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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, 25

tropRATEOBR A ReS A BRET P dBRKYP SIHIGE g disiuics|dipraue converter,

s@bRaBMAlprove 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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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 train.
Rough operation and engine vibration are not acceptable to drivers. The

lock- i ific a tig transmissign flyid .

B B R R o sl S ane

egbirgdeibraknoencas stickidiih [ghendrivensin Tanel lischke lgtesy/ soetimere quires

spictianal, 65 E‘ﬁéeﬂéﬁ%;‘é%'@]ﬂtqlﬁ@('@%?};{? Ft&%%tseﬁﬁﬁ'gryﬁgﬁ%%‘?%?&é% r
when the sliding rate in the lockup clutch increases and the coetricien

doif alidlikyriq) pddoreasesodilg, it is desirable to employ a lubricating oil
(automatic transmission fluid) which shows a favorable g-V character, i.e.,
the friction 10 coefficient increases when the sliding rate increases, and

Stugfstefis ks astrkrsiRPRsremensRyeadE st irthe frictional
cBENRASROAIJERICIRN IR perfarmares i RRSIEYR HRENG IR IS when the
characteristics are required to prevent shudder. JASO (Japanese

Sﬁ@m@bﬂé\@tﬁhﬂwdoﬁ)wmm{ﬁMsﬂgé._@_emctim@b@ﬁ@i@ﬁ sfafnigticen (1)
d@%&&ééli%'m@%%%@Qﬁﬁbﬁ‘eswgﬂgnéyﬁtﬂ'.HBHcPﬁrﬁ%r Eﬂ?{;&iﬁ&% foraue
ere 1s given no informatio

transmission capacity. However, t n wit
neyspedsso thiuiohmdiatio s hefwlseaTialastndardoih Pratoeg éd shhddection
inhibiti ine in orating. a friction modifier (generally,
o R B L B Rt P S e Seorae
uiCohpoeatiE fotosepindiviogtidgpeitidiefrictioni caefiicinicgfdhshutd @tutthibition
extfremely degreases an ce eno torque transmission capacit
pggﬁﬁg}aﬁlgeoggﬁﬁﬁg p?d Ir¥]1 t(?'le ;L—H/gcr:hargcteristics are requirgd toyprevent

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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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 lubricity agents, comprising a

major proportion of an oil of lubricating viscosity and a minor amount of a

asnve{lgro ectlve ent cql; éﬂ% th(ﬁqre%é:g%%t rodu f?é:g@&&“a“’d’”e

carboxylic CREE an% Arleastone amine
umsmmgmﬂ(rﬁeguamﬂmmds:e(ﬁ) mdtm(bmrbgzcb@mmmm r(?()rﬁxyesﬁ]B@t:tuted

hydroc Ior drox sub ted drocarbyl m Mines
h |§R§ﬁ§’ r@;pdyaf&y? ygr%mg‘sesa%d%?gf@?&ym rg@ yam;nes
aratfsrding. @69@539 dlscloses certain hydrocarbon soluble or dispersible

amide reaction products (Component-1), and mixtures, and/or acid amine
salts of Component-1 and certain acid/esters (Component-2), which are

Uﬁeﬁﬁ@tﬂ’#@uo‘iﬁﬂéoﬁ@%é'%‘él@i%@é@%’?ﬂﬂlbﬁgﬁf@@@"@&ﬁpﬁﬁﬁf@iﬁﬁdﬁﬁ%&b'e
aﬂHPﬂ??éEE&u@HSEJ .W STIEAY Pt BarUtAl AHCIANE salts

transmissio ds 10 (ATF and to the oleaginous compositions in which

otfeQraperentlir w%mﬁgt@@ﬁ@%@m&eésmﬁe@r@gma& as
frehish AnsHigmanadsitue @@maqtmg%mm@ﬁgw% Rivieadhg oils,

general formula R-NH2 with oil-soluble phosphorus compounds, an

inglyiing arsperdeatsantinspivicanpastiseiatiiinetesnediniignrttisaion fluids
(Aredifigsa RiQH RERAINI dBdso¥RishEIMIRIiLA r@ﬁ@f&?@%ﬁﬁ@fﬁ@a

characteristics that are capable of preventing "gree udder” in
automatic transmissions. U.S. Patent No. 6,303,547 discloses lubricant

UtenRaidationdcofeddghtheigelaction phadutihof fiittasiaoe fabli& 88 additive
o B e o A e SR B SRR K B
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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20 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

JRERItE D aRUEP ARRCLEARCA @0 IO DESS ANGIOWE! B ociy amide

mpératures, improve imited slip performance, reduce
ccmmowa@ﬁrmme@é@damfaw kutigioarimpetnee: poweradieickes pe tesmanice

| t not contain said r act
o S S RS B S I R o the
f@MW@%M@U@M(@@@&)@H@MWM velhicie BerRgoaenCantb Csg
rial as,thye morLe amide groups in a
Q@I%[kﬁﬁ% %&%@"jﬁ%ﬁu r{‘ hyeg-y Mmoje amide group
RICONH(CH2)m((NCOR2)(CH2)n)INHCOR3, where RI-R3 is a C12 to
C50 or Ike dl=1-4. U.S. Patent
DR R PR R T S R
!Lmrd:anﬁg)o:ma su@:wmmdﬁerﬁadﬁiﬁmwmdé@@mmmnwéaﬁémgg fong-
anti-shu d property, en ance trans ISSIOﬂ torque aC|ty for wet
L T AL N e IR O Sl o s wet
cllRdhassamdAip nechbdlates) w@xcwmblﬁmnwm fapaiethatic
Patent No. 3330 sclose lubric 8%on com ositions for slide guide

ranHURI0BRE n‘@oc}f Hﬂlﬁ %-polyamines and

amides in mineral and/or synthetlc oil. U.S. Patent Application Publication

No. 2005/0124506 Al discloses an additive 15 compound comprising a
JaBANsSakatantiie veraedthe diseir s dueticatingicn ererestions for slide

glredueiacbiainathivigantiog aliosrtan Mg RegHo SALY LI M amines 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



unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms, urea,
and polyalkylenepolyamine, when employed in a lubricating oil
composition 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.
PRRERSTGETINR HegheiaBHRivsis AoTabRGHZOMRStiBAravRG Hiftng
roperties. In view of this dilemma, the object of the present
invention is to provide a novel 25 lubricant composition which can retain
anti-shudder durability for extended -4 periods and has high transmission

torque capacity and i”@[ﬂMﬁﬁ’pﬁW’tiﬁ‘i’: P (m)f, RY OF THE
ides a lubr

INVENTION The present invention provi Icating oil composition
employable in 5 automatic transmissions of internal combustion engines.

