GEAR O L HAVI'NG LOW COPPER CORRCSI ON PROPERTIES The present invention
relates to a gear oil additive conposition and a gear oil conposition
containing the same. In particular, the present invention relates to a
gear oil additive conmposition used to reduce corrosion of yellow netal 5
conponents which are present in axles and transm ssions. Further, the
present invention relates to a method of reducing yellow metal corrosion
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i sobutyl enes are widely used in fornulating gear lubricants intended for

APl G.-5 service. However, this type of sulfur-containing extrene pressure

conponent causes | arge cop@ﬁcgﬁ%‘gyw QFi GHE INVENTION he ASTM D-5704 test.

. 25 European Patent Application No. 678 569 Bl discloses a |ubricating
conposi tion conprising_ a major amount of an oil of lubricating viscosity
with an In gear oil applications, suifurized olefins are typically used to protect gears

10 from scoring. However, these sulfur compounds are extremely corrosive
towards yellow metals, such as copper and copper alloys. The sulfur
components in combination with phosphorus components produce a
composition that degrades the copper. Gear oil specifications have minirhum
requirements for copper corrosion. For example, the AP| GL-5 category

15 requires a maximum rating of 3 in the ASTM D-130 Test. However, this test
does not provide a quantitative measurement of copper corrosion. it is a visual
rating based on the discoloration of a copper strip. To obtain a quantitative
measurement, we use the copper catalyst weight loss measurement from the

ASTM D-5704 Test. The copper catalyst weight loss also reveals the copper
20 corrosiveness of the oxidized oil. |

Sulfurized isobutylenes are widely used in formulating gear lubricants intended
for APl GL-5 service. However, this type of sulfur-containing extreme pressure
component causes large copper catalyst weight loss in the ASTM D-5704 test.
25 |
European Patent Application No. 678 569 B1 discloses a lubricating -
composition comprising a major amount of an oil of lubricating viscosity with an

lodine number iess than 4, (A) one or more ashless antioxidants selected from




I odi ne nunber less than 4, (A) one or nore ashless antioxidants sel ected
from-1 am ne anti oxi dants, dithiophosphoric esters, phenol antioxidants,
di t hi ocarbamat es and aromati c phosphates, (B) from0.01 to 3% by wei ght of
at | east one boron-containing dispersant or detergent, and optionally, (C
at | east one addi tgve selected from (i) a sulfur containing antiwear or

extreme 5 pr&SWF @ntigddants, dithiophospbernhestess. dhepet antiaidantear or extreme
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addi tional ly; [ S or 0 | wear _ Qr extrene pressure
agent, a di sp’gér){ég%ta@%@'gﬁ? 6@ bet%i&%’ byrweightat s additives pea ates to
| ubricants, tseful fdblaahtrélhh'g Qﬁida\%‘ﬁof:ﬁlﬁﬁ t53F G &OH er\hﬂﬁcérng h%ge Seal S
e.g. nitrile, 'f yacryl ate, and fluoroel astoner &eal’s, contact wt

t hese corrpoéerq ﬁé"srﬁiéﬁ'éy iﬂéfﬁﬁsedzau@eélbymxaiatlon wiithe mamita&ﬂhg faachels t hat

with theqgisee ositions, lubricants, and functional fluids,
the seal s use%&oﬂiva@?ﬁgat gg{)ended U S. Patent No. 6,262,000 discloses

t hat the antiwear' performance of power transmtting flui ds particularly

conti nuously \éﬁ{#aﬁbl e transm ssion fluids, is 25 inproved by i ncor porating
an additive Y ait o %BG%WEQIWWSIWMMamMQSBhl‘fm:des zi nc

salts of pho%h@hﬁfgr‘érﬂimfea?fé&geﬁ%tﬁfegs% g%m "l n|¥rogen compound or a

mixture thereof together with a hydrocarbyl mercaptan. The composition may
- 15 additionally contain a phosphorus or boron antiwear or extrere pressure
. agent, a dispersant or an overbased metal salt. This patent also relates to
lubricants, functiona! fluids, and concentrates containing the same. Seals, e.g.
nitrile, polyacrylate, and fluoroelastomer seals, in contact with these
compositions have reduced deterioration. This patent teaches that with the use

20 of these compositions, lubricants, and functional fluids, the seals useful life is
extended.

U.S. Patent No. 6,262,000 discloses that the antiwear performance of power
transmitting fluids, particularly continuously variable transmission fluids, is
25  improved by incorporating an additive combination of amine phosphates,

organic polysulfides, zinc salts of phosphorothioic acid esters and optionally a
friction modifier.

U.S. Patent No. 5,254,272 discloses lubricant compositions especially useful
30 as hydrautic fluids contain a metal-free anti-wear or load-carrying additive
containing sulfur and/or phosphorus and an amino succinate ester as corrosion

inhibitor. This patent teaches that such compositions are free from heavy metal
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friction nodifier. U S. Patent No. 5,254,272 discloses |ubricant
conpositions especially useful 30 as hydraulic fluids contain a netal -free
anti-wear or |load-carrying additive containing sulfur and/or phosphorus
and an am no succinate ester as corrosion inhibitor. This patent teaches

t hat such cor’g)ositiqns are free fromheavy netal -2 and have inproved _
envi r onment al@RaYEIBROVed\eriienmenialwrceptabllity where ede matats desito tss g. i n

agriculture. édo@edpé}&]ema%'&u tQre342,-531 discloses a |ubricant conposition
conprising a 5 major pro OI‘{IOI’I of pol yal kyl ene glycol of lubricating

viscosity and a mnor proportion dissolved therein of (a) at |east one
sul fur-cont aifd]'gng @g&shwegr Qr__ extrene pressure agent, (b) at |east one
anine salt of &t"f OpRreS4getdli dislpsewa debricant aompnsttinh sommising ac aci d,

and (c) ap | br ) ‘ artiall sterified
phosphori-c aci d. ‘%ﬁ?gﬁ'p?gtrtgr?t% wtalkﬁneezélﬁcgt%ﬁuubéﬁg%g3&?&88@\' %ﬁ"gﬁsmﬁ'é’\r/e

i mproved r esiPserattien dissolved thereindsft(ay at ldast aeasilaur-ctdainifRf #tividarepr r osi on.
U S. Patent . % 942. 470 discloses gear oils and gear oil additive
concent r at es “of CHRHARTHHEC GENt (k2T BRstane ynimenwlt elorideastiong partialiat | east

15 oi | - seled Y ' t;
() at 1 east o onned rificthiop b ot B (EF R BEEPSHE Sille AL pYEReadYa
phosphor us; &RE pertially esterified ghiospherioatid sThis patersiuteachiginde sgeipound. These

conposi ti®ns .abl contain,one, nore preferably two, and nost

pr ef erabT(g/) aP{%ﬁ hg&@'%ﬁ@%@‘ﬁ@}’?%ﬁ%}a”ﬁ% Wﬁ’éﬁé?x'%%ﬁdim@atlm gnd at | east
one ami ne sahietalfic ogadigeXxy! i c acid; (v) at 20 |east one

ni t rogen-contai ning ashl ess di spersant; and (vi) at |east one
trihydrocarbyl ester of a pentaval ent acid of phosphorus. Japanese Patent

No. P 2000- §2808efl RE! 8895 430 M&odd g2 T Sthr oif additive
concentrates of enhanced positraction performance comprising: (i) at least one
15 oil-soluble sulfur-containing extreme pressure or antiwear agent; (i) at least
one oil-soluble amine salt of a partial ester of an acid of phosphorus; and (i) at
least one oil-soluble succinimide compound. These compositions'preferably
contain one, more preferably two, and most preferably all three of the following
~ additional components: (iv) at least one amine salt of a carboxylic acid; (v) at
720 least one nitrogen-containing ashless dispersant; and (vi) at least one

trihydrocarbyl ester of a pentavalent acid of phosphorus.

Japanese Patent No. JP 2000-328084 discloses a gear oil composition
comprising a specified dialkyitrisulfide, a specified dithiophosphoric ester, and
25  one or more of acidic phosphoric and phosphorus esters and alkylamine salts
- of the esters in a base oil of a kinematic viscosity at 100°C. The composition

has high oxidation stability and corrosion resistance to copper at temperatures
of 150°C or higher.

30  U.S. Patent No. 4,609,480 discloses a lubricant composition effective in

extgnding the fatigue life and increasing the corrosion resistance of the



conprising a specified dialkyltrisulfide, a specified dithiophosphoric
ester, and 25 one or nore of acidic phosphoric and phosphorus esters and
al kylam ne salts of the esters in a base oil of a kinematic viscosity at
100C. The conposition has high oxidation stability and corrosion

resi stance to copper at tenperatures of 150C or higher. 30 U S. Patent No.

4, 609, 430 ichpbORRE Bohdahid HAMIROTROTbioBR Sl ERIN obibris X A B0 drhe

fatigue life an creasing the corrosion resistance o chi ne
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SUMVARY Cgstg}égnhwgggﬁbgyegegl osed herein is a gear oil additive

conposition having l'ow corrosion of yellow nmetal conponents of axles and
transm ssions, particularly copper and copper alloys. In a first aspect,

there is pr_ovi ded a gear oil eggﬂhﬁﬁlﬁ{\@a’gmq@#&w onprises: a) an organic

pol ysul fide contai ning great al kyl pol ysul fide
conpound or m xture of dialkyl pol ysul fide conpounds of the formula:

car bon a?@%@%{iﬁ?eln |s4':z %?argo'J eaé{dgplle r}:(cjyren osr?t(ljoennpn owarloi%smﬁ o? Biiow meta} 0 12

‘components of axies and transmissions, particularly copper and copper alloys.
In a first aspect, there is provided a gear oil additive composition comprises:

a) an organic polysulfide containing greater than 30 wi% of a

dialkyl polysulfide compound or mixture of dialkyl polysulfide

compounds of the formula:

R-(S)x-R2

wherein Ry and R; are independently an alkyl group of 4 to 12

carbon atoms and x is 4 or greater;
b) a thiadiazole; and
¢) at least one ashless phosphorus-containing wear inhibitor compound.
In a second aspect, there is provided a gear oil composition comprising:
a) a major amount of a base oil of lubricating viscosity; and
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b) a thiadiazole; and c) at |east one ashl ess phosphorus-containi ng wear
i nhi bitor conmpound. 1In a second aspect, there is provided a gear oi
conposition conmprising: a) a major anpunt of a base oil of lubricating
viscosity; and -4 b) a mnor anount of a gear oil additive conposition
conprising: (i) an organic polysulfide containing greater than 30 wt % of a
di al kyl . pol ysul )i de £@mepambuRicf AigshibitadativélcahoditioR@odpHiihg:de conmpounds
of the formula: R -(S)=-R2 wherein R, and R2 are independently an al kyl
group of 4 to 12 carbon atonms and x is 4 or greater; (ii) a thiadiazole;
and (iii) at |east (ipran Casmies@yq@mdsphmaimm@mtaﬁthiarmgo we¥r ofiardiallyl t or
conpound. In a third asRegke cérnﬁau%d'oﬁwm&wo@aﬂmg FRs0fg eémﬁaﬁkugbmeye' | ow
metal corrosion in axles and transm ssi ons t hod conpri sing
contacting the netal E@Hﬁbnents of the axle and transm ssion with a gear
oi |l conposition conprising: a) a najor anount of a base oil of lubricating
viscosity; and b) a m nor anount o ear, oi | additive conposition
conprising: (i) an’ organic polysul dé éoﬁ%alnlng greater than 30 wt % of a
di al kyl polysulfide conmpound or nlxture of dial kyl pol ysul fide conpounds
of the formula: R - vn3)ein R1Ei?aw@wthdprhd&m?aﬁ?%u@rﬁowgﬁpendently an al kyl
group of 4 to 12 carbon atons and x is of greater; (ii) a
t hi adi azol e; and
' 4 to 12 carbon atoms and x is 4 or greater,

(i} athiadiazole; and
~ (iil) at least one ashless phosphorus-containing wear inhibitor compound.

