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INCREASING THE FRICTION DURABILITY OF POMWER
TRANSMISSION FLUIDS THROUGH THE USE OF OIL
SOLUBLE COMPETING ADDITIVES

Background of the Invention

Field of the Invention

The present invention relates to a method of
and compositions for improving the friction
durability of power transmission fluids.

Description of Related Prior Art

Power transmission fluids, such as automatic
transmission fluids, are formulated to very exacting
friction regquirements set by original equipment
manufacturers. These requirdments have two primary
aspects, namely: (i) the absolute level of the
friction coefficients, i.e., static friction, u,, and
dynamic friction, u,, that can be achieved by these
fluids, and (2) the lenggp of time that these fluids
can be used without undergoing an appreciable change
in the friction coefficients. This latter |
performance feature is also known as friction
durability. )

Since friction durability is a function of the
type and concentration of friction modifier
molecules present in a given fluid, such as a power
transmission fluid, conventionally there are only
limited ways of improving friction durability. One
of these ways is to add more friction modifier,
i.e., to increase the concentration of friétion
modifier in the fluid. Since friction modifiers are
consumed at a somewhat fixed rate, this will prolong
the effective life of the fluid. However, this
approach often is not very practical because
increasing the concentration of the friction
modifier usually will result in a lowering of the
absolute values of the friction coefficients to a
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Then, as the friction modifier is consumed with

J

time, the friction coefficients will slowly rise to
5 unacceptable levels. The other conventional

approach* £or improving friction durability is to

find more stable friction modifiers. This is not

always easy since most friction modifiers are simple

organic chemicals and are subject to oxidation andg
10 chemical reactions during service.

Various compositions and methods have been
suggested for modifying the properties of oleaginous
fluids. For example, U.S. Patent 4,253,977 relates
to an ATF composition which comprises a friction

15 modifier such as n-octadecyl succinic acid or the
reaction product of an alkyl or alkenyl succinic
anhydride with an aldehyde/tris hydroxymethyl
aminomethane adduct and an overbased alkali or
alkaline earth metal detergent. The ATF may also

20 contain a conventional hydrocarbyl-substituted
succinimide ashless dispersant such as
polyisobutenyl succinimide. Other patents which
disclose ATF compositions that include conventional
alkenyl succinimide dispersants include, for

25 example, U.S. Patents 3,879,306; 3,920,562;
3,933,659; 4,010,106; 4,136,043; 4,153,567;
4,159,956; 4,596,663 and 4,857,217; British Patents
1,087,039; 1,474,048 and 2,094,339¢ European Patent

. Application 0,208,541(A2); and PCT Applicati;n WO

30 87/07637.

U.S. Patent 3,972,243 discloses traction drive
fluids which comprise gem-structured polyisobutylene
oligomers. Polar derivatives of such gem-structured
polyisobutylenes can be obtained by conversion of

35 the polyisobutylene oligomers to polar compounds .
containing such functional groups as amine, imine,
thioketone, amide, ether, oxime, maleic anhydride,
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etc. adducts. The polyisobutylene oligomers
éenerally contain from about 16 to about 48 carbon
atoms. Example 18 of this patent discloses reacting
a polyisobut?lene oil with maleic anhydride to form

5 a polyisobutylene succinic anhydride which is useful
as a detergenty”3s an anti-wear agent, and as an

intermediate in the production of a hydrazide

derivative. Other patents containing similar

disclosures include, for example, U.S. Patent
10 '3,972,941; U.S. Patent 3,793,203; U.S. Patent
% 3,778,487 and U.S. Patent 3,775,503.

While the prior art suggests a variety of
additives for modifying the properties of various
oleaginous compositions, there is no suggestion of

15 any additives, nor of any combination of additives,
which can simultaneously control-the friction
coefficients and friction durability of such
compositions. BAccordingly, there is a continuing
need for new additives, as well as new methods,

.20 which would enable the formulation of qleéginous
compositions, including lubricating oils and power
transmission fluids, having specifically controlled

Py friction coefficients and improved friction
: - durability.
25
summary of the Invention-.

In one embodiment, the invention relates to a
method of controlling the friction coeffitients and
improving the friction durability of an oleaginous

30 composition, which compromises:

adding to a major portion of an oil of
lubricating viscosity a friction controlling and
friction durability improving effective amount of an
o0il soluble combination of chemical additives

35 comprising (a) a first chemical additive comprising
a first polar head group other than a
dialkyloxylated amino group and a friction reducing.
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Description of . the Drawinqs

Figure 1 is a bar graph illustrating the static

coefficient of friction, determined at 93°C, using a ;
Low Velocity Friction Apparatus (LVFA), for (1) a ;
base fluid, (2) the base fluid plus a friction }
reducer and (3) the base fluid plus a combination of
a friction reducer and diethoxylated-n-butylamine. T
(DEBA) as a non-friction reducing additive; i
Figure 2 is a bar graph illustrating the static ’
coefficient of friction, determined at 149°C, using
a LVFA, for (1) a base fluid, (2) the base fluid : ;
plus a friction reducer, (3) the base fluid plus a
friction reducer and 0.05 wt.% DEBA, (4) the base

fluid plus a friction reducer and 0.1 wt.% DEBA, and

(5) the base fluid plus a Erigtion reducer and 0.2
wt.% DEBA; and
Figure 3 is a graph illustrating the static
coefficient of friction versus the number of test '
cycles as tested in the MERCON® 4,000 cycle friction .
test, as described in the FORD MOTOR COMPANY MERCON
specification, of (1) a base fluid, (2) the base
fluid plus 0.05 wt.% DEBA, and (3) the base fluid
plus 0.1 wt.% DEBA. S

-

Detailed Description of the Invention

A primary advantage of the present invention is
that it enables the fluid formulator to increase the
concentration of the active friction reducer without
reducing the absolute values of the friction
coefficients to a point below the minimum specified
by the original equipment manufacturer. This is :
accomplished by placing in the oleaginous ;

e m———-——— o
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additive containing a dialkoxylated amino polar head

5 group (Component B). For example, a long chain
: carboxylic acid, sych as oleic acid or isostearic
éb acid, or a branched chain hydrocarbyl substituted

amide, such as the reaction product of isostearic

i 3 A

acid and tetraethylene pentamine (TEPA), can be
10 added as a friction reducing additive along with an

ethoxylated butylamine amine non-friction reducing
additive.

N i ey 553

while not wishing to be bound by a particular
theory, it is believed that once in the fluid, the
15 two chemical additives compete for the surfaces

ptusgg i) N apai it

ol

which are contacted. Accordingly, not all of the
friction reducing additive will contact the surfaces
even if there is an excess of friction reducer in
+he fluid. This enables the formulator to '

pieMdeiierii

- appliiar i

20 intentionally add more friction reducing additive to
the fluid than could normally be tolerated without
lowering the friction coefficients to a level below
the minimum specified by the original equipment
manufacturer. Then, as the additives which are in

! 25 contact with the surfaces are slowly consumed, an

} additional portion of the excess friction reducer

and competing dialkoxylated amine originally present

in the fluid can come in contact with the surfaces,

- thereby maintaining the friction coeffic{énts at the

E 30 desired levels. Thus, by adding the friction

; reducing chemical additive and the dialkoxylated

| amino group containing non-friction reducing

chemical additive in an appropriate ratio, the .

friction coefficients of the resulting fluid will !

remain essentially constant over a long period of

use, i.e., the fluid will exhibit a substantially

improved friction durability relative to fluids
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containing only a friction reducing chemical
additive or only a non-friction reducing additive.

Component A
5 The oil soluble friction reducing additives

(Component A} ggntemplated for use in this invention
comprise any of those chemical additives
conventionally employed for reducing the friction
coefficients of oleaginous fluids to which they are

2
:
;
3

10 added. Typically, such friction reducing additives
comprise a polar head group and a friction reducing
substituent group which is linked to the polar head

FHR

group.
The friction reducing substituent group
15 normally would comprise a substantially linear
hydrocarbyl group having at least about 10 carbon
atoms, typically from about 10 to about 30 carbon
atoms, and preferably from about 14 to about 18
carbon atoms. Examples of such linear hydrocarbyl
20 groups include, but are not limited to oleyl,
isostearyl and octadecenyl groups.
The polar head gfoups which are contemplated

L ooy e TR TR TIRO TR

for use in the present invention vary widely and
include any polar group, other than a dialkoxylated
25 amino group, which is conventionally present in a
friction reducing additives. Typically, however,
the polar head groups present in the friction
reducing additives contemplated for use‘in this
invention include, for example, polar héad groups
30 having the following moieties: H

- ....,...._‘.,.

35
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-CONB- (CH,CH,NH),C(O)R,

-P(OR),,
5 0 o)
—POH, ’ —~P-H,
S
:g-sn,
-HC-C(0)OH
: 10 H.}C—-C(O)OH,
~HC~-C (O
?’ HC C{b)
; /
H,C~C(0),
-SH,
15 -50,H, and -
-S0,H

O 00 < W,

0o —

!
!

Lo RERR Y

wherein R represents a C, to C,, linear or branched.
hydrocarbyl group and x represents an integer of
20 from 1 to about 8.- )
In one aspect, the friction reducing additive
may be represented by formula I:

A-L~-P (1)
25 .
wherein A represents a substantially linear, long
chain hydrocarbyl group; L represents a linking
group; and P represents a polar head group,
preferably a nitrogen-containing polar head group.
30 The linear hydrocarbyl group A typically
contains from about 12 to about 50 carbon atoms and
typically has a molecular weight on the order of
from about 150 to about 700.
Suitable hydrocarbyl groups include alkyl and
35 alkenyl groups, such as oleyl, octadecyl,
octadecenyl, isostearyl, and hetero atom~containing

analogs thereof.
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friction reducing 8

atoms. A variety of hetero atoms can be used and
are readily apparent to those skilled in the art.
Suitable hetero atoms include, but are not limited
to, nitrogen,.oxygen, phosphorus, and sulfur.

5 Preferred hetero atoms are sulfur and oxygen.
Suitable linear” hydrocarbyl groups include, for
example, hexadecyloxypropyl, octadecylthiapropyl,
hexadecyloxyethyl and tetradecyloxgethyl.

The linking group typically is derived from a
10 monounsaturated carboxylic reactant comprising at

' least one member selected from the group consisting
of (i) monounsaturated C, to C,, dicarboxylic acid
wherein (a) the carboxyl groups are vicinyl, (i.e.
located on adjacent carbon atoms) and (b) at least

15 one, preferably both, of said adjacent carbon atoms
is part of said monounsaturation; (ii) derivatives
of (i) such as anhydrides or C, to C, alcohol derived

~ mono- or diesters of (i); (iii) monounsaturated C, to
C,, monocarboxylic acid wherein the carbon-carbon .

