A LUBRI CATING O L COVPOSI TI ON FOR AUTOVATI C TRANSM SSI ONS  The present

I nvention relates to an additive conpound and a |ubricating oil

" conposition. In particular, the invention relates to an additive conpound
favorably enployable in a lubricating oil conposition for automatic 5
transm ssions of internal conbustion engines, in which the |ubricating oil

shudder i nni AeRC AR REUPOREORTAR ATRAATIC TRARSIESON s
aut onobi |l es conprise a torque converter, a wet 10 nulti-plate clutch, a
hani d hani troll.. t h I . _Jh
ransm ssi oh G RERaNt "vEEUaN FEAL Ba Rlfe somBpand gnace eRgatifelor
aut onobi | e @é]ﬁﬁéi]ﬁorﬂqu%‘ﬁi&flar',‘ﬂ%jinv@!ﬁﬁ@{ Fel a5 Q8RN Addifivebempaah@ns further

conprise a |lockup clutch nmounted to the torque converter, So as to inprove
fuel econonfavorebly emplayablain 4 hibkispting oif campesitioadfpesutomatite t or que to be
transmtted to the automgtic . transm.ssion. accaqrdi Ly¥Lng.condi tions
1" addi 8 ororbRSIoRS o Mg R BRLREGE rRoined PRkIGHThe Dtahadi g o |
However, si#gsiipddifort ShaWS aMabh #rq8 tRinsHHisae BApAdiy aPaprblopgedf the

| ockup clutch sonetines disturbs passengers due to shudder, the |ockup
clutch is g¥nsiderinpikjent o operate only under high speed driving 20
conditions giving | ess torque variation. Under |ow speed driving conditions
as when an autonobile starts, loss of driving force transm ssion i s caused
bet ween t he engi ne out put BACHGROMND QF THEINVENTIONSi on i nput

revol ution. Therefore, enough inprovenent of fuel econony is not attained.
Accordi ngly, automatic transm ssions adopt a slip 25 control system by

whi ch t he lAdbmatictensmissivcain agtenabies cdamprisea tovgue sppeertel awetg

conditi8ns an?l the tlransm' ssion | oss can pe reduced. How \{.er,
1 multi-plate clutch, a gear mechanism, and a mechanism controlling these

elements. The torque transmission capacity is automatically set according to
the speed of automobile and the degree of load. Modern automatic
transmissions further comprise a lockup clutch mounted 1o the torque
_converter, so as to improve fuel economy. The use of the lockup clutch

15 enables engine torque to be transmitted to the automatic transmission
according to driving conditions in addition to the driving force transmitted
through a lubricating oil. However, since the torque variation produced by the

_operation of the lockup clutch sometimes disturbs passengers due to shudder,

the lockup clutch is generally set to operate only under high speed driving

20 conditions giving less torque variation.

Under low speed driving conditions as when an_automobile starts, loss of
driving force transmission is caused between the engine output revolution and
the transmission input revolution. Therefore, enough improvement of fuel
economy is not attained. Accordingly, automatic transmissions adopt a slip -
25  control system by which the lockup mechanism can operate under the low

speed driving conditions and the transmission loss can be reduced. However,
when the clutch is subjected to control by the slip control system, abnormal
vibration of the body of automobile {i.e., shudder) takes place on the friction
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when the clutch is subjected to control by the slip control system

abnormal vibration of the body of autonobile (i.e., shudder) takes place
on the friction -1 surface of the lockup clutch. At |ow road speeds
vehicle operation is rough and engine vibration is transmtted through the

drive train { | d | | ty rehhe¢ to
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di scl oses a lubricating conposition, preferably 20 essentially free of
zi nc di hydrocar byl di‘t hi ophosphat e conpounds, and optionally free of
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acid transmissive torque capacity. However, there is given no information with

respect to formulation of the T-lll standard oil.

Prolonged shudder inhibition can be attained by incorporating a friction modifier
15 -{generally, friction decreasing agent). However, if too much friction modifier is
~incorporated into a lubricating oil, the friction coefficient of the wet clutch
extremely decreases and hence enough transmissive torque capacity cannot

‘be obtained.

U.S. Patent No. 4,948,523 discloses a lubricating composition, preferably

20 essehtially free of zinc dihydrocarbyldithiophosphate compounds, and
optionally free of chlorine containing silver lubricity agents, comprising a major
proportion of an oil of lubricating viscosity and a minor amount of a silver
protective agent comprising the reaction product of a Cs to Cgo carboxylic acid
and at least one amine selected from the group consisting of (1) guanidine,

25 urea, and thiourea compounds; (2) C4 to Cyp hydrocarbyl or hydroxy-substituted
hydrocarbyl mono-amines, alkylene diamines, and (3) polyaikylene polyamines;

and N-alkyl glycine.



and at | east one am ne selected fromthe group consisting of (1) guanidine,
25 urea, and thiourea conmpounds; (2) C, to C20 hydrocarbyl or

" hydroxy-substituted hydrocarbyl nono-am nes, al kylene diam nes, and (3)
pol yal kyl ene pol yam nes; and N-al kyl glycine. -2 U S. Patent No. 5, 395,539

di scl oses cerg apatehy lio? 6 BITHBSGstlpkes eertdingprirsédrben salibieor dispersible
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U.S. Patent No. 6,303,547 discloses lubricant formulations containing the
reaction product of at least one Cs to Ceo carboxylic acid and at least one
15  amine selected from the group consisting of guanidine, aminoguanidine, urea,
-thiourea and salts thereof is usefui as a gear oil additive. The lubricant
formulations exhibit excellent low and high temperature rheology and are
particularly suited for use in automotive and industrial gear applications.
‘Lubricants of the present invention exhibit improved performance properties,
20 such as increased axle efficiencies and lower axle temperatures, improved -
limited slip performance, reduced chatter, improved frictional durability and/or
improved power divider performance compared to lubricant formulations that

do not contain said reaction products.

Japanese Patent Publication No. 2001-247532 discioses fatty acid amide

25 compounds used for surface lubricant, vehicle component and thermal
recording materials, has three or more amide groups in a molecule having the
formula R{CONH(CH2)n((NCOR)(CH2), INHCOR;3, where Ry-Rz is @ C2 10 Cso
atkyl or alkenyl group, m and n = 1-3, and | = 1-4. '




| nproved power divider performance conpared to |ubricant fornulations that
do not contain said reaction products. Japanese Patent Publication No.
2001- 247532 di scloses fatty acid am de 25 conpounds used for surface

| ubricant, vehicle conponent and thermal recording materials, has three or
nore am de groups in a nolecule having the formula

R, CO\IH(CI—|2)n((NCOR’2)(CHZ)n) NHCCRS Wnere Rl R3 is a Cl2 to C50 alkyl or

al kenyl group, mand n =1-3 S. Patent Application
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conmpound enpl oyable in a lubricating oil conposition for automatic
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engi nes. | PONANYRES pAY PEdGRID rﬁ'ﬁe@hﬁﬁ S¥ElASH ssion f1uid not only
shoul d show a high shudder inhibiting ability when the transm ssion fluid
is first used, but also should keep the high shudder inhibiting ability
for a prolonged period of SUMMARY OF THE INVENTION

Disclosed herein is an additive compound employable in a lubricating oil
composition for automatic transmissions in internal combustion engines. The
lubricating oil composition employing the additive compound may have a high
transmissive torque capacity and prolonged shudder inhibition when used as
an automatic transmission fluid (ATF) in automatic transmissions of internal

combustion engines.

It is desirable that an automatic transmission fluid not only should show a high
shudder inhibiting ability when the transmission fluid is first used, but also
should keep the high shudder inhibiting ability for a prolonged period of time
without substantial decrease of the inhibiting ability and further should show a

high transmissive torque capacity.

Accordingly, disclosed herein is an additive compound employable in a
lubricating oil composition having the beneficial performances mentioned

above.

In a first aspect, there is provided an additive compound comprising an oil-

soluble reaction product of a linear or branched, saturated or unsaturated




wi t hout substantial decrease of the inhibiting ability and further should
show a high transm ssive torque capacity. Accordingly, disclosed hereinis
an additive conpound enployable in a lubricating oil conposition having

t he beneficial performances nentioned above. In a first aspect, there is
provi ded an additive conpound conprising an oil- soluble reaction product
of a linear or branched, saturated or unsaturated -4 nonovalent aliphatic
acid having 8 to 22 carbon atons, urea, and polyal kyl enepol yam ne, wherein
the reaction product |s. non-borated, borated or a mixture thereof, and 0.1

to 0.5 nol BOFPVelRat flienatis 354 BAURG ByarL ke pRISyired, akhe nol e of the

aliphatic | : | | ~GLE UL | ing oil
conpositio Ik%”r%lrathes@ rplg aﬂg’%ﬁgﬁgh%ﬂénét&éﬁ pt(gisugf %ﬁoﬂgﬂ)rﬁtg fpézﬂgféﬁ%mvi scosity
and a ni noa neirtoranthecdoftdrel @it fte 05aaoleiod theppalyhlictiersdpolyaimine peacts with anched,
saturated or un]?)?atﬂhat E’.)Ci'! sol upbl e nmonoval ent al i phatic acid having 8 to 22
carbon at o8¢ Mytegl the aiphaligiagkl ky| enepol yani ne, wherein the reaction
product is non-borated, borated or a mxture thereof, and 0,1 to 0.5 nole
of the pol]yal kyl enepol yanine reacts with one _nole of the aljphatic acid.
The addi til?‘eaémeﬁ &5 Sorevidgd enibbricating o corposition compbisingicon nay

Cinsat ur at eeios St BARHU R riodtind, VREbe R ek FRNS Smagk R
urea, and galblalréydtien@eaduchal akineanbebranohéd) satueated bpongaturdtert 1 s non-
borat ed, : brcr)lganl(t)\?a er%rali&arﬁc)gcggﬁavtm%eé ?00£2' carbon atoms, urea, and
polyalkylenepolyamine, wherein the reaction product is non-borated, borated or
a mixture thereof, and 0,1 to 0.5 mole of the pollyalkylenepolyamine reacts with

one mole of the aliphatic acid.

