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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This research was not sponsored by any entity of the Federal Government.

" TECHNICAL FIELD
This invention relates to gear oil formulations containing low levels of phosphorus which
provide clean gear performance and are capable of meeting the American Petrolenm Institute’s
(API) GL-5 service classification requirements without the need for metal detergents, boron-
containing additives, ashless dispersants, dispersant viscosity index improvers or dispersant pour

point depressants.

BACKGROUND OF THE INVENTION
This invention relates to gear oils for use in automotive transmissions aﬁd final drive
axles. More particularly, this invention relates to gear oils that can meet GL-5 performance
requirements while also meeting the L-60-1 test performance criteria of API MT-1. |
Although a substantial number of gear oils have been produced having various needed
properties where such gear oils are used, there exists a need for an additive or a combination of
_ additives to provide an improved clean performing gear oil that can be used, e.g., in manual
transmission oils and axle lubricants to reduce the deposits (i.e., build-up of sludge and other

unwanted mateﬁals on metal surfaces such as carbon and vamish). While acceptable



Al t hough a substantial nunber of -gear oils have been produced having
various needed properties where such gear oils are used, there exists a
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. Actual drainage periods utilized will depend, to a large extent, upon the type of severity
of service and the design of the equipment. The present invention will allow under certain
circumstances extended drainage intervals for many axle and transmission applications.

U.S. Pat. Nos. 5,176,840 and 5,225,093 to Campbell et al. disclose a gear oil additive
package that includes: (1) an oil soluble succinimide and (2)a boronated. or non-boronated
carboxylic-type derivative composition produced by reacting & substituted succinic acylating
agent with an amine and/or an alcohol. These patents also disclose that other components well

_ known in the gear oil art can be added to the formulation. These other components include-
extreme pressure and anti-wear agents, defoamers, demulsifiers, antioxidants, dyes, pour point
depressants and diluents. These references do not suggest or disclose an improved gear oil that is
essentially devoid of carboxylic-type-type ashless dispersants such as the succinimides and
Mannich base dispersants.

U.S. Patent No. 5,354,484 discloses functional fluid compositions comprising (A) a

major amount of an oil of lubricating viscosity, and a minor amount of (B-1) at least one soluble
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pressure agent, a copper corrosion inhibitor, a rust inhibitor, a foam inhibitor and an ashless
dispersant such as the Mannich base dispersants or the polyamine succinimides.
~U.S. Patent No. 5,492,638 discloses gear oils comprising at least one overbased alkali or
alkaline earth metal carboxylate, sulphonate or su]phuriiéd phenate having a TBN of at least 200
in a gear oil which comprises an oil of lubricating viscosity at least 80% by volume of whichis
mineral oil, synthetic ester oil or a mixture thereof; Mannich base ashless dispersant; metal-free,
sulphur-containing antiwear and/or extreme pressure agent; and metal-free, phosphorus-
containing and nitrogen-containing antiwear and/or extreme pressure agent. The resultant gear
oils exhibit excellent performance when used in synchromesh-based transmissions.
U.S. Patent No. 5,691,283 discloses lubricant formulations for use in a motor vehicle,
especially a heavy duty motor vehicle, having a transmission equipped with at least one cone-
type synchronizer and an axle or differential gearing, the same lubricant is used for both such

mechanisms. The lubricant has a viscosity grade level of from SAE 75W90 to SAE 85W140 and



sul phur-contai ning anti wear and/or extreme pressure agent; and netal -free,
phosphorus contai ni ng and ni trogen-contai ni ng anti wear and/ or extrene
pressure agent. The resultant gear oils exhibit excellent performnce when
used in synchronmesh-based transm ssions. U S. Patent No. 5,691, 283

di scl oses lubricant formulations for use in a notor vehicle, .especially a
heavy duty notor vehicle, having a transm ssion equi pped with at | east one
cone- type synchroni zer and an axle or differential geari\rllma,]tN@\ﬁQr@ﬂz

| ubricant is used for both such nechanisns. The lubricant has a viscosity
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5, 843, 87€f, d_i scl oses a clean performng gear oil for use in transm ssion
oi I's andH%H-E°f gt diieesanpreuifwamoutse daphesghorusraveter Morepatiodobi the at - 12
C rangi gl% {er om art())o_uft 1,000 to about %50, 000 cP, c_orr-pr i ses a base qi. I
havi ng riered hetop-fiee ashless ldysp%aniw lydrepagivhgpecinimide. This additive composition
when blended with a suitable base oil meets MT-1 and MIL-PRF-2105E requirements without
the need for boron. MT-1 is a requirement for a clean gear manual transmission oil. MIL-PRF-
2105E is a requirement for a rear axle.: oil.
U.S. Patent No. 5,843,874 discloses a clean performing gear oil for use in transmission
oils and axle lubricants. The gear qi] having a Brookfield Viscosity at -12 °C ranging from about
1,000 to about 150,000 cP, comprises a base oil having a kinematic viscosity at 100 °C ranging
from about 4.0 to about 41.0 cSt. Combined with the base oil is preferably a dispersant pour
point depressant and/or a dispersant viscosity index improver. In a further embodiment, the gear
oil is essentially devoid of carboxylic-type ashless dispersants (e.g., succinimide dispersants) and
Mannich base dispersants, thus re;alizing a cost saving over conventional gear oils which are used
- * astransmission and axle lubricants. Functionalized polymethylacrylates (PMA) are disclosed as

agents that improve the properties of the gear oil and allow for the omission of conventional

dispersants.



fromabout 4.0 to about 41.0 cSt. Conbined with the base oil is preferably
a di spersant pour point depressant and/or a dispersant viscosity index -
improver. In a further enbodi nent, the gear oil is essentially devoid of
carboxylic-type ashl ess dispersants (e.g., succinimde dispersants) and
Manni ch base di spersants, thus realizing a cost saving over conventional
gear oils which are used as transm ssion and axle |ubri
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lubricating viscosity and (A) a di or trihydrocarbyl phosphite, (B) at least one reaction product of
a di or trihydrocarbyl phosphite and sulfur or a source of sulfur; at least one di or trihydrocarbyl
monothiophosphate; or salt thereof, and (C) a salt of a hydrocarbyl phosphoric acid ester. In one
embodiment, the lubricant composition contains less than 0.1 % phosphorus or less than about

0.75 % borated dispersaﬁt.

SUMMARY OF THE INVENTION

The present invention relates to a gear oil having an improved cleanliness performance

comprising:

a) a base oil;

b) a thermal_ly stable phosphorus-containing anti-wear agent; and
c) a metal-free sulfur-containing extreme-pressure agent;

wherein component (b) is present in an amount sufficient to provide from 100 to 350 ppm

phosphorus to the formulated gear oil and wherein component (c) is present in an amount




conprising: a) a base oil; b) a thernally stable phosphorus-containing
anti-wear agent; and c) a netal-free sulfur-containing extreme-pressure
agent; wherein conponent (b) is present in an anount sufficient to provide
from 100 to 350 ppm phosphorus to the formul ated gear oil and wherein
component (c) is present in an anopunt 5 27 NOV 2002 sufficient to provide

at least 10,000 ppmsulfur to the formul ated gear oil- and
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dr ! vel | r]peackages that provide prolonged effective service life. The invention also relates to methods for

reducing the sludge production in a lubricated gear box (i.e., an automotive manual transmission)
or axles, the method comprising the placement of a gear oil according to this inventibn in the
gear box or axles. In similar fashion, the present i.hvention discloses a method for reducing
carbon and vamnish production in a gear box or axle.

In preferred embodiments, lubricants are provided which are useful as transmission oils
for heavy.-duty service, or as axle oils, and as gear oils for all types of service including heavy-
duty service.

Moreover, this invention makes it possible to provide so-called "total driveline”
lubricants whereby the same lubricant composition can be used for the operation of both the
transmission and the axle or differential gearing system. Additionally, the invention enables the
achievement of the foregoing advantages with lubricants which are free of metal-containing
additive components in that the lubricants may contain as the only metal-containing additive
component(s) thereof, a ﬂjction-modifying amount of one or more alkali or alkaline earth metal-
containing additive components wherein the total concentration of such metal(s) in the finished

gear oil is kept very low. That is, the total concentration of such metal(s) in the finished gear oil



| ubri cants whereby the sanme | ubricant conposition can be used for the
operation of both the transm ssion and the axle or differential gearing
system Additionally, the invention enables the achievenent of the

foregoi ng advantages with lubricants which are free of netal -contai ning
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refers to a group  having a carbon atomdirectly attached to the remai nder
of the nol ecule and having predom nantly hydrocarbon character. Exanples

of hydro I I (1) hydrocarbon substituents, that is,
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al i cycli c- subt F%ea ergi, thegaan |y deagpdy] substitvent” erdhysbearbyd goyup! iscused in its
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mol ecul e®FEg senseyhichis well-aews torthesstshidled frotheramrSpebificalty, itaefesdb agkdup (2)
substituted hydrocarbon substituents, that is, substituents containing
non-. hydrl&x’/mgmrbon atom directly attached to the remainder of the molecule and having

predominantly hydrocarbon character. Examples of hydrocarbyl groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (eg.,
cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclié-substituted
aromatic substituents, as well as cyclic substituents wherein the ring is completed through
another portion of the molecule (e.g., two substituents together form an alicyclic raﬂical);

(2) substituted hydrocarbon substituents, that is, su.bstituents containing non-hydrocarbon
groups which, in the context of this invention, do not alter the predominantly hydrocarbon
substituent (e.g., halo (especially chloro and fluoro), hydroxy, alkoxy, mercapt‘o, alkylmercapto,
nitro, nitroso, and sulfoxy);

(3) hetero substituents, that is, substituents which, while having a predominantly
hydrocarbon character, in the context of this invention, contain other than carbon in a ring or
chain otherwise composed of carbon atoms. Heteroatoms include sulfur, oxygen, nitrogen, and

encompass substituents as pyridyl, furyl, thienyl and imidazolyl.



groups which, in the context of this invention, do not alter the

predom nantly hydrocarbon substituent (e.g., halo (especially chloro and
fluoro), hydroxy, alkoxy, nercapto, alkylnercapto, nitro, nitroso, and
sul foxy); (3) hetero substituents, that is, substituents which, while
havi ng a predom nantly hydrocarbon character, in the context of this
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Aut onot i ve ar and Lubricant Viscosity _Cassification. Base Qls
S used herein, means that when the inventive gear oils are tested in the L-60-1 Test (also referred

to as ASTM D 5704-98), gears at the end of the test are acceptably clean according to specified
rating procedures for carbon, vamish and sludée.

According to the present invention, the finished gear oils may have different primary
viscosity grades which are indicated by the maximum temperature for viscosity of 150,000 cP
according to ASTM D 2983 as defined in SAE J306 Automotive Gear and Lubricant Viscosity

Classification.

Base Oils

Typically, the gear oils will contain from about 80 to about 9é percent by weight of base
oil. The gear oils in which the compositions of this invention are employed can be based on natural
or synthetic oils, or blends thereof, provided the lubricant has a suitable viscosity for use in gear oil
applications. Thus, the base oils will normally have a viscosity in the range of SAE 50 to SAE 250,
and more usually will range from SAE 70W to SAE 140. Suitable automotive gear oils also include

cross-grades such as 75W-140, 80W-90, 85W-140, 85W-90, and the like.



