. ; mMmope3edp<62T~a -1. io JS 20 25 BACKGROUND OF THE | NVENTI ON FI ELD OF THE
P NVENTI ON [0001] This invention relates to a lubricant oil conposition for

i nternal conbustion engines and a friction reducing nmethod for internal
conbusti on engi nes and, nore specificalty, relates to a lubricant oil
conposi tion useful for reduction of friction |loss and inprovenent in fuel
econony i R E)iLYP@Di@FeIF lINQ&@N %Non engi nes, particularly a lubricant
oi | conpo i engi nes suitable for |ubrication of
di esel engi nes equi pped with an exhaust gas recircul ation system
(hereinafter often referred to as "EGR'). [0002] Lubricant oils are used
for slidi BGERENOYCTHENNYEMNTIOMbuUsti on engi nes, for exanple, piston rings,
cylinder liners, crankshafts, bearings fox connecting rods, valve system
mechani sns i ncluding cans and valve lifters, and the |ike. However, because
of their | ene : Gl I ne I ni ques have
been d%avel[g?)‘gla to I;Igﬁluﬂ(r:lgéﬁ%gewférl?’%g &%%T?%{éé;blgﬁg ‘{O%np?%sgg&l.’ ?ﬁénﬁe&é#\ econony.
As a friceopibuseonehsihesantta frieribs radidetly hthotbfdrdamimal dombifogduce t he
friction coefficients of lubricant oils, for exanple, attention is paid to
. or gani ¢ spgines andpmovtrppacificallyg melatesdo mdishrcardroibéornpgsition weefuy fstenum

i compound wth netallic detergent (e.g., Kokoku publication No. 6-62933), a
conbi nat i Wloﬁr%fagfﬁclio PSAATELHIRIOE ARSI et ecanemay in auepulive (e. g. |

; Kakoku p ' ' - 9 h ke have been .proposed. a
friction ?@éﬁ@?tﬁéﬁ%‘gﬁ%‘n%Fgg‘g?’e%"r‘ﬁr?]‘?%ﬂyﬁﬁi‘bE‘F%@rﬁlﬁc%l’%ﬁeﬁ3?3{ Ug?ﬁ?@ﬁnds,
furthes, somdubiisaeheMesbulthble #oPlubPRAtbR LS Bfds i | gt dph Organic
copper congound (e.g?i,ﬁeKoEoku publui cat ilon No. ?%%g%s?édtﬁp@%dﬂ%gtﬁﬂa% on of
pent aer yt Bxhaust pag récisudation syisthm ¢herzimadted ofton opfeosdhates "BGRYKU
publication No. 55-80494), and the |ike have al so been proposed. ~J

[ pO03] 1-Towever, the production of soot resulting frominconplete

oSt q _ . . . ( ik
ool ne TogiziCt o Bl GRIAGLSOE AR AR ahs B iERE] rERRL M dnced soot
Accor di ngkyginesnfee Rkawpdd, pistbs bin@s, ¢yaiider NdeddSfinksivaftd) béﬁriﬂ%&ﬁ}ikg ol ve

mol ybdenum conpound, am ne conpounds, am de conpounds and th

a di f 13 cureyneciingreds.avalvé systemmedfanirros inmhnting bersanidoial eslliftess, tnd t he

i nfl uence_of,.t he..soot in oil. %’qo i nqr ove the {ogel econony, of di esel

engi nes, Bin ¥ nEOWeYeRpagpuss of thairlargsenersmploss by Highancngengral, Kokoku
publicati : i [ Vi oi nt of
P eventi onop i pa e hape BeaP B ABRRORS b e dritfon LA G AT

I ncr easi ntieyfuckgeoncenly. At friction reduciagtageni 1w beghitd tbaubABRRIB tot O
i nprove the fuel %onsurrpti on. of diesel passenger cars by 14.9% on the

aver age (Fﬁﬂ\’ﬁﬁﬁbﬂ RFHon Q@fﬁg%‘éﬂﬁbépam%ﬁuﬁ?ﬂ@@mple&ﬁﬁmm isipei®05. 1 s
NOx e scristis B bl Camlohed, 2" CRuRTSh pF Srefile Mol hembhsea 1o
209" avat GobibBultl fifiPinorli¥ AeRYpLA TR ANRBNA! AN AN IS E.cays N1g =00t and

the fuel 'ecohony eftect rictrrgn re ng agent can fully

exhi bi t edeoffbinationsofrghmicrmelybdemenesipdundnvith sulfey 6hepBRAY (@.g.,f uel
econony technjques for diesel 20 engine oils, and the devel oprrent of
| ubr i cantKekpky publisationNe. St83599) apd ith¢ like have beemprapyised s As apfrctienof

reduci ng ar_in it senge of soot is .. desired. S RY Op THE

| | ~f VENTI %ir\aﬁfﬁﬁ( %%Fé’é]dlﬁgfgﬁg ﬁﬁf’bﬁ}e Qfsarelﬁi@iﬁéwm&mgoqr@“s@%ea@ a

| ubr i ANt oGl Do ' : e !

conbust i O%&gnbl nesqgi\)%xé)?}g& tﬁ!a@%tr@fegi;ﬁag%g?@ FJHQ\'{ S glﬁﬁréeggéep %ﬁlgl%? #’8%

i nconpl et .g.oKokekupubdicafioeNo. 3-78379 4 cembination of Iiewlﬂdcd;:re?ﬂh@itop@vith
conposition suitable for diesel engines equipped with EGR (p007] In the
vi ew of t$Hecpgpie ok zisic difdophosphate (Keokpluguihlication Nib $5e3049, mcbsent

i nvent or s_;hawe f oun hat _a | ubricant oil conposition obtained by m xing a
noni oni ¢ %ﬁﬁ&ecl?agvrﬁﬁw %’ﬁe'bp’éoé’é’éi“ﬁ'i ed al kyl ene oxi de added thereto with ~

| ubricant base oil is effective even under a lubricating conditions with
soot in the oil, and an enhanced friction reducing effect can be exhibited

by controlling its hydrophile |ipophile balance (" " | ue and

nol ecul ar wei ght, reaching io the conpletion oﬂlllm‘!ﬂ“m W‘Ml on on the basis
of such a know edgemmu mmm m s invention rel a lubricant oil
conposi tion conpri sk Hm I “"ﬂl "l *159159*

*G00002*




~ lubricant base oil incorporated with 0.01 wt% or nore, based on the total
wei ght of the lubricant oil conposition, of a nonionic surfactant with

al kylene t s pxide added thereto consisting of at |east one conpound wth
an 1-1LB value of "15 or nore and a wel ght average nol ecul ar wei ght
(hereinafter referred to as "nol ecul ar weight" for short) of 900 or nore.
"[0009] T hinventy I o A € o8 biag net hod for
Zo inter nm@%%nbusﬁd(ﬂe\re&a’g@%?go@gﬁprl sfiysr%)?r?sr?ﬂﬁa#g?ﬁtﬁg}r{lcg?dﬁg%ﬂ%busti on engi ne
in which gohibustieari diédel fisl cahnot broayrddédin & drself aging tuadikelid fasotine
present in conbustion exhaust gas, using a lubricant oil conposition for

i nternal engnesandtheengine oilds epniastingted with thaproduped sodi |A¢aezdingly, at ed
with 0.01 wt % or né:ire, .based on the total weight of tbe | ubri cant oil
Composi t | GANVERtGNAFEURH Fedbisine agknts SichAs GReFRIcAPRYPERBUBAMB Mo d

theretp c LSt t S | 4 5 or
nor e a%d gﬂﬁniﬁ?tgéﬁﬁ)g%\(}\g‘l aéh@o#%@?%ﬁ@&%%%\é&g? éggﬁri%:cmﬁ %ttﬁét alg_oot in
oi | . -44\fRKieht dFedteathotindealibited dhdis tHeimanEn@oPhewodeh aill ghri cant

oi |l conposition for internal conbustion engine conprising a |ubricant base
oi | i ncor popaeeithe fuel esorainky bé dieselénginesd daly hemxing with alkeli amgtal

consi sting of 0 und with an hlLB vgl ue or .nore and nmol ecul ar
wei ght of Qﬁﬁeg’ry%ﬂr}gg?'gaﬂg&éoq‘f“rP’ﬁ@?%ﬁop}&%c]i‘%s@t%d’*&i’rpﬂ?% nal
conbustion engine using this lubricant oil conposition for internal
conbustion engines, and this invention involves the followng (1) to (7) as
pr ef enabl goeodjodi mPrbe: mh@@éﬂci)oihibf?rd%hﬁbﬁMtgldﬂa'l VEIRS | hehréOsf | nt er nal
conbustion engines io according to the above wherein the al kyl ene

oxi de- addéeduming 6{Premissiancargrincregsinghynrequistd sarsbimporequestedpn iJspang for

| i pophilic_group conponen ving a bond up.introduced thereto and a
yir bphi | XA 35 SERROTErE SR LC SRt o Stel mesdcBger cars by L %hon <s
[0012] (2 i i Sid | f ' ' i nes
accordi ng)ﬂtlég‘a%ﬂgéggga\}%p %?kei r‘ﬁﬂgﬁt@ h1e§ g\%%e/ |fg%led°§‘§ﬁ‘?§ﬁ§8§ggpﬁ§?ﬁ g{r%:l égms?ﬂr fact ant
contains at |east one conpound sel ected fromthe group consisting of

conpounds .represented by the fol |l ow n eneral fornulae (x) to (V). 20
Cheni dal [O09R) a 1 Ioresvinstallafionmiithe EGIS systemi asdhe magasutes of rRdugingf Ri O-H

NOx emissions from diesel engines, the soot in oil is still increased to aggravate

the wear of valve systems and pistons/cylinders by the soot, and the fuel
economy effect by the friction reducing agent cannot be fully exhibited, There is
an increasing expectation for development of fuel economy techniques for diesel
20 Iengine oils, and the development of lubricant oil compositions for internal
combustion engines capable of reducing the wear in the presence of soot is

desired.

SUMMARY OF THE INVENTION

25

'10006] The subject of this invention is to provide a lubricant oil
composition capable of reducing friction of internal combustion engines even in

'the presence of the soot resulting from incomplete combustion of fuel,



(I') Ra-COQ---E R0 R~ (11) CR3- COO-Y--~ 0-~R$O-H ] a (IIl) 30 i -5
Chem cal Formula 4 R~ N ~( R4A0O H ( R50~-H 5 Chemical Formula 5 R6-"" ~-Rss
NC( RT~~-H (Rao~~ (~) Chem cal Formul a R6- CON ~( Re~~ H (R~oC~H ~ s
[0013] In the above general formulae (ry-to (‘Vl), 1. Rl, R2,113, R4, RS
and R6, which nmay be the sane or different, each represents an allcyl group
havi ng 8 -, : 3 50 wAleE;  an
aromatic t]i);?gl?%lggl ’gﬂllg;}'%t g\'«;:loﬁl gﬁw%%ﬁ%g&c%?\gg%&g%ﬁg?gSg'ﬂgﬁgdlar omatic
hydr ocar b@GRroup substituted by at |east one al kyl group or al kenyl group
having 8 - 24 carbon atons. 2. R22 represents hydrogen atomor -OCR2. 3 .
R~ - R, which may be the sane or different, each represents an al kyl ene

2s group, and.n., whi ch be the s or different, eagh represents
the’ -6 dlioofr 2 o el nERe s Suleri A o aws 28 cEserbedhwsetes T he

frame par fpr%%cni‘irﬂ%lﬁ&¥qfakf€ féﬁrt?tﬁgﬂétoa[c@]m? il F&F@O{?\i toﬁrb%tﬁngtzgg represents

an i ntege or noreé, ano ( er eo nor e t he nunber
of hydr oxyhixftigdpdniinit berfacthtwithiaCspabifidcdlkylene oxide added thereto with

3 lubricant base oil is effective even under a lubricating conditions with soot in

the oil, and an enhanced friction reducing effect can be exhibited by controlling
its hydrophile lipophile balance ("HLB") value and molecular weight, reaching

10 the completion of this invention on the basis of such a knowledge.