- The additive compound employable in the lubricating oil composition may
-comprise the reaction product of a linear or branched, saturated or
- unsaturated monovalent aliphatic acid having 8 to 22 carbon
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Disclosed is a lubricating oil conposition conprising a major anmount of
base oil of lubricating viscosity and a m nor anount of the reaction
product of a linear or branched, saturated or unsaturated nonoval ent
aliphatic acid having 8 to 22 carbon atons, urea, and

pol yal kyl enepol yam ne, wherein the reaction product is non-borated,
borated or a mxture thereof. In a third aspect, there is provided an

automatic t 30, I SSIO, t ont ai ni the |ubricati Qi |

conposi tion as g]eﬁr?%é%'(gﬁ@%@ylfgﬁe%&¥%um?hw§g'ﬁ?&&',e rEAghan ﬁ’@gﬁ?td% MId a

met hod of r dawatedgbarhteddera mixt@e thergbhmati ¢ transm ssion of an internal
conbustion engine, said nethod conprising adding the lubricating oil
conposition as defined above to an automatic transm ssion and operating

t he engi ne. Diiciaseddgd lilsicating dd icompesitiongompisigrpmaforsgnsuritonbhes ail ed

and/ or bor at .reacti.on prodyct,.in which e reaction product is obtained
by reacti ngogﬂpp?fgg\g V'%:PSE)I[ Qﬂ‘g RdBinos gmaunt @ﬁf?‘@rr e%%mpgﬁﬁpfrﬁ)'mﬁ%%nt

al i phati c abrghchad] sutddPorPdnsR AR mdhetEentdIPRatiGBEd having 8 to 22

pol yal kyl enepol éam ne, provides high transm ssive torque cdpacity and
pr ol onged sﬁgr%g AloTHE Weai 3 plkalkklepepsieamine, wherain theatgaston produst an

automatic tfsmmié?yfoﬁgat%g}gmwu% tHepbgyustion engine.  The |ubricating

oi |l conposition enp I ve conmpound is useful as a nethod for
reduci ng shudder when used as an automatic transm ssion fluid. The use of

the additivi &@iRUSHECH, thet iRl &h %mamm%fésgﬂn%ﬁxmsr educe

shudder in an automati c transm ssion of an I nterna I'on engine.

DETAI LED DESTHeiningdine dybricating miVeamipositioh asglefined abdvenbodi ment s of t he
addi ti ve compound and lubricating oil conposition according to the present
i nvention wll be described in further detail below 5

In a fourth aspect, there is provided a method of reducing shudder in an

automatic transmission of an internal combustion engine, said method
comprising adding the lubricating oil composition as defined above to an
automatic transmission and operating the engine.

Disclosed is an additive compound comprising a non-borated and/or borated
reaction product, in which the reaction product is obtained by reacting a linear
or branched, saturated or unsaturated monovalent aliphatic acid having 8 to 22
carbon atoms, urea, and polyalkylenepolyamine, provides high transmissive

- torque capacity and prolonged shudder inhibition when employed as a
lubricating oit in an automatic transmission of an internal combustion engine.
The lubricating oil composition employing the additive compound is useful as a
method for reducing shudder when used as an automatic transmission fluid.
The use of the additive compound in an automatic transmission fluid may
reduce shudder in an automatic transmission of an internal combustion engine.

DETAILED DESCRIPTION OF THE INVENTION

The preferred embodiments of the additive compound and lubricating oil
composition according to the present invention will be described in further detail

below.
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The Additive Conpound The additive conpound of the present invention

enpl oyable in the lubricating oil conposition of the present invention my

" be a non-borated (A) and/or borated (B) reaction product in which the

reaction product is obtained by 5 reacting a |linear or branched, saturated

or unsaturated nonoval ent ali phWeCAdtﬁﬁ\béjCBWo%ﬁdS to 22 carbon atons,

urea, and polyal kyl enepol yan ne npounds A and B can be

enpl oyed singly or in combination. Additive conpound A conprises the

reaction pr r :

ronovalent 41t guafive SomRRid GBS Tverih Bt iH g et

pol yal kyl eneibodyansitien ofthi present inmveation nizycloerp mickeisorabed bb) andédr r eact i on
a linear or

duct ' t duc bt d t
D o R PR B A 2,
22 carb@n afeiing !érli'ﬁ%aréf‘ﬁrar%'eﬂa%ﬁ#ﬁtﬂé%?'u)ﬁ@ﬁid?@ted]rﬁo%i?éléﬁi Aphafiti phatic

Acid The nonoval ent al |£hat|c acid i1s a conpound which is represented by

the for nul agid kavingdg @arm&mwenremmquauqﬂeeenomnm@r%nts a
hyd byl h f t t
AL T T R iy

preparation of the additive conpound of the present invention is a linear

Y N T

acid, |aurigatagited oﬁuﬁse&hr&ea%&w\%‘ierﬂ%lnahéﬂ.&aae'r%wrfd §36 22 @fbsh

| sostearic acid, oleic acid, beheni c aci d Particularly preferred is
i sost edfi ¢ ateins, urea, and polyalkylenepolyamlne

Additive compound B comprises the borated reaction product in Which the
reaction product is obtained by reacting a linear or branched, saturated or
unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms, urea, and
polyalkylenepolyamine.

15 Monovalent Aliphatic Acid

* The monovalent aliphatic acid is a compound which is represented by the
formula:

R4 (COOH),

“or anhydride theréof, wherein Ry repfresents a hydrocarbyl group having about
20  2to 50 carbon atoms, and y represents an integer of 1-4.

The monovalent aliphatic acid employed for the preparation of the additive

compound of the present invention is a linear or branched, saturated or

unsaturated monovalent aliphatic acid containing 8 to 22 carbon atoms.

Examples of the aliphatic acids include octanoic acid, lauric acid, myristic acid,
25 palmitic acid, stearic acid, isostearic acid, oleic acid, and behenic acid.

Particularly preferred is isostearic acid.
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-6.Uea Any ordinarily enployable urea such as urea of industrial purity
~grade can be enployed. Polyal kyl enepolyamne 5 Preferred is a

pol yal kyl enepol yam ne containing 2 to 30 carbon atons and 2 to 15 nitrogen
atons, each of at l|east two nitrogen atons constituting primary am ne.
Preferably, Urea al kyl ene groups of such pol yal kyl enepol yam nes will
contain form2 to 6 carbon atons, nore preferably form2 to 4 carbon atons.
The nitrogen atom ot her than the nitrogen atons constituting primry am ne
10 gener al | WrgaiGinatilt 6SpRBBRAFEY SUEhR ureXBTRMAStRAI piiity gRide &l v@l kyl ene
- pol yam nes i nclude ethyl enedi am ne, propyl enedi am ne, isopropyl enedi am ne,
but yl enedi al@ﬂH&?Y%nt yl enedi am ne, hexyl enedi am ne, diethyl enetriam ne,

di propyl enetri am ne, di et hyl am nopropyl am ne, diisopropyl enetri am ne,

di butyl enetriam ne, di-sec 15 butylenetriamne, triethyl enetetraam ne,

tri propyl enEloivallgdgnenslyaningi sobut yl enet et r aani ne, tetraet hyl enepent ani ne,
pent aet hyl enehexam ne, hexaet hyl enehept am ne, di net hyl am nopr opyl am ne,
and m xtures thereof. Particularly suitable polyal kyl ene pol yam nes are

t hose hdvi ngrefeeefids mpalyalkyenepdihine cdntdifing2t@Bo cRtbirsatonss and @Ho- or

e A o P ol i Mmool
(- CH2CH2 - ) amamel Freferably, ?Hétﬁﬂﬂéné b?éﬂﬂs‘éﬁ?Lﬂfheﬁcﬂyé!kﬁlénépé’d!yamFﬁéwmm arly

preferred pol yal kyl ene pol yam nes are ‘et hyl enedi am et hyl enetri am ne,
tri et hyl enee@itpieiorme ta & casmarhgtosise prorearefesablySope 2t tact tarbonetiemani ne,
and hexaet h-H'IE? ﬂﬁ%eg%'iﬁ%Hweothg?{ﬁa{ncfﬁleaﬁihgggﬁ g{oentré %8nétictuting primary amine

10  generally constitutes secondary amine.

Examples of suitable polyalkylene polyamines include ethylenediamine,
propylenediamine, isopropylenediamine, butylenediamine, pentylenediamine,
hexylenediamine, diethylenetriamine, dipropylenetriamine,
- dimethylaminopropylamine, diisopropylenetriamine, dibutylenetriamine, di-sec-
15 butylenetriamine, triethylenetetraamine, tripropylenetetraamine,
triisobutylenetetraamine, tetraethylenepentamine, pentaethylenehexamine,
‘hexaethyleneheptamine, dimethylaminopropylamine, and mixtures thereof.

"Particularly suitable polyalkylene polyamines are those having the formula:

HoN— (RsNH),—H

20  wherein Rs is a straight- or branched-chain alkylene group having 2 to 6 carbon
atoms, preferably 2 to 4 carbon atoms, most preferably about 2 carbon atoms,
i.e., ethylene (—CH2CH, —); and z is an integer from 1-4, preferably 1-2.

Particularly preferred polyalkylene polyamines are ethylenediamine,
diethylenetriamine, triethylenetetraamine, tetraethylenepentamine;
- 25  pentaethylenehexamine, and hexaethyleneheptamine. Particularly preferred is
hexaethyleneheptamine. |
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hexaet hyl eneheptam ne. 7 Many of the polyam nes suitable for use in the
present invention are commercially avail able and others may be prepared by
nmet hods that are well known in the art. For exanple, methods for preparing
amnes and their reactions are detailed in Sidgew ck's "The O ganic

Cheni st ry oMaiyt ofoherpolydmiceaseaitalsle f6F essin el gredentlif@ditioncareer ' s

"Chem stry of Organic Cogpounds", Saunders, Philadel phia, 2nd Ed., 1957,
and Kirk- O RREYW C‘@M@V@f 8dind Qthersanayibereparashiay Bwhquzﬁhét gre well
especially . 5 T, ﬁ&ﬁl i 0, f esent

I nvention cgﬁb\ggﬁ%ﬁ%?ﬁéﬁgﬁﬁ@g%gt F%gt; fgrﬁgﬁzﬂ@%ﬁuﬁ atrqu@eﬂf nonoval ent
al i phati c ac¢attionsraze detdiledaniSidgesviols e Crfafic. GhemistiyydNitrbgaehol yam ne)

in such gondjtions (j.e., .ratiqg and nature) that the resulfing reaction
conpound” sh GBHOBHF9§%I%SEJ’ﬂrggg'ewf’@?rusl'?téh%{ﬂ@it% é)rgéﬁi?&g‘ﬂl'ﬂgoﬂf' $he
resent inv | ' a9 12311 QR he
p Salih@érd, PHRBALBARDYII BY. 24951 i (Km@%ﬁhfﬁ%r§ EnfRiGpedih of

nonoval ent al i phatic aci d, to 2 noles (preferab nol es)
of urea, an@hemicaldachmolagyl,firef ed.abbpecialypyYotum® 25ppo?®d)60f 15
pol yal kyl enepol yam ne. The reaction can be perfornmed generally at 100-250C,
preferably at 150-200C, generally for 1-30 hours, preferably for 2-6 hours.
Si nce t he rébeadditivesompmmdkofthe ippesers anténiion dan be obtahiet by seddiiaty t he

f the reaction can

pr oduced ter .i.s renoved. continuously, The pr.ogress

be checkedmﬁ'ﬁsﬂ%ﬁgmﬂ%lj'g&h%r Flosavalean Aliefiatigaer ). usen. the aRIBeCOMRAYTShed
reacti o pr@au ARy : : ; i [ boric
aci d corrpoucri:g '?glyi € Igﬁ?%%@fﬁiﬂdsa d?%@g&gso I%’urﬁgs%g@ﬁ tﬁgta@'?i on can
be carri ed f&gultipg reddiiorycompourd shows anik-saluble prepetty oFhe pdditivet a sol i d
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of the monovalent aliphatic acid, 0.01 to 2 moles (preferably 0.03 to 0.5 moles)
of urea, and 0.1 to 1 mole (preferably 0.125 to 0.5 moles) of
15 polyalkylenepolyamine. The reaction can be performed generally at 100-250°C,
preferably at 150-200°C, generally for 1-30 hours, preferably for 2-6 hours.
Since the reaction is a cohdensation reaction, it is preferred that the produced

- water is removed continuously. The progress of the reaction can be checked
by measuring the production of water.