. In a third aspect, there is provided a method of reducing yellow metal corrosion in axles
and transmissions, said method comprising contacting the metal components of the axle

and transmission with a gear oil composition comprising:

a) a major amount of a base oil of lubricating viscosity; and
b} a minor amount of a gear oil additive composition comprising:
(i} an organic polysulfide containing greater than 30 wt % of a dialkyl

polysulfide compound or mixture of dialkyl polysulfide compounds
of the formula: '

R1 - (S)x -

wherein R, and R; are independently an alkyl group of 4 to 12
carbon atoms and x is about 4 or greater;

(i) a thiadiazole; and

(i} at least one ashless phosphorus-containing wear inhibitor

compound.
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(iii) at |east one ashl ess phosphorus-containing wear inhibitor conpound.
-4a Preferably, the gear oil additive conposition will contain about 40 to
75 wt % of the organic polysulfide, about 0.5 to 15 w % of the :
t hi adi azol e and about 5.0 to 40 wt % of the ashless phosphorus-containing
wear inhibitor conpound. -4b Disclosed herein is a gear oil conposition
conprising a maj or anount of a base oil of [lubricating viscosity and a

m nor anount of the disclosed gear oil additive conposition. Disclosed
herein is a nethod of reducing the yellow netal corrosion of axles and
transni ssemRrdl, ﬁféﬂ_:Le@FbH Bdtifva&ofpbstiot MMRBRGM sbodl 4d RE75¥ % AWk organic
transm ssion with the gear oil conposition. Anong other factors, tﬂe

di scl osumelypuifige abeutdhd toh wiflemf the thigdidrele end rhout el toatlgatlts obtHe ashbbdist i ve
conposi ti o] 1tion having | ow odor and | ow chl ori ne
signific5ﬁpﬁgmﬂggﬁﬁggﬂgéwg%gﬁg%kgPOWQngglnetal conmponents of axles and
transm ssions, particularly copper and copper alloys. The discl osed
conposi tions have an advant ageously | ower odor than conparabl e
conpositions currently available in the marketplace. Mreover, in view of
the increasingly stringent requirenments regarding the chlorine content of
additives for petroleum products, the low levels of chlorine associated
with the disclosed conmposition is advantageous since any chlorine

di scharged into the environnent accidentally or as waste i's environnental ly
undesirable. Preferably, the disclosed additive conpositions wll not
contain conpounds containing zinc. The di scl osed conpositions can

advant ageously have a |ower sulfur treat rate (organic polysulfide) than
conpar abl e conpositions utilizing sulfurized isobutylene, while providing
conpar abl e or inproved gear scoring resistance and inproved performance in
reduci ng yell ow netal corrosion.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The gear oil additive conposition and
gear oil conposition will now be described nore thoroughly below -5 Gear
Q| Additive Conposition The present invention provides a gear oil additive
conposition conprising: a) an organic polysulfide containing greater than
30 wt % of a dialkyl polysulfide conpound or m xture of dial kyl

pol ysul fide ﬁs&@g&%m isOf géal?%ilfc%ﬁwlt%n cBhwpﬁ&@(a%Jor%%Lﬁ{ 5 §dadi JR2 are

i ndependently an al kyl group of about to 12 Carbon atonms and X Is about
4 or greater; lulrj)canmca@itya‘az@I@mnamnq@tgrjtheﬂlsme@@ige@neﬂ agtiive composition.
phosphor us-cont ai ni ng wear inhibitor conpound. Preferably, the gear oil
additive conposition will contain the organic polysulfide 1in the range

from about 45pikQoséd wgre.%.aradmefmaeofné&kﬁfgaﬁ%yyeiwm@m&mé@n 0P axiBpWhat 15

Preferably, the organic polysulfide will ‘contain at |east 40 wt % and, nore
‘preferably attrqné'awosby fRntagiing Hig mRsalicompenastise the axle padiensyyssin wihdhe t he

di al kyl pol )F/g@éhf_,ll geund or m xture of dialkyl polysulfide conpounds.
Pref erably, and are independently an al kyl group of about 4 to 10
carbon atons and nore preferably, about 4 to 6 carbon atons. Most

~preferably, Rma s ritoré ke &Q&&bu?e fs%éézﬁ&‘)’fhg‘éhbblnsl% efé@oveR)'tﬁéteé’@éerﬁll x is
about 4 to 8 and nore preferably, x is about
additive composition and gear oil composition havmg Iow odor

and low chlorine significantly reduces corrosion of yeliow metal components of axles
and transmissions, particularly copper and copper alloys. The disclosed compositions
have an advantageously lower odor than comparable compositions currently available
- in the marketplace. Moreover, in view of the increasingly stringent requirements
‘regarding the chlorine content of additives for petroleum products, the low levels of
chlorine associated with the disclosed composition is advantageous since any chlorine
discharged into the environment accidentally or as waste is environmentally -
undesirable. Preferably, the disclosed additive compositions  will not contain
compounds containing zinc. The disclosed compositions can advantageously have a
lower sulfur treat rate (organic polysulfide) than comparable compositions utilizing
 sulfurized isobutylene, while providing comparable or improved gear scoring

resistance and improved performance in reducing yellow metal corrosion.

DETAILED DESCRIPTION OF THE INVENTION

The gear oil additive composition and gear oil composition will now be described

more thoroughly below.



Preferably, the organic polysulfide is predomnantly a di-tertiary-butyl
tetra- sulfide. More preferably, the organic polysulfide is a m xture of
di-tertiary-butyl tri-, tetra- and penta-sulfide having greater than 50 wt
%di-tertiary-butyl-tetra- sulfide such as the di-tertiary-butyl
pol ysul fide known as TBPS 454, which is 5 comercially available from
Chevron Phillips Chenical ConpdrgarQihAddiéue Geinpesilitin i ve conposition will
al so contain thiadiazole. Preferably, the thiadiazole conprises at |east
one of 2,5- diﬁ%er capto-1, 3, 4-thi adi azol e; 2- _
mer capt o- 5- hy HFORESEDE ineation proxyidesiagkarail akditive composition comprising:
2- mer capt o- 5- hydrocar byl di t hi o- 1, 3, 4-t hi adi azol es;
2, 5-bi s(hydrocarbylthjo)- and 2, 5-bi s(hydrocarbyidithio) 10
1, 3, 4-t hi adi azol es. %he n@n erganit polysdide opotainisg greatérthan 30 wt % of a
1, 3, 4-t hi adi azol es, espe&i @de ‘t thr ) ,
2_hydr ocar byl di t hi o- 5- nmer 2apy PAYSHIIHeLOMPaWRd ob MiduEs-ef diglky! polysulfide
- 2, 5-bi s(hypdr ocar byl di t hi odorﬂp&,ﬂrst(gfitﬁgif@,%ﬂhﬁs, a nunber of which are

avai lable as articles of comrerce fromeither Ethyl Corporation as
H tec(r) 4313 or from Lubrizol Corporation as Lubrizol (r)5955A. Typically,
the thiadiazole wll be 15 present i gtht_t'tgl)/ggﬁ oil additive conposition in
anounts ranging fromabout 0.5 to 15 w' % and will preferably be present
in the gear oil additive conposition in anmounts fromabout 0.7 to 12 wt %

and nore preferably fromghgu . W% Th ear ol additive
conposition of the present |nf\?e% ?%(?1%\%,1]%9? '%&ﬁeﬁ@?ﬁ%ﬁﬂ?&w SEOUPZ‘Ef[qbé)é'ét one
ashl ess phosphor us- cont aiiont? eerdoniattinbidnerx SR AhrRfreAef-abl y sel ect ed
fromthe group consisting of an am no phosphorus conpound and a trial kyl
phosphite. The am no phosphorus conpound may be a phosphorus conpound as
descri bed in accorddrce v thindBadadetame, U.S. Patent No. 4,575,431, the 25
di scl osure of which is herein incorporated by reference. Preferably, the
am no -phosphorus compound i s an ami ne dithi ophosphate. Typi cal

di t hi oph®8phat es c) at least one ashless phosphorus-containing wear inhibitor
compound.

Preferably, the gear oil additive composition will contain the organic polysulfide

in the range from about 45 to 70 wt % and, more preferably from about 50 to
65 wt %.

.1 5 Preferably, the organic polysulfide will contain at least 40 wt % and, more
preferably at least 50 wt %, and most preferably at least 55 wt % of the dialkyl
polysulfide compound or mixture of dialkyl polysuifide compounds.

Preferably, Ry and R, are independently an atkyl group of about 4 to 10 carbon
atoms and more preferably, about 4 to 6 carbon atoms. Most preferably, Ry

20 andR;areeacha tertiary-butyl group.

Preferably, x is about 4 to 8 and more preferably, x is about 4 io 7.




useful in the lubricant of the present invention are well known in the art.
These dithi ophosphates are those containing two hydrocarbyl groups .and one
7 hydrogen functionality, and are therefore acidic. The hydrocarbyl groups
~useful herein are preferably aliphatic alkyl groups of about 3 to 8 carbon

atonms. Trialkyl phosphites useful in the present invention include (RO3 P
where Ris a '@‘?{?B'da{‘)'mf%ﬂ“c@l@b@tﬂmetlﬁp oczindolly adetestiangdndyldewéer abl y

bout 8 to 1 ' t ferably about 10 to 14
Broms. The romds? MRS phb Ry 4G oY BOSH Al o PilRble SRaicPuriy bt e
trial kyl phosighitetea- arehpentasutiide|eadiy greatr tHam 50 e, Si-tdeansut(iRS3- P

wherein Ris auiﬁcfefi ned abgve. Representative trial kyl phosphites include,
but are not |HHGeRHNGS theidiigriary-bitaiyaulide knavexgs TBRSsbd twhichis oct vl

phosphi tes trdfdsadic | j | ped: seg@) triol eyl
phosphite. A parti gﬁ‘?%%‘%‘%#@ﬁ ghawoi}ﬁaﬁ)%@fjggﬁlo h%‘f%&ﬁgan*ri | aur yl
phosphite, such as commercially avail abl e Duraphos TLP by Rhodi a
| ncor por at ed Fhp d . Perf e rivatives,.Preferred, ar ) Xt ures
of phosphites cont g@@r@’@y@&@% Wﬁerﬂéi?pgoma\?isth@d%fﬁ' Fﬁ@fe[rgglyz%h@ar bon
at ons.  Thesdhiadidzaleesorapiisessi ddsy ofledf Pe8ldim&thp-18l4-ghadiakdiead- veget abl e
sources. 15 Re resegé}gtive hydr ocar tzl?lllgh_mxtures are commonly known as coco,
X -thi

tallow, tall MYCAPoRAYdwgarbyithiorbaid-hiadiagoles @-meircaptadrhydrecambylsitbio-i on

wear §ni bi tor caniegiold, 2 & Wb boarhifide ihd 2 BROTREABYERRCE ni ng
wear i nhilBi t dr3,édhiadizadlesi The beorpiprefeniedtdopmpoutisaliethe 1,94 iMiadRzdtes?d and

nore preferab] f.r&m abnzoEt 10 to 35 Wt % The gear oil additive conposition
will opti onalqsée‘é her-8ydrocaibyldithio-ganersapiogLidd-dihindiareles gnetke it easy

S R G T R
as articles of commerce from either Ethyl Corporation as Hitec® 4313 or from
Lubrizol Corporation as Lubrizol®5955A. Typically, the thiadiazole will be
15 present in the gear oil additive composi'tion in amounts ranging from about 0.5
to 15wt %, and will preferably be present in the gear oil additive composition in
amounts from about 0.7 to 12 wt % and more preferably from about 1.0 to 10

wt %.

The gear oil additive composition of the present invention will further contain at

20 least one ashless phosphorus-containing wear inhibitor compound preferably
selected from the group consisting of an amino phosphorus compound and a
trialkyl phosphite. |

The amino phosphorus compound may be a phosphorus compound as
described in accordance with Salentine, U.S. Patent No. 4,575,431, the

25  disclosure of which is herein incorporated by reference. Preferably, the amino
phosphorus compound is an amine dithiophosphate. Typical dithiophosphates
useful in the lubricant of the present invention are well known in the art. These

dithiophosphates are those containing two hydrocarbyl groups and one



liquid diluent and preferably about 3 to 15 wt % 25 Suitable organic

di l uents which can be used include, for exanple, solvent refined 100N,
i.e., Ct-Con 100N, and hydrotreated 100N, i.e., Chevron 100N, -8 and the
| i ke. The organic diluent preferably has a viscosity of fromabout 1.0 to
20 cSt at 10 he .gear oj.l additiye conposition may al so further contain
a di spersant q‘gggo-lr%&fﬁra&{qqagtyr angers %ﬁ?@fﬁ)ﬁ?'d@: dhe hydecarbygreumhuseful
conponent s ofhetdl a8 pref@iablyslihklid &) S RUFIEDML any
order and can be bl e%ed agaég rrbllhnatk?géfggg’lf‘bgggr%%ﬁg e %@zg#&oil

addi tive conposition produced by bl ending the above conponents m ght be a

slightly di f fremBgtpiepRRss b Ritial i use the.
congone%t s nayﬁ(?tn? er ac'? % %%é)flﬁ’f hgggiptrr%%rh yn\;eggé? m%‘:@% ﬁ‘;@ﬁ’f urwﬁl%‘ﬁ?g'isrﬁ ng
conpound or KysEogRBYLES @wruddutnd, carbur btams Subfaipictedabh) sds tof 18 exanpl e,
sulfurizeg i@ mﬂ)hyéct ne, sulfurized fatt esters, sulfurized oils,

sul furize fagty E ?‘HS’, a‘é‘ﬁﬂ"%?ﬂ% Gab I0itgdd carhpnidomadlibe as an
additional cé a8y ' Iy ko it ’ .

bt cating ofl o coy flayliStitedb uittulate et Wl Brosnate,
Conposi tion PAaks@iteast F6iwish dfite struttisd{RORIRwhansinas b #sdefined

phosphorus-c | ... i1ahjbjtor are generally added to a base oil
that is sufflatczg'%“géﬁ';ﬂi egbge%@?tfv@at{@'ké@%sp?%ﬁ g??[ Dt 8se Ret liriteg fo dributul
transm ssi onphosphitec@inbyy! phidg pHRa triktl] | il | tiai maj or
anount o{ a base oil of _Yubri gati ng vPs%@%@é’z%'Hg%vﬁy&ﬁPﬁ@% @Irfdglu t of the
gear oi | {GddPhespbite argdgpieyophanpbitei Aeartitutarty, prEferdbbialiol bhosphiteisi cat i ng
vi scosity. usggh,i i.tions._my .be m.ner oils_or synthetic oils
of “vi scosi 1y TP AEPEL TR ok PRIl a8 e hpa TRy Rhodla
Incorporated Phosphorus & Performance Derivatives. Preferred are mixtures of
phosphites containing hydrocarbyl groups having about 10 to 14 carbon atoms.
These mixtures are usually derived from animal or natural vegetable sources.

