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-1- SPECIFICATION [Title of Invention] Friction Modifier and Transmission
Oil 5 [Field of Invention] The present invention relates to a novel friction
modifier and to a 'Lubricating oil composition that contains the friction
modifier; said composition 10 demonstrates a high friction coefficient and
good anti- shudder performance. Specifically, the lubricating oil
composition comprises a p-positioned friction modifier and is particularly
suited for automatic transmissiansy ~k5-[Backgrpund of Invention]
Heretofore, an automatic transmission oil, that is, a lubricating oil for an
automatic transmission, has been employed for assisting smooth
operation of automatic transmission-equippedh with-g torque converter,

gear 20 mechanism, wet clutch and hydraulic system, exarrgjolggL JQf such
are automatic Fr]éﬁgf'ﬁr\%s%ri}ons? CJ‘O%ﬁr‘ﬁfouasilﬁ‘kfl(J vgrjfa Iigmt“}"zfr1Sslrr(1>|ssions and

dual clutch transmissions. In more recently developed automobiles, an
increased focus is to increpse performance and maintain improvements
in fuel 25 economy. In this regard, continuous research and improvement

have beBRAdE #EBverall HeRightand fefgt S chbmponeRt Gesign and*
maxdmizirg-benefits fram improvedt libsicatian: qanticidarty with respect to
reduced friction and wear. Therefore,the recently, deyel

alitomabiiss r%a]i}vee gg&ﬁaﬁnﬁ%ﬁfénc?éjéfdjt%%’avse% ?éesg%%ﬁjgn%g tg%dl aless
waightnFhe attomatid trahshissivhscdrealsd Fegiired tobél sefidr anti-

sized stypically with-smaller oil symps: which operate undeymere severe: 1
conditions with higher torque capacity resulting in gear bearings . _.
composition comprises a p-positicned friction modifier

and is particularly suited for automatic transmissions.

[Background of Invention]

Heretofore, an automatic transmission oil, that is,
a lubricating oil for an automatic transmission, has been
employed for assisting smooth operation of automatic
transmission equipped with a torgue converter, gear
mechanism, wet clutch and hydraulic system, examples of
such are automatic transmissions, continuously variable
transmissions and dual clutch transmissions. In more
recently developed automobiles, an increased focus is to
increase performance and maintain improvements in fuel
economy. In this regard, continuocus research and
improvement have been made in overall design and welght,
component design and maximizing benefits from improved
lubrication: particularly with respect to reduced
friction and wear. Therefore, the recently developed
automobiles have been manufactured to have a less volume
and a less weight. The automatlic transmissions are also
required to be smaller sized, typically with smaller oil
sumps, which operate under more severe conditions with

higher torgue capacity resulting in gear bearings
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-2- receiving increased load or operating under higher speed rotations
(6-speed AT). Even with more severe operating requirements, the
lubricating oil is expected to maintain frictional characteristics with respect
to the 5 transmission clutches and minimize losses through the torque
converter, thus improving of fuel economy. These, smaller sized and
lighter weight automatic transmissions require a lubricating oil showing

improved.:frictiqn, performance such.as higher friction cogfficient in. 10speeq
addition, since automobiles equipped with an automatic transmission

sefetimesiencRmiscaBratidn (thak I Rarmed ™ shuBte s Wieh tRBe-ating
agtomaticfransmissionsoperates: the dybricating oildsrequieat too maintain
decrease the shudder caused jn the o .ergtion of the auctom [

t

{ic
hifmisSioi for 154 Shfficteritly 15tg pariod b tile- n addition,
comtimuauishs varakie transaissions (CVT)néorambriys eransmitcendinghe

t;&@k‘%ﬁé’%&%@&%‘%ﬁ a@ﬁ@ss@ﬁ%¥b9%|£8r Bﬁai@q@PSé%@Mﬂgﬁs forrhese,

these ‘apparatus require a high metal friction coefficient, 20 WO 97/14773
AbBisticsess kibfcating ﬁ&i@%&ﬁ%o\)ﬂféﬁ%%sﬁﬂ@%%ic‘hr@éﬁéﬁh%Sdnons
additive comprising arsalkenylsubsttuted sycciripide gt i3 prepased by
reactié)n of a succinic anhgd&i}cﬂ{e I§1ubsti uted with an al% l)égr%%p ha¥ing

e

abranch Sttucturé ?ncg-p%sitlonqanedr 2 Eéﬁlgjm?ﬁeﬁ?% escribed that the

addifibhicfthe sadditveenabled io mairaini gaotiami-shudderautomatic
petformance for.a long perigd.of ime, WO-97/147 72 Al discloses@ is named

lubricating oil composition containing an alkenyl-substituted succinimide
30tRECIE Prepardty feattisn bPRSuttinic-@ntidtide stbstkited Withrar-"¢
alkepyl grouprhaving a bsanchystruetire in d<positioneanchan simineler
ng gggdin the operation of the automatic transmission for
a sufficiently long periocd of time. In addition,
continuously variable transmissions (CVT) commonly
transmit engine torgues by steel pulleys and a steel V-
belt or chain, thus lubricants for these apparatus
require a high metal friction coefficient.

WO 97/14773 Al discloses a lubricating fluid for
power transmissions which centains an additive comprising
an alkenyl-substituted succinimide that is prepared by

reaction of a succinic anhydride substituted with an
alkenyl group having a branch structure in oa-position and
polyamine. It is described that the addition of the
additive enables to maintain good anti~shudder
performance for a long period of time.

WO 97/14772 Al discloses a lubricating oil
composition containing an alkenyl-substituted succinimide
that is prepared by reaction of a succinic anhydride

substituted with an alkenyl group having a branch

structure in o~pogition and an amine compound.
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-3- WO 2008/157467 A2 discloses novel pyrrolidine com pounds and
succinimide compound which are of value as friction modifiers for
imparting excellent friction modifying performance to lubricating oil
compositions 5 without adverse effects on the viscosity properties of the
lubricating oil composition at low temperatures. Tribology Online,
Japanese Society of Tribologists, 3, 6(2008), pp. 328-332 discloses

results ﬁgt%%% of, %‘M folgcular gvgitg% @gker[y@ggc%?llgygeﬁs gme com-

anti-shudder 10 performance. In t e study, a number of low molecular

wightatkeHy saedhimided aad %ﬁﬁmﬁm%%m%@n@é afé t&steds

Examples-ef thedaw nelecular waightalkeny! suesmimidestinclude e
bis-type alkenyl-substituted sucmm%ude obtained bgr action of syccinic

=R ericl TS Wit RUERTR G withe2- bR iyl ARACA BMIRE®

an ‘amine
cempound asdvellas adhis<4ypesakkenylsubsiitited Succimmiderabtamedt

b¥1€%a°|u9;% fsticeinic anhydride which i substituted wWith o -+ res .

2-hexy exadecenyl and an amine compound. 20 [Summary of
InvenUoﬁ]%@%%ﬁéé’t &ﬁﬁé%?ese?ﬁ‘ﬁﬁ\fé?ﬁl%nft@ picvhde af ndveltAdtsH St S

mpdlf@mm@actlnwceﬂgeml@goam@@@tﬁﬂ@g pedetmancestosiubdeating £
o s and ubr| 5c:at|n comaosmti contalnlngn C?fI‘ICtIOI’]m difier,

chfé ‘FioI{ndJe rlca‘tlngncy I cosrhlggg ion avora%f;l/ em I%)yanldder
agaﬂﬁbmaaimgeoll foF Iautdmaﬁd:uransnasglcn@@n@ Aspeet residestnar

friction,modifigr.compuising ; %%9@4@%&%8%&%%%% offSoundas
following formula’(l) or a post-treated derivative thereof: -4-
are tested. FExamples of the low molecular welght alkenyl
succinimides include a bis-type alkenyl-substituted
succinimide obtained by reaction of succinic anhydride
which is substituted with Z-pentyl-Z-tridecyl and an
amine compound as well as a bis-type alkenyl-substituted
succinimide obtained by reaction of succinic anhydride

which is substituted with 2-hexyl-Z-hexadecenyl and an

amine compound.

[Summary of Invention]

As aspect of the present invention to provide a
novel friction modifier imparting excellent friction
modifying performances to lubricating oils and a lubri-
cating oil composition containing the friction modifier.
Particularly, to provide a lubricating cil composition
favorably employable as a lubricating oil for automatic
transmissions.

One aspect resides in a friction modifier comprising
an alkenyl-substituted succinimide ¢f the following

formula (I) or a post-treated derivative thereof:



00 R'R IN-(CH2)x~N$-(CH2)4N R" (I) 0 0 in which each of R1 and RI'
independently is an alkenyl group having a branch structure in (3-position
which is 5 represented by the following formula (1) , R2 is a hydrogen
atom, an alkyl group having 1 to 12 carbon atoms, an aryl group having 6
to 12 carbon atoms, an aralkyl group having 7 to 13 carbon atoms, or a
5-8 membered heterocyclic group, x is an integer of 1 to 6, and y is 10 an
integer ofg to 20: R3 t C+H2 ( 1) in which each of R3 and R4 is an
alrphag drocar I gro & total carbon atom number of R3 and R4
isin th de the cond n that a carbon 15 atom
number o) R3 IS Iarger tha carbon atom number of R4 by 3 or a carbon
atom numBer of R3 is small& than a carbon atom number of R4 by 1. In
another aspect, the invention resides in a friction modifier comprising an

alken(})su strtuteg 2(% ceini ofmlefg Q (ﬁrgnf{) u (”%93199@5 1

treate &e?rlva?rve there?? Rry% t(~~ IEI>O'§{A‘(JyN (r%r{} I) 0025iIn Y
whichugacheofiRE and-Ririndependently:is anralifenyb sgrouphavingze 1s

5 brancrhestructurgr g%srtrg ﬁh'%*}r's ng]enrlv%%rce%a dﬂnergfgs}r%emgen
Irne raoer% avrrYg car oms, an is a residue of an
alidyfane-an alkyl group havzﬂg 1 to 12 carbon atoms, an aryl

group having 6 to 12 carbon atoms, an aralkyl group

having 7 to 13 carbon atoms, or a 5-8 membered
heterocyclic group, X is an integer of 1 to 6, and y 1is

10 an integer of 0 to Z0:

Ry
,(‘-CHr (1)
Ry

in which each of R; and Ry is an aliphatic hydrocarbyl
group and a total carbon atom number of Ry and R¢ is in
the range of 3 to 45, under the condition that a carbon
15 atom number of Ry ig larger than a carbon atom number of
R; by 3 or a carbon atom number of R; is smaller than a
carbon atom number of Ry by 1.
In another aspect, the invention resides in a
friction modifier comprising an alkenyl-substituted
20 succinimide of the follewing formula (II) or a post-

treated derivative thereof:

o q
Ry Ry’
N—a—N
o o0

25 in which each of Ry and R:' independently 1s an alkenyl

group having & branch structure in B-positiocn which is
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polyamine having 1 to 20 carbon atoms and containing an amino group at
least at each terminal thereof. 5 The friction modifier provided by the
invention is effective to impart improved friction performance as
evidenced by an increased friction coefficient and a prolonged friction
coefficient stability to a lubricating oil cegrposition. Therefore, a lubricating
oil 10 composition containing the friction modifier of the invention can

keep an-autematictranspaission from sshuddering fara selativaly Iontbving 3
period of time. Accordingly, in a further aspect, the invention resides in a

|t cating B MBS c6Adiing 8 75 Hasée i ifbritating Hscosfy
andithedeltowing vaddjtives: ©.% to ¢ widh of thenfrictiod modifier; 0i@htean

10 wt.% of a nitroggniconé%ini ashl%s gis ersaint;t%% .elc)%o 10 wt.% of

aaghlgs%h%%ﬁggompouﬁa; and 0.005 to 4 Wt 96 of a meta -cont'aining
detergefit ePfeférred aspeodiof ke frictiovirasdifierofithe inveiftioniare 1s

desetbed belowy, 25,413 Eachyof R3.and R4iinthe formula (Lhis-a-ineas

alkyl group and a total carbon atom number of R3 and R4 is in the range
oﬂ%%sfﬁ?wm tAB foMMTAIEEHCK is'3 ARt P8 ardifitegr 671 t63%36' (3)

Ip the forguda (I} Deisizand y4s 11 (4)<tite pastiitcated detivativiesistheat ing

alkenyl:syb. stipted:succiimidecgfformyla, ()utich is pgstitreated with
boric acué[} pcﬁospfl}orlc acid, a carboxylic acid or ethylene carbonate. -6-
(51The dihéputilizedfor preparingehé alkepypn modifier of the
invention can keep an automatic transmission from
shuddering for a relatively long period of time.

Accordingly, in a further aspect, the invention
resides in a lubricating oill composition containing a
base o0il of lubricating viscosity and the following
additives:

0.1 to 10 wt.% of the friction modifier;

0.05 te 10 wt.% of a nitrogen-containing ashless
dispersant;

0.1 to 10 wt.% of a phosphorus compound; and

0.005 to 4 wt.% of a metal-containing detergent.

Preferred aspects of the friction modifier of the
invention are described below.

(1) Fach of R; and Ry in the formula (1) is a linear
alkyl group and a total carbon atom number of Rz and R; is
in the range of 13 to Z1.

(2) In the formula (I}, ¥ is 2 and y is an integer
of 1 to 3.

{3) In the formula (I), x is 2 and vy 1is 1.

(4) The post~treated derivative is the alkenyl-sub-
stituted succinimide of formula (I) which is post-treated
with boric acid, phosphoric acid, a carboxylic acid or

ethylene carbonate.
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substituted succinimide of the formula (ll) or its post- treated derivative is
prepared by dimerization of a single linear a-olefin having 8 to 12 carbon
atoms. 5 (6) The dimer utilized for preparing the alkenyl- substituted
succinimide of the formula (Il) or its post- treated derivative is
2-hexyl-I-decene, 2-octyl-I- dodecene er2-decyl-I-tetradecene, specifically
2-octyl- 1-dodecene. 10 (7) The alkylene-polyamine utilized for preparing

the alkenylysubstituted-suecinimideofdhe formuda Qh)r oniis post-teatedy 1 -
deriyatjve is ethylenediamine, diethylenetriamine or tri enetettamine, .
ssgéﬁéé“leu%?eghﬁl}‘elﬁgtlr%ﬁﬁg% 15 ?8) e %rg)sﬁ- Lr'lceia?egt{%lﬁivéftlfvelisS”[hg ost
atkenyk substtuted sdcenifrde ot fornida (1Y) whick is.pests treated with

boric acid, phosphoric acid,.a carboxylic acid or ethylene carb .(9)
Tﬁjéqﬁét?onf%npb%%i%r%s ggigef& ?oaé%f t%;?c%t%lg%fo %I fé:raaribgato%]ea%t%% )
transmissfon niumted ean vautémobile £@0) Fhedabricatingloil alkenyl-

composition.ds for.auto; matic franseissigns: (14), The libricating pjls pose-
composmon is for 25 automatic transmissions such as automatic

trhASMISToRS TdoitintibBsiyVatabfe i ansmSeioRs and dind ciier ~
trapgeissiens £12)- the lubricating ol coswositioncontidins sha sfricterctyl -

mlo__dcilfci)e ig an amount of 0.5 to 5 wt.% 30 (preferably 1 'Fo 4 vyt.%, more

preféra ETy T5to 3 wt.%) per the amount of the lubricating oil composition.

(13) The! [Ubric&tirg ail kpiposition furhen contairs. a witrdgen-eerfainiig 9

a@%@séf%gﬁ¥§&gﬁgétituted succinimide of the formula (I1)
or its post-treated derivative is ethylenediamine,
diethylenetriamine or triethylenetetramine, specifically
diethylenetriamine.

(8) The post-treated derivative is the alkenyl-
substituted succinimide of formula (II) which is post-
treated with boric acid, phosphoric acid, a carboxylic
acid or ethylene carbonate.

(9  The friction modifier is added to a lubricating
0il for an automatic transmissicn mounted to an
automobile.

{10) The lubricating oil composition is for auto-
matic transmissions.

{11} The lubricating oil composition is fox
automatic transmissions such as automatic transmissions,
continuously variable transmissions and dual clutch
transmissions.

{12} The lubricating oil composition contains the
frigticn modifisr in an amount of C¢.5 to b wt.%
{(preferably 1 to 4 wt.%, more preferably 1.5 tc 3 wt.%)
per the amount of the lubricating oil composition.

(13) The lubricating oil compoesition further

contains a nitrogen-containing ashless dispersant
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contained in the lubricating oil composition is polyisobutenyl succinimide

or its post-treated compound. (14) The post-treated compound is a

berated polyisobutenyl succinimide. 5 (15) The lubricating oil composition

further contains a phosphorus compound contained in the lubricating oil

composition is phosphoric acid, a phosphoric acid ester, phosphorous

acid, a phosphorous acid ester, thiophosphoric acid, or a thiophosphoric

acich 18iester. {(16):He [ubricating ot gompbsitiondurtieri cantans an
ntioxidation t, (L) T igating_oi itiop further.c i

o e e The Rboatng o SO LI aaa-

a viscosity ind&hiprovér (reETes bas&pit el theldbAcatingpéipd

COMPEsSHion, cantainssy saturated.component in an amount of at least 90
wt.% , a viscosit% index of 120 or more,.and a sulfur 20 content of 0.03

Wt.% or fess] TheSriction mhodifie? 6f thelinveREsH as Well as°d Bdse oil
andn@aibu_s aﬂdﬁWesWtseddmph&ﬂdb@@mmgioil@mposiﬁ@_\ are
dfﬁ%rﬁecda@i'?)‘&reﬁ%taﬂo JEti %’}1'\"_199_'&%13!2%&0{'8”é*&%'f'%"f the
invention Is an “alkenyl-substituted succinimide répresented by the afore-

nigHtipRea T rMaai(P GrINF6r it postieated B305corponE Thgrhorous
atkenyl-substitutedrsucsinimide-afithe fermayla o)) can-be preparsddyic acid
re?g?c%in succinic anhydride substituted with a 2-alkenyl group having a
branched -8-

(16) The lubricating oil composition further
contains an antiexidation agent.

(17} The lubricating oil composition further
contains & corrosion inhibitor.

{18) The lubricating oil composition further
contains a viscosity index improver.

{19) The base o0il of the lubricating oill composition
contains a saturated component in an amount of at least
5C wt.% , a viscosity index of 120 or more, and a sulfur

content of 0.03 wt.% or less.

The friction modifier of the invention as well as a
base o0il and various additives comprised in the

lubricating oil compositicon are described in more detail.

[Friction Modifier]

The friction modifier of the invention 1is an
alkenyi-substituted succinimide represented by the afore-
mentioned formula (I} or (II) or its post-treated
compound.

The alkenvl-substituted succinimide of the formula
(I} can be prepared by reacting succinic anhydride

substituted with a Z-alkenyl group having a branched
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structure in the (3-position of formula (2) with a polyamine. The succinic
anhydride substituted with a 2-alkenyl group having a branched structure

in the R-position can 5 be prepared by the reaction between succinic
anhydride with an alkene compound having a particular vinylidene group.
The alkene compound having a vinylideéne group can be represented by
the following formula (2): R6 CH2 (2) R6- H2 10 In the formula (2), each

of Rb.and: R6 isran:aliphticobydrocarbyf gfoupripreferably aiitieas or
branched,alkyl group, more preferably a linear alkyl group) under such
coRdiion that a carbon atom number of R5 is larger than a carbon atom
number Bt R6G:by Sioriacamopdtomenumberoftls RS iy Shfaller thanlgenyl

carbon atom number of R5 . Examples of the alkene, compoun

having a v%‘{ﬂli(IJI-1<§Jn(i:-El gbr‘gﬁs ?%éde%- ue%\l-f{gec]:‘éln(;%,g'?o?tglgl?%(%cge%ecan
ang 2>y kktetiagdeckre rEact obthesetaficere componrids eamskride
Qﬁ%@{e_grpyaq' M@'%%ﬁ&ﬁq{@’ &é%@%q?aa%}@@cdﬂ%e{??nyl idene
respectively. Particularly Suited alpha oléfins for dimerizing are 1-hexene,
19E6tERe, 1-tetefd <3 dodevBRE M tetradddehe® 1 HexaledaRs, 9roup can
Iectadecena;d: icasanener mixtuwesiefdhese-materials.) typically these
olefins are produced through the oligimerization of 25 a C2 to C20
alpha-olefin in tllgse presence of a metallocene catalyst. The
above-mentionegkaikene comgopinds having a vinyldene group and their
preparing m dg are described in EP 1 880 986A1 (JPA 2006-225348)
and EP 1852408 Al 30 (JPA 2006-232672) incorporated herein by

reference. -9- , o
In the formula (2}, each of Rs and Rg is an aliphatic

nydrocarbyl group (preferably a linear or branched alkyl
group, more preferably a linear alkyl group) under such
condition that a carbon atom number of Ry is larger than a
carbon atom number of Rg by 3 or a carbon atom number of
Rs is smaller than a carbon atom number of Rg by 1.