THeepkdyisAting SHtiGR PRARINP I IDEJHBSE HIRGRREBSHIAS 8-Righ s
transmission capacity and prolonged shudder inhibition when used as an

ARG RAISERIRSINS Ml teana) GRabHIancergiresisian dubrisatingpil

cEOMBILTION SNYIBesFckdntipvsnbieitalan ﬁ‘%@maaér aasaRIgR H¥dpacity
not only should show a high 10 shudder inhibiting ability when the .
aﬂﬁ@ﬂé%‘?ﬂﬂ%ﬁﬂ@%ﬂ@%?ﬁdﬂa@b USROLAS I BUIRIRGR YRngaaission fluid

(ﬁmﬁ)itim@m@ﬂ%fﬁ@rt%ﬁ@l%@@ﬁ@@fiﬁﬁém@%m%%ﬁ%ﬁg@'

decrease of the inhibiting ability and further should show a high torque
transmission capacity. Accordingly, the present invention relates to a
ltibdeatiadleiltbahmposaitiomaBocmapisyabitoasfAndATdR thigteraalid show a high

sﬁgg}p&s%?ﬁbwgﬁiIﬂ?’v\‘!\/q’%ltwh&getpaerqg}%gssion 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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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 20 composition: (A) 0.1 to 10

wt.% of a succinic, acid ester, (B),0.01 to, 2 wt.% of a phqsphorous acid
eoter, (O] L6 S50 v S DA S T L o b
obtained iy zeacttbpadfaltyieaepolyranahed, saturated or -5 unsaturated

monovalent aliphatic acid having 8 to 22 carbon atoms, urea, and
polyalkylenepolyamine, (D) 0.01 to 2 wt.% of an overbased

metalkled it Autbig@itaamyqibpol nelaheoniiaine detasaent, and

inhibitor. 5 The present invention further relates to a method of reducing
shud i aytomatic gransmission of an internal combustion engine by
addin%ﬁh@qﬂﬁ |(L:%al'i‘%1 bt c%r?fb%gﬁfffﬁ ml?ﬂ@tﬁfesent invention to an
automatic transmission and operating the engine_. Among other factors,
THRERERER RN T PRISAARNG WAL GBS AMRIIBRin an
lubricating oil composition of the present invention provides hig
ayitanyatic sfonorHseooapeityriathplslondud Shodelegimh iytaddivisethe
4 nati ission: | ion engine.
| - SIBMAL . g
e o S AL BB TATITERE chodir
trafsenisgien asdwpaiasinatberansingsion fluid. Accordingly the present
invention is also directed 15 to the use of the present additive compound

in an automatic transmission fluid o o .
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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to reduce shudder in an automatic transmission of an internal combustion
engine. The lubricating oil composition 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
utomatic 20 transmission fluid. DETAILED DESCRIPTION OF THE ]
Cﬁ@(fé&?ﬂ%‘ﬁ%@ HISUHEATRTYSS Butanasiy rRagShifupHdatimRngs despite

htaow@'%w . Qﬁ\_lé‘daﬁf@riﬁﬁr?%écﬁﬁﬂmh@_g_?@ ﬁMf yﬁdé?dthﬂ?tﬂét{m@%e oil used

_transmjission 9il shows shudder inhibition performance retention, i.e.,

' ?6%%§é>£4§é§§%iBﬁﬁfndf?ﬁﬁet."é@%é\‘i\?&%ﬂ‘ﬁ?@ﬁr@%@ﬁﬂh&xéﬁﬁdﬁ%h*ﬁ

pelfowihaty [SlRatentcipplicatianp ButiiaRion N ORI LHROGALASH to
ot have fully satisfactory -6 characteristics in torque transmission =

SDap P SRE T BerEIRERLE Nl R Diolte: ORaHErRYRisSion

capaigraddatibesaignsiafdrimihiefenancaell tsefeipthadAPMMIARRANH the

test. The torque transmission capacity and the shift performance relate to
ShocKdALeqs %HHP% "ﬂﬁjf?ﬁ% E?i&%%%ﬂf@dﬁﬁﬂ?ﬁﬁﬁ&S shock in gear

shifting, respectively. Accordingly, if the torque transmission capacity and

Tigskeeroamanae duciale e despans ol i dulshand e, shock

In gear shifting are liable to fluctuate, respec |\Pef§/. us, it'is an abject of
caepasitentGantindiote gridivede ffibribatireffeittivelypdiitiong toatamidg

o f e o . : compound.di
o s P A s R DA e 5 B o0
Athdrpraséintiaucingoprpesvitisyantiorigaoivigdeis colmpisitiong eihminposition
) i inhihiti r l.e.. prolonged

i R e S T
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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capacity and the shift performance. 15 The preferred embodiments of the
lubricating oil composition according to the present invention will be
described in further detail below. Succinic Acid Ester 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.%,
ThEAEET oI R A Bl PE MR IR SISO RSy thdeaction

besweeinipagislestes impreferalliaanRHigedeiashiam aprivRlangas

Ikenyl-substituted succinic anhydride prepared by reaction between i
chfRH o FRREE MR BARHEHE Al BersiRdg e iBkgous in

J |. lﬂ“ﬁéff b iwzgéd:hﬁrﬁ%& &f?whmﬁj@bw%mi)@W%?%me
OlyQl preiera IS a oly [IC alcono ving or l1ess carpon,
A TSI SRR BP 1A Hl0 PEAEHRRIRGR SifsanRiER M A, Tnaly
oblt@ﬁ@dl@diﬁih’ﬂlﬁﬁa@qﬁ‘@dih \ m.bw?mtrri@é,t, %&ﬁi@hﬂi@él}f@bé%iﬁﬁﬁlﬁr&ess utilizing
pentaerythritol. -7 T rocess for preparing the polybutenylsuccinic
ol CTHSHREB I MRIGRHEm R HonIR A a e wipyriae
copesier tdlyapesioungsky ar Rusinaipripahedatiizingsolasin e sMabe Bigtion

reaction is adyantageous in giving a high reaction vield, it has
Profea ARG SO A RS S SR DTSSR S aSS AR
502:080metylefrehigene erosinedinitheldoelbf wlidpedsirHaIPBEobutene
roduct. In contrast, a thermal reaction process utilizing no chlorine gives
(CRRIREARRN B RIRIMSUHGt P S RAER &y ol teA6TIAB Msltte AbEsIBRMYEd
théPrRipr actiesspriide dnpyidital-ai FaRtaY e RS Bal (8aGHRN RQRASFatio of

employing a highly reactive polybutene (containing at least approx. 10
thepoditathymhyRTETe 380 S EF M RR disPeiseshrentRinalpeIphaeie

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.



