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OIL SOLUBLE FRICTION INCREASING ADDITIVES
FOR _POWER TRANSMISSION FLUIDS !PTF-054A)

Background of the Inventlon

Field of the Inventlon
The present invention relates to methods

" of 1ncrea51ng the static coefficient of friction

of oleaginous compositions by adding to such
compositions hydrocarbon soluble reaction
products consisting of an oil soluble branched
hydrocarbyl group, a linking group and a nitrogen
containing polar group, which may also contain
boron, oxygen or sulfur. These reaction products
are useful for increasing the static coefficient
of friction of oleaginous compositions, such as
lubricating oils, 1nc1ud1ng power transm1551on

' fluids, and particularly: automatlc transm1551on

fluids, in which they are contained. -

Descrlptlon of Related Art
Transmission de51gns have undergone

radical changes, thereby necessitating the
formulation of ATF additives capable of
meeting new and more'stringent'requirements.
One change in transmission design has been
the incorporation of lock-up torque converter
clutches for improved fuel economy. Another
change is the incorporation of 4-wheel drive
systems requiring inter-axle differentiating
clutches for better driveability. These two
devices operate at low sliding speeds and at
low energy. ,
The low speed low enerqgy frlctlonal
characteristics of a lubricant are evaluated with

a low velocity friction apparatus (LVFA); The
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pel ar group, which may al so contain boron, oxygen or sulfur. These reaction
pfoducts ar’e useful for increasing the static coefficient of friction of

of eagi nous conpositions, such as lubricating oils, including power

transm ssion fluids, and particularly automatic transm ssion fluids, in
which they are contained. . Descriptign of Related Art

Transm ssi on desi gns have undergone radi cal changes, thereby necessitating
t he fornul ati onrgFaAdppadditusy asesapdng atedreditetiezew and nore stringent

of Nock-up ¢ or qaEPEaRiRrety. PRI RSt 3 SR Hihe Mol l OOLE "
change is the i modepordutchest aregdsheay preparededy tdguiglukeh nter-axl e
di fferentiati ngpahulrabearbe tbekkactdy Wopliidate pHaRfRivh devices operate
~at low sliding speeds and at | ow ener.qgy. The | ow speed | ow
energy frifti onRArts, or are carefu lgycut from full size :
production pieces. '
These small test specimens are mounted
in the LVFA test chamber and are submerged in test
lubricant. An appropriate test load is then
10 applied to the system. The machine is equipped to.
' test at any temperature from 0°C to 200°C and once
the appropriate temperature has been reached the
speed of the clutch is increased from 0 to 500
_ rpm, and then decreased from 500 to 0 rpm. in
15 this fashion the dependence of friction ,
coefficient on speed and temperature can be
determined over a wide range of sliding speeds and
temperatures. The initial acceleration of the
system from 0 sliding SPeed also accurately
20 méasures breakaway static friction Rge
An inéreasingly.important characteristic
of an automatic transmission fluid is the level of
static breakaway friction that:it imparts to the
clutch. This parameter, expressed as breakaway
25 stétic friction or ns, reflects the relative
tendency of engaged.pérts,'sﬁCh as clutch packs or
bands and drums, to slip under load. If this
value is too low, the resulting slippage can
impair the driveability and safety of the vehicle.
30 This is especially impdrtant in newer cars with
| smaller transmissions and higher torque engines.
Chemicals which are conventionally referred
to as friction modifiers can only lower the value
of pus. This is not always desirable. Sometimes
35 it is of great benefit to raise the level of p,.
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characteristics of a lubricant are evaluated with a low velocity friction
appar at us (‘LVFA). The 2 LVFA appar at us
§ses sinul ated clutches approximately one inch in diameter. These smal |
model clutches are either prepared by the clutch manufacturer to exactly
duplicate production parts, or are cargfully cut fromfull size production

pi eces. - These smal| test. speci mens are nmounted in the LVFA test
chanber and are-ﬁi@rﬁf&ﬁfbw 6§SEhislbmmloﬁ\raﬁ@pﬁﬁ@éiﬁfﬁctﬁeh load is -
t hen applled to the system T nathlne I S_equi pggd to.

1ncre sers, 1 .y ey increa value of ug,

without causrng any deleterious effects to the
fluid or transmission. o

5 The ability to increase breakaway static
friction through the use of chemical addltlves is
extremely valuable. Previously when a
transmission manufacturer needed to increase the
amount of torque that could be transmitted through

10 a locked clutch they had very few options.
Conventlonally, increasing the static holding
capacity of a clutch has been accomplished by
changing the clutch itself, either by increasing
the clutch 11n1ng area (i. e. u51ng more clutch

15 plates), by changing the clutch lining material or
by increasing pressure being applied to the closed
clutch. These methods are often undesirable

- because they necessitate redesigning the

transmission. They add weight to the vehicle,

20 cause the transmission to take up more space and

' make the transmission more costly to produce.
Many of these changes can also change the dynamic
characteristics of the shift and make it less
desirable. The products of this invention make it

25 = possible to increase the breakaway static capacity

| of the system without making any of these changes
to the hardware. |

051ng only convent10na1 frlctlon
- modifiers (i.e., friction reducers) the only way

30  to increase static friction was to reduce the
level of friction reducer. This approach suffers
from two problems. First, once all the friction
reducer is removed the level of p; cannot be

_ increased further; and second, remcving'the
35 friction reducer has deleterious effects on the
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test at any tenperature fromO[err]C to 200[err]C and once the appropriate
tenperature has been reached the speed of the clutch is increased fromO to
500 rpm and then decreased from500 to O rpm In this fashion the
dependence of friction coefficient on speed and tenperature can be

det erm ned over a wide range of sliding speeds and tenperatures. The
initial acceleration of the systen1fr8n10 sliding speed al so accurately

Mport ant char aSPBARSE: £igech SadAgRReRt aredtsat i FHEH vl o
st ati ¢ breakawagurabdflicy tifathet filmgdrts to the cl utch. ThIS par anet er,
expressed as breakavay St ¢nl PRELORNY okl lrayl €d sickddye et | ve

- tendéncy of engaged parts, such as clutch pacCks or bands and druns to slip
under |oad. If cREEfiSieati o &Fickion Ao FQ&%%|%¥§t§Wﬁbﬂﬁﬁb n inpair the
driveability andséahevxrebthba E&huﬁhe Thiesd <1t ilwevdrmtd ant in

T e by e e Bt S RIS v can
onl y | oner the vegudref thatr ]tra‘ﬁlsmssa.omst bl \wastregediyr aitarEge Skt i nes
' heavy to function properly. Due to their unique
molecular structure these traction fluids are
10  often very susceptible to oxidation, provide poor
wear control and are not easily friction modified
to give good dynamic friction characteristics. |
These fluids are described, for example, in U.S.
Patents 3,440,894 and 4,008,251.
15 No base oil alone can even approach the
many special propertles required for ATF service.
Therefore, it is necessa:y to employ several
chemical additives, each of which is designed to
impart or 1mprove a specific property of the
20  fluid. |
| 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
25 with an aldehyde/tris hydroxymethyl aminomethane
adduct and an overbased alkali or alkaline earth
metal detergent. The ATF may also contain a
conventional hYdrocarbyl-Sﬁbstituted succinimide
ashless dispersant such as polyisobutenyl
30 succinimide. Other patenfs which disclose ATF
- compositions that include conventional alkenyl
succinimide dispersants include, for exampile, U.S.
Patents 3,879,306; 3,920,562; 3,933,659;
4,010,106; 4,136,043; 4,153,567; 4, 159,956;
35 4 596, 663 and 4, 857 217 Brltlsh Patents
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it is of great benefit to raise the level of [err]. | The

products of this invention are true.friction increasers, i.e., they
increase the value of [err], without causing any del eterious effects to the
fluid or transm ssion. " The ability to increase breakaway static

friction through the use of chenical additives is extrenely val uable.
Previ ously when a .transm ssi on manuf agt urer needed to increase the anount
of torque that could be transmitted through a |ocked clutch they ‘had very
few options. Codv@87i,038l; \,, 47dc048s iamgl 2h® 9%k,23% Hsintipean

Patent Application 0,208,541(A2), and PCT
Application WO 87/07637. | |
U.S. Patent 3,972,243 discloses traction
.5 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
10 functional'groups as amine, imine, thioketone,'
amide, ether, oxime, maleic anhydride, etc.
adducts. The polylsobutylene oligomers generally
contain from about 16 to about 48 carbon atoms.
. Example 18 of this patent discloses reacting a
15 polyisobutylene oil with maleic anhydride to form
a polyisobutylene succinic anhydride whlch is
useful as a detergent, as an anti-wear agent, and
as an intermediate in the production of a
hydrazide derivative._ Other patents containing
20 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 varlety
of additives for modifying the properties of
25 various oleaginous compoaitions, there is no
suggestion of any additives that are suitable for
increasing the static breakaway coefficient of
friction of such compositions. Accordingly, there
is a continuing need for new additives and methods
30 which would enable the formulation of oleaginous
comp051t10ns, including 1ubr1cat1ng oils and power
transm1s51on fluids, and partlcularly automatic
" transmission fluids, hav1ng lncreased breakaway
statlc coefficient of friction.
35
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capacity of a c

| utch has been acconplished by changing_the clutch itself,

ei.ther by increasing the clutch lining area (i.e. using nore clutch

5Iates) by changing the clutch lining nmateri al or by increasing pressure

"being applied to the closed clutch.. These nethods are often undesirable

because they necessitate redesigning the transm ssion. They add weight to

the vehicle, cause the transnmission t® take up nore space and nake the

transm ssion nore costly to produce. Many of these changes can al so change
Saamanys ofc £hef Tnyentdion

the dynami c cha

static capacity

| -har.dwar e.
friction reducehﬁ)dﬂeagmﬂqpsmqpmpmsrmmnasamach|Qnmpnxaesw1mas to reduce

the evel gf friction ity JAPRAACLE WS Ui dfPTBE WO probl erm

First, oncé al

and nmake it | ess desirable. The

products of this inventior'rr@liwetnﬁq%ﬁiﬂéﬁﬁek 0t mRRgfodd1efdx eakaway

of the:.ﬁésf;%thHQUt tq%%f of tﬂ% j(r:‘%?ggfs tothe

renoved the | evel of [err%-cannot

be i ncreased fumnhnlcaﬂﬂngﬁxmﬂQPShtynﬂnﬂE}Q#kPHr4Q§IQ#§¥Q§hRﬁQu
del eterious eff e $PRBiN&oluble friction increasing reaction
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product comprising (a) an oil soluble substituted
or unsubstituted, saturated or unsaturated,
branched hydrncarbyl'group Containing from about
12 to about 50 total carbon atoms, (b) a linking
group, and (c) a nitrogen-containing polar group;
said polar group containing at least one nitrogen
atom and,'optionally, containing at least one atom
selected from the group consisting of boron,
oxygen and sulfur atoms, and being linked to said
hydrocarbyl_gfoup through said linking group.

Detalled Description of the Inventlon
The hydrocarbon soluble friction

increasing reaction products contemplated for use
with this invention comprise a branched chain
hydrocarbyl group which is linked to a nitrogen-
containing polar group. The friction increasing
reaction products may be represented by the
formula I: ' ' '

A-L-P ' o ' (I)

wherein A repréSents'the branched hydrocarbyl

- group; L represents the linking group; and P

35

represents the nitrogen-containing polar group.
The branched hydrocarbyl group A

typically contains from about 12 to about 50

carbon atoms and has a mplecula;“weight on the
\
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4 dynam c clutch engagenent.as well as the friction durability of the
fluid.: s In the past the only may to increase the coefficient of .
ffiction in these systens was to use a "traction fluid". These fluids
however are only effective under extremely high 1oads and require that
transm ssions be extrenely |l arge and heavy to function properly. Due to
t'heir .uni que nol ecul ar structure these’traction fluids are often very
susceptible to oxidation, provide poor wear control and are not easily

friction npdlflé%F@%Fg? L5 ARG T 20 £ ¥ caPBRE AP act &Ri st i cs.

preferred embodiments, however,- the molecular
weight of the hydrocarbyl group ranges from about
350 to about 600, and most preferably from about

5 400 to about 500. :

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

The hetero atom-containing branched
10 hydrocarbyl groups may contain one or more hetero

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

15 Preferred hetero atoms are sulfur and oxygen.
In one preferred embodiment, the
branehed hydrocarbyl group may be represented by
formula II:

H—E cn'z-_c},,-E'cn,-c\ };— | (1I)
| K R, ' '

wherein R represents a linear or branched C, to C,,
25 hydrocarbyl group, such as an alkyl, alkenyl, aryl
alkaryl, aralkyl or cYCloalkyl group or hetero-
-centaining analog thereof; wherein R;, R, and R,,
which can be the same or different, independently
represent H or a 11near or branch C, to C,,

20

30 hydrocarbyl group, as deflned above; x represents
an integer from 1 to about 17; and Y represents
zZero 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
35  about 50, typically from about 25 to about 45, and
_“‘__“““*—~——-___
ThsﬂmaHm
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These fluids are described, for exanple, in U S Patents 3,440,894 and
4,008; 251. . : ~No base oil alone can even approach the many specia
groperties required for ATF service. Therefore, it is necessary to enploy
several chem cal additives, each of which is designed to inpart or .inprove
a specific property of the fluid. U S. Patent 4,253,977 rel ates
to an ATF conposition which conprlses%afrlctlon nodi fi er such as

n-oct adecyl succinic or _the.regct an al kyl' or afken
“succi ni ¢ anhydr |P&€§ﬁrﬁi’lé’n é‘i OFL AR q:[ r#soq'ﬁ{/) Foxyne am nonet hane adéuct
alnd an overbased al kali ol epﬂeﬁemdamanm@hm@wfil gOoRP ATF rmay

al so contain a %@quﬂgq fag%?l v Wl valg Cf Pl &8 ashl ess

di sperisant such as polyi sobuteny gﬁ%n|n1 Qt her patents which di scl ose
ATF conposition® |Hﬂﬂxmﬁ¥<xnﬂﬂﬁn9¥ﬁﬁ&nEHQ&XW?r | FPPPELSRi &per sant s

i nclude, f ex Hendboll Re¢ et S ' 336 :
4,010 106'C5£1 13 d?o wer Lo £it), mélome v g ; 3 3t638b6ae,

B;'i ti ,Sh P:at eht s 2 prefelr'Sa?Bfi??j 'l'fld lé,g’cgé "orﬁl"éggm:???’ox@ng 4, 8_57’ 217;
- copolymer of olefin monomers containing 2 to about
'12, preferably 2 to 6, carbon atoms. Suitable
copolymers include random, block and tapered .
10 copolymers, provided that such copolymers possess
| a branched structure.
Suitable monomers include, for example,
ethylené, propylene, isobutylené, pentene, 2-
methyl pentene, hexene, 2eethyl hexene, and |
15 diolefins such as butadiene'and isopreoe, 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,
20 it is preferred to use a branched hydrocarbyl
grotp 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
25 from about 350 to about 600, and most preferably
from about 400 to about 500. - |

'Llnklng Groug
In one embodiment, the linking group

30 which may be reacted w1th the branched hydrocarbyl
group and with the polar group typically is
" derived from a monounsaturated carboxyllc reactant
~ comprising at least one member selected from the
- group consisting of (i) monounsaturated C, to C,,
35 dicarboxylic acid wherein (a) the carboxyl groups
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5 1,087,039; 1,474,048 and 2, 094, 339; European Patent Application

0, 208 541(A2) and PCT Appllcatlon WO 87/07637. . U. S. Patent
3,972,243 discloses traction drive fluids which conprise gemstructured
poly!sobutylene ol i gomers. Pol ar derivatives of- such gemstructured

pol yi sobutyl enes can be obtained by conversion of the polyisobutylene
oligoners to polar conpounds containigg such functional groups as am ne,

i m ne, thioketone, anide, ether, oxime, maleic anhydride, etc. adducts. The
pol yi sobut yl ene agki gaatnhylgendr.al.l Jocated onf adjasientt cedhan about 48 -

carbon atoms. .. mg) and (b) at least one, preferably both, of
said adjacent carbon atoms is part of said '
monounsaturation; (ii) derivatives of (i) such as

.5 anhydrides or C, to C; alcohol derived mono- or

diesters of (i); (iii) monounsaturated C; to C,,
monocarboxylic adid wherein the carbon-carbon
double bond is allylic to the carboxy group, i.e.,
of the structure '

10 _ -fC=C—%—

0
and (iv) derivatives of (iii) such as C, to C,
' alcohol derived mono- or diesters-of (iii). Upon
reaction with the branched hydrocarbyl group

15 reactant, the monounsaturation of the carboxyllc

' reactant becomes saturated. Thus, for example,
maleic anhydrlde becomes a branched hydrocarbyl
group substituted succinic ahhydride, and acrylic
acid becomes a branched hydrocarbyl substituted

20 propionic acid. '

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

25 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.

