ingredient. Atreat rate of 0.001 to 0.05 nmass % active ingredient is
conveni ent . SRaM oPRichbslRPirREEaNES adotihes vhs grdvidsva rasltiplidity of ¢ffddtaw

i nprovers, lower 30 the mninmumtenperature at which the fluid will flow
or can be ptwsedor Sxempiridpt Fnsle &dstivgl Mavnéh 2STRp FISRErANHRFEddi ti ves

whi ch inproveg.the | .t ratuge fluidi t | AHtd e BreCurtiferC, 8
di al kyl furrérﬁ};{?'g i m:sagéé)@tagh_fsz “IKIIHR‘(%%Z{ %@d c@f)e(ﬁryrrergé,ﬁtf EInneT
pol yal kyd mretepasgryfigit.es and the |ike. Foam control can be provided by many

compounds including an antifoamant of the polysil oxane type, for exanpl e,
silicone oil or 5 polydinethyl siloxane. Sone of the above-nentioned

addi tives can provide a multiphisicdveldt ENERE OILS

The compositions can be used in the formulation of two-cycle engine oils
15  together with selected lubricant additives. The preferred two-cycle engine
oil is typically formulated with any conventional two-cycle engine oil additive
package. The additives listed below are typicaily used in such amounts so
as to provide their norma! attendant functions. The additive package may
include, but is not limited to, viscosity index improvers, corrosion inhibitors,
20 oxidation inhibitors, coupling agents, dispersants, extreme pressure agents,
color stabilizers, surfactants, diluents, detergents and rust inhibitors, pour

point depressants, antifoaming agents, and anti-wear agents.

The two-cycle engine oil according to the present invention can employ
25  typically about 75 to 85% base stock, about 1 to 5% solvent, with the

remainder comprising an additive package.

Examples of the above additives for use in lubricants are set forth in the
following documents which are incorporated herein by reference: Us.
30  Patent No. 4,663,063 (Davis), which issued on May 5, 1987; U.S. Patent
No. 5,330,667 (Tiffany, 1ll et al.), which issued on July 19, 1994 U.S. Patent
No. 4,740,321 (Davis et al), which issued on April 26, 1988; U.S. Patent



thus for exanple, a single additive may act as a di spersant-oxidation

I nhibitor. This approach is well known and does not require further 1o

el aboration. TWO-CYCLE ENG NE O LS The conpositions can be used in 2%@
formul ati on of two-cycle engine oils 15 together with sel ected | ubfi R3804
additives. The preferred two-cycle engineldil is typically fornulated with
any conventional two-cycle engine oil additive package. The additives

| isted below are typically used in such ampbunts so as to g%ovide t heir

nor mal at t entdan®. 320n72 BHexandes ed@l). twiveh rserd g dde 1AndPeHeanbkSi s not
imted to iy T ! PRageT ey e
i bitors. Eenot ey SRl WDREEFAR, pERNGSRIR oh BepldBEe17, oo O8O

stabilizers, surfactants, diluents, detergents and rust inhibitors, pour

poi nt depressants, antifoam ng agents, and anti-wear agents. The two-cycle
engi ne oil according to the presefATARMW QhScan enploy 25 typically
about 75 .to 85% base stock, about 1 to 5% solvent, with the remainder
conprising an additive package. Exanples of the above additives for use in
| ubri cants aCatapeits a0 ifstiumdrite usédbhaiicraft carderseatt seanoi gjbctdhe aincwadt por at ed
herein by reference: U.S. 30 Patent No. 4,663, 063 quavi S) . Wwhi Cth i ssued on
May 5, 1987: 01 o theapaiier- Nbhe Sospsiins G808 R y'sed | e igrmulatign 8k i ssued
on July 19, X S Mo , hBti al ' | ssued
on April 26, é%géglt L{ﬂﬁst g@étﬁ%ﬁltm{}pf e%gé&gégﬁﬁcﬁ\%dﬁ%ﬁgﬂﬁ% .F}(ﬁ%lfée_r%gnder et
al.), which tstapeld odns dumeally4prrmgiared witll aby Sonveatianal cRispul, @4addite (M yaj i

t al.), which i pt enb 17, 1991. .CATAPULT. O t
?nsfl r uarem sI 8%@%?%eﬂﬁ‘é)gpgg'pega?ﬁ%heqeéé‘ﬁtarg [ERASIS) 'nt%det%agmgﬁé%!? ofS f a(r);a
the carrier. ;Jhe 6O ThéiF PREMERAH RIS Sehdtidnt heTHO BAYItRE ipRitkage may

include, but is not limited to, viscosity index improvers, corrosion inhibitors,

oxidation inhibitors, extreme pressure agents, color stabilizers, detergents
and rust inhibitors, antifoaming agents, anti-wear agents, and friction
15  modifiers. These additives are disclosed in Klamann, “"Lubricants and
Related Products”, Verlag Chemie, Deerfield Beach, FL, 1984, which is

incorporated herein by reference.

The catapult oil according to the present invention can employ typically
20 about 90 to 99% base stock, with the remainder comprising an additive

package.

HYDRAULIC FLUIDS

25  The compositions can be used in the formulation of hydraulic fluids together
with selected lubricant additives. The preferred hydraulic fluids are typically
formulated with any conventional hydraulic fluid additive package. The
additives listed below are typically used in such amounts so as to provide
their normal attendant functions. The additive package may include, but is

30 not limited to, viscosity index improvers, corrosion inhibitors, boundary
lubrication agents, demulsifiers, pour point depressants, and antifoaming

agents.




catapult oils together with selected |lubricant additives. The preferred
catapult oil is typically fornmulated with any conventi onal catapult oi
additive 1lo package. The additives listed below are typically use

anounts so as to provide their normal attendant functions. The add?grgzﬁ4
package may include, but is not limted {9, viscosity index inprovers,
corrosion inhibitors, oxidation inhibitors, extrene pressure agents, color
stabilizers, detergents and rust inhibitors, antifoam ng agents, anti-wear
agents, and friction 15 nodifiers. These additives are disclosed in