10

15

20

25

(containing mainly (3-olefin structure) gives a high reaction yield. The
improved thermal reaction process is further advantageous because the
reaction ratio of 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

ThfalieeasRT thadityRRIGE sefivesa BdristioByogiliahangrabeaatangar
atRaresuiingpAbANHEYIstSEIPISsiBBRYSITAR i kergieshvdina polyhydric

alcohol such as pentaerythritol to prepare the succinic acid ester. In the
lubricating oil composition of the present invention, the succinic acid ZQ
Testphoaptmwaise dardcesibinatderabily iasmi)duwea}dlcmitma@ silegipisite or

I I ht of 300 to 5,000
S S e e Ty

pisuspmtemmnthwma beuoradmdyaihobph:mdmmﬂg akb;@necafb‘ﬂﬁ@nob gf 3to

i d iC aci
R R B B R S T RS gReten
Okt 2wt et "E"’P"mo p: “”é“”f‘i"”'@”'“@@mf?b”“ﬁe moone.

to W ased on the u

hﬁtg r|cat%)nrg{;ﬁ%ﬁ)lr‘?oelréi%)é4 rog%nﬁ%e Sﬁo;ﬁiorous a@'&(%ét L@’mgé%ge”
plofsigtids havitifiea dyd mcarkibwese upgeht hdheblmbritating aikicampdsitarbon
I%f %fﬁ%sggttﬂ Yxeg't% 5. E%a%t}o%osh(g{%s a(t;(')dmea Iy refﬁﬁ%ﬁggﬁﬁsphstes

atic second ary phosphi P'SR Aromatic seaon ary P
tnmmweﬁmé\mm pbosplids; §'ind pbulsdsoinelsdecia sfmendmy be in
i 0 f 3 to. 180 bon .g.,
th%ﬁiﬁ@ﬁﬁéﬁé@ﬁﬂ%%%i{pﬁ%ﬁogé ﬁf t X amlne SAlls The u8 HdAr or
branched chain aliphatic amine having 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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phosphite, dioctyl hydrogen phosphite, didecyl hydrogen phosphite,
dilauryl hydrogen phosphite, 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 secondaa phosphites include diphenyl hydrogen phosphite. The
ASHBYSRABIRCHEE BermEsasethe brradea sragiampedant imhiplether

reh&ish %ééﬁ?I%B{%%@c!'@ﬁﬁfé%{cma%'ﬂﬁ%%%%ﬂ@ﬁ% aging aving

8 to 18 carbon atoms such as octyl amine, decg} amine, lauryl amine,

Wﬁ%%ﬁﬂﬁ@osea@mta@ﬂwt@mmwm@ JRgRERTIRAIAMIarea, and
pbialhsicaling i eosRoslRpa e present invention

contains a non-borated (l) and/or borated (Il) 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

polyalkylenepolyamine. The additive compounds | and Il of Compound C

- Monoasiam pliylestisidglidor in combination. The amount of Component C

employed in the lubricating oll composition of the present invention will be

o%%'l%ﬁﬁ%ﬁérrg’ué ac%kfoi’ eéSFﬂ ?]on A& dltis%re ?Sg %5 B r%ﬁe

tot al amoun ubricating o COmposiIti ti ompoun

focomigrises the reaction product of a linear or branched, saturated or
unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms, urea,
and polyalkylenepolyamine. -9 Additive compound Il comprises the
borated reaction product in whickeHé& Rabon product is obtained by
reacting a linear or branched, saturated or

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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unsaturated monovalent aliphatic acid 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
represented by the formula: R4 (COOH)y 10 or anhydride thereof,
wherein R4 represents a hydrocarbyl group having about 2 to 50 carbon

a5fs, Pl rdberéyefeyeries Oicuchohalvietencirmites wil
cAFIRMBIAY 2408 KA RsAPAGHRN AbReABIdR B TRAHDI LU RS BTSSR ms.

invention is a linear or branched, saturated or unsaturated monovalent

TApRiRIIRIINANAL B hecaifesenciynsseraifipias srimary amine
geihalio asilgitnelude-eetanaig agighdauric acid, myristic acid, palmitic

acid, stearic acid, isostearic acid, oleic acid, and behenic acid.
Particularly preferred is isostearic acid. Urea Any ordinarily employable

Faasieshod s vitealef jotiusitéd papphgratiessain ded2tamRiapethmine,
Polvalkylenepolyamine Preferred is.a polyalkylenepolyamine containing 2
P B e D b SRR e s,
heitydgeaditoniss; alisthytergepiimaine; @nytemrefenably, the alkylene
roups.of such polyalkylenepolyamines will . contain for to 6 carbon .
o R o P BRI B eRel ke o-sec-
botiyErtbaiathimejthogiylatoststcomstitie ngpomaghatetieamine,
triisobutylenetetraamine, tetraethylenepentamine, pentaethylenehexamine,

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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generally constitutes secondary amine. 5 Examples of suitable
polyalkylenepolyamines include ethylenediamine, propylenediamine,
isopropylenediamine, butylenediamine, pentylenediamine,
hexylenediamine, diethylenetriamine, dipropylenetriamine,
dlmethylamlnopro O@Aenetrlamlne dibutylenetriamine,

amine, diisopr €
kR T AR e e
GH@@MW@W'”Qﬂ@‘E@?t@%@@QﬁW%IU&e 2, pp. 99-116.

pentaethylenehexamine, hexaethyleneheptamine,
dimethylaminopropylamine, and mixtures thereof. Particularly suitable

Tivelyatiiglerepolyamites tre theserttavirgntiunformuie: ob@im¢a By padting the

e S ST S R e e R

(wmulmwspepqlmhykwbm @hmd)hc);tmn‘sz(ue amantegaﬂfrmtrmﬂebawat the
0 I referred pol lenepo es are

R B e R R R 11 S

Cmtnaemydbué’qdmhmaaaet upmmmpmemmmd by reacting one mole

Partl erred.is, 20 _ _
Eexaﬁ%}ggg epta Hgﬁ fany’ o!?%%(?yﬁnr%lﬁ% {RHSHEW PR i fh moles)
Oﬁwgmtandéhﬂdm drmcdarfmeferalwwﬂaﬁ%m &nhd mbms)may be prepared

Kk the art. For e, meth
B e R B e b A SR oo 200
p@f@aatﬁme?ﬁma?c&tlgegem;sgm|maamwFere;sef@)dbmfd:%@ hours.

