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LUBRICATING COMPOSITION CONTAINING MULTIFUNCTIONAL
HYDROXYLATED AMINE SALT OF A HINDERED PHENOLIC ACID

FIELD OF INVENTION
5 Multi-functional additives which impart improved antioxidancy to lubricating oil
compositions and [rictional properties resulting in improved fuel economy in an internal
combustion engine are disclosed. More particularly the multifunctional additive is an oil

seluble hydroxylated amine salt of a hindered phenolic acid.

BACKGROUND

<o

Improvements i fuel economy for heavy duty diesel engines have generally been
achieved either through new engine desiga or through new approaches to hubricating oil
fornndating.  Lubricant optimization is especially preferred over engine hardware
changes doe to its comparative lower cost per unit in fuel efficiency and possibility for

backward compatibility with older engines. Organic friction modifiers, such as fatty acid

-
[

esters, fatty acid amides, fatty anmunes, and the like, bave been widely used in passenger
car mootor oils to reduce the energy losses due to friction n the various parts of the
engine and to prevent engine wear thereby improving fuel economy. However,
fubricating oil compositions containing these organic friction medifiers have not proven
to be cficctive in diesel engines due to the different lubrications condifions found in

20 diesel engines,

To improve fuel efficiency in heavy duty diesel engines, there has been a drive to
develop new components which froprove the frictional properties of the lubricating ol

composition.

1.8, Pat. No 828,733 discloses copper salts of hindered phenolic carboxylhic

25 acids.

.S, Pat. No. 3,873,278 discloses an amine carboxylate salt derived from tall il
fatty acid and a Cyz 15 alkyl or alkeny! amine contaming about 3-7 oxyethylene groups
which provide anti-stalling, anti-icing, anti-corrosion and detergent properties in motor

fusels or gasoline.
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LLS. Pat. No. 4,231,883 discloses the use of alkoxylated hydrocarbyl amine in a
tubricating oil or fuel o reduce friction in an internal combustion engine. An example of
the alkoxylated amine compounds that are disclosed is N, N-bis(2-

hydroxyethyleleviamine.

(9

U.5. Pat. No. 4,382,006 discioses a lubricating composition containing a friction
reduecing portion of a borated adduct of compounds which includes “Ethomeens”.

Borated salis of tertiary amimes are disclosed as cotting fluids in U.S. Pat. No. 3,186,946,

WO 94/19434 discloses hubricating oil compositions containing alkoxylated
amine salts of hydrocarbylsalichc acids, hydrocarbylsulfonic acids,
10 dihydrocarbyldithiophosphoric acids or dihydrocarbyldithiobenzoic acids inthiocyanarie
acid which are stated to improve frictional properties. See also U.S. Pat. Nos. 5,330,666;

5,320,767; 5,320,766; and 5,308,518; respectively.

ULS. Pat. No 5,078,893 discloses a lubricating composition adaptable foruse as a

power transmitting fhuid having a lubricating oil, a friction modifying amount of &

[
L9

borated or unborated alkoxylated amine and an amount of organic phosphate ester

effective to impart both antiwear and friction modification to the composition.

L8, Pat. No. 7,691,764 discloses ubricating and fuel compositions containing
metal free detergents prepared fom the reaction product of an acidic organic coropound,
a boron compound and an amine. The acid organic compound exemplified is a

20 hydrocarbyl salicylic acid.

SUMMARY

Disclosed is a multifunctional additive being an oil soluble hydroxylated amine salt of a
hindered phenolic acid. The amine salt provides friction modifying propertics and

25 antioxidancy to lubricating oil compositions and suited for use hubricating oil
compositions for internal combustion engines. Accordingly one aspect is directed to

hibricating oil composition for internal combustion engines comprising:
a} a major amount of an oil of lubricating viscosity; and

b} a minor amount of an o1l sohuble hydroxylated amine salt of a lindered phenohic acid,

30 said salt having the general formula |
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H
Red-f—N=(CHp)5 N—fﬁxmoH)
I V4 X
Y 3-x

wherein

A and Q are each mdependently C;-Cy alkylene group; R is methyl, allyl or alkenyl
group having Cs-Chs carbon aloms; Y is hydrogen, Ci-CUs alkyl group or A-OH; x is an
mieger of

I or2; and z is an integer of § or 1. Particudarly suited hindered phenolic acids are
selecied wherein Q is selected from -CH,CH,-, -CH,CH(CH,)-, -CH-CH{CH-CH;}-, -
CHCH{CHCHCH)-, -CHCHRCH,-, and -CHCHCHLCH,-. Due to availability
particularly suited are -CH,CH,-,  -CHL,CH{CH,)-, -CH,CH{CH,CH,)-. I one aspect,
the lubricating oil composition is divected to the salt wherein x is one. Y is
mdependently selected from hydrogen or A-OH, and more particularly ~CH,CH,0H or -
CHLCH{CH)OH. Thus, in this aspect may further contain the proviso that when x is

one, then z 18 zero.

In the soluble hydroxylated amine salt of a hindered phenolic acid preferred R 1s an alkyl
or alkenyl group having Cq to Cos carbon atoms and mixtures thereof, more particularly

having Cy; to Uy carbon atoms and mixtures thereof,

In other aspect, when x 13 2 15 directed to than o1l soluble hydroxylated amine salt of a

hindered phenolic acid, said salt having the general formula fa:

L3
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H
A3

R N~<CH2)3>—N/Q
E 2 \\( AmoH)

Y

wherein A and Q@ are each independently Cr-Cy alkylene group; R is methyl, alkyl or
allenyl group having C-Cyy carbon atoms; Y is hydrogen, C-Cy alkyl group or A-OH;
and z is an integer of 0 or 1. With particularly suited A and (3 being ethylene, propylene,

-CHyCH{CH -, or -CHCH{CH,CHy)-. Preferred R groups having Cg-Coy carbon atoms,

ih

or Ug-Ciz carbon atoms, and more preferably Co-Ce alkyl or alkenyl groups. In one
aspect z 1s zero. In another aspect 2 18 one. In this regard, Y is hydrogen or A-OH with

A being ethylene, propylene, -CHYCH(CH:})- and mixtures thereof,

10 A further aspect is divected to formulated tubricating oil compositions, thus the oil of
hubricating viscosity and minor amount of an oil soluble hydroxyiated amine salt of a
hindered phenolic acid may further contain other additives, suitable additives may
melude one or more of ashless dispersant, a metal detergent, an anti-wear additive, and

an antioxidant.

[
i

Aunother aspect is directed 10 2 method for reducing friction in an internal combustion

engine which comprises operating the internal combustion engine with a lubricating o1l

composition containing an effective amount of the oil soluble hydroxylated amine salt of

a hindered phenolic acid of having the general formuia 1. In this aspect, the amount of
20 the o1l soluble hydroxylated amine salt of a hindered phenolic acid is in amount from

0.65 wt% 1o about

5 wi % based upon the total weight percent of the lubricating oil composition.

Particularly suited engines are dicsel enginges.
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DETAILED DESCRIPTION

The 3,5 tertbutyi-dhydroxyphenvl substituted acid emploved herein is represented by the
2, 3 3 ypacy P10y

fornnula:

OH

2

L9

wherein Q 13 an alkylene group of 2 to 6 carbon atoms.

The alkylene group may be straight or branched chamn, exemplarily mcluding ethylene
group, propylene group (1-methylethylene group, 2-methylethylene group), trimethylene
group, butylene group (1-cthylethylene group, 2-ethylethylene group), 1,2-
10 dimethylethyiene group, 2,2-dimethylcthylene group, T-methylrimethylene group, 2-
rethyhrimethylene group,
3-methyltrimethylene group, tetramethylene group, pentylene group,
I-ethyl-t-methylethylene groap, 1-ethyl-2-methylethyiene group, [,1,2-
trimethylethylene group, 1,2, 2-trimethylethylene group, 1-ethyltrimethylene group, 2-
15 cthyltrimethylene group, 3-cthyltrimethylene group, 1,1-dimethyltrimethylenc group,
L2-dimethyltrimethylene group, 1,3-dimethyltrimethylene group, 2.3-
dimethyhirimethylene group, 3,3-dimethyhrimethylene group, 1-methyltetramethylene
group, 2-racthylietramnethylene group,
3-methyltetramethylene group, 4-methyltetramethylene group, pentamethylene group,
20 hexylene group (I-butylethylene group, 2-butylethylene groop), -methyl-1-
propylethyiene group, 1-methyl-2Z-propylethylene group, 2-methyl-Z-propylcthylene
group,
I, I-diethylethylence group, 1,2-diethylethylene group, 2,2-diethylethylene group,