Kl amann, "Lubricants and Rel ated Products", Verlag Chem e, Deerfield
Beach, FL, ITbeshydiauin fiui acsridngdpahedirese 'ﬁvw'qgrbm ERgoy typically; apul t
oi | accordl ) i t n y. ut 90 to
09% base. st SHRU Y o (5B Hiksel RYER! WAR RCkarmhaY_ LyRbRBHGYan Hadhie
HYDRAULI C Fb@bﬁ@QQS The conpositions can be used in the fornulation of
hydraulic fluids together wth selected |ubricant additives. The preferred
hydraulig fluids are typically fornulated with any conventional hydraulic
fluid additl :ﬁggit I e ldiyy sed in
such anmount s fﬁp%%% %SBF%Q%HS d|hW9ﬁbegrﬂgﬁgéﬁggﬁgﬁﬁuJ§ﬁhgﬁ;ha“¥
addi tive paeksge is®yed ool Ndesmbert 8j 4988, and Whidh tedhdaporatest beraiy ndex
i nprovers, corr05|on i nhi bitors, boundary |ubrication agents,
denulslflerseEHSUPep0|nt depressants and antifoam ng agents. - 2 APR 2004
12 The hydraulic fluid according to the present invention can enpl oy
typically about 90 to 99% base stock, with the renmai nder conprising an

additiveo package. 5 Qther additiRRKLING iy ®sed in U. S. Patent No.
4,783,274 (Jokinen et al.),

The compositions can be used in the formulation of drilling fiuids together
with selected lubricant additives. The preferred drilling fluids are typically
formulated with any conventional drilling fluid additive package. The
15 additives listed below are typically used in such amounts so as to provide
their normal attendant functions. The additive package may include, but is
not limited to, viscosity index improvers, corrosion inhibitors, wetting agents,

water loss improving agents, bactericides, and drill bit lubricants.

20 The drilling fluid according to the present invention can employ typically
about 60 to 90% base stock and about 5 to 25% solvent, with the remainder
comprising an additive package. See U.S. Patent No. 4,382,002 (Walker et
al), which issued on May 3, 1983, and which is incorporated herein by
reference.

25
Suitable hydrocarbon solvents include: mineral oils, particularly those
paraffin base oils of good oxidation stability with a boiling range of from 200-
400°C such as Mentor 28®, sold by Exxon Chemical Americas, Houston,

Texas; diesel and 'gas oils; and heavy aromatic naphtha.



whi ch i ssued on Novenber 8, 1988, and which is incorporated herein by
reference. 10 DRILLI NG FLU DS The comnpositions can be used in the=7 APR 7004

formulation of drilling fluids together wth selected |lubricant additives.
The preferred drilling fluids are typically fornulated with any
conventional drilling fluid additive packgge. The 15 additives |isted bel ow

are typically used in such anobunts so as to provide their normal attendant
functions. The additive package nmay include, but is not limted to,
viscosity index inprovers, corrosiTRBINE GIILSrs, wetting agents, water

| oss inproving agents, bactericides, and drill bit lubricants. 20 The
drilling fluid according to the present invention can enploy typically
about 60 to0-90% - ; 50k ¥FBihe dMsttBgéiher wWarmi nder
conpri sing gﬁmé%gﬁﬁﬁﬁgéﬁgéﬂggg}é gg&ﬂ?ﬁ%ﬂBgﬁgﬁt No. 4,382,0%2 (Wal ker et
al), which isssateed Qbrivayit 3ddifieds, Taagretiret tusbinencib isplypiadyl forardatedby
reference. 25 Suitable hydrocarbon solvents include: mneral oil:

particul ar| yithgsy C%B%%%Ppﬂ fyalige ot ?dgﬁwﬁdﬁﬂﬁﬁngagﬂ%nagﬁhYﬁﬁ#'%ﬁmjth a

boi I'i ng rangg,Qf, géﬁgg?c%ﬂ% FROGHS UGt asndVRid Qo 88(th) prosiledttiyr Fyxnal
st on, T

Chem cal Anericas, exas; diesel and gas oils; and heavy aromatic
napht ha. - 2t@RRaROOHCEBNT URBE MEJTOVE PaThege o1gydatiupentutda RohEMIS@dC n t he

formul ation of turbine oils together with sel d ican .Lives.
The pref er r e85 i HB&?}H "?‘E“%"gb%’ca‘iquf’sf‘)& nﬁ%étﬁfebhg'S %?#Oqaﬂyhc@%@er%‘ti onal
turbine oi | aagbhbre dRpekaFEs, altiteraddifjihy @gehissteldr statiliveradetergpntsal | y

used in such anmounts sO as to provide their normal attendant functions.

The addiii vearghulehihibitoys,ans pew, pavitdepsesiis-i nited to, viscosity index
i nprovers, corrosion inhibitors, oxidation inhibitors,

The turbine oil according to the present invention can employ typically about
65 to 75% base stock and about 5 to 30% solvent, with the remainder
comprising an additive package, typically in the range between about 0.01
15 to about 5.0 weight percent each, based on the total weight of the

composition.
GREASES

20 The compositions can be used in the formulation of greases together with
selected lubricant additives. The main ingredient found in greases is the
thickening agent or gellant and differences in grease formulations have
often involved this ingredient. Besides, the thickener or gellants, other
properties and characteristics of greases can be influenced by the particular

25 lubricating base stock and the various additives that can be used.

The preferred greases are typically fdrmutated with any conventional grease
additive package. The additives listed below are typically used in such
amounts so as to provide their normal attendant functions. The additive
30 package may include, but is not limited to, viscosity index improvers,
oxidation inhibitors, extreme pressure agents, detergents and rust inhibitors,

pour point depressants, metal deactivators, anti-wear agents, and



t hi ckeners, dispersants, anti-enulsifying agents, color stabilizers,
detergents 10 and rust inhibitors, and pour point depressants. The turbine

oil according to the present invention can enploy typically about i{ §
75% base stock and about 5 to 30% solvent, with the remai nder @4

an additive package, typically in the range between about 0.01 15 t o about
5.0 wei ght percent each, based on the total weight of the conposition.
GREASES 20 The conpositions can be used in the formrmulation of greases

t oget her vuﬁ{ykegghgg;ggmﬁﬂgrlcant addi tives. The main ingredient found in

greases is t I ckeni ng agent or gellant and differences in grease

formul ati ons have often involved this ingredient. Besides, the thickener
s.and characteristics

or gellants, other ro cal, e

i nfl uenced Epet%Eafb% Fg[i{'%ﬁ 0 Je PgHSTR AY SO Sﬁ?c(%[ gﬁ)ﬁlﬁe vari ous
addi ti ves 1 Bt e, SRtk ThE BLG! 1t edrokaaRaingagehy bi galidnt, hanmul at ed
w th any conventional grease ditive package. The additives |listed bel ow

are typical the eseainder mhnsmg@mrﬁ@l@@ packegeprovi de their nornmal attendant
functions. The additive 30 package may include, but is not limted to,
viscosity index inprovers, oxidation inhibitors, extreme pressure agents,

detergents FpgickHehickdhlhgi dgirits us@UIn gﬂéd&b flepiuesiast Bicluet te alkal
deactivators, anti-wear agents, and - APR 2004 14 t hi ckeners or gel | ant s.

