,€3e[yXT6Tj 24 JAN 2003 LOW PHOSPHORUS CLEAN GEAR FORMULATI ONS CROSS
REFERENCE TO RELATED APPLI CATI ONS There are no rel ated applications.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH Thi s research was not
sponsored by any entity of the Federal Governnent. TECHNI I@&( iﬁog
i nventi‘on relates to gear oil fornulations containing | ow I
phosphorus whi ch provide clean gear performance and axe capable of neeting
the American PetroleumlInstitute's (API) G.-5 service classification
requi renents without the need for netal detergents, boroncontaining
addi tives, ashless dispersants, dispersant viscosity index inprovers or

di spersant pour pOiMAWIRRORIFAORES BASKCRAAR FERNIE AMGRT! ON Thi s

invention relates to gear oils for use in autonotive transm ssions and
final drive axles. Mre particularly, this invention relates to gear oils

t hat cagRUES RIFERENEE W REDAEEDEARPPLIEENONSWIi | e al so meeting the L-60-1
test performance criteria of APl MI-1. Al though a substantial nunber of

gear oils haVkerbeemopeiattdepplidabonsng vari ous needed properties where such
gear oils are used, there exists a need for an additive or a conbination of
additives to provide an inproved clean perform ng gear oil that can be
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2003 performance of the arequirenment, it 1s also highly
desirable that the addltlve or additives be lowin cost and easily
produce ui pment manufacturers desire |ubricants having
extendegEﬁgbg T@?S Ilities”

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

point depressants.

BACKGROUND OF THE INVENTION

This invention relates to gear oils for use in automotive transmissions and final drive
axles. More particularly, this invention relates to gear oils that can meet GL-5 performance
requirements while also meeting the L-60-1 test performance criteria of AP1 MT-1.

Although a substantial number of gear oils have been produced having various needed
properties where such gear oils are used, there exists a need for an additive or a combination of
additives to provide an improved clean performing gear oil that can be used, e.g., in manual
transmission oils and axle lubricants to reduce the deposits (i.e., build-up of sludge and other

unwanted materials on metal surfaces such as carbon and vamish). While acceptable
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whereby their custonmers can operate the equi pnent for |onger periods of
time or for greater distances before draining the transm ssion or gear box
of lubricant and replacing it with fresh lubricant. In view of the
conpetitive situations in which they operate, l|ubricant nmanufacturers are
al so desirous of having the ability to provide | ow cost |ubricants having
t hese prol onged service capabilities. The invention realize l}thm%na
savi ngs through the om ssion of the costly ashl ess di spersaft’s

di spersant viscosity index inprovers. Actual drainage periods utilized wll
depend, to a |large extent, upon the type of severity of service and the

e . o } b ; {ai
esign C}Jerﬁoﬂﬁan%%hﬁ’nggg&r grﬂpﬁr&;'hﬁé%&’it, it fl‘é‘?s'&%@ﬂkr n%\éﬁilrklg;}ﬂa?megﬁﬁ'i‘ﬁbe gertaln

ci rcunst’ances exten al nage I nt erval s e and transm ssion

appl i catj.qn U, . . 7 0 and 5,225,093 to Canpbell et al
disclosémgnggg%”§WVE§§%?@?%@”gﬁ%ﬁgg%4that i ncludes: (1) an oil soluble

succi ni m de d.{?2) a boronated or non-baoronated.carbo he-type deriyative
conposi 1 on STERI LB SR b T S SP R Tre v e e PR s
with an %gjag and/ or an al cohol . These ga ents al so discl ose_that other
conponerthersRy el iR heanoeegiedhe equiPmr I dopesepeaiod ol ¥Be phEer £E21RI at i on.
These ot her conmponents include extreme pressure and anti-wear agents,

def oamerdistangesaferedranpiag thedtansRissan pseeag haxsof Iwisantsed serlerdps g ¥éthdesh and

di luents. These references do not suggest or disclose an inproved gear oi

t hat i s lekricant ilaviey efdhoeampstitivesiBeligisile whishéhayyaperates hibasant gnaspctiseis s such
as the succinimdes and Manni ch base di spersants. U S. Patent No. 5, 354,484
di scl osese #lsmdesirowsad! having thecablip 40 priovids lavoenst lubiicagts(haying thas prolengednt of an
oil of lubricating viscosity, and a m nor amount of (B-1) at |east one

sol ubl e se@ice capabilities. Thomvemidnirealizesthisghsttshvngythroagly themmissigadfithefostdy
substituted phosphoric acid conposition, and (C) at |east one sol uble

ni t r ogerasklesstdispeistngts anhdiosirianovisqasepmdediniprotele reacti on of a

hydr ocar bonsubstituted succinic acid-produci ng conpound with at | east about
one- hal f equiActka® Bfainape persid huRkedrtill@kpead) 1@ apargel eaemQupaRotypel of Shvedy an ne
containing at | east one hydrogen attached to a nitrogen atom Preferably,
the am ng se@ick Snd®theldBQgPBOHP BQIipiterdCTHEpredeht ihve@tlon Will Aeow witek e@taing
conpositions of the present invention are derived fromprimary am nes, and
t he sol Wiembtaided BaBKdRA dadift gl Gnt6Q I8 @i rhdng Rgle(abd trahsnslssiadpplitatdas.on. U. S.
Pat. No. 5,358,650 to Srinivasan et al. discloses an all-synthetic gear oi

conposi tion thetpuq! 5396840 HASE231093 30 QadpbllireR 8l dRélosNRANEMhEdiGHEN as
organi ¢ sul fur-contai ning antiwear and/or extrene pressure agents, an

or gani ¢ RSP ARE HR AN | B A 0l ofibld sulGRimidNHAQD) £d:6:00& Rreabeffarrgent, a
copper corrosion inhibitor,,a nest inhibitor, a foaminhibitor and an

ashl ess cﬁib%i?ﬁﬁc’i@gé da%hv@émmﬁnm%mcﬁ& SBachihg REERARAR REcihiBGcAAiyAM ne
succinimdes. U'S. Patent No. 5,492,638 discloses gear oils conprising at

| east o [ K, d e tha honat e
Qg}erﬁ\z(fg{ p%@rﬁn@& r an%coﬂl)l. gkésg?atglﬁlg %11@0 Hﬁélgé thé oBRX X&xé‘%&g{lﬁ%@l

or sul ph enate having a TBN east 200 1n a ge whi ch

conpri S%P@gingghk é%’t LR! 453 1288k dh 3RS ihMatih Jrﬁe@%%]é%g@%n@% #{s}gﬁ@f whi ch

is mnera etic ester ofl or a mxturé there base

ashl ess eQirgrggEn;se%E‘é axlﬁeatnﬂ:-v'v%arr gge,ntsg ﬁ%@ﬁ‘rﬁ&éﬁd%%ﬁi L) gntgbr}gdr?ﬁﬁ,aéyeg,np%/ug boifit I €MMe

pressure agent; "and netal -fr phor’uscont al ni n
ni t rogeny cont ai ni ng., ant i wear d/ or .extrene pressure agent. .The r. uLIant
gear ot 1Eoansrpd dihls THR. sdPeaRhaf bt Skt HERRR AR e O B
transm Se%ée?l laslly devoid of carboxylic-type-type ashless dispersants such as the succinimides and

Mannich base dispersants.

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

major amount of an oil of lubricating viscosity, and a minor amount of (B-1) at least one soluble



U.S. .Patent No. 5,691, 283 discloses lubricant fornulations for use in a

not or vehicle, especially a heavy duty notor vehicle, having a transm ssion
equi pped with at | east one conetype synchroni zer and an axle or

differential gearing, the same lubricant is used for both such mechani sns.
The lubricant has a viscosity grade | evel of from SAE 75 W0 to SAE 85 W
140 and -3 2 ~ , SAN 2003 conprises base oil containing it I i& i
Manni ch base ashl ess dispersant; (ii) netal-free, sul phur éoni&i Qhaé
antiwear and/or extrene pressure agent; {iii) netal-free,

phosphor uscont ai ni ng and ni trogen-containi ng anti wear and/ or extremne

R e R TR S R v R L ol

145. The l.ubri contai ns_at st. ..f_an 0 f tal, as ,one or
rove moteartite sEBt sf ROk Rice BineTBbnsilion Ao d BORBRIAln OF Mlardrile ©f

5, 763, 37 | Sc] oses. a ¢l ea ear boron-fre eagr additive enpl oying a
bor on- 1 PO SeSisAefar et ampgi ik § T RGeS RaRIC P ce.
Mor e parth%Iarth t he Breferred b%ron-tree ashles§ di%? rsant is % '
hydr ocafByYaleti Q€ psif RIQFNCIng RPBPAR; ¢ PEmURFRIBEHREH IiRE I ErRESR 2llRdhRd o

sui tabl e base oil neets MI-1 and M L-PRF-2105E requirenents wthout the
need f ofo Hvitrgaen agmqPrcterably, dhp anpiageaits of the PRosphetahacidsanilizedhindhe fubsigatifiessi on
oil. ML-PRF2105E is a requirenent for a rear axle oil. U S. Patent No.

5, 843, 8zdmpipsiticing sbtheprasertanveption ge dempddrom panfryfagrinegsand the sqlabls mitegewn
oils and axle lubricants. The gear oil having a Brookfield Viscosity at -12
C r angi noptéinmgcatmpositidns@OPalbocaitmnbordb0, 000 cP, conprises a base oil having
a kinematic viscosity at 100 C ranging fromabout 4.0 to about 41.0 cSt.
Conbi ned wi t B.3.Pat. bls 8,368,650 © Jpinéfacanaddlal dizcldses pe nl aptthgtaugeapoil némplesitions sant
and/ or a dispersant viscosity index inprover. In a further enbodi nent, the
gear Oi khat Somisent baseloyl aflé v mushbef ofeamponeylsisael ez Aashhidfis-coitaipRigSmtivear
(e.g., succinimde dispersants) and Manni ch base di spersants, thus

real i zi ag/ér x@%ine PAEEUTE afNBY, aif OIEHEIB bheyphdrugCataifink antiiieaNarlVdt eitfiefle s
transm ssion and axle lubricants. Functionalized pol ynet hyl acryl ates (PVA)

are di splcgardlagint, a@8phes chif@lon ARMLAYE a REinAILABE & oS ifdibiloP éndBpdshkt and
allow for the om ssion of conventional dispersants. -4 2 4 JAN 2003 U. S.