15 Representative hydrocarbyl mixtures are commonly known as coco, tallow, tall
oil, and soya. '

Typically, the gear oil additive composition will contain about 5.0 to 40 wt % of

the ashless phosphorus-containing wear inhibitor compound. Preferably, the

ashless phosphorus-containing wear inhibitor compound will be present from
20 about 7.0 to 35 wt % and more preferably from about 10 to 35 wt %.

The gear oil additive composition will optionally contain sufficient organic liquid
diluent to make it easy to handle during shipping and storage. Typically, the
gear oil additive compasition will contain from about 0 to 20 wt % of the organic
liquid diluent and preferably about 3 to 15 wt %. |

25  Suitable organic diluents which can be used include, for example, solvent
refined 100N, i.e., Cit-Con 100N, and hydrotreated 100N, i.e., Chevron 100N,



derived fromsynthetic or natural sources. Mneral oils for use as the base
oil in this invention include, for exanple, paraffinic, naphthenic and
other oils that 9 are ordinarily used in lubricating oil conpositions.
Synthetic oils include, for exanple, both hydrocarbon synthetic oils and
synt hetic esterﬁ a?ﬁ Lxtures, thereof having desjreq Vi scosity.

Hydr ocar bon SVHRE{IKe Uie &orRis dilentersferbly hasawiscesitoof faomprasisat 40 for om
the pol yrmeri 2atdqart 9ot hyl ene, i.e., polyal phaolefin 5 or PAQ, or from
hydr ocar bon synt hesi s procedures using carbon nonoxi de and hydrogen gases
such as in a Fisher-Tropsch process. Useful synthetic hydrocarbon oils
include liquid polyners of al pha ol efins having the proper viscosity.
Especi al |y uggkye |, LA ' s gf C6 to Cl2 alpha
ol efins such as%aﬁggggﬁg%¥§¥ﬁéﬁggﬂﬁﬁgﬂ?gggﬂgﬂgﬁ%}%ﬁﬂgéﬁ%§$8?“ﬁV’per 10
viscosity, sGempayndiniadange froerateng 3.¢andbevtysed. Useful synthetic esters
i nclude the esters of nonocarboxylic acids and pol ycarboxylic acids, as
wel | as nono- hydroxy al kanol s and pol yols. Typi cal exanples are di dodecyl
adi pate, _pentaerythritol tetracaproate, di-2-ethyl hexyl adipate, _

di | auryl sebadheeompenientseof thelgear 61 apitiitive eshriositiohaRaY 8slblendB i 4hyr es of

nono and dic l,ic gcids 15 and no and di hydroxy al kanols can”al so be
used. Bl endsgé@(?ry#ﬂecragl %&PE‘]{?\? A cogymafiansof sompaneatalThe gemsfall . Group |

base oil is addfies e6Rpokifiof 4 r oil.c ition of
t he present. i nvent i_onpvvigllﬂ?hbi%%rp%?ggéﬁlgﬁaigﬁﬁr%?gbggﬁgﬁﬁp()ﬁ?hg rﬁn@g% i? of
| ubri cating ¥ig¢ysifierenteampasition thami theriniialvixturefbetageath@tbmpdaihisve
conposition ﬁ%g%t}eié g: (i) a organic polysulfide containing greater than
30 wt % of a dial’kyl” pol ysul fide conpound or m xture of dial kyl ‘
pol ysul fi de conpounds of the formula:

10  If desired, an additional sulfur-containing compound or mixture of compounds,
such as sulfurized olefins, for example, sulfurized isobutylene, sulfurized fatty
esters, sulfurized oils, sulfurized fatty acids, and alkenyl monosulfides, may be
added as an additional component of the gear oil additive composition or to

lubricating oils containing the gear oil additive composition.

15 : Gear Oil Composition

The organic polysulfide, thiadiazole, and ashless phosphorus-containing wear
inhibitor are generally added to a base oil that is sufficient to lubricate gears
which are present in axles and transmissions. Typically, the gear oil
composition will contain a major amount of a base oil of Iubricating viscosity

20 and a minor amount of the gear oil additive composition described above.

The base oil of lubricating viscosity used in such compositions may be mineral
oils or synthetic oils of viscosity suitable for use in gears. The base oils may be
derived from synthetic or naturat sources. Mineral oils for use as the base oil in

this invention include, for example, paraffinic, naphthenic and other oils that
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R -(S)x-R2 25 wherein R, and R2 are independently an al kyl group of about
4 to 12 carbon atons and x is about 4 or greater; -10 (ii) a thiadiazole;
and at | east one ashl ess phosphorus-contai ning wear inhibitor. Typically,
t he gear oil corrposition vviII conprise about 0.1 to 3.6 Wt % 5 preferably

fromabout 0.6 t Eﬁé‘rmre preferably fromabout 1.5 to 2.2 wt %
of the organlq{eﬁfi‘i"?@UW‘Fﬁ@’" cgling o rempesiiens-tSstnelia gilsdndlydeolepr i se

about 0. 01 1 ex@nfpidhhatfy hpakanah! %A AR Qrlfietcledlod i H A0S ™" ©

preferably from about of thet dgearoi |

conposi ti on wheteof hawhgldesmmwssesl@bbiydrcﬂzaibdms%tﬁew oi%é mayﬁicﬁu@@lmr from
Wt % of

about 10 0.2 \zYt referably fromabout 0.4 to 1.

t he ashl ess %%H@%d”r‘ EQ”EQFHPQ 'fﬂ”’r‘néﬁ) alymerzRtinn o etbylepsukr, pqiwélpﬁ@alefau I
conpositi @gn rrmppe(bs&ff | range
from about 0.1 to 2. 7({/4\? ?ﬁpcﬁﬂﬁ%@%%&ﬁeﬂ% g@{eﬂtﬁ Sﬁag&&mﬂ) c@%%@? Fion of
the present idnddndregengasestmucd asli a:ﬁisber-'rﬁmﬂseh@lrecetaspUsafdl }sylhrthletlw 50 ppm

and nore pref QO her Ad |t|ve addi tive
conponents ar exaﬁ%‘ﬁeé?s C@SE@@HF’ pR¥me oﬂ@*ﬂﬁg ﬁf"ﬁ VE‘Qﬁ SePr BSor abl y
enpl oyed i n twzopit eciall

provided to ill Sstyrﬁz:?g fﬁeygrggfswé)ﬁ{q nvent 1'on, % qlﬂﬁ Ohagﬁgﬁg?éﬁgé eﬁ% ended
to limt it: @phaviletns pecheagdriaseseltfimer. Mkbmsemtyllb‘amzeuwo&ptqneror

al kenyl - ghenatedsitgstiéh a8'aifldSE benzene, can be used. Useful synthetic esters

include the esters of monocarboxylic acids and polycarboxylic acids, as well as
mono-hydroxy alkanols and polyols. Typical examples are didodecyl adipate,
pentaerythritol tetracaproate, di-2-ethylhexyl adipate, ditaurylsebacate, and the
like. Complex_ esters prepared from mixtures of monc and dicarboxylic acids
15 and mono and dihydroxy alkanols can also be used. Blends of mineral oils with

synthetic oils are also useful. Group | base oil is preferred.

In its broadest aspect, the gear oil composition of the present invention will
comprise:

' a) ~ @ major amount of a base oil of lubricating viscosity; and
20 ' b) a minor amount of a gear oil additive composition comprising:

(i) a organic polysulfide containing greater than 30 wt %
of a dialkyl polysulfide compound or mixture of dialkyl

polysulfide compounds of the formuta:
Ri-(Sk-

25 wherein R¢ and R; are independently an alkyl group of
about 4 to 12 carbon atoms and x is about 4 or greater;

-10 -



aromatic sulfonates, sulfurized or unsulfurized netal salts of

mul ti-hydroxy al kyl or al kenyl aromatic conpounds, alkyl or alkenyl -11

hydroxy aromatic sul fonates, sulfurized or unsul furized al kyl or al kenyl

napht henates, netal salts of al kanoic acids, netal salts of an al kyl or

al kenyl nmultiacid, borated overbased nmetal salts, and chem cal and

physi cal nixtures thereof. (i} 2.athisgierslangrsd Al kenyl succi ni mi des, al kenyl

succinim des nodified with other organic conpounds, al kenyl succinim des

nodi fied by post-treatment with ethylene carbonate or boric acid,

pentaerythritol al kenyl suﬁbinaﬁéeastqu%xNM%s$ﬁdsﬁhbﬂkﬁ%bﬁﬁﬁﬂkkﬁ@éér

post-treated anal ogs, alkali k m xed 10 alkali netal, alkaline earth

net al borates, dispersions of H9€‘59%d al kali netal borates, dispersions

of al kal i ne- earth netal borates, polyam de ashless dispersants, or
ersant 3. Anti-Oxidants Anti-oxidants reduce the

i f
{neﬁég:]g; gf wﬁ&ﬁﬂ}’ Stg? |9§a[8 aemepsiteamdl comprse abew & taBi& Wt dat erioration
i s evi denged phafetdiy REROMSILE 0% tP%isdft 9, Uhd ﬁ]BFé‘B%ier%'Hw ﬂ@g Oa'shq@a}r |Sh-11 ke

deposits on the netal surfaces and by “an 1 ncre anpl es

of anti-oxi dam wt Usefthe Orgamlbaolysalﬁelat Thé eanbil @@mﬁﬂtﬁhbjﬁl%!l Blso cﬁfn@prit.@
itors, such

limted to, gnol i xidation inhi

-4, 4' - et hyl engggﬁp@?y@%ﬁ&{]&pf@ﬁgfﬁﬁbﬁgﬁbwyout@%ﬁcno Ak Yamd mOf@ert but yl
phenol ), 4, 4prdfesbl, t A

2. 2' - et hyl ene- bi ;&f?}@{aﬁﬂ@ gieito. %?"WE‘E%“TG?&%G 4Thg8par ofl 4

ene- bi s( 3- nefAYPositioe mill futher phnfmlse)abouto 1 to 2.5 wt %, preferably from about

4, 4" -1 sop Opl’jlf N9 Rios Ghubndls pre%eraBluy fyo a oul! ()J 4 tc23 122 Mrrg/’z% ltlsengshqlegs( *

phosphorus-containing wear inhibitor compound.

The gear oil composition may also further contain a dispersant compound in
the range from about 0.1 to 2.7 wt %.

. In another aspect the gear oil composition of the present invention will have

- 15 chiorine levels typically below 50 ppm and more preferably below 25 ppm.

Other Additives

The following additive components are examples of some of the components
that can be favorably employed in the present invention. These examples of

additives are provided to illustrate the present invention, but they are not
20 intended to limit it;

1. Metal Detergents

Sulfurized or unsulfurized alkyl or alkeny! phenates, alkyl or alkenyl
aromatic sulfonates, sulfurized or unsuifurized metal salts of

multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or alkenyl

-1 -



met hyl - 6- nonyl phenol ), 2, 2'-isobutylidene-bis(4, 6-di net hyi phenol), 2,2" 25
met hyl ene- bi s(4- net hyl - 6- cycl ohexyl phenol), 2,6-di-tert-butyl-4-

nmet hyl phenol , 2, 6-di-tert-butyl -4-ethyl phenol, 2,4-dinethyl-6-tert-butyl-
phenol, 2,6-di-tert-|I- dinethylanino p-cresol, 2,6-di-tert-4-(N,N -

di met hyl am nonet hyl phenol ), 4,4'-thi obi s(2- nethyl 6-tert-butyl phenol),

2, 2' -t hi obi s(4- NEMI'O’%’ gramatis sulfonmend fun:mchgeummlmZedaWU@oalyeﬁynert

-12 butylb | R t; byt yl
Di phelrjly?/amegzyti/pzﬁ l‘%ﬁalﬁ %I%{)a‘?’t}s%{f%ikah@ u%cg 5 %U? %psntgtx lﬁl{(@é to,
al kyl ated di phenywmnybmumae.w|boeatea@hemb@mmm g, éh&f)éhéﬁ%hl and

a- napht hyl am ne. %B‘ﬁi of oxidation inhibitors include netal 5
di t hi ocar bar nat e yalca egitheietar bamate), and et hyl enebi s(di butyl d

ithioca rbamate). 4. Anti-War Agents As their nanme inplies, these agents

reduce we%r cge rm:ﬁ nlg netallic parts. Exanples of such agents include, but
are nof | Pnited td)'s E%3’3?)'P¥§sphates carbonates, esters, and nol ybdenum

conpl exes. 5. Rust Inhibitors (Anti-Rust Agents) a) Nonionic
pol yoxyet hyl ene surface active agents: pol yoxyethyl ene |auryl ether,
pol yoxyet hyl ene hi YW stiecnaidese atieny! puscinivigeshmbdified mtrh;dthphenr@ah:oet her,

pol yoxyet hyl ene 1 t her. .pol | en ryl ether
pol yoxyet hyl ene o?g&ﬁbﬁbﬂgﬁﬁéﬂy! §8‘%§%’PH‘?R%%85§'§PW% %‘PS% tFﬁ?:%‘Ef'g‘é’F
pol yoxyet-hyl ene settiyidra carbosatel @ ¥cfic R peﬁfédt‘ﬂhhbﬁl %ﬂ%n?i éifd?;lind@@o ol eate.
b) Other conpounds; stearic acid and other fatty a
phenate-salicylates and their post-treated ana!ogs alkali metal or mixed
10 alkali metal, alkaline earth metal borates, dispersions of hydrated alkali
metal borates, dispersions of alkaline-earth metal borates, polyamide
ashless dispersants, or mixtures of such dispersants.