The grease mﬁialrﬁmafg‘» E@Wh@obm&msh%%npﬁm%@ﬁC%@I'C@ygﬁ §pP AL about
200 he oret MIE LB AP B S g0 BSEMe rogdeame, w11
used i ni@r eqsd MftBILMIbAYI SuInNEdapdebdihg nadst abimmomrt Himpleapsap greasss
Compl oxes. _SBagPT kemalyPbaletel soinel fock I Par 2oids i Bl
12-hydroxystearate, the predominant one formed from 12- hydroxystearic
acid, lithium hydroxide monohydrate and mineral oil. Complex soap
greases are also in common use and comprise metal salts of a mixture of
15  organic acids. One typical complex soap grease found in use today is a
complex lithium soap grease prepared from 12-hydroxystearic acid, lithium
hydroxide monohydrate, azelaic acid and mineral oil. The lithium soaps are
described and exemplified in may patents including U.S. Patent No.
3 758,407 (Harting), which issued on September 11, 1873; U.S. Patent No.
20 3,791,973 (Gilani), which issued on February 12, 1974; and U.S. Patent No.
3,929,651 (Murray), which issued on December 30, 1875, all of which are
incorporated herein by reference together with U.S. Patent No. 4,392 967
(Alexander), which issued on July 12, 1983.

25 A description of the additives used in greases may be found in Boner,
“Modern Lubricating Greases”, 1976, Chapter 5, which is incorporated

herein by reference, as welt as additives listed above in the other products.

COMPRESSOR OILS

30

The compositions can be used in the formulation of compressor oils

together with selected lubricant additives. The preferred compressor oil is




to with |ithiumand cal ci um soaps bei ng nost common. Sinple soap greases

are formed fromthe alkali netal salts of long chain fatty acids wth
lithium 12-hydroxystearate, the predom nant one formed from =2 APR 2004
12- hydroxystearic acid, l|ithium hydroxi de nonohydrate and mneral oil.

Conmpl ex soap greases are also in comon use and conprise netal salts of a
m xture of 15 organic acids. One typical d8nplex soap grease found in use
today is a conplex lithiumsoap grease prepared from 12-hydroxystearic

id, lithi . hyd ' ohydr at | ai id 1 [ | _oil. Th
1 i um soapW P R FIeTH AR GBS T AL oM ity AR, FRSPAEEng U, S
Patent No. FhE58ddfived 'ﬂ%fédi Below W Cfﬂ%ib?ﬂgylslﬁged)% 2eRheamslntlso K/ U S.

Patent No. 20 3,791,973 (Glani), whit ued on February 12, 1974; and
U. S. Patent pmvide3tbew, g Mattemggnt fumicibng. ssdbe eddbee epddag®0 may75, al |

f which o .at .h in by. refer et t.h ith. U S Patent
No. 4. 392, 96PCida L ia) IMiRcR. CEdlan dAMSHRT. F90MY8 SsluBizeRs qwsE:r i ot i on
of the additivastdsRibtalhALRASRS, cﬂ@%u@ﬁyiﬁ@%ﬁ@nisﬂaﬁ@%&weér ko)

Lubricating Geases”, 1976, Chapter 5, which is incorporate her ei n by
reference, as well as additives |listed above in the other products.

COMPRESSCOR S 30 _The_conposition 2q | f | at,] f
conpr essor (C)lirhg cotr%odSP%%rr%?%oré@pégﬁﬁg Hpg%e%ﬁ%rﬁ 852?%[% %@@RE%‘P& erred
conpr essor OpboiiB80 t298RRAR0Lodibahy Ribeal 1 Yo i BYsbiaésidwith tthe seyainder
conventional conpressor oil additive package. The additives listed bel ow
are- typical F9Mpsisidian addhiveprdeiag® so as to provide their nornal
attendant,. functions. The additive package may include, but is not Iimted
to, oxi dation inhi bi tors, additive solubilizers, rust 5 inhibitors/netal
passi vat or s, Toenadidgitives hg ageptessoardsamiel alseasetafpetit 51 UTSe Rademqtr Blesor oi |

according to.the present nventlon, san Bl Yedyb! 58! o2, and which is

incorporated herein by reference.

15  For the lubricating oil compositions of this invention, any suitable soluble
organo-molybdenum compound having friction modification and anti-wear
properties may be employed. As example of such soluble organo-
molybdenum compounds, there méy be mentioned the dithiocarbamates,
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides,

20 and the like, and mixtures thereof. Particularly preferred are molybdenum
dialkyldi-lthiocarbamates, dialkyldithiophosphates, alkyl xanthates and

alkylthioxanthates.

Among the molybdenum compounds useful in the compositions of this
25  invention are organo-molybdenum compounds of the formula
Mo(ROCS,), and
Mo(RSCS,),
wherein R is an organo group selected from the group consisting of alkyl,
aryl, aratkyl and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and
30 preferably 2 to 12 carbon atoms and most preferably alkyl of 2 to 12 carbon

atoms. Especially preferred are the dialkyldithiocarbamates of

molybdenum.




about 80 to 99% base stock and about 1 to 15% sol vent, with the remai nder
conprising an additive package. 10 The additives for conpressor oil s~ AR 2004
also set forth in U S. Patent No. 5,156,759 (Culpon, Jr.), which issued on
COct ober 20, 1992, and which is incorporated herein by reference. 15 For

the lubricating oil conpositions of this . gvention, any suitable soluble

or gano- nol ybdenum conpound having friction nodification and anti-wear
properties may be enpl oyed. As exanple of such sol ubl e organo- nol ybdenum
conpounds, there may be nentioned the dithiocarbamates, dithiophosphates,

di t hi ophosphi nates, xanthates, thioxanthates, sulfides, 20 and the IiKke,

and m xt ur esnbtrer epbup @airurgam-mdlybmmmgwoands sl de ignlubricating

di al kyl di -t hi ocar pamat es,,, .di al k di t hi ophos and

al kyl t hi oxaRPRERPE 'Onﬁnﬁtséh‘?héw k}'ﬁ‘)d@rﬁu (gr% by éﬁdnlq Fﬁ%ﬁés
conposi ti OHEO%SCIE mosa%fltﬂé%lﬂa NG.S pmmmm@anumctwmumaeof t he
formula Mo whérein Ris an or ano %ﬁ?d ected

fromthesgr b@eooﬁsﬁ@daﬁ@wﬁﬁ'%“ﬂd‘ga”% having A03RA SEMPS A KDY

generally of fr om 1 ipar bon
atoms and mBSMEsY &ag%?n ai?%Equ r?ﬁggrftg\elg ég‘f) Engtbgé)néVdégE ecni%% Ty
preferred agge bhends &ﬂdﬁ’!“dlot hll ReaFiBaTRINe st tbfrougml?ylﬁlimsmtecﬂaﬁi W:mtﬂmer gr oup
of organo- nol ybdenum corrpounds useful in the | uybri c ting fonpoa ti ons of

this inventigseumrd peutralcelesi oRoigRIBguRPEBRHD ‘h&’ 8sp¥eis A ' fivse of
the formula Nbi—.%@&%gﬁﬂ%&‘ E@Hraﬁésheén%o{ MAGEL B Betod5 Lardl thcludes

i ndependent IEX/C I'gan having organo groups with a sufficient
nunber af caochostorhmBettio vakrde At tdest @drtptalicdrizol atbhes ghroukl Heapresenie i n

among all the ligands’ organo groups, such as at least 25, at least 30, or at

least 35 carbon atoms.

