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LUBRI CATI NG COVPOSI TI ONS / The present invention relate

S e gise
“of friction nodifiers to reduce mcropitting of netal surfacesq@g%%p?isﬁ}’I
gear teeth, and to |ubricant conpositions conprising friction modi f#eF's,
Mcropitting is a type of surface damage which occurs predominantly in
rolling-sliding contacts of hard steel surfaces. Sonetines called
"frosting", "greystaining" or "peeling" it typically occurs in rolling
el enent bearings-and nost often on gear teeth, where jt poses a
significant practical problem Mcropitting may Ieag/éo hi gher noise, to
significant rapid wear and thUBREGAT AONSd¥nage, such as
scuffing and even to tooth fracture in gears. Conventional lubricants are
used to reduce friction when netal surfaces move in contact with each

ther but they d t ent th f, m i dtd Qi gi nal
cquiprrent _rnut KEPUPEPSSHEGHINAE R FELRFSeuFP P iET B 8 Peducti on
L r | cant < 1087 E1gFRTEGDEANEE AUEBeIRERAL e Thi Lol | R CRRCININES neca.

The awar enggarOtelthl ORh4 ! AN WMrikiamt! BBmbUBLL £8RE compilidinée Fxritadushr y has
I ncreased Significantly. A mcropitting test has been established by the
FZG I nstit wiodifiemsCer many and is called-the FZG nicropitting test. This

Micropitting is a type of surface démage which occurs
predominantly in rolling-sliding contacts of hard steel
surfaces. Sometiﬁes called "frosting", "greystaining" or
*peeling" it typically occurs in rolling element bearings and
most often on gear teeth, where it poses a significant
practical problem. Micropitting may lead to higher noise, to
significant rapid wear and to more sgrious surface damage,
such as scuffing andleven to tooth fracture in gears.
Conventional lubricants are used to reduce friction when
metal surfaces move in contact with each other but they dé
not prevent the occurrence of micropitting. Original
equipment manufacturers require lubricants which can lead to
a reduction in the amount of micropitting when compared with
the conventional lubricants. It is an object of the present
invention to meet this need. |

The awareness of micropitting within the lubricant
additives industry has increased significantly. A
micropitting test has been established by the FZG Institute
in Germany and is called the FZG micfopitting'test. This
test is run on gears sets with the same metallurgy and

surface profile/roughness as gears used in the field. The



test is run on gears sets with the sane netal lurgy and surface
profil e/ roughness as gears used in the field. The

- 2- conditions of the test (high |oad/low speed) are the optinmm
conditions for mcropitting-to occur. Equi pnent nanufacturers believe that
the FZG micropitting test correlates well with field experience. The
FZG mcropitting test is carried out using a standardized FZGtest rig
according to CEC L-07-A-71, with C typ2 case hardened gears of mninmmO0.4
Ra surface roughness. _The test has a stepw se phase to investigate build

up of ni crEBFEELRBS aPf %m&mghpﬁagé/%w.m.@a&%#@sp AREB to
tt t f d to | d st 10,
cach st age RS ERGRTERG ATRIECIG; EPOoBYEt nd GRS neasured prior 1o
testing an T agkat ear profile
(t?\eI grof'agﬂgéggg%?gﬁ)ﬁggi%%. cu gtggg 5?8 &iéiﬁé§§%%¥%1 eg'pergent;ge
i cropi tti Rgrieharsr went a@eefeiad ekpaiienbich s mcrOpltted) and the

weight loss fromthe gears. After the stepw se phase the endurance phase

is run for 80 hahesFac micaspititagry teatdibhearfied oddk usigry ED unti |
failure. Again, the deviation fromthe original profile (nmaxi num 20

m crons), atiandeaddzeds FaGchentt tm;gqgmdms tei gEC L RE-An B sy 0. A

result which would b rticul arl acceg?able to the inpdustry ﬁgyld be a
pass at |oéam§1g§§e1§agﬁeFﬁ imum 0.4 Ra surface roughness.

The test has a stepwise phase to investigate build up of

micropitting and aﬁ endurance phase to invesﬁigate resistance
to micropitting. The stepwise phase runs from load stage 5
to load stage 10, each stage lasting 16 hours. The profile
of the gears is measured prior to testing and during the
test. The variation from the original gear profile (the
profile deviation) is calculated. Also evaluated are the
percentage micropitting (the percentage of gear tooth which
is micropitted) and the weight loss from the gears. After
the stepwise phase the endurance phaée is run for 80 hours at
load étage 8 and then at load stage 10 until failure. Again,
the deviation from the original profile (maximum 20 wmicrons),
the level of micropitting and the weight loss are measured.

A result which would be particularly acceptable to the
industry would be a pass at load stagé 10 in the stepwise
phase of the test. This corresponds to a profile deviation
of less than 7.5 pm, micropitting of less than 15% (approx)
and weight loss of less than 15 mg (approx) after load stage

10. Extended performance in the endurance phase is also

desirable.
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_phase of the test. This corresponds to a profile deviation of |ess than
"7.5 [err]m mcropitting of less than 15% (approx) and wei ght | oss of |ess
than 15 ng (approx) after |oad stage 10. Extended performance in the
endurance phase is also desirable.

- 3 - -The present invention is based on the surprising appreciation
that certain friction nodifiers nay be included in |ubricant conpositions
wWith the result that an inprovenent -i# micropitting perfornmance is

observed when &gé Iubéégaqﬁl C nposLtian @re qgﬁg, i.e.. there is reduced
mcropitting. "AccBFATRET i 15FedE8nPAPRI IR i IF SOHPHAFINEhe use of at

| east one afdﬁr‘ébiiQEiHHdﬂflé@rcé]ﬂ:ari%d'fg cﬁB?oﬂé&ffi{%‘sgfmasr il ihcg.ﬁaééace’

whi ch conpri'ses lubricating the metal surface w ubri ¢cant conposition

conpri si ngr NebeichaBstompes iticis @athmeHef +€sul ViRl ad Rap2bvbRagt one
friction nodifier is selected such that mcropitting is reduced when the
metal surimedcrepibttingrpexfemhance is dbseredd|wlisat ftdre Iubyikanthe surface
of a gear tooth, in which case the at |least one friction nodifier.my be
added to <cemposAtlansdayesedibrii.eanthevapibsix¢duced micropitthegpr esent
speci fication thggiern1"friction .nodifier" is used to describe additive

conpounds ARFOEAIBELY . cHhS RSN ARveBEdon corenInm hhe MBS0 St Abns to

reduce frféggtognengiL£igﬁiéghi fggzkgr§e uégrhfg§%§f¥gfﬂg L@ a metal
surface, which comprises lubricating the metal surface with a
lubricant composition comprising the ‘at least one friction
modifier, wherein the at least one friction modifier is
selected such that micropitting is reduced when the metal
surface is so lubricated.

