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CCNI‘AI NI NG THE SAME BACKGROUND OF THE | NVENTION Field of the Invention T |s
invention relates to a friction nodifier conprising a chain- oL
hydr ocar bon- gr oup- substi t ut ed net al phenatg and MSJB’HEFFIHAQ
conposi tion containing the sane, and nore specitical 'R’Eleﬁ ‘fon
madi fier conprising a specific chain-hydrocarbo | d net al

phenat e havi NBACKGRIOGUND ORTHPIN¥EMTION abi | ity and a | ubricating oil
conposition containing the sane. Description of the Prior Art It is the

f undanent al tﬁ%ﬁ? {helﬂ% t?&{l on to reduce friction and wear which occur at
sliding surfaces-gg-ﬂmv-m%—parts I n machi neri es, devices, equipnents and
the |ike..  Techni cal devel opnments on |ubrication technol ogy have
conventionally been placed on this thene. Especially fromthe need for
resource and energy savThi invention relatéoto 4 fidctimhinodifiemtonpriding afohain-i on
and | ow wear by inprovenents in the quality of lubricating oils have, been
investi gat ed hydrerarbenrgrouy-substitntadyoetal phenate god at ubaaatylg ﬂﬂ cgmposition

consequence, it has becone an indi spens. ach for oductlon of
T o oat | noeNRREIE U B, AR ARG SPERLEALY 10 Adneaon adifier rRBPHYnE

b pr ovi ded vitev oSy dcar bkl Sfstind el PhorheniRg exbac . 0,

friction nodifricfon fedHéin %ﬂ:tgfﬂa%sl%ﬁcﬁu bfi.c iﬁdrf‘goﬂtﬁl theS@nse.

fatty acids and their I'ts, al coholS, esters, am nes and the Iike - -
all of which are of the oi liness inprover type - and phosphate esters,

phosphite esters, zinc dithiophosphate and the like - all of
Description of the PnorArt

It is the fundamental theme of lubrication to reduce friction and
wear which occur at sliding surfaces of moving parts in machineries, devices,
equipments and the like. Technical developments on lubrication technology

have conventionally been plaéed on this theme.

Especially from the need for resource and energy saving, measures
for the achievement of low friction and low wear by impfovements in the quality
of lubricating oils have been investigated from a variety of viewpoints in recent
years. As a consequence, it has' become an indispensable approach for the
production of a Iubricating oil excellént in friction characteristics to incorporate
additives in base stocks for lubricating oils so that the base stocks can be

provided with desired friction characteristics.

Accordingly a number of friction modifiers have been proposed to
date, resulting in the use of fatty acids and their metal salts, alcohols, esters,
amines and the like - all of which are of the oiliness improver type - and

phosphate esters, phosphite ést_ers, zinc 'dith'iophosphate and the like - all of
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which are of .the extrene pressure agent type - in autonmatic transm ssion
fluids, wet brake oils, sliding surface oils, plastic working oils and the
|ike and also in the use of phosphate esters, phosphite esters, acidic
phosphite ester am ne salts, nolybdenum dit hi ophosphate, nol ybdenum
di t hi ocarbamate and the like - all of whi are of the extrene pressure-
agent type - in engine oils, gear oils, cutting oils and the like.
Meanwhi | e, anvRichQ#@bf thel &afae ?fdsﬁﬂefdgéhdtaipes iflianedaeeitraidinizbionefluidecn
obt ai ned by addi ng magnesi um sul fonate used as a netallic detergent,
especi al | y oweet-brake dilspeslidinng surfael dils) plasticavorkingoiisiand thenlike and alsoGn
ng- KOH g or %eater In a_base stock in_order to, inprove . ts friction

[

char act eri st ithe use € phesphatesesters. paosphjte estersracidic phopphite;ester amame saltsposed
to use cal ciumgsal, cyl .as a fricti oeffi,cient .nodifiers f auj,onpatic
trans- nmissi Jﬂog'lﬁémé“(%@éoépskgﬁtgi mé’j)YL ‘.‘ﬁ'ﬁ?"wﬁ’ﬁf‘@ﬂ‘e %‘i?‘?ﬁeﬁf‘? ﬁ@gé’r}a
conventi onal | tFél# ol doBhSt et 10 Eﬂfe ' of '
the netallic ‘?@%‘e‘%ﬁgﬁéﬁu C él)glﬁéyﬁg] udel g“@fref elgziteél ar eﬁg%%eﬁ?ﬂ%%?ﬂg
sufficient degiRndidwedket he use conditions. Al of themare still
insufficient ih assuring stable friction reducing effects as typified by
magnesi umsul fonate, calciumsalicylate and the |like the effects of which
vary significantly depending gn the kind, use conditions and the |like of a.

| ubricati ng base st ock,Mganwhilean automatis\transmmission flyid was discleseds whiehs { o
sone extents. Therefqre t e nerely.adjuyants for, fricti difiers
such as phos f1edieeeng efiﬁ& %W%‘M#@PQMQ? metalfic detergen

-especially over-based magnesium sulfonate having a base number of

- pud

300 mg-KOH/g or greater in a base stock in order to improve its friction
characteristics (see JP Kokai 62-84190). Further, it has also been proposed to
use calcium salicylate as a friction coefficient modifiers for automatic trans-
mission fluids (see JP Kokai '5-16349_6').

No matter whether these conventionally-proposed friction
modiﬁers are of the organic type or of the metallic type, their friction reducing
effects are however not sufficient depending on the use conditions. All of them
are still insufficient in assuring stable friction reducing effects as typified by
magnesium sulfonate, calcium salicylate and the like the effects of which vary
significantly depending on the kind, use conditions and the like of a lubricating
base stock, although they provide friction reducing effects to some extents.
Therefore they are merely adjuvants for friction modifiers such as phosphate

esters and molybdenum dithiocarbamate.

In view of .the technical developments on friction reducing
technology and the circumstances of development of friction modifiers as

described above, the present invention has as objects thereof the provision of a
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In view of the technical developnents on friction reducing technol ogy and
the circunmstances of devel opment of friction nodifiers as described above,
the present invention has_as objects thereof the provision of a -3 - -
novel friction nodifier having friction reducing ability and al so the
provision of a lubricating oil conpositiorr containing the friction

modi fier. Present Invention It has been discovered that a nmetal phenate
cont ai ni ng atndvehffictiviemeldifist Haxihigofivtionteducinp abilitycndrelso thesprovision of

| i near portion determ nable by a carbon nucl ear nagneti c resonance

measur ement  (aibricating ofl cwompositicn cangamitigothecftictionagodifier.r | C- NVR
nmeasurenent” as needed), has excellent friction reduc- ing ability. It has
al so been found that its addition to a base stock for lubricating oil makes

it possible tlp furnish.a lubricating oil conposition.having inproved
friction char-e?&?@ﬂgmﬂa' nd utility in many fields. Based on these
findings, the present invention has.now been conpleted. Nanely, the present
invention relates in a first aspect thereqf to riGgli odi fier .
“conprising at |east onelftbﬁ%bﬁghgﬁ%%%‘g@ﬁ&r%ﬁ e Qhﬁ’éﬁtcﬁpgg&ﬁ‘gtaﬁeaﬁﬂgﬂﬁt e
substituted Ry, [ ( : : H [ hat
sai'd chai n hygeat hyEREhUOAREH, WHiek R neRMETiRL portioh AciApigilc b d 10

as det er mi nectabyorengéleOmaghetiCreson@iRahéssutahan(wiichang licreiatiet b8C NVR
measurenent). The present rnvention also relates in a second aspect thereof

to a - referred to as “13C-NMR measurement” as needed), has excellent friction reduc-

.ing ability. It has also been found that its addition to a base stock for lﬁb_ricating
oil makes it possible to furnish a lubricating oil composition having improved
friction characteristics and utility in many fields. Based on these findings, the

present invention has now been completed.

