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A LUBRICATING OIL COMPOSITION FOR AUTOMATIC
TRANSMISSIONS The present invention relates to a lubricating oll
composition. In particular, the invention relates to a lubricating oil
composition for automatic transmissions of internal combustion engines,
in which the lubricating oil composition shows a 5 high torque

transmission capacity and a prolonged shudder inhibition. BACKGROUND
AOEFRIRIGATENG 1O A RMERS TR QR AT ANATIGIER ANSHISSIONS

torque converter, a wet multi-plate clutch, a gear mechanism, and a
echanism, controlling% hese elem]ts. The torque transmisz{i??n capacity

TR NG L AR R 6 e LB e RsTbIe ThHReIar, the
indeglzmotlaast Madarrivstngadic coansmsissinre futhenetmptseissions of

. lockup clutch mounted to the torqu nverter, so as fo improve. fuel

LIRSS PR R ShgeRckLy e ke Brdinl eriprsiigishows a

higartemjtiedrtntmissittmedisasitn s sigraoerreingHaddrdyinthibilgitions
in addition to the driving force transmitted through a lubricating oil. 15
However, since the torque variation produced by the operation of the
lockup clutch somdifAe K GBON BL3EchgérdNVENTEBRder, the lockup
clutch is generally set to operate only under high speed driving conditions
giving less torque variation. Under low speed driving conditions as when

AdteRibmbBsBIsRoNS 48 BHEMRRIRS FYCP RS NEIHR ropygEEy. a wet
rREIVYRSER tIBIBA0 NG OLRHE LR YRIHANMNa tRRURBATIA LRI these

revolution. Therefore, enough improvement of fuel economy is not
clamanty. e deamih/irattsistientsRBatt bhadasrlirally smraording to
theysiiB Py MIEBBIleckhE e chafiseranRnavRiadmdaitadew speed

driving conditions and the transmission loss can be reduced. However,
transmissions further comprise a lockup clutch mounted to the torque converter,

so as to improve fuel economy. The use of the lockup clutch 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 conditions giving less

forque 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
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

surface of the lockup clutch. At low road speeds vehicle operation is rough and
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25 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 surface of the lockup clutch. At low road speeds vehicle
operation is rough and -1 engine vibration is transmitted through the drive

iR AHBN A ANAIREMPIRION 00 IO ARESIARIE A0 AHELR g
e lock-up system requires” specific automatic transmission Hui
etigngcvdriaiiosinnems atcaniableddetridarabilihetto plerfiprsystacotelyuBbes
er i ick-sli epome d.is related tp th
B e R R A A G ofalagpger
dwrrdrildysoghidifermaiudinivhe lockup clutch increases and the coefficient
of friction () decreases. Thus, it is desirable to employ a lubricating oil
automatic transmission fluid) which shows a favorable g-V character, i.e.,

Bdfietioh Pesemicratifiereli @b SRane s irAg T atdatrddadbs, msgonal
ckeansdhe éaweme;ty\égfn@mivréﬁé@ae@eﬁ&?@_R&H&Qr%éﬁnfs When the

prolonged shudder inhibition performance. Positive dp/dV in the -V

sifiinacedaditsatbedqoired ebprbvanresrasderd JAs Cogffipmmdsy friction (p)

moAhil , (zatl ; - | tandard
Cl'c%i!‘lﬁ'lg-ill Whi(zrr??ﬁ?o%vi]? s%%ﬁ%?ﬁt%%%ﬁ%%%]ﬂgﬁﬁg;ﬁg&%@%ﬁg ﬁtcorq ue
traassngsgioricigpasinciHobmve @ e dblgive v mbarfariagtien, Wi friction

t to.1the f i the. T-1ll standard oil. Prolonged shygdd
o e i R e G e i dyorable
ufNctbrrdetze ity gty ddoperiet of throanieh friciongaddifiatifer2@hibition
ingorporated E:pto, Iuig;icg{i}]% %14 the friction coefficient of the wet clutch

petrformance. Positive du/dV | e p-V characteristics are required to prevent

shudder.

JASO (Japanese Automobile Standard Organization) M349:2001 describes a
standard oil T-lIl which shows standard shudder inhibition performance and
torque transmission capacity. However, there is given no information with

respect to the formulation of the T-1ll standard ofl.

Prolonged shudder inhibition can be attained by incorporating a friction modifier
(generally, friction decreasing agent). However, if too much friction modifier is
incorporated into a lubricating oil, the friction coefficient of the wet cluich

extremely decreases and hence enough torque transmission capacity cannot

be obtained.

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

protective agent comprising the reaction product of a Cs to Cgy carboxylic acid
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extremely decreases and hence enough torque transmission capacity
cannot be obtained. U.S. Patent No. 4,948,523 discloses a lubricating
composition, preferably essentially free of zinc
dihydrocarbyldithiophosphate compounds, and 25 optionally free of

chlorine containing. silver lubrigity agents, comprising a.major . proportion
B S B R e SRR R Tl e
usgerich thprisiog toenpactids; {)d0¢ tofGyOhyvidrGGiH oarboxylir@gjesidb stituted

and at least one amine selected from the group consistin (% o
B A e I P B ampeyamines:
ahgidvealjedudigtitated hydrocarbyl mono-amines, alkylene diamines, and

(3) polyalkylene polyamines; and N-alkyl glycine. 5 U.S. Patent No.

5,395,539 discloses certain hydrocarbon soluble or dispersible amide

Ursa &t plrdlu s epitorisslonea s iaitdizdresriiopasel dhitner irsersible
aRfiGOrRReNBA RN Rl BN ARINESterS MRS IS8 Usei salts

as friction modifying additives for oleaginous compositions such as
of fepranesis, anelGartgipsieid ﬁﬁﬁ%ﬁw(@ﬁ@m%@ﬂbﬁr}iéﬂmm atﬁdiﬁaf_ld as
friERBATHRRIAYAY 8N for BIbEMBELIRAINIASATRRHIAI BRI oils
. they are contained. U.S. Patent No. 5,916,852 discloses lubricating fluids
ingidintheriterdreasmilie B RrTH @datbriswie amebimisannmisaiondivids
(AOERErahiptatHe Bdddnuit cghl;;ﬁ@gmsr@mﬁm%@ﬁtéﬂw

ashless dispersant, and, option other amine containing friction
modifiers provide lubricating fluids which exhibit 15 excellent break-in

UchaRatientstics )81t argsapaiipsépleveititigdotarts ahigldeitinde an additive
Cc?i’llj’l err?aa}tllc():nt@cpnsﬁrgrllssssh%ng' compound having the general formula R—NH, with
oil-soluble phosphorus compounds, an ashless dispersant, and, optionally,
other amine containing friction modifiers provide lubricating fluids which exhibit
excellent break-in characteristics that are capable of preventing “green

shudder” in automatic transmissions.

U.S. Patent No. 6,303,547 discloses lubricant formulations containing the
reaction product of at least one Cs to Cgy carboxylic acid and at least one
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 excelient low and high temperature rheclogy and are
particularly suited for use in automotive and industrial gear applications.
Lubricants of the present invention exhibit improved performance properties,
such as increased axle efficiencies and lower axie 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.
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U.S. Patent No. 6,303,547 discloses lubricant formulations containing the
reaction product of at least one C5 to C60 carboxylic acid and at least one
amine selected from the group consisting of guanidine, aminoguanidine,
urea, 20 thiourea and salts thereof is useful as a gear oil additive. The

i jons exhibi t high temperature.rheolo
R R S A Ste < S ot G g
capplicatidagistddncanidasfhietpresshtiakenaaoextuieirh pray ddermal

F operies, h as incre axle efficiencies and |lower .
S B R A B R B TR o e
fomprdey & SONHAL dufaliiNG QRIOC litprdldE PiyentisrdeR ptidsnaaBieeto Cso

icant formulations.h _nqt gontain said reaction

am&% o&%&&&%@é‘nﬁ 5uquli§c’a%%cr?%—oﬂé 01-247532 discloses fatty

acid amide compounds osed for surface lubricant, yehicle component and
By e BS Ve SRt ITIB AP HRE DS o
IURiG@ttY GiHZ)m (INE ORAM feHR) 0} iMWHI @ RD aviedecBRBSuadsGikr ey fong-
| Ch0 5 alléyl or(g#erglﬂgqr\%e, mand n=1-3, and | = 1-4. U.S. Patent
8&@5&3& > PUBHELROARE 265218078 Pt aISaiNe LA ARRAGEfPT wet
chincheseoidiop watuncikiss|dmmedtifieteostaaims s Rwdny Rrgrastingic

anti-shudder pro ertﬁ;.enhan ed tran?mrgssion torque capacity for wet

tr@lﬁ?&ﬂ'@?’ﬁﬂﬁ/@%ﬁ&f’ RRUSIY ¥ BVRRIR SIS BRerty for automatic

10 transmissions and continuously variable transmissions. Japanese
Patent No. 3330245 discloses lubricating oil compositions for slide guide

J3praees EsRnhiNg midegéfz SiRalARRp bR Ot porpaemtianadar slide

guide surfaces containing nitrogen-containing compounds of polyamines and

amides in mineral and/or synthetic oil.

U.S. Patent Application Publication No. 2005/0124506 A1 discloses 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, when employed in a lubricating oil compaosition is
favorably employable as an automatic transmission fluid of internal combustion

engines.

The anti-shudder durability and shifting property and the transmission torque
capacity are in a trade-off relation. Therefore, it is desired to develop a

lubricant composition having alt of these properties.