20 double bond is allylic to the carboxy group, i.e.,

of the structure

—C=C~C-
il
0

25 and (iv) derivatives of (iii) such as C, to C,

- alcohol derived mono- or diesters of (iii). Upon
reaction with the linear hydrocarbyl group reactant,
the monounsaturation of the carboxylic, reactant
becomes saturated. Thus, for. example, maleic

30 anhydride becomes a linear hydrocarbyl group
substituted succinic anhydride, and acrylic acid
becomes a linear hydrocarbyl substituted propionic
acid.

Exemplary of such monounsaturated carboxylic

35 reactants are fumaric acid, itaconic acid, itaconic
anhydride, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic

=1
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A
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to C, alkyl) acid esters of the foregoing, e.g.,
methyl maleate, ethyl fumarate, methyl fumarate,
5 etec.

Maleic anhydride or a derivative thereof is
preferred as it does not homopolymerize
appreciably, gut attaches onto the linear
hydrocarbyl group to éive two carboxylic acid

10 functionalities. Such preferred materials have
the generic formula II:

\ /

wherein R, and R» are hydrogen or a halogen.

(IT)

In addition to the unsaturated carboxylic
15 acid materials described above, the linking group

: may comprise the residue of a functionalized

aromatic compound, such as a phenol or a benzene
sulfonic acid. Thus, in one preferred aspect of
the invention, the linking group may be

20 illustrated by formula III:
X .

4 CHa T (III)

wherein X is a functional group such as OH, Cl or
SO,H.
In such cases, the friction reducéré‘may Pe
25 - prepared, for example, by a conventional Mannich

Base condensation of aldehyde, (e.g.,

R S R LR

formaldehyde), polar group precursor (e.d.
alkylene polyamine) and hydrocarbyl group
substituted phenol. The following U.S. patents
30 contain extensive disclosures relative to the
production of Mannich condensates and to that
extent, these patents are incorprated herein by

SUBSTITUTE SHEET (RULE 26)




a LVFA, for (1) a base fluid, (2) the base fluid plus a friction reducer
(3) the base fluid plus a friction reducer and 0.05 mﬁ.@@ﬂ%?%ﬁg4ﬁﬂkothe base
fluid pl W% 18 ction redicer and0-1 wt.% DEBA, and (5) the base fluid
plus a friction redhc&heecid B&n RepMced?0 DEBA; and Figure 3 is a graph ——
illustrating the sta t of friction versus the|nHHEHEBF HASSHEEN
cycles as tested in gmoo cycle friction test, as desRFALBHEEP|n |
t he FORD MOTOR COVPAI ification, of (1) a base fluird, (2) the
base fluid plus 0.05 wt.% DEBA, and (3°the base fluid plus 0.1 wt.% DEBA.
Detail ed Description of the Inventio A prigar dvant age of the

pr esent invenf?gﬁr?%F?Tuﬁ'ﬁquﬁﬁﬂdl@sgéﬁe4PPﬁig'ngn%F for to increase the
concentration3pd48 hed acti veod 13, @n ededaeer amdt heDOr @8aci ng t he absol ute .

values of the fr'céﬁf¥hr—containing Mannich condensates also may

be used and such condensates are described, for

S example, in U.S. Patents 3,368,972; 3,649,229;
3,600,372; 3,649,659 and 3,741,896. These patents
are incorporéked herein by reference to the extent
that they disclose sulfur-containing Mannich
condensates. Generally, the condensates useful in

10 this invention are those made from a phenol having a
linear hydrocarbyl substituent of at least about 10,
typically about 10 to about 50 carbon atoms, more
typically, 12 to about 36 carbon atoms. Typically
these condensates are made from formaldehyde or a C,

15 to C, aliphatic aldehyde and .an amino compound.

These Mannich condensates are prepared by

reacting about one molar portion of linear _
hydrocarbyl substituted phenolic compound with about

_ 1 'to aboui 2.5 molar portions of aldehyde and about

20 1 to about 5 equivalent portions of amino compound
(an equivalent of amino compound is its molecular
weight divided by the number of »NH groups present).
The conditions under which the condensation
reactions are carried out are well known to those

25 skilled in the art as evidenced by the above-noted

! patents. Accordingly, the above-noted patents are

‘ incorporated by reference for their disclosures

é relating to reaction conditions. .

; - As indicated above, the polar head group may

30 vary widely and typically comprises the residue of

an amine compound, i.e. polar group precursor,
containing at least 1, typically 2 to 60, and
preferably 2 to 40 total carbon atoms, and at least
1, typically 2 to 15, and preferably 2 to 9 nitrogen
35 atoms, with at least one nitrogen atom preferably
being present in a primary or secondary amine group.
The amine compounds may be hydrocarbyl amines or may
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be hydrocarbyl amines including other groups, e.q.,
hydroxy groups, alkoxy groups, amide groups, nitrile
groups, imidazole groups, morpholine groups or the
like. The amine compounds also may contain 1 or
5 more boron or sulfur atoms, provided that such atoms

do not interfere with the substantially polar nature
and function of the selected polyamine. It is to be
understoocd, however, that the polar groups

g contemplated for use in this invention may not

i 10 comprise dialkoxylated amino groups.

Useful amines include those of formulas IV and
V:

R*-N-R® (IV)
R
15
AN- ,—ENCH, _‘N-—‘
R'-N (CH.),L'( -)S—II R (V).
RS R7 tns

wherein R, R®, R® and R’ are independently selected
20 from the group consisting of hydrogen, C, to C,
linear or branched alkyl radicals, C, to C,;, alkoxy C,
to C, alkylene radicals, C, to C,; hydroxy amino
alkylene radicals, and C, to C,, alkylamino C, to C,
alkylene radicals; and wherein R’ can-additionally
25 comprise a moiety of the formula:

-[-_(CH Yo N-—_]——-H

30 wherein R® is defined above; wherein s and s’ can be
the same or a different number of from 2 to 6,
preferably 2 to 4; and t and t’ can be the same or a
different number of from 0 to 10, preferably 0 to 7
with the proviso that the sum of t and t’ is not

35 greater than 15; and with the further proviso that
not more than one of R*, R® and R® may comprise a C,

to C,, alkoxy C, to C, alkylene radical.
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contacted. Accordingly, not all of the _fzri ction reducing additive wll T
contact the surfaces even if there is afi excess of friction reducer in the

fluid. This enabl es { —ﬁ?ﬁqﬂbﬂgoéxéﬁ i geg%iggﬁggylgdgh{ﬂgeafrictLon
reduci ng additive to the 1 uié han cguld normal |y be tolerated w thout
| onering the fricempenngsefinréidats Lo2adiaBenosER®Net her §f ni mum specifi ed

by the original seqwipBBEkaRBIUEAEVEERY1IedBEARIASSt BEcRdgE tives which are in
tetraethyledé pentamine; polypropylene amines such
5 as 1,2-propylene diamine; di-(1,2-propylene)
diamine; dilfi;2-propylene)triamine; di-(1,3~

propylene) triamine; N,N-dimethyl-1,3-
diaminopropane; N,N-di(2-aminoethyl) ethylene
diamine; N,N-di(2-hydroxyethyl)l,3~propylene

10 diamine; 3~dodecyloxy-propylamine, N-dodecyl-1,3-
propane diamine, etc.

Other suitable amines include: amino
morpholines such as N-(3~aminopropyl) morpholine
~and N-(2-aminoethyl) morpholine; substituted

15 pyridines such as 2~amino gyridine, 2-methylamino
pyridine and 2-methylamino pyridine; and others
such as 2-aminothiazole; 2-amino pyrimidine; 2-
amino benzothiazole; methyl-l-phenyl hydrazine and
para-morpholino aniline, etc. A preferred group

20 of aminomorpholines are those of formula VI:

S\

o} N — (CH,}, —— NHj (v
where r is a number having a value of 1 to 5.
Useful amines also include alicyclic

25 diamines, imidazolines and N-aminoalkyl

piperazines of formula VII:

{ ‘ ' PPN l l .
H+ NH —(CHy) N N CHg) .— NH—F—H
p1 N - / { 2)pz
CH, T CH, J . )

" " 3
(VII)
30 wherein p; and p; are the same or different and
each is an integer of from 1 to 4; and n;, n, and
n, are the same or different and each is an integer

of from 1 to 3.
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p contai ni ng non- frlctlon redUC|ng chemical addi'tive i %ﬂgﬁg?¥b ﬁ?&fé\
o, the friction coefficients of the resulting fluid w i {PRACED

ntially constant over a long perilod of use, i.e., the fluid will

bit a substantially inproved friction durability relative to fluids
Commercial mixtures of amine comoounds nay

advantageously be used. For example, one process

for preparing alkylene amines involves the reaction

of an alkylene dihalide (such as ethylene dichloride
S or propylene dichloride) with ammonia, which resnlts

in a complex mixture of alkylene amines wherein
pairs of nitrogens are joined by alkylene groups,
forming such compounds as diethylene triamine,
triethylenetetramine, tetraethylene pentamine and

10 corresponding piperazines. Low cost

'; poly(ethyleneamine) compounds averaging about 5 to 7
nitrogen atoms per molecule are available
commercially under trade names such as "Polyamine
H", "Polyamine 400", “"Dow Polyamine E-100", etc.

15 " Useful amines also include polyoxyalkylene
polyamines such as those having formula VIII:

NH,-alkylene ~{O-alkylene).NH,, (VIII)

20 wherein m has a value of at least 3 and "alkylene"
represents a linear or branched chain C, to C,,

preferably C, to C, alkylene radical; or formula IX:

R®-~(alkylene —(O-alkylene)~ NH,),, (IX)

e

25
wherein R® is a polyvalent saturated hydrocarbon
radical having up to 10 carbon atoms and the number
of substituents on the R® group is represented by the
value of "a", which is a number of fro£.3 to 6,

30 wherein m'.has a value of at least 1; and Qherein

: "alkylene" represents a linear or branched chain C,

; to C,, preferably C, to C, alkylene radical.

The polyoxyalkylene polyamines of formulas

(VIII) or (IX) above, preferably polyoxyalkylene

35 diamines and polyoxyalkylene triamines, may have
average molecular weights ranging from about 200 to
about 4000 and preferably from about 400 to about

MLV 1AL - R M I TY O, GNT en bt e
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“include the polyoxyethylene and polyoxypropylene

additive or only a
Conponent A The oil soluble frlctlon
Corrponent “Ay-contenpl ated for use i PCIYYIIENt i on
HesiBealRegigldjj t i ves conventional |y enpl oyed for
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2000. The preferred polyoxyalkylene polyamines

polyamines. The polyoxyalkylene polyamines are
commercially available and may be obtained, for

example, from the Jefferson Chemical Company, Inc.
under the trade mame "Jeffamines D-230, D-400, D-
1000, D-2000, T-403",

The polar group may be joined to the linking

etc.

group through an ester linkage when the linking
group is a carboxylic acid or anhydride. To
incorporate polar groups of this type, they must
have a free hydroxyl group and all of the nitrogen
atoms in the polar group must be tertiary nitrogen

atoms. Polar groups of this type are represented by

-

formula X:

R Rl ?
/ //
HO-C-(CH,),~N (X)
\
RI ) eri

R and R’ are

are C, to C;

wherein n has a value of from 1 to 10,
H or C, to C,, alkyl, and R'’ and R" "'
alkyl.

