- 1 - LUBRICATI NG O LS HAVI NG | MPROVED FRI CTI ON STABI LI TY Thi s
invention relates to an additive conposition useful for providing
excellent friction stability to lubricating oils, particularly power
transmtting 5 fluids such as automatic transm ssion fluids
(hereinafter referred to as "ATFs"), contTﬂmoust vari abl e

transm ssion fluids (" 3 and doubl e cl utch transm SSi on fluids
("DCTFs"), and norldJBE a2l PROMED FR ' LITY
frictional characteristics to the fluid during high speed cIutch
engagenents. 10 Further aspects include a nethod of inparting
friction stabilityThis Bmehtldmbeiateatuon@ addiive aopipcsition Gdefulufee providing
therein of the a ive co Siti the use of the a
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stabi lity, sangiuRishQuciRSPE Hitodatit HF SHIMAESiSH ﬂiﬁélé ’Yl‘ﬁ@relﬂéfter referred '® as
transm ssions to which this invention is applicable are those
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rati o or speednﬁ@rtlugaebgmﬁentvv&tctlet\air thargcekistioshes then fluid dowihg chigh speed
conti nuously VFI’I abl e or ubI e clutch transm ssions; or clutches
used in torqu&%?'&g"’f%" Sinteraxle differential applications.
These clutjghes can be characterized as having high differential speed
bet ween the two nmenbers of the clutch and hi?h energy dissipation in
t he "engagenent" oFurthejcaspgsts icludeca meaihed of paparting frictiphustabilitido such
addi ti onal G

appar at s combr ey BREcoriEihy ¥ P SRR, o RO ARld BRAEH TSN he uso
| ubri cat ed byof liee ;mmmvet canposition dm IthHmuatlngfout fer ihev potpose, ofwWispreving

in use the clut Io under conditions of energy, 1.e.
under goi ng 30%155%835 'sa CREbIEPGREY e@pna}%&ppg%g rpm
(revolutigms per minute), and especially above 500 rpm - 2 -
A common goal of autonobile builders is to produce vehicles that are
nore durabl e and peRedFensiipEoRe|Pawhichothis inventions isr wpplicable éil'edhése
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and therefore | eage his aspect erformance i
friction st abﬂlﬁet@ntlatape%tHeWemWaxm mmbensl afethe cutehrand hight energy

"fill-for-life a i Jdansm ssi.on fluids, .this trend further

i ncreases theglﬁg@éﬁﬁb t?;'ﬁ 8?9%916@%%9{ |l? qff%'é ﬁ“f'%ch since the fluid
will no | enger be replaced at 15,000 to 50,000 mle service
intervals. 15

Thus, one additional aspect of the invention concerns a power
transmission apparatus comprising a single or muitiple plate clutch device
lubricated by the power transmission fluid of the invention, wherein in use the
clutch is employed under conditions of high energy, ie. undergoing

30 engagements at above speeds of about 500 rpm (revolutions per minute),
and especially above 500 rpm.



A common nethod for determning the friction durability of an ATF is
t hrough the use of an SAE #2 friction test machine. This machine
sinmul ates the high speed engagenent of a clutch by using the clutch
as a brake, thereby absorbing a specified anbunt of energy. The
energy of the systemis 20 chosen to be egq@i-val ent to the energy
absorbed by the clutch in conpleting one shift in the actual vehicle

appl i cation. The megltbArnsrs gsalcofsesinbbis! hamBnrg (RNprosnes dehitRisnbt ¥re
3600 rpm and a calculated Inertia to provide the required anount of
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or nore in sone current specjfications. For 30 exanple see the _
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durability. I's to maintain certarn ion characteristics oOver
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of mles. Friction control in a power transm ssion fluid such
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Oxi dati on I(gr thermal destruction of the friction nodifiers is often
first seen”in the fluid as rising static friction. R sing static

friction causes abrupsmsfdnf inethedl R detdhfihiag A6€ Yiaidbhsduiabilifyesd aRATE is
jerk or lurch as tFe shift 15 conpletes. R sing static friction is a
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theminto nore active speci€s.” I n these situations static friction
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use. 25 Conventionally, ere are t\Ww ways to I nprove friction
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hundred in the 1980's to 10,000 or more in some current specifications. For

30 example see the Ford MERCON® V Automatic Transmission Fluid for

Service specification.



the friction coefficients of the fluid to undesirable |evels,
especially the static coefficient of friction. The second way is to

| nprove the oxidation resistance of the fluid, through the concurrent
use of oxidation inhibitor additives, - 4 - particularly to reduce

t he generation of polar products of oxidat-ilon which thereafter
conpete with the friction nodifiers for the friction surface.

Reduci ng fluid oxi datérerarehiwnahethedbas akbessirag rmiroaéd Frictionzuratsiityor@ne

termcontrol of fri c_t&qn. 5. _... US patents 5, 75?,476 and . )
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phosphor us conp@iinfipre adleBRECTHE GekbOMd ROUBNAMOW bl bﬁfhc%’% ldaBhSriEfidh
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satisfactory |evel se@bioh doftrbliR-a pdwbStraRdrhisyigd ﬂhﬂ)aéuc?'ﬁa% %gﬁh@“{"CVTF or
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use of high quantities _of, additi Af need exi sts for solutions which

i ve. o ons |
make mor e ef f | IPBRTIESS OXsIateR i thsfmalcdesiucian ok dha fictioprmogiger is often
effective. liithar hesi I 44t ok €aRI PR e
oxi dation i nhifgistt g?gﬁllgatgg f!t%d Zatg ﬁsﬁﬁgéi@é%‘rrcgﬂggo?br%F@?%&]]g,mgtﬁo& tC ﬁ%ses
prospect of grauupy shitiyathighheehiclemtcupants cosfieel as a jerk oaretaae thewshift

found that gre er . an i ive stability can bhe.conferred
on one cl aéés; o?aotrﬁéi?%:et i oﬁ%‘}ggi gﬁ@% ,fﬂ‘%}gﬁefsy%ag%ﬂm’vﬁ md%n‘g?@ﬁg;%ann@m%r
based fri cti ontravsstisien Sluidd. t howonan virbomstaates,t Isowwdidr] byidators @ftffiction
friction, by the acylati (t)n off at,| east one secondary, am no group .
present in i tsmB%'ﬁ?éﬁ“r?% IRBPIOIY. thoRb el mare AR SHesieSechntigss Sikplirns

group is presedhtid flictiBs cBR latAHIP Bechish 1duﬂﬁ?FsieF\ii'éé‘r LoywERforstali I’ric’ti&fn,
can be achieved by acylating a - 5 - plurality, and preferably all,
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20  capacity of the ciutches in the transmission. Lowering of holding capacity can

cause the clutches to slip under high loads, e.g. towing or rapid acceleration,
making them prone to overheat and ultimately to fail. Therefore the best
power transmission fluids have extremely stable static friction levels that are
well maintained with use.
25
Conventionally, there are two ways to improve friction stability of a
power fransmission fluid. One way is to increase the amount of friction
modifier in the fluid. This has the desired effect of improving friction stability,
by providing a higher reservoir of friction medifier in the oil, but increasing the
30 amount of friction modifier has the undesirable secondary effect of lowering
the friction coefficients of the fluid to undesirable levels, especially the static
coefficient of friction. The second way is to improve the oxidation resistance

of the fluid, through the concurrent use of oxidation inhibitor additives,



Such friction nodifiers show i nproved properties over existing

5sol utions and provide a nore cost-effective solution to the problem
of friction durability in oils, especially in power transm ssion
fluids. In a first aspect, this invention relates to

| ubricating oil (and particularly to power4transmi ssion fl uid)

conposi tions conprising an oil soluble 10 phosphorus contai ning
conpound and apgtityladik yo eaduge ity generdtiancof polac tproduct® dff dxddation which

' t | t hyd byl substij.tuent, .the or each. ..
rydr byl SDSEAREECOEBEr e ol GLGh BOHITErS IO Ao eliopsurtace.

wherein at | egqéduiy FIEROBLBENoRThERIEIE tEE tHe bakrtal YATnProveNRing Rfm
the friction nodifier has been acylated to the correspondi ng am de

group. 15 confyel ef figkian.cul arly, this invention relates to
| ubricating oil (and particularly to power transm ssion fluid)
conpositions conprising: (a) a major ampbunt of a lubricating oil; and

(b) a friction stall.bi pytentsp 5MBE0MY 6o Bhe c§,B4@,6820epbriothagm goehbinatien of

comty nat i on COmexRaR: o, vt Sirohe b e A ow oty

hydrocar byl griaetoramgdifietsScah byl &Qs&heme)fri&i&md&%iﬁ%o'ﬂ?r%. These low
conpounds selected fromthe group of conpounds (1), (I'l) and (I11),

where (1), (I IPptengydriclian modfiers aps earactetzen by ke fact thatunee a saturagion

() ) CH 1)0 S%ﬂﬁgri)tﬂa'tion of the friction modifier is reached in the fluid, increasing the

concentration causes no further reduction in the measured friction levels.

