SYNERG STI C ANTI OXI DANT SYSTEMS 5 BACKGROUND COF THE

| NVENTI ON 1 9é Field of the Invention 10 This i nvention
rel ates to s;”nsfa tic additive conbi nati ons whi ch dr amatRaTws$9s/1599pr ove
t he oxi dation stability of lubricating conpositions, particularly
automatic transm ssion fluids ("ATF"). 15 2. Description of Rel at ed
Art Prot ection of Iubrlcatlng conp03|t|ons from
oxidation is an increasingly 28 AL IE |l POSYSTIENMS | ve
conpositions. Merely increasing the treat rate of known conventi onal
antioxidants is frequently insufficient to neet the higher requirenents
| nposed by aut onobi | e manufacturers. Thus, there is a continuing
search for alternate additives that confer greater 25 oxidation stability
to the |ubrigating conposition. thggﬁ%%ﬂg%ggfga%OﬁN EnPPEy et hod t owar d
satisfying this need. W have onpr na of phosphoric
acid with ashl ess antioxi dants, such as al kyl ated di phenyl am nes
1. Field of the T £
10 This invention relates to synergistic additive

combinations which dramatically improve the oxidation
stability of lubricating compositions, particularly
automatic transmission fluids ("ATF").

15
2. Description of Related Art

Protection of lub:icat;ng compositions from

oxidation is an increasingly important function of

20 additive compositions. Merely increasing the treat rate
of known conventional antioxidants is frequently
insufficient to meet the higher requirements imposed by
automobile manufacturers. Thus, there is a continuing
search for alternate additives that confer greater

25 oxidation stability to the lubricating composition. This
invention is one method toward satisfying this need. We
have found that a combination of phosphoric acid with
ashless antioxidants, such as alkylated diphenyl amines
and hindered phenols, surprisingly increases the

30 oxidation resistance of a luhriéating composition
compared with either type of component alone.

SUMMARY OF THE INVENTION
35

One embodiment of this invention relates to a
lubricating oil composition comprising a major amount of
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and hi ndered phenols, surprisingly increases the 30 oxidation resistance

of a lubricating conposition conpared with either type of conponent

al one. WO 36/17912 EP 622, 444- Al discloses oil conposit POVUSSsmS907  vet
clutches or wet brakes which contain inorganic 35 phosphorus conpounds

al one or in conbination wth an organi ¢ pol yol having at |east two

hydr oxyl groups in one nol ecul e. -2- AMENDED SHEET

- la- - @B 2,557,158-A is concerned with oil-based

f ti I fly f &l nj ' d
2 Conposit i on 't FEETEEAEE S Ul ) Sefeleloflrlll bupe apgbbELTLrod 1S
conbi nati on oﬁ“@ﬂﬂﬁéé§¥3m1ﬁﬂﬁi compinationf ofhosphorus, a boron

conmpound, and a pol yol . US 4, 857,214 concerns reaction
products of I norgani ¢ .phosphorus contai ning acjds or anhydrides with
a boron conpound and ashi®ss & Esrh‘?‘ﬁ'ﬁcsﬁ'éﬁg’é§°ﬁ iéﬂ§Fglﬁ°§BEBPﬁPnPHes.

EP 492, 9345A ditx|tastedl lathpayztialy sxobfusi anabegs;: andnt ai ni ng over based
al kali or alkaline earth netal -

(B) an ashless antioxidant.

' ‘Another efibodiment of this invention includes a
10 concentrate containing the additive combination of this
invention. Yet another embodiment is-a method of
improving the oxidation resistance of a lubricating
composition by incorporating this invention's additive
combination. '
15

20 E | L )
The phosphofic acid can be added in any form,

for éxample; néat}'gn aqueocus solution (e.g. 85% H4PO4),
a compléx wi;h alédhéis'arjefhérs,'or an. amine salt.
Partial and total sulfur analogs may also be used. The

25 phosphoric acid, or thio analog, can be added to an
‘additive package concentrate or directly to a lubricating
composition. The phosphoric acid may also be produced in
situ by any_of'ajVafiety of known reactions.

30 (B) E.H. s'! !'. .=:.'_!.

The ashless antioxidants of the present
invention are well known to persons skilled in the art.
They generally are within inté the following two classes,

35 but are not'limited'to thgéé ¢1§35e§.




contai ning detergents of at |east 200 total base nunmber 15 and a

phosphor us- on-cont ai ni ng ashl ess di spersant.

S LT one embodi ment of FRFESPHYBRT i on
relates to a | ubricating oil conposition conprising a major anmount of
WD 96/ 17912 : PCT/ US9S/ 15907

-2- a lubricating oil and an oxi dati 6r-Tesi stant effective anount
of an additive conbination of: (A) a phosphoric

aci d-contai ning conpound, pr Sapbsatotahm@bherartial sul fur anal ogs; and

(B) an ashl ess anti oxi dant . Anot her enbodi nent of this

i nvention includes a 10 concentrate containing the additive conbi nation of
this i nvention. Yet anot hesudtrthbllenarbmatiz mmtined ehtioxidamts/i ng t he

oxi daton 1 el oL A0AEa 8" aBohMliEORE: B0 es, GHAADGEiY hed,NCOT POTati ng LA S
5 diphenylamines, alkyl diphenylamines containing 1 or 2
alkyl substituents each having up to about 16 carbon
atoms, phenyl-c-naphthylamines, phenyl-f-naphthylamines,
alkyl- or aralkyl-substituted phenyl-a-naphthylamines
containing 1 or 2 alkyl or aralkyl groups each having up
10 +to about 16 carbon atoms, alkyl- or aralkyl-substituted
phenyl-B-naphthylamines containing 1 or 2 alkyl or
aralkyl groups each having up to about 16 carbon atoms,
and similar compounds.

15 A preferred type of aromatic amine antioxidant
is an alkylated diphenylamine of the general formula

20 wherein R; is an alkyl group (pfeferably a branched alkyl
group) having 8 to 12 carbon atoms, (more preferably 8 or
9 carbon atoms) and R is a hydrogen atom or an alkyl
group (preferably a branched alkyl group) having 8 to 12
carbon atoms, (more preferably 8 or 9 carbon atoms).