The ligands are independently selected from the group of
15

20 Xz

25




the oil, nis fromlto 4, k varies from4 through 7, Qis selected ELBPQ
the group of neutral electron donating conpounds such as water, anmi ; 2004
al cohol s, phosphines, and ethers, and z ranges fromO to 5 and includes 10
non-stoi chionetric values. At |least 21 total carbon atons shoul d be present
anong all the ligands' organo groups, sucfi;as at |east 25, at |east 30, or
at |east 35 carbon atons. The |igands are independently selected fromthe
group of 15 20 X1 X, R --Y x2 and 25 - 2 APR 2004 17 XI 0 ---R1 x ---R2
and m xtures thereof, wherein X, X,, X2, and Y are independently sel ected
fromthe grodp of Soxyyen and sul fur, and wherein Rl, R2, and R are 5
| ndependent |y setect ed from hydrogen and organo groups that may be the
same or differenty, Preferably the organo groups are hydrocarbyl groups
such as al kyl'*(e.g., I’n which the carbon atom attached to the remai nder of
the iigand is primary or secondary), aryl, substituted aryl and ether
groups. More preferably, each |igand has the sanme hydrocarbyl group. 10
The term " hyshdoodrtbnds"thderud| edeeeis s, Pyeand Wasienmdepehadentyt setectaidr ect | y
attached to ,the remainder of the iigand and is Rredoqinqgtlg(p¥grocarbyl in
W n Ry d@n are

from the group of oxygen and sulfur, and erein

5 independently selected from hydrogen and organo groups that may be the
same or different. Preferably the organo groups are hydrocarbyl groups
such as alkyl {e.g., in which the carbon atom attached to the remainder of
the ligand is primary or secondary), aryl, substituted aryl and ether groups.

More preferably, each ligand has the same hydrocarby! group.

10
The term “hydrocarby!” denotes a substituent having carbon atoms directly
attached to the remainder of the ligand and is predominantly hydrocarbyl in
character within the context of this invention. Such substituents include the
following:
15
1. Hydrocarbon substituents, that is, aliphatic (for example alkyl or
alkenyl), alicyclic (for example cycloalkyl or cycloalkenyl)
substituents, aromatic-, aliphatic- and alicyclic-substituted aromatic
nuclei and the like, as well as cyclic substituents wherein the ring is
20 completed through another portion of the ligand (that is, any two
indicated substituents may together form an alicyclic group).
2. Substituted hydrocarbon substituents, that is, those containing non-
hydrocarbon groups which, in the context of this invention, do not
25 alter the predominantly hydrocarbyl character of the substituent.

Those skilled in the art will be aware of suitable groups (e.g., halo,

especialy chlorc and fluoro, amino, alkoxyl, mercapto,

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




character within the context of this invention. Such substituents include
the following: 15 1. Hydrocarbon substituents, that is, aliphati<? @PR2004
exanpl e al kyl or alkenyl), alicyclic (for exanple cycloal kyl or
cycl oal kenyl ) substituents, aromatic-, aliphatic- and
alicyclic-substituted aromatic nuclei angd,the like, as well as cyclic
substituents wherein the ring is 20 conpl eted through another portion of
the ligand (that is, any two indicated substituents may together form an

alicyclic group). H%teros'ég ét’it&é’rtut‘%dtﬂb\(qé oG MshRRASIAMIAH, WeileSpretiBatinargtly t hose

cont ai ni ng non- rocar on groups which, in the context of this invention,
do not 25 alter tHryejrcpa:aartiomma,hataptmy\mtlmnath@yzbntﬂxépéﬂ’tl%ﬂnv@mlﬂheC@HB@| tuent.

Those skllledlnthe art will be aware of suitabl oup | o,
especi al |y chl or A18AY QARRr §12hA3RRO" ARSRYY 1N n%r%aa% o inékf} enrh%%pt 0,
nitro, nitroso, %ﬂ Q3¥ed gft@ar%n%tcﬁﬁg 2004 18 3. Het ero substi tuents, that

i's, substituents Ich, while predom nantly hydrocarbon in character
wi thin tbe context of this inventi on, cont ai n at ons ot her than carbon

present in g chajn or ring otherw se 4 it W Bnber
| npor t ant | 'y, ARSI a HIE 8?9& SOGHPP Y tﬁ r@%ﬁ' have %sg‘m}f% I
carbon at omg:dr8ok AMEHRE th h@n@érnmgwuﬂn;s@lmbﬂs@u@le ali digmarsiold @ the aiheFor | . For

exanpl e, the nunber of carbon atonms in each g roug Wi | | generab iy}ﬂqan ge
bet ween abowexample, &t aumigs, of frasban APTs fip FRRHIAP WY SISALY 39%nd 10

b T e T G S
these disal kyindid proResiprieees atoue 4ptebboutedl. (Prpdered liggaekiinaieir ai ni ng
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
ligands and binding to one or more of the cores. Those skilled in the art wili
15  realize that formation of the compounds of the present invention requires
selection of ligands having the appropriate charge to balance the core's

charge.

Compounds having the formula Mo,S,1,Q, to have cationic cores

20  surrounded by anionic ligands and are represented by structures such as




two or nmore of the above functionalities are also capable of serving as

| i gands and binding to one or nore of the cores. Those skilled in tl Ag&%m4
will 15 realize that formation of the conpounds of the present invel
requires selection of |ligands having the appropriate charge to bal ance the
core's charge. Conpounds having the fornﬁéa Mb3SKLf QZ to have cationic
cores 20 surrounded by anionic |ligands a are represented by structures
such as and - 2 APR 2004 19 and have net charges of +4. Consequently, in
order to solubilize these cores the total charge anong all the |igands

nmust be -4. Four anr onic ligands are preferred. Wthout w shing to be
bound by anySt V\S 5 believed that two or nore trinuclear cores my
be bound or t€ by neans of one or nore ligands and the |igands

may be rrultrd S c structures fall within the scope of this
I nventi on. Thr case of a multidentate Iigand having nultiple
connecti ons sr ng I's believed that oxygen and/or sel enium
may be substrt quur |nthe 10 core(s). GOl -soluble or

di spersible trin erI ybdenum conpounds can be prepared by reacting in
the appropriate |i®ifd(s)/solvent(s) a nol ybdenum source such as