Fluids can thus be treated with very high concentrations of these low potency

friction modifiers to create a larger reservoir of additive in the oil and still

exhibit satisfactory levels of friction. It is believed that as the low potency

15 friction modifier molecules are consumed, through shearing or oxidation,

there is always an ample concentration available to take their place on the

friction surfaces. An oil-soluble phosphorus-containing compound must also

be present to protect the system from wear.

20 However, such solutions by definition demand the use of high
quantities of additive. A need exists for solutions which make more efficient

use of chemical resources and are more cost effective.

Similarly, the additional requirement for oxidation inhibitors leads to
25 more complex formulations, and the prospect of greater development and

usage costs.

We have now found that greater thermal and oxidative stability can be

conferred on one class of friction modifier, namely a polyalkylene polyamine

30 based friction modifiers, without any loss of its ability to control friction, by the
acylation of at least one secondary amino group present in its polyamine
moiety. Where more than one secondary amino group is present in the

polyamine chain, particularly good stability can be achieved by acylating a



Ris a 06 to 030 al kyl or alkenyl group; Rl is a polyal kyl ene
pol yam ne group represented by structure (1V): 10 R2, (1V)
wherein n and m are each independently integers from1l1l to 6; and R2

i s an 15al kyl
derivatives,

or aryl group or their heteroatom containing

or is selected fromthe struebures V, VI and VI bel ow ;

and 20(V)(MI'1) (1i)an oil-sol uble phosphorus-containi ng conpound.

- 7 - In this flatdig] apabedierably, alitofl hassecondaryeaming gictpabbrese®cih the
secondary nitrogen in the structure IV of structures I, Il and I
respectivel y HHSUBE@RAIfier. converted to an anmide by reacting it with
the acylating agent to give rise to 5the correspondi ng structures

(Vii), (1xX)y and (X):
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10

15

20
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30

Such friction modifiers show improved properties over existing
solutions and provide a more cost-effective solution to the problem of friction

durability in oils, especially in power transmission fluids.

In a first aspect, this invention relates to lubricating oil (and particularly
to power transmission fluid) compositions comprising an oil solubie
phosphorus containing compound and a polyalkylene polyamine-based
friction modifier carrying at least one hydrocarbyl substituent, the or each
hydrocarbyl substituent comprising between 6 and 30 carbon atoms, wherein
at least one secondary amino group in the polyamine chain of the friction

modifier has been acylated to the corresponding amide group.

More particularly, this invention relates to lubricating oil (and

particularly to power transmission fluid) compositions comprising:

(a)  a major amount of a lubricating oil; and

(b) a friction stability improving effective amount of an additive

combination comprising:

)] a friction modifier comprising the reaction product of an
acylating agent R3COX (wherein R is a hydrocarbyl
group and X is a leaving group) with one or more
compounds selected from the group of compounds (1),
(Iy and (N1}, where (1), (It), and (i) are represented by
the structures :



(VI11) 10

(1X) 15 NH R2
-6-
@]
R
R N
N"""—‘R1 \lé'
@]
N\> \l R
g
0 R1/ R NH
M an (1)
5 wherein: ’

R is a Cg to C3q alkyl or atkenyl group; R, is a polyalkylene polyamine
group represented by structure (IV):

10

wherein n and m are each independently integers from 1 to 6: and R, is an
15 alkyl or aryl group or their heteroatom containing derivatives, or is selected
from the structures V, VI and VIl below ; and

0
R
R
N—— \‘,//N o
\ yd o~

R
20 V) VD (Vi)

(ii) an oil-soluble phosphorus-containing compound.



- 8- wherein R R, R2, R3 and n are as defined above, and wherein p
+ g = m(wherein mis as defined above) with the proviso that p 1.
Most preferably however, q = 0 and p = m 5In all the above
structures, R3 is preferably a C1 to C20 hydrocarbyl substituent,
nore preferably being an al kyl or aryl gredp or one of their hetero
atom cont ai ni ng anal ogs. Even nore preferably R3is a Cl to C o al kyl
or aryl group and nost preferably R3 is a Cl to C6 al kyl or aryl

group, especially nethyl et hyl , P or butyl. 10 O her
aspects of the |nvéﬂtt|'§r\aﬂ€ﬁ(ﬂmda¥5'mﬁ6 shleast Rppedrd pEAfgrakiyheasisereondary

friction nodify bpv,
conposition cor{rlrt?r;é SI ng(H%Sf??r P%ﬂ\g%f%ghpﬁg? ngf%rﬁiegpg%g%gﬂ‘%e\r& has been
conbi nati on widonverieditd moﬁmhﬂleebgpl’&mqnhgntmntbdhe acyliatigg @oepbtndiveaise to
met hod of |np t|n frl 5 st ubricating oils,

conpri si ng th %§8 %& w?ﬁ#@ﬁboq&Z?gﬁpblty i npr ovi ng
effective anmount of the addi tive conbi nati on defined above; and the
use, in lubricating oil, of the_additive conposition defined above,
in an anount effective to inproye bhe frlgtlon stability thereof.
20Furt her aspects and egbodi nept s o Avention will become

apparent fromthe detail e |pt|on |ch foll ows. DETAI LED
DESCRI PTI ON OF THE | NVENT

|nv iron cgn erns a method for
inproving the friction staldility wi t hout
di sadvant ageousl y | oweri ng c en ¢§§i ion. It conpri ses
50l

the conbined use in the oil of ct/l,on rived froma
defi ned pol yal kyl ene pol yam ne &and~-an oil= | e source of
phosphorus. This conbination of Qdditives provi des out st andi ng
friction stability to lubricating 300ils, especially transm ssion

fluids. (Vi)

0 Rs

%
N\ g
N\(” g:)/ ﬁ?)/

(IX)

r
C NH
& Nc
H c R,
2 o H2
n
4 g

10

15



- 9 - enployed (e.g., crankcase engine oils, etc.), particularly
preferred conpositions are power transmtting fluids, especially
automatic transm ssion fluids (ATFs), continuously variable

transm ssion fluids (CVIFs) and double clutch transm ssion fluids
(DCTFs). Exanpl es of other, |ess preferred8types of power
transmtting fluids included wthin the scope of this invention are
gear oils, hydslmseincRf Ryi BRs, R aadtroard bsidésinediaboes,satd whaedion #lqiEda
and the |ike. ese power tran i ds can pe, formul at ed

S Variety of AMHSETAAES poeBiemAbevalduin firadohh Bt o % i MasPrstsraby
base oils. tomﬁveﬁg}ﬁfﬁ_&b‘dr@l ne=Me! van ne-based Friction Mdifiers of
the i nvention he preferred friction nodifiers of the present

invention are either produced from succinimdes carrying at |east one

hydr ocar byl, substi rb st ent
conpri ses Bet ween y%ﬂ&hghoaecgfg) ecsét?'%g%rgét %ﬁﬁgé’%% &qgraegﬁértéﬁzﬁ ryrq acarbyl
al kenyl group sabstithent] mdry pseferathi beinglanydikynoakbog grcﬂ.rp @ﬁ@epdifdﬂutrdhétero
fromcarboxyli¢c am d s havi ng}gg east one gi! keny Flgyhmgal n
conprising be o8 a&wagwa COBRE IR rB'é’V 'ﬁr?e Kyl or aryl
structures forgpme fah@%bglepfe‘?@f‘éblyoRF ® o B¢ 64 smppa%ag g%ﬁ&%peerany
al kyl carboxyli ¢ aci ds and ene pol yam nes. T nos
preferred typm@hylfeﬁWLlpthodbﬂWbr is produced fi rstly by reaction
of al kyl qr al kenyl succinic anhydrides, the akyl or al kenyl
substituenfs thereon bei ng i somerized chains, with one or nore

pol yal kyl ene pol yamttﬁ‘@‘sasmﬁ efapeyinosetionr indiude R yelyalidyRne polyamine-

pol yam nes. In su g_ Mgé gﬂ materials, the isonerised chainis
bonded to an Qaé% Hog (PhE) Rercss 3% Aefinedrabaye: gn fdibve camppgitign
t wo- branched guRphisihyeHe ﬁ&i@ﬁhﬁ@d#@r tdeinkd b ReCRH E’Qﬁgﬁkﬂﬁhv\hﬁ %r? oil