Typically, the gear.oils will contain from about 80 to about 98 percent by
wei ght of base oil. The gear oils in which the conpositions of this

i nvention are enpl oyed can be based on natural or synthetic oils, or

bl ends thereof, provided the lubricant has a suitable viscosity for use in
gear oil applications. Thus, the base oils wll normally have a viscosity
in the range of SAE 50 to SAE 250, and nmore usually wili2 faN@Vf 2809 SAE
“70Wto SAE 140. Suitable autonotive gear oils also include cross-grades
such as 75W 140, 80W90, 85W 140, 85W90, and the like. 8 27 Nov 2002
Basest ocks suitable for use in the present invention may be made using a

variety of dh&;ﬁo@gﬁmgm@émtﬂg})%gédaﬂl‘}ahﬁon'}%y 8 M sl ot &1 on-

solvent refining, h ogen processtng, oligoneri‘sa |onfmg§@@?F?Véﬁtion
and re-r gfgdl ABL. ; 9 ' O L sing,and .Certification Systent
Four t eent [1 %&? ? 1%n ,Séﬂlg@g%érbﬁqg{g%%@gtt%éwﬁﬁa O"aﬁ%fveB‘a@@%%c’WQméF% di vi ded
into fiv ral,. cat ries: 0 | contain | an. 90% sat ur at es
and/ or g?reoggggﬁlgt {lulf'ﬁ? %%8& onsﬁﬁt?rh%;ca%ﬁb aﬂcg(fére nINg; gi’f)ﬁ ({&y %"ﬁ’é‘@)@"g‘r‘é%{’cs&g apfan
or equal A4Q. O.agg Les tgan 120:. G.ou 1 contain greater than or equal to
90% sat urc'lﬁﬁ’e“‘;?a‘é%’ YSiSBL HapaRenyp Eg’&ﬁa’l Bﬁcgmé?'o‘é’% stalgs 1t alh heseyiacks aee dividedysi t y
i ndex grqﬁtﬁr than or equal to 80 and |ess than 120; Goup Il contain
greater PRAAVHENSHR 531689818004 sat urates and | ess than or equal to 0.03%
sul fur and haye a viscosity ind§x reater than or equal to 120; Goup |V
are pol yal phaSfepil sentamAeys:thap ¥ %eratvpteyandien arepterahan G93%e sulbazedbocks not
included in Goup 1, II, Ill or IV. The test nethods used in defining the
above gr Bupstta inslengmrieptioo pr toral befQandtless thand?W D2270 for viscosity i ndex;
and one of ASTM D2622, 4294, 4927 and 3120 for sulfur. Goup IV basestocks,
i .e. polyal pheoiupill epntaiwgepter theh atequal thr9gesunirates ald lganmsorefua o 0.03%
sulfur and have a viscosity index greater than or equal to 80 and less than 120;
Group III contain greater than or equal to 90% saturates and less than or equal to 0.03%
sulfur and have a viscosity index greater than or equal to 120;
~ Group IV are polyalphaolefins (PAO); and
Group V include all other basestocks not included in Group I, I, I or IV,
The test methods used in defining the above groups are ASTM D2007 for saturates; ASTM
" D2270 for viscosity index; and one of ASTM D2622, 4294, 4927 and 3120 for sulfur.
Group IV basestocks, i.e. polyalphaolefins (PAO) include hydrogenated oligomers of an

alpha-olefin, the most important methods of oligomerisation being free radical processes, Ziegler
catalysis, and cationic, Friedel-Crafts catalysis.

The polyalphaolefins typically have viscosities in the range of 2 to 100 cSt at 100 °C,
preferably 4 to 8 cSt at 100 °C. They may, for example, be oligomers of branched or straight
chain alpha-olefins having from 2 to 16 carbon atoms, specific examples being polypropenes,

polyisobutenes, poly-1-butenes, poly-1-hexenes, poly-1-octenes and poly-1-decene. Included are

homopolymers, interpolymers and mixtures.



al pha-ol efin, the nost inportant methods of oligonerisation being free

radi cal processes, Ziegler catalysis, and cationic, Friedel-Crafts

catal ysis. The pol yal phaol efins typically have viscosities in the range of

2 to 100 cSt at 100 C, preferably 4 to 8 ¢St at 100 C. They may, for

exanpl e, be oligoners of branched or straight chain alp -ohgﬁVni B?ving

from2 to 16 carbon atons, specific exanples being polypr 0 '

pol yi sobut enes, poly-I-butenes, poly-I-hexenes, poly- |-octenes and poly-

| -decene. Included are honopolyners, interpolyners and mxtures. -9- 2 7

NOV 2002 'Regardi ng the bal ance of the basestock referred to above, a "G oup
h base

| basest ock" . ] des ou J qQck(s)
from one or ﬂr‘g%%’ %ﬁ’ Il:)ulra oups ur’esba(%ér)smﬂ(egsﬁﬁiﬁof o'e % g{?‘lﬂg(ﬁ’afeﬁ‘gfﬁtfﬂ
resultin ure has char within those specified
above fo égaﬁo ﬁouB g@s‘fftBQk Feéﬁ’cgé)s%%'? BR ST ORI ARFE SEQUPF 5 qr are
basest ock ({Hres of C?ou 11 basest ocks wi_.th C?oug@h bri ght stock.
The pres 'x‘r’ %"Pﬂ Ahat i rF%‘dl‘e“gti‘rﬁ‘é“’F‘Wrﬁ%Fha&aC&%‘ﬁE@rﬂ‘lﬂ‘% aithghthaseripagifiedhe
phosphorus anti- wear, the sulfur-containing extreme pressure agent and a
di | uent %PVeﬂﬁﬁﬁP%R%#*ﬁﬁoQWher conponents, e.g., diluents, defoaners,
denul sifiers, copper corrosion inhibitors, antioxidants, pour point
depressant s, Hreferred baspssoake inslude Groupi Idbasesteckrai frilemess of@isoupdl imsessanls with t he
gear oil or gear additive concentrate. The wei ght ratios of conponents (b)
and (c) Gﬁmpgbnﬁﬂébﬂfve concentrates of this invention wll be at |levels
sufficient to provide 100 to 350 ppm phosphorus and at |east 10,000 ppm
sulfur to tHkhefposseullinteatioyemy takielthedforn of heorcemmentonatieing theyhesphotusianti-
reconmended dosage in ol eagi nous |iquid.

wear, the sulfur-containing extreme pressure agent and a diluent oil. Optlonally, other

components, e.g., diluents, defoamers, demuls:ﬁers, copper corrosion inhibitors, antioxidants, pour

point depressants, rust inhibitors and friction modifiers, may be present in the gear oil or gear

additive concentrate.

The weight ratios of components (b) and (c) in the additive concentrates of this invention
will be at levels sufficient to provide 100 to 350 ppm phosphorus and at Jeast 10,000 ppm sulfur to
the formulated gear oil when the concentrate is used at its recommended dosage in oleaginous
liquid.

The gear oils and gear oil additive concentrates of this invention can contain \rarious other
conventional additives to partake of their attendant functions. These include, for example, the
following materials: |

Defoamers suitable for use in the present invention include silicone oils of suitable viscosity,
glycerol monostearate, polyglycol palmitate, trialkyl monothiophosphates, esters of sulfonated
ricinoleic acid, benzoylacetone, methyl salicylate, glycerol monooleate, glycerol dioleate and
polyacrylates. Defoamers are generally employed at concentrations of up to about 1% in the

additive concentrate,
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The gear oils and gear oil additive concentrates of this invention can
contain various.other conventional additives to partake of their attendant
functions. These include, for exanple, the following naterials: Defoaners
suitable for use in the present invention include silicone oils of suitable
viscosity, glycerol nonostearate, polyglycol palmtate, trialkyl

nonot hi ophosphat es, esters of sulfonated ricinoleic aC| 2@@V”Qﬂﬂ?tone
met hyl salicylate, glycerol nonool eate, glycerol dloleate an

pol yacryl ates. Defoaners are generally enployed at concentrations of up to
about 1% in the additive concentrate. -10 27 NOV 2002 Typi cal additives

whi ch may be ByfiudabyEitives wiRHHa$ bé bxﬁFl%yécfth@nﬂﬁlsi‘ﬁle}sfin g&sbwﬂﬁcmhgmkyl%%ﬁ@e
sul f onat es, pol yet hyl ene oxi des, ypr opyl ene oxi des, esters of

sol ubl e ﬁﬁfoﬁﬁe@ﬂ&iy&ﬁﬁex{e'dﬁﬁies ?Hg /opﬁgﬁg XS s IR 9&1&@1& hota SRRy ﬁlgf Eﬁxch

-concentrations of up to abou 61N the additive concentrate. Coppéer

cor 1 oS OgchitRL B ety dflphles @%ﬁéggﬁ@w&u lip e L0250 HIdalill A RARMES

Exanpl es |nc trra octy triazole,

decyl tri azol g p%ggc%g%% hrﬁ ln.gjzbﬂtln%’mc%l rggqh(f&%e?b %gzzcﬁé na%hla a%otl lgangles )

2.5- dlnercapto zol'e merca rocar
e 2R P T EAR G T o@ﬁﬁrz%f@m@nazg%déocfecyn%nazo ok
2, 5 b IS r(nh%g}gtg Ei?l%@%]gig(a% ?S? Zixélieﬁ%gf& F{}a}gxﬁ azole '—m-errr(]:gptg—S%yedrr(;ceC{)y(ljtgl ]O, 34 ds are

t he
2- hydrocat 4-di t hi adi azol es_and the

0- 5- ner
2. 5 bi o ylseisr ?}werrem? 55 rogarﬁyl@nblad.,%a i o B N PR
avai | abl % a%tlcles of her suitable inhibitors of copper
cor r osi ottiadpeelgy@ndd, rbs- (Bi’ﬁr H%by]‘ﬁi&“gl)e}( histhindiazales. Thawrefered comppungs are the
et hoxyl ated am nes, ethoxyl ated phenols, and ethoxyl ated al cohol s;
i m dazol |-Adghiadigeples, espesip thsééw,ydfqg@rbéwah»ar%mewaso Ishé-dithiafjegolesargighe 561
and 4,097,387. Concentrations of UP to about 3% in the concentrate are
t ypi caI 2 ﬁ)ﬂ)@{]@fdlr@'grbybbtﬁ@ 183t-thaasiiagales, a number of which are available as articles of

commerce. Other suitable inhibitors of copper corrosion include ether amines; polyethoxylated
compounds such as ethoxylated amines, ethoxylated phenols, and ethbxylated alcohols;
imidazolines; and the like. See, for example, U.S. Patent Nos. 3,663,561 and 4,097,387.
Concentrations of up to about 3% in the concentrate are typical. Preferred copper corrosion
inhibitors include ashless dialky] thiadiazoles. One example of a commercially available ashless
dialkyl thiadiazole is HITEC® 4313 corrosion inhibitor, available from Ethyl Corporation.
Dialkyl thiadiazoles suitable for the practice of the instant invention are of the general

formula:
N——-N

!

