DESCRI PTION Title of Invention LUBRI CANT COVPCSI TI ON AND METHOD FOR
PRODUCI NG SAME 5Techni cal Field [0001] The present invention rel ates
to a lubricating oil conposition and to a nethod for producing the
same. Background Art [0002] In the field of lubricating oils,
additives such as viscosity index 10 inprovers and pour point
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poi nt, cl oudindbtoP® nidthad dot peedudiagrbeamdet hods are al so known for
evaluating the lowtenperature viscosity characteristics for

| ubri cati ng Badegidsd doetor ding to their 25nornmal paraffin or
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synthetic normal paraffins are subjected to lubricating base oil refining

by hydrocracking/hydroisomerization (see Patent documents 7-10, for
example).
[0003] The viscosity index is commonly evaluated as the viscosity-
20 temperature characteristic of lubricating base oils and lubricating oils,
while the properties evaluated for the low-temperature viscosity
characteristics are generally the pour point, clouding point and freezing
point. Methods are also known for evaluating the low-temperature
viscosity characteristics for lubricating base oils according to their
25 normal paraffin or isoparaffin contents.
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503754 Summary of Invention Technical Problem [ 0005] In recent
years, wth the ever increasing demand for fuel 25efficiency of

| ubricating oils, the conventional |ubricating base oils and
viscosity index inprovers have not always been adequate in terns of
the viscosity-tenperature characteristic and | owtenperature
viscosity characterjstics. Particularly with SAE10 class |ubricating
base oils, gsa‘ie@lsﬁilé‘éﬁ%eoi | conpositions conprising themas major
conmponent s, (.t Al ifficult to achieve hi | evel.s qf,bot uel. ..

f 11t ency' AR0OHT IPatentdncumntnt §TvALERc PrekbBided BARhY Amphipation
Vi scosity, the. |i i {nt ai ni ng hi gh-tenperature

hi gh- shear 3?@116%?{(91 IS]%(%@] h%@nli y the low tenperature viscosity is
to be inpro hi g1 shhl el i it gt ot

| ubri cating g%&toiﬁigélﬁﬁgﬁ tseg i glakj ngw%%\%lv@g errhgaetlrégl? u(r}{ep plication
viscogity, %i%ﬁiﬂﬁﬁ%b%gﬁg%i ncl udi ng 10 pol y-a-ol efinic base
oils or esteric base oils, or Towviscosity mneral base oils, but
such synt het[%uﬁitl SdGéngPeny Vapanbid eUWaninedsi Pt NAShli&ARsh
oils generally have | ow viscoSity I ndexes and hi gh NOACK evapor ati on.
Consequent | ypyulsigehitvg PIRIMNbGUBL 1 39 Ng base oils increases the
production cost of lubricating oils, or nakes it 15 difficult -to

achi eve a hig@hteﬁtscdmamehﬂdﬂ dapahese eVhmnatined pPareat t ifsplication
Moreover, only limted inprovenent in fuel efficiency can be achieved
even when udtulgiddteseHEINNenTi48¥21 | ubri cating base oils. [0007] It
is therefore a first object of the invention to provide a high- 20

vi scddi t y- i ffetertubdoaanenty i1 Japepess t LnexanzinetdasPatené! 1Appli¢aieon
efficiency and | ow tenperature viscosity, and can exhibit both fuel
ef fici ency dhtblicaiiarehiddNoureb3d’&osity at -35C and bel ow whil e
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conventional™ internal conbustiron engine lubricating oils, a ]%%(1)%% oo

referred to Bghidtth Ry, Poosansg7é@se oils", are not always adequate
in terns of their viscosity-tenperature

charact eri st[iPagétodoetnrmat 9] elapasessi PatcabhaPalslier Irspection! NJ.udd06-
additives in 10 lubricating base oils can result in some inprovenent
in the viscadd)2208 enperature characteristic/lowtenperature viscosity
characteristic as well, but this approach has had its own
r est20 ct i ondPaRentr dpoumentiepd pJapansse Patgratr Publicalnspbetiont Noxh2002-
effects proportional to the amobunts in which they are added, and even
reduce shear5&7¥H | ity when 15added in |large amounts. [0009] The
properties conventionally evaluated for the | owtenperature viscosity
characteri stswar)ﬂlﬂfﬂmnﬁljﬂbase oils and lubricating oils are
general ly t pouyr 3)| niﬂ cl oudi ng point and freezi ng point.
Recently, %@%lcﬁi dOEW heen known for 20 evaluating the
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i ndexes for the |l owtenperature viscosity characteristic (fue
efficiency) of a lubricating base oil. [0010] It is therefore a
second object of the invention to provide a |ubricating base oil and
| ubricating oil conposition that have an excel |l ent

vi scosity-tenperature characteristic and | owtenperature 5viscosity

characteri st 'bc and allow suffici egt | ong drai &ry?perti es and .fuel,
efficiency t9CHESERHFMNSAPCIHBIA CHBEARARASHS ANGr O3Y ETIDFERIUEE FYISCRIAY
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long-termreliability. erefore at ject of the

i nvention t JopoO8Yilfenky ltHebeatdmpeithreCo1ROSIY 11970 Y imBroveErtha is
conbustion engi ne wherein 20 the Vviscosity-tenperature

char act eri stpassiblevif topmbimaiduwethvilecase f labeicatherbade 6ilanbatethiar
property are all inproved to a high-|evel balance, allow ng fuel

ef ficiency texceHerf flewt terapgratute evsusitgolsuchoas tsynkietid enls inclpdi]
In order to solve the problens described above, the invention
25prldli des galybr-otefinegbase odsnpoesterionbasenpils,sondowavisabsity aninegal
base oil conprising a first lubricating base oil_ conponent having a
urea adductbasgl euds,obuhsuchrsathetie el arecaxpemsses, wWhdensvatviscosity
viscosity at 40C of 14-25 mm/s d . a viscosity index of 120 or _,

hi gher, and IBINg&a rhﬁsreu@aksc&enﬁgaallﬁés}éa\fﬁ Islol%rfﬂéﬁ‘éﬁty Hadergs aand high

of the. 11 SINDUIKY SARQRShas CaICORERBEnERIRG Todubss AksEesna
the content Qf the seco ?1 | ubrkcating base-qil _.conmponent is 1-50 % by
mas. based U5 CHOESEaE BTG oS oof | bhrEANRBacusoidr, igkesalt
SR LY L ABGTR Eick bR HER=LINGBRDSIAA il "B ESaneipion
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| ubri cati ng asBe Qichidved Bfef iwBén idiigd ﬂ@ééeﬂeoménﬁ&ﬁﬁl%ibﬂgaﬁng ase
preferably an initial boiling point 1s not higher than 370C, a=90%

distillatiomjteenperature is 430C or higher, and a difference between
the 90% di stillation tenperature
[0007] It is therefore a first object of the invention to provide a high-

20 viscosity-index lubricating oil composition that has excellent fuel
efficiency and low temperature viscosity, and can exhibit both fuel
efficiency and low temperature viscosity at -35°C and below while
maintaining high-temperature high-shear viscosity, even without using
a synthetic oil such as a poly-c~olefinic base oil or esteric base oil, or a

25 low-viscosity mineral base oil, and in particular, that can reduce the

HTHS viscosity at 100°C of the lubricating oil while maintaining a



15and a 10% distillation tenperature is at |east 50C. [0016] In the
first lubricating oil conposition, the viscosity index inprover is
preferably a poly(neth)acryl ate-based viscosity index inprover.

[0017] The term "poly(neth)acrylate", according to the invention, is
a 20 general termfor polyacrylate and pol ynethacryl ate. [0018]
Preferably, the PSSl of the paly(neth)acryl ate-based viscosity index
i nprover i n comstamty gl H%b\ﬂE@%&lt}h@toliﬁ(}oéf)@pésthﬁtd%ﬁn gopahly ginapiasie aﬁ‘an

the pol'y( mettSoRS Pt BRutly RUGSHRY. | ndex i mor over |s at least 1 x
Fospeet o 1DAGSTkes iRyl Sbbhatly S B MHERRSIAY ot Sl g
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viscosity at 40 viscosity 1 ndex of 12

hi gher, a S%@gﬁa’c@bﬁl feirisn@fodeer UiscRMTPRIEHErabae RBamdiengidy/losw-
viscosity at 40C of less than 14 m2/s, and a viscosity index

i nprover, tacoiperature |vigcosiay i nchdrasersticswher dnholudiag coaddintvesf irhe
first lubricating base oil conponent is 10-99 % by mass and the 15
contiht of tlhbrisetingddsehoils ganngsbhsa svheaoqrovententsnltheovcbyity-
mass, based on the total anmount of the |ubricating base oil; and

addi ng a vi denyicratuiradeharaaiersiiel|ovo-temperatare cascomtbaderadteristio as
obtain a lubricating qil conposition having a kinematic viscosity at
100C of 4- mvelindnd HHa appioscbsihay hadiedts o WROGEHBEIONSr i PRy groint

referred to as 20"first production nmethod” .for conveni ence). [002
The i nvent | IFPFESSERE: i pardealag, bFIPEé?c"ih%élto? fe%nﬁmqr.t@aicﬁp ﬁlﬁﬁ
i nternal conbustion engine,,conprising, a Jubricating,base, qi.l. havin
L\ scosi ¢y AaeRSIn Ao ioH Bieuaddeh, dhh eve FabIqE SRR Sty WAsH
hi g t han . &.90% distillation tenperature of 470C or higher
andhg 25di f@é%%ﬁé@qafg?%l@%%'di stillat irrgn tenperature and a 18%
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consti tuent c{e rre%ttglrgn %cr?%é%incdl‘%?y g%ﬁﬁm%%@&%ggﬁgmﬁgsgi ?\Jllt%heand

| ubricating lﬁBﬁ@aﬁh% 6ﬂ§phtée§e@erﬁll§rsrthé GhE Rding, Q@é@di‘?ﬂﬁ'ﬁ S;Rﬁﬁ’@%ﬁi‘t
havi ng a urea adduc 5 val ue”of not greater than 4 % by s, a
viscosity irfpsezing PAnQr hRebeitlgndnathodzertadvec alsscdrichy kaiowR0opf
at least 3 5 m2/3 and | ess than 4 5 m®/s, and a second | ubricati ng
bas€®i | corpaheating ahenve-tomperaidde ctisveditie odfaracterigtieabased loanthe %
by mass, a viscosity index of 120 or higher and a kinematic viscosity
at 100C of Adubriedtingthase dils,(deoedieg tetheiefreomeal paradfin'ceopdraffin

| ubricating oil conposition” for convenience). [00221 The | ubricating
base oi | i n coméentscoBadedoon trrdstigation ko thropiaseoh inentess; dlovegmerhiat
and oxidation stability itself; because jt conprises the first and
second | ubr iGFEET #Q realiec oi lubsivappgebass olvanl lubyicating o thebcangnsst e
oi | includes a\o/lg%itiv s, it.can, exhibit a higher |evel of function for
the additivéBewsmandsmentionahaseys & wasduiged dhabothe mdexgdi i peyr

Mor er, by addin oth an ashl ess anti oxi dant, cont aj hi ng no sul fur
e P onst i HEERT G dRAANEnBPHnGTE OIS e ety S aBl R ESabiR
(A") and atinldg)?esst WE GREPO orw—tgr%p%%étﬁgef r\91rsncosity characteristic (fuel



20 anong ashl ess antioxi dants containing sulfur as a constituent

el ement and organi ¢ nol ybdenum conpounds (hereinafter also referred
to as "conponent (B)") to the lubricating base oil having such
excel l ent properties, it is possible to maxim ze the effect of

i nproved heat and oxidation stability by synergistic action of

d (B A.l ubri i il iti f

comonent s (A 804 90, RELARI Ealing ol] composi Lion for an
i ti i .af ti d dit.i L | fficient
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or stirring fepeHicieatyth e AMEVéFal tenperature range due to its
excellent 10 viscosity-tenperature characteristic, and its effect can

be not abl y il bj Membrddorsirbamdrifitel efficicnsy hh UrifRied IERIEEARCEH
or stirring resistance under | ow tenperature conditions of 0C and

bel ow, thus reeeitciyogrsenetigy fiedd ofl autderilibs andvell,| bud itgcaneitdye said
savings to be achieved. Mreover, the lubricating base oil is

excel I ent i thaesuffimént fodl refficatndyi fort prasticabhibe dasyberh adlieved, even
additives, as_nentioned above, and therefore a high level of friction
redudd ng ef feidh eembinatuhtsadheonwentionak }uhmctaﬁmgr%am icals and adsiekity
Consequent |y, the second lubricating oil conposition containing such
an excelIenﬂﬂdﬁbﬂﬁﬁﬁﬂV@§-base oil results in reduced energy | oss due

to friction i.stance or._ stirring resistapnce at .20 sliding sections,
and can ther[@sibitlaizmlmg&m gﬁ%@f@l}@@éﬁ% .rlqaimibase pkgs When
difficult tq.achieve improvenent .in the | owtenperature viscosity
char act er i sUNENGHVISOS RO MERXES | HIOW RV FiL 1 Ry pgature ful
conventi onal _d-ubri cat.i-ng,_base.qi | but the |ubricating pase,oil of
Che tnvent; GACRASAJES tosi?s Viasy, dY, rédifecdt i JBE etealBSr nsm G
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cha?la%t eri st‘{lgcgégﬁ%hlr%@vy@g aﬁ ?Piﬁet?é%heﬁ%@gfgﬁﬁég%ﬁgaﬁgﬁowthe basic
conposi {1 on fhfickiBRr 8FOfife YaBfikhiher ollMPARY ! @AdS N ABWErS I tone-term
property, in addition to the Tong®drain property and energy savi ngs
for internalefapitsti on engines. [0025] In the second |ubricating oi
conposi tion, the lUbricating base 5 oil is preferably one obtained
by a step of[Omg} gerigcildrefdieda ottiedrestjest ioihtid iavesgInstPgitofide a
contai ning nornmal paraffins so as to obtain a treated product having
a urea addudtubsahtingafil cotmmrstabariot kanirtethdd\combsestand eﬂ%i/lieswhérém
index of 100 or higher. This can nore reliably yield a lubricating
oi | Kbnposi then visdbsiyvienypérmmanreoxdlbatcenisticabldwttgngretahirgh isemsitsy
of both viscosity-tenperature characteristic and | owtenperature

vi scosity clehasacteristiciand poor6iarpropfartys are wbl improved Basz hogh-level
conponent is preferably a |ubricating base gil  conponent obtained by
a step of hydlanreaakiovgngy e esbesncy 40ibsreldectivelyachievwk oi |l

cont ai ni ng é&ﬁ normal _paraffins so as to obtain a treated product
having a ur &Platigacto Pxpblemr not greater than 4 % by mass, a

O IR e e s N B T R i 05,
| ubry [ b il i f bl | ubr i i ng. b '
bt OGS b SSPRRORLeh R SHE oo ST BITPEB

[ eat ea-pr otk CORRAEE, LT IR Pl s ebafReheheTid, 3, fuea,,



[ 0028] The CCS viscosity at -35C of the second lubricating oil 15
conposition is preferably not greater than 6,000 nPa.s. [0029] The
MRV viscosity at -40C of the second |ubricating oil conposition is
preferably not greater than 20,000 nPa.s. [0030] In the second

| ubricating oil conposition, a difference between a 90% distillation
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having a ur ngﬁéﬂgﬁ% WAdeUSi] qforﬁgén@mefst eL50 B3by dARY bABES orhe total

viscosity index o 20 or greater and a kinemat’ic viscosity

100C of 4. 5-2foffR 6§ thé ulehdéatins dakeRil; cid lﬁ@wi@@(fﬁtwiﬂdé&aﬁhpfﬁoﬁ%r the

viscosity index of 100 or higher, an initial boiling point ©

hi gher t han cb#gbsitiodtiandngta kinshiait yisepsitglae0OC 6740 Dmht/ghed a
and a difference between the 90% distillation tenperature and a 10%
di still ati orviseogity atdexe ob208k-3b@dbtreinafier referve to as "dirseludmicdtong
10 producing a lubricating oil conposition for an internal conbustion
engi He conpraibcamposddomyiemcenstdnéescent i oxi dant cont ai ni ng no sul fur
as a constituent _elenent, and at | east one selected from anon

ashl ess ant i[0QildhMtegardmaihe déstillation paepertissnet Ihm@#hﬁ@atél&&rgﬁlasﬁrﬁdl
organi ¢ nol ybdenum conpounds to the |ubrjcating ba oil .(herejnafter
15referred t18 g!se ?gékgﬁhnﬁa%a&c@' &pmﬁpﬁﬁwn,fmefgmﬁﬁrﬁrédeg}al 19@33%

The invention.still rther, pravides a I iing oil conpositj

for an i nt et sonstbishss Ry thar 20 fafisia b mmetiaiieas4 TG
| ubricating Qil.qgonpasi,tioprfor ceonvenience) Fi.§{.hg. a

!yubr2 [ cgti ng (Habkg 1 a_ﬁgv‘ril rfgf%rfn%eaggéﬂﬁﬁ%%gl %@%gﬁlﬁﬁﬂl(a;&“eé?@ffﬁ&ﬁe 4
0 y ma a, Vi : r ereinafter

al solOSr eferr ngifl%qgs/“ &%@?ﬁ&%réﬁgﬂgﬁs@%&ﬁ anolg 5%thhf;eéﬁiafreivent ion"), and a
pol y(neth)a I A 1 : ; i~g PR

200, 000- 400@?66? in e et hifcatifel g’gfe‘gﬂ%’@@%ﬁﬁ%‘ﬁﬁ Wity pdes
of the inveniso; [ I j ' kbd i 0 i hi
l'ubricati ngqgﬂii@ggﬁpgfi@?g%]}?ﬁg\% nggraJ (gﬁgy%d %?@gﬁeﬂgﬁggl\}?sg@ﬁ y
i ndex t hat gﬁipr@f\mnt he conditions specified above, exhibits an

excel l ent viscosity-tenperature characteristic and | owtenperature

viscosity cH@0ag]arlictére "pbly(encthyacrybategadammding ts the snvestion,aisce
or 36 rri Ing resi s}inanceﬁ)argjdgarrpnrbg;n%d hcgat I';r;dt}}%x;i;\la:é ?R slt agl I t%/_,

fri onal ameeal ieem ¢ gdpemetiicyylate.t he | ubricating
base oil of the invention includes additives, it can exhibit a high

| evel of furd®0il8h Rreferahby,abei PESE0! theupplw(neethpaarylatethasedtvisgosity
conposition exhibits both the aforenenti oned excell ent properties of

the | ubri catindgx parproyier 17 thehéirsthlebricaing il chapasiden 5t nalggreatsn
of a poly(neth)a r%ﬁe according.to the inve and can 1
[

tiop,
i mprove t he hag 3 B3R PARUVEI BN IR ge i@&e@yParoWkgé}#ﬁ&da&ﬁr%SSI
iscosity ch cter, sti and .ant | wea ropert.y .to.high |l evel s, in
sati sf act or W IURERRISTIGHRETYRI RS VIROSEyiheex dgproyepis afleast T

ef f ively hi eved. [0034] In the third lubricating oil ,
co ition,"the lubricating base oil 15 is preferably a lubricating
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stirred at roomtenperature for 6 hours. This produces white
particulate crystals in the reaction m xture. The reaction mxture is
filtered with a 1 mcron filter to obtain the produced white

particul ate crystals, and the crystals are washed 6 tinmes with 50 m
of toluene. 5 The recovered white crystals are placed in a flask,
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t he tol uene ; . O addition of a desiccant (sodiumsulfate),
t he tol uene 1|B§&1§§h§;iyq$%.d of f The proportion (mass percentage) of

hydr ocar bon o b 0bb ajan in this manner with
respect to tfggﬁsga)lm (gyl |sggt(ei$i9nleja E%ﬂtélh@gbr ea adduct value. [0037]
i | es et f ort IRk THISTRID ) fepReeifts e IITARRidsiigial #06°Cland
fromnornal "paraffins to Isoparaffins in conventional reéefining
processes f @TH®(156Ceepgrasent9itheé HOVHSYgisessiaelit ngoead

hydr oi someri zati on, as nentioned above, the présent inventors have
found that i[00R8]dHd igwkehtiba Fatthef aptovidey a netvedt f&r producing a

| ow-tenperature viscosity characteristic sinply by reducing the

resi dual ardubticafing26ilncongospiaonf Eomprisiigt biendingt hofight hibericating

i soparaffins produced by hydrocracki ng and hydroi sonmeri zation al so
cont ai n conpmmserais colmponmn drayeng aafifeacaddies viabwe & modgxeates than 4 %
viscosity characteristic, this fact has not been fully appreciated in
t he dbnvent ilbhmasget hdasmeticevisrosity @b 4006t abdd-2usmmas anpda viscosity

chr omat ogr aphy ( nd are 25al ppli.ed_for apal ysis of normnal
par af fi ns adag%%)dr or H@l%ﬂ serenddubsiating fusa GemPonEnh ¥ g

separation and.identifi.cati.on of 0 ent.s, i n bsoparaffi.ns that
adversel y af% g&emﬂfécl‘ﬂéi?‘?%%@? a‘&df?ﬁ qfﬁggggﬁillg, lc4h§?‘r§c/tssetain§1t ?CVISCOSIPY
i nvol ves conplyjicated procedures and.is tinecconsym . in hem
et focti ve ROFX gRIpVEG: (0. 8aETn JobareRr hEg S chBfteiSRhpRnaTbt
adduct valu i 5 _tn i ad/h vard 4 4l
possi bl e toigggﬁ)%%ﬂpgﬁcéﬁggrg%seaﬂg 1\5(25%&33@?%“ ggllfogg?i oonsgf H@gg and e
forrplqpent S Ik SAPSF %é&%nﬁrl%ri%%ﬂngtdﬁa%’és(ﬁi Xoﬁ{pfo%%ht 15 % by 1pass
owtenperature viscosity characteriStic, as well as normal pararfins
when nor nal f & a i I bR ot A i :
oil, as ur _egagggu@!tl ,rtﬁgngﬁ?{ %?ﬁsa%iﬁe?gftg?gl%g?cggggl Pgsndt %q?gdatdggu?%r%e
10 eval uati afis@dsityhendexn inpRevEt ube thé Skd¥ldayinghdaget ofli sto obthin a
| ubricating base oils. The present inventors have confirnmed that when
anal ysi s i s labridatihgadbilisongpdsiiiamhahiiyz athiaematic viseasieddtid08°@ref 4-
urea adducts of normal paraffins and of isoparaffins having carbon
atoms from d2 exmi/saand ar tiscositpmdéx o hB00-300a(heremadtqroreferred to as
branching of 6 or 15greater. [0039] The viscosity index according to
t he 3thvent i dfjrstaprddunsion metmed't foi sewednignes). 40C or 100C, are the
viscosity index and the kinematic viscosity at 40C or (100C as, .
measur ed acd8Pdi hd heoinvestmhathaogpvides adubricatieg wak aempositiomifor
boiling point" and "90%.distillation tenperature”,. and the 109 )
di stillati ol igberaal combustion engine qcanpaﬁmgé@d@bmﬁ@gé?ﬁfefm@awng
boi | i ng poi nt ex

boi i ng poi & vECBRTY 5o Gt dﬁébgéﬁﬁi‘%ﬁﬂaﬂiélﬁi‘cﬁlip%&%i%?%@%tﬁiiéﬁer
25and 1 nal BTN oot Ry BEChlsBteaatluect 4TGC: B Koo an.
al st at ot PERBGaoh B 11 SraHiisH Pt SR BoLOYEREtIAN,

venti on, (STEGRREr S PEIT o NOaRty s e o RE el e o

at e an thacry



in ternms of fuel efficiency, |ow evaporation properties and | ow
tenperature viscosity characteristic, and can exhibit fuel efficiency
and 15 both NOACK evaporation and | owtenperature viscosity at -35C
and bel ow whil e naintai ning HTHS vi scosity at 150C, even w t hout
using a synthetic oil such as a poly-a-olefinic base oil or esteric

cor v suie W REE RGP il 3 ol S
B TRk mel g st Al
\(/a\ﬂgielne\s/,eh;:IinaOg’g%i %ng‘hh?@%gﬁt}aé&@l?& H@Ig’ f ﬁ @%Weg?%éﬁ#%gg?sﬁ (ﬁﬂ -
25can be suCIBPEEEad s ABEFoRAEE AT O RhGRAR A pri adputt
wihs sul fuagenenbt eredel wafad o byamass, BRGsPYsifRIAdeR 6T 2080

for marine engl nes, O oar not or engi nes ‘and Because o

its excell e'HigMélsﬁﬂé It ineRTIRY PsEO8ity RANYOPEY Bt Ieast BS Ifnin!i?% and less
| ubricating o'l conposition is particularly effective for increasing

fuel efficiehay 48 madiNemdawesonddubgicatiapisiset yideonmpoeéntdidving a
5[0045] According to the first production nethod of the invention, it

i s possi bl e ureaeducy vahtt o£hbabieatebtlem4 &4t by stasspbniisassingimddx of
conposi tion having the excellent properties described above.}&00462]

| n addi tion,]12thershighed andra kanémgtici Viscoappsitt i 66°Gf of Fe5+2HY embi“dh
can realize a lubricating oil conposition for an internal 10 .
conbldbt i on dhgreisaftantrefesedntoeasel sapondy lebneatiyg t@hpeompasigion” for
characteristic/lowtegperature viscosity characteristic, frictional
properties, QQEWCIEFNECIxi dat i on st abi | i ty, and low volatility.

an i nt or aﬁ@@a@ﬁ]ﬁﬁfﬁ @%aéq&gdwm: i | g apee Lig%ﬁ@%%ﬁgnb‘h
Vi 15t. i i i Vj . - .
oroper " B8 OABel R L BB BN
| EK??L;?E gg'ém%ﬁré%%%@éq ﬁﬁ&%%éza%ﬁhbﬁtlﬂlﬁgigé@éé?%ﬁ% PRl ocVhshq
V 4 . . . 1 i i b tq]
the 20 1 nvenpsdioHSataR Hepcll ibAhey ARATE, JF ol UfPIE Bl eREL
charact er i st4for n'l():ﬂWnt ﬁimﬁre?&iﬂﬁﬁvaﬁgﬁg hﬁiﬁ@%&g@? ﬁébfetaﬁiﬁsaﬁﬂicﬁﬁbf?fw@r

property to al e inproved to a eve nce, owi ng fue

ef ficiency tRidigved.f ectivedoverchibsyedddings chom | Qﬂl fgshﬁﬁaodéﬁf&sbtislant

25[ 0049] Preferred enbodi nents of "the invention w now be descri bed
in detail. dJda@ling Mo silfenbod ommstitubnt slerhedy (leatinadtepidlso referred

conposition and first production method]
to as "component (A)") and at least one compound selected from
20 among ashless antioxidants containing sulfur as a constituent element
and organic molybdenum compounds (hereinafter also referred to as
"component (B)") to the lubricating base oil having such excellent
properties, it is possible to maximize the effect of improved heat and
oxidation stability by synergistic action of components (A) and (B).

25 A lubricating oil composition for an internal combustion engine

comprising a lubricating base oil of the invention with the



(Lubricating base oil) 5The first lubricating oil conposition
conprises a lubricating base oil, which conprises a first lubricating
base oil conponent having a urea adduct value of not greater than 4 %
by mass, a kinematic viscosity at 40C of 14-25 mmR/s and a viscosity
i ndex of 120 or higher, and a second | ubricating base oil conponent
havi ng a kinematic ui scosity .at 0 40C of..l ess than, 14 m?/s,

wher o1 n t he HOFRBARIBRCY EGHIVEs allgws € sEEfGIoREdans drai, RERRRAY toobe
10-99 % by nBasgs anP the content of the second |ubricating base oi
conmponent i AC4E "% by mass, based on the total amount of the
oS PORELT 45 S i) L
and vi scosi ), .hdax LAY r i i £i10 '

be a m neral SgsgﬂoF_?ﬁgﬁ§§nﬂﬁ%F?§t%%ggggﬁﬁ%iggggggﬁﬂg éyxpﬁwpdhEHﬁy
Lherepf [ 005RkciBeddbove PRI AL PTG O HOTRANSAIG Bal! SISt ¥
a mneral base oil or synthetic base oil, or a mxture thereof, .
obt ai ned by is 2MHus ﬁfg}fef,k /e Eaiing BAdez 8l REcl?fexhibRS thrb lekeklleht
contai ning nornal paratfins so that a“urea adduct value is not
greater tharvidgcSoitytamperatareki neh@tacteridtikcoshhd atfridfionhh 1prdSertiel/ s
and a viscosity index 1s 120 or higher, since this wll allowall of
t he requir erfantlseriwore; hhe Mubricaiing - baseperl agam scdivar wistens stsistance or

| ow-tenperature viscosity 25characteristic and thermal conductivity
to be achi ewstidriag wshitgihcd avel practieab3¢mpematurdeangedpoitot itefexcellent

i nproving the oy tenperature viscosity characteristic w thout

i mpaliGti ng t haseasotamperagwise reharaetesisticacard i 48 i effectndasbthe motgbly
hi gh thermal c¢onductivity, the urea adduct value of the first ., .

| ubri cati ng eagzé@t%ﬁ | b¥ otigsHeAtly nirduaiag ntic grseaus: reHsiangeompyStng

T B i o LT YRS T G B
2.5 % .

§ reater t Edaﬁgtéugfr%a‘sﬁ&é)g 35 el o Sh%ﬁwﬁ%{ Sy Eﬁ‘af‘m%n?é’%e %

by s, A iSSP B S0 SEELIRR B of

obt giqi ng atthJdlﬁBﬂit??%&gﬁegﬁ%bg%%f ﬂsaaﬂlﬁ%g' Eé‘tmél‘r?]@'bféﬁcg%oﬁﬁe‘;”ﬁd

vi scosity characteris Vi Scosity 1 nmdex,

rel axing t h%h@%ﬁé&ﬂ%i &Yl Fgictivh féH%fc‘i’ﬁ%% &Pg?ﬁg'ﬁg%ﬂt& ¥l when a

preferably 0.1 % nmass or greater, nore p era y mass or
greater and fiResionPhRidfiabliy dded% b@oH@é«fJéHﬂ}Q r@at &contd AL @il
Ki nematic viscosity at 40C of the first l[ubri"cati ng base ol

conmponent mgdimpesifidnZontaiing sodh drd exselpsmflabaiohiingbdze2i] medlles in
nore preferably 15-19 nmR/s, even nore preferably not greater than

15- 18 nm2/ s reghetedrenergy ébss dakytolfridifommeéistaand opstirmng fresatdncel s
16.5 m®/s. The kinematic viscosity at 40C is the kinematic 20

vi sédkity atslidig seetsoms dinalccar thiengfare pisviddaderfiate enchgy kaviagat i ¢
viscosity at 40C of the first |ubricating base oil conponent exceeds
25 me/s, tHe0Ré\t diserhactr diffiedbsta yadtave ctpiosicneentaynbghe low-

i npaired and sufficient, fuel efficiency may,_not be obtained, while if
the ki nemat iteMPCE}BES (KISeASIBO characterestic il @bsq €BSWRBE Have velatility

Fubr | oat e UReR GRTEPPRvERIRJUERREE AR lhgDi e fubritaing base
e e e
obi it an' XEH “ﬁ%cﬂfg@y ?%V?eﬁ%lctgﬁl R dodiRimbPrdi i
vigcog$?5? gﬁghﬁFeﬁgg%rggﬁrag{ysl gﬁﬁaﬁf3h3$?Pﬂ%$%h§?eﬁﬁﬁﬁﬁﬁﬁgséﬁkr



20 thereof The normal paraffin content of the feed stock oil is
preferably 50 % by mass or greater, nore preferably 70 % by nmass or
greater, even nore preferably 80 % by mass or greater, yet nore
preferably 90 % by mass, even yet nore preferably 95 % by mass or
greater and nost preferably 97 % by nass or greater, based on the
total 25amount of the fe d%t ock oéuh‘. [ 0057 .Exatggl %3 of .
wax- cont ai niG¥FNBeHEONAS € preapseiuh foT HBPEYYiSE thergoiddtatt gnpReityeht
refining neth such as raff.i nates rti sol vent dewaxed .oils
Geasphart od AKiGon S the gL dr A Tiendhs A eherkanviids Ipf dhlerfiat
waxes, foot oil FtischerrTropsch waxes and the |ike, anong which

sl ack waxes Cé’rmbﬁ é%gpglﬂ'eépsch waxes are Spreferred. [0058] Sl ack

solvent o PopehdR oStk LA B Bkl rReChleRl gt pase

b [ | ail b L1.ng. bl

tgt dg?:el égsg(ﬂggk \flxglax. g%é%f”g:’g)c e?/- o%fsﬂg gWax sta?% p(r:ggéﬁ:goggs
- F _ 1 . 0 0 1 o . .

par ar i n- conprauiackiAgasarakanapLtion 2P s SOETT SR . Fphuainine

there may bedrerdli prafirasaidsi ot oSain Avdeasdnnbatcrhachy a ire@sdduct
wax) and Shell MDS Waxy Raffinate 15(hydrogenated and partially

i sonerized hedué ofiotdirehidr! ©@dnsy $6He} ntasseand afistediey) ind®06£]1 (eer
stock oil from solvent extraction is obtained by feeding a high

boi I i ng poi rtighet.r oTaisnchnamadrenrdliably ayrebd phdubricdiiagi bilacompostien
vacuum di still ation apparatus and subjecting the distillation, )
frack® on to l2ingl heat'oxidatiant istabilitheanéshighe levoln wdcboth viscosity-
distillation may al so be depitched. In solvent extraction nethods,

t he aromat i denwasaneachamaedsids anddaw-femperaiiee wecopihy shavgitedstic.
| eavi ng nor

RS AR Iy T AU T o
o S 550 Bk S PHEPAACT SRR o o
PRSI A
SergL o R AR O A S
el o YRS MoRe s iRy Vit e b

| ubri cating Mgﬁer ghll 20GFRANRIY vI¥RYsHE 2@ 10BPCBSE a@reageﬁﬁnﬁﬁ%tagﬁ less

hydr ocr acki ngrhydr ol soneri zati on of the feed stock oil so as

obtain a tredhpd4H Qﬂﬂfgls, had ndiea sec@ad 4d§ﬁ@htiﬁ%l bgse dikidrnpbhent is
viscosity at 40C, a viscosity index and a T90-TIO satisfying 10 the
condi tions guetérhbbd Allabecafihg bysk adl avmpondtdobisiogdr byasi stapso€p
is not particularly restricted so long as it satisfies the

af orXirent i oredirooretikingths/dirorsottrizateen adfiuat feed ustenkd oils costaining

i ndex of the treated product. A preferred )

hydr ocr acki myityalrparafives se asi tonobtiagp asireatediprgduot havirighaanca @adduct
15conprises: a first step in which a normal paraffin-cantaining_feed
stock oil i svaluejeicnet greateydhenr 4 atobyt Massng WSOty dndeki ¢ig 120 or

catal yst, a second step in which the tr product fremthe first
step i s subjldghggan miyaﬁat?ém‘awSﬁ@smiaﬁgﬁbgﬁﬁﬁ‘ggeﬁéﬁ%/seat al yst,
and [0027] The second lubricating oil composition is preferably one having
25 a low-temperaturc viscosity grade of SAEOW or 5W and a high-

temperature viscosity grade of SAE30 or greater (SAE40, SAESO0,

10



20 a third step in which the treated product fromthe second step is
subj ected to hydrorefining using a hydrorefining catal yst. The
treated product obtained after the third step may al so be subjected
to distillation or the Iike as necessary for separating renoval of
certain conponents. 25[0063] The first lubricating base oil conponent

Sl i R o W
Cespect | ve- dsearding SRR3R0 aa F5° B pnntds O3, “iarodteh g1 is oo

i nemmt 1o v Osaei B3G5t R Or P A EBF GBS ¥y apy 33°€ oF e
P o ent o UPIFEI08TE,NC0 MIRANLCddIR e O-AHTES B (BUEOB0 PRSI |
et & ably rOKMANIE ARALiBo HOTC YT SRARE FFiERere SWHASCREF

10 than 3.9 gmBEsis PCUR vasewinhardsele ofi ienmt BSOBI /Fesd of atCEXC
is also preferably 2.0 mR/s or “"greater, nore preferably 3.0 m®2/s or

greater, eV@ﬁscE@n{irgr gt SSE@BF YipXo660®hsPHE, FNGRVevViseosityast35°C of up
preferably 3.7 /s or greater. The kinematic viscosity at 100C is
the ki nematito 60,800smBa gt ardd aCkinensatiediswsitydan §00SCATTBI Dodhd/s of
15 the kinematic viscosity at 100C of the |ubricating base oil
conponent exgreatts. 5 SABRQ/grade he allanenrmtwevicaosity ak 4008t of at least 9.3
characteristic,yay be inpaired and sufficient fuel effici ency maf\; not
be ol ai ned,munis andless than 226 mmi/s apd a SWEHS viscosity mt 160R6&: 0b2. %t
the lubricated sections will_be jnadequate., resulting in jnferjor
lubricity anBPpadt entguatsy. | Fhpt moeyAFSWLIQ reirdessasisiiasebpiibithe 4 Whg
oi | conposition, [0065] The pour point qf first lubricating base
i | conponedpwm{“pemmwﬁom g\w@%a&ﬁtiif&ggé)d@ggrtem@rﬁuwwg@ww
base oil, but it is preferably not higher than -10C, nore preferably
not hi gher #Hafe. 12 5C, even nore preferably not higher than -15C,

f ~gher -17. ' f bl
ot higher (RaRST 6 ChR Rt Bifl gor i GRRE SR SR bR o
idied . : .85..0f th
Fggﬂlilate i ngtbg} %%%Eil%gyﬁkgﬁg%fﬁ@} %@?féﬁaﬁég aggééegpltrhggégonente may be
duced. Th ' i I i i [ :
o Al co prenoraoty PR QURYY KERSISShe dOLCIRE Oy Rt L ReeREC il
even nore preympasitivn i3 YrefirablORSF preaté@nthafoxy 000ghPaabI y - 25C or
hi gher. 1If the pour point is below%hls lower I'imt, the viscosity

i ndex of thqoeﬁop 1A thetydcgﬁﬂilnbri@htingrmﬂ @pnisodition] ukiiffea¢ndrobéBseen
oi | conmponent will be reduced, potentially inpairing the fuel

ef ficiency. arh@%pdistillavion tehoperaheremrdad @6 fdistikatiow eahperatuse dfiche
pourmgoi nt measured according to JIS K 2269-1987. 10 [0066] The

i odi val udinst lubacaiingtbdseboil czaripgnonts s pirtfecamyo#@nt00°€C. On the
preferably not greater than 1, nore preferably not_ greater than 0.5,
even nore prasher &Bnd, acliffpreaee betweaen @ 80% distiiatmptanpergiuze and a
greater than Q.15 .and nost preferably not greater than 0.1. Although
the val ue mehP'e disdHatipan temperatnre cohsthier sgqond Jubrkatingctbasgatoil

this does 15 not produce_.any. furt i gni ficant correspondi ng
ef fect and i“®TpPeR ﬁifﬁ’ﬁf‘?rag%%a]{%@s preferably 0.001 or greater,

and mst o Zﬁbﬁé& _ lleo?%g&{;foar%%égk Bitties Rrvh Siqﬁér??%ﬁﬂﬂ@"ri’af@f‘%ﬁé‘iié
aradty cal |y IRAEa0be: G888 Rhulrtistie: HERiRe, b St hutrA0ng, base, i

o e o SRR e T S P PG o
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20 50% runni ng point (T50) is preferably 400-470C, nore preferably
410-460C and even nore preferably 420-450C. The 90% runni ng poi nt
(T90) is preferably 430-500C, nore preferably 440-490C and even nore
preferably 450-480C. The final boiling point (FBP) is preferably
450-520C, nore preferably 460-510C and even nore 25preferably

" ior cat i ng ASE0SEy KRaGh BB ADNor Wghor afiRigRBeBIG kisFos8YabdDarkr 6F
e AR T RS o R s caing
Lot s Tt ¥ S8 ARt B R 44 v
R T i

S f _ 39 1B _ BP-|
FBP-T90 of thelhivStof 4-nO2kIMYs! ;@@E‘ot&hin %Slr%ﬁéatm%'b%ser&}]g{d@gg a

ranges specified above, It is possible to er 1 mprove t

| ow-t enper atyi5€otys feddx WIaAMD b hi BRér, Tdiifital B%il@ﬁ% 1A b@ﬁldtQﬁgheff
the distillation ranges for T190-T10, FBP-1BP, T10- I and FBP-T90 are

too narrow, thhe 4000C.catd0% drsdladioh dngperatirel oPE7OSO) of eﬁ%héﬂ agdi @
| ow econony. [0072] The % p value of the first lubricating base oil

i s preferabldifféfendd oetvgrenatthe, 96e distdiatiab! tenBRe@ureevard nor €0%
preferably 85-98 and nost preferably 90-97. If the %p val ue of the

| ubri cati ng dissHaboh femperaturehafi @0leasha VOSCosist ywellkapea anathod for
characteristic, heat and oxidation stability and frictional .
prop} ti es wirodueng a dubrcatedg ceid, camppeiticie fof farc doteronl x@abustiion
when added to the lubricating base oil, . 20 wi,ll, also tend.to be
reduced. |f GIZANOEOTRPISIALZHT lanoRshdess agtlﬁégﬁﬁrﬁiqont%lngm&al%sultf%n

99, on the other hand, th additivcf Sﬁ)| ubilit vm'lloﬁtend to be Ilawer.
[0073] The RGN $aPEAsNtwlement.sand g @%&ﬂnﬁgglq;‘é%t@d Py amang ashigss,

DGor oo i SR 4ns R g Y, A, Bl "Gl BTG BRE
char acteri stgrbdtnn ) EGRHGERS, (° kD TISCAIDEBRRE, P fercinatier
. ! _ . L
Ponebr ¢ ha el By b S5l Proffinidr pisfBod cHor SonfBehd®h 2 e
YCA val ue offgpBo] fiHet ihvdEtiGRt idifll Paaeher! provRd&d erablybiGiting oil

greater tham 0.7; nore preferably not greater than 0.6 and even nore
preferably GolnfeSitiohf fdrien YEdrial eem®stibh dibihe (akidldaRas eeirted to
exceeds 0.7, the viscosity-tenperature characteristic, heat and

oxi dati on stabl'thitd/ Iabﬂcﬁﬁh%tdiDmemsiﬁent'iﬁﬁ vemveriende} cohmrising a
reduced. The %CA val ue of the lubricating base oil of the invention
may be zero,JubfiGating bdse ablhabing ayuret aidhict ivadise odmadtegrtater tban 4 %
increased with a %A value of 0.1 or greater. [0075] The ratio of the
%Cp 2thd %N hpalmess fand teheriscosity lindex cof i 14 mas digher i(besapad SN adso
preferably 7 aor greater, nore preferably 7,5 or greater and even nore
preferably gctorred ete ens |"fubmeatugp/ base r atli of 1thei dnvestionhhn and tae

vi scosity-tenperatyre characteristic, heat and oxidafion stability
and fricti orrgaﬁym amgatew with edd Wl -a‘@aag@d,majﬁwéa& hweaght caty

of additive a the | ybricati base oil wll also tend to
e reduced 2AE000IERDD neainater aRd ifeR3t & iatiimefnatauste of
nore pref erﬁglé not,.greater than 100, even nore 20 preferably not

greater tha SENYH preferably not greater than 25. The additive

aredtor t hanobao] HopicA B BESE Hitih e ol el it utiftsipisne

of the invel{dfo a urea adduct value and viscosity index that satisfy the

12



are, respectively, the percentage of paraffinic carbons with respect
to 25total carbon atons, the percentage of naphthenic carbons with
respect to total carbons and the percentage of aromatic carbons with
respect to total carbons, as determ ned by the nethod of ASTM D
3238-85 (n-dMring analysis). That is, the prefen-ed ranges for %,

comls, soRiRT At Bhed i okt il ntion
[0077] For n;ryql@r??tslga% 1&%&% wrﬁfe,mle?r@ i Lty 1%@%@&9& IT(; also
\(;?I lii (2)1; not ad}liﬁ%t &y ‘%}ﬁﬁs Elﬁ‘?% %Q%?i%gge (% Spﬁr(lylﬁ%t g %’%é‘geoébﬁylrgg % .
Tocombi nat | dit b and, St BEAN AN D RloMnalaoBby i gad pofcdr ATBeHS, o
oref €1 ably 3N K8 YRy bRRABRE DA off BTTRE Y eilfort BAHARS BMATRRS, it can

more pr ef er allhibR0a SRiglh Dyvdlesf RNGtiBRS foPtRé SIdRAtivedS- 3?111%1) ?M?L‘%ﬁ;ﬁi

based on the total amdunt of the 15 lubricating base oi

content ratilgbtieatiagsoil kampdsitiohyexdbis bdthrthe dfoterientiofsd kixeellent
obtain the necessary |lowteéenperature viscosity and fuel efficiency
per f or mance.prppeit®ds dtichd lulstichtig ibase ioib odithe dovpson iamd thleseffect of
conprises, as a constituent conponent of the |ubricating base oil, a
second | ubriadalifiog @Dhapelygiicthiatwylatataccarding to khednmsenitonj andstary
at 40C of less than 14 nmmR/s [0080] The second |ubricating base oil
conpldhent i sSmwovgarthiec uviaeosity-semperatute schameiemstic,t losgtemperature
ki nematic viscosity at 40C of, less than 14 nm®2/s, and the m neral
base oi | may18ROSIfhrcharagisristica and| aaHvaasT PRRREDSnihdtigh dgvels 1n a
hydrocracked m peral oqil, hydrorefined.mneral qil or solvent,.de ed
pase o | hadPRS LR AAneE W Blest Hgwine doel stlictenty hue SHeRRDEL
[ 0081] As syn'thgeteei&g base oils there nmay be nentioned pol y-a-ol efins
and their hﬁﬁ: %V ted forns, isobutene oligoners and their

hyd ' fi . al kyl Kyl . h :
o o ees e abBuTIn R B anig] B4 LERGFABRy, IR HBE R,
di , ditgi i pat b 2- et h . h jk
ol Y51 “esters (RerwaBhylal prusiedint Kane il POBRGRKE, B, soasigh o
| t , o 1 “ , t 1 . .
Dol ar gonat o O AR s C0E " feBF SRR ofl | §Phjeining
10 ethers anfbriaad] fiThs 86 RRIS ol A thented rBEHBE havirigSs Qged hduat
40C of less than I4 m®2/s, anong which poly-a-olefins are preferred.

Typi cal pol wadueloffidtsgieatdruthanC? 28 b nthspr fidchakbyosiby hfdex of ¢00nor
ol i goners or co-oligoners (1l-octene oligonmer, decene oligoner,

et hyl ene- pr dpghene co-oligonmers and the like), and their hydrides.

15 [0082] The second |ubricating base oil conponent used for the
firsi0 enbodi[@836] ils adskitiopy tiefedsd stoakl aibprefarably bastins At seast SOyYng
the follow ng conditjons. [0083] The kinematic viscosity at 40C of

t he second Ihjbmmasst slagkbwax obtained by solvent dewaxing of the lubricating

base oil.