{0008] This invention relates first to a lubricant oil composition comprising
a lubricant base oil incorporated with 0.01 wi% or more, based on the total
weight of the lubricant oil composition, of a nonionic surfactant with alkylene

15 pxide added thereto consisting of at least one compound with an HLB value of
15 or more and a weight average molecular weight (hereinafter referred to as

*“molecular weight” for short) of 900 or more.

10009] This invention relates secondly to a friction 'reducing method for

20  internal combustion engines comprising, in an internal combustion engine in
which a lubricant oil for sliding parts is contaminated with soot present in
Icombustion exhaust gas, using a lubricant oil compesition for internal
combustion engines comprising a lubricant base oil incorporated with 0.01 wi%
or more, based on the total weight of the lubricant oil composition, of a nonionic

25 surfactant with alkylene oxide added thereto consisting of at least one compound
‘with an HLB value of 15 or more and a molecular weight of 900 or more in the

‘presence of the soot in oil.



7. RSS represents an al kylene group. t o [0014] (3) A lubricant oi
.conpositioh for internal conbustion engines according to the above wherein
R, R, R3,124, RS and 1t6 in the above general fornmulae (1) to (VI), which
may be the same or different, each repr®sents an allryl group or al kenyl
group having 17 - 24 carbon atonms. t s [0015] (4) A lubricant oi

conposi ti foar |1 ner : J i L : above wherein
R, Rz, Rg?"&ﬁ, R8h§ﬁ§§9%§ |ch’gggﬁﬁﬁgﬁggégsgg%g?P?gégﬁg?ﬁ%ach represents
a phenyl ebmgbsﬁi&ﬁfoﬁmﬁﬁlwnﬁiusﬁmeh Peeofiptiding n dulsricunt dakeott| group
having 8 - 18 carbon atons. ao [0016] é? A l'ubricant oil conposition for

i nternal oovppetatathwéthgimalkykeoe oxdieagddad ndmoniccuefastant consising efist ei t her
t he pol ynerizati gn nunber. of 'alﬁgiene oxi de n1orﬁ&lin t e(gjk | ene

oxi de- addeempeRREYiEh anHIdR vahie ¢kl er moreane agaelepplpemeight 290 qro017j (6)

A lubrjcan [ L or_1 l. L .eng| ceerding to
the anbye ey orEE SHEHON bkt o AR e SRh B SR ShRRR e P B

| ubri cant ygHrica6® BRQnip&tio fordntenall oninl stioh ingpiras Al igs ifeftion 30 Wt % of
a non-di spersion type ‘et hyl ene-propyl ene copol yrner, and 0.01 - 0.5 wt % of
succi ni m tevdlves drerfollotving (F)agdi) as prefferableeembodisnents t he | ubri cant base

oi | . io [0018) (7) A friction reducing nethod for internal conbustion
engi nes according to the above wherein the soot content in oil in the

. | . e above whereln t _ U o
P12EFERREDDENEOD! NENr ey DBE6 R eothEb Qe ab metrAl B MR T v et ai |
bel owyg Lub&é&a{ﬁ% RARR abobe WHE2Eh RO RIMyIEHd 5AAb-2888& nehlondS sﬁﬁ'ﬁﬁtﬁﬂ@onem of

the lubricant oil conposition of this invention is not particularly

limted, fomnethef ocempoinl comprisimpi lipopkiid greup kendpanenvhdvihgea Homdr i cant
oils for interpal co stion engjnes n be used. In other words, it may be
a m ner al SERYP mér%d}’ﬁgggﬁr gtooarqcﬁ %LY &%ﬁﬂtwr@upsconm@af ?H&C‘?@QHU&& PB base

oil is al é%b ] As the mineral base oil, a mneral oil such as
sol vent-rggﬁﬂﬁe éﬁgf:%gn ‘e or hydrogen-treated oil obtained by treating a

| ubricant fraction obtained as the vacuumdistillate of the atnospheric
distillation residual oil of a zo paraffin, internediate or naphthene base
crudeldi | [A2]se of2)a prlobssantal campositios dbeintermal cambustidroengipes i fi cati on

.. t refini. hyd i ng,, hyd treating,
Pyar ogenabriidinle abfAbRY® Selipihe AOEns Gde Ao hoBIMCHRITSHENk ne || ke:
. o L . ot y T dual ofl
o 5ol venfhfairi T4 SuoRGE celiidd HoUPRURE Ebhanld B8, LT ed 51 1 by
t he abovecpmpohndatdpresemabpg she folIvwiaE Feneral fohdbe €Y bYVI).

-

20 Chemical Formula 1

R'— 0 —(R,0}~H o
Chemical Formula 2
25 Rz-"CO O""( Rzﬂ};‘ Rm (II)

Chemical Formula 3

[R*— COO}-Y-FO—{R,0)—H 1, (1I1)

30



isomerizing a wax content; and a m xture thereof can be used. An aromatic
.extractant' such as phenol, furfural, N-nmethyl pyrolidone or the like is
used in the above solvent refining, while Iiquefied propane, MEl U ol uene or
the like is used g as the solvent fof” sol vent dewaxing, In the catalytic
deasphal ting, for exanple, shape selective zeolite or the like is used as
t he deasphalting catal yst. [0022] Exanples of the thus-obtained refined

m ner al Gk |ncI3pe I| tgravity neutral oil, nmediumgravity oil)
heavy-gra bright stock and the |ike, and these base
materials are properly nlxed so as to satisfy required properties, whereby
the m neral base oil can be produced. 0023J Exanpl es of the synthetic base
oil include poly a-olefin ollgonﬁ {Bﬂﬁhvﬂpoly(l hexene) ,

pol y(1-octene), poly(i-decene) etc. g gure thereofJ, polybutene,

al kyl benzene (e.g., dodecyl benzene, tetra écyl benzene, di(2

~t hyl hexyl ) benzene, dinonyl benzene, etc.), polyphenyl (e.g., biphenyl,

al kyl ated pol yphenyl, etc.), al kylated di phenyl ether, al kyl ated

daphenyl sghbgdcalBuindds Svati ves thereof; esters of dibasic acid (e.g.,
phthalic acid, succinic acid, is alkylsuccinic acid, alkenylsuccinie acid,
mal efic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,

adi pic acid, dimrer I|inol eﬁge, &a (fR-,(Da:r-Pous al cohol s (e.0.,

but yl al cohol , hexylalcohol,'ﬁfﬁ_ﬁéﬁﬁ"ﬁi , dodecyl al cohol ,

et hyl enegl ycol , di et hyl enegl ycol dlethyleneglycol nonoet her,

propyl enegl ycol, etc.); ester$Rg®¥nptinocarboxylic acid having 5 - %%Ocarbon
atons with polyols zo (e.g., neopentyl glycol, trinmethylol propane,
pentaerythritol, dipentaerythritol, tripenthaerythritol, etc.); and
polyo aIkerne gl ycol, pol yoxyal kyl ene gl ycol ester, polyoxyal kyl ene
glyco 10 silicone oil and the like. [0024) The | ubricant
base oi l g%ﬁnB§Q8§ ucgg by m xi ng the above oil 2s bases independently or
in a conbination of at least two so as to have desired viscosity and ot her
properties. For the lubricant oil for internal conbustion engines of this
i nvention, for exanple, thg kw@)ﬁscosmy at 100 of the base oil is
adjusted in a range of 2 gprably 3 - 1% rnn2/s. Wen_the

ki nematie viscosity of the Iubrlcant dse oil is too high, the aglYBtion
9. resistance and the coefficient of frlctlon in the hydrodynan c
lubricati gion,al.e i.ncreased,t.0 ter fuel saving
char aét erf@lﬁj Haﬂmvictgegg{a&\{p% a‘é M}a the wear at sliding
parts such as valve systens, piston rings, bearlngs and bearings of

i nternal conbustion engines is increased. ~l|kylene Oxi de- Added Noni onic

Sur f act a{ﬂl [RY2E) RFhR* atkanERE whictianay tetha\iph@0i differehnehdnt used as the
conponen

l-u

represents an alkyl group having 8 - 30 carbon atoms; an alkenyl group
having 8 - 30 carbon atoms; an aromatic hydrocarbon group having 6 - 30
20 carbon atoms; or an aromatic hydrocarbon group substituted by at least one

alkyl group or alkenyl group having 8 - 24 carbon atoms.
2. R% represents hydrogen atom or -OCR?,
3. R'-R', which may be the same or different, each represents an alkylene

25 group,

4. m and n, which may be the same or different, each represents the



O of the lubricant oil conposition for internal conbustion engine of this

. nvention fcontains at | east one conpound having at |east one al kyl ene oxi de
group -(RO"~ in the nolecule formed of _a |lipophilic group conponent and a
hydrophilic group conmponent, which has- én 1~LB val ue of 15 or nore and a
nmol ecul ar yvei ght of 900 or nore. 15 Q0026) The Iipophilic group conponent

is not limt 0 I i 1y used as a lipophilic group
conmponent fﬁﬁmﬁgﬁﬁggé‘u Dgggghﬁ&%%@gﬁggttai n the purpose of this

i nvention, can be optionally selected. The |ipophilic group conponent is
mai nl y conposed of a straight chain or branched saturated 20 or unsaturated
al i phati c5=hyﬂrmﬁmamxhafmnmpm b d pobdyidoic adeolwd conmpoaehr; hydr ocar bon

havi ng the aliphatic hydrocarbon as side chain to which at | east one bond
group such as ether (-O), ester (-COO), airline (-N<), am de (CON<),

t hi oet her .(-.S: t hi pam - [ i ke is,hntroduced. .Exanpl es of
t he hydr 08 hi¥ P%d &%ﬁgﬁgﬁlﬁ%&?’#ﬁ ?gégt)eggL%{/Pﬁﬁpg‘rF’%@ %’ﬁéﬂtagg’eé??&lls&ﬁt de,

pol yal kyl enemgse ﬂ&hﬁﬁ@hun?&?B'fh?ﬂrm@!lgﬁﬁigisrbftﬁé bianaticamkdmiand the like.
[0027) The al kyl ene oxi de. -added noni oni ¢ surfactdnt suitable as the
conponent of the lubricant oil conmposition for internal conbustion engi nes
of this invention contains at |east one conpound having a basic chem cal
st ruct ur e ’soRasgcREeseRtsfaRlkyiene Broup.f urt her has an HLB val ue controlled to
a specif ed |level of to 1~ or nore as a first specific property and a
nol ecul ar wei ght (nole nunber) s~ecif ed to 900 or nore as a second

speci fpcC tly. 2 Ll AN - bSvl L he ratio
(ol ecti af tignt 51 B {orint ff ORPESKEH @0 b LoubAE) el

sur f act antgcarding toathedibave ovitbreig R'o R B® R, RIchndy Rbisihe dbypv¥geferaCrri ffin

[J. SCC, snetic Chemsts,. 1, (5 11 (;1949)] is adapted as the HLB
value. [0 @]“119\?129 taK%},MCBR&QM%ﬂH cEerly PAGLICRRESENti # ered in i
o nol ecul i , i r | ecul ar weight is

r epr esent gmg‘g'gﬁ 3@@%&5@9&&?@@‘/%)}?'?ﬁectaj‘gf%n?tgﬁé' oxi de- added noni oni c
surfactant as the conponent of the lubricant oil conposition of this

i nvention contains at |east one conpound of i s the above chem cal

structure[00k] is ¢OntA hibricadt oih caniposiionafonéntemal Sombustior eagithesn

nol ecul ar wei ght to_,900 or re. retely,. & he kyl ene oxi de-added 20
accorgpng 1o the a%ove N4 ereem Rq??{q, RE, R”X R® and l%;, vsyhich are the same or

different, each represents a phenyl group substituted by at least one alky! group

or alkenyl group having 8 - 18 carbon atoms.

20 [0016] (5) A lubricant oil composition for internal combustion engines
according to the above wherein at least either the polymerization number of
:alkylene oxides m or n in the alkylene oxide-added nonionic surfactant is 15 or
more per molecule.

