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A LUBRI CATI NG O L COVPCSI TI ON FOR AUTQOVATI C

TRANSM SSI ONS The present invention relates to a

| ubricating oil conposition. In particular, the
invention relates to a lubricating oil conposition for
automatic transm ssions of internal conbustion
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ENTI ON . Aut ITBtI nsm ssi ons in autonobiles
T PV R B et B 2 ibrcatig ol GeaRe S g particular, the
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P TR SSION AP ACER PR PR ‘P'&ﬁ&ﬂ%’“@l IRHERt ed
to the torque converter, so as to inprove fuel

econony. The use of the |ockup clutch enables engine
torque to be trWMNQ ‘Pﬁe THEANNENTON ansm ssi on

according to driving conditions in addition to the
driving force transmtted through a |ubricating oi
&Ht%M@HS@Sﬁ@@Stﬂh autaspghilescamprisea t@mwemreﬁser teheet

AR Bk P o Yot B iSin RS EARERA R el hese

glenmfrdds | Thesirqlie trapsiniistorooapyadityde ultirasticang et etording to
ondi ti ons I Vi n | ess torque variation. Under |ow

egrot\a @mes enfl dhe dgsreshehload. MedsmBuioanaticar t s,
%’Qﬁé’ﬂ%@lo%g fafth) &Qn%ﬁ%épﬁ Iéél&ibsﬁh@ﬁ rﬂBuh%dct@lfﬁg Yorque converter,

et ween the engi ne revo l'on an
$(1i aa:*.mnmsnromre fuelmdonmmlTWta wse offihertetiaueclutshoertdbles engine

e econony i s not attained.

Fs 1 %Ffﬁnsa}{%ﬁﬁtﬁe Jutemetic ransmissien BPC(HdEﬂQ tg driving
@(SHHH" s PERIRBPY tWE'oQN:r%} Yo réQ S HEmRA R Q%bncgtmg oil.
operate under the low speed driving cond| t1 ons
iHawevernsicedbe torquesariation peodwshdctmydtheHoperaton of fhe/\lmehup

v@pd o @ﬂ(‘;ﬁs Hjéﬁ?llog%%%ge}lé)er%o utert%I sht%idtep ethé'l(')tﬁ( ri trc?tl 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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vi bration of the body of autonobile (i.e., shudder)
takes place on the friction surface of the | ockup
clutch. At | ow road speeds vehicle operation is rough
and -1 engine vibration is transmtted through the

gg{;iﬁ% \Fiﬁr%itlag @ﬁéﬂgfgﬁf&ﬁﬂé@h@l@dn\%%lﬁeRﬁb BbbRicA $hd

acceptable to drivers |'ock-up syst equi res
speiviehiilration egnanbt accaepisbiedsidvivefd. Jihe Iouauacsyeteins requires

S At ee @ enin R O iR actertet fr B B anti-shudder

BORMING R Peddiin ishdothigt ed to the frictional
coefficient and velocity called g-V characteristic.

Shudder occurs when the sliding rate (\/) in the
Sﬁ&ﬁé’@r %'Hr‘lb% é@ﬁ rsﬁéﬁfsﬁlp?;ﬂ%rfotﬁ?e i%?&’fto the frictional
us, 1t 1s SI ra

friction decreases

emepﬂﬁonpnaa hd brelcmty icaled itV Chatagtaristic. Shadgan oi&lueenwhen the
uid) which shows a favorable -V character, i.

$IM'@9 rfa.iﬁ %%tﬁ@r Ik aivichibeaases amethetqasffmrdlqﬁ@nctlon (1)
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-V characteristics are required to prevent shud

gegticiephingrrasesavhenibis slidirg eate maﬂe@egmmnzldqae@ﬁ)the favorable

Wb dpteridr abkaliedt ofiad bF I e prolpnis shUER inhibition
é&?&%%ﬁd@%%]tﬁé'd}?ﬂd\?%% hw cm%fé‘?i'ég(rzénﬁf‘e; Reduﬁ'eg't&f?ﬁevent

no information with respect to the tion

ghudderst andard oil. Prol onged shudder inhibition can

be attained by incorporating a friction nodifier
(generally, friction decreasing agent). However, if
J@SOrtUaparﬁeée:AUtmmmtnw $taeard Orgéhizatiogm) ME49:2001 descrbes a

l.ub he f ff f th
sbferr ol T Tuiion Hodws SedegnanvasRnBRD g PartARCe and
foF QRS FhSShRBICHPARARY. ABRREr, thseI0GRIeRash information with

respect to the formulation of the T-lll standard oil.

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 clutch
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 Ceo carboxylic acid
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U S. Patent No. 4,948,523 discloses a lubricating
conposition, preferably essentially free of zinc
di hydr ocar byl di t hi ophosphat e conpounds, and 25
optionally free of chlorine containing silver

%n?k?’ ‘ait) {éﬁ%&’oﬁ@ Silifie sERIBREN RbRAPHR Brcongfsﬂﬂﬁ;otfu Kﬂ%@nﬁﬂe,

ubricating viscosity and a mnor a
giday and tpicotesc compoagesit (2¢ Gho iGeh hydtdearkyw ac hiydroxy-substituted

r oduc f aCto C6 arbaxylic acid_-2 an t least .
BiosRmEmoBocinisiesy Al giunss. cordb boRgikynessdhamines;
SH@N-HJkPeglyciHeea, and thiourea conpounds; (2) C to

C20 hydrocar byl or hydroxy-substituted hydrocarbyl

nono- am nes, al kyl ene di am nes, and (3) polyal kyl ene
O FENEERG; 2200 UEtos YRR Riptatbo iR P dispersible
ainglseresichbr preduds (Ceapbnent-p§, cldonixtrés ppodien Beit) amine salts

& oobnaitT apfestin A e ariooTentag; W AlS Useful as
i8N mdfifyirld Additivds f@@lédﬁiﬁ&g@g&hbpgiﬁén;@ @[lfi‘? bgqlgivﬁl%‘ﬁﬁg oils,

conpositions such as lubricating olls, includin
ipolwding pawemntransmiting tuids, padiculacylaatdmatic tranamission fluids

ETHloed RO ol S Ribehdeey oeetomaren,

No. 5,916,852 discloses |ubricating fluids which

U o b o AR MBS TR B o R H e
RIABIRBA6H SoRPIBRIY S SonfouRNAfty ﬁié@{eﬁmrmﬁrﬁdtﬁrmg with

optionally, "othér amne containing Triction nodifiers
@FWUU[@ phasphosts ntgmf)puhds, athastiegx Hisbetsats, and; egtionally,
ogbgeémrp%égr%éﬁﬁrtﬁ *r@i}?bgﬁgaﬁghgﬁk%ﬁﬁsﬁ%ﬁinﬁ fluids which exhibit
dxcanent HebRMs chhkazteic8thatNre Gp3Bi SAdreldbhfih® X@een

| ubricant fornul ations containing the Treaction
Prusidectinsrutematie rensaigsia@ss.t o C60 car boxylic acid and

at |l east one amne selected fromthe group consisting

of guani di ne, am noguani di ne, urea,
U.S. Patent No. 6,303,547 discloses lubricant formulations containing the

reaction product of at least one C; to Cgg 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 excellent low and high temperature rheology and are

particularly suited for use in automotive and industrial gear applications.

'Lubricants of the present invention exhibit improved performance properties,

such as increased axle efficiencies and lower axle temperatures, improved

limited slip performance, reduced chatter, improved frictional durability and/or

improved power divider performance compared to lubricant formulations that

do not contain said reaction products.
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20 thiourea and salts thereof is useful as a gear oil
additive. The lubricant fornulations exhibit

excel l ent | ow and high tenperature rheol ogy and are
part| cularly suited for use in autonotive and

I BsRiSE BhteBePLbRRR nagd. | 551 24#5%52 H%@@%@s%ﬁ;‘} HEid amide
present invention ex ibit 1 nprove erformance
pompeundeesed ﬁmﬂurmel Iubmmﬂ;ewbtmdée:om;fdrmm aoddheanal

Iower ax| e ures, roved 25 limted s

SndhilehEReBae LireE i vER AT 8o patogRyfe having the
NN f

f“"ﬁ%?i R (PP ICOR, Wer SR U BRICR to oy

alisiik et alkerail growmaniapd prddacard | =3-4apanese Pat ent

Publ i cati on No. 2001-247532 discloses fatty acid am de

conpounds used for surface |ubricant, vehicle

BRTONEA! ABBALIOR PRlIicalich No' 2882478 qifissdd's e

or nore am de groups ng the or frul a

Iﬂbmﬂ(gblﬁhmﬂ @N@@Zﬁél@-ﬂ)m)ﬂmdlfvmcmaﬁu%s haviag long-

ﬂg or al ken mand n = 1-3,

'éﬁ ”9 a'—"’“ U d@f Opﬁétﬁ’eﬁ'f‘ %KH%%‘% %rB'ﬁS'P@HPr%ﬁ?Qﬂ?% for wet
r

R R RE Rl Shla 98k (8 BBt

ﬂrmmngloaatandﬁummBDuslyomabLe tramdraissiotst r ansm ssi on

torque capacity for wet clutches and/or wet brakes,

and excel | ent shifting property for automatic 10

FiRRRRETGIND RS s, G500 tPleafo By eI AT sice

guidpeaifhtensofitainisg hdmgeglutcdﬁatﬁu’fd esnpoaedd 8f polpgmines and
ni trogen-containing conpounds of polyam nes and
gpidgsdn ”Pinﬁfaﬂé‘f‘g{'orﬁlﬂmﬁ*'cﬂht hetic oil. U.S. Patent
Application Publication No. 2005/0124506 Al di scl oses
an additive 15 conpound conprising a non-borated
B8l /FteMOAGHIRStIGR FaIHleAticH RBU2DOS5/0N 24806 t;13\1 &t@@loses an additive

reaction product is obtained by reacting a |inear or
corgafisingtaedoyporated 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 composition 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 all of these properties.