‘Namely, the present invention relates in a first aspect thereof to a
friction modifier comprising at least one chain-hydrocarbon-group-substituted
metal phenate substituted by ét least one chain hydrocarbon group, characterized
in that said chain hydrocarbon group has an alkyl chain linearity of 20% or

higher as determined by a carbon nuclear magnetic resonance measurement

(13C-NMR measurement).

The present invention also relates in a second aspect thereof to a
lubricating oil composition characterized in that said lubricating oil composition

comprises:

a lubricating bas_e .stock; and

at least one chain-hydrbcarbon—group-subsﬁtuted metal phenate -
substituted by at least one chain hydrocarbon group, said chain hydrocarbon |



| ubricating oil conposition characterized in that said |ubricating oi
conposition conprises: a lubricating base stock; and at |east one

chai n- hydr ocar bon- group-substituted netal phenate substituted by at |east
one chai n hydrocarbon group, said chain hxproCarbon -4- group having an
al kyl chain linearity of 20% or . hi gher as determ ned by a carbon nucl ear
magneti c resonance neasurenent ([err] G NVR neasurenment), and said neta

phenat e havi ngrobp hav'm@cmctﬂk%l ¢hain binearityosf 20%fordiighierpasrdeterniified 69 axarbom
terns of the netal thereof based on a whole weight of said |ubricating oil
conposi ti on. niivtearmegmeticiresomance measitentent ¢ IGNMR ineasteenrent)c dnd saidet ai | .
The chai n- hydrocar bon- group-substituted netal phenate, which is used as an
ef fecti ve cormpetabphenste havingtieeniaddedraniapreportion®fdrorg k ppmite 16:Q00:ppm
invention, is fornmed_ hasically of_ a phenol copponent, .whi.ch carti es. at

| east one cha‘Pﬁe‘lﬂ%lP%&ErIBG'ﬁk tescf Bsran a whple weizhh of saiddubricatngoion:
The above metqzi)l ﬁ%ﬁgate may be subjected to sulfurization to contain
conmpounds wit IIE ¥-nore” aromati ¢ groups bonded together by one or nore
sul fur atons, respec- tively, and the above netal phenate nay al so contain

one obtained by subjecting it to an over-basing treatnent as needed. As the

chai n hydrocarbon gr oupThépteientdheemtidty wild herdindfte beudescribed in detatid net al
phenate according to the present invention, those capable of - '

_ The chain-hydrocarbon—group-substituted meté,i phenate, which is
used as an effective component of the friction modifier according to the present
invention, is formed basically of a phenol component, which carries at least one
chain hydrocai'bon group. bonded thereto, and a metal co_mpo_nent. The above
metal phenate may be subjected to sulfurization to co'ntain' coiripomids with two
or more aromatic groups bonded fogether by one or more sulfur atoms, respec-
tively, and the above metal phenate may also contain one obtained by subjecting

it to an over-basing treatment as needed.

As the chain hydrocarbon 'group in the chain-hydrocarbon-group- |
substituted metal phenate according to the present invention, those capable of
meeting the following requirements are suitable.

As such, the following requirements can be mentioned:

(i) an alkyl gfoup having an average carbon number of 12 or more

per hydroxyl group; and

(i1) said alkyl group having a linearity of 20% or higher,
group g a ineanty 0 _
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nmeeting the follow ng requirenents are suitable. As such, the follow ng
requi rements can be nentioned: (i) an al kyl group having an average carbon
nunber of 12 or nore per hydroxyl group; and (ii) said alkyl group having a
linearity of 20% or higher, -5- both being as determined by a [err] CGNWR
nmeasur ement. Describing about the above requirement (i), it is inportant

+ for the exhibition of friction reducing effects that the chain hydrocarbon

group of the b 0= hydr [ UBS ' | phenate according to
t he present ib%\%kgﬁngnﬂi(%?%qﬂgg‘%g&%gr (ﬁmv{n%ﬁgﬁm%gr age carbon nunber of
12 or nore per hydroxyl group. In particular, an al kyl group having an
average carbon nunber of from 12 to 40 is preferred. An average carbon
nunber snaller than 12 Desesibigsaboutcheabove regutrbment (ilait isimporcantfor the
friction reducing effects may not be_ obtained. Describing further, as
chai n- hydr oc &xbihitign of friction redugingreflients thas e ehain hydrocarben grouphef heesent
I nvention, one copntaini at | east one or re al kyl groups having 12 to 30
carbon atons &?%QY&OEE‘R‘%PFSWHP FQ@EﬁdOGF{Q IPSCW ,“FMW@FQTH‘W&#WW .
group” as used herein e n.- . grou | St.i i
chai n- hydr OCE.'S% "-Oglrlé &B@@s&??ﬂpgﬁ% v%%é&rﬁgﬁl Hﬂgﬁ}% of 12T RN e
ﬁggfgx[yler glr g%@%@.nm paridaldrORs allf P Brduiy FaviAyY §h AVErage'cAfbbr HitaBEr Per
of from 12 to 40 is preferred. An average carbon number smaller than 12

involves a potential problem that sufficient friction reducing effects may not be
“obtained. .

Describing further, as chain-hydrocarbon-group-substituted metal
phenate according to the present invention, one containing at least one or more

~ alkyl groups having 12 to 30 carbon atoms is particularly preferred.

By the way, the term "hydroxyl group” as used herein means an -
OH group existing in a chain-hydrocarbon-group-substituted metal phenate in a

form as converted under 13C-NMR measuring conditions.

The term "average carbon number per hydroxyl group" as used

herein indicates an average carbon number of an alkyl group as calculated by a

13C-NMR measurement by supposing that an aromatic carbon bonded to a

hydroxyl group is 1.

Specific examples of the above-described alkyl group can include
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, tetracosyl, pentacosyl, hexacosyl, heptacosyl, octacosyl,
nonacosyl, triacontyl, pentatriacontyl, and octatriacontyl.



herein indi cates an average carbon nunber of an al kyl group as cal cul ated
by a 13C NMR neasurenent by supposing that an aromatic carbon bonded to a
hydroxyl group is 1. ‘Specific exanples of the above-described al kyl group
can include dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

hept adecyl, octadecyl, nonadecyl, ei cosyl;6tetracosyl, pentacosyl,
hexacosyl, heptacosyl, octacosyl, nonacosyl, triacontyl, pentatriacontyl,
and octatriacontyl. One of principal features of the present invention
resides in that the above al kyl group has a specific linearity as

deterni ned by a 13C NVFOne ef priacipakfeatarss iof the ptesentdnventiomrbsidestin that the
requirenent (ii), and is a requirenent indispensable for the unique

chai n- hydr oc aabiowe-atkyd groupihag a specific dineatitypasedetesmimed dryca A3C+NMR engasureent

i nvention. Nanely, the chain-hydrocarbon-group-substituted nmetal phenate
accor di ng t o memt asripdicated shovetunder the wequirement(ji)aand 1%§ reqHEamEnt| neari ty

of 20% or  higher, preferab 30% or, hi gher as determ ned.. 13G- NIVR
neasur enent . %p&sg,e&aﬁie fqarr umque, Ch@HHﬂX&qc -grpupr %ﬁﬂ{géﬁ‘?még Hl\f?ﬁ“at?e
concept establ. j nventors as a result of repetition of
nuner ous expg?*ﬁilﬁrlé%?és(p{egﬁggén@ans l:'r(ljclgl'ratio of the nunber of carbon atons
in a linear portion |located 5 or nore carbon atons apart froman end of the
al kyl group or 4 or nore carbon atons apart froma branched site of the

al kyl group to the totdNamely)ehe clainhydoocarbon-group-sulsstithted metabphenate
Accordingly, the alkyl chain linearjty varies depending on the substituting
site of the acepeding toythe presentinvention is one having an alkyl chain linearity of 20%

“or higher, preferably 30% or higher as determined by a I3C-NMR measurement.