tertiary carbon atom as exenplif in the structure ow for
al kenyl - subst selybled phospitarus eCCrl'é%iDdeCQmDthpﬂjl gemeihoshef paabgaeimgntriction

to 25, andz FLOf e ket iR 2paBplrocheoaie uiIgRCo? Aiten Pifiy
i somerized al impmhnngueﬁfecmve ambyrlr ofdibe additvg tokbimationtidfined deweei bed

in, for exanple, U. these materials are
prepared by hihg Hi% 'QI 'Hhﬁcéir@f?’ é)?ovd{ @Jg}éwem%%ﬁsm%%ﬁrteé ApPQ)eatn an
the doubl e boﬁﬁﬁhﬁtéﬂe&ﬂbﬂbﬂﬁbmﬂ@%héﬁﬂﬂongﬂﬂﬁmyﬂﬁﬁééﬁ of olefins (2-
;0 enes, 3-enes, etc.) is then thermally reacted wth nmal eic
anhydride Typically olefins fromC6 (1- hexene) to C30
(1-triacontene) ar a y inj.
anhydrldegbof strug ﬁ@%ﬂ HHE Phgeb§$ ecy gu@ihﬁ?chgﬁﬁ@%}ﬂﬁg ??F%ﬁ@
5in the abapparleotfmi'rahe deﬂ]}edoiiascwatmmlmnhcﬁolmmhydrl de (x +y =7),
iso-tetradecylsuccinic anhydride (x +y =9), iso- 15
hexadecyl succi ni ¢ anhydride (x + y = 11), iso-octadecylsuccinic
anhydride (x +y = 13) aEiTABECDESSRIPYRR UECTARNKYENIBON + ¥V =
15). Preferred nmaterial s are 1so0-hexadecyl succini ¢ anhydride and
i so-oct adecyl succi ni ¢ anhydri de, for which especially good

performance i s Seefis jnvention concems a method for improving the friction stability of

lubricating oils, without disadvantageously lowering the coefficients of friction.
It comprises the combined use in the oil of a friction modifier derived from a
defined polyalkylene polyamine and an oil-soluble source of phosphorus. This
combination of additives provides outstanding friction stability to {ubricating

30  oils, especially transmission fluids.

While the benefits of this invention are contemplated to be applicable

to a wide variety of lubricating oils wherein friction modifiers are usefully



20The materials produced by this process contain one doubl e bond

(al kenyl group) in the alkyl chain. The al kenyl substituted succinic
anhydri des may be easily converted to their saturated al kyl anal ogs
by hydrogenati on. The isoneri zed-al kenyl or -al kyl
substituted succinic anhydrides can 25 the@eafter be reacted with
suitable am nes to produce friction nodifiers of the types shown in
structure (1),erhpRyeahi(ely, t herahkdatel ogngimsli foii§r5eiﬁ% Cgtahicgfarwhepreferred
i nvention are thereafter f'or med by acylation with X.

Al ternativel y SaMReiiansogrernoweatengBriing dridsapspaciallycautametic transmission

hydrid I |
chat n conpt i o1 A (X TESR ERMRRAR TR RanafiRSn MiaSICOTEY, By Bgbkle
sui t abl e ami nedutcb tt‘ﬁnspmmkurcﬁurtlsl(BOT(Fts) mﬁiiafnpdnsobbth’ehelekzyp@‘eﬁé@mes

7 ELruetues (4L andClble B 35105 BB PRt 8180, A Sfiom are

especi al | y betywenilsShanduld GREPRECRE AlRIs, TARefdal %bfaa fFﬂRﬂ;‘ Ehé@tife fke.
the invention are thereafter forned by acylation with

10Sui t abl e ani Heseuryas|transnpitiva &@@Stm e fc&mu&ﬁiedrmmfa eaneiv of additional
structures (I) I structure (XI):

wherein n and pnerg)rrﬂg)agg%%d&“éégaeﬁ%@n i?gg%r!asgsrom 1to6 and R2 is
as previously defined. The am nes of the structure XI may in
turn be produ s ) .
parti cul arily o] KEBE SONATIRS-DAPEE el 2diye Sdnygation

pol yam nes of the general forrrula (XII) Wnere (XII) I'S: H2N a NH2

The preferred friction modifiers of the present invention are either
produced from succinimides carrying at least one hydrocarbyl substituent
wherein the or each hydrocarbyl substituent comprises between 6 and 30

15 carbon atoms and is preferably an alkenyl group or the fully saturated alkyl
analog; or are produced from carboxylic amides having at least one alkenyl or
alkyl chain comprising between 6 and 30 carbon atoms and being one or
more structures formed from the reaction of the corresponding alkeny! or alkyl
carboxylic acids and polyalkylene polyamines.

20

The most preferred type of friction modifier is produced firstly by
reaction of alkyl or alkeny! succinic anhydrides, the akyl or alkenyl
substituents thereon being isomerized chains, with one or more polyalkylene
polyamines, preferably one or more polyethylene polyamines. In such

25 preferred materials, the isomerised chain is bonded to an a-carbon atom of
the succinimide ring, giving rise to a two-branched substituent attached to the
ring a-carbon atom via a tertiary carbon atom, as exemplified in the structure
below for the alkenyl-substituted structure reacted with polyethylene
polyamine:

30



I S —
- 12- wherein ais an integer from1l to 5, preferably 2 to 4; and
each n is independently an integer from1l to 6, preferably from1 to
4. 5Non-limting exanples of suitable polyam ne conpounds i ncl ude:
di ethylene triamne, triethylene tetram ne, tetraethyl ene pentam ne
and pent aet hyl ene hexam ne. Low cost m xt-ufles of pol yam nes havi ng
from5 to 7 nitrogen atons per nol ecule are avail able from Dow

Chem cal Co. as Po) m ne H, Pol yam ne 400 and Pol yam ne E- 300. Hs
Such pol yam nes rra ct ed with the above-described succ Hq}ﬂ
anhydri des substltute ,h al kenyl groups or their fully sa( tiat ed
al kyl analogs to formt strucpure |I; or the above-degcri bed enyI

mstructuresg or |11, HThe

t hi SHZI nventH n ar nor

enI |n|c Gf\m
h the bo c ol yahjyne an

t hodsz of prHparati oN are knownH@ d
ni ¢ U\(CHZ)

or al kyl carboxylic acHﬁls to f

preferred friction
by heating the iso rlzed
(or its saturated-alkyl

the water forned. kever,
can be used. 2R,d0he ratio of
anhydri de groups| ¥s usually It In the case of dianifles or

pol yam nes V\,herecqahe nol ecul e ig termnated on both engs with a
primary amne, it ‘may be desirable to react both term nal am ne
groups of the nolecule with the substituted succinic anhydride giving

materials of ilyerdintd s ?Qréhpﬁﬁéhﬁ&tﬁﬁfbbér)s ‘whode sum i]ssfrom%rfﬁ BBz is

a, and n are as rewfo
an integer from 1 to 10.

am ne roups to su
Y

CHs

5
Preparation of the isomerized alkenyl succinic anhydrides is well

known and is described in, for exampie, U.S. 3,382,172. Commonly these
materials are prepared by heating alpha-olefins with acidic catalysts to
migrate the double bond to an internal position. This mixture of olefins (2-
10 enes, 3-enes, etc.} is then thermally reacted with maleic anhydride. Typically
oieﬁné from Cg (1-hexene) to Czqg (1-triacontene) are used. Suitable
isomerized alkenyl succinic anhydrides of structure (1) include iso-
decylsuccinic anhydride (x + y = 5 in the above formula), iso-dodecylsuccinic
anhydnde (x + y = 7), iso-tetradecylsuccinic anhydride (x + y = 9), iso-
15 hexadecylsuccinic anhydride (x + y = 11), iso-octadecylsuccinic anhydride (x
+y = 13) and iso-eicosylsuccinic anhydride (x + y = 15). Preferred materials
are iso-hexadecylsuccinic anhydride and iso-octadecylsuccinic anhydride, for

which especially good performance is seen.

20 The materials produced by this process contain one double bond
(alkenyl group) in the alkyl chain. The alkeny! substituted succinic anhydrides

may be easily converted to their saturated alkyl analogs by hydrogenation.