25 :[0017] (6) A lubricant oil composition for internal combustion engines
.according to the above wherein 0.01 wt% or more, based on the total weight of
the lubricant oil composition, of zinc dialkyldithiophosphate, 0.01 - 30 wi% of a
inon-dispcrsion type ethylene-propylene copolymer, and 0.01 - 0.5 wt% of

;succinimide in terms of nitrogen are further mixed to the lubricant base oil.



noni oni ¢ surfactant can be provided by selecting at | east one of the
.conpounds represented by the follow ng general fornulae (1) to (VI) and
controlling the structure thereof. [003] ] Each of the conpounds related to
t he al kyl ene oxi de-added noni oni c 'surfhctant s represented by the general
formulae (I) to (VI) is further described. Ether-Based Conpound 2s . (0032]

The foll oy gene : ound used
as the al Y(ayqi%lle ox{@e @{ﬁhﬁgﬁﬁ%ﬁéggéstgé g%rflgﬁ%}ngfaﬁ'ﬁ@%ﬁ%de Formula 7
R...... Oacddrifhidntohtht iaB6PsIvhereih ke Seutasontert & G1lia the inteindl compusti@nt s a
straight chain or branched saturated or unsaturated aliphatic hydrocarbon
group, noergiaelis Odewt¥iarandxe. an al kyl group having 8 - 30 carbon atons; an
al kenyl group having 8 - 30 carbon atons; aromatic hydrocarbon group havi ng
6 - 30 carbon atonS' ~ 0 and an aronatlc hydrocarbon group havi ng at | east
one al kyl . ; [ 0034]
Asthestep.ﬂ.:é . . L X GS€t

particul arly, an aIkyI group haV|ng 17 - 24 carbon atons an aIkenyI group
i s havin 24 r stituted by at |east
one aIkyIﬂHﬁéglkeng ﬁdggﬁgﬁﬁggﬁynﬁggdé¥@ﬁ38¥%ggfa %é“gre preferable from
the viewpoint Af ensuring a high friction reducing effect. Exanples thereof
i ncl ude an al kyl group such as heptadecyl group, octadecyl group, nonadeeyl
group, eicosyl group, heneicosyl group, docosyl group, tricosyl group,

pent acosy B exacos | rou , he tacos 1 rou , etc.~ an alken 1 rou
such as he tadecen 1 YgPp YgP~y gPPy group, octadecenyl group,

i eocthyl ,

i A R s A o
groug,sucﬁg&@B %@nyl%ﬁg &P&gﬁﬁ@%@%cﬁ%@y?%ﬁf@gﬂxo ‘%@bef%nchgd Y
hydr ocar basrfPy BSed E#ﬂfé%serwl fobmfﬁéﬁm 019 8s5hieMigNcdhBu i nlbésif% ifdgber  of

t he above hydrocarbon group such as al kyl group or the |ike ess than 8,
a | ow fri can beusedf I ethenwardnibmaydbecbimneretolyaisynthetie biltoriacabiture

condi tioni cont nated, ycrit h the conpatibility so ; and

st abi H tyﬂ}cﬁe‘? gMV&gFﬁaqu]P%@% F”f%o'\l?a%é?y to deteriorate. Even if the

car bon

[0021] As the mineral base oil, 2 mineral oil such as solvent-refined
raffinate or hydrogen-treated oil obtained by treating a lubricant fraction
obtained as the vacuum distillate of the atmospheric distillation residual oil of a

20  paraffin, intermediate or naphthene base crude oil by use of a process optionally
selected from various purification processes, e.g., solvent refining,
hydrocracking, hydrogen treating, hydrogenation extraction, catalytic dewaxing,
clay treatment and the like; a mineral oil obtained by subjecting the vacuum
distillation residual oil to solvent deasphalting, and treating the resulting

25  deasphalted oil by the above purification process, a mineral oil obtained by
isomerizing a wax content; and a mixture thereof can be used. An aromatic
extractant such as phenol, furfural, N-methyl pyrolidone or the like is used in the
above solvent refining, while liquefied propane, MEK/toluene or the like is used



-12 nunber exceeds 30, not only the effect cornnensurating to the increase
.cannot be obtained, but also the conpatibility with the base oil m ght be
| acki ng. (0036] In the above general fo%nula (1),12, in -(R 0)"-His the
al kyl ene group of an al kyl ene oxi de, and” preferabl e exanpl es thereof

i nclude those having 2 - 4 carbon atons, e.g., ethylene group, propylene

group, | Sg#’ﬂrfé%l@é}ﬁ o Q&Qelapc}l@rﬁdée)ég{gg. B ﬁb&at&l?ﬁ@ \eyd | ﬁgﬁ,%&zﬁﬁ@ebmese

al kyl ene oups hay be” use or’rn co an be

used, forg &tiviebealifcobethedikeRs Q6B hbherdcagpialingi catalyst. _
R O CzH4O nm("C3H6O) ~H by i ntroduction of a to pol yoxypropyl ene chain. (0037]

In the above general fornmula (1), nin -(RO)n-His the polynerization
nunber of | ene_oxi de, en n s, 15 or, mre per, .nol ecul

a1 cul aif02 S ESamples @nhe Mihno Rabed tRRed PRLaUARIB ek can be i s
exhi bi t ed hea -ene gde:a Welpl : resent ed
by the§ ab%&e‘geiné‘ra1%r”oHﬁ%ﬁ“g‘ﬂﬁ@wﬂg@h@‘?‘&&&%&%@@?@@@%@@f, whi ch
can be obhad Bedliiky, 4l hescebiee mameriglsi Ae proferly BXiEas RY disBNfeqaKede
and/ or propyl ene 20 oxi de or the like as the hydrg‘i)hl lic group raw materi al
and a hi gpeopeaties; ivdigrebhheaméngral basaloilytanemptoduped.yal kyl ene gl ycol or the

like as the |ipophilic group raw naterial. Mre concretely) the raw
materials can be optionally selected so as to be provided with the

sl y. ¢ ROB]T DCR Aoy Be HRSSpiHEGE Hale b3 ARG BoRPOUTEp REGMR, (1 1
al cohg} iee.ggipugt(qqlf@ln&jﬂ,@roly eociere)! péllyPLLdeSdrey efd) 2t AfixiubetRkdof), 9roup,

al kenyl group, or al kyl ated phenyl group is 8 or nore, preferably 17 or
more as t pelytbaterienalihenzeoa(bgn dgdecyibenzene Rifadegdpeneenexdif®t es of
preferable starti al cohol s, .hept adecanol ,. oct adecanql, (stearyl),
nonadecanﬁ?h,ytné‘?w Rgeng, dingrylbenzene, %S&%@ﬁmﬁe@o&s@éﬁﬁ al{cyia&qgis anol ,
tetracosa ; ' i: \en | , and

| comer s ¢ RODpLPRP 3CE AN ARG ey SRR RIMBLERRR T P10 conol
el ai dyl alegbatives the@ogydsters @fldihasid adidl(€gy Iphthalivwid, Wuctiific héige can be
l'iven. Further, octyl phenol, nonyl phenol, decaphenol, undecaphenol or the

| i ke ¢an bikylssdinie agidg glkenzlsurcinioaxid] muley aeid, azclaplasid, shbetie acidky|
pol yoxyet hyl ene ether represent.ed by .ta the general farmya (JI) suitable
Por” o’ iRt RimeCRGar tiBs BHds irtnpr SEHEr Enetela it aatibsr y)
pol yoxyet t Y,
~ol yoxyet Dyé:oglﬂf;s @t%’??‘f‘ygdllﬁ%ﬂn"% p %ﬁa&%%@?%ox@e@ % g'lnceolﬂg'?’hdeo?lfa @glﬁg: Othﬁlé i ke.
Est er - Bas ethylenegiyoud, disti{ydéeklyod, distharerivgdrmd! coomuened, prgpiyldneadydole
al kyl ene oxi de-added nonionic surfactant of this invention is _represented
by the geBEraesteshetmanprapoxheasidhaving snila erben pomypwithpedyels R~

20 (e.g., neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,

tripenthaerythritol, etc.); and polyoxyalkylene glycol, polyoxyalkylene glycol
ester, polyoxyalkylene glycol ether, phosphate, silicone oil and the like.

[0024] The lubricant base oil can be produced by mixing the above oil
25  bases independently or in a2 combination of at least two so as 1o have desired
viscosity and other properties. For the lubricant oil for internal combustion
engines of this invention, for example, the kinematic viscosity at 100  of the
base oil is adjusted in a range of 2 - 20 mm?/s, preferably 3 - 15 mm?/s. When

‘'the kinematic viscosity of the lubricant base o1l is too high, the agitation



(r1) [004Z) In the general fornmula (I1), R2 represents an al kyl group
having 8 2s ~30 carbon atons; an al kenyl group having 8 - 30 carbon atons;
an aromati c hydrocarbon group having 6 - 30 carbon atons; and an aromatic
hydr ocar bon group having an al kyl or a1?<eny| group having 8 - 24 carbon
atons as side chain. A particularly preferable alkyl or al kenyl group has

17 - 24 ¢ chkib
repr esent gef Psn%b 213{613%‘ ﬁ & OS%CJFL)&S@W hgphﬂ &%@@%?gn%imlbﬁc%kz%§%2 whi ch
may be thg eﬁﬁﬁﬁ:a%d Ry dekribhfe feslanding fcﬁfaﬁ’@dt@ﬂiﬂc)s aff@Whef i Bgloni thehydr ogen

atom or CECRZ 0044] The fatty acid poI yal k ene ester represented by the

general f abowd mn@bj t)helvseartaxalldmg fartsesich rais fia systcmgqnstonmmgfs,fatty aci d
wi t h pol yal kyl ene ycol or_ ,addition of .al kylene oxide tq fatty aC| d, which
general | yb wrmwypheaﬂn&s én@rnaizrﬂetbgszlm@pg4r@saﬁalcr@se§>o (R20) "- OCR2, or
a pol yoxyal keyl ene fatty acid nonoester partially esterified W|th fatty
acid d a pol yoxyal kylene fatty acid 1 o diester having both ends entirely

esterifi e%lk%ngmlagmdmgﬂgog%gmaﬂpm onic surfactant of this

i nvention; I polyoxyalKylTené tatty acid tnonoester esterified with
fatty acid is preferable. r0045) In the fatty acid conponent of the fatty
aci d pol yoxyal kyl ene ester, a is saturated fatty acid or unsaturated fatty

aci d havi {@p25]- 30Thalaliqriem oxlerzaided @dnimi¢ bantfadtet uwsedegrnhevoimponedt t he
t erm nal alkylm%rou is 8 or nore, preferably 17 - 24, and a npre
pr ef et@bl 61 g lubsicaat 9ihcempasitignder uﬁgratall cmbéémra@@gﬂnmf dhigdverdion 25

ctch as nepuapT Jer ong catmhoradeg it aleed o DOER ST RRR R DG, "0’
henei eosaﬂﬁnme'rgeleb:gn%hﬁeam 1};;(5{?}1 9@@{5 a‘fmﬁbr}énk GRA3 a}dﬁl%@nﬁe' d,

pent acosani ¢ acl cerotic ac el Cc acl el c acid,

el ai di ¢ agrahp emdponérn, which hasramHLBmlde ofd5azeherecarici tholéduled i e aci d,
linolenic acid, etc. may be al so used. Wien the chain length of the fatty
acid is sheight of ¥\krer ot friction reducing effect cannot be obt ai ned
under 5the | ubricat | ng condition in the 25 presence of soot, and the

stabi Ity of the lubricant oil is also weakened, [D046) Typ| cal exanpl es of

the thus- g@m Jned 1Rk tpoBRil ablebhﬂmcﬁﬁs%tquﬁéw 298 gad gg{fﬁ{& (1)

i ncl ude pé6l yoxyet hyl ené propyTene glycol ester of nonoste ,
pol yet hyl anfmglly wustd es b dipophilivgroup ecmpaniedt fqralopedrtiy lserfactant aridcan

attain the purpose of this invention, can be optionally selected. The lipophilic
group component is mainly composed of a straight chain or branched saturated
20  or unsaturated aliphatic hydrocarbon, aromatic hydrocarbon or an aromatic
hydrocarbon having the aliphatic hydrocarbon as side chain to which at least one
bond group such as ether (-O-), ester (-COO-), amine (-N<), amide (CON<),
thioether (-S-), thicamide (-SONK<) or the like is introduced. Examples of the
'hydrophilic component include raw materials such as alkyloxide, polyalkylene

25 ‘glycol, sorbitan, glycerin, dialkanol amine and the like.