\ s "Chemistry. of Organi ol -11 Sa ilgdelphi
SYETE: ORI o ISR, I SRR G e
wegehisotegwyedd&utinaspebialihe gluogeeBspy. tﬁ@»m:@ctcon 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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The amide compound of the present invention can be obtained by reacting
the acid compound (i.e., monovalent aliphatic acid), urea, the amine
compound 5 (i.e., polyalkylenepolyamine) in such conditions (i.e., ratio
and nature) that the resulting reaction compound shows an oil-soluble
roperty. The, amide compound of the present inyention is preferably
TR AL e TS PURESRE SRR Bk ogR nypber
ofmdlés GlreferabifHIG. tE:xampiotes) ihburearanska. intadl-aroleaining
referably 0,125 tq,0.5 moles).of 10 polyalkylenepolyamine. The reaction
o R R g i A A CGb D68 broducts o
pefeniexatty SolfdnsP drodss aikglesablyrfos 26 Hoursid Siaeel the reaction is a
ondensation reaction, it is preferred that the produced , water is removed
R 40 AL G 2 B A PeBE LB kI 0y Ftouring
cdahebprationtids ohwatkaliht Ehettabovidnselitiphiy seaeiienipredugireferhel.
referably borated by the .reactio ing a borjc aci mpound to yjel
T e R P R R RS T e iR P e
gashalytaskbd dbotkenentaliadzeagiomaroducrassiblid feerisaicdate can be
ot %gnsdr;n Isuch amougt that the amount of boron in the boric acid
C m&ound 19980t 5B ENR 'l%ﬁ’ﬁ part based one weight part 20 of

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

to 100-160C at an atmosphegi¢, pressHrg, Aikgggduced pressure (reduced

to 6.7 kPa) for 5-12 hours. Thé Téaction is preferably continued until the

solid boric acid compound diminishes in the reaction mixture. Overbased
Tidelia(eeiiainsiodoaipranit 2 o1Tthe lyieaiing\iheempResititnsoh tsrrosion
._pre: ené&vention corgia,ins an overbased metal-containing detergent
IR S RRRSY Y ARG ABFRH 8 Uk 18, | Rty GTOPRE Q.0 9,0-5
whsasheadhentatal eroumhofithefubdoatngating 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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composition. -12 The overbased metal-containing detergent generally has

a total base number of 10 to 500 mgKOH/g. Examples of the overbased

metal-containing detergents include alkali or alkaline earth metal salts or

overbased products of petroleum sulfonic acids, alkylbenzenesulfonic

acids, and 5 alkyloxybenzenesulfonic acids. They are preferably used
Céfrgiy Brle yab rritippoAdrhb incaline ed R e saeniggednddiss
affgBReferedanihr sWfenatesdheisaliay iR Ridiab Rasropemislafitl Keid,

500 mgKOH/g are generally used. Further, a sulfurized phenate or

SiRiRh el SgRpise Ry HE ce iR eaM R SHiCcasbination. 10
tdaeriesiomiBhiRipTCTASHNgalipe d corpRRiiemRf SheipLasent invention

contains a corrosion inhibitor (Component E) in an amount of 0.01 to 1
OGIRYE GSIRITHER DB BIG Othernise ANyl Ao BFtdaving an
alkbRgRYRLBIFAMBOSIIATIC 8RS ISRdMIRIPREsles A RS R GAABEECinic

corrosion inhibitor. The copper 15 corrosion inhibitor can be a thiaZole

acthyjbt A8, AIRR2L RUCHRSRAHDYR! FRRURE SR BB @sdhe GorisEIe B
irfhiBAe CaMBgdRsHNsHdmhrnzeiripaoled, ol bianelshashifsiaglsd ester, an

decyltriazole, dodecyltriazole, 2- mercaptobenzothiazole, . o
eSS AP0 SAMRRNK: I8, midarelipg apmpound, an aminosuccinic
aBAioceBy digdhioalived-BindiazelspRid & Sshistushesshvisiipiggrl. 3.4 20

thiadiazole. In order to protect copper from corrosion, two or more

corrosion inhibitors having different chemical structures are preferably
Theddbnicatniindtioonmathsticthand threepresestanvehtintois psinglyedsed aBding
th%XS‘H}R}SL(?etQ&r Oela%CaOch?L?nL{rs]dof components A to E into a base oil 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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and a thiadiazole are preferably used in combination. Particularly
preferred is a 25 combination of tolyltriazole and
2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazole in a weight ratio of 1:10 to
10:1. -13 Other employable corrosion inhibitors include alkenylsuccinic
acid and its anhydride. Examples of these compounds include

abeuiahspinfRREIHS RdR 2howh o sartyldveEntakam avadetic oils may
indRHRIGELBYSHAND & AS I Hre BAFRHAFERY ITCHNIG ABAYENIER of ethylene,

octa ecen¥lsuccmlc acid, and 5 octadecenylsuccinic anhydride.

PobyERele s RSB HIAD AVdrASTTHG RS ARG Pg BgedLeee using
caPBEPOMBIHRITRIARARHRIFGSER §h40iS allken¥SweCNtsREITWINaR BleRlRls. A

such as polyglycol can be employed as the corrosion inhibitor. In addition,
PrafeaRineasshds RN atiaRIBHESphblie alfi devtdieany fndigned.. little, if
an?:ﬂm?e‘i@méﬁ% 3 Rikaaline SAMRPUSE AhRRIOSUSs IR 16ReidoRk
their derivatives can be employed as the corrosion inhibitor. The )
use(e deakiify RaIssopiipsdidih ssHartast osdrendrAdisrrstissrading dasireg end

usbafbave-slegrilead RmeutsALEOMRENGYE ﬁé%%ér&gaagbpé@@ of éai_?ine oil,
lubricating viscosity. Lubrlcatlnghon Compasition 15 The lu

58
e GomBREIGHHNS HECHBRAT HVRASI AL ST SASE R CEABLRI BV, OW-20,
owass, oilpidobricating, \(egasitysnd S1g-samponents SvEdasdesyibes- 6o,

above. Base oil as used herein is defined as a base stock or blend of base
1086ck@VWiR RN 1Y 1305 AW e b that 3¥Ybrd ¥ etlpyl aWirtfle or 15W-40.

