A LUBRI CATI NG O L COVPGOSI TI ON FOR AUTOVATI C TRANSM SSI ONS The present

I nvention relates to an additive conmpound and a |ubricating oil
conpasition. In particular, the invention relates to an additive conpound
favorably employable in a lubricating oil conposition for automatic 5
transm ssions of internal conbustion engines, in which the |ubricating oil
conposition shows a high torque transm ssive capacity and a prol onged
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clutch is generally set to operate only under high speed driving 20

condi ti ons @htAder inBiitianer que variation. Under | ow speed driving conditions
as when an autonobile starts, loss of driving force transm ssion is caused
bet ween the engi ne output revolution and the transm ssion input

revol ution. Therefore, enoBACKGRQUNDQF THE INYENTEONnony is not attai ned.
Accordi ngly, automatic transm ssions adopt a slip 25 control system by

whi ch the | ockup nechani sm can operate under the tow speed driving

condi ti ons #ujomatic traasmivsigisin dutorRobifus dumprisbis tshquEleoRverter, a wet

10  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. Modemn automatic
transmissions fusther comprise a lockup cluich mounted to 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 cil. However, since the torque variation produced by the
operation of the lockup clutch sometimes disturbs passengers due to shudder,
the fockup 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 tow
speed driving conditions and the transmission loss can be reduced. However,
when the cluich is subjected to control by the slip control system, abnormat
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 sli p control system
abnormal vibration of the body of autonobile (i.e., shudder) takes pl ace
on the friction _1_ surface of the |ockup clutch. At |ow road speeds
vehicl e operation is rough and engine vibration is transmtted through the .
drive train. Rough operation and engine vibration are not acceptable to
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increases and the ' 5 coefficient of friction () decreases.
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shows a fa the friction coefficient increases
when t he s?/%rl ng V'Q@%Bﬁ%’giﬁié@m@e@éﬁ la :‘avorabl e -V character for
a prolonged period of tinme, i.e., prolonged shudder inhibition,
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zi nc di hydr ocar byl di t hi ophosphat e conpounds and optionally free of
chlorine containing silver lubricity agents, conprising a major proportion

of an o) o{JAISY(J=prinkBE A‘Utéﬁ:%ilé Bt é‘@k ﬁﬁfg
protective a ent(corrprl sing the reactlcr)dhld@ u?: m4%0?%aéé% r%oxyl ic
aci d standard oil T-1ll which shows standard shudder inhibition performance and

transmissive torque capacity. However, there is given no information with
respect to formulation of the T-lll standard oil.

Prolonged shudder inhibition can be aftained by incorporating a friction modifier

15 (generally, friction decreasing agent). However, if too much friction medifier 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  essentially 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 siiver
protective agent comprising the reaction product of a Cs to Csp carboxylic acid
and at least one amine selected from the group consisting of (1) guanidine,

25 urea, and thiourea compounds; (2) C4 to Co hydrocarbyl or hydroxy-substituted
hydrocarbyl mono-amines, alkylene diamines, and (3) polyalkylene polyamlnes
and N-alkyl glycine.



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

hydr oxy-substituted hydrocarbyl nono-am nes, al kyl ene di am 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 certain hydrocarbon sol uble or dispersible amde reaction

products ( CddiriRatentio. 5895,589 Wiscissesaeiain hydroGarboh soluaé bs dispbrsible
Conmponent-1 and, certain acjd/esters (Congonent-Z), whi ch are useful as
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- U.S. Patent No. 6,303,547 discloses lubricant formulations containing the

reaction product of at least one Cs to Cgo carboxytic acid and at least one

18 amine selected from the group consisting of guanidine, aminoguanidine, urea,
thiourea and salts thereof is useful 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 fubricant formulations that
do not contain said reaction products.

Japanese Patent Publication No. 2001-247532 discloses 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 R1CONH(CH,)n((NCOR)}(CHo)n)INHCOR3, where Ry-R; is a Cy2 to Csg
alkyl or alkenyl group, m and n = 1-3, and | = 1-4.



| mproved 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 naterials, has three or

nore am de %ou s in a nolecule having the fornmula
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ni trogen-cont ai ni ng conpounds of polyam nes and am des in mneral and/or
synthetic oil. SUVWARY OF THE | NVENTI ON 10 The present invention provides
an addi ti veJepamesmBatemp Noy 8886245 discldsebnulsrigating ofli donfitisitiwistoP Slideor
automatic transm ssions in.internal conbustion engines. The |ubricating
oi | conposi gplﬁfﬁ’ %%1%;‘i%@tq'mgmgewmamﬁ@npeundmf polyaminesiantent i on

has a hi gh HridsdinSHi L SHAGE | £ty and prol onged shudder inhibition
when used as an at?tsli‘irﬁl???lc&{ransm sgtlfdoél'}{fl uid (ATF) in 15 automatic

transm ssions of internal conbustion engines. It is desirable that an
automatic transmssion fluid not only should show a high shudder
inhibiting ability when the SHUMMARGOFTHEMYENTION st used, but al so
shoul d keep the high shudder inhibiting ability for a prolonged period of
time
10  The present invention provides an additive compound employable in a

lubricating oil composition for automatic transmissions in internal combustion

engines. The lubricating oil composition employing the additive compound of

the present invention has a high transmissive torque capacity and prolonged

shudder inhibition when used as an automatic transmission fluid (ATF)in

15 automatic transmissions of intemal 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 abitity for a prolonged period of time

without substantial decrease of the inhibiting ability and further should show a
20  high transmissive torque capacity.

Accordingly, the present invention relates to an additive compound employable
in a lubricating oil composition having the beneficial performances mentioned
above.

The additive compound of the present invention employable in the lubricating

25  oil composition comprises the reaction product of a linear or branched,
saturated or unsaturated monovalent aliphatic acid having 8 to 22 carbon
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w t hout substantial decrease of the inhibiting ability and further should
show a 20 high transm ssive torque capacity. Accordingly, the present

i nvention relates to an additive conpound enployable in a lubricating oi
conposition having the beneficial performances nentioned above. The

addi tive conpound of the present invention enployable in the lubricating
25 oi | conpostamsnirearqd palyalkfienepalyamine, pihedein the feactivhpredudtris heanched,

saturated or,unsat yrat nonoval e al i_phatic acid having 8 to 22 carbon -4
atons, urea, bgrﬁie‘ijm%%%%ﬁr&@ﬁaﬁ?ﬁ?ﬁ?&f- wherein the reaction product is
non- borated, borated or a mxture thereof. The present invention

furthernore |ates to a lubricating oil caonposition conprising a major
anount of baigeé’ﬁ’s 'Wl?ﬂk‘?@é‘t"%f?d"\ﬂ?%&‘?Jé‘teﬁﬁoéﬂﬂbﬁcﬁﬂﬁﬁkﬁﬂ compdylien of the
reaction progiabrisihaad i . .
nmonoval ent al i phgt f]g aC?@?%mﬂ%Bgﬁgﬁgggoggﬁb%ﬁgg%és@%é’grﬁné&d
pol yal kylfenepmioyatoithe rehetion prodiet ofemlinéavor brasthed, sstungtedieer at ed, bor at ed
or ‘a m'xtur@aéqqer o(i. The '%E}FSEIQ{ jnve{g&i on further relates to a nmethod of
reduci ng shu uraled, jonpyalent gipfiatic acidRaving 8ite22sarhen atares.ieacamdust i on
engi ne by adghipsikiiBReb&PaIGRL | Ll bhtd f; 3 ng i i on
Fo an_ aut onaty Jy/BRopalpu, Wit e PERATN 0yl hOF-RIARE bt
factors,. theaprgtieatharesfenti on i s based on the surprising discovery that
an additive conpound conprising a non-borated and/or borated reaction 15
product, in which the reaction product is obtained by reacting a linear or
branched, salle presgnbmvention furtier detatusotoal methad ofreducgagiuddamialy 8 to 22
car bon altoons ure?., and pol.yai kyl enepol yam ne, provides hjigh transm ssive
automatic transmiission of an intemnal combustion engine by adding the
lubricating oil composition of the present invention to an automatic

transmission and operating the engine.

Among other factors, the present invention is based on the surprising discovery
that an additive compound comprising a non-borated and/or borated reaction

15 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 oil in an automatic transmission of an internal combustion engine.