In view of this diltemma, the object of the present invention is to provide a novel

fubricant composition which can retain anti-shudder durability for extended
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amides in mineral and/or synthetic oil. U.S. Patent Application Publication
No. 2005/0124506 Al discloses an additive 15 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,
PERE dsoRKiyRShRISO EFRIBISFISh I8 FatP e EM L knREyRd shifting
peepHepition is favorably employable as an automatic transmission fluid of
internal combustion 20 engines. The anti-shudder durability and shifting
property and the transmission torque capacity are in a trade-off relation.

Therefore, it is desired | iGan tion having all of

these properties. In vie%vejo t %%%?hﬂ%éhm #Pe present

invention is to provide a novel 25 lubricant composition which can retain
TeRtipragader-duiariinpfer s niRmb A PeRipen %B%?A%&mgh é?ﬁ@ﬁﬁ%?@i@ﬁ‘n

torque capacity and improved shifting property. SUMMARY OF THE _
AVBRHGIRPERISHAO PO THeh ¢Roustian anaiagsg Drecbrapeatin oil
cemployiable &1 thaprematiG NI AR iR Bl RO RIS BRI city

The lubricating oil composition of the present invention has a high torque
a9 RINRBRIFACEARSG T SRR YRR SHRRH SIS RIAHPrIMIsH iRemissen fluid
(AUONIaE ARSI R HISidAT bF iIRHRMalis Haamsmissionsl internal

combustion engines. It is desirable that an automatic transmission fluid

not only should show a high 10 shudder inhibiting ability when the
lttrausraicside fhatias fstamsetic aradsdssion 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 torque transmission capacity.

Accordingly, the present invention relates to a lubricating oil composition
employable as an ATF in internal combustion engines having the beneficial

performances mentioned above.

The present invention relates to a lubricating oil composition comprising a
major amount of base oil of lubricating viscosity and the following additives in
the following amounts based on a total amount of the lubricating oil

composition:
(A) 0.1 to 10 wt.% of a succinic acid ester,
{B) 0.01 to 2 wt.% of a phosphorous acid ester,

{(C) 0.1 to 5 wt.% of an amide compound which is a reaction product

obtained by reaction of a linear or branched, saturated or
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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 torque transmission capacity. Accordingly, the
present invention relates to a lubricating oil composition 15 employable

as an ATF in internal combustion engijnes having the benefigial
performa%%%%{arjﬁgﬁ?lor%%qgggil%r} PLB 3z [ge%?'ﬂ\?@w\ﬂﬁﬂ éé%t%g fggpon atoms,
lubricatingred ,camippsiisth\de rppidywmnanmajor amount of base oil of
lubricating viscosity and the following additives in the following amounts
based on a total amount of the lubricating oil 20 composition: (A) 0.1 to 10
wt.% 69 h0stddinié utiteetan @roanes 2rktaketaantprHetem@satidnd
ester, (C) 0.1 to 5 wt.% of an amide compound which is a reaction product

obtai reaction of a linear or hranched, saturated or -5 unsaturated
monc?ﬁ:é%)%{IFBh%aﬁ\g%/&ia}l‘rf‘a@ﬂ{&%’f&f‘éﬁwgﬂ%n atoms, urea, and

polyalkylenepolyamine, (D) 0.01 to 2 wt.% of an overbased

< i 011 t.9% of rrQsi .
s e A i o R G i an
agiquaate fieasraigtionaat aramsarissl e ofeustineraabtuen stivinerigiee by

) lubricat " oy Y 0N 16 an
o B e A P o,
trans piesiem #vdatenatnsadmiengine.surprising discovery

Among other factors, the present invention is based on the surprising discovery
that the lubricating oil composition of the present invention provides high
transmission torque capacity and prolonged shudder inhibition when.employed
in an automatic transmission of an internal combustion engine. The lubricating
oil composition 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. The lubricating oil compositions of the present invention has high

stability with respect to the shudder inhibition, the torque transmission capacity

and the shift performance, which are important properties of an automatic

transmission fluid.
DETAILED DESCRIPTION OF THE INVENTION

As described in U.S. Patent Application Publication No. 2005/0124506 A1, the
amide compound employed in the automatic transmission oil shows shudder
inhibition performance retention, i.e., prolonged shudder inhibition time.
However, the present invention will show that U.S. Patent Application
Publication No. 2005/0124506 A1 does not have fully satisfactory
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10 that the lubricating oil composition of the present invention provides
high transmission torque capacity and prolonged shudder inhibition when
employed in an automatic transmission of an internal combustion engine.
The lubricating oil composition is useful as a method for reducing shudder
when used as an automatic transmission fluid. Accordingly the present
ClRUBHIRIPICSI LD Bt i B ERIo D <PBPHY s st dtioeeanmsodnanite
hiviiy Mm&ticfatr@:ﬁmﬁsﬂ@s' .| ﬁdlﬂgﬁa@d@lﬂﬁ@ §|Ek§}f$lﬁtﬁrm ldigran ?é!@@ﬁ@é oil used
. transmissio ninternal c ustion engine. The lubricating oi ]
'fb@}ﬁp’rgg%.‘érﬂb?r‘%ﬁéﬁﬁgeké?ﬁfin RBHHSHERMIEIARCARAGES PG orseift
peifodceinabifitice, b edgsaredraspanasienunAeiy Nad Breusbifliuteh and to
ﬁgﬁgrmance, }/1\/,hi,ch are important properties of an automatic 20
SHRASHiSGiBh SR NBErPARCEY B SRS SH i o IRNAPN BN sion
c@@gﬁ@@@ﬂh@%ﬁﬁ@%ﬁhiéqmaub@atm Hégpaﬁgé/@ﬂl@f#?%t‘éh Hed the
amide compound employed in the automatic transmission oil shows
S@ﬂﬁ‘&&éS?ﬁﬁiﬁlﬁigﬁ‘%gffémﬁ%ﬁc@@%‘ﬁ%ﬁ’i.r&?%%f&}i%%d shudder
inhibition time. _25 However, the present invention will show that U.S.
TR eRRIGAIan JYRLGIAN NG, A00RIAIBAR MR RR AL IRYE Y
satisfactory -6 characteristics in torque transmission capau'fy ANasR
compositrceatdsiitag uldiity befier iththaceffistitsedp miiimed théhamide
o il in > ;2001 test. I
o B i Ao Koetoh 82, 2 B s
Adepepamigulporifsasigerdfittvectispemdde ssashdwicatiggavibbiftinmy sition
‘ el ingly.: A iSSi city and the shift
B S P PR e 81 bRl
shudder inhibition time, but also in the stability of the torque transmission

capacity and the shift performance.

The preferred embodiments of the lubricating oil composition according to the

present invention will be described in further detail below.

Sucginic Acid Eéter

The lubricating oil composition of the present invention contains a succinic acid
ester (Component A) in an amount of 0.1 to 10 wt.%, preferably 0.1 to 5 wt.%,

based on the total amount of the lubricating oil composition.

The succinic acid ester is preferably an ester derived from a polyol and an.
alkenyl-substituted succinic anhydride prepared by reaction between maleic
anhydride and pol'yoteﬁn having a number average molecular weight of 450 to
5,000. The polyolefin preferably is polybutene. The palyol preferably is a
polyhydric alcohol having 12 or less carbon atoms such as glycerol, erythritol,
pentaerythritol, dipentaerythritol, heptanediol, hexanetriol, or butanetriol.

Particularly preferred is pentaerythritol.
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shock in gear shifting are liable to fluctuate, respectively. Thus, it is an
object of the present invention to provide a lubricating oil composition
containing additives for further effectively utilizing the amide 10 compound
disclosed in U.S. Patent Application Publication No. 2005/0124506 Al. In
particular, tgg Eresen_t invention provides a lubricating oil composition

Il

TG RERGE B RT3 R BHE THISHRIATp SRSAEAEEY fhe reaction
bephRiengsslyshtsige ninhibibandigehaidise gehersiRoYE el teyome
rapsmission capacity and tEHle shift pe f_z@rsmance. 15 The preferre i
BRI Pt RS SRR R EAHamS B raeaHs i
givinvg atiogivithetidesgiine diim Ay e desailialows SustiricihaigEstardde
lubricating, oil composition of the present invention contains a succinic acid

AU (e DRIABRE AP Bar BN B Ol UG, CHTErEIS o1y

obtdifed %Ql(b%ﬁﬁﬁli@@ ﬁl@cﬂ?@l W@éﬁrﬁ ﬂu@ﬁg@ rﬂgazﬂi@?rbilrm@éitjé@rmﬁmg
succinic acid estey is preferably an ester derived from a polyol and an
N0 RS TR RIS BRI A e AIe BTG e eRlRTine

cohtalei¢sanhyeide ppehpeielafinibayiohan WA rANAIREeJDAIRSWRN reaction
eight of 4(1350 to 5 %00. Th%}é{/olefin referably is polybutene. The

w . ,

PrOGR?S! BrarcrdBId R B98I SRARITRINHEPREIRGNIDBING Y (eaBbAPProX.

