;e3e/ /1 F860TA~I I VW I I NLI N=VO 1| ~ i ~nmmy PHORUS CLEAN GEAR
’,FCRMJLATI ONS CRCSS REFERENCE TO RELATE%EW‘”@M@% There are no rel ated
~applications. STATEMENT REGARDI NG FEDE ED" RESEARCH Thi s
research was not sponsored by any entity of "% Federal Governnent.

TECHNI CAL FI ELD This invention relates to gear oil fornulations containing

| ow | evel s of phosphorus which provide erformance and are
capabl e of neeting the American Petrol e’mmﬂlmmmm s (APl) G.-5 service
classification requirenents wthout the neegyfer netal detergents,
boroncontai ning additives, ashless dispersants, dispersant viscosity index

i nprovers or di sper r W OF THE | NVENTI ON
This invention rela ?yt@?‘g@é‘?@éﬂs Eﬁ%Aﬁ‘iéyﬁFgu onoti v tsr ansmi ssi ons and
final drive axles. Mre particularly, this invention relates to gear oils
that can ﬁ@ggmﬁ@bm@rgﬁg@lpiwmgml | e al so neeting the L-60-1

t est per?ormance criteria of APl MI- Al'though a substantial nunber of

gear oils haveheeegt np rdsted gghlibaionng varl 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 cl ean perform' ng gear oil that can be
used, Sq{AT n manual transm ssion ojls and axle lubricants to reduce the

dep05| ts %MENJMGAB'PIM} Fsﬁmla\ﬁagp R%ngﬁ?éﬁ Haterial's on netal
sur faces SUChfh{ilssrege% ctflqy sa}lragsrﬁo?igor}fdsp)) ana'?/ém yh F?lﬁeICPeeHE gpbgv B+me tPer formance of

the gear oil 1's"areq desita ‘hat the
additive or additives be |l ow in cost and easily produced. O ginal

equi pne . s desire lubricants having extended "drain

capabi | m‘g@ﬂ%% their custoners can operate the equi pnent for Ionger
peri ods of ti or for greater di_:[}t ances before. dralp g]g %hlgfﬁ [ ans ion
or gear box ofig¥FtieRATatsHg eeE 8Fﬂ‘gla‘i“tn5\f€f'f‘ﬁ‘“f“|gé%‘ﬁ PEBOT BERPIOTPHWY HC w of
the conpetitive situations in which thegl erate, lubricant manufacturers
are al sPTBEF FISHSESF PHEAAE <A 255APANS Olpeeipg hedunarisan Befleym fistititint s

havi ng t hese Er ol onged ser vice capabilities. The invention realizes this
cost saWrAgsChrrsuts dase figHosdrerremrnts Rathewidhe Reed fo5metal dgicEssBIs MY and

di spersant viscosity index inprovers. Actual drainage periods utilized wll
depend, 9o8tainingAdddivesaehless difpeianth élSpg‘fﬁ@t grscasay E1dex P va PR ARSI R e
design of the equi pnent. The present invention will allow under certain

ci r cunstretitdepresseifded drai nage intervals for many axl e and transmi ssion
applications. U S. Pat. Nos. 5, | 76,840 and 5, 225,093 to Canpbell et al.

di sclose a gear oil additive package that includes: (1) an oil soluble
succinimde and (2) a boronated or non-boronated carboxylic-type derivative
conposi tBAGKERENINE @PHVHE&VENIYON substituted succinic acyl ati ng agent

wi th an am ne and/or an al cohol. These patents al so disclose that other
conponent s wdlhis ikveminn refateste ggaails rrlusamiautemptive tranitastians anhéndl drivell at i on.
These ot her conponents include extreme pressure and anti-wear agents,

def oanerasles ddmel mitieslagly, thistinexiicaretates tolges oilpihat cap oieat GHedmreeosnatce and

di luents. These references do not suggest or disclose an inproved gear oil
t hat i s repsenientavhyle diso medting the hrddok ekt erfoupact yiteriasfA RIS Tel. sper sant s such
as the succinimdes and Manni ch base dispersants. U S. Patent No. 5,354,484
di scl oses f umdthoogled subktantihl aanbaif geo ods borpeesproducedhavdngregrions acadadit of an
oil of lubricating viscosity, and a m nor anount of (B-1) at |east one

sol ubl e 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 varnish). While acceptable



;;2_ tertiary aliphatic primary am ne salt of a substituted phosphoric

sacid conposition, and (C) at |east one soluble nitrogen-containing

" conposition prepared by the reaction of a hydrocarbonsubstitixted succinic
aci d- produci ng conpound with at |east about one-half equival ent, per
equi val ent of acid produci ng conmpound, of an am ne containing at |east one
hydr ogen attached to a nitrogen atom Preferably, the amne salts of the
phosphoric acids utilized in the lubricating conpositions of the present
invention are derived fromprimry am nes, and the sol uble
ni trogencont ai ni ng conpositions (C) also contain boron. U S. Pat. No.

5,358,650 to Srinpyasan et. al . discloses,an.all-synthet] . oil

composi B TRt CLERERTelds A smienen T ko ASr Tl s B8 Sos ucn as
organic | fur-cont.ai ni ng, ant.i wear and/ or extrene pressure agents, an
organic‘%Hﬁ@ﬁﬁ&ﬂ8¥388ﬂ¥ﬁﬂ%?ﬁdy8 Pg%ear and/ or extrene pressure agent, a
copper corrosion inhibiior,,a rust inhibitor, a foaminhibitor and an

ashl ess di spdiigaral eqipmenidnanyacivesin fesHe hbsisatyt yneextrodedyydraip gapabilifigsi ne
succinimdes. U.S. Patent No. 5,492,638 discloses gear oils conprising at

| east orvehepsbythpis@togcrptan operats thapquaamend far honget periodsefifang prfoegrestgr phonat e
or sul phurized phenate having a TBN of at |east 200 in a gear oil which
conpr i seakstangephdforgfdrdinihg thedtanpmissips engsat Yoxaaf Mbaigent agd 9epiagingdt with figsh whi ch
is mneral oil, synthetic ester oil or a mxture thereof; Mnnich base
ashl ess ldirgpel dJamtew ofgbadonipesitive sipatdnsnn whish shepioperatentubuierat mandfacipresxt r ene
pressure agent; and netal -free, phosphoruscontaining and

ni t r ogenrsrcalst dismouspidavingrrabaityl faoprowre len@spnbscutsdavge fHese filobbnged ul t ant
gear oils exhibit excellent perfornmance when used in synchronesh-based

t ransm sedviveapdbilities. PAhemvedtion réali@éslthid@3st dadiagsabesgH thb binisivhn df dienassdy | ons
for use in a notor vehicle, especially a heavy duty notor vehicle, having a
transm sishles d@ﬁ&sﬂﬁﬁ&d/ﬂiiﬂ&rsaht Vigasity 00 iapagkyspe synchroni zer and an axle
or differential gearing, the same |ubricant is used for both such

mechani sns. Bifial dainhgopriodastized iva R @spehll, t6h Rige &x@atelupoh tHeltopa FABverRYB0 t o
SAE 85W40 and -3 conpri ses base oiﬁbcontain?%g at E%ast ??% Manni ch base

ashl ess oflk&iPies amithe dédign of TR juifrh@R. THRWrdRBM linveRiid b ill MG walider@Akinand/ or
extrenme pressure agent; (iii) netal-free, phosphoruscontaining and

ni t r 0geRire@itaticht HGerABY 1AL ARG AS f? Xlahf dBe RAESSIBsREPPlicaBBk. (1 V)
over based al kali or alkaline earth netal carboxyl ate, sul phonate or

sul phuri zed phemat QiR | 78 ahBN 205 081 1J €asibelt 4Pal. diliGost Wb CANtdgRRRL ai NS at

nost, if any, 100 ppmof netal as one or nore netal containing additive
conpone @s&agé &1 ink10a8: 1) bh oil Wolable B SidY0nd ©2) 43ronéred Gk 561-BSSRatéd Cl €an

gear boron-free gear additive enploying a boron-free ashless dispersant, a

sul fur o relalatNelp} ” [ i rred
bor on. { FABbEficantt R ARMRAMSSE Ao ML EcH 4 WAL incciEpB AT P,

CoONposi tcl%e%gg)gﬂﬁﬂ agl!ir?enaql%r Wh Bﬁoﬁogﬁﬂe%ﬁggtﬁlégﬁ&ediwl se %?B&ﬁ%ﬁogags well

M L- PRF- requirenments wt for Dboron.

e OB e o AR 5 o TBENE AL RED R oM RTRERAE L2
I f i Llf in t 1,S.5. il le | ubr.i ts.
] <o PRI o bobela G B TP BB b