3. Anti-Oxidants

- Anti-oxidants reduce the tendency of mineral oils to deteriorate in

15 service which deterioration is evidenced by the products of oxidation
such as sludge and varnish-like deposits on the metal surfaces and by
an increase in viscosity. Examples of anti-oxidants useful in the present
invention include, but are not limited to, phenol type (phenolic) oxidation
inhibitors, such as 4,4'-methy[ene~bis(2,6—di—tert-butylphenol),

20 4,4'-bis(2,6—di—tert—bt_:tylphenol), 4,4"-bis(2-methyl-6-tert-butylphenol),
2,2'—methy|ene-bis(4-methyI—B-tert-buty[phenol),
4,4"-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'—isopropylidene-bis(2.6—di—tert—butylpheno!), 2,2'-methylene-bis(4-
methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol), 2,2

- 25 . methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyi-4-
methyiphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-
phenol, 2,6-di-tert-l-dimethylamino-p-cresol, 2,6-di-tert-4-(N,N'-
dimethylaminomethylphenof), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2-thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-

-12-



20 - dicarboxylic acids, netal soaps, fatty acid amne salts, netal salts
of heavy sulfonic acid, partial carboxylic acid ester of polyhydric

al cohol, and phosphoric ester. 6. Denulsifiers Addition product of

al kyl phenol and et hyl ene oxi de, polyoxyethylene 25 al kyl ether, and

pol yoxyet hyl ene si{y |tan ester. treme Pressure Anti-Wear Agents ( EP/ AW
Agents) Di phenyl yiberzyeetfice aﬂ¢ bt,SIGB Srddedbugd-4-hyshobenaylpd

napht hal ene, flu t

phosphat oo, - 13- nakay SBRkEhe GERRn [HRMAPRIMEL R Coredit BoRIRCES o

di t hi ophosphat es, aligytated diphenylhriee, mmph@hﬁﬁhtlﬁlanﬁhbcénwﬁlkMdJ ers Fatty

al cohol, fatty acid borated ester, and other esters, and di- 5
Sereiode

hydr ocar byl hydr od® Bieafter types,af exidatinn nbivitorsiaeludevastasul f ur i zed
oxynol ybdgnum di t Wltﬁ%é%?ﬁét@ée gmzfir‘rtrdzﬁﬁ ApAFRlPYEHUM or gano

phosphor odi t hi oate, oxynol nmonogl yceri de " oxynol ybdenum di et hyl at e
ami de, am ne-nol ylﬂﬁiﬁhﬂﬁﬂ@@aﬁdﬁt&ﬁyld@:omrbamaﬂe) and sul fur cont ai ni ng

nmol ybdenum conp 10. Viscosity Index |Inprovers Pol ynet hacryl ate
type. polyners, et @\%q&g fﬂgﬁﬂ}iﬁene copol ymers, styrene-isoprene copol yners,

hydrated styrene-isoprene copolyners, polyisobutylene, and dispersant type
viscosity | nderx | r/K% tR(\a/l?ll’]gme]?I'SI’lp:lliéS tﬁggé agpgrlitgtregggé \?vgg? Sft r?1ovmg metallic
parts. Examples of such agents include, but are not fimited to,
10 phosphates, carbonates, esters, and molybdenum complexes.
9. Rust Inhibitors (Anti-Rust Agents)

a) Nonionic polyoxyethylene surface active agents:
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene

15 octyl phenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol mono-oleate, and
polyethylene glycol mono-oleate.

b) Other compounds: stearic acid and other fatty acids,

20 - dicarboxylic acids, metal soaps, fatty acid amine salts, metal
salts of heavy sulfonic acid, partial carboxylic acid ester of

polyhydric alcohol, and phosphoric ester.
. 6. Demulsifiers

( Addition product of alkylphenol and ethylene oxide, polyoxyethylene
25 alkyl ether, and polyoxyethylene sorbitan ester. _
7. Extreme Pressure Anti-Wear Agents (EP/AW Agents)

Diphenyl sulfide, methy] trichiorostearate, chiorinated naphthalene,
fluoroalkylpolysiloxane, lead naphthenate, neutralized phosphates,

-13 -



Pol ynet hyl nethacrylate. 12. Foam Inhibitors Al kyl nethacrylate polyners
and di nethyl silicone polyners. 20 13. Metal Deactivators Disalicylidene
propyl enedi am ne, triazole derivatives, mercaptobenzothiazoles, and

mer capt obenzi m dazol es. EXAMPLES The invention will be further illustrated
by the foll owi ng exanpl es, which set 25 forth particul arly advantageous

net hod enbodi nent 8euldlized aor partistiymeuéralizedsthiophwsphatdsdediithipHdspsbteat € t he
present invention e not intended to limt it. This application is
i ntended to cover aph%@ﬁu%«;? Bﬁgs‘g}é?ﬁges and substitutions that may be nade
by those skill e8l FrictidreMadifieyd t hout departing fromthe spirit and scope of
t he appended clains. 5 Conparative Exanple A 2.4 w % (194.0 grans) of an
organi ¢ polysulfide containing a mxture of di- tertiary-butyl tri-,

tetra-, and pent aFstl kic8Rohe qr r % i L ut yl
tetra-sulfide (avai F%bl e %@é’%tﬁ,ﬁrﬁh@&é@é&r@_gﬁwﬁrﬁ ﬁ“&éi’gg{%’?ﬁ%‘%&'
Conpany),212. 4 wt hydrogambybhysiragen pbosphainated. refined bright stock 10 base

oil (Ctgo 150) . %.,(.6, 817.0 grans) of hydro-processed 600
neutral base oil ?@lﬂg'g&%ﬁn\é%{ﬁl'{'%ﬁe m xed until the mxture was
honobgenous. Conparative Exanple B 2.4 w % (247.0 grans) -of an organic

pol ysul fi de cont aixpj.n m xture, of di- 15 tertiary-butyl tri-, tetra-, and
pent a-sul fi de hav?%u%regaﬂ)@m#%r@m dithiogappamate. sullugizad opymobtideny fi de

(available as TBRSrgahé phbsphsaithpatd]dkmbRBdenurn monoglyceride,
oxymolybdenum diethylate amide, amine-molybdenum complex

10 compound, and sulfur-containing molybdenum corhplex compound.
10. Viscosity Index Improvers

Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

polyisobutylene, and dispersant type viscosity index improvers.

15
11. Pour Point Depressants
Polymethyl methacrylate.
12.Foam Inhibitors
Alkyl methacrylate polymers and dimethyl silicone polymers.
20 13. Metal Deactivators

Disalicylidene propylenediamine, triazole derivatives,

mercaptobenzothiazoles, and mercaptobenzimidazoles.
EXAMPLES

The invention will be further illustrated by the following examples, which set

25 forth particularly advantageous method embodiments. While the Examples are
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Chem cal Conpany), 1.1 w % (110.0 grans) of am ne dithiophosphate (as
described in Salentine, U S. Patent No. 4,575431), 12.2 wt % (1, 248.0
grans) of Citgo 150 bright stock.(base oil), and 84.3 W % (8,595.0 gramns)
of hydro 20 processed 600 neutral base oil (Chevron 600N) were m xed until
the m xture was honogenous. Conparative Exanple C 2.4 w % (12.1 grans) of
an organi ¢ popipsidefiitd diustratecthsipngsent BventioR, ey dire nbetémiad Ul itt This,
tetra-, and penta ul fide I ng greater t han go w %di- 25 tertiary-butyl
tetra-sul fide? f?’bﬁl'%tea ‘\1(@080\@54 heseMatschangeriand g stiivsiens dnat

Company), O. @ﬁ%} 313
from Et hyl Co%%%?gﬁ%débw slﬂfeg, Pé}i@%ﬂ%@gﬁg)@ a}éﬁé}tﬂg\}‘@r@ﬁ}yﬁnﬁgan right
st ock base oi$copeiafdioe apPgndeainclaig®s.0 wt % (424.7 grans) of hydro-processed
600 neutral base oil (Chevron 600N) were mxed until the m xture was 30
honbgenous. -15 Conparative Exanple D 4.0 wt % (320.0 granms) of sulfurized

I sobutyl ere having 47 wt % sul f ureqh [b eMbbl |l ad G100 from
ExxonMbbi | Chem cal Conpany), 12. nms) of solvent refined
bri ght stock base oil (Gtgo 150), and 83 8 vvt 5 % (6, 706.0 grans) of
hydr o- pr ocess&d va0R (1@HDIgedmBRSRarPbh a@@wygﬂf@(g%p,ta,mﬁ%grmxﬁﬁg t he
m xture was t}g B ﬁ(ﬁfr arative [ﬂ:) rans of

sul furized is E@?{/ UL G Ry el REntass dpmavrw,grqagﬁ]tgang@ VKh)%ﬂql'ad C- 100

L r Ohm EX)r(\ onNﬁﬁeﬂla@"rMytwtra&nmmwauablé a@tT[%’:SﬁSd, fﬁﬁrﬁ@ﬁevrd:@ P@nill b,
ithio 0S tent
12.1 vt % %20%*'@5 jgﬁlﬁ%ﬁh JadWi% B0 Gearipor sobiapt beftBagiioht stoci

base oil (Citgo 150), and 85.2 wt % (6,817. 0 grams) of hydro-processed 600
neutral base oil (Chevron 600N} were mixed until the mixture was

homogenous.

Comparative Example B

2.4 wt % (247.0 grams) of an organic polysulfide containing a mixture of di-

15 tertiary-butyl tri-, tetra-, and penta-sulfide having greater than 50 wt % di-
tertiary-butyl tetra-sulfide (available as TBPS 454 from Chevron Phillips
Chemical Company), 1.1 wt % (110.0 grams) of amine dithiophosphate (as
described in Salentine, U.S, Patent No. 4,575431), 12.2 wt % (1,248.0 grams)
of Citgo 150 bright stock (base oif), and 84.3 wt % (8,595.0 grams) of hydro-

20  processed 600 neutral base oil (Chevron 600N) were mixed until the mixture
was homogenous.

Comparative Example C

2.4 wt % {12.1 grams) of an organic polysulfide containing a mixture of di-
tertiary-butyl tri-, tetra-, and penta-sulfide having greater than 50 wt % di-
25 tertiary-butyl tetra-sulfide (available as TBPS 454 from Chevron Phillips
Chemical Company), 0.3 wt % (1.5 grams) of thiadiazole (available as Hitec
- 4313 from Ethyl Corporation), 12.3 wt % (61.7 grams) of solvent refined bright
stock base oil (Citgo 150), and 85.0 wt % (424.7 grams) of hydro-processed
600 neutral base oil (Chevron 600N) were mixed until the mixture was '
30 homogenous.