[0036] The urea adduct value according to the invention is measured

by the following method. A 100 g weighed portion of sample oil
25 (lubricating base oil} is placed in a round bottom flask, 200 g of urea,

360 ml of toluene and 40 ml of methanol are added and the mixture is
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oi | conponent nust be not greater than 14 nmm2/s, and it is preferably
20 not greater than 13 mR/s, nore preferably not greater than 12
m2/s, even nore preferably not greater than 11 mm2/s and nost
preferably not greater than 10 nmmR2/s On the other hand, the kinematic
viscosity at 40Cis also preferably 5 m®2/s or greater, nore
preferably 7 ..mR2{s or greater, eyen re preferably, 8 mR/s or .
greater and® ﬁprrggg? AP abhs) E%Br 6gr119é]tr§r: éﬂns{ Hg,rqgsu,qgﬁaw}gte
(etonti on aRATIGHATR PRI fiy BECEAFUD TOBH Ent e AT, MHIENT &
undesi rabl e. - Ki -1.C Vi it i . .

i s, a cofbrarel Gt Ribfor (6P Rpofordin e arbaftatadlise pafliclare,
be obt ai ned. 4] t [ i S | y-

characteri stcir%g%% E%Iﬁde?@lé ségggt:éﬁsi‘é’lf’(ﬁ&{éxsl‘fgd Fﬂgm\segcon@i ﬁgbﬁqgagf ?(ﬁlgggg‘se
oi | npone | i r 1 :

i gher . oven T R RIpA Rhite Uy als R Blact i aMAET I s BF v

or hi gher arpa@PHndPBeDCHALLY (dHRne ardl 80@Ed Al (IR $RixpaRS & atdednat
hi gher than 150, nore preferably not higher than 140 and even nore

preferably @@Chfghehout0 tTanaddéoud phasieivigresiddyand dexoved with a
than 80 it may not be possible to obtain effective energy efficiency,
and this is sepdesgorpblmel Aand shesohyenensemsead washedi 3 hienes tvath 360 ml
will allow a conposition with an excellent |owtenperature

char act er i stafgumnfibe veiteni nédie] dossierietrcatment of the sclusheyphase 1HOC
of the second | ubricating base 15 oil conponent is also pr.ef.erablty
not ld} eat er addition. &f andesiccantr &qsienesubfaie)ndhegioduens is rdistiBed off.
m/s, even nore preferably not greater than 3.1 /s, yet nore

pref erabl y rdi€ gHeROEIOR HARASS @eﬁemﬁage)e@énhygtoqaﬁn%n penppasnt, (Heea

t th 9 /s. d. t f bl ) t t th .8 /
The. ki nem; ASOHELE QOLpCa; IHGBIS THARNE Gt NI TESPCh ARG SapUFCPHORy
2 mme/ t bly 2 3 m#t/ ter,
pr ef eerIO;/ g{ei?qﬁﬁgss{fggﬁgﬁﬁ%gﬂ#%st pr e?e?;blg;eg. gr mg}lgnorore

t . A ki SORVAL Lt t-10 { S _ I
Plbr 1 oat i ng PUSAT SFIERERS afe Beitgaadt o TBratd i drdiepatioh rafe

(i _ . . . : 1000 .

cuaR 2 0N ke nbimbepHHARTR! 16 YNORERIT i SR Y
charact er i Stirgcdides Deor™ NubBlcarinb00®ake T OIIL L NByVI RYBRCHACRING  and
i nproving the Fowtenperature vi stosity charact efistrc wthout

i mpai ring t hgdrbRefser Zati PES ahBhBoRBAT AW, | el ?rekﬂ? ih?/@ﬁtcﬁfgdh'@&e

val ue of the“second lubricating base oil conponent is preferably not

greater thafodndothat iass difftuudt v shesfTtyriloimpreat ehe Iobhasmpetatlirdy
mass, even nore preferably not greater than 3 % by nass and nost

pref erabl y noscapibatobraradtanstc Ssivhily s seditiagutioa mditiva samouat obf
the second lubricating base oil conponent may even be 0O % by nass,
but 20 om t heorimakpparelfios. obThathiisg althiouighi ¢be i sgpbreféinsi produdedh by
sufficient |lowtenperature viscosity characteristic, high viscosity

i ndex 10 andysirgarackasg gl dydraisemgrszatsin radseuaoniainh eompyments dhabn

conditions and inprovin conony, it is preferably 0.1 %.b SS 0r
great er, mraélvlﬁr&ﬂgraefw% &!%Pw)@ﬂmp@ggw Yeeasiby Obmaaq&@a{st){@pgnérﬁﬁt y
1.0 % by mags or greater. h0087 The, % .vatglge of the segond

| ubri cati ng M38s&®i PeeBniBH¥n@PpEeastes dne s FoRyeaHogak &thods, f

D 1Y, 02 SRR SR PR O P S
- e e TS T L e R L S
educed. whiLe bPGakl RGP SeBSRCARRIRGp e lon of e
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[0090] The ratio of the %p and %N val ues for the second |ubricating
base oil conponent is % p/ %N of preferably 7 or greater, nore
preferably 7.5 or greater and even nore preferably 8 or greater. |f
15 the %p/ %N ratio is less than 7, the viscosity-tenperature
characteristic, heat and oxidation stability and frictional

5&3‘36;5;123 Y@I}'ﬁlﬂéﬁ?%ﬁﬁﬁﬂc?%eqﬂ%g et aqersely ShecE AR 10w EE qul'@tai:ﬂvztﬁée

The %Cp/ %N 200

e e Ao Sl O A a1 g
o S TR R AR O R

0091] T i

Lo not par i 00PBF Wt ScsurReAPRATthS Ui SBHLPEVARRS ELOIARETRIANY,
mor e 25pr ef qh@@hﬁoﬂobngﬂl%abﬂfertﬁeﬁir a!:h]ﬂ: 1§§%%5%é%opé cﬁﬁﬁﬁblﬁl pietise and

greater than 0.5, yet nore pref ater t 0. 3"and nost

preferably fi@haﬁree@éﬂéctlérb@f tHe Je%mp@ﬁelﬁh tlﬁ%'@ﬁhﬂa‘fﬁﬁﬁ}fhétecdlﬁﬁévéﬂ%ély
0.01, it is preferably 0.001 or greater and nore preferably 0.05 or

greater in cdfisitddealdwsteniperature wingogity eengeristie, aé fveell ,asandrrhal
ternms of econony. Limting the iodine value of the lubricating base

oi | conponerparafiimotvhgneassrenalgparafiits arelresidealiypptesenotin ghe ditricathen
1 can drastically inprove the heat and oxidation stability. [0092]
From t he vi daseioil, 8$ uraa tadeucitrpnd it ng thexefbreaanaerntceadbend andorator for
stabi lity and reducing sulfur, the sulfur content in the second

| ubri®at i ng Gyabeatsin Of the deentemperprueeriaensithehargcteni sic oﬁh:bm@tpwn
it s G RS by bl S i
I ePoL" e b SRR B B e kS8 e aniacb
t he obt ai ned second, | ubr atl n se oil fc %nent | ref erab not
15greater nigfigh Rty 1 5P, B TS TRTRARR oot 6 RhaR % o
Pt o1 congHRAT calBa ieb? B FEh Maibttor SThoife BEDralOhinERt Bor

not eater éj'g &> ppm by mass, nore preferably not greater than 3
ppm by nmass and even nore pref erably not greater than 1 ppm by

mass. |If th d b at d
E[OOBPiity . éﬁ@ﬁ §ccg)uce % MBS, invBRtiBRAt afddt e

oxi dati on st-abi tend to be re The ni trogen content

t he purpose lghetiagici mseaslrtgratlcﬂ)q@%rm@omeﬁrecm Gﬁbogﬁiﬁﬁﬁéﬁ and the

according to JIS K 2609-1990. 25[0095] The pour point t he second

| ubri cati ng Kinsmaoic! viseopionent40°C or 100°C as measured according to JIS K
2283-1993.

20 [0040] The terms "initial boiling point" and "90% distillation

._‘

temperature", and the 10% distillation temperature, 50% distillation
temperature and final boiling point explained hereunder, as used herein,
are the initial boiling point (IBP), 90% distillation temperature (T90),
10% distillation temperature (T10), 50% distillation temperature (T50)
25 and final boiling point (FBP) as measured according to ASTM D 2887-
97. The difference between the 90% distillation temperature and 10%
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preferably not higher than -25C, nore preferably not higher than -
27.5C and even nore preferably not higher than -30C. If the pour

poi nt exceeds the upper Iimt specified above, the | owtenperature

fl ow property of the lubricating oil conposition as a whole will tend
to be reduced. 5[0096] The distillation property of the second

| ubricating pasg oil conponent s preferabl s follo in gas

chr ot 001 SRS IREeR (EERERINE oS APaHBIS. dvill Bereidarhe porecpicdrys
of the seconﬁ.d}gﬁri gating base oil conponent is preferably 285-325C,
nore preferably” d@-SZOC and even nore preferably 295-315C. The 10%

or of er abl y 3303500 RaFL BRSETh A3y B Gl 'iéi.l?gé%;tﬁ?e?ﬁ%‘f%ﬁi}aem is 2
[ [ j 380-410C
and even nosSTSr Ay Srabid EUEAG R SoRone MR o e (Too) i <
f bl b 80-,43
or of o1 abl v 300721 e, RS GH D oPESEE e teln i TR, ALy, or, thy
390-450C, nOPRrRIAEAf Sehr 491D Gnded" %ﬁheﬂ?nﬁﬁﬂﬁﬁ%ﬁ' i¥ ARt

T90-T10 is preferably 25-85C, notre preferabl -75C and even nore

preferably 4&c6bfingFRPAPPM D BXR020(Stak@arkb Peactiey o Cail@ilabioy of
90- 130C and even nore preferably 90-120C. T |1 OIBP is 20 preferably
10-70C, nor PepnefrenaBhea? Gtabliteitdex s based @npdsthanahiyredlacedEding to
FBP-T90 is preferably 5-50C, nore preferably 10-45C and even nore
preferably MSTHC. [ 062E3-0Ry (Jest i Mpthad, il Ghers0 Stawitity FBP, Polymer
T90-T10, FBP-1BP, T10- | BP and FBP-T90 of the second |ubricating base
oi | ldbrmponedtontaimsg Ilnids Useng adiwnopedn ddregeklnypetortApparabisje, it is
possible to further inprove the | owtenperature viscosity and further
reduce the Adypptageass Etlects of InventioBti || ati on ranges for T90- T10,

e 16, TAGhge 9L Eon TR sk aprartou L e Ut cating Bese. o
(7 second, HOILGR! 08 B0 SRRl Bl i U 00
s, 2 SRR 1S5 M s B0 B SR Rttt

T e T e

| owt enper agl;}(%:'l(g%v%rﬁﬂ%srhh téﬁﬂngLH’THtg (z'is%io%ﬁgyatplej ¢ %ewiﬁf@)h't%s;irfg

it exceeds by nass the evdporation |oss of t e’l ubricating oil=
Wi || increagesythetitidiDsich a@%ﬁtﬂ a-olefaRsbhde 811t &fehit Rse¥iH dru s
is therefore undesirable. [0100] The lubricating base oil in the
first |ubridaWi-Riscokitycatfineslt base oib eRY fpnRsirtukrt {tr ehd Riduckethe
first lubricating base oil conponent and second |ubricating base oil
conmponent , ihematicayistosiycangic6e alndbi D0&CI agd bidee HTH Sc oignaneryt at
other than the first lubricating base oil conponent and second

| ubr2at i ng 10ASE, oivhile akmonetab]y amprevinotiye G@€S Miscosity att-353€C MRV
first lubricating base oil conponent and second 20 |ubricating base
oi | conponetiseosetynit HIOTG)hefl thambdyiegitg oiled above. [0101] As
regards the distillation properties, of the lubrjcating base oil .
conpri si ng t[ﬁeiﬂh ridie fig jubsicatigghad caunposibigsolseplso detabgngasoline

0 R eSS a5 s Bt R b four
o vy SR teR el TGRS LA
e R e A R
et S8R P AEE R S A O
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25possible to further inprove the | owtenperature viscosity and
further reduce the evaporation loss. [0102] The kinematic viscosity
at 40C of the lubricating base oil is preferably not greater than 20
m2/s, nore preferably not greater than 16 mMm2/s, even nore
preferably not greater than 15 mmR/s, even nore preferably not

oS R ik Iy B, BRSNS, i e
et aehBe BTG LSRR, R, B
R s
L A R AN gy e
SpociTi ca aoge) Aegiig Lo MBE £ pRoavaith MetbR oL Y Mgt 1087

excel | ent bﬁiacﬁﬁﬂﬁe%téﬁ%ﬁ? é%i’dii?&ﬁé’éli]y%ﬁ]thﬁ?ﬁ ﬁ%@lﬁ%é@g%glf%%gosiﬁon

viscosity characteristic’ 15 [0103 e viscosity In

| ubri cati ng Haasgg thé ekseldémi opRtticsd 88s@ibdl gheve. more preferably 120
or higher, even nore preferably 130 or higher and nost preferably 135

or higher, 4004ptdhendditiomothdi gfwnd Habritdlngnoile congpedieibhy ofiothe
hi gher than 150 and even nore preferably not hrgher than 140. If the
vi scosi ty i ndegnfisnwearireatiaesa 2lubracegimg toilviddmpesipiessifor eart antdrhal n
a base oil with an excellent viscosity-tenperature characteristic,
whi 11 a | ubrdosabusitproi lengomposhati ohasv @h acxeellant uldstysity-tgmperature
viscosity index and a notably superior | owtenperature_ viscosity
char act er i stah@ragigrisdcidewatesaperature [ ouigapsitys oehiractesisin, ai Arigtional
| ubricating oil conposition w.th an 25excelle bal ance. bet ween t he
| ow t enper atfPRCIH e E?nar%lé&l@ﬂi%@bléltﬁn@ﬂ‘g&%WoY&@ﬂilﬁY-l 094 OTGAVET,
NOACK evapor ation, of the I]‘t‘j?)rj cati ng. base oil is gre{.erablg 10 %lé]y
mass or gredl 8T thesecpnds lWbxisafings Ot ¢RmMpasitios, i ARRHER 104 ANtRIP
nass. _ar

preferably 18 % by. eater, _even re preferabl,y 20 % by.nmass
or greater SROREIOhFRRtiedl JloT s JohEdiainpopety 3pd siriey salings
pr efsey abl y t t 9 : ) r |y not

gr ealt%rér tha%%ﬁﬁ%ﬁ%s@ﬁgﬁgﬁ%%@%ﬁmgtﬁ ({loqﬂost%mgrpgéﬁ éﬁgt han 23 %
by mass. In 1 : ) ¢ :
| ubri cating [EQEZ] ol cﬂrglr%t(%ﬁ‘%/? E%n%?zog%%a&éyﬁggp ﬂtgef f\ﬁésfgiéfselh ?l 3’“’ it
| ndex i mpr oyer pagdbl her ehily &3 1 Ry BBHihl ¥CSedind QubriRuuas HiPr
greater, it 1s possible to obtain a lubricating oil conposition™ 1
W th an excebnghbsitishdisgnehyestellont hiopeeisd desrib&EPoove.
characteristic and evaporation | oss, a high viscosity index, a |ower
HTHS vi scosi[0048] FlethHermand, etteel therd ubelcaeiki wibncymplo@it®s] dfiethe
| ubricating base oil has a ratio of the kinematic viscosity at 100C
(kviD) to Taverftkor 0aF10an ureffect nias- Iallgwof the efvaseddity-tethperature
0.007-0.015 and nore preferably 0.008-0.0095. Also, the lubricating
base oi | hasharacietistiof lowetampenatiniec viscosiyi ohamcteOoic (dvd oo)tiwoear
T50 (kv100/T50, units: mPs1VC) of preferably 0.006-0.009 and nore
preferabl y @roperty. togsdl ha improved1® @ hk&‘l-{bquba]a@cﬁelaﬂﬂwm fuel
aforemantiogg. | ower Iim'hs t.he Igcgjr,i cating base oil yield will tend
to 20 be r gEaCY iR bectiectively aghighe@sirable in terns of econony,
and if it exceeds the atf renmentioned upper limts the evaporation
properties dfeseriptignaiimbodiments;nnosition will tend to increase

rel ajd ve to ajned, vi scosity .in . .0106],, The yrea adduc

val 8 tredpRoS B ErPipidheSibin inventing Whi Holy et destatbed
ni trogen co%a&& of the lubricating base oil are determ ned by their
values int i L’t | ubricating base oil conponent and second
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20 lubricating oil conposition is preferably not greater than 40,
nore preferably 5-40, even nore preferably 10-35, yet nore preferably
15- 30 and nost preferably 20-25. |If the PSSl exceeds 40, the shear
stability may be inpaired. If the PSSI is less than 5, not only wl|
the viscosity index-inproving effect will be | ow and the fuel
efficiency Bﬁ é | ow-t enperature viscosity characteristic inferior,
but cost naj p i ncrease. [0109] The wei ght-average nol ecul ar

'S Bret or abilf 5t o5a B G b1 Shor LOFRERBEAEH) SOTBBRB Ty IR el
even nore pgﬁéﬁ@@bﬁég&oﬁo or greater, yet nore preferably 200, 000

or greater erably 300,000 or greater. It is also

preferably gihbg{cﬁﬁbgbés%a&pl,ooo,ooo, nore preferably not greater
, eve e

t han 700, 00 e preferably not greater than 600,000 and nost

prefeyably : ght - : r
P et oAbl o SRR, AP cORBosioh REBHER: 2 BHEFRABEbERbA
index will BehiBhnto®iprisesta & RMricdiAss base il @ohiﬂcﬁfén@ﬂlefﬁﬁ% a urea
efficiency and | owtenperature viscosity characteristics but al so

potenti al | y dddeiceagling of ok bgr%mdrethaﬁ 4 B& byemals - 2 keR@aationHecediff at
wei ght is greater than 1,000,000 the shear "stability, solubilityin
the base oi I408@ oft b4-2Fenshdhi hnd ya wiscdsityl indeix ef . 1700 biOhighee, nadi»
of the wei ght-average nol ecul ar wei ght and nunber- 15 average

nol ecul ar wesieghhd dfibtikatipgl yaseeoih caonyomen- baded & ksnamatiy vincesity at

i nprover (MvV Vn) is preferably 0.5-5.0, nore preferably 1.0-3.5, even
nor el r ef er )4 of $eB thad HWommpisedraabiny the gontent offthe Hirst hbracating

t he wei ght - average nol ecul ar, wei ght and nunber - aver age nol ecul ar

wei ght is | dasetrhgonmnantds e]aﬁ-g9 Yy Bass andithe moptent of the second
solubility in, 20 .the base oil and the orage. stability Qe inpaired,
but potenti elubplcaﬂeg‘jq@@dgl EQMRARSHL A8 1¥6 3% Byuars ased; an ditota
reduced and the fuel ,efficiency |owered. [0111] The wei ght-average
nol ecul ar m&%ﬂ‘@%ﬂ@%@éﬁ%%ﬁ? 91@1 ecul ar weight referred to here

ﬁéieetc3|e;é/?eimg?@’éﬁ?&229?1%%'8Etﬁﬁ'yﬁf%tﬁf@ﬁ'ﬁfcgﬁilgﬁ@%%ﬁﬂﬁﬂ?@%ﬁﬁ%ﬁ%% a urea

150-GALC GP -CQ,: i o M . . _ .

i Dok 30 oot SRR WA EERUE isodity PR e vis R ISR Sin

as the sol V%Hé’af@rérﬁ&gﬁéqéc&?g{/ﬁﬁi&?s,cd% ﬁlsayn%\?f‘/grlﬁh?ergf b&s%{l%@gpﬂ}%ti%L

sarrpl e concentration Mass, Injection rat e

and a diffengreiq] drafvencd aiRbge thBtdofas Sthe detector. [0112] The
rati o of the weight-average nol ecul ar wei ght and the PSSI of the

pol y( net h) aqo%ag eiwbiest bsicasingybaseded domp@veit iégjméfﬁﬁbly asmidral
particularly restricted, but it 1's preferably 1 x 104 or greater,
nore preferddsy dil2ox dPdtheticgbast eoil, evrera muixtury eheretd] yolitadhed 1o
or 10 greater, yet nore preferably 1.5 x 104 or greater, even yet
mor &(r ef er dytdrotracking/bydooisgreerizatiamdofroat feedf stk yoil. oxtdiamgpr
greater, and preferably not greater than 4 x 104. By using a
viscosity i rm:emalrnﬁraﬂééas ﬂi)ttgah& uvea pggnct selue winat grepoer drangd Satley |
it is possible to ohtain a conposition gvi th an excel sznt . .

| owt enper attipes, @ kdBemayic1 Biseapuyt &l #9tCcls dddn My (hendr @ duseesity

e 0o b UL PSRN LI s o
:V'ﬁ :zﬁ:: %r éggéﬁiﬁﬁéﬁiﬁ% PGS 3@5?%%%% ﬁ%ﬁ%;nﬂiéj@r °r§! Swéggﬁ?%?g t
col oFt ea 1 SHeRoRG “Chace RepRELERALERHTdo e 4% 05a fls RRIGYTE)

ndex | mpr oy 80538 TrRRERE: vicanBRy K TEREREY U S u R RiketaR i Viberity
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25[ 0115] [Chemical Formula 1] R COH2 ¢c=0 OR2 [In formula (1), It’
represents hydrogen or a nethyl group and R2 represents a Cl6 or
greater straight-chain or branched hydrocarbon group.] 5[0116] R2 in
the structural unit represented by formula (1) is a Cl6 or greater
strai ght-chain or branched hydrocarbon group, as nentioned above, and

i e e
o grngr;g?bg%@bﬁaqﬂf% Gigh BT PTG v e T %ﬁ%%ehre
than s co00 0 ATBHERGAR TG o echfnalth st HbRt Hédst igh £ %L
ven mor e prasy ap eI aba g Mules Bror IRt G M RER 1S %0 by
ond ot pr A4S, R BRIy o St A AL M e G R
proportion greférabhy aotygriaterstHat DUs &, Bpi ﬁﬁsé,egéﬁﬁ@ﬁeegr@ﬁérélﬂwbﬁ

(1) in the polymer Tor the poly(nmeth)acrylate-baSed viscosity inhdex
i nprover of dregterithah 201Gy emssi &chfos’t’%r%’fé?dbl}Dh@t gfeat@Otimmnt i5oned

above, but it is preferably not greater than 60 % by nole, nore

preferably rnt mgassat eAlshathSQn¥abyddntte vabwernfimthie Inbeteatinagl basotoil
greater than 40 % by nole and nost preferably not greater than 30 %
by nole. |t danposentpnediecyiechy be @{)‘%ybfwlmassl; lgurte fitoen , theoveewpoint of
preferably 3 % by nole or greater, even npre preferably 5 % by nole
or grbater ardaimeg pr bitwicaling 1masy oyl Awith er syffecient lom-tgmparasnre
than 70 % by .nol e the viscgsity-te rature, characteristic-ipgproving
ef fect and t'HECOBLY ﬁgﬁf?&t%l‘tl%ﬁfé a@ds% pisconty aadex; gndcalsayobheelaxing
i npai red, 5apd at below 0.5.% Db | e the viscosity:tenperature

char act ef | sthe dewaBgicoTdlies ndinnseVing, geomamyy #isajrorerably 0.1 %

| at e- based. vi scos

Do oem Y S e fﬂgpreicéﬁéf%f%@f? gﬁ% ﬁiljﬁfwtr Hreete] 3bdyngst
200t ) acr JtsferaBly R P bF s BRI e od by Tor mila (1) [0119]
A 1 . IR S N 1t
e ot o [O0SAR TH PRI R i dsity 4RO 41 et Fiiss THBUERIAR balE'dil
represent ed dayy Gﬁeﬁtofdlf%‘f“ﬂr?ﬂlﬁﬂlﬂﬁﬁlz)(s%)llglfthﬁri@%f'émﬂﬂﬂ%tgo 8‘11‘1‘12/8,

(M1)"). The co%ol ymer wi th nononmer (M1) is a‘non- di sperse

pol y(met h) aghyteipgcRaally Y5SPPshit/d, neech hﬁm*eoigﬁfere{@%tcgfeaw fRdR
2] /IRB CRR=C\ CGO-R4 IT o[In formila (2), R3 represents hydrogen or
met hyl and R&-18pnas&tyet anéie plefetabay dift-17 main?/wandnast heeferably 15-

hydr ocar bon group. ] 5 } _ ) -
16.5 mm“s. The kinematic viscosity at 40°C is the kinematic

20 viscosity at 40°C measured according to ASTM D-445. If the

kinematic viscosity at 40°C of the first lubricating base oil component
exceeds 25 mm?/s, the low-temperature viscosity characteristic may be
impaired and sufficient fuel efficiency may not be obtained, while if
the kinematic viscosity at 40°C of the first lubricating base oil
25 component is less than 14 mm?s, oil film formation at the lubricated

sections will be inadequate, resulting in inferior lubricity and
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20[ 0120] As ot her nononmers to be conmbined with the (neth)acrylate
structural unit represented by fornula (1) there are preferred one or
nore sel ected from anong nononers represented by the foll ow ng
formula (3) (hereunder, "nonomer (M 2) ") and nononers represented by
the foll ow ng formula (4) (hereunder, "mononmer (M3)"). The

Sgrﬁl(rym”frﬂ)!“ P%Il&?gi@%'w Srtncagiog Ipsaag! h%@»bg SR ?@%@E@a
53%5??23@@?%3 e?f'%&egﬁf’@ﬁﬁ's%m&ﬁe ?%nﬁlfbgve'@@é Ol mponent
F

rlgL?‘ésZm]s G @r %II&R?@F‘*E%& JeEeE Ao %@%ﬁé@@&ﬁggsgsm
o oo ML RE R AN (¥im 164 AfMELatrd 7 I 1SRBER TN Sardd 2
Speciq i c exagp! lgang%tg(f é‘x'/eﬁﬁ/dl‘éﬂ%ngre%ﬂs BT BSTVIGA Opichude

et hyl ene, propylen ene, pentyl ene, hexyl ene, hept

octyl ene, ?}Ef &8Bly qosybe "fighef) dgYe %&fet‘éﬁﬁeq}@(ﬁ e, hf‘gh'e@' eé‘yé@ MRore
tetradecyl ene pentadecylene héxadecyl ene, Heptadecyl éne ‘and

150ct adecy! girefdrably h3 8ldeyigher ghdunsstmef@iabsy 1400t higher.n There are
branched). [0123] Specific exanples of groups Tepresented by El

i ncl ude di matchphaiduar restettiphsonnhe whperdimiafomde visbosiyy andex, and
ani |l ino, toluidino, xylidino, acetylam no, benzoyl am no, norpholino,

pyrrolyl, Zﬂpmapberabomyllﬁ-;lISO smtthgs dor mﬂytnal marafﬁmsjlsigd:k Waxes or

plperldlnyl ui nonyl , pyrrolldonyl pyrrolidaono, imdazolino and

pyr al %L] wWesies rios athemoisemgrizpd  moperaffai¢ (mynezal [qils, gunebant

f I 4 R7 ts. hydro t hyl d E2 t

EEEIG A a LSt o ot HMTEH G .
d 0-2 t Olzﬁ f I f

?gpr esen?;é gwéfggﬁ ruaé &?fu ,Léa&gl\g }Féaﬁsggn QISILOUDS pﬁrapﬁeﬁ’b,

bensoyl am ngsomgriRg isabarasmiE yinchal RISF 168 Bty ot higher than
t hyl dyl I

met hyl pyr | A80, PHote drggé}éhgl Mg@gﬂgp%an IO RS BEALIMNY not

pyrrolidono,
15 higher than 160 and especially not higher than 155, for an improved

low-temperature viscosity characteristic.
[0056] A feed stock oil containing normal paraffins may be used for
production of the first lubricating base o1l component. The feed stock
oil may be a mineral oil or a synthetic oil, or a mixture of two or more
20 thereof. The normal paraffin content of the feed stock oil is
preferably 50 % by mass or greater, more preferably 70 % by mass or
greater, even more preferably 80 % by mass or greater, yet more
preferably 90 % by mass, even yet more preferably 95 % by mass or
greater and most preferably 97 % by mass or greater, based on the total
25 amount of the feed stock oil.

[0057] Examples of wax-containing starting materials include oils

20



10[ 0126] Specific preferred exanples for nononers (M2) and (M 3)

i ncl ude di net hyl am nonet hyl net hacryl ate, di et hyl am nonet hyl

nmet hacryl ate, di nmet hyl am noet hyl nethacryl ate, diethyl am noet hyl

met hacryl ate, 2-nethyl-5-vinyl pyridine, norpholinonethyl

met hacryl ate, norpholinoethyl mnethacrylate, N vinylpyn-olidone, and

15m xtures of the, foregoing. [0127] The copol yneri zation.nol ar rat.i
of 't he. GopolSFREYchrTDRE Salens dERing aneHids Lrah (i 1aRERRIe ety
formula (1) and amer. (M 1) - 3)q. oty partj.cularly restricted,
but 1t s prenero RS VEret bl hShailed il HAHBAR, WA e Bt
et esent o kgraR bR M ARES, b R T REi e G he
[0128] Any ﬂﬂ&gu%trﬁ PLARERS sIRY% REak lﬁ'}'dades%hef-ﬁ?gpgh waxes, ar
pol y( et h) acrylat e- ed viscosity 1ndex 1nprover, an or exanpl e
it can be easlkyrept ai ned by radical solution polynerization of a
25( et h) acrjjl?gte structural unit represented by fornula (1) and
monorer s ( M{BD58MSIhck nwidke BT epsieaHyoldepivedl Wi 28)diBBaibiid | @hfing
such as benzoyl peroxide. [012 The vi scosity indexX i1 nprover content
of the firstmhteeidlsalyi selveht of Propans idewdxdnpr efRaelbhyaslmag doritdin
mass, nore preferably 0.5-40 % 5 by mass, even nore preferably 1-30
% by mass andsidusi opl, dfurthbligsitual @iledty beaesovabby devilihg. t &oalt oil
amount of the conposition. If the viscosity index inprover content is
| ess than 0.cbriesppndade,dachkedvslaclosvaxy i ndex i nproving effect or
product viscosity reducing effect will be mninmal, potentially.

pr evkht i ng i[ﬂﬁﬁ&iéﬁmﬁerr"ﬁr@nﬁ@lh avaxes eney prodace dmtmaﬁﬁdg)éml@r-
than 50 % by mass will|l drastically increase production cost while
requiring r wosahsY8EEsIS- vi scosi ty, and can thus risk lowering the

D B o R A a0 U i v
P Ol eI, Sl SRV SR AR R LS, e HESondd, RN
Bt 201 0 03 R TR 1 DB b S LIS VP SRR
coregent | coByRipdiy ) RIS eR NS RPCHPY ARG S S

anount of thﬁfﬁﬂ%’g_cati ng base oil, and so that the lubricating oil
conposi tion has a kinematic viscosity at 100C of 4-12 nm®2/s and a

vi scosity inNdes]1pFeed0stdoR . oill Forii st Pent ¥xtricteon iiLeYiaed BY falifkxed
first wwth either the first lubricating base oil conponent “or second
| ubricating Hi%hd)dilihgqmint) toland fraetiomifrxad ahidypheeicadibgllatighab £
m xed base oil conprising the first lubricating base oil conponent
and second |vdenuoatdistglitese apphratosaadentb)eeynpehaidistillaiidm ftdveion to
viscosity index inprover. [0131] The first lubricating oil

conpXsi ti on sedyerftuextnactiaront e, resrdusdfiom eactom distillawosinay alsdebe

i nprover, al so_comon non-di spersed or di sBersed pol y( et h) acryl ates,
non- di sper se&tepaichgds pdins selvenhyaxdrastion meshetlsn the Febinasics compoments
hydri des, polyispbutylene of its hydride, styrene-diene hydrogenated
copol yners, %@yﬂ%@i‘fﬁ‘éje el téﬁhwtra@re rhaser vlipo! \paging amete parafiinic
pol yal kyl styrenes. [0132] The, first. |ubricati oi | conposj tion, my
further contCAPARGLEIH; %flev@gﬁ@éFﬁTBh%e-usg@iﬁlﬁ%FWr AiEa|SHaDWHdsIn i

t he purpose

Sract phase and raffinate phase. The preferred solvents for solvent
25 extraction are phenols, furfurals and N-methylpyrrolidone. By

controlling the solvent/oil ratio, extraction temperature and method of
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10 enhanci ng performance. Exanples of such additives include
additives such as friction nodifiers, netal -based detergents, ashless
di spersants, antioxidants, anti-wear agents (or extrene-pressure
agents), corrosion inhibitors, rust-preventive agents, pour point
depressants, denulsifiers, netal deactivating agents and antifoam ng

agents. 15[ 0133] For .exanple, t.he first. Jubricatin il .conposi.ijo
oy a6 50 CoRORACIHRE HEbSeIvAb with Hid Gistsle 10 BE GaTasdeda 3 BRSIRENE
or gani ¢ nol ybden cojmpounds and ashless frigtio difiers,,insorder
6 her ense coREtal e ERFeE T sendlir bty e S aHas i dadriRate
nmol ybdenum ¢ un i.ncl ude | fur - t ai ni.ng [ I
conpounds sﬁﬁﬁggs ﬁ@F?gdhﬁﬂh@%#{ﬁ?obﬁggpﬁgﬁhg gﬁﬁ%h%ﬁ@gﬁgﬁ§n¥b8888H1
di t hi ocar ba . : n

i t i ooar bancdaton REFARkd o GIREF Silcly HoSLEKiRE AR, Yiing g ucl
sul figle- di et i1 ' i

Gt hi-hear barsa &Y A R e Sl R Bk O ance.
nol ybdenum i i t PR ek apgt e "
ul 71 do- di ooy 2hi e e Morta e issOR, DonfRuEHEmMAY be obtained
di t hi ocar banBi@ughral ylepest prﬂﬁd)éﬂaél%ﬁigiﬁy&foi%ﬁﬁiﬁﬁﬁbha@ﬁ‘tl@e feed stock
nol ybdenum sul fide-di dodecyl dithi ocarbamate, nolybdenum

sul fi de-di (it Wophentyl pHtdihi s)ctaea:tadapmdumllyahdﬁgum urea adduct value, a
sul fi de-di (nonyl phenyl ) di t hi ocar bamat e, oxynol ybdenum 5 )
sul fi de- di etigémditichviscasibaatte’Coawmstosidemdexsand aded @ Tbsatisfying
di t hi ocar bamat e, oxynol ybdenum sul fi de-di butyl dithi ocarbamate,
oxynd) ybdendhesul fi decuditeomsy| di t Bpoeificdanat e, abeyaol ybdenum  The
sul fi de-di hexyl dithiocarbanate, oxynolybdenum sulfi de-dioctyl,

di t hi ocar baktdsocHekingARydspiseMe £t QtQPetSynOHpﬂﬁil@tléﬂUam{@?ted SO

10oxynol ybdenum sul fi de- di dqdecyl dithiocaybamate, oxyml ybdenu
su|fide-di(ﬁaw%étnw}iﬁj%t A TEREHIONS ABNFHHIN r'the urea adduct

i near or E%%ﬁ%?lﬁzzﬁ%&%‘éo%?%éﬁb %%?aiubg“é‘%?at & sSndtir ot Anprefeed
t t 2 . Xt .
positlon o J\MGoRLENRURDHO LR R BN EBaRAL T 6E, Mimion

conpﬂynds Wi i: rent nunbers of carbon atons and/or structural
hydrocarboncté)?n 6éé§n the nol ecul e. [0136] As other sulfur-containing
organi ¢ nol o} t [ﬁnfﬁy ntd o] T
nol ybdenum é‘%@n}g(ﬁ;ﬂr@d@??ﬁ o{r#m% Zg%np e, p%f%%%@%ﬁgggdfegséfﬁ%kggﬂ 15
mol ybdenum d,oxt@ed 36 hydRoM RN Gdihed rd@hMﬁﬁF%a@&l‘y@ﬁ, such as
ort honol ybdi ¢ aci d, paranol ybdi c aci d and” (pol y) nol'ybdi ¢ sul fide
acid, nmolybdi geaehd st@pt $n swdliclasheetehtegplpgrodact deomnithen fadtt stepf is
t hese nol ybdi ¢ aci ds, nol ybdenum sul fi des such as nol ybdenum

di sul fide, mubyécteduni3@rodewhkimeusing y hgdrodewexinesedtaiyde amntl

pol ynol ybdenum sul fi de, nolybdic sulfide, nmetal salts or am ne salts
of ) ybdi ¢ asdhirddetep hal wiachatthd trehtdat groduck fotmashedocbddnatep is
chloride, and the |like), with sulfur-containing_ organic conpounds
(for exanpl euba¢dted tothyidsprelivimg esingthhydrerebingsg catalyst. The treated
mer capt ot hi adi azol es, thiocarbonates, .tetrahydrocarbylthiuram

di sul fide, Hrodurt teb@ymgdr aier biedithindo step prsspralaat disygmt@d;, to
organi ¢ (poly)sylfides, sulfurized esters.and the.like), or, other .
or gani ¢ comslsniation o i 1ikeeas drecssiarys (o MRATAIIRG F%‘P‘i’/‘&leﬂ ertain
conpounds such as nol ybdenum sul fi de and nol ybdic sulfide with

al kenyl succi$ATRPREYS- [ 0137] The organic nol ybdenum conpound used rmay

conct] tuent BPEEATEe {ERSERMIERREE b T ooy bhidinST By the

Cont a9, Wrodtklth Albfal e spBLE D hol GG RN Y

speci fically, num am ne conp num-succi N1
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20 mass or greater and even nore preferably 0.01 % by mass or
greater, and preferably not greater than 0.2 % by nmass, nore
preferably not greater than 0.15 % by mass, even nore preferably not
greater than 0.10 % by nass and nost preferably not greater than 0.08
% by mass, in ternms of nolybdenum el ement, based on the total amount

neat and xRSO SEaBINSr (BFORRTRL SPLBIE A 1B Wion ddude im0
i nain supareortEREd BRI, AR st el TrapRs SentiiosRoppohe
ot be comahtr e §B i} Elmodadh SroBibiin A€ GAEGH the
L SRS Smos ot L, 21 L0,
R R A R A A A

friction mdidrhpdsedthd peéfrablyNgoC graen disan S50 SnCAIPRIGE %rgféiiaﬁgz

10 conpounds, i'm de conpounds, “et her compounds, urea conpou

hydr azi de cargomrdser fhant ¥, 5apid /s tees mbas prefeealslyanbdgfeatéitlian 4.3
acids, aliphatic alcohols, aliphatic ethers and the |iké having one

or nore CB- rfh’Ad,kydt moralpreferhbhndoegpetentiian 682 30mdls; avehtyethabre

al kyl or straight-chain al kenyl groups i2n t he nmol ecul e. 15[ 0141]

There may alprefdrablype ot @restesrthanrd.funen ¢e mpdumdst petterakbly hobgredier

group consi sti ngiaof nizt/rogen-cont ai ni ng conpounds represented by the
I

fol 1ldhi ng f dhanlk8 sy /andOpethaatharnkand, dbedkinetiaticedisgosity st i NS C
S NP S T A ) N T
nyclr ocar bon EERLEE: CHR ARATSHPRF R ACLE 330 THPARcR-EBHEIRI MO e Griably
CLO_30_ hyr o631 el o LELET Pl i L KoM o, e
01 9UB: 2 S p b SR FO0PE, DA R AR, s 01
Luncis one Ghe MaPUARCPRBBFLEUNPL, B ORI LRLE L ot
PLacoser; G SUIPSEN (eriidaENSaRY RSEyRIA) be
C1- 30 hydrogaiparedand wighckim fuelleB@ciency may not be obtained, while if it
is 2.0 mm?/s or lower, oil film formation at the lubricated sections will
be inadequate, resulting in inferior lubricity and potentially large
20 evaporation loss of the lubricating oil composition.
[0065] The pour point of the first lubricating base oil component will
depend on the viscosity grade of the lubricating base oil, but it is
preferably not higher than -10°C, more preferably not higher than -
12.5°C, even more preferably not higher than -15°C, most preferably
25 not higher than -17.5°C, and especially preferably not higher than -

20°C. If the pour point exceeds the upper limit specified above, the
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10 hydrocarbon group, preferably a Cl10-30 hydrocarbon or a functi onal
C10- 30 hydrocarbon, nore preferably a C12-20 al kyl, al kenyl or
functional hydrocarbon group and nost preferably a Cl2-20 al kenyl
group, R12, R13.and 1114 are independently each a Cl-30 hydrocarbon
or functional C1-30 hydrocarbon group or hydrogen, preferably a Cl-10

R S e g R L
ELGLELZ‘PLY PG et Rl cDlP o BB PR A R e R U R £ B
ﬂég{ vati gzz.fﬁwéﬁﬁélﬂ?&iﬁé’iﬁée S SV EBE TS AR Bretkhy T aRe B bigher,
oot i o JOEH BreAREbly -400CRChibHeh o0 iR RREABISLIEICSE higher
groups and %@g@u Pg%f&éﬁgﬁﬂgs%%r ekS %f%?gu?ﬁ.gﬁﬁ?i’é BRILWI PSP

or functional -RI'4 30 hydrocarbon group a remai ni ng

Rgroups ar e |pu@érdaeit, theeds@ssetyNmtekr of alidxhtiny diBAtaEag @il bgiplbpﬁqga

Cl1- 30 hydrocarbon group or functional Cl1-30 hydrocarbon™grou

(hydr ocar bylthéeiluigrieatigr bage beil godupomentt heill | ke) redhidetid4powhaimlbn
ashless friction nodifier is used in the first lubricating oil

conposi t i on impagriaghthesfudl réf€iciencyrodi he gpowroporrtt forsther phigrosbl gf thd 1
% by mass or greater, nore preferably 0.05 % by nmass or greater and
even nore prhsventadnys the posbpomigeeasurgdeacordingrio MSdKer245-§ 9Rdt
greater than 3 %gy mass, nore preferably not (t;_reater than 2 % by 10
massltind evdAO0Adl d hsr iadingpralua st deehirssrlubmpatingobase atlsegmpasett o
the total amounpt gi}hthe conposition. If th shl ess frict'hon rrgdifier
content is IEsterahhnnet grealehinagabmere Prefesablynotaigaisighandke cygn

he additi 1 be i FEici , e if it i
g
be i nhi bit t h | ubi | i t he addi.ti b duced
(o145] & ¢ ndbad 033 AR et arectall o Bretsr Hin o) oA FOUER, the
it I . Iy T . . Ct
orbot ' ray B B b 0 P L REA e GO 0
S S i i ; : O U :
acid ester- ggist eE) rgggggﬁl glgg ?Erhlq (}:l? {I; o%lﬁ%iﬁﬁé?tgr(ﬁirg%@%gggl% y%gfre?% %‘Iﬁégtl Se
and/ or a ur earpansital, the YalON %f&éra%]?*@.@@l@r H#e®2mdre ifteleraBly

net al - based detergents there may be mentioned norfral salts, "basic
nornal salt @.@Ddoﬁvgfém@edeseht fncrecpréferabkal(.08ebal grastéonaid smest
al kaline earth metal’ sulfonates, alkali netal phenates or alkaline

earth 25nmet greférabht 6415 engraaltéral | Limitadg sted icdihetvaduoof dhkhibrieating
earth nmetal sali q¥| ates. According to the invention, it is preferred
to use one drasernit eomipaianttetizdt greatdrktiann@. Seean krasticallybamprbve the
detergents selected fromthe group consisting of those nentioned
abovd) and dwpeend oxidationiskabilite edhen"inding vakles fodshe pyepose of the
Particularly preferred are_mgnesiumsalts_and/qr calciumsalts, with
cal ci um sal tiBVeRtipR isbhe1@lipe sfadne mpasused byghedndiyater fationangthod
general |y market in _forns.dil ut with |ight

d or rwi.se ,avai,l abl
[ubricati ng a&8 @gu@,ﬁgﬂﬁ ikt 1d IHBBEkSs S@ﬁ@ﬂi@@ﬁéi%ﬁfﬁh}%%ﬂilﬁe
be 1.0-20 % mass., and f er abl .0-16 %. NAasSs he i ne
oo th ot al N AuERe Eho Sl SATES dnd Prnssechittelitroy aliss Rt Eshical
total base rpm‘aer wout for 10 nost purposes the total base nunber is
not greater t'H HC%SOO ngKOH/ g and preferably 150-450 ngKOH g. The

et 8 nea 150pRL 1% SHIEEF coRteaf i b 4F 18 Cu aE 8P WIE Shmopeps s
Neut ral 1 zat 5% KA1 Ga oL FTHERRLMSE IPRoiSHaty o PRefln a 30 iman by
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20 polyamnes with at | east one C40-400 al kyl group or al kenyl group
in the nolecule, and nodified forns of the foregoing with boron
conpounds, carboxylic acids, phosphoric acids and the |ike. One or
nore sel ected from anong any of the above nay be added for use.
[0148] As antioxidants there may be nmentioned phenol - based and

25am ne- based ashl ess ant.i oxi dants, and co -based or nol ybdenum
oot et ar THARSORS A eTe g TSRl R T opaie O eGP, BaSedtore

ashl ess anti oxi-dan{s suych a

4,4 -methyl &%_ﬁ?@g@ a1 iglfegf T B‘Eﬁ@ﬁpRBHbﬁ}Y Ipaps and most preferably not
b5 S SRS o R SRR 5
al kyl phenyl - i i i ] s

a1yt pheny! - aavhy sl At HcEIEAl NBSIMRI A5sa PRI 1g e
anti-gear agpiisyvand extreme-pressure agents that are utilized in

| ubricating oils. For exanple, sulfur-based, phosphorus-based and

sul fur/ phosr[og;sgz-mees @d%mﬁavcwms Qﬁ%é%@ﬂ@lﬁ%ﬁcm% Dase BelcompRakht C
exanpl es of which include phosphorous acid esters, Thiophosphorous

10 acid est 45 sprefetdblpphos pliresawustias @594 ey, maks,t Maehpsaedslys not
acid esters, phosphoric acid esters, thiophosphoric acid esters,

di t hi ophosphneaterabad 2k Cartsy amabst and eivephasph préferabiyines gegater dsan
well as their amne salts, nmetal salts and derivatives,

di t hi ocar banldt e% by nmatis; has ctireh NG ACKnoeyapenationdi t Bf other QdOAEK
di sul fides, polysulfides, 15 alefin sulfides, sulfurized fats and
oi 1 sl0 and t Kvapokatioswef the hakdaarg rkase- pil cevruponaygesxseedmds % by
especially sul fur'bzed fats_ and oi lﬁ’ are preferahly. i'[;ldded. [0150] .
Exanpl es of 1B8%%:JBPSYPRRINR 6p%S Phehg dbnieaing e1la¥dl energassy, resulting

3 o e B W TR ind DTG BER R ORI
2l keny! sucei T OHERS L RBO TSR o BfitoRoihe draporaton h tio)
Ex I f LNt h hncl ud

po?;mnet? ﬁagréﬁgﬁégﬁgg&él %&%ﬁg‘f‘ggéﬁ?@é@é 5%%??%%¢Pgag i ﬁg base oil

25 d. [0 fi- i . :
pol VT ky! endar oo EAEER IS InE i Gl phabarlee i dne Tt RubHRCi i B
pol yoxyet hyl h . . _

pol yoxyet hy|(§E§g y énezﬁhﬂfl}élg? Lg@gﬂfﬁ% ?ﬁ%ﬁ?@@#}?ﬁ_@?@@%ﬁ%¢3go@c’
deact i vat i nanagenirefémblyds30HIRLD! drte ovehPyid i HrofrdBly VRI(-396°C.
al kyl t hi adi azol es, nercapt obenzot hi azol es, benzotriazole™and its

derivatives, THe 3094 tdistaldatace teppleystulré i(T¢0) 1s Préferably 370-430°C, more

t hi adi azol y1- 2, 5- bi sdi al kyl di t hi ocar bamat e, 2-

(al kyl di t hi gyrbéerably dE&bHUE080d kxd( evenr hmgbpreferalilyo BE0edl @FCt r iThe
[0155] As exanples of antifoam ng agents there nmay be nentioned 10

si | idbne oi IX)%atwemnespowitn(ESAriis preferadly AX)-4g0P¢h yapox yaeferahty ¢
al cohol and | on -cQai n fatty acid esters, nethyl salicylate and
ohydr oxybenAl0-46836oard eMencmaraprefeabky Hfet$0°Gi s ddw O0&s running -

Ilggr m{ ;sng RﬂiHE %ga%rﬁg\hﬁﬁgf%gg& ag%;%&%eg{ogegg%%%abﬁy Eﬂ&%?é’flgégéaﬁéi
Vi Scosity afveRomaF Drderdaly: T50BRERL nbhg: Fh8bRORE DAL i
12 el Shabbid %98 SYRE s WRA S, BRIl IR Seven more

25 preferably 470-500°C.
[0070] As regards the distillation properties of the first lubricating base
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20 mR/s or greater and nost preferably 7 mR/s or greater. It is

al so preferably not greater than 11 mm2/s, nore preferably not
greater than 10 mm2/s, even nore preferably not greater than 9 m2/s
and nost preferably not greater than 8 m2/s. |If the kinematic
viscosity at 100C is less than 4 m2/s, insufficient lubricity may