30 ~ Maleic anhydrlde or a derlvatlve thereof
is preferred as it does not homopolymerize
appreciably, but attaches onto the branched
_hydrocarbyl group to give two carboxylic acid
functionalities. Such preferred materials have

35 the generic formula III:
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Exanpl e 18 of this patent discloses reacting a polyisobutylene oil wth

mal ei ¢ anhydride to form a polyi sobutyl ene succinic anhydride which is
dseful as a detergent, ‘as an anti-wear agent, and as an internediate in the
production of a hydrazide derivative. .Cther patents containing simlar

di scl osures include, for exanple, U S Patent 3,972,941; U S. Patent
3,793,203;. U S. Patent 3,778,487 and WS. Patent 3,775,503. Wi | e
the prior art suggests a variety of additives for nodifying the properties
of various ol eagi nous. conpositions, there is no suggestion of any additives
~that are suitable for increasi the gtatic breakaway coefficient of
friction of such conpositions. :2bcor ngly, there is a continuing need for
new addi ti ves and net hods whic enabl e the formulation of ol eagi nous
conposi tions, including Iubmtrallng dIF§4hnd power transm ssi OBIX)ui ds, and
particul arly automatic transniss?qp’?luids, havi ng i ncreased breakaway

static coefficient of friction.
_ : wherein R, and R, are hydrogen or a halogen.

In an alternative embodiment, the
linking group may.comprise the residue of a
functionalized aromatic compound, such as a phenol
10 or a benzene sulfonic acid. Thus, in one
preferred aspect of the invention, the linking
group may be lllustrated by formula IV:

15 | | @Cﬂz ' (IV)

_whereln X is a functional group such as OH, Cl1 or
" SO.H.
_ In such cases, the subject friction
increasers may be’ prepared, for example, by a
20 conventional Mannich Base condensation of
aldehyde, (e.g., formaldehyde), polar group
precursor (e.g. alkylene polyamine) and branched
hydrocarbyl group substituted phenol. The
following U.s. patentelcontain extensive
25 disclosures relative to the production of Mannich
condensates: 2,459,112; 2,962,442; 3,355,270;
3,448,047; 3,600,372, 3,649,729 and 4,100,082.
.' Sulfur-containing Mannich condensates
also may be used and such condensates are
30 described, for example, in U.S. Patents 3,368,972;
_3,649,229;'3;600,372;.3,649,659 and'3,741,896.
Generally, the condensates useful in this
invention are those made from a phenol having a
branched hydrocarbyl substituent of about 12 to
35 about 50 carbon atoms,.more typically, 25 to about
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Summary of - the I nvention The invention relates to nethods for

i ncreasing,the static coefficient of friction of an ol eagi nous conposition,
Whi ch conpri ses: adding to a najor portion of an oil of -lubricating
viscosity a friction increasing amount of an oil soluble friction

I ncreasi ng reaction product conprisiqgh(a) an oil soluble substituted or
unsubstituted, saturated or unsaturatied, branched hydrocarbyl group

taining from about. 12 to about _50.total bon atams, (b) a_|jinki
Group, and () ASnPRFBABnSEoRRa nPKBIEBLAY CPBRR. CCHURORANA S

cont ai ni ng at | madée fimemniformgédehydm amrda Gpttond) ladiptattix ni ng at | east
one atom sel ect gabhPFk! §Ha958YBmiABS k3mpBYnE!, POr on
- These Mannich condensates are prepared
5 by reacting about one molar portion of hydrocarbYl
' substituted phenolic compound with about 1 to
about 2.5 molar portions of aldehyde and about 1
to about 5 equivalent portions of amino compound
(an equivalent of amino compound is its molecular
10 weight divided by the number of NH groﬁps
present). The conditions under which the
condensation reactions are carried out are well
known to those skilled in the art as evidenced by
the above-noted patents; Accordingly, the above-
15 notéd.patents are incorporated by reference for
 their disclosures relating to reaction conditions.

Polar Groug
The polar group comprises the residue of an

20 amine compound, i.e. polar group precursor,
containing at least 1, typically 2 to 60, and
preferably 2 to 40 total carbon atoms, and at
least 1, typically 2 to 15, and preferably 2 to 9
nitrogen atoms, with at least one nitrogen atom

25 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 groups, nitrile groups,

30 “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.

- 35
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oxygen and sul fur atons, and being linked to said hydrocarbyl group through
sai.d |inking group. Det ai | ed Description of the Invention
hydrocarbon soluble friction increasing reaction products contenpl ated for

use with this invention conprise a branched chai n hydrocar byl

The

group which

is linked to a nitrogen- containing polar group. The friction increasing
reaction products nay be represented b2 the fornula I:

L -P

() wherein A represents the branched

A

hydrocarbyl group; L r epr digefivl amings)kingluge ghoss P fepmekasts t he

ni trogen- cont ai Rf REHAEHET gr oup.
typically contains fromabout 12 to about 50 carbon atoms and has a

The branched hydrocar byl

nDIecuIar wei ght on the

5

10

15
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35

" R*-N-R® - (V)
R o |
R‘-N-(CHZ);EN(CHZ,),—}N-R‘ (VD)
_ ks i’ —~t g

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

{(cnﬂ,. N _,7 "
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 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-

. d1am1nohexane- polyethylene amines such as
diethylene pentamlne- polypropylene amines such as

1,2-propylene diamine; di-(1,2-propylene diamine;

__-di—(1;2-propy1ene)triamine; di-(1,3-propylene)

triamine; N,N-dimethyl-1,3-diaminopropane; N,N-
di(2-aminoethyl) ethylene diamine; N,N-di(2-
hydroxyethyl)l,3-propylene diamine; 1l-hydroxy-3-
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.order -of from about 150 to about 700. In preferred enmbodi ments, however,
t he mel ecul ar wei ght of the hydrocarbyl group ranges from about 350 to
dbout 600, and nost preferably from about 400 to about 500:

Sui t abl e branched hydrocarbyl groups include al kyl, al kenyl, aryl,

~cycl oal kyl, and hetero atom containing anal ogs thereof. .~ The hetero .
at omcont ai ni ng branched hydrocar byl 1§ oups nay contain one or nore hetero.
atons. A variety of hetero atons can be used and_are readily. apparent to

t hose skilled idimethylaming prepanfet driydrex¥-3ndingth YBePl&Pe not

limted
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propane; 3-dodecyloxy-propylamine; N-dodecyl-l,3-
propane diamine; etc.

_ Other suitable amines include: amino
morpholines such as N-(3~aminopropyl) morpholine
and N-(2-aminoethyl) morpholine; substituted
pyridines such as 2-amino pyridine, 2-methylamino
pyridine and 2-methylamino pyridine; and others
such as 2-aminothiazole; 2-amino'pyrimidine; 2-
amino benzothiazole; methyl-léphenyl hydrazine and
para-morpholino aniline, etc. A preferred group |
of aminomorpholines are those of formula VII:

o N, -(CH,) r"NHz (VII)

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

. Useful amines also include alicyclic
diamines, imidazolines and N-aminoalkyl
piperazines of formula VIII: '

cn2 CH,

H-Erm-(cnz)l,1 N N }—[—(cnz)s,—m]_

nl C 2-CH2
(VIII)

_ whereJ.n p, and p, are the same or dlfferent and
each is an integer of from 1 to 4; and n,, N, and
n, are the same or different and each is an
1nteger of from 1 to 3.

Commercial mlxtures of amine compounds
may advantageously be used. For example, one
process for preparing alkylene amines involves the
reaction of an alkylene dlhallde (such as-ethylene

pdlchlorlde or propylene dichloride) w1th ammonia,

\
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to, nitrogen, oxygen, phosphorus, and sulfur. Preferred hetero atons are
sul fur and:oxygen. , 1n one preferred enbodi nent, the branched
Aydrocarbyl group may be represented by formula II1: [err] wherein R
represents a linear or. branched CJerr] to C[err] hydrocarbyl group, such as
-an al kyl, alkenyl, aryl alkaryl, arahﬁyl or cycloal kyl group or hetero- '
contai ning anal og thereof; wherein Rerr], Rerr] and R err], which can be

the same or diff toi engent : e 0L ¢aah | or b h
Gorr] o o er rfEEe SeaBEeeRACE chmbeRi asataloobeial el O an
i nt eger from 1 aBiR@suvhereipngajrecPfcBARLQISBE LR RLN &r of from1l

to about 10; ang]ppeeséngtbapst abriifigesueh eompoandsoas in the branched
hydrocarpyl grogEeLﬁyiégg] ggg&iﬁé,tgriethylenetetramine}

5 tetraethylene péntamine and corresponding '
piperazines. Low cost poly(ethyleneamine)
compounds averaging'about 5 to 7 nitrogen atoms
per molecule are available commercially under
trade names such as "Polyamine H", "Polyamine

10 400", "Dow Polyamine E-100", etc.
Useful amines also include
polyoxyalkylene polyamines_sﬁch as those having
formuia IX:

15 '~ NH,-alkylene -O-alkylene + NH,, (IX)

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 formuld
20 X '

Ré-(alkylene — (O-alkylene)—NH,),, - {X)

wherein R® is a polyvalent saturated hydrocarbon
25 - 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
30 branched chain C, to C,, preferably C, to C,
alkylene radical. :

The polyoxyalkylene polyamines of
formulas (IX) or'(X) above, preferably
pquoxydlk?lené diamines and polyoxyalkylene

35  triamines, may have averagé molecular weights

'-\
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about 50, typically fromabout 25 to about 45, and

8 preferably from about 28 to about 36. A preferred branched
Aydr ocar byl group is branched alkenyl preferably derived froman ol efin
pol ymer. The olefin polynmer may conprise a honopol ymer of an olefin
mononer having 3 to about 12, preferably 3 to 6, carbon atoms, or a
copol yner of olefin nononers containildg 2 to about 12, preferably 2 to 6
carbon atons. Suitable copol yners include random bl ock and t aper ed
copol yners, provaneiinghérosughoubpdfntesapestes808 Brénched structure.

'.Su'tab'e ”Dnonﬁﬁfeféféyﬂﬁ ££6h S¥6HE! 800 to about 2000. The

preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene triamines.

5  The polyoxyalkylene polyamines are commercially
available and may be obtained, for example, from
the Jefferson Chemical Company, Inc. under the
trade name "Jeffamines D-230, D-400, D-1000, D-
2000, T-403", etc. o

10 ' ‘The polar group may be joined to the linking
group through an ester.lihkage when the linking
group is a carboxylic acid or anhydride. To
incorporate polar groups of this type they must.
have one free hYdrdxyl group and all nitrogens

15 must be tertiary nitrogen atoms. Polar groups of
this type are represented'by'formpla XI: |

R R’

HO(': CH N/
g "" ( 2)_n \

20 ' R’ - R'"’ : (XI)

wherein n has a value of 1 to 10, R and R’ are H
or C, to C,, alkyl, and R’’ and R'’"’' are C, to C,
alkyl. '
25 |
' Forming the Friction Increasers
_ In accordance with one aspect of the
invention, the branched hydrocarbyl group
preéursor (e.g., polyisobutylene) may be reacted
30 with or grafted to the linking group precursdr
' (e.g. moncunsaturated 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
35  about 2.0, and most preferably from about 1.1 to
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“ethyl ene, propyl ene, isobutylene, pentene, 2- nethyl pentene, hexene,

2-ethyl hexene, and diolefins such as butadi ene and isoprene, provided that
t'he resultlng honopol ynmers or copol yner are branched. Wil e sel ection of
nononers suitable for preparing branched honopol ymers or copol ymers is
readi | y apparent to those skilled in the art, it is preferred to use a
branched hydrocarbyl group derived fnem propyl ene, for exanple, |
tetrapropyl ene, or fromisobutylene, for exanple, polyisobutylene having a
nunmber aver age dmdweul a7 mmig@toﬁfséi@nmenounsaﬁﬂrabedbgaerQQlipreferably

from about 350 to é%gﬁ% $09. cﬁQJ QESEO éefggbgogrﬁgkaggyg 40 to about
500. Li nki ng one enbodi nent | 1 nking group which

may be reacted hramch%@ hﬂ@ﬁ@%@ﬁbﬁ¥d96€EPbQFeﬁPBEﬁrand with the polar group
typically is derived fronm@nﬁa:npypslaéﬂralrdoﬁathexnydgocaabyant conpri si ng

at | east one nenber selected fromt p n
nnnounsatu?atedgﬁﬁﬁPr?r?%uff%Frfeﬁ?gﬁrgbgélF§8a§b§5 gﬁghﬁg%éf t he carboxyl .
groups carboxylic reactant and the reaction mixture will

contain unreacted hydrocarbyl material. The

unreacted hydrocarbyl material is typically not
removed from the reaction mixture (because such

10 removal is difficult and would be commercially
infeasible) and the product mixture, stripped of
any monounsaturated carboxylic reactant is
employed for further reaction with the polar group

"precursor as described herelnafter to make the

15  friction increaser. _

- Characterization of the average number
of moles of monounsaturated carboxylic reactant
which have reacted per mole of hYdrocarbyi
méterial changed to the reaction (whether it has

20 undergone reaction or not) is defined herein as
functionality. Said functionality is based upon
(i) determination of the saponification number of
the resulting product-mixture'using potassium
hydroxide; and (ii) the number average molecular
25 weight of the polymer charged, using technlques
' .~ well known in the art. Functionality is defined
solely with reference to the resulting product
mixture. Although the amount of the reacted
hydrocarbyl material contained in the resultlng
30 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 functlonallty of the
- 35 branched hydrocarbyl substituted mono- and
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are vicinyl, (i.e. located on adjacent carbon atons) and (b) at |east one,
preferably-both, of said adjacent carbon atons is part of said
rmonounsaturation; (ii) derivatives of (i) such as anhydrides or Clerr] to
Clerr] alcohol derived nono- or diesters of (i); (iii) nonounsaturated
Cerr] to (Jerr] nonocarboxylic acid erein the carbon-carbon doubl e bond

is allylic to the carboxy group, i.e.;~"of the structure
;g;gig;“ dicarboxylié)5g§h($3%ef§givf§'ggslgésél5EAU§u6b5?S Qerr]

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),

5 preferably from about 0.8 to about 1.4 ahd most
preferably from about 0.9 to about 1.3.

The branched hydrocarbyl reactant can be
reacted with the monounsaturated carboxylic
reactant by a variety of methods. For example,

10 the hydrocarbyl reactant can be first halogenated,
e.g., chlorinated or brominated, to about 1 to 8
wt. % preferably 3 to 7 wt. % chlorine, or
bromlne, based on the welght of hydrocarbyl

_'reactant, by pa551ng the chlorine or bromine

15 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

20 ‘carboxylic reactant at 100° to 150°C., usualiy
about 180° to 235°C., for about 0.5 to 10, e.g., 3
to 8 hours, so the product obtaihed will contain
the desired number of moles of the monounsaturated
carboxylic reactant per mole of the halogenated

25 ‘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

30 adding chlorine to the hot material. Processes of
this type are discldsed'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

35 be grafted onto the monounsaturated carboxylic

—_—
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al cohol derived nono- or diesters of (iii). Upon reaction with the branched
hydrocar byl group reactant, the nonounsaturation of the carboxylic reactant

Becones sat ur at

ed. Thus, for exanple, maleic anhydride becones a branched

hydrocar byl group substituted succinic anhydride, and acrylic acid becones

a branched hydr
such nonounsat u
i taconi ¢ anhydr
chl oromal ei ¢ an
heni ¢ anhydri de,
al kyl) acid est
met hyl fumarate
preferred as it
branched'hgdroc
Such preferred
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ocar byl substituted prpgionic acid. - Exenpl ary of

rated carboxylic reactants are fumaric acid, itaconic acid,
reactanteusiag dreeniraiddicalhyigditd@tans gusghlas ¢ aci d,

BudbikdBes2ahll gsdgﬁ;g@fo SHBIHRACT Yrier ittty WH¥gi ¢ aci d,

ci nnam c acl wer aIkyI ggﬁi (%Prr] to C[erﬂ
which haye obedding POIRt GRAAKAT HAL@POWE hy| funmrate,
100PC. and which a@bempoeahyﬂérﬂamy widhinvaheve thereof is
SE3FE 0 SRR Ul Bt Wit oo e
raddiciadlss hmrelsemt@vec dﬁ)mhﬁss |finree-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 dicumYl peroxide. The
initiator is generally used at a level of between
about 0.005% and about 1%, based 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 atmosphere 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 carrled
out to at least approximately 4 times, preferably

_
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10 [err].

wherein R err] and Rl err] are hydrogen or a hal ogen.