50atonnsrastolylamglkaiel seythuite) irpphiee bitirobshpentreitidgbutene
heptanediol, hexanetriol, or butanetriol. Particularly preferred is

(Copiginng MY P-Rie sLym HuEs fb @R wavbarrnklciisdmproved
thévhapridryihaseasias forhueer PalBY RN st MAleisRNRUHIR ifatio of
generall¥ performed by a ) ) )
thé polybutene increases, and the resulting dispersant contains the effective
product (succinimide) in a high concentration. Accordingly, it is preferred that
the polybutenylsuccinic anhydride is produced from the highly reactive
polybutene by a thermal process and the resulting polybutenylsuccinic
anhydride is reacted with a polyhydric alcohol such as pentaerythritol to

prepare the succinic acid ester.

In the lubricating oil composition of the present invention, the succinic acid
ester can be used in combination with a polybutenyi-substituted succinic irﬁide
having a number average molecular weight of 300 to 5,000 or a modified
succinic imide obtained by reacting the polybutenyi-substituted succinic imide
with boric acid, alcohol, aldehyde, ketone, alkyiphenol, cyclic carbonate,

organic acid or inarganic acid such as phospharic acid.

Phosphorous Acid Ester

The lubricating oil composition of the present invention contains a phosphorous
acid ester (Component B) in an amount of 0.01 to 2 wt.%, preferably 0.05 to

0.5 wt.%, based on the total amount of the lubricating oil composition.
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chlorination method utilizing chlorine. While this reaction is advantageous
in giving a high reaction yield, it has disadvantageous feature in that a
large 5 amount (for instance, approx. 2,000 ppm) of chlorine remains in
the finally obtained succinimide product. In contrast, a thermal reaction
rocess utilizing no chlorine gives a final reaction product having an
TE%}%&PW%WH&%&H@W@%@«?’ asvietisphmsadiian andsamantirwaar
ageriMmpnever iRnaLY SACRIN RIIEE RS N QYBSeh NiFbLIRARS Ve
polybutene (containing at least approx. 10 50% of methylvinylidene
structure) in place of the conventional polybutene (containing mainly
Tie plefinpsruous )il estahighferablipis aeldlipheatin peaxadidhephesphite or
eaction.process. is further advantageous becayse the regction ratig of the
R Sy W T T RS R S SR e

ufene increase e res 15p
pipesgbiesitdiniaidedoatal pbosphitattvaviAgentjdghyatbie prefenedf 3 to

1 B O B N P B B T DG G5

reactive po maf process an @esuftin
pioditenglsatdihicdmged pde spindacid edih aydobduom itatedtitd stithuryl
rythritol to pr, e the succinic ac¢id ester, In the lybricating oi
D R R e B Rttt 4 e iy drogen
phusephitechavingatidryditicarpotylguteny bt d Bstituteshsaiceinscaintidehpansng rbon
e C eight of 300 to 5,000 or a madifie .
o A IR B e Pl SRt Bhasmtes
inchide dipthehyfibpdidgelogitwisphithytlee Ehtsph@byipheibestyclinay be in

0 ' ' inorgani id such as [103 aor'c acjd. 25
G DTG SO SRR PG EnES RIS TR%HE et o
brianehtdrebeimailishaphesphtrdusing 8 to 18 carbon atoms such as octyl
amine, decyl amine, lauryl amine, capryl amine, coconut amine, taliow amine

or oleyl amine.

Amide Compound

The lubricating oil composition of the present invention contains a non-borated
(1) and/or borated (i) amide compound (Component C) which is a 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. The additive compounds |
and H of Compound C can be employed singly or in combination. The amount
of Component C employed in the lubricating oif composition of the present
invention will be in an amount of 0.1 to 5 wt.%, preferably 0.2 to 4 wt.%, based

on the total-amount of the lubricating oil composition.

Additive compound | comprises the reaction product of a linear or branched,
saturated or unsaturated monovalent aliphatic acid having 8 to 22 carbon

atoms, urea, and polyalkylenepolyamine.
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acid ester (Component B) in an amount of 0.01 to 2 wt.%, preferably 0.05
to 0.5 wt.%, based on the total amount of the lubricating oil composition.
-8 The phosphorous acid ester serves as a friction modifier and an
anti-wear agent in the lubricating oil composition of the present invention.
The phosphorous acid ester preferably is an aliphatic secondary

AdpbysirRaPoRRGIbAATIE dEeB DB HPRERD RRECERARPNSS ST iMevhiphHie
re%%@@ﬂﬂéfb{o@%@W&ﬁéﬂ%é&ﬁ@@qﬂ%‘?@sﬂm&ﬂ% Ng-Rurated or

hydrocarbon group of 3 to rbon atoms (e.g., dipropyl hydrogen

U‘Eﬁﬁikﬁﬁﬁﬁ?@ BIBGSY Hea R B Pitodpistbaviberd WQ%Q@F@QI@O@W@; urea, and
pelifaryldnstanpmRosAitBilaNEl ByR1geERPhosphite, dioleyl
hydrogen phosphite) and a mixed dialkyl hydrogen phosphite having a
hydrocarbon group of 12 carbon atoms and a hydrocarbon 10 group of 14
carbon atoms. Examples of the aromatic secondary phosphites include
diphenyl hydrogen phosphite. The phosphorous acid ester may be in the
form of an amine salt. Examples of the amine salts include a linear or

- Mbranchiediohigimatipatie amine having 8 to 18 carbon atoms such as octyl

amine, decyl amine, lauryl amine, capryl amine, coconut amine, tallow

ngna‘ga%rﬂ %&)ﬂﬂ%‘%? g% %8%8@% -\If_vr}ﬁcHtlm?gg)n%%?Bted g/%the

composition o present invention contains a non- te

fopweeitsd (1) amide compound (Component C) which is a reaction product
in which the reaction product is obtained by reacting a linear or 20
branched, saturated or unsaturated monovalent aliphatic acid having 8 to
22 carbon atoms, urea, and poI%I{ﬁQ@‘ﬁBWamine. The additive
compounds |

or anhydride thereof, wherein R4 represents a hydrocarbyl! group having about

2 to 50 carbon atoms, and y represents an integer of 1 to 4.

The monovalent aliphatic acid employed for the preparation of the amide
compound of the present invention is a linear or branched, saturated or
unsaturated monovaient aliphatic acid containing 8 to 22 carbon atoms.
Examples of the aliphatic acids include octanoic acid, lauric acid, myristic acid,
palmitic acid, stearic acid, isostearic acid, oleic acid, and behenic acid.

Particularly preferred is isostearic acid.

Urea

Any ordinarily employable urea such as urea of industrial purity grade can be

employed.

Polyalkvienepolvamine

Preferred is a polyatkylenepolyamine containing 2 to 30 carbon atoms and 2 to

15 nitrogen atoms, each of at least two nitrogen atoms constituting primary

-10-
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and Il of Compound C can be employed singly or in combination. The
amount of Component C employed in the lubricating oil composition of
the present invention will be in an amount of 0.1 to 5 wt.%, preferably 0.2
to 4 wt.%, based 25 on the total amount of the lubricating oil composition.
Additive compound | comprises the reaction product of a linear or

Apienet Yabbarter lisaeieeuns of svseraliphedienanaiauiiies wil
cAARDBAAIONS 5B AIRAY ANYIRNSRIVABIPGorh A4 W Barbon atoms.

compound Il comprises the borated reaction product in which the reaction
The difterearinne ehierdaanigra nites et plammeanstiutiaeedmary amine

guRSREIRARch BTRRARRIAIItSARR{E having 8 to 22 carbon atoms, urea,
and polyalkylenepolyamine with boric acid compound. 5 Monovalent

Aliphatic Acid The monovalent aliphatic acid is a compound which is
Ereprgsestef dyittide fpoiyalhy R446QRIINES dichnty dribgdhertiamine,
wherein R4 represents a hydrocarbyl group, having.about 2 to 50 carbon
e R e O RNE BTN b amine,
hacigleamgiayeiddodibthprepaiddionne, iipapidenecainptinad of the present
invention is a linear,or branched, saturated or unsatyurated monovalent
A R Y ARG <5 DB R R e R B AT, di-sec-
balipleatitrzrivadn tietbydetarotezaitnta urip agiglenptistia aeithe palmitic

trﬁgado-&%gﬁgt% t!gah%?r%??é'&a%%ﬂylglgécpgﬁgma&%,bggr?{ggtﬁg)lghehexamine,

hexaethyleneheptamine, dimethylaminopropylamine, and mixtures thereof,
Particularly suitable polyalkylenepolyamines are those having the formula:
'HzN———(-RsNH)ZmH

wherein R; 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 (-CHCHy-); and z is an integer from 1 to 4, preferably 1 to 2.

Particularly preferred polyalkylenepolyamines are ethylenediamine,
diethylenetriamine, triethylenetetraamine, tetraethylenepentamine,
pentaethylenehexamine, and hexaethyleneheptamine. Particularly preferred is

hexaethyleneheptamine.

Many of the polyamines suitable for use in the present invention are
commercially available and others may be prepared by methods that are well
known in the art. For example, methods for preparing amines and their
reactions are detailed in Sidgewick's "The Organic Chemistry of Nitrogen",

Clarendon Press, Oxford, 1966; Noller's “Chemistry of Organic Compounds”,
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Particularly preferred is isostearic acid. Urea Any ordinarily employable

urea such as urea of industrial purity grade can be 20 employed.