25 Most preferably, R; and Ry are the same. One such
preferred compound is available commercially as Naugalube
438L®, a material which is believed to be predominantly a
4,4'=-dinonyldiphenylamine (i.e, bis(4-nonylphenyl)amine)
wherein the nonyl groups are branched. Another preferred

30 commercially available compound is Irganox L-57®, which
is believed to be di-isooctyl diphenyl amine.



conbi nation. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

(A) The Phosohoric Acid-Containina Conpound 20 - The

phosphori VQ8¥/WItan be added in any form for exanpl e, FCTWSISASHOAqUEOUS .
solution (e:.g. 85% H3IPOY), - a conplex with alcohols or ethers, or an

am ne salt. Partial and total sulfur anal ogs may al so be used. The 25
phosphoric acid, or thio analog, can be added to an addi ti ve package
concentrate or directly to a lubricating conposi tion. The phosphoric
acid may al so be produced,{n _ . .Sit _? any of a variety of known

reactions. 30 (B) Ashlé%g Aﬁ?PSﬁFﬁan ge“° s The ashl ess

anti oxi dants of the present I nvention are well knomn to persons skilled

0 UDE TL oy (1Y SSNETR | ueEutel RiRdbEeR B e acses
PCT/ US95/ 15907include ortho-alkylated phenollc_gympounds such as 2,6
Aromatic A ne&:.-tert-butylphenol, 4-methyl-2, 6-di-tert-butylphenol,

2,4, 6-tr1—tert-butylphenol 2-tert-buty1phenol 2,6-di~-
isopropylphenol, 2 methyl-6-tert-butyl-phenol, 2,4-
dimethyl-6-tert-butylphenol, 4-(N,N-dimethylaminomethyl)-

2,6-di-tert-butylphenol, 4-ethyl-2,6-di-tert-butylphenol,

10 -methyl-s-styrylphenol, 2,6-di-styryl-4-nonylphenocl, and

their analogs and homologs. Mixtures of two or more such
mononuclear phenolic compounds are also suitable. (

Other suitable hindered phenols are butylated
15 hydroxy toluene (BHT), butylated hydroxy anisole (BHA),
~and their derlvatlves.

The.pfeferred.hindered_phenol antioxidants for

use in this invention are methylene bridged alkylphenols,

20 which can be ueed singly or in combinations with each
other, or 1n eomblnatlons WLth ster;cally-hindered
unbrzdged phenolxc compounds.' Illustrative methylene
brzdged compounds include 4 4'-methylenebis(6-tert-buty1-
o-cresol), 4, 4'-methyleneb;s(z-tert-amyl-o-cresol), 2,2'~

25 methylenebls(4-methyl-6-tert-butylphenol), 4,4~
methylenebzs(z 6-di-tert-butylphenol), and their
derzvatives.

_ iii)'bther Antibxidants'
30 _ : _
thle the aromatic amine and hindered
phenol ant;oxldants are partlcularly useful in this
invention, the foregOLng descrlptzon is not intended to
‘1imit other available antioxidants. Thus, other types of
35 antioxidants may be used as part of this invention alone
or in combination with the aromatic amine and hindered
phenol antioxidants.
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Suitable aromati c am nes anti oxi dants i nclude aromatic triazol es,

phenot hi azi Rgg e ?m:glphenylanlnes al kyl di phenyl am nes cont ai ni ng 1 or 2
alkyl substltuen S ‘each having up to about 16 carbon at onsPCT/US9S/15967

phenyl - [ err]-napht hyl am nes, phenyl-[err]-naphthyl am nes, al kyl - or

aral kyl -substituted phenyl-[err]-naphthyl am nes containing 1 or 2 alkyl
or aral kyl groups each havi n§up 10 to abouf - 16 carbon atons, al kyl- or

ar al kyl - substituted phenyl - [ err]-napht hyl am nes containing 1 or 2 alkyl
or ar al kyl groups each having up to about 16 carbon atons, and

simlar conpounds. referre e of aromatic am ne

alnt i OXi dan'[rp - is an aI kg @did(ﬁtp’ﬁ’é}% qb’fa/‘?rﬁggm%&?el?ﬁ?ﬁul a
[err]) h20 \Ahgmvanehew lis tmcﬂm Wsedipig m@iﬂagfanmhssﬂeheﬁlﬁiﬁ'
rou avin e 0

gtong) and Rg i §9§ hh?ﬁr%&%%@ﬁ i;#éﬁ ffﬁi% %?8f§¥§6?§i leat
branched al k¥l g‘n&eppfhmengﬂmmqm-c acl:érbbritlm oﬁ%\nénﬁﬁespchf shabl $hée

or 9 carbon at Orﬂ}a‘ a2 eonMaiin sorﬁ.fﬁapéyto Ri@éélpﬁx@ xﬁﬁsﬁﬁsrhae S3He tréele

such preferre ound i s aval | able commerci a as Naugal ube

438L[err], a naF@FFaP wlishiess At ?%tbe°5rﬁﬂ% "R&nPfyaghless anti-

4,4" - I di nonyl di p'&ﬁdbiﬁh&lﬂd)e dan ara®y sqéiteyteddly) )patnts generhan E.lnt Re

nonyl groups are hr e c a

conmpound is Ir ggr? e%[é"r T ]c’og Ch#x&ﬁé§£ éﬁgggﬁ’g?‘?%ggr@%obgé §'805‘F§‘§.°f

di phenyl anil@e. 50:1 to 1:50, preferably 10:1 to 1:10, although ratios
outside these ranges could be used.

This invention may be added to a lubricating

oil basestock in an amount sufficient to impart

15 antioxidancy properties. Typically, this will correspond
to a range of 0.05 to 1.0 weight percent of 100% active
ingredient, preferably 0.4 to 0.8 weight percent, most
preferably 0.5 to 0.7 weight percent. The preferred
range corresponds to approximately 0.02 to 0.04 mass

20 percent phosphorus in the oil.

Desirably, a source of boron is present in the
lubrication oil basestock together with the additive
combination of this invention. The presence of boron

25 tends to lessen the deterioration of silicone-~based
seals. The boron source may be present in the form of
borated dispersants, borated amines, borated alcohols,
borated esters, or alkyl borates.

30 Accordingly, by adding an effective amount of
this invention's additive combination to a lubricating
oil and then placing the resulting lubrication oil within
a lubrication system, the oil will inhibit oxidation of
the lubrication fluid.