[n_an=a!te[netive enbodi ment, the linking group may conprise the residue of
~d functionalized aromatic conpound, such as a phenol or ‘a benzene sulfonic

acid. Thus,

10

15
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in one preferred aspect of the invention, the |inking

19
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).z hours at 160°C. and one
hour 170°C., etc. '

In the graftlng process, usually the
hydrocarbyl material to be grafted, is dissolved
in the liquid synthetic oil (normally liquid at
21.1°C.(70°F.)) 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 eliminated by an inert gas
pdrge,'e g., nitrogen sparging. Preferably any
carboxyllc acid material that is added is kept
below its solubility limit. For example, maleic
anhydride is kept below about 1 wt. %, preferably
below 0.4 wt. % or less, of free maleic anhydrlde

'based on the total weight of solution. Continuous
or periodic addition of the carboxylic acid '
material along with an appropriate portioh of
initiator, during the course of the reaction, can
be utilized to maintain the carboxylic acid below
its solubility limits, while still obtaining the
de51red degree of total grafting. o

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
isoiating the reaction product from the diluent
oil and without any prior treatment. 1In the

" alternative, the reaction product may be
concentrated or diluted further by the addition of
mineral oil of lubricating viscosity to facilitate

-_
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group .may be illustrated by formula IV: [err] wherein X is a functional
group’'such as OH, O or S(err]H. I n such cases, the subject
friction increasers may be prepared, for exanple, by a conventional Mannich
Base condensation of al dehyde, (e.g., formal dehyde), polar group precursor
(e.g. alkylene polyanne) and brancheg hydr ocar byl -group substituted
phenol. The following U S. patents contain extensive disclosures relative

to the productiofe OfeABENbE \wEORIERS 8 Sar 2qA58p 132ecarE62, 442; 3, 355, 270;
3,448, 047; 3,600 372, 3,649, 799 an}gﬁ? 0. plpZecir f - cont ai ni ng

Manni ch condensates also TRS Bea %ﬂg§ﬁ€ﬂr88%a§H§§Fé§“5? descri bed, |
for exanple, inihKinfaagent BeSE6idHd2prodads, iﬁQSOBuﬁﬁlﬁnSiﬁ tBe649, 659 and

e ﬁﬂié%‘%ﬁ(%ﬁ%go% ATk AR I
5 alkylbenzene, typically at a concentratlon 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
10 250°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
15 reactions, amounts of'excess,'tyPe of bonds
formed, etc. |
_ Typlcally, the polar group precursor
amine compounds will be used in the range of 0.1
to 10 wt. %, preferably 0.5 to 5 wt. %, based on
20 the weight of the hydrocarbyl-substituted linking
group. The amine compound is preferably used in
an amount that neutralizes the acid moieties by
formation of amides, imides or salts.
Preferably the amount of amine compound
25 . used is such that there 1s 1 to 2 moles of amine
reacted per equivalent mole of carboxyllc acid.
For example, with a polyisobutylene polymer of 450
.number'aVerage'molecular weight, grafted with an
avetage of 1 maleic anhydride group per molecule;
30 preferably about 1 to 2 molecules of amine
compound is used per moleCule of Qrafted
polylsobutylene polymer.
. Alternatlvely, as discussed above, the
polar group precursor may be reacted with an
35 aldehyde and a hydrocarbyl substituted phenol in a
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about 50 car bon atons, nore typically, 25 to about

11 45 carbqn atons. -Typically these condensates are made from formal dehyde
dr a Cerr] to (Jerr] aliphatic aldehyde and an ani no conpound.
These Manni ch condensates are prepared by reacting about one nol ar portlon

of hydrocar byl

substituted phenolic conpound with about 1 to about 2.5

nmol ar portions of al dehyde and about 21to about 5 eqU|vaIent portions of
ami no conpound (an equival ent of ami no conpound js its nolecul ar weight

di vi ded by the [AARKENTSIONG]. ranner Heskorm Manpich errdensateser Whl ch the

10
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30_'
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having friction increasing properties.

Cngos1tlons _

A minor amount, e. g., 0.01 up to about
50 wt. %, preferably 0.1 to 10 wt. %, and more
preferably 0.5 to 5 wt. %, of the friction
increaser products produced in accordance with
this invention can be incorporated into a major
amount of an oleaginous material, such as a
lubricating oil, depending upon whether one is
forming finished products or additive
concentrates. When used in lubricating oil
compositions, e.g., automatic transmission
formulations, etc. the final friction increaser
concentrations are usually within the range of
about 0.01 to 20 wt. %, e.g., 0.1 to 10 wt. %,
preferably 0.5 to 5.0 wt. %, of the total
composition. The lubricating oils to which the
products of this invention can be added include
not only hydrocarbon oil derived from petroleum,
but also include synthetic lubricating oils such
as esters of'dicarboxylic acids; complex esters
made by esterification of monocarboxylic acids,
polyglycols, dicarboxylic acids and alcohols;
polyolefin oils, etc. _

The friction increasér products of the
invention may be utilized in a 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 addltlonal mlneral.
lubricating oil. :

~ The above oil compositions may contain.
other cOnventibnal additives, such as ashless
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condensation reactions are carried out are well known to those skilled in
the art as evidenced by the above-noted patents. Accordingly, the above-
Aot ed patents are incorporated by reference for their disclosures relating
to reaction conditions. Pol ar Group ~ The polar group conprises the
resi.due of an amine conpound, i.e.. pobgr group precursor, containing at
least 1, typically 2 to 60, and preferably 2 to 40 total carbon atons, and

at least 1, typigs e\f:s%rﬁ:% 1@0@@;{3%@‘@@@ Yreadtich PrdEen &£ ons, W th
at | east one nltr en aton1preferab|y bein nt jn a primary or
secondary anlneH@’ 1yds oy q“ﬁqﬁﬁﬁﬂiﬁuﬁﬁhﬁgf carbyl amines or may

be_hydrocar byl @Blfy&Iiylénélhnﬁgléﬂhfﬂ Zresi0 reifgrogénsly ontyiahoups, al koxy
gr oups, ~am e dJ nitri ro , ne roups
or Cthe I Te. Thasaision, stk WRZ e BORRA; HibeahdRis 1o 07 210

oron or sul fur
atons, pr o\ ded sticht awmm shialky holithieptesphages; tYSEMLEEnt i al | y

pol ar nature and f4iictinfrdferd &R o G$oRA sl tiflene,

polymethacrylates, copolymers of vinyl acetate and
alkyl fumarates, copolymers of methacrylates with
amino methacrylates; corrosion inhibitors;

10 - oxidation inhibitors; fricﬁion;modifiers;'metal
detergents such as overbased calcium magnesium
sulfonates, phenate sulfides, etc.

The following examples, wherein all
parts or percentages are by weight unless

15 otherwise noted, which include preferred
embodiments, further illustrate the present
invention. '

Preparative Examples
20 EXAMPLE 1

Polyisobutenyl succinic anhydride
(PIBSA) having a succinic anhydride (SA) to
polyisobutylene (PIB) ratio (SA:PIB), i.e.,
functionality, of about 1, was prepared by
25 gradually heating a mixture of 170 kg'(280 1bs.)
| 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
approximately 120°C. Chlorine gas was then
30 bubbled through the mixture at approximately 2. 7
kg (6 lbs.) 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
35 added. The reaction mlxture was then heated to

___________;________;
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Useful amines include those of formulas V and VI : [err]

23

-~ 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 and an active
ingredient level of 88%, which calculates to a SA

. to PIB ratio of abOutj1,0 based upon the starting

PIB.

The PIBSA product was aminated by
cherging'to a reactor approximately 36.3 kg (80
1bs.) of the PIBSA; approximately 6.0 kg (13.1
lbs.) of a commercial grade of polyethylene amine
which was a mlxture of polyethylene amines
averaging about 5 to 7 nitrogen per molecule

~ (PAM); 13.7 kg (30.2 1bs.) of a solvent 150

neutral oil (Exxon S150N); 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 glve the f1na1 product (PIBSAyPAM)
hav1ng a PIBSA to PAM ratio (PIBSA PAM) of about
2.2:1 (using 232 as the molecular welght of PAM).

EXAMPLES 2-7

The procedure of EXAMPLE 1 was repeated
except that, as noted in Table 1, the PIB starting
material and/or the amount and identity of the
amine reactant were changed. Also, in EXAMPLE 4,
the PIBSA-PAM product ptepaxed in EXAMPLE 1 was
borated by adding 1000 gréms of the PIBSA-PAM
product to a stirred reactor, whereafter the
temperature_wae raised to 130°C., a nitrogen sweep
was begun, and 168.7 g of a 30% slurry of boric
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wherein R err], Rerr], Rerr] and R err] are independently selected from
t he group consisting of hydrogen, Cerr] to Clerr] linear or branched al kyl
fadicals, Cerr] to (Jerr] alkoxy CJerr] to (Jerr] al kylene radicals,
Clerr] to (err] hydroxy am no al kyl ene radicals, and C[err] to (err]
alkylamno Cerr] to (JQerr] al kylene radicals; and wherein R err] can

additionally conprise a nniety of the24ornmula: [err] wherein R err] is.
defined above; wherein s and s' can he the sang o a different nunber of
from2 to 6, prafdfakpP.§ goberignacidinyas adde AMHESr a different

nunber of from Gvke iOhonﬁ:efermbyxﬁamlbmmwxm pwawlmaidhﬂi t he sum of
t and t' is not _gregate than n- ng.gxanpl es of suitable
am ne conpoundslgﬂ ¢ or a3, 3?3ﬁ¥ %‘%ahc{}lil ébgg%gngnghexane

pol yet hyl ene amftié.$es'edh aghe eelsyﬂl@mwmeﬁ’e PIRAA/RADY| ene ani nes such

as S contained 0.79% boron.
TABLE 1
EXAMPLE MW OF  AMINE  _RATIO BORATED
10 NO. PIB - SA : AMINE
1 450 PAM! 2.2:1 NO
2 450 PAM 3.0:1 NO
3 450 DIMAP? 1.0:1 NO
4 . 450 . PAM 2.2:1  YES
15 5 200  DETA*> = 2.0:1 NO
6 200 . DIMAP T 1.0s1 NO
7 450 NAPM* 1.0:1 NO
EXAMPLE 8 o _
20 - To a 2 liter 4-necked reaction flask

equipped with a stirrer, Dean Stark trap,
condenser and nitrogen sparger were charged
dodecylphenol (524 g, 2.0 m), trioxane (60g,
0.66m) and tetraethylene pentamine (TEPA) (189g,
25 1.0m). The temperature was raised slowly to
110°C. at which time water evolution began. After
8 houts the temperature'had risen to 115°C. and
water evolution ceased (42 cc’s of water were
collected). The mixture was cooled and filtered

30 ! ' C, based alkylene polyamine
diméthylamindprpleamine
diethylene triamine

3—aminopropylmorpholine

LT =




1,
2

N, N- di et hyl

2- propyl ene di am ne;
- propyl ene)triam ne;

(1'2 propyl ene di am ne;

(1 3-propyl ene) triam ne;
. -1,3-dian1nopropane
N, N-di (2- hydroxyet hyl )1, 3- propyl ene. di am ne;
13 dinethylam no propane;
3- dodecyl oxy- propyl am ne;

O her suitabl e ani nes |nc

ror phol i ne and Hp(flsﬁpng ﬂy

di- (1,

NN- di (2-ami noet hyl) ethylene dlan1ne
1- hydr oxy- 3-

containing 9.1% nitrogen.

The amount of carboxylic acid (or

iﬁhgaw

1- hydr oxy- 3 di met hyl am no propane;
N-dodecyl 123- propane di am ne;

of ﬁoﬁﬁﬁ%‘%&ﬁeﬂ' e

etc.

d%bgg-aninopropyl)

5
anhydride) indicated in Table 2 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°
10 C. and the indicated amount of tetraethylene
' pentamine (TEPA) 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
- 15 ceased, the mixture was cooled and filtered to
give the desired product.
 TABLE?2
_ EXAMPLE ALKYL AMINE RATIO BORATED
20 NO. PORTION ACID:AMINE
9 DDSA® TEPA® 2.2:1 171g,
133g (0.5m) 42259 9.4% N
(0.22m)
25 _ _ ' N
10(com- Oleic acid TEPA 3.1:1 341g,
parative) 282g (1,0m) 73g (0.39m) 6.6% N
11{com- . Isostearic TEPA 311 351g,
30 parative) acid 73g (0.39m) 6.4% N
- 248g (1.0m) o
12(com-- OSA TEPA 2.0:1 222.5g,
parative) 175g (0.25m) 47.3g 4.0% N
35 (0.25m)
3 dodecyl succinic anhydrlde? dodecyl is
: branched hydrocarbyl, i.e., tetrapropylene.
40 ° TEPA is tetraethylene pentamlne.
7 _octadecenyl succ1n1c anhydride; octadecenyl is

linear hydrocarbyl.
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pyridi nes such as 2-am no pyridine, 2-nmethylamno pyridine and
Z-nsthy!anjno pyridine; and others such as 2-ami not hi azol e; 2-ani no
pyri m di ne; 2- am no benzothi azol e; nethyl-1-phenyl hydrazi ne and

par a- nor pholino aniline, etc. A preferred group of am nonorpholines are

those of formula VI1: -[err] ~—~ where r is a nunber having a value of 1 to
5. Usef ul amines also includ alicyclic diamines, inidazolines and
Standard automatic transmissLon fluids

N- am noal kyl pi perazines of fornmula VIII [err CH2- CH2

'(ATF s) were prepared for testing the friction
,characteristics of the reaction products formed in
EXAMPLES 1-12. The fluids were prepared by

5 blending the indicated reaction product into an
additive concentrate, and then dissolving the
concentrate into a mineral oil base fluid (Exxon
FN 1391) to give the required concentration of
additives. The basic test blend contained

10 approximately 10 weight % of additives including
dispersant, anti-wear agent, corrosion inhibitor,
antioxidant, viscosity modifier, and the indicated
amount of the reaction prodnct-of'EXAMPLEs 1-12
(the "CONTROL" did not contain any of said

15  reaction products).

The various ATF's were tested using a low
velocity friction apparatus (LVFA), to determine
the effect on the static breakaway friction
coefficient (pu,) of the indicated reaction

20 products (and the CONTROL). The test procedure
was as follows:

‘Test Specimens: | _
Clutch friction material with a machined
25  annulus of 28.6 mm (1.125 inch) 0.D., 22.2 mm
~ (0.875 inch) I.D., and mean diameter 25.4 mm (1.00
inch) was adhesively bonded to a steel backing _
disc. SAE 1035 steel discs of 38.1 mm (1.50 inch)
diameter were stamped'from separator steel stock
30 and tumble finished to 0.25-0.38 um (10-15 micro-
inch) A.A. surface roughness finish.

Test Procedure:

After ultrasonically cleaning the steel
35 specimens and test machine fixtures in heptane,
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wherein p[err] and p[err] are the same or different and each is an integer
of.from1 to 4; and n[err], n[err] and n3 are the same or different and
éach is an integer of from1l to 3. . - Conmercial mixtures of am ne
conpounds nay advant ageously be used. For exanple, one process for
preparing al kyl ene am nes invol ves the reaction of an al kyl ene di halide
(such as ethylene dichloride or propy?%ne dichloride) with amoni a,

L4 whieh eSS ATt et alstuBicY ' ¥i tester ana
surfaces broken-in for one . hour at a given test
load (483 (70), 965 (140) or 1448kPa (210 psi)) at
a sliding speed of 0.25 m/s (50 ft/min), at

5 ambient temperature with 100 cc of test fluid. X-
| Y plots of coefficient of friction versus sliding
speed, from 0-0.51 m/s (0-100 ft/min), were then
recorded at 93° C. and at 149° C. Friction was
_ measured by a dead weight calibrated load cell.
10  Heating of the fluid was accomplished by imbedded
' cartridge heaters. Coefficient of friction data
reported were the average of the plots obtained
during acceleration to 0.51 m/s (100 ft/min) and
then deceleration back to rest. Static friction
15 was measured after'deceleration_and was the
average of four measurements.

