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lubricating oil additive concentrate conpositions.
More particularly, this invention relates to
conbi nati ons of hindered phenolic antioxidants,
bor onat ed hi ndered phenolic antioxidants, and
al kyl ated di phenyl am nes useful as |ubricant oil
conpositions and lubricating oil additive concentrate
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[0001] | ubiHedatdntignatlhates to Tubricant 0il compositions and lubricating oil additive
concentrate compositions. More particularly, this invention relates to combinations of
hindered phenolic antioxidants, boronated hindered phenolic antioxidants, and alkylated
diphenylamines useful as lubricant oil compositions and lubricating oil additive concentrate

compositions.

DESCRIPTION OF RELATED ART

10002] Hindered phenolic and boronated hindered phenolics are well known in the art,
including large molecular phenolics incorporating the moiety, 2,6-di-tert-butylphenol, and the
like. See, for example, the following US and foreign patents: US 4,927,553; US 3,356,707,
US 3,509,054; US 3,347,793; US 3,014,061; US 3,359,298; US 2,813,830; US 2,462,616;
GB 864,840; US 5,698,499, US 5,252,237, US RE 32,295; US 3,211,652; and US 2,807,653.

[0003] The use of alkylated amines as an antioxidant additive in lubricating oil
formulations is also well known in the art. See, for example, the following US patents: US
5,620,948; US 5,595,964; US 5,569,644; US 4,857,214; US 4,455,243; and US 5,759,965.

SUMMARY OF THE INVENTION

[0004] The present invention generally provides a lubricant oil composition having a

synergistic oxidative stability, the composition comprising at least one hindered phenolic
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[0005] 4, 4n-oNephyfeRBE Bmbodintendia [uBFitark Bildr MRt ihe ofiBddfive concentrate
composition comprising: (a) 4,4"-methylenebis(2,6-di-tert-butylphenol), (b) 4,4'-
methylenebis(2,6-di-tert-butylphenol)-mono-(di-alkyl orthoborate), (c) 4,4'-methylenebis(2,6-
di-tert-butylphenol)-di-(di-alkyl orthoboratc) and (d) an alkylated diphcenylamine, is an

effective antioxidant combination for use in lubricants.

DETAILED DESCRIPTION OF THE INVENTION

[0006] Hindered phenolics suitable for usc in the compositions of the present invention
include phenolics incorporating the moieties, 2,6-di-tert-butylphenol, 2,6-di-tert-
butoxyphenol, 2,6-di-tert-butyl-4-carbobutoxyphenol, and 3,5-tert-butyl-4-hydroxybenzyl
pivalate, and the like. A preferred hindered phenolic, which is commercially sold by
ALBEMARLE CORPORATIONunder the trade name ETHANOX7 02, is
4,4'methylenebis(2,6-di-tert-butylphenol), hereinafter referred to as MBDTBP, having the
structure of Formula I below:



nmet hyl enebi s(2, 6-di -tert-butyl phenol)-nono- (di -al kyl
ort hoborate), (c) 4,4'-nethyl enebis(2, 6-
waleeoros485but yl phcnol ) - di - (di -al kyl orthobor at epCEHOS200T)60489
an al kyl at ed di phenyl am ne, is an effective
ant i oxi dant conbi nation for use in |ubricants.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0006] Hi ndered
phcnolics suitable for use in the conpositions of the
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[0007] The amount of hindered phenolic present in the compositions of the invention
ranges from about 1 to about 40 weight percent of the total concentration of hindered

phenolic, boronated hindered phenolic, and alkylated diphenylamine.

[0008] The mono- and di-boronated hindered phenolics suitable for usc in the
compositions of the present invention are derived from the hindered phenolics described
above by reaction with tri-alkyl orthoborates. One such process is disclosed in US 4,927,553,
which is herein incorporated by reference in its entirety. Thus preferred mono- and di-

boronated hindered phenolics have the structures of Formula II and III below:

HsC HyC

CH, CH, Formula I1
H,C H,C
R, ——O\ —
/B O \ / CHs
Rz'_o
H3C H3C
CH;,§ CH,
H,C H,C



conposi tions of the present invention are derived from
the hindered phenolics described above by reaction
WaR0s4ss4 al Kyl orthoborates. One such processPEEUS2007/060489
di scl osed in US 4,927,553, which is herein
incorporated by reference in its entirety. Thus
preferred nono- and di boronated hi ndered phenolics
have the structures of Fornmula Il and 111 bel ow
Formula Ilwherein R, R, R3, and R are independently
selected fromthe group consisting of Iinear, branched
and cyclic G to Cgal kyl groups. Exanples of such
gr oups |nclude but are not limted to, nmethyl, ethyl,
n- propyl™sQj so- propyl, n-butyl, sec-butyke iso-butyl,

n-pentyl, X- gébhyl butyl, 3-nethyl byl Formula III

2- et hy¢ , 3-nethyl -2-butyl, Opentyl ,
n- hexyl, cycNopentyl, cyclohexyl, 2-ethylbutyl,
2-met hyl pentyl\  3-net hyl pentyl, 4- hyl pentyl, 3-
Ri——%et hyl - 2- pent pt hyl - 2- pey 3- met hyl - 3- p?byJ_,_Ra
3,3-di hyl Iz 3- di et :
%digc‘%%hyl g 2-rcmﬂey © B
R 2-dincthyl - 3- N " 2-heptyi 2- 5 R,
2 et hyl - 3-hexy), 3-ethyl - 3-pentyr,
2,3-dineth 3-pentyl, 2,4-dinethyl-3-pentyl,
5- net W7 2- /hexyl, 4, 4- di met hyl - 2- pefAt\y [ H:C
5- net hyl heXyl ,cHa- heptyl n-octyl, ie@-octyl,
2- et hyl hegyl , 2- propylpentyl 2-octyl p,a3-octyl,
2,44-trinmet hyl pentyl, 4-nethy| 3-heptyl and
6- met hyl - 2- heptyl.

