LUBRI CATI NG O L COWPCSI TI ON WHI CH DECREASES COPPER CORRCSI ON AND METHOD OF
MAKI NG SAME BACKGROUND OF THE I NVENTION 5 Fiel.d.of the Invention This
i nvention relates to the manufacture and conposition of gear oil additives
used to decrease the corrosion of yellow netal conponents which are present
10 in axles and transm ssions. This corrosion may occur fromthe use of
sul furized olefins in the gear oil. Background 15 In gear oil applications,

sul furized ol efins |WERRICATING OIL CORMPOSITONSYHIOHMECREASESCOr i ng.
However, these sul fur conpounds are extreréeh_hkcorro& ve towards yell ow

netal s, such as cofRPERELCBRAFION AR M BUPF MAKINGHAME s i n

conbi nati on with phosphorus conponents produce a conposition that degrades
the copper. Gear oil specifications have m ninum 20 requirenents for copper
corrosion. For exanple, APBABKGROISKRDWDY THEINVENTI@GNMaxi numrating of 3
in the ASTM D-1 30 test. Typically, to decrease copper corrosion, copper
passi vatots, such as thiadiazoles and triazoles, are added in enough
quantities until the lubricating gyl 4% HYcARSSPt @bl € copper corrosion
performance. The addition of copper passivators is costly. 25 Therefore, a
new, cost efficient gear oil additive has been discovered that decreases
copper corrosj.on as.well, as .decreases the cost of t.he ar._oil ditive.
Van! Der veer T4 yEnib olaR 5 SRRt i foRbnblien WED5ar 2 agdVER et ose
30 a corrosi@sed fdidbréadtothe ABROSIcN GYeiBAMERIMBEMPBRets WIRAS ré Presbngarri er
of an oily or waxy type; and (B) _acti've conponents conprising at |east (B1l)
a | corrldsi op-axgs mgganwss@@s(aifdw%cqmﬁ@nmqm;fram the use of

CO-corri si on-l"’{@{ﬂ{ggé%)i[eg@fsgiﬁee&aer%“from the group consisting of (a) aromatic

aci ds and na?)

Background

15  In gear oil applications, sulfurized olefins are typicaily used to protect gears
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 minimum

20  requirements for dopper corrosion. For example, AP| GL-5 category requires
a maximum rating of 3 in the ASTM D-130 test. Typically, to decrease copper
corrosion, copper passivators, such as thiadiazoles and triazoles, are added
in enough guantities until the lubricating oil has an acceptable copper
corrosion performance. The addition of copper passivators is costly.

- 25 Therefore, a new, cost efficient gear oil additive has been discovered that
decreases copper corrosion as well as decreases the cost of the gear oil

additive.

Van Der Veer et al., International Publication Number WO 98/16669, disclose
30  a corrosion inhibiting composition that comprises at least (A) a carrier of an

oily or waxy type; and (B) active components comprising at least (B1) a



whi ch acids have the free acid formor the al kaline, alkaline earth,

anmmoni um and/or amne salt form with the proviso that sodi um benzoate is
excluded, 5 (b) imdazoline derivatives having a C6_24 al kyl noiety, and
(c) Cc,-24 alkyl and al kenyl succinic acids including the anhydride
conpounds thereof, as well as mxtures of conpounds defined under (a), (b)
and/or (c). Typically, this conponent is usedto decrease the corrosion of

el ongat ed ObberBéoﬁflni%Bﬁ’tﬁJ of tHd a&1BUPpe 'rmoe(fl:?@}fd &FlébrrPHfH in‘hﬁil!{&n Nurber WO

94/ 17164, discloses an anti-wear, high pressure hydraulic oil which
cont ai ns essealectd fomdhe gmmonqm‘mgpﬁcﬂaharomat@ anjds and inepbthenjss acids: s

and demul si biniyAGRepaYe LSRR ffior i aRMe it R et BBt 07,

hydrocar bon @hbjor Qaﬁ')ln@%blﬂ?fc&npfw@al thegirevied that Sodlmn easosteds edsludéa)
butyl at ed phenol; (4) phenol; (5) sulfurized fatty oil; fatty acid;

and (7) s8Il fd®) l%@%}ﬂg@ﬁerlm@@m\'ma Sle24 a%ylsﬂomi&' eaﬂd m05@4@ 1 8ng,

di scl ose a | %@Rﬁlt p

coating on t ﬁ(ren |al#"}ace %ﬁgﬁmﬁ@\}% 3 orﬂr o('?l n %bgeégﬁgids The
conposi tion mmre§@fsccﬁn;bomiaits defneda:lnder a)p(b)dmdgcbr(pprTygupalw vy bdenum
based lubricant, a netal sulfonate such as ca fonate | ong chain
fatty acid, ZPmiPogeny 'ﬁ@sﬁaﬁ%ﬂﬁﬁrﬁ@%iﬁ@ 8‘”25%?'909? Iek;@géiﬁil P% ?)fag??'cul arly a
zi nc alkyldlthlophosphate or diazole such as thiadiazole derivative. 25
Khorram an, U.S. Patent No. 5,439,605, discloses a base oil that contains a

copper p#8si Janhga, InfEmeatiomapPubliionitrober W QPeHE11a8| disalosen zot ri azol e
derivative such as IE;; enzotri nam ne, N, N- bi.s(2-eth hexyl ) -

mothyl: and ERE- e R Tt ol Sy s Ay SR N Ul o1 he

30 di al kyl di tHap ;ﬂmﬁehahé wa%mbﬁlrm@tecw Adigst odridsmH aesgonSs | ow ash
or light ash lubricating ail hamet al., U S Patent No.

3,923, 669, divedll assrovidea@nti-wessr amiy lang demulsibility properties. The
hydraulic oil contains (1) petroleum hydrocarbon oil; (2) esters of dibasic and

15 monobasic acids; (3) butylated phenol; (4) phenal; (5) sulfurized fatty oil;
(6) fatty acid; and (7) sulfur scavenger.

Baumgart et al., U.S. Patent No. 6,413,916, disclose a lubricant composition
that deposits a corrosion protective coating on the surface which prevents
20  corrosion and reduces wear. The composition comprises a light mineral oil of
high purity, a molybdenum based lubricant, a metal suifonate such as calcium
sulfonate, a long chain fatty acid, ZDP, a zinc dithiophosphate derivative and
more particularly a zinc alkyldithiophosphate, or diazole such as thiadiazole
derivative.
25
| Khorramian, U.S. Patent No. 5,439,605, discloses a base oil that contains a
copper passivator. The copper passivator is preferably a benzotriazole
derivative such as 1H-benzotriazole-1-Methanamine,N,N-bis(2-ethyl hexyl)-
methyl; and the copper passivator is preferably present in the final zinc
30 dialkyldithiophosphate (ZDTP)-free, with or without phosphorus, low ash or
light ash jubricating oil.



oil that conprises major amounts of a mneral lubricating oil and m nor
anounts of a secondary zinc dial kyl dithiophosphate anti-wear agent,
chelating type and filmformng type netal deactivators, a neutral barium
salt 5 of a petroleum sulfonate, and a succinic acid based rust inhibitor.
Taguchi et al., European Patent Application No. EP 0926 224 A2, disclose
the addition of a conpound which is conposed of at |east one cycl I C

di car boxyl i cNea\am@amleydr | d&S. Rabortti Nut&ﬁZ:bfﬁG@ndisolbsamnearﬁpweaf hedrabiky!| or

al kenyl g_rou% h 10. an effecti ve ort | 0{1 é N ub t| ng base stock.
The addition ﬁ# qtrﬁog‘péﬁﬁﬁé‘ﬁﬁiﬁr %'?nBW' ""1'%@ lugtie 90‘?‘ a'& tion for an

aut omati c or gnkRimitd BIUe%éédhdé@;Fkﬁ@'oﬁ‘alkﬂ%iﬂp‘%@bﬁﬁaﬁ@%rﬁhw@éhé ﬁ’cs a

sufficient friction coefficient in a high'sliding speed rahge while
retai ni ng | usheleting kpecand filpr iopming typemaefal deabta'atcas,l abeutrak baruroisaltf or t he

INVENTI P & REOSEVGEIT oyl 2 RbFo B AThAST B TS et decr cases

the 20 corrosion of yellow netal corrponents of axI es and transm ssions,

t | | d I A g I osi ti on conpr ng a
el fur ?Ln%aaéﬁé’fﬂ%ﬁaa@ﬂ%g:&%%%ﬁéba@w&é@wmoéﬂoh%do ”Eaihghans&ape;pub;f' or
gl keny! sucaaan.sn%reg Oo%%nmmmeh o Eor%o%é{%f £Abh qﬁafarﬂgﬁgaeen

ound to. decrease t er corrosion o ears. eC| |cal Y,

co[]rbijnaéI i on aﬁldtamhygﬁde bubstltaiﬁ;dlw amglot h@r@bfbactn;:@a”@} ?lea!yénwtqroum ,dn
anhydri wor ks 1 o.decrease the “corrosion of the_yellow metal components
in gear sﬁ? hafn&ifegiie P’io@ﬁftl%ﬁpszp%“ﬁ?tﬂ'?g base ﬁttocﬁna%ﬁlﬁ%%ﬂm thisonpounds.

Th t | t b d
e presen b?ﬁwgﬁhh@ r&ﬁ@egﬁ@ﬁ%ﬂe bu%bhqr?%@ﬁmgﬁtﬁ?@%‘ﬁfﬁﬂﬁélﬁﬁ may be use

30 in a gear rlca I ng Oi present er provides a
novel processohiinuquslyperiably mnsralddlonlwhacbanbleses pouffidient friefjorbe used in a

?33; i lcg,? Ir 'nga%ﬁ')&ﬂglgﬂ&)@sqwﬁlgﬁﬁmgmg speedprra(ralag %h[l'{;r}\é arl]l:[u}'lg rI]ubar}c%?nBroﬂVI des a
' properties required as a lubricating oil for the automatic or continuously

15  variable transmission.

SUMMARY OF THE INVENTION

A novel gear oil composition has been discovered that decreases the

20  corrosion of yellow metal components of axles and transmissions, particularly
copper and copper alloys. A gear oil composition comprising a sulfur
component, a phosphorus component, a thiadiazole, and an alkyl or alkenyl
succinic anhydride in an oil of lubricating viscosity has been found to
decrease the copper corrosion of gears. Specifically, the combination of the

25 thiadiazole and the alkyl or alkenyl succinic anhydride works to decrease the
corrosion of the yellow metal components in gears that occurs from contact

with sulfur and phosphorus compounds.

The present invention provides a gear oil additive package that may be used
30 in a gear lubricating oil.



5 and nethod of use of the lubricating oil containing the additive
conposition of the invention. Accordingly, in one aspect, the present
invention is directed to an oil-soluble additive conmposition conprising:
10 (a) an organic sul fur-containing extreme pressure additive; (b) a

t hi adi azol e, wherein the thiadiazole does not contain a polycarboxyl ate
noi ety and the anount of dinercaptothiadi azole present in the thiadiazole

is from abourrh@ e¥é9biheeraipa furtAd pv»b%jesJaSn&\fe)l p?cﬁbe%@f@ppﬂ@l@gﬁﬁa%rnus
conpound; -and (d) an al kyl or al kenyl succinic anhydride, wherein the alkyl

or al kenyl @ﬂaﬁlyewgmr@smnﬂbat @aéb@g@%n@:@@@mumaﬁm gl om about 160 to
about 700. 20 In another aspect, the present invention is directed to a

| ubricating oil composition conprising: (a) a major anmount of oil of

| ubri cating Mcs‘eo%ért the pmde(ﬂhhvmtiﬁmaiso@mmu@és aﬂumrcad:hgfﬂ@dnmdsitaﬂﬂi tive

a1 ve, 525 30N B RS B RBPN ol oRAing e 0N G aBPATBPR DT

wherein the {4y Wbﬁg@{.e does not contain a polycarboxylate noiety and the
anount of dinmercaptothiadi azol e present in the thiadiazole is from about
0.1 mt%to about 10 wt% and 30 (iv) an al kyl or al kenyl succinic

SUcei ni ¢ anhguPPdan 2N Hsete s BRkgL PHBNERD R R 25 PrepluHiaou
160 t o about add@Qe Cbﬁ]pa)sﬂ'bﬁf(—,@lmrﬁfé"fgrbodl ment, the present invention
pr ovi des16;1 | ubricating oil

(@) an organic sulfur-containing extreme pressure additive;

(b) a thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wt%;

15 (c) an amino phosphorus compound; and

(d) an alkyl or alkenyl succinic anhydride, wherein the alky! or alkenyt
group has a number average molecular weight from about 160 to
about 700.

20  In another aspect, the present invention is directed to a lubricating oil
composition comprising:
(a) a major amount of oil of lubricating viscosity; and
(b) a minor amount of an oil-soluble additive composition comprising:
(i) an organic sulfur-containing extreme pressure additive,
25 (i) an amino phosphorus compound,

(iii) athiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of
dimercaptothiadiazole present in the thiadiazole is from about
0.1 wt% to about 10 wt%, and

30 (iv) an alkyl or alkenyl succinic anhydride, wherein the alky! or

alkenyl group of the alkyl or alkeny! succinic anhydride has a



5 conposition conprising: (a) a major anmpount of oil of lubricating
viscosity; (b) fromabout 0.25 to about 3.6 wt % of an organic

sul fur-containing extrene pressure additive; (c) fromabout 0.3 to about
1.5 wt % of an am no phosphorus 10 conpound; (d) from about 0.01 to about
1.2 % of an al kyl or al kenyl succinic anhydride, wherein the al kyl or
al kenyl group has a nunber average nol ecul ar wei ght from about 160 to

about 700; and (e) from ﬁmﬁbrQv&%gé%@@@dﬂér@e%’f’nt}&ﬁ(@ﬁi‘a@ot{thi@‘*b%ﬁu@’

wherein the 15 thiadiazole does not contain a polycarboxylate noiety and
the , anount of dinmercap®®thi adi azole present in the thiadiazole is from
about 0.1 W% to about 10 wt% The present invention also provides a nethod
of making an oil-soluble 20 additive conposition conprising: (a) preparing
a base packagrealyreferredragnisodimeatthe pragehtinventib@provides £Xibratinglofissur e
additive with an am no E{(ﬁsrhorus conpound; and (b) m xi ng the product of
(a) with gn SPRPOSHPN LORWIPINGS ucci ni ¢ 25 anhydride, wherein the al kyl or

al kenyl group hagal)a Q%S%mﬁﬁféﬁ%@hfﬁ%t@%ﬁ%g% of about 160 to about

700, and a thiadi‘azole, erein S not contain a

pol ycar boxyl at e (i efromeashtbut 9e2Stooabmiut 36 dit¥eof caporgahicalilfar-cbetaimingsent i n
the thiadiazole is fromabout 0.1 %;(D to about 10 % 30 5 The present

i nvention additional ?&rﬁpﬁﬂrﬁ%gé"%a_ 'W8d of nmaking a lubricating oil
conposi tion conpid)si figm Abut LB RPEHAE 126 RARDLMALLARD MYosPhdhig an organic
sul fur-contai ni ng

10 compound;

(d) from about 0.01 to about 1.2 wt% of an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight from about 160 to about 700; and

(e) from about 0.02 to about 0.25 wit% of a thiadiazole, wherein the

15 thiadiazole does not contain a polycarboxylate moiety and the ;
amount of dimercaptothiadiazole present in the thiadiazole is from

about 0.1 wi% to about 10 wit%.

