GEAR O L HAVI NG LOW COPPER CORRCSI ON PROPERTI ES 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 nethod of reducing yell ow netal corrosion

in axles and transygssi I il
applications, sul f?ﬁ@i@gjgﬁ@%%%gﬁﬁowmgﬁéﬁgr s 10
fromscoring. However, these sulfur conmpounds are extrenely corrosive
towards yel |l ow, nmetal s, .such as copper and copper alloys. The sul fur
conponents i n\qlggr%?ﬁ%ﬂti"&wwpﬁelﬁﬁ%stﬁfﬁ)g%%r Q!b%%‘@r@%mﬁ@%m%ﬁa @RATPYsi ti on
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requi res a naxdigranailaddifyesongpasitionhesedItVeEdrdB0oTesion oFpelitovemetalhi s t est
does not pgovi itative measur enent copper corrosion. It is a
visual rati né’gﬁlé)?ggH%n%l?'ﬁ@a&? B@&Pafmﬁ% 8?8&386 Ongy F PB.ﬁeFF(Sh%Bf%ﬁtha
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al so reveal s {IRESEHIIS. 20 corrosi veness of the oxidized oil. Sulfurized

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 coppeBACKGROIUINDEDETHE INSENTIOMNe ASTM D-5704 test.
25 European Patent Application No. 678 569 131 discloses a lubricating
conposition conprising a nmajor anount of an oil of lubricating viscosity
with an i odi fiegranbibappliestionsaulfdrizéddlefine acs typiuatly asbl €5 pratstt gedrdant s

sel ect ed tI!E)Omfrom 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 minimum

requirements for copper corrosion. For example, the AP| GL-5 category

18 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.

Suifurized 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

iodine number less than 4, (A) one or more ashless antioxidants selected from
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1 am ne antioxidants, dithiophosphoric esters, phenol antioxidants,

di t hi ocarbamat es and aromati ¢ phosphates, (B) fromO0.01 to 3% by wei ght of
at | east one boron-containing dispersant or detergent, and optionally, (C
at least one additive selected from (i) a sulfur containing antiwear or
extrene 5 pressure a?eqt, (11) a phosphorus or boron antiwear or extrene
pressur e agentaminggatigxifants ndithioplessphibdc esfers, primniotiadtidxiddant§,C) is different

wei gt e st Eeqtru 98 ehdefomal PRootiardr (B HoRR0 5% B veighi ot o

Further, thesetladst baahoforhadtainirRfidiepers¥ht60Stbiydrit A A
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Patent No. 6, 3e3stPDg afiddvessiectedfpaniita sufurcontainingraptivesobf extrement ai ni ng

ti [ ext . ' | t d 1 Xt
Ther oo t oger LESSurE BBERE (A Masoh AR oMb R 3R ERFROSAARe plesdss agat
addi tional I'y (i) mistupdsobphatusrorideddhar(GIné HiRASNtTForR AT, S WRESFHT €

agent, a di spgﬁs?r}t or an ogverbased nmetal salt. This patent also relates to
| ubricants, fdRetqBramountpf@ntiogidantisiesm2rtarloge by meighti fhe edéitvasare Seal s,

e.g. nitrile, ﬁ&%- I o) | IR . tact with

t hese comosit%s?gjrgg&f}%%[%p@guce tl&b;bgrh?oglrcgﬁ %So;ﬁhﬁléﬁgh%%‘% QR{'E%)@???W&? t hat
with the use ZTededed Viegwsityimpoasd camsed bybxidstun, Svhiléﬂﬂahtﬂiﬁm'gﬁé@érablelli ds,
the seals ﬂseful life i:');?' extended. U. S. Patent No. 6,262,000 discloses
that the dRti WEHROPAPNTFERRSS of power transmitting fluids, particularly
continuously variable transm ssion fluids, is 25 inproved by incorporating
an additive conbination of am ne phosphates, organic polysulfides, zinc
salts of phosphé: BatantiNe. £:362, €36 dissloaas copipbsitieh$ yoatairing atsutfar-rodi f i er .

.S. P . . 272 di,scl I ' I ti i all
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mixture thereof together with a hydrocarbyl mercaptan. The composition may
15 additionally contain a phosphorus or boron antiwear or extreme pressure
. agent, a dispersant or an overbased metal salt. This patent also relates to
lubricants, functional 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 usefu! 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 hydraulic 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 compaositions are free from heavy metal
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30 as hydraulic fluids contain a netal-free anti-wear or |oad-carrying
additive containing sul fur and/ or phosphorus and an am no succi nate ester
as corrosion inhibitor. This patent teaches that such conpositions are
free fromheavy netal 2 and have inproved environnental acceptability where
heavy nmetals are to be avoided, e.g. in agriculture, U S. Patent No.

5, 342, 531 di scarssbavaaimprbvéd anvircrongdsi 2¢oaptathiitp wherageavy Meta) e to be

proportion of l. kyl ene gl ycol of.lubricating viscosity and a m nor
proportion di s@) ’QY/%L grépéaﬂﬁc%ﬁ”?'a) at |east one sul fur-containing antiwear

or extreme pressure agent, (b) at |east one amne salt of at |east one
partially esterified nonothiophosphoric acid, and (c) at |east one am ne
salt of at |eadtS. Ratentdde.t,342.53 ¢ disstasesediuphicanthonpositivndcoripiisingat ent

t h th FL h ' d I st t ,
oxi dat i ve dbor Lokt PRrdHRTS| o dmRyERE GhkBLP BT eR &Y adBiy ok 3 S, 470
di scl oses gearpmpbgioantlsghard m:bl'eiﬂ@ﬂ'(é)ia\tfPeasﬁ@H@%\fﬁﬁ&@@gﬂiqf@@@{@ﬁ%ﬁr

positraction performance conprising: (i) at |least one 0
sul f ur - cont ai nPRPre& PrassEreeat Uty ableashonawarinageliof at leapt ane padilly one

oi | -sol ubl e am : LAl ter of .an,acid of phosphorus; and
(i) at | eag%ﬁgﬁ@éaohoﬁég\%tfgﬁ gbéﬁh%?lﬁtl n?%‘i(@c’f‘?rﬁ%ﬁ&ﬂeﬁ@% 8%&?5&3 i16'cq36ns
preferably cootapartiaheestetified pheéstictlel acid. Whis pa@niRsichRE hatrqiehy all three
of the fol)ow n addi tional conponents: (iv) at |east one amne salt of a
car boxyl i ¢ e %c,ﬂ“?%'t'%s haye imprevesheesigtancylorwedn oxidetivie degradetien and
di spersant; an k) .east one trihydrocarbyl ester of a pentaval ent
acid of phosph‘glreﬁésﬂ?a%%%cjaé#gge Pat ent No. JP 2000- 328084 di scloses a gear oil
conposition conprising a specified dialkyltrisulfide, a specified

nmore of acidic phosphoric and

phosphor us. est Ur% TRy 8E 420 Qifases oot i 8ot eet ph sddse of | of a
kinematic vi scesidentratesléi¥rnanbed pesRashidd 88 ormance comprising: (i) at least one
15 oil-soluble sulfur-containing extreme pressure or antiwear agent; (ii} at least
one oil-soluble amine salt of a partial ester of an acid of phosphorus; and (iii) 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
20  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 dialkyltrisulfide, 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 160°C or higher,

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

extending the fatigue life and increasing the corrosion resistance of the



has hi gh oxidation stability -and corrosion resistance to copper at
tenperatures of 150C or higher. 30 U S. Patent No. 4,609, 480 discloses a
| ubri cant conposition effective in extending the fatigue life and

i ncreasing the corrosion resistance of the 3 machine parts |ubricated
therewith. The |ubricant conposition conprises two types of essenti al
addi ti ves, nanshghit@pars dilirivatehihesswitic Tari Idbgcdre coipdsionadm@ides! two

t hi ocar banoy! tCO ound and é@é,a 1,3,4-t@badi,azol e coppound adm xed wth
the Iubricant B8S St gssria) sqeibfess hamely, () eetithiprsapamic Jpidgsier BBR/Ar@nt he 5
above menti oneglkadviaphBaRyl ?&tﬁﬁg@% éf‘f@@@ﬁ? %%a#-'{!ﬁédi%%l@éb%;ﬁtigm{#ﬁ]@%& be

i ncreased by the adm xture-o conposition wt
additive (c) Wiltthedsbdcartase enatotialféach, insuinitad amdunt. s additibhuo itzed

oxynol ybdenum _,dj t.hi rbamat es. sul furi zed oxynol.yhdenym
oréano)p/)hosp or%ﬁ%%‘g@g@,ﬁ ?)Cf'Y@ S &Tea@sﬁgw)ég?'ﬁécﬁﬂ%BﬂBrfWé'_‘%'sqeer_s. 10
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conposi tion having low corrosion of yellow netal conponents of axles
transm ssi ons, SUskras edliusizeg olefingpeulfuaizad edppasifudizéd prymdlybdgeam oi |

ke e Ple . T dao ot i i
oreater than aptiaHsBHRE. SRzl A bR CaRRRlS P iR o ©
di al kyl pol ysuplidsporic atissters £d pivspheriédiersRl - (S)x - R2 wherein R

and R2 are independently an al kyl group of about 4 to 12 carbon atons and
x 1s about 4 or greater; 20 b) a thiadiazole; and c) at |east one ashl ess

phosphorus1-0cont ai ni ng wear i nhi&ill{nmARY OF THE INVENTION

The presentinvention provides a gear oil additive composition having low
corrosion of yellow metal components of axles and transmissions, particularly

copper and copper alloys. The gear oil additive composition comprises:

a) an organic polysulfide containing greater than 30 wt-% of a
15 dialkyl polysulfide compound or mixture of dialky! polysulfide
- compounds of the formula:

Ri-(Shk—Re

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

20 b) a thiadiazole; and

c) at least one ashless phosphorus-containing wear inhibitor
compound. '