{fﬁfti'bt il somadnd AT, Rt e, 3000 okntbte B BRaRY 4o
| ubr ?Lg??%gﬁﬁ CaliaEn rr%)%%nrﬁ%f@é@f PR Ch g R0t Biferdifly 99-
riol0: v 3ot ARG FRF ISP Gl e R Y
oss ' than 2090 & g TR i Prefefatly LN60PE, heEble PRy 20.507C! dnd
whi | 65 i npr ovdvag fided éﬁéférﬁbﬂﬂgﬁb-ﬂ;@ﬂ@. | FRET9 @Pftﬁeﬁﬁﬁlﬂ&m(l Gnore

| ower the -35C | owtenperature viscosity. In addition,

viscosity i fgeferably he-43Chnd ehehaabtpreferalslorprgseCon i s greater
than 300, the | owtenperature flow property may be poor and 10

probl enms may007¢tyByyetting HOP PRI, (F5RITOOLFBRIITINEY  FBRABRIT10-
conpatibility with the sealant material. [0159] The first lubricating
oi | conposi tIBdh qnkfEBREI90saf | #id dast habimating hbgseoodi td onsthinnthe
addition to satisfying the aforementioned conditions for the

ki nemati c vips*cfmm@/ rangaosecifiedvabeosi it yis ipiseible tosfyrthieoimmreve the
kinematic viscosity at 40C of the fjrst lubrjcating oil conposition

i s phkf er abllgwatesoperaturs vissasity ansl pishes slucenidie granaratiopnlgss4s If

m2/ s, .er.abl. t t :

oref or abl'y. 1Be QjsadaEpnRastsdOmEnd 1 b FRErE3E; 2ibr BB anh R
t han 30 mm2/ d t f bl y .not . 4 7 m/s. . th
20 ot her nadie PRSTMEmR UGREHEE bAYEoN el Wil e Plpr yesiling
or greater,l r§ (g{oeferably 10 mR2/s or greater, even nore preferably
15 m2/s or g}%e(f H¥d nost preferably 20 nmR/s or greater. If the

ubri ol ty mgOrabae /4G s bf e JRECHbrHiIe BRSE W b Tbmbiy 80

be i bl e 4.0 ay A } ikt
suf Pl f?:?lent fdgeg%;ﬁ?g’c@r{% gg%m%g%vﬁ%ﬁgﬁéﬁg?ﬁ?%ﬁ% ?go%? fé;}fh at
100C of the Iﬁbétglﬁréfbfﬁﬁlfja}d—%. OII¥ tk@YROS Wal @& of $heebAEARhY BARE oil is

greater than 6.0 nPa.s,” nore preferably " not greater than 575 nPa. s,

even nore prederéiiny 80t dieeav@tositpempratiee s chiedctomisic Prigéatr adid/
not greater than 5.0 nPa.s and nost 5 preferably not greater than 4.5

mPa.s. It i oxadsiwoprebeiapl ynd. Mictikmad propgrees evill perd doabkyrediused,
nPa.s or greater, nore preferably 3.8 nmPa.s or greater, even nore
preferably aviilerhe sflicagy edt addisives muben mdsledr tibthe lulariedtmg base oil
greater. The HTHS viscosity at 100C is the high-tenperature

hi gkshear wikalsot igngtto1be ceduesst di HotheoVdSrvelue odeslubricating bass
viscosity at . 100C is less than 3.0 nPa.s, the evaporation, property
may be hi gh cahts gieatgrrthandift, qruihie ethey hand, B@%m\@,’uvmluglhw wil tend
greater than .Ol\ﬂnPa.s it my not be possible to obtain the necessary
| ow t enper att® Welosi ty and sufficient fuel efficiency performance.

compost 1 on [P0 oT diis Aoy HBEC g B3¢ £t hulicatiptbasteoi S nse bl net

% & ST IR, BB Bt b 75 S
] S0

a0 TSRS 90, B B0 0. BTG, SRR e

T o oA S PESiSuaOly, e Sy MBles BT,

vi scosity at ere I's the erature
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[In the inequality, HTHS (100C) represents the HTHS viscosity at 100C
and HTHS (150C) represents the HTHS viscosity at 150C.] [0164] The
HTHS (100C)/HTHS (150C) ratio is preferably not 10 greater than 2.04
as nentioned above, and it is nore preferably not greater than 2.00,
even nore preferably not greater than 1.98, yet nore preferably not

?:1)88835 Fﬁ;f% oy i @é%@%%ﬁ%ﬁ%&%ﬂfﬁqtﬁﬁeﬁiﬁh?% i pilkied wope
char act eri s s't?f'éﬁ”t% B i hiBols g TiBater ik bl SRRARHH °

greater, O or greater, even nore pref erably 1.00
or greater a HP@f{@Bé¥%8§g| y 1.30 or greater. If HTHS (100C)/ HTHS

150C | o
érast?c'aﬁ yef?’ﬁc?@?;he% /8 vallie 8P the dirst MR baGR oY PiS rrapiy pot
achi eyed Ber Ka@nf 075 mbf@@kéﬁtrﬁl?@ bt oFEHTEPShin 6 AR b0En SH6H 2
construct|o IS superlor Interns o I Cl ency, | ow

evapor at i on eaRably GNA)Isow Iferm@r%@,g evalusCosi the B B&HS: %' BdeC il
and can exhi'bit fuél efficiency and bot h NOACK evaporation

| ow t enper atgxiceetds ST t yhet vidssiRbesidpbelow Whicraidtial mea Hid
viscosity at 150C, even without usi ng a synthetic oil such as a

pol y- a- ol ef ioxidatien estabilitgr ardt fridtiorspropeirties ovilh tendv-tol eomidueed.
m neral base oil, and in particular it can reduce the kinematic
viscosity atTho % Gpoaleo of dnel lulrecatimiSbases odsoft theanvenien may lbe zrep
notably inproving the CCS viscosity at -35C (MRV viscosity at -40Q),
of tiHe" I ubr itskt theg selubilifioofesdditives oan the farther decrepsedipwitbas

oi | conpositiogn |t | possible to obtain a CCS viscosity at - 35C of
not greater % ue 0F£ob offgaeaterand especi aIIy not greater than 2300

N esible z o [Qﬁ?ﬁﬁ"ik?@en%ﬁ iﬁfs@ég%éat nd2ugen aaa?u%" Tor b st hﬁqg@m
mPa. s, 00 rrP . 10 016 T
e o on) BRER YeCloeChrdt Riethlblyr On gbteE moh Pf%ﬁe}?wez% 3t ©

o %% el Onf%fggﬁérﬁ‘@%l??ﬂ@g h@&ﬁﬁa‘%@e@&? laletor oF ch ZhCHuEaVHo
engipg oil. £l tﬁg%chogfécemeg W@%P@ J:I’I'Qfgbﬁﬁ%étfl\g bﬁt and

conp05|t|on an Second ptoduction Secon rléa

t
of 100 or nihario aBiLey Aok ‘%‘ﬁ)g‘gﬁiﬁf‘ﬁ’éf%‘@%é’%’ﬂﬁﬁg o feﬁ‘él&%gex
90% di sti | | ayhite therafeicatby et @(ﬂdl‘ﬂﬂé@ Wwheh! AfRd t@ﬂa@ﬂ%ﬂcﬁiﬁg PaS8 Al

between the 90% distillation tenperature and a 10% distill ation
t enper at ur e will alsd easd to BOTedaéed. anthSﬁ%@ﬁlmmd@pr@mm'ynnag

no sul fur as a constituent elenment, and (B) at |east one conpound

sel ected fr @reateonthaas B0Os smard |1mefcdabl}s mangranemghaul f0f, eserm more
constituent elenment and organi ¢ nol ybdenum conpounds. Al so, 25t he

| ubrd®at i ng traterably nobgpedter than H0rand numhprgarabl}baee gmatendrqmaént
havi ng a urea adduct val ue of not greater than 4 % by mass

Vi scosity i%&d@ﬁlw Bhilkyqtaar barfurtiek inerasadi MneCelia s raio s
of at |east 5 m2/s, and | ess than 4 5 m2/s, and a second
| ubri cati ng Mﬁ?e@ﬁiqr th@)ﬁ#%@ﬂent having a urea adduct val ue of not

e o) BT AT i ok e

e TR Stk SRR Rt SR PO AR Sl B
Wi t hout |np 1 C 1 a t

T R4 PSSR b S TR
et 2011 R8Ok BEuk AR Ao Bl RS PG LR AP by opggt o

greater t ha mMassS an en nor
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[0169] From the viewpoint of inproving the viscosity-tenperature
25characteristic, the viscosity indexes of the first and second
| ubricating base oil conponents and of the lubricating base oil of
the lubricating base oil of the second enbodi nent nust be 100 or
hi gher as nentioned above, but they are preferably 110 or greater,

e st aofbotso it uell LR SNSRI H Chhethan
oo TS ANRRY THEEIE, U SR AR,
Corsonons MBS A R AR
st be 100 SarEh oo oUaThABRE iy SOSHITRE I hatelRiARY
130 o greateﬁ/rfpgﬁ%é"{’%ri@e{tﬁ{%@?é fl%t@fns%c?ﬁé tthhegg%lcgg% erably not

greater than ~and nore preferably not great 0171] The

ki nemati c Vi[_@@?#! Poratthd0rsof ehdipodiidetit, | 4 | figdti N@bHRRENSI Ibase oil
15conmponent is at least 3.5 nm®/s and less than 4.5 m®2/s, "and is

nor e pref er anipSnehtdmbynb&/zs sindilé dubtikatiki et o hH\Agsd ire@taddlef
of the second lubricating base o1l conponent is 4.5-20 nmm2/s, nore
preferably 4:udbfmR/geated thast 4 by enady, u Ginsniaitle wisRosity [ad BIPTC of
There are no particular restrictions on the kinematic viscosity at 20
100C of the 14+86i mani/sq@rshaeviscbsity indexseicddl enthoghers i, itbmay beis
preferably 3.5-20 nn2/s, nore preferably 4.0-11 nmm®2/s and even nore
prefldt abl y 4ombinatonsof e ionanets diffarsdbeness at 100C of | ower than

3.5 mR/s far the lubricating . base oil, is not preferred . fromthe .
st andpoi nt  dP0&dhJdreacpnignt gado cpﬁe the first bxbrigabingabase et gempgnent is

goste el il REANGTITAE hkBmin wii,
EatRichioii Mt e oty sy ol
greater and Hrggﬁab@anég'gon%/ ?8} %5%%3%?%@? aﬁ}ey tﬁﬁl@%}é‘é}t%@h@
i scotity alCRBERhY B ILTTE e, PDalchf 28D 108 Hherd 1O KL BT HRRSS, it
or of or abl Y 200L TR T B IBRG & B e SR B Sopdty

ki nemati c ViSgPRid] efAtich@y ptirfdigandd) | ubricating base oil of the
second enbodi nent is preféerably 6.0-80 nm®/s, nore preferably 8.0-50

me/s, even [G07¢] AMeS efiabl Jubkeatthgmdil scamgorizidn paledecahiprises; 285 a
mR/s [0174] The pour point of the first |ubricating base oil
conponent i sonsttwerrbdgmponeihi gfiéhe librncatifgbase el r sé@rablybmedting
hi gher than - 15 15C and even nore preferably not higher than
-17.4C. The hasaroipaiompaicnthkadegondkinematicatisagsibpsie HC obripssh éman
is preferably not,higher than -10C, nore preferably not higher than
-12.5C and edemmufe preferably not higher than -15C. The pour poi nt

f the lubri i b il . is. f bl t high th -10C apd

e g R A 304 oS
th limt. i f.i ed ah , t | ow t t o t f
e et | RESLhed AOPY  ReElt SRSR A A BB g
e 00 1SS SHLUESS Rl Wb b B RS P oGP RERET
greajer than, g0 MR- fiydfSGacBE erfthelat" 81! YhyWbrif& ShiddAl oil or

solvent dewaxed base oil having a kinematic viscosity at 40°C of less
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2000 nPa.s, yet nore preferably not greater than 1800 nPa-s and nost

preferably not greater than 1600 nPa-s. The CCS viscosity at -35C of

the second | ubricating base oil conponent is preferably not greater

t han 15,000 nPa-s, nore preferably not greater than 10,000 nPa.s and
even nore preferably not greater than 8000 nPa.s, and preferably 3000
5 nPa.s or g[fleat er a nore preferably 3100 nPa.s or greater. The CCS
vi scosity at angdd WN'ke | ubri cat i ng base oil of the second

wpacs. 11 HDOBREAT Sopthep B85 SRR Bdtomd: fe hipioted holyepelstine
composi 11 on 410 | BRFG AT etelar FHRLS L. PhbGRerSd b Plney
bo1b. 1605, arpBYERClrTolls; 1Rolarafiny. ¥ ERBRH el TR M Rlchies. ©
ol of the SEEHR LR e P P TRy AR FRlibf, , EiseEE e

to the val ugdpatl, Jii;tﬁde@ﬂﬂasacﬁﬁﬂ’éesﬁﬂmf‘&h the ”k'él?qhdgiti-alﬁf thed like),

kv100+100 (i) [In’this equationh, kv1OO0 represénts i nematic
vi scosity atpcl98C (ewdrss) (RImehs/1blrbpant | Nneamsael ltrim@fkpfoparie
AP<A, the viscosity-tenperature characteristi'c, heat and oXi dation
stability, |pwlargonate, i tg;eﬁfwbryﬂmmnpeﬂﬁthyﬂleﬁama&i,t y Eentae hritol
characteristic of the lubricating base oil will tend to be reduced,
whil e the effdlamonatd ambitheviekeyhpolyudadkyienehglyadis, daalkyidiphaseyl
oil wll also tend to be reduced. 25[0178] For exanple, the AP of the
firskO | ubri cshensprshpelyphientyl athérsnwhachheverkibematcadsoesitieg e rd080d
nore pref erale 118C or_higher, and preferably not higher than 135C
and nore préfetessl $hatlhigreys,t amensdhicho pody-snpleding rmee Apreserrede
second | ubrigcat.ing base ojl.is.preferaply 125C or  hi gher nor e
oroferably 1DAtcal DAYsPleint ihelide: §&-§2n@@ mrsf@ag[]sh&lbaﬁl%o@-akain
niline point foJ. the

o e one of %ﬁ@qrﬁ%ﬁ% Ei@tli%%@l%r%i f(gg%%;sér? noligomet: cBeseis, aflsalfqeé}]
b | cat i ng SAZETSIRG 1?%%55%?@93“@;%‘3%% e 18, 0% RefPE anides O ' "
bouts Lory) JDBSIRTHY 96esnd 18BricRhlfrg A B Phdmtneny ARG Rft MY First,

is 470C or hd : I y z a rabl 48050
The val ue OP:I I'ngtgd%ﬁ{tggset eétdpf?%}'%ﬁ?ga b@ﬂ’&%ﬁﬁ‘@ﬁ@%@%@ gl%é%lﬁ?ﬁggl g%
tenper at ur e faNAwWiRe @¥diiishs! | ation tenperature, is at least 70C,
preferably 80-120C and nore preferably 90-110C. 15[ 0180] As regards

the distillgD0gs] Hrlmokfﬁdlﬁéti@fviﬁdtgity as40*Qhsf ¢rd set@nlleRdriidting base
conponent, the initial boiling poinf (IBP) is preferably 310-400C,

more pref er afil goRRWRIMEnastbevmn greaterphahel4bhm’330nd80Gs proferabhy
distillation tenperature (T10)2i s preferably 350-430C, nore

pref2l abl y 380-gr2aErahdnelde mmbise nporef predbtapl g 71t 40ater Then [0nEaYs,
running point (T50) is preferably 390-470C, nore preferably 400-460C
and even noreyecprBlose guicyerably 480 @reater dog 1 Lrmimigs poidnmosTgaefarably
preferably 420-490C, nore prefgrably 430-480C and even nore )
preferably Aud-greater thae 1 man™/poi Gmtheethar hammk)the Kipesatic agsgosity

450- 530C, f bl 60- 520C en nore 25prefera

470 510C. ToB HBC & HRrTIEAIRY A TIOCs ORETERiSs oROR RIS Gr8bbh e ramd/s

even nore prefer abl)r/ 50- 80C. FBP- | i@ %Ir ef ernglébllo- 170C, re

preferably P30EI6YE arﬁd’eé\/éﬁoﬁ%rgf%g@ Yal yiIbss 18 BIefigy.- | jgost
f bly 5-60C f bly.10-5 .even.nor.e prefe JAVAR,

Vs e rhpbrstrobp OCkB G Byl B uRRRIRRT Y SR L i

more prefergply Rig- 30Gmm? /s, problems in terms of oil film retention and
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[0181] As regards the distillation properties of the second

| ubricating base oil conponent, the initial boiling point (IBP) is
preferably 390- 460C, nore preferably 400-450C and even nore
preferably 410- 440C. The 10% distillation tenperature (T10) is
preferably 430- 10 510C, nore preferably 440-500C and even nore

B%ST 5400, mR@DGFEIeR MY ORvet é%%r%ﬁ?&%%ﬁ%ig%@ B infs ?%Eﬁcﬁlzé&.
T 90% i .poi nt. (T90) i 470- 560G,
VR PO L A
ﬁor ]? pr g}‘ er a‘?ﬁ?ﬁéﬁ%ﬁ§@§ gf‘ Sé@%—“%%@ﬁ%%e?@ ﬁ@iﬁﬁ@é&( ?ﬁg}%ﬂé&m e

. . - P i -
prt 1 o1y 8RR MEERERE O B ity Sidarerney
cven Tore proferaaryoRUEE e Sy ond et LASE L GE coraporett 3
pref erably ?&%W%Cﬁ‘%ﬁnh?fe@, Rh&fee hadieradis- 406- of Odig?ﬂ%r Byv&ethbhe
| BP, T10, T50, 190, FBP, T90>T10, FBP-1BP, T10- IBP and FBP-T90 of
the [ ubri catjragrabhe 120! ophigcl’{)@, yet enckeephstdiafipt | Apanchigher indsino’nd

second | ubricating ‘base oil nponents to within the preferred ranges

speci fi ed ahmeterably 138 padsicheg drai dlsotheferabby ave higleer than 150, more

| ow-tenperature viscosity and further reduce the evaporation |oss. If
the distill gireferabbnged HigheTahaf1D40 FRE- By Mbee IpBefarablyFAPt Tdghar e
too narrow, the |ubricating base oil yield will be poor resulting in
| ow Htonony.thepdrEs] Ifthesasoosity amdonpolasstthanfteittmayinathlee possible
and second | ubricati n% base oil conpgnents are preferably 90 % by
mass or gredPeobtddr ellgchver epEIEW FCHENGYasandr thyp et émd@ﬁtfabi@n A

T BT or a8 AR PSS Sl S e LR
oL VL a5y B SRR SRR, FRTBAASEE 5 P bl
ot 0Ly, e B R UL IR rind R Biuuld il
comesents A0S ¢ SH6¢ GRIBEBET B BHAGR R, mor

sati sfactor %r\grnrﬁlﬁpﬁ h%?ﬁ%ﬁig%g?dﬁ §.3cﬁfg1ggg%§&é§ hL(ﬁei*eﬁﬁ%f&%ﬁly apd greater

oxi dation sta tives to t ubri catl ng bas

oi | conmponenpa@ii i mﬁgpy?ti fhore pretérabBnnboy g%b&ﬂlé:rﬁthﬁh%.()' weaf/st ébén

in the lubricating base oil conponent, and it w be possible for
the functi ongtahotdprefeetibliyuas dreater thahidd rech’At and hhadresref@@bleyet -
In addition,” a saturated conponent content and proportion of cyclic
sat ur at ed C(grﬁatwrthanéh&rmmz}‘se sthetahedhaticrpascesitys as 40P €L pnrthetdther
af orementioned conditions can inprove the frictional properties, of

t he 2Wibr i cathaml, Haserefénably Letfm/seswipréater,imoze greferablyf 2i% mhm/s or
reduci ng effect and thus increased energy,savings. 25[0184] If the
saturated ccgreeteEnevenmasetpleserably 2uhammib op gieatersand mpest preferably
viscosity-tenperatyre characteristic, heat and oxi?&é&gn stability
and frictiorhP PIbPLETigseater. | A Kmematipyisensdygiiat Q0 ¢ roftlpaver than 2
proportion of

Conponen's a@m@yégiif ﬂiﬁiilﬁ?r@%fﬁrbi%%é@? 55@35”%?%%%[ ?raioar‘ﬁ”tﬁteﬁﬁ?ﬁd&im
neut 1 lce;iygﬁ_IO %V@p?h#aﬁgniﬁe%cE’ﬁf}b‘éi%ﬁﬁ\a?ﬁ?\%éﬁéﬁﬁ FE2OREGs efeatsr e
preveht ¢ he TanBirga. ane; MuniURE wkect gy Bl HEVHipekglf Wstosity

obt ai ned. IchaQ&ct@E‘@ﬂgr&f-lPBe?ﬁin‘f%ﬁ%ll.i c saturated conponents anong the

saturated cofrponents I's greater than 50 % by mass, the efficacy of
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[0186] The saturated conponent content for the purpose of the
invention is the value neasured according to ASTM D 2007-93 5(units:
% by mass). [0187] The proportions of the cyclic saturated conponents
and acyclic saturated conponents anong the saturated conmponents for

t he purpose of the invention are the naphthene portion (nmeasured:

Conreas o6 "THOSYT rabul TRE LSRRy i ovhi e I R i RSt
Pubr  cat | ng GevetgrraeakaBRah R Ba Sing e Bise BREE biotRratie o Baracisristic
oot ront e By MR RARIIHEE SR HahERINERL 8 SR A PnBf i
ot oy TSAEDRY 08 ERAGHAAHS AW ASLABIC BrERE 6t areater

par af§ins ar‘fﬁﬁﬁ}.ﬁ@%@)fﬁfa!élé,aé@éhﬁﬂﬁe 8RirdblPASE réyﬂeml%nt?tygbyms@t

of the lubricating base oil” conponent. For i"dentrfication an

quanti t ati omndanddat PRefrablyoRdt Shaitdr RMNRIS PRbefthhss. M Yhehises adauet
is used as the reference sanple, 20and the nornal paraffin content

among t he satalneioddhe sspone ibricainebasapilabmagonds: magrRseh B0k, Bhe
total of the peak areas corresponding to each normal paraffin, with
respect to trhess,dhdl fropatheaveavpdint ld aitanmg eghdm dating baset origvithea
peak area for the diluent). (Gas chronatography conditions) 25Col um:
Li qui d phaseuifiepmitdovetérnperatieengishosizg characiadstic) laight wsco€iyd imbab,
liquid phase filmthickness: 0.1 Am, tenperature el evating »
condiQ i ons: aulchigloB8ashamist.aand slse ol selaning she isomeyiratign congpioens
gas: helium (I‘lléi near speed: 40 cmmin) Split ratio; 90/1 Sanpl e
i nj ection ra&E IRPSORING ©RPBEMYerit (1§t Rreder 4 ob Iy $Eass0OF BIEAT,
with carbon disulfide).. [ ], The proportjon of isoparaffins ] he
bl cat i ng S PEETAIIbACHbY Sk OnEIraler drd MoSUPreriiyd Hepven
the acyclic saturated.conponents anong the saturated conponents and

t he nor nal dH?Sa’??%‘gEeaﬁ%ng t he saturated conmponents, based on the

L2 2o 00T TSGR LML 05 St

oL e TR, 0ot Tl e BTN, ook
Ex i )

Crampl s of FMaaLIPRSOHS nhiAe hoRi ot AT L AETHIR

per f or mance secand dubkicaniicoBagpyl coiigonenand 1eBdithagd(f,omesyRbotitese
met hods. [0191] When the bottom fraction obtained froma fuel oil

hydr ocr ackerteirmperstegte ashdrhetesistict iheat raide oixadatiom ﬁﬁlﬁli\gy ratd dridtional
second lubricating base 20 oil conponents, the obtained base oil will

have a sat urmbpdrtcempolidand ¢oteersductd 90 bebthenefcacy aff additives avhen
proportion of cyclic saturated conponents in the saturated conponents
of 3P 50 % mddedssy thephdpeeatingh baseaeycwild slsputeade do coerpedened. i bf
t he saturated conponents of 50-70 % by mass,_ a proportion of

i sopar af f i nghg n%ﬁevajgmﬁtl@asqrqwgldohgmqatmg:bm@elncompom@nm greater

U L g S S B
et fect of ¢ NDOBRY athe Geon valhue 986 Serardh b Baans Ok EOMPOBGS! i
EPZBSS;ELPQZ?YEFR%E@E@%"%@@/@f@zgi i braféretly” b0l ﬁ%gfé‘\;r%af‘ez
cxardl o a WSPTARBRLAAI P R L oY @@Nowgﬁ%}f i ﬁ%@@(ﬁ‘%ﬁ@%{#ﬁ% Papg oil
base o conpiEa® FRRA 307 dhe ASedui oPPrATE araRbtfh, et
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20and especially not greater than 7000 nPa-s. [0192] The aronatic
contents of the first and second | ubricating base oil conponents are
preferably not greater than 5 % by mass, nore preferably 0.05-3 % by
mass, even nore preferably 0.1-1 % by mass and nost preferably
0.1-0.5 % by nmass, based on the total anount of 25the |ubricating

D O S A S A S SR BARE RN 0 s e
heat and oxgakLoncet ROLLL a1 008 RE SREEEH Sl U Lk,

while the efl:{é' fﬂqﬁ&' of additives when added to the |ubricating base
oi | conponen ‘al so tend to be reduced. The lubricating base oil

Cne.solubi | 109581 eGP TRcml BRI BCoORE I oriEAGRE baS: ATPORDOIEILR

t he sol ubil es can be er 1 ncr antarona

cont ent of 9 t grr. td t 0
Th s ase | SSRertbly dFtEreaorDIRA 07, 0N HreliR0R, SRl p aanipl Old

aromati ¢ porgndoeveRrmeke oréfirablydep-(ab ky IDehe enes, aatue of the second
al kyl napht hal enes, as well as anthracene, phenanthrene and their

al kyl at ed f qubsicatingrisasedsilvédrhpbaent excesdse) fushd visoadne temperatusnd
het er oat om cont ai ni ng aromati ¢ conpounds such as pyridi nes,

qui nol i nes, ghaeactbsistioahbathand oandhtidre siabklety f0d $dictidhel prapertiesdvill
ranges for the % p, %N, %CA val ues and 15t he %Cp/ %N ratio of the
first and sdeoddolberédimedng Bes &Gk Ivateepdtbatsecand luhacstang base oil
preferred ranges for the %p, %N, %A val ues and the % Cp/ %N rat os
of tHe firstcompeneni: nay bagsrei but the Relubihity of wsidigwes wgndrg further
conposi tion, and they, wl ot be restated here. [0195] The i odine
val ues of tHﬁcha§§8‘@ﬁ]@|as%@gmﬁaﬁ]@mﬁiét‘?fn@eé%’e oil 20 conponents are

na cven yonB0aPE Ao RS eGr and R talies fahihe e MinHHE
oref orabl y 0208 011 GPuliosl S BRY R bEpref BTG dRafer, more

S5value of TENHGR ot olhele anF elbanc Protarioscdl aroskln of o
R S L 0 e e R <

component s WHakalefefie, RBatt 1fd SWidatiort @E&‘b?l@ff aRd ﬂiﬁﬁoﬁbﬁ??&ﬁ@ﬁes will

materials. For exanple, when using a substantially sulfur-free

starting mattgrdab 196 rédiced,Whilki theveficae gadiiveRt wheghdded to the
Fi scher-Tropsch reaction, it 5 is possible to obtain a substantially

sul fur-free lubhicatiagibegeb@t evidl dlsodendrterbe rothesedusi Te 86Cp/%Cy ratio
sul fur-containing starting material, such as slack wax obtained by a
| ubri cati ng ibpseferablycootpgreatdr thahi2il(y gnereoprefsrailymiot greaver tharail 08d
by a wax refining process, the sulfur content of the obtained

| ubrd@at i ng dygsenile poeissallyt noargisatasnthad 150 ang paostoprefprally nabs
or greater. Fromthe viewpoint of further inproving the heat and _ .
oxi dati on st@Batertthaanddr eddtg agdyive splubibisy earr be Bwphaninceasehal

I S L
(51697 FromDHET e indifie sralis af P hcongnlutiating Besy Puo e@bozent
Surrar o et it BB, R TR R Bty e MR SRER & Hipre
b eeor thattegabE b bRIAer (Pl Ve BERe BERHIRE CHRAEN ol s,
S5a1. 1006 - DEIEtSRICTEra itk SrEReE BharBP UG TOGONCACABIY Rof bibdfer
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[0199] The feed stock oils used for production of the first and
second |lubricating base oil conmponents may include normal paraffins
or normal paraffin-containing wax. The feed stock oils nay be m neral
oils or synthetic oils, or mxtures of two or nore thereof [0200] The
feed stock oil used for the second enbodinent is preferably 5 a

wax- cont ai ni t|n terial bpils, int range qof

| ubri cating tﬁ%@i cBh %qutghAEﬁbeg@ &SS,&@WQDQEBIf.IS%N@?%QW%QrQ@nt
of the feed stock .oil refera n 50 %by mass _a 100 %
mss based ol SReatEhaid Bt OBIERD OHEa of GEreeH I FReSheT o,

of the start e f anal ysi s. such
10 as nuc|eél%%E§§§ﬁ§88b8§§ﬁ%§§§g§§§§ %ggpﬁbéﬂgﬁﬁﬁﬁgﬁé %@»’ goud mhiting
correlative l.ye

(AT pe235)he TedRE yTe AL MorcBRHY D60l Qomtrdinea ebcHb. FECAIFE,
of t wax f

vex- Cont a i ha" 15ad Ssptati b T Rey Shaifl Lty rsa?ﬁggn%ﬁéﬁ@@f’véqﬁe feat
will not be gigbbridadionedtabil{t)202] The feed stock oil may be subjected
t o hydrocracki ng/ hydroi somerization so that the obtained treated
product has [@092%F ragsl vigs vv@fﬁ@mfomhlﬂ:&@ﬁi mrovidatheéhatomddsidation
viscosity index of 100 or higher and a kinematic Vviscosity at 100C of
at | east 20 stalsilinyRandandduesss thdfug. ShemBalur t contemi fint flee f sécind

| ubricating base oil conponent. Also, the feed stock oil nmay be

subj ect ed t dubyidatngdwserg] byuponentres prederaindy swt tgreater tkam b Ogpmdy
treated product has a urea adduct value of not greater than 4 % by
masslO a vi sdn8ss, ynormexeﬁratﬂyon@tr graagerethaind ppiki biemeasscand sves imgreat

100C of 4.5-20_.25 to obtain the second lubricating base oi
conponent . @ffﬁ?b b@@ﬁgm&ﬁ@ﬂ%%pﬁ yirAa$s.on step is not

Condi ¢ 1 ons. HOPO8h& FGt e BIRNEPOTAIRS0S Fedisdiany 1 e e Eq‘?%é%ﬁsia&
Py ocr acki MARGAD ééﬂs'%ifaﬁ%aét%ﬁ‘l’gé BEAtaE L W oA e femltent
took ort i Stbbi bR Rl bR B PR ATl Bttty 6
Crep] s, subEreh PN PRI e Suld ARTE R BFARULY Aol A ef Yo

and a third gl HE%@ICh the treated product fromthe second step is
10subj ect ed ‘to hydrorefining using a hydrorefining catal yst. [0203]

Thi s hydr ocraoRiN Iy dRRGEIRET éGmbhoNist 81 | fecbhe %Eﬁcaﬁnge%ase oil
hydr ocr acki ng/ hydr oi sonerization step for the first enbodi

except for diohhpseanaess hot g:laeu@@lradllyt reyicted, utsht paifertbiPyndthereater
desired lubricating base oil conponent, and’its explanation wiI'l not
be repeat ed thaher ppni B0dhsT hmore rprefﬁrablyf nbhegréatesthand p Hmpbyi mass

| ubricating base oil conponents in the lubricating base oil for the
secétl | ubr ianalt ewgn ainlore gpmedetiably matr greader paart i lc pipan | lyy masss.i cketheso
|l ong as the viscosity index of the lubricating base oil is 100 or

hi gher, the nitiogeal contant ngxceralspdi ppm sbyiomassgitee hertn andocxidation
90% di stillation tenperature is 470C or hlgher and the difference

bet ween t he Staigy svill tead; tonbe seghegast ur Ehemitrogen comentsior the puspose

t enperature at.least 70C. but the content of the first |ubri g
base oil rﬁfg thentnvientione 1t ytregen gonigidy measeredaeeonh ’é@éﬂaﬁ%ykn
55-85 Wbby ZQ@ even nore 25preferably 65-75 % by nass and the
content of t S gd Iubrlcatlng base oil conponent i's preferably

1050 % %Y TEb8) mpﬁg&%ﬁ i O o o
L:i’;;sa;;ggﬁ%ewayogom B 28 FE BB i o -
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10 oil conponents in the lubricating base oil of the second

enbodi ment is preferably 50 % by nmass or greater, nore preferably 60
% by mass or greater and even nore preferably 70 % by mass or
greater. [0206] There are no particular restrictions on the base oi
used together with the first and second |ubricating base oi

, o | f m | |
?;’r”!’ ﬁQSZ%Snlefﬁg éiﬁfﬁf o aﬁrﬁe?%pg ?%bala’evﬁﬁs ﬁ}ﬂqiegzt:hﬁc Eflg‘f. e e
i scosi ty | RERESERRRSSoRBPE il PRSkirienePbrs il i temprutyre

e ont %&@@#&éggﬁqw&ﬁw SR RSRL  o

same synt hetHD oils as for the first enbodiment. [0208] The
| ubri cati ng ase mfl of the second enbodi ment, conprising the first

and spcond | 9996 @H@%lﬁ%ﬂﬁtl@h' edft%heeé%cﬂdt $uBAcexEs! b oil

vi scosity-t rrper ture character ic and | owt enperature 25viscosity

charact eri stddmp¥fiéhteis r%ﬁerHBW ﬂgfdlmwuﬁfgau%h&@ﬁia%@@rmyadiduﬁhubﬁl ng
resi stance and | nproved heat and oxidation stability and™ frictional

properties, [GOR7NTHS indBgbbbiling poaaiIBYY cfithenecead ddbfichtihg dase oil
reduci ng effect and thus inproved energy savings. Wen additives are

included i n dompondt aprefgratdye2®54320°C, haorevreferably 296-3200C1 and
of the additives (inproving heat and oxidation stability by

ant i oxi dant svelemore pefetablex20 Hi316dCat Bhai YHér distikition 0@operarnee

second Iubrlcatlng oi | conp05|t|on according to the_ invention

conpkl ses, d4J 1&9nisoprederably 324389 e a0z proferaklyt 320 AR agd even
or of or abi 'yyaﬁéréﬁ’& {orly” i0nR O bas Theacrles SUBRMBPaHN (T50) is
exanpl 22”5?%@@@% 23R e oBosh PP AT S SBBrI D fuPTess
?retc ﬁ;ftehteglegg Béﬂ,f ﬁhgg@i gﬁlé}pm‘%()ﬁ running point (T90) is preferably
j j E: ggg %’fﬂni}iﬁﬁsé gﬁ%ﬂ%@%h ‘%8?55) -430°C and even more preferably 390-

> 51 %t it SHRDCE (TR MEACROTE ppht (FERE) By PRttty 390-450°C, more

butylldenebl o
B Sene o e dBly ?ﬁﬁﬁ(}jgﬁggﬁeﬁgg%% feferghly 410-430°C.  T90-T10

2, 2" - met hyl ggebiéfefatiiet D3- 8§°@0nﬂio@69p@éf)eralﬂy2 35-75°C and even more
|sobutyI|deneb|s(4 6- dlnethylpheno 2, 2" -nmet hyl enebi s(4- net hyl- 6-

cycl ohexyl phaefdrably, 85d65€rt - bEBSH IBPnEishypmfemhily 70-150°C, more
2,6-di-tert-butyl -

204- et hyl pharoferabll BDAA0RC abdiasren-hory ppeéenobly20-1G0°Cer 1 Ta0-IBP is

di et hyl am noa& cresol, 2,6-di-tert-butyl-4(N, 1\ P-
di metthy| ami o rablsphéﬂem (oct ybre r(lsfc;mb t2&ﬁ60?ﬁtm1ch even more

hydroxyphenypproplonate trldec 5-di-tert-but
hydr oxyphenyirgfsraplo 28t ﬂ;iﬂ?-ﬂi%} g preﬁeéab];ykﬁéq l(n;g)re preferably

5. §I et E’;Eié&oﬁ@%ﬁ%&&ﬁ%% LB DSOIREL o 0oy e -3

. 5-di - - -5

T f°§%?pﬁaé,mrmﬁz£§mﬁggg@ﬁiﬁéb

of hyel oxy oy ref SHPRIL A e SR MRS, OIE oPiuiRy"lo
25 within the preferred ranges specified above, it is possible to further

improve the low-temperature viscosity and further reduce the
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5 ((octyl-3 -(3,5 -di-tert-butyl -4-hydroxyphenyl ) propi onate, octyl-3
-(3- methyl-5-tert-butyl-4-hydroxyphenyl)propionate and the |Iike) and
bi sphenol - based anti oxi dants, w th hydroxyphenyl group-substituted
esteric antioxidants being nore preferred. Phenol-based conpounds

wi th a nol ecul ar wei ght of 240 or greater are preferred for their

fecis eS5%?%&%&%331@%%??2{}35%;5%%&%?%%ﬁf%ﬁi@fﬁ‘ R 18P
Const i Cuent DI CHER hel BhARpgrard (Bt pHanyNEHCA AR A ol vield
g?ﬂ;f Lﬁgﬁgfa rﬁ?g)?% i %is gir?k |g5|r01 oyl an nzs, 15 B ’
d:‘ al Eyl Si phe‘ﬁypgﬁi ,r ﬁﬂﬁ} Eﬂnp é’%ff -ﬁ-%ﬂényl enedi am ne, and m xtures
anti oxi dzrm: el &ﬁ%ﬁeg%@ﬁ EiRERebRg FRCAH Hos? %Efg%%ﬁﬁél%ilf i fhe
oroups, 200 doEy MHREAEIE O ChuhBoSHICR B0, L DR Iy Pinal 3 R bR sy

of componentykfirabBrti 0L 1% W@ﬁ%@%dr@p?@fe%ﬁ]ﬁol@-ﬂ% g%gﬁ%/@%e%e%/

nore preferably 0.1 % by mass or greater, even re pre

by mass or gnesd PreftdbiPIS-H0 )L bgdmass thdoystTBETeAIblgr BRI ¥ angd
preferably not greater than 5 % by mass, nore preferably” not greatéer
than 3 % by rAbsqslsasaad onotie potal erablnt odtther Ridriratinpabage %iby MRagse
based on the total anmpunt of the composition. If the content of
conponent ( Ajoritsnt tasxsig less thafll % thy mmss it irmyhrat bensbssibldabi abtain
stability of the lubricating oil conposition will be insufficient,
and It partitbal anecessany nlow-Hempesatiune e viscositnt aand sufpel i oefficiency
cleanability faqor prolonged periods. On trae ot her hand, a content of
conponent ( AcréxEeaiagvbilgsibyt sreeedsw( Yo thanmass the diveporaieon 1ossagh
stability of tqe |.ubr.i cat.Lng oj|l conposition, [0213] n,the,sec[i)ﬁrciae
| ubri cati ng tBeIUBHRAEBEQIbWILINCERNEHERSIENS LN ANAreased VhSCOsHY ARt ¢
phenol - based.,ashl ess . ant j, oxi dant d. 0, 4-2 % by mass of an

ani ne- basedcllalg%laé@s&%%ﬁ ﬂ%ﬁ%ﬁﬁ?,ﬂnﬁé%‘?% the total ampunt 10of the
conposition, usead.in..combi natj en.as o nent.. (A) ;; Or._nost..
orererabl y. Q7B thet BRLiCALEH PASE Bl AT oBF SRR id bol, SomBRSitign
0. 5-% % by . . f Y, - 1.5 % by : ' il

al | ol\fv5 excel @%? @%&%ﬁ%ﬁ?ﬁlg ?f;qﬁé f;lr%t ﬁP ;)P%él(% OPg?eg%l g@bﬁ%’dﬁgn& and
[ 0214] The i ' i ln; cgg?@é LN GOMRY i : :
15conponent %%E?ﬁ&(%éﬁﬁﬁ%%%‘sglgntl_ (:)%%Iﬁf contgirﬁ??}gag%l fcgpl%rslsea
const it uent 1abﬂeﬁﬁh§%e_(cﬁi %bgmbr%rﬁmﬁemaylbﬂ?nﬁf@t qeﬁﬁeﬂﬁﬁg iﬁa% il

As (B-1) the ashless antioxid contai ning sulfur as a constituent
el enent, t hejoenpeneleandistadhd lubddatng foase 28 chafgorind, 8hll So long as

di hydrocar byl polysul fide, dithiocarbanates, thiadiazoles and phenol -
20based ashlthescatehtsxiofathies fiesn twbricatong Waker odscemponseht tamensecond
el ement. [0216] As exanples of sulfurized fats and oils there may be
ment2ned oiliibrisatihgdmsswif conpedehbads wathifuhe rangesgesefidd aboyve.

sul furized castor oil, sulfurized soybean oil and sulfurized rice
bran oil; fd0i@lhAsiregardsithdedisallationpropetticssaf theldubuoatingbaseiakd
esters such as sulfurized pmethyl 250| eate. [0217] O efin sulfides

i ncl ude t hos®mapisingedhey ﬁréhcfubfgcadm&5baﬂeef01hscomp0nent and second

lubricating base oil component, the initial boiling point is preferably
not higher than 370°C, more preferably not higher than 350°C, even
25 more preferably not higher than 340°C and most preferably not higher
than 330°C, and preferably 260°C or higher, more preferably 280°C or
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or their 2-4mers with sulfidizing agents such as sulfur or sulfur
chloride. Exanples of olefins that are preferred for use include
propyl ene, isobutene and diisobutene. [0218] Specific preferred
exanpl es of di hydrocarbyl polysulfides 5 include dibenzyl

pol ysul fide, di-tert-nonyl polysulflde dldodecyl pol ysul fi de,

di -tert-but ol ysulfid di octyl I I I
alnd di cycroﬁﬁgﬁﬁ%@r slﬁngdglloorgo%fg cray gg é‘b@g@) gtﬁigﬁe epo su @?/
di t hi b | ud ted,b

v ek G, CABELOE RIS 08 SOLL L, v

{;g-r rcr:u:_ag g%ﬁzléhgr%m%@g?e%gé H%) ra@SHhﬁ%gg%(&@Réﬁbﬁbsgﬁar%{]@ y
L eéreg;g?lte ¢ ﬁﬁaflggﬁ%eﬁbqﬁ@f’%ﬁ%ﬁ}%’égﬂdéﬁ@ P P Gl righer,
04, Snd 1 PERRCDENE A0 S B REr fnd %%’Fég‘%‘f PR AbBISE0 om0
hydr ocar bon éHé‘llp y’FHE'%% ncghﬂﬂﬂé 1013 ?ftﬁe?@t‘u‘fé‘ lof tﬁé Hﬁﬁ:ﬁ&ﬁﬁﬁ%‘ﬁ@éb 0l is

al kenyl , ary aryl ary groups | es of

thi adi azol prefahbEP4309C ot Higafétaﬁ@re ﬁ@fﬁ%@ygdﬁssqc?oﬂhfgmlte@%@zw@

conpounds a t hi adi azole compounds As phenol - based

ashl ess ant Irﬁesreipféfer@cﬂ UBIOTCer $ w%ﬁeaf and Iﬁefegabty hoehigieirabent4809€,e
may be nentioned 4 IObIS(2 me

tert-butyl pheomd préfe‘ﬂtabltyhnobh%lﬁarnﬁiahyﬂ@%ﬂmd buey Imoen pirgfeRaldly- not
t hi obi s(4-methyl-6-tert-butyl phenol), bis(3 -nethyl-4-hydroxy-5-tert-

Sbuthl benzygeghér dean HCCE. 5 "Hhe tfemal- bodl e pOhytd(EBPb@fzme) r¢ateyg
2,2'- thio-di ethﬁ enebi s
ih

. 5-di - tert - thasglol pmf@r@himéﬁﬂ %8906& srereareaprabln 460rk@0°C and even
more preferably 470-490°C. Also, the difference between the 90%

distillation temperature and 10% distillation temperature of the
lubricating base oil is 50°C or higher, more preferably 60°C or higher,
15 even more preferably 70°C or higher and most preferably 75°C or
higher, and preferably not higher than 100°C, more preferably not
higher than 90°C and even more preferably not higher than 85°C.
FBP-IBP for the lubricating base oil is preferably 135-200°C, more
preferably 140-180°C and even more preferably 150-170°C. T10-IBP
20 is preferably 20-100°C, more preferably 40-90°C and even more
preferably 50-80°C. FBP-T90 is preferably 5-50°C, more preferably
10-40°C and even more preferably 15-35°C. By setting IBP, T10,
T50, T90, FBP, T90-T10, FBP-IBP, T10-IBP and FBP-T90 of the
lubricating base oil to within the preferred ranges specified above, it is
25 possible to further improve the low-temperature viscosity and further

reduce the evaporation loss.
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[ 0223] Di hydrocarbyl polysulfides, dithiocarbamtes and thi adi azol es
are preferably used and dithi ocarbamates are nore preferably used as
10conponent (B-1), fromthe viewoint of achieving nore excellent
heat and oxidation stability. [0224] Wen (B-1) an ashl ess

anti oxi dant containing sulfur as a constituent elenent is used as

but it 1 :s) ribreREie Biganas E‘%h&é&%rﬁf@? ?ﬁfe%%efub%'ﬁ#tﬁl%o Pere cabiy
0. 005 % % b
g eater . andipTaABIAA) SHEA(Ch i @D FRAAsDIPTERptarasy T edater thar

pref e ab! Kaﬁnﬁm Blehad8: p&ef’?%%r%qﬁ el h LR ER A s e dhore
bt oreront | ot aBfy ARFRPCbt fim ie%trﬁﬁlﬁ SR EferRBly Rahfifrs bERedige
'ubr!%at' g Bble @Pé‘f@%l 'RPni’ih*/F fé«/ Blre efﬂerhglﬂzrﬁ %/sbg]

PoOSsSI | e to nmal ntal n superi or or pr onge peri O

the other haidatdrf 'Als@xﬂﬁ;eﬁﬁlehﬁ'@a@i/%c%ﬁﬁﬂ)tdtOIW(}'QPﬁﬁe luﬁﬁéaﬂﬂgb
adverse effetts on exhaust gas purification apparat uses by t

sul fur conteiit j réfbfaﬂl%ﬂbfdtc‘g%éam tRah 4cDwRas/st hivtre rbfefab[}dnb@gi?&ter

i ncreased. [0225] The (B-2) organic nol ybdenum corrpounds t hat "may be
used as conpuhaerd.8(BmYsctvete nidte2pidferatianiot grayhddnnn Jormat/edmd
containing sulfur as a constituent elenent and (B-2-2) organic

mol ybdenum eoreponmuds jrederbhy npingreatésf thare$ .G mnﬁm,landaptreﬁlr&bﬂwnﬂ 35
[0226] Exanpl es of (B-2-1) organi ¢ nol ybdenum conpounds containing
sul ft as a mong dr geeates| mosapreferablye & guni/s arogigatemand cvapinees
such as nol ybdgr um dit h| ophgsphat es and nol %bdenum di t hi.ocar banat es.
[0227] Pref dHE ablaa emraf/Sn@r yagatesm df tthe m@pﬂm ééiSWﬁit}Udﬁ the
specifically, t3$bde um s | f.i de. | etg% di t hi ophosp mol ybcﬁrgjm
sul fide di prlBB?Pa NENPBFhES Fi%t"@lt HoIthH d8RERS STSCE |1t w1

o S SSE W A i L;*;%‘%'ﬂﬁﬁa&?%?ﬂ“;:sé‘;?;?;
bl Sﬁgﬂgrﬁwi’laﬁﬁrf@@f Lf?%fo%‘édctll’ﬂﬁv; ;ﬁ:ﬁgﬁl&g f;*f;ﬁ’f a?@ﬁﬁ%fsu| e

g: gﬂlo(r)lylhgge:ly pg T}kﬁ osp eox rm? Egenuméq%geén }jsglt‘%e{aby 00
oxynol 5bdeﬁtﬁ1I s%h?%?ﬁgg?gﬁl %@Jpoﬁﬁ gt?gw%ﬁi;{no 3@%2%%5%830 ot

sul fide di pQﬁ?Mér @hﬁhhﬁi%hgﬁ@f@ﬁﬁl y D358 M’Hgﬁéﬂrﬁﬂ?‘d‘ éf&a@]ahﬁ&"hlgher
di t hi ophosphate, oxymol ybdenum sul fide di octyl’ dit Qi ophosphate

oxymol ybdenyhuag ull 70demdirde pydfedatilyi o hipsiasre thay 180y bedn wienulrhoee
di dodecyl dithi ophosphat e, oxynol ybdenum sul fi de di

(but yI phenylprdfarabbp mos rﬁlgher thoaxty nielOy bdkfnthe siscbesde index is within this
25di (nonyl phenyl ) di t hi ophosphate (where the al kyl groups may be

st r &(pht - chaiangent wikrechpassibledot dlataa kyHasken} wigr angxcelgnibeisbosited
at any position of the alkyl groups), as well as mxtures of the
foregoi ng. AEEpepatetrerahagacteristicy wddhe @ litridaspig spheompositeon with a
conpounds with different nunbers, of carbon atoms and/ or structural
hydr ocar bon Rwapkarhn high nyissesity. isdezogndasa exngiphlys BIp gyt eloved
nol ybdenum di t hi ocar banat es t may .be ntioned, ;specifically,

nmol ybdenum éanmea@wamsﬁﬂsﬂanq T@%@F%Qﬁétaél $8 %G‘éﬁlrum sul fide

ELELES?@ L@ﬁﬁﬁﬁgndpﬁé ﬁfﬂﬁa?rﬁlimagl' T'f gg?rljﬁbb%%wabfshiﬂ?f‘%i B
di lt?t%car Lgr?lélt%?, P Baltes A B8 BhideioeSe fid itosieharacteristic
i (buty! phedyd G ftaERo RN e NOGTHR TSPyt iR ot i base
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20 sul fide di (butyl phenyl)dithi ocarbamate and oxynol ybdenum sul fi de
di (nonyl phenyl ) dit hi ocarbamate (where the al kyl groups may be |inear
or branched, and the al kyl groups nay be bonded at any position of

t he al kyl phenyl groups), as well as m xtures of the foregoing. Al so
preferred as nol ybdenum dit hi ocar bamat es are conpounds with

nghfgge{ ot @P%gﬁ%éfﬂ%éﬁfya[lﬁé’%%é&%%é %%East%?&%%%?ﬂgp fr%é?s:éﬂ%%cby

co géldb:( ?ﬁ%%%ﬁ%péze?ﬁv%é%g%@%%hﬂﬂitﬁ‘%ﬁiﬁ%ﬁﬁ%% oYk
areph ! : ! Xl de

‘32;Ir anol ibﬂfﬁﬂé“a«% ia'r%hadfﬁyﬁ%y;%m%?%sﬁr?ﬁﬁ% it ﬁ{&sﬂ%?%ﬁﬁﬁyz%fﬁ%%

oy tyEde_‘n‘gm Tl bR erifich 2l @?@%@é%&éﬁ?@h@?ﬁ@ VB h fhiss thdFe

bl yhii ¢ culTRIRABRTATPEREASH had £ 98 B MR, M MG Blefbly nop

hal ogenat ed %@hﬁé@%ﬁﬁ”ﬁ%c'& %8| yl}ﬁg@&i?icﬁmﬁrﬂ %mﬁmﬂ% the NO®BIK

0 for at kyl

wi th sul fur ntai ni ng organic conmpoun exdanpl e,

(t hi 0) xant hat@poraitibrdfake! 1abricaEhEHUset 31l adidz0B &%, by MhegaikPadtasg

t et rahydr ocar byl t hi uram di sul fi de, "bi s(di (thi o) hydrocarbyl dithio
phosphonat e)tfiesdbéddis; imfegeimhprdves! andsoitier debricsting wil additees et sl 0adel
the 15 like), or other organic conpounds, or conplexes of

sul f ur - cont dynimgs oyl grederpin is pussibldgo sabthires luibligatieg il soinfiodei@nd
nmol ybdi ¢ sul fide with al kenyl succiniimdes. [0230] Conponent (B) is
prefd} abl y (WBith- 1an arcxoellent ¢ badageel erbatweonpolovd-tempesdtnire g Wacosity
as a constituent elenent in order to obtain 20 a frictiagn reducing
effect in addiaraeteristci apd csMappratiennkass, anbighkidaeosty dhdexy jat Jower

wi t h nol ybdenum di t hi ocarb t bei ng parti_cul y preferred. [0231]
As the (B-2-H]Hoy gmltmtam& f%‘glrﬁafgcﬁﬁ’w-no sul fur as a

oo et AT s RO RILH i R S i s o
0o e PRSI 5., A B TS A
SR L S D S
R T i o S g A

t al | t [ i ' aRREL0S0 [
rrrm\;t gl )?aan?m@f"&@m@yb?g?‘? %F\ﬁl&r%w déﬁl@gffe%\lliﬁ? g[ |vb7o24(?@4aali|i2d(§§j%1 bre

MOC15, MbOClereffaBREIROOMIBBES, NPAOBWHTIO bhekyI0®TSY i rgew the
nol ybdenum 10 conpounds, hexaval ent nol ybdenum conpounds are
preferred fraforvémentiogeddonterdimytisefhd ibridacingobadedeilupichdrividl tend to
conpl ex. Fromthe viewpoint of availability, the preferred hexaval ent
mol y2@lenum deerpeductsl, avieilent ybdsoummdesicebldanderins sothgeramy, andyifdi ¢
acid, molybdic acid alkali netal salts and anmoni um nol ybdate.