Forming the Friction Reducing Additives

In accordance with one aspect of the invention,
the friction reducing additives may be prepared by
reacting a long chain linear carboxylic.acid, such
as oleic acid or isostearic acid, with a polar group
precursor, preferably a nitrogen-containing polar
group precursor, such as tetraethylene pentamine or
diethylene triamine, to form the corresponding long
linear hydrocarbyl amide.

Typically, from about 5 to about 0.5,
preferably from about 3 to about 1,'and most
preferably from about 1.5 to about 1 moles of said

carboxylic acid reactant are charged to the reactor
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s, Wopruasly fro out 30 carbon at ons PG fﬁ@f’%rabl y
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an a di al koxyl ated am no group, whiléh is conventionally present in a
iction reducing additives. Typically, however, the polar head groups
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acid reactant may be readily reacted with a polar

group precursor, i.e., amine compound, by heating at
S5 a temperature of from about 100°C. to 250°C.,

preferably from.l20° to 230°C., for a period of from

about 0.5 to 10 hours, usually about 1 to about 6

hours.

Alternatively, as discussed above, the polar

10 group precursor may be reacted with an aldehyde and
a hydrocarbyl substituted phencl in a conventional
manner to form Mannich condensates having friction
reducing properties.

15 Component B -

The oil soluble non-friction reducing additives
{Component B) contemplated for use in this invention
comprise dialkoxylated amino compounds represented
by formula (XI):

20

R® - N(CH - CH,OH),

(XI)
RLO

25 where R’ is a C, to C, linear alkyl group, C, to C,
branched alkyl group or -CH,CH,0H; and R is H or a
C, to C4 linear or branched alkyl group. '

Typically R® is a C, to C, linear alkyl group,

preferably a C, alkyl group. 1In a particularly
30 preferred aspect of the invention, R’ is n-butyl and
R!° is H.

Typically, for non-friction reducing additives,
the long chain, linear hydrocarbyl substituent group
which is present in the friction reducing additives

35 would be replaced with a shorter chain linear or
branched hydrocarbyl substituent group, e.g., one
having a chain length of less than about 10 carbon



7 - COH, - CONH, - CONH-
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atoms. Thus, hydrocarbyl groups such as butyl,
hexyl or octyl would be typical of those hydrocarbyl
groups that would be present in the non-friction
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reducing additives contemplated for use in this
5 invention.

Representative examples of chemical additives
which would bé useful as the non-friction reducing
additive include, but are not limited to
diethoxylated butylamine and diethoxylated

10 hexylamine.

Compositions

A minor amount, e.g., 0.01 up to about 50 wt.
%, preferably 0.1 to 10 wt. %, and more preferably
15 0.5 to 5 wt. %, of a combinag;on of at least one
friction reducing chemical additive (Component A)
and at least one non-friction reducing chemical
additive (Component B) and can. be incorporated.into
a major amount of an oleaginous material, such as a
20 lubricating oil, depending upon whether one is
forming finished products or additive concentrates.
The relative amounts of friction reducing additive
and non-friction reducing additive can vary over
wide limits depending in part upon the identity of
25 the specific additives. However, the mole ratio of
the friction reducing additive to non-friction
reducing additive typically will be from about 1:99
to 99:1, and preferably from about 1:10 to 10: 1.

When used in lubricating oil compositions,

30 e.g., automatic transmission formulations, etc. the
final combined concentration of the friction
reducing additive and the non-friction reducing
additive typically will be in the range of from
about 0.01 to 30 wt. %, e.g., 0.1 to 15 wt. %,

35 preferably 0.5 to 10.0 wt. %, of the total
composition. The lubricating oils to which the

combination of additives of this invention can be
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added include not only hydrocarbon oils derived from
petroleum, but also include synthetic lubricating
oils such as esters of dicarboxylic acids; complex
esters made by-esterification of monocarboxylic
5 acids, polyglycols, dicarboxylic acids and alcohols;
polyolefin oils,, etc.

The combination of the friction reducing
additive and the non-friction reducing additive may
be utilized in a concentrate form, e.g., in a minor

j0 amount from about 0.1 wt. % up to about 50 wt. %,
préferably 5 to 25 wt. %, in a major amount of oil,
e.g., said synthetic lubricating oil with or without
additional mineral lubricating oil.

The above oil compositions may contain other

15 conventional additives, such as ashless dispersants,
for example the reaction product of polyisobutylene
succinic anhydride with polyethyleneamines of 2 to
10 nitrogens, which reaction product may be borated;
antiwear agents such as zinc dialkyl '
20 dithiophosphates; viscosity index improvers such as
polyisobutylene, polymethacrylates, copolymers of
‘vinyl acetate and alkyl fumarates, copolymers of
methacrylates with amino methacxrylates; corrosion
inhibitors; oxidation inhibitors; friction
25 modifiers; metal detergents such as overbased

- calcium magnesium sulfonates, phenate sulfides, etc.

The following examples, wherein all parts or
percentages are by weight unless otherwige -noted,
which include preferred embodiments, further

30 illustrate the present invention.

Preparative Examples
EXAMPLE 1
Standard automatic transmission fluids (ATF's)

35 were prepared for testing the friction
characteristics of various combinations of friction
additives. The £fluids were prepared by blending the




"A-- L - () wherein A represents a substantially linear, |ong

chain hydgﬂbg%ﬁ —t——+epresents—a i nking group; andPE5 ghﬁgﬁpts a

-pol ar hea preﬁﬁfggj cont ai ni ng pol ar group.
The |i near hydrocarbyl ; th B&hk %ngy contains fromabout 12 to about 50
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al kenyl groups, such as oIeyI octadecy 8 oct adecenyl , isostearyt—amd
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|

k friction additives indicated in TABLE 1 intd an

additive concentrate, and then dissolving the

é concentrate into a mineral oil base fluid (Exxon FN
1391) to give-the required concentration of

5° additives. The basic test fluids contained

: approximately 10 weight % of additives, including
dispersant,'anti—wear agent, corrosion inhibitor,
antioxidant, anti-foamant, viscosity modifier and
the indicated amount of the specified friction

10 reducing and/or non-friction reducing additive.

;T. TABLE 1
Test Fluid | Friction Reducing Non-Friction Reducing
15 Additive. W.% Additive. Wt. %
A-1 thiobisethanol _ NONE
ester!, 0.4 %
A-2 thiobisethanol DEBAZ 0.05 %
ester. 0.4 %
B-1 ISA/TEPA®, 0.2 % NONE
B-2 ISA/TEPA. 0.2% | DEBA. 0.05 %
20 C-1 Basic calcium NONE
suifonate®, 0.2 %
Cc-2 Basic calcium DEBA, 0.05 %
i sufonate’, 0.2 %
ll D-1 Basic caléium NONE

phenate®0.2 %

D-2 Basic calcium DEBA, 0.05 % )
phenate®, 0.2 %

FER

! octadecenylsuccinic acid ester of thiobisethanol

? diethoxylated n-butylamine

3 jsostearic acid/tetraethylene pentamine reaction product
(3.1:1 mole ratio)

‘* Hitec E-611, Ethyl Corporation

> Paranox 52, Exxon Chemicals
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di carboxylic acid
The static coerf1c1ent of each test f£luid was

determined at 93° C, using the Low Velocity Friction
Apparatus (LVFA). The results of this testing are
shown in Figuie 1. For each test fluid, the first
bar (on left) shows the static friction coefficient
of the base test.-fluid without any friction reducing
or non-friction reducing additives (0.178). The
center bar shows the static friction depression
caused by the indicated friction reducing additive.
The third bar shows the increase in static friction
due to the addition of 0.05 mass percent of DEBA.

In all cases significant increase of static friction
resulted from the addition of even this small amount
of DEBA. The phenomenon was observed with all types
of friction reducing additivess i.e., acidic, basic,
or metal containing friction reducing additives.
Also the more potent the friction reducing additive,
i.e., the greater the friction reduction caused by
the friction reducihg additive, the more pronounced
was the effect caused by the DEBA.

EXAMPLE 2

Using the base test fluid from Example 1, i.e.,
the mineral oil base fluid and the various additives
(but without any friction reducing additives or non-
friction reducing additives) two additional test
fluids were prepared . The additional test fluids
contained the friction additives set forth in TABLE
2. '

. TABLE 2

Test Fluid Friction Reducing | Non-Friction Reducing
Additive. WA, % Additive. Wt. %

B-3 thiobisethanol DEBA, 0.1 %
ester, 0.4 % '
B4 Same DEBA. 0.2 %

Base Fluid None None




wherein (a) the carboxyl groups are vicinyl, (i.e. located on adj acent b
car bonyual BksA nd“(ﬁT“at—+ea5LhQne preferably both, of ég geent

*car bon atons |s parnm@ﬁm nnnounsaturatlon (i) derf tlges of (i) suc
as anhydri des or laced cohol derived mono- or diesters of (1)
(rii) nDnounsaturat err] monocarboxylic a¢i-d;WREEEI M THE "1
car bon-car bon . dou ylic to the carboxy gqoup FHEACL f th%
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e L ear ydr oggebyl gt ges@mne SRR SBERR o L 0y
beconmes a |Bﬁéaraﬁyﬂebba4$y¢hqp(nQ)the base test fluid blend

(with no friction additives), was determined at 149°

C using the LVFA. The results of this testing are

5 shown in Figure 2. Figure 2 shows that with

increasing amounts of DEBA the static coefficient of

friction contihues to increase. Therefore, it

should be possible to accurately select whatever

static coefficient of friction is desired between

10 0.062 and 0.150 by using the appropriate amount of
DEBA.

EXAMPLE 3
Two more blends were prepared using the base
15 test fluid blend described in.Example 1, in
combination with the amount of DEBA indicated in

TABLE 3.
TABLE 3
20 Test Fluid Friction Reducing | Non-Friction Reducing
Additives, V. % Additive, VW, %"~
E-1 None DEBA. 0.05 %
E-2 None DEBA. 0.1 %
Base Fluid None None

25 These two fluids, along with the base blend,

were tested in the MERCON® 4000 cycle friction test,
as described in the Ford MERCON Specification dated
May 1987, Section 3.8. The static coefficient of
- friction as determined in this test is plotted
30 versus test cycles in Figure 3. Figure 3 shows that
DEBA, in and of itself, is not a friction increaser.