Preferably, the gear oil additive composition will contain about 40 to 75 wt % of
the organic polysulfide, about 0.5 to 15 wt % of the thiadiazole and about 5.0 to
25 40wt % of the ashless phosphorus-containing wear inhibitor compound.
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conpound. Preferably, the gear oil additive conposition will contain about
40 to 75 wt % of the organic polysul fide, about 0.5 to 15 wt % of the

t hi adi azol e and about 5.0 to 25 40 wt % of the ashless

phosphor us- cont ai ni ng wear inhibitor conpound. 4 In another aspect, the
present invention also provides for a gear oil conposition conprising a
maj or anount df anoierespitt, tife prebentiatentiprivalss privides @ geatioflor anmount  of
the gear oil additive conposition of the present inpvention, 5 |n still
anot her aspectCTPRRSIRNLCURRTISING 8 fhajshameypt pf » basr 8il o lubsicaingyigcesity
reduct ng the vald SWinsH sthoGRdfa6e 88aL0] Blifive BAMpLEABR Xr iRl eyt contacting
the netal conponents of the axle~and transm ssi BREW TR t he gear oi l
conposi tion. ARveR}ost her- factors, the present invention is based on the
surprising discovery that a gear oil additive conposition and gear oil
conposition having | ow odor 10 and | ow chlorine significantly reduces

corrosion & yelstidanotiesaspectpteemesentfinventionsalem gravidusiot ashethdd of
particularly co conposi tions, of the present

er d copper  all oys, The ‘
i nvention havereﬁﬁc'agsﬂ‘?ﬂ%’g&bﬁ?@ qogy\%;ond%@rxtqw trapyfpiseian by eripeiing thens
currently avaimatdl eohdoh8ft . o ' f "
I ncreasingly stri ngg';r]]?or eqaira;gﬂh%%\?lseaa?@gtgr inﬁgéfl?{l]glfgﬁpg:’qeﬁ\é"oggﬁb@%smfg. of
additives for petrol eum products, the Iow |l evels of chlorine associated

e Br esgionk BRRA0R, O BNABLEASOHEP LR Ul Mihind LREBOEGS

into the environnent acci y Or as was
undesi rabl e. theatégeabbly additiee eoipbdsitien aadnrrst bil @dmpokitiohehavirRSIBA odor

i ti i1 tain. c d taining zinc. Th i ti f
the presertt | REREROATORIE g LARAM ROGE POTPHOE ORYPlieMatal BRPATas O at ¢
(organi ¢ pol ysaiés ged traRgmisskm ér@i@hl%lrlg%gﬁeéﬂérﬁcf’egp rdllbge Meheul furi zed

| sobutyl ene, while providing conparab | mprov gear - scoring

resi stance andCQMmpRBis ¢dhe prerant inviention have an advantageously lower odor than

comparable compositions currently avaitable in the marketplace. Moreover, in
view of the increasingly stringent requirements regarding the chlorine content

15  of additives for petroleum products, the low levels of chlorine aséociated with
the present invention is advantageous since any chlorine discharged into the
environment accidentally or as waste is environmentally undesirable.
Preferably, the additive compositions of the present invention will not contain
compounds containing zinc. The compositions of the present invention can

20  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

25  The gear oil additive composition and gear ofl composition will now be
described more thoroughly below.



reduci ng yell ow netal corrosion. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25
The gear oil additive conposition and gear oil conposition will now be
descri bed nore thoroughly below. 5 Gear O Additive Conposition 5 The
present invention provides a gear oil additive conposition conprising: a)

an organi c polysul fide containing greater than 30 wt % of a dial kyl

pol ysul fi de conpound or mxturemwﬂm conpounds of the
formula: RL-(S)x--R2 wherein R, and R2 are independently an al kyl group of
about 4 to 12_carbon atons and x is about 4 or greater; b) a thiadiazole;
and 10 c) at | HaRpreseat kyrnie pistvissstogesr abaddiiive compesition pbinpiitiog:
conpound. Preferably, the gear oil additive conposition will contain the
organi c polysulfide in the range fromabout 45 to 70 wt % and, nore

preferably from about @50 t 8N osGaMiopolySulidecentining gtémteothaars@wped ysal fi de
wll contain at |east 40 .%?ndl qf)re %ef erably at Iga,st 50 wt % and
most preferably at |east 55Af! BRYUIG cqimpokpd Orﬁéwgbp diglkyt pahyerifide or

m xture of &l al kyl polysul boriposapermesonfiysl erably, R and R2 are

i ndependently an al kyl group of about 4 to 10 carbon atonms and nore

preferably, about 4 to 6 carbon atons. Myst preferably, RL 20 and R2 are
each a tertiary-butyl group. Preferablp(i_(qs)i gngout 4 to 8 and nore
preferably, x is about 4 to 7. T2

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

b) a thiadiazole; and

10 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 %.

15 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 alkyl group of about 4 to 10 carbon
atoms and more preferably, about 4 to 6 carbon atoms. Most preferably, Ry

20 andRsareeacha tertiary-buty! group.

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



6 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 commercially available from
Chevron Phi | | i Brefemblys thel organisaiolysuifide Igwedminaatlyiatdut@’uemhndgh tetran wi | |

oo of 5. o ai nu S MY Tl AR ot Bon SRR IS A GBS P O oFarf butyi
rocar byl t hi o- 173, tétrahamﬂgaﬁtal@ﬁ de%émﬁg{??i@a@eﬁhaﬁw Ry ket Rj-Batyl-tetra-

1, 3, 4-thi adi azol es; | sS(hydrocarb hi o) - and
2, 5- bi s(hydr oc%H'ﬁffﬁr siGmasihedi-tertiarabutyl advatz!ﬁd@gnown@sﬁﬁ%% Bbéf whickds

conpounds ay

2- hydr ocar byI dlA]ﬁméffg%iﬁ'eér@ggﬁlg?@é?ﬁ[eg{ﬁﬁgmpgz(%ﬁ(ee@{}%hgomgny.

2, 5-bi s(hydrocarbyldithio)-1, 3, 4-thi adi azol es, a nunber of which are
available as tom.eit her oration as

i rec(r) 43ts e PR RO 6ol Wl ok Sr B adRt s dRasRoR, thea 1y,
t he t hi adi azol miamézolé)eorhﬁnwﬁéﬁéésﬂdhé@tez gftﬁmeﬁh‘dpt@-qch RJtNQd%%HIéOQLt ion in
anounts rangi ng from about to 15 wt 0/ and w preferably be present

in the gear oi MCHHAMY- 5@%%“@ 3B, ‘i’r-ﬁhlaé%ﬁﬁ@ﬁszﬁﬁ@@ﬁabo@hmro'barhykilﬂﬁIw %

Comosi t1 0n-of ehe i LEES 2GR BBy G 2 BB R SIIHOES, one

ashl ess ph‘&phbﬁu@tmamlm rTme/mare protédpéd @tbm@@(m@yafb icef 8latpliadiagdlest ed
fromthe group consi no phosphorus coir’}gound ‘and a trial kyl

St
phosphi e, TheCSRRUR 'vah%gw@fwreﬁ‘%ma@m@a@a%w@ﬁ BisbraeloTanpiing as
described in aggoy 8 | 25
di scl osure of whi éﬁmys%ﬁ\g’rﬁ ?Q?S‘gﬁlﬁd‘édz%be?%t @ﬂhg%lg%f ‘ﬁ]agléfsﬂr ab?"éd?gh
am no phosphoﬁ%gﬁ@mwwmercarfrcanﬂrtbedﬁithyl Gphesptiat as Higp®ct813 or from
di 't hi ophosphat Edvrizol Corporation as Lubrizol®5955A. Typically, the thiadiazole will be

15  present in the gear oil additive compos{tion in amounts ranging from about 0.5
to 15 wt %, 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 cantaining two hydrocarbyt groups and one



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
atons. Tri al kyl gqt\ospthites useful in the present invention include (RO3 P
where Ris a WREHHBGIonsItagadiara theretore esidin i het ydsocarbylarprps vsell v

bout 8 to 18 ; | b
atoms. The hyaronar B eaRy RIS RabyBral A ARbuT 18R SpbTalinfy "he
trial kyl phosphite contains at least 75 w % of the structure (RO3 P
wherein R i ‘ ' : . t0 tri.al kyl hi t i ncl ude,
but are not 1| i guPpasr BRI B BRRR R lohaf i BB PSR By
phosphi te, triljeoydaripfias pbottes td 24 karbor atbmsphese préferandabsiitd &y i s

phosphite. particularly preferred trial kyl phosphite is trilauryl
phosphi t e, 5?uc°r?"%%” e{sweraeﬁanw Fé{@f&i%lmaéowrigtm cITPNBtoRsed g

of phosphi teq eRaERr el O S ETERATE RA TR Crora Bl The ol P o

of phosphites ‘containin rocar groups on

atons. These contaius ablease7uwti®d bftheestiuchdef(ROR RNNEEIOR i9at defihed eget abl e
m xtures are conmmonly known as coco,

sources. 15 Representative h};droci rbyl Xtu . .
tallow, tall %q\'?' gﬁares(‘ﬁpﬁ‘.t' §{iR gﬂlﬁ(‘??ptﬂ’fﬁs igelide byt argdiot finited deleibtyl on
1 {ai . ‘ e ) D
Wear | nhi bt or eapite; Ot Brdéntife) iochl PrESENES TdaE BGMATRC BIRAM N
wear i nhi B0t orpresppiéeiand Widley phosphite it particutarlg refeet tAaifyltphddphie i96 and

f bl 10 to 35 wt % Th i1 additi it
Wt bpti onal1§aBAPLBRAts: Fieh Bscoatterialy afiie Chrmelin T1e BrRa0 casy
to handl e dur iingorpbiiod Fioapiors & PeflormicBbiiVativERePrigRed aid milflidd ore

conposition will contain from about O t: _ e organic liqui
di | uent and pr%Pamglcha@tngghydsongWgwps 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 oif 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 handie during shipping and storage. Typically, the
gear oil additive composition 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,