wherein R, Ry, Rs, and R4 are independently selected from the group consisting of linear,
branched and cyclic C; to Cgalkyl groups. Examples of such groups include, but are not
limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, n-pentyl, 2-
methylbutyl, 3-methylbutyl, 2-methyl-2-butyl, 3-methyl-2-butyl, isopentyl, n-hexyl,
cyclopentyl, cyclohexyl, 2-ethylbutyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 3-
methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl, 3,3-dimethylbutyl, 3,3-dimethyl-2-
butyl, 2,3-dimcthyl-2-butyl, 2-methyl-2-hexyl, 2,2-dimcthyl-3-pentyl, 2-heptyl, 3-heptyl, 2-
methyl-3-hexyl, 3-ethyl-3-pentyl, 2,3-dimethyl-3-pentyl, 2,4-dimethyl-3-pentyl, 5-methyl-2-
hexyl, 4,4-dimethyl-2-pentyl, 5-methylhexyl, n-heptyl, n-octyl, iso-octyl, 2-ethylhexyl, 2-
propylpentyl, 2-octyl, 3-octyl, 2,44-trimethylpentyl, 4-methyl-3-heptyl and 6-methyl-2-
heptyl.

[0009] The combined total of mono- and di-boronated hindered phenolics present in the
compositions of the invention ranges from about 10 to about 80 weight percent of the total
concentration of hindered phenolic, boronated hindered phenolic, and alkylated
diphenylamine. The ratio of mono-boronated hindered phenolic to di-boronated hindered
phenolic may vary from about 0.01:1 to about 1:0.01. The preferred ratio ranges from about
0.8:1 to about 1:0.01, and even more preferred from about 0.8:1 to about 1:0.8.

[00010] The alkylated diphenylamines suitable for use in the compositions of the present
invention are prepared from diphenylamine by reaction with olefins. One particularly useful

method of preparing alkylated diphenylamines is described in US Patent Application
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Formula V

Rz NH Rs

wherein Ry, R, and Rs are independently selected from the group consisting of linear,
branched and cyclic C4 to Cs, alkyl groups. Examples of such groups include, but are not
limited to, alkyl groups derived from lincar alpha-olcfins, isomerized alpha-olefins
polymerized alpha-olefins, low molecular weight oligomers of propylene, and low molecular
weight oligomers of isobutylene. Specific examples include but are not limited to butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, dipropyl,
tripropyl, tetrapropyl, pentapropyl, hexapropyl, heptapropyl, octapropyl, diisobutyl,
triisobutyl, tetraisobutyl, pentaisobutyl, hexaisobutyl, and heptaisobutyl.

[00011] The combined total of mono- and di-alkylated diphenylamine present in the
compositions of the invention ranges from about 10 to about 80 weight percent of the total
concentration of hindered phenolic, boronated hindered phenolic, and alkylated

diphenylamine. The ratio of mono- to di-alkylated diphenylamine may vary from about
0.01:1 to about 1:0.01.
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alpha-olefins and/or synthetic esters. Further, the lubricant may also contain additional
additivcs so as to make the system acceptable for usc in a varicty of applications. Thesc
additives include dispersants, detergents, viscosity index improvers, pour point depressants,
anti-wear additives, extreme pressure additives, friction modifiers, corrosion inhibitors, rust
inhibitors, emulsifiers, demulsifiers, anti-foaming agents, colorants, seal swelling agents, and

additional antioxidants.

[00014] The present invention may be useful in passenger car engine oils, heavy duty
diesel oils, medium speed diesel oils, railroad oils, marine engine oils, natural gas engine oils,
2-cycle engine oils, steam turbine oils, gas turbine oils, combined cycle turbine oils, R&O
oils, industrial gear oils, automotive gear oils, compressor oils, manual transmission fluids,
automatic transmission fluids, slideway oils, quench oils, flush oils and hydraulic fluids. The
preferred applications are in engine oils. The most preferred application is in low phosphorus

engine oils characterized by a phosphorus content of less than 1000 ppm.

[00015] The lubricating oil additive concentrate may or may not contain a diluent oil. Ifa
diluent oil is used, the diluent oil is typically present between 1 and 80 wt. % of the

concentrate.

[00016] Typically, the total amount of hindered phenolic, boronated hindered phenolic,
and alkylated diphenylamine added to fully formulated oils depends upon the end use

application. For example, in a turbine oil the total amount of hindered phenolic, boronated



lubricant's volatility. It is also preferred that the
al kyl at ed di phenyl am nes be a liquid or |ow nelting
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basestock or base oil (characterized as Goup I, Goup
I1, Goup Ill, Goup IV or Goup V as defined by the
APl basestock cl assification system, or |ubricant
conposed predonm nantely of aromatics, naphthenics,
par af f ni cs, pol yal pha- ol efns and/or synthetic esters.
Further, the lubricant may al so contain additiona
additives so as to nake the system acceptable for use
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oil's, conpressor oils, manual transm ssion fluids,
(a) 4,4-methylenebis(2,6-di-tert-butylphenol) @ 10 wt. %;

(b) 4,4"-methylenebis(2,6-di-tert-butylphenol) mono-(di-sec-butyl orthoborate) and 4,4'-
methylenebis(2,6-di-tert-butylphenol) di-(di-sec-butyl orthoborate) @ 40 wt. %;

(c) dinonyldiphenylamine and monononyldiphenylamine @ 10 wt. %; and
(d) paraffinic diluent oil @ 40 wt. %.