manufacturer to the 20 same specifications (independent of feed source

or manufacturer's.location); that meets the anufacturer's,
Thseprgc@ﬁga@% ﬁ’pgﬁﬁfﬁ]g?ps%f gﬂﬁfi"é" {/egpects %n}ﬁenbase 0:5, 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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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, 25 and rerefining. Rerefined stock shall be
substantially free from materials introduced through manufacturing,
contamination, or previous use. The base olil of this invention may be any
natural or synthetic lubricating base oil fraction particularly those having a
kinematic viscosity at 100 Centigrade (C) and -14 about 4 centistokes
(cSt) to about 20 cSt. HydrocarbomAhthetic oils may include, for

example 0|Is

‘YJ‘ Eri '

repared from the polymerlzatlon of ethylene,
' JergebidionBynihadis ENrﬂ:FNinBﬂS@:ﬁiDCkS

carbon monOX|de and hydrogen gases such asin a Flsher -Tropsch

process. A 5 preferred base oil is one that comprises little, if any, heavy

fraction; |tt| lube
higher Zf)t(%% %g%giﬁ%%

chigpde

d depending on the desired end use

il fr of viscosity about 20 cSt or
%F%ase viboudilydrsidected or
hnd the additives in the

finishedaifite giveitherdpsites,gradaof engind A iy mines fyahin I\6@4294

compd

EN\AL- AL\

qimTMaving an SAE Viscosity Grade

OWAL N MN\AL OO CAAL _CAALDO... TAAL QAN

AWM

6" {5

L\A/ 4[\ E\I\l |:n l:\l\l Rn

OW=4@,;-Ovv=00,"OW=00;oW;oW=2U;oW=~3U
02 0thEO\WI80, O \8aUBatES\WaBE/ot §\VBraahey - mmm«aﬁmrm 80-and

IQW, 1
1 Ereslerdhare led dpefriinditions withesssiheet t8&he base oil,

15W-4

U, oV

provided that the base oIl is selected Trom i

nﬁfﬂﬂi@@ﬁarﬂﬂ@@&ﬁ%&hﬁ!% b8 and

en]plo

derived %n,
mixtures t reoF §U|table base oil includes

rIu 83 |n oif’

R
retB Bl ?ubrlca{hr?g m%u

tura aS[ an

€ base stocks generally

atieduicatiog oils or

base stocks obtained by

isome

b@se S

izatignef syhetic waxAng:slagk we

0.03% sulfur

, as well as hydrocrackate

steskrAEeduaadibyshydiocsacking (RMNEAAB: than or equal to 120

v

All Polyalphaolefins (PAOs)

vV

All others not included in Groups 1, II, Ili, 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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solvent extracting) the aromatic and polar components of the crude.
Suitable base oils include those in all API categories I, II, lll, IV and V as
defined in API 20 Publication 1509, 14th Edition, Addendum |, December
1998. Saturates levels and viscosity indices for Group I, It and Il base
oils are listed in Table 1. Group IV base oils are polyalphaolefins (PAO).

@%‘ﬁﬁ%%@%t%ﬁiﬂqﬁEmaeeéﬂnecﬁﬁ%?ﬁsas@*&isﬂﬁ&f i@ heciiags pfipymthetic

|V af I iSHs aie Beetered didarkd Ukt ity asd
Viscgﬁ? I?}%%)é(%ﬁ?rlou [V and V Bage g%t}fkééggturate% %\é%

AleAbRIREABPAB T BSCONVRCRI Mol cregrsamade from Cs o Cry

reGtyERinRsL R ASTEN 4As deipsmingd Py RS TMMRALIti-BRoIOhAp Mte ester
D4297 or ASTM D3120) | Less than 90 % saturates and/or Greater than
OFP 455 35 HiraRsreRtiiet &y t5odstd ahranbatera 1Bdseradie

piheEHPRes HAb IR0 J6iEratRr thas 8¢ eadal gm$0 and 1l saturates and

less than or equal to less than 120 0.03 % sulfur Greater than or equal to
90 % lll saturates and less than or equal to Greater than or equal to 120

NliosRetsaska BilsRalyatptieoediyslHAQL) Yari-othelgmiabinglodebigaryloxy-

SR btk L NE ) ERNAS QUSRS AP e

vegetable oils (e.g., rapese
lubricating oils. Other synthetic lubricating oils include liquid esters of
phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaolefins, and

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
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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oils, castor oils and lard oil), petroleum oils, mineral oils, and oils derived
from 5 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

rs alkylated Bi | sulfides, ell as their derivatives, analogues
HORTUELTORIOR BHRPHEEEY SRR UBHEEHRG Sraaag o
smmhdﬁcﬁ%i@’sedmdgtu%Wﬂ%%euﬂ@m%m@@rcﬁ@@@iéﬁﬁﬁoﬁ%taIyst.
derivatives thereof wherein the terminal hydroxyl groups have been -16

modified by esterification, etherification, etc. Another suitable class of

Isimiivefier btz akegroilsaiwmprsestiné imergibbﬂmmmﬁg stsidesiigHrathe

BERN, SEENANe FrSERREEA R ARSI URATR DELES GRS defined
mfscmmmli&ﬂ%@wh%&@ém 5. cﬁ@&i‘é@chswmaemémph&eww lubricating
&gx&cglaggg@a&e BadLion rée@ ggg ﬂﬁaﬁ@@g%f?w%ﬁ

icon-based 0|s su ast olyaryl-,
rp@tyant@f@ra@w@ﬂy@r%m %I@iéh@ mwtaaﬂrwuoatmspedmpn@élhen weight

%%aﬁtrf#go%mcréicﬁ IFYQ I 1R" q%“l%ga(P'\ﬁeau ‘?)re%gme&cthe lubncattng

Iquid esters o phosphorus-containing acids,

%&Wﬁ@%@f&hﬂlﬁﬁmﬁﬁﬂvﬁ@@ﬁpﬁ@ﬁmms and the like. The base oil

may be derived from unrefined, refined, rerefined oils, or mixtures thereof.
Unreflned oils are obtained dlrec;% from a natural source or synthetic

lbrieaing o4 coramo A dhg pERsEhyWENSIRT DaReh gt Hakiy with

resgect entRantdianbigsrfiorjainesheisisihriepabalepiboiigined

directly from a retortlng operation, a petroleum oil obtained directly from
p&gﬂqg%@pp%rv%m 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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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 20 to improve one or more properties. Suitable
purification techniques include distillation, hydrocracking, hydrotreating,
dewaxing, solvent extraction, acid or base extraction, filtration, and

