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(54) Title: LUBRICATING OILS OF IMPROVED FRICTION DURABELITY
(57) Abstract
The frictional durability of Iubricating oils, including power transmitting fluids and in particular amtomatic transmission fluids, are

improved by incorporating a combination of low potency friction modifiers, ashless and/or metal-containing antioxidants, and oil-soluble
phosphorus-containing compounds.




30 through the use of an SAE #2 friction test machine. This machine
simates— the high speed engagensntof a-clutch by using-the-clutch as
a brake, t her eby absorbing a specified amount of energy. The energy of
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control of transmlssmns not only shouid the transmission not fail during the lifetime of

the vehicle, but its shift characteristics should not perceptively change over

20 this peqiod. Since shift characteristics of automatic transmissions are

primarily dependent on the frictional characteristics of the ATF, the fluid

. needs to have very stable frictional performance with time, and therefore

mileage. This aspect of ATF performance is known as friction durability.

Currently many wvehicle builders are moving to ™fili-for-life" automatic

2s  transmission fluids. this trend further increases the need for friction stability of

the ATF, since the fluid will no ionger be repiaced at 15,000 to 50.000 mile
intervais.

A common method for determining the friction durability of an ATF is

30 through the use of an SAE #2 friction test machine. This machine simulates

the high speed engagement of a clutch by using the ciutch as a brake,

thereby absorhing a specified amount of energy. The energy of the system is

chosen to be equivaient to the energy absorbed by the clutch in compieting

- one shift in the actual vehicle application. The machine uses a specified
35 engagement speed. normally 3600 rpm, and a caiculated inertia to provide

the required amount of energy to the test clutch and fluid. The ciutch is

lubricated by the fiuid being evaluated. and each deceleration (i.e., braking)

of the system is termed one cycle. To evaluate friction durability many cycles



20 friction difficult. What we have now found is that a

conbi nation of antioxidants, oil sol ubl e phosphorus conpounds, and
specific low potency friction nodifiers can confer outstanding
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Conventionally, there are two ways to improve friction durability. One
way is to increase the amount of friction modifier in the fluid. This has the
desired effect of improving friction durability, but increasing the amount of

1s friction modifier has the undesirable effect of lowering the friction coefficients
of the fluid to undesirable ievels, especially the static coefficient of friction.
The second method is to improve the oxidation resistance of the fluid
because the polar products of oxidation compete with the friction modifiers for
the friction surface. Reducing fluid oxidation improves long term control of
20 friction difficuit.

What we have now found is that a combination of antioxidants, oil
soluble phosphorus compounds, and specific low potency friction modifiers
can confer outstanding friction durability to ATF's. These fow potency friction

25 modifiers are characterized by the fact that once a saturation concentration of
the friction modifier is reached in the fluid, increasing the concentration
causes no further reduction in the measured friction levels . Fluids can be
treated with very high concentrations of these low potency friction modifiers
and still exhibit satisfactory levels of friction. 1t is believed that as the low

30 potency friction modifier molecuies are consumed, through shearing or
oxidation, there is always an ample concentration available to take their
place. The antioxidant is also a critical aspect of the invention, since for the
low potency friction modifiers to work, the formation of highly polar products
of oxidation must be minimized. An oil-soluble phosphorus-containing

35 compound must also be present to protect the system from wear.



(-a) an anti oxi dant; (b) a low potency friction nodifier

A+ up 1), (1 h—ant—H),
and their m xtures, where (1), (Il1), and (I'11) are represented by: 15
[err] [err] [err] (r, (rr), and
(rrer) W8 b9ia77220 Rlerr] is a (err] to (Jerr] pemausse/isesh
al kenyl group, represented by: CHerr] |
(CHerr])x \/ HC/ -3- CH where x and y
are integers | | CH whose sumi s
from1 to 25, | ($MRRY DFI THE INVENTION ~ CH{err]

This invention relates to lubricating oil compositions and a method for
improving the friction durability of lubricating oils comprising:

5
(1)
(2)
combination comprising:
10
(@ an antioxidant;
{b)

a major amount of a tubricating oil; and

a friction durability improving effective amount of an additive

a low potency friction modifier selected from the group

consisting of structures (1), (l) and ({{1), and their mixtures, where {1}, (i), and

(111) are represented by:
1

.

where:

s
(CH2)x
HC”

(m, and

5
O OH
R1 R4 'S

(um,

R4 is a Cg to C3p isomerized alkenyl group, represented by:

where x and y are integers
whose sum is from 1 to 25,
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or its fully saturated al kyl anal og, Rlerr] is an al kyl group,
ar | group, het er oat om contai nin derivati ves,

yl group, apdhdight Rerr] J PCT/US96/16494
| -4.- X is represented by - N
- Rerr], - O- R[err] or - N
\R err] R3 and R4 are independently alkyl, aryl, and their
het er oat om cont aF it flly seturajed alkyanalegy 10 (c)” an oil-soluble
phosphor us- cont ai ni nBacisnamwlkyl group, aryl group, and their heftérbatdnrLedataiRingPT! ON
OF THE | NVENTI q}lag\;%ves This invention describes a nmethod for inproving
the friction dura Iy’ of lubricating oils, wthout unnecessarily
| owering the coefficients of friction, It I's conprised of a |ow
potency friction nodifier having an iyonerized alkenyl group or its
fully saturated al kyl $ e%ge ||Q>giﬁ§a S) ﬁ sol ubl e
source of phosphorus. This conbination of addit 'ves u‘npquely provi de 20
outstanding friction durability to ATF s. Wil e the benefits
of this invention are contenplated to be applicable to a wde variety

of lubricating oils Ry @nd Ryaakesdnadepurgiently Oalk@, BYIC.adnd their h@wkdatem arly
benefited corrpo%magmﬁg?%agigg\gr gt ansmi tting fluids. especially 25

automati c transnm sSion anpl es of other types of power

transmtting fluids included wthin the scope of this invention are
gear oils, hydraulic(é)l uiasoil-soluble phtspionisicontaining oompotindli ds, i ndustri al
oil, power steering fluids, punp oils, tractor fluids, universal
tractor fluids and the like. These power transmtting fluids can be
formulated with a variety of perfornmance additives and in a 30 variety of
base oils. DETAILED DESCRIPTION OF THE INVENTION

15 This invention describes a method for improving the friction durability

of lubricating oils, without unnecessarily lowering the coefficients of friction. it

is comprised of a low potency friction modifier having an isomerized alkenyl

group or its fully saturated alkyl analog, an antioxidant, and an ocil-soluble

source of phosphorus. This combination of additives uniquely provide
" 20 outstanding friction durability to ATF's.

While the benefits of this invention are contemplated to be applicable
to a wide variety of lubricating oils (e.g., crankcase engine oils, etc.),
particularly benefited compositions are power transmitting fluids, especially

2s automatic transmission fluids. Examples of other types of power transmitting
fluids included within the scope of this invention are gear oils, hydraulic fluids,
heavy duty hydraulic fluids, industrial oil, power steering fluids, pump oils,
tractor fluids, universat tractor fluids and the like. These power transmitting
fiuids can be formulated with a variety of performance additives and in a
30 variety of base oils.

