DESCRI PTION Title of Invention RUBBER COVPOUNDI NG O L, AROVATI C
COVPOUND- CONTAI NI NG BASE O L, AND METHODS FOR PRODUCI NG 5SAME
Technical Field [0001] The present invention relates to a rubber
conpounding oil, to an aromati c conpound-containing base oil, and to
met hods for producing them 10Background Art [0002] Hi gh-aromatic

m neral oils have high affinity for rubber conponents, excellent
processability and softening properties as rubber conpositions, and
excel l ent econony, and they are tDPESERIPTIONd for production of
rubber conpositions conprising natural rubber, synthetic 15 rubber
and the |ike. Tibe obkuvepliion ext ender oils are added to synthetic

rubber including SBR durin i n Si s, ile proces i are
added to rubbmg&smmau as @&B@Aﬂ{ﬁl @@5@@7
processabilit I ali t th

(Pat ent docunmwi.}ebéﬁﬁ @E’ng@mbﬁiﬁzﬂ %@gﬁﬁ{gﬁl\@ns
pr ohi bigi ngD"tvg%me of substances containing nore than m ni num
anount s~ of extracts or indicated carcinogenic polycyclic
aromati ¢ conpqupgigichlFidlg Production of tires or tire parts have been
enacted since 2010. Consequently, extracts obtained by extraction of
vacuum di st i | [GO01§rTHer presém msventioh rplatearto 25sbberecdrsp gmdérgbil ytotey e
hi gh polycyclic aromatic contents, and they are gradual |y becom ng
unusabl e di r earamaticscompoend-eampivingibasy @il and tonmethogh o pradyeing
aforenmentioned restrictions. A demand therefore exists for rubber
compoundi ng oMMt hat can neet such restrictions. [0004] As a rubber

conpoug@i ng OH%P‘Q%‘%H'&E? the restrictions, Patent docunment 1

pr opos a pe ) process oil having an aromatic 5

hydrocar bon c b oRfatidOiReARSSile [Ravd! A3sh t AR PN rubber
tenperature Tg of "bef'ween -55C and -30C, a dynam c viscCosity (1000
of 20-50 r2/ s camgonerns] sxuglibnicoraceaisilicy andpofiteitg propeeiids {sRGBpeof no

greater than 3 mass%in the petrol eum based process oil. Wen tubber
obt ai ned by a¢dinpgsitivos, andexcedientasiymsed gdoibey sareitherefore 19ediifene
rubber is used ip g tire,.it is possible to, achi eve boih Iowt%uel
consunpt i on aREYciignnfaBRber coamposHipns somprising sl i pks st g

resi stapce or t-rasi nt [ |4 ty, 005].. 1 nci I known
commn%] ubber %h@%ﬁgﬂﬁghﬁzﬁgl I ggf it _ _3’ %}ftﬁﬁge r%#a??%dgg@&oagyﬁﬁwﬁ&
conmpound- cont gARGinbRREPISER CARI! BIeR0sHRHUERT whfld HB8GESqRS avacuum
distillation fractions or” deasphal {Ced ol Pat ent docunent 2, for

exanpl e) . Congdde@nd| swubbeplpresdssak prodicss ahtlai dzetirdsy teeXinpasitel dreiof
vacuum di stillation fractions generally have high polycyclic aromatic
contents, and procegsabilétygontheatjialith efolirie nmgbberuprasessedi predusty (Batentibber
conpoundi ng Oiéi s, due to the aforenentioned 20 restrictions. Known

t echni ques desioghagnilfonexam €% situation include nethods of

(o Bl orThoGiTh SheBty SYERELYS) EERGRE R 4BHOPE. blauces
aromati c- di | utdop%gﬁgggllﬁém (}EQ’(()‘?M %:g bR ERIRI R RS BE !rﬁﬂiééf?& ower

econony due to _ drti _ genation equi prent, or can [ower
25aromati city cefcihdgdid pbReyyliehiintic dopserdtinthas @raductiby ofrilesct s.

or tire parts have been enacted since 2010. Consequently, exiracts

O

obtained by extraction of vacuum distillation fractions with polar
25 solvents generally have high polycyclic aromatic contents, and they are

gradually becoming unusable directly as rubber compounding oils, in



[0006] On the other hand, it is desirable for rubber conpounding oils
to have high flash points (250C or higher) to avoid falling wthin
the definition of Level-4 Hazardous Petrol eum for inproved
manageabi | ity and handl eability. [0007] In addition, rubber
conpoundi ng oils nmust have low glass 5 transition points in order to
i nprove the | owtenperature characteristics (such as | owtenperature
el astic nodul us) for rubber. For exanple, Patent docunents 1 and 3
propose rubbef; i i LR d-Qw A PRiAL s of
et voon - 550 A CHORMbAMANIRARABRIORY 3\ 30hahd LI PIRRISH

10[ 0008] Howeystber Regpvaadingaonilll thstcabradsishtlfesp@dtlinsand aromati c
content are generally reciprocal properties, it has been difficult in
nmost cases t o [@@0H]ede ahobhercdmptumiingreili that meewrthe aestrietidmywPgicat s
transition point. For exanple, it is not been possible to obtain a
rubber conpoud@rwgeni 1 prendasean pelrelam-baseshpronessoiil bovipa ssmematic

greater _accordi tq ASTM D 152007 apd ass ansitjon point of no
gi gher fhgn f%ﬁ%g ' E’ex%ﬂ%?’gs )(g:ﬁi anaﬁ‘fﬁl%z%kanabl g@%ﬂ?ﬁéﬁﬂém
ocunen : XA : r_glas NSinbin0 . of .

r ubber corrpoug"I(J':Fl [ops rF%@n@st%Pgdﬁ%eén%{‘go IOth %e%gb%f%ﬁ ivéstcgglﬁ}f ent
but also the AR50 ] ic GRIHRM. B o
conpound- cont g?wgﬁaasgég%?@sm?ﬁ?gﬁﬁ?ﬁ? unref i ng%ﬂggﬁxg??é gve
hi gh pour poi (PEAGNS At gleatirahan BrarsYs i nhe emblum-bived qrotesb asie
oils obtained by refining of raffinates obtained by pol ar sol vent

extraction of Whenmbtdi obidihed bpnaddingcuich mspafsdiewntbasedvpporess pibitoit s,

but al so have ] ow aromatic contents and a high aniline pojnts, .and
are thaef or o GTEr TUBDEE 13 Fsgban iantl@xtﬁekﬁdmssgﬁwom?hl%pb ewi B¢l of

SBR, i ticular. [0010], Methods f ' . i i
Pubber " conpoufUPREERHT £t BAR OURCTIRe! B 1] PR P REiee) - o
hod of hyd i : : d I i
met hod of hy &Qgﬁgﬁ\gé%ﬁg??%%?ﬁ%%glﬁg_extract to reduce polycyclic

aromati ¢ conmpounds, pro . a nethod of increasing the

yield of the ¢g005Ckhcidentdlly, rbracCéd@montRBbeS to@psuiiih@loilsdhvieds, to
dilute the 5 polycyclic aromatic conpounds, and producti on net hod
(3): a net hod hogh canompaticg comtposnticentaimxngr besd ovilsofconipeisimr Lnolvent
distillation fraction_ in tw stages (Patent docupent 2t). [,0011{ Al so,
if thelPl ash g&faetsi of Mg, ditijlelien Beipnsr eredepsphalted oil (Patent

d- j b il | i | | -4 h d 10
et ol eum and AaPERRBt 2 BEEKFPIIna GoaR etk S re eI EAGRE PY ash
Nt | . | | . . L1
Itoflazsi Itisofl1 ;s)gie%@bt%%gesgl SO %g‘éna%ﬁggﬁ@gh Bg%}éité%%cuxm%}eislgﬁg 3,

for exanple). fp[owlbé%lic/é&:ﬂaﬁ@@&%n’@pﬁmme iaRg geiduall P beorathgathuksabldi ene

rubber, Paten docunent 1 proposes the use of a petroleum based
process oil hanieotly ans antipat | eorbpeimdisg boits, cdoe etot the€ A fordm@RiadBI W %
a glass transitiaon _tenperature Tg, of between -55C and -30C, a dynamc

vi scosi2fly (100eyirigionn- Soneiun Jechnigies depignpd \agpinst Bre plgationcosiydaent
tent (PCA) of ter than 3 w% W bb tajned b
et ng. 206uch il ShEEhbad Sntialy Y niubbdntions fisghhrg He
. ety . ! : . <
ori b proper t | GLOmEHEpiipBubds, 3 e fele crfil K ABH AL RS
heat - r esi st antgrypafddilutihy effiett. t ATbREvdrl Kicdh methods can potentially lower

economy due to the addition of hydrogenation equipment, or can lower

25 aromaticity or impair the vields of lubricant base oil by-products.

[0006] On the other hand, it is desirable for rabber compounding oils to



[Patent literature] 25[0013] [Patent docunment 1] Japanese Unexam ned
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I nternational Patent Publication No. W97/ 35462 Sunmary of the

I nvention Techni cal Problem 5[0014] In production nethod (1),

however, econony is conprom sed when hydrogenati on equi pnent is added
and the aromatic content of the product also tends to be | owered,

while in produayé ofghrTaiR i, (250 Xrhighl) N ditHaliFMNvihAR o'

obtained fromthe raffinate tends to be ed an S~ aromati c

content al so defiisiohmillesved e earddus Pebtohnne Uot iaprdvetl ieshab3ibiRsy
well, despite a density of less than 0.94 g/cnB, a | ow pol ycycli'c

aromati ¢ cont end hamdlesbilityyh yi el d of extract as a high aromatic

portion, the rafEmate &e_ld is very |low and the aromatic content
tends to be ré@QR? N podiion TRbker eempeundieg eils pawh havewtow oglass

Lo pe repuupe THest . . e
compount. cont gt pauts I PRI e the BR Wiupretrs shapstwrigtion o
t iti i , j 0t i t gt d
SuTTici ent T oEf: af oy el S il BbaBLOM: SrfR0. M oRie: o
conpounds, fr PRchaflbbALES 1306 S¥idpdss futbll BbRBHuRYNE Wk had

extraction processes using vacuum di st I'I'ation ?I’ act gons as %g

starting mat egiaab frangitionpgolite of betwesn -5 e BOSCherlrbdwem-4504nd
obt ai ni ng non- car cinogenic high aromatic base oils fromextracts at
hi gh yield, wh#ER,zespectdedlsl as rubber conpounding oils or their base

materials, or tai ni ng non-car ci nogenjc aronatic .

conpo uﬁ%_— cont ¢ é(ﬁm 3'?%‘39\?1'_0 feaugs @‘ani%sﬁ fianatien ,P;H&*@F’FI a;%aﬁl‘ﬁ ﬁﬁgﬂﬂt

o Te T 0018 e aRPi) B8l SFoBEs iy b GiRSralt BLER bRt | on
to provide a aEMBRELoGPENEMNGIRSatR boftaw £ élbﬁ%lﬁiét gﬁ;n@(g; @Irarié;[%{‘g a

| ow gl ass transition point while nmaintaining a

content, and Fawexgnplef ftiis nenbegresbssiblotd dtainenddri epinpsindingiosat ed
pol ycyclic aromatic conpounds, as well as a nethod for producing the

r ubber 5conpotili amarematic] @oteri of S0irgassYsergmdten bpewtingf tot AFTM D

L b gt ash POPHEAE 3 He ROn NGB 2B8F fhen A0 Gpercaemiples
carcrnogen o b sPbaldilg EiRbieh SRR dofiubaf 4005 Sk ddby a
Do The ot ar 1 oer B HhnBiiahCH At S e Tuke: Hndotlding At My’ @°! ! "

aronati ¢ conpradude aotdulythagropedit @intenthut Aisathofgshpdaht yi el d
production of the aromatic conpound-containing base oil. Solution to

Pr obl em 15[ 00§®)09Addwerefiorgy ¢conmoni high aematic, canypoimiventtainingpbasel des
bb . ..
a rubbyg oils containing unrefined extracts have high pour points and high glass

transition points. Lubricant base oils obtained by refining of raffinates

obtained by polar solvent extraction of vacuum distillation fractions

exhibit low pour points, but also have low aromatic contents and a high

aniline points, and are therefore difficult to use in extender oils for
25 production of SBR, in particular.

