EXTENDED DRAI N, THERMALLY STABLE, GEAR O L FORMULATI ONS TECHNI CAL FI ELD
This invention relates to a gear oil conposition that bal ances bot h nanual
transm ssion and final drive autonotive gear requirenents. The present
conposition provides | ow odor, acceptable G.-4 and G.-5 perfornmance, high
t enper at ur eEXTENDED DRAIN THERM ALY $EABLE] SRR 0PN FOIONREATIOARS Vat i on
and satisfactory synchroni zer performance w thout requiring the use of
metal TWBCENIEALFIEBACKGROUND OF THE | NVENTION This invention relates to
gear oils for use in heavy duty (HD) axle and transm ssion applications.
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oxi dati gR.pLebl ens. There are also different performance requirenents for
specific géar oils directed for use in nmanual transm ssions and final
reducti on gear sets. For exanple, final reduction gear sets require higher
EP oper BACKGROUNDI OB AEE INVENTIONesent | y exi sts a need for a dual - purpose
gear oil for both manual transm ssions and final reduction gear sets to

economi S ntteng]gfeg%\g]%ggﬂse%e | ai d- open patent (JP 328084) "Hi nd
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and fi nidord weticldrBthgEatentioh Solatkl teQxféh@éa!&ﬁﬁ%&d&&ﬂfst§m€géairioﬁs.an,t I wear
addi tives, including phosphites, along with an alkyl-t-butyl trisulfide EP

additive. While alkyl-t- butyl trisulfides are thermally stable, they |ack

suf fi Ci @8lr oBP xR A FRENFRREoBAAubIR aBQ ks HeQUhHEonsAESERhANE nGmap Shock
perfornance.thhoutqq%?sl ng to very high treat rates or add) ng addi tional EP
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provi de sufficient break-in perforrmance to Igh tenperat ure wear
pr ot ectighlevals gt plisRwhioh ar-maretyEkie tOnthenlubtisantsrdpa testidation peyhiems he pr esent
invention relates to an inproved gear oil conprising: a) a base oil having
a viscosity range of 4 to 32 cSt at 1000C;

There are also different performance requirements for specific gear oils directed for use in

manual transmissions and final reduction gear sets. For example, final reduction gear sets
require higher EP operation conditions. There presently exists a need for a dual-purpose gear oil

for both manual transmissions and final reduction gear sets to economize maintenance.

Japanese laid-open patent (JP 328084) “Hino” describes an automotive gear oil composition for
both manual transmissions and final reduction gear sets. Hino discloses three specific antiwear
additives, including phosphites, along with an alkyl-t-butyl trisulfide EP additive. While alkyl-#-
buty! trisulfides are thermally stable, they lack sufficient EP performance and do not provide
acceptable GL-5 shock performance without going to very high treat rates or adding additional EP
components. Furthermore, the phosphites can react with trisulfides to form undesirable odorous

mercaptan by-products. Finally, phosphites do not provide sufficient break-in performance for

high temperature wear protection.



b) a hydrocarbyl polysulfide with a m ninumlevel of active S species; c¢)
a di hydrocarbyl dithi ophosphate ester or salt; and d) a di hydrocarbyl
(rmono) t hi ophosphate am ne salt, essentially free of phosphite. The present
i nvention provides the foll ow ng advantages over the known art: (1) no
metal detergents needed to bal ance axl e and synchroni zer performance; (2)

good t hesimhv sk &lie Tipy GVERDoRNd ¢l ean gear performance (L-60-1); (3) low
odor formulati ons; (Hg :OM/MEQT in high tenperature axle and bearing test;

and (5) mnimzes the concentration of the EP additive (al kyl polysulfide)
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the term "percent by weight" nmeans the percentage the recited conponent
represents t.h ight .of .the entire cQmposition. Conponent A- Base G s
General |y, ai O%as %ég%(l)l S Ségydﬁﬂﬁeﬁkﬁlﬁ?ﬁ%ggleﬁp, n may be formed from

nat ural ( ebpa hytdraverbal padysulfide géth alrdiginfid i8)el O ackYOS BRkies, base oils, or bl ends
thereof. Sujtable m.neral oils include those of appropriate viscosity
refined frgﬁV@ﬁﬁ@%mgwﬁi§ﬁ“§HV%§6ﬁ??é*S@%éﬁhard refinery operations may be
used in praredibydigeattye(ntnBREidphoptate ARG REnBARATRI0f pREREOT Petrol eum
oils useful in the conpositions of this invention are bright stocks,
residual oils, hydrocracked base stocks, and solvent extracted naphthenic
oi I's. SuchTmd prsseanidvdkineioviats th@%'ﬁb@fn% a@@éﬂ%ﬁgse(grelbﬂ(l fn er of
conventional techniques that are w dely known by those skilled in the art.
2 Anong t h€) spmetabdersenis predgddo balprse axle andsypchromizer perfempuadeyner s of C2 - C12
ol efins, cahboxdhifml A6 [ alcqhol s and pol yol s,
polyetherséggilicongs, p8F9§F§2%?@@ggﬁﬁ%&gﬁég?ﬂgﬂ§3%a ed aromatics,

car bonat es{3) tav edeafiyonlatierss; ort hof or mat es, and hal ogenat ed hydrocar bons.
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(e.qg., (gréﬁ§ﬁ§T%?°%%‘%%§%§ls). Al kyl ene oxi de pol ynmers and i nterpol yners
and derivatives thereof where the term nal hydroxyl

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein and in the claims, the term “percent by weight” means the percentage the recited

component represents to the weight of the entire composition.

Component A: Base Qils

Generally, the base oils useful in this invention may be formed from natural (e.g. mineral or
vegetable oils) or synthetic base oils, or blends thereof. Suitable mineral oils include those of
appropriate viscosity refined from crude oil of any source. Standard refinery operations may be
used in processing the mineral oil. Among the general types of petroleum oils useful in the
compositions of this invention are bright stocks, residual oils, hydrocracked base stocks, and
solvent extracted naphthenic oils. Such oils and blends of them are produced by a number of

conventional techniques that are widely known by those skilled in the art.



groups have been nodified by esterification, etherification, etc.,
constitute a class of synthetic oils wuseful herein. These are exenplified
by the oils prepared through polynerization of al kyl ene oxides such as

et hyl ene oxi de or propyl ene oxide, and the al kyl and aryl ethers of these
pol yoxyal kyl ene pol yners, for exanple, nethyl polyisopropylene glycol ether
havi ng an average nol ecular weight of 1,000 and the di phenyl ethers of

pol yet hyl ene glycol having a nol ecular weight of 500-1,000 are useful in
thi s i nvemenpthe suitable gyhdiiploilearh dpmo-oind potpgyopy b fie-Q) yles, tmbixytc-type-
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whi ch mebipheaylsseghdngizl.ude t hose made from C3- C18 nonocarboxylic acids and

pol yols and polyol ethers such as neopentyl glycol, trinethylol propane,
pentaerythritol and dipentaeryfhntol. Trinethylol propane tripel argonate,

pent aer yAlRylehdxideolReRPirRahSpoRRidrstal® derRALiVes Heflod wilSk e enfit 8 My @ofst- C14
di carboxylic-type acid and one or nore aliphatic dihydric C3-Cl al cohol s
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t he base oils include castor oil, olive oil, peanut oil, corn oil, soybean
oil, linseed oil, and the like. Such oils may be partially or fully

hydr ogenatogttr siifabldeRisy efdynthaR @flslbdtgprises thé estdds SERALIXPINECHdsQ8 ., plBalRase oi |
shoul d have,. a visc$§ité LQ%% nee%% at |least the visconetric requirenents
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and a fI1%5<nlnplginect wrighyof alephals sueh g uf ngtdimited i pyty gloghelghexprl
alcohol, and dodecyl alcohol. Specific examples of these esters include dibutyl adipate, dodecyl
adipate, di-n-hexyl fumarate, and the complex ester formed by reacting one mole of sebacate acid

with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Other esters which may be used include those made from C3-Ci3 monocarboxylic acids and polyols
and polyol ethers such as neopentyl glycol, trimethylolpropane, pentaerythritol and
dipentaeryfhntol. Trimethylol propane tripelargonate, pentaeryibritol tetracaproate, and the
polyesters derived from a Cs-Cy4 dicarboxylic-type acid and one or more aliphatic dihydric C3-Cyy
alcohols such as those derived from azelaic acid or sebacic acid and 2,2,4-trimethyl-1,6-hexanediol

serve as examples.



