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OXI DATI ON STABLE GEAR O L COVPCSI TI ONS FI ELD The

present ‘disclosure relates to gear oil conpositions,

and in particular to gear 5 oil conpositions for

severe duty applications that exhibit inproved

oxi dation stability for extended periods of tine.
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apgﬁ at can pass an L60-1 oxidation stability test of about 300 hours in order

to provide lubncant replacement intervals of significantly greater than about 30,000

kilometers in a severe environment.

SUMMARY OF THE EMBODIMENTS

With regard to the foregoing, the disclosure provides a gear oil lubricant

‘composition including a first olefinic lubricant having a viscosity ranging from about

80 centistokes to about 150 centistokes at 100 °C and a second olefinic lubricant
having a viscosity ranging from about 2 centistokes to about 15 centistokes at 100 °C.

A ratio of the first olefinic lubricant to the second olefinic lubricant ranges from about
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2:1 to about 8:1. Additionally, the conposition may
i ncl ude an al kyl ated napht hal ene base oil, a
boronat ed ashl ess di spersant, at |east one hindered
phenol antioxidant, at |east one al kyl ated
di phenyl am ne anti oxi dant, and a gear oil additive
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conventional gear oil additive package. The |ubricant
2:Iclerabent §:1.ohheregmpnsition aray3dscoinilyde amalkylated inhphthaléne tase oil,

' i stabilit est that provides a
o G bRt Wb b il SFmitn BB aiep pre
hindarediphbngl ahtiegdaf agt adtet ohda@Rylaka diphénAamaRdntidkidant, and
sl udge rati ng_of %r eater than or equal to about 9.3.
a conventional gear oil additive package. The lubricant composition may have an
oxidation stability in a 300 hour oxidation stability test that provides a viscosity
increase of less than about 100%, a carbon varnish rating of greater than about 7.4, and

a sludge rating of greater than or equal to about 9.3.
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~in_the context of this description,

2 An advantage of conpositions according to the

di scl osure is that heavy duty gear applications using
the lubricants exhibit reduce wear and/or failure

wi t hout decreasing the |ubricant replacenent

interval. Another advantage is that the |ubricant

conpoin tadeanaga e @ontpogitids deberdihig 36 ltieesdiseosipey iskikat heavy duty

formul.ated from go rcially 5 avail abl e conponents. |
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peovedd dikdt advafAgdi rect |y attached to the remainder of a
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character. Exanples of hydrocarbyl groups include:
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al i phatic-, and alicyclic- substituted aronmatic

ugsdga dts orrinarg senge whael is avelldipepn o thope skilladen the anh ¥nseifically,

45t 13 o, L S 05 By

nallécnlecind haviaglh pakipminadily Bydrsdartiont cherabiyf] Bramaples 6f hydrocarbyl
substié#e_nts, that is, substituents containing non- 20
SVYET BE&FBon groups which, in the context of the
descyiypii {H al s ] ST
(1) RlyHRRarBES %Hétltugx?cs,rlglét. 1% a?llﬁﬁ%tfcg@. gé gg(zﬂg ?g%l?@ﬂyh ?ﬂlé?’yghc

hydr ocar bon substituent

(eamdcydaadioyd,) cycloalkdnyd)X pubstitueotsy andretoamfit-0 aliphatic-, and alicyclic-

st REN syRhbERs, Fapel 8 o ES setiRY Wit h the ring is
coMplbd BaMighdindthef S RERTS MBEblechY @é.g;siﬁxrd%%_st&ﬁ@ﬁ%gaﬁeg form

_the ] contai n ot her
an gligyclicemedistlsi n a ring or chain otherw se conposed of

carb / er g- at ons,..i ncl sul fur X n,.
ot r bR BRBAAL NP B S bt R Raipe non-
hydisoathon grbiunyhich,andhé bbtaadthe défripedith@kin, B8 nBPhKer the
than t such as no nore than one, non-_ hydrocarbon

PredipuingRtye ydrgrarbory subsiisah (e gorhalsy éespecially shlprsonndBivo),
ot KNSR o B DR ALY RS g
grouf3) belbro-whstitvatyypdsitt iiQnsustioendi nehitly tWikle having a
DI O AR GO RER, T oRIcEoer Birsisarmpane, cosin aiber
th&€ 8arbhh lin 8FHet drViain otherwise composed of carbon atoms. Hetero-atoms
include sulfur, oxygen, nitrogen, and encompass substituents such as pyridyl, furyl,
thienyl, and imidazolyl. In general, no more than two, such as no more than one, non-
hydrocarbon substituent will be present for every ten carbon atoms in the hydrocarbyl
group; typically, there will be one non-hydrocarbon substituent in the hydrocarbyl
group.
Lubricant compositions according to the disclosure contain a base oil
component, an antioxidant composition, an ashless dispersant, and a gear oil additive

package. The compositions may be characterized by having an active sulfur content of
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package. The conpositions nmay be characterized by

havi ng an active sulfur content of 3 fromabout 1 w.%
to about 3 wt.% an active phosphorus content of from
about 200 to about 700 ppm and an active nitrogen
content of from about 100 to about 700 ppm typically
fromabroutdout %30 Gbdub 3 ats Shitana00venhiosphdhs coienit of dikn about 200 to
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préﬂ)%ﬂdnﬂyhk HRAAt Qﬂaﬁﬁie?scon{aﬁn o@SabBEE50 wgeﬂcgﬁt |a§ 9 further
maki ng di mrers, fair l'arge anounts o terna
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hag eenifaund that in making diwaterss il kege, anpynts qfnmtemnlad:leﬁns can be
| ef
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redom nantly a-ol efins having.a 25 viscosity above
OI‘%BB gt mét ed%fﬁma‘s?lsﬁ%%aredlsﬁslwh riupy ayith o-glglins @mcf thohes the o-
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a-olefin or mxture ereo I'edel -Crafts
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and the |ike. The product is distil 0 enpbve

confgntiagcx Eezonpiederninanthd otdlefin ps nhmeoglereaf edth a Fnedel Crafts

catalyst at a temperature of about 20 °C to about 200 °C until the reaction mixture

exéluding monomer is predominantly dimer. Representative Friedel-Crafts catalysts
are BF3, BCls, AlCls;, AlBr3, SnCls, GaCls, and the like. The product is distilled to
remove unreacted monomer and then is hydrogenated.

Accordingly, olefins which may be used for making the oligomers are
dodecene, tridecene, tetradecene, pentadecene, hexadecene, heptadecene, and

octadecene. When dodecene is used it should be in a mixture of olefins containing
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Accordingly, olefins which may be used for nmaking the

ol i goners are dodecene, tridecene, tetradecene,

pent adecene, hexadecene, heptadecene, and octadecene.
When dodecene is used it should be in a m xture of

ol efins containing higher olefins, e.g. tetradecene,
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art, fron1naphtha|ene itself or fron1subst| ut ed
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chai g; I@iaﬁh agﬁﬁgﬁ?ﬁf}ﬁw 1Y Plﬁgl?éeﬁ bS?bagl? Eerbg htgltegr?srknown in the

at ons,
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tiblithQhi tha! morbNgelily QUHEAtP thatdiaR! K t RaheRkse |
Sdléglosed ﬁﬁmb. gﬂy Pat”. No. 34 ?%4 %9 t o Yoshi da é?”mmﬁ
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exas un
Pat. No. 4,714,794 to Yoshida et al. A commercially available alkylated naphthalene is

available from Exxon/Mobil Chemical Company of Houston, Texas under the trade
name SYNESSTIC® 12,

The amount of alkylated naphthalene C(;mponent in the lubricant composition
may range from about 20 to about 35 percent by weight of the total weight of the

composition. With respect to the a-olefin oligomer components, the alkylated
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30 nane SYNESSTIC 12. The anount of al kyl ated

napht hal ene conponent in the |ubricant conposition
may range from about 20 to about 35 percent by wei ght
of the total weight of the conposition. Wth respect
to the a-olefin oligonmer conponents, the al kyl at ed

naphthaléne e@mpwnpmemsemtsnp restint of n-olefirabolipomérs ato alkylated
napht hal ene rangi ng
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6-di -tert-butyl phenol, 4-neth
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t&f—ﬂlﬂ%lhh&?ﬁ%y QB%Hg%rtt-bﬁtBﬁ)hgﬁcil SORLL BQ{tkl%H% 3% 5 ,6-diisopropylphenol,

tert
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of mpm they fqmewmg plenckhnponradadsare alsb bo used assthd figs ahfiexidant
fi rst anti oxi dant conpound. Aromatic am ne
Q1 dant conpounds include aromatic secondary 15.