[0010] Methods for producing non-carcinogenic rubber compounding



conpoundi ng oil having a total aromatic content of 50 mass% or
greater according to ASTM D 2007 or ASTM D 2549, a flash point of
250C or higher, a difference of at |east 45C between the pour point
and glass transition point, a benzo(a)pyrene content of no greater
than 1 ppm by 20mass and a total content of the foll ow ng indicated
aromati c conpounds 1) to 8) of no greater than 10 ppm by mass. [0019]
1) Benzo(a)pyrene (BaP) 2) Benzo(e)pyrene (BeP) 3) Benzo(a)anthracene

bonzb( of | ot afiheRS (R, tholRlE SRbILURLE ThBlR (FYTA) mithad of
D benzo(a, h) apyiicaeiforl RBAMNNF0AR] iRt rta%ﬁﬁsvégpg,?gam RorRktic Of

the invention has™a high flash 5 point and a lo transition
poi nt whi | e mabimpainndd) preduttion hethad (2): amtinodasiinerhsing e yieldab
sufficient reduction in the content of indicated polycyclic aromatic
conmpounds. [ Ol px{fic inuthieeextrastionustep mying & pflat belvenly dotdilnte the
conprises at |east an aronmtic conpound-containing base oil (qt%%,
anong ah ar onBPYEYCliQ arusniusemBoRds AN Pr ow; mefhes Bom msihedy a

raf fi nate obtai.ned by separating a vacutuyn distill.ati.,on fr.action of
ht ospher i o dPSERIYE Ot LGRS GTBTHON phiHecrARIEn Rt gton EARVeRt
extraction st r i i oduct thereof, and having a 40C
dynam c vi scogp?ﬁﬁgfagg@%gﬁ%%é?ﬁén ani line point of 70C or higher,
a 10% poi nt ofo#Q9-ARECiANEe aﬂa%g%gpﬁﬁ R0D50°Of o5 AP OGud i -ardshatic
distillation, "a %A of  3-20 according to ASTM D 3238 ‘and a gl ass

transition pocofapofindeohiapting tdsancils3d0, neindualifyansrtevélet hazardous
conmpound-cont ai ni ng base oil (b) containing an extract obtained by
separ al{ ng t hpevelsummaed std e ieasily menpgesdlefand thesefhee & digh flash

o1 20" pr oduEpiér 85, deDlsayi AODGer4BUPAGDG WICIGH (GWoR Do
densi ty of 0. SAGEHORKS e Rl BeafirdiRed) Bl B Bl By 50
Mass% or gr eak@impRrgording to ASTM D 2549, wherein the content of the

aromati ¢ conpound-contai ning base oil (a) is no greater than 95 mass%

and the 25con{@fi2]ahs khebbereuaipoondmppsiltdbe addei 10 dignenader Platefld) i s
5 mass% or greater. {10022] According to the invention, preferably
the sol§ent edeeamentohpenepes thelusd of apetioteim-besadsprocesstaiblaaviiamant ep

in which a vacuum di stillation fracti is contacted wi.th a paql.ar

sol vent in a ARTRRIGIYRRETIM CoRERn (el Pigzoa%o\ﬁ%nﬁt %Iﬁiﬁerraﬁwgn of

30-90C and a tﬁé)IBpéI%{H%g rﬂ YiCbetween -55°C and -30°C, a dynamic viscosity
(100°C) of 20-50 mm®/s and a polycyclic aromatic component confent

(PCA) of no greater than 3 wi%. When a rubber obtained by adding

20 such a petroleum-based process o0il to diene rubber is used in a tire, it is
possible to achieve both low fuel consumption and grip properties, and
{o increase the thermal aging resistance or heat-resistant wearability.
[Citation List]
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25 [0013] [Patent document 1] Japanese Unexamined Patent Application
Publication No. 2004-155959



5 that is higher than the bottomtenperature, to obtain a first
raffinate and a first extract, and a second solvent extraction step
in which the first raffinate is contacted with a polar solvent in a
second extraction colum having a bottom tenperature and top
tenperature that are each at |east 10C higher than those of the first
extraction colum, to obtain a second 10 raffinate and a second
extract, and preferably the aromatic conpound-contai ning base oil (b)

i ncl udes t he $Baeridlaskment?] dapancselateod wilicaporoiioc B633iS5eof . [ 0023]

Furt her nor e, cording to i nventi.on there..is, praqvided met hod
for producing at?@béﬁ?%“h“é‘ﬁ‘égfﬂ’rﬁmﬂoﬁll ,at%ﬁ%@&lmﬁ@eﬁf@%&%%z

bl endi ng stepof. bl endi n_aromati ¢ conpound-cont ai ni ng base oil

(a) containin u??‘ﬁﬁf’tﬂ?%f ‘[ﬁnﬁioﬁ‘ed by separating a vacuum
distillation ffag i'cgpP%b?Hmspheri c distillation residue oil from
crude oil by a solvent extraction step, or a refined oil product
thereof5 and (el Qnapléaﬁcﬁdm_aﬁetﬁod/(ﬁ};Qﬁiﬁe&(ref;fec@ﬁoﬁgois%@ﬁ onitSed

ani |l ine point of 70Cor 20 higher, a 10% point of 400-50 and a 90%
poi nt of 500- Gdea liydragendtiot ietjhipticanis aldeCAndfthSaRnaAoantimoftiee ASTM
D 3238 and a glass transition_point of no higher than -30C, and an

aromati ¢ conpBeIct glsodendnie badewsrad, philecimnpraduption metiod (¢ the
btained b t.i t istillat] i f

St rospher ¢ VAT AEARF dHDReAH RRSS ot Sginsd EE) e rreite dsdR 1R ep,
of 500 mmprs SveBAoRIE s 16biAke BRRTHINY Bt HEAR el SR

of 200 mm2/s or grea
15C depgity obr&uRfioAMdiBo®(3)HOREIE desitdla @ ﬁﬁ%&fl %%Tﬁio@ nt of
30 nmass% or g?eat er accordi g)géto ASTM%1 2%48, ergf’n t he t%gg#ﬂ
aromati ¢ cont erbwi polfbyolizsatmmticgoathne and addphlividdtaf eAFIM 43 2004 or
ASTM D 2549, the flash point is 250C or higher, the 5 difference

bet ween t he pétamyi partigndthemetfiyatesyield igvery loshapdihetaromatic content

45C, the benzg ene,content is no greater than 1 ppm by mass and
t he total con?%’%%%’eﬁ@oﬁ {1 owing indicated aromatic conpounds 1) to

o omat 1o, compLastl (s R AN AR FEen AGWAEL SLLmpRRialhERRly "°
10greaygr t hagr&ﬁl_cﬂ'@ﬁ o 2BkhatiR %oﬁ@%hﬁﬂlcoﬁfaiﬂiﬁﬁ GO TRS ivﬁ{lﬁ g.!?ﬂiggﬂf

containing base oil (b) 1s 5 mass% or greater "and | ess
mass% [ 0024] péjntBeand dbw) plese neméiBoR) palntsPas 2adlE he Wigh ecthBafdmatic

Benzo(a) anthracene (BaA) 154) Chrysene (GER) 5) Benzo(b)fl uoranthene
(BbFA) 6) Bengelenis| ayst awifivéons redpation 7f imiiented kpfdinagearn helyey¢iRicFA)

8) Dibenzo(a, h)anthracene A) 20[.0025 rubber conpoundi ng oi l
o%at ai ned b3(/ t %‘?tH’dGEWPBHI(‘%tAEB%‘ 5: ?’TSS% eFrtTasts ﬁgganngedqbﬁhpq flash

. d &l e : whi | e Piah |
aronat ¢ cont Sy ERERRpRRE iofeRE Bine " VartT bRifREoR Bt or °
i ndi cap@d pol ¥e¥eld GnAeRaRL i qnc%g;g%iﬂth;é.@omthéa gTel héed' %D :oggli fic

feature of the rubber conpoundi Sconprising the aroma
conpound- cont abtiinigg beaeadtihogdhic Apbairdinatc base oils from extracts at high

-<
0

yield, which are useful as rubber compounding oils or their base

materials, or for obtaining non-carcinogenic aromatic compound-

containing base oils from raffinates, useful as rubber compounding oils
25 or their base materials, and as lubricant base oils.

[0016] It is therefore a first object of the present invention to provide a



the invention that the difference between the pour point and the
glass transition point is at |east 45C, and especially at |east 60C,
it is possible to obtain a rubber conmpounding oil with a gl ass
transition point of no higher than -45C even if the total aronmatic
content is 50 nmass% or greater and. the pour point is 15C or higher.
The econony is also 5 excellent since there is no need for refining
of the aromatic conpound-containing base oil (b) by dewaxing
treatment, hydsingenaimaimdheabilenivias 4 hegh ifth HEARGhAAS dewdphgsto a
second aspect, the invention provides a nethod for producing an
aromat i ¢ conpaansitionnicinnimhgebmamtaining: anigh siotad amomafic foonsdnt sahd ent
extraction step in which a vacuumdistillation fractjon of )

at nospheri c dbevingl seffisient exsidugdoniin fthe reoptenteobiindicatedo pobeyekic wi t h

a polar solvent in,a first extracti,on colu Vi n botfom
ehperat ure. oS0 ERARIAE 5 Helindt & TG POMRERRCIHE FReEE he
bott om errperg&glrpggﬁlé}@ﬁo tain a first raffanate and a first extract,

and a second Yextraction step in which the first raffinate

is contacted B@Jn(]ﬁft‘g%@é"aaéec%ﬁhv betl 8F the’ BRRARCEXD' R;idenaﬁ%ﬁﬂggc

havi ng a bott nperature and~top tenperature that are eac

lleast 10C hi gbempbhiad-cbhiagfing fhab@ @il havihgexhigc flagh pobity anlowt gla@bt ain
a second raffrmate and a second extract having a 15C densi tg of 0.94

g/ cnB or hi ghéwansitidnaoimi; ahigtP®tdrasomstic covientaid siffisl ion in
greater, the aromati c cqnmpound-cantaini ng base oil including at |east
a portion of i centesh®fsarsinegeninFubplansess drermr aftiimate W &Fasti ned

il t th f d hayi t ot ti t t f 30 %
or gredfer.  Obleab A A conen Tyt FRRHOEn FGTFeR | U0 B EER L o
acconpl i sh hi %ﬁll%ﬁ}ﬂ%eﬁ'éjctﬁ Ogﬁ‘fﬁé Qﬁrﬂlﬁ%?g%@ﬁ@ggﬁ'&eﬂ as aam?thod or

conpound- cont al ni'ng base i aving a poi nt, ow gl ass
transition poigaddu 2R Eh*c@ﬁhﬂd)fcéhlg@ﬁﬁﬁ%bhfainiﬁg%@et ohivhizhhalbwe a
sufficiently reduced content of indicated carcrinogenic substances.
Such an ar omathigh-giebpproddctiantfithe argmatis @onipoundwobtisng hake gilused as
a rubber conpounding oil or a starting material therefor. 5[0028]
Preferably, tRelutiorfe Poebleshprises, after the second sol vent

x4 2C1AON 1 G RESE R PR ALLED, HePh B Shole, AR
t t tt i . - Ll aduc i
conpound- cont SHegafreTi gl toral SBEAR R S90S o grester |

pour poi nt of aRgordiEerASTRODIENT or ARTMD 254D, R d3h pRintWEB50PC or

hi gher, a viscosity 1ndex of 90 or greater and a flash point of 250C
or higher. [O0G2&erPs effferahtey ofiat deait AG°E detweer theepduropoint hed ghassnd
sol vent extraction step is followed by a base oil preparation step in
whi ch the secdérasiignfpaial ¢ henze(pipwene gontsnt of ingi grgater &b ppm by