20  The above-mentioned reaction product can be preferably borated by the
reaction using a boric acid compound to yield the borated additive compound
(B). The reaction can be carried out by adding to the above-mentioned reaction
product a solid boric acid compound in such amount that the amount of boron
in the boric acid compound is 0.001 to 0.25 weight part based one weight part

25  of nitrogen in the above-mentioned reaction product, and heating the mixture to

-100-160°C at an atmospheric pressure or a reduced pressUre (reduced to 6.7

kPa) for 5-12 hours. The reaction is preferably continued until the solid boric

acid compound diminishes in the reaction mixture.




25 of nitrogen in the above-nentioned reaction product, and heating the

m xture to 100-160C at an atnospheric pressure or a reduced pressure
(reduced to 6.7 kPa) for 5-12 hours. The reaction is preferably continued
until the solid boric acid conpound dimnishes in the reaction m xture. -8
Lubricating G| Conposition The present invention also relates to a

lubricating oil conposition Coff;ttr?)iri%i 'Ir@orﬂ géifié)?@ conmpound of the
present invention. Such a Iubrl—ml—rn%q'——cwﬂ'pw—tl on will conprise a

maj or anount of base oil of lubricating viscosity 5 and a m nor anount of
the additiv ' 1.0p . B) . cri bed
above. Baseqmg%ggérﬁyrhg?lgé?@gg%’fqo%gjbbggghééggggg{ggk'oﬁrm&%@ﬁﬁ' of base
stocks whi ¢he hdditivé comipoant of ding present ifvention. Sueld deistidating diil ngl e

manuf acturer _to tﬂ.e same specifications (independent of feed source or
manuf act ur e QMPGSHENAH] Compriss 2 Ak amewRt & hiRGe il alldelicatiag Wscosity

specificati 'éﬂﬂﬁ S o Wi ' l. r ct
i denti f?%at ?gﬁ nu dr:éf?ﬁ%drr?tt%?%‘b gg@gggﬁgﬁgn#%}‘qﬁg pp%aérmf"g%etnﬁfﬁgﬂusi ng a
vari ety of dhdlfceBas dassdbedaboivec! uding but not linmted to distillation,
sol vent refining, hydrogen processing, oligonerization, esterification,
~and rerefining. Rerefined stock shall be substantially free from 15

mat eri al s | Basedil@sdisedriwrgin iswiefihadtas d bgse strkambaid 6hbasy stckyi ous use.

The base oil of .this i.nvention may be any natural or synthetic |ubricating
base il fWQE}‘i'Bﬁ’BQWEa &Pﬂﬂ%ﬂﬁ%l%&fﬁd\@eﬁ byi eingle manpudacidrier jo the 1000

Centi grade \ i 'éQﬁ’c?H fﬁfﬂgd ( t ocar bon
synt hetic o?éirg% S?Esmi nc usd@.,| or %@gﬁgfeeef"c sgﬁr%é %F g‘g@#}ef%&ﬁ 'r'%% iP ﬁ%mﬂ{)'
. pol ynerli0zat thahmefetetheysame martufpotuyer ppedifidationpan@ ARt igiddrtifiedyds ocar bon

synthesi s procedures  usin carb noxi de and hydrogen gases such as in a
,:iy sher-Tr Oglgyﬂu%fcggggg,_ prgguct identification number, or both. Ba%e stgcks may be

‘manufactured using a variety of different processes including but not limited to
distillation, solvent refining, hydrogen processing, oligomerization,
esterification, and rerefining. Rerefined stock shall be substantially free from
15 materials introduced through manufacturing, contamination, or previous use.
The base oll of this invention may be any natural or synthetic lubricating base
oil fraction particularly those having a kinematic viscosity at 100° Centigrade
(C) and about 4 centistokes (cSt) to about 20 ¢St. Hydrocarbon synthetic oils
may include, for example, oils prepared from the polymerization of ethylene,
20  polyalphaolefin or PAO, or from hydrocarbon synthesis procedures using
carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process. A
preferred base oil is one that comprises little, if any, heavy fraction; e.g., little, if
any, lube oil fraction of viscosity about 20 ¢St or higher at about 100 C. Oils
- used as the base oil will be selected or blended depending on the desired end
25 use and the additives in the finished oil to give the desired grade of engine oll,
~e.g. a lubricating oll composition having an SAE Viscosity Grade of OW, OW-
20, OW-30, OW-40, 0W-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-
60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, or
15W-40.




preferred base oil is one that conprises little, if any, heavy fraction;
~e.g., little, if any, lube oil fraction of viscosity about 20 cSt or

hi gher at about 100 C. O ls wused as the base oil will be selected or

bl ended dependi ng on the desired end 25 use and the additives in the

fini shed oi [Theoe grevro Specifie soneitions ade rREpestdbte Bhbe oilepvided MB tHeat i ng
oi | corrposi%’i on havi nlg an SAE Viscosity Gade of O OWN 20, OWN30, OWA40,
ow 50, ow 60358 1S§¢iBstedsgradhe basectodesmeraliv employedvipr penariog 10w 30,

| OV 40, 10 ioak ; e [ i [ e np specific

conditi onswvﬁ ﬁa?fég\gg(%té thc%) F#@g\{)igg b%lsfe,&ﬁﬁ%’ggﬁéjﬁ’%%gﬁrﬁgaﬁggge oil is

sel ected fr Whrichtingels syntivitie Igbrietag ollseaymhiaieds tiesresf, enatabhgbasa!bl i cati ng
' be derjved fromnatural |ubricating

i | it . .Th |
8: | S?og%ts Lﬁ%’sqsl%siee 3?%06 O“?}ﬁlfs%%é?y ﬁpmqyizaﬁom REPWBhetiGwaxandsipelswasi | 5
i ncl udes bagg wal PEERCRSR J S8R bifhic0d ggfhé/gl}‘(gergﬁﬁihg (g}’ﬁﬁenﬁ‘tﬂgns' ack

S C Yy Yy

wax, as well as hydrocrackate base sto pro cracki ng
(rat her t hagolve exdiactiag) thecarongtictanel polanediponatspditiae caatgm udtabke of t he

de. Suit . ils incl th in.all Ap| ies |, IL, I,
PV and v asDaes pIRBeReR hist Bal ABLcABHOnsss .l Y 2h M o deoe iRl |
Decenber 1996b|io§abur1@09,smmvediiﬁoAOA?«H%dﬂrﬁ;f%ééé/TbﬁPiQ@é SALrdEtRels !

ble 1. oup are

and |11 _base oils are listed in Ta base oil's
pol yal gRaol @4 Wscesitxapdices ferpGroupek § and Bl basd oitkearaliisted eTableak Groups not

[ | uded | o, I (| IV R il f d.
TABLE 1 saty oisois e dhadpais ADT s s D3 ol iotede allotiay and v
Base St ocksbassagilsrmit drecldisd heGRSUP 90 1IDYorABT O APBASY ol 9 4R plRdiPdd. G oup

TABLE 1

Saturates, Sulfur and Viscosity Index of Group L 1l, i, IV and V Base Stocks

Saturates (As determi
D2007) ( ermined by ASTM Viscosity Index

Sulfur (As determi (As determined by ASTM D4294,
D2270§ ‘ ermined by ASTM ASTM D4297 or ASTM D3120)

Group

I Less than 90 % saturates andfor | Greater than or equal to 80 and
Greater than to 0.03 % sulfur less than 120

Greater than or equal to 90 %

I saturates and less than or equal to Greater than or equal to 80 and
0.03 % sulfur less than 120

Greater than or equal to 90 %

il saturates and less than or equal to | Greater than or equal to 120
0.03% sulfur

v All Polyalphaolefins (PAOs)

vV All others not included in Groups 1, 11, [if, or IV
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Sul fur (As determ ned by ASTM (As determ ned by ASTM D4294, D2270) ASTM

. D4297 or ASTM D3120) Less than 90 % saturates and/or G eater than or equal
to 80 and Geater than to 0.03 % sulfur | ess than 120 G eater than or
equal to 90 % G eater than or equal to 80 and Il saturates and | ess than
or equal to less than 120 0.03 % sul fur Greater than or equal to 90 %111 .

S0l Tur Ty At BeiicRing onf Rl inh R ol RBeSlanit ot G ePessod oups

I, 11, 111, ofs, ¢éétor difss avd lﬂr@b:lj pekrofinh Bs, Shineramilsi Qﬁcﬂ 'éﬂ@d@ﬂi/é@froﬁi I's,
vegetable oils rapeseed oils, castor oils and lard oi l), petrol eum

oils, m ner&Pab‘é %hal%nd oils derived from coal or shale. Synthetic oils
may i nclude hydrocarbon oils and hal o-substituted hydrocarbon 5 oils such

as polynerized and inter-polynerized ol efins, alkylbenzenes, polyphenyls,
al kyl at ed dPYRthefic alisimaay inciidehydreeardiop ludisyandshalbistbstitused hmrbcasbont hei r

derivati es, es t,her eof th i ke. nt hetic

| ubri cat%jng ol Pgaggg?%hﬁﬁ%%%qg@’ O'%mPHE%Bﬁ{iﬁér gﬁydbﬁf’é? 'YIEer s,
copol yner s palyphdaylsvalkitetsi dippesicthérer Q!k?la‘té’t?diﬁhbﬁyr@llf'dl%d W 5§ oups
have been 1 éiﬁfled by esterification, herification, etc. Another
suitabl e cl riv M%eilnaiogueﬁoancta@mﬁ@g@ielsghemramﬁmetIH@ Synthadicof

o e al so i oncatity the dsd iNALLE shfine, 3438 BB ersolfarboliFad ittty ' ©
pol yol s andambtguvatesehereol Whedeikthe rerasinAltyRIréRyf gfoups have been
10 modified by esterification, etherification, etc. Ahothei‘ suitable class of synthetic
lubricating oils comprises the esters of dicarboxylic acids with a variety of
alcohols. Esters useful as synthetic oils also include those made from Cs to Cq
monocarboxylic acids and polyols and polyol ethers. Tri-alkyl phosphate ester
oils such as those exemplified by tri-n-buty! phosphate and tri-iso-butyl
15  phosphate are also suitable for use as base oils.

Silicon-based oils (such as the polyaikyl-, polyaryl-, polyalkoxy-, or polyaryloxy-

siloxane oils and silicate oils) comprise another useful class of synthetic

lubricating oils. Other synthetic lubricating oils include liquid esters of

phosphorus-cbntaining acids, polymeric tetrahydrofurans, polyalphaolefins, and -
20  the like.