[0027] The alkylene oxide-added nonionic surfactant suitable as the
icomponent of the lubricant oil composition for intemal combustion engines of
this invention contains at least one compound having a basic chemical structure

30  as described above. It further has an HLB value controlled to a specified level of



gl ycol distearate, polyethylene glycol ester of nonostearic acid,
.polyoxyethylene propyl ene glycol ester of nonostearic acid and the |ike.
Est er- Ester M xture-Based Conpound [00;6] The conpound represented by the
general formula (lIre) is a polyhydric  a“cohol ester-ether m xture-based
conmpound, Wwhich is obtained by addi ng an al kyl ene oxide to the free

hydr oxyl : { I | l. 10
Chem cal Fomanse R g B plaie acrRing ® nifirdllaPQClent thiofe S0R8RY e
general f gpajjﬂad td PO or Bioreeprsteohd spetifit bydpegtyoup having 8 30 carbon
atons; an al kenyl group having 8 - 30 carbon atons; an aromati c hydrocarbon
group having 6 - 30 carbon atons; or an aromatic hydrocarbon group havi ng

chai . Pallitar |y s SR gl BF KA AR08 e lid (ERASRIATAER & 21 Koy
20,97 oyp KGN grond A ERAB AAOWEIEHERH s BCRUBHY LRy RRBGEAR ol ! o

al keny up “havi carbon atons as si chain are pre le from
t he point thﬁmfetlid&{bx@EoE&ﬁb}lIWQC.eG&iffﬁh-[J.(SIDEEQCobmctib@}ﬁﬁﬁﬂsgl,(fo gmala (111),
R3 represents the al kyl ene group of an 2s al kyl ene oxide -(R30)"-H, which
may have £1949)] taadaptediesothe BLBivadue.y to R of the general fornula (r). n
is the polynerization nunber per nolecule of the al kylene oxide -(R30)-.
"V~hen two or nore al kyl ene oxi de groups are present in one nolecule, the

pol ynmeri zgd nuney ' L e -16

parti cul am%/f,y]either %’Ingﬁgf&%ﬁﬁ%?% grlgﬁl?nfﬁg}%ﬁtg%%ﬁa@l%cﬁ%é i on nunber of
15 gr 1001 enoledilaPWweight abengehay fmiknirenthe nmdledylar wiight s ageédentddy frane
part of a;pol yhydric al cohol conponent, and the franme part is derived from
a pol yhydan@varagsidiuGonponent having at | east three hydroxyl groups.
Exanpl es of the pol yhydrie al cohol include glycerin, erythritol, arabitol,
sorbitol, trimethylol propane, ditrinethylol propane, trinethylol ethane,
pent aer yt fgo3d! . diTRER i [ : bt i Lan

0ot ai ned B30t er ol anacHé Skigspdgel noR R Stioliht @ he SAAEAR OE" (01 |
| n the getierlabricantoil gofupokitionofahit igventtort Eentaineiae leasobnd Bompekd of and
[-O-(R30)"1-1] to_be bonded with hydroxyl 8[0;&? of the 1poI yhydri c al cohol,
Tespedt i vEloabosiephemicalnssruehpengndis qongrollednin FELB watusxtpl | Heomoese asd sel ect ed
as the is,;pgl ic _akcoh and each represents an.integer of 1 or
nor e, and"{)ﬁ“gw%ﬁ%rl @F@?g%ﬁ b‘{)g?&qret gsoé‘cﬁ%ﬁl%ﬁ’erégyf‘?ﬁFé’xﬁfﬁﬂ&?qﬁ{e number of
hydroxyl gsfientc Sirfidientaniesiolidedl Besetinty 4iM188st BRE P, y be
present therein, '%0052} I n the. pol y%dri%la ctoﬁ‘gsl *&%ﬁgtog?_%%ﬂ@wﬁnﬂ@

mi xt ur e- beepresenterbbynlt fallvving geatiad fofmwne €F) to§NT) amd cowtroltinglthef ester
bonds and ether honds,is preferably set to '25 - 75 per nolecule fromthe

poi nt of SRECH 1¢0% ction. [0053] As a typical exanple of the pol yhydric
al coh% ester-ether mxture

[0031] Each of the compounds related to the alkylene oxide-added nonionic
surfactants represented by the general formulae (I) to (VI) is further described.
Ether-Based Compound

25 .[0032] The following general formula (1) represents an ether-based

;compound used as the alkylene oxide-added nonionic surfactant.



based conmpound, 1,4-sorbitan fatty acid partial ester (ester bond; 1)

havi ng three 2s al kyl ene oxi des added thereto has the foll ow ng structure,
and Y in the general formula (rTl) represents a chem cal structure shown
within the dotted line frame of this fdlrula. ' Formula 1 H-~ RO- 0

CH---C0--~R3B0~H CTI2 AI-CHCHz 0--COR 9 0--~ Ra0 ~H (po~ula 1 ) [0054]
In this case, .p,Ls 1, ;apd qis 3 in the general forrmula (Ix). Further, an
exanpl e oéﬁﬁmé‘%]/@mlqity acid partial ester (ester bond; 1) having two
al kyl ene pxi des added thereto is shown in Forrmula 2, rn the general fornmula
(rr), pis 1 andqis2. formula 2 CHOOCRs | C O(RPO~-H I C (R30-H 10 "a

(Formula 2) "[0055) The comqbeuod-(q(a)-r{q-eﬁgeneral formula (111) can m
obtai ned as the ester-ether m xture-based conpound by addi ng the al'Kyl ene

oxides to an al cohol fatty acid partial ester obtained by reacting the
pol yhydri e al cohol conponent i s vmthﬁg fatty acid conponent, or
si nul t aneO8B3Y addi Itgﬂid‘@ﬁmltfpnauladl)a x'epsdshlyﬂseamﬁaightctéain orthe

pol yhydric al ¢ fol |l owed by reacti.on, the fatty acid 'conponent, a
sat ur at ed? W&Pb@‘lfﬁ%r%ﬂ[%ﬁi oﬁﬁgﬁﬁ%%ﬁcgﬂlhl?}}?tt‘tcﬁ‘yﬁ?iﬁrh%ﬂ P MO0 car bon i at ons,

pref er abl t s rbon
.atons i sgi’ué:egl‘I aﬁ‘é&%n%l(ﬁég %{3 u#%%%%?eggbtﬁ%o%‘y%t?ﬁl aci ﬁée'ﬁg} é’g) Lo l%a%g? rat ed

acid 20 '83l3©|'ba@501$b&ﬁ\ﬂ§ Qrédifd hyarsedesad gmupqmdm%as aglpi ghirSord§loths;

henei cosani ¢ acid, behenic acid, trieosanic acid i gnoserinic acid,

pent atios aand en argrmatic hydmcarbam gtoupthavm@atdem omns.iakylroartaéhbr@& |gdo\.quch as

oleic acid, %I di %@ codoi nj ¢ &6 erucic acid, i ceracoleic acid,
linolic a}é?‘ﬁngl EROONAPRS 285Kde QRN the chain | ength of the fatty acid
is short, a sufficient friction reducing effect cannot be obtained in the

- 18 Iubricating condition in the presence of soot, and the stability of

the | ubriprodd]oi | As tied epmigaksdestarbon group of the ether-based compound,
particularly, an alkyl group having 17 - 24 carbon atoms; an alkenyl group

15 having 17 - 24 carbon atoms; and a phenyl group substituted by at least one alkyl
or alkenyl group having 8 - 18 carbon atoms are preferable from the viewpoint
of ensuring a high friction reducing effect. Examples thereof include an alkyl
group such as heptadecy! group, octadecyl group, nonadecyl group, eicosyl
group, heneicosyl group, docosyl group, tricosyl group, pentacosyl group,

20 'Ihexacosyl group, heptacosy! group, etc.; an alkeny! group such as heptadecenyl
group, octadecenyl group, eicocenyl group, dococenyl group, tetracocenyl
group, etc.; an alkylated phenyl group such as heptylphenyl group, octylphenyl
group, nonylphenyl group, decylphenyl group, dinonylpheny! group, etc.; an
:alkenylated pheny! group such as octenylphenyl group etc.; and isomers such as

25 branched hydrocarbon groups thereof and the like.

-[0035] When the carbon number of the above hydrocarbon group such as
ralkyl group or the like is less than 8, a low friction coefficient cannot be obtained
under the lubricating condition contaminated with soot, and the compatibility

30 and stability in the lubricating oil is likely to deteriorate. Even if the carbon



[ 0056] Typical exanples of the fatty acid pol yoxyet hyl ene pol yhydric s
.al cohol ester represented by the general formula (I11) include

pol yoxyet hyl ene $orbitan ester of nonostearic acid (Tween 60),

pol yoxyet hyl ene sorbitan ester of nonedReic acid (Tween 80),

pol yoxyet hyl ene sorbitan ester of nonoparmtic acid, and the like. i o

Am ne- Based d Am de- d 0057] The fol l.ow |, f I

(0 (V) BHEOPUPHSoe8 302 Bt oab e CHAeeePPRBIRpOANLE Ih e the R 28Ut c ompounds
ful I ' : gl f [ th

bt i cant CoLr Rams BN Bl S RO B IR O e Bt Al RMBOBRE 2010 "R

~(R4a3~,-H ( RsO~-- H 20 Chem cal Fornnula 11 R6- N R~ 1V ~( R~O~--H ( R80 H

( R6O~-H (1V) (V) 2s Chem cal Fornula 12 19 . R6-.-- CON ~( ROO- H RI OO~

H (V1) [piB036ixn t hethgarbevalgeneraktivmaula (1)) Ry on ¢(R,0), B is thralkyltneh may be

the sane or different. each. represents an allc¢yl grouyp haying 8 - 30 carbon
at ons; 3 anSEMURPRAN L@%iﬂwme a@SFBEWPXQSéHgFEOEHMBP&%ﬁ%qsé hydr ocar bon

group havin ; arbqn_at ; an_aromati ¢ hydrocarhon group havi ng
o alkyt BPMR gt AOR, By <oAtead Bl B0 e Bl et B
Particul a : ' - kyl ene

o oup hayErP ALY prélERRIIRG . off) BRse LRyt il B |

al kyl ene gsalindependmmnt® or iBcwabinaron. They oam be GIEKFpr Beample/irDa forah ch may
be the sane ifferent. each represents the al kél( ene group of an al kyl ene

f
oxi do. EaBhRAP (Gl Ond bRy DNt DY mitadcHpRpEane. ox. de.
t he t?& al egf%@%r@#é%a{aﬂore per nolecule, and ~s either mor nis

pr ef ef abl
[0037] In the above general formula (1), n in —(R,;0),-H is the
polymerization number of alkylene oxide, and when n is 15 or more per
molecule, particularly 15 - 20, a more remarkable friction reducing effect can be
15 exhibited.

[0038] The alkylene oxide-added nonionic surfactant represented by the
above general formula (I) is an alkyl polyoxyalkylene ether, which can be
obtained by using atkylene oxides, for example, ethylene oxide and/or propylene

20  oxide or the like as the hydrophilic group raw material and a higher alcohol,
thioalcohol, alkylphenol, polyalkylene glycol or the like as the lipophilic group
raw material. More concretely, the raw materials can be optionally selected so
as to be provided with the prescribed hydrocarbon group specified in the above
general formula (I). Namely, the carbon number of the lipophilic group raw

25 material such as alcohol is adjusted so that the alkyl group side chain of the alkyl
group, alkeny! group, or alkylated phenyl group is 8 or more, preferably 17 or

more as the terminal hydrocarbon group.