breakdown of the performance of the finished oil used in transm ssion, gear
or axle applications. Thus, the kinematic viscosity of a useful base oil
at 100C will preferably range fromabout 4.0 to about 32.0 cSt. Conponent
B The present conposition contains Conponent B containing a hydrocar byl
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(descri %ei%?a‘ﬁé’rlﬁ%)“i‘l’fis%ffﬂ%%‘T Flass of syngretia ndricantse (e deithednl silicstectotraimmpiopyt y t 0
copper . siliats, dnd paly(BABHBeI)sAdXEnAFhENE; PLESANG th fhe SN &R, addi tive
whi ch enables the EP a dir?’iﬁ)\slxe to ﬁfec{lﬁeée%egf?lgécm a %rt(l%) A F
necessary to pass in EP shock tests. Said protective filmis required for
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K-2514 'ghgsi-hqg@ndet hods for Oxidation Stability of Lubrication Gls"). Low
copper weight loss in ISOT will translate to prolong life in transm ssion
applications, where copper protection is needed. The conbi nation of high

CCT fro al it and | qw ] SOT. copper wei ght | oss assists in
defi ni ngPﬁy % hg@%%@%ﬂsitd\}%%{aﬁg? U%ﬁg@i:%fggllstq{é@cgggqnp offhe date ellBEliden EP and
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in the e t est can etrinental to the copper conponents in
nmanual Ipéﬁglls?ﬁqﬁ]@fl@’ ‘?geﬁagﬁ*g%g?‘(ﬁg' EP additives can require the addition of
detergent to inprove manual transm ssion performance. In a preferred

enbodi ngnt, .t h drocar byl polysulfide is an alkyl polysulfide. In a
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br anche®®®5340fSichai n of about 2 to about 15 carbon atons, saturated or
unsat urated, al kyl groups, al kenyl groups and aromati c hydrocarbon groups.
Specifically, the hydrocarbyl portion may include, without limtation,
et hyl , fompenesyB 2-propyl, n-butyl, t-butyl, nonyl, propenyl, butenyl,
benzyl, phenyl, etc. Hydrocarbyl polysulfides may include, wthout
limtation, dicyclohexyl polysulfide, diphenyl

The present composition contains Component B containing a hydrocarbyl polysulfide with a

sulfur activity of greater than about 125 mg in the Copper Corrosion Test (CCT). Active EP as
measured by the CCT test (described below), identifies an EP additive based on its corrosivity to
copper. This is 2 measure of the active sulfur present in the EP additive which enables the EP
additive to effectively form a protective film necessary to pass in EP shock tests. Said protective
film is required for GL-5 shock performance. Chemical structures of the EP addiﬁves.impact the
copper corrosion weight loss in the Indiana Stirring and Oxidation Test (“ISOT”) bench test (also
known as Japanese Industrial Standard (JIS) K-2514 "Testing Methods for Oxidation Stability of
Lubrication Oils"). Low copper weight loss in ISOT will translate to prolong life in transmission
applications, where copper protection is needed. The combination of high CCT from the EP
additive and low ISOT copper weight loss assists in defining the EP additive that provides the

desired balance between EP and copper passivity. EP additives that are excessively aggressive to



pol ysul fi de, dibenzyl polysulfide, dinonyl polysulfide, and m xtures of

di -t-butyl polysulfides such as m xtures of di-t-butyl trisulfide,
di-t-butyl tetrasulfide and di-t-butyl pentasulfide. The nost preferred
Conmponent B is a di-t-butyl polysulfide. The wei ght percentage of Conponent
B is prefmesiblthe ISOTbenttatest arbbenRtriiadiital &1He SBppér BRBEREARR Mand£SS than 2.5
per cent tr%%%%dsionu‘{\he t ot ﬁ)gﬁﬁi,ght of the gear oil. The preferred |evel of
Conponent SRS UPREESHE BVgsean regpigg thg adslitinaof detergentitd improvs mymufl ni shed
oi | . Thirsnshddsiwagegoriaged-P protection wi th copper passivation. The preferred
m ni mum | evel of active sulfur species is a level sufficient to provide a
sul fur activity of greater than about 125 ng in the CCT. Conponent C The
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shoul d have no peak in the 8-7ppmregion o
such as mixtures of di-z-butyl trisulfide, di-+-butyl tetrasulfide and di-r-butyl pentasulfide.

The most preferred Component B is a di-#-butyl polysulfide.

The weight percentage of Component B is preferably less than 3.5 percent and most preferably
less than 2.5 percent based on the total weight of the gear oil. The preferred level of Component
B should contribute less than 1.3 percent sulfur to be finished oil. This balances the EP
protection with copper passivation. The preferred minimum level of active sulfur speciesis a

level sufficient to provide a sulfur activity of greater than about 125 mg in the CCT.

Component C

The present composition contains a Component C containing a dihydrocarbyl dithiophosphate
ester or salt. The hydrocarbyl portion of Component C may be selected from the group
consisting of: aliphatic hydrocarbon groups with straight or branched carbon chain of about 2 to
about 12 carbon atoms, saturated or unsaturated, alkyl groups, alkenyl groups and aromatic

hydrocarbon groups. Specifically, the hydrocarbyl portion may, independently, be ethyl, 1-



nnr spectra (QE 300nnmr with a detection level better than 5ppn). The

hydr ocar byl portion of Conponent D may be selected fromthe group
consisting of: aliphatic hydrocarbon groups with straight or branched
carbon chain of about 2 to about 24 carbon atons, satur at ed or
unsat ur g, 23rbpyl, WERYDBbu K I carbon, groups.
Speci fi call 5/2%% h%S} h d‘?g]gar btgl %{gt"f nﬂﬂnapgut&r} 321%)23’%}%@11 pé‘f’tb

1- propylem ik IH}CBb‘;?F‘S Orlrth&tyI t- butyl, nonyl pr openyl , butenyl benzyl
phenyl, etc. In one enbodi nent, hydrocar byl arri nes are useful in prepari ng
t he am' ne salts of the present invention. These amines may be prinmary
hydr ocar byl am neSRmont/al ning fromabout 4 to about 30 carbon atons in the
hydr ocar byl group, am\m)re preferably fromabout 8 to about 20 carbon
atons in the hydrdtdr byS—&% oup. The hydrocarbyl group may be saturated or
unsaturated. 6 Represent ative exarrpl es of primary saturated am nes are

t hose k 1 ab am nes and cq ially known as
" Armeen(r %I@?l %a%@c{g{m Hes %?’5‘@9 aék%Qé?rP@B‘i“'egrPPlb‘;mRAI@% Qﬁﬁﬂ@l theypord cal s,
Chi cago or mixtures déFivpd Galm seadrilyiifdremaikonsls! ude al kyl anines such as n

hexyl am ne, n-octylam ne, n-decyl am ne, n-dodecyl am ne, n-tetradecyl am ne,
n- pentadecyl am ne, n-hexadecyl am ne, n-octadecyl am ne (stearyl am ne),

etc. Thé‘heﬂmﬁﬁnecpﬂbrﬂpdr&nmsﬂﬁéﬁ)ﬁﬂﬁt ?e‘é@l'ﬂh@ﬁbﬁ th@mm flfeﬁct,tiolnl gd and
technic e.the disti grade provi eapurer reaction

|
pr oduct8 Yﬂ@%@f@%lﬂ“@%ﬁ%@@l%’h@ﬁpﬁ?ﬁlﬁw will for m in reactions with the
am nes of technical grade. Also suitable are mxed fatty am nes such as
Akzo' s nmeen-C, Arnmeen-O, Arneen-OL, Arneen-T, Arneen-HT, Arneen-S and
Ar meen- $B WRighticsteRiee pt Gomapanent (éwmfﬁmblmaboutlﬂ)d EEentloshbits mfcehiund
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primary am nes having at |east on at roup.
For the nost part, they are derlved from al kyl am nes having a total of

| ess th@%@%DBO carbon atons in the al kyl group. Usually the tertiary
aliphatic primary am nes are nonoam nes represented by the fornula H3
R-1---NH2 CH3 wherein R is a hydrocarbyl group containing fromone to

about 3«ph Lon h_am.hes a illustrated by tertiary-butyl

ani ne, |Ear ym%& lbn %h?raa"rlsya1 HPREen 4’1]S GRS A dilpdipsarb byl
(mono)thlophosphate amine saft. Component D should be essentially free of phosphites.
Components essentially free of phosphites should have no peak in the 8-7ppm region of the 31P

nmzt spectra (QE 300nmr with a detection level better than Sppm).