The base oil may be derived from unrefined, refined, rerefined oils, or mixtures
thereof. Unrefined oils are obtained directly from a natural source or synthetic
source (e.g., coal, shale, or tar sand bitumen) without further p'uriﬁcation or
treatment. Examples of unrefined oils include a shale oil obtained directly from
25 a retorting operation, a petroleum oil obtained directly from distillation, or an
ester oil obtained directly from an esterification process, each of which may
then be 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 technigues include

-11-




oils such as those exenplified by tri-n-butyl phosphate and tri-iso-butyl
- 15 phosphate are al so suitable for use as base oils. Silicon-based oils

(such as the polyal kyl -, polyaryl-, polyal koxy-, or polyaryl oxy- sil oxane
oils and silicate oils) conprise another useful class of synthetic

l'ubri cati ng d@ifilftioR ﬁﬁdm%zﬁtfkh'gf F"gd'ld#éral“ﬁg{ ?%@Qh@f Sd,%ttéq%g%al p };er s of

phosphor us- cont ai ni hg” aci meric ur ans eflns
and 20 the baseeextrm:QObaﬁlé‘ahoh ar@p@eo%onyamof whivhusreddnongdto thesé ned,

rerefined oi xtu refl ed oi|s are obtained dlrectly
from a nat uréa@'ego Ul’tﬁn% %ﬁ@%éf?@ r?cﬁ%&%’é'e@ Yotreatinghisedsoily ia progesses sand

bi tumen) wi tdi@ilr ﬂb&hb@érusﬁldrtb bbb tt%]ré?fnedtcglﬁaﬁ'ﬁggé rerBHASR LS afd aidpr ef | ned
oils include a shale oil obtained directly from a retortlng operatlon a

pet rol eufh oikNOWH: 2 Festaitadeet leprdqessed ols ahbatfieprarecadditionatly peocesiskd
obt ai ned dir, L.cati o roce each of which t hen
be used wit tﬁﬁbk%{mhpger t F@i@%\iﬂi Sp%ﬁdﬁg@e&qr@s Gjf Br Pﬂ?‘f”ﬁrpr?‘g”(ftﬁe
unrefined oils except that refined oils have been treated in one or nore
~purificatio e to d e.or roperties. Sujtable

Bur ificati O:]Ba[%é (ﬁls et %qﬁ @ygﬂscapgrﬁqeﬁogw vex mayrales hewisgd, either
hydrotreati l&ﬂm@@ﬂ@ﬁdﬁ%méﬁéﬂ W‘th tﬁéta Vﬁ@é%ﬁrhat@i%tl Anffor s?ﬁﬁt%tlﬁ)bta%gifnl' on, .

filtration, and percol ation, are known t f[ed in
the art. Rerefl ned oils are obta| ned by treating used oils in processes

si i Iar to SeneaiadricPabbiPbrbifoddhly HerhairbRonkisaioh S RLLRSCOT | S are.

al so 5 known as recl ained or processed ol | en are onaIIy
‘processtY  pynthetinwaxesor frmxtmremthmdeofcﬁves Reimidreiddidrizationbdtadyst. br eakdown
products. Base oil derived fromthe hydroisonerization of wax may al so be
used, either alone or in conmbination with the aforesaid natural and/or
synt heti ¢ bﬁ@pmferred ﬁmube\mmajcsmmmt@f biakeioll inties itridating bhef the
hydr oi sonerj zat i P atAJ
presen lnventlo major amount of base oil as defined herein comprises 40
wt % or more. Preferred amounts of base oil comprise 40 to 99.9 wt %,
preferably greater than 50 to 97 wt %, more preferably 60 to 87 wt % of the
15 lubricating oil composition. (When weight percent is used herein, it is based on
the total weight percent of the lubricating oil composition unless otherwise

specified.)

The additive composition of the present invention in the lubricating oil
composition will be in a minor amount compared to the base oil of lubricating

20  viscosity. Generally, it will be in an amount from 0.1 to 10 wt %, preferably from
0.3 to 5 wt % and more preferably from 0.3 to 2.0 wt % based on the total
weight of the lubricating oil composition. |

The lubricating oil composition of the present invention can further contain

various lubricating oil additives available in the art. Examples of the optionally
25 incorporable additives include viscosity index improvers, ashless dispersants,

metal-containing detergents, anti-wear agents, friction modifiers, oxidation

inhibitors, corrosion inhibitors, seal swelling agents, dyes, and pour point

12~




10 synthetic waxes or m xtures thereof over a hydroi sonerization catal yst.
It is preferred to use a maj or anount of base oil in the lubricating oil of
the present invention. A nmajor anmount of base oil as defined herein
conprises 40 w %or nore. Preferred amounts of base oil conprise 40 to

99.9 wt % depeéssamid. \Pgtieaany ptéi@neagddﬁiv%ﬁsgtﬁh%ynw&ogéﬁfpﬁw@h% 60 to 97
wt % of thevéhS | ubricating oil conposition. (Wen weight percent is used
herein, it VEVSRISINQYMN a% AR anirwean@geyM: percent of the |ubricating oil
conposition unless otherwi se specified.) The additive conposition of the
present i nvg{ltion in the lubricating oil conposition will be in a mnor
anount conpdr BMPer phidembavegnentioned pptieraliyrigeorporable additives acewellal |y, it

will be in afr - %. preferably from0.3 to 5 w % and
nore prefer gﬁf)@'ﬁ??%%u%_oggpgh %dhﬂ'\)\%‘g(%\p%éjéﬁﬁ%# Eﬁgwt otal weight of the

| ubricating oil conposition. The lubricating oil conposition of the present
I nventi CRf t tain various lubricating oil additives avail able
in the ?t'. Jo'éft lﬂ%e d u ptionally 25 incorporable additives include
"viscosity index inprovers, ashless dispersants, netal-containing
detergents, | 3 agents., frjction nodifiers, oxjdation inhibitors,
corrosion i ﬁ%ﬁ%}p{#@{thggﬁcog%mdq)fdn%@mré,mq%% nogyiFRRIBRNIYPANVISCOSHY
depr essant sindeRiinpfsVeRs SUcPES bBpbRFEY BT aKSLS Md iRty holBkeligaehdips Phi t e

which is known as an anti-wear a ent. A nunber of ove-nentl o
opt i onal | y .PhREFe etesInonanaens; wugtm@wdfbgenmedwmdm andddispersantiype

i scosi by | USSR EEBIRY e oS o isherS afVena Bane actdRgE e ndex.
| nproveli0s  sestorsaand ARGEARIOAtAHINGINbAS MRS LMeF Nbhdisdréafttypeorand one

' dispersant type viscosity index improvers such as copolymers of ethylene and
a-olefins (e.g., propylene, 1-butene, and 1-pentene) and their hydrogenated

~products, and polyacrylic acid esters are also useful in the present invention.

The lubricating oil composition of the present invention generally contains a
15 viscosity index improver in an amount of 1 to 20 wt. %, preferably 1 to 8 wt. %.

Ashless Dispersant

Alkenyl- or alkyl-succinimide or its derivative is the preferred ashless
dispersant. The alkenyl- or alkyl-group can be derived from polyolefin. The -
nitrogen-atom containing compound is preferably contained in the lubricating

20  oil composition in an amount of 0.01 to 0.3 wt. % in terms of the nitrogen
content. A representative succinimide can be prepared by the reaction between
succinic anhydride having a high molecular weight alkenyl or alky) substituent
group with polyalkylenepolyamine containing 4 to 10 nitrogen atoms (average,
preferably 5 to 7 nitrogen atoms) in one molecule. The high molecular weight

25  alkenyl or alkyl substituent group is preferably derived from polyolefin having a

- number average molecular weight of approx. 900 to 5,000. A particularly

preferred polyolefin is polybutene.
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or nore other nononmers and their hydrogenated products and di spersant type
~viscosity index inprovers such as copol yners of various nethacrylic acid 10
esters and nitrogen-containing nononers. O her non-di spersant type or

di spersant type viscosity index inprovers such as copol yners of ethylene

d a-ol efi , ic .
and a- ol ef M frecess fdpraYA iy Qg?%@&ﬁy}sééﬁmé dﬁﬁ?&ﬁ&'@by"l‘ﬁgré%ﬁfgf’l in the

hydr ogenat ed products, and acid esters"are alfso us
present i nv&etween polybutengmmictenaleig aohydriderisamrterally pérfarredbeaent

1 o 20wt ERERalign FRINGH Tipdng eplorngs Wi hBUERelieb b danioasaimin: or
al kyl - succi giviigle high rdeetiosialdtit Mas HRat08nREEbES f@ﬁulési]ﬂtﬁﬁﬁglt_ rI{eEP'géloer sant.
e

The al kenyl - or al kyl-group can be derived ffom pol yol etin.
ni t r oger? at BMAAEH{TRT Nsknces Apemd 2.0Ghppme ohbhlprioe memairsdnithe finally

| ubricating 0l Lt | t.of 0.01 tp 0.3 w. %.in terns
of the nit rgéglr']ﬁédc%ﬁ%ﬁﬁ aébfdgjﬁjrcgs@%oiﬁagg astﬁggﬁﬂlio " O%ch@ésﬁ#@ﬂ&ged by
the reacti onolhloripergivesia final aztiby prodiect havingteardmhdl I6W IchRHINA! coMeépht

al kenyl or al k¥|l %st I tuent roup with polyal kyl enepol yam ne containing 4
to 10 nitrog%’r? AT PPARYIesR). It ip kapwndbatamireprovedithermeal meactions) in one

- nol le. T, ' l.at; i . ' t
TS pref or apf poger erHong Ao Bdene hausiRte Eontilstie alEAstabNBRell ar
wei ght 6% ap@eoof. metyivinylien® Gtruétupay iniptadedf the dorvBAGORS JoNbREREI N is
pol ybutene., -13 The process for preparing the pol ybutenyl succi nic anhydri de
by the reactPBRINBSMRIBY yelefipatalciurahaivesiahigh seagtion vield. Thedmpraved,
f d 2 ' tilizi | orjne. Wile thi ti
- PS advant aghormafieaelbd Blats TR M ph s Rl Betbl R a bl it olgeous

feature in thegolybutemgmcheavasuard HeaesuiphaigRrs@mttchtaing 19 effeBMe of

chl ori ne remi ns(in t.he fipall

product succmlmnf:le) ina Kigh concentration. Accordingly, it is preferred that
15 the polybutenylsuccinic anhydride is produced from the highly reactive

polybutene converted by a thermal process and the resulting
Ppolybutenylsuccinic anhydride is converted into succinimide by the reaction
with polyalkylenepolyamine containing 4 to 10 nitrogen atoms (average per one
molecule). The resulting succinimide can be further converted to a modified

| 20  succinimide by a further reaction with boric acid, alcohol, aldehyde, ketone,
alkylphenol, cyclic carbonate, organic acids, or inorganic acids such as
phosphoric acid. From the thermal stability and oxidation stability, particularly
preferred is a boron-containing alkenyl- or alkyl-succinimide which. is produced
by the reaction with boric acid or a boron-containing compound.