35

The lubrication oil basestock may contain one
or more additives to form a fully formulated lubricating



WO 96/ 17912 B PCT/ US95/ 15907 "
-4 i 1) Hi ndered Phenol s Sui tabl e

hi ndered WMRMATIBNt i oxi dant s i ncl ude ortho-al kyl at ed plreraisesissenpounds ,
such as 2,6- 5 di-tert-butyl phenol, 4-met hyI' 2,6-di-tert-butyl phenol,
2,4,6-tri-tert-butyl phenol, 2-tert-butylph noI . 2,6-di -

i sopropyl phenol, 2 methyl-6-tert-butyl-pheno 2,4-

di met hyl -6-tert-butyl phenol, 4- (N, N-dinet hyI am nonet hyl ) - 2,

6-di -tert-butgipbhensuich4iebhytatifigdicitle addittivieshéncllndel corrosion

2- met hyl - 6- st yl I t hei r anal ogs
and honol ogs. XW&?QEBQL aﬁféeggé&y pﬁ“ﬂw&hﬁg n&g gg’rt henol i c °
conpounds . ar eaatsgxsganﬁgl.eextreme pressure addi&ivesiit é[ti-lsémﬁimered

phenol s are b!h?i-%éﬁsﬁfﬂét@.&x iR rRHRna ey hdked hyfede/ anisol e
(BHA) , and _Their deriv

f d hind d
phenol antd oxPHIAELIVES, are R‘:H?é'"’ﬁ}ltyhldslﬁcr?\?eﬁﬁq d'r?'all}(?rpre erpéﬁere blrpdg(rag _
al kyl phenol s, "2dbpthicahtcaddie ivest gy W Smalhedr rami @us Kertriedyach

other, or in na S t h.st.eri I u (%%i p&}@ollc
corrpounds Fﬁgg’ét ?\?gqﬁe% iy 1 gﬂbr%gr}je}dco%%cﬁﬁd; .riﬁiﬁ
4, 4" - met hyl enébsg(lesm‘es &t y'IhJ-Ch altﬁ Cq;morated herein by :

4, 4" -met hyl engliearénic®l, ! - AMEr1aye rﬁﬁ%ﬁla‘é’e@ Iulﬁ&.catz.ng oil normally
met hyl enelg#s(4 nmet h I-6 tert but henoadl;m1
met hyl enetf s( SOBF@INE %’f% ?t?eq weight % of these
additlves. quated o_r__ unborated d;spersants may also be
included as additives in the oil, if desired. However,
the precise additives used (and their relative amounts)
will depend upon the particulélr application of the oil.
15 Contemplated appl:.cat:.ons for fomulat:.ons of this
invention include gear ozls, lndustrlal oxls, 1ubr1cating
oils, and power. transm:.ss:.on flu:.ds, espec:.ally automatic
transmission fluids. _ The fo_llowmg list shows
representative amounts of additives in lubrication oil
20 formulations: -

(Broad) . (Preferred)

——Additive = _Wt. & _Wt. %
VI Improvers 1 -12 1 -4
25 Corrosion Inhzbltor/ _ ' ' '

' Passivators : - - 0.01 - 3 0.01 - 1.5
Dispersants . 0.10 - 10 0.1 -8
Anti-Foaming Agents 0.001- S . 0.001- 1.5
Detergents o - 0.01 - 6 . 0.01 - 3

30 anti-Wear Agents 0.001- 5 0.001- 1.5
Pour Point Depressants 001 - 2 0.01 - 1.5

" Seal Swellants - 0.1 - 8 0.1 -6
Friction Modifiers -  0.01 = 3 0.01 - 1.5
Lubricating Base 0il ~ Balance Balance

35 S
Particularly suitable detergent additives for
use with this irvention include ash-producing basic salts
of Group I (alkali) or Group II (alkaline) earth metals



deri vati ves. iii) Cther Antioxidants 30

Wil e the aromati ¢ am ne and hi ndered phenol antioxidants are

particul ar 'YOS84TUR in this i nvention, the foregoing desEFTISP¥EMN%S not
i ntended to limt other avail able antioxidants. Thus, other types of 35
antioxi dants may be used as part of this inyention alone or in
conbination with the aromati c am ne and hi ndered phenol anti oxi dants.
WD 96/ 17912 PCT/ US95/ 15907

-5 - and trarei ikt metalsonbitiat $ehfonichacpasseparboxyhient i on

is typically usgg: i pﬂye @ﬂ? LSS Hhei d8ids.such as automatic
transm ssion flau‘?"cfisé.." e é?{ﬁ[ca rﬁﬁéa 5 rate of the phosphoric acid in
the fluid is such that the fluid contains from10 to 1000 ppm

phosphorus. The treat THétfadit Bed| esmbinatasndaft thds drnventdont may
helght rati S orakef e Bhanacd Hrters s SoifEArhre: ! ol SppRABtERce | 5,
preferably 10: wibl lgéferallihougmtaini asmajoropptden 8ds &heg sembigafiemne
used. together with other desired additives and a minor amount
of lubrication oil or other solvent. The combination and
desired additives (i.e., active ingredients) are provided
10 in the concentrate in specific amounts to give a desired
concentration in a finished formulation when combined
with a predetermined amount of lubrication oil. The
collective amounts of active ingrgdient in the
concentrate typically are from about 0.2 to 50,
15 preferably from about 0.5 to 20, most preferably from 2
to 20 weight % of the concentrate, with the remainder
being a lubrication oil basestock or a solvent.

The additive combination of this invention may
20 interact with the amines contained in the formulation
(i.e., dispersant, friction modifier, etc.) to form
quaternary ammonium salts. The formation of amine and
quaternary ammonium salts, however, will not adversely
affect antioxidant characteristics of this invention.
25
Suitable lubrication oil basestocks can be
derived from natural lubricating oils, synthetic
lubricating oils, or mixtures thereof. In general, the
lubricating oil basestock will have a viscosity in the
30 range of about 5 to about 10,000 mm2/s (cSt) at 40°C,
although typical applications will require an oil having
a viscosity ranging from about 10 to about 1,000 mm2/s
{csSt) at 40°C.