25 Sui tabl e organic diluents 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 like. The organic diluent preferably has a
viscosity of fromabout 1.0 to 20 cSt at 100C. The gear oil additive
conposition may al so further contain a dispersant conpound in a range from
about 3.0 to AdfhedikesTneraanipdiient preferathehge arvisrositpdtiiromvabadipdss t i on
can be bl endedzd QSta&quebder and can be bl ended as conbi nati ons of
conponents. Thé gear oll ~"additive conposition produced by bl ending the
above conponents mght be a slightly different conposition than the

initial m xture because the conmponents nmay interact. 10 If desired, an

addi tional sul Al Niss und or m,xture of conmpounds, uch as -
sul furized ol J':’%%‘?%?@%%‘?@E}@ﬂﬁ?'hmaﬁdsq 3?9@%5?‘3%%??@% fatty
esters, sul furdaregburid iv,a Buigkyrdng @dofied Ditoasi Wisy,. and al kenyl nonosul fi des,
may be added as an additional conponent of the gear oil additive

conposition or to lubricating oils containing the gear oil additive
conposition. 15 Gear G| Conposition The organic polysul fide, thiadiazole,

and ashl es$ phHispbompsnestston iy ?Qaﬂ&ﬁ%ddiﬂi@é&hb@éiﬁ@i BaBBYendal R to a
base oil that is sufficient to lubricate gears which are present in axles

and transni ssi YHET ang gae helblendadoageembisiakions ohperaponentswihé geanowi n a

maj or anount : g e ] (] Lsgosity 20 and a.m no nmount
of the gear oi éé&il |v€?%%ﬁ%8§#@?éﬁﬁgéggyﬁﬁi %ﬁ&@kﬁCQﬂ%mBﬂE§nﬂﬂﬁt€ a

| ubri cating vidlightly tiffensrstccomposition thanmies irifi# sixiky bBeatBd ®edomBbhentdr
synthetic oils of.visc?sity suitable for use in gears. The base oils may be
derived from sVAYH4EfLor natural sources. Mneral oils for use as the base

oil in this invention include, for exanple, paraffinic, naphthenic and
ot her oils that

10 If desired, an additional suffur-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 oif
composition will contain a major amount of a base oil of lubricating 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 natural sources. Mineral oils for use as the base oil in

this invention include, for example, paraffinic, naphthenic and other oils that



9 are ordinarily used in lubricating oil conpositions. Synthetic oils

i ncl ude, for exanple, both hydrocarbon synthetic oils and synthetic esters
and m xtures thereof having desired viscosity. Hydrocarbon synthetic oils
may include, for exanple, oils prepared fromthe polynerization of
ethylene, i.e., polyalphaolefin 5 or PAO or from hydrocarbon synthesis
procedur es u3|a@(Hdmbnwtﬁ@ﬁdﬁMﬂﬁma&ngohmﬂﬁﬁgﬁhwg@&?ﬁﬂﬁamhoﬂSmCMd@ for

Fi sh T h ful t he yd b I | ude | d
e SRS o el ! S St
2 e Y oomB o GUAIBULRRIERS 8 Bk v BRSBTS ST 2

1-decene triner. Likew pr 'such as
di dodecy! benz@rmnp[eawlsb[m'epamdi frdlmehellpolwmﬂmtlon obstistshe, neglm@elpﬂmia'm ers

of nonocar hoxyl i Cld arbox |IC ac , as well as nono:- hydrox
al kanol s a?él );;%I % tsf?'ﬁﬂ%yéf %|S¥§ OS] HPBQFSE%PSQ&(}?&?@ monoxide’ d
pent aeryt hri t ohnd ﬁ?dr@@éﬁrg@%@suéﬂ a@v?é*FYéH@a?)Wb S ;ﬂ%t:@ (UéeW%%%Cﬁt e,

and the |I|ike. Conplex esters prepared rommxtures o nono a
di car boxyl i c akydiecarboagdls i ealiguid iphiytners pf alpharéfinschaving e ﬁu@pesed

Bl ends of m ne I theti I ls are also.useful base
oil is preferr@géoﬁ%{ E?é\é‘%glya%%egw %gﬁ@%ﬁydrpggn%tg Iquﬁ"'&ﬂ%ﬁPJ%ﬁ $t2t he
present invent aiphawidfins StRARIS S8ecéndBintér. RikBWNe, @fkgﬁb@f@&ﬁ‘le@'df[%

| ubricating viscosity; and 20 b) a m nor anount oOf ear oil additive

composi tio coWﬁ?Q%anUCf‘( a3 digogegd hienzpoe yzaml kg d@d:djﬁeéulrﬁyng'l@csﬁi‘tgs t han
30wt % of a re of dial
pol ysul fi de coﬁ%g}l?% he% %Hﬂﬂ %ﬁﬁ%ﬁ;@%ﬁ'{c ac@%)'a%d CEEP%{@ 8?‘ﬁ¥1iis 3’1% AR
are i ndependenMoyloetlydad)Mélk@icﬁlslanéfpolyols. Typical examples are didodecy! adipate,
’ pentaerythritol tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the
like. Complex esters prepared from mixtures of mono and dicarboxylic acids

16 and mono and dihydroxy alkanols can also be used. Blends of mineral oils with

synthetic oils are also useful. Group 1 base oil is preferred.

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

a) a major amount of a base oil of lubricating viscosity; and
20 ‘ b) a minor amount of a gear ol 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 formula:
R1 - (S)x -

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

-10 -



about 4 to 12 carbon atons and x is about 4 or greater; -10 (ii) a

t hi adi azole; and (iii) at |east one ashl ess phosphorus-containi ng wear °
inhibitor. Typically, the gear oil conposition will conprise about 0.1 to
3.6 wt % 5 preferably fromabout 0.6 to 2.5 wt % and nore preferably from
about 1.5 to 2.2 w %of the organic polysulfide. The gear oil conposition
wi |l also conprise about Oﬁ-ii()')l tPtladiavdleYandr ef erably fromabout 0.05 to
0.4 wt %and nore preferably fromabout 0.1 to 0.3 wt % of the

t hi adi azol e. The gear oil conposition will further conprise about 0.1 to
2.5 wWm % preferably from ut 9 0 ; ly from
about 0.4 to 1.2 wt % of tﬁggash?{gg%t%gﬁgas%}r!]%srsnghoégﬁtag{Slr:ﬁ]rgai\%ﬁﬁlé%ﬁi bi t or
compound. The gear oil conpositiibhibitay al so further contain a di spersant
conmpound in the range fromabout 0.1 to 2.7 wt % In another aspect the
gear oil conmpaqsition of the present invention will have 15 chlorine levels
typical Iy bel owpsallgohegear ot cempoeition abill gotmetissvabsuprnto et %Addi t i ves

{hat can b8 A1 ToREBIRTS o B EReaEh Mors pesloron roPc Baanl o5 of
addi tives are P Qxio t ' : I | ' : are
not 20 i ntendezé to /lﬁii@%}‘%&?ﬂtgbh!f%idl talldehbgpgr%?ﬁ?g Cgul'f u&i:oggguo!gou%\&s}ﬁ%{?%i zed
al kyl or al kerBRoupRdHaiod:6 wii%wypretarably Keomy bboatr @ Aato 0.4 wt foand exre

sul furized or | t lis, of lt.i-hydroxy al kyl .or al kenyl
aromati ¢ COmﬁﬁ%ﬁéglgﬁﬂﬁﬁg%ﬁgtﬁ@‘éw& b of the thiadiazole. The gea¥ oil
composition will further comprise about 0.1 to 2.5 wt %, preferably from about
10 0.2t0 1.7 wt % and more preferably from about 0.4 to 1.2 wt % of the ashless

phosphorus-containing wear inhibitor compound.

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

In another aspect the gear oil composition of the present invention will have
15 chlorine 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 atkenyl phenates, alkyl or alkenyl

aromatic sulfonates, sulfurized or unsulfurized metal salts of

muiti-hydroxy alkyi or alkenyl aromatic compounds, alkyl or alkenyl

-11 -



hydroxy aromatic sul fonates, sulfurized or unsulfurized al kyl or al kenyl
napht henates, netal salts of al kanoic acids, netal salts of an al kyl or
al kenyl nultiacid, borated overbased netal salts, and chem cal and

physi cal m xtures thereof, 5 2. Dispersants Al kenyl succinimdes, alkenyl
succinim des nodified wth other organic conpounds, al kenyl succini m des

nodi fied by post -t rizaromnaromatic sufbhyieensulfirizbd vaiasalfued dkior dlkeny!
pentaerythritol al ken%lé sucici nat e?, pheé]at e-saljcylates and their
post-treated anal og®PHPNAPS. Faeld salts of alkanocip agidrametatsalis of anidind Ae earth

metal. borates, di spaksiiRfuRicid btttk dy mBRA DU EReyilhsfy S ons
pol'yam de ashl ess r

of al kaline-earth netal” borates, m I'spersants, 0

m xtures of such diRlpsicshmixiured tharadf- Oxi dants Anti-oxi dants reduce the
tendency of mneral oils to deteriorate in 15 service which deterioration
I's evidenced by the products of oxidation such as sludge and varnish-Iike
deposits orbthd. net@ispstsahteces and by an increase in viscosity. Exanples
of anti-oxidants useful in the present invention include, but are not
limted to, phenol type (phenolic) oxidation inhibitors, such as

4,4 -net hyl ene- bi skRefyldiuctiairhides} akemgraddinind@es modified with other organic
4,4 -bis(2,6-di-tert-butyl phenol 4,4' -bis(2-nethyl-6-tert-butyl

