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There are also different performance requirements for specific gear oils directed for use in
manual {ransmissions and final reduction gear sets. For example, final reduction gear sets
require higher EP operation conditions. There presently exists a need for a dual-purpose gear oil

for both manual transmissions and final reduction gear sets to economize maintenance.

Japanese laid-open patent (JP 328084) “Hino” describes an automotive gear oil composition for
both manual transmissions and final reduction gear sets. Hino discloses three specific antiwear
additives, including phosphites, along with an alkyl-f-butyl trisulfide EP additive. While alkyl-¢-
butyl trisulfides are thermally stable, they lack sufficient EP performance and do not provide
acceptable GL-5 shock performance without going to very high treat rates or adding additional EP
components. Furthermore, the phosphites can react with trisulfides to form undesirable odorous
mercaptan by-products. Finally, phosphites do not provide sufficient break-in performance for

high temperature wear protection.



SUMMARY COF THE | NVENTION I n one aspect, there is provided a gear oi
conposition conprising the foll ow ng conponents: Conponent A: a base oi
having a Kinematic viscosity at 100C of about 4 to 32 cSt; Conponent B: a
hydr ocar byl polysulfide with a sulfur activity of greater than about 125 ngy
in the Copper Corrosion Test; Conponent C. a di hydrocarbyl dithiophosphate
ester or salt; and Conponent D: a di hydrocarbyl (nono)thi ophosphate am ne
sal t. ThestehiseAros orergmyENeMode the fol | owi ng advant ages over the known
art: (1) no netal detergents needed to bal ance axle and synchroni zer
performance; (2) good thermal stability (1SOTI) and cl ean gear perfornmance
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(4) low wear in high temperature axle and bearing test; and

(5) minimizes the concentration of the EP additive (alkyl polysulfide) without sacrificing the
GL-5 performance capabilities.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein and in the claims, the term "percent by weight" means the percentage the recited

component represents to the weight of the entire composition.

Component A: Base Qils

Generally, the base oils useful in this invention may be formed from natural (e.g. mineral or
vegetable oils) or synthetic base oils, or blends thereof. Suitable mineral oils include those of
appropriate viscosity refined from crude oil of any source. Standard refinery operations may be
used in processing the mineral oil. Among the general types of petroleum oils useful in the
compositions of this invention are bright stocks, residual oils, hydrocracked base stocks, and
solvent extracted naphthenic oils. Such oils and blends of them are produced by a number of

conventional techniques that arec widely known by those skilled in the art.




acid esters of both nonoal cohols and pol yols, polyethers, silicones,

pol yglycols, silicates, alkylated aromatics, carbonates, thiocarbonates,
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Another suitable class of synthetic oils comprises the esters of dicarboxylic acids (e.g., phthalic
acid, linoleic acid dimer} with a variety of alcohols such as but not limited to butyl alcohol, hexyl
alcohol, and dodecyl alcohol. Specific examples of these esters include dibutyl adipate, dodecyl
adipate, di-»-hexy! fumarate, and the complex ester formed by reacting one mole of sebacate acid

with two moles of tetracthylene glycol and two moles of 2-ethylhexanoic acid.

Other esters which may be used include those made from C3-C 3 monocarboxylic acids and polyols
and polyol ethers such as neopenty! glycol, trimethylolpropane, pentaerythritol and
dipentaeryfhntol. Trimethylol propane tripelargonate, pentaeryibritol tetracaproate, and the
polyesters derived from a C4-Cyq dicarboxylic-type acid and one or more aliphatic dihydric C3-Cy,
“alcohols such as those derived from azelaic acid or sebacic acid and 2,2,4-trimethyl-1,6-hexanediol

serve as examples.




silicate oils conprise another class of synthetic lubricants, (e.g.,

tetraethyl silicate, tetraisopropyl silicate, and
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Component B

The present composition contains Component B containing a hydrocarbyl polysulfide with a
sulfur activity of greater than about 125 mg in the Copper Corrosion Test (CCT). Active EP as
measured by the CCT test (described below), identifies an EP additive based on its corrosivity to
copper. This is a measure of the active sulfur present in the EP additive which enables the EP
additive to effectively form a protective film necessary to pass in EP shock tests. Said protective
film is required for GL-5 shock performance. Chemical structures of the EP additives impact the
-copper corrosion weight loss in the Indiana Stirring and Oxidation Test (“ISOT”) bench test {also
known as Japanese Industrial Standard (J IS) K-2514 "Testing Methods for Oxidation Stability of
Lubrication Oils"). Low copper weight loss in ISOT will translate to prolong life in transmission
applications, where copper protection is needed. The combination of high CCT from the EP
additive and loW ISOT copper weight loss assists in defining the EP additive that provides the
desired balance between EP and copper passivity. EP additives that are excessively aggressive to




copper‘ in the | SOT bench test can be detrinmental to the copper éorrponents
in manual transm ssions. Aggressive EP additives can require the addition
of detergent to inprove manual transm ssion perfornmance. In a preferred
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The weight percentage of Component B is preferably less than 3.5 percent and most preferably

- less than 2.5 percent based on the total weight of the gear oil. The preferred level of Component
B should contribute less than 1.3 percent sulfur to be finished oil. This balances the EP
protection with copper passivation. The preferred minimum level of active sulfur species is a

level sufficient to provide a sulfur activity of greater than about 125 mg in the CCT.