The hydrocarbyl portion of Component D may be selected from the group consisting of: aliphatic
hydrocarbon groups with straight or branched carbon chain of about 2 to about 24 carbon atoms,
saturated or unsaturated, alkyl groups, atkenyl groups and aromatic hydrocarbon groups.
Specifically, the hydrocarbyl portion may, independently, be ethyl, 1-propyl, 2-propyl, #-butyl, ¢-
butyl, nonyl, propenyl, butenyl, benzyl, phenyl, etc.

In one embodiment, hydrocarbyl amines are useful in preparing the amine salts of the present
invention. These amines may be primary hydrocarbyl amines containing from about 4 to about
30 carbon atoms in the hydrocarbyl group, and more preferably from about 8 to about 20 carbon

atoms in the hydrocarbyl group. The hydrocarbyl group may be saturated or unsaturated.



cycl ohexane, tertiary-octyl primary amne, tertiary-decyl primry am ne,
tertiary-dodecyl primary amne, tertiary-tetradecyl primary am ne,
tertiary-hexadecyl primary am ne, tertiary- octadecyl primry ani ne,
tertiary-tetracosanyl primary amne, tertiary-octacosanyl prinmary am ne.
M Xt ur e ReptesaititiRex@hBlefd 'Wé ] r s of this inventjon.
Illustrative of am ne}_gen‘if?t?lur €s ag.i; at%ﬁ%lglhgss%gﬁg%g&%gpiaﬁﬁlﬁpgjaéﬁﬁlmmifjﬁ is a
mi xt ur e FPELd eammersially kpgwmpsk\Wrmpen *Hrprimaryauniimes $pradubts’ el abenRord MiZs  Whi ch
i's a simdual Chanitdis @hfth o S8 Rkl ALy .l bmary amnes (both are
avai |l abl.e from Rohm an&gﬂaggqéé#%% &%ﬁsem%(lé%etﬁ@ﬁmﬁéﬁﬁ%ﬁﬂ“hary ami nes
and metRgdanmen-e¢paming: egecyiniog natodeopkinlind Pasunde@ldnhigs @- of ordi nary
skill inehd -ANng ore, 7 further discussjon is unnecessary. The
tertiar 3’ e.al ﬁe;?ra%lr“?enr‘rgrh é%%yﬁgelmaes’é’f?ﬂtadﬁ?ﬁmﬂlﬂ%gwg6‘§E’§)’ gic- Thesg Atmegpent i on and
met hods Prgrart dreines gre eyslabit imbota dietitEsad idBdcdl BradesSWHR the dilled g2AB wi®

whi ch i ?:rm@feragﬁ}fer'rgccgrﬁorﬁt %d bef reflerence for its teaching in'this regard.
Pri mary Pani nes | A i ShPRAEC g esrable amidenandrimidssiyill fem mreaetions with the

unsat ur amires ofitesimieai gradeli Aleo suitsKIE We. mikEliity bllBeSsucRRdAR AH#J% Ry contain
one or nore Qbefi ni c (g]prsatur atri on dependi tr% one tuﬁe | en Ot% 0 ?héémchai n,
usual | y  REHEPe T Ret- Qe asenil eABpiea-Thb Armgen:§ prrbAtmagenr®®. Repr esent at i ve

am nes are dodecenyl am ne, nyristol eyl am ne, pal mtol eyl am ne, ol eyl am ne
and linol eyl am ne. Such unsaturated am nes al so are avail abl e under the
Ar meen ’}aa‘}?ﬁﬁéﬁ’?. erigd cB1vadimEnt Hiermasng salis efctbe dinaokijibmnf thissnteatiomare thae of t he

above aled FrortRtiakNelhiddlingk : i fatty secondary. am nes as
Armeen- 2C gnd Ar maleanZI#?]aﬁgﬁgfggm%lggéﬁﬁgcﬁﬁ%ﬂa%grﬁcr?‘rgbson\ﬂﬂoé?%n%‘e%?a fatty
ami ne aftPURFordlie mest patt, dhayraradidcived Goouatkyl AmPechavinprs tatabofldss thdacho@ssomet hyl |

ethyl, BubBéPRY¥hs id Pk utyl, etc., or R'" may be an al kyl group bearing
ot her non-reac'filve 01?9%%?‘3? substituents (CN, al kyl, carbal koxy, am de,

et her, thioether, halo, sulfoxide, sulfone) such that the essentially

hydr ocatj Ghak - of .t radical is not destroyed. The fatty polyam ne
di am nes g?dg\.lg | ude %n%l-pgéncoé} gﬁ{g : m§§?ﬁ%&°ﬂﬁo%faﬂ“e%ﬁepf§§%9mﬁb%ém@?hy| ene

di am nes, propane diamnes (1,2, or 1,3), and pol yam ne anal ogs of the
above. Suitable comercial fat¢¥l; pol yam nes are avail abl e under the
Duoneen(r) tradename from Akzo . Suitable polyanm nes include Duoneen
C (N-coco-1, 3-di am nopr opa ),C“ n S (N-soyaal kyl
tri met hyl enedi am ne), Duoneen N-tal |l ow 1, 3-di am nopr opane), or Duoneen
QL (N-ol eyl - 1, 3-di am nopropane):

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-methyi-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.

Mixtures of amines are also useful for the purposes of this invention. Xllustrative of amine
mixtures of this type are "Primene 81R" which is a mixture of C11-C4 tertiary alkyl primary
amines and "Primene JM-T" which is a similar mixture of Cj3-Cpo tertiary alkyl primary amines
(both are available from Rohm and Haas Company). The tertiary alkyl primary amines and

methods for their preparation are well known to those of ordinary skill in the art and, therefore,



The nost preferred Conponent D is the product resulting fromthe m xture or
reaction of dibutyl hydrogen phosphite, sulfur and an am ne or m xture
t hereof . The wei ght percentage of Conmponent D is preferably about 0.01
percent to about 1.0 percent, based on the total weight of the gear oil. 8

G her Cophpy n,of t pr esent jnventl on may further
contai n one g%%éﬁg?%@gﬁgﬁ%lﬁgvﬁnﬁ% hlg orRnanineygefyh farth ePupegssef this

cor r osi dAVenEipn @l&mﬂhodslfatthﬂayrebﬂam%e fdﬁcﬁﬁge 1er|%C Phtclggoi 9449 drlﬁi!l?@t ionis
conpris riazpl es i adi azol es anpl és i nc
be grz)ot r ?gzeg? lﬁcmp%fza%%‘fbry re}qunge for Hﬁfeﬁa't“i‘g in 5 egadecy| tr i aggl e,

dodecyl tri azol e, 2- nercaptobenzothlazole 2, 5-di mercapto-1, 3, 4-
thladlaqgf 2- nerca % Fﬁfrocarb Ithlo 1, 3, 4-t hi adi azol es,
2- mer capt o- aﬁy?‘.‘%‘%‘&a @1 p fkfracarbonghain campges olsfinis ungnSathins{ oy gaizr by! t h

and 2, Sl yd; aat bl o bbiug) by oot Bieadhroligc T RS eLad ComPOUnds

are the 1 ’Z\%‘ g adj azol es, especially t
1, 3, 4- dittHFagh g ‘%r‘l‘a“"’tllﬁé‘C’Zn(Eﬂ@ia%ehfydimbbd?pbélpdllomm)mito&s4 t hi adi azol es,