1,000 tq about 150..D00 ' b i 1. havi ki tic, -
Vi scos! SprarntRLseRl: figsd BERrReIn 2o Sy bt et Toreie Bt v ¢

t he base oil i rref erabl y..a di spersant pour point depressant . and/or a

di s per s SHEOAY BGRTE g TRy e shiess GePPispR aieh S OB PHNEIdPHEd gear o |
is esseﬂiiajh¥ devoi d of carboxylic-type ashless dispersants (e.g.,

succi ni cAPLFAPERYS- and Manni ch base di spersants, thus realizing a
cost saving over conventional gear oils which are used as transm ssion and
axl e | ubri caHtSs Pateptdie. 563941484 disclosnsyfinnatingal dupd qogtpesitipns\gampss@edfide| osed as
agents that inprove the Prqpeyties of the gear oil and allow for the

oni ssi omaior agewteh e o af lubifiegting yissesity, and a migosamat ab(iB- Nt legsioonpg salpple

di scl oses gear oils and gear oil additive concentrates of enhanced
positraction performance. The gear oils conprise (i) at |east one

oi | -sol ubl e sul furcontaining extrene pressure or antiwear agent; (ii) at

| east one oil-soluble am ne salt Of&f partial ester of an acid of
phosphorus; and (iii) at |east one dil-sol uble succininide. These
conpositions preferably contain one, nore preferably two, and nost
preferably all three of the follow ng additional conponents: (iv) at |east
one anmne salt of a carboxylic acid; (v) at |east one nitrogencontaining
ashl ess dispersant; and (vi) at |east one trihydrocarbyl esier of a

e e N NN L PNA NN o



SUMVARY OF THE | NVENTI ON The present invention relates to a gear oil having
an i nproved cl eanliness performance conprising: a) a base oil; b) a
"thermal |y stabl e phosphorus-containing anti-wear agent; and c) a netal-free
sul fur-contai ni ng extrene-pressure agent; wherein conponent (b) is present
in an anount sufficient to provide from 100 to 350 ppm phosphorus to the
formul ated gear oil and wherein conponent (c) is present in an anmount -5
sufficient to provide at |east 10,000 ppmsul fur to the formul ated gear oi
and wherein the fornul ated gear oil contains 350 ppm of phosphorus or |ess.
In a preferred enbodi nent, the gear oil according to the invention is

essentially deyoj d. of. ashl ess di spersants, dispersant viscasity. index
i npr over $ETHMY 2 P{%"d’érp?&?‘?fy ofolvid S%b‘i"p S“ﬁ%‘ﬁ?‘é@%‘ﬁ? ne ai?’rf8H{P°f‘H%%é‘Xé 6%n
addi tives, costs sqQciated with the productiop of the . inventive gear oi
are redudisd %&OE%F;{P%%EH@?PWWRWE{{POE‘HW PEPEFHY PREcactienef Pudresprreace of
the gear oils. In addition, the inventjon provides |ow cost gear |ubricants
and gear SYRsHfutehivecigigdridriedyshecag@eurdwith #lepst abauinnsitoHsanivaklerte per ve
service life. The invention also relates to nmethods for reducing the sludge
product i éauiv#ent of aeidipeareinz germpoundxof(an agine contagupbFdeas@etydipgen attached
transm ssion) or axles, the method conprising the placement of a gear oi
accor di nép 2 nittopérsatpmy Breferably, ithe aniee spdtaiof thephespherid avads utihized imithalubfieatingon,
t he present invention discloses a nethod for reducing carbon and varnish
pr oduct i oompesitiongeéithelpoeserinaxtien ark degpvedf{en pimayiaodiespanishe $alidle nimopen-ar e
provi ded which are useful as transm ssion oils for heavy-duty service, or
as axl e ooitsipingrdmassig@ar Calks cdmvdin drbnt ypes of service incl udi ng heavy
duty service. Mreover, this invention makes it possible to provide
so-cal I ed "t ouUss. pat. Noeh 35650 to Srinivasan et al. discloses an all-synthetic gear oil composition

that comprises a base oil and a number of components such as organic sulfur-containing antiwear

and/or extreme pressure agents, an organic phosphorus-containing anti-wear and/or extreme

pressure agent, a copper corrosion inhibitor, a rust inhibitor, a foam inhibitor and an ashless

dispersant such as the Mannich base dispersants or the polyamine succinimides.

U.S. Patent No. 5,492,638 discloses gear oils comprising at least one overbased alkali or

alkaline earth metal carboxylate, sulphonate or sulphurized phenate having a TBN of at least 200

in a gear oil which comprises an oil of lubricating viscosity at least 80% by volume of which is

mineral oil, synthetic ester oil or a mixture thereof; Mannich base ashless dispersant; metal-free,

sulphur-containing antiwear and/or extreme pressure agent; and metal-free, phosphorus-

containing and nitrogen-containing antiwear and/or extreme pressure agent. The resultant gear

oils exhibit excellent performance when used in synchromesh-based transmissions.

U.S. Patent No. 5,691,283 discloses lubricant formulations for use in a motor vehicle,
especially a heavy duty motor vehicle, having a transmission equipped with at least one cone-

type synchronizer and an axle or differential gearing, the same lubricant is used for both such

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



| ubri cants whereby the sane |ubricant conposition can be used for the
operation of both the transm ssion and the axle or differential gearing
‘'system Additionally, the invention enables the achi evenent of the
foregoi ng advantages with lubricants which are free of netal -contai ning
additive conponents in that the lubricants may contain as the only

net al - contai ning additive conponents) thereof, a friction-nodifying anpunt
of one or nore alkali or alkaline earth nmetal containing additive
conponents wherein the total concentration of such nmetals) in the finished
gear oil is kept very low That is, the total concentration of such netals)
in the finished gear oil -s is at a maxi mum anmount of about 25 ppm_Wen
r ef er ri n§ompriges daggealcopfajningsat fgast{y) Mannigh hapeeshlestdisnersan fdlangpl-fikss on and
phosphorous are not considered netals. Further, the invention allows for

t he oni sshlphuroniin ey wsasINE(s SHFYNGRICHETC 228, @ispeinkiaen Phespbessty i ndex

i nprovers and di spersant pour point depressants. In an additional

enmbodi nerentaining agd aitrogen-condaininl antivwees ard/on dxtrepe presswre agentand Gr evedbagedee of
boron-contai ni ng additi ves. DETAI LED DESCRI PTI ON OF THE PREFERRED

EVBODI MVERIkSi Asalkalod cheth micta) carbexylate, swiphgndteon avlplnkrized pbe¢nateumming adkBN of at
"hydrocarbyl group” is used in its ordinary sense, which is well-known to
t hose skidabtdd5i Thetlhbriant confgpaai fostaiflayy, 100 ppmfofnetd as enegrronge hewilng a
carbon atomdirectly attached to the remainder of the nol ecul e and having
pr edom nashtaiMingyddigeacdmponeiaomet than (ixanpl es of hydrocar byl groups

i nclude: (1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or
al kenyl ), al i DY IPaen(190.5,7633¥¢ iRalokasla, cleay gadoksnnyde) geatdiflitivieaiplyingan d
aromatic-, aliphatic-, and alicyclic-substituted aromati c substituents, as

vel |l as syehiffee 2516k disparoin, AdEhLicrdefd b iph&phérus ipdee MR pdHiasHy, afaot her
portion of the nolecule (e.g., two substituents together forman alicyclic

radi cal ) prefefed DR frdeUsREssGLRER DL Byt Hpt b Himide I THE addhtiveRpbliliiEnt S
cont ai ni ng non-hydrocarbon groups which, in the context of this invention,

do not alef blfellilfedl%&iﬁﬂag@tlﬁﬁ!%!as)é Jﬂ%@&ﬁ@&hd@hﬁﬁﬁ%ﬂ% 1(eﬁuﬁlcmfl:<d? fthout

(especially chloro an uoro), hydroxy, alkoxy, nercapto, alkylnercapto,

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 o1l 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 cSt. 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.



vitro, nitroso, and sulfoxy); (3) hetero substituents, that is,
substituents which, while having a predom nantly hydrocarbon character, in
"the context of this invention, contain other than carbon in a ring or chain
ot herwi se conposed of carbon atons. Heteroatons include sulfur, oxygen
nitrogen, and enconpass substituents as pyridyl, furyl, thienyl and

i m dazol yl . In general, no nore than two, preferably no nore than one,
non- hydrocar bon substituent will be present for every ten carbon atons in

t he hydrocarbyl group; typically, there will be no non hydrocarbon
substituents in the hydrocarbyl group. As used herein, the term "percent by
wei ght", unless, expressly stated otherw se, ans_t he percentage the
recited conpoH@nPatF’ég?(bée()ﬁ?§7{‘ glsflﬂiﬁs\ﬁé?@‘rl? apd eqapell adiitiveroperpyas of on. The
present invention is directed tq providing a.clean performng |ubricant
usef ul aghgpced wegHaGtiop PetipeRs JoF 8rergdla Fompysesi gt l5sat ang %F?lg@ﬁﬁqlfurne term
"clean performng gear oil", as used herein, neans that when the inventive
gear oi | YoniiRing BN NressygOr poteral ageabi(ii] af|lesst ensfollrsebiyleramning saf mpartial
5704-98), gears at the end of the test are.accePtab[y cl ean according to
speci f i eebtaraf pmarigpbrhodphoses; prst (it lngpt ong gilrsplihlegneringmid¢g d hegracompgbitignst o
the present invention, the finished gear oils may have different primary

vi scosi t prefprabifeconidin orre, snoee pmftrabiyt @, byd nhs prefsraliy ! tleepefithe following
viscosity of 150,000 cP according to ASTM D 2983 as defined in SAE J306

Aut onot i additismal coarnpdnduid I(ivE atritastorecosing yal(dfassibbkdatacol (v) Bakest Ghe sitrogen-
Typically, the gear oils wll contain fromabout 80 to about 98 percent by
wei ght odonbisigg ashless diggerg@g rand (Vi patiléaswvdricatihjdiecatbyhisds iof h pastawient hdid of
invention are enpl oyed can be based on natural or synthetic oils, or blends
t her eof , phesghorgbed the | ubricant has a suitable viscosity for use in gear

oil applications. Thus, the base oils will nonnally have a viscosity in the

range of SAE w0 GWOISB_Ed%aQses&ﬂﬁdeaﬁ@% Eshisitidn \bihpridim WiRajor b @RS HOM bO SAE
140. Suitable autonotive gear oils also include cross-grades such as