Component C

The present composition contains a Component C containing a dihydrocarbyl dithiophosphate
ester or salt. - The hydrocarbyl portion of Component C may be selected from the group
consisting of: aliphatic hydrocarbon groups with straight or branched carbon chain of about 2 to
about 12 carbon atoms, saturated or unsaturated, alkyl groups, alkenyl groups and aromatic
hydrocarbon groups. Specifically, the hydrocarbyl portion may, independently, be ethyl, i-




5 propyl, 2-propyl, n-butyl, t-butyl, nonyl, propenyl, butenyl, benzyl,
phenyl, etc. A preferred enbodinent is as follows: RROS R20 S-R3 wherein
R1, R2 and R3 can be independent al kyl or aromatic groups. RL and R2 can be
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the total weight ofy,hhe gear oil. Conponent D The present composition
contains a Conponent Rpéontaining a dihydrocarbyl (nono)thi ophosphate

am ne salt. Corrponemb’@g@pyl d be essentially free of phosphites.
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Component D

The present composition contains a Component D containing a dihydrocarbyl
(mono)thiophosphate amine salt. Component D should be essentially free of phosphites.
Components essentially free of phosphites should have no peak in the 8-7ppm region of the 31P
nmr spectra (QE 300nmr with a detection level better than Sppm}.

The hydrocarbyl portion of Component D may be selected from the group consisting of: aliphatic
hydrocarbon groups with straight or branched carbon chain of about 2 to about 24 carbon atoms,
saturated or unsaturated, alkyl groups, alkenyl groups and aromatic hydrocarbon groups.
Specifically, the hydrocarbyl portion may, independently, be ethyl, 1-propyl, 2-propyl, #-butyl, #-
butyl, nonyl, propenyl, butenyl, benzyl, phenyl, etc.

~ In one embodiment, hydrocarbyl amines are useful in preparing the amine salts of the present
invention. These amines may be primary hydrocarbyl amines containing from about 4 to about
30 carbon atoms in the hydrocarbyl group, and more preferably from about 8 to about 20 carbon
- atoms.in the hydrocarbyl 'group. The hydrocarbyl group may be saturated or unsaturated.




am nes' and cormerci—al ly known as "Arneeno” primary am nes (products

avail able from Akzo Nobel Chem cals, Chicago, IIl.). Typical fatty am nes
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illustrated by tertiary-butyl am ne, tertiary-hexyl primary am ne,
1- net hyl - I'-am no- cycl ohexane, tertiary-octyl primary am ne, tertiary-decyl

pri mary lamnother frefetre@byib6to ¢ | ' rii -tetradecy] primry
amne, terti i hgx,adecyl %?lﬁtyrrgl? ;E}Hl gtdr%rg%g%bitatgér @’ﬁ%{’ Oisll-wogf@dlsé’(’:‘iﬁnuﬁ? %F@Fgam ne,
tertiar Qfef‘é’?‘féglﬁé%fﬁﬂy “Riphatier Brineary mejnes bavingatjeastcibacicba@rton apsrhsrte alkyli ne.

M xt ur esgrédp. 863 1he ol | he purposes of this ipvention.
|11 ustrative of am nefm?nh%? S%chhg!?d %ﬁ%é‘?’%‘ﬁm VAT g tﬂ@L‘éhS% al\/ﬁ?’i“&“r?q s a
mi xt ur e BFPorptenEn thealkylgrgupal kyl primary  amines and "Primene JM T whi ch

Is a simlar mxture of C18-C22 tertiary alkyl primary amnes (both are
avai |l abl.e from Rohm and Haas Conpany). The tertiary al kyl primry am nes

and  metffsally the tertiaryiatipiptio painaty anined &re WRinbarkneWeple®ntddd$ahOfor@tli Nar y
skill in the art and, therefore,

CH;
R—C—NH,
Cr,
wherein R is a hydrocarbyl 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-
.cyclohexane, tertiary—ocfyl 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.

Mixtures of amines are also useful for the purposes of this invention. lllustrative of amine
mixtures of this type are "Primene 81R" which is a mixture of C11-Cy4 tertiary alkyl primary
amines and "Primene JM-T" which is a similar mixture of Ci3-Cy3 tertiary alky! primary amines
(both are available from Rohm and Haas Company). The tertiary alkyl primary amines and

methods for their preparation are well known to those of ordinary skill in the art and, therefore,




7 further discussion is unnecessary. The tertiary alkyl primry am ne
useful for the purposes of this 1invention and nethods for their
preparation are described in U S. Pat. No. 2,945,749 which is hereby
incorpor@%ﬁg ﬁ reference for its teaching in this regard. Prlnary am nes
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t ot al f her Conpon
WebS iR didiGe L Huad mono -or 9 ialkyl, symrrrrlgtmcal or asymmetrical ethylene diamines,

and polyamine analogs of the above. Suitable commercial fatty
polyamines are available under the Duomeen® tradename from Akzo Nobel, Suitable

propane diamines (1,2, or 1,3),

polyamines include Duomeen C (N-coco-1,3-diaminopropane), Duomeen S (N-soyaalkyl
- trimethylenediamine), Duomeen T (N-tallow-1,3
1,3-diaminopropane).

-diaminopropane), or Duomeen OL {(N-oleyl-

- The most preferred Component D is the product resulting from the mixture or reaction of
dibutylhydrogen phosphite, sulfur and an amine or mixture thereof.

- The weight percentage of Component D is preferably about 0.01 percent to about 1.0 percent,
based on the total weight of the gear oil.