. *

) . ( e phenol),
2. 2' - et hyl ene- bi s(%RTHRPHHAS. 6lkesyt susginjmisiesripegified By posptregiment with
I dene- bi s(3-net hyl - - e . .
o< sopt opyl 1 dencoby B BHAAIERBEYe apig, pentaprytytyl ekenylugrinaliss 4.
mez Ey: - 6- nopyl( 4phe?pihel)naetQ—,salicl-:ylﬁeblalhxdlr;thdlelpesthlgaa(gég .@rntgdld@%t EN(FW:“&ZQI ornmiked 25
me ene- pi s(4-nme = 6- CV.C X enol ), 2,6-di-tert-butyl-4- .
et hy phen@? . 2,6 d&ié?'éme%uﬁlgﬁﬁﬁ %gfﬁlw%%ié?%ﬂt,eSz?@pafwwﬁy hysUatedialialt y1 -
phenol, 2, 8- di -t ert metIbeRABY ] ASHERIoAs f 8fi®line-2afthGhatf bbrdted, b :amide
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'-methylene-bis(2,6-di-tert-butylphenol),

20 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-butylphenol),
2,2’—methy!ene—bis(4-methyl~6-tert-buty!phenol),
4,4"-butylidene-bis(3-methyl-6-tert-butyiphenol),

4., 4-isopropylidene-bis(2,6-di-tert-butylphena), 2,2'-methylene-bis(4-
methyl-6-nonylphenol), 2,2-isobutylidene-bis(4,6-dimethylphenal), 2,2

25 methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-
phenol, 2,6-di-tert--dimethylamino-p-cresol, 2,6-di-tert-4-(N,N*-
dimethylaminomethyipheno!), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-

-12 -



di et hyl am nonet hyl phenol ), 4,4'-thl obi s(2-nethyl-6-tert-butyl phenol),
2,2"-thiobis(4-nmethyl-6-tert-butyl phenol), bis(3-nethyl-4-hydroxy-5-tert
-12 butyl benzyl)-sul fide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).

D phenyl am ne-type oxidation inhibitors include, but are not Iimted to, -
al kyl at ed di phenyl am ne, phenyl - a- napht hyl am ne, and al kyl at ed-

a- napht hyl am ne. Ofwérbenaylisulfidepand dis(35-diHpitdiutgréshydrokylbmzy®t al 5

di t hi ocar barnat e (g ' i thi ocar.bamat.e an . '

met hyl enebi s(di but ?‘??M%’ﬁﬁﬂeg‘é{ﬂ%% ?E‘OQ%AW%‘?@ ngdeA&é'h?Ee et linpitgd ton ane

i nplies, these agenilig/lated RImMifé, ' W lArinep l'es of
such agents incl ude,ks/but ggg]_éf?gt IimFgﬁéééiy{lg,_ 0 pyhospﬁaﬁgg,%{kgg‘it%gﬁat es,
esters, and nol ybd&hiapBrpming Othestypes of ordetion iitiiars inslydanmietatust

Agent s) a) gNoni oni Gy; v, : ' nts: pol yoxyet hyl ene
| auryl et hgr, pol ygdit@gt ﬁ%ﬁ%ﬁé#}g@%‘ﬁ%@@ﬁgﬂ%ﬁ%@r ,%ggol yoxyet hyl ene nonyl
phenyl ether, polyargtaylenebis@dibugldithiophdznhate).her, pol yoxyet hyl ene octyl
stearyl ether, pgl Y0 é hyl ene ol eyl ether, pol yoxyethyl ene sorbitol

nonost earate, po yd%ﬂy) W%“%r bitol nono-ol eate, and pol yethyl ene

gl ycol nono-oleate. b) O her compounds: stearic acid and other fatty acids,

di carboxylic acids, netal soaps, fatty acid am ne salts, netal salts of
heavy sul fonic aci ds heftnamme taplissxifiese agents wsluse wsfar op oroMingimetallic cohol |

and phosphoric est &faye Examples of such agents include, but are not limited to,
10 phosphates, carbonates, esters, and molybdenum complexes.
9. Rust Inhibitors (Anti-Rust Agents)

a) Nonionic polyoxyethylene surface active agents:
polyoxyethyiene 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! trichlorostearate, chlorinated naphthalene,

fluoroalkylpolysiloxane, iead naphthenate, neutralized phosphates,

13-



6. Denul sifiers Addition product of alkyi phenol and ethyl ene oxide,

pol yoxyet hyl ene - 25 al kyl ether, and pol yoxyet hyl ene sorbitan ester. 7.
Extreme Pressure Anti-War Agents (EP/ AW Agents) Di phenyl sul fide, nethyl
trichiorostearate, chlorinated naphthal ene, fluoroalkyl polysiloxane, |ead
napht henate, neutralized phosphates, -13 neutralized or partially
neutralized thi ophd¥ytatized otrp@htlalhy mpﬂltuﬂqzladttlmsphomtmblf dithibplemsphates,

phosphates. 8. Fri y al cohol, fatty acid, am ne, borated
ester, and ot her e%r*go%hj\/ggrlged? OSENR at&‘?ﬁr ocarbyl hydrogen phosphonates. 9.
Mul tifunctional Bddiictivadideifidrdri zed oxynol ybdenum di t hi ocar bamat e,

sul furized oxynol ybdenum organo phosphorodithi oate, oxynmolybdenum
monogl yceri de, oxynol ybdenum di et hyl ate am de, am ne-nol ybdenum conpl ex 10

compound, and sul f \fFatiyaléaHdll ffly bldy BARAGIBATEIR erC BRI ostg@. ¥haRs! LY

| ndex | nprovers Pol yrret acryl ate type pol'ymers, ethyl ene- propyle
copol ymers 9 st yr erdtdreessb mydmgsol ghaspionatgdr at ed st yr ene- i sopr ene

Corover s 15 11% A0SR ABeEShr < ol yrot byl methactyl ate. 12, Foam
| nhibitors Al Kyl _rret hacryl ate polynmers and di nethyl silicone polynmers. 20
13. Metal Deactl Vat§l§l1$urized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organo phosphorodithioate, oxymolybdenurn 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 iflustrated by the following examples, which set

25 forth particularly advantageous method embodiments. While the Examples are
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Di sal i cylidene propyl enedi am ne, triazole derivatives,

nmer capt obenzot hi azol es, and ner capt obenzi m dazol es. EXAMPLES The i nventi on
will be further illustrated by the.foll owi ng exanples, which set 25 forth
particul arly advant ageous net hod enbodi nents. Wi le the Exanples are -14
provided to illustrate the present invention, they are not intended to

limt it. Thi sprogpjeditodlusaatd me'ﬁ?b@é?ﬂﬂﬁvérﬁ;oﬁomly dr8 @geinteHderUs IMfiangrsisand
substitutions that  may be nade by those skilled in the art wthout

departing fr orﬁaﬁ’ﬂté’a@b“ s intendgd te cbper topse Nariewpehangesang substiBitiopathatat i ve
Exanple A 2.4 w, q@e(ril\%e ga ﬁc?é?gkllfgd ‘fﬂpr a?ﬁﬂhﬁo&ﬁ@eﬁ?u"ﬂn@ Jﬂ}% gg@%@h?hﬂ@ a

m xture of di- rtlary vin

greater than 58coge @fottie-append(ecac[}atrbsltyl tetra-sul fide (available as TBPS
454 from Chevron Phillips Chem cal Company), 12.4 wt % (990.0 grans) of
sol vent refined bright stock 10 base oil (Ctgo 150), and 85.2 wt %

(6,817.0 granms) of hydro-processed-g) arﬁﬁﬁétéﬁl 25€ oil (Chevron 600N)
were mxed until the m xture was k%m‘r@gms—&[ﬁpm ative Exanple B 2.4 wt

% (247.0 grans) *of an organic polysulfide containing a m xture of di- 15
tertiary-butyl ZWW’L‘%(Hgﬂ’Lﬁiranﬁ')@faﬁrﬁr ell Blﬁ@lfﬁ@\ebﬂaumhg%trﬁrxtddaadfd’eo W %

di tertiary-bu tr vail a as [BP evr
Phi | I i ps nf%ﬁﬁ* %&%ﬁé% etrag q e%acfﬂﬁd% @Y'%\Qrﬁje%?”&ﬁﬂ[g@ %
clil2 t r21| \(l)\fh(())/s?fiatz er{ary-butd detra-belfide fazalable a@EBPS £54 fraineOhenon F1hi|5[3§431234 3
W % (8, 595. 0 é?“é’ﬁ‘é‘j% w‘)‘r@%ﬂ% @o&%ﬁofl Z@%‘ZQ % Si%ﬁ?‘ﬁ‘éé“q %H‘Qfgt(ﬁrig?}} on
600N) wer el1@r xgas%lﬁtl (Citgn 50 20dB8.2 wh¥ (HErbHemarss) 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 oil}, 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 terliary-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.
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Conparative Exanple C 2.4 w % (12.1 grans) of an organic polysulfide
containing a mxture of di- tertiary-butyl tri-, tetra-, and penta-sulfide
having greater than 50 Wt % di 25 tertiary-butyl tetra-sulfide (avail able
as TBPS 454 from Chevron Phillips Chem cal Conpany), 0.3 w % (1.5 grans)
of thiadiazole (available as Htec 4313 fromEthyl Corporation), 12.3 wt %
(61.7 grans) of solvent refined biGarhparativeEkamakeDoi| (Ctgo 150), and
85.0 wt % (424.7 grams) of hydro-processed 600 neutral base oil (Chevron
600N) were mx&ﬁ“&q the m xture was 30 honpgenous. _15 Conparative