Polyalkylenepolyamine Preferred is a polyalkylenepolyamine containing 2

to 30 carbon atoms and 2 to 15 nitrogen atoms, each of at least two

nitro%en atoms constituting prim }é -10 amine. Preferably, the a )Eé/lene
a

SHU0PErSs stulRdenaiRy e Slyahnésam léshtaﬂwmﬁﬁsz"m aRsistia of
CGHemE ANTEsRFRIRAPTY SR d [:4cauhon o e T pittageRtom

other than the nitrogen atoms constituting primary amine generally
constitutes secondary amine. 5 Examples of suitable

Tmmkwempnucamm& ihelpdesetfiylenedizmioen propplensdibibyineacting the
mlne |am|ne ent nediamine, .
exy é lami dlethﬂenaeli:enréml propﬁzh'égﬁgrn}}ﬁ%? mine compound

(mﬁhwawmppylamme) mlmpymetmm(ne,, ditistydenetEaminghat the
%uso%@[y té/!gla tr&%w1 gwtlr th Ieneéentrg\l mlp%ltrl rg%lﬁg tgagml e, 10

enete raaml e, tetr hysl;enepen mine
cpemeaethylehtierassie, nh@M&:thykepeds@pﬂ:ﬂymﬂﬁamed by reacting one mole

mi res thereof, Particular ifable.
o R A, T8 RS PR B s motes
olfiezrairaRG thtst@rghiedpmwﬂ&hﬁﬁ Ei@lﬁmnc@esl)lpmaving 2106

f I carbqn atoms refer
N o S S A R e
ppeéserdiyyel 16@-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.

The above-mentioned reaction product can be preferably borated by the
reaction using a boric acid compound to yield the borated amide 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
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.

Qverbased Metal-Containing Detergent

The lubricating oil composition of the present invention contains an overbased
metal-containing detergent (Component D) in an amount of 0.01 to 2 wt. %,
preferably 0.01 to 1 wt.%, based on the total amount of the ubricating oil

composition.
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Particularly preferred polyalkylenepolyamines are ethylenediamine,
diethylenetriamine, triethylenetetraamine, tetraethylenepentamine,
pentaethylenehexamine, and hexaethyleneheptamine. Particularly
preferred is 20 hexaethyleneheptamine. Many of the polyamines suitable
for use jn the pre t mventron re com ercra vallabl Eothers
T RSB ) RO AP oM EORGIN i B0 FLP s Apaber
ofm@tltr@d@fbrrme}p@&mg amaemwmhme teachenedicelateatdining
n", 25 Clare don Press

O TOREL I RR L NI ST A ACB b e AR s of

p&holadetpbidfatyid ﬁﬂdsl%@!hed%mb@ﬁh‘m&f acEﬂac)midpedla of

| Tech 2nd E ly Volym 99116, Th
A S S 78St RIGHGoH S BN BTGt A E8 g the

ccanhrmtmotﬁnithfeatmn@weﬁm atlelmtﬂam@,ld\)@ma(;zhr@amme preferred.

com und aIk lenepo ine) in sych canditjons.(i.e., rati

B0 e ot e Ao Shal el Bige R are
mermryyu%\e ﬁurﬂeercmrmﬂumd@d ihlecpraisent inveuifionzisdosafrgbty can be
ob aine actl%g one moI of the monovalent aliphatic acid, 0.01 to 2

eﬁrr‘%f)e’ée preﬁ?rgb?y B‘Ies) of urea, and 0.1 to 1 mole
(preferably 0.125 to 0.5 moles) of 10 polyalkylenepolyamine. The reaction

can be performed generally a&100-280G,Hasafsrably at 150-200C,
generally for 1-30 hours, preferably Tor Z-6 hours. Since the reaction is a

condensation reaction, it is preferred that the produced water is removed
TisomtibHesthy asne@rﬁqusg&smfdhm@gc@@@mam%m@@ma% BRRFHEHIEN

oduction of wa
mhrbrﬁ)) omponent m an amount of 0.01 to 1 wt.%, preferably 0.01 to 0.5

wit. %, based on the total amount of the lubricating oil composition.

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,
tolyltriazole, octyitriazole, decyltriazole, dodecyitriazote,' 2-
mercaptobenzothiazole, 2,5-dimercapto-1,3,4-thiadiazole, 2-mercapto-5-
hydrocarbyldithio-1,3,4-thiadiazole, and 2,5-bis(hydrocarbyldithic)-1,3,4-

thiadiazole.

in order to protect copper from corrosion, two or more corrosion inhibitors
having different chemical structures are preferably used in combination rather
than one corrosion inhibitor is singly used. For example, a triazole compound
and a thiadiazole are preferably used in combination. Particularly preferred is a
combination of tolyltriazole and 2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazole in a
weight ratio of 1:10 to 10:1.
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15 The above-mentioned reaction product can be preferably borated by
the reaction using a boric acid compound to yield the borated amide
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

QY8 GeplvshierzREaSR eiBiRisRChssrallirsyésHreiie acid and its
aBRQNATBERHANASI E3ASLIRR BEARICh SNSRI eMAHIB Ay %Q.%ﬁ%%c.d

at an atmospheric pressure or a reduced pressure (reduced to 6.7 kPa

lGBPBIPPFINIRCRHEG St Hifep tetERdBRECIRIEERIEARithe solid borlc
teARIR SOBHMINCLHBIRISNASBCNE JiaReliem PXIsEmiONeIPased

Metal-Containing Detergent 25 The lubricating oil composmon of the

opfaderenvenaehicorivdride oihsRsise AGAlIMSHAT de RHgERRVIng an
allePRARGRRY &) 83 ABAHHPERD A [ARIM: %lf@@f@f@ﬁ%@s%k@n%%c@iwc

based on the total amount of the Iubrlcatln oil composition. -12 The

agicbyilisag RlepiloHish Ry RRIMHYEAL GRRSaIR MAS bR H@@@%@%@a
inPfiditoto POARAISR HHa. dmamrRIsmpbliiriowerbarae PIRIshRBNERHIRGester, an

detergents include alkali or alkaline earth metal salts or overbased
ewé{@%@ﬁéﬂ%@amm.@a&m@%ﬁﬁi}%ﬁ?@@%\a%n@a@mw%@mc

agittylparangenreiiericasigs: dhplh 3Ee IS TIARYHsa8SiRalBigsn

combination. As the alkaline earth metal salts, Mg or Ca salts are
preferred. The sulfonates thereof having a total base number of 10 to 500
Thegkbiittgtare aecengily sitkeol dFlltnthpr,e&emﬂﬁmmrﬂiqnmmmemred by adding

thléngﬂcgk’/r'zc?gsscar!bé/oa 5emC§L?n¥)s o? ccprhoﬁlgrgeﬂpsgg too lL—_n m?o néaé'g%al of

fubricating viscosity.

Lubricating Oil Composition

The lubricating oil composition of the present invention will comprise a major
amount of base oil of lubricating viscosity and the components (A-E) as

described above.

Base oil as used herein is defined as a base stock or biend of base stocks
which is a lubricant component that is produced by a single manufacturer to the
same specifications (independent of feed source or manufacturer's location);
that meets the same manufacturer’s specification; and that is identified by a
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 materials
introduced through manufacturing, contamination, or previous use. The base

oil of this invention méy be any natural or synthetic lubricating base oil fraction

particularly those having a kinematic viscosity at 100° Centigrade (C) and
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10 Corrosion Inhibitor The lubricating oil composition of the present
invention contains a corrosion inhibitor (Component E) in an amount of
0.01 to 1 wt.%, preferably 0.01 to 0.5 wt.%, based on the total amount of
the lubricating oil composition. The corrosion inhibitor preferably is a
copper corrosion inhibitor. The copper 15 corrosion inhibitor can be a

abgii Abrestisipbandcatiris akosb b sdidtdydrasmibre senibsijsoeimmay
indrBBIRISSALINGHE CRRIPOLHSRINGHAR PeBailiRrieatialy Biad8Rene,

octi/ltriazole, decigltriazole, dodecyltriazole, 2- mercaptobenzothiazole,
poyslaiinelebper DAL mabrzbiy Iangreapswthesis procedures using

cayFFoRAIRYIABI A RiRdiazRigeand dmdusydrpa iRl h Rt el . A

thiadiazole. In order to \E)rotect copper from corrosion, two or more _ .
PrefarexidranmiBitéronaNY affeRTtehifiRdl SRRy A iEasHB; bl litle, if

arlSeshiB SPMBNRIIB hes s IRARRNR SOrEsien BiRioLIS:BInglY Beed. Ak

example, a triazole compound and a thiadiazole are preferabl% used in

usgshasHafdTSsplicyiBRe sieieried rr bienderhBinRabHBaethaAnsiEpdend
us® ISy HeeRAVAAINIRE: idchitasliagaimee meneisiie@ipLic S Gitine oil,

10:1. -13 Other employable corrosion inhibitors include alkenylsuccinic

e gl HRHGR N R HRIBPERAIRH B3 MRehBBm YiRrRRI U Slide of OW, OW-20,

OVIEBBPANERYISYREIBIT, AL ot tRANTOPANYISUSHNIS ANEWAIdE 5W-50, 5W-60,
tetradocenylsuccinic acid, tetradocenylsuccinic anygdrlde