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

lubricant composition which can retain anti-shudder durability for extended
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unsat ur at ed nonoval ent aliphatic acid having 8 to 22
carbon atoms, urea, and polyal kyl enepol yan ne, when
enployed in a lubricating oil conposition is
favorably enpl oyabl e as an automatic transm ssion

e At b AT LR R P B P SR S ves shiting
progestyl ssi on torque capacity are in a trade-off

relation. Therefore, it is desired to develop a
| ubri cant conposition having all of these properties.

nvention is'to pPURRRY BF, BREBY DAL o °oc™

conmposition which can retain anti-shudder durability
185 R RS Aot o a0 s rlovatl
SUIVRIRE tﬁfnswgsbw Wt%aﬁ@nﬁh@ﬁ@ﬂbnﬁﬂé@”ﬁ’h@ bricating oil

provides a |ubricating oll conpositio
eorapogitian iof the presens nventiomhas at lmgh adJrquerttam;rmlemon capacity

8RR Shodktr HAbIERyhan 1EFTRS sy aflomadsitgismission flid
@FGh EtorRatc %ﬁém&ﬁms&mﬁfé@ﬁau daimmtio%ﬁ@m used

as an automatic transm ssion fluid (ATF) in automatl c
transm ssions of internal conbustion engines. i s

- HesheaRitte Héﬁ%n%ht@%ﬁ%%r%nﬁ%ﬁ@@ %ﬁ?h%ﬁl{( thuiﬂ%ﬁow a high

only should show a hig Ing a
&blw%ierIﬂmlblilagamlmsMBnﬁhertransmlsﬁsumﬂumiaedfrstmﬂedababalso

R RSB 5 bR e IV HBilky tliaiNos! Rpricebetlime

Wf[hddi%ulb@fﬁrhl'al H8&eabé of the mRfbifing bRty éfﬁ‘kpfﬂrﬁwe?@ﬂt%% show a

gh tor ue transm ssi on capacity. Accordingly,
é@rﬁue ransmisgancapaciés to a | ubricating oil

corrp03| tion 15 enployable as an ATF in internal
conbusti on engi nes having the benefi ci al

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 nenti oned above. The present invention
relates to a lubricating oil conposition conprising a
maj or anount of base oil of lubricating viscosity and
the followng additives in the follow ng anounts
based o | ' N [

conposi Hr%ﬁ?&%%d @%H%e@%almlcg% daﬁé\tlrj'lggi%ntlgcéza%iQr on atoms,
ester, (WBpalaridpolyakylshepolybndanghosphorous acid ester,
(O 0.1to5 wt.%of an am de conmpound which is a
reacti on product obtained by reaction of a |inear or
br anc{&)).04 4b @nat Hcbfain everbasad wicthlebriaimhpdetetgent, and
al i phatic acid having 8 to 22 carbon atons, wurea, and
pol yal kyl enepol yam ne, (D) 0.01 to 2 wt.% of an

over baEedomes alwicnifa corgsigeirtigient, and (E) 0.01 to
1 wm.%of a corrosion inhibitor. 5 The present
invention further relates to a nethod of reducing

~ Thegasdenit invihtioAYLERE fefatés B8 ThehbabIeEddding ehlﬁa@@ in an

conbustion engi ne by adding the |ubricating oil
adiepwlictiransnyssion of pndrienaliaombustion enginmbyatdingtthe

1 SSi " ' t he. enaj.ne, Anong ot her
LEAESMSS) BamBBRBRE Mt Bkl BMd ol et
fsamgrmissiondarti sesragny thelBngihdt the |ubricating oil
conposition of the present invention provides high
transm ssion torque capacity and prol onged shudder

AMdNGi dtheMfashis, 1BBRIrey&d intdhtdm i3 WaQBB nCthE sMASHEINS dRitovery
of an internal conbustion engine. The lubricating ol
thahihssiubrieatingsoileanpositien af tha pasenbinvestion prayiddribiger

d n ic trangm . ssi,on. fluid.
YRR RE R RasR E PO o lohBRE FrEBugr whiiirieiren ereploved
ih@n Agtonticafarshiis§ioe o€ Bh iaeHhdli commBAWMYIAd) T2 lubricating
automatic transm ssion fluid
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 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 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 transm ssion of an

i nternal conbustion engine. The lubricating oil
conposition of the present invention has high

stability with respect to the shudder inhibition, the
LSRRI HRRSIE PafSRRSId oA 10 S blrtgmapee despt
bavingwietter 2Raractenistits sompatédiicithe A ArET-DESFRIIREL QN used

Iiori B0 YR gt Ll s rase bSnemmsier capeciyind the shit
AEHITARTAUNG 1 FURYRA ddbahBinAIHTHE Gick GIREIGRRER Bnd to

Ibition or meance retention,
shazk ingealr shifiidy, sesplatdivelyn Aicbotdirgly tif the. tofucHoarsraission

sl B EFOhe BUEFD St Fmsotioss! Hkstsirend e
5 ih \YdaY sAMing AR to ﬁuﬁpg{e@%@ﬁécﬁw s in torque

transm’ssion capacity and s pertformance despite

"~ having better characteristics conpared to the standard

ld Lt s ' 0 g i : . _
Thbb i S ESgRsrth) st Rk AERBAT, BR
umpositiom centailing edditives spdoshedeffectiviehoutiiging theeamide

lid th | ut d to 5 shock in gear shiftin
5’%@5@@% disclpsedn gp%?ﬁat%m? Appligglion %\4*&{?9@%93%.%@??%124506
i ' . | ~t e
RSl 18 RS LESASE L1480 il Rpposon
wihiehlis ekc¢allenbnol only isbydderspeibitiongdgrforitamse, i.¢., psolanged

Shiloek oo o RERpisei e, SR IR o raosmisign

dapdchp bn8ftheé shiftsdrforfidridezi ng the am de 10 compound
disclosed in U S. Patent Application Publication No.

2005{ 0124506 AI o n par.ti cul ar, .th.e present i nventi on
'ﬁﬁ@ﬁféi@ﬁe@eﬂﬂb’dirﬁ@h!sr&t A A !cﬁ!!d?b?npd@i‘t’icﬁfaééording to the
excel l ent not only 1 n shudder 1 nhibition pertornanceg,
pregent ipventiomgeidl bestestdibediin firther datail belew. but al so in

the stability of the torque transm ssion

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.%,

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 poiyolefin having a number average molecular weight of 450 to
5,000. The polyolefin preferably is polybutene. The polyol 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.

-7-
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capacity and the shift performance. 15 The preferred
enbodi nents of the |ubricating oil conposition
according to the present invention will be described
in further detail below Succinic Acid Ester The

'méb focBES G baﬁﬁ@w PéfyBﬂte%&lsh?@gF&r %ﬂg@?idgb\gﬁt%' r@8ction

con ains a I ni est in-an
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iy kgra r@lSﬁ 'r%ftﬁlofrf L}ﬁgga]t W%'sycﬁéa&\%t% feature in th(?t a large

nyl = stit succi nic anh prepar
arecaumnti (tor instnee apEbDEI Z,Ooarpiw\ui)rmfmlcamé r;aamrhams @i the finally

abg0 sheEaResTeRraC i Erursal 5 i radlio ocasutiizing
rl@élﬁ@hné’b%@ rPfh A rééctﬁnr?&oﬂ%‘b/ ﬁé(\ﬂﬁ$ %n%x?r%ﬁ%!}/ ib?W bﬁl%nﬁg

or less Carbon atons such as
covtardésychas 146Ipprtd op tassadi wt Itnowrothat Iaepﬁ‘@m’cﬂcbihermal reaction

SR bRYING’S P RSAcHE bppvnins fbneibg, %@?srt%%%rox

509h WP HAMIBY Y Strarlvedin 6%déyoftth@ cbﬁ?ér‘itid?iél p8
pol ybut ene and mal ei ¢ anhydride is generally per rned