15[ 0233] Thezxeears the afarameontianed ayper dimisshereviaporatyen woppdicsdef
for the nol ybdenum am ne conpl exes,, but _.as specific nitrogen
conpounds t Haeeluhsicasmngnenk iconeppsitinaniall tesdoseri inetcasg egiateg, to the
pol yam nes, and.the |ike having C4-30 hydrocarbon groups. Primary

am nes, secdﬁﬂaﬂﬁxHWﬁﬁ@@Ué @f-kanol am nes are preferred anong those

o Tl ARG ISR O 4 U,
Lhe B Ybdenun o, SRRl e S o LR SE L A0 i
salts of orggni ¢ a6l U5 AUYY aheRNOPANAL Ui CAIRE Firdt Mt BkeClifO

hydr ocar bon
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groups or carboxylic acids, w th nol ybdenum bases such as nol ybdenum
oxi des or nol ybdenum hydr oxi des, nol ybdenum car bonat es or nol ybdenum
chl ori des, nentioned above as exanples for the nol ybdenum am ne

conpl exes. 5[ 0236] Ml ybdenum salts of al cohols include salts of
Cl-24 al cohols with the sul fur-free nol ybdenum conpounds nenti oned

TR g e Lk
esters or pgr ial,..estier compounds or r.o y royp--cont ai nin b

i trogen 1008EBANEE st tSisnds wYRlY ps Bl R S8nfrnaflo, bur
(22:2) 90 {18 RIS, SOPRRIIE RILACR ARgH0 (LY 8 bricating
| norease t e, Jueglir EBARRIRNH LA NEEARAibliEX AR BaRESH QUBRheAE enti on

of the lubricating oil" conposition, 1SS pre

mai ntai ni ”gi[ll)gozmﬁ;}té‘i fitd! lﬁbﬁééﬂiﬂ%ppﬁd%rﬂgoﬁftfo%ﬂfu er! %ﬁﬁ:Srises a

periods, wh denum am ne co exes are especially preferred

anong such cgsRMIRHIndER3aHroTBE (@h%‘&i)scéﬁi@?gh(@eﬂvirﬁ MinC €480 gi48¢

containing sulfur "as a constituent el enent an B- 2- organi c

mol ybdenum dobpieurifg26it epmapasitionns sl particdadycesgidtedenhdel kiBRn
may al so be used in conbination in the second |ubricating oi

conposi ti on.vip&a36} idexn imprBve) magdu asedlsyktieasim pohyfmett)dcrylsed
as conponent (B), there are no particular restrictions on the

cont ent, butbasedi gispositeriadey npaleyy bp okdn copglyatebasedrascosity
preferably 0.005 % by 25mass or greater and even nore preferably 0.01
% bylGrass” orindexatmaprovaidoprafséyrebeydicoe eppelysten bagedo VISomsHy hidax
nore preferably not reater than 0.1 % by nmass_. and st preferably
not great er HHIRVELoWdghynaxde npp- @p%eéfomuw@%W%mﬁh RABed

o1 by R ow Rl ¥R llosfol ey
be. poss bl :rlpgeﬁi@%fﬁrg @srlifgfe%%@%mﬁféﬂsps e, B?Evr(géf‘ah?éarrv%éf—h
0.2 5 by e PHevisbeby ufigR et AEREE: ﬁf??%#ﬁ%ﬂﬁéﬁi bl
w1 T eng 't dhf EaglPaGah Fharkiohle ol SoRIEh 1P918E o IHBIRASCOSIS
component o (X AITGF NG AT Ahd) ol Gt dibeRTnRtemBRhature

the addi ti vesadgaerishedndedosvt@npeanans istosiy dharidiefiseghancenent of
function. [0241] The second lubricating oil conposition preferably

al so further[0108] ddig aifSSIan (Retmanessr &pear (Strabémtex efedex esdr ethe
agents) fromthe viewpoi nt of greater enhancenent of the antiwear

property. Apdy{metiBaprdatubasabeniscosityr eimales prmpeoadyl yinusdee  first
phosﬁgr us- based extrene-pressure agents and phosphorus/sul fur-based
ext réhe- pr edsbrieatingnod. camposuiin PRoprsferaldy baste greater clranp#6s snore
agents include phosphoric acid, phosphorous acid, phosphoric acid

esters (i nclpréfergbphdsphoeven aroie prsfeehlyr K0-35hospoere pseficgably 15-
IR o AR RS LRI (R e T e
D ae S by TRl LR PSS S RS R R e
B o TS BSR4 PSISKT bEaSs gt RSty G

ARy o S R S S D R T

acid esters iﬁi:fk%lsg.di ng thi ophosphoric acid nonoesters,
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5 t hi ophosphoric acid diesters and thi ophosphoric acid triesters),

t hi ophosphorous acid esters (including thiophosphorous acid

nonoest ers, thiophosphorous acid diesters and thi ophosphorous acid
triesters), salts of the foregoing, and zinc dithi ophosphate. As

t hi ophosphoric acid esters and thi ophosphorous acid esters there may

%gd?ﬁé‘ii E‘LH@?@&E dq%?&%fgh%“r&‘eé%q:ﬁo ol s@?l%?f:ﬁ%%?'g @Et@ﬁw. RS gﬂne
%ﬁiseéﬁéeﬁr S T R R R
et ot pr Zisruéﬁé%sl[ 5L st "’%m@ §I{,§§éﬁ§§a§2&2¢¢§§5 ﬁ%rsﬁﬁrgm]g

A S T T

20 f |
havi g C3- [zi%%m a?’Q?h@%%ﬁpéf o8, 30 PrefbbIf Ay @%‘P&pﬂ%ﬁs

di i sopr opy! dj 000@@@)0 ﬁitﬁfbegréfdi’ﬁblqﬂ Irﬁﬁblgwét@rtma@pmmm@@e evenNGnore
di - sec-but yl di t hi ophosphat zi nc "di - secC- pentyldlthlophosphate zi nc

di - n- hexyl digreferabbs pivat greatdr thati HO0; X Hnd h’msnpﬂimfem n@i Beeater
di - octyldltﬁ?ophosgﬁate gr2|nc di - 2- Zéethylhexyldl hlophogphatg zinc

di - n- decyl dithhnh ofb®9p0at df thenevaghtraveagecalethiaopivesgtitaie lessi titan
d||sotrldecyldlthlophosphate and any desired conbinations of the

f or egoi ng. [00Q00] tigpetctt of pm@frevn@ltlm(mspbmy ahdex rveill be minimal, not
nonot hi ophosphat es havi ng C3-24 hydrocar bon groups include zinc

di i sldpr opyl rmﬂytmsd@mgphm@nozl ﬁwl ¢ificigneyydnth hovHieopuaBpRatiecositshc
di -sec- 5 butyl nonot hi gphogphate, zinc

di - sec- pent ;ﬂhﬁﬁ@f&?ﬁﬁ'@%%ﬁb i@iﬁ%POEGIH@lbi InErReSINE fRnsht Wlllé)lﬁhltf§bﬁaw@1,ght'

§I e di - Zl‘ecé‘w%ﬁé%mﬁib cHBR Y elatespiaeater hae | '°Cb¥b%ﬁ° hé’l?e N RARhfy,
i Sot 11 decyORn .H&Eﬁ%?&ﬁ%%" A ot S RS S ERRABAins ot "t he
metal sarts, 08 0h TIRG %£ﬁ§§ 3B ATHR, FRos bR SAPIERE, ks
el e 21 eyt sone ORYLPHOSARLE o lE Is*m&@@abp@zwﬂag@d FisB6sity

-secbutyl p ate, zinc ec- pen

g: n- hexyl phﬁﬁat eﬁ@m@«élzw E?SESH EF&XF%@?SE% %o?é gfeferably 1.0-3.5,

-oct yl phos zi nc exy at’e,

di - n- decyl pf&%ﬁhﬁfcﬂe Preférably rl%’@ﬁﬁﬂﬁ’ﬂ%@b?éi%raﬁiyn? 7- 2 5 If the ratio
dii sotridecyl phosphat'e, and "any desired conbinations of

foregoi ng. [df2h8]wdighteariasd nadlesylan vt ?hphﬁdummbepavefhgmmﬂeaﬂht S
is not 20 particularly restricted, but fromthe vi ewpoi nt of

i nhi biting cmtw@hyss lgzsithanihy cmfgl‘eb’&rehm&s@ wetsomlyr will ¢cla¢ solubdkty oe,
it is preferably not greater than 0.2 % by mass, nore preferaply not
greal®r t harthe tases bi} anh she eterageostabilityt be avipaired, butepotantiatibnthe
0.08 % by mass and nost preferably not greater than 0.06 % by nmass as
phosphor us _ alisersity-tBpacedueh eharaceristicanwilht bof remedorap&- thieorfuel

Fromthe viewpoint of forming a nmetal salt of phosphoric acid that
wi |1 exhi bi tctHCIGRS3tIosYET8Hd  ef fect as an anti-wear additive, the

T e
Y L bR
o et SHRLAT GRS RFlt AAEE: SUaL R Bl
i T e o WA TS v

40



10 sludge dispersibility. The ashl ess di spersant used nmay be any of
the sane ashl ess dispersants nentioned for the first enbodi nent. The
ashl ess di spersant used for the second lubricating oil conposition is
preferably a bis-type pol ybutenyl succiniimde and/or a derivative

t hereof 15[ 0251] The wei ght-average nol ecul ar wei ght of the ashless

o SPrSary 560 ORI OS5 ssSoRB by dpest Gomn, in
T e LS TR L, EBh o
oL et 80 8L Db Ry RSB 1P

por t1 ons of PRPISGRAFHE £ of A s RERRSUI et R (RD) as
oxi dajive dqgé%%étgp. Fromthis viewpoint, the nitrogen content of
t he ashl ess dispersant is preferably not greater than 253 % by nass,

mor e preferqtbgyzpqtl%ggﬁ?é BF th83eightta¥rdBSthol ?ﬁgaawiéiggqggﬁa%é@%l

not greater than 1 y mass, yef “nore prefera mass or

greater and gfusk pslIg{ieaDakrafe-Kad YREsRY iHACR Rpror L0K,/PEREY is
hand, fromthe viewpoint ‘of preventing reduction of "the

| owt enper atrgtepartisabialy Yeshirtat it itk prefdrebleil ght - (dver agsiter, more
nol ecul ar weight is preferably not greater than 20,000 and nost
preferably motferably dakex 1®4almr1§1;e@®f&, ciea wedrgh fdeHIﬂQEIFﬁDIXEdQﬁ aor
wei ght referred to here is the wei ght-avera nol ecul ar wei ght based
on pld) yst yr ggreateas yekamaredpreferaply 150-CALE @GRCghgaténpavehayer snaxe |,
equi pped with two GWHHR-M (,7.8 mml D x 30 cm) colums by Togoh Corp.
in series, referably dh drd¥ woragreaten aned suist preferablyehdex diluros greatesC,
a 10 flowrate of 1 /mn, a sanple con tration of 1 .% by nmss, a
sanpl e inj e@tnidolarfiféf@qib;’f notsgpgatenghan & s ﬁ&gnth USLALr & MisHAsiRy lr(dqu)

as the detector. [025 T a ss di spersanty content of.the second
obr 1 cat | ng IBHTORBH SO0 AN BOSTTAH: BF o IR GHeRbeT ehis RESSIBIE 10
according to,the 15 invention is, preferably 0.,005 % by mass or .

oreateor Rt ey SateH oy hls S ERhdne 1P uR bR’ nibcosity

S T by el laradb IR aRA0h AR CTeqRR P{ﬁéﬁ gRo0s g atri 00" G et
Sl oment bab RO, ksiially SEhEfiok ] difiRfench Oy Tase. as ML t{bgen
ashl ess di SF[B'I?@EtTlfé)?frﬁE{furbsof%e j:ggy%ﬁ@ja?ﬁ%%géé@ dsP¥eindex

limt a sufficient efrect on clean not be exhi bited,
while if thenfravenis avegRdgclaelyafatesRat $0 168 WRAEKs bnll ds dédteibed

| ow-t enperature viscosity characteristic and defrul sifying property

wi Il be undediovabl yndmzai pelg(métieacugliatgbased Mvikeobityedndes uctm'?m@tr@r
ashl ess dispersant with a wei ght-average nol ecul ar wei ght of 6500 or
gredi(er, thebtamednbyipolynedrezaidry of. Q5-00. MGréorhgnoress aetectemrieom
preferably 0.01-0.04 % by mass as nitrogen el ement based on the total
amount of t lmaengplosse represdntodbynoruiwan 61 a{4 pbeleshidzyt baigsed.
sufficient sludge di spersibility and achi eving an_excell ent

| owt enper at[0d &4} Qfciheiseytherpelatineth acrdatesbesesbyisppsiy andex smprover
conpound- nodi fi ed ash}ess di spersant, i s used Jhe content. is
preferably 0S00Sre/PEsicRaly oRe gosaprEsingndde’Pr%r By a8ple of oneyonmeies s

or greater and geven re preferably 0.02 % by, mass of, gr.eater, an
oreferably ABICtBIacY e Stkieteyab Uay s rehtssentadibiihe faHePdnaroyHiA (1),
gre r tha 0 mas as boron el enent based on 10 the total
anmo of tEQ?&M@%WISﬂfFPFHPE?eEEm on conpound- nodi fi ed ashl ess

di spersant content is not above the aforenentioned lower limt a
sufficient effect on cleanability will not be exhibited, while if the
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nore preferably 0.5-8 % by mass and nost preferably 1-5 % by nass
based on the total anpbunt of the conmposition. A content of greater
than 10 % by mass will produce no effect commensurate with the

i ncreased addition, and is therefore undesirable. 5 0257] The second
| ubricating oil conposition preferably contains a viscosity index

i nprover to ald ow further inprovenment in the viscosity-tenperature
characteristi¢. Viscosilty i ndex inprovers include non-di spersed or

di sper sed polfgjthacrylates, di spersed et hyl ene-a-ol efin copol yners
and their hye+ —(piohyt sobut yl ene and its hydride, 10

st yrene-di ene| hydr ogendt ed copl@lymers, styrene-mal eic anhydride ester

copol yners angd kyll styrenes, anong whi ch non-di spersed viscosity
i ndex i nprovefs |and/ or |di spersed viscosity index inprovers with

wei ght - aver age éng_glar wei ghts of not greater than 50, 000,
preferably not_ greater_]than 40,000 and nost preferably 10, 000-35, 000

15 are preferred. O the viscosity index inprovers mentioned above
pol ynet hacr ylat rbaded( ) sRogepresentiehyidupgow evts aamsthyk fgspup dand

t he viewpoint of a superjor |lowtenperature flow property. [0258] The
viscosity i mepxesenis @ érl ot graater sinseglicelnia pu&rﬁaﬁhe%ghydnocarbon
conposition is preferably 0.1-15 % by mass and nore preferably 20
0.5-5 % by rE9¥PHased on the total anount of the conposition. If the

o oS B e ST il Brdenli e s
mss 14wt 2EaR st cn BrEgTied Hydfodarhah GRS A MenfiGied
or der to. 1 mhye: gt OF Rkhibatly. neP R efRer e bailhOf Sghghed
Compos &1 on EQUGIE BHR BreferiBnS PRl 4B areich Ostttet-chain or

rust - pr eventypdgcREE nﬁu%%rdéﬁm&ﬁ'a{ﬂcpre%nr%@ﬂe SfelrhyBl AN T HOH Sredterr
poi nt depressants, r er swelling agents, antifoam'ng 5Sagents,

col org ng ageirhched HRobhkon erblier Jhene i0rné patatiaraippasliabit tow

or nore. [0260] The exanples of corrosion inhibitors, rust-preventive
agents, demthsi hijdracarbehapralgnatpsehtgl dgeRs botl iansi prefraldy not

agents are the sane as for the corrosion inhibitors, rust-preventive

agents, 10degmeh&irfthenss OSdastraightichant ondramerad hadbcanbon groiing It

agents used in the first lubricating oil conposition, and will not be
repeat ed herie. Mozs predesablyibiai CH0 kwswdoweur speight-chaine osahranglgd

be sel ected as_ pour point depressants depending on the propertjes of

the | ubri cathydjopasonsi ¢verhmots preferaldYas <301 9inde WaE syaagllschinn or
52005 000, [98BSReRd SRR 5! dorR PIEIAE ey CHE S dawa pranched
HF"dld g%&%ﬁﬁ@%ﬁ%ﬁ% fnr%@%ﬁa&i%gé“%gf’ﬁé‘%%r %%q!h‘f?? SYogdtbon.
added I ﬁgri@%ai‘?heeﬁ?ﬁ%ﬁi 6 §558hEE s Frcita BRE %@%ﬁ%@ﬁﬁe
al t houg% t hefagl%{n %ﬁ?@ l\f/imyt?]l% ﬁ@&gﬁ %@e&WBB&(%hmhﬁgé@gggﬁc%%w
the total ampuel RhotGfC OTPEN! tHiAR: rABOAAARK: MeD. SBN0RdGY e 85 e

added to a l'u ng oil conposition o e invention, contents

wi | lomor mal | yeRAoR8H SBRE, ilﬂltri@’i@?ﬁefﬁrab@lnﬁ%'g'ie%emthﬁﬁ?@ £orby mole,

corrosion inhibitors, rust-preventive agents and denul sifiers,
0. 005-1 % bymoes préRrabBt Abt geatér vt 50 FOBYtold). Sen idiepref@ably
for pour point depressants, 0.0005-1 % by mass for antifoamng agents
and 0. 001- 1.ribt%iwatemdsart d0 26l mdeagad traostopssfdrdidy tdiegredtat than
amount of the conposition.

30 % by mole. It is also preferably 1 % by mole or greater, more

2
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[ 0265] The second lubricating oil conposition may include additives
containing sulfur as a constituent elenent, as expl ained above, but
the total sulfur content of the lubricating oil conposition (the
total of sulfur fromthe lubricating base oil and additives) is
preferably 0.05-0.3 % by 10 nass, nore preferably 0.1-0.2 % by nass

and nost preferab .2- 0.18 % by mass, fromthe viewoin f

ol ubi 11ty gersiablad; % byahalioh RIRARR YT PR IS REe B g By mole
resulting fraom producti,on of suklfur, oxides, under high-tenperature

O d 21 ng. cOTERER ang JBe8] PRATRaRA Tecby Bl B Eteh el bo Ko B eater
second | ubri i i C ! L] [ I -4 [s
but 11 om ¢ ndaRepoPhY STseT ARG NI abinnsr B el o e SRt e
prevents sei_zi ¥ ' ' f b QRLDiLi ' i n
O rring T oSy, Rt R0kt SIRLAY, HsradehRliL gy bRERARed,
6- 15 /s r@§ spoef eldisbB&hts- -
Iubrif{:n;?i ng ol gté?%})d(}}s}i ?isorqgr@{/?l%)ét%lg glgnstr é%%%?%égg%gﬁagﬁg@%
has excel | ethﬁ@aﬁngegfe@{hwb@ feglity, as well as superiority in
terms of viscosity-tenperature characteristic, frictional properties
and | ow vol gyilf %Eb@p@éﬁ@fﬁét@)a@memdwgcbﬁw ifdak NinppreRer tof e
ener gy savings en uSed as a lubricating oil for an 25internal
conbustion dngt nemtwidimens agpasbei obtaingd ndy dgsdimergatien of any
oxygen- cont ai ni ng conpound- cont ai ni ng fuel engine or gas engi ne for

t wo- wheel vdmeathgacrytatarstmiogetal wehi,dreany elefot or ¢the diles, igeadeliaon do,a
ships and the |like. [0268] [Third enbodinent: Third |ubricating oil
compldli t i on](nBthdaarilate ststunsd uinkgrepresended byiforomwle ¢hpri ses a

| ubricating base_oil having a urea adduct value of not greater than 4
% by mass anf 149 iAmpsmanameexmay 10 embinggerwithndhg  (meth)acrylate
pol y(nmet h)acryl ate having a

wei ght - aver ag ecul ar i ght of )
200, 000- 400, S56ILUTad @Bt FRSTHE vbﬁmfwm aotl); nP¥loSPAl & neonomer i
| owt enperature vjiscosit 10 characteristiic w thout I iring th
vi scosi Ly- t ECaPDY Onentenieserea; P¥, thenPllgwine, Jaupply 2) dbsrednir,
| ubricating.base oil e third |ubricating oil co it 1,00
(her ei naf ¢ or HhEreReb VAT » st patichinifho udth ShonGRERAM 1 fy2 non-
enmbody ment , j y j @ Lol reater
t hagﬁ4 % by crﬁ;%%e;fsgls? lﬂr@%#ﬁ%ﬁ@%@%%@e‘%%@tﬁlg{:o%lgyn}ﬁde?gﬁgﬁﬁgyegbt greater
15than 3.5 O{fct% ef erably not greater than 3 % by nass
and even nore ppgﬁﬁgfggﬁgﬁlg%?ﬂgreater than 2.5 % by mass. The urea
adduct val ue of tha3lubricating base oil may even be 0 % by nass.
[0270] Fromthe \p'r/ewpoi nt of inproving the viscosity-tenperature
charact eri st$&=%he viscosity i ndex2pf the Iubricating base oil nust
be 20 100 or hi ghgy—as—negt i oned above, but it is preferably 110 or
hi gher, nore preferably 120 or higher, even nore preferably 130 or
hi gher and nost preferably 140 or higher. [0271] The feed stock oil
used for production of the lubricating base oil may include nornal
paraffins oflmdonaulppiRi vepmsenisrhydroger. orminetsF aed R oEkestits rey
be a mneral oil or a synthetic oil, or a mxture of two or nore
t her eof The (Abrldestraghéichiain oobramchess hydrocadean groggk]oil s

preferably 50 % by nmass or greater, npre preferably 70 % by mass or

greadlr, evd1381 &pother apoyomerssipybeee@mbinegt auitlerthey bmetilaerylate
mas o g} cdUBICIEA TS CRFEXDRabLY STIElR,  hhikors: At BreGrTech 856 cobn
S Lt B A A oSGt ) e g
ASTM D86 or IRETM bbb HBIRES TaBheuit (O DhbIndaaonPuRs srprysthted
preferably t?)%} e nfo%v(\)f/i’n@/ fgﬁ‘?nsllaartgf) %%rgﬁl?é'er?aﬁﬁon&%eti)aﬁﬂ%fﬂ. tH%e
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15[ 0273] The specific exanples and preferred exanples of the wax-
containing starting material are the sanme as for the wax-containing
starting material for the first enbodinent, and will not be restated
here. [0274] The lubricating base oil of the third enbodi nent may be
obt ai ned though a step of hydrocracki ng/ hydroi soneri zation of the 20

feed stock oil so as to. pbtain a tre product vj,ng a urea addugt
val ve o Rotcr?@gimr OHil opafeinddieh aidkE . (A1) Hsaek ﬁ%splfé%ﬁ :
r 'ﬁ?t i et ed: JOREIRSCR b féﬁ‘é“%#ﬁi%é'flﬁﬁsﬁﬁpiﬁ%%‘?égﬁﬁﬁ fAispeTro
25pr of or r od TRy SPHEIER PRI bAREF Sl T Bl SphpEN G Bl T fhrnéh

Thodi g _ . . .
Sa_r gf :‘ rﬁnzom#%ﬁ?%%@%t @213%‘?% ésdhss\érglé%t@&ﬁtgo hydr ot r eat ment
using a hyd&ggﬁzmmﬁehppg%ulggfecond step in which the treated

product fro Irst step 1's subjected to hydrodewaxi ng using a
hydr odewaxi ng cat alpfst, and 5a third step in which the treated

pr oduct fronlth§,5%cond step is subjected to hydrorefining using a
hydr or ef i ni fdt2cdtsal yst. [0275] Thi 3hydrocracki ng/ hydr oi someri zati on
step is the sane a _Lng_h¥@@chgcking/hydroisonerization step for the
first enmbodi nent, cept for differences in the conditions to be
satisfied by the degsired 10l ubricating base oil conponent, and its
explanation will not be repeated here. [0276] The | ubricating base P
oi| of the thir geretmdiformula s(ot RY esepieserts ihydrogas of methyi heR
properties so long as the urea adduct val ye and viscosity index

sati sfy theirepresepécai Gé-bbatikyleoasgropps B heepreserds iavaaime asielugi or
of the invention preferably also satisfies.the conditions specified
bel ow. [ 027 NEITREYEHET EGHGUE rGOGRiniBE e NdEOGEAL AGTEO MO SEYE@ht

inthe lubricatin gas.e i f the third enbodinment is the sane as
t he ot ef erré’@oméngﬁ kS @ BB llat ur at ed corponent contents in the first

and 20secondyl Kealio Bang e lyAeTanelt ol ARG SSeslongn by e
oL B0 AL AVRGHS el bS] RS TSEL0 BARERb,
third embodi®oferet Ngo QAN GRS, Ouhd®lene, dodecylene, tridecylene,
tetradecylene, pentadecylene, hexadecylene, heptadecylene and
15 octadecylene (which alkylene groups may be straight-chain or
branched).
[0123] Specific examples of groups represented by E' include
dimethylamino, diethylamino, dipropylamino, dibutylamino, anilino,
toluidino, xylidino, acetylamino, benzoylamino, morpholino, pyrrolyl,
20 pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl, piperidinyl, quinonyl,
pyrrolidonyl, pyrrolidono, imidazolino and pyrazino.
[0124] [Chemical Formula 4]
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25have a saturated conponent content of 90 % by mass or greater, a
proportion of cyclic saturated conmponents in the saturated conponents
of 30-50 % by nmass, a proportion of acyclic saturated conponents in

t he saturated conmponents of 50-70 % by nmass, a proportion of

i soparaffins in the lubricating base oil of 40-70 % by nass and a
viscosity index of R;IFOO' 135 and preferably 120-130, but if the urea 5
adduct val ue sat i;rfl es the conditions specified above it wll be
possi bl e to chastl cally inprove theﬁ4«£=ffect of the invention and the

| owt enper at ur e ngosi ty characteristic while al so achieving both
anti-wear and |owf&iction properties against soot contanination, and

copect ally it OAGAP SREUIRASTREBLILEN 160500 chTAEhgy S o
f I af.f Lo, t ent by,
(Tor oxampl GepPe R RAEL!L2AD! 6 nRlr EOCH D BGE mgfiat

third e”bOdirﬂ&@gentdiSrr%b&rﬁjbO@oﬁggén%itém‘é@t] have a saturated
0

|
conponent content of 90 % by nmass~or greater, a proportion of cyclic

saturpted cqonesdSpecifict kkandilcsatofr airedps oreeReBAG A b E40n¥lle
mass, a proportion of acyclic saturated conponents in the saturated
conponent s afinfh §Rinind, bilietlrglamiacpr dipecpylamiab, i dibpeylahiinds dnilihbe
| ubricating base oil of 60- 99.9 % by mass and a viscosity index of
100- 170 and tphatlexabtylidi3n, atébylaminoj benbeylanemoaddontholaiojepyrrolyl,
satisfies the conditions specified 20 above it will be possible to
obtai n a | umircalineg pyridyt.o npethivipyondwi tpyrveligingtc pipenndinyt oquinansd,
in ternms of inprovi ng]bt he | owtenperature viscosity characteristic
whil e al so duATeNderylpyrradanasardazeline andmyazi®e. properti es

o021 51 S0l SRl A Aokl onsond especl ALl ! mRroune RS s ()
R T LR KA I T - AL X kT
e P AL T PSSR S Rl
il e heaggradibere SRR ALen RaREoret | oS hopiaire
o/ of (e et FRRPLARKBchg SREREIERE! N i ANESIR I S
of Lt 11 Stmtiracoeié hbgoial ng base of | component s of (e secont

ki nematic vi[§¢09] thheatcoldMametiabion wholaatitiy dfaske otdpsliynidie ofhthel
enbodi nent is preferably 1.5-20 m®2/s and nore preferably 2. 0-11

m2/s. A Ki r(ﬁimhyanryle&etssmcyzu@ﬂ ukipfeatséted by famulay IynedSnigorhée
| ubricating base oil is not preferred fromthe standpoint 15of

evapor at i on (Msl9-(M£3}) is het partecyiady testrottedj bukitl ishpiedatabiy shek ehaf |
having a kinematic viscosity at 100C of greater than 20 mm®/s, the
yield wi |l Bberewmtbgacrytedeistrugtiral hnitiirépicsented: by iformads €1 y:honomer

cracki ng severity even when us‘%% a heavy wax as the startin

ot i al . [ dB82) (Aca) i Re>D8.3-10: 30 mprénpraterably . 5-50r sis0c an reven
Po s ou ng-r ARsEaSrEerily B0 ALREa L Lo fracti onation by

K et 1o vit0328] vt “Ginskichiort: Hagess 1 Bovmehs SaPlen {High st
Daee oi 1w EOIECREADRGATat, Paged visg SRty Tadex bV And Rl SBimal, i
b oot ng n B (PRR: SOATRL ap! FIGREP Wi, rhyffagiog! 4 a A
iRl gs mor e REah el Ablate 4-Beichu I Snit " deBRRenRET BYAoMRIE §19 and
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5 the third enbodinent is preferably 6.0-80 nmm®2/s and nore preferably
8.0-50 m2/s According to the invention, a lube-oil distillate having
a kinematic viscosity at 40C in one of the follow ng ranges is
preferably used after fractionation by distillation or the like.

(I'V) Alubricating base oil with a kinematic viscosity at 40C of at
10l east 6.0 mm®R/s and_| ess than.12 nm®/s, and re preferaply.8.0-12
m2/s (V) Anpuameé&t(Mgls)b@éQﬁim tht BreseReEs @imolm&qttq)‘y ARItigger
of at least 12 nnﬁ%s and | ess. than 28 m2/s, and nore preferably
13-19 me/ s SUch\s)bAZ0Yh peEaXidsy base oil with a ki nematic viscosity

o A0C ot 201 s eSS eR R Lot R i o R o
(19 v v e A IS RALI 90 YT, SRR s s
bR 1 Scos ol AUPer G CHRRaTh Y 12300 AU L EIRRR e Rty -

base oi|s ofyj g nt%gi’f?‘as‘éi $a8Sd v ﬂ{@f&ﬁﬁl aftburt G GHfrll‘@iositﬁ'@ﬂ._ haF gh@n

excellent lowte ratufe viscosity characteristic, and the viscous

resistance Gfjs&ddif 'iﬁacf(eﬁhgf@kﬂﬁecéﬁfenl@eisn@é@blth'aﬂ qrluceg. byomagy.ethe
by including a pour point depressant it is possible to | ower the BF
viscosity atyisd®y dndet emip80thgriddfert &hg Jhit vissedsy tredatingteffecs
the viscosity neasured according to JPI-58-26- 99. [0285] The

| ubri cat i ng wieeanlmin(dl] porndially) preventigguimeprovduerit inafust eAomkncy.
viscosity indexes satisfying the respective conditions specified
abovE) can achi eorteni gbf Igreaies thfanb&tOh %bhbyvitssesimill- deaspiealyutecrease
characteristic and | owtenperature viscosity characteristic conpared
to 5 convermrodngtiongest @@hlimgeqm@@gcﬁedyccd)ﬁaa@ olavascosisy.oand gagthae,
and in parti Céi(lalré) t hey gﬁve alr)] .excel l ent | owtenperature viscosity
char act eri stlisk lgweersipehicodubiigating  peefeamasae vBnder | hargh pghrication

AL S A S s
. 10 2000 nPa. s. [ [
pour poi nt derEESRABIEY wiofbes s %%%m%v@}“ffaﬁ&ev%k@aeﬁg%g& y at
- 40 . . ;
30001 $rPa. s. (P30T, PR iR Be B PRI RN U BN Ee 1RE"

urea adduct u VRS Jtyyi ti g 1V €4:
condi tions qlgltsglg%l I lend(JJ a z(g)g;./%le,(_}i%:a_rl a E’?’S@@ ﬁ?é‘%ﬁ eb‘ie]:ffgc%ﬁ%gl? éet ﬁoell
viscosity-t edmﬁfgaﬁe&ﬁteaﬁa%e&ﬁf' Shiex sl L RTPRAREHY Fir¥i PRt

characteristic conpared to conventional Tubricating base oils of the

sane Vi scosiiasegbddeongiishdrt Bantdntulsar (-09y%haye masexaed | et second
| owt enperature viscosity characteristic, and superior heat and

oxi dation stljabkicating Bi3ewit tontporend coaventak dt50 i%>b3r [128,7baskaeop dhie
point of the lubricating base oil of the third enbodinent will depend
on t2@ vi scastdlyamoade odftheHabiichtingahdsegoibased sol thaanbe flobrieating| @il
the pour point for the lubricating base oils (l) and (Iﬁ i's
preferably resmposition haga kinematho vésersetyertb00°Goof Wi fhannrdés had a
-12.5C and even nore preferably not higher than -15C. .The pour point
for the |ubrvigeesitiy index of 200399, addiq visqosityr E1daaBMprayer mayhae

SEARE TN M L R O A
base oL (Dbl (L), Rl atl i nol, MLaEr, Lhan 106, P,

0 8 0 el OSBRIt
ol 10 (15,4 WBEAR ABHAIERE, B o donh Ao, SRRy T, e
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oil, but the -40C BF viscosities of the lubricating base oils (1) and
(1V), for exanple, are preferably not greater than 10,000 nPa.s, nore
preferably not greater than 8000 nPa.s, and even nore preferably not
greater than 6000 nPa.s. The -40C BF viscosities of the |ubricating

5 base oils (I11) and (V) are preferably not greater than 1,500, 000
nmPa. s and nor.e preferably not greater than 1,000,000 nPa.s. |If theBF
Vi scosity atVl-S%g%Qél%B%é‘déan pper linmt specified above, the

by i catt ng [0134] ot HF ﬁ%:@ﬁ%ﬁﬁfg o) bé%%ﬁbéﬁ%@%%ﬁ@%ﬁ%@%&%ﬁﬁt ip
cmbod nent QGRS s, uiGosiP; Rl BHaaie: flsesEommbnaiitisnsniachg
base ol Pty ik A B BB o BRI ] e
W soouity i DR BB Hters R HEICRyARUES pORRGRERIES P15, ISHRUET
>p, the vi S%@ﬁefn)éﬂi%@iﬂer}%tdibgefiﬂt%ﬂa%&dlghie?s, hﬁz%er?éiﬁlﬂéfcdaéﬂlﬂfﬂride

stability, low volatility an owte rature viscosity

characteri stds@emopd‘lgni@b@h@%dlpgu@ag@r@ﬁé&vvi |1 tend to be reduced,
whil e 20t he efficacy of additives when added to the lubricating base

oil wll al {0188hd e fhst lechicatthg [P Tdmpaxitienamplyefurther ¢ehtaen ciny
pl5 for lubricating base oils (1) and (IV) is preferably not greater
t han 0. 825 giddifivesdcomreomdyefusedbliy hiirigatasg evils,hdor Othg2@ugposs. of
The value of pis for lubricating base oils iSéjlrQ and (V) is L
prefk} abl y remhagewg perfomaanoe 83 Expmplesafs ditigteirdudendditives
greater than 0,830 g/¢nB. The value of pis for lubricating base oils
(111) and (\Buchias fienen apegifiess, grasak-basedhdatesgents, gslkless sligparsants,
preferably not, gr.gater t han 0. 835 gslirrB %_0293] The density at 15C
for the purfERKX3daRige ANHyWRAT FECNES {Ple CIHRBIGPIGRSHES AEENEY, ¢8EEOsion

The T ubr - cadPRLPTiNiSe AU PTG ERHZC Agents.gHbudoh denrpisahis deauifalictsn
he vi scosi f the lubricatingesbase oil,. hut it is preferabl
et er et 5o tRE ethla 681 BRARARR bt ot oy s Br o a (1)
| a4 ned f ' e AP A T P
XpIf ped | AD198F 1R5° Aoty furfica, oft cAARSRbn NSRS
orls (1) PansToER it ASHY, Bhe ey MORIfEL (Bled S fbl BRI rEask
119C o i glifiblytcedm (WmpBuhas 4P dshivsseainsh AR RS if! bidera

(V) is preferably 125C or" higher and nore 15preferably 1I28C or

hi gher. [029f¢rehie the $uel efidioncppeiferiniageeof the |ubricating base
oil of the third enbodi nent are preferably an initial boiling point

(1 BP) of 29Q043aC(npdnic f imdibdentiioncampotind$BRiclofe 480HbBeOntaingas
chromat ography distillation, and rectification of one or nore
fracdQ ons sairgened fmolybzienanong ¢ompounds i nsudhi s disst i malybdenum
range can yield lubricating base oils (1)-(lIIl) and (IV)-(VlI) having
t he af or enenlittaphosplyites and mpkdulsnyn daiigeearbamates.
[0135] As examples of preferred molybdenum dithiocarbamates there
may be mentioned, specifically, molybdenum sulfide-diethyl
dithiocarbamate, molybdenum sulfide-dipropyl dithiocarbamate,
25 molybdenum sulfide-dibutyl dithiocarbamate, molybdenum sulfide-

dipentyl dithiocarbamate, molybdenum sulfide-dihexyl dithiocarbamate,
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[0297] For the distillation properties of the lubricating base oils
(1) and (IV), for exanple, the initial boiling point (IBP) is
preferably 260- 25340C, nore preferably 270-330C and even nore
preferably 280- 320C. The 10% distillation tenperature (T10) is
preferably 310- 390C, nore preferably 320-380C and even nore

540- 4400, oI EREMLP ISRV HaRGRIPARRE. o SP ey bl fidec
415. 255C andiBeah mor SiErabaraRyEs2s Ay BaRatar Bl Rty ©
br e eranl . Aga6eeatias e HERpRT SALGAE bt BHERE Ao B RST
140- 2000 mar o RF i SRR A RGN Al Hhdehall Sl denum

160-180C. T i; f & 2 C bl
even 5‘rgmr e pgsgl}l gggglét%eﬁ%ﬂwﬁéﬁ%é%s %@g}g@ﬁrﬁg@m%ﬁ%&gg@r@ﬁﬁil
preferably 1ftiistaagnsmeen RbekauAD! Xuﬂfﬁieﬁaﬂautwg%lﬁihilligérgﬁg@%te

distillation properties of the ldbricating base oil3 (I1) Vi,
the initial molg@de@um émﬂﬁie-d’ﬁp@ft?I edi@hidéaﬂi&n&f&)CoxE?m@lgbdenum
preferably 320-390C and even nore preferably 330- 380C. The 10%
distillatiorpulfdpelibtxyle (diffipcarbapnsteer aptymdbbdai@n neuHide-dioctyl
preferably 360-420C and even nore prefer ablly 370-410C. The 50%

runni ng poi rdithigembansatpy ebayaidlybdetudy 08yl frde-didaced erdathipcadamate,
400- 460C and even nore preferably 410-450C. The 90% runni ng poi nt
(T90)0 i 5 pr averaolypdenonagndfidandidogeey o ditbigcarbemmecomymelddensms

50 5300 mobige ainenBherodIEBTCoattrven mvehe iRty 4l Bdoc
e
MR i i L b
lplrJgI ier 2{)! % %%%@)& _ lg’}/oé’é’g’% &’og‘gt ﬁv\ell gl% Hq&ﬁ{{%n nggbeie?gf%% lg*_g' t hel'SO
IS plr%f er aglﬁeﬁ%ﬁé hllrrcé)1 gagﬂgfﬂer ggp@%’d%h% aénl% edvdgifqlpBrr‘gfrlgé Wi
preferably Acﬁ%ﬁeé%&nu%?gr%ﬁ@ig%@% aﬁﬂggﬁ_ﬁ%g%&ﬂ?giaEHﬁ@tu(ra-ll%eydr%carbon

preferably 4 nd even nor

preferably 488uA8@&thd heoled@leH0% running point (T50) is preferably
470-540C, nore preferably 480-530C and even nore preferably 490-520C.
The 90% run g[‘()ﬂ@@q&swtoth@@ulﬁsr-@@@thﬁﬁ@ | yréditicS atilybdenanpreimpaihds
480-550C and even nore preferably 490-540C. The final boiling point
(FBP) is predherabhgy Se5Snibf@natbcenpletes alfl mobilhd GRAL cmupeuads rdoe
15 preferably 525-565C. T90-TIO is preferably 35-80C, nore preferably
45- 7L and exampier emplgbdeniny G8descCsudiBras Brolgbgemimr alibyide and
50-130C, nore fref erabggll__ 60-120C and even nore preferably 70-110C.,
T10-1BP i s pnehdrdesuyn strgsadepnelyhdie eacigb ysudh sCoaiwaobibdieracid,

21 S08anc” euventub e s (s s btoap! B S5 o RS i as
T50, T90, FBP, , T90-T10, FBF—I BP, T10- IBP and FBP-.T90 wi tgi’n .the .
preferred rahghs aspBltel S@ltan6y camERONYER | &ty 4§P she® dnpbyidis. pgids,
Furt her  ecdBEDIRIS g p SR, oot mOIRERRE SHishiidt SRRy el
basi | yi s HaoSbePifaluberigui i SRANGHYbEBLH SiBk"
pase ol 1. h o _ grniow” e 03t

composed ent PG g: SYide Tpiotal SAlBECERIND ity RA"PRAVRIRC ST,
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5 adduct val ue of not greater than 4 % by mass and a viscosity index
of 100 or higher), but it may further conprise a mneral base oil or
synthetic base oil other than the lubricating base oil, or a desired
m xture of two or nore lubricating base oils selected fromanong the
f oregoi ng. However, when the lubricating base oil of the third 10
enbodi nent i.s used t %ﬁéﬂfr wi t h anqt her Iugricati

b il )
conponent, tIFIOBERAHEH: TURRS SHGTLAS Ry ésaunbgl%@ﬁegﬁﬁhéhﬁﬂmnt

is preferably.no e than.90 % by mass based on t t ot al apount. o
the | ubri cat%{ﬁ i 1‘6?‘1’&%@@62]0 iC7 CoMpewds d GHIEPE | AN

oot BB St bl SRt
oy e 0 SRR BLdc by AR SRBtEhEE. LABIELIARIcA BN
Tt T R T e g
the total g;m&rggzs oPlothee JToXfRt BaRpdids, o ddHipRARSA! stifhi-Rohfaihfi

than 10 % , 1t may~not be OSS|bI¢ to o e necessary
| ow t enper atifbByBlepe@d| dcompoandssuchf 44 heRbdenant uiBas aind BRAgbdic
There are no particular restrictions on thé other |ubricating base

oi |, and exaubfids voith allendkudsadngdes. i ncl ude sol vent refined
m neral 25o0ils, hydrocracked mneral oils, hydrorefined mneral oils
and sol vent [0d3@%dtheasgamicl motpvdergrmoOdnponadatsed wmse bei an esxrgahic
1-100 nmme/s. [0304] As synthetic base oils there may be used the
samel Gynt hetrholWatemuan iconmpotnd eestaasingaorpt Bur fina adnstitierstelement,
enbodi ment [03Q5] The third lubricating oil caonposition also
conprises a [Qdf@ﬁ fet Ry ganigl modyhdlenim ¢emppunds soageinirg eousBfUNes ght
of 5 200, 000-400, 000 (hereinafter referredbto as "poly(neth)a%&%ﬂate
of the thir FEFHEEHenPl§MENh30dICIThe A ghRE avBICAGONEE) e csPesliGallgnt

() o e BebHIELSSENLS Spel e L Srbodt et i b s
Pt er a0 90 R i BB e PHOR A LA s e
ndeps vt 1 Diphe! Minich B HhoR " HFIORE TUelai cheney
B L e L A

oi | and st Pf[_@%%t\vhbhi ary df%}ini?ﬁrﬂd%gﬁéﬁém cB3dunthgs RSl inPeHeTgIeNt
Shear Stability Tndex) of the poly(feth)acrylate of the third

enbodi nent ilabdcefiggaiil YonfPositient &g cbh@éht&@bnldfqimi@ﬁm‘rgg a&ythi cledoBut
y

even nore preferably 20-55, yet nore prefera 30-50 arnd nost

preferably 35pibferhblyt 0HHSS bexnessorafieatez0nidre meéaabdy 80005 0¥ byay
be inpaired. If the PSSI is less than 5, not only will the viscosity

i nde3( i npr ovhass ef fareateniand beect anonprefeeabilyel.0df % biyemays amdreater,

| ow-t enperature viscosity characteristic inferior, but cost may al so

i ncrease.  and] psgfgrablyenotigreatef thae hei Yhtbyanmsagenons preficzablyenght
and nunber- 25average pol ecul ar weight (Mv M) of the

pol y( met h) a@3tpatsr ¢hen @S Philnt neasso@viesnmare prederably notogmeaterothan

o et er abl y D104y phassind o RIETeHB I veop I cioe thge CHA Jonamass,
0 i B
svi S0bs1 13- Biftiohe dhaPEZoRRL.deod ﬁ?a:og'oﬁéddfé}é B P eand
vei ght “and SSLEGER SRS of e Itrichsfle bt QtioRP T E iTRRfpicRY
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10 even nore preferably not greater than 0.9 x 104 and preferably at
|l east 0.5 x 104. If MMPSSI is less than 1 x 104 it will be possible
to further increase the baking resistance and antiwear property.
[ 0310] The poly(neth)acrylate of the third enbodi nent preferably
conprises one or nore (neth)acrylate structural units represented by

ool y (et ) adiil S FAECOUTOh. BrGponababty Papsipls sion. TiRtaiR. sgperior
DO or AR S BT e BBk oo Do R 3 ol
[0311] res eictig oAb LRl pS ufels Phe AERRTAEH BYPRE FoRER S yich
above, © and p FSRReALaoRAE 8 NG SEMRERIAIAL o CRIRIIRIRE ol
hydr ogar bo”cg@@siﬂbﬁf\?ﬂ??éﬁ’d f%%%?é’u‘%d ai ght-chain or branched

hydr ocar bon even nore pre y a Cl-15 straight-chain

hydr ocar bon %agp-THeO%éﬁllesIhﬁidaﬁiryw@ameiwﬁyé@ﬁﬁ e Fiig: Wbrichting ol

enbodi ment e 5 obtained by copol ynerization of any

(met h) acryl aenpesicaonr iy aby shef cdmpouhde oriiRril§oukeddassa i fridtsn a
(nmeth)acrylate structural unit represented by fornula (9). [0313] Any
mononer may rhedifedry fier ilabrichtingbbdii n ahtle epatpleetinthclcy habkesof fridtgon
third enbodi ment, but such a nononer is 10 preferably one

r epr esent ed rhgdifiersf dhabwaregy fomnel ofipyuridssr estetercompoundsr amide
(M3-1)"), for exanple, The (co)polgmer with mononer (M3-1) is a

" nonkQdi sperwainp@mur@(,nantd@mwnp@@n ,Cathercadmporumgisa Wwep ceapounds,
oH2=0(1 0) c¢-0-R23 Il 15[In formula (10), R22 represents hydrogen or
met hyl and guads; [ty acrhesiers.chdbhasid pradene@tty acids,

I
FEa AN NN RN R
al kyl groupsy alkyl or alkenyl and especially C6-30 straight-chain alkyl or
straight-chain alkenyl groups in the molecule.