a nunbemRepfe Mdtutﬁréaﬁ[rﬁ, aRR\BHL Sul t
i nhi bi tg}r S of copper corr om%ﬁ}jiﬂ?\@@u@%&oﬁﬁ%ﬁmﬁ r%%rrlrélso CYE"}WI{}% OE%E&F‘I“H?
conpound&okylamingg %%Wﬁa&e@z@nam ﬂle@are@t/mtak}y:luadadthMﬁmh&ad@ﬁﬂxe et hoxyl at ed

al cohol s; im dazolines; and the |like. The compositions of this invention
can al sqg opt| onally contain a rust inhibitor. This may be a single

conmpoungewndary gmsineg m@luﬁfe dwdimbmmndshahm\glmg of the alpyve REk1 g‘roﬁﬂfvs ih&108iRE Hhdhg
corrosig cmflg surfaces. materjal s 1 nclude oil-soluble

nonocar boxyl i ¢ ac SUC amme 2 PRSP oArrE‘CEbeHT g dsodaniged d, nyristic
aci d, pélaHﬁY!amnﬁowfme Rlied fatta@nrdne dnti R iy heabier amelp g}dﬁﬂ (o c%’oﬁi atol

eni c
acid, c nd oil -sol uble polycarboxylic acids |n§ﬁgd|n
di mer aEJ RL@'ltk r |8ﬁn® %gigfézsprb%y Py ah“g" 1 pﬁi‘b’cﬂic%edg"\‘yrt@r?ﬂp vl goip beasingypthee i dsg

ol ei ¢ avémdieattivenk polar subbtitnery (AN)QIKYi, ké&ba]k&yh%uﬁ%tﬁébéﬁeﬁl@f 'iaﬁl% ér?f(;fgmde

i nhi bit | u | ken cinic acids in which the al kei

cont ai ngﬁ%ﬁb e l?‘r%‘lat tﬁ% 8?%%???1&?18‘11@“%%}%@“3* erth%é‘@éwﬁl igpnot dCSfFOYed “The fatty

t et r apr pyipayins dmﬁm’ms@no&!ﬂednonohﬁﬁfaﬂ@?%?ﬂ)ﬂeﬁléﬁpdr% it EXAIRERNNLSuCCi ni ©
acid, and the.like; |.ong- chaln al pha, “onega- di car boxylic acl s At he

nol ecul BFP %ldéarﬁm?sa(ﬁ&eorolf 3)ganst Robyagpnanalogslofthe ehovei Srittable cnmtrerdiallfatty
Pr oduct solpdmihéd fe hy4AEbI3 LRIS %Herlﬁtﬂﬁﬁeﬁn@-ﬁédehﬁ'gé ot A%, YBLLL ??utcbgmr ci al

sour ces Isuch as, for exaﬁ , the diner and triner aci fd under the
HYSTRENEPY A Aesar RAghuqmpRen G @ eoco-1,3-diaminopropane), Duomeen S (N-soyaalkyl

trimethylenediamine), Duomeen T (N-tallow-1,3-diaminopropane), or Duomeen OL (N -oleyl-
1,3-diaminopropane).

The most preferred Component D is the product resulting from the mixture or reaction of

dibutylhydrogen phosphite, sulfur and an amine or mixture thereof.

The weight percentage of Component D is preferably about 0.01 percent to about 1.0 percent,
based on the total weight of the gear oil.



Chem cal Division of Wtco Chem cal Corporation and under the EMPCL
trademark by Enery Chem cals. Another useful type of acidic corrosion
inhibitors are the half esters of alkenyl succinic acids having 8 to 24
carbon atonms in the al kenyl group with al cohols such as the polyglycols.
The cor ebe@ddipagedial f am des of such al kenyl succinic acids are also
useful. 9 Although added in acidic form sone or all of the carboxylic
groups of these carboxylic acid type corrosion inhibitors my be

neut r al rraedodyo : i e nposi tions... Other . suitable
corrosion i n@gﬁﬁﬁgﬁ?g%ﬁ] gﬁgﬁﬁlﬁ%%%emeﬁg ler %é’ﬁ‘}nﬁ&es?fﬂé%&ﬁo}mﬁsphat es;
ani nes; “OPBIUAEE.hoxyl at ed conpounds such as et hoxyl ated anmi nes, ethoxyl at ed
phenol s, ethoxylated alcohols; imdazolines; and am nosuccinic acids or
derivatives thereof represented by the fornula: wherein each of R, R2,

R5, R6 &lnd tyRe of sopriencheeiod dnltibitors thathyariegesd iatieyPradiica ol ineatiby s gr oup
ndependanpih B ARG 0o AR Ry By Gesvnst Mot EoHEsIn g Tzel. 30

car bon attyhsazole; devyltriaple, dodevyltriaaslt B ReRgtdvamiliazdd 230disRFRGR-125 @5 The
012282 i i BT Wl Do v

br anc ﬁéé{agﬁ??‘?&ﬁ%‘ﬁ?’?fﬁﬁ‘gﬁdr??é?ﬁ?|a?"%éﬁ?ﬁ?”n?é°a§“ﬁ‘if@“°§“tz3o§"éﬁ?%%%‘°sf’@%.“ Most

t

pr ef er aBIAFIRCo OIS g the Lafihiadiaeplesyerpesial 5 gﬁﬁ@%ﬁéﬁédi@dmﬁaﬁﬁb&p@o-& 6

car bon aB@ndtHRRiazeick bR th%,S%is(Bﬂdroﬁ@oy@d?ﬁﬁi@ﬁ;3,%1‘?%1%2?1&,@%}&@0%%%%@ are
me or di n ght'-

hydrocar byl groups, are preferably the sa ere stral chai n
or br anBREAYIE AR fgclss oL omrecd (ies sditablsnnhibitire of copper Rouésivraintipdaettieral Ky |

ester OhmaRs 3 ey e Iy J j are the same or
di fferent al’%gfy@glf’gﬁlg%@t‘%ﬁ?‘g‘?‘ g? &lhush g?%ﬂ%ﬁg%%{%%@ﬂ&g&%}gn% P gen atom
and ei t fépxstiagechlcahels; imidagelingskgnd e G cont ai ni ng 15- 20 carbon atoms or an
acyl group which is derived froma saturated or unsaturated carboxylic
acid containing 2-10 carbon atons. Mst preferred of the am nosuccinic
aci d deFhseamppsiionsofghidimichtjdines elso optiamllpoointos A ewt mhibitas Thisahayt fer above

for mul ag, Whes {ngjogg_ﬂ @) reisu%gli I.géﬁzZis .glzrj.en_atom is
oct adecyPM’gncﬁ%r octa e}(c:tgrney%ccélﬁao B%/Véﬂ : %BWB%%S/‘QP/I‘- g PQPWM. In such
est er Rmangmilal arfacesoStchpnadrinlsabtlyddyidsdgtnmahaatbox i dcahlsactaata-f oam
agents f{ ional, use in,the co siti.ons. of this_ i nvention_include
sili conetg§lhanhblg E&lgh#g“b%ﬁ“{i Wf@tl%{}%ﬁ p&'@‘%%?‘i’/ﬁﬂeéc 5 Jingleie acidaingleric ant i f oam
agent s aid; beleemby doik deriotic kadyete.,Gad oil Gbiubl @BlySarbixytlc adids Hielafiz dMeyea Data
Cor por ation, .1976 Jpages 25- %76) .. Mxtures of .
rimer acids, such ds are produced from'tall oil fatty acids, oleic acid, linoleic acid, or the like.

Other suitable corrosion inhibitors include alkenylsuccinic acids in which the alkenyl group

contains 10 or more carbon atoms such as, for example, tetrapropenylsuccinic acid,

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

dicarboxylic acids in the molecular weight range of 600 to 3000; and other similar materials.