R2S—S~ 87 SS—SR!

wherein R! is a hydrocarbyl substituent having from 6 to 18 carbon atoms; R is a hydrocarbyl

substituent having from 6 to 18 carbon atoms; and may be the same as or different from R'.
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I nhibitors include ashless dial kyl thiadiazoles. One exanple of a
commercially avail abl e ashless dialkyl thiadiazole is H TEC(r) 4313
corrosion inhibitor, available fromEthyl Corporation. D alkyl thiadiazoles
suitable for the practice of the instant invention are of the general
formula: N-NCC R2S-S~ ~S~ ~S-S Rt wherein R is a hyd ocarb

substituent having from6 to 18 carbon atons; R2 is a hydfo @ﬁ[ 2002
substituent having from®6 to 18 carbon atons; and may be the same as or
different fromR . -11 27 NOV 2002 Preferably, R and R2 are about 9-12
carbon atons, and nost preferably R and R2 are each 9 carbon atons.

M xt ur espgfershial Kydnd R iarcibagod-e5 cetbod A6 land (ot prefefabiOROAINA art BiRd azol es

may al so be wused within the scope of the present invention. Such nono
al kyl thiagdépaehes occur when either substituent R or R2 is 1-1. _
Anti oxi dants that may be enployed in gear oil formulations include phenolic

conpounds  angh;,affes gﬁdnalﬁyﬂHﬁHﬁzﬁgs moxtn%léip?%]th W&nbﬂk#‘ﬂﬁlaﬁﬁﬂ&gﬁﬁf‘%ﬁo gLe

general |y sufficient. conpositions o e present 1 nvention

i nclude gng v@{hhrm?lf: Sc gtdc Hl%ﬁ)k*%@lﬂtn?ven ol ﬂmp(ln%a d(g@?uad% lB wefxeg 81ll(1:er

ant i oxi dant's I nder I C ant|OX| nts ona
ol efins, SM)]&QE&#% A8 anti oxi dants, secondary aronatlc an1ne
ant i oxi dant's Uri Zed phenol i c ant|OX|dants oi | -sol ubl e copper

ool 2y R P b bt AR B A
phenol s, and 6 gclzs- tﬁ?rgguntt)sugfmp-tcé} algcgltt r5]% mrt]}?engylncenétlraﬂa arggénrt]a}/alllg r;Sfbﬁlcnse(ntz T%edl “tert-
compositions of the present invention may include one or more anti-oxidants, for example, one
or more phenolic antioxidants, hindered phenolic antioxidants, additional sulfurized olefins,
aromatic amine antioxidants, secondary aromatic amine antioxidants, sulfurized phenolic
antioxidants, oil-soluble copper compounds and mixtures thereof.

Suitable exemplary compounds include include 2,6-di-tert-butylphenol, liquid mixtures

- of tertiary butylated phenols, 2,6-di-tert-butyl-4-methylphenol, 4,4'-methylenebis(2,6-di-tert-
butylphenol), 2,2'-methylenebis(4-meti1yl—6—tert-butylpheno]), mixed methylene-bridged

- polyalkyl phenols, 4,4"-thiobis(2-methyl-6-tert-butylphenol), N,N'-di-sec-butyl-p-
phenylenediamine, 4-isopropylaminodiphenyl amine, alkylated diphenylamine and phenyl-a. -
naphthyl amine.

In the class of amine antioxidants, oil-soluble aromatic secondary amines; aromatic
secondary monoamines; and others are suitable. Suitable aromatic secondary monoamines
include diphenylamine, alkyl diphenylamines containing 1 to 2 alkyl substituents each having up
to about 16 carbon atoms, phenyl-a-naphthylamine, alkyl- or aralkylsubstituted phenyl-a-

‘naphthylamine containing one or two alkyl or aralkyl groups each having up to about 16 carbon

atoms, alkyl- or aralkyl-substituted phenyl-a-naphthylamine containing one or two alkyl or

-12-



‘but yl phenol ), 2,2'-nethyl enebi s(4-nethyl -6-ter-butyl phenol), m xed

net hyl ene- bri dged pol yal kyl phenol s,

4,4' -thiobis(2-nmethyl -6-tert-butyl phenol), N N -di-sec-butyl-p- _
phenyl enedi am ne, 4-isopropyl am nodi phenyl anine, alkyl ated di phenyl am ne
and phenyl-a - naphthyl amne. In the class of am ne antioxidants,

oil -soluble aromatic secondary am nes; aromatic secondaﬁzznﬂTﬂ@ﬁﬂﬂz?;
. . . . Vi

others are suitable. Suitable aromatic secondary nonoam _
di phenyl am ne, al kyl di phenyl am nes containing 1 to 2 alkyl substituents
each having up to about 16 carbon atons, phenyl-a-naphthyl am ne, al kyl- or

ar al ky!l syl gmtlﬁzdeablﬂﬁthﬂpto%@ﬁtlfﬁ}daﬂﬁh@ﬁmﬁﬁﬁlkﬂhféﬂ ?@bh@ﬂﬁeﬁdn&ﬂ‘iﬂe@' kyl or
aral kyl groups each having up to about 16 carbon al kyl - or

ar al kyl - Maﬁxetfmhﬁgome&wnﬂarm@amelﬂwn@nwn?gswnb@' TP DRir8Yall HQ sfhify!  OF
-12 27 NOV 2002 aral kyl groups each having up to about 16 carbon atons,

al kyl at eghripdengayl ene di am nes avail abl e from Goodyear under the tradenane
"Wngstay 100" and fron1UniroyaI and simlar conpounds. In the class of

phenol i c ant'ﬂﬁhga%s%fp Hofid Bk OHﬁtqﬁ.eich?] Qs 3hd) (Re h%yal@laq phenol i ¢
F enO é dl ? 1[]

. -t
e T L LA e var
anal ogs g%@ L (bs or ur ed PPPRer e 'eone2809 695ﬁ ré?ghfy fulfur|z$d
US, Pat ent e disclosure o
\Rﬂlegﬁl : gteﬁﬁ%t ﬁjﬂe’?oz’t d ré?é{bﬂfpyﬁﬁ’ef]&f @P%H%@c’e"g RPN a@ﬁé“’ﬁ‘f’]"@@@’dm"ﬁ‘l’rﬁﬁl phenol s

d b d 1, 65 t he di.scl osure of which
?ﬁcofzgﬁg?%Hf%HEPEWHRHVnF@VéPgﬂﬁﬁ phﬁPﬁBﬁWﬂéﬂPés retlpsyitbed pr Ughateny |ncluded

inthe f ated fin i.nventive Iubrlcatlng conposition at from
about o.%‘b@l ﬁr‘;"‘o Ht’iu{'“ Sbw%‘i is ipeprparited heprin by rebirencspiogthyleperbrdesdt 0. 01

alkylphenolls as described in U.S. Pat. No. 3,211,652, the disclosure of which is incorporated
herein by reference.

Antioxidants may be optionally included in the fully formulated fmgl inventive lubricating
cdm_position at from about 0.00 to about 5.00 weight percent, more preferably from about 0.01
weight % to about 1.00 weight %.

Rust inhibitors will typically be used in the practice of the present invention. This may be
a single compoﬁnd or a mixture of compounds having the property of inhibiting corrosion of
ferrous metal surfaces. Such materials include oil-soluble monocarboxylic acids such as 2-
ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid, linolenic
acid, behenic acid, cerotic acid, etc., and oil-soluble polycarboxylic acids including dimer and

. trimer acids, such as are produced from tall oil fatty acids, oleic acid, linoleic acid, or the like.
Other suitable corrosion inhibitors include alkenylsuccinic acids in which the alkenyl group _
contains 10 or more carbon atoms such as, for example, tetrapiopenylsuccinic acid,
tetradecenylsuccinic acid, hexadecenylsuccinic acid, and the like; long-chain alpha,omega-

dicarboxylic acids in the molecular weight range of 600 to 3000; and other similar materials.
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wei ght % to about 1.00 weight % Rust inhibitors will typically be used in
the practice of the present invention. This nay be a single conpound or a
m xture of conpounds having the property of inhibiting corrosion of
ferrous netal surfaces. Such materials include oil-soluble nonocarboxylic
acids such as 2- ethyl hexanoic acid, lauric acid, nyristgf aﬁhfv tic
acid, oleic acid, linoleic acid, linolenic acid, beheni Zc iC
acid, etc.,.and oil-soluble polycarboxylic acids including dinmer and
trimer acids, such as are produced fromtall oil fatty acids, oleic acid,
linoleic acid, or the like. Oher suitable corrosion i nhi bitors include

al kenyl s Belncts of thix tglpe 4rd cudpértlly ab/hitabdd @ Whri@lis QUBmefc@d) bAirbss, hieh @, fHOr €
carbon atons such as, for exanple, tetrapropenylsuccinic aci d,

t et r adec el i) @6 diiner A6 BmeP S AARIPIS e H YE TR0 ﬁiade%ﬂs:k bPGe o
| ong- chai n al pha, onega- di carboxylic acids in the nolecul a weight range of

600 to 30Q&nicaANGivaidhedt Witdd tl?erml%t%‘}f)cﬁﬁtﬁm and andef twggpgraﬁéﬂgﬂ &%ngé;ryt hi's

type are currently available from various comrerc sour ces

exanpl e, chbficals r@ﬁotﬁé?‘i’lséfﬁ!t éofﬁiﬂécéﬁéﬁmqmgqor.&og tﬂé\ﬁ-lﬁaéﬁ & ﬁ(%ﬁﬂar K by

the Hunto Chemcal Divisio em cal rpora |on an er the

i R ST g L B R e 7

i'C aci s ha to 24

I
chpecra PR st é"‘?’ésafl"ﬁ@%q?ﬁ’ HETRAG R
i oynds.tau
i ne. poPtTa B bR oo dPHABH PE BT e g Poun e B8 i ur es

of -sai d es.wth other rust inhibjtors described abaove. v%en an am ne
salt of a‘oﬁ F?81di esten p§ yelbas mixtyres ofsaidl amingsyuithyptherswdd inhdbitosndessiibedg ant i -
wear agent of the present invention, it may_not be necessary to add
addi ti on%w&m“ﬂ’é" @b amiesak gf a phesphorigacid %Séﬁrss ysgd esibe plosphesps-conigining antion.
In-a preferred enbodiment, the primary and secondary

wear agent of the present invention, it may not be necessary to add additional amine-containing

|-‘

rust inhibitors to the gear oil formulation. In a preferred embodiment, the primary and secondary
amines will contribute from 40 to 125 ppm nitrogen (on a weight/weight basis) to the formulated
gear oil, whether they are classified as a rust inhibitor, part of the anti-wear system or a
combination of both.

