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Backigr ound of the Inventi I nventi on The present invention
relafes to a nmethod of .an ﬂ for inmproving the friction
durapility of power trans

scription of Related Art Power
tra m ssion fluids, such as autonatic tr nsn1SS|on fluids, are fornul ated
ry exacting friction requi renents set by original equiprent
acturers. The3IRCREASUNG GHETRICHEGN: DURAB ILITRE0R PAVER CIRANSMESSEDY : (1) the
abs | ute | evel of FLEDS TERAUEH BFeUSE S1FeAlk SOLDBLE COMBETINGT ADDOITIVES [err],
and {dynamic friction, [err], that can be achieved by these fluids, and (2)

the fength of th @edPGindeS6Lld UisPention

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

Description of Related Art
Power transmission fluids, such as automatic

1} ' transmission fluids, are formulated to very exacting

15 friction requirements set by original equipment
manufacturers. These requirements have two primary
aspects, namely: (1) the absolute level of the
friction coefficients, i.e., static friction, pu,, and
dynamic friction, u,, that can be achieved by these

20. 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.
25 Since friction durability is a function of the
o | 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

30 of these ways is to add more friction modifier,
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

35 -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
point where they are Below the minimum values
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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
cheﬁical 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; 4,593,663 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 Applicétion WO
87/07637. _

U.S. Patent 3,972,243 discloses traction drive
£luids which éomprise%gemestructured 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,
etc. adducts. The polyisobutylene oligomers
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‘'ute values of the friction coefficients to a point where they are

t he ni,pigdum9oal ueshis Shedt HaPBEh REfMlPY the original equi pheUSHHISHC
.. Then, as the fricti [T g consumed with tine, the friction
icients will slowy :mmm !@Iprt able |l evels. The ot her

ntional approach for ctiQn durability is to find nore

stalfl e friction nodiffers. This is not al wqys easy Since nobst friction
nodgfiers are sinple_o ni_ c..chem |, eg [ l.an and
cheffical reactioff “SEF‘HEL%S géép\%&?.erﬂ ﬁé’?ﬁ %%%%?‘p%;?%i%%gagngéng%%gg have
beeff suggested fatomsdi f Exagpliee 1% @fetthiss patentadineloses reacting

a ‘polyisobutylene oil with maleic anhydride to form
a polyisobutylene succinic anhydride which is useful
5 as a detergent, as an anti-wear agent, and as an
intermediate in the produgtion 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
10 3,778,487 and U.S. Patent 3,775,503.
Whiie 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,
15 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 oleaginous

20 compositions, including lubricating oils and power
transmission fluids, having specifically controlled
friction coefficients and improved friction
durability.

" 25 sSummary of the Invention
In one embodiment, this inventionh relates to a

method of improving the friction durability of an
oleaginous composition, which comprises: ~  adding

to a major portion of an oil of lubricating
. 30 wviscosity a friction durability improving effective

amount of an oil solubidle combination of chemical
additives comprising (a) a first chemical additive
comprising a polér head group and a friction
reducing substituent group, and (b) at least one

35 other chemical additive having the same polar head
group as said first chemical additive but having a
substituent group selected from non-friction

SHEET HAS BEEN
REPLACED

THIS




F| 1 ds.  For,

hat i ncl ude
exanpl e, U S

Pat ent 4, 253, 977 relates to an ATF gg

whi ch corrprl“s@s a r| ctlaﬂmgiﬁﬁﬁ das n-oct adecyl succi n| C aci

[ he reaction product bf I , enyI succi nic anhydride with an
al dehyde/ tris hydroxynet h

bl kal ine earth nmetal detergent. The ATF maygal so contain a conventi onal
nydr ocar byl - substituted succinimde ashl ess.di spersant such as

bol yi sobut enyl

e adduct and an overbased al kal i

or

su@@dmwimgksT{?f&Tu@ntegrsupglagddf@mctﬂbnNHifx%FgE¢¢|ons
cony, ucci nimde di spersants I nclude or
Pat%ﬂ%% @%%%téﬁﬁg 3920 562; 3,933,659; 4,010, 106;

1,087,039; 1,474, Q&&:&Eyo&@%@s?m@ireeﬁﬁh%t ﬁnboﬁ&&daﬁdﬁ%f at

0, 208, 541( A2) ;

10

15

20

25

30

33

and PCT Ap éﬂlcatjon WO
least two chemical additives having the same polar

head group, wherein at least one of the chemical
additives contains a ‘friction modifying, i.e.,
friction reducing, substituent group, and at least
one other of the chemical additives contains either
a non-friction reducing substituent group or a
friction increasing substituent group.

Description of the Drawings

Figure 1 is a graph illustrating the static
coefficient of friction wversus the number of test
cycles using an SAE No. 2 Friction Test Machine run
to 4,000 engagement cycles using the test specified
by Ford Motor Company in the MERCON® specification;
and

Figure 2 is a graph similar to that of Figure
1, except that it illustrates a test run to 15,000
engagement cycles. |

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
composition, such as an automatic transmission
fluid, a friction reducing chemical additive and a
non-friction reducing chemical additive (or friction
increasing chemical additive) of the same chemical
species. For example, an ethoxylated C,, amine
friction reducer can_bpe added to an automatic
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SN Pat entTni.SReefHA e eplate@ses traction drive fluids which
, gems “,|ctur g “ne ol | goners. Pol ar dePFH/EEAELBYof
emm ured po MH H‘ﬂﬂ a} can be obtai ned by conversion of the

:sobutylene oligo npounds cont ai ni ng such functiona
s as amine, imne, thioketone, am de, ether, oxine, naleic anhydride,

gadducts. The polyisobutylene oligonmers..., 3 generally contain from
L e SRARS" SIS s BTl oy PRL S o 5
E sobut yl engogugeu_nmoanhrgzducd@gmdch-msrqueimla long chain
carboxylic acid, such as oleic acid or isostearic
acid, can be added as a friction reducing additive
and a shorter chain carboxylic acid, such as
hexanoic acid, can be added.,as a non-friction
reducing additive; or a linear hydrocarbyl
substituted amide, such as the reaction product of
jsostearic acid and tetraethylene pentamine (TEPR)
10 can be added as a friction reducing additive, and a
pranched chain hydrocarbyl substituted amide, such
as the reaction product of polyisobutenyl succinic
acid and TEPA (wherein the polyisobutenyl moiety has
a number'average molecular weight of about 450), can
15 be added as a friction increasing additive.
while not wishing to be bound to a particular
theory, it is believed that once in the fluid, the
" two chemical additives compete substantially equally
for the surfaces which are contacted since they have
20 similar adsorption characteristics. 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
25 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
30 are slowly consumed, an additional portion of the
excess friction reducer¥and non-friction reducer
originally present in the fluid can come in contact
with the surfaces, thereby maintaining the friction
coefficients at the desired levels. Since the
35 friction reducing chemical additive and the non-
friction reducing and/or friction increasing
chemical additives are’ consumed at relatively equal
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producti on of a ¢ her patents contalnlng simlar

i scl osures |nclude fo Patent 3,972,941; U.S. Patent
3,793,203; U S. Patent S. Patent 3,775,503. Wiile the prior
art suggests a variety of additives for nodgfying the properties of various
ol eagi nous conpositions, there is no suggestjon of any additives, nor of
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chemical additive or a non-friction reducing
additive or a friction iﬁbreasing chemical additive.
The oil soluble friction reducing additives
contemplated ‘for use in this invention comprise any
10 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
15 which is linked to the polar head 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

20 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 groups. which are contemplated

25 for use in the present invention vary wiqely and any [

- polar group which is conventionally present in a
friction reducing additive may be employed. _
Typically, however, the polar head groups present in
the friction reducing (and in the non-friction

30 reducing and friction increasing) additives
contemplated for use jn this invention include, for
example, polar head groups having the following
moieties:

35
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g=ction coefficients and inproved friction durability. Summary of the
fvent i on \*’ﬂ oSigegbodi ment, this invention relates to a netpeguedsari4is4

é proving the friction durability of an ol eagi nous conposition, which
cgnprises: adding to a major portion of an.oil of lubricating viscosity
affriction durability inproving effective ambunt of an oil soluble
cgnbi nati on of chem cal additives conprisitng_(a) a first ) rTive
c@nprising a polar head group and a friction reducing substltuent Qgﬂmai
afd (b) at |east one other chenN{¢8E,GE@R)i.ve having t he g‘a
ggoup as said first chemcal addpbgve but having a substlt
s@ ected fromnon-friction '
_ - —~CONH,,
-CONH- (CH,CH,NH),C(0)R,
5 i >P(O)0E, —>P(O)H,
~P(OR),, >~
MP(S)SH
-8 C-C(0)0H
H,C~C(0)0E,
10 -H ]c-c\(g)
/
H,C-C(O),
-~SH,
15 ~SO,H

wherein R represents a C, to C,, linear or branched
hydrocarbyl group and x represents an integer of
from 1 to about 8.
As indicated above, the polar head group may

20 vary widely. However, in preferred aspects of the
invention,the polar head group typically comprises
the residue of an amine compound, i.e., polar group
precursor, containing at least 2, typically 2 to 60,
and preferably 2 to 40 total carbon atoms, and' at

25 least 1, typically 2 to 15, and preferably 2 to 9
nitfbgen 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 be hydrocarbyl amines including other

30 groups, e.g., 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

35 substantially polar nature and function of the
selected polyamine.

Useful amines include those of the formulas I
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I.n anot her e , thillm ' | ates to conpositions whic
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.pol ar head group, wherein f the chem cal additives contains a
friction nodifying, i.e., friction reducing, gubstituent group, and at

| east one other of the chemical additives cgntains either a non-friction
reduci ng substituent gragefil dahindgs i Diclveseanbss sebshibt woRrmAl-RUR
Description of the Dr(g\r/]\f':ggs Figure 1 is a graph illustrating the static
coefficient of fricth ersus the nunber of test cycles using an SAE No. 2

Friction Test Machine run

R‘-—I\\I-—R’ (I)
5 ) R®
R‘-'r{-(cnz), N(CH,);}—N-R‘ . (II)
H] ‘7 t \Rs

10

wherein R*, R®, R® and R’ are independently selected
. from the group consisting of hydrogen, C, to C,,
i linear or branched alkyl radicals, C, to C,, alkoxy C,
: to C, alkylene radicals, C, to C,, hydroxy amino
| 15 alkylene radicals, and C, to C,, alkylamino C, to Cg
; alkylene radicals; and wherein R’ can additionally
comprise a moiety of the formula:

—E(ca,),. }:« H

1
20 R’

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
25 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.
Non-limiting examples of suitable amine
compounds include: 1,2—diaminoethane, 1,6~
30 diaminochexane; polyethylene amines such as )
tetraethylene pentamine; polypropylene amines such
as 1,2-propylene diamine; di-(l,2-propylene diamine;

di-(1,2-propylene)triamine; di-(1,3-propylene)
triamine; N,N-dimethyl-1l,3-diaminopropane; N,N-di(2-
35 aminocethyl) ethylene diamine; N,N-di(2-
hydroxyethyl)1l,3-propylene diamine; 3-dodecyloxy-
propylamine, N-dodecyl-1l,3~propane diamine, etc.
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@L’ S echet QJDRe F| gure 2 is a graph sipdrarsed/sikhat .
pt tes a test run to 15,000 engagenent
% Detailed Desic}qm ﬁ | nvention A primary advantage of the
ENt i nvention is t the fluid formulator to increase the
entration of the active frlctlon reducgr, Wi thout reducing the absol ute
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kit i on r educi em cal CH tive a non- ucin chem cal
fti ve (or frimq%@mnoet ) morp ine; su st:.tuted pyridines

gsuch as 2-amino pyridine, 2—methylam1no pyridine and
5 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 of
aminomorpholines are those of the formula IIIX:

gt > ap s sality WIS AP S R

10
0 N—(CH, ) .~NH, (III)

where r is a number having a value of 1 to 5.
Useful amines also include alicyclic diamines,
15 imidazolines and N—amlnoalkyl piperazines of the
formula IV:
H, CHz
nf wE- (ca,) o :—]—E(CHz)a—NH]—
n, CH,-—CH2

20
(IV)

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

25 the same or different and each is an integer from 1
to 3. ‘

Commercial mixtures of amine compounds may
advantageously be used. For example, one brocess
for preparing alkylene amines involves the reaction

30 of an alkylene dlhallde (such as ethylene dichloride
or propylene dlchlorlde) with ammonia, which results
in a complex mixture of alkylene amines wherein
pairs of nitrogens are joined by alkylene groups,
forming such compounds as diethylene triamine,

35 triethylenetetramine, tetraethylene pentamine and
corresponding piperazines. Low cost
poly(ethyleneamine) cofipounds averaging about 5 to 7




5 transm ssi on f|UId a oxylated Clerr] amne non-friction
reduci ng additive; boxylic acid, such as oleic acid or

i sostearic acid, can be added as a frlctlonlbedu0|ng additive and a shorter
chai n carboxylic aci d, such as hexanoic acid, can be added as a

non-friction reduqifgr@g&htay@ns OEISeﬁ Iﬁd,m]_aygggcamh_a@g_lést ituted am de,
such as the reaction rodu # ostear ¢ acid and %gtragg@ilene pentan1ne

(TEPA) can be adde‘bo eﬁcﬁ'? decity JAPE FECRaRF a

H" "Polyamlne 400“ "Dow Polyamine E-100", etc.
Useful amines also include polyoxyalkylene

i nc¢reasi ng ' of the sane chemi cal specieé K SANRLE
an et hoxyl aﬁgg%?rg?] %m gHucer can be added to alﬁé’l;autonntlc
I
afl

5 poiyamineé such as those having the formula V:
NH,-alkylene -(O:élkylene), NH,, (V)

wherein m has a value of at least 3 and "alkylene"

10 represents a linear or branched chain C, to C,,
preferably C, to C, alkylene radical; or the formula
VI:

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

15
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 from:3 to 6,

20 wherein m’ has a value of at least 1; and wherein
"alkylene" represents a linear or branched chain C,
to C,, preferably c; to C, alkylene radical.

The polyoxyalkylene polyamines of formulas (V)
or (VI) above, preferably polyoxyalkylene diamines

25 and polyoxyalkylene triamines, may have average
molecular weights rénging from about 200 to about
4000 and preferably from about 400 to about 2000.
The preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene polyamines.

30 The polyoxyalkylene.polyam%nes are commercially
available and may be thainéd, for example, from the
Jefferson Chemical Company, Inc. under the trade
name "Jeffamines D-230, D-400, D-1000, D-2000, T-
403", etc.. '

35 The polar group may be joined to the linking
group through an ester linkage when the linking
group is a carboxylig acid or anhydride. To
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giched chain hydr ocarbyl substrtuted am de, such as the reaction product
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riction increasing agﬁmﬂumum, Exot wi shing to be bound to a particular
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| ow t he m niatomspeckPdlard groups of this type are represented by
5 formula VII:

~
R RI ’
4 /
HO-C~(CH, ) 5N, (VII)
Rl_ R' | 2 4

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

alkyl.

15 Forming the Friction Reducers

In accordance with one aspect of the invention,
the friction reducing additives may be prepared by
reacting a long chain linear carboxylic acid or
anyhydride with a polar group precursor, preferably

20 a nitrogen-containing polar group precursor, such as
tetraethylene pentamine or diethylene triamine, to
form the corresponding long linear hydrocarbyl
amide. '

Representative examples of suitable long chain

25 1linear carboxylic acid reactants include, for
example, nonanoic (pelargonic); decanocic (capric);
undecanoic; dodecanoic (lauric); tridecanoic;
tetradecanoic (myristic); pentadecanoic;
hexadecanoic (palmitic); heptadecanoic (margaric);

30 octadecanoic (stearic), (isostearic); nonadecanoic;
eicosanoic (arachidic); docosanoic (behenic);
tetracosanocic (lignoceric); hexacosanoic (cerotic);
octacosanoic (monanic); triacontanoic (melissic);
nonenoic; docénoic; un@ecenoic; dodecenoic;

35 tridecenoic; pentadecenoic; hexadecenoic;
heptadedenoic; octadecencic (e.g., oleic);
cicosenoic; tetracosenoic 12-hydroxystearic;

: _ “THIS SHEET HAS BEEN
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by *t he origi nal equi pment manufacturer. Then, as the additives ﬁ?i h .are in
contact wi (YWOPHEM8%rfaces are slowy consuned, an additional X3 519%;\41%14 t he
excess friction reducer and non-friction reducer originally present in the
fluid can cone in contact with the surfaces, thereby maintaining the
friction coefficients at the desired |evel Since the friction reducing
chem cal additive and the non- friction regﬁping and/or friction increasing
chem cal additives are.cansuned at. rel

friction coeffi cirt Y4 te 'anéis%tngxa%% \J&g&\ﬁecfa#]?lr e%?% %@é‘gﬁfiﬁérfy

constant over a lammpgdheoduiftaple darboxyhic faeid meactarhsbarea
long chain anhydrides such as octadecenyl succinic
anhydride.

5 The preferred long chain carboxylic acid
reactants are oleic acid,\stearic acid, isotearic
acid, octadecenyl succinic anhydride, as well as
mixtures of stearic and isostearic acids (e.g., a
weight ratio of stearic to isostearic of from about

10 1: 0.8 to about 1: 9 preferably 1: 5).

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

15 per mole of primary nitrogen contained in the polar
group precursor. The long chain linear carboxylic

acid reactant may be readily reacted with a polar
group precursor, i.e. amine compound, by heating at
a temperature of from about 100°C. to 250°C.,

20 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, the polyamine polar group may be
reacted with an aldehyde and a hydrocarbyl

25 substituted aromatic compound in a conventional 4
manner to form Mannich condensates having friction
reducing properties. .