[ 0060] The. al kyl pol yoxyal kyl ene am ne, al kyl pol yoxyal kyl ene di am ne,

.al kyl pol yoxy al kyl ene am de represented by the general formlae (1V), (V)

and (VI) which are al kyl ene oxi de-added noni onic surfactants axe obtai ned

by zo reacting a higher amne of Irpophlr3l-1 c raw material with the al kyl ene
oxi de. The, al kyl pol yoxyal kyl ene am de of the general formula (VlI) is

wtn the Heficne B edmetiipeiitSiRE AR neBHRhad e ki gher
ar ne '”Ctig%ﬁeé’éﬂdf‘ﬁ%a@,%ﬁ&e&&tﬁl‘ dsosifgt AdaRybypRicasgdecy! ar ne.

nonadecyl eircos amnée, tri’cos and secondary
am ne sucfedssablafcaseny |teﬁ%d§ﬁnoﬂ'p@ﬁia@6%’iﬁ|l aﬁff'tl'i@lﬂéé chmBe g,'n}‘éh as - 20
[0062] Exanples of the hi gher fatty acid am de 1 nclude octadecane am de,

ei cosanarraﬂmnodmrdsramms theremf cehaldoi beesel¢@eb3 A sAmsatppatedialabhabpl es of the

al kyl pol al k | ene ,ami ne and, al kyl po]yoxyal kyl ene dj am ne _of the
generaf (fqrﬁrlse el e h@ylaa«taoqublmdsvw@ el yinelsayhalephoben d e Gaa hend

polyoxyet neg In the

| ubri cant ﬁ% 19%% {)@Xrﬁ‘\@f’g h| s ent’i oﬁ%‘ﬁﬁéﬁ’m}‘ﬁ%ﬂéﬁﬁﬁﬁgﬁﬂﬁ of the
above- rrenbhﬂra@dlsghlgylaﬂ?q{,mﬁode added noni onic surfactant is set to 0,01 wt%
or nore on the basis o he total weight of the lubricant oil conposition,
whereby a ‘'sufficient friction reduci ng effect can be exhibited. The m xing
gquantity &nﬁ he further |ncreased to obtain a desi redﬁgerfor mance, and it

is prefer lset tUP!LC cxamplesofshe alkyl pakyoxyethylas o5 reprRsentedebyi x| ng

obt ai 181 5%%'@%'@3 B8 sttt Tor B bricpn gl earBPRTHEH o P SBVRG of f oct
comenur $A0fe SRaLBOIFSRARACROEAG I RIPLARY B A ery) |,

base oi | poljuxyethylemaether.di2ényIpR&DH] pdlyenetnileds oder, andythbéike xed to the
above corrpound as the al kyl ene oxi de-added noni oni c surfact ant . -21 O her

Addi tive ComQonents [0066] The lubricant oil conposition for internal
conmbusti o 2! fnJhr iiwention contains, as the essential conponent,
at | east gﬁg—g%%gaé%%—gggﬁg-added noni oni ¢ surfactant in the |ubricant base
oil, aund friction inhibitor, Wwen a friction inhibitor, a viscosity index

i nprover and an ashl ess di spersant are further m xed thereto, the friction

reduci ng ¢0044jt carrbestémbasedrcompoundrpzefiied the alkiytereudnideaddeag conditions

cont am nat ed_ W, th soot.
nonionic surfactant of this invention is represented by the gencral formula (ID.

Chemical Formula 8

20
2

[0042] In the general formula (II), R? represents an alkyl group having 8 -
25 ;30 carbon atoms; an alkenyl group having 8 - 30 carbon atoms; an aromatic

hydrocarbon group having 6 - 30 carbon atoms; and an aromatic hydrocarbon

'group having an alkyl or alkenyl group having 8 - 24 carbon atoms as side chain.

A particularly preferable alkyl or alkeny! group has 17 - 24 carbon atoms.



io 0067] Exanmples of the friction inhibitor generally include zinc
~d.ithiophosphate, netal salt (Pb, Sb, M), etc.) of dithiophosphoric acid,
netal salt (Zn, Pb, Sb, My, ete.) of dithiocarbam c acid, netal salt (Pb,
etc.) of naphthenic acid, netal salt Cﬂﬁf etc.) of fatty acid, boron
conpound, phosphate, phosphite, is phosphate amne salt and the |like. These
are gener usedyd | (- 9 } jal kyl
di thi ophogdp%gg't]e i SI%&@%F%?@%&(}I&gglréelﬁ_rc’gﬁgg trﬁel? Egcaggﬁﬂ’tf?/p%ﬁer eof is
set to 0. QlkyVend Saide growe~(RADM-RH| ablich nragierthblssmeGsFo, 6F Bewehend
phosphor concentratign on the basis of the total weight of the |ubricant

oi | corrpo§¢1mlliﬂ.(I)Zd{%(IQBE]SGIEﬁMm%?WOMTKD@BO.Si ty index inprover
general ly include pol ynethacryl at e-based one, ol efn copol yner-based (e.qg.,
pol yi sobut yl ene based and et hyl ene- propyl ene copol yner - based) one,

one. - styr LIS 7 TReS8d B MPAIRGIRAG S et ROy Uh B0 BB REmlf ,

| sopr ene- pgy f&%lﬁﬁﬁxeﬁ"ﬁ%f( éeﬁ&iﬁééfﬁm Igact‘i&}%f?fatg'_ 294 vﬁﬂﬁﬁ%yg{%x{ean%§ca' & in

copol yxxrer-based one . 0., polyisobutyl ené-based a propyl ene

copol yrer abdisiont afredkylene muide to fattgfaeidyiwhich generblly prowides aveixturernff r om t he
point of the friction reducing effect. The ,polyisobutyl ene-based or

et hyl ene- By dpYRChpdiapder -6 RN Q6 R, prp pobiaxxplkeyhnsriatymcld has a

ol yst yr ot ran Y sfERdBloRh A0 ol 2 pabRo e A A ormpound

Means 1§ e dRAGraAvifl PbilGeri PYAPRsREiAYd IOAR diRylehe dIRlesMaY Sruct]. ~re

and showi ng dispersitbility. Thesé are generally inaratio of 0.01 -
30 wt % baseniomic sindadtahodl tvs Bvendn, tthe forr ppdvdxyailkylenenfas) 4dian. s [0070]
Exanpl es of the ashl ess di spersant, include su~ccinimade) suceinam de,
benzyl ani ﬁ&n0§§@€i€ﬁf&0@,€ds¥ﬁk§gﬂf§t acidris pesferable. bor on- cont ai ni ng conpounds
thereof OF these, a succinimde and a boron-containing succinimde are
preferably used for this invention fromthe point of the friction reducing

pref er abl fo n e poi i
cucai mim BOFD § of meRg cld bR HIEL R £ RN SR IR o

wei ghtis of satheated fatty acid aviunsatumged ifatty aciditasies abi3Y uddn atoPniswsdd [ 0071]
A lubricant oil for internal conbustion engines is, required to have ai s

vari ety ofofhatdhe gabongpmber ofrthe ferminalalkykgioupRorisdneramoniprefisrably her et o,
17 - 24, and a more preferable saturated fatty acid or unsaturated fatty acid has

18 - 25 carbon atoms. Examples of the preferable fatty acid include saturated
acid such as margaric acid, stearic acid, nonadecylic acid, arachidic acid,

20 heneicosanic acid, behenic acid, tricosanic acid, lignoserinic acid, pentacosanic
acid and cerotic acid, and 2-palmitoleic acid, oleic acid, elaidic acid, codoinic
acid, erucic acid, ceracoleic acid, linolic acid, linolenic acid, etc. may be also
used. When the chain length of the fatty acid is short, a sufficient friction
reducing effect cannot be obtained under the lubricating condition in the

25 presence of soot, and the stability of the lubricant oil is also weakened.

-[0046] Typical examples of the thus-obtained fatty polyoxyalkylene ester
of the general formula (II) include polyoxyethylene propylene glycol ester of

monostearic acid, polyethylene glycol ester of monooleic acid, polyethylene



various additives can be properly added in prescribed quantities described
bel ow, based on the total weight of the lubricant oil conposition, so |ong
as the result of this invention is not .i.npaired. Theses additives include
pour point depressant, netallic detergéﬁ anti oxi dant, extreme pressure

agent, nmetal 2o inactivator, rust |nh|b|tor antifoaning agent, corrosion

| nhi bitor gless&g'l Hiétéb‘ta nyetl}yl?ﬁ@ ISI'ESH: ltkCof h@ﬁ@ﬁbaﬁé‘ﬁ[ﬁbﬁély@gx%ﬂﬂﬁle%[%“r

poi nt dep ant |nc Vi ny acetate copoly sate of
chl ori nat geopaend glyl&ovueétbr @ﬁmtohbgbmeacldcumethmme of zs chlorinated
paraffin W|th phenol , polyrnethacrylate, polyalkyl styrene and the like. O
these, a pol ynmet hacryl ate is particularly preferably used. These are
general ly_used.in a.rat| o of wt % -23 [0073] Exanples of the
netal lic et QA el S Pafatl> phenate, salicylate, and phosphonate
of Ca,SNg Ba, Na or the I|ke and these are generally used in a ratio of
0.05 -"5 wt% Q0094] Exanples of the antioxidant generally include

am ne- bas e sughead hats@seite Pl R%{]M ht hyl am ne,

al kyl at edqa%hhﬁyl a. naph?ﬁiydﬁgsm%g éHetdgg?%hgﬁig@f-al base é&er)gﬁgh as
2,6-diter pob/rl'wdmt@wthcdmste:-enhemnmmﬁey&asaé champo(iad swilidheis tobaaiged by

butylphenol etc fur-based one such as
di | auryl - adding;gx @Wfﬂ’é;ﬂ%’i@heé‘ff@ hydspxelgronp i9f adatty Asidpartiabestghosphat e,

etc.; | n phate; and the like, O these, am ne-based and
phenol -baggh(’@ﬁ&:dg ag‘gﬂtoi are particularly preferably used. These are
genergjly used in a ratio of 0.05 - 5 % [0075] Exanples of the extrene
pressure agents generally include ashless ~s based sul fi de conmpound,

sul fi xri z€keoniitaldiwnivda 9 phosphate ester, phosphate ester, phosphate ester
amne and the |ike. These are generally used in a ratio of 0.05 3 W%
(0076J Exanples of the netal inactivator include benzotriazole, triazole 20
derivatives, benzotriazol erj ives, thiadiazgple derivatives and the

Li ke. These are used genef%f'l'#%yrgg_o{@ B - 3 ww [0077 Iﬁxarrpl es
of the rust inhibitor include fatty acid, alkenyl succinic acid h H ester,
fatty acid soap, alkylsulfonate, polyhydric alcohol fatty acid 2s ~ ester,

fatty acid am ne, ﬁ)?r affin XI de, . al kil ol yoxyet hyl ene ether and the Ii ke.
Theselhr e[0948H genk Hiel genera atorfrattadﬂé Ry. ppresegtsyan-alkyl group having 8 -

30 carbon atoms; an alkenyl group having 8 - 30 carbon atoms; an aromatic

hydrocarbon group having 6 - 30 carbon atoms; or an aromatic hydrocarbon
group having at least one alkyl or alkenyl group having 8 - 24 carbon atoms as
side chain. Particularly, an alkyl group having 17 - 24 carbon atoms; an alkeny]
20  group having 17 - 24 carbon atoms; and a pheny! group having an alkyl or
alkenyl group having 8 - 18 carbon atoms as side chain are preferable from the

point of friction reducing effect.