JIS—— X

Rather, DEBA functions to increase the static
friction of a fluid containing both DEBA and a
friction reducing additive by competing for the

35 friction surface with the friction reducing |
additive. |
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1. = A method of controlling the friction
coefficients and improving the friction durability
of an oleagirous composition, which compromises:
adding to a major portion of an oil of
jubricating vigqgsity a friction controlling and
friction durability improving effective amount of an
oil soluble combination of chemical additives
comprising (a) a first chemical additive comprising
10 a polar head group other than a dialkyoxylated amino
group and a friction reducing substituent group, and
(b) a second chemical additive having a
dialkoxylated amino polar head group and non-
friction reducing substituent group.
15 -

2. An oleaginous composition comprising a
majér amount of an oil of lubricating wviscosity and
an amount effective for controlling the friction
coefficients and for improving the friction

20 durability of said composition of an additive
. composition comprising (a) a first chemical additive
comprising a polar head group other than a

dialkoxylated amino group and a friction reducing

‘. substituent group, and (b) a second chemical

25 additive having a dialkoxylated amino polar head
group and a non-friction reducing substituent group.

3. The composition of claim 2, whegein said
first chemical additive (a) comprises a member
30 selééted from the group consisting of acidic
friction reducing additives, basic friction reducing
additives, metal containing friction reducing
additives and mixtures thereof.

35 4. The composition of claim 3, wherein said

first chemical additive (a) is selected from the
group consisting of octadecenylsuccinic acid ester



aci-d, nethacrylic acid, crontonic acid, hem c anhydride, cinnam c acid, arce
| oner alkyl (e.g., (Jerr] to (err] aIkyI) acid esters of the fore90|ng .
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to give two carbox Gnalittes Such pt ef'er f-al-s—have
wherein R err] and Ri; iy S H?%Ilﬂbbﬁérf

t he generic fornula :
the unsaturated car boxyljc REPLAC
of thiobisethanol, isostearic acid/TEPA, basic

or a hal ogen.

calcium sulfonate, basic calcium phenate and

mixtures thereof.

5 5. The composition of claim 3, wherein said
second chemical additive (b) compriées a
dialkoxylated C, to C,, non~friction reducing
hydrocarbylamine and wherein said first chemical
additive (a) is free from any dialkoxylated amine

10 moileties.

6. The composition of claim 5, wherein said
second chemical additive (b) comprises diethoxylated
n-butylamine.

15
7. .The composition of claim 2, wherein said
first chemical additive (a) comprises a
substantially linear hydrocarbyl friction reducing
substituent group containing at least 10 carbon
20 atoms.

8. The composition of claim 2, wherein said
second chemical additive (b) comprises a
substantially hydrocarbyl non-friction reducing
25 substituent group containing fewer than 10 carbon

atoms.

9. An additive concentrate for cdﬁ%}olling the
absolute values. of the friction coefficients and for
30 improving the friction durability of an oleaginous
' composition which comprises: (i) a major amount of
an oil of lubricating viscosity; and (ii) a
combination of chemical additives comprising a first
chemical additive (a) comprising a polar head group
35 other than a dialkoxylated amino group and a
friction reducing substituent group, and a second
chemical additive (b) having a dialkoxylated amino
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TRANSMISSION FLUIDS THROUGH THE USE OF OIL

SOLUBLE COMPETING ADDITIVES

Background of the Invention

Field of the Invention

The present invention relates to a method of
and compositions for improving the friction
durability of power transmission fluids.

Desg;;ption‘of Related Prior Art

Power transmission fluids, such as automatic
transmission fluids, are formulated to very exacting
friction requirements set by original equipment
manufacturers. These requirements have two primary
aspects, namely: (i) the absolute level of the -
friction coefficients, i.e., static friétion, ne, and
dynamic friction, p,, that can be achieved by these
fluids, and (2) the length of time that these fluids
can be used without undergoing an appreciable change
in the friction coefficients. This latter '
performance feature is also known as friction
durability. N

Since friction durability is a function of the
type and concentration of friction modifier
molecules present in a given fluid, such as a power
transmission fluid, conventionally there are only
limited ways of improving friction durability.
of these ways is to add more friction modifier,

One

i.e.,

to increase the concentration of friction

modifier in the fluid.

Since friction modifiers are

consumed at a somewhat fixed rate, this will prolong
the effective life of the fluid. However, this
approach often is not very practical because
increasing the concentration of the friction
modifier usually will result in a lowering of the
absolute values of the friction coefficients to a



wherein Rlerr], Rerr], Rerr] and R err] are independently selected from
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Cerr] to (Jerr] hydroxy am no al kylene radicals, and Clerr] i
al kylamno CJerr] to (Jerr] al kyl ene radicals; and wherein Rjerir
additionally conprise a noiety of the fornula: J[err] wheyr

] can )
i R MAR199%

et ot o

defi ned above; wherein s and s' can be the sane or a dffferenﬁ inunber of

from?2 to 6,

point where they are below the minimum values

specified by the original equipment manufacturer.
Then, as the friction modifier is consumed with
time, the friction coefficients will slowly rise to
unacceptable levels. The other conventional
approach for improving friction durability is to
find more stable friction modifiers. This is not
always easy since most friction modifiers are simple
organic chemicals and are subject to oxidation and
chemical reactions during service.

Various compositions and methods have been
suggested for modifying the properties of oleaginous
fluids. For example, U.S. Patent 4,253,977 relates
to an ATF composition which comprises a friction
modifier such as n-octadecyl succinic acid or the
reaction product of an alkyl or alkenyl succinic
anhydride with an aldehyde/tris hydroxymethyl
aminomethane adduct and an overbased alkali or
alkaline earth metal detergent. The ATF may also
contain a conventional hydrocarbyl-substituted
succinimide ashless dispersant such as
polyisobutenyl succinimide. Other patents which
disclose ATF compositions that include conventional
alkenyl succinimide dispersants include, for
example, U.S. Patents 3,879,306; 3,920,562;
3,933,659; 4,010,106; 4,136,043; 4,153,567;
4,159,956; 4,596,663 and 4,857,217; British Patents
1,087,039; 1,474,048 and 2,094,339s European Patent
Application 0,208,541(A2); and PCT Application WO
87/07637.

U.S. Patent 3,972,243 discloses traction drive
fluids which comprise gem-structured polyisobutylene
oligomers. Polar derivatives of such gem-structured
polyisobutylenes can be obtained by conversion of
the polyisobutylene oligomers to polar compounds
containing such functional groups as amine, imine,
thioketone, amide, ether, oxime, maleic anhydride,




preferably 2 to 4, and t and t' can be the sane or a different nunber of

fromO to 10, preferably Oto 7 with the proviso that the sun@@ ﬂg "
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is not greater than 15; and with the further proviso that noF n
of Rerr], Rerr] and Rerr] may conprise a CJerr] to (Jerr]i koxy
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etc. adducts. The polyisobutylene oligomers b

benerally contain from about 16 to about 48 carbon
atoms. Example 18 of this patent discloses reacting
a polyisobut§lene 0il with maleic anhydride to form
a polyisobutylene succinic anhydride which is useful
as a detergent, as an anti-wear agent, and as an
intermediate in the production of a hydrazide
derivative. Other patents containing similar
disclosures include, for example, U.S. Patent
"3,972,941; U.S. Patent 3,793,203; U.S. Patent
3,778,487 and U.S. Patent 3,775,503.

While the prior art suggests a variety of
additives for modifying the properties of various
oleaginous compositions, there is no suggestion of
any additives, nor of any combination of additives,
which can simultaneously control-the friction
coefficients and friction durability of such
compositions. Accordingly, there is a continuing
need for new additives, as well as new methods,
which would enable the formulation of qleéginous
compositions, including lubricating oils and power
transmission fluids, havihg specifically controlled
friction coefficients and improved frlctlon
durability.

Summarv of the Invention-

In one embodiment, the invention relates to a
method of controlling the friction coefifitients and
improving the friction durability of an oleaginous
composition, which compromises:

adding to a major portion of an oil of
lubricating viscosity a friction controlling and
friction durability improving effective amount of an
0il soluble combination of chemical additives

- comprising (a) a first chemical additive comprising
a first polar head group other than a
dialkyloxylated amino group and a friction reducing

s, £ ST 0 e AT B



Non-1imting exanples of suitable am ne conpounds i ncl ude:

1, 2-di am noet hane, 1, 6- di am nohexane; polyethylene am nes s

tetraet hyl ene pentanine; polypropyl ene am nes such as 1, 2-pr BJE.E.@L%EMH‘IT SHEET
di am ne; di- (1, 2-propyl ene) di am ne; -(1, 2-propylene)triaming; di r?éé 3-
propyl ene) trianine; N,N—dinethyl-1,3- di am nopropane; N, N-di( 2- n 1897)
et hyl ene di am ne; N, N-di (2-hydroxyethyl) 1, 3-propyl ene dianin
3- dodecyl oxy- propyl am ne, N-dodecyl -1, 34 propane dianine, : Q her
sui tabl e am nes include: am no norpholines such as N-(3- am n bpropyl )

mor phol i ne andsWPEPLEMRMOcITNY, AADHE| B¢, LERFS ARGt SFDBFT i- di nes such as
2-amn no pyr|dléﬁémgbggtgaafgq¢g)ﬁagi @edmyiﬁbﬁymdfphaﬁmn@opb@yarne and

ot hers such as n1noth|az no .pyrim no benzot hi azol e;
ety L~ | - phenyReH IR wﬁ%ﬁ B iria S bR Rt R ot or r o4

group of am nogespdol i nes are those of fornmula Vi:

Description of the Drawings

Figure 1 is a bar graph illustrating the static
coefficient of friction, determined at 93°C, using a
Low Velocity Friction Apparatus (LVFA), for (1) a
base fluid, (2) the base fluid plus a friction
reducer and (3) the base fluid plus a combination of
a friction reducer and diethoxylated-n-butylamine.
(DEBA) as a non-friction reducing additive;

Figure 2 is a bar graph illustrating the static
coefficient of friction, deterhmined at 149°C, using
a LVFA, for (1) a base fluid, (2) the base fluid
plus a friction reducer, (3) the base fluid plus a
friction reducer and 0.05 wt.% DEBA, (4) the base
fluid plus a friction reducer and 0.1 wt.% DEBA, and
(5) the base fluid plus a friction reducer and 0.2
wt.% DEBA; and

Figure 3 is a graph illustrating the static
coefficient of friction versus the number of test
cycles as tested in the MERCON® 4,000 cycle friction
test, as desc¢ribed in the FORD MOTOR COMPANY MERCON
specification, of (1) a base fluid, (2) the base
fluid plus 0.05 wt.% DEBA, and (3) the base fluid
plus 0.1 wt.% DEBA.