[-ethyl-1,2-dimethylethylene group, 1-ethyl-2,2-dimethylethylene group,

)
i

2-cthvi-1,1-dimethylethylene group, 2-ethyl-1,2-dimethyicthyiene group,

Q
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[, 1.2, 2-tetramethylethylene group, t-propylirimethylene group, 2-propylirimethylene
group, 3-propylivimethylene group, 1-ethyl--methylirimethylene group,
1-ethyi-2-methyltrimethyiene group, 1-cthyl-3-methylirioethylene group,
2-ethyl-1-methylrimethylene group, 2-cthyl-2-methyltvimethylene group,
2-gthyl-3-methyltrimethylene group, 3-cthyl-1-methylirimethylene group,
3-ethyi-Z-methyhrimethylene group, 3-ethyl-3-methyltrimethylence group,

1,1, 2-trimethyitrimethylene group, 1,1,3-trmethylrimethylene group,

1,2, 2-trimethyltrimethylene group, 1,2,3-trimethylirimethylene group,

1,3, 3-trimethyltrimethylenc group, 2.2,3-trimethy Erimethylene group,

2.3 3trmethylivimethylene group, 1-cthyltetramethylene group, 2-cthyltetramethyiene
group, 3-cthylietramethylene group, 4-ethyltetramethylene group, 1,1-
dimethyletramethylene group, 1,2-dimethyltetramethylene group, 1,3-
dimethyletramethyiene group,

1, 4-dimethyltetramethylene group, 2,2-dimethyitetramethyiene group,
2,3-dimethyltetramethylene group, 2,4-dimethyitetrarnethyiene group,
3,3-dimethylictramethylene group, 3,4-dimethylictramethylence group,

4 4-dimethyltetramethylene group, 1-methylpentamethylene group, 2-
methylpentamethylene group, 3-methylpentamethylene group, 4-methylpentamethylene
group,

S-methylpentamethylene group and hexamethylene group. Most preferred (3 is 2-4
alkylene carbon atoms more preferably ethylene and methyl ethylene groups that may be

made available with a minimum of reaction process steps and/or commercially available.

The 3,5-tertbutyl-4-hydroxyphenyl substituted acid can be prepared in various manners
known in the art and commonly prepared by reacting a 2,6 alkyiphenol with acryhic acid
mn the presence of a catalyst, (more typically with acrylic ester thereby hydrolyzed).
Preferved substituted acids are 3-(3,5-Di-tert-buty-4-hydroxy-phenyl-propionic acid, 3-
(3,5-Di-tert-butyl-4-hydroxy-phenyl)-2-methylpropionic acid, (3,5-Di-tert-butyl-4-
hydroxy-pheny!)-butyric acid, 2-(3,5-Di-tert-butyl-4-hydroxy-benzyi}-butric acid, (3,5-
Di-tert-butyl-4-hydroxy-phenyly-pentanocic acid and (2,5-Di-tert-butyl-4-hydroxy-
phenyl)-hexanocic acid. More particularly 3-(3,5-Di-tert-butyi-4-hydroxy-phenyl)-
propionic acid, 3-(2,5-Di-tert-butyl-4-hydroxy-phenyl-butyric acid, 3-(3,5-Dh-tert-butyl-
4-hydroxy-phenyl-pentanoic acid and 3-(3,5-Di-tert-butyl-4-hydroxy-phenyi)-hexanoic

6
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acid. BEven more preferred are

3-(3,5-Di-tert-butyl-4-hydroxy-phenyl}-propionic acid, 3-(3,5-Di-tert-butyl-4-hydroxy-
phenyh-2-methylpropionic acid, 2-(3,5-Di-tert-butyl-4-hydroxy-benzyti-butric acid and
3-(3,5-Di-tert-butyl-4-hydroxy-phenyl-butyric acid. And even more preferved are 3-(3,5-
Di-teri-butyl-4-hydroxy-pheny-propionic acid and 3-(3,5-Di-tert-butyl-4-hydroxy-

phenyl)-2-methylpropionic acid.

The oil soluble hydroxylated amine 1s represented by the formula:
3 ¥ 3

Forotuda I

wherein A at each occurrence is each fndependently Cr-Ce alkylene group; R is methyl
or an alkyl or alkeny? group having C;-Cys carbon atoms:; Y i hydrogen, C-Cq alkyl
group ot

A-OH; x 15 an infeger of 1 or 2; and 7 1s aninteger of  or 1. Mixtures of the amines of

the above formula may be used.

The A group, when employed more than occurrence in Forrula 1, can be the same or
different but preferably is selected from ethylene, propylene, or butylene, and more
preferably ethylene, 2-methylethylene or 2-cthylethylene. Typically A-OH is derived
from an aliphatic epoxide, examples of useful epoxides mclude ethylene oxide,
propylene oxide, 1,2-butene oxide and the like. Mixtures of epoxides may be employed.

Y is preferably hydrogen or A-OH where A 18 described above.

The Cy-Cay carbon atoms alkyl or U5-Cyy carbon atoms alkenyl groups R may be of
straight or branched chain: alkyl group exemplarily inchuding methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-
butyl group, straight or branched pentyl group, straight or branched hexyl group, straight
or branched hepty] group, straight or branched octyl group, straight or branched nonyl

group, siraight or branched decyl group, straight or branched undecyl group, straight or

~1
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branched dodecyl] group, straight or branched tridecyl group, straight or branched
tetradecyl group, straight or branched pentadecyl group, straight or branched hexadecyl
group, straight or branched heptadecyl group, straight or branched octadecyl group,
straight or branched nonadecy! group, straight or branched eicosyl group, straight or
5 branched heneicosyl group, straight or branched docosyl group, straight or branched

tricosyl group, and straight or branched tetracosyl group; and alkenyl group exemplarily
meluding viny! group, propenyl group, isopropenyl group, straight or branched butenyl
group, straight or branched penteny! group, straight or branched hexeny! group, straight
or branched heptenyl group, straight or branched octenyl group, straight or branched

10 nonenyl group, straight or branched decenyl group, straight or branched undecenyl
group, straight or branched dodecenyl group, straight or branched tridecenyl group,
straight or branched tetradeceny! group, straight or branched pentadecenyl group, straight
or branched hexadecenyl group, straight or branched heptadecenyl group, straight or

branched octadecenyl group, straight or branched novadecenyl group, straight or

—
n

branched eicoseny! group, straight or branched heneicosenyl group, straight or branched
docosenyl group, straight or branched iricoseny] group and straight or branched
tetracosenyl group. Io one aspect R may be a faity alkyl or alkenyl group. By “fatty
alkyl or alkyeny!” 1s meant an alky! or alkenyl group which 1s derived from an natural fat
or oil or from a derivative thereof such as the corresponding mitrile, by hydrogenation of
28 the ester or mitrile group. Exarmples of fatty alkyl and alkeny] groups include myrysiyl
(tetradecy D), palmityl (hexadecyl), stearyl (octadecy!) and olevl

{9-octadecenyl).

In oneg aspect, when x is 1, wherein A, R, Y and z are defined hereabove, the oil soluble

N2
n

hydroxylated anine 18 represented by the forouda:

N

N-AOH

Formula I
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In a more preferred aspect Y is independently selected from hydrogen or A-OH, and
more particularly ~CH;CH,OH or ~CHRUH(CH)OH. In a particularly preferred aspect
when ¥ is one, z 18 one. Thus, in this aspect the oil sochuble hydroxylated aniuoe is
represented by the formula 1, above, with the variables defined above, further contains
the proviso that when x s one, then z is zevro. The resulting NN dialky] or dialkenyl
hydroxyamines (RYR}-N-AOH compounds are selected that R may be independently
selected from raethyl or alkyvi or alkenyl group having Cr-Cyy carbon atoms, further
defined herein above. More preferably R may be independently selected from Cyto Cy
carbon atoms, and even more preferably independently selected from Cg to Cig carbon
atoros. fo one aspect, R is derived from the same moiety. Thus, particularly suited
groups are 2-ethyl hexyl, C12 groups and Cys groups such as stearyl and oleie groups and
mixtures thereof. Particalarly preferred ave the fatty alkyl or alkeny] groups selected
from myrystyl {tetradecyl), palmityl (hexadecyl}, stearyl {octadecyl) and oleyl (8-

octadecenyl).