The metal surface may be the surface of a gear tooth, in
which case the at least one friction modifier may be added to
a formulated gear lubricant composition.

In the present specification the term *“friction
modifier" is used to describe additive compounds which are
conventionally used in lubricant compositions to reduce
friction. The friction modifiers which are useful in
practising the present invention afe-éll known in ﬁhe art.

In accordance with the present invention it has been
found that only certain friction modifiers may be used to
give the desired technical effect of reduced micropitting.
The efficacy of any given friction modifier in reducing
micropitting may be assessed by comparing the amount of
micropitting observed when a metal surface is lubricated with

a lubricant composition comprising'the friction modifier with
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practising the present invention are all known in the art. In _
"accordance with the present invention it has been found that only certain
friction nodifiers may be used to give the desired technical effect of
reduced mcropitting. "The efficacy of any given friction nodifier in
reducing mcropitting may be assessed by conparing the anmount of _

m cropitting observed when a netal surface is lubricated with a |ubricant
conposition conprising the friction nodif-ier with :

-4- the anount of mcropitting observed when an i-dentical netal surface
i s |ubri cdih®l 3MaWr ofhBiskeRitlsing tqhﬁﬁyeéswhgntzeflwmﬁdo;mmgt i

| ubricant conposit, o romwhich the friction nodifier of interes as
been oni ttse‘ir.r?alcﬁe lﬁzg“}ﬁr(‘,??ﬁﬁ‘#tr en; &he gaPepeoRditions h using ke rel ati ve

f Al i 110NS s, . Anot her of . dentifying
0 1ol o 1 R HEET o EOREE Cdebacaon. crgh YETr e ricldtR of ent’ o
| ubri cant \Gld4di ihie t ; th t :

i cion nedTrer ony ocrert b hap Sueed, | othe B ML SBT GG Ui ng
a high frepsnaay e psedatongsséds (HRPe1akdee ﬁéfﬁoﬁﬂeﬂ%é iggs descri bed

in SAE Technical Paper 961142, “a |ubricant which conprises the friction
nodi fi er altbxigant ieempogivienssity grade of |1SO 220 has a coefficient of
friction of 0.100 or less. _The HFRR test may thus be enployed as a

Another way of identifying suitable friction modifiers
is by reference to the friction coefficient of lubricants
including them. It has been found that the at least one
friction modifier may be selected such that, when measured at
130°C using a high frequency reciprocating rig (HFRR) under
the conditions described in SAE Technical Paper 961142, a
lubricant which comprises the friction modifier and which has
a viscosity grade of ISO 220 has a coefficient of friction of
0.100 or less. The HFRR test may thus be employed as a
screen for useful friction modifiers. Lubricant compositions
which have a viscosity grade of ISO 220 and which are useful
in screening friction modifiers may be prepared by blending a
conventional sulphur- and phosphorus-containing gear additive
package with a base 0il having a viscosity of between 1.98 x
10 to 2.42 x 10 w?’/s (198 to 242 cSt) at 40°C. Suitable
additive packages include those cowprising from 15-75 wt%,
preferably from 45-65 wt%, of a sulfurized isobutylene, from,
0-25 wt%, preferably from 3-15 wt%, of a phoséhorus—
containing antiwear agent, from 0-60 wt%, preferably from 5-
25 wt% of a carboxylic-type or Mannich-type ashless

dispersant, from 0-20 wt%, preferably from 1-10 wt% of



screen for useful friction nodifiers. Lubricant conpositions which have a
*viscosity grade of |SO 220 and which are useful in screening friction

modi fiers may be prepared by blending a conventional sul phur- and

phosphor us-cont ai ni ng gear additive package with a base oil having a
viscosity of between 1.98 x 10[err] to 2.42 x 10[err] nferr]/s (198 to 242
cSt) at 40[err]C. Suitable additive packages include those conprising from
15-75 wt% preferably from45-65 w % %f-a sulfurized isobutylene, from
0-25 wt% preferably from3-15 wt % of a phosphorus- containing antiwear
agent, frofPEresionopng s dphibitens 5-Lrom Qu204if  aPEREBERYLY cExgmme or

Nanni ch-type, §sfiL g5, HRIRbe 140 O B0 Mbes relerabl v Ligm 1-10 wto6,

i nhi bi tor Sagpﬁe%g-,g%mgus R gg@@lgifciéf@ il 0%, Ofrhauség)‘;&@ect lve

agents and uen ch a Ve packages aré comercralTy avail abl e.

The addi ti ygckpgekageuss WedonbeALINRAT AR taRRls .M 2heBui fubll tigiile base
oil to use in formulating the conpositions includes a blend of 51 wt % ESSO

600SN and 631wt&o abe 260 Fd¥miudatihgCkhe dbmgoditird@ tind@udaskaosl e
descri bed in EP-A-0744456 and EP-A- 0812901. A nunber of different

cl asses of ofr B¢t wbk RESSP f6AOSN ande49beeh ¢DREOQ Brightsebok. i NUsefur esent

i nvention. Mention may be nmade of phosphonate esters, phosphite esters,
al i phati c 846dtavei Backagn|aneddrerribad ol P AP 74448 6aAndeEP-A-

0812901. . : -

A number of diffefent classes of friction modifiers have
been found to be useful in the present invention. Mention
may be made of phosphonate esters, phosphite esters,
aliphatic éuccinimides, molybdenum compounds and acid amides.