35 Natural lubricating oils include animal oils,
vegetable oils (e.g., castor oil and lard oil), petroleum
oils, mineral oils, and oils derived from coal or shale.



This invention may be added to a l|ubricating oi | basestock in an anount
sufficient to inpart 15 antioxidancy properties. Typically, this wll
correspondv096/179%2a range of 0.05 to 1.0 wei ght percent of

i ngredient, preferably 0.4 to 0.8 weight percent, nost pre erag?y 0.5
to 0.7 weight percent. The preferred range corresponds to approxi mately
0.02 to 0.04 mass 20 percent phosphoru5|&1the oil.

Desirably, a source of boron is present in the | ubrication oil :
basestock together with the additive conbi nation of this invention. The

presence of boron 25 Iess n the_deterio atlon of alllcone based
seal s. The boron sourceg¥3§h6%1§r8§ ft 1S |4f St aRd

di sper sant s leai-sdbatn.ﬂtatedbdwdmdaabouholiis sucrb(amt;mim:ﬁrzed @ndl kyl
bor at es.

this invent | o te’ﬁalk”“er% &@f&lgﬁs Re. %dd' l?ﬁlﬂiféi{é AR armunt of

ve conbi nation t'o and t hen
pl acing tHe rB@&YPFEBYP&BFFOaﬂﬂﬂ?ﬁ%ﬂnﬁmhﬂﬂhﬁtyleﬂfIQHRQ¥2RQRﬁ)systen1 t he

oi I will inhi ehl.oﬂhd%baogoqubutylua@sl ulydlcye(tm{h:iénéﬂ » ol

The lubrication oil bases |n one re ad |t|ves to form
a fully formPGFeReFdnr PL éﬂ(ﬁ;g@é &&Frag 28 mlx ures thexsafy/ 17912

PCT/ US95/ 1590a1kylbenzenes (e.gq., dadecylbenzenés, tetradecylbenzenes,
dinonylbenzenes, di(z-ethylhexyl)benzene, etc.); poly-

10 phenyls (e.g., biphenyls, te:phenylé, alkylated
‘polyphenyls, etc. ):-alkylated diphenyl ethers, alkylated
diphenyl sulfides, as well as their der;vatlves, analogs,
and homologs thereof. and the llke.

15 Synthetic lubricating-oils also include
~ alkylene oxide pblymérs, intérpolymers, copolymers, and

their derivatives where-the“terminal-hydroxyl qroﬁps have
been modified by esterification, etherification, etc.
This class of synthetic oils is exemplified by

20 polyoxyalkylene pélymérs prepared'by.polyme:izétion of
ethylene oxide or propylene oxide:; the alkyl and aryl
ethers of these polyoxyalkylene polymers (e.g., methyl-
polyisopropylene glycol ether having an average molecular
weight of 1000, diphenyl ether of polyethylene glycol

25 having a molecular weight of'soo-looo, diethyl ether of
polypropylene'glyéoi'having a molecular weight of 1000~
1500) ; and mono- and poly-carboxylic esters thereof
(e.g., the acetic acid esters, mixed C3-Cg fatty acid
esters, and C;; oxo acid diester of tetraethylene

30 glycol). - |

Another éuitable:ciass.of synthetic 1ubricating
oils comprises the esters of dicarboxylic acids (e.g.,
phthalic acid, succinic acid, alkyl succinic acids and
35 alkenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebasic acid, fumaric acid, adipic aciqg,
linoleic acid dimer, malonic acid, alkylmalonic acids,



oil. Such lubricating oil additives include corrosion I nhi bitors,

det ergents, @gtér ? Nt depressants, anti oxi dants, extrene pressure
additives, v §d % i nprovers, friction nodifiers, and t RETVYSE§15Whese
5 additives are typically disclosed in, for exanple, "Lubri cant :
Additives" by C. V. Smal heer and R Kennedy .g. Smth, 1967, pp. 1-11 and
in U S Patent 4,105,571, the di scl osures of which are incorporated
her ei n by reference. A fully fornulated |ubricating oil normally 10

contains from abahkenyk grabenic2acidrghetarof wikBsa varigiy (9% élcolmpist ed

0][ gnbor afj ed E&) speld a,ntmﬁsay aleenbe, hexytuc hmde&oas a%édmeé‘alébtli&lte Q4 ,

i esire wever i se i tive ir relative

anount s) Wi I?tWéWﬁpﬁﬁcgh@E FF?‘@'&F&F IpgFPeat ﬁiﬁh#ﬁ@%.ql yoal

Cont enpl at ed apphorncétives, f propylemeatilycelf eﬂ:bl.s) . Spevidiic cexamplesieof
ear oils, inrdu I | Oy d

?I ui ds, espegl aS\Ey auté)éégrs EQE&tﬁﬁtgn%bgsﬁy&n Pﬁ'@ag% %\'ﬁ‘#‘gﬁﬁéﬁ

shows r epr eseehagate, adbunrbeyylafymarase i Aioghyilc Aekacate, 20

fornulations:  giiscoctyl azelate, diisodecyl aze@.@rﬂ&}d)dloctyl
(Preferred) Additi.ve W,. % W . %

| npr overs phthalate, dzgecyi.z phthalate, Plelf“ﬁ']co‘i‘?‘b%%ﬁe# e 2T or/
Passi vators ethylhexyl dleB8ter of linolei® @tid Himer, dadpeEhieants

8' (%81 }05 De?xé?lex este%@%ﬁf%wgcdggﬁgtn%l one mole &O%Q%icisc A

Anti-Wear Agent swith two moles( of) tetrpethylene) giyeoll and tweoelenof

Depr essant s 2-e9h9]1hexa?xo:.c acid) Gha thed1ike.Seal Swellants
0.1 - 8 Friction Modifiers 0.01 - 3
0.01 - 1.5 Lubr| cati ng Base Q| Bal ance Bal ance 35

Particul arly suitabl e det eEgeeirsadiidfulead @ynthetise oild a1s6 ingbadéeon
i nclude ash-qyodyging RAAEC £33 ‘3:5 to C;; monocarboxylic acids and
polyols and polyol ethers such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritel,
tripentaerythritol, and the like. Synthetic hydrocarbon
oils are also obtained from hydrogenated oligomers of
20 normal olefins.