Here, the term "alkyl chain linearity" is based on a unique concept
established by the présent inventors as a result of repetition of numerous experi-
ments, and means the ratio of the nﬁrnber of carbon atoms in a linear portion
located 5 or more carbon atoms apart from an end of the alkyl group or 4 or
more carbon atoms apart from a branched site of the alkyl group to the total
number of carbon atoms in the alkyl group. Accordingly, the alkyl chain
linearity varies depending on the substituting site of the aromatic group to the
alkyl group or the site of branching of the alkyl group. Specifically, the chain

linearity is determined specifically by the following formula from a 13C-NMR

measurement.

Alkyl chain linearity (%) =
Integral intensity over a chemical shift range -
of from 29 ppm to 31 ppm

Sum of all integral intensity over a chemical
shift range of from 5 ppm to 60 ppm

x 100



al kyl group or the site of branching of the al kyl group. Spe'cifically, t he
chain linearity is determ ned specifically by the followng formula froma

13C- NWR neasurenent. Al kyl chain linearity (%

= I ntegral

intensity over a

chem cal shift range of from29 ppmto 31_ppm Sum of all integral
over a chem cal x 100 shift range of from’s ppmto 60 ppm -7-
I ncidental |y,

phenate into its corre ' I3 cP: I - '
interested in the exi si‘g‘ﬁggﬁ@gy’gﬁ%or rc‘gwﬁtllng#ﬁgee@é\géﬁg% ﬁ%Wée‘g?
al kyl group g | lainf 0612 dirfy SIPT ituted netal
phenate and |?g%@#§ﬂl%§le?%g’l¥ﬁ% g?%ligf:ts, nd F]%ekgscer_tai ned that the
metal phenate exhibits better friction reducing effects as the al kyl
linearity becomes higher and al so that an al kyl é
20% cannot exhi bi t t he Thefpsesent invenyorswere anterestedhinthie existence ofagerrela- of
20% or hi gher., especially.of from,30% to 80% shows particul ar mar ked
offects. n Hivn UeRECeihe inksrkty Oh the A lkyEesomRy ESOAPE B s A LY BREs
nmet al phenat c ' | Gt eBG: C i obt ai ned
o ovi ded- t haE e SusRieet duceh! ForBl: SREHE BAGiGHLIlkg Gect ot e
measur enent  h§cetfaid t a5 ﬂhﬁbli'@ icti ing eff
chai n- hydrocgﬁon-g%%lggsubsteﬁafgtﬁgn m%ta prPgrt]tg{glctlonreducmge cots as the
alkyl chain linearity becomes higher and also that an alkyl chain linearity lower

than 20% cannot exhibit the effects fully although an alkyl chain linearity of 20%
or higher, especially of from 30% to 80% shows particularly marked effects.

wer e

In the present invention, a chain-hydrocarbon-group-substituted
metal phenate excellent in friction reducing effects can still be obtained provided
that its alkyl chain linearity as determined by a 13C-NMR measurement is 20%
or higher, even when the chéin-hydrocarbon—group-substituted metal phenate
contains two. or more hydrocarbon groups per hydroxyl group or is a mixture of
two or more different compounds (metal phenates). That is, the overall alkyl
chain linearity is 20% or higher. In particular, a metal phenate, hydrocarbon
groups of which are each a linear alkyl group having 12 or more carbon atoms, is
preferred from the viewpoint that it can substantially improve friction reducing
effects.

The metal component represented by M in the formula () of the
chain-hydrocarbon-group-substituted metal phenate according to the present
invention can be an alkali metal or an alkaline earth metal. Further, a metal of an
atomic number in a range of from 12 to 56 is also suited. Specific examples of
suitable metals can include sodium, potassium, lithium, calcium, magnesium and

barium. In addiﬁon, aluminum, zinc, tin, chromium, copper, cobalt and the like

intensity
the 13C- NWR neasurenent was conducted by converting the netal
ty of the

chain
chain linearity_ | ower_ than



contains two or nore hydrocarbon groups per hydroxyl group or is a mxture
of two or nore different conpounds (netal phenates). That is, the overal
dl kyl chain linearity is 20% or higher. In particular, a nmetal phenate,
hydr ocar bon groups of which are each a linear al kyl group having 12 or nore
carbon atons, is preferred fromthe viewldirnt that it can substantially
i mprove friction reducing effects. The nmetal conponent represented by Min
the formila Gl algh ehiBerifdapanitatiiR prefafedir ilkalisédrittinehlosiet aphenat e
according to the present invention can be an alkali netal or an al kaline
earth netal . chi¢hiricmaghesimhandbarfum.at oni.c nunber in a range of from12 to
56 is also suited. Specific exanples of suitable nmetals can include sodium
potassium Ilithium calcium nagnesium and barium In addition, alum num
zinc, tin, chromum cgpper, .cobalf and the i are also effective.
Particularly preferr edQIpaYlPé‘-"aAII ‘&?‘T@‘i’é’@é’&ﬁ!ﬂ?“ﬁgﬁ8&?’%&‘&4‘“’39%]53?855%5%%5i um
and barium Typical .|l | Lhe: chain- [ = Qpoup- -
Subst 1 ut ed ipaftaisAaneEbhBlasy reor R 181he BresefiaeRlibn el eEpratal
represented ' r ) to (Il1): [err] In each of the
above formnul %t??;fmg% Io)??miRé% (Ig}njiga@( are al kyl groups which may be the
sane or different, the average carbon nunber of the total carbon nunber of
. Rl and the total carbon nunber of R2, i d avergge tot car bon nunber
bei ng equi val ent to the nunber o{ car b§fi atons rohydrgxyl o,

- (R%n

- R)n
O

Rn (R%)n
@ | | |
. —Sx

In each of the above formulas (I) and (II), R and R2 are alkyl

groups which may be the same or different, the averagé carbon number of the

(D

total carbon number of R' and the total carbon number of Rz, said average total
carbon number being equivalent to the number of carbon atoms per hydroxyl
group, may preferably be from 12 to 40, and the alkyl chain linearity as deter-
mined by a 13C-NMR measurement is 20% or higher. Speciﬁ¢ examples of the
alkyl group can include dodecyl, tridecyl, tetradecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, tetracosyl, pentac_osyl, hexacosyl, heptacosyl, octacosyl,

nonacosyl, and triacontyl. |



group, may preferably be from12 to 40, and the alkyl chain linearity as
deter- mned by a 13C NVR neasurenent is 20% or higher. Specific exanples
of the alkyl group can include dodecyl, tridecyl, tetradecyl, heptadecyl,
oct adecyl, nonadecyl, -eicosyl, tetracosyl, pentacosyl, hexacosyl,

hept acosyl, octacosyl, nonacosyl, and triatontyl. -9 - In each fornul a,
Mis appropriately an al kaline earth netal, although it can be other

divalent metals desori ckaghufinufa, MY %ﬁ%&ﬁr_i&t@g}é A Eligling earhitabra” oups

substituted on the aromatic group an nintéger of from1l to

pref er abl y. aralthoughdt cdn Be dbthe? divaleritimetalbsdesciibed aboverun asdicatbs thecmmmber t he
sane or different. Further, x is an integer of from1l to 5 in the fornula