15 [0141] There may also be mentioned one or more compounds selected
from the group consisting of nitrogen-containing compounds
represented by the following formulas (5) and (6) and their acid-
modified derivatives, and the ashless friction modifiers mentioned in
International Patent Publication No. W0O2005/037967.

20 [Chemical Formula 5]

X

RB R10
(3)

H R®
In formula (5), R® is a C1-30 hydrocarbon or functional C1-30
hydrocarbon group, preferably a C10-30 hydrocarbon or a functional
C10-30 hydrocarbon, more preferably a C12-20 alkyl, alkenyl or
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preferably Cl1-20 straight-chain al kyl groups, and specifically nethyl
20 (nmeth)acrylate, ethyl (meth)acrylate, propyl (neth)acrylate, butyl
(meth)acrylate, pentyl (nmeth)acrylate, hexyl (neth)acrylate, heptyl
(meth)acrylate, octyl (meth)acrylate, nonyl (nmeth)acrylate, decyl
(meth)acryl ate, undecyl (neth)acrylate, dodecyl (neth)acrylate,

LR etk i
or et er abl y. FPUPaR. e diteyrichy ookt Bufed i ePurdi A £30
ooy o: TR TR Bk oy PR R A B 1 bEfRres or
e haory1 ot SuRLABh EONTh SRR, TROY) of B BGEN 2hftne HEPIAEY, o
tonorors 1o G bR AoRhidp LR ISGUELA" Sh Bibn, niHClbrfrfbh!

the third erfiRHogBA!and DNeILoREPbLEEILLInaMeRirabl Sxgebect ed from
anong nononers rgg?esent ed b}syﬁe foll ow %gri?gr r%??(l (her eunder,

“mononer  ( M[{8132] )[(}heﬁ]icghpaﬁhalg gpresented by the follow ng formla
(12) (hereunder, "nmononer (M3-3)"). The (co)pol ymer with nononer
(M 3-2) and/or a noRdrer 15 conprising (M3-3) is a "dispersed"

pol y(net h)acryl ate. [The di spersed pol y(neth)acryl ate preferably
conpri ses mer 3-1) p#4 a constituent nononer. [0316] [ Chem cal
Formula 11] /2 t-0- (R25)d6E3 o 20[ I n general formula (11),
R24 represents hydrogen| or nmethyl, R25 represents a Cl-18 al kyl ene
group, E3 represiénts a%@m ne residue or heterocyclic residue
containing 1-2 trogentatons and 0-2 oxygen atons, and a is 0 or 1.]

et ioe srrPera IR, B0 €10 e (@ mangtah 5
heptyy) ene, QEJdfbE on”?%ﬁ“@eﬁ%ﬂ&ﬁ@l&@ﬁﬁz bR Yy 'f8hEtional

tridecyl ene, “tetradecyfen ene, ecyl ene,

hept adecyl e endophi ene S
straight-chg?“ygg SEraﬁgﬁgJ)f [0318Ph§%§§¥yi? éggﬁgpegmgp’gﬁgﬁggl(“
repr esent ed fiycEdnanbldescabont fsduprang, mdisetpietfaabnea dilRr2pYIREhYIO,
di butyl am no, anilino; toluidino, xylidino, acetylam no,

benzoyl ani ngroupy RYGIRHandR1! etey/independehilpeachys (dyBO hydrocarbon or
met hyl pyridyl, pyrrolidinyl, piperidinyl, quinonyl, 10pyrrolidonyl,
pyrrol i dono,funotidaaloi1~30 dneinpgasxmimgroup 2t Hydrogeni paéfeFanlyud £ 1-210

| R26 cH2=c\ (12) E4 [In general fornula (12), R26 reﬁresents
hydrldgen or ragarbandoEincginned éntt-3 Oy drscadaregialeon hydrgam eyetd ¢
resi due containing 1-2 15nitraogen atons and 0-2 oxygen atons.] [0320]

speci fic exaplfarabbf aglolufds hydpcarbanegraip ©r hydregrn, dandteHANa MOKS,
di et hyl am no, %gﬁfyﬁglgm no, di butyl am no, anilino, toluidino,
xylidino, ad¥FiRamNBY B8Pyl ami no, norpholino, pyrrolyl, pyrrolino,
pyridyl, ”Et[B’['z@}'Ni?%gen‘?é’éﬁt%iﬁiﬁé%'n’quﬁﬁ)&é Iredf)rrégelzﬂteglﬂyngggelzfal formula

(6) include, specifically, hydrazides with C1-3Q0 hydrocarbon or

20 functional C1-30 hydrocarbon groups, and their derivatives. When
R'' is a C1-30 hydrocarbon or functional C1-30 hydrocarbon group and
R'2R" are hydrogen, they are hydrazides containing a C1-30
hydrocarbon group or functional C1-30 hydrocarbon group, and when
any of R'" and R'*-R" is a C1-30 hydrocarbon group or functional C1-
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20pyrrol idonyl, pyrrolidono, imdazolino and pyrazino [0321] Specific
preferred exanples for nononers (M3-2) and (M 3-3) include

di met hyl am nonet hyl net hacryl ate, di et hyl am nonet hyl nethacryl ate,

di met hyl am noet hyl net hacryl ate, diethylam noethyl nethacrylate,

2- met hyl - 5-vi nyl pyri di ne, norpholinonethyl 25methacryl ate,

he' 1 or eqor Q) hyBESSONTpRBAN T hainaes TagR heSimphoyedydioeehe
Do Lot 260l &L bY o RO TaMsh LTSIB e
T L s e
g?;g;ﬁggsl by%ﬁzﬁﬁg ggc{ﬂlff)nrﬁ é_ n)gnorrer havi ng rrgt hyl ] nmet hacryl at e,
{Tg 12 :]] fa asl}lé%se fr?}ét?@r?}’ﬁodﬁ?fe‘i‘%'ﬂé%& ifi th8 118t [L?&i?([%ﬂng

nmet hacryl a pent adecy acrylate as the main structura

unit, and org] WorABPHSIIIA MR asBleke CiRdidH afbaIMaY coRRaiTEs frtfdaBly
and (M 3-3). [0324] The content of the poly(nmeth)acrylate of the

third enmbodi(n@ntYsilsy piigdsesBraatér, inofe ﬁ{wéﬁrmggo.owoebja medsy @Pbyeater

0.5-40 % by mass, 15 even nore preferably 1- % by nmass and nost
pref erabl y and0e¥brbynoressreftrabéyl Ooh %ty traisaloragreatyr, afid tgreferably not
conposition. If the poly(neth)acrylate content is less than 0.1 % by
mass, the vigrealertthannde¥ bypmass nmartf prefemblprostugreaters doai 2y % by
reducing effect will be mniml, potentially preventing inprovenent
in filbl ef f imasmand exendpore preferably npteresterithan I5bo Gypyassdasedion
drastically jncrease production cost while requiring reduced basg_oil
vi scosity, 4ha total amoun; iofktheospmprsitione | Ubthe ashigss gactiennaegatier

e R
fatigue fract A 25&%%54 Tl?f t hi rPI Wm%ﬁg oi | co&q[fli ti:lora r%y
ST U e oA
’ th 1€ e t be inhibited, or
pol y(net h)a ates, - e aNe2 a-rg} 18* I gi’
copoly/mer s %etsﬁgjﬁilig%%?itggﬁddﬂ & PP P iRRReqr ts hydride,
styrfnﬁésllsenecﬂhy rIEc,ig ated copol ynmers; styrene-nal ei c anhydri Sl_e e:st_elr
composi t1 on a7 LA RHGrAE DI aIESnolybdeniaP coRITI Bf ah e S i

| ubricati ng_rﬁbﬂﬁierf ﬂbnb%ap%@ﬁfs‘@d@ﬁ the fanRe ilﬂ%@@ﬁﬁgr&ﬁﬂémpﬁt@@@ 66
of such additives include additives such as friction nodifiers,

et al - based bigh engenhs usad togethet] bnelis annhsoreaptaferdedatnt ase amt ashiesy
agents (or extrene-pressure agents), corrosion 10 inhibitors,

r ust - pr eventfrivéoagewdsfienamd 1paes mostguetasedts usdenfdtsi acier astervbasdd
deactivating agents and antifoam ng agents. Specific exanples of

t hes¥) addi t iashkesar &icthen ynodifier $uch wkeglicesin ehtadelianslior anurea-based
therefore wi|l not be_repeated here. [ 0327] When such additives
are added t drichentmodaliensicleas pleylerea. 15 conposition, their

o A e e S sk S ST arif sl

o 0 8Ll SRR B SLSHARLN h  IE mi BESL L
1 e SR R TR L e PR R
B, D0 S5eRTSa AN DAESS ORI B, g,

vi scosity i ndex. Bfied e Aldbtdirg RS HRathDGn R, RORPERIELRR fouse one or
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25preferably 140-300, nore preferably 190-300, even nore preferably
200- 300, yet nore preferably 210-300, even yet nore preferably 220-
300, especially preferably 230-300 and nost preferably 240-300. If
the viscosity index of the lubricating oil conposition of the
invention is less than 140 it may be difficult to maintain the HTHS

S b R Sl e b U R sl
0 TR S AL SR,
moPer ot RGeS BEARLATEY HNEHE SUBbRaR D nfendd Ut
10108300 b SRS A ol ATRIRLL SRS W
oL o TSGR oLl ILOSEBRGC HSSEEUS, HOG o

| ubri cati ng QRherWRERR%fab® in ?oﬁﬁﬁﬁﬂh@é& With mgg}lmﬁeat Bas¥ &f1€rAfd ¥
10-40 mm®2/s, 15 even nore preferably 20-35 s and no preferably

27- 32 m2/ s fot tmbbe prrpesat tise Yhe@dddntemt wAllCoes1.0e36 8y halsPird
insufficient lubricity may result, and if it is greater than 50 nmm2/s
it may not hmefrablplX0i1® Gbtley mabs nE¥hesslkalincogarienmpetdlior leaning
viscosity and sufficient fuel efficiency performance. 20[0332] The
HTHS vi scosiggenaustd00rdhetineentiondmaybiiaveaanpgotall basenpomiber obut for
preferably not greater than 3.5 nPa-s, nore preferably not greater

t hanl®. 0 nPanest pvmosesithe potal daabIinumiber Greel greatéraihad. H00RagK Cdhig
nost preferably not greater than 2.7 nPa-s. It is also preferably 2.0
nPa-s or gr prefpradl g rladl-¢50 regkbatlsg.or Thedatalrbaseopempspi

2.4 nPa-s or, greater

foy
even nore preferably 2.5 nPa-s _or .greater an
most pref er A5KG 1 the fasal bass nypber .tem@eﬂ%astha/pgwﬁom 261d Tiashod,
referred to here is the high-tenpgra | ghsshear, viscosgjty at
1500, | speci AScepyTRdrRP s e ReES KEstHe! P28 "Felenty ProtaBoand
| ess than 2.0 .Pa-s e ration proper be,hi-gh,.an
pout £ 1 o1 eniytiDg Dify AR A0 N RRE T S LR 5 5
mPa-i< it ma p i.pl e qt I.n n SALY t e
Vi sclgssi ty aﬁngm e g%lfleg %Jeldtlsg%e??éc@gnctbg%er &%Sﬁrraﬁ%eds%gfgﬁgp T%%hgése
third lubri i il ﬁgrﬁp it onys N t j i bed
above, has g(i%ﬁetfl?%ﬁﬂts ?_ue eﬁﬂ%fé?@%n_ %\egﬁﬁ%f%gvﬁ)el\e}gggr‘gﬁ?yn@%‘g&é%61%_
| ow-t enper atgyr &j¥sHEeinifiitideRandch €ht Slchss o ACEHM (RX hﬁt%i@h@—%hﬁirf Usy
10 efficiency and |owtenperature viscosity at below -35C™while
mai nt ai ni ng brafckBdiaikyissanip wr allkéPPCorikein \thé havlecu$d, NGerrylamines
synthetic oil such as a poly-a-olefi'nic base oil or esteric base oil,
or a | ow vi sgitkiat Yeast mereal’4024G0 alkyl grodpazarralhenyﬂb%mdpwrhr theemiolecule,
baki ng resistance and antiwear property. For exanple, when a SAEOW 20
15 édhi ne oipgolyaminedwifh atlleasd, ontech€40p40@ alkydr greatp og abkényl group in
conposi tion can provide a CCS viscosity at -35C of not higher than
3500 nPa.s. thaemecules cenit ynedifietb doomst rof tther forageing awiitly lboton
conposition is preferably not greater than 7000 nPa.s. The viscosity
grade of th&oumrawRdH erhprElieiacids phespheria peids arddheike. 100€ of
56 m2/s or 20 higher_.and |less than_ 9.3 /s, a I—I'I'agﬁ viéscosity at
150C of 2. 6 THeEE sclsicg; arr amengcany, pf e abgvamaybeagddeddor Hsgner

mPa. s, but d01ABhADATIGHO0R TheiEabe B oEBBEGH: HogHebERsbrN o
Comphi 11 on AR SRk atiEsy iﬁ%i%gﬁﬁ%(%ﬁ?ﬁﬁgi‘$$§€ér%§$‘éf{d;ﬂe dnglpdenum-

[ : ' . 4] I
Mventton wilreoiean aosPHGUIST, SyREEE, SRt Eiabie ROEE hreed
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<Crude wax> The fraction separated by vacuumdistillation in a
process for refining of a solvent refined base oil was subjected to
sol vent extraction with 10furfural and then hydrotreatnent, which was
foll owed by sol vent dewaxing with a nmethyl ethyl ketone-toluene m xed
solvent. The properties of the wax portion renoved during sol vent

oL 10 PSR Sl o D e S
e g AR A S qa;ss)a By oS
Ry S St
crude wax Vﬁ%%ﬁ#ﬁ?ﬁ&@%&%ﬁﬁfﬁﬁﬁkyﬂﬁﬁﬂ&%ﬁﬁﬁﬁﬁg!S) 6.8 Melting point (C
5 [0149] As anti-wear agents (or extreme-pressure agents) there may be
used any anti-wear agents and extreme-pressure agents that are utilized
in lubricating oils. For example, sulfur-based, phosphorus-based and
sulfur/phosphorus-based extreme-pressure agents may be used, specific
examples of which include phosphorous acid esters, thiophosphorous
10 acid esters, dithiophosphorous acid esters, trithiophosphorous acid
esters, phosphoric acid esters, thiophosphoric acid esters,
dithiophosphoric acid esters and trithiophosphoric acid esters, as well
as their amine salts, metal salts and derivatives, dithiocarbamates, zinc
dithiocarbamate, molybdenum dithiocarbamate, disulfides, polysulfides,
15 olefin sulfides, sulfurized fats and oils, and the like. Sulfur-based
extreme-pressure agents, and especially sulfurized fats and oils, are
preferably added.
[0150] Examples of corrosion inhibitors include benzotriazole-based,
tolyltriazole-based, thiadiazole-based and imidazole-based compounds.
20 [0151] Examples of rust-preventive agents include petroleum
sulfonates, alkylbenzene sulfonates, dinonylnaphthalene sulfonates,
alkenylsuccinic acid esters and polyhydric alcohol esters.
[0152] Examples of pour point depressants that may be used include
polymethacrylate-based polymers suitable for the lubricating base oil
25 used.

[0153] As examples of demulsifiers there may be mentioned
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58 G| content (% by mass) 6.3 Sul fur content (ppm by mass) 900
[0339] An FT wax having a paraffin content of 95 % by mass and a
carbon nunber distribution from20 to 80 (hereunder, "WAX3") was
5used, and the properties of WAX3 are shown in Table 3. [0340] [Table
3] Nanme of crude wax WAX3 Ki nemati cvi scosityat 100C (m?2/s) 5.8

by maog) " <0 POIYEAEne Loy E6alEstA, of NPTBIIE at 1 W4 tisiBaRo! | SO 13
hydr ot r eat myasp ey Senéitkul gt oo Bengel eRekapanyl aineghcand
veLoct L, v L SR SN LRGSRl o sEng severi iy er e
i R
I n thse oil t Er({am%llrﬁgat g?ilq?/%ﬁg%é’l e%lg?{ @k%ggﬁﬁg’ssﬂfﬁl‘%ﬁﬁt({b:eg%gﬁﬁ?@e?he

total feed HeRektRhtoleMRHA!its Al Atives, 51,90¢1ftﬁiﬁasa&o@%p&§»§alﬁde, 1,3,4-
I product

chromat ography distillation. [0342] Next, the treate

obt ai ned fr qhiddigz Sidsdiatiey] was subj eclififlob@rbarsitedevaxi ng i npa
tenperature range o 315C 325C
(alkyldithio)benzimidazole and §-(o-carboxybenzylthio)propionitrile.
[0155] As examples of antifoaming agents there may be mentioned
10 silicone oils, alkenylsuccinic acid derivatives, polyhydroxyaliphatic
alcohol and long-chain fatty acid esters, methyl salicylate and o-
hydroxybenzyl alcohols, which have 25°C kinematic viscosities of 0.1-
100 mm?/s.
[0156] When such additives are added to the first lubricating oil
15 composition, their contents are 0.01-10 % by mass based on the total
amount of the composition.
{0157] The kinematic viscosity at 100°C of the first lubricating oil
composition must be 4-12 mm?s, and it is preferably 4.5 mm?¥s or
greater, more preferably 5 mm?/s or greater, even more preferably 6
20 mm?/s or greater and most preferably 7 mm®/s or greater. It is also
preferably not greater than 11 mm?s, more preferably not greater than
10 mm?/s, even more preferably not greater than 9 mm?s and most
preferably not greater than 8 mm?%s. If the kinematic viscosity at
100°C is less than 4 mm?/s, insufficient lubricity may result, and if it is
25 greater than 12 mm?%/s it may not be possible to obtain the necessary

low-temperature viscosity and sufficient fuel efficiency performance.
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5using a zeolite-based hydrodewaxi ng catal yst adjusted to a precious
metal content of 0.1-5 % by mass. [0343] The treated product
(raffinate) obtained by this hydrodewaxi ng was subsequently treated
by hydrorefining using a hydrorefining catal yst. Next, the

| ubricating base oils 1-1 to 1 4 were obtained by 10 distillation,

Labr i cat Pﬁgiﬁﬁgfiﬁgf@cg& HanOE ohibs ﬁf;?to ﬁﬁ)f@%&%ﬁ% fc&?gﬁ&%&i%hbmust
ot = SUPAD 6 VA, 500500, 07 0 o A %
16%ur oa adaqirrerpRhazb i, Sveldniy g?%‘eﬁ%@y%ﬁf@;@bﬁ?{%ﬁ@%&:ﬁﬁ@{gb&
(Same her 33?5’(6 300 B ot BioTSrRASAEER, I BECyiSEFSg ek JPine

depr essant ( Hﬁ'@l&chﬁ%%ﬁg Pﬁhf‘(fsgﬂlé‘ﬁ ¥8LGN rPQ@O%'rﬁﬁﬁJé’ dﬁ@%c@@pﬁo

commnly USG ricating OI S Was a

| ubri cati ng asRail tie tH’FH@dvisftoEﬁg Shilk ﬁﬂﬁr&vm M O e and 1t
depressant was added in three différent anounts of 0.3 % by 0.5

% by mass ariﬁgr% aldbbiiffeaflt tbaswer i 138°C M\@Lteﬁiﬁétﬂtur’éf\néé@mg/ In
conposition e MRV viscosity at - 40C of each of the obtaine

| ubri cati ng aeiditionpifabetviottsinamddxent Mﬁﬁdﬁbﬂcaﬁﬂ? diheonfpiozitied is
results are shown in Tables 4 and 5. [0345] [Table 4 Base oil 1-1

Base oi | 1- ZrBatee thah 30 theddvstemipeoatursViXiw \pAxpeitiodmalyr be prdduand
Corpighent < iproblesas andye becd juentossoBibibty of the ‘addiives of lack of
compatibility with the sealant material.
[0159] The first lubricating oil composition preferably satisfies the
following conditions, in addition to satisfying the aforementioned
conditions for the kinematic viscosity at 100°C and viscosity index.

15 [0160] The kinematic viscosity at 40°C of the first lubricating oil
composition is preferably 4-50 mm?/s, and it is preferably not greater
than 45 mm?/s, more preferably not greater than 40 mm?%/s, even more
preferably not greater than 35 mm?®/s, yet more preferably not greater
than 30 mm®/s and most preferably not greater than 27 mm?s. On the

20 other hand, the kinematic viscosity at 40°C is preferably 5 mm?/s or
greater, more preferably 10 mm?*/s or greater, even more preferably 15
mm?®/s or greater and most preferably 20 mm*/s or greater. If the
kinematic viscosity at 40°C is less than 4 mm?s, insufficient lubricity
may result, and if it is greater than 50 mm?s it may not be possible to

25 obtain the necessary low-temperature viscosity and sufficient fuel

efficiency performance.
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2.1 Base oil conmposition (based on total base oil) Saturated
conponents, % by mass 99.4 99.6 99.7 Aromatic conponents, % by nass
OA 03 0.2 Pol ar conmpound conponents, % by mass a2 al al Saturated
conponents content (based on total saturated conponents)
Cyclicsaturated conponents, % nmass y 11.3 10.5 9.8 Acyclic

zg%gﬁgﬁ? Scﬁﬁﬁgii{’f fe HTHS ”fh%%o?%%? 2100020 if{;rs‘;s altu%rrfacta?icrilg oil

composition is preferably not greater than 6.0 mPa-s, more preferably

not greater than 5.5 mPa's, even more preferably not greater than 5.3

mPa's, yet more preferably not greater than 5.0 mPa's and most

5 preferably not greater than 4.5 mPa-s. [t is also preferably 3.0 mPa-s

or greater, preferably 3.5 mPa's or greater, more preferably 3.8 mPa's

or greater, even more preferably 4.0 mPa's or greater and most

preferably 4.2 mPa's or greater. The HTHS viscosity at 100°C is the

high-temperature high-shear viscosity at 100°C according to ASTM

10 D4683. If the HTHS viscosity at 100°C is less than 3.0 mPa-s, the

evaporation property may be high and insufficient lubricity may result,

and if it is greater than 6.0 mPa's it may not be possible to obtain the

necessary low-temperature viscosity and sufficient fuel efficiency
performance.

15 [0162] The HTHS viscosity at 150°C of the first lubricating oil

composition is preferably not greater than 3.5 mPa-s, more preferably

not greater than 3.0 mPa-s, even more preferably not greater than 2.8

mPa's and most preferably not greater than 2.7 mPas. It is also

preferably 2.0 mPa's or greater, preferably 2.3 mPa-s or greater, more

20 preferably 2.4 mPa's or greater, even more preferably 2.5 mPa's or

greater and most preferably 2.6 mPa-s or greater. The HTHS

viscosity at 150°C referred to here is the high-temperature high-shear

viscosity at 150°C, specified by ASTM ASTM D4683. If the HTHS

viscosity at 150°C is less than 2.0 mPa-s, the evaporati(_)n property may

25 be high and insufficient lubricity may result, and if it is greater than 3.5

mPas it may not be possible to obtain the necessary low-temperature
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(basedont ot al acyclic saturated conponents) Normal paraffins, % by

mass 0 0 O

| soparaffins, % by mass 100 100 100 Sul fur content, ppm

by mass <1 <10 <10 Nitrogen content, ppm by mass <3 <3 <3 Kinematic
viscosity (40C), mmR/s 15.78 15.88 15.92 Kinematic viscosity (1000,
mn2/s 3.85 3.87 3.89 Viscosity index

10

15

20

25

viscosity and sufficient fuel efficiency performance.

[0163] Also, the ratio of the HTHS viscosity at 100°C with respect to
the HTHS viscosity at 150°C in the first lubricating oil composition
preferably satisfics the condition represented by the following
inequality (A).

HTHS (100°C)/HTHS (150°C) <2.04 (A)

[In the inequality, HTHS (100°C) represents the HTHS viscosity at
100°C and HTHS (150°C) represents the HTHS viscosity at 150°C.]
[0164] The HTHS (100°CYHTHS (150°C) ratio is preferably not
greater than 2.04 as mentioned above, and it is more preferably not
greater than 2.00, even more preferably not greater than 1.98, yet more
preferably not greater than 1.80 and most preferably not greater than
1.70. If HTHS (100°C)/HTHS (150°C) is greater than 2.04, it may
not be possible to obtain sufficient fuel efficiency performance or low-
temperature characteristics. Also, HTHS (100°C)/HTHS (150°C) is
preferably 0.50 or greater, more preferably 0.70 or greater, even more
preferably 1.00 or greater and most preferably 1.30 or greater. If
HTHS (100°C)YYHTHS (150°C) is less than 0.50, the cost of the base
stock may be drastically increased and solubility of the additives may
not be achieved.

[0165] The first lubricating oil composition, having such a construction,
is superior in terms of fuel efficiency, low evaporation property and
low-temperature viscosity characteristic, and can exhibit fuel efficiency
and both NOACK evaporation and low-temperature viscosity at -35°C
and below while maintaining HTHS viscosity at 150°C, even without

using a synthetic oil such as a poly-a~olefinic base oil or esteric base
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140 142 142 Density (15C), g/cnB8 0.8190 0.8188 0.8181 Pour point, C
-22.5 -22.5 -25 Freezing point, C-24 -25 -26 |odine value 0.06 0.03
0.04 Aniline point, C 117.9 119.1 119.2 Distillation properties, C

| BP, C 364 364 363

10

15

20

25

oil, or a low-viscosity mineral base oil, and in particular it can reduce
the kinematic viscosity at 40°C and 100°C and the HTHS viscosity at
100°C, while also notably improving the CCS viscosity at -35°C (MRV
viscosity at -40°C), of the lubricating oil. For example, with the first
lubricating oil composition it is possible to obtain a CCS viscosity at -
35°C of not greater than 2500 mPa-s, and especially not greater than
2300 mPa's. Also, with the first lubricating oil composition it is
possible to obtain a MRV viscosity at -40°C of not greater than 8000
mPa-s, and especially not greater than 6000 mPa-s.

[0166] There are no particular restrictions on the use of the first
lubricating oil composition, and it may be suitably used as a fuel
efficient -engine oil, fuel efficient gasoline engine oil or fuel efficient
diesel engine oil.

[0167]

[Second embodiment: Second lubricating oil composition and second
production method]

The second lubricating oil composition comprises a lubricating base oil
having a viscosity index of 100 or higher, an initial boiling point of not
higher than 400°C, a 90% distillation temperature of 470°C or higher
and a difference between the 90% distillation temperature and a 10%
distillation temperature of at least a 70°C, (A) an ashless antioxidant
containing no sulfur as a constituent element, and (B) at least one
compound selected from among ashless antioxidants containing sulfur
as a constituent element and organic molybdenum compounds. Also,
the lubricating base oil comprises a first lubricating base oil component

having a urea adduct value of not greater than 4 % by mass, a viscosity
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T10, C 400 401 403 T50, C 437 438 436 T90, C 468 465 460 FBP, C
492 490 487 CCS viscosity (-350), InPa.s 1,550 1,510 1,470 IVIRV
viscosity (-400), nPa.s 0.3 % by mass Pour point depressant 7,300

10

15

20

25

index of 100 or higher and a kinematic viscosity at 100°C of at least
3.5 mm?%s and less than 4.5 mm%/s, and a second lubricating basc oil
component having a urea adduct value of not greater than 4 % by mass,
a viscosity index of 120 or higher, and a kinematic viscosity at 100°C
of 4.5-20 mm’/s.

[0168] Also, from the viewpoint of improving the low-temperature
viscosity characteristic without impairing the viscosity-temperature
characteristic, the urea adduct values of the first and second lubricating
base o1l components must each be not greater than 4 % by mass, but
they are preferably not greater than 3.5 % by mass, more preferably not
greater than 3 % by mass and even more preferably not greater than
2.5 % by mass. The urea adduct values of the first and second
lubricating base oil components may even be ¢ % by mass. However,
they are preferably 0.1 % by mass or greater, more preferably 0.5 % by
mass or greater and most preferably 0.8 % by mass or greater, from the
viewpoint of obtaining a lubricating base oil with a sufficient low-
temperature viscosity characteristic and a higher viscosity index, and
also of relaxing the dewaxing conditions for increased economy.
There are no particular restrictions on the urea adduct values of the
lubricating base oil comprising the first and second lubricating base oil
components (hereinafter referred to as "lubricating base oil of the
second embodiment"), but the urea adduct value of the lubricating base
oil also preferably satisfies the conditions specified above.

[0169] From the viewpoint of improving the viscosity-temperature
characteristic, the viscosity indexes of the first and second lubricating

base oil components and of the lubricating base oil of the lubricating
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5,600 5,200 0.5 % by mass Pour point depressant 6,900 5,350 5,000
1.0 % by nmass Pour point depressant 7,200 5,700 5,600 [ 0346] [Table
5] Base oil 1-4 Base oil 1-5 Base oil 1-6 Feed stock oil WAX2 WGO
W/GO Urea adduct value, % by mass 3.33 5.8 5.3
base oil of the second embodiment must be 100 or higher as mentioned
above, but they are preferably 110 or greater, more preferably 120 or
greater, even more preferably 130 or greater and most preferably 140
or greater, and preferably not greater than 170 and more preferably not
5 greater than 160.
[0170] From the viewpoint of improving the viscosity-temperature
characteristic, the viscosity indexes of the first and second lubricating
base oil components and of the lubricating base oil of the second
embodiment must be 100 or higher as mentioned above, but they are
10 preferably 110 or greater, more preferably 120 or greater, even more
preferably 130 or greater and most preferably 140 or greater, and
preferably not greater than 170 and more preferably not greater than
160.
[0171] The kinematic viscosity at 100°C of the first lubricating base oil
15 component is at least 3.5 mm?s and less than 4.5 mm?/s, and is more
preferably 3.7-4.1 mm®/s. Also, the kinematic viscosity at 100°C of
the second lubricating base oil component is 4.5-20 mm?*/s, more
preferably 4.8-11 mm®/s and most preferably 5.5-8.0 mm/s.
[0172] There are no particular restrictions on the kinematic viscosity at
20 100°C of the lubricating base oil of the second embodiment, but it is
preferably 3.5-20 mm?/s, more preferably 4.0-11 mm?/s and even more
preferably 4.4-6 mm?/s. A kinematic viscosity at 100°C of lower than
3.5 mm’/s for the lubricating base oil is not preferred from the
standpoint of evaporation loss. If it is attempted to obtain a
25 lubricating base oil having a kinematic viscosity at 100°C of greater

than 20 mm?%s, the yield will be reduced and it will be difficult to
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Proportion of normal paraffin-derived conponents in urea adduct, % by
mass 2.5 4.85 1.8 Base oil conposition (based on total base oil)

Sat urat ed conponents, % by mass 99.4 99.6 99.9 Aromatic conponents,
% by mass 0.5 0.3 0.1 Polar conmpound conponents, % by mass 0.2 0.1 0
Sat ur at ed conponents content (based on total saturated components)

Cyclic saturated congponents, %l a,. nass ' JhZ.S 49. 9 41?.6 Acyclic
saturated cRPERERIEIC GEAcking Sevarity even when using a heavy wax as the

starting material.
[0173] The kinematic viscosity at 40°C of the first lubricating base oil
component is preferably 12 mm?/s or greater and less than 28 mm?s,
5 more preferably 13-19 mm*/s and even more preferably 14-17 mm?/s.
On the other hand, the kinematic viscosity at 40°C of the second
lubricating base oil component is preferably 28-230 mm®/s, more
preferably 29-50 mm®/s, even more preferably 29.5-40 mm?®/s and most
preferably 30-33 mm®s. Also, the kinematic viscosity at 40°C of the
10 lubricating base oil of the second embodiment is preferably 6.0-80
mm?/s, more preferably 8.0-50 mm?®/s, even more preferably 10-30
mm?®/s and most preferably 15-20 mm?s.
[0174] The pour point of the first lubricating base oil component is
preferably not higher than -10°C, more preferably not higher than -
15 15°C and even more preferably not higher than -17.5°C. The pour
point of the second lubricating base oil component is preferably not
higher than -10°C, more preferably not higher than -12.5°C and even
more preferably not higher than -15°C. The pour point of the
lubricating base oil is preferably not higher than -10°C and more
20 preferably not higher than -12.5°C. If the pour point exceeds the
upper limit specified above, the low-temperature flow property of the
lubricating o1l composition will tend to be reduced.
[0175] Also, the CCS viscosity at -35°C of the first lubricating base oil
component is preferably not greater than 3000 mPa-s, more preferably
25 not greater than 2400 mPa's, even more preferably not greater than

2000 mPa's, yet more preferably not greater than 1800 mPa-s and most
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50.1 54.4 Acyclic saturated conponents content (basedontotal acyclic
saturated conponents) Normal paraffins, %by mass 0 0.2 0.2

| soparaffins, % by mass 100 99.8 99.8 Sul fur content, ppm by mass <10
<l <1 Nitrogen content, ppm by nmass <3 <1 <3 Kinenatic viscosity
(400, mmR/s 9.88 13.48 19.91 Kinematic viscosity (1000, nml/s 2.79

preferably not greater than 1600 mPa-s. The CCS viscosity at -35°C
of the second lubricating base oil component is preferably not greater
than 15,000 mPa-s, more preferably not greater than 10,000 mPa's and
even more preferably not greater than 8000 mPa-s, and preferably 3000
5 mPa's or greater and more preferably 3100 mPa's or greater. The
CCS viscosity at -35°C of the lubricating base oil of the second
embodiment is preferably 10,000 mPa's and more preferably 8,000
mPa's. If the CCS viscosity at -35°C exceeds the upper limit
specified above, the low-temperature flow property of the lubricating

10 oil composition will tend to be lower. The CCS viscosity at -35°C for
the purpose of the invention is the viscosity measured according to JIS
K 2010-1993.

[0176] The aniline points (AP (°C)) of the first and second lubricating
base oil components and of the lubricating base oil of the second

15 embodiment are preferably greater than or equal to the value of A, i.e.
AP =A, as represented by formula (i).

A =473 xkv100+100 (1)
[In this equation, kv100 represents the kinematic viscosity at 100°C
(mm?/s) of the lubricating base oil.]

20 [01771 If AP<A, the viscosity-temperature characteristic, heat and
oxidation stability, low volatility and low-temperature viscosity
characteristic of the lubricating base oil will tend to be reduced, while
the efficacy of additives when added to the lubricating base oil will
also tend to be reduced.

25 [0178] For example, the AP of the first lubricating base oil fraction is
preferably 113°C or higher and more preferably 118°C or higher, and
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3.272 4.302 Viscosity index 130 Il 125 Density (15C), g/cnB 0.8092
0.8319 0.8351 Pour point, C-35 -22.5 -17.5 Freezing point, C-37 -25
-20 lodine value 0.08 0.18 0.05 Aniline point. C 113.1 108.9 116.0
Distillation properties, CIBP, C
preferably not higher than 135°C and more preferably not higher than
125°C. For example, the AP of the second lubricating base oil is
preferably 125°C or higher and more preferably 128°C or higher, and
preferably not higher than 140°C and more preferably not higher than
5 135°C. The aniline point for the purpose of the invention is the
aniline point measured according to JIS K 2256-1985.
[0179] As regards the distillation properties of the lubricating base oil
of the second embodiment, the initial boiling point (IJBP) is not higher
than 400°C, preferably 355-395°C and more preferably 365-385°C.

10 Also, the 90% distillation temperature (T90) 1s 470°C or higher,
preferably 475-515°C and more preferably 480-505°C. The value of
T90-T35, as the difference between the 90% distillation temperature and
the 5% distillation temperature, is at least 70°C, preferably 80-120°C
and more preferably 90-110°C.

15 [0180] As regards the distillation properties of the first lubricating base
oil component, the initial boiling point (IBP) is preferably 310-400°C,
more preferably 320-390°C and even more preferably 330-380°C.
The 10% distillation temperature (T10) is preferably 350-430°C, more
preferably 360-420°C and even more preferably 370-410°C. The

20 50% running point (T50) is preferably 390-470°C, more preferably
400-460°C and even more preferably 410-450°C. The 90% running
point (T90) is preferably 420-490°C, more preferably 430-480°C and
even more preferably 440-470°C. The final boiling point (FBP) is
preferably 450-530°C, more preferably 460-520°C and even more

25 preferably 470-510°C.  T90-T10 is preferably 40-100°C, more
preferably 45-90°C and even more preferably 50-80°C. FBP-IBP is
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C 423 493 495 CCS viscosity (-35C), nPa.s 1,610 770 3,000
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preferably 110-170°C, more preferably 120-160°C and even more
preferably 125-150°C. T10-IBP is preferably 5-60°C, more
preferably 10-55°C and even more preferably 15-50°C. FBP-T90 is
preferably 5-60°C, more preferably 10-55°C and even more preferably
15-50°C.

[0181] As regards the distillation properties of the second lubricating
base oil component, the initial boiling point (IBP) is preferably 390-
460°C, more preferably 400-450°C and even more preferably 410-
440°C. The 10% distillation temperature (T10) is preferably 430-
510°C, more preferably 440-500°C and even more preferably 450-
480°C. The 50% running point (T50) is preferably 460-540°C, more
preferably 470-530°C and even more preferably 480-520°C. The
90% running point (T90) is preferably 470-560°C, more preferably
480-550°C and even more preferably 490-540°C. The final boiling
point (FBP) is preferably 505-585°C, more preferably 515-565°C and
even more preferably 525-565°C. T90-T10 is preferably 35-110°C,
more preferably 45-90°C and even more preferably 55-80°C. FBP-
IBP is preferably 80-150°C, more preferably 90-140°C and even more
preferably 100-130°C. T10-IBP 1is preferably 5-80°C, more
preferably 10-70°C and even more preferably 10-60°C. FBP-T90 is
preferably 5-60°C, more preferably 10-50°C and even more preferably
15-40°C.

[0182] By setting IBP, T10, T50, T90, FBP, T90-T10, FBP-IBP, T10-
IBP and FBP-T90 of the lubricating base oil of the second embodiment
and the first and second lubricating base oil components to within the

preferred ranges specified above, it is possible to further improve the
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0. 3% ymassPour poi nt depressant <5,000 13,200 0' 5%ynmassPour poi nt
depressant <5,000 14,300 1.0%ymassPourpoint depressant <5, 000
14,000 [0347] 5<Preparation of lubricating oil conpositions> For
Exanples 1-1 to 1-4 and Conparative Exanples 1-1 to 1-3 there were
prepared |ubricating oil conpositions having the conpositions shown
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5 [0183] The saturated component contents of the first and second
lubricating base oil components are preferably 90 % by mass or greater,
more preferably 93 % by mass or greater and even more preferably
95 % by mass or greater based on the total amount of each lubricating
base oil component. The proportion of cyclic saturated components
10 among the saturated components is preferably 0.1-50 % by mass, more
preferably 0.5-40 % by mass, even more preferably 1-30 % by mass
and most preferably 5-20 % by mass. If the saturated component
content and proportion of cyclic saturated components among the
saturated components both satisfy these respective conditions, it will be
15 possible to achieve a satisfactory viscosity-temperature characteristic
and heat and oxidation stability, while additives added to the
lubricating base oil component will be kept in a sufficiently stable
dissolved state in the lubricating base oil component, and it will be
possible for the functions of the additives to be exhibited at a higher
20 level. In addition, a saturated component content and proportion of
cyclic saturated components among the saturated components
satisfying the aforementioned conditions can improve the frictional
properties of the lubricating base oil itself, resulting in a greater friction
reducing effect and thus increased energy savings.
25 [0184] If the saturated component content is less than 90 % by mass,

the viscosity-temperature characteristic, heat and oxidation stability
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5 al kyl phosphate, P: 800 ppn), ester-based ashless friction nodifier,
urea- based ashless friction nodifier, pour point depressant,

antifoam ng agent and ot her conponents). MDTC. Ml ybdenum

di t hi ocar bamat e. VM 1: Dispersed pol yrret hacryl at e- based additive with
PSSI = 45, Mv 10 = 400, 000, Mw~ M, 5.5, MW PSSI = 0. 88 x 104
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structural unit). 25[0348] [Eval uati on of lubricating oil

conposi ti on]sahHatéd eOmpgendnibrinoaig tige saturaterdposimpomrstois Excatet dsan
1-1 to 1-4 and Conparative Exanples 1-1 to 1-3 were neasured for

ki nemati ¢ vi¥kbsbyymass,4be edficacp of adidiitves includetkin thedadiicating base
evaporation (1 h, 250C), HTHS viscosity at 150C or 100C , CCS

vi scdsity atoil ggmpcmeaﬁmmvndﬂ@d&mdpc&d 40C. The phy5| cal property
val ues were y the f ow ng eval uation nmethods. The

obt ai ned r es[ﬂ‘iggﬁlfm tg &%OPQ%FEHIC@BHS Qihgompysition; adrapoion of 0.1-
Vi scosity: N, D445 HTHS vi ASTM D4683 10( 3

bvapor at | on A 805 (I° BoSATIEes (g MDASERI DS %Wturated

v scoslty: ASTURERS (OB ATIPIS, S g sELOfPbg, ik ST skt
components among the saturated components. Both normal paraffins

15 and isoparaffins are included by the term "acyclic saturated
components”". The proportions of normal paraffins and isoparaffins in

the Iubricating base oil of the invention are not particularly restricted so

long as the urea adduct value satisfies the condition specified above,

but the proportion of isoparaffins is preferably 50-99.9 % by mass,

20 more preferably 60-99.9 % by mass, even more preferably 70-99.9 %
by mass and most preferably 8§0-99.9 % by mass based on the total

amount of the lubricating base oil. If the proportion of isoparaffins in

the lubricating base oil satisfies the aforementioned conditions it will

be possible to further improve the viscosity-temperature characteristic

25 and heat and oxidation stability, while additives added to the

lubricating base oil will be kept in a sufficiently stable dissolved state
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mass - 72 - Base oil 1-2 %y mass 72 72 Base oil 1-3 %y nass
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10

15

20

25

1-4 %y mass 28 28

in the [ubricating base oil and it will be possible for the functions of the
additives to be exhibited at an even higher level.

[0186] The saturated component content for the purpose of the
invention is the value measured according to ASTM D 2007-93
(units: % by mass).

[0187] The proportions of the cyclic saturated components and acyclic
saturated components among the saturated components for the purpose
of the invention are the naphthene portion (measured: monocyclic-
hexacyclic naphthenes, units: % by mass) and alkane portion (units: %
by mass), respectively, both measured according to ASTM D 2786-91.
[0188] The proportion of normal paraffins in the lubricating base oil
component, for the purpose of the invention, is the value obtained by
analyzing saturated components separated and fractionated by the
method of ASTM D 2007-93 by gas chromatography under the
following conditions, and calculating the value obtained by identifying
and quantifying the proportion of normal paraffins among those
saturated components, based on the total amount of the lubricating base
oil component. For identification and quantitation, a C5-50 straight-
chain normal paraffin mixture sample is used as the reference sample,
and the normal paraffin content among the saturated components is
determined as the proportion of the total of the peak areas
corresponding to each normal paraffin, with respect to the total peak
area of the chromatogram (subtracting the peak area for the diluent).
(Gas chromatography conditions)

Column: Liquid phase nonpolar column {(length: 25 m, inner diameter:

0.3 mme, liquid phase film thickness: 0.1 pm), temperature elevating

68



28 28 Base
M xedbaseoi |
13.74 13.82

10

15

20

25

oil 1-5 %y nass - Base oil 1-6 by % nass
properties Kinematic viscosity (40C) rnn2/s 13.22 13. 22
Kinematic viscosity (1000

conditions: 50°C-400°C (temperature-elevating rate: 10°C/min).
Support gas: helium (linear speed: 40 cm/min)

Split ratio: 90/1

Sample injection rate: 0.5 gL (injection rate of sample diluted 20-fold
with carbon disulfide).

[0189] The proportion of isoparaffins in the lubricating base oil
component is the value of the difference between the acyclic saturated
components among the saturated components and the normal paraffins
among the saturated components, based on the total amount of the
lubricating base oil.

[0190] Other methods may be used for separation of the saturated
components or for compositional analysis of the cyclic saturated
components and acyclic saturated components, so long as they provide
stmilar results. Examples of other methods include the method
according to ASTM D 2425-93, the method according to ASTM D
2549-91, methods of high performance liquid chromatography (HPLC),
and modified forms of these methods.