75W 140, lu&@éﬁiggvis&%\% Bﬂ@éAWo?@ihyﬁﬂﬂa%?ﬁpﬂogﬁﬁte, (B) at least 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



g_ Basestocks suitable for use in the present invention may be made
using a variety of different processes including but not limted to
"distillation, solvent refining, hydrogen processing, oligonerisation,
esterification, and re-refining. APl 1509 "Engine G| Licensing and
Certification System Fourteenth Edition, Decenber 1996 states that all
basestocks are divided into five general categories: Goup | contain |ess
t han 90% saturates and/or greater than 0.03% sul fur and have a viscosity
i ndex greater than or equal to 80 and |less than 120; Goup Il contain
greater than or equal to 90% saturates and | ess than or equal to 0.03%

sul fur and_have a VI ex _greater an or u 0 | ess t han
1 20; G ofipfiFEept t&é’ﬁqv jﬁaéétodb tARE? %’dh%r B'a'gé%qasr ]li’f’gt“g@re&h €l ess than
or equal .to 0.03% sulfur and have a vi cosn}/ i ndex greater than or equal
to 120: &Bwtdeearel Wt?%ﬁ%fﬂ%‘h% ¢&hd Group V include all other

basest ocks not included in G ou , III or |V. The test nethods used in
defining the HbResieed apbodmenia memtﬁrccrréwgé%@aﬁ%égon IASTRIDY Fgveidof

viscosity index; and one of ASTM D2622, 4294, 4927 and 3120 for sul fur.
G oup | Vvashlese dispaRats, Hisgersagb Vigeasph a&eéfmqurm@)dwmtsmd@%ww&@ma@tﬁ
ol i goners of an al pha-olefin, the nost inportant methods of oligonerisation
bei ng fr &&thoxtithessl comm’e%lééls'es zostgasseciated witly Sieprodaptiproafithomientive gear oil
Friedel -Crafts catal ysis. The pol yal phaol efins typically have viscosities
in the rargedwtd and wrrhghSvithaut $86ifiCing pheefl@ngiotfgrmhnt ofBhe Star atls.| 00 C. They
may, for exanple, be oligorners of branched or straight chain al pha-ol efins
havi ng from 2t aditoncthe bomntidngneyidesdewichst geantaetnizhas alikbgdag lubakanp nddignes,
pol yi sobut enes, poly-I-butenes, poly-1-hexenes, poly-1-octenes and
pol y- | - dpavkages tha ptavitiegrelpsgdd@fifepibleysaivice life. Mlteripadnyio®also pldes o xietticels for- 9

reducing the sludge production in a lubricated gear box (1.e., an automotive manual transmission)

or axles, the method comprising the 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 vamish 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



Regar di ng the bal ance of the basestock referred to above, a "G oup |
basest ock™ al so includes a G oup | basestock with which basestock(s) from
"one or nore other groups is or are adm xed, provided that the resulting
adm xture has characteristics falling within those specified above for
G oup | basestocks. Preferred basestocks include G oup | basestocks and
m xtures of Goup Il basestocks wlh Goup 1 bright stock. 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, demulsifiers,
copper corrosion inhibitors, antioxidants, pour point depressants, rust
i nhi bi t oﬁ%ataﬁemmwetamﬁmrﬁfdmtééspp"hweséefﬁrif@gé?ﬁ%e BRAToplens b pstal fige, thear
additive concentrate. The weight ratios of conmponents (b) and (c) in the
addi ti ve PeserceRf beroa endphasphagoysayeneticopsidired mefals gurthey dhesiniention glews for
provide 100 to 3SO ppm phosphorus and at |east 10,000 ppm sulfur to the
f or mul at &t ayeiasiondl ashfassrdispisrsants avwell andisperenigsegsitit infexsimpeevsnnanddispedagtage
in oleaginous liquid. The gear oils and gear oil additive concentrates of
thi s i nventr pomtdapressents.almanagditions] eotbodiment theegeni @hfokmuldtons oféle presepir t ake
of their attendant functions. These include, for exanple, the foll ow ng
mat er i al snveddmoaenées ofhirdrabdmeaihiog addigvésn t he present invention include
silicone oils of suitable viscosity, glycerol nonostearate, polyglycol
pal mtate, trial kyl nonothi ophosphates, esters of sulfonated ricinoleic
aci d, benzoyl acetone, nethyl salicylate, glycerol nonool eate, glycerol
di ol eat e DBTAIPBDYBESORIPITEON G THREMREFERREIMEMBGDIMENTSI oyed at
concentrations of up to about 1 %in the additive concentrate. - 10

As used herein, the term "hydrocarby! 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.



Typi cal additives which may be enployed as denulsifiers in gear oils

i ncl ude al kyl benzene sul fonates, pol yethyl ene oxi des, pol ypropyl ene

oxi des, esters of oil soluble acids and the Iike. Such additives are
general ly enpl oyed at concentrations of up to about 3% in the additive
concentrate. Copper corrosion inhibitors include as thiazoles, triazoles
and t hi adi azol es. Exanpl es i nclude benzotriazole, tolyltriazole,
octyltriazole, decyltriazole, dodecyltriazole, 2mercaptobenzothiazole.

2. 5-di mercapto-1, 3. 4-thi adi azol e,

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

2- mer capt o- S- hydrocar byl di t hi o-1, 3, 4- thladlazoles

2, 5-bi s( Hp BewEaly BR/IOOFS té)n tyogp@fqﬁ@%p%g@ree@an one, non-hydrocarbon substituent will be
and2 5- bi s- (hydrocarbyl di thio)-1, 3, 4-thi adi azol es. _ The preferred conpounds
are the Procufphevgey §h ehrben at@g@gﬂhaﬂxy@ogqqul group; typically, there will be no non-

2- hydrocar byl di t hi o-5-nercapto-1, 3, 4-di t hi adi azol es and the

2, 5- bi s( hydroserhemsubdiimpite)n the Bydrogasb@rapol es, a nunber of which are
avallable as articles of comrerce. O her SU|tabIe i nhi bitors of copper
corrosi on i nclAsdeedhdnein, thetenms perpoit e eishy/), anless eapreprdystatsd sthetwises means

et hoxyl ated am nes, ethoxyl ated phenols, and et hoxyl ated al cohol s;

i m dazol ithgsercennge theaediicd @omBereent fepresentatupheweightSf tiRadnting cdigwsitisan663, 561
and 4,097,387. Concentrations of up to about 3% in the concentrate are
typi cal . Pref ghe gebsend ppefiticiok diasdahtoipidiiding @ clean pafouthngdabdi@asusdfimhkar

t hi adi azol es. One exanple of a comercially avail abl e ashl ess di al kyl

t hi adi azab@niosivt trhishiésichdedr 6i5HdREAOIAbIdhAL. The eim "aMai pafir@idgr gear &ii"hyd
Corporation. Dialkyl thiadiazoles suitable for the practice of the instant

i nvent i ORse Rr&h, thé¥ds BRANRHAI tht Hveliive gebl disRécteSied mStie EH0 Rest (IR Biehel 1S
a hydrocar byl substi t uent having from6 to 18 carbon atons; is a

hydr ocar lyhs 4Pt tsmés)hééélrm tﬁera,mo@ tﬁeQesl§re%ééf>@dﬁl}a(§19ﬁ5acc@mﬂngﬁ@¥pegﬁeﬁ he
sane as or different fromR Preferably, R "and RZ are about 9-

car bon aygn@én&ggmgp&gcg%gﬁq&ﬂghMmgghﬁgg RZ are each 9 carbon atons.

M xtures of dial kyl thiadiazoles of formula (1) w th nonoal kyl thiadiazol es

may al S0 be uSEdhfnbiid the B RINEGH, thd niBHed3ER oilk AT B LR frersHO RO al kY]

t hi adi azol es occur er su stltuent ts that

may be e m)un?%rdd? s G5Rh apé bdxcg)(re@yéll i t hﬁ?édf&‘?at@@?&%&%ﬁf%‘d%é c?nd

am nes. up to about concentrate are generally
suffici eQ&cOrcﬂg %b bHENS cféhnécﬁﬁ ﬂl@ﬁ%@%m Sk 'c% %YLdb%%H%sc%?y or
nore anti - oxl or exanpl e, one or nore phenolic antioxidants
hlnderedcmﬂgﬁ§go ant|OX|dants additional sulfurized olefins, aromatic
am ne anti Oxl ‘ secondary aronatic am ne anti oxi dants, sulfurized
phenol i ¢ antioxi dants, oil-sol uble copper conpounds and m xtures thereof.
Sui t abl e exenpl ary conpounds i nclude include 2,6-di-tert-butyl phenol,

l'iquid s of tertiary butyl ated phenol s,
2, 6- dl-?@?iq%@iy| 4- nethylphenol 4,4 - nethylenebls(z 6-di-tert
Prgt KLPQE}QOL?, i aﬁ%;aalla% % ebl @%wt@ntfp(%n abou EJ to atl))out)él8%gl%gnt lgy welgﬁ(t o(ilbase

4, 4" -t hi ohi s 2- net hyl - ent butylph ).
pheny| engg B ol in a4 awrogmoms'an %/wvawpﬂere eawpﬁwg aé‘d"*d’ﬁi’fﬁ@ﬂf}?%tﬁf ne
and phenyl - napht hyl am ne. In class of am ne anti oxi dants,

oi | - Sol BN FPheRRHS: & %@@6%@9& P&M‘h@ the Igbrisapithpga 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.



secondary nonoam nes; and others are suitable. Suitable aromatic secondary
nonoam nes i ncl ude di phenyl am ne, al kyl di phenylam nes containing 1 to 2
“al kyl substituents each having up to about 16 carbon atons,

phenyl - a- napht hyl am ne, al kyl - or aral kyl substituted phenyl-a napht hyl am ne
contai ning one or two al kyl or aral kyl groups each having up to about 16
carbon atons, al kyl- or aral kyl -substituted phenyl -a-napht hyl am ne

contai ning one or tw al kyl or -12 aral kyl groups each having up to about
16 carbon atons, al kyl ated p-phenyl ene di am nes avail abl e from Goodyear
under the tradenane "Wngstay 100" and from Uniroyal, and simlar
conpounds. In the class of phenolic antioxidants, suitable conpounds

i ncl ude ort hoBaiekiytlai sailaljb) &naké m thopiegmnSent®ngnaybetngade uliug yivpti@nof ,
2,6-di-tertbutyl phenol, 4-methyl-2.6-ditertbutyl phenol,

2, 4, 6- t 1 idiffepdrit Proicydsphiatioling dachot fifited $o dinilaggs, saventheiihg B$d@gerd1i Xt ur es
thereof; one or nore partially sulfurized phenolic conpounds as descri bed
in US PapgitssteDAoaRbisationgesttirgichtisin bl @frefikihg hAPIS] 500 CBhgIAE Bllddodisihgnd by
reference; nethyl ene-bridged al kyl phenols as described in U S. Pat. No.