(@cyntaamrammatmlm #rolefin sbuhtude Lgives zihigh oekaominnnaeld Vihiné @mproved

theal A Teceed 1 Aehe aauenrbant ettt fedagtion, stio of

tife Faryaate%eaﬁewaseéf aifd tHbSFe%nuﬁﬁ}g diBPERxnt &arﬁ%snﬁéﬁeff@t:uve
ofine remains in the final y obt al ned succi ni m de

pmdjmi ¢sucdinimidenin a?slnlgha:qnhenwaﬂlorr é’mordmglyr ibispreferred that

i plyGL BB AOMRE iR Ripfeed Romr BR PN fRdeso
ppIuesnd 1By 8)thetrhall frols8eand ited réﬁﬂlltlﬂ@;ﬁcﬂylﬁﬂehﬂgﬁ%hlc
reaction process enpl oying hly reactive

apbydiiie Breacieshvih A ﬁféy'mdrlceai@s(@h(gﬁpﬁbﬁs PEtEEYshsitol to
pPERREtE RV :H%"sfc@g%tgﬂufﬂ in place of the
¥

nven I Ona ene

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

organic acid or inorganic acid such as phosphoric 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 inproved thernmal reaction process
is further advantageous because the reaction ratio of
the pol ybutene increases, and the resulting di spersant

TR kRESnRfs Hol Rtk SenRarn IidipTudishL A% Abprithuear
é%ertthﬁ ti lubhich By bB @emwsﬂaowtsmﬁélpﬁeserﬁ iRvadieged from

the highly reactive polybutene by a thermal process
and the resulting pol ybutenyl succinic anhydride is

?h@gpw)rbbs AcRPENBY BrdfErabiy RN aﬁﬁﬁi:cas%condaléy phosphite or

aerythritol to prepare the succinic acid
rmafcrr@a wsecutary ghosphite ipesiples of tie alighalicemenndary

RS st eSS RSTEA o BB b ora o
mrbdmonrmmsg(eag nuﬁ(g@/l RYEFR{ED PR sPHitbaHIDBI %lpardgfen%o

to 5,000 or succlinic i mde obtai néd

mwmtﬁgdlpﬁbd bwsﬂ@enmmspbu@swegy!dwdm nh@spmﬁed gilauryl

S5y P RO 40l oo
phusphite Ihavﬂ'ly al hydﬂ:h;aﬂiorpbﬂﬂ?ﬁﬂ”@eéﬁ@oﬁ atdmsRirmBa hgticarbon

Acid Ester The lubricatin nposi tion of the

|
PPER Sh{l4iGarkan iaEﬁ{“éoﬁﬁiﬂﬁg?Sngfﬂh%ﬁmeﬁBG secendary bosphites

KRR Bt R SISl oser may bo
taedomt obbntameinkdatt Exampleoof theamipg ddligrinclule Tahﬁnear or
hos rous acid ester serves as a friction nodifie
lf{ﬁacl%ﬁ)a'a%'n ai'ilebat'c agune haMing bt 1 eatan agms such as S octy
SAMBOALEI HMRE, Ry @rﬁﬁ@n&rprgf’ Lﬁéj%ocanﬁt Qﬁﬁ%olf%ﬂfoWémme
acl ester preferably 1s"a ati'c secondary
prodeyll@intiseor an aromatic secondary phosphi te.

Exanpl es of the aliphatic secondary 5 phosphites
i nclude a secondary phosphite having a hydrocar bon

group of 3 to 18 carbgmideddmnpeuad, di propyl
hydr ogen phosphite, dibutyl hydrogen

The lubricating oil composition of the present invention contains a non-borated
(I) and/or borated (lIl) 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 I 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

on the total amount of the lubricating .oil composition.

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

atoms, urea, and polyalkylenepolyamine.
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phosphi te, dioctyl hydrogen phosphite, didecyl

hydr ogen phosphite, dilauryl hydrogen phosphite,

di ol eyl hydrogen phosphite) and a m xed di al kyl
hydrogen phosphite having a hydrocarbon group of 12

ARUREE BB dr oS B PR ol of Aidtine
reaetitd pret Ut enybtaiedr : ﬁ%o}ph@%olhiéa@ or bigndHees lﬁﬁﬁfrélké‘é! or

acid ester may be in ormof an amne salt.

un&aiaded sTonoeleatpliphalisl acid ihavingd® 2?2 icadwn atems, urea, and

RERENE eFOTerufk YA BolE 2% PR e, ' Tauryl i ne,
capryl am ne, coconut am ne, tallow amne 15 or ol eyl

am ne. Am de Conpound The lubricating oil conposition
of the present invention contains a non-borated (I)

~and/ or borated (I1) am de conpound (Conponent C) which

is a reaction product in which the reaction product
MenevalanaliphaticrAcidt i ng a |inear or 20 branched,
saturated or unsaturated nonoval ent aliphatic acid

v r . a A,
TR bRfellplshe BB R 08 54 EORnat e T rpraented ydhe
fbtmafa: Conpound C can be enployed singly or in
conbi nation. The anount of Conponent C enpl oyed in
the lubricating oil conposition of the present
invention will be in an e 0.1 to5 wm.%
preferably 0.2 to 4 w.% based on the total anount
of the lubricating oil conposition. Additive conpound

dr HPNAFHE ¥Ferebe WIRAEHI RN rdlr8siRs aolgycﬁ’ohérrﬂ)gr'%rr??lb having about

branChed, saturated or unsaturated nonov

- Zalo ghaarhonatomshand ryyepresent? ananteger obl dord, urea, and

pol yal kyl enepol yam ne. -9 Additive conpound 11

conprises the borated reaction product in which the
Theaoinoralpnbdiiptaticsacibeaipteddofpr tlea pteprgation ohtber aroide
c%rn%ipnocuhn%fjéf tﬁgtpl“rlégén%qm?erntion is a linear or branched, saturated or
unsaturated monovalent aliphatic acid containing 8 to 22 carbon atoms.

Examples of the aliphatic acids include octanoic acid, lauric acid, myristic acid,

~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.

Polyalkylenepolyamine

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

15 nitrogen atoms, each of at least two nitrogen atoms constituting primary
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unsat ur at ed nonoval ent aliphatic acid having 8 to 22
carbon atons, urea, and pol yal kyl enepol yam ne with
boric acid conpound. 5 Monoval ent Aliphatic Acid The
nonoval ent aliphatic acid is a conpound which is

NG TSI R B B S st M i Rbaivamipes i
gomtain foawi 21tp @learkion 2tohts, Foeasrefurablydorm 2atedt yarbon atoms.

resents an integer of 1 to 4. The nongval ent, )
iﬁ ;5!45?996‘ %tt?ﬂbog}%%'é@fég‘q gjirogaa aEf?’Eﬁé’PB?‘i“HH"@P"ﬂWéY amine

] v & Y it i nvention is a linear
g‘?h(%?a%cﬁg%? %gt%cgbggrﬁérﬁﬁﬁsat ur at ed nonoval ent
aliphatic acid containing 8 to 22 carbon atons. 15

_ . . . el ¢ . Ld,
FXAMRIS oyt A ARDEhSpBaftined PLites dhRaguGpAGe
piipyeneslizahiag| isopaspylenadigmihea dutylermaulamaizs petityiehetdiamine,
Particularly preferred is isostearic acid. Urea Any
BW'W@W'féqﬁ|leiwsn@tr@n@aes@@m%enﬁtwgfe,i ndustri al

@%‘r{ie%/tlg IEE}'P@%gggﬁggﬁnﬁ%eﬁgpgf@%ﬁ%mgle, dibutylenetriamine, di-sec-
ipatylesiekid reine prieflaytenetetrantringi tiprap ytemed&trazaninen at ons
nitrogen | east two

d 2t 1 atops, each of at X
'?%qbb‘&é%“%?g'ﬁ%m@'éﬁ\ ?ﬁf@%ﬁw%eaﬁnm'pey pamjagvirnehexamine,
o T entEy M ST FeRTola RS ang mrgs thereot.

carbon atons, nore preferably form2 to 4 carbon

g{;ﬁf@ﬁla rlgmﬁa?liﬁi é(ﬂ%ﬁ &I?hﬁ%@é ﬁﬂ{neest HRbEE nBlihgaHE Rormula:

ons consti

HaN—(RsNH)~H

wherein Rs is a straight- or branched-chain alkylene group having 2 to 6 carbon
atoms, preferably 2 to 4 carbon atoms, most preferably about 2 carbon atoms,
i.e., ethylene (-CH,CHa-); 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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general ly constitutes secondary am ne. 5 Exanpl es of
sui t abl e pol yal kyl enepol yam nes i ncl ude

et hyl enedi am ne, propyl enedi am ne,

i sopropyl enedi am ne, butyl enedi am ne,

g%@bﬁ%ﬁgﬁ’gliilﬁgélﬁ]ﬁ a 2'?@’9’ ﬁ'@% ﬁéﬁcﬂﬁrrk -Othmer's "Encyclopedia of

tria etriamn
mhmtihailﬁerdmomgyp,ﬂerEde esdecaljp Mohyhe erpl 2941116,
di butyl enetri am ne, di-sec- butyl enetriam ne,
triethylenetetraam ne, tripropyl enetetraam ne, 10