Useful phosphonate esters include 0O,0-di-(primary alkyl)
acyclic hydrocarbyl phosphonates in which the primary alkyl
groups are the same or different each independently
containing 1 to 4 carbon atoms and in which the acyclic
hydrocarbyl group bonded to the phosphofus atom contains 12
to 24 carbon atoms and is a linear hydrocarbyl group free of
acetylenic unsaturation. These compounds thus comprise O,O-
dimethyl hydrocarbyl phosphonates, O,0-diethyl hydrocarbyl
phosphonates, 0,0-dipropyl hydrocarbyl phosphonates, 0,0-
dibutyl hydrocarbyl phosphonates, O,0-diiso-butyl hydrocarbyl
phosphonates, gnd analogous compounds in which the two alkyl
groups differ, such as, for example, O-ethyl-O-methyl
hydrocarbyl phosphonates, O-butyl-O-propyl hydrocarbyl
phosphonates, and O-butyl-0-isobutyl hydrocarbyl

phosphonates, wherein in each case tﬁe hydrocarbyl group is



‘Useful phosphonate esters include O Odi-(primary alkyl) acyclic

"hydr ocar byl phosphonates in which the prinmary alkyl groups are the sanme or
di fferent each independently <containing 1 to 4 carbon atons and in which

t he acyclic hydrocarbyl group bonded to the phosphorus atom contains 12
to 24 carbon atons and is a |linear hydrocarbyl group free of acetylenic
unsaturation. These conpounds thus conprise O O dinethyl hydrocar byl
phosphonat es, O, O hydrocarbyl phosphohates, O O di propyl hydrocar byl

h h i b | b h h O, ls ] b |
E\ygfgcgpg (i%eﬁﬁogﬁﬂoﬁlﬁt%%yur a%%?%ﬁélﬁgpcgsﬁg eorba ?"%re eg&t‘%g t\l/J\:)yaI kyl

groups di {44 fo &f(ﬁﬁ}@g & sLovérdd tﬁl:}i thrﬁﬁékﬁﬁh.
phosphonat egﬁ) Cfprop drggarg ?f phosphon(ﬁges (:;'{n
O but yl - Odouphlat bbnaydr Peéfdited m@sab@paams ibaigich boteaohocairylhe

hydrocar byl group is | i near and is saturated or contains one or
nor e ol ef ighoupsdattbl dzdéntlﬂeal aartea(d:hubthebonchlmefweﬁdryrebblamg an internal
doubl e bond. Preferred are conpounds in which both 0, 0O- aIkyI groups are
i denti cal compespdsoihewhigh stheyhyidxocaybyl egre te ech t he
YO 0Cal b i 2ORE LSty HIORRNSE U2 00 SOULRY 15, 10k 20, bon
Phosphonat., RNoSPROATEE S5  enttd thidad 1o HEBLAPFSLcaddRyTt ' o0 are

phosphonate. Phosphonate esters useful in the present

invention are described in USP 4,158,633.

Useful phosphite esters are described in

W088/04313. These include dihydrocarbyl hydrogen phosphites

in which the hydrocarbyl groups are the same or different

linear aliphatic hydrocarbyllgroups free of acetylenic

unsaturation each independently containing 8 to 24 carbon

atoms, and amine salts of these phosphites. The phosphites

typically contain linear aliphatic hydrocarbyl groups, each

of which contains 12 to 24, preferably 16 to 20 carbon atoms.

It is also preferred that at least 50% of the hydrocarbyl

groups in the dihydrocarbyl hydrogen -phosphite contain at

least one internal double bond. It is preferred to use

dioleylphosphite.

Preferred amine salts of the foregoing dihydrocarbyl
hydrogen phosphites are those in which the aliphatic group of
the amine is a linear primary aliphatic group having 8 to 24

carbon atoms, for example 16 to 20 carbon atoms, and in which

at least S0% of the aliphatic groups contain one or more

internal double bonds.



Useful phosphite esters are described in W88/ 04313. These incl ude

“di hydrocar byl hydrogen phosphites in which the hydrocarbyl groups are the
same or different |[|inear aliphatic hydrocarbyl groups free of acetylenic
unsaturation each i ndependently containing 8 to 24 carbon atons, and am ne
salts of these phosphites. The phosphites typically contain |inear

al i phatic hydrocarbyl groups, each of which contains 12 to 24, preferably
16 to 20 carbon atoms. It is also preférred that at |east 50% of the

hydrocar byl groups in e di hydr,ocar byl dr ogen phaosphi te ntai n at

| east one internal d 5%ﬁﬁ¥nFP1 §5p+%$éF$%gSFﬁ£h§% Igalrff)"}lg%phosphite.

Preferred am ne salts of the foxegoing dihydrocarb%f hydr ogen phosphites
are those in which the aliphat#C group of h ek a |inear primary

al i phati c group having g_ﬁgpigimﬂgarbonmaton%, ?%gkgxgﬁgle 16 to 20 carbon
atonms, and in which atlcﬂgﬂx§096of t he aH;ﬂGHZﬁ%gNHups contain one or

nor e i nternal doubl e bonds. ~Q o) -7-
Usef ul succinimdes include those of formula: [err]

in which Zis a group Rerrel]Rerr]CH in which Rerr] and R err] are the
same or differ erJ!.tn S:%gghi Qdfsp eandg?:rcl)tulpy R;l%%;{gs (;,‘_gt L:ﬂgcﬁtlglaia%gt R? are the
same or different each independently representing straight-
or branched-chain hydrocarbon groups containing from 1 to 34 -
cai'bon atoms and the total number of carbon atoms in the
groups R' and R? is from 11 to 35. Such compounds are
described in EP-A-0020037, EP-A-0389237 and EP-A-0776964.

The radical Z may be, for example, l-methylpentadecyl,
1-propyltridecenyl, 1-pentyltridecenyl, 1-
tridecylpentadecenyl or 1l-tetradecyleicosenyl. Preferably
the number of carbon atoms in the groups R' and R® is from 16
to 28 and more commonly 18 to 24. It is especially preferred
that the total number of carbon atoms in R* and R? is about '
20 or about 22. Preferably, the succinimide is a 3 - Cyg.2¢
alkenyl-2,S5-pyrrolidindione. A sample of this succinimide
contains a mixture of alkenyl groups having from 18 to 24
carbon atoms.