[0191] When the bottom fraction obtained from a fuel oil hydrocracker
is used as the starting material for the first and second lubricating base
oil components, the obtained base oil will have a saturated component
content of 90 % by mass or greater, a proportion of cyclic saturated
components in the saturated components of 30-50 % by mass, a
proportion of acyclic saturated components in the saturated
components of 50-70 % by mass, a proportion of isoparaffins in the
lubricating base oil component of 40-70 % by mass and a viscosity

index of 100-135 and preferably 120-130, but if the urea adduct value

69



m2/s 3.412 3.412 3.500 3.530 Viscosity index 138 138 138 140
NQACK evaporation (I h, 250C) %y mass 22.41 22.41 22.50 21.60 1BP C
319.5 319.5 318.2 320.5

satisfies the conditions specified above it will be possible to obtain a
lubricating oil composition with the effect of the invention, i.e. an
excellent low-temperature viscosity characteristic wherein the MRV
viscosity at -40°C is not greater than 20,000 mPa's and especially not
5 greater than 10,000 mPa's. When a slack wax or Fischer-Tropsch
wax having a high wax content (for example, a normal paraffin content
of 50 % by mass or greater) is used as the starting material for the first
and second lubricating base oil components, the obtained base o0il will
have a saturated component content of 90 % by mass or greater, a
10 proportion of cyclic saturated components in the saturated components
of 0.1-40 % by mass, a proportion of acyclic saturated components in
the saturated components of 60-99.9 % by mass, a proportion of
isoparaffins in the lubricating base oil component of 60-99.9 % by
mass and a viscosity index of 100-170 and preferably 135-160, but if
15 the urea adduct value satisfies the conditions specified above it will be
possible to obtain a lubricating oil composition with very excellent
properties in terms of the effect of the invention, and especially the
high viscosity index and low-temperature viscosity characteristic,
wherein the MRV viscosity at -40°C is not greater than 12,000 mPa's

20 and especially not greater than 7000 mPa-s.
[0192] The aromatic contents of the first and second lubricating base
oil components are preferably not greater than 5 % by mass, more
preferably 0.05-3 % by mass, even more preferably 0.1-1 % by mass
and most preferably 0.1-0.5 % by mass, based on the total amount of
25 the lubricating base oil components. If the aromatic content exceeds

the aforementioned upper limit, the viscosity-temperature characteristic,
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454.0 454.0 453.8 454.1 FBP C 480.4 480.4 480.1 480.6
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heat and oxidation stability, frictional properties, low volatility and
low-temperature viscosity characteristic will tend to be reduced, while
the efficacy of additives when added to the lubricating base oil
component will also tend to be reduced. The lubricating base oil
components of the invention may be free of aromatic components, but
the solubility of additives can be further increased with an aromatic
content of 0.05 % by mass or greater.

[0193] The aromatic content in this case is the value measured
according to ASTM D 2007-93. The aromatic portion normally
includes alkylbenzenes and alkylnaphthalenes, as well as anthracene,
phenanthrene and their alkylated forms, compounds with four or more
fused benzene rings, and heteroatom-containing aromatic compounds
such as pyridines, quinolines, phenols, naphthols and the like.

[0194] The preferred ranges for the %C,, %Cy, %C, values and
the %Cp/%Cy ratio of the first and second lubricating base oil
components are the same preferred ranges for the %C,, %Cy, %Ca
values and the %Cp/%Cy ratios of the first lubricating base oil in the
first Jubricating oil composition, and they will not be restated here.
[0195] The iodine values of the first and second lubricating base oil
components are preferably not greater than 0.5, more preferably not
greater than 0.3 and even more preferably not greater than 0.15, and
although it may be less than 0.01, it is preferably 0.001 or greater and
more preferably 0.05 or greater in consideration of achieving a
commensurate effect, and in terms of economy. Limiting the iodine
value of the lubricating base oil component to not greater than 0.5 can

drastically improve the heat and oxidation stability.
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[0196] The sulfur contents in the first and second lubricating base oil
components will depend on the sulfur contents of the starting materials.
For example, when using a substantially sulfur-free starting material as
for synthetic wax components obtained by Fischer-Tropsch reaction, it
is possible to obtain a substantially sulfur-free lubricating base oil
component. When using a sulfur-containing starting material, such as
slack wax obtained by a lubricating base oil component refining
process or microwax obtained by a wax refining process, the sulfur
content of the obtained lubricating base oil component can potentially
be 100 ppm by mass or greater. From the viewpoint of further
improving the heat and oxidation stability and reducing sulfur, the
sulfur contents in the first and second lubricating base oil components
are preferably not greater than 10 ppm by mass, more preferably not
greater than 5 ppm by mass and even more preferably not greater than
3 ppm by mass.

[0197] From the viewpoint of cost reduction it is preferred to use slack
wax or the like as the starting material, in which case the sulfur
contents of the obtained lubricating base oil components are preferably
not greater than 50 ppm by mass and more preferably not greater than
10 ppm by mass. The sulfur content for the purpose of the invention
1s the sulfur content measured according to JIS K 2541-1996.

[0198] The preferred ranges for the nitrogen contents of the first and
second lubricating base oil components are the same preferred ranges
for the nitrogen content of the second lubricating base oil in the first
lubricating oil composition, and they will not be restated here.

[0199] The feed stock oils used for production of the first and second
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lubricating base oil components may include normal paraffing or
normal paraffin-containing wax. The feed stock oils may be mineral
oils or synthetic oils, or mixtures of two or more thereof.

[0200] The feed stock oil used for the second embodiment is preferably
a wax-containing starting material that boils in the range of lubricating
oils according to ASTM D86 or ASTM D2887. The wax content of
the feed stock oil is preferably between 50 % by mass and 100 % by
mass based on the total amount of the feed stock oil. The wax content
of the starting material can be measured by a method of analysis such
as nuclear magnetic resonance spectroscopy (ASTM D5292),
correlative ring analysis (n-d-M) (ASTM D3238) or the solvent method
(ASTM D3235).

[0201] The specific examples and preferred examples of the wax-
containing starting material are the same as for the wax-containing
starting material for the first embodiment, and will not be restated here.
[0202] The feed stock oil may be  subjected to
hydrocracking/hydroisomerization so that the obtained treated product
has a urea adduct value of not greater than 4 % by mass, a viscosity
index of 100 or higher and a kinematic viscosity at 100°C of at least
3.5 mm?/s and less than 4.5 mm?’/s, to obtain the first lubricating base
oll component. Also, the feed stock oil may be subjected to
hydrocracking/hydroisomerization so that the obtained treated product
has a urea adduct value of not greater than 4 % by mass, a viscosity
index of 120 or higher and a kinematic viscosity at 100°C of 4.5-20
mm?’/s, to obtain the second lubricating base oil component. The

hydrocracking/hydroisomerization step is not particularly restricted so
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conposition properties Kinematic viscosity (40C) mmR/s 26.69 34.21
27.08 27.11 Kinematic viscosity (100C) mm®/s 7.49 9.08 7.52 7.56
Viscosity index 272 264 269 271 NOACK evaporation (1h, 2500 %by
mass 18 19 18
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long as it satisfies the aforementioned conditions for the urea adduct
value, viscosity index and kinematic viscosity at 100°C of the obtained
treated product. A preferred hydrocracking/hydroisomerization step
according to the invention comprises:

a first step in which a normal paraffin-containing feed stock oil is
subjected to hydrotreatment using a hydrocracking catalyst,

a second step in which the treated product from the first step is
subjected to hydrodewaxing using a hydrodewaxing catalyst, and

a third step in which the treated product from the second step is
subjected to hydrorefining using a hydrorefining catalyst.

[0203] This hydrocracking/hydroisomerization step is the same as the
hydrocracking/hydroisomerization step for the first embodiment,
except for differences in the conditions to be satisfied by the desired
lubricating base oil component, and its explanation will not be repeated
here.

[0204] The contents of the first and second lubricating base oil
components in the lubricating base oil for the second lubricating oil
composition are not particularly restricted so long as the viscosity
index of the lubricating base oil is 100 or higher, the initial boiling
point is not higher than 400°C, the 90% distillation temperature is
470°C or higher and the difference between the 90% distillation
temperature and the 10% distillation temperature is at least 70°C, but
the content of the first lubricating base oil component is preferably 50-
90 % by mass, more preferably 55-85 % by mass and even more
preferably 65-75 % by mass and the content of the second lubricating

base oil component is preferably 10-50 % by mass, more preferably 15-
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45 % by mass and even more preferably 25-35 % by mass, based on the
total amount of the lubricating base oil.

[0205] The lubricating base oil of the second embodiment may consist
entirely of the first and second lubricating base oil components, or it
may further comprise a lubricating base oil component other than the
first and second lubricating base o0il components. When the
lubricating base oil of the second embodiment comprises a lubricating
base oil component other than the first and second lubricating base oil
components, the total content of the first and second lubricating base
oil components in the lubricating base oil of the second embodiment is
preferably 50 % by mass or greater, more preferably 60 % by mass or
greater and even more preferably 70 % by mass or greater.

[0206] There are no particular restrictions on the base oil used together
with the first and second lubricating base oil components, and
examples of mineral base oils include solvent refined mineral oils,
hydrocracked mineral oils, hydrorefined mineral oils and solvent
dewaxed base oils whose urea adduct values, viscosity indexes and/or
100°C kinematic viscosities do not satisfy the conditions for the first
and second lubricating base oil components.

[0207] As synthetic base oils there may be used the same synthetic
base oils as for the first embodiment.

[0208] The lubricating base oil of the second embodiment, comprising
the first and second lubricating base oil components, exhibits an
excellent viscosity-temperature characteristic and low-temperature
viscosity characteristic, while also having low viscous resistance and

stirring resistance and improved heat and oxidation stability and
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Base oil 1-2 100

frictional properties, making it possible to achieve an increased friction
reducing effect and thus improved energy savings. When additives
are included in the lubricating base oil of the invention, the functions of
the additives (improving heat and oxidation stability by antioxidants,
etc.) can be exhibited at a higher level.

[0209] The second lubricating oil composition according to the
invention comprises, as component (A), an ashless antioxidant
containing essentially no sulfur as a constituent element. Component
(A) is preferably a phenol-based or amine-based ashless antioxidant
containing no sulfur as a constituent clement.

[0210] Specific examples of phenol-based ashless antioxidants
containing no sulfur as a constituent element include 4,4'-
methylenebis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol),
4,4'-bis(2-methyl-6-tert-butylphenol), 2,2'-methylenebis(4-ethyl-6-tert-
butylphenol), 2,2'-methylenebis(4-methyl-6-tert-butylphenol), 4,4'-
butylidenebis(3-methyl-6-tert-butylphenol), 4,4'-isopropylidenebis(2,6-
di-tert-butylphenol), 2,2'-methylenebis(4-methyl-6-nonylphenol), 2,2'-
isobutylidenebis(4,6-dimethylphenol),  2,2'-methylenebis(4-methyl-6-
cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-
4-ethylphenol, 2.4-dimethyl-6-tert-butylphenol, 2,6-di-tert-o-

dimethylamino-p-cresol, 2,6-di-tert-butyl-4 (N,N'-
dimethylaminomethylphenol}, octyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, tridecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate], octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, octyl-3-(3,5-di-tert-butyl-4-
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hydroxyphenyl)propionate = and  octyl-3-(3-methyl-5-tert-butyl-4-
hydroxyphenyl)propionate. Among these are  preferred
hydroxyphenyl group-substituted esteric antioxidants that are esters of
hydroxyphenyl group-substituted fatty acids and C4-12 alcohols
((octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate,  octyl-3-(3-
methyl-5-tert-butyl-4-hydroxyphenyl)propionate and the like) and
bisphenol-based antioxidants, with hydroxyphenyl group-substituted
esteric antioxidants being more preferred. Phenol-based compounds
with a molecular weight of 240 or greater are preferred for their high
decomposition temperatures which allow them to exhibit their effects
even under higher-temperature conditions.

[0211] As specific amine-based ashless antioxidants containing no
sulfur as a constituent element there may be mentioned phenyl-o-
naphthylamine, alkylphenyl-o-naphthylamines, alkyldiphenylamines,
dialkyldiphenylamines, = N,N'-diphenyl-p-phenylenediamine,  and
mixtures of the foregoing. The alkyl groups in these amine-based
ashless antioxidants are preferably C1-20 straight-chain or branched
alkyl groups, and more preferably C4-12 straight-chain or branched
alkyl groups.

[0212] There are no particular restrictions on the content of component
(A), but it is preferably 0.01 % by mass or greater, more preferably
0.1 % by mass or greater, even more preferably 0.5 % by mass or
greater and most preferably 1.0 % by mass or greater, and preferably
not greater than 5 % by mass, more preferably not greater than 3 % by
mass and most preferably not greater than 2 % by mass, based on the

total amount of the composition. If the content of component {A) is
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less than 0.01 % by mass the heat and oxidation stability of the
lubricating oil composition will be insufficient, and in particular it may
not be possible to maintain superior cleanability for prolonged periods.
On the other hand, a content of component (A) exceeding 5 % by mass
will tend to reduce the storage stability of the Iubricating oil
composition.

[0213] In the second lubricating oil composition, a combination of 0.4-
2 % by mass of a phenol-based ashless antioxidant and 0.4-2 % by
mass of an amine-based ashless antioxidant, based on the total amount
of the composition, may be used in combination as component (A), or
most preferably, an amine-based ashless antioxidant may be used alone
at 0.5-2 % by mass and more preferably 0.6-1.5 % by mass, which will
allow excellent cleanability to be maintained for long periods.

[0214] The second lubricating oil composition comprises, as
component (B): (B-1) an ashless antioxidant containing sulfur as a
constituent element and (B-2) an organic molybdenum compound.
[0215] As (B-1) the ashless antioxidant containing sulfur as a
constituent element, there may be suitably used sulfurized fats and oils,
dihydrocarbyl polysulfide, dithiocarbamates, thiadiazoles and phenol-
based ashless antioxidants containing sulfur as a constituent element.

[0216] As examples of sulfurized fats and oils there may be mentioned

“oils such as sulfurized lard, sulfurized rapeseed oil, sulfurized castor oil,

sulfurized soybean oil and sulfurized rice bran oil; fatty acid disulfides
such as oleic sulfide; and sulfurized esters such as sulfurized methyl
oleate.

[0217] Olefin sulfides include those obtained by reacting C2-15 olefins
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or their 2-4mers with sulfidizing agents such as sulfur or sulfur chloride.
Examples of olefins that are preferred for use include propylene,
isobutene and diisobutene.

[0218] Specific preferred examples of dihydrocarbyl polysulfides
include dibenzyl polysulfide, di-tert-nonyl polysulfide, didodecyl
polysulfide, di-tert-butyl polysulfide, dioctyl polysulfide, diphenyl
polysulfide and dicyclohexyl polysulfide.

[0219] Specific preferred examples of dithiocarbamates include
compounds represented by the following formula (7) or (8).

[Chemical Formula 7]

[63]
w

R15 ||

\ |

{7)

N——C—FS——(CHy)e—5

O

f

R'ET
N/
\R18

[Chemical Formula §]

R'IQ |S
\N—C—SR21 (8)
R20

In formulas (7) and (8), R”, R'®, R", R'*, R" and R?® each separately
represent a C1-30 and preferably 1-20 hydrocarbon group, R*
represents hydrogen or a C1-30 hydrocarbon group and preferably
hydrogen or a C1-20 hydrocarbon group, e represents an integer of 0-4,
and f represents an integer of 0-6.

[0220] Examples of CI1-30 hydrocarbon groups include alkyl,
cycloalkyl, alkylcycloalkyl, alkenyl, aryl, alkylaryl and arylalkyl
groups.

[0221] Examples of thiadiazoles include 1,3,4-thiadiazole compounds,

1,2,4-thiadiazole compounds and 1,4,5-thiadiazole compounds.
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[0222] As phenol-based ashless antioxidants containing sulfur as a
constituent element there may be mentioned 4,4'-thiobis(2-methyl-6-
tert-butylphenol),  4,4'-thiobis(3-methyl-6-tert-butylphenol),  2,2'-
thiobis(4-methyl-6-tert-butylphenol),  bis(3-methyl-4-hydroxy-5-tert-
butylbenzyl)sulfide, bis(3,5-di-tert-butyl-4-hydroxybenzyl)sulfide, 2,2'-
thio-diethylenebis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]
and the like.

[0223] Dihydrocarbyl polysulfides, dithiocarbamates and thiadiazoles
are preferably used and dithiocarbamates are more preferably used as
component (B-1), from the viewpoint of achieving more excellent heat
and oxidation stability.

[0224] When (B-1) an ashless antioxidant containing sulfur as a
constituent element is used as component (B), there are no particular
restrictions on the content, but it is preferably 0.001 % by mass or
greater, more preferably 0.005 % by mass or greater and even more
preferably 0.01 % by mass or greater, and preferably not greater than
0.2 % by mass, more preferably not greater than 0.1 % by mass and
most preferably not greater than 0.04 % by mass, in terms of sulfur
element based on the total amount of the composition. If the content
is less than the aforementioned lower limit, the heat and oxidation
stability of the lubricating oil composition will be insufficient, and it
may not be possible to maintain superior cleanability for prolonged
periods. On the other hand, if it exceeds the aforementioned upper
limit the adverse effects on exhaust gas purification apparatuses by the
high sulfur content of the lubricating oil composition will tend to be

increased.
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[0225] The (B-2) organic molybdenum compounds that may be used as
component (B) include (B-2-1) organic molybdenum compounds
containing sulfur as a constituent element and (B-2-2) organic
molybdenum compounds containing no sulfur as a constituent element.
5 [0226] Examples of (B-2-1) organic molybdenum compounds
containing sulfur as a constituent element include organic molybdenum
complexes such as molybdenum dithiophosphates and molybdenum
dithiocarbamates.
[0227] Preferred examples of molybdenum dithiophosphates include,
10 specifically, = molybdenum  sulfide diethyl dithiophosphate,
molybdenum sulfide dipropyl dithiophosphate, molybdenum sulfide
dibutyl dithiophosphate, molybdenum sulfide dipentyl dithiophosphate,
molybdenum sulfide dihexyl dithiophosphate, molybdenum sulfide
dioctyl dithiophosphate, molybdenum sulfide didecyl dithiophosphate,
15 molybdenum sulfide didodecyl dithiophosphate, molybdenum sulfide
di(butylphenyl)dithiophosphate, molybdenum sulfide
di(nonylphenyl)dithiophosphate, oxymolybdenum sulfide diethyl
dithiophosphate, oxymolybdenum sulfide dipropyl dithiophosphate,
oxymolybdenum sulfide dibutyl dithiophosphate, oxymolybdenum
20 sulfide dipentyl dithiophosphate, oxymolybdenum sulfide dihexyl
dithiophosphate, oxymolybdenum sulfide dioctyl dithiophosphate,
oxymolybdenum sulfide didecyl dithiophosphate, oxymolybdenum
sulfide  didodecyl dithiophosphate, oxymolybdenum  sulfide
di(butylphenyl)dithiophosphate, oxymolybdenum sulfide
25 di(nonylphenyl)dithiophosphate (where the alkyl groups may be
straight-chain or branched, and the alkylphenyl groups may be bonded
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at any position of the alkyl groups), as well as mixtures of the
foregoing.  Also preferred as molybdenum dithiophosphates are
compounds with different numbers of carbon atoms and/or structural
hydrocarbon groups in the molecule.

[0228] As examples of preferred molybdenum dithiocarbamates there
may be mentioned, specifically, molybdenum sulfide diethyl
dithiocarbamate, molybdenum sulfide dipropyl dithiocarbamate,
molybdenum sulfide dibutyl dithiocarbamate, molybdenum sulfide
dipentyl dithiocarbamate, molybdenum sulfide dihexyl dithiocarbamate,
molybdenum sulfide dioctyl dithiocarbamate, molybdenum sulfide
didecyl dithiocarbamate, molybdenum  sulfide didodecyl
dithiocarbamate, molybdenum sulfide di(butylphenyl)dithiocarbamate,
molybdenum sulfide di(nonylphenyl)dithiocarbamate, oxymolybdenum
sulfide diethyl dithiocarbamate, oxymolybdenum sulfide dipropyl
dithiocarbamate, oxymolybdenum sulfide dibutyl dithiocarbamate,
oxymolybdenum sulfide dipentyl dithiocarbamate, oxymolybdenum
sulfide dihexyl dithiocarbamate, oxymolybdenum sulfide dioctyl
dithiocarbamate, oxymolybdenum sulfide didecyl dithiocarbamate,
oxymolybdenum sulfide didodecyl dithiocarbamate, oxymolybdenum
sulfide di(butylphenyl)dithiocarbamate and oxymolybdenum sulfide
di(nonylphenyl)dithiocarbamate (where the alkyl groups may be linear
or branched, and the alkyl groups may be bonded at any position of the
alkylphenyl groups), as well as mixtures of the foregoing. Also
preferred as molybdenum dithiocarbamates are compounds with
different numbers of carbon atoms and/or structural hydrocarbon

groups in the molecule.
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[0229] As other sulfur-containing organic molybdenum complexes
there may be mentioned complexes of molybdenum compounds (for
example, molybdenum oxides such as molybdenum dioxide and
molybdenum trioxide, molybdic acids such as orthomolybdic acid,
paramolybdic acid and (poly)molybdic sulfide acid, molybdic acid salts
such as metal salts or ammonium salts of these molybdic acids,
molybdenum sulfides such as molybdenum disulfide, molybdenum
trisulfide, molybdenum pentasulfide and polymolybdenum sulfide,
molybdic sulfide, metal salts or amine salts of molybdic sulfide,
halogenated molybdenums such as molybdenum chloride, and the like),
with sulfur-containing organic compounds (for example, alkyl
(thio)xanthates, thiadiazoles, mercaptothiadiazoles, thiocarbonates,
tetrahydrocarbylthiuram  disulfide,  bis(di(thio)hydrocarbyldithio
phosphonate)disulfide, organic (poly)sulfides, sulfurized esters and the
like), or other organic compounds, or complexes of sulfur-containing
molybdenum compounds such as molybdenum sulfide and molybdic
sulfide with alkenylsucciniimides.

[0230] Component (B) is preferably (B-2-1) an organic molybdenum
compound containing sulfur as a constituent element in order to obtain
a friction reducing effect in addition to improving the heat and
oxidation stability, with molybdenum dithiocarbamates being
particularly preferred.

[0231] As the (B-2-2) organic molybdenum compounds containing no
sulfur as a constituent element there may be mentioned, specifically,
molybdenum-amine complexes, molybdenum-succiniimide complexes,

organic acid molybdenum salts, alcohol molybdenum salts and the like,
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Base oil 2-1-2 Base 011 2-1-3 Feed stock oil WAX | WAX2 WAX3 Urea
adduct value, %by nmass 1.25 3.8 1.18 Proportionof nornal
paraffin-derived conponents in urea adduct, % by nass 2A 2.5 2.5 Base
oi | conposition (based on total base oil) Saturated conponents, % by
mass 00.8 99.6 99.6 Aronmatic conmponents, %by mass 0.1 0.3 0.2

Pol ar conpound . . .
P groups or carboxylic acids, with molybdenum bases such as

molybdenum oxides or molybdenum hydroxides, molybdenum
carbonates or molybdenum chlorides, mentioned above as examples for
the molybdenum-amine complexes.

5 [0236] Molybdenum salts of alcohols include salts of C1-24 alcohols
with the sulfur-free molybdenum compounds mentioned above for the
molybdenum-amine complexes, and the alcohols may be monohydric
alcohols, polyhydric alcohols, polyhydric alcohol partial esters or
partial ester compounds or hydroxyl group-containing nitrogen

10 compounds (alkanolamines and the like).
[0237] When a (B-2-2) organic molybdenum compound containing no
sulfur as a constituent element is used as component (B) it is possible
to increase the high-temperature cleanability and base number retention
of the lubricating oil composition, and this is preferred for maintaining
15 the initial friction reducing effect for longer periods, while
molybdenum-amine complexes are especially preferred among such
compounds.
[0238] The (B-2-1) organic molybdenum compound containing sulfur
as a constituent element and (B-2-2) organic molybdenum compound
20 containing no sulfur as a constituent element may also be used in
combination in the second lubricating oil composition.
[0239] When a (B-2) organic molybdenum compound is used as
component (B), there are no particular restrictions on the content, but it
is preferably 0.001 % by mass or greater, more preferably 0.005 % by
25 mass or greater and even more preferably 0.01 % by mass or greater,

and preferably not greater than 0.2 % by mass, more preferably not
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greater than 0.1 % by mass and most preferably not greater than 0.04 %
by mass, in terms of molybdenum element based on the total amount of
the composition. If the content is less than 0.001 % by mass the heat
and oxidation stability of the lubricating oil composition will be
insufficient, and in particular it may not be possible to maintain
superior cleanability for prolonged periods. On the other hand, if the
content of component (B-1) is greater than 0.2 % by mass the effect
will not be commensurate with the increased amount, and the storage
stability of the lubricating oil composition will tend to be reduced.
[0240] The second lubricating oil composition may consist entirely of
the lubricating base oil and components (A) and (B) described above,
but it may further contain the additives described below as nccessary
for further enhancement of function.

[0241] The second lubricating oil composition preferably also further
contains an anti-wear agent (or extreme-pressure agents) from the
viewpoint of greater enhancement of the antiwear property. As
extreme-pressure agents there are preferably used phosphorus-based
extreme-pressure agents and phosphorus/sulfur-based extreme-pressure
agents.

[0242] Phosphorus-based extreme-pressure agents include phosphoric
acid, phosphorous acid, phosphoric acid esters (including phosphoric
acid monoesters, phosphoric acid diesters and phosphoric acid triesters),
phosphorous acid esters (including phosphorous acid monoesters,
phosphorous acid diesters and phosphorous acid triesters), and salts of
the foregoing (such as amine salts or metal salts). As phosphoric acid

esters and phosphorous acid esters there may generally be used those
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100 100 Sul fur content, ppm by mass <l <10 <10 Nitrogen content, ppm
by mass <3 <3 <3 Kinematic viscosity (400, nrni/s 15.80 16.25 15.92
Kinematic viscosity (1000, m®/s 3.854 3.92 3.900 Viscosity index
141 142 142 Density (15C), g/cnB 0.8195 0.8188 0.8170 Pour point, C
-22.5

with C2-30 and preferably C3-20 hydrocarbon groups.
[0243] As phosphorus/sulfur-based extreme-pressure agents there may
be mentioned thiophosphoric acid, thiophosphorous acid,
thiophosphoric acid esters (including thiophosphoric acid monoesters,
5 thiophosphoric acid diesters and thiophosphoric acid triesters),
thiophosphorous acid esters (including thiophosphorous acid
monoesters, thiophosphorous acid diesters and thiophosphorous acid
triesters), salts of the foregoing, and zinc dithiophosphate. As
thiophosphoric acid esters and thiophosphorous acid esters there may

10 generally be used those with C2-30 and preferably C3-20 hydrocarbon
groups.

[0244] There are no particular restrictions on the extreme-pressure
agent content, but it is preferably 0.01-5 % by mass and more
preferably 0.1-3 % by mass based on the total amount of the

15 composition.

[0245] Particularly preferred among these extreme-pressure agents are
one or more compounds selected from among phosphorus compound
metal salts such as zinc dithiophosphates, zinc monothiophosphates and
zinc phosphates having C3-24 hydrocarbon groups.

20 [0246] Specific preferred examples of zinc dithiophosphates having
C3-24 hydrocarbon groups include zinc diisopropyldithiophosphate,
zinc diisobutyldithiophosphate, zine di-sec-butyldithiophosphate, zinc
di-sec-pentyldithiophosphate, zinc di-n-hexyldithiophosphate, zinc di-
sec-hexyldithiophosphate, zinc di-octyldithiophosphate, zinc di-2-

25 ethylhexyldithiophosphate, zinc di-n-decyldithiophosphate, zinc di-n-
dodecyldithiophosphate, zinc diisotridecyldithiophosphate, and any

87
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desired combinations of the foregoing.
[0247] Specific preferred examples of zinc monothiophosphates having
C3-24 hydrocarbon groups include zinc diisopropylmonothiophosphate,
zinc diisobutylmonothiophosphate, zinc di-sec-
5 butylmonothiophosphate, zinc di-sec-pentylmonothiophosphate, zinc
di-n-hexylmonothiophosphate, zinc di-sec-hexylmonothiophosphate,
Zine di-octylmonothiophosphate, ZIne di-2-
ethylhexylmonothiophosphate, zinc di-n-decylmonothiophosphate, zinc
di-n-dodecylmonothiophosphate, zinc diisotridecylmonothiophosphate,
10 and any desired combinations of the foregoing.
[0248] Specific preferred examples of phosphoric acid metal salts, such
as zinc phosphates having C3-24 hydrocarbon groups, include zinc
diisopropylphosphate, zinc diisobutylphosphate, =zinc di-sec-
butylphosphate, zinc di-sec-pentylphosphate, zinc di-n-hexylphosphate,
15 zinc di-sec-hexylphosphate, =zinc di-octylphosphate, zinc di-2-
ethylhexylphosphate, = zinc  di-n-decylphosphate, zinc  di-n-
dodecylphosphate, zinc diisotridecylphosphate, and any desired
combinations of the foregoing.
[0249] The content of such phosphorus compound metal salts is not
20 particularly restricted, but from the viewpoint of inhibiting catalyst
poisoning of the exhaust gas purification device, it is preferably not
greater than 0.2 % by mass, more preferably not greater than 0.1 % by
mass, even more preferably not greater than 0.08 % by mass and most
preferably not greater than 0.06 % by mass as phosphorus element
25 based on the total amount of the composition. From the viewpoint of

forming a metal salt of phosphoric acid that will exhibit a function and
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effect as an anti-wear additive, the content of the phosphorus
compound metal salt is preferably 0.01 % by mass or greater, more
preferably 0.02 % by mass or greater and even more preferably 0.04 %
by mass or greater as phosphorus element based on the total amount of
the composition. If the phosphorus compound metal salt content is
below the aforementioned lower limit, the antiwear property-improving
effect due to the addition will tend to be insufficient.

[0250] The second lubricating oil composition preferably further
contains a ashless dispersant from the viewpoint of cleanability and
sludge dispersibility. The ashless dispersant used may be any of the
same ashless dispersants mentioned for the first embodiment. The
ashless dispersant used for the second lubricating oil composition is
preferably a bis-type polybutenylsucciniimide and/or a derivative
thereof.

[0251] The weight-average molecular weight of the ashless dispersant
used in the second lubricating oil composition is preferably 3000 or
greater, more preferably 6500 or greater, even more preferably 7000 or
greater and most preferably 8000 or greater. With a weight-average
molecular weight of less than 3000, the molecular weight of the non-
polar polybutenyl groups will be low and the sludge dispersibility will
be poor, while the oxidation stability may be inferior due to a higher
proportion of amine portions of the polar groups, which can act as
active sites for oxidative degradation. From this viewpoint, the
nitrogen content of the ashless dispersant is preferably not greater than
3 % by mass, more preferably not greater than 2 % by mass, even more

preferably not greater than 1 % by mass, yet more preferably 0.1 % by
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6,000 1.0 % by nass Pour point depressant 6,000 7,900 6,700 [ 0358]
[ Tabl e 9] Base oil 2-2-1 Base oil 2-2-2 Feed stock oil WAXI WAX3
Urea adduct value, % by nass 0.55 0.45 Proportion of nornal

par af fi n-derived conponents in urea adduct, % by nass 0.5 0.3 Base
oi |l conposition (based on total base oil) Saturatedconponents, %y

mass 00.5 99.6
mass or greater and most preferably 0.5 % by mass or greater. On the

other hand, from the viewpoint of preventing reduction of the low-
temperature viscosity characteristic, the weight-average molecular
weight is preferably not greater than 20,000 and most preferably not
5 greater than 15,000. The weight-average molecular weight referred to
here is the weight-average molecular weight based on polystyrene, as
measured using a 150-CALC/GPC by Japan Waters Co., equipped with
two GMHHR-M (7.8 mmID x 30 cm) columns by Tosoh Corp. in
series, with tetrahydrofuran as the solvent, a temperature of 23°C, a
10 flow rate of 1 mL/min, a sample concentration of 1 % by mass, a
sample injection rate of 75 pL and a differential refractometer (RI) as

the detector.
[0252] The ashless dispersant content of the second lubricating oil
composition for an internal combustion engine according to the
15 invention is preferably 0.005 % by mass or greater, more preferably
0.01 % by mass or greater and even more preferably 0.05 % by mass or
greater, and preferably not greater than 0.3 % by mass, more preferably
not greater than 0.2 % by mass and even more preferably not greater
than 0.015 % by mass, as nitrogen element based on the total amount of
20 the composition. If the ashless dispersant content is not above the
aforementioned lower limit a sufficient effect on cleanability will not
be exhibited, while if the content exceeds the aforementioned upper
limit, the low-temperature viscosity characteristic and demulsifying
property will be undesirably impaired. When using an imide-based
25 succinate ashless dispersant with a weight-average molecular weight of

6500 or greater, the content is preferably 0.005-0.05 % by mass and
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Aromat i cconponents, %y mass 0.2 0.2 Pol ar conmpound conponents, % by
mass 0.3 0.2 Saturated conponents content (basedontotal saturated
conponents) Cyclic saturated conponents, % by nmass 20.0 16.8 Acyclic
saturated conponents, % by nmass 80.0 83.2 Acyclicsaturatedconponents
content (based on total acyclic saturated conponents) Normnal
2 g:]? ];th ”Spp:%%e ﬁs re(l)blgf O.I()ig)(g).%réla‘% i))r}smasoé) zlljs}l nlr‘[?ggsenlgl'ielﬁgr% bséjsle];iucgn the
total amount of the composition, from the viewpoint of exhibiting
sufficient sludge dispersibility and achieving an excellent low-
temperature viscosity characteristic.
5 [0253] When a boron compound-modified ashless dispersant is used,
the content is preferably 0.005 % by mass or greater, more preferably
0.01 % by mass or greater and even more preferably 0.02 % by mass or
greater, and preferably not greater than 0.2 % by mass and more
preferably not greater than 0.1 % by mass, as boron element based on
10 the total amount of the composition. If the boron compound-modified
ashless dispersant content is not above the aforementioned lower limit
a sufficient effect on cleanability will not be exhibited, while if the
content exceeds the aforementioned upper limit the low-temperature
viscosity characteristic and demulsifying property will both be
15 undesirably impaired.
[0254] The second lubricating o1l composition preferably contains an
ashless friction modifier to allow further improvement in the frictional
properties.  Specific examples, preferred examples and preferred
ranges for the content of ashless friction modifiers are the same as for
20 the first embodiment, and will not be repeated here.
[0255] The second lubricating oil composition preferably further
contains a metal-based detergent from the viewpoint of cleanability.
Specific examples and preferred examples for metal-based detergents
are the same as for the first embodiment, and will not be repeated here.

25 [0256] The metal-based detergent content of the second Iubricating oil

composition may be as desired, but it is preferably 0.1-10 % by mass,
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<l <1 Nitrogen content, ppm by nmass <3 <3 Kinematic viscosity (400,
nhs 30.83 32.2 Kinematic viscosity (100C), m2/s 6.072 6. 60
Vi scosity index 148 161 Density (15C), g/cnB 0.8260 0.8254 Pour

poi nt,

C-20 -12.5 Freezing point, C-21 -14 lodine value 0.02 0.02

Ani line point, C 128.5

10

15

20

25

more preferably 0.5-8 % by mass and most preferably 1-5 % by mass
based on the total amount of the composition. A content of greater
than 10 % by mass will produce no effect commensurate with the
increased addition, and is therefore undesirable.

[0257] The second lubricating oil composition preferably contains a
viscosity index improver to allow further improvement in the viscosity-
temperature characteristic. Viscosity index improvers include non-
dispersed or dispersed polymethacrylates, dispersed ethylene-a~olefin
copolymers and their hydrides, polyisobutylene and its hydride,
styrene-diene hydrogenated copolymers, styrene-maleic anhydride
ester copolymers and polyalkylstyrenes, among which non-dispersed
viscosity index improvers and/or dispersed viscosity index improvers
with weight-a\}erage molecular weights of not greater than 50,000,
preferably not greater than 40,000 and most preferably 10,000-35,000
are preferred. Of the viscosity index improvers mentioned above,
polymethacrylate-based viscosity index improvers are preferred from
the viewpoint of a superior low-temperature flow property.

[0258] The viscosity index improver content of the second lubricating
oil composition is preferably 0.1-15 % by mass and more preferably
0.5-5 % by mass based on the total amount of the composition. If the
viscosity index improver content is less than 0.1 % by mass, the
improving effect on the viscosity-temperature characteristic by its
addition will tend to be msufficient, while if it exceeds 10 % by mass it
will tend to be difficult to maintain the initial extreme-pressure
property for long periods.

[0259] If necessary in order to improve performance, other additives in
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131.2 Distillation properties, CI1BP, C 418.5 433.1 TIC, C 462.8
467.2 T50, C 495.2 493.3 T90, C 520.8 519.4 FBP, C 545.5 543.9 CCS
viscosity (-350, nPa.s 5,200 3,600 BF viscosity (400, nPa.s
>1, 000, 000 >1, 000, 000 MRV viscosity (400, nPa .s
addition to those mentioned above may be added to the second
lubricating oil composition, and such additives may include corrosion
inhibitors, rust-preventive agents, demulsifiers, metal deactivating
agents, pour point depressants, rubber swelling agents, antifoaming
5 agents, coloring agents and the like, either alone or in combinations of
two or more.
[0260] The examples of corrosion inhibitors, rust-preventive agents,
demulsifiers, metal deactivating agents and antifoaming agents are the
same as for the corrosion inhibitors, rust-preventive agents,
10 demulsifiers, metal deactivating agents and antifoaming agents used in
the first lubricating oil composition, and will not be repeated here.
[0261] Any publicly known pour point depressants may be selected as
pour point depressants depending on the properties of the lubricating
base oil, but preferred are polymethacrylates with weight-average
15 molecular weights of 1-300,000 and preferably 5-200,000.
[0262] As antifoaming agents there may be used any compounds
commonly employed as antifoaming agents for lubricating oils, and
examples include silicones such as dimethylsilicone and fluorosilicone.
Any one or more selected from these compounds may be added in any
20 desired amount,
[0263] As coloring agents there may be used any normally employed
compounds and in any desired amounts, although the contents will
usually be 0.001-1.0 % by mass based on the total amount of the
composition.
25 [0264] When such additives are added to a lubricating oil composition

of the invention, the contents will normally be selected in ranges of
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0. 3% ymassPour poi nt depr essant 0. 5% ymassPour poi nt depressant -
1. 0%ymassPour poi nt depr essant [ 0359] [Tabl e 10] Base oil 2-3
Base oil 2-4 Feed stock oil - Urea adduct value, % by mass 6.12 7.55
Proportion of normal paraffin-derived conponents in urea adduct, % by
mass

0.005-5 % by mass for corrosion inhibitors, rust-preventive agents and
demulsifiers, 0.005-1 % by mass for metal deactivating agents, 0.05-
1 % by mass for pour point depressants, 0.0005-1 % by mass for
antifoaming agents and 0.001-1.0 % by mass for coloring agents, based
5 on the total amount of the composition.
[0265] The second lubricating oil composition may include additives
containing sulfur as a constituent element, as explained above, but the
total sulfur content of the lubricating oil composition (the total of sulfur
from the lubricating base oil and additives) is preferably 0.05-0.3 % by

10 mass, more preferably 0.1-0.2 % by mass and most preferably 0.12-
0.18 % by mass, from the viewpoint of solubility of the additives and
of exhausting the base number resulting from production of sulfur
oxides under high-temperature oxidizing conditions.

[0266] The kinematic viscosity at 100°C of the second lubricating oil

15 composition will normally be 4-24 mm?/s, but from the viewpoint of
maintaining the oil film thickness which prevents seizing and wear and
the viewpoint of inhibiting increase in stirring resistance, it is
preferably 5-18 mm®/s, more preferably 6-15 mm?®/s and even more
preferably 7-12 mm?s.

20 [0267] The second lubricating oil composition having the construction
described above has excellent heat and oxidation stability, as well as
superiority in terms of viscosity-temperature characteristic, frictional
properties and low volatility, and exhibits an adequate long drain
property and energy savings when used as a lubricating oil for an

25 internal combustion engine, such as a gasoline engine, diesel engine,

oxygen-containing compound-containing fuel engine or gas engine for
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2.33 2.25 Base oil conposition (based on total base oil)

Sat ur at edconponent s, %oy mass 99.5 99.9 Aromati cconponents, %y nass
QA 0.1 Pol ar conpound conponents, % by nass 0.1 0 Saturated
conponent s content (basedontotal saturated conmponents) Cyclic
saturated conponents, % by ma mass 46.5 45.1 Acyclic saturated

conponents, % by mass 53.5 .5 . . .
P tvs?o—%vhee? vghlcllses, four-wheel vehicles, electric power generation,

ships and the like.
[0268]
[Third embodiment: Third lubricating oil composition]

5 The third lubricating oil composition comprises a lubricating base oil
having a urea adduct value of not greater than 4 % by mass and a
viscosity index of 100 or higher, and a poly(meth)acrylate having a
weight-average molecular weight of 200,000-400,000.

[0269] From the viewpoint of improving the low-temperature viscosity
10 characteristic without impairing the viscosity-temperature characteristic,
the urea adduct value of the lubricating base oil in the third lubricating
oil composition (hereinafter referred to as "lubricating base oil of the
third embodiment, or simply "lubricating base oil") must be not greater
than 4 % by mass as mentioned above, but it is preferably not greater
15 than 3.5 % by mass, more preferably not greater than 3 % by mass and
even more preferably not greater than 2.5 % by mass. The urea
adduct value of the lubricating base oil may even be 0 % by mass.
[0270] From the viewpoint of improving the viscosity-temperature
characteristic, the viscosity index of the lubricating base oil must be
20 100 or higher as mentioned above, but it is preferably 110 or higher,
more preferably 120 or higher, even more preferably 130 or higher and
most preferably 140 or higher.
[0271] The feed stock o1l used for production of the lubricating base oil
may include normal paraffins or normal paraffin-containing wax. The
25 feed stock oil may be a mineral oil or a synthetic oil, or a mixture of

two or more thereof. The normal paraffin content of the feed stock oil
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Acycl i csat urat edconponents content (based on total acyclic saturated
components) Normal paraffins, %by mass 0.1 0.1 |Isoparaffins, % by
mass 53.1 54.7 Sul fur content, ppmby mass <1 <1 Nitrogen content,
ppm by nmass <3 <3 Kinematic viscosity (400, mR/s 34.63 19.50

Ki nematic viscosity (1000, innR/s 6.303 4.282 Viscosity index 134

127 Density .(15C)., gj 0. 8403 0. 8350
nstty 1§ pre%era‘giycgg % gy mass or greater, more preferably 70 % by mass

or greater, even more preferably 80 % by mass or greater, yet more
preferably 90 % by mass or greater, even yet more preferably 95 % by
mass or greater and most preferably 97 % by mass or greater, based on
5 the total amount of the feed stock oil.
[0272] The feed stock oil used for the invention preferably is a wax-
containing starting material that boils in the range of lubricating oils
according to ASTM D&86 or ASTM D2887. The wax content of the
feed stock oil 1s preferably between 50 % by mass and 100 % by mass

10 based on the total amount of the feed stock oil. The wax content of
the starting material can be measured by a method of analysis such as
nuclear magnetic resonance spectroscopy (ASTM D5292), correlative
ring analysis (n-d-M) (ASTM D3238) or the solvent method (ASTM
D3235).