In another aspect of the invention, the

friction reducing additive may comprise an

30 alkoxylated amine. These types of friction reducing
additives typically woudd be selected from compounds
having the formula (VIII) or (IX), and mixtures
thereof, where (VIII) and (IX) are:

35 E
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aIIy i nproved friction durability relatlve to fluids containing
[ (i‘}bggh-;am:lum ng chem cal additive or a non-friction RAIAIRIR¢184
e ora friction increasing chem cal additive. The oil sol uble
gt i on reduci ng additives contenplated for use in this invention conprise
' of those chem cal additives conventionally enployed for reducing the
tion coefficients of ol eagi nous fluidsl8q which they are added.
298 cal |y, such friction reducing additives conprlse a polar head group and
Fiction reducing substituent group which is IRfiked to the pol ar head
1p. The friction reducing substituent group nprmally woul d conprise a

tantially linear hydroggrbyl group having a%%h§36%3about 10 carbon
5, typically fron1abou§ 10 to about 30 Cj;p and preferably

about 14 to about 18
5 "RY - (X), - R" -N (VIII)
. ~
(R“O),H

Ru

10
Thls Sheet Has Been Re laced

M

R:H
15 R° _(RY0)H
RY - (X), - RY = N ~RY7 - N (IX)
(R“O)nﬁ \(R"O)‘H
20 o |
RI.U ’ ' RIS
where:

R® is H or CH,;

25 R is a C,~C,, saturated or unsaturated, substituted
or unsubstituted, aliphatic hyrocarbyl radical,
preferably C,,-C;,, most preferably C,-C,;

R is a straight or branched chain C,~-C, alkylene
radical, preferably C,-C,;

30 R!?, R and R' are independently the same or
differené,"straight or ‘branched chain C,-C; alkylene
radical, preferably C,~-C,; '

R, R!'*, and R!* are independently H or CH,;
R is a straight or branched chain C,-C, alkylene

35 radical, preferably C,-C,;

X is oxygen or sulfur, preferably oxygen; m is 0 or
1, preferably 1; and h is an integer, independently
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carbon ato gp! es of such |inear hydrocarbyl groups inclae@ysohit,ar
not Iinite3§?o oley i sostearyl and octadecenyl groups. The polaﬁ‘ﬁsg

gfoups which are contenplated for use in the present invention vary w de
and any pol ar group which is conventionally present in a friction reducin
addi tive may be enployed. Typically, howeves, the polar head groups prese;
in the friction reducing (and in the non-friction reducing and friction
i ncreasing) addi inges graerapiat ad for use in this invention include, for

exanpl e, polar head gGPUpSlE?@lé%lafiJ(g£é¥grféé¢g§£oglmenﬁ, this

i type of friction reducing additive is characterized

by formula (VIII) where X represents oxygen, R’ and
5 R contain a combined total of 14 carbon atoms, R
represents a C, alkylene ridical, R!? and R!?
represent C, alkylene radicals, R} and R!® are
hydrogens, m is 1, and each n is 1. Preferred amine
compounds contain a combined total of from about 18
10 to about 34 carbon atoms.

Preparation of the amine compounds, when X is
oxygen and m is 1, is, for example, by a multi-step
process where an alkanol is first reacted, in the
presence of a catalyst, with an unsaturated nitrile

15 such as acrylonitrile to form an ether nitrile
intermediate. The intermediate is then
hydrogenated, preferrably in the presence of a
conventional hydrogenation catalyst, such as
platinum black or Raney nickel, to form an ether

20 amine. The ether amine is then reacted with an
alkylene oxide, such as ethylene oxide, in the
presence of an alkaline catalyst by a conventional
method at a temperature. in the range of about 90°-
150°C. h

25 Another method of preparing the amine
compounds, when X is oxygen and m is 1, is to réact
a fatty acid with ammonia or an alkanol amine, such
as ethanolamine, to form an intermediate which can
be further alkoxylated by reaction with an alkylene

30 oxide; such as ethylene oxide or propylene oxide. A
process of this type is. discussed in, for example,
U.S. Patent Number 4,201,684, the disclosure of
which is incorporated herein by reference.

When X is sulfur and m is 1, the amine friction
35 reducing additives can be formed, for example, by
effecting a conventional free radical reaction
between a long chain.glpha-~olefin with a

DR )

* This Sheet Has Been Replace

VO

I' ,Il, . THIS SHEET HAS BEEN
REPLACED




err], -CONH

] CH{ er r] OH) [ eMiib SheeG@Heer
err], [err]P (S) SE - P@/93)1er84
O, -SH -S(Jerr]H and -SJerr]H

' gosiPe [er ]
& C— -H C
iein R represents a ] d I|near or branched hydrocar byl

p and x represents an integer of froggl to about 8. As indicated above,
‘pol ar head group may .

nydroxyalkyl mercaptan, such as beta-hydroxyethyl
mercaptan, to produce a long chain alkyl
hydroxyalkyl sulfide. The long chain alkyl
hydroxyalkyl sulfide is then mixed with thionyl

5 chloride at a low temperature and then heated to
about 40°C to form a long chain alkyl chloroalkyl
sulfide. The long chain alkyl chlorocalkyl sulfide
'is then caused to react with a dialkanolamine, such
as diethanolamine, and} if desired, with an alkylene

10 oxide, such as ethylene oxide, in the presence of an
alkaline catalyst and at a temperature near 100°C to
form the desired amine compounds. Processes of this
type are known in the art and are discussed in, for
example, U.S. Patent Number 3,705,139, the

15 disclosure of which is incorporated herein by
reference.

In cases when X is oxygen and m is 1, the
present alkoxylated amine friction reducers are well
known in the art and are described in, for example,

20 U.S. Patent Numbers 3,186,946; 4,170,560; 4,231,883;
4,409,000; and 3,711,406, the disclosures of these
patents being incorporated herein by reference.

Examples of suitable alkoxylated amine
compounds include, but are not limited to, the

25 following:

N,N-bis(2-~-hydroxyethyl)-n-dodecylamine;
N,N-bis (2-hydroxyethyl)-l-methyl-tridecenylamine;
N,N-bis{2~-hydroxyethyl)-hexadecylamine;

30 N N—bls(z-hydroxyethyl)-octadecylamlne,
N N-bls(2-hydroxyethyl)boctadecenylamlne-
N,N-bis(2-hydroxyethyl)-oleylamine;
N,N-bis(2-hydroxyethyl)-stearylamine;
N,N-bis(2-hydroxyethyl)-undecylamine;

35 N-{2-hydroxyethyl)~N-(hydroxyethoxyethyl)-n-
dodecylamine;
N,N-bis(2-hydroxyethyly-l-methyl-undecylamine;
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vary wi dely. Fbmever in preferred aspects of the invention, thenpo
group typ|E@QPVYM8%prﬂb§§m$ﬁﬁwBedeaembf an ani ne conpound, P& ?%ﬁ

group precursor, conta
to 40 total carbon ato t 1, typically 2 to 15, and preferably
2 to 9 nitrogen atoms, W east one nlérogen atom preferably being

present in a prlnary or secondary am ne groyp. The am ne conpounds may be

hydr ocar byl am ngs e .hydrocar byl .amin i.ncl udi t her groups,

e.g., hydroxy nguH g?éoB¥d§¥§¥8§%9§¥%ﬁ§%ﬁ§§§¥% 7#%?#$¥£§roups,

I m dazol e groupspcﬁadpbglamengroups or the like. The am ne conpounds al so

may contain 1 or [_Eigg ol Eoﬁgleft‘ﬁ'ylgt—%oaﬂﬁ\é ded that such atons do
e bs

not interfere mn nti % nat ure and function of the
sel ect ed p0|yan1neN-bls(2-hydroxyet yl)-tallowamine;

5 N,N-bis(2-hydroxyethyl)-n-dodecycloxyethylamine;

IH , typically 2 to 60, and preferably 2

N,N—bis(zrhydroxyethyl)—1ipryloxyethylamine;
N,N-bis(2-hydroxyethyl)-~stearyloxyethylamine;
N,N-bis (2-hydroxyethyl)-dodecylthioethylamine;
N,N-bis(2-hydroxyethyl)-dodecylthiopropylamine;

10 N,N-bis(2-hydroxyethyl)-hexadecyloxypropylamine;
N,N-bis(2-hydroxyethyl)-~hexadecylthiopropylamine;
N-2-hydroxyethyl,N-[N’,N’-bis(2~hydroxyethyl)
ethylamine]~octadecylamine; and
N-2-hydroxyethyl,N-[{N’,6N’-bis(2~hydroxyethyl)

15 ethylamine}-stearylamine.

The Non-friction Reducing and Friction Increasing
Additives '
The oil soluble non-friction reducing additives
20 and the oil soluble friction increasing additives
correspond generally to the above-described friction
reducing additives, except that the friction
reducing substituent group is replaced with a
substituent that either increases or has no material
25 effect on the friction coefficients of the fluids to
which the non-friction reducing and/or friction
increasing additives are added. .
Typically, for non-~friction reducing'additives,
the long chain, linear hydrocarbyl substituent group
30 which is presen£ in the friction reducing additives
would be reélaced with< a shorter chain linear or
branched hydrocarbyl substituent group, e.g., one
having a chain length of less than about 10 carbon
atoms. Thus, hydrocarbyl groups such as butyl,
35 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
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'nes I ncl ude those of the formul as | 8 Useful am nes include
poorul as s&WEfHakBeehRE[ﬂJce({ err] wherein Rlerr], PE/EIH{I4184 o 1]
are |ndepen fromthe group consisting of
Cerr] to C[ ”Mbranched al kyl radicals, Cerr] to
err ne radicals, Cerr] to C[err] hydr oxy

o alkylene radicals, and CJerr] to Cltyr] alkylan1no Clerr] to (err]

/| ene radicals; and wher ei n Rlerr] can additionally conprise a noiety of
[e¢¢7entlon. :

Representative examples of chemical additives
which would be useful as the non-friction reducing
additive include, but are not limited to
diethoxylated butylamine, diethoxylated hexylamine,
hexanoic tetraethylene pentamine diamide and
octanoic triethylene tetramine diamide.

For the friction increasing additives, the long
chain, linear hydrocarbyl substituent group A of
formula I would be replaced by a branched
hydrocarbyl group typically containing from about 12
to about 50 carbon atoms and having a molecular
weight on the order of from about 150 to about 700.
In preferred embodiments, however, the molecular
weight of the hydrocarbyl group ranges from about
350 to about 600, and most preferably from about 400
to about 500.

Suitable branched hydrocarbyl groups include
alkyl, alkenyl, aryl, cycloalkyl groups, and hetero
atom~containing analogs thereof.

As the case for the linear hydrocarbyl group A
of the above-described friction reducing additives;
the branched hydrocarbyl group of the friction
increasing additives:may contain one or more hetero
atoms, e.g., nitrogen, oxygen, phosphorus, and
sulfur. Preferred hetero atoms are sulfur and
oxygen. .

In one preferred embodiment, the hydrocarbyl
group present in the friction increasing additives

may be represented by the formula X:
e

7 e
H‘ECH,-? },—E CH,-C -}7— (X)
. 1

R R,

wherein R represents a linear or branched C, to C,;
hydrocarbyl group, suc¢h as an alkyl, alkenyl, aryl

‘REPLACED
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wherein R err] is defi ; .s and s' can be the sane or
different Websi7490 fro QSEQPH&B . abl y 2to 4; and t ancrquﬁ?éﬂﬂ% t he
same or a different nunbn-Hi u I[I 10, preferably O to 7 with the
provi so that the sum of greater than 15. Non-limting
exanpl es of suitable am ne conpounds lnclude 1, 2-di am noet hane, 1, 6-

di am nohexane; pol yethyl ene am nes such as ?etraethylene pentanlne

I I ch 1 I
e e i - (1 2 A o & A e e R, BEonEnat hAFRRRRY:
N, N-di met hyl - 1, 3-cdtiretraimciprg paned,og\ tlkediqak ; anli@neihyR), eR,h;alndna,dl am ne;
N, N-di (2- hydr oxygishy] e 0¥ A Qe diee £ S dRESCYhaXenBEARYAM Ne.

N- dodecyl - 1, 3- pr opane di am ne,
' represent H or a llnear or branch C;, to C,,

5 hydrocarbyl group, as defined above; x represents an
integer from 1 to about 17; and y represents zero or
an integer of from 1 to about 10; and wherein the

total number of carbon atoms in the branched

hydrocarbyl group is from about 12 to about 50,
10 typical from about 25 to about 45, and preferably

from about 28 to about 36. ’

A preferred branched hydrocarbyl group is
branched alkenyl, preferably derived from an olefin
polymer. The olefin polymer may comprise a

15 homopolymer of an olefin monomer having 3 to about
12, preferably 3 to 6, carbon atoms, or a copolymer.
of olefin monomers containing 2 to about 12,
preferably 2 to 6, carbon atoms. Suitable
copolymers include random, block and tapered

20 -copolymers, provided that such copolymers possess a
branched structure. -

Suitable monomers include, for example,
ethylene, propylene, isobutylene, pentene, 2-methyl
pentene, hexene, 2-ethyl hexene, and diolefins such

25 as butadiene and isoprene, provided that the
resulting homopolymers or copolymer are branched.
While selection of monomers suitable for preparing -
branched homopolymers or copolymers is readily
apparent to those skilled in the art, it is

30 preferred to use a branched hydrocarbyl group

' derived from propyleney for example, tetrapropylene,
or from isobutylene, for example, polyiscbutylene
having a number average molecular weight of from
about 150 to about 700, preferably from about 350 to

35 about 600, and most preferably from about 400 to
about 500. _

The linking group which may be reacted with the
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am nes include; am no r phol i nes such as N-(:3-am nopropyl)
d N-(2-3p en Aol i ne; substituted pymictivsesisassh as
- ;ym&", 2- wj\ I di'ne and 2-net hyl am no pyridine; and

¥l as 2- am m no pyrimdine; 2-am no benzot hi azol e;
ihenyl hydrazi ne and para- norpholino aniline, etc. A preferred
anmi nonor phol i nes are those of tA@ formula I11: [err] where r is a
ving a value of 1 to 5. Useful amines also include alicyclic

.1 m daggdncteed HEATREAFNCR IHPUR| pBRaYAAEs the PR o FRAWP | V:
: cypically to form the friction increasing additives '
contemplated for use in this invention may be

derived from a monounsaturated carboxylic reactant

as outlined above in connection with the friction
modifier additives. ~

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

10 chloromaleic acid, chloromaleic anhydride, acrylic

acid, methacrylic acid, crotonic acid, hemic

anhydride, cinnamic acid, and lower alkyl (e.g., C,

to C, alkyl) acid esters of the foregoing, e.gq.,

methyl maleate, ethyl fumarate, methyl fumarate,

15 etc. :

Maleic anhydride or a derivative thereof is

preferred as it does not homopolymerize appreciably,

put attaches onto the branched hydrocarbyl group to

T give two carboxylic acid functionalities. 1In

3 20 addition to unsaturated carboxylic acid materials

Fo described, the linking group may comprise the

1 ' residue of a functionalized aromatic compound, such’
as a phenol or a benzene sulfonic acid, as described
above in connection with the friction modifier

25 additives. '

In such cases, the friction increasing
additives may be prepared, for example, by a
conventional Mannich Base condensation of aldehyde,

] (€@.Q+, formaldehyde), polar group precursor {e.g.

£ 30 alkylene.polyamine) and branched hydrocarbyl group
' - substituted phenol as dé&scribed above in connection
with the friction modifier additives contemplated
for use herein.

Sulfur-containing Mannich condensates also may
ﬂ%lr 35 be used. Generally, the condensates useful in this
invention are those made from a phenol having a
branched hydrocarbyl Substituent of about 14 to
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wherein p[err] and p errL are the sane or different and each is apg
c

of from lw®shrasnd is Shaet Hag eplagsdl n[err] are the same et

each is an integer fro 11 rcial mxtures of am ne coﬁ%ﬁ
advant ageously be used q § one process for preparing al ky
am nes involves the reaction of an al kylene dihalide (such as ethyl
dichl oride or propylene dichloride) wthZbhponia, which results in &
conpl ex mixture of al kyl ene,_am nes wherein pairs qQf nitrogens are jo
al kyl ene gr oupsabee¥ np hgc3ERRNCBRPBENIECEE FYRUFAETe (33 aFP rbout
triethyl enetetragi 8grbbht a8ehby| evgphealay mhemed corrdersores N

piperazines. Low gost pol ¥(ehiyheRGAT BY) ~U[PRUNES SYAIAGLRY about
aldehyde and an amino compound.

5 These Mannich condensates may be prepared in

- +he manner discussed above in connection with the

friction reducing additives contemplated for use
herein. ' | )
The polar grdup of the friction increasing
10 additives prefefably comprises the residue of an
amine compound, i.e. polar group precursor,
containing at 1east'2, typically 2 to 60, and 5
preferably 2 to 40 total carbon atoms, and at least .
2, typically 2 to 15, and preferably 2 to 9 nitrogen %

15 atoms, with at least one nitrogen atom being present
in a primary or secondary amine group. The amine
compounds may be hydrocarbyl amines or may be
hydrocarbyl amines including other groups, e.g.,
hydroxy groups, alkoxy groups, amide groups, nitrile

20 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.