Low P Eriction Modif

The friction modifiers of the present invention are those produced from |
35  succinic anhydrides substituted with isomerized alkenyl groups or their fully
saturated alkyl analogs. Preparation of the isomerized alkenyl succinic



Low Potency Friction Mdifiers The friction nodifiers of the

p hose - anhydrides
substituted with isomerized al kenyl groups or their fully sat ur at ed
al kyl anal ogs. Preparation of the isonerized al kenyl succinic WO
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-5- anhydrides is well known and is described in, for exanple, U S.
3,382, 172. Conmonly these materials aresprepared by heating

al pha-olefins with acidic catalysts to mgrate the double bond to an

then thermally rea

d err] ( 1- hexene) Commenly thesermatgdalscare prepared by beatingoalpha-olefing wvitty acidic
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doubl e bond isettrtsagecylsuseipic anhydride (& &\ = Haise-hexadecyisuscinic anhyairideut ed
succi ni ¢ anhydri gesr 36 = naty, isd-c@tadecyistetniy anflyéfdd é@i b gakunaj ehd ik
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sat ur at ed- al Kyl nic anh an be d
secondary ami neshexadegylsueginic anby octadecylsuesinip@nhydrides of t he

types shown in structures (I1) and (I111). 20 Sui tabl e primry and

Ty and () Sar szé*ﬁzéﬁﬁ?é@gﬁgﬁﬁkﬁ‘r@ﬁ Hpoess EBitkin' 8h8 dbuid ‘boha" °°
(alkenyPgroup) in the akal chain. The alkenyl substituted succinic anhydrides

15 may be easily converted to their saturated alkyl analogs by hydrogenation.
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The isomerized-alkenyl or saturated-alkyl succinic anhydrides can be
reacted with primary amines, secondary amines, or alcohols to produce
friction modifiers of the types shown in structures (H1) and ().

20

Suitable primary and secondary amines useful to produce the friction

modifiers of structures (Il) and (It} are represented by structure (IV):

H-N_ (V)

25
where:

Rs and Rg are independently alkyl, aryl, their heteroatom containing
derivatives, or H with the proviso that Rg and Rg are not both H.
30
Preferred amines are n-hexylamine, di-n-hexylamine, dimethylamine,
n-butylamine, diethanol amine and di-methyiaminopropylamine.

A particularly useful class of amines are the polyamines. Suitable
35 polyamines are saturated amines of the general formula (V), where (V) is:



Rl err] / H- N

(v \ Rerr] 25 wher e: R err]

and R[err] are independently alkyl, aryl, their heteroatom containing

derivatives,_or ith the proviso that Rlerr] and R err] are not both H.
wiozhih

30 ed amines are n-hexyl amine, di-n-hexyl ZATAB6/16494

di net hyl am ne, n-butyl am ne, diethanol_cam ne and

di - met hyl am nopr opyl am ne. A particularly useful class of am nes
are the pol yam nes. Suitable 35 po}yan nes ate saturated am nes of the
general formula (V), wheReN-VWHRN N - (CHYYR S<“NLAR 72 )
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RN-(CHerr])a - [err] - Rl— R PK\O R

| R' R err] where R, R,

ydr ogen: Cl or r RS 5, ¥, Sf1 R 6 iidephicin e AON B, d}BuB consistiog of
Gerr] to Cerr ]hygmg%[(‘b %%a&@gﬁ BF branchedchin) alkyt ipdicads: (QgitoaCep a
i)st anli)nt e?gfse: ralkoxy tadicals; Co to (Cgfalkyléne/ rai?di@s:‘la IS hitégerg]fm;shpuﬁegﬁséf rom-
pol gam' hepconpo%l:él'ﬁg?]u%eé' r‘ﬂ’Gb 's an. %ﬁimgx n@%é@“t{ ?%ﬁir ne,
triethyl ene tet Nbﬁ"l’@’,"ﬂgeF’Fm B ef,suitable pelyamine, sompaunds:i includet ent,6-
hexani ne. Low cafiaminohexane; diethyléneantriantine, triethylene tetramine, tetraethyiene
pentamine and pentaethylene hexamine. Low cost mixtures of polyamines
10 having from 5 to 7 nitrogen atoms per molecule are availabie from Dow
Chemical Co. as Polyamine H, Polyamine 400 and Polyamine E-300.

Polyoxyalkylene amines are also useful in this invention and are
shown as structure (V1}, where (V1) is:
Is

HoN - alkylene -[— O-alkylene]— NH2 V1)
c

where ¢ is an integer of from 1 to 10. The polyamines have molecular
weights from about 100 to 500. The preferred polyoxyalkylene polyamines

20 include polyoxyethylene and polyoxypropylene diamines and the
polyoxypropylene triamines. Commercial polyoxyalkylene amines are
available from Jefferson Chemical Co. soid under the trade name “Jeffamines
D-230, D400, D-1000, T-430," etc.

25 The alcohols useful with the present invention are the alkylene diols.
The diols of this invention can be represented by structure (VII):

HO - Ry - OH vy

30 where Ry is a Cq to Cq2 alkyl radical, a C4 to C42 alkylene radical, or Cg to
Czp aryl radical. Ry may be straight or branched, it may contain hetero
atoms (N, S, or O) and it also may contain aromatic substituents. Preferred
diols of the present invention are: 1,4-butanediol, 1,5-hexanediot,
thiodiglycol, dithiodigiycol, diethanolamine, and 1,2-propanediol.

35



10 having from5 to 7 nitrogen atons per nol ecule are avail abl e from Dow

Chremeat—CGo—as Polyam-re—H—Pelyam-re—400—and—-Relyanm-ne E-300.

Pal yoxyal kyl ene ami nes are al so useful in this invention and are shown
as structure (VI), where (VI) is: 15 Herr]N - al kyl ene
[err]- NH errwo914172 (V1) where c i s an int egefrnidoshdagyn 1 to
10. The pol yam nes have nvol ecul ar wei ghts from about 100 to 500. The
preferred pol yoxyal kyl ene pol yam nes 20 i nérude pol yoxyet hyl ene and

pol yoxypropyl ene diamnes and the pol yoxypr opyl ene trarri nes

Commer ci al pol yoxyal kyheffictioni ARglifigre of this dvderitioR! ard rurmasif g

Cheni cal Co. sol

0062 130" BpHfF nd WorhdriR, ARIRy| 1GbIAE Afvarice, (o @% %R@i@ﬁ@kw

i nVenti on are th@nalogywiththegarping or a|C°h0fﬁédd¢'@P!meth water, fmm diowaver,be
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I Ca
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or branched, it ﬁlwnmwo@mammswhere thfamgi%cums terminates) oa roth ends withnay
contain aromati c afldpiheé tdvemrartyarﬁéwrm two (2) JOR!grogps, tlhe.apw irable to
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PCT/ US96/ 16494  anhydride giving materials of structures (vil1) and (IX), where (VIII) and (IX)

10 are.
0 0
J:;N - (CH2)4 {- ?;T - (CHZ)a-} N (Vi
Rl % R b R1
g, .

where R, R4, R7, a, and b are as previously defined.

15

in the case of products of isomerized-alkenyl or saturated alkyi

succinic anhydrides and polyamines (i.e., structure (Vill)) the products may

20  be further post reacted with boron, phosphorus, and/or maieic anhydride by

any of the many known post-treating processes (see e.g., U.S. 3,254,025;
3,502,677, 4,686,054; and 4,857,214).