MigcosityidmlaX whmwrbietr are known to those skilled in the art. Rerefined
oils are obtained by treating used oils in processes similar to those used
to obtain the refined oils. These rerefined oils are also 25 known as

BermpirthspybcesibaieaansReara e dadEsnaiisnrissss dyipg viscosity
el éJ@Fé%G@Y%EQi&&Iﬁ%?&@iBY%%Q@Hw@'iﬁ%ﬂ%%ﬁg’%%?g and one

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

OgifReFe MY FRaNeBIRRrANd NRIfH It cIsRaigd Rerdretasame dispareant type
VRSB A inlE WP WA SRS a8 QbSIATNCE YRGS methacrylic acid

hYdroisome_r_ization of natural or synthetic waxes or mixtures thereof over
eslRyAIRsbRIERZSRoPPEAEINRE ThRNSBRIFePtBarseoa Miger saiUpefor
dtﬁ%@.ﬂrﬁf’%ﬁﬁé IGRAR MISERRIYIN RS YO HCRINGOLRIINABIE S thylene and

invention. A major amount of base oil as defined 5 herein comprises 40 wt

osplgfinfote. PréEpyte amouhtdordagehi-vrRusekiaad ieio s easpated

pfOAQR9-%M4 8&1?&5@@%@@@!&@@8 5%6ot%%m%th@%ﬁ%&éﬁﬁ%%ﬁon.

60 to 97 wt % of ubricating oil composition en weight percentis
used herein, it is based on the total weight percent of the lubricating oil

Teempbdtisihyrigssoaibesiien spesdietekstinedpbsisaitrkedily contains a
Vcom(%?gsiitio of the (Jt?resent invention has high stability with respect to
Al

i8R SFHUB FAXRRLEILATCHIAGE Yhd'srifelarBimbiRE Wt %.
baich@ielimpstipahivopediesofubiempiis dirosmissiaibAuids. It

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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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 15 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 compaosition of the

mgtb¥isishiRdnatetad-RithubdBhens v diduthiehirizimetivhEdiiidyiphenol),
2 aviilaBletin,1basts Bxammies o iRe-artignil AL INAYsRoRNE RN es3 (3, 5-

Jinclude viscosity index improvers, anti-wear agents, friction modifiers,
didgruibA-RyfsRsvenesy Rrering alfemstasirey ahiSrout-poiyi-4-

hﬁﬁ@&@?@éﬁ%{ﬁ%ﬁ%ﬂ% prefereed adgitive s MliphgriybRydsogen
phosphite which is known as an anti-wear agent. A number of the
mafixehRENtBHRIVIAShally incorporable additives are well 25 known.

Details of such additives are described below. -18 Viscosity Index

Impraver mples of the viscaosity index improvers include .
e AR e B SR M R A o ngmepope
cordaniagre tnivdigec afcidigs tresugsdhanvin@ ko & cdhesmatoomsers @ind

their ydrogenated prqoducts and dispersant type 5 viscosity index
DEGGE e T G RS
alRiegeNCARLSINHEMINS ReKs JRYIetRO prbsRes i SHEe RN G S_RLof the

type viscosity index improvers such as copolymers of ethylene and )
hig B ReE0) SupnenBds AtkAR SR NsRRENRY dhidsiaR be used singly
oridtegasatab ProthsisoiragiaBlEasdigtRMASISHS rareHIUSRiId R

present invention. 10 The lubricating oil composition of the present
COMRIARYR generally contains a viscosity index improver in an amount of 1
to 20 wt. %, preferably | to 8 wt. %,

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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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 15 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
PausR) composition of the present invention further
contains an oxidation inhibitor such as a hindered phenol compound a 20

0 din ount

B e P R g .

pﬁxampl@%@idf@stmnd@eﬁ/ﬁbWMHmmmm products of parafﬁn wax

tyl res I 4 4'-methylenebis(2,6-di-t-butylphenol),
'i %%h%ltl ene ?{%{Y utyl-o-cresol),
4,4'-isopropylidenebis(2,6-di-t-butylphenol), 4,4'-bis(2,6-di-t-butylphenol),

Sé# swalingtiagenebis(4-methyl-6-t-butylphenol),
4,4'-thiobis(2-methyl-6-t-butylphenol),
2,2-thiodiethylenebis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], octyl

VM5he|ihuhﬁnﬁﬁ@ydrwymmyﬁpropibeqbeagetﬂmhﬁdﬁ ié -Osedutylah ATF,

dro }XEP Hﬁ%& &%\E{E{agtﬁ and ?8 5H£ %Utéﬁg%%’ H’f’d &ﬁﬂ%@d in the

ammmdecaneailsyqummwmm nwgnﬂammgpa rﬁxmwsadjmweaas dvawingy

o R SRR & PRI A SHETAA SR 2o,
amiamyba}dlaqm*ulayiammd Eaphthfalheam:hlﬁderadtabeﬁqir@ﬁmﬁﬁﬂBdai&mle[img
compoun scanb used sm% . or in combination. Other oil

G MG I T LA Bl B0 SElSr 6r 8 SeBatic doid

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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combination. The oxidation inhibitor can be a molybdenum-containing
compound which is a multi-functional additive. The
molybdenum-containing compound is preferably 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

INR B ErEABK BALIRRRE MHAmig Fhidelharmrrertamiagd a

dSayapsungsicHdB vepntaiatg P0mQlIIsHENSSCRIpETIdACamaland 15 g
compound can improve high 20 temperature detergeenc and oxidation

(O BRI CAMIRR N 95 UBIAB I KIS ved hsatatbiPolhGlyBaENLH -5 9
(odhasndTameatR el dinipth orYERlY den i sitionbasBhAE kalted mixture

rove oxidation inhibition, wear inhibition, and reduction of friction

Im / ¢ |
U%%%‘fﬁ&%ﬁﬁ%(ﬁ&'h%%ﬁ“éﬁ@%ﬁ%@&iﬂ@ﬁ%%d@% HreggRdathdfter the
addiimating aibeoprpesitian ebih BresRuiin e BHEM RMRISYREAFAY heated

ATF, the oil composition is preferably colored by a dye such as red dye.