Silicone-based oils (such as the polyalkyl-,
polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and
silicate o0ils) comprise another useful class of synthetic

25 1lubricating oils. These o0ils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-{4-methyl-2-ethylhexyl) silicate,
tetra(p-tert-butylphenyl) silicate, hex~(4-methyl-2-
pentoxy)-disiloxane, pely{methyl)-siloxanes and

30 poly(methylphenyl) siloxanes, and the like. Other
synthetic lubricating oils include liquid esters of
phosphorus-containing acids (e.g., tricresyl phosphate,
trioctyl phosphate, and diethyl ester of decylphosphonic
acid), polymeric tetrahydroforans, polyalphaolefins, and

35 the like.
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of Goup | (alkali) or Goup Il (alkaline) earth netals WO 96/ 17912
PCT/ US95/ 15907 -7- and transition

met al s WWO UM DNi ¢ aci ds, carboxylic aci ds, or orgareCr/psesapior us
aci ds. The additive conbination of this invention may 5

al so be blended to forma concentrate. ﬁ%concentrate wi |l generally
contain a major portion of the conbination together with other desired
additives and a m nor amount of lubrication oil or other solvent. The
conbi nati on and defhe edubxiiicating ¢ilemayabei deriwgdedirem s) are

rovi ded 10 . 0 e L& Lisl 64 UAL.S e ' |Je£d
p10vI 0 10 e p onughlighe HpcaPShl B8V pLacoNs lae
pr edet er ni n&éneedined Rilsrrephbbaiaed directly &spmedt PaEUEMunt s of

active ingregb@pée i dr tdpnthet £8NS6GEER! ¢l YR, CabhY , 26RallledMar gy 0. 2 tO
50, 15 %refera |y from

m about 0.5 tg 2 t ferably f 2 to 20
vel gt 9% THESEORERRTAL oYL HRORE: ABTPORE RUEEEicaciam, ¢x, SEm et on oi
basest ock orEgamplesndf unrefined ocils ifbdudedat shaleomiilnabtaimd t hi s
i nventi : 20 .0 { Dt t WL, k i ned gy | ati
(1o, d spebseireld FEdH o “Sohor FEnd"bERatal B pettelil BEY °. ot um

salts. The fobhained diresthy from disgdddatisn, SFdW RRELEN tabtaigwd er,
Wi Il not adv@iggbyly frénf&At esBerdridattionhpracedd,sldath Gt Wiich is
|nvent|cqb then used without further treatment. Refined oils are
similar to the unrefined oils except that refined oils _
have been treated in one or more purification steps to : {
improve one or more properties. Suitable purification
techniqueé include distillation, hYdrotreating, dewaxing,
15 solvent extraction, acid or -base extraction,-ﬁiltration,
" and percolation, all of which are known to_those~ski11ed
in the art. Rerefined oils are obtained by treating
refined oils in processes similar to those used to obtain
the refined oils. These rerefined oils are also known as
20 reclaimed or reprocessed oils and often are additionally
processed by techniques for removal of spent additives
and oil breakdown prbducts.

This invention may be further understood by
25 reference to the following examples which are not
intended to restrict the scope of the appended claims.

*EXAMPLES
30 3
To demonistrate this invention, a series of

lubricating oil test formulations were blended and tested
according to the Ford Aluminum Beaker Oxidation Test
("ABOT") deécribed'inﬂthe Ford MERCON Specification (24
35 August 1992 revision). All'of the formulations contained

a basestock and conventional amounts of borated and

unborated succinimide dispersants, tolyltriazole, amide



25 Suitabl e lubrication oil basestocks can be derived
fromnatural lubricating oils, synthetic | ubricating oils, m Xt ures
thereof. In 812 the | ubricating oil basestock will| HG&GEUSPS/15907

viscosity in the 30

40[ err] C,
40[ err] C.

oils,

al t hough typica

require an oi
a viscosity ranging fromabout 10 to about 1,000 mm2/s
Nat ur al

range of about 5 to about 10,000 mm2/s (cSt) at

applicationswmlI havi ng

(cSt) at

| ubricating oils include aninal
veget abl e oi | s gnd ethexylated aning frigtdion) mogdfiersunyViscosity nineral

and oi | s ledi¥Pélr | roRacoALis6aRBALS. The ha\A@s%biﬂaéad was an
PCT/ US95/ 15907

Synthetic oils PFAREAVELYr 6RaKLBALERNE &ﬁ&racteﬁapgugasétpgatg&ended to

oils,

hydr ocar bon oi |spsochkinatebyyanr 8aecdeatdal numbear.pol ynerized ol efins

(e.g., polyRutylenes, 5 polypropylenes, propylene-isobutylene copol yners,
chl ori nat ed pol ybut yl enes, poléél hexenes), pol oct enes),
pol y(1-decenes), etc., an@hei ABOTczesudtsotor éli%ypﬁém#és testy.

dodecylbenzeneSfogﬂﬁiaggsug

(2- ethylhexyl)benzene,
Fainin

t er phenyl s,
al kyl at ed

and honol o4y t hegk0bnt #8HalNeelbkE as shown.

limits are also shown for reference purposes.

eﬂzs‘neare shoRir G Imagneengs, adi

e o

d:tphepyin phbépliesusasaual Kehaes ari‘balaxxﬁamt\sam usanlays,
The Ford ABOT passing

Fhosphorus
*imaksly

TABLE 1
FORD ABOT RESULTS
15 (Based on 250 Hours)
FORMULATIONS A B c D E F
PHOSPHORUS NONE | H3PO4 | H3PO4 H3PO4 H3PO4 {1} TPP
SOURCE
PPM PHROSPHORUS 0 224 221 214 207 191
ANTIOXIDANT A-DPA | NONE | A~DPA | PHENOLIC A-DPA A-DPA
CONCENTRATION, 0.3 0 0.3 0.5 0.3 0.3
WT. %
TEST RESULTS
{FORD LIMITS)
DELTA TAN
1<4.0) 7.0 |. 4.8 1.2 3.1 1.3 3.1
DELTA KV40
(<40) 179 57 2 a3 7 28
$IR CHANGE
(<40) 79 75 33 51 as 38
PENTANE
INSOLUBLES 6.7 3.1 0.16 | 0.53 0.23 0.42
{<1.0)
Notes:
(1) COMPLEX WITH THRIOBISETHANOL
20 A-DPA = DI-NONYL~DIPHENYLAMINE