(11). 1n the qfralkyrgroups suhstituted oncthe Bromatis grastpaarshis-ag- istages ob Sxam Jited
nmet al phenat e_ can,speci fi.cal | a,metal salt of an alkylphenol . or

T kyl phenor - STRPEFBAbIRIAndRikgstobd 16 25du the Sespectve Furunlan ity Gan be e
addition to u al.t | sal t 1.5.€

dependi ng onaﬁaﬁge él'{)%heié{q gﬁ“&%ﬁeﬁ hﬂﬁ%&q‘ﬁ&?ﬁgknggbﬁ%h@ﬁguiaoan'

al kyl phenol sulfide can be prepared by a reaction between the al kyl phenol

or al kyl phenol” sul fide and a netal conpound, for exanple, an oxide,

hydr oxi de, al koxi de or Infthelprésent kiventiva) theahaih-hpdiocarbonbgrouptsubstitited a
met hod known per se in the art. On the other hand, the alrgil - phenol
sul fi de can bmoetal phienatel cay sperificallybe hanetaksdlpofan alkyiphenol or atkydphenol

Form of a m xSulide, HAH.CAB bora FRSGalh Bh GPTpasedsalt in 2001 AR BB SAltnor o
sul fur - Its salt type can be chosen as desired depending on its application. The metal

salt of the alkylphenol or alkylphenol sulfide can be prepared by a reaction

between the alkyl phenol or alkylphenol sulfide and a metal compound, for

example, an oxide, hydroxide, alkoxide or the like. The over-based salt can be
obtained by a method known per se in the art. On the other hand, the alkyl- |
phenol sulfide can be produced by reacting the alkylphenol with sulfﬁr ora |
sulfur-containing compound such as hydrdgen sulfide and is obtained in the form
of a mixture that two or more phenol groups are bonded by one or more sulfur

atoms, respectively.

A metal phenate mixture with an alkyl chain linearity controlled
within the above-described speciﬁc range can also be obtained by mixing various

metal phenates of different alky! chain linearities.

According to _the present invention, a friction modifier .comprising
such a specific chain-hydrocarbon-group-substituted metal phenate as described
above can be provided. This friction modifier is oil-soluble. It can be used by
dissolving it in a hydrocarbon or another solvent and diluting the resultant
concentrate as needed or as a component of an additive péckage in combination

- with other additives.



atons, respectively. A netal phenate mi xture with an alkyl chain linearity
controlled within the above-described specific range can al so be obtained -
by m xi ng various netal phenates of different alkyl chain linearities.
According to the present invention, a friction nodifier conprising such a
speci fic chai n-hydrocar bon-group-substitu‘tl d nmetal phenate as descri bed
above can be provided. This friction nodifier is oil-soluble. It can be
used by dissolving it in a hydrocarbon or another solvent and diluting the
resul tant concentrate as needed or as a conmponent of an additive package in
conbi nati on with ot her Adl¢scription will netttbe madeaboupthednbricating el compostde
about the lubticating oil conposi-, tion according to the present invention.
The 1ubri cat iBRP G‘qurg’@ﬁﬁesﬂ‘? PESCBCIBYERMORY to the present invention contains
the lubricating base stock and the chai n- hydrocarbon-group-substituted
nmetal phenate. No particular limtation is inposed on the base stock for
use in the lubricating btk ol . ' Lon.
The base stock can be a'ir?)l/é %%ﬁﬁ%b?}lg@ﬁ %sgtééeh g%oéggls&gr}gytﬁé ﬁZﬁ%‘t d;)séglaé ocks
and veget abl ecdmigifis HeORibficatifig bast f6ciktand aiistthiRdydrédaebdn-gtodpiSulsstitiede of
t hese base stotks. As a mineral base stock it is possible to use, for
exanpl e, a nimetahpheadteobt ai ned by the treatment of a lubricating oil
fraction, which is in -

No particular limitation is imposed on the base stock for use in the
lubricating oil composition according to the present invention. The base stock
can be any one of mineral base stocks, synthetic base stocks and vegetable base

stocks, or can be a blended base stock of two or more of these base stocks.

As a mineral base stock, it is possible to use; for example, a
mineral oil obtained by the treatment of a lubricating oil fraction, which is in
turn available by vacuum distillation of an atmosphere distillation residue of

'paramn-base, neutral or naphthene-basé crude oil, through a refining step such
as solvent refining, hydrocracking, hydro-refining, catalytic dewaxing, solvent

- dewaxing or clay treatment; a mineral oil obtained by subjecting a vacuum |
distillation residue to solvent deasphalting and then treating the resulting
deasphélted oil through the above-deScribed refining step; a mineral oil obtained
by isomerizing wax components; or a blended oil thereof. In the above solvent
refining, an aromatic extraction solvent such as phenol, furfural or N-methyl-

' 'pyrrolidone can be used, whereas. as a solvent for the solvent dewaxing, liquefied
-propﬁne, MEK/toluene, MEK/MIBK, or the like can be used. Among the above-
described mineral base étocks, hydro-refined oil is preferred from the standpoint |
of quality such as oxidation stability, and one containing, for example, 2 wt% or

less of aromatic hydrocarbons and 90 wt% or more of saturated hydrocarbbns



turn avail able by vacuumdi stillation of. an atnosphere distillation residue
of paraffin-base, neutral or naphthene-base crude oil, through a refining
step such as solvent refining, hydrocracking, hydro-refining, catalytic
dewaxi ng, sol vent dewaxing or clay treatnment; a mneral oil obtained by
subj ecting a vacuumdistillation residue td sol vent deasphal ting and then
treating the resulting deasphalted oil through the above-described refining
step, a m negz be used E&ﬁé&@m@guemrmﬁiem bk srRkpRRs depending dnl thaded
oil thereof. In the above Solv refining, an aromatic extraction sol vent

. such as phenappli¢ationurpose ofthedubsicatingoil.ol i done can be used, whereas as a °
sol vent for the sol vent dewaxing, |iquefied propane, NEK/tquene VEK/ M BK,
or the like can be used. Anong the above- described m neral base stocks,

o ) Dol o L B, S
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pol ybut ene; ?b y@@l osters pol bﬁyﬂkyknéﬁg d.‘dl rethdry; dibasio mnbesieﬂser s
and pentaerythrit ster pol yoxyal erne gl ycol s; pol yoxyal kyl ene gl ycol
esters; pol Y?»hbﬁdsliaté estersyand ailiconb@ils; Thiesebase stocks ean be usedamgqnmgly
esters; and silicone oils. These base stocks can be used either singly or

I n conblnat|@m1npenﬂmnaHOHUSable exanples of vegetable base stocks can

i ncl ude rape

Further, usable examples of vegetable base stocks can include rape

| seed oil, palm oil, coconut oil, olive oil ahd sunflower oil.

Asa lubﬁcaﬁng base stock such as that described above, it is |
possible to use a blended base stock obtained by suitably blending plural base
stocks so that the blended base stock has a viscosity and other properties desired
for the intended application of the lubricating oil composition. For example, it is
preferred to control the kinematic viscosity at 100°C in a range of from 2 mm?/s
to 30 mm?/s, especlally from 3 mm?/s to 10 mm?/s for a lubricating oil for
internal combustion engmes the kinematic viscosity at 100°C in a range of from

mm?/s to 30 mm?/s, especlally from 3 mm?/s to 15 mm?s for an automatic
transmission fluid, and the kmematlc viscosity at 4°C in a range of from

/s to 1,000 mm /s especlally from 20 mm?%/s to 500 mm?/s.