15 [0273] The specific examples and preferred examples of the wax-
containing starting material are the same as for the wax-containing
starting material for the first embodiment, and will not be restated here.
[0274] The lubricating base oil of the third embodiment may be
obtained through a step of hydrocracking/hydroisomerization of the

20 feed stock oil so as to obtain a treated product having a urea adduct
value of not greater than 4 % by mass and a viscosity index of 100 or
higher. The hydrocracking/hydroisomerization step is not particularly
restricted so long as it satisfies the aforementioned conditions for the
urea adduct value and viscosity index of the treated product. A

25 preferred hydrocracking/hydroisomerization step for the third

embodiment comprises:
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Pour point, C-12.5 -17.5 Freezing point. C -13 -20 | odine value 0.02
0.05 Aniline point, C 125.1 116.0 Distillation properties, CIBP, C
312 310 TIO C 425 390 150, C 473 430 T90, C 529 461

a first step in which a normal paraffin-containing feed stock oil is
subjected to hydrotreatment using a hydrocracking catalyst,
a second step in which the treated product from the first step is
subjected to hydrodewaxing using a hydrodewaxing catalyst, and
5 a third step in which the treated product from the second step is
subjected to hydrorefining using a hydrorefining catalyst.
[0275] This hydrocracking/hydroisomerization step is the same as the
hydrocracking/hydroisomerization step for the first embodiment,
except for differences in the conditions to be satisfied by the desired
10 lubricating base oil component, and its explanation will not be repeated
here.
[0276] The lubricating base oil of the third embodiment is not
restricted in terms of its other properties so long as the urea adduct
value and viscosity index satisfy their respective conditions, but the
15 lubricating base o0il of the invention preferably also satisfies the
conditions specified below.
[0277] The preferred range for the saturated component content in the
lubricating base oil of the third embodiment is the same as the
preferred range for the saturated component contents in the first and
20 second lubricating base oil components of the second embodiment, and
it will not be explained again here.
[0278] When the bottom fraction obtained from a fuel oil
hydrocracking apparatus is used as the starting material for the
lubricating base oil of the third embodiment, the obtained base oil will
25 have a saturated component content of 90 % by mass or greater, a

proportion of cyclic saturated components in the saturated components
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FBP, C 585 510 CCS viscosity (-35C), nPa.s 19, 200 6,800 BF viscosity
(-400), nPa.s MRV viscosity (-40C), nPa.s 0.3%ynmassPour poi nt
depressant 40,200 0.5%ynassPourpoi nt depressant 38, 000

1. 0%ymassPour poi nt depressant 43,000 [0360] 5<Preparation of

| ubricating oil conpositions>

of 30-50 % by mass, a proportion of acyclic saturated components in
the saturated components of 50-70 % by mass, a proportion of
1soparaffins in the lubricating base oil of 40-70 % by mass and a
viscosity index of 100-135 and preferably 120-130, but if the urea
5 adduct value satisfies the conditions specified above it will be possible
to drastically improve the effect of the invention and the low-
temperature viscosity characteristic while also achieving both anti-wear
and low-friction properties against soot contamination, and especially
to improve the low-temperature viscosity characteristic. When a slack
10 wax or Fischer-Tropsch wax having a high wax content (for example, a
normal paraffin content of 50 % by mass or greater) is used as the
starting material for the lubricating base oil of the third embodiment,
the obtained base oil will have a saturated component content of 90 %
by mass or greater, a proportion of cyclic saturated components in the
15 saturated components of 0.1-40 % by mass, a proportion of acyclic
saturated components in the saturated components of 60-99.9 % by
mass, a proportion of isoparaffins in the lubricating base oil of 60-
99.9 % by mass and a viscosity index of 100-170 and preferably 135-
160, but if the urea adduct value satisfies the conditions specified
20 above it will be possible to obtain a lubricating oil composition with
very excellent properties in terms of improving the low-temperature
viscosity characteristic while also achieving both anti-wear and low-
friction properties against soot contamination, and especially
improving the high viscosity index and low-temperature viscosity

25 characteristic.
[0279] The preferred ranges for %C,, %Cy, %Ca and the %Cp/%Cx
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For each of Exanples 2-1 to 2-7, one of base oils 2-1-1 to 2-1-3 was
bl ended wth one of base oils 2-2-1 to 2-2-2 for the conpositions
shown in Tables 11 and 12, and the followi ng additives were added to
the m xed base oils to prepare SAEON 30 grade |ubricating oi

10conposi tions having the conpositions shown in Tables 11 and 12. For

bl endod ?Fr%?%&y@xq%%%'aﬁigﬁseﬁ@; %%E:hae dow cmeodmentiaie %é%m“@s
ended W heluprisah | .
éf’glpii‘e | ubrhE Rl ?arbé%%??%ﬁiﬁo uf@l@/#;i gﬁaqﬁﬁ%ﬁﬁﬁm@ﬁ i
T 13. T i : i i i i .
Scomposi 1 oL SOFRAHRS bfSe if ol Ml PG ernBBRLERNL 28 lere e arinot

cont ai ni ng f constituent elenment) Al:
Al kyl di pheny a%ﬂﬁg%&ﬁé@tyl-B (3

, 5-di - d : L :
Istert gﬁﬁgbﬂ WY rtﬁgﬁ%bﬁfrié@l% PEARERN A Rine Valf.le,rrén aﬁg&ltgg}' gaglrﬂ .

ant i oxi dant s cont ai ni hg as a constituent ele

nol ybdenum qﬁ%g%ﬁdéoﬁlkehgﬁgﬁs E@??@i%%ﬂ@érﬁ‘l S f iM %C@gggaimem

29.4 % by mass) B2: Mdly ecyl am ne conpl e enum

content: 10.H4W¥ the 5@mne)prefdired Yaabesd@8nthe) arbatatic PoAtdnt! #ddige value,
phosphat e (phosphorus content: 8.8 % by nmass) C2: Zinc

di al kyl di t hiseipfursedreteat Gpiasipfpienscemehedf:thé. Brstodid sesmd Ribsidating
group: mxture of secondary butyl group or secondary hexyl group)

(Ashl ess di dmsesabicongtdientPalfythet sryhdusmbodimedt 4l svitlylkewise not
wei ght - average nol ecul ar wei ght: 8,500, nitrogen content: 0.65 % by
massh0 ( Ashl dwsrepeatad berenodi fier) El: G ycerin fatty acid ester
(trade nane. M)50 by Kao Corp.) (Other additives) 25F: Package .
cont ai ni ng L&} ddisekinematigenscosiiysabod PO i afade ubpientimg basupil of
poi nt depressant.and antjfoam.ng agent. _[0361] rictional property
bval uat | on tBetthid PRBOCmenG ds Pﬁ@lgﬁ‘égbh/cl)épg imﬁz% agfl wwrégerqﬁ}y
and Conpar at4 Exanpl es 1-5.were nmeasured for frictional coefficient
bet ween a stjegTell gOpL/§- a#d PgmathWWoéﬂVeét p‘r@ﬁi(ﬁg?‘?WP’étt 8R 13
tester. The test eonditiqgns re.a load. of 50N,.a tepperature of 80C,
2 stroke of My Fer e hTeatfis bdse A hat Bifelra BRRLTRY sGartinsny
and te dat : i NyA:.C d FlChi l.
coert] o ent AUy BelBhGEs oy ORI PSR Fo PERABT NP SeldAS befETn
during the 4ggfintiikinematic viscosity at 100°C of greater than 20 mm?%s, the
yield will be reduced and it will be difficult to increase the cracking
severity even when using a heavy wax as the starting material.
[0282] According to the third embodiment, a lubricating base oil
20 having a kinematic viscosity at 100°C in one of the following ranges is
preferably used after fractionation by distillation or the like.
(I) A lubricating base oil with a kinematic viscosity at 100°C of at least
1.5 mm?%/s and less than 3.5 mm?/s, and more preferably 2.0-3.0 mm?s.
(IT) A lubricating base oil with a kinematic viscosity at 100°C of at
25 least 3.0 mm®/s and less than 4.5 mm?/s, and more preferably 3.5-4.1

mm>/s.
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10by the | oad. The results are shown in Tables 7 to 9. [0362]
[Frictional property evaluation test Il] The lubricating oil
conpositions of Exanples 1-7 and Conparative Exanples 1-5 were
measured for frictional coefficient at roomtenperature, under
conditions with a slip factor of 50% and a contact 15pressure of 0.50

it wzci.esxfmavﬁ@%“n%@@@ LG hb RSB B B i
mass) Base ) AURTS T e?ef?’efgxaabqﬁa{@ b s 580" B8st HastedaRly’ S0
2-1-3 mm /s.
[0283] The kinematic viscosity at 40°C of the lubricating base oil of
5 the third embodiment is preferably 6.0-80 mm?%/s and more preferably
8.0-50 mm*/s. According to the invention, a lube-oil distillate having
a kinematic viscosity at 40°C in one of the following ranges is
preferably used after fractionation by distillation or the like.
(IV) A lubricating base oil with a kinematic viscosity at 40°C of at
10 least 6.0 mm?/s and less than 12 mm?/s, and more preferably 8.0-12
mm?/s.
(V) A lubricating base oil with a kinematic viscosity at 40°C of at least
12 mm?/s and less than 28 mm®/s, and more preferably 13-19 mm®s.
(VI) A lubricating base oil with a kinematic viscosity at 40°C of 28-50
15 mm?/s, more preferably 29-45 mm?/s and most preferably 30-40 mm?s.
[0284] The lubricating base oils (I) and (IV), having a urea adduct
value and viscosity index satisfying the respective conditions specified
above, can achieve high levels of both viscosity-temperature
characteristic and low-temperature viscosity characteristic compared to
20 conventional lubricating base oils of the same viscosity grade, and in
particular they have an excellent low-temperature viscosity
characteristic, and the viscous resistance or stirring resistance can be
notably reduced. Moreover, by including a pour point depressant it is
possible to lower the BF viscosity at -40°C to below 2000 mPa's. The
25 BF viscosity at -40°C is the viscosity measured according to JPI-5S5-26-
99.
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Base oil 2-2-1 30 30 30 Base oil 2-2-2 30 Physi cal properties of
m xed base oil Kinematic viscosity (40C), mm®/s Kinematic viscosity
(100C), m/s Viscosity index 19.86 4.520 147 19.28 4.402 143 19. 86
4.520 147 19.17 4.419 147 Distillation properties IBP, CT5, CTIQ
C 150, C 790, C FBP, C 374.3 395.6 405.7 443.3 496.6 562.2 374.5

.4 405.8 4 486 32,4 . .
396 05 [6%%5] Tzﬁw lu%r?catlng base oils (II) and (V) having urea adduct values

and viscosity indexes satisfying the respective conditions specified
above can achieve high levels of both the viscosity-temperature
characteristic and low-temperature viscosity characteristic compared to
5 conventional lubricating base oils of the same viscosity grade, and in
particular they have an excellent low-temperature viscosity
characteristic, and superior lubricity and low volatility. For example,
with lubricating base oils (II) and (V) it is possible to lower the CCS
viscosity at -35°C to not greater than 3000 mPa's and preferably not
10 greater than 2000 mPa-s. Moreover, by including a pour point
depressant it 1s possible to lower the MRV viscosity at -40°C to not
greater than 10,000 mPa's and preferably not greater than 8000 mPa-s.
[0286] The lubricating base oils (III) and (VI), having urea adduct
values and viscosity indexes satisfying the respective conditions
15 specified above, can achieve high levels of both the viscosity-
temperature characteristic and low-temperature viscosity characteristic
compared to conventional Jubricating base oils of the same viscosity
grade, and in particular they have an excellent low-temperature
viscosity characteristic, and superior heat and oxidation stability,
20 lubricity and low volatility.
[0287] The pour point of the lubricating base oil of the third
embodiment will depend on the viscosity grade of the lubricating base
oil, and for example, the pour point for the lubricating base oils (I) and
(IV) is preferably not higher than -10°C, more preferably not higher
25 than -12.5°C and even more preferably not higher than -15°C. The
pour point for the lubricating base oils (II) and (V) is preferably not
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3743 395.6 405.7 443.3 496.6 562. 2 3743 395.4 405.2 443.1 496.2 561.8
Lubricatingoil conmposition (% by nass) Base oil remai nder remai nder
remai nder renmainder A 1.0 1.0 1.0 1.0 BI 0.3 B2 (as Mb) 0.01
0.01 0.01
higher than -10°C, more preferably not higher than -15°C and even
more preferably not higher than -17.5°C. The pour point for the
lubricating base oils (IIT) and (VI) is preferably not higher than -10°C,
more preferably not higher than -12.5°C and even more preferably not
5 higher than -15°C. If the pour point exceeds the upper limit specified
above, the low-temperature flow properties of lubricating oils
employing the lubricating base oils will tend to be reduced. The pour
point for the purpose of the invention is the pour point measured
according to JIS K 2269-1987.
10 [0288] The CCS viscosity at -35°C of the lubricating base oil of the
third embodiment will depend on the viscosity grade of the lubricating
base oil, but the CCS viscosity at -35°C for the lubricating base oils (I)
and (IV) mentioned above, for example, is preferably not greater than
1000 mPa's. Also, the CCS viscosity at -35°C of the lubricating base
15 oils (II) and (V) is preferably not greater than 3000 mPa-s, more
preferably not greater than 2400 mPa-s, even more preferably not
greater than 2000 mPa-s, yet more preferably not greater than 1800
mPa-s, even yet more preferably not greater than 1600 mPa-s, and most
preferably not greater than 1500 mPa's. The CCS viscosity at -35°C
20 for the lubricating base oils (IIT) and (V1) is preferably not greater than
15,000 mPa-s and more preferably not greater than 10,000 mPa's. If
the CCS viscosity at -35°C exceeds the upper limit specified above, the
low-temperature flow properties of lubricating oils employing the
lubricating base oils will tend to be reduced.
25 [0289] The BF viscosity at -40°C of the lubricating base oil of the third

embodiment will depend on the viscosity grade of the lubricating base
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oil, but the -40°C BF viscosities of the lubricating base oils (I) and (IV),
for example, are preferably not greater than 10,000 mPa-s, more
preferably not greater than 8000 mPa-s, and even more preferably not
greater than 6000 mPa's. The -40°C BF viscosities of the lubricating
base oils (II} and (V) are preferably not greater than 1,500,000 mPa-s
and more preferably not greater than 1,000,000 mPa's. If theBF
viscosity at -40°C exceeds the upper limit specified above, the low-
temperature flow properties of lubricating oils employing the
lubricating base oils will tend to be reduced.

[0290] The density at 15°C (p;s) (g/cm’) of the lubricating base oil of
the third embodiment will also depend on the viscosity grade of the
lubricating base oil, but it is preferably not greater than the value of p
as represented by the following formula (ii), i.e., p;s <p.

p=0.0025 x kv100+0.816 (ii)

[In this equation, kv100 represents the kinematic viscosity at 100°C
(mm?/s) of the lubricating base oil.]

[0291] If pl15 >p, the viscosity-temperature characteristic, heat and
oxidation stability, low wvolatility and low-temperature viscosity
characteristic of the lubricating base oil will tend to be reduced, while
the efficacy of additives when added to the lubricating base oil will
also tend to be reduced.

[0292] For example, the value of p;s for lubricating base oils (I) and
(IV) is preferably not greater than 0.825 g/cm’ and more preferably not
greater than 0.820 g/cm’. The value of p;s for lubricating base oils
(I) and (V) is preferably not greater than 0.835 g/cm® and more
preferably not greater than 0.830 g/cm’. The value of pis for
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8.0 8.0 Physical properties oflubricatingoil conposition Sulfur
content, % by mass 0.01 0.14 0.91 0.14 Phosphorus content, % by mass
0.08 0.07 0.07 0.07 Kinematic viscosity (1000, nmm/s 10.23 10.99
10. 28 10.18 Acid nunber, ngKOH g 2.4 2.4 2.3 2.4
lubricating base oils (III) and (V1) is preferably not greater than 0.840
g/cm’ and more preferably not greater than 0.835 g/cm’,
[0293] The density at 15°C for the purpose of the invention is the
density measured at 15°C according to JIS K 2249-1995.

5 [0294] The aniline point (AP (°C)) of the lubricating base oil of the
third embodiment will also depend on the viscosity grade of the
lubricating base oil, but it is preferably greater than or equal to the
value of A as represented by formula (i) explained for the second
embodiment, i.e., AP =A.

10 [0295] The AP for the lubricating base oils (I) and (IV) is preferably
108°C or higher and more preferably 110°C or higher. | The AP for the
lubricating base oils (II) and (V) is preferably 113°C or higher and
more preferably 119°C or higher. Also, the AP for the lubricating
base oils (III) and (VI) is preferably 125°C or higher and more

15 preferably 128°C or higher.

[0296] The distillation properties of the lubricating base oil of the third
embodiment are preferably an initial boiling point (IBP) of 290-440°C
and a final boiling point (FBP) of 430-580°C in gas chromatography
distillation, and rectification of one or more fractions selected from

20 among fractions in this distillation range can yield lubricating base oils
(D-(III) and (IV)-(VI) having the aforementioned preferred viscosity
ranges.

[0297] For the distillation properties of the [ubricating base oils (I) and
(IV), for example, the initial boiling point (IBP) is preferably 260-

25 340°C, more preferably 270-330°C and even more preferably 280-

320°C. The 10% distillation temperature (T10) is preferably 310-
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Base nunber, noKOH g 5.9 5.9 5.8 5.9 CCS viscosity (-35C, nPa-s
5,350 5,500 5,400 5,800 MRV viscosity (-40C), nP.s 17,000 17, 800
16,800 18,300 Frictional properties 1 0.085 0.078 0.082 0.080

Frictional
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properties Il 0.025 0.022

390°C, more preferably 320-380°C and even more preferably 330-
370°C. The 50% running point (T50) is preferably 340-440°C, more
preferably 360-430°C and even more preferably 370-420°C. The
90% running point (T90) is preferably 405-465°C, more preferably
415-455°C and even more preferably 425-445°C. The final boiling
point (FBP) is preferably 430-490°C, more preferably 440-480°C and
even more preferably 450-490°C. T90-T10 is preferably 60-140°C,
more preferably 70-130°C and even more preferably 80-120°C. FBP-
IBP is preferably 140-200°C, more preferably 150-190°C and even
more preferably 160-180°C. TI10-IBP is preferably 40-100°C, more
preferably 50-90°C and even more preferably 60-80°C. FBP-T90 is
preferably 5-60°C, more preferably 10-55°C and even more preferably
15-50°C.

[0298] For the distillation properties of the lubricating base oils (II)
and (V), the initial boiling point (IBP) is preferably 310-400°C, more
preferably 320-390°C and even more preferably 330-380°C. The
10% distillation temperature (T10) is preferably 350-430°C, more
preferably 360-420°C and even more preferably 370-410°C. The
50% running point (T50) is preferably 390-470°C, more preferably
400-460°C and even more preferably 410-450°C. The 90% running
point (T90) is preferably 420-490°C, more preferably 430-480°C and
even more preferably 440-470°C. The final boiling point (FBP) is
preferably 450-530°C, more preferably 460-520°C and even more
preferably 470-510°C.  T90-T10 is preferably 40-100°C, more
preferably 45-90°C and even more preferably 50-80°C., FBP-IBP is
preferably 80-170°C, more preferably 100-160°C and even more
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0.025 0.020 [0364] [Table 12] Exanpl e
Lubricating base oil (% by nass) Base oil
70 Base oil 2-1-3 - 70 Base oil 2-2-1

5 Exanpl e 2-6 Exanple 2-7
1-1 Base oil 2-1-2 70

2.

2.
preferably 120-150°C. T10-IBP is preferably 5-60°C, more
preferably 10-55°C and even more preferably 15-50°C. FBP-T90 is
preferably 5-60°C, more preferably 10-55°C and even more preferably
15-50°C.

5 [0299] For the distillation properties of the lubricating base oils (III)
and (VI), the initial boiling point (IBP) is preferably 440-480°C, more
preferably 430-470°C and even more preferably 420-460°C. The
10% distillation temperature (T10) is preferably 450-510°C, more
preferably 460-500°C and even more preferably 460-480°C. The

10 50% running point (T50) is preferably 470-540°C, more preferably
480-530°C and even more preferably 490-520°C. The 90% running
point (T90) is preferably 470-560°C, more preferably 480-550°C and
even more preferably 490-540°C. The final boiling point (FBP) is
preferably 505-565°C, more preferably 515-555°C and even more

15 preferably 525-565°C.  T90-T10 1is preferably 35-80°C, more
preferably 45-70°C and even more preferably 55-80°C. FBP-IBP is
preferably 50-130°C, more preferably 60-120°C and even more
preferably 70-110°C. T10-IBP is preferably 5-65°C, more preferably
10-55°C and even more preferably 10-45°C. FBP-T90 is preferably

20 5-60°C, more preferably 5-50°C and even more preferably 5-40°C.
[0300] By setting IBP, T10, T50, T90, FBP, T90-T10, FBP-IBP, T10-
IBP and FBP-T90 within the preferred ranges specified above for
lubricating base oils (I)-(VI), it is pbssible to further improve the low
temperature viscosity and further reduce the evaporation loss. If the

25 distillation ranges for T90-T10, FBP-IBP, T10-IBP and FBP-T90 are

too narrow, the lubricating base oil yield will be poor resulting in low
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- Base oi |

2-2-2 30 30 30 Physical properties of m xed base oil

Ki nematic viscosity (40C), mR/s Kinematic viscosity (1000, mn2/s
Viscosity index 19.26 4.485 152 1916 4.485 152 16.68 4.53 150
Distillation properties IBP, CT5, CTIO C T50, C T90, C FBP, C
374.5 396.3 406.0 443.5 485.8 533.8 374.5 396.3 406.0 443.5 485.8
533.8 374.5 396.2 406.1 443.3 485.2 534.2 Lubricatingoil conposition
(% by mass) WE&SWIRY! remai nder remai nder remai nder
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[0301] The lubricating base oil in the third lubricating oil composition
may be composed entirely of the lubricating base oil of the third
embodiment (that is, a lubricating base oil component having a urea
adduct value of not greater than 4 % by mass and a viscosity index of
100 or higher), but it may further comprise a mineral base oil or
synthetic base oil other than the lubricating base oil, or a desired
mixture of two or more lubricating base oils selected from among the
foregoing. However, when the lubricating base oil of the third
embodiment is used together with another lubricating base oil
component, the proportion of the other lubricating base oil component
is preferably no more than 90 % by mass based on the total amount of
the lubricating base oil.

[0302] That is, when a mixed base o0il comprising the lubricating base
oil of the third embodiment and another lubricating base oil is used, the
content ratio of the lubricating base oil of the third embodiment is
preferably 10-100 % by mass, more preferably 30 % by mass or greater,
even more preferably 50 % by mass or greater, yet more preferably
70 % by mass or greater and most preferably 80 % by mass or greater,
based on the total amount of the mixed base oil.  If the content ratio is
less than 10 % by mass, it may not be possible to obtain the necessary
low-temperature viscosity and fuel efficiency performance.

[0303] There are no particular restrictions on the other lubricating base
oil, and examples of mineral base oils include solvent refined mineral
oils, hydrocracked mineral oils, hydrorefined mineral oils and solvent

dewaxed base oils having 100°C kinematic viscosities of 1-100 mm?/s.
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4.0 4.0

[0304] As synthetic base oils there may be used the same synthetic
base oils mentioned as examples for the first embodiment.

[0305] The third lubricating oil composition also comprises a
poly(meth)acrylate with a weight-average molecular weight of
200,000-400,000 (hereinafter referred to as "poly(meth)acrylate of the
third embodiment").

[0306] The weight-average molecular weight (Mw) of the
poly(meth)acrylate of the third embodiment must be 200,000-400,000,
and it is preferably 225,000-375,000 and even more preferably
275,000-325,000. 1If the weight-average molecular weight is less than
200,000, the effect of tmproving the viscosity index will be minimal,
not only resulting in inferior fuel efficiency and low-temperature
viscosity characteristics but also potentially increasing cost, while if the
weight-average molecular weight is greater than 400,000 the shear
stability, solubility in the base oil and storage stability may be impaired.
[0307] The PSSI (Permanent Shear Stability Index) of the
poly(meth)acrylate of the third embodiment is preferably not greater
than 80, more preferably 5-60, even more preferably 20-55, yet more
preferably 30-50 and most preferably 35-45. If the PSSI exceeds 80,
the shear stability may be impaired. If the PSSI is less than 5, not
only will the viscosity index-improving effect will be low and the fuel
efficiency and low-temperature viscosity characteristic inferior, but
cost may also increase.

[0308] The ratio of the weight-average molecular weight and number-
average molecular weight (Mw/M,) of the poly(meth)acrylate of the
third embodiment is preferably 0.5-5.0, more preferably 1.0-3.5, even
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4.0 H

4.0 4.0 4.0 Fl 8.0 8.0 8.0 Physical properties of

| ubricating oil conposition Sulfur content, % by mass 0.01 0.87 0.14
Phosphorus content, % by mass 0.08 0.08 0.07 Kinematic viscosity

(1000),

10

15

20

m2/s 10.59 10.20 10.14 Acid nunber, ngKOH g

more preferably 1.5-3 and most preferably 1.7-2.5. If the ratio of the
weight-average molecular weight and number-average molecular
weight is less than 0.5 or greater than 5.0, not only will the solubility in
the base oil and the storage stability be impaired, but potentially the .
viscosity-temperature characteristic will be reduced and the fuel
efficiency lowered.

[0309] The ratio of the weight-average molecular weight and PSSI
(Myw/PSSI) of the poly(meth)acrylate of the third embodiment is
preferably not greater than 2.5 x 10*, more preferably less than 1 x 10%,
even more preferably not greater than 0.9 x 10 and preferably at least
0.5 x 10*. If My/PSSI is less than 1 x 10* it will be possible to further
increase the baking resistance and antiwear property.

[0310] The poly(meth)acrylate of the third embodiment preferably
comprises one or more {meth)acrylate structural units represented by
the following formula (9) as a structural unit. Such a

poly(meth)acrylate may be non-dispersed or dispersed, but is more

preferably dispersed.
[Chemical Formula 9]
- -
C—CH,
(9)
c=—o0
O—R2

[In formula (9), R* represents hydrogen or methyl and R* represents a
C1-50 straight-chain or branched hydrocarbon group.]
[0311] R® in the structural unit represented by formula (9) is a C1-50

straight-chain or branched hydrocarbon group, as mentioned above,
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2.4 2.3 2.3 Base nunber, moKOH g 5.9 5.8 5.8 CCS viscosity (-350),
I nPa.s 6,500 6,700 7,300 MRV viscosity (-40C, nP.s 20,300 20,900
22,000 Frictional properties 1 0.072 0.077 0.74 Frictional
properties Il 0.018 0.019 0.19
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and it is preferably a C1-30 straight-chain or branched hydrocarbon,
more preferably a C1-20 straight-chain or branched hydrocarbon and
even more preferably a C1-15 straight-chain hydrocarbon group.

[0312] The poly(meth)acrylate of the third embodiment may be
obtained by copolymerization of any (meth)acrylate monomer or any
olefin or the like, so long as it has a (meth)acrylate structural unit
represented by formula (9).

[0313] Any monomer may be polymerized to obtain the
poly(meth)acrylate of the third embodiment, but such a monomer is
preferably one represented by the following formula (10) (hereunder,
"monomer (M-3-1)"), for example. The {co)polymer with monomer
(M-3-1) is a "non-dispersed" poly(meth)acrylate.

[Chemical Formula 10]

R22

/
CH2:C\ (10)
C—Q——R%*

[In formula (10), R* represents hydrogen or methyl and R* represents
a C1-50 straight-chain or branched hydrocarbon group.]

[0314] Preferred examples for monomer (M-3-1) include alkyl
(meth)acrylates having C1-30 straight-chain or branched alkyl groups,
preferably C1-20 straight-chain alkyl groups, and specifically methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl
(meth)acrylate, pentyl (meth)acrylate, hexyl (meth)acrylate, heptyl
(meth)acrylate, octyl (meth)acrylate, nonyl (meth)acrylate, decyl
(meth)acrylate, undecyl (meth)acrylate, dodecyl (meth)acrylate,
tridecyl (meth)acrylate, tetradecyl (meth)acrylate, pentadecyl
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0365] [Table 13] Comp. Ex. Conp. Ex. Conp. Ex. Conp. Ex. Conp. Ex. 2-1

3 2-4 2-5 Lubricatingbase Base oil 2-1-1 70 70 oi | Base oil
30

[ 0365
2-2 2
2-2-1
(meth)acrylate, hexadecyl (meth)acrylate, heptadecyl (meth)acrylate,
octadecyl (meth)acrylate and the like (where the alkyl groups are
preferably straight-chain alkyl groups), more preferably monomers
comprising methyl methacrylate, dodecyl methacrylate, tridecyl
5 methacrylate, tetradecyl methacrylate and pentadecyl methacrylate, and
most preferably monomers having methyl methacrylate, n-dodecyl
methacrylate, n-tridecyl methacrylate, n-tetradecyl methacrylate or n-
pentadecyl methacrylate as the main structural unit.
[0315] As other monomers to be polymerized to obtain the
10 poly(meth)acrylate of the third embodiment, there are preferred one or
more selected from among monomers represented by the following
formula (11) (hereunder, "monomer (M-3-2)") and monomers
represented by the following formula (12) (hereunder, "monomer (M-
3-3)"). The (co)polymer with monomer (M-3-2) and/or a monomer
15 comprising (M-3-3) is a "dispersed" poly(meth)acrylate.  The
dispersed poly(meth)acrylate preferably comprises monomer (M-3-1)
as a constituent monomer.

[0316] [Chemical Formula 11]
R24

/
CH2=C\ (11)
ﬁ—--O-——--(R%)E,-——E3
O

20 [In general formula (11), R* represents hydrogen or methyl, R*
represents a C1-18 alkylene group, E’ represents an amine residue or
heterocyclic residue containing 1-2 nitrogen atoms and 0-2 oxygen
atoms, and a is 0 or 1.]

[0317] Specific examples of C1-18 alkylene groups represented by R
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30 (% by nmass) Base oil 2-3 30 30 30 Base oil 2-4 70 70 70
Physi cal properties Kinematic viscosity (40C), mn2/s 19.89 19. 89
21.48 21.48 22.25 of m xed base oil Kinematic viscosity (100C), mm2/s
4.457 4.457 4.587
include ethylene, propylene, butylene, pentylene, hexylene, heptylene,
octylene, nonylene, decylene, undecylene, dodecylene, tridecylene,
tetradecylene, pentadecylene, hexadecylene, heptadecylene and
octadecylene (which alkylene groups may be straight-chain or
5 branched).
[0318] Specific examples of groups represented by E’ include
dimethylamino, diethylamino, dipropylamino, dibutylamino, anilino,
toluidino, xylidino, acetylamino, benzoylamino, morpholino, pyrrolyl,
pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl, piperidinyl, quinonyl,
10 pyrrolidonyl, pyrrolidono, imidazolino and pyrazino.
[0319] [Chemical Formula 12]

R26

CH2=C< (12)

4
[In general formula (12), R* represents hydrogen or methyl and E'
represents an amine residue or heterocyclic residue containing 1-2

15 nitrogen atoms and 0-2 oxygen atoms.]

[0320] Specific examples of groups represented by E' include
dimethylamino, diethylamino, dipropylamino, dibutylamino, anilino,
toluidino, xylidino, acetylamino, benzoylamino, morpholino, pyrrolyl,
pyrrolino, pyridyl, methylpyridyl, pyrrolidinyl, piperidinyl, quinonyl,
20 pyrrolidonyl, pyrrolidono, imidazolino and pyrazino.
[0321] Specific preferred examples for monomers (M-3-2) and (M-3-3)
include dimethylaminomethyl methacrylate, diethylaminomethyl
methacrylate, dimethylaminoethyl methacrylate, diethylaminoethyl
methacrylate, 2-methyl-5-vinylpyridine, morpholinomethy]
25 methacrylate, morpholinoethyl methacrylate, N-vinylpyrrolidone, and
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4.587 4.638
properties
396.9 377.1
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Viscosity index 140 140 132 132 127 Distillation
1BP, C 372.9 372.9 323.6 323.6 322.2 T5, C 396.9

mixtures of the foregoing.

[0322] Any production process may be employed for the
poly(meth)acrylate of the third embodiment, and for example, it can be
easily obtained by radical solution polymerization of a mixture of
monomers (M-3-1)-(M-3-3) in the presence of a polymerization
1nitiator such as benzoyl peroxide.

[0323] The poly(meth)acrylate of the third embodiment is most
preferably a dispersed polymethacrylate obtained by copolymerization
of a monomer having methyl methacrylate, n-dodecyl methacrylate, n-
tridecyl methacrylate, n-tetradecyl methacrylate or n-pentadecyl
methacrylate as the main structural unit, and one or more monomers
selected from among monomers (M-3-2) and (M-3-3).

[0324] The content of the poly(meth)acrylate of the third embodiment
is preferably 0.1-50 % by mass, more preferably 0.5-40 % by mass,
even more preferably 1-30 % by mass and most preferably 5-20 % by
mass, based on the total amount of the composition. If the
poly(meth)acrylate content is less than 0.1 % by mass, the viscosity
index improving effect or product viscosity reducing effect will be
minimal, potentially preventing improvement in fuel efficiency. A
content of greater than 50 % by mass will drastically increase
production cost while requiring reduced base oil viscosity, and can thus
risk lowering the lubricating performance under harsh lubrication
conditions (high-temperature, high-shear conditions), as well as
causing problems such as wear, seizing and fatigue fracture.

[0325] The third lubricating oil composition may further contain, in

addition to the poly(meth)acrylate of the third embodiment, also

113



377.1 375.2 TIOQ C 406.8 406.8 391.2 391.2 389.5 150, C 441.3 441.3
445.0 445.0 441.7 190, C 483.8 483.8 498.6 498.6 496.3 FBP, C 533.2
533.2 558.9

common non-dispersed or dispersed poly(meth)acrylates, non-
dispersed or dispersed ethylene-a~olefin copolymers or their hydrides,
polyisobutylene or its hydride, styrene-diene hydrogenated copolymers,
styrene-maleic anhydride ester copolymers and polyalkylstyrenes.

5 [0326] The third lubricating oil composition may further contain any
additives commonly used in lubricating oils, for the purpose of
enhancing performance. Examples of such additives include additives
such as friction modifiers, metal-based detergents, ashless dispersants,
antioxidants, anti-wear agents {or extreme-pressure agents), corrosion

10 inhibitors, rust-preventive agents, pour point depressants, demulsifiers,
metal deactivating agents and antifoaming agents. Specific examples
of these additives are the same as for the first embodiment and
therefore will not be repeated here,

[0327] When such additives are added to the third lubricating oil

15 composition, their contents are 0.01-10 % by mass based on the total
amount of the composition.

[0328] The kinematic viscosity at 100°C of the third lubricating oil
composition is preferably 4-12 mm?/s, more preferably 4.5-10 mm®/s,
even more preferably 5-9 mm®*/s and most preferably 6-8 mm*s. If

20 the kinematic viscosity at 100°C is less than 4 mm?¥s, insufficient
Jubricity may result, and if it is greater than 12 mm®/s it may not be
possible to obtain the necessary low-temperature viscosity and
sufficient fuel efficiency performance.

[0329] The viscosity index of the third lubricating oil composition is

25 preferably 140-300, more preferably 190-300, even more preferably
200-300, yet more preferably 210-300, even yet more preferably 220-
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558.9 552.1 Lubricatingoil Base oil renainder remnainder renainder
remai nder remai nder conposition Al 1.0 1.0 1.0 1.0 1.0 (% by mass) Bl
0.3 0.3 32 (as Mp) 0.01 0.01

300, especially preferably 230-300 and most preferably 240-300. If
the viscosity index of the lubricating oil composition of the invention is
less than 140 it may be difficult to maintain the HTHS viscosity while
improving fuel efficiency, and it may also be difficult to lower the -

5 35°C low-temperature viscosity. In addition, if the viscosity index of
the lubricating oil composition of the invention is greater than 300, the
low-temperature flow property may be poor and problems may occur
due to solubility of the additives or lack of compatibility with the
sealant material.

10 [0330] The third lubricating oil composition preferably satisfies the
following conditions, in addition to satisfying the aforementioned
conditions for the kinematic viscosity at 100°C and viscosity index.
[0331] The kinematic viscosity at 40°C of the third lubricating oil
composition is preferably 4-50 mm®/s, more preferably 10-40 mm?s,

15 even more preferably 20-35 mm*/s and most preferably 27-32 mm?s.
If the kinematic viscosity at 40°C is less than 4 mm?/s, insufficient
lubricity may result, and if it is greater than 50 mm®/s it may not be
possible to obtain the necessary low-temperature viscosity and
sufficient fuel efficiency performance.

20 [0332] The HTHS viscosity at 150°C of the third lubricating oil
composition is preferably not greater than 3.5 mPa's, more preferably
not greater than 3.0 mPa's, even more preferably not greater than 2.8
mPa-s and most preferably not greater than 2.7 mPa's. It is also
preferably 2.0 mPas or greater, preferably 2.3 mPas or greater, more

25 preferably 2.4 mPa's or greater, even more preferably 2.5 mPa's or

greater and most preferably 2.6 mPa-s or greater. The HTHS
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viscosity at 150°C referred to here is the high-temperature high-shear
viscosity at 150°C, specified by ASTM ASTM D4683. If the HTHS
viscosity at 150°C is less than 2.0 mPa-s, the evaporation property may
be high and insufficient lubricity may result, and if it is greater than 3.5
mPa-s it may not be possible to obtain the necessary low-temperature
viscosity and sufficient fuel efficiency performance.

[0333] The third lubricating oil composition, having the construction
described above, has excellent fuel efficiency and low evaporation and
low-temperature viscosity characteristics, and can exhibit both fuel
efficiency and low-temperature viscosity at below -35°C while
maintaining its HTHS viscosity at 150°C, even without using a
synthetic oil such as a poly-a~olefinic base oil or esteric base oil, or a
low-viscosity mineral base oil, and can notably improve the baking
resistance and antiwear property. For example, when a SAEOW-20
engine oil is to be produced, the third lubricating oil composition can
provide a CCS viscosity at -35°C of not higher than 3500 mPa's. The
MRYV viscosity at -40°C of the third lubricating oil composition is
preferably not greater than 7000 mPa's. The viscosity grade of the
SAEOW-20 engine oil is a kinematic viscosity at 100°C of 5.6 mm?/s or
higher and less than 9.3 mm?s, a HTHS viscosity at 150°C of 2.6
mPa's or higher, a CCS viscosity at -35°C of not higher than 6200
mPa-s and a MRV viscosity at -40°C of not higher than 60,000 mPas,
but as mentioned above, it can be produced with a considerable margin
for low-temperature viscosity, and a lubricating oil composition with
especially excellent baking resistance and antiwear property can be

obtained.
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4.0 4.0 Fl 8.0 8.0 8.0 8.0 8.0 Physical properties Sulfur content, %
by mass 0.02 0.91 0.14 0.80 0.14 oflubricatingoil Phosphorus content,
% by mass 0.08 0.07 0.07 0.08 0.08 conposition Kinematic viscosity
(100C), m?2/s 10.2 10.2 10.4

Examples

[0334] The present invention will now be explained in greater detail
based on examples and comparative examples, with the understanding
that these examples are in no way limitative on the invention.
5 [0335]

[Examples 1-1 to 1-4, Comparative Examples 1-1 to 1-3]
<Crude wax>
The fraction separated by vacuum distillation in a process for refining
of a solvent refined base oil was subjected to solvent extraction with

10 furfural and then hydrotreatment, which was followed by solvent
dewaxing with a methyl ethyl ketone-toluene mixed solvent. The
properties of the wax portion removed during solvent dewaxing and
obtained as slack wax (hereunder, "WAXI1") are shown in Table 1.
[0336] [Table 1]

15
Name of crude wax WAX1
Kinematic viscosity at 100°C|6.3
(mm?/s)
Melting point (°C) 53
Qil content (% by mass) 19.9
Sulfur content (ppm by mass) 1900
[0337] The properties of the wax portion obtained by further deoiling
of WAXI1 (hereunder, "WAX2") are shown in Table 2.
20 [0338&] [Table 2]
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10.4 10.1 Acid nunber,

mKOH g 7.2 7.2 7.2 7.2 7.2 CCS viscosity (-350),

6,300 6,200 7,800 MRV viscosity (-400),

10

15

nmgKOH/ g 2.0 2.0 2.0 2.0 2.0 Base nunber,

mPa.s 5,900 6, 000
m's 14,000 14,200 16, 500

Name of crude wax WAX2
Kinematic viscosity at 100°C| 6.8
(mm?%/s)

Melting point (°C) 58

Oil content (% by mass) 6.3
Sulfur content (ppm by mass) 9500

[0339] An FT wax having a paraffin content of 35 % by mass and a

carbon number distribution from 20 to 80 (hereunder, "WAX3") was

used, and the properties of WAX3 are shown in Table 3.

[0340] [Table 3]

Name of crude wax WAX3
Kinematic viscosity at 100°C | 5.8
(mm?/s)

Melting point (°C) 70

Oi1l content (% by mass) <]
Sulfur content (ppm by mass) <(0.2

[0341]

[Production of lubricating base oils]

WAX1, WAX2 and WAX3 were used as feed stock oils for

hydrotreatment with a hydrotreatment catalyst.

The reaction

temperature and liquid space velocity were modified for a feed stock

oil cracking severity of at least 5 % by mass and a sulfur content of not

greater than 10 ppm by mass in the oil to be treated. Here, a "feed

stock oil cracking severity of at least 5 % by mass" means that the

proportion of the fraction lighter than the initial boiling point of the

feed stock oil in the oil to be treated is at least 5 % by mass with
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15,900 24,700 Frictional properties | 0.098 0.097 0.095 0.093 0.108
Frictional properties Il 0.036 0.036 0.034 0.034 0.042 [0366]

5[ Exanples 3-1 to 3-3, Conparative Exanples 3-1 to 3-10] <Production
of base oil 3-1> WAX1 was used as the feed stock oil for
hydrotreatnment with a hydrotreatnent catal yst. The reaction

of 1 cr acki nd c38er 0 Jicofotat faedbaipok 1 Smguny. aadahimis codiimmgn by gas
Fere, o 1 odUONGUREAR PRGN S evar | Ty of at Teast 5 by mmes
e 1o 58481 08K R0 Byl b A OB, TSl s
et 5 % Diymoncit S anaesi kg OF o Rl gt of By Sopusc
1S RO LS TSGR i
metal content 0of 0.1-5 % by mass.
[0343] The treated product (raffinate) obtained by this hydrodewaxing
was subsequently treated by hydrorefining using a hydrorefining
catalyst. Next, the lubricating base oils 1-1 to 1-4 were obtained by
10 distillation, having the compositions and properties shown in Tables 4
and 5. Lubricating base oils 1-5 and 1-6 having the compositions and
properties shown in Table 5 were also obtained as hydrocracked base
oils obtained using WVGO as the feed stock oil. In Tables 4 and 5,
the row headed "Proportion of normal paraffin-derived components in
15 urea adduct” means the values determined by gas chromatography of
the urea adduct obtained during measurement of the urea adduct value
(same hereunder).
[0344] A polymethacrylate-based pour point depressant (weight-
average molecular weight: approximately 60,000) commonly used in
20 automobile lubricating oils was added to the lubricating base oils listed
in Tables 4 and 5. The pour point depressant was added in three
different amounts of 0.3 % by mass, 0.5 % by mass and 1.0 % by mass,
based on the total amount of the composition. The MRV viscosity at -
40°C of each of the obtained lubricating oil compositions was then
25 measured, and the obtained results are shown in Tables 4 and 5.

[0345] [Table 4]
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using a zeolite-based hydrodewaxi ng catal yst adjusted to a precious
content of 0.1-5 % by nass.

5net al

[ 0368] The treated product

(raffinate) obtained by this hydrodewaxi ng was subsequently treated

by hydrorefining using a hydrorefining catal yst.

Ne

xt,

the light and

heavy portions were separated by distillation to obtain a lubricating

base oil

shown in Tabl@ 14.7TH Tabl'é 14, THe TO0W heale&t o IFr Op@febil ioN [Case ADBITY
paraf fin-der| Rﬁ@ido'*@mnbpnt S | n ur ea addur‘t ! g;h?ﬁt ai an;I:;MP \ Irll\}ff?@
1 ﬁaa WLV p DX JG38s PN Y Iﬁllf\ Lo r Lo
Obt al ned by onof}fonﬁﬁf‘pﬁ’rﬁf H‘lve&cn}'ﬁpo ChtSlE adﬁl%t, uuuut 0|bzfsa| LLAYA "] aur i IIH
measur enent @ urea adduct value (sanme h&reunder)’. 15[ 0369]
<Pr oduction of base oi | 3- 2>S4ipudr otpoeat: et | ooy dr odesgxi ng, | 997
hydrorefining, and distill at & Eafi - et—et—rthe—sare—ranner
. BaGt composition Xrumal’lc foSposeat. 1 o 'ﬁy !
for base Oil| @melont@XGeph T Of mdSI NG WAX3 | nst¥ad of MEX 1, t|d2obtain
| ubricating base oil (base opdar Bamﬁo)mdmhpamtsngozt he conposi ti gny;and
properties |jsted " Tabl e .%‘;‘;ﬁgf“g;zg}m podeﬁfs ret-on base—-et —3-3
Hydr ot r eat menjet= ;’} i Ngaydaédr or er1 ni h gl'ldnd di sl | atijof were
. n tota saturated
carried out |§am ,n S) nann%crgchasamfd@rcmmarsr@, bggh 3-1, @gcept fgp usin
i VINASE o 1 e Ank b o ool e
25WAX2 i nst elag of et L8 OB T it 86 TG —Dasg eH—(hgse—oi
3-3) having tdheeconpositionand propertres (rsted in rable [14-
[0371] <Pr oduéalﬁiﬂtoﬁn olfotalb)agéic Oistpar@ing 3 byMpags ybr | cHE I Ng bjage oi |l H&Ving t
conposi tion LU Li-es—shown—i-n—Tabte—togwas—progyced—n i he—s
manner as baS@iudgdn bontaht, ghm vEMEEPL_L hat bt he hyOrodewax|$g tenpesatur e
was changed rlﬁnefimﬂﬂwﬁw(‘l@‘iﬂnhﬂ; and hel ow 315157 0372] l5&Base nl|5P2 3- 5>
y h ﬁ;cos]i’yln@ﬂx VO |JI \.¢|J(AI \WAv | LILI rl4b Ilu L9 | 421UIIHUQ ll42 UII (J.I
10properti esi&d =dy, @cmvaol e J.5 as a conventsasal | u;p;rggcatl ngigase
oil. [0373] *c14] 225 22.5 25
Freezing point, °C -24 -25 -26
Todine value 0.06 0.03 0.04
Aniline point, °C 117.9 119.1 119.2
IBP, °C 364 364 363
TI0,°C 400 401 403
Distillation propettics, °C T50.°C 437 438 436
T90, °C 468 465 460
FBP, °C 492 490 487
CCS viscosity (-35°C), mPa-s 1,550 1,510 1,470
0.3 % by mass Pour point
depressant 7,300 5,600 5,200
MRV viscosity (40°C), mPas | 00 % DY mass Four point | ¢ o 5350 5,000
epressang
(11.0 % by mass Pour point 7.200 5,700 5,600
epressant
[0346] [Table 5]
5

(base oil

3-1) having the 10 conposition and properties

as

g

he
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Exanpl e base oi l

oil WAX | WAX3 WAX2 Urea adduct value, % by mass 1.55 1.28 3.88
Proportion of nonnal paraffin-derived conponents in urea adduct, % by
mass 2.2 2.1 2.9 Base oil conposition (based on total base oil)
Sat ur at edconponent s, %oy mass 99.7 99.8 99.8 Aromatic content, % by
mass 0.1 0.1 0.2~
Base oil 14 Base oil 1-3 Base oil 1-6
Feed stock oil WAX2 WVGO WVGO
Urea adduct value, % by mass 3.33 5.8 3.3
Proportion of normal pamaffin-derived components in urea adduct, 15 485 18
% by mass ) i i
o BY
Saturated components, % by mass | 99.4 99.6 99.9
Base oil composition Aromatic components, % by mass | 0.5 0.3 0.1
{based on total base oil} Polar compound components, %
02 0.1 0
by mass
Saturated components content Eychc saturated components, % 12.5 49.9 45.6
¥ mass
(based on total saturated Aovelic saturated T
components} bcyc ¢ saturaled components, vo | g7 5 50.1 54.4
¥ mass
Acyclic saturated components | Normal paraffins, % by mass 0 0.2 0.2
contemt
(based on total acyclic | Isoparaffins, % by mass 100 99.8 99.8
saturated components)
Sulfur content, ppm by mass <10 <] <1
Nitrogen content, ppm by mass <3 <l <3
Kinematic viscosity (40°C), mm®/s 9.88 13.48 19.91
Kinematic viscosity (100°C), mm’/s 2.79 3.272 4.302
Viscosity index 130 111 125
Density (15°C), giem® 0.8092 0.8319 0.8351
Pour point, °C -35 -22.5 -17.5
Freezing point, °C -37 -25 -20
lodine value 0.08 0.18 0.05
Aniline point, °C 113.1 108.9 116.0
1BP, °C 3 243 325
T10,°C 350 312 383
Distillation properties, °C T30,°C 382 377 420
T90, °C 405 418 457
FBF, °C 423 493 495
CCS viscosity (-35°C), mPa's 1.610 770 3,000
03 % by mass Pour point <5,000 ) 13,200
depressant
MRYV viscasity (~40°C), mPa-s 2'5 % by mass Pour point | 55, - 14,300
epressant
1.0 % by mass Pour point <5,000 } 14,000
depressant

10

Base oil 3-1 Base oil 3-2 Base oil 3-3 Feed stock

[0347]

<Preparation of lubricating o0il compositions>

For Examples 1-1 to 1-4 and Comparative Examples 1-1 to 1-3 there
were prepared lubricating oil compositions having the compositions
shown in Tables 6 and 7, using base oils 1-1 to 1-5 mentioned above
and the following additives. The conditions for preparation of each
lubricating oil composition were for a HTHS viscosity at 150°C in the
range of 2.55-2.65. The properties of the obtained lubricating oil

compositions are shown in Tables 6 and 7.
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Pol ar compound conponents, % by mass 0.2 0.1 0.0 Saturated conponents
content (based on total saturated conponents) Cyclic saturated
conponents, % by mass 11.3 10.9 9.2 Acyclic saturated conponents, %
by mass 88.7 89.1 90.8 Acyclic saturated conponents content
(basedont ot al acyclic saturated conponents) Normal paraffins, % by

i 0
Lr?srsmgso 0 (IAs(f)d?a{’g;)fl ns, % by mass 100 100 100 Sul fur content, ppm

PK: Additive package (containing metal-based detergent (Ca salicylate,
Ca: 2000 ppm), ashless dispersant (borated polybutenylsucciniimide},
antioxidants (phenol-based, amine-based), anti-wear agent (zinc
5 alkylphosphate, P: 800 ppm), ester-based ashless friction modifier,
urea-based ashless friction modifier, pour point depressant, antifoaming
agent and other components).
MoDTC: Molybdenum dithiocarbamate.
VM-1: Dispersed polymethacrylate-based additive with PSSI = 45, My
10 = 400,000, Mw/M,, = 5.5, My/PSSI = 0.88 x 10* (copolymer obtained
by polymerizing a mixture of dimethylaminoethyl methacrylate and
alkyl methacrylates (alkyl groups: methyl, C12-15 straight-chain alkyl
groups) as the main structural unit).
VM-2: Dispersed polymethacrylate-based additive with PSSI = 40, My
15 = 300,000, Mw/PSSI = 0.75 x 10* (copolymer obtained by
polymerizing a mixture of dimethylaminoethyl methacrylate and alkyl
methacrylates (alkyl groups: methyl, C12-15 straight-chain alkyl
groups) as the main structural unit).
VM-3: Non-dispersed polymethacrylate-based additive with PSSI = 20,
20 Mw = 400,000, Mw/PSSI = 2 x 10* (copolymer obtained by
polymerizing 90 % by mole of a mixture of alkyl methacrylates (alkyl
groups: methyl, C12-15 straight-chain alkyl groups, C16-20 straight-
chain alkyl groups) and 10 % by mole of alkyl methacrylates having
C22 branched alkyl groups, as the main structural unit).
25 [0348]

[Evaluation of lubricating oil composition]
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<| <10 <10 Nitrogen content, ppmby mass <3 <3 <3 Kinematic viscosity
(400, mmR/s 15.92 15.53 16.60 Kinematic viscosity (100C), m®/s
3.855 3.851 3.949 Viscosity index 141 143 145 Density (I 5C, g/cnB
0.8190 0.8185 0.8183 Pour point, C-25 -25 -17.5 Freezing point, C

Each of the lubricating oil compositions of Examples 1-1 to 1-4 and
Comparative Examples 1-1 to 1-3 were measured for kinematic
viscosity at 40°C or 100°C, viscosity index, NOACK evaporation (1 h,
250°C), HTHS viscosity at 150°C or 100°C ,CCS viscosity at -35°C

5 and MRV viscosity at -40°C. The physical property values were
measured by the following evaluation methods. The obtained results
are shown in Tables 5 and 6.
(1) Kinematic viscosity: ASTM D-445
(2) HTHS viscosity: ASTM D4683

10 (3) NOACK evaporation: ASTM D 5800

(4) CCS viscosity: ASTM D5293
(5) MRV viscosity: ASTM D3829
[0349] [Table 6]
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-26 -27 -19 lodine value 0.08 0.02 0.04 Aniline point,
119.9 Distillation properties,

404 T50, C 440 442 445 T90, C

C 119.2 119.5

CIBP, C 363 365 368 TIC, C 402 400

Example Example Example Example
1-1 1-2 1-3 1-4
T o, - - -
Base oil Base oil 1-1 % by 72
mass
o, - -
Base oil 1-2 % by T2 2
MAss
Base oil 1-3 % by|- ) B 2
mass
Base oil 14 % by |28 23 28 28
mass
Base oil 1-5 % by|- : : -
mass
Base oil 1-6 Z:ass by |- ) B )
Mixed base oil | Kinematic viscosity (40°C) mm’/s 13,22 13.22 13.74 13.82
properties Kinematic viscosity (100°C) mm*/s 3412 3412 3.500 3.530
Viscosity index 138 138 138 140
NOACK evaporation % by
(1, 250°C) mass 22.41 2241 22.50 21.60
1BP °C 319.5 319.5 318.2 320.5
T10 °C 376.0 376.0 375.5 377.1
T50 °C 422.3 4223 4219 422.8
T90 °C 454.0 454.0 453.8 454.1
FBP °C 480.4 480.4 480.1 480.6
T90-T10 °C 78 78 78.3 77
Lubricating  oil B . % by | remainder | remainder | remainder | remainder
oo ase oil
composition mass
PK % by| 10 10 10 10
mass
MoDTC % by | 0.69 0.69 0.69 0.69
mass
VM-1 % by ) ) :
mass
VM-2 % byl - 7.21 - -
mass
VM-3 % byl 1285 - 12.85 12.85
mass
Lubricating  oil | Kinematic viscosity (40°C) mm’/s 26.69 3421 27.08 27.11
composition Kinematic viscosity (100°C) | mm%/s [ 7.49 9.08 7.52 7.56
properties Viscosity index 272 264 269 271
NOACK evaporation % by
(1h, 250°C) mass 18 19 18 18
HTHS viscosity (100°C) mPa-s 4.39 4.98 4.41 4.38
HTHS viscosity {150°C) mPa-s 2.60 2.60 2.60 2.60
HTHS (100°C)/
HTHS (150°C) 1.69 1.92 1.70 1.68
CCS viscosity (-35°C) mPa-s 2100 2300 2200 2000
MRYV viscosity (-40°C} mPa-s 4300 5700 4500 4100

[0350] [Table 7]
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468 460 472 FBP, C 488 489 491 CCS viscosity (-35C), nPa.s 1,550
1,450 1,820 MRWi scosity(-400C), nPa.s 0.3%ynmassPour poi nt depressant
6,100 5,200 7,300 O.5%ynassPourpoint depressant 6,600 5,000 7,100
1. 0%bymassPour poi nt depr essant

Comp. Ex. | Comp. Ex. | Comp. Ex.
1-1 1-2 1-3
Base oil Base oil 1-1 % by|- ) B
mass
Base oil 1-2 % by 100 ) -
mags
Base oil 1-3 % by - ; °
mass
Base oil 14 % by |- - -
mass
Base oil 1-3 % by - 12 12
mass
Base oil 1-6 % by |- 88 88
mass
Mixed base oil | Kinematic viscosity (40°C) mm?/s 15.80 16.68 16.68
properties Kinematic viscosity (100°C) | mm?%s 3.867 3.822 3.822
Viscosity index 143 122 122
NOACK evaporation % by
(1h, 250°C) mass 14.80 22.54 22.54
IBP °C 364 250 250
T10 °C 401 360 360
T50) °C 438 410 410
T90 °C 465 455 455
FBP °C 490 4938 498
T90-T10 °C 64 95 95
Lubricating oil . % by | remainder remainder remainder
o Base oil
composition mass
PK % by | 10 10 10
mass
MoDTC % by | 0.69 0.69 0.69
mass
VML % by | - - 5067
masg
VM-2 % by - - -
mass
VM-3 % by | I1.78 10.00 -
mass
Lubricating oil | Kinematic viscosily (40°C) mmY/s 28.84 3112 39.17
composition Kinematic viscosity (100°C) mm’/s 7.48 7.52 8.645
properties Viscosity index 234 224 208
NOACK evaporation % by
{1h, 250°C) mass 12 18 18
HTHS viscosity (100°C) mPa-s 4.52 4.72 5.34
HTHS viscosity {150°C) mPas 2.60 2.59 2.60
HTHS (100°CYHTHS
{150°C) 1.74 1.82 2.05
CCS viscosity {-35°C) mPa's 2700 5000 6000
MRV viscosity (-40°C) mPa-s 8700 20600 23000

[0351] As shown in Tables 6 and 7, the lubricating oil compositions of
5 Examples 1-1 to 1-4 and Comparative Examples 1-1 to 1-3 had
approximately equivalent HTHS viscosities at 150°C, but the
lubricating oil compositions of Examples 1-1 to 1-4 had lower
kinematic viscosities at 40°C, kinematic viscosities at 100°C, HTHS

viscosities at 100°C and CCS viscosities, and thus more satisfactory
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7,000 5,700 8,500 [0374] [Table 15] Conparative exanpl e base oil
Base oil 3-4 Base oil 3-5 Feed stock oil WAX3 - Urea adduct value, %
by mass 4.38 5.22 Proportion of normal paraffin-derived conponents in
urea adduct, %by nass /6 | / Base oil conposition (based on total
base oil) Saturated conponents, % by mass 99.1 99.9 Aromatic

nen % . 1. . . ..
conponents, 10%Q¥e1{1r1%31§at8re6 v?scosmes and viscosity-temperature characteristics,

than the lubricating oil compositions of Comparative Examples 1-1 to
1-3. These results demonstrate that the first Iubricating oil
composition is a lubricating oil composition that has excellent fuel
5 efficiency and low-temperature viscosity, and can exhibit both fuel
efficiency and low-temperature viscosity of not higher than -35°C
while maintaining high-temperature high-shear viscosity at 150°C,
even without using a synthetic oil such as a poly-a~olefinic base oil or
esteric base oil, or a low-viscosity mineral base oil, and in particular it
10 can reduce the kinematic viscosity at 40°C and 100°C, increase the
viscosity index and notably improve the CCS viscosity at -35°C of
[ubricating oils.
[0352]
[Examples 2-1 to 2-7, Comparative Examples 2-1 to 2-5]
15 <Production of lubricating base oils>
WAXI1, WAX2 and WAX3 mentioned above were used as feed stock
oils for hydrotreatment with a hydrotreatment catalyst. The reaction
temperature and liquid space velocity were modified for a feed stock
oil cracking severity of at least 5 % by mass and a sulfur content of not
20 greater than 10 ppm by mass in the oil to be treated. Here, a "feed
stock oil cracking severity of at least 5 % by mass" means that the
proportion of the fraction lighter than the initial boiling point of the
feed stock oil in the oil to be treated is at least 5 % by mass with
respect to the total feed stock oil amount, and this is confirmed by gas
25 chromatography distillation.
[0353] Next, the treated product obtained from the hydrotreatment was
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Pol ar compound conponents, % by mass 0.3 0 Saturated conponents
content (basedontotal saturated conmponents) Cyclic saturated

conponents,

% by mass 12.5 45.2 Acyclic saturated conponents %' by

‘mass 87.5 54.8 Acyclicsaturatedconponents content (based on total
acyclic saturated conmponents) Normal paraffins, % by mass 0.3 0.2

| sopanffins,

Ni t rogen cont

10

15

20

25

el By CrdddWaxing i ¥ 1SRPeR e BRNES 0TS 530C
using a zeolite-based hydrodewaxing catalyst adjusted to a precious
metal content of 0.1-5 % by mass.