Examples of the alkene compound having a vinylidene
group include 2-hexyl-l-decene, 2-octyl-l-dodecene and Z-
decyl-l-tetradecene. Each of these alkene compounds can
be prepared by dimerizing l-octene, l-decene and 1-
dodecene, respectively. Particularly suited alpha
olefins for dimerizing are l-hexene, l-octene, l-decene,
1 dodecene, l-tetradecene, l-hexadecene, 1-octadecene, 1
eicosane, or mixtures of these materials. Typically
these olefins are produced through the cligimerization of
a C2 to C20 alpha-olefin in the presence of a metallocene
catalyst.

The above-mentioned alkene compounds having a
vinyldene group and their preparing methods are described
in EP 1 880 986A1 (JPA 2006-225348) and EP 1852408 Al
(JPA 2006-232672) incorporated herein by reference.
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The preferred polyalkylene amines used to prepare the succinimides are
of the formula 3: H2N Al" Alk-) N R1R14 R12 5 wherein z is an integer of
from 0O to 10, preferably 0 to 3; Alk is an alkylene radical of 2 to 10
carbons, preferably 2 to 6 carbon atoms; R'2, Ri3, and R14 are each
independently selected from is a hydrogen atom, an alkyl 10 group having
1to 12 carbon atoms, an aryl group having 6 to 12 carbon atoms, an
aralkyl Glosipriesding 726 130 tabbryatonts, ornasg mdfbered prepare

heterogyclic;gropaLhe alkylene amines,ipglude principally methylene
amines, ethylene amines, butylene amines, propylene amines, 15

pentylene amines, hexylene amines, heptylene amines, octylene amines,

o@wpoﬂrp%yletmkaympﬁwnd also the cyclic and the higher homologs
of such amines$ as piperazine and amino alkyl-substituted piperazines.

They are exerfgplified specifically by ethylene diamine, 20 triethylene
tetraamine, propylene diamine, decamethyl diamine, octamethylene
diamine, diheptamethylene triamine, tripropylene tetraamine,

tefracthylene pentaming, trimethylene diamine, pentaethylene bexaming, + o

ditrimethylene triamine, 2-heptyl-3-(2-aminopropyl)- 25

iMidabling, 4-mathl iRz 6lire N, Redintethyl-1.8- plopafeididfime,
1;»’%—@;%%@11?90@%/&@@@@_% la(eomninab%ppyd)zpipafaziméf are each
FHGRBRGBlonLY AL e ob aoc By GordCRaNg e of Mord o T
39abovekilustrated alkyldéde amtieslikewise areusefal 1 The etyldwering 6
amines are. especially piseful, They are described in some.detail under the
heading "Ethylene -10- ,

carbon atoms, or a 5-8 membered heterccyclic group.

The alkylene amines include principally methylene amines,
ethylene amines, butylene amines, propylene amines,
pentylene amines, hexylene amines, heptylene amines,
octylene amines, other polymethylene amines and alsc the
cyclic and the higher homologs of such amines as
piperazine and amino alkyl-substituted piperazines. They
are exemplified specifically by ethylene diamine,
triethylene tetraamine, propylene diamine, decamethyl
diamine, octamethylene diamine, diheptamethylene
triamine, tripropylene tetraamine, tetraethylene
pentamine, trimethylene diamine, pentaethylene hexamine,
ditrimethylene triamine, 2-heptyl-3-(2-aminopropyl)-
imidazoline, 4-methyl imidazoline, N,N-dimethyl-1,3-
propane diamine, 1,3-bis{2-aminoethyl)imidazoline, 1-{Z-
aminopropyl)-piperazine, 1,4-bis(Z-amincethyl)piperazine
and 2-methyl-1-(2-aminobutyl)piperazine. Higher homolocgs
such as are obtained by condensing two or more of the
above~illustrated alkylene amines likewise are useful.
The ethylene amines are especilally useful. They are

described in some detall under the heading "Ethylene
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Amines" in Encyclopedia of Chemical Technology, Kirk- Othmer, Vol. 5,
pp..898-905 (Interscience Publishers, New York, 1950). The term
"ethylene amine" is used in a generic sense to denote a class of
polyamines conforming 5 for the most part to the structure 4:
H2N(CH2CH2NH)aH wherein a is antitéger from 1 to 10. Thus, it
includes, for example, ethylene diamine, diethylene triamine, triethylene
tétraarmire, 10 terasthyigredientamind) pentaethylend hexamine, @hdkhe

like - Examples,of partigylarly suitable polyamine employablgfor the. o new

preparation of the alkenyl-substituted a kenylsuccinimide of the invention
inchide ethylenediafifing Sdidthyferetidhimedhd 85 tristhyléRétetranfine.
Mest preferraskis ediethylenettiamine: 1Ehes indlivigual pikenyk suecinimides ng
u§ed ir%}tlhe alkegyl succin&miqaencom%ositi%n of the present invention can
beopﬁepafeednﬁyls coRventional pro‘f?:egsé:s}"}Csuit:1 %s 20 disclosed in U.S. Pat.
NesNECIRZAQRIHS,048,250; 3,018,291, 3,024,237; 3,100,673; 3,172,892;
3,202,678; 3,219,666; 3,272,746; 3,361,673; 3,381,022; 3,912,764;
4,234,48554 812,132+ 4, 747,965, BIE12, 56 775,241 008 5,266,186;
512865799;:5,849.030: 5,334:32 k5 :0:366,852,e25 5 7i6:0 12, 4he ne,

disclgsures of which are all hereby ,incorporated by reference in their

o AT P The s Eaioh Dot e the St anhydride
substi-atertddywith @ 2atkenyl grouprravirig:a bramched struoiires 30am the he

P1Rgsitionand polyamipe cap-be-parformediin the manner simifar{o the
known manner for the reaction between succinic anhydride and ,
p%ﬁg$ﬂﬁgp%g:for the preparation of the dlkenyl-substituted
alkenylsuccinimide of the invention include
ethylenediamine, diethylenetriamine and
triethylenetetramine. Most preferred is
diethylenetriamine.

The individual alkenyl succinimides used in the
alkenyl succinimide composition of the present invention
can be prepared by conventional processes, such as
discloged in U.S8. Pat. Nos. 2,992,708; 3,018,250;
3,018,291; 3,024,237; 3,100,673; 3,172,892; 3,202,678;
3,219,666; 3,272,746; 3,361,0673; 3,381,022; 3,512,764;
4,234,435; 4,612,132; 4,747,965; 5,112,507; 5,241,003;
5,266,186; 5,286,759; 5,319,030; 5,334,321; 5,356,552;
5,716,912, the disclosures of which are all hereby
incorporated by reference in their entirety for all
purposes.

The reaction between the succinic anhydride substi-
tuted with a Z-alkenyl group having a branched structure
in the P-position and polyamine can be performed in the
manner similar to the known manner for the reaction

between succinic anhydride and polyamine.
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The friction modifier of the invention can be an alkenyl-substituted
succinimide represented by the afore- mentioned formula (1) or (Il) per se.
Otherwise, the friction modifier can be a post-treated alkenyl-substi 5
tuted succinimide which is obtained by post-treatment of the
alkenyl-substituted succinimide with a-Kiown post- treating agent such as
boric acid, phosphoric acid, a carboxylic acid or ethylene carbonate. It
should Bé:notedithat the readtidén betwdertine 10sectibicrantydride an

subglityted with a.2-alkenyl group; hayinga bragehed strugtuge inthe o rore-

(3-position and a poly- amine. may give a relatively small amount of a

AGHG-typiee dIKERyIiEdtSstituted Stccihimidesd tie folowiRg Fofiitia (ANYSn
agditionitorthe bis-type-alkenylissibstituted: 1% suecinimide of the fosmuita: 1 -
() or (I): OR'Y N-(CHak 4 a-(CHzkN 1) NNN Ra 0 In the formul
SRR TR S Aty AL 0 0 SGrARr B TaAtRs (I T of
edch of Reand R8.indépéndentlysrepresents adydidgenzaten;an aikyd -

group, -haying, 112 carthap atoms gn ér% gioup having 612 ccaél&gr&, 2

atoms, an aralkyl group having 7-13 carbon atoms, or a 5-8 membered
heterbeydlitigrotp 125 Thefdtbre! ¥Ré frickibR tddifier of the invention may

contain aismalbameupt (20-wh% enlessyakthednena-dypeetween the
aél&en %:Is}ubstgutgd %sruc inimlil es%fitjgg fce)rénulg Il)ainlza_ddi'tLo@n tolthe u
bis-?ype éﬁenﬁ-s\é sﬁtu?edssuccmimuge of the formura (ﬁ or (‘ﬁ¥ BEﬁgage
Qilving a branched structure in the P-position and a poly-
amine may give a relatively small amount of a monoc-type
alkenyl-substituted succinimide of the following formula

(ITI) in addition to the bis-type alkenyl-substituted

succinimide of the formula {I) or (II}:

0o

R1 Rz ,RT
N=(GHN -Cr N am

8
o

In the formula (III}, each of Ry, R, x and y hasg the
aforementioned meaning, and each of Ry and Rs
independently represents a hydrogen atom, an alkyl group
having 1-12 carbon atoms, an aryl group having 6-12
carbon atoms, an aralkyl group having 7-13 carbon atoms,
or a 5-8 membered heterocyclic group.

Therefore, the friction modifier of the invention
may contain a small amount (20 wt.% or less) of the mono-
type alkenyl-substituted succinimide of the formula (IIT)
in addition to the bis-type alkenyl-substituted

succinimide of the formula (I} or (I1).