Detailed Description of the Invention

A primary advantage of the present invention is
that it enables the fluid formulator to increase the
concentration of the active friction reducer without
reducing the absolute values of the friction
coefficients to a point below the minimum specified
by the original equipment manufacturer. This is
accomplished by placing in the oleaginous



[ err] where r is a nunber having a value of 1 to 5. Usef ul

ani nes

al so include alicyclic diamnes, imdazolines and N-am noal kyl pi perazines

of formula VII: [err] (VIl) wherei AR o
the sane or different and each is an integer of from1 to 4 RE -@E“e'ﬁfﬁgg‘
nferr] and n[err] are the same or different and each is an in eger of fr?m
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composition, such as an automatic transmission
fluid, a friction reducing chemical additive

(Component A) and a non-friction reducing chemical
additive containing a dialkoxylated amino polar head

group (Component B). For example, a long chain

carboxylic acid, such as oleic acid or isostearic
acid, or a branched chain hydrocarbyl substituted
amide, such as the reaction product of isostearic

acid and tetraethylene pentamine (TEPA), can be

added as a friction reducing additive along with an
ethoxylated butylamine amine non-friction reducing

additive.

While not wishing to be bound by a particular
theory, it is believed that once in the fluid, the

two chemical additives compete for the surfaces
which are contacted. Accordingly, not all of the

friction reducing additive will contact the surfaces
even if there is an excess of friction reducer in

the fluid. This enables the formulator to

intentionally add more friction reducing additive to
the fluid than could normally be tolerated without
lowering the friction coefficients to a level below

the minimum specified by the original equipment

manufacturer. Then, as the additives which are in
contact with the surfaces are slowly consumed, an
additional portion of the excess friction reducer
and competing dialkoxylated amine originally present
in the fluid can come in contact with the surfaces,
thereby maintaining the friction coefficients at the

desired levels. Thus, by adding the friction
reducing chemical additive and the dialkoxylated
amino group containing non-friction reducing
chemical additive in an appropriate ratio, the

friction coefficients of the resulting fluid will
remain essentially constant over a long period of
use, i.e., the fluid will exhibit a substantially

improved friction durability relative to fluids



Commercial mxtures of am ne conpounds may advantageously be used. For

exanpl e, one process for preparing al kyl ene am nes invol ves-the reaction of

an al kyl eni e di halide (such as ethylene dichloride or propydﬁﬁqg@%ﬁm i ISeEY T
res—mher

]
Wi th ammonia, which results in a conplex mixture of alkylene am- ~et-h |
pairs of nitrogens are joined by al kyl ene groups, form ng § h,cgngquq% ag 1
di et hyl ene tri ani ne, AN A
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containing only a friction reducing chemical ™"~ “W““”““?“”J

additive or only a non-friction reducing additive.

Component A
The oil soluble friction reducing additives

(Component A) contemplated for use in this invention
comprise any of those chemical additives
conventionally employed for reducing the friction
coefficients of oleaginous fluids to which they are
added. Typically, such friction reducing additives
comprise a polar head group and a friction reducing
substituent group which is linked to the polar heéad
group.

The friction reducing substituent group
normally would comprise a substantially linear
hydrocarbyl group having at least about 10 carbon
atoms, typically from about 10 to about 30 carbon
atoms, and preferably from about 14 to about 18
carbon atoms. Examples of such linear hydrocarbyl
groups include, but are not limited to oleyl,
isostearyl and octadecenyl groups.

The polar head gfoups which are contemplated
for use in the present invention vary widely and
include any polar group, other than a dialkoxylated
amino group, which is conventionally present in a
friction reducing additives. Typically, however,
the polar head groups present in the friction
reducing additives contemplated for use in this
invention include, for example, polar head groups
having the following moieties:



triethyl enetetram ne, tetraethyl ene pentam ne and correspondi ng
pi perazi nes. Low cost pol y(ethyl eneam ne) conpounds averagi ng about 5 to 7

nitrogen atons per nol ecul e are avail able comercially unde
such as "Polyam ne H', "Pol yam ne 400", "Dow Pol yam ne E-10 REPE@@MENFSSHEET

Useful am nes al so i nclude pol yoxyal kyl ene pol yam nes such as}those havin
formula VIII: NH[ err]-al kyl ene -{£O-al kyl ene) [err] - N er8]1 MAR’QQ?
(viin) wherein mhas a value of at |east 3 and "al kyl ene" jr¢presents a

| i near or branched chain C[errkcb Clerr], preferably C2 to|C4 al kyl ene
radical; or fornmula I X E{err]-(alkerne.-(C>aIky|_np){prr]-

NH[err]), (1rx
' —CONH— (CH,CH,NH),C(O)R,

-P(OR),,
0
i
:POHI ’ ;P“Hr
s
1]
>P-SH,
-HC-C(0)OH
i
H,C-C(0O)O0H,
~HC-C(0)
@]
/
H,C-C(O),
-SH,
~-S0;H, and -
-S0,H

wherein R represents a C, to C,, linear or branched
hydrocarbyl group and x represents an integer of
"from 1 to about 8.-

In one aspect, the friction reducing additive
may be represented by formula I:

A-L-P (1)

wherein A represents a substantially linear, long
chain hydrocarbyl group; L represents a linking
group; and P represents a polar head group,
preferably a nitrogen-containing polar head group.

The linear hydrocarbyl group A typically
contains from about 12 to about 50 carbon atoms and
typically has a molecular weight on the order of
ffom about 150 to about 700.

Suitable hydrocarbyl groups include alkyl and
alkenyl groups, such as oleyl, octadecyl,
octadecenyl, isostearyl, and hetero atom-containing
analogs thereof.



wherein R err] is a polyval ent saturated hydrocarbon radical having up to
10 carbon atons and the nunber of substituents on the Rerr] |
represented by the value of "a", which is a nunber of from3 it ggﬁcgﬁgmg}ﬁHEET
m has a value of at least 1; and wherein "al kyl ene" representg a |inear or
branched chain Jerr] to (Jerr], preferably (Jerr] to C[err] |al{kgl &ndAR 1557
radi cal . The pol yoxyal kyl ene pol yam nes of formulas (VI or (IX)
above, preferably pol yoxyal kyl ene di am 8ies and pol yoxyal kyl ene triam nes;
may have average nol ecul ar wei ghts rangi ng fron1abogt 200 toiahout 4000 and |
preferably fr@tamout MORGietap@ft hetero atoms can be used and

are readily apparent to those skilled in the art.
Suitable hetero atoms include, but are not limited

to, nitrogen, oxygen, phosphorus, and sulfur.
Preferred hetero atoms are sulfur and oxygen.
Suitable linear hydrocafbyi groups include, for
example, hexadecyloxypropyl, octadecylthiapropyl,
hexadecyloxyethyl and tetradecyloxgethyl.

The linking group typically is derived from a
monounsaturated carboxylic reactant comprising at
least one member selected from the group consisting
of (i) monounsaturated C, to C,, dicarboxylic acid
wherein (a) the carboxyl groups are vicinyl, (i.e.
located on adjacent carbon atoms) and (b) at least
one, preferably both, of said adjacent carbon atoms
is part of said monounsaturation; (ii) derivatives
of (i) such as anhydrides or C, to C; alcohol derived
mono- or diesters of (i); (iii) monounsaturated C, to
C,, monocarboxylic acid wherein the carbon-carbon .
double bond is allylic to the carboxy group, i.e.,
of the structure

'—C=C-ﬁ—
0

and (iv) derivatives of (iii) such as C;, to C,
alcohol derived mono- or diesters of (iii). Upon
reaction with the linear hydrocarbyl group reactant,
the monounsaturation of the carboxylic reactant
becomes saturated. Thus, for example, maleic
anhydride becomes a linear hydrocarbyl group
substituted succinic anhydride, and acrylic acid

- becomes a linear hydrocarbyl substituted propionic
acid.

Exemplary of such monounsaturated carboxylic
reactants are fumaric acid, itaconic acid, itaconic
anhydride, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic



1 4 *2000. The preferred pol yoxyal kyl ene pol yami nes incl ude the
pol yoxyet hyl ene and pol yoxypropyl ene pol yam nes. The pol yoxyal kyt-ene— .
pol yam nes are conmercially available and may be obtained, for!exAp{iEy SHEET
fromthe Jefferson Chem cal Conpany, Inc. under the trade nane; "Jgeffamnes—
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D- 230, D400, D 1000, D 2000, T-403", etc. The pol ar group: may h&s ey
joined to the linking group through an ester |inkage when the 3i@K1ng{ﬁFdﬁﬁ

is a carboxylic acid or anhydride. To §ncorporate polar groupsgotmLth«mm»“M“;
type, they nust have a free hydroxyl group and.all of the nitriogen atons in

the pol ar group2fide Bethaceyddy acifegeRoREEREC PGRYr HFBASS of rhi-s-type~—---
are represent edahyfiefifel, acXnnamic acid, and lower alkyl (e.g., C

to C, alkyl) acid esters of the foregoing, e.g.,
methyl maleate, ethyl fumarate, methyl fumarate,
etc. -

Maleic anhydride or a derivative thereof is
preferred as it does not homopolymerize
appreciably, but attaches onto the linear
hydrocarbyl group to éive_two carboxylic acid
functionalities. Such preferred materials have

the generic formula IIX:

R R
F: C
| . .
O___——C C=—0 {II)

N

wherein R, and Ro are hydrogen or a halogen.

In addition to the unsaturated carboxylic
acid materials described above, the linking group
may comprise the residue of a functionalized
aromatic éompound, such as a phenol or a benzene
sulfonic acid. Thus, in one preferred aspect of
the invention, the linking group may be

illustrated by formila III:
X .

CHp T (III)

wherein X is a functional group such as OH, Cl or
SO;H.

In such cases, the friction reducers may be
prepared, for example, by a conventional Manniéh
Base condensation of aldehyde, (e.g.,
formaldehyde), polar group precursor (e.d.
alkylene polyamine) and hydrocarbyl group
substituted phenol. The following U.S. patents
contain extensive disclosures relative to the
production of Mannich condensates and to that

extent, these patents are incorprated herein by



[err]
to (Jerr]

the Friction Redu0|ng Addi tives I n accordance with one

i nventi on,

| ong chain |inear carboxylic acid, such as oleic acid or isoj
with a polar group precursor, preferably a nitrogen-contai ni

precursor, such as tetraethyl ene pentanione or

wherein n has a value of from1l1l to 10, Rand R are Hor (err]
al kyl, and Rerr] and R'' are (err] to (Jerr] alkyl. For m.ng

the friction reducing additives nay be prepared b
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reference: 2,459,112; 2,962,442; 3,355,270;

3,448,047; 3,600,372, 3,649,729 and 4,100,082.