[0354] The treated product (raffinate) obtained by this hydrodewaxing
was subsequently treated by hydrorefining using a hydrorefining
catalyst. Next, the light and heavy portions were separated by
distillation to obtain lubricating base oils 2-1-1 to 2-1-3, 2-2-1 and 2-2-
2 having the composition and properties shown in Tables 8 and 9. In
Tables 8 and 9, the row headed "Proportion of normal paraffin-derived
components in urea adduct" means the values obtained by gas
chromatography of the urea adduct obtained during measurement of the
urea adduct value (same hereunder).

[0355] Also, base oil 2-3 and base oil 2-4 were prepared having the
compositions and properties shown in Table 10, as conventional
lubricating base oils.

[0356] A polymethacrylate-based pour point depressant (weight-
average molecular weight: approximately 60,000) commonly used in
automobile lubricating oils was added to the lubricating base oils listed
in Tables 8 and 10. The pour point depressant was added in three
different amounts of 0.3 % by mass, 0.5 % by mass and 1.0 % by mass,
based on the total amount of the composition, The MRYV viscosity at -
40°C of each of the obtained lubricating oil compositions was then
measured, and the obtained results are shown in Tables 8 and 10.
These results demonstrated that the lubricating base o0il of the invention
exhibits excellent low-temperature characteristics and viscosity-

temperature characteristics, while also having especially excellent
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<3 16.12 <3 19.95 Kinematic viscosity (40C), mR/s Ki nemat i c
viscosity (100C), mmR/s 3.923 4.302 Viscosity index 141 125 Density
(150, g/cnB 0.8172 0.8353 Pour point, C-22.5 -17.5 Freezing point,
C-24 -19 lodine value 0.09 0.08 Aniline point, C

MRYV viscosity at -40°C when a pour point depressant is added.

[0357] [Table 8]
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unnmeasured 78.0 YN unneasur ed
CIBP, C 360.2 318

119.9 118.0 n-d-M R ng anal ysis %Cr.
20.5 9% CA unneasured 1.5 Distillation properties,
T1 0, C 393.8 394 T50, C 443.8 428 T90, C

Base oil 2-1-1 | Base0il 2-1-2 | Base 0il 2-1-3
Feed stock oil WAX1 WAX2 WAX3
Urea adduct value, % by mass 1.25 3.8 1.18
Proportion of normal paraffin-derived components in urea 24 25 25
adduct, % by mass ; ’ ’
Saturated components, % 09 8 99.6 996
by mass
Base oil composition Aromatic components, % ol 03 03
{based on total base oil} by mass ) ' ’
Polar compound
components, % by mass 01 0.1 02
Saturated components content Sg;ll;;znems, % by f::;;aled 11.5 10.3 10.2
(based on total  saturated Acvolic saturated
components) 4 . 88.5 89.7 89.8
components, % by mass
Acyclic saturated components | Normal paraffins, % by 0 0 0
content mass
g‘(’)ﬁ;ﬁn‘;‘l‘n;"a' acyclic saturated | | o ffins, % by mass | 100 100 100
Sulfur content, ppm by mass <1 <10 <10
Nitrogen content, ppm by mass <3 <3 <3
Kinematic viscosity (40°C), mm®/s 15.80 16.25 [5.92
Kinematic viscosity (100°C), mm’/s 3.854 3.92 3.900
Viscosity index 141 142 142
Density (15°C), g/em® 0.8195 0.8188 0.8170
Pour point, °C -22.5 -22.5 -22.5
Freezing point, °C -26 25 -24
Iodine value 0.06 0.05 0.04
Aniline point, °C 118.5 119.2 119.0
IBP, °C 362 368 361
TI10, °C 401 402 399
Distillation properties, °C T50, °C 437 438 435
T90, °C 464 467 461
FBP, °C 489 491 490
CCS viscosity (-35°C), mPa's 1,450 1,510 1,480
BF viscosity (-40°C), mPa's - >1,000,000 882,000
0.3 % by mass Pour point 5.700 7,500 6,200
depressant
MRV viscosity (-40°C), mPas | O> 7 by mass Pour point } < . 7,100 6,000
depressant
1.0 % by mass Pour point 6,000 7,900 6.700
depressant

[0358] [Table 9]
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465.8 460 FBP, C 485.9 508 CCS viscosity (-350),
MRV viscosity (-400),

12,500 0. 5%ymassPour poi nt depressant 14, 100 13, 300

1. 0%ynmassPour poi nt depressant 14,600 13, 700
conposi ti ons> For

| ubricating oil

(OWM20 oils) h

t he respective

the foll ow ng

Exanmples 3-1 to 3-10 there were prepared lubricating oil conposit
aving the conpositions shown I N TaBkes2-ll0 ARG o222 U
Fegdlsipck eilat | ng base oils listed in THbfles 141 ¥pEb 15
Urea adduct value, % bY mass 0.53 045
Proportion of normal paraffin-derived components in urea adduct, % 0.5 03
by mass ’ i
Saturated componenis, % by 995 99.6
mass
Base oil composition Aromatic components, % by 02 02
(based on total base o0il) Mass ) )
Polar compound components, % 03 02
by mass
Saturated components content E yelic saturated components, % 20.0 16.8
Y Mass
(based on total saturated Aovehic saturated com . %
components} 4 PONENLS, 76 1 80.0 83.2
by mass
Acyclic saturated components | Normal paraffins, % by mass 0 0
content
(based on total acyclic saturated | Isoparaffins, % by mass 100 100
components)
Sulfur content, ppm by mass <1 <1
Nitrogen content, ppm by mass <3 <3
Kinematic viscosity (40°C), mm>/s 30.83 322
Kinematic viscosity (100°C), mm?/s 6.072 6.60
Viscosity index 143 161
Density (15°C), giem’ 0.8260 0.8254
Pour point, °C =20 -12.5
Freezing point, °C -21 -14
Iodine value 0.02 0.02
Aniline point, °C 128.5 1312
IBP, °C 418.5 433.1
T10, °C 462.8 4672
Distillation properties, °C T50,°C 495.2 4933
T90, °C 520.8 519.4
FBP, °C 545.5 543.9
CCS viscosity (-35°C), mPa's 5,200 3,600
BF viscosity (-40°C), mPa-s >1,000,000 >1,000,000
03 % by mass Pour point
depressant j )
MRY viscosity (-40°C), mPa-s 3'5 % by mass Pour point | -
epressant
1.0 % by mass Pour point | )
depressant

[0359] [Table 10]

130

inPa.s 3,900 3,200
nPa. s 0. 3% ynmassPour poi nt depressant 14, 900

[ 0375] 5<Preparation of
Exanples 3-1 to 3-3 and Conparative

i ons
si ng
nd



10addi ti ves.

5C: Ca sulfon
wei ght - aver age
mass) El:
pol ynet hacryl a
nol ecul ar wei gp

met hacryl ate

al kyl groups)
units). Fl: Po
(di spersed pol

conprising alk
strai ght-chain
mai n structura
i nprover (disp
wei ght - aver age
nmet hacryl ate m
al kyl groups))
units). F3: H
wei ght: 175, 00
copol ynmer (nol
| i near di bl ock
the lubricatin
Conmpar ati ve Ex
row headed " Ba
measur ed usi ng
after running-
"Abr asi on wear|
the pin and blp
tester, before
10[ 0377] [ Tabl

[03

(Additives)
di al kyl di t hi ophosphat e (phosphorus content:
group: m xture of secondary butyl

Al :

ate D :

nmol ecul ar wei ght :
Pol ynmet hacryl at e- based vi scosity index inprover (dispersed

Al kyl di phenyl amine B 1: Zinc

8, 500,

7.2 % by nmass,
group or secondary hexyl
Pol ybut enyl succi niim de (bis type,
ni trogen content:

al kyl
gr oup)

0.65 %

e having a polynethacrylrate wih

vl oght - &

8hanes 10

Feedipik 0i300. Q00

PSS

40 _and co

Or | si I"Iﬁ a

y % bymass -

Iél n+vf\

UrEa ﬁgduct velge
1017 O

archaseli Net hyl am no

aN ahﬂiﬁd&eh’\"&fﬁﬂmpon\!ﬂts nﬂ.fr%h‘ ad&ﬁﬂ't

et hyl nethacry

L J OLIGIU

| a1 &¥as mai n2&tructu

ymet hacryl at e- bg

Bed @G bimr  Wei

X Vﬂﬁ%@@&&%kﬁte hav'
wei ght - aver age| &&be

§e§13‘€'@'| WYt o b

G MAT 100, 600"

leys 1 npro

649

1.

S| 5

&hd

1

rret hacryl at e rnPs@irWu(daPn’mgﬂtmsg'ﬁ

bpips: C

apd Cl12-1

at r\yl groups)—an

baseﬁ ogl)p total ~ satprated

onents F}Zent Pc |

Y s
Cyctd §dt§r‘htédx:6rrfﬁ6ﬁ!:n{§ ae
vyt hacryl at e-

Iy o]
ITyT

ba&dd vi sc

et ha
ettt

Arvgl oAt A
Cryratt

o8i'ty ind

°£o§153£im@0| yrret ac

ghaltc et cprpgrents: %p

LSSy 2 p [nlaYa Wil aYaYa)

DEsmet hac

ylsate W

ﬁcyclld ! ‘galtuﬁ&':d" 'cﬂﬁpon¥HE'

Hormal pi¥aftins 5By migs? O 1

Inlaladl 2
Il J

N/ 1 1oyl
JO} aArnytd

bt € (al kyl grd
%O't!‘PW%W‘a‘fﬁd

ups: and C12-
dehiys: “averdsacr y

[5 Straig
nfid as ma

Nt - chai
ft7st r uct

gomponents)
S Sohlsni, pin Mésc”b

copotymer—(wet-g

e | P |
FfTUT T Ul

I,\hudglln Etﬁtéiﬂ- i bylidss DY

Afton). Z25H4T S

v ene- pr

DByl ene

i§y (4EFE€): mn/5

0, 000, st yr enel h

N

b dp.5p SOpre

\ /1 E4 n\

5252\,-”- 1

Kinematig vi 1(_yHOO°C,lJn;ITl.L§nHM
m@&yﬁﬁ% rrrTreurtt

C‘ a)
OVIJIITV] . |_ \Y)

Jllﬁpcl L9

Demql(lsezmg?pﬂSI {1Ton

S _of Exanpl es 3-

R&hs0

Pwrlpm%? 1 to 3-1

Q._,are shown in T

Ercezing Tah

n

|no

’IR ﬁnnl 17
o T

by

r al

5
as
ex
t h

ur al
ar

ne
s of

he
d

Todild va ik

AT

= = |

EiliE@)lﬁXC PV test

er, appryirng

Oebel ] Wi 1T

116 gt et

n for 5 mnutes

arr.°500 [ hf .

3ithe row

headed

'\'590\1\1::: ¥

d%% | s the to
Fs0.°C.

oot

47.

[ 430

Di 1|Pat|onﬁrg) S (',16 an

IS Ng—a

FahgxPN—

ured in
and after _operat

iFearct or 30 m nut

egsat 100

slobf .

19,200

6,300

eCCpgicosity 33363, mPEsy
BF visdosity (-40°C), mPa's

3- 4 dot

0.3 % by mass Pour point
depressant

40,200

MRYV viscosity (-40°C), mPas

0.5 % by mass Pour point
depressant

38,000

1.0 % by mass Pour point
depressant

43,000

60]

<Preparation of lubricating oil compositions>

For each of Examples 2-1 to 2-7, one of base oils 2-1-1 to 2-1-3 was

blended with one of base oils 2-2-1 to 2-2-2 for the compositions

shown in Tables 11 and 12, and the following additives were added to

the mixed base oils to prepare SAEOW-30 grade lubricating oil

10

compositions having the compositions shown in Tables 11 and 12.

For each of Comparative Examples 2-1 to 2-5, base oil 2-1-1 or 2-2-1
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was blended with base oil 2-3 or 2-4 for the compositions shown in
Table 13, and the following additives were added to the mixed base oils
to prepare lubricating oil compositions having the compositions shown
in Table 13. The properties of the obtained lubricating oil
5 compositions are shown in Tables 11 to 13.
(Ashless antioxidants containing no sulfur as a constituent element)
Al: Alkyldiphenylamine
A2: Octyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate
(Ashless antioxidants containing sulfur as a constituent element and
10 organic molybdenum compound)
B1: Ashless dithiocarbamate (sulfur content: 29.4 % by mass)
B2: Molybdenum ditridecylamine complex (molybdenum content:
10.0 % by mass)
(Anti-wear agents)
15 C1: Dioctylzinc phosphate (phosphorus content: 8.8 % by mass)
C2: Zinc dialkyldithiophosphate (phosphorus content: 7.2 % by mass,
alkyl group: mixture of secondary butyl group or secondary hexyl
group)
(Ashless dispersant)
20 D1: Polybutenylsucciniimide (bis type, weight-average molecular
weight: 8,500, nitrogen content: 0.65 % by mass)
(Ashless friction modifier)
E1: Glycerin fatty acid ester (trade name: MOS50 by Kao Corp.)
(Other additives)
25 F1: Package containing metal-based detergent, viscosity index

improver, pour point depressant and antifoaming agent.
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[0361]

<Frictional property evaluation test >

The lubricating oil compositions of Examples 1-7 and Comparative
Examples 1-5 were measured for frictional coefficient between a steel
ball and disk, using a reciprocating friction tester. The test conditions
were a load of 50N, a temperature of 80°C, a stroke of 1 mm, a test
time of 30 minutes and a frequency of 50 Hz, and the data were
recorded in a computer per second. The frictional coefficient was
calculated by dividing the friction force obtained during the test time,
by the load. The results are shown in Tables 7 to 9.

[0362] [Frictional property evaluation test II]

The lubricating oil compositions of Examples 1-7 and Comparative
Examples 1-5 were measured for frictional coefficient at room
temperature, under conditions with a slip factor of 50% and a contact
pressure of 0.50 GPa. The results are shown in Tables 7 to 9. The
tester used was a Mini Traction Machine by PCS Instruments.

[0363] [Table 11]
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Example | Example | Example Example
2-1 2-2 2-3 2-4
Lubricating base oil | Base 0il 2-1-1 70 70 70 -
(% by mass) Base oil 2-1-2 - - - 70
Base oil 2-1-3 - - - -
Base o0il 2-2-1 30 - 30 30
Base oil 2-2-2 - 30 - -
Physical propertics | Kinematic viscosity (40°C), mm*/s 19.86 19.28 19.86 [9.17
of mixed base oil Kinematic viscosity (100°C), mm%/s 4.520 4402 4.520 4419
Viscosity index 147 143 147 147
Distillation properties
IBP, °C 374.3 374.5 374.3 374.3
T5,°C 395.6 396.4 395.6 3954
T10, °C 405.7 405.8 405.7 405.2
T50, °C 4433 4434 4433 4431
T90, °C 496.6 486.0 496.6 496.2
FBP, °C 562.2 532.4 562.2 561.8
Lubricating oil | Base oil remainder | remainder | remainder | remainder
composition Al 1.0 1.0 1.0 1.0
(% by mass) B1 - - 0.3 -
B2 (as Mo) 0.01 0.01 - 0.01
Ci 1.0 - - -
Cc2 1.0 1.0 1.0
D1 4.0 4.0 4.0 4.0
El 4.0 4.0 4.0 4.0
F1l 8.0 8.0 3.0 8.0
Physical properties | Sulfur content, % by mass 0.01 0.14 0.91 0.14
of lubricating oil { Phosphorus content, % by mass 0.08 0.07 0.07 0.07
composition Kinematic viscosity (100°C), mm®/s 10.23 10.99 10.28 10.18
Acid number, mgKOH/g 24 24 2.3 2.4
Base number, moKOH/g 5.9 5.9 5.8 5.9
CCS viscosity (-35°C), mPa-s 5,350 5,500 5,400 5,800
MRV viscosity (-40°C), mPs 17,000 17,800 16,800 18,300
Frictional properties I 0.085 0.078 0.082 0.080
Frictional properties I 0.025 0.022 0.023 0.020

[0364] [Table 12]
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Example | Example | Example
2.5 2-6 2-7
Lubricating base oil Base oil 2-1-1 - - -
(% by mass) Base oil 2-1-2 70 70 -
Base oil 2-1-3 - - 70
Base oil 2-2-1 - - -
Base oil 2-2-2 30 30 30
Physical properties of | Kinematic viscosity (40°C), mm?/s 19.26 19.26 16.68
mixed base oil Kinematic viscosity (100°C), mm?/s 4.485 4485 4.53
Viscosily index 152 152 150
Distillation properties
IBP, °C 3745 374.5 374.5
T3,°C 396.3 396.3 396.2
T10,°C 406.0 406.0 406.1
T50,°C 443.5 4435 4433
T90, °C 485.8 4858 4852
FBP, °C 533.8 5338 534.2
Lubricating oil | Base oil remainder | remainder | remainder
composition Al 1.0 1.0 1.0
(% by mass) Bl - 0.3 -
B2 (as Mo) 0.01 - 0.01
Cl 1.0 1.0 -
C2 - - 1.0
D1 4.0 4.0 4.0
El 4.0 4.0 4.0
Fl 8.0 8.0 8.0
Physical properties of | Sulfur content, % by mass 0.01 0.87 0.14
lubricating oil | Phosphorus content, % by mass 0.08 0.08 0.07
composition Kinematic viscosity {100°C), mm*/s 10,59 10,20 10.14
Acid number, mgKOH/g 2.4 2.3 2.3
Base number, moKOH/g 5.9 5.8 5.8
CCS viscosity (-35°C), mPa-s 6,500 6,700 7,300
MRV viscosity {(-40°C), mP-s 20,300 20,900 22,000
Frictional properties I 0.072 0.077 0.74
Frictional properties I 0.018 0.019 0.19

[0365] [Table 13]
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2-1 2-2 2-3 2-4 2-5
Lubricating  base|Base oil 2-1-1 70 70 - - -
oil Base oil 2-2-1 - - 30 30 -
(% by mass) Base oil 2-3 30 30 - - 30
Base oil 24 - - 70 7 70
Physical properties|Kinematic viscosity (40°C), mm’/s 19.89 19.89 2148 21.48 2225
of mixed base 0il |Kinematic viscosity {100°C), mm%s |4.457 4457 4,587 4.587 4.638
Viscosity index ‘ 140 140 132 132 127
Distiliation properties
IBP, °C 372.9 3729 3236 3236 3222
T5,°C 396.9 396.9 377.1 3771 3752
T10,°C 406.8 406.8 391.2 391.2 389.5
T50, °C 441.3 4413 445.0 445.0 441.7
790, °C 483.8 4838 498.6 498.6 496.3
FBP, °C 533.2 533.2 558.9 558.9 552.1
Lubricating oil|Base oil remainder [remainder |remainder |remainder |remainder
composition Al 1.0 1.0 1.0 1.0 1.0
(% by mass) BI - 0.3 - 0.3 -
B2 (as Mo) 0.01 - 0.01 - 0.01
Cl 1.0 - - 1.0 1.0
Cc2 - 1.0 1.0 - -
D1 4.0 4.0 4.0 4.0 4.0
El 4.0 4.0 4.0 4.0 4.0
F1 8.0 8.0 8.0 8.0 8.0
Physical properties|Sulfur content, % by mass 0.02 0.91 0.14 0.80 0.14
of lubricating oil|Phosphorus content, % by mass 0.08 0.07 0.07 0.08 0.08
composition Kinematic viscosity (100°C), mm*/s [10.2 102 10.4 10.4 10.1
Acid number, mgKOH/g 2.0 2.0 2.0 2.0 2.0
Base number, moKQH/g 7.2 7.2 72 72 7.2
CCS viscosity (-35°C), mPa's 5.900 6.000 6300 6,200 7,800
MRY viscosity (40°C), mP-s 14,000 14,200 16,500 15,900 24,700
Frictional properties I 0.098 0.097 0.095 0.093 0.108
Frictional properties 11 0.036 0.036 0.034 0.034 0.042
[0366]

[Examples 3-1 to 3-3, Comparative Examples 3-1 to 3-10]

<Production of base oil 3-1>

WAXI1 was used as the feed stock oil for hydrotreatment with a

hydrotreatment catalyst.

The reaction temperature and liquid space

velocity were modified for a feed stock oil cracking severity of at least

5 % by mass and a sulfur content of not greater than 10 ppm by mass in

the oil to be treated. Here, a "feed stock oil cracking severity of at

least 5 % by mass" means that the proportion of the fraction lighter

than the initial boiling point of the feed stock oil in the oil to be treated

is at least 5 % by mass with respect to the total feed stock oil amount,
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and this is confirmed by gas chromatography distillation.
[0367] Next, the treated product obtained from the hydrotreatment was
subjected to hydrodewaxing in a temperature range of 315°C-325°C
using a zeolite-based hydrodewaxing catalyst adjusted to a precious
5 metal content of 0.1-5 % by mass.
[0368] The treated product (raffinate) obtained by this hydrodewaxing
was subsequently treated by hydrorefining using a hydrorefining
catalyst. Next, the light and heavy portions were separated by
distillation to obtain a lubricating base oil (base oil 3-1) having the
10 composition and properties shown in Table 14. In Table 14, the row
headed "Proportion of normal paraffin-derived components in urea
adduct" contains the values obtained by gas chromatography of the
urea adduct obtained during measurement of the urea adduct value
(same hereunder).
15 [0369]
<Production of base oil 3-2>
Hydrotreatment, hydrodewaxing, hydrorefining and distillation were
carried out in the same manner as for base oil 3-1, except for using
WAX3 instead of WAX1, to obtain a lubricating base oil (base oil 3-2)
20 having the composition and properties listed in Table 14.
[0370]
<Production of base oil 3-3>
Hydrotreatment, hydrodewaxing, hydrorefining and distillation were
carried out in the same manner as for base oil 3-1, except for using
25 WAX2 instead of WAXI, to obtain a lubricating base oil (base oil 3-3)

having the composition and properties listed in Table 14.
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CCS viscosity, nmPa-s (-35C) [IVIRV viscosity, nP.s (-40C) Baking

| oad, | bf | Abrasion wear, ng Lubricating base oil Lubricating oil
conposition Conmp. Ex. 3-10 ool remainder TO

[0371]

<Production of base oil 3-4>

A lubricating base oil having the composition and properties shown in

Table 15 was produced in the same manner as base o0il 3-2, except that
5 the hydrodewaxing temperature was changed to 300°C or higher and

below 315°C.

[0372]

<Base oil 3-5>

Also, a lubricating base oil was prepared having the composition and

10 properties shown in Table 15, as a conventional lubricating base oil.

[0373] [Table 14]
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Example base oil Base oil 3-1 | Base oil 3-2 Base oil 3-3
Feed stock oil WAXI WAX3 WAX2
Urea adduct value, % by mass 1.55 [.28 3.88
Proportion of normal paraffin-derived components in urea adduct, 29 21 29
% by mass i i i
Saturated components, % by 997 998 008
. .. mass
(E:)zss‘::g‘;:ct’g::f;:;';i]) Aromatic content, % by mass 0.1 0.1 02
Polar compound components, % 0.2 0.1 0.0
by mass ' i .
3 Q,
Saturated components content Ey(;]_l]:sssatumted components, % 11.3 10.9 92
(based on total saturated o ry
components) Acyclic saturated components, % 88.7 291 90.8
by mass
Acyelic saturated components | Normal paraffins, % by mass 0 0 0
content
(based on total acyclic | Isoparaffins, % by mass 100 100 100
saturated componenis)
Sulfur content, ppm by mass <l <10 <10
Nitrogen content, ppm by mass <3 <3 <3
Kinematic viscosity (40°C), mm'/s 15.92 15.53 16.60
Kinematic viscosity (100°C), mm'/s 3.855 3.851 3.949
Viscosity index 141 143 145
Density (15°C), g/cm’ 0.8190 0.8185 0.3183
Pour point, °C -25 -25 -17.5
Freezing point, °C -26 -27 -19
lodine value 0.08 0.02 6.04
Aniline point, °C 119.2 119.5 119.9
IBP, °C 363 365 368
TI1Q,°C 402 400 404
Distillation properties, °C T50,°C 440 442 445
T90,°C 468 460 472
FBF, °C 488 489 491
CCS viscosity {-35°C), mPa's 1,550 1.450 1.820
0.3 % by mass Pour point
depressant 6,100 5,200 7,300
MRV wviscosity (40°C), [ 0.5 % by mass Pour point 6,600 5,000 7100
mPa's depressant
1.0 % by mass Pour point 7.000 5700 8.500
depressant ’ ! '

[0374] [Table 15]
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Comparative example base oil Base oil 3-4 Base oil 3-5
Feed stock oil WAX3 -
Urea adduct value, % by mass 4.38 5.22
Proportion of normal paraffin-derived components in urea adduct, % 26 12
by mass ’ )
Saturated components, % by mass | 99.1 99.9
Base oil composition Aromatic components, % by mass | 0.6 0.1
{based on total base oil} Polar compound components, % 03 0
by mass )
Saturated components content gyclzjljl:sssaturatcd components, % 12.5 45.2
{based on total saturated Ay Tic saturated Y
components) cyclic saluralcd COMPORCLs, ¥ | g4 4 548
by mass
Acyclic saturated components | Normal paraffins, % by mass 0.3 0.2
content
(based on total acyclic saturated | Isoparaffins, % by mass 99.7 99.8
components)
Sulfur content, ppm by mass <1 <]
Nitrogen content, ppm by mass <3 <3
Kinematic viscosity (40°C), mm%s 16.12° 19,95
Kinematic viscosity (100°C), mm%s 3.023 4.302
Viscosity index 141 125
Density (15°C), glem’ 08172 0.8353
Pour point, °C -22.5 -17.5
Freezing point, °C -24 -19
lodine value 0.09 0.08
Aniline point, °C 116.9 118.0
%Cp unmeastred 78.0
n-d-M Ring analysis %Cn unmeasured 20.5
%Ca unmeasured 1.5
IBP, °C 360.2 318
T10, °C 393.8 394
Distillation properties, °C T50,°C 443.8 428
T90, °C 465.8 460
FBP, °C 485.9 508
CCS viscosity (-35°C), mPa-s 3,900 3.200
03 % by mass Pour point 14.900 12.500
depressant ! ’
MRV viscosity (40°C), mPass | O3 % by mass Pour point | 4, 104 13,300
epressant
1.0 % by mass Pour point 14,600 13,700
depressant
[0375]
5 <Preparation of lubricating oil compositions>
For Examples 3-1 to 3-3 and Comparative Examples 3-1 to 3-10 there
were prepared lubricating oil compositions (0W-20 oils) having the
compositions shown in Tables 16 and 17, using the respective
lubricating base oils listed in Tables 14 and 15 and the following
10 additives.
(Additives)
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Al: Alkyldiphenylamine

B1: Zinc dialkyldithiophosphate (phosphorus content: 7.2 % by mass,
alkyl group: mixture of secondary butyl group or secondary hexyl
group)

C1: Ca sulfonate

D1: Polybutenylsucciniimide (bis type, weight-average molecular
weight: 8,500, nitrogen content: 0.65 % by mass)

El: Polymethacrylate-based viscosity index improver (dispersed
polymethacrylate having a polymethacrylate with weight-average
molecular weight MW: 300,000, PSSI = 40 and comprising alkyl
methacrylate mixture (alkyl groups: C1 and C12-15 straight-chain alkyl
groups) and dimethylaminoethyl methacrylate as main structural units).
F1: Polymethacrylate-based viscosity index improver (dispersed
polymethacrylate having a polymethacrylate with weight-average
molecular weight MW: 100,000, PSSI = 5 and comprising alkyl
methacrylate mixture (alkyl groups: C1 and C12-15 straight-chain alkyl
groups) and dimethylaminoethyl methacrylate as main structural units).
F2: Polymethacrylate-based viscosity index improver (dispersed
polymethacrylate having a polymethacrylate with weight-average
molecular weight MW: 500,000, PSSI = 30 (alkyl methacrylate
mixture (alkyl groups: C1 and C12-15 straight-chain alkyl groups)) and
dimethylaminoethyl methacrylate as main structural units).

F3: Ethylene-propylene copolymer (weight-average molecular weight:
175,000, Hitec-5751% by Afton).

F4: Styrene-propylene copolymer (molecular weight: 150,000,

styrene/hydrogenated isoprene linear diblock copolymer, Infineum
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[0376] The properties of the lubricating oil compositions of Examples
3-1 to 3-3 and Comparative Examples 3-1 to 3-10 are shown in Tables
16 and 17. The row headed "Baking load" in Tables 16 and 17 is the

5 baking load measured using a Falex P/V tester, applying a load with a
ratchet after running-in for 5 minutes at 500 Ibf.  Also, the row headed
"Abrasion wear" in Tables 16 and 17 is the total amount of wear of the
pin and block, measured in a friction test using a Falex P/V tester,
before and after operation for 30 minutes at 1000 1bf.

10 [0377] [Table 16]
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17.4 HTHS viscosity
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CLAIMS 1. A lubricating oil conposition conprising: a

| ubricating base oil conprising a first |ubricating base oi

conponent having a urea adduct value of not greater than 4 % by 5
mass, a kinematic viscosity at 40C of 14-25 mmR/s and a viscosity

i ndex of 120 or higher, and a second | ubricating base oil conponent
having a kinematic viscosity at 40C of less than 14 m2/s, wherein
the content of the first lubricati ngChasEVI8| conponent is 10-99 % by
mass and the content of the second | ubricating base oil conponent is
101-50 % by he&dubbeatdgail thmpmidbn is@fg:t he | ubricating base
oil; and a viscosity ingex i nprover, the lubricating oil conposition
having a kinenati @ mexdoaﬁim% ledsel 0{1Ccomptisiag narthist dobrizatingcbasé il

i ndex of 200-350. 152. The lubricating oil conposition according to
claim1, wherenponest haeing s uktatadducpraiaetofnoofgiehterl than dabh rigy
base oil, an initial boiling point is not higher than 370C, a 90%

di stij | at i omassype kahematicsvie0sityrath#0MErof dde25 minf feaadca Wistostn
the 90% distillation tenperature and a 10% di stillation tenperature
is at |east i6d€x o2028.orThigharbandaa isegond |lubnicptisgt base adowompogend
claim1 or 2, wherein the viscosity index inprover is a _
pol y( et h) adrapinger basematicsdseosiyy ian G wrlose tham 14Thanf/apmiheatimg
oi | conposition according to claim3, wherein the PSSI of the

pol y( met h) adhg| cardent oé dheifitss dubiicanng basepeidveaompeneintt is25gr&aferby
than 40, and the ratio of the weight-average nol ecul ar wei ght and the
PSSI of the Ipasy andtihcaeonteat of the sgcond dudrioptingdbase pHrawpenest it
least 1 x 104.. 5. The lubricating oil conposition according to an
one M cl ai e3¢ Yaoby magferhased o1y the totak amayniohthedybrioptiag hassoil;
Wi th respect to a HTHS viscosity at 150C satisfies the condition
represented?%¥1the 5follow ng inequality (A : HTHS (100C)/HTHS (1500

2.04 (A . e .
(A a vIscosity index 1mprover,

the lubricating oil composition having a kinematic viscosity at 100°C
of 4-12 mm?/s and a viscosity index of 200-350.

15 2. The lubricating oil composition according to claim 1, wherein, as
the distillation properties of the lubricating base oil, an initial boiling
point is not higher than 370°C, a 90% distillation temperature is
430°C or higher, and a difference between the 90% distillation
temperature and a 10% distillation temperature is at least 50°C.

20 3. The lubricating oil composition according to claim 1 or 2, wherein
the viscosity index improver is a poly(meth)acrylate-based viscosity
index improver.

4. The lubricating oil composition according to claim 3, wherein the
PSSI of the poly(meth)acrylate-based viscosity index improver is not
25 greater than 40, and the ratio of the weight-average molecular weight

and the PSSI of the poly(meth)acrylate-based viscosity index
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, Wherein HTHS (100C) represents the HTHS viscosity at 100C and HTHS
(150C) represents the HTHS viscosity at 150C. 6. The nethod for
producing a lubricating oil conposition 10 conprising: blending a
first lubricating base oil conmponent having a urea adduct val ue of
not greater than 4 % by nass, a kinematic viscosity at 40C of 14-25
m®/s and a viscosity index of 120 or higher, a second |ubricating
base oi | coripgnentr iswi kgst 1kk Aéfatic viscosity at 40C of |ess than
14 nmmR2/s, and a viscosity index 15inprover, to obtain a lubricating
base oil whéer.éflme tilericatmgnil obnipsition atcordingdatamgohesd dalms 1 to
conponent is 10-99 % by mass and the content of the second

| ubri cati ng hawheréin eamponedta iIETHS136dsytyas sl 0054 edithnraspect 6o
amount of the lubricating base oil; and adding a viscosity index

i nprover to HRHS obscasity ag W% aiatisfies thiet aondizion Irapraseatddh dpyoile
conposi tion having a kinenatic viscosity at 100C of 4-12 m®/s and a
viscdsity i fobovangaoeqashty (A): The | ubricating oil conposition for
an internal conbustion engi ne conprising a lubricating
base oil, hd¥ThE élQ@%H Iylslﬁi(ﬁb?Cc)f_ildM 6A)hi gher, 25an initial

boi I'i ng p0| nt of not higher than 400C, a 90%distillation te erature
of 470C or hi,gbereind St (0@ reptosents the ISOHS disasityast di)

tenperature and the 10%distillation_t eratyre of at least a 7OC
an ashl ess &nd AL S @o@t)éﬁmﬁgntsotmﬁwhisa@m%h@tiﬁ@efﬁt el ement ;

and 5at | east aone sel e froma ng ashl ess a,ntl oxi dants contaj pi ng
sul fur as a onlEhmméﬁ eﬁ@ht pa &ingand c lHBrigBHEgUNPE orfdlIRAsItion
wherein the Iubrlcatl_g% 8se oi rises a first Iubrlcatlriwbase
oi I dbnponefOmRUS R DIGPEI S dd o U hase GileapBIPANSRt havipnga

10 mass, a visco |nd f 100 or hi gher a. kinematic Vviscosity
2t 1008 of ek cadddes Safiial BRG Slcaters an 4 ari s, B KIFEERHHE

| ub t b h dduct Lu f

oreatsr L RaiB, %ﬁz@%zeﬁﬁéczé'm@%e S5 N G b oha0 o
ki nematic vi sc at 1ﬁgl1cb ﬁ 158. -Iihﬁ l.ubri atl 0| I
conposi tion 1}18 ‘ém |SﬁF8P UOLISRAbiNG: Pase SR Cﬂéﬂl?a%‘&%}d Ao o IC

e R e e R L W pretifes
nor rﬁéfgﬁﬁf&é@sg' GEBLEDR Rt Pﬁgﬁisﬁe S0 Bedtnc NSO Lt
100 o1 X?L,‘ﬁelﬁé RLicBRE Best G Lo r@%eﬁf‘sﬁoéé % % Weustsiiaribg
and | ess thajy g BEGhS: s@ithd 1u$ﬁ§aﬁﬁogmonen %@i&)o‘iﬁ npase130) %

conmponent S a? ricati n ase ol y a step O

o ek RIS B G AL 1
adduct val ugfin H9! vigeE&t §inHER A hrdvBY td"83S luBticating base oil, to obtain
20 a lubricating o1l composition having a kinematic viscosity at 100°C of

4-12 mm?/s and a viscosity index of 200-350.
7. The lubricating otl composition for an internal combustion engine

comprising:

a lubricating base oil, having a viscosity index of 100 or higher,
25 an initial boiling point of not higher than 400°C, a 90% distillation

temperature of 470°C or higher and a difference between the 90%
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viscosity index of 120 or higher and a kinematic viscosity at 100C of
4.5-20 nmm2/s. 9. The lubricating oil conposition for an internal
conbustion engine according to claim@8, wherein the feed stock oil
contains at |east 50 % 5by nass sl ack wax obtai ned by sol vent

dewaxi ng of a lubricating base oil. 10. The |ubricating oil
conposition for an internal conbustion engine according to any one of
claims 7 to d@stihdoaltenigigat@edriiiry BOW Eisvilkes temspé@@@rs of SAEMY
or 5Wand the high-tenperature viscosity 10grade is SAE30 or greater.
11. The | ubrd gat€Cpg oil conposition for an internal conbustion engine
according to any one of clains 7 to 10, wherein the CCS viscosity at
- 35C is not greatagr ashkrsGafiddxkidat scontaining2no Thd fiwkii gatdmgitaeht
conposition for an internal conbustion engi ne 15according to any one
of clains 7 dlemkht; adé@rei n the MRV viscosity at -40C is not greater
than 20,000 nPa.s. 13. A nethod for producing a lubricating oil
compdsi tion for amti nesstnabne osblestédn firngi remongprashilery: obteoxiidagts
first lubricating base oil conponent having a urea adduct 20 val ue
of not gr eateemtaimng 4siifiny ases sonatittiest odemeritnatek crgan@0molybidghem
and a kinematic viscosity at 100C of at least 3.5 nmR/s and | ess than
4 5 mg/s, axdmpovndsnd | ubricating base oil conponent having a urea
adduct value of not greater than 4 % by nmass, a viscosity index of
120 or great erwhertin thienkyatdating bessiall ceammuoss af fipddubrizatimgebase
to obtain a lubricating base oil having a viscosity index of 100 or
hi gher, an iail compasnti kayipgi aured adduchvghes of ot greater thangbdh by
distillation tenperature of 470C or higher. and a djfference between

t he b di stmhassta yisqostyeitax of 408 ar hogher and |a kinamatie viseesiir at
of at least g 70C, and addi hg an ashl ess anti oxi dant nt ai ni ng no
sul fur as a ld¥hS: iafuainieast 3ege!aa@m,s aciless Thes b pTBILL, cibd FeGd
anong ashl eﬁs ant i,0xi ggnts .gont ai ni ng ilul fur as a co&iti tuert el ement
and or gani c [HBIFBHBEL RA%D RIS AATEPPBCEh Aavilg i & MTEAgadde yalue ofanofa

| ubricating oil, copgpositjon for an internal .cqmbusti engi ne,
conpr i oi ng: STGALE ARt nBYbRBS ORI VIREUPIRY IBAERdal Adbuek Miglidreand a
not greater .t.han 4. % b SS ol V] ity isndex of 100 or higher;
and a KIBETY %F)S\Q/@? Yé’ttgreﬂagq ?lgzg)'épi‘émz?%ver age nol ecul ar

wei of 2Q0,.000-400, 000. .15. The Jubri.cating, oil,conposition for
an igﬁernal %oﬁﬁaéﬁsﬁaﬁﬁgi COMPGUGTY ‘?{ga’E‘d%E?ré‘ialnc? IOUFHL CRENHe
| ubricating bhase oil, is. a |ubricat.ing base oil obtained by a step of
hydr ocr acki r?é’f:ﬂ\l/‘% Té)o%@?linz);’t MYl a feed stock oil cont ai ni ng

normal paraffi S . al t r.eat roduct INg.a U .
adduct val ue o&ﬁﬁoﬁrsgﬁélﬁ]ec%%ﬁage %1E§oﬁgg(§nqﬁdlsaa&%é£§%t% bﬁg%f’ﬂof
100 or higher. : i.cati 1 i 1l j n
combust i on SSMREIGN APRingP by St by fRIRER e o dbafrl 2k oSt
contains at J gast AROBIYCARETlAAbmHAN pARAREG B RPLNER L1ReRINY
of a lubricating base oll:

20 product having a urea adduct value of not greater than 4 % by mass, a
viscosity index of 100 or higher and a kinematic viscosity at 100°C of
at least 3.5 mm?*/s and less than 4.5 mm?/s, and

the second lubricating base oil component is a lubricating base oil
component obtained by a step of hydrocracking/hydroisomerization of

25 a feed stock oil containing normal paraffins so as to obtain a treated

product having a urea adduct value of not greater than 4 % by mass, a
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viscosity index of 120 or higher and a kinematic viscosity at 100°C of
4.5-20 mm?/s.
9. The lubricating oil composition for an internal combustion engine
according to claim &8, wherein the feed stock oil contains at least 50 %
by mass slack wax obtained by solvent dewaxing of a lubricating base
oil.
10. The lubricating oil composition for an internal combustion engine
according to any one of claims 7 to 9, wherein the low-temperature
viscosity grade is SAEOW or 5W and the high-temperature viscosity
grade is SAE30 or greater.
11. The lubricating oil composition for an internal combustion engine
according to any one of claims 7 to 10, wherein the CCS viscosity at -
35°C 1s not greater than 6,000 mPas.
12. The lubricating oil composition for an internal combustion engine
according to any one of claims 7 to 11, wherein the MRV viscosity at
-40°C is not greater than 20,000 mPa-s.
13. A method for producing a lubricating oil composition for an
internal combustion engine comprising:

blending a first lubricating base oil component having a urea adduct
value of not greater than 4 % by mass, a viscosity index of 100 or
higher and a kinematic viscosity at 100°C of at least 3.5 mm?*/s and
less than 4.5 mm?s, and a second lubricating base oil component
having a urea adduct value of not greater than 4 % by mass, a
viscosity index of 120 or greater and a kinematic viscosity at 100°C of
4.5-20 mm®/s, to obtain a lubricating base oil having a viscosity index

of 100 or higher, an initial boiling point of not higher than 400°C, a
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90% distillation temperature of 470°C or higher and a difference
between the 90% distillation temperature and a 10% distillation
temperature of at least a 70°C, and
adding an ashless antioxidant containing no sulfur as a constituent

element, and at least one selected from among ashless antioxidants
containing sulfur as a constituent element and organic molybdenum
compounds to the lubricating base oil.
14. A lubricating oil composition for an internal combustion engine,
comprising:

a [ubricating base o1l having a urea adduct value of not greater
than 4 % by mass and a viscosity index of 100 or higher; and

a poly(meth)acrylate having a weight-average molecular
weight of 200,000-400,000.
15. The lubricating oil composition for an internal combustion engine
according to claim 14, wherein the lubricating base oil is a lubricating
base oil obtained by a step of hydrocracking/hydroisomerization of a
feed stock oil containing normal paraffins so as to obtain a treated
product having a urea adduct value of not greater than 4 % by mass
and a viscosity index of 100 or higher.
16. The lubricating oil composition for an internal combustion engine
according to claim 15, wherein the feed stock oil contains at least
50 % by mass slack wax obtained by solvent dewaxing of a

lubricating base oil.
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