Thiei sinidetcongreiret sfaneipreseritetveartionyd=eniep e btam@d By reacting the
pent aet hyl enehexam ne, hexaet hyl enehept am ne,

ACRESHYPRURG S0Py NaYalaet aliphatisaeid)r weas Hig agine compound

[ B8VaRUeHeatYpaMS), B RUKRCRABRE (7 B hguh SPRE the
sagudtirghteaction coapoibed-shioaisnarmbikgbRibés grapantyhﬁherwmaet o)

SR BARH A b EA ) Efepos o
(F))ir’ @%@gﬁ?galﬁﬁ{‘%i@dn%ﬁ%m 'd‘éf ]‘2 g8o nhéieg) ﬂreﬁféérg‘ﬂ)ly 0.03 to 0.5 moles)

rticu pre
pbunea, laptl éne pofl yaolier(esefar&blyet)ﬁ;%etnéﬁﬁ anoias) of

DRI ERERE aHh EaCt eRc s SoIBRER, HansHally 26400-250°C,
refaRbY 4RO diher iRy fo'rqué@ﬁbb{rsopﬁéféfé B fdr2-6 urs.

exaet Hyl enehept am™ne. Miny of e polyamnes suita
Smceufbe reactidnels @ e&m:lﬁns;ahoe ma@mna'rtés poaferred dhall thp produced

i l.abl e and ot hers r thods

BRI PermoRRbgan D e PrBaRRE dliny feSiof ot bF ghecked
@y%guﬁggmgﬁﬁ@ﬁgnngtenr eactions are detailed in
Si dgew ck he Organic Chem stry of Nitrogen", 25

G arendon Press, Oxford, 1966; Noller's "Chem stry of
Bhe Wbge %émwﬂé@%eactldﬁﬂ)ro%%éﬂ €8h De q?-eférgsg tgif?a%d BPthe

., 1957; and Kirk-Q hher's "Encycl opedi
m@@hﬂn alsinpez boot agid corppduriEliiq yielhibe irajed/amitdre campound (B).
PRe rgagét%%q:'an 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 atmosphetic 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.

Overbased 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 lubricating oil

composition.
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The am de conpound of the present invention can be

obt ai ned by reacting the acid conmpound (i.e

m)noval ent aliphatic acid), urea, the am ne conpound 5
(i.e., polyal kyl enepol yam ne) in such conditions

ﬂ'ne %ver g@%ﬁ%@f&g cBﬁfaFHl ﬁ% p%%?éeﬁﬂﬁene&%@%%g %tra?ggéé Almber

nmpoun ows an ol e am

okmptwﬁ@k) ofgH@Hf E&ampiemu‘ethblcmerbasw ideedlaonyaining
btalnedb reactjng one nole of the nonoval ent

FIERICAS g alkgli ot alkgline gartbdneist salks anpyerbased prpducts of
ety gl lropR aibe Calkdbeh ferkslRoricTRIGs, Gper er abl y,

es') Kyl'enepol yani ne.
alhﬂokyhﬂnmasbi@ome Bf:nﬂlsnﬁtieg arepsdfélsabw udEDsipgG@r in

J bl OOC 1-30 ,
EiibBRaRnIAS Ine Shafe gaeh Fraafeats Mo peGarals are bepferred.
?%Qﬁ#&?&tb@%ér@@?ﬁé\ﬂﬁ al tb’[cfli%a%%fu%ﬁé?%ft‘l'@etb §0%mg=KOH/g are

produced water Is refo conti nuously. The progress
g@énarhily veed tFwtheram sbfuritescptezhate pr woasliurizey sdlieylate can be

@)uctl on of wate 1E The above-menti oned reacti on
%PB FS&%QKVBE'%?%PB\“E PE}' borated by the reaction

using a boric acid conmpound to yield the borated am de
conmpound (B). The reagtl on, ca]n ge carried out by
adding to the above-ne on product a
solid boric acid conpound in such armount that the
_&nount of boron in the boric acid conpound is 0.001 to

& b\ﬁséﬁtjm Oﬁgpfﬂpﬁﬁﬁ@a Qe ReEgIARt inygntion mn&m%atqoér@éwn

I
|hﬁ|bft8t9 t ur Igrhip%@saﬁf %ﬁé]gf?%ggéﬁ@% pr ess pgﬁop 0.5
\ait. Yoo based oprthe dotakaoedtiokithet| abicatingkdibgorhposibierd.2

hours. The reaction is preferably continued until the
solid boric acid conpound dimnishes in the reaction

Thextonresio®uribieagstefdrably iCaiopper bardsibarigsbitor2 Fhéhwpper
Iubrlcatlng oi | conpgsition of the present invention

%msgrm@ hiHtop Fap hes iazale &PORONDA a.tﬂ@zca%perrmwd ora

pr e{%& ﬂ%PéngH %*ﬁfﬁ@{é'éﬁyf tﬁéssé;%&%ﬁlﬁ?ﬂgs l’!“fc{u{?e benzotrlazole

tol‘ylttmmle,Ldnrtyld:mzat&g deicyltriazole, dodecyltriazole, 2-
mercaptobenzothiazole, 2,5-dimercapto-1,3,4-thiadiazole, 2-mercapto-5-
hydrocarbyldithio-1,3,4-thiadiazole, and 2,5-bis(hydrocarbyldithio)-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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conposition. -12 The overbased netal - cont ai ni ng
detergent generally has a total base nunber of 10 to
500 nmgKOH g. Exanpl es of the overbased

mat al -containing detergents include alkali or

Bl BB bR PR o ey, SRR AePr gl el Al

anlaydridd. chlamwwBiﬂf&&tdcfnqmm\@qhd@deTé@dpr@b@nylsucc:!mc acid,
&teferabl used singly or in_ conbination. As

TGRrORRN ieranhydredg, tetradpcasylsagcinig agdar e
%Dd%rcéﬁ s&(&&{?@ E@%ﬁﬂgﬁgﬁaagﬁrﬁ%u&ﬁﬁé E?ldaaﬁg tal base

er o are’ genera Used.
Madbeenylmcsnﬂnt lahh?éldid@@lm\ﬁmm an mmdrfywmcmct acid having an

licylate can be oyed singly i n conbi nati on.

@ ' ¥9regp<9% SItHrﬁ%‘PQFQP”ﬁ%@“ﬁuBP‘g @dialh@st@r of thimplkenylpyerinic
Ao Vifh 21 8Rlol S Bt HORGRRE] e BeTifighlad g9t cqrrosion
whibitor, dneefcbiitahi,)arﬂarﬁma arpdundtartacidicasedphorit beid ester, an

t al unt of the | brlcatlng oi | %(?ltlon The
eDpRyafh MG BemBPURT.A FHRFOINe SoTBRHE. AR Fcinie
éélﬂ' o l‘h@h’ deTNﬁtlﬁé’é)Eﬁr’i beJe'?nﬁlB £EQ%kMe 'cgh'bgi'oh%hlﬁﬁﬁr. be a
t hiazol e conpound, a triazol & conpound or a
t hi adi azol e corrpound Exanpl es of these conpounds
Eﬁ@cwﬁﬁﬁﬁﬁ %ﬂ,&mé nt cr)ftt@%ﬁr&%é@ﬁﬂb&ho%%ﬂréﬁér@aCﬂfaddmg
tinerammeedmmbetjiaamnhrﬁs of components A to E into a base oil of

%mrca to-1, 3, 4-thiadi azol e, 2-nercapt o-5-
EH?H? Y5 ®hi o- 1, 3, 4- t hi adi azol e, and
2,5-bis(hydrocarbyldithio)-1,3,4 20 thiadiazole. In

' order to protect copper f_rom_corrosi on, two or nore
corrosion i nhi bitorkub N Ot heni cal

structures are preferably used in conbination rather
t han one corrosion inhibitor is singly used. For. )
lybrrisating ofl icapmositivargfdhadresent 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 blend 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
unigue 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

oit 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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1nhibitor. In

and a thiadi azole are preferably used in conbination.
Particularly preferred is a 25 conbi nati on of

tolyltriazol e and
2, 5-bi s(hydrocarbyldithio)-1, 3,4-thiadiazole in a

AT dheRlc S0 bt B s, IRl TPy
mcladeﬁﬂ@hyedaw@qae disprep&datorniRe pobeeawtian dfthydee,

tra ropenylsuc0|n|c acid, tetra pro penylsuccinic
YaJahaclelin & FAGI Ty dusksenrbonsvethesis procedures using

6;2%%30&@*@ez%ﬁczazﬁ@ﬁ@ﬁ%esﬁsﬁxghzfsnﬂzfﬁsw 8 gcess. A
paafemfécbb‘aréesmt i oriectiat icdnipaisien ditthy) if aah/& hea{/y fractign;ad.g 8 little, if
Lgon ato and a half ester

e o e i Ag U 0.4 SR iShss 3 apout 100 C. Oils
L%%'dyéﬁ HePaedh) \?@I BRLIRYRA GShibRGed aéfgé’ﬁd! ﬂa on the.desired end

tion, an am ne co
qslam‘phﬂnel additivas iadheffi nlemed ail focgiyé m@deamdwngmﬁcnr@he oil,

e It fa o ro B rehaTies Gyesrb e rsygsrae 6hoW, ow-20,
OWLR@ioveL40, DYe-Hou b S 509, - 2@05030 tswn%@fswh@o 5W-60,

present invention is prepared
1My§0%36,r1®5d3&rftﬁ)ﬂt4§) o‘lfOWdiﬁJth 355W 20, B\VaB0, ar 15W-40.
base oil of lubricating viscosity. Lubricating Q|
Conposition 15 The lubricating oil conposition of the

| Thees ang norspentﬂcmmndrtidnsomﬂ‘prespechtmthjedjasemfib prdvidéd that the

3RS T st Fp st R Opes sotp Bk e e hEY drPeing
I@lﬁfda'ﬁﬁé oﬂ%@nﬁ@:ﬁt‘i‘bﬁ qEe t?éseb&?ﬁ%ycﬁe QfkSatuidl! ch

Is a | Ubricant conponent that 1s produced by a single
lmhrmartlagtqjsmyrttbetlmleibnaatlmnds epmixtiirasahieenf. Suitable base oil
ur.ce. or.