20  The lubricating oil composition employing the additive compound is useful as a

' method for reducing shudder when used as an automatic transmission fluid.
Accordingly the present invention is also directed to the use of the present
additive compound in an automatic transmission fluid to reduce shudder in an
automatic transmission of an internal combustion engine.

25 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.



torque capacity and prol onged shudder inhibition when enployed as a

| ubricating oil in an automatic transm ssion of an internal conbustion
engine. 20 The lubricating oil conposition enploying the additive conpound
is useful as a nethod for reduci ng shudder when used as an autonmatic
transm ssion fluid. Accordingly the present invention is also directed to
the use of the present additi veltwAdditind Gompeuralit omatic transmi ssion
fluid to reduce shudder in an automatic transm ssion of an internal
conmbusti on engi ne. 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred
enbodi ment s Te adiﬁtiwldbm'pmn@Qﬁﬂ@;ﬁl@séﬁﬂinﬂ:@hﬁdrﬁ@mgﬁgaﬂié in tﬁéfmﬁaﬁh?n
according to .the Eresent invention will be described i ai
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i nvention e ' TalAP i | j tkon.af. t resent
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whi ch t hé r aeatiingna lineamtbraachd, satadtdelounszmitatimanbivaleat alphdiicanched,
saturated or cﬁ at.ur te%an%val ent aliphatic acid having 8 to 22 carbon

at ons, ur ea,2Chaaypy gaB{emsJeearaad palyalkylenepeliapioedthé and B can
be enpl oyed .gidi | | ' Lyt | ses the
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nonoval ent aliphatic acid having 8 to 22 carbon 10 atons, urea, and

ol yal kyl en ; ] htl i ses . the borated.reaction
Bro)d/uctyi n \%@ é%@%@%%l%%&%%@#%@%ﬁﬂﬂ% 03)? l}r@g&qr%a%cqq ear or
branched, saaturatertiomunsatiratidimahedaleRnansttibtacki haliag 8022 ehBamMi ng 8 to

22 car qu atgns, urea, and ﬁ)ol yal kyl enepol yam ne.
atoms, urea, and polyalkylenepolyamine.

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
polyatkylenepolyamine.

15 Monovalent Aliphatic Acid

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

R4 (COOH),

or anhydride thereof, wherein R4 represents 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,
256 palmitic acid, stearic acid, isostearic acid, oleic acid, and behenic acid.
Particularly preferred is isostearic acid.
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15 Monoval ent Aliphatic Acid The nonoval ent aliphatic acid is a conpound
which is represented by the formula: R4 (COOH), or anhydride thereof,
wherein R4 represents a hydrocarbyl group having about 20 2 to 50 carbon
atons, and y represents an integer of 1-4. The nonoval ent aliphatic acid
enpl oyed for the preparation of the additive conpound of the present

i nvention isUeedinear or branched, saturated or unsaturated nonoval ent

al i phatic acid containing 8 to 22 carbon atons. Exanples of the aliphatic
acids include octanoic acid, lauric acid, myristic acid, 25 palmtic acid,
stearic aci dAny sadihadlyietnpioyable atei SudtCasiurcanst indlstRalputy gradeRetiibsul arly
preferred is isostearic acid. -6 Uea Any ordinarily enployable urea such
as urea of ifWRQYedsl purity grade can be enployed. Polyal kyl enepol yam ne
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 |east two nitrogen atons constituting
primary ani Belvallenepabyamine he 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 other than the

ni trogen %t oefemed is a polyalkylenepalypnime centaiinge do 30 lcarbamatomsiaed 2 to

oyl eneti am hOtOGSRSBORE, Sarifh #dsast BB Mg S8R RSt sBE Araa ani ne.
pentyl enedi aamiie. PréfyabipAgiaisHR groups bY SeaehoIyamiBRepolyamines will

di propyl enetri anj ne,
contain form 2 to 6 carbon atoms, more preferably form 2 to 4 carbon atoms.

The nitrogen atom other than the nitrogen atoms constituting primary amine
10 generally constitutes secondary amine.

Examples of suitable polyalkylene polyamines include ethylenediamine,
propylenediamine, isopropyienediamine, 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:
HaN— (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,
L.e., ethylene (—CH.CH, —); 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.
Sy 4



di met hyl am nopr opyl am ne, diisopropyl enetri am ne, dibutylenetriam ne,

di -sec 15 butylenetriamne, triethylenetetraam ne, tripropyl enetetraam ne,
triisobutyl enetetraa m ne, tetraethyl enepentam ne, pentaethyl enehexam ne,
hexaet hyl enehept am ne, di et hyl am nopr opyl am ne, and m xtures thereof.
Particul arly suitabl e pol yal kyl ene pol yam nes are those having the fornul a:

H2N-  ( R5SNH) =Mazly ofttke polyaRiineéssuitable for ulst-in the preseatipdeation Bral kyl ene group
having 2 to 6 carbon atq preferably 2 to 4 carbon atons, nost

pref erably af8Wmesciglly gusilable,agd others maydie,prepaseq byrpethpds Jhatate welli s an

i nteger fro i : Pard . . Kyl ene

pol yam nes 2];@6\2? h@f@g‘%@ﬁéﬁ‘é"&"e@n@%‘ﬁ?ﬁgE@’{%Qﬁﬁﬁé%{"ﬁﬁgﬁ%@{gt et raam ne,
L et rate}1 hlyl enamzllt baﬂmdﬁmﬂ?@aﬂﬁ@hﬁdmﬁh@@?m Cﬂed]iSt{yhoﬁ Nitro en't', _ ,
exaet hyl ene amine. Particul ar preferred is exaet hyl enehept am ne. -
Many of the gﬁ?ﬁ%%@?%g"%ﬂe%@é Neller's nChamistneefdlfganic Gempsunds’s
commer ci al | ygsamadémab ﬁ‘ﬁ? . [ re well
known in the art. Fblr:ﬁléxa lﬁ%bﬁﬁggﬁgggg? b?ﬁ%@%%%eﬁﬁggaghg%h@r
reactions ar €hemicdl Tedhnology't @aditak, espetially aane@, Ppesbdstrey of Nitrogen”,
5 C arendon Press, Oxford, 1966; Noller's "Chem stry of Organic Conpounds”,
Saunders, Phil adel phia, 2nd Ed., 1957; and Kirk-OQ hner's "Encycl opedi a of

Cheni cal Techhelkddifive cempoudd of ixppriseht inviliciBar? beibtaiR8d blGeadfiify
addi tive conmpound. of the present invention can be obtai ned by reactin t he

aci d conpoun#e@cid compgrpg i ninospygiaat aliphatic arid)urea, theneming eempouadund
10 (i.e.40 pofjpal ' j C Ltd ons_[(1.¢e at | d
ao ey r AR PO RARRARIARY RIS ER Sfoof ol e
property. Thresaliggtreactionccompourd! sliowshan pilesRible propity. Theifidaef er abl y
obt ai ned by reactin tone nol e .. ]
compound of the present invention is preferably obtained by reacting one mole
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 condensation 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.



of the nmonoval ent aliphatic acid, 0.01 to 2 noles (preferably 0.03 to 0.5
noles) of urea, and 0.1 to 1 nole (preferably 0.125 to 0.5 noles) of 15
pol yal kyl enepol yam ne. The reaction can be perforned generally at 100-250C,
preferably at 150-200C, generally for 1-30 hours, preferably for 2-6 hours.
Since the reaction is a condensation reaction, it is preferred that the
produced water is renoved continuously. The progress of the reaction can
be checked by neasuring the productdon~of- e "un?o The above- nenti oned
reaction product can be preferabty boratedt Te— reaction using a boric
acid conmpound to yield the borated additive conmpound (B). The reaction can

be carried t ing to the above-nenti.oned reaction. product. a solid
bor i ¢ actd clpRsant VSaidh 4155 st Ta A PRt AT b ToR SBhing bor ¢
aci d conpounRe iaddRive@bnigouhdZ5f the bedenPiivbnticis. SSLIcHE lubpicatihg BAr t 25 of

nitrogen in the above-nentioned reaction product, and heatinhg the m xture

to 100- 160Compasition wil Nemprise pmajarnareowtt of base od & Iyhricatiog viscosiiuced to

col i d bori ¢ ansts Bl s nt oltnb ARGIFE plrioBbd TR biss AP VBN ULy car' ng
O | Conposi tdneorBeapdessibediabordl i on also relates to a lubricating oil
conposition containing the additive conpound of the present invention.