The conposition of the present invention may further contain one or nore of
the following conpounds. One type of copper corrosion inhibitors that may
be used in the practice of this invention is conprised of thiazoles,
triazol egual %O;nhioggitazol es. Exampl es include benzotriazole, tolyltriazole,
octyltri HZUEE“(?EC‘;Q’% riazol e, dodecyltriazole, 2-mercaptobenzothiazole,
2,5-dimercapto-1, 3,4- thiadiazol e, :

2- marcapﬁf&)é 5- hydrocar %I t hi 0- 1, 3, 4-t hi adi azol es,

2- mer cap -%O-HH%’GWBBQF IPYFSEiiBventiorsmay furtheriéoatain e, or 2ndte b té Folldrmagar byl t h
and 2, 5- &omsiduyidl, ocar byl di t hi 0) - 1, 3, 4-t hi adi azol es. The preferred conpounds
are the 1, 3,4-thiadi azol es, especially the 2-hydrocarbyl dithio-5-nercapto-
1, 3, 4-di t hi adi azol es and the 2, 5-bi s(hydrocarbyl dithio)-1, 3, 4-thi adi azol es,
a nunberogf bl al b . arti.cles. of commerce. O her_suitable
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al cohol sgetiiH ol . Aan i ke.., The conpositiaons of this invention
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corrosi oy gfy . h.8r hous [}F%{ﬁl surgc z&es. Such materials 1nclude oil-sol uble
monocar bXyl I e st s 8 et yirocarbylthand B shisBydrocshyddithiclcis 3.6-thiedidzoles, Thes t i ¢
acid, pgirefietredcanpabndoireile B84 dhiadikMsCispediydne b-'hgc?tjoﬁﬁbﬁditﬁé—lﬁmerggpq e
acid, c (r#)&_ldc ‘,%éj d etc.h ﬁnd.m | - sol ubl e pol'ycar boxyl'i ¢ aci ds T ncl'udi ng

di mer ana > ErPRERzdey A the e tbisthydspcartyididint d o 4-thoadiazalek, oivmifeatt whiah agls |

ol ei ¢ acivdilabld fsG@dies F&b ) I . . itabl e corrosi,on

i nhi bitors include al kenglﬁse%cpﬁﬁagdéélsl smhlqﬁltb%? c%p%?{emg?ﬁi%[hwﬁ’&? shEr

cont ai n&BFSppolyghexviatedenmperndasushatethoyldairantinanpthexylated phenols, and

t et r apr ERRYIlafdGEoRLG: A6 1 eX | succinic acid, hexadecenyl succinic
acid, and t%e i kg?bllgblﬁg@%ﬁgj?eﬁ’ %%Stﬁgﬁlye()nega- di carboxylic acids in the

nol ecul ar wei ght range of 600 to 3000; and other simlar materials.

Pr oduct L Sis rently avail able fromvarious comrerci al
sour ces?hgﬁgﬁpgsztlér%%?ﬂﬂéﬁlg%{og SR A Oali’tWé’?ﬁ}é?ﬂ?tac‘? P st mbihitgs Ty mabeer t he

CH%{STRENEi_Htglﬁa@emﬁkd toya miurtloficampdChasthisal (R oplreofahhikhg Coffbiasi sl
rpora r.the t.r r nery em cal s. Anot her
usef ul %%/rgdgls g%q%{g p igcg' S‘c%ll9 b 81'3'\,@(5@8? cﬁ?‘%%@bi‘? woRgrarbgyylic acidsespeh a¥2-al keny|

succi ni ethaliesmolireacid) gaBictadid2dhyfiaidaent, BAAR: dcft, bl Ak SRYleicHoRY Budikiid

al cohol g . as the .|
ﬁcla,%etl]iemc ac1g, cerotic acid, ete., 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, tetrapropenylsuccinic 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.
Products of this type are currently available from various commercial sources, such as, for
example, the dimer and trimer acids sold under the HY STRENE trademark by the Humco

- Chemical Division of Witco Chemical Corporation and under the EMPOL trademark by Emery
Chemicals. Another useful type of acidic corrosion inhibitors are the half esters of alkenyl
succinic acids having 8 to 24 carbon atoms in the alkenyl group with alcohols such as the

polyglycols. The corresponding half amides of such alkenyl succinic acids are also useful.




pol ygl ycol s. The correspondi ng hal f am des of such_alkenyl succi ni ¢ acids
are al so useful. 9 Although added in acidic form sone or all of the
carboxylic groups of these carboxylic acid type corrosion inhibitors my

be neutr al xcess amnmne present in the conpositions. OGther suitable
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phenol s, Slﬁéﬁgf)}%l at.ed. . al cohol s: B%%?Y(S_jég{%ﬁs?ﬁlé%;p %Sﬁéllé%kerf8§1?8§‘f1ﬂ‘?%%§ﬁ ds or
deri vat i Ve£ rFaragen inbibitess anefukhegin invbnde ethenathiaes; Gcid PhodphiRés; BurifesO- OR6 N