The results of the tests, which are set forth
in Table 3 below, indicate that oleic acid-TEPA
(Comparative EXAMPLE 10), isostearic acid-TEPA

20 (comparative EXAMPLE 11) and OSA-TEPA (comparative
EXAMPLE 12), all of which contain essentially
linear hydrocarbyl groups linked to an amine polar.
group, acted as conventional friction modifiers,

"i.e., they all caused a significant decrease in

25 the static coefficient of friction p, (relative to
the CONTROL) at 93°C. and at 149°C. |

The test results also indicate that all of
the reaction products of EXAMPLES 1 8 (which
contain a branched hydrocarbyl group linked to a

30 polar group in accordance with the invention)
caused an increase in p, (relatlve to the COntrol)
at 93°C., with the products of EXAMPLES 3, 6 and 8
‘causing very s;gnlflcant increases. The results

_ also show substantial increases p, at 149°C. for
35 the products of EXAMPLES 2-6 and 8, particularly
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am nes wherein pairs of nitrogens are joined by alkylene groups, form ng
such conpounds as diethylene triramne, triethylenetetramnne, tetraethylene
pent am ne and correspondi ng pi perazines. Low cost poly(ethyl eneam ne).

conpounds averaging about 5 to 7 nitrogen atons per

comercially under trade nanes such agg"Pol yam ne-H',

nol ecul e are avail abl e
"Pol yam ne 400", " Dow

Pol yam ne E-100", etc. ' Useful am nes al so |nclude polyoxyalkylene
pol yam nes such ? F&g@g WG xampi 8.1 X NH[ err] - al kyl ene
-Oalkylene ferr|NH err (1X) wherein mhas a val ue of at- |east 3

and "al kyl.ene" represents a linear or.branched chain CJerr] to.Clerr],

preferably C2 t@gx@#paiEsylid 7 adical; or formula X

R err]- (alkylene

(C)alkyIene)[err]NHhF%EEHégwgf standaﬁ&oATF 's was prepared 1n

5 the manner described above, except that the
concentration of the friction increaser was
systematically varied to determine'the effect of

friction increaser concentration on p,. Table 4
shows the ATF's that were prepared and their

10 ‘static coefficients of friction as measured by
LVFA. The data in Table 4 demonstrates that
increasing the friction increaser concentration

resulted in an increase in p,. At 93°C, a maximum

value for n, was reached when the concentration of

15  friction increaser was about 2.5 wt.

%, whereas

the value for p, at 149°C continued to increase
when the concentration of friction increaser was

increased to 5 wt. %.

-
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wherein R err] is a polyval ent saturated hydrocarbon. radical having up to
10, 'carbon atoms and the nunber of substituents on the Rierr] group is :
represented by the value of "a", which is a nunber of from3.to 6, wherein
m has a value of at least 1; and wherein "al kyl ene" represents .a |linear or
branched chain Cferr] to C[err], preferably Cferr] to (Jerr] alkylene.

radi cal . The pol yoxyal kyl e@® pol yam nes of formulas (11X or (X

above, preferably polyoxyalkylene dlqpknes and pol yoxyal kyl ene triam nes,
may have average nol ecul ar weights ———

EXAMPLE ADDITIVE " CONCENTRATION LVFA

LVFAu, _
5 NO. WT. % AT 93°C AT 149°C
1 450 MW 1.00 0.187 . 0.163
' PIBSA-PAM : :
2 450 MW _ 1.00 ~ 0.188 0.154
10 PIBSA-PAM :
3 450 MW 1.00 0.207 0.157
PIBSA-DIMAP
15 . - 4 450 MW 1.00 0.197 0.162
: PIBSA-PAM
(BORATED)
5 - 200 MW PIBSA 1.00 0.194' 0.147
20 - . -DETA -
6 200 MW PIBSA  1.00 0.210 0.170
-DIMAP . _
25 7 450 MW PIBSA 1.00 0.193 " 0.138
: -NAPM _ :
8 Dodecyiphenol ~ 1.00 0257 0.218
-TEPA
30 _
10 Oleic acid 1.00 0.040 : 0.036
-TEPA
11 isostearic 1.00 0.069 © 0.049
35 acid-TEPA :
12 OSA-TEPA 100 0.068 0.056
CONTROL - 0.00 10.170 0.138
TABLE 4
EXAMPLE FRICTION RATIO CONC., LVFA
45 _NO. INCREASER SA:AMINE wt. % AT.93°C. AT 149°C.
CONTROL NONE - ' 0.00 0.170 0.138
13 450 MW 2.2:1 025 0.188 0.149
© PIBSA-PAM
50 . _ _
14 450 MW 221 . 0.50 0.189 0.163
: PIBSA-PAM ' C
. 15 450 MW 224 1.00 * 0.200 0.171
55 PIBSA-PAM : o
16 450 MW 2.2:1 _ 2.50 - 0.207 0.186
PIBSA-PAM
60 17 450 MW 2211 . .- 500 0.207 0.190
PIBSA-PAM :
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15. ranging fron1about 200 to about 4000 and preferably from about 400 to
‘about -2000. The preferred pol yoxyal kyl ene pol yani nes incl ude the

pol yoxyet hyl ene and pol yoxypropyl ene tri am nes. The pol yoxyal kyl ene
pol.yam nes are commercially avail able and nay be obtained, for exanple,
fromthe Jefferson Chem cal Conpany, JJ‘ under the trade nane "Jeffam nes
D230, D400, D-1000, D 2000, T-403"™"Yetc. The pol ar- group may be

joined to the lhg§|gg g ggp;ghrough an ester |inkage when the |inking group
I's a carboxylic ride. To .incorporate polar groups of this type
they nust have one fAseotheur seyliegr ofpssandard ATF’§gwas prepayed ertiary
nitrogen atoms. ;R0tge @hAHRE AbstPibellyBBoYES ERREepehAE Bn fpriml a Xi:

Lerr] _ series, the molecular weight of the branched
-5 hydrocarbyl group of the friction increaser
additive was-systematicaliy varied while the
concentration of friction increaser additive was
maintained at 1.00 wt. % in dll cases. Table 5
shows the comp051t10ns of the varlous friction
10  modifier additives and the static coefficients of
friction as determined by LVFA for each ATF in
this series. The data in Table 5 shows that the
200 MW PIBSA-PAM was not soluble in the ATF and,
therefore, could not be used as a friction
15 increaser in accordance with this invéntion. The
data also shows that the friction inCreasing
effect, both at 93°C. and at 149°C., decreased
relative to the CONTROL when the molecular weight
_ ~of the branched hydrocarbyl group increased from
20 200 to about 900. At 149°C. the rate of decrease
' in p, was more rapid such that both 900 MW PIBSA-
DIMAP and 900 MW PIBSA-PAM actually functioned as
conventional_f:iction modifying agents (i.e.
friction reducing agents). The data in Table 5
25 shows excellent friction'increase, both at 93°C
and at 149°Cc., for the ATF's containing 450 MW
PIBSA-PAM (both borated and non-borated) and 450
MW PIBSA-DIMAP.

[T
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wherein n has a value of 1 to 10, Rand R are Hor (err] to C(Jerr] alkyl,
and R-' rand R"'" are (Cerr] to (Jerr] alkyl. Form ng the Friction
Fncreasers I n-accordance with one aspect of theée invention, the
branched hydrocarbyl group precursor (e.g., polyisobutylene) may be reacted
with or grafted to the |inking group precursor (e.gqg. rmnounsaturated

carboxylic reactant), preferably in ution in-a diluent oi
Typically, fromabout 0.7 to about 4.0 ( o 0.8 to 2.6), preferably from
about 1.0 to about 2.0, and nDst prefera romabout 1.1 to
EXAMPLE FRICTION RATIO CONC., LVFAE,
_NO._  INCREASER  SAAMINE wt % AT93°C. AT 148°C.
CONTROL  NONE - 0.00 ' 0.170 0.138
18 200MW 104 - 1.00 0210 0.170
PIBSA- :
i0 DIMAP
19 450 MW 1.0:1 1.00 . 0207 0.156
PIBSA- -
DIMAP
15 :
20 . 900 MW 1.0:4 1.00 0.183 0.135
PIBSA- :
DIMAP
20 2 200 MW 2.0:1 - NOT SOLUBLE
PIBSA- -
PAM
2 450 MW 2.2 1.00 . 0.187 0.163
25 PIBSA- ' _
_ PAM
23 450 MW 2.2:1 100 0195  0.186
PIBSA- - _
30 ' PAM
(Borated)
24 sooMW 264 1.00 0175 - 0.430
PIBSA- ' :

35 PAM

EXAMPLES 25-28
Another series of standard ATF’'s was prepared
40 in the manner described above, except that in this
series dodecyl (i.e., propylene tetramer) succinic
- anhydride (DDSA) was used as the branéhed
hydrocarbyl substituted linking group, with the
polyamine (i.e., polar group) being varied. Table
45 ‘6 shows the composition of the various friction
‘increasers, as well as the static friction at
93°C. and at 149°C. by LVFA. The data in Table 6
shows that a maximum effectiveness as a friction
increaser is reached when the polar group contains
50 more amino nitrogen (i.e. the use of tetraethylene
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16 about 1.7 noles of said nonounsaturated carboxylic reactant are charged
- to the reactor per nole of branched hydrocarbyl group precursor. :

Normal Iy, not all of the hydrocarbyl group precursor reacts with the
nmonounsat ur at ed carboxylic reactant and the reaction mxture will contain
unreact ed hydrocarbyl material. The ugzeacted hydr ocarbyl material is
typically not renoved fromthe reacti m xture (because such renoval is

difficult and i al ' eﬁéj and Q4 U i xture,
stripped of anﬁ%’%ﬁ%ﬁ%&aéﬁ&%l C %2%?%?# %{E\%ﬁ%y&- or further
reaction with tHdghsmm.gasug3peecardorhassangchishel APE nafRe@R to rmake

the friction i ndfffed to the usdlGf agtfétiyléne eétidwinger age nunber of
nol.es of nobnounsat ur ated carboxyl.ic reactfnt. %have react ed per nol e of
hydr ocar byl - mat fTERA oh IFRRTLAD thRe 132.9% ohFd e tertamifBer gone

reaction ors not )resulisdd niad deibyirernsy,, both at 93°C. and at
149°C., than did the use of diethylene triamine
(DETA)). In all casés, u, for ATF’s containing
the friction increasers of this invention were
higher than p, for the CONTROL.

10
TABLE 6
EXAMPLE FRICTION RATIO " CONC., LVFA M,
15 NO.  INCREASER  ACID:AMINE Wt % AT93°C. AT 149°C.
CONTROL  NONE - 0.00 0.165 0.115
| 25 DDSA- 2.0:1 100 0.172 0.119
20 DETA :
26 DDSA- 2.0:1 1.00 . . 0.198 0.148
TETA ' ' :
25 27 DDSA- 2.0:1 1.00 0.199 0.148
: TEPA - |
28 DDSA- 2.3:1 1.00 0.170 0.127
DETA : '
30

e
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funct|onaLLLy——Sard‘fUﬁETTGnal|ty I's based upon (i) determ nation of the

saponific K““Lhe resul ting product m xture using potassium
hydrOX|d “ﬁg“ ““‘ nmber average nol ecul'ar wei ght of the pol ynmer
charged ecmnigues well known in the art. Functionality is defined

solely with reference to the resultlng product m xture. Although the anount
of the reacted hydrocarbyl materi al %tained in the resulting product

m Xture can be siRge eQ;I ified, i.e., increased or decreased b
1 , y
t echni ques known %i %E ar Slich modi fications do not alter functionality

as defined abovd. A methOdnﬂﬁ(%ﬂQEPaﬂﬂﬂgfﬁhﬁnﬁ?ﬁﬁﬂqt%PQﬁf%¢k?%Fanched
hydrocarbyl substitulgyd #fiR&icHéf an oleaginous composition,

~which comprises:

5 _ adding to a majqr portion of an oil of
lubricating #iscosity a friction increasing
amount of an oil soluble friction increasing
reaction product comprising (a) an oil
‘soluble substituted or unsubstituted,

10 saturated or unsaturated, branched
hydrocarbyl group containing from about 12 to
about 50 total carbon atoms, (b) a linking
group, and (c) a_nitrOgen-containiﬁg polar

' group; said polar group containing at least

15 one nitrogen atom and, optionally, 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.

2. The method of Claim 1, wherein said friction

Aincreasing reaction'product is represented by
-the formula A-L-P; wherein A represents said
substituted or unsubstituted, saturated or

25 unsaturated, branched hydrocarbyl group; L

| represents said linking group; and P

represents said nitrogen containing polar

group; and wherein said branched hydrocarbyl
group A has the formula ' |

. R Ra |
wfenid Ffemcfr
R Rz . :

30

35
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17 dicarboxylic acid material is at |east about 0.5, preferably at | east
about .0. 8, and nost preferably at Ieast about 0.9 and will- vary typically

from ab 8 (e.g., 0.6 to 2), preferably fromabout 0.8 to
about 1?“|muﬂmmmumfabl y fromabout 0.9 to about 1y3 The
br anched *hydr otarbyl® r eact ant can be reacted wi-th the nonounsat ur at ed
carboxylic reactant by a variety of n®hods. For exanple, the hydrocarbyl
reactant can be first hal ggenated, e.g., chlorinated or brominated, to
about 1 to 8 wt: % pWerEedB R dst @ ¢1V\P° Gh2c RYGXOFRTDYL GTOWRre, based on
Eﬂe WEIh gth:] 01;_] gydrocaplwbnmagt @iibs titutess wigh momshimerteningr oni ne
roug e hydrocar react ant te rat ur, t S0[err
C., preferably 110[e%tetrf)° dr ?:]1 aR“ ﬂlzd.?xd%he%%?{tﬂy a(b%‘o E) 5 ][O
10, preferably 1 to H leaucs. tdhéuhQYQg@naIbwlhyGEGGQMBmlyreactant may then

be react ed Wth suf f isGiRili RN WA RIRA IS Heastcdtond ; 100 err]
to 150[err ~usually

X is 1 to 17; and Yy is 0 to 10.

3. The method of Claim 2, wherein said linking
group L comprises the residue of a member
10 selected from the group consisting of (i)
monounsaturated C, to C,, dicarboxylic acid
- wherein (a) the carboxyl groups are vicinyl,
and (b) at least one of said adjacent carbon
atoms is part of said monounsaturation; (ii)
15 ' derivatives of (i); (iii) monounsaturated C,
to C,, monocarboxylic acid wherein the
carbon-carbon double bond is allylic to the
carboxy group; (iv) derivatives of (iii); and
(V) methylene_substituted_aromatic materials
20 | having the formula '

o O
25 | .

- where x.is a functional group selected froﬁ
the group consisting of OH, Cl and SO,H.

4. The method of Claim 3, wherein said polar
30 _ group P compriseé the residue of a pdlyamine
~ containing from.zlto_ahout'éo total carbon
atoms and from 2 to about 15 nitrogen atoms,
'wherein_at least 1 of said nitrogen atoms is
preSent in a primary or sécondary amino
35 group. '
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about 180[err] to 235[err]C for about 0.5 to 10, e.g., 3 to 8 hours, so
t he producCtobtatnred-will con contaln t he desired nunber of noles of the

'm)nounsatu WMX I|c reactant per nole of the hal ogenated hydrocar byI
react ant. general type are taught in U S. Patents -
3,087, 436 '8 746 and o %Qers Al ternatively, the hydrocarbyl
react ant ‘and the nnnounsafurated car boxylic reactant may be m xed.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 Bn U. R methed pfgincreasing the &hakic dEickIAn hydr ocar byl

group may be graft ed coRiFE ildiend U @S Alubraicert ity lpaXy Idomposition,
which comprises adding to a major portion of
5 | an oil of lubricating viscosity a friction
increasing effective amount of a friction
increaser comprising the reaction product of
(a) polyamine having from 2 to about 15
nitrogen atoms, at least 1 of which is a
10 primary or secondary amino nitrogen, and from
about 2 to about 60 carbon atoms with (b) a
member selected from the group consisting of
(i) C,, to C,, branched chain hydrocarbyl-
substituted C, to-C,, dicarboxylic acid,
15 - anhydride or ester, (ii) C,, to Cs branched.
chain hydrocérbyl-substituted C, to Cy,
- monocarboxylic acid, anhydride or ester, and
- (iii) a C,; to Cg branched hydrocarbyl
substituted aromatic compound of the formula:
20 . | |
x

R®__ CH, .