[Base ©il]



-12- There are no specific limitations with respect to the base oil to be
employed for the preparation of the lubricating oil composition of the
invention. For instance, base oils having various physical properties, 5 for
instance, base oils which are known for the conventional transmission oils
or conventional engine oils for engined guarticularly gasoline engines) of
automobiles. Examples of the base oil include mineral oils belonging to
GroupsThe g, sypthetie GilsSIOibaIongiHgitb TroapIVIaRE olfetioist o
belenging to Group oV puhieh;are described iNrAPLLRAY: Prefesredhareche

mineral 0|Is and synthetic oils containing a saturated component_in an

O atTehst 85 WidH(ore - freférably” &t [ASP80 wtbe) , 5°F
viscosity: indextef k0015 or more (move piefarabiyn 120 or Ingreaadta e s,

T#']'f%r CSQ%#H S1 093 WL.9 %95‘?:%%{&56 Drel Jﬁ-@é«g 001, Wi.%, or less).

e mineral-type base oil is pref obtained by treating a distillate
hagTHeea lulstieating Wg@:@@ngsWﬂzekhéwﬁﬁn@m@a%aéﬁ%%lso%mm
refining and hydregenation: E’{gf@aggla@ hydeocragkedeilsi whieh of
typlcally have a viscosity index of 12 ore an aporatlon loss
(BELGTERY RS TMBEB0) Gt 1B WES %§§ P Eoen: Bro o6
wit % sordedsyrantran amn@atm@cmténtt@f 25110 we.96 b gssy. A mixture of

ing %. or more_aof th rocracked, Qiki
emgl: %ET#(SQ #}/Edéqbl rag&zd %ql{%a%%%ga]% é% %Ewkr%iaét%%%v?sc%%ltg Fomp

|ﬁ7de>é~’€é1§h adAscasRy fiddxest 140 Srthore USpeciffcafly Aoy Sndex
I&&h@e&?gﬂgeoqfﬂéoaﬁ@eﬁ%%%&hmb I@pnwt@@ﬁwﬂﬁgm@naama&ated

drocrackln .of a mineral t r%a gx or thetlc Wa%m%rlegared
fEor R FAI gai@1 naa%é?lyr?,oé]as to-H UI Eff)swax The -
preferably, at least 90 wt. , a viscosgity index of 100
or more {more preferably 120 or more), and a sulfur

content of 0.03 wt.% or less (more preferably 0.001 wt.%
or less).

The mineral-type base c¢il is preferably obtained by
treating a distillate having a lubricating viscosity with
¥nown methods such as solvent refining and hydrogenation.
Preferred are hydrocracked oills which typically have a
viscosity index of 120 or more, an evaporation loss
(according to ASTM D5800) of 15 wt.% or less, a sulfur
content of 0.001 wt.% or less, and an aromatic content of
10 wt.% or less). A mixture of oils containing 10 wt.%
or mere of the hydrocracked oil is also employable. The
hydrocracked oil can be an 0il having a high viscosity
index (e.g., a viscosity index of 140 or more,
specifically a viscosity index in the range of 140 to
150) which is produced by iscmerization or hydrecracking
of a mineral type slack wax or a synthetic wax prepared
from natural gas, namely, gas-to-ligquid (GTL) wax. The
hydrocracked oil is preferably employable as a base oil

of the lubrication oil composgition of the invention due
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hydrocracked oil is preferably employable as a base oil of the lubrication
oil composition of the invention due -13- to its low sulfur content, low
evaporating property and low carbonaceous residue. The synthetic oil
(synthetic lubricating base oil) can be poly-a-olefins produced by
polymerization of a- 5 olefin having 3 to- 22 carbon atoms, dialkyl diesters
prepared by esterification of di-basic acids (e.g., sebacic acid, azelaic

akiel, ARd abipic Bieidl withcarm taedhol Hawirf 4R 8 carb e aforas ssieh and

diogtyl -sebacate,Jpalyol esters.prepared by esterification of 10
mono-basic acids having 3 to 18 carbon atoms with 1-tri- methylolpropane

or pentabrythital rikyiberiZentdY Ralingan alkgrGtp bro- 14 earsoht’

ats pEhe sypthetic 10il4s prefered as-a bage ol ofihe- lubricating.ail o-
composition of the invention because not 15 only it generally contains no

sAtGEdShtaming Corponehts GET-ASE itSHIWS gSbd Sxidation FedisthRce
apﬂmﬂdhehyalaesistﬁrﬁ:ﬁ_&ﬂ:dsﬁprefﬁrr@ﬁ4$>@ehyc-:a-a@_etﬁrs;. 'Rlas_e gli_r;eral
bgéﬁé’éf‘é‘d synthetic base: oil can pe %9&’5%%5}'55‘9&5’_ gringombination
such as combinations of two or more mineral base oils, combinations of
e &P Prdren Synithetid base 6 it edmBihatichs bf mineraPBase oils

apdisynihetic baseeils i oplionalyatigs 25 [Nitfoger-containing Ashless
Dispers nté Representative examples of the nitrogen-containing. aghllessv‘
dpersatits empityabie F6rthE preparatioh of e tioidatiig ot £ +-tri-
compogitiohpofdbeiryventiopanclade velkeriyt-odr, alkyl-suickinimidezefwhich
alkenyl group ory &'kégfg;’{? plgd f—"ﬁd HQ%%%V‘%'EE%F‘O' its deriva-
tives. A representative alkenyl- or alkyl-succinimide

synthetic o0il is preferred as a base oil of the

lubricating oil composition of the invention because not

only it generally containsgs nco sulfur~containing

components but also it shows good oxidation resistance

and good thermal resistance. Most preferred is poly-o-
olefin.

The mineral base oil and synthetic base oil can be
used singly or in combination such as combinations of two
or more mineral base oils, combinations of two or more
synthetic base oils, and combinations of mineral base

oils and synthetic base oils in coptional ratios.

[Nitrogen-containing Ashless Dispersant]

Representative examples of the nitrogen-containing
ashless dispersants employable for the preparation of the
lubricating cil composition of the invention include
alkenyl- or alkyl-succinimide of which alkenyl group or
alkyl group is derived from polyoclefin and its deriva-
tives. A representative alkenyl- or alkyl-succinimide
can be obtained by the reaction of succinic anhydride

substituted with an alkenvl or alkyl group having a high
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can be obtained by the reaction of succinic anhydride substituted with an
alkenyl or alkyl group having a high -14- molecular weight with a
polyalkylene polyamine having 3- 10 (preferably 4-7) nitrogen atoms per
mole. The alkenyl or alkyl group having a high molecular weight
preferably is polyolefin having an averadge molecular weight of 5 approx.

900 to 5,000. Most preferred is polybutene. In the process for preparing
pBIybaEhyISUCEMIE nHydte bythe YéadlioresipalybuteRd and malerd 3-

anbydride, the ghloyination mathed emplaying shjosinecan: be employedeny1
However, although the chlorination method 10 gives the succinimide_ in a

g86d Siefd it GEAERAIY *rEslifts th thePrdBt i ofthe St dihimiie® T e~ abLy
castagring al edlatively largg c@brﬁmﬁent&e@p&ﬁmox@,ﬂ@ﬂt pp). In
conirast, thethermal method e"&%%’&“%%f%l‘%%%e ¢an yieldsthe. ne .
succinimide containing an 15 extremely small chlorine content (e.g.,
approx. 40 ppifi dP 1es$)s in additiva SiPahighly Peactive [folbutere inic
(contaginingsa msthylvinylidene structyre phapprex«p@%: aameiekisc
employed. in the thermal method in place of the conventional pgolybutene
REI A aiie PSP 56 LIRS, T RALIOTP S F R TP T The. can
methedpncreases. Fhe increaseoftiheughctivity isradvantegecus results ¢
ineduction of uneeagiadpalybutens e Rreduced dispatsant whigy
favorably has an active component (succinimide) of an hig o
coREBhtratioR? 25 Theréfore Gt s Preferdd hat tHe polyBuefysutsRi 1ng
anhydride;/isiabtaineddy-employing therhigh reagtivg . polybutene.inthe oo
thermal method, ar]cd that thecgesu{tjjn(g lﬁoiybuteC I 8uccini anhA/dride is
ré?cntléd with a Cp%rllyzﬁ%ﬁé‘he poﬁ/amlné: %vin%ean gver%rﬁ nﬂ¥3g§1 afoms
30%of Srtork) (Eer oneahdiecule) te givela sudcipintidetRiening an
extremely small chlorine content (e.g., approx. 40 ppm or
less). In addition, i1if a highly reactive poclybutene
(containing a methvlvinylidene structure of approx. 50%

or more) 1s employed in the thermal method in place of

the conventional polybutene (mainly having P-olefinic
structure), the reactivity of the thermal method
increases. The increase of the reactivity is
advantageous results in reducticon of unreacted polybutens
in the produced dispersant which favorably has an active
component {succinimide) of an high concentration.
Therefore, it 1s preferred that the polybutenvylsuccinic
anhydride is obtained by emploving the high reactive
prolybutene in the thermal methoed, and that the resulting
polybutenyl succinic anhydride is reacted with a
polyalkylene polyamine having an average nitrogen atoms
of 3 to 1C (per one molecule}) to give a succinimide. The
succinimide can be further reacted {(or treated) with
morate, an alccohol, an aldehyde, a ketone, an
alkylphencol, a cyclic carbonate, or an ocrganic acid to

give a modified succinimide. Particularly, borated
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succinimide can be further reacted (or treated) with borate, an alcohol, an
aldehyde; a ketone, an alkylphenol, a cyclic carbonate, or an organic acid

to give a modified succinimide. Particularly, berated -15- alkenyl(or
alkyl)succinimide is preferred because of its high thermal and oxidation
resistance. The succinimide can be of-a Atono-type, a bis-type or a
poly-type, which corresponds to number of the imide 5 structure in one
niol&EIE H hothe dutiicaltinig Oiil Bomposition of Hed pweatomssuteiimidest ts

of.hisrtype <and poly-type are preferable emplayed. The

nitrogen-containing, ashless dispersant can be a polymer-containing
succinimidg wWhick i prépafeddSing an® 10%tiiERe-aY616fin RopdiymerPe ©F
havinglaymiojeculamieight mctheapge of 11000tord5=Q00; andhan ashléss
diepersant of dhennengiaminedype iheigcooniaiping Deterosn 15
There are no specific limitations with respect to the metal-containing
detsrgest Employablecfor tHEMAL E&fing BiF E6MposItien Bf e Inventioke

Itis presdferred, peweyer, to-employ-a sufppate Examples of the
sulfonate.include a salt of an alkali metal (e,qg, Li, Na),20 or an alkaline

earth metaf (89 Mg Ca)-5F & diforii a%?&%ﬁ(ﬁ? aSaPetroédh stidnie® @
apid} mmaatkytbenzene: sylfonic acidioriaie alkyltoluenesylifomicaeid whichg an

ha%ﬁl iI'BN got_al a%e number}rin the r n%e of 10 to 590 mga IgOH/gL, %r i
§ over-based product THe meta tohtdifing 25 defergéiit tanthe =90+ 1n

itS oV
etmployechsiaglyforlin Coinkinatidn, OPWrthemdan alkydsdlitylate, @dhspersant

a&lcgﬁg%@geq{?[? f&gpgée (gr%%)%qlkali metal or an alkaline earth metal

can be employed alone or in combination with the above- mentioned
sulfonate.