1z 11 - Cholyetiifplatdd Qdn¥dGhAB ACH . R2 d R7 is,

i ndependent |y, 'a hyd}flg’é;}ellrila%as'gi ((:)H; or Ogigﬁggragggﬁsb%dxéﬁg@%eﬁ%lﬁteé‘?"r’ﬁyhiéedl to 30
car bon aﬁB‘H‘E’, S fRidadghiarss ped epiohsustinRaciis dr Bdiviatives tRICITREHERAIeH by 1Y dr 0gen
atom a fyspmcar byl group containing 1 to 30 carbon atons, or an acyl group
containing from1l1l to 30 carbon atons. The groups R, R2, R3, R4, R5, R6
and R7, when in the form of hydrocarbyl groups, can be, for exanple,

al kyl, cycloal kyl or ar&mapic containing groups. Preferably RL and R5 are
the same or differ mw,sjcr_aﬂg_h,grchai n or branched-chai n hydrocarbon radicals
containing up to carfbon atons. Most preferably, RL and R5 are saturated
hydr ocar bon radi cal ?%Fnlrﬂiwﬁ’ﬁ 3- 6 carbon atons R2, ei'ther R3 or R4, R6
and R7, when in theffor hydr ocar byl groups, are preferably the sane or
di fferent strai ght- chai"n ©r branched-chain saturated hydrocarbon radicals.
Preferably a dial kyl ester of an am nosuccinic acid is used in which Rl and

) L ) . i
o ersnamiat Lo s o GhMBR 1 40 e SO
car bon apg%gm}gr tg{?ﬂ&eﬁqen @mpa%w@gmgadmﬁwadd R ovindesanidettBl @ dydiofen
'I[JEZ at ur atomgl a0BdRRKNBY] Qoﬁi?édi’lteﬁﬁﬂé ?'t@h@gargénlegoxﬁg ro?gl? a(%f %H:Elp clg/gt%}nir?gr §01§ rl red of

to 30 carbon atoms. The groups R', R?, R, R* R® R® and R’, when in the form of hydrocarbyl

groups, can be, for example, alkyl, cycloalkyl or aromatic containing groups. Preferably R! and

R are the same or different straight-chain or branched-chain hydrocarbon radicals containing up

.-to 20 carbon atoms. Most preferably, R and R® are saturated hydrocarbon radicals containing 3-

6 carbon atoms R?, either R? or R*, RS and R’, when in the form of hydrocarbyl groups, are

preferably the same or different straight- chain or branched-chain saturated hydrocarboﬁ radicals.

Preferably a dialkyl ester of an aminosuccinic acid is used in which R' and R® are the same or

different alkyl groups containing 3-6 carbon atoms, R?is a hydrogen atom, and either R® or R%is

an alkyl group containing 15-20 carbon atoms or an acyl group which is derived from a saturated

or unsaturated carboxylic acid containing 2-10 carbon atoms. Most preferred of the

aminosuccinic acid derivatives is a dialkylester of an aminosuccinic acid of the above formula

~wherein R! and R® are isobutyl, R? is a hydrogen atom, R is octadecyl and/or octadecenyl and

4.
| R'is 3-carboxy-1-oxo0-2-propenyl. In such ester R® and R’ are most preferably hydrogen atoms.

Suitable antifoam agents for optional use in the compositions of this invention include silicones
and organic polymers such as acrylate polymers. Various antifoam agents are described in Foam
Control Agents by H. T. Kemer (Noyes Data Cotporation, 1976, pages 125-176). Mixtures of

‘silicone-type antifoam agents such as the liquid dialky! silicone polymers with various other

10




ami nosucci ni ¢ acid derivati \}es Is a dial kyl ester of an am nosuccinic acid
of the above formula wherein RL and R5 are isobutyl, RZ is a hydrogen
atom R3 is octadecyl and/or octadecenyl and R4 is 3-carboxy- |

- 0X0- 2- pg h.es R6 an R7 are nost preferably hydrogen
at ons. S‘%?ﬁg%%sgr eaaﬂn 0#% g@?ff@ of e 6%‘?‘1"6%&*6 sideonesmixed mthmp(asnylat@ns of
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silicon @+t h (i) a partial fatty acid ester of a polyhydric al cohol

(U. S Pat No 3,235,498); (ii) an alkoxylated partial fatty acid ester of
a pol yhydric alcohol (U S Pat. No. 3,235,499); (iii) a polyal koxyl ated
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2 cuitable o w”f“wme%&“t‘“@w“t%b&%ﬁﬁ’% B RN SHPHE BBy ocodur oo

a sui tabhg er at.ure above about
sui t abl §MFGE IW’@E?W?@SHG?WISMS@:&chsdxibeéﬁ)rdxmﬁesramsspatr Bloglescri bed for

exanpl e3t037L93§3M02 2 8:. 3,282, 955;
2,284, 409; 2, 284, 410 5[\@%13%% g§%§2§§§3§% @6 ;2 éé‘*j‘@ 53%8%2 G5 8%8;
3,703,5 § 51’13865@6@6 %7%53@3318ﬁ6ﬂ444555233&34@§z§3,3¢ar boxylic ashl ess
di spersants are reaction products of an acylating agent (e.g., a
nmonocar boxyl i ¢ acid, dicarboxylic acid or other polycarboxylic acid, or

deri vat T@l%gafbwléﬁblewdtspersmme realtisiepid ot A6H MRSy Iaikel Meni@loy, Ry dr oxy
conpoungsme %llpaﬁgtéﬁég? F de(i %Eed I n many  patents, i ncI uding British
Patent 1,306 't Rels g _Poligprboxiic acgl vBderBptves thereof) with

one or more polyamines and/or pOlthdroxy compounds. These products are described in many

patents, including British Patent 1,306,529 and the following U.S. Pat. Nos. 3,163,603;