S o ol b AU RS bl A
having a 40C dygagh g b 360ehiokadl 0 BBt B9 fHG/ S, and a 10% point of
[0019] 1) Benzo(a)pyrene (BalP)
2) Benzo(e)pyrene (BeP)
3) Benzo(a)anthracene (BaA)
25 4) Chrysene (CHR)
5) Benzo(b)fluoranthene (BbFA)




a 90% poi nt of 500-540C in gas chromat ography distillation. [0030]
Preferably according to the invention, the second solvent 20
extraction step is followed by a base oil preparation step in which
the second raffinate is subjected to refining treatnent including
dewaxi ng treatnent to obtain a refined oil, to produce an aromatic
conpound- cont ai ni ng base oil conprising the refined oil and having a
40C dynam c viscosity of 120-250 mm®/s, and a 10% poi nt of 450-520C
25and a 90% pg'%FEnﬁ- ﬁﬂgfﬁl%(ﬁei(ﬁ'lgﬁ chromat ography distillation.
ably, C éoﬁg

[ 0031] Prefer tre aronatl ound- cont ai ni ng base oil obtai ned

by the pr OdUCU'DBBniBfk r@ﬁthéﬁ@(m{p/@ti on conprises at |east a
portion of the second extract, and has a 40C dynam c viscosity of 200

m2/s or greaB¢Dibamzb(agdsantwaceneDBAIOC) or hi gher, a pour point of no
hi gher than 30C, an aniline point of no higher than 90C, a gl ass
transi tion pol0i203Thesnbbonompoundiag olboftsminvention as anbighofiash

| east 50C between the pour point and the glags transition point. The
aromat i coanBWH-a@grﬁ Wi HeshiaRsigon nemt ‘Xﬁﬁ% TRYRBRIPE ¥ h%&’et%t@cond

base oi i obt arisu By oPRBatr SRt 8 “BIRERE sPafIR MO BB ces
at least a 1 (i?@itédng(;lgeffcﬁ&froﬁﬁﬁe%gnﬁfﬁhﬁéﬁt’ and has a 40C dynam c

viscosity of 200 rn or greater and less than 500 m®2/s, and a

gl ass transit {0021pahetrubbebedmpeimdif® oflnsf thé Avenfiog eoibrized BRldast
conpound- cont ai ni ng base oil nmay be nost suitably used as a

pet r ol eum baseu powvets scanpowd-exttaimiter besd oilo (b sl anoarvaatical
rubber_(NR), or diene rubbers_ 15 including various_butadi ene_rubbers
(BR), Wri ouscepppankcopiabns Pase spb(neentalalige pstafiimty obiained dopr ene

bb I R), butyl.rubb BR) .and . bl end bb .th f d
ool 1 e TR AP R B
S rene-put a C ] . : = =Nl N
Lyt ene Ot e capoloes ey el R cp OB Bgh L 10

the aromatic paymetA@réodnial Ravidg BafeCatynaght aiseesitpyf 601600 maals! | on
nmet hod of the invention conprises at |east a portion of the second

extract, and hasndiné@Ciatyofdid°C oritdgluej 4 YOUS pEfofidl-S0C greaP@¥s and
a glass_ transitjon point of hetween -50 and -30C. Such an 25aromatic

conmpouhd- clont BPEL 1§ PRBE08IC 1@@?00@5#3?@0133@ teé_ﬁ:tayoﬁ@f& a‘g‘&fd’élgaﬁﬁpl e,
i ene rubber S TR PERRATa R e SneiroRunr of B HeeR B oR el
tho aromat| s Shraoiale Smituld o aaont bie bt coitne BESEAN Y. |

net hod of the bRyl by Rehastify BenTah /R YigiRtien TRon ofoftmdeplhat er
than 1 ppm by mass, and a total content of the follow ng indicated

aromat i ¢ conpdistitlatidn) resid8d il biyoa grodent rextifaatior Gtggprorby mefined o)
Benzo( a& pyrene (BaP) 2) Benzo(e)pyrene (BeP). . . 2
2 product thereof, and having a 40°C dynamic viscosity of 200 mm®/s or

greater, an aniline point of no higher than 90°C, a 15°C density of 0.94
g/em® or greater, and a total aromatic content of 30 mass% or greater
according to ASTM D 2549, wherein the content of the aromatic
compound-containing base oil (&) is no greater than 95 mass% and the
25 content of the aromatic compound-containing base oil (b) is 5 mass% or

greater.



103) Benzo(a)antbracene (BaA) 4) Chrysene (CUR) 5)

Benzo(b) fl uorant hene (BbFA) 6) Benzo(j)fluoranthene (BjFA) 7)

Benzo(k) fl uorant hene (BkFA) 158) D benzo(a, h)anthracene (DBAhA)

[ 0035] Such an aromatic conpound-containing base oil can be nost
suitably used as a petrol eum based process oil or extender oil, or a
base material therefor, in a rubber processed product such as atire,
because it has a sufficiently reduced content of indicated

Fur chor _pr ovi SO et tae: o mbotreoBo RESIFiTEhy B Sg6tT BHERed by
the producti og.iethadidion Bt NowESR akeBadeSGLL bR hones Fhian

aromati ¢ conpou contai ni base “or | a hi pornt; alow

gl ass transit jamIBALA a8A6n & Hhfictb@bith 2?%9 WBleht TON Fedtlextabiis, al so

havi ng sufficient reduction in the content of carcinogenic

subst ances, aediunin hinengfadsattdna serapeatire of 30-39€) drds 1@S tenperature
petrol eum based process oil or extender oil, or a base nateri al

therefof, as wedtlis highsuthfandhe bottgmeteneratnte, dadbtain a firstroffwrte and
According to a third aspecé, the invention further provjdes_a fubber
conpoundi ng ol b EPHEE: AR RnSeTOBAEICIENE SHBachan §F§‘Ht1&iW¥lW§1 iy dust o |

havi t he feat .d i bed Ef f the | ti 0038
Accor di ng to FHECRRISRORBRETVIIE ATELE SR i A oeiP R R Pl
poi Nt whi |0 mePHEn P et e e e M@ A I T

sufficient redgeCiffher thdrh®os®oF il filef extiibtioalcdtuRe)] hOtEAinG RCEARL | C
conpounds, as well as a nmethod for producing the r ubber conpoundi ng

oil. [D039] Besffinst 4iba rsaddret extoagpamd preferably tife arbmeatiowentpamdhas a
hi gh aromatic content, it has extrenely high conpatibility with

rubber and 1%onigbie hese il bk ineluferdithey seeqnde peiranit el Befedingd seil

rubber. In addit] on V\%gn it is used as an extender oil or process
oil in a rubb@OBtIEEEE material such as styrene-but adi ene- based

runber hav 00 Gy QBe Ao e BRNIFER AR SBE A 544
characteri sti ggethod for producing a rubber compounding oil, which comprises a
15 blending step of blending an aromatic compound-containing base oil (2)
containing a raffinate obtained by separating a vacuum distillation
fraction of atmospheric distillation residue oil from crude oil by a
solvent extraction step, or a refined oil product thereof, and having a
40°C dynamic viscosity of 60-600 mm?*s, an aniline point of 70°C or
20 higher, a 10% point of 400-500°C and a 90% point of 500-660°C in GC
distillation, a %C, of 3-20 according to ASTM D 3238 and a glass
transition point of no higher than -30°C, and an aromatic compound-
containing base oil (b) containing an extract obtained by separating the
vacuum distillation fraction of atmospheric distillation residue oil by a

25 solvent extraction step, or a refined oil product thereof, and having a

40°C dynamic viscosity of 200 mm%/s or greater, an aniline point of no



20 Furthernore, because its flash point is high and it has a
sufficiently reduced content of carcinogenic polycydic aromatic
conpounds, it is also highly safe. In particular, by preparing a
rubber conpounding oil with an aromatic hydrocarbon content (CA) of
20- 35 mass% (equi val ent to %A of 20-35 according to ASTM 1) 3238), a
gl ass transition 25tenperature Tg of between -55C and -30C and a

dynam c vi scogjt &gOOCé of 20-50 MmP/s, as in Ratent docunment 1, and
addi ng this tbighestheneQeihl & I5Hadensity ofiif4 g/lemR)or grealsr, sk totabber

Sty ene. §3¥a3%a%€r‘°%%ﬂ§ﬁ%$9$ﬁ”e 4 SSRrte roia FLAS TR 2540
bulyl " rubber  (BRlcigtaiaPhepisd aoaa%%g SHISEEO! o BndEaReG Al i TO

di ene rubber conprising one

copol ymer rubbeypMangous lomsm 90453516 ﬂagﬁiasfmhms’odc b6€hi gh&r e
possible to obtain [ow fuel consunption and Sati sf actory gri
propert$es, adifflrbhceabetinechnthe oartgiént hel el ghGs NBmEEdIS cﬁﬂﬁ% and
heat -resi stant wearability. [0040] According to the invention it is
al so possi bl elaagt Aﬂﬁmmmquo(a)@ymmnmt tompgreatdr domt hppinrty mase oi |

with a high fl poi and a | ow gl ass transition point, as well as
a high total ‘i%ﬁ é‘&ﬁ!{ff'éﬁtoféh%ﬁ% .@ﬁhcaﬁew@@ma%cpmpmd%bhtent

pol ar- sol vent E8 %&a?eﬁ?%%éi@‘p Y R P oS of ok ) on
as starting matghiddl co goh&d% SdaQé%l%gs)e Eé‘f' %rh ?ﬁ%&sfbd for

produci ng an aronati c comnmpoun -cont i ning

hi gh-yl@l d pr gedaedri thano$s aﬂgéa%tranar@ﬁa@drﬁeﬁoapw@x&ﬁm@cah@ﬂuﬁ@se
oil. Brief Description of the Drawings [0041] 20Fig. 1 is a process
drawi ng showi ngntaumgbmermh(bénbﬁdnm%& ondrestes antidss thandr00pmesitti ng a
r ubber corrpourfgd rbgds rding to the invention. Description of the
Enbodi nent s 'genpp eytead (Babdi nents of the invention will

now be expl ai 25 h r ef ce to the acconpanyi ng draw ngs where
necessary. Th«g?gﬁ &Ppé’é?ﬁf‘o@f’gﬂng oil of this enbodi nent preferably

has the follg excellent affinity for rubber,
sof t eni ng propzﬁtl % poqBf ?{)and safety, as well as a high |evel

of propgrti es4§1€haygeg@p@}morrp05| tion including | ow fuel consunption,
grip properties, thermal aging resistance and heat-resistant

wear ability. 3) B@nzq(b)ﬂmanﬂlenaﬁbM} according to ASTM D2007

(d ay-gel net ho : Genera 50-90 mass% preferably 55 nass% or
greater, even® %ﬂﬂiﬁﬁﬂ%s% or greater, nost preferably 60

mass% or grea refe reater than 80 mass% and nore
preferably noESgggﬁ%‘g%)ﬁ t5f‘ﬁn?ré%]gg@‘)glO[0044] Sat ur at ed conponents

according to %&7%@&&% Aﬂﬂ ): Generally 5-50 mass%

preferably 10 re preferably 20 mass% or greater,
and preger abl gocrm O eably chiiyouAingRsiPabiandd i Be BFRRREBR hethet of
greater than 30 mass%

the invention has a high flash point and a low glass transition point

while maintaining a high total aromatic content, and it has sufficient
reduction in the content of indicated polycyclic aromatic compounds.
Also, since it is a specific feature of the rubber compounding oil
25 comprising the aromatic compound-containing base oil (b) according to

the invention that the difference between the pour point and the glass



[ 0045] Pol ar conmpound content according to ASTM D2007 (C ay-gel 15
met hod): Generally 1-20 nass% preferably 2 nmass% or greater, nore
preferably 5 nmass% or greater, and preferably no greater than 15
mass% nore preferably no greater than 12 nass% and even nore
preferably no greater than 10 mass% [0046] Saturated conponent/ pol ar
conmpound ratio according to ASTM 20 D2007 (C ay-gel nethod):
Cenerally 0.25-50, preferably 1 or greater, nore preferably 2.5 or
greater and e\!ﬁlnsMDnepmnefm?radbastSﬁliﬂC garebtegpecidlhd aprledser619CY inds
greater than 20, nore preferably no greater than 10 and even nore
preferably no p@ﬁ%bleéiﬁ q%tmn agubber cqrm@ﬂm}imgml baihoglaypiraasitor pai)

content is no afggil Ot%an 1.p mby 5mass, and the total contegt of
the fol | owi ng edhan ol eveniibaneal emmnclﬁortt@ntgﬁsmmsﬁ

ubber  compouhERERE: Ind eroomiaiia B 76 b hieb onfles Aty 2o

(Bep) 59 Benshrclialifioe HergSP RPN oF 1 i oy o®
Benzo(b) f | uor aphhgifg GBS (6) gaemkﬁfgl bR B9 erddBhivon ﬁhatment
Benzo( k)fI uor ant hene (B1lcFA) 10 Di benzo(a, h) anthracene ( DBAb