PHENOLIC = 4,4 '-METHYLENE BIS 2,6-DI-t-BUTYL PHENOL
TPP = TRIPHENYL PHOSPHITE



- 15 Synthetic lubricating oils also include al kyl ene oxi de "

pol yners, interpolyners, copolyners, and ~their derivatives where the
term nal AYQPBIVI2Z gr oups have been nodified by esterifiRCINisYs15907
etherification, etc. This class of synthetic oils is exenplified by 20
polyoxyalkylene pol ymers prepared by polngrlzatlon of et hyl ene oxi de
or propyl ene oxide; the al kyl and aryl et hers of these pol yoxyal kyl ene
polymers (e.g., nethyl- pol yi sopropyl ene gl ycol ether having an average
nmol ecul ar - wei ght of Fmﬂﬂ;la:ﬁipfrmyhl athed arfe pohg chase coamppyatives

having a nol e | |
gl ycol havi ngcf%%;'\ ecull ar ]!%%%0(%8 %{J’&’ 1@3@?{?0%%‘; %ﬁ%&{’éQP& ene
pol y- car boxyl c@n@g{r@@qmeqfe& ¢ presenf LAVANBLER! c Af| BeRa: theTaRIRcd

gg Cl[e”} )fat Yy, Mdth of tardsy SEomfifl Aok Q1 6 Hot RELEr thé rai-aaet hyl ene
glyco

other suita f gy ubricating
oi I's conpr?seF G RANENES ¢ ?kf%iy%é % hé BETE ic acid,
succinic aC|d(iﬂdqéasauznrtata&nahidnnhﬁﬁbrh]ﬁﬁn?LOsaDdlHluLdCBda TANI ei ¢

d, I '
dcid O fifeane pf N3 C B ragebies SUEHN iHEFERGeTEE Ledd DI L,

SiC HeT ddi her onl ¢ aci
96/ 17912 than 4.0. Both of these fluldsp@;}ysggplgggglnder of the

- 9- al kenwofmlﬁé&&ﬁémehts eépsi&e Vtxmsaaﬂaiamy ak @kgahol s
| 10 .
" Fluids-C and'D conta;n-the;synerg;stic_mixture

of the present invention. Both fluids have had ' i
phosphoric acid (85%) added to the additive during
blending. Fluid C contains-a commercial alkylated

15 diphenyl amine antioxidant, -and Fluid D contains a
~commercial hindered phenol antzoxxdant. Fluid C meets
all of the Ford requxrements easily. Fluxd D meets all
but the %IR change requlrement.' However, the data shows
that both Fluzds C and D are - s;gnlficant 1mprovements in

20 -antzox;dancy over Fluids A and B.

Fluid E is the same as Flu;d c except the
,phosphor;c acid (85%) was. added as a complex with
~ thiobisethanol. = Fluids C and E give essentlally the same
25 results in the Ford test showing that the method of
addition of phosphoric acid is not important.

Fluid F containé 200 ppm of pho$phdrus
delivered by us;ng tr;phenyl phosphite. Fluid'F also
30 contains the alkylated diphenyl amine antioxidant. While
fluid F also passes the Ford requirements, when compared
to Fluids C and E, Fluid F is poorer in oxidation
resistance, showing that the best synergy is gained when
| using phosphoric acid, not triphenyl phosphite..
35 | | ST
' The foregoing examples surprisingly demonstrate
that there is a dramatic improvement in oxidation
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(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2- et hyl hexyl

al cohol , et hy, ,gjﬁcol, di - et hyl ene gl ycol nonoet her, propyl ene
glycol, etc.). pecific exanples of 5 these esters include dif§I4§95/15907
adi pat e, di (2-ethyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl

sebacat e, dii sooctyl azel ate, diisodecyl iazel ate, dioctyl

pht hal at e, di decyl phthal ate, 'dieicosyl sebacate the 2- ethylhexyl
diester of linoleic, acid di %&“ﬁ@l g Iex ester, fo re tlng
one mol e of sebX$EiSERRCE © &ae ﬁ%ﬂﬁﬁﬁ%ﬁ] i

nmol es of 2- et@@1ﬁuusphurzacad;damhdﬂaswhdas antzoxidants xs useédy s
useful as synthetic oils also include 15 those made fromC5 to Cl12
nonocar boxyl i ¢ aci ds and pol yol s and po é et hers such as neopentyl

gl ycol , tri met hyl ol pr ofhide paafeamech ingnks e riids i invention
tripentaerytlyitgive apéehh@esckdbedy Het@lin, W rxhﬁpals Ot gnare al so

obt ai ned fronlhydro enated ol i f 20 nornal
Si | i cone- based 0+F¥ rLtieR §§et%égiﬂﬁéQQEﬁd to %&u ﬁherpﬁ?Qﬁﬁkﬁi?ts'or
pol yaryl oxy-si | opaﬂeicularaydthosss Msimj e:mxdzs)mnrgnmse phosbherusef ul

Gi Tioate, Lot rai SOBFAMpLRG RREGH oY dinel THbadinini igdiEal §108 EHbounas

t et ra- (4- net hyl - peeghy!| ncmﬁmqumds) wltmhr aay tmr@dweyapanspywrus-

silicate, X45aRe, Ppol y(nethyl)-sil oxanes
and 30 poly(nethyﬁsﬁgnyﬁﬁ sﬁfﬁ&anegﬂgg%dﬂiﬁgi 't ke. O her synt hetic

| ubricating oils include liquid esters of phosphor us-cont ai ni ng aci ds
(e.qg., tricresyl phosphate, trioctyl phosphate, and diethyl ester of
decyl phosphoni c acid), polyneric tetrahydroforans, polyal phaol efins,

and 35 the like.
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-10 - - ThT*'S‘ﬁeeJtHQrﬂe&?ﬁ nggoi |- may be derived from unrefined,
refined, weydglibdigd es thereof. . Unrefined oils are

obt ai ned di rectly fr 'MH source or synthetic soRCTSPHIY0T coal ,
shale, or tar 5 san thouﬂ4ﬁurther purification or treatnent.
Exanpl es of unrefined oils |nclude a shale oil obtained directly froma
retorting Qg@i@éi on, a petrol eum oil obtai ned directly from
distillation, or an ester cobtained - directly froman esterification