25 Useful amines include those described above in
connection with the friction reducers contemplated

for use herein.
In accordance with one aspect of the invention,
the branched hydrocarbylhgroup precursor (e.g., 450
30 M, polyisobutylene) may be reacted with-or grafted “to
the linking group precuf¥sor (e.g. monounsaturated
carboxylic reactant),'preferably in solution in a
diluent oil.
Typically, from about 0.7 to about 4.0 (e.qg.,
35 0.8 to 2.6), preferably from about 1.0 to about 2.0,
and most preferably from about 1.1 to about 1.7
moles of said monounsaturated carboxylic reactant
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en at ons per.r Iecule are avai | abl e commercially under trade nanes

Pol g’zﬂ},@e o Th 4. “Dow Pol yani ne E- 1(RFTUE#E4Ssef yl
| @8 9 ude pof olyan1nes such as those having the
V: NH err]-alk ene)[err] NH err], (V) wherein m

val ue of at |east 3 and "al kyl ene" represents a |linear or branched
‘Cerr] to err], preferably err]2o. Jerr] al kyl ene radical; or
ormula VI: Rerr]-(alkylene -(Oal kylene)[err]- NHerr])[err],

EY wherein R gre] chargegokpyshenteastemmar make @f Horarahedal having up

5 0 carbon atgﬂﬁ 88 rb ¢ @gaﬁprpggcage&ﬁjtuents on the R err] group IS
1iesented by © Vaogﬁaﬁﬁy not aiihlfsﬁk ‘H“§}oé§r£§f”§§o£8 '
3 precursor reacts with the monounsaturated carboxylic
5 reactant and the reaction mixture will contain
unreacted hydrocarbyl matexrial. The unreacted
hydrocarbyl material is typically not removed from
the reaction mixture (because such removal is
difficult and would be commercially infeasible) and
10 the product mixture, stripped of any monounsaturated
carboxylic reactant is employed for further reaction
with the polar group precursor as described
hereinafter to make the friction .increaser.
characterization of the average number of moles
15 of monounsaturated carboxylic reactant which have
reacted per mole of hydrocarbyl material changed to
the reaction (whether it has undergone reaction or
not) is defined herein as functionality. sSaid
functionality is based upon (i) determination of the
20 saponification number of the resulting product
mixture using potassium hydroxide; and (ii) the
number average molecular weight of the polymer
charged, using techniques well known in the art.
Functionality is defined solely with reference to
25 the resulting product mixture. Although the amount
of the reacted hydrocarbyl material contained in the
resulting product mixture can be subsequently
modified, i.e., increased or decreased by techniques
£ ] known in the art, such modifications do not alter
E J0 functionality as defined above.
Typically, the funétionality of the branched
¢ 2 hydrocarbyl substituted mono- and dicarboxylic acid
3 material is at least about 0.5, preferably at least
about 0.8, and most preferably at least about 0.9
¥ 35 and will vary typically from about 0.5 to about 2.8
;2 (e.g., 0.6 to 2), preferably from about 0.8 to about
g 1.4 and most preferably from about 0.9 to about 1l.3.
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wherein m has a value

&ﬁﬁail and mhereln "al kyl ene" represents a

| i near Wodsnamhe’ﬂh err] preferably Cerr] tor/Gfewid)sdal kyl ene
radi cal. The polyo ‘ ami nes of formulas (V) or (VI) above,
preferably polyoxy I es. and pol yoxyal kyl ene triani nes, may have

aver age nol ecul ar melghts rangi ng from about 200 to about 4000 and
preferably from about 400 to about 200022 The preferred pol yoxyal kyl ene
pol yam nes include the pol yoxyet hyl ene and pol yoxypropyl ene pol yani nes. The
polyoxyalkylene poinheribranched hedrecardily madtabt ecamdbany be obt ai ned,

for exanpl e,
"Jef f am nes

il L sl e i R S L

rade nane
group may

be joined to Dife 3 |VﬁlFlﬁ§YgP§uﬂthPé§gh TP e fxamplek dfee vvhen the |inking
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hydrocarby} reactant can be first halogenated, e.g.,
chlorinated or brominated, to about 1 to 8 wt. %
preferably 3 to 7 wt. % chlorine, or bromine, based
on the weight of hydrocarbyl reactant, by passing
the chlorine or bromine through the hydrocarbyl
reactant at a temperature of 60° to 150° cC., _
preferably 110° to 160°C., e.g. 120°C., for about

0.5 to 10, preferably 1 to 7 hours. The halogenated
hydrocarbyl reactant may then be reacted with
sufficient monounsaturated carboxylic reactant at
100° to 150°C., usually about 180° to 235°C., for
about 0.5 to 10, e.g. 3 to 8 hours, so the product
obtained will contain the desired number of moles of
the monounsaturated carboxylic reactant per mole of
the halogenated hydrocarbyl reactant. Processes of
this general type are taught in U.S. Patents
3,087,436; 3,172,892; 3,272,746 and others.
Alternmatively, the hydrocarbyl reactant and the
monounsaturated carboxylic reactant may be mixed and
heated while adding chlorine to the hot material.

Processes of this type are disclosed in U.S. Patents

3,215,707; 3,231,587; 3,912,764; 4,110,349;
4,234,435; and in U.K. 1,440,219.

Alternatively, the hydrocarbyl group may be
grafted onto the monounsaturated carboxylic reactant
using free radical initiators such as peroxides and
hydroperoxides, preferably those which have a
boiling point greater thaﬁiabout 100°C. and which
decompose thermally within the grafting temperature
range to provide said free radicals. Representative
of these free-radical initiators are
azobutyronitrile, 2,5-dimethyl-hex-3-yne-2,5-bis-
tertiary-butyl peroxide (sold as Lupersol 130) or
its hexane analogue, ditertiary butyl peroxide and
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fs a carboxyI| aC|d or anhy e. T0 11 incorporate polar groups

ai\HasBeeBR hydroxyl group and al |l BETAURRHIE4 ogen

30118 |n %ﬁ% polar gr tlary nitrogen atons. Pol ar groups of
his type are represe VIl: [err] wherein n has a val ue of
romlto 10, Rand R are r] to Cerr] alkyl, and R' and R""'
to Cerr] alkyl. Forn1ng the FRe3.ction Reducers I n accordance
i th one aspect of the invention, the friction reducing additives may be

dicumyl peroxide. The initiator is generally used
at a level of between about 0.005% and about 1%,
pased on the total weight of the reaction mixture,
and at a temperature of about 25° to 220°C.,
preferably 150°-200°C.

The unsaturated carboxylic acid material,
preferably maleic anhydride, generally will be used
in an amount ranging from about 0.05% to about 10%,
preferably 0.1 to 2.0%, based on weight of the
reaction mixture. The carboxylic acid material and
free radical initiator generally are used in a
weight percent ratio range of 3.0:1 to 30.1;
preferably 1.0:1 to 6.0:1.

The initiator grafting preferably is carried
out in an inert atmosphere, such as that obtained by
nitrogen blanketing. While the grafting can be
carried out in the presence of air, the yield of the
desired grafted product is generally thereby
decreased as compared to grafting under an inert
atmoephere substantially free of oxygen. The
grafting time usually will range from about 0.05 to
12 hours, preferably from about 0.1 to 6 hours, more

preferably 0.5 to 3 hours. The graft reaction

usually will be carried out to at least
approximately 4 times, preferably at least about 6
times the half life of the free-radical initiator at
the reaction temperature employed, e.g. with-2,5-
dimethyl-hex-3~yne-2,5-~bis(t~butyl peroxide) 2 hours
at 160°C. and one hour 170°C., etc.

In the grafting process, usually the
hydrocarbyl material to be grafted, is dissolved in
the liquid synthetic oil (normally liquid at about
21°C.) by heating to form a solution and thereafter
the unsaturated carboxylic acid material and
initiator are added with agitation, although they
could have been added prior to heating. .When the
reaction is complete, the excess acid may be
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reacting a |l ong chai car, yidc acid or anyhydride with a polar

group preguy ssAr400pr ef e Qmas&e en-cont ai ni ng pol ar gr opET/PSREHSOr
such as tetraethyleﬁﬁﬂs |ethylene triamne, to formthe
r

corresponding long i am de. Representative exanpl es of
suitable long chain i boxyllc acid reactants include, for exanple,
nonanoi ¢ (pel argoni c); decanoic (caprlc)24undecan0|c dodecanoic (lauric);
tridecanoi c; tetradecanoic (myristic); pentadecanoic; hexadecanoic

(pal mitic); heprheiratrd Preflatnert $efaBEEdRei €-Fovedite)ogqn sostearic);

nonadecanoi C; eSS £ (ﬁf@ﬁé‘tﬁb:@i  afipCe88B6kY 11 ARAIC naldiilzAC0SaN0I C

(L fmoserl O NERaE OB Chiod 8 LS pELRCSREGLTHTIINY Qindy | acont anol

For example, maleic anhydride is kept below about 1
5 wt. %, preferably below 0.4 wt. % or less, of free
maleic anhydride based on the total weight of
solution. Continuous or periodic addition of the
carboxylid acid material along with an appropriate
portion of initiator, during the course of the
10 reaction, can be utilized to maintain the carboxylic
acid below its solubility limits, while still
obtaining the desired degree of total grafting.
The reaction product of the branched
hydrocarbyl group precursor and the linking group
15 precursor may be further reacted with a polar group
precursor (e.g., alkylene polyamine) without
isolating the reaction product from the diluent oil
and without any prior treatment. In the
alternative, the reaction product may be
20 concentrated or diluted further by the addition of
mineral oil of lubricating viscosity to facilitate
the reaction with the polar group precursor.
' The branched hydrocarbyl-substituted linking
agent reaction product in solution in the synthetic
25 o0il, e.g., polymeric hydrocarbon or alkylbenzene,
typically at a concentration of about 5 to 50 wt. &,
preferably 10 to 30 wt. % reaction product, can be
readily reacted with a polar group precursor, i.e.,
amine compound by heating at a temperature of from
30 about 100°C. to 250°C., preferably from 120° to
230°C., for from about 0%5 to lo'hours, usually
about 1 to about 6 hours. The heating is preferably
carried out to favor formation of imides and amides.
Reaction ratios can vary considerably, depending
35 upon the reactions, amounts of excess, type of bonds
formed, etc.
Typically, the polar group precursor amine
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g%%ecen0|c pent adecenoi c; hexadécenoic hept adecenoi ¢; oct adecenoi ¢
Pc17g§p414184
€. g Sbﬂrﬁwwoseﬁb$%mﬂﬁst%mbﬁﬁndlc 12- hydr oxysteari c;

|C|nole|§# and m xtur ' so included anong the suitable
arboxylic acid reacta
I ni [ erred |

ai.n anhydri des such as octadecenyl
bucci ni ¢ anhydri de. The pre ong'ch%in carboxylic acid reactants are
bl ei c acid, stearic acid, isotearic acid, ptadecenyl succi ni ¢ anhydri de,

b oL oS X s Sl SR AL PR B L aMe
8:5) . g, preferably 0.5 to 5 wt. %, based on the weight of

the hydrocarbyl-substituted linking group. The

amine compound is preferably used in an amount that
5 neutralizés the acid moieties by formation of

amides, imides or salts.

Preferably the amount of amine compound used is
such that there is 1 to 2 moles of amine reacted per
equivalent mole of carboxylic acid. For example,

10 with a polyisobutylene polymer of 450 number average
molecular weight (M,) grafted with an average of 1
maleic anhydride group per molecule, preferably
about 1 to 2 molecules of amine compound is used pexr
molecule of grafted polyisobutylene polymer.

15 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
increasing properties.

20 In a preferred aspect, the friction increasing
chemical additives usable in this invention comprise
those friction increasing additives prepared in
accordance with copending application Ser.

No. , filed on - ', and entitled "OIL

25 SOLUBLE FRICTION INCREASING ADDITIVES FOR POWER
TRANSMISSION FLUIDS (PTF-054A)", said application
being incorporated herein by reference.

Compositions

30 A minor amount, e.g., 0.01 up to about 50 wt.

" " g, preferably 0.1 to 19 wt. %, and more preferably
0.5 to 5 wt. %, of a combination of at least one
friction reducing chemical additive and at least one

e
5
=4

other additive selected from non-friction reducing
35 chemical additives and friction increasing chemical

additives can be incorporated into a major amount of

an oleaginous material, such as a lubricating oil,

EEN
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'Typically, ffon1 0 about 0. 5 preferably fromabout 3 to about 1,

and nost WO SYERADbI aémmk la dto about 1 noles of sai BCEHEMIAPEL ¢ aci d
‘reactant are charg .per nole of primary nitrogen contai ned
in the polar group “ Iong chain |inear carboxylic acid
reactant may be rea ed with a olar group precursor, i.e. am ne

conmpound, by heatlng at a tenperature o#6from about 100[err]C. to 250C.,

preferably from 120[err] to 230[err for riod of  f about 0.5 to
10 hours, usudi9Be upqn, me‘% QRIS ﬁPfR-@-F-HQt lf\}Eil?{‘ea]he pol yam ne
pol ar QFOUDIﬂ%md&udﬁgﬂﬁthduiﬁiw§1adn&énm&aaed a imher pedabyresubstit ut ed

Ao e COTP LN, %f RS A edFALE 2581 0L, VRBAL£D:ERRHRNS N e

reducer addltlve and/or friction increasing additive
S 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 and/or friction
increasing additive typically will be from about

10 1:99 to 99:1, and preferably from about 1:10 to
10:1.

When used in lubricating oil compositionms,
e.g., automatic transmission formulations, etc. the
final combined concentration of the friction

15 reducing additive, and the non-friction reducing
and/or friction increasing 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

20 which the combination of additives of this invention
can be 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

_ 25 monocarboxylic acids, polyglycols, dicarboxylic
acids and alcohols; polyolefin oils, eté.

The combination of the friction reducing
additive, and the non-friction reducing and/or
friction increasing additive may be utilized in a

30 concentrate form, e.g., in a minor amount from about
0.1 wt. % up to about 50“wt. %, preferably 5 to 25
wt. %, in a major amount of oil, e.g. said synthetic
lubricating oil with or without additional mineral
lubricating oil.

35 | The above oil compositions may contain other
conventional additives, such as ashless dispersants,
for example the reaction product of polyisobutylene
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it her aspect ©Of the invention, the friction reducing additive may -
se g oMoy . aficknad B R@BEedt Ypes of friction red RIHE 4 ves

callﬁgaould'be sel ' ounds having the formula (M 11) or
X), and mi xtures th*ﬂ“ﬂ[ l [11) and (I X) are: [err] Rerr] is H
r CHerr]; Rerr] is ™ ] saturated or unsaturated, substituted

r unsubstituted, aliphatic hyrocarbyl r&dical, preferably err]-Jerr],

pst preferably Cerr]-Cerr]; Rerr] is a straight or, branched chain

[err]-Clerr] a$ﬁ9¢éﬂécr%Bhﬁ@?}dﬁrﬁ+£haBP}YEF€MHQR3§§%ﬂ%5[ﬂ@w%]?querr]

nd Rerr] are {fdgpepegensy whechapBaétion product may be borated;
antiwear agents such as zinc dialkyl .
dithiophosphates; viscosity index improvers such as

s polyisobutylene, polymethacrylates, copolymers of
vinyl acetate and alkyl fumarates, copolymers of
methacrylates with amino methacrylates; corrosion
inhibiﬁors; oxidation inhibitors; friction
modifiers; metal detergents such as overbased

10 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
jllustrate the present invention.

15

Preparative Examples

.-57 . EXAMPLES 1-3 (Preparation of Friction Reducers)

The amount of carboxylic acid (or anhydride)
20 indicated in Table 1 was placed in a round bottom
flask equipped with a stirrer, Dean Stark trap,
condenser and nitrogen sparger. The acid (or
anhydride) was heated to 180° C. +/- 10° C. and the
indicated amount of tetraethylene pentamine (TEPA)
25 was added through a dropping'funnel over a 1 to 2
hour period with a constant nitrogen sparge.
Evolved water was collected in the Dean Stark Trap.
After water evolution ceased, the mixture was cooled
and filtered to give the desired friction reducing
30 additive product.

35
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different, straight or branched chain err]-Cerr] al kylene radical,

preferably GVersi743p er This Sheftélas BeenRelaced  and Rl err] are i ndepeCmiussdliyisd or
CH err]; Rerr] is a st “ ) hed chain Cerr]-Cerr] alkyl ene
y 1, and

radical, preferably . Cer H s oxygen or sulfur, preferably
oxygen; mis 0 or 1, prefera nis an integer, independently
REPLACEMVENT SHEET 19 DEC 1996 14 1-4, preféBably 1. In a particularly
preferred enbodinent, this type of friction reducing additive is

characterized by formula (M11) where X réf¥esents oxygen, Rlerr] and

EX.NO. | HYDROCARBYL AMINE RATIO PRODUCT
PORTION ACIO:AMINE
5 1 Oleic acid TEPA 3.1:1 Mg, -
282g (1.0m) 73g (0.39m) 8.6% N
2 Isostearic TEPA 3.1 351g,
Acid 73g (0.3%m) 8.4% N
248g (1.0m) .
3 OsA! TEPA 2.0:1 222.5g,
175g (0.25m) 47.3g (6.25m) 4.0% N
' octadecenyl succinic anhydride; octadecenyt is linear hydrocarby
10
EXAMPLE 4 (Preparation of Friction Increasers)
15 Part A

Polyisobutenyl succinic anhydride (PIBSA)
having a succinic anhydride (SA) to polyisobutylene
(PIB) ratio (SA:PIB), i.e., functionality, of about

20 1, was prepared by gradually heating a mixture of
170 kg (280 1lbs.) of PIB having a number average
molecular weight (Mn) of 450 with approximately 27.7
kg (61 1lbs.) of maleic anhydride to a temperature of
approximately 120°C. Chlorine gas was then bubbled

25 through the mixture at approximately 2.7 kg (6 1lbs.)
per hour. The reaction mixture was then heated to
approximately 160 - 170°C. and was maintained at
that temperature until a total of approximately 22.9
kg (50.5 1lbs.) of chlorine was added. The reaction

30 mixture was then heated to approximately 220°C. and
sparged with nitrogen to remove unreacted maleic
anhydride. The.resulting polyisobutenyl succinic
anhydride had an ASTM Saponification Number (SAP) of
176, which calculates to a SA to PIB ratio of 1.14

35 based upon the starting PIB.