[Metal-containing Detergent]

There are no specific limitations with respect to
the metal-containing detergent employable for the lubri-
cating oil composition of the invention. It is pre-
ferred, however, Lo employ a sulfonate. Examples of the
suifonate include a szalt of an alkali metal (e.g, Li, Na)
or an alkaline earth metal (e.g., Mg, Ca) of a sulfonic
acid such as a petroleum sulfonic acid, an alkylbenzene-
sulfonic acid or an alkyvltcluenesulfonic acid which has a
TBN (total base number} in the range of 10 to 500 mg
KOH/g, or its over-based product. The metal-containing
detergent c¢an be empleoved singly or in combination.

Further, an alkylsalicylate, an alkylcarboxylate or
a phenate of an alkali metal or an alkaline earth metal
can be employed alone or in combination with the above~

mentioned sulfonate.

[Phosphorus Compound]
The phosphorus compounds can be those which are
known as anti-wear agents employable in the lubricating

0il compositions. Examples of the phosphorus compound
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30 [Phosphorus Compound] The phosphorus compounds can be those
which are known as anti-wear agents employable in the lubricating oll
compositions. Examples of the phosphorus compound -16- include
phosphoric acid, a phosphoric acid ester, phos- phorous acid, a

phosphorous acid ester, thiophosphoﬁ&gécid and a thiophosphoric acid

ester, Also employable are amine salts of the phosphoric acid ester a.plgs_

pHESPHOSE RBGS Bl ddte R Examfies Bf i THosphate Sstara intiud?

tearyk phosphates, friatkyl phiospbhates atriadkytarykphosphatkyhosphoric
ohosphates. riayiallyl pgsphates. and trialkeny’ phosakales,$Becils o
examples include tri enyP 0 pﬁospahate, tricresyl phosphate, benzyl
dipltersyliptosphate; eyl disheryP pRoSPHate 2Fibtity? PRESpIRE, HRTPNO~
dibytyl phasphate,cresyl diphenyl phosphate, dicresyl phenyl phosphate,

ethylphenyl diphenyl phasphate, di(ethylphenyl)phenyl phosphate,
propylphERYIPE diphény bhoRph&E. @ Broep?ﬁ; %yf)é@hﬁ hoSpR&tS-

tgethyiphenykphasphate: tiipropytpsienykphosphiate, kbityiphenyhdipheajicy L
R DhbSptate, ThC sy DORGLTaES thie g hesie. iy
A skeEphats triffyRsh/l pRospiate LiibalmiBA pRespiate fistéaryl
Rhesphate: anddrigleykphosphats; Fxananles of the acid phesphate esters
e e A P At
acichphosphate ylaupt asidhphosphats; drvdecyl aberphiosphates; staaryl

agid. phosphate. apd isgsteanyhadd phosphateer 1 aipheny?
phosphate, di(ethylphenyl)phenyl phosphate, propylphenyl
diphenyl phosphate, di{propylphenyl}phenyl phosphate,
triethylphenyl phosphate, tripropylphenyl phosphate,
butylphenyl diphenyl phosphate, di{butylphenyl)phenyl
phosphate, tributylphenyl phosphate, trihexyl phosphate,
tri(2-ethylhexyl)phosphate, tridecyl phosphate, trilauryl
phosphate, trimyristyl phosphate, tripalmityl phosphate,
tristearyl phosphate, and tricleyl phosphate.

EXamples of the acid phosphate esters include 2-
ethylhexyl acid phosphate, ethyl acid phosphate, butyl
acid phosphate, oleyl acid phosphate, tetracosyl acid
phosphate, isodecyl acid phosphate, lauryl acid
phosphate, tridecyl acid phosphate, stearyl acid
phosphate, and isostearyl acid phosphate.

Examples of the phosphite esters include triethyl
phosphite, tributyl phosphite, triphenyl phosphite,
tricresyl phosphite, tri{nonylphenyl)phosphite, tri(z-
ethylhexyl)phosphite, tridecyl phesphite, trilauryl
phosphite, triiscoctyl phosphite, diphenyl isodecyl
phosphite, tristearyl phosphite, and trioleyl phosphite.
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Examples of the phosphite esters include triethyl phosphite, tributyl
phosphite, triphenyl phosphite, 30 tricresyl phosphite,
trilnonylphenyl)phosphite, tri(2- ethylhexyl)phosphite, tridecyl phosphite,
trilauryl phosphite, triisooctyl phosphite, diphenyl isodecyl phosphite,
tristearyl phosphite, and trioleyl phosﬁﬂi €. -17- Examples of the acid
phosphite esters inclg:de dibutyl hydrogen phosphite, dilauryl hydrogen
Phosphite = BibHSst Mydrdgtn FodphREC aItEardt yiogan pRospHte, and
diphenyy hydrogiencahrosphite pAmiong thede phesphoritrsgeid gstersphite,
trigresyl. ph e.and r]i%r!ggy 0Ss re preferr ;
t%ﬁ%@sﬁﬁ%gf%%% égmine sa%t%%it%%g%%g%hgfﬁ:% es?;‘%%%%lte '

iRdlddé imdrfosubstitifed Erines cdisliBdtitutet s es &E tridubshited ©
amines <1q Examples ef-themonesthistitited amines-inshide; buphasiieste

pentylamine, hexylamine, cyclohexylamine, octylamine, laurylamine,
s?etaery%?ﬁalﬁg%l%élamine, and benzylamine. Examples of the
disubstifitedahsines include aibutglamine dipéntytansine pdihexyllaming, th

1&‘@%@!8@%’&%’1‘8‘%9%@@%'}% dilaurylaming. disteandlaming,

dioleylamine, dibenzylamine, stearylmonoethanolamine, ,
JEBTenothaNGaintitel L RExyambnBpropamdldniing st ituted amines.
bihwazylmenoetrarolaming, cpheyimeonesthagalamine ard ude

t%ﬂ(ﬁ;o ropanolamine. 20 Exa Iesqjthe trisubstitu_{e amirigs include
ety IPing triphtyt andifie, tHnexyidrire ticyclohexylatine, =
trectylaamne etrilalrylamine, i tristearylamine strioteylamibey trivehzglansing,
didleylmanegthanglamie, dilaurylmanopropanalaming.2b amines include

dioctylmonoethanolamine, dihexylmonopropanolamine,
dibtHRceptoanslariie; ﬂ%@%%}é;ﬁﬁﬁé} amine,

dicyclohexylamine, dicctylamine, dilaurylamine,
distearylamine, dioleylamine, dibenzylamine,
stearylmonoethanolamine, decylmoncethanolamine,
hexylmonopropanolamine, benzylmonoethanolamine,
phenylmonoethanolamine, and telylmonopropanolamine.
Examples of the trisubstituted amines include
tributylamine, tripentyl amine, trihexylamine,
tricyclohexylamine, trioctylamine, trilaurylamine,
tristearylamine, triocleylamine, tribenzylamine,
dicleylmonosthanclamine, dilaurylmonopropanolamine,
dioctylmonoethanolamine, dihexylmonoprcpanclamine,
dibutylmonopropanolamine, oleyldiethanclamine,
stearyldipropanclamine, lauryldiethanclamine,
octyldipropanoliamine, butyldiethanolamine,
benzyldiethanolamine, phenyldiethanclamine,
tolyldipronanolamine, xylyldiethanclamine,
triethanclamine, and triprcpanclamine.

Examples of thiophosphoric acid esters include alkyl
trithiophosphites, aryl or alkylaryl thiophosphates, and
zinc dialkyl dithiophosphates. Of these, lauryl
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stearyldipropanolamine, lauryldiethanolamine, octyldipropanolamine,
butyldiethanolamine, benzyldiethanolamine, phenyldiethanolamine, 30
tolyldipronanolamine, xylyldiethanolamine, triethanolamine, and
tripropanolamine. Examples of thiopho§phoric acid esters include alkyl
trithiophosphites, aryl or alkylaryl thioﬁh§§phates, and zinc dialkyl
dithiophosphates. Of these, lauryl -18- trithiophosphite, triphenyl
iBphESAHRRE SR S STAMFaIoSHOSRARS R pAtticalny =1 7°
piefesredy These extremespressurezagents maychd used singhferr ired .
combination of two, ar more species and are generally in ac
moun oL 01 BTG o AL oA e ol SoLe Gra Bongly ox
tramsaigsion ftidocoraposition,© preferably 00516 S mads Affemipaerally

viewpointof, for.gxample, palange hetween thaeffect andsthe cost 10
[Oxidation Inhibitor] The lubricating oil. compagsition of the inyention can
cofitair afBxidHtionfinRibitb AR GXidaort mAibitor Brefetabiyis a
knowhdmhibitor sudhbas a phenotie ,oxidationtinkhibitoeepan@aming, for
oxidation inhibitqr, The 15 oxjdation inhibitor may e gopiained i the
IL?brlca%ng oil composition in an amount of 0.1 to 5 wt.%, preferably 0.5
to 3 wt.%. The phenolic oxidation inhibitor can be a hindered phenol

cpmpoynd: $he aming oxidation inhibitor can be a 20 diarylamine
compound. Examples of the hinderediﬁhenol oxidation inhibitor include

2,6-di-t-bUfy1-preresdi® 4 A-héttylei8BIRES 6 dithitylphdho ¥V =7 =+ 0 can

dbrmethylemebist64dutylro-cresoh)itor. The oxidation inhibitor
4.4 883_{'%0‘91‘&b%s(%ﬁa%t'k}%}{@ﬂ%%'} 44200 25 5 phenclic

(53,6- i-t-butylphenol), 2,2'-methylenebis(4-methyl-6-t- -
oxidation inhibitor or an amine oxidation inhibitor. The
oxidation inhibitor may be contained in the lubricating
0il composition in an amount of 0.1 to 5 wt.%, preferably
G.5 to 3 wt.%.