The present invention also provides a method of making an oil-soluble
20  additive composition comprising:

(a) preparing a base package by mixing an organic sulfur-containing
extreme pressure additive with an amino phosphorus compound;
and ‘

(b) mixing the product of (a) with an alkyl or alkenyl succinic

25 anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wit% to about 10 wt%.
30



extreme pressure additive wth an am no phosphorus conpound; 5 (b) m xing
the product of (a) wth an al kyl or al kenyl succinic anhydride, wherein the
al kyl or al kenyl group has a nunber average nol ecul ar wei ght of about 160
to about 700, and a thiadiazole, wherein the thiadiazole does not contain
a pol ycarboxylate noi ety and the anount of di nmercaptothiadiazole 10
present in the thiadiazole is fromabout 0.1 wt%to about 10 wt% and (c)

conmbining th rp(ggééq,tt- i i 3“&10' hhii i i ng
vi scosi ty. 1§h$’he pr egﬁfﬁpﬂ?@}géﬁ:?gﬁll f ur?ﬁgrgrggﬁhgsqdcﬁ%ﬂgbﬁggﬁolgﬁg?émi ng a

| ubri cati ng oil composiiosicomprisingnpri si ng: (a) nmi xi ng an organic

sul fur-containing.extre ressure additive..an an.no sphor us. conpound,
2n alkyl or al keff)r LisBanda BaeRAe b Bt GG RREEBRERE I or oup
has a number 20 aver@@mnfr@hmbeé awgitighvithfaredairo Prfsphonadeshpd®d; and a

t hi adi azol e, wherein the thiadi azol e does not contain a polycarboxyl ate

moi ety amll an antUnt MefingitheepredretAfiahwita 281aikyl or adenyl $YFCIR@ t hi adi azol e

is fromabout 0.1 wtQ o} % t j i nogenous;
and 25 (b) adding até(q”b&sri?%@hafe&' e Aty 4’%‘3M§rdrgﬁ>ﬁélﬁ§”'8?"d%g) 6
DETAI LED DESCRI PTI ONav@fad¢imdi@dENTWERNhToleatAmd i160ve dBacka@@, dandlde gear oi l
addi ti ve package of the _present inventjon is, an oil-soluhle additive
conposi tion. The gea [qql&oi%dﬁpqr@@ ﬁéh@a@zﬁﬁyd?fe‘; PRI R gear
| ubricating oil. The | b rod i -ﬁﬂf@rises an
organi ¢ sul fur cont a?ﬁ?%bgéﬁ?%ﬁﬁeg%%%ﬁﬁﬁe&%eg?ﬁiﬂlﬂe\%@gwﬁg yl' or
al kenyl 1G&ucci ni ¢ anpiesentds thathiadianaephtrophabard 0cd mpbutadgboanh d Oawt%;
t hi adi azol e
and
{c) combining the product of (b) with a major amount of oil of

lubricating viscosity.

- 15  The present invention further provides a method of making a lubricating oil
composition comprising:

(a) mixing an organic sulfur-containing exireme pressure additive, an
amino phosphorus compound, an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number

20 average molecular weight of about 160 to about 700, and a
thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and an amount of dimercapiothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wt%,

. until the mixture is homogenous; and
25 (b} adding at least 90 wt% base oil to the mixture of (a).



10 corrosion inhibitor. The organic sul fur-containing extreme pressure
additive wll typically be an arganic polysulfide. Preferably, the organic
sul fur-containing extrene pressure additive is a dialkyl polysulfide or
m xture of dial kyl polysulfides. 15 More preferably, the organic
polysulfide is a mxture of di-t-butyl tri-, tetra-, and penta-sulfide,
such as the di-tertiary-butyl polysulfide knowmn as TBPS 454, which maybe
obt ai ned from Chevron PRETAINED OSESCREFPTIONTFTHE INENTON Texas. 20
Cross-sul furized ester olefins, such as a sulfurized m xture of Cl0-C25
olefins wth fatty acid esters of Cl0-C25 fatty acids and CL-C25 al kyl or
al kenyl al co aahepel e fatty acid and/or the al cohol is unsaturated
may al so be gggﬁ%%gm&4¥¥%§#$ur-containing extrene pressure additive. 25
Sul furized ol efins, which may al so be enployed in the present invention,
ion of a C3-C6 olefin, including

are typigally prepared t he reac X X
sul furi zeg |1§@&ﬁﬁ{;loér?éjd%%@ REckage RbiheRIeaROLIBYHIONIS ANAIE$4IHbIger | ved

ther ef rom wi idRiveTshiddsRRAN R bast ARG UEg iyl

nmonochl ori de, and/ or gﬁs#ur ﬁileggf]ﬁ%ﬁ e. 307 T Qe?ﬁa c?%l:hc glllr?])%l efé{ire
conmponent of lgbricatng odniThgemiditiviel pamitdge iof the prespoisinvéntion coraprisgskgh or

al kenyl succinic .anhydride,. wherein the alk r | kenyl .group. has a
nunber aver aé’gé?ﬂﬁégﬁ "a‘fo'ﬁ@r‘@ﬁte rP"éEE)B'[ﬁSSL_‘L@%éEcFﬁ a_éj(i@l}'te' a%g@%ir Bf gl‘l@r“é{bl y, the
succi ni ¢ anhydetiflR arhyafdel 4eaMincpeed phofuLEHEbiSe -and LifddaESE al kenyl
succi ni ¢ anhydrides include tetrapropenyl succinic anhydride and

pol yi sobit® engprregioniinhibitahydri de. Wien the al kenyl succinic anhydride is
a pol yi sobut enyl succinic anhydride, the polyisobutenyl group wll
preferably have a nol ecul ar wei ght of about 250 to about 700, nore

pref erabl y altwtordafictsulfabostitaiaty exdrshepidssarehadiate wikhpidallp®e 4o about

10 600. A particylar] Preferred pol yi sobut enyl group wi Il have a nol ecul ar
organic pol))éu fide. Preferably, the organic sulfur-containing extreme

pressure additive is a dialkyl polysulfide or mixture of dialkyl polysulfides.
15 More preferably, the organic polysulfide is a mixture of di-t-butyl tri-, tetra-,

and penta-sulfide, such as the di-tertiary-butyl polysulfide known as TBPS

454, which may be obtained from Chevron Phillips Chemical Company,

Houston, Texas.

20  Cross-sulfurized ester olefins, such as a sulfurized mixture of C45-Cs5 Olefins
with fatty acid esters of C4¢-Cys fatty acids and C4-Cys alkyl or alkehyl alcohols,
wherein the fatty acid and/or the alcohol is unsaturated may also be used as

the sulfur-containing extreme pressure additive.

25 Sulfurized olefins, which may also be employed in the present invention, are
typically prepared by the reaction of a C;-Cg olefin, including sulfurized
isobutylene, or a low-molecular-weight polyolefin derived therefrom with a
sulfur-containing compound such as suifur, sulfur monochloride, and/or sulfur
dichloride. r

30



wei ght of about 550. If polyisobutenyl succinic anhydride (PIBSA) is used,
then the PIBSA can be prepared by a nunber of nethods. Harrison et al.,

U.S. Patent No. 6,156,850, herein incorporated by reference, is one exanple
of preparing PIBSA by a thermal reaction. O her nethods of PIBSA 15
preparation include using a chlorinated polyi sobutene as disclosed in

Mei nhardt et al., U'S. Patent No. 4,234,435, The am no phosphorus conpound

nmay be a phogeasussirioaniiideawmptaent bbeR pras&atl giariolladdidive. Patent No.
4,575,431, the disc¢|losure of which is 20 herein incorporated by reference.
Preferably, tREWRQSUW ipREAIOPUSKepYEYSGING arhydhidgnivherein tie 6Hﬂ¥b§‘bhat e.
Typical dit hiaﬂ@?ﬁ@ f | ' : FRFERL apdeNt i on
are well known 1 Q@bgﬁsg%ﬂgggf %Y?%?%Eb%géﬁgf@%'gﬁ gf?ﬁ%@e cont%q)&n}lfng t wo
hydr ocar byl gi06uggeterdblynthe sugdinagarhydudetis analkeny| swcuhiamahydbdef or e

IR T T e et Cr T
di t hi OphOSIOh@nﬁ?dﬁid@hﬁ&'909isu%ﬂﬁ$ﬁ§l'}’£udcir’€1§>éﬁh¥dﬁﬁé?rWJ\%ﬂ tAb i Qé&ﬂﬁi e,

diisoctyl hydrogen dithiophosphate, dipropyl hydrogen dithiophosphate, and
di - 4- met hyl - 2anpyatge iska golyigehutsnylsuasinig aokysirises thespslyisbbutesy! group will

di t hi ophosph I hex hydr ogen, di t hi hat e Lbutyl hydrogen
di thi ophosph%&%,%r%ﬂgh_%Y‘_Qﬁ-'%@Qwahvg‘g(%8Fam@%§ﬁ@$&¥5?§b’ B8 use in the
present i nvemréfefablyab6iitc4qohesahbat 860 adi] Akt prdférabBr alsunBoet el aboud

neutralized %gr eaction with al kylam nes. A mxture of acidic phosphates

may al sd0be 698 PaTiEUIaEY preferHgd dohfwdiutenh grapmawildigyes malseulae of

al kyl amoni u t S, agi | . ' f _t.he

sul fur-free @oﬁ@taoﬁé bgll'l E§ r'o@ggwd%k%&gggéae@bgﬁh@?%@%@’m’%ﬁﬁ%sggl ts and

free aci ds ofthérmthedPIBBK carmbb prephired ibyzhespbeat efsmeliodsr dldrasdh ebanust be at
For best results,

10 | east 50%  prefer y at_| east 8Q% conpl ete
neutral i zati bhs: @ﬁ%@%éﬁ%&ﬁ@weéﬁiww@@@m by letenpRelsine example
neutralizati @f pf&ffihg BIBSA by a thermal reaction. Other methods of PIBSA

16  preparation include using a chlorinated polyisobutene as disclosed in

Meinhardt et al., U.S. Patent No. 4,234,435,

The amino phosphorus compound may be a phosphorus compound as
described in Salentine, U.S. Patent No. 4,575,431, the disclosure of which is
20 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
hydrogen functionality, and are therefore acidic. The hydrocarbyl groups

25  useful herein are preferably aliphatic alkyl groups of 3 to 8 carbon atoms.

Representative dihydrocarbyl dithiophosphates include di-2-ethyl-1-hexyl
hydrogen dithiophosphate, diisoctyl hydrogen dithiophosphate, dipropyl
hydrogen dithiophosphate, and di-4-methyl-2-pentyl hydrogen

30 dithiophosphate.



t he reaction of one al kylam ne with each acid hydrogen atom The am ne
noiety is typically derived froman al kylam ne. The am ne al kyl 15 group
is from10 to 30, preferably 12 to 18 carbons in length. Typical am nes

i ncl ude pent adecyl am ne, octadecyl am ne, cetylamne, and the |ike. Most
preferred is ol eyl am ne. Wen using a m xture of dithiophosphates and

sul fur-free phosphates, the nole ratio of the dithiophosphates to the

sul fur-free Prefpteatdthicphosplates are difesyt laydyegerd ditbiopAospha6; diButybr ef er abl y

20 55:45 to 4555, and.mpst preferably,1:1 , The nole ratio ,of the

substit uted 1‘&9%“&8&@%8@8%&1 @@gBBXﬂ‘?@(yhﬁ‘g{iﬁg?’i‘ fiﬁ*ﬂ*@a #sRiFGen phosphat es
should be in the range 30:70 to 55:45, preferably 35:65 to 50:50, and nost
preferably 45:55. 25 The thi adi azol e conponent of the present additive

conposi ti on iFOraseiphenpeyertrineation: ecidia phasphatasaane pajtialy ericempletaly

; r Ef S,r ﬁglr §ap§1%ﬁ£r5@ie31d¢)ﬂfe%gﬁ%|} @{ﬂgglllgﬁ%{gp%%plfﬁ@hupengf Slidic phosphates may

hydr ocar byl t hilgy Be 8sdd.t ThefbadtigecomBosiiss B odplaxdhi@aefl di t hio-1, 3, 4-
t hi adi azol es; 2, 5-bi s(hydrocarbyl thio and 2, 5-bi s(hydrocarbyidithio)-1, 3,4
30 t hi adi azolR¥&lanmmenis salfs, apixed agidcaiyammrnignsaltsand acids phihadi azol es,

especially t 2 rlgﬁ@r L0z B ﬂmﬁ? 4 hiadi d the
9 2,5-bis(hy rﬁg‘g%t% I't h%‘ﬁ*}ﬁ"?"ga'ﬁ’(r@é? Z0 %%;aﬁ%%;ﬁ%ngﬂpgﬁmﬁm%%g%ag@e

avai |l abl e adresradidd efsthedifoamearbd.dithcpthospkeétesaNeutradization must be at

non- pol ycar boxyl -containin t hi adi azol e, cont ai ni n bout 4.0 wt%

2, 5- di neﬁ@apﬁ)‘?gg_t%btg/ﬁpﬂ' Péﬂﬂhéi‘glﬁ@?t %&ﬂ’g@ﬁm%&? 8-'33"2?9(3% S@ﬁh??”@ﬁ%?ﬁt ion's
Hitec(r) 4313nehidedmi T¥alY i of I i .
Hitec(r) 431§hr8rgl3(/:| b_el (}E??%ﬂﬁffﬁht%@ ﬁ%’%ﬁ&*fgﬁo@%’éﬁuﬁﬁ%ﬁwﬂ?&%ﬁggi ni a
and Lubri zol ¢the resggemofrage bikytinning wéth ¢acinacid iiydiagein @ompor ation, Wcliffe,
Chio. The preferred anmount of di mercapt ot hi adi azole present in the

t hi adi azole used in the present invention is fromabout 0.1 w%to about

i%owtwéz/o oMb ertirRihe misigtyds Gypiiyiderinbaior Bn &g 1ahie. aTtk ARfite BIGF €1 ed
. 15 group is from 10 to 30, preferably 12 to 18 carbons in length. Typical amines

include pentadecylamine, octadecylamine, cetylamine, and the like. Most
preferred is oleylamine. When using a mixture of dithiophosphates and
sulfur-free phosphates, the mole ratio of the dithiophosphates to the
sulfur-free phosphates should be in the range of 70:30 to 30:70, preferably

20  55:45 to 45:55, and most preferably 1:1. The mole ratio of the substituted
dihydrogen phosphates to the disubstituted hydrogen phosphates should be
in the range 30:70 fo 55:45, preferably 35:65 to 50:50, and most preferably

45:55.