Part B )
The PIBSA product was aminated by charging to a
reactor approximately. 36.3 kg (80 1lbs.) of the
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e;r] contain conblned t ta ‘x&4 carbon atons, R[err] Pﬁﬂbgﬁiﬁéiia

[err] al%¥gP é’l’l?a“gFactm&heet d Rlerr] represent Clerr]
adi cal's, Rlerr] and rogens mis 1, and each n is 1.

eferred am ne conp conbined total of fromabout 18 to
pout 34 car bon at ons. Preparatlon of tthanine conmpounds, when X i s oxygen
d mis 1, is; for exanple, by a mul ti - ep process where an al kanol is

rst reacted, £ at a t u turated nitrile
ch as acryl OI’]I'[I’IPP E&;ot %orm an e hgr6 k2 F'swl ?’ mgdraﬁ‘fl"’:tJ The
ter nedi at e | SUMRIEFAN AR ot IB?%Y%‘FFH%P?Q ﬁmﬁ-ﬁ’@ phdsihsasfa g

Ebnvent i onal hygi-agerate ®p &pg@éryfrlenéusxhlﬁésphebragmn@ Ao Fangey
:ckel to forn;an et her am ne

i kyl-ene oxi de, s'th"rFQ%e’btﬁ?ﬁ/‘f éﬁ%l%‘i&h%t Pﬁ%“gﬁeggﬁs kghe(r}o_r,eza(j_tbesd. )Wi th an

a% 5 of a solvent 150 neutral oil (Exxon S150N); and 5.5
28 ~ grams of a 50% mixture of 3 silicone-based

RS

antifoamant in a hydrocarbon solvent. The mixture
was heated to 150°C., and a nitrogen sparge started .
to drive .off water. The mixture was maintained at

10 150°C. for 2 hours when no further water was
evolving. The product was cooled and drained from
the reactor to give the final friction'increasing
additive product (PIBSA-PAM) having a PIBSA to PAM
ratio (PIBSA:PAM) of about 2.2:1.

15 ;
EXAMPLES 5-8 (Friction Tests)

Standard automatic transmission fluids (ATF's)
were prepared for testing the friction
characteristics of various combinations of the

20 reaction products formed in EXAMPLES 1-4. The
k- fluids were prepared by blending reaction products
indicated in TABLE 2 into an additive concentrate,
5 and then dissolving the concentrate into a mineral
gf' oil base fluid (Exxon FN 1391) to give the required
g 25 concentration of additives. The basic test blend
g ' contained a borated ashless dispersant, a phosphite
:{ = anti-wear agent, an alkylated diphenylamine
; antioxidant, a dimethyl silicone antifoamant and a
polymethacrylate viscosity modifier. To aliquot'
30 portions of the base fluid there were added the
indicated amount of the: friction reducing additive
product of EXAMPLE 2 and the friction increasing
additive product of EXAMPLE 4 (the "CONTROL"” did not
contain any of said reaction products).

I.l:ﬁi_} KYTIP
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presence of an al kaline catalet by a conventional nethod at a tenperature
in the ran ﬁl?iﬂom 90- 150[err]C. Another nethod of prepapchgsddisiigs ne
conmpounds, is oxygen and mis 1, is to react a fatty acid with

ammoni a or an al kanol am ne, such as ethanolanine-—LQ_LQLﬂLQD_ljﬂéﬁﬂFdiate
which can be further alkoxylated by reaction with an al kyl ene oxi such
as et hyl ene oxide or propylene oxide. A paocess of eet enmepgéegcussed
in, for exanple, U S. Patent Nunber 4,201,684, the d ,ﬁrm

i ncorporated herein by reference. Wien X is sul fur

ichis
a anlne
friction reducing additives cantameRormed, for exanple, by e ng

conventional free radical reaction between a |ong chain al pha- olefln mﬁth a

5 TJEST FLUID EX.2 (Friction EX.4 (Fricton
Reducer), W% increaser), Wt.%

5 (CONTROL) NONE NONE
8 NONE ™1.5%
(COMPARATIVE)

7 0.5% NONE

10 (COMPARATIVE) _
8 0.5% 1.5%

}
3
i
;

The four fluids were tested using an SAE No. 2
15 Friction Test Machine run to 4,000 engagement cycles
using the test specified by Ford Motor Company in
the MERCON specification dated May 1987, Section
3.8. The static friction coefficient achieved
during the test procedure is illustrated in Figure
20 1. The static friction coefficient was chosen as
the coefficient to be tested since it is the most
sensitive to friction modifier effects. "The limits
for static friction coefficient in this test are
specifie& by Ford to be greater than 0.10, but less
25 than 0.15. _ )
_As shown in Figure 1, the test fluid of Example:
5 (CONTROL) gave an intermediate level for static
friction coefficient of about 0.15, essentially
failing the Ford limits. The level of the static
30 friction coefficient was raised by the addition of
friction increaser (COMPARATIVE) Example 6 to about
0.17. Thus COMPARATIVE Example 6 failed the Ford
limits by a wide margin. The test fluid containing
a friction reducer and no friction increaser
35 (COMPARATIVE Example 7) gave a static friction
coefficient of about 0.095, again failing the Ford
limits. The test fluid of Example 8, which
contained both a friction reducer and a friction
increaser gave a static friction coefficient of
40 about 0.13, which is exactly in the center of tpe_
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e’ 1ROP

~oxyal kyl mercaptan, such as beta-hydroxyethyl mercaptan, to produce
ftdsyl hydroxyal kyl sul fide. The | ong chain al KBET/HSs4/14384al kyl
. en mxed with thionyl chloride at a | ow tenperature and then
d to about 40[err]Cto forma |long chain al kyl chloroal kyl sulfide.
ong chain al kyl chloroal kyl sulfide is then caused to react with a

B kanol ami ne, such as diethanol ami ne, 3and,, if desired, with an al kyl ene

gle, such as ethylene oxide, inth

t enper at Lnrieni?‘ealFa’i%[%??]QYt?PW% m FHeC8BsPAER B F8Tbrigsihds!
>esses of t
le, U S.

presence of an_al kal i ne_ catal yst and

gl;i?xfdp'ﬁ et kittpawcest t Abuhdt ofinBxamplei SCladsesl wayg f or
tt?e enrt]éstlz\l u@%lé 9% s 6BCthe absolute value of
the static friction coefficient over the length of
the run. In other words, the friction durability of
the test fluid of Example 8 was superior to the
friction durability of the CONTROL and the
COMPARATIVE test fluids of Examples 6 and 7.
Accordingly, Examples 5-8 illustrate the improvement
+hat can be achieved by adding both a friction
reducer and a friction increaser to an otherwise
conventional ATF composition.

EXAMPLES 9-10 (Friction Tests)

The test procedure of Examples 5-8 was
repeated, except that the SAE No. 2 Friction Test
Machine was run until the fluids no longer met the
Ford requirements or for 15,000 engagement cycles,
whichever came first, using the test specified by
Ford Motor Company in the revised MERCON
gpecification dated September 1, 1992, Section 3.8.
In Examples 9 (COMPARATIVE) and 10 the friction.
reducer was an ethoxylated amine having the formula
C,4H52~O~CE,CH,CH,N(CH,CH;0H),. In Example 9 |
(COMPARATIVE), there were no friction increasing nor
non-friction reducing additives present in the test
fluid; whereas in Example 10, a diethoxylated butyl
amine was added as a non-friction reducing version
of the friction reducing additive of Example 9. The
amounts of the friction reducing and non-friction
reducing additives are shown in TABLE 3 as follows:

TABLE 3 [
d :
TEST FLUID FRICTION | NON- This Sheet Has Been R??lace
e W
REDUCER | REDUCER _
9 (COMPARATIVE) | 0.16% NONE
10 | 032% 0:40% §
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“disclosure of which is incorporated herein by reference. In cases when X is l
oxygen and mis 1, the present al koxylated amne friction H{ssare vell
known i WOt%$87480t and are described in, for exanple, U S. Bg?ﬁlﬁ? {\Iunbers
3,186, 946; 4, 170,560; 4,231, 883; 4,409,000; and 3,711, 406, the disclosures
of these patents being incorporated herein by reference. Exanpl es of
sui tabl e al koxyl ated am ne conpounds ing%ude, but are not limted to, the.
following: N, N-bis (2-hydroxyethyl) -n=tlodecyl am ne;
NN- bi s(2- hydroxyet hyl )-1-net hyl -tri decenyl am ne;
N,N—bis(2-hydroxye%$Q)- i | &AW coefficient achieved durin
N, N- bi s(2- hydr oxyet'hy )s-%gi%%ﬁcg{n% ne;coe ,lCl? g
N, N- bi s( 2- hydithey dest Juna dfecerpsifiared in Figure 2. As shown
N, N- bi s( 2- hydrigx silditle) -20] eHenad® f£luid which contained only a
5 friction reducing additive (COMPARATIVE Example 9)
met the Ford requirements fer only about 6,000
engagement cycles; whereas the test fluid containing
a combination of a friction reducing additive and a
non-friction reducing additive (Example 10) was well
10 within Ford’s specified range for static friction
coefficient even after 15,000 engagement cycles.

Clearly, the test fluid of Example 10 was . ‘!i?

characterized by a very much improved friction
durability relative to the fluid of COMPARATIVE

15 Example 9.

-
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: 2- hydroxyethyl) -stearyl am ne;

2- h&dﬁﬂ%ﬁ@thyl)-u am ne; PCT/US94/14184

-§§‘ thoxyethyl) n- dodec¥Laﬁkﬁe——ﬁrﬁFbT§"*
3]

ecyl am ne;

Replaced

L7 hydg xet hyl) 1-et hyl - OCt adecyl eet Has Been Replace

s( 2- hydroxyet fiyl ) - cocoani ne; N, N- biss( 2- hydroxy “!“a ‘Mﬁ)
Xyethyl)

s( 2- hydroxyethyl) n- dodecycl oxyet hyl am ne;
yl oxyet hyl| enasir®®; N, N- bi s( 2- hydr oxyet hyl ) - stearyloxyethylan1ne

s(2-hydroxyethyi)-dqﬁegg{&@&og%hxksgbggng the friction

' durability of an oleaginous composition, which
compromises:

adding to a major portion of an oil of

lubricating viscosity a friction durability
improving effective amount of an oil soluble
combination of chemical additives comprising (a) a
first chemical additive comprising a polar head
group and a friction reducing substituent group, and
(b) at least one ogher chemical additive having the
game polar head group as said first chemical
additive but having a substituent group selected
from non-friction reducing substituent groups and

" friction increasing substituent groups.

2. The method of claim 1, wherein said
friction reducing substituent group comprises a
substantially linear hydrocarbyl group having at
least 10 carbon atoms.

3. The method of claim 1, wherein said non-~
friction reducing substituent group comprises a
hydrocarbyl group having fewer than 10 carbon atoms.

4. The method of claim 1, wherein said
friction increasing substituent group comprises a
branched chain hydrocarbyl group containing from
about 12 to about 50 total carbon atoms.

5. The method q? claim 4, wherein said
branched chain hydrocarbyl group has the formula

7 :
for d -3
1
R R,
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N, N- bi s( 2- hydr oxyet hyl ) - dodecyl t hi opr opyl am ne;

N, N- bi s( 2- WPR58Z8% hyl ) - hexadecyl oxypr opyl am ne; PCT/US94/14184

N, N- bi s(2- hydr oxyet hyl ) - hexadecyl t hi opr opyl am ne;

N 2- hydroxyet hyl , N[ N , N - bi s(2- hydroxyet hyl ) et hyl am ne] - oct adecyl an ne;
and N 2-hydroxyethyl, N[N, N -bi s(2-hydrox gt hyl ) et hyl am ne] -stearyl am ne.
The Non-friction Reducing and Friction Inctg€asing Additives The oil soluble

non-friction redugin ddj tsi.v ngd .t Re Qj5.S s frictjion increasing
additives corr esﬁ"ghecf%g%'ngir ar SaSt% gﬁeeéfbg% eq es%% Jéd%‘rg‘ls%ti on reduci ng
addi tives, exceptoptimnalde fsuhatigmtedveihy BoBsintesherdngup i s repl aced

with a substituenfeddyatRiddierr, i, NRL eas@srROr Nateponddhelyal agbfacbron,t he
I on, coer T e, HyddScd by £y S8 2EER L SuBItEd UL e REH
and/or friction 12 1Y YL, ©P Y
interfering heteroatoms; x is 1 to 17; and y is 0 to
10. -
6. The method of claim 1, wherein said polar
head group comprises a member selected from the
group consisting of groups having the following
formulas:
~-N(CH,CH,0H) ,,
-COOQH,

T L ——
| ;’g-OH, > Peii,

i This Sheet Has Been Replaced -

¥ .
JP-SH, | T
-HC C(0)0H - |

H,C-C(O)OH,
-H.C-C(0)
~
| o
7/
H,C-C(0),
-SH,
-802H' and
' -SO,E
wherein R represents a C, to C,, linear or branched
hydrocarbyl group and x represents an integer from 1

*

+o about 8. ~

7. The method of claim 1, wherein said
chemical additive h.aving a friction increasing
substituent group comprises an oil soluble friction
increasing reaction product comprising (i) an oil
soluble substituted -or unsubstituted, saturated or
T TIAS BEEN
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Py additi ves are added. Typically, for non-friction reducing
°t9H§ 49 §NOTESHeR Had BREREp14A Ocar byl substi t uent gP@'UHSm%W i's
i W

ri ct mgumMm Wdl ti ves woutd—be—reptaced—with a shorter -
% | i near or bran substi tue e’ havi ng a

' | ength of |ess car bon aton'g'“mmu Il%u“umg groups

as butyl, hexyl or octyl would be tgpical df those yd?ocarbyl groups -
woul d be present in the non-friction redu0|ng addi tives contenpl at ed

se in thi %nsatiﬂraﬁ@dantbmcua@rrammmrbpleganppesontac.he.mgcal

lves from about 12 to about 50 total carbon atoms, (ii) a
1inking group, and (iii) a nitrogen-containing polar
group; said polar group containing at .least one atom
selected from the group consisting of boron, oxygen
and sulfur atoms, and being\linked to said
hydrocarbyl group through said linking group.

8. The method of claim 1, wherein the
chemical additive (b) has a friction increasing
substituent group, wherein said chemical additive
(b) comprises a polyisobutylene succinimide, and
wherein the polyisobutylene moiety of said
polyisobutylene succinimide has a number average
molecular weight of from about 150 to about 700.

9. An oleaginous composition comprising a
major amount of an oil of lubricating viscosity and
an amount effective for controlling the friction
coefficients and the friction durébility of said
composition of an additive composition comprising
(a) a first chemical additive comprising a polar
head group and a friction reducing substituent
group, and (b) at least one other chemical additive
having the same polar head group as said first
chemical additive but having a substituent group
gselected from non-friction reducing substituent
groups and friction increasing substituent groups.

10. An additive concentrate for improving the

fkiction durability of &n oleaginous composition
which comprises (a) a first chemical additive
comprising a polar head group and a friction
reducing substituent group, and (b) at least one
other chemical additive having the same polar head
group as said first chemical additive but having a
B substituent group seldcted from non-friction
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whi'ch moulék 3 us gf as the non-friction reducing additive include, but
are not OP2d P8 di et hoxyl ated butyl ami ne, di et hoxyl at ed hBKYPSI14a84
hexanoi c tetraethyl ene pentam ne di am de and octanoic triethylene tetram ne
diam de. For the friction increasing additives, the long chain, |inear

hydr ocar byl substituent group A of fornUIq¥ woul d be repl aced by a
branched hydrocarbyl group typically contalhing fromabout 12 to about 50

carbon atons and-BaukRgdqasiB g0 er of . from about 150
to about 700. Inrpref ?ea e%ggghahtwgigﬂ%hegggh é¥ %Ch?%f ﬁi%@ﬂt of
t he hydr ocar byl ﬁFBﬁBLFHﬁBEngPﬁﬁﬁabout 350 to about 600 and nost
preferably from about 400 to about 500. Suitable br d _hydrocar byl

groups include al kyl, al kenyl, aryl, cycloal kyl grdanChﬁ‘—\"ﬁérerﬁ~—-\
. L

~
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@rom cont ai ni ng anal ogs thereof. As the case for the |inear_hy vl
PFoup A alotobr748Bove- descri bed friction reducing additi ves,PeﬁggﬁE@gé@hed
ydr ocar byl group of the fri ctiﬁn igcreasi ng additives nay contain one or
pDre hetero atons, e.g., nitrog n/ xygen, phosphorus, and sul fur.
Preferred hetero atons are sul fur and oxygen. In one preferred enbodi nent,
he hydrocarbyl group present in the friction increasing additives may be
epresented by the fornula X: [err] wherein R represents a |linear or
granched Cerr] to (Jerr] hydrocarbyl group, such as an al kyl, al kenyl.,
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cont ai ni
whi ch can be t
a linear or branch Cerr] to (err]
X represents an integer from1l to
t 17; and y represents zero or an integer of from1l to about 10; and
nunber of carbon atons in.the branched hydrocar byl
from about 25 to about 45, and
ferably from about 28 to about 36. A preferred branched hydrocar byl

preferably derived froman ol efin pol yner.
having 3 to

or cycloalkyl

R err] aq?

& : group or
e XL Rerr],

|ndependently represent™H

as defined above;

er ent ,
'ocarbyl

en1thetotm
§r om about 12 to about 50,

fiin pol yner

ut 12, preferably 3

;Edp I s branched al kenyl ,
car bon at ons,

rmycmmnsearmmmmymy of an ol efin nononer
or a copol ymner
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of olef in nonomers containing 2 to about 12, preferably 2 to 6, carbon

at.oms. Suitabl e copol ymers include random bIock and taper ¢p
prOV|ded t hat such copol ynmers possess a branched structure
nononers include, for exanple, ethylene, propyl ene, isobutyl

2-met hyl pentene, hexene, 2-ethyl hexene, ﬁnd di ol efi ns suthl
onopol yners or €o
branched. While selection of nononers suitable for preparifpg

and i soprene, provided that the resulting

RQENWSHEET

pent ene,

aéfbbEﬁdﬂﬂﬁe

bol ynmer are

branched

hormopol ynmers . or copDCRESSING THE mcrsggaamn: (SJI'I H@Mw,
FHRQPGH) JHE [ REETING ANDIWTV]

It is preferred to ¥JED§

WIFESopy!| ene,

for exanple, tetrapropyl ene, or fron1|sobutylene ‘for exanple

pol yi sobut yl ene giauifibvhd W &hel\ivgiee ddhecul ar wei ght of from

Field of the Invention

The present invention relates to a method of

and compositions for improving the friction
durability of power transmission fluids.

pescription of Related 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: (1) the absolute level of the
friction coefficients, i.e., static friction, p,, and
dynamic friction, u,, 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.