process, each of which:is 10:t.hen used. w thout further treatnent. Refined
oils are 1. S|h11abrncaﬂwmgﬂuiﬁ|cuubuzitianuuﬂﬁpfiﬁ&néeilﬁ&ﬂafl|S

have been d f i [ rove one or
nore pr ope&ﬁ%&e i ?agﬁb érgiq:fr cé)lttqioln it %c%%ﬁ"ﬁ%%%"?niﬁﬁ% {8tillation,
hydr ot r eat®$Ee c‘e&v&axangunzs G%CﬂWéﬂﬂféG?%cQGMnabidnoofbase extraction,
filtration, and percol ation, all of which are known to those skilled

in the art. Rer ned oi,l's are obtain treatin refined oils in
processes S|n1lg$£toaph&§9 céhﬂﬁéh??hs'°?¥Eﬁfﬁ%ﬁieacéﬂl9: ftese
rerefined totalaor ph:tﬁammuuxtuﬁmhnaibgsrmnh@r reprocessed oils and often
are additionally processed by techni ques for renoval of spent additives

. and oil breakdown products. This invention may be further
. under st ood by 253)reﬂ&w&ﬁh&%ﬁﬁt#ﬁ#i@#i@ﬁmﬁg exanpl es whi ch are not

intended to restrict the scope of the appended cl ai ns.

2. The composition of claim 1, where (A) is phoesphoric
acid, an amine salt of phosphoric acid, or an alcahol- {
phaesphoric acid complex.

3. The campositian_of claim 1, where (B) is selected
from the group consisting of aromatic amines, hindered
phenol, or mixtures thereof.

4. The composition of claim 3, where the ratio of (B)
to (A) is from 50:1 to 1:50.

S. The cdnposition of claim 4, where (B) is an

alkylated diphenylamine, methylene-bridged alkylphenol,
or mixtures thereof.

6. The composition of claim 5 where (A) is phosphoric
acia.

7. The composition of claim 5 where (A) is an alcohol-
phosphoric acid complex uf'thiabisethangl and phosphoric
acid in a molar ratio of 3:1.

8. The composition of claim 1, wherein the composition
is an automatic transmission fluid. '

T ij e

PLAGED
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EXAMPLES 30 To dermnitratqﬁ thi's i nvention, a series of
I

| ubricatin t f &pl ended and tested according to
the Ford A%ﬁ?%{hﬂ}rﬁ eaker manﬁ

‘ﬁt ("ABOT") descri bREFPHS(EY7For d
IMERCON Speci fication (2

2 revision). Al of the fornulations
cont ai ned a basestock and conventionaljsanounts of borated and
unbor at ed succi ni mde dispersants, tolyltriazole, am de V\D 96/ 17912

PCT/ US95/ 15907
ethoxyl ated anigne f A congentpate sentainsidisithe addlrﬁa’d{q |Cé?mb’dhﬂt1°n of

antifoamant. Thg 3gsqstock used was an oxi datively weak sol vent
extracted neutral olil blended to approxi mately an 80 neutral nunber. 5
The ABOT results f or the six prepared test formul ations, A-F, are

shown in Tableaip, Ald mﬂt@:‘bﬂhalfuimpromrg atié ngx fdatibmt fesEstanee of a

wer e used at 10URARL A CpRee S S SRR BNE I 4R LEERCETYS
lints are al samhovn dfortheciadddidy e gqrizination of claim 1.
TABLE 1 FORD ABOT RESULTS 15

(Based on 250 Hours)

) O O V0

THIS SHEET HAS BEEN
REPLACED - |




FORMULATI ONS A B C D E F PHOSPHORUS

NONE H3PO4 H3PO4 H3PO4 H3PO4 TPP SOURCE PPM PHOSPHORUS 0
224 221 214 207 191 ANTICMIDANT A- DPA  NONE A- DPA
PHENOLI C A-DPA  A-DPA SOONEHNT S AN JAN] EMS 0.5

0.3 0.3 WI. % TEST RESULTS (FORD LINITS) DELTA TAN
3.1 1.3 3.1 (<4. 0) 7.0 4.8 1.2 3.1 1.3
3.1 DELTA KVv40 179 57 2 33 7 28 % R
CHANGE 79 75 33 51 38 38 PENTANE 6.7
3.1 0. 16 0.53 0.23 0. 42 INSCLUBLES <1.0) Not es:
(1) COWPLEX W TH THI OBl SETHANGAGKGR A MLENOANVY- DI PHENYLAM NE
PHENOLI C = 4, 4' - METHYLENE BI S 2,6-Dl -t - BUTYL PHENCL TPP =

TRI PHENYL PHOSPHI TE WO 96/17912

PCT/ US95/ 15907 - 12 -

1. Field of the Invention

10 This invention relates to synergistic additive
combinations which dramatically improve the oxidation
stability of lubricating compositions, particularly
automatic transmission fluids ("ATF"}.

15
2. Description of Related Art

Protection of lubricating compositions from

oxidation is an increasingly important function of

20 additive compositions. Merely increasing the treat rate
of known conventional antioxidants is frequently
insufficient to meet the higher requirements imposed by
automobile manufacturers. Thus, there is a continuing
gsearch for alternate additives that confer greater

25 oxidation stability to the lubricating composition. This
invention is one method toward satisfying this need. We
have found that a combination of phosphoric acid with
ashless antioxidants, such as alkylated diphenyl amines
and hindered phenols, surprisingly increases the

30 oxidation resistance of a lubricating composition
compared with either type of component alone.

EP 622,444-A1 discloses o0il compositions for

wet clutches or wet brakes which contain inorganic

35 phosphorus compounds alone or in combination with an
organic polyocl having at least two hydroxyl groups in one

molecule.