3, 211, 65Z¢rifieaiish SleasUroartedntRii€ibn,i BeckMb&r1996 athesthhedIEbRedn)cks i AASE -
Antioxi dants may be optionally included in the fully fornulated fi nal
|nventlvgn$ﬁbgg&ﬁﬁﬂ@ge$pﬁposition at from about 0.00 to about 5.00 weight
percent, nore preferably fromabout 0.01 weight %to about 1.00 weight %

Rust i nhi bi't 0f5, W chg%%ﬁ%&%dn@@ﬁsa‘ﬁﬁ@t@s d{ﬂ/&r@?ea&rr Ahlods (ﬁ;ulfup gnd)ﬂa?é ant

i nventi on. Th|s e a S|ng e conpound or "a m xture conpounds havi ng

the prongiLyg cgg;ag}eg{eu o QPR Wbl RhhGys, MLl surfaces. Such

materi al s |nc e nonocar boxyl'i'c aci ds such as 2ethy|hexan0|c
acid, lauric aci d’I g@ﬁt' St' Qﬁlagbr lamothp Qes a(l)l gtha Iori: u Od&j’; aci d,
l'inol enic acid,’ Be ne 8ci &erotl ¢ ac ﬁ¥ : P

ol ycar boxyl i CIdS i nc h as are produced
From tal PO Pd B viges m%ff*%f%ﬂ*%% °f|eﬁ%%|‘€?‘£mad§ S&ﬁha&sﬁﬁhe 'ike. O her

sui table corr asio i nhibitors jnclude.al Lsucci nj ids in which the
al kenyl group E%’ﬂ?glcﬂ’éta'i’(?r%‘?er a}neorggy%g)%g()?(fgﬂgragea% ]§§S tﬁ?’b?r e@%%{ﬁ‘ﬂ)f@gﬁ’

t et rapropepyl succini ¢ acid, .tetradecen c acid, hexadecenyl succinic
aci d, anﬂﬁg‘\‘ué’“ﬁ%éaﬂ‘%ﬂﬁb’dﬂﬁ‘?xr\gr%ﬁ‘ﬁﬁga"o%@@‘é%l‘b %oxylic acids in the

mol ecul ar MBI% range of 600 to 3000; and other simlar materials. -13
Products of t foé‘ptlvﬁé" prlealehgeleEns {Py‘*%a?q abl e from various commerci al
sources, such as, for exanple, the dimer and triner acids sold under the
HYSTRENE t r ad€rpapR’ Bgludpal I biiepsesistes Batiingpdslan GFPuH. \WHED (¥heni cal

Cor poratjon and under the EMPOL trademark by Enery Chem cal s. Anot her

usef ul tVﬂf’e‘eﬁffm%'&‘?ddl"éeac'ﬂtdff’@é’%ﬂlel*HY%rPﬂﬂs?’%AéTMFéZ(W&IfW S@E{’@Fss' ASIM) kenyl
succinic_acids having 8 to 24 carbon atons in the group with

al cohol sD%%ﬂ&]waSwéy H¥exgnd oae ef A%Mele?ﬁ&m 129&@%2@@9%31 fsylRi bitors for
use in the present invention include the rlnar and secondary am ne
conmpounds t augtenp h¥ basegtogks, tﬁ@owﬁm@lﬁﬁﬁt(gé@m‘: udp dydrgpenater oligpmers ohaR i c
acid ester as well as mxtures of said amnes with other rust inhibitors
descri bedlpkidolehn, tiyanstampentant methells olgflicamphtstiph beipg freciadicelnresesses, Zisgler as
t he phosphorus-containing anti wear agent of the present invention, it may
not be netdysineyd cationddFacidl-Crafisabtalysisne- cont ai ning rust inhibitors to the
gear oil fornulation. In a preferred enbodi nent, the prinmary and secondary
amines w || cOrtpolyaigheolkfimntygidaliyohdve Sispesitieniitt the gage PO tcal 00aiSe htt YORSCght
basis) to the fornul ated gear oil, whether they are classified as a rust

i nhi bi t oprefepsbiyt 4 of § t¢Srat d0( IC. Villey nsaysfoe examiplg be olipomat dbfrandhed ot firaighti cti on
nodi fiers may al so be included to provide, for exanple, limted slip

per f or nedhain apid-@efRMaeRe Hos 2 foald dacbonRednis) Epeaitic @xamples banppalypropenss,0f t he
present invention may optionally contain one or nore friction nodifiers.

These t yRilfisdbuentd) ?bljdleb\&éhi‘éé PR AREHRs, D1yt Pbét¥ned Ahd fly ALde@bmO Kichdle@ dref at ty

amnes, aliphatic fatty acid amdes, ethoxylated aliphatic ether am nes,

al i phat | Konfopoymeyd, fifte 51yg§,s ﬁhy,gg{uggs esters, aliphatic carboxylic

ester-am des and fatty imdazolines, fatty tertiary am nes, wherein the

al i phatic group usually contains above about eight carbon atons so as to
render the conpound suitably oil soluble. Also suitable are aliphatic
substituted succinimdes fornmed by reacting one or nore aliphatic succinic
aci ds or anhydrides with amoni a or -&-her primary anmines. -14 -



The additive concentrates of this invention preferably contain a suitable
di luent, nost preferably an ol eagi nous diluent of suitable viscosity. Such
" diluent can be derived fromnatural or synthetic sources. Anong the m neral
(hydrocarbonaceous) oils are parafFn base, naphi henic base, asphaltic base
and m xed base oils. Typical synthetic base oils include polyolefin oils
(especially hydrogenated a-ol efin oligoners), alkylated aromatic, )

pol yal kyl ene oxi des, aromatic ethers, and carboxylate esters (especially
diester oils), anong others. Blends of natural and synthetic oils can al so
be used. The preferred diluents are the |ight hydrocarbon base oils, both

natural or synthetic. CGenerally the diluent oil wll have a viscosity in
t he range of Rigarliag B tmbint¢ of th&k bssestdckdi@fErred ro abope, af 'Growpd tewdstatkirelkd , t he
inventive gear oil is essentially devoid of conventional, ashl~ess

di sper sandhsdes H Grows] Kagdstak YithowliiyioBasagsukes Srofh hia®f Sdid StherlRoujsGhobas e
di spersants and the post-treated dispersants of these types as well as

di sper safhiét SFOGHdMhht IR eshlTRE SUEikfareRd cHhsRedsHaNal IRUTItHIR tHoke fRpIRASaNt s.
The ashl ess dispersants that can be elimnated fromthe gear oil of this

i nvent i @Royelt6t GFRp T BEsePObRsaM ne succi ni mdes, the al kenyl succinic acid
esters and diesters of al cohols containing 1-20 carbon atons and 1-6

hydroxyl gr opRere@bk@XBLksSHAGIUouSPbRERRIS SR Mkt Srapdl MRRAbAR with
di spersants. Phosphorus-contai ning Anti-War agents Conponent (b) conprises

one or LS tehi®lky stable phosphorus containing anti-wear agents.
Sui t abl e phosphorus-contai ning anti-wear agents include oil-soluble am ne

R e s
LB OSSR kB SO oo
UERE LT L IR R, N Rt N——
(he | ubrhceong conpesiion, The phosnlor! 961 dcsl2na. dsetul, L0, prepari
Formul aadditive concentrate.
The weight ratios of components (b) and (c) in the additive concentrates of this invention
will be at levels sufficient to provide 100 to 350 ppm phosphorus and at least 10,000 ppm sulfur to
the formulated gear oil when the concentrate is used at its recommended dosage in oleaginous
liquid.
The gear oils and gear oil additive concentrates of this invention can contain various other
conventional additives to partake of their attendant functions. These include, for example, the
following materials:
Defoamers suitable for use in the present invention include silicone oils of suitable viscosity,
glycerol monostearate, polyglycol palmitate, trialkyl monothiophosphates, esters of sulfonated
ricinoleic acid, benzoylacetone, methyl salicylate, glycerol monooleate, glycerol dioleate and

polyacrylates. Defoamers are generally employed at concentrations of up to about 1% in the

additive concentrate.
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1 Ro~P(x)x RZ O (lI) wherein R is hydrogen or a hydrocarbyl group, R2 is a
hydr ocar byl group, and both X groups are either Oor S. A preferred nethod
‘of preparing conmpositions containing (I) conprises reacting at |east one
hydr oxy conmpound of the fornula ROH with a phosphorus conpound of the
formul a P2X5 wherein Ris a hydrocarbyl group and Xis Oor S_ The

phosphor us-cont ai ni ng conpositions obtained in this nmanner are m xtures of
phosphorus conmpounds, and are generally m xtures of nono- and

di hydr ocar byl - substituted phosphoric and/or dithi ophosphoric acids
dependi ng on a choice of phosphorus reactant (i.e., P205 or P2S5). The

hydr oxy conmpound used _in the preparation of the phosphoric acid esters of
this inventi odYeifd addiivescrighimaydesypiayed polemyistierop eam oeingluge plkybbenzene
hydr ocar byl group. The hydroxy conpound reacted with the phosphorus
conpound swipaied pplyridulepe onidas polypairylepelewdss. estarpd e geluble a@lﬁ&aﬁcﬁhﬁhk@ SRehy
wherein the hydrocarbyl group R contains fromabout 1 to 30 carbon atons.