The preferred friction modifiers of this invention are those produced by

25 reacting the isomerized-alkenyl sticcinic anhydrides with amines (IV),

polyamines (V), or polyoxyalkylene amines (VI). The most preferred

products of this invention are those produced from reaction of the isomerized-
alkenyi succinic anhydrides with polyamines.



The friction nodifiers of this invention are normally prepared by

heating the isonerized al kenyl succinic anhydride (or its saturated-alkyl
anal og) with the am ne or al cohol and renoving the water forned. However,
ot her net hods of eparation are known and can be used. The ratio of anine
5 or al cohol™ ’s‘%ﬁ’m ni ¢ anhydride grouping is usually 1 tBCHUSI16#4e case

of di am nes or pol yam nes where the lecule is termnated on both ends
W th an amne, or simlarly a polyol with two (2) -OH groups, it nay be
desirable to react both ends of the nplecule (am nes or alcohols) with

the al kyl succinic Treaifntearefdbe drictiargmpdifiers af g‘eoleeMﬂJ'ﬁV%ﬂt@é’ are from and
(1 X), where ( Vhbcbt)t @ndo @bt 10) preferably 0.5 to[7cand most preferably from 1.0 to 5.0

(Viin_ where R, Rerr], R7,
a; and b are as e\‘/’FBthg g\tge lubncgtmgcomf:&g%on In the case of pr oducts of
| sonmeri zed- aIkenyI or saturated al kyl succi ni ¢ anhydri des and"

pol yam nes §i.e., sExamplescof ptepayationhef typivhl dtictionashodlier atérils hef tHeost

r éact ed W|thb n Y’ of, t he
rany known posiehtof 2 8RR bl Hhate ERafibles’ iR ifendty R jlustalléX dha
3,502, 677; 4 68@ m&ntmmwﬁeﬁq especnfcdetailswh@rtpﬂ@tr@r¢mles.ct.on
nDdlflers of this invention are those produced by 25 reacting the

i sormeri zed- al kenyl succinic anhydrides with amnes (1V), pol yam nes
(V), or polyoxyal kyl ene am nes (VI preferred products of

this inventiPon are those producedt Rhe i sonerized-

al kenyl succinic anhydrides wth pol yam nes.
Exampie A - into a one liter round bottomed flask fitted with a mechanical
stirrer, nitrogen sweep, Dean Starke trap and condenser was placed 352 gm
(1.00 mole) of iso-octadecenyisuccinic anhydride {ODSA from Dixie Chemical
15 Co.). A slow nitrogen sweep was begun, the stirrer started and the material
heated to 130°C. Immediately thereafter, 87 gm (0.46 moles) of commercial
tetraethylene pentamine was added siowly through a dip tube to the hot
stirred iso-octadecenylsuccinic anhydride. The temperature of the mixture
increased to 150°C where it was held for two hours. During this heating
20 period 8 mi. of water (~50% of theoretical yield) were collected in the Dean
Starke trap. The flask was cooled to yield the product. Yield: 427 gm.
Percent nitrogen: 7.2.

Exampie B - The same procedure was followed as in Example A, except that

25 the faollowing amounts were used: iso-octadecenyisuccinic anhydride,
458 gm (1.3 moles), and diethylenetriamine, 61.5 gm (0.6 mole). The water
recovered was 11 ml. Yieid: 505 gm. Percent nitrogen: 4.97.

Example C - The same procedure was followed as in Example A, except that

30 the following amounts were used: iso-hexadecenyisuccinic anhydride (ASA-
100 from Dixie Chemical Co.), 324 gm (1.0 mole); and
tetraethylenepentamine, 87 gm, 0.486 mole). The water recovered was 9 mi.
Yield: 398 gm. Percent nitrogen: 8.1.

35 Example D - The same procedure was followed as in Example A, except that
the following amounts were used: iso-octadecenyisuccinic anhydride,
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-8 Treat—+ates—of—the—F++et+or—rpdi-fers of the present—

i nvention are from about 0.1 to about 10, preferably 0.5 to 7, and nost
preferably from1.0 to 5.0 wei ght percent in the lubricating
conposi ti on. W@97/14772 Exanpl es of preparation of typical perasoserissos

nodi fier materials of the I nvention are given below. These exanples are
i ntended for illustration and the inv@tion is not linited to the
specific details set forth in the exanpl es. | O

PREPARATI VE  EXA¢3 wmonéxaﬁal an{étnytéampﬂapgnaninbt %ybgewndo e | ask

condenser Qai avé%‘%‘%'cé@e'zeamas *19 ik o 425,81t Pe‘é%%gt?l"é?géf?e%‘fsugcf e

anhydri de (ODSA from Di XI e Chemcal 15 Co.). A slow nitrogen svveep was

begun, the stlr §Walfojowea GBI 'SRk aFy
| moredi atel y th 46 thyl
pent ar ne ws e@w 34 Mﬁc@ 5'?% g 582 4B R mole) was added

i so-oct adecenyldrqnmse.l ﬁnzmdeﬂuhnodim grhd0 ﬁempte) aThe evatér rebovenedtwas 14 mi.

increased to 154 taglfdr-fp, two hours. During this heating 20
period 8 m . of vvater §m‘50P00 theoretlcal yield) were collected in the
Dean Starke trap. The flask was cooled to yield the product. Yield:
427 gm PAntipaidanist r ogen: 7. 2. Exanpl e B - The sane procedure
was followgg as in Exanple A, except that 25 the foIIowi ng anmounts were
used: iso-octadece |SUCCI nj c. anpydri de, a%e &1 3 noles), and

di et hyl enetri ani ne. J@gt% %)p‘esﬁ‘i’é ‘mp“ - Y vpesy (Ahdha 1 ni .

Yield: 505 gm a%hiassrnntmidamyeaucm as7arylamines and phenols, and (2) the metal-
containing antioxidants such as zinc dialkyidithiophosphates.

15 The ashless antioxidants useful with this invention are either aryl
amines or phenols. The amine type antioxidants include phenyl-aipha-
naphthylamine, diphenylamine, phencthiazine, p-phenylene diamine,
alkylated diphenylamines (e.g., p.p'-bis{alkylphenyl) amines wherein the alkyl
groups contain from 8 to 12 carbons atoms each; such a material is

20 Naugaiube® 438L). Phenolic antioxidants include sterically hindered phenols
(e.g., 2,6-di-t-butyl phenol, 4-methyi-2,6-di-t-butyl-phenol) and bis-phenois
(4.4'-methylenebis(2,6-di-t-butylphenol); such a material is Ethyl® 702).
Another class of phenolic antioxidants are the 4-substituted 2 6-di-t-butyi
phenois, these would include materials such as 3,5-di-t-butyl-4-

25 hydroxyhydrocinhamic acid, C7-Cg ester. (Such a material is Irganox® L-
135).

The metal-containing antioxidants useful with this invention are the

zinc dithiodiphosphates (ZDDP). These antioxidants are produced by

30 reaction of alcohols with P2S5 to produce dialkylthiophosphoric acids, which
are then treated/reacted with zinc oxide. The preparation of zinc
dithiodiphosphate is well known and discussed in much published literature.

See for example the books, "Lubricant Additives,” by C.V. Smalheer and R.