25  Other ashless additives such as alkenylbenzylamine compounds and
alkenylsuccinic acid esters can be employed independently or in combination

with the above-mentioned afkenyl- or alkyl-succinimide or its derivative.

Metal-Containing Detergent

Generally, a metal-containing detergent, i.e., métal atom-containing detergent,
30 haying a total base number of 10 to 500 mg*KOH/g is employed in an amount
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obt ai ned succinimde product. In contrast, a thermal reaction process

~utilizing no chlorine gives a final reaction product having extrenely | ow
chlorine content (such as 40 ppmor less). It is known that an inproved

thermal reaction process enploying a highly reactive pol ybutene (containing

al | east apmf®:01 olD 05056 EXBRBILS f B il HIE i i brddhiOlrRiRieC! ( he
conventional pol ybutene (contalining mainly p-olefi’n striicture) gives a
hi gh react i @kajingegrthimetal spits vé petroleurmsiifanémacids nalfylbeasenésulfbnict her

advant ageou C | natio of the.pol yhutene increases and the
resul ting di%ggl%f‘ ggﬁ{% 1%\%@%@%‘?%&"@“"&9@%@ nﬁ”ﬁ%‘{%@)ﬁé&ﬁ&@ﬂ%ﬁd in a

hi gh concenttialine earthanetalisas prefetablsar Iﬁp%ra'ltg%r Sall THefmetal-

pol ybut epyl succini ¢ anhydride is produced fromthe highly reactive

pol ybut ene Eeﬂkﬁmgﬂgd%fggn&sm empdﬁ.‘s@sisﬁmmtqu@comnati_mgOther;rvri]se, g
pol ybut eny i e uccini m de e reaction
wi th polyal Eg?g%tgp%llyamxnéélc Htéaf:%ﬁ%\gé eg{%ﬁlgy!ig Sﬁ@ BB%CQJF@HEB%%verage per
one nolecule). The resulting succinimde can be further converted to a

nodi fi ed 20ASHGGLAL R A r.geaction with boric acid, alcohol,

al dehyde, kAﬁH%{?Q} f QHd 1 tl,'g i Lcar bonat e, organi c acids, or

I norgani ¢ aci ds such as phosphoric acid. Fromthe thermal stability and
oxi dation s L] | arl y referred.is bor on- cqont ai ni ng al kenyl -
or al kyl - sulggslbél'lielrféﬁé%d Qﬁ%fttcthgﬂbrg@ﬁ{}%@g&onwsﬂw@ Q‘ﬂa‘é_tﬂr BFeiRYENION ¢ acid or
a_bor on- corfusthei centesediphenyI HydfSqaT piRsdphie iaes sbhiasHf AnfiSvear

al kenyl genz_ | am ne conpounds’ and__al kenyl'succinic acid esters can be

enpl oydd i Rad s frictiop medifemninestatinfriction coefficietioetentiontaf tieed al keny!| -

rer e e dor byt ve » Hot
Cenoral 1y GEACHHR ! SimbbSAR GL R et pVertion & thar BerayRt by inng
det er gent , in@fipbeationgfadipémfl hyasReATRBbhAé. The AN ARitEGES 1 s enpl oyed

in an am)un'th -%.4 . . . P
pnosphite is generally contained in the lubricating oil composition of the
present invention in an amount of 0.01 to 2 wt. %, preferably 0.05 to 0.5 wt. %.

15 Other phosphoric acid esters, phosphoric acid amine saits, phosphorous acid
esters, and phosphorous acid amine salts can be incorporated into the
tubricating oil composition of the present invention independently or in addition
to diphenyl hydrogen phosphite. Examples of these compounds include
aromatic tertiary phosphites such as triphenyl phosphite and tris(nonylphenyt)

20 phosphite; aliphatic tertiary phosphites such as triethyl phosphite, trioctyl
phosphite, tridecy! phosphite, trilauryl phosphite, tris(tridecyl) phosphite,
tristearyl phosphite, and trioleyl phosphite; aliphatic secondary phosphites such
as dibuty! hydrogen phosphite, dioctyl hydrogen phosphite, didecyl hydrogen
phosphite, dilauryl hydrogen phosphite, and dioleyl hydrogen phosphite;

25  aromatic or aliphatic phosphoric triesters such as triphenyl phosphate, tricresyl
phosphate, tributyl phosphate, trioctyl phosphate, trilauryl phosphate, tristearyl
phosphate, and trioleyl phosphate; and aliphatic acidic phosphoric acid esters
such as methyl acid phosphate, ethyl acid phosphate, butyl acid phosphate,
octyl acid phosphate, decyl acid phosphate, dodecyl acid phosphate, tridecyl

30 acid phosphate, stearyl acid phosphate, and oleyl acid phosphate. Examples of

-15-




of 0.01 to 2.0 wt. % Exanples of the netal -containing detergents include
al kaline earth netal salts of petrol eum sul fonic acids,

al kyl benzenesul fonic acids, and al kyl oxybenzenesul fonic acids or their
over - based products. The alkaline earth netal salts preferably are My

salts or Catheldnsine Bats MRAdlo At drah b ARIHAE Hrfins WniifouniI G 81 nd! Y

or in conbination. Qtherw se, phenate sulfide or SaPI cyl ate can be

enpl oyed si 181§ cabamatemsosunix asvactylamine, deetamipenlawayidnine atdpoylaivins, f i er

It is prefer - Lh A | ng . oj |, conposition of the present

i nventi on fctr(}regﬂ{é%g‘ﬁf galﬂir?gpé" éﬁ)irﬁ%f%m%lagﬁn%hosphi te which serves as an

~anti-wear 10 agent and a friction nodifier. The static friction

coefficient i of; Jubricating oil .conpositiogn of the present

Tovent  on' 1 4 TR Azl bphosdia eBichs SR Ladd SO GR ABgen

phosphi t&. Ent-wibartyant, 41y exiaessn Irﬂﬁlﬂﬁi?f‘éﬁ&ah%xﬂ%ﬂ?é—ﬁPé@éuFé’B @hi4n bB t he

| ubricating,oil conposition of the Q‘is)resent_ I nventioh 1n an anount of 0.01

to 2 w. % Msospealgsd ptetheslubscating ol composiiondidne prasspitinvientiani d est er s,

phosphoric acid am ne salts, phosphorous acid esters, and phosphorous acid

am ne salts can be incorporated into the Ilubricating oil conposition of

t he present Oxidatienilphibitatiependent |y or in addition to di phenyl hydrogen

phosphi te. Exanples of these conpounds include. aromatic tertiary

phosphites such as triphenyl phosphite and tris(nonyl phenyl) 20 phosphite;

al i phati c t Bis peafgrred deattthe dubrivating @il dompddiion phihegiretent investiin|

. phosphite, h,decyl . phosphite,. trilauryl phosphite, tris(tridecyl)

Dhospi te, MEREBERAN 3R Siidition MniBESR Suck sy B Ndsups pnenokeaTpRRHAG @

secondafty p&iﬁg@&ﬂh irRScéiHpBundSord RidivHdeRy ht | rogen

phosphite, didecyl hydrggen phosphite, ﬁfﬁ%ﬁpgﬁnﬁ%?gﬁogﬂgg‘h {e}ygand

di ol eyl hydwWbdehagad opHheamamtafdhalubricating il woatpasitidiosphoric triesters

such as triphenyl phosphate, tricresyl phosphate, tributyl phosphate,

trioctyl phosphate, trilauryl phosphate, tristearyl
Examples of the hindered phenol compounds include 2,6-di-t-butyl-p-cresol,

4,4'-methylenebis(2,6-di-t-butylphenol), 4,4'-methylenebis(6-t-butyl-o-cresol),
4,4'-isopropylidenebis(2,6-di-t-butylphenol), 4,4"-bis(2,6-di-t-butylphenol), 2,2"-

15 methylenebis(4-methyi-6-t-butylphenol), 4,4'-thiobis(2-methyl-6-t-butylphenol),
2,2-thiodiethylenebis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], ocfyl 3-(3,5-
di-t-butyl-4-hydroxyphenyl)propionate, octadecyl 3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate and octyl 3-(5-t-butyl-4-hydroxy-3-
methylphenyl)propionate.,

20 Examples of the diarylamine compounds include an alkyldiphenylamine
containing a mixture of alkyl groups having 4 to 9 carbon atoms, p,p-
dioctyldiphenylamine, phenyl-a-naphthylamine, phenyl-$-naphthylamine,
alkylated a-naphthylamine, and alkylated phenyi-a-naphthylamine. Each of the
hindered phenol compounds and diarylamine compounds can be used singly

25 orin combination. Other oil soluble oxidation inhibitors can be employed in
combination.
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phosphate, and triol eyl phosphate; and aliphatic acidic phosphoric acid
esters such as nethyl acid phosphate, ethyl acid phosphate, butyl acid
phosphate, octyl acid phosphate, decyl acid phosphate, dodecyl acid

phosphate, tridecyl 30 acid phosphate, stearyl acid phosphate, and ol eyl

aci d phosphafre ofidation hitfor caﬁ%et@ﬂq(ﬂmd&mﬁjcbﬁtdirﬂﬁ%ggﬁld 'H%%hieﬁ ﬁ)é anched

aliphatic am nﬁ conpounds having 8 to 18 carbon ato such as octyl am ne,
decyl ani ne, TYHFYNelianal additive, Thermalybderyresantaining sompalundis piréfesatilye, and

ol eyl am ne. ' | e 1i.al: . hi.ophosphat e ' IS known
additive serc\'(/)ihﬁlég’ﬁidé Frgfr?:we Iébgﬁtl 9\?%¥é'ﬂgéﬁt'(?ﬁé{hg'gﬁwt\é\’,ﬂbﬁﬁﬂi1b9‘?%PP"‘a’Hd an
ext r ene- pr edeumsobthermolybdenire conterstt por at ed into the |ubricating oil
conposition of the present invention. Oxidation Inhibitor It is preferred
that the lubricating oil conmposition of the present invention further

cont ai ns5 an Eoeingiaes ohthienhblybtienumLsohtaminy SorgenRss @r’é%@ll}rbt%ﬂ?ﬁ#”d’ a 10
0}

di aryl am ne CO{rpQund, .or a nol ybdenum conpound i n an anoun 0.01 to 5
Wt . % based“BREATHRY 4Rislenamide phaming epawonds.cSulfuremeptainingon. Exanpl es of
the hi nder egdyhs LC ,B-di -t -butyl -p-cresal,

e, e e BRBNBYeAATRAN S RELNE o Bifbod i it i

4, 4" - net hy| tenaperaf@etdabergehep and exitlation inhibition, and hence is favorably

4, 4" -i sopropyl i de i ,6-di -t-butyl phenol),

4 4 -bis(2, %ﬁﬁ&'oyte?igS@%éqeqwmqu@'epuniglth:ocarbamate and sulfated

Zezhylt ﬁ:mgg: i?%?%*urg({'m%%%gﬁ" improve oxidation inhibition, wear

2, 2- t hi odi dbhipitiave Bnd[radydtich ofi frittidri tyéfi¢icny, k@i ie) faveritppat €], octyl
3-(3,5- di -4 ﬁ@’ %4 hydr oxyphenyl ) pr opi onat e, oct adecyl

3-(3,5-di 9B & =4- hydr oxyphenyl ) propi onate and octyl

3-(5-t-butyl -4-hydroxy-3- nethyl phenyl) propi onate. 20 Exanpl es of the

di aryl am n onpounds i nclude an al kyl di phenyl am ne containing a m xture
of alkyl g s having 4 to 9 carbon atons, p,p'-

| When the lubricating oil composition of the present invention is employed as an
15 ATF, the oil composition is preferably colored by a dye such as red dye.