(i ndependent ed nmanufacturer's

ST B Sorks ohBibed BN i EnfirdleR priSintiello ax and stack wax,
asResll 44 ApdroeRickabslbhs@ktdcksip#6Middd B hParoRracking (rather than
solvent extracting) the aromatic and polar components of the crude. Suitable

base oils include those in all API categories |, Ii, HI, IV and V as defined in API
Publication 1509, 14th Edition, Addendum |, December 1998. Saturates levels
and viscosity indices for Group |, Il and I}l base oils are listed in Table 1. Group
IV base oils are polyalphaolefins (PAQO). Group V base oils include all other
base oils not included in Group I, 11, I}l, or IV. Group Il base oils are preferred.
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uni que formula, product identification nunber, or

bot h. Base stocks nmay be manufactured using a variety
of different processes including but not limted to
distillation, solvent refining, hydrogen processing,

ol i gonerization, esterification, 25 and rerefining.
Rerefined stock shall be substantially free from
materials introduced through manufacturing,

contami nation, or previous use. The base oil of this
i nvention may be any nat urlAABldr 1synthetic | ubricating
base oil fraction particularly those having a

IS aturades.Swifus cosl Vigcasitylladox 6 Grogp dé LAV andl V-Bdse Stocks
about 4 centistokes (cSt) to about 20 cSt. Hydrocarbon
synthetic oils may include for exanple, oils

ana A £ ho 1 At i An ~f At h\l! Fa

prcpalcu IIUHILHU pUIyHBIILaLIUH v A | Tt T

pol yal|[Sahobtesi(As deteRADed by ASTOM hydr oca 3 g synt hesi s
procedw2897ysi ng carbon rmonoxi de] I?&‘-’ﬂ{y p n gases

Guah gs in a Fisher-Tropsch proce‘ dt 4294,
base qidulfis(AsrusteratedinhsTMes m S © %53120
fracti|@®278)g., little, if any, I )

nlnnl nnr* Ol o

Vi-SCOSt t_y about—26—cSt—or—hi ghei’ At—apout—3106 1S
used gdethethbas@00P4 sstlrbtese andloes Ceehtor t!rbalnemdedual to 80 and
dependiGrgatenthahdo 0€Si % adifend  use Imd thiamet2ddi tives in

the—fimi-shed-oi--—to—givre—the—desi{ed—grade—ef—engine

oi |, |&rgaten thabriotatiyos @bl 9C0RP |on haV| n% an AEO d
Vi cog istiraBes dmdofesOlarOb 2&uall G ﬁ Bife'slg, S0 an
OW 60,| 03/ %HWf@0, 5W 30, 5W 40, 55 | OW
HOW-26¢,—10W-30,—-OW-40—10W-50,—3BW 15W 20, RET-VY 30,

or 15WGtBater Tihene oar equal $@efdf Re| conditions with

r dBpe¢satuaateh andakes ahan oprenyuabedl| Ghadtert then obageal @ 120
i s sell@dB&sdifuom t he base stocks general |y enployed

aaa¥al t onc The--hacse

£ . Lshg —t il
Ot |JI C[Jal 1 Ilu t—Catd IIU Ot €O lpuol t+HHOhRS- rrc—ioaoT

oilV my be derived frOMIrdeymmaownkubAOQ)atl ng oils,

+ haroanf

[N [~
Dylll Il LI L, I UUI I L,aLl IIU UI | o UI m /\t u Co Crcrcors

Swtabl e base oi lAl diimet ndeiaclbdatinGroaps|, tibtiondd by

I SOoftret I LO.I.I oh U'f oylll. hCLI €Y
as hydrocrackate base stocks produced by hydrocracklng
(rather than

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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-sol vent extracting) the aromatic and pol ar conponents

of the crude. Suitable base oils include those in all
APl categories I, Il, Il1l, IV and V as defined in API
20 Publication 1509, 14th Edition, Addendum 1,

: o l's
PRASBS by R S A B, e MO SRS o
ubriGating oils Yobmsisesithe eatees PFB&:&L&&)@B% eledBS/vll(fP&@)anety of
o Bise £3751S BT as Sypifetierls G50 fgluds BosoImadHHge Cs to Cry
~ t g5, I
SR Bt pd P e, g s
Stls;sksh aSdhoseaeamplifedday ti-nitniyl divspBatd BRDBZso-buty]

ty In determ ned by ASTM D4294,
Sét?xﬂeé’gﬁoélﬁag’z‘gfogwsﬁsﬁﬁ\}i)m? . ASTM D4297 or
ASTM D3120) | Less than 90 % saturates and/or Geater
an qr equ to 80 er than to, 0.03 % sul fur
BUEEniasRd ol (eneags e Raoy-chaMA ko PotyaUDEs o Y BPIyaryloxy-
r
SR R sl B T Coblise AUl ERoITIAST yAfHere

kdprighting obf) (%hler bysthetic dbeicating dils sscludmliquid estgraloft o
%eater t han, or. | fur

SSAHEPBI S ke POy HETIc BBy dawansnepabliapisfins, and
Heomges 1, 11, 111, or IV Natural lubricating oils may
|nclude anlnal oils, vegetable oils (e.g., rapeseed
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 0il obtained directly from an esterification proceés, 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 to those
skilled in the art. Rerefined oils are obtained by treating used oils in processes
similar to those used fo 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 oil derived from the hydroisomerization of wax may also be used, either

alone or in combination with the afqresaid natural and/or synthetic base oil.

17-



10

15

20

25

oils, castor oils and lard oil), petroleumoils,
mneral oils, and oils derived from 5 coal or shale.
Synthetic oils may include hydrocarbon oils and

halo substituted hydrocarbon oils such as polynerized

S pREE SRR EBTofd 7 P NRERARBon of gatural o

dypﬂh\eny wascek far ceigiu resthmécbf aer 4 ingdroisdetdrization eatalyst.
anal ogues and honol ogues thereof, and the I|ike.
Synthetic 10 lubricating oils also include alkylene

0xE peefealeritese d mMafirRehyuRtof, base sl Mﬂﬁb@catmgdnscosaty in the
derivatives thereof wherein the term nal dr oxyl
GHsieeEng 8l of freepresept inventiord\ FaiesampUnt @atea&aqoll as defined

syﬁﬁ GFWFSFQQO Wi %, or'or‘ﬂt%a{1 %‘reﬁah‘f'etoa’é?rln8u{‘i{1 Z}%fe oll of lubricating

ubrica |ng ol I's conpr
giscasihosythprised0ds OB Wit &, \aeferhly efreatal th:dm${$ to E§ tvﬁr%

R T LY N T
g‘;g%pq?rsf %Tée E{a/lléYﬂ e QRREA M %ttSL ) g@%ﬂt?e?é’ém cﬁ?hc%)n{b;ﬁatmg

tri-n-butyl phospha tri-iso
phespipaisiionrunlessothenvisalspecified.Juse as base oils.
Silicon-based oils (such as the pol yal kyl -, polyaryl -
pol yal koxy-, or pol yaryl oxy- siloxane oils and
%biluMcmtmglcﬁl)cmrﬁmﬁ@eoBtMt presentsinfention lasshigh stability with
nt hetic ricating oils, Oher synthetic
remactia ¢ Jéru@“bfﬁenuf@éqw Hanam@ﬁcm GaRgcity@nd shift

PRS00 1 Ry g 9 O s anaigio e

salseven tham;brhnatldg oily ete howadays efquired, natdd |need replacement
ere ed oils, m xture . Unrefjined oils
o P e B g oo el By IR 6B Bahgycars are
§waﬁ@&té& i.eS Gﬁﬂ-ﬁ?r-l(fg' - reqGRéd of HBBricMind &is. 205 this
bitumen) wi thout further purification or 15 treatnent.
weappindstheflubrneatingraibcanpaesition biithe preskat vention is also

gtal ned directly from a retorting operation, a
ﬁ ?gﬁ?’H%H obtained directly fromdistillation, or