K. Smith, published by Lezius-Hiles Co., Cleveland, Ohio (1867) and

35 "Lubricant Additives,” by M. W. Ranney, published by Noyes Data Corp.., Park
Ridge, N. J. (1973). Examples of such materials are zinc (di-
isooctyldithiophosphoric acid) and zinc (di-2-ethylhexylidithiophosphoric acid).



Exanple C - The sane procedure was followed as in Exanple A except that 30
the foll owi ng anbunts were used: iso-hexadecenyl succinic anhydri de (ASA-
100 from Dixie Chemical Co.), 324 gm (1.0 nole); and

tetraet hyl enepentamnmi ne, 87 gm 0.46 nole). The water recovered was 9 nl .
Yiel d: 398 gWMO®A#CEnt nitrogen: 8.1. 35 Exanple D - ThPTAR¥cedure

was followed as in Exanple A, except tha.tw__ the foll owi ng anobunts were
used: iso-octadecenyl succinic anhydri de, WO 97/ 14772

PCT/ US96/ 16494 352 gm (1.0 nole). and: dinethyl am nopropyl am ne,
102 gm (1.0 nole). The wat er recovered was 15 m . Yield: 429 gm

Eir celnt 2 i trogen t ?Tﬂe lutbricaﬁn@nrasbh@oEitionsTatethmmem:immrqecd»ﬂsinfdgie! %}wedsg g
anpl e , €eXxC SO~ C cC a 1.de,

Rl ot ) e (e Sbove hfioxifibnts SGiadly &t ¢ ﬁé%oﬁ%“%ﬁ*:aéﬁmo. et The
wat er recover egongentrationof antioxidantaveuld Apicaliybertsprndhi te f, frueferabhofrom :

Anti oxi dantg 1.2 to 3.0, and moshpreferablyfrahn 0125 t672.0 height peecentiim ¥R frigagar € of
two types, (1) Ja[e ashl ess anti oxi dants such as aryl am nes an

phenol s, and (55" he net al - cont ai ni ng anti oxi dants such as zinc

di al kyl di t hi ophosphates. 15 The ashl ess antioxidants useful with

ot ox] i 5 o ) SR er the LAGnag o st i dhATEGHEG
phenot hi azi ne, I@%é@?’gﬂ%}'ﬂ%&% ﬁ'@ friction %8%?%?@&%?"&&@& h@rs&@ .Pg. ,

p, p- bi s(al kipl plaptigxidant goneentition: should aotba ynore thangt.Bupess percent irf them 8 t o
12 carbons at onmisRag ATFsuch a material is

Oil-Soluble Phosp! Containing C :

15 The oil-soluble phosphorus-containing compounds useful in this
invention may vary widely and are not limited by chemical type. The only
limitation is that the material be oil soluble. Examples of suitable phosphorus
compounds are: phosphites and thiophosphites (mono-alkyl, di-alkyi, tri-alkyl
and partially hydrolyzed analogs thereof); phosphates and thiophosphates;

20 amines treated with inorganic phosphorus such as phosphorous acid,
phosphoric acid or their thio analogs; zinc dithiodiphosphates; amine
phosphates. Examples of particularly suitable phosphorus compounds
include: mono-n-butyl-hydrogen-acid-phosphite;  di-n-butyl-hydrogen
phosphite; triphenyl phosphite; triphenyl thiophosphite; tri-n-butylphosphate;

25 900MW polyisobutenyl succinic anhydride (PIBSA) polyamine dispersant post
treated with H3PO3 and H3BO3 (see e.g., U.S. 4,857,214); zinc (di-2-
ethylhexyidithiophosphate).

It will be appreciated by those skilled in the art that the metal-

30 containing antioxidants (e.g., zinc dithiodiphosphates), may function, both as

an antioxidant and an oil-sofuble phosphorus source as described in the
present invention.

Other additives known in the art may be added to the lubricating oil.
35 These additives include dispersants, antiwear agents, corrosion inhibitors,
detergents, extreme pressure additives, and the like. They are typically



20 Naugal ube[ err] 438L) Phenol i c antioxidants include sterically hindered
yl -2, 6-di-t-butyl=—phenol)
and bi s-phenol s (4,4 - nethylenebls(Z 6-di-t- butylphenol) such a
material is Ethyl[err] 702). Anot her cl ass of phenolic anti oxidants
are the 4-subgiomytad 2, 6-di-t-butyl phenol s, these V\mdwbmde
materials such as 3, 5- d| -t-butyl-4- 25 h droxyhydrom nnam c aci d,
Jerr]-Cerr] ester. (Such a material is Y%Yganoxp[err] L- 135).
The netal -containing antioxidants useful with this invention are the

zi nc di thi odi pgspsad a8, fof &Eple]"eaBriedtti Additl@st byaC.cVp SasiINest aid 30
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preparation of zinc di t hi odi phosphate is well known and di scussed in
much publ i Shed "ten fésBntative am%ﬁﬁtsf@rrthesé\MIﬁVém d10RKE are suiimaral

Addi tives," \{ mal heer and R K. mth publ i shed by

Lezi us- Hi | e% Cﬁsm'@‘@vel and, Chio (1967) and 35 "Lubricant Additives," by
M W Ranney, published by Noyes Data Corp., Park Ridge, N J. (1973).
Exanpl es of such matg#%L? are zinc (ﬂﬁam%ﬁg%lsoocty hori c
acid) and zinc -ethy hexyldlthlop osp oric acid) 97/ 14772
PCT/ US96/ 16494 Imp{overs. . ho - -4

The | ubri cat i nGooosiopdniibior i ons of t{mb mv%nt i on woul@®02ontdi n one or
more of the abDispessdnt®xi dants singl W.% in1@ny conbi naion. ~-Bhe tot al

concentrati on ghtifoamingAdents woul d t 0@kl tyS5be from 0.0108b S0.Hreferably
from5 0.2 topDgtdigentsd nost preferal@@ frong0.25 to 2.M0¥ei g3t percent in

the finished aAntiweht/Agents 0.001 he §ase when tghe | ub@ cating oil
conposi tion i spair Péint tedsahdd a 0,01 ZDDP2ant i oxi darg,oand-t4lge friction
modi fier of stgdafgiBudnts! ). the ZDigPy 8 05 -5

Lubricating Oil Balance Batance

Suitable dispersants include hydrocarbyl succinimides, hydrocarbyl

succinamides, mixed ester/amides of hydrocarbyl-substituted succinic acid,

10 hydroxyesters of hydrocarbyl-substituted succinic acid, and Mannich

condensation products of hydrocarbyi-substituted phenols, formaldehyde and
polyamines. Mixtures of such dispersants can aiso be used.

The preferred dispersants are the alkenyi succinimides. These include
1s  acyclic hydrocarbyl substituted succinimides formed with various amines or
amine derivatives such as are widely disclosed in the patent fiterature. Use of
alkenyl succinimides which have been treated with an inorganic acid of
phosphorus (or an anhydride thereof) and a boronating agent are also
suitable for use in the compositions of this invention as they are much more
20 compatible with eiastomeric seals made from such substances as fluoro-
ejastomers and silicon-containing elastomers. Polyisobutenyl succinimides
formed from polyisobutenyl succinic anhydride and an alkylene polyamine
such as triethylene tetramine or tetraethyiene pentamine wherein the
polyisobutenyl substituent is derived from polyisobutene having a number
25 average molecular weight in the range of 500 to 5000 (preferably 800 to
2500) are particularly suitable. Dispersants may be post-treated with many
reagents known to those skilled in the art. (see, e.g., U.S. Pat. Nos.
3,254,025, 3,502,677 and 4,857,214).