25
wherein R® represents said C,, to C;, branched |
hydrocarbyl substituent, and X represents a
functional group selected from the group
o consisting of OH, Cl and SO,H.

6. The method of Claim 5, wherein said friction
increaser comprises a branched hydrocarbyl
substituted succinimide, wherein the branched
hydroearbYl_substituent-comprises a polymer

35 ~ of a C, to C,, olefin having a number average
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18 reaﬁ%;p%_g§Lﬂg_iL§e_LadicaI initiators such as peroxides and

hydr ope preferably those which have a boiling point greater than
abbut 10 m “‘M‘\ MF deconpose thermally within the grafting '
tenperat$ “ “B de said free radicals. Representative of these
free- radlcalclnﬁtlators are azobutyronitrile, 2, 5-dinethyl-hex-

3-yne-2, 5-bis-tertiary-butyl peroxidezgsold as Lupersol 130) or its hexane
analogue ditertiary butyl peroxide and dicunyl peroxide. The initiator is

general ly used at a mpiekudbrbeicment aifofiroh abioitandtahmitakkdgt based on
the total weight of 5%% reaction m xture, and at a tenperature of about

25[err] to 220[err] C/ ) “preferably 150[err]-200[err]C. The -
unsat ur at ed carboxyllc aC|d material, preferably mal eic anhydride,

general |y will Bke us RSN C AR g0 Y8 AP d). H506E Dopbout  10%
preferably 0 1 to 2. A; ased on weight of the reaction mxture. The :

car boxyl i ¢cJaci d nat e ANQTeAFST; COM @S2 BRLYigQRutRREh 4 |y

succ1n1m1de.

8. The method of Claim 7, wherein said
polyisobutenyl moiety has a number average
10 molecular weight of from about 350 to about
600.

9. The method of Claim 7, wherein said
polyisobutenyl moiety has a number average

15 molecular weight of from about 400 to about
500.
—
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ane used in a melght percent ratio range of 3.0:1 to 30.1; preferably 1.0:1
t0'6.0: 1. - The initiator grafting preferably i's carried out in an
Fnert atnosphere, such as that obtained by ni trogen bl anketing. \Wile the
grafting can be carried out in the presence of air, the yield of the
desired grafted product is ased as conpared to
grafting under an inert at 3 #.ree of oxygen. The
grafting time usually wll" range fron1about O 05 to 12 hours, preferably

fromabout 0.1 to 6 hours, neree p{fféé@i g Ot Re! Qtét!ﬂeuéée& Sleh%

reaction usually will be carried © | east appr oxinmate K times,
pref erably of friction of an oleaginous composition, such as

an ATF, comprising adding to a major portlon of an,
oil of lubricating VlSCOSlty a friction 1ncrea51ng
5 amount of an oil soluble friction increasing
reaction product comprising (a) an oil soluble
substituted or unsubstituted, saturated or
-unsaturated, branched hydrocarbyl group containing
from about 12 to about 50 total carbon atoms, (b)
10 a 11nk1ng group, and (c) a nltrogen-contalnlng
polar group, wherein the polar group contains at
least one nitrogen atom and, optionally, contalns
at least one atom selected from the group
consisting of boron, oxygen and sulfur atoms, and
15 wherein the polar group is linked to the branched
hydrocarbyl group through the linking group.
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19 at least about 6 times the half life of the free- radj '

the reaction tenperature enployed, e.g., with 2,5-dineth E?EAG Ejgﬂégr
bi s(t-butyl peroxide) 2 hours at 160[err]C. and one hour{1l
In the grafting process, usually the hydrocarbyl materia
dissolved in the liquid synthetic oil (normally liquid a
21. 1[err]C. (70F.)) by heating to forma solution and thefe
unsat urated carboxylic acid material and initiator are added with

agitation, althougha Ee, een addedtprlor Clmmep ven the
A : CTION INCREA |
reaction is conpl et¥®, FOR R y §—§;;§§ I nert gas
purge, ‘e.g., nitrogen sparg ef ooty gy —carpoxyri c acid materi a
that is added is: kept bel ow i ts solublllty limt. For exanple, maleic

anhydride is kg@@kggggﬁaagqu%h%\@nve@tigﬁﬁerably below 0.4 wt. %or |ess,
of free mal ei c anhydride base wei ght of sol ution. Continuous
or periodic addition of the carboxylic acid material along with an .

appropriate poriébd 6f the Invention

_ The present invention relates to methods
of increasing the static coefficient of friction
of oleaginous compositions by adding to such °

4+ Lo
T TIC

compositions hydrocarbon soluble reaction products
coﬁsisting of an oil soluble branched hydrocarbyl
group, a linking group and a nitrogen containing
polar group, which may alsc c¢ontain boron, oxygen
or sulfur. These reaction products are useful for
increasing the static coefficient of friction of
cleaginous compositions, such as lubricating oils,
including power transmission fluids, and
particularly automatic transmission fluids, in
which they are contained.

Description of Related Art

Transmission designs have undergone
radical changes, thereby necessitaﬁing the
formulation of ATF additives capable of meeting
new and more stringent requirements. One ;hange
in transmission design has been the incorporation
of lock-up torque converter clutches for improved
fuel economy. Another change is the incorporation’
of 4~wheel drive systems requiring inter-axle
differentiating clutches for better driveability.

- These two devices operate at 1ow slldlng speeds
and at low energy.

The low speed low energy frictional
characteristics of a lubricant are evaluated with
a low velocity friction apparatus (LVFA). The.



initiator, during the course of the reaction, can be utili ze(=tefierimiirtifem———
fhe carboxylic acid belowits solubility linmits, while still |REPLAGEMENTHSHEET
desired degree of total grafting. The reaction prodqudgrof—The
branched hydrocarbyl group precursor and the |inking group prfeg r MBB?
further reacted with a polar group precursor (e.g., alkylene pcrjgﬁi g?

wi t hout isolating the reaction product fromthe diluent oil gnd-wi-thowt—any—
prior treatment. In the alternative, %rmareaction product may be

concentrated or Iuted further t.he a [ 0 neral oit—of
| ubricating vi S0t tAPRAFFHS 115 %lSlmul dd ' Hufdndd

approxlmately one inch in diameter. These small
model clutches are either prepared by the clutch
manufacturer to exactly duplicate production

20

parts, or are carefully cut from full size
production pieces.

These small test specimens are mounted
.in the LVFA test chamber and are submerged in test

" lubricant. An appropriate test load is then
applied to the system. The machine is equipped to
test at any temperature from 0°C to 200°C and once
the appropriate temperature has been reached the
speed of the clutch is increased from 0 to 500
rpm, and then decreased from 500 to 0 rpm. In
this fashion the dependence of friction _
coefficient on speed and temperature can be
determined over a wide range of sliding speéds and
temperatures. The initial acceleration of the
system from 0 sliding speed also accurately
measures breakaway static friction ug. .

An increasingly important characterlstlc
of an automatic transmission fluid is the level of
static breakaway friction that it imparts to the
clutch. This parameter, expressed as breakaway
static frictioﬂ or png, reflects the relative
tendency of engaged parts} such as clutch packs or
bands and drums, to slip under load. If this
value is too low, the resulting slippage can
impair the driveability and safety of the vehicle.
This is especially impdrtant in newer cars with
smaller transmissions and higher torque engines.

Chemicals which are conﬁentionally referred
to as friction modifiers can only lower the value
of pn,. This is not always desirable. Sometimes
it is of great benefit to raise the level of pu,.



the;reaction with the polar group precursor. The |
Aydr ocar byl - substituted |inking agent reaction product in sdl mﬁEMENThgﬂ_E.ET

synthetic oil, e.g., polyneric hydrocarbon or al kyl benzene, |t y{picall E at a
concentration of about 5 to 50 wt. % preferably 10 to 30 wy. |%% &aEEB01997
product, can be readily reacted with a polar group precursor}, |i.e., am ne

conpound by heating at a tenperature of from about 100[err] ¢ to 250C ,
preferably from 120 to 230C., for from about 0.5 to 10 hour usual ly about

1 to about 6 ho heating, is._prefer carried o favor
formation of n&é%sp ﬁuﬁﬁfdgg.théﬁcﬂ?Bﬁ“%&F%bfxfbﬁ:ﬁﬁ’ Iaﬁﬁgfﬁbrably,
dependi ng upon ihereasersoni,earpthey dhceeasss theypyalafe hdhd&,forned, et c.
Typically, the GQl:ﬁéugrQHHsEﬁ?cﬂhgoﬁe3%@?cl%@%tbalﬂo gised in the

range of 0.1 to era % sed on the wei ght of
t he hydrocarbylﬁ%ﬁb@t??u%ﬁﬂnﬁmﬁﬁﬁﬁsngroup The ami ne conpound is preferably

used in an anount that nemhéahbigityhgoaqm@ﬁaagaIbﬁédhaﬁdyfﬁﬁaﬂIbOf
am des, imdes Prid glon through the use of chemical additives is .

extremely valuablg, Previously when a
 transmission manufacturer needed to increase the

- amount of torque that could be transmitted through
a locked clutch they had very few options.
Conventionally, increasing the static holding
~capacity of a clutch has been accompiished by
changing the clutch itself, either by increasing
the clutch lining area (i.é. using more clutch
plates), by changing the clutch lining material or
by increasing pressure being applied to the closed
clutch. These methods are often undesirable
because they necessitate redesigning the .
transmissibn. They add weight to the wvehicle,
cause the transmission to take up more space and
make the transmission more costly to produce. '
-Many of these changes can also change the dynamic
characteristics of the shift and make it less
desirable. The products of this invention make it
possible to increase the breakaway static capacity
of the system without maklng any of these changes
to the hardware.

Using only conventional friction
modifiers (i.e., friction reducers) the only way
to increase static friction was to reduce the
level of friction reducer. This approach suffers
from two problems. First, once all the friction
reducer is removed the level of u; cannot be
increased further; and second, removing the
friction reducer has deleterious effects on the
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Preferably the ampbunt of am ne conpound used is such that t
Aol es of ami ne reacted per equival ent nole of carboxylic ac

wi th a polyi sobutyl ene polymer of 450 nunber average mol ecul a}
grafted with an average of 1 mal eic anhydride group per nol gc

p

preferably about 1 to 2 nolecules of am ne conpound is used
grafted polyisobutyl ene pol yner. Al ternatively, a$

EET

i gh
144 FE 1097

r nol ecul e_of}

scussed

above, the polar group precursor may %e reacted with an al d¢hyde _and._a

hydrocarbyl subgjidmictnbesw! echdagement as well as the friction 21

durability of the fluid.

In the past the only way to increase the
coefficient of friction in these systems was to
use a "traction fluid”. These fluids however are

only effective under extremely high loads and

require that transmissions be extremely large and
‘heavy to function properly. Due to their unique

" molecular structure these traction fluids are

often very susceptible to oxidation, provide poor
wear control and are not easily friction modified

to give good dynamic friction characteristics.

These fluids are described, for example, in U.S.

Patents 3,440,894 and 4,008,251.

No base o0il alone can even approach the
many special properties required for ATF service.

Therefore, it is necessary to employ several

chemical additives, each of which is designed to

impart or improve a specific property of the
fluid.

U.S. Patent 4,253,977 relates to an ATF
composition which comprises a friction modifier

such as n-octadecyl succinic acid or the reaction
product of an alkyl or alkenyl succinic anhydride
with an aldehyde/tris hydroxymethyl aminomethane
adduct and an overbased alkali or alkaline earth

metal detergent. The ATF may also contain a

conventional hydrocarbyl-substituted succinimide

ashless dispersant such as polyisobutenyl

succinimide. Other patents which disclose ATF
compositions that include conventional alkenyl

succinimide dispersants include, for example, U.S.

Patents 3,879,306; 3,920,562; 3,933,659;
4,010,106; 4,136,043; 4,153,567; 4,159,956; ’
4,596,663 and 4,857,217; British Patents




conventional manner to form Mannich condensates having frict BFPL&EE,QE@H&HEET

sproperties. Conposi tions A m nor anmount, e.g., O
50 wt. 9% preferably 0.1 to 10 wt. % and nore preferably 0.5 fo 5 w. %
of the friction increaser products produced in accordance wi {h{tAi& FEB 1997
I nvention can be incorporated into a mgjor anount of an oleagigous
material, such as a lubricating oil, depending upon whether pne Is formng
finished products or additive concentrates. Wien used in |ubticating oil

COMpOSi Li ons, €. g. og AUS QU] o35 A9RHT 33409 94 TH58L1 BRBepEhE the final
friction increaset cohcentration$ are usuall'y W thin the“range of about
0.01 to 20 w. oBakeqyt Applieation,p,208,psb B2AnI ¢nd BCTo 5.0 wt. % of

the total conpospppPicadién!whregadb7p970ils to which the products of this
i nvention can be added include not onlg h¥dr§§sr§on oi | derived from
uBi#eafPn

petrol eum but al so incl udé-SynPAEERE 1gclLosesc kractdMer s of
di carboxylic acidsiveofiphtdseshtch comprise gem-structured

polyisobutylene oligomers. Polar derivatives of-'
such gemrstructured 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 generally
- contain from about 16 to about 48 carbon atoms.
Example 18 of this patent discloses reacting a
polyisobutylene o0il with maleic anhydride to form
a polyisobutylene succinic anhydride which is
useful as a detergent, as an anti-wear agent, and
as an intermediate in the production of a
hydrazide derivative. Other patents containing
similar disclosures include, for example, U.S.
Patent 3,972,941; U.S. Patent 3,793,203; U.S.
Patent 3,778,487 and U.S. Patent 3,775,503.

While the prior art suggests a variety
of additives for modifying the properties of
various oleaginous compositions, there is no
suggestion of any additives that are suitable for
increasing the static breakaway coefficient of .
friction of such compositions. Accordingly, there
is a continuing need for new additives and methods
which would enable the formulation of oleaginous
compositions, including lubricating oils and power
transmission fluids, and particularly automatic
transmission fluids, having increased breakaway
static coefficient of friction.



made by esterification of nobnocarboxylic acids, polyglycols,_dicarboxvlic

acids and al cohols; polyolefin oils, etc. The fricg'EpAQHﬂEnqssﬂgET

products of the invention may be utilized in a concentrate: {
m nor anount fromabout 0.1 wt. %up to about 50 wt. % prefejably 5 to 25
W. % in a mjor anount of oil, e.g., said synthetic |ubrig¢afi Act F&B18%h
or without additional m neral Iubrica%ing oi l. Th¢ @above oi
conposi tions may contain other conventional additives, suchjas ashless
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22 Summary of'the Invention
The invention relates to methods for

increasing the static coefficient of friction of
an oleaginous composition, which comprises:
adding to a major portion of an oil of
lubricating viscosity a friction'increasing amount
of an oil soluble friction increasing reaction
. product comprising (a) an oil soluble substituted
or unsubstituted, saturated or unsaturated,
branched hydrocarbyl group containing from about
12 to about 50 total carbon atoms, (b) a linking
group, and (c) a nitrogen-containing polar group;
said polar group containing at least one nitrogen
atom and, optionally, 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.