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

7 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 froman esterification
process, each of which may then be used w thout
further treatment. Refined oils are simlar to the
unrefined oils except that refined oils have been
treated in one or nore purification steps 20 to
| Mprove one or nore properties. Suitable purification

t IAr di stillation, hydrocracking,
hydrotreati ng, dewaxi ng, solvent extraction, acid or
base extraction, filtration, and percolation, all of
whpawles ef thaofwcasily indesempekyersdaclude nha-dispersant type viscosity

iR UrBEV R sfef 28 RRODRBEE YatiofS nistastific alStemand one
ot hiore DRsiemosBbrNaad ﬂﬁéiﬁh?ﬂr@géﬁ@l@d%ﬁo&ﬁ&%n@sdispersant type
reclaimed or reprocessed oils and often are

Higapsihondex ympicyees such apgopelymerg abyaniass methacaylicorcid

Li1Vves . Ql r r ct. i
SEER 2t PitoeReditiams wRRERIS ik SPH S erast el are
dispersamit typer vis@ gitydndex inforoesiy sihl &ncopdimeReof ethylene and
aforesajd natural and/or synthetic base oll. -17 Such
weplefingotfed-apeonyiens, d-putsaacaad Bypartiene) and their hydrogenated

IS ri i . ur.al theti c waxes.or ..
FROH 1< 2B e Bl o0 B4 P Blsnu RT3 pISRERS uention.
It is preferred to use a maj or anmobunt of base oil of

bri.cati.ng viscosity in the luhricating oil of the,
IhRLusiatfd ol REiFeston fubearesst iyl diaralitcotbins a
USEOSIRAnGeX RASIOVEE B bRt Bf Wto Y0kt W RefdtaBiyer 18l wt. %,
amount's of base oil of lubricating viscosity cOnprise
hasacdbon thetolal amopntesfdhatulyricptiegtodrconteesitkon.t o 97 wt
% nore preferably 60 to 97 wt % of the |ubricating
oi | conposition. (Wien weight percent is used herein,
ti{¥e rctiont Blodifigir ght percent of the
| ubricating oil conposition unless otherw se
specified.) 10 The lubricating oil conposition of the
ibdesized, Zinw diatlydditHiashdsphiates tvetich ist  knowh additsmesdrving as an
s[ﬁudder [ nh{'obi tion,.tor Eﬁe transm ssion carpaci ty an
AR-Yiear gapnt, ARGIdAtIqRPERIgF. @Nd b BYURMeRE BRI ageriscan be
RS QIHRETE ihioARETiBSathg ditddHapodifion 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 pheno! 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 replacenent fromthe tine when they are
once installed in new cars to the cars are 15

abandoned, i.e., "fill-for-life" is required of the

MR Bl o bligfon . FrRiae B vkod huniphenoh
2 s-tailoeltethﬁénelﬁs@gpﬂsu-t-ﬁheﬂJziquroﬁypmprlrorﬁ@rﬂme]:} ioctyd 8-(3,5-
resent I nvention can further_contain various

ita PoByPheTAPP B3 ey arlasseyl 4 ﬁrf@ trutyl-4-
ddi t
AR Q%@i’?‘%ﬁ% e o O et &

meihyt;irmmyhpdjmcbm*te oxi dati on inhi bi tors seal
swel l'ing agents, dyes, and pour point depressants.
Particularly preferred additive is di phenyl hydrogen

Irleraplbi of thddiirylamine ovmpasinds iride waalkyddphényldmine
nunber of the above-mentioned optionally incorporable

CRIRININGeR mixtgreef alkylmowﬁgmvmge‘{ ta P sagorsateoms, p.p*

R L A A g
almét'éd%-ﬂgﬁhmy&ﬂﬁhéa@hd w@@atéd %@hytu-naph&%mmér 4eh of the

such as copolyners of various nethacrylic acid esters
hindered hesol ppmgounie andmmmmammmndsmmhfgga@d gngly

i Pttt OAE7T Sbpl oot BRI rafRESpioyed

cenlsinatgst.er s and ni trogen-contai ni ng nononers. O her
non-di spersant type or dispersant type viscosity

i ndex i nprovers such as copol ynmers of ethyl ene and
TheObhhticn rPilsitor ARG A 8RGybderlith @0ftaiAng chrSsUrRNRhich is a
and t heir hydrogenat ed products and polyacrylic acid
regitidugctional aldétiwas*éha |m¢lmbd¢rwrpfoe>$1mmmgmmmmd ispgeferably

FRine? ik Bicfting GRERSPRLER 1§ analfoRl Rl 1,000 ppm in

tefns ¥ e :ﬁﬂ&lymleﬁﬁﬁvﬁént@ﬁt.l to 20 wt. % preferabl y 1
to 8 w. %

| 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

employed. 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 compdsition 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 anmount of the lubricating oi
conposition. Anti-War Agent and Friction Mdifier If
desired, zinc dialkyldithiophosphate, which is a known
additive serving as an 15 anti-wear agent, an
6bP| Blrﬁ?'ﬁ)é Qéé%lrﬁor and an extrene-pressure agent,
tan—ge—-rnégrporated into the lubricating oi
conp05|t|on of the present invention. Oxidation
I bi .o i ref t - 1 I i . NG Oi .
AL afoty REFl BebBoeaft s P PR i sters
p@tya&yﬁabcr@lrbswfy Polyatrarnitiess cendémstgiondrodedtelof paraffin wax
nmpound, a 20 diaryl am ne conmpound, or a nol ybdenum
ea%&amaﬂq: RORWONABSNt of 0.01 to 5 wt. % based on t he
total amount of the lubricating oil conposition.
es of the hindered phenol conpounds include
SGEPEWBHIHBIAGﬂnip cresol,
4, 4" - met hyl enebi s( 2, 6- dl-t-butylphenol),
4,4'-nethylenebis(6-t-buty|-o-cresol),
When thedpbiigatingdshednpogiien of the pmsphphwanti@rl is used as an ATF,
bi s

ﬂg{aﬂm‘;\gﬁlégg gggnwpwb%\gqueeg tbmesﬁgmg material placed in the

Autbmath t%ﬁs?ﬁ@sﬂﬂ@%ien@n‘i s)blb’é Y8l eEQéﬁ\PIes of the seal swelling

2, 2-thi odi et hyl enebi s agﬂc 5-di -t-buty hydr oxypheny
agqgmg pnaivde eil-sobids di w@stg:s of dibasic acids such as adipic acid,

Padietil sebagt AP RN DAGH, BRBBlrecTaRERies seal pweling

§gérﬁsﬁné)wd bn‘hd’md rekyeder, mMBidlxicited gbicp 0P B Sﬁb@bﬁ; acid

Exanpl es of di aryl am ne conpounds i ncl ude

%tﬁypfja@ﬁ@ﬁ%ﬂobhﬁ\ﬂ@g feritheanbeg aomskend & @hthallcr@pld ester of an
RQH@%rAjmpq]E%‘htc%rﬁor?QL&%‘ atoms, p,p -

I'0C enyl'amne enyl - a- napht hyl am ne,
phenyl - ( 3- napht hyl am ne, al kyl ated a- napht hyl am ne,

and al kyl at ed phenyl Each of the 10
hi nder ed phenol con‘pound%mﬂcﬁ%yl am ne conpounds
can be used singly or in conbination. Oher oil

‘Fr?(le Fnkglle%ttgﬁ( 'vﬂl%e?urthgrhlll t}a%g byaiﬂqullo%vnﬁg amr:':lgs which set
forth particularly advantageous method embodiments. While the Examples are

provided to illustrate the present invention, they are not intended to limit it.