The isomerized-alkenyl or -alkyl substituted succinic anhydrides can
25 thereafter be reacted with suitable amines to produce friction modifiers of the
types shown in structure (I}, from which the friction modifiers (b) (i) of the

invention are thereafter formed by acylation with R;COX,



. . | ; .
The acyl ating agents of the present invention are those materials 5
capabl e of converting a secondary amne to an am de. Such materials
are of the fornula R3COX wherein R3 is a hydrocarbyl group and X is a
| eavi ng group, which | eaving group nay al so be connected to the R3
group of the acylating agent so as to formfa-ring structure. 10R3 is
preferably a C1 to C20 hydrocarbyl substituent, preferably being an
al kyl or aryl group or one of their hetero atom contai ni ng anal ogs.
More preferably R3 is a Cl to Cl10 al kyl or aryl group and nost
preferably R3 is aAdternatively {0 ke isamenizad-glkemyh . ormadyl suetinicaghlyydrides,
al kyl such as : : . The . j
agent s preferr%swglcu%é&%bg?%sﬁ a?flﬁec%r?rﬁl,e aa[%gr;[ly{lCora?llhg)d@fad@?c\s"rﬂ)trfsn%
propi oni ¢ anhyshtivden angr3¢ carfodatabes nay beueactedevitic saithlyldr agihes to

tyl chlorid i ony! o | tyryl bronide, butyrol ,
ot ol actorle. Hadioe Medah st fine daiekt dhovd atiuhusea Y SndlP Ken
propi onate 20 ik Br WreferHbA eyl f%?féuk&w%mr wﬁpﬂiﬁngﬁﬂb;]éftw@é@fﬁr 558 22

The preferred friction reducers’o his i nvention are those produced
by firstly rezarhoyatamemd espasialy beiwesnlbdand 20 carboncdemsoTha fiction

protucts of 't raugers e rERber aP R tortE SRIAtR B BECQK ¢ e

i soneri zed- al kenyl succinic anhydrides with polyamnes (Xl1) which

are then reacted with eti ¢ anhydri de. .. The post_preferred
frTction HBart o, "ahaBE dmineR aishy 65 Brosives dae firon qacdiiss of ructures G
- '|'_|\3C C|_|/2H§C| &g’%nd “ﬂ%l;e r.e.pres.ented by §t.ruct&|% (Iﬂx)l' H2 N / . C . \ e e e e e 7
Hy
C /,Rz
HoN nN
H
= -m
(X1
15

wherein n and m are each independently integers from 1 to 6 and R; is as

previously defined.

The amines of the structure XI may in turn be produced from the
20 reaction of primary polyamines. A particularly useful class of such amines is
the polyalkylene polyamines of the general formula (Xil), where (XII) is:

. |'_{2 ~ |
: 2
° C)\
H2N n n

(Xl)

Iz
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CC NC H2H2 which nmay suitably by fornmed by the acetylation of the
reaction product of diethylene triamne and the requisite isonerised
oct adecenyl succinic anhydride. This material has been found to give
especially good performance 5 in the present invention. Both the
friction nodifer additive conprising this{@enpound, and this conpound
per se, represent further aspects of the present invention. Wil st
any effective anount of the friction nodifier nay be used in the 10

vari ous aspects of the invention, the treat rates of the friction
modi fi ers areWherein § isr @i inlsset from t doaboptefemblyp Zetedabtnyd ®asht® is

7, and most pr,ﬁj i tB!Iabétr?IéertégeQf%@é%}“@ée@%%b@%ﬁﬁqtt old) the

Iubr| cating co he preparation of
typi cal frlctlon nodi fier materials of the 15invention are given

bel Th t ended f [ t dt
Covent i on e oXaMPNGRBiag, "SR S oY sutellB ppyaiie Apedns fstude:

exanpl es. PREQRMViLNE WéE%étﬂylghéW@t%nﬁnéPrtéﬁéétﬁ lef8 %Pfdﬂmne and

i someri sed succi ni m de) Into a one liter round bottomed f
fitted with apeptaelnens he@miner Lowi qasbaeriureaed polypminesshaiing fromapto 7

and condenser nifefl 2tk 357, AR QaOh a0l 1AL THAPECRINEY G4 L

anhydri de (CDg rom ow ni trogen sSweep
begun, the st Polyamise &, Petiyaaride 46 amﬂtRniythmbeEaB@lﬁi to - 15 - :
130C. | m*rec{ioat ely thereafter, 95 gm (0.50 noles) of commerci al
Such polyamines may be reacted with the above-described succinic
anhydrides substituted with alkenyl groups or their fully saturated alkyl
analogs to form the structure i; or the above-described alkenyl or alkyl
carboxylic acids to form structures or lll, .
15
The preferred friction modifiers of this invention are normally prepared
by heating the isomerized alkenyl succinic anhydride described above (or its
saturated-alkyl analog) with the above polyamine and removing the water
formed. However, other methods of preparation are known and can be used.
20 The ratio of primary amine groups to succinic anhydride groups is usually 1 to
1. In the case of diamines or polyamines where the molecule is terminated on
both ends with a primary amine, it may be desirable to react both terminat
amine groups of the molecule with the substituted succinic anhydride giving

materials of the following structure (XIlI):

O
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tetraet hyl ene pentam ne was added slowy via an addition funnel to
the hot stirred iso-octadecenyl succinic anhydride. The tenperature of
the m xture was increased to 150C where it was held for two hours.
During this heating 5 period 10 m. of water (-50% of theoretical
yield) were collected in the Dean Starke 413p. The flask was cool ed
to yield the product. Yield: 435 gm Percent nitrogen: 8.1. Exanple B
(Preparation of the isonerised succinimade) - The sane procedure io
was followed as in Exanple A except that the follow ng anbunts were
used: iso- oct aUREIMRs GeeMhN@raAR PirYiersly ‘?@{f}‘% (2.0 noles), and

di et hyl enetriam ne, 103 gm (1.0 nole). The water recovered was 32 nl.
Yield: 765 gm Percent nitrogen: 5.5. 15 Exanple C (Preparation of

t he acvl at ed i sonerTiteedcyating migentse obfthe hrebenvteimvieotion -ar¢ rthose roaterials

liter round bot dflask fitted w,th nechani cal, stirrer, . nitroge
sweep, | Do oxaPRl oo kg Sl AT AN A%k gl SR
the product ofth&farmlia R.COXSkisavem R;dgen hgaveearbyrgrdieddnd X e a Ieaving
stirrer started and It_).he mat eri al heated to 90C. Acetic anhydride, 10

gm 20 (1.0 nolEPUREhichdeaving GrouR ek alse i cannagied i dhe Rengeup dribe
the addition : rai sed to 140C and hel d
for 3 hours. \I,?%?!aglﬁgﬁbgﬁg?é%@gﬁ %@ﬁé’éﬁu{)&\‘/@% by distillation at 150C
at 50 mm Hg. Yield: 805 gm Percent nitrogen: 5.2. 25 Exanple D \
(Preparatign of th vl i soperised, syccinimd f the invention
- The sarrel%pr ocedu%qﬁggﬁeg%%\ﬁeggaé%%ﬁﬂ hl-’fg'é?r‘r“ﬁfbé'l é}’ggﬁﬂ%'ﬂ)tt pfeffﬁfa%t%bem

fol | owi ng anouint slkwesrearybg@upRsrashecbf tHeirbetar) atobh-cd@Bindiy éﬂale%ﬁfml\miré

caprol actone 131 mél. 15 noles). The m xture was heated at 170C fore

g L A
hours fol | oned 8%TaHE RadtiAtGolR e 3OS apfl gEumard, s1as¢ Peaferably Rajs & C1
addition 30 of Gl
For an_addi ti oot SR T PE ol B0 FRTCAIN, BpTRch SRR EE Sfieby o
-  Exanple E (MRtyparation of the acvlated isonerised succininide of
t he inventli on) - Into a one liter round bottoned flask fitted with a
mechani cal “stirrer, nitrogen sweep, Dean Starke trap and condenser
was placed 429 gm (BeSacyialims)ageitd heeforedudsr akeExmpire particdiar, oxdetic
nitrogen sweep ga‘i_cs)egun,_ 5 the sti rrHJ started and the material
heated to 90C2NR¥EH(% RIRRIPAIC aiRNYdEideq huiyticsanfydEds. tilyormagetc @nbydride,
w se through didni fu i C adgjitHpn :

t enper at ur e V\ggeggi Sdg!jd?f[@lg, 1%@%?\@%@?% or gu%%rs. é{%%@@@éﬁ#ﬁe,
acid was renpeagraiactenst methwt iacetate, atbpiacata®0 butyl Hgetateebudty! $85pigmte

product or"i sappufbuatt, REEIRa RIS BRSELIARE. | 00ng ot t oed
flask fitted with a mechanical stirrer, nitrogen sweep, Dean Starke
A ol ow it r ogen svdDh RIBETEaGUAIoN REUbFis o dPiedtderten Sndiesrepioguces by
material heat ggstfyOrchofita ali@h aga&uﬁi@%hpem@m#nﬁ tﬁE%@@o’[yaﬁﬁeQ%ﬁ)?aﬁg

mol es) was added drop w se through a dr\(I)VSpI ng funnel over one
Once addi ti onthreatempiier @cetie afilwdide wddheh@asédpreferigb@roducts of this

hours, dur,.ng;wWhi i |V\|§?£ r red. (989 -
t heory). 'I2f51e #ﬁé bﬁ?g}a’r%@go%%ﬁﬁ%@eto @d&g\@&% %ﬁg\r%%(@&g%%n%%%@ Sggeinic
aceti ¢ anhydr iadbydvidesaddthd piiygmiBes wEB thichugivet hiserdr eiaptenig Wit najetic
When t he additi ﬁgqrv%s conplete the tenperature was increased to 140C

and held for &0 The residual acetic acid was renoved at 130C at
50 nmof Hg. Yield: 560 gm Percent nitrogen: 8.8%