The phenolic oxidation inhibitcor can be a hindered
phencl compound. The amine oxidation inhibitor can be a
diarylamine compound.

Examples of the hindered phencl oxidaticon inhibitor
include 2,6-di-t-butyl-p-cresol, 4,4"'-methylenebisi{Z, 6-
di-t-butylphenol), 4,4'-methylenebis(é-t-butyl-c-cresol),
4,4 ~iscopropylidenebis (2, 6~di-f-butylphencl), 4,4"'-bis-
(2, 6-di-t-butylphenol}, 2,2'-methylenebis(4-methyi-6~t-
butyiphenol), 4,4'-thiobis{Z2-methyl-6-t-butylphenol},
2,2~thio-diethylenebis{3-(3,5-di-t-butyl-4-hydroxyphen-
vl)propionate], octyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-
propionate, octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-
propionate and octyl 3-(5-t-butyl-4-hydroxy-3-methylphen-
yv1l)propiconate.

Examples of the diarylamine oxidation inhibitor in-

clude a mixed alkyldiphenylamine having 4 to 9 carbon

atoms, p,p'-diocctyldiphenylamine, phenyl-a-naphthylamine,
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butylphenol), 4,4'-thiobis(2-methyl-6-t-butylphenol),
2,2-thio-diethylenebis[3-(3,5-di-t-butyl-4-hydroxyphen- yl)propionate], octyl
3-(3,5-di-t-butyl-4-hydroxyphenyl)- propionate, octadecyl
3-(3,5-di-t-butyl-4-hydroxyphenyl) 30 propionate and octyl
3-(5-t-butyI-4-hydroxy-3-methylphen-S/F) ropionate. Examples of the
diarylamine oxidation inhibitor in- clude a mixed alkyldiphenylamine

haliryyd P 9 earbon: Bte s p'-aidefyldiphenylafmié thylamine and
phenyl-a-naphthylamine, -19- nyl-R-naphthylamine, alkylated
aé-infgghltﬁglg%iﬁ?%rﬁéwafﬁy%%%%eﬁg%ﬁ%ﬁ%ﬁhthylamine. The hindered
phenol 8Xidatiomifditsitor ane didryb--drmineioxidationiinhibitor sanbéiaryl-
emplaved.singly.arjn $.combination. If-desired, gther oil-soluble pxidation
inhibitors can be employed in combination. The_[ubricating oil composition
of BPIVBREGH can Lfurther e5hRtain 8%‘?5d8ﬁi@7é§.oé%§hﬁﬁle%§8f%‘fﬁér%
atlgitives trotede arviseosiyindsetnpraveie:g.n digpersant type

viscosity improver or non-dispersant type viscosity improver which

include polymethacrylate polymers, ethylene-propylene copolymers,

styrenef@tfpréﬁ@rdcﬂﬁﬁ%@r@h%d@t@@@@iéﬁ@%d@feﬁéﬂ@oémym@?siCahdcaﬂ
15 palyisobutylenesare allusedas;viseosity index Jmpravers cPatticularly
preferred viscosity index improvers are the polymethacrylate polymers.

NifPEgen-Eitl dXygerEfintiCnaZed polyhBriS the B8LallEd diSpérsant
VISCOSHY HgeX imprevers smay also bepiseddr20 a costosibsiphibitont type
(59 2.c9pRer comosion inbihtor. syotyas,thiazol sompound, tiazgle
compoun%i, thiadiazole compound), a'seal-s el agent e.‘\é., an

oflsoltste sdiakylestarsfdibasibearid sathasTadipic asidy Hretaié ae@rene

sebacic acid: or phthaliciacid)s 8\dyehe-isoprene copolymers, and
polvisobutylene are all used as viscosity index
improvers. Particularly preferred viscosity index
improvers are the polymethacrylate polymers. Nitrogen-
and coxygen-functicnalized polymers, the so-called
dispersant viscosity index improvers, may alsc be used.)},
a corrosion inhibitor (e.g., a copper corrosion inhibitor
such as thiazol compound, triazole compound, thiadiazele
compound), a seal-swelling agent (e.g., an oll-scluble
dialkylester of a dibasic acid such as adipic acid,
azelaic acid, sebaclic acid, or phthalic acid), a dye
{e.g., red dye), a defoaming agent, and a pour-pcint
depressant (e.g., polymethacrylic acid ester, polyacrylic

acid ester, polyacrylamide).

[Examples]
[Synthesis Example 1] Synthesis of Friction Modifier
according to the invention (bis-type P-branched primary

Z2-alkenyl succinimide)
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25 (e.g., red dye), a defoaming agent, and a pour-point depressant (e.g.,
polymethacrylie acid ester, polyacrylic acid ester, polyacrylamide).
[Examples] 30 [Synthesis Example 1] Synthesis of Friction Modifier
according to the invention (bis-type a-branched primary 2-alkenyl
succinimide) -20- 2-Octyl-|-dodecene'(:?t Qﬁol), malefic anhydride (1 mol)

and 2,2-thiodiethylbis(%%—(g%,5-di-tert—butyl-4-hydroxy-,phenyl) propionate]
(oxidation HHibitor 0H035HEN Sverd Fiked, afid the mitire WasTeadted™® !’
at 200C, for driiotds <% Yoy give . primarys atke rylsticeinic- gnhydrided To:the

alkenyl succinic anhydride (1 mal),was added.diethylene trigmine_ (0.
e G SR LYoy aael) were
driedeyhderrddiided pressureforas0 AfAGes %o yield 4 YeactH6en pfodteers
By./R;sRectros,10 gapy, itwas confinmed that the reagtion productwas.the

desired bis-type n-branched primary 2-a|kenxl succinimide Cgpro,oluct

cBMiStiSing fwG Glidng SUEHTMIE moretBR - bridged @it oiethyiene
diethylenetriaming residue, niogenicantent: vlags_wt&/@cié_cﬁSymh%i@oc for
Exapple 21 Syntsel el bigion Madifier ageording QIS VBN e for
(bis-type p-branched primary -Bélkenyl succinimide) The procedures of
Syhtivesis Bxaniple 1iweré repsaedt extep toieplacing’y IR spectros-

diethylenetriamine Wit triethylene:20 tetraming doyigldthe desiredias the
bis-type R-branched primary 2-alkenylsuccinimide (reaction product

cBRTpTIsRTY AwedikERyISudeimide orstiddPridgedanitipgy L succinimide
trigthylenetetraming residue). .25 [Synthesis comparativeExample-3le s

Synthesis of Friction Modifier for comparison (bis-type a-branched
SEE&&%%}Q?ﬁh-a diethylenetriamine residue, nitrogen
content: 4.9 wt.%).

[Synthesis Example 2] Synthesis of Friction Modifier

according to the invention (bis-type P-branched primary
2-alkenyl succinimide)
The procedures of Synthesis Example 1 were repeated

except for replacing diethylenetriamine with triethylene-

tetramine, to vyield the desired bis-type P-branched
primary 2-alkenylsuccinimide (reacticn product comprising
two alkenylsuccinimide moieties bridged with a

triethylenetetramine residue).

[8ynthesis Comparative Example 3] Synthesis of Friction

Modifier for comparison (bis-type a-branched secondary 2-
alkenyl succinimide)

To isooctadecenyl succinic anhydride (prepared by
the reaction of maleic anhydride with octadecene produced
by isomerization (internal clefination) of linear l-octa-
decene, 1 mol) was added diethylenetriamine (0.5 mol).
The resulting mixture was reacted at 160°C for 2 hours,

and subsequently dried under reduced pressure for 30
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alkenyl succinimide) To isooctadecenyl succinic anhydride (prepared by
the reaction of maleic anhydride with octadecene produced 30 by
isomerization (internal olefination) of linear 1-octa decene, 1 mot) was
added diethylenetriamine (0.5 mol). The resulting mixture was reacted at
160C for 2 hours, and subsequently dried under reduced pressure for 30

-21- minutes, to give a reaction product. By IR spectroscopy, it was
cbifithEd th&tthe teaction sroatictWas Ie dessi reoBb’ithgpé BESTRhEREPPY -
seeondarycatkenyksuacinimide: £ nitrogenicontentobl2omt. U sb the de-
[Examples, Reference Examples and Comparison Oils] - Preparation of
|GBriGHinG ‘G oMo SHicH STHe fabriE&HY oif E8mpositichWas prépared ™+ de
byn addingthe helaw-descrbed pitrogen-containing ashless 10

dispersant, friction modifier, metal-containing deter gent, oxidation

inhibitor, corrosion inhibitor, phospho- rus compound, viscosity index
ihprever L psur point depressangyebbswellidg Gyent and defédning

agept in, the pelow-desarihed: amoupts tg the bejowsdesgribed base 15 oil
in the below-described amount. (1) Base oil (79.50 wt.%) Paraffinic hyper
purified THRetatofl (S} Nithshetr- oAy aShiess Hikpersamit t3.80 o)
20-Beraded pelyisobutenid suecipimide {3y Brctiononodiien 1(2.50-Wi.%) s
Examples 1 and 2 (Friction modiier prepared in the. glorementioned.
yn? esis %‘(afnp € J.[f xamprfles 3and 4 (E}IC%OI’I modifier prepgredein the
25aforermanticried 8y nthéis Itxample 2) Refersncerbxample(Frigtiorspho-
medifiecprepared INthecosity index improver, pour point
depressant, seal-swelling agent and defoaming agent in
the below-described amcunits tc the below-described base

oll in the below-described amount.