-15-



(Gtgo 150), and 83.2 wt % (416.2 grans) of hydro-processed 600 neutral
base oil (Chevron 600N) were m xed until the m xture was honbgenous.
Conparative Exanple F 15 3.6 wt % (18:0 granms) of sulfurized isobutyl ene
having 47 wt % sul fur (available as Mbilad C 100 from ExxonMobil| Chem cal
Conmpany), 0.3 wt % (1.5 grans) of thiadiazole (available as Hitec(r) 4313
from Ethyl Corporation), 12.2 w Qemp@etige Gxample Bf sol vent refined bright
stock base oil (Ctgo 150), and 83.9 wt % (419.6 grans) of hydro-processed
600 neutral b evr o ON) were 20 m xed until the m xture was
hormogenous. @ﬁ%a&’ﬁé@ &L@UT*B%@I;‘*O&HEY‘QWQ/@%%I@%%Slﬁaée additive
paclt;ageI K was(apaitbée asl Mubithd0-006 frOﬁQEQ)fdﬂMt%i(@ﬁémica‘D }zsglﬁtl%' zed
| sobutyl ene ai l.a I 5
Boconhbi |- cions Sardfistbe el HiasflRyn o 6 aRlG iy %bf Apd 838 vt
di t hi ophos5pha16e£6(73§ Qj@@ms)@ébym -Baicestdd8Q0 be@ralRatserdil (SheviorbBOOMBL), 5.8
W % (28.9 gyaaw) s Htec(r) 4313 from Et hyl
ix8d uhh tﬁ%)r?%ﬁ)r%v&a% nl)n?%n% 3

Cor poration), and 4.81 sol vent refined 100 neutral
base oil (Exxon 100N) were m xed until the m xture was honbgenous. -16

Conpar ative Exanple H 5.2 w %(zﬁ)@g S & Q,fn%;% base package K, 12.5 w
% (62.7 grans) of solvent refiné righ r Ese oil (Ctgo 150), and
82.3 wt % (411.3 grams) of solvent refi ned 600 neutral base oil (Exxon

600N) wer e midd@ut %n{18.0 ghams) of sdlfurieedviabhBAsIBERSHAg 4®cvmrsaﬁmv eaveRapRl e |

5.2 wt % (26. nﬁé&f’é%)cﬂfootfpo‘?n @ign%gh%q\%mﬁbaljcgm%ny/f (16 g]r f’éﬁ) o 3%300
10 of amine dithiophosphate (as described in Salentine, U.S. Patent No.
4,575,431), 12.1 wt % (60.4 grams) of solvent refined bright stock base oil
{Citgo 150), and 83.2 wt % (416.2 grams} of hydro-processed 600 neutral base
oit {(Chevron 600N) were mixed until the mixture was homogenous.

Comparative Example F

15 3.6 wt'% (18.0 grams) of sulfurized isobutylene having 47 wt % sulfur (available
as Mobilad C-100 from ExxonMobil Chemical Company), 0.3 wt % (1.5 grams)
of thiadiazole (available as Hitec® 4313 from Ethyl Corporation), 12.2 wt %

. (60.9 grams) of solvent refined bright stock base oil (Citgo 150), and 83.9 wt %
(419.6 grams) of hydro-processed 600 neutral base oil (Chevron 600N) were
20 mixed until the mixture was homogenous.

Comparative Example G

Base additive package K:

Base additive package K was prepared as follows: 69.2 wt % (346.1 grams) of
sulfurized isobutylene having 47 wt % sulfur (available as Mobilad C-100 from

25  ExxonMobil Chemical Company), 20.2 wt % (101.0 grams) of amine
dithiophosphate {as described in Salentine, U.S. Patent No. 4,575,431), 5.8 wt
% (28.9 grams) of thiadiazole (available as Hitec® 4313 from Ethyl
Corporation), and 4.81 wt % (24.0 grams) of solvent refined 100 neutral base
oil (Exxon 100N) were mixed until the mixture was homogenous.
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nol ecul ar wei ght succi ni m de et hyl ene carbonate post-treated di spersant,
150 w % (75.0 grans) of solvent refined bright stock base oil (Ctgo
150), and 78.6 10 wt % (392.8 grans) of solvent refined 600 neutral base
oil (Exxon 600N) were mxed until the m xture was honbgenous. Conparative
Example J 5.2 wt % (26.0 granms) of the base package K, 1.2 wt % (6.2 grans)
of 2300 nol ecul ar wei ght succini m de ethyl ene carbonate post-treated

di spersant, 15.0 15 wt % (75.0 gf arafile £k l Hrefl ned bright stock base
oil (GCtgo 150), and 78.6 w % ( ) vent refined 600 neutral
base oil (Exxon 600N) were mxed until the m xture was hormgenous _
Comaprative EScEWﬂI%(KSBg?am &ﬁtﬁ%ﬁ:& a%ilf&beq{f 1ohewbes B a 1.2 wt %

6.2 de de 3 t 15 %
(7520 g anb) ot Peind BRI FlocR b @ﬁﬁ‘(‘cf”c ges”rtd%zav?t%ﬁf‘s‘“ﬁs@pmsand
78.6 W % (394, SQIV@ﬂhrm’b‘ledfGO()srmmmt)asebllr@EEkcﬁO@OGN}Wé@ mb@sieurst! khd Exxon

600N) wer g mpsgeirdds h ure was honpbgenous. Conparative Exanple L
25 5.2 w % (26.0 grésnsirn@qéqqges base package K, 1.2 wt % (6.2 grans) of

pentaerythritol and polyi sobutenyl succinic anhydride (nol ecul ar wei ght
1000) ester dispersant, 15.0 wt @phhardiveh | fi solvent refined bright
stock base oil -17 (G tgo 150), 2.8 grans) of sol vent
refined 600 neutral base oil (Exxon 600N) Were m xed until the m xture was

hon‘ogengus. ]Sﬁoirmr"/atzeze fﬁhb’lb%sﬁﬁtﬁckﬁgé kaqdi M b/ geC@ h? ngsg@ls
prepared as gra uri'zed 1sobutyl ene
havi ng 47 wt "8}& éw@h‘ﬁg@gﬁﬁ‘? Fé %9“%%1 B@nate post-treated dispersant, 15.0
% (75.0 grams) of solvent refined bright stock base oil (Citgo 150), and 78.6
10 wt % (392.8 grams) of solvent refined 600 neutral base oil (Exxon 600N) were
- mixed until the mixture was homogenous.

Comparative Example J

5.2 wt % (26.0 grams) of the base package K, 1.2 wt % (6.2 grams) of 2300
molecular weight succinimide ethylene carbonate post-treated dispersant, 15.0
15 wt % (75.0 grams) of solvent refined bright stock base oil (Citgo 150), and 78.6
wt % (392.8 grams) of solvent refined 600 neutral base oil (Exxon 600N) were
mtxed untit the mixture was homogenous.

Comaprative Example K

~ 5.2wt % (26.0 grams) of the base package K, 1.2 wt % (6.2 grams) of 1000
20 molecular weight succinimide dispersant, 15.0 wt % (75.0 grams) of solvent
refined bright stock base oil (Citgo 150), and 78.6 wt % (392.8 grams) of
solvent refined 600 neutral base oil (Exxon 600N) were mixed until the mixture
was homogenous.

Comparative Example L

25, 52wt%(26.0 grams} of the base package K, 1.2 wt % (6.2 grams) of
- pentaerythritol and polyisobutenyl succinic anhydride (molecular weight 1000)
ester dispersant, 15.0 wt % (75.0 grams) of solvent refined bright stock base oil

- 47 -




100 from ExxonMobi | Chem cal Conpany), 9.4 w % (94.3 grans) of am ne

di t hi ophosphate (as described in Salentine, U S. Patent No. 4,575, 431),
12.3 W % (122.6 grans) of trilauryl phosphate (avail abl e as Duraphos TLP
from Rhodia Inc. Phosphorus & Performance Derivatives), 5.7 w % (56.6
granms) of 10 &Bl aqi azol e (avail abl e as Lubrizol (r) 5955A from Lubri zol

Cor por at i on) (CHge 120) ang(780 pa % (3978 sEme) ofseivemt refined 6Unadelheser al
base oil (Ex0(ELEHNIO0RY Werdted ditl iHe mh@urwéyﬁ&nwgénmgenou& 5.3 wt
% (901.0 grans) of the additive package above describeéd, 18.9 wt %
(3,220.0 grans) of solvent refined bright stock base oil (Gtgo 150), and
75.8 wt 15 % (12,879.0 grans) ofosalavatite Eedmmpledi600 neutral base oil
(Exxon 600N) were ,mxed until the m xture was honogenous. Conparative
Exanple N 3.0 wt % (108.0 granms) of a di-t-butyl polysulfide containing at
| east 80 wt 9% @%ar aijaddithiersampesitiaruwas geearedias dollavsi S7TTBRE BBV I.Bom

Cof i ned be gy RRsLaNUIAred RonGATRRIMavid 47 e SlrdFCaEyMBRIMBLIRPEIENt
sol vent refi H@H%%@E%é% gbil GhemicaliGorpramBnd 40t (Rér3egmime @f @ming t he
mxture was kithiophospiate (@pes@ibedan Buxtming, 0.5 LdAeheRb. 855U 101 325 As

mentioned in_ &Rk round of this applicatiaq sul fur contajnin
conmpounds ar‘eﬂhtfé,i%%%{,arﬂg}s%ﬁpﬁ%&hog%atpggw{%ﬁ BﬁQLF%p'H?SO?':eIgtﬂq?ﬂe gears
from  scori nfhotiieelnaPPh@iptbros BeBenfyrmepee Derbatives), 542wt Bs(56)8 ghadspef t he

Condi 11 ong. o repoRIRLIdiEs | AR HosAtGRIRE L Compiprand ey | 7'

condi tions of %
descri bed i nWASTIA/r2 ramehof salyent cafinash1®rpsutest base oil (Exxon 100N) were

mixed untif the mixture was homogenous.

9.3 wt % (901.0 grams) of the additive package above described, 18.9 wt %
- {3,220.0 grams) of solvent refined bright stock base oil (Citgo 150), and 75.8 wt
15 % (12,879.0 grams) of solvent refined 600 neutral base oil (Exxon 600N) were
| ‘mixed until the mixture was homogenous. ‘

Comparative Example N

3.0 wt % (108.0 grams) of a di-t-butyt polysulfide containing at least 80 wt % of
di-t-butyl tri-sulfide (available as TBPS 344 from Chevron Phillips Chemical

20 Company, 12.3 wt % (442.8 grams) of solvent refined bright stock base oil
(Citgo 150), and 84.7 wt % (3,049.2 grams) of solvent refined 600 neutral base
oil (Exxon 600N) were mixed until the mixture was homogenous.

Comparative Example O

L42 test evaluation:

25  As mentioned in the background of this application, sulfur containing
compounds are typically used in gear oil formulations to protect the gears from
scoring. The API GL-5 category specifies the 142 test method as the

- procedure for determining the load carrying capacity of the lubricant under
conditions of high-speed and shock loads.
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"Laboratory Performance Test for Autonotive Gear Lubricants Intended for
APl  G.-5 Service" available from ASTM I nternational at 100 Barr Harbor
Drive, PO Box Cr700, Wst Conshohocken, PA 19428-2959 and is incorporated
herein for 5 all purposes. Conparative Exanple A (having an organic
polysul fide containing a m xture of di-tertiary-butyl tri-, tetra-, and

pent a- sul fi dghedd@ thaprogedireds desétbad iRASTM %echhical Bublictibh B yPHILA |

contai ning a FAEPPRROTANE FATB AnPalolft s Bt GdnariRe B bt °°

di -t-butyl t 3-8 Rerviee)avsiiabie droah AaTad litarrationakst 108sBarr Gznper Bive,ePExanpl e
A\ passed, e seAIRE el b BERL A, £ 6 hacd 86 f BRbyp ARl igh (5>

oi | addi tjsve go osition was preparéd as

grans) of 2an@PYdIS€Spol ysul fide containing a mixture of di-tertiary-butyl
tri-, tetra-, and penta-sulfide and having greater than 50 wt %

di-terti - tetra- | fi I | abl e as, TBPS 454 fr.om Chevron

B 111 ps. Chesorareie Saritte A iyt Soarine oyrundy containinga mixiure of

di t hi op?osphdt—@rldafg-bdlé)dttni-i. tetch-j ancBpbetatsuiide, addhavite) grelatd¥ahad 504kt %31) ,
iyl Cor vor o7 oo A BT bR A e R Bl iaBakbaEh 3. 5 o o6
(456. 0 gr ansPrasniq prlysjdtde eontatmitg aidi-ebutyhpolysuifida cdetmining atlesdsd 8o wt 12. 2

wt % (1,-463. O9 ) { | Il base oil (G tgo 150),
and0 84.0 wt 4??%130138%}'5'%3%?}9;“’%?& E%Q%@Sr'gﬁ%ggg?%%o neutral base oil 25

(Chevron 600N) were m xed at 130 OF until the m xture was honbgenous.

- (I;x?ggldf e72 A GeatpatativeaEicinpi A SASRRBhEI LM 1aad ERAFPIL R¥afiQ ivban 52. 9 W
0 U test,

Example 1

_ A gear oil additive composition was prepared as follows: 63.7 wt % (318.4

15 - grams) of an organic polysulfide containing a mixture of di-tertiary-butyl tri-,
fetra-, and penta-sulfide and having greater than 50 wt % di-tertiary-buty! tetra-
sulfide (available as TBPS 454 from Chevron Phillips Chemical Company),
28.4 wt % (142.1 grams) of amine dithiophosphate (as described in Salentine,
U.S. Patent No. 4,575,431), 7.9 wt % (39.5 grams) of thiadiazole (available as

20  Hitec® 4313 from Ethyl Corporation), were mixed until the mixture was
homogenous.

3.8 wt % (456.0 grams) of the gear oil additive composition described above,
12.2 wt % (1,464.0 grams) of solvent refined bright stock base oil {Citgo 150),
and 84.0 wt % (10,080.0 grams) of hydro-processed 600 neutrat base oil

25  (Chevron 600N) were mixed at 130 °F until the mixture was homogenous.