The most preferred friction modifier (b)(i) of the invention has the

30  structure:



25 G | - Sol ubl e Phosphor us- Cont ai ni ng Conmpounds In its broadest

aspect, the oil-sol ubl e phosphorus-containing conpounds useful in
this invention may vary widely and are not limted by chem cal type.
The only limtation is that the nmaterial be oil soluble so as to 30
permt the dispersion and transport of phokhorus-containi ng conpound
wi thin the Iubricating oil systemto its site of action. Exanples of
sui tabl e phosphwg conpounds are: phosphites and thiophosph

(rmono- al kyl al tri-alkyl and partially hydrolyzeq hal ogs

t her eof ) ; phosphatesland - 17 - thj,ephosphat es; ami nes trefated with
i nor gani ¢ phosphorusisuch asophosphoro Z&Ci d, phoJrhorlc cid or
their thio anal ogs; i odi phosphdt es; am ne } osphaﬁ?s
Exanpl es of party t abl élzphosp lor us cﬂnpou‘.a
nmono- n- but yl - hydr gen aqi d-p gpﬁ%tg ,dl*\\a,n byt y -
phosphite; triph ph sphi t trlpﬁenyl thi ophodg e
tri-nbutylpngﬁeh’ i octadec%nyl pﬁbsphona 900MNV
pol yi sobut ehy? &u00|n|c anhydri de (Pl BSA) polyanlne[oispersant p )2
treated with PO3 and H3BO3\(see e.g., U S. 4,857,/214); zinc

(di - 2- ethylhe99$d|th|ophosph9te) 10The preferred &1 sol uble CH3
phosphorus conpounds are the esters of phosphoric and phosphorous
acid. These materials would include the di-alkyl, tri-alkyl and
tri-aryl phosphites and phosphates. A preferred oil soluble

phosphor us comgienddyssitablyrby edrmbdd oalthylaqelmt)suﬂﬂ bethes teriction fppdduct of

El nc di

€H

exanpl e as prod din US 53 633, orated herein o
ref erence. Thé"#ﬁ@?neiStrMP%rPEé BT‘?osrﬁﬂH'ts §hds oﬁtaé’ef;ﬁ{ﬁaﬁk‘iﬂm'c
phosphi tes, feaphgXRie Mhismatdrialths aked f&ynoEfbagWé @sgeé?ﬂlmod performbige
phosphor us conpounds of the invention can be used Iin the oil 1 n any

ef fective anpdhthe REaRSAErinventioppioth tB?ﬁé@*ﬂQﬂ/@QﬁB’ﬁé@Wﬂ@(@lQQWUTS"EQJ(EMS
20 conpounds %Htpﬁuhﬁ %Ratth‘?se' ﬁ‘ﬁj; ,Bép%??gé\%séntt ﬂnﬂ%?“éspf%‘éf%oo%’ﬁﬁé

phosphorus into e Oi concen Iron range isTTrom
about 10 to apodgentid¥&nigem of phosphorus in the fini shed oil and the
nost preferred concentration range is fromabout 50 to about 500 ppm
25 EXAMPLE

Whilst any effective amount of the friction modifier may be used in the
10 various aspects of the invention, the treat rates of the friction modifiers are
usually from about 0.1 to about 10, preferably 0.5 to 7, and most preferably

from 1.0 to 5.0 weight percent in the lubricating composition.

Examples of the preparation of typical friction modifier materials of the
15 invention are given below. These examples are intended for illustration, and

the invention is not limited to the specific details set forth in the examples.

PREPARATIVE EXAMPLES

20 Example A (Preparation of the isomerised succinimide) - 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-
octadecenylsuccinic anhydride (ODSA from Dixie Chemical Co.). A slow

nitrogen sweep was begun, the stirrer started and the material heated to



) . .
EXAMPLE G - An al kyl phosphite m xture was prepared by placing in a
round bottom 4-neck flask equipped with a reflux condenser, a stirrer
and a nitrogen bubbler, 194 grans (1.0 nole) of dibutyl hydrogen
phosphite. The flask was 30 flushed with nitrogen, seal ed and the
stirrer started. The di butyl hydrogen phosi@ite was heated to 150C
under vacuum (-90 kPa) and 190 grans (1 nole) of
hydr oxyl et hyl -y3pect y! imHlddisiglyWaiseradrigd bhr @HﬂWO@EGﬂFmB@sEQOf UsdtRinercial
over about one hour. During the addition approximately 35 m of
but anol was -tetizethylene Fpinenvas adred stpwly yjp apagditiog wase!l to the hot

continued for e QF Eﬁ&g . hd 0 :
hydr oxyl et hyl -Sﬁﬁggt[§ %S:L | ggﬂ\%\g@rg%@h@@dﬂé glgheaiﬁ?ﬁ é@gtnug? cgut{] gnrglxture
was evol ved. Wes inemaisednio bkt méenad waroheld faniveainadrgz &liringrthis heating

phosphorus and sul.fur. The final oduct had a TAN of 115 and

contai ned 3 8P Ahds o&d@@h@'@%tﬁ??ﬂﬂq{ﬁtﬁa' y'e-lrdg\"f’?ﬁe 9?}8&'9 thee Dean
known in the aghkee¥ape FHEGThskowas@oblér {oC Feld thdigrodictt Neield: 435 gm.
i nvention, or included in the additive conposition of the invention.
These addi ti vé&eregrtinitaroedy 8pler sants, antiwear agents, corrosion
inhibitors, 10 detergents, extrene pressure additives, and the |ike.
They are typically disclosed in, for exanple, "Lubricant Additives"
by C. V. Snul IBxeemleBdPRpafatioredfth8rsdrherisEGiliccipimidé) 4 Thasdmid. Bocedure
Patent 4, 105, 571. . Represent ati ye s .of thes

addi ti ves 1n’ AeSelowed as inRxpmlAr sxEert diatd0e Toleiing AISUDE: wars used:
W . % (Preferr e@oMbddeenylslicchir OxigyRiride, 700 gm (2.0 moles), and

diethylenetriamine, 103 gm (1.0 mole). The water recovered was 32 ml.

Yield: 765 gm. Percent nitrogen; 5.5.

15 Example C (Preparation of the acylated isomerised succinimide of the

invention) - Into a one liter round bottomed flask fitted with a mechanical
stirrer, nitrogen sweep, Dean Starke trap and condenser was placed 765 gm
(1.0 mole) of the product of Example B. A slow nitrogen sweep was begun,
the stirrer started and the material heated to 90°C. Acetic anhydride, 102 gm
20 (1.0 mole} was added drop wise through an addition funnel, Once the addition
was complete the temperature was raised to 140°C and held for 3 hours.
Residual acetic acid was removed by distillation at 150°C at 50 mm Hg. Yield:

805 gm. Percent nitrogen: 5.2.