AMENDED SHEET
IPEA/EP



Formul ati ons A and B are the base conparative fornmul ations, i.e., they
do not contain the synergistic conbi nation of the present invention. As
seen in Table 1, both of these formul atigns did not neet the Ford 5
requi renents. For exanple, Fluid A has a Delta TAN (increase in total
acid nunber) of 7.0 and Fluid B a TAN increase of 4.8. Ford requires a
TAN i ncrease of |ess GEhark £ %7, Bod +A of lshesenfcleurmsi f atiith heoibripaseér
of the For [ t S

2l i ds C and  uheA LS, R ﬁt?#@émécgﬁtéihina afeldLc coﬂaﬂ or polyol.

i nvention. Bot Erﬁlfem‘gdhald% ﬁad:ompoqdms:ghofpcmadu 2 %%tMeGnt Aghbess

addi tive duri n&lsplerglagx'%d"@:gth Flaui dofb £R2E BHAS ¥ CQRTMEIHA  ahkVidLghdbe

di phenyl anm ne antioxidant, and Fluid D contains a comerci al hindered
phenol ~ ant ixi agad. of| PhESEheEdsy 2 bogiqn FompRuRd, AR PRkl s easil y.
Fluid D neets all but the % R change reqU|renent Fbmever the data

shows that both Fl ui re,_si n|f|c Q i n:20
ant i oxi dancy over FIuids%§ gﬁggg.gfi coné%rns qg{%%lé? %% %Sne as
Fluid C except 1nheganiCppb9§mqr@Sa@OGht(£5%ng/\mmmm a%nlwc&nx@éexwmthh

t hi obi set hanol Can ' 4 ﬁg%?% r t he
Ford test shOMAngE?h fﬁ @nﬁhggMP |t%é§£5% oggﬁ%r$%u%%$ % not
i mport ant .10 SHCClHIMIdeS Fluid F contalns 200 ppn1of phosphorus
delivered by using triphenyl phosphite. Fluid F also 30 contains the

al kyl at ed di phenyl am ne_anti oxi dant. \ile fluid F al so passes the
Ford requirements, when E8nfiflRed34- -A gdsolases Gubni@ting FPTesihiens

in oxidation con£§§h§h§n§9erbb.@&inﬂlk&%. Uieail‘iéill&ié“%é}btﬁ m&d1ed when

usin hosphoric acjd, tri phenyl pho ite.
gp P containlng éeter entg % east 200 total base number

15 and a phosphorus- and boron-contalnlng ashless

dispersant.

SUMMARY OF THE INVENTION
20

One embodiment of this invention relates to a
lubricating oil composition comprising a major amount of

AMENDED SHEET
IPEA/EP



The foregoi ng exanpl es surprisingly denonstrate that there is a
dramati c i nprovenent in oxidation - 14-
CkAl MS: 1. Alubricating oil conpositigp conprising a major anount of
a lubricating oil and a synergistic antioxidative effective anount of an
addi tive conbination of: (A) an inorganic phosphorus-containing
acid or its toflgAIM®: partial sul fur anal ogs; and j (B) an aromatic
ant i oxi dant . 2. The conposition of claim1l, where (A) is phosphoric
acid, an am ne salt of phosphoric acid, or an al cohol- phosphoric acid
conplex 3. 1. ThéAcbwb6%¢@téﬁgoPlélﬁPﬁPQSlﬁh@necpﬂPrh§l§el@bﬁ@dcﬂfon1the

group consi st igix@e LM { ki baEshgSes PhEAG! Bl gpnase:ctisgheny! ani nes,

al kyl di phenyl am nes containing 1 or substituénts each having up to
about 16 car b tek@HFEd a‘bh’\éﬁy¢f?§?F}YﬁaﬁﬁPHWaﬁfnéél agiid Ve gombination
napht hyl am negf al kyl - or aral kyl -substituted phenyl -a-

(A} an inorganic phosphorus-cdntaining acid or its
total or partial sulfur analogs; and

(B) an aromatic antioxidant.

2. The composition of claim 1, where (A) is phosphoric
acid, an amine salt of phosphoric acid, or an alcohol-

phosphoric acid complex.

3. The composition of claim 1, where (B) is selected
from the group consisting of aromatic triazoles,
phenothiazines, diphenylamines, alkyl diphenylamines
containing 1 or 2 alkyl substituents each having up to
about 16 carbon atoms, phenyl-o-naphthylamines, phenyl-B-
naphthylamines, alkyl- or aralkyl-substituted phenyl-a-
naphthylamines containing 1 or 2 alkyl or aralkyl groups
each having up to about 16 carbon atoms, and alkyl- or
aralkyl-substituted phenyl-f-naphthylamines containing 1
or 2 alkyl or aralkyl groups each having up to about 16
carbon atoms. '

4, The composition of claim 3, where the ratio of (B)
to {(A) is from 50:1 to 1:50.

5. The composition of claim 4, where (B) is an
alkylated diphenylamine.

6. The composition of claim 5 where (A) is phosphoric
acid.
AMENDED SHEET

M A



b

napht hyl am nes containing 1 or 2 alkyl or aral kyl groups each having up to
about 16 carbon atons, and al kyl - or aral kyl -substituted

phenyl -[ err] - napht hyl am nes containing 1 pr%%_alkyl or aral kyl groups each
havi ng up to about 16 carbon atons. 4. e conposition of claims3,
where the ratio of (B) to (A is from50:1 to 1:50. 5. The conposition
of claim4, where (Bhei soapoalikjlont ef dilgienyd aiere (A)6.is ahealooipoditi on

of claimb5 wher LS. .p har | i d. s 7 T (iﬂ%) [ 1] of
claim5 where ?ﬁ&gééog%caPg§ﬁb%Fh%ﬁ%%L%5%9?%59%?%5%%33%(() t |3%??%%§§no
and phosphori caatfidinnaamgdiar ragtioco off 3311, 8. The conposition of

claim1, wherein the conposition is an automatic transm ssion fluid. 9.

A concentrate contai ning the additive conbination of claim1. o
8. The composition of claim 1, wherein the composition

is an automatic transmission fluid.

9. A concentrate containing the additive combination of

claim 1.

10. A method of improving the oxidation resistance of a
lubricating oil composition by incorporating a
synergistic antioxidative effective amount of the
additive combination of claim 1.

L]
TR

AMENDED SHEET
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10. A met hod of

of the additi

I Mprovi'ng the oxidation resistance of a |ubri

conposi i on bypingor por at ngodowHERESIAL homt bituiatbye of fec s
i nati on of cl ai n#'WUOBaIBUMUV\O 96/ 17912
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