" The chain-hydrdcarbdn—group—substituted metal phenate for use in
the lubricating oil composition according to the present invention can be added
to the lubricating base stock in a broportion of from 0.01 to 10 wt%, preferably
frbxh 0.05 to 5 wt% based on the whole weight of the lubricating oil composition
or in a proportion of from 1 ppm"to 10,000 ppm, preferably from 50 ppm to



seed oil, palmoil, coconut oil, olive oil. and sunflower oil. As a .

| ubricating base stock such as that described above, it is possible to use
& bl ended base stock obtained by suitably. blending plural base stocks so
that the bl ended base stock has a viscosity and other properties desired-
for the intended application of the lubrilating oil conposition. For
exanple, it i's preferred to control the kinematic viscosity at 100[err]C in
a range of f gmxg 414 ﬁ/hsth W@h | varies endingonthés to
10 m*r[err]/ss'%ﬁr)% u gﬁ{gﬁfﬁgeéﬁ ?ofm‘i(i;‘1 erﬁg,;i co’rrbustioaneéRgiﬁgg, the
ki nematic ViWﬁiaﬁﬁniﬁeldaﬂwlﬂ)ﬁchﬁn$oﬂange of from2 m®/s to 30 Mm2/s,
especially from3 m2/s to 15 nm®/s for an automatic transm ssion fluid,
and the kinematic viscosity at 4[err]Cin a range of from10 mierr]/s to

1,000 mierr]/s, especjial]y, from20" err]/ls to 50Q. enr|

chai n- hydr ocar bon- gr ougosdl% lubricating %P%Bﬂ%ﬁﬁcqrﬂ“%eﬁe r*{réﬁfé&-%en'

| ubricating gil .conposi.tion o ' tQ | LQN be added-
to the | ubri BoR: 0 PoIbIE a0 agd Splebtedsss of Va5 Hillex BFDVER 43Rtk
preferably faamQa0R ifti-dxIdaitd 2 adn prebirdaghs Weahinhilitdrbometabr i cat i ng
oil conpositroh or rh a proportion o rom1l ppmto 10,000 ppm preferably
from 50. ppm geactivafordJPourRsdintdépressantsf nishénkiibitots, other!friotion madifiersand i on
vari es depending on the application field of the lubricating oil. To the

| ubri cating otheradditives as arederkording to the present inven- tion, it is
possi bl e to add sel ected ones of viscosity index inprovers, ashless

di spersants, anti-oxidants, extreme pressure agents, wear inhibitors, netal

deactivators, pour-poi i, JeRLESRaNcexapibs f theRibdtishy iREOCImpiovEts Gt

modi fiers and _ _
include polymethacrylates, polyisobutylenes, ¢thylene-propylene copolymers,

and hydrogenated styrene-butadiene copolymers. These viscpsity index
" improvers are used generally in a proportion of from 3 wt% to 35 wt%e.

Tlustrative of the ashless dispersants can be polybutenyl-
succinimides, polybutenylsuccinamides, benzylamines, and succinate esters.

Théy can be used generally in a proportion of from 0.05 wt% to 7 wt%.

Tlustrative examples of the anti-oxidants can include amine-type
anti-oxidants such as alkylated d_iphenylaminés, phenyl-a-_naphthylamine and
alkylated phenyl-a-naphﬂlylamines; phenolic anti-oxidants such as 2,6-di-t-
butylphenol and 4,4'-methylene-bis(2,6-di-t-butylphenol); and zinc dithio-
phosphafe. They can be used generally in a proportion of from 0.05 wt% to
5 wi%. |

Illustrative of the extreme pressure ageﬁts can be dibenzyl sulfide
and dibutyl disulfide. They can be used generally in a proportion of from
0.05 wt% to 3 wt%. '



ot her additives as needed. Illustrative usable exanples of the viscosity

i ndex inprovers can include polynethacryl ates, polyisobutylenes,

et hyl ene- propyl ene copol yners, and hydrogenat ed styrene-but adi ene

copol ynmers. These viscosity index inprovers are used generally in a
proportion of from3 w%to 35 wt% |l|usBrative of the ashless dispersants
can be pol ybut enyl - succi ni m des, pol ybutenyl succi nam des, benzyl am nes,

and succinate esters. F{iR¥rafi9e ekﬁmgfe%%fgtﬁé'ﬁie%l' deaktivitory SdiPirichade bénzo- om
0.05 wt%to 7 wt% Illustrative exanples of the anti-oxidants can include

anmi ne-type afidzoleitéapétriazolederivativey, lantdahiadiazobs)yThey ocarsbe used generally
phenyl -[ err]-napht hyl am ne and al kyl ated phenyl -[ err]-napht hyl am nes;
phenol i ¢ ant in apreportion of from §.0, &t%i tot3 wt¥t yI phenol and

4, 4" -met hyl ene-bi s(2, 6-di -t-butyl phenol); and zinc dithio- phosphate. They
can be used generally in a preportion of fromO0.05 Mt%to 5 w%

i butyl di Sl 1 de. - Thel EPE chaitByBEdF dEARs tarBe Mmtic WISLTTE oo
Lo 3 ot Yacetate copdlymérs, Uilbfifthied haaifiiPhashthdlehd Bontirdation pdduct,or s can

I ncl ude benzo~ triazo benzotriazol e derivatives, and thiadiazole.” They

can be used pelyaisthactylates; and piobyalkylstypéndst OThed: & b fsedopeherdldy in a
Il'lustrative of the pour-point depressants can be ethyl ene-vi nyl

proportion of from 0.1 wt% to 10 wt%.

Tllustrative of the wear inhibitors can be phosphate esters, zinc
thiophosphate, and sulfur compounds. They can be used generally in a propor-
tion of from 0.01 wi% to 5 wt%.

As preferred embodiments of the present invention, it is possible to

provide:

(i) a friction modifier for lubricating oils, which comprises chain-
hydrocarbon-group-substituted metal phenate substituted by at least one chain
hydrocarbon group, wherein the chain hydrocarbon group is an alkyl group

having an average carbon number of from 12 to 40 per hydrokyl group and an

alkyl chain linearity of 20% or higher as determined by a 13C-NMR measure-

ment.

(ii) a friction modifier for lubricating oils, which combrises chain-
hydrocarbon-group-substitutéd metal phenate substituted by at least one chain
hydrocarbon group, wherein the chain hydrocarbon group is an alkyl group
having an average carbon number of from 12 to 40 per hydroxyl group and an

alkyl chain linearity of 25% or higher as determined by a 13C-NMR measure-

ment.



acetate copol yners, chlorinated paraffin-naphthal ene condensati on products,
pol ynet hacryl ates, and pol yal kyl styrenes. They can be used generally in a
proportion of from0.1 w%to 10 wt% Illustrative of the wear inhibitors
can be phosphate esters, zinc thlophosphaég] and sul fur conpounds. They can
be used generally in a propor- tion of from0.01 wtw%to 5 w% As preferred
~enbodi nents of the present invention, is possible to provide: (i) a
friction nodifier for lubricating oiIs mhlch conpri ses chai n-

hydr ocar bon- gr oup- substituted met al phenate substituted by at |east one

chai n hydrocarbon grougfiiiphArlebricating aih compositioncomprising:oup i s an al kyl
group havi ng an average carbon nunber of from 12 to 40 per hydroxyl group

and an al kyl chain linearity of 20%or higher as determ ned by a 13C NWR
measure- nment. (ii) a falubricatingbase stock;f and| ubricating oils, which
conprises chai n- hydrocarbon-group-substituted netal phenate substituted by
at | east one chain hydrocarbon group, wherein the chain hydrocarbon roup

is an al kyl group havi nchaiarh udmeadmmgrduprsuhsnwcd metalrphenm,

hydr oxyl gro n aI kyl chain i rity of .25% or her as de ned
by a 13C NMR ﬁ@&g)’ aehon group isjan aﬂ‘i}'i B{OW having éﬂtaivﬁﬁl i’ 3}1
Comprising:  fom 12 to 40 per hydroxyl group and a chain linearity of 20% or hxgher as
determined by a 13C-NMR measurement, and said metal phenate having been
added in a proportion of from 1 ppm to 10,000 ppm in terms of the metal thereof