Products of this type are currently available from various commercial sources, such as, for

example, the dimer and trimer acids sold under the HYSTRENE trademark by the Humco

Chemical Division of Witco Chemical Corporation and under the EMPOL trademark by Emery

Chemicals. Another useful type of acidic corrosion inhibitors are the half esters of alkenyl

succinic acids having 8 to 24 carbon atoms in the alkenyl group with alcohols such as the

polyglycols. The corresponding half amides of such alkeny! succinic acids are also useful.



silicone-type antifoam agents such as the liquid -dialkyl silicone polyners
with various other 10 substances are also effective. Typical of such

m xtures are silicones mxed with an acrylate polyner, silicones m xed
with one or nore am nes, and silicones mxed with one or nore an ne

car boxylmtheteh sddbg : l i i pat i of di.jret hyl
silicone oi |_ghm th {ni ?‘hgﬁoéﬂéﬁ?%ﬁﬁ?gt ;&}gg%?@ﬁ?%’%’?%%“ﬁ8?’§H’§Yd‘r‘:ia&1ﬂé¥%ho|
(U.S. P&Prosign inhibjions mpy®p neytializeddhy exbdse myinatpedent patheicampbatidny. @@kd est er of

a pol yhyggdy J S . 235,499); (i.Li ol yal koxyl at ed
al i phati c e %g%?gggh{bgfgtg.“s{@heé%ﬁ’gﬁ@ﬁi er 3&?1‘?3“( ?‘?}‘5‘ P%‘?flghzﬁ?éé Instied
al i phat iPelya@pyylgtes Smpainds sch as BhdX3Hted ARines ASIYx B dHhERAS, SABLMaEan

opti onal NFNN im_the conpositions. of this invention and include
car boxy Iagc}c‘hgg’ﬁﬁgeds?%&g}%gpmemrl ?gwpg‘fcc'%gcrﬁ‘ﬂdé AT fiervatives Ssasod prasentpdby ther i ¢

pol yam denmdasper sants, and post-treated di spersants of these types. At

| east sone of the ashl ess dispersant when used is preferably a boronated
ashl ess di spersant. Thegeoare typically formed by heating the dispersant to
a suitable tenperature pbgve about 100C with a boronating agent. Procedures
suitable for effegtingborewati on of ashl ess dispersants are described for
exanple in U 'S Paf, . c-3.,,Q87,936; 3, 254, 025; 3, 281, 428; 3, 282, 955;
2,284, 409; 2,284,414, SF 3@8, 832; 3,344,069; 3,533,945; 3,658, 836;
3,703,536; 3,718,663; 4x455,243; and 4, 652,387. The carboxylic ashless

di spersants are reaction products of an acylating agent (e.g., a

nonocar bg%l i ¢ acid, dicarboxyl.ic acid or other polycarboxylic acid, or

deri vat PSS RER 808 Y R R hR” Bk 'de, indspendeuslyy atri/dregenaatath or a hydryéuishi gropnp
conpoungsntaifine s o i i 4% 3 4.patent including British
Patent 1, 306 B39 gggmtdﬁ;e&?rglg’_l o‘?ﬁﬁé’“ﬂ%‘%&% e %‘,di%e?,%%%@: 4 h%‘gi%ﬁgl, 474;

3, 215, 789%™ 3 ;12‘?{9936'66 Sryp2utaiging;l t8 30 ZabdulGpms, (284 a38 group,c3MGin23From 1

3300, 1410 5 ane b he B B R R K00 K5 s i oty gt

3, 451, 983Ups3 cyplp, @ PraraplaGikybegslodkH22 abrifdtic Sorfididing bRups. Pr&¥RALE 18, and

3 725, anr ol AP el byt et R radil sonepnee. o
nunber ©f20zatbopatesyoMoetsprefbrablyr Rband R carasiiratss hilirs@escnandisals E3HeaisHg b-

pol yam Gangihatile RO ABRTE e YT B RErubait e e phbyiaree Saees e des | n
whi ch t prefesabtycihnsangoalifferestitraighs cRaifychOAERYhain S48kl higBlarbotSYakiy an

al kenyl bstityent ont.ai ni at. | east. 30 carbon atons, These di spersants
y Pl%ﬁlara?btlyaglaﬂ(yl esfer o anamf?l succimjc acid is used in which R(il and R® are the same orp

different alkyl groups containing 3-6 carbon atoms, R is a hydrogen atom, and either R® or R* is
an alkyl group containing 15-20 carbon atoms or an acyl group which is derived from a saturated
or unsaturated carboxylic acid containing 2-10 carbon atoms. Most preferred of the
aminosuccinic acid derivatives is a dialkylester of an aminosuccinic acid of the above formula
wherein R' and R are isobutyl, R? is a hydrogen atom, R is octadecyl and/or octadecenyl and

R is 3-~carboxy-1-oxo0-2-propenyl. In such ester R® and R’ are most preferably hydrogen atoms.

Suitable antifoam agents for optional use in the compositions of this invention include silicones
and organic polymers such as acrylate polymers. Various antifoam agents are described in Foam
Control Agents by H. T. Kerner (Noyes Data Corporation, 1976, pages 125-176). Mixtures of

silicone-type antifoam agents such as the liquid dialkyl silicone polymers with various other

10



are usually fornmed by reacting a polyam ne with an al kenyl succinic acid or
anhydri de such as a 11 polyi sobutenyl succinic acid and anhydri de wherein

t he pol yi sobutenyl group has a nunber average nol ecul ar wei ght of 500 to .
5,000, preferably 700 to 2,500, and nore preferably 700 to 1,400. The '

pol yani Bebstimed akdlal§od e ie:. ?Hﬁ@al %PHEHHB sAlcBfesHhixb PR | onm\?ﬁ@g | mary

géreggfét
anm no ?)rou capabl e of forning an on reac
hydr ocaPBBRES GE@?IPGF gigrs wigheerierpr mor%@nmeaa mmllawndﬂmxeamm@né bemeefansnech an

anhy dr | darboky B8 oflek ilon @ikifes ifldd ORbIAGins 8F o ARIH T8 e ot i 1L T atur

is replete with descriptions o yam nes )d"rmng such
car boxy Prigiakigtiy &%E&ﬁl‘@ﬁepslah!cmc aBeholf(UrS @aiaNpl %213,498);RH} an Meoxyhudd34, 018

whi ch d m.doan ne adducts
whi ch o 20 B2 aROas@ B X po o TR I BRNON, BT Bk BB 2P P Btk sant .
Repr es e Alipuliy eming §ih5. Ba. 196. 352851504, afi(i Santatk oy Rted aigHatit Beily S Pﬁt No.Nos.
3,172, 8 éss?o 02,678; 3,216,936; 3,219,666; 3,254,025; 3,272,

4,234, 4 5,034, 018. As used herein the term "succi ni mde |s nmeant
to enconpass the conpleted reaction product fromreacti on between the

am ne rg%ts ﬁ&”) nd the@gdrocar bon-substituted carboxylic acid or
anhydr i BIPPRESL A erHenaly fe piliaed in the campgsifions afitis invintor artbidclude

enconp ae&rb@ql’m adhieds disphieh el Mahiieh PAsO dﬂﬁérsz{ﬁ%{p&%@r}g%%ﬁ%m@%ﬁ% gnRd/ or

additigon to the i mde ’results

It 1ink
fS ?om t Ihg"s gfg%‘ﬁci ‘gﬁpe&ﬁ@mﬁ oh ety iesaft Isest seronef tbfn@sh&ns @smysam wdben uwsedisty. The
pol ymer p&f@éﬂly@mrﬂﬁt&l ﬁﬁﬁ%ﬁﬁéﬁeﬁsaﬂr '?he@@bﬁérfﬁléallgg%ﬁ %' rﬂg?tﬁlgﬁﬁe dxg‘p@ﬁsgl\e}t r oups

and oil Lub|I|2|ng ro for exanple rou g at
| east a‘i’oﬁﬂ'ﬁa IEBRIFC abotespout IQQ%Wﬁhtaémoaatslgaugc:itu?ieg:edbws smtableribt limted

to, intemRahybsbmiich ogfs‘foe%I ar;i?é/m s YbeHeSeri bé!i Fa{‘lexggcléfrég Eer or arelatively

hi gh nol ecul ar wei 8 am noal acr ﬂ? noal kyl
acryl ant-88593 6k dabPey 3281 488 ﬁr%ﬂ;%Spmwwnmm 41008 SARBLL; ammsm forth in