In another aspect, when x 18 2, the oif scluble hydroxylated amine is represented by the

/%AWOH)
R-f-TwCHg)gi—N\( AmOH)
Y

formula;

Formula IV

wherein A at each oocurrence is each independently Cy-Cy alkylene group; R is an alkyl
or alkenyl group having C,-Cy carbon atoms; Y is hydrogen, C-Cs alkyl group ot A-

o~

OH; and z is an integer of 0 or 1. Wherem the preferred groups are defined herein above.

~
H

in one aspect, the preferred groups arc when z is zero: A can be the same or different but
preferably is selected from ethylene, propylene, or butylene, and more preferably
cthylene or Z-methylethylene or 2-ethylethylene; R is Cs-Coy alkyl or alkenyl group and
even more preferred to be a Cs-Coa fatty alkyl and alkenyi groups defined above. Thus,
particularly suited groups are 2-ethyl hexyl, Cyz groups and Cig groups such as stearyl
and oleic groups and mixtures thereof. Thus particularly preferred R groups are selected
from the group consisting of tertradecyl, pentadecyl, hexadecy! octadecyl, eicosyl,

tetradecenyl or octadecenyl groups. Useful oil soluble hydroxylated amines include

9
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“Ethomeens” a series of commercial mixtures available fom AKZ0 NOBEL. Thus in
one aspect when the amine is ethoyxiated and A are ethylene group and R is C12-C1¥,

e EEER TS

Suitable “Ethomeens” include “Ethomeen /127, “Ethomeen 18/127, “Ethomeen §/127,
“Ethomeen T/127, and “Ethomeen C/127: m these compounds A are both cthylenc
5 groups; and R is respectively oleyl, stearyl, a mixture of alkyl and alkenyl groups derived

from soybean oil, a mixture of alkyl and alkenyl groups derived from tallow and a
mixture of alky! and alkenyl groups derived from cocounut o1l In this aspect particularly
suited compounds are selected from the group consisting of bis-(2-
hydroxyethylcocoalkylamine, bis-{2-hydroxyethylioleviamine,

10 bis-(2-hydroxyethybsoyalkylamine, bis-(2-hydroxyethyhtaliowalkylamine,
bis-(2-hydroxyethyldodecylamme and bis-(2-hydroxyethyloctadecylamine. In another
aspect when the amine is propylated and A are propylene groups and R is Oy g are

commercially available as “Propomeen” from AKZO NOBEL such as “Propomeen

(/12" and “Propomeen T/12” wherein the R group is derived from oleyl and derived

—
n

from tallow. Particularly suited compounds are N-oleyl-1,1-iminobis-2-propanol and N-

tallowalkyl-1, U-iminobis-2-propanol.

’ag

In another aspect, the preferred groups are when z is one: A can be the same or different
but preferably is selected from ethylene, propylene, or butylene, and more preferably

20 ethylene or Z-methylethylene or 2-cthylethylene; R is Cg-Coy alkyt or alkenyl group and
even more preferred to be fatty alkvl and alkenvl groups defined above. Thus
particularly preferred R groups are selected from the group consisting of tetradecyl,
pentadecyl, hexadecyl octadecyl, eicosyl, tetradecenyl or octadecenyl groups. And more

preferably R is Cizge. Inone aspect Y is hydrogen, C-Ce alkyl group or A-GH, More

25  ypreferably Y is hydrogen or A-OH. Preferably A is cthylene and thus ethoxylated,
however propylated compounds are also commercially available. “Ethoduomeen T-127
from AKZO NOBLE 1 Y s hydrogen and A is ethylene and R is derived from tallow;
“Ethoduomeen T/13” and “Ethoduoreen T13/N” arc where Y 18 —AOH, A is cthylene
and R is derived from tallow.

30

16
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The o1l sohible hydroxylated amine salt of 2 hindered phenolic acid are prepared by

methods known to those skilled in the art. The preparative reaction scheme is ilhistrated

as follows:

Q=0 R’

wherein

A, and Q each independently C;-Cy alkylene group; R is an alkyl or afkenyl group
having Cs-Cyy carbon atoms; Y is hydrogen, C-Ce alkyl group or A-OH; x is an integer
of 1 or 2; and z 18 aninteger of § or 1. The amount of acid (A} or base (BB) may be varied
10 to achieve the desired acid/base balance of the final amine salt and determined by their
acid and base values. The equivalent ratic of A:B may be from §8.3:1 10 1.7:1. Inone
aspect, approximately equimoolar amount of hydroxylated amine and hindered phenolic
acid are mixed together in an acid/base neuiralization type reaction. Thus the equivalent

ratic of A:B is 1:1-1.2. In one aspect, excess base is present, Typically, the oil soluble

ih

hydroxylated amine salt of a hindered phenolic acid are prepared by roixing and stirring
beginning at ambient or room temperature where the addition of one component may be
slowed so the resultant exotherm does not carry the temperature above 100°C,

preferably below 80°C, more preferably below 60°C.

It
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The o1l sohible hydroxylated amine salt of a hindered phenohic acid may advantageously
be employed in a lubricating oil composition. The amine sall is a multifunctional
additive in that when croployed as an additive in lubricating oils, if provides reduced
frictional characteristics and also 1mparts an anti-oxidancy characteristics. When
employed in a lubricating oil composition it comprises a major amount of an oil of
hubricating viscosity (major amount being greater than 50% by weight of the total
corposition, preferably more than 60%) and a minor amount of the oil seluble
hydroxylated amine salt of a hindered phenolic acid. For finished tubricants, typically
the amount of vil sohible hydroxylated amine sall of a hindered phenolic acid will be
from about 0.001 wi%s to about 10 wi% based upon the total composition. Preferably the
o1l soluble hydroxylated anune salt of a hindered phenolie acid s employed in a amount
from 0.05 wi%s to about § wt % and even more preferably from about 0.1 wt % to 1.5 wt

%o based upon the total weight of the tubricating oif composition.

The lubricating oil compositions of this invention can be used in the hubrication of
essentially any internal composition engine, including astomobile and truck engines, two
cycle enginges, dicsel engines, aviation piston engings, maring and railroad engines and
the like. Also contemplated are Tubricating oils for gas fired engines, alcohol {e.g.
methanol} powered engines, stationery powered engines, turbines and the Tike.
Particularty useful are beavy duty diesel engines wherein said hibricating oil
compositions of this mvention can be employed to improve fuel economy and wherein
the ol soluble hydroxylated amine salt of a hindered phenoclic acid may provide an

antioxidant benefit to the labricating o3l composition.

if desired, other additives known in the art may be added to the fubricating oil basestock.
Such additives melade dispersants, detergents, antiwear agents, extreme pressure agents,
antioxidants, rust inhibitors, corrosion inhibitors, pour point depressants, viscosity index
improvers, other friction modifiers and the like. Not limiting examples of such are

herein below

The o1l of Tubricating viscosity for use in the lubrcating oil compositions of this

mvention, also referred to as a base oil, is typically present n a major amount, e.g., an

PCT/US2011/055290
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amouont of greater than 50 wt. %, preferably greater than about 70 wt. %, more preferably
from about

20 1o about 99.5 wt. % and most preferably from about 85 to about 98 wt. %, based on
the total weight of the composition. The expression "base 01" as used herein shall be
umnderstood to mean a base stock or blend of base stocks which is a Tubricant component
that is produced by a singie manufacturer to the same specifications (independent of feed
source or manufacturer's location); that meets the same manufacturer's specification; and
that i1s identified by a unigue formula, product identification nmumber, or both. The base
oil for use herein can be any presently known or later-discovered base oil of lubricating
viscosity used in formulating fubricating o1l corapositions for any and all such
applications, e.g., engine oils, marine cylnder oils, fimctional fluids such as hydraulic
oils, gear oils, transmission ftuids, ete. Additionally, the base oils for use herem can
optionally contain viscosity index wmprovers, ¢.g., polymeric alkylmethacrylates; olefinic
copolymers, ¢.g., a0

ethylene-propylenc copolymer or a styrene-butadiene copolymer; and the like and

mixtures thereof,

As one skilled m the art would readily appreciate, the viscosity of the base oil is
dependent upon the application. Accordingly, the viscosity of a base o1l for use herein
wiil ordinarily range from about 2 to about 2000 centistokes (¢St} at 160 Centigrade
{C}. Generally, individually the base oils used as engine oils will have 2 kinematic
viscosily range at 100° C. of about 2 ¢St to about 30 ¢5t, preferably about 3 ¢St to abowt
16 ¢St, and most preferably about 4 ¢St to about 12 ¢St and will be selected or blended
depending on the desired end use and the additives in the finished oif to give the desired
grade of engine o1l, e.g., a lubricating oil composition having an SAE Viscosity Grade of
OW, 0W-20, 0W-30, 0W-40, OW-50,