Example 2

A gear ot additive composition was prepared as follows: 52.9 wt % (264.7

grams) of an organic polysulfide containing a mixture of di-tertiary-butyl tri-,

tetra-, and penta-sulfide and having greater than 50 wt % di-tertiary-butyl tetra-
30  sulfide (available as TBPS 454 from Chevron Phillips Chemical Company),
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granms) of an organic polysulfide containing a mxture of di-tertiary-butyl
tri.-, tetra-, and penta-sulfide and having greater than 50 wt %
di-tertiary-butyl tetra 30 sulfide. (available as TBPS 454 from Chevron
Phillips Chem cal Conpany), -19 30.9 w % (154.4 grans) of am ne

di t hi ophosphate (as described in Salentine, U S. Patent No. 4,575,431),
8.8 Wt % (44.30.9whs(154{4 ghinaliciaaiise ewaph@émataﬁas bﬁé@@éa)un%tfn@om

Eteﬂty'ralcoﬁggref“%??p%@mﬁ F L S G T BP bl Pl S
homogenous. $litec@k43%3(frBe. HihyrCorppratibn), emdgedwidh [(36.8diramed of saipest t i on
descri bed abeyfhed b Reitta A‘%}%égﬁ&?x%l?g@(ﬁ@%wnge @g!%@;iﬂ{t) R ARGt St ock

base oi l é o 150 sol vent i ned 600
neutral b f1oge %%n 600N) were mixed until the mxture was hom)genous
10 Exanple 3 Base additive package J Base additive package J was prepared

as follows: ( ) an organi c sul fide contalnlng a
m xture of d:‘:‘3 ‘Z’Fp{%‘iﬁﬁms qa?he 9@? %\“ addjfive cogRe '9 deseribethab®yi ng

gr ea]E er tgﬁn 1503wt%0/()13125ﬁlgtarasyeﬂfsﬁ!\xénttr@ﬁﬁe@{-mdﬁtIsd:ﬁ;kltﬁas(eém aidigpel B5ms T]?PS
454 from Che R | an ms 0]
anine dit hi o\é 8% é\v{ % ?1%‘@@% ):Icf‘%gi t ﬁt@n%g()(gngu?ralﬁsgnaﬂ %x

4,575, 431), QOQN eng (ﬂ@&dzuryﬂ&mmm&rQWBaﬂoamgleeo(mval lable as Hitec(r)
4313 from Et hyl Corporation), and 7.4 w % (73.6 grans) of solvent refined
100 neut{]@l base oil (Exxon 100N) were m xed until the mxture was 20

honogenol$. - Exanple 4 3.4 wt % (17.0 Example Hf the base package J, 1.2 wt %
(6.2 grans) of 1300

Base additive package J:

-Base additive package J was prepared as follows: 52.9 wt % (529.4 grams) of
an organic polysulfide containing a mixture of di-tertiary-butyl tri-, tetra-, and
penta-sulfide and having greater than 50 wt % di-tertiary-butyl tetra-sulfide

15 (available as TBPS 454 from Chevron Phillips Chemical Company), 30.9 wt %
(308.8 grams) of amine dithiophosphate (as described in Salentine, U.S.
Patent No. 4,575,431), 8.8 wt % (88.2 grams) of thiadiazole (available as

Hitec® 4313 from Ethyl Corporation), and 7.4 wt % (73.6 grams) of solvent

" refined 100 neutral base oil (Exxon 100N) were mixed until the mixture was
20  homogenous.

Examglé 4

3.4 wt % (17.0 grams) of the base package J, 1.2 wt % (6.2 grams) of 1300
molecular weight succinimide ethylene carbonate post-treated dispersant, 15.0
wt % (75.0 grams) of solvent refined bright stock base oil (Citgo 150), and 80.4
25wt % (401.8 grams) of solvent refined 600 neutral base oil (Exxon 600N) were
. mixed until the mixture was homogenous.

Example 5

3.4 wt % (17.0 grams) of the base package J, 1.2 wt % (6.2 grams) of
pentaerythritol and polyisobutenyl succinic anhydride (molecular weight 1000)
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nol ecul ar wei ght succi ni m de et hyl ene carbonate post-treated di spersant,
150 w % (75.0 grans) of solvent refined bright stock base oil (Ctgo
150), and 80.4 25 wt % (401.8 grans) of solvent refined 600 neutral base
oi | (Exxon 600N) were mxed until the m xture was honogenous. Exanple 5
3.4 w %(17.0 grams) of the base package J, 1.2 wt %(6 2 grans) of

pent aer yt hri tedteadigpsrohit, $90UERY(7 5 hﬂs‘ %f@ﬁl‘?éﬁﬂeﬁﬁ PﬁPéf'o@f( }é@é% t

1000) -20 es er Y0 gr ans) vent I ne

bri ght stock @@8%‘% T@Héd‘ﬁég‘}& Qﬁé‘g"ﬁﬁ) Qf%“’@%t(%@le%s%q ARl ad?as§ol vent
refined 600 r@uffebn bASH) werd mpedantil GRONIxtwerwagthyedgenbid. the nixture was
honmogenous. Exanple 6 5 3.4 wt % (17.0 grans) of the base package J, 1.2 w
% (6.2 grans) of a highly over-based m xture of phenate and sali cyI ate,
15.0 wt % (75.0 grans) of solvent refixagwidbi ght stock base oil (Citgo
150), and 80.4 wt 9% (401.8 grams) of solvent refined 600 neutral base oil

(Exxon 60QN) o d unti] the mxture was honogenous. 10 Exanple 7 3.4
w % (17. g‘yf\%r‘é)°&i<7ept9éa'5§}s@ftb§ch€é9@a§kagﬁé We wh %A8. Bgrgmeys) adfighly

pol yi sobut en)dvemee@nﬁxt&ﬂﬂhd Hehauté BRY S8ldyidte VPS5 ORYt ‘% 99)0 f‘nsﬁgwgg% (74.0

f | d. %
(356.5 gr am) oL S wﬁh%&% (358 O (ta bbb ACS v &@b@mmre ’
m xed 15 untdfisoivest mfmed@@met@bbmom(BaoﬁmﬂN)ev&e%&emrﬁﬁ {hk7. 0 grams)

of the base pﬁﬁﬁﬁg % (6.2 grans) of 2300 nol ecul ar wei ght
succi ni m de ethyl ene Cé)}%%% Ouépost treated dispersant, 15.0
10 Example 7

- 3.4 wt % (17.0 grams) of the base package J, 2.5 wt % (12.5 grams) of a
polyisobutenyl succinic anhydride (molecular weight 2300), 14.8 wt % (74.0
grams) of solvent refined bright stock base oil (Citgo 150}, and 78.3 wt %
(396.5 grams) of solvent refined 600 neutral base oil (Exxon 600N} were mlxed

15 until the mixture was homogenous.

Example 8

3.4 wt % (17.0 grams) of the base package J, 1.2 wt % (6.2 grams) of 2300
molecular weight succinimide ethylene carbonate post-treated dispersant, 15.0
- wt % (75.0 grams) of solvent refined bright stock base oil (Citgo 150), and 80.4
20wt % (401.8 grams) of solvent refined 600 neutral base oil (Exxon 600N) were
mixed until the mixture was homogenous.

Example 9

3.4 wt % (17.0 grams) of the base package J, 1.2 wt % (6.2 grams) of 1000
molecular weight succinimide dispersant, 15.0 wt % (75.0 grams) of solvent

25  refined bright stock base oit (Citgo 150), and 80.4 wt % (401.8 grams) of
solvent refined 600 neutral base oil (Exxon 600N) were mixed until the mixture
was homogenous.
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w % (75.0 grans) of solvent refined bright stock base oil (Gtgo 150), and
80.4 20 wt % (401. 8 grans) of solvent refined 600 neutral base oil (Exxon
600N) were mxed until the m xture was honbgenous. Exanple 9 3.4 wt %
(17.0 grans) of the base package J, 1.2 wt % (6.2 grans) of 1000 nol ecul ar
wei ght succini m de di spersant, 15.0 wt % (75.0 grans) of solvent 25
refined bright stock base oil (Gtgo 150), and 80.4 wt % (401.8 grans) of
sol vent refined 600 neutral base oil %%gég?om were mxed until the

m xture was honbgenous. -21 Exanple oi | additive conposition was
prepared as follows: 51.4 wt % (514.3 granms) of an organic polysulfide

cont ai ni ng a Angedruriieadafitive cdnﬁﬁdshtﬂfrb’w@élpbépa'fr@d as félﬁimfsaﬂ @W@ /{3?3‘143 gsul fide
and havi ng e QFE‘&SOM % di-tertiar E}?é te su
ARl ARt taAe St e ot 4ciﬁwytyi tha, 3 we %

(avail abl e -a

(142.9 gransfetts, and pentdisutilidephind hhahg grestedgarstoat % oi-Satiapiiund tetral S.
(avai | abl igéﬁeﬁg‘@“abﬂes%‘p THEs clien GieAORbrlinnFhe a“r%é%fﬁﬁt? ce”
Derivatives) ] oif! 4%9 gsn®) of amine dithiohhestilate (as dawuheaihhéaientlne

Lubri zol (r) msasétammomslmw:moia g@ﬁppr(féé(?%}aq‘nggﬁgtr&ad’l‘&l dsphicd orams)

of sol vent r?f I&'ﬂﬁ r?<1§38 uttal ’base oi antil the
m xt ure was g Uraﬁhgs\m—P%?'Bﬁ‘®'@F@rrﬂ10§Ph@h@ SgE’foOUﬂBna@m tive
bri Bht . Si0ckohace gl (O b an (aar aransPofiahTadh IS o RO ) of
i 0
sol 8ent ?gf i ng$€gghhle'§}? 885%%'?58‘?“) ?(fléﬁ%rwf Bddiyt 9@5"&5@%@5’% f@ﬁ”eﬂhe
ni xture was MBpgeimalimse oil (Exxon 100N) were mixed until the mixture was
homogenous.

3.5 wt % (630.0 grams) of the gear oil additive composition described above,
19.3 wt % (3,474.0 grams) of solvent refined bright stock base oil (Citgo 150),
15 and 77.2 wt % (13,896.0 grams) of solvent refined 100 neutral base oil (Exxon
- “100N) were mixed until the mixture was homogenous.

Example 11

3.4 wt % (17.0 grams) of the base package J, 0.5 wt % (2.5 grams) of a
dispersed hydrated alkali metal borate (available as OLOA 9750 from Chevron

20  Oronite Company), 15.1 wt % (75.6 grams) of solvent refined bright stock base
oil (Citgo 150), and 81.0 wt % (404.9 grams) of solvent refined 600 neutral
base qil (Exxon 600N) were mixed until the mixture was homogenous.

Example 12

3.4 wt % (17.0 grams) of the base package J, 2.5 wt % (12.5 grams) of a

25  polyamide ashless dispersant (available as OLOA 340D from Chevron Oronite
Company), 14.8 wt % (74.0 grams) of solvent refined bright stock base oil
(Citgo 150), and 79.3 wt % (396.5 grams) of solvent refined 600 neutral base
oil (Exxon 600N} were mixed until the mixture was homogenous.
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Exanple 11 3.4 wt % (17.0 grans) of the base package J, 0.5 w % (2.5
grans) of a dispersed hydrated al kali netal borate (available as OLOA 9750
from Chevron 20 Oronite Conpany), 15.1 w % (75.6 grans) of sol vent
refined bright stock base oil (Ctgo 150), and 81.0 wt % (404.9 grans) of
sol vent refined 600 neutral base oil (Exxon 600N) were m xed until the

m xture was honogenous. Exanple 12 3.4 wt % (17.0 grans) of the base

package J, 2.5 wt % (12.5 grans) of a&ydpfelgam de ashl ess di spersant
(avail abl e as OLOA 340D from Chevr on‘TonmiFl e Conpany), 14.8 wt % (74.0

grans) of solvent refined bright stock base oil (G tgo 150), and 79.3 wt %
(396. 5 gr ansedbreahceetaluatiomed 600 neutral base oil (Exxon 600N) were
m xed until the m xture was honpbgenous. -22 Exanple 13 Perfornance

eval uation: Conparative Exanples A-Mand Exanples 1-12 were eval uated

fol | owi ng t heompeETalive: Brovuples AA-\ aod ékarmples t—1Rinere estluatedsitpingthet he

| ubricant wagsql ' t ad i L r.,gears, a
t est bearé'ng, aggggggoggtggfp@aciégﬁieg?}ﬁﬁgeﬁ?,ﬁg?@gﬁﬂmggqﬁ%%%aﬁ{é @%%e and
the gear s° wele? Bpaiesigadr cape cootaiting dvaspyr gerIsea testdeariogdanthed wpeed

condi ti ons. éatalyedsTHUDBHGSht WiOhEted th1825 vPEngaRE [gr%%f%@ﬁﬂgéﬂa@ﬁ%f&te and

~ the bulk oil Qﬁ;.rraer turﬁtof the lu rlaant was ,con | ou ut the
test. ParanmePerg RRLPOP eEpHISHpAd gn iSPeed caagitiona: Abwasthubbled Hirpugh ver e
VAIi scosity i n&l%abecaﬂtr%alapﬂ&bé‘&diratetd;]lﬁj theisulR ofl ,tederatgn%aéf tﬁb%ﬁdaﬂﬁﬁs- I
so, as par K opper catalyst percent . weight |oss
‘based upon tﬂggfgﬁ‘g@#ﬁ &%‘@ﬁ’?‘f Eﬂe {eﬁg ﬁc%gﬁ'&?e@tqﬁeﬂ%%‘%"?q%ﬂm% . The
copper wHI ghdegradationaiier testiny wareviscosityinppase dasolubles infthe heed ef} and
ubricants. gear cleanliness. Also, as patt of the test report, the copper catalyst percent
weight loss basqd upon the original weight of the copper strip was reported.
The copper weight loss result indicates the copper activity of the test lubricants.