Pat ent  MRperSan?4dehhé g tliQsiRse gRpdsMitd o tRNb1EaRHe Qictin@sldéd. | ve concentrates
of enhanced positraction perfornmance. The gear oils conprise (i) at |east

one oi | - sol upls patthi Na_cs,)m@dzidmo@a@tgegmls%&?_ﬁyﬁ@atq&asa&ﬁé SR as@PARL o 11)
at | east one oil-soluble amne salt of a partial ester of an acid of
PhosphorgiineAeth hdtdea®bxy1R8Sh1ABRatOb! sufRLHBIISHEREEhAViAP JEBNTNGS Rast 200
conpositions preferably contain one, nore preferably two, and nost

preferal y g(%ll' bil W&%oﬁi‘pﬁ’é&%ﬁo‘ﬂ' Jf @Wrﬁgtir\?/g;iﬁiéc‘tinéiwheamﬂf%lﬁineﬁf‘é\)hi&f‘is | east

one amne Salt of a carboxylic acid; ( I"'east one nitrogencontal ni ng

oS oo RS20 L i OB ARl WAL CEREY b R 1
COMPOS) Lyl SRS DR RaT T RADNOL Ol holitpid LRGN SCO%! (v

of a di or .trihvdrocarbyl hosphi.te and sulfur or a sou of sul.fur; at
Pant ok Hiaihing e pREREP K BRGR Bl Ao e R e AR e Rsulliliedly (%

a salt of a dr ocar byl .phospharic agcid ester..ln e _enbadi nent, the
b | cattls SEER R RPaR R s Rk BT RS RBRIRTAR | 655 ¢ han
about 0.7S % at ed _di r t .. SUNNARY THE. | NVENTI ON The present

i nvention re?-’%?i’%tef‘ % 5;@;2%3?1 schoses IHgycant Pﬂ‘b‘f]?ﬂPé"a\l}[‘(fI“é%m?’ﬁ‘B?§BﬁlHFlFor mance
conprising:, @) a base oil; b) . a thernally stable phgigﬁgrus-containing

ant i - weSPesigibht beayy gulyymotopyshigle. hawiae & RS RIYIAR 2t leathonp Fees ur e

agent; wherein conponent Sb) IS present_in an anount sufficient to provide
f r om 10tyPe §yhrenizsrpand an axle or differential gearing, the same Jubricant is used for both such

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



phosphorus to the fornmul ated gear oil and wherein conponent (c) is present
in an anount -5 ~~ JAN Q003 sufficient to provide at |east [0,000 ppm
sulfur to the formul ated gear oil and wherein the formul ated gear oi
contains 3SO ppm of phosphorus or less. In a preferred enbodi nent, the gear
oil according to the invention is essentially devoid of ashless
di spersants, dispersant viscosity index inprovers and di spgr,san r. poi nt
depressants. Wthout these common additives, costs associaﬁéh\ih$£%bﬂap
production of the inventive gear oil are reduced and surprisingly wthout
sacrificing the clean performance of the gear oils. In addition, the
i nvention_ pr.ovides . . 1:Ga%) - addi tive
coxt'nﬁrl 24 bgﬁ 01%&%#@1?%%8%3{%):‘1}%2@1 e ase}l'i]ec;s Qﬁﬁr?flen'é%?] %%{Lﬁ-freg

packages at “provi p I've service e I nverition al so

| ates t t hods for. reduci he sl ud tiongi | ubri cat ed
I e S R

conprisin llacenent of. a gear oil .according to this i tio n the

the ve [
gear boONFNEE B nitfageR pARtFIPERRENFE AT RIS TS SERR TR RGN T PP s
met hod fqr reducing carbon and varni sh production in a gear .box or axle. In

pr ef er r @tkaligpatrkinsriagh metpb carbartlate. spiphpnads prulphizedPhspae havpg p THY of at
transm ssion oils for heavy-duty service, or as axle oils, and as gear oils

for all leagplds. She lubricant eontavay al anashy Hipax L00qpmyofqaetyl as ene Rhmetestal-t hi s
invention makes it possible to provide so-called "total driveline"

| ubr i campuiainimgraddijive hempeneetsiothisr theakiv).conposi tion can be used for the
operation of both the transm ssion and the axle or differential gearing
system Addi Li.®rPatenyNot 5863, 3R2elitcloses eciednl gesr hdren-frehgew eddinve ehplojieg a

f oregoi ng advantages with lubricants which are free of netal -containing
addi ti véonarfpenehies digpeishit] a fudfar katbed adntphosphypnsanirae. Mae gahiularll ythe

net al - contai ning additive conponents) thereof, a friction-nodifying anpunt

of one Qreféddboadikfitd ashlesadikidanEis @dydddcarbylabicmiimded) THE aadiive cogpdsaisaonent s
wherein the total concentration of such netals) in the finished gear oil is

kept Vveryheh 8BWndedWith h Suitable@atsiBe &9 M N hi@MIDIPRIL2 HISEReqBEctlchds withohhe
finished gear oil -6
the need for boron. MT-1 is a requirement for a clean gear manual transmission oil. MIL-PRF-
2105E is a requirement for a rear axle oil.
U.S. Patent No. 5,843,874 discloses a clean performing gear oil for use in transmission
oils and axle lubricants. The gear oil having a Brookfield Viscosity at —12 °C ranging from about
1,000 to about 150,000 cP, comprises a base oil having a kinematic viscosity at 100 °C ranging
from about 4.0 to about 41.0 c¢St. Combined with the base oil is preferably a dispersant pour
point depressant and/or a dispersant viscosity index improver. In a further embodiment, the gear
oil is essentially devoid of carboxylic-type ashless dispersants (e.g., succinimide dispersants) and
Mannich base dispersants, thus realizing a cost saving over conventional gear oils which are used
as transmission and axle lubricants. Functionalized polymethylacrylates (PMA) are disclosed as

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

dispersants.



2 ~ JAN 2003 is at a maxi num anmount of about 25 ppm Wen referring to the
gear oil as being netal free, the presence of boron and phosphorous are not
considered netals. Further, the invention allows for the om ssion of

ashl ess dispersants as well as dispersant viscosity index inmprovers and

di spersant pour point depressants. In an additional enbodi nent, the gear
oil formulations of the present invention are free of bor -C %ﬁ

addi tives. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBCDI \13 Qiﬁﬁf
herein, the term "hydrocarbyl substituent” or "hydrocarbyl group” is used
inits ordinary sense, which is well-known to those skilled in the art.

Speci fical lyy, tpa{eﬁe‘ﬁﬁ% 44 @O%QWe%&\ég ggsn%dggégmdaﬁﬂ%&%ﬁ%wo@t t ached

to the remai nder e nol ecul e an edom nant |y hydrocar bon

char act &l ?ﬂ%{u{%&,&f pex xﬁ:@r’Pﬁ/e %eglf W&W’?% gfﬁ lTa%tlgnerL?ldgoﬂﬁfl"J Ql(i)ll%

substltueﬁP atlc ( Ircyclic (e.qg.
| oal k | k bst it t
CRERE LS f e T T I T

wherein the [ | et ed .t h anot. ortion e nol ecul.e
Cocor e ot Sl efitBhergyand e Fuibh Bl SoydF icePiipe i iese Eamposticns
substituted hydrocarbon substlt ents, that is bstituents containing
non- hydpffé%ralﬂuﬁogwa@ﬁ@ e RFeferably e, %Hﬁ?%k?re@rﬁj alkthrgend the folowig not
alter the predonlnantly hydr ocar bon substi tuent ge. ., halo gespeC|aIIy
chl oro afditienaleeraponeptyld vhay leagt|ope aipinerfiakt ohp eaboxlliR priftelve aldeast ong nitregen-
nitroso, and sulfoxy); (3) hetero substituents, that is, substituents

whi ch, mmtblemgarvhlmg dasppws@miormdr(aﬁtal leastyprie iurdtsorrbybesteaef epentavalentasitoit ext
of this invention, contain other than carbon in a ring or chain otherw se
conpose@hmbhwa&bon atons. Heteroatons include sul fur, oxygen, nitrogen, and
enconpass substituents as pyridyl, furyl, thienyl and imdazolyl. -7 2 4
J A N 260 | nW@oe0ar90 disclowes & hibhastirtgwomppsidbrecantyrisinga maoearhdraun obHanegil of
non- hydrocar bon substituent will be present for every ten carbon atons in
t he hydigeRating vigiositypandt(h)aaibt tyihydioedrbylyhbiphiie, (Bpatiiedst one reaction product of

a di or trihydrocarbyl phosphite and sulfur or a source of sulfur; at least one di or trihydrocarbyl
monothiophosphate; or salt thereof, and (C) a salt of a hydrocarbyl phosphoric acid ester. In one
embodiment, the lubricant composition contains less than 0.1 % phosphorus or less than about

0.75 % borated dispersant.

SUMMARY OF THE INVENTION

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

comprising:

a) a base oil;

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

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

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



hydr ocar bon substituents in the hydrocarbyl group. As used herein, the term
"percent by weight", unless expressly stated ot herw se, neans the
percentage the recited conponent represents to the weight of the entire
conposition. The present invention is directed to providing a clean
perform ng | ubricant useful as an autonotive transm ssion gear oil and axle
lubricant. The term "clean performng gear oil", as used h?r@ géw t hat
when the inventive gear oils are tested in the L-60-1 Test “(al

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

Accor di QQfE:QntttB?r&ﬁ&sﬁ iast mvmygmulﬁm thd f&hﬁﬁ'ﬁ%d QE&oi nhstEPéfn have

different primary viscosity grades which are | ndicCate t he maxi num

t enper a ing to ASTM D 2983 as defi ned
in SAE &gﬁ@kie %¥}§?§%h%%a$%§%§pﬂﬁggfca gOSIty Cla55|f|cat|on Base
Gls Typica V\Q dgweperr Enoéamept W{Fﬁgar 01 accorﬂ1n§ tg mesﬁ\%lrj]hor% ﬁ" essenf’i ztﬂ? etvogl osf of

percent by ase ol e conp
this inv n are e Iﬁ can.be based on n ral o s nthetic oils, or
bl ens biiles gl 5@8#% $EEY R Trg s S8 el ealgf%ipr?sa?mﬁs e in
gear &Q | i cati ons. us, the base o ornal# have.a viscosity
in the ﬂ@gt (hesecrpngy "’l TR CE?;@“SS%%F’%FBVHE% HetjoRp ¢ ?\; © FYRRES8eBRIEAE. 70w
to SAE 140. Suitable autonotjve gear oils also include cross- grades such as
75W 140aregedycodandssypprisingly wehougacridisimetheclpanperforipance obthg ggargilyy 2003
Basestocks suitable for use in the present invention may be made using a
vari ety of dlifddditiont thgnexeatiensprovided lowioest gsertlubrsantsiapd gead lntwicditaadditivat i on,
solvent refining, hydrogen processing, oligonerisation, esterification, and
re-r ef i packggesARit pidade profegiedeeifactive secasedifeng Thmid v@dionafsp eelties tp iBgtbodnfor
Fourteenth Edition, Decenber 1996 states that all basestocks are divided
i nto fi velugiepérealludgapegloctiesin alricptell geabaire. ,lagsstoinine 80 stausnaissien)
and/ or greater than 0.03% sul fur and have a viscosity index greater than or
equal t or #lesathe rhatkss] dolngnisib2@he placement of a gear oil according to this invention in the

gear box or axles. In similar fashion, the present invention discloses a method for reducing

carbon and varnish production in a gear box or axle.