the folt oy ag. pateRr 449, 250; 3, 493, 520;
3,519, 565; '3, 666, 73%)6S 35/0%{3?6 832@tg 63%!8‘?4@3 %&@Zm ch base d| spersants
whi ch can be used pursuant to this invention are condensati on products
formed y, ' Long chain dro arbon- tituted phenol with one
or nore - : E i pﬁgl{&? %H%fﬁieérfl%g = af&s”ﬁaé’ﬁ{w ?Cftr%ﬂ’ &“Qﬁragﬁmf%ﬁrr&l dehyde

pr ecur swppocarbdxyicacioly dlnmbexyhpabmarrbmexspolmtb@k&lw RBE oPderivRiiR:s kA ¥k ene

pol yam es_of nni.ch condensati o products, including in many
cases b(gh(r%o%ng{%}g dlg%éanml%sﬁn 8§B°l?i]ilyéib‘8‘rys°8ﬁ’§’§“%@ﬁgnﬁé? Pradiects 3¢ desqeibed in many

patents, including British Patent 1,306,529 and the following U.S. Pat. Nos. 3,163,603;
3,184,474; 3,215,707; 3,219,666; 3,271,310; 3,272,746; 3,281,357; 3,306,908; 3,311,558;
3,316,177; 3,340,281; 3,341,542; 3,346,493; 3,381,022; 3,399,141; 3,415,750; 3,433,744,
3,444,170; 3,448,048; 3,448,049; 3,451,933; 3,454,607; 3,467,668; 3,522,179; 3,541,012;
3,542,678; 3,574,101; 3,576,743; 3,630,904; 3,632,510; 3,632,511; 3,697,428; 3,725,441,
3,868,330; 3,948,800; 4,234,435; and Re 26,433,

There are a number of sub-categories of carboxylic ashless dispersants. One such sub-category
which constitutes a preferred type is composed of the polyamine succinamides and more
preferably the polyamine succinimides in which the succinic group contains a hydrocarbyl
substituent, usually an alkenyl substituent, containing at least 30 carbon atoms. These dispersants

are usually formed by reacting a polyamine with an alkenyl succinic acid or anhydride such as a

11



productions are described in the followng U S. Pat. Nos. 2,459,112;
2,962, 442; 2,984,550; 3,036,003; 3,166,516; 3,236,770; 3,368,972;
3,413, 347; 3,442,808; 3,448,047; 3,454,497; 12 3,459, 661; 3,493, 520;
3,539, 633; 3,558, 743; 3,586,629; 3,591,598; 3,600,372; 3,634, 515;

3, 649, 228Lyis3 i 43 . 3 7. 3,725 480:
3,726, 5o " 3@%’1 ggcguuéag@%%%g%gm% 3@%@3@%@%‘?@3’5@5@?@93@%@;
3, 798, 2AYerags rpgsculaaveight gf750009 6,008, 9efaraby 500 82,98 atBore Prai@ablH 600 to

3, 985, 8200 4F1RQ61,28%e de@hkoRRh; 451: 4 058, 468: 4. 083, 699:
4,090, 854: 4, 33’9, §50;° “§?,°8‘jﬂff?1§fg—g$ 6@3%‘%‘%‘% %?%n?ﬁa“&sodrﬁ%é‘%t°n8¥’“??ﬁ€(aa‘é%ﬁ oil's of
t hi s i ngypicapeblsant foraingmyinidogrent o ehotioh withachydfocabhosuberdied susid ess

di spers . .V he, boron.can be plied.nits entirety by use
of one gél& St é‘? gérgfgb%cntﬁ%%%ttsélf fh gﬁrb‘%t Jagr %lgﬁﬁﬁﬁé aed ?‘a'é‘{?c?f agid-e8tefor onat ed
parti al Teslieratwt isreplefeytithdies@ipéibaadfblyambries buifable ffnabnyfolrsing ongal exed with a
succi ni g;l gxarﬁiga%]fl g S. P?t eg{o 4, 4?5@%2 by use of a_ firnely dispersed
hydr at e T ROF GANT S BEPHFARS geqyior exgmple Pat\ido- 54034818 wbich desgribenoerlyof one
or  nor eimpldysilydnyip@oudiisSathidaithBe BOTRR I /¢ Qitsle 3idist {MBrGi@iRRAENt S. The
addi tion {7-0 ﬁ.heg&asg,ml of a conhination of two or nore different Kkinds
of oi | - SBPUBFE 2 sy FSpEraH REPIBSAGHY Bsmples Phepch disppemitsrrs givenis.8s one or
mor e boPanMbed, 193 /8bBS200i67RES, SRIY3%; 00EEAEE 294 b, 4 ohh Ay Auvksledy

di spersg% Jﬂédr gted jnorganic borate or a boronat ed” parti aI’_ ester of

pol yhydr{d%81 & griaised hegeis thejterm ‘spesinimydel fymenpt ozneompiasethe eeripleted Ractiar abl vy,
at | eaSﬁroé@ct‘ﬁ?om%e@&@nWg@ﬂﬁfaﬁ{iﬁ’cbﬂe%tﬁtt%sj £R%he %’%rﬁ@%lb(gﬁ-smsﬁ&]?e% AL ONt ent
of the conpositions of this invention IS introduced therein as boronated
ashl ess2@dd sprohydide (onleetacisk derizptintg) seactanifsy tead is intehdedttdr encomipisseolnpowonds

cont ent ywhidi ol it iLya from.90 to.100% by wei ght
of the B,gérglr? RE%‘Z‘? gﬁrﬁctt g %n%lggﬁg}gﬁﬁ%’tﬁb%%%g ]mié%ﬁ?%%lsﬁwfh?l(gﬂio% F s

i nvent i birkage obthe tipe thad rasultrofron dtegekctish bBamrimarg peimantup. antltan afioudtide be

under stgad.f hat as used herein the term "ashless" in connection with the

di sper sant refers to the fact that they do not contain any netallic
constituent other than perhaps trace anounts of netal inpurities or

cont am The rm does not denote that .t.he product must not form any
r esi due?ﬁé;éﬁmee oqoi)gaglr%%ﬁ?%ersﬁg%&wpﬁo Fabt I%IB%P%I]WP? BRPPSA/Et h of ‘bor on
and phodgfiieinsgronps (fowgimplbgradal ellgidrsuhevingkt 168t #ost 8 &4Midd ate®unt s of

deposi tS. rmresi du sdcgn restHI t. fromthe preserége of these elenents in the
di sper st maAHRegds, BgtAe notimited iy dutprpolmersat degil ethaciells, ymyhdesyl

essent i ehdryor eeélatively Eigh aolkcalaswaghdidih willPdRE8k {1288 1atdB¥nd Rhfobikymeant t hat

if any netal - cont ai ni'n addi tive conmponent is enployed, it is

acrylamides. Examples gf polymeric polyamine dispersants are set forth in the following patents:
U.S. Pat. Nos. 3,329,658; 3,449,250; 3,493,520; 3,519,565; 3,666,730; 3,687,849; and
3,702,300.

Mannich base dispersants which can be used pursuant to this invention are condensation
products formed by condensing a long chain hydrocarbon-substituted phenol with one or more
aliphatic aldehydes, usually formaldehyde or a formaldehyde precursor, and one or more
polyamines, usually one or more polyalkylene polyamines. Examples of Mannich condensation
products, including in many cases boronated Mannich base dispersants and methods for their
productions are described in the following U.S. Pat. Nos. 2,459,112; 2,962,442; 2,984,550;
3,036,003; 3,166,516; 3,236,770; 3,368,972; 3,413,347; 3,442,808; 3,448,047; 3,454,497;
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enpl oyed in an anmobunt such that the finished gear oil contains by weight a
total of no nore than 500 ppm of netal introduced by way of added
net al -contai ning additive(s), and that if any 13 hal ogen-contai ni ng
additive conmponent is enployed, it is enployed in an anount such that the

[ N1 shed,459m61.3, 493001 3531633y 3 958,01, 335k B35 04 56 3%6%7&-%4%‘1% ppm of
(0] a .