25  The thiadiazole component of the present additive composition is a
non-polycarboxylate moiety-containing thiadiazole. Preferably, 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(hydrocarby!thib and 2,5-bis(hydrocarbyidithio)-1,3,4-

30 thiadiazoles. The more preferred compounds are the 1,3,4-thiadiazoles,

especially the 2-hydrocarbyldithio-5-mercapto-1,3,4-dithiadiazoles and the



In the Conparative Exanples herein, Vanlube 871, which is 2,5-di nercapto-

1, 3, 4-thi adi azol e having an al kyl polycarboxyl ate noiety, was used instead

of Hitec(r) 4313 or Lubrizol(r) 5955A. It was found that using Vanl ube 871

did not 15 decrease copper corrosion (see Conparative Exanples and

Performance Results: Exanples I, Kand 0). Also in the Conparative

Exanpl es, Mobilad 6610 was used instead of Htec(r) 4313 or Lubrizol(r)

gg55A. Usi ngzl\ﬂabﬁsl[rqdrod%%ﬂgiaiifemm,dtma«tgadelleegasagxnmPEWh\e;xw%@Séuc?n%?&ega )
nparati ve Exanples _an er f or mance Resul ts: anmpl es J, and R). rbon

- NMR and 202F #YQlesel QUMcHeal Yorprsferrbly: P a@napirabypdale-akaining

Mobi | adC610 oz, ©. ' | i O . Af

0 mer oapt of hy b aaap ohlgRify BEBLOLD, by 2,5 ARRBEINGTE S iiadortt dhich

sul f ur - cont amayrg eithardrteyl G apstationsddited® ¢ 313 0r hubpd Srporationsonpound,

t hi adi azol e ol l.nhi bi t or d_al or .al kenyl ccinic anhydride
are gener ||§8§'£5%Z‘*§Q§9§L5§' a%sgdoill%&f#g&%q? egtéﬁ?e£%omt%hylpate gears
and ot her coCpanrsation, Witkond eviRgiaredid Librdi@$o8BA rhafhe Hbsshed $rom
Typically, the lubricating oil conposition of the present invention

conpri ses a bubmiggl Gorperatian, Wycliffa, Qiviol dbeipsefiermed armeunisift y and a mi nor
anount of thg; . Lt Lfical l e lubricating
o1 composi t FsEEanSiiad Bl preceri il R n o 65 kg st putiion™s e o
organi ¢ sul f isrframribautd v tadbat ME0 WAUS ndte pRefefiiegt210 vt tatabdutbut yl

tri-, tefra-, and penta-sulfide. Mre preferably, fromabout 1.2 wt%to
about 2.@M@6%Wﬁqétﬁn&:6ﬁﬁhpfﬁf@f§e@0a Ptive, such as a mixture of 5

di-t-butyl tri-, tetra-, and penta-sulfide, is present in the lubricating
oil conposition. Most preferably, fromabout 1.4 wt % to about 2.2 wt%
sul fur- ‘cont i ther(goraparatide Examplekdrers Vaaninbd 87| vaicldlis 2, 5hditmdreapto- |,

| ubrj cating oi|, conposition.

tetra-, and ent.a-sulfide .is present in, th .
Preferably, 11goﬁh%%a%?ieg‘.ag'r\ﬂta%p?lgwa%ma@?’ﬁﬁﬂ@oma hdasHEGhBFRedYnound,
such as am ngitdQe iy BiPRRBARNGISH55A it WasTBuhd Bidt ¢RI dalibe BFTRAG nbt oN-
More preferably, from
15 decrease copper corrosion (see Comparative Examples and Performance
Results: Examples I, K and O). Also in the Comparative Examples, Mobilad
C610 was used instead of Hitec® 4313 or Lubrizol® 5955A. Using Mobilad
C610 also did not decrease copper cotrosion (see Comparative Examples
and Performance Results: Examples J, N and R). Carbon — NMR and
20  Infrared (IR) analyses of Mobilad C610 suggest that MobiladC610 only has

trace amounts (i.e., approximately 0.01 wt%) of dimercaptothiadiazole.

The Lubricating Oil Composition

25 The organic sulfur-containing extreme pressure additive, amino phosphorus
compound, thiadiazole corrosion inhibitor and alkyl or alkenyt succinic
anhydride are generally added to a base oil that is sufficient to lubricate gears
and other components which are present in axles and transmissions.
Typically, the lubricating oit composition of the present invention comprises a

30 maijor amount of oil of lubricating viscosity and a minor amount of the gear oil

additive package.

10



about 0.7 wt%to about 1.3 wt % am no phosphorus conpound is in the

| ubricating oil conposition. Mdst preferably, fromabout 0.8 wt% to about
1.2 w % am no phosphorus conmpound is in the lubricating oil conposition.
Preferably, fromabout 0.01 wt%to about 1.20 w % al kyl or al kenyl succinic
15 anhydri de, such as tetrapropenyl succinic anhydride or polyi sobutenyl
succinic anhydride, is in the lubricating oil conposition. Mre preferably,

from about Bp6ifiskife, e RBAAtIHY c?ﬁccym%gﬁo@b&smbn@és aiéf@r@hly BORCABHLE
anhydride, such as tetrapropenyl succinic anhydrid golylsobutenyl

succinic an h9@5i Wi to gboyf 3. @N‘é"/d %ﬁﬂ&h’iqlfﬂg%ma'@@@@&ﬂd' svebtas a
0] |
preferably, fGPdéiuctﬁn # tivich ag?@@g% 2R 8 Ot ?énJé%‘.rbl WP lrodh KBOY

succini c anhy succini ¢ de or
pol yi sobut enyl2 wt%cta) aboulamﬁymtt% dﬂlfuncs)nltamngFP abdltmatsumg a3 & mizgfungosi tion.
Pr ef er abI fro

non- a1 kyI poflEB B e ARSI SRS eRisert b BhgRGao, 4= ¢ o

t hi adi azol e, e o 2 v, about
25 0.5 wt o4 S Bboue o MISRLIE: b.“%é‘f”g“zgﬁeu”ﬂéﬁéﬁf aMﬁ?-Z’W%&r

non- al kyl - poCQI@Iamng(EPaﬂc@ltumsedyasanne&tmemj dl—t—butyi tri— tetra-, and

2, 5-dinerca t hi adi az in.the.lubricatin osi tion.
Most pr ef ergéggﬂ% é’i‘p@qﬁ é%B{ﬁseBP'fe[Wd)"squ?aQB%l?# CB"?&?S&,P% %’rﬁfeéalf’&z&g@ such as
a non-al kyl - QE&M@BmWioaétﬁJUFﬂ@M%Cé?ﬁh@'ﬁthFhoms compound, such as amine

2, 5-di nercapto-1, 3,4-thiadiazole, is in the lubricating oi | conposi tion.

30 11 Thi) badéhiephosphsteyen theyubicaiing qﬂfccmnmsd@mdwpa predgrably, ﬁogi )
conpos: 11 ons*HeS C Pt R TPk arkhatBbb iSRRI IS eyt nga

vi scosi ty . of lubtichifrapbil éoﬁichtlomt Mt Prefachbly, ok ab@utr[l 8 hatow aouE1.2

preferably at 9r below OC is 5 desirable. The base oils may be derived
from synt het W¢’ AMIARRIOEPhAyS cosYoUNg) i &} the Iybricatingoil gampestidie base oi | in

(rar recor RS SREFOTRG, o SRARIIONRK OPDEBREHG ALt e o1 1

15  anhydride, such as tetrapropenyl succmlc anhydride or polyisobutenyl
succinic anhydride, is in the lubricating oil composition. More preferably, from
about 0.10 wt% to about 0.75 wt% of alkyl or alkenyl succinic anhydride, such
as tetrapropenyl succinic anhydride or polyisobutenyl succinic anhydride, is in
the lubricating oil composition. Most preferably, from about 0.25 wt% to about

20  0.60 wt% alkyl or alkenyl succinic anhydride, such as tetrapropenyl succinic
anhydride or polyisobutenyl succinic anhydride, is in the lubricating oil
composition. Preferably, from about 0.02 wt% fo about 0.25 wt% thiadiazole,
such as a non-alkyl-polycarboxylate moiety-containing 2,5-dimercapto-1,34-
thiadiazole, is in the lubricating oil.composition. More preferably, about

29 0.05 wt% to about 0.20 wt% thiadiazole, such as a non-alkyl-polycarboxylate
moiety-containing 2,5-dimercapto-1,3,4-thiadiazole, is in the lubricating oil
composition. Most preferably, from about 0.1 wt% to about 0.18 wt%
thiadiazole, such as a non-alkyl-polycarboxylate moiety-containing
2,5-dimercapto-1,3,4-thiadiazole, is in the lubricating oil composition.

11



conpositions. Synthetic oils include, for exanple, both hydrocarbon
synthetic oils and synthetic esters and m xtures thereof having the
desired viscosity. 10 Hydrocarbon synthetic oils may include, for exanple,
oils prepared fromthe polynerization of ethylene, polyal phaolefin or PAO
oils, or oils prepared from hydro~carbon synthesis procedures using carbon
nonoxi de and hydrogen gases such as in a Fisher-Tropsch process. Useful

synthetic hydheasiedi &hpyed ﬁw&?ahyaﬂam@@wmwf@nsefng{uﬁi ns having
the proper viscosity. Especial élb tsefu are the hydrogenated Tiquid
rigati

ol i goners O Viegosidy.Clie Qﬁﬁfhall of ngdRcesity useddn sieh compesitionisieay se,
al kyl -benzengs, gl proRel KRRBRL bis R'4ERe¥ nAlPaFRthRPOESEscE N b

used. Useful "Syn rs rnclude € es oxy i c acids

and pol ycar b@xyt8tateti°dsanda poat bomsbﬁbwmmratﬂj’ kboobsloar@PRas yol s.
Typi cal éxanpl es tgre di dodec I adlgate gdent aerythritol 20 t et racaproat e,
di - 2- et hyPheggrirabliepding, %ﬁl%ﬁ@% BagHYed MamEsyaetG fiena tuegd #p1ESeSest er s

prepared fr ok BH@%rQ{se%QHe%@g‘&lgl rﬁ@ﬁ%‘e foR é‘@&eﬂ?ﬁ a“d

di hydr oxy al kano s can al so be use ends o m neral "orls WI synt hetic
oi | s are. al paraffimituhapttberibaad difver diadbaioarke ardmabky 1&;edahltmimbamlgadilfi n type

base oil, a refined nap bas ti rocar on or
mon hydr ocar BORSSTOBE, RYBTRELE AR Ioues iy his B dvaronarbed sadelic e o
mxture of mgnghAl s@ﬁﬂxe‘ﬁa@%@é bAd PhikEires Méofma@fr@ﬂh@%ésﬁea VBdty) base
oil. 12 Additional Ig other additives well known i'n |ubricating 0|I
conposi t 18ns Hyslyotssbomayitietiaoiishemaydattivde; docexaroplet bitmprsiared frometent

et oo cERAR B8 of TS BBl A A B L B
favorably emplyasrarbch é;,hﬁh@zr@pmduwm@aarb’éhaﬁ@n@a@emh@myﬁfo grldi tives
Lt entot v pRes Suth s ih & Fisher Tropsch process, Usetul synthat, e%yd%ﬁar”b%tn ois
include liquid polymers of alpha olefins having the proper viscosity. Especially
15  useful are the hydrogenated liquid oligomers of Cs to Cy2 alpha olefins such as
1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as
didodecyl 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, pentaerythrito!
20 tetracaproate, di-2-ethylhexy!l adipate, dilaurylsebacate, and the like.
Complex esters prepared from mixtures of mono and dicarboxylic acids and
mono and dihydroxy alkanols can also be used. Blends of mineral oils with

synthetic oils are also useful.

25 Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating
viscosity. The base oil can also be a mixture of mineral and synthetic oils.
Most preferred is a Group | base oil. |
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1. Metal Detergents Sulfurized or unsul furized al kyl or al kenyl phenates,
al kyl or alkenyl aromatic sulfonates, borated sul fonates, sulfurized or
unsul furized netal salts of nulti-hydroxy al kyl or al kenyl aromatic
conmpounds, al kyl 15 or al kenyl hydroxy aromatic sul fonates, sulfurized or
unsul furized al kyl or al kenyl naphthenates, netal salts of al kanoic acids,
nmetal salts of an alkyl or alkenyl nultiacid, and chem cal and physi cal

m xtures t hepgaftiondily, Mhdr 4aefittas el Athoi! inIGBHERMcPoIl SSHHSESsitibes hiydsncy of
mneral oils to deteriorate in service which detérioration is evidenced by
t he product s adfiedio thet adslitivesearnpesitiarn oidge raasentanvardion tbleomidglesit s on t he
nmet al surfaCﬁﬁiS 39 gy an increase in viscosity. Exanples of anti-oxidants
useful in the ﬁreg ht invention include, but are not limted to, phenol
type (phenolic) 25 oxidation inhibitors, such as

4, 4" -met hyl ene-bi s(2,6-di-tert-butyl phenol), 4,4 -bis(2,6-di-tert-butyl
phenol ), buQMﬁéﬁ@!‘ﬁQ- met hyl -6-tert- butyl pheno[),

2,2 -net hyl ene-bi s(4-nmethyl -6-tert-butyl phenol), 4,4'-butyl

i dene-bi s(3-nmethyl -6-tert-butyl phenol),

4, 4' - i sopr opyhedeliwvibg afitiée doripenenisudarg gxaenddsy of Syrdk oftidgbrapenbnts(4 30

nmet hyl - 6- nonyl phenol 2, 2" -isobutylidene-bis(4,6-di hyl phenol ),
o 5. et hy L G90 Be avarably AR e P ARk I6Y5tos! 6L hse SRR - 4 13
met hyi phenol qqditifedlhrd SobidRatY iindtrafd the prebemahverdioh; But th t
i methyl -6-tert-butyl- 'g’ﬁenm , 2, 6d G e Tt -gv?m’ et'ﬁw S no- p-cresol,
2, 6-di -t #0 t - ntemgead fo lmikikt hyl ani nonet hyl phenol ),
4,4" -t hi obi s(2-nethyl-6-tert-butyl phenol),
2,2 -thiobis¢4-me -H-1lert:butyl phenol), bis(3-nethyl-4-hydroxy-5-tert 5
10- but yl benzglll ) - swgu"é%tg'?ﬁht%i s(3, 5-di - tert-butyl - 4- hydr oxybenzyl ).
Di phenyl am ne- t y pSulfurizéat dramsutitiizid gikg dr@kél@@rahbﬁéte@!@lkﬂ%r dlkepyied to,
al kyl ated di phenyl am ne, phentyl - . al pha. - napht hyl am ne, and )
aromatic sulfonates, borated sulfonates, sulfurized or unsulfurized
metal salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyt
15 or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl
or alkenyl naphthenates, metal salis of alkanoic acids, metal salts of an

alkyl or alkenyl multiacid, and chemical and physical mixtures thereof.