Such a lubricating oil conposition will conprise a major anmount of base

oi | of | ubriBu¥e dlbay USRI B déTihed 48 4Bas@BRICR or Dlerid 6F Fkd dtbigs conmpound
of the present invention (A and/or B) as described above. Base oil as used

herein is davhieleis abbsicoateorsporentdhatis pratluskediysa sisglecianufdotaer fothe

speci f 1 cat | SAE Ptk TnBeBeNEER optodh Soiteh Br RTS8 ot Bin)o ) 1o
that needs that B8R BRAMRCHAhAfacturePE ShédiR@itiond and Mhtti® fleritfichtyy i fied by
2 unique formula, product identification number, or both. Base stocks 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

16 materials introduced through manufacturing, contamination, or previous use.
The base oil 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 cSt. 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.q., little, if
any, lube oil fraction of viscosity about 20 ¢St or higher at about 100 C. Qils
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 oil,
e.g. a lubricating oil composition having an SAE Viscosity Grade of OW, OW-
20, OW-30, OW-40, OW-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.



uni que formula, product identification nunber, or both. Base stocks may be
manuf actured using a variety of different processes including but not
limted to distillation, solvent refining, hydrogen processing, )
ol i gonerization, esterification, and rerefining. Rerefined stock shall be
substantially free from15 materials introduced through manufacturing,

cont am nat i Gierearene spevific ¢saditiony withasspaut to te biads ok, [providedthatithebe any
nat ural or i?ynt hetic |ubricating base oil fraction particularly those

havi ng a ki Reaagilds selested rgmdhe bage siaoks gengeally@yplaved ifduepaiegnt i st okes
St) t b : ) b | IS - | , f

xanpl o of fubricating Sit copiisRichls” T DRk of iy B grive ok fiatdgd: '
pol %al phaol hjbr'rmatin% Bﬁ@asymnthétitﬂnbllk;&iingaﬁlshwmni&&mé@lz_ﬂﬁ'ﬁéofp_?uﬁaﬂhﬁme@i ng R
car bon nmpnoxi de, a rogen gases, such as in a_Fi sher-Tropsch process.
preferre bi&‘ig”%ﬁnbfi’%g%tﬁﬁgﬁ HQ%?%W jsemerzation ef synthefigway %&dﬁ'#%‘h‘@@%on;

o it . . . ; !
b Sher at - anSuohEdropRRaf bas S6biBrodlickh Byt tdradn (Bthdrthal
?! endﬁdddepso?entg@dmtitmw gsammtierahotlﬂﬁol?seompdnem_eloﬁdﬁ tiudes S?Jitgbl!ee y

i nished oi | to give.the desire ade of. e L. e.0. uprjcatin
oi | conposi t)?ﬁ?loﬂsolm g fhoggdn ﬁ&!@f‘%ﬁo@ﬁggtgﬁ &@"Masgéﬁﬁm 'B’(Ng ow 48,
w20, O EPubfiddition{ b, 1t Bdlition) halendlfih I Decstnb8l1 NS AMREs 1ekeld 30. 1

5W 30, or Wage"

ON 40, 10W50, 15W 15W20, I ere are no speclfic
~ condi tiths andniscesiteirdices fonGrows & Iband libbase diéslaretisted imcTalidesle Grolpi s

selected fr t he base stoc er enpl o for preparin | ubri cati ng
oi | conposi t1 e o%ér%ag@aﬁlﬁfgﬁﬁgsZé#éé‘rg&ﬁ'@yﬁg’é‘ﬁ?ﬁé{gm%‘de PEHF'TQ,rat ing

oi |'s, synthpases olls Abt Mgluded iRiGraupt, NINLSHILS GrBﬁ?ﬁPBas??Hllé akd \AgretPéﬁéd.o' |5

I ncl udes base stocks obtained by Isomerization of synthetic x and sl ack

wax, as well as hydrocrackate base stocks produced by hydrocracking
(rather than

TABLE 1

Saturates, Sulfur and Viscosity Index of Group I, i, i, IV and V Base Stocks

Saturat i | Viscos
Dg 615?)135 (As determined by ASTM Viscosity Index

Group ]
Sulfur (As determi (As determined by ASTM D4294,
[)2270§ s determined by ASTM ASTM D4297 or ASTM D3120)

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

Greater than or equal to 90 %

Greater than or equal fo 80 and
| saturates and less than or equal to
0.03 % suifur less than 120

Greater than or equal to 90 %

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

v All Polyalphaolefins {PAOs)

v All others not included in Groups 1, II, ll, or IV

-10-



sol vent extracting) the aromatic and pol ar conponents of the crude.

Suitable base oils include those in all API categories |, 11, Ill, IV and
V as defined in APl Publication 1509, 14th Edition, Addendum |, Decenber
1998. Saturates levels 10 and viscosity indices for Goup |, 11 and |11

base oils are listed in Table 1. Goup 1V base oils are polyal phaol efins
(PAO. Goup V base oils include all other base oils not included in Goup

|, 11,111, V, 1L b | eferred T | Saturates,
Sul fur - and e Wiy eRan ole A Ipaidp iRl ol vegrabienlSIeg o BRESERY ur at os

(As det er m ngjss, RastoPOM RPN il} ptroletnt BRES mileRi bilSUAA bild Aeriviaf fom ned by
ASTM As determ ned by ASTM D4294, D2270) ASTM D4297 or ASTM D3120) Less than

90 % sat ur ateeal @rgh@dleGreater than or equal to 80 and Greater than to 0.03 %
sul furless than 120 Il Greater than or equal to 90 % G eater than or equal
to 80 and saturates and |l ess than or equal to 0.03 % sul furless than 120
G eat er t hanSynthefigieils may diicldde hydracanbanasils sand hale-substitntert hydroearbonG eat er

th ., t 20 0..03%. fur.l VA |, Pol.yal ol ef | PAGs) VAI|l others
no?1 ni (rjlgl dggoqsrf’o Oe[ﬁgoly_[meﬁéj 'f]ﬁl{qri ,‘nt%"r'p‘l’lwngﬂ%&kg NSt alk‘%?ﬁ%%@? g oils may

i ncl ude ani npdiysidriyis, WRgRitad ihhehlethersd alkylARE 8RBdnyl sulfides, as well as
their derivatives, analogues and homologues thereof, and the like. Synthetic
lubricating oils also include alkylene oxide polymers, interpolymers, copolymers
and derivatives thereof wherein the terminal hydroxyl groups have been

10 moedified by esterification, etherification, etc. Another 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 Cq2
monocarboxylic acids and polyols and polyol ethers. Tri-alkyl phosphate ester
oils such as those exemplified by tri-n-butyl phosphate and tri-iso-butyt

15 phosphate are also suitable for use as base oils.

Silicon-based oils (such as the polyalkyl-, 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-containing 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 purification or
treatment. Examples of unrefined oils include a shale oil obtained directly from

25  aretorting 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 simifar to the unrefined
oils except that refined oils have been treated in one or more purification steps
to improve one or mere properties. Suitable purification techniques include

-11-



oils, castor oils and lard oil), petroleumoils, mneral oils, and oils
derived from coal or shale. Synthetic oils may include hydrocarbon oils
and hal o-substituted hydrocarbon 5 oils such as polynerized and

i nter-polynerized ol efins, alkyl benzenes, pol yphenyls, alkyl ated dlphenyl
ethers, alkylated di phenyl sulfides, as well as their derivatives,

anal ogues aniisiiiatioh qwmécrfabﬁshgoﬁydréﬁéaﬁ de'vJé@cmgSﬁalvBﬁt bfradtioh! hediding oi | s

al so include al kyl ene oxi de_pol yners, “er pol yrer s, copolyners and

derivatives h%@reé@ﬁct«m.rféiramm@ndepercﬂatlomwlr whicly ers sowate thasen 10

cynt het . 1SRPRdh 1 3t Bt e BbtiRed B roafiNG R ol BRécBatod st

a variety 0f5|mﬂduct0ftﬁb§e ubsd &5 sbizpethd refifed Yils.Eidse rerdfincd Gile arécdissle t hose
made fromC5 to Cl2 nmnocarboxylic acids and pol yol s and ﬁ;l yol ethers.