‘ased on the whole weight of the lubricating oil composition.
(iv) A lubricating oil composition comprising:

a base stock composed of a hydro-refined oil containing 2 wt% or

less of aromatic hydrocarbons and 90% or more of saturated hydrocarbons; and

chain-hydrocafbon—group-substituted metal phenate, wherein the
chain hydrocarbon group is an alkyl group having an average carbon number of
from 12 to 40 per hydroxyl group and an alkyl chain linearity of 20% or higher
as determined by the 13C-NMR measurement, and said metal phenate having
been added in a proportion of from 1 ppm to 10,000 ppm in terms of the metal

thereof based on the whole weight of the lubricating oil composition.
V) A lubricating oil composition comprising:

a lubricating base stock; and



a lubricating base stock; and chai n- hydrocar bon-group-substituted netal
phenate, wherein the chain hydrocarbon group is an al kyl group having an
dverage carbon nunber of from 12 to 40 per hydroxyl group and a chain
linearity of 20% or higher as determ ned By a [err] CGNWR neasurenent, and
sai d nmetal phenate having been added in a-proportion of from1l ppmto
10,000 ppmin ternms of the netal thereof based on the whole weight of the
lubricating oil conpospjetalphenhte) substitieed bpiat Raspone cliain dyidrocanbarogroupsi ng:
a base stock conposed of a hydro-refined oil containing 2 wt% or |ess of
aromati c hydwhereihahe chaid 13dvocarbomw groupris antalkyl group havinganayeragaerroon

Vel ocar o, avamger O e 35 8y W0 oy And SrAEtodh BokRERER At o
25 det er m neligher ab detepminet by thes LIGINMR mepenmaiedt, seicineipl ahavaSrhality
metal ¢ hor cobee8dkbm & ReoeivR oRGoghd Apr 10 L0 bRl st gkl o,
et - phenat BECG4se SRTRE il R S e Wbrscheig il EqnpORaSA; i aiefr BT
the chain hy%e%m%%gbg@w ofa vikdositydnaswpitiproveg i1 vadetafawtvaoban

nunber of from12 to oxyl group and an al kyl chain linearity of
20% or hi gheasldessidispersame 0. bwt¥dte 1.8 wilofbRentramerprassure agentd0 o to
phenat e havi ng - ey
" 3 wt% of an anti-oxidant, 0.1 wt% to 3 wt% of a wear inhibitor, 0.15 wt% to
8 wt% of a pour-point depressant and 0.01 wt% to 2 wt% of a metal deactivator

can be added.

As has been described above, the friction modifier according to the
present invention, which comprises the chain-hydrocarbon-group-substituted
metal phenate, is useful for various fuels and lubricating oi_ls, and the lubricating
oil composition according to the present invention, which contains the friction
modifier, can be used as hydraulic working oils, wet brake oils, slidihg surface
oilS, plastic working oils, cutting oils and the like in addition to automatic trans-
mission fluid compositiéns, lubricating oil compositions for internal combustion
engines, and gear oils. It can also be used without limitations in lubricating oils
and fuel oils in any fields insofar as the friction reducing effects of the metal

phenate can be exhibited.

Examples

The present invention will next be described specifically by
Examples and Comparative Examples. It is however to be noted that the
Examples and the like are to primarily demonstrate the friction reducing effects

" of certain chain-hydrocarbon-group-substituted metal phenates (hereinafter may -



been added in a proportion of from1l ppmto 10,000 ppmin terns of the
metal thereof based on the whole weight. of the lubricating oil conposition,
and at. | east one of 4 % to 30 w% of a viscosity index inprover, 0.1 w%
to 5 wt%of an ashless dispersant, 0.1 w%to 2.5 wt% of an extrene
pressure agent, 0.1 wt%to 3 wt% of an anti-oxidant, 0.1 wt%to 3 wt% of a
wear inhibitor, 0.15 wt%to 8 wt% of a pour-point depressant and 0.01 w %
to 2" w % of cbemeferreditonas Tmetabphenates) asaeded) atscording ibe the present inventadiove,
the friction modifier according to the present, i pvention, which conprises
the chai n- hy dddhatie nyesams mvensionshall mofbe nnlﬁfbh&?l&se@aemépwn the
various fuel s,and lubricating oils, and the |ubricating oil conposition
according to e present invention, which contains the friction nodifier,
can be used as hydraulic working oils, wet.brake oils, sliding surface
oils, plastic working oils, cutting oils and the like in addition to
automatic trans- m ssiOfhd hﬂyﬂcﬁﬁﬂmhﬁﬁ%@frdetﬂlrph%ﬂhteﬁﬁnﬁﬂb%é‘d)m' tions
for internal conbustion engihes, and gear oils. I't can al so be used w thout
| imtations ifollowing Exampiesciridsthedikefand| apperformanceyevalwdtitm of lubfisating t he
friction reduclng effects of the netal phenate can be exhibited. Exanples
The present ioieompesitigns, fricien cpefficients wese megsused; byathe follpwing mathedsand
Conpar ative Exanples. It is however to be noted that the Exanples and the
|like are to primarily denonstrate the friction reducing effects of certain

chai n- hydr Ocﬁpommgﬁﬂpﬁbhtdftaﬁ&l%m liﬁ’élﬁ'ﬂ?‘} es (hereinafter may

Each metal phenate was converted into its corresponding alkylphenol, and

under the following measuring conditions, its 13C-NMR spectrum was
measured. Further, its alkyl chain linearity was calculated in accordance

with the below-described formula.

Measuring conditions -
Used instrument EX400 (manﬁfzictured by JEOL Ltd.)
Observed nucleus 13C
Observing frequency 100.50 MHz
Measuring mode o Inverse gated 1H decoupling
Internal standard 'TMS (= 0 ppm)

Relaxation reagent Cr(acac)3
Solvent - CDCl;3
Quantity of sample 300 mg

Temperature 30°C



-16- be referred to as "netal phenates" as needed) according to the present
invention and that the present invention shall not be linmted by these
Exanpl es and the like. The alkyl chain linearities of netal phenates

enpl oyed in the foll owi ng Exanpl es and thS | i ke and, as performance

eval uation of lubricating oil conposition “friction coefficients were

. nmeasured by the follow ng nethods. (i) Measuring nethod of al kyl chain

- linearity: Each mkylchﬂthEmuye(%):enverted into its corresponding
. al kyl phenol, and under the follow ng neasuring conditions, its 13C NWR

Secor dance w ?Eafﬁreeﬁéw;%%g%wbé§v B e i PRl D 0 ons Lo

i nst runent EX40(?f ppmtedlippmeny ¢4 ) Chserved nucl eus

[err] C Observing frequf %s éirﬂl@g:h RiGl X 100| nver se gat ed
| H decoupling | nternalshﬁ; 1%% Efg M Rel axation reagent

Cr (acac) 3 Sol vent trange from, 5 ppmyto Mty of sanple 300 ny
Tenper at ure 30[err]C

(i) Performance evaluation

* Friction coefﬁcient measuring method:

Concerning each lubricating oil composmon added with its corresponding
metal phenate in a predetermmed proportion, its friction coefficient was
measured under the following conditions by using "LFW-1" as a testing

machine.