Friction médifiers may also be included to provide, for example, limited slip performance
and enhanced positraction performance. The compositions of the present invention may optionally
contain one or more friction modifiers. These typically include such compounds as fatty amines
or ethoxylated fatty amines, aliphatic fatty acid amides, ethoxylated aliphatic ether amines,
aliphatic carboxylic acids, glycerol esters, aliphatic carboxylic ester-amides and fatty
imidazolines, fatty tertiary amines, wherein the aliphatic group usually contains above about
eight carbon atoms so as to render the compound suitébly oil soluble. Also suitable are aliphatic
substituted succinimides formed by reacting one or more aliphatic succinic acids or anhydrides

with ammonia or other primary amines.
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amnes wll contribute from40 to 125 ppmnitrogen (on a wei ght/wei ght
basis) to the fornmulated gear .oil, whether they are classified as a rust
inhibitor, part of the anti-wear systemor a conbination of both. Friction
nodifiers may al so be included to provide, for exanple, limted slip
performance and enhanced positraction performance. The conp05|t|ons of the
"~ present invention may optionally contain one or nore fr| %@ ers.
These typically include such conpounds as fatty am nes oxy at ed
fatty am nes, aliphatic fatty acid am des, ethoxyl ated allphatlc et her

am nes, aliphatic carboxylic acids, glycerol esters, aliphatic carboxylic

ester-am des Hichddate yoncbﬂﬂafb@Z)P{hisﬂ%ntn&%rteﬁérabfyrcbh@ﬁﬁé sﬂﬂﬁﬂ?@éxlueﬂhﬁfo@f n the
al i phatic group usually contains above about “eight carbon atons so as to

render t pefesddPaidlhgfiohd &mﬁ(t PhitaBRIVitRoGty. SISt tcé‘}pl!) de?i(lgd ﬁ!}lj{l F}Eé}al Gr .

substituted succinimdes fornmed by reacting one or succi n| c

aci ds or syafHauesduees. A}Moﬁé"thé @TPEEA] Zhﬁgocg}bgr?e{cecgfs*&? faYe a;%[r f Pe% aﬁhéelgg?\/ 355p] e

'Cli'hle addi t'i ve concentrates oi | i nvention y i .
di | uont SHRfc b%é?’.‘d?é%g# Vs P S il i %dga?fgg@ﬁngww -

m ner al droca i paraffin napht henj ¢ base,
asphal ti c‘}?% q%f{fa gg%%\‘?@ ‘8{%{‘ e WW%FO‘&%@?%&X@%&W@C|e§16r5nendude
pol yol ef | (%es eC|aIIy hydrogenated (x-olefin oligonmers), alkylated
aromat i ¢ qi?&ﬂ" g eRisTsdapeally liaster gl ramang othesse fidends afinaterak dndsynthetis cils tan s
(espeC|aIIy diester oils), anong others. Blends of natural and synthetic
oi I's carplsedrediseds Thegurferreitilupniedre hedighdiytoearben aseoilsh both ingttal bysynthetic. bon
base oils, both natural or synthetic. GCenerally the diluent oil wll have
a Vi scos@%ﬁ!rﬂl"bi therdiluentog evith haved visso86 in thetrange ok Estodt cdiiStokksatdont.ef er r ed
enbodi nent, the inventive gear oil is essentially devoid of conventional,
ashl ess di spdnagpntferslalbedinanrthomytitive gynoildstsanillfidewsd s8EnSentMaani ch
base di spersants and the

ashless dispersants such as carboxylic-type ashless dispersants, Manmch base dispersants and the

post-treated dispersants of these types as well as dispersant viscosity index improvers and
dispersant pour point depressants. The ashless dispersants that can be eliminated from the gear
oil of this invention include the polyamine succinimides, the alkeny! succinic acid esters and
diesters. of alcohols containing 1-20 carbon atoms and 1-6 hydroxyl group;s, alkenyl succinic

ester-amide mixtures and Mannich dispersants.

Phosphorus-containing Anti-Wear agents

Component (b) comprises one or more thermally stable phosphorus containing anti-wear
agents. Suitable phosphorus-containing anti-wear agents include oil-soluble amine salts of a
phosphoric acid ester, such as those taught in U.S. Patent Nos. 5,354,484 and 5,763,372; and
reaction products of dicyclopentadiene and a thiophosphoric acid.

The amine salts of a phosphoric acid ester may be prepared by reacting a phosphbric acid

ester with ammonia or a basic nitrogen compound, such as an amine. The salts may be formed
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post-treated di spersants of these types as well as dispersant viscosity

i'ndex inprovers and dispersant pour point depressants. The ashl ess

di spersants that can be elimnated fromthe gear oil of this invention

i ncl ude the pol yanmi ne succi nimides, the al kenyl succinic acid esters and

di esters of al cohols containing 1-20 carbon atons and lfzhml\?xmuzgr oups,
al kenyl succinic ester-am de m xtures and Manni ch disp a X

Phosphor us-cont ai ni ng Anti-War agents Conponent (b) conprises one or nore
thermal | y stabl e phosphorus containing anti-wear agents. Suitable

phosphor us-contai ni ng anti-wear agents include oil-soluble amne salts of a

phosphor kgpaatly] agbher the SAHCAT tRsphbo §ﬁc£<§d1&|f€rnia9bya(§edﬁ?ﬂu§ﬂfbrim%g 5, 354, 484
a

and 5, 763,372; and reaction products of dicyclopentadi ene an
t hi ophospdigydsiioaci d. The amine salts of a phosphoric acid ester may be
prepared by reacting a phosphoric acid ester with ammonia or a basic

nitrogen corrppﬁg}q, : 1 . y._he rnmed -.15 .27
2002 gepar ately, aoﬁl%ld{':‘ Egﬁate %gr S?g%i?ﬁgfmtg %E %é%ﬁ%rs?l%%f]éﬁedprgietné’r“vf:r‘ﬂif’“be

added t opbge bl EBLd POihe $QIREsi t1on. The phosphoric acid esters useful in
preparing the amne salts o e present invention nmay be characterized by

the formula RIO%(X) X R20 (1) wherein R is hydrogen or a hydrocar byl
group, R2 is a hy p@arbyl group, and both X groups are either 0 or S. A

preferred nmethod o pF*qp@('X\g conpositions containing (1) conprises
reacting at |east R2Q” ) 21)

' wheréin R' is hydrogen or a hydrocarbyl group, R?is a hydrocarbyl group, and both X groups
are either O or S.

A preferred method of preparing compositions containing (I) comprises reacting at least
one hydroxy compound of the formula ROH with a phosphorus compound of the formula P>X;
wherein R is a hydrocarbyl group and X is O or S. The phosphorus-containing compositions
obtained in this manner are mixtures of phosphorus compounds, and are generally mixtures of
mono- and dihydrocarbyl-substituted phosphoric and/or diihiophosphoric acids depending on a
choice of phosphorus reactant (i.e., P,Os or PSs).

The hydroxy compound used in the preparation of the phosphoric acid esters of this
invention are characterized by the formula ROH wherein R is a hydrocarbyl group. The hydroxy
compound reacted with the phosphorus compound may comprise a mixture of hydroxy
compounds of the formula ROH wherein the hydrocarbyl group R contains from about 1 to 30
carbon atoms. It is necessary, however, that the amine salt of the substituted phosphoric acid
ester ultimately prepared is soluble in the lubricating compositions of the present invention.

Generally, the R group will contain at least 2 carbon atoms, typically 3 to 30 carbon atoms.
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one hydroxy conpound of the formula ROH with a phosphorus conpound of the
formula P2X5 wherein Ris a hydrocarbyl group and Xis 0 or S. The
phosphor us-cont ai ni ng conmpositions obtained in this nmanner are m xtures of
phosphorus conpounds, and are generally m xtures of nono- and

di hydr ocar byl - substituted phosphoric and/or dithi ophosphorig _acids
depending on a choice of phosphorus reactant (i.e., P205 7Pﬂ9@)/ 2[902
hydroxy, conpound used in the preparation of the phosphoric acid esters of
this invention are characterized by the fornula ROH wherein Ris a

hydr ocar byl group. The hydroxy conpound reacted with the phosphorus

conpound Ny qRERIiE Aafbediigh8ic AR Heh SURIURASIRLE iGN PRI 2 ROH

wherei n the hydrocarbyl group R contains from abo arbon at oms.

I't |s NeGRSRAL yd:DeHENFS hafand & he substituted sphoric
aci d este?ﬁultyﬁﬁtely 5?“garggh?sf@ﬁ%ﬁ@ﬂ§%F%Y?ﬁgbwgg§p§ ﬁﬂ&“@%ﬁg&gitions
of the pEeSfRE A NEHLIP L1 he R.group W ll confain at |east 2
carbon atons, 'typi cgﬂey&gylta?)%eo gglr %8%@#5’6{’?%%%5?&;&wa%&.0# E‘E")ﬁ%a Belp2ray
be al i phagi.c r tic C | kyl, .aryl, alkaryl, aralkyl and
al'i cycl i %‘k%‘%@r"@‘gﬁr "é’%‘%ﬁ%%"?‘@%‘%ﬁ’lf‘e@éc‘%l?" ﬁ%@ﬁﬂ‘cﬁvﬁ FB’)‘(EP‘EG getibeheael, t he
formula ROH, includ fqr. exanple, eth al cohol , iso-propyl, n-butyl
al cohol , "SHY Ph?ﬂoi’dﬂegﬁ}f] °H‘3$%§ﬁxa %&Tt?é ?%/pk‘g‘PL)‘?Fc-' hexyl al cohol, nonyl
al cohol , dodecyl alcohol, stearyl alcohol, anyl phenol, octyl phenol,
nonyl phenol , %P‘ﬁtﬁ"egﬁt?f’%‘ﬁ%j‘i?% are g} W%ﬁ’%ﬂ‘%&‘ﬁﬁﬂ%? pariearlypipemanef er r ed
alcoholsq.RCH, are aliphatic alcohols and nore particularly, primary
al i phat i gliRhatipalgPRols enntaiming aideast ahouhd carhoyratems, Acspidinglvaewamplesiofdbe di ngl v,
exanpl es of the preferred nmonohydric alcohols ROH which are useful in the
present Pis{esiedimnnohydriopicohols ROH Which@raouseful in- the presait inveatiteciaciole, amyl
-dodecanol, | -tetradecanol, | -hexadecanol, | -octadecanol, ol eyl
al cohol , alcohpd) legtangl,dodrshnol] i-desleeanpl, letktraslacdnol, g Fhekadecan),r li-6othdeairod iyl
| auryl al cohol, nyristyl alcohol, cetyl alcohol, stearyl alcohol and
behenyl dpmlﬂple@bﬂn@'{%ilmblea}’l@ﬂmhb]s pifytolchydeyiglcohol, lauryl alcohol, myristyl

alcohol, cetyl alcohol, stearyl alcohol and behenyl alcohol. Commercial alcohols (including

mixtures) are contemplated herein, and these commercial alcohols may comprise minor amounts

of alcohols Which, althoygh not specified herein, do not détract from the major purposes of this

invention.

The molar ratio of the hydroxy compound ROH to phosphorus reactant P,Xs in the

reaction should be within the range of from about 1:1 to about 4:1, the preferred ratio being 3:1.