Tri-al kyP pmﬁwa@%r%lmed ireprosgesed gils ﬁﬂ%éﬁéb’t@ﬁ%ﬂﬂﬂh@ﬂa piacessef put yl
h hat b

(F;i sz gi Fi 20 gg%' P:HI% IM%EQ a y{j%ﬂ po yar y'fpiow;’l)"g ygl szy?,se
or polyaryl oxy- sil oxane oi | s and sili cate oi ls) corrprl se anot her usef ul

I f t I
oo | RSl or Y b RS B e

t et r ahydr of wiewsor ipadorbinhtion @ithithe afotesaidhatial bhdier syrithelidbs@bll. may be

derived fromunrefined, refined, rerefined oils, or mXtures thereof.
Unrefined oils are obta| ned di rectly froma natural source or synthetic

source (e.g.SuchORx isohidrate &il lstﬁfbdﬁ@éujb tﬂéll'?ﬁi}bls&hféﬁ%floﬁ Bfﬁ fal or

purlflcatlon or treatment. Exanples of  unrefined oils inc e a shale oil
obt ai ned0di ryptheficivaxesas mixtures theragf oyarrabydaisomepization catalyst. obt ai ned
directly fromdistillation, or an ester oil obtained directly from an
esterification process, each of which may then be used w thout further
treat ment. RESiprefered to usea piajen amount aftbasenildh itme libricating oil of the

present invention. A 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 97 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 fo 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-



oils except that refined oils have been treated in one or nore purification
steps to inprove one or nore properties. Suitable purification techniques
i nclude -11 distillation, hydrocracking, hydrotreating, dewaxing, solvent
extraction, acid or base extraction, filtration, and percol ation, all of
which are known to those skilled in the art. Rerefined oils are obtained
by treating degwrdssarits. Particylady gseferred sidditiveris tiphiehykleydregen phogpifiitei n t he
refined oils. .TEesE rerefined oils are also 5 known as recl ainmed or

repr ocessed ‘YHCE 1S KROWR ASANANI-WEAT 89%Mal | y processed by techniques for
renoval of spent additives and oil breakdown products. Base oil derived
fromthe hydyoi scl}rg}ri ation of wax nmay al so he used, eita_e_r alone_or in
combi nat i on mhes of fhe akava-meplipned orlierallyinegrperabie addiives gre welb ch wax
| somer at e ol ndin, BALHESCRA ddifiUrBIRaBRbA] Bbiogn Of natural or 10
synthetic waxes or m xtures thereof over a hydrolsonerization catalyst. It
Is preferred to use a maj or anount of base oil in the lubricating oil of

t he pre%entVi'bgiyﬁgglha& ”ﬁ@jlpr anount of base oil as defined herein
conprises 4 . eferred amounts of base oil conprise 40 to
99.9 wt % preferably greater than 50 to 97 wt % nore preferably 60 to 97
wt % of the i | L., Ltl.0n.: en welk.ght percent.i ed
nerein, i1 15asnia of e PaSuly BRER kb S5 apbUHE o iRl REl GBR vsedsiy
conposi ti on jHaérHAPAVERY sicheas SGBlYrhEeRFol)validas 3pethhtiyfic aeiiRefbld MY e t he
present invention in the lubricating oil conposition will be in a m nor
anount conpadHotecthre manemess angtheis bydwgenatpdmodueissnd gispessast iippy, it

will be in : : . 9 f 3. 5w %
and nore pr gﬁ%@%gﬁ 4%%8%&’?;5%5'.]'g‘sx"pézyﬂiésrg6’?5!%9{"?(%%8'5%9&"%‘}@ht of the
| ubri catliong estérscanpeitriogeftoniEiting wisriciaérisn Otieed ndiraBpaisanetypefort he present
I nvention can further contain . ]

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 po[yacryiic acid esters are also useful in the present inventicn.

The lubricating oil composition of the present invention generally contains a
16 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 alkyl 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.

-13-




various lubricating oil additives available in the art. Exanples of the
optionally 25 incorporable additives include viscosity index inprovers,
ashl ess dispersants, netal-containing detergents, anti-wear agents,
friction nodifiers, oxidation inhibitors, corrosion inhibitors, seal
swel l'ing agents, dyes, and pour point -12 depressants. Particularly

preferred adig ¢mees§f@imm%mquemgmm @nh%m_ﬂc@b* thecreaidtions an
anti-wear agent. A nunber of the above-nentioned o& ionally incorporable

addi ti ves akeiyeen polyhutane and majeic gnhydride isggnerallypestasmgddrabed bel ow. 5

non. di spar satopBh Hehol AIInG S Rlink Ao I8 Tertio BRI ¢! Ve
vari ous met gﬁgnghi higleaattiontyéald, inhds disadvantagesss fadiere inanat@legend their

hydr ogenat e rodu&trs_ and di spersant type_  viscagsity index inpreovers such
as copol yne@menty i“@ﬁi@“%tam&?)ylz-@(bﬁp@)Pﬁc@'?f'é‘?ﬁe@ﬁﬂ‘sriﬂtﬂﬂggﬁﬁ“kont ai ni ng

nonomners. ; - Ol ' t ' L kel pdex
o overs s ol SUEGPRGS Bbq DR [niradt SARERA ¥ BIOES Ltikzing
propyl ene, 1riouttdorine gives &-finah teantibnprodudthavingyektenssinied chiotindwontentand
pol yacrylic ,acid esters are aﬁo_ yseful in the present invention. The

| ubri cat i ng (8%¢h 83 ABRPM phless} It iskngwadbat an oreved thefailraattipncont ai ns a

15 vi scosi t y,J | ' f : bly I to
5wt o At ORE RV nighyNespiR BhiyRitchel(ordinifa offesl MR, ¥\ Ly i Ve
i s the poef &% df astihyeinylidiinepstructure) inlplaca bk theydonventiehddypolgndepe can be
derived fro gﬁﬁ% otefin. The _nitrogen-atom containing conpound is

preferably mf_aﬂjmamiv ﬁé"?ﬁ!bﬁ"é%wfq}@i‘@? ahighggaglkan viekh The iﬁ]P"a‘!‘RSh nt of
0L 10, WS ks i A0 08 sl o RRCRSE P
the polybutene increases and the resulting dispersant contains the effective
product (succinimide) in a high 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
polybutenylsuccinic 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
phosphoeric 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 alkenyl- or alkyl-succinimide or its derivative.

Metal-Containing Detergent

Generally, a metal-containing detergent, i.e., metal atom-containing detergent,
30 having a total base number of 10 to 500 mg*KOH/g is employed in an amount

-14-



succi ni ¢ anhydri de having a high nol ecul ar wei ght al kenyl or al kyl
substituent group with pol yal kyl enepol yam ne containing 4 to 10 nitrogen
atonms (average, preferably 5to 7 nitrogen atons) in one nolecule. The
hi gh nol ecul ar wei ght 25 al kenyl or al kyl substituent group is preferably
derived from pol yolefin having a nunber average nol ecul ar wei ght of

appr ox. 900 afd. Gi/tn)ﬁ 0 wit. far Exaroples| of th@nm‘tdmﬁalpmig;dﬂtelfgents mcbmﬂeybut ene.