[ 0049] "Benzo(afimylklemne", as used herein, is the benzo(a) pyrene (BaP)
listed as 1) above, and an "indicated aromatic conpound” is any of
the aromatic &Bﬁaﬁi a@ldmw 3 iseccnd aspeqt) theinypntion peovides e gnethod

i ndi cated aro ounds can uanfitat)yel % ana.l yzed by GC- M5
anal ysi s, 15a&151%13r 1 BYPIOgHP E‘?fﬁg%‘m ~SRRERIRG Diffe &Hﬁ%”éﬁ%gsaof
St andatd substiR gl eb, B Wil e VAeRBuO R la h Hepon or

preferably 26Q¢nes H&h&ﬂﬂétﬂ%xf‘%sfdﬂ &t %&R'oﬁ;@@gﬁ Qrcogﬂtz&kﬂ&{]wﬁng

preferably no higher than 0C, nore preferably no an 320C

and even nor e polaefsolwenk in aﬂsﬂ@xﬁa@m}r célbmn Bah@ig a'l'Hitﬁtonfl tempedanirat ",
as used herein, is the flash point based on C evel and open-cup (COC)

measur ed accorodi 3@;9930-181(1@26@ t[ﬁwsllqturﬁhﬁiaﬂlfﬁfh!ghnnéhmetﬁh@ebmtdm

pour poi nt and the gl ass tranS| t int i | east 45C, preferably
at |east 50C, 'HOPErapHEs o QAR a¢ 1r ate an st exfract, and a second
15 solvent extraction step in which the first raffinate is contacted with a

polar solvent in a second exiraction column having a bottom
temperature and top temperature that are each at least 10°C higher than
those of the first extraction column, to obtain a second raffinate and a
second extract having a 15°C density of 0.94 g/cm® or higher and a total
20 aromatic content of 30 mass% or greater, the aromatic compound-
containing base oil including at least a portion of the second exiract and
the second raffinate or a refined oil product thereof, and having a total
aromatic content of 30 mass¥% or greater.
{0027] According to the invention it is possible to accomplish high-
25 yield production of an aromatic compound-containing base oil having a

high flash point, a low glass transition point, and a high total aromatic

10



2560C and even nore preferably at |east 65C, and preferably no nore
than 100C and nore preferably no nore than 80C. [0052] The pour
point is preferably no higher than 30C and nore preferably no higher
than 25C, and preferably -10C or higher, nore preferably 5C or

hi gher, even nore preferably +10C or higher and nost preferably
+12.5C or higher. The "pour point", as used herein, 5is the pour

poi nt measured according to JI'S K2269. [0053] The glass transition
poi nt (Ts) iscaftehervlbily Rt obefurfibiitly SRductPr &Rl 8F ahldyca00

hi gher than -40C, even nore preferably no higher than -45C

particul arly paefrmgahicysubstahégherSuchan ﬁéﬁ&iﬁﬁdﬂ%@ﬁﬁd—@ﬁﬁfﬁ' Badey
preferably no higher than -50C, and preferably -80C or 10hi gher, nore
preferably -608 ean hpghalabhused en anmubbepraimepaiiding ol56 ar sthitipger .

[ 0054] The "glass.transjtion point (Ts)", as used herein, is the

gl ass transitmerﬁgimﬁre tained fromthe peak of thermal change in

15 cal of et oS0 HhotePiHE 1B RRRR cEumiARS) AGSF 48 SCRUE WIER The
initial tenperai-Mifn e ,qu?slsle%iﬁﬁ%ﬂ&'aa&%i%g%bﬂﬂgﬁmt%]gﬁ{&oh@?afaﬁr?gte

anticipated glass transi'tion point; or a ure,
tenperature eievabjeoRdi o irsfitingt ﬁéat&ieﬁu@rmﬂﬁﬁﬁig'd@hﬁ_ﬁi i@ atnirk &
tenperature for a prescribed périod of tine. Specifically,

20measur enent ob&in beefinetoil} wdpraddes ah heorhatid opmpouad-oohthindins bisr
this enmbodi nent. [0055] Apparatus; DSC QL00 Thernal Analysis System
by TA I nst r uneHcompsistigitherefined ailwnd havom pewt peiat efno ¥nghe1 than

m nut es, 25Tenpgrat ur e-.el evat.i r : 10CImn Final, tenperafure: 50C,
mai nt amed fofﬁ;fg I ﬁ%‘ﬁ@g pc[l:@{;ggp%%ﬁeo 8heH B VISeEsiE)| qxn@% gﬁeorgl ass
transition poi r t Reak bar mal_change may be the net hod
according to g’%t%{a%?flﬁ%h J5T]Ocﬁﬁ?tg ?@E(%.ﬂégl ty is generally 0.9

g/ cnB- 1. 0 gkmpo2o Frefepdtlly QeRddinkMBo OthedhS@lntion2 e MHBnR" §51%§:€tb| y
0.945 g/cnB or greater, and 5Spreférably no greater than 0.98 g/cnB

and nore pref extaditionretem iefdlbrwedby alb£6 il ?r@araftﬁﬂ%p I evid&Cthe
dynam c viscosity i sﬂgener_al | y 200-3000 m?/s,
second raffinate is subjected to refining treatment including dewaxing

15 freatment to obtain a refined oil, to produce an aromatic compound-
containing base oil comprising the refined oil and having a 40°C
dynamic viscosity of 60-120 mm?/s, and a 10% point of 400-460°C and
a 90% point of 500~540°C in gas chromatography distillation.

[0030] Preferably according to the invention, the second solvent

20 extraction step is followed by a base oil preparation step in which the
second raffinate is subjected to refining treatment including dewaxing
treatment to obtain a refined oil, to produce an aromatic compound-
containing base oil comprising the refined oil and having a 40°C
dynamic viscosity of 120-250 mm?%s, and a 10% point of 450-520°C

25 and a 90% point of 540-600°C in gas chromatography distillation.

[0031] Preferably, the aromatic compound-containing base oil obtained

11



preferably 300 mm2/s or greater, nore preferably 400 mm2/8 and even
nore preferably 500 nmm2/s or greater, and preferably no greater than
10 2000 mmR2/s, nore preferably no greater than 1000 nmmR/s and even
nore preferably no greater than 800 mR/s. The dynam c viscosity at
each tenperature, as used herein, is the dynam c viscosity at each
tenperature nmeasured according to JI'S 1C2283. [0059] The 100C dynam c
viscosity is generally 10-100 m®/s, nore 15 preferably 15 mm2/s or

d fe f bl
0" or oat or 1 hiK 10 BRRRLONTBRRor) cAles T8 s o MEGLR PG

82‘32?23?;%80 pre#eraabﬁﬂz/m@(;%s (L %(;H 1%}%@%@?@%2@] y é%@ or

hi gher and eVg[bdt@*@ﬂ%E beiRINR509C or@ﬁ%lﬂi pgﬁ@pomaaﬂna&ﬁgwraﬁtxy no
hi gher than 90C and nore preferably no g er than 85C. The "aniline

poi nt" as use80Merai milise pbmt afinbilighdrahmt S0 =uglass Basitich p@nt of M5 K
2256- 1985. [0061] The nitrogen content is generally 0.01-0.2 mass%
preferably 0. 08 highasdhan ?gr’ aéﬁimoﬂ%@d@spﬁﬁrl@babﬁqendhwomss%
or greater, 25and pr fﬁwg no great er than % 15 mass% and nor
preferably noPgféadd 2lgps1 taRsidion pREt: h%gé‘r?n%"tﬂ?t SRMPOURE- ysed

herein, is the ni t.r ogen G nte neasur. | .um.nescence

accor di ng to g W’g @ %ﬂﬁl%gfﬁ’quego ﬁ’étf%ﬁﬁ y 5-30,
preferably 10y r £RLe 5%}% p. b 6“19‘% @ﬁ{“gé b8 il
preferably no %‘?e t‘?rgbt 2 ]% ﬁ;{e %1%”%?1\2. }r%ér{et]J era no greater than

20. The %CA V@bta@nddsbﬁ&[&p@ﬁtﬁdrﬂnfb&m@é%@@ﬁﬁﬁoﬂcdﬁﬁ rieg at iasend
nore preferably 20 or greater, and preferably no greater t han 35,

mor e pief er ablpprirmm of tratsecond extr3a, amtihas/ 2 40RO rdynpmeé sisabsity 05200
greater than 25.,The %p val ue i s gener alg 30- 85, preferably, 40 or
greater and nEHE aroégmaéq;tapdées a@ﬁegm ,aamagbsetr@rw%pgrmﬁef

h 3 d h 6 The. %N
and 96A val ue oG R Do e B G o UpRC PP P S o
unl €5 Ot her s SReaE et mﬁ&%%)ﬁ‘%{s&?”isagﬁe‘t’xfolég?ﬁ?]Jggt%]c?'ﬁ?oc%% hgns W th

respect to tota er centage eni ¢ carbons

W th respect Temetnqt\,laloﬂcm ensdaat th h@ataet GeBb&JIENRY, bbadiend tribbers
carbons with respect to total carbons, respectrvely, as determ ned by

the meihod of ivduding Q&t@t&stu’(ad&eaheMuhbngs A8R),y sardous pHOGR}-bithdienet al
aromatic content is generaIIéB30 90 mass% preferably 40 mass% or

great er aﬂd msPBOyIREr SHRPRLS ( Rr)aﬁelg@seplrgreelalbbrr (Rad Wbrté?:&b@Rao
80 %,a 70
Dhoede The -t ool B3Y cpiEed ShhERherGE Yodged realar ta Doy aBbers

accor i ng o KO D005 (GR RERWE" ALSYRBOR Eins PablE: RRRH: o

conpoundi ng OiTheOhrdntdtie @6@?6&&’—6&111@ RS 15268 oﬂnn%yoﬂﬁblé‘onmst of the
conpound- cont ai ni ng base oil (a) that includes an"aromatic

20 second extract.