3,184,474, 3,215,707; 3,219,666; 3,271,310; 3,272,746; 3,281,357; 3,306,908; 3,31 1,558;

3,316,177; 3,340,281; 3,341,542; 3,346,493; 3,381,022; 3,399,141; 3,415,750; 3,433,744,

3,444,170; 3,448,048; 3,448,049; 3,451,933; 3,454,607; 3,467,668; 3,522,179; 3,541,012

3,542,678; 3,574,101; 3,576,743, 3,630,904; 3,632,510; 3,632,511; 3,697,428; 3,725,441,

| 3,868,330; 3,948,800; 4,234,435; and Re 26,433,

There are a number of sub-categories of carboxylic ashiess dispersants. One such sub-category
which constitutes a preferred type is composed of the polyamine succinamides and more
preferably the polyamine succinimides in which the succinic group contains a hydrocarbyl
substituent, usually an alkenyl substituent, containing at least 30 carbon atoms. These dispersants

are usvally formed by reacting a polyamine with an alkenyl succinic acid or anhydride such as a
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enconpass conpounds wherein the product may have am de, am dine, and/or
sal t | i dkegelymerc polglirhine @ispershit®are FoBgiers doRtefeR: QJsictaE':ﬁgé %rgﬁpsuﬁﬂ%ilr esults
fromthgol{l&?c.tlon of fa grl ry amnog group and an anhydrTde noiety.

1zing groups (for example, pendant alkyl groups having at least about 8 carbon atoms),

Such materials include, but are not limited to, interpolymers of decyl methacrylate, vinyl decyl
ether or a relatively high molecular wei ght olefin with aminoalkyl acrylates and aminoalky!
acrylamides. Examples of polymeric polyamine dispersants are set forth in the following patents:
U.S. Pat. Nos. 3,329,658; 3,449,250; 3,493,520; 3,519,565; 3,666,730; 3,687,849; and
3,702,300,

Mannich base dispersants which can be used pursuant to this invention are condensation
products formed by condensing a long chain hydrocarbon-substituted phenol with one or more
aliphatic aldehydes, usually formaldehyde or a formaldehyde precursor, and one or more

- polyamines, usually one or more polyalkylene polyamines. Examples of Mannich condensation
products, including in many cases boronated Mannich base dispersants and methods for their
productions are described in the following U.S. Pat. Nos. 2,459,112; 2,962,442; 2,984,550;
3,036,003; 3,166,516; 3,236,770; 3,368,972; 3,413,347; 3,442,808; 3,448,047; 3,454,497,
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The pdlyneric.polyanine di spersants are polyners containing basic am ne
groups and oil solubilizing groups (for exanple, pendant al kyl groups
havi ng at | east about 8 carbon atons). Such materials include, but are not

i ni ted Lot arpg! decyl nethacrylate, vinyl decyl eth
ol at i vel S HP O PSR R Ghe SLT BT BASGOLH SRR H500. 501 JSA B and.

am noal k§i649,229; Bl6amjs0e;s3, 705x538P 964, 948 ! 24 i 145, 950
e st T S SU SPSFL 2

set forthai 1e fol | ow n atents:

3, 493, 52 ’;75g?‘%sﬁgﬂégg?&g»%@%é%?%?ﬁ’%}@8338&9&7;@:@3,039;730&7,23119; 3.Mehfesch base
di sper saBp57,M4; 81980.369;3085509; DHSS O Syl ENE 4 QN, .3 ensation
pr oduct 54,@%%@ b% condensing a ?6%%?%192?%éﬂf?rzgtqéf’%%ﬁs@gp%ﬁ d phenol
with one®0rlfsk &:3540pGiead #48210@shydes, usual Iy formal dehyde or a

f or mal dehyde precursor, and one or nore polyam nes, usually one or nore
pol yal kyl ene pol yam nes. Exanples of Mannich condensati on products,

i ncl udi n§hs bpromsrpienaetibe berrorlabLilisvarmiioh chrtaufh A RRSRRLE, RB S MBsRRss f OF
their ! r rihed in the followng U.S. Pat. Nos. 2,459, 112;
o 060, 4 S R WRCBER BEDotch e Bipplichiniemimy bisisaeBosr other
3535, bned Bagn g cpeesa S dhatgtintd iRy PoLi plyk B i

3. 649, 220" BPBIIE R comtohys1 b syichgidsn’s, 3523t 3oy 435225, e of a

3, 726, 88MelBdiFResed hydrated iffdrkardBoraid 5% %@u%ﬁ Pat. ﬁm?ﬁ%@%ﬁ, cg’nglge %%gm or

3,798, 247; 3,803, 039; 3,872,019; 3,904,595, 3,95
3, 985, sdﬁ?rez?,ﬂtibgfpﬁ%@; S“E*’:‘*gﬂ borgpgontaingpmddiive compBenidshhe adddios 68 base oil

4 090, BEa obuBiGH0L 8 nford BEteREPKind 5t FOLAI LU SRR bS AFRRR! | O

this invention can_be supplied entirely Use o of onated ‘e RREs s
di sper s&fRPPONTS Furhias 9B 9 mprs Hovmeted eshless disperspits gether vittsa fimdly dieidedby use