Friction materials:  Steel/steel

Load: 20006
- Qil temperature: 80°C

Revolution speed: 600 rpm

Measuring period: = 30 min
- Example 1

Provided was Calcium Phenate 1 (total base number:
85 mg-KOH/g), which had an averégc alkyl carbon number of 19 per hydroxyl
group and an alkyl chain linearity of 45.3%. A lubricating oil composition was
formulated by adding the phenate to a refined mineral oil "100SN" (4.2 mm?/s at
100°C) as a lubricating basé stock in a proportion of 140 ppm in terms of

calcium based on the whole weight of the lubricating oil composition. The



-17 - Alkyl chain linearity (% = Integral intensity over the chemi cal

shi-ft range of form29 ppmto 31 ppm Sumof all integral intensity over the
chemical x 100 shift range of fromb5 ppmto 60 ppm (ii) Performnce

eval uation Friction coefficient neasuring method: Concerning each

| ubricating oil conposition added with i £48 torrespondi ng netal phenate in a
predeterm ned proportion, its friction coefficient was measured under the

foll owi ng cofdition aéemxéﬁildﬂhe kés\iftarit luBﬁcﬂms éﬂlcﬁﬁlpﬁéﬁmmﬁas fieasiited by
materials: Steel/steel Load QI tenperature:

80[ err ] C Revdheiabove-deseeibed method.r hmva&aﬁnmdlmgaqﬂrwod 30-min Exanple 1
Provi ded was Cal ci um Phenate | (total base nunber: 85 ng-KOH g), which had
an average al kyl carbon nunber of 19 per hydroxyl group and an al kyl chain
linearity of 545. 30_{_‘0 gA | ubricating oil conposition was fornul ated by addi ng
t he phenate i ned mneral oil "100SN' (4.2 mm{err]/s at 100[err] C
as a lubricating base stock in a proportion of 140 ppmin terns of cal cium
based on the whol e weight of the lubricating oil conposition. The

A lubricating oil composition was formulated in exactly the same
manner as in Example 1 except that the proportion of Calcium Phenate 1 was
increased from 140 ppm to 560 ppm in terms of calcium. When subjectéd to a

performance evaluation, its friction coefficient was found to be 0.09.

Example 3

Provided was Calcilim_Phenate 2 (total base number: 260 mg-
KOH/g), which had an average alkyl carbon number 6f 20 per hydroxyl group
and an alkyl chain linearity of 28.2%. A lubricating oil composition was
formulated by adding the phenate to a lubricating base stock, which was the
same as that employed in Example 1, in a proportion of 950 ﬁpm in terms of
calcium based on the whole weight of the lubricating oil composition. The
resultant lubricating oil composition was subjected to the above-described

performance evaluation. Its friction coefficient was found to be 0.09.

Example 4

A lubricating oil composition was formulated in exactly the same
manner as in Example 3 'excépt that the proportion of Calcium Phenate 2 was
ihcreased_from 950 ppm to 1,900 ppm in terms of calcium. The resultant
lubricating oil composition was subjected to a performance evaluation. Its
friction coefficient was found to be 0.09.



18 - friction coefficient of the resultant lubricating oil conposition was
measured by the above-described nmethod. It was found to be 0.10. Exanple .2
A'l ubricating oil conposition was forrmul ated in exactly the same manner as
in Exanple 1 except that the proportion of_ Calcium Phenate 1 was increased
from 140 ppmto 560 ppmin terns of cal cidfi When subjected to a
performance evaluation, its friction coefficient was found to be 0.09.
Exanpl e 3 Pr @x eWas Cal cium Phenate 2 (total base nunber: 260 ny-

KOH g), which had-an average al kyl carbon nunber of 20 per hydroxyl group
and an al kyl chain linearity of 28.2% A lubricating oil conposition was
formul ated by addi ng the phenate to a |ulricating base sfock, which vas the
sane as that enpl oyed i‘hlubngagng oil cqfﬁp‘éﬁlﬁ?%ﬂfﬂstfgﬁﬁufﬂ‘e‘g%eﬁﬁWi eSaMes of

Casul tant 1 uopRinet 4f i BRaplE s be mbdihe iiBhoh °CHlunt PHBARE 298s e
per f OrMance Gierensid (315,700 ppi intehfif of E8lchirfi, The réifitdrft WbricdtingCoil . D9

Exanple 4 A Icating ol Frconposition was formulated in exactly.the sane

manner as in ition3wax selijectetiab atpeeformanoé evaluation Cits frivtivivcoeffictert Was
i ncreased fronf 950 ppmto 1,900 ppmin terns of calcium The resultant

| ubri cati ng ovas foundde bei®®d.was subjected to a performance eval uation. Its
friction coefficient was found to be 0.09.

Comparative Example 1

The lubricating base stock, i.e., the purified mineral oil alone was
subjected to a performance evaluation. Its friction coefficient was found to be
0.14. |

Comparative Example 2

Provided was Calcium Phenate 3 (total base number: 250 mg-
KOH/g), which had an average alkyl carbon number of 20 per hydroﬁcyl group
and an alkyl chain linearity of 15.5%. A lubricating oil composition was
formulated by adding the phenate to a refined mineral oil, which was the same as
that employed in Example 1, m a proportion of 950 ppm in tefms of calcium
based on the whole weight of the lubricating oil compositjon. As aresultof a
performance evaluation, its friction coefficient was found to be 0.14. No
advantageous effect was available from the addition of Calcium Phenate 3 the
alkyl chain linearity of which is lower than 20%.



-

-19 - Exanmple 5 A lubricating oil conposition was formulated in exactly the
sanme manner as in Exanple 3, except that the proportion of Calcium Phenate
2" was increased to 5,700 ppmin ternms of calcium The resultant |ubricating
“oil conposition was subjected to a perforpgance eval uation. Its friction
coefficient was found to be 0.09. Corrparétz?Y/e Exanpl e 1 The lubricating

' base stock, i.e., the purified mneral oil alone was subjected to a

per f or mance @@hﬂﬁfahve.Exlailfp(]éBI ction coefficient was found to be 0. 14.
Conmparative anpl e rovided was Cal ci um Phenate 3 (total base nunber:
250 mg- KOH g), which had an-average al kyl- carbon nunber of 20 per hydr oxyl -

group and an al kyl chain linearity of 15.5% A lubricating oil, conposition
was formul ated by addl Yy labricating il eomaoanpefwwef@rm}m@m gxactly, fhe samgas

t he sane as that e d|n rti on min termns

of catcr um bABaneS I it mRATaE Egampls 2 eRechtihe BG erdbpigio ms. on. | he

a result of t f found to-

be 0.14. No adf/égﬁ{ ageous ﬁ%@*ﬁ%g@%ggﬁf%&hﬁi% Pgﬁqaﬁalgﬁa |t|on of Cal ci um

Phenate 3 t hqubtikating-6ik compositiohi wis sibjedted fo a petformanédievaldation. Its
| friction coefficient was found to be 0.13.

* The kinds and properties of the calcium phenate used in the
~Examples and the like are shown in Table 1, and the results of the performance

evaluations of the lubricating oil compositions are summarized in Table 2.