100 HRARDS BN B R IO W05 BRI HRCeAPNYcHRYY 4 hytFile30, or 15W-40.

Otherwise, an alkenylsuccinic acid having an alkenyl group of 8 to 24
THAP LA, 200 3 balliEster SIS AKE IS HRE US se oil, provided that the
base oll is selected from the base stocks generaily employed for preparing
lubricating oil compositions. The base oil may be derived from natural
lubricating oils, synthetic lubricating oils or mixtures thereof. Suitable base oil
includes base stocks obtained by isomerization of synthetic wax and slack wax,
as well as hydrocrackate base stocks produced by hydrocracking (rather than
solvent extracting) the aromatic and polar components of the crude. Suitable
base oils include those in all APt categories |, Il, HI, IV and V as defined in API
Publication 1509, 14th Edition, Addendum |, December 1998. Saturates levels
and viscosity indices for Group |, Il and Hl base oils are listed in Table 1. Group
IV base oils are polyalphaolefins (PAO). Group V base oils include all other

base oils not included in Group [, II, Ill, or IV. Group Ill base oils are preferred.
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acid with an alcohol such as polyglycol can be employed as the corrosion
inhibitor. In addition, an amine compound, an acidic phosphoric acid ester,
an ethoxylated amine compound, an imidazoline compound, an
aminosuccinic 10 acid, or their derivatives can be employed as the
corrosion inhibitor. The lubricating oil composition of the present invention
is prepared by adding the above-described amounts of components A to
E into a base oil of lubricating viscosity. Lubricating Oil Composition 15
The lubricating oil composition of the present invention will comprise a
major amount of base oil of lubricbfifi-Kidcosity and the components

produced by a smgle manufacturer to the 20 same speC|f|cat|ons

. Base ol asfused

herein is deflned as a base
1" b | W Base Stocks

(independent of feed source or manufacturer's location); that meets the

same manuf; ptur rs grcrggr(}:aér%n hat
formula &%c |de catlon nu er, or bo
Gm@@ufactured using a variety of different pro

limited teuklistifationesalveatyetiamgs hydrog

oligom

ebization, esterification, 25 and rerefin

s identified by a unique
hviBesstgiodikes may be
,esses mcludrng but not

d by ASTM D4294,
r@sﬁﬁ‘ér@ﬁﬁﬁ‘%‘io“cﬁéﬂ&?ﬂ@)

Ihyainy et

Inet.
SUST

contamistorthan pflidls sakeratae basEooi

trall £ £ o et il HEY Aiirad
I'iaity mec1ormTateTars ~ rrodaced

natura) 6¥e&3istHEAE lgHtiCatgWaLe oil fracti

I IIUUHI 1 IIIG.I IUIMULUI LLIAY 1]
| Ofrdateintremtion mrayabécaB) and
yiegseiitiulbdly those having a

kinematic VISCOSI%

@3 &d@%;éz ar e Ual?e{{gc

(GpD t

at 100 Centrgradeﬁ%) an

) %@i@o

0.03 % suifur

“TZ about 4 centistokes

aHfeBRaY than or equal to 80 and
less than 120

il

Greater than or equal to 90 %
saturates and less than or equal to
0.03% sulfur

Greater than or equal fo 120

All Polyalphaolefins (PAOs)

All others not included in

Groups , II, I}, or IV

Natural lubricating oils may include animal oils, vegetable oils (e.g., rapeseed

oils, castor oils and lard oil), petroleum oils, mineral oils, and oils derived from

coal or shale.

Synthetic oils may include hydrocarbon oils and halo-substituted hydrocarbon

oils such as polymerized and inter-polymerized olefins, alkylbenzenes,

polyphenyls, alkylated-diphenyl ethers, alkylated diphenyl 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
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include, for example, oils prepared from the polymerization of ethylene,
polyalphaolefin or PAO, or from hydrocarbon synthesis procedures using
carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. A 5 preferred base oil is one that comprises little, if any, heavy
fraction; e.qg., little, if any, lube oil fraction of viscosity about 20 cSt or

mastiiedbyssiedterdonirtnesiisalionedasbonthar seikine@asy of synthetic
|eieded fleneRaing Rseh erdasieientderRNd iieardditives iVhRety of

finished ail to give the desired grade of engine ail, e.t% a lubricating oil

alephalsifotaravingithas sy Vielis g oriskiocbie BovemadedimmEs to Cr

RO2E¥-5R4 DM W/ HOTRMRN, SNz

o{5\RH40 25 HRrsarspBtRplietio L it e rniiie 25eHE ey
phicyitRdhak throcbaseeldgselreed rerthmbase stocks generally

employed for preparing lubricating oil compositions. The base oil may be
derived from natural 15 lubricating oils, synthetic lubricating oils or
Sttivturbs teerods. Suithbde aseolyaliciudpsibasd-sipckabbtamest ppiyaryloxy-

isomerization of synthetic. wax and slack wax, as wel hydrocragkate
o A L R e R R P A

e Gartingagitsa i sl sy otmefiorlebticafitipaiis decl Sdédinjeibeste cils f

e AL SR T L e, v

theviike. and viscosity indices for Group I, It and Ill base oils are listed in
Table 1. Group IV base oils are polyalphaolefins (PAO). Group V base

oils include all other base oils not included in Group I, II, Ill, or IV. Group
Tivenagseond Braydherdpeved sorpapeefined, 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
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 techniques include
distillation, hydrocracking, hydrotreating, dewaxing, solvent extraction, acid or
base extraction, filtration, and percolation, all of which are known fo those
skilled in the art. Rerefined oils are obtained by treating used oils in processes
similar to those used to obtain the refined oils. These rerefined oils are also
known as reclaimed or reprocessed oils and often are additionally processed

by techniques for removal of spent additives and oil breakdown products.

Base oll derived from the hydroisomerization of wax may also be used, either

alone or in combination with the aforesaid natural and/or synthetic base oil.
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Saturates, Sulfur and Viscosity Index of Group I Il [l IV and V Base Stocks
Saturates (As determined by ASTM D2007) Viscosity Index Group Sulfur
(As determined by ASTM (As determined by ASTM 04294, D2270) ASTM
D4297 or ASTM D3120) | Less than 90 % saturates and/or Greater than

| to 80 and Greater than to. Q.03 % sulfur | than 120 Greater
SHSR B BaME ateoR iraenosH By dhe Yo SUsarRe el Rb o el or

Jpsthttanvanesuet inileasdbanctor®08r% Bytivsicsariar Him eeayst.to
90 % Il saturates and less than or equal to Greater than or equal to 120

0.03% sulfur IV All Polyalphaolefins (PAOs) V All others not included in
|Gaausgared b oisb/aNagjcal dmboigating luisenszlyahbibdie ating adsaitssity in the

y a r m
T e A S R8T Rl
hﬁM@MV@Mﬁmb&\wI%’oapfdmaf@uéﬁﬁémmwﬂmmwmmbbasﬂsmmﬁ!abricatmg

f I 0
e O e o U e i SR8 e,
nderdy anviss ahhafdyte s and ﬂfo@foﬂbgme@rthem GdrebthpdisdioBy (ibtio ¥eeight
pJQRf tf@%ggﬁ ﬂlépemdﬁ’%t?élégﬁ %%Q‘?ol?gﬂm‘?éﬁt 'B&%%?‘nly BiGke lubncattng

copolymers
oil composutlon unless otherwise specified.)

The lubricating oil composition of the present invention has high stability with
respect to shudder inhibition, forque transmission capacity and shift
performance, which are important properties of automatic transmission fluids. It
is known that lubricating oils are nowadays required not to need replacement
from the time when they are once installed in new cars to the cars are
abandoned, i.e., "fill-for-life" is required of the lubricating oils. From this
viewpoint, the lubricating oil composition of the present invention is also

advantageous.

The lubricating oil composition of the present invention can further contain
various lubricating oil additives available in the art. Examples of the optionally
incorporable additives include viscosity index improvers, anti-wear agents,
friction modifiers, oxidation inhibitors, seal swelling agents, dyes, and pour
point depressants. Particularly preferred additive is diphenyl hydrogen

phosphite which is known as an anti-wear agent.

A number of the above-mentioned optionally incorporable additives are well

known. Details of such additives are described below.
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and derivatives thereof wherein the terminal hydroxyl groups have been
-16 modified 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 C5 to C12 monocarboxylic acids and polyols and polyol
ethers. Tri-alkyl phosphate ester 5 oils such as those exemplified by

Miseobilwlnphosphateand tri-iso-butyl phosphate are also suitable for use
as base oils. Silicon-based oils (such as the polyalkyl-, polyaryl-,

olyalkoxy-, or polyaryloxy- siloxane oils and silicate oils) comprise ‘ .
2o SN ISssT MR EMBmKaIBHg DI cowardisaeradnt type viscosity

irh!dl*érmﬁﬂﬂii?si%@JHH%Q%&H&%&@M%&Q&P%&%&@W@M@ 983 and one
polymeric tetrahydrofurans, polyalphaolefins, and the like. The base oil

OMBEPHR BRI BARM BFfr e sEfnstioasRaAtRG s Witsrad dispersanf type
vidBIRSIRER Qs Ao REs ed diractydremadiatuial saee X tRYANALC cid

source (e.g., coal, shale, or tar sand bitumen) without further puritication
esters fedirEREEREMBRIS BEURRINEASH ORI B-dirne SR v
dilifratieomna VRIssNg pRRIRIIR3REY SleiMLalalidingd ditgctin iRk and

distillation, or an ester oil obtained directly from an esterification process,

ocRiehing Whigh iapylaea, vetideasvitisli foemntenant HieR ésagsirated

pRbESIlaLg Bzﬁyé%wﬁe%%s@%%@f%%t%%ﬁmﬂﬂﬂ%ﬁé\g%&%‘?ﬁ RIS,

in one or more purification steps 20 to improve one or more properties.
Suitable purification techniques include distillation, hydrocracking,

Thigdnabieadingy de\waKindsiavest SierpasieenapidepridAse SXEEAGI®htains a
filtrati_?nh and percolation, all of which are known to those
viscosily index improver in an amount of 1 to 20 wt. %, preferably 1 to 8 wt. %,

based on the total amount of the lubricating oil composition.