Example 1

Preparation 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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conbi nati on. The oxidation inhibitor can be a

nol ybdenum cont ai ni ng conpound which is a
mul ti-functional additive. The nol ybdenum cont ai ni ng

compound is preferably 15 contained in the

I . i

AR by EURRBU B Bl R Oni
tmg oévitd evenm pidoeen 084 gr(Geﬁ matigofdsogieancl acidrand 15 g

bd t d
@Oé%g@warggi u“? Ich%JA I frﬁnﬁgre was %eated torqOO C,and 137.5¢

(?‘5/ E:RJ g‘ﬁéﬂﬁnéﬂﬁ& Id%ﬁ EE:SMEQ 16 W hBRRVRixture
0 tenper ture et ergency and oxi dati on
wndﬂrbepllaoemeahdf theneactisn btmostierg witnpitroged gasuhftat the

Sl Yo Entimcle: Mesan B B8 Meiucves praualy heated

totBhEh HBOTC WIRH 3 h'oﬁhé. bWt brodiikd E&\?Hfé #é&%tt@ﬁ in the course of
friction coefficient, and hence are Tavorab

l@eﬁiln@w@ls rezaomsbfrWethetﬂa@kl Ehnaully:,athemes&meaim@(a of the flask

nventi STAJRS as,an _ATF
o MUl SPBTE KPR B e ol Bb B B ragibeq ey, The
firefly dbeained Pedilioh grotitt (ReRRPSHBHUEKARES S tSrBw‘i":hR]md having
pour point depressants i ncI ude pol ynethacrylic acid
®pitwgen copianiadyd é.%ci d esters, pol yacryl ani des,
condensation products of paraffin wax and ar omati ¢
conmpounds. 5 Seal Swelling Agent Wen the |ubricating
oi | conposition of the present invention is used as an
ATF, a seal swelling agent which swells el astoner
sealing material placed in the automatic transn ssion
system may be used. Exanples of the seal swelling

22
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agents include oil-soluble dial kylesters of dibasic
acids such as adipic acid, 10 azelaic acid, sebacic
acid, or phthalic acid. Exanples of preferred seal

swel ling agents include an adipic acid ester, an
azelaic acid ester or a sebacic acid ester of an

al kanol having 8 to 13 carbon atons, and a phthalic
acid ester of an al kanol EXamm@24 to 13 carbon atons.
EXAMPLES 15 The invention will be further illustrated
by the foll owi ng exanples, which set forth

Eé@ fubrigating pil sempasitpeoefdhegrasentdnyritionadas prapared by

I I ovided. to il ustr th resent
bRGAEER St hS so BN i Relde I RS e
1 Preparation of the Am de Conpound 20 In one aspect,
the am de conpound enpl oyed in the |ubrigati 0j,
conposition of the present invention isﬁﬁlgrgg%ﬁr{(% ,
product prepared from nonoval ent aliphatic acid, urea
and pgl yal kyl epepol yam ne. -21 In a four-necked fl ask
equi p%é%c'Wﬁ?‘(geg rrer, a thernoneter, a
dehydrating device were placed 1,034 g (3.5 nol) of
I sost®aédiginaged and 15 g (0.25 nol) of gga. The
resulting m xture was heated to 100C, and 137.5 ¢
(0.5 I f hexaet hyl enehept am ne was dropw se added
to thérg@@o@ucc‘rqu?e 5 under repl acemenfP-df the
reacti on atnosphere with nitrogen gas. After the
addi tOe&rbeaed ¢aBAiIRiRifohiR (TEME JD)M Xt ez in the
flask was gradually heated to reach 160C within 3
hours. Water produced by the reaction in the course of
heat | NPidREOMBABISd from the flask. Finaly, the
pressure of inside of the flask was reduced to 6.7
kPa, Spi@scio conpletely renove the prodgessl water.
The 10 finally obtained reaction product (reaction
product A) was a brown |iquid having

Tertiary alkyl (Cq2-14) primary amine 0.1
Diphenyl hydrogen phosphite 0.15
Tolyltriazole 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 Exanple 2 The

| ubricating oil conposition of the present invention
was prepared by blending the follow ng conponents in
t he designated anmounts. Weight part(s) 5 Succinic
acid ester 3.0 Succipim 5 t gd succini m de
005" Overbaved oar i ColleiFatue - 320) 0.15
Am de conpound 1.0 10 Aeic acid 0.25 Tertiary alkyl

Rt EhuRg RO FRRRR & chunBBRF8 Exeil 9658 preperco as
doseriBed (MEsEApE RYExdbphh® budsiRicidid b 3zl el A fhe

Di octyl di phenyl amine 0.4 2,6-Di-t-butyl phenol 0.25
B/PPURISITY seicrinfraide; ardoberpirsl seamimide peze 3.0 weight parts and 1.5

WHBPCRERs SEhEUDENBTREY KERSBALIN B ity dgrhBSitn

dkenbéd in 28S Geateat AbblicatioraPiblizafior Ny, 12005/ ER14i506 A |
conposition of Conparative Exanple A was prepared as

Comparative Example B

As a reference, the standard oil T-lll was prepared as Comparative Example B.
According to JASO M348:2002 (SAE No. 2 test) and JASO M349:2001 (LVFA
test), the T-IIf 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 M349.2001). In the measurements, an
LVFA {Low Velocity Friction Apparatus) tester was employed, and dp/dV (0.3)

and du/dV (0.9) were determined under the following test conditions:
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described in Exanple 2 except no succinic acid ester
was used and the anounts of succinimde and borated
succinimde were 3.0 weight parts and 1.5 5 wei ght
parts, respectively. This is essentially the

| ubricating oil conposition described in U S. Patent
Application Publication No. 2005/0124506 Al
ChaploartditionsExanpl e B As a reference, the standard oil
T-111 was prepared as Conparative Exanple B

According to JASO MB48: 2002 (SAE No. 2 test) and JASO
M349: EfiCtior( ndkevial 1ZDReSD). O hetedl plate FtZ208828W2Di |
shows standards for the torque transm ssion capacity,
the shift performance and the shudder inhibition

per f oQitaaene: BEmhiof the lubricating oil conpositions
of Exanple 2 and Conparative Exanples A and B were
exam ned for its shudder inhibition performance

I BreIR inpetBior OF que transmi ssion capacity according
to the follow ng 15 neasuring procedures. The results
are set forth in Table 2. (1) Shudder inhibition

per f ODNREsBerALRAN BP0, EhFash prekiureMpd, i on was
measur ed according to Shudder Inhibition Performance
Test Method for Autonobiles and Autonobile Automatic
Tr ansqj ssi U ' i i JASO MB49. 2001). In the
neasu?gﬁggﬁgngﬁj§%§ﬂ3%k£%g%uﬁ elocity Friction

Appar atus) tester was enpl oyed, and dwlV (0.3) and

ARLAY e(tgegk-i@&g{ﬂ@b%ﬂ B&%pk@?geﬁwegn@tk{r%ﬂé}% V\?a neasured

condi t1 ons: st condrtions Friction nater

#ERr8ing to e bBlrektart ey chiidler8dasuiid coaditisns. 150
m. - Break-in operation 5 G| tenperature: 80C,

Surface pressure: 1 Mra,
- u-¥ Character-measuring conditions

Oil temperature: 40°C, 80°C, 120°C,

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

Atfter the first measurement of pu-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

25
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Sliding rate: 0.6 m's, Period: 30 mn. After the

break-in operation was conplete, the friction
character was neasured according to the bel ow stated
-V character-neasuring conditions. - g-V

_qg% aeasuring conditions 10 G| tenperature:

4 %@%@Fe@goc’ Surface pressure: 1 MPa, Sliding rate:
Oto 1.5 ns After the first nmeasurenent of -V

oval By G55 BRE0 A5 o SRR o Ve | Ypse o

t he predeterm ned period of time by repeating the
same surl Retention ability
condl‘i| Oéagdtlfé*%@?ésﬂé}g@@@@ecgﬁ?)é@é pressure: 1
MPa, Slldlng rate: 0.9 m's, Sliding period: 30 mn.
Rest: one mn., Measurenent: Every 24 hours -25 -
Shudderdiferperiatheftime aing) onapﬂvu(dﬁj (d;) Shanté Hiud\h(.9 pipecame a
9 rate of
iy 7l afiafes piacd el el B i sfvaderdfie 51 “avay
(0.3) and d/ dV (0.9) becane a 5 m nus val ue.
(%Sort perl ¥vas ado te as the shudder Ilfe (2)
ans "t’% e e Q‘&' y Dynamic friction test and
static frlctlon test were carried out by neans of SAE
Friction Test thod f

VTR o SR SGASbTIcBon AEROHRIE: TP AU P Ak of SAE
G2, et paftingflo RO Tt 4389 1 Aqirictis g Aytomobie

- ArairgRicSifanpsmission Fluid (defined in JASO M348.2002).

- Friction material

Friction material: FZ127-24-Y12, Steel plate (FZ132-8Y2)
- Dynamic friction measurement

Inertial moment of inertia disc: 0.343 kgem?

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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- Dynam c friction nmeasurenent Inertial nonment of
inertia disc: 0.343 kgn2 O tenperature: 100C 15

Rot ation: 3,600 rpm Surface pressure of friction

pl ate: 785 MPa Test cycle: 30 sec./cycle, Test nunber:

5,00 Sp 7 atic friction neasurenent -26
Rot a%@%ﬁbﬁioffrrgﬁ Q| tenperature: 100C Surface

pressure of friction plate: 785 MPa Test period: 3
mn. @kter initiatj of rotation 5 Test cycle: after
15 Ot ithoeftars P08 500" B00. 1000- 2000, 3000,
4000, and 5000 cycles - Measurenent Static friction
coef ficient s) at. t.he maxim ue caused when the
r ot aty lﬂﬁaceaﬁ”(%.szﬂer%fnﬁ"gﬁ%? Pét%i% c coefficient

(pt) at the lapse of 2 seconds. 10 Transm ssion torque

capacity was eval uated by the val ue of pt. The pt

val ugfeff{w&eﬁ- éﬂm-@%ﬁﬁm%afﬁgﬁ'“%e transm ssi on
torque capacity is high, and a further |arger pt

val ug means a higher transm ssion tolrsgue c&gacit .