[0049] In the general formula (III), R; represents the alkylene group of an
25 'alkylene oxide ~(R30),-H, which may have 2 - 4 carbon atoms similarly 1o R, of

the general formula (I). n is the polymerization number per molecule of the

alkylene oxide —(R30)-. When two or more alkylene oxide groups are present in

one molecule, the polymerization number thereof is 15 or more in total and,



-24 (0078] The antifoam ng agent include dinethyl polysiloxane, polyacrylate
.and the like. These are added generally in an extrenely small quantity, for
exanpl e, about 0.002 wt% s Q00'19] Other additives such as corrosion

i nhibitor, coloring agent and the like X¥an be further used for the

| ubricant oil conposition of this invention as z~equired. Q080] The

0t ot e RS Bhe SN e LA e el o1 g o

pi ston riggmeed other sliding parts as crankcase oil for diesel engine
under a general operating condition, and sufficiently reduce the friction
of a diesel engine even under the lubricating conditions contam nated with
0.1 wtta or nore of diesel soot. s _Exanples [0081] This invention is

descri bed [0088lher I theegenaralsp €8y bwrprssents thédfremegparkefdl es and
Co ti | es., 20 [00B2] Th fficient of . frjicti t
contens. 1 ROLAY R AiRand)caRaient. A Ba s Pt i Sived Bi ApdBaydAC ur ed

h Lo ke Nl o a
ur fact anicpiol oot ReiflF bt et AR Bolils “REAUAGARERT, 10 o ©
- 25 Coef f ipelyydrief albohsltinOmdQRMRdinCepfthiifd SithbRbl, fséwiidl,qmrﬂaﬁymﬁasur ed by

use of a reciprocating type s (SItV) friction/wear tester, and the

fricti onhprepane; dirimaikylo! praraoentimethyol ctiamef pénteemiytiritobst condi ti ons.
The neasurenent resulf .i.s sho by .t he average val of the coefficients of
friction ﬂ%?%ﬁgﬁ%é@ﬂe?téﬁg&ﬁ%&r@ﬁ SOT‘é’é?"P&WHf Sﬁh?‘?@@ﬁ@@%n
(Frictjpon kaly) : § fJenp erature is , X oad Anplitude

Fr equel?lcyé%gﬁaklghpoeﬁgogﬁ(}@%@)g%el&cment in Gl SrJJ-2 24 mmin dianmeter X
7 mm: 15 mmin dianmeter X 22 mm 40, SO, 60, 70, 80, 90, or 100 400 N1, 5

nzm 50 Hz.
[0051] In the general formula (III), p and q are the numbers of [R3 -(CO0)-]

and [-O-(R;30),H]} to be bonded with hydroxyl groups of the polyhydric alcohol,

respectively. Since a one having at least three hydroxyl groups is selected as the
15 :polyhydric alcohol, p and q each represents an integer of 1 or more, and the total

thercof is set to a number not more than the number of hydroxy! groups of the

polyhydric alcohol. A free hydroxyl group may be present therein.

3[0052] In the polyhydric alcohol ester-ether mixture-based compound, the
20 :ratio of ether bond to the total of ester bonds and ether bonds is preferably set to

25 - 75 per molecule from the point of the lower friction.

'[0053] As a typical example of the polyhydric alcohol ester-ether mixture-
based compound, 1,4-sorbitan fatty acid partial ester (ester bond; 1) having three

25 alkylene oxides added thereto has the following structure, and Y in the general
.formula (I11) represents a chemical structure shown within the dotted line frame
jof this formula.

‘Formula 1



5 mn [0085] A lubricant oil in which soot was concentrated by operation
.of a commercial diesel engine was collected and subj ected to
ultracentrifugation (centrifugal force; 36, 790C7, engine speed: 17,500 rpm
time: 30 min, frequency: 25 ; 3, terrperlaYt‘ure: 0C), and the quantity of the
resul ti ng n-hexane non-dissolved ' content was neasured as the soot content
in the oil. Al kylene Oxjde-Adde tant 30 [0086] Allcylene
oxi de- added noni oni cHs“Ud* &?’f Hﬁ@'@ﬁ%}'ﬁabl el and Table 2 by the
followi ng nunmbers ( 1) to (16) C T @ﬂ ﬁ z:(gglgent heses are the
manuf act ures thereofj. - 26 \?’v n en i de of sorbitan
nonool eat € (Pol yoxyet hyl ene Sor i t Mo —gﬁfﬁ)—)H(KOSO CHEM CAL) 2. TS-10
(Tween 60); fithylene oxide of stedsate s ~ (PqiFsexuii hy! ene
Sor bi tan Mono-stearate) (N KKO CHEM CALS) NP-1 BPTX: Pol yoxyet hyl ene phenyl
et her (Pol yoxyet hyl ene Nonoxynol) (NI KT~O CHEM CALS) io ~. BS— 20:

oyt ghege St e i, (PRaR S e el (NG o oa
G Oy ot S R A TN s

Pol yoxyet Bxidt@%dﬁééfthéxetd RWhawinria Kdralwiozy ¢hhid gﬂ?erépfo?ﬂiuﬂz?(ﬂﬁlﬁﬁ 89) (LION
Cl-i EM CAL) 8. Ethoduoneen T/25: Pol yoxyet hyl ené beel am he

{ Pol yoxyethglgese. Tal | ow hi amine) (LION CHEM CAL) 2s , 9. Span 85: Sorbitan
trioleic acid ester (Sorbitan Tri-oleate) (KOSO CHEM CAL) 10. Span 80:

Sor bi tan rnonool eic acid ester (Sorbitan Mno-ol eate) (KOOSO CHEM CAL) - 27
11. BS-4 %lm)%%et hyl ene stearyl ether (Polyoxyethylene Steareth) (N KKO
CHEM CALS 4.2: Pol yoxyet hyl ene |lauryl ether (Polyoxyethylene
Laureth) (NIKKO s CHECMYALS) 13 . BT-12: Pol yoxyet hyl ene secondary al kyl

et her (PoI yoxyet hyl ene Pareth) (N KKO CHEM CALS)

(IJH OOCR?®
! C|3 O(Rso)n—lH
: CHO(R 0 H
10 (Formula 2)

;[0055] The compound of the general formula (II1) can be obtained as the
ester-ether mixture-based compound by adding the alkylene oxides to an alcohol
fatty acid partial ester obtained by reacting the polyhydric aleoho! component

15 with a fatty acid component, or simultaneously adding the fatty acid and
falkylene oxides to the polyhydric alcohol followed by reaction. As the fatty acid
fcomponent, a saturated fatty acid or unsaturated fatty acid having 9 - 30 carbon
:'Iatoms, preferably, a fatty acid or unsaturated fatty acid having 18 - 25 carbon
.atoms 1s used. Examples of the preferable fatty acid include a saturated acid

20 !such as stearic acid, nonadecylic acid, arachidic acid, heneicosanic acid, behenic
"acid, tricosanic acid, lignoserinic acid, pentacosanic acid, cerotic acid, etc., and
fan unsaturated acid such as oleic acid, elaidic acid, codoinic acid, erucic acid,
iceracoleic acid, linolic acid, linolenic acid, etc. When the chain length of the
.'fatty acid is short, a sufficient friction reducing effect cannot be obtained in the
.’
!



i o 14. TAM~O5 : Pol yoxyet hyl ene ol eyl am de (Pol yoxyethyl ene A eam de)
.(NIKKO CHEM CALS) zs 15. TS-106: Ethyl ene oxide of sorbitan nonostearate
(Sorbitan Mono-ol eate) (N KKO CPlI EM CAL | 6. Ethoneen C 25:

Pol yoxyet hyl ene coconut acid am ne (Pdl yoxyet hyl ene Coco Am ne) (LION
CHEM CAL) Exanple 1 zo [0087] To a solvent-refined paraff n mneral oil

(ki nemat i gﬁﬁ%?ﬁ,gngeaqd&@o&imﬁcﬁgg)gﬁ?gﬂ @eégt%ﬁiry t%mé’/mb%ﬁﬁﬁoi?n t he

total wei ricant “ol 0 an e ene oxl de adduct
of sorbit galeeReskeaté Wi th an HLB val ue of 19.0 and a nol ecul ar, wei ght of
1325 (Tween 80), 5.3 wt % of a 2s non-dispersion type ethyl ene-propyl ene
copol yner (OCP) (weight average nol ecul ar wei ght; 200,000), 8.0 wt % of

succinimd .09 ve~t % of zipc djthiophosghate (as P), and. 6.4 w% i n
total of &S%g]al | &W&%%W?&Sﬁﬁ%fmﬁbm R?i){ﬂ § ?n%ﬁ&ymdaﬁti f oami ng
agent as q r Ltives, . T 0 C t . =2 ngd col ted by
oper at o ACCHSH ASEE Rneerudd By RGN R G inciily BANCSYRLEIGR (e

m xed thegg t ohd6tb s lqayy 4 ' gpﬁﬁ [ [ 0088]
The frict isoimﬁa?d%%ﬁ%r %gge;i %dglﬁgaﬁ}rg’tﬁgt ’eﬂnﬁgﬁs{é&wedegg t e{a?luegfbirégnt oi |
conposi t i amorfoolers dcdd (Twebre 30 gfolymiyettiylede forbithn esteadf arslophaniiRr at ure was
neasured by, a ~ Iilv friction test under the above-nentioned conditions. The
resul ting a&\f’eﬂagé GdKGe was 0, 044. The properties of the ethyl ene oxide

adduct of sorbitan nonool eate are shown in Table 1. ~o Exanple 2 [0089] The
sanme conponents as the |ubricant oil conposition A of Exanple 1 were used

exceptyy USiAﬁiﬁB&k@]ﬁl@Nrﬂﬂemab&% & tan nonool eate [TS-10 (Tween
60)] with™an value o -0 an —?‘r%?ietular wei ght of 1327 shown is in
Table 1 instead of the ethyl ene oxide condensate of sorbitan nonostearate
(Tween 80) to prepare a lubricant oil conposition B. The |ubricant oil

conposi ti 680¥ had dberfplersng gerrral fosmulas Viaby eand GAD sepresemicaamaings e of
90C and an_aver coefficien f friction of 0.0S1 i ch was ,neasured by
use of th a%?!%ﬁgppc@%gchgg@gﬂ%d&m@dg ”(sﬁﬁgéf ﬂ“l%\,\@cg{;ﬁ?@% jonents as
the | ubriggatqd abhi {Bﬁ%ét' i ﬁgg)jlﬁ ; ec@'tth sing a

pol yoxyet %yl ene n{)drilj? phenyiﬂﬂ(ﬁoﬁgreﬁ?ﬁg’- 8 Q)%ail{\g&gmcﬁﬁg%ﬂé& vgl ue of 19.0
and alsol emvdrionvwei ght of 1012 shown in Table 1 instead of the ethylene
oxi de condensate of sorbitan nonool eate (Tween 80) to prepare a | ubricant
oil conposition C. The lubricant oil conposition C had a friction

reducti ony ect ai glagl e igl est tenperature of 90C and an average coefficient
of fricti gPicht pggiuiatihg Exanpl e 4 [ Q91] The same conponents as the

| ubricant oil conposition A of Exanple 1 were used except using
pol yoxyet hyl ene stearyl ether (BS-20) with an | ~LB value of 18,0 and a

nol ecul ar wei ght of 1150 rsﬂ)qi)_}/\@%(r}q,lggblfp 1 instead of the ethyl ene oxide
Ol C™MR

condensat e of sorbitan no n 80) to prepare a lubricant oil
conposition D. The lubricant oil "&fposition D had a friction Iv)
reductjon-retai nabl e highest tenperature of 100C and an average coefficient
of friction of 0.057, to Exanple 5 [0092] The sane conponents as the

| ubri cant QhemicgiNPexhtladn A of Exanple 1 were used except using

pol yoxyet hyl ene ol eyl ether (BO-20) with an HLB is value 17.0 and a

nol ecul ar wei ght of 1150 sho~min Table 1 instead of the

R,03—H
RG_N_R —N ( ™~/m
= <(R30)-,rH

(RO)—H
® V)