The reaction may be effected simply by mixing the two reactants at an elevated temperature such

as temperatures above about 50°C up to the composition temperature of any of the reactants or

the desired product. Preferably, the temperature is between about 50°C and 150°C, and is most

often below about 100°C. The reaction may be carried out in the presence of a solvent which

facilitates temperature control and mixing of the reactants. The solvent may be any inert fluid

substance in which either one or both reactants are soluble, or the product-is soluble. Such
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m xtures) are contenpl ated herein, and these comrerci al al cohols may
conprise m nor anounts of al cohols Nkhich, although not specified herein,
do not detract fromthe major purposes of this invention. The nolar ratio
of the hydroxy conpound ROH to phosphorus reactant P2X5 in the reaction
should be within the range of fromabout 1:1 to about 4:1, the preferred
ratio being 3:1. The reaction may be effected sinply by ﬂﬂ(lNﬁ]Viﬂ@
reactants at an el evated tenperature such as tenperatures above about 50C
up to the conposition tenperature of any of the reactants or -the desired .
product. Preferably, the tenperature is between about 50C and 150C, and is

nost oft C, The reaction may,be carrjied out .in the
presence qu‘eelgg lsng][l\{\c/l gﬁgﬁ%ﬁlﬁl gcﬁuenfea)({:‘(ﬁ % ’é{flg)éanf’ecﬁﬁl}ép%aﬂ?’é‘a lbtﬁ? [dbq'{hyé ﬁ'g‘ehi xi ng of
t he reactants, .JThe,sol vent may. be any inert fluid  substapce in which
ei ther offaosph 8’;');{’ ﬁ'l ?@%&‘ﬁ%’fﬂ’g’ %loég%CBF%‘& @§°%Wi'ﬁeca;5ﬁ>%'dﬁ*&°ﬁ[}§5§ 81 ‘E}BPYQ?"“@UC h
27 NOV 2002 sqlvents .ing¢lude benzene, tal yene, xyl ene, n-hexane, .
cycl ohexane, ﬁhf)ﬂrtoﬂg?t og ﬁﬁtagQYe TERfhop 18 ‘&‘Fé‘gﬁiki’t"&ts, chsMiga genstiutien isgiobRispigely
chl or obenzene, n%tar obﬁnzem?, carbon tetrachloride or chloroform The
product &POYREVidracRInAicates.ihgier e that the prodpgids 3 mextem efradic Phowbates ution i s
not precisely known. Evidence indicates, however, that the product is a
m xture &PPshtingpredpminaptiyebibe mopasangidi-gerensof Hnsphetintdcid (of thith@r nono- and
di -esters _of phosphoric acid (or thio- or dithiophosphoric acid), the
est er gr ditpioplgspkpriseacid)dbe esterraroupcbeiigaterived faptheteohahRAOH. sal ts of the
present invention can be prepared by reaction of the above- described
phosphori ¢ acille aminessltssidle mesentipvadion cadbdprepoediby @adtioniof kheaboveast one
am no conpound which may be a primary or secondary. Preferably the am nes
whi ch ar descebet gspliorie acidlestesisoeh ast raprestnpiddy Hoanila I adihds ldaq ohe amidohe ani ne
salts are primary hydrocarbyl am nes having the general forrmula R NH2

compound which may be a primary or secondary. Preferably the amines which are reacted with

the substituted phosphoric acids to form the amine salts are primary hydrocarbyl amines having

the general formula

R'NH,
wherein R' is a hydrocarbyl group containing up to about 150 carbon atoms and will more often
be an aliphatic hydrocarbyl group containing from about 4 to about 30 carbon atoms.
In one preferred embodiment, the hydrocarbyl amines which are useful in preparing the

amine salts of the present invention are primary hydrocarbyl amines containing from about 4 to

about 30 carbon atoms in the hydrocarby] group, and more preferably from about 8 to about 20

carbon atoms in the hydrocarbyl group. The hydrocarbyl group may be saturated or unsaturated.

Representative examples of primary saturated amines are those known as aliphatic primary fatty

amines and commercially known as "Armeen®" primary amines (products available from Akzo

- Nobel Chemicals, Chicago, 111.). Typical fatty amines include alkyl amines such as n-

hexylamine, n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-

pentadecylamine, n-hexadecylamine, n-octadecylamine (stearyl amine), etc. These Armeen
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wherein R is a hydrocarbyl group containing up to about 150 carbon atons
and will nore often be an aliphatic hydrocarbyl group containing from
about 4 to about 30 carbon atons. In one preferred enbodi nent, the

hydr ocar byl am nes which are useful in preparing the amne salts of the

present invention are primary hydrocarbyl am nes containi n? ?rNrUD\?(?{m%4 to
about 30 carbon atons in the hydrocarbyl group, and nore prefera m

about 8 to about 20 carbon atons in the hydrocarbyl group. The hydr ocar byl
group may be saturated or unsaturated. Representative exanples of primry
saturated am nes are those known as aliphatic primary fatty am nes and

comTer Ci BlitnirykRAME pSavafbBIBRTHO distllddRE YecRRicA) @ade R WEIHCHS dR¥ALd QrQJ:eeprom
Akzo Nobel l%hem cals, Chicago, 111.). Typical fatty am nes include alkyl

ami nes S%bid@%_pﬂré??Q%Ji@H‘i)r@@nact,%él)gés}ﬁﬁghﬁﬁ?segﬁcﬁgﬁ&'éls%ml B&m m-rg&%*sgy&vﬁﬂﬂrlﬁehe

n-tetradecyl amine, n- pentadecyl am ne, adecyl am ne, n-oct adecy

(stearyl ! - . ri XY Aam.nes. are

avai | abl aerﬂ%pﬁ%t{: ﬁﬁl&fdlﬁﬁ%ﬂf?ﬁsﬁ%ﬂ?\tﬂ g%er{ﬁl %8%8%3@399‘@%5@ élé Aﬁ?ngfrll' ed grade
will prqyi rer Aeactionproduct. .the desirable an,des and im des
will for %%%F eAc |%Ir’fsdl\‘/u§\rﬁle?’?i£’ A%eﬁé]?’ e@’&"%r?f’@grm&?’é\ © Also suitable
are mxed fatty am nes.such as.Akzo' s Arneen- Arneen- O, _Arneen-Q,
Armeen-T, Ar r#té'élﬂf’{g\]'fr, prﬂf;ef?ﬁ‘g ﬁm%‘ﬁ’r’?&"‘p}hﬁg&lﬂ ts %ﬂh%?f’(ﬂ’fl??éﬁmﬂ PEthi inkgption are
enbodi nment he ine salts of the conposition of this invention are.  those
der i ved Ppiserd apyedimlinhite BrTarAP RO HAPiiout 4 FEbar amotn e
carbon at in the alkyl group. Faor the npst part, they are derived from
al kyl arﬁlﬁgssgr% figthe mosk pert, they preglenyerbbiom glkyl amiges haxpmgiiotsl efgssithan he

al kyl grqup. Usually the tertiary aliphatic prinmary am nes are nonoarm nes

r epr esenthoyt }carbn fteypsin the dkplprowp i - NH2

Usually the tertiary aliphatic primary amines are monoamines represented by the formula

CH,
R——(I:—NH2
CH;

wherein R is a hydrocarby! group containing from one to about 30 carbon atoms. Such amines )
are illustrated by tertiary-butyl amine, tertiary-hexyl primary amine, 1-methyl-1-amino-
cycléhexane, tertiary-octyl primary amine, tertiary-decyl primary.amine, tertiary-dodecyl
primary amine, tertiary-tetradecyl primary amine, tertiary-hexadecyl primary amine, tertiary-
octadecyl primary amine, tertiary-tetracosanyl primary amine, tertiary-octacosanyl primary
amine.

b Mixtures of amines are also useful for the purposes of this invention. Illustrative of amine
mixtures of this type are "Primene 81R" which is a mixture of Cy;-Cy4 tertiary alkyl primary
amines and "Primene JM-T" which is a similar mixture of C13-C; tertiary alkyl primary amines

(both are available from Rohm and Haas Company). The tertiary alkyl primary amines and
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CH3 wherein Ris a hydrocarbyl group containing fromone to about 30 carbon
atons. Such amines are illustrated by tertiary-butyl amne, tertiary-hexyl
primary am ne, 1-nethyl-I-am no- cycl ohexane, tertiary-octyl prinmary am ne,
tertiary-decyl primary am ne, tertiary-dodecyl primary am ne,
tertiary-tetradecyl primary amne, tertiary-hexadecyl pri 7y gfm
tertiary- octadecyl prinmary amne, tertiary-tetracosanyl f num 9&
tertiary-octacosanyl primary anmine. '.' Mxtures of amines are al so useful
for the purposes of this invention. Illustrative of amne mxtures of this
type are "Prinmene 81R' which is a mxture of Cl1-Cl4 tertiary alkyl primary

am nes  afethod3rtbrmeie prkivhrktion\te SR1likodn %6 hbéeddt ofdind Eﬁu@ﬂitn@%& a%%h&%f&r% ary
al kyl primary amnes (both are available from Rohm and Haas Conpany)’. The

tertiar Wuﬁhéﬂﬂﬁsc@d’sidﬁ% WnREEBES. PRAenih® Akyl pMiM2RH8e U%hh%ixst £ BﬁrPBQ}; Iorfthxs

preparation are well known to those of ordinary skill 1n t

t her ef 0r,gvenuf){,lQﬁd‘l,gethgas%i-lﬁéir?%g?éuﬁﬂ%%ﬁx@é%xn JQSP% 'tﬁéz%sﬁfb -l’l mar y

am ne useful for the purpose I nvention an

prepar atHePeﬁB c%rﬁ%??gd’ﬂgﬁ%ger r{?:elfjoéts tga%})rnﬁh‘}?thls x’eg , 749 which | S her eby

|ncorporate y re its teac is regard. Primary amines

in which the arbon es oleflnlcusturatlon al so are
qui te usef ul ﬂ?;}é%i TR g}h@‘ %yd 6?%@?)’5‘:%0&?&9%? Sif UREURSATIRRIOB AOEFS ni ¢
unsat ur at I.tOI’l e ndj ng,, he length of the chain }gsuall nQ nore than
one douti"t® B g}g‘fs’ %59(0 n&ro4p %é%‘i‘%%ee‘ﬂtma‘t’f’ pletiniciunsaturgtion

dodeceny) am ne, rijstol am ne, paI m t ol eyl am ne, ol eyl am ne and

i nol eyldgRsndine ‘@%‘ﬁieﬁﬁgé‘? ﬁwzﬂ'@a, usyrleRo mp %@eé\?H'i’lFQB‘P%PQIHQé’PTbPhe Ar neen
tradenarre Secondary. am nes incl ude dial kyl am nes having two of the above
al kyl esen 1M§ammes are dodecenylamine, myristoleylamine, palmitoleylamine,

o]eylamine and linoleylamine. Such unsaturated amines also are available under the Armeen
tradename.