m)no@[fbﬁﬁﬁc aplirRr Qﬂﬁ&}h&arﬁe(é%gétﬁﬁﬂs POANRE "ESmatic secondary
[llTustrative aromati c secondary nonoam nes | nc dee

m@heaveines and aemagicksecordiaphpolyhramien e Sllusiratise riromatit mcoﬁﬂary

Ltuents each havi.n to about. 16 car bon
oSt HERDF R OAERGY Al e el Bl £
sdl;@htﬂaﬂi‘l&déh havth@ep tdbi! 16 QFbcAlaRinty bﬁéiﬁﬁf—hﬁp]ﬁl%ﬂ’amme phenyl~

I-I3 ht hyl am ne contai ning oné or two
B?P ARIRE, fglf Yu ps aabyisubdifuted Ph@y?&nawahﬂmnﬁled@nmnng one

pheny la&k%%ﬁéﬁoaﬁ'u %ﬁt%%%% ng}l oﬁlqurcafb\% alompsy aligp- or

aralkallsﬁ;shtuteglr phmgl-pamﬁthﬁmnﬁ@ etintdiging et orl B AMBOOr aralkyl
atons,, and sim lﬁ gunds A suitable type of
SrauI rach ViRg Yo aReyt I cHRar atoms gnd similar sprsgounds.
di ph@ L I
i SR 5 O oy A€ Bfon B o ol ditfierbine of
thag@wmh&mmﬂaal kyl group) having about 8 to about 12

carbon atons (as angthe I about 8 or about 9
carbon atons) and &é‘hgﬁﬁ;@r%g‘n atom al kyl aryl or
Teteia IR r
witdieif IR Y4 mﬂﬁlﬁglg%rf) Stjﬁ r &&nhld A alae Ql&l%r 9;?%9% +t@to

about to a car bon at ons,
abggtd@tcag)og atogtsdas arwthes cpample, about 8 or about 9 carbon atoms). and R?is

a hydrogen atom, alkylaryl or an alkyl group (such as a branched alky} group) having

about 8 to about 12 carbon atoms, (as another example, about 8 or about 9 carbon
atoms). Suitable compounds are available commercially from Crompton Corporation
of Middlebury, Connecticut under the trade names NAUGALUBE® 438L, 640, and
680. Other commercially available aromatic amine antioxidants include compounds
available from R. T. Vanderbilt Company, Inc. of Norwalk, Connecticut under the
trade names VANLUBE® SL, DND, NA, 81, 961, and 2005. .
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atons). Suitable conpounds are avail able comercially
from Cronpton Corporation 30 of M ddl ebury,

Connecti cut under the trade names NAUGALUBE(r) 438L,
640, and 680. O her comrercially avail able aromatic

am ne anti oxi dants include conpounds available from
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HIRE gl 1% s EEtE oL O AT BY Wb G kot OYie A ricant
dothpbstiéi, C aRhicRINIRAG lahédXidnt G pblae mapgrfﬁﬁ%'enﬁaiﬁyab%a 0.05 to

| ess than about 0.5 percent by wei ght he total
apewtdhiS weightpareant hesed ooriototal ivsight oF thiedubrioant ¢omgposition. Of

i.9X] t f . 0.05.
Bl 100 oGP IRROGR o ibndsl G pASH BRRislis AorRgidsht may be
prdsentl i i mdvtint tRIEASE fren. abblt B70 Reatiodt 330 anRd ke fhount of
anti oxi dant conponent, the hindered phenolic

RIS GHBH Antidagkin the dihwigenticempasitierb uht suitile antinxidagt may
70 - : i t. of . .

B 808050 Q1 ' Al o T, S 00P S amin

aoowdemt.t i on. A suitable antioxidant may contain about

SB Wt l . % hi ndered phenolic antioxidant and 50 wt. %
SpCTS, i oxi dant. 10 Ashl ess Di spersant
conpapeRkhdR&iGeRbRST (Al it ' ]
composi tions éﬁc%‘?be&ﬂigﬁgﬁﬁl%?sé%ﬁ&ggeec g‘?jﬁgrelcr)lrﬁnay be
selested frotrh enya of Hhes ashitss dispersmittss kkovwo those klidled $kild &d A

o S e B LB S S e

pb&-treBR8 o HrofiE 8 BoioRad BVbAEnAedAHoSRRS e Hispersant.
horyl ated di spersant. 15

bor onat e /%hoss]g _ d
Hy dr ydrosgubylsabstititedt eucainie c aeylgingc ydgants ngreagesad s tar make

drocarbyl ~substituted s i ni m.des. .
BB TR s W CRERARY L Bieathn ESubyRled Wi i pine
agened UsldudeDUbutam@ ROH Hnkifddt & hRirocarbyl-substituted succinic acids,

hydrocar byl - substi tuted succinic acids, _ o
h}&@?ﬂé@éﬁa titwethsicripip ahydiidesi the bydaearblylisybsitutechenccinic acid

] i { o ) hal i
PSSR SIS Yo I S ey o o
hﬁhdca_th_é-selmﬁméai mfc::jihjlmelcﬂﬁ ah(lj thvae lakbhdnls w@§ﬂ1ﬁ§dﬁcﬁ€hhﬁng up to
sucgi ni ¢ -agi nd | ower alcohols (e.g., those _
<R SPRPR OB B 1 BRSFOCarb Y BBted eiricunghich gan function

ad VAEHORGRE MYAaniBp Bgdod ut ed conpounds whi ch can function
as carboxylic acylating agents. Hydrocar byl

s ubsHydrotasblylauhitautod goydajingt apents eremal: @sbybreacting it podgplefin
o AR Bl BB R BRPAGRY G e
Staflab eariibilylic r&RENA af be@RedR HARANE ScyMINE abhifis. a%l.‘l’dh%ailc@cﬁlts

agents. gﬁch reactants may include, "but "are no
mpy ictud, bub arerngtt dimited &9, analdic acidi fomad¢ acidmiblicacit tattaric acid,

itatcgﬁi'i:%iid?itzﬂﬁlu%’anhydﬁde, citraconic acid, citraconic anhydride, mesaconic acid,
ethylmaleic anhydride, dimethylmaleic anhydride, ethylmaleic acid, dimethylmaleic
acid, hexylmaleic acid, and the like, including the corresponding acid halides and lower
aliphatic esters.

Hydrocarbyl-substituted succinic anhydrides are conventionally prepared by

heating a mixture of maleic anhydride and an aliphatic olefin at a temperature of from

about 175 °C to about 275 °C. The molecular weight of the olefin can vary depending




10

15

20

25

30

i taconic acid, itaconic anhydride, citraconic acid,
citraconi c anhydri de, nesaconic acid, ethylmaleic
anhydri de, dimethyl mal ei c anhydri de, ethylnmaleic acid,
di rethyl mal ei ¢ acid, hexylmaleic acid, and the like,

i ncluding the corresponding acid halides and | ower 30

updn thé afténcled ateastlhe supetitord siytinis adR/tiidds! dYpiouIDS kHy sﬁbstituted
onventional ly prepared by heating

%@Q Y y@rdesayil havess VaTpsasey] Zrepr6f Team bt 8508 &P aigrms.
H%w%?é}])ﬁbﬁt%& sQémrflé Qﬂﬂ%rgﬁg&%ﬁsfa% ?ozrggﬁ(% %Pg&gﬂ% éi:i_’slqé}sa}l-@%ll

nmol ecul ar wel ght
Bmpnﬁyhhefﬂnﬂenﬂﬂdlg@epofdkhm4&ﬁbﬁbmbuﬁeﬁnsuﬁnqﬂmmﬂshwﬁng

d [ t b d
o e o o Pl o el bt 155 GO foms o e to
héfein Q8 “fepitiRern 1@&%&%@&#@)@?@1@% el tW'ﬁ %i EsfitShaving a

anhydri des used to make |ubri catl ng oil rsants
hygrodarbyl @Wpamrymmagenfaehym elxaxt BypD c@rhmpat@rhs apctotabout 500

bap Di »

e s B OB Ih st PR b ot s Seighs fsggsans.