Corrosion Inhibitor

The corrosion inhibitor preferably is a copper corrosion inhibitor. The copper
corrosion inhibitor can be a thiazole compound, a triazole compound or a
thiadiazole compound. Examples of these compounds include benzotriazole,

- 20 tolyltriazole, octyltriazole, decyltriazole, dodecyltriazole, 2-
mercaptobenzothiazole, 2,5-dimercapto-1,3,4-thiadiazole, 2-mercapto-4-
hydrocarbyldithio-1,3,4-thiadiazole, and 2,5-bis(hydrocarbyldithio)-1,3,4-
thiadiazole.

Other employable corrosion inhibitors include alkenylsuccinic acid and its

25  anhydride. Examples of these compounds include tetrapropenylsuccinic acid
tetrapropenylsuccinic anhydride, tetradocenylsuccinic acid,
tetradocenylsuccinic anhydride, octadecenylsuccinic acid, and

octadecenylsuccinic anhydride. Otherwise, an alkenylsuccinic acid having an
' -17- -



di octyl di phenyl am ne, phenyl - a- napht hyl am ne, phenyl - (3-napht hyl am ne,

al kyl at ed a- napht hyl am ne, and al kyl at ed phenyl - a- napht hyl am ne. Each of
the hindered phenol conpounds and di aryl am ne conmpounds can be used singly
25 or in conbination. O her oil soluble oxidation inhibitors can be

enpl oyed i n aliemybyralp 68 toMcEFb’brPé‘tbﬁ%t Al d ﬁﬁﬂf Bi tb?bfﬂﬁé‘a'k%nglguccinic

nol ybdenum COH ai ni ng conmpound whi Is a nulti- unct I ona tive. The

ol ybdenum &5 @%?H@'%éum aﬁ@%&é}f@' adh e aoplogedes donraskon ihhibitorat i ng
oi | conposition in an anpunt of 30 to 1,000 ppmin terns of the nolybdenum
content. 5 Exa | es of the nol ybdenum cont ai ni ng conmpounds are nol ybdenum
cont ai ni ng |'Frﬁ€@m°an$falé|mjﬁe gampouadnpo asikc plsos fhoriccwid esmr,rm
oxynol ybden l ex co nd,.can i e hi t enperature
det er gency g%ﬂg &gcﬁﬁﬁmpﬁoﬂ" %W@Zﬂmﬁomgg ‘goﬁ’%ﬁ o nF"éﬁ/ed
Sul f at eds oxpoid] sabﬂmM@rWdtan@@:éﬁ REhplopad a8Wondisish iRyl ybdenum
di t hi ophosphat e can inprove oxidation inhibition, wear I nhi bition, and
reduction of friction coefficient, and hence are favorably enpl oyed. Dee
When t he Iubbhﬁ?biﬂﬂ@@'résgamposition of the present invention is enployed
as an 15 ATF, the oil conposition is preferably colored by a dye such as
red dye. Corrosion Inhibitor The corrosion inhibitor preferably is a
~ copper corrpBgam |

PldsTtT thb (peiur pdli d%glé&j,ﬁants%&ha?ﬁ@;ghg@gl%bﬁ g ac?dé‘%ﬁ%?s

t hi azol e conpound, a triazole co onp *Exanpl es
of these cob@lpaeniic aeidlastersppolyatniamides, c@ticnshiibh prechadte of patafin warzol e,

decyl tri azolfy ofigHSRYAARbATSAE. 2

10  Seal Swelling Agent

When the lubricating oil composition of the present invention is used as an
ATF, a seal swelling agent which swells elastomer sealing material placed in
the automatic transmission system may be used. Examples of the seal swelling
agents include oil-soluble dialkylesters of dibasic acids such as adipic acid,

15 azelaic acid, sebacic acid, or phthalic acid. Examples of preferred seal swelling

~agents include an adipic acid ester, an azelaic acid ester or a sebacic acid

ester of an alkanol having 8 to 13 carbon atoms, and a phthalic acid ester of an
alkanol having 4 to 13 carbon atoms.

EXAMPLES

20.  The invention will be further illustrated by the following examples, which set
~ forth particularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not intended to limit it. This
application is intended to cover those various changes and substitutions that
may be made by those skilled in the art without departing from the spirit and
25  scope of the appended claims.
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mer capt obenzot hi azol e, 2, 5-di nercapto-1, 3, 4-thi adi azol e, 2-nercapt o- 4-

. hydrocarbyl di thio-1, 3, 4-t hi adi azol e, and 2, 5-bi s(hydrocarbyldithio)-1,3, 4-
t hi adi azol e. O her enpl oyabl e corrosion inhibitors include al kenyl succinic
acid and its 25 anhydri de. Exanples of these conpounds incl ude
tetrapropenyl succinic acid, tetrapropenylsuccinic anhydride,

tetradocenyl succinic acid, ‘tet radoce@;éjﬂ;'igci ni ¢ anhydri de,

oct adecenyl succinic acid, '‘and octad cinic anhydride. Otherw se, an
al kenyl succinic acid haV|ng an -17 al kenyl group of 8 to 24 carbon atons,

and a half ester of tmrépé\bhgﬁﬂ%%ﬁivgléomﬂggﬁd g\qoh@?.l Bbgﬂg&ﬂ such as

pol ygl ycol can be enpl oyed as corrosion In Itor. an anm ne
conpound, an aC| di ¢ phosphoric acid ester, an et hoxyl ated am ne conpound,
an imdazol M@ @Bﬁﬁ@@ﬁﬂﬂ 25K e@ripped withrg stlrre? adhelrmmnetheandderl vatives can

b I d f th

pourpor i _depY ESCH Hetel DeHeEb bR 1 I PieoleRy o Besiadc SORPYAdBe i ¢
d est 0.26Impalesy bhumede Th Hes f d

ar omat | ¢ 22‘ i e‘“”:{ggsw necasding ¥ Bt 1 10076 AT 13K o o1

conposi ti on ‘%@SM raethyloaehepiamine wesdirapwise adsd todhsdwatadwel | i ng

t which i d th t
P ansm ssi onaas Snd b REEm R Y e ratBh indRoRE oW nefedarie e tiar <
i ncl ude oi | theohdditien Wasldommeteelﬂse rdactibh aaixturagh tife AEGOWAS bRy acid, 15
azel ai ¢ aci l%amc a b&’ hthalic acid. Exanples of preferfed seal
swel | i ng g%ﬂ?g ?ﬁ‘é‘f]‘fﬂji = With E\ hgrsy Vg@ﬁPVOM@ZQY thecreastian esused or a
sebaci ci(RCci 4 theToBFse <§>f Fi’éhtﬁdﬁﬁﬁ? reBYed fofh 12 AsbiC RIAD, flepressiiathe®

phthalic acid ester o
inside of the ﬂask was reduced to 6.7 kPa, so as to completely remove the

produced water. Finally obtained reaction product (Additive Compound A1)
was a brown liquid having 4.3 wt, % of nitrogen content.

Example 2

15 Preparation of Additive Compound A2 (Non-Borated)

In a four-necked flask equipped with a stirrer, a thermometer, and a
dehydrating device were placed 738 g (2.5 moles) of isostearic acid and 15 g
(0.25 moles) of urea. The resulting mixture was heated to 100°C, and 95 g (0.5
moles) of tetraethylenepentamine was dropwise added to the heated mixture

20 -under replacement of the reaction atmosphere with nitrogen gas. After the
addition was complete, the reaction mixture in the flask was gradually heated
to reach 160°C within 3 hours. Water produced by the reaction caused in the
course of heating was removed from the flask. Finally, the pressure of inside of

| the flask was reduced to 6.7 kPa, so as to completely remove the produced

25  water. Finally obtained reaction product (Additive Compound A2) was a brown
liquid having 4.2 wt. % of nitrogen content.
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al kanol having 4 to 13 carbon atons. EXAMPLES 20. The invention will be

further illustrated by the foll ow ng exanples, which set forth
particul arly advant ageous net hod enbodi nents. Wil e the Exanples are
provided to illustrate the present invention, they .are not intended to

limt it. This application is intended to cover those various changes and

substitutions that nmay be nmade by those skilled in the art w thout
departing fromthe spirit and 25 scﬁ@iﬁ%@ue appended cl ai ns. -18 Exanple

1 Preparation of Additive Conpound Al (Non-Borated) |In a four-necked flask

equi pped with a stirrer a thterrmn?tge_rd and a dehydrating device were
placed 1,034 g (3.5 nol E&§PAIRtiongEAddHive GrimpourdiBlBogated] 0. 25 nol es) of

urea. The resulting m xture was heated to 100C, and 137.5 g (0.5 noles) of

hexaet hyl etherf)t am n(g(gﬁ ﬂr opw se added to the heated m xture under
repl acenment " bf "YYENGRREIASH equRPOS kit avgtirterna thavgemejes . antfaer  t he

ddi ti i i ' oyt in,t f.]l ask . d |

heat ed Lo aaparal Bovicp e RceRlr Bl L% Il etemtS Bl b ghus e

10 in tRe ;:&2% ineS)h];D‘atrﬁag'?hmmsuﬁh@/@ﬂgwewga? h@gfégﬁﬁ,ggdﬁbpghawﬁﬁ_g\@
ressure o | e, flask was reduced to 6. a, SO as to

(F:)orrpl etely qpe%fpégg) heﬁﬁsﬁwl?é@hﬁataé?iﬂewmdrqpvdm aflded to thecbheatedpr oduct
Addi ti hhere L Ol ' . % of ni

Content . Bxamml o 5 R repieemBnbontrs reatiihd a0 ket wit isodkSeBobila) 1 »

content. Exanple 2 15 Preparation of trve
a f our - necHBa addition was complbted the reastion nextureint the TR Ry gradigiy

gehydr AT NGheBfYd 8 reMeh®1 dU°BSthin 3chdlirs 2WhatarP ;lnr%s ucgcfi biystl('?eS trga?crtllo(r:'n (?acuisgdand o
10 in the course of heating was removed from the flask. Finally, the pressure of
inside of the flask was reduced to 6.7 kPa, so as to completely remove the
produced water. Then, the pressure of inside of the fiask was returned to
atmospheric pressure. The reaction product was cooled to 100°C, and 9.3 g
| (0.15 moles) of boric acid was added to the cooled product. The reaction
16 mixture in the flask was heated to reach 155°C within 3 hours. The reaction
mixture was continuously heated to the same temperature for one hour.
Subsequentiy, the pressure of inside of the flask was reduced fo 50 mmHg,
and the heating was continued for 2 hours. Finally obtained reaction product
(Additive Compound B) was a brown liquid having 4.2 wt. % of nitrogen content
20 | and 0.2 wt. % of boron content (boron/nitrogen=0.05).