It i s needdiivasyre depsreNyeamployediat ¢caneentmitions ofup to absut Bein shelmsiditive carteptits phor i ¢
acid ester ultimately prepared is soluble in the lubricating conpositions
of the presentCopmeyermtdson inhilstveriatihge astthiezdiesytroagesmndl thisdintales Eagmpleast 2
carbon atons, typically 3 to 30 carbon atons. -16 The R group may be

al i phat i inchrdedexavaiazoleswubiriamialoktyltriaztey Hycyhlikaley dodeayladideple, 2nd al i cyclic
hydr ocar bon groups. Exanpl es of useful hydroxy conpounds of the forrr~ula
RON i ncl wibgsptobaizothiazolel 25-dadhérydpt@ll Sohimhliadiazsle; prmepyipto-hjalibsakbyddhiwhg)d. anyl
al cohol , hexyl al cohol, 2ethyl-hexyl alcohol, nonyl alcohol, dodecyl

al cohol , tsidiadols, Bimerapib.5-ilydcaftyRiidlo-1,8attiadiphRe0d 5-vighydrogieythe)- B4 -hy |
cycl ohexanol , al kyl ated naphthol, etc. The preferred al cohols, ROH are

al i phat i éiai&ehe] Sd2BDi0yBroRAbYIdRMbRY BY-thREiaBREY T pirfatedGorfps @R Iafe the
containing at |east about 4 carbon atons. Accordingly, exanples of the

pr ef er r eq snmAYELIES eFleeRNP R G ngmim@s-%?a‘awo-1,_1;1,4Idlﬁﬁiaara§§1@mnd gyention
i nclude, anyl alcohol, | -octanol, 1-decanol, 1-dodecanol, 1-tetradecanol,

1- hexadegangl hydroQehABRANAS 4-10hENI01@! £ANRMer of WARK 8 av@I AROA aribib o eny!
al cohol , phytol, nyricyl "alcohol, lauryl alcohol, nyristyl alcohol, cetyl

al cohol , sh&gfy! ofkcelie AR BRNERY) pef & PR inFRITBRE bined] G hckylated

(including mxtures) are contenpl ated herein, and these co rcial al cohols

may  COMPELsfouitifQlch 3904 Iy'?ax&f %rﬁi'n&‘?ﬁﬁ’xl)?ylé&@& gltfbno@! ARy ARl FRFG6IS! | €d
herein, do not detract om the maj or purposes of this invention. The nol ar
ti fet . P idy th
ratl o, of A XY AIPUDd R, PROSNANS, SRS TANIIROR 1. (e
preferr eeoﬁc%mrgholﬁgb% (%:a% ut-gb/oainr ﬁg&;x{cgrnra@Me pygn'c%Lf Fr%}"e%d%é&y Xorp&lsioi;qI X1 ng
P & ch as tenp at

the two reactants at "an el evated tenperature “su ures above

about 50 hyb . r r h G t t he
Gesi red PRl ERERARLN o BIRET B BYoHnntrORE SPRLER B 02
and is ften bel 0C. . The, react i ried.out in the
pr esencggl %ﬁ(ygthgagfa\%@ﬁES%WQ??WS&{“@@% g?rrp%vragfqﬂ%}é@gbﬁ{l ?91 (a)(leorg?]raﬁ%l’xi ng of

t he reactants.. The sal vent e any inert. fluid, substance i.p which either
one or hon rRbYLATEE siRliste B brapfiE o et FLERGFHIGF ot hedlhcta 7

sol vents ing#pde benzene, tol uene, xylene, n-hexane, cycl ohexane, naphtha,
di et hyl carbitol, dibutyl ether dioxane, chlorobenzene, nitrobenzene,
carbon tetrachl oride or chl orofgprm e product of the above reaction is
acidic, but its chem cal constijutionyis not precisely known. Evidence

i ndi cates, however, that the pg®bduct £§ a mxture of acidic phosphates
consi sting predonm nant 238_Qf_ WGW an _dlsgﬁters of phosphoric acid (or
t hi o- or dithiophosphorit aé(b, the ester group being derived fromthe

al cohol ROH. The amine salts of the present invention can be prepared by

reaction of the above 5
wherein R" 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 -



descri bed phosphoric acid esters such as represented by Formula | with at

| east one am no conpound which may be a primary or secondary. Preferably
the am nes which are reacted with the substituted phosphoric acids to form
the amne salts are primary hydrocarbyl am nes having the general formula
R NHZ wherein R is a hydrocarbyl group containing up to about 150 carbon
atons and will nore often be an aliphatic hydrocarbyl group containing from
about 4 to about 30 carbon atons. In one preferred enbodi nent, the

hydr ocar byl am nes which are useful in preparing the amne salts of the
present invention are primary hydrocarbyl am nes containing fromabout 4 to
about 30 carbon atons,in the hydrocarbyl group, and noreg prefzerableg/ from
about 8 FrefesabbuyR 20d Rapisghowydolikcarhpniatans ot wed mssferably dusmd Rnarapgh 8car byl
group may be saturated or unsaturated. Representative exanples of primary
sat ur at edrlzomiatess.ar e t hose known as aliphatic primary fatty am nes and
comercially known as "Arneen" prinmary am nes (products available from Akzo
Nobel Chemni caMixturéhdfclialioyl thiadiadolesf forowia (awitlymandatied thiadihaedes redyialdo e nes
such as nhexyl am ne, n-octyl am ne, n-decyl am ne, n-dodecyl am ne,

n-t et r adeed withinrtbe scopeof thd peyéniriveatjom -Svelk avec glkzhthiadiazoleetcadwbsesd thiene
(stearyl amne), etc. These Arneen -18 primary am nes are available in
bot h di sdubstitecht Rhdr REGANI cal grades. Wiile the distilled grade will provide
a purer reaction product, the desirable am des and imdes will fornn in
reactions w tAntioRRlamgiHEmha9be baphpedal ge@r diformiiatansdndlidehendiccoffipsastist at t y
am nes such as Akzo's Arneen-C, Arneen-O, Arneen-QOL, Arneen-T, Arneen-HT,

Ar Meen- Sind ghins MRSKbuRR-of bp GRSy, iR iRcehdcatae aRAZh&RIN suffiienamheie sal ts of
t he conposition of this invention are those derived fromtertiary-aliphatic

pri mary Qpasisionedtithidpraden! Boahion R lindudedind QP ndtOAiRi-dxiddnbie fidlekdthple syep.  For
the nost part, they are derived fromal kyl am nes having a total of |ess

than abqyjty, 30 phAoRO MRk iXEts Mnddd& Pekidtic HKiBKRant M@ bYal biGurlL8 bieAhyY, _
al i phatic prlgrary am nes are nonoam nes represented by the fornmula ~ H3 |

-~2 CH3 whered Jggc Lrﬁioﬁid}a}ﬁgfs‘ggﬂd%ﬁrl ar G AL G A0 RIoR] diks | SRS KEGIRDOUL 30

car bon at ons. amnes are 1l l'ustrated by tertiary-butyl "am ne,

T Bt PTG oy Db b s hexane, Ler) af - oot
o, 11 Sl AR Lo ok 081k 10 ABEUSHAESY Bl PRt 2 o
Tt o SRR LR Aoy YRS O IR RCR B8R User ]
type ar ¢l aERe dﬁ_'l,,g;hyv,\@riﬁéﬁﬁﬁﬁﬁyI\I.T\}].;éef:rﬁi;‘?g%{éenglﬁmﬁalixg‘ra%ng‘tuﬁ{léxle?t{r}’dgé‘igfé'_ 2o

primary a Fi’me ure o

tertiar I ri \ i n 0 a vai | abl.e.from Roghm and Haas
Corrpanyglp.(’iﬂyf'ﬁé’h Plgef’? Eg‘%'tg{z)k?&?‘ﬁ'(f?‘*g%eréﬁﬁuﬁgge"g dkeN 'Sec'gr%?'%ds for their
reparation are well known to .those of ardipa ilJl in.the . art and,

P her et ormbemdediaina  Sunegy i dhghin g sses I edpisny blise SR frar y

am ne useful for the purposes of this invention and nethods for their

pr epar atipbgdmigescribed in U S. Pat. No. 2,945,749 which is hereby
incorporated by reference for its teaching in this regard, Primary am nes

i n whi ch t he Imhdrchicarinmmine priopidepiepril-sdubleprematic secandagy ypes;Gremdtiso ar e
quite useful. Thus, the R and R' groups may contain one or nore olefinic
unsat ur stfopdar epmeainings;@nd pthers| asmgtitablof Suitable @raatic secondaryynaneaminee t han one
doubl e bond per I 0 carbon atons. Representative am nes are dodecenyl am ne,
myri st olispiderdiptenyleoming albyleliplenylamines centhinmi 1o Aratkyl substi@wynta machdiaviBguh
unsaturated am nes al so are avail abl e under the Arneen tradenane. Secondary
am nes iteabdnte6 chirbdkatbasiphesyl hanaphehylaming falkiyher abatkydsubbtktyted ghenype- i ncl udi ng
such commercial fatty secondary am nes as Arneen-2C and Arneen-2HT, and

al so m xgaghtRylahinelcamhings o oF ﬁ;vd%lk%l%r araligt Eﬁbuﬁmaﬂﬁ havifg B tdd@pubEs @rboavwer

al kyl group (1-9 carbon atons) such as nmethyl, ethyl, n-propyl, i-propyl,
butyl, , R : I I - : - i or

pol ar s%ogl%sf ztiltijgélntg;rs z%l Q%F@?/fea P g%ﬁ’s’ ll)%i %gg?pﬁg{rﬁl ﬂ%“%‘?ﬁ%?@rﬁ%?‘tﬁw‘? hal o,
sul foxi de, sulfone) such that the essentially hydrocarbon character of the
radical is not destroyed. The fatty pol yam ne di am nes include nono-or

di al kyl, symmetrical or asymmetrical_ ethyl ene diam nes, propane di am nes (
1,2, or 1,3), and pol yani ne anal ogs !8f- the above. Suitable commercial fatty
pol yam nes are avail abl e under the Duoneen tradenane from Akzo Nobel .