M&omafebp rhigh endedale wekmr mﬂuﬁlﬂ:d QREBINaddrides, it is more
‘relatively | ow nol ecul ar wei ght d|s§mfsants Wher eas

acgrsisciegaier & ﬁWngﬁVQTagﬁm@@hfr ieighy (M sivon thei aléfing used to
mm&{ ?hersg b&ﬁ&% 51158 %aglﬁl g‘ésogisag ﬁ" g@ aal? gli%thu?% %f different

rbon atons are re erre
mhiegﬂamle@u lcampavnghiesiltisg €osa HeS polymWiidiod RE T Molecular
hi gh npl ecul ar wej ght substituted succinic anhydri des,
weight; lefpypanoppers sich ﬁ&?@)’]ﬁ@e PEPYfeng én‘iﬂ&ﬁ@éy eafyer age

|
heoiefble SRR mAlGlnbiPE 6 HRARLAL A WIREE i Y for
emmnptwfr_emcﬁbouh Siear zé](bht 1 ﬁ;:dsemutlhalr eManh ﬁ'oﬁmlﬂpﬁmleht(sabout 3:1.
Wi ialetins origh 1 PHOHOY A heviae TomgT avseasPeislunucighicof
abb SO0t 15| 85&- 7060 %S@ﬁﬁhéﬁéﬂaﬂl gab@ﬁi QG(?toadBBﬁ(thUOQ tr hikher and

ol efin can var ely. It nay vary, exa e,
the r@hylmdphesolz octaiobmmers, Bie alsalanoaﬂdefdnée(ampjlr ebe fusedn in

1:1to ol efins . suc
s Rheh oo gt 4° A armalse PR® RNERe g mole of
olef. Illke GrireactdiombleOMhl@idQH the APz @n f fefi@fant reaction
exanpl e about 800 to about 3000 or higher and the

MERES | ene- al pha- ol efi n copol ymers, the nal e c

anh n C.
aboﬁlslrel d{B%Xrbggsuu:ﬁ& tr?gl eS]sJ&%{: e:g%‘]%;aaglﬁ%/%r i e pe Olﬁglf(gl or
polyfalkﬁﬁylazhaflmﬂ anfyikidenprepartdtly thlreactionohydleicmhgadddith the

or| fromthe resultant reaction mxture. 'fhe
ey Ors?ryé%rmat edinodyolsive Pades reastiony pwaiéfsoﬁsmlkﬂg@wn in

md”%*{ P8 il ALY SURIY o R0 o RO MR o P B
reaebpy off apalyplefin ol maleicatiediride) aﬁdlem-ubad 1m1ﬂiSePatrI§GECBJ36n673;
3,6“7%,?)%} eiln?fq§,4¥\ﬁbé4. kg?t\énr}laii:igely, the substituted succinic anhydrides can be
prepared by the reaction of chlorinated polyolefins with maleic anhydride, as
described, for example, in U.S. Pat, No. 3,172,892. A further discussion of
hydrocarbyl-substituted succinic anhydrides can be found, for example, in U.S. Pat.
Nos. 4,234,435; 5,620,486 and 5,393,309. Typically, these hydrocarbyl-substituents
will contain from about 40 to about 500 carbon atoms.

Polyalkenyl succinic anhydrides may be converted to polyalkyl succinic
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_ do%ecyl ropane 1amine, -amino

25 the arL For exanple, such succinic anhydrides nmay
be prepared by the thermal reaction of a polyolefin
and mal ei ¢ anhydride, as described in U S. Pat. Nos.
3,361,673; 3,676,089; and 5, 454,964. Alternatively,
t he substituted succinic anhydrides can be prepared
ab]yych‘ides beasitg convefitionhl redidhed eshdiiiny ehdhfas Rataitit hg!fﬁgéﬂaﬁon

i.d as descri beq) for exanple, in U S
@{yil?g"y engiion, A ;sHkable cafalysisisppllafiumoon carbon. - Likewise,

pBWQJk@ rdtin@HB&! hhy Pﬁ Qo%t%%% %Dl)%g%y gl%d g%ixdﬁggsﬁg similar

ound for exanple,

rglueing casdtionsd 5, 393, 309. Typi cally, these
bstit w.ll contain fromabout 40

hyd b
s aaEReokabS L hu R ey i oSl B Res employed
harby & géil@ﬁallgﬂiénb&i ﬁ@ﬁlVﬁéIS/&QﬁﬁsowB&h %E ?\SW 6t Bbfoldners of

anhydrldes S|ng conventi onal condi t ons
mpety %thlscmrmw yel-mpde-olpdingt suol as eﬂi@lenc; an@wmepand butylene.

' Fm’ g}éa?rg:%] %i&&nh%-gle%}i' lﬁtg%yoéf%ﬂ gﬁb Eﬁl g lbquﬁ ? é@ﬂ @éf&%@n atoms,

m@ayerfmmerteﬁmﬁgk:yaiohw t6 UB&it NI2NdattRsh MSh8 Y S8itablé Blono-olefins
r duci ng conditions. 5 The pol yal kyl or pol yal kenyl
t PEARRIeRe.o ButyiRmes (regiowlastya iteputy ane,s lemjmy eahd “1-decene.
e I e m fins
S .
pqﬂajsbbtﬂeﬂeaaﬂdythdpmipﬂphml@ﬁls podusddcfond $-cetelly e E-decene.
propyl ene nd butylene For exanple, the nono-ol efin
enpl &\FPPOdiRGrSS, Sisashless dispeatsptmnay mciieionn opmersalkenyl

sxﬂ:@ﬁﬁnﬁﬁe@oif drHrNBE hEVIATRY 183t ﬁr&%ﬁnﬁ#&ﬁh@g {1% %@a@%rem&'{mng

atons. Suiltabl e nono-oleri pr

atp inigde egnanp. pHret alkertyh suoginimidbs inglydreformedby emeentidid] methods
ch nmonQ- ol efi ns

| - d ... _Pol f
sk B BB PAGLHE G SR P er e Saesies napales oniyer
alkcfleesR@ it RN@RINE fbAainRIOH YERH oﬁé gﬂi’n!nm Eglgl ?ougn Arile aikenyl

-decene. I n sonme enbodinents, er sant

SUegipici anbydrttte ma;ebmnadmpahh'l uyelmnng & ixtimei afipdbysletih aad maleic

B TAL B985 BB TR B, 9 R BB
capobarieniofh @ﬁﬁerﬁiﬂjﬁob&ﬁﬁ QuidrEs Ja1GRMMBBIIER) @Jobﬂi%ﬁ@@ﬁ@ the like,

such as by heating an al kenyl succinic anhydri d
haygep nypbey aggegsmolgeyler weiglhtde thegpngesimboutoRyp ab@xt 8P00 as
depd -@%ﬁ one primary am no
gf%ﬂ%ﬁ% %ﬁ& it su00| &)ggéﬁtﬁrlde may be nmade

re adAinyneb yv}iltélaham@e anﬂbyddjh&bﬁxﬁmg tHeyBhiets dIs@Peﬁnﬁﬁblﬁﬂ@ any
dride to about 180 'C to about 220 'C. The

o H S MIFH TR EY i 5757 Which 381 50d fari anymide grevpend
at naepaiee;duﬁoﬁaﬁaﬁgs% & n;%er a@g{ng%&ﬁ;%d/&%? Pédgtecfﬁ%rl]]?l%le

the |ike ecul ar wel
grole r angéevof reprissamtatioo 0 exampddso uire: 300ﬂ)-mhyl<ﬂ>ﬁt;ﬁnedimﬂe,bW-
er ne t|on chy.omat o ra hYes )

pip azme

ethanolamine, N-ethanol-
ethylenediamine, and the like.

Boronated dispersants may be formed by boronating (borating) an ashless
dispersant having basic nitrogen in the molecule. The boronated dispersant may
contain at least one polyalkylene moiety. As a further example, the boronated

dispersant may include at least two polyalkylene moieties. The polyalkylene moiety

‘may have a molecular weight of from about 900 weight average molecular weight to
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Am nes which may be enployed in formng the ashl ess
di spersant include any that have at |east one primary
am no group which can react to forman imnm de group and
25 at | east one additional primary or secondary am no
group and/or at |east one hydroxyl group. A few
aba 308@werht serape angibabar aveight NThe pblyhlkplenpmorey, &8 example,
N- .dodec ropanedi ap=zii ne, m nopr opyl - pi per azi ne,
iRy o1 SCHGT ORREDE R SO BERARA 6 MOlFH S Entto
abdut@10 2hRFhel NGLEA N HIB W BY REPY, th

BRen ofll é%tfﬂ'a s efgféﬂ% fr?l e pﬂlgellkﬁlgne

boronati ng (borating) an ashless i sper sant
mpadty magiihayogmeldenlat weighbdfabobe? 1 00hesigts meerageemolecular weight,

' rsant nma cont aj n_at ast one po | kyl ene
Ths PES{RMRe 0¥ty BRg ke holPo e o ey el G be used
fist BoRRIaG A the MRYiob G HSOE AhlehLAFHeriaR RAENRY ¥dRNGe described
noi eti es. The pol yal kyl ene noiety nay have a

forsrampledn %iP@EtNQSf 30 623561692&4,09603,%1,@}& 3268Paye,284,409;
I [ 0 '
DTSR AN 14 RonORuls OO SIS SEERIE. <1