(NH4) 2Mb3S13n(H20), where n varies between 0 and 2 and 15 includes

non- st oi chi oggg rH oV AbUBRargk LAY f4 SUCLASY Ridntigand ofdiir Resslubiizéthase
tetral kyl thi uram ﬁ% arg O her oil -soI(ﬁJb egor di spersible trinuclear

nmol ybdenum coorresdhdﬁotahmargefaﬁnmatﬂme ligprelsrregst beort. i ROVRBOREBREBIG at e

Sour oo suen iafndR g BRERPY 2 @royﬁ%rﬁﬁgqf.é%“wd.tﬁfocaﬁm B 20

di al kyl dig hi gemtaem@@d n@oréursﬁwrea:bsérre@qhamgeagmm :smmter_cryrarmcded i ons,

sulfite ions, or substituted phosphines. Alternati vela{,, atri Qucl
by means of one or more ligands and the ligands may be muiltidenta A
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

10 core(s).

Oil-soluble or dispersible trinuclear molybdenum compounds can be
prepared by reacting in the appropriate liquid(s)/solvent(s) a molybdenum
source such as (NH,),M0,S,,:n(H,0), where n varies between 0 and 2 and
15  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 {NH,),M0,S,;n(H,0), a
ligand source such as tetralkylthiuram disulfide, dialkyldithiocarbamate, or
20 dialkyldithiophosphate, and a sulfur abstracting agent such cyanide ions,
sulfite ions, or substituted phosphines. Alternatively, a trinuclear
molybdenum-su|fur halide salt such as [M'],[M0,S,As], where M'is a counter
ion, and A is a halogen such as Ct, Br, or |, may be reacted with a ligand
source such as a dialkyldithiocarbamate or dialkyldithiophosphate in the

25  appropriate liquid(s)/solvent(s) to form an oil-soluble or dispersible trinuclear

molybdenum compound. The appropriate liquid/solvent may be for example




nol ybdenum sul fur halide salt such as [M J2[ Mo3S7A6], where M is a counter

ion, and A is a hal ogen such as Cl1, Br, or 1, nmay be reacted with a Ibg&r&d
source such as a dial kyl di t hi ocarbanmate or di al kyl dithi ophosphate in~ 21604

appropriate liquid(s)/solvent(s) to forman oil-soluble or dispersible

trinucl ear nol ybdenum conpound. The ap@lopriate |iquid/solvent may be for
exanpl e 20 aqueous or organic. A conpound's oil solubility or

di spersibility may be influenced by the nunber of carbon atons in the

| i gands' oPgHABUYPOBI®ENA n t he conpounds of the 5 present invention, at

| east 21 total carbon atons should be present anong all the |igands

organo groups. Preferably, the |igand source chosen has a sufficient
nunmber of gachrapoandsmsilisnliubilty or gepersiidy peay be filwgaced ky the SFFRMd sol ubl e

or dispersible in the lubricating.conposition. 10 " Ql¢l 501 ubl e”

or "di sper $if BEEPO, SINH P étﬂ%%aan%%torng‘a%%%?%‘y}n iﬁ%?ga &%H%fdfttﬁg

conpoungds g{r%&gqiiméf%n%?le%@,k uhlieial dharp mableshails tiebpesenbamoagabl e of
nde

bei ng susp inthe oil in all proportions. These do nean, ., however,
that they alleheflgeniisisergane grepubPeefarabiy, 4be ioans sersenFesen B2 2t o an

extent sufficient to exert. their i eff [ nyd t in
whi ch the f@%&‘?mi guH fo?}e&?r%ﬁér ég’ﬁﬁﬁﬁﬁe PRI idgﬁg itﬁc}(;érr{pdoyrﬂgtﬁ?on of
ot her addi tdargSourablahie @rRiEgEribleniodh@araichtmg obmpbgitien. | evel s of a
particular additive, if desired. The lubricating conpositions of the
present invention may contain a mnor 20 effective anount, preferably

about I _ppmto Q. yhde e eaf aendhydd reon Retesseésly ppm and
nost pr"tgfe?mﬁ etagﬁgmoil?%g}lg}? 0 qu‘r%aegr[@é based on the wei ght of ‘tg/e
| ubri cat i ngnaRARED i iten coAppusds tatdddities stre solufe adisgHvatle. Bris@p'emat i c

di carboxylic acids, preferably 25 those hayi . t t 13
car bon a1 orfe” sapackobbans seRpbrecdin BeR R neas R e TEeaRs e Car bon

atons in Suﬁ_ﬂusgére{haqlﬂ‘?éy"'af@%rbiﬁsta@iﬁ@] wtﬁlﬂe&ﬁ sthisly diisgriraible infoil toi an
e dal e

i nventi on. gsters ‘are 'di esters of

extent sufficient to exert their intended effect in the environment in which the
15 oil is employed. Moreover, the additional incorporation of other additives
may also permit incorporation of higher levels of a particular additive, if

desired.

The lubricating compositions of the present invention may contain a minor
20 effective amount, preferably about 1 ppm to 2,000 ppm molybdenum, more
preferably from 5 to 750 ppm, and most preferable from 10 to 300 ppm, all

based on the weight of the lubricating composition.

Any suitable diesters of aliphatic or aromatic dicarboxyli;: acids, preferably
25 those having from about 6 to about 13 carbon atoms in the dicarboxylic acid
and from about 6 to about 13 carbon atoms in such ester chain may be
employed as the diesters of this invention. The diesters are diesters of the

acids with two moles of linear or branched chain alcohols per mole of diacid.

30 As examples of suitable dicarboxylic acids employed to form the diesters,

there may be mentioned aliphatic dicarboxylic acids such as adipic, pimelic,

suberic, azelaic and 1,10-decane dicarboxylic acid, and the like and




acids with two noles of linear or branched chain al cohols per nole of
diacid. 30 As exanples of suitable dicarboxylic acids enployed to formthe
diesters, there may be mentioned aliphatic dicarboxylic acids sucAPRH04
adi pic, pinelic, suberic, azelaic and 1, 10-decane di carboxylic acid, and
the like and - 2 APR 2004 21 nmixtures theftof, and aromatic dicarboxylic
aci ds or suitable anhydrides thereof such as o-phthalic acid or anhydride,

t ht hal i ¢ acid, biph | -2,2" - dic, i id he |ike. and
i ko et hanabies shalEel Bpi 2Bt RPAS ek Pr irbEean T iERm « ne
diesters, t I'ltﬁﬁr%o'?@ﬁch B lonﬁ%bﬁ{f‘ﬁgd%lr iaﬂh?@ﬂ?}%,@%}%hﬂ*aﬁic%éﬁ? bshemgkanal ,

hept anol , net hyl hexanol,” octanol, -di nethy exanol , ethyl hexanol, nethyl
hept anol , nahearbbxyliveadiy Bnd dae Brand gexiyressthest®™| , dodecyl al cohol , ‘
tetradecanol, pentadecanol and the |I|ike and m xtures thereof. 10 A

preferred alcohol is a mxture of 3-5 nole % n-C6 al cohol, 48-58 nole %
n-CS al cghol pg 30addidbesihdbiéalcobos efployiidtcOidemlihe dieberdothefe fagl cohol .