25 Example D (Preparation of the acylated isomerised succinimide of the

invention) - The same procedure was followed as in Example C, except that
the following amounts were used: Product of Example B, 765 gm (1.0 mole);
caprolactone 131 gm (1.15 moles). The mixture was heated at 170°C for 6
hours followed by the addition of 2 mis of stannous octanoate. After addition
30  of the octanoate the temperature was increased to 180°C for an additional 4

hours. Yield: 895 gm. Percent nifrogen: 4.7



1-12 1-4 Corrosion Inhibitor 0.01-3 0.02- 1 Dispersants 0.10-10 2-5
Anti foam ng Agents 0.001-5 0.001- 0.5 Detergents 0.01-6 0.01- 3
Antiwear Agents 0.001-5 0.2- 3 Pour Point Depressants
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Example E (Preparation of the acvlated isomerised succinimide of the

invention) - Into a one liter round bottomed flask fitted with a mechanical
stirrer, nitrogen sweep, Dean Starke trap and condenser was placed 429 gm
(0.50 maoles) of the product of Example A. A slow nitrogen sweep was begun,
the stirrer started and the material heated to 90°C. Acetic anhydride, 61 gm
(0.5 moles) was added drop wise through an addition funnel. Once the
addition was complete the temperature was raised to 140°C and held for 3
hours. Residual acetic acid was removed by distillation at 150°C at 50 mm
Hg. Yield: 485 gm. Percent nitrogen: 7.1.

Example F_(Preparation of the acylated product of isostearic acid-TEPA) -

into a one liter round bottomed flask fitted with a mechanical stirrer, nitrogen
sweep, Dean Starke trap and condenser was placed 402 gm (1.37 mole) of
iso-stearic acid. A slow nitrogen sweep was begun, the stirrer started and the
material heated to 100°C. Tetraethylene pentamine (TEPA), 130 gm (0.69
moles) was added drop wise through a dropping funnel over one hour. Once
addition was complete the mixture was heated to 160°C for 6 hours, during
which time 24 gm of water were recovered (98% of theory). The material was
cooled to 100°C and 71 gm (0.69 moles) of acetic anhydride was added drop
wise through the dropping funnel. When the addition was complete the
temperature was increased to 140°C and held for 3 hours. The residual acetic
acid was removed at 130°C at 50 mm of Hg. Yield: 560 gm. Percent
nitrogen: 8.8%

Qil-Soluble Phosphorus-Containing Compounds

In its broadest aspect, 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 so as to
permit the dispersion and transport of phosphorus-containing compound
within the lubricating oil system to its site of action. Examples of suitable
phosphorus compounds are: phosphites and thiophosphites (mono-alkyl, di-
alkyl, tri-alkyl and partially hydrolyzed analogs thereof); phosphates and
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0.01-2 0.01- 1.5 Seal Swellants 0.1-8 0.5- 5 Lubricating G| Bal ance
Bal ance Suitable dispersants include long chain (i.e. greater than
forty carbon atons) substituted hydrocarbyl succinimdes and

hydr ocar byl

succi nam des, 20 m xed ester/am des of long chain (i.e.

greater than forty carbon atons) hydrocardyl-substituted succinic
aci d, hydroxyesters of such hydrocarbyl- substituted succinic acid,
and Manni ch coRigpResHasE; Praptlbed s trehtddongitle hioiganic 19hositiorgs guemt ek
than forty carbon atons) hydrocarbyl - substi tuted phenqls, .

f or mal dehyde ®HQSPRATPHE nadd. VPREIAMOEICHT adfchoti diF sdiPs BRlogss 0Zine

used. SThe prefiRicuffhodpRABES aftfite HHdsbASeLONEXGRMIEY BF KRMidularly suitable

succi ni m des.
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phosphorus compounds include: mano-n-butyl-hydrogen-acid-phosphite; di-
n-butyl-hydrogen phosphite; triphenyl phosphite; triphenyl thiophosphite; tri-n-
butylphosphate; dimethyl octadecenyl phosphonate, S00MW polyisobutenyl
succinic anhydride (PIBSA) polyamine dispersant post treated with H3PO3
and H3BO3 (see e.g., U.S. 4,857,214); zinc (di-2-ethylhexyldithiophosphate),

The preferred oil soluble phosphorus compounds are the esters of
phosphoric and phosphorous acid. These materials would include the di-
alkyl, tri-alkyl and tri-aryl phosphites and phosphates. A preferred oil soluble
phosphorus compound is the mixed thioalkyl phosphite esters, for example as
produced in U.S. 5,314,633, incorporated herein by reference. The most
preferred phosphorus compounds are thioalkyl phosphites, for example as

illustrated by Example G below.

The phosphorus compounds of the invention can be used in the oil in
any effective amount. However, a typical effective concentration of such .
compounds would be that delivering from about § to about 5000 ppm
phosphorus into the oil. A preferred concentration range is from about 10 to
about 1000 ppm of phosphorus in the finished oil and the most preferred
concentration range is from about 50 to about 500 ppm.

EXAMPLE

EXAMPLE G - An alkyl phosphite mixture was prepared by placing in a round
bottom 4-neck flask equipped with a reflux condenser, a stirrer and a nitrogen
bubbler, 194 grams (1.0 mole) of dibutyl hydrogen phosphite. The flask was
flushed with nitrogen, sealed and the stirrer started. The dibutyl hydrogen
phosphite was heated to 150°C under vacuum (-90 kPa) and 190 grams (1
mole) of hydroxylethyl-n-octyl sulfide was added through a dropping funnel
over about one hour. During the addition approximately 35 m! of butanol was



| J— _— U,
These include acyclic hydrocarbyl substituted succinimdes forned
Wi th various am nes or am ne derivatives such as are w dely disclosed
in the patent literature. Use of al kenyl succinimdes which have been
treated with an inorganic acid of phosphorus (or an anhydride
thereof) and a boronating 10 agent are almp- suitable for use in the
conposi tions of this invention as they are much nore conpatible with

el astomeric SQébévé?B&iﬁh far M eh l!-lb%ttlﬂﬂf%@és ééntfdué@rfar Qbé’@cttﬂf@ﬁéuraéﬁbr
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(preferably 800,to0 250 ep icylarly suitable. Dispersants nmay
be post - tréatgh‘*\ﬁlﬂr}? HB% aé'ﬁjg@f‘n%/"saﬂ bwn to those skilled in the art.
(see, e.g., U S Pat. Nos 3,254,025, 3,502,677 and 4,857,214). 20

The additive conbinations of this invention may be conbi ned with
ot her desired | ubriQihen agditivas lqwayn inide arbmayrbe addsshivetherlabricating oit of
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about Ito about 100 mm2/s (cSt) at 100C, al though typi cal
applications will require each oil to have a viscosity ranging from
about 2 to about 8Rep®sentatBe)arourt0Cthese dldiitives in an ATRary slimmarized
| ubri cati ng oi | sf I‘ ncl ude animal oils, vegetable oils (e.g., castor
oil and I dfd 8 P, “ﬁetrol eumoils, mneral oils, and oils derived
fromcoal or shale. The preferred natural lubricating oil is mneral
oil. 5 Suitable mneral oils include all conmon nineral ojl
basest ocks. This infddii¥e oils hat {Breadd¥Wiieheni ¢ or ) Wit i n
chemcal strycture, Qls that are refined by conveéntional nethodol ody
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Suitable dispersants include long chain (i.e. greater than forty carbon

atoms) substituted hydrocarbyl succinimides and hydrocarbyl succinamides,
20 mixed ester/amides of long chain (i.e. greater than forty carbon atoms)
hydrocarbyl-substituted succinic acid, hydroxyesters of such hydrocarbyl-

substituted succinic acid, and Mannich condensation products of long chain



25 copol yners, chlorinated pol yl actenes, poly(1l-hexenes),

pol y(1-octenes), poly(1l-decenes), etc., and m xtures thereof];

al kyl benzenes [e.g., dodecyl benzenes, tetradecyl benzenes,

di nonyl - benzenes, di (2-ethyl hexyl)benzene, etc.]; polyphenyls [e.qg.

bi phenyl s, terphenyls, alkylated pol ypheny{g, etc.]; and al kyl at ed

di phenyl ethers, alkylated di phenyl sulfides, as well as their 30
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Esters useful as synthetic | ubricat | ng oils also include those nade
from C5 t#%C12 nonocar boxylic acids and pol yols and pol yol ethers

such as neopentyl ghgcadditive 'cHﬁ'IH']‘)dtl@h@rdfp@ﬁbelrﬂﬁﬁhéﬁrdﬂély”ﬂet @bmbmed with
di pentaerythritol, 30tr|'pentaer ythritol, and the
v

synthetic | ubloilzfattﬂeﬁgreéu bricatings il GiddBives de Jeen taeppacmtm sTYleﬁﬂthe
tetrai sopropyl, I o
totra (4 not noriue iffieient £ Piove) B the UKt ifiFefie fromag g o0
Si : [ (cat eh P)exwefférahhz fryh'r 25 rie 06K yhosti mefevalalpefror? 36 to 75 wel%ht pﬁ:rcent of
pol y(net hy i | oxanes si | oxanes, and t ,
e anes e dinenr s b SRRl Y arbaatrRag @ dlbert Secaly
phosphor us- cogbaipfiked of&illsticaend oil of blgémsyl phosphate, trioctyl
phosphat e, and di et hyl ester of decyl phosphonic acid), polyneric

tetra- hydrofurans, poly-a-olefins, and the |ike. 10The lubricating

oil's may be deri Veguf)ﬁ(%iﬁh@ef)ilé‘el%eflﬁlefrfafthi@eﬁ'nv@h{ién &t derived from natural
lubricating oils, synthetic lubricating oils, and mixtures thereof. In general,
30  both the natural and synthetic lubricating oil will each have a kinematic
viscosity ranging from about 1 to about 100 mmZ2/s (cSt) at 100°C, although
typical applications will require each oil to have a viscosity ranging from about
2 1o about 8 mmZ2/s (cSt) at 100°C.