Useful molybdenum compounds are described in USP
5,650,381. These compounds are typically substantially free
of active sulphur. Examples of suitable compounds include
glycol molybdate complexes as described in U.S.P. 3,285,942,
overbased alkali metal and alkaline earth metal sulfonates,

phenates and salicylate compositions containing molybdenum



or branched-chai n hydrocarbon groups containing from1l to 34 carbon atons
‘and the total nunber of carbon atons in the groups Rerr] and R err] is

from1ll to 35. Such conpounds are described in EP-A-0020037, EP-A-0389237
and EP- A-0776964. The radical Z may be, for exanple, .
1- net hyl pent adecyl, 1-propyltridecenyl, 1-pentyltridecenyl, 1-

tridecyl pentadecenyl or 1-tetradecyl eicosenyl. Preferably the nunber of
carbon atons in the groups Rerr] and-RR is from1l6 to 28 and nore
commonly 18 to 24. It is especially preferred that the total nunber of

car bon at osnchna&| ehoge atiddRozed] insUadoRit 4 ,3B20853homolZRdemumf er abl y, - t he
succinimde is a 3 - (Jerr]-24 alkenyl-2,5-pyrrolidindione. A sanple of

thi s succi sombdiexesoprepared byl xeacking alfatty ajloupsdhgthapolamines to 24

b t ) Usef ul | ybd ' '
g?%Sé?321;?%§emE6f’a6%F§}%:bslé?ﬁ”g%yﬁgg FreR et b o e A BRS BT he ve
su ur. a i t . ds_incl |
oo Boscr i pihagnan Sout Sttt SARBENATs | Icptia (R0 TRV RHRE SOATI Cxes

earth metaly 4l LR2AbERny1 PRIRIthaABY 38! dbudAlfed AR RONS cont al ning

nol ybdenum _ _ -~ such as those .
di scl osed ig) 137567, 4oPerbed nblybadain tonsleteax arepatpd €dofty reacting a

fatty oil, a diethanolam ne and a nol ybdenum source as described.in U S. P.
4,889, 647, amines, diamines, alkoxylated amines, glycols and polyols as
described in U.S.P.” 5,143,633, and 2,4-heteroatom
substituted-molybdena-3,3-dioxacycloalkanes as described in
U.S.P. 5,412,130.

Molybdenum salts such as the carboxylates are a
preferred group of molybdenum compounds. The molybdenum
salts used in this invention may be completely dehydrated
(complete removal of water during preparation), or partially
dehydrated. They may be salts of the same anion or mixed
salts, meaning that they are formed from more than one type
of acid. Illustrative o% suitable anions there can be
mentioned chloride, carboxylate, nitrate, sulfonate, or any
other anion.

The mglybdenum carboxylate is preferably that of a
monocarboxylic acid such as those having from about 4 to 30
carbon atoms. Such acids can be hydrocarbon aliphatic,
alicyclic or aromatic carboxylic acids. Monocarboxylic
aliphatic acids having about 4 to 18 carbon atoms are
preferred, particularly those having an alkyl group of about
6 to 18 carbon atoms. The alicyclic-acids may generally

contain from 4 to 12 carbon atoms. The aromatic acids



nmol ybdenum cont ai ni ng conpounds prepared fromfatty acids and

"2- (2-am noet hyl ) am noet hanol as described in U S. P. 5,137,647, overbased
nol ybdenum conpl exes prepared from am nes, diam nes, al koxylated am nes,

gl ycols and polyols as described in U S P.75, 143,633, and 2, 4- het er oat om
substi t ut ed- nol ybdena- 3, 3- di oxacycl oal kanes as described in U S P.

5,412, 130. Mol ybdenum salts such as the carboxylates are a preferred
group of nol ybdenum conmpounds. The nDTy%dénun1 salts used in this invention

may be conmpl etel y.dehydrated_  (conplet A [
preparatioﬁFPeBFXer?¥%57V3‘ﬁghfﬁrgyédsu#%gﬁ%%gﬁp%gﬁggﬁ?gggé ?ﬁ%mggne ani on
or mxed 3348 cAEBGhMkAAlHRRUnALRe | ARSI PO Baihan ap dope  of
acid. Illustrative of suitable anions there can be nentioned chloride,

car boxyl at g¢ Ritkhadhed §itdAt to @heaing Ot Mitie azirboxylic aci@ecam|yddenum
carboxylate is preferably that of a nonocarboxylic acid such as those
havi ng from atutratefoosuns=xinhatedt fatty Sacid dwivisia £aromeabout ogakdon

aliphatic, alicyclic or aromatic carboxylic acjds. Nonocarboxyljc
al i phatic a8 daxber agousoutExpmniesgof arpEhoRY b agids thafepp¥gbe

The a1 oycliach ERupTREg g ot ANybRBRLrREP PSR 5 10ae BRORP AR " The

aromatic EKQé%ﬁ, valeric acid, caproic acid, heptanoic adid,
cyclohexag%carboxylic acid, cyclodecanoic acid,. naphthenic
acid, phenyl acetic ac¢id, 2-methylhexanoic acid, 2-
ethylhexanoic acid, suberic acid, octanoic acid, nonanoic
acid, decanoic acid, undecanoic acid, lauric acid,
tridecanoic acid, myristic acid, pentadecanoic acid, palmitic
acid, linolenic acid, heptadecanoic acid, stearic acid, oleic
acid, nonadecanoic acid, eicosanoic acid, heneicosanoic acid,
docosanoic acid and erucic acid. The preferred molybdenum
carboxylate is molybdenum octanoate.

Useful carboxylic acid amides include aliphatic
monocarboxylic acid amides. These may be represgnted by the
formula (RCO)N(R‘) (R®) in which R’ represents an alkyl or
alkenyl group having 8 to 24 carbon atoms and R*' and R® which
may be the same or different are each independently hydrogen
or alkyl of up to 7 carbon atoms. Typically, R® represents a
Cia.e alkyl radical. BAmides of this type are described in USP
4,280,916. A preferred friction modifier falling within this
class is oleyamide.