44%55098;and 4663,38mve a nol ecul ar wei ght of from about
1300_wei ght average nol ecul ar wei ght to about 2100

wei gibe dprmalsd dispesant may viaelada a Ingh anglequian oveightadippessant

' . u haht ,
oS08 B LRt LA RS o
quroh.%als la;xd;tﬁeraexampletglye iif&yndtft}:&lis;ﬁgsaat may jtioliide ﬁyﬂm oati07 wi%
t s that can be use r boyronating the various
Ol’t’\@ﬁéﬁ” BFona M) BREthef; W&W&O@é@ﬁmﬂ%@o@c@ﬂ@ from about
' o | j P, .
OS8R 05D e BBl s e
may 284ude ftom 3bB8 &), B3P; abdyn3aZ VB0 of BorbR3 AB4bfurtRetc&ANHES the
36; 3 718.623 5,24

TR TN R

di¥yRir it me BO BTSN inlofl QABRLDI {iBcdfRy /R efdGIF Hahidingt ][IFshould

bor at ed di spersant includes up to about I w. %0

beywdsritoodghairthe Weighererppitages Biveb detsrrae &t ntasdismessant, withput

i NG Afr about 0.7 wto/o or less of boron. As a
anb’drhgltu e‘r%ﬂéig(gé%l e, the borated dispersant may include

f r orTiabbotbnatél dkpérSandligast bo. flrthidr' readed tvitA 040 Brgafie A, an
mﬁm further exanple, the boronated dispersant. 15 may
¥Rl 108 itk (sishy s/ 5melo THIOTR, OSThWEORTORSS Ofey, criighce
4- . t i S
S e R R R e e S A
indlhde adnspee sdritoromtedbdistirsns| vAd 4 furthet exdmpsleli thalBogonated

.viscosity foy .ease_of handling. |t should be
diFRETS PR GERE 4 METQRPGRRISEI: IFPHFES BOBIRE e e of

pht)gdhoﬂ%?‘t di spersant, w thout any diluent oil added.
20 The boronated di spersant nmay be further reacted
wi t AThgrboporgiad dispeedadt map be present in the lubricant composition in an

amount of about 1 wt. % to about 5 wt. %. Further, the fluid may include from about
1.25 wt% to about 3 wt% of the borated dispersant. Further, the fluid may include
from about 1.5 wt% to about 2.5 wt% of the boronated dispersant. Further, the

lubricant composition may include an amount of the boronated dispersant sufficient to

provide up to 250 parts per million (ppm) by weight of boron in the finished

composition, such as for example, from about 50 to about 250 ppm by weight of boron

in the finished composition.
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anhydri de, and/or an al dehyde/ phenol m xture. Such a
process may enhance conpatibility wth el astoner

seals, for exanple. The boronated di spersant nay

further 1include a m xture of boronated dispersants.

As a further exanple, the boronated dispersant may

i ncl (Fesrhonilated dispersasin may |bngforjn$bby $mattngaad Asim‘lessrﬂ;spheant

h Th t
P S ologreAicl PRRBNR Feig i BEHERE! ¢ Ll Bt ommoies or
zmﬁy(ﬁtid@MWhibh\Miay ’t%)ﬂseﬁzﬁﬁp% g\&ﬁe Sé-trEMEd EL%Iess Hﬁﬁeﬁ%yhﬁlude

may _i ncl ude from about Yot 0 about %o of the

Phesrhowys aqd Qéaf%)a whoaphpw @qad hyheptiorpHodic aei, mhmphmi@ trioxide

RO St i, 8 ofubal bl P RRRG o

tw0 i inglere ancka rmupdund§ cirh®e edn ﬂhﬁ&atﬁ}esé?@ﬁ@ﬁﬁtof dihydrocarbyl

ficient to V|de up to 250 parts per mllion
h@gfﬁ &@Ow@f @Sht BeoRe | sagted Withthe dwsic coifrpea-edntining

RS (e Ao HEPTNERRM, (RSB byt PlBsfic

ght of bo orrp05|
dmmé pliydrqglelatphdspdhtspélﬁsahylhemmyﬂmgém rplhasjahity, didesal ing@rogen

ani ¢ phosphorus

PE%%P@% 8 %%EPIEHSP%FF@B ' S S pb?Sphlte isopropyl

o 1§ Wsﬁﬁtenﬁddtegﬁdééﬁefhghro' bn f %Hﬁ% enzyl hydrogen
ost treat ed ashl ess di spers I nclu bho
Pg‘éﬁphltf( radbhe ike. pN@Emﬂilaﬁh@hsalm@xbyhgxpumﬂlp&aoh cmntan lupl to about

PR oL M RE Rt bR ReR o i SERpu dpibuty
hithopar FIRSESUGH GOTRANIHS AFARREDYP phoshhitd!SL T AHioKE  the

exanpl es _of di h%;;lrocarb yl hydrogen phosphates whic
%9}1 caybplagphites whiehe cimmbe artilizadr mgfbﬁ peasticaiofithig) invention

t hi
AP R Gh Tkl driBe BRI RBedhith dnonod TPy Bhyes esgahst
plmsplmhu mﬁnolﬂkyIZpbddphité‘l exiphodryt qﬂﬁ@pmtlaosfmﬁob@nzyﬂ phspHite,
en 10 phos 1}( d| cycl ohexyl  hydrogen
léfﬂPIIOéPhlE?r @‘?ﬁeﬁ% fikey ae SIS ﬁé@bcnplt iaorej syelpe@pyqunds. The
t.et d
hﬁ%ﬁba‘?é%%%?@?mﬂ in U1 6 BACKY AR, Mg of
mpm}rydrdcgcrbyh enty d:l’ngdr@cm‘yyl g]hosghﬂesv\n dré gl hsultabble,aiad R the
el ROEs BB A DbE ety losh: Bty owegtipBgEpsphites

P hie@ e 4 a
Ry g e

5,Utli446zed in the practice of this invention include

suchpco nd nome hosphi,t e, t

hosh. POl R Sedl SRR B S R EGHLaE dop rcine 2
subginiasidesith glybslRid £ defRbBPRIG B! PARANIE LSS5 os7ON0Al | Y|

phosphite, and the |ike, and m xtures of two or nore

suc yuitahle ashless dispersant is available from Afton Chemical

Corporation of Richmond, Virginia under the trade name HiTEC® 637.

Gear Oil Additive Package Component

Another component of the gear oil lubricant composition according to the

disclosure is a gear oil additive package. The gear additive package typically contains

one or more of the following additives: corrosion inhibitors, extreme pressure

additives, anti-wear additives, rust inhibitors, defoamers, and a process oil. The gear

11
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hydrocar byl group will normally contain up to about 30
carbon atons. M xtures of 20 nonohydrocarbyl and
di hydrocar byl phosphites are also suitable, as are the
tri hydrocarbyl phosphites and the sul fur anal ogs of
t he foregoi ng phosphites. Phosphoryl ated ashl ess
adilitive meekage mayebe edthoughedd doos netxbavplte ben alfuBy-firatubinéd gear
agﬁiﬁ e5 c71 466. The ashl ess .di gpersant conponent rmay

UI5° BECRGES CBFAPS A M3GRA88 AiTeting e Teauremsnts Wr mifd Shadrand/or
APYNITL1 ghdAs MITABR A $GIR ARior! AGMAD00RADRN ThD®pe and amount of
5,235,067. A particularly suitable ashless dispersant
the;companertp peesent W@W@Wp@d{age @dli depread ioo theotended final

j I Fglnja er the t.rade nane H TEC(r) 637

RGP 18b B s o i PSSR P it fom
abbutt heoghant aF | whight' p&odtt, AP tHeORtalCFQLK HO tHeOlubA&nt
di sclosure is a gear oil additive package. The gear
CoWBPHENRe package typically contains one or nore of
the fol | Eit | : i Lahkbitors, .extrene
or escurerMEEA I hiEive BAIG0S (e hvRIC S Spn S GRea
Gongirigicnamder thefrakemans HiaBG®a4@r ocess oi | . The gear 11