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 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
lncreaSLng the concentration of the friction

modifier usually will result in a lowering of the
absolute values of the friction coefficients to a
point where they are below the minimum values



about 150 to about 700, preferably from about 350 to about 600, and nost -

preferably from about 400 to about 500. The |inking group v“ﬂﬁ*‘*‘, = T
reacted with the 19 branched hydrocarbyl group and with [t ~ﬁcET
typically to formthe friction increasing additives contengl
this invention may be derived froma nonaunsaturated carboX
outlined above in connection with the friction nodifier addi

Exenpl ary of sggecimitdsst wind ek iopinok yéqeipneatanhnutae BT

I taconi ¢ aci d, JRCONL AUV A% ol Bhd £ A6E U3 s TBLEL G NdihdC,
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 conventiocnal 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 2,094,339; European Patent
Application Q,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,
etc. adducts. The polyisobutylene oligomers




chl oromal ei ¢ acid, chloronmal ei c anhydride, acrylic acid, net

crotonic acid, hen1c anhydri de, cinnam c acid, and | ower aIH&EPE&jﬂMﬁﬁrgﬂEET
Cerr] to C[err] al kyl) acid esters of the foregoing, e.g., {ndthyl nal eate,
ethyl fumarate, nmethyl fumarate, etc. Maleic anhydride or a {dqriYyQpEE1996
thereof is preferred as it does not honopol ynerize apprecialfl y, t
attaches onto the branched hydrocar byl grou to give two carboxytTT=acTd

functionalities: In adgitlon to.un aturgL 03€b I|c aC| natq_lals
described, the |iFRPREALFBUBORESIRORPPRSBPPRE A&si BT Zed
aromatic conpoundatemsh aBxamphendB of ahhenpamanaﬂdxsnknsesdreastlng

described above 2 S819PELhQRyVeh bE ik bl IR diiRa il L4y Sfork SUCh

cases, the fricti%n
- a polylsobutylene succinic anhydride which is useful

as a detergent, as an anti-wear agent, and as an
ihtermediate 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 combinaéion 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 methdds,
which would enable the formulation of oleaginous
compositions, including lubricating oils and power
transmission fluids, having specifically controlled
friction coefficients and improved friction
durability.

Ssummary of the Invention

In one embodiment, this invention relates to a
method of improving the friction durability of an
oleaginous.composition, which comprises: adding
to a major portion of an oil of lubricating
viscosity a friction durability improving effective
amount of an oil solubie combination of chemical
additives comprising (a) a first chemical additive
comprising a polar head group and a friction
reducing substituent group, and (b) at least one
other chemical additive having the same polar head
group as said first chemical additive but having a
substituent group selected from non-friction
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additives may be prepared, for exanple, by a conventional Mapnjch Base

condensati on of al dehyde, (e.q., formal dehyde), pol ar grou r EC Wl )
y (e.g yde), p g p 1196@?0%%9

al kyl ene pol yam ne) and branched hydrocarbyl group substitutpd}] phéen
descri bed above in connection with the friction nodifier additiwes

contenpl ated for use herein. Sulfur-contgining Manni ch condgnsates al so may

be used. CGenerally, the condensates useful in this invention are tirose

froma phenol Pg&gﬁeg?g Qﬁﬁéﬁﬂ@@eﬁi{dg%ﬁb&WanaUQ&Iﬂéﬁ%ﬁ Dicpboding4 to

20 about 50 carbon atons, nore typicCally, 25 to about 45 carbon afons.
Typi cal | y t hes8uRShRiENERE cITANES -

In another embodiment, this invention relates
to compositions which comprise a combination of at
least two c¢hemical additives having the same polar
head group, wherein at least one of the chemical
additives contains a friction modifying, i.e.,
friction reducing, substituent group, and at least
one other of the chemical additives contains either
a non-friction reducing substituent group or a
friction increasing substituent group.

Descrintion of the Drawings
Figure 1 is a graph illustrating the static

coefficient of friction versus the number of test
cycles using an SAE No. 2 Friction Test Machine run
to 4,000 engagement cycles using the test specified
by Ford Motor Company in the MERCON® specification;
and i

| Figure 2 is a graph similar to that of Figure
1, except that it illustratésla test run to 15,000
engagement cycles. '

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
composition, such as an automatic transmission
fluid, a friction reducing chemical additive and a
non-friction reducing chemical additive (or friction
increasing chemical additive) of the same chemical
species. For example, an ethoxylated C,, amine
friction reducer can be added to an automatic

E

W



made fron1forhaldehyde or a (Jerr] to (Jerr] aliphatic a WgﬂﬂﬂENanﬁﬁﬂ‘

am no conpound. These Manni ch condensates may be prepare FaRet
di scussed above in connection with the friction reducing]aglditives

contenpl ated for use herein. The polar group of the fric{ipn ihBEETog
additives preferably conprises the residue of an am ne c¢mpound, i.e. polaf
group precursor, containing at |east 2, §yp|cally 2 to 60, and preferably P

to 40 total carbon atons, and at ypically 2 Jé%_andwppehepabky
2 to 9rﬂtrogegrammmSSSMP%hféﬁlﬁeii?ngnglﬁ @éﬁﬁﬁﬁiﬁ FoARHR in a
primary or secongafyl@glaﬂ gé@uplnghaddmtuweconpnundanayﬂhauhydrocarbyI

am nes or may »2 hydrfcarb%%danéggﬁ hgcbigﬁﬁgaﬂﬁﬂf FOTTTe SN s hydr oxy
groups, al koxycaFees -+ roups
acid, can be added as a friction reducing additive

and a shorter chain carboxylic acid, such as
nexanoic acid, can be added as a non-friction
reducing additive; or a linear hydrocarbyl
substituted amide, such as the reaction product of
jsostearic acid and tetraethylene pentamine (TEPA)
can be added as a friction reducing additive, and a
branched chain hydrocarbyl substituted amide, such
as the reaction product of polyiscbutenyl succinic
acid and TEPA (wherein the polyisobutenyl moiety has
a number average molecular weight of about 450), can
be added as a friction increasing additive.

While not wishing to be bound to a particular
theory, it is believed that once in the fluid, the
two chemical additives compete substantially equally
for the surfaces which are contacted since they have
similar adsorption characteristics. 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 non-fricfion reducer
originally present in the fluid can come in contact
with the surfaces, thereby maintaining the friction
' coefficients at the desired levels. Since the
friction reducing chemical additive and the non-
friction reducing and/or friction increasing
chemical additives are'consumed at relatively equal
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groups, imdazole groups, norpholine groups or the Ilike. Eﬁﬁ;* PN ;i3Ef
conmpounds al so may contain 1 or nore boron or sul fur atong Jr g_-r surle
such atons do not interfere with the substantially polar hature and
function of the selected polyanm ne. Useful amines include}thogs BESAPbed
above in connection with the friction reducers contenpl ated{for use hereipn.
I n accordance with one aspect of the invéntion, the branchettrocaroyTr
group precursor (e.g., 450 Merr] polyisobutylene) may beireacted with_or
grafted to the datelsi,ndher cﬁ:p.cpa@cucgeﬁf(m:@nmrmﬁnsheurase'&rtmagboxyl ic

reactant), pref §Qhﬁt 0 Y, | Ly om about
0.7 to about 4%1"1?1& 361:.1'1 m @sb@n%;%i.;‘r#;[)&?/&é!r:%%ﬂ-aggﬁ? %Ll %oﬁ about
2.0, and nost @eé'ﬁﬂdgﬁfyuﬁeom’-aﬁout Pel igotill exhibit a

substantially improved friction durability relative
to fluids containing only a friction reducing

f’}
by el 8

chemical additive or a non-friction reducing -
additive or a friction increasing chemical additive.

The oil soluble friction reducing additives
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 head 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 groups which are contemplated
for use in the present invention vary widely and any
polar group which is conventionally present in a
friction reducing additive may be employed. .
Typically, however, the polar head groups present in
the friction reducing (and in the non-friction
reducing and friction increasing) additives
contemplated for use in this invention include, for
example, polar head groups having the following
moieties: o



nol es of said nonounsaturated carboxylic reactant 21 are charged to the
reactor per nole of branche hydrocarbyl group precursor. Nornally, not al

of the hydrocarbyl group precursor reacts with the nonounsghup T L
carboxylic reactant and the reaction mxture will contain B EAEEMEHT SHEET

hydrocarbyl material. The unreacted hydrocarbyl material i ypi cal |l y not
renoved fromthe reaction mixture (because such renoval is|dyf % DEC BHE
woul d be commercially infeasible) and the product m xture, s{iri pped of any}
monounsat ur at ed carboxylic reactqCE,CE,@®pl,oyed for furthef reaction with
t he pol ar group precursor as dg@@bhged '

-CONEH, ,
-CONH- (CH,CH,NH),C(O)R,
>P(0)OH, —P(O)H,
~P(OR),, .
SP(S)SH
-B C-C(0)0H
H,C-C(O)OHE,
-B C-C(0)
| o
H,C-C(0),
-SH,
-S0,E, and
-SO,H
wherein R represents a C; to C,, linear or branched
hydrocarbyl group and x represents an integer of
from 1 to about 8.

As indicated above, the polar head group may
vary widely. However, in preferred aspects of the
invention,the polar head group typically comprises
the residue of an amine compound, i.e., polar group
precursor, containing at least 2, 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
nitrbgen 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 be hydrocarbyl amines including other
groups, e.g., hydroxy groups, alkoxy groups, amide
gréups, nitrile groups, imidazole groups, morpholine
groups or the like. The amine compounds alsoc 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.

Useful amines include those of the formulas I




AEIRT FE B 1]
hereinafter to nake the friction increaser. Characterizatioi&mLAGEkéﬂ r§5£ET
nunmber of nol es of nonounsaturated carboxylic reactant which

have reacted

per nmol e of hydrocarbyl material changed to the reaction (whetlhar HECHIPS

undergone reaction or not) is defined herein as functional
functionality is based upon (i) determ nagion of the saponi]
of the resulting product m xture using potassi um hydr oxi de;

yl Said

| CatT o ITumher
and (ii) the

nunber average nol ecyi@fyyehpihesl 1hBEuRE! LHBELCHF ¢5@
wel | known in the art. Functionality is defined solely wth

AT FSOPNI GUES

reference to

the resulting p*Bdutt: mi xture. Al though the anount of the reacted

hydr ocar byl nmateri al contalned in the resulting product m xt

ure can be

subsequently nodified, i.e., lf%?ed or decreased by techniHHFs known in
0

the art, such nndlflcatlons do n al ter

R‘-N-(CH,) N(CH,)—}—N—R‘ .
RS R’ t R

(IT)

wherein R*, R®, R® and R’ are independently selected
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

comprise a moiety of the formula:

1
—E(CH,).. N o8

RS

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
with the proviso that the sum of t and t’ is
greater than 15.

Non-limiting examples of suitable amine
compounds include: 1,2-diaminoethane, 1l,6-
diaminohexane; polyethylene amines such as

0 to 7
not

tetraethylene pentagine; polypropylene amines such
as 1,2-propylene diamine; di-(1,2-propylene diamine;
di-(1,2-propylene)triamine; di-(1l,3-propylene)

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

hydroxyethyl)1l,3-propylene diamine; 3-dodecyloxy-
propylamine, N-dodecyl-1,3-propane diamine, etc.
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functionality as defined above. Typically, the functionalit)uﬂﬁfgégﬂéﬂljﬁﬁil

branched hydrocar byl substituted nono- and di carboxylic acig paterial is at
| east about 0.5, preferably at |east about 0.8, and nost pr¢f or At DE§t1996

| east about 0.9 and will vary typically fromabout 0.5 to aboyt 2.8 (e.q.,

0.6 to 2), preferably fromabout 0.8 to about 1.4 and nost preferably from
about 0.9 to about 1.3. 22 The branched9hydrocarbyl reactant _can he

reacted with the nmonounsaturated carboxylic reactant by a variety of
met hods. For exanpl e,Othar rguktaRke\amidgst ARclugde :hbantinast hal ogenat ed,

e.g., chlorinated ginbrgddaliesh 49 wDpyLahihepoplyl ) morpholine and
N-(2-aminoethyl) morpholine; substituted pyridines
such as 2-amino pyridine, 2-methylamino pyridine and
7-methylamino pyridine; and others such as 2=~ '
aminothiazole; 2-amino pyrimidine; 2-amino
penzothiazole; methyl-l-phenyl hydrazine and para-
morpholino aniline, etc. A preferred group of
aminomorpholines are those of the formula IXI:

o) N-(CH,).-NH, (III)

where r is a number having a value of 1 to 5.

Useful amines alsoc include alicyclic diamines,
imidazolines and N-aminoalkyl piperazines of the
formula IV:

EE NE-( CEH,) ,,L—' ™ }E (CE, )a—m}—

(IV)

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 from 1
to 3. _

Commercial mixtures of amine compounds may
advantageously pe'used. For example, one process
for preparing alkylene amines involves the reaction
of an alkylene dihalide (such as ethylene dichloride
or propylene dicﬂlorideT with ammonia, which results
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
corresponding piperazines. Low cost
poly(ethyleneamine) compounds averaging about 5 to 7



preferably 3 to 7 w. %chlorine, or brom ne, based on the—weight nf
hydrocar byl reactant, by passing the chlorine or brom ne t T
hydr ocar byl reactant at a tenperature of 60 to 150 C., pr
to 160[err]C., e.g. 120[err]C., for about 0.5 to 10, pref
hours. The hal ogenat ed hydrocar byl reactagP may then be r
sufficient nonounsaturated carboxylic reaClfant at 100[err% el
usual | y about 180[ e.g. 3to 8
hours, so the pro t{g rEt al ned%%gcloénﬁjfn tﬁé g‘e’gﬁ?'gbi%unﬂbe&—ef—mgs_aj__

t he nonounsat ur amnergiRbdy wndaladiaie RAReH| Sush Fﬁe"ﬁ&ﬂ-@'&&*&@ed

hydrocar byl reagiantxpdi: sguﬂ"tIn:&ngamslyaminaenaueovaughb |n uU. S
Patents 3, 087, 436 3,.17 92 272,746 Q b , the
hydrocar byl reactant UHREY eé'wgo%r%]ast%r%?g% Icig L% ct"a’\afl1 may be
m xed and polyamines such as those having the formula Vs
NH,-alkylene -(O:Elkylene). ﬂH,, (V)

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 the formula
VI:

R®~-(alkylene —(O-alkylene)— NH,),, (V1)

wherein R® is a polyvalent saturated hydrocarboﬁ
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 from-3 to 6,
wherein m’ has a value of at least 1; and wherein
"alkylene" represents a linear or branched chain C,
to C,, preferably C, to C, alkylene radical.

The polyoxyalkylene polyamines of formulas- (V)
or (VI) above, preferably polyoxyalkylene diamines
and polyoxyalkylene triamines, may have average
molecular weights rénging from about 200 to about
4000 and preferably from about 400 to about 2000.
The preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene polyamines.

The polyoxyalkylene polyamines are commexrcially
available and may be gbtained, for example, from the
Jeffersoh Chemical Company, Inc. under the trade
name "Jeffamines b-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 carboxylig acid or anhydride. To
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heated while adding chlorine to the hot material. Processes of
are disclosed in U S Patents 3,215,707, 3,231,587, 3,912, 764,
4,234,435; and in U K 1,440,219. Alternatively, the hydrocarb
be grafted onto the nobnounsaturated carboxylic reactant using
Initiators such as peroxides and hydroperoxi des, preferably t
have a boiling point greater than about 1@0[err]C. and which
thermally within the grafting tenperature range to provi de sai 0 free
radi cal s. Repr dnmarpdnesefpdlres gioups refli thlsi bypeat theyammst
azobutyronitril a0 -h et 1g§ﬁ--£gﬁ? bi I @l "@fﬁﬂ er oxi de
(sold as Luperslﬁve%?ﬁ)ﬁoérgai%%e ang{J ana (2)?313% Ji%?'t g?t_}tg%yyﬁ'uty ep?groxi de
and atoms in the polar group must beé tertiary nitrogen

. atoms. Polar groups of this type are represented by

formula VII:

b1 SH e E s

which

_ R R"‘
./ /
HO-C~(CH, ) =N, (VII)
. Rl R' r e

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

Forming the Friction Reducers

In accordance with one aspect of the invention,
the friction reducing additives may be prepared by
reacting a long chain linear carboxylic acid or
anyhydride 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.

Representative examples of suitable long chain
linear carboxylic acid'reactaﬁ;s include, for
example, nonanoic (pelargonic); decanoic (capric);
undecanoic; dodecanoic (lauric); tridecanoic;
tetradecanoic' (myristic); pentadecanoic;
hexadecanoic (palmitic); heptadecanoic (margaric);
octadecanoic (stearic), (isostearic); nonadecanoic;
eicosanoic (arachidic); docosanoic (behenic);
tetracosancic (lignoceric); hexacosanoic (cerotic); .
octacosanoic (monanic); triacontanoic (melissic);
nonenoic; docenoic; undecenoic; dodecenoic;
tridecenoic; pentadecenoic; hexadecencic;
heptadecehoic;_octadécenoic (e.g., oleic);
cicosenoic; tetracosenoic l2-hydroxystearic;



23 di cunyl peroxide. The initiator is generally used at
about 0.005% and about 1% based on the total weight of t

preferably
 ISDEST99Y v |
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m xture, and at a tenperature of about 25[err] to 220[err
150[ err]-200[err]C. The unsaturated carboxylic acid mater
nmal ei ¢ anhydride, generally will be used in an anount rarpi

m xt ure. The carboxylic acid material and free radi cal i
are used in a weightipelednt andimixwugesotharéof. toa&&cilnuxﬁdﬁdu y

rsher e cuch SSBRLEASOEALBEPEELEEBBIY1SE GRLH Patlladdl AUrd N1
long chain anhydrldes such as octadecenyl succinic
anhydride.