2. Anti-Oxidants

20 Anti-oxidants reduce the tendency of mineral oils to deteriorate in
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 ih viscosity. Examples of anti-oxidants useful in the
present invention include, but are not limited to, phenol type (phenolic)

25 oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-tert-butyiphenol),
4,4'-bis(2,6-di-tert-butylphenol), *but,4'-bis(2-methyl-6-tert-butylphenol),
2,2"-methylene-bis(4-methyl-6-tert-butylphenol),
4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'-isopropylidene-bis(2,6-di-tert-butylphenol), 2,2'-methylene-bis(4-

30 methyl-6-nonylphenol), 2,2 -isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-

13



al kyl at ed-. al pha. - napht hyl am ne. Ot her types of oxidation inhibitors
I ncl ude netal dithiocarbamate (e.g., zinc dithiocarbamate), and 10 1
5-met hyl enebi s(d ibutyld ith ioca rba mate). 3. Anti-War Agents As their
nane inplies, these agents reduce wear of noving netallic parts. Exanples
of such agents include, but are not Iimted to, 15 phosphates, carbarnates,
esters, and nol ybdenum conpl exes. 4. Rust Inhibitors (Anti-Rust Agents) a)

Noni oni ¢ pol yoxye r 1884 . by, .. ryl
bther . polyoxyet nilngPReRl: 2 B 1Bt LOmlohenBl Dok YL SR o)

phenyl et her, poI jbbﬁy@t R\o-dirtertdatiyietpfaminio-erireso), aoﬁﬂdywyéf(hyNene oct yl

st earyl eIher QX | ene..o t | en e s rb|t

nonost ear at e, poI @9@@?%%’8‘3%:[‘%{8["85 Q%HBOQF@FE% %y ﬁe

gl ycol mono- ol eat e, 2J@moa@;bﬁrne¢1wnmwmd§uty§ah@abn) cm@@ ﬁzeﬂmuqﬁmbx%tfew- aci ds,
di carboxylic 25 aci SO amne salts, netal salts of

heavy suPfonic ad p&”*}ﬂﬁ@'ﬂﬂéﬁ@@ﬁ%cﬁ(@l b'@ %@ﬂﬂt%b@y] -bthyderpiagaey. al ﬁOhO:
d h h
and  phosphori c egf,&f y’ﬁaml%{lﬁé(?b%’dgﬂén baﬂ)ﬁl% Hc%eoé)%ggfé n8i i L%%f éﬁeeno

and et hyl ene oxi d€, poq yoxye ene oxye

sorbitan ester. léll@lat&tﬂph&aylarr&seﬁrﬁrﬁhwlﬁh&gfaphgﬁnﬁkmir(eliahgw Aant S) Zi) nc
di al ky- I -di thi opho primary a ondar y and ary type

di phenyl sul fi de, ﬁf&%&f q‘?.wa}%mg@r@m 5@'er&met§r¢ rafdationABRItRES ene,

f | uor oal kyl pol ysi te at es,

di t hi ophosphat es, han sl?}letaﬁraﬁ??gg osé ates. ﬁ’éﬂﬂ#?@ﬁaﬁrﬁ%?ﬁpi ers Fatty
al cohol , 1Patty aci’lB;mahhiy}eeﬁbls(ﬂlhubwithsioarbamaMr esters,

3. Anti-Wear Agents
As their name implies, these agents reduce wear of moving metallic
parts. Examples of such agents include, but are not limited to,

15 phosphates, carbarnates, esters, and molybdenum complexes.

4. Rust Inhibitors (Anti-Rust Agents)
a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
20 nonyl phenyl ether, polyoxyethylene 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, dicarboxylic
25 acids, metal soaps, fatty acid amine salts, metal salts of heavy
sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester.

5. Demulsifiers

30 Addition product of alkylphenol and ethylene oxide, polyoxyethylene
alkyl ether, and polyoxyethylene sorbitan ester.
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phosphat es, phosphites and phosphonates. 10 8. Muiltifunctional Additives
Sul furized oxynol ybdenum di t hi ocar bamate, sul furized -oxynolybdenum organo
phosphor odi t hi oat e, oxynol ybdenum nonogl yceri de, oxynol ybdenum di et hyl ate
am de, am ne-nol ybdenum 15 conpl ex conpound, and sul fur containing

nmol ybdenum conpl ex conpound. 9. Viscosity Index |Inprovers Polynethacryl ate
type polymers, ethylene-propyl ene copolymers, 20 styrene-isoprene

copol yners, %YdraE%ﬂeﬁ{e)’Pt%@.EuﬂesﬂrWW@ar%ﬁé?k PourA% ndysobut yl ene, and

di spersant type viscosity index inprovers. t Depressant s
Pol ynet hyl et hacchaﬂ;alky25d|ﬂﬁoplﬁmhatm(prhmar¢m<wSQdondatyrmky!ylaadarxdol yners

and di nethyl sili o] rs L | vator alicylidene
pr opyl enedi am ne, ’a@ h%\mjgﬂﬁgﬁt”\?ﬁh %’QIFSSE%E B%ﬁz ﬂ'i"% §fes, and

ner capt obenzi ni daﬁabﬁmaleha ﬂ@oro&k%%!@ﬂﬂk@e”lé‘&ﬂﬁ%pﬁhéﬁét@ ﬁbdﬁémzeﬁi kenyl
succinimdes nodified with other organic s, al kenyl succinim des

nodi fi ed By post - Phesphiaies, Wt@hoéph@tpén@d:&lﬂ rieaceplesphatés aci d,
pentaerythritols, phenate-salicylates 5 and their post-treated anal 0gs,
al kali metal or mi xed al kal i metal , alkaline earth nmetal borates,
di spersions @f hy#risi@dMadifiets netal borates, dispersions of
al kal i ne-earth me%aj(tﬁb rate pol yam de ashl ess dispersants and the |ike
or mxtures of sufR p&gg ggqtﬁysamd amine, borated ester, other esters,
phosphates, phosphites and phosphonates.
10
8. Mulfifunctional Additives
Sulfurized oxymolybdenum dithiocarbamate, sulfurized
oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum
15 complex compound, and sulfur-containing molybdenum complex

compound.

9. Viscosity Index Improvers
Polymethacrylate type polymers, ethylene-propylene copolymers,
20 styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

polyisobutylene, and dispersant type viscosity index improvers.

10.  Pour Point Depressants
Polymethyt methacrylate.
25
11.  Foam Inhibitors

Alkyl methacrylate polymers and dimethyl silicone polymers.
12.  Metal Deactivators

30 Disalicylidene propylenediamine, triazole derivatives,

mercaptobenzothiazoles, and mercaptobenzimidazoles.

15



10 Method of Makin Additive Package The gear oil additive package is

prepared by m xing the follow ng four conponents at el evated tenperatures

of about 50F to 150F, for exanple at about 100F: (a) an organic

sul fur-containing extrene pressure additive, such 15 as a m xture of

di-t-butyl tri-, tetra-, and penta-sulfide; (b) an am no phosphorus

conpound, such as an am ne dithi ophosphate; (c) an al kyl or al kenyl

succi ni ¢ anhydri dpispunshritdl) a thiadi azol e, such as dinmercaptothiadi azol e.

Preferably, the alkyl or alkenyl succinic anhydride is tetrapropenyl

succi ni ¢ anhydri déll@nybwcwww{ﬁe;eaanstﬁ;@r:mlr@!d@@w@rﬁlﬁa@ wilheatbehommniche

al kenyl group has r ] r i 160 to

about 700. A partF@Sﬁggﬁ@g’gr ee%é/fg‘g%m?@%s@ 8] egﬁv%@%ﬁ@aﬁ@%{g\“’# nber

aver age nol ecul ﬁr eﬂwl@%cm&onﬁiewgﬁge adey, ip%athérythﬁgds,ﬁﬁ%n?té-eaﬁdy@éteg\ei ght

ol yi sobut ene t hat .be obtain rom BASF in Ludw gshafen, Germany

5ndgr the’trade né W%%Sgg@atééna’p%f @%mee,talfqrwa%wahgoem%to about

25 70 wt % sul fur- ok Al ¥ SORVE=TH é-ﬂ&rﬁ' ] Mor e

pref erabl y, froméggglﬂét Ba@gmnﬁ%lta{gﬂg oSt’JtaISEErwt o%’m&&%go@é@m‘%ﬁa& EP

additive is used boratedaligpexsiangof Mkskingeefte medthyborbtasnpabh@midd @shle¥st o

about 50 wt% sul fyr- contai ni P additive is used in the m xture.

Preferably, from '888'{535?%3%&(%%%‘ eHdl Lg@s\ﬂ%%é?rﬁﬁtﬂemhorus conpound i s

added to the m xture. Mdire 30 preferably, fromabout 15 wt%to about 55 wt %

am no phosphorus conpound is added to the m xture. Mst preferably, from
ethpds a348015TC ‘ conpound is added to the m xture.

Preferably, fromabout 0.5 wt%to about 30 wm % al kyl or al kenyl succinic

anhydride is added to the mxture. Mre preferably, fromabout 0.5 % to

about 25 wt %Thé gebkyll additivepliekate isyreparicd RvisiHg e folo@fde@dut o t he

m xture. Most preferably, from5 about 1 wt%to about 20 wt % al kyl or

al kenyl succFRMRORRN dt eleyvates temparaiuses phaboyt,a0ir do 16PEF dpRBKgMPla@fm about

0.5 wto%to apayl: fgpept {afdh a@@ggﬁ%r@mmﬁa Fr3RE BisdlireP LG ! ate

noi ety-contal ning 2, mer c
15 as a mixture of di-t-butyl tri-, tetra-, and penta-sulfide; (b) an amino

phosphorus compound, such as an amine dithiophosphate; (¢) an alkyl or
alkenyl succinic anhydride; and (d) a thiadiazole, such as
dimercaptothiadiazole. Preferably, the alkyl or alkeny! succinic anhydride is
tetrapropenyl succinic anhydride or polyisobutenyl succinic anhydride wherein

20 the alkenyl group has a number average molecular weight from about 160 to
about 700. A particularly preferred polyisobutenyl group has a number
average molecular weight of about 550 derived from a 550 molecular weight
polyisobutene that may be obtained from BASF in Ludwigshafen, Germany
under the trade name Glissopal 550. Preferably, from about 30 wt% to about

25 70 wit% sulfur-containing EP additive is used in the mixture. More preferab_ly,
from about 35 wt% to about 65 wt% sulfur-containing EP additive is used in
the mixture. Most preferably, from about 40 wt% to about 50 wt% sulfur-
containing EP additive is used in the mixture. Preferably; from about 10 wi%
to about 60 wt% amino phosphorus compound is added to the mixture. More

30  preferably, from about 15 wt% to about 55 wt% amino phosphorus compound
is added to the mixture. Most preferably, from about 20 to 50 wt% amino

16



t hi adi azole, is added to the m xture. Mre preferably, | wt%to about 10

wt % thiadiazole, such as a non-al kyl-polycarboxyl ate noi ety-containing 10
2,5-di mercapto-1, 3,4-thi adi azole, is added to the m xture. Most preferably,
fromabout 2 wt% to about 5 w %t hi adi azol e, such as a non-al kyl

pol ycar boxyl ate noi ety-contai ning 2, 5-di mercapto-1, 3, 4-thi adi azole, is
added “to the m xture. 15 The Finished G| of the Present Invention A first
process for ' h o f e additive
package descﬁﬁég@%%g\%gadéhgﬁq%aﬁaéq E(fﬂt)gr '%n?'@?éi%‘%'g o a}%ﬂﬁ second
process for Dekiml tolabolit B mh‘&dalhyllorfalkatyl semlmicmh?tiﬂmllmcted)mstae

k . The h k th fur-co i ning EP
et v, | suchite ARGS Bl dore Shauyo Buied b sagyih Withe! BT &L sult i de,
with the anige Qhélﬁﬁli}ﬁ HANGATRONNIGRY 16 Riiftrd CATRSE Bt @B frofipout SOF

to 150F, such as 100F, until m xture i s homogenous. Preférably, from
25 about 85 \ﬁb%ltb“é%d@tamtﬁﬂ%t%akukerc@hewl rsungnisliarmydrldewsaaddedjknd in

o sone T SrliBbBL APhY aebf A ARt o B R,
preferably, fsueiasadesi-akl- M@I%ér@oﬁﬁ@t@ mBibt%@(ﬁl%Hlﬁ?‘Q 5:@me?|rbapt@g1 BR-

additive is used in the ase ge. Preferabl rom about 20 W% to

Shout b8 wt odaATREOIB0ISASERE RS rERREbUNDTE Sraotbly. Wit lobEurAeNdTe. Mor e

pr ef er ably, : 0 0% 1 us conpound is

used in the %Qﬁ%g@gpg& r?és yﬁ%%@@?@#@%@?%@%ﬁbgwag@%%to about 55
wt % ami néo pa@nm@emapmmmb @uthindiszals gid ﬁdﬂigtﬂh@ ti@ﬁ'ﬁxtpﬂm kil et pr?f@%brygbl K

fromabout 0.6 % t 0. about W % o e base package is used in t he

bl end of the fOMaRAEL Wi, épét ;%ﬁ‘ﬁﬂlyoﬁ-rwmm?%&%to about 4 wt %

of the base ﬁﬁﬁ{% |

preferably, ??%Qg%gx%té' }y'?:gha m'ﬂ%; 37 Wt /o'tocltaﬁ% ?a%btgggg%!g% lggelgb%(isdegsed in

t he bl end of te tie mixtitrehed oil. An al kyl or al kenyl succinic anhydride is

added to

15 The Finished Qil of the Present invention

A first process for making the finished oil requires the addition of the additive

package described above to an oil of lubricating viscosity.

20  Asecond process for making the finished oil first requires blending a base
package. The base package is prepared by mixing the sulfur-containing EP
additive, such as a mixture of di-t-butyl tri-, tetra-, and penta-sulfide, with the
amino phosphorus compound at elevated temperatures of about 50°F to
150°F, such as 100°F, until the mixture is homogenous. Preferably, from

25  about 35 wt% to about 80 wt% sulfur-containing EP additive is used in the
base package. More preferably, from about 40 wt% to about 75 wi% sulfur-
containing EP additive is used in the base package. Most preferably, from
about 45 wt% to about 70 wt% sulfur-containing EP additive is used in the
base package. Preferably, from about 20 wi% to about 65 wi% amino

30 phosphorus compound is used in the base package. More preferably, from

about 25 wit% to about 60 wt% amino phosphorus compound is used in the

17



t he prepared base package. Preferably, the alkyl or al kenyl succinic 10
anhydride is tetrapropenyl succinic anhydride or polyi sobutenyl succinic
anhydride wherein the al kyl or al kenyl group has a nunber average nol ecul ar
wei ght from about 160 to about 700. More preferred, the polyisobutenyl
group has a nunber average nol ecul ar wei ght of 550 that may be obtai ned
froma 550 nol ecul ar wei ght pol yi sobutene avail able from BASF in

Ludwi gshaf enpadd nGermYMEsgsEid syt fraﬁheawgo%iyigcﬁy ut BEtoBTRhiRbab! v,

from about 0.01 W% to about 1.20 W % al kyl or al succi ni ¢ anhydri de

i s added to phesphmue cpapkend is Medindhebeasealpagkage.om about 0.10 wt % to
about 0.75 wt% of al kyl or al kenyl succinic anhydride is added to the base
package. Most preferably, fromabout 0.25 wt%to about 0.60 wt % al kyl or

al kenyl succpPréferatfly, dri dbbde0 Gswidsl eeabdist 5 WEL bR ERe Paskpackagh ikhisadiiazol e,
such as a_ non-al kyl - E)%é%ar boxyl at e noi et y-cant ai ni ng

2, 5- di mer&apths hlepd of shethpk. Moge preferabld dwan abouiv wifodp@hout
Preferably, t %, t t. Q. " i adi lg.is added t
Thel o 20U o, Hoh B batelkfackbdh I0uEPH g viehd bifhe MIARIAAC ke Bofded to

t hi adi azol e, psafetablg ﬂ@;mageml 2<?vt%riolajooag ng%! @ﬂtﬁe aise tpacRage ntisedinng
2,5-dinmercapto-1, 3, 4-thiadi azole, ,is added to the m xture, Mst

preferably, il}eoéﬂﬁa%ﬁih%ﬁmswf/pf&a opakgnysuceliaanhydide isagdedde a
non- al kyl - po '[&p)é- ¥ -

2, 5-di nercap%%é?q{eg,gﬁq ﬁ%iedﬁ%zo e;qi}lelése@% x’glgletacl)k){l ﬁ(raa!rﬁewlu?uec.m % conpl ete the
fini shed!®i | anhydrideaisticivagropesy suictinicsantydddd or potyissbuitertyl seceihicc h

Sl o asol o SaRERLPESRF et op oMl S5pinaRe RilGBel serdieimnlergar "
2, 5- di ner capiight $rofn Bbbadiewzel soubrebe Wbbre%ﬁéd} méegsosﬁfsolggtgg?ﬁ%?gbl