In preferred embodiments, lubricants are provided which are useful as transmission oils
for heavy-duty service, or as axle oils, and as gear oils for all types of service including heavy-
duty service.
Moreover, this invention makes it possible to provide so-called "total driveline”

lubricants whereby the same lubricant composition can be used for the operation of both the

transmission and the axle or differential gearing system. Additionally, the invention enables the

achievement of the foregoing advantages with lubricants which are free of metal-containing

additive components in that the lubricants may contain as the only metal-containing additive

component(s) thereof, a friction-modifying amount of one or more alkali or alkaline earth metal-

containing additive components wherein the total concentration of such metal(s) in the finished

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



Group Il contain greater than or equal to 90% saturates and | ess than or
equal to 0.03% sul fur and have a viscosity index greater than or equal to
80 and less than 120; Goup IIl contain greater than or equal to 90%
saturates and | ess than or equal to 0.03% sul fur and have a viscosity index
greater than or equal to 120; G oup 1V are pol yal phaol efins (PAO; and

G oup V include all other basestocks not included in Go

| V. The test nethods used in defining the above groups azgéASHkNDZGﬁé for
saturates; ASTM D2270 for viscosity index; and one of ASTM D2622, 4294,
4927 and 3 120 for sulfur. Goup 1V basestocks, i.e. polyal phaol efins (PAO
i ncl ude o e Rﬂfﬂ! ;qug
nethods’p% %g@ﬁ%V?éﬁ |on%§@§?§%P?ee Pg Rﬁgghﬂggégﬁg é% 9{%%%a yS|s
and cationic

o coa edeideof @R@nﬂaﬂgéosaiigrﬁg? 42 bl el g "%%%y BRI R AR o o e

100 C. They nmay, nple, be o mers of. branched. or straight chain
al pha- ol ‘?’Wé“ﬁ%ﬁf Qleﬁ %ﬁﬁeégaf”é awehg(ﬁ:’g{gnergﬁnbwgcosgb F’f ?'EPTBX%{ﬁﬁ‘P‘g@SIPféﬁaﬁb

pol ypr openes, pol yi sobut enes poly 1- but enes, pol y-1-hexenes
pol y- 1- (oPepriat depresenisy In anaddisional qmbadipend, the ecane Wfl&of thepeesess| ymer s
and m xtures. -9 ~ ~ JAN 2003 Regarding the bal ance of the basestock

r ef er r ednteptiabargdree of b@epgpntpinhgadditizek” al so i ncl udes a Group | basestock
wi th which basestock(s) fromone or nore other groups is or are adm xed,
provi ded that the resulting adm xture has characteristics falling mﬁthin
t hose specified above for Goup 1 basestocks. Preferred basestocks include
G oup | DNEREIEICRESGRIPTHON OF 3HPREFERRPED EMBEBEVBNRS Wi sh Group | bri ght
stock As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl group" is used in its
ordinary sense, which is well-known to those skilled in the art. Specifically, it refers to a group
having a carbon atom directly attached to the remainder of the molecule and having
predominantly hydrocarbon character. Examples of hydrocarbyl groups include:
(1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g.,
cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclic-substituted
aromatic substituents, as well as cyclic substituents wherein the ring is completed through
another portion of the molecule (e.g., two substituents together form an alicyclic radical);
(2) substituted hydrocarbon substituents, that is, substituents containing non-hydrocarbon
groups which, in the context of this invention, do not alter the predominantly hydrocarbon
substituent (e.g., halo (especially chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto,
nitro, nitroso, and sulfoxy);
(3) hetero substituents, that is, substituents which, while having a predominantly
hydrocarbon character, in the context of this invention, contain other than carbon in a ring or

chain otherwise composed of carbon atoms. Heteroatoms include sulfur, oxygen, nitrogen, and

encompass substituents as pyridyl, furyl, thienyl and imidazolyl.



The present invention may take the formof a concentrate containing the
phosphorus anti wear, the sulfur-containing extrene pressure agent and a
diluent oil. Optionally, other conponents, e.g., diluents, defoaners,

demul sifiers, copper corrosion inhibitors, antioxidants, pour point
depressants, rust inhibitors and friction nodifiers, may be present in the
gear oil or gear additive concentrate. The weight ratios of c s (b)
and (c) in the additive concentrates of this invention\MZW}hB&EfQﬁQéeIS
sufficient to provide 100 to 350 ppm phosphorus and at |east 10,000 ppm
sul fur to the fornmul ated gear oil when the concentrate is used at its

recomrended d |qU| The gear

addi ti ve"EoHEE h'f‘?'gf)g h%tmtoht)sﬁa’lrn e |8F1e t@%’ho%(bn?n'h%dre?rr |°6hssug etatH Wﬂ] be
conventlonaltaddltlves artak t hej H attendanh ) ncti, ns These

i ncl ude,PresgPt FRLRYERY 160 oy &n g Swmaé P B ndPee il B Bp aSFor use

in the present invention |ncL e sjlicone oils of suitable viscosity,

gl ycer olhYApsadpR sibstivents 4y thg bydrgearbd @iiUPat e, tri al kyl nonot hi ophosphat es,
esters of sulfonated ricinoleic acid, benzoyl acetone, nethyl salicylate,

gl ycerol nondwiused bereig) e el perceit i teighhd umtwem wlated otheryispmneanar e
general ly enpl oyed at concentrations of up to about 1 %in the additive
concent ribg percentage thesecifed-componentrepraseridaito thelweightefdhewniite composifionenpl oyed as
demul sifiers in gear oils include al kyl benzene sul fonates, polyethylene
o: ci des, pol yijhe pppte mecotiomissiiregdsd @rgoodingialclesn ba@rmiwluuécamdsdﬁdas lahke.
Such additives are generally enployed at concentrations of up to about 3%
i n the atthinictive transmtiesién gdaeoil appde luboeana siihe terimiielebh pearferming et 0il'g as

t hi azol es, triazoles and ihiadi azol es. Exanples include benzotriazol e,

t ol yl t r vRedheReinOGtans ilalt aheh Sie iheaNVd Fdandit e tedied ACthk 1602 Tl (also referred

2mer capt obenzot hi azol e, 2.5-di nmercapto-1, 3, 4-thi adi azol e,

2- mer capé as ASMyADGTa4-by), gEHrQatlhéerﬂltcfflt]%ibﬁZiﬂal #&8eptably clean according to specified
2- mer capt o- 5- hydr ocar byl di t hi o-1, 3, 4-t hi adi azol es,

2, 5- bi S(rmr%'(' R6&mek dH c@ibod, oftiiiRdhge! es,

and2 5-bis hydrocarbyldlthlo)-l 3, 4- thiadiazoles The preferred conpounds
are the |, 3, 4ed-hiqpfiaag ﬁ@senﬁﬁ%@tbﬁlthé/ fibiBfed gear oil oils may have different primary
2- hydrocarbyldlthlo 5-mercapto- 1, di t hi adi azol es "and t he

2, 5-bi S(Mgt,gcgmxw,éhgarp nd;lcaéd%yttt' T t@,%pe@mw'srsc&tty\e/@mo@m

avallable as ‘articles comercé. O her suitable inhibitofs of copper
COorr osi D%y,

et hoxyl %?zc’a%”ﬁ%@‘?“;’?ﬁgﬁﬂtﬂt‘e@ae@ﬁe%@t N P a B PubE, Plsosit
|n1daon9§%§- d the I|ke See, for exanple U.S. Patent Nos. 3,663,561
and 4, 09 ? ncentrations of up to about 3% in the concentrate are
typical. Preferred copper corrosion inhibitors include ashless dialkyl

t hi adi azol es. One exanple of a comercially avail abl e ashl ess di al kyl
thlad|a§ple01% H TEC 4313 corrosion inhibitor, available from Ethy
Cbrporatlon aIkyI t hi adi azol es suitable for the practice of the instant

e o b ST DS B afi B LS

2 gg;oggr gly l’[aa'sa ég%foh%i{)e r\m}hﬁv' n ! rl%rq; (?f t}ns Avex?tlo%aé;ebgnll’]p]g;e can beal?asecrfl 1¥ natural DS e
or synthetic oils, or blends thereof, provided the lubricant has a suitable viscosity for use in gear oil
applications. Thus, the base oils will normally have a viscosity in the range of SAE 50 to SAE 250,
and more usually will range from SAE 70W to SAE 140. Suitable automotive gear oils also include

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



2 4 JAN 2003 Preferably, R and RZ are about 9-12 carbon atons. and nost
preferably R and RZ are each 9 carbon atons. M xtures of dial kyl

t hi adi azol es of fornula (1) with nonoal kyl thiadiazoles nay al so be used
within the scope of the present invention. Such nono al kyl thiadiazoles
occur when either substituent R or RZis H Antioxidants g hat

enpl oyed in gear oil fornulations include phenolic conpouﬁ%é ah&Rgzaﬁgs
Amounts of up to about 5% in the concentrate are generally sufficient. The
conpositions of the present invention nmay include one or nore
anti-oxidants, for exanple one or nDre phenolic ant i oxi dant s, hindered
phenol i ¢ ant i 0xXi E & ? i tion q t b n aromati c. am

ant i oxi dant s PAAEESHERPYClS %Hﬁfph HFﬁ%‘gHde%?ﬂ5% S madq yyng 9 Yan§hy enollc
ant|OX|dants oH-soluEl g) er co 0 ndﬁ and m xtures thereof. Suitable
exenpl ary [CHHPIRHAHES IHERgSY 330 gisiylacioa, ol VlﬁBH‘&njEN rogenqui d

m xtures of tertiary butylated phenols 2,6-di-tert-butyl-4-nethyl phenol,

4, 4" - mtpfﬁﬂempg%@%wa‘i‘@t’ é?t?”f!ﬁ?f’w ﬁﬁ‘é Fﬁj{efimng API 1509 "Engine 0il Licensing and

2, 2" -met hyl enebi s(4-net hyl -6-tent-butyl phenol ), m xed nethyl ene-bridged

pol yal kydertifiration System’sFatrisprib ﬁé(@nn@@mbﬂel%ﬁmm@naﬂ thasgstopks are divide

N, N - di -sec-butyl -p phenyl enedi am ne, 4-isopropyl am nodi phenyl am ne,
aIkyIatémOdthemWMamkg@kand phenyl -a naphthyl amine. In the class of anine
antioxidants, oil-soluble aromati c secondary am nes; aronmatic secondary
nonoamni nes; &hdupol doatagn keethanPialshterateSund/abgreatar tham 03%sefonddhavermnoam nes
i ncl ude di phenyl am ne, al kyl di phenylam nes containing 1 to 2 al kyl

subst i t ugyabsitydaddx dieaernbanldy etjoal ad ®Q hndllessaharbIN0; at ons,

phenyl - a- napht hyl anmi ne, al kyl- or aral kyl substituted phenyl-a naphthyl am ne
cont ai ni Ng OWRoWY 11 c¥Maidl gfdtterMancdr A ko 9020 WREra@RGAd 8y ihag oo BTBYL 16
carbon atons, alkyl- or aral kyl -substituted phenyl -a-napht hyl am ne

cont ai NigHGuORE ha¥e 4 V9cltk HldeRErenttZthan ér é‘?"h AN0landR3s Aaglily] groups each
having up to about 16 carbon atons, alkylated p-phenylene 'di ani nes

avai | abl e frem,PeOysdin gl,regehhtaner écﬁeﬂe@@m ni¥BISHaaYss MR 'or 26kl {d 0032

Uniroyal, and sim|lar conpounds.
sulfur and have a viscosity index greater than or equal to 120;

Group IV are polyalphaolefins (PAO); and

Group V include all other basestocks not included in Group I, I, Il or IV.

The test methods used in defining the above groups are ASTM D2007 for saturates; ASTM
D2270 for viscosity index; and one of ASTM D2622, 4294, 4927 and 3120 for sulfur.

Group 1V basestocks, i.e. polyalphaolefins (PAO) include hydrogenated oligomers of an
alpha-olefin, the most important methods of eligomerisation being free radical processes, Ziegler
catalysis, and cationic, Friedel-Crafts catalysis.