Detailed Description of the Invention
The hydrocarbon soluble friction
increasing reaction products contemplated for use

with this invention comprise a branched chain
hydrocarbyl group which is linked to a nitrogen- .
containing polar group. The friction increasing
reaction products may be represented by the
formula I:

A-L-P (1)

wherein A represents the branched hydrocarbyl
group; L represents the linking group; and P
represents the nitrogen-containing polar group.
The branched hydrocarbyl group A
typically contains from about 12 to about 50
carbon atoms and has a molecular weight on the



di spersants, for exanple the reaction product of polyisobutyl ene succinic

anhydride with pol yet hyl eneam nes of 2 to 10 nitrogens, which )
product may be borated; antiwear agents such as zinc dialkyl REPERCH“ENT SHEET

di t hi ophosphates; viscosity index inprovers such as polyi sobuk yj ene, :
pol ymet hacryl ates, copol yners of vinyl acetate and al kyl fu ek 4 FEB 1997
copol yners of nethacrylates with am ng nethacryl ates; corrosi I nhi bitors;
oxi dation inhibitors; friction nodifiérs; netal detergents such as

over based cal ci um magnesipum sul f opa ,  phenpat I.fi des, etc

The fol | ow ng é%g%%Fegf tﬁ%?e? e Eligng Sgoﬁgrigﬁfaggi are by wei ght

unl ess ot her wi spreféeredvweinbbdimentde powevered tdebowileswlar furt her
illustrate the t kN ti a RVAC o AMddE 1

Pol yi sobut enyl @%@@?ﬂi%fa‘ﬁ’ﬁéd#‘?§£°?%?%§% bgg’&pnﬁ%?fc?m c arﬁ?&dri de (SA)
to pol yi sobutyl 3h@ t®| &poutt fBO0¢ SAnG| ppst; pgeferably from about

400 to about 500.

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

The hetero atom-containing branched
hydrocarbyl groups may contain one or more hetero
atoms. A variety of hetero atoms can be used and
are readily apparent to those skilled in the art.'
_Suitable hetero atoms include,'but are not limited
to, nitrogen, oxygen, phosphorus, and sulfur.
Preferred hetero atoms are sulfur and oxygen.

' In one preferred embodiment, the
branched hydrocarbyl group may be represented by
formula II: -

H—E’CH,-CH—;E CH,~C :_][7 (II)
K R, -

" wherein R represents a linear or branched C, to C,,
hydrocarbyl group; such as an alkyl, alkenyl,'aryl
alkaryl, aralkyl or cycloalkyl group or hetero-
containing analog thereof; wherein R,, R, and R,,
which can be the same or different, independently
represent H or a linear or branch 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

v about 50, typically from about 25 to about 45,'and




functionality, of about 1, was prepared by gradually heat i nd
170 kg (280 I bs.) of PIB having a nunber average nol ecul ar
450 with approximately 27.7 kg (61 I bs.) of maleic anhydrid
tenperature of approximately 120[err]C. Chlorine gas was the
t hrough the m xture at approximately 2.7 kg (6 | bs.) per hou

PISHEET

e
bubty FEB 1997

The reaction

m xture was then heated to approximatgly 160 - 170C. and was| narntal ned at

that tenperature until a total of approximately 22.9 kg (50.
chlorine was adgpdfrefhf1yeebmORpBuE! 2ge teARHdMN JwRated to
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Lhs.).af

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 homopblymers or copolymers
is readily apparent to those skilled in the art,
it is preferred £o 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.

Linking Group _

In one embodiment, the linking group
which may be reacted with the branched hydrocarbyl
group and with the polar group typically is
derived from a monounsaturated carboxylic reactant
comprising at least one member selected from the
group consistihg of (i) monounsaturated C, to C,,
dicarboxylic acid wherein (a) the carboxyl groups




approximately 220[err]C. and sparged with nitrogen to renove e
fal ei ¢ anhydride. The resulting polyisobutenyl succinic anhy E OEMENW‘SHEET
ASTM Saponi ficati on Nunmber (SAP) of 176 and an active ingredje
88% which calculates to a SAto PIB ratio of about 1.0 base
starting PIB. The PI BSA product was am nated by chhr
reactor approxinmately 36.3 kg (80 Ibs.) of the PIBSA; approx
(13.1 I bs.) of a comercial grade of %olyethylene am ne whiclh was a m xture

of pol yet hyl ene am nes, averaging apout 5 to 7_ni.trogen pe pa(-PAN)
13.7 kg (30.2 |%§?)Vb?l%1’fo| (%n - 158°RERd QP 8apafﬁgfcoﬁg§g?5’6l\l); and 5.5
grans of a 50% atomsy cand ¢@b¥yiatcbeasbacnd, aprefezabiy both,hwdr ocar bon
solvent. The m e t 1 ric. d Lt:rsogen sparge
started to driv%égéfaﬁgﬁ%égéjﬁgréggt%?éﬁé@ggzgﬁggaP%eg%gp 150[err]C. for 2
hours when no fRPRPERSIBUERLIAB: (LY AGrivAEiELEdRE: (dds SBEH &8 and

drai ned from thgnhpagi@ssterdtyead kg hilkahol adiGvdPuy-PAM having a
PIBSA to PANIrqéigséglESprfi ;Oiigg?uﬁonounsaturated C, to C,, '
monocarboxylic acid wherein the carbon-carbon

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

- of the structure

...C:C_('_‘i_
_ o}
and (iv) derivatives of (iii) such as C, to C;
alcohol derived mono- or diesters of (iii). Upon
reaction with the branched hydrocarbyl group'
reactant, the monounsaturation of the carboxylic
reactant becomes saturated. Thus, for example,
maleic anhydride becomes a branched hydrdcarbyl

‘group substituted succinic anhydride, and acrylic
acid becomes a branched hydrocarbyl substituted
propionic acid.

_ Exemplary of such monounsaturated
carboxylic reactants are fumaric acid, itaconic
acid, itaconic anhydride, méleic 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.- Such preferred materials have
the generic formula III:




2.2:1 (using 232 as the nol ecul ar wei ght of PAM. EXAMPLES 2-7
:The procedure of EXAMPLE 1 was repeated except that, as not ! T
the PIB starting material and/or the anmount and identity of ?“EméggﬂgﬂﬂisHEE
react ant were changed. Al so, in EXAVPLE 4, the PIBSA- PAM prgdyct greggrig

in EXAMPLE 1 was borated by adding 1000 grams of the PIBSA-HANI ot #dbBEB 19974
stirred reactor, whereafter the tenperature was raised to 130[jerr]C., a

ni trogen sweep was. begun; and 168.7 g &P a 30% slurry of borfc

1}, : $b
= C
]

]
..—_:c.\ c=o0 (II1)
0
wherein R, and R, are hydrogen or a halogen.

' In an alternative embodiment, the
linking group may comprise the residue of a
functionalized aromatic compound, such as a phenol
“or a benzene sulfonic acid. Thus, in one

- preferred aspect of the invention, the linking
group may be illustrated by formula IV:
X

' @\CH, - (IV)

wherein X is a functional group such as OH, Cl or
SO.H. | '
In such cases, the subject friction

increasers may be prepared, for examplé, by a
conventional Mannich Base condensation of
aldehyde, (e.g., formaldehyde), polar group
precursor (e.g. alkylene polyamine) and branched
hydrocarbyl group substituted phenol. The
following U.S. patents contain extensive
disclosures relative to the production of Mannich

- condensatess: 2,459,112; 2,962,442; 3,355,270;
3,448,047; 3,600,372, 3,649,729 and 4,100,082.
' Sulfur-containing Mannich condensates
also may be used and such condensates are

- described, for example, in U.S. Patents 3,368,972;

"3,649,229; 3,600,372; 3,649,659 and 3,741,896.
Generally,. the condensates useful in this
invention are those made from a phenol having a
branched hydrocarbyl substituent of about 12 to
about 50 carbon atoms, more typically, 25 to about
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24 acid (50.6 g boric acid) was added portionw se over 2 :
Feaction m xture was held at 130C. for an additional hour, S@FiACE&&NT SHEET

filtered. The resulting borated PIBSA/ PAM contai ned 0.79% Horon.

TABLE 1 EXAMPLE MWV OF AM NE RATI O BORATED 1 4 FEBF’BB?
SA: AM NE 1 450 PAM err] 2.2:1 NO 2

PAM 3.0:1 NO 3 %50 DI MAP[ err] 1.'071 NU
4 450 PAM 2.2:1 11" ves 5 200 DETA[ err]

ﬁAlgi\/[lerr] NG 4f g::¥bon. %s. M%\[ th&sg:éondensajé@s arZ 450

made from formaldehyde or a C, to C, aliphatic
aldehyde and an amino compound.

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

Polar Group
The polar group comprises the residue of an

amine compound, i.e. polar group precursor,

' containing at least 1, typically 2 to 60, and
preferably 2 to 40 total carbon atoms, and at .
least 1, typically 2 to 15, and preferably 2 to 9
nitrogen 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 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.



To a 2 liter 4-necked reaction flask equipped with a stirre REPQA@EN&@HRSHEET
trap, condenser and nitrogen sparger were charged dodecyl ple 5247,

2.0 m, trioxane (60g, 0.66m and tetraethyl ene pentam ne (TERA) Qnggaa
1.0m. The tenperature was raised slowy to 110[err]C at i hll pg?
evol ution began. After 8 hours the tenperature had risen to

wat er evol ution ceased (42 cc's of wgégr were collected). The m xture was
cooled and filtered 1 derr] d al kyl ene pol yam ne BE-

di met hyl am nopr opyl am ne Ugefuldéﬁlgegegﬁclﬁhgnkﬂgse of formulas
3- an1nopropyInDrphoI|ne

R*-N-R® (V)
R

R*-N-(CH, );E N(CH,) ,—]—N—R4 (VI)
1 A \
RS R'I t. RS

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:

—E(cnz),- N _-',t. H
3}
R5

wherein R® is defined above; wherein s and s’ can .
be the same or a different number of from 2 to 6,
preferably 2 to 4; and t and t’ can be the same or
a different number of from 0 to 10, preferably 0
to 7 with the ptoviso 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-
diaminohexane; polyethylene amines such as

d1ethylene pentamine; polypropylene amines such as
1,2-propylene diamine; di-(1,2-propylene dlamlne-
di-(l}Z-propylene)triamine; di-(1,3-propylene)
triamine; N,N-dimethyl-1,3-diaminopropane; N,N-
di(2-aminoethyl) ethylene diamine; N,N-di(2-
hydroxyethyl)1,3-propy1ene diamine; l-hydroxy-3-



25 to yield 730g of a dodecyl phenol - TEPA product cont ai i 0

. hitrogen. EXAMPLE 9-12 The anount of carboxl“ﬁ? I SHEET
anhydride) indicated in Table 2 was placed in a round bottjp
equi pped with a stirrer, Dean Stark trap, condenser and nifrpgtrh sﬁfﬁw.
The acid (or anhydride) was heated to 180[err] C +/- 10[e}r C. and the
I ndi cat ed anount of tetraethylene pentam ne (TEPA) was addgd-tnrough a
dropping funnel over a 1 to 2 hour pé?iod with a constant {nitrogen

fl ask

. Evol | | in he Dean Stark Trap. After water
Zeg[gfiOnVO.VEddgﬁg%hf%ﬁ%fﬁ% ﬁ%gﬁg%e; 1jhydroxy-giégmethﬁfémfho

propane; 3-dodecyloxy-propylamine; N-dodecy1-1,3-
propane diamine; etc. |

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

o N-(CH,).~NH, (VII)

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

Useful amines also include alicyclic
diamines, imidazolines and N-aminoalkyl
piperazines of formula VIII:

cHz -CH2

r. N |
H‘ENH-(CH,)N N\ . /N]—-E(CH,)I;;—NH}— H
. 0, 0,

n, CH,-CH,
(VIII)

wherein p, and p, are the same or different and
" each is an integer of from 1 to 4; and n,, n, and
n, are the same or different and each is an
integer of from 1 to 3. ,
Commercial mixtures of amine compounds
may advantageously be used. For example, one
process for preparing alkylene amines involves the
reaction of an'alkylene dihalide (such as' ethylene
dichloride or propylene dichloride) with ammonia,



ceased, the mixture was cooled and filtered to give the d

. TABLE 2 EXAMPLE  ALKYL AM NE RATIO - BORATED NO.

ACl D: AM NE 9 DOSA[ err] TEPA[ err] 2.21

133g (0.5m 42.25¢g 9.4% N .

10(com delc acid TEPA 3.1:1 341q, parative)

(0.39m 6. 6% N 11(com Isostearic TEPA 3.1:1

parative) acid 73g (0.39m 14 6.4%N )
12(com OSAferr] TEPA 2.0:1 222.5g9, parative 1759 (0. 25m
47. 39 . whipoh Nresults in a complex mixtupgnpf 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 nitrogen atoms
per molecule are available commercially under
trade names such as "Polyamine H", "Polyamine
400", "Dow Polyamine E-100", etc. '

Useful amines also include
polyoxyalkylene polyamines such as those having
formula IX:

NH,—élkylene ~O-alkylene +-NH,, (IX)

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

R®~(alkylene — (O-alkylene);—NH,),, o (x)

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, 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 (Ix) Qr (X) above, preferably
polyoxyalkylene diamines and polydxyalkylene
triamines, may have average molecular weights



dodecyl succinic anhydride; dodecyl is branched h;

;tetrapropylene. 6 TEPA is tetraethylene pentamne. 7 ﬁEP ENT S ET
succi ni ¢ anhydri de; octadecenyl is | i near hydrocar byl :

26 Standard automatic transm ssion fluids (ATF s) weje pﬁgfﬁggglmgv
testing the friction characteristics of the reaction produg¢tg f'o In

EXAMPLES 1-12. The fluids were preparﬁg by

ranging from about 200 to about 4000 and
preferably from about 400 to about 2000. The
preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene triamines.
The polyoxyalkylene polyamines are commercially
available and may be obtained, for example, from~:
the Jefferson Chemical Company, Inc. under the
trade name "Jeffamines D-230, D-400, D-1000, D-
2000, T-403", etc.

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

R Rl ' 4
) 7
HO-C~(CH, ) ,-N_
.RI RI r e ) (xI)

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

Forming the Friction Increasers
In accordance with one aspect of the

invention, the branched hydfocarbyl group
precursor (e.g., polyisobutylene) may be reacted
with or grafted to the linking group precursor
(e.g. monounsaturated carboxylic reacgant),
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




bl endi ng the indicated reaction product into an additive conc

4+ hen dissolving the concentrate into a mneral oil base fluid | HMEN# SHEET
1391) to give the required concentration of additives. The basj cf test bl end
cont ai ned approxi mately 10 wei ght % of additives including disjper shAt FEB 1997
anti-wear agent, corrosion inhibitor, antioxidant, viscosity ifier, and
the indicated amobunt of the reaction product of EXAMPLES 1-12 {(the

"CONTROL" did not contain any of said ¥€action products). Jhevarious -
ATF' s were tested usina a low velocity friction apparatus (LVFA), to

det erni ne the ef ABBRtoA -ThBOdLS: of ﬁﬁéﬂaﬂ&ﬁquﬁ%ﬁWEﬁF?§m94FQ9¥¥il?[err])

of the indicat edréaaehnenaabo@tn@tr@ddarﬁb e FMd¥dD .pdhandR$topr ocedure
was as foll ows: Tes

machi ned annulusbSanb épﬁﬁFffcfﬁng“ﬁﬁ°¢§;gkgééf%é€h1?g?g;ga!ng%§h|éD”
and nean di aneter 25.4 nm Nborg@lilychnaotaslddesithe yhydrekarbyl a st eel
backi ng group precursor reacts with the monounsaturated
carboxylic reactant and the reaction mixture will.
.contain unreacted 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 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 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
(1) determination of the saponification number of
the resulting product mixture using potassium
hydroxide; and (ii) the number average molecular
weighﬁ of the polymer charged, using techniques
well known in the art. Functionality is defined
solely with refefence.tq 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



disé SAE 1035 st eel dISCS of 38.1 mm (1.50 inch) dianeter we J
from separator steel stock and tumble finished to 0.25-0.38 | ﬁg LAQER$NJ.SHEET

m cro- inch) A A surface roughness finish. Test Procedure: Af ter
ul trasonical ly cleaning the steel specimens and test machine i xt dr&sFEB 1997
hept ane, 27 the specinens wefejassenbl ed

in the tester and surfaces broken-in for one hour at a given fest |oad (483
(70), 965 (140) or 1448kPa (210 psi))lat L

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.
The branched hydrocarbyl reactant can be
- reacted with the monounsaturated carboxylic
reactant by a variety of methods. For example,
the hydrocarbyl 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° C., preferably 110° to 160°C.,
e.g., 120°C., for about 0.5 to 10, preferably 1 to
7 hours. The halogenated hydrocérbyl 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. 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 3,215,767;
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



a §Iiding speed of 0.25 ms (50 ft/mn), at anbient tenper

- .
.of test fluid. X- Y plots of coefficient of friction versusWﬂ
r]

fromO0-0.51 ms (0-100 ft/mn), were then recorded at 93[erjr]iC. and_at '
149[err] C. Friction was measured by a dead weight calibratled 1fokdFEBI 1987

Heating of the fl

uid was acconplished by inbedded cartridgé Heaters.