A copy of this test method can be obtained from ASTM International at 100

15 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959 and is
herein incorporated for all purposes.

The performance results are presented in Table 1.

Table 1
ASTM D-5704 Copper Catalyst
Weight Loss (%) '
Comparative Example A 17.4
Comparative Example B 16.8
Comparative Example C 19.2
Comparative Example D 16.8
) Comparative Example E- 15.4
Comparative Example F 16.6
Comparative Example H 13.2
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A copy of this test nethod can be obtained from ASTM I nt er nati onal

15 Barr Harbor Drive, PO Box C700, West Conshohocken,
herein incorporated for all purpose

at 100

PA 19428-2959 and is
s. The performance results are presented

itive
3.3

in Table 1. Table | ASTM D-5704 Copper Catalyst Wight Loss (%
Conparative Exanple A 17.4 Conparative Exanple B 16.8 Conparative Exanple
C 19.2 Conparati v . | Conpgrative Exanpl 15.4 Conpar 3
Example F 16.6 Co(r?r%a %‘g%\%g%ﬁﬁﬁ}é H 13.|12 -23 Conpar i?E’ve Exanple | 1
Conpar ati ve tive HBxanple K 13.7 npar ati ve Ex3

L 13.9' Com

ot a1 SRR ERR D

Exanpl

el 11.0 Exa

e 2 8.8 Exany

\npl e
le 4

6.0 Exanpl g

P 2 O %omEﬁ(aarraTR\lfeeEQar%bPe K

Exanpl

e 76.0

13.7
| Comparative Example L 13.9
Comparative Example M 14.0
Example 1 11.0
Example 2 8.8
Example 4 6.0
Example 5 5.5
Example 6 6.0
Example 7 6.0
Example 8 5.3
Example 9 6.5 -
Example 10 59
Example 11 4.5
Example 12 4.7

The results presented in Table 1 demonstrate that the compositions of the
‘present invention (Examples 1-12) provide low copper corrosion as evidenced
by the significantly lower percent copper weight loss when compared to the

Comparative Examples A-M.
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Exanple 8 5.3 Exanple 9 6.5 Exanple 10 5.9 Exanple 11 4.5 Exanple 12
4.7 The results presented in Table 1 denonstrate that the conpositions of
the present invention (Exanples 1-12) provide | ow copper corrosion as
evidenced by the significantly | ower percent copper weight |oss when
conpared to the Conparative Exanples AAM -24 Clainms: 1. A gear oi

addi tive conposition conprising: a) an organi c pol ysul fi de containing
greater than 30 wt % of a dial kyl polysulfide conpound or m xture of

di al kyl pol ysul fide conmpounds of the formula: R - (S)X - R2 wherein Rl
and R2 argdipdependently an al kyl group of 4 to 12 carbon atons and x is 4-
or greater; b) a thiadiazole; and c) at |east one ashless

phosphor us-cont ai ni ng wear inhibitor conpound. 2. The gear oil conposition

- accordi ng,tq_cAgleg}gm ?WE(,glcgmggghsqggﬁ}?h;na conprises from35 to 75 Wt %

of the organic l'ysu of the thiadiazole, and 5.0 to
40 wt % of the ashl ess phosphorus- containing wear inhibitor compound. 3. A

~gear ol | adgt i vanGhgmagbblRNirae eBhtlifify bRdibathgh f
corrprl Si ng a d| spgr sant Ebl@ﬁtlllve se : 'tg%gR:T rom-t ?ﬁ&to?fp fc?l(;‘iﬁé. gtl ng of
o polysuifide compound or mlxture of dialkyl polysulfide compounds of

the formula:
R1-(8kx—-Ro

wherein Ry and R; are independently an alkyl group of 4 to 12

carbon atoms and x is 4 or greater;
b) a thiadiazole; and
c) at least one ashless phosphorus-containing wear inhibitor compound.

2. The gear oil composition according to claim 1, wherein the composition
-comprises from 35 to 75 wt % of the organic polysulfide, 0.5to 15 wt %
of the thiadiazole, and 5.0 to 40 wt % of the ashless phosphorus-

containing wear inhibitor compound.

3. A gear oil additive composition according to claim 1 or 2, further
comprising a dispersant additive selected from the group consisting of
alkenyl succinimides, alkenyl succinimides modified with other organic
.compounds, alkenyl succinimides modified by post-treatment with
ethylene carbonate or boric acid, pentaerythritol alkenyt succinates,
phenate-salicylates and their post-treated analogs, alkali metal or mixed
alkali metal, alkaline earth metal borates, dispersions of hydrated alkali

metal borates, dispersions of alkaline-earth metal borates, polyamide
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al kenyl succini m des, al kenyl succinimdes nodified with other organic
conpounds, al kenyl succinimdes nodified by post-treatnent with ethylene
carbonate or boric acid, pentaerythritol al kenyl succi nates,

phenat e-sal i cyl ates and their post-treated anal ogs, al kali metal or m xed
al kali metal, alkaline earth netal boraces, dispersions of hydrated al kali
netal borates, dispersions of alkaline-earth netal borates, polyamde 25
ashl ess dispersants, or mxtures of such dispersants. 4. A gear oil

addi ti ve conposashlessdiapesadtsngr nixtatesi ohsdch Wspeedamtd.he di spersant additive
is present in arange from3.0 to 45 w % 5. The gear oil additive
conposition according to any one of the preceding clains, wherein the

or gani ¢ pol ysuhAfgede oiIadpitiesenmpbsﬁinnzaﬁcomlir@towtlalm36uhé?em thear oil additive

conposi tion acg ording to.any. one of .cl ai ns gin the organic
pol ysul fide is IBPE’?é’ﬂ a%‘@‘ﬁ%’?(?r?%er%@ firange I‘}oml-ﬁij @egwi) addi tive
conposi tion according to any one of the preceding clains, mherein t he
.organi ¢ pol ysu sat t 40 wt. % of the |aIk sul fide
conpound” o i Tk FEaCAT o Forpbigion Avetingf aplie otute RireeliRg o1
additive corrpoelatnns;rwrmv@mrtﬁle BEgdric polys@fide Rf prekéntTrond 491b, wherein the
organi c polysulfide contains at |least 50 wt % of the dialkyl polysulfide

conmpound or mi 4 Wtee-of di al kyl polysul fide conpounds. 9. The gear oil
additive conmposition according to any one of clains 1 to 6, wherein the
organi c pol )éli]u_l_(fl de con i.ns at least 55 wt % of the dial kyl polysulfide
~ conpound or i I?‘?J_Q%aroq‘ Giiyg Fomppsilian ?‘F‘H’éd'BEr?%@UM@ﬁeoi@almﬁé tgcar oi |

- addi tive conpaghéreffihacigasit pBIysRifdBYs BR:seAT frbfe 581685 ¢t

- 7. The gear oil additive composition according to any one of the preceding
- claims, wherein the organic polysulfide contains at least 40 wt % of the
dialkyl polysulfide compound or mixture of dialkyl polysulfide

compounds.

8. The gear oil additive composition according to any one of claims 1 to 6,
wherein the organic polysulfide contains at least 50 wt % of the dialkyl

‘polysulfide compound or mixture of dialkyl polysulfide compounds.

9. The gear oil additive composition according to any one of claims 1 to 6,
wherein the organic polysulfide contains at least 55 wt % of the dialkyl

polysulfide compound or mixture of dialkyl polysulfide compounds.

10. The gear oil additive composition according to any one of the preceding
claims, wherein Ry and R; are independently an alkyl group of 4 to 10

carbon atoms.

11. The gear oil additive composition according to any one of claims 1 to 9,
wherein Ry and R; are independently an alkyl group of 4 to 6 carbon

atoms.
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clainms, wherein R and R2 are independently an al kyl group of 4 to 10
carbon atons. 11. The gear oil additive conposition according to any one of
claimse 1 to 9, wherein R and R2 are independently an al kyl group of 4 to
6 carbon atoms. 26 12. The gear oil additive composition according to
claim10 or 11, wherein R and R2 are each a tertiary-butyl group. 13. The
gear oil additive conposition according to any one of the preceding

clainms, wherein x is 4 to 8. 14. The gear oil additive conposition

accor di ng t olZihhe grer oif additivareorhipositidr? accortiimgedo rwlaimi 10 @ 1) wheréld. The gear

oil additive c i$ion accordin 0, any one of the preceding clains,
wherein the Orgg%ﬁﬁ %oﬁ%?@%iacfgn‘a@"hf@fg'h%pary- butyl polysulfide. 16. The
gear oil additive composition according to any one of clains 1 to 14,
wherein the i fide is.a mxture Qf di-tertiary-butyl-tri-,
tetra-, andﬂggﬁ‘%}g%gﬁﬂ %@@{‘Vﬁg‘?mﬁﬂ%ﬁ%a?c%ﬂ'ﬁgiac’ﬁ“é/ i Oéé%ﬁgqcpp accor di ng
to any one of tlhimgnderédinngs ¢k@8ns, wherein the thiadiazole is present
from0.7 to 12 W % 18. The gear oil additive conposition according to any
one of clains 1 to 16, wherein the thiadiazole is present from1.0 to 10
W % 19. Thel. Geagean il addliiid d@mpesNO'S atdaddingde @ndliong df @lawmy 1oee120f t he
preceding claips, . wherei n7the t hi adi azol e conpri ses at |east one of 2,5-

i,

di mer capt o- 1, 3WVACHEN X 4281%: 2- ner capt o- 5- hydr ocar byl t hi o- 1, 3, 4-
t hi adi azoles; 2-mercapto-5-hydrocarbyl dithio-1,3,4-thiadi azoles; 2,5-

[ hi o) - - bi | di thio)-1,3, 4-thiadi azol es.
bi s( hydrocar@y.l.ﬁe Igggr oiﬁggditlz\/’eSCo%pséswc?nr ggc%rrgi g% tan;/%)ne o’f:t)’ﬁe p}eclegigllgazo es

- claims, wherein the organic polysulfide is di-tertiary-butyl polysulfide.

.. 16. The gear oil additive composition according to any one of claims 1 to 14,
wherein the organic polysulfide is a mixture of di-tertiary-butyl-tri-, tetra-,

and penta-sulfide.

17.The gear oil additive composition according to any one of the preceding

claims, wherein the thiadiazole is present from 0.7 to 12 wt %.

18. The gear oil additive composition according to any one of claims 1 to 16,
wherein the thiadiazole is present from 1.0 to 10 wt %.

19. The gear oil additive composition according to any one of the preceding
claims, wherein the thiadiazole comprises at least one of 2,5-
dimercapto-1,3,4-thiadiazole; 2-mercapto-5-hydrocarbylthio-1,3,4-
thiadiazoles; 2-mercapto-5-hydrocarbyldithio-1,3,4-thiadiazoles; 2,5-

- bis(hydrocarbylthio)- and 2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazoles.

20.The gear oil additive composition according to any one of the preceding
_claims, wherein the ashless phosphorus-containing wear inhibitor

. compound is present from 7.0 to 35 wt %.
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20. The gear oil additive conposition according to any one of the preceding
clainms, wherein the ashless phosphorus-contai ning wear inhibitor conpound
is present from7.0 to 35 W % 27 21. The gear oil additive conposition
according to any one of clains 1 to 19, wherein the ashless
phosphor us- cont ai ni ng wear inhibitor conpound is present from10 to 35 wt
% 22. The gear oil additive conposition according to any one of the
preceding clains, wherein the ashl ess phosphorus-contai ni ng wear i nhibitor
conpound i s 24t Thegsar ahadditivepcampositidreacaidihg donanh engrad glairmerisositd, ng  of ~an

am no phosphorus conpound and.a trial kyl phosphite. .23. The gear. oil
addi tive co’rrpO‘gﬁ?rieHh S }%ﬁsr@otsgﬁc&quarcymnﬁp{unmilW\lﬁlﬁg Cog?ﬁog'@%dﬁosphorus
conpound i s anpreeest fidth oPNRSEHat €. 24. The gear oil additive conposition

according to claim 22, wherein the ¢trialkyl phosphate is trilauryl
phosphite. 25. The gear oil additive conposition according to claim 24,

wherei n the 22t Thd gesindil aiiBRNEdrepsMirbadtording k@ aay ohe ofthdprebetiing Structure

(RO3 P, wherein Ris a hydrocarbyl of 4 to 24 carbon atons. 26.A gear oil

“conposition cof@iMSswhgreinthe askipsy Phapsaherusseortainigewean inBLItPhbr i cat i ng

vi scosity; anddmpdhrd 8%k }@AEH% oBinpBuA@SLieBled f?&lﬁiﬂtéér YRoUpH RGO

conprising: (1) an organic po e containing 0wt % of
a -dial kyl polgsfan dmine phospbomng compriundane afriatkiyhphgsphitel ysul fi de
conpounds of the formula: R1-(S), -R2 wherein RL and R2 are independently
an al kyl group of

o . 23.The gear oil additive composition according to claim 22, wherein the

amino phosphorus compound is amine dithiophosphate.