Exanpl e D 4.0 e $3¢0.8 ogpaRLYT Bilfugiged tﬁqbﬂéfésn%wuwﬁérvé %SUiHY 47 Wt %
sul fur (avai | (abhimbisadybiiad G=100 Gkt BRYEANEHIMIBER xzomﬁ@w)o 12.2

w % (974.0 v t ock, 0, 150),
and 838 vi 5 G 09 8esa e aney! rs%nﬁiﬁnghtptﬁe%éaseedoneﬁﬁ?%ﬁm 8580 o
(Ex Chevlr onE6éﬁogl)% (ﬁ%éﬂégmmb wﬁmvdrd-pmcless{emﬁm mastrdti)idmsgt I aﬂlcn(%ev@m%(%ram voe/
anpl e i_sobut yl ene havi ng 0
sul fur (avail ab ‘s l\@tt)ptlrh%g:ﬁ%t@%d‘?%r g@ﬂ%@bbl | Chem cal Conpany), 1.1
wt % (5.4 grans) 10 of am ne dithi ophosphate (as described in Sal entine,
U S. Patent No. 4,575,431), 12.1 "@om’g%r‘%@vé;%éﬁi@ (EOf sol vent refined
bright stock base oil (G tgo 150) 416.2 grans) of

hydr o- processed 600 neutral base oil (Chevron 600N) were mxed until the
m xture was hoBBgeto$8.0grama) of smmrﬁéar@dmtﬁedéhéwﬁ W7 Wb %1t Qi bl eOf

From Bcconwobi T ERBRESr R e SmisailnerisaeSimpan 1. G R
(avai | abl €llas Muarma(sro)thmhespmatm ES gbcrRediorSaientine, ULY. Patant %o.
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
oil (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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(60.9 grans) of solvent refined bright stock base oil (Ctgo 150), and 83.9
w % (419.6 grans) of hydro-processed 600 neutral base oil (Chevron 600N)
were 20 m xed until the m xture was honobgenous. Conparative Exanpl e G Base
additi ve package K. Base additive package K was prepared as follows: 69.2
wt % (346.1 grans) of sulfurized isobutylene having 47 vt % sul fur
(avai l able as Mdbilad C 100 from 25 ExxonMobil Chem cal Conpany), 20.2 w
% (101.0 grans) of am ne dithi oph(g@iaggpawg%)ggﬁﬁ% ' ilbed in Salentine, US.
Pat ent No. 4,575,431), 5.8 wt % (28 i adi azol e (avail abl e as
Hitec(r) 4313 fromEthyl Corporation), and 4.81 w % (24.0 grans) of
sol vent refi ne§l2X0%NeBIr BPthethasd Faxck! )5 WEBE (6D, ht the
m xture was hor&ge O[J(fzn %E":ézn@r ative ?%SJSeOQSSWS ﬂ‘%{?g%mgygir ans) of
the base packatd ! redned Qpohfst .an&r%{h@('gﬁf W AREFE-3rd Yorfad 15} 91gMIS)st ock
base oil (G t gof kBt refiredBEBnedtrAtobis e bilIEIKANBPON Pve fomiesd uritd theried 600
neutral basg Oth&@%QQh@Bﬁ%TSW{e m xed until the 5 m xture was

ampl e

honbgenous. Conparati ve 5.2 wt % (26.0 grans) of the base package
K 1.2 w % (6.2 grans) of 1300 nol ecul ar wei ght succini m de ethyl ene
carbonate post-treated di spersant,cg,_ﬁ%%gwe g/%éj@eg grans) of sol vent
refined bright stock base oil (Gt : .6 10 wt % (392. 8 grans)
of solvent refined 600 neutral base oil (Exxon 600N) were mxed until the

m xture was hoﬁﬂg&ﬂ%L{SS.(ﬁgl@m@ihé?b@baﬁg%l%gé 18- 22 Wit "/g‘:géé%rgnﬁ')%ﬁho@f the

b Kk c 2 W % (6.2 f | I t 1 d
Rl R T e
wt % (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 % (28.0 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
mixed until the mixture was homogenous.

Comaprative Example K

9.2 wt % (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

-17 -



15w % (75.0 granms) of solvent refined bright stock base oil (G tgo 150),
and 78.6 W % (392.8 grans) of solvent refined 600 neutral base oil (Exxon
600N) were mxed until the m xture was honbgenous. Coma native Exanple K
52wt % (26.0 grams) of the base package K, 1 2 vvt % (6.2 grams) of 1000

20 nol ecul ar '. cCi d ersant, % (75, grams) of

sol vent refin g 15’?# n}cf{zéﬂgsg (%?3 8(9@'?‘5))0 %@yeméﬁ@“%G@J fieviggibase g
grans) of soloikibxorBOORIWeRDmbaH tatll thasxtold waEkseogeAeNs. were m xed
until the m xture was honbgenous. Conparative Exanple L 25 5.2 wt % (26.0
grans) of the base package K, 1.2 wt % (6.2 grans) of pentaerythritol and

pol yi sobut enyl succi ni ¢ anhydri de GanparativenExawmiptghb 1000) ester
di spersant, 15.0 wt % (75.0 granms) of solvent refined bright stock base oil

-17 (CGitgo 152% and, 7 O W % (392.8 grans) of solvent refined 600 neutral
base oil ge Bb@'f\& %Y%C(hmﬁeah%wais RrAiRATASUPUOWE Th ME de B (%3

fcomaar at | \éss 5)@&]313%%&“@&@5 isobut i@lﬁ? hav?a CTTROR, %!f@ﬁ(é‘%@ﬂaﬁ]@%ﬂ%@d@cﬁ C- o o
ol | ows: of ~sul Turi | ene havi %
sul fur (avail amo fo@@%ﬂ@&% igg! ??WW@’(&@M% %@rﬁi‘gﬁ 9.4
\L,JVt S% I(D 94.3 gr M)ombsammqasdlesbnlmmmmmd aSSdEatUntIDEﬁtlLEW 548 E) ntlﬁl?i, ]

. at ent osphat e
(avail abl e as (pgﬁ 64@%%98?) q’?“ﬁa‘#&&fo‘?f@ s%?)ﬁé @%@%ﬂ%gﬁﬁuébﬁgﬁ%ﬁr{gﬁ@ P
Derivatives), BhgdigineRiespbomsakeriotmance Betditives), .1 a b (bbgrams) of

Lub I 5 | f
(i L111 dcansh § arpiosn i Syl e

m xture was hoffb gragns] ¢ O%aﬁ‘b@f"@ddpgrf’@}' 8 b@%"‘éﬂ%ﬁ’@i”v@
above descri bemixeti@irdil the Mixture was homogenous.

5.3 wt % (801.0 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-butyl 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
oit (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 APl GL-5 category specifies the L42 test method as the

procedure for determining the load carrying capacity of the lubricant under
conditions of high-speed and shock {oads.
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(3,220.0 grans) of solvent refined bright stock base oil (Gtgo 150), and
75.8 wt 15 % (12,879.0 grans) of solvent refined 600 neutral base oil
(Exxon 600N) were mxed until the m xture was honbgenous. Conparative
Exanple N 3.0 wt % (108.0 grans) of a di-t-butyl polysulfide containing at
| east 80 wt % of di-t-butyl tri-sulfide (available as TBPS 344 from
Chevron Phil | i i lehdtst arocegutnisptasgribad irBAGTMA ¢ehriic8 RublicatjoroS TE6H 2Ant

refined bright abelo @S&fo?:hhnc%ﬁﬁek%rﬁﬁn@ oﬁ\ﬂéjegé (ubficaftd B4 @f&?ﬁ%ﬂ‘s)
of solvent ref d.600 peutral base _oi rExxon ElHé wer e mxedeyntl t he
m xture was ho%%’e%%‘h’?? %ﬂ@#%ﬁfpwﬁ%ﬂdﬁ enationgs af 439 Bariagar dive2BOns
mentioned in tBex 0208 VeshGonshdHyckeAPPAIGALBID59AH MNindRPbRited RBrein for

conmpounds e ' used in gear oil formulations to protect the gears
from scorﬁlg.é%‘ﬂgﬁ%‘%g&ﬁ category specifies the L42 test nethod as the

procedure for determning the |load carrying capacity of the |ubricant under
conditions of ] S,z . pro re i
described in A%%%F%ﬁﬁ%%@%ﬁ%%&%g&ng%ﬁ] %95@%2’%“@%%@%@@‘%@%%%&
Test for Aut orfitieiianchely frodeiraamnd nentesulides and having Grediesthan Wt %

avai | abl e fr onafASdiMeh L08R ¢ | ; C700,
West Conshohocken,. PA 1 ﬁzg‘ Zégl%é':gﬁ%e)i]’%al %@PS?Q@?&ﬁél_éﬁn(rraggnfgﬁaI |

pur poses. ConpaPgbic\Rolsulide confaining\a -y pdvsilfideeaniaining aldeasiBGivhi ng a
m xture of10 di %tafrdit-buyyl bissyifidéy were delllidted ifthe Ingnteat.sul fide, and having
greater than 50 wt % of a di-tertiary-butyl tetra-sulfide) and Conparative
Exanpl e N (having an organic polysulfide containing a di-t-butyl

pol ysul fi de cdre@paratiyedixanyis A Bisset the L9Rdéstdind Exarhple N failesiuthbilde) wer e
eval uated in tiagt L42 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-,
tetra-, and penta-sulfide and having greater than 50 wt % di-tertiary-butyl 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 neutral base oil

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

Example 2

A gear oil 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-buty! tetra-
30 sulfide (available as TBPS 454 from Chevron Phillips Chemical Company),

-19 -



Conpar ati ve Exanpl e- A passed the L42 test and Exanple N failed the L42
test. Exanple I A gear oil additive conposition was prepared as foll ows:
63.7 Wt % (318.4 15 granms) of an organic polysulfide containing a m xture
of di-tertiary-butyl tri-, tetra-, and penta-sulfide and having greater
than 50 wt % di-tertiary-butyl tetra- sulfide (available as TBPS 454 from
Chevron Phi | | i3%9 o & 184.4 grampanyf)amingglithiophospliatedas dgsanitead iof Salentire,

di t hi ophosphat i ' I o/Nn P R\t 704 ,
7.9 wt 9% (39, qf: 3:;‘?6 SRR uta | blatne) 3 ialicBe GvaIREHS)