Coefficient of friction data reportednxgre the average of tthe plots

obt ai ned during accel eration to 0.51

(100 ft/mn) and tlhen deceleratio

back to rest. St éé%égﬂé3.é¥hdM¥§ e¥ggf%g fi&i 5% r égna nd was the
nts. S ? e 1ests

average of four
forth in Table 3
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conparati ve . all .o ich contaln essentially, [inear

hydr ocar byl gr oudé)lq Enkead; Uh&ﬁ"aﬂgﬁg‘“ﬁﬂsﬁ Wﬁ' ct"@d:rka/?s" &r}}ﬂ/ent i onal
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and at 149[err]C

] resu also i ndrcate
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 dicumyl peroxide. The
. initiator is generally used at a level of between
about 0.005% and about 1%, based 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 generélly
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 atmosphere 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



t he reaction products of EXAMPLES 1-8 (which contain a branc :
group linked to a polar group in accordance with the inventi JREP ENE HEET
h S

increase in [err] (relative to the Control) at 93[err]C., w
of EXAMPLES 3, 6 and 8 causing very significant increases. Th

ejr

I
show substantial increases [err] at 149[err]C. for the produgt §?Pé§§b3¥§g

2-6 and 8, particularly
EXAMPLE 8.

. 28 th
EXANPLES 13-17 A seniges of standard ATF' s m*s prepared in

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 o0il (normally liquid at
21.1°C.(70°f.)) 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 eliminated by an inert gas
purge, e.g., nitrogen sparging. Preferably any
carboxylic acid material that is added is kept
below its solubility limit. For example, maleic
anhydride is kept below 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 éarboxylic 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 reacfion 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 viscosity to facilitate



t he manner descri bed above, except that the concentration of phe—frrStroT

‘i ncreaser was systematically var Ped to determne the effect REPLAGEMEN* SHEET
i ncreaser concentration on [err]. Table 4 shows the ATF' s t hat were
prepared and their -static coefficients of friction as neasufe HVHLF‘EE\'EW
The data in Table 4 denonstrates that increasing the frictioh jfncreaser
concentration resulted in an increase éa [err]. At 93[err]C |a“eenrtm

value for [err] was reached when the c6Wcentration of frictid¢n inCreaser
ntinued Lo

was about 2.5 wt. % whereas the value far !err at 4ﬁ£ [r co
I ncrease when thé:h?oﬁce‘?ﬁtr"got%l c")"rf'q"&f q:fhl’l &9 [ 4‘%%3%’%3(? 1§s? treased to 5
w. % The branched hydrocarbyl-substituted

linking agent reaction product in solution in the

synthetic 0il, 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'geécted 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 compounds will be used in the range of 0.1
to 10 wt. %, 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 neutralizes the acid moieties by
formation of amides, imides or salts.

Preferably the amount of amine compouhd
used is such that there is 1 to 2 moles of amine
reacted per equivalent mole of carboxylic acid.
For example, with a polyisobutylene polymer of 450
number average molecular weight, 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
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CONCENTRATI ON
AT 93[err]C
0. 187

1.00

450 MW

Pl BSA- DI MAP
0. 162

200 MW PI BSA

_concentrates.

TABLE 3 EXAMPLE a y
LVFA[err] NO ﬁEPMCEﬂENT QHEET
AT 149[err]C 1 450 MW 1. 00
0. 163 ' Pl BSA- PAM 2 45% Rk8 1997
0.188 0. 154 Pl BSA- PAM{ 3
1. 00 0. 207 0. 157
4 450 mw 21 1. 00 0.107

Pl BSA- PAM é
conventgpnal manner(yqjﬁprm Mannich %ogﬁs sates

hav1ng friction 1ncreas:|.ng propertles.

Compositions

A minor amount, e.g., 0.01 up to about
50 wt. %, preferably 0.1 to 10 wt. %, and more -
preferably 0.5 to 5 wt. %, of the friction

.increaser products produced in accordance with

this invention can be incorporated into a major
amount of an oleaginous material, such as a
lubricating o0il, depending upon whether one is
forming finished products or additive

When used in lubricating oil
compositions, e.g., automatic transmission
formulations, etc. the final friction increaser
concentrations are usually within the range of
about 0.01 to 20 wt. %, e.g., 0.1 to 10 wt. %,

'preferably 0.5 to 5.0 wt. %, of the total

composition. The lubricating oils to which the
products of this invention can be added include
not only hydrocarbon o0il derived from petroleum,
but also include synthetic lubricating oils such
as esters of dicarboxylic acids; complex esters
made by esterification of monocarboxylic acids,
polyglycols, dicarboxylic acids and alcohols;
polyolefin oils, etc. :

The friction increaser products of the
invention may be utilized in a 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. '

The above 0il compositions may contain
other conventional additives, such as ashless




-DETA 8

.0.170
0.193

Dodecyl phenol
- TEPA 10

0. 036
0. 069
1.00
0. 00

apeoT |
200 MW Pl BSA 1. 00 0. PREPLACEMENT ShiL:
-DIMAP 7 450 MW Pl BSA T.00
0.138 -NAPM 8 7
1. 00 0.257 | 0.218 {4 FEB 193
AQeic acid -1.00 0.]046
- TEPA 11 | sostearic 1.00
0. 049 22 acid-TEPA 12 OGA- TEPA

- Obggggersants. fogbggggpgghqﬁgLreaction product of

TABLE 4 EXAVPLEpoFRisgbOhylene suppinic anhydride gdnb

LVFA[ err]

polyethyleneamines of 2 to 10 nitrogens, which
reaction product may be borated; antiwear agents
such as zinc dialkyl dithiophosphates; viscosity
index improvers such as polyisobutylene,
polymethacrylates, copolymers of vinyl acetate and
alkyl fumarates, copolymers of methacrylates with
amino methacrylares; corrosion inhibitors;
oxidation inhibitors; friction modifiers; metal

.detergents such as overbased calcium magnesium

sulfonates, phenate sulfides, etc.
The following examples, wherein all

. parts or percentages are by weight unless

otherwise noted, which include preferred
embodiments, further illustrate the present

"invention.

Preparative Examples
EXAMPLE 1 '

Polyisobutenyl 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 1lbs.)
of maleic anhydride to a temperature of '
approximately 120°C. Chlorine gas was then
bubbled through the mixture at approximately 2.7
kg (6 1bs.) 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 mixture was then heated to



NO. | NCREASER SA: AM NE w % AT 93

149 C. CONTROL  NONE i 0. 00 REPLACEMEN] SHEET
0.138 13 450 MV 2.2:1 0.25 0. 188

0. 149 PIBSA-PAM 14 450 MV 2.2:1 1 4OFER 1997

0. 189 0.163 PIBSA-PAM 15 450 MV 2 21

1.00 0. 200 0.171 PIBSA-PAM 16 | —#s0—tvi—
2.2:1 2.50 0. 267 0. 186 PI BSA- PAM

17 450 MV 2.2:1 5. 00 0. 207

0. 190 | appimlRSAnddMly 220°C. and sparged with nitrogen to

remove unreacted maleic anhydride. The resulting
'polyisobutenyl succinic anhydride had an ASTM
Saponification Number (SAP) of 176 and an active
ingredient level of 88%, which calculates to a SA
to PIB ratio of about 1.0 based upon the starting -
PIB.
The PIBSA product was aminated by

-charging to a reactor approximately 36.3 kg (80
lbs.) of the PIBSA; approximately 6.0 kg (13.1
lbs.) of a commercial grade of polyethylene amine
which was a mixture of polyethylene amines
averaging about 5 to 7 nitrogen per molecule

(PAM); 13.7 kg (30.2 1lbs.) of a solvent 150
neutral oil (Exxon S150N); 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 product (PIBSA-PAM)
having a PIBSA to PAM ratio (PIBSA:PAM) of about
2.2:1 (using 232 as the molecular weight of PAM).

EXAMPLES 2-7

The procedure of EXAMPLE 1 was repeated
except that, as noted in Table 1, the PIB starting
material and/or the amount and identity of the
amine reactant were changed. Also, in EXAMPIE 4,
the PIBSA-PAM product prepared in EXAMPLE 1 was
borated by adding 1000 grams of the PIBSA-PAM
product to a stirred reactor, whereafter the
temperature was raised to 130°C., a nitrogen sweep
was begun, and 168.7 g of a 30% slurry of boric



30 EXAMPLES 18-24 Anot her series of standard ATF' s
the manner descri bed above, except that in this series, th
wei ght of the branched hydrocarbyl group of the friction ingcriea rgiig' vV d
was systematically varied while the concentration of frictipn iigﬁ ’
additive was maintained at 1.00 wt. % in all cases. Table 5| shows the
conpositions of the various friction nodifier additives andjthe static

T SHEET

coefficients of friction as determ néd by LVFA for each ATFlLi-A—ihis—seres:
The data in Table 5 shows that the 200 MV Pl BSA- PAM was not soluble in the
ATF and, thereP&E (B8ulbd hHoHe RFH hvas f?q%?goﬂ°¥'ﬁ%?’%‘5%§? in accordance
with this invepiviean2 Hotirdat a THes resduyicon hed xtimee fwast hehdi atr easi ng
effect, both a 3L.er . .an . rel C. elative to the
ehicel, both al 3eer b o8 mgggtﬁg&é%hﬁ hotrr, 4518 Shd

e nole
filtered. The resulting borated PIBSA/PAM

contained 0.79% boron.

TABLE 1
' EXAMPLE MW _OF AMINE RATIO BORATED
NO. PIB SA:AMINE
1 450 PAM! . 2.2:1 NO
2 450 PAM 3.0:1 NO
3 450  DIMAP? 1.0:1 NO
4 450 PAM 2.2:1 YES
5 200 DETA? 2.0:1 NO
6 200 DIMAP ©1.0:1 NO
7 450 NAPM* 1.0:1 NO

EXAMPLE 8

' To a 2 liter 4-necked reaction flask
equipped with a stirrer, Dean Stark trap,
condenser and nitrogen sparger were charged
dodecylphenol (524 g, 2.0 m), trioxane (60qg,
0.66m) and tetraethylene pentamine (TEPA) (189@,
1.0m). The temperature was raised slowly to |
110°C. at which time water evolution began. After
8 hours the temperature had risen to 115°C. and
water evolution ceased (42 cc’s of water were
collected). The mixture was cooled and filtered

C, based alkylene polyamine
dimethylaminopropylamine
diethYlene triamine

3-aminopropylmorpholine



of the branched hydr ocar byl group increased from 200 to aboiﬁ

149[err]C. the rate of decrease in [err] was nore rapid such

MN Pl BSA- DI MAP and 900 MW PI BSA- PAM actual |y functioned as jcqnvent
friction nodi fying agents (i.e. friction reducing agents). Th
Tabl e 5 shows excellent friction increase, both at 93[err] Clarjd_at

YA FER oo

149[err]C., for the ATF' s containing 450 MWV Pl BSA- PAM ( bot h {borated and

non- bor at ed) and 450 MW Pl BSA- DI MAP

3

to yield 730g of a dodecylphenol-TEPA product
containing 9.1% nitrogen.

EXAMPLE 9-12

The amount of carboxylic acid (or
anhydride) indicated in Table 2 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) 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 product.

TABLE 2
EXAMPLE ALKYL AMINE RATIO BORATED
NO. PORTION ACID:AMINE
g DDSA? TEPA® 2.2:1 1719,
133g (0.5m) 42.25g 9.4% N
{0.22m)
10(com- _ Olelc acid TEPA 3111 3a1g,
parative) 2829 (1.-0m) 73g (0.39m) : 6.6% N
11{com- isostearic TEPA 3.1:1 351g,
parative) acid 73g (0.35m) : 6.4% N
243g (1.0m)
12(com- OSA? TEPA 2.0:1 222.59,
parative)- 175g (0.25m) 47.3g 4.0% N
(0.25m)

dodecyl succinic anhydride; dodecyl is
branched hydrocarbyl, i.e., tetrapropylene.

TEPA is tetraethylene pentamine.

octadecenyl succinic anhydride; octadecenyl is
linear hydrocarbyl.



TABLE 5 EXAMPLE FRICTION RATIO CONC., LVFAl err] NG RERLAGEMENR SHEE |
_SAAMNE  wt. % AT 93[err]C. AT 149[err]C. CONTROL NONE | [~

0.00 ° 0.170 0.138 18 200 MV 1.0:1 1. 00 0

0. 170 Pl BSA- DIMAP 19 450 MV 1.0:1 - ol V4 FEB 17

0. 156 Pl BSA- DIMAP 20 900 MV 1.0:1 1. 00 53

0. 135 PIBSAA ~  DIMAP 21 200 MV 2.0:1 NOT| SOLUBLE

PI BSA- PAM 22 450 MW 2.2:126 1.00 0.187 —U-TE3

Pl BSA- .

Standard automatic transmission fluids
(ATF's) were prepared for testing the friction
‘characteristics of the reaction products formed in
EXAMPLES 1-~12. The fluids were prepared by
blending the indicated reaction prodﬁct into an
additive concentrate, and then dissolving the
concentrate into a mineral oil base fluid (Exxon
FN 1391) to give the required concentration of
additives. The basic test blend contained
‘approximately 10 weight % of additives including

. dispersant, anti-wear agent, corrosion inhibitor,
antioxidant, viscosity modifier, and the indicated
amount of the reaction product of EXAMPLES 1-12
(the "CONTROL" did not contain any of said
reaction products). '

The various ATF’s were tested using a low
velocity friction apparatus (LVFA), to determine
the effect on the static breakaway friction
coefficient (p,) of the indicated reaction

o products (and the CONTROL). The test procedure
was as follows:

Test Specimens: _

Clutch friction material with a machined
annulus of 28.6 mm (1.125 inch) O0.D., 22.2 mm
(0.875 inch) I.D., and mean diameter 25.4 mm (1.00
inch) was adhesively bonded to a steel backing
disc. SAE 1035 steel discs of 38.1 mm (1.50 inch)

- diameter were stamped from separator steel stock
and tumble finished to 0.25-0.38 um (10-15 micro-
inch) A.A. surface roughness finish.

Test Procedure:
After ultrasonically cleaning the steel
specimens and test machine fixtures in heptane,



PAM' 23 450 MWW 2.2:1 1. 00 0.195 0. 166 . R@LACEMENT SHE:.

PAM (Borated) 24 900 MW 2.6:1 1.00

Pl BSA- PAM EXAMPLES 25- 28 Anot her ser.ies of sta ﬁTEEﬁ 1987
was prepared in the manner descri bed above, except that in thifs set

dodecyl (i.e., propylene tetramer) succinic anhydride (DDSA) sLused._as

the branched hydrocar byl substituted nking group, with the olyanine

(i.e., polar group) being varied. Ta e 6 shows the conpositi orofthe -

varlous fr'Ct'OﬁPén§§§€$ﬁ§ﬁs ﬁér %Eséﬁb#gglihakh% E@gﬂgfﬂ&&& 93[err] C

and at 149[err] at a maxi num
ef fecti veness agugﬁ@gggtpggken—ln for one.hour at a given test

‘load (483 (70), 965 (140) or 1448kPa (210 psi)) at
a sliding speed of 0.25 m/s (50 ft/min), at
ambient temperature with 100 cc of test fluid. X-
Y plots of coefficient of friction versus sliding .
‘speed, from 0-0.51 m/s (0-100 ft/min), were then
.recorded at 93° C. and at 149° C. Friction was

" measured by a dead weight calibrated load cell.
Heating of the fluid was accomplished by imbedded
cartridge heaters. Coefficient of friction data
reported were the average of the plots obtained
during acceleration to 0.51 m/s (100 ft/min) and
then deceleration back to rest. Static friction
was measured after deceleration and was the
'average of four measurements.

The results of the tests, which are set forth
in Table 3 below, indicate that oleic acid-TEPA
(Comparative EXAMPLE 10), isostearic aéid-TEPA _
(comparative EXAMPLE 11) and OSA-TEPA (comparative
EXAMPLE 12), all of which contain essentially
linear hydrocarbyl groups linked to an amine polar
group, acted as conventional friction modifiers,
i.e., they all caused a significant decrease in
the static coefficient of friction p, (relative to
the CONTROL) at 93°C. and at 149°C..