A preferred acid is a mxture of 3-5 nole %n-C6 acid, 48-58 nole % n-CB
15 acid, 36-mestioned alichaticelcdhelnguch Bshexano!, &eptanobipetiyl Bexammdt her

I f f ul h i | coh '
manut act ur e FA EeDEs SR i) PRt afeF e Senet hePafSithene® ©
ol i goneri zedo, @R BebPtaddordl, dRickyl AcohOsRheideeansl, gentadscessl anththec! ay)
and 20 then distilled to achieve various unsaturated (ol efinic) streans

| argel y conlike anichgiivrgistge@otar bon nunber. These streams are then reacted
under h‘ drofornyl ation conditions using a cobalt carbonyl catalyst with
synt hesi gas (carbon nonoxi de and hydrogen) so as to produce a

mul ti-i somerampraferel ateedlideshdteensi 35 mMble % n-QyfaledltsyRISS/ rableotol s i s

then introduced to 25 a hydrogenation reactor and hydrogenated to a m xture
of branched N-&lsEeRi0% Qﬁjﬁém@?%”n@)ﬂ@l‘%ﬂh&l' 66%9}§1&'¥‘8¥%9%‘§%00%|08P%'ater t han
t he nunber

A preferred acid is a mixture of 3-5 mole % n-C, acid, 48-58 mole % n-C,
15 acid, 36-42 mole % n-C,, acid and 0.5-1.0 mole % n-C,, acid.

Another class of useful monohydric alcohols is oxo alcohols. Oxo alcohols
are manufactured via a process, whereby propylene and other olefins are
oligomerized over a catalyst {e.g. a phosphoric acid on Kieselguhr clay) and
20 then distiled to achieve various unsaturated (olefinic) streams largely
comprising a single carbon number. These streams are then reacted under
hydroformylation conditions using a cobalt carbonyl catalyst with synthesis
gas (carbon monoxide and hydrogen) so as to produce a multi-isomer mix
of aldehydes/alcohols. The mix of aldehydes/alcohols is then introduced to
25 a hydrogenation reactor and hydrogenated to a mixture of branched
alcohols comprising mostly alcohols of one carbon greater than the number

of carbons in the feed olefin stream.

The branched oxo alcohols are preferably monohydric oxo alcohols which
30 have a carbon number in the range between about C; to Q13. The most
preferred monohydric oxo alcohols according to the present invention

include iso-octyl alcohol, e.g. Exxal™ 8 alcohol, formed from the cobalt oxo




of carbons in the feed olefin stream The branched oxo al cohols are

pref erably nonohydric oxo al cohols which 30 have a carbon nunber Lﬂ §€F7WM
range between about C. to C. The nost preferred nonohydric oxo al colfo
according to the present invention include iso-octyl alcohol, e.g.

Exxal [err] 8 al cohol, fornmed fromthe cobgbt 0X0 - 2 APR 2904 22 process
and 2-et hyl hexanol which is fornmed formthe rhodi um oxo process. The term
"iso" is meant to convey a nultiple isomer product nmade by the oxo
process. |t precdeshald-ethyhekane! vehibh anhedd dxon e ofvdiurt OXBIPreces. 5

mul tiple isonmers, preferably nore than 3 isoners, nost preferably nore
than 5 i sonmers. Branched oxo al cohols nay be produced in the so-called
"0ox0" proce ydr.ef or ' 0 ' ol efin
fractions t3§%g¥%"€ogpe§%8ﬂyﬂﬁgb8%22%%ghﬁﬁﬁ&%%ﬁ%ﬂégﬁﬁﬁ%aﬁa:ggd%ob&qgé

al cohol | al detwslerocsdsai M Bgdesicabid t@mavpr@dushched Dxd hecqirad cassprisimg f or m ng
oxo alcohols, it is desirable to forman al cohol/al dehyde_internedi ate
from t he Soxofatinéh I$RBAIR tPrEBIRINEAC taomy BOBIESR. BTOY iClGralid BiRee
aIcohoI/aqum%QQSEBQQH t to an all oxo al cohol product. 15 The production
of branched oxo alcohol's fromthe cobalt catalyzed hydrofornylation of an
olefinic feedstream preferably conprises the follow ng steps: 20 a)

hydr of ormmyl ati ng,an ol efjnjc, feedstream by reaction with ¢garbon noxi de
and hydr ogenBTANCECdPHt RISENSIs RSy DFrPrOAKCSG e Cent e cate Bt BParHy AL | on
cat al yst U”dﬁ{rldrbﬁ?rﬁ{ylé’tfbn eoNGirhefnsal tERhcREL TR & (e JITTRiE:aonHito 28
al cohol / al dehyde- ri‘ch crude reaction product;” 25 o )
10  corresponding branched C; to C,; alcohol/aldehyde-containing oxonation
products. In the process for forming oxo alcohols, it is desirable to form an
alcohol/aldehyde intermediate from the oxonation product followed by

conversion of the crude oxo alcohol/aldehyde product to an all oxo alcohol

product.

15
The production of branched oxo alcchols from the cobalt catalyzed
hydroformylation of an olefinic feedstream preferably comprises the
following steps:

20 a) hydroformylating an olefinic feedstream by reaction with
carbon monoxide and hydrogen (i.e. synthesis gas) in the
presence of a hydroformylation catalyst under reaction
conditions that promote the formation of an alcohol/aldehyde-
rich crude reaction product,

25

b) demetalling the alcohoValdehyde-rich crude reaction product
to recover therefrom the hydroformylation catalyst and a
substantially catalyst-free, alcoholfaldehyde-rich  crude
reaction product; and

30

C) hydrogenating the alcohol/aldehyde-rich crude reaction

product in the presence of a hydrogenation catalyst (e.g.