{1y Base oil (72.50 wt.%)
Paraffinic hyper purified mineral cil
(2} Nitrogen-containing ashless dispersant (3.80 wt.%)
Borated polyisobutenyl succinimide
(3} Friction modifier 1 (2.50 wt.%)
Examples 1 and Z {Friction modifier prepared in the
aforementioned Synthesis Example 1)

US|

Examples 3 and 4 (Friction modifier prepared in the

4

aforementioned Synthesis Example 2)

Reference Example (Friction modifier prepared in the
aforementioned Synthesis Example 3)

{(4) Friction modifier 2 (0.20 wt.%)

A mixture of a conventicnal amine-type friction
modifier and & conventiocnal ester-type friction modifler
(5) Metal-containing detergent (0.60 wt.%)

A mixture cof overbased sulfonate and overbased
salicylate

(&) Oxidation inhibitor (1.20 wt.%)
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aforementioned Synthesis Example 3) (4) Friction modifier 2 (0.20 wt.%) A
mixture of a conventional amine-type friction 30 modifier and a

conventional ester-type friction modifier (5) Metal-containing detergent

(0.60 wt.%) A mixture of overbased sulfonate and overbased salicylate

(6) Oxidation inhibitor (1.20 wt.%) -22=-#mixture of an amine-type

oxidation inhibitor and a phenol-type oxidation inhibitor (7) Corrosion
inhibitor (M7 WEYH) & Mixturédt atniadiiofesi/pe chridsiciinkibitoF 3¢ @
apdsnbenzatiazeleitype cerrosion:iphibier (8) Phosphorus compound

(0.,}0 wt.% AlgxloPhos hilﬁje.(‘?a Vlsgasg}f w&dﬁexgr;nprover (11.00 wt.%) A

dl{sp)ersgrﬁ- §8e po]ilyrﬁe acrly & vi cosity index’ 10 improver (10)

Pour-pointdepressant {0 200wti%) Aagolymethaetylate-type pour-pointb i tor
depressant (11) seal:swellingagent, (0.6Q wit,70) 4 sulferane-type

seal-swelling agent 15 (12) Defoaming agent A silicon-type defoaming
afént - EGRRERMGGI ESMBESTIEN f&r-cimpidrisoh Two commercially
availablg trapsmissienoils {CVTF, 20 Comparison Oil A and Comparison

O({I9I§>) were ggrcl‘gsed f(gire }g_ognnpl)arison. - \ﬁlg@ ion @e; od for lubricating

oi compos,ltlons-l 3’5Dl&ermlnatlgrrlC()ﬁ“]‘er]:cti n coefficient 25 The friction

coefficieht Wapdeterminetintemrs pfiatmetal-metabfricion esefficieht 9y
means.ofa block-

(10) Pour-point depressant (0.20 wt.%)

A polymethacrylate-type pour-point depressant
(11} Sealwswelling agent {(0.60 wt.%)

A sulforane-type seal-swelling agent
(12) Defoaming agent

A gilicon-type defoaming agent

- Lubricating oil composition for comparison -
Two commercially available transmission olls (CVTE,
Comparison 011 A and Comparison 0il B} were purchased for

comparison.

- Evaluation method for lubricating oil composition -
(1) Determination of friction coefficient
The friction coefficient was determined in terms of
a metal-metal friction coefficient by means of a block-
on-ring tester according to "Standard test methed for
metal on metal friction characteristics of belt CVT
fluids" described in JASO M358:2005. Details of the
testing method are described below.
* Testing conditions
Ring: Falex S-10 Test Ring (SAE 4620 Steel)
Block: Falex H-80 Test Block (SAE 01 Steel)
* Amount of oil
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on-ring tester according to "Standard test method for metal on metal
friction characteristics of belt CVT fluids" described in JASO M358:2005:
Details of the 30 testing method are described below. Testing conditions
Ring: Falex 5-10 Test Ring (SAE 4620 Steel) Block: Falex H-60 Test
Block (SAE 01 Steel) Amount of oil -232150 mL (r) Break-in Conditions
Oil temperature: 110C Load: 5 min. under 890 N and 25 min. under 1112
N 5 Slidihgvélécity: 5 min. at 0.5 m/s - 25 min. at 1.0 m/s Testing

Conditions;Qil temperature; 110C Load: 1112 N 10 Sliding velocity: 5
min. each at 1.0, 0.5, 0.25, 0.125, 0.075, 0.025 m/s Friction coefficient: a

friction dOefficiEMIGF 36 VST befdtethe change of the sliding velocity 15
(2) Determinaiion of amti-shudider perdormance durabiity. Theder 1112 N

anti-shudder gerformance.durability was determiged by megas gfg low.
velocity friction aqpparatus accor ing to "Road vehicles - Test method for
afti-sshudder performance of automatic transmission fluids" 20 described

in JASO.M:349:2001.: Detalls of the testing method are described below.
Testing conditions Friction material; cellulose disc/steel plate Amount of

oil: 150 Mitl2% Breakan eAditidns "C
Load: 1112 N

Sliding velocity: 5 min. each at 1.0, 0.5, 0.25,
0.125, 0.075, 0.025 m/s
Friction coefficient: a friction coefficient for 30

sec. befcre the change of the sliding velocity

(2} Determination ¢f anti-shudder performance durability
The anti-shudder performance durability was
determined by means of a low velocity friction apparatus
accerding to "Road vehicles - Test method for anti-
shudder performance of automatic transmission fluids"
described in JASQC M-349:2001. Details of the festing
method are described below.
* Testing conditions
Friction material: cellulose disc/steel plate
Amount of oil: 150 mL
* Break-in conditions
Contact pressure: 1 MPa
01l temperature: 80°C
Sliding velocity: 0.6 m/s
Sliding time: 30 minutes
* u-V Performance test conditions
Contact pressure: 1 MPa

0il temperature: 40, 80, 120°C
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35

Contact pressure: 1 MPa Oil temperature: 80C Sliding velocity: 0.6 m/s
Sliding time: 30 minutes 30 -V Performance test conditions Contact
pressure: 1 MPa Oil temperature: 40, 80, 120C -24- Sliding velocity:
continuously increasing and decreasing between 0 m/s to 1.5 m/s
Durability test conditions Contact pres dre: 1 MPa 5 Oil temperature:
120C Sliding velocity: 0.9 m/s Time: 30 minutes Rest time: 1 minute
Performahéé Mgasitément Hine® O ehaFEEIEristics " 0 Was Heastitéd

exeryr24 Bodgfrae-@ber dote: sThesanti-shugder performance was
evaluated by _determining a period of time until d/dV at 0.9 m/s reached

0. ThRY6AGEr theXddteihined period Btlime is, the better the anti-shudder
performanee: is: 1 5pResultseaf evaltiation of lubricating oil composition -

The fricti nlcc&%fﬂ igpg]qﬂggnti- er durability were determined for
each Iugﬁcating il and are set” forth'in Tables 1 and 2. 20 Table 1

Examplé 1iEXgraples? exainple 8 Exdisle 4 25 Friction -- Syn. Ex. 1 -- --
Syn. Exqp2 qemogifier 2.5.M8.96 1.5 Wt.% 2.5 wt.% 1.5 wt.%

Rest time: 1 minute

Performance measurement time: p-V characteristics
was measured every 24 hour from 0 hour

Note: The anti-shudder performance was evaluated by
determining a pericd of time until du/dv at 0.9 m/s
reached 0. The longer the determined period of time is,

the better the anti-shudder performance 1is.

- Results of evaluation c¢f lubricating oil composition -
The friction coefficient and anti-shudder durability
were determined for each lubricating cil and are set

forth in Tables 1 and 2.

Table 1

Example 1 Example 2 Example 3 Example 4

Friction -- Syn. Ex., 1 —-- -- Syn. Ex. 2 --

modifier 2.0 wt.% 1.5 wt.% 2.5 wt.% 1.5 wt.

oi@

Friction coefficient

1 m/s 0.084 0.097 ¢.09%6 0.103

0.5 m/s 0.114 0.114 0.116 0.117
0.25 m/s 0.128 0.129 0.127 0.12%9
0.125 m/s 0.137 0.135 0.134 0.134
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30 Friction coefficient 1 m/s 0.084 0.097 0.096 0.103 0.5 m/s 0.114 0.114
0.116 0.117 0.25m/s 0:128 0.129 0.127 0.129 35 0.125 m/s 0.137 0.135
0.134 0.134 -25- 0.075 m/s 0.140 0.139 0.137 0.138 0.025 m/s 0.144
0.141 0.140 0.141 Average friction coefficient 5 0.125 0.126 0.125 0.127
Anti-shudder durability (hours) 504 288°288 264 10 Table 2 Ref. Example
Com. Oil A Com. Oil B_15 Friction Syn. Ex. 3 --- Unknown --- modifier 2.5
wt @6 S LU AKown -- 28 Fritdion coeffftidnt® m/s 0.072°0°d77 0.085¢ 0’5 ¢
m/g K098 A,/402 0.10500.254m/s 0.117 01423 0.118 0.1260m/s 0.129. 141
0.1330.125 25 0.075 m/s 0.134 0.137 0.128 0.025 m/s 0.139 0.141

T38Average O O S O~
durabityh6urs) 4561 92086 356t
0.125 0.126 0.125 0.127

Anti-shudder durability {(hours)
504 288 288 264

Table 2

Ref. Example Com. 01l A Com. 01l B

Friction Syn. Ex. 3 - Unknown -

Unknown -——

o0
1
|
1

modifier 2.5 wt.

Friction ceoefficient

1 m/s 0.072 0.077 0.085
0.5 m/s 0.098 0.102 0.105
0.25 m/s 0.117 0.123 0.118
0.125 m/s 0.129 0.133 0.125
0.075 m/s 0.134 0.137 0.128
0.025 m/s 0,139 0.141 0.138
Average friction ceoefficient

0.115 0.119 0.117

Anti-shudder durability (hours)
456 192 96
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Evaluation As is apparent from the friction coefficient at each sliding

- velocity, each of the lubricating oil compositions of Examples 1 to 4

containing the friction 5 modifier according to the invention gives a high
friction coefficient at each sliding velocity which less varies in the range

of 1 m/s to 0.025 m/s, and gives a highQa@/‘erage friction coefficient.