The test results also indicate that all of
the reaction products of EXAMPLES 1-8 (which
contain a branched hydrocarbyl group linked to a
polar group in accordance with the invention)
caused an increase in p,  (relative to the Control)
at 93°C., with the products of EXAMPLES 3, 6 and 8
causing very significant increases. The results
also show substantial increases p, at 149°C. for
the products- of EXAMPLES 2-6 and 8, particularly



i ncreaser is reached when the polar group contains nore ani REPLACBMENT SHEL:
327

.(i.e. the use of tetraethyl ene

the sane [err]

at 149[err]C. when conpared to the use of trilet

pent am ne (TEPA) as the polar group resulted in a higher [erfr] 9
- 4 EER R97

tetram ne (TETA), whereas the use of triethylene tetram ne rjeuli-ggmiuimgr———

hi gher [err],

both at 93[err]C. and at 149[err]C., than did Jt he use of

diethyl ene trianmine (DETA)). In all cafks, [err] for ATF' s demtarmrmgtire
friction |ncreas§£s of this invention were

product of EXAMPLE 8.

EXAMPLES 13-17

A series of standard ATF's was prepared in
the manner described above, except that the
concentration of the friction increaser was
systematically varied to determine the effect of
friction increaser concentration on pu,. Table 4
shows the ATF's that were prepared and their
static coefficients of friction as measured by

.LVFA. The data in Table 4 demonstrates that

increasing the friction increaser concentration
resulted in an increase in p,. At 93°C, a maximum
value for p, was reached when the concentration of
friction increaser was about 2.5 wt. %, whereas
the value for n, at 149°C continued to increase
when the concentration of friction increaser was
increased to 5 wt. %. -



hi g}her than [err] for the CONTROL.

PIBSA-PAM

TABLE 6. EXANDLE
.FRICTION  RATIO CONC., LVFA[err] NO. | NCREASER Wﬂw SHEET
W % AT 93[err]C. AT 149[err]C. CONTROL NONE -
0. 165 0.115 25 DDSA- 2.0:1 1. 00 0.172 (. ]1% 4
DETA 26 DDSA- 2.0:1 1.00 0.198 0. 148 TEER 1992,
DDSA- 2.0:1 1. 00 0.199 0. 148 TEPA 28 DDSA-
2.3:1 1. 00 0.170 0.127 29 DETA
TABLE 3
EXAMPLE ADDITIVE CONCENTRATION LVFA L,
NO. . WT.% AT 93'C AT 149°C
1 450 MW 1.00 0.187 0.163
PIBSA-PAM
2 450 MW 1.00 0.188 0.154
PIBSA-PAM
3 450 MW 1,00 0.207 0.157
PIBSA-DIMAP
4 450 MW 1.00 0.197 0.162
PIBSA-PAM
(BORATED)
5 200 MW PIBSA 1.00 0.194 0.147
-DETA
8 200 MW PIBSA 1.00 0.210 0.170
-DIMAP
7 450 MW PIBSA 1.00 0.193 0.138
-NAPM
8 Dodecyiphenol 1.00 0.257 0.218
-TEPA
10 Oleic acid 1.00 0.040 0.036
-TEPA
1" Isostearic 1.00 0.069 0.049
acid-TEPA
12 OSA-TEPA 1.00 0.068 0.056
CONTROL - 0.00 0.170 0.138
TABLE 4
EXAMPLE FRICTION RATIO CONC., LVFA
NO. INCREASER  SA'AMINE wt. % AT 93°C. AT 149°C.
CONTROL NONE — 0.00 0.170 0.138
13 450 MW 2.21 0.25 0.188 0.149
" PIBSA-PAM S
14 450 MW 2.2:1 0.50 0.189 0.163
PIBSA-PAM
15 450 MW 2.2:1 1.00 © 0.200 0.171
PIBSA-PAM
16 450 MW 2.2:1 2.50 - 0.207 0.188
PIBSA-PAM
17 450 MW 2.2:1 5.00 0.207 0.190



33 “\Wat is claimed: 1. A nmethod of increasing the staf wﬂBEMENTESHEET

.of friction of an ol eagi nous conposition, whi ch conpri

adding to a nmajor portion of an oil of : | ubricating viqcdsit

friction increasing anount of an oil soluble friction incrbisFEB'ﬂs7
reaction product conprising (a) an oil soluble substituted jor

unsubsti t ut ed, saturated or unsgburated branched ydr ocar byl
group containing fromabout 12 to about 50 total carbop_atons. (b)—a
l'i nki ng grEBuiMpTEY 1(g)24 Nnitrogen-containing polar group; said

pol argr oup confarnI g o Te% L rsen ot MSamidtd % *4 hE" deegBlag ! V'

- in the manner described above, except that in this
series, the molecular weight of the branched
hydrocarbyl group of the friction increaser
additive was systematically varied while the
concentration of friction increaser additive was
maintained at 1.00 wt. % in all cases. Table 5
shows the compositions of the various friction
modifier additives and the static coefficients of
friction as determined by LVFA for each ATF in
this series. The data in Table 5 shows that the
200 MW PIBSA-PAM was not soluble in the ATF and,
therefore, could not be used as a friction
increaser in accordance with this invention. The
data also shows that the friction increasing
effect, both at 93°C. and at 149°C., decreased
relative to the CONTROL when the molecular weight
" of the branched hydrocarbyl group increased from
200 to about 900. At 149°C. the rate of decrease
~in p, was more rapid such that both 900 MW PIBSA-
DIMAP and 900 MW PIBSA-PAM actually functioned as
conventional friction modifying agents (i.e.
friction reducing agents). The data in Table 5
shows excellent friction increase, both at 93°C
and at 149°C., for the ATF's containing 450 MW
PIBSA-PAM (both borated and non-borated) and 450
MW PIBSA-DIMAP. '



at |east one atom selected fromthe gr oup consi sting

and sul fur atons, and being linked to said hydrocarby EPQA@EMENT §ﬁEET
t hrough said Ilnklng group. 2. The nmethod of Claiml1, e Sard
friction i ncreasing reaction product is represented b 14 ffﬁ‘ﬁﬁ7
formula A-L-P; wherein A represents said substituted @r
unsubstituted, saturated or unsat ur ated, branched hydnodarbyl—geeHz—
L represents said |linking group; 3and P representys sald ni t rogen
cont ai ni ng pol ar group; and wherein said branched hydr N
group A has the formula [err] IABLES
_EXAMPLE FRICTION RATIO © CONC., LVFAu,
“NO. INCREASER ~ SA:AMINE wt % AT93'C. AT 149°C.
CONTROL  NONE - 0.00 0.170 0.138
18 200 MW 1.0:1 1.00 0.210 0.170
PIBSA- . o
DIMAP
19 S0MW 101 1:00 0.207 0.156
PIBSA- '
DIMAP
.20 900 MW 1.0 1.00 0.183 0.135.
PIBSA- :
DIMAP
21 200 MW 2.0:1 - NOT SOLUBLE
PIBSA-
PAM
2 450 MW 2.2:1 1.00 : 0.187 0.163
- PIBSA- :
PAM
23 450 MW 2.2:1 1.00 0.195 0.166
PIBSA-
PAM
(Borated)
24 900 MW 2.6:1 1.00 .0.175 0.130
PIBSA-
PAM

'EXAMPLES 25-28 .
Another series of standard ATF's was prepared
in the manner described above, except that in this
series dodecyl (i.e., propylene tetramer) succinic
anhydride (DDSA) was used as the .branched
hYdrocarbyl substituted linking group, with the
polyamine (i.e., polar group) being varied. Table
6 shows the composition of the various friction
increasers, as well as the static friction at
93°C. and at 149°C. by LVFA. The data in Table 6
shows that a maximum effectiveness as a friction
increaser is reached when the polar group contains
more amino nitrogen (i.e. the use of tetraethylene




34 wherein Ris a (Jerr] to CJerr] hydrocarbyl group, REPAACEWNE/SHEET
substituted with non-interfering heteroatons; Rlerr], R grrj] and

Rlerr], independently, are Hor (Jerr] to (err] hydrocarbw 14 FE? PW
optionally substituted with non-interfering heteroatons; X is 0

17; and y is 0 to 10. 3. The nethod of Caim2, wherein sgi dttrmktrg

group L conprises the residue of a nenher sel ected from tthe group
consisting of (i) nonounsat ur at ed err] to (Jerr] dicarboxylrc acra

wherein (a) the carboxyl g ar i cin d t | east one of
sai d adj acent ca?%%ﬁgﬂnea['gﬁgi? sagaﬁ‘go?’xigfdgﬁ%ﬁguﬁéggl&%gtdi ; a(i 1)
derivatives of (high@rip) atoriiffsaemdattdhe Gamer Jn, at tldCCer when .
monocarboxyl i ¢ aghloabeacty Lie use 62" belathyhenededuamaed s allylic to
t he carboxyngro’gg' (iv) derivatives o 111):; an v) .net hyl ene
substituted aronbTEEA}niv¥hegeas the use of triethylene tetramine

resulted in a higher u,, both at 93°C. and at

149°C., than did the use of diethylene triamine

(DETA)). In all cases, u, for ATF's containing

the friction increasers of this invention were

higher than u, for the CONTROL.

TJABLE 6
EXAMPLE FRICTION RATIO CONC., - LVFA R, _
NO. INCREASER ACID:AMINE wt. % AT 83°C. AT 149°C.
CONTROL  NONE - 0.00 0.165 0.115
25 DDSA- - 2.0:1 1.00 0.472 0.119
DETA
26 DDSA- 2.0:1 1.00 0.198 0.148
© TETA '
27 DOSA- - 2.0:1 1.00 0.199 0.148
- TEPA '
28 DDSA- 231 100 0.170 0.127

DETA



havi ng the f

wh is a functional '
W\ﬂ "6 “and Scterryri s, “r{PECENENERE SHEET

from

Claim3, wh

pol yam ne *cont al

2 to about 15 nitrogen ai oﬁE wherein at least 1 of.said nitrogen atons

S

present in a

' What
1.

mgﬂim group P conprises the residuejo

2 to about 60 total carbon t nﬂ hnEES 1987

primry or secong%ry am no group. ' §

is claimed:
A method of increasing the static coefficient
of friction of an oleaginous composition,
which comprises:

adding to a major portion of an o0il of
lubricating viscosity a friction increasing
amount of an oil soluble friction increasing
reaction product comprising (a) an oil
soluble substituted or unsubstituted,
saturated or unsaturated, branched
hydroéarbyl group containing from about 12 to
about 50 total carbon atoms, (b) a linking
group, and (c¢) a nitrogen-containing polar
group; said polar group containing at least
one nitrogen atom and, optionally, 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.

The method of Claim 1, wherein said friction
increasing reaction product is represented by
the formula A-L-P; wherein A represents said
substituted or unsubstituted, saturated or -
unsaturated, branched hydrocarbyl group; L
represents said linking group; and P
represents said nitrogen containing polar
group; and wherein said branched hydrocarbyl
group A has the formula

R B
afend et
R R,



5 5. Amr‘ng t he s’fatic friction ' EPMR@EWT%HEET

a ot cati g M MIEIE I o  caci oo cho oo 52, 24 ng

i ncreasi ng ef fectivé altouht *of a friction i ncreaser c i $ibn FEB 1997
reaction product of (a) polyam ne having from2 to abquti 15

nitrogen atons, at |least 1 of which i§ a primary or segcondary am mno
nitrogen, and from about 2 to d%out 60 carbon atons w (b) a
menber selected fro ogp :&0RS St § of carb EE@h to (err]
branched chain hydrg)'cv!a.lragzlg'gl RPisod sbbbgttg??ﬁtg dé%%r f]‘fy%"o %eyr'

di carboxylic acid, ©Ptiongllyqsphstituredewith nonrinterierigg,

br anched . chai hekhptoateomsy! RsJbR} idnd &l , Ciadependenitdy,] are

nonocar.boxylic acid,HangeEng EL ﬁ§&§5ca%891, optionally

substituted with non-interfering heteroatoms;
Xx is 1 to 17; and y is 0 to 10.

_3; The method of Claim 2, wherein said linking
group L comprises the residue of a member
selected from the group consisting of (i)
monounsaturated C, to C,, dicarboxylic acid
wherein (a) the carboxyl groups are vicinyl,
and (b) at least one of said adjacent carbon
atoms is part of said monounsaturation; (ii)
derivatives of (i); (iii) monounsaturated C,
to C,, monocarboxylic acid wherein the
carbon-carbon double bond is allylic to the
carboxy group; (iv) derivatives of (iii); and
(v) methylene substituted aromatic materials
having the formula

CH,

where X is a functional group selected from
the group consisting of OH, Cl and SO;H.

4. The method of Claim 3, wherein said polar
group P comprises the residue of a polyamine -
containing from 2 to about 60 total carbon
atoms and from 2 to about 15 nitrogen atoms,
wherein at least 1 of. said nitrogen atoms is
present in a primary or secondary amino
group.



(ifi) a Cerr] to (Jerr] branched hydrocar byl substi t

conpound of mula: J[err] wherein R[erHH S HEET
sai d C[err] err] branc hydr ocar byl substitugntf and X
represents 'i ﬂH al group selected fromthe group

consi sting o @I " m't# rr]H 6. The nethod of Ci 15" FEeBr1es|9z
said friction "intreaser conprises a branched hydroc

substituted succininide, wherein the b¥anched hydr oc rby

substituent conprises a pol ymer of a (Jerr] to (Jerr[-orerrn having

a nunber average
5. A method of increasing the static friction

coefficient of a lubricating oil composition,
which comprises adding to a major portion of
an oil of lubricating viscosity a friction
increasing effective amount of a friction
increaser comprising the reaction product of
(a) polyamine having from 2 to about 15
nitrogen atoms, at least 1 of which is a
primary or secondary amino nitrogen, and from
about 2 to about 60 carbon atoms with (b) a
member selected from the group consisting of
(i) C,, to C,, branched chain hydrocarbyl-
substituted C, to C,, dicarboxylic acid,
anhydride or ester, (ii) C,, to C,, branched
chain hydrocarbyl-substituted C; to C,,
monocarboxylic acid, anhydride or ester, and
(iii) a ¢,, to C,, branched hydrocarbyl
'substituted aromatic compound of the formulas

X

RS CH, ’

wherein R® represents said C,, to C,, branched
hydrocarbyl substituent, and X represents a
functional group selected from the group
consisting of OH, Cl and SO,H.

6. The method of Claim 5, wherein said friction
increaser comprises a branched hydrocarbyl
substituted succinimide, wherein the branched
hydrocarbfl substituent comprises a polymer
of a C, to C,, olefin having a number average
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about 350 to about

nol ecul ar wei

etvoe of oy

pol yi sobut enyl ﬁblety has a nunber average

“ rdn1about 150 to about YOOVR PEACENW}H’SHEET
MHEI d friction i ncreaser conpri [
8. The nethod of daim7 (i elétﬂs)%ﬁ

nmol ecul ar we{ ght

600.

36

molecular weight of from about 150 to about
700.

The method of Claim 6, wherein said friction
increaser comprises a polyisobutenyl
succinimide.

The method of Claim 7, wherein said
polyisobutenyl moiety has a number average
molecular weight of from about 350 to about
600. |

The method of Claim 7, wherein said
polyisobutenyl moiety has a number average
molecular weight of from about 400 to about
500. '



]

9. The nethod of Clain17,.mherein.said ' pol yi sobut enyl REPLAGQMENT SHEET

hunber aver age nol ecul ar wei ght of from about 400 to abodt 500.
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OIL SOLUBLE FRICTION INCREASING ADDITIVES
FOR POWER TRANSMISSION FLUIDS

ABSTRACT OF DISCLOSURE

A method of increasing the static coefficient
of friction of an oleaginous composition, such as
an ATF, comprising adding to a major portion of an
0il of lubricating viscosity a friction increasing
.amount of an oil soluble friction increasing
reaction product comprising (a) an oil soluble

~ ‘'substituted or unsubstituted, saturated or
’ﬁnsaturated, branched hydrocarbyl group containing .
from about 12 to about 50 total carbon atoms, (b)
a linking group, and (¢) a nitrogen-containing
polar group, wherein the polar group contains at
least one nitrogen atom and, optionally, contains
at least one atom selected from the group
consisting of boron, oxygen and sulfur atoms, and '
wherein the polar group is linked to the branched
hydrocarbyl group through the linking group.