m xtures thereof. Unrefined oils are obtained directly froma natural
source or synthetic source (e.g., coal, shale, or tar sands bitunen)
w thout further purification or treatnent. Exanples of unrefined oils
include a shale oil obtained directly froma retorting operation, a
petrol eum oil obtained directly 15 fromdpgtillation, or an ester

oil obtained directly froman esterification process, each of which
is then used without further treatnment. Refined oils are simlar to
the unrefined oils except that refined oils have been treated in one
or nore purificati dvatsragdbricatingymile ieclute aoimaturils, pegetablei alls. (e.g., castor

i t bl gt . ; Cstillat] hvd .
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inthe art. Rerefined oils are obtained by treating used oils in
processes sinmlar to those used to obtain the refined oils. These

rerefined oils are QlieHAEIaPSild @\Eiuﬂb@lﬁc&ﬁmbﬁgﬁﬁéﬁa‘i%ﬂ a%%t%cﬁg!dThis

are often additionall ﬁ$processed by techni ques renoval of spent
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invention is not limted to the specific details set forth in the
exanpl es. | RY3¥5S€8nd percentages are by wei ght unless ot herw se
speci fied. Exanpl es A nodification of the Ford MERCON friction
test (MERCON(r) Automatic Transm ssion Fluid Specification for
Service, dated Sepil¢npiselly the mainecsdpils S¥ithaye Bnemptinadscositiss roftfrom 2.0

denonstrate t I £id 14t f_the il uLds of the invention.

The Ford test r?‘lim?fessgcgé)oﬁ g(ﬁ ﬁ@#l&ﬁ’(gﬁﬁti@ @yutl%‘? %efgrrp@wvgrqr]rﬂgs ve
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f
a strenuo®d evange pinwih viseesities phiB do Bimessy(cEH atdPAIGi n const ant
frictional 20 characteristics. This Ford test nmethod was nodified as
shown bel ow. Test as perforned: Friction material:Borg Warner 6100
(not grooved) Test Syathetic dnbricatind oils Hicadeahydresdrbon olile ndhaM8ubstituted

hydrocarbon oils such as oligomerized, polymerized, and interpolymerized
olefins [e.g., polybutylenes, polypropylenes, propylene, isobutylene
25 copolymers, chlorinated polylactenes, poly(1-hexenes), poly(1-octenes), poly-
(1-decenes), etc., and mixtures thereof]; alkylbenzenes [e.g., dodecyl-
benzenes, tetradecylbenzenes, dinonyl-benzenes, di(2-ethylhexyl)benzene,
etc.]; polyphenyls [e.g., biphenyis, terphenyls, alkylated polyphenyls, etc.];
and alkylated diphenyl ethers, alkylated dipheny] sulfides, as well as their
30  derivatives, analogs, and homologs thereof, and the like. The preferred oils
from this class of synthetic oils are oligomers of o-olefins, particularly

oligomers of 1-decene.



Cycles per mnute:3 Total energy per cycle: 20,400 J Piston apply
pressure: 275 kPa Static friction nmeasurenent: 30Speed: 4.37 rpm Apply
pressure: 275 kPa Static friction: Measured after 2 sec of rotation -
24 - Since the principle role of the friction nodifiers of the
current invention is to reduce static fri-&li-on, and nmi ntain that

| evel throughout the |life of the fluid, the products of the invention
were conpared to tBgnthetic atyrishing Sviky Sélmswbmdtaheal%#& dxitiet polpmers,
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roduct of Exa

Exanpl e C Fl ui i ned t he D . .The

Compos: t 1 ons P EMNEE eVB A vBiaGemolanHar v el Q0% CREE] ethes of

given in Tabl gofipksplyte glycol having a molecular weight of 1000 - 1500); and mono-
and poly-carboxylic esters thereof (e.g., the acetic acid esters, mixed C3-Cg

10 fatty acid esters, and C12 oxo acid diester of tetraethylene glycol).

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,

15 fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids,
alkenyl malonic acids, etc.) with a variety of alcohols {e.g., butyl alcohol, hexyl
alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene
glycel monoethers, propylene glycol, etc.). Specific examples of these esters
include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl

20 sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer,
and the complex ester formed by reacting one mole of sebasic acid with two
moles of tetraethylene glycol and two moles of 2-ethyl-hexanoic acid, and the
like. A preferred type of oil from this class of synthetic oils is adipates of Cy

25 to Cq2 alcohols.

Esters useful as synthetic lubricating oils aiso include those made from
Cs to Cq2 monocarboxylic acids and polyols and polyol ethers such as
neopentyl glycol, frimethylolpropane pentaerythritol, dipentaerythritol,

30 tripentaerythritol, and the like.

Silicon-based 0oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or

polyaryloxy-siloxane oils and silicate oils) comprise another useful class of



20 As can be seen from Table 1, the normal friction nodifier of
Example B (Fluid A) has a decrease in static friction of 0.013 over
the period of 500 to 10,000 cycles. The fluids containing the
products of the invention, the products of Exanples C and D exhibit

| oner changes in static friction : for 2524 d B, a decrease of 0.002
and for Fluid C, a decrease of 0.003. It is therefore clear
that the acyl ayhthetioflubrivatiadg bitd; eﬂ‘he@@bﬂ@1rtmaﬁiedteireiath3'rl(sﬂicam;litét'raésqarba)‘d
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poly{methyl)-siloxanes and poly(methylphenyl) siloxanes, and the like. Other
s synthetic lubricating oils include liquid esters of phosphorus-containing acids
(e.g., ftricresyl phosphate, trioctyl phosphate, and diethyl ester of
decylphosphonic acid), polymeric tetra-hydrofurans, poly-a-olefins, and the

like.

10 The lubricating oils may be derived from refined, rerefined oils, or
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

15 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 heen treated in one or more
purification steps to improve one or more properties. Suitable purification
techniques include distillation, hydrotreating, dewaxing, solvent extraction,

20 acid or base extraction, filtration, and percolation, all 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

25 breakdown products,

Another class of suitable lubricating oils are those basestocks
produced from oligomerization of natural gas feed stocks or isomerization of
waxes. These basestocks can be referred to in any number of ways but

30 commonly they are known as Gas-to-Liquid (GTL) or Fischer-Tropsch base

stocks.
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0.09 0.09 0.09 Product of Exanple G 0.40 0.40
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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

mineral oils and poly-a-olefins (PAO), particularly oligomers of 1-decene.

The following examples are given as specific illustrations of the
claimed invention. It should be understood, however, that the invention is not
limited to the specific details set forth in the examples. All parts and

percentages are by weight unless otherwise specified.

Examples

A modification of the Ford MERCON® friction test (MERCON®

Automatic Transmission Fluid Specification for Service, dated September 1,
1992. Section 3.8 ) was chosen to demonstrate the friction durability of the
fluids of the invention. The Ford test stresses friction durability by using a low
volume of fluid, and high test energy per cycle. Repeated dissipation of this
high energy into this small volume of test fluid for 10,000 cycles is a
strenuous evaluation of the fluid's ability to maintain constant frictional

characteristics. This Ford test method was modified as shown below:

Test as performed:

Friction material: Borg Warner 6100 (not grooved)
Test temperature: 115°C

Total test cycles: 10,000

Cycles per minute: 3

Total energy per cycle: 20,400 J
Piston apply pressure: 275 kPa
Static friction measurement:
Speed: 4.37 rpm
Apply pressure: 275 kPa

Static friction: Measured after 2 sec of rotation



0.40 Product of Exanple A 0.30 0.30 0.30 Product of Exanple B 3.30
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Since the principle role of the friction modifiers of the current invention
is to reduce static friction, and maintain that level throughout the life of the
fluid, the products of the invention were compared to the non-acylated
versions in the SAE#2 friction test described above comparing stability of the

static friction coefficient (Mu-s or ys).