.of one afispRisB@hivdrAd fid t1al.ni Ltive ¢ onents. .sych a .bor onat ed
parti al essl?esr of rq pol §/%yg r@gﬁg coﬁ%ﬁmﬁ?ﬂz‘?%ﬁgﬁ%ﬁgﬁmywa%“ %IBMé%ﬁHPWi th a
succi ni rAtader appgppriaty abiernprive. PNdcraldy A6 Beadi/sB)wt % yndiereofreRrably stedayt TH PRI sed
hydr at e griRaiogad U S..Pat. .No, .3,997,454), or by use of one
or nore ot hé)r_ tf%‘écgpé gﬁtlgr?%%fﬂeon%g%‘ﬁ}ﬁ‘é%% Wilﬁt&’“@ﬁ?ﬂ tg?‘%?l—? soepBatAts. The
‘addi t i orfsklesstdirpeisant Moitiprefofably, substatialy thdlerftie bo¥Bn O6ntérR i plkdrk Q@A ki nds
of oil '_%Q{n‘ﬂpgi&orp(ri.eg h%&eﬁosthki'oﬁ% ?frveeriél%%?%haelbglrorx]lgcontent) is introduced into the

compositions of this invention as one or more boronated ashless dispersants.

- It should be understood that as used herein the term "ashless" in connection with the dispersants
refers to the fact that they do not contain any metallic constituent other than perhaps trace

. amounts of metal impurities or contaminants. The term does not denote that the product must not
form any residue, as the dispersants used preferably contain either or both of boron and

- phosphorus. Although these elements are not metals, small amounts of deposits or residues can

-result from the presence of these elements in the dispersant.

_ As noted above, the compositions of this invention are essentially metal-free and essentially
halogen-free. By this is meant that if any metal-containing additive component is employed, it is
employed in an amount such that the finished gear oil contains by weight a total of no more than

500 ppm of metal introduced by way of added metal-containing additive(s), and that if any
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conponents, such as one or nore boronated ashlers dispersants together with

a finely divided dispersed hydrated inorganic borate or a boronated

partial ester of a polyhydric alcohol, is still another appropriate

alter nathlﬁ Pr ef erabl¥ at least 50 wt % and nore preferably at |east 75
% PRETHEinipg At ditive copppppat @@nwdis'ﬁd,l ibin smployédhinsin iamseittsu€ithitsthe

i nt r oduc éidishdiegeat Hil 3snthiny BPRL ensant referably,

subst anti al | ég}({ge entire w&gﬂg&ﬁ%@n@%%?m aggg(ﬂgpmfggl%z%egmt@&%ﬁ i on

(i.e., freHP° 8 et gppining additivels). Proboritdy, o reddMeamtihingSdiifte RAM&ed i nto

the conpesitdl] tai n, As_one, o re boronated ashl ess
di sper san?lési Iygﬂ?ﬁ%aydﬂagl}%&g@?‘gogogﬁpﬁ%{“ tﬂ%ﬁﬂggd e ol iptrqdyged asiam " ashl ess”

i n connetRRWY i qng ar ﬁ@fﬁﬂ)@bemklaMeSOmp@feﬁfsSFéer&lhﬂe fs86dinit Batvalie¥snflQs not

contain g her than per haps trace anounts of netal
i npuriti egly ecr)%ﬁf:sgir(\%ég‘nn ?\Igiri}fs' hj’r&f ?@#“?ﬁ“&ﬂ@’é’ aRPatngageRtsuehpstpolyisebptemduct nust

not for?ﬁcalﬁy? anbydritledt is asmirioa tdteé@@ie&ib’[bh&b\iﬁﬁ@wﬁﬁ %Gﬁﬁebt@énﬁa%‘%ﬁl a%hahef or
t hou hese el ements are no ff

bot h of S

snal | am)unts 2‘%’%@%&@ ?E f’é@lﬁ&?é vﬁta!ﬁwln@sayph dispesvantshies pedinditely tof

these el @mtan smalhamhbmntdo BRI ikeviSe, B} "E Sﬂﬁgﬁ“ﬁg{ R ns of this
es§ent | HB?

I nventiqp_ are essentially nmetal -free an a By this

“i's nmeant? That PR AN saotan seadlamauatsof resitirak dhlasing eﬁqhtmumatonts:nmgmhayﬁ@ it is

enpl oyedhré nsedrin &RFAURANUSIEERe. ear oi] contai ns wei ght a
total of n&ego than 500 m%{rg%lﬁﬁal%aﬁpﬁ hg‘hrglgﬁalb '@Fe
met al - cdHE Fﬂﬁesadbﬁpﬁrrs% 6'9(5) thuginttodivad iritd thefipishal feat mgﬁdsanc Qﬁhﬁ infHnBEr,

additivep eﬁf@mﬁm . ed.in.an a .such that the
fini shed r%ear oi | egglflfl gfﬂ%ﬁ% thél?ée%ategg‘%‘g vegfn ?fgerﬁBPgP¥ Fir bdeesspm of

hal ogen “PRERIEEo dor anfiwearoy eafreradpteamqieﬁfbnﬁ@ﬁé)as BN 34 tHe kAR ES I this
Pref er abhyentifhp Metal -containing additive is used. Typically there may be
trace anmounts of chlorine in the finished gear oil introduced as an
impurity in one or nore of the additive conponents. For exanple, succinic

deri vati ,@gd‘n{r S nts wherein in the formati on of the succinic
acyl at i ﬁ\é&ggenttﬁgu%c 510058? 91’%‘85‘3‘?‘8%91‘ lizeGqupppgnts rapippydiericd eudhtthatshe ommon t o

react tkmﬂpmtlywsomweﬁmemmoﬁmmIlwct@aﬁ@zﬁéﬁfo‘ﬁt Li‘%t%ﬁ@ﬁ}e it L Ml eic
anhydri ge okTiQ .the. fi hshed product in which suc | spers At e Gre used is

likely to S © ERFBRATtION &Y legsithasy abaut 150i008 wP ge-40%kartdanast or gani c
sul fur amfermdaf theBtoekfieRKik 1@ Bhan about 150,000 cP at ~26°C. Also preferred are