Friction modifiers which are useful in the present

invention are commercially available or may be prepared by



generally contain one or two fused rings and contain from7 to 14 carbon
‘atons wherein the carboxyl group may or may not be attached directly to
the ring. The carboxylic acid can be a saturated or unsaturated fatty acid
having from about 4 to 18 carbon atons. Exanples of carboxylic acids that
may be wused to prepare the nol ybdenum carboxyl ates include butyric acid,
val eric acid, caproic acid, heptanoic agid, cyclohexanecarboxylic acid,
cycl odecanoi ¢ aci d, naphthenic acid, bﬂehyl acetic acid, 2-nmethyl hexanoic

acid, 2 ehOVASSXANOId 8¢l donttbel| bn A5 denclil ABEHGC! 0. nonanoic - acid,

decanoi c ac anol c ac auric acid, trirdecanoic acid, nyristic
aci d, pent adecame Cafiirit, oathbt A€ 1@kt orld FRlieRiienafibdi £ ept@gRaRNOI C
acid, stearic acid, oleic acid, nonadecanoic acid, eicosanoic acid,
henei cosandscuaed dis atodesatosaffittilewmtnF@r Ud toaekdrt Thes piwteided
nol ybdenum car boxyl ate i s nol ybdenum oct anoat e. Useful carboxylic
aci d am defungationecoftgsivaing mignopirtbingd | Thecifatighidasmodhfier fmly be
representeq hy the fornmula (Rlerr]CQNRerr]) (Rerr]) in which Rerr]
repr esent s 18AREKENSFally pErd afr sopvertionpls taeak4rakeBon at ons and

err] and errl.,whigh be the sane, or different are.each
hdepondentrBLRIRIFycie SPURL SphfnERATE of, mrictlpponSatBity wacd o or ]
represents rde [€F5 radical ] Is Y descri bed
e 4. 3B00GHES 50 LY oy, Rt BEbElon AdIRbel, MELERLYBE 88 DoSCCl acs
i s ol eyam d@bricant cduipdditaeni0dpibeesamty Choiy @ otaaf HinolAtt 8 present

I nvention are comercially available or may be prepared by
friction modifier is 0.15 to 0.75% by weight, more preferably
about 0.5% by weight.

Mixtures of friction modifiers may be used. In this
case friction modifiers of the same or different type may be
used in combination. For example, satisfactory results have
been obtained using combinations of dimethyloctadecyl
phosphonate and a 3-C,;_,, alkenyl-2,5-pyrrolidindione. When
mixtures of friction modifiers are employed the total amount
of friction modifier is as described above.

It is important that the at least one friction modifier
employed is sufficiently soluble in the lubricant composition
at the treat rate at which it is used. It is also important
that the at least one friction modifier is sufficiently
compatible with the additional components commonly found in
lubricating compositions. Such components include
dispersants, detergents, antioxidants, extreme pressure .
agents, antiwear agents, foam inhibitors, viscosity index

improvers and pour point depressants. These additives are

themselves used in conventional amounts.



- 10 - the adaptation or application of known nethods. The anmount of
the at |east one friction nodifier which is used is at |east sufficient
for it to exert its intended function of reducing mcropitting. The
friction nodifier(s) is/are generally used at conventional treat rates.
Typically, the total concentration of friction nodifier used is 0.125 to
1% by wei ght based on the total weight the |ubricant conposition.
Preferably, the total amount of. friction nodifier is 0.15 to 0.75% by

wei ght, nore pre O, s 01,59 [ f friction
nodi fiers may be&ﬁégg%yﬁ rﬁqh?%lggaggeysféf/%t%tﬁoﬁggk Fg?%é%?{m@sarre or

di fferent tyBRpEBYLHENs USRSFUIN 1600RE Netdsht ARfvetxdBh! Ray SIBé i tdaat0r y
results have Been obt ai ned usi ng conbi nati ons of di met hyl oct adecyl
phosphonat eozndyatBetd e rdr & bdepl- Chérenf s olUsdifndi base &bhk:m axe ¥Mnows of
friction nodifiers are enployed the total anount of friction nodifier is
as descri bednaphgeeart. The lubricapbreempogifdonshargt fovastated i ction
nodi fier enployed is sufficiently soluple in the Iubricant conposition at
the treat rkPewht m%\ﬂ’i‘%ﬁ%’f t?%se“é%&ﬂ. the jndiyidual,GOMPQRENtS hatThe it | east

fri [ i fi ' ffici I i, Ql ith _th ddi t,i I
one i1t o35l bhe! ebrortd] kRSBl -CORBANEE At bbby pdgiblonl
nelude di 4erapateind YErARNRoe ALy X dRsy £ LhEMRiRECERUT e agent s,

antiwear agents, fnhibitors, vistosity index 1nprovers and pour point
depr essant s 1ubgeanedds t forfulaited.t NATEEYASi WSS itheCABYRBASONGIhe aMDUNE S.

frigtion modifier may be added as a top treat to improve or
boost the micropitting performance of an existing formulated
lubricant composition.

The invention also provides lubricant compositions which
exhibit excellent micropitting performance relative to
conventional lubricants. In one embodiment the invention'
provides a lubricant composition comprising an O0,0-di-
(primary alkyl)acyclic hydrocarbyl phosphonate as described
above and a succinimide as described above. Preferably, the
composition comprises dimethyloctadecyl phosphoqate and a
3-Cyg.2¢4 alkenyl-2-pyrrolidindione. 1In another embodiment the
composition comprises a molybdenum carboxylate, such as
molybdenum octanoate, and a sulfurized isocbutylene extreme
pressure agent. The compositions may also include one or
more of the other additive components described above.