(i.e., 150 bright stock and solvent refined 60 ol l') are ac
m xture i s nhrea mimkgranerage melgmilanweight fosdbat meybea ebtaded frgmef er abl y

cbout roF 05k el RERIE AR Bk A T OB, " L
ASTM D- 1180 (rsinapy @pddttte. trade name Glissopal 550. Preferably, from about

0.01 wt% to about 1.20 wt% alkyl or alkeny! succinic anhydride is added to the

base package. More preferably, from about 0.10 wt% to about 0.75 wit% of

atkyl or alkenyt succinic anhydride is added to the base package. Most

preferably, from about 0.25 wt% to about 0.60 wt% alkyl or alkenyl succinic

20  anhydride is added to the base package. A thiadiazole, such as a non-alkyl-
polycarboxylate moiety-containing 2,5-dimercapto-1,3,4-thiadiazole, is also
added to the mixture. Preferably, from about 0.02 wt% fo about 0.25 wt%
thiadiazole is added to the mixture. More preferably, from about 0.05 wit% to
about 0.20 wt% thiadiazole, such as a non-alkyl-polycarboxylate moiety-

25  containing 2,5-dimercapto-1,3,4-thiadiazole, is added fo the mixture. Most
preferably, from about 0.1 wi% to about 0.18 wt% thiadiazole, such as a
non-alkyl-polycarboxylate moiety-containing 2,5-dimercapto-1,3,4-thiadiazole,
is added to the mixture. To complete the finished oil, at least one base oil is
added to the mixture which comprises the base package, alkyl or alkenyl

30  succinic anhydride, and thiadiazole, such as a non-alkyl-polycarboxylate
moiety-containing 2,5-dimercapto-1 3. 4-thiadiazole. Preferably, two types of
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Met hod of Use of the Present Invention The present invention is used to
decrease the corrosiveness of gear oils. 10 towards yell ow netals present in
axl es and transm ssions. Specifically, the lubricating oil of the present

i nvention contacts nmetal conponents in axles and transm ssions to reduce
wear and to reduce corrosion of the nmetal conponents. Additionally, the

| ubricating oil conposition my be used to top treat an oil that exhibits
corrosive propaeldiqee., 180 bright steak kRa s@lvbn?%ﬁﬂ@%'ﬁdow‘oiﬁ%refad‘d@@, pfgsent
invention typically containS about 0.6 to 6.6 w% of tHe gear oil additive
package of t eixbiredemixadataievaied tarnpsraiuibs pf abdiet HATE o @O hgprsiferadly t he

present invengi ' . 8 wt.% qf the gear pil additive
package of t%tebogpggﬁ{oa'%ﬁgg}%’?%&?%ﬁiesﬁg%ﬁ:efjgﬁ%ﬁ%qrﬁ%gq’ ) d%tt?rng oi | of
the present Heating!themonwiterons nakiaw is2e\allgted i@ o¥ped bofrbsioaeRicofdihg
additive 20 package of the present invention. The gear oil additive

conposi ti8n \Rﬁ)lﬁs"%é&'ﬁ%%éﬁslt?r%‘ilﬁéﬁ-n sufficient inorganic liquid diluent to
make it easy to handle during shipping and storage. Typically, the gear
oil additive conposition will contain fromabout 0.0 to 20.0% of the

or gani ¢ | i quiMettod ué hiseaitheoPedsenabiventiaout 3.0 to 15.0 wt % Suitable
organi c diluents which can be used include 25 for exanple, solvent refined
100N (i.e., Ct-con 100N), and hydrotreated 100N (i.e., Chevron 100N), and
the like.  Th hGt i t; ' ' t 10 to 20
cSt at 100C erlhg %g??@rtﬁwa%\rggﬂfseg%; iéélgf érﬁgéﬁgiﬁ%%?rm%\%@as% 34’-)c1)7i ea@%ﬁgosi tion of
t he pres&dt itewangsiyeliowypetal presemtdn axlesST Candoissiegai Speeificallgsthpart  of

the APl G.-5 farmance.criteria. 5 ASTM 30 Test Method i.s the test
that was. devARElelnB T AL L peSEhBinv et FingRs ratRLeariBon s Mg BRIaoh ¢ he
presence of e¢epRATissd: ©ARAGEe WehP¥ad td riiuce OKORYN &ftheé pR@l corrosion).
Usi ng ASTM D-130, copper corrosion is neasured on a scale of | to 4,

wherei n a re$@MmMpogenis. rikitanally sthellubinatingrailicompesiipramey hel wsest tostop
represents CoRREHA SN thaS:@ibits'rodie ibipdrti8¥ 2 THaYL 8RN oil composition

15  of the present invention typically contains about 0.6 to 6.6 W% of the gear oil

additive package of the present invention. Preferably, the lubricating oil of the
present invention contains about 2.1 to 4.8 wt% of the gear oil additive
package of the present invention. Most preferred, the lubricating oil of the
present invention contains about 2.6 to 4.2 wt% of the gear oil additive

20  package of the present invention. The gear oil additive composition will
optionally contain sufficient inorganic liquid diluent to make it easy to handle
during shipping and storage. Typically, the gear oll additive composition will
contain from about 0.0 to 20.0% of the organic liquid diluent and preferably
about 3.0 to 15.0 wt%. Suitable organic diluents which can be used include

25  for example, solvent refined 100N (i.e., Cit-con 100N), and hydrotreated 100N
(i.e., Chevron 100N), and the like. The organic diluent preferably has a
viscosity of about 10 to 20 ¢St at 100°C.
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10 nunerical result of 4 fails the ASTM D- 130 test, whereas nuneri cal
results of 1, 2 or 3 pass the ASTM D130 test. The lubricating gear oil of
the present invention results in copper corrosion |less than or equal to 2,
passing the ASTM D 130 test. 15 The foll owi ng exanples are presented to

il lustrate specific enbodinents of this invention and are not to be
construed in any way as limting the scope of the invention. EXAMPLES 20

25 Exanpl e | I?{ LI'8 i Q t he Base Package To a 2 L beaker, 631.58 grams
of di al kyl pﬁ%@ﬁ%ﬁ%—é‘—’lﬁ, xture of di-t-butyl tri-, tetra-, and
penta-sul fide, TBPS 454 from Chevron Phillips Chem cal Conpany, was m xed
wth 368.42 am; of an am ne dithiop hos?hate as, described in Sal entine,

U.S. Patent N&e lybrcatinggear gil capppsitinniof thenaresert inventiqitypicaiy geeriss .
Exanpl e 2 -305523@?“-(’]/?(2 E@@@%@eﬁssgég%@fﬁﬂéAﬁ(ﬁf AMRMoRhahde chRFH, Package of

Exanpl e 1, tetrapropenyl” succrnic anhydride
(total nolsec WS IDWQTghtMéﬁﬁ)j ismdfesmr%tmsﬁie\@tcmmj)tooﬁeﬁuredbe) 4313

whi ch i t hi t b
e i mor aaplbiitg ohtre BREIDg A H 185 Btbserios 5 0 SomRer et 9PRerYYa b-br gt

stock, and S@xtHnt W %;ﬁﬁﬂ?%o%si%?”@k] ?%QT‘M @QQONcng;?&ér%o‘Pﬂds)o re mxed at
150F until the m xture was honobgenou To a aker 2.85
wt % (14. 25 grraeﬁﬁ)JrQﬂ o Reschbesef b’wc‘k.ageerem Ex&miﬂ af 1lrepréseis mlght(tarrﬁﬁw gr ams)
Of tetrapropgh }5 a resuft 0P4 rep?rréggrcljts copp(grt gcgr?o&gr? =% A?’r I-GL-5 evaluations, a
10  numerical result of 4 fails the ASTM D-130 test, whereas numerical results of
1, 2 or 3 pass the ASTM D-130 test. The lubricating gear oil of the present
invention resuits in copper corrosion less than or equal to 2, passing the

ASTM D-130 test.

15 The following examples are presented to illustrate specific embodiments of
this invention and are not to be construed in any way as limiting the scope of

the invention.

EXAMPLES
20
Example 1
Preparation of the Base Package
To a2 L beaker, 631.58 grams of dialkyl polysulfide, a mixture of di-t-butyl tri-, |
tetra-, and penta-sulfide, TBPS 454 from Chevron Phillips Chemical
25 Company, was mixed with 368.42 grams of an amine dithiophosphate, as
described in Salentine, U.S. Patent No. 4,575,431, at 100°F until the mixture

was homogenous.

‘ Example 2
30 Toa 1L beaker, 2.85 wi% (14.25 grams) of the base package of Example 1,

0.25 wt% (1.25 grams) of tetrapropenyl succinic anhydride (total molecular

20



wei ght 266), 0.15 w % (0.75 grans) of Lubrizol(r) 5955A which is a

t hi adi azol e 10. containi ng about 4 wt % 2, 5-di nercapto-1, 3, 4-thi adi azol e,
16.35 wmt % (81.75 grans) Citgo 150 bright stock, and 80.40 wt % (402. 00
grans) Exxon 600 N (base oil) were m xed at 150F until the m xture was
honogenous. Exanple 4 15 A second base package was prepared as follows: To
a 400 nL beaker, 46.75 wt % (46.75) grans of dial kyl polysulfide, a mxture
of di-t- butywquntaeswﬂ§m%a@d750§@h?s)w'H;ﬂe€®43ﬁ%'°§m%§4s Ertﬁf@tj%lfé on
Phillips Chemcal Co 27" W %

di t hi ophospacentaining abewlr Wé%z&dsaemptmé345ﬂ$adlaa®|enﬂ6ﬁﬁwt%575 431, 3.90

wt % (3.90 gr of .. 20 te 431 i ch | le ¢ ai ni ng
about 4 vvt%gérg)iélgﬁ%mﬁ)aﬁt%o %6%’” éft%f)é\’g $@481‘§L}%@’%a@f@?€n§$ é?ms) of
pol yi sobut enﬁDO(I\P(t%)sesdil?Weﬂé fixaDaY #50°geurtiftf mplteeuhas hoRiogBhoSs0) ., and
6.50 wt % (6.50 grans) Exxon 100 N (base oil) were m xed at 100F until
the m xtufe was honobgenous. 25 To a 600 nL beaker, 3.85 wt% (7. 70 grans) of
t he second base package as descri berc%& 165 15. 00 wt % (30. 00 grans) of-
Citgo 150 bright stock (base oil) wt % (162. 30 grans) of Exxon
600 N (base G'DIE)‘I\hHI@kE'r)QeBBM% (1805 gmamd)dftm base packagesofExapgsisays. 21

Ex le 5 T w % (14. 25 f the b k f
xampl & 1, 82500 47 28 Gemg) shisfronseyuinic anpycrids Gytel et
anhydr i de. (PLigiTBesd 56 il @15 85le) L ABAVBASEISHIATE D kbid 701 (1

5955A which is a 5t hi adi azole co
2, 5- di met@aptonrtajring aboiitadbivits @, é«dlm&maﬁfb 34-trBadiatolgr #BSPH vdi%k go 150 bri ght

R e O R e LR S el

W % (14. 25 g6a0™ (Bdseldi weas tikar et Purix 8i8nidre was homogenous.

Example 4
15 A second base package was prepared as follows:

To a 400 mL beaker, 46.75 wt% (46.75) grams of dialkyl polysulfide, a mixture
of di-t-butyl tri-, tetra-, and penta-sulfide, TBPS 454 from Chevron Phillips
Chemical Company, 27.27 wt% (27.27 grams) of amine dithiophospate, as
described in Salentine, U.S. Patent No. 4,575,431, 3.90 wt% (3.90 grams) of
20  Hitec® 4313 which is a thiadiazole containing about 4 wt% 2,5-dimercapto-
1,3,4-thiadiazole, 15.58 wit% (15.58 grams) of polyisobutenyl (PIB) succinic
anhydride (PIB molecular weight 550), and 6.50 wt% (6.50 grams) of Exxon

100 N (base oil) were mixed at 100°F until the mixture was homogenous.

25  To a 600 mL beaker, 3.85 wt% (7.70 grams) of the second base package as
described above, 15.00 wi% (30.00 grams) of Citgo 150 bright stock (base oil)
and 81.15 wt% (162.30 grams) of Exxon 600 N (base oil) were mixed at
130°F until the mixture was homogenous.
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0.60 wt % (3.00 grans) of polyisobutenyl (PIB) succinic anhydride (PIB
nol ecul ar wei ght 550), 0.15 wt % (0.75 grans) of Hitec(r) 4313 which is a
t hi adi azol e cont ai ni ng about 4 w % 2, 5-di nercapt-o-1, 3, 4-t hi adi azol e, 15
16. 00 wt % (80.00 grans) Citgo 150 bright stock, and 80.40 wt % (402.00
grans) Exxon 600 N (base oil) were m xed at 150F until the m xture was
honogenous. COMPARATI VE EXAMPLES 20 Conparative Exanples A-S contain at

| east one of the following variants: EZ39Biew! ecul ar wei ght pol yi sobut enyl
succi ni c anhydrides (PIBSA); no thiadiazole and/or no PIBSA;, nore than

0.25 wt % t hi a@ 2dilebeaternd 3pratnl14. 2 geamslofdhe hrse Peskege ef Exampot,

nmol ecul ar . wei 3 AT I, %A 14. 25
grans) of the@ﬁ%@g@ﬁ@@&%ﬁé@%@éﬁ@gu%&l éjiéé)gg\?&ﬁ 1{‘: f%@ga‘rj%é of

poL yi( SObUt enyholgaélhlfab we'tg,lhd:Bﬁ(i))): Oglgw\t:!;i(dﬁ'ﬂﬁbﬁws) mﬁLagﬂ&@@l 5955¢0vhisBA8 b, 8 15
wt % (0. 75,_grans),, of Hitec(r Lch is a thiadiazole containing about
% k9 2. 5501 HBAKIEZPS CoraanIDIABME 4 Ped oA mECeon SR UPare) | G g0
150 bright st ( N (base oil)
wer e m xed at'[%('l\{béjo‘lé\,%&g?lg{éotﬂﬁg%ny @é?g%\?\%@ﬁg%&%%@éq@x\g%l e B5Toall
beaker, 2. 85 (#2400 ptard5) Grxorsf0®N (bhee bilpeepanivagkatofSEFamil thel mixtOres0

wt % (3. 00 grargsg Ofﬁéml | sobutenyl (PIB) succinic anhydride (PIB nolecul ar
wei ght 2300) w }l%n G 75 grans) of Lubrizol (r) 5955A which is a

t hi adi azol e contai ni ng about 4 wt % 2, 5-di nercapt o-1, 3, 4-thl adi azol e, 16.00
wt % (80.00 grans) Citgo 150 bright stock, and 80.40 wt % 10 (402. 00 grans)
Exxon 6080N (base oil) were nixed at B%5Oppledii|l the nmixture was

homogenous.  BXAM, &, Ger, 2.85 wt% (14.25 grams) of the base package of Example 1,
0.60 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
molecular weight 550), 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,
15 16.00 wi% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous.