dit'bve a kag{e may be, although it does not have to
ﬁg—,@mﬁ—ﬁﬁl‘?—%&@lwl ated gear additive package, such as
a pa ' e ' t - r
APl .la\;'/}rrﬁ??ﬁsan i Pﬁ%?‘g%%@Eaﬁi{néﬁgisg{ﬁﬁ%tﬁg@@f?‘g the
£Fhenik thﬁt_i\{a’.nphckm nExawitiples netude Mﬂqdm&m?gbpdgfnﬁcéwg stlfigized
ar. addi.tive package w epend o intended _
°%$H%| S“gﬂﬂé‘f %ff?taﬁ %Féa%l aﬂ)‘?tﬂvﬁ@ﬂ%ﬁ% %@1@99 Vagiac fedljanes;
stlfurk¥P thiehy1y dVAEEARL shifurdidd HERKAL; QiR ?ﬁ%&& %fg )-C

about 25 wei ght percent, based on the tota I ght
moRgolpiifs; furigesripiglsiAlderadductssich abtheseglisulosed in U.S. reissue

i4i ckage.i s avail abl g .from Afton . Cheni cal )
p%or p%% a 732’2' ug1 e }ﬁct ﬁ)éarqglegdglclﬁlgﬁguﬁxngé(I;c)lylgziﬁf;eni,osulfunzed
isthitylens Ruefszgde AigebityMas,i ousfutiyddestrRobutylene, dicyclohexyl
sul fﬁi@-cont ai ning extrene pressure agents nmay be use

physul ‘EE‘&‘-‘lﬂYbiﬂO?}’ﬁ@ﬁﬂ%! dbepat m@@ullﬁéz,aﬂmo?sl iprlysullide, and
P PR b Bl SF s S pf S B e, e

btylntetresul falecmidglinat-bityd pdnitankiae, ansotlgf sthérz. eCohbin@tnk of such
eri.vatj V@% sul furized terpenes; sulfurized oligoners
Cqhteopss g SWEINTBNEEINS: FHSICATEFSYTG| 48aRt £81 alsodiesusaflduich as 2
AR STUGfuRSed ROBRYIES ShP ALK 1 ' inati
patent Re 27, 331. Spe%ig]#i C egan'pl e |ﬁ%‘fl§§éésa:g lalflélmzoéld()f
sybitiyddsisbhutdere; asiudifienyl zrslfides oloutpinetien of sl furizédzeil oil and
digt{ari??;fg?o %%lilgﬁé?’ 'I'hseuzlmful)urntt Io% ee)(cjtretn’rleI glir%:gs%%t glereltn 1%1’ the gear oil additive

package may range from about 75 to about 95 percent by weight of the total weight of

the additive package. In terms of active sulfur content in the Iubricant compositions,
the lubricant composition may contain from about 1 wt.% to about 3 wt.% active

sulfur.
Antiwear Agents

The antiwear agents may be phosphorus-containing antiwear agents which may
include an organic ester of phosphoric acid, phosphorous acid, or an amine salt thereof,
For example, the phosphorus-containing antiwear agent may include one or more of a

dihydrocarbyl phosphite, a trihydrocarbyl phosphite, a dihydrocarbyl phosphate, a

12
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pol ysul fi de, di phenyl polysulfide, dibenzyl

pol ysul fi de, dinonyl polysulfide, and m xtures of
di -tert-butyl polysulfide such as m xtures of
di-tert-butyl trisulfide, di-tert 20 butyl

tetrasul fide and di-tert-butyl pentasulfide, anong

trihﬁbwmby@phdm'phae | anp sulfifr analofs therab © gad arsangific salts thereof. Asa
fur extrenE pressure agents can_al so be

t
ﬁ?}@ﬁée ex%‘ﬂ@ﬁ tﬁ% phosP BB EOLPSE 2BHW e agept Ay dnsladngth dsppteme of
datv GlydfoRER p gbﬁlte ﬁ%ﬁéhséélﬁﬂ@€® 528 GAARLR AL Q\éﬁfable from Afton

sul furized 1sobutyl ene and di nonyl tri sl
(dmigah Sormmetioh of Ri¢hinondz ¥étgingd) landiah asit sattidfenlfiyrized dibutyl

sul The ,ano tre ressure n
ok phbiiite [kt o dIEC 15 GE T Semgavai i B LAfton
(‘Jh'énﬁ@l@b@éfangﬁ) percent by wei ght of the total weight
of the additive package. In ternms of active sulfur

cont dhe phesphasus-eastaining tantiwaposgent onay, be tpresenmm jap aarhount

t r tho
SCEPAE LS T 200 & ol CRTAARE Brewnilly haeff o Rhogphors
gl thebrivat b@npdisﬁlﬁthTAKS aCfithed Bk4igplantheWsias lﬂﬁ@spé(ﬁltalmng
whi ch may include an organic ester of phosphori c
a%‘iv%?r ag%gwobeomse&& [ian Fpoysy safficieat aprpvide ebaibfl 50 moabout

B o R e

| t i hy dhe gaarbyil adﬂmmoﬁack@e anthohyrtl rragaindinde Hoas phat @, wids to

ﬁélh¥‘§ﬁ5? Qﬁﬂ hate, any sul fur anal ogs
PhOFPEOSaNipg antfiisas apenhs Ag 2 fﬁl@h@f gegmple, the
g&zf AMRkGicve B&kﬁé@&%ﬁ%&xof n@%ﬂ%ﬁ?@% Mt‘é%?t"’/ f%ga%ﬁ\ﬁt W% of

i nclude at” | east rogen p
thesphaisplsus-koREQ(ing BEFcantgencarAnge mxaapm ltlado gmrf gibmiditive

o EDSTE B BP0 Gl SO o oS

Ccphesalinhiitoguch as H TEC(r) 833 antiwear agent
avallable fromAfton Chem cal Corporation). The
phoskRnet sowevirminhibiigrsased wete gagemt additivelpeclmge smnytinginde

[ OV t. 200 to.abo
tRoREoN Rhotet it ot PERUMES SRRl R are IS Rbhigote,
odt;dmanzolamﬁecgmmm, ﬂomylaﬁ@ola 3 wekdapfobencdthitdzBle, b B&limercapto-

ggotg H%s containing 10 anti wear agent é@be present
1 13013EIBNt 2IDETEIRk- Mdlt%arb)/lgwﬂé thindiazalsg t 3-magvenpto-5-
r
AR AES Ao 2 S M ar Ly BIGEPI AR BB and
2 5<bma(dxm¢ncarhﬂ;hﬂmn):n G;;Iethiaﬂramlasb ofiitablevdotpotndsafclude & 1,3,4-
ni.n ant i wear. agent

wt % t he s con
e SReTBo e AR SO RAPErS Ik Ridgadiazotes and
thé QFHJSEB?}E roemsyzumb}m@ A HRM200UL RinfeXook %@&0&% ia;)%%’ as

of 15 e phosphorus-contai ni ng anti wear agent
artislesrpf @ommieeceg e Othen| shitehdel infithitors 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 5 wt. % in the gear oil

additive package component are typical. Suitable copper corrosion inhibitors include

ashless dialkyl thiadiazoles. One example of a commercially available ashless dialky!

thiadiazole is HiTEC® 4313 corrosion inhibitor, available from Afton Chemical
Corporation,
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package may include fromabout 4.5 wt%to about 5.5 w
% of an anyl acid phosphate. Corrosion inhibitors
Copper corrosion inhibitors used in the gear oi
addi ti ve package may include thiazoles, triazoles,
and t hi adi azol es. Exanpl es include benzotriazol e,

Rust|lghibitergol e, 20 octyltriazole, decyltriazole,

dodeg%%{g% Zc?rls%ﬁf: @oﬁ'g ﬁ%gtm%g;gqig%] Ity?alzcglly included in the gear oil
5
addhifiRy SRRAS: Sﬁ%%ﬁﬂpﬂ&lﬁ ?ﬁ%&?ﬁ)&kﬁﬁ@ﬁ&&z ﬁlde%?lgcarboxyhc

2-mercapt 0- 5- hydrocar byl adl az

ackdss -Hxagplep of &utiibbymmmm)w)iyl@ amdt; lteamttzmpiel aekl, daanbic acid and
adi azol es

2. 5-bis \ t hi.o
ARG it ﬁﬂg‘ﬁﬁ PReRbPRIR, s Hclite i eimsh pcds such as
are pRetuc&l frymistiéh acids as tall ol fatty ac1ds olelc acid, linole é¢ acid, or the like.