10 antioxidant concentration should not be nore than 1 .0 mass percent in
t he fini shed ATF. 15 The oi |l -sol ubl e phosphor us-cont ai ni ng
conpounds useful in this i nvention may vary widely and are not limted

by cheni cal h%‘?gg‘The only limtation is that the material be oil
sol ubl e. M3 suitabl e phosphor us conpounds ar ePCRLSHS(1649%8 €S and
t hi ophosphl tes (nono-al kyl, di-alkyl, tri za_l Kyl and partially

hydr ol yzed anal ogs thereof) phosphat es and thi ophosphates; 20 am nes
treated with inorgani c phosphorus such as phosphorous acid, phosphoric

acid or their thio Hitalaggitive gaomabigations xnfi this invention ; mambeecombmquhwnphat es.
Exanpl es of pagthiet desired lubrichtig fanmmnagrwsroﬁﬁraoeun@hﬁwtrate T e‘“eht
Ite;
0%;

hcaty
o ShockavBaRG A @"951?‘?#' e SenBamHey il 5068 Thm 29, 9
1S"BI(‘)i)IIC\)/:}\/eB)c/): yngsp vam|2$| 1%9%5/;130% %ﬂp Eﬂﬂpm&wgwﬁzﬁmﬁg;rmtofgost
treated with Hher chitdraratd. aTHe HiaanideBok ahé ] creAtra® is @ %uuén@f;{p.%w)

g:ogrcegjiat ed byc‘f'n@i W%E%‘ﬂ@ﬂ?@ﬁ@g{‘ﬁat the netal - 30 c\(l)mnt ai nieng

antioxidants (e.g., zinc dithiodi phosphates), may function, both as an

antioxi dant and an Qidricafhg'dile REETEP P ItHE %Wéhﬁ&naéred%%ﬁﬁéi th"nhddfal
di

present invent ddl. I ve rt may be
added to the | %‘gﬁﬁmﬂﬁ ;! oﬁVPfh’:"ng‘eFﬂ%ub %d?%i‘)@%ﬁ&b i i, aeaers.
anti wear ad@ent C 68 angh synthelie lubricating Wiy eac av&raekmematesure
addit{ves, andvistssityltaging'iim abeut v RS 8B6U/100 mm2/s (cSty't 4664 dithough

PCT/ US96 16494typml applications will require each oil to have a viscosity raﬁging from about

2 to about 8 mm2/s (cSt) at 100°C.

LS Naturai lubricating oils include animal oils, vegetable oils (e.g., castor
oif and iard oil), petroleum oils, mineral oils, and oils derived from coal or
shale. The preferred natural lubricating oil is mineral oil.

Suitable mineral oils include all common mineral oil basestocks. This

20 includes oils that are naphthenic or paraffinic in chemicai structure. OQils that

are refined by conventional methodology using acid, alkali, and clay or other

agents such as aiuminum chloride, or they may be extracted oils produced,

for example, by solvent extraction with solvents such as phenol, sulfur

dioxide, furfural, dichlordiethyl ether, etc. They may be hydrotreated or

25 hydrofined, dewaxed by chilling or catalytic dewaxing processes, or

hydrocracked. The mineral oil may be produced from natural crude sources

or be composed of isomerized wax materials or residues of other refining
processes.

30 Typically the mineral oils will have kinematic viscosities of from 2.0
mm¢2/s (cSt) to 8.0 mm/s (cSY) at 100°C. The preferred minerat oils have
kinematic viscosities of from 2 to 6 mmZ2/s (cSt}, and most preferred are those
mineral oiis with viscosities of 3 to 5§ mm2/s (cSt) at 100°C.

35 Synthetic {ubricating oils include hydrocarbon cils and halo-substituted
hydrocarbon oils such as oligomerized, polymerized, and interpolymerized
olefins [e.g., polybutylenes, polypropylenes, propylene, isobutylene



dirsclosed in, for exanple, "Lubricant Additives" by C. V. Smal heer and R

Ken-ﬁed-y—Sm-E—h——He?——ms——l—H—ﬁd—U—S-—Pa{-eﬁt—HOS 571.
Representative amounts of these additives in an ATF are summarized 5 as

fol | ows: Addi tive (Broad) W %

(Preferred) Ww&emar72Vl | nprovers 1 -12 peTMUSY616494 1

- 4 Corrosion Inhibitor 0.01 -3 0.02 -1

Di spersants 0.10 -10 -13- 2 - 5

Anti f oam ng Agents 0.001 - 5 0.001 - 0.5 Det ergent s
0.01 - 6 1 - 5
0o o oa Eapoly Iégnated ?o” actdtids  BRR1 ﬁ@féﬁﬁe%), poly(1-oct%ne81%§;9

Seal Swell ants (1-decenes) etc. 0 and rmxtu@s thereof] alkylpenzenes_ [e;9., dodecyl-
gUb“ g ?t l 39 O | penzenes, tetrad Behﬁnh‘s dinonyl-benzenes, @(ﬁ-emvlaexyi)benzene

ui t.abl e di sper ecé Yy
suycci nam des, 3@@8@‘&’?‘%@ gﬁﬁé'%rocg%érwl %ﬁf' eB g‘g Succl m%tc;tm d,
10 hydroxyest ePsd Flkyigted dBBfPWI ethers alkylateg W&EY n?‘éf%ﬂ!i s wel asvtheiri ch

condensat i on pr adﬂw&tﬁeﬁfaﬁal@bsp@ﬁdhﬁmdd@thérﬂéf@dnﬁhﬂemks, Therpreferedysii and
pol yam nes. ?rg

preferred di spe éﬁ?@g Cﬂ%%{d%én@a%s%c%%& g#%ﬂege_ﬂﬁ%glelﬁﬁ& LP(?&“%‘W The

acyclic hydr ocapligeme rsf 1-4eapeBe. succini nides formed with various anines or
am ne deri vatlves such as are widely disclosed in the patent literature.