Tabl dest cyriaafige sy 40. 28uefetOq, %06 PP o HOGR , 3000, 4000,
Tr ans{f $£5a, city Performance Shudder pt pt pt pt

ot pféﬂé%éﬁ‘cﬁ%@

- 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 pt. The ut value

larger than 0.100 means that the transmission torque capacity is high, and a

further larger pt value means a higher transmission torque capacity.

Table 2. Test Results

Shudder
Inhibition Torque Transmission Capacity
_Performance
pit pt pit jat pt ut
Inrﬁgil;ig(rj}el_rife after after | after | after after after
(hr.) 50 500 | 1000 | 2000 | 3000 | 5000
) cycles | cycles | cycles | cycles | cycles | cycles
Ex.1 ‘ 264 -10.118 | 0.120 [ 0.120 | 0.121 | 0.121 | 0.121
'(E:g”}\p' 192 10131 |0.131 {0129 |0.125 | 0.123 | 0.121
,g:”ép' 48 10.141 |0.142 | 0.139 | 0.135 | 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 c cles cycles
cycles cycles cycles Ex.1 264 0.118 0.120 0.120 0.121
0.121 0.121 Cbnp 192 0.131 0.131 0.129 0.125 0.123

Bnq d4scisrg Bk HOGA%‘%lﬁﬁi%ﬁaﬁ%‘l‘ﬁﬁ'é%‘f’ﬂ o BBt pbadiifiatne T-

|?1 m&emn&c@&ﬁh@x E% gﬁ@b rﬂﬁé &t ds}L ould_be rogﬁezo eﬁlfrsz )s(vd 85).

sz&ﬁh)le 1 Emmtres JlAmmmeracimﬁﬁbNBé@nmem‘as:ﬁte jgtris 0.118.
t o 0.118, ot h [ t t

Beer et st Graians SGairs is 2Py GuraTby) ouies piplonged

bﬂ'@@ lp%?gﬁ%sﬁnﬂfcgfecg%y Efég}z)%fa}@:?\g%fﬁ.ﬁ éﬁ'ﬂ%x% i 51%0’ g 'dodiclQBs) over

max-mn ver

tﬁxempdneEﬂamplem the it vatibieh |§<0<00@%um¢mp§mm@ratanv;ﬂe A
nple A and Conparative Exanple B were each ?0. 010.

a@d @an%a%\@eﬁxw ehB weredaeh 1¢.ahe s s hesasuchy the torque

tsFaheioh Pabaiy PSR SrrntST i fls kR0

dluetieghetdntioneof tofquedfratidiais$idn adpacitathrogghdlt the life of the
conpositi on of the present invention. This is_ an
'P%‘éﬁ‘ttr@rﬁ' CHFBpEHern Oféhﬁf @@Sieﬁb'ﬁVﬁét'%l Thig js an impartant
éxldpéh‘y? A ng lthe %%g@?ﬁt fHeol[]bﬁ atﬂﬁ S &l béuﬁon fté‘ﬂfélh@ﬂ-. its

peri opera ANnO er aspec

ﬁjhetldmfmrlacxarbim@ mmocbofmp@atsonn of the present
invention is shudder inhibition performance which

reflects the snoothness of the 15 engagenent of the

Ahathecaspaatlof tiae Krblm@aﬂrhglbn Rompisiiionngfakié prédent ordrmioh is
of the.  passenger during operation w thout vibration

shudglgy ddvikition prEoraanece Wh‘%f’ﬂﬂéﬁ@ 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 performance by the lubricating oil
composition of the present invention. The shudder inhibiticn life of the
lubricating 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-lll reference oil).

The above results demonstrate that, as compared with the Jubricating oil
composition 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 tolyltriazole (corrosion inhibitor), a lubricating oil
compos]tio'n 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
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a longer retention of shudder inhibition performance
by the lubricating oil conposition of the present

i nvention. The shudder inhibition life of the

| ubricating oil conposition of the present invention

anpl was. about ti e
SR rs RSB EPAc Tk And Bas o8 perfafthnck i alsa s,
ﬁrBﬁ;ng@@rf@ﬁarnﬁbh\bﬁf shyaael @hbitiorr béﬂforrn@érﬁieence oil). The
above results denonstrate that, as conpared with the
| ubricating oil conposition of U S. Patent
Appl i cation Publication No. 2005/0124506 Al
(Conpar ati ve Exanple A) which conprises the am de
compound in 25 combination with succinic imde,
over based cal ci um sul fonate (overbased
nmet al - cont ai ni ng cal ci um al kyl sul fonate), di phenyl
hydr ogen phosphite (phosphorous acid ester) and
tolyltriazole (corrosion inhibitor), a lubricating oi
conmposition using succinic acid ester, as in the case
of the present invention, in place of the succinic
i mde not only has inproved long-termstability of
both -28 the torque transm ssion capacity and the
shift performance but also has prolonged retention of
shudder inhibition performance. -29 Cains: 1. A
| ubricating oil conposition conprising a maj or anpunt
of base oil of lubricating viscosity and the follow ng
additives in the follow ng anounts based on a total
anount of the conposition: 5 (A 0.1 to 10 wt.%of a
~succinic acid ester, (B) 0.01 to 2 w.%of a
phosphorous acid ester, (C) 0.1 to 5 wt.%of an am de
conmpound which is a reaction product obtained by
reaction of a linear or branched, saturated or
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15

20

unsat ur at ed nonoval ent aliphatic acid having 8 to 22
carbon atons, 10 urea, and pol yal kyl enepol yam ne, (D)
0.01 to 2 wt.% of an overbased netal - cont ai ni ng
detergent, and (E) 0.01 to 1 w.%of a corrosion
inhibitor. 2. The lubricating oil conposition of claim
1, wherein the am de conpound is a borated am de
und obt ai ned by borating the reaction product.

15 3. The lubricating oil conposition of claima1l,

erej : :
3bt =i adP R ELAFeSRPBINGR e ERE it SBEHEb base o of
br anc hidicabag visabsity and thestatlawiatgeald ditivasyial thatfollowing amounts

. , . . o1 2
ol ea Do 8 o st e rgrpostion: © o o 1 °
pol yal kyl enepol yam ne. 20 4. The lubricating oil
conmposjtion of any one of the preceding clains,

wher ef‘h ‘i’-ﬁéoﬂ&l%%Qﬁ{]%ﬁ!é%'ﬂ@a‘%ﬁ%%ﬁ@bnt ains 2 to 30
carbon atons and 2 to 15 nitrogen atons, each of at

| east two nitrogeon atons formng primary amne. -30
5. ThB) QB ite 20wk @i PhesriwsPYs aaidgrsterai m 4, wherein
t he polyal kyl enepol yanmi ne is at | east one conpound

sel ected fromthe roup consi sting of
et hy| €l daitnet. %ddfeamamidr compaiingd which is a reaction product

pent aet I TANEn R AeRRior Bt A QBRERR el stasiohe.
6. The lumeatratddvonblalean@istic AticPhadhgigntoR2 ¥debaigtoms,
the polyal kyl enepol yam ne i s hexaet hyl enehept am ne.

7. The IWigaiand polyakylencspiyesiine.on of any one of the
precedi ng clainms, wherein the nonoval ent aliphatic

acid is isostearic acid.
(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 borated amide compound obtained by borating the reaction product.

3. The lubricating oil composition of ctaim 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

‘polyalkylenepolyamine.

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 conposition of any one of

the preceding clains, wherein the succinic acid ester
is an ester derived froma polyol and an

al kenyl - substi tuted succi nic anhydri de prepared by a
eact | : ; | Coi ' a efin

BEvi ngTa AECHR o ripcai 4Ehi SheRahtBe 200"

5, 000 pollalkylenEpe Mandine ¢abt legsbohe composintisefectdd froai the
8, wherein the PO| olefin is _pouﬁb tene. 10, The

| ubr i SERYMEPTsTS Qylepgdiagring; diptavtenefiaiiigen t he
react i ~i Rl e ] LH :
port of MEREREAIIE BlracRRSHeNERRE, BenERIRlc e amine
chl or and .hex@ethylerigheptarbiniecat i ng oi | conposition of

any one of the preceding clains, wherein the
phosphorous acid ester is diphenyl hydrogen phosphite.

62. Theellutlridatiagiolgommpogitiorposcihine s, oheegin time of t he

. precedi c|aims, wherein the overbased
bkl

met al P ehergivasties ichexahyaneleRigad  cal cium

al kyl benzenesul fonate detergent having a total base
nunber. of 25 10 to 500 nmgKOH g. -31 13. A nethod for
f educiThg l4rifddes allcompesiiunmat ary enars hesriesadng daims,
i nter ' [ ey . j Si ng
addi g Era B RRg i e HId * 12 o
the preceding clainms to the automatic transm ssion

gnd opfL %ﬂr[b%tiha%il%%%&es‘itio% 6f3§ny 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 corﬁposition 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 alkylbenienesulfonate detergent having a total base number of
10 to 500 mg*KOH/g. |
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13.

A method for reducing shudder in an automatic transmission of an
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.
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