EL byl Cor por atTAP A4t BOM Kyl GATOTAEGTS, PG dret oG5 emopIssoest 8w %
(456.0 grans) refinede¢0Qeautrai basasli (Hxxen AQUNY flcté AixSLEEHIItHE thiRlpey Ras 12. 2

wt %(1,46%.0 %%f sol vent refined bright stock base oil (Gtgo 150),
and 84.0 wt™ % ; .0 grans) of hydro-processed 600 neutral base oil 25

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

Exanple 2 A g ok htd | Lo - r . s . : 9wt
(2647 qr angy r P {ES5D 5%@8@2?“%%%%{ﬁEg‘?@@lﬁ?aﬁ?%ﬁ%ﬂgﬂrﬁé‘fﬁhb%}aﬁ&
di -tertiary- but3P vt (1.12b Srgrams) shaolyent refised bright stack hase ot (Gitgm80), t han
50 wt % di -t erdnch8¥.6utoyl(gtehr | |

Chevron Philli em cﬁl(G'é‘gch?%%??giH {%b%p@%&ﬁb&@?&4@ﬁra§?§%?}ﬁﬁlﬁ(}é@ne
di t hi ophosphat W EJBXPH AR thespixiie was honpgengnist ent No. 4, 575, 431),
8.8 Wt % (44.1 grans) of thiadiazole (available as H tec(r) 4313 from
Et hyl Cor ation), and 7.4 wt % (36.8 gra of solvent refined 100
neut r al bglg{a oil (Exxon 100N) were mxgg@n@%—éthe m xture was 5
homogenous. 3.4 W % (255.0 grams) of the gear oil additive conposition

described abovgase 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. '

Example 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

25  wt % (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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15.0 wt % (1,125.0 gramnms) of solvent refined bright stock base oil (Citgo
150), and 81.6 wt % (6, 120.0 grans) of solvent refined 600 neutral base
oil (Exxon 600N) were mxed until the m xture was honpbgenous. 10 Exanple 3
Base additive package J: Base additive package J was prepared as follows:
52.9 wt % (529.4 grans) of an organic polysulfide containing a m xture of
di -terti ary- buester dispersank 160 wt (7 5.( granas saf sbivibet eafihekichright stprckadtaee dihan

20 wt %6 di - teriGigytduyl ahd b %Ohrv?t %%hbg%‘f‘%%a}[s() @Y@Jelg%gt' iRy %@ﬁﬁeﬁﬁél b4 Q™

Chevron Philli ? &(

di t hi ophosphatg' OB&QQN U@ﬂe.nmxe;r,éu@ﬁﬂtthﬂmxiureswasmﬂmgenms 4,575, 431)

8.8 wt % (88.2 gram;) of thiadiazole (available as Hitec(r) 4313 from

Et hyl Corporation), and 7.4 wt % (73.6 rams[) of solvent refined 100
neutral base oil (Exxon 100N) were rrixe&ﬂﬂ@—ﬁl—the m xture was 20
honbgenous. Exanple 4 3.4 w % (17.0 grans) of the base package J, 1.2 wt %

bost- L oot 4 b i‘ﬁ@‘?"é’an T7FGEhE) of HeitesiblifiBath i it UCIREREI ST BaN g

stock base oi | OY&ITRags mm}ure@ﬁahemamsm satlicotates 05.Bwh a0 gfaras) afent

refined 600 neg@]o@ﬁtre (M 4 e was
honobgenous. riﬁﬁ&g ht% 17 g?rcs ﬁol) ﬁgmﬂw A}k@\'h? %')é %
(6.2 grans) of® a{%&‘ﬁ &elinast QQ)Fe‘étﬁ@J b@&?ﬂ'is{ pReROPNLwers ﬁil)@dawf-ﬂ@ﬁfﬁ de

(mol ecul ar  wei gimumowﬁshez&ﬁ@ endes. dispersant, 15.0 wt % (75.0 grams) of

sol vent refined bright stoc base oil (Ctgo 150), and 80.4 w % (401.8
grans) of solvent refined 600 neutral base oil (Exxon 600N) were m xed
until the M xture was honpgenous. 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 79.3 wt %

(396.5 grams) of solvent refined 600 neutral base oi (Exxon 600N) were mixed
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 oil (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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Exanmple 6 5 3.4 w % (17.0 grans) of the base package J, 1.2 wt % (6.2
grans) of a highly over-based m xture of phenate and salicylate, 15.0 wt %
(75.0 grans) of solvent refined bright stock base oil (Gtgo 150), and
80.4 wt % (401.8 grams) of -solvent refined 600 neutral base oil (Exxon
600N) were m xed until the m xture was honobgenous. 10 Exanple 7 3.4 wt %
(17.0 granms) of the base package J, 2.5 wt % (12.5 grams) of a

pol yi sobut enyl succini c anhydride (HD|%H-| B 1ei ght 2300), 14.8 wt % (74.0
grams) of solvent refined bright stock base oil (Ctgo 150), and 79.3 wt %
(396.5 grams) of solvent refined 600 neutral base oil (Exxon 600N) were

m xed 15 untiA gedreoiinadditivescomsodigoro@as pusparkd agiblows: $14 Wt ‘78/(5134730 grans)

Succt i m de ogmeFer an digknlt %Of%%@fﬁg% PRBRIncER st af BBt oo 75 o
grans) of sol \i@tﬁ@ Aad ipeath-sitlfidthand havinglgrsateotfian & ) 8o ﬂi‘é@)tlargrwtﬁ@ema-zo wt
% (401. 8 gsarrrsmﬂate (BOAILBIY af ?h'ﬁseﬂséﬂgnnggéweh P & VV{T{.E;%@T\@Q@, wer e

m xed unti x ure was honogenous r‘anms) of
the base packa&eén 7 (20 9. of agpinagithion gz@wtiﬁte&@as d@mrmed/wusgaientme
succi ni mi de  dils;SePaft Nol4,575M3 ﬁg@ﬁ%r 485)7 loV?rn'éur%ﬁ kgdghgd bright

stock base oil % ol vent refined
600 neutr al a(@é:q@p% ?%ék'%ﬁ'? drl‘Ll) K@F"\éﬁ é Ejsn‘ﬁﬁeu MmaR&e
hormogenous. - Deriativgd)e8.50 Wk %€856.70yrana) of thua@amawwallbbmmab@m@ar ed as
follows: 3. 4 s¥s5 it ubrizol Corporation) and 7.1 wt % (71.4 grams) of solvent refined

100 neutral base 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 oil (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 ol
(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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grans) of an organic polysulfide containing a m xture of di-tertiary-butyl
tri-, tetra-, and penta-sulfide and having greater than 50 wt %
di-tertiary-butyl tetra 5 sulfide (avail able as TBPS 454 from Chevron
Phillips Chem cal Conmpany), 14.3 w % (142.9 grans) of am ne

di t hi ophosphate (as described in Salentine, U S. Patent No. 4,575, 431),
18.6 Wt % (185.7 granms) of trilauryl phosphite (available as Duraphos TLP

from Rhodi a I nc. Phosphorus & Perfor mgpesnplPers vatives), 8.57 wt % (85.7
grans) of thiadiazole (available as Lubrizol(r) 10 5955A from Lubri zol

Corporation) and 7.1 w % (71.4 grans) of solvent refined 100 neutral base
oi | (Exxon loGMfonmeeceiexeldation: | the mi xture was honogenous. 3.5 wt %
(630.0 granms) of the gear oil additive conposition described above, 19.3
wt %(3,474.chrams) .of solvent refined bright stock base oi IR&O’t_go 150),
15 and 77.2 wlomparaiiveExampiesdyMandsorarapies rlefl 2ivwsre ropiuséed fallowisheoi |

(Exxon 100N) A®TM DO5X ' NMhkidh i .4
(o t7 o0h) Leie D 64 tédiiorbcddife ThthiYtEst8Sa o] eﬁﬂ@ggg@sﬂ(ﬂaﬁmé&e@

(ihe baseacf)ackag‘g J, 0.5 w % (2.5 grg:
di spersed Hhydr v r evron
Ry dr3AdPaled PRT CASCHONIPROIWOSPHT DaBIse adestdiagangy3nd fresapPen
t2)0 Or oni lte(gprqms'ét. ")Fﬁélubrl@tanﬁ%éiﬁe?/t@ﬂt@?g of arfePin ars?afeir@@ge@@a@h’%r sg gck
ase oOi t . : ra of ,sal vent. refine

neutral base %%&@8%@@‘“ O@d)réGEE%P%ﬁﬁf??"raﬂsﬁPé'snﬁ{t"ﬁﬁsegﬂ%@eﬂ6%‘85830115.
Exanpl e 12 3. 4hedulsvicantzaita gpesifigd ofte tahd thabalkpzicteaperdture obthatiubsi¢arg. 5
grans) of a 2 ' | r i . 40D from
Chevron O qni %ﬁ%@ggggwgﬁgﬁt@bﬁfﬁ7EQ%%%E#%F%OS&@%%%@&?I ned bri ght
stock basdYi |9edrasatipn aftayytestingawers. iseusity ncrems:, naplutes indhegtsieerit and
refined 600 neydaraleddfifi€ss. Alido, EPARNOGRBNstWBHS thEDpHBE EdtalyBEpBicEhtir e was
honogenous. -22 . . , ,

Wweight loss base‘d 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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Exanpl e 13 Performance eval uation
1-12 were evaluated followi ng the

test,

| ubri cant wa

a test bearing,

rs were operated for

Conpar ati ve Exanpl es A-M and Exanpl es
ASTM D- 5704 test procedure.
a sanple of the lubricant was placed 5 in a heated gear case
containing two spur gears,

In this

and a copper catalyst. The

pr edet er m ned

| ubri cant at

was controlle
degradation 4
and gedq
catal yst perd
strip was rep

oil,

activity of t
from ASTM | nt
Conshohocken,

The perfornan
Copper Cat al yj
Exanpl e B16. 8
Conpar ative H

H13. 2

r was bubbl e
oi | tenperat

through the
1"