Sui t abl e pol yam nes i nclude Duoneen C (N-coco- 1, 3-di anm nopropane), Duoneen
S (N-soyaal kyl trinethyl enedi am ne), Duoneen T

(N-tall ow 1, 3-di am nopropane), or Duoneen OL (N-ol eyl 1, 3-di am nopropane).



The oil -soluble am ne salts nmay be prepared by m xi ng the above-descri bed
phosphoric acid esters with the above-descri bed am nes at roomtenperature
or above. Generally, mxing at roomtenperature for a period of fromup to
about one hour is sufficient. The amount of amine reacted with the
phosphoric acid ester to formthe salts of the invention is at |east about
one equival ent weight of the am ne (based on nitrogen) per equival ent of
phosphoric acid, and the ratio of equivalents generally is about one.

Met hods for the preparation of such amne salts are well known and reported
inthe literature. See for exanple, U S_Patent Nos. 2,063, 629; 2,224, 695;
2,447,288; 2,616,90S; 3,984, 448; 4,431,SS2; S, 354,484; Pesin_ et al, Zhunal
Gbshchei 2Riyhgroups\arh haying weito agoutd§ caron gtogissaliyiatgd p-Phemderecdiamineser nat i onal
Application Publication No. WO 87/07638. Aternatively, in a preferred
enbodi metailgble from Geodyssr upderrthe tredenpme SWingsiand p0'tand fepm Hneoyshasgliorilac aci d
ester is blended with the above-descri bed am nes when form ng a gear oi
concent redmepasnds.he fornul ated gear oil itself. For exanple, prinmary
hydrocar byl am nes that function as rust inhibitors may be added to a gear
addi ti ve condclarthe ebs of phenaiin amgpxidaetsagiiidble cphpspdo indudeairdioeditydated eadi ng to
the formati on of am ne salts of phosphoric acid esters. Another preferred
t her mal | pheadbéenplnady har 2erclnylphdnioh @, Gditterthvegdphang b Atmétbyl-16di-i n t he
present invention conprises the reaction products of dicycl opentadi ene and
t hi ophosghbuityIphawl,d54,6-aldi-satbusfigieh6id ahd vivesue hinlas adil hymblopesd mikingase

di t hi oat es. Thi ophosphoric acids suitable for use in preparing the

ant i - weagheREE BhS oNAYR pahiRl ehilfHzed plenbRE} ipddiids i describel 6 €8 Pafend S a
hydr ocar byl group having from2 to 30, preferably 3 to 18 carbon atons. In

a pref erg gok 6w adidiRMsure 3 WRMEANS ARSrpBraf PHekiCbPiefdidE ORath Piéhe-BiidEeAs
cont ai ni ng from3 to 18 carbon atons. The di cycl opent adi ene dithi oates nmay

-be prepajiedpkhol¥iaX dBQriliLFNal. OPER1aSI3818 BRdnadidlib R ORNASANR Gkl for a
time and tenhperature sufficient to réeact the ihioacid wth the

di cyl copght;add Jdypical reaction times range from30 mnutes to 6 hours,
althougﬂﬁgd?t% ?gm?eaction conditions can readily be determ ned by one

skilled in t%tﬁ)&{gantmﬁ%%g@fcjn%ﬁ& RERAHGH B} nﬁMQL@ﬁ;ﬁ?&e\ﬁﬂgg%ﬁfﬁEﬁAgona'

post-reaction work up | I ng 'vacuum stri ppi hg and

Sul fur- L0 : ¢
Cnvent s oA PG gl bl AR B TR oo O SRTEpJel P ok W RO B o1

suIfur-qﬂgpﬁbghnﬁmggﬁ&ﬁ@ggg@gssure (EP) agent. Preferably, the

sul fur-containing extrene“pressure agents contain at |east 25 percent by

i ght | f The. f. i,d EP, t ad to the. . obl.will, b
el g SU T Ulp st mﬁ}b gx%g‘{r“lltgpéczﬁla)lflbé US%%gﬁenrﬁrg%Fgﬁ?t’he%{)esenq ugv%ﬁ{lonthifv}nﬂﬂ 16:08 to

sufficient to provide st "10, re prefera
30, 000 ppm sul fur and post, preferabl 2..000 to 25 000, ppm sulfur, in the
Pint shedr Thdld'cimibout G MRSt uRIcE cShBRnts hevingine bibofity SPRRRReR bt of ! & 1E
extrene pressur.e or. antj wear  agent re avai,l abl e f.or use.in the practice
of thi s PG TPYEl S EAS PR A on Ani gL PP BOpasrtorey M 3hds PP Fie | Lded
sul furiz dlaninal ar, vegetaple fats.or E%hs,.&u turLéﬁd nin%{.o” veget abl e
fatty adi hexppgig acid, oyt 36yd, BbYr“tS‘i“é‘l“i’é/) palntitic pqidl, Qlpieaqd lmolsic qepq, Jinelemie ™ o
pent aval ent . aci ds of phosphorus, sulfurized olefins (see for exanple U S
Pat ent N§Y, bheggpoidgesrote %ﬂa ,669@?3 3{1-fe'§?§@&!ycg??>ey§:=3§l§,s 1@?%@, ger and
3,873,545; 4,119,549; 4,119,550; 4,147,640; 4,19l,659; 4,240,958; .
4. 344, gaumeyacidsy sush s argpuodiiced romdalf oil fattyyagide ©lgipiaid, limoleic 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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pol ysul fides (see for exanple U S. Patent Nos. 2,237,625; 2,237,627,
2,527,948; 2,695,316; 3,022,351; 3,308, 166; 3,392,201; 4,564,709; and
British 1.162,334), sulfurized Diels-A der adducts (see for exanple U S
Patent Nos. 3,632,566; 3,498,915; and Re 27,331 ), sulfurized

di cycl opent adi ene (see for exanple U. S. Patent Nos. 3,882,031 and
4,188,297), sulfurized or cosul furized mxtures of fatty acid esters and
nonounsaturated olefin (see for exanple U S. Patent Nos. 4, 149, 982;

4,166, 796; 4,166, 797; 4,32 ,153; 4,481,140), co-sul furized bl ends of
fatty acid, fatty acid ester and a-olefin (see for exanple U S. Patent No.
3,953,347), functjonally-substituted di hydrocarbyl polysulfides (see for
exanpl e Boductpkiardynggre %*,@P%%%"Q‘)ﬂ? fiof) Yrigrteamyaasial SRSkt dhass fand
derivatives thereof (e.gn, acids, esters, imnes. or |actones) (see for
exanpl e, examgle, thgidimer ad rimergigisis sald-underdheEY STRENE teaderosrk by AbsokTisen i on

Publ i cati on No. WO 88/0385%5# epi thi o conpounds (see for exanple, U S.

Pat ent Nehemgica Davisiog pf WitsoiGhemieshEaiparatign ardeunger the EMPAYL; Yredemasgiely Egery
exanple U S. Patent No. 4,248,723), co-sulfurized blends of terpene and
acycl i c Chesficals Another igsful dyperadlacidig crrofion whibitigs areghe Balf asi@y of alkeny!