Sulfur-containing Mannich condensates also may
be used and such condensates are described, for
example, in U.S. Patents 3,368,972; 3,649,229;
3,600,372; 3,649,659 and 3,741,896. These patents
are incorporated herein by reference to the extent
that they disclose sulfur-containing Mannich
condensates. Generally, the condensates useful in
this invention are those made from a phenol having a
linear hydrocarbyl substituent of at least about 10,
typically about 10 to about 50 carbon atoms, more
typically, 12 to about 36 carbon atoms. Typically
these condensates are made from formaldehyde or a C,
to C, aliphatic aldehyde and .an amino compound.

These Mannich condensates are prepared by
reacting about one molar portion of linear .
hydrocarbyl substituted phenolic compound with about
1 'to abou£ 2.5 molar portions of aldehyde and about
1 to about 5 equivalent portions of amino compound
{an equivalent of amino compound is its molecular
weight divided by the number of »NH groups present).
The conditions under which the condensation .
reactions are carried out are well known to those
skilled in the art as evidenced by the above-noted
patents. Accordingly, the above-noted patents are
incorporated by reference for their disclosures
relating to reaction conditions.

As indicated above, the polar head group may
vary widely and typically comprises the residue of
an amine compound, i.e. poclar group precursor,
containing at least 1, typically 2 to 60, and
preferably 2 to 40 total carbon atoms, and at least
1, typically 2 to 15, and preferably 2 to 9 nitrogen
atoms, with at least one nitrogen atom preferably
being present in a primary or secondary amine group.
The amine compounds may be hydrocarbyl amines or may



di ethylene triamne, to formthe corresponding |ong |linear hydrocarbyl
am de. Typically, fromabout 5 to about 0.5, preferably 1ﬂyn ~3—t-6--
about 1, and nost preferably fromabout 1.5 to about 1 noles “”s'aud”m 3%1 f]
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be hydrocarbyl amines including other groups, éﬁgﬁvmwm, e e
hydroxy groups, alkoxy groups, amide groups, nitrile '
groups, imidazole groups, morpholine groups or the
like. The amine compounds also may contain 1 or
more boron or sulfur atoms, provided that such atoms
do not interfere with the substantially polar nature
and function of the selected polyamine. It is to be
understood, however, that the polar groups
contemplated for use in this invention may not
comprise dialkoxylated amino groups.
Useful amines include those of formulas IV and

V:
R'-N-R® (IV)
ke
R‘~-N-(CH, ){N(éﬂz),—} N-R* (V).
BTk

wherein R*, R?, R® and R’ are independently selected
from the group consisting of hydrogén, C; to C,
linear or branched alkyl radicals, C, to C,, alkoxy C
to C, alkylene radicals, C, to C,, hydroxy amino

2

alkylene radicals, and C, to C,, alkylamino C, to C,
alkylene radicals; and wherein R’ can-additionally
comprise a moiety of the formula:

fem—yFes

wherein R’ is defined above; wherein s and s’ can be
the same or a different number of from 2 to 6,
preferably 2 to 4; and t and t’ can be the same or a
different number of from 0 to 10, preferably 0 to 7
with the proviso that the sum of t and t‘ is not
greater than 15; and with the further proviso that
not more than one of RY, R’ and R® may comprise a C,
to C,, alkoxy C, to C, alkylene radical.



gr oup precursor.

from120[err] to 230[err]C.,
usual |y about 1 to about 6 hours.

The long chain linear carboxylic acid reactgnt =may e~
readily reacted with a polar group precursor, i.e., amne COﬂﬁognd by .
heating at a tenperature of from about 100[err]C. to 250[errJ L preferably
for a period of fromabout 0.5 to 10 <hpuapsse
Al ternatively, as dlS%@SSEd above,
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the polar group precursor nay be reacted with an al dehyde and ‘a hydroecarbyt-

substituted phenol in a conventional nmammer to forn1Nhnn|ch icondensat es
having friction reducing properti es.

Conponent The of T 801 UBIg™ "~

non-friction reduci ngNemtdl iniesngd Gorpamiaat %Hﬁﬁ%ﬁﬁﬁeﬁﬂ%??(M’ use in this

Il nvention conpri

(XI1):

[err]

SEnpbAh&Oxyhat g AN NG COMMPLISIScHADS eSera-ed by fornul a

diaminohexane; polyethylene amines such as
tetraethyledé pentamine; polypropylene amines such
as 1,2-propylene diamine; di-(1,2-propylene)
diamine; di-(1,2-propylene)triamine; di-(1,3-
propylene) triamine; N,N-dimethyl-1,3-
diaminopropane; N,N-di(2-aminoethyl) ethylene
diamine; N,N-di(2-hydroxyethyl)l,3-propylene
diamine; 3-dodecyloxy-propylamine, N-dodecyl-1,3-
propane diamine, etc.

Oother suitable amines include: amino
morpholines such as N-(3-aminopropyl) morpholine
and N-(2-aminoethyl) morpholine; substituted
pyridines such as 2-amino ;yridine, 2-methylamino
pyridine and 2-methylamino pyridine; and others
such as 2-aminothiazole; 2-amino pyrimidine; 2-
amino benzothiazole; methyl-1l-phenyl hydrazine and
para-morpholino aniline, etc. A preferred group
of aminomorpholines are those of formula VI:

o N 4——(CH2)r-—+-NH2 (v

where r is a number having a value of 1 to 5.
Useful amines also include alicyclic
diamines,; imidazolines and N-aminoalkyl

piperazines of formula VII:

L / CH2 CHZ\ JR.
N
L Pl New. —en” p2
2 2 n

n
"1 2 3

(VII)
wherein p; and py are the same or different and
each is an integer of from 1 to 4; and n;, n, and
n, are the same or different and each is an integer
of from 1 to 3.

et e et o



where R err]

br.anched al ky
Cerr] linear
Clerr] linear
preferred asp
Typically, fo
hydr ocar byl s
addi tives wou
hydr ocar byl s
about 10 carb

is a Cerr] to (err] linear alkyl group , (err]—t-o-Clewr

| group or -CHerr]CH err]OH, and Rlerr] is H or zREQ[_ACEME\ﬁ SHEET
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or branched al kyl group. Typically R err] ifs

Lt O
al kyl group, preferably a C4 alkyl group. In a ganticulail Yoao

ect of the invention, RO is n-butyl and Rerr] iq H

r non-friction reducing adgitives, the |long chair, Uinear. .

ubstituent group which is present in the frictior reducing
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for preparing alkylene amines involves the reaction
of an alkylene dihalide (such as ethylene dichloride
or propylene dichloride) with ammonia, which results
in a complex mixture of alkylene amines wherein
pairs of nitrogens afe joined by alkylene groups,
forming such compounds as diethylene triamine,
triethylenetetramine, tetraethylene pentamine and
corresponding piperazines. Low cost
pely(ethyleneamine) compounds averaging about 5 to 7
nitrogen atoms per molecule are available
commercially under trade names such as "Polyamine
H", "Polyamine 400", "Dow Polyamine E-100", etc.
Useful amines also include polyoxyalkylene
polyamines such as those having formula VIII:

NH,-alkylene -(O-alkylene), NH,, (VIII)

wherein m has a value of at least 3 and "alkylene"
represents a linear or branched chain C, to C,,
preferably C, to C, alkylene radical; or formula IX:

R®-(alkylene —(O-alkylene),— NRH,),, (IX)

wherein R® is a polyvalent saturated hydrocarbon
radical having up to 10 carbon atoms and the number
of substituents on the R® group is represented by the
value of “;“, which is a number of from 3 to 6,
wherein m’ has a value of at least 1; and whereln
"alkylene"” represents a linear or branched chain C,
to C,, preferably C, to C, alkylene radical.

The polyoxyalkylene polyamines of formulas
(VIII) or (IX) above, preferably polyoxyalkylene
diamines and polyoxyalkylene triamines, may have
average molecular weights ranging from about 200 to
about 4000 and preferably from about 400 to about

| ess t han




1 6 atonms. Thus, hydrocarbyl groups such as butyl, hexyl pr—octyl would
be typical of those hydrocarbyl groups that would be present| REPLAGEMENT SHEET
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Representative exanpl es of chemical additives which woul d belu ehul ﬁfﬁsﬁﬁ
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2000. The preferred polyoxyalkylene polyamines
“include the polyoxyethylene and polyoxypropylene
polyamines. The polyoxyalkylene polyamines are
commercially available and may be obtained, for
example, from the Jefferson Chemical Company, Inc.
under the trade name "Jeffamines D-230, D-400, D-
1000, D-2000, T-403", etc.

The polar group may be joined to the linking
group through an ester linkage when the linking
group is a carboxylic acid or anhydride. To
incorporate polar groups of this type, they must
have a free hydroxyl group and all of the nitrogen
atoms in the polar group must be tertiary nitrogen
atoms. Polar groups of this type are representéd by
formula X:

R R'?
/ //

HO-C‘(QHﬂn‘N ] (X)
R’ . R’ '

wherein n has a value of from 1 to 10, R and R’ are
B or C, to C;, alkyl, and R'’ and R’’’ are C, to C,
alkyl.

Forming the Friction Reducing Additives

In accordance with one aspect of the invention,
the friction réducing additives may be prepared by
reacting a long chain linear carboxylic_.acid, such
as oleic acid or isostearic acid, with a polar group
precursor, preferably a nitrogen-containing polar
group precursor, such as tetraethylene pentamine or
diethylene triamine, to form the corresponding long
linear hydrocarbyl amide.

Typically, from about 5 to about 0.5,
preferably from about 3 to about 1, and most
preferably from about 1.5 to about 1 moles of said
carboxylic acid reactant are charged to the reactor
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group precursor, i.e., amine compound, by heating at

is. e I ey et 30 1 £

a temperature of from about 100°C. to 250°C.,
preferably from 120° to 230°C., for a period of from
about 0.5 to 10 hours, usually about 1 to about 6
hours.

Alternatively, as discussed above, the polar
group precursor may be reacted with an aldehyde and
a hydrocarbyl substituted phenol in a conventional
manner to form Mannich condensates having friction
reducing properties.

Component B

The oil soluble non-friction reducing additives
(Component B) contemplated for use in this invention
comprise dialkoxylated amino compounds represented
by formunla (XI):

R® - N(CH - CH,OH),
(XI)
Rla

where R* is a C, té Cs linear alkyl group, C, to C,
branched alkyl group or -CH,CH,OH; and R' is H or a
C, to C, linear or branched alkyl group. .