Us f | k |

aci d of noshor SETNSHC BRalNG” bg Ko R‘?’?&%ﬁﬁ'@g@oﬂr bigB ORI o, o
al so sui t ablirterpelymers. |QQPPNE‘E&)m§B§| dedyalives thereof yhere the demeinal, are
much nore 20 cwm&ybgreum héivecheer! modified lﬁ/eédténﬂmﬂenfétbémfwaﬁbn satbstraRCces

ggl {/: gglralcj)t enyl gl n%ﬁﬁtt@%ﬂs%k&&@@[ﬁbﬁ] poT VI so‘@i}'in Fcf succ?rePared

anhydri de and aMaﬂMéﬂ@“ﬁBl%’eﬁH‘Wéﬂe oxidas F IP’%BV'?'FQ oxidgl dhe allyl aadi and or
get r aegh%/L gm”‘% 8@[&@5‘ OF thdwer ﬁenoi&aikylene Mmesolwbenwetb}lumtyiﬁwwﬁym -
the range of 508" @P%Srﬁ?g*ﬁ@fé“%%ﬁ%g%&%ﬁ?f WO g Hefi
sui tabl e. Di spe g Mr%ﬂ‘ﬁﬂc‘%‘tﬂeﬁ&ﬁ 1000 1§ brﬁ"g ‘E‘F?BWn to
those skilled i mnutpblﬁ-carbo(tyheeestssgherebf fe.gRPdhe alsbhc acid estéstﬁﬁke6263-Ca
3,502, 677 and 4’f§l§7 a&&@sters, and C12 oxo acid diester of tetraethylene glycol).
20
Another suitable class of synthetic lubricating oils comprises the esters
of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids
and alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebasic
acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyimaionic
25 acids, alkenyl malonic acids, etc.) with a variety of aicohols (e.g., butyl
aicohol, hexyl aicohol, dodecyl aicohol, 2-ethylhexyl alcohol, ethylene giycol,
diethylene glycol monoethers, propylene glycol, etc.). Specific exampies of
these esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl
30 phthaiate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexy! diester of
linoleic acid dimer, and the compiex ester formed by reacting one mole of
sebasic acid with two moles of tetraethylene glycol and two moles of 2-ethyi-
hexanoic acid, and the like. A preferred type of oil from this class of synthetic
oils are adipates of C4 to C42 alcohols.

Esters useful as synthetic iubricating oils also include those made from
Cs to Cq12 monocarboxylic acids and polyols and polyol ethers such as
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The additive conbinations of this invention may be conbined with ot her
desired lubricating oil additives to forma concentrate. Typically the
active ingre¥OPOM4H. i .) level of the concentrate will rand&TUs8ed6a% ¢ o
90% preferably from 25 to 80% nostqpreferably from35 to 75 weight
percent of 5 the concentrate. The bal ance of the concentrate is a diluent
typically conprised of a lubricating oil or solvent.

Lubricating oift gomm glyeol, hi tdmetiwolpropang  epentaervitvital: o dineatasnahritol,
| ubri cating oi tripentastyineitolcarldtheilik@t i ng oils, and mixtures thereof. In

general, 10 both the natural and synthetic | ubri cat | ng oil will each have
a kinematic Vi sc05|ty ran n(g fromabout 1 to about 100 mrerr]/s
(cSt) at 100[err] C, SHicerbaged Sughy a8, they pelvaliot-i Balyand-| iPolvalitexye etich

oil to havesa bmmstmam fws fandnsificate toiis) comprised aﬂbmut' ugefurchigs of

St t 100 I
1S, veget aLFév%fﬁch fibrigating, gl e ot b8 Bl dicall. selrdisPliom | 5, -
m neral oils, siicatsi| teteae(2-gthvihexyiln silicate.o rtﬁﬂ‘a-(“'ﬂ’!ﬂﬁwf'@ Bepﬂ)af silicate,
nat ural | ubr| cﬁﬁgﬁq;.@r(.b pﬁéﬁﬁ)“ al silichte, hexa-(4-methy E oils

napht neni ¢ or  PAVATRHARtexétar sEREGY Eidifpiohy) %@rgﬁ%ngpg‘?ﬁe% et e

&F i ned
by convent ne)nalsymmwr@gynmgllwcwedrm relers obphpsphesussontainiog acids

agents such aS(ebumtﬁumsvhlpﬁdsiﬁateor tiosyl rehospRakext BAGt esbiayl Ses%deFed

ot ae™ cr ¢ o BepvibtStint e, SSeld éﬁgméf‘fﬁ&%%“ BRI or

25 hydrofi nedilkel-ewaxed by chilling or catal ytic dewaxing processes or
hydr ocracked. The mineral oil nay be produced from natural crude sources

or be conpgsed of i yREPLAENPITHEY b8! deled A HAed) retlfifla LiL] BN

processes. mixtures thereof. Unrefined oils are obtained directly from a natural source or
synthetic source (e.g., coal, shale, or tar sands bitumen) without further
purification or treatment. Examples of unrefined oils include a shale oil
obtained directly from a retorting operation, a petroleum oil obtained directly
20 from distillation, or an ester oil obtained directly from an esterification
process, each of which is then used without further treatment. Refined oils
are similar to the unrefined oils except that refined oils have been treated in
one or more purification steps to improve one or more properties. Suitable
purification techniques include distillation, hydrotreating, dewaxing, solvent
25  extraction, acid or base extraction, filtration, and percotation, ail of which are
known to those skilled in the art. Rerefined oils are obtained by treating used
oils in processes similar to those used to obtain the refined oils. These
rerefined oils are also known as reclaimed or reprocessed oils and are often
additionally processed by techniques for removal of spent additives and oil

30 breakdown products.

When the lubricating oil is a mixture of natural and synthetic lubricating
oils (i.e., partially synthetic), the choice of the partial synthetic oil components
may widely vary, however, particularly useful combinations are comprised of

35 minerai oils and poly-a-olefins (PAO), particutarly oligomers of 1-decene.



30 Typi cally the mneral oils will have kinematic viscosities of

from2 0 derri s (St} —4-0-8—0—r-er++~s—(-6St) at 106ferri-c—the
preferred mneral oils have ki nematic viscosities of from2 to 6
mierr]/s (cSt), and nost preferred are those mneral oils with

viscosities Qloognlk@5 mMmierr]/s (CSt) at 100[err]C. 35 PCT/USYSY6adet i C
| ubricating oils include hydrocarbon oils and hal o-substituted

hydrocarbon oils such as oligonerized,_ 4gal yneri zed, and interpolynerized
olefins [e.g., polybutylenes, polypropylenes propyl ene, isobutyl ene
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t er phenyks, al kyl ated pol yphenyls, etc.]; 5 and al kyI ated di phenyl et hers,
al kyl at ed d%sul fides, as wel | as their derivatives, anal ogs,
and honvol og f, and the like. The preferred oils fromthis class

of synthetic oils are oligoners of [err]-olefins, particularly
ol i gomers of 1-deTenEord MERCON® 15 mmemmmmmd&lﬁ@m@ Autarreatici ncl ude
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pol ypr opy| enjeulssy c Rephated rdissipatisinecithis mugtyemergy intods smegoegiumenef nono-
and pol yygar {aex Yhid i {5000 tf@ee a( Strdhuoushevahsstioh Gf ase fluidy ablity 8 xed

Aerr]-qerr aintain constant frictional characteristics.

The variation allowed by Ford for each of the measured test
parameters, from 100 to 15,000 cycies. is shown in Table 1. Also in Table 1
26 is a column entitied, '50% MERCON® Range’. As a measure of the ability of
the compositions of this invention to provide exceedingly good friction
durability, the blends that are representative of the current invention will be
shown to possess less than half the friction variabifity, 100 to 15,000 cycles.

that is ailiowed by Ford.