24. The gear oil additive composition according to claim 22, wherein the

trialkyl phosphate is trilauryl phosphite.

25.The gear oil additive composition according to claim 24, wherein the
- trilauryl phosphite contains at least 75 wt % of the structure (RO)s P,
wherein R is a hydrocarbyl of 4 to 24 carbon atoms.

26. A gear oil composition comprising:
a) a major amount of a base oil of lubricating viscosity; and
b) a minor amount of a gear oil additive composition comprising:

(i) an organic polysulfide containing greater than 30 wt % of a
dialkyl polysuifide compound or mixture of dialkyl polysulfide

compounds of the formula:
R1-(Sk— R

wherein Rq and R; are independently an alkyl group of
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28 4 to 12 carbon atons and x is 4 or greater; (ii) a thiadiazole; and
(ii1) at least one ashl ess phosphorus-containing wear inhibitor conpound.
27. The gear oil conposition according to claim 26, wherein the conposition
conprises fromO0.1 to 3.6 w %of the organic polysulfide, 0.01 to 0.6 w

% of the thiadiazole, and 0.1 to 2.5 w % of the ashless phosphorus-

cont ai ni ng wear inhibitor conpound. 28. The gear oil conposition according
to claim26 or 27, further conprising a dispersant additive selected from

the group consisting t&ﬁz%gh%?yéton%%gf Pismﬁ%?%’r/ &Q(enyl succi ni m des
conpounds, al ke ¥

nodi fied with other organic Succi ni m des nodified by
post-treatnent with ethylene carbonate or boric acid, pentaerythritol

al kenyl succinatgg pRhepAiSokalangy! ates and their post-treated anal ogs,

al kali metal or mxed alkali netal, alkaline earth netal borates,

di spersion of hydrated alkali netal borates, dispersion of alkaline-earth

~nmetal borates, pgiiyaniatdRastshié asisieds pRESSHINS coMttinmg eaemhiito uch .
di spersants. 29. The gear il, composition according to claim28, wherein

oi |
the dispersant addit 98P esent in a range fromo0.1 to 2.7 wt % 30.
The gear oil conposition according to any one of clains 26 to 29, wherein

th [ £l I : 5 " ] ear oil
(e or 9301 © AOTKSULL) S SpSRAE ek IR0 Sl bt B dlpgesr ©
~pol ysul fi de i scynedsasremobal o .6 wt 2% of e organig polysulidge 4x.0bid 0.6omposi ti on

according to afyofAne t1hdiakAeMBndD.§ % 35 wt %%f the ashless phosphorus-

containing wear inhibitor compound.

28.The gear oil composition according to claim 26 or 27, further comprising
a dispersant additive selected from the group consisting of alkenyl
succinimides, atkenyl succinimides modified with other organic
compounds, alkenyl succinimides modified by post-treatment with
ethylene carbonate or boric acid, pentaerythritol alkenyl succinates,
phenate-salicylates and their post-treated analogs, alkali metal or mixed
alkali metal, alkaline earth metal borates, dispersion of hydrated alkali
metal borates, dispersion of alkaline-earth metal borates, polyamide
ashiess dispersants, or mixtures of such dispersants.

29.The gear oil composition according to claim 28, wherein the dispersant
additive is present in a range from 0.1 to 2.7 wt %.

30.The gear oil composition according to any one of claims 26 to 29,
wherein the organic polysulfide is present from 0.6 to 2.5 wt %.

31.The gear oil composition according to any one of claims 26 to 29,
‘wherein the organic polysulfide is present from 1.5 to 2.2 wt %.

32.The gear oil composition according to any one of claims 26 to 31,
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wherein the organic polysulfide contains at |east 40 wt % of the dial kyl
pol ysul fide conmpound or m xture of dialkyl polysulfide conpounds. 33. The
gear oil conmposition according to any one of clains 26 to 31, wherein the
organi ¢ pol ysulfide contains at |east 50 wt % of the dial kyl polysulfide
conpound or m xture of dialkyl polysulfide conpounds. 34. The gear oi
conposition according to any one of clains 26 to 31, wherein the organic
pol ysul fide contains at |east 55 w % of the dial kyl polysulfide conpound

or mxture of WheeliViheRRhNsk ﬁglggw@er@ﬂm t 183st 40\t 4G hg dhalgpPOST L on

according to any one er elrn
i ndependent | y RAYSUIAR CQipRRHNGS 'H'Xltlﬂ'eﬂf)d@é‘%ﬁﬁwsﬂkﬁéﬁﬁor@@uncﬂﬁe gear oil
conposition according to any one of clains 26 to 34, wherein R and R2 are

i ndependent | n al kyl., group.of 4 to, ar bon ) e gear oil
corrpgsi ti on%cﬂlﬁ’ ‘?{y It‘g)"%ﬁ‘f%tlﬂ?eacc?Pr‘@F%?%”QQ"?éQ%Bms%é?g?n gR and R2 are
each ? tfartl arwhéretry%egrrgmﬂc pB&sulTHe Egaminsaatlleastrﬂmm Y% @Tﬁ?e@m;ﬂll ng to any
one of cl.ainms i nxi t ear Qi onposi tion
reordi gt o ARyt compB LSyl diaidp pollSFindE BorPopgiS ™50  The gear

oi | conposition according to any one of clainms 26 to 39, wherein the

organi ¢ pol éﬁ“ﬂé@&n'o?lc% os‘it&f AGDKGRGY anpBh BHLEIME 6 181 The gBar ol

conp05|t|on accor one 0 etein the
organi ¢ pol ysu¥hergia § OégaﬁIRPQ%UfﬁdB @ppiaing atdegstihit i %tofithe diadtWa-,  and

pent a- sul fi de.polysulfide compound or mixture of dialkyl polysulfide compounds.

35. The gear oil composition according to any one of claims 26 to 34,
wherein Ry and R; are independently an alkyl group of 4 to 10 carbon
atoms.

36. The gear oil composition according to any one of claims 26 to 34,
wherein Ry and R; are independently an alkyl group of 4 to 6 carbon
atoms.

37.The gear oil composition according to any one of claims 26 to 36,
wherein R1 and Rz are each a tertiary-butyl group.

38.The gear oil composition according to any one of claims 26 to 37,
wherein xis 4 to 8.

39. The gear oil composition according to any one of claims 26 to 37,
wherein xis 4to 7.

40. The gear oil composition according to any one of claims 26 to 39,
wherein the organic polysulfide is a di-tertiary-butyl polysulfide.

41. The gear oil composition according to any one of claims 26 to 39,
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42. The gear oil conposition according to any one of clainms 26 to 41,
wherein the thiadiazole is present fromO0.05 to 0.4 wt % 43. The gear oi
conposition according to any one of clains 26 to 41, wherein the

t hi adi azole is present fromO0.1 to 0.3 w % 44. The gear oil conposition
according to any one of clains 26 to 43, wherein the thiadiazole conprises
at | east one of 2,5-dinercapto-1, 3,4- thiadiazole;

2- mer capt o- 5- hydr ocar byl t hi o- 1, 3, 4-t hi adi azol es; 2-

mer capt o- 5- hy it hi0- -t hi adis T Y 1d ar byl t hi o) -
and 2, 5-bi s( h%ﬁ%’%g%?fgéfg?’?{?&’“’%“@d% AiRRRe SPur-@rry %ﬁ@“ﬁeﬁ’*‘%ﬁﬁ |
conposi ti on ac¥¥tpemg-sulfidgny one of claims 26 to 44, wherein the ashless
phosphor us-cont ai ni ng wear inhibitor conmpound is present fromO0.2 to 1.7
w % 46. T ear oil . conposition agcording to any one of clains 26 to 44,
Wher ei 1t he 125 Fe Be AiSENBSS SRR o 0B anS RIS 86 16 dipound | <
present from Owherein theZhiatiisffoledig prddemt @eal 0003 toc@AR@skht i on according to any
one of clai.nms 26 to 46, wherein the ashl ess phosphorus-containi ng wear

i nhi bitor conpound is at |east one conpound selected fromthe group
consi sti ng d@B. Hre gedanml cqppssitioor accocding dwady and ohclaimalByd 4phosphite. 48.

The gear oi| GoUmAR] fEqRaARSBIL Meddy fhAl ) o, ¥AgrAI 0 the ani no

phosphorus conpound 1's am ne phosphaté e gear oil conposition
according to claim47, wherein the trialkyl 31 phosphite is trilauryl

phosphite. Q. THGe I cohposiRimPRoldIAG t@ﬁﬁf&ﬁé B clafn& bBitgu49, wherein the
trilauryl phosphite contajns at |east™ 75 % of the structure (RO 3 P,
wherein R wherein the thiadiazole comprises at least one of 2,5-dimercapto-1,3,4-
' ~thiadiazole; 2-mercapto-5-hydrocarbylthio-1,3,4-thiadiazoles; 2-
mercapto-5-hydrocarbyldithio-1,3,4-thiadiazoles; 2,5-

“bis(hydrocarbylthio)- and 2,5-bis(hydrocarbyidithio)-1,3,4-thiadiazoles.

45. The gear oil composition according to any one of claims 26 to 44,
wherein the ashless phosphorus-containing wear inhibitor compound is
present from 0.2 to 1.7 wt %.

46. The gear oil composition according to any one of claims 26 to 44,
wherein the ashless phosphorus-containing wear inhibitor compound is
present from 0.5 to 1.2 wt %.

47.The gear oil composition according to any one of claims 26 to 46,
wherein the ashless phosphorus-containing wear inhibitor compound is
at least one compound selected from the group consisting of an amino
phosphorus compound and a trialkyl phosphite.

48. The gear oil composition according to claim 47, wherein the amino
- phosphorus compound is amine dithiophosphate.

49. The gear oil composition according to claim 47, wherein the trialkyl
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is a hydrocarbyl of 4 to 24 carbon atons. 51. The gear oil conposition
according to any one of clains 26 to 50, having chlorine |evels bel ow 50
ppm 52. A nmethod of reducing yellow netal corrosion in axles and

transm ssions, said nethod conprising contacting the netal conponents of
the axle and transm ssion with a gear oil conposition conprising: a) a
maj or anmount of a base oil of lubricating viscosity; and b) a m nor anopunt
of a gear oil additive conposition conprising: (i) an organic polysulfide
cont ai ni ng gr epitesphitbantriburyitpiidsphifte.a di al kyl pol ysul fi de conpound or

m xture of dialkyl polysulfide conpounds of the formula: R -(S)x-R2
wherein R and R2 are independently an alkyl group of 4 to 12 carbon atons
and x i s abdlt THe geagoibedraposifion dcoordihgaslickal49, wauaekih ithe driladryl east one

ashl ess phosphor us-cont aj ni ng wear__i nhj bitor . conmpo 32 GEAR O L HAVI NG
LOW COPPER cuﬁ&ﬁpb&eﬁﬁdﬂﬁr%ﬁ%é%a&ﬂm& tgﬁsﬁ‘P@U &Eﬁb@ﬁp‘@%@ rooil
addi ti ve. conpogid hitoddi8yidsial tObh caABPORbAIsON conpri sing a organic

pol ysul fide having at |east 30 wt % of a dial kyl polysulfide conmpound or
m xture of dial kyl polysulfide conmpounds, a thiadiazole; and at |east one

ashl ess phoghmhéigesosit edmpidtioraccdrifg b LAY oRaMPRIHIHs 28 t8i50ChanRg as
having low vyellow corrosion in axles and transm ssi ons.
_ chlorine levels below 50 ppm.

- 52. A method of reducing yellow metal corrosion in axles and transmissions,
said method comprising contacting the metal components of the axle

and transmission with a gear oil composition comprising:
- a) -~ amajor amount of a base oil of lubricating viscosity; and
b) a minor amount of a gear oil additive composition comprising:

H an organic polysulfide containing greater than 30 wt %
of a dialkyl polysulfide compound or mixture of dialkyl

polysulfide compounds of the formula:
Ri-{Sk—Rz

wherein R{ and R; are independently an alkyl group of

4 to 12 carbon atoms and x is about 4 or greater,
(ii)  athiadiazole; and

(iii)  at least one ashless phosphorus-containing wear inhibitor

compound.
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GEAR OIL HAVING LLOW COPPER CORROSION PROPERTIES
ABSTRACT OF THE DISCLOSURE

A gear oil additive composition and gear oil composition comprising a organic
polysulfide having at least 30 wt % of a dialkyl polysulfide compound or mixture
of dialkyl polysulfide compounds, a thiadiazole; and at least one ashless
phosphorus-containing wear inhibitor compound is disclosed as having low

yellow corrosion in axles and transmissions.
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