{0033] Preferably, the aromatic compound-containing base oil obtained
by the production method of the invention comprises at least a portion
of the second extract, and has a 40°C dynamic viscosity of 500 mm?s or
greater, and a glass transition point of between -50 and -30°C. Such an
25 aromatic compound-containing base oil can be most suitably used, for

example, as a petroleum-based process oil or extender oil to be added to

12



25conpound- cont ai ni ng base oil containing a raffinate obtained by
separating a vacuumdistillation fraction of atnospheric distillation
residue oil fromcrude oil by a solvent extraction step, or a refined
oi | product thereof, and having a 40C dynam c viscosity of 60-600
m®/s, an aniline point of 70C or higher, a 10% point of 400-500C and
a 90% poi nt of 500-600C in GC distillation, a %A of 3-20 according
to 5 ASTM D 3238 and a glass transition point of no higher than - 30C,

oot b SRRk A" el ARG | 18| SOMARGT

extract obtaine separati ng e vacuum di At on fra on “of
at nospheri c dbsﬁﬂa{rhﬁgbém: JiBHad uBsoUdnsRY oS REYGHH exdittlcf.act i on step, or
a refined oil product thereof; and having a 40C dynam c viscosity of

200 M2/ s or 1@0@] é’a-e&mably,nthamrdamaac poinpbued-contaltiigh &asd HidnbBiMed a
15C density of 94 g/cnB or greater, and a total aromatic content of
30 nass% or gb§éh@?r0&7@§6®@Hw@hqtboﬂ@imwmasmnaa@apymne content
conpoungd- -cont ai.ni n (a) (hereun er referred to as_'"base oil
(a)") ahd the® i“BréF? o mass, krtakcasytent of) the fellewinger

referred to a 5 065] ,The
base oil (a) ?%dlga?e 8?@6"11&3 éﬁglﬁ’% h?ocmg E@Sﬁzﬂ?ﬁ AQ Fﬁﬁ’ls‘é’ Yoi |
with a total g{Qgatic content of 30 mass%or greater, obtained by
refining treatment of a second raffinate obtained by a first sol vent
extraction st epBenz );gpber&, BapPyum distillation fraction of

at nospheric 20 distillation residue oil fromcrude oil is contacted
with a polar %Bem(e)pyrala‘(ia@t) extraction colum having a bottom

t enpe ure of d a top tenperature that is higher than the
bottonf{s enper §§§PBZ°(C)?HQ’B?%FFW (%&ﬁ)r st raffinate and a first extract,
and a second aﬁ)gﬁﬁpt ef@mtlon step in which the first raffinate is

contacted wt o3y ent in a second 25extraction colum having

a bottomtenp ature that are both at |east 10C
hi gher than t ?Tgﬂ%(fﬁ ?Eﬂﬂ)r g?e xtraction colum, to obtain a second
raffinate andcpBeegs(DNdueidniiagic A)wg a 15C density of 0.94 g/cnB or
greater and a total aromatic content of 30 nmass% or greater. [0066]
The base oi | aPRehzo(l)flunranthene(Bididound- cont ai ni ng base oil 5

obt ai ne by rgfl ni ng Ereat ment includi ng dewaxi ng treatnment of a
second!? af f i né} Dloea(al)antingreaedbBARAR base oi | (al) having a 40C

d 120 2/ 10% t of 400-460C and
2’3096 poi nt o0 d R e areset comepBifshainBbate il eeite Pa%)

havi 4 9 f
10450 520C ant S Bhos kb ErE Pe e bR Erbe-RE ot Aol G Sb B e
base oi |l (b) e tierafynoindberBidcessed s6EHA it BeOARE 101 |
havi ng a 40C dynami c viscosity of 200 mmR/s or greater, a flash point

of 250C or hi haea suffiqiently pmiuced chntent bf gidicattdaarciGentnpalytydiie
poi nt of no hi gher than 90C, a glass transition point of no 15hi gher
than -4dbc andma’néﬁﬁ@n@ﬂi@dé-f at Ieast 45C bet ween t he pour point and

i L Sl Sl i
transiti gn pol %ﬁ%:‘%a\%ée il - %ﬁﬁﬁ%@&tﬁ%%@@%@pﬁ %:fﬂﬁoacfélﬁﬁ}tnigcﬂ%

conpound- cont giafir8s dbasedish GQZ)TH@%?; é&g?mﬂ @%%
500 M2/ s or greater andeaagloass transit |on nt of between g% and
-30C. has a high flash point, a low glass transition point and a high total

25 aromatic content while also having sufficient reduction in the content of

carcinogenic substances, and it therefore has excellent properties as a

13



[ 0069] The preferred properties for the base oil (a) and base oil (b)
wi |l now be described in detail. 25[0070] The pour point of the base
oil (a) is preferably no higher than - 10C, and may even be | ower

than -20C. Fromthe viewpoint of production cost of the rubber .
conpoundi ng oil, however, the pour point of the base oil (a) is nore
preferably between -10 and -20C. By using a base oil (a) with a pour
point of no higher than -10C, it is possible to easily obtain a

rubber conpoundi 0i { having an.even | ower .glass 5transition point.
[0071] The gl BEeORndiestf amoctst R Onmate gil offlbeps pittrial taaRin| y

no hi gher thap.s ?s%k no hi gher than -50C, and
preferably _ﬁ%g%@%s%ﬁlg%%fgrﬁtfyn%%%ﬁlggxe e%étgbl y -80C or higher and even

mor e pr ef er abkre037] W@ dinbORes - col | i ' I,S, t 00
10 high it wi [2037] Horaibg e, third 4R BESnvEANR b%br(%dghd? ng
oi | with a | ovalleasenipounding 6ib cpmipaisingwi bforhdtid bempbaedbchdtainshg i on
point is too |ow the production cost will tend to increase because

t he dewaxi ng beseoil havisgwhe featiwesidessribed ekowssi vel y stringent. [0072]
The aniline pikgit of . the base oil (a) is preferably 70C or higher,

15 more pref ekdcs efodbednvantiper and even nore preferably 100C or

hi gher. From i olnt of .facilitati, roductjon of .a rubber
conmpoundi ng Oi(ﬁtﬁ%ﬁ%@%uugu o i1 Evs PR AQQ%&OFWH]%O{O Byvefs @‘n’fu% =
conpatibility.w ; J i 0, [ of.. 1 |

r ubber comosf%@?@%&e‘iﬂ g?‘sejip g?% .?%H‘%lgél-ﬂpgﬁgra?{dh%g&%g%s é@%‘g%%] As
the conpositi epimgfwhile Pafiraiflidy aahigh¥€hal aransfierRRtent 3289 dngror e
preferably 5-10, and N is preferably 15-35 and nore preferably

20- 30. 10he %Cpuffmient widuttien hiastheocdntén) of Sndettdnpakydydic arathaigct o A
CA and %Cmand it is_preferably 45-82, nore preferably 60-75 and even
more pref er abF§mpSUnds, aggvalkasgmstad Firprodycing thengbaensuappasing on
within this range, it will be easy to produce a rubber conpoundi ng

oi | having exCEtlent conpatibility with rubber and having a suitable

conposition f i Wl i i1 on.
[0074] The ni FYI AR, B dupBe RS EIdRTy Bl qFie kiRAR0n SRFR M
greater than @r&datithechtent)dt HBY exREREE BidhycdifpaiiBlewithnaBbe: 208
mass% and 5 it may even be | ess tha%ro.oocldi?r%ss% HO\INEVEI‘, fromthe
vi ewpoihit of ecsheomateials sicledinggtyrha¢-bptaditnetbased cutster.f on adiditionbber
compoundi ng oil can _be reduced by using a lubricant base oil of |ow
purity, the cheant is ¥sqd as an sBigpder od20rinossssoril i eanbbenatiruhbes
preferably 0.003 mgss%.or greater., 10[.007 The as oi nt of,the
base oil (a) PEIRYCYFInA h%@%ﬁ&%ﬁ‘i‘ﬁ%‘?‘%ﬁdﬂﬁyéero:hagﬁl%e?, glast a
rubber conpoundi PP ' 5( hi [ .

Vi ewpoi nt of ﬁg_%ﬁggﬁl #%%1{ ﬁhwe?ﬁe%(%ﬁl _(r%i@t ?i(:)lcrll é?'hg’ I’ltefllge;ﬁ:gﬁglﬁgezg? dous
pet rol eum mat %I-édiice Bedbese Wil fekasilenR0iBiv-Rin RAS BhAhtteliBicLan
be high and therefore the flash point of the base oil 15(a) does not
need t20be hi duethetrhare, hecassaity flash podntpisehighadnidy itnkashb ghuficietidyn

290C and nore preferably no higher than 280C. .
reduced content of carcinogenic polycyclic aromatic compounds, it is

also highly safe. In particular, by preparing a rubber compounding oil
with an aromatic hydrocarbon content (C,) of 20-35 mass% (equivalent
to %Ca of 20-35 according to ASTM D3238), a glass transition
25 temperature T, of between -55°C and -30°C and a dynamic viscosity
(100°C) of 20-50 mm®/s, as in Patent document 1, and adding this to, for
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[ 0076] The 90% point of the base oil (a) in GC distillation is 500C
or higher and preferably 500-600C. For the base oil (al) as one node
of the base oil (a), this may be 510-550C, and for the base oil (a2)
as 20 another node of the base oil (a), it may be 550-590C. There
are no particular restrictions on the 10% point of the base oil (a)
in GC distillation, but it is preferably 400-510C and nore preferably
440- 500C fromthe viewpoint of resulting in a flash point of 250C or

hi gher for th EhaeIRA i i @ﬁﬁjbg' 1: i t he
25defm tion O?X%ﬂdﬂgilfel?- 4 hagg%d@%%E%ta?ng%um e Haggegﬁ(fﬁf?éhlq@hused
may be one havifadicae HO¥bRi (BRY fvafibls %ﬁ&&é-Bu@eﬁb%dSb%&ﬁ&oﬂlbb@ﬂd the
base oil (a2) may be one having a 10% poi nt of 450-500C in GC

di stillation. ($BR},7polytseptrmserubber (B), Hagylarutdet BR)0br hapzsiéadgayr ene
(BaP) listed as_ 1) above of preferably no greater than 1 ppm by nass,

and a total Bibs Betecds andwerpesiady to rsliend mbbengwuprsing st omst ed
as 1) to 8) apove of preferahly no eater .than 1 m by ss. This
will altow prgﬁi‘fc?féﬂgﬁ?e'gu@&%eh‘? Yne, b bﬁ%‘? l@ﬁ?&)glﬁ]ggquh
wi t h adequate ced: cakci I CILY. 1..: 048k The 40C dynaym c
vi scosity of ﬁ%)r eggisieggllr?’ Etg;d]g’gg%tf%f {e&rIQBTaﬁP éé& Mdﬁ’%ﬁ’g?nn%’%?
preferably 60 c%@/ ; 1S3

[ 0079] When asag%gae ol Ig?%;}g\?ﬁ%{ﬁég’n%%’ yﬁéa?ﬁsgm |%‘Zag§|?ét)§10 gglsng[ han
2000 mm2/ 3 i srasitahceiahdibeapresiseant eekatabilityhe 40C dynami ¢ vi scosity of
the base oil f{g{g to be 50-500 mm®2/s and nore preferably 60-80 mm®/s
15and/ or t hat 0f Heccpadipg otol thieayventioneit 12 lRS Ponsiblesto proddelem t o

obt ai n rubber conppounding, oil w.th a sujtaple dynam ¢ viscosity.
[ 0080] 16 her o SHOBIS cRIRPPId-gentaindng base e svish & high: Bash peinbeadiac

content of th i o but it will usually. be 20, mass%.or

greater, pref @%@?@S W@O@B%{){’g&lﬁe‘gﬂﬁs &ﬁagﬁ\%‘# mé)% ‘é‘?rg?w 35

nmass% or grea : R Bf o) s S d

Tor e e et o s cidfded oDt 5 BARNe 0O P BRel 1o MMLRANGES HOAN

content of thmffiase aatlext@gt ditained byt wilardlvers %ﬁ’m'aétiorﬁﬂ@fobeés%ﬁ;gt o be
g

difficult to obtain a rubber conpounding oil wth hi aromaticity.
| f the total avessumdisitlationtfrastionte steatieg midterial) s abstbspds6ibhats %
on the, other hand, the oxi gation 25stability when it _is used as a

| ubri chtht basBrige dmqthord foraprgeiacing 98 aremaji FOmpPeUnEAETIRNIES bess as

both a [ ubri C'Sﬂ,t Wﬁﬁ%ealfgv&lrs l%%g-j;iglh pq:o&ﬁj&%%r of such an aromatic compound-
containing base oil.
Brief Deseription of the Drawings
[0041]