The preferred long chain carboxylic acid
reactants are oleic acid, stearic acid, isotearic
acid,'octadecenyl succinic anhydride, as well as
mixtures of stearic and isostearic acids (e.g., a
weight ratio of stearic to isostearic of from about
1: 0.8 to about 1: 9 preferably l: 5).

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
per mole of primary nitrogen contained in the polar
group precursor. The long chain linear carboxylic
acid reactant may be readily reacted with a polar
group precursor, i.e. amine compound, by heating at
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, the polyamine polar group may be
reacted with an aldehyde and a hydrocarbyl
substituted aromatic compound in a gonventional
manner to form Mannich condensates having friction

. reducing properties.

In another aspect of the invention, the
friction reducing additive may comprise an
alkoxylated amine. These types of friction reducing
additives typically would be selected from compounds
having the formula (VIII) or (IX), and mixtures
thereof, where (VIII) and (IX) are:




nitrogen bl anketing. Wiile the grafting can be carried out--in the presence
of air, the yield of the desired grafted product is generally thereby
decreased as conpared to grafting under an inert atnosp [

free of oxygen. The grafting tinme usually will range fr AMW‘
hours, preferably fromabout 0.1 to 6 hours, nore preferjagly 0.5 to 3
hours. The graft reaction usually will be garried out tg gt 188" """
approximately 4 times, preferably at |east about 6 times the half life of

the free-radical initiator at the reaction tenpeR¥ture enployed, e.g.
‘Wi th-2,5- di nmethyl -hex-3-yne-2,5-bis (t-butyl peéoxide) 2 hours at

160[ err] C. and one hour 170Lerr]C., etc. In the ;zafti ng process, usualiy_
the hydrocarbyl material td& be grafted, is di ss6RVEd=Fn the liquid
synthetic oil (nornally quuid at "about //5

"RY® - (X), - R -N | | (VIII)
(R?0) B
RI.S
and
R
R’ [(R'?0) B
R* - (X), - R - T -R7-N (IX)
(R¥0) . H - \(R"O),H
bk
where:

R’ is H or CEH,;

R is a C,~-C,, saturated or unsaturated, substituted
or unsubstituted, aliphatic hyrocarbyl radical,
preferably C,,-C,,, most preferably C,,~C,,;

R is a straight or branched chain C,~-C, alkylene
radical, preferably C,-C;;

R?, RY and R'® are independently the same or
different, straight or branched chain C,-C, alkylene
radical, preferably C,-C,;

RY, R!*, and R!" are independently H or CH,;

R} is a straight or branched chain C,-C, alkylene
radical, preferably C,-C,;

X is oxygen or sulfur, preferably oxygen; m is 0 or
1, preferably 1; and h is an integer, independently



21[err]C ) by heating to forma solution and thereafter the u EAGEQE%H‘SH
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carboxylic acid material and initiator are added with agitati
t hey coul d have been added prior to heating. Wen the reactiof s conpl et e,
the excess acid may be 24 elimnated by an inert gas purgel g.d49DEC1996
nitrogen sparging. Preferably any carboxylisc acid material thht |s added 1s
kept belowits solubility limt. For exanple, maleic anhydridp Fskept—
bel ow about 1 wl-4p greferaibly below 0.4 wt. %or less, of free maleic

anhydri de based on thg, tot X g%g fPQd EBB&&BHH S eriodic
addition of the carboxyll ﬁémg mattreﬁI b Irtlc') rb’
type of friction reducing addltlve ls characterlzed

by formula (VIII) where X represents oxygen, R’ and
R contain a combined total of 14 carbon atoms, R
represents a C, alkylene radical, R!? and R
represent C, alkylene radicals, R!* and R!* are
hydrogens, m is 1, and each n is 1. Preferred amine
compounds contain a combined total of from about 18
to about 34 carbon atoms. '

Preparation of the amine compounds, when X is
oxygen and m is 1, is, for example, by a multi-step
process where an alkanol is first reacted, in the
presence of a catalyst, with an unsaturated nitrile
such as acrylonitrile to form an ether nitrile
intermediate. The intermediate is then
hydrogenated, preferrably in the presence of a

conventional hydrogenation catalyst, such as
platinum black or Raney nickel, to form an ether
amine. The ether amine is then reacted with an
alkylene oxide, such as ethylene oxide, in the
presence of an alkaline catalyst by a conventional
method at a temperature. in the range of about 90°~
150°C.

Another method of preparing the amine
compounds, when X is oxygen and m is 1, is to react
a fatty acid with ammonia or an alkanol amine, such
as ethanolamine, to form an intermediate which can
be further élkoxylated by reaction with an alkylene
oxide; such as ethylene oxide or propylene oxide. A
process of this type is, discussed in, for example,
U.S. Patent Number 4,201,684, the disclosure of
which is incorporated herein by reference.

When X is sulfur and m is 1, the amine friction
reducing additives can be formed, for example, by
effecting a conventional free radical reaction
between a long chain glpha-olefin with a




portion of initiator,

obtai ning the desired degree of total

during the course of the reaction,
mai ntain the carboxylic acid belowits solubility limts,

grafting. The reaction pr

can be utilized to

whi | e
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branched hydrocar byl
further
Wi t hout
prior treatnent,
concentrated or

reacted wth a polar group precurig{
I sol ating the reaction product fr

kb o A, R Sl ot Sy ke R

group precursor and the linking group precyur
al kyl ene pol yamiBe)EC 1996

hout any

(e.g.,

the diluent oil and

or

t

may be

| ubricating vismescaptaa.faa progucet ife Lang t¢hamimi abkkyhe polar group
precursor. The ?&a I Qe e su@ﬂétggﬂgiéﬁgfhng ﬁg% reaction
in solutron i S ydr

g[ﬁgfﬁénzene, nydroxyalkyl %”H etgflglthengklxéh w1t£|ghl°nyocarbon o
chloride at a low temperature and then heated to
about 40°C to form a long chain alkyl chloroalkyl
sulfide. The long chain alkyl chloroalkyl sulfide
'is then caused to react with a dialkanolamine, such
as diethanolamine, and, if desired, with an alkylene
oxide, such as ethylene oxide, in the presence of an
alkaline catalyst'and at a temperature near 100°C to
form the desired amine compounds. Processes of this
type are known in the art and are discussed in, for
example, U.S. Patent Number 3,705,139, the
disclosure of which is incorporated herein by
reference.

In cases when X is oxygen and m is 1, the
present alkoxylated amine friction reducers are well
known in the art and are described in, for example,
U.S. Patent Numbers 3,186,946; 4,170,560; 4,231,883;
4,409,000; and 3,711,406, the disclosures of these
patents being incorporated herein by reference.

Examples of suitable alkoxylated amine
compounds include, but are not limited to, the
following:

N,N-bis(2-hydroxyethyl)-n-~dodecylamine;
N;N-bis(Z-hydroxyethyl)-l-methyl—tridecenyiamine;

N,N-bis (2-hydroxyethyl)-hexadecylamine;
N,N-bis(2-hydroxyethyl)-octadecylamine;
N,N-bis(2-hydroxyethyl)-=octadecenylamine;

N,N-bis (2-hydroxyethyl)-oleylamine;
N,N-bis{2-hydroxyethyl)-stearylamine;

N,N-bis (2-hydroxyethyl)-undecylamine;
N-(2-hydroxyethyl)-N-(hydroxyethoxyethyl)-n- .
dodecylamine; '
N,N-bis(2~hydroxyethylj-l-methyl-undecylamine;



typically at a concentration of about 5 to 50 wt. % preferably
Wwt. %reaction product, can be readily reacted with a polar gr Eﬁ
precursor, i.e., am ne conpound by heating at a tenperature of |f
100[err]C. to 250[err]C., preferably from 120 to 230[err]C., f@r
0.5 to 10 hours, usually about 1 to about g hours. The heati ngiji $
preferably carried out to favor formation f i ni des and ani des

xcess, type of Bomroinsayanle HoreePROx PRy ST 5e Ve revoron 4
am ne 25 conmpagwxiedylamicessed in the range of 0.1 to 10 w .
| N,N-bis(2-hydroxyethyl)-cocoamine;

N,N-bis(2-~-hydroxyethyl)-tallowamine;
N,N-bis (2-hydroxyethyl)-n-dodecycloxyethylamine;
N,N-bis (2~hydroxyethyl)-lauryloxyethylamine;
N,N-bis(2-hydroxyethyl)-stearyloxyethylamine;
N,N-bis (2-hydroxyethyl)-dodecylthicethylamine;
N,N-bis(2-hydroxyethy1)-dodecylthiopropylamine;
N,N-bis (2-hydroxyethyl)-hexadecyloxypropylamine;
N,N-bis(2-hydroxyethyl)-hexadecylthiopropylamine;
N-2-hydroxyethyl,N-[N’, N’~bis (2-hydroxyethyl)
ethylamine]-octadecylamine; and
N-2-hydroxyethyl,N-[N’,N’-bis (2-hydroxyethyl)
ethylamine]-stearylamine.

The Non-friction Reducing and Friction Increasing
Additives

The oil soluble non-friction reducing additives
and the oil soluble friction increasing additives
correspond generally to the above-described friction
reducing additives, except that the friction
reducing substituent group is replaced with .a
substituent that either increases or has no material
effect on the friction coefficients of the fluids to
which the non-friction reducing and/or friction
increasing additives are added.

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



e

% preferably 0.5 to 5 w. % based on the wei ght of the REPLACENE%H‘SHEET

hydr ocar byl - substituted |inking group. The am ne conpound ji sf preferably
used in.an anopunt that neutralizes the acid noieties by fdrnat &M%t 1994
am des, imdes or salts. Preferably the amount of am ne c ound used is
such that there is 1 to 2 noles of am ne reacted per equial ent mote-of—
carboxylic acid. For exanple, with a pol yikbbutyl ene poly Qf 450 nunber
average nol ecul ar weight (Merr]) grafted with an average of 1 naleic —~
anhydri de group peYeRBreRBul e, preferably about 1 to 2 nol ecul es of anine
compound i s used per Repeesbpratigeabketplelsyictokiianicnsl podgieives

Al ternatively, as_discuss boy e_Ro rou r o, : react ed
with an al dehyde"3hd awﬁ9§&o§3r5§?fé3b§$i#%%E%ﬂai%%%éﬁigé.%%%@%ﬁ? na
manner to form Madditfveoknchudeesbutypfg Motctiigyted to

diethoxylated butylamine, diethoxylated hexylaminé,
hexanoic tetraethylene pentamine diamide and
octanocic triethylene tetramine diamige.

For the friction increasing additives, the long

chain, linear hydrocarbyl substituent group A of
formula I would be replaced by a branched
hydrocarbyl group typically containing from about 12
' +o about 50 carbon atoms and having a molecular
weight on the order of from about 150 to about 700.
In preferred embodiments, however, the molecular
weight of the hydrocarbyl group ranges from about
350 to about 600, and most preferably from about 400
to about 500. | '

Suitable branched hydrocarbyl groups include
alkyl,'alkenyl} aryl, cycloalkyl groups, and hetero
atom-containing analogs thereof.

As the case for the linear hydrocarbyl group A
of the above-described friction reducing additives,
the branched hydrocarbyl group of the friction
increasing additives may contain one or more hetero
atoms, e.g., nitrogen, oxygen, phosphorus, and
sulfur. Preferred hetero atoms are sulfur and
oxygen.

In one-preferred embodiment, the hydrocarbyl
group present in the friction increasing additives
may be represented by the formula X:

oM R
H*ECH,-(;!},‘—'E CH,-C i[—; (X)
\
R R, '

wherein R represents a linear or branched C, to C,,
hydrocarbyl group, suc¢h as an alkyl, alkenyl, aryl



I ncreasing properties. In a preferred aspect, the frlctlon i ncf efsSTTIgy
chemi cal additives usable in this invention conprise those frigt OHg
i ncreasing additives prepared in accordance with copendi ng ap IicatidhE@ﬂ%M
No. , filed on : , and entitled "OL SOLUBLE HFRI“&H-Q)
| NCREASI NG ADDI Tl VES FOR PONER TRANSM SSI ON_FLUI DS ( PTF-054A)%f, said
application belng i ncor por ated herein by r éBer ence. Conposi tions '

0,
more pref erably Gddy bk oS pRERT i SsPel, S Bt 1 fTon
reduci ng chemi calcca'dchin:mg @anhlag I'aémeq)ﬁe wvheaseindBit i Be and duted from
non-friction redygigh CHgNERlefddne/ @5 @ﬂfféfehtonmaeb%alemmhem cal
additives can be 1 ncorporated intqQq a major anount

represent B or a linear or ranch C, to C,,
hydrocarbyl group, as defined above; x represents an
integer from 1 to about 17; and y represents zero or
an integer of from 1 to about 10; and wherein the
total number of carbon atoms in the branched
hydrocarbyl group is from about 12 to about 50,
typical from about 25 to about 45, and preferably
from about 28 to about 36.

A preferred branched hydrocarbyl group is
branched alkenyl, preferably derived from an olefin
polymer. The olefin polymer may comprise a
homopolymer of an olefin monomer. having 3 to about
12, preferably 3 to 6, carbon atoms, or a copolymer
of olefin monomers containing 2 to about 12,
preferably 2 to 6, carbon atoms. Suitable
copolymers include random, block and tapered
copolymers, provided that such copolymers possess a
branched structure. :

Suitable monomers include, for example,
ethylene, propylene, isobutylene, pentene; 2-methyl
pentene, hexene, 2-ethyl hexene, and diolefins such
as butadiene and isoprene, provided that the
resulting homopolymers or copolymer are branched.
While selection of monomers suitable for preparing
branched homopolymers or copolymers is readily
apparent to those skilled in the art, it is
preferred to use a branched hydrocarbyl group
derived from propylene, for example, tetrapropylene,
or from isobutylene, for example, polyisobutylene
having a number average molecular weight of from
about 150 to about 700, preferably from about 350 to
about 600, and most preferably from about 400 to
about 500.

The linking group which may be reacted with the




whet her one is forming finished products or additive conc¢nfrates. The
relative amounts of friction reducer additive, non-friction{r eoMERC 1996

additive and/or friction increasing additive can vary ovel Yﬂde limts
depending in part upon the identity of the specific additjves:™ ;
mole ratio of the friction reducing additid® to non- frictlion reducing

an ol eagi nous material, such as a lubricating oil, 26 cgﬁgﬁéﬁﬁﬁﬁﬁﬂEﬁﬁﬁﬂﬂ‘
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additive and/or friction increasing additivenbgchally wi || _be from about
1:99 to 99:1, angranchedaBY$rPFarPhbodToRP1&nd Wikl thigrliaegrenp

| ubricating oil ggﬁggﬁiiyoaa,form the friction increasing additives
contemplated for use in this invention may be
derived from a monounsaturated carpoxylic reactant
as outlined above in connection with the friction
modifier additives. _
Exemplary of such monounsaturated carboxylic
reactants are fumaric acid, itaconic acid, itaconic
anhydride, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic
acid, methacrylic acid, crotonic acid, hemic
anhydride, cinnamic 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 branched hydrocarbyl group to
give two carboxylic acid functionalities. 1In
addition to unsaturated carboxylic acid materials
described, the linking group may comprise the
residue of a functionalized aromatic compound, such
as a phenol or a benzene sulfonic acid, as described
above in connection with the friction modifier
additives.

'In such cases, the friction increéasing
additives may be prepared, for example, by a
conventional Mannich Base condensation of'aldehyde,
(e.g., formaldehyde), polar group precursor (e.g.
alkylene.polyamine) and branched hydrocarbyl group
substituted phenol as déscribed above in connection
with the friction modifier additives contemplated
for use herein. '

Sulfur-containing Mannich condensates also may
be used. Generally, the condensates useful in this
invention are those made from a phenol having a
branched hydrocarbyl substituent of about 14 to



e.g., automatic transmission formulations, etc. the final conbiniﬁﬁﬁﬁ(jﬂﬂEﬂfggﬁ

caoncentration of the friction reducing additive, and the non-fribtiun
reducing and/or friction increasing additive typically will be ijph fhe.r s
) b as{§88 s
h.tbe,

of fromabout 0.01 to 30 wt. % e.g., 0.1 to 15 wt. % preferably i
10.0 wt. % of the total conposition. The éubricating oils to wh] c oo
conbi nation of additives of this inventi of®can be added includejnpt only e

hydr ocar bon oil s,deriyed fr petral eu ut_.also Jncl SY Nt T e mecamrnnan,
| ubricating oil ?bgﬁghggscgs‘??’gbs%‘tgp ifc?rqboxﬁlﬁapclca%]lrick‘, L%%n‘f%e?*’@stew made

by esterificati 48 cArbonos&epsxy| Mypicaddy puless yeandensiatesbaxylic acids
and al cohol s; pglhwal @Lbi ebmalabﬁyd?éh%:c%w,n%l e) afibhgelp ction

reduci ng additive '

, ang the non-fri.Ction reducjng and/or friction increasing
additive may be23fePydeqapf 3o amino compound.
These Mannich condensates may be prepared in

£he manner discussed above in connection with the
friction reducing additives contemplated for use
herein. ' i

‘The polar group of the friction increasing
additives preferably comprises the residue of an
amine compound, i.e. polar group precursor,
containing at least 2, typically 2 to 60, and
preferably 2 to 40 total carbon atoms, and at least
2, typically 2 to 15, and preferably 2 to 9 nitrogen
atoms, with at least one nitrogen atom being present
in a primary or secondary amine group. The amine
compounds may be hydrocarbyl amines or may be
hydrocarbyl amines including other groups, e.g.,
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.

Useful amines include those described above in
connection with the friction reducers contemplated
for use herein.