OW-60, SW, SW-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-30, 10W-40,
TOW-50, 15W, 15W-20, 15W-30 or 15W-40. Oils used as gear oils can have viscosities

ranging {rom about 2 ¢8t to about 2000 ¢St at 1007,

Base stocks may be mamufactured using a variety of different processes including, but
not hmited o, distillation, solvent refining, hydrogen processing, oligomerization,

esterification, and rerefining. Rerefined stock shall be substantially free from materials
infroduced through manufacturing, contamination, or previous use. The base oil of the

13
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fubricating o1l compositions of this invention may be any natural or synthetic hubricating
base oil. Suitable hydrocarbon synthetic oils inchude, but are not limited to, oils prepared
from the polymerization of ethylene or from the polymerization of 1-olefins fo provide
polymers such as polyalphaolelin or PAO oils, or from hydrocarbon synthesis

5 procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch
process. For example, a suitable base oil is one that comprises little, if any, heavy

fraction; e.g., Httle, if any, lube oil fraction of viscosity 20 ¢St or higher at 100° C,

The basc oil may be derived from natural Iubricating oils, synthetic fubricating oils or

3

10 roixtures thereof. Suitable base oil mchudes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocracked base stocks produced by
hydrocracking (rather than solvent extracting} the aromatic and polar components of the

crude. Suitable base oils include those in all APE categories |, 1, HI, IV and V as defined

p=3

i API Publication 1509, 1dth Edition, Addendum I, Decomber 1998, Group 1V base oils

—

5 are polyalphaoiclins (PAO). Group V base oils inchide all other base oils not included in

Group | 1, HE, or IV, Although

Group I, Y and 1V base oils are preferred for use in this invention, these base oils may
be prepared by combining one or more of Group I, 1L, HE IV and V base stocks or base

20 oils,

Useful natural oils include mineral hibricating oils such as, for example, Hguid petroleum
oils, solvent-treated or acid-treated mineral fubricating oils of the paraffinic, naphthenic

or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal oils,

2

(2

vegetable oils {e.g., rapesced oils, castor oils and lard 011), and the like.
Usetul synthetic lubricating oils include, but are not himited to, hydrocarbon oils and
halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefing, ¢.g.,
polybutylenes, polvpropylenes, propylenc-isobutylene copelymers, chlorinated
30 polybutylenes, poly(l-hexenes), poly(1-octenes), poly(1-decenes), and the like and
mixtures thereof] alkylbenzenes sach as dodecylbenzenes, tetradecyibenzenes,
dmonylbenzenes,
di(2-cthylhexyl)-benzenes, and the like; polyphenyls such as biphenyls, terphenyls,
alkylated polyphenyls, and the Hike; alkylated dipheny! ethers and alkylated diphenyl

14
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sulfides and the derivative, analogs and homologs thereof and the like.

Other useful synthetic lubricating oils nchude, but are not Hmited to, oils moade by
polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isebutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are

well known to those skilled in the art.

Additional useful synthetic hydrocarbon oils include hquid polymers of aipha olefins
having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated iquid oligomers of Ty to Cy5 alpha olefins such as, for example, 1-decenc

trivoer.

Another class of usefu] synthetic hubricating oils includes, but is not limited to, alkylene
oxide polymers, i.c., homopolymers, interpolymers, and derivatives thereof where the
terminal hydroxyl groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the oils prepared through polymerization of
cthylene oxide or propylene oxide, the alkyi and pheny! ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene giveol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glyeol having a molecular weight of 500 1o
1000, diethy! ether of polypropylene glyeol having a molecular weight of 1,860 to 1,504,
etc.} or mono- and polycarboxylc esters thereof such as, for example, the acetic esters,

mixed Cs to Cg fatty acid esters, or the {3 oxo acid diester of tetraethyviene glycol

Yet another class of useful synthetic lubricating oils include, but are not limited to, the
esters of dicarboxylic acids e.g., phthalic acid, succimic acid, alkyl succmnic acids, alkenyl
suceinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic
acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic acids, etc.,
with a variety of aleohols, e.g., butyt alcehol, hexyl aleohol, dodecyl alcohol, 2-
ethylhexyl alcohel, ethylene glycol, diethylene glveol monoether, propylene glyeol, ete.
Specific examples of these esters include dibutyl adipate, di{2-ethythexylischacate, di-n-
hexyl fumarate, dioctyl schacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecy] phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of hnoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of

tetracthylene giveol and two moles of

[
whn
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2-ethylthexanoic acid and the like.

Esters useful as synthetic oils also include, but are not limited to, those made from
carboxylic acids having from about 3 to about {2 carbon atoms with aleohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol

propane, periaerythritel, dipentacrythritol, tripentacrythritol, and the like.

Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polvaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
fubricating oils. Specific examples of these include, but are not limited to, tetracthyl
silicate, tetra-isopropyl silicate, tetra-(Z-ethythexylisilicate, tetra-(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenylisilicate, hexyl-(4-methyl-2-pentoxy)disiloxane,

poly{methylisiioxanes, poly{methyiphenylsiloxanes, and the fike.

The lubricating o1l may be derived from unrefined, refined and rerefined oils, either
natural, synthetic or mixtures of two or more of any of these of the type disclosed
heremabove. Unrefined oils are those obtained directly from a natural or synthetic source
{e.g., coal, shale, or tar sands bitumen) without further purification ot treatment.
Examples of unrefined oils inchude, but are not limited to, a shale oil obtained directly
from retorting operations, a petroleum oil obtained divectly from distiflation or an ester
oil obtained directly from an esterification process, cach of which is then used without
further ireatment. Refined oils are stmlar to the unrefined oils except they have been
further {reated in one or more purification steps (o Improve one or more properties. These
purification techoigues are known to those of skill o the art and include, for exampile,
solvent extractions, secondary distiflation, acid or base extraction, ffltration, percolation,
hydrotreating, dewaxing, elc. Rerefined oils are obtained by treating used oils in
processes similar {o those used to obtain refined oils. Such rerefined oils are also known
as reclaimed or reprocessed oils and often are additionally processed by techunigues

directed 1o removal of spent additives and otl breakdown products.

Lubricating oil base stocks derived from the hydroisomerization of wax may also be
used, either alone or m combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic waxes or mixtures thereotf over a hydroisomerization catalyst.

16
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Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
roineral otls; synthetic waxes are typically the wax produced by the Fischer-Tropsch

Process.,

The ashless dispersant compounds employed in the fubricating ol composition of the
preseut nvention are generally used to maintain in suspension insoluble materials
resuliing from oxidation during use, thus preventing shidge flocculation and precipitation
or deposition on metal parts. The lubricating oil coraposition of the present invention
may contain one or more ashless dispersants. Nitrogen-containing ashless (metal-froe)
dispersants are basic, and contribute to the total base number or TBN (as can be
measured by ASTM D2896) of a lubricating oil composition t¢ which they are added,
without introducing additional sulfated ash. The term "Total Base Number” or "TBN" as
used herem refers to the amount of base cquivalent to milligrams of KOH in one gram of
sample. Thus, higher TBN numbers reflect more alkaline products, and therefore a
greater alkalinity. TBN was determined using ASTM D 2896 test. An ashless dispersant
generally comprises an oil soluble polymeric hydrocarbon backbone baving functional
groups that are capable of associating with particles to be dispersed. Many types of

ashless dispersants are known in the art,

Representative exaraples of ashless dispersants include, but are not imited to, amines,
alcohols, amides, or ester polar moieties attached to the polymer backbones via bridging
groups. An ashless dispersant of the present invention may be, for example, selected
from o1l soluble salts, esters, amino-esters, amides, imides, and oxazolines of long chain
hydrocarbon substituted mono and dicarboxylic acids or their anhydrides;
thiocarboxylate derivatives of long chain hydrocarbons, long chain ahiphatic
hydrocarbons having a polyamine attached directly thereto; and Mannich condensation
products formed by condensing a long chamn substituted phenol with formaldehyde and
polyalkylene polyamine.

Carboxylc dispersants are reaction products of carboxvhic acylating agenis {acids,
anhydrides, esters, ete.) comprising at least about 34 and preferably at least about 54
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy

compounds (such as aliphatic compounds including monchydric and polvhydric

]
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alcohols, or aromatic compounds inclading phenols and naphthols), and/or basic

morganic materials. These reaction products include timides, amides, and esters.