hal ogen _i ntroduced b7y vvaé added nket al - ¢ofit al ni'Ag drtrve(s
Pr ef er abp8F>>24% 17l AchA%ai36 hgOhRs; Bi70a27E 31786480; 31A26j882l 1,3861356r e may be

trace ampsnizgs.cf7wiysari e 3. § i . o g3 108 93% _an
impurity in one or nore of the,l?nggt?SP?égﬁg@gﬁgﬁéﬁ%%;,@%@?g&% I’%%’ succi ni c
der i vat i3vE 7446 289, 6P s RIS 4.00me8% 11011,68¢; 25 45 it (056A468f4,083g509CCi ni C
acyl ati ny 9836RL, 4 ole¥ins@but enyl  succinic anhydride it is conmon to
react thg) pol yi s’obgg[ggﬁ%d\%’%gﬁ’ogﬁ'l orine to enhance the reaction wth nmaleic
anhydride. Thus the finished product in which such dispersants are used is

likely i |l _ampunts.af chlorine. Likewi se, certajn organjc
sul fur gﬁ? Pg\feggtrcg‘g%g% grﬁl eé%ﬁgénlﬁg% rlg‘éeélﬂ?%ca&g[’@ﬁf‘%phégﬁm%lﬁi’tbéfi“ﬁe Qhrmbgrongigdunt s
of resi dshd¢ss dishosdnneilieinatintlp tiert@rdhonh ak Rippled RAGLRESty 1B Re BEGR: drdtpei 1

manuf acture. Such resi.dual anmpunts of chlorine can be carried over into the
fini she%grz%lﬁpéglgl%i a?glél?%&%?Poé‘ﬁﬁs’tsﬂﬂ“sasiarhorwawéémiﬁlfﬁsw phrerqlyhidsp eleobelar

| ubri canthidhrpréfbiablyinesigilexed Ritfa@hadthiniawey ers. MENDE4 84358 QL of a
hal ogen?.tgg'daddl tjves in order to utilize their hal ogen  cont'ent {e. g., for
ant i wear "6y “EREF Bofganip Bt (priim beS: Pris NavbPetb 4ot bhaseniast oce of

this | meeabthtypdop bR boldioRfihaRRlive bbiiip@iends M JBYERI AP plLIdh 28
conponen}s proportioned such that the |_nema¥| Cc viscosity of e

conposi Pf dfPmbinafisnef fwo ermere differqnts binds afoilk®fublget dispersiplebaon-echtaiBingokf i el d
Vi scosi tympdnehll SuelP BPRR ok | | . cP-at 40C. and nost
preferred ﬁnet he Br ookf iortra.lhﬁp? 2&?A§§e§5a€ lﬂgﬁﬁ'&g@%ﬁ%&ﬁ%g%%%gg %’%etlx ‘%%.edAl so

pr ef er r 88Pped hydsigsinoreaninbkorats ar abowenatedphriial esthradf atfolyhgdrid aleohobid ailni ng

ant i weapnARg/, g i lected fr ul.furized ,

ol ef nnic hydra g@%ﬁ%%%;ﬁ%aiﬁgﬁg?%ﬁ'ﬁgr %2%?%%03@ a‘é‘?ﬂ“’ﬁ% %ffél?%zy %ﬁems 1Y Ui zed
ol ef i ni &fthyHponspisent ofiths campplitians of fid nsentibh testroduned thatkintd dorakc@ss

di spers ' inal |l f .. east pne succini.c derivyative

ashl essgﬁ]?ess %g%rgééé%%lﬁs%?%g@? %%A f(%%sgagp%ha#‘%gﬁg? E%rﬂﬂ} Fon(%%‘ﬁ’cltﬂ‘?ﬁ’?f’d’ &id o1 onat ed

al keny| coupsitiondiesfen 89 ted ooy weightd tisd Yosorydonterit) ¢4 intreduzed o dei des;  and
gn..content, i he .conposition is introduced

![ Reﬁ 2?';1 Cé{gﬁ Sﬁgm éﬁ%l gi%ﬁﬁ'egﬁ%?s’l Psef W;eﬁ%@?gfaﬂ%l?ﬁ@sg%{?ﬁ“f& and in that the
conposition is devoid of any netal - containing additive.
It should be understood that as used herein the term "ashless” in connection with the dispersants
refers to the fact that they do not contain any metallic constituent other than perhaps trace
amounts of metal impurities or contaminants. The term does not denote that the product must not
form any residue, as the dispersants used preferably contain either or both of boron and
phosphorus. Although these elements are not metals, small amounts of deposits or residues can

result from the presence of these elements in the dispersant.

As noted above, the compositions of this invention are essentially metal-free and essentially
halogen-free. By this is meant that if any metal-containing additive component is employed, it is
employed in an amount such that the finished gear oil contains by weight a total of no more than

500 ppm of metal introduced by way of added metal-containing additive(s), and that if any
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: : : _  aht
The foll owing exanples in which parts and percentages are by wei ght
illustrate the practice of this invention. These exanples are not intended
tolimt, do not limt, and should not be <construed as Iimting the
generic aspects of this invention in any manner what soever. 14 EXAMPLES

In

T ¢ 1o Tapre 1 Srpre Bt SEROE EE G el b o
thio phJ&"bﬁL&‘? gspy ol C%{‘Flﬂs B waighi tytabtfowo pivire éﬁ??"%ﬁﬁ?%?ﬁ W‘I“?gg sul fi de
gg Id:‘ L Ir Y ?ﬁy ?\?P %%%?%%4%%@5%% ? %E%%Ng{e%ﬁrggyé¥ E’i FRUHRE AP YRIRUFENoneNone
%S fr onyBicalby there may betrate praciotye chrifie mrb: ﬂxﬁﬂxed Béhr bA Ghtddidech3@ad 3 package
The per fiﬁf)ﬂ?t? o WY oiQtLe BJ]detn% compc?ﬁelms bll‘oef\ ggasmpllg s crcm\{(l; geerg/atll\?e a-ls-l?ltéése 2

dispersants wherein in the formation of the succinic acylating agent such as polyisobutenyl

succinic anhydride it is common to react the polyisobutene with chlorine to enhance the reaction

with maleic anhydride. Thus the finished product in which such dispersants are used is likely to

contain small amounts of chlorine. Likewise, certain organic sulfur antiwear and/or extreme

pressure agents can contain small amounts of residual chlorine if chlorine-containing reagents

are used in their manufacture. Such residual amounts of chlorine can be carried over info the

finished ashless dispersant and thus introduced into the finished gear lubricant in this manner.

Preferably however, deliberate use of halogenated additives in order to utilize their halogen

content (e.g., for antiwear or extreme pressure performance) is avoided in the practice of this

~ invention.

Preferred finished gear oils of this invention utilize components proportioned such that the
kinematic viscosity of the composition at 100°C is at least about 12 ¢St and the preferred
Brookfield viscosity of the composition is less than about 150,000 cP at -40°C and most
preferred if the Brookfield is less than about 150,000 cP at —-26°C. Also preferred are
compositions characterized in that the sulfur-containing antiwear and/or extreme pressure agent
is selected from sulfurized olefinic hydrocarbon, aliphatic polysulfides, and mixtures of
sulfurized olefinic hydrocarbon and aliphatic polysulfides; in that the ashless dispersant consists
essentially of at least one succinic derivative ashless dispersant selected from boronated alkenyl
succinimides, boronated alkeny! succinic esters, and boronated atkenyl succinic ester-amides;
and in that the entire boron content, if any, of the composition is introduced therein as the
succinic derivative ashless dispersant; and in that the composition is devoid of any metal-

containing additive.
The following examples in which parts and percentages are by weight illustrate the practice of

this invention. These examples are not intended to limit, do not limit, and should not be

construed as limiting the generic aspects of this invention in any manner whatsoever.

14



Table 2 Performance B Summa HT Axle Fail Fail Fatigue Test HT Axle ECT 2800
2700 WearmM | ETT Beari ng PassPass Test L-42 Axle Shock Fail Fail
Cu W 38%30% Loss EP additiveSIBSIB 55 C Pass 210 ppm Pass Pass 9% 126 D

EXAMPLES

The components of the blends of the inventive gear oils are included in Table 1.