-13 The proc 0 rLin but .. SUC. |n| drid t he
react i onIO é‘?@é@ﬁ %ﬁ@?@ﬁ@ﬂﬁﬁg rpfﬁp@'@" ﬁ'ﬁ pees ﬁ)ﬂgﬁ%%/ ﬁB@%f ormed by
a chlori natgcpds, rmafm@wkyﬂenéeﬁasmfﬂrﬁ& hél8s oWHéueo\Fé?lb%sbﬂ%%di@é"ts"Fhe

advant ageous in  givin h reaction yield, has di sadvant ageous

feature in talaling eardg@etsaléaﬂa preferably iarﬂsMgraa&;s Qirﬁﬂ salis. Thegoetabm) of

hi I t t,
ot her e+ Ao e SrasbiEian pErhonEr b arih S buBtan; Einevidcri on
product haviprenatd Slﬂﬂﬂébrb@"&ﬁétb(ﬁanﬂ% enplgyed sitgiyehireGoribinBBonhor | ess). |t
i's known that an inproved thermal reaction  process enploying a highly

reactive pol ybutene (containing at |east approx. 10 50% of methyl vinylidene

structure) iAntPWaRR Afent BAd FRRYiSANMAGREr Pol ybutene  (contai ning mainly
f3-olefin structure) givés a high reaction yield. The inproved thernal
reaction process is further advant ageous because a reaction ratio of the

pol ybut ene ijpygh amdematméqub PcsthpBSiSRE! tRATebRtinbéfid fect L ve

product (succinimde) In centra I on. cordingly, 1t 1s preferred
that 15 the fprdhqmarﬁamssimmnyl bymmdmrmphlte whmﬂnms a® antdndi-weahl y

reactiv pal ybut ene converted. b t her mal . proc d.the r | ting
pol ybut iﬂy Qg\é@kl @aataﬁ{}]‘?ﬂ p@éﬁfegygﬁﬁ\ggqehpgﬁctpcﬁ} W’&ﬁ@@ﬂ&eﬁﬁ’r&@ b?fstﬁﬁe reaction
wi th pol yal iyhfa&a8 clladmisosiist t e{da%_,elr ge per
one nol ecul e). Thg resm ng sﬁicfgl:e”ﬁeéecfgq%‘?i%t@g I% @(I;aﬁlverteg%to a
modi fi ed  incorporation of diphenyl hydrogen phosphite. The d:phenyl hydrogen

. phosphite is generally contained in the Iubrtcatlng 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 salts, phosphorous acid
esters, and phosphorous acid amine salts can be incorporated into the
lubricating 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(nonylphenyl)

20  phosphite; aliphatic tertiary phosphites such as triethyl phdsphite, trioctyl
phosphite, tridecyl phosphite, trilauryl phosphite, tris(tridecyl) phosphite,
tristearyl phosphite, and trioleyl phosphite; aliphatic secondary phosphites such
as dibutyl 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, dodecyt acid phosphate, tridecyl

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

-45-



20 succinimde by a further reaction with boric acid, alcohol, aldehyde,
ket one, al kyl phenol, cyclic carbonate, organic acids, or inorganic acids
such as phosphoric acid. Fromthe thermal stability and oxidation
stability, particularly preferred is a boron-containing al kenyl- or

al kyl -succini mde which is produced by the reaction with boric acid or a
bor on- cont ai ther@minegatia intludsli@drer baandhedsaliplidtic amise sompoands having 8

al kenyl benzyl agi ne _conpounds ,and _al kenyl succinic acid esters can pe

enpl oyed i nd@@g}?&g‘?&ﬂ gi%ms SUFLEHBE "B%' c?%y qm'f‘ﬁe%é! NG £8P NS keny! -
or al kyl - sucsidditit Hfires, thilcw Qﬁéhﬂﬁé,'éfﬂ-olé?hﬁlin&.om aini ng Det ergent
Cenerally, a netal-containing detergent, 1.e., netal atom containing
detergent, 30 having a total base nunber of 10 to 500 ngKOHf g i s enpl oyed

i n an anounty 44é : 9 l: = t.ai bing
detergents |hrc1((g%§'5léeH Zﬂ?ﬁ%ﬁ%ﬁ@@ﬁ? ﬁhs%tﬁtgf%@fgﬁtlgﬁo@%@[‘{d o@%%r&%o% %ﬁaci ds,
al kyl_EenSgnaﬂid-We?r ageTm;:adsxidaJtit.dn aihilyitc?;ﬁamxdea@x&el ::ﬂte‘-pneiss?mcé:%?tpaan bei r
cal ts or Ca Rgoperates I dod lutEicalia & hompoatioe ch die Breant Buolioh oyed i ngl y
or in conbination. Oherw se, phenate sulfide or salicylate can be

enpl oyed si nsl_é Qr | B,Qonbi nation. Anti-WarAgent and Friction Mdifier It
i s preferredZXdauo i ricating oil conposition of the present invention

further contains di phenyl hydrogen phosphite which serves as an anti-wear
10 agent and a friction nodifier. The static friction coefficient retention
of the | ubrlt isdrefaras that edubricating eif campositiess efthei present ioventionf ur t her

b ouce oY B ARBRRYALLAN ol ABF i 5 LABRRaB BARB Gnadfia.d Pem
conposi tfgon diarytmﬁinewSoawtnodl. oY & tholpdériung @ospouRY 19 BnGndurit®fd.04 fo 50

preferably 0.05 to 0.5 wt. % L ) .
wi. % based on the amount of the lubricating oil composition.

Examples of the hindered phenol compounds include 2,6-di-t-butyl-p-cresol,
4,4"-methylenebis(2,6-di-t-butylphenot), 4,4"-methylenebis(6-t-butyi-o-cresol),
4 ,4-isopropylidenebis(2,6-di-t-butylphenol), 4,4'-bis(2,6-di-t-butyiphenol), 2,2'-
15 methylenebis(4-methyl-6-t-butylphenol), 4,4-thiobis(2-methyl-6-t-butylphenol),
2,2-thiodiethylenebis[3-(3,5-di-t-butyi-4-hydroxyphenyl)propionate], octy 3-(3,5-
di-t-butyl-4-hydroxyphenyl)propionate, octadecyi 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 atky! groups having 4 to 9 carbon atoms, p,p'-
dioctyldiphenylamine, phenyl-a-naphthylamine, phenyl-g-naphthylamine,
alkylated a-naphthylamine, and alkylated phenyi-o-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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15 O her phosphoric acid esters, phosphoric acid am ne salts, phosphorous
acid esters, and phosphorous acid am ne salts can be incorporated into the
| ubricating oil conposition of the present invention independently or in
addition to di phenyl hydrogen phosphite. Exanples of these conpounds
include aromatic tertiary phosphites such as triphenyl phosphite and

tris( nonyl phﬂ?@/%ldamlpmb@ﬂﬁ)rpen bela piedkhdenusm-coataininmhosmphouad whighisas

phosph te. PPy pedry Pt Pl BB b aSGRR B RRLAT s oo B

phosphi te; aiomdiiﬁéd n thedabreatingdibsampositios tan apfount BESY o hYODResH in
phosphite, dioctyl hydro%gn phosphlte di decyl hydrogen phosphite,

di | auryl hyd?ﬁ@%ﬁf gnuExepnde’t eyl hydrogen phosphite; 25 aromatic or
al i phatic phosphoric triesters such as triphenyl phosphate, tricresyl
phosphate, tributyl phosphate, trioctyl phosphate, trilauryl phosphate,
tristear$l @mwﬁapétheaminhdenuwmmawmmpom aiei phlybdenuai: di ¢

phosphori c as math aci d ate, .et hyl acid
Phosphat e, BerSANDu s S B e Fomiaupe OB aitlaly ) “ocia
phosphat e, dﬁ@ﬁmbmm-abmmhﬁa@complei@whp&%cﬂéamm hajte, stearyl acid
phosphate, and ol eyl acid phosphate. rrgl es of -15 the amne salts

i ncl ude i néamp@ratyf%@he&p@mme@metm ingibitinn, end dieneas fayosablyo 18 car bon

amine, " tal | BBy R HEMoRBhATm i ffe SRS RS cocon!

di al kyl d0t hioxghmsybenem m:oma,sph@tekBanﬂﬂetomtmrmmbmthw@ar 5
anti-wear agent,. an oxidation inhibitor, and an extrene-pressure agent, can

be i ncor poraiibilionnaed redudtion of B'Jﬁtlioﬁgm@fﬁm%lﬁrr@% henes ag Taverally esent

I nventi on. Q%éﬂ?i gn Inhibitor It is preferred that the |ubricating oi
conposition o e present invention further contains an oxidation

i nhi bitor such as a hi ndered phenol conpound, a

Dye

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

Corrosion Inhibitor

The corrsion 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, dodecyltiazole, 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 employéble corrosion inhibitors include alkenyisuccinic 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 atkenylsuccinic acid having an
-17-



10 di aryl am ne conpound, or a nol ybdenum conmpound in an amount of 0.01 to 5
wt. % based on the anmount of the lubricating oil conposition. Exanples of

t he hi ndered phenol conpounds include 2,6-di-t-butyl-p-cresol,

4, 4" - met hyl enebi s(2, 6-di -t -butyl phenol ),

4, 4" - met hyl enebi s(6-t-butyl -o-cresol),

4, 4-i sopr opydikerey ghowgt f 816124 calboryatohe)ahd a half ester of this alkenylsuccinic

4,4 -bis(2,6-di-t-butyl phenol), 2,2' 15 .

met hyl enebi sé{(&d ABd @n aleokal gypgy iasrrolglycol can be employed as corrosion inhibitor.