Sucecintmide dispersants are a type of carboxyhic dispersants. They are produced by
5 reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy
compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen
atom, or with a mixture of the hydroxy compounds and amines. The term "succinic
acylating agent” refers to a hydrocarbon-substituted succinic acid or a succinic acid-
producing compound, the latter encompasses the acid itselfl Such materials typically
10 doclude hydrocarbyl-substituted succinic acids, anhydrides, esters (including half esters)

and hahdes.

Succinic-based dispersanis have a wide varicty of chemical structures. One class of

succinic-based dispersants 18 bissuccinimides having a hydrocarbyl group attached to the
15 maleic moicty wherein each group is independently a hydrocarbyl group, such as a

polyolefin-derived group. Typically the hydrocarbyl group is an alicyl group, such as a

polvisobutyl group. Alternatively expressed, the hydrocarbyl groups can contain about

44 to about 500 carbon atoms, and these atoms may be present in aliphatic forms. The

polyamines are alkylene polyamines wherein the alkylene group, commonly an ethylene
28 {CyHy) group. Examples of succinimide dispersants include those deseribed in, for

exanmple, U.S, Pat. Nos. 3,172,892, 4,234,435 and 6,165,235,

The polyalkenes from which the sobstituent groups are derived are typically

homopolymers and interpolymers of polymerizable olefin monomers of 2 to about 16
25 carbon atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with the

succinic acylating agents o form the carboxylic dispersant composition can be

moncamines or polyamines,

Certain fundamental types of succinimides and the related matenials encompassed by the
ferm of art "succinimide” are taught in U.S, Pat. Nos. 3,172,892; 3,219,666 and

30 3,272,746, the content of which is incorporated by reference herein, The term
“sgceinimide” 1s understood m the art to include many of the amide, imide, and amudine
species which may also be formed. The predominant product however 18 a succinimide

and this term has been generally accepted as meaning the product of a reaction of an

1&
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allenyl substituted succinic acid or anhydride with a nitrogen-contaiming compound.
Preferred succinimides, because of their commercial availability, are those succinimides
prepared from a hydrocarby! succinic anhydride, wherein the hydrocarbyl group contains
from about 24 to about 350 carbon atoms, and an ethylene amine. Examples of ethylene
amines include ethylene diamine, diethylene triamine, tricthylene tetramine,
tetracthylene pentamine and the likce. Particularly preferred are those succinimides
prepared from polvisobutenyl succinic anhydride of about 70 to about 128 carbon atoms
and tetracthylene pentamine or triethylene tetramine and mixtures thereof

~

Succintoide dispersants are referred to as such since they normally contain nifrogen
largely in the form of imide functionality, although the amide functionality may be m the
form of amme salis, amides, imidazolines as well as mixtures thereof. To prepare a
succinimide dispersant, one or more suceinic acid-producing compounds and one or
more amines are beated and typically water is removed, optionally in the presence of a
substantially mert organic hquid solvent/diluent. The reaction teraperature can range
from about 807 C. ap o the decomposition temperature of the mixture or the product,
which typically falls between about 100° C. to about 300° C. Additional details and
examples of procedures for preparing the succinimide dispersants of the present
invention include those described in, for example, U.S. Pat. Nos. 3,172,892, 3,215,666,

3,272,746, 4,234,435, 6,165,235 and 6,440,905,

Suitable ashless dispersants may also include amine dispersants, which are reaction
producis of relatively high molecular weight aliphatic halides and amines, preferably
polvalkylene polyamines. Examples of such amine dispersants include those described

in, for example, LIS, Pat. Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,804,

Suitable ashless dispersants may further include "Maunnich dispersants,” which are
reaction products of alkyl phenols m which the alkyl group contains at least about 30
carbon atoms with aldehydes (especially formaldehyde) and amines (especially

polyalkylene polyamines).

Examples of such dispersants include those described in, for example, U 8. Pat. Nos,
3,036,003, 3,586,629. 3,591,598 and 3,980.569,
19
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Suitable ashless dispersants may also be post-treated ashiess dispersants such as post-
freated succininudes, .g., post-treatment processes involving borate or ethylene
carbonate as disclosed in, for example, U.S. Pat, Nos. 4,612,132 and 4,746,446; and the
like as well as other post-treatment processes. The carbonate-ireated alkenyl succinimide
is a polybutene succinimide derived from polybutenes baving a molecular weight of
about 450 to about 3000, preferably from about 900 to about 2500, more preferably from
about 1300 to abowt 2300, and most preferably from about 2000 to about 2400, as well as
mixtures of these molecular weights. Preferably, it is prepared by reacting, under reactive
conditions, a mixture of a polybutenc succinic acid derivative, an unsaturated acidic
reagent copolymer of an unsaturated acidic reagent and an olefin, and a polyamine, such
as disclosed in U.S. Pat. No. 5,716,912, the contents of which are incorporated herein by

reference.

Suitable ashless dispersants may also be polymeric, which are interpolymers of oil-
sclubilizing monomers such as decyl methacrylate, vinyl decyi ether and high molecular
weight olefins with monomers containing polar substitutes. Examples of polymeric
dispersants mnclude those described in, for example, ULS. Pat. Nos. 3,329,658; 3,446,250
and 3,666,730,

In a prefoerred embodiment of the present invention, an ashiess dispersant for use in the
fubricating o1l composition 1s an cthylene, carbonate-treated bissuccinimide derived from
a polyisobuteny! group having a number average molecular weight of about 2300, The
dispersant{s} for usc in the lubricating oil corgpositions of the present invention are

preferably non-polymeric (e g., are mono- or bissuccmimides).

senerally, the ashless dispersant is present in the lubricating oil coraposition in an
arpount ranging from about 3 to about 10 wi. %, and preferably from about 4 to about 8

wt. %, based on the total weight of the Tubricating il composition,

The at least one metal-containing detergent compound emploved in the fubricating o1l
composition of the present fnvention functions both as a detergent to reduce or remove
deposits and as an acid neatralizer or rust inhibitor, thereby reducing wear and corrosion
and extending engine life. Detergents generally comyprise a polar head with long

20
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hydrophobic tail, with the polar head comprising a metal salt of an acid organic

compound.

The lubricating oil composition of the present invention may contain one or more
detergents, which are normally salts, and especially overbased salts. Overbased salts, or
overbased materials, are single phase, homogencous Newtonian systems characierized by
a metal content in excess of that which would be present according to the stoichiometry
of the metal and the particolar acidic organic compound reacted with the metal. The
overbased materials are prepared by reacting an acidic material (typically an inorganic
acid or lower carboxylic acid such as carbon dioxide) with a mixiure comprising an
acidic organic compound, in a reaction medium comprising at least one ert, organic
solvent (such as mineral oil, naphtha, toluene, xylene) in the presence of a stoichiometric

excess of a metal base and a promoter.

Useful acidic organic compounds for making the overbased compositions include
carboxylic acids, sulfonic acids, phosphorus-containing acids, phenols and mixtures
thereof. Preferably, the acidic organic compounds are carboxylic acids or sulfonic acids
with sulfonic or thiousulfonic groups (such as hydrocarbyi-substituted benzenesulfonic

acids}, and hydrocarbyl-substituied salicyhc acids.

Carboxylate detergents, e.g., salicylates, can be prepared by reacting an aromatic
carboxylic acid with an appropriate metal compound such as an oxide or hydroxide.
Neutral or overbased products may then be obtained by methods well known 1o the art,
The aromatic moiety of the aromatic carboxylic acid can contain one or more
heteroatoms such as nitrogen and oxygen. Preferably, the moiety contains only carbon
atoms. More pretferably, the moiety contains six or more carbon atoms, such as a benzene
moiety. The aromatic carboxylic acid may contain one or more aromatic moicties, such
as one or more benzene rings, optionally fused together or otherwise connected via
alkylene bridges. Representative examples of aromatic carboxylic acids melude salicylic
acids and sulfurized derivatives thercof such as hydrocarbyl substituted salicylic acid and
derivatives thereof Processes for suifurizing, for example, a hydrocarbyi-substituted
salicylic acid, are known to those skilled in the art. Sahicylic acids are typically prepared
by carboxylation, for example, by the Kolbe-Schmitt process, of phenoxides. In that
case, salicylic acids arc gencrally obtained in a diluent in admixture with an
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uncarboxylated phenol.

Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide. Neuiral or overbased
products may be obtained by methods well known in the art. For example, sulfirized
phenols may be prepared by reacting a phenol with sulfur or a sulfur-containing
compound such as hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form
products that are mixtures of compounds in which 2 or more phenols are bridged by

sulfur-containing bridges,

The metal compounds usefil in making the overbased salts are generally any Group T or
Group It metal compounds in the Pertodic Table of the Elements. Group I metals of the
metal base inclode Group 1a alkali metals (e.g., sodium, potassivm, hithiun) as well as
Group b metals such as copper. Group I metals are preferably sodium, potassium,
Hithium and copper, more preferably sodium or potassium, and particularly preferably
sedium. Group I metals of the metal base include Group Ha alkaiine earth metals (e.g.,
ragnesium, calciur, strontiuny, barium) as well as Group Hb metals such as zinc or
cadmium. Preferably, the Group Il metals are magnesium, calcium, bariam, or zinc, more

preferably magnesium or caleium, and most preferably caleium.

Examples of the overbased detergents inchude, but are not hmited to, calcium sulfonates,
calctom phenates, calcium salicylates, calcium stearates and mixtures thereof Overbased
detergents suitable for use in the lubricating oif compositions of the present invention
may be low overbased (e.g., an overbased detergent having a TBN below about 100},
The TBN of such a low-overbased detergent roay be from about § to about 50, or from
about 10 to about 30, or from about 15 to about 20. Alternatively, the overbased

d

may be high overbased {e.g., an overbased detergent having a THBN above about 100},

b

-tergents suitable for use in the lubricating oil compositions of the present invention

The TBN of such a high-overbased detergent may be from about 150 to about 450, or
from about 200 to about 350, or from about 250 1o about 280, A low-overbased calciom
sulfonate detergent with a TBN of about 17 and a high-overbased sulfurized calcium
phenate with a TBN of about 400 are two exemplary overbased detergents for use in the
hubricating oil compositions of the present invention. The Tubricating o1l compositions of
the present imvention may contain more than one overbased detergent, which may be all

~5
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fow-TBN detergents, all high-TBN detergents, or a mixtare thereof. For example, the
fubricating o1l compositions of the present invention may contain a first metal-containing
detergent which is an overbased alkaline earth metal sulfonate detergent having a TBN
of about 150 1o about 450 and a second metal-contaiming detergent which is an
overbased allkaline earth metal sulfonate detergent having a TBN of about

10 to about 50.

Suitable detergents for the lubricating oil compositions of the present invention also

mchude "hybrid” detergents such as, for cxample, phenate/salicylaies, suffonate/phenates,
sulfonate/salicylates, suffonates/phenates/salicylates, and the like. Examples of hvbrid
detergents jnclude those described in, {for example, U.S. Pat. Nos, 6,153,563; 6,281,179;

6,429,178, and 6,429,179,

3

Generally, the metal-containing detergent is present in the lubricating oif composition in
an amount ranging from about 0.25 to about 3 wit. %, and preferably from about 0.5 10
about

2 wi. %, based on the total weight of the lubricating otl composition.

The antioxidant compounds employed in the fubricating oil composition of the present
invention reduce the tendency of base stocks to deteriorate in service, which
deterioration can be evidenced by the products of oxidation such as sludge and varnish-
tike deposiis on the metal surfaces and by viscosity growth. Such oxidation inhibitors
mclude hindered phenols, ashless oil soluble phenates and suliurized phenates, alkyl-
substituted diphenylamine, alkyl-substituted phenyl and naphthylamines and the like and
mixtures thereof. Suitable diphenylamine antioxidants inchide, but are not imited to,
monoalkylated diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine,
and the like and mixtures thereof. Representative examples of diphenylamine
antioxidants inclode butyldiphenylamine, di-butvldiphenylamine, octyldiphenylamine,
di-octyldiphenylamine, nonyldiphenylamine, di-nonyldiphenylamine, t-butyl-t-

octyldiphenylamine, and the like and mixtures thereof,

Generally, the antioxidant compound is present n the lubricating oil composition in an
amount ranging from abouat 0.2 to about 4 wi. %, and preferably from about 0.3 to about
I wi. %, based on the total weight of the lubricating oil composition.

23
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The anti-wear agent compounds emploved in the hubricating 01l composition of the
present mvention include molybdenum-containing complexes such as, for example, a
molybdenum/nitrogen-containing complex. Such complexes are known in the art and are
described, for example, in U.S, Pat. No. 4,263,152, the content of which is incorporated

by reference herein,

Generally, the molybdenuny/nitrogen-containing complex can be made with an organic
selvent comprising a polar promoter during a complexation step and procedures for
preparing such complexes are described, for example, e.g., m U.S. Pat. Nos. 4,259,194;

259,105, 4261, 843; 4,263,152, 4,265,773, 4,283,295; 4,285 ,822; 4,369,119;
4,370,246; 4,394,279; 4,402 840; and 6,962,896 and U.S. Patent Application Poblication
No. 2005/0209111, the contents of which are incorporated by reference hercin. As shown
n these references, the molybdenum/mitrogen-containing comaplex can further be

sulfurized.

Generally, the anti-wear agent coropounds are present m the lubricating oil corpposition
in an amount ranging from about 0.25 to about 5 wt. %, and preferably from about 0.3 to
about

2 wt. Y%, based on the total weight of the lubricating ol composition.

Preferably a minor amount of antiwear ageni, a metal dihydrocarby! dithiophosphate is
added to the hibricant composition. The roetal is preferably zine. The
dihydrocarbyldithiophosphate roay be present in amount of .1 1o 2.0 mass percent but
typically low phosphorous compositions are desired so the dihydrocarbyldithiophosphate
18 emiployed at 0.25 to 1.2, preferably 0.5 10 0.7, roass %, in the lubricating oil
composition. Preferably, zine dialkylthiophosphate (ZDDP) is used. This provides
antioxidant and antiwear properties to the lubricating composition. Such compounds may
bie prepared in accordance with known techniques by first forming a dithiophosphoric
acid, usuaily by reaction of an alcobol or a phenol with P48 and then neutrahzing the
dithiophosphoric acid with a suitable zinc compound. Mixtures of aleohols may be used
including mixtures of primary and sccondary alechols. Examples of such aleohels

include, but are not restricted to the following Hst: iso-propanci, iso-octanscl, 2-butanol,



WO 2012/051064

PCT/US2011/055290
methyl isobutyl carbinol (4-methyl-1

-pentane-2-01),

I-pentanol, Z-methyl butanol, and Z-methyl-I-propanol. The hydrocarbyi groups can be
a primary, secondary, ot mixtures thereof, e.g. the coropounds may contains primary
and/or secondary alkyl groups derived from primary or secondary carbon atoms.

Moreover, when employed, there is preferably at least 50, more preferably 75 or more,
most preferably

85 to 100, mass % secondary alkyl groups; an example s a ZDDP having 85 mass %
secondary alky! groups and 15 mass % primmary alkyl groups, such as a ZDDP made from

45 mass % bulan-2-ol and 135 mass % iso-octanof. Even more preferred is a ZDDP

derived from derived from sec-butano] and methylisebutylcarbmnol and most preferably
wherein the sec-butanol is 75 mole percent,

J—
ih

The metal dihydrocarbyldithiophosphate provides most if not all, of the phosphorus
content of the hubricating oil composition. Amounts are present i the fubricating oil

composition to provide a phosphorus content, expressed as mass % elemental

phosphorus, of 0.10 or less, preferably 0.08 or less, and more preferably .0
such as 1o the range of
0.025 to 0.07.

75 or less,

A

The lobricating oil compositions of the present invention can be convemently prepared
by simpiy blending or mixing the ubricating oil and the oil seluble hydroxylated amine
ashicm e

s dispersant, at least one metal-containing deter

m\.f

salt of a hindered phenolic acid, optionally other additives may be blended such as the

N2
n

ut, antioxidant and anti-wear
agent, optionally with other additives, with the oil of Tubricating viscosity. The oil

soluble hydroxylated amine salt of a hindered phenolic acid, ashless dispersant, metal-
containing detcrgent, antioxidant and anti-wear agent may also be preblended as a
concentrate or package with various other additives, if desired, n the appropriate ratios
io facilitate blending of a ubricating composition contaming the desired concentration of
additives. The oil sohuble hydroxylated amine salt of a hindered phenolic acid, ashiess
dispersant, at least one metal-containing detergent, antioxidant and anti-wear agent are
blended with the base oil usmg a concentration at which they provide improved friction

effect and are both sohible in the oil and compatible with other additives in the desired

finished lubricating oil. Comopatibility in this jostance geoerally rocans that the present

~
L

whn

compounds as well as being 01l soluble in the apphicable treat rate also do not cause other



WO 2012/051064 PCT/US2011/055290

10

15

20

25

30

additives to precipitate under normal conditions. Suitable o1l solubility/compatibility
ranges for a given corpound of lubricating oil formulation can be determined by those
having ordinary skill 1o the art using routine solubility testing procedures. For example,
precipitation from a fornuidated hibricating o1l composition at ambient conditions {about
20° C. 1o 25° C.) can be measured by either actual precipitation from the oil composition
or the formulation of a "cloudy” solution which cvidences formation of insoluble wax

particles.