The invention is illustrated in the following examples.
EXAMPLES 1-7

Lubricant compositions were prepared by blending the

components listed in Table 1 below. The sulphur- and



The base oil which is used to fornmulate lubricant conpositions useful in
‘the present invention may be natural or synthetic, or a blend thereof.
Useful base oils are known in the art. The |ubricant conpositions are
formul ated in known manner by bl endi ng the individual conponents. The at
| east one friction nodifier responsible for inproving the mcropitting
performance may be added at the tinme the lubricant is fornul ated.
Alternatively, the at |east one fri<ti2om nodifier may be added as a top
treat to inprove or boost the mcropitting performnce of an_existing

f or nul at eBhOFPRPTRETROMGHIYANG PeAr additive,Packagn e &PsofRlLbovHRS

| ubricant conpositions which exhibit excellent mcropitting performnce
relative £8™P §ﬁ€%$ﬁiohal | ubricants. In one enbodi ment the invention

provi des a | ubgjc coqﬁﬁ% 1:QN +C j. SJ n j oo [L.Oary

al kyl )acyclic %gdﬁgiarby pl%gb%ghggggggyggggﬁéiéﬁe5%55%ggh a succini mde
as described above. Prefggaftl)yy, the conposition conprises

di met hyl oct adecyl phosphonate and a 3-C[err]-[err]

al kenyl - 2- pyrr o8i dt®di oneixdd phogsphdtecahd dbiesphatiee amtdruesairt agenconpri ses
a nol ybdenum car boxyl ate, such as nolybdenum octanoate, and a sul furized

i sobutyl ene exifefewthr eplwespharydatedThboromatrd tsuseinimidel so i ncl ude one
or nore of the other additive conponents descri bed above. The
invention is illustrated}§PeH@™0| | owi ng exanpl es.

9 wt% rust inhibitor-package
2.6 wt% corrosion inhibitor
0.5 wt%¥ defoamer
0.15% demulsifier
1.5 wt%¥ 3-C.5 alkenyl-2,5-pyrrolidindione
balance base (diluent) oil
The base oil was ESSO ISO 220. The viscosity grade of each

composition was ISO 220.



EXAMPLES 1-7 Lubricant conpositions were prepared by bl ending the
:conmponents listed in Table 1 bel ow. The sul phur- and

- 12 -. phosphorus-contai ning gear additive package had the foll ow ng
conposi tion: 50 wt % sul furized i sobutylene (extreme pressure
agent) 8 Wm % m xed phosphite and phosphate anti-wear agent
17.5 wt % phosphoryl ated, boronated succi i3m-de di sper sant
9 W% rust inhibitor-package 2.6 W% corrosion inhibitor
0.5 W % def oaner 0. 15‘FF Fer ~OIM % 3-Cerr]-[err]
al kenyl -2, 5- pyrrolidi ndi one D gpas (pilug¢nt) oil The base
oil was ESSO | SO 220. The vi gcosi ejof| eac eomjosi ti on was | SO
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The coefficient of friction for ‘each composition was
measured at 130°C using an HFRR operated under the conditions
described in SAE Technical Paper 961142 (ball diameter 6mm,
load 4N, frequency 20 Hz, stroke length lmm; bail and flat
ANSI 52100 steel). The HFRR coefficient of friction for each
composition is given in Table 2. Each composition was also
subjected to the FZG micropitting test in accordance with CEC
L-07-A-71. The results obtained in this test are glgo shown
in Table 2.

The solubility/compatibility of the friction modifier(s)
within the lubricant compositions tested the appearance of
the compositions was assessed visually. The presence of
precipitate indicates poor solubility/compatibility. Table 2
reports the extent of the solubility/compatibility.

The percentage micropitting and weight loss were
assessed after load stage 10. The weight loss was determined
by comparing the initial weight of the gears under test with

the weight of the gears after load stage 10. The results are

also shown in Table 2.



[err] _-14- The coefficient of
friction for each conposition was neasured at 130[err] C using an HFRR
operat ed under the conditions described in SAE Techni cal Paper 961142
(ball dianmeter 6mm | oad 4N, frequency- 3@ Hz, stroke length 1mm ball and
flat ANSI 52100 steel). The HFRR coeff|C|ent of friction for each

conposition is given in Tabl e g=Eath=ce6 53 was al so subjected to
the FZG micropitting test in cqrd i I L-07-A-71. The results
obtained in this test are al sg sijow The
solubility/conpatibility of t rjri l(s) wi thin the |ubricant
conpositions tested the appearfnde, g conpogiti ons was assessed
visually. The presence of pre,lpig ndi §ates poor
solubility/conpatibility. Tablle 4 gf [t ent of the
solubility/conpatibility. he- Wcroplttlng and wei ght | oss
were assessed after |oad sta 10. {ss was determined by
conparing the initial weight tlhe est with the weight of
the gears after |oad stage 10. Tre s E? | so shown in Table 2.
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In this table the FZG result is given as a load stage
result (in the stepwise phase). A profile deviation of 7.5
pm is used to differentiate a pass or fail result at any
given load stage. For example, Runs 1‘and é'give “10 fail®"
and "9 fail" results respectively which_mganslthat-the
profile deviation exceeded 7.5 pm after'ioﬁd stage 10 (Run 1)
‘and load stage 9 (Run 2{. Runs 4-7 on the other hand give an
FZG result of "10 pass" which means éhatuthe profile
deviation has not exceeded 7.5 pm after load stége 10.

The results in Table 2 show that the friction
coefficient obtained in the ﬁFRR test may be used to predict
which friction modifier(s) is/are useful in improving
micropitting performance. HFRR results of less than 0.100
are predictive of frictioh modifiers which give improved
micropitting performance.

The lubricant composition used in Runs 1 and 2 is a
conventional gear lubricant. This gives reasonable
micropitting protection, the 7.5 pm threshold being exceeded
after load stage 10 (Run 1) or 9 (Run 2). For Run 3 the
micropitting test was aborted after load stage 6 because the
composition tested was found to contain precipitate. This
emphasises the need for the friction modifiers used to be
fully soluble/compatible in lubricant at the treat rate at
which they are used. The compositions used in Runs 4-7
illustrate the present invention and give improved FZG
results of "10 pass" when compared with the conventional

lubricant compositions of Runs 1 and 2. A consistent “10



- 16 - In this table the FZGresult is given as a | oad stage result
{in the stepw se phase). A profile deviation of 7.5 [err]mis used to
differentiate a pass or fail result at any given |oad stage. For exanple,
Runs 1 and 2 give "10 fail" and "9 fail" results respectively which nmeans
that the profile deviation exceeded 7.5 [err]mafter |oad stage 10 (Run 1)
and |l oad stage 9 (Run 2). Runs 4-7 on t ot her hand give an FZG result of
"10 pass" which neans that the profile “deviation has not exceeded 7.5