COMPARATIVE EXAMPLES
20  Comparative Examples A-S contain at least one of the following variants:
2300 molecular weight polyisobutenyl succinic anhydrides (PIBSA); no
thiadiazole and/or no PIBSA; more than 0.25 wt% thiadizole and no PIBSA;
no amine dithiophosphate and 1000 molecular weight PIBSA,

25 Example A
To a1 L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.60 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
molecular weight 2300}, 0.15 wt% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,

30 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
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To a | L beaker, 2.85 wt% (14.25 grans) of the base package of Exanple 1,
15 16.00 wt % (80.00 grans) Citgo 150 bright stock, and 81.15 wt % (405. 75
grans) Exxon 600 N (base oil) were mxed at 150F until the m xture was
honogenous. Exanple D A third base package was prepared as follows: To a 1
L beaker, 57.14 wt% 20 (285.72 grans) of dialkyl polysulfide, a m xture of
di-t-butyl tri-, tetra-, and penta-sulfide, TBPS 454 from Chevron Phi I l'ips

Cheni cal ~ CoMpegw/00 4Rardd) M&(é&ﬁwﬁéa% ame@‘m%urbﬁ 1500 P ivRRNPERhAd e
described in SaI entine, U S. Patent 4,575,431, and 9.53 wt%(47 62

grans) of Hi M@@(hqmoms which is a th| ad| azol e contai ning about 4 wt%
2,5-dinmercapto-1,3,4 25 thiadiazole, were m xed at 100F until the m xture
was honobgenous. To a 5-gall on stainless steel vessel, 3.15 wt% (378.0
grans) of the third base package as Eesesleled above, 12.80 wt % (1, 536.0

grans) of Oh_%o %ggb br| stock (base oil), and 84.05 wt%E( 10,086.0
grams) - of 9 Ex a?s%sm%)('[é 5\/@@8‘%@(@@ bse Bagkageqf Examaplgi it ur e

was honobgeno A as follows:
To a 400 m BENcEr s BORKEME) Of pBs BB AYHEIB AR BRI IR, e, s

m xture of dimdletuianveighi 2300)t @t1bawt% &31@5@&5&11111&} siuldbrite|® $BESAAGCH iHm
Chevron Philli.ps. Chenm ¢ 69 W% (3 of am ne

di t hi ophosphglgé'ag@e(?@g%m'%@ gﬁﬁgégt/“eérﬁ cﬁ@er Opg)%égéﬂ@%ﬁgd% 575, 431, and
8.66 W % (8. e contai ning
about 4 (\)Nt%ag @]&\?ﬁﬁég%(gﬁ??kérﬁg) Cﬁﬁtﬁ ?Fg t?ék%ﬁd(l&%ﬂ??@%at 100F until the
m xture Ws ﬁ’fﬁﬂ)@@gmms) BXonEGa8 I'S(Qbassﬁ_olb)ea&@rw)@dm 1WR0% Qetibihegnbdmey of the
fourth base %%ﬁ'%%ﬁ%‘ies descri bed above, 12.83 wt % (25.66 grans) of Citgo

150 bright s ou 81I) and 84.05 wm % (168. 10 grans) of Exxon 600 N
(base oil) were m xed at 130F until the m xture was honpbgenous.

Example C
To a 1 L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

15 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 81.15 wt%
(405.75 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture

was homogenhous.

Example D
A third base package was prepared as follows: To a 1 L beaker, 57.14 wt%

20  (285.72 grams) of dialkyl polysulfide, a mixture of di-t-buty! tri-, tetra-, and
penta-sulfide, TBPS 454 from Chevron Phillips Chemical Company,
33.33 wt% (166.66 grams) of amine dithiophosphate, as described in
Salentine, U.S. Patent No. 4,575,431, and 9.53 wt% (47.62 grams) of Hitec®
4313, which is a thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-
25 thiadiazole, were mixed at 100°F until the mixture was homogenous.

To a 5-gallon stainless steel vessel, 3.15 wt% (378.0 grams) of the third base
package as described above, 12.80 wt % (1,536.0 grams) of Citgo 150 bright
stock (base oil), and 84.05 wt% (10,086.0 grams) of Exxon 600 N (base oil)

30  were mixed at 130°F until the mixture was homogenous.
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15 Exanple F To a | L beaker, 2.85 wt% (14.25 grans) of the base package of
Exanple 1, 0.6 wt% (3.00 grans) of polyisobutenyl (P[B) succinic anhydride
(PIB nol ecul ar wei ght 550), 16.00 wt % (80.00 grans) Citgo 150 bri ght
stock, and . 81.15 wt % (405.75 grans) Exxon 600 N (base oil) were m xed at
150F until 20 the m xture was honobgenous. Exanple G To a | L beaker, 2.85
wt % (14. 25 grans) of the base package of Exanple 1, 0.6 wt% (3.00 grans)
of polyi sobutenyl (PIB) succinic anhygka e(F_PI B 25 nol ecul ar wei ght 550),
0.10 wt % (0.50 grans) of Hitec(r) 431 Is_a thiadiazole containing
about 4 wt % 2 fUHh hese A3ekage waaquaﬂéfdplbws 160 @ot Qi oi-(spked. gr ans)

Gt 150 b b |
wer o mi xed 07 TE0E oaty oA LUy ?‘%}gﬁonﬁ%@?ﬁm%ﬁ@?@@%f o HToa
1 L beaker, 185, andpgia-2iiidy, ABES 664 fioen Cavercpiligs Qiferdisaltpl e 1, 0. 15
w % (0. 75 whi ch t d t bout
1§05 3 PRl B SEAE (208 ot A gE bR e o 150 5
bri ght stockin SQ]@nﬁﬂeQ@S"‘@%érﬂ% 095?95 28%)arle .68 vﬁ@@n{ﬁ\bé p?agrﬁs})bi’ I)ht

m xed at 150F until the m xture was hombgenous. eaker
2.85 wt % (14433 ,grhink)s aﬁhladezolas@n@nilng@wt45%%@15edumercamoel 6@1 W % ( 3. 00

350y, 0. 15 wiadEeE ‘8%&’&‘3"9 PR e RiRTh e Pomegaihz ol o
contai ning 2, 5-di mercapto-1, 3, 4-thi adi azol e having an al kyl

pol ycar boxyl ate noi ety, 16. 00 wt % (80.00 granms) G tgo 150 bri ght stock, and
80. 40 wt Y@ (402. fbmﬁgal@x&ﬂﬂm%ﬁ%a@nﬁqu)thmléthﬁmpm agsoFs unt | |

described above, 12.83 wt% (25.66 grams) of Citgo 150 bright stock (base
oil), and 84.05 wt% (168.10 grams) of Exxon 600 N {base dil) were mixed at

130°F until the mixture was homogenous. -

156 Example F
' To a 1L beaker, 2.85 wit% (14.25 grams) of the base package of Example 1,

0.6 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydﬁde (PIB

molecular weight 550), 16.00 wt% (80.00 grams) Citgo 150 bright stock, and

81 .15.wt% (405.75 gramé) Exxon 600 N (base oil) were mixed at 150°F until
20  the mixture was homogenous.

Example G
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.6 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB

25  molecular weight 550), 0.10 wt% (0.50 grams) of Hitec® 4313, which is a
thiadiazole containing about 4 wi% 2,5-dimercapto-1,3,4-thiadiazole,
16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.45 wt%
(402.25 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous.

30
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15 the m xture was honogenous. Exanple J To a 1 L beaker, 2.85 wt % (14. 25
grans) of the base package of Exanple 1, 0.60 wt% (3.00 grans) of

pol yi sobut enyl (PIB) succinic anhydride (PIB 20 nol ecul ar wei ght 550), 0.15
wt % (0. 75 grans) of Mbilad C610 which is a thiadiazole containing
approximately 0.01 wt % 2, 5-di mercapto-1, 3,4- thiadiazole, 16.00 w % (80.00
grans) Citgo 150 bright stock, and 80.40 wt% (402.00 granms) Exxon 600 N
(base oil) were mixed at 150F until thg;Rhtiyre was honogenous. 25 Exanpl e
K To a | L beaker, 2.85 wt % (14. 25 t he base Eacka e of Exanple 1,
0.60 wt % ( 3. O grldnbpaler, aﬁﬁwt%bmg&gramﬂrﬁ)the@ase@ac I-xarep{eP1 B

Thi adi avol o e Wi Qs deatiy ¥ ftelia’es & AT iop iAHERR %%{%?W“@*gﬁ%b@kw
pol ycar boxyl af @t%@ @idhmerl:@pﬁm M%l’(l@&laﬂﬂegﬁaﬁﬁ))wﬂ%t(&@ 0bafakis) Ditgostarck, and

25 80. 40 vw%\kgoz 00 gr ams% 600 N (base oil) were m xed at 150F unti |
the m xtuPe WEhhstaskedd 8’ OM@(@QO%QW@ ExxongikR {base git) wWevs ( 14. 25

grans) of th ) % (3. 00 grams) of
pol yi sobut enﬁa?ﬁ%ﬁgsﬁ?gﬁtgﬁﬁe ﬁﬁ%ﬁae hFBﬁjg%g%}%'ecul ar wei ght 1000), 0.15
wt % (0.75 grans) of Lubrizot(r) 5955A which is a thiadiazole containing

about 4 wt% 2,5-di nercapto-1, 3,4-thia |azolle 16. 00 wt % (80.00 grans) Citgo
150 bri ght stock and 80.40 wt % 10 ( 4¢ ams) Exxon 600 N (base oil)

per s 1 XS0 SIS, ok 28 UL oEe TSR SR BB £, | L
10 0.60 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydr[de (Pl B
molecular weight 550), 0.15 wt% (0.75 grams) of Vanlube 871 which is a
thiadiazole containing 2,5-dimercapto-1,3,4-thiadiazole having an alky!
polycarboxylate moiety, 16.00 wit% (80.00 grams) Citgo 150 bright stock, and
80.40 wi% (402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until

15 the mixture was homogenous.

Example J
Toa 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.60 wt% (3.00 grams) of polyisobutenyi (PIB) succinic anhydride (PIB

20 molecular weight 550), 0.15 wt% (0.75 grams) of Mobilad C610 which is a
thiadiazole containing approximately 0.01 wt% 2,5-dimercapto-1,3,4-
thiadiazole, 16.00 wi% (80.00 grams) Citgo 150 brigﬁt stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous.

25

Example K

To a 1 L beaker, 2.85 wit% (14.25 grams) of the base package of Example 1,
0.60 wt’% (3.00 grams) of polyisobuteny! (PIB) succinic anhydride (PIB
molecular weight 1000), 0.15 wi% (0.75 grams) of Vaniube 871 which is a

30 thiadiazole containing 2,5- dimercapto-1,3,4-thiadiazole having an alkyl
polycarboxylate moiety, 16.00 wi% (80.00 grams) Citgo 150 bright stock, and
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15 0.60 Wm % (3.00 grans) of polyisobutenyl (PIB) succinic anhydride (PIB
nol ecul ar wei ght 1000), 0.15 W% (0.75 grans) of Hitec(r) 4313 which is a
t hi adi azol e cont ai ni ng about 4 w % 2, 5-di nercapt o-1, 3, 4-t hi adi azol e, 16. 00
wt % (80.00 grans) Citgo 150 bright stock, and 80.40 wt % (402. 00 grans)
Exxon 600 N (base oil) were m xed at 150F until the m xture 20 was
honogenous. Exanple N To a | L beaker, 2.85 w % (14.25 grans) of the base

package of EB@W@i\ﬁt%gO@@@@r%&?E)&ona(ﬁIﬁf’(B)as@Bll by PRI SMB0°ERIR
succi ni ¢ anhydri de B 25 nol ecul ar wei ght 1000), 0.15 wt % (0.75 grams) of

Mobi | ad C610 hmwﬁureswas hempgemessl e cont ai ni ng about 0.01 wt %
2,5-dinmercapto-1, 3,4- thiadiazole, 16.00 w% (80.00 grans) Ctgo 150

br | ght stock, and 80.40 wt % (402. 00 grans) Exxon 600 N base oil) were

m xed at 150F until the m xture wasMe_m_ous 30 26 Exanple O To all

beaker, 85 wt% 4. 25 %{amsv%a of the base package of Exanple 1, 20 Wt %
(6.00 gra$rs) Qfaﬂ) %(pfEP Fars ﬁfﬂ“%ﬂ@%??@@%@fﬁx%lpléchl ar

e
pol ycar boxyl mcﬂem:avgighﬂmml) M%v(ft%)(mﬂﬁgrm) of&utgaoKFBBQBEAgMnlcbusaak and

80.40 Wt % (4 .EXx 60 150F til
the ot o HhadiredE SoRtNG SBoubR e B Ricabte S pEaThi il o o6 (14 25
granms) of theslasgipekeny ré?ﬁsf@ﬁémhsobrl?htlstaek%né’é@ttng%amS) of

pol yi sobut enyl (PIB) succinic anhydr mol ecul ar _wei ght 1000), O0.15
Wt % (0. 750 gr 4R O%ra_rn@)rlimn(aqo Ndbase o werei mixed atHi5AF anbl hecoiteeni ng

about 4 W% €Va§ h%nque%%%o 1, 3, 4-t hi adi azol e,

Example M
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

15 0.60 wit% (3.00 grams) of polyisobutenyl {P1B) succinic anhydride (PIB
- molecular weight 1000), 0.15 wi% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wi% 2,5-dimercapto-1,3,4-thiadiazole,
16.00 wi% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil} were mixed at 150°F until the mixture

20  was homogenous.

Example N
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

0.60 wt% (3.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB

25  molecular weight 1000), 0.15 wt% (0.75 grams) of Mobilad C610 which is a
thiadiazole containing about 0.01 wt% 2,5-dimercapto-1,3,4- thiadiazole,
16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams} Exxon 600 N (base oil) were mixed at 150°F until the mixture
was homogenous.

30
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15 16.00 wt % (80.00 grans) G tgo 150 bright stock, and 80.40 w % (402. GO
grans) Exxon 600 N (base oil) were m xed at 150F until the m xture was
honogenous. Exanple Q To a 1 L beaker, 2.85 wt% (14.25 grans) of the base
package of Exanple 1, 20 1.20 w % (6.00 grans) of polyisobutenyl (PIB)
succi ni ¢ anhydride (PIB nol ecul ar weight 1000), 0.15 wt% (0.75 grans) of
Htec(r) 4313 which is a thiadiazole containing about 4 wt%

2,5-dinercapto-1, 3,4-thi adi azol e, 16g£@nW & 80.00 grams) G tgo 150 bright
stock, and 80.40 wt % (402. 00 grans) xon N (base oil) were m xed at
150F until tHAead kthpexen= 8§ dﬂﬁg?@rﬂf@ms)Eié{]ﬁ)b@s@a@(@elomfmiéﬂ 2.85

of %pf)I13| ggbgteny CP]IZ’?E?egs%)@gf%ﬁg&ggﬁ&g%ﬁ&'wg@é\Eﬁ@ﬁgé%(tyié é?gﬁ'(t) g%(r)gg;;)

0.15 wt % (0. Amiesidaryeight N00)) ad5@&1@(mﬂi5<glnams)@fvaﬂﬂuaémzoﬂliﬁcnwiaal ni ng
about 0.01 w % 2, 5-di nercapto-1,3, 4-thi adi azol.e. 27 16.00 w % (80.00 gramns)
Citgo 150 brf faéqlﬁ&rentaaﬁag gep- QUS"‘WP%’*@Z@Q 43@‘%}4'%!%[? @X%rﬁrﬁétﬂi\l (base oil)

were m xed a fifth
base packageb\/\ggglg)ro ggg{réercﬁ‘btaégy’f(ﬁs %\A(Ag% @?%g %@@Jﬁ gﬁ@ﬁgcvﬁ 0 (40.91
grams) of di 80KYIWiEE(4GL00 goems)Exkont GOEN (bbseldil} wbret mixed: ati 150°Fainth- , and
pent a- sul fi dﬁ_lﬁ TBPS 454 rom Chevron Phillips Chem cal Conpany, 6.92 wt %
(3.41 grans) ""Pﬁ“ﬂ"@é’(‘?ﬁ HBPGCNEh is a.10 thiadi azol e containing about 4
wt % 2, 5-di nercapto-1, 3, 4-thi adi azol e, 11.36 w % (5.68 grans) of
tetraproEQ]enyl succinic anhydride (total nolecular weight 266) were m xed
at 100F #htil the mixture was honogem@mpldd a 1, 000 nL beaker, 2.2 wt%

(11.0 granms) T8f } E%e%ﬂgll tﬂ é@wpﬁ(\(lfg% é"bov? of the base package of Example 1,
1.20 wt% (6.00 grams) of polyisobutenyl {PIB) succinic anhydrlde (PIB
molecular weight 1000), 0.15 wt% (0.75 grams) of Lubrizol® 5955A which is a
thiadiazole containing about 4 wi% 2,5-dimercapto-1,3,4-thiadiazole,
156 16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wi%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture

was homogenous.