20 Fig. 1 is a process drawing showing a preferred embodiment of the
method for producing a rubber compounding oil according to the
invention,

Description of the Embodiments
[0042] Preferred embodiments of the invention will now be explained
25 with reference to the accompanying drawings where necessary. The

rubber compounding oil of this embodiment preferably has the

15



conpounding oil, while the econony of the petrol eumrefm ng process
as a whole wll tend to be reduced. [0081] The aniline point of the
base oil (b) is preferably 40-90C, nore preferably 45-70C and even
nore preferably 50-65C. If the aniline 5 point is within this range,
it wll be possible to easily produce a rubber conmpoundi ng oil having
excell ent conpatibility with rubber and having a suitable aniline
point for maintaining the properties of the rubber conposition, even

10 0051 e 1 eeos P57 ettt . BBl sfbiin
-4 A - 04 i -

oreforanl y 6. PIBSHES JAH piftc da ARy AR aPR RIS RO ool o5 ©
9N, and it ig ﬂb%le&&%bﬁsiﬁé? ggdiagﬂ%%eﬁw%%ﬁﬁ ﬂoﬁﬁgrtﬂf" m;feng&e

conposition of the base”ol thin this rahge, e’ easy
to 15 producehauidlbheis resispave ahdbedgtiresibant wearakiligy) ent
conpatibility with rubber and having a suitable conposition for

mai nt ai hi ng t 1804Fjoprmratis odntehte aasbiring c dopdsS TonD2@6% n (Glayigel
addition of a base oil (a) wth high paraffinicity. [0083] The

ni trogen cont &thed): Graemllyed GPP mass?s, preferably abmase’ox graaisweven or

0. i:ﬁi;g%”‘éi ® gk, Sl Lm0 & e re%?r&%%g%ﬁ%?%&?éﬁ B R
ni Crogen cont EAEer SPARFPIERLY ARiier o ¥ madsPEHA cidlebr il

step, and hi gh@rgr%fﬂﬁnoﬁoﬁ@@%.ubri cant base oil. Thus, using a base
oil (b) with a high 25nitrogen content as the rubber conpoundi ng oil

is prefl@rred t{6044] Sammféd commnehis| acatrdiog of ASEVEDINT (Elyvgal
distillation fraction. [Q084] Thew%our oint of the base oil (b) is
pref erabl y no meihaek GengrrlboZ S8 mastip.corpraselely dif) zaasnds Ior gieaten zore 25C.

The pour point _of the se oj b) is preferaply.5C or higher, re
pref erably 10@r%{e‘3:hlféhﬁf,ma§§é]%°%roéréa1ﬁﬁe%‘ief’bg@ Tt Bf% eﬁm&n nost
preferably 20 ool . | y be an
unrefined ext %%Sémg}kcﬁﬁg’li%? %eﬁgggb?%g?eﬁfe§%%%éop§‘§%§’ggb| y it has a low
gl ass transitifgo450Pdlhr coRpodhd (RaRRAEC o WSTMODROEP (Qlayagy] the
glass transition point of the base oil (b) (pour point - glass

transi tbon poim¢thodls Geretaliyahidl atast%aptefd@bly Bunsssi oppedateramoreat

| east 50C, even nore preferably at |east 55C,  and nost preferably at

| east 60C, andrefesablypeanassibpygrestarpand preerablycm geatee than Homess%,

f bl t 80C. [008g] T. I t it [ f th
Pase of | Ub) ISOTuPUTaY oG eRrE LR TS 2 Bt aTa SHur SraBTPl 86C or
hi gher. The gﬁ@&eﬁﬂ%fﬁiotﬂaﬁ’#ﬂ/%S point of the aromatic

NI'Ng Da

conmpound- cont 1S€ Ol ‘61), as one nobde of the base oil (b),

s between - 600aas) sdfatedBbinPohtit/ARrkb it fatiBhoboidiie B ASTM

aromat i ¢ conmpound-"cont ai ni ng base (b2)" as anot her node is between
-50 an@0- 30C. IDPUE7{Cltpecbasethod): Ganertits 025501 prferablybt i gfradipy,r ene
(BaP) listed as 20 |I) above of preferably no greater than 1 ppm by
mass, and a t gneie piskarebly 36 ¢mgicater eadagvsmamiore prefgrablyds or FaRyter,
listed as 1) to

8 b f f bl L th 10 b
e s L oS ot s AR o, 0 eat o 10, po by
di il i i icity. 25[0088] Th
compound ng- oL b AUSSHRR Ny G eSS GpRG, ogeT €1 Ly, 2510008) The
in order to aveos7f ehb bREzhpYrend (Bamiedriist 9 cofreh@Y Sha1 HRgRKGOUS

25 mass, and the total content of the following indicated aromatic

compounds (PAH) 1) to 8) is no greater than 10 ppm by mass. This

16



Pet rol eum according to the Japanese Fire Service Law, which specifies
a flash point of 250C or higher for rubber conpounding oils, it is
preferably 250C or higher, nore preferably 270C or hi gher, even nore
preferably 290C or higher and nost preferably 300C or higher. 5
[0089] The total aromatic content of the base oil (b) is preferably
30 mass% or greater, nore preferably 50 mass% or greater, even nore
preferably 55 mass% or greater, yet nore preferably 60 nass% or

greater and fe S9

greater thanng'gﬂxgéslg ﬁqur)géf}eh%’?]é era S‘;’Erng‘sgﬁbﬁdmg%ﬂa‘%{t@&%{n@é@o}gnd
10even nore pﬁ-ﬁﬁl@ﬁﬁl@bﬁcé‘jﬁsgf@ﬁ-ﬁ% gﬁg@ 75 mass% [0090] If the total
aromati c content of the base oil ? |s | ess than 50 mass% it wll

tend to be di [Gﬂ%ﬂlllt)ﬁenzo(rabpyran@@amber conmpoundi ng oil w th high
aromaticity, while a total arorratl c content of greater than 90 nass%
i s not preferZpBenzafeipyrencBeRPoi nt of econony since the extract

15yieldw | e e [ 009 Pref erred enbodi nents of the nethod
for protYucing LBPWE?K&&“@H g(é?-ﬁé oil of the invention will now be
expl ai ned. h di ment conprises a first solvent
extraction stgiégﬂéeéesgg%ﬁd sol vent extraction step, in which the
base oil (a) # A %%@3 produced, and a blending step in
whi ch t he prodPE %&gg)se Oarftﬁ base oil (b) are blended. The
first sol vents}agém@{j)ﬂqar@me@gpﬁ cond solvent extraction step in
whi ch the base oil (a) and base oil" (b) are produced will be

expl ai ned fir %} Benzo(kjfheeajthenme (BiA) rst sol vent extraction step, a
vacuu distillation f c‘)tlon 250f _at nospheric distillation residue
oi | cr ud®) Bienzafadh)anthsacene LOBAA) are contacted in a fast

fé%i?;'t e DI, 18 %c%a?y?%ie?%‘ﬁé%%%&%hﬂiﬁﬁs%ﬁ»gﬁ%é Do a
first raff”atﬁst@@‘i??lgabb% ﬁlpléa&dtﬁ 8%'891 S0h el af¥bERR! ' On

step, the first nat ar so ven arerecon

second ext r aciiopiutieod dml Pmt) hakd AN 1H 8FTEBbYEL TReRGidiAR:d

tenperature that are both at 1east 10C hi gher “than those of the first

extraction coama,tictammpmmdn can bequadtmaafzélyrmalyza@ tyGCadBndalysls; act
havi ng a 15C ﬁﬂ‘smy of 4 g/cnB or great er and a total aromatic
cont entd of 302 M@@nceeaém@p e sompongrds Wl [Interrsiy upon

< a process HeRMTGe a#p?qgﬁ?‘ £l B Ao lenial PO TEREBR r act | on
?Lﬁﬁe?”goiﬁﬁﬁﬁg’ﬁ b R K T R bleleh e %@5419"46@9{%%”?1%%% et

sol vent extr agid @foret SRferdbly SIS0V @F ‘]ﬁ'@ﬁ@ | ghd gké’tfefa%ﬁ( fnbﬁghpo | ar

at nospheric distillation reSidue oil fromcrude oil,” an
sol vent, are &ﬁﬁﬂ(écnm prefecahinneridgherehin BROMC bind avdr meke peiferablyl on
col umm_30 havi n bott om t enperature of 30-90C and a top tenperature

that 4 hi gheRo ik rtth@n BdPtem Thapdesh point".tas wsegdresein, ns then asha
first ffinat first t t I I
Cuppl i ea t o' hant Bpact S Rrbtdiig, S5é-a (6Dn Ragied asrorgingsio e

vacuum di St"k@ﬁﬁ on fraction is supplied to the flrst extraction
col um 30 throug tubing 16. [0095] The vacuumdistillation fraction

i's a fractionfustaimRAdipérence between the pour point and the glass transition
point is at least 45°C, preferably at least 50°C, more preferably at least
25 60°C and even more preferably at least 65°C, and preferably no more

than 100°C and more preferably no more than 80°C.

17



i ntroduci ng common at nospheric distillation residue oil from crude
oil 25into a vacuumdistillation unit. The vacuumdistillation
fraction is not particularly restricted, and it may be the |ight

| ube-o0il distillate, mddle Ilube-o0il distillate, heavy | ube-oi
distillate, or a blend thereof, or the entire vacuumdistillation
fraction may be used. Fromthe viewpoint of raising the flash point
of the finally obtained aromati ¢ conpound-containing base oil, while

al so obtainin ' contial i a [ ' a
Ui tabl e vi soi ) THar B pERTNR i ferably A8 b B 5P P spdnbblt #, |
is preferred pefeeBly A0 rfEbJ‘i‘,ZSPC?aﬁ@%réfé%N_—M"@ 8f alher 2e@re 200N
and nore preferably 300-600N or 600-1200N | ube-oil distilTate. The

denot ati on " Npredarablyef°@eorehigheraventinete pteférably #eRC alr igherobidi ned
fromthe vacuumdistillation fraction, and for 1O0exanple, 300N neans

that the vi scowuist preferablyorl2.57Can) higherz 0T ea\pour poini!,\asresed hemeionds
(SUS). [0096].For this .enbodi rrpat, tgggvacﬁiféjw éti | lation fraction
i s preferabl yI5iaf SeNEROEH MERSICH RECYHFLE 1§ %fas a viscosity of
200- 1500N, pr =60 ar. Q0N and.nore.nref.erahl

300- 420N or "1 B0TTBY 818 rabepB mel T S R BT B Bl OO oo
extraction cpogF ki hi S I t J L
30-90C, prefera 3?%8@%112%@%@%g?iga%)l%fyﬁg@é%%ﬁér@g ‘?’fyg&hbﬁ

t enperat ure othdnhet3°0; slﬁalﬁmlaﬁsrt%&fexﬁl@ 5 Hghés e t£3°@b landhingber |
preferably 10-50C higher, nore 20 preferably 15-40C hi gher and even
mor e pr ef er abpgrt@8layCpteifghbly, no faghdrhibsab o5 0Uly swhprafatable -80°C or
Specifically, the top tenmperature is preferably 60-120C, nore

pref er 8l y 80highet maee pveimabby c6@ile s uBhst gﬁ exen more prydigeblyThe
solvent rati 05' ggt hﬁ. ffi st solvent extraction step is preferably
250.5-3, nore Er fE 'f/ 0.7-2 and even nore preferably 1-1.5. The