Table 1

EQRD MERCON® AL L OWABLE FRICTION RANGES

(100 to 15,000 CYCLES)
30
Pass/Fgil Criteria MERCON® | 50% MERCON®
Allowed Range | Range
. Midpoint Dynamic Coefficient (Mu-D) 0.030 | 0.015
Low Speed Dynamic Peak (Mu-S1) 0.040 0.020
Static Breakaway Coefficient (Mu-S) 0.050 0.025




fatty acid esters, and Cl2 oxo acid diester of tetraethylene glycol). 20
Anot her suitable class of synthetic lubricating oils conprises the esters
of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic
aci ds and al kenyl succinic acids, maleic acid, azelaic acid, suberic
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97/ 14772 they met one or two of the three cri¥eria of the present invention, but not all
Eg‘(l)’ / gﬁt%{ 16|6l9élthree. Bilnd 1. whichrcontains no phos?htt:ru?, {aﬂ? medﬁvluﬂt!\gg}ic t(lglp_-l?)ol
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pol y(met hyl phe piydrgeSs 'ttt Sto, Wit BénthinSn of i hecessary components of the
present invention, pass the requirement of having less than half the variability
aliowed by Ford for all three pass/ail criteria. '
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The principles, preferred embodiments, and modes of operation of the
present invention have been described in the foregoing specification.
However, the invention which is intended to be protected herein is not to be
construed as limited to the particular forms disciosed, since these are to be
25 regarded as illustrative rather than restrictive. Variations and changes may
be made by those skilled in the art without departing from the spirit of the
invention.



10 synthetic lubricating oils include liquid esters of
phosphorus-contan-ng—act-ds———e—g—r—t+teresyt—phosphate—trtoctyt
phosphate, and diethyl ester of decyl phosphoni ¢ acid), polyneric
tetra-hydrofurans, poly-[err]-olefins, and the like. 15 The
| ubricating wown#ry be derived fromrefined, rerefined oi IPCT/IS96/164%4

m xtures thereof. Unrefined oils are obtained directly froma natural

source or synthetic source (e.g., cpal, shale, or tar sands bitunen)
wi t hout further purification or tredinment. Exanples of unrefined oils
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clai ned invention.
not limted to t
parts and
Exanpl es
( MERCON Aut oWQis7/24772
Sept enber
durability of this

per cent ages

st ood.

AR

however .
Al

The Ford MERCON err] 15,000 cycle friction test
Transmi ssion Fluid Specification foPCTUSWIS#®4 dat ed
sten to denonstrate the friction

invention's flui'dS because of the test's |ong

1, 1992. 10 Section 3.8) was

duration (i.e

15, 000 test cycles)

that the invention is
| s set forth in the exanples.
are"by*wel ght unl ess ot herw se specified.

and its tightly specified limts.

The Ford test <siamsses friction durability by

fluid. 305 m's.
Repeat ed di ssi
fluid for

ati

al l oned by Ford for1gacg
15,000 cycles. is shown in
entitled, '50% MERCON err ]

and high test energy per cycle.
this

15, 060 c% P&""F‘é"%

mai ntai n constant frictional

into this

characteristics.

ik o S Mbrkotia o ang

Range' .

20,

As a neasure of the ability of

using a | ow vol une of
740 j oul es.

smal |l volunme of 15 test

h
Fﬂg@ﬂ%ﬁeﬁé%l’%ﬁ%n of the fluid s ability to

The variation
paraneters from100 to
is a colum
t he

conposi tions of thi@)i naefridtion durapility improeing cfidictiee \ammod 6f & taddiive

durability,
will be

to 15. 000 cycl es.
Table 1

(100 to 15,000 CYCLES)
50% MERCON err ]
Range

own to poss
t hat

()

thﬁoﬁbﬁgﬂﬁw é&ﬁgggﬁﬁerepresent ative of t

ss than half the fr

is allowed by Ford. 25

a low potency friélitnShbaifibr

0. 040

0. 050 0. 025

he current invention

iction variability, 100

(a) FOan dvifiagidper r ]| ALLOMBLE FRI CTI ON RANGES

[err]

gﬂddﬂﬂfhxnfqe

rrefiRtingtof sirugttres Ehdih ped G, anithely migutesy where (1), (I), 204015
Low Speed Dynaflilyaieqepresahtetiby:
Br eakaway Coefficient (Mi-9S)

0. 020 Static

OH
R1 R1 1 %

.

where:

(1), and

({1}

Rqisa Cg to C3q isomerized alkenyl group, represented by:
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where x and y are integers
whose sum is from 1 to 25,
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surmexr | Zesut he ten (10) ATF bl ends prepared and tested for
frlctlon durablllty according to the Ford MERCON err] friction test. The
conposi ti ons whoraerr of the bl ends and the three pass/ail CpéfBédsasdo¥l- D
Mu-S1, Mu-S) are also shown in Table 2. In the 'Test Results' section of 5
Tabl e 2, any entry which exceeds nore tharg50% of the all owabl e
MERCON[ err] range for that paraneter is shown in bol df ace typed and shaded.

In Table 2, Bl ends ]orﬁtg?ﬁ%éra?éoeal oAl SRR ative exanples", in that
g .
t

they net one or two O ee Cri erla of the present |nvent|on, but not
all 10 three. Bl endi2,is v itk o8roHPn anogisnes Sothelr, heterpatorm containipgani c

(Mu- D) st aderivatiyves;ri teria of the invention. Blend 2, which does not
contain a friction nodi fier of the present invention fails Mi static
(Mu-S) stability criteria. Blend 3, which contains no anti oxi dant,
fails the Mu-dynamic (Mu-D) and the ljow speed dynamc peak (M- Sl)
stability criteria. BlXdstepresedtedbycdhi ReNsOa Rl.:ﬁorcunvent i onal ethoxyl at ed
friction nodifier, i.e., a friction nodifier not Raconpassed by the
present invention, fails the Mi-static (Mi-S) criteria. Bl ends 5

t hrough 10, which contain all of the necessa%wconponents of the
present invention, [HigsNcthd4 c¥ei indaprndentiyhaliyhgafybs andhifein heteroatom

variability wmihingm&nbawésrdndor all three pass/fail criteria. 20
The principles, preferred enbodi nents, and nodes of operation of the

present invention have been described in the foregoing specification.
However, the inventil@h wanai-soluble phespheris,comaipingicompaunderein is not to
be construed as limted to the particular fornms disclosed, since these

and changes My d"‘% @“#4@ Fﬁ%‘?’e‘"@m’i‘ e RRGESR o4 Koodihi | O

fromthe spiri tPRY-erqlgh rl,orml

3. The composition of claim 2, where the antioxidant is an aryl amine, a
phenol, a zinc salt of dialkyithiophosphoric acid, or mixtures thereof.

4, The composition of claim 3, where the oil-soluble phosphorus-
containing compound is a phosphite, thiophosphite, phosphate,
thiophosphate, amine phosphate, amines treated with inorganic phosphorus
or their thio analogs, or mixtures thereof.

5. The composition of claim 4, where the sum of x and y is 13 or 15.

6. The composition of claim 5, where the composition is a power
transmitting fluid.

7. The compeosition of claim 6, where the composition is an automatic
transmission.

- 8. The composition of claim 1 where the friction modifier is selected from
the group consisting of structures (VIil) and {IX), and their mixtures where
structures (VI111) and (I1X} are represented by:
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-17- [err] -18- 777 TCLAIMST 1. A power
transmtting fluid conpos H"ﬂlsmgamxture of :
(1) a mmjor armg,nt of a pomiﬂll‘"lluu"ulllﬂt Ill uid and o
(2) a frictPOP8Ability irprévihg Bffect’ive amountPITUSAFI6404i t | ve
conbi nation, the additive conbination -2[%_ conprising a m xture of;
(a) an anti oxidant; ( a |low potency friction nodifier
sel ected fromthe group consisting of structures (1), (Il), and
(rrery, and their tures, where structur (r)y, (rr), and (I11) are
r epr esent ed

N-(CH2), I?T-(Cﬂz)a N (VD)

R b R} .