Secondary amines include dialkylamines having two of the above alkyl groups including
such commercial fatty secondary amines as Armeen-2C aﬁd Armeen-2HT, and also mixed
dialkylamines where R’ is a fatty amine and R" may be a lower alkyl group (1-9 carbon atoms)
such as methyl, ethyl, n-propyl, i-propyl, butyl, etc., or R" may be an alkyl group bearing other
non-reactive or polar substituents (CN, alkyl, carbalkoxy, amide, ether, thioether, halo, sulfoxide,
sulfone) such that the essentially hydrocarbon character of the radical is not destroyed. The fatty
polyamine diamines include mono-or dialkyl, symmetrical or asymmetrical ethylene diamines,
propane diamines (1,2, or 1,3), and polyamine analogs of the above. Suitable commercial fatty
polyamines are available under the Duomeen® tradename from Akzo Nobel. Suitable
‘polyamines include Duomeen C (N-coco-1,3-diaminopropane), Duomeen S (N-soyaalkyl
trimethylenediamine), Duomeen T (N-tallow-1,3-diaminopropane), or Duomeen OL (N-oleyl-

1,3-diaminopropane).
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such commercial fatty secondary am nes as Arneen-2C and Arneen-2HT, and
also m xed dialkylamnes where R is a fatty amne and R' nmay be a | ower
al kyl group (1-9 carbon atons) such as nethyl, ethyl, n-propyl, i-propyl,
butyl, etc., or R may be an al kyl group bearing other non-reactive or

pol ar substituents (CN, al kyl, carbal koxy, am de, ether, thioether, halo,
sul foxi de, sulfone) such that the essentially hydrocar bon2c7|§qg\{?0qz t he
radical is not destroyed. The fatty polyam ne diam nes incClude 0- Ot

di al kyl, symmetrical or asymmetrical ethylene diam nes, propane diam nes
(1,2, or 1,3), and polyam ne anal ogs of the above. Suitable comercial

fatty pol yanirResilasiabR\uadiihealtemdPae brebiied By LB A ek Z0
g LU O S

Nobel . Suitable -polyam nes include Duoneen ropane),

(N ol v 1 50 R e e TR AR AT Gimn K ARES Roobe. Gensrally, PR flane)

2.7 N OVihPRmtindt orsQletbh 6 AGRAB S LollPiPS BEEDAL G DT Xig Lhe

above-descri bed phosphoric aci ters w a

roomte . _ . I i X . room tenperature for a

per od of Feam it pRRENE o oERARIEEle Wl ' ehil S AT 250 ot ne

reacted w I hori ¢ id.ester tq formthe salts of the invention

is at | eé@[lbaé%gS%ep%’gépthgaﬁlfvg(ﬁ%sﬁ? OWEI%WF‘%@F’ ?%’é"agﬁi Wg)heﬂ%{?é'ﬁ agid, #dthegen).

per ‘equi Vi ilo%?teﬂ}ﬁ{,ﬂglggg%ori C al%i d, and the ratio of equivalents generally
e

i s about ‘Gne. PRy iLa%0BENE ati on of such amine salts are well
known and rep%ajeg pn the literature. See for exanple, U S Patent Nos.
S ié :

2,063, 629; 2, r'ths preparatigrpof syclparping gplts are el dnown gnd ipard isde;
5,354,484; Pesin et al, Zhumal Obshchei Khimi, Vol, 31, No. 8, pp. 2508
2515 ( 1oBFfatre ieedprexampler Hea: PasntNoaZ063639; 212416951 2,449128672,616,9080 87/ 07638.
Al ternat]j vel%4 in a preferred enbodinent the salts nmay be fornmed in situ
when th 388418 4,4|5h6§?p RSP 484 Eesin el Ghuinal GbshelpeKhimit, Vo, 3¢, Moy pp.dsegr i bed
am nes when form ng a %ear oi |

2515 (1961); and PCT Intemational Application Publication No. WO 87/07638.

Alternatively, in a preferred embodiment the salts may be fdrmed in situ when the acidic
phosphoric acid ester is blended with the above-described amines when forming a gear oil
concentrate or the formulated gear oil itself. For example, primary hydrocarbyl amines that
function as rust inhibitors may be added to a gear additive concentrate containing the acidic
phosphoric acid ester leading to the formation of amine salts of phosphoric acid esters.

Another preferred thermally stable phosphorus-containing anti-wear agent for use in the
present invention comprises the reaction products of dicyclopentadiene and thiophosphoric acids,

also referred to herein as dicyclopentadiene dithioates. 'Ihiophosphéric acids suitable for use in
prepating the anti-wear agents have the formula:
i
(RO),P—SH
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concentrate or the formul ated gear oil itself. For exanple, primry
hydrocarbyl amines that function as rust inhibitors may be added to a gear
additive concentrate containing the acidic phosphoric acid ester |eading
to the formation of ami ne salts of phosphoric acid esters. Another _
preferred thermally stabl e phosphorus-containing anti-wear agent for use in

the present invention conprises the reaction products pzy i I adi ene
and thi ophosphoric acids, also referred to herein as di z|@EE%3§ﬁnLne

di t hi oat es. Thi ophosphoric acids suitable for use in preparing the
anti-wear agents have the formula: S 11 (RO JP-SH 27 NOV 2002 wherein R

i's a hydwR&aintR s adiyakhRaBVirbh Ry fforh © 1690, pRErEhEy 3kb s gaxrg?n %téam%ailpg n

atons. In a preferred enbodinment, R conprises a m xtur ocar byl

roups el i 3 [cyel.opent adien

O TPy AL ABAER R e SRERRL AL Aot Al RALH 505

dithiOphgﬂ&ﬂQﬁ&ﬁ&aCid for a tine and tenperature sufficient to react the
' e

thioacid with t di cyl copent adi ene. Typical reaction tines range from 30

i g S Ui I L nditi ap reagily be
et or m ned by HadicyeloBpiafefhiditale fies bf&i%%ae%?inﬁﬁl%lgbgcé‘é@?en‘%wﬁwa?a_ |
i 2 i. - i k i i . um stri In
and T ebREIREGT b R B HeG sre Pl ireal Bueart i a%%cwvrﬁét‘ﬁga?rfoi s of
e e R

-contai ni ng.extrene ressure agents contain at | east 25 percent by
\?\:}: ;E{ grgira]clﬂglp ?:L)qeﬁ%onémﬁ:@dib? bes%ﬁtﬂnﬁ_zpd <me siiHerbip the art. - The reaction product

‘may be subjected to conventional post-reaction work up including vacuum stripping and

filtering.

Sulfur-containing Extreme Pressure agents

The gear oils of the present invention contain as component (c) at least oﬁe metal-free
sulfur-containing extreme pressure (EP) agent. Preferably, the sulfur-containing extreme
pressure agents contain at least 25 percent by weight sulfur. The amount of said EP agent added
to the gear oil will be sufficient to provide at least 10,000 ppm sulfur, more preferably 10;000 to
30,000 ppm sulfur and most preferably 12,000 to 25,000 ppm sulfur in the finished gear oil from
component (c). |

A wide variety of sulfur-containing extreme pressure or antiwear agents are available for use
in the practice of this invention. Among suitable compositions for this use are included sulfurized
animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially
esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins (see for example
U.S. Patent Nos. 2,995,569; 3,673,090; 3,703,504; 3,703,505; 3,796,661; 3,873,545; 4,1 19,549;

4,119,550; 4,147,640, 4,191,659; 4,240,958; 4,344,854; 4,472,306; and 4,71 1,736), dihydrocarbyl
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to the gear oil will be sufficient to provide at |east 10,000 ppm sul fur,
nore preferably 10,000 to 30,000 ppm sul fur and nost preferably 12,000 to
25,000 ppmsul fur, in the finished gear oil from conponent (c). A w de
vari ety of sul fur-containing extrene pressure or antiwear agents are

avail able for use in the practice of this invention. Anon uitabl e
conpositions for this use are included sulfa ized aninal &%vét@VaZﬂ]@Zfa'ts
or oils, sulfurized aninmal or vegetable fatty acid esters, fully or
partially esterified esters of trivalent or pentaval ent acids of
phosphorus, sulfa ized olefins (see for exanple U S. Patent Nos.

2, 995, 56 Polyshilfodes (28 &5r edandfld U) Patedt N6:32 2966253 G631 ; 7 6
4, 119,5486;)y 4, 115(9,555;‘3 4,1?47,6481;6 4,197, 659;5’ 4?%@%%%%@3%2%@&

4,472, 306; . ; - > _ ' ;
R A R G ol e T Al -

3, 022, 35{se¢ Ry 30BnplO0:S; BateA WAL 63563644988 s, Il ib8f> 334) .
sul furi zéesd Di el s-pki'ﬁder %g@uct s’ éee%oré?%xé%%ﬁ{ee%f%?f %]e{fugr%l?@Nos.
3, 632, 568;cvdotABad o 133 f Ul | ent.adi ene (see
for exanpl & U éé 'I%é% sﬁﬂﬂg@&p ge %321%@11 ﬂé%g, Lgfb’l%? gga%%@qg 3?0 f 'thfg‘ﬁoro‘i"' co-
sul furiz ] of, tty, acid esters and unsat.urate in (see
for ex amgﬂci i kj g xﬁg%seort; f Jr@lﬁgpsé.e%ﬁfsfﬂg P{S’§%‘f"5%f‘rf§g?i}ig‘% ,(SCﬁ,}OI 6’(‘3“,.“7}89/‘,%1'82?3@1‘, 153;
4,481,1 : furd | ) fatt C| fatty acid ester and
2" ol of i n P48 TR ATERTPE L1 B L iat o ol canhbed iends ST add
functi O@I | y-substituted dieg%dr ocar byl ]%ol ysul fides (see for exanple U S
Pat ent NEUY Acid ggferpad p-olefin (seeforensirplel St Patent NRet 336397 h fitnctienally-qubstibged
t her eof &gé; , acids, esters, imnes, or |actones) (see for exanple, U S
Pat ent ydracaginid polgsuifiden (sePET ckample We. PataetiNoA3 311 8,332, thia-aRiehydes,ahtaon No. WO |
88/ 03552), epithio conpounds (see for exanple, U S. Patent No. 4,217, 233),
sul f ur - ckatengs apddpriyetiteatheref (egatacide Sstersgimines o lasiones) (e fhr Sxarmale, AR S. INeent
4,248,723), co-sulfurized blends of terpene and acyclic olefins (see for
exanmpl e Np.3,80048¢rand RET late5BHorial Application Pudlliyaioh NodW8&03352pepidiiet s (see
for exanple U.S. Patent _ -

compounds (see for example, U.S. Patent No. 4,217,233), sulfur-containing acetal derivatives (see

for example U.S. Patent No. 4,248,723), co-sulfurized blends of terpene and acyclic olefins (see for

example U.S. Patent No. 4,584,113), and polysulfide olefin products (see for example U.S. Patent

No. 4,795,576).

Preferred materials useful as component (i) are sulfur-containing organic compounds in
which the sulfur-containing species are bound directly to carbon or to more sulfur.
One particularly preferred class of such agents is made by reacting an olefin, such as

isobutene, with sulfur. The product, e.g., sulfurized isobutene, preferably sulfurized

polyisobutylene, typically has a sulfur content of 10 to 55%, preferably 30 to 50% by weight. A

wide variety of other olefins or unsaturated hydrocarbons, e.g., isobutene dimer or trimer, may be

used to form such agents.