Typically R’ is a C. to C4 linear alkyl group,
preferably a C, alkyl group. 1In a particularly
preferred aspect of the invention, R® is n-butyl and
R!® is H.

Typically, for non-friction reducing additives,
the long chain, linear hydrocarbyl substituent group
which 1s present in the friction reducing additives
would be replaced with a shorter chain linear or
branched hydrocarbyl substituent group, e.g., one
having a chain length of less than about 10 carbon



|
the non-friction reducing additive typically will be in the n
about 0.01 to 30 wt. % e.g., 0.1 to 15 wm. % preferably 0.4

of the total conposition. The lubricating oils to which t
of additives of this invention can be

in

to 99:1, and preferably fromabout 1:10 to 10: 1. When used

| ubricating oil conpositions, e.g., automatic transm ssion f
the final conbined concentration of the friction reduci @ﬁg
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atoms. Thus, hydrocarbyl groups such as butyl,
hexyl or octyl would be typical of those hydrocarbyl
groups that would be present in the non-friction
reducing additives contemplated for use in this
invention.

Representative examples of chemical additives
.which would be useful as the non-friction reducing
additive include, but are not limited to
diethoxylated butylamine and diethoxylated
hexylamine. ’

Compositions
A minor amount, e.g., 0.0l up to about S50 wt.
*, preferably 0.1 to 10 wt. %, and more preferably

0.5 to 5 wt. %, of a combination of at least one
friction reducing chemical additive (Component A)
and at least one non-friction reducing chemical
additive (Component B) and can. be incorporated'into
a major amount of an oleaginous material, such as a
lubricating oil, depending upon whether one is
forming finished products or additive concentrates.
The relative amounts 6f friction reduciné.additive
and rion-friction reducing additive can vary over
wide limits depending in part upon the identity of
the specific additives. However, the mole ratio of
the friction reducing additive to non-friction
reducing additive typically will be from about 1:99
to 99:1, and preferably from about 1:10 to 10: 1.
When used in lubricating oil-compositions,
e.g., automatic transmission formulations, etc. the
final combined concentration of the friction
reducing additive and the non-~-friction reducing
additive typically will be in the range of from
about 0.01 to 30 wt. %, e.g., 0.1 to 15 wt. %,
preferably 0.5 to 10.0 wt. %, of the total
composition. The lubricating oils to which the
combination of additives of this invention can be
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| ude not only hydrocarbon oils derived petroleum but also

etic lubricating oils such as esters of dicarboxy
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acids and al cohols; polyolefin oils, etc. THe jconbi nat 1 on
on reducing additive and the non-friction reducing ja@ditymye 997
ed in a concentrate form e.g., in a mnor anount/ firom about™

said synthetic lubricating oil mﬁth.fr %Athou ddi ti onal
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polyethyleneaﬁﬁhéggggggg%gggggﬁ%?ggg #é?*é&#%ﬁﬂQg%%%?%h“%?%%ﬁ%% may be

bor at ed;

esters made by esterification of monocarboxylic
acids, polyglycols, dicarboxylic acids and alcohols;
polyolefin oils, etc.

The combination of the friction reducing
additive and the non-friction reducing additive may
be utilized in a concentrate form, e.g., in a minor
amount from about 0.1 wt. % up to about 50 wt. %,
préferably 5 to 25 wt. %, in a major amount of oil,
e.g., said synthetic lubricating oil with or without
additional mineral lubricating oil.

The above o0il compositions may contain other
conventional additives, such as ashless dispersants,
for example the reaction product of polyiscbutylene
succinic anhydride with polyethyleneamines of 2 to
10 nitrogens, which reaction product may be borated;
antiwear agents such as zinc dialkyl )
dithiophosphates; viscosity index improvers such-'as
polyisobutylene, polymethacrylates, copolymers of

‘vinyl acetate and alkyl fumarates, copolymers of

methacrylates with amino methacrylates; corrosion
inhibitors; oxidation inhibitors; friction
modifiers; metal detergents such as overbased
calcium magnesium sulfonates, phenate sulfides, etc.

The following examples, wherein all parts or
percentages are by weight unless otherwise -noted,
which include preferred embodiments, further
illustrate the present invention.

Preparative Examples
EXAMPLE 1
Standard automatic transmission fluids (ATF’s)

were prepared for testing the friction
characteristics of various combinations of friction

additives. The fluids were prepared by blending the

|
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antiwear agents such as zinc dialkyl dithiophosphates; viscosity index
i mprovers such as pol yi sobutyl ene, pol ynethacryl ates, copol ypers..of vinyl -
acetate and al kyl fumarates, copolyners of nethacryl ates mnthnE@@&ﬂ{wgg( SHEET
met hacryl ates; corrosion |nh|b|tors oxi dation inhibitors; frigtton P
nodi fiers; netal detergents such as overbased caIC|un1nagnesju?1 ql o]y qtgs,; %
phenate sul fides, etc. The fol l owi ng exanpl es, wherein al ﬁarté“ar«* i I
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per cent ages are by wei ght unl ess ot herw.ge noted, which |ncludempLeL£ILﬁd
enbodi nents, further illustrate the present invention. Preparative

Exanpl es EXAVRE deion addtifitalsd i iQmiddC it RSl Qhdd Wiits(ATF-5)--vwer-e--

prepared for te the friction charac erlstlcs of, vari ous conbi nati ons
of friction ao‘.bcﬁ Vg’ A ST RaRe 5‘&‘&% B VEHRSh bRy t he

concentrate into a mlneral 0il base fluid (Exxon FN
1391) to give'the required concentration of
additives. The basic test fluids contained
approximately 10 weight % of additives, including
dispersant, anti-wear agent, corrosion inhibitor,
antioxidant, anti-foamant, viscosity modifier and
the indicated amount of the specified friction
reducing and/or non-friction reducing additive.

TABLE 1
Test Fluid | Friction Reducing Non-Friction Reducing

Additive. VWA.% Additive. Wt %

A-1 thiobisethanol . NONE
ester’, 0.4 %

A-2 thiobisethanol DEBAZ 0.05 %
ester. 0.4 %

B-1 ISA/TEPA?®, 0.2 % NONE

B-2 ISA/TEPA. 0.2 % DEBA. 0.05 %

C-1 " Basic calcium NONE

sulfonate®, 0.2 %

Cc-2 Basic calcium DEBA, 0.05 %
sufonate*, 0.2 %

D-1 Basic calcium NONE
phenate® 0.2 %

D-2 Basic calcium DEBA, 0.05 %
phenate®, 0.2 %

EE L

! octadecenylsuccinic acid ester of thiobisethanol
? diethoxylated n-butylamine

isaostearic ac1d/tetraethylene pentamine reaction product
(3.1:1 mole ratio)

‘ Hitec E-611, Ethyl Corporation

Paranox 52, Exxon Chemicals
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FN 1391) to give the required concentration of additives. |Tiie"basic Test
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'frict!on additives indicated in TABLE 1 into an additirre—eore
and then dissolving the concentrate into a mneral oil bas¢REPL LAG
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The static coefficienﬁ of each test fluid was
determined at 93° C, using the Low Velocity Friction
Apparatus (LVFA). The results of this testing are
shown in Figuie 1. For each test £fluid, the first
bar (on left) shows the static friction coefficient
of the base test fluid without any friction reducing
or ‘non-friction reducing additives (0.178). The
center bar shows the static friction depression
caused by the indicated friction reducing additive.
The third bar shows the increase in static friction
due to the addition of 0.05 mass percent of DEBA.

In all cases significant increase of static friction
resulted from the addition of even this small amount
of DEBA. The phenomenon was observed with all types
of friction reducing additives; i.e., acidic, basic,
or metal containing friction reducing additives.
Also.the more potent the friction reducing additive,
i.e., the greater the friction reduction caused by
the friction reducihg additive, the more pronounced
was the effect caused by the DEBA.

EXAMPLE 2

Using the base test fluid from Example 1, i.e.,
the mineral oil base fluid and the various additives
(but without any friction reducing additives or non-
friction reducing additives) two additional test
fluids were prepared . The additional test fluids
contained the friction additives set forth in TABLE
2. '

TABLE 2

Test Fluid Friction Reducing { Non-Friction Reducing
Additive. WA. % Additive. WA, %

B-3 thiobisethanol DEBA, 0.1 %
ester, 0.4 %
B-4 Same DEBA. 0.2 %

Base Fluid None None




di spersant, anti-wear agent, corrosion inhibitor, antioxidant,

anti-foamant, viscosity nodifier and the indicated amount off REPEASPHENTI SHEET
friction reducing and/or non-friction reducing additive. e e
TABLE1 Test Fluid Friction Reducing Non- Fricti on Reduciin

I

{
. s i
Additive. W.% Additive. W. % A1 t hi obi set hanol Qe MAR 1887 i
ester'. 0.4 % A-2 t hi obi set hanol DEBA[err] 0.05 % e}
ester. 0.4 % B-1 | SN TEPA[err]. $g2 % NONE B-2 | SA/ TEPA.
0.2 % DEBA. 0.05 % S i i ~

The static coefficient of blends B-1 through
B-4, as well as that of the base test fluid blend
(with no friction additives), was determined at 149°
C using the LVFA. The results of this testing are
shown in Figure 2. Figure 2 shows that with
increasing amounts of DEBA the static coefficient of
friction continues to increase. Therefore, it
should be possible to accurately select whatever
static coefficient of friction is desired between
0.062 and 0.150 by using the appropriate amount of
DEEA.

EXAMPLE 3

Two more blends were prepared using the base
test fluid blend described in Example 1, in
combination with the amount of DEBA indicated in

TABLE 3.
| TABLE 3
Test Fluid Friction Reducing | Non-Friction Reducing
Additives, Wi % | Additive_ Wt %"
E-1 - None DEBA. 0.05 %
E-2 : None DEBA. 0.1 %
Base Fluid None None

These two fluids, along with the base blend,
were tested in the MERCON® 4000 cycle friction test,
as described in the Ford MERCON Specification dated
May 1987, Section 3.8. The static coefficient of

- friction as determined in this test is plotted
versus test cycles in Figqure 3. Figure 3 shows that
DEBA, in and of itself, is not a friction increaser.
Rather, DEBA functions to increase the static
friction of a fluid containing both DEBA and a
friction reducing additive by competing for the
friction surface with the friction reducing
additive.

o+ kY )



C1  Basic calcium NONE sul fonate[err], 0.2 % 02
Basi c cal cium DEBA, 0.05 % sufonate[err], 0.2 19 0, ‘!;::
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CLAIMS:

i. - A method of controlling the friction
coefficients and improving the friction durability
of an oleagirous composition, which compromises:

adding to a major portion of an oil of
jubricating viscosity a friction controlling and
friction durability improving effective amount of an
oil soluble combination of chemical additives
comprising (a) a first chemical additive comprising
a polar head group other than a dialkyoxylated amino
group and a friction reducing substituent group, and
(b) a second chemical additive having a
dialkoxylated amino polar head group and non-
friction reducing substituent group.