25  Chemical Formula 12



et hyl ene oxi de condensate of sorbitan nonool eate (Tween 80) to prepare a
lubricant oil conposition E, The lubricant oil conposition E had a
friction reduction-retainable highest tenperature of 100C and an aver age
coefficient of friction of 0.059. 20 EQgﬁple 6 [0093) The sane conponents
as the lubricant oil conposition A of Exanple 1 Were used except using

pol yoxyet hyl ene soybean anineuﬁﬁghqpeen S/25) with 2s an HLB value of 15.5
and a nol ecul ar weigﬁﬁwebow&qﬁghg%?één Table 1 instead of the ethylene

oxi de condensate of sorbitan te (Tween 80) to prepare a Ip@nicant
oil conposition F. The lubricant oil conposition F had a friction

reducti on-retai nabl e hi ghest tenperature 100C and an average coefficient of

fricti f 0.050. - 30 Exanpl ' 7. - 8 [0094] (Th
Lhe’l uori Basslor oRisosmerd Jomnbiae R Vb Ror & B Giones be Bepage. -

| t hyl beef | | j th T/ 2S Lth HLB val f
Do Loy oY Gt Frch emed ST A A ide 830 etbbl aB ek At s
tall di afj i | |
ot g o AReRS) EhIRPRUARES". 3 Catboratding hal dBriBot i catBoropBlh 2 0 <04l o0
conposi t i BABIng'6 280 carbdreAPABE hivé hi aromearid hpmio@awonog'rbu%@@pﬁg 4 AyG had a

friction reduction-retainable highest tenperature of 90 o and an average
coef fi ci ent alkenjyl gratponaving 6. -OBUcarom atarns acside cbain. Rarposlatlyom elkydd 90C

and 0. 057, Conpar.atiye ample 1 1 095 0 a solvent-refined paraffin
m ner al oigFo'{Hgﬁ%\Qﬂﬁltli\%c" aE%QP@ng aégaﬁ % &’fs%'eﬁlhq’{m iZ} - :}& %IE”)]R% en:a

oxi de- add 1 fagt ] : %O
non- di apeq s e BleFeratlc 364 Bhrebdft ah AL Bt havisk ¥ DX ge. 0. 00
wt % (as Phatofis.zi nc dit hi ophosphate, and 6.4 wt% in total of ,a netallic

detergent, a pour point depressant, and an antifoam ng agent as other 20
additives, and 3.0 wt% of the soot in oil was m xed thereto in the sane

manner as [ggaypl qule,rwﬁx%%a}/ buhhd €aRE oPUIFFGRAD 8a¢H fé?;%ﬁ%mmg%] The

| ubricant "oi | "conposition had a Triction reduction-retail e tenperature

of only 6alRkydect groupvefagskeleat okidesEactf of i anditois the polyihdrizdtorConpar at i ve
Exanples 2 - 3 (0097].. The sane conponents as the lubricant oil conposition

A of ExanpPEiber@éike aleyiensoade. theteral elompntianSwrinesaes mapavle, an
85) (Compagghiyvg, (gxr?gg);l)r%fe%b]y 15 or more.

[0060] The alkyl polyoxyalkylene amine, alkyl polyoxyalkylene diamine,
alkylpolyoxy alkylene amide represented by the general formulae (IV), (V) and
(VD) which are alkylene oxide-added nonionic surfactants are obtained by

20  reacting a higher amine of lipophilic raw material with the alkylene oxide. The
alkyl polyoxyalkylene amide of the general formula (VI) is obtained by reacting

‘a higher fatty aid amide as lipophilic raw material with the alkylene oxide.

[0061) More specifically, examples of the higher amine include primary
25 amine such as heptadecyl amine, octadecyl amine, nonadecyl amine, eicosyl
amine, tricosyl amine or the like and secondary amine such as diheptadecyl

amine, dioctadecyl amine or the like,



-31 and sorbitan nonool eate (Span 80) (Conparative Exanple 3) instead of

.the ethyl ene oxi de condensate of sorbitan nonool eate (Tween 80) to prepare

| ubricant oil conpositions B and C. The_| ubricant oil conposition b had a

friction reduction-retainable highest T%Qrper ature of 70C and an average

coefficient of friction of 0.081. The lubricant oil conposition C had 80C

and 0. 077. ar atg Ay s { I -, as the
[0 @%ﬁﬁé?ﬂpggqgégﬁp ﬁ%tety%cﬁpgxﬁldel Sl\ﬁi%rﬁ'bt&@wﬂ@ﬁﬂﬁ&e,

| ubri cant "ol [ “‘conposition were used except using

pol yoxyet hy¢saagamidaidocosimeiing obtlb likéonpar ati ve . exanpl e 4),

pol yoxyet hyl ene | auryl ether (BL-4.2) (Conparative Exanple S) end

pol yoxyet hyl ene secondary al kyl ether (ET-12) (Conparative Exanple 6)

i nstead of the ethyl ene oxide condensate of sorbiﬁ?n nonool eat e ( Tween 80)

to i s prdf8edl | ubricRimicaberampisadithe syl polyexyalkytenemmaineand dkyk oi |

iti D, F. had fuodcti ducti onz ket ginabl e t t f
700 76 o SetiyBRe ol crof pristel REHBRAC TV Bnd VA p eRvtintog2. " an
0.072, ' ] ] Q0
component Soag 4 ey Hme i B0 Bk AT ol N i o R ke P bR ecept
usi ng pol yxaret hyl ene ol eyl ami de (TAMDO 50) (Conparative Exanple 7) and

pol yoxyet hyl ene coconut acid am ne (Ethoneen ' C/ 25) (Conparative Exanple
9) instead of the ethyl ene oxide condensate of 25 ~ sorbitan nonool eate

o1 conpopbeahs R fue HHHsaR{bi g%&yﬁgﬁﬁfﬁtﬁﬁi@t@x@ﬂhﬁ Pikighest ; cant
o +0f i i ' 0.071

b 0! Sop dRanfity SPthebvetediihedl ke BRI el ohigic sibBhRRisNes i

conponent $0 801 ved otmioeaoh ties basiooPari tbiad welpll oftka hilid At dilexcept usi ng

et hyl ene oxide of sorbitan nonostearate (TS-106) instead of the s ethylene
oxi de con@eRRRsHIQN, hareby asuffigion) fistiontredyning affectxcdnive exdabitedi The

~ ition.h he.l ubr.i t oil. jti,on, h d fricti

- educt | on R i A BF Rfordn SRR inotiain 2deutd patRmaCa ke
ffici I kd { € : 96 T ~LEX. 2Ex.

glmrax. | i:1|) g)r,zg pgé'ilfab%)‘éétqg ElgoﬁBtLv&?r’ ?‘%{gﬁﬁ%ﬁ Qég n51 %gét f"gﬁg%% sse 0j |;

M nerab Oquantity is less than 0.01 wt%, the friction reducing effect cannot be obtained,
1009% Bal anceBal anceBal apceBal anceBal anceBal anceBal ancoBal anceAl kyl'e~e

oxi de- add@Bd Wohiroitiexeeads20 wile, nok Ofl}lﬁtibﬁgﬂ@iorglﬁblgvmgﬁ'fect _ |
Ei?ﬁfﬁﬁéf FPRTARE ) o iy SaREES 18 be SR ik oo B2 bocionmance of eeul a
rr vty R BB e A SRl O DR SRR AR L it B unber

of 2020182rapaadi5et hyl ene oxi de (n)Al kyl group chain

| engt h18189181817-1817-1817-18( Car bon nunber) Addi ti on uanti

wt 98, 8%. 0S. 0S. 05. 05. 0S. 05. OAddi tives (wt % --Viscosity index

I nprover: 35. 35. 439035, n-dispersi on type OCPAshl ess di spersant:
Succi ni ni 4e8.08. 0850335%%0%‘%6% W‘gyN%fr{B‘xch t%td% ggo‘yepcompoun as the

PO. 090. 09911396h D8R dBHRIRY NoRRhi O 9 HGEnRCd t i ves

Wt 96. 46. 46. 46. 46. 46. 46. 46. 4Soot content in oi

wt %38. 03. 03. 03. 03. 03. 03. 03. OFri ction reduction-retainable

hi ghest 10090901001 001009090t em er asure CAverage coefficient of friction"

i n0. 0A40. 0510. 0590. 0570, 0S90. 0500. 0540. 057SRV friction test's 1) Base oi
Viscosity@OOC. 5.1 m2/s. 2) Qther additives: 6.4 vcrt%in total of netal
detergent, pour point depressant, Is ~ and antifoam ng agent were added at
the sanme kind and content. 3) SRV friction test: Zroad (400N), frequency
(50 Hz), anplitude ( 1.5 nmm, tinme (5 mn). 20 ~ 4) SRV average friction
coefficient: Average of respective coefficients of ' friction obtained in
tests at 40, 50, 60, 70, 80, 90 and 100C. -33




Table 2 C Ex.IC. Ex. C Ex. C. Ex. 4C. ~x. C. Ex. G ~x. 7C. ~x. C_| r x. 923568Lubr i capt
oi | Com ositionabcdaf hl Base oil: Mneral oil
100%Bal ancaBal ancelL~al ancoBal ancoBal anceBal anceBal anceBal anceBal anceAl kyl e~
e oxi de- addednOni oni C SUCfaCtent (W %-@leni cal substance
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‘Of these, a non-dispersion type olefin copolymer-based one (e.g.,

‘polyisobutylene-based and ethylene-propylene copolymer-based one) is more
.preferably used for this invention from the point of the friction reducing effect.
The polyisobutylene-based or ethylene-propylene copolymer-based one

30 particularly preferably has a weight average molecular weight of 100,000 or
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generally used in a ratio of 0.05 - § wt%.

s [0074] Examples of the antioxidant generally include amine-based one such
as alkylated diphenylamine, phenyl-o-naphthylamine, alkylated phenyl-o-~
naphthylamine, etc.; phenol-based one such as 2,6-ditertiary butylphenol, 4, 4°-
fnethylene bis-(2,6-ditertiary butylphenol), etc.; sulfur-based one such as
dilauryl-3,3’-thiodipropionate, etc.; phosphor-based one such as phosphite, etc.;

10  zinc dithiophosphate; and the like, Of these, amine-based and phenol-based
antioxidants are particularly preferably used. These are generally used in a ratio
01 0.05 - 5 wt%.

[0075]) Examples of the extreme pressure agents generally include ashless-

15 based sulfide compound, sulfurized oil and fat, phosphate ester, phosphite ester,
phosphate ester amine and the like. These are generally used in a ratio of 0.05 -
3 wi%.

[0076] Examples of the metal inactivator include benzotriazole, triazole
20  derivatives, benzotriazole derivatives, thiadiazole derivatives and the like. These

are used generally in a ratio of 0.001 - 3 wt%,

[0077] Examples of the rust inhibitor include fatty acid, alkenyl succinic
acid half ester, fatty acid soap, alkylsulfonate, polyhydric alcohol fatty acid
25 ester, fatty acid amine, paraffin oxide, alkyl polyoxyethylene ether and the like.

“These are used generally in a ratio of 0.01 - 3 wt%.
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yeyrr. J§++Jr[ﬁﬂl;9{ Other additives such as corrosion inhibitor, coloring agent and the

like can be further used for the lubricant oil composition of this invention as

required.

[0080] The lubricant oil composition containing the alkylene oxide-added
10 nonionic surfactant of this invention can be used for lubrication of valve
gystems, piston rings and other sliding parts as crankcase oil for diesel engine
}:mder a general operating condition, and sufficiently reduce the friction of a
diesel engine even under the lubricating conditions contaminated with 0.1 wi%

or more of diese) soot.

15
Examples
[0081) This invention is described further in detail by the following non-
limiting Examples and Comparative Examples.

20

[0082] The coefficient of friction and soot content in oil of the prepared

'Tubricant oil compositions were measured according 1o the following method.

[0083) The alkylene oxide-added nonionic surfactant used in Examples and

25  Comparative Examples is as follows,
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| X&$" 10%mi@0g§4)- 9! : : :Cocffitien@f fridtrohOWasiepsured @y@ise)of al@mprocating type
5 (SRV) friction/wear tester, and the friction/wear tests were performed under the
following test conditions. The measurement result is shown by the average

value of the coefficients of friction measured at each temperature,

Test Conditions
10
Specimen (Friction material)  : SUJ-2
Plate : 24 mm in diameter X 7 mm
Cylinder : 15 mm in diameter X 22 mm
Temperature 1 40, 50, 60, 70, 80, 90, or 100
15 Load : 400N
Amplitude : 1.5 mm
Frequency :50Hz
Testing period : S min

20 'Soot Content in Oil

'[0085] A lubricant oil in which soot was concentrated by operation of a

.commercial diesel engine was collected and subjected to ultracentrifugation

'(centrifugal force; 36,790G, engine speed: 17,500 rpm, time: 30 min, frequency:
25 .3, temperature: 0°C), and the quantity of the resulting n-hexane non-dissolved

'content was measured as the soot content in the oil.