The lobricating oil compositions of the present invention may also contain other
conventional additives for tmparting auxibary functions to give a finished lubricating ol
composition in which these additives are dispersed or dissolved. For example, the
lubricating oil compositions can be blended with friction modifiers, rust inhibitors,
dehazing agents, demulsifying agents, metal deactivating agents, pour point depressants,
antifoamung agents, co-solvents, package compatibilisers, corrosion-inhibitors, dyes,
extreme pressure agents and the hke and mixtures thereof. A variety of the additives are
known and commercially available. These additives, or their analogous compounds, can
be employed for the preparation of the lubricating oil compositions of the invention by

the usual blending procedures.

Examples of supplemental friction modificrs include, but are not hmited to, alkoxylated
fatty amines; borated fatty epoxides; {atty phosphites, fatty epoxides, fatty amines,
borated alkoxylated fatly amines, metal salts of fatty acids, fatty acid amides, glycerol
esters, borated glycerol esters; and fatty imidazolines as disclosed in U.S. Pat, No.
6,372,696, the contents of which are incorporated by reference herein; friction modifiers
obtained from a reaction product of a (g to Uy, preferably a Cy to Cyy, and most
preferably a Cy to Cyg, fatty acid ester and a nilrogen-containing compound selected from
the group consisting of aramenia, and an alkanoclamine and the like and mixtures thereof.
The friction modificr can be incorporated i the Tubricating o1l compoesition in an amount
ranging of from about 8.02 to about 2.0 wi. % of the lubricating il composition,
preferably from aboat 0.05 1o about 1.0 wi. %, and more preferably from about 0.1 to

about 0.5 wt. %.

Examples of rust inhibitors inchide, but are not imited to, nonionic polyoxyalkylene

agents, ¢.g., polyoxyethylene lauryi ether, polyoxyethyiene higher alcohol ether,

"
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polyoxyethylene nonylphenyl ether, polvoxyethylene octylphenyl ether, polyoxyethylene
octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
polvoxyethylene sorbifol monooieate, and polycthytene glycol monooleate; stearic acid
and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts; metal salts
of heavy sulfonic acid; partial carboxyhc acid ester of polyhydric alcohol; phosphoric
esters; (short-chain) alkenyl succinic acids; partial esters thereof and nilrogen-containing
derivatives thereof; synthetic alkarvisulfonates, ¢.g., metal dinonylnaphthalene

sulfonates: and the like and mixtures thereof

Examples of antifoaming agents include, but are not imited to, polymers of alkyl

methacrylate; polymers of dimethylsilicone and the hike and mixtures thereof.

The lubricating composition of the present invention may alse contain a viscosity index
waprover. Examples of the viscosity index improvers include poly-(alkyl methacrylate),
ethylene-propylenc copolymer, styrene-butadiene copolymer, and polyisoprene.
Viscosity index improvers of the dispersant type (having increased dispersancy) or
rouitifunction type are also employed. These viscosity index improvers can be used
singly or in combination. The amount of viscosity index improver to be incorporated mto
an engine oil varies with desired viscosity of the compounded engine oil, and generally
in the range of about

0.5 to about 20 wt. % per total amount of the engine oil,

EXAMPLES

The mvention is further illustrated by the followng examples which are not to be

considered as Hmitative of its scope.

Example {

Salt of 3,5-di~teri-buty-4-hydroxyphenylpropionic acid and 2,2'-((2-

ethylhexylazanediyl) diethanol

Preparation of 2,2'-((2-ethyihexyhazancdiyl)diethanol:

~3

2
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2-Ethyl-[-hexanol (I mol. equiv.y was dissolved in tetrahydrofuran at a 2M
concentration. To this solution was added CBry (1.25 mol. equiv.}). The solution was
cooled to 0°C and triphenylphosphine (1.25 mol. cquiv) was added slowly, The solution
was allowed to stir {or approximately 20 minutes. Water was added and the product

5 exiracted three times with dichloromethane. The organic extracts were collected, dried

over NasSO;, filtered, and concentrated under vacuum to afford 3-(bromomethyljhexane.

3-{Bromomethylthexane (1 mol equiv.) was dissolved in acetonitrile at a 2M
concentration. To this solution was added dicthanolarsine (3 mol equiv.), KoCO4 (2.5
mol equiv.) and catalytic K1 {0.025 mol. equiv.}. The flask was fitted with a water

10 cooled reflux condenser and the solution was refhuxed for 18 hours. The solution was
subsequently cooled to room teraperature and filtered. Acetonitrife was removed under
vacumn. The crude product was dissolved in ethyl acetate and washed with water and
brine. The orgamic extract was collected, dried over Na,80,, filtered and concentrated

under vacuum to afford the product.

15 The 2,2-((2-EthythexyDazanediylydiethanol (1 mol. equiv.), as prepared above, was
disscived in dichloromethane at a 1M concentration. To this solution was added
3,5-di~tert-butyl-4-hydroxyphenylipropionic acid (I mol. equiv.), available commercially
from Alfa Aesar. After 18 hours, the dichloromethane was removed onder vacuum 1o
afford the salt.

20

Salt of 3,5-di-tert-butyl-4-hydroxyphenylpropionic acid and

bis(2-hydroxyethyhdodecylamine

Bis{Z-hydroxyethyljdodecylamine (1 mol. equiv.}, was prepared according to the
procedure described 1o Examaple 1 except that 1-dodecanol was used rather than 2-cthyl-
25 l-hexanol. The Bis(2-hydroxyethyhdodecylamine was dissolved in dichloromethane at
a 1M concentration. To this solution was added 3,5-di-tert-butyl-4-
hydroxyphenylpropionic acid {1 mol. equiv.}. After 18 hours, the dichloromethane was

removed snder vacuum to afford the salt.
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Example 3

Salt of 3,5-di-tert-buty-4-hvdroxyphenyipropionic acid and bis(2-

hydroxyethyDoleylamine

Bis(Z-hydroxyethyloleylamine {1 mol. equiv.) was dissolved m dichloromethane at a

S IM concentration. Bis(2-hydroxyethyDoleylamine was available commercially from
AZKO NOBEL as “ETHOMEEN /127, To this solution was added 3,5-di-tert-buiyl-4-
hydroxyphenylpropionic acid {1 mol. equiv.). After 18 hours, the dichloromethane was

removed onder vacuum to afford the salt.

-
<

Evatuation of Friction Performance
Performance Example A - Baseline A

A SW-30 oils (SAE viscosity grade) baseline hubricating oil composition was prepared
using the following additives: approximaiely 10 wt % of a mixture

polvalkylsuccmiminde which optionally a portion have been post-treated, a mixture of

[
i

low overbased and high overbased calciurn and magnesium sulfonates, a borated caleium
sulfonate, a high overbased caleium phenate, zince dialkyldithiophosphate, an antioxidant
including 0.5 wt. % of a hindered phenolic ester and 0.3 wi. % of a diphenylamine a
viscosity mdex iraprover, a pour point depressant and a foam inhibitor to a majority of a

Group H baseoil.
20
Performance Bxample B (Comparative)

A tubricating oil composition was prepared by top-treating the baseline
foromdation of Performance Example A with 1 wt. % of a commercially available neutral
salt of a fatty acid and an alkylamine (i.e. stoichiometric amount of oleyl amme/oleic

25 acid).

Additional lubricating ot compositions were also prepared by top-treating the
4}:) o

1
i

baseline formulation of Example A with 1 wt. % of one salt as prepared in Examples 1-3.
The lubricating oil compositions presented in the examples were SW-30 oils (SAE

viscosity grade).

8]
2
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The compositions described above were tested for friction performance in a Mini-
Traction Machine {MTM) bench test. The MTM is manufactured by PCS Instruments
and operates with a ball (0.75 juches 8620 steel ball) loaded against a rotating disk
{52100 steely. The conditions emoploy a load of approximately 10-30 Newtons, a speed of
approximately

10-2000 ranv/s and a temperature of approximately 125-1507C. In this bench test, friction
performance is measured as the comparison of the total area under the second Stribeck
curve generated with the baseline formulation and the second Stribeck curve generated
with the bascline formulation top-treated with a {riction medifier. Lower tolal area values

correspond to better friction performance of the oil.