b) denetalling the al cohol/al dehyde-rich crude reaction product to recover
therefromthe hydrofornylation catalyst and a substantially cataLth ﬁg@g,
al cohol / al dehyde-rich crude reaction product; and 30 c¢) hydrogenatt ng

al cohol / al dehyde-rich crude reaction product in the presence of a
hydrogenation catalyst (e.g. - 2 APR 2004423 massive nickel catalyst to
produce an al cohol-rich reaction product. The olefinic feedstreamis
preferably any C5 to Cl12 olefin, nore preferably 5 branched C7 to C9

ol efins. Mreover, thenssfld Rickefl egthhst rteapioducer &t erledio)-riah breactioed

ol efin, although a linear olefin which is capable of producing al

branched oxo al cohol spPredustso contenpl ated herein. The hydrofornyl ation
and subsequent hydrogenation in the presence of an al cohol-form ng

catal yst, is capable of producing branched C5 to C13 al cohols, nore |o
preferably hhansbatic @eeadtestmlis preferatioaaly[@y td C3) plebnamoheprelerabigohol

(i.e. Exxal ' 9), and isodecyl alcohol. Ea f%of tBe br an heeg 0 C. to C13
al cohol s5 f obrantEhied &nt® bx Blehpdc ddarepyer hg Pfﬁ BiniSe %g?mfiﬁpr ?@ﬁ& 3 a

m xture of bran i I : P il

conpri ses al%r%cﬁégfgl%ﬁﬁ’ %#wn%tlﬁ%?%ﬁgﬁgﬁtch% )5@ [ m‘:,\e{ lﬁ;?r‘ﬁdexano_la,

3, 4- di met hy lyrheotasaobxo xcholeishylbo heptendbteddhereirhy Thadptdaiormaiadioa m xture

of other methyl heptanols and dimethyl hexanols. Any type ,of .cat.alyst
known to on@ngf sePBRIHETY @ergei‘%t'ct%éxahe WRF I CPs Ogaﬂbbqq%‘jh%fo%'ﬂgerti ng

25 The i es BT e n BT R e S ool oyed 1 n the
10  preferably branched C, alcohol (i.e. Exxal™ 8), branched C, alcohol (i.e.
Exxal ™ 9), and isodecy! alcohol. Each of the branched oxo Cs to Gy,
alcohols formed by the oxo process typically comprises, for example, a
mixture of branched oxo alcohol isomers, e.g. Exxal™ 8 alcohol comprises a
mixture of 3,5-dimethy! hexanol, 4,5-dimethyl hexanol, 3,4-dimethyl hexanol,
15  5-methyl heptanol, 4-methyl heptanol and a mixture of other methyl

heptanols and dimethyl hexanols.

Any type of catalyst known to one of ordinary skili in the art which is capable
of converting oxo aldehydes to oxo alcohols is contemplated by the present

20 invention.

The diesters of the dicarboxylic acids will generally be employed in the
lubricating compositions in an amount of from about 5.0 wt% {o about
15 wt%, preferably from about 7 wt% to about 12 wi%.

25
The invention will be more fully understood by the following examples
illustrating various modifications of the invention which should not be
construed as limiting the scope thereof.

30 EXAMPLES

A formulated 5W-40 lubricating oil using PAO as its basestock, a poly alpha




| ubricating conpositions in an anmount of from about 5.0 wt%to about 15
W% preferably fromabout 7 w%to about 12 wt% The invention wgIAPRE004
nore fully understood by the foll owi ng exanples illustrating various

nodi fications of the invention which should not be construed as limting

t he scope thereof. 30 EXAMPLES A for nul a%g 5W 40 |ubricating oil using PAO
as its basestock, a poly alpha - 2 APR 2004 24 ol efin base oil of 1-decene
oligomer with a standard additive package, was enployed as the lubricating

conposi ti on ddyd Bﬁs%éﬁrH?He@ece-Ffé Silotner! Wit bCbhdurdCaImPA phcHagaasvardded
ei t her nol ybdenum diesterr alone or a conbi nation of nol ybdenum

and a di est empihed nas ytide duichtiogpcoypdsiias ol thed &x@mmes-hi ocartbismat e
(MoDTC) and  the diester I_ndi cat res o] it re t han
eval uat ed fdvP ré?ﬂji”ﬁecomppﬁ'f'%nw@ﬁe?‘%de& gﬂﬁg CEJY%%%@()?%% |én%f;é

Bl ock-on-Ri %oﬁé 'd?%‘%b%u?ét[onlgpﬁ%owﬁd*énanﬂaﬁd|é3dle(s$@r 8 Tke) mb@@denamspeed of

420 rpm (0. a two hour test length. Friction coefficients are
report edsas e&nnlogédrvuas mﬂly@er&m TiibiosatbamateuiMaldl Ge anshibRsdiesteitas e

standard devi a) ap I 5 F I ng,
wear vol uned"” &F@&iﬂsat a“'t'B% 'ﬁ?.lrﬁ | mn%5¥v§ieptﬁ°g i %g%rfe&\t%éwf n?%per Fl ow
QC sanpl e t hAachidd abéifitient anglavedr deingd irra HalexaBldck- @Pﬂﬂ@(trl’lmnﬂiétgr 4P%
15Conposi tionFriction War Vol ume Coefficient101 mB

0i 1 0.1192. 68 @"QA@Itm a 820 (§9-8 k@i lpaaeewpe&élcifa’c%fbfﬂfﬂdﬁ 7177”% ango + 10
W % di -1 SOdetv% h8Gte El%ng&\l6&rlalon coefficients are reported as end of run value.

10 The end of run values shows relative standard deviations (10) of
approximately 1.5%. Following the testing, wear volumes are determined
by multiple scan profilometry. For a SuperFlow QC sample the relative
standard deviation (1 ) is approximately 12%.

Friction Wear Voilume

15  Composition Coefficient 102 mm®
1 PAO base oil 0.119 2.68
2 PAO + 10 wi% di-isotridecy! adipate 0.120 217
20
3 PAO + 10 wi% di-isodecyl azelate 0.116 1.93
4 PAO + 10 wt% di-isotridecyl
dodecandioate 0.116 2.5
25
5 PAO + 0.2wi% MoDTC * 0.085 2.2
6 PAO + 0.2 wt% MoDTC + 10 wt%
di-isotridecyl adipate 0.06 1.33
30
7 PAO + 0.2 wt% MoDTC +10wt%
di-isodecyl azelate 0.064 1.21
8 PAD + 0.2 wit% MoDTC +10wt%
35 di-isotridecy! dodecandioate 0.049 1.09

* = 100 ppm Mo from a MoDTC.