Another particularly preferred class of such agents is that of polysulﬁdés composed of one

or more compounds represented by the formula: R®-S,-R” where R® and R7 are hydrocarbyl groups
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No. 4,795,576). Preferred materials useful as conponent (i) are

sul fur-cont ai ni ng organi c conpounds in which the sul fur-containing species
are bound directly to carbon or to nore sulfur. One particularly preferred
cl ass of such agents is nmade by reacting an olefm such as isobutene, with
sul fur. The product, e.g., sulfurized isobutene, preferabl quJIFNQV ?9@2

pol yi sobutyl ene, typically has a sulfur content of 10 to 55% ferably 30
to 50% by weight. A wde variety of other olefins or unsaturated

hydr ocar bons, e.g., isobutene dinmer or triner, may be used to form such
agents. Another particularly preferred class of such agents is that of

- pol ysul f ieadhof suhihqseferably contgins Do I8wathof QTR WADHS isTpRdTEaBI9 B 81 rihipe b §ofndr (ul a:
R6- SX- R7 where R6 and R7 are hydrocarbyl groups -23 27 Nov 2002 each of

whi ch pr &f sidakdry prenitdy MShesrah@ ck$robR? RY)eRPLAATE ﬁpﬁ)eﬁyaﬁcﬁﬁﬁfg‘?&%g kXn b he
range of from2 to 8, and nore preferably in the range of " from2 to

especi al kydeby vmﬁ ;%@Jﬁ@l@ﬁ@&ﬂkyl,%%ﬂﬁyl?ﬁﬂen% ax?f(,;/)f x&%@gt y[eYt?z{/ry gxplgn ﬁo\f)%?ﬂ%dgshc h

as al kyl, cycl oal al kenyl™;". "aryl; or.aral rtiar

pol ysul f s astuflbuds it laha Rikots bbb ofiGre 18 tﬁ&ﬁfd%gg \ i‘%/%g,‘;{{n' sing

di-tert-butyl trisul'tide (e.g., a mxt onposed princi Entirely
of the tEhmndsed bidnc jdes) red. anmpl es_of. of her
useruidr TR SEman s AERPSHh bt Rk AFeRESFIETTe po SR Faues o
di nonyl I ' he di ec | ysul fi des,.and, t he di benz
A
escri be i.on referenc uncti on, at function may be
one of oﬂﬁg@ﬁﬁﬁﬂgPﬁﬁ ﬂ%%ﬁ@%ﬁ“@ﬁ” Ep§§W®kﬁﬁonponent and shoul d not be
construed as n ory limting functjion. The conpositions of the present
i nvention rraygggg'{gggﬁet ‘f"}ééﬁo@ﬂ“f @02{8 AP inghebrley list ase deseribad ocsasionsHavithe
(i.e., both automtive %ﬁd i ndustrial applications). :

O reference to a Tunction, that function may be one of other functions served by the same

1

' component and should not be construed as a mandatory limiting function.

The compositions of the present invention may be top treated to achieve multi-functional

performance (i.e., both automotive and industrial applications).
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27 NOV 2002 The gear oil conpositions of the present invention are capable
of meeting API G.-5 performance requirenents. The specification for GA-5
is set forth in Table 1. Table 1: Performance Requirenents for ML-L-2105D
(G.-5) Lubricants (August 1981) SAE VI SCOSI TY GRADE75WB0W085W40 CRC L-60
Thermal Oxidation Stabilityl00C visc. Increase @50 hrs., IVEX? [&gqp 00
Pent ane | nsol ubl es, 9833 Tol uene Insol ubles, 9222 CRC L-33,“7 y re
Corrosi onRust on gear Teeth Bearings, Max. % Rust000 on Coverplate, Mx. - %
111 CRC L-37 H gh Speed-Low Tor que" Green” GearsPassPassNR Hi gh Tor que- Low
Speed” Lubrited" GearsPassPassNR CRC L-42 Hi gh Speed- ShockRing & Pinion
Toot hEqual  t dTterghiR dilaagipagtiohslof thE@adsSa riviefghn ah@e'\@}ga%@m@e&ingm&@ 110-90
ASTM D- 130 Copper Strip CorrosionStrip Rating, x. 333 :

performance requirements. The specification for GL-5 is set forth in Table 1.

Table 1: Performance Requirements for MIL-L-2105D (GL-5) Lubricants (August 1987)

SAE VISCOSITY GRADE 75W | 80W90 | 85W140
'CRCL-60 |
Thermal Oxidation Stability | 100°C visc. Increase @
50 hrs., Max. % 100 100 100
Pentane Insolubles, % | 3 3 3
Toluene Insolubles, % | 2 2 2
CRCL-33,7 Day
Moisture Corrosion Rust on gear Teeth
Bearings, Max. % Rust | 0 0 0
on Coverplate, Max. %
_ 1 1 1
CRCL-37
| High Speed-Low Torque "Green" Gears Pass | Pass NR
High Torque-Low Speed "Lubrited" Gears Pass | Pass NR
CRCL-42
High Speed-Shock Ring & Pinion Tooth Equal to or NR
Loading Axle Test Scoring, Max. % better than RGO
110-90
ASTM D-130
| Copper Strip Corrosion Strip Rating, Max. 3 3 3
Notes:

NR - Not required, if 80W90 passes in the same base stock
Lower L-37 and L-42 Test Temperatures are required for 75W oils

OXIDATION PERFORMANCE TEST: L-60-1 (ASTM D 5704-98)

The L-60-1 test is designed to test the thermal and oxidative stability of a gear oil. New
specifications (API MT-1, MIL-PRF-2105E) have stipulated that the limits (i.e., rating) of these
new features of carbon/varnish and of sludge are 7.5 MIN (minimum) and 9.4 MIN (minimum),

respectively. The maximum percent viscosity rise has been specified to be 100, the pentane
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Notes: NR - Not required, if 80W)0 passes in the sane base stock Lower L-37
and L-42 Test Terrpgratures are required for 75Woils OXI DATI ON PERFORVANCE
TEST: L-60-1 (ASTM D 5704-98) The L-60-1 test is designed to test the
thermal and oxidative stability of a gear oil. New specifications (AP
MI-1, M L-PRF-2105E) have stipulated that the limts (i.e. g zlaN@ﬁ‘)zﬁm
these new features of carbon/varnish and of sl udge are 7. % . o)
and 9.4 MN (mninmum, respectively. The naxinmum percent viscosity rise
has been specified to be 100, the pentane .-25 2 7 Nov 2002 insolubles at 3
percent maxi mum and the tol uene insolubles at 2 percent maxi num These

f eat ur esinasl@bles/ EBRSerEROmAmBARINA tRe tohARL Fsdlublat 2Bl efletin Tk itk tic
Vi scositly | ncrease % @I CrﬁlC, cSt 100 max N- Pent a@lnsﬁl%%@s, Wegg/cs.o max

Tol uene feagedsRd KgnmaMzede Pavi@x Car bon/ Varni sh Rating7.5 mn Sl udge :
Rat i ngg.f m'rsl | f norethgrn one test is conducted, then the average of two

test results nust—reet—the—above—+mts—No-nprethanthrep tests are

al | oned. Wien th{déBlds?s are conducted, one of the three cpn Ib_e di sca_rrged
and the average p mal ning two tests nust meqr .The appve limts. e
L-60-1 test procgﬁ'&;&?"itéﬁpr actically identical to ™60 fest except that

the conditions pKehepAtOWRLENy Ii@seW, @ 10080/@YS! Y |Q00kag! | Bd in the

i ndustry. The TepN-Matiné BisblQBles, wt % 3.0 max
. Toluene Insolubles, wt % 2.0 max
Carbory/Vamish Rating ' 7.5 min
Sludge Rating ' 9.4 min

If more than one test is conducted, then the average of two test results must meet the aBove
limits. No more than three tests are allowed. When three tests are conducted, one of the three can
be discarded and the average of the remaining two tests must meet the above limits.

The L-60-1 test procedure is practically identicai to the L-60 test except that the
conditions and parameters are more ri gbrously controlled in the industry. The Test Monitoring
Center (TMC) records and reports the precision of each approved stand within the industry.

The relevance of the rating of the gear surfaces from the L-60-1 test is two-fold. Firstly, clean
gears are used to market the Jubricant as a positive feature as the industry moves to lubricants
.with improved oxidation and longer life. Pictures of the gears are often used in marketing the
lubricant. Secondly, it is hypothesized in the industry that the deposits that build up on the shafts
of the pinions of the gears during application cause an inprease of friction with the seal and, thus,
lead to premature seal erosion aﬁd even failure. It is, thus, important for both commercial and
practical reasons to be able to market gear lubricant technology that exhibits enhanced
performance in the L-60-1 test.

The tests for L-60-1 carbon varnish and sludge rating involve employing the lubricating oil

to lubricate a large gear and a small gear which mesh with each other in a test apparatus. A
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Center (TMC) records and reports the precision of each approved stand
within the industry. The relevance of the rating of the gear surfaces from
the L-60-1 test is two-fold. Firstly, clean gears are used to narket the
| ubricant as a positive feature as the industry noves to lubricants wth
i mproved oxidation and longer life. Pictures of the gears %LZ ﬁﬂgynzg zd in
mar keting the lubricant. Secondly, it is hypothesized in t S 9 t hat
the deposits that build up on the shafts of the pinions of the gears
during application cause an increase of friction with the seal and, thus,
| ead to premature seal erosion and even failure. It is, thus, inportant for
bot h conembamidifeasfremeitiabdh shBaSBEEulemeNSs MBIl Pe Hal’iée%%r ﬁlﬁﬁlfacle,q%rﬁ!: cant

- 60- e

t echnol ogy that exhibits enhanced perfornmance in the 1 test.

tests fogealrefOfade, SiRAIPSRAr HBAIThRMnA IR ad b 06y f28L I IR chm}ﬁ?lzéégiglf%? W@g the

lubricating oil "'to lubricate a large gear and a snmma ch hmesh with

each ot Weraha oftht BstborPRPRE ‘md3suréfefty o%a?gg%g%rﬁ%;l{j %?e/g%’%g%lﬁ? Qefaf BAL face,

measur enent "and a sl udge nmeasurenent Is na
| ar ge g@&£1mE§rd% Sno &1 ront face and sl ar rear face. The
carbon varnish ra ?%gn% S rT‘t?Ethé' egggéfrtg%%uéﬁe T%@ur%g?%BWBV‘%?‘?ﬁ' (cv)
measur enent s ;0f ar, front, face and rge gear rear face. The
sl udge rati ngl HiogoteP Oeslhg%rﬁ%g@va&agf%aé'dselﬁgﬁfbvé’"??éQtﬁ‘re%ﬁ@ ils gf thiy ipventigp,  aces.
I n order how t he advantages and effecti ess_of the gear oils of this
| nvent | dauRad Bear8s BN Bpa s oo puiiinRbEa; Thess borguidcaroismerabl e
3. TheSﬁ ﬂ&{nul%te %§$¢ 8“'3 meégl tested according to the L-60-1 test and
the resufts 4rEidigie K051 estapd hegesults aresetforh iny BrEhe peycepiaigesare unl ess
othermﬁég ggéﬁified. Al l. of the gear oils in Table 3 contained an identical
addi ti veYpheRy yalestorivasengeciied; Lef thegeas pily inflable 3qenteinsd an idenficdlci ent t o
provi de roximately 15; 000 ppmof sulfur to the gear oil, an acidic rust
P OVl ( d,gﬁ;? r ] ) g X .
i nhi bi t SFYIX® PHiXAET SFRTEIngA ffrrizedplefiyiaran ameuntsuffidient to panvide Appaonimattla
corrosion jinhibitor. The cal cul ated amount (ppm of nitrogen supplied
o 15,000 ppm of sulfur to the gear oil, an acidic rust inhibitor, a thiadiazole sulfur scavenger, an
acrylate anti-foam and a corrosion inhibitor. The calculated amount (ppm) of nitrogen supplied
by the primary amines is set férth in the Table (the calculated nitrogen content excludes any
nitrogen supplied by the base oil, thiadiazole sulfur scavenger or any other potential source of
nitrogen). The L-60-1 carbon varnish (CV) and sludge ratings are set forth in the Table. The |
phosphonis-containing anti-wear additives in the Table are an amine salt of amyl acid phosphate
(AAP), dicyclopentadiene dithioates (DCPD), dibutyl hydrogen phosphite (DBHP) and an amine
salt prepared by sulfurization of DBHP in the presence of amine (S-DBHP).