[00018] An example of a low phosphorus engine oil in accordance with the present

invention is as follows:
(2) 4,4-methylenebis(2,6-di-tert-butylphenol) @ 0.5 wt. %;

() 4,4'-methylencbis(2,6-di-tert-butylphenol) mono-(di-scc-butyl orthoboratc) and 4,4'-
methylenebis(2,6-di-tert-butylphenol) di-(di-sec-butyl orthoborate) @ 1.0 wt. %;

(c) dinonyldiphenylamine and monononyldiphenylamine @ 0.75 wt. %;
(d) a dispersant concentrate @ 4.8 wt. %;

(e) an overbased calcium detergent concentrate @ 1.8 wt. %,;

(D aneutral calcium detergent concentrate @ 0.5 wt. %;

() zine dialkyldithiophosphate @ 0.6 weight %;

(h) a pour point depressant at 0.1 wt. %;

(1) a viscosity index improver concentrate @ 8.0 wt. %,;

() an organic friction modifier @ 0.5 wt. %; and

(k) paraffinic lubricating oil @ 81.45 wt. %
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1000 ppm [00015] The lubricating oil additive
concentrate may or may not contain a diluent oil. If a
diluent oil is used, the diluent oil is typically
present between 1 and 80 wt. % of the concentrate.
[ 00016] Typically, the total anpunt of hindered
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(d) 92.1 wt. % of a 150N Group II baseoil.

To this engine oil preblend was added the components indicated in Table 1.

Table 1. Components of Engine Oil Examples A.1-A.5.

Engine | Example Type | Preblend MBTBP | NDPA BMDTBP | G2BO Total
Oil Ex. (wt%) (wit%) (Wt%) (wi%%) (wt%) (wt%)
No.

Al Comparative 96.00 1.5 2.5 100.00
A2 Comparative 96.00 2.27 1.73 100.00
A3 Comparative 96.00 1.5 2.5 100.00
A4 Comparative 96.00 0.75 0.75 2.5 100.00
AS Invention 96.00 0.75 1.13 2.12 100.00

MBDTBP = 4,4"-methylenebis(2,6-di-tert-butylphenol)

BMBDTBP = boronated 4,4'-methylenebis(2,6-di-tert-butylphenol); Ratio mono- to di- = 0.85:1
NDPA =Nonylated diphenylamine

G2BO = 150N Group 1I baseoil

[00020] The oxidative stability of these finished engine oils was evaluated in a bulk
oil oxidation test. Each oil (300 mL) was treated with an iron naphthenate oxidation catalyst
to deliver 110 ppm of iron to the finished oil. The oils were heated in a block heater at
150°C, while 10 liters/hour of dry oxygen was bubbled through the oil. Samples of the

oxidized oils were removed at 24, 48, 72, 96, and 100 hours. Kinematic viscosities of each
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(a)
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-sec- but yl

nono- ( di _
met hyl enebi s(2, 6-di -tert-butyl phenol) di
orthoborate) @O wt.
nonononyl di phenyl am ne @10 w .
di l uent oil
phosphorus engi ne oil

@0 w .

orthoborate) and 4,4 -(d'
- (di

%

-sec- but yl

% (c) dinonyldiphenylam ne and
% and (d) paraff nic
% [00018] An exanple of a |l ow

invention is as foll ows:
4, 4- et hyl enebi s(2, 6-di -tert-butyl phenol) @0.5 w.
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orthoborat e) @1.0 wt. % (c) dinonyldiphenylam ne and
nmonononyl di phenyl am' ne @0.75 wt. % (d) a dispersant

Table gOP&%Qﬁtr ‘%L%s% i %e 0 Iils% (ﬁ{)‘llso é,elr %agqedb o Cﬁ g{lndatlon test.
e!: e-r gent. E:On r at e ﬁ n wi O/

cal CTunmr uetlferyge hr QHHF"LH 7‘2h?’ " loehr 100hr
Comparative A1 0 1.9 57.4 211.2 514.3 585.2
Comparative A2 0.0 [B.0 8.9 74.0 266.9 330.9
Comparative A3 0.0 [B4.4 199.6 576.7 TVTM TVTM
Comparative A4 |00 0.6 59.5 249 4 671.4 776.7
Invention A5 0.0 1.3 2.8 3.9 4.7 5.3

I'VITM: too viscous to measure

[00021]

degradation of the lubricant. The designation TVTM is an indication of severe degradation

A higher percent viscosity increase is a measure of increased oxidation and

of the lubricant. Thesc results clcarly show that the antioxidant combination of the present
invention in Example A.5 provides superior oxidation protection compared to the other
Examples (A.1-A 4). Antioxidant systems that do not contain the combination of 4.4'-
methylenebis(2,6-di-tert-butylphenol), boronated 4,4'-methylenebis(2,6-di-tert-butylphenol)
and nonylated diphenylamine show poor oxidation control while Systems containing
BMDTBP and NDPA show superior oxidative control.

Example 2: Thermo-Oxidation Engine Oil Simulation Test, TEOST MHT-4 (ASTM
D-7907)
[00022]  Passenger car engine oils Al thru A5 of Example 1 were evaluated for deposit

forming tendencies in the Thermo-Oxidation Engine Oil Simulation Test, TEOST MHT-4.
The test was performed according to ASTM D-7907 and manufacturer recommendations. In
the TEOST test, fresh passenger car motor oil is introduced to a heated wire-wound depositor
rod through an oil feed tube. A thin film of oil moves evenly down the rod and is collected at
the oil flow out point. Recovered oil is circulated back to the depositor rod via a precision

pump. At the end of the test, the depositor rod assembly is dismantled and deposits are



(g) zinc dialkyldithi ophosphate @0.6 weight % (h) a
pour point depressant at 0.1 wt. % (i) a viscosity
WO pabansdsspr over concentrate @8.0 wt. % (J) aPCOUSHNT/@60489
friction nodifier @0.5 wt. % and (k) paraffnic _
lubricating oil @81.45 w. % kxanple 1: QI thickening
and Oxidation at Elevated Tenperatures [00019] A
passenger car engine oil preblend was prepared in
accordance with the present invention by blending the
following materials: (a) 4.92 wt. % of an ashless
di spersant; (b) 1.85 w. % of an overbased detergent
containing calcium 0.51 wt. %of a neutral detergent
determipedhbuithed ingreesd ini deppsifor rod waZehttand Yopited its ﬁﬁmg%ﬁs/ (B £)1CHigh

e QI L BTSSR
Altemaﬁddlgdvérh@ox@%wm@osmﬂindﬂfa dod okadidn brotfaiinkthe test

v FRER 5, LS5 D S, ST 0 A4 1A 5 BT

‘Table 3. TEOST Deposits for finished oils A.1-A.5.