_compositions characterized in that the sulfur-containing antiwear and/or extreme pressure agent

is selected from sulfurized olefinic hydrocarbon, aliphatic polysulfides, and mixtures of
sulfurized olefinic hydrocarbon and aliphatic polysulfides; in that the ashless dispersant consists
essentially of at least one succinic derivative ashless dispersant selected from boronated alkenyl
succinimides, boronated alkeny! succinic esters, and boronated alkenyl succinic ester-amides;
and in that the entire boron content, if any, of the composition is introduced therein as the

succinic derivative ashless dispersant; and in that the composition is devoid of any metal-
containing additive.

The following examples in which parts and percentages are by weight illustrate the practice of
this invention, These examples are not intended to limit, do not limit, and should not be

- construed as limiting the generic aspects of this invention in any manner whatsoever.
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The performance summary of the gear oil blends is provided in Table 2.

Table 2
Per_‘formauce A B C D
Summary
HT Axle Fail Fail Pass Fail
Fatigue Test
_H’I‘ Axle EOT 2800 | 2700 | 210 ppm |[170 ppm
Wear ppmt | ppm
HT Bearing Pass | Pass Pass  |Pass
Test
[L~42 Axle Shock| Fail Fail Pass Fail
test
1ISOT Cu Wt 38% | 30% 9% 19%
. |Loss
. {EP additive SIB SIB | di-t-butyl |di-t-buty
polysulfide | trisulfid
|CCT wt loss 55 55 126 4
mg)
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dithio YY Y Y YY phosphate ester thio phosphate Y Y Y Y salt di-alkyl Y
phosphite Acid Phosphate Y Y Y Y salt EP additive SIB SIB di-t-butyl
trisulfide di-t-butyl trisulfide of sulfide of sulfide Sulfur Activity 55
55 126 4 2% 4 of EP Metal detergent None None None None None None %5
from 1. 5 1P Gopper Cprigsign Weight Logsad kageusdBP fdditiveQrelgoPiddPinOrabe 9. 14 0. 13 0. 13
package The performance summary of the gear oil blends is provided in Table
2. Tabl daleBerformance A B C D F Summary HT Axle Fail Fail Pass Fail Pass
Fati gue Test HT Axle EOT 2800 2700 210 ppm 170 ppm 130 ppm War m m HT

Beari ng Pass BBss Pass Pass Passcciest

SIB 55
Di-z-butyl polysulfide 126
Di--butyl disulfide 2
Di-r-butyl trisulfide 4
Di-t-butyl pentasulfide 466
Di-t-nony! polysulfide 731

The Copper Corrosion Weight Loss (CCT) Test Procedure is described below.

SCOPE

This method zs used to determine the activity of the available sulfur in EP additives as
measured by its corrosiveness to copper.

SUMMARY OF METHOD

A weighed copper strip immersed in EP additive is heated three hours at 121.1°C

(2509F). The corrosion scale is removed using 10% potassium cyanide solution and the

weight loss (in mg) is determined.

PROCEDURE

A new copper strip is weighed to the nearest 0.1 mg. The weighed strip is then placed
into a test tube and covered with 35 + 0.1 g of material to be tested. The tube and
contents is placed in the oil bath and immersed for exactly 180 + 5 minutes (3 hours + 5
minutes). The strip is then removed with forceps and allowed to cool. The copper strip is
washed with heptane and it is let to dry. Using forceps, the strip is placed into a plastic
bottle of cyanide solution and the contents are swirled for a few moments. The strip
should remain in cyanide solution for not more than five minutes. With forceps, the strip
is removed and flushed in running water under the faucet. The strip is dried with acetone
and the remaining loose deposits are rubbed off with a towel moistened with heptane.
Finally, the dried strip is weighed and the weight loss is determined. CCT = (total weight

loss) mg.
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L-42 Axl e Shock Fail Fail Pass Fail Fail test 1SOT Cu W 38% 30% 9% 19%
Est 19% Loss EP additive SIB SIB di-t-butyl di-t-butyl di-t-butyl of
ulfide trisulfide trisulfide CCT wt loss 55 55 126 4 4 m Preferred 15 The
Copper Corrosion Wight Loss of various EP additive are provided in Table
3. Table 3 EP CCT SIB 55 Di-t-butyl polysulfide 126 D -t-butyl
disulfide 2 D -t-butyl trisulfide 4 Di-t-butyl pentasul fide 466

Di -t-nonyl polysulfide 731 The Copper Corrosion Wight Loss (CCT) Test
Procedur &edchidescri bed bel ow. SCOPE This method is. used to deternine the
activity of the available sulfur in EP additives as neasured by its

' P adal 11 ve 5% Raagbeio Kkt R OpeSetsSor PIEG Corr bsi on scal e
i s renpvEeampierch: 109t pd hardes akdnamatinividesigodt 100° Grof alrat 4 tvmbomd2 géit | oss (i n
ng) is debspiReR@H a hydrocarbyl polysulfide with a sulfur activity of greater than about 125 mg in the

Copper Corrosion Test;

Component C: a dihydrocarbyl dithiophosphate ester or salt; and

Component D: a dihydrocarbyl (mono)thiophosphate amine salt; wherein the composition is

essentially free from metal detergents.