Table 1 - Frictional properties

Periormance Friction Modifier Stribeck
Example Area
Performance Ex. A None 178
Performance Ex. B Faity acid/alkylamine salt 117
Performance Ex. 1 3,5-Di-tert-butyl-4-hvdroxyphenyipropionic 162

acid/2,2'-((Z-ethylhexylazanediylidiethanol

Salt

Performance Ex. 2 3,5-Di-tert-butvl-4-hvdroxyphenylpropionic 114
5 3 ¥ yphenyiprop
acid/bis(2-hydroxyethyl}dodecylamine salt

(9]

Performance Ex. 3,5-Di-tert-butyl-4-hydroxyphenylpropionic 58

acid/bis(2-hydroxyethyloleylamine salt
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The results demonstrate that lubricating ol compositions of the present invention
demonstrate superior {riction performance to lubricating oil compositions over base line

as well as those containing a commercial organic friction modifier.

Oxidation studics of the products of selected Examples were carried out in a bulk off
oxidation bench test as described by E. 8. Yamaguchi et al. in Tribology Transactions,
Vol 42(4}, 895-901 (1999). In this test the rate of oxygen uptake at constant pressure by
a given weight of oif was monitored. The time required {induction time) for rapid oxygen
uptake per 25 grams of sample was moeasured at 171°C under 1.0 atmosphere of oxygen
pressure. The sarople was stirred at 1000 revolutions per nunute. The results are
reported, however, as time for rapid oxygen uptake per 100 grams of sample. The oil
contained a catalyst added as o1 soluble naphthenates o provide 26 ppm iron, 45 ppm
copper, 512 ppm lead, 2.3 ppm manganese, and 24 ppm tin. The bascline was measured
as in Performance Example A, top treated at 1% of the oleylamine/oleic acid salt as in
Performance Example B and with

0.64wt % of Performance Example 1 added to the baseline fornulation of Example A

but with removing the 0.5 wt. % of a hindered phenolic ester.
o

Table 2 (radation Intnbition Properties

Performance Friction Modifier Ox-Bx

Example {Hr to rapid O2 uptake)
Performance Ex. A None 40.4

Performance Ex. B Fatty acid/alkylamine salt 34.5

-

Performance Ex. 1A 3,5-Di-tert-butyl-4-hydroxyphenylpropionic  51.1
actd/2,2'-((2-ethylhexyDazanediylidiethanol

Salt
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As seen from the data above, the addition of a commercial organic salt friction modifier
hinders the oxidative capacity of the lubricating oil composition when compared to the
base line formulation. In contrast performance Example 1A improves the antioxidancy
of the lubricating oil composition even when the oil soluble hydroxylated amine salt of a
hindered phenolic acid replaces the hindered phenolic ester of the baseline formulation.
Thus the oil soluble hydroxylated amine salt of a hindered phenolic acid of formula i
demonstrate improved friction modification and improved antioxidancy when enmployed

in a lubricating oil composition.

Evaluation of Fuel Economy Performance
Performance Example C - Bascline B

A similar baseling lobricating o1l composition to baseline A was prepared using the
following additives: A SW-30 oils (SAE viscosity grade) bascline lubricating oil
corposition was prepared using the following additives: approximately 6.5 wt % of a
mixture of post treated polyalkylsuccimimindes, a mixture of low overbased and high
overbased caleium and magnesium sulfonates, a borated calcium sulfonate, a high
overbased caleium phenate, zine dialkyldithiophosphate, 0.2 wt % of a molybdenum
succrminide complex and antioxidant including 0.5 wt. % of a hindered phenolic ester
and (1.3 wi. % of a diphenylamine, a viscosity index improver, a pour point depressant

and a foam inhibitor to a majority of a Group U baseoil.
Performance Example D (Comparative)

A lubricating o1l composition was prepared by top-treating the baschine

1
i

formulation (Baseline B) with 1.22 wt. % of MOLYVAN" 855, an organomolybdenum
complex friction modifier available commerciaily from R.T. Vanderbilt Company. The

fubricating oif composition had a Mo condent of 10006 ppm.
2 I3 PE

Performance Example E {Comparative)

PCT/US2011/055290
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A tubricating oil composition was prepared by top-treating the baseline
formulation (Baseline B) with 1.6 wt. % of a SAKURALUBE® 505, a molybdenum

dithiocarbamate {riction modifier available coramercially from Adecka USAL

5 Performance Example 4

A lubricating o1l composition was prepared by top-treating the baseline
formulation (Bascline B} with T wi. % of a salt of 3,5-di-tert-butyl-4-
hydroxyphenylpropionic acid and 2,2'-({2-cthythexyl)azanediviidicthanol as prepared in

Exanple 1.

10
The hubricating oil compositions described above were tested for fuel economy
performance in the Volvo D120 Fuel Economy engine test procedure (for details, see W,
van Dam, P. Klejjwegt, M. Torreman, and G. Parsons “The Lubricant Contribution to
Improved Foel Economy in Heavy Duty Diesel Engines” SAE Paper 2009-01-2856}.

15 The fuel economy improvement {FEL) resuits are set forth in Table 3.

Table 3 — Fuel Economy lmprovement Performance

Performance  Friction FEI FES
Exarople Modifier Hilly Flat
Periormance  Organo Mo complex $6.20 0.24
Ex. D

Performance MoDTC $6.27 0.36
Performance  3,5-Di-tert-butyl-4-hydroxyphenylpropionic 0.23 0.32
- acid/

2,2{{2-cthylhexylazanediylidiethanol salt
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The results demonstrate that lubricating ol compositions of the present invention
demonstrate superior or, at least, comparable fucl economy improvement performance to

fubricating oil compoesitions containing standard Mo-based friction modifiers.
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WHAT IS CLAIMED IS:

1. A hubricating oil composition for internal combustion engines coraprising:
a} a major amount of an oil of hubricating viscosity; and

b} a minor amount of an o1l soluble hydroxylated amine salt of a hindered phenolic acid,
said sall having the general formula It

et
I

Rt = {CH 13 N—(—A-——“OH)

X

.

wherein

A and Q are each mdependently C;-Cy alkylene group; R is methyl, allyl or alkenyl
group having C-Cyy carbon atoms; Y s hydrogen, C-Cs alkyl group or A-OH; x s an
mteger of

1 orZ; and z is an integer of O or 1.

2. The Wubricating oif composition of Clatm [ wherein 3 1s selected from -CH,CH-,
-CH,CH{CH ), -CHYCH(CHCH;3)-, -CHyCH(CHCHCH ), -CHCHCH-, and
-CHCHLCHLCH)-

3. The lubricating oil composition of Claim 1 wheremn x s one.
4. The hibricating oil composition of Claim 3 wherein z is zero.
5. The lubricating oil composition of Claim 3 wherein z is one.
6. The lubricating oil composition of Claim 5 wherein Y is hydrogen or -ADH.

7. The lubricating ol composition of Claim 6 wherein A is selected from the group
consisting of ethyiene, propylene and mixtures thereof,

8. The hubricating oil composition of Claim | wherein R is an alky? or alkenyl group
having Cg to Cyq carbon atoms and mixtures thereof,

9. The hibricating oil composition of Claim & wherein R is an alkyl or alkenyl group
having (' to Cyx carbon atoms and mixtures thereof.

L2
(3
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16. The lubricating o1l composition of Claim | wherein x 18 two.
11, The lubricating oil compasition of Claim 10 wherein z is zero.
12. The ubricatmg oil composition of Claim 10 wherein 7 is one.

13, The lubricating o1l composition of Claim 10 wherein R is an alky? or alkenyl group
having Cs to Cu carbon atoms and mixtures thereof.

14. The lubricating oil composition of Claim 1 further comprising an ashless dispeorsant,
a metal detergent, an anti-wear additive, and an antioxidant,

15. A method for reducing friction in an mternal corbustion engine which comprises
operating the internal combustion engine with a lubricating o1l composition containmg
an effective amount of the oil soluble hydroxylated amine salt of a hindeved phenclic
acid of having the general formula It

wherein

A and Q each independently Cy-Ce alkylene group; R is methyl, alkyl or allienyl group
having Ci-Uas carbon atoms; Y 1s hydrogen, C-Ce alicyl group or A-OH; x is an integer
of | or 2; and z is an mieger of O or L.

16. The method of Claim 15, wherein the amount of the ol soluble hydroxylated amine
salt of a hindered phenolic acid is in amount frora 0.05 wi% 1o about 5 wt % based upon
the total weight percent of the lubricating oil composition.

17. The method of Claim 16, wherein the internal combustion engine is a diesel engine.
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