2- hydr ocar byl di t hi o- 5- ner capt o- 1 4-dithiadi azol es
Prodect of thisdype are currently available from vanous commercial sources, such as,

T R S W W

HenkoehemicaDDiekios Wit Witke Ghiahiidal (CdkSorftfonCaRP&Ider the EMPOL
corrqQsion include ether am nes; polyethoxyl ated

“%%ﬁﬁ@ﬂﬁﬂ%1@@%ﬂm@§ﬂéﬁhoxylated am nes, ethoxylated
h t. |
PR G LA L )

' all@m@Bﬁ;cEﬁﬂc amﬂarﬂd A%any3 aﬂccuﬁo aglgtida themsordnhibitotsGuatb 84) tfor

5 m{. %in the gear qil 30 additive package conponent
¢ & ypi EHFPTORSHYISHENIEC copffdds coreERIapARYIFEBIC or gnhydride,

fr | 0

hRELAS.A80) £55 (LA 0 87, ISR i,

hevi&ielsmmmmczaﬁhﬁlnﬂe,r amish@hke nAlsbiuteftl araﬂw Hatftdstersf of@alkenyl
I nhi bi tors Rust

S“C‘ﬂw. bﬂ"% %W&ﬂeabgﬁfo?ﬁ ﬁf“o F%rg?nRﬁ%tht inthe alkspylagrpyp with

aldoh6ls ek hsithe $AMRI GRH. oiI addi tive package. Such
materi als i ncl ude nmonocarboxylic acids and

pol YRt @Brzylsmablfacusﬂsmhmm hldgfetb&;ul amipkg acid phosphates;

0 CIdS cta i d, decanoj c aci d
iR EALARR s Bt Gt BRE il tinstgips it
and sbbxyleted bidliold AtkidabdliRE; sAGhekBcdbieRcias or @errﬁfaﬁ’&e@ due&t and
om such acids as tall oil fatty acids, oleic acid,

- thq {ﬂﬂ?ol Materiglsiof these typee atej qvallablppgpertieles o fominerses Mistusgseof

f tal, sourc :
su@é&x&ﬁ%ﬂbﬁo@‘é@iﬂe@ﬁp 'ﬁ"ﬁ?ﬁ%@\é{t %"I}‘r?u %{09 il hw Bear Goéf%dgrnafe
pao;kage pompmehNﬁiEREM%etﬂ‘cmd abat R fyabohies whighk @ e@&&ﬂﬂa@s’ﬁ' on the
tot i of Wtco Chem cal Corporation and under the
0 1o giegeapkaddiive pagiagkel  Cor poration. Anot her
Antifhtdoehipe of rust inhibitor which may be used is
conprised of the alkenyl succinic acid and al kenyl
sucdi fiag hibytor fatescothes canpénehi bf thergeas vit hddisive pavkage.

Fo%eré?ﬁ%fd(%t &t Fg %%ﬂgéﬁ &l nqls,(c:g) )(z:alcgy’lates surfactants, and the like,

One suitable acryhc defoamer material is PC-2244 available from Monsanto Company.

The amount of antifoam agent in the gear oil additive package may range from about
0.5 to about 2.0 weight percent based on the total weight of the gear oil additive
package.

Process Qil

The process oil used in the gear oil additive package may be a natural oil, a
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tetradecenyl succinic acid, tetradecenyl succinic
anhydri de, hexadecenyl succinic acid, 15
hexadecenyl succi ni ¢ anhydride, and the like. Also

useful are the half esters of al kenyl succinic acids
havi ng about 8 to about 24 carbon atons in the al kenyl
ngjneraloikior & blead ob6hish ils uThe aib cantte paodffigtymphtheniGtdrlalblend of

2h{HE oo R o R it IS arobese o Gcp U ApBH faasral oil.
gﬁ’oo%§s &t hoprideat RAha BLASS) aﬁt%%k qn RAGARLS sufflent to

et hoxyl ated al cohol s; i mdazolin am nosucci ni c
S@l@blélge the camponeatsiof € addisive packagm drmuy,| theaddititegratlags will

vail a articl es of. conmerce.

ﬁﬁtmﬁld%%ga%%%suc sl?er?eﬁﬁé’%wggptsogﬁ%?prB‘éesﬁ%d The
anoumhe obllowii ncnmnhitmgre}taﬁlﬂ& §s 3pRh & hh@ﬁl&btas}s&:ts of the
package corrponent may range fromabout 2 to about 8
diselogisk erpleadiraents. p I Fxamplerie not étenidedidd Jimit dfe erhleodiments as

ve package. 25 Antifoam agents A foam
dﬁb}llgsfllto%ﬂforns anot her conponent of the gear oil
additive package. Foam iBxaidpld ors may be sel ected

from S”ICPQE Iya& | ates, surfactants, and the
| i ke B8 P"raél g)mfa@ forarudaiedas Tabloves: i al is

C'i;mpéﬂé'ﬁ't avai rapfr e Trom Vomsanto bUIIBdIIy it W,?l 1fffémnt

: 0 it m—the gear ort—addi-ti—ve gttty
Sgt Eaﬂhl&-\fé lﬂlﬂgeo 005 te—-about—2 0 wei nhf ]v. Cent

0 SolyaDclitinss Shor bt or s ne omar ot a0 o

31@5 aaphﬂnﬂl@wbas,ecdl The process oil used i|2&Me gear

seg] $wellgenti ve package may be a natural oil, |&8.00¢

gaar nid pdditivd packape a bl end of such oils. The did.oxan be

barenddd dshiess dispepheheni ¢, or a blend of mngrgdy oiTs.

hlﬁgjérgdjﬂ&hojﬁnaﬁdﬁﬂbodl ment, the process oIt [TFgs 60

Al & h&)ﬂ‘a‘nﬁ]ﬂé dxldant'”e Process Ot st & t—n
ar—ort—atdrt+ve package+r—an—arpuntsatH-eent
Process Bil . ._\&0 ackage
Typically, the additive package will 5 contain from

abouthe?aRe %@Mﬂ }ignﬁﬁit?)ﬁ Had Ww%s%aﬁg SERVPI6ERR was
oil. The follow ng non- |mt|ng exa eis given'to
tested 3 harefonthpaodl gnabbmﬂhneve sth'bﬂiljf mrﬂi@haﬁé ABTMSD 5704 (L-

anpl e, i i.nt en t the enb nts as
oAl sdut Al .Pr%?g \ 2o zestl ag%&we%mtg Pangfable.
(Sanple 1) was fornul at ed as follows: Conponent Wi ght
Per cent

: SAE J2360 Sample 1
Oxidation Stability Test (L-60-1) 50 hours 300 hours
Viscosity Rise (%) 100 Max. : 89.24
Pentane Insolubles {wt.%) 3.0 Max. —0.86
Toluene Insolubles (wt. %) 2.0 Max. 0.06
Carbon Varnish (Rating) 7.5 Min. 8.30
Sludge (Rating) 9.4 Min. 9.47

From the foregoing table, it is evident that a gear oil lubricant according to the
disclosed embodiments may provide superior performance in harsh environments as it
is able to provide a relatively low viscosity increase, and relatively high sludge and
carbon varnish ratings over extended periods of time. It is expected that a gear oil

formulation as disclosed herein will provide extended drain intervals without causing
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8 cSt olyal haolefin base oil 11.59 100 cSt

pol yal phaol efi n base oil 47. 00 al kyl at ed napht hal ene

base oil 28. 00 seal swell agent8.00 gear oil additive

package4. 00 boronated ashl ess di spersant 1. 31 hi ndered

phenol anti oxi dant0.03 al kyl ated di henyl am ne
emmiwﬂeaamﬁ\@hﬁlﬁd@nmomS @ich @s &desThe above gear oil

P 0 S s B o
mdeP o8 U Ha@entsheARIIM Ltead ddbudbrits B2 %re'éé‘\ﬁ/ 'ﬁ%olﬂb?at% fisll

J2360 procedure. The results are give
infogthis digklegure abif éully1st fortl hgmB60Sanpl e 1 Oxi dat | on