& of the |ubrid

NCr ease,

ers used for
i nsol

0
d

1(étﬁaluatlng oil 1

es in the use

pf the test
ne original

t he copper
\Aé%g*]t 0

f the copper

D

result 1 ndicates the copper
this test net! can be obt ai

DOT

Drive, PO Box Cr700, West
i ncor por at ed al | purposes|

heated to_ 325 OF _and the qea
dthro Par amet
ég&%%‘%atb@e%}aw@g&s' ty |
ent
The t Tos
nal at, 100 15
st Vi ght  Liexampleg Conpar at i Vf

n)

”

btre I TablreI—ASTM D-570%4
Exanpl e A17.4.@onparative

Ioad ons.
EPfIERaRi ELRibi)
fter té
|.ines part
Fye Bafinl
orted
t py of
ernati
PA 1@%@@p§§%@e§ﬁ@"ﬂ§e“hereln
dllpl [ bJ.tJ L bU

speci he bqu
r cle
PERE Kubon ¢
op R
he tes?omrﬁe’&?f?@nﬁeio
Barr Har
CE results are presentea T
—Compar ative Ex
xanpl e E15.HExatopiesd ati ve Exam

bl e F16. 6 Conp8iBati ve Exanpl e

- — ] DA Lo O
pdar atrrTve BEXdiTpre ULOo. o

Example 4 6.0
Example &5 5.5
Example 6 6.0
Example 7 6.0
Example 8 53
Example 9 6.5
Example 10 5.9
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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-23 Conparative Exanple 113.3 Conparative Exanple J14.3 Conparative Exanple
K13. 7 Conparative Exanple L13.9 Conparative Exanple ML4.0 Exanple 111.0
Exanpl e 28.8 Exanpl e 46.0 Exanple 55.5 Exanple 66.0 Exanple 76.0 Exanple
85.3 Exanple 96.5 Exanple 105.9 Exanple 114.5 Exanple 124.7 The results
presented in Table | denonstrate that the conpositions of the present

I nvention (Exanples 1-12) provide | ow copper corrosion as evidenced by the
si gni fi canClayméower percent copper weight | oss when conmpared to the
Conparative Exanples A-M Clains: 1. A gear oil additive conposition
conprising: 5 a) an organic polysulfide containing greater than 30 wt % of

a dial kyl ~ pal yAgeht di adahive worhpbsitioréamerisihgdi al kyl pol ysul fide compounds
of the fornul a:

a) an organic polysulfide containing greater than 30 wt % of a dialkyl
polysulfide compound or mixture of dialkyl polysulfide compounds
5 of the formula:

Ri-(8k~ Rz

wherein Ry and Rz are independently an alkyl group of about 4 to

12 carbon atoms and x is about 4 or greater;
b) athiadiazole; and

10 c) atleast one ashless phosphorus-containing wear inhibitor
compound.

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

15 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

20 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, dispersions of hydrated alkali

metal borates, dispersions of alkaline-earth metal borates, polyamide
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R1-(S)X-- R2 wherein RL and R2 are independently an al kyl group of about 4
to 12 carbon atons and x is about 4 or greater; b) a thiadiazole; and 10
c) at |east one ashl ess phosphorus-contai ning wear inhibitor conmpound. 2.
The gear oil conposition according to claim1, wherein the conposition
conprises from % of the organic polysulfide, about 0.5

about 35 to 75 w Y%
to 15 wt % of tqﬁg‘??s’fﬁ APEFENES, OF MiXERR Of BUeh ¢isParsafts. o5 of the ashl ess 15

phosphor us-cont ai ni ng wear inhibitor conpound. 3. A gear oil additive
conposition according to claiml1 or 2, further conprising a dispersant

addi ti ve sel écthgenr ivpdditivg compasiies agqordingtto claimehywhergrihgi mi des,
e . . : b |
Succi i m dos. melResEabAdct s N il i oRAFBY ROBS WER P o

acid, pentaerythritol al kenyl succinates, phenate-salicylates and their
post-treatedga | . . ' | earth
net al bor at eg ; n@i’%@%‘?‘%‘?!ﬁ@’% éTE{)/rg\ngg E’gwff&@grq'% E@I?QY %ﬁ%ﬁd&gg@bt‘%}e@@ sions
of al k8l i ne- eardlainmg Wwierbiarthe @sganio lpphsuifitle-ig presdritd®sn dbdne45emt s, or

m xtures of such di §/per sants. 4. A gear oil additive conposition according
to claim 3, wheftWh%-he  di spersant additive is present in a range from
about 3.0 to 45w % 5. The gear oil additive conposition according to any

one of the preceding 5 clains, wherein the organic polysulfide is present
from about 48. the geat oif additive, ogpesition|acgatding e any ppenfdaimsakieot.di ng to

any one of cl al ekt heorgaaHdil ifidiisBra3Bh iR atth 509G dsswpyesent from

about 50 to 65 W

7. The gear oil additive composition according to any one of the preceding
10 claims, wherein the organic polysuifide 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
15 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 polysuifide compounds.

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

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

carbon atoms.
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7. The gear oil additive conposition according to any one of the preceding

10 clainms, wherein the organic polysulfide contains at |least 40 wt % of the
di al kyl pol ysul fi de conmpound or m xture of dial kyl polysulfide conpounds.

8. The gear oil additive conposition according to any one of clains 1 to 6,

wherein the o | I . % t t.al kyl 15
pol ysul fide Cg%.palngjerC]%é’%er‘l%é@(t{lfd\?egc@;}\'ﬂé?fgﬁﬁyﬁkgtcﬁ@ch E %Hﬁ{ 1(90%@1] r@‘;r‘erggya The
gear oil additi R adRegird each actediathuitylgromy. one of clains 1 to 6,
wherein the organic polysulfide contains at |east 55 wt % of the dial kyl

pol ysul fi de conpound or m xture of dial kyl polysulfide conpounds. 10. The

gear oil addi f3Vehecgegasil ddditivecombatitiontazcarding e anf ohbafphe pesticting 20
clainms, wherein RL and R2 are ind;gendently an al kyl group of about 4 to

10 carbon at ons.claimstudhegrinX igiaboytiditi8se conpositi on according to any one
of claimse | to 9, wherein RT and R2 are independently an al kyl group of
about 4 to 6 carbon atons. -26 12. The gear 0il additive conposition
accordi Ag to ¢fdihe aearnil additivihepripasitivn agearding o anygep of daimsi hig/13ut vl
group. 13. The i RAPY; onposition according to any one of the
preceding clai %@?ér\%ﬁe%és?%&ﬁsﬁaﬁout 4 to 8. 5 14. The gear oil additive
conposition according to any one of clains 1 to 12, wherein x is about 4

to 7. 15. The | b td.ve i ti 0 i e of the
receding o Apne G B S fiBMRRRohsoRfiFg e aRE obB e Pifortind yi
pol ysul fide. 16.clifs)adiersihlth@ddhdniy poheiFR it idiferdafabetyngolysulfidy. one of
clains 1 to 14, 10 wherein the organic polysulfide is a mxture of
di-tertiary-butyl-tri-, tetra-,

16. The gear oil additive composition according to any one of claims 1 to 14,

10 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 about 0.7 to 12 wt %.

18. The gear oil additive composition according to any one of claims 1 to 16,

15 wherein the thiadiazole is present from about 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-
20 bis(hydrocarbyithio)- 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 about 7.0 to 35 wt %.
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and penta-sulfide. 17. The gear oil additive conposition according to any
one of the preceding clains, wherein the thiadiazole is present from about
0.7 to 12 wt % 18. The gear oil additive conmposition according to any one
of claims 1 to 16, 15 wherein the thiadiazole is present fromabout 1.0 to
ditive conmpositign according to any one of the

10 % 19. T ]| )
D i ng - c2A s Sahepbrddiie compeIRAAGORIE S S0¥ 06 QNGRS 19 0. 5.
Ch o o ee: neii HPdgiiss BnoBIHKANS Boftaifl i bR colpfodtia s,

bi s( hydr ocar byl priesent framdalius-10i te (3Dt Ucar byl di t hi 0) - 1, 3, 4-t hi adi azol es.

20. The gear oil additive conposition according to any one of the preceding
cl aims, wherein the ashl ess phosphorus-contai ning wear inhibitor conmpound
i s present feanTkdgesr dgil Bdditivesompd¥ition2iccdiding ¢o aagoneidf the prédading
conposi tion accqrding,to any one of clai 1 to 19, wherein the ashl ess
phosphé¥ us- cont ?W%g"%ﬁ\n t%ﬁtﬁSE‘H%rp BIHfgcoRdainingweat ifhibitarabout 10 to
35w % 22. T FncPid it § L ' omne of the
preceding 5 ol rgaundls atiesttdneoniBnat LRlarfahthdurba, Bicieh

i nhi bi t or conpoofrah asirat phespttoros eompopad remhdsz tréatkyd ghbephité.he gr oup
consisting of an am no phosphorus conpound and a trial kyl phosphite. 23.
The gear oil additive conposition according to claim 22, wherein the amno
phosphor us c@Bpbhedeasoibadditive cotripositionpdurioeding @o 2ihimi22, gawreipitheaddi ti ve
conposition according to,claim?22, wherein the trialkyl phosphate is
trilauryl phospHie. PRREISEANPRYUNG Siaing '?@B%Qﬁquﬁ){%n according to
claim 24, wherein the trilauryl phosphite contains at |east 75 w % of the

structure 3_P, . - - . : .
10 ( R8)4.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); P,
wherein R is a hydrocarbyl of about 4 to 24 carbon atoms.