The polyalphaolefins typically have viscosities in the range of 2 to 100 ¢St at 100 °C,
preferably 4 to 8 ¢St at 100 °C. They may, for example, be oligomers of branched or straight
chain alpha-olefins having from 2 to 16 carbon atoms, specific examples being polypropenes,
polyisobutenes, poly-l-butenes,'poly-l -hexenes, poly-1-octenes and poly-1-decene. Included are

homopolymers, interpolymers and mixtures.



In the class of phenolic antioxidants, suitable conpounds include

ort ho-al kyl ated phenolic conpounds, e.g. 2-tent-butyl phenol,

2,6-di -tertbutyl phenol, 4-methyl-2,6-ditertbutyl phenol,
2,4,6-tri-tertbutyl phenol, and various anal ogs and honol ogs or m xtures

t hereof; one or nore partrally sul furized phenolic conpounds as descri bed
in US Patent 6,096,695, the disclosure of which is |ncorpoQ edAﬂéZﬂUﬂby
reference; neihylene-bridged al kyl phenols as described in U S. Pat.

3,21 1,652, the disclosure of which is incorporated herein by reference.
Anti oxi dants may be optionally included in the fully fornulated final
inventive lubricating conposition at from about 0.Q0 to about 5.00 wei ght
percent, nor Begarding thedralance ghthe Basgstogk sfemzdiigphovesa Grawolbasestesk” @lspght %
Rust |nh|b|tors will typically be used in the practice of the present

i nvent i dreludenp Srenpd tesestockiwill whigh hysstipek(D drom eReor e eihecgapRRiA@satiavi ng
the property of inhibiting corrosion of ferrous netal surfaces. Such

mat er i aldmixaed, prefddest thatgbe tdshiéingradrosdurd basyohiamactanitigs fadlinghwidlsin 2hast kpdckfesdanoi ¢
acid, lauric acid, nyristic acid, palmtic acid, oleic acid, linoleic acid,
| i nol eniabovedbdGrong hdnasestoaks. d, cerotic acid, etc., and oil-sol uble

pol ycarboxylic acids including dinmer and trirner acids, such as are
produced f r oRrefatel basestotlad ingludecGdap 1 basestecka andimixhiresadf&iroupall basestocks vogh | | ke.
O her suitable corrosion inhibitors include al kenyl succinic acids in which
the al kenawlp IBrighsteegnt ai ns 10 or nore carbon atons such as, for exanple,

t et rapropenyl succi nic acid, tetradecenyl succinic acid, hexadecenyl succinic

acid, and thegpt %)rl‘ég’ent lrﬂ@ﬂt&hﬁ%ﬂaﬁé 91@%ﬁ{mhé‘e@;[rb@é}dﬁtbﬁl@qhg?hdsﬁh&h?antl-

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

~J AN %@ﬁtfrsqﬁtwto%wﬁmg @krﬁertey;nessaree.g&urar]@atﬂwenax@lé,ﬁnhnx)f b@g} various
commer ci al "sources, such f or exanp e, di nmer an trimer acids sold

der t
Cher cal BBy Br AT o“‘nf“g’ﬂ%mﬁr%mg* i @ﬁ?ﬁ.‘??‘[ﬁ“ E%?%‘t%ﬁlg%% ik
Anot her s el YR GfindBicly sncgﬁct%%ftrgma@'bt re§e,ﬁlrn%% DEBglf ggiters of

al keny) “succrnic car gon at nt group
W th aIc&y I%m%&%ra as the polyglycols. Especially preferred rust i nhibitors
for use’in Y resent invention include the primary and secondary am ne

d ht h h t.the salt of.a phosph
comoun Mg JE S 5, b AT P B ﬁgra%ﬁtrgtes"o&gt‘}sf’ AP or s

Chee oS B B St RN Tinide 0t 3 M ety PURARRS ol SRS i SR rarEy
Goar o MGG 53RO DRSS G PaRERiAE BROSCITE R PHE SEMRipy. eﬁ'rrtagliszclﬁdéri

am nes Yﬂ. contribute from40 to 125 ppntnrtrogen (on a wei ght/wei ght

basi s) B‘Phe formul at ed gear oiI whet her they are classified as a rust

i nhi bi tor, of the anti - stentor onbi nation of both. Friction
modi 1 ers mag PeeboAnd gt paddine fAnGRAUGtes o IYFRIAS 8D cPnia varpus Phst

per formance and enhanced pasitraction perfornance The, conpositigns of the
pr esent SPRBIRRLAIAIYGS 19 prftaksof thpir aBerdantfunstienso Thessieeiyde; fof pepriodie i er s.
These typrcally i ncl ude such conpounds as fatty am nes or ethoxylated fatty
ani nes, tllovwingshateriglsit t y aci d ami des, ethoxyl ated al i phatic ether anines,
allphatlc car boxylic acids, glycerol esters, aliphatic carboxylic

est er - ani desDaf%mPTétSt“%bﬂf’tﬁOd&?EGm ﬂnesesematvwlmemotqdarsywmwegf sujfalle ¢jsposithie

al i phatic group usually contains above about eight carbon atons so as to
render glyeerelumprogiearateupalzglysol palinitate] tralkd, mw@mpgeﬂphabﬂ, esters ef sulfopdted i ¢
substituted succinimdes formed by reacting one or nore aliphatic succinic
aci ds oriciankicdciddemzayladetonammethd saicyletehgyceel mmapgleaeyighestol diolkdte an@ 4 JAN
20G3 The additive concentrates of this invention preferably contain a

sui t abl eolgtadryietet., Defoaherp nefeenadllyyengioyet etgncentistions bixgrtd abdut 4 hald e
viscosity. Such diluent can be derived fromnatural or synthetic sources.
Anong t h@difvdnedntratey dr ocar bonaceous) oils are paraffin base, naphi henic
base, asphaltic base and m xed base oils. Typical synthetic base oils

i ncl ude pol yolefin oils {especially hydrogenated a.-olefin oligoners),

al kyl ated aromatic, polyal kyl ene oxi des, aromatic ethers, and carboxyl ate
esters (especially diester oils), anong others. Blends of natural and
synthetic oils can also be used. ThelOpreferred diluents are the |ight

hydr ocarbon base oils; both natural or synthetic. CGenerally the diluent oi
will have a viscosity in the range of 13 to 35 centistokes at 40C




In a-preferred enbodi ment, the inventive gear oil is essentially devoid of
conventional, ashless dispersants such as carboxylic-type ashl ess

di spersants, Mannich base dispersants and the post-treated dispersants of
these types as well as dispersant viscosity index inprovers and di spersant
pour point depressants. The ashl ess dispersants that can be ellnlnated from
the gear oil of this invention include the polyam ne succ?n&n1 '

al kenyl succinic acid esters and diesters of al cohols contai ni'ng 1 20
carbon atons and 1-6 hydroxyl groups, al kenyl succinic ester-am de m xtures
and Manni ch di spersants. Phosphorus cont ai ning Anti-War agents Cbnponent
(b) conprise r e, i wear
agents. Swtgrﬁl(ﬁga ﬁ%& Sﬁﬂénﬁg al kﬁ%ég%%i-me%$p$ %Fgﬁﬁ&%%ﬁ 296? ﬁ ubl e
am ne sa

|d ester such asc t. t aught at ent
Nos. 5, (§3‘E{° ﬁpgll'?%ﬁg?eg%%“geﬁpo YPRPIIBE G S99 uc{]SO?"%eaﬁlogyc‘i] g’ﬁé’#f" a1 E‘
and a thi.gphosphori c_aci The am ne salts of a or acid ester may
be. pr epa VBV BRI GrEo ARG TR B Pl Hﬂgﬁ?éﬂi?va? GechiTys;
ni trogen conpound, such as an anmine. The salts ﬁa % ornmed -15 2 4 JAN
2003 separ at &loppersprosiandnhibitess weluge as thiageles, ergplss andt ircioles; MRS be
added to the lubricating conposition. The phosphoric acid esters useful in
prepari n&lvwem‘ﬁﬁok‘a}(gﬁtf@?‘)]ﬁymtyw‘é@é%tdeﬂﬂ\’i’é‘ﬁ?‘?&‘?"?@’%“ﬁ@%ﬁﬂr acterized by
the formula 1 R o~P(x~x R2 O (1) wherein R is hydrogen or a hydrocar byl
group, Reertaptebengatiriansds: By digersaplo-lahdthatiseok, gmougaptars diydioparbylidods3.6. A
preferred nethod of preparing conpositions containing (I) conprises
r eact i nghiadiataess 2-numephyytHhpdrycatlygidumd, 3of-thidderzb los, A4-his@BrosarbliltliophSdgiphor us
conpound of the formula P2X5 wherein Ris a hydrocarbyl group and X is O or
S. The phiadiphdes,snd2nbisknidagatgigthi)li3ohthialidzalenctheiprefehedcompnads ae¢he
m xt ures of phosphorus conpounds, and are generally m xtures of nono- and
di hydr otigs, byliadiadotds] dspécpalynhosplidioe b dicies-tért dritep 36 diftdadiszohdsi a6l the
dependi ng on a choi ce of phosphorus reactant (i.e., P205 or P255). The
hydr oxy 0RO cSEMdithio)-1 B&l-Ra8Ras1ad, a dim®Er dfivehigihuie piilble adaititlesifer s of

this invention are characterized by the formula ROH wherein Ris a

hydr ocardgyimedée0 Biher TIRLRWAHIBXfs of copper corrosion include ether amines; polyethoxylated
compounds such as ethoxylated amines, ethoxylated phenols, and ethoxylated alcohols;
imidazolines; and the like. See, for example, U.S. Patent Nos. 3,663,561 and 4,097,387.
Concentrations of up to about 3% in the concentrate are typical. Preferred copper corrosion
inhibitors include ashless dialkyl thiadiazoles. One example of a commercially available ashless
dialkyl thiadiazole is HITEC® 4313 corrosion inhibitor, available from Ethyl Corporation.

Dialkyl thiadiazoles suitable for the practice of the instant invention are of the general

formula:

N——-N

R28—S~ S~ SS—SR!

whereinR' is a hydrocarbyl substituent having from 6 to 18 carbon atoms; R? is a hydrocarbyl

substituent having from 6 to 18 carbon atoms; and may be the same as or different from R'.