Deposits (mg) Deposits (mg)
ID | Run #1 Run #2
Comparative A.1|49.3 49.9
Comparative A2 | 658 78.1
Comparative A3 | 26.0
Comparative A4 [ 13.6
Invention A5 | 476 38.5

I'VTM: too viscous to measure

[00023] Note that engine oil A.4 containing NDPA and MBDTBP provided excellent
deposit control results in the TEOST MHT-4. However, this same oil gave very poor
viscosity control in the oil thickening test at elevated temperature. Alternatively, the
combination of boronated compound BMBDTBP and NDPA in inventive example A.5 gave
a moderate level of deposits but excellent viscosity control in the oil thickening test at
elevated temperature. The BMBDTBP sample used in inventive example A.5 contained 4.7
wt. % of 4,4'-methylenebis(2,6-di-tert-butylphenol). Thus, for effective control of oil
thickening at elevated temperature, and deposit control in the TEOST MHT-4 test, it is
desirable to have an engine oil containing MBDTBP, BMBDTBP, and NDPA. For improved
deposit control, it is preferred to maximize the level of MBDTBP and NDPA. Alternatively,
for improved oil thickening control, it is preferred to maximize the level of BMBDTBP and
NDPA.

[00024]  While the compositions and methods of this invention have been described in
terms of preferred embodiments, it will be apparent to those of skill in the art that variations
may be applied to the compositions, methods and/or processes and in the steps or in the

sequence of steps of the methods described herein without departing from the concept and

10



BMBDTBP = bor onat ed
4, 4" -met hyl enebi s(2,6-di -tert-butyl phenol); Ratio
wOorRwos4ss4 di - = 0.85: 1 NDPA = Nonyl at ed di phengdEHDB2967/060489

&BO 150N G oup Il baseoil [00020] The oxidative
stability of these finished engine oils was eval uated
in a bulk oil oxidation test. Each oil (300 nmL) was
treated with an iron naphthenate oxidation catalyst to
deliver 110 ppmof iron to the finished oil. The oils
were heated in a bl ock heater at 150C, while 10
liters/hour of dry oxygen was bubbl ed through the oil
Sanpl es of the oxidized oils were renoved at 24, 48,

scope of the iggentipmd MO specifisallyiiteithbé appairan dsitick®sin@kents which are

1 ned . Th
both chGAEARG Y BYE B eRET AT Sl v S B REer oseribed

herein Whitssthe shinewa singiddr cedudit echuld be aplge Nt AN s8OS substitutes and
coe | e results ar h i.n Table 2. Tabl e 2.
modtificp S ERB I ER obi Hifsef bR o frrrdriEla b ein the seopeand
conceptmfltke Givenion.dati on test. TVIM too viscous to neasure
[ 00021] A higher percent viscosity increase is a
measure of increased oxidation and degradation of the
| ubricant. The designation TVIMis an indication of
severe degradation of the |lubricant. These results
clearly show that the antioxidant conbination of the
present invention in Exanple A 5 provides superior
oxi dation protection conpared to the other

11



Exanples (Al -A 4). Antioxidant systens that do not
contain the conbination of 4,4'-
woredongsesnebi s( 2, 6-di -tert-butyl phenol ), bor onap@dus2007/060489

4, 4' - et hyl enebi s(2, 6-di -tert-butyl phenol) and
nonyl at ed di phenyl am ne show poor oxidation contro
whil e systens contai ni ng BMDTBP and NDPA show superi or
oxi dative control. Exanple 2: Therno-Oxi dation Engi ne
Q1 Simulation Test, TEOCST WHT-4 (ASTM D-7907) [00022]
Passenger car engine oils Al thru A5 of Exanple 1 were
eval uated for deposit form ng tendencies in the
Ther no- Oxi dation Engine G| Sinulation Test, TEOST
MHT-4. The test was perfSliddSccordi ng to ASTM D- 7907
and manufacturer recommendations. In the TEOST test,
fresh passenger car notor oil is introduced to a

What id1§&hRd ;W re-wound depositor rod through an oil feed
tube. Athin filmof oil noves evenly down the rod and
is collected at the oil flow out point. Recovered oi

i P | at ack to the.depositor rod via a . Lo
Lo Bl o SR RetetRirech 1k ekt ah uissmgridant
least one bdramsehtiihyered pemstnintiogidany aake poshit Sna hBYRLST Hiipﬁ@ﬁ’ylamine.
by the increase in depositor rod weight and reported
inmlligranms (ng). Hi gh levels of deposits arc an
i ndi cation of poor oxidation protection in the test
2. Thd hibeigant oinbempestionef glainy &y yhéreil thevelesst@he BORAStSIShindered

phenolit Qﬁjt'l&&&&t 99 8911\96:)8' grglltl"?enatqer:aos% (e)IclEé h&ﬂerleg p%gr?olgcegr}tioxidant.

3. The lubricant oil composition of claim 2, wherein the at least one boronated hindered

phenolic antioxidant comprises mono- and di-boronated hindered phenolic antioxidant.

4. The lubricant oil composition of claim 3, wherein the hindered phenolic antioxidant is

4,4'-methylenebis(2,6-di-tert-butylphenol).

5. The lubricant oil composition of claim 4, wherein the mono-boronsted hindered

phenolic antioxidant has the structure

HsC H,C
CHs CH;
H,C HsC
R1 —0
B o CH
R,~——0O
HsC HsC
CHs; CHs
HsC HsC

and the di-boronated hindered phenolic antioxidant has the structure

12



| ubricant. The deposit results are shown in Table 3.