4,4' -t hiobi s(2-nethyl -6-t-butyl phenol), 2,2

t hi odi et hyl enebi s[ 3- (3, 5-di -t -butyl -4-hydr oxyphenyl ) propi onate], octyl
3-(3,5- di- tlnrﬁgid;tlomanmmwpnmqunﬂpanracaﬂxapéospmriamester, an

3-(3,5-di-t- =4 [0 | LRLOpjonat e an ctyl . -

3 (5o butyi SRR APEe URIS G, s AR raPEo0SH an aminasucsini e

di ar yl angne autdrihels derieativés oan ) Einbibyetierydorbsi inAibItbAI Ni ng a i xture
of al kyl groups having 4 to 9 carbon atons, p,p'- dioctyl di phenyl am ne,
phenyl - a- napht hyl am ne, phenyl -b-napht hyl am ne, al kyl at ed a- napht hyl am ne,
and al kyl at gepiHredit Dapreagihkthy! am ne. Each of the hindered phenol
conpounds and di aryl ani ne conpounds can be used singly 25 or in

conmbi nati on. O her oil soluble oxidation inhibitors can be enployed in
conbi nati on. | | | AU R i ni ng
conmpound \/\hi%ﬁéﬁglgg%f%??ﬁ#ﬁ%ﬂtl gg#%%ﬁ@@@%@%%ﬁﬁ?%ﬁai ni ng
conpound i s polysasylitacid estens,giotgatrylamides, icohdensstion prodicts ofpasiffin waxi n an
anount of 30 to 1.0 O‘%om in terns of the nolybdenum content. 5 Exanpl es
of the nol yﬁi@ﬁ‘?fﬂ'?gﬁ RO 9Sorpounds are mol ybdenum cont ai ni ng i ni de,
am de or am ne conpounds. Sul fur-containing oxynolybdenum succini m de

conplex1§on%§ugg cgg |EBrove hi gh tenperature detergency and oxi dation
i nhi bi ti'dn, ERYvorabl y

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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enpl oyed. Sul fated oxynol ybdenum dit hi ocarbamate and sul fated 10

oxynol ybdenum di t hi ophosphate can i nprove oxidation inhibition, wear

i nhi bition, and reduction of friction coefficient, and hence are favorably
enpl oyed. Dye When the lubricating oil conposition of the present invention
I's enpl oyed 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 corrosion inhibitor. The%¥gﬁtﬂilcorrosion i nhibitor can be a

t hi azol e compound, a triazole conmpound or a thiadiazole conmpound. Exanples
of these conpounds include benzotriazole, 20 tolyltriazole, octyltriazole,
decyl triazol e, dodecylRreparatibr of Additwe Gurhphant At {NendBarated)

2, 5-di mercapto-1, 3, 4 thiadiazole 2- nercapto 4-

hydr ocar byl di t hj o hladla,zol 5-bi s drocarby] dithio)-1, 3, 4-
t%l adi azo?/eO| bﬁ?ﬁ @q'é'BP? @$tﬁmrb?tﬁé@¥qm%ﬁe&cﬁ!¥‘£? kenyl )sucm nic
acid and it s

icilé’}ﬁlcm i aC| d gﬁh@& 1c534 @ﬁg rﬁ&gEPHﬂgﬁstkgﬂﬁé e and 15 g

t et rapropen trapropenylsuccinic an
t et r adocény| (BT moles)af uds;a Mneadﬂmgmymmwalslhemdmdw@f’ﬁ and 137.5 g

a1 kemyl Sutei Qe mAs) O BoragalenSRoRaIGn Hes g ohp e oSS BaRlsdh ot oms,
and a hal - eab@iredindelrepiabdait SUAE radtionRhfbsBRErcARitR hiRiysh duic rie?

pol ygl ycol can be enployed as corrosion inhibitor. |t|on an am ne
conpound, arthecdditionpkas pomplete dbe deactioprmixdure mttm@ﬂgslawea araduallyc o npound,

an | m dazol ype COMmOUNS | ERCATRIESS Wator ibduc by I ealfoh KBlALES ©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. 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.

-10-



Pour Poi nt Depressant Exanples of the pour point depressants include

pol ynet hacrylic acid esters, polyacrylic acid esters, polyacryl am des,
condensation products of paraffin wax and aromatic conpounds. 10 Seal
Swel i ng Agent: Wen the lubricating oil conposition of the present

i nvention is used as an ATF, a seal swelling agent which swells el astoner
sealing material placed in the automatic transm ssion system nmay be used.

Exanpl es of the seal swelling agent; i nclluge oi | -sol ubl e di al kyl esters of
di basi c acids such as adipic acid, 1 Pc acid, sebacic acid, or

phthalic acid. Exanples of preferred seal swelling agents include an
adi pic acid ester, an azel aic, aci er or a sepacjc acid ester of an
al kanol having 8 to 13 é?%ﬁ‘t'%eﬂﬁsaé’ﬁﬁQPWWKF&&EQ@%Wkster of an
al kanol having 4 to 13 carbon atonms. EXAMPLES 20 The invention will be

further illystrated by the foll ow ng exanples, which set forth
particul arl yné Qumbe %MW%@@?@H@&' thermemeter. gRdibl es are

Do 07 ! Vg BSaeaasR 1 Y (S Atk Slle SRR AT
substi t ubi oif@.26imoles)efulza. Thd eedultindmhdursivhs hdated toMO0AC] and tllfiwlﬁ %x I
1 Prepar ati 6 aolashbt hotackiipashepialine s Bonaapdard io Maheaiedked 11 ask
STCER®! ol bpteclopehi I Rt st MBS EENE .,
urea. The r &wrbdditign wastconepletes theeastion mitOEin thedlabR s gradually
heated to reach 160°C within 3 hours. Water produced by the reaction caused
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 flask was retumed 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
15 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.
Subsequently, the pressure of inside of the flask was reduced to 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 oit
composition of the present invention.

-20-



(0.5 nol es) of hexaet hyl eneheptam ne was dropw se added to the heated

m xture under replacenent of the reaction atnosphere with nitrogen gas.
After the addition was conplete, the reaction mxture in the flask was
gradually heated to reach 160C within 3 hours. Water produced by the
reaction caused 10 in the course of heating was renoved fromthe fl ask.
Finally, the pressure of inside of the flask was reduced to 6.7 kPa, so as
to conpletely renove the produced water. Finally obtained reaction product
(Additive Compound Al) was a brown liquid having 4.3 wt. % of nitrogen
content. Exanple 2 15 Preparation of Additive Conpound A2 (Non-Borated) In
a four-necked flask equipped with a stirrer, a ther ter, and a
dehydrating device were placed 738 g (2.5 nol es) stearic acid and 15
g (0.25 erISeU'CSS;)P. of .q%;ea. The resulting m xture was, heated to 100C, and 95 g
(0.5 ol esPWENMBGE et hyl enepent ani ne was dr opwi s&-hdded tg t he heated

m xture 20 der replacenent of the reaction atnos re wwth nitrogen gas.
After the ﬁﬁ?@&f%&m&m ete, the reaction m'xﬁge in thedf Laskhvvas
radual |y heated to reach OC within 3 hours. Water produced by the
?eaéti onyca ‘@Gb?‘?ﬁcfﬁ@muﬁbﬁll‘ &% heating was rem$¥@8 fromthe flask.
Finally, the pressure of inside of the flask was reduced to 6.7 kPa, so as
to conplete ABPECdYE A oduced 25 water. Final |l $-5obt ai ned reaction
product (Additjve Conpound A2) was a brown liquid having 4.2 wt. % of

ni trogen cofllgiktacid 19 Exanpl e 3 Preparation of Add2Bve Conpound B
(Borated) In a four-necked flask equipped with a stirrer, a t her nonet er,
and a dehydeglyldipheaylaseinger e pl aced 1,034 g (3.504bl es) of isostearic

actd and 15 2?6-Di-t—butylphenol 0.25
Diphenyl hydrogen phosphite 0.16
Tolyitriazole 0.1
Silicone oil {anti-foaming agent) 0.002
Nitrogen-containing polymethacrylate 5.7
Base oil (purified mineral oil) 87.068
Example &