Moreover, the lubricating oil compositions of Examples 1 to 4 show
stfffelehty35RG ™10 anti-shudder duration. In contrast, the commercially
available CME {Goan:Qit A) givesta kelativiely: low friction coeffisient @ande a ch
shgw a relativel shcort anti-ﬁﬁhudgertgluraiio% The tc,ommer.%ilally

avaita 18%\7"?& com ’Oileﬁ)ca s0 givesea 5 rérléﬁ\a}elyl/rfg\mcfrllc ion

coefficient ahdrshows & furthereshdrteéranti-shudder duratiothFheriction
Iyrieging ol compositon etComparison Exar: g which,contgined e on
friction modifier prepared in Synthesis Example 3 shows a long . ,
anfisshudaératration=26but givesErelatively oW fitlion cosffitiertr+es in
Accerdingly«it iscapparest that theslubrigating aih Cogpesition eanfaining:aage
fr]'%crti:{an modifier o%%ac £r1ev§ntion§hows excell%nt eoeﬂ;cnbrmanc

partlc(:’Lﬁ'siLr(I.}yr,l %O?ransmlssmtn'oil. 25° 577 WHat |§1 claimed %sﬁal.%ﬁicﬁ%%
nycdifierscdmprising Antatkemdsab 5 stituted saecinintidé of the followingy
farmula £ .05 8. poststreated, derivative thereof: O O R9 RI' N-(CH3)# ~
(CFV“Nég contrast, the commercially avallable CVTF (Com.
01l A) gives a relatively low friction coefficient and
shows a relatively short anti-shudder duration. The
commercially available CVTF (Com. 0il B) also gives a
relatively low friction coefficient and shows a further
shorter anti-shudder duration.

The lubricating oil composition of Comparison Exam-
ple which contained the friction modifier prepared in
Synthesis Example 3 shows a long anti-shudder duration
but gives a relatively low friction coefficient.

Accordingly, it is apparent that the lubricating oil
composition containing a friction modifier of the

invention shows excellentT perfcrmances, particularly, as

transmission oill.
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O O 10 in which each of R, and R1' independently is an alkenyl group
having a branch structure in a-position which is represented by the
following formula (1), R2 is a hydrogen atom, an alkyl group having | to -
12 carbon atoms, an aryl group having 6 to 12 carbon atoms, an aralkyl
group 15 having 7 to 13 carbon atoms;©r-a 5-8 membered heterocyclic
group, x is an integer of 1 to 6, and y is an integer of 0 to 20: R3 /C'(r)Ha
(1) R4 20 in which each of R3 and R4 is an aliphatic hydrocarbyl group
apd a-total cayhgn.atpm pumber of R3 and R4 is in the range of 3 to 45,
under the condition thatacarbon atom number of R3 is larger than a
carbon atom number of 25 R4 by 3 or a carbon atom number of R3 is
smaller than a rcafbor aiem nwmaber:of R4ebynj-28: % The flctiemyl-sub-
madifier,of claim 1,.in which each of R3 R4 is a lipear alkyl group and
G g o aBer ot K8 R R e 1A of 13 1 o1 8
3rThe frictiortmaddifier of efaimel, imwhichfx is 2 and y is an integer of 1
to 3. 4. The friction modifier of claim 1, in which xis 2andyis 1. 10 5.
The friction modifier of claim 1, in which the post-treated derivative is an

aIkenyI-suQ1stit ed sucginimid forrgula (1) which is post-treated with
boric acid, pho Qh&qu Efdf@lzﬁ reoxyli¢ acid Or(IJIS ethylene carbonate.
o} ¢

in which each of Ry and R;' independently is an alkenyl

group having a branch structure in P-position which is
represented by the following formula (1), R; is a hydrogen
atom, an alkyl group having 1 to 12 carbon atoms, an aryl
group having 6 tc 12 carbon atoms, an aralkyl group
having 7 to 13 carbon atoms, or a 5-8 memberead
hetercocyclic group, x is an integer of 1 to 6, and y is

an integer of 0 to 20:

Ry
/('Gﬂz* (1)
Ry

in which each of R; and Rs i3 an aliphatic hydrocarbyl
group and a total carbon atom number of R; and Rg i1s in
the range of 3 to 45, under the condition that a carbon
atom number of R; is larger than a carbon atom number of
R, by 3 or & carbon atom number of Ry is smaller than a

carbon atom number of Ry by 1.
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6. The friction modifier of claim 1, which is added to a lubricating oil for an
automatic transmission mounted to an automobile. 20 7. A lubricating oil -
composition containing a base oil of lubricating viscosity and the following
additives: 0.1 to 10 wt.% of the friction modifier of claim 1; 0.05 to 10

wt.% of a nitrogen-containing ashless-25dispersant; 0.1 to 10 wt.% of a
phosphorus compound; and 0.005 to 4 wt.% of a metal-containing

detergefit. 8. Theslubricating oil compbsitionof ctalmi7y 30 whithvis ach each
lubyicgting.ail gomposition for.aytomatie; trapsmyssions. 8nIhe lubricatingeon
oil composition of claim 8, in which thé automatic transmissions are

saledied H8RTRe 89 Ryré ! consisting of Alifonfaitfarrdmissiors, 21 -
continuously variable transmissions and dual clutch transmissions. 10. A

friction modifier, comprising .an alkenyl-sub- 5 stituted succinimide of.th .
foIIowinrg§ formlj;‘iﬁe()ll)%rlé: gplo%rtl-tr%%%é\{cf%gﬁva %/ecf 3r:é%f:fo o ﬂ-c%%ﬁ?ﬁ) ® xS
RiR9ud0 ¥ 1Ginawhicheachofdl and R13 independently is an alkenyl
group having a branch structure in (3-position which is derived from a

dimer of a single linear a-olefin having 3 to 24 carbon atoms, and Qisa
residue df an allfferie igolyainB¥EMriGa 146 20 earBon atoms ahe - * +9
centaiRing ans15 amino group at least at each terminal thereof. 11. The
friction modifier of claim 10, in which the
5. The friction medifier of c¢laim 1, in which the
post-treated derivative is an alkenyl-substituted
gsuccinimide of formula (I) which is post-treated with

boric acid, phosphoric acid, a carboxylic acid or

ethylene carbonate.

6. The fricticn modifier of claim 1, which is
added toe a lubricating oil for an automatic transmission

mounted to an automcbile.

7. A lubricating oil composition containing a base
cil of lubricating viscosity and the following additives:

0.1 to 10 wt.% of the friction modifier of claim 1;

0.05 to 10 wt.% of a nitrogen-containing ashless
dispersant;

0.1 to 10 wt.% of a phosphorus compound; and

0.005 to 4 wt.% of a metal~containing detergent.

8. The lubricating oil composition of claim 7,
which is a lubricating olil composition for autcmatic

transmissions.

9. The lubricating oil composition of claim 8, in

which the automatic transmissions are selected from the-
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dimer is prepared by dimerization of a single linear a- olefin having 8 to 12
carbon atoms. 20 12. The friction modifier of claim 11, in which the dimer

is 2-hexyl-lI-decene, 2-octyl-I-dodecene or 2-decyl- |-tetradecene. 25 13.

The friction modifier of claim 11, in which the dimer is 2-octyl-I-dodecer_e.
14. The friction modifier of claim 10, ir ®hich the alkylene-polyamine is
ethylenediamine, diethylenetriamine 30 or triethylenetetramine. -30- 15.
Thedtigtienmodifierrof claimsl4; dmshich thesalkylene-polyamineris inuously
dieth Igg({itéi rr:l_jge. 5 16. The friction rgodifier

f.claim 10, in which.t e
p\‘c'l;%t‘E reated dervatve is %nglkgﬁlﬁ-su%%tltu?e%l %s%%cﬁlfr%faseyx&%gﬁﬁu%

(I1) which is post-treated with boric acid, phosphoric acid, a carboxylic

acid or ethylene ¢arbopate, 10-L4. fhhe friction madifier of clajm.10,whighy, -
is added to a lubricating, oil for an automatic transmission mounted to an
atitorhghife 15908 10 Ibtd&Rg off LB mpusiR Cthtdiniig a Bade dil 6F 2
luhsicating viscesityland the following additives: 0.1 to 10 wt.% of the

friction modifier of claim 10; 0.05 to 10 wt.% of a nitrogen-containing
ashless dispersant; 20 0.1 to 10 wt.% of a phosphorus compound; and
0.005 to 4 wt.%gof a etal-containing detergent. 19. The lubricating oil
compositidh laim ich is a lubricating oil composition for

automatic 23.tydn: ions. an

(o] o

in which each of Ry and R:' independently 1s an alkenyl
greoup having a branch structure in B-position which is

derived from a dimer of a single linear o-olefin having 3
to 24 carbon atoms, and Q@ 1s a residue of an alkylene-
polyamine having a 1 to 20 carbon atoms and containing an

aminoe group at least at each terminal thereof.

1l. The friction modifier of claim 10, in which the
dimer is prepared by dimerization of a single linear o-

olefin having 8 to 12 carbon atoms.

12. The friction modifier of claim 11, in which the
dimer is Z2-hexyl-l-decene, 2-octyl-l-dodecene cr Z-decyl-

l~-tetradecene.

13. The friction modifier of claim 11, in which the

dimer is Z-octyl-l-dodecene.

14, The friction modifler of claim 10, in which the
alkylene-polyamine is ethylenediamine, diethylenetriamine

or triethylenetetramine.
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20. The lubricating oil composition of claim 19, in which the automatic
transmissions are selected-from the group consisting of automatic

~ transmissions, continuously 30 variable transmissions, and dual clutch

transmissions.
— 3 O —

15. The friction modifier of claim 14, in which the

alkylene-polyamine is diethylenetriamine.

16. The fricticn modifier of claim 10, in which the
post-treated derivative is the alkenyl-substituted
succinimide of formula (II) which is post-treated with
boric acid, phosphoric acid, a carboxylic acid or

ethylene carbonate.

17. The friction modifier of claim 10, which is
added to a lubricating oil for an automatic transmission

mounted to an automobile.

18. A lubricating cil composition containing a base
cil of lubricating viscosity and the following additives:

0.1 to 10 wt.% of the friction modifier of claim 10;

0.05 to 10 wt.% of a nitrogen-containing ashless
dispersant;

0.1 to 10 wt.% of a phosphorus compound; and

0.005 to 4 wt.% of a metal—containing detergent.

19. The lubricating oll composition cf claim 18,
which i1s a lubricating o0il composition for automatic

transmissions.

20. The lubricating oil composition of claim 19, in
which the automatic transmissions are selected from The
group consisting of automatic transmissions, continucusly

variable transmissions, and dual clutch transmissions.