2. An oleaginous composition comprising a
major amount of an oil of lubricating viscosity and
an amount effective for controlling the friction
coefficients and for improving the friction
durability of said composition of an additive
composition comprising (a) a first chemical additive
comprising a polar head group other than a

dialkoxylated amino group and a friction reducing

substituent group, and (b) a second chemical
additive having a dialkoxylated amino polar head
group and a non-friction reducing substituent group.

3. The composition of claim 2, wherein said
first chemical additive (a) comprises a member
selected from the group consisting of acidic
friction reducing additives, basic friction reducing
additives, metal containing friction reducing
additives and mixtures thereof.

4. The composition of claim 3, wherein said
first chemical additive (a) is selected from the
droup consisting of octadecenylsuccinic acid ester

THIS SHEET HAS Bbbj—‘
REPLACED
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of thiobisethanol, isostearic acid/TEPA, basic
calcium sulfonate, basic calcium phenate and

mixtures thereof.

5. The composition of claim 3, wherein said
second chemical additive (b) comprises a
dialkoxylated C, to C,, non-friction reducing
hydrocarbylamine and wherein said first chemical
additive (a) is free from any dialkoxylated amine
moieties.

6. The composition of claim 5, wherein said
second chemical additive (b) comprises diethoxylated
n-butylamine.

7. .The composition of claim 2, wherein said
first chemical additive (a) comprises a
substantially linear hydrocarbyl friction reducing

substituent group containing at least 10 carbon

atoms.

8. The composition of claim 2, wherein said
second chemical additive (b) comprises a
substantially hydrocarbyl non-friction reducing
substituent group containing fewer than 10 carbon
atoms. '

9. An additive concentrate for cortrolling the
absolute values. of the friction coefficients and for
improving the friction durability of an oleaginous

composition which comprises: (i) a major amount of

an oil of lubricating viscosity; and (ii) a

combination of chemical additives comprising a first
chemical additive (a) comprising a polar head group

other than a dialkoxylated amino group and a

friction reducing substituent group, and a second
chemical additive (b) having a dialkoxylated amino
ﬂﬂSEﬁEEF§X§§EE§7
RFRAE"E_{?
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EXAMPLE 2 Using the base test fluid fromExanple 1, i.e., the m'neral

oi | base fluid and the various additives (but w thout any fyietion @D"(ﬁ[’riﬁ'}f‘%
additives or non- friction reducing additives) two addition 5};‘ s \3 gyttt
were prepared . The additional test fluids contained the fréctlon addltlvei
set forth in TABLE 2. TABLE 2 Test Fluid Frfctlaomm 057
Reduci ng Non- Fri cti on Reduci ng Additive. W. 9% iAddit | ve. W .
% B-3 thiobi sethanol DEBA. 0.1.% ester. Q.49 -~ B4 |
Sane DEBA. 0.2 % Base Fluid e None :

B s e s e e i et

INCREASING THE FRICTION DURABILITY OF POWER
TRANSMISSION FLUIDS THROUGH THE USE OF OIL
SOLUBLE COMPETING ADDITIVES

ABSTRACT

A method of controlling the friction coefficient and
improving the friction durability of an oleaginous
composition, such as an ATF, comprising adding to the
composition a combination of competing additives comprising
(a) at least one friction reducing chemical additive having
a polar head group other than a dialkoxylated amino group
and a friction reducing substituent group, and at least one
non-friction reducing additive (b) having a dialkoxylated
amino polar head group and having a substituent group which
has no material friction raising or lowering effect (non-

friction reducing additive) on the composition.

REPLACED

THIS SHEET HAS BEEN




The static coefficient of blends B-1 through B-4, as well| as that
was determ ned
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static coefficient of friction is desired between 0.062 and

0. 150 by using

t he appropriate anount of DEBA. EXAMPLE 3 Two nore bl ends were
prepared using the base test fluid bl end described in Exanpl i T QHEFT
conbination with the amount of DEBA indicated in TABLE 3. (RE?LAOEMEN’ SHEET
TABLE 3 Test Fluid Friction Reducing Non-Friction Reducing
Additives. W. % Additive. W. % E-1 None DHBA. MARd83%%
E-2 None DEBA. 0.1 % Bage Fluid None None
These two fluids, along with the base bl end,
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were tested in the MERCON 4000 cycle friction test, as described in the
' The static

Ford MERCON Specification dated May 1987, Section 3.8.
coefficient of friction as determined in this test is plotted versus test
cycles in Figure 3. Figure 3 shows that DEBA, in and of itserfi s % .
friction increaser. Rather, DEBA functions to increase the slt“faft“i‘ﬁiw_ Lé\ffl SHEET
of a fluid containing both DEBA and a friction reducing additiive by
conpeting for the friction surface w Sh the friction reduci ng 5adwd| tkye 200y

I

[
i

{

i

3

tesany

L]

FIGURE 3

00 STATIC FRICTION CORFFICIENT
5
ICYCLES| Thousands

~%= BASE FLUID ——005% DEBA  —% 040 NEBA

019}
(0.18
047K
0.16]
0.45



CLAI V5: 1. A nethod of controlling t he frictioﬁ?¢6@ﬁf¥a§éhfs/and

i mprovi.ng the friction . durability of an ol eagi nous conposjtion, which -
conprises, adding to a najor portion of an oil of lubri EME
viscosity a friction controlling and friction dur abi |it ) "Fapbaw ‘ﬂb_SHEET

effectti ve anmount of an oil sol ubl e conbi nati on of chem additi ves

conprising (a) a first chem cal additive conprising a P r2 Be ARS 1997
group other than a dial koxyl ated am no g oup and a friction reduci ng
substituent group conprising a substantially linear hydrocar group
having at | east 10 carbon atons, and (b) a second chem cal a pve

having a di ai koxy| afveREARTNG @EaFRMCQHOEFMTwrGF rBAWERN reduci ng

substi'tuent qroup CONBLLGI B S s Yl ek BA G5°pBY! 07 oup having

SOLUBLE COMPETING ADDITIVES

ABSTRACT

A method of controlling the friction coefficient and
improving the friction durability of an oleaginous
composition, such as an ATF, comprising adding to the
composition a combination of competing additives comprising
(a) at least one friction reducing chemical additive having
a polar head group other than a dialkoxylated amino group
and a friction reducing substituent group, and at least one
non-friction reducing additive (b) having a dialkoxylated
amino polar head group and having a substituent group which
has no material friction raising or lowering effect (non-
friction reducing additive) on the composition.

FIGURE 1
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2. An ol eagi nous conposition conprising a magp s} n oil of
| ubricating viscosity and an anount effective f’ogoagp?%d g the friction

coeff|C|ents and for inproving the frlctlon durability of said-conpositii.on

of T i tive conposition conprising (a) a first che REPEACWENT i SHWEET
corrprl S| ng T : ‘

mm”m muﬂroup ot her than a dial koxyl 4t

and a friction ubsti tuenir-group conprisingfa sUiﬁﬁ)#ﬁ@I y
| i near hydrocar byI group having a | east 10 carbon at ¢n§,

second chem cal additive havi ng a di al koxyl at ed ani n(

group and a ngpafpgction reduci ng substituent group (onpr|5|ng a
| i near or branched hydrocarbyl group having | ess t har—3B—catrbon
atons. 3. The conposition of claim2, wherein said first chem cal

additive (a) 1. Am:pﬂbfsmtralﬁngtrtaefﬁcﬁmi coxffagierits andﬁmmogingumzetmtlori: sting
of acidic fricti *Murability %ﬁmg%ugésﬁbgﬁén St eorfnghﬁs' Q&niagang

addi tives, netal cont al i on reduci ng d trves xt ures

t her eof . 4, %)%’F pil ghubricating viscasityaEiciem, %"&T"(H’”Bﬁ"gtf"@i?@m cal
additive (a) is durabthwednpodvmg éffeativd Araogntaf@anaiinsnldiié comibihation of

octadecenyl succi ni &eﬁ‘ﬁ{:é‘ a%%h%%%mpnsx%ﬁ @zl G Hr QR 30kitve SGRbRAaNG &

aci d/ tetraet hyl ene
polar head group other than 3 dnalkoxyiated amino group and a friction

reducing substituent group comprising a substantially linear hydrocarbyi
group having at least 10 carbon atoms, and (b) 2 second chemical additive
having a diaikoxylated amino polar head group and non-friction reducing
substituent group comprising a linear or branched hydrocarby! group having
less than 10 carbon atoms.

2. An oleaginous composition comprising a major amount of an oil of
lubricating viscosity and an amount effective for controifing the friction
coefficients and for improving the friction durability of said compaosition of
an additive composition comprising (a) a first chemical additive comprising
a polar head group other than a dialkoxylated amino group and a friction
reducing substituent group comprising a substantially linear hydrocarbyl
group having a least 10 carbon atoms, and {b) a second chemical additive
having a dialkoxylated amine polar head group and a nan-friction reducing
substituent group comprising a linear or branched hydrocarbyl group having
less than 10 carbon atoms.

3. The composition of ¢claim 2, wherein said first chemicai additive (a)
“comprises a member selected from the graup consisting of acidic friction
reducing additives, basic friction reducing additives, metal containing
friction reducing additives and mixtures thereof.

4. The composition of claim 3, wherein said first chemical additive (a) is
selected from the group consisting of octadecenylsuccinic acid ester of
thiobisethanol, isostearic acid/tetraethylene pentamine, basic calcium
suifonate, basic caicium phenate and mixtures thereof.



sul fonat e, basic cal ci um phenate and m xtures thereof. 5 The
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S. The composition of any preceding claim, wherein said second chemical
additive (b) comprises a dialkoxylated C, to C,, non-friction reducing
hydrocarbylamine and wherein said first chemical additive (a) is free from

any dialkoxylated amine moieties.
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6. The composition of claim 5, wherein said second chemical additive (b)
comprises diethoxylated n-butylamine.
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INCREASING THE FRICTION DURABILITY OF POWER
TRANSMISSION FLUIDS THROUGE THE USE OF OIL
SOLUBLE COMPETING ADDITIVES

ABSTRACT

A method of controlling the €£riction coefficient and
improving the £friction durability of an oleaginous
compogition, such as an ATF, comprising adding to the
compesition a combination of competing additives comprising
(a) at least one friction reducing chemical additive having
a polar head group other than a dialkoxylated aminoc group
and a friction reducing substituent group, and at least ocne
non-friction reducing additive (b) having a dialkoxylated
amino polar head group and having a substituent group which
has no material friction raising or lowering effect (non-
friction reducing additive) on the composition.

FIGURE 1