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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5 (0.25 noles) of urea. The resulting m xture was heated to 100C, and 137.5
g (0.5 noles) of hexaethyl eneheptam ne was dropw se added to the heated

m xture under replacenent of the reaction atnosphere with nitrogen gas.
After the addition was conplete, the reaction mxture in the flask was
gradually heated to reach 160C within 3 hours. Water produced by the
reaction caused 10 in the course of heating was renoved fromthe fl ask.
Finally, the pressure of inside reduced to 6.7 kPa, so as
to conpletely renmove the produce e 11, —the pressure of inside of
the flask was returned to atnospheric pressure. The reaction product was

cooled to 10 3 0.1 | es) of bpric aci s added to . the

cool ed produ?[";f3 P?ﬁ‘ge‘ﬁ'é%%af %%anllgféﬁpm ésgeﬁtettﬁ%xcﬁpggg NeaPawouRd Adhch
155C wi thin Rabused anbithahgigitheamalint of tif Mise SiPRY 881868 W, PRAGIGE ot 0 t he
same tenperature for one hour. Subsequently, the pressure of Imnsi ge of the
flask was r elbieating,oiboomppgition fardcomparisent i ng was continued for 2 hours.

Finally obtained reaction product (Additive Conpound B) was a brown liquid
having 4.2 wt. % of nitrogen content 20 and 0.2 w. % of boron content

(bor on/ ni® rogen=0. 05). Exanpl e 4CTpanativeExasmle Bhed addi tives and base oil
were mxed to give a lubricating oil conposition of the present invention.

Wei ght % Succi ni m de3. 0 Borated succinimdel.5 Overbased cal ci um
sul f onat e0. 08h&paatadunespofBxamplal4weradepeateabext@pl 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 telraethylenepentamine), 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 iscoctadecenylsuccinic anhydride and 1

15 mole of diethylenetriaming), to give a lubricating oil compossition 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 procedures. 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
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Di octyl di phenyl am ne0.4 2,6-Di -t-butyl phenol 0.25 D phenyl hydrogen
phosphite0. 15 Tolyltriazole0.1 Silicone oil (anti-foam ng agent)0, 002

Ni t rogen- cont ai ni ng pol ynet hacryl ate5.7 Base oil (purified mneral
0i1)87.068 Exanple 5 The procedures of Exanple 4 were repeated except for
replacing Additive Conmpound Al with Additive Conpound A2, to give a

| ubri cat i ng LMAA (ow¥elacity rricionApparmatys)desiet wias\eenployped, dhdaanti¥ (6.3)he

procedures of I wer e, repeat ed except for replaci Addi tive
Conpound Al m%ﬁgﬂxﬁﬁiwaaa'@ier&@@%&mﬁg@?J%ngi candlig¥at i ng o |
conposition of the present invention. Conparative Exanple A The procedures
of Exanple 4 _were repeated except no Additive Conmpound Al was used and
changi ng t he T&§bGARAIEPNS he base oil to 88.568 wt % to give a |ubricating
oi |l conposition for conparison. 5 Conparative Exanple B The procedures of
Exanpl e 4 were repeated except for replacing Additive Conpound Al with the
same armount of afrrigliornaendodBR 3246 SleehplateafiZ182p8¥2)ur e produced by
the reaction of 3 noles of isostearic acid and 1 nole of

tetraet hyl enepentamne), to give a lubricating oil conposition for 10
conpari san. Conp&litdlumeEsSOmpile C

- Break-in operation
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 éccording to the below-stated p-V character-measuring conditions.
- p-V Character-measuring conditions
Oil temperature: 40°C, 80°C, 120°C,
Surface pressure: 1 MPa, Sliding rate:; 0 to 1.5 mv/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 pericd: 30 min.

-23-



The procedures of Exanple 4 were repeated except for replacing Additive
Compound Al with the sanme anmount of an im de conpound (succinimde

produced by the reaction of 2 noles of isooctadecenyl succinic anhydride and
| 15 mole of diethylenetriamne), to give a lubricating oil conposition for
conparison. Each of the lubricating oil conpositions of Exanples 4 to 6 and
Conpar ative ExaiRgsésore min.CMessuecmmentnEdefy24 howsshudder i nhi bition
performance retention and transm ssive torque capacity according to the
foll owi ng neasuring 20 procedures. The results are set forth in Table 2.
(1) Shudder -ividadvrémentgper f ormance retenti on The shudder inhibition was
nmeasured accordi ng to Shudder Inhibition Perfornmance Test Method for

Aut onobi | es and Aut onobile Automatic Transm ssion Fluid (defined in JASO

MB49. 2001) . I n t lgp/dwe¢e.8):ARdV $m/s) at shding YA dfl@¥ny8l ocity Friction
Appar at us) teste%s@m’al oyed? aﬁd du/ldg (0.3) and du/dV (0.9) were

determ ned under the following test conditions: - Test conditions Friction

material : ZDR 52?#@*0"% d\pl(ﬁl@:étgﬁ%ﬁa-é&%mén%l vol une: 150 nL

Break-in operati er at urface pressure: 1 MPa, Sliding
rate: 0.6 ms, Period: 30 mn. After the break-in operation was conpl ete,

char act o7 - nokUORER{feC BRIPA cbfide et ong et (Pt i G odemiTeRs O 1
tenper at ur emif&vaeCAlsHYrer 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: 160°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

24-



Surface pressure: | MPa, Sliding rate: 0 to 1.5 mls After the first
measurenment of -V character was conplete, the retention ability 15 was
eval uated by neasuring p-V character at the | apse of the predeterm ned
period of tine by repeating the sane neasuring procedure. - Retention
ability conditions Ol tenperature: 120C, Surface pressure: | MPa, Sliding
rate: 0.9 m's, SIRetafignidd/im® 30 nin. -23 Rest: one min., Measurenent:
Every 24 hours - Measurenents du/d (0.3): dp/dV (ms) at sliding rate of
0.3 ms d/dV (0.9): dp/dVv (ms) at sliding rate of 0.9 m's 5 Shudder |ife:
period of tinme ur@Ilteraperabifred (0.3) and dp/dV (0.9) became a ninus

val ue. A shorter period was adopted as the shudder life. (2) Transm ssive
torque capacity Dynamic friction test and static friction test were carried
out by neans of S3EfacdopresIuretoffrictiongldiend86dFai cti on Test Met hod for

Aut onobi | es and Aut onobile 10 Automatic Transm ssion Fluid (defined in JASO
M348. 2002). - Friction material Friction material: FZ127-24-Y12, Steel

pl ate (FZ132-8Y2)Test pByiodnB3anint after ioitiatieaofirstation | nerti al nonent of
inertia disc: 0.343 kg-n2 15 Ol tenperature: 100C Rotation: 3,600 rpm
Surface pressure of friction plate: 785 MPa Test cycle: 30 sec./cycle, Test
nunber. % 000 cyclestcycle: 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 pt 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 ut after ut after ut after

Inhibition - 20 500 1000

Life (hr.) cycles cycles cycles
Example 4 552 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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- Static friction nmeasurenent -24 Rotation: 0.7 rpm G| tenperature: 100C
Surface pressure of friction plate: 785 MPa Test period: 3 mn. after
initiation of rotation 5 Test cycle: after 1, 5, 10, 20, 50, 100, 200, 500,
1000, 2000, 3000, 4000, and 5000 cycles - Measurenment Static friction
coefficient (s) at the maxi mumtorque caused when the rotation at 0.7 rpm
starts and JteresulipeetfosthdniTaple 2andicate thalgihe lobricating oilrodsnpdsitions of