Tabl e 3. TEOST Deposits for finished oils A 1-A 5.
wWaXmiMos4860 vi scous to neasure [00023] Not e thaPCEHOINB060489

oil A 4 containing NDPA and MBDTBP provi ded excel | ent

deposit control results in the TEOST MHT-4. However,

this sanme oil gave very poor viscosity control in the

oil thickening test at el evated tenperature.

Al'ternatively, the conbination of boronated conpound

BMBDTBP and NDPA in inventive exanple A 5 gave a

noderate | evel of deposits but excellent viscosity

control in the oil thickening test at el evated

t enper at®fke. The BMBDTBP sanpl e used i m:®nventive

exanple A 'K pained 4.7 wt. % of CHs

4, 4" - et Biebi s(2,6-di -tert-butyl pR

olg,c Thus, for

tenperature, and deposit control in/the TEGST MHT-4

R1"’_'(?est, it is degsitable to have 4 gi ne oil contaidi-ng—R,
pIBP, B NDPC Fof i nproxed deposit
cgntrol, it N§ % wxi m ze/tThe Pevel—

R,——d/BDTBP and NDRA, ernati vel i mproved oil g Ry

thi ckening cotrol, it is preferred\to nmaxi m ze the

HsC
CH,
H;C H;C

wherein Ry, Ry, Rs, and R4 are independently selected from the group consisting of linear,

branched and cyclic C; to Cs alkyl groups.

6. The lubricant oil composition of claim 5, wherein the at least one alkylated alkylated

diphenylamine comprises mono- and di-alkylated diphenylamine.

7. The lubricant o0il composition of claim 6, wherein the mono-alkylated diphenylamine

has the structure
R1———-< >~NH——<: :}
and the di-alkylated diphenylamine has the structure

RZ—QNH‘@‘Rg

13



[00024] While the conpositions and nmethods of this
i nventi on have been described in terns of preferred
wepdodsasent s, it will be apparent to those of B&I/UE2001060489
the art that variations nmay be applied to the
conposi tions, nethods and/or processes and in the
steps or in the sequence of steps of the nethods
descri bed herein wi thout departing fromthe concept
andscope of the invention. Mre specifically, it wll
be apparent that certain agents which are both
chem cally and physiologically related may be
substituted for the agents described herein while the
whereirs RmeR-pandsR nark dmdepesdunitly satvoted fhugm sichgrevip dondbtingSalimear,
| M ti and nodifications apparent to
bnuwh? %%%“@kf#f%%céﬁhgﬁéggP? ‘are deermed to be within the
scope and concept of the invention. CLAIMS What is
claimed is: 1. A lubricant oil conposition conprising
hi nder.e e c,anti X|dant, t..| east
8 AR RBoShTS 6P HRER 51 W i 25 i and ghaliafoted
dlphenylelaate i® Ide@tb&ﬁdo&t thé gibﬂh&msis&ﬁgMnoﬁylat-EHQhﬂ)hﬂh&lz{r‘ﬁﬁés octylated
ositio ein the at | east ane

civhens it S AR S B Ok BREPPd her et ShPpaomines, and

mixture (lsﬁjmtﬂb’&dahpﬂeﬁgﬁﬁmﬁé]ﬁaﬂﬂ sigerd dhRnglahGnant | oxi dant .
3. The lubricant oil conposition of claim2, wherein

the at | east one boronated hindered phenolic
anti oxi dant conprises nono- and di-boronated hindered
9. fFhehdiricontaoit caxxpekition of claim 7, wherein the concentration of 4,4'-

methylenebis(2,6-di-tert-butylphenol) is between about 1 to about 40 weight percent of the
total concentration of hindered phenolic, boronated hindered phenolic, and alkylated

diphenylamine.

10. The lubricant oil composition of claim 9, wherein the concentration of mono- and di-
boronated hindered phenolic is between about 10 to about 80 weight percent of the total
concentration of hindered phenolic, boronated hindered phenolic, and alkylated '

diphenylaminc.

11. The lubricant oil composition of claim 10, wherein the ratio of mono-boronated

hindered phenolic to di-boronated hindered phenolic is between about 1:1 to about 1:0.01.

12. The lubricant oil composition of claim 11, wherein the concentration of alkylated
diphenylamine is between about 10 to about 80 weight percent of the total concentration of

hindcred phenolic, boronated hindered phenolic, and alkylatcd diphenylamine.

13. A lubricating oil additive concentrate composition comprising at least one hindered
phenolic antioxidant, at least one boronated hindered phenolic antioxidant, and at least one

alkylated diphenylamine.

14



4. The lubricant oil conposition of claim3, wherein
t he hindered phenolic antioxidant is
wa2ah7/088shy| enebi s(2, 6-di -tert-butyl phenol ). 5pPCT82007/060489
| ubricant oil conposition of claim4, wherein the
nono- bor onat ed hi ndered phenolic antioxi dant has the
structure and the di-boronated hi ndered phenolic
anti oxi dant has the structurewherein R, R, R3, and
R4 are independently selected fromthe group
consi sting of linear, branched and cyclic G to Cs
al kyl groups. 6. The lubricant oil conposition of
claimb5, wherein the at |east one al kyl ated al kyl at ed
di phenyl am ne conpri ses nono- and di -al kyl at ed
di phenyl am ne. 7. The lubricant oil conposition of
14.  Zhaivhreating eil edditivh conemirat dophpatsaidndifuhany1 3 Mresii @5 at least
r j-.al kyl at di phenyl ami ne .has
one borpiied HAEt M oA il BnR s erRbA g e fssdleringored
phenolig ehtdexidantf r om t he group consisting of |inear, branched
and cyclic Cto C32 al kyl groups. 8. The l|ubricant oi
conposition of claim7, wherein the nono- and
di - al kyl at ed di phenylanmne is selected fromthe group
15. Ehe dubstceting ofl additiyt abmgntiiehempoaitionas claeit M, attebin the at lcast
one borGh 8 BB ol MRy RerPeialafeye- aha B Botoniied Hndered
phenolic antioxidant.