(og beaskeBBhorts S mieac it Wl heproa s sy Ained i

: th@ aﬁ Groho b(biﬁﬂi%rahﬁﬁ ol ey @‘émﬁ@&t}on% gvr&hé@?if Be %Sveﬁﬁérp 88closed

Varnlsh(Ratln 7.5 Mn.8.30 Slu %Ratln
SE!?ediihm%gWé theoipeejEratignand Id@lms, ‘@] andéwri“de may hefer to
on@ r?gﬁfgf'e t‘ﬁhﬁ oxlleu %hgs% Wthe%gg [n% cg%d,oa?l ?ﬁﬁe&%ﬁg‘? ﬁuqqufésr?f

provide.” super’

mgndaemts;rprepﬁrﬁesaﬂlch tas Zﬁolbﬁﬂz&hbéig&tp pcat] fifio Ardhticht tondltiens,
l,ow_vi sco i ncrease, and relatively hlgh sl udge and

and 50 Fsth w w. henegicalips and gleinasare ﬁmleeour&éfsmégs being medified

h »Q
in gt o Fhe okt DRGorhity, TR Ela B om0
nuwietiba) paraosetess sey firkh mxhe Slﬁdclf&amaﬁndcxﬂa}m hre:dipprommahons that

conponent s, such as ax) es. At numerous pl S
Sy, dstiing pen Qselredirpetics wupiiie peobmedduche msaet

infeBtich. PUNHe "Vel‘?(f lekdt SandPRUER! S a tféérr:lpt $5 4hif 'ﬂ{eeébé)ﬁggﬁbﬂeg the

are expressly’incorporated in into th
dogfrige bHeqnivalents tofthd sﬂopg/ ogme clapms, Itad:ienmnmcaBpa(ﬂﬂhﬁBr should at
on.wl I are

e o SE i e SR af PP O Rer it rak o polas
ordif@¢ | foufdihg OBclifheR! a®lotwRhsRindind e thah B tuBeriehlS FnB&E Gnd
parameters setting forth the broad scope of the invention arec approximations, the
numerical values set forth in the specific examples are reported as precisely as possible.
Any numerical value, however, inherently contains certain errors necessarily resulting
from the standard deviation found in their respective testing measurements. It is

intended that the specification and examples be considered as exemplary only, with a

true scope and spirit of the invention being indicated by the following claims.
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herein. As used throughout the specification and
clains, "a" and/or "an" may refer to one. or nore
than one. Unl ess otherw se indicated, all nunbers
expressing quantities of ingredients, properties such
as nol ecul ar wei ght, percent, ratio, reaction

ClohlM$:i ons, 10 and so forth used in the specification
and clainms are to be understood as being nodified in
all instances by the term "about." Accordingly, unless
1.0 GG oft Rkt EOMbE Mo cohfiisinBl T | CAI - par amet er's
set forth in the specification and clains are

appr exirstad¢fomslubticant having a dissositiepegioe fpnugmnt 80 eentistokes to

desired pr es .So e obtained by the

pr esent ﬁ@gdngW“mﬁﬁg% eb€($ | east, and not as an

att emteodnﬁ didfifid lubR&mP R @wsa@n?frarfgh% fiéin qg&h ol d%ﬁus%kes
equi val ents to the scope of the clainms, each nunerical

par anet er &Rt d 5 entistakgs at b %n@hm’@ed iatio lof gftet firstf olefinic

t he nunber .of rt |
appl yi ng fly ?1 i’ﬂ%tg(? %ersg?d? g gegn{celg ﬁrgﬂges%‘om g)ouYZ :1 to about
hthAthstandlng that the nunerlcal ranges and
.paraneters setting forth the broad scope of the

i la

i nverdt plilatsdaaplibalenghesg 9bns, the nunerical val ues

set E%B#Bm%@a&m%Su ig&&gc exanples are reported as

preci sely as possi 0 Any nunerical val ue,

howeus al;it_lolxrd’aﬁr @]flltﬂoyltlom nc?raplﬁlﬁn%ﬂ Néaai dhg&ﬁréd&l&é‘d phenol antioxidant
necessar i sultin romthe standar evi ation
found in Ei1 eqsgg)ﬁ@g@qla‘p%i QIE@T’VH@%%@%M@. It is
I'nt e_ﬁ%@% ihaddifihe a%ﬁ ﬁdvﬁ‘%t Anoﬁhn@ﬁ nEHRBR S3nf of less than
consi dered as exe ary only, wt true scope an 5

spi rit of abdmew(hmanmncbm @&img.llﬂmdmmatteﬂlebgfthhmaaoutz 5 wt.%,

Iarrslllli)CLII\/IS ear oi |

corrpgyf’ie fie Gehail gD Sptiioslin GpBRnR1 e Abaut 0 percent
having a ¥ysee %hi YanfigKighitg c&hgéﬂnﬁﬁo WasRO MY | 15taP KiiBricant
to 5 about 150 centistokes at 100 C, a second

ol efi ni c PamPAsEnt having a viscosity ranging from
about 2 centistokes to about 15 centistokes at 100 C
wherein a ratio of the first olefinic |lubricant to
2t he Shege oil Rbficine chupsdittaanst dargeswhéem MbYdhr il hddifve
about 8:1; 10 an al kyl ated naphthalene base oil; a

bor oPRCkaSF SYRPHESS AW SHESTAG BTSSR agemti @Rj aivecar agent, a rust

ant | Aol R R e oAy 20 o R oyt i ne

anti oxi dant; and a gear oil add|t|ve package havi ng an

actl phos qrius cont ent _of ss than, 15 about 700
ppm ’E]i‘ﬁi E P‘i’}@ﬂ%F?IﬁPosmt tlagp 3, gther, gomppising a seal

.9 Welﬁﬁg agent.

o,

4. The gear oil lubricant composition of claim 1, wherein the composition

contains from about 100 to about 700 ppm active nitrogen atoms.

5. The gear oil lubricant composition of claim 1, wherein the ashless dispersant

comprises a hydrocarbyl substituted succinimide.

17




10

15

20

25

30

© pr oc&8EPH;gs @ bgrongi

wherein the gear oil |ubricant conposition contains

| ess than about 0.1 percent by weight anti oxi dant

conposition based on a total |ubricant conposition.

20 2. The gear oil lubricant conposition of claim1,

wherein the gear oil additive package conprises an

text r dite gearesit iubsicag @dtpositiorBof ¢NRAS, WEkEEh, théadhlst dispersant

i nhibitor, a._corro n inhibitor, a_ defoaner, and a
@PE%%&PO@' afed| ashlessdispersaBnposi t i on of

claim1l1, further conprising a seal 25 swelling agent.

4. The gear oil lubricant conposition of claiml,

her diha gehreoit dubpiositt goorpositiom béichuim f I, ovheadio e B0 alid second

-~ about 0 m active. nl@{go en atops. 30 5. The gear
OfIIErs glipﬁgqle

oi | PlasRicdibrcaptopREises erein the

ashl ess di spersant conprises a hydrocar byl
substituted succinimde. 17 6. The gear oil |ubricant
8¢ onpdsyahichnaxde cantaining Bie sabrerilditbricehtofabiindss di sper sant
conpri ses a boronat ed/ phosphoryl at ed ashl ess

di spersant. 7. The gear oil lubricant conposition of

9cl ai M Heavyhery @bt ofilltebricanitsdonposltiGeesising: 0l ef i ni ¢
lubricant conprises oligoners of al phaolefins. 8 A

“vehi afigst glatimicdubricanihavinstaiascgeits ranging Friotrabewtrt0 ashitistokes to
claimi. 8, @1%@&¥lﬁst%%&gfo&fq,°' | lubricant

conmposi ti on Conprisi irst olefinic lubricant

havi age@nd iohfinki ltM-ldaﬂﬂ’ll@}ivﬂ@ 4 ﬁ&‘l@i\s@bﬁh@nﬁ Gro&atout L @ististokes
to about 150 cgntlstokes at C. a second olefinic

| ubri cant thaReihéd serpistokestt 1})Or §n(}j‘f}ﬁ{fﬂ’f P GaHoapicihe fipst olefinic
centi st OKRI'BnczIn‘? FRe Qéco#é?ﬁﬁﬁﬁt:'l\ﬁ:{ngérrﬁi %r%§ %r?xgl %gﬁlétvﬁjle{o ut

a ratio of the Irst o inic secon
oI ef| ni c Bl]brl cant ranges from about 2:1 to about 15

na ht hal ene base oil; a boronated
ashl %‘%élkg é af €ne ﬁsea‘ﬁ]éi oxi dant conposition
conpgb&bﬁge@gshje@@&tspegagt hi ndered phenol anti oxi dant
and at |east one alkylated di phenyl ani ne anti oxi dant;

and moz;@ﬁmgnmgmmn epapisiglat basildne hmdpad phgmi antioxidant
wherein t ar, oil ricant CO n
reactive Qn% até’ﬁf’ Eefi ’§ la‘fl #é ‘ggt“
aboud ccﬂﬁentman fasataditivapad@bbve nitrogen cont ent of
’ wherein the gear oil lubricant composition has a reactive amine content of less
than about 100 to about 400 ppm based on an active nitrogen content of

the ubricant composition.
10.  The gear oil lubricant composition of claim 9, wherein the gear oil additive
package comprises an extreme pressure agent, an antiwear agent, a rust

inhibitor, a corrosion inhibitor, a defoamer, and a process oil.