-11-



conpound reacted with the phosphorus conpound may conprise a m xture of
hydr oxy conpounds of the formula ROH wherein the hydrocarbyl group R
contains fromabout 1 to 30 carbon atons. It is necessary, however, that
the amine salt of the substituted phosphoric acid ester ultimately prepared
is soluble in the lubricating conpositions of the present invention.
Cenerally, the Rgroup will contain at |east 2 carbon aton?l‘t A@b@ﬂﬂﬁ 3to
30 carbon atons. -16 2 ~r JAN 2003 The R group may be alTphatic or
aromatic such as alkyl, aryl) alkaryl, aral kyl and alicyclic hydrocarbon
groups. Exanpl es of useful hydroxy conpounds of the formula ROH incl udes,

f | | hol . iSO _butyl al.conol amb al cohgl
oy aneaaeS: SLonfR“RE S aHERERR om0 o T RS

st earyl alcoh?I, anyl phenol, octyl phenol, nonyl phenol, nethyl
cycl ohexGaMSP 3°Msky| at ed naphthol , etc. The preferred al cohols, ROH, are

al i phatic al cghols and re particularly, primary aliphatic_ al cohqls

cont ai ni ng at]\i)‘l"E’é‘ést‘ﬂﬁgb’é&f “Ha‘g%ﬁ" ﬁ'*‘éqw}é (I)A‘(‘f‘(':}bﬁnﬂl’??glw ?h‘%‘ié%?fﬂsé%ay(ﬂ(‘i)sot%
preferred nmonohydric al cohols ROH which are useful in the present invention
i ncl ude, usehyithigithaoieape ofithe presanh Biventiong swaihgono alkybihiediapeles ocent whemeieanol |
1- hexadecanol , 1;oct§decanol, ol eyl al cohol, linoleyl alcohol, linoleny

al cohol ,supstiyuent R* enRiigyl. al cohol, lauryl al cohol, nyristyl alcohol, cetyl

al cohol, stearyl al cohol and behenyl al cohol. Comrercial al cohols

(i ncl udi ng mAstiordsits traemep he emplog¢dn geer @l foymulatiortshededeqienaliccioalpoahdsohol s
may conprise m nor anounts of al cohols Wi ch, although not specified

her ei n, a0 amixies ddntoaats of npro dHoat 3Pajio thepunq@as s acf gehbraBy suffieiehd ®he The nol ar
ratio of the hydroxy conpound ROH to phosphorus reactant PZXS in the

react i orcosipositichsas thid prédent inbeéntioA R indluderammon o anti-oxlddnes, fdr@iimple lonet he
preferred ratio being 3:1. The reaction nmay be effected sinply by m xing

the two dre@ié pinsliehntRRidaheVidh&sed SHERGIAINGHRIdaMS Rdaisiohd BWEEd bREng DOV e
about 50C up to the conposition tenperature of any of the reactants or the

desired a%rﬁ&ﬂé%nin?ﬁrﬁfoﬁfd@@lls,)’secJﬂaﬁla/ta%mﬁfcadrﬁm@aﬂtﬁ)xhﬁht‘é{es%[fuﬁmlﬁhem and 150C,
and is nost often bel ow about 100C. The reaction nay be carried out in the

pr esenc &, Qbxidat oM &Biubld Yo berfcaﬁ%bmd@%ﬁ@mﬁﬁmgf}@;eute control and nixing of

the reactants. The solvent may be any inert fluid substance in which either

one or both raesiaBien 4§ cSRbHRIS inchide iRGudRNMINLEtivhyHHeHbl, BquiPrtilures17_

2 4 JAN 2003 solvents include benzene, toluene, xylene, n-hexane,

cycl ohexgagiia) 3R plféh&g,@fé-dﬁkh%tﬂﬁm%gilpherﬂh bk he i bisel, QURRR

chl or obenzene; ni‘t robenzene, carbon tetrachforide’ or chloroform The

product &{yl#ﬁ)}ﬁﬁlz,bgygngtﬁﬂgebgm-ﬁéth§ﬁk-qgrgbutgfgheﬂoﬁ)§ mmg%&@le&m% ;Jt ion i S

not precise own. EVidence I ndicates, wever, that the is a

XU © 65 ShehoRNOSENRLAP 6005) BHLDOUALAANE RAR oL, g, ono- and

di -este osphdri c acl or ophosphor id), the ester

Prvent | GHERAR RN SR P RSER o B e RO SRSt ebEnet T ¢ aci o

esters sucﬂ s represented by Formula | with at |east one am no conpound
whi ch ndPRBYLempG-mary or secondary. Preferably the amines which are
reacted with_the substituted'phosphqric acids to formthe anmne salts are
primary hydr &@Hiersiass ahamias anfigxidagtss piksqjuble Aromatip ssrgndprRemipss;dighdin R is a
hydr ocar byl group containing up to about 150 carbon atons and will nore

of t en beseeandanyimanepminepand otersase sytablgpSwtahlearomally seeaydpraBeRoaniineso about
30 carbon atons. In one preferred enbodi nent, the hydrocarbyl am nes which
ar e usefintluderdipheaplamineg alklediphengilamipgstcontaininghletoZr adlod mebstinents epdrhaxing vp

pri mary hydrocarbyl am nes containing fromabout 4 to about 30 carbon atons
i n the hydbadaé barbowgatoms, phenyl-araaphtiplahiae, aity)- drracaikdbbeitu@dipbesibout 20
carbon atons in the hydrocarbyl group. The hydrocarbyl group may be

sat ur at efipRthyldinsiRicdh@inith o8P 16 eIRY Bériayk i xedtpt eschMavipp npRs Yooudl lEabssl

am nes are chose known as aliphatic primary fatty am nes and comrercially
known asiorf¥, AR$1 or axlﬁ[k’irﬁ?ﬁﬁéti%ﬁ@df}ﬁx%n)(m{-ﬁéﬂﬁmy%nﬁ}i@béxﬁﬁbﬁ bhom wisZiNepel
Chenicals, Chicago, |11.). Typical fatty am nes |ncluée al kyl ar nes such
as nhexyl am ne, n-octyl am ne, n-decyl am ne, n-dodecyl am ne,
n-tetradecyl am ne, npentadecyl am ne, n-hexadecyl am ne, n-octadecyl am ne
(stearyl am ne), etc. These Arneen -{9_,



2 ~ JAN 2003 primary amnes are available in both distilled and techni cal
grades. Wile the distilled grade will provide a purer reaction product,
the desirable amides and imdes will formin reactions with the am nes of
technical grade. Also suitable are mxed fatty am nes such as Akzo's
Armeen-C, Arneen-O, Arneen-OL, Arneen-T, Arneen-HT, Arneen-S and Anneen- SD.
I n anot her preferred enbodi ment, the amne salts of the C.Zrl;pgﬂ\m}g@(]@f this
invention are those derived fromtertiary-aliphatic primnmaky S "havi ng
at | east about 4 carbon atons in the al kyl group. For the nost part, they
are derived fromal kyl am nes having a total of |ess than about 30 carbon

ronoam nEUAT g coctIBVRs oPRY R 16 PROOFREME MRl pBhof S PeET, 1°3 ' ©
are iR R Db st G AT o Sof B OpRRRge SiFe ™ "

1-met hyl - 1- an‘idﬁocycl ohexane, tertiary-octyl primary amne, tertiary-decyl
primary BHPA¥ %t erti ary-dodecyl primary amne, tertiary-tetradecyl primry
am ne, tertiary-hexadecyl primary am ne, tertiaryoctadecyl pripary am ne,
tertiary-tet #aijﬁscéaﬁwg Ritenobier aptigridans. spitblq Woae%(%wgﬂﬁwhw[wﬁaﬁy ami ne.

M xtures of am nes are al so useful for the purposes of this invention.

|11 ust r hegddicopmpainds, &8-2rigitdutydphepal 4.6rdibertbatdpheppl, frupahd2r6-diphi ch is a

m xture of C'-Cl4 tertiary alkyl primary am nes and "Prinmene JMT" which is
a si m | derthwtydphanel, @f4.catrstetbty ipbenol apnd arieys angtagaand/hemelngsor(thigtuiesar e

avai |l abl e from Rohm and Haas Conpany). The tertiary alkyl primary am nes
and - 19 ther@ofdonkAN nZ@© Bamiellhadfntat pliehelia coprpepadsatsideserihedinAs$ Patemown t o
those of ordinary skill in the art and, therefore, further discussion is
unneces 509,695 the tistlosae yf @hicl s ipcarpanted henenebyustefankce;fro¢thylee-Widgedses of
this invention and nethods for their preparation are described in U S. Pat.
“No. 2, 94kylgtinoib e festiShddean &0y, Pan MNax. PR f682] thydisoddsareastaehi10is indogporedhi ng i n
this regard. Primary am nes in which the hydrocarbon chain conprises

ol ef i ni qettisBY tof@tacen al so are quite useful. Thus, the R and R' groups may
contain one or nore olefinic unsaturation depending on the |length of the

chain, usual |AniBRidRMs Aal tRRAlydAIEIa PGB duIREbmhPateRfikP thvehiRBubricating
Representati ve am nes are dodecenyl am ne, nyristol eyl am ne,

pal m t ol Byhadidteat HBEIbAM. 0080 3Bkt 5100 Wefthl AiNteRE moriSBiekibHAk 4 ab&floam nes

al so are avail abl e under the Arneen tradenane.
weight % to about 1.00 weight %.

Rust inhibitors will typically be used in the practice of the present invention. This may be

a single compound or a mixture of compounds having the property of inhibiting corrosion of
ferrous metal surfaces. Such materials include oil-soluble monocarboxylic acids such as 2-
ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid, linolenic
acid, behenic acid, cerotic acid, etc., and oil-soluble polycarboxylic acids including dimer and

. trimer acids, such as are produced from tall oil fatty acids, oleic acid, linoleic acid, or the like.
Other suitable corrosion inhibitors include alkenylsuccinic acids in which the alkenyl group
contains 10 or more carbon atoms such as, for example, tetrapropenylsuccinic acid,

tetradecenylsuccinic acid, hexadecenylsuccinic acid, and the like; long-chain alpha,omega-

dicarboxylic acids in the molecular weight range of 600 to 3000; and other similar materials.
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Secondary am nes include dial kyl am nes having two of the above al kyl groups
i ncl udi ng such comrercial fatty secondary am nes as Arneen-2C and

Armeen- 2HT, and al so m xed di al kyl am nes where R is a fatty am ne and R’
may be a | ower al kyl group (1-9 carbon atons) such as nethyl, ethyl,
n-propyl, i-propyl, butyl, etc., or R" may be an al kyl graqu W&aﬂimt her
non-reactive or polar substituents (CN, al kyl, carbal koxy,'ZE 97000 rer

t hi oet her, hal o, sul foxide, sulfone) such that the essentially hydrocarbon
character of the radical is not destroyed. The fatty pol yam ne di am nes

i ncl ude nono-or dialkyl, symetrical or asymetrical ethylene dianines,

propane pii R8s e il ‘I%pfg areQUrrdntR) avafiite ROMMAALRE AR Q8IS0 Bced BEHARONE -

Sui tabl e commercial’ fatty pol'yam nes are avail abl e under the Duoneen

trad : ' ' | [ C
(N caoa B N s B e R L TR e
Duorreen C]_;,erg\g\cléf ﬁ}v!iscl)c\)l\rl-b(:)[f’ \%-itgé ?H%nrl]i%@r&pﬁrgt)x%r} fror{dsu[n]fjgrgﬁg EMQDL trade{ntarsk br?’a]g/mf)]g

(N-ol eyl am hopropane 0 e amne sa

prepared,by.m xi,ng, t he ve- descri bed.phosphoric acjid.esters with the

P bove: asbemiBlAdhiaG-Ay SpE shis Ehseran iy BhBroantu B hLFEL S Pl i ng a
roomtenperature for period of framup.to about on our is sufficient.
The anmodhHtebe a“éﬁiﬁl %’%@a‘&?@&a P ALPED Hﬁ&é‘i?ﬁélrgfﬁ“%‘&“agé@l"iﬁ S‘*’Fg B BFm the

salts of the invention is at |east .about one equival ent weight of the am ne
(based ®AYBIYePlSgEmechlly Pedtreddrd dphibtory s yphigrhcrrasepinvetigninrdudedhs o of
equi val ents generally is about one. Methods for the preparation of such

ani ne sarimemagnd sgeandagyrasyine epvepouadolerei hprginasdhg qnpige pertipe of Besalf ofra exanyl e,
U.S. Patent Nos. 2,063, 629; 2,224,695; 2,447,288; 2,616, 90S; 3, 984, 448;

4, 431, 5phosphodsaridieser apansilas gtixtutes of spidt praineQyih other ruptGhbihitdrs degsribedB1, No.