Transm ssi o capacit y-was geval ed b he val of, .ut.. The t val ue
| arger t han%@é ﬁﬁf%%ﬁéH%"ﬁﬂﬁxli{(ﬂ@pﬁﬁ%ﬁé)s%%ah%%ﬁ@’%ﬁ’ﬁé@'#‘;'oﬂ}%i gh, and
a further I@h@R'mbihs 4ab ﬁ@@f%@ i D ST S q@ﬂ%’ity.
Tabl e 2. Shllgdder nI1nhisbitio SPer orlﬁngﬁgghg{%%g@Fét{b]z@@r%npc%ﬁ@rl&t after
| nhi bi t i on26B0b 88GOvalue ex¢eeding Y133 (whitk swaarises highargriseissive torque
45520. 1380. 1350.. Exanpl 5040. 1320. 133Q. 130 anpl e §5280. 1350. 1380. 133
o, B AP ARAS O OUEL SR IPaA N adabBAUSL el GaBpOgten containing

neither the amide compound nor the imide compound (Comparative Example

A) shows a short shudder inhibition life while the pt value is high. The

comparative lubricating oil compositions containing a conventional amide

compound or imide compound (Comparative Examples B and C) show a low pt

10 value and only a slightly longer shudder inhibition life (longer than the life of the
lubricating oll composition of Comparative Exampie A) but shorter than the
lubricating oil compositions of the present invention (Examples 4 to 6).
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Conp. Ex. C1680.1260.1190. 123 -25 The results set forth in Table 2 indicate
that the lubricating oil conpositions of the present invention (Exanples 4
to 6) show a |ong shudder inhibition Iife (which means a |ong shudder
inhibition capacity retention) and a high t value such as a val ue
exceedi ng 0.130 (which nmeans a high transm ssive torque 5 capacity). In
contrast, the conparative lubricating oil conposition containing neither

t he am de cdnpatisdclaintedige | m de conpound (Conparative Exanple A) shows a
short shudder inhibition |ife while the t value is high. The conparative

| ubricating pil c tions containing a conventional am de_ conpound or
i mi de corrpouﬁd (&ﬂ%@éfa‘(‘? FemeeHRd cempgsiigthe reaction prodye of alineagiaie and
only a slightly I | AhiRLE ' . | of the
| ubricating oil c%?r%%i?@ ?gﬁﬂgged(%wpr%rb g rlﬁf\geedl @g%élgﬁ%fpgépggﬁﬁ%wq ﬁan t he
| ubricating oil do@omrbomatoms, uree, gndpelyalkiienepodlyamind whapbiaghd to 6).
VWhat is glainmed is: 1 An addjtive conpound conprising the reaction product
of a linBar or H?QMO%EQ'&M&P%&@E@@Watadn eibegreat. aliphatic
acid having 8 to 22 carbon atons, urea, and polyal kyi enepol yam ne, wherein
the 5 reacti,on p(rﬁ%trjcég,'_s non-borated, borated or a mxture thereof. 2. The
addi ti ve corfpoun aqqityecompoid of ¢laimd, wagtain Hie reastion productifor at ed. 3.
The additive conppuamdqof claim 1, wherein the reaction product is produced
by reacting one nole of a linear or branched, saturated or 10 unsaturated
nmonoval ent aliphatic acid having 8 to 22 carbon atons, 0.01 to 2 noles of

urea, and Oql to : I el 4. The addjtive conpound
of claim1, 3\:7Lvher Jhﬁ%@t&?@ﬁbéﬁiﬁlﬁ%ﬁg#ﬁg}eﬁ the reaction product 1S
produced by reacting one mole of a linear or branched, saturated or
10 unsaturated monovalent aliphatic acid having 8 fo 22 carbon atoms,

0.01 to 2 moles of urea, and 0.1 to 1 mole of polyalkylenepolyamine.

4, The additive compourid of claim 1, wherein the polyalkylenepolyamine
contains 2 to 30 carbon atoms and 2 to 15 nitrogen atoms, wherein at
teast two nitrogen atoms are in the form of primary amines.

15 5. The additive compound of claim 4, wherein the polyalkylenepolyamine is
selected from the group consisting of ethylenediamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
pentaethylenehexamine, and hexaethyleneheptamine.

6. The additive compound of claim 5, wherein the polyalkylenepolyamine is
20 hexaethyleneheptamine.

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

8. A lubricating oil composition comprising a major amount of base oil of
lubricating viscosity and a minor amount of the reaction product of a
- 25 linear or branched, saturated or unsaturated monovalent aliphatic acid
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contains 2 to 30 carbon atons and 2 to 15 nitrogen atons, wherein at |east
two nitrogen atons are in the formof primary amnes. 15 5. The additive
conpound of claim4, wherein the pol yal kyl enepolyamine is selected from

t he group consisting of ethylenediamne, diethylenetriam ne, |
triethyl enetetram ne, tetraethyl enepentam ne, pentaethyl ehehexam ne, and

hexaet hyl enehept having.8 f 27 barbanditbmes ursaaadrpblyikyiérepolmminbewherein he

pol yal kyl enepol yﬁ?m' ne is 20 hexaethyl eneheptam ne. 7., The additive
conpound of cl ai Hhereaghendredudids apnbesated. beraled ar a migutetiereofacid. a. A
| ubricating oil conposition conprising a major anount of base oil of

| ubricating viscosity and a mnor anount_ of the reaction product of a 25
linear or b®anchdde idbiicatinga campesitieniehelaim Sowbetginthe wackoapredugti d - 27
having 8 to 22 ¢ Satdjons, urea, and pol yal kyl enepol yam ne, wherein the
reaction product 1S non-borated, borated or a mixture thereof. 9. The

| ubricating oil conposition of claim8, wherein the reaction product 1is

b d. . | ubri.cat | | it . aj,m 8, in th
enct  orBpr it e bR oot AELBIRE, BhefSif thE feclaf Bt anched,
saturated or ungapiddated byreamiEdie ﬁid{@tbgé i!iﬁea%rebraﬁ&ilétﬂ satdratetPocar bon

atoms, 0.01 to 2 noles of "urea, and 0.1 to | nole of
pol yal kyl enepol y 4Rsalirated manevaleniraliphatiegcidinaving % ts22 carbosf atoms, m 8,

e et e 10, PROP EAGPE N, BRaSh I o o oS NRERANE. 1ol 2ok
primary am nes.
11.  The lubricating oil composition of claim 8, wherein the
10 polyalkylenepolyamine contains 2 to 30 carbon atoms and 2 to 15
nitrogen atoms, wherein at least two nitrogen atoms are in the form of
primary amines.

12.  The lubricating oit composition of claim 11, wherein the
polyalkylenepolyamine is selected from the group consisting of
15 ethylenediamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamine, and
hexaethyleneheptamine,

13.  The lubricating oil composition of claim 12, wherein the
polyalkylenepolyamine is hexaethyleneheptamine.

20 14. The lubricating oil composition of claim 8, wherein the aliphatic acid is
isostearic acid.

15.  The lubricating oit composition of claim 8, which further contains 0.01 to
2 wt. % of diphenyl hydrogen phosphite.

16.  The lubricating cil composition of claim 8, which further contains a
25 metal-containing detergent, an ashless dispersant, and an oxidation
inhibifor.
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12. The lubricating oil conposition of claim 11, wherein the

pol yal kyl enepol yam ne is selected fromthe group consisting of 15

et hyl enedi am ne, diethylenetriamne, triethyl enetetram ne,

t etraet hyl enepent am ne, pent aet hyl enehexam ne, and h exaet hyl enehept an ne.

13. The lubricating oil conposition of claim12, wherein the

pol yal kyl endgel y & aidomatisdransiigsion apppratus aentaining the Inhecating oitat i ng oi |

conposition of claj : r el. he aliphatic acid is isostearic acid. 15.

The | ubricating Sﬁwc?%ﬁﬁwtﬁ%ﬁ‘ %‘f claim8, which further contains 0.01 to

2 wt. % of diphenyl hydrogen phosphite. 16. The lubricating oil conposition

of claim 8, ich furth contains, a,,25 netal -coptaining detergent, an

ashl ess di sag]sa% r,negmfle é?ﬁ r%‘_!(‘i"a%q Fhpdder H’Hiaﬁiqlﬁ?maﬁﬁga'l‘w%ﬁprhﬁ{%ﬁati c _

transm ssi on appaitaiiit ceRribLatioN eq inBeshidthedH] cdthtising SQETRGRE | on of claim
er

8. 18. A method for reducing shu In an automatic transnission of an

i nt er nal S conbust lWNicetigs ed compagitinn ofeipioodie the agforsdicitpnsmisgdon apdi cat i ng

ginlgi ﬁgnposi tion %Be?eltﬁiig%g etl'l%ir{er.]e automatic transm ssion and operating the
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