OH O
O -Ry- (IX)
1 Ry
where:

R is independentiy selected from the group consisting of hydrogen, C4 to Cps
straight or branched chain alkyl radicals, C4 to C42> alkoxy radicals, and
C2 to Cg alkylene radicals;

R4 is as previously defined;

R7 is selected from the group conslstmg of Cq to Cq2 alky! or alkylene
radicals, Cg to C2g aryl radicals, and their heteroatom-containing derivatives;
a is an integer from 1 to 6; and

b is zero or an integer from 1 to 10.

Q. The composition of claim 8 where Ris alkenyl, x+yin R4 is 13,ais 2,
andbis 3. ’

10. An additive concentrate comprising a major amount of the additive
combination of claim 1 with other desired lubricating oil additive and a minor
amount of lubricating oit.

11. A method of improving the friction durability of a lubricating oil by
incorporating into the oil a friction durability improving effective amount of the
additive concentrate of claim 10.
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[érr]

[err] [err] o ' (rny, (1) and
(rrry, : iIs a err] to (Jerr] isonerized al kenyl group
represe nm’ ; [err] where x and y are
i nt egergl #ﬂ"!mm!!ml!, sumis from1l to 25,
or its fully satwa sanal og, R err] contains no less than 2 and no
more than 90 carbon atems and is an al Kyl gr'(')up, al kyl ene - group, aryl
group, or tr&ilﬁ?_teroatom cont ai ni ng derivati ves, - 19 -
Rlerr] | ) / . X is represented by -NRferr]
-ORerr] [err]-N\ Rerr]

S o T T e W A A Ne S

T m oA s amsm ssss W W e B ol R e - el A b Tt
PRV

1. A power <transmitting fiuid composition
comprising a mixture of:

(1} a major amount of a power transmitting fluid,
and’ _
_ (2) a friction durability improving effective
amount of an additive combination, the additive combination
comprising a mixture of:-

{a) an antioxidant;

(b) a low potency friction mcdifier selected
from the group consisting of structures (I), (II), and (III),
and their mixtures, where structures (I), (II), and (III) are
represented

/(o J H
M | - &
RI O Rl ) o R‘ \

(I)., (II>: and (IIT),
where: R, is a ¢ to Gy isomerized alkenyl group represented
by:

where % and y are integers whose
sum is from 1 to 25,

E@‘W\ﬂ(@‘?

or its fully saturated analog, R, contains no less than 2 and
no more than 90 carbon atoms and is an alkyl group, alkylene
group, aryl group, or their heteroatom-containing derivatives,

MISC216320
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R[eFLL and Rlerr] are independently alkyl, aryl, or their
hetg!oaton}conta+nLng derivatives; and ~(c) an

oi | t’ hor us- cont ai ni ng conpound. 2. The
l, im 1, where the lubricating oil is a mneral
.

oil, pon [eu | n, or mxtures éhereof. 3.

The conp05|t|on claim 2, where "t - antioxidant is an aryl
am ne, a phenol, a 2|nc salt of di al kyl t hi ophosphoric acid, or

m xtures t her eof . 4. The conposition of clain13, where the
oi | - sol ubl e phosphorus-containing c ound is a phosp'

t hi ophosphi te, phosphatiss depzraaeRan phqsplﬁ ’ am nes
. eir thi

treated with inorgani c phosphorus or tf nalo , m Xt ures
t her eof . 5. The conposition of claim4, where he sum of X
and y is 13 or 15. 6. The conposition of <claim 1,
where the . conposition is an automatic transm ssion fluid.

7. The conposition of gl aifg IpWhgke m&eﬁéhaahegx alkylrm‘ﬂz%.@r &3 Eﬁleift ed
fromthe grg;g conS|st|%§nof sfructures and their

m xtures wheretSEPAEPTERINTA4RINT derlvgﬁav?$k)agpe represented by: - 20-
[err] () an oil-soluble phosphorus—-containing

conmpound.

2. The composition of c¢laim 1, where the
Jubricating oil is a mineral oil, poly-a~clefin, or mixtures
thereof.

3. The composition of claim 2, where <the
antioxidant is an aryl amine, a phencl, a zinc salt of
dialkylthiophosphoric acid, or mixtures thereof.

4. The composition of claim 3, where the oil~
soluble phosphorus-containing compound is a phosphite,
thiophosphite, phosphate, thiophosphate, amine phosphate,
amines treated with inorganic phosphorus or their thio
analogs, or mixtures thereqf.

5. The composition of claim 4, where the sum of x
and y is 13 or 15.

6. The composition of <c¢laim 1, where the
composition iz an automatic transmission fluid.

7. The composition of claim 1 where the friction
modifier is selected from the group consisting of structures
(VIII) and (IX), and their mixtures where structures (VIII)
and (IX) are represented by:

MISC\216520
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where:  Ris independently selected fromthe group consi Stl ng of
hydr ogen, 'C'[m} strai ght or branched chain al kyl radicals,
derr] tg'ﬂ dicals, and CJerr] to (Jerr] al kyl ene radical s;
Rlerr] Hﬂm flned; Rlerr] is selected fromthe group
consi sti ng* oft Clterm err] al kyl or al kyl ene radicals, Cferr] to
Cerr] aryl radl cal s, and their het r 88t 3m cont ai ni ng derivatives;
a is an integer from1 to 60; and b is zero or an integer from1l to 10.
8. The conmposition of claim7 where R is alkyl ene, X +yin Rerr] is
13, ais 2, and b is 3. '

0

F{"‘mfu“mq" ] (VIIT
R/\\<o Lik ' i }/km ’

OH CH,
r%—*kr—@\ (IX)
Ri/\o & Ry

where:

R is independen’ély selected from the group consisting of
hydrogen, ¢, to C,s straight or branched chain alkyl radicals,
¢, to C; alkoxy radicals, and ¢, to C¢ alkylene radicals;

R, is as previously defined;

R, is selected from the group consisting of ¢, to C, alkyl or
alkylene radicals, C; to C, aryl radicals, and their
hetercatom~containing derivatives;

a is an integer from 1 to 60; and

b is zero or an integer from 1 to 10.

8. The composition of claim 7 where R is alkylene,
x+y in R is 13, a is 2, and b is 3.

9. An additive concentrate comprising a major
amount of the additive combination of claim 1 with other
desired 1lubricating oil additive and a minor amount of
lubricating oil.
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9 — oncentrate conprising a major anount of the additive

;ﬂmmon of claiml1 with other desired lubricating oil additive and

"H"""m"l’m AI lrjrg'[ Ihggt Io?gl (r)riplrow ng the friction dur abl lity of a

power transmttlng fluid by incorporating into the fluid a friction
durability inproving effective anount ef 2the additive concentrate of claim
9.

10. A method of ;mprovz_ng the friction durability
of a power transmitting fiuid by incorporating inte the fluid
a friction durability improving effective amount of the
additive concentrate of claim 9.
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