8, pp. 2508 2515 (1961); and PCT International Application Publication No.
WO 87/ 02638, Whdnemrmanine slltyof aiphosphpriehad eger ie mizdas Hephospherus abhiginirgyantie
formed in situ when the acidic phosphoric acid ester is blended with the
above- desar ageatofahe presenwhwentionnitinay nat edscenarly 1¢ adiceiditioatleandne-tdigaining
formul ated gear oil itself. For exanple, primary hydrocarbyl am nes that
funct i onushnbitigks tonhd gdat oif fornmiatibe ladgedetral antgdanenndbl priniey aadeephday e
containing the acidic phosphoric acid ester leading to the formati on of

am ne s alnises @fill phiREpIe ot 4(0Ciod 26 pherstrogdi @b e weigheh e litadsit e nisfolyulateabl e
phosphorus-contai ning anti -wear agent for use in the present invention
conpr i sesgarlofiewhediétth€arp EReKiGddSasfrustii ghibik @ Pt o dlh M- vaddd sEsdnp phosphor i ¢
acids, also referred to herein as dicycl opentadi ene dithioates.

Thi ophogsplBmbhGorasivdth.sui tabl e for use in preparing the anti-wear agents
have the fornmula: S (RO ZP-SH -21

Friction modifiers may also be included to provide, for example, limited slip performance

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

with ammonia or other primary amines.
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~.'r -~~~ 2d~~ wherein Ris a hydrocarbyl group having from2 to 30,
preferably 3 to 18 carbon atons. In a preferred enbodi nent, R conprises a

m xture of hydrocarbyl groups containing from3 to 18 carbon atons. The

di cycl opent adi ene dithi oates may be prepared by m xi ng di cycl opent adi ene
and a dithi ophosphoric acid for a tine and tenperature sufficient to react
the thioacid wth the dicyl copentadi ene. Typical reactionnt) m from
30 mnutes to 6 hours, although suitable reaction conditignlgn‘ggqq ly be
determ ned by one skilled in the art. The reaction product nmay be subjected
to conventional post-reaction work up including vacuum stri ppi ng and

filtering. fur-containin trenme Pressure agents T ar oils of the
bt esent nvehtd SEEpRERAS LB FEREE PN pa g5 fresk

sul fur-cont ai ni ng extre ressure ((EP). agent.. Preferably, the

Sul fur - BOSHAT e ome b S Saiibt viesive SEhiur at of Qe BTehed ar by

wei ght sul fur. The anmount of, Sﬁid EP agent added to the gear oil w.ll be
suf fi ci SHhefip sQressi Ganoag theariagral (B Berriopsrcats) piare pspEn base eaphihepic Pasep00 t o
30, 000 ppm sul fur and nost preferably 12,000 to 25,000 ppm sul fur in the

fi ni sheaspPaliie bese pnd misier baseedn e htpicaksynthatichaseonsdrsledeypoboledin oils feseesiallyi ni ng
extrene pressure or antiwear agents are available for u$e in the practice
of t hi shydweanttedn-olgimmligomeris}, aliyleted erps, tpolyakkylene oxtidris sarorpaticaatleers, aod uded

sul furized animal or vegetable fats or oils, sulfurized animal or vegetable
fatty aecirBoxgdicdsters (espetirilpdieftarolls)phhingasiicey. | Blefdb of aht@rab aref syhtheV@diRrthn OF

pent aval ent acids of phosphorus, sulfurized olefins (see for exanple U S

Pat ent Naffo buR@5ThERefeReddibie Qic o TBhRIAttarbdn 643 ofif) Dothhak P4 ob Syhithetic.
3,873,545; 4,119,549; 4,119,550; 4,147,6640; 4,191, 659; 4,240, 958;

4, 344, S@Qherﬂlﬁﬁgdﬁgﬁi oi PR Have Q—Jw&é@ i tGH xlary%go@ GRIdMH cenBetokes 4t 4p°¢AN 2003
pol ysul fides (see for exanple U S. "Patent s. 2,237,625; 2,237,627,

(
B 115 1.1 68 EagEhed ipotihes bpyinerill o § oBnd deyp i todiiiodt), o
P ) 632, 566:, 3,498, 915; Re 27,33 | ized

at ent aNs%? SS gis eﬁ'%dn?s s%th ?s ca%bdxglr}r%}ygg% .s(s:" E)n g‘{)%%nksg\%/la?n%gfn grg%zcg%pfrsgﬁta and the

di cycl openta see fof ex S

4,188, 297 fur i | furized m xt f. fatty id t d
ronouns BeR R BPirF e aEOPEE Badfi ot e By R a5, ©
4,166, 7 furized blends of fatty

6: 4,166, 797; .4, 321, 153; ,481 140 -
nera { Aborsat pein potk perpgaes Fhk iy Gttt B R be L eAR Fur g™
3, 953, 34. f ti | - bstituted dihy | | | fid f
o SO AT aon sy MR ne Stmimﬁlg%sﬁ_ AR A T

derivatiyves thereof (e.q., acids, esters, imnes, or |lactones) (see for
exanpl e‘f“‘eﬁ.’“g."tl ?@(?‘é‘?ﬁ 5%5“%% 7Y, BP0 Aoy 2pt-o Wﬁé"r"ﬁ g%’PB?Fa Fﬁ)‘%’als}“‘&é‘%’F on
Publ i cati on No. WD 88/03552), epithio conpounds (see for exanple, U S
Pat ent Riter-amide mixpuees andiMpprich digpersentsi ng acetal derivatives (see for
exanple U S. Patent No. 4,248,723), co-sulfurized blends of terpene and
acyclic olefins (see for exanple U S. Patent No. 4,584, 113), and
pol ysul fide ol efin products (see for exanple U S. Patent No. 4,795, S76).
Pr ef er r Bapspberas-rentainipg Sny- Waar agewtponent (i) are sul fur-contai ning organic
conpounds in which the sulfur-containing species are bound directly to
carbon or t oCompenesib} epmprisyseonp ar mprsuheamply siabld phopphwrus|casteingie aptioteangent s
is made by reacting an olefin, such as isobutene, with sulfur. The product,
e.g., sadehlsi Shitable plosphotustrentaipingfapti-snshnagents indhuile eill sqlaily prpolestlisladne,
typically has a sulfur content of 10 to 55% preferably 30 to 50% by
wei ght . phesphatie avidrestet, yuchfas Giokeetaughk if .8 sPapmt Nos a364,48€ahdiyti3gddrdamdns, e. g.,
i sobutene dinmer or trimer, nay be used to form such agents.

reaction products of dicyclopentadiene and a thiophosphoric acid.

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

ester with ammonia or a basic nitrogen compound, such as an amine. The salts may be formed
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Anot her particularly preferred class of such agents is that of polysulfides
conposed of one or nore conpounds represented by the fornula: Rb-SX-R
where R6 and R are hydrocarbyl groups - 23 2 4 JAN 2003 each of which
preferably contains 3 to | 8 carbon atons and x is preferably in the range
of from2 to 8, and nore preferably in the range of from2 to 5, especially
3. The hydrocarbyl groups can be of wdely varying types SUZH}aﬁ Qﬂﬂa
cycl oal kyl, al kenyl, aryl, or aralkyl. Tertiary al kyl polysulfides such as
di-tert-butyl trisulfide, and m xtures conprising di-tert-butyl trisulfide
(e.g., a mxture conposed principally or entirely of the tri, tetra-, and

pent asul {.i I r es:f. ot her useful di hydr.ocar byl
poIysulf%gggg%ﬁﬁ@ghetﬁ%gﬁgfﬁﬁﬁﬁéﬁgﬁégﬁrg?t%g?yé%%%8§ﬁﬂwgbg%ﬁ¥9§ulfides, t he
didodecx%nggﬁmﬁylfides, and the di benzyl polysulfides. Al though the
conmponents abové and in the below |ist are described occasionally with

ref erence to]§ fgnc ion &}hat fugﬁtion mpy pe one of other functions served
by the same cORBOWEATIGIRH SHEtiPEH o PisRarIg {as siag salls of thegmerspionyentioni t i ng
function, ThehcomgositioFs of the present invention nay be top treated to
achi eve TR herptiatad by dhe HEPRGr mance (i.e., both automotive and industrial
applications). -24 2 4J AN 2003 The gear oil conpositions of the

pr esent inventionlﬁgf capabl e of neeting APl G.-5 perfornmance requirenents.
The specification -\§§§§ is set forth in Table 1. Table 1: Performance
Requi renents for EEE- (G&.-5) Lubricants (August 1®87) SAE VI SCOS1TY
GRADE75WB0W8085W L-60Thermal Oxidation Stabilityl 0O0C visc. Increase
@0 hrs., Max. %00l 00100Pent ane | nsol ubl es, %833Tol uene | nsol ubl es,
%@222CRC L-33, 7 DayMi sture Corrosi onRust on gear TeethBearings, Max. %
Rust 0000vhe@vBI jslhatmgervina HyHidcRByL gddpiRihs SpRRokakNeARp MR YHER Bioups
CGear sPassPassNRH gh Tor que- Low Speed" Lubrited"” GearsPassPassN L- 42Hi gh
Speed- ShoodtRen@ o&SPi ni on Toot hEqual to or NRLoadi ng Axl e Test Scori ng, Max.
Ybetter than RGOL10- 90ASTM D- 130Copper Strip CorrosionStrip Rating, Mx. 333

Not es: NR - Mairefeeedineddd ofﬁreﬁ&lﬁ@@oﬂ@&ﬁﬁ&sicBntbmﬂ)gS(WH%n'%ﬁ§@s r\%&&a‘ﬁgal—ﬁ r L-37
and L-42 Test Tenperatures are required for 75Woils OXI DATI ON PERF NCE

TEST: L o60hydré:4Sbiipoumd §hO fymBAR GH 68t ﬁh%%ho.hfs Hppbsiest thofolfath P%J}‘\gl

thermal and oxidative stability of a gear oi New speci fications

'I[v?]--elsé MulhelRBR Zsl0BE ochyEgotip Rl RS0 dr Rathd ]k}ﬁ):s}gﬂo%st—c%n(aiiniﬁg corﬁﬁ}sitﬁgg of
obtained in this manner are mixtures of phosphorus compounds, and are generally mixtures of
mono- and dihydrocarbyl-substituted phosphoric and/or dithiophosphoric acids depending on a
choice of phosphorus reactant (i.e., P,Os or P,Ss).

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

ester ultimately prepared is soluble in the lubricating compositions of the present invention.