' Alkylene Oxide-Added Nonionic Surfactant

30 [0086] Alkylene oxide-added nonionic surfactants were shown in Table 1
“and Table 2 by the following numbers (1) to (16). The company names in

, parentheses are the manufactures thereof),



10m 10m 7#10%m&' ()-3f5 10%m& ()- 3z 10%& ()- D;|;; <<<4=dB_@

J10m 12" 10%&' () -- 10%m®& ()-10%r& ()-F ! 10%& () -

10%r& () - F10%r&' () - 4={==$>nmpp> ?2dE_@1Qni!S 10%& ()-9' 10%& ()- @

10%r& ()-"10%m& ()- !'10%r& ()- S 10%&20y-Z 2 ?2?2?@@ @ @ @YNC 10m 10m 10m
10nL10%& ()- @ 10%& ()- @ 10%r& ()-03(& 10%& ()-sY%

oy100 () 13100HEE) PRAEDB BRCIEIRC TOr bt (o yiene 0 1)

109%& () - 109& QVén6)oledR L A2ESO CORETMDKIE)[ <YNC
10m * #10%& ()Sarbmgloo/«ﬁ ((;E-:'x)ll $" 1006 * & ()-'EI})&$ 1096 *& ()-"10%& ()- @
10%. ()-F_FFG G G'G Gd&xnbC 10nL0%&' ()- 10

2. TS-10 (Tween 60); Ethylene oxide of sorbitan monostearate

s - (Polyoxyethylene Sorbitan Mono-stearate) (NIKKO CHEMICALS)

3. NP-18PTX: Polyoxyethylene pheny! ether (Polyoxyethylene Nonoxynol)
.~ (NIKKO CHEMICALS)

10 4. BS-20: Polyoxyethylene stearyl ether (Polyoxyethylene Steareth) (NIKKO
CHEMICALS)

S. BO-20: Polyoxyethylene oleyl ether (Polyoxyethylene Oleth) (NIKKO
CHEMICALS)
15
6. Ethomeen S/25: Polyoxyethylene soybean amine (Polyoxyethylene Soya
. Amine) (LION CHEMICAL)

7.  Ethomeen T/25: Polyoxyethylene beef tallow amine (Polyoxyethylene
20 Tallow Amine) (LION CHEMICAL)

8.  Ethoduomeen T/25: Polyoxyethylene beef tallow diamine (Polyoxyethylene
" Tallow Diamine) (LION CHEMICAL)

25 .9. Span 85: Sorbitan trioleic acid ester (Sorbitan Tri-oleate) (KOSO
CHEMICAL)

. 10. Span 80: Sorbitan monooleic acid ester (Sorbitan Mono-oleate) (KOSO
CHEMICAL)
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13. BT-12: Polyoxyethylene secondary alkyl ether (Polyoxyethylene Pareth)
(NIKKO CHEMICALS)

1o 14. TAMDO-5: Polyoxyethylene oleyl amide (Polyoxyethylene Oleamide)
(NIKKO CHEMICALS)

15. TS-106: Ethylene oxide of sorbitan monostearate (Sorbitan Mono-oleate)
© (NIKKO CHEMICALS)
15
16. Ethomeen C/25: Polyoxyethylene coconut acid amine (Polyoxyethylene
Coco Amine) (LION CHEMICAL)

Example 1
20

:[0087] To a solvent-refined paraffin mineral oil (kinematic viscosity: 5.1
:mm’/s @100°C) were mixed 5.0 wi%, based on the total weight of the lubricant
.0il composition, of an ethylene oxide adduct of sorbitan monooleate with an
HLB value of 19.0 and a molecular weight of 1325 (Tween 80), 5.3 wi% of a

25 non-dispersion type ethylene-propylene copolymer (OCP) (weight average
molecular weight: 200,000), 8.0 w1% of succinimide, 0.09 wi% of zinc
_dithiophosphate (as P), and 6.4 wt% in total of a metallic detergent, a pour point

depressant and an antifoaming agent as other additives. The soot concentrated
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= The resulting average value was 0.044. The propcrtles of the ethylene oxide

adduct of sorbitan monooleate are shown in Table 1.

10  Example 2

[0089] The same components as the lubricant oil composition A of Example
1 were used except using ethylene oxide adduct of sorbitan monooleate [TS-10
(Tween 60)] with an HLB value of 15.0 and a molecular weight of 1327 shown

15 in Table | instead of the ethylene oxide condensate of sorbitan monostearate
(Tween 80) to prepare a lubricant oil composition B. The lubricant oil
composition B had a friction reduction-retainable highest temperature of 90°C
and an average coefficient of friction of 0.051, which was measured by use of
the SRV friction tester.

20

Example 3

[0090] The same components as the lubricant oil composition A of Example
‘1 were used except using a polyoxyethylene nonylphenyl ether (NP-18PTX)

25 with an HLB value of 19.0 and a molecular weight of 1012 shown in Table 1
instead of the ethylene oxide condensate of sorbitan monooleate (Tween 80) to
prepare a lubricant oil composition C. The lubricant oil composition C had a
friction reduction-retainable highest temperature of 90°C and an average
coefficient of friction of 0.059.
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10%7& {) - value of 18.0 and a molecular weight of 1150 shown in Table 1 instead of the
gthylene oxide condensate of sorbitan monooleate (Tween 80) to prepare a
lubricant oil composition D. The lubricant oil composition D had a friction
reduction-retainable highest temperatore of 100°C and an average coefficient of
friction of 0.057,

10

Example 5

[0092] The same components as the Iubricant oil composition A of Example
1 were used except using polyoxyethylene oley! ether (BO-20) with an HLB

15 wvalue 17.0 and a molecular weight of 1150 shown in Table 1 instead of the
cthylene oxide condensate of sorbitan monooleate (Tween 80) to prepare a
.:lubrica.nt oil composition E, The lubricant oil composition E had a friction
reduction-retainable highest temperature of 100°C and an average coefficient of
friction of 0.059.

20

Example 6

'[0093] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene soybean amine (Ethomeen $/25) with
25  an HLB value of 15.5 and a molecular weight of 930 shown in Table 1 instead of
the ethylene oxide condensate of sorbitan monooleate (Tween 80) to prepare a
lubricant oil composition F. The lubricant oil composition F had a friction
'reduction-retainable highest temperature 100°C and an average coefficient of
friction of 0.050.
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1 were used except using polyoxyethylene beef tallow amine (Ethomeen T/25)
with an HLB value of 15.5 and a molecular weight of 925 (Example 7) and
polyoxyethylene beef tallow diamine (Ethoduomeen T/25) with an HLB value of
15.5 and a molecular weight of 980 (Example 8), which are shown in Table 1, to
prepare lubricant compositions G and H, respectively. The lubricant oil
composition G had a friction reduction-retainable highest temperature of 90°C
and an average coefficient of friction of 0.054. The lubricant oil composition H
fxad 90°C and 0.057.

Comparative Example 1

[0095] To a solvent-refined paraffin mineral oil (kinematic viscosity: 5.1
mm?/s @100°C) having no alkylene oxide-added nonionic surfactant thereto
were mixed 5.3 wt% of a non-dispersion type viscosity index improver, 8.0 wi%
of succinimide, 0.09 wt% (as P) of zinc dithiophosphate, and 6.4 wt% in total of
a metallic detergent, a pour point depressant, and an antifoaming agent as other
additives, and 3.0 wt% of the soot in 0il was mixed thereto in the same manner

as Example 1 to prepare a lubricant oil composition A.

[0096] The lubricant oil composition had a friction reduction-retainable

'temperature of only 60°C and an average coefficient of friction of 0.114.

Comparative Examples 2 - 3

[0097] The same components as the lubricant oil composition A of Example

' 1 were used except using sorbitan trioleate (Span 85)(Comparative Example 2)
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Comparative Examples 4 - 6

10 [0098] The same components as the Jubricant oil composition A of Example
i were used except using polyoxyethylene stearyl ether (BS-4) (Comparative
Example 4), polyoxyethylene lauryl ether (BL-4.2) (Comparative Example 5)
and polyoxyethylene secondary alkyl ether (BT-12) (Comparative Example 6)
instead of the ethylene oxide condensate of sorbitan monooleate (Tween 80) to

15 prepare lubricant oil compositions D, E and F. The lubricant oil compositions D,
E, and F had friction reduction-retainable temperatures of 70°C, 70°C and 80°C
I!and average coefficients of friction of 0.077, 0.082, and 0.072, respectively.

Comparative Examples 7 and 9

20
[0099] The same components as the lubricant oil composition A of Example
1 were used except using polyoxyethylene oleyl amide (TAMDO-50)
(Comparative Example 7) and polyoxyethylene coconut acid amine (Ethomeen
'C/25) (Comparative Example 9) instead of the ethylene oxide condensate of
25 'sorbitan monooleate (Tween 80) to prepare lubricant oil compositions G and 1.
;Thc lubricant o1l compositions G and I had friction reduction-retainable highest
 temperatures of 80°C and 60°C and average coefficients of friction of 0.071 and
'0.096, respectively.
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ethylcne ox1de condensate of sorbitan monooleate to prepare a 1ubr1c:ant oil

gomposition h. The lubricant oil composition h had a friction reduction-
retainable highest temperature as low as 60°C, and an average coefficient of

friction coefficient of 0,.096.

10 . Table 1
Ex.1 | Ex.2 | Ex.3 | Bx.4 | Bx.5 Ex.6 | Ex.7 | Ex.8
Lubricant Oil Composition A B C D E F G H
Base ojl: Mineral Oi} (100%)" Balance | Balance | Balance | Balance | Balance | Balance | Balance | Balance
Alkylene oxide-added nonionic
surfactant (wi%)
Chemical substance name 1) ) 3) “@ ) (6) ) (8)
(Separately described)
Comregponding General Formula m n I 1 ! v v \%
HLB yalue 19.0 15.0 19.0 18.0 17.0 15.5 15.5 15,5
Moalecular weight (mole number) 1325 1327 1012 1150 1150 930 925 980
Specific Gravity 1.080 1.065 1,085 1,020 1.070 1.030 1.028 0.94
Polymerization number of 20 20 18 20 20 15 15 15
ethylene oxide (n)
Alkyl group chain length 18 18 9 18 18 17-18 | 17-18 | 17-18
(Carbon number)
Additjon quantity (wt%) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Additives (wt%)
Viscosirty index impraver: 53 5.3 53 5.3 5.3 5.3 5.3 5.3
. Non-dispersion type OCP
Ashless dispersant; Succinimide 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ZuDTP (wi% as P) 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Other additives * (wi%) 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Soot content in oil (wt%) 3.0 3,0 3.0 3.0 3.0 3.0 3.0 3.0
Friction reduction-retainable highest 100 90 90 100 100 100 90 90
temperature (°C)
Average coefficient of friction” in 0.044 | 0.051 | 0059 | 0.057 | 0.059 | 0.050 | 0.054 | 0.057
SRV friction test ¥

‘1) Base oil Viscosity@100°C: 5.1 mm?/s.

2) Other additives: 6.4 wt% in total of metal detergent, pour point depressant,
15 and antifoaming agent were added at the same kind and content.

3) SRV friction test; Load (400N), frequency (50 Hz), amplitude (1.5 mm),
time (5 min).

20 -4) SRV average friction coefficient: Average of respective coefficients of
! friction obtained in tests at 40, 50, 60, 70, 80, 90 and 100°C.
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2. A friction reducing method for internal combustion engines
comprising, in an internal combustion engine in which a lubricant oil for sliding
parts is contaminated with soot present in combustion exhaust gas, using the
lubricant oil composition for intemal combustion engines according to claim 1 in

1s  the presence of the soot in the oil.

3. A friction reducing method for internal combustion engines
according to claim 2 wherein the internal combustion engine is a diesel engine

equipped with an exhaust gas recirculation system.
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