Example @
To a 1 L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

20 1.20 wt% (6.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
molecular weight 1000), 0.15 wi% (0.75 grams) of Hitec® 4313 which is a
thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,

16.00 wt% (80.00 grams) Citgo 150 bright stock, and 80.40 wt%
(402.00 grams) Exxon 600 N (base oil) were mixed at 150°F until the mixture

25 was homogenous.

Example R
To a 1L beaker, 2.85 wt% (14.25 grams) of the base package of Example 1,

1.20 wt% (6.00 grams) of polyisobutenyl (PIB) succinic anhydride (PIB
30  molecular weight 1000), 0.15 wi% (0.75 grams) of Mobilad C610 which is a
thiadiazole containing about 0.01 wt% 2,5-dimercapto-1,3,4-thiadiazole,
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15 described, 19.56 wt % (97.80 grans) of Citga 150 bright stock (base oil),
and 78.24 wt % (391. 20 grans) of Exxon 600 N (base oil) were m xed at 130F
until the m xture was honpbgenous. PERFORMANCE RESULTS 20 Exanple 2 The
conposition of this exanple was eval uated for copper corrosion according
to ASTM D-130. The ASTM D-130 rating was 2a, passing the (-5 requirenments
for copper corrosion test. 25 Exanple 3 The conposition of this exanple was

eval uat ed fon6QOPRLS (B8RO0 @Baras) CAgS ABJibitight Stobl TAMdP80.20.withe ASTM D- 130
rati ng was 1@%&§ssin the G&-5 requirenents_ for copper corrosion test.

The ASTM D-1 grame) Beme AN (base eilhwete mixedsat 1BACH undkie mpiwguced a
rating of 1 Quachssd {,8e G.-5 30 requirenents for copper corrosion test.
28 Exanple 4 '?ﬁe cor#)%]gi tQ'l on of this exanple was eval uated for copper
corrosion according to ASTM D-130. The ASTM D-130 rating was 1 b, passing
the G.-5 _requirenents for copper coréosi n :t est. 5 Exanple 5 The
corrpositi%n of this exanple was eval copper corrosion according

to ASTM D- 13, fiftheasdAdkEgd 3bd srebBbdgSfolewsPassi ng the GL-5 requirenents
for copper corrosion test. The ASTM D130 test was repeated. 10 This result

produced a rdpichdPOmLRgakensyi.Big withe(40L9 Bgrasep)iof dintkyl polysulficen pemixture
oo ot oBf g BAPUE, Rrll Srit PR AR, ThPShSs FATERSERTPSHRE| o T or
Chemical Company, 6.92 wit% (3.41 grams) of Hitec® 4313 which is a
10 thiadiazole containing about 4 wt% 2,5-dimercapto-1,3,4-thiadiazole,
11.36 wit% (5.68 grams) of tetrapropenyl succinic anhydride (total molecular

weight 266) were mixed at 100°F until the mixture was homogenous.

To a 1,000 mL beaker, 2.2 wt% (11.0 grams) of the additive package above
15 described, 19.56 wt% (97.80 grams) of Citgo. 150 bright stock (base oil), and
78.24 wi% (391.20 grams) of Exxon 600 N (base oil) were mixed at 130°F

until the mixture was homogenous.

PERFORMANCE RESULTS

20 Example 2
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 2a, passing the GL-5
requirements for copper corrosion test.

25 Example 3
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 1b, passing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated
three more times. Each result produced a rating of 1b, passing the GL-5

30  requirements for copper corrosion test.
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15 according to ASTM D-130. The ASTM D- 130 rating was 2c, passing the G.-5
requi rements for copper corrosion test. The ASTM D- 130 test was repeated.
This result produced a rating of 2e, passing the G.-5 requirenents for
copper corrosion test. Performance Results - Conparative Exanples 20
Exanpl e A The conposition of this exanple was eval uated for copper
corrosion according to ASTM D-130. The ASTM D-1 30 rating was 4b, failing

the GL.-5 requirenents for copper corg dest. 25 Exanple B The
conposition of this exanple was eval U'a‘[)ea;gﬂ%m copper corrosion according

to ASTM D 1307hemmp@$1ﬂunmf;tl3!e exatmphe wasevéatyatédidrcoppeheoi@hsibn requi renent s

was cval uat cAORARIRNEAEY R0 ane REL (i eBR Ak 1o PheSinare D 1

30 rati ng- wagedtireniaits fardopper &brrdsion sl rement s for copper corr03| on test.
The ASTM D-1 30 test was repeated. 5 This result produced a rating of 4b,

failing the GL-5 requirenents for copper corrosion test. Exanple D The

conposition of this exanple was eval copper corrosion according
to ASTM D-130. The ASTM D-130 rati ng% passing the G.-5 10

requi r ement s Thercoagmpttionadthie sixamplesias eWtL@t@XW@pQﬁ@@@@Slbhe t est

because it contai,ned h& e tge anpunt _of thi adi azol e and no él sobut enyl
succi ni ¢ anh§asrdieg to ﬁy‘é} aP- iThee | MD-deRtraling wasss, Pﬁﬁ&'ﬂgé 8lG-and an

requirements for copper corrosion test. The ASTM D-130 test was repeated.
10 This result produced a rating of 2a, passing the GL-5 requirements for copper

corrosion test,

Example 6
The composition of this example was evaluated for copper corrosion

15 according to ASTM D-130. The ASTM D-130 rating was 2c¢, passing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 2e, passing the GL-5 requirements for copper

corrosion test.

Performance Results — Comparative Examples

20
Example A
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test.
25
Example B
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4c, failing the GL-5
requirements for copper corrosion test.
30
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al kyl or al kenyl succinic anhydride. 15 Exanple E The conposition of this
exanpl e was eval uated for effect copper corrosion according to ASTM D-130.
The ASTM D-130 rating was 4b, failing the G.-5 requirenents for copper
corrosion test. 20 Exanple F The conposition of this exanple was eval uated
for copper corrosion according to ASTM D-130. The ASTM D-130 rating was
4b, failing the G.-5 requirenents for copper corrosion test. The ASTM D 1
30 test was repeated. This result pr rating of 4b, failing the
G.-5 requirenents for copper 25 cor réé%ﬁgt-@st Exanpl e G The conposition
of this exanfhe cormpositivhudtisd &emp&mwperﬁvemwwﬁfmg)pgeﬁ%rﬁbmm0 ASTM f
D-130. The ASTM 130 r s_4 Lng.the reqwrerrents or
copper corro@?gﬂ' Aﬁh’ér&é Eﬁ‘fﬁ-{ Jating wasdd, 1alingtheG ff—éult
produced a r ?édd’?%nﬂsfntékbr cfogbé# Otrddién st 5Th§q!¥5'ﬁﬂ 158 tééfrw&o

corrosion test. anpl e The conposition o exanpl e wa eva ‘uat ed
for coppe? CEhISd”gsldthpl‘CE:b@eﬂ@lI‘agng@fAE.'lelbg]Ihe@L $heqm83fnelﬁls]f6f)cmmerng was
4b, failing Qr g requi renents for copper corrosion test. The ASTM

. D130 test r?SéB% ?Sé This result produced a rating of 4b, failing the
GL-5 requirenents for copper corrosion test. 10 Exanple | The conposition
of this exanple was evaluated for copper gorrosion according to ASTM
D-130. The ASTM D-130 rating was 4b, %&éﬂi—g—@@the GL-5

The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 2e, passing the GL-5

10 requirements for copper corrosion test. This example passed the test

because it contained twice the amount of thiadiazole and no polyisobutenyl
succinic anhydride. The present invention contains less thiadiazole and an

alkyl or alkenyl succinic anhydride.

15 Example E
The composition of this example was evaluated for effect copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5

requirements for copper corrosion test.

20 Example F
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. ~The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper

25  corrosion test.

Example G
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
30  requirements for copper corrosion test. The ASTM D-130 test was repeated.
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requirenents for copper corrosion test. The ASTM D- 130 test was repeated.
15 This result produced a rating of 4b, failing the (-5 requirenents for
copper corrosion test. Exanple J The conposition of this exanpl e was

eval uated for copper corrosion 20 according to ASTM D-130. The ASTM D-1 30
rating was 4b, failing the G.-5 requirenents for copper corrosion test.
The ASTM D-130 test was repeated. This result produced a rating of 4b,

failing the @lqrs&eéemprd@@eafa&ahﬁg o‘FQBPFéEImgQﬁé@_SBQQ hiRsthentsX8rBbshet 25 The
conposi tion of this exanple was eval uated for copper corrosion according

to ASTM D: 1300rrgsien AgStM D- 130 rating was 4b, failing the G.-5 requirenents
for copper corrosion test. The ASTM D- 130 test was repeated. This result
produced a rating of 4b, failing the G.-5 requirenents for copper

corrosion test. 30 31 3 Exanple L Th&xgaimesl tion of this exanple was

eval uated_for._ copper corrasion according ASTM D- 130. An ASTM D- 130
rating was 2SR RAsgionied thip %ampéwam@fﬂaée@mceaﬁworm%s' on test.

The ASTM D- 1§905ra§§ Jé@fsefnngyasgd The ASTH - q%ﬂh&n&g}%&%ﬁ@g@%{gﬁ Tﬁg

failing the G-5 or copper corrosi
conposi tion tfqurenseré&ﬁ)rmiapmaeormadmmsedmem&m;ﬁbnSﬁcbestm@'asampyatea:tcor di ng

For copper oohisIERdRPrasbesd pathe Bl Riige the LL-RadaEuditador S Fosu ¢
produced a ragirdsloRtedb, failing the G.-5 requirenents for copper
10
Example |
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
15  This resuit produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example J
The composition of this example was evaluated for copper corrosion

20  according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
' requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper

- corrosion test.

Example K
25  The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper
corrosion test.

30
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corrosion test. Exanple N 15 The conposition of this exanple was eval uated
for copper corrosion according to ASTM D-130. The ASTM D- 130 rati ng was
4b, failing the G.-5 requirenments for copper corrosion test. The ASTM
D130 test was repeated. This result produced a rating of 4b, failing the
G.-5 requirenents for copper corrosion test. 20 Exanple O The conposition
of this exanple was evaluated for copper corrosion according to ASTM
D-130. The ASTM D-130 rating was 4b, ggt%!'nl"élgq the G.-5 requirenents for
copper corrosion test. The ASTM D- 13 S repeated. 25 This result

produced a ré’hbn@nqjosmmn of dnik iemgnphewek evaluatpd formepper ¢ccrrosimrpper

corrosion test. o] f this exanpl.e.was e ated for
copper corroé‘%ﬁ’f ﬁ\ﬂﬁ]ﬁaﬁ ?A&#W[ﬁf%@ ﬂ l\f{%f‘ig’(‘gfhﬁ was 4b,
failing the %qﬁrenﬁ@ﬂé‘fdr%&%ﬂéﬁc&%m&ﬁ’%rTﬁ@WSjﬁWDHB@%ést Jéhere%%méd} 130
test was repeated. 32 This result produced a rating of 4b, failing the G-5
r equi r emeint sThtsrreeuhbpmducedrarrayn@mf ﬂbsﬂaillnaﬂhﬁ@le5@@Jimem@rfpbs@pmem of

this exanpl e yas_.eval ated for copper corrosion according to ASTM D 130.
An ASTM D- 136 'FQ%PH@ s 4b, failing the G.-5 requirenments for copper
corrosion test. The ASTM D- 130 test was repeated. This result produced a

rating of 4b, failing the G.-5 requirenents for copper corrosion test. 10
Exanmpl e R The conposition of this ex&gmpledt eval uated for copper

corrosion  ype composition of this example was evaluated for copper corrosion
10  according to ASTM D-130. An ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example N
15 The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
This result produced a rating of 4b, failing the GL-5 requirements for copper
corrosion test.
20
Example O
The composition of this example was evaluated for copper corrosion
according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
25  This result produced a rating of 4b, failing the GL-5 requirements for copper

corrosion test.

Example P
The composition of this example was evaluated for copper corrosion

30 according to ASTM D-130. An ASTM D-130 rating was 4b, failing the GL-5
requirements for copper corrosion test. The ASTM D-130 test was repeated.
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according to ASTM D-130. The ASTMD-1 30 rating was 4b, failing the G-5
requi rements for copper corrosion test. The ASTM D- 130 test was repeated.
This result produced a rating of 4b, failing the G.-5 requirenents for
copper 15 corrosion test. Exanple S The conposition of this exanpl e was
eval uated for copper corrosion according to ASTM D-130. The ASTM D- 130
rating was 4b, failing the G.-5 20 requirenents for copper corrosion test.

or gant ¢ sul (P RCRpLPRRE SR il s 4B B e B/ EARGsShETor RobPd o1 e
wherei n the tchiragibazeste does not contain a pol ycarboxylate noiety and the

anount of di nmercaptothi adi azole present in the thiadiazole is from about
0.1 mt%to about 10 % (c) an am no phosphorus conpound; and 10 (d) an

al kyl or al kenyl succinic anhydri de, et8bm the al kyl or al kenyl group
has a nunber average nol ecul ar wei ght%r‘c%out 160 to about 700. 2. The

oi | - sol ubbe addeidonymsitampaidhisiconmgpte madievgluated faicmppenberaesionsaid 15

' hosph i ' Lihj ite. 3., The oil-sgl pbl
a1 Ve congeerEh RS EMGT S0, A RS BPER a0k Sias 4p.alfnd toe Bbe. ©
sul fur - cont air@dNErferits PErcIPPEF S4T6siaN B4, TheASITAIDNBORSMSAE Fditaite®0 4.

The oil-soluble additive conposition according to claim3 wherein said

di al kyl pol ydhi tegultipsoduceidya ating of 48 failinguhg IGli-birequirements, fonndpper
penta-sul fide, 5.. The toi | -sol ubl e additive conmposition according to any one
of the pr ece&PH83'08| ®'hs wherein said thiadiazole further conprises at

| east one of 2-nercapto-5 25 hydrocarbylthio-1, 3, 4-thiadiazol es;

2- mer cap Q- 5- hydrocar byl di t hi o- 1, 3, 4 t hi gdiazol es;
2, 5- bi s(mdr ocar byl t hi 0) and AE;:)_xam e 'R

The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5

requirements for copper corrosion test. The ASTM D-130 test was repeated.

This result produced a rating of 4b, failing the GL-5 requirements for copper
15 corrosion test.