pol ysulfide ol efin products (see for exanple U S. Patent No. 4, 795, S76).
Pr ef er r edicemicerida having 81024 asbanomponianbe {lkgnybgrevswith alcolmdnswwhns thg or gani ¢
conpounds in which the sulfur-containing species are bound directly to
car bon gpolyglyauby. &Espedidllyrprefénel arihbibisdrafdryuspmahepresd: mvas®ndficladeache agent s
is made by reacting an olefin, such as isobutene, with sulfur. The product,
e.g., Suhfmury asdisdcendant aniae camnpiumdahyhtheteirusitieanipopyrtison biithy lsanef a
typically has a sulfur content of 10 to 55% preferably 30 to 50% by

wei ght . pho¥pHdéic uaidiesttyasofellaisigik pds@if k418 amines WaA biheaiveGnhipisQ daschibes, €. 9.,
i sobutene dinmer or trinmer, may be used to form such agents. Anot her

parti cul ble, Whel &f sfile GAIBSS ;Sli)é}ﬁiéﬁib adid @RESis Ledtab 8le pRbsphehuéTehia nti-
conposed of one or nore conpounds represented by the fornmula: Rb-SX-R

wher e RGy@RdedRt ofthe pfo¥cHt ARRAEHA, it PARURS be nedBssary 18 8ddadaftioniil miinLESfitsihRR! ¥

contains 3 to 18 carbon atons and X is preferably in the range of from2 to

8, and Q&GnibiafSIARL Yedr Bil FulARH AnQf préft Q88 dnilcRimeont 8FPRGHhAY lakd Secol iy
hydr ocar byl groups can be of w dely varying types such ‘as al kyl,

cycl oal kylinesalileBHribuRidm 40k @B%k;ﬁ%litroé@ﬁr((t)ﬂ Aol kbnabivsblild MRfuiskgh as

di-tert-butyl trisulfide, and m xtures conprising di-tert-butyl trisulfide

(e.qg., i E0cl ; irel . j tra-, and
bent asultf o HEEPHRE R ARG HREAR A b ok Blich et ol £ Ly
pol ysul fi 4@ ah@&%f@n t he di anyl pol ysul fides, the dinonyt polysulfides, the
di dodecyl p§1ysu |g%s, and t he di benzyl polysul fides. Although the
conponents a ! i . i : it h
reference to?gx %ﬁ@ Hgﬁ?ﬁ$i§%gkﬁﬁ%$P%&°§%§] g%g%% g@’@%ﬁ%fﬁﬁgﬁﬁ%¥gﬁ? served
by the t t . Jpnt.i ng
finct ontt ARk R Retiltod:. P chpe RO Ao B A RO Sl Y 1D
achi eve contcui io-nf unct ieo ac{iorperé.(%r na ge(ti ..e.”y.bcqtc[% qu'i]&notoiuvg and i ndlljlgt rial
applicatlonsn).e-oﬁﬂmr e g%gr'%FI d%p%%f%ldﬁsuof ena}egéﬁi PmvERTTon are

capabl e of .neeting APl .G.-5 petfornmance r i.rements. The ecification for
G a7] < RO R Ty i AT al L ot SR oHEES ABRIGF SBT TR Dy

M L-L-2105D (A.-5) Lubrjcants (August K 1987) SAE VI SCOS| TY

GRADE7 5&%%8@\%2%}6@&@ - BYPPF gﬁﬁ'i%’ %}Pihﬁféﬁ GagRpx %ﬁfefiameéﬁﬁf‘ fAYc. 1 ncrease
@0 hrs., Mix, %400100100Pent ane I nsol ubl es, %333Tol uene I nsol ubl es,

02 22 CRC ipidazolings, fathh fsitiary araines hewein rakkrhatin srgup psurly copiRing 2495 abotx . o
Rust 000on Coverpl ate, Max.111CRC L-37H gh Speed-Low Torque" G een" = .

Gear s Pagighheashaaatemns shasdo eendgiihsperappund syitablyeil solitbles phlse ptebiorestiphatio Hj gh
Speed- ShockRi ng & Pi ni on Toot hEqual to or NRLoadi ng Axl e Test Scoring, Max.
Ybet t er svb'fahﬂngm@mém“mngm@@émg ene @meIp aliphatie syceingt acids qraphydsidesvax . 333
Notes: NR - Not required, if 80WO0 passes in the sane base stock Lower L-37
and L- 4¥ithegmmdanpertberprigmnpaninesqui red for 75Woi |l s OXI DATI ON PERFORVANCE
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 (AP

MI-1, M L-PRF-2105E) have stipulated that the limts (i.e., rating) of

t hese
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new features of carbon/varnish and of sludge are 7.5 MN (mininmn) and 9.4
M N (m ninmum, respectively. The nmaxi mum percent viscosity rise has been
"specified to be 100, the pentane -25 i nsol ubl es at 3 percent naxi mum and
the toluene insolubles at 2 percent maxi mum These features are sumari zed
in Table 2. TABLE 2ParanetersLimtsKinematic Viscosity Increase % @ 100C,
cSt 100 maxN- Pent ane | nsolubles, w %3.0 maxTol uene Insolubles, wt % .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
limis. No nore than three tests are allowed. Wen three tests are
conducted. one ofthe three can be discarded and the average of the

remai ni ng t wolhesstdiiverpaicentvates of this inzoiren frefmiably comhip alsuigileldituestt mpstocedur e
is practically identical to the L-60 test except that the conditions and
par anet epsfesably ampi@gmogodilveg|of swoble vebéssy. Surhtdieent pahustdesivedlien Basital or
Monitoring Center (TMC) records and reports the precision of each approved
st and wi tynihetit fvmrden disibng/the iineeral ¢hyevaabenantoushals metpargfiobast heplgbatic Bage.f aces
fromthe L-60-1 test is two-fold. Firstly, clean gears are used to market
t he | ubrasphaliic Bse andanixed baseoilL Alypical sasthétitbasendls fiichude poly6lsfih 6ild (espetiaint s
with inproved oxidation and longer life. Pictures of the gears are often

used i n FRkdRhEDooREN bHBShGHMIkyIRES AR, pbilalkyIerR RS @fnf@d eihbrst 4
i ndustry that the deposits that build up on the shafts of the pinions of

th i oAt ap. calL i el ' !
e gearga, %#gg%%ségRéégQ%ﬂy%sﬁéﬁ ook BES2 e oﬁ?dgﬁ)l'aﬂﬁ syqt{]é?ifsfls% 521

and, thus to premature seal “erosron and even ure.

| TROT a0y s e GRS, DO pRIBG AR EARONSIL R Bl 6 Bl et

gear lubrican s“enhanced performance in e L-60-1
ermpl oyt ng e Rensplee e B oot karwRor e fulFokRd PR T gear
whi ch mesh Wilglg p?eafgrrr]edogm eo[;iiniler:lt,aihé i?]%’gnli%g Ef);eaarra{)ElLijsS éssébr\ltially devoid of conventional,

ashless dispersants such as carboxylic-type ashless dispersants, Mannich base dispersants and the

post-treated dispersants of these types as well as dispersant viscosity index improvers and

dispersant pour point depressants. The ashless dispersants that can be eliminated from the gear

oil of this invention include the polyamine succinimides, the alkenyl succinic acid esters and

diesters of alcohols containing 1-20 carbon atoms and 1-6 hydroxyl groups, alkenyl succinic

ester-amide mixtures and Mannich dispersants.

Phosphorus-containing Anti-Wear agents

Component (b) comprises one or more thermally stable phosphorus containing anti-wear
agents. Suitable phosphorus-containing anti-wear agents include oil-soluble amine salts of a
phosphoric acid ester, such as those taught in U.S. Patent Nos. 5,354,484 and 5,763,372; and
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

-15-



- 26 car bonl vam sh neasurenent and a sl udge neasurenent is made for the

| arge gear front face, large gear rear face, small gear front face and
smal| 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 effectiveness of the
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 ess otherw se specified. All of the gear oils in Table 3

cont ai neepaeately.@aththee tie saltief the plosphosik agjé etermayibsiafddpddo thgllyhuicptingd ol efin in
an amount sufficient to provide approxi mtely 15.000 ppm of sulfur to the
gear oi kompesiti di ¢ rust inhibitor, a thiadiazole sulfur scavenger, an
acrylaie anti-foamand a corrosion inhibitor. The cal cul ated anmount (ppm
of nitrogen Fhephdspibrivyactdesteprisail in @epanes thesmaet saftpof the pres¢rtiénveatidre (t he
cal cul ated nitrogen content excludes any nitrogen supplied by the base oil,
t hi adi anolydeshdrbaterizd by diegformala any ot her potential source of nitrogen).
The L-60-1 carbon varnish (CV) and sludge ratings are set forth in the
Tabl e. The phosphorus containing anti-wear additives in the Table are an

am ne salt of anyRJ hosphate (AAP), dicyci opent adi ene dithi oates
(DCPD), di butyl hé%rqg pKosphite (DBHP) and an anine $plt prepared by
sul furization of in the presence of amne (S-DBHP). TABLE 3. GCear oi

formul ati ons and L-60-1 Results Exanpl eppm Nppm
PANt i - wear CVSl udgell 15308AAP7. 59. 420296DCPD7. 89. 53* 153412AAP4. 29. 34* 192516A

APS. 59. 4ReRHRTBRPASsFr a a8 T dBHE R? 3h Ky dt AN Sobiy, S BBIRRY Eroupy
are either O or S.

A preferred method of preparing compositions containing (I) comprises reacting at least
one hydroxy compound of the formula ROH with a phosphorus compound of the formula P,Xs
wherein R is a hydrocarby! group and X is O or S. The phosphorus-containing compositions
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 P2Ss).