Three test fluids were blended using exactly the same base lubricating
oils, dispersants, anti-oxidants, and viscosity modifiers. The test blends
contained the most preferred source of oil so!uble phosphorus (Example G
above), prepared as described in U.S. 5,314, 633. Into each fluid was added

3.0 mass percent of the friction modifier as follows:

Fluid A contained the product of Example B
Fluid B contained the product of Example C
Fluid C contained the product of Example D

The compositions of the test fluids and a summary of the test results

are given in Table 1 below.

As can be seen from Table 1, the normal friction modifier of Example B
(Fluid A) has a decrease in static friction of 0.013 over the period of 500 to
10,000 cycles. The fluids containing the products of the invention, the
products of Examples C and D exhibit lower changes in static friction : for
Fluid B, a decrease of 0.002 and for Fluid C, a decrease of 0.003.

It is therefore clear that the acylation of the alkylene amine based
friction modifiers has resulted in improved friction stability over the course of
the test.



07.7‘10 0.10 0.10 Long chain fatty acid 0.10 O. 10 0.10 Long chain fatty
am de 0.10 0.10 0.10 Cal cium Sul fonate, 300 TBN 0.20 0.20 0.20
Sul f ol ane based seal swellant 1.5 1.5

-925._
Tabte 1
TEST FORMULATIONS AND TEST RESULTS
COMPONENT BLENDS
1 2 3
Borated PIBSA/FAM Dispersant 3.60 3.60 3.60
Non-Borated PIBSA/PAM Dispersant 1.50 1.50 1.50
Alkylated Diphenyt Amine Anti-Oxidant 0.75 0.75 0.75
Hindered Phenol Anti-Oxidant 0.25 0.25 0.25
Alky! Mercaptothiadiazole 0.09 0.09 0.09
Product of Example G 0.40 0.40 0.40
Product of Example A 0.30 0.30 0.30
Product of Example B 3.30
. Product of Example C - 3.30 -

Product of Example D - - 3.30
Thioalkyl ester 0.10 0.10 0.10
Long chain fatty acid 0.10 0.10 0.10
Long chain fatty amide 0.10 0.10 0.10
Calcium Sulfonate, 300 TBN 0.20 0.20 0.20
Sulfolane based seal swellant 1.5 1.5 1.50
Polymethacrylate Viscosity Modifier 3.00 3.00 3.00
Group il Basestock 84.81 84.81 84.81
Total 100.00 100.00 100.00
Static Friction Change

500 to 10,000 cycles 0.013 0.002 0.003

The principles, preferred embodiments, and modes of operation of the

present invention have been described in the foregoing specification.

5 However, the invention which js intended to be protected herein is not to be
construed as limited to the particular forms disclosed, since these are to be
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.



1.50 Pol ynet hacrylate Viscosity Mdifier 3.00 3.00 3.00 Goup |11

Basest ock 84.81 84.81 84.81 Tot al

Friction Change

100. 00 100.00 100.00 Static
500 to 10, 000 cycl es0.0130. 0020. 003

CLAIMS:

1.
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A lubricating oil composition comprising a base Iubricating oil, at least

one oil soluble phosphorus containing compound and at least one

polyalkylene polyamine-based friction modifier comprising at least one

hydrocarbyl substituent wherein the, or each, hydrocarbyl substituent

comprises between 6 and 30 carbon atoms, and wherein at least one

secondary amino group present in the polyamine chain of the friction modifier

has been acylated to the corresponding amidelgroup,

A composition comprising :

(a)

(b)

a major amount of a base lubricating oil; and

a friction stability improving effective amount of an additive

combination comprising:

(i) at least one friction modifier comprising the reaction
product of an acylating agent R3COX (wherein Rz is a
hydrocarbyi group and X is a leaving group) with one or
more compounds selected from the group of compounds
(1), (It) and (1it), where (1), (11), and (lIl) are represented by
the structures :

Y] (D (I



The principles, preferred enbodi mrents, and nodes of operation of the
present invention have been described in the foregoing specification.
5 However, the invention which is intended to be protected herein is
not to be construed as limted to the particular fornms disclosed,
since these are to be regarded as illustrdafve rather than
restrictive. Variations and changes may be made by those skilled in
the art w thouvhaetepaR iig fCprot 0gg sakyli dr alkenble grougnRi d8.a polykylene
CLAIMS: 1. A lubricating oi congggit'on coag.ising a base
| ubri cating oifClYaRingQEYP sREeRRNteS 8Y SEHEIVEH Lhorus cont ai ni ng
conpound and at | east one pol yal kyl ene pol yam ne-based friction
nodi fi er conprising at | east one hydrocarbyl substituent wherein the,
or each, hydrocarbyl subgtituent| conprises between 6 and 30 carbon
atons, and wherein at | egst onﬁ secondary ami no group present in the
pol yam ne chain of the firixON ifier has been acylated to the
correspondi ng am de group. . cénposition conprising : (a) a najor
anount of a base |ubri catl noi If,, and (b) a friction stability
i nproving effective anobunt of an additive conbination conprising:
(1)at least one friction nodifier conprising the reaction product of
an acyl ati ng agent R3COX (whéveéin R3 is a hydrocarbyl group and X is
a leaving group) with one or nore conpounds sel ected fromthe group
of compounds (1), (1l) and (I111), where (Ié¥_gll), and (I'l1l1) are
represent ed byVHeiginsh Apdase each ingependgatly integdesifeon 1de §;aNd3B2 is an
al kyl or al ke ; i ; i Up, ;
ept esent od b%\ﬂls}/tl %ct r%rB%P\%?:tﬂﬂ?ﬁe@%ﬁ@nﬁ’%n%%&@eﬁ%@e@, Br is selected
from the structures V, VI and VIl below ; and
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(i) at least one oil-soluble phosphorus-containing
compound.

3. The composition according to claim 2 wherein the friction modifier (b)(i)
comprises the reaction product represented by one or more of the structures
(VIIN), (IX) and (X) :



wherein n and mare each independently integers froml to 6; and R2
is an al kyl or aryl group or their heteroatom containing derivatives,
or is selected fromthe structures V, VI and VII below ; and O RN-j(
NNri; O RRL (v)(VI)(VII)

(ii)atleastoneoil -sol ubl ephosphorus-cont ai 48 ng conpound. 3. The
conposition according to claim2 wherein the friction nodifier (b)(i)
conpri ses the reaction product reprgsented by_one or nore of the

structures (VII1), (I1X) and(X) : /- B M)
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wherein R, Rz, Rs, n and m are as defined in claim 2 and wherein p + g = m,
with the proviso that p = 1.

4, The composition according to claim 1 wherein the composition is a
power transmission fluid.

5. An additive composition comprising a friction modifier comprising at
least one hydrocarbyl substituent wherein the, or each, hydrocarbyl

substituent comprises between 6 and 30 carbon atoms, and wherein at least



0% / R3 (X) wherein RR R2, R3, n and mare as defined in claim 2
and wherein p + g = m wth the proviso that p 1. 4. The conposition
according to claim1l wherein the conposition is a power transm ssion
fluid. 5. An additive conposition conprising a friction nodifier
conprising at | east one hydrocarbyl substizgient wherein the, or each,
hydr ocar byl ,substituent conprises between 6 and 30 carbon atons, and
wherein at l.east - 29 - one secondary am no group present in the

pol yam ne chain of the friction nodifier has been acylated to the
correspondi ng am de group in conbination with an oil soluble
phosphorus cont ai ni ng conpound. 6. A nethod of inparting friction
stability to lubricating oils, conprising adding a friction nodifier
conpri sing at dreaséc@narhyudnioc agrbyp psedesttiit tbatpolanieknchaire of dhe dectign

wher oin a1 odSedBHEha BERRCYSIE BN CoS P BURR ArTiae RALDN Gk RN

chain of the fvt’n{rp{aﬁ Bn,samsié‘bﬁds,dlﬂamsb&ﬁmaiﬁwc@ﬁ%uha.the correspondi ng
a

am de group to ubricating oil.

6. A method of imparting friction stability to lubricating oils, comprising
adding a friction modifier comprising at least one hydrocarbyl substituent
wherein the, or each, hydrocarbyl substituent comprisés between 6 and 30
carbon atoms, and wherein at least one secondary amino group present in
the polyamine chain of the friction modifier has been acylated to the

corresponding amide group to a lubricating oil.