Example 4

The below-mentioned additives and base oil were mixed to give a lubricating oil
composition of the present invention.
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(0.25 noles) of urea. The resulting m xture was heated to 100C, and 95 g
(0.5 noles) of tetraethyl enepentam ne was dropw se added to the heated

m xture 20 under replacenent of the reaction atnosphere with nitrogen gas.
After the addition was conplete, the reaction mxture in the flask was
gradual ly heated to reach 160C within 3 hours. Water produced by the
reaction caused in the course of heating was renoved fromthe flask.
Finally, the pressure of inside of the flask was reduced to 6.7 kPa, so as
to conpletely renove the produced 25 water. Finally obtained reaction
product (Additive Conmpound A2) was a brown |iquid having 4.2 w. % of
nitrogen content. -19 Exanple 3 Preparation of ANHeight/% Conpound B
(Borated) In, a four-necked flask equipped with a stirrer, a thernoneter,
and a dehy&‘%l%’%vi ce were placed 1,034 g (3.5 30l es) of isostearic
acid and 15§% 5 (0.25 noles) of urea. The resulting m xture was heated to
100C, and 1Pprateg sugcinimisliees) of hexaet hyl enehept ami.fie was dropwi se added
to the heated mixture under replacenent of the reaction atnosphere with

ni trogen ga®verbasad calgmadfaniabe was conpl ete, the.0O8eaction mxture in the
flask was gradually heated to reach 160C within 3 hours. Water produced by
the reacti offe@glieearaduct Alt he course of heating wad.§enoved fromthe flask.
Finally, the pressure of inside of the flask was reduced to 6.7 kPa, so as
to conpl et ePleie@aishe t he - produced water. Then, th@2pressure of inside of
the flask was returned to atnospheric pressure. The reaction product was
cool ed to 1Dwclyldiptenylanine (0. 15 nol es) of boric agifl was added to the

cool ed product. The reaction 15 mxture in the flask was heated to reach

~ 155C wi t hi n2,$-DietdnistylpRleaol eact i on  nmi xture was conjpguously heated to the
sanme tenperature for one hour.

Diphenyl hydrogen phosphite 0.15

Tolyltriazole 0.1

Silicone oil (anti-foaming agent) 0.002

Nitrogen-containing polymethacrylate 5.7

Base ol (purified mineral oil) 87.068
Example 5

The procedures of Example 4 were repeated except for replacing Additive

Compound A1 with Additive Compound A2, to give a lubricating oil composition
5 of the present invention.

Example 6

The procedures of Example 4 were repeated except for replacing Additive
Compound A1 with Borated Additive Compound B, to give a lubricating oil
composition of the present invention.
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Subsequently, the pressure of inside of the flask was reduced to 50 mHg,
. and the heating was continued for 2 hours. Finally obtained reaction
product (Additive Conpound B) was. a brown liquid having 4.2 w. % of
nitrogen content 20 and 0.2 wt. % of boron content (boron/nitrogen=0.05).
Exanpl e 4 The bel ownentioned additives and base oil were mxed to give a

| ubricating oil conposition of ihe gr e[seﬂ% i nvegt ion. -20 Wi ght

Succinim de 3.0 Borated succi ni alye d cal cium sul fonate 0.08

Reaction product Al 1.5 deic acid 0.25 D octyldi phenylam ne 0.4

2,6-D -t-butyl 2 Di phenyl hydrogen phosphite 0.15 Tolyltriazole

0.1 Sili cor?é‘eﬁgl}ﬁeé)i‘ﬂgﬁﬁ? Eﬁﬁﬂﬂegg@ﬁﬁ%feﬁeg&ﬂ gwep Bgeiriditivr Grmpeynd A1

pol ymet hacr waatusell ahd ERsiyid thd BHouht BHtHE Mee?dil & & .5%%-&6%&95@9&@' e 5 The
RaRY

procedures of Exanple 4 were repeated except for replacing
Conpound Al l4ricating ail coowosiigpdengomparisongi ve a | ubricating oi |
conposition 5 of the present invention. Exanple 6

5 Comparative Example B

The procedures of Example 4 were repeated except for replacing Additive
Compound A1 with the same amount of an amide compound (imidazoline-
amide mixture produced by the reaction of 3 moles of isostearic acid and 1
mole of tetraethylenepentamine), to give a lubricating oil composition for

10 comparison.

Comparative Example C

The procedures of Example 4 were repeated except for replacing Additive

Compound A1 with the same amount of an imide compound (succinimide

produced by the reaction of 2 moles of isooctadecenylsuccinic anhydride and 1
15 mole of diethyienetriamine), to give a tubricating oif composition for

comparison,

Each of the lubricating oil compositions of Examples 4 to 6 and Comparative
Examples A to C was examined for its shudder inhibition performance retention
and transmissive torque capacity according to the following measuring

20 pfocedures. The results are set forth in Table 2.

(1)  Shudder inhibition performance retention

The shudder inhibition was measured according to Shudder Inhibition
Performance Test Method for Automobiles and Automobile Automatic
Transmission Fluid (defined in JASO M349.2001). In the measurements, an _

-22-




The procedures of Exanple 4 were repeated except for replacing Additive
Compound Al with Borated Additive Conpound B, to give a lubricating oil
conposition of the present invention. -21 Conparative Exanple A The
procedures of Exanple 4 were repeated except no Additive Conmpound Al was

used and cha_wmg_d\lmfeﬁfdwrlffncﬂén ?@S%EE @s’teg[v?aszgérn? eY.’!ta d%q\gt%g)rh

| ubricating oil conposition for c ari son tive

procedur es @ndedei|(8. 94Wafeeieft@'puadadadndﬁcﬂmfoﬂowmmabiamnmtldiﬁdI tive
Compound Al with the sanme anount of an am de conpound (i m dazoline- am de
m xture produced by the reaction of 3 noles of isostearic acid and | nole
of tetraet hyllestpenditonsie), to give a lubricating oil conposition for 10
conpari son. Conparative Exanple C The procedures of Exanple 4 were repeated
except for replacing Additive Conpound Al with the sane amount of an imde

cormpound (succi nFrictien nptedalc EDR0S22. r@KrSﬁléél ;(’FZ‘?BZIBYQ of

i sooct adecenyl succi ni ¢ anhydride and | 15 m) di ethylenetriamne), to
give a lubricating oil conposition for corrparl son. Each of the lubricating
oi | congbsiti onsOifvdfixaePiISEnst to 6 and Conparative Exanples Ato C was
exam ned for its shudder inhibition performance retention and transm ssive
~torque capacity according to the foll ow ng neasuring 20 procedures. The
resul ts are- Bedakiirdgeratiogabl e 2. (1) Shudder inhibition performance
retenti on The shudder inhibition was nmeasured according to Shudder
I nhi bition

Oil temperature: 80°C, Surface pressure: 1 MPa,

Sliding rate: 0.6 m/s, Period: 30 min.

After the break-in operation was complete, the friction character was measured

10 according to the below-stated -V character-measuring conditions.
- u-V Character-measuring conditions
Oil temperature: 40°C, 80°C, 120°C,
Surface pressure: 1 MPa, Sliding rate: 0 to 1.5 m/s

After the first measurement of p-V character was complete, the retention ability

15  was evaluated by measuring p-V character at the lapse of the predetermined
period of time by repeating the same measuring procedure.

- Retention ability conditions
Oil temperature: 120°C, Surface pressure: 1 MPa,

Sliding rate: 0.9 m/s, Sliding period: 30 min.
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Performance Test Method for Autonobil es and Autonobile Automatic

Transm ssion Fluid (defined in JASO M349.2001). In the neasurenents, an -22
~ LVFA (Low Vel ocity Friction Apparatus) tester was enployed, and dp/dV (0. 3)
and dp/dV (0.9) were determ ned under the follow ng test conditions: - Test

condions 1ot rsrekenial MR, Serbatbyil ot o (F2152072) s 0

vol une: 150 nmL - Break-in operation O rature: 80C, Surface pressure:
| MPa, Sliding rate: 0.6 nis, Period: 30 mn. After the break-in operation
was conpl et e médRirEmepid on character was neasured 10 accor di ng to the

bel ow-stated g-V character-neasuring conditions. - p-V Character-nmeasuring
conditions Q| terrperature 40C, 80C, 120C, Surface pressure: | MPa,

compl ote. 1 he reriat DL FvR Sl roasur i no pov

.character at the | apse of the predet ermned period of tinme by repeating

t he sane neasuri Juy nt| abi itions Q| tenperature:
120C, Surface pr@g/s(ﬁ;r @f&fd Y (m sﬂ%ng&g f%/p é 'ﬂg Sliding period: 30
mn. -23 Rest: one mn., Measur errent Every 24 hours Measurenents dp/dV

0. 3): /d s).at sliding rate of 0.3
_( ) d50 gh&%el) life: period of tg ime until one of ddeV (0.3) and dp/dV (0.9) became a
minus value. A shorter period was adopted as the shudder life.

(2) Transmissive torque capacity

Dynamic friction test and static friction test were carried out by means of SAE
No.2 Tester according to Friction Test Method for Automobiles and Automobile
10 Automatic Transmission Fluid (defined in JASO M348.2002).

- Friction material
Friction material: FZ127-24-Y12, Steel plate (FZ132-8Y2)
- Dynamic friction measurement
Inertial moment of inertia disc: 0.343 kgem?
15 Oil temperature: 100°C
Rotation: 3,600 rpm
Surface pressure of friction plate: 785 MPa
Test cycle: 30 sec./cycle, Test number: 5,000 cycles

- Static friction measurement
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dp/dV (0.9): dp/dV (ms) at sliding rate of 0.9 ms 5 Shudder life: period

~of time until one of dp/dV (0.3) and dp/dV (0.9) becane a m nus value. A
shorter period was adopted as the shudder life. (2) Transm ssive torqgue

capacity Dynamc friction test and static friction test were carried out by

means of SAE  Noprgtdifi: @7 grRording to Friction Test Method for Autonobiles
and Autonobile 10 Automatic Transm ssion Fluid (defined in JASO
MB48.2002). - Friction material Friction material: FZ127-24-Y12, Steel

plate (FZ132-8Y2phyj te{{?ép%g}ég fgoret i on neasurenment Inertial nonment of
inertia disc: 0.343 kg- 15 Ol tenperature: 100C Rotation: 3,600 rpm

Surface pressure of friction plate: 785 MPa Test cycle: 30 sec./cycle, Test

nunber: 5, 000 cygh@??g}@stgu?e BH&E&R?"#@%??W& a- 24 Rotation: 0.7 rpmOQ |

tenperature: 100 ce pressure o te: 785 MPa Test period:
3 mn. after initiation of rotation 5 Test cycle: after 1, 5, 10, 20, 50,

100, 200, 500, 1 , , 0] Q00.. an 000 cycles Measurenent Static
friction coeffi c?g%tp%%%a% gﬁ'ﬁ'eaff% ‘i"ﬁﬁﬂ?’i’ 8E[ﬂ§@ I¥hused when the rotation at
0.7 rpmstarts and static coefficient (t) at the | apse of 2 seconds.
5 Test cycle: after 1, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 3000,
4000, and 5000 cycles

- Measurement

Static friction coefficient (us) at the maximum torque caused when the rotation

-at 0.7 rpm starts and static coefficient (ut) at the lapse of 2 seconds.