Anti-Wear Agent and Friction Modifier

If desired, zinc dialkyldithiophosphate, which is a known additive serving as an
anti-wear agent, an oxidation inhibitor, and an extreme-pressure agent, can be

incorporated into the lubricating oil composition of the present invention.

Oxidation Inhibitor

It is preferred that the lubricating oil composition of the present invention
further contains an oxidation inhibitor such as a hindered phenol compound, a
diarylamine compound, or a molybdenum compound in an amount of 0.01 to 5

wt. % based on the total 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-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'-
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skilled in the art. Rerefined oils are obtained by treating used oils in
processes similar to those used to obtain the refined oils. These rerefined
oils are also 25 known as reclaimed or reprocessed oils and often are
additionally processed by techniques for removal of spent additives and
oil breakdown products. Base oil derived from the hé/droisomerization of

Mt eRGRIK G heaiset dittidyaherods thtoiinhiniernathyhe-kiibdahenol),
2, Daiikiced iReyRs ] etic ner OB Lt L SHOR WRYRBRRTBE Al AR RIPHERDB-(3, 5-

by the hydroisomerization of natural or synthetic waxes or mixtures
dirfi&eiyt-Gvay A RyHRbRBIMIEIO RIRIAEBAGRIR &Y rield Peditolis¥ # major
OIS AARS Ol oh B IsAE RGPS LIDEalusalEOl of the
present invention. A major amount of base oil as defined 5 herein
MEdRRERYIPRPRBHEore. Preferred amounts of base oil of lubricating
viscosity comprise 40 to 99.9 wt %, preferably greater than 50 to 97 wt %,

mare preferably 60 to 97 wt % of the lybricating oil co sition. (When
R R e R I R A N e
cahtalnbrigatimixtoitecofmgagitomo updekh s vitle Anis @ spatifiacholOsT pep'-

Jubricating oil composition of the present inventign has high stability with
R O S R RSSO AN s R e R S e,
alRgldesthanaapwitigh svie dnacdt kR EeariRs ey emAieHaRsAESEabh of the

fluids. Jt is kngwn that lubricating oils are howadays required not to need

hingsERe MBREGHSHTRG YRS RREIRLY ainsh COTRRAMRRS F R RecHFe thsingly
orthe sawshaiatknabrrgpead digblelithRraiien mmsitiadcahtbe WRiitalad in

oils. From this viewpoint, the lubricating oil composition of the present

.

CORRIARNRT also advantageous.

The oxidation inhibitor can be a molybdenum-containing compound which is a
multi-functional additive. The molybdenum-containing compound is preferably
contained in the lubricating oil compasition in an amount of 30 to 1,000 ppm in

terms of the molybdenum content.

Examples of the molybdenum-containing compounds are molybdenum-
containing imide, amide or amine compounds. Sulfur-containing
oxymolybdenum-succinimide complex compound can improve high
temperature detergency and oxidation inhibition, and hence is favorably
employéd. Sulfated oxymolybdenum dithiocarbamate and sulfated
oxymolybdenum dithiophosphate can improve oxidation inhibition, wear
inhibition, and reduction of friction coefficient, and hence are favorably

employed.
Dye

When the lubricating oil composition of the present invention is employed as an

ATF, the oil composition is preferably colored by a dye such as red dye.
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The lubricating oil composition of the present invention can further contain
various lubricating oil additives available in the art. Examples of the
optionally 20 incorporable additives include viscosity index improvers,
anti-wear agents, friction modifiers, oxidation inhibitors, seal swelling
agents, dyes, and pour point depressants. Particularly preferred additive
E@é@ﬂ@ﬁﬁﬁ?&@é&@ﬂi phosphite which is known as an anti-wear agent. A
number of the above-mentioned optionally incorporable additives are well

ER DR READ B B BB AL RO R R an R a0 Ysters,

ndex Improver es Of the Viscosity in rovers in
polyadatideasah esteesvisobsity yindek s peovetsrsiativapeopotimef pafaffin wax
M thacrylic acid esters and one or more other monomers and
R ass e

eir ogenated products and dispersant type 5 viscosity index
improvers such as copolymers of various methacrylic acid esters and

SBHIegeBIsaniRdEAe monomers. Other non-dispersant type or dispersant
type viscosity index improvers such as copolymers of ethylene and
a-olefins (e.g., propylene, 1-butene, and 1-pentene) and their

V\hmrctgeriatmi:almgmﬂtwmﬂmh i 'imcqfl'lldnaqydmar' $rakendilsn iaedudiméhen ATF,

ti tion. 10 icating qi ition of the, t, .

@ R A R R R el P Sl e B il o dnfte

a?@gﬁﬁuﬁt %J.nlwmiemlysiyfst@wtn%& Mﬂedd)rﬂk@md @lsa@ﬁ'du?;s@bﬁ:@/veﬂing
ricating oil composition. Anti-Wear Agent and Friction Modifier |f . .

aqRis e SR JARRsErS AP OTESl G Suefioe ecioinpsl.

aziaitSamii-webacigentidamopiotititic mtiditBxkaAngias expafErpieseaieswelling

agent, can be o . . . .
aggnets inéj}ué)e 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

The invention will be further illustrated by the following examples, which set
forth pariicularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not intended to limit it.

Example 1

Preparatio_n of the Amide Compound

In one aspect, the amide compound employed in the lubricating oil composition
of the present invention is a reaction product prepared from monovalent

aliphatic acid, urea and polyalkylenepolyamine.
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incorporated into the lubricating oil composition of the present invention.
Oxidation Inhibitor It is preferred that the lubricating oil composition of the
present invention further contains an oxidation inhibitor such as a
hindered phenol compound, a 20 diarylamine compound, or a
molybdenum compound in an amount of 0.01 to 5 wt. % based on the
g ip Uit s BRURRTS Bl BREMPIBSISF tREhRdered
démeneliermreitsismel ulgced-diosauPscrren of isostearic acid and 15 g
4,4'-methylenebis(2,6-di-t-butylphenol), o
(04%_%@15(19]“3[#@@3 _gggﬁﬂjgn&@%pﬁre was heated to 100°C, and 137.5 g
(AArisDso RxidemelisteSepitirbing Phenahs huisbisddedid-mayhheeal mixture
2,2'- -19 methylenebis(4-methyl-6-t-butylphenol),
u@@{ﬁﬁgﬁgm@{ | @g_m&%ﬁg@psp ere with nitrogen gas. After the
addRithiagissydenabis[3He, kit ividdiydio e ey prapignaiehigdated

3-(3,5- di-t-butyl-4-hydroxyphenyl)propiopate, octadecyl 3-(3,5-di-t-butyl-4
tOHf@&Q&%ﬁ%%VHBiS‘J%@%nHV | Brpstierrl Ry Wrargaglionsin the course of
heneiitylnberedsopionaie hxamerliesohang, diseirausare0mRRIAEOS the flask

include an alkylcgph nylamine containing a mixture of alkylggroups havin

WESESUERSHIP Sonld, 3,52 @B LB RAPMRIR TR QSHA-RIRbREH WAtRe, The

firisnyb{3imep rdadasinaodlicylalesctoraprifylampevand aledateriuid having
E‘t}fn I-a-na&htﬁ?/l mine. Each of the 10 hindered phenol compounds and

ag &gﬁﬂiﬁ@ SrSYURdsMaf? be used singly or in combination. Other oil
soluble oxidation inhibitors can be employed in combination. The
oxidation inhibitor can be a molybdenum-containing compound which is a

multi-functional additive. The molybdenum-containing compound is
preferably
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15 contained in the lubricating oil composition in an amount of 30 to 1,000
ppm in terms of the molybdenum content. Examples of the
molybdenum-containing compounds are molybdenum- containing imide,
amide or amine compounds. Sulfur-containing
oxymolybdenum-succinimide complex compound can improve high 20
temperature detergency and oxidation inhibition, and hence is favorably
employed. Sulfated oxymolybdenbraditim&arbamate and sulfated
oxymolybdenum dithiophosphate can improve oxidation inhibition, wear
inhibition, and reduction of friction coefficient, and hence are favorably
Thebieatipg gl eampssiin abtaiig SNt snvssdiapnnamsanathby
biEweRfiphis MG LamPBnATE. ieaileaRpRaLioR A Risferably colored
by a dye such as red dye. -20 Pour Point Depressant Examples of the
pour point depressants include polymethacrylic acid esters, polyacrylic
acid esters, polyacrylamides, condensation products o¥payaffiraviay and
aromatic compounds. 5 Seal Swelling Agent When the lubricating oil -
composition of the present invention is used as an ATF, a seal swelling
agenBWAERISREI efefomer sealing material placed ihe automatic
transmission system may be used. Examples of the seal swelling agents
includaetisfiubte dialkylesters of dibasic acids such g3 gdipic acid, 10
azelaic acid, sebacic acid, or phthalic acid. Examples of preferred seal

swellggrated succinimide 0.5

Overbased calcium sulfonate (TBN = 320) 0.15

‘Amide compound 1.0
Oleic acid 0.25
Tertiary alkyl (C42.14) primary amine 0.1
Diphenyl hydrogen phosphite 0.15
Tolyitriazole 0.1

2,5-Bis(hydrocarbyldithio)}-1,3,4-thiadiazole 0.03

Dioctyldiphenylamine 0.4
2,6-Di-t-butylphenol 0.25
Silicone oil (anti-foaming agent) 0.002

Nitrogen-containing polymethacrylate
(viscosity index improver) | 5.7

Base oil (refined mineral oil) 87.768
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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 15 The invention
will be further illustrated by the following examples, which set forth
particularly advantageous method embodlments While the Examples are
provided to illustrate the preSEHIFEVESAARIBIS e not intended to limit it.
Example 1 Preparation of the Amlde Compound 20 In one aspect, the

TRDIOB comR LS MRIeNRA I e duRIGalna ALENmRESIoN OLE, od as

presen inve thﬂ IS a reactlon product prepared from monova
dediphixtid at@madaﬁcbpot;{alkyjeswmwmwén wadauredeskedifiask

SRR A L B A DB U e 1

wwwwantﬂngeﬁﬂmhre%a%@te@searﬁmwhd Wléajlr@(ﬁimobwpbsntuon

e DR P AR, AR R e

addltlon was complete, the reaction mixture in the flask was gradually

heated to reach 160C witliigAhadis,d¥alshRirddced by the reaction in
the course of heating was removed from the tlask:. Finally, the pressure of

inside of the flask was reduced to 6.7 kPa, so as to completely remove

~ Athe efedened, Watestartuadd dihaHY obsaipedpaastion omisitigastDmample B.