Generally, the R group will contain at least 2 carbon atoms, typically 3 to 30 carbon atoms.
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new features of carbon/varnish and of sludge are 7.5 MN (mninmn) and 9.4
M N (m ninum, respectively. The nmaxi mum percent viscosiiy rise has been
specified to be 100, the pentane -25 2 4 JAN 2003 insolubles at 3 percent
maxi mum and the toluene insolubles at 2 percent maxi num These features are
summari zed in Table 2. TABLE 2ParanetersLi m tsKi nematic Vi gsu‘é Izggaase
% @ 100C, cSt100 naxN-Pent ane | nsolubles, wt 9%3.0 naxTol u NI S,
wt %2. 0 maxCar bon/Varni sh Rating7.5 m nSludge Rating9.4 mn If nore than
one test is conducted, then the average of two test results nust neet the
above limts. No nore than three tests are allowed. Wen three tests are

conducted, o f the three.can be discarded t vera f the

r emai ni ng tmg%ths%rguW§¥ B?Tgléng‘a{}%%r ANBYE ﬁu%’n?stazpyqﬁrgff- %'@fi’f%ﬁ]@@tanér ocedur e
is practi.cally identical to _the L-60 t xcept that the conditigns and
bar it GG i Sy HIFEOPS BEPGERY R s Ly oS Rr s 1 7Y ReQY

Moni toring Center (TMO recordf,and reports tPPZ] PrecLsi on of each _approved
stand wilkQydesiiReexamls ethy! algghol. isorRrop s by! algpbol amyhgicefiolihaykpdephob dr f aces
fromthe L-60-1 test is two-fold. Firstly, clean gears are used to market

t he | ubrethydhexyd slcahdorgny] aleohob godecy] dlsohoh steprydialeeha). amy) @Benod actid phenght s

with inproved oxidation and longer life. Pictures of the gears are often
used i n neaylkdenelgmethe! dyglobexanel alkgated maphpholjgtc.i s hypot hesi zed in the

i ndustry that the deposits that build up on the shads of the pinions of the
gears duri ng Tapptdferaddi abpholauR@Hasare iahplraia skeoldls énd rperiepartishblatly  franagal and,
thus, lead to premature seal erosion and even failure_ It is, thus,

i mpor t ardiphaic abhbls commivingiatleast mbioyp Aaetbos atonseAsndingle, bempldsef tle mar ket
gear |ubricant technol ogy that exhibits enhanced performance in the L-60-1
test. Theefeiesd mohdhydlic Hl0eHolCROHOVhi Ma#r8 usdfuldn theresd@ieinvention ghclute pany |l

enploying the lubricating oil to lubricate a |arge gear and a small gear

whi ch megdanl, § eRasin 1-atambl, i odedafSl! 1-aidlRa¢cahalS)-hékadednol, 1-octadecanol, oleyl
alcohol, linoleyl alcohol, linolenyl alcohol, phytol, myricyl alcohol, lauryl alcohol, myristyl
alcohol, cetyl alcohol, stearyl alcohol and beheny! alcohol. Commercial alcohols (including
mixtures) are contemplated herein, and these commercial alcohols may comprise minor amounts
of alcohols Which, although not specified herein, do not detract from the major purposes of this
invention.

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

reaction should be within the range of from about 1:1 to about 4:1, the preferred ratio being 3:1.
The reaction may be effected simply by mixing the two reactants at an elevated temperature such
as temperatures above about 50°C up to the composition temperature of any of the reactants or
the desired product. Preferably, the temperature is between about 50°C and 150°C, and is most
often below about 100°C. The reaction may be carried out in the presence of a solvent which

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

substance in which either one or both reactants are soluble, or the product is soluble. Such
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2 4 JAN 2003 carbon/varni sh measurenent and a sludge neasurenent is nade
for the |arge gear front face, large gear rear face, small gear front face
and snmal|l gear rear face. The carbon varnish rating is the average of the
carbon varnish (CV) measurenents of the large gear front face and | arge
gear rear face. The sludge rating is the average of the sludge neasurenent
at all four faces. In order to show the advantages and effe?tlli v%AeNs?O@fa t he
gear oils of this invention, fornul ated gear oils have been prepared as set
forth in Table 3. These formul ated gear oils were tested according to the
L-60-1 test and the results are set forth in Table 3. The percentages are
by wei ght  unl es herw se specified.. All of the gear oils in Table 3

cont ai REEMERS A BTN AT TGy &Y 608 RAGEE oSSR G BEPL s PPl of i n i
an amount sufficient to provide approximtely 15; 000 ppm of sulfur to the
gear oi |Sarbiel, dehugil ctheydipxansnshiprebsnzens, pitioRenzan%o F@b%?“‘ﬁﬁ?hl%rmﬁb@mfo@h
acrylate anti-foamand a corrosion inhibitor. The cal cul ated anount (ppm
of nitrogen sthspredugt afyha ahevpraagiinnis asifligekutiits chemical gppgiitytipntinaotpagsisely( t he
cal cul ated nitrogen content excludes any nitrogen supplied by the base oil,
t hi adi azoiownsEyiflence srslinateagmweyer, thaythe phasiuctgs a enxtug of seidicadhosifhateist r ogen) .
The L-60-1 carbon varnish (CV) and sludge ratings are set forth in the
Tabl e. Tdvesigthegpédomisantiy of diemony- amt di-estesy of plidiphbriescid (prithie- dlabl e are an
am ne .salt of anyl acid phosphate (AAP), dicycl opentadi ene dithioates
(DCPD), dlihiuphyéphbyicacdiethe gphtosgrbup BeifdBhived fioch thaalaohad®Othl t prepared by
sul furization of DBHP in the presence of amne (S-DBHP). TABLE 3: Cear oil

f or mul ati ons RAnlindaks of 1B plebent Myanttnaiaf Ke Pesphiied by reaction of the above-
PANt i - wear CVS| udgel 115308AAP7. 59. 420296DCPD7. 89. 53*| 53412AAP4. 29. 34* 192516A

AP5. 59. A5 QibbA PRIBAS SRIIE308:5h RBHpZesdfle by PSTRANAL | NPt SXA TP urming 7

compound which may be a primary or secondary. Preferably the amines which are reacted with
the substituted phosphoric acids to form the amine salts are primary hydrocarbyl amines having
the general formula

R'NH,
wherein R’ is a hydrocarbyl group containing up to about 150 carbon atoms and will more often
be an aliphatic hydrocarbyl group containing from about 4 to about 30 carbon atoms.

In one preferred embodiment, the hydrocarbyl amines which are useful in preparing the
amine salts of the present invention are primary hydrocarbyl amines containing from about 4 to
about 30 carbon atoms in the hydrocarbyl group, and more preferably from about 8 to about 20
carbon atoms in the hydrocarbyl group. The hydrocarbyl group may be saturated or unsaturated.
Representative examples of primary saturated amines are those known as aliphatic primary fatty
amines and commercially known as "Armeen®" primary amines (products available from Akzo
Nobel Chemicals, Chicago, 111.). Typical fatty amines include alkyl amines such as n-
hexylamine, n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-

pentadecylamine, n-hexadecylamine, n-octadecylamine (stearyl amine), etc. These Armeen
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2 4 JAN 2003 As shown above. Table 3 seas forth the results obtai ned when
the oils are tested in the L60-1 gear oil oxidation test. It can be seen
that gear oils containing thernmally stable phosphorus anti-wear agents
anount sufficient to contribute | ess than 350 ppm phosphorus to the
finished oil exhibit passing MI-1 performance in the L-60-2 t?ié@*é@@
results in Table 3 show that exanples 1 and 2 result in hi Hbr 3
varni sh ratings than gear oils outside of the scope of the present
invention. This indicates that the gear oils of exanples | and 2 give rise
to better oxidation control conpared to those of exanples 3-6. |nproved

gear cli ?g%%%?ﬁleg;re%eﬁ&bieg? bRt Qﬁcf]'te{;}?ﬁéaf gx':a%%‘:i%ﬂé Yhe! §]Ifeﬂ%£a%§fvﬁﬂt ure

fox a g I cant as expl al ned above. IsTinportant that t ear oils
of the present invention redu di stress. its. Satisfactory
Obrt or AL B e Rk A AL S ARACUEIEERD i RAPRHRYE readirs TGS

descri bed.w t hi n, ASTM STP | 2A, usin reat.ed and sphat e-treated gear
2ssenbl Aaues o R e Afe e BRIER PP OCGuER Srh AR T BRI

pitting, welding, spal]ling, and excessjve wear_or other surface distress
and objéﬁ?ﬁﬂﬁ&b%%mﬂgbbLifgnﬁﬁ"ﬁHFwﬁ?gaﬁé€“$?5%§¥#QQ@%R? - pitting or
corrosion of bearing rollers under conditions of |ow speed, high-torque.
Preferably, thaqtheripsfeedsamodsngnt hnppiar saltsiof thscomppsitionofdhisimentipnsare

ashl ess or |owash conpositions, that is, they contain, if any, at nost
2,000 pahass dpjveddiapmtertgry-ghiphatic prHmeptareiaes aviwgableast gbouidcarben atoms in the

addi tional conponents. Mre preferably, the finished gear oil contains no
nor e t hatkybg®updmrdtie medt airt, theycererdernived fesfrealkt) [agnines havinga satalred dess tBnppm of
metal . Accordingly, the additive concentrates of this invention are

pr ef er albyutgOcpdohiatmedn $eclkyl Betvpi f one or nore netal - cont ai ni ng
conponents (e.g., zinc dihydrocarbyl dithi ophosphate and/or netal detergent)
ar e i ncl uded Ushalyethe tertidrg akiysiitit primagyomdesst aranencsgmesegpeeyted by theafohasie oi |
at the selected or recommended dosage level will yield a finished |ubricant
havi ng at nost 2,000 ppm preferably at nost 500 ppm and nore preferably
at nost 25 ppm of added netal. (MHgn one or -28 2 4 JAN 2003 nore netal
additives are enployed, the methl content thereof nost preferably is
confined to one or nore al KB~ GetHs and/ or one or nore alkaline earth
metals. Thus, for exanple, the eferred conpositions are zinc-free.
Conpositions essentially devoi # added netal content are nost especially
preferred. 1n this connection, neither boron nor phosphorous is subject to
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propane diamines (1,2, or 1,3), and polyamine analogs of the above. Suitable commercial fatty
polyamines are available under the Duomeen® tradename from Akzo Nobel. Suitable
polyamines include Duomeen C (N-coco-1,3-diaminopropane), Duomeen S (N-soyaalkyl
trimethylenediamine), Duomeen T (N-tallow-1,3-diaminopropane), or Duomeen OL (N-oleyl-

1,3-diaminopropane).

-20-



10M &<109VE ()-! 96 #109WE () - G #109%VE () - G

#109838&' () - #109%v&' () - ~?VK@5 10986#10% 0& ()-!" 10%08& ()-"10% 0& ()-!
#10%mm& ()-Y #10% 0& ()-Y F'10% 0& ()-Z b "bCS5 10%S#10% & ()-F |

10% & ()-110% & ()-G 10' 0 10' 0

10' 0s9<10% 0& () - S/ SH10% 0& () - "#$$" % %96 EbCS5" 10% / 10% & () - & GLO% & () -
+10% & ()-)Z 10% & ()- g#10% & ()- 10% & () - =%-98@&h&l &n&n&@&dYM% 10:
10: 10:<10% & ()-17 10% & ()-S5

10% & ()-L310% & ()-3110% & () - 0& && o' ' / (aBYNCS5" 1096 1094VE () - " 109%VE () -y
1090V () - 1O%VE: () - I

109v& () -! " 930%& \(d= 3L 6L () * a* Y 109% 1098& ()= 109K () - Z#10%VE' () -
#1008 () - mL0% I%'S%;%}@e(sﬁ‘%@gf Eeg‘?%g‘%%ég%#% %@%ﬁ&g‘ﬁﬁﬁ%‘%)-' 10
ﬁ‘g‘ 0(()/3 ;)gi% )(é)s_%/%f%é); tﬁ%&%@%e%ﬁ%%@x@s O ’tgf)p%al:t)ﬁrg'orR AN ((J:esr?erag]gl,/o mixing at
10M5<109%VE' () -, / - #1Q%V&' () - & " 109K () - 00001S111dELCS5 . 10% 10% o&' () -
e i s o
10% %g&(egaz;t:eQ ;;pjfthlm%g‘%gé]%jﬁc;a%@@s@? ?08;"01(11)1 _t}:% sga]ts\ of t(])qé) i%vér?ti_on i(s) at lee(a)s? fn‘)oQ (-)ﬁe

10" 09<10% 0& ()-7T10% 0&' ()-y52"10% o0& () - 3! 10% 0& ()- YIT10% o0& ()-S/

10% o0& equiwHent giegEhe Nty amimegbased 0omnB@een)-PEDeRuGRIqn) ofifusplgric)acidi g the () -

#10% 0& ()-!110% & () -G 10' oN7789g888MAdE: /
ratio of equivalents generally i1s about one.