(O BRPBB 0o BT ERHY B AISELGRHE LY SBhieRRRadare Course of
hdatingevoelysrathaer Ylisraciseeftels, FRUMGCIC ReldLFtetT. inside of the flask
olyacrylamides coigdensation products of paraffin wax and aromatic
Wgsﬁ%%ﬁ%?%%zah SRS A SRMRISAYHE MBNE TS EdrRoYRIs -of he
finhypseseintaveatasnsprsedas@adibh, pposRatiseling agrsiwihighid having

swells elastomer s aligggmaterial placed in the automatic transmission

a E&?@ﬁw&nﬁg & E¥nibles of the seal swelling
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agents include oil-soluble dialkylesters of dibasic acids such as adipic
acid, 10 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 15 The invention will be further illustrated by the following
examples, which set forth particutatdradeahtageous method
embodiments. While the Examples are provided to illustrate the present
invention, they are not intended to limit it. Example 1 Preparation of the

Therlidieaingoeihaodmeiiennepthe, RressridavesHinn wrresdrpRsed ithe

blticRy it aB IR e GhdhesnresRnHisweRlgBdS-Afs@stion product
prepared from monovalent aliphatic acid, urea and
polyalkylenepolyamine. -21 In a four-necked flask equipped with a stirrer,
a thermometer, and a dehydrating device were placeWig4 ga(®.5) mol)
of isostearic acid and 15 g (0.25 mol) of urea. The resulting mixture was
heated to 100C, and 137.5 g (0.5 mol) of hexaethyleneheptamine was
dropwise@ageRrig gfdaieated mixture 5 under replace®@nt of the reaction
atmosphere with nitrogen gas. After the addition was complete, the
reacti@odrivditiieén the flask was gradually heated to rgach 160C within 3
hours. Water produced by the reaction in the course of heating was
remo%dqg{gms gcfﬁﬁgiﬂléinally, the pressure of inside 6’f the flask was
reduced to 6.7 kPa, so as to completely remove the produced water. The

10 finally obtained reaction ﬁ:)roduct reaction froduct A) was a brown
quuidcﬁ\éﬁﬁﬁasec’ calcium suifonate (TBN = 320) 0.1

‘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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a nitrogen content of 4.3 wt.%. -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 al Hy ine 0.1 Diphenyl
hydrogen phosphite 0.15 TonItrlazoIe 0.1

T G AR A P TR SrlE Ay W akared &s
dwmﬂgeehmdﬁt@mpgerﬁamemmwatm(msmsdwmmamusw)aﬁﬂt!i’@

RSl Slnenmpersl o) L1002 comparalue PATNSATHE ang 1.5

ricating ol composmon of Comparative xam &' & Was
weight parts, respectively. This is essentially the Iubrlcatlng 0|I composition

described in U.S. Patent Application Publication No. 2005/0124506 A1.

Comparative Exampie B

~ As a reference, the standard oil T-1ll was prepared as Comparative Example B.

According to JASO M348:2002 (SAE No. 2 test) and JASO M349:2001 (LVFA
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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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.
2005/0124506 Al. Comparative Example B As a reference, the standard
oil T-lll was prepared as Comparative Example B. According to JASO

- Vi348:2002i(PAE No. 2 test) and JASO M349:2001 (LVFA 10 test), the
T-IIl standard oil shows standards for the torque transmission capacity,
the shift performance and the shudder inhibition performance. Each of the
lubricétiigion ourpielitidREob BEXaiplSteahlasniparbdved Edamples A
and B were examined for its shudder inhibition performance retention and
torque_transmission capacity according to the following 15 measuring
proce@ir¥8!uRg rd2llitfhre set forth in Table 2. (1) Shudder inhibition
performance retention The shudder inhibition was measured according to

h [ Inhibition. Performance Test Method for Automobiles and

) E&%O%%E%i?@%?lﬁg?ﬁaﬂc Transmission Fluid (defined in JASO M349.2001).

In the measurements, an 20 LVFA (Low Velocity Friction Apparatus)

tester wagRRRIKAFR-BEPE 0¥ @3k ?P@s@ﬁi@/ {Qppyvere determined

under the following test conditions: -24 - Test conditions Friction material:
ZDR 522. OK, Steel plate (FZ132-8Y2) Oil volume: 150 mL - Break-in
operagtidibdibtentpéraily P 8a6d Sitfata.pressure: 1 MPa,

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

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

Oil temperature: 40°C, 80°C, 120°C,

Surface pressure: 1 MPa, Sliding rate: 0 to 1.5 m/s

After the first measurement of p-V character was complete, the retention ability
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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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,
rface pressure: 1 MPa, Sliding rate: 0 to 1.5 m/s After the first
- MEASHIEMERLST -V character was complete, the retention ability was
evaluated by measuring -V character at the lapse of the predetermined

period, of ti bis_r ting the same.measurin cedure. 15 - Retention
abilit)(/]!:1 &gé%@)h "C%P?@%B%ﬁftirae:si@g& @u?fé)(?ed)p‘rsroerg%s%re: | MPa, Sliding
rate: 0.9 m/s, Sliding period: 30 min. Rest: one min., Measurement: Every

0.5 MBS ST ST RS SR Shudeer e

period of time until one of dp/dV (0.3) and dp/dV (0.9) became a 5 minus

sm.laeeﬂ@%@we@wémq.paw@mw&%md%\?@@'ﬂ%ﬂ%e a

torque capacity Dynamic friction test atic friction test were carried
MiEsy AHeand shaker resiodreste esessrs ptiherdidceedfavethod for

Automobiles and Automobile Automatic Transmission Fluid (defined in
(éAS 348.2002). 10 - Friction material Friction material: FZ127-24-Y12,

teel WS{%Sfﬁ'fig/ _gvgjle capacity

Dynamic friction 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

-26-
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- 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 Ol
temperature: 100C Surface pressure of friction plate: 785 MPa Test
perioBoANRR’ Séritiation of rotation 5 Test cycle: after 1, 5, 10, 20, 50,
100, 200, 500, 1000, 2000, 3000, 4000, and 5000 cycles - Measurement
Staticofﬁi%ion cPet:‘Lgrcieqrb at the maximum torque caused when the
rotation at 0.7 rpim Starts and static coefficient (pt) at the lapse of 2
seconds. 10 Transmission torque capacity was evaluated by the value of

pt. T@J%\é@lﬂﬁe@r@g 6@@3&&9%@@@@@@%;@9 transmission torque

capacity is high, and a further larger pt value means a higher
transmission torque capacity. Table 2. Test Results Shudder Inhibition