TABLE 3: Gear oil formulations and L-60-1 Results

Example | ppm N ppm P Anti-wear Ccv Sludge
1 - 115 308 AAP 7.5 9.4
2 0 296 DCPD 7.8 - 9.5
3* - 153 412 . AAP _ 4.2 9.3
4* 192 516 AAP 5.5 9.4
5* 0 310 DBHP 6 9.5
6* 159 308 S-DBHP 23 9.4

Comparative example
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rimary amnes is set forth in the Table (the cal culated nitrogen
g%ntgﬁtpexcluées any nitrogen supplied by the base oil, thiadiazole sulfur
scavenger or any other potential source of nitrogen). The L-60-1 carbon
varni sh (CV) and sludge ratings are set forth in the Table. The I f
phosphorus-containing anti-wear additives in the Table are an amnne salt o
anyl acid phosphate (AAP), dicyclopentadiene dithioates ([iyi»N(ﬁV_ f
hydrogen phosphite (DBHP) and an amine salt prepared by sulfurization o |
DBHP in the presence of amine (S-DBHP). TABLE 3: Gear oil fornulations an
L- 60-1 Results Exanpl eppm Nppm PAnti - wear CVS|l udge 1115308AAP7.59. 4

20296DCPD7. 89 A5 sB3WibRhl2 A¥Ble P&itsofth HRA5AMORZmE wﬁe§t %ﬁg@%‘#ﬁs@% m the
6* 159308S- DBHP2. 39. 4 Conpar ati ve exanple -27 27 Nov 20 omm a

Tabl e 3 setigehnsil diklaehﬁmﬁ@_@ Ul egn Bb4eah R P8 & Fa 2 t?nel@naef Y stable t he L-
C n? |

60-1 gear oil oxidation lest. It can be seen t & suf ¢

ot T pute heb BchhasghsUicidil ol Ancigs “%aﬁgiﬁf'%mpﬁaﬁphams d E*gri%*;*e: ol
t.., The n

Phat examplaLPREEMPIGE AR hOE i hPkicht B8 o MoulaindibiaA aycheteanmaear

oils out§|g 29; ﬂ?h opgbof t he reser‘l}a i nventi on. ;hls i ndi cat es t hat

t he gear Sl >t exd%prc opn WE’ 8?@@ P ggaroyds puside pf theiserpeiafithe rresent ol

roved gear cleanliness as seen in
fﬁgggr Ed‘é’gg'?f orﬂosf?us IhdiEAE rTB t tﬁe gear onls gip examples 9and 2 give rise to better oxidation

control compared to those of examples 3-6. Improved gear cleanliness as seen in these L-60-1
tests is a very deéirab]e feature for a gear lubricant as expiaincd above.

It is important that the gear oils of the present invention reduce gear distress and deposits.
Satisfactory performance may be demonstrated when the oil is tested by the L-37 as described
within ASTM STP 512A using untreated and phosphate-treated gear assemblies. The gear oil must
prevent gear-tooth ridging, rippling, pitting, welding, spalling, and excessive wear or other surface
distress and objectionable deposits and not produce excessive wear, pitting or corrosion of bearing
rollers under conditions of low-speed, hi gh-torque.

Preferably, the finished gear oil compositions of this invention are ashless or loW-ash |
compositioﬁs, that is, they contain, if any, at most 2,000 parts by weight of metal introd:uced
from one or more of the additional components. More preferably, the finished gear oil contains
no more than 506 ppm of metal, and most preferably zero to at most 25 ppm of metal.
Accordingly, the additive concentrates of this invention are preferably proportioned such that if
one or more metal-containing components (e.g., zinc dihydrocarbyldithiophosphate and/or metal
detergent) are inciuded therein, the additive concentrate when employed in a base oil at the

selected or recommended dosage level will yield a finished lubricant having at most 2,000 ppm,

- preferably at most 500 ppm, and more preferably at most 25 ppm of added metal. When one or
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tests is a very desirable feature for a gear |ubricant as expl ai ned above.
It is inportant that the gear oils of the present invention reduce gear

di stress and deposits. Satisfactory performance nay be denonstrated when
the oil is tested by the L-37 as described wthin ASTM STP 512A usi ng
untreated and phosphate-treated gear assenblies. The gear oLl t event
gear-tooth ridging, rippling, pitting, welding, spalling,?ﬁ?dNZﬁ@éayﬁze
wear or other surface distress and objectionable deposits and not produce
excessive wear, pitting or corrosion of bearing rollers under conditions
of | ow speed, high-torque. Preferably, the finished gear oil conpositions

of this imarentetadadditieesafhdngsiSyed] th @A Sbhterft BT nlsOpteferdbiAis ol §ﬁne§h§¥ne
contain, if any, at nost 2,000 parts by weight of netal introduce rom

one or noreopd alkdlEmadRiahd/BNane 6RO ARBNR: calh 14N, EfiR | Lgh
gear oil contains no nore than 500 ppn18? nmet al , an%qg%é?nkggygﬁggﬁgggero

to at nDsbmPEsilHIARS ziEHréd. . CorfiSdiofls E@éﬁﬁal]} Pﬁvg?tﬂﬁédhg@mgﬁp&%g%né%}eenslos?f this

invention are preferably proportioned such one o

tal -c : S [ ' | dit hi hat d/
rotal detor genEy range M snfden Al L B R B e

enpl oyed pidperfeddfSiEtal . lLect.ed or.recomended dosage |evel will
yield a IS he@%ﬁ?@ﬁ %g]tr’llf: &E%\? fe?fg?j agf] e'ﬁnﬁg tuch ,e%fﬂfmp‘ﬁ ﬁ?m‘cl’ffeélfsae’%ﬁﬁl Bereip. pst
500 ppm bly a st .25 m of added netal . Wen _one or -28
27 NOV 2 gsq Fr}%?’ré&ﬁg{cg{hgg%’d?%/ ?%"2%’%3?8’“8%? E%Eﬂ"ef“ﬁ aydeaye resitics duringispesy
nost prete lvw is confined to one. or nore alkali netals and/or one or
nore al kgﬁ clyf%@ réellgﬁnﬁe Fetetr gs. thﬁ‘ﬁl’é‘?’%‘F Bcfﬂ'@ﬁ%ﬂ?ﬁ‘l‘ an metph ettt dpagetherrefsosd t i ons
are zinc_free. ositions essentially devoid of added nmetal content are
nmost es B’é‘é‘.’“g{PF'&?ﬁﬂE Y lefgfmlﬁ?f‘ot“ﬁ PE&E@%@&‘?‘@H‘}O%@F fise pf baspasontaining
phosphorqﬁ§.is subject to these preferred [imtations on netal content, as
neit her &U¢HW¥ ement is considered a netal herein. Thus, the nmere fact

t hat boron and/ or phosphorous conponents nay | eave residues during usage,

Industrial Applicability

The automobile industry is constantly searching for improved lubricating formulations
for use in manual transmissions and axles. This invention provides an improved gear oil
comprising thermally stable antiwear additives capable of proxlliding passing L-60-1 performance
in conventional automotive gear formulations without the use of ashless dispersants, metallic
detergents or boron containing additives, while still maintaining GL-5 performance.

The disclosures of each patent or publication cited in the foregoing disclosure are
incorporated herein by reference as if fully set forth herein.

While the preferred embodiments have been fully described and depicted for the purpéses
of explaining the principles of the present invention,' it will be appreciated by those skilled in the

art that modifications and changes may be made thereto without departing from the scope of the

invention set forth in the appended claims.
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is of-no relevance as regards these preferred Iimtations on netal content.
I n anot her preferred enbodinent, the gear oil fornulations of the present
invention are free of boron-containing additives. Industrial Applicability
The autonobile industry is constantly searching for inproved |ubricating
formulations for use in manual transm ssions and axles. This invention
provi des an inproved gear oil conprising thermally stable antiwear
addi ti ves capabl e of providing passing L-60-1 perfornmance ¢ hona
autonotive gear formul ati ons without the use of ashless dié%Zr&ixvgfﬁG?
metallic detergents or boron containing additives, while still nmaintaining
G.-5 perfws¢miage. The discl osures of each patent or publication cited in
t he foregoing disclosure are incorporated herein by reference as if fully
set forth_herghgmraﬂQdﬁ?gs .preferred enbodi nents have been fully described
and depicted for the purposes of explaining the principles of the present
inventioQ) i taBhdelospe appreciated by those skilled in the art that
modi fi cations and changes may be made thereto w thout departing fromthe
scope of py he LiNERE Q018 ShodtRE L0 .4 0 the appended clajms. 2 7 Nov 2002 W
claim 1b} A géar o fli’ %:{gbr%%ﬁmsslpﬁ%rzus'c%rj apngeRvsPiaeepy and t hermal |y stable
phosphor ps- co NN ti- r agent; and c¢) a netal-free

sul fur-c ntai£§%5ﬂ§§??§ﬁ@£8ﬁ§§wﬁﬁ UrEERIESSUER24e8Hn conponent (b) is present
-in an anp Q%i§yL;ich§ﬂ§.to groyide from 10Q to 350 ppm Phosphorus to the
formul at 84° gear "EPPC Y IwrEreat 1 AmsRETIIqient tq propide diemt 10040 380 ppunt

sufficieq; torgrodeF at. | east 10,000 ppm sul fur to the formnul ated gear
oil . phosphorus to the formulated gear oil and wherein component (c) is present in an amount '

sufficient to provide at least 10,000 ppm sulfur to the formulated gear oil.
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