Example S
The composition of this example was evaluated for copper corrosion

according to ASTM D-130. The ASTM D-130 rating was 4b, failing the GL-5
20  requirements for copper corrosion test.
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2, 5-bi s(hydrocarbyl dithio)-1, 3, 4-thi adi azoles. 6. The oil-soluble additive
conposition according to any one of the preceding clains 30 wherein said
al- kyl or al kenyl succinic anhydride is an al kenyl succinic anhydride. 34 7.
The oil -sol uble additive conmposition according to claim®6 wherein said

al kenyl succinic anhydride is polyisobutenyl succinic anhydride. 8. The

oi |l -sol uble additive conposition according to claim6 wherein said 5

al kenyl succgﬂgﬁwgnhydride is tetrapropenyl succinic anhydride. 9. The-

oi | -sol ubl e i'trve conposition according to claim7 wherein said

pol yi sobut enyl group of the polyisobutenyl succinic anhydride has a nunber
average nol ecul ar wei ght from about 250 to about 700. 10 10. The

oi | - sol ubl e hddiAn pé-sebipsoadditivy caressidPn gomprising: m 9 wherei n sai d

pol yi sobut enyl group of the polyisobutenyl succinic anhydride has a nunber
aver age nol ecul ar wei ght of about 450 to about 650. 15 11. A lubricating

oi I conpdsition @ynn sigagic suur-aontyining axtrenie mesaire arfditiveyri cati ng
viscosity; and (Pé a m.nqr ?nount of . an piL-soIabIe addi ti ve comnposition
conprising: (1)®dn %M@@%M@mm@m@@% PeRABt FAHAA e additi ve,
(i1) an am no phosp : { i | &t wheligidie t he

t hi adi azol e does nopﬂggﬁ¥gl agq@%ﬁ§%§&%§§&?§?%mk%?gﬁéﬂgﬁﬁothelﬁﬁgﬁnt of

di mer capt ot hi adi azol pepenrise the thiadihzole s rdmeataiut O witYodmadioatit! O V&%, wt % t o
about 10 w % a&g (1v) _an alﬁyl or alken%l(iucc'nic anhydri de, wherein the
al kyl or 25 al K&hyI3LAHH RAOSPREMNE @INPSYnd180hy| succi ni ¢ anhydri de has a
number anerage nghecaq alkyw&lakénypgu_di@i@aﬂh%ﬁdé%ér@irﬁh@lﬁlkylEQ%Ikeh%l A

| ubricating oil c@nposition conprising:
. group has a number average molecular weight from about 160 to

about 700.

2. The oil-soluble additive composition according to claim 1 wherein said

15 amino phosphorus compound is amine dithiophosphate.

3. The oil-soluble additive composition according to claim 1 or 2 wherein said

organic suffur-containing extreme pressure agent is a dialkyl polysulfide.

20 4. The oil-soluble additive composition according to claim 3 wherein said

dialkyt polysulfide is a mixture of di-t-butyl tri-, tetra-, and penta-sulfide.

5. The oil-soluble additive composition according to any one of the preceding
claims wherein said thiadiazole further comprises at least one of 2-mercapto-5-
25 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.

6.  The oil-soluble additive composition according to any one of the preceding claims -
30 wherein said alkyl or alkenyl succinic anhydride is an alkenyl succinic anhydride.
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30 (a) a major anpunt of oil of lubricating viscosity; 35 (b) from about
0.25 to about 3.6 W% organi c sulfur-containing extrene pressure additive;
(c) fromabout 0.3 to about 1.5 wt % ami no phosphorus conpound; (d) from
about 0.01 to about 1.2 wt % al kyl or al kenyl succinic 5 anhydride, wherein
t he al kyl or al kenyl group has a nunber average nol ecul ar wei ght of about
160 to about 700; and (e) from about 0.02 to about 0.25 wt %t hi adi azol e,

wherein the thi agj I e : ' .and the
amount of i fior cABGICARTE SuftRe SORERLMR 4ERLXERS REKE IR 8"
about 0.1 wt % t oakkknytsubQinig ahytiBide TH @olyisobuteaiyl sgcehtiopodiydiidn according to
claim 12 wherein the organic sulfur-containing extrene pressure additive
is a mxture of di -t-butyl tri-, tetra-, and penta-sulfide. 15 14. The

l'ubri cating gompeRb iR IAME 96408 chﬁlggg%ma%%oﬁ{i{}%% ggﬁﬁ eivmqé%wﬁgkeny'

succinic anhydride is tetrapropenyl ccinic a 15. The ricating
conposi ti®wn accoalkeny suscinicaamhyti?ideris 1graghepaivh ssadidicantydsiie. 20 succini ¢
anhydride is polyisobutenyl succinic anhydride. 16. The | ubricating
conposition according to any one of clains 12 to 15 conprising: (a) a

naj or amount gof Thk offsoluli bEaitive doMipBeRivhiatcofdig td SIBIMPAMierdi?sdi@ about
2.6 wt% organi c sulfur-containing extrene 25 Eresgu_re additive; (c) from

about 0.7 to abopelyBoButenyt gietip®t tive splyisobyteny ¢ anhygride bas &bout 0. 1

to about 0.75 wm % al ky! I I ] ide, wn the al kyl
or al kenyl gr oup@li'géggﬁ%ﬁggﬁagégﬁg‘é&%ﬁFrégh%g&%glogﬁtab\g?ﬁzggm 160 to
about 709 and 30 (e) from about 0.05 to about 0.2 w % thiadi azol e, wherein
t he '
10. The cil-soluble additive composition according to claim 9 wherein said
polyisobutenyl group of the polyisobutenyl succinic anhydride has a

number average molecular weight of about 450 to about 650.

15 11. Alubricating oil composition comprising:
(a) a major amount of oil of jubricating viscosity; and
(b) a minor amount of an oil-soluble additive composition comprising:
(i) an organic sulfur-containing extreme pressure additive,
(i) an amino phosphorus compound,

20 (i) a thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of
dimercaptothiadiazole present in the thiadiazole is from about
0.1 wt% to about 10 wit%, and

(iv) an alkyl or alkenyl succinic anhydride, wherein the alkyl or

25 alkenyl group of the alkyl or alkenyl succinic anhydride has a
number average molecular weight of from about 160 to about
700.

12. A lubricating oil composition comprising:

30 (a) a major amount of oil of lubricating viscosity;
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t hi adi azol e does not contain a pol ycarboxylate noiety and the 36 anount of
di mer capt ot hi adi azol e present in the thiadiazole is from about 0.1 wt%to
about 10 wt% 17. The lubricating conposition according to any one of
clainms 12 to 15 conprising: 5 (a) a nmajor anount of oil of lubricating
viscosity; (b) fromabout 1.4 wt%to about 2.2 wt % organic

sul fur-containing extreme pressure additive; (c) fromabout 0.8 wt%to

0. 5 k5% al Kyl or B KERgEEet Hi2n GUEREKS wih ordnit SO ARIME P St SP, or

group has a nunber preeswmgeaadditivegul ar wei ght of about 160 to about 700; and
(e) from about O.Ci %to about 0.18 wt%thiadi azole, wherein the
t hi adi azol e does(@ ot remRPOUADS AR A powiif Anainawnespherkg qorPaudinpunt  of

di mer capt ot hi adi &Hzl ﬁorga%g,%gp_dﬂ LRt L'!y%ﬁ%\%m,}@%?’k%ﬁ?@“@wt 0.1 wt%to

about 10 vt % 18: met reduci ng rosion in netal - .
component® in axl.esasndrideawhereis itenaslkganaikeriyhgrauprttasca noghbdre et al

conponents 20 with the [ubricating Oi siti.on of im11. 19. A
rethod of “making an SareasRiraIteRhlef RRIeD S Gk iafidhdg: T (a)
preparing a base@a%ﬂ%ﬂ&t 0109 taCaidit BI2Z2ARY% tI%HHifa%re(E%b?éig'ﬂ?% extremne
pressure additive'with an am no phosphorus conpound; 25 an ) mxing the

product of (a) with tiadiddolt does rbkeantainsupalyearboxgate mioiedy andiibe ei n
t he' al kyl or al kenyl rou‘tp

h . | |.ar,. i gh f ab
160 10 about 700 arteotenihe A aR ARt iR B bR Bl T o
contain 0 about 0.1 wi% to about 10 wi%.

13. The lubricating composition according to claim 12 wherein the orgariic
sulfur-containing extreme pressure additive is a mixture of di-t-butyl tri-,
tetra-, and penta-sulfide.

15

- 14. The lubricating composition according to claim 12 or 13 wherein said alkeny!

succinic anhydride is tetrapropenyl succinic anhydride.

15. The lubricating composition according to claim 12 or 13 wherein said alkeny!

20 succinic anhydride is polyisobutenyl succinic anhydride.

16. | The lubricating composition according to any one of claims 12 to 15 comprising:
(a) a major amount of oit of Iubricating viscosity; |
(b) from about 1.2 to about 2.6 wt% organic sulfur-containing extreme
25 pressure additive;
(c) from about 0.7 to about 1.3 wit% amino phosphorus compound;
(d) from about 0.1 to about 0.75 wt% alky! or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700; and
30 (e) from about 0.05 to about 0.2 wit% thiadiazole, wherein the

thiadiazole does not contain a polycarboxylate moiety and the
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30 pol ycarboxyl ate noi ety and the anmount of dinercaptothiadi azol e present
in the thiadiazole is fromabout 0.1 wt%to about 10 wt% 37 20. The net hod
according to claim19 wherein said al kyl or al kenyl succinic anhydride is
pol yi sobut enyl succinic anhydri de and wherein the polyisobutenyl group has
a nunber average nol ecul ar wei ght of about 250 to 700. 5 21. The net hod
according to claim 19 wherein said al kyl or al kenyl succinic anhydride is

tetrapropenyl sucet gl ieartdniAidid it the PRKL AR KGRIHNO O

conposi tion conprising package

organi ¢ sul fur- contaahmng)1a&%ﬁemmopteemn%e additive with am no phosphorus
conpound; (b) m xing the product of (a) with an al kyl or al kenyl succinic
anhydride, wherein the al kyl or al kenyl group has a nunber average

nol ecul ar weiight Thd lubheiting teMpbsitiedastordif@to @Ybr of%@nrh@ﬂﬁ% @é’r%rﬁ pristhr €i n
the thi adi azol e does not contain a pol ycarboxyl ate noi ety and the anount of

di mer capt®t hi adi éaz)olememmnunhofqﬂmfiwaicadngmﬂcesut)s fromabout 0.1 wt%to

oi ot 20 1 ubr i 1 | RyrAReeh 814k 38 BaRE ol et bR el GG m 22

wherei n from about Oeﬁﬂemé%ésgua@gg@mvé 2 wmt % al kyl or al kenyl succinic
anhydride is added to the product o and m xed with thiadiazole,

wher ei n the thi aff)azitem &M’@Wrﬁo‘ﬂf%éﬁhﬁéi)ht h2o8%pamjraphespiicite noiety and .

t he anount of di nerc%g%umﬁdl azole present in the thiadiazole is from
about 0.1 % to abo '% 24. The met hod according to claim22 or 23

wher ei n 0 om abo(d) Ofr& aMo%tUQSatbcaﬁouto 2wtWtaiyt bt alteagiducinider ei n t he
t hi adi azol e does not contain
. anhydride, wherein the alkyl or alkenyl group has a numbér
average molecular weight of about 160 to about 700; and
(e) from about 0.1 wi% to about 0.18 wi% thiadiazole, wherein the
thiadiazole does not contain a polycarboxylate moiety and the
15 amount of dimercaptothiadiazole present in the thiadiazole is from

about 0.1 wit% to about 10 wt%.

18. A method of reducing yellow metal corrosion in metal components in
axles and transmissions comptrising contacting the metal components
20 with the lubricating oil composition of claim 11.

19. A method of making an oil-soluble additive composition comprising:
. (a) preparing a base package by mixing an organic sulfur-containing
| extreme pressure additive with an amino phosphorus compound;
25 and |
(b) mixing the product of (a) with an aikyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
thiadiazole, wherein the thiadiazole does not contain a
30 polycarboxylate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wit%.
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30 pol ycarboxyl ate noi ety and the anount of dinmercaptothi adi azol e present
38 in the thiadiazole is fromabout 0.1 wt%to about 10 w% is added to
the product of (a) and m xed with al kyl or al kenyl succinic anhydri.de. 25.
A met hod of making a lubricating oil conposition conprising: 5 (a) m xing
an organi c sul fur-containing extrene pressure additive, an am no
phosphorus conpound, an al kyl or al kenyl succinic anhydride, wherein the

al kyl or al kgnyl [V, ] I ' f ut 160
to about 700,%]'anT a%@%?%fgﬁg? S&ae"r%eﬁl‘?’ﬁ ﬁﬁ%&gtﬁlgﬁl&@‘%&gg%%@mgont ain
a 10 pol ycar boxyamtiyelrideiiepylyotuteng! swainic anhydtideeamhphate tadi azol e
present in the thiadiazole is fromabout 0.1 wt%to about 10 w% until
the mixture is HRTW§RRWEBY! HAUP MBS adfiinber averaga Bolenilag weight af abouti o t he
mxture of (a). 4&gProghe method according to claim25 wherein said al ky
or al kenyl succinic anhydride is polyisobutenyl succinic anhydride and
wherei n tthe polyisobutenyl group has a nunber average nol ecul ar wei ght of

about 250 to 700. 20.27, The , nethod.acgcording to claim 25 wherein said
al kyl or al kghyQP%%e@fmaC%ﬂvar‘f?& g wﬁ? 8@@@@'&6@@%@%%@% de.
39 anhydride is tetrapropeny! succinic anhydride. ,

22. A method of making a lubricating oil composition comprising:
10 (a) preparing a base package by mixing an organic sulfur-containing
extreme pressure additive with amino phosphorus compound;
(b) mixing the product of (a) with an alkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
15 thiadiazole, wherein the thiadiazole does not contain a
po!ycarboxyiate moiety and the amount of dimercaptothiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wi%;
and ,
(c) cdmbining the product of {b) with a major amount of oil of
20 lubricating viscosity.

23. The method according to claim 22 wherein from about 0.01 wt% to about
1.2 wt% alkyl or alkenyl succinic anhydride is added to the product of (a)
and mixed with thiadiazole, wherein the thiadiazole does not contain a
25 polycarboxylate moiety and the amount of dimercaptothiadiazole present
in the thiadiazole is frorﬁ about 0.1 wt% to about 10 wt%.

24. The method according to claim 22 or 23 wherein from ébout 0.02 wit% to ab'odt

0.25 wt% thiadiazole, wherein the thiadiazole does not contain a

30 polycarboxylate moiety and the amount of dimercaptothiadiazole present
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10

15

20

25.

26.

27.

in the thiadiazole is from about 0.1 wt% to about 10 wt%, is added to the
product of (a) and mixed with alkyl or alkenyl succinic anhydride.

A method of making a lubricating oil composition comprising:

(a) mixing an organic sulfur-containing extreme pressure additive, an
amino phosphorus compound, an ailkyl or alkenyl succinic
anhydride, wherein the alkyl or alkenyl group has a number
average molecular weight of about 160 to about 700, and a
thiadiazole, wherein the thiadiazole does not contain a
polycarboxylate moiety and the amount of dimercaptbthiadiazole
present in the thiadiazole is from about 0.1 wt% to about 10 wi%,
until the mixture is homogenous; and

(b) adding at least 90 wt% base oil to the mixture of (a).

The method according to claim 25 wherein said éiky or alkenyl succinic
anhydride is polyisobutenyl succinic anhydride and wherein the
polyisobutenyl group has a number average molecular weight of about
250 to 700.

The method according to claim 25 wherein said alkyl or alkenyl succinic

anhydride is tetrapropenyl succinic anhydride.
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