ABBRRL L AR WRB HHYY faXieds BYeS5 2 URE S MsA g5 Eh1 (Lvra
test), the T-HI standard oil shows standards for the torque transmission

capacity, the shift performance and the shudder inhibition performance.

Each of the lubricating oil compositions of Example 2 and Comparative
Examples A and B were examined for its shudder inhibition performance
retention and torque transmission capacity according to the following

measuring 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 M348.2001). in the measurements, an
LVFA (Low Velocity Friction Apparatus) tester was employed, and dp/dV (0.3)

and dy/dV (0.9) were determined under the following test conditions:
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-22 Example 2 The lubricating oil composition of the present invention was
prepared by blending the following components in the designated
amounts. Weight part(s) 5 Succinic acid ester 3.0 Succinimide 0.5
Berated succinimide 0.5 Overbased calcium sulfonate (TBN = 320) 0.15
Amide compound 1.0 10 Oleic acid 0.25 Tertiary alkyl (C12_14) primary
amine 0.1 Diphenyl hydrogen phosphite 0.15 Tolyltriazole 0.1

- 2:6sBisthyiroearbyidithio)-1,3,4-thiadiazole 0.03 15 Dioctyldiphenylamine
0.4 2,6-Di-t-butylphenol 0.25 Silicone oil (anti-foaming agent) 0.002
Nitrogen-containing polymethacrylate (viscosity index improver) 5.7 20
Base bii¢tsrnewiaiieialOf 8§22768K.Bledmipieativé Beathple A The

lubricating oil composition of Comparative Example A was prepared as

Oil volume: 150 mL
- 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

according to the below-stated p-V character-measuring conditions.

- p-V Gharacter-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

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 préssure: 1 MPa,
Sliding rate: 0.9 m/s, Sliding period: 30 min.

Rest: one min., Measurement: Every 24 hours
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described in Example 2 except no succinic acid ester was used and the
amounts of succinimide and borated succinimide were 3.0 weight parts
and 1.5 5 weight parts, respectively. This is essentially the lubricating oil
composition described in U.S. Patent Application Publication No.
05/0124506 Al. Comparative Example B As a reference, the standard
- BPPAH P5S N Spared as Comparative Example B. According to JASO
M348:2002 (SAE No. 2 test) and JASO M349:2001 (LVFA 10 test), the

T-lll s relail sho andards for. the torque fransmission capacity,
the sh(t%r)geer r% r? gv%?nﬁéqﬂgi#usfjﬁép%Flalﬁ?tigﬁ%grfgfﬁ]qance. Each of the
lubricating oil compositions of Example 2 and Comparative Examples A

and Bd‘ﬁﬁf@ ﬁ?@;iBﬁ%i?r(ﬂﬁsﬁhgpgﬁéiﬁﬁ‘%ﬁ%ﬁﬁwme retention and

torque trans on capacity according't owing 15 measuring
procedures. The results are set forth in Table 2. (1) Shudder inhibition

shedsenanceraisRtigniiie shudsies Bhihiten Y@§)@ﬁ6%ﬁ%iﬁ{§@c?qy&é%e a

Shudder Inhibition Performance Test Method for Automobiles an
mMiRiSHBbif AutbrifgicPreriasswasRAanind aktirandidedima49.2001).
In the measurements, an 20 LVFA (Low Velocity Friction Apparatus)

( ster,was eng%oge?, and d/dV %0 3) and dpidV (0.9) were determined
nder & FIIGwI 8 BEH'LBE08E g:y-24 - Test conditions Friction material:
ZDR 522. OK, Steel plate (FZ132-8Y2) Oil volume: 150 mL - Break-in

DYRSFARORiction test and static friction test were carried out by means of SAE
No.2 Tester according to Friction Test Methad for Automobiles and Automobile
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 kg°m2

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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5 Oil temperature: 80C, 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 according to the below-stated -V
character-measuring conditions. - -V Character-measuring conditions 10
Oil temperature: 40C, 80C, 120C, Surface pressure: 1 MPa, Sliding rate: 0
to 1. 53R’ PRt measurement of -V character was complete, the
retention ability was evaluated by measuring -V character at the lapse of
the p termined peri ga time by repeating the same measuring
procggﬁfgﬂﬂff%‘éi htﬁg ability conditions Oil temperature: 120C,
Surface pressure: | MPa, Sliding rate: 0.9 m/s, Sliding period: 30 min.
Res“s‘lﬂ%%’b@é%ﬁ?é‘Whﬁ‘fﬁf}{é“?@%%?@S - Measurements dp/dV
(0.3): dp/dV (m/s) at sliding rate of 0.3 m/s dwdV (0.9): dp/dV (m/s) at
sliding rate of 0.9 m/s Shudder life: period of time until one of dp/dV (0.3)
and drddVp@-Rnbesame afleminustiaius: ishiorer 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
accofesiecusEriedtar Tebt MatRod fh AMNZE8HeSMhd A0 RAOBMe 3000, 4000,
Autogw&i(‘sa@ngwig,gion Fluid (defined in JASO M348.2002).

- 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.

Transmission torque capacity was evaluated by the value of ut. 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. Test Resuits

Shudder
inhibition Torque Transmission Capacity
Performance
t f t t t 1
Shudd W 1 |2 H IS 1
I nh-ibiltJE cne[if o | after | after | after | after | after | after
(hr) 50 500 | 1000 | 2000 | 3000 | 5000
) cycles | cycles | cycles | cycles | cycles | cycles
Ex. 1 264 0.118 [0.120 :0.120 {0.121 {0.121 | 0.121
E}‘(’”;‘f' 192 0.131 |0.131 | 0.129 | 0.125 [ 0.123 |0.121
g;”%p' 48 10.141 | 0.142 [0.139 [ 0.135 | 0.132 |0.133
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10 - Friction material Friction material: FZ127-24-Y12, Steel plate

(FZ132-8Y2) - Dynamic friction measurement Inertial moment of inertia

disc: 0.343 kg- M2 Oil temperature: 1000C 15 Rotation: 3,600 rpm

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

number: 5,000 cycles - Static friction measurement -26 Rotation: 0.7 rpm
Tioi d6pkMale :sméﬁ@w@c@gk&mﬁemfﬁiﬁw@m pldie%y e M Pganssthe T-

iod: ) o ; 0 .
R oA P b0 SobD ke e sttt e
Eﬁﬁaﬁialérittmemetl’ﬁiisieim&phm‘tBQpwfmatrmtorqqaa&au&eﬁl sghiretheis 0.118.
0.7 ts and stat ffi f2
A e e B LB Hor e L G S ) e Al
tirpl pbcy waluedicagat Bahe. JaAmears WMWMISBWGO%%I%) over
capacity is high, and a further larger pt value means a high

tipgnErndsisiBlae lpHtiprininR 5. 3080l @{Haéé?t"’e Example A

and Comparative Example B were each >0.010. As can be seen by the torque
transmission capacity results the variation over time is very low indicating
excellent retention of torque transmission capacity throughout the life of the
lubricating ofl composition of the present invention. This is an important
property reflecting the ability of the lubricating oil composition to maintain its

function for a prolong period of operation.

Another aspect of the lubricating oil composition of the present invention is
shudder inhibition performance which reflects the smoothness of the
engagement of the slip control lock-up clutch. This impacts the comfort of the
passenger during operation without vibration or shuddder. The results indicate
a longer retention of shudder inhibition perfoermance by the lubricating oil
composition of the present invention. The shudder inhibition life of the
tubricating oil composition of the present invention (Example 1) was about 1.4
times longer than Comparative Example A and about 5.5 times longer than the

Comparative Example B (T-Hll reference oil).