In accordance with one agpect of the invention,
the branched hydrocarbyl group precursor (e.g., 450
M, polyisobutylene) may be reacted with or grafted ‘to
the linking group precu¥sor (e.g. monounsaturated
carboxylic reactant), preferably in solution in a
diluent oil. '

Typically, from about 0.7 to about 4.0 (e.g.,
0.8 to 2.6), preferably from about 1.0 to about 2.0,
and most preferably from about 1.1 to about 1.7
moles of said monounsaturated carboxylic reactant



concentrate form e.g., in a mnor anount fromabout 0.1 w.
50 wt. % preferably 5to 25 w.% in a major anount of oil ;=€
synthetic lubricating oil with or w thout additional m ner al | RERE
oil. The above oil compositions may contain other convention
such as ashl ess dispersants, for exanplgjthe reaction produc
pol yi sobut yl ene 27 succini ¢ anhydride with polyethyl eneam
ni t rogens, Whl ch r g&?e@ﬁquéctrdwtd)e per ahelle 6Ot byaached

zi nc di al kyl hat es; viscosity I ndex inprovers suc _gg____.,_—-~—”*‘
polylsobutylemgdqgﬁéf 35%?%

at ymers of
Normally, not all of the hydrocarbyl group

precursor reacts with the monounsaturated carboxylic
reactant and the reaction mixture will contain
gnreacted hydrocarbyl material. The unreacted
hydrocarbyl material is typically not removed from
the reaction mixture (because such removal is
difficult and would be commercially infeasible) and

the product mixture, stripped of any monounsaturated
.carboxyllc reactant is employed for further reaction
with the polar group precursor as described
hereinafter to make the friction .increaser.

Characterization of the average number of moles

of monounsaturated carboxylic reactant which have
reacted per mole of hydrocarbyl material changed to
the reaction (whether it has undergone reaction or
not) is defined herein as functionality. Said
functionality is based upon (i) determination of the
saponlflcatlon number of the resultlng product
mixture using potassium hydroxlde- and (ii) the
number average molecular weight of the polymer
charged, using techniques well known in the art.
fFunctionality is defined solely with reference to
the resulting product mixture. Although the amount
of the reacted hydrocarbyl material contained in the
resulting product mixture can be subsequently
modified, i.e,, increased or decreased by techniques
known in the art, such modifications do not alter
functionality as defined above.

- Typically, the functionality of the branched
hydrocarbyl substituted mono- and dicarboxylic acid
material is at least about 0.5, preferably at least
about 0.8, and most preferably at least about 0.9
and will vary typically from about 0.5 to about 2.8
(e.g., 0.6 to 2), preferably from about 0.8 to about
1.4 and most preferably from about 0.9 to about 1.3.



vinyl acetate and al kyl fumarates, .copol yners of nethacryl at RE Bl mos o
met hacryl ates; corrosion inhibitors; oxidation inhibitors; ffi 'AﬂiﬁﬁEthSﬂLLT
nodi fiers; netal detergents such as overbased cal ci um magnes u 9'!;@6
phenate sulfides, etc. The follow ng exanples, wherein al

per cent ages are by wei ght unl ess ot herwi se noted, which incl .rpferreg_ A
enbodi ments, further illustrate the presé® invention. Prepdrative Exanples
EXAMPLES 1-3 (Preparation of Frictiqn Reducers) The anount CarHeIH—C
acid (or anhydride) FR&i PEeeghed h¥EFecar SR GAB RRd bottom fl ask
equi pped with ar&hc&éarW1Eaaﬁhéﬁmbhotnaatmmmuédmnarhnxyli¢rxgpmtamarger

The acid (or angyd g%rae?hg?aﬁgghga 80&@&;%¥éégpie’]éhé: and t he

i ndi cat ed anoun ene
'hydrocarbyl reactant can be flrst halogenated, e.g.,

chlorinated or brominated, to about 1 to 8 wt. %
preferably 3 to 7 wt. % chloxrine, or bromine, based
on the weight of hydrocarbyl reactant, by passing
the chlorine or bromine through the hydrocarbyl
reactant at a temperature of 60° to 150° C.,
preferably 110° to 160°C., e.g. 120°C., for about
0.5 to 10, preferably 1 to 7 hours. The halogenated
hydrocarbyl reactant may then be reacted with
sufficient monounsaturated darboxylic reactant at
100° to 150°C., usually about 180° to 235°C., for
about 0.5 to 10, e.g. 3 to 8 hours, so the product
obtained will contain the desired number of moles of
the monounsaturated carboxylic reactant per mole of
the halogenated hydrocarbyl reactant. Processes of
this general type are taught in U.S. Patents
3,087,436; 3,172,892; 3,272,746 and others.
Alternatively, the hydrocarbyl reactant and the
monounsaturated carboxylic reactant may be mixed and
heated while adding chlorine to the hot material.
Processes of this type are disclosed in U.S. Patents
3,215,707; 3,231,587; 3,912,764; 4,110,349;
4,234,435; and in U.K. 1,440,219.

Alternatively, the hydrocarbyl group may be
grafted onto.the monounsaturated carboxylic reactant

using free radical initiators such as peroxides and
hydroperoxides, preferably those which have a
boiling point greater than about 100°C. and which
decompose thermally within the grafting temperature
range to provide said free radicals. Representative
of these free-radical initiators are
azobutyronitrile, 2,5-dimethyl-hex-3-yne-2,5-bis-
tertiary-butyl peroxide (sold as Lupersol 130) or
its hexane analogue, ditertiary butyl peroxide and



was added through a droppi ng funnel
constant nitrogen sparge.
Trap. After water evolution ceased,

Evol ved water was collected in th
the m xture was cool ed

over a 1 to 2 hour period with a
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give the desired friction reducing additive product. 28 LE 1 EX. N%
HYDROCARBYL =AM NE RATI O PRODUCT PORTI ON | 19 DEC Y
ACI D. AM NE 1 Aeic acid TEPA 233.1:1 341g. 2B2p (1.0m 739
(0:39m 6.8% N 2 | sostearic TEPA 3.0 1 351g.
Aci d 738ié8mpPnperoxide. ThebGidA%tNator is generally.usad

at a level of between about 0.005% and about 1%,
pased on the total weight of the reaction mixture,
and at a temperature of about 25° to 220°C.,
preferably 150°-200°C.

The unsaturated carboxylic acid material,
preferably maleic anhydride, generally will be used
in an amount ranging from about 0.05% to about 10%,
preferably 0.1 to 2.0%, based on weight of the
reaction mixture. The carboxylic acid material and
free radical initiator generally are used in a
weight percent ratio range of 3.0:1 to 30.1;
preferably 1.0:1 to 6.0:1.

The initiator grafting preferably is carried
out in an inert atmosphere, such as that obtained by
nitrogen blanketing. While the grafting can be
carried out in the presence of air, the yield of the
desired grafted product is generally thereby
decreased as compared to grafting under an inert
atmoéphere substantially free of oxygen. The
grafting time usually will range from about 0.05 to
12 hours, preferably from about 0.1 to 6 hours, more
preferably 0.5 to 3 hours. The graft reaction
usually will be carried out to at least
approximately 4 times, preferably at least about 6
times the half life of the free-radical initiator at
the reaction temperature employed, e.g. with-2,5-
dimethyl-hex-3-yne-2,5-bis(t-butyl peroxide) 2 hours
at 160°C. and one hour 170°C., etc.

In the grafting process, usually the
hydrocarbyl material to be grafted, is dissolved in
the liquid synthetic oil (normally liquid at about
21°C.) by heating to form a solution and thereafter
the unsaturated carboxylic acid material and

' initiator are added with agitation, although they
When the
reaction is complete, the excess acid may be

could have been added prior to heating.
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EXAMPLE 4 (Preparation of Friction Incriedsers) Part A }
succi ni ¢ anhydride (PIBSA) having a succi nijc janrh§aride~( SA)

to polyisobutylene (PIB) ratio (SA:PIB), i.e., functionalitty, of about 1,

was prepared by gradually heating a m xtu?¢ of 170 kg (280 Ibs.) of PIB
havi ng a nunber average nol ecul ar, wei ght (IVnh) of 450 with approxi mately
27.7 kg (61 | bs eligtnases] oyadiy dhdE (I3RS BETERDr R F o ORLEEREERI mat el y

120[err]C. Chl orgﬁgﬁ@ wa@ﬁét@talmlyblaa@ ity 1 e 46X Uhgtatial

approxi mately 2
heated to approf

aflg)@d) &p ar’i’(?l\-ll-ﬁg‘? react%(')%gi turf was t hen

For example, maleic anhydride is kept belcw about 1
wt. %, preferably below 0.4 wt. % or less, of free
maleic anhydride based on the total weight of
solution. Continuous or periodic addition of the
carboxylic acid material along with an appropriate
portion of initiator, during the course of the
reaction, can be utilized to maintain the carboxylic
acid below its solubility limits, while still
obtaining the desired degree of total grafting.

The reaction product of the branched
hydrocarbyl group precursor and the linking group
precursor may be further reacted with a polar group
precursor (e.g., alkylene polyamine) without
isolating the reaction product‘from the diluent oil
and without any prior treatment. In the
alternative, the reaction product may be
concentrated or diluted further by the addition of
mineral oil of lubricating wviscosity to facilitate
the reaction with the polar group precursor.

The branched hydrocarbyl-substituted linking
agent reaction product in solution in the synthetic
oil, e.g., polymeric hydrocarbon or alkylbenzene,
typically at a concentration of about 5 to 50 wt. %,
preferably 10 to 30 wt. % reaction product, can be
readily reacted with a polar group precursor, i.e.,
amine compound by heating at a temperature of from
about 100°C. to 250°C., preferably from 120° to '
230°c., for from about 0.5 to 10 hours, usually
about 1 to about 6 hours. The heating is preferably
carried out to favor formation of imides and amides.
Reaction ratios can vary considerably, depending
upon the reactions, amounts of excess, type of bonds
formed, etc.

Typically, the polar‘group precursor amine



that tenperature until a total of approximately 22.9 kg (50.5 IRﬁPLA@EAI}H‘SHEE
chl orine was added. The reaction m xture was then heated to appr

220[err]C. and sparged with nitrogen to renove unreacted mal ei y wide,
The resulting polyisobutenyl succinic anhydride had an ASTM Sapo | fi atloﬁ96
Nunmber (SAP) of 176, which calculates to s SAto PIB ratio of i4 Jased
upon the starting PIB. Part B The Pl BSA % oduct was am nated by charging to

a reactor approxhgghﬁhg 2913 ke G%%d[l )tﬁg thy?gOP&B aﬁgp%+nately N

6.0 kg (13.1 | 6§ a connerC|a eng am ne ch was a
%, preferably 0 to - based on the weight of

the hydrocarbyl-subspltuted llnklng group. The
amine compound is preferably used in an amount that
neutralizés the acid moieties by formation of
amides, imides or salts.

Preferably the amount of amine compound used is
such that there is 1 to 2 moles of amine reacted per
.equivalent mole of carboxylic acid. For example,
with a polyiscbutylene polymer of 450 number average'
molecular weight (M,) grafted with an average of 1
maleic anhydride group per molecule, preferably
about 1 to 2 molecules of amine compound is used per
molecule of grafted polyisobutylene polymer.

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

increasing properties. _
In a preferred aspect, the friction increasing.

chemical additives usable in this invention comprise

those friction increasing additives prepared in

. accordance with copending application Ser.

No. , filJed on - - , and entitled "OIL

SOLUBLE FRICTION INCREASING ADDITIVES FOR POWER

TRANSMISSION FLUIDS (PTF-054A)”, said application

being incorporated herein by reference.

Compositions

A minor amount, e.g., 0.01 up to about 50 -wt.
%, preferably 0.1 to 1® wt. %, and more preferably
0.5 to 5 wt. %, of a combination of at least one
friction reducing chemical additive and at least one
other additive selected from non-friction reducing
chemical additives and friction increasing chemical
additives can be incorporated into a major amount of
an oleaginous material, such as a lubricating oil,



mi xture of polyethyl ene ami nes averaging about 5 to 7 nitrogd 3 gﬁ@hfﬁ;fﬁ

(PAM; 13.7 kg (30.2 Ibs.) of a solvent 150 neutral oil (Exx oa ) e Y aYa st
5.5 grans of a 50% m xture of a silicone-based antifoamant h%gb% r bon
solvent. The m xture was heated to 150[err]C., and a nitroge pa 1996
started to drive off water. The m xture was mai ntai ned at 15@[ 1.C_for 2
hours when no further water was evol ving. 2fhe product was copl ed and

drained fromthe reactor to give the final friction incneashn SRV
product (Pl BSA- FRgemiAhFRPPMRSERSr 0% (4% SOTPRBSATRRRF 88 about 2,2 1.
EXAVPLES 5-8 ( Frpfddwies asit Sgddiitintarabregwoepatest. r arhel selaritieui ds |

(ATES) ere OS] O RS0 Nl ABSDIGEC! iy 10U
reducer additive and/or friction increasing 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 and/or friction '
increasing 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
and/or friction increasing 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 added include not only hydrocarbon oils
derived from petroleum, but also include synthetic
iubricating oils such as estexrs of dicarboxylic

"acids; complex 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 and/or
friction increasing additive may be utilized in a
concentrate form, e.g., in a minor amount from about
0.1 wt. % up to about 50 wt. %, preferably S5 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
conventional additives, such as ashless dispersants,
for example the reaction product of polyisobutylene



fluids were prepared by bl ending reaction products indicated in TABLE 2
into an additive concentrate, and then dissolving the conc “iFr i
m neral oil base fluid (Exxon FN 1391) to give the requir '*ii &THEET
of additives. The basic test blend contained a borated ashl gss di spersant,
a phosphite anti-wear agent, an al kyl ated di phenyl am ne arjt ijox1 9DREC 1995

di nethyl silicone antifoamant and a pol ynet hacryl ate viscdgsijty nodifier. To
al i quot portions of the base fluid there d¥ere added the i fdi Careoarroum=—6f
the friction reducin _addibiée,§§29ucg of _EXAMVPLE 2 and t friction ;
i ncreasi ng addi$F9§18F8d§B YOFL1EQANBER BOLYREDY nNef Chot TORT ai &Ny
of said reacti ofpphftgoyens, which reaction product may be borated;

antiwear agents such as zinc dialkyl

dithiophosphates; viscosity index imprévers such as
polyisobufylene, polymethacrylates, copolymers of
vinyl acetate and alkyl fumarates, copolymers of
methacrylates with amino methacrylates; corrosion
jnhibitors; 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.

' Prenarative Examples

EXAMPLES 1-3 (Preparation of Friction Reducers)

The amount of carboxylic acid (6r anhydride)
indicated in Table 1 was placed in a round bottom
flask equipped with a stirrer, Dean Stark trap,
condenser and nitrogen sparger. The acid (or
anhydride) was heated to 180° C. +/- 10° C. and the

. indicated amount of tetraethylene pentamine (TEPRA)
-was added through a dropping funnel over a 1 to 2
hour period with a constant nitrogen sparge.
Evolved water was collected in the Dean Stark Trap.
After water evolution ceased, the mixture was cooled
and filtered to give the desired friction reducing
additive product.



30 TABLE 2 TEST FLUD EX 2 (Friction
W % 5 ( CONTROL)

| ncreaser) .
( COVPARATI VE) 7

Figure 1. The static fri

0.5%

NONE

NONE ( COMPARATI CIS. Ct )
1.5% The four fluids were tested using an SAE No. 2 Fritcqion Test Mach
run to 4,000 engagenent cycles using the test specifie ‘
Conpany i n the MERCON specification dated 1B
friction coefficient achieved during the}gst, procedur
ction coefficient was chosen a

EX. 4 (Friction Reducer) W.%
NONE 6

by R@Nﬁ\@%r

EX. NO. HYDROCARBYL AMINE RATIO PRODUCT
PORTION ACID:AMINE
Oleic acid TEPA 3.1 Mg,
282g (1.0m) 73g (0.39m) 8.8% N
iscstearic TEPA 3.1:1 351g,
Acid 73g (0.39m) : 6.4% N
248g (1.0m) -
OSA' TEPA 2.0:1 222.5g,
1759 (0.25m) 47.3g (0.25m) 4.0% N

' octadecenyl succinic amydtide: octadeceny! is linear hydrocarbyl

EXAMPLE 4 (Preparation of Friction Increasers)
Part A

Polyiscbutenyl succinic anhydride (PIBSA)
having a succinic anhydride (SA) to polyisobutylene
(PIB) ratio (SA:PIB), i.e., functionality, of about
1, was prepared by gradually heating a mixture of
170 kg (280 lbs.) of PIB having a number average

- molecular weight (Mn) of 450 with approximately 27.7

kg (61 lbs.) of maleic anhydride to a temperature of
5pproximately 120°C. Chlorine gas was then bubbled

through the mixture at approximately 2.7 kg (6 lbs.)
The reaction mixture was then heated to
approximately 160 - 170°C. and was maintained at

per hour.

that temperature until a total of approximately 22.9
kg (50.5 lbs.) of chlorine was added. The reaction

" mixture was then heated to approximately: 220°C. and

sparged with nitrogen to remove unreacted maleic
anhydride. The.resulting polyisobutenyl  succinic -
anhydride had an ASTM €aponification Number (SAP) of
176, which calculates to a SA to PIB ratio of 1.14
based upon the starting PIB.

Part B
Tne PIBSA product was am.nated by charging to a

reactor approximately. 36.3 kg (80 lbs.) of the




the coefficient to be tested since it is the nost sensitive t
nodi fier effects. The limts for static friction coefficient
are specified by Ford to be greater than 0.10, but |ess than
in Figure 1, the test fluid of Exanple 5 (CONTRCOL) gave an

| evel for static friction coefficient of about 0.15, essenti
the Ford limts. The level of the static friction coefficien
the addition of friction increaser (CIWPAﬁﬁTIVE) Exanple 6 t

est 1uid cont ST RRDY coPPFERIBRCPATuSeE B (13 1 (489 oh Phcfeaser
( COVPARATI VE Exanpimez¢ighvgradet ofi poflyethydensoainine cnbioh wasua 0. 095,
agai n failing thg;fende! b8 po1ydihyiehk hHintkedlade Pl £q8andlch o

7 nitrogen per molecule (PAM); 13.7 kg (30.2 lbs.)

of a solvent 150 neutral oil (Exxon SlSON); and 5.5

grams of a 50% mixture of a silicone-based

antifoamant in a hydrocarbon solvent. The mixture

was heated to 150°C., and a nitrogen sparge started .

to drive .off water. The mixture was maintained at

150°C. for 2 ‘hours when no further water was

evolving. The product was cooled and drained from

the reactor to give the final friction'increasing

additive product (PIBSA-PAM) having a PIBSA to PAM

ratio (PIBSA:PAM) of about 2.2:1.