15 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
diatkyl polysulfide compound or mixture of dialkyl polysulfide
20 compounds of the formula:

Ri1-(S)k—Ra

wherein R4 and Ry are independently an alkyl group of about
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wherein Ris a hydrocarbyl of about 4 to 24 carbon atons. 15 26. A gear oil
conposition conprising: a) a nmgjor anount of a base oil of l|ubricating
viscosity; and b) a mnor anmount of a gear oil additive conposition
conprising: 20 (i) an organic polysulfide containing greater than 30 wt %

of a dialkyl polysulfide go und or mxture of dialkyl polysulfide
conmpounds of the forrruf‘i? 1%0-"8?%)35@‘1153 ’ﬁ/\lﬁé}l@l‘rﬁg‘lﬁ'gi ale are

i ndependently an al kyl group of about -28 4 to 12 carbon atonms and x is
about 4 or greater; _(ii é a . thiadiazole; and (iii) at |east one ashless
phosphor us- cont ai ni {#) #dBiadiageiasiangr  conpound. 5 27. The gear oil
conposition according to claim26, wherein the conposition conprises from
about 0.1 to 3.6 wt % of the organic polysulfide, about 0.01 to 0.6 wt %
of the thiadiazol e, (dnat lgestion® ashlegs phesphonssgrontaiBingweariskibitor
phosphor us- cont ai ni ng \9’8% bﬂpi bitor conpound. 28. The gear oil conposition
according to claim26 or ? urther conprising 10 a dispersant additive
selected fromthe group consisting of alkenyl succinimdes, alkenyl

o 1180 by paste Ve Lbembeon 3pRRRTe CARRE A%, BnafifT odibeglaBh™ °°
pent aeryt hri t ol corhfsndl frevcmone 0esio 3.Bhﬁmtcﬁ‘1§é|drga’rhi§tp©ﬁ/séﬁﬂie§ BBoOIt
post-treated anal ogs, alkali metal or mxed 15 alkali netal, alkaline earth

metal borates, 4P$fePH vh%pf ipthiadiaraieand abewt i to@awé % ofitheper si on of
al kal ine-earth Jefaly ﬁ%s%%%?us-&%t}ém?ﬁéjﬁlear inhibitor compound.

28.The gear oil composition according to claim 26 or 27, further comprising
10 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 alkenyl succinates,
phenate-salicylates and their post-treated analogs, alkali metal or mixed
15 alkali metal, alkaline earth metal borates, dispersion of hydrated alkali
metal borates, dispersion of alkaline-earth metal borates, polyamide

ashless 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 about 0.1 to 2.7 wt %.

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

32.The gear oil composition according to any one of claims 26 to 31,
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ashl ess dispersants, or m xtures of such dispersants. 29.The gear oil
conposition according to claim28, wherein the dispersant additive is
present in a range fromabout 0.1 to 2.7 wt % 20 30. The gear oil
conposition according to any one of clains 26 to 29, wherein the organic

pol ysul fide is r 3 9 5

conposi tion acc%’@eﬁ%m t[hfe %ﬁ%ﬂ%&%&[@?@a?ﬂs&a%%g%ﬁéio %eﬁﬁ gfﬁ{e‘t @Iﬁdkgr gani c
pol ysul fide is mcﬂm,rllfﬁdé compeabod or mikture o? dialil pysaffide duengaaidi |
conposition according to any one of clainms 26 to 31, -29 wherein the
organi c polysulfide contains at |least 40 wt % of the dial kyl polysulfide

conpound or nB3tThegedr il abdqpbsuﬁoh)a&ubfd[@tozanmnadf cla?@ls 26w rar oil
conposi tion according to any one of clains 26 to erein the organic

pol ysul fi de cont‘%hQ@”aﬂ"el @S@F'W'Vﬁu'ﬂﬂ%m’t‘wsd@td?ﬂ?ﬁ 5%‘%‘50’1’ 9§thef<ij'élﬁ<!/&orrpound
or mxtgre of di f Iflcfé’&?/ﬁpbﬁhgg)r‘ﬁﬂ%é‘B‘F'\%allgy‘fp IR orbdu osition

accordlng to an e organlc pol ysul fide
cont ai ns at Ieast 55 wt % of the dial kyl pol ysulflde conmpound or m xture

of di al kyl | ccording to
any one of cl g%i“ézgg?r &Eﬁmﬁggﬁgggﬁgfﬁ%@ gﬁ%ﬁ@hérog%@i@%péedn fl y an al kyl
group of about Awvhereirlthecargbnit pdlgswfide36onthires gideasiodd we ehpdthd diatkyl
according to any ogne J cl ai ns 36 to 34, %erﬁin RlL and R2 are

i ndependent |y arPonﬁléWo &Ppodnd o Fuxtuse phdiglkyd pplysHifidessampaundss. The gear
oi | conposition according to any one of clains 26 to 36, wherein Rl and R2

are each a tertiary-butyl group. 38. The gear oil n’Foleon accordl ng to
any one of c|aﬁf@ezae@roolhqommﬁape.aﬁcsew%n%baw@ne@f aims 26 to 3

10 wherein Rq and R; are independently an alkyl group of about 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 about 4 to 6
carbon atoms.

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

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

39.The gear oil composition according to any one of claims 26 to 37,
20 wherein x is about 4 to 7.

40. The gear oil composition according to any one of claims 26 o 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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39. The gear oil conposition according to any one of clainms 26 to 37, 20
wherein x is about 4 to 7. 40. The gear oil conposition according to any
one of clainms 26 to 39, wherein the organic polysulfide is a
di-tertiary-butyl polysulfide. 41. The gear oil conposition according to

any one of cl ai ; B dﬁ?&?f"t ; FGi . ul 148 | 3
m xture of di -te@?‘fzrg'rril- eﬁ??ntégj-, téﬁ@al-s,gﬁ]éﬁgg%gt Iat-ggﬁua?f?:.ﬂé]féquﬁf%ﬁ%’gear
oi | conpositi on ascpentarsylfide.any one of clains 26 to 41, wherein the

t hi adi azole is present fromabout 0.05 to 0.4 wt % 5 43. The gear oil
conposition according to any one of clains 26 to 41, wherein the

t hi adi azol e i 42prlesgedr dir compositibn @ctotdind@taamy ofle of4lairhb6geat1,0i |
conposition accordin o any,.one of cl ai 26 to 43, wherein the

t hi adi azol e corrﬂ?’*i‘%’@g‘ %@tﬂ@é%ﬁ‘zoiﬁ‘q@ W}eSQPgEGW%&% 10 9.4t ¥ adi azol e;

2- mer capt o- 5- hydrocar byl t hi o-1, 3, 4-t hi adi azol es; 2 10

nmer capt 0- 5- hydrqcar byl di t hi o-1, 3, 4-t hi adi azol es; 2,5- bi s%h drocar byl t hi o) -
and 2, 59bi s( hffdr J1a98si @il ¢emBYsition agcerdingioary ege ojslaimg %@a‘“ .0i |

conposition accq){,ﬁiérg% R tﬂ@ﬂi%lbg? i%fopgr%géhfrﬁo%gat}(g.ﬁf? to BREL i,/n t he ashl ess

phosphor us-containing wear 1n compoun pr esent fom about 0.2 to
1.7 w % 15 46. The gear oil conposition according to any one of clains 26

to 44, wherej . rUS: 6 M d nhjdai t conpound
o present 1 HmTREaBH WP EmBOGRAR BEUG Al e P Bl S el R o
accordi ng to anywiwreirothecthidiazolé compfiees aeistbnetdi@, seirhesapto-1,3,4-
phosphor us-cont aj ni hg wear inhibitor conmpound. is 20 at | east one conpound

sel ected fromt HBiQGFQﬁ?ﬂﬁ;c?oﬁ'@rgﬁ'ﬁtﬁgs‘mdr&ﬁaa?ﬁltm?'1 Sribihadiagelesodpound and a
trialkyp phosphihgrcapto-5-hydrocarbyldithio-1,3,4-thiadiazoles; 2,5-

bis(hydrocarbylthio)- and 2,5-bis(hydrocarbyldithio)-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 about 0.2 to 1.7 wt %.

15 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 about 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
20 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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48. The gear oil conposition according to claim47, wherein the am no
phosphorus conpound is am ne dithiophosphate. 49. The gear oil conposition
according to claima47, wherein the trialkyl -31 phosphite is trilauryl
phosphite. 50. The gear oil conposition according to claim49, wherein the

trilauryl phosy 3 'é}ﬁ?, sﬁﬁlﬁ 75 wt % of the structure (RO 3 P,
wherein R is a@ﬁ?gggﬁw 0 P%rﬁ)(%) t %'to 24 carbon atons. 5 51 . The gear
oi | conposition according to any one of clainms 26 to 50, having chlorine

| evel s bel ow m : f LC] vagﬁg lon in

axl es and traﬁg'm Ss %%g?’fbéfﬁf’ﬁgﬂgﬁ gégco%{r&lg%hg%‘l?c)n a@@%‘ﬁ@%ﬂ%ﬁ _Pt al
conponent s of t lphoaphite cantiaimsahleaissmm%bfl’f;ea%@ﬁ%@(ﬂomm PABereiroR
conprising: 10 a | or, ampunt of a base oil o ubricating viscosity;
and b) a mnor d%rﬁw argy aﬁ%%itl"'tﬁc?d’i ¢3rPENEHPSsi ti on conprising: (i) an
organi ¢ pol ysul fide containing greater than 30 wt % of a dialkyl

pol ysul fide compound or m xture of dialkyl polysulfide conpounds of the

formul a® 15 Re1.Thegysaroipgompesitipn argorging teany ane of slaima <8 oyt haxing |

group of about drfh %v%l%rﬂ?é?& and x is about 4 or greater; (ii) a
t hi adi azol e; an zlll at l'east o ashl ess phosphorus-contai ni ng wear

I nhi bitor 20 conpound.
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:
10 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 dialky!

polysulfide compounds of the formula:
15 R1-(S)k—R2

wherein Ry and R; are independently an alkyl group of

about 4 to 12 carbon atoms and x is about 4 or greater;
(i} a thiadiazole; and

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

20 compound.
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