The above results demonstrate that, as compared with the lubricating oil
compaosition of U.S. Patent Application Publication No. 2005/0124506 A1
(Comparative Example A) which comprises the amide compound in
combination with succinic imide, overbased calcium sulfonate (overbased
metal-containing calcium alkylsulfonate), diphenyl hydrogen phosphite
(phosphorous acid ester) and folyltriazole (corrosion inhibitor), a lubricating oil
composition using succinic acid ester, as in the case of the present invention,

in piace of the succinic imide not only has improved long-term stability of both
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Inhibition Torque Transmission Capacity Performance Shudder pt pt pt pt
pt pt Inhibition Life after after after after after after (hr) 50 500 1000 2000
3000 5000 c cles cycles c cles cycles cycles cycles Ex.1 264 0.118 0.120
0.120 0.121 0.121 0.121 Comp. 192 0.131 0.131 0.129 0.125 0.123
0.121 Ex. A Comp. 48 0.141 0.142 0.139 0.135 0.132 0.133 Ex. B -27
theHerds OMm3 k8 sypenifioptonyequiibe s hifhipegiorof8E9% bt alyailstthe

ool TSRO e S PSRRI R, requirement as e

ptis 0.118. Another important performance feature is stability (durability)
over a prolonged 5 time period as indicated by the variation of t (max-min
at 50-5,000cycles) over time. For Example 1, the it variation is <0.004
while Comparative Example A and Comparative Example B were each
>0.010. As can be seen by the torque transmission capacity results the
variation over time is very low indicating excellent retention of torque
transmission capacity throughout the life of the 10 lubricating oil
composition of the present invention. This is an important property
reflecting the ability of the lubricating oil composition to maintain its
function for a prolong period of operation.
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Another aspect of the lubricating oil composition of the present invention is
shudder inhibition performance which reflects the smoothness of the 15
engagement of the slip control lock-up clutch. This impacts the comfort of
the passenger during operation without vibration or shuddder. The results
indicate a longer retention of shudder inhibition performance by the
lubricating oil composition of the present invention. The shudder inhibition

Cliggno$the lubricating oil composition of the present invention (Example 1)

was about 1.4 20 times longer than Comparative Example A and about

15.5 rRaSIPRSMENAN BinHERRH Aiva frample RA401 1 refersnserile oil of

The above results demonstrate that, as compared with the lubricating oil
compbsitisaEILVS P atbhead fiededavdnsiradsiy sl mbesfollowsssammounts

(Compaative Fxample-MovCHraARBERSSILR@mide compound in 25

combination with succinic imide, overbased calcium sulfonate (overbased
metal-containing calcium alkylsulfonate), diphenyl hydrogen phosphite
(phosphippousat®l et pandstalyiiazalki (sstepsion inhibitor), a
lubricating oil composition using succinic acid ester, as in the case of the
present invention, in place of the succinic imide not only has improved
long-teFirDs@dbifity aftodtiet 2enihesiongieupatiithiesten capacity and the
shift performance but also has prolonged retention of shudder inhibition
performance. -29 Claims; 1. A lubricating oil composition comprising a
major &rhSuntbP e dif BT RGPREHSH MhighHE folesskgn Product
additivesgptadellowieaaivauwts linear or branched, saturated or

unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms,

urea, and polyalkylenepolyamine,
(D) 0.01 to 2 wt.% of an overbased metal-containing detergent, and

(E)0.01 fo 1 wt.% of a corrosion inhibitor.

2. The lubricating oil composition of claim 1, wherein the amide compound

is a borated amide compound obtained by borating the reaction product.

3. The lubricating oil composition of claim 1, wherein the amide compound

is a reaction product obtained by reacting one mole of the linear or
branched, saturated or unsaturated monovalent aliphatic acid having 8
to 22 carbon atoms, 0.01 to 2 moles of urea, and 0.1 .to 1 mole of

pdlyalkylenepolyamine_

4. The lubricating oil composition of any one of the preceding claims,

wherein the polyalkylenepolyamine contains 2 to 30 carbon atoms and 2
to 15 nitrogen atoms, each of at least two nitrogen atoms forming

primary amine.
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based on a total amount of the composition: 5 (A) 0.1 to 10 wt.% of a
succinic acid ester, (B) 0.01 to 2 wt.% of a phosphorous acid ester, (C) 0.1
to 5 wt.% of an amide compound which is a reaction product obtained by
reaction of a linear or branched, saturated or unsaturated monovalent
aliphatic acid having 8 to 22 carbon atoms, 10 urea, and
Spolyalk{iehepdrriinsnhell Gronesips (i 9th 4 vhsiniadhe

metal sontakyrG dpttyaeihandalia 50316 domiie @@ SOEeRiaTrom the

inhibitor. 2. The lubricating oil composition of claim 1, wherein the amide

comp&IAdR IS BISHRE PLRITIEHAFIRIBINE oBigthie e HaMING the
reactigfepiofieteladiddiadubranling ep SOMANsEIONPh saHYIdnuSiSHine,
the amide compound is a reaction product obtained by reacting one mole

of theq’iﬁgﬁ%@%rﬁ’ﬁ%ﬂ%?gﬁﬁ?ﬁi@d or unsaturated monovalent aliphatic

acid having 8 to 22 carbon atoms, 0.01 to 2 moles of urea, and 0.1to 1
6ol ah, aAIUANERAVANInG f8.4T BB IMPECaNg ol gomposition of

any one of the precgding claims, wherein the polyalkylenepolyamine
contaipsigaisydereghiyarmiomssanekaetbylenaitregamadtems, each of at

least two nitrogen atoms forming primary amine. -30 5. The lubricating oil
composition of claim 4, wherein the polyalkylenepolyamine is at least one

TecompdiisddeiicaiingahraBrgritencehartirg el thgdredriingeciaims,
dieth&’_\}ﬂ%iﬁrﬂiﬁeﬁnonovalent aliphatic acid is isostearic acid.

8. The lubricating oil composition of any one of the preceding claims,

wherein the succinic acid ester is an ester derived from a polyol and an
alkenyl-substituted succinic anhydride prepared by a reaction between
maleic anhydride and polyolefin having a number average molecular
weight of 450 to 5,000.

9. The lubricating oil composition of claim 8, wherein the polyolefin is

polybutene.

10.  The lubricating oil composition of claim 9, wherein the reaction between
maleic anhydride and polyolefin is performed by a thermal reaction

process utilizing no chlorine.

11.  The lubricating oil Corhposition of any one of the preceding claims,

wherein the phosphorous acid ester is diphenyl hydrogen phosphite.

12.  The lubricating oif composition of any one of the preceding claims,

wherein the overbased metal-containing detergent is an overbased
calcium alkylbenzenesulfonate detergent having a total base number of
10 to 500 mg=KOH/g.
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triethylenetetramine, tetraethylenepentamine, pentaethylenehexamine, 5
and hexaethyleneheptamine. 6. The lubricating oil composition of claim 5,
wherein the polyalkylenepolyamine is hexaethyleneheptamine. 7. The
lubricating oil composition of any one of the preceding claims, wherein
the monovalent aliphatic acid is isostearic acid. 10 8. The lubricating oll

18omplsiieteridry Githisnasprsicatiiy AaAHio MRS dianpaissiemiy adld
ester {5aneF e ABlNEd {ranymROYALANE f AIGANHRUAS UYL HRSInIC

anhydride prepared by a reaction between maleic anh dride and

polyolefpieaiingycd fampesiirit sl emorteial thﬁém EHRETEOE, 4B
©. ThelBricailogAlramapriianicl daim R, iesagifae polyolefin is
polybutene. 10. The lubricating oil composition of calm 9, wherein the
reaction between maleic anhydride and polyolefin is performed by a
thermal reaction process utilizing no chlorine. 20 11. The lubricating oil
composition of any one of the preceding claims, wherein the phosphorous
acid ester is diphenyl hydrogen phosphite. 12. The lubricating oil
composition of any one of the preceding claims, wherein the overbased
metal-containing detergent is an overbased calcium
alkylbenzenesulfonate detergent having a total base number of 25 10 to
500 mgKOHIg. -31 13. A method for reducing shudder in an automatic
transmission of an
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internal combustion engine, said method comprising adding the
lubricating oil composition of any one of the preceding claims to the
automatic transmission and operating the engine. 5 -32 ABSTRACT OF
THE DISCLOSURE LUBRICATING OIL COMPOSITION FOR
AUTOMATIC TRANSMISSIONS The present invention relates to a
lubricating oil composition comprising a major amount of base oil of
lubricating viscosity AB3T&RCandE FEEYESGLO S1gRellowing amounts
based on a total amount of the lubricating oil composition: (A) 0.1 to 10
wt.[err] of a succinic acid ester, (B) 0.01 to 2 wt.[err] of a phosphorous
AcBRIGAIN G Oid- CRNE ) STEP Bhi RcAMPOIMA WRICFRAN SRIEBIONS
product 10 obtained by reaction of a linear or branched, saturated or
unsaturated mongvalent aliphatic acid having 8 to 22 carbon atoms, urea,

ThePEeRRIkJVSENEN ARIRIES (8)DlBRrieaing fil turRADerEREwprising a

niBRIRLERGRINEThaSte Rt i@t 4B @ Mddoskyvidertherfmirkagiefiditives in
inhibitor.. 15 (No attached figure) o i
the following amounts based on a total amount of the lubricating oil

compaosition:
(A) 0.1 to 10 wt.% of a succinic acid ester,
(B) 0.01 to 2 wt.% of a phosphorous acid ester,

(C) 0.1 to 5 wt.% of an amide compound which is a reaction product

obtained by reaction of a linear or branched, saturated or

unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms

urea, and polyalkylenepolyamine,
(D) 0.01 to 2 wt.% of an overbased metal-containing detergent, and

(E) 0.01 to 1 wt.% of a corrosion inhibitor.

(No attached figure)
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