Table 1
Sample A B c D E F
Antiwear
dithio Y Y Y Y Y Y
phosphate ester
thio phosphate Y Y Y Y
salt
di-alkyl Y
phosphite
Acid Phosphate Y Y Y Y
salt
EP additive S1B SIB | di-~~butyl |trisulfide| di-z-butyl | trisulfide
polysulfide polysulfide
Sulfur Activity | 55 55 126 4 126 4
of EP
Metal detergent | None | None None None None None
%S from 1.5 1.5 1.4 14 1.4 14
package
%P from 0.13 | 0.19 0.14 0.14 0.13 0.13
ackage
The performance summary of the gear oil blends is provided in Table 2.
Table 2
Performance A B C D F
Summary
HT Axle Fail Fail Pass Fail Pass
Fatigue Test
HT Axle EOT 2800 | 2700 | 210 ppm | 170 ppm 130 ppm
Wear PPIL | ppm
HT Bearing Pass | Pass Pass  [Pass Pass
Test
L-42 Axle Shock| Fail Fail Pasg Fail Fajj
test
ISOT Cu Wt 38% | 30% 9% 19% Est 19%
Loss
EP additive SIB SIB | di-t-butyl |di-t-butyl| di-t-butyl
polysulfide ; trisulfide
CCT wt loss 55 55 126 4
my)
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170 ppm Pass Fail 19%di-t-butyl trisulfide Preferred F Pass 130 ppm Pass
Fail Est 19%di-t-butyl trisulfide 4 15 The Copper Corrosion Wi ght Loss
of various EP additive are provided in Table 3. Table 3 EPCCT Sl B55
D -t-butyl polysulfidel26 Di-t-butyl disulfide2 Di-t-butyl disulfide4

_ _ _ utyl disulfides
ver gt s SRR el f AR T o ReesoB rdibn srmoindecsodatiom < ot hod | 5

used to %}eeim ne the activity of the available sulfur in EP additives as

measur e ts corrosiveness to copper.
Ep CCT
SIB 55
Di-t-butyl polysulfide 126
Di-t-butyl disulfide 2
Di-#-butyl trisulfide 4
Di-z-butyl pentasulfide 466
Di-t-nonyl polysulfide 731

The Copper Corrosion Weight Loss (CCT) Test Procedure is described below.

SCOPE

This method is used to determine the activity of the available sulfur in EP additives as
measured by its corrosiveness to copper.

SUMMARY OF METHOD

A weighed copper strip immersed in EP additive is heated three hours at 121.10C

(2509F). The corrosion scale is removed using 10% potassium cyanide solution and the

weight loss (in mg) is determined.

PROCEDURE

A new copper strip is weighed to the nearest 0.1 mg. The weighed strip is then placed
into a test tube and covered with 35 + 0.1 g of material to be tested. The tube and
contents is placed in the oil bath and immersed for exactly 180 + 5 minutes (3 hours £ 5
minutes). The strip is then removed with forceps and allowed to cool. The copper strip is
washed with heptane and it is let to dry. Using forceps, the strip is placed into a plastic
bottle of cyanide solution and the contents are swirled for a few moments. The strip
should remain in cyanide solution for not more than five minutes. With forceps, the strip
is removed and flushed in running water under the faucet. The strip is dried with acetone
and the remaining loose deposits are rubbed off with a towel moistened with heptane.
Finally, the dried strip is weighed and the weight loss is determined. CCT = (total weight

loss) mg.
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- SUMVARY OF METHOD A wei ghed copper strip imersed in EP additive is heated
three hours at 121.1C (250F). The corrosion scale is renoved using 10%

pot assi um cyani de solution and the weight loss (in ng) is determ ned.
PROCEDURE A new copper strip is weighed to the nearest 0.1 ng. The wei ghed
strip i SWehleim:pl aced into a test tube and covered with 35 0.1 g of
material to be tested. The tube and contents is placed in the oil bath and
| mrer sed. f or  &xeollodBbsitich dBhipHERS tHeFoMAMAS componBitRUt €S) . The strip is
then renpved with forceps and allowed to cool. Tﬁe copper strip is washed
Wi th heggjgﬁ’é’n%‘ﬁd\:?tb“esm heying @ kinepatiesiseagity et 9OSof abhet 4stb mbgut B2 cfit; aced i nt o
a pl ast iGemyaasdtiee: I i . ts.are swJled. for a
feM/nDnentg? Thgﬁgﬁ%?ﬁﬁﬁgﬂgﬁpﬁﬂﬁgﬂgﬁﬁa?ﬂﬂg%Qﬁw§§9§§%ﬁ{$g%§¥g¥tﬁgpgHbre t han
five niﬁ@%@%mmV@?¢P$%WB@bs, the strip is renmoved and flushed in running
water u . ipis . dried with acetone and the renaining
| oose dgﬁﬁg?%§§§$gugﬁgﬁg%ggfﬁ&&#ﬁﬁbgm?8ﬂ%fmﬁ%?§? ned wi th heptane.

Fi nal | y Contpenent Ded ditydioparbsl (wengjitadptanshateninedaght | oss i s determi ned. CCT
= (total weight 1loss) ng. 16 W claim 1. A gear oil conposition
conprising the foll ow ng conponents: Conponent A a base oil having a

ki nemat ¢ vi $hogdat yil af cli0T wiered ObipdhehOB abitptiseS2 nS:lre of SRYRAREHIB a
hydr oca DO ulfide wth sul fur activity of greater than about 125 ngy
in the%@%bggwh%%fwg§&§H%#$§ng%bnponent C. a di hydrocarbyl dithi ophosphate
ester or salt; and Conponent D: a di hydrocarbyl (nono)thi ophosphate am ne
salt. 2, The_gear oil _qf claim 1, wherein Conponent B conprises a m xture
of al kyP" di- Igff g5epell Of‘g’m}’Wherel%GPmP@@n%aown@W a figthutylpalysalfide. 3. , The
gear oil of claim1, wherein Conponent B conprises a di-t-butyl _

pol ysul fide._ 4. The_gear oil of claim3, wherein said di-t-butyl

pol ysul fi de EBn#er eibef ¢laigs3. rohsreimamisd di-rdutyl pplasudfidr copyprivgsiless thanfabowie. ear
oi | . 5. pdibent 89 aeight b € o&hrajim 1. Wherein Conmponent C conprises the product
of the m xture of

5. The gear oil of claim 1, wherein Component C comprises the product of the mixture of

dicyclopentadiene and dialkyldithiophosphoric acid.

6. The gear oil of claim 5, wherein the weight percentage of Component C is about 0.1 to

about 6.0 percent of the oil.
7. The gear oil of claim 1, wherein Component D is essentially free of phosphites.

8. The gear oil of claim 1, wherein Component D comprises the product of the mixture of

dibutylhydrogen phosphite, sulfur and at least one amine.

9. The gear oil of claim 7, wherein the weight percentage of Component D is about 0.01 to

about 1.0 percent of the oil.

10.  The gear oil of claim 1 further comprising at least one of:

a copper corrosion inhibitor, a rust inhibitor and an antifoam agent.
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di cycl opent adi ene and di al kyl di t hi ophosphoric acid. 6. The gear oil" of
claim5, wherein the weight percentage of Conponent Cis about 0.1 to

about 6.0 percent of the oil. 7. The gear oil of claim1, wherein Conponent
Dis essentially free of phosphites. 8. The gear oil of claim1l, wherein
Conponent D conprises the product of the mixture of dibutyl hydrogen
phosphiﬁi, S&Efur and at |east one amne. 9. The gear oil of claim?7,
wher ei n'the Was &R oibef daim hijuthercompmigaent D is about 0.01 to about 1.0
per cent a®bronhi@d Bitless d8perddie 9gear oil of claim1 further conprising at |east
one of a copper corrosion inhibitor, a rust inhibitor and an antifoam
agent. 17 11. The gear oil of claim1 further conprising: a boronated

ashl ess 4l sp : . . 0l.l, ,of claim11l.wherein said dispersant is
a succi rluglm dgl.rlé .OI'II'%%CI%I;eEQﬁ ‘gﬁ’?&g‘smgfigp?ﬁs ls\ﬁﬁ;@f’%ﬁ“ﬁ“éeai d dispersant is a
Manni ch base di spersant. 18 '

13.  The gear oil of claim 11 wherein said dispersant is a Mannich base dispersant.
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