As the data illustrates, the combination of the molybdenum and a diester

40 when added to the base oil composition synergistically improves both the




4 PAO + 10 Wt % di -isotridecyl 0.1162.5 dodecandioate 25 5 PAO + 0.2 w %
MoDTC *0.0852.2 6 PAO + 0.2 wt % MoDTC + 10 wt % 0. 061. 33 di -i sotri decyl

adi pate 30 7 PAO + 0.2 wt % MoDTC +10 wt % 0. 0641. 21 di -i sodecyl azeldt &PREB)
PAO + 0.2 W % MoDTC +10 wt % 0. 0491. 09 di-isotridecyl dodecandioate * = 100
ppm Mo froma MDTC. As the data illustrap8s, the conbination of the

nol ybdenum and a diester 40 when added to the base oil conposition
synergistically inproves both the - 2 APR 2004 25 friction coefficient and
anti wear prdpetiey coeflicigat langraaaipreperty ehus lubrisating M8 comppsition.

obta ned 11 Whe Gl Esealy Ehb e G R AN M RPRETER e o
trinethylol ghtapeeifang ddditivé %6 MOOIG & YVHidh tHyardxgl-eentaignglesed i pf i on of

the invention, those skilled in the art will appreciate that nodifications
may be made YigvatRol preeane eRdi- 2 matk Moldarting fromthe spirit thereof.
Therefore, it is not intended that the scope of the invention be limted
to the specific enbodinments illustrated and

With the foregoing description of the invention, those skilled in the art will
appreciate that modifications may be made to the invention without
departing from the spirit thereof. Therefore, it is not intended that the scope

of the invention be limited to the specific embodiments illustrated and

10  described.




10 described. 26 CL A1 M& 1 . A crankcase lubricating conposition for
spark-ignited and conpression-ignited engines conprising a ngjor anmount of
an, oil of lubricating viscosity and, providing friction nodificat ~dInABH A0
antiwear properties, a nolybdenum conpound in an amount from 0.005 to 0.2
w % and a diester of an aliphatic or,gromatic dicarboxylic acid in an
anobunt from3 to 20 wt % each based on the weight of the lubricating
conposition. 2. The lubricating conposition of claiml| wherein the

nmol ybdenum coggoun_d i s an organo- nol ybdenum conmpound. 3. The lubricating
conpositio . eftPher claiml1l or claim2 wherein the nolybdenum conpound
is selected fromthe group consisting of a nolybdenum dithiocarbamate,

mol ybdenum di t hi ophosphat e, nol ybdenum dit hi ophosphi nat e, . mol ybdenum

xant hat e, Aol ybdenuwrehkiapeanidraiteting mobyipdeiam s@[fi%%‘%‘“ﬁ%xt?ﬂ S

thereof. 4. The lubricating conposition of any.one of . eggdpng cl ai ns
wher ei n t heompirgseienigniesnsoeRES SOHPEERAt aag}/a#& %B"gjgrqtmrﬁ %lht %ﬁocar bamat e.

5. The lubricatin it o trhediftatieadiang @ntivesr wher ein
t he ol ybdmmaé'aapﬁ%gﬁ% émt?'r ﬂ%ﬂ@ ﬁ rﬂﬁ%i{ébbgzﬁjdm corrpound.%%. The
| ubri cati ngrgqsmes] &imolybiieamy mnepcohdtinearpeaesot frgmc PAORED QK& n t he

diester is a linear or branched dial kyl ester _of a. } tic
di car boxy! iecdax digstdiar @nrelivhate %GFPW@X%EWFDO&VI&%%&EW g'ﬁ)ﬁ@jo gpgé?@:?cont ai ns

from 6 to,13 catbon atons., (. : iHeaLbMatisaweepotition. of any One of
clainms | t& éov‘\ff%e}i‘j'e‘?ar‘?%ttf?ggg Q%‘R%g%é%ﬂgﬂg%qdi (last erg [ 2}@2 | i near or branched
di al kyl ester of an aromatic dicarboxylic acid :

2. The tubricating composition of claim 1 wherein the molybdenum

compound is an organo-molybdenum compound.

3. The lubricating composition of either claim 1 or claim 2 wherein the
molybdenum compound is selected from the group consisting of a
molybdenum dithiocarbamate, molybdenum dithiophosphate, molybdenum
dithiophosphinate, ~molybdenum  xanthate, molybdenum  thioxanthate,

molybdenum sulfide and mixtures thereof. .

4, The lubricating composition of any one of the preceding claims

wherein the molybdenum compound is present as molybdenum

dithiocarbamate.

5. The lubricating cémposition of any one of the preceding claims

wherein the molybdenum compound is a trinuclear molybdenum compound.

6. The lubricating composition of any one of the preceding claims
wherein the diester is a linear or branched dialkylester of a Cs to Cy3 aliphatic
dicarboxylic acid wherein each of the alkyl groups of the diester contains from

6 to 13 carbon atoms.

7. The lubricating composition of any one of claims 1 to 5 wherein the




wherein each of the alkyl groups of the diester contains from6 to 13
carbon atoms. 8. The lubricating conposition of any one of clainms=1 ARR 204
wherein the diester is selected fromthe group consisting of

di -isotridecyl adipate, di- |Isodecyl adipate, di-isodecyl azelate and

di -isotridecyl dodecandioate.. 9. The use, in a crankcase |ubricating
conposition, of from0.005 to 0.2 wt%%f a nol ybdenum conpound and from 3
to 20 wt% of a diester of an aliphatic or aromatic dicarboxylic acid, each
based on the weight of the lubricating conposition, to provide friction

modi fication and antiwear  propertj to,the oil 0S).1 4 : id An

addi tive pa@Ra@él%édﬁﬁaépﬁ@r%%ﬂﬂb%gﬂlﬁﬁt%o ﬁ@;@% O'?1a113érglgé}’slItctlaér)CI of an

al i phatic or aromatic dicar i he didstancaHTIrB rosubith idessrboro  provi de
inacr ankc"%ﬂfgpereirhﬁ%%:@gﬂh%g‘ﬂlggry%é%@gﬁ {15m 0,005 to 0.2 wt%of the

nmol ybdenum ggpRround and from3 to 20 wt % of the diester, each based on the

wei ght of the oil conposition, when.the lubricating conposition contains
from2 to 20 mass % of the additive package.

8. The lubricating composition of any one of claims 1 {o 5 wherein the
diester is selected from the group consisting of di-isotridecyl adipate, di-

isodecyl adipate, di-isodecy! azelate and di-isotridecyl dodecandioate.

9. The use, in a crankcase lubricating composition, of from 0.005 fo
0.2 wit% of a molybdenum compound and from 3 to 20 wt% of a diester of an
aliphatic or aromatic dicarboxylic acid, each based on the weight of the

lubricating composition, to provide friction modification and antiwear

properties to the oil composition.

" 10.  An additive package comprising é molybdenum compound and a
diester of an aliphatic or aromatic dicarboxylic acid in an amount sufficient to
provide in a crankcase lubricating composition from 0.005 to 0.2 wi% of the
molybdenum compound and from 3 to 20 wt% of the diester, each based on

the weight of the oil composition, when the lubricating composition contains

from 2 to 20 mass % of the additive package.