1. The gear oil lubricant composition of claim 9, further comprising a seal

swelling agent.
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the lubricant conposition. 25 10. The gear oi

| ubricant conposition of claim9, wherein the gear oil
additive package conprises an extrene pressure agent,
an antiwear agent, a rust inhibitor, a corrosion

inhibitor, a defoaner, and a process oil. 11. The gear
1i | Ihergearasil lubrogmd sodpesitionf ofcllzinrd, Hhefeitf hBR0mposition has an
conpr|S|n seal 30 smelllng agent e gear
o1 | IE65Y4 L ST SAEinE P P Wi o b 2.6 e active

f f
g g g’ﬂ%ﬁbéﬁhgﬂl&?&gtexg'}o L@%Mﬁ aBeD4h t£RLERo éJ gnging from

% and an activ phosphor us
content rangi ng from about 250 to about 700 ppm 5 13.
?he ar_oil h ant canposj.tion of claim9, wherein

B8Ol DR AREPOToR P Bl 3 WYEFBICAF Bghess dispersant
SUbSthltr_lF Sh?'ﬂl%lbﬂbmﬂﬁsut&téd suklfig@ar oil | ubricant
ion o

conposi aim 13, wherein the ashlers
dispersant conprises a boronated/phosphorylated

hl t 0 15. T [ t .
H padr e B DIERBRR argbosioe <L ehana: ppets th atiss disgersant
ol ef Icﬁﬂnpnée@ karbbﬁaaﬁem hoyRifedUshiG BEpersamt.
al phaol efins. 16. A vehicle axle containing the gear

oil lubricant of claim9. 15 17. A thermall y stabl e
15Fer The opt Bl nERio RRL B LERTE RS s B3 scoond

aboublefificdetiidant wkpsiséswligaimerstof dpBadlefittsi St okes at 100
C, a second olefinic lubricant having a viscosity
rangi ng from about 2 centistokes 20 to about 15

1§ent %%eﬂi%?é co]a%ﬁ% t&%&%ﬂu&%ﬂ{o +ﬁ11a% ghe first

olefinic ricant e secon Ini'c lubricant
ranges fron1about 2:1 to about 8:1; an alkylated
aph | en bor onat ed ashless di spersant;

ﬂmaﬁX @Eﬁtge%rcﬂ%lﬂﬁgrﬂ‘iaf‘b??“&?ﬁ‘ﬁ?éoﬁ@“é‘f‘g1 east one
h' n d@ e oRIEaRAlb AR M}%@Wlscoﬁ é ¢3nt ab%ﬂteSO centistokes to

al kyl at ed di phenyl ani i ne anti oXi dant and
conventl offfut gﬁat?enbstbktaddl(m% package wher ein, with

Egﬁg 84501 %H glé) cantal?av%nlgty wsc031 llralleg:rnlgcﬁ%% about 2 centistokes
to about 15 centistokes at 100 °C, wherein a ratio of the first olefinic
lubricant to the second olefinic lubricant ranges from about 2:1 to about
8:1;

an alkylated naphthalene base oil;

a boronated ashless dispersant;

an antioxidant composition comprising at least one hindered phenol antioxidant
and at least one alkylated diphenylamine antioxidant; and

a conventional gear oil additive package;

wherein, with respect to thermal stability, the lubricant composition has a
carbon varnish rating of greater than about 7.4 and a sludge rating of

greater than about 9.3 after an L60-1 oxidative stability test of about
300 hours.
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carbon varnish rating of greater than about 7.4 and a
sludge rating of 30 greater than about 9.3 after an
L60-1 oxidative stability test of about 300 hours. 19
18. The gear oil lubricant conposition of claim17,
wherein the lubricant conposition has a viscosity

18.i seThd gdeass 9ilt havicalhocdmpd3fiftn P . clakine 19eavhefdin the Iubricant

| ubri cant conposition of claim 17, wherein the gear
oi | SA¥RROSitpR hassa yscosiyEseQfdessthanabayt 190% ene pressure
agent, an antiwear agent, a rust inhibitor, a
corrosion inhibitor, a defoaner, and a process oil.

120. Theggeail lobdcahtutmmmaition odrgudai 17, ovherdn theajenn &V additive
further co risin%ma seal swelling agent.. 10 21. The
gearpa(?["l‘gel PSSR 120 BHITRS PIeSTre ragtnta o anfiwegh dg@itn @ rust

t he ﬁﬁﬂﬁ@éiatdo%sibﬁﬁm?dﬁor,%fdeméﬁwa%ael@r&e&to?lﬂ_t rangi ng
“fromabout | w.%to about 3 wt.% and an acti ve
phosphorus content ranging from about 300 to about 700

pm-_15 22. .T ear oil Jl.ubricant osition of

2P THE 96F, GIE MBS coponp e ofch B SaRi e, TP e
hy dr edlidggegubst i tut ed succi ni m de. 23. The gear oil
| ubricant conposition of claim22, wherein the ashless
di spersant conprises a boronated/ phosphoryl at ed

ashl-ass_(di . . r.oil. Lubricant.

2135 et PRGN cortitostib ok i T, ietip 81 8lion g an
ol efdctive sulfub coman trarpiippidrh @Bowt 11 gOPEL Sb&dt 3 wt.% and an active
al phaol efins. 25. A _vehicle axle containing the gear
oi | RhgERNORIFENteRt angingiram abous 398 to zhaybTHbepnef

operating a vehicle containing a drive axle,
conprising providing as a lubricant for the drive
22ax| élte geeangibhibtican compdstion ofgclaim {7, wdicrodh el ashless dispersant

| ubri cant havi.n viscosity ranginhg from about 80
cent@@&ﬁ?@%YSTO%%‘%&ﬁugiWeé é‘FﬁCF@i’%ﬁEes at 100 C, 30 a
second ol efinic lubricant having a viscosity ranging

from about 2 centistokes to about 15 centistokes at
23100 Toe gehregiblubrigant gomnpositiont dfecldimr 2%, whiersini theashless dispersant

| ubricant tq the ond ol efj ni | ubri cant ranges from
abofPPTIes A 05%1&?%%g5p ’orylla%eci ashfess &ispersant. g

24. The gear oil lubricant composition of claim 17, wherein the first and second

olefinic lubricant comprises oligomers of alphaolefins.
25._ A vehicle axle containing the gear oil lubricant of claim 17.

26. A method of operating a vehicle containing a drive axle, comprising providing
as a lubricant for the drive axle a composition containing; '

a first olefinic lubricant having a viscosity ranging from about 80 centistokes to
about 150 centistokes at 100 °C;

a second olefinic lubricant having a viscosity ranging from about 2 centistokes
to about 15 centistokes at 100 °C, wherein a ratio of the first olefinic
lubricant to the second olefinic lubricant ranges from about 2:1 to about
8:1;
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20 an al kyl ated napht hal ene base oil; a boronated
ashl ers di spersant; an antioxi dant conposition
conprising at | east one hindered phenol antioxidant
and at | east one al kyl ated di phenyl anm ne anti oxi dant;
and 5 a conventional gear oil additive package;

wher ah alkiyhedinaplithdantbasosifosi ti on has an oxi dation
stability in a 300 hour L60- 1 oxidative stability
testaﬁﬁﬁwaﬁﬂé$ﬂﬁ%§mﬂavm§cosity i ncrease of |ess than

about,, %Qtﬁo%%%a%t %ﬂﬂs?)?ﬁgﬁ i ﬁé}n%&tl%d%go&fhj&{e [ fHend1N@oxidant

about ge rating of greater than or
equal to @ndat I3t & alkkieedhadiphnglanfincirdiorid2@; adder ei n

the vehicle is operated in an environment having a
{ onpérarimion egF el eefv Bk Mou 40 C. 26. The met hod

of  CleRBir’@e Bt RotPEsi G hla8 ok RaRREHMIRY ih @508 hour L60-
di stance of nore 15 than about 30,000 kil oneters

bet ween | lixidative stapilityntestrtharpratides D @iscobie invetabodf Ieks than
claim 28 erei,n.,the axle is .,an axl of .a heav t
Craek 2o o R bl A Safbonryamall Tl of e BSSHGHE 7 and o
t he heavy sﬂﬂgd/raﬁﬁgn’&ﬁ@'é’z@&itﬁdrﬁ)r%?ﬁhlﬁﬂbb. conbi ned | oads

in excess of 25 netric tons. 2

27.  The method of claim 28 wherein the vehicle is operated in an environment

having a temperature of greater than about 40 °C.

28.  The method of claim 28 wherein the vehicle is operated for a distance of more

than about 30,000 kilometers between lubricant drain intervals.

29. The method of claim 28 wherein the axle is an axle of a heavy duty truck

vehicle,

30.  The method of claim 29 wherein the heavy duty truck vehicle can pull

combined loads in excess of 25 metric tons.
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