16. The lubricating oil additive concentrate composition of claim 15, wherein the

hindered phenolic antioxidant is 4,4'-methylenebis(2,6-di-tert-butylphenol).

17. The lubricating oil additive concentrate composition of claim 16, wherein the mono-

boronated hindered phenolic antioxidant has the structure

H.C HsC
CH, CH,
HsC HsC
R1 —O\
/B O CH
Ra 0]
HsC H,C
CH, CHs
HaC HsC

and the di-boronated hindered phenolic antioxidant has the structure

15



m xture of butyl ated di phenyl am nes and octyl at ed

di phenyl am nes. 9. The lubricant oil conposition of
W@b@i7/84854 wherei n the concentration of 4,4'- PCT/US2007/060489

nmet hyl enebi s(2, 6-di -tert-butyl phenol) is between about

1 to about 40 wei ght percent of the total

concentration of hindered phenolic, boronated hindered

phenol i c, and al kyl ated di phenyl anmi ne. 10. The

| ubricant oil conposition of claim9, wherein the

concentration of nono- and di boronated hi ndered

phenolic is between about 10 to about 80 wei ght

percent of the total concentration of hindered

phenol i d*Spor onat ed hi ndered phenolic, H®&d al kyl at ed

di phenyl am\ne SHs11. The | ubricant ofHs gonposition of

cl ai mHi®—whgrein the rati o of nono-Nbgf onated hi ndered

phenolic to dj-boronated hindered pheficlic is between

R about 1:1 to apout 1:0.01 . ubri cant oi

1 onposi tion of/Trar T8 concentrationoof g,
alNyl ated di phenyl any ' hout 10 to apbdut
80 wei ght pergent 9V ‘ PonorB

R, I nder ed pheno\ic d phenolic, éng Ry

13. A lubriNcating oi
pLi sing at | east

al kyl at ed di pilenyl am ne.
additive cangentrate conposition co
one hihdere

Hsc H3C

wherein R;, Rz, Rz, and Ry are independently selected from the group comnsisting of linear,

branched and cyclic C; to Csalkyl groups.

18. The lubricating oil additive concentrate composition of claim 17, wherein the at least

one alkylated alkylated diphenylamine comprises mono- and di-alkylated diphenylamine.

19. The lubricating oil additive concentrate composition of claim 18, wherein the mono-

alkylated diphenylamine has the structure
R1—®NH@
and the di-alkylated diphenylamine has the structure

RONHORB
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phenolic antioxidant, at |east one boronated hindered
phenol i ¢ anti oxi dant, and at |east one al kyl at ed
walepheswssam ne. 14. The lubricating oil additi VECT/US2007/060489
concentrate conposition of claim13, wherein the at
| east one boronated hi ndered phenolic antioxidant is
derived fromthe at |east one hindered phenolic
antioxidant. 15. The lubricating oil additive
concentrate conposition of claim14, wherein the at
| east one boronated hindered phenolic antioxi dant
conpri ses nono- and di-boronated hi ndered phenolic
~antioxidant. 16. The lubricating oil additive
whereingBndrandaR eare dngrpsideantly sefeciet dtam 1tk grolp lcondistinded f linear,

branch%%ﬁ%ﬁﬁﬁggﬁg%% ‘@(}?n%})%%(s'?:m - Ibat yl phenol ). 17. The

| ubricating oil additive concentrate conposition of
cl ai m 16, wherein the nonoboronated hi ndered phenolic

b QX d..th I -.b t ed
20 HLHBHARRL Q13RO S BhIHEH PRSI PiaP emono-
and di-gikylated diptgny baminRisavedecleddiaprnikepioy coatistiesl forgmtddhe
e SRR B acb Sy ALEPSE B G e S
styrenated nigghenyatenes) apd s infiktare of buthaitdd dipheahRicd ahd6ctiated

. ] one al kyl ated al kyl at ed di phenyl am ne conpri ses
dlphen}l%%ﬁ%{es'and di -al kyl at ed di phenyl ami ne.

21. The lubricating oil additive concentrate composition of claim 19, wherein the
concentration of 4,4'-methylenebis(2,6-di-tert-butylphenol) is between about 1 to about 40
weight percent of the total concentration of hindered phenolic, boronated hindered phenolic

2

and alkylated diphenylamine.

22, The lubricating oil additive concentrate composition of claim 21, wherein the
concentration of mono- and di-boronated hindered phenolic is between about 10 to about 80
weight pereent of the total concentration of hindered phenolic, boronated hindered phenolic,

and alkylated diphenylamine.

23.  The lubricating oil additive concentrate composition of claim 22, wherein the ratio of
mono-boronated hindered phenolic to di-boronated hindered phenolic is between about 1:1 to
about 1:0.01.

24, The lubricating oil additive concentrate composition of claim 23, whercin the
concentration of alkylated diphenylamine is between about 10 to about 80 weight percent of
the total concentration of hindered phenolic, boronated hindered phenolic, and alkylated

diphenylamine.
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19. The lubricating oil additive concentrate
conposition of claim 18, wherein the nonoal kyl at ed
wale@heswssan ne has the structure and the di-al RgT/E83d7/060489

di phenyl am ne has the structurewherein R, Rand R ?

are independently selected fromthe group consisting

of linear, branched and cyclic C4 to C32 al kyl groups.

20. The lubricating oil additive concentrate

conmposition of claim19, wherein the nonoand

di - al kyl at ed di phenylam ne is selected fromthe group

consi sting of nonyl ated di phenyl am nes, octyl ated

di phenyl am nes, a mxture of octyl ated di phenyl am nes
25. Zhe hﬁﬁ’?ﬂ’@ﬁ&@é ddditivh enpéeatravemmmnition ofictditir B4, Girther comprising a
dﬂumﬁg¥;ylated di phenyl ami nes and octyl ated di phenyl ani nes.