2. The gear oil of claim 1, wherein Component B comprises a mixture of alkyl di-sulfide,
alkyl tri-sulfide and alkyl tetra-sulfide.

3 The gear oil of claim 1, wherein Component B comprises a di-t-butyl polysulfide,

4. The gear oil of claim 3, wherein said di-t-butyl polysulfide comprises less than about 3.5

percent by weight of the gear oil.

5. The gear oil of claim 1, wherein Component C comprises the product of the mixture of

dicyclopentadiene and dialkyldithiophosphoric acid.

6. The gear oil of claim 5, wherein the weight percentage of Component C is about 0.1 to

about 6.0 percent of the oil.
7.~ The gear oil of claim 1, wherein Component D is essentially free of phosphites.

8. The gear oil of claim 1, wherein Component D comprises the product of the mixture of

dibutylhydrogen phosphite, sulfur and at least one amine.

9. The gear oil of claim 7, wherein the weight percentage of Component I is about 0.01 to

about 1.0 percent of the oil.

10, The gear oil of claim 1 further comprising at least one of: a copper corrosion inhibitor, a

rust inhibitor and an antifoam agent.
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PROCEDURE A new copper strip is weighed to the nearest 0.1 ng. The wei ghed
stripis then placed into a test tube and covered with 35 0.1 g of
material to be tested. The tube and contents is placed in the oil bath and
imersed for exactly 180 t 5 mnutes (3 hours f 5 mnutes). The strip is
then renmoved with forceps and allowed to cool. The copper strip is washed
wi th hepthne Hhrigdat oil of dlai 1 Gurtheycorifiiisitg: f Or ceps, the strip is placed into
a pl astigbogﬁéﬁh&%h[%fs yani de sol ution and the contents are swirled for a
few nonent s. e's Fl‘%p?ﬁ*ﬂhld remain in cyanide solution for not nore than
five mnutes. Wth forceps, the strip is renoved and flushed in running
wat er un%r the faUCﬁt The strip is dried with acetone and the renaining
| oose depdsi t SRR QU Hisdaimokls whgrein said dispersantii sdueciathidi.t h hept ane.

Finally, the dried strip is weighed and the weight loss is determ ned. CCT
= (tOtalhé"Ei%B} |l oss) nmg. 16 We claim 1. A gear oil conposition

conpri sitrg t heer&sh Bleisdpimoipukezein saiCdivpesanis AVamilbRe QisherBayi ng a

ki nematic viscosity at 1000 C of about 4 to about 32 cSt; " Conponent B: a
hydr ocar byl polysulfide with a sulfur activity of greater than about 125 ng
in the Copper Corrosion Test; Conponent C. a di hydrocarbyl dithiophosphate
ester or salt; and Conponent D:. a di hydrocarbyl (nono)thi ophosphate am ne
salt; wherein the conmposition is essentially free fromnetal detergents.

2. The gear oil of claim1l, wherein Conponent B conprises a m xture of

al kyl di-sulfide, alkyl tri-sulfide and alkyl tetra-sulfide. 3. The gear
oil of claiml1, wherein Conponent B conprises a di-t-butyl polysulfide. 4.
The gear oil of claim3, wherein said di-t-butyl polysulfide conprises |ess
~than about 3.5 percent by weight of the gear oil. 5. The gear oil of claim
1, wherein Conponent C conprises the product of the m xture of
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di cycl opent adi ene and di al kyl di t hi ophosphori c écid. 6. The gear oil of
claimb5, wherein the weight percentage of Conponent Cis about 0.1 to
about 6.0 percent of the oil. 7. The gear oil of claim1, wherein Conponent

Dis ess 'Mé{Tfree of phosphites. 8. The gear oil of claim1l, wherein
@monen%l ses the product of the m xture of dibutyl hydrogen

phosphite, sykme@@dnﬁé e T g

wherein theI V%bngﬁi Perceﬂaggﬁ%m%’oﬁngoﬁgﬁ%g% |§l€% &EL %%%D&%Lﬁﬁ%out 1.0
percent of "T'A est GEICCPFHAS Biegant ipventio refdtes torad infprotdderaroiinpimpaiing at | east
one of a copper corrosion inhibitor, a rust inhibitor and an antifoam
agent. 17 1 The gear oil of cIa|n11 further conprising: a boronated

ashl ess di Shapasgoil 31128amosgéamggpﬂmﬂzmlsaatrmmt :wherein said dispersant is

NVenni oh basa o st 1oyl ol o B BHAI el HAERWALTST ABLE
GEAR O L FORVzdmoenbylidithiopbosphaiaetes or @& Pt , the present invention
rel ates to ggn iy Qi | ri sing a) a base oil having a
viscosity rgngegglﬁg%gﬂéﬁﬂo)gﬁphgﬁ n%@@mek?)‘lt»é’sﬁ?ﬁ%ﬂmﬁ?ﬁpél@i@pm hydr ocar byl

polysulfide with a mnimum | evel of active S species; c¢) a dihydrocarbyl
di t hi ophosphate ester or salt; and d) a di hydrocar byI (nono) t hi ophosphat e
am ne salt, essentially free of phosphite. 19
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