TorqOe:dirpasimiss ®mzapaeibhinRefiommanes flygdder pt pt pt pt pt pt

‘Test cycle: after 1, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 3000, 4000,
and 5000 cycles

- Measurement

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

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

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
pt ut jef ut ut ut
Inf?&ggi&[ﬁf 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 10120 {10120 {0.121 10121 10121
E}‘(’”;‘f' 192 0.131 |0.131 [ 0.129 | 0.125 {0.123 |0.121
g;”.“Bp' 48 |0.141 | 0.142 |0.139 {0135 | 0.132 |0.133
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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
The JASO M318 specification requires a minimum of 85% of t against the

The UAGfe dads sipeciipptiax ra)urasansimsnushodl 8956 of1a@aisst she T-
0 thi 50, spegification r [ S

e B B e o e IR B G e R s

Exsedeptotnagadthitinhe$eridd £ spdicdiestiby theyvarationt afst tnax:min.118.

at h0-5,000cycles) oyer time. For Example 1, the it variation is <0.004
AT CTRRR £ EIIBRER ‘SR MSLARINY EIHIILS Wete bRpionged
tirm@.pdloAseandieaedrbhtibe oigtien tidnaisaiemeapR Gy sesulisies) over
variation over time is very low indicating_excellent retention of torque

tifpanERidsisHABabith o YGHGHOM &Y Sdfeis bREMmREG HIe Example A

ak@UBasHinaRideRIapRN B VERIgACHBis Is AN IPeAIRNE: BERSHY the torque
reflecting the abilit{yof the lubricating oil composition to maintain its

UranseRSS IRy SansRig peviskBeorEiatiBR. vsstimelsperydridndisatinghg
exibfemnesitianaf dhecpresenh VAN SMWEHRHRNRINSDNRE M AReRe

which_ reflects the smoothness of the 15 engagement of the slip control
luRisatipe RicrompRstipR S RIES R ’Wﬁ@%s@@ﬁg‘érﬁiﬁﬁﬂ@mant
pIOPRIA PBIERAKLIWE AL, A SheddBabatipg WFEESIRILANS 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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a longer retention of shudder inhibition performance by the lubricating olil
composition of the present invention. The shudder inhibition life of the
lubricating oil composition of the present invention (Example 1) was about
1.4 20 times longer than Comparative Example A and about 5.5 times
longer than the Comparative Example B (T-lll reference oil). The above

theetuits ddraonstiaséoth agracdyrapdrie: whifttpetidnicatiog bilt alsnguosition

Rl DARARPUE AR I iR NBe ABRRAAEA500 A (Comparative

Xarmple A) which comprises the amide’compound in 25 combination with

succinic imide, overbased calcium sulfonate (overbased metal-containing
calcium alkylsulfonate), diphenyl hydrogen phosphite (phosphorous acid
ester) and tolyltriazole (corrosion 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-term stability of both -28
the torque transmission capacity and the shift performance but also has
prolonged retention of shudder inhibition performance. -29 Claims: 1. 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 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
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unsaturated monovalent aliphatic acid having 8 to 22 carbon atoms, 10
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. 2. The lubricating oil composition of claim 1, wherein the amide
compound is a berated amide compound obtained by berating the
reaction product. 15 3. The lubricating oil composition of claim 1, wherein
Ciagragnide compound is a reaction product obtained by reacting one mole
of the linear or branched, saturated or unsaturated monovalent aliphatic

1acid havingi8atf %ﬁ%@%@éﬁmﬁ,&%P&%g:g'%@é#é%@@@&&é@éon of

mole of polyalkylenepolyamine. 20 4. The lubricating oil composition of
any ol ae g praceamty aamise fienwingrrdsdiyskyeHEptalaming amounts
containssR dB0CRIARAIGM 8nthe d8rpdukeaen atoms, each of at
least two nitrogen atoms forming primary amine. -30 5. The lubricating oll
composition of claim 4, wherein the polyalkylenepolyamine is at least one
compung. setededvirotnothe sgratipicarsistingeef ethylenediamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
pentaethylenehexamine, 5 and hexaethyleneheptamine. 6. The
lubricéing-8il derdpusitonf ¢f hasPhoitg cipithesislyalkylenepolyamine
is hexaethyleneheptamine. 7. The lubricating oil composition of any one of
the precedin% claims, wherein the monovalent aliphatic acid is isostearic
acid. {€) 0.110 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 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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10 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. 15 9. The |ubricating oil composition of claim 8,

Swherelhth&IBERASIBAPL CRARREAS. alocieiR tipMbstrlg S¥composition of
claim Bowhrigimtnlpastiae Rebveentmaleicornbydrdeard ealyrigiinds

performed by a thermal reaction process utilizing no chlorine. 20 11. The

lubricARYRFESHRI B R Ry ehiaitRe Yrlbyisnsttamiae.wherein
the phasphdesusaeithisiertisdipenvhByeraaen R 9somiR thlfeddexamine,

lubricating oil composition of any one of the preceding claims, wherein the
overb 288 st RYRRANREEREBent is an overbased calcium

alkylbenzenesulfonate detergent having a total base number of 25 10 to

6200 mgkQ h@y‘?@ﬁ%ﬁ%iﬁa@}%‘é‘&%ﬂ%rSP&\%iu‘%? shydder iiﬂ i automatic
fransmission of an Tthternal combustion éngine,’said method comprising
addingehaikyleivagioly aihtenip dsitier b lmebepiafthespreceding claims
to the automatic transmission and operating the engine. 5 -32

ABSTRACT OF THE DISCLOSURE : _
7. The lubricating oil composition of any one of the preceding claims,

wherein the monovalent 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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LUBRICATING OIL COMPOSITION FOR AUTOMATIC
TRANSMISSIONS The present invention relates to a lubricating oll
composition comprising a major amount of base oil of lubricating viscosity
and the following additives in 5 the following amounts based on a total
amount of the lubricating oil composition: (A) 0.1 to 10 wt.[err] of a

18uccifictaethatier, @l uron fheddgein srapivsstisriassrisderofen
0.1 to; RSy dph BORINFE KRNI WIS orRBRuAT PEAEHES e

obtained by reaction of a linear or branched, saturated or "unsaturated
monolPERaHNpHtiepRasHMyE &Y 2BEBbH GtoRRsediea chms fo the

polyaliyienenpivasmiae:dBibR- Ahdwbp Hhlfiy (B yREased

metal-containing detergent, and (E) 0.01 to 1 wt.[err] of a corrosion
inhibitor. 15 (No attached figure)
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