"sol vent ratien f 5] sein | YO .00 e vent
win Tespoct NOFATIEE PilabO sARLEH petnt RN OLSed Bebdinols HICaBs
mat eri al vol umehsitib@ 39t shdRied theaethe Qdk tofahsmmdl RSt i tsOL1ea!
and the vacuumdistillation fraction are contacted in countercurrent
fl ow i nsi de t fenfitiost rabgextasactrieasured! byn BECan{dififeldrtiall atardieg
first extract and the_polar _solvent is obtained thr ough t ubi ng_38

from the col ufRlosEateh @t at iked itempersiure £iavalng cta ch0 40 min).| eThe
blend of the fi.r.st raffmate and th ol.ar  sqly. 1S ,0bt ai ped through
t ubi ng 36 fror‘ﬁ“@ﬁt P oS I‘Jﬁﬁﬁggn?‘l%ﬂqtygbt@gbgte%WW HWQf fst
extract and the: ent. e -l Q. fiLAactl.ona ' fir
extract and p%%@%%ﬁvgés\éi n%%ﬁ%ogcﬁ?%ﬁngl Biéll gt ?ﬁaeallt ?Eg%lptgg%&rrﬁ, aﬁv\%i ch
i's not shown. idhgerbheadeltivalibe fis r shitiaRbll | ek € nadifhaREhar BRIl ahial may
al so be fractionated into the first raffinate and pol afF solvent in a
fractional di s¢mpératiren fool ampresbiilodd | period sffoviimeor | Spevificdily,

introduced directly into the second extraction . . .
20 measurement may be conducted under the following conditions for this

embodiment.
[0055] Apparatus: DSC Q100 Thermal Analysis System by TA
Instruments
Initial temperature: ~90°C, maintained for 10 minutes
25 Temperatire-elevating rate: 10°C/min

Final temperature: 50°C, maintained for 10 minutes
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15col um 40 without fractionation. [0100] In the fractional
distillation colums which are not shown, the polar sol vent
fractionated fromthe first extract and first raffinate is recovered
and reutilized. The polar solvent nay be a polar solvent such as
furfural, phenol, cresol, sulfolane, N nethylpyrrolidone, 20

di et hyl sul foxi de, fornyl norpholine or a glycol-based sol vent.
According to this enbodi ment, furfural is preferably used fromthe
vi ewpoi nt of HO56WThg metodzef celecultingothmngl assotraesitiore poimcidmnthe
equi pnent for |ubricant base oils. [0101] Thus, the vacuum
distillation Peakeeftbarmal changs megdeithe methed 4gcopding sy AS%d1d1and t he

first extract ] first ,sol.vent extraction, step, Thesyiel.d of the
first raffi nagid%gﬁ)ﬁg}engjﬁ AeRsiy S ggrferglg[ begngjcég?ffg(ﬁ/ (ZS Riedaply
preferably 50 % Ly 60- vol-% and even .nore
preferably 70(.)%% %}{nu/gor%éagcgpéolﬁ& %&%Q\Fi%%%hﬁiosﬂsl & %P%‘S{’i%lﬁl. The
yield the §j abfiah i h i . ion
step i gjpr ef e?%e%’ﬁgb%@%?%%l % rmn(?'gg ;%} %I?le(rag I@&%S@%gd%ﬁ'ﬁ#d&g%en
nore Sprefer aﬂianm%g,@ufpl % based on the vacuumdistillation
fraction. [0102] Since the indicated aromatic conpounds (PAH),

ment i oned bel BW58hThee#0tGctpmbmaic viseofity 96 gereralyt 20068000 nim®/) r st

sol vent extraction stgﬁ;’) it,is possible to adequately regduce the
content of i nBveseebly 30 mmi/e or grenters arore maeiRyally 40AcuEdlsomd evarr act

the second raffinate. a 1@, aromat | ¢ conpoynd: cont ai ni ng ,base
0| obt ai ned FIBHPTIETHP O HRTSeRels SA0 QEFIOrhE P RsFa 8N tado:
cont ai i ndi P ' d e e to
be Unsi t abl 2000 oy Hien€ (SERRAIG IR kel BRI ARPRELEE Bybiiien
Consequent | y, niye bteTeiablioné Beediér thin ®DNAEL/sY T Gihd dydanfe 9lseasisf at han,
for exanple, 30 vol% it is possible 15 to obtain"a high yield of
the second r aéddhnétrepamtirseepmded dieraio] is fthe dymemds vdsdosity | stasdchbase

oi |l or rubber conmpounding oil, or its base material. For exanple, the
total of the Sepsmduremepsnedactadivadodit K2283ct may be 70 vol % or

greater based v di still.ation.fractign, t heyefore the
net hod for pr L)%c?ﬁ ﬁgieaﬂﬁd;ﬁ)nﬂﬂ%@cc‘ﬂﬁ%&ﬁdg @Bﬂ%f&ﬁﬁiwgffgb%%é%&fm%f
this epbodi me B4, der I [ b Nt . of
ef f ectﬁ\?e uti ?%e%‘%?jﬂl nf%?&?e/g%‘aég%t&géﬂ%éﬁg %%&@g?e{%ﬁ égq?w}g’n%r

sol vent extr agtda@i, Gh&Rrefel®ly nbSirehf thARKO BimZihewdb SREERILLY
first raffinate and polar sol'vent that are obtalined-in‘the fiTst

sol vent ext r antrdsnand eyeramdre prefgrablymosglenienthaar’® mntfsoduced into the

25second extraction column 40 through tubi n& 36 and tubi ng 44,
respecti vel y, (K@ e enilise peint inpeacly po118R°Goptaferablyy §02Gnemct ed

:hQSt A bott §?n”ﬂg%§%ﬁa?${#§r@£q%%5§$§° 2%@&5@5@%%”%%&2%%%@@%@"@
C hi : | | 0104
The: botom t cpEi e BP AT AL O TL e il e

the second sohymt 1Rt B3eC! OThet'eRilire Bbink'®as tusd® heliifNg " the REGHLRY ab! Y
10-50C hi gher, nore preferably 15-40C Ei gher and even nor ee preterably
20- 30C hi gher poin areabinedwotdsrding @ KRRs® 1085t he first extraction
colum 30 in the first solvent extraction step. Specifically, the

bot t om t enper &Qfrlg Tte niteogsncomiendxisr gererdly Od1udR mss%, preferably

0.03 mass% or greater and even more preferably 0.05 mass% or greater,

D;

25 and preferably no greater than 0.15 mass% and more preferably no

greater than 0.1 mass%. The "nitrogen content”, as used herein, is the
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10i s preferably 40-140C, nore preferably 60-100C and even nore
preferably 80-95C. [0105] The top tenperature of the second
extraction colum 40 is preferably 10-50C higher, nore preferably
15-40C hi gher and even nore preferably 25-35C higher, than the bottom
tenperature. Mre 15 specifically, the top tenperature of the second
extraction colum 40 is preferably 50-150C, nore preferably 80-140C
and even nore preferably 110-130C. [0106] The solvent ratio in the

second sol vent.: act i ' e = 1z (- a
13735 and oULTHEET e, HaRulcn, BE “hhMiinodac B BoRL AETTY
the second sokwgnh, extraction step is preferably at least 1.5 tines
the solvent ratio in the first solvent extraction step. [0107] Under

these conditi f062] e Hdhavalseliy grheralig 3-8, picfatblyall ongteatar snd
contacted in countercurrent flow inside the second extraction
25col urm 40, awde ardfeesily d# ohgreaterpaud exeferahly aved greater phiear2Ssatd ent

is obtained through tubjng 48 fromthe bott part aof the secan
extract? on comzfﬁpmfemghaogr%’t@ a%qut hgh@g/génd’ ‘@flﬁigﬁﬁ?@ﬁﬁﬂﬁ“‘&he
pol ar sol vent _i s obtained through tubing 46 fr t top rt.

| nci dental |y, p{ﬁﬁaragiyer}?e&r g??él![lege ﬁdmé’% r gerzgﬂ"g ?ﬁeorptﬁrgq%e%o?r\]l%nt
is fractionat i r I

[ ot onat Skl b 8AE0AnCH Hibhe FRASRRIARG SRLNEN b NPend
the second rak{émnaiRe prefeR®lrhiosabmenthaal 25, al Bie Y@LYAI00 % Béhdrallyp t he
second raffinate and polar solvent in a fractional distillation

col um, whi ch3D35) girefstabim 401 or gieetef mad tmareapreftirablyl 30aor greatey] emchs

whi ch are not shown, the polar solvent that has been separated from
the seé®nd exprefetablhno awesnr thar 13 aadanpre pofareblyarearastar than 6.

tili d. 08],.Th t he, fi t ffi te,l t into th
Cocond raftindte e JACs ik ECacH MIBTER S B a R Puh e APt on

tep. The yi fi bt.aimeds i ot h :

S0t vent ox r acle oAl “HE° Kbl oRBNERP CRAAREL' e (BeERaRe, of
60. 85 vol % angapaficEBorkORIRISER: lo KAaIXhrtel Honka SRpareitigs ET St

raffinate intfoduced into the second extraction colum 40 The yield
of the secondnephthanic @bbaismetthimspdee i éatahcarbohy emd thexpermetthgn oft ep
is preferably 10-50 vol % nore preferably 15-40 vol % and even nore
preferably 15apometen, caqrbawo]withr respeet dabéetrhrespebenter wspectiishheas t o

col s, and SR eI FERbm: AP ot d A ol et "
extract] on_colaRn 3R ARISERANEO AR AAA 0 B nadsd (LR85

the raffinate ined 1n I'rs raction S

(preferably wWidohdab@sns gfeaf®! HRNIndrE PR¥RALIVES0 BRIV 6 gRladGednin
storage such as a tank and introduced’into a second
preferably no greater than 80 mass% and more preferably no greater
20 than 70 mass%. The "total aromatic content", as used herein is, unless
otherwise specified, the content of the aromatics fraction measured
according to ASTM D 2007 or ASTM D 2548.
[0064] The rubber compounding oil of this embodiment comprises an
aromatic compound-containing base oil (a) that includes an aromatic

25 compound-containing base oil containing a raffinate obtained by

separating a vacuum distillation fraction of atmospheric distillation
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25extraction colum 40 in which the extraction conditions have been
adjusted to the conditions of the second sol vent extraction step, and
the second solvent extraction step then carried out. This will allow
excessi ve equi pment investnment to be avoided. [0110] In the second
solvent extraction step it is possible to obtain a first raffuiate,
and a second extract having a 15C density of 0.94 5 g/cnBor greater
and a total aromatic _content of 30 mass%or greater. |If the 15C
density of theegtdwnod foomramnede o8 Wy, 940lyeonextvactipnesi¢rgror 4 tefisietll oibe
useful as a petrole n}ggied grqcess oil or its base material ip a
process for pP ﬁ&f‘? Bed havies a«0°C dwnamigtvissepit 9§ 60H68Aenmilsber |

i ene ?ﬁéﬁ??:’a%%glﬁ%@%sﬁ%@?ﬁ%fé#b%ﬁﬂ gfg,g@g.ﬁ{}&r%%dogggw
i 11 erence hoPairhont oaraeeadt o BRetbh R R ohe Bor et B  on,

an aromgti c CHRIMINT-3298tAHMN Aasd@aidhd %éih%fhéF&g%%E #lan3808C, and

| ubri cant base oil, a petrol eum based process ol an extendér oil or

its base mateehadromativi cgnpodmet-edntsinanabase @ﬂn(tﬁnéor@éin AR EXES Y Or
greater, will be obtainable at high yield fromthe sinultaneously
obt ai ned secorbtaizgd byaeparatiog thy vatem sistdktisnt faiont dfeatamsphetic

extract is preferahly 0.94 g/, or greater, nore preferably 0.95-1
g/ cn8 and eveﬁlﬁﬁlﬁ O%rr@?é?ﬂ%lﬂlf/rpé. 9@0?‘@1@83%’?@1 stéie qro deflaedmil i c
content is pr . %.0r reater, .more pr rablyy 60
nmass% or gr ea? Ié‘fc{ug%%ég‘gh gﬁ@?’ %lﬁlgeq‘ é&’a‘g W%%E@&‘%Ofé@% 'S Ghd
referghply no A BSS i t o i t