TABLE 1

Average Alkyl |
Carbon Number Per | Alkyl Chain Total Base
Kind Hydroxyl Group Linearity Number
Calcium Phenate 1 19 45.3% 85 mg-KOH/g
Calcium Phenate 2 20  282% | 260 mg-KOH/g
Calcium Phenate 3 20 15.5% 250 mg-KOH/g
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-20 - Conparative Exanple 3 A lubricating oil conposition was fornmul ated in
exactly the sane manner as in Conparative Exanple 2 except that the
proportion of Calcium Phenate 3 was increased to 5,700 ppmin terms of
calcium The resultant lubricating oil conposition was subjected to a
performance evaluation. Its friction coeffjcient was found to be 0.13. The
kinds and properties of the cal ci um phenate used in the Exanples and the

| i ke are shown in Tablfe gt LIIF reputts off thg—peyforyance eval uati ons
of the lubricati ng oil rrp03|t|o1s are sum‘rqrgzed | Eaagle 2. TABLE 1

Aver age Al kyl Carbon NuggreP¢er Al ky]l Chaih | & Tot al gas;e Ki nd

Hydr oxyl G oup Lilngani ty Nunper {Cal di UIn{Phenate]|1 19

45. 3% 85 ny- KOH/ ¢ crum Phematg 2 40 1 28. 2%

260 ng- KOH g Cal ci um H ate 3 20 1§ 5% 250 ng- KOH g
- 21 - Jerr] o ' ! ; '

950

>
Comparative CExagh

1
0.14

5700
0.09

1900
0.09

Refined mineral oil,_ 100SN

950
0.09

Example
3

TABLE 2
2
560
0.09

1
140
0.10

Calcium Phenate 1
Calcium Phenate 2
-Calcium Phenate 3
Friction coefficient

Performance evaluation

Base stock




-22 - Fromthe above Exanples and Conparative Exanples, it is apparent that
a low frictional coefficient can be obtained froma chain-

hydr ocar bon- gr oup- substituted nmetal phenate of an alkyl chain linearity of

20% or higher even if it is added in a small proportion (Exanple 1), but it
Is also clear froma conpari son anong Comﬁrative Exanples 1, 2 and 3 that

a metal phenate of an alkyl chain linearity |ower than 20% cannot bring any
si gni ficant inprove- Mefyonh thel stcve Examhple@ahd Confptiratve Exarhpléssitis opor ti on

is increased. Fromthese results, it has becone evident that the alkyl

chai n |i near i dgpparentahatrd low frictidnat toeffigiont can ibg dbtained from acbhainrg ability.

Fromthis it is seen that a in-hydrocarbon-group-substitufed nefal ate

havi ng an al ldwdromrbnn+g'rom1sub§tltoﬂedzm¥abph¢nagh@Eana!;k)ﬂi airy hnearity, of 2000 ci ng

B
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machi nery wit %1 [Eﬁﬁﬁilﬁﬁaﬁ?}_ loWer tRAW20% é@ﬁm@gﬁmgi@?mﬁﬁmﬁmmemt
"ubric | 0

of an oil of ting viscosity and a m nor anoun a friction

nodi fi er consineht indfrittionhbéoefiividnevenvifiitsqpropprtionbistinereaset. nErom thesenat e
substi t-uted : : . . .
results, it has become evident that the alkyl chain linearity is a principal factor

governing friction reducing ability.

From this it is seen that a in-hydrocarbon-group-substituted metal
phenate having an alkyl chain linearity of 20% or higher has high friction
reducing effects, is useful as a friction modifier especially for lubricating oils,

and can improve the friction characteristics of lubricating oil compositions.



by at |east one chai—n—'hydrtrcar”ob‘ﬁ—gm—p, characterized in
hydr ocar bon group ha%ggh thﬁlﬁ likad i nearity of 20% or I

determined by a carbo t1c resonance neasure ' t’ .,
measurenent). 2. The ;’dwmmmfﬂ 1 wherein in the fri S, fwElr
conprising chain- hydr substPiuted nmetal phenate, said cha

hydr ocarbon group is an al kyl group. 3.. The nethod of claim2 wherein in
the frictionQoaiNigser the chain hydrocarbon group is one or nore al kyl
group each of mhlch has 12-40 carbon atons on average per hydroxyl group as
- measured by [err] CGNWR neasurenent. 4. The nethod of claim1l1, 2 or ,
wherein in the friction, Erdd aIkyI
chain linearity of SO%HOW%%?P rgxg 5&?3?%1%&5%&??? ]C-&jll\/g ‘E:ggs renment .
5. A nethod Substitatedanetatphéreaté substitated bydatdeasy one whair hydrooarbanlgtbap,cat i ng
oi | conposition conprising adding to said Iubrlcatlng oi | conposition a

friction nodchaactesizediin thatgaist clmmﬂwdmaaphmvgmup qncalkylschadn linearity ofet al
phenat e subs | east chai,n hydrocar bon group, said chain
hydr ocar bon gbyJ ﬂ‘zﬂ%ﬁ@s Qﬁtegpﬂﬁ%%hﬁP#hoF‘ GarymagnengFesANance Measyes-
det er m ned b¥n gﬁawcl ear etic resonance neasurenent (13C NWR
measur enent ), e maswm havi ng been added in a proportion of

from1l ppmto 10,000 ppmin terns of the netal thereof based on a whole
wei ght of said lubricating oil conposition. REPLACEMENT SHEET 24-

2. The friction modifier comprising chain-hydrocarbon-group-

_substituted metal phenate as defined in claim 1, wherein said chain hydrocarbon

group is an alkyl group.

3. The friction modifier of claim 2 wherein the chain hydrocarbon

group is one or more alkyl group eaéh of which has 12-40 carbon atoms on

average per hydroxyl group as measured by 13C-NMR measurement.

4. The friction modifier of claim 1, 2 or 3 wherein the chain

hydrocarbon group has an alkyl chain linearity of 30% or higher as determined
by 13C-NMR measurement.

5. A lubridating oil composition characterized in that said

lubricating oil composition comprises:
a lubricating base stock; ‘and

chain-hydrocarbon-group-substituted metal phenate substituted by
at least one chain hydrocarbon group, said chain hydrocarbon group having an
alkyl chain linearity of 20% or higher as determined by a carbon nuclear

magnetic resonance measurement ('*C-NMR measurement), and said metal

ok c L M H *




6. The rret hod of claim5 wherein the chain hydrocar bon
group. he net Hbhi Shéet HisBeen Replabedr ei n t he chai n” hydro

or nore aI kyI group has 12-40 carbon atom;
hydr oxyl group as rrmnﬂn MM‘IMHC— NVR neasurenent. 8. =+
claim5, or 7 wherern the chain hydrocadbon group has an al kyl chain
linearity of 30% or hi gher as determned by [err] CNWR neasurenent.. 9. The
met hod of cl di tional
addi tive sel@c%@ ]}a?,g%b%eﬁ%nggghc@ ngttﬁ#g?{)?geil ggggfttc;yﬁ?ggggbiﬁlngfover S,
ashl ess di spermssof the ekl theresiiiased onrwholeowsight sf saiddubrieating @il agent s,
wear inhibitors, netal deactivators, pour point depressants, and rust

i nhi bi t ors. composition. '

6 The lubricating oil composition of claim 5 whereln the chain

hydrocarbon group is an alkyl group.

7. The lubricating oil composition of claim 6 wherein the chain

hydrocarbon group is one or more alkyl group each of which has 12-40 carbon

"atoms on average per hydroxyl group as measured by 13C-NMR measurement.

8. The lubricating oil compositjon of claim: 5, 6 or 7 wherein the
chain hydrocarbon group has an alkyl chain linearity of 30% or higher as

determined by 13C-NMR measurement.

9. The lubricating oil cotnpoﬁtion of claim 5, 6 or 7 further
containing at least one additive selected from the group consisting of viscosity -
index improvers, ashless dispersants, anti-oxidation inhibitors, extreme pressure
agents, wear inhjbitors, metal deactivators, pour point depressants, rust
inhibitors, other friction modifiers.
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