Methods for the preparation of such amine salts are well known and reported in the
literature. See for example, U.S. Patent Nos. 2,063,629; 2,224,695; 2,447,288; 2,616,905;

3,984,448; 4,431,552; 5,354,484; Pesin et al, Zhurnal Obshchei Khimii, Vol, 31, No. 8, pp. 2508-

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

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

Another preferred thermally stable phosphorus-containing anti-wear agent for use in the
present invention comprises the reaction products of dicyclopentadiene and thiophosphoric acids,
also referred to herein as dicyclopentadiene dithioates. Thiophosphoric acids suitable for use in

preparing the anti-wear agents have the formula:

(RO)Z}!—SH
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ig;ﬁ g E gpfe %%%z@ 86(»%33@@6% /gog%sg%#&% p%dégcerby] groups containing from 3 to 18
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dithiophosphoric acid for a time and temperature sufficient to react the thioacid with the
dicylcopentadiene. Typical reaction times range from 30 minutes to 6 hours, although suitable
reaction conditions can readily be determined by one skilled in the art. The reaction product
may be subjected to conventional post-reaction work up including vacuum stripping and

filtering.

Sulfur-containing Extreme Pressure agents

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

A wide variety of sulfur-containing extreme pressure or antiwear agents are available for use
in the practice of this invention. Among suitable compositions for this use are included sulfurized
animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially
esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins (see for example
U.S. Patent Nos. 2,995,569; 3,673,090; 3,703,504; 3,703,505; 3,796,661; 3,873,545; 4,119,549;

4,119,550, 4,147,640; 4,191,659; 4,240,958; 4,344,854; 4,472,306; and 4,711,736), dihydrocarbyl
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10' oL9< O % 0&' ()-3+G'10 I g#10% 0" o & (Y-
3,022,351; 3,308,166; 3,392,201; 4,564,709; and British 1,162,334), su]funzed Diels-Alder adducts
(see for example U.S. Patent Nos. 3,632,566; 3,498,915; and Re 27,331), sulfurized
dicyclopentadiene (see for example U.S. Patent Nos. 3,882,031 and 4,188,297), sulfurized or co-
sulfurized mixtures of fatty acid esters and monounsaturated olefin (see for example U.S. Patent
Nos. 4,149,982; 4,166,796; 4,166,797; 4,321,153; 4,481,140), co-sulfurized blends of fatty acid,
fatty acid ester and a-olefin (see for example U.S. Patent No. 3,953,347), functionally-substituted
dihydrocarbyl polysulfides (see for example U.S. Patent No. 4,218,332), thia-aldehydes, thia-
ketones and derivatives thereof (e.g., acids, esters, imines, or lactones) (see for example, U.S. Patent
No. 4,800,031; and PCT Intemational Application Publication No. WO 88/03552), epithio
compounds (see for example, U.S. Patent No. 4,217,233), sulfur-containing acetal derivatives (see
for example U.S. Patent No. 4,248,723), co-sulfurized blends of terpene and acyclic olefins (see for
example U.S. Patent No. 4,584,113), and polysulfide olefin products (see for example U.S. Patent
No. 4,795,576).
Preferred materials useful as component (1) are sulfur-containing organic compounds in
( which the sulfur-containing species are bound directly to carbon or to more sulfur.

One particularly preferred class of such agents is made by reacting an olefin, such as
isobutene, with sulfur. The product, e.g., sulfurized isobutene, preferably sulfurized
polyisobutylene, typically has a sulfur content of 10 to 55%, preferably 30 to 50% by weight. A
wide variety of other olefins or unsaturated hydrocarbons, e.g., isobutene dimer or trimer, may be
used to form such agents.

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

or more compounds represented by the formula: R%-S,-R” where R® and R’ are hydrocarbyl groups
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each of which preferably contains 3 to 18 carbon atoms and x is preferably in the range of from 2 to
8, and more preferably in the range of from 2 to 5, especially 3. The hydrocarbyl groups can be of
widely varying types such as alkyl, cycloalkyl, alkenyl, aryl, or aralkyl. Tertiary alkyl polysulfides
such as di-tert-butyl trisulfide, and mixtures comprising di-tert-butyl tnsulfide (e.g., a mixture
composed principally or entirely of the tri, tetra-, and pentasulfides) are preferred. Examples of
other useful dihydrocarbyl polysulfides include the diamyl polysulfides, the dinony! polysulfides,
the didodecyl polysulfides, and the dibenzyl polysulfides.

Although the components above and in the below list are described occasionally with
reference to a function, that function may be one of other functions served by the same
component and should not be construed as a mandatory limiting function.

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

performance (i.e., both automotive and industrial applications).
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The gear oil compositions of the present invention are capable of meeting API GL-5

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

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

SAE VISCOSITY GRADE 75W | 80W90 | 85W140
CRCL-60
Thermal Oxidation Stability | 100°C visc. Increase @
50 hrs., Max. % 100 100 100
Pentane Insolubles, % 3 3 3
Toluene Insolubles, % | 2 2 2
CRCL-33,7 Day
Moisture Corrosion Rust on gear Teeth
Bearings, Max. % Rust | 0 0 0

on Coverplate, Max. %

CRCL-37

High Speed-Low Torque "Green" Gears Pass | Pass NR

High Torque-Low Speed "Lubrited" Gears Pass | Pass NR

CRCL-42

High Speed-Shock Ring & Pinion Tooth Equal to or NR

Loading Axle Test Scoring, Max. % better than RGO

110-90

ASTM D-130

Copper Strip Corrosion Strip Rating, Max. 3 3 3
Notes:

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

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

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

respectively. The maximum percent viscosity rise has been specified to be 100, the pentane
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insolubles at 3 percent maximum and the toluene insolubles at 2 percent maximum. These

features are summarized in Table 2.

TABLE 2

Parameters Limits
Kinematic Viscosity Increase %, @ 100°C, cSt 100 max
N-Pentane Insolubles, wt % 3.0 max
Toluene Insolubles, wt %% 2.0 max
Carbon/Vamish Rating 7.5 min
Sludge Rating 9.4 min

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

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

The relevance of the rating of the gear surfaces from the L-60-1 test is two-fold. Firstly, clean

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

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

to lubricate a large gear and a small gear which mesh with each other in a test apparatus. A
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carbon/varnish measurement and a sludge measurement is made for the large gear front face, large
gear rear face, small gear front face and small gear rear face. The carbon varnish rating is the
average of the carbon varnish (CV) measurements of the large gear front face and large gear rear
face. The sludge rating is the average of the sludge measurement at all four faces.

In order to show the advantages and effectiveness of the gear oils of this invention,
formulated gear oils have been prepared as set forth in Table 3. These formulated gear oils were
tested according to the L-60-1 test and the results are set forth in Table 3. The percentages are
by weight uniess otherwise specified. All of the gear oils in Table 3 contained an identical
additive package comprising a sulfurized olefin in an amount sufficient to provide approximately
15,000 ppm of sulfur to the gear oil, an acidic rust inhibitor, a thiadiazole sulfur scavenger, an
acrylate anti-foam and a corrosion inhibitor. The calculated amount (ppm) of nitrogen supplied
by the primary amines is set forth in the Table (the calculated nitrogen content excludes any
nitrogen supplied by the base oil, thiadiazole sulfur scavenger or any other potential source of
nitrogen). The L-60-1 carbon varnish (CV) and sludge ratings are set forth in the Table. The
phosphorus-containing anti-wear additives in the Table are an amine salt of amyl acid phosphate

( (AAP), dicyclopentadiene dithioates (DCPD), dibutyl hydrogen phosphite (DBHP) and an amine
salt prepared by sulfurization of DBHP in the presence of amine (S-DBHP).

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

Example | ppm N ppm P Anti-wear Cy Sludge
1 115 308 AAP 7.5 9.4
2 0 296 DCPD 7.8 9.5
3* 153 412 AAP 42 9.3
4* 192 516 AAP 5.5 9.4
5% 0 310 DBHP 6 9.5
6* 159 308 S-DBHP 23 9.4
* Comparative example
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t 2109 (%-\;:egrﬂ; :g%;ltrsﬂz;ngount sufficient to contribute less than 350 ppm phosphorus to the finished oil
exhibit passing MT-1 performance in the L-60-1 test. The results in Table 3 show that examples
1 and 2 result in higher carbon vamish ratings than gear oils outside of the scope of the present
invention. This indicates that the gear oils of examples 1 and 2 give rise to better oxidation
control compared to those of examples 3-6. Improved gear cleanliness as seen in these L-60-1
tests is a very desirable feature for a gear lubricant as explained above.

It is important that the gear oils of the present invention reduce gear distress and deposits.
Satisfactory performance may be demonstrated when the oil is tested by the L-37 as described
within ASTM STP 512A using untreated and phosphate-treated gear assemblies. The gear oil must
prevent gear-tooth ridging, rippling, pitting, welding, spalling, and excessive wear or other surface
distress and objectionable deposits and not produce excessive wear, pitting or corrosion of bearing
rollers under conditions of low-speed, high-torque.
Preferably, the finished gear oil compositions of this invention are ashless or low-ash
( compositions, that is, they contain, if any, at most 2,000 parts by weight of metal introduced

from one or more of the additional components. More preferably, the finished gear oil ¢contains
no more than 500 ppm of metal, and most preferably zero to at most 25 ppm of metal.
Accordingly, the additive concentrates of this invention are preferably proportioned such that if
one or more metal-containing components (e.g., zinc dihydrocarbyldithiophosphate and/or metal
detergent) are included therein, the additive concentrate when employed in a base oil at the

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

preferably at most 500 ppm, and more preferably at most 25 ppm of added metal. When one or
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compositions are zinc-free. Compositions essentially devoid of added metal content are most
especially preferred. In this connection, neither boron nor phosphorous is subject to these
preferred limitations on metal content, as neither such element is considered a metal herein.
Thus, the mere fact that boron and/or phosphorous components may leave residues during usage,
is of no relevance as regards these preferred limitations on metal content. In another preferred
embodiment, the gear oil formulations of the present invention are free of boron-containing

additives.

Industrial Applicability

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

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

While the preferred embodiments have been fully described and depicted for the purposes
of explaining the principles of the present invention,' it will be appreciated by those skilled in the
art that modifications and changes may be made thereto without departing from the scope of the

invention set forth in the appended claims.
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