EXAMPLES S5-8 (Friction Tests)

Standard automatic transmission fluids (ATF's)
were prepared for testing the friction
characteristics of various combinations of the
reaction products formed in EXAMPLES l-4. The
fluids were prepared by blending reaction products
indicated in TABLE 2 into an additive concentrate,
and then dissolving the concentrate intc a mineral
oil base fluid (Exxon FN 1391) to give the required
concentration of additives. The basic test blend
contained a borated ashless dispersant, a phosphite
anti-wear agent, an alkylated diphenylamine
antioxidant, a dimethyl silicone antifoamﬁnt and a
polymethacrylate viscosity modifier. To aliquot
portions of the base fluid there were added the
indicated amount of the- friction reducing additive
product of EXAMPLE 2 and the friction increasing
additive product of EXAMPLE 4 (the "CONTROL" did not
contain any of said reaction products).



contained both a friction reducer and a friction increaser gave a static
friction coefficient of about 0.13, which is exactly in the—center. of the

31 Iimt range set by Ford. It can al so be seen from Fi gur BREPEA@EMEN@ $HEET

fluid of Exanple 8 also was the nost stable in terns of the gbsortute—vattt
of the static friction coefficient over the length of the u1.agp gtggé

words, the friction durability of the test®fluid of Exanmpl ¢ B <D 8 or
to the friction durability of the CONTROL and the COVPARAT} VE.Lesi fluids

1%

T

of Exanples 6 and 7. According# v Exanples 5-8 illustrate {he inprovenent
t hat can be achi eved by addingi%hg% a friction

TESTFLUID . EX.2 (Friction EX.4 (Friction
Reducer), WL% incresser), Wt%

5 (CONTROL) NONE NONE u

1 NONE 1.5%

(COMPARATIVE)

7 0.5% NONE

(COMPARATIVE)

8 0.5% 1.5%

The four fluids were tested using an SAE No. 2
Friction Test Machine run to 4,000 engagement cycles
using the test specified by Ford Motor Company in
the MERCON specification dated May 1987, Section
3.8. The static friction coefficient achieved
during the test procedure is illustrated in Figure
1. The static friction coefficient was chosen as
the coefficient to be tested since it is the most _
sensitive to friction modifier effects. ‘The limits
for static friction coefficient in this test are
specifiea by Ford to be greater than 0.10, but less
than 0.15. '

.As shown in Figure 1, the test fluid of Example:

5 (CONTROL) gave an intermediate level for static
friction coefficient of about 0.15, essentially
failing the Ford limits. The level of the static
friction coefficient was raised by the addition of
friction increaser (COMPARATIVE) Example 6 to about
0.17. Thus COMPARATIVE Example 6 failed the Ford
'limits by a wide margin. The test fluid containing
a friction reducer and no friction increaser
(COMPARATIVE Example 7) gave a static friction
coefficient of about 0.095, again failing the Ford
limits. The test fluid of Example 8, which
contained both a friction reducer and a friction
increaser gave a static friction coefficient of
about 0.13, which is exactly in the center of the



ATF'A

reducer and a friction - increaser to an otherw se conventi onal ——
conposi tion. EXAMPLES 9-10 (Friction Tests) The test procgs e XANOITER
58 was repeated, except that the SAE No. 2 Friction Test RER%A: VRSt
until the fluids no longer nmet the Ford requirenents or fnrJIE“ﬁﬁb
engagement cycles, whichever cane first, using the test sge |f1eGBV“ﬁ86d
Mot or Conpany in the revised MERCON speC|fB¢at|on dat ed S-ptenber 1, 1992[
Section 3.8. In Exanples 9 (CCNPARATIVC£Tand 10 the;fricti'on reducer was an
et hoxyl at ed ani ne.:ham MRRGR S AY £y r | FF AP - B8P PP FEAPe AFPEH] er r}.N—-—k
(CH err] CH err] Oilfird -1 l¢hdxand aebd GIRARATE VExamplier 8 wdse wasfriction
i ncreasing nor non rictio ducln e r e fluid,
wher eas in Exanpltdel oSt (ﬁqﬁ S yrat eed"q’g4 é%( g%gngﬁg\g%ultgd%&ute 2
non-friction redwhengbasris dfriction coeff:.c:.ent over the’ length of

+he run. In other words, the friction durability of

the test fluid of Example 8 was superior to the

friction durability of the CONTROL and the

COMPARATIVE test fluids of Examples 6 and 7. _

accordingly, Examples 5-8 illustrate the improvement

that can be achieved by adding both a friction

reducer and a friction increaser to an otherwise
conventional ATF composition.

EXAMPLES 9-10 (Friction Tests)

. The test procedure of Examples 5-8 was
repeated, except that the SAE No. 2 Friction Test
Machine was run until the fluids no longer met the
Ford requirements or for 15,000 engagement cycles,
whichever came first, using the test specified by
Ford Motor Company in the revised MERCON
specification dated September 1, 1952, Section 3.8.
In Examples 9 (COMPARATIVE) and 10 the friction
reducer was an ethoxylated amine having the formula
C,.H,;~0~-CH,CH,CH,N(CH,CH;0H),. In Example 9
(COMPARATIVE), there were no friction increasing nor
non-friction reducing additives present in the test
fluid; whereas in Example 10, a diethoxylated butyl
amine was added as a non~friction reducing version
of the friction reducing additive of Example 9. The
amounts of the friction reducing and non-friction

reducing additives are Shown in TABLE 3 as follows:
TABLE 3

TEST FLUID FRICTION | NON-
FRICTION
REDUCER | REDUCER

9 (COMPARATIVE) | 0.16% NONE

10 0.32% 0.10%




ri.ction

of the friction reducing additive of Exanple 9. The anounts
reduci ng and non-friction reducing-additives are shown in T

NHPLAGRMENT SHEET

follows: TABLE 3 TEST FLUD FRICTION NON FRI CTI ON REDWK JEER-9
( COVPARATI VE) 0. 16% NONE 10 0. 32% 0.10% 32 |THe fé%:é c
friction coefficient achieved during the test runs is illusfratedt cﬁpﬁére

riction

2. As shown in Figure 2, the test fluid m@bch cont ai ned on
reduci ng additive ( COMPARATI VE Exanpl e 9)

The static friction coefficient achieved during
the test runs is illustrated in Figure 2. As shown
in Figure 2, the test fluid which contained only a
friction reducing additive (COMPARATIVE Example 9)
met the Ford requirements fexr only about 6,000
engagement cycles; whereas the test fluid containing
a combination of a friction reducing additive and a
non-friction reducing additive (Example 10) was well
within Ford’s specified range for static friction
coefficient even after 15,000 engagement cycles.
Clearly, the test fluid of Example 10 was
characterized by a very much improved friction
durability relative to the fluid of COMPARATIVE
Example 9.



met the Ford re ts for only nt cycles; whereas

(he pese T con ] ;j;ia‘mm 725 Crve. o MIBIRTBMADAR LR Eﬁ”&&ﬁﬁ“g}'m

speC|f atic friction cdeffictemt evert after 15,
engage arly, the test fluid of Exanple 10 was [c aregterlzed
by a ve nproved friction durability relative to the f|l
CCNPARATIVE Exanpl e 9. 33 CLAI M5 1. 233 net hod of inprovirng d.he friction

durability of an ol eagi nous conposition, which conprises:
CLATMS:

1. A method of improving the friction
durability of an oleaginous composition, which
compromises:.

adding to a major portion of an oil of
lubricating viscosity a friction durability
improving effective amount of an oil soluble
combination of chemical additives comprising (a) a
first chemical additive comprising a polar head
group and a friction reducing substituent group, and
(b) at least one other chemical additive having the
same polar head group as said first chemical
additive but having a substituent group selected
from non-friction reducing substituent groups and
friction increasing substituent groups.

2. The method of claim 1, wherein said
friction reducing substituent group comprises a
substantially linear hydrocarbyl group hav:ng at
least 10 carbon atoms.

3. The method of claim 1, wherein said non-
friction reducing substituent group comprises a
hydrocarbyl group having fewer than 10 carbon atoms.

4. The method of claim 1, wherein said
friction increasing substituent grbup comprises a
“branched chain hydrocarbyl group containing from
about 12 to about 50 total carbon atoms.

5. The method of claim 4, wherein said
branched chain hydrocarbyl group has the formula

7 :
R R,
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adding to a major portion of an o” mllulu) IUH Vi scosity,
w % of the conposition of an oil \ i on of che

conprising (a) a first chem cal additive conprising a polar hejad group and
a friction reducing substituent group, and (b) at |east one pthen 9chieOnesd
additive having the sanme polar head groupd4as said first chenjcpl additive
but having a substituent group selected fromnon-friction reducimg
substituent greunesedmd K disctd ¢h EfcFeadiViFacaaly uBFeuBr oups, wherein the

mol e ratio of a1y isudetarBulickd worH Ondn-2nterTbeingt hod of claim 1,
wherein said friction réducing ubs%ét ent, ou%ggongii ses_a ineaE

hydr ocar byl gr Q&FSFRATSt Frea Ao HT RS SRELY r TRES Bt REd “sf claim
1, wherein sai &o@; fiydtocarbebucopiicuadlyt sebstdtamede et sem-a

hydrocarby! or qup NG, J WileddiAbod: CRTDON ALGTRy ;4ang TG 4T g of

claim1l1, wherei tion increasing substituenf .group conprises a
branched chai n ¥dr ocar byl group _ _

6. The method of claim 1, wherein said polar
head group comprises a member selected from the
group consisting of groups having the following
formulas: -

-N(CH,CH,0E),,

-COOH,

-CONH,, _
~CONE- (CH,CH,NH),C(O)R,

7
;1!-03, >P-g,
=P(OR).,

S

N {

/P-SH'

-ac\ C(0)OE
H,C-C(O)OH,
-H-C-C(0)
~
[ o
/
H,C~-C(0),
-SH, ..
-S0,H
wherein R reﬁresents a C, to C,, linear or branched
hydrocarbyl group and x represents an integer from 1
to about 8.

7. The method of claim 1, wherein said
chemical additive héving a friction increasing
substituent group comprises an oil soluble friction
increasing reaction product comprising (i) an oil
soluble substituted or unsubstituted, saturated or

| THIS Shiii ¢ #EN
L REPLAC...




cont ai nin to abOUt‘Uu totat—carbom atons. 5. ef;w
clai m4, wherein sai anched cha ﬂu“mﬂmumtmp has tIfe;
-|s a Cerr] byl” group

[err] This Siage

substitu nterferlng het at 6ns" err] Rl err]
I ndepend Cerr] to C[err] hydrocarbyl option
substituted wi th non- interfering het er oat3Brs; X IS 1 to 17;
10. 6. The nethod of claiml, wherein said polar head group—es

menber sel ect ed ﬁﬁ@@tuhetgdouprcnnbeéthmgr@hq;hnkxgﬂun@rqpmtmnﬁnmgomnng
from about 12 to about 50 total carbon atoms, (ii) a

1inking group, and (iii) a nitrogen-containing polar
group; said polar group contaiging“at least one atom-
selected from the group consisting of boron, oxygen
and sulfur atoms, and being linked to said
hydrbgarbyl group through said linking group.

8. The method of claim 1, wherein the
chemical additive (b) has a friction increasing
substituent group, wherein said chemical additive
(b) comprises a polyisobutylene succinimide, and
wherein the polyisobutylene moiety of said
polyisobutylene succinimide has a number average
molecular weight of from about 150 to about 700.

9. An oleaginous composition comprising a
major amount of an oil of lubricating viscosity and
an amount effective for controlling the friction
coefficients and the friction durability of said
composition of an additive composition comprising
(a) a first chemical additive comprising a polar
head group and a friction reducing substituent
group, and (b) at least one other chemical.additive
having the same polar head group as said first
chemical additive but having a substituent group
selected from non-friction reducing substituent
groups and frictibn increasing substituent groups.

10. An additive concentrate for improving the
friction durability of an oleaginous composition
which comprises (a) a first chemical additive
comprising a polar head group and a friction
reducing substituent group, and (b) at least one
other chemical additive having the same polar head
group as said first chemical additive but having a
substituent group seleécted from non-friction




formulas: -N(CHerr]CHerr]OH)[err] - - r], _ T
-_CO\||—|-(C|—|[err]CI—|[err]NH)[err]C(O)Rimuﬁi‘ﬁﬂw@wmh, [err] WBLQCEWNTSHBET
represents a CJerr] to Clerr] |ineaff*oK hwdr ocar byl {gfoup and X ‘
represents an integer from1l to about 8. 7. The method of clfaijm1lg peleepes n
said chem cal additive having a friction increasing substituen{y group
conprises an oil soluble friction increasjgg reaction produc{ Compristng
(i) an oil soluble substituted or unsubstituted, saturated o

reducing substituent groups and friction increasing =

' substituent groups.
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35 unsaturated branched hydrocar byl

50 total carbon atons, (ii) a linking group, and (iii) a nit] e
i AGEMENT SHEET|

cont ai ni ng pol ar group; said polar group containing at |east

group containing fromabout 12 to about

selected fromthe group consisting of boron, oxygen and sul fjurf at ons, and
being linked to said hydrocarbyl group through said |inking jgrioupQ DEC 1998he
nmet hod of claim 1, wherein the chemcal additive (b) has a fjrijction

i ncreasi ng substituent group, wherein sa%ﬁ chemical additivg (D) comprrses

a pol yi sobutyl ene succi ni m de, and where

t he pol yi sobutyl gne _noi ety of

sai d pol yi sobutyl ene succinim de has a nunber average nDIecuIar wei ght ~of

from about 150
maj or anount
sai d conposi

EReRBoY

additive conprising a polar headfgroup and a frlctlon reduci ng

A method of controlling the friction coefficients and
improving the friction durability of an oleaginous
composition, such as an ATF, comprising adding to the

composition a combination of competing additives comprising

(1) at lease one friction modifying chemical additive
having a polar head group and a friction reducing
substituent group and (2} at lease one non-friction
reducing additive and/or friction increasing additive
ha.ving the same polar group as the friction modifying
chemical add:.t:.ve, but having a sublt:.tuent group which has
no material £friction raising or lowering effect (non-
fric_tion reducing additive) or a substituent group which
increases the friction coefficients (friction increasing

additive) of the composition.

\i‘ii\\\\\\\\\\\\\\\\\\\\

THIS SHEET HAS BEEN
REPLACED




-

substituent group, and (b) at |east one other chem cal additive having the
sanme pol ar head group as said first chem cal -additive but h&g

substituent group selected fromnon-friction reducing substikgggﬁégﬂﬁﬁﬁ%SHﬂET
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ABSTRACT

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

A method of controlling the friction coefficients and
improving the friction durability of an oleaginous
composition, such as an ATF, comprising adding to the
composition a combination of competing additives comprising
(1) at lease one friction modifying chemical additive
having a 'polar head group and a friction reducing
substituent group and (2) at lease one non-friction
reducing additive and/or £friction increasing additive
having the same polar group as the friction modifying.
chemical additive, but having a substituent group which has
no material friction raising or lowering effect (non-
friction réd'ucing additive) or a substituent group which
increases the friction coefficients (friction increasing
additive) of the composition.

FIGURE 1
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CLAIMS

1. A method of improving the friction durability of an
oleaginous composition, which comprises:

adding to a major portion of an oil of lubricating viscosity at
least 0.01 wt % of the composition of an oil soluble combination of
chemical additives comprising (a) a first chemical additive comprising
a polar head group and a friction reducing substituent group, and (b) at
least one other chemical additive having the same polar head group as
said first chemical additive but having a substituent group selected
from non-friction reducing substituent groups and friction increasing
-substituent groups, wherein the mole ratio of (a) to (b) is from 1:10 to
10:1. '

2. The method of claim 1, wherein said friction reducing
substituent group comprises a linear hydrocarbyl group having at least

10 carbon atoms.

3. The method of claim 1, wherein said non-friction reducing

substituent group comprises a hydrocarbyl group having fewer than 10
carbon atoms.

4, The method of claim 1, wherein said friction increasing
substituent group comprises a branched chain hydrocarbyl group

containing from about 12 to about 50 total carbon atoms.

5. The method of claim 4, wherein said branched chain

hydrocarbyl group has the formula

/
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unsaturated, branched hydrocarbyl group containing from abjout 12 to

about 50 total carbon atoms, (ii) a linking group, and (i) a nitrogen-

containing polar group; said polar group containing at least one atom
selected from the group consisting of boron, oxygen and sulfur atoms,

and being linked to said hydrocarby! group through said linking group.

8. The method of claim 1, wherein the chemical additive (b)
has a friction increasing substituent group, wherein said chemical
additive (b) comprises a polyisobutylene succinimide, and wherein the
polyisobutylene moiety of said polyisobutylene succinimide has a
number average molecular weight of from about 150 to about 700.

9. An oleaginous composition comprising a major amount of
an oil of lubricating viscosity and at least 0.01 wt % of said
composition of an additive composition comprising (a) a first chemical
additive comprising a polar head group and a friction reducing
substituent group, and (b) at least one other chemical additive having
the same polar head group as said first chemical additive but having a
substituent group selected from non-friction reducing substituent
groups and friction increasing substituent groups, wherein the mole
ratio of (a) to (b) is from 1:10 to 10:1.

10.  An additive concentrate for improving the friction
durability of an oleaginous composition which comprises (a) a first
chemical additive comprising a polar head group and a friction
reducing substituent group, and (b} at least one other chemical
additive having the same polar head group as said first chemical

additive but having a substit@ent group selected from non-friction
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