[err]nlaftegg% ad, gkage J&hld(?e ve¥?ea58§ i51d il e?i%dﬁ%g¥%tha§%ﬁgf

friction c icient obtained in the HFRR test nmay be use predi c

which frictiqr gndbf ER6WEd dedepravigeliol 18véI@ o igtceicagapi tting
performance. HFRR results of |ess than 0.100 are predictive of friction
modi fi er s wnichropiiteihgpand eceightclopistti ng perf or mance. The

| ubricant conposition used in Runs 1 and 2 is a conventional gear

| ubricant. This ExemplecBsonable mcropitting protection, the 7.5 [err]m

t hreshol d bei ng exce | oad sta or Run 2). For Run

eded after e 10 (Run 1) 9
3 the micropi ttfl'ﬁchﬁgf-r%a%heaméc_Xf Pgrthﬁa‘_&f”s‘f‘é‘g@ &@é@gﬁé'e the
COMRost o0 dSLRUBrh UL BRI AT SBLENS! 5 ks TRARRERER, |1
e, SR SRk 60 Y M pothepuateptieth, Pittomng Lygae ueet
results of "{Hrlpded' inhanlewriaifd compdstBeos Ohaeitid Glatiscosity grade
ISO 220 and the resulting composition tested using the HFRR
test (in accordance with SAE Technical Paper 961142). The
composition gave an HFRR result of 0.114, i.e. well above the
threshold value of 0.100.
Examples 9 and 10
The HFRR screening procedure was repeated using
compositions using a different sulphur- and phosphorus-
containing gear additive package. The base o0il was ESSO ISO
220. The viscosity grade of the formulated compositions was

" ISO 220. The treat rate of the various components and the

HFRR results obtained are shown in Table 3 below.



| ubricant conpositions of Runs 1 and 2. A consistent "10

- 17 - pass" result would be very acceptable in the industry. Runs 4-7
al so showed acceptably |ow | evel s of percentage mcropitting and wei ght
| oss. Exampl e 8 To confirmthe accuracy of the friction

nodi fier screening procedure glycerol nonooleate, a friction nodifier

whi ch is known to exhibit poor nicrqph ting protection, was included in a
| ubri cant conposition having a viscosity grade 1SO 220 and the resulting
conposi ti @apigssed using the HFRR test (in accordance wth SAE Techni cal
Paper 961T147).  The conposition gave an HFRR result of 0;114, i.e. well

above the threshold value of 0.100. Exanpl es 9 and 10 The HFRR
screening] UT € Was | epeat § conposTt tons using a different
sul phur- § gBHN additi package. The base oi
was ESSO | ; | at ed conpositions was
| SO 220. t and the HFRR results
obt ai ned uﬁhmwmocbaaébyb 3
;phosphonate_ . _
| 3-Cpeq0 alkenyl - 0.25%
'2,5-pYrol;idindione
S/P Containing gear 2.0% | 2.0%
pack _
HFRR ' 0.105 0.070

The HFRR result for Run 9 of in excess of 0.100 is
consistent with the HFRR results for Runs 1 and 2 in Table 1.
Thé-composition used in Run 10 included a combination of
friction modifiers which are known to give improved
micropitting performance (see the result for Run 6 in Table
2) . The HFRR result for Run 10 is less than 0.100. This is
consisteﬁt with the HFRR result obtained for Run 6 in Table 2
where a different gear additive package was used in
formulating the composition under test. This shows that the
HFRR screening procedure remains predictive of useful
friction modifiers even when different gear additive packages

are used in formulating the lubricant compositions.
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9 1.0 D et hyl oct adecyl phosphonat e
3-Clerr]-[err] al kenyl ! THIS ﬁé?iéw%égf% rollidindione S/P

Cont ai ni ng gear 2.0% 2. 0% 0.105 0. 070
The HFRR result for Run 9 of in excess of 0.100 1S consistent wth the
HFRR results for Runs 1 and 2 in Table 1. The corrp05|t|m []i

i ncluded a conbination of friction nodtdiers which are ”um" "I "ﬂ”l!,

i nproved mcropitting performance (Sgg result for RIn 6 ih Tablse +2).
The HFRR result for Run 10 is less t .100. This is consistent with the
HFRR resul t obt ai.neduker oRust GldadbtT Mkl £2ickheh anca ik fdre@ntreggae additive
package was used in formulating the conposition under test. This shows
that the HERRopdteéngngf pa onetchlr esurdare)swhielhli ebipel sefs dadhtikbatingcti on
nodi fiers even when different gear additive packages are used in

fornul at i ngihm@eltéér punfece onfidyia ilolpricant compositfam icomprisdng the 1. A
nmet hod of red C|n cro [tting on gear teeth, said nmethod conprises

| ubricati ng"‘ gesr Lrictirninadifiesr vharein diin At ile@sEoRPri si ng at
| t f th t f, t, dif
s sel ect ecﬁzls"ué:ﬁ'%?lhg‘ggﬁ%%?%pﬁ ﬁ%“%‘it?dnsufﬁdﬁfe@ae‘ﬁ%ﬁ?cﬁ 1BEaRs et h ar e so
| ubr i cat ed AhodaeiRell the hiiel 'aiaad (ko JubPBldaes at |east one
pho

menber selected fromthe group consisting o sphonat €
2. Use according to claim 1, wherein the lubricant_

composition is a gear lubricant composition.

3. Use according to claim 1 ér claim 2, wherein the at
least one friction modifier is selected such that, when
measured at 130°C using a high frequency reciprocating rig
(HFRR) under the conditions described in SAE Technical Paper
961142, a lubricant which comprises the at least one friction
modifier and which has a viscosity grade of ISO 220 has a
coefficient of friction of 0.100 or less.

4. Use according to any one of claims 1 to 3, wherein
the friction modifier is an 0,0-di- (primary alkyl) acyclic
hydrocarbyl phosphonate in which the primary a}kyl groups are
the same or different each independently containing 1 to 4
carbon atoms and in which the acyclic hydrocarbyl group
bonded to the phosphorus atom contains 12 to 24 carbon atoms
and is a linear hydrocarbyl group free of acetylenic .
unsaturation.