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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As shown above. Table 3 sets forth the results obtained when the oils are
tested in the L60-1 gear oil oxidation lest. It can be seen that gear oils
" containing thermally stable phosphonts anti-wear agents anount sufficient
to contribute | ess than 3S0O ppm phosphorus to the finished oil exhibit
passing MI-1 performance in the L-60-1 test. The results in Table 3 show
that exanples 1 and 2 result in higher carbon varnish ratings than gear
oil s outside of the scope of the present invention. This indicates that the
gear oils of exanples 1 and 2 give rise to better oxidation control
conpared to chose of exanples 3-6. |Inproved gear cleanliness as seen in
these L-60-1 tests is a very desirable feature for a gear |ubricant as
expl ai ned abolhs.R group mayy bp aliphatic ot dramatihauchenzlkyi 131, alkaryhargkd sodt

i nvention reduce gear distress and deposits. Satisfactory perfornmance may
be denordicydicdyduicertron Boups. Exhmplesaf esdfubyrydrny ¢ongipusds o dechoiripeld RAH hi n ASTM
STP S I 2A using untreated and phosphate-treated gear assenblies. The gear
oi t nustingndascfor expmaple,tedyl hicohadlgsapropyli pphiyhalyohol,tamyh gicohud) letixyigpicabphRt | ng,
and excessive wear or other surface distress and objectionabl e deposits and
not pr ocuigd-hexydakshvienawyhalcolpiltdodenyl alcol®brsteasil alnolndl, dved pharel reehyll pheanoynder
condi tions of |ow speed, high-torque. Preferably, the finished gear oi
conposi trcapBpheholl fhethyl c¢ihexamol, alkelagdapiaholpetc.| ow- ash conposi tions, that

is, they contain, if any, at nost 2,000 parts by weight of netal introduced

from one or mmk®nﬂ§n&hﬂmﬂﬂﬁlkbﬂmakaﬁﬁﬂﬁ@@&ﬂhﬂsmhhﬂ&e@ﬁﬂkﬁhﬂ?ﬂ&hn&?e
finished gear oit contains no nore than 500 ppm of netal, and nbst

pr ef er abfliph& RS HcohBls@bntARdlg a2 RaRRBDRTS AR latonfC ASERElY Yexalptes dithet | Ve
concentrates of this invention are preferably proportioned such that if one

or nore JEkakd MBRSBURE AoKMTROEMLSh 48 uSkful iA iGpresent invention include, amyl _
di hydrocar byl di t hi ophosphat e andl or netal detergent) are included therein,

the addifioyg ¢UREEBE ﬁ—"i‘ltef'anm:'Q-Qlo@&}%}ug}'?—@etfaﬂcc%ﬁ&aﬁ-ﬁeﬂh!zcaﬁé'l f Rendehagt &%Or
[ w | af [ st

recommended dosage [eve yi e i ni shed [ubricant having at

2,000 s cdtof sty 25

of adaod oL ARl el B AR EARTSL Beor I REANNE nPREG,~° 2"
tal f ' i . al kal i

ot al s anaray ceRenERbt TRy ARAePhEche T £OM) CRh IRl TRORIRL T,

preferre 0 sitions,are zi.nc- : | bl senti.all voj d_ of
deq it g aeehb PRl and bE% RERaR dolR i B R bl BBl
nei t her Qkoron ,ngt. ph hqr ous | bj ect, to e referred |imtati.ons on
rotal - conbsnpo ShicR HRRUA G dpdelifeleR ha b dlE TR FE S F RO
the nere Qgggnthat boron and/ or phosphorous conponents may Leave resi dues

- mv: . . . .
during u%ag , Is of no relevance as regards these preferred |limtations on

t al t I th f d _enbogdi t, t iy f | at i
T oot LA bR R e L L 2L
licabiljty .Th t. ile i t i t hi.ng. f i d
O L A B TR o Y i REFAACH e SR T
i ti id i . oil i Si th I t abl
A AN W N A K A TR T

conventional autonmptive gear formul ations w thout the use of ashless
di sper s &htegperBiras ahoxe ghaub P Ertrsto the gogmepitien irmperaie by of thrggactapts Pfe st | |
mai ntaining GL-5 performance. The discl osures of each patent or publication
cited i thedesirgdupradust-Fyefarably, the terapesatureiinbasyersyakpwlPOHe prd HAG, andfizmepice as
if fully set forth herein. Wile the preferred enbodi nents have been fully
descri befembelowapputtl 86°G: dhe rdaetignumpokecearrigd auf i the Blesrpce pka solvent whichs of t he
present invention, it will be appreciated by those skilled in the art that
nmodi f i c#acilgatss wngerhae gadroharyd mxingaafahd leatattsn The sélvent mag barny mgrtffluidn t he
scope of the invention set forth in the appended clains. -29

substance in which either one or both reactants are soluble, or the product is soluble. Such
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W claim | . A gear oil conprising: a) a base oil; b) a thermally stable
phosphorus-contai ning anti-wear agent; and c) a netal -free

* sul fur-containing extrene-pressure agent; wherein conponent (b) is present
in an anount sufficient to provide from 100 to 350 ppm phosphorus to the
formul ated gear oil and wherein conponent (c) is present in an anount
sufficient to provide at |east 10,000 ppmsulfur io the fornul ated gear
oil. -30 .AAI?.Ah .A9 .A9 .A.A9 AL . A A9 AU.AL . A .A.A A .A . AA

. AA
solvents include benzene, toluene, xylene, n-hexane, cyclohexane, naphtha, diethyl ether
carbitol, dibutyl ether dioxane, chlorobenzene, nitrobenzene, carbon tetrachloride or chloroform.

The product of the above reaction is acidic, but its chemical constitution is not precisely
known. Evidence indicates, however, that the product is a mixture of acidic phosphates
consisting predominantly of the mono- and di-esters of phosphoric acid (or thio- or
dithiophosphoric acid), the ester group being derived from the alcohol ROH.

The amine salts of the present invention can be prepared by reaction of the above-
described phosphoric acid esters such as represented by Formula I with at least one amino
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 hydrocarby! 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

-18-



AL A AR LA LAU AL LA LAl LAB{ AU AU . A
Fnuu\/] '} @-I}xsnl c’\ﬂ ca] caV] ca] caj ca] caj ca] caj ca] ca] cal]ca]ca] ca]calca]ca]calc
"a]ca]ca]ca] ca]ca]ca]ca]ca]calca]calcalcRalc<al: ""$SPURCKEE;
UUT(()Q))-FbFr4, +~+, T--. ... A/ }xsnid_Z]]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
ajcalcalcalcal A///0\001 112u22- 3334[ 445\ 556L.666U778u888Y999} xsni d_Z] ] ca] ca]
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P
R_ (lj"N'I"Iz
CH;

wherein R is a hydrocarbyl group containing from one to about 30 carbon atoms. Such amines
are illustrated by tertiary-butyl amine, tertiary-hexyl primary amine, 1-methyl-1-amino-
cyclohexane, tertiary-octyl primary amine, tertiary-decyl primary amine, tertiary-dodecyl
primary amine, tertiary-tetradecyl primary amine, tertiary-hexadecyl primary amine, tertiary-
octadecyl primary amine, tertiary-tetracosanyl primary amine, tertiary-octacosanyl primary
amine.

o Mixtures of amines are also useful for the purposes of this invention. Illustrative of amine
mixtures of this type are "Primene 8§ 1R" which is a mixture of Cy;-C4 tertiary alkyl primary
amines and "Primene JM-T" which is a similar mixture of Cy3-Cy; tertiary alkyl primary amines

(both are available from Rohm and Haas Company). The tertiary alkyl primary amines and
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methods for their preparation are well known to those of ordinary skill in the art and, therefore,
further discussion is unnecessary. The tertiary alkyl primary amine useful for the purposes of this
invention and methods for their preparation are described in U.S. Pat. No. 2,945,749 which is
hereby incorporated by reference for its teaching in this regard.

Primary amines in which the hydrocarbon chain comprises olefinic unsaturation also are
quite useful. Thus, the R' and R" groups may contain one or more olefinic unsaturation
depending on the length of the chain, usually no more than one double bond per 10 carbon
atoms. Representative amines are dodecenylamine, myristoleylamine, palmitoleylamine,
oleylamine and linoleylamine. Such unsaturated amines also are available under the Armeen
tradename.

Secondary amines include dialkylamines having two of the above alkyl groups including
such commercial fatty secondary amines as Armeen-2C and Armeen-2HT, and also mixed
dialkylamines where R' is a fatty amine and R" may be a lower alkyl group (1-9 carbon atoms)
such as methyl, ethyl, n-propyl, i-propyl, butyl, etc., or R" may be an alkyl group bearing other
non-reactive or polar substituents (CN, alkyl, carbalkoxy, amide, ether, thioether, halo, sulfoxide,
sulfone) such that the essentially hydrocarbon character of the radical is not destroyed. The fatty
polyamine diamines include mono-or dialkyl, symmetrical or asymmetrical ethylene diamines,
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).
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room temperature for a period of from up to about one hour is sufficient. The amount of amine
reacted with the phosphoric acid ester to form the salts of the invention is at least about one
equivalent weight of the amine (based on nitrogen) per equivalent of phosphoric acid, and the
ratio of equivalents generally is 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, Zhumal Obshchei Khimii, Vol, 31, No. 8, pp. 2508-

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

Altematively, 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:

il
(RO),P—SH
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wherein R is a hydrocarbyl group having from 2 to 30, preferably 3 to 18 carbon atoms. Ina
preferred embodiment, R comprises a mixture of hydrocarbyl groups containing from 3 to 18
carbon atoms.

The dicyclopentadiene dithioates may be prepared by mixing dicyclopentadiene and a
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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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 International 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 matenials useful as component (i) are sulfur-containing organic compounds in
which the sulfur-containing species are bound directly to carbon or to more sulfiur.

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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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 trisulfide (e.g., a mixture
composed principally or entirely of the tri, tetra-, and pentasulfides) are preferred. Examples of
other useful dihydrocarbyl polysulfides include the diamy! polysulfides, the dinonyl polysulfides,
the didodecy! 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 1s set forth in Table 1.

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

SAE VISCOSITY GRADE 75W | 80W90 | 85W140
CRC1L-60
Thermal Oxidation Stability | 100°C visc. Increase @
50 hrs., Max. % 100 100 100-
Pentane Insolubles, % 3 3 3
Toluene Insolubles, %o 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

CRC1.-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 shafts
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 Iubricant 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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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 unless 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 vamish (CV) and sludge ratings are set forth in the Table. The
phosphorus-containing anti-wear additives in the Table are an amine salt of amy! 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 Ccv Sludge
1 115 308 AAP 7.5 9.4
2 0 296 DCPD 7.8 9.5
3* 153 412 AAP 4.2 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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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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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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We claim:

1. A gear oil 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

sufficient to provide at least 10,000 ppm sulfur to the formulated gear oil.
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