. The lubricating oil additive concentrate
conmposition of claim19, wherein the concentration of
4, 4" -met hyl enebi s(2, 6-di -tert-butyl phenol) is between

1t . 4 ' percent. of the total .
26 HOWlorkalifl M8 B AR BRERMoRag otz S et e
concentincifites didwant aflky beitween db@itenglaboing) w22, The
| ubricating oil additive concentrate conposition of
claim 21, wherein the concentration of nono- and
di - boronat ed hindered phenolic is between about 10 to
27. ABsgging@il composition comprising at least one hindered phenolic antioxidant, at

least one boronated hindered phenolic antioxidant, and at least one alkylated diphenylamine.

28. The engine oil composition of claim 27, wherein the hindered phenolic antioxidant is
4,4'-methylenebis(2,6-di-tert-butylphenol).

29. The engine oil composition of claim 28, wherein the at least one boronated hindered

phenolic antioxidant comprises a mono-boronated hindered phenolic antioxidant having the
structure

HsC H:C
CHs; CH;
HsC HsC
R1 —o0
B O CH
Rz‘o
H.C H,C
CH3 CHB
HsC HsC

and a di-boronated hindered phenolic antioxidant having the structure

18



wei ght percent of the total concentration of hindered
phenol i ¢, boronated hindered phenolic, and al kyl ated
waleheswssam ne. 23. The lubricating oil additiREI/US2007/060489

concentrate conposition of claim22, wherein the ratio
of nono-boronated hi ndered phenolic to di-boronated
hi ndered phenolic is between about 1:1 to about
1:0.01. 24. The lubricating oil additive concentrate
conmposition of claim 23, wherein the concentration of
al kyl at ed di phenyl am ne is between about 10 to about
BO wei ght percent of the total concentration of
hlnderegﬁghenolic bor onat ed hi ndered phenolic, and
al kyl at di phenyl am ne. 25. The | ubricdat¢ng oil

et r at e conp03|t|on of Qi gd m 24, further

addi ti ve consentrate it al m 25, wherein

the concentrat on of the diluent oil/is between about
Ri™Q to about 8096 27. An engi fie—6thN conposition o Rs

c risi nde ed pheNRolic _antioxjfant,

| east. one\oor onayd 5 , SntioxBdant

Ry—— d at | east ) 28. Theng R

engi ne oi | Aposi tion of claim27,\wherein the 4

hi nder ed = [ [ [

H.C HaC

H:C HsC

wherein Rj, Rz, Rs, and R4 are independently selected from the group consisting of linear,
branched and cyclic C; to Cs alkyl groups.

30. The engine oil composition of claim 29, wherein the at least one alkylated

diphenylamine comprises a mono-alkylated diphenylamine having the structure

0O

and a di-alkylated diphenylamine having the structure

R@‘NH@_RS

wherein R;, R, and R; are independently selected from the group consisting of linear,

branched and cyclic C4 to Cs, alkyl groups.
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4,4' -met hyl enebi s(2, 6-di -tert-buryl phenol). 29. The
engi ne oil conposition of claim28, wherein the at
WO e@spsene boronat ed hindered phenolic anti oxiBerUS2007/060489

conpri ses a nono-boronated hindered phenolic

anti oxi dant having the structure and a di-boronated

hi ndered phenolic antioxidant having the

structurewherein Rl, R2, R3, and R are independently

sel ected fromthe group consisting of l|inear, branched

and cyclic Cto Cs al kyl groups. 30. The engi ne oi

conposition of claim?29, wherein the at | east one

al kyl ated di phenyl am ne conprises a nono-al kyl at ed

a?hg pmlh@ﬂmmmgl offdaist B@owhereinaheln@ndi arad Hyellﬂirlﬁféd
d1phcn Hl%qy L& t@(f“fr bf%ft he o%{s{g %%rsﬁ?? %tcg Id5ﬁ16ny1arFr\>121néas. octylated

rein epen

dlphenyd;ztmmes,ta mgxtak ofi |onezaut¢d ﬂiﬁ[ﬁﬁﬁﬁaﬂnﬁﬁdmd ¥6hétatdd diphés3damines, and a
conposition o

The | oi_|
mixture e e ot e e Ao dTper R o
di phcnyl aminc is selected fromthe group consisting of
nonyl at cd di phcnyl ami ncs, octylatcd di phenyl am nes, a

2. Bebigs SR ES e ABSER Snd S enat o],
methyle@bﬁhé?r@-ldatﬂﬂqbﬁy@hdn@iﬁt ﬁsylbe?tszgft; Iﬁilbcﬁig any \Lj\xhacg%t g?f]w?ggt pelb&it of the
total co@%ﬁ'&t‘gﬁ 11 o% h18§ r‘{jg‘? phérlzpqlc goronatedrﬂm ered phenolic, and alkylated
diphenylamine, the concentration of mono- and di-boronated hindered phenolic is between
about 10 to about 80 weight percent of the total concentration of hindered phenolic,
boronated hindered phenolic, and alkylated diphenylamine, the ratio of mono-boronated
hindered phenolic to di-boronated hindered phenolic is between about 1:1 to about 1:0.01,
and the concentration of alkylated diphenylamine is between about 10 to about 80 weight
percent of the total concentration of hindered phenolic, boronated hindered phenolic, and

alkylated diphenylamine.

33. The engine oil composition of claim 32, wherein the engine oil is used to lubricate an
engine selected from the group consisting of a gasoline engine, a heavy duty diesel engine, a

natural gas engine, a marine engine and a railroad engine.

34, An engine oil additive concentrate composition comprising at least one hindered
phenolic antioxidant, at least one boronated hindered phenolic antioxidant, and at least one

alkylated diphenylamine.