S. Use according to claim 4, wherein the friction
modifier is dimethyloctadecyl phosphonate.

6. Use according to any one of claims 1 to 3, wherein

Th is Sheet Has Been Reﬂlace




esters, aliphatic succinimdes,.—acid am des and nol ybdenum-conpounds.——2.

‘The method according to clai m{ITHIS/SHEETrHASBERN }! east [ &b ifier
i's sel ected such that, when 'rreasngp’:g\%q) 130[ grr] C“mt& u@ l Ui
frequency reciprocating ri g—HFRR—uReer—t-Ret condi ain SAE

Techni cal Paper 961142, a | ubricant which conprises the at |east one
friction nodifier and which has a _V5§095i ty grade of |1SO 220 has a
coefficient of friction of 0.100 or | eSs. 3. The method according to
claim1l, ek s I 4o ifi ' i ' kyl)
acyclic h%?%cggbé‘f%%édgg&ﬁgfg? |gnémﬁ%%%%rg??ngyé;r%?iérﬁ%ﬁ%s@ are
the sanme ofndivhiéhetie IBADCEPBPDE 4 VareOithei Bag drt@iffawsnion atons,
and in which the acyclic hydrocarbyl group bonded to the phosphorus atom
cont ai ns lineat aahiph:t itco h¥droaabbyl afoupsaifteesofi aceeplemmiar ocar byl

group free of acetyl ene unsat urati on. 4. The nmethod according to claim
3, wher ei nungaturationreanidiindependent Hetapntadndagcyl to 2predRdhate. 5.
The met hod according ta cl ai mi V\ﬂereig the friction nodifier is a

succi ni m d@tems. OF At Auine salt thereof. err] in

which 715 a qrgup Rogk IBLELLOH: o6l Rl g GBl SEfLe i Lhe sae

[
or different each Th y répresenting stralig anched-chain
hydrocar bog g5 4¥R% is &SR IPHISphiea. 1 to 34 carbon atons and the total
nunber of cggf}on at(l)?ns |h§t3}h?h, pgroups Rlerr] and Rlerr] is from1l to 35.
6. The net hod aggor dpsg ddccdddng So whgréend dtheldimet 108oNBdi hereirs a 3 -
Cerr]-[err] al kenyl -2, 5- pyrrol i di ndi one. 7. The nmethod according to
claim1l, whheeifrichéohrmnedifiremdsi fi edceinimidg \dfidieomula:conpound. 8.
The nethod according to claim7, wherein the friction nodifier is

nmol ybdenum car boxyl at e. 9. The nethod according to claim7, wherein
the friction nodifier is nol ybdgnum oct anoat e. (l?
z——cI:H—c’(NH o  ZCH—CNH
CH2-C{ - CH2-C—NH?
“o g -

in which Z is a group R'R®CH- in which R' and R? are the same
or different each independently representing straight- or
branched-chain hydrocarbon groups containing from 1 to 34
carbon atoms and the total number of carbon atoms in the
groups R' and R? is from 11 to 35.

9. Use according to claim 8, wherein the friction
modifier is a 3 - C,., alkenyl-2,5-pyrrolidindione.

10. Use according to any one of claims 1 to 3, wherein
the friction modifer is a molybdenum compound.

11. Use according to claim 10, wherein the friction
modifier is molybdenum carboxylate.

12. Use according to claim 11, wherein the friction

modifier is'molybdenum octanoate.
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10. The nethod according to claiml1, mhereln the fri-etiomrmodifier is an
aliphatic nonocar boxylic & , f—torrryll a (

(Rlerr])(Rerr]) in which R[eclﬁiis s!'gﬁl EEM &mmmm“\oup
having 8 to 24 carbon atoms dnd R BErPACEAd Rl efr] s the sane
or different are each independently hydrogénor aIkyI of up to 7 carbon

at ons. 11. The method according to clagm.d0, wherein the friction

nodi fier is ol eyam de. 12. The met hod according to claim1, wherein the .
at |least one fri qEi.onusedaééerdigy tsedny oha afi abaimg loftc)312%hevein0% by
wei ght based on the total weight of the |ubricant conposi tion. 13. A
met hod for |the ifedtigngeadsf tenpid simgliphebiei nepecarbYedis #cif a

| ub t t t f 0. O di
el 22y| | A °°”‘°$fgrﬁb%“nu52"‘é#@9,miaat@ i Sele e CkeReShed 0 LR Y
h Z
'Eﬁ(rar]same or %i]f roé:nlta Tpgr %r #&r@]n%&rgp\rﬂgsé@n?l ng sniral gn?i e‘{l{é e
branched- chajsn r@xghgﬁtgg tH YWawhe pr different ¥ @a@hngnﬁéﬁéiéeﬁ@l 4

car bon atons a nunber of carbon atons in the groups err]
and Rlerr] &f8nl bt &1&?1 of Ip @U&Qﬁoﬁcaabﬁsng to claim13, wherein
sai d Iubrlca conp05|t|on conpri ses di net hyl oct adecyl phosphonate and
3-(err]-[err][ a&kenyse2apyordinglitudicieem 13]15whéredn hdwe ffgridtdioni cati ng
gears conprising contacting said gears with a |ubricant conposition
conpri si ng amodifirkediemadgyBoigeate and a sul farized i sobutyl ene extrene
pressure agent.

15. Use according to any one of claims 1 to 14, wherein
the at least one friction modifier is used in an amount of
0.125 to 1.0% by weight based on the total weight of the
lubricant composition.

16. A lubricant composition comprising an 0,0-di-
(primary alkyl)acyclic hydrocarbyl phosphonate as defined in
claim 4 and a succinimide as defined in claim 8.

17. A lubricant composition according to claim 16
comprising dimethyloctadecyl phosphonate and 3-Cy., alkenyl-
2-pyrrolidindione.

18. A lubricant composition comprising a ﬁolybdenum
carboxylate and a éulfu:ized isobutyiene extreme pressure
agent.

19. Use according to claim 1 substantially as
hereinbefore described.

20. A lubricant composition according to claim 15
substantially as hereinbefore described.

21. A lubricant composition according to claim 17

substantially as hereinbefore described.
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