10 Transmission torque capacity was evaluated by the value of pt. The ut value
~larger than 0.100 means that the transmission torque capacity is high, and a

further larger ut value means a higher transmission torque capacity.

Table 2. Shudder inhibition Performance

Shudder . pt after ut after pt after

Inhibition 20 ‘ 500 1000

Life (hr.) cycles cycles cycles
Example 4 5562 0.136 0.135 0.131
Example 5 504 0.132 0.133 0.130
Example 6 528 0.135 0.138 0.133
Comp. EX. A 24 0.142 0.140 0.139
Comp.Ex.B 216 0.094 0.089 0.086
Comp.Ex.C 168 0.126 0.119 0.123
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10 Transm ssion torque capacity was evaluated by the value of t. The t
value larger than 0.100 neans that the transm ssion torque capacity is

" high, and a further larger t value means a higher transm ssion torque
capacity. Table 2. Shudder Inhibition Performance Shudder t after it after

boa O 136 O sifesafls 2Bt %X‘P@ ih aible 2 iiigaia REQLBRcAHT &Eﬁ%{)&ﬁ%@?ﬂelgs
0.138 0. 133th@prqsenanventlan (Example@ A1%06)0sH30 3 IGogphudder iBhBRBNAIFE94 0. 089

0.086 Co 126, 0,119 0, 123 25, Th | t t forth
Table 2 i ggu(‘HEiXCB rf‘ﬂ%‘f's ?ﬂ 9 ﬁB‘l"i’%%Tt'PWB’“@PICQ@@ 5‘1”6 ?F‘g‘;'g) Qf:fs gﬂq'l'ﬁ? lg{‘@‘ééltr]

i nvention (E&éﬁ@ls%svﬁué%x@ée&lﬁﬁ‘ﬁ Psd y TR o o!}ri)w dérﬂﬁﬁﬂvbftgrqu(e"m' ch

means a | ong shudder i1 nhibitio capa val ue
such as a v&pRpacibycaetiniast,. tme@omaraﬂwmlubneatm@ogbomlpaasmm:wntmnmgr que 5

h b
o ) e e A hiel SRR the Tmiste SorBPDHI G LCoBRACURG X! at | ve
Exanpl e =~ A) AJRABEs S S Egﬁéﬂ@qﬁﬁibhlﬁh'lﬁé Whi8 the }Lovmbligpyiﬁﬁeval ue is

hi gh. The <conparative lubricating ol OSI ns con in

_convent i onacompatativedobpoating anrcompomt:@mcmtamm@mlvamlml Enmid@l es B and
. C showa lowt 10 value and only a slightly |onger shudder inhibition life

(1 onger t haRPTRAUNE OF ingdey q’Fé“p‘P‘t'I!ﬁ (Q‘HT'P%@“B?IEW@% B g Cshowrlomart ve
Exanpl &1¢0)  Patlie %fhﬂrdéﬂg at%ﬁgﬂ’di1 i@get%ﬁﬁ&&&llhﬂ%t%n S YRR N e e bPthe

present 1 nvention
- Iubrlcatlng oil composztlon of Comparative Example A) but shorter than the

- lubricating oil compositions of the present invention (Examples 4 to 6).




-26 CLAIM5 1. An additive conpound conprising an oil-soluble reaction
product of a linear or branched, saturated or unsaturated nonoval ent

al i phatic acid having 8 to 22 carbon atons, urea, and

pol yal kyl enepol yam ne, wherein 5 the reaction product is non-borated,
borated or a mxture thereof, and 0.1 to 0.5 nole of the

pol yal kyl enepol yami ne reacts withconemsol e of the aliphatic acid. 2. The
additive conpound of claiml, wherein the reaction product. is borated. 10
3. The additive conmpound of claiml1l. wherein the oil-soluble reaction
product i s produced by reacting one nole of the.atiphatic acid, 0.01 to 2
nol es of uffea, Mmzsmurﬁi@mm‘lsagaufellfmlujamrhaﬁanepmummne 4. The

ada v compoulotl ith i Ly Bl bR Bk AR | contel s

2 to 30 carbon atons an
ni trogen at ons mglﬁrtOfZBe:atbonﬂtmis praanamwpdyalkmlepolﬁamﬁﬁh,emmnt i ve conpound

of claig I e fromthe group
consi. stl ng of %*#ggﬁr%&n%ﬂﬁ%%ﬁ b\é?#e{%ér]l anh]f}dur@ ?&]t hy enet etram ne,

t et raet hyl enepéhtmrﬁﬁnmole fdhe MHMmpdgmammmeae&awﬂwm«adelmenehept ami ne.
20 : 6. The addi cGgigpound of claimb5, ‘wherein the.

pol yal kyl enepol y rnine i s -hexaethyl eneheptam ne. 7. The additive conpound

of claim1l, wherein the aliphatic acid is isostearic acid. 8.. A

lubricating oi ltheadmeed edrAbun BPELIR] 1\ GviréR Y reB8RMProdbft 9ase oi | of 25
| ubri cat| ng vi BgO?I fy and a minor anmount of the. oil-soluble reaction

10 3. ’ﬁme— additive compound of claim 1, wherein the oil-soluble reaction
product is produced by reacting one miole of the aliphatic acid, 0.01 to 2
moles of urea, and 0.126 to. 0.5 moles of polyalkylenepoiyamine:

A& The additive compound of claim 1, wherein the pelyalley!enepo!yam_iné
_ ~ contains 2 to 30 carbon atoms and 2 to 15 nitrogen atorns, wherein at
15 least two nitrogen atorns are in the form of primary amines.

6. The additive compourid of dlaim 1, wherein the paiyalkylenepoiyamineis
selecied: from:the group ns;stmg of eﬂaylenedlamme.
daemyienetnamme memylenetemmine tetraemylenepentamine
pen!aeﬂaylenehemmme, and hexaethylenehe.ptamine.

20 6. The additive compound-of claim 5, wherein the. pﬂlyalkylenepolyamme is
- hexaemyleneheptamme

7. 'The additive compound of claim-1, wherein the aliphatic acid is
isostearic acid.

8. A lubﬂcatmg cil compesition: eampnsmg a major amount of base oil of
25 _ iubncatmg viscasity and a minor amount of the. o:l-solub!e reacuon
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-27 product of a linear or branched, saturated or unsaturated nonoval ent
aliphatic acid having 8 to 22 carbon atons,. urea, and

pol yal kyl enepol yam ne, wherein the reaction product is non-borated,
borated era m xture thereof, and 0.1 to 0.5 nole of the 5

pol yal kyl enepol yam ne reacts with one nole of the aliphatic acid. 9. The

| ubricating oil _c osition qf clai.m 8, erein. the,react] product- is
bor at eq. 10, - TheroRB Al &P o bperBnialiva B3 Skl RRBBLER, B 0O

o: | -?]ol ubl eddr ediphéﬁn’aciqdmiig@tto::&cpmm?m,luyean a&tti ng one rrgl e Iof thfe

al i phatic add, _Z% ‘ es.. of ur - .5 nol es of .
pol yal kyl enepol vé%l&gﬁ%ﬁﬁ%%ﬁv @‘&'?ﬂ‘gﬁgf’ﬁﬁg‘;&%ﬁ%‘%f |r§tnegbf claim 8,
wherein the poborallett gt 2ot fteresinand@ftadSande ofdhd0 carbon atons and 2 to
15 nitgogen at RS L0 | o two . ni . 0gare in the *form of
15 pri rr%ry am n@i@l@%ﬂ@@gﬁ:ﬁ%@ﬁ@%ﬁﬁg&%rﬁdé é@ﬂﬁ%glép?‘tta?%rﬁagf claim 8, wherein
the pol yal kyl enepol yami ne'is selected fromthe group consisting. _of

et hyl enedi @m nerhiiscRlidgrNofpRBAIBE of diAiAs, WhbRAEHE réadibm Broduct
t et raet hyl enepent am ne. "pent aet hyl enehexam ne, and 20 =~ -

hexaet hyl enehep€BRi#RE: 13.- The | ubricating oil conmposition of C ai'm 12,
wherein the pol yal kyl enepol jrarni ne is hexaet hyl eneheptarni ne. 14. The

| ubri cat.i ng,0i l,Cc L 1] f_ cl.ai - wWher el aljphatic acid, is
| sost ar ¢ 1o deINERino gl boRunBRA R Gyl PSS bRBIRBET LT T i on
further contai readiof prodact is produced by reacting one miole of the aliphatic acid,
10 0.0 to2 moles of urea, arid 0.125 to 0.5 moles of -
polyalkylenepolyarine. |

1. Thelubricating oif composition of claim 8, wherein the
palyalkylenépolyaminejodntains 2 t‘é 30 carbon atoms and 210 15
_ nm'ogen atoms,; wherein at least two nitrogen atoms are-in the form of
15 ~ primary amiines. ‘

12.  Théiubricating oit composition of claim 8, wherein the
polyalkylenepolyaimine.is selected froi the group consisting of
 ethylenediamine, disthylenetriamine, triethylenetetramine,
' ;eﬁ'aémﬁgﬁepentérhine. pentaethylenehexamine, and
20 - hexacthyléneheptamine.

13. " Thelubricating oil comiposition f claim 12, wherein the
polyaikyleriepolyamine is hexaethyleneheptaniine.

14, The i;jbrscéﬁ;igbu-mm;msiﬁbn of claint 8, wherein the aliphatic acid is
isostearic acid. ‘

25 16. Theiubricating oil compesition of claim 8, which further contaifis 0.01 0 *
| 2 wt. % of dipheny! hydrogén phesphiite. ' ‘
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2 Wt % of diphenyl hydrogen phosphite.: -28 16. The lubricating oil
conposition of claim8, which further contains a netal-containing
detergent, an ashl ess dispersant, and an oxidation inhibitor. 17. An
automati c transm ssion apparatus containing the lubricating oil 3
conposition of claim8. 18. A nethod for reduci ng. shudder in an automatic

transm ssi gp, of ' ] cﬁﬁ% g conprising
addi ng t he Tl‘iie ':“%é‘ﬁégﬁ ﬁ%g%ﬁéf%ﬁ"@ Tel a lEgaut omatic
transm ssion annielaiapmtatmggetdﬁ@entfﬂrmah@ss ﬂ!@PerE@nt and an oxidation

inhibitor.

7. - An automatic transmission apparatus containing the lubricating o

5 composition of claim 8.

. 18. A method for nelduci.ng“ shudder in'an automatic transmission of an
internal comribustion engine, s‘aid-méthqd' cornpiising adding the
lubricating oll composition of clain 8 to the automatic transmission and
operating the engine.

10 .
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