35. The engine oil additive concentrate composition of claim 34, wherein the hindered

phenolic antioxidant is 4,4'-methylenebis(2,6-di-tert-butylphenol).
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nmet hyl enebi s(2, 6-di -tert-butyl phenol) is between about
1 to about 40 wei ght percent of the total
w@eocesussat i on of hi ndered phenolic, boronat edpdi/n8®0EeH0489
phenolic, and al kyl ated di phenyl am ne, the
concentration of nono- and di-boronated hindered
phenolic is between about 10 to about 80 wei ght
percent of the total concentration of hindered
phenol i ¢, boronated hi ndered phenolic, and al kyl at ed
di phenyl am ne, the ratio of nono-boronated hindered
phenolic to di-boronated hindered phenolic is between
about 1:1 to about 1:0.01, and the concentration of
36.  Zhgongine Glldidmnycbmﬂnneta ®nigeisitioaro faddant 351,®vneee1a B4t least one

f the tot.al concentratiaq
boronat LAY pHRAL Rk Rigshl Forb Bt s e o elsgr i eorsghhonotic
MﬁmXKhhkb¢%mgdkd%@hamglan1ne 33. The engi ne oi
conposition of claim32, wherein the engine oil is
used t8*Qubricate an engi ne sel ectedifrom the group
consi sting ofa gasoline engi ne, -sh‘avy duty diese
engi i€—a yatural gas engine, a
railroad engine. 34. An engine oil/additive
concentrate sonposition conprising at |east one

A ﬂy ndered pheholic\anti oxi dap | east one boronated
hendered—phgnol ic 3 i 02 dyat | east one
I kyl at ed dingheny, Ami ne.
R;——0O

HsC HsC
HsC HsC

and a di-boronated hindered phenolic antioxidant havin g the structure

HsC H.C
CH; CH;
HsC H;C
R1 _"O\
/B o CH o
R, o)
HsC HsC
CH, CH,
HsC H;C

wherein R, Ry, R, and R, are independently selected from the group consisting of linear,

R4

branched and cyclic C; to Cgalkyl groups.

37. The engine oil additive concentrate composition of claim 36, wherein the at least one

alkylatcd diphenylamine compriscs a mono-alkylatcd diphenylamine having the structurc
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35. The engine oil additive concentrate conposition of
claim 34, wherein the hindered phenolic antioxidant is
wa2ah7/0885hy| enebi s(2, 6-di -tert-butyl phenol ). 36PCT82007/060489

engi ne oil additive concentrate conposition of claim
35, wherein the at | east one boronatcd hindered
phenol i ¢ anti oxi dant conpri ses a nono- boronat cd
hi ndered phenolic antioxi dant having the structure and
a di - boronated hi ndered phenolic antioxidant having
the structure wherein Rl, R2, R3, and R4 are
i ndependently selected fromthe group consisting of
| i near, branched and cyclic G to Cs al kyl groups. 37.
e addi ti ve congemtrat¢ conposition of
erein the at | £

di/phcnyl am nc\conpri ses nono- al kyl g
\ di - alkylat.n di phenyl am ne

: N Jup consi sting of
Ilnear branched and cyclic &4 to C 2 al kyl groups.

Ihe &ﬂ%ﬁﬁ?ﬁ Eﬁg ve concentrate conposition of

andad%?%ﬁ%ﬁB? 1fil g%nﬁe- aﬁledl al kyl at ed

anjne i s selected f he group consisting of
( phenyl am nes, , ed di phenyl am nes, a

wherein Ry, Ry and R; are independently selected from the group consisting of linear,

branched and cyclic C, to Cs; alkyl groups.

38. The engine oil additive concentrate composition of claim 37, wherein the mono- and
di-alkylated diphenylamine is selected from the group consisting of nonylated
diphenylamines, octylated diphenylamines, a mixture of octylated diphenylamines and
styrenated diphenylamines, and a mixture of butylated diphenylamines and octylated

diphenylamines.

39. The engine oil additive concentrate composition of claim 38, wherein the
concentration of 4,4'-methylenebis(2,6-di-tert-butylphenol) is between about 1 to about 40
weight percent of the total concentration of hindered phenolic, boronated hindered phenolic,
and alkylated diphenylamine, the concentration of mono- and di-boronated hindered phenolic
is between about 10 to about 80 weight percent of the total concentration of hindered
phenolic, boronated hindered phenolic, and alkylated diphenylamine, the ratio of mono-
boronated hindered phenolic to di-boronated hindered phenolic is between about 1:1 to about
1:0.01, and the concentration of alkylated diphenylamine is between about 10 to about 80
weight percent of the total concentration of hindered phenolic, boronated hindered phenolic,

and alkylated diphenylamine.

22



di phenyl am nes. 39. The engine oil additive
concentrate conposition of claim38, wherein the
W@ ovcesHssat i on of PCT/US2007/060489

4,4 -met hyl enebi s(2, 6-di-tert-butyl phenol) is between
about 1 to about 40 wei ght percent of the total
concentration of hindered phenolic, boronated hindered
phenol i c, and al kyl at ed di phenyl am ne, the
concentration of nono- and di-boronated hindered
phenolic is between about 10 to about 80 wei ght
percent of the total concentration of hindered
phenol i ¢, boronated hi ndered phenolic, and al kyl at ed
di phenyl am ne, the ratio of nonoboronated hindered
phenolic to di-boronated hindered phenolic is between

40. Eeawlink dil dddidbeodncknidatd tompogtivh ef clairo 88t whtietmthefengine oil is

al kyl at ed di phenyl ami ne .i s between abouyt 10 to about
used to Byl o EoisoB SR B oPRierasr o SEBBART Aoy DR ¢ heavy
duty dicdl BAlgiheda phardlchs ending, anadrtich drighttedrrich piilese dngineand
al kyl at ed di phenyl am ne. 40. The engine oil additive
concentrate conposition of claim39, wherein the
engine oil is used to lubricate an engi ne sel ected
fromthe group consisting of a gasoline engine, a
heavy duty diesel engine, a natural gas engine, a
marine engine and a railroad engi ne.
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