Pef errg{g %/o t rﬁh%t@ﬁ% p|(§§r%%sent %uegl P%a%agﬂ g?ll%ﬁ??h%n\glg?bg%'%

measur ed accopfintyot QreARENVERL 249tal arombBd L3hichPOf SECRRS 6 RciteNas a
%UCA val ue of preferably 15-35, nore 25preferably 20-33 and even nore

preferably 22agrdimg toedSTVED 26edor dihegaromais EvMnp2hdd-confabiiag badfhe
ably has the follow ng properties. Flash point:

second extract . prefer [

Preferably 259@%@3 ﬁaegﬁgrd,er sieTest de ersabbgseedic(ar) mnghthe armmatic

r ef er abl no _higher st han.310¢C. . our poi nt. Preferapl naQ

hi ghor than 36 RH“%P@%%E%W ). Ctyater Roferted do s ek S

Preferably no “gﬂﬂhﬁéﬁbé@;ﬁmé@re preferably 40- 80C and even nore
.- ass

preferably 50-70 ransition point: preferably no higher

L ihgﬂe; ?%OC, o[ @04 ef ey BadeYoin(a) s gherablipin af@Hat®d CorRpShRL S NiniBOC or
base oil with a total aromatic content of 30 mass% or greater, obtained
by refining treatment of a second raffinate obtained by a first solvent
extraction step in which a vacuum distillation fraction of atmospheric
20 distillation residue oil from crude oil is contacted with a polar solvent in
a first extraction column having a bottom temperature of 30-90°C and a
top temperature that is higher then the bottom temperature, to obtain a
first raffinate and a first extract, and a second solvent extraction step in
which the first raffinate is contacted with a polar solvent in a second

25 exiraction column having a bottom temperature and a top temperature

that are both at least 10°C higher than those of the first extraction
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10 - Difference between pour point and glass transition point (pour
point - glass transition point): Preferably 45C or higher, nore
preferably 50C or higher and even nore preferably 55C or higher, and
preferably no higher than 100C and nore preferably no higher than
80C. Benzo(a)pyrene content: Preferably no greater than 1 ppm by
mass. 15 Total content of indicated aromatic conpounds (PAR):
Preferably no greater than 10 ppm by mass. [0114] Next, the second

raf f mat e was j LU t [ ¥ NQg
reatment i t BTG b e e B S
hydr of i ni shi ndepditst 08®.94 %/@ﬁaﬁ @ NpréateP andbd ite@ahtardastc dohteds ofed@ ned
oil. The aromati c conpound-containing base oil (lubricant base oil)
obt ai ned in t massYtearreateny be used as a base oil (a). The base oil
(a) may be a blend of two or npre aromatic conmpound-containi ng base

oi I's (1 ubri caf@04dskheobass) odHphihed aaemetis QompPUINEHwHAMDg pasesl The
E?Z&?;l | §aéof3>§%§ée>”{$ﬁ Sqeféi‘l'zaég%%ﬁ%%sfﬁﬁbﬁéét B B S5 2 The
orof er anly. 2soRv S FBAReY o ¥ IS A erdfb B ) MR ETC o)
of 600-1200N, H%nféé%@c%?@‘;oﬂ:ﬁ(ﬁfl% fRhY ,%Bgsf%% 087 400-466¢C atkdON

and/ or a base o0l 00- 1000N. 5['011 A vacuumdistillation
fraction usedat 90%bpeind of SORBUEAOIRIGC distilaticid-aodiorad basg olla&e) oi |
can potentially contain |arge amounts of the 8 types of indicated
aromati c conphanitg & #0844 dyreamicoviechsiiyoid, 20a2%0 mmVs bihd 2dBls pointef
difficult to sinultaneously gbtain two or &Qre hiég%HIl_ash poi nt

aromat 18 conpddRL20oktaada Py emodd ofi340-9h A6 18 G atiogg

vi scosities. fare, ahb il fal) of 300-450N and/ er base oi l
(22 %ot 70040880 TsThs e AR § e Rty dp aTeiie cappnapicoRtahing
conmpound- cont a{.Qi i hpo sl r duiCl n
aromatic corrpgdgﬁ%?’ go%zﬁ%%nlée lgjagéﬂiz)llhfc 2%3@%3 i ﬁg ng ?ﬁ?’g %Fn%feﬁ’e%t
ey conprise, fidshointhsd 206t hikhers al pRittpotittdfasd hiphesitap 308ChHase
oil preparation step in which either or both the second extract and
second raf fi nanéimer poins exf bo ligheri thaandGHiC)natglasscivapotion poait aff nong
base oil with a total aromatic caontent of 30 mass%or greater. [0118]
In thelBase oilghsrdbar a89dn wdapddiarenrse of ablsast th be SR t

20 and second raffi r(}%he Iaretruse to ohtain an aromatic
corrpound-contalzic?lulir[r‘f’gj1 AP TARPHA ROt al aromatic content of 30

"of i ng 1 catl0eSt) 1 REPO 1) O e 1Y eavent o gnpati St o

refining treat inc Ing treatnen tarn

oi | (dewaxi ng sk bil @) Raviagiod0° @ diiimiy videodtyobiR200 fan’/s bgreater
ani | ine point of 90C or 25higher, a viscosity index of 90 or greater
and a flash paindtless thas GG0anmiisgindra glabs tramsitign peint o Hetreen60 and
aromat i ¢ conmpound-cont ai ni ng base oil. The refinjng treatnent

prefer @y i nchliesndinan HematicatqrapRusheriyiaing brsenpih §2)mraving an
il ield o ti. - t aini b i] havi I ot al
romt i ¢ cont A oS aGSIRGY O IB B e EREET 0 B EBURINER by
the refining treaf fEwEAN-dFand -30°C.
[0069] The preferred properties for the base oil (a) and base oil (b) will

now be described in detail.
25 [0070] The pour point of the base oil {(a) is preferably no higher than -

10°C, and may even be lower than -20°C. From the viewpomt of
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S5suitably used as a |ubricant base oil or rubber conpounding oil, or
as a base material therefor. [0119] Wien a 200- 1500N refined oil, for
exanple, is to be obtained fromthe second raffinate, a vacuum
distillation fraction with the corresponding viscosity may be used as
starting material for the first 10and second sol vent extraction
steps, to obtain a second extract having a 40C dynam c viscosity of
preferably 200 mm2/s or greater and nore preferably 250 mR/s or
greater, and prafuetiablcpsiaf the eabter cohmoubdiag oilyhbsvezar thy pounpuist
preferably no greater than 2000 mR2/s. [0120] In this step, it is
possible to oBg Herbass ol (@i merecpiefsably-betvigencdftandn2AYC baBy wsidg wi t h

o as-ar ormat PR RICENUI GO YA TBhe Ban ) OTG.hispesBletng
Conpouna- cont SEiPngP k& Syt PR Bl Sitiad 28 HrEhvsi e °
mass% og greaﬁgﬂsi{iaﬁpgg(ﬂger referred to as "aromati c conpound-

20cont ai ni ng base ol ") fromthe second extract. [0121] In the

base oi |l prepfBGRii 0]?116%@95 tiaRsitiepPpsiar batke Hags bilofk) @)@r@&rﬁﬁf%ﬁ)ﬁt ed

off fromthe second raffinate and second extract by appropriate

di stillati on, higher ttham -30p0rariomat piefersklyond highéd Hetme -507€, aand

portion of the sec B’d e>6tbract .may be used, as_base oil_ (a) and base
F

oil (b), 25reB et\W0° % ardrighen morg prefaabbie e enhighemand eve

d t t ai b d t t i t b
i rect !y usedtSe BEREHTITOYS SOERG oM K b B SioB dat k100
i th basg;dy; L on: stk agi
race i Saqrighl it vANGRAL B bO RifFoalto oBitd ks ribBer AL Gl Wil ©"
appropriate f @ﬂowyﬁggﬁgﬁﬁm Gwﬂﬂe(imeﬁtgﬁsé)&&@si’éo@gbm%@tdoqoabt ain

a base oil (a) an havi ng the desired properties, as

co-products. fher pradugiion, caberwill Itedd i toamorbasee betdusef tHR0@Nwaking
greater and |less_than 60ON is to be gbtained as base oil (a), a
vacuum di st i | PerdiBans Wit neeshtodsy excepovely stiingsnt.hi s fraction may be

TS S0 IR b BBl RN el
Gynam g1 SCoRid il MBS cPIBIEEY RO g5 el hoi? By s

base oil (b), highepugRrdrhethbi vistpoRe §E%H’ca§ﬂFV§B§J§u€ﬁ6ﬁ HFt b QRpeee

ps
and in sonme cases through a refining step. 15[0 ] For exanple, when
a |ubricant beempoutdiog ©U0-HROMYEN &s stitahe abifiacnedints foasexdellknt a) ,
a vacuumdistillation fraction corresponding to this fraction may be
used as st art FOHPPARRILEY Mith yubbspead fo analntsin ¢ prapestiesodd thefrubber

- he b il d i dynani ¢ vi i f
200. 5000  ma £5pOR GRSt IS hattT ABuBehrRat 120 Gt & 20 pr ef or abl 3
900- 1509 M2/ t { e o :

S00- 1589, ! o RS gl by ALY O 015 PR RS9
treatnent. [OiZdlmée gmefkﬂaﬁﬁeé-ﬁ@oﬁﬁd Baseiso} ieféx%lyfflslﬂsi Sné e ment

may be obtai ned by subjecting the second raftinate”to refining
t r eat ment preferably 20-30. The %Cp value of the base oil (a) is determined

according to %0Cy4 and %Cy, and it is preferably 45-82, more preferably
60-75 and even more preferably 65-70. By using base oil () having a
25 composition within this range, it will be easy to produce a rubber

compounding oil having excellent compatibility with rubber and having
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25i ncl udi ng dewaxi ng and hydrofini shing. The base oil (a) obtained in
this manner (lubricant base oil) has a total aromatic content of 30
mass% or greater and preferably 30-60 mass% The base oil (a) can be
obtained as a |ubricant base oil of preferably 200-1500N, nore
preferably 250N or greater and | ess than 60014, or 600-1200N, and
even nore preferably 300-45014 or 700- 1000N. 5[0125] Fromthe

vi ewpoi nt of obtaining a base oil (a) and base oil (b) having reduced

contents of thesufabierenipositien for nainaingd: ake mbpatied mFomhadabbBAN) ,
having nutual ly different viscosities and high flash points, the base
oil (a) is nospoposefienabl y 300N- 450N or 700- 1000N. [0126] If base oil
(a) is 600-120014 and preferably 700-1000N, it 10preferably has the
fol | owi ng pr o&@ﬂ‘ﬂé@ﬂ wfr&@snﬁpa%n{ o thebasseril {a)dis prefseatly @9 greater oned

O L e S e e R R
ot St Do ToilaY G b JER SRR T0r $aBR. SRLAMNEIRAR Y yigppont
content (ASTMoP 284fry 30coiBiR¥ng! tHAe abRtuctsef eéﬁblmrfﬁiéordmﬁ%

and nore preferably 40-50 mass% 20[0127] According to this

ermbodi nent, i tcoimpopndinghdik ciw behtedicedabp asingoh lfukidand hdsdafieoOloky (b)
having a content of indicated aromati c conpounds (PAH) that is bel ow
the speci fi edpueis| theTeentendr in prafenabli S0 omassic ot @rptendad( oM " as

(PN |1 5t ed GeTETOR @ 0036w S @paehd bace of | 25(b) of this
oo 51 BB BN Mk el e BRE I EREE) B
Shomat) o CoTPRTRMASC bk ol s o s St o
(BeP) 53) Benz6(t] anthiglaeschrem(tBeAlevhpoiat 0F aeneilifgRhthin the definition
of a level-4 hazardous petrolenm material. Because the flash point of
the base oil (b) can be high and therefore the flash point of the base oil
15 (a) does not need to be higher than necessary, it is preferably no higher
than 290°C and more preferably no higher than 280°C.
[0076] The 90% point of the base oil (a) in GC distillation is 500°C or
higher and preferably 500-600°C. For the base oil (al) as one mode of
the base oil (a), this may be 510-550°C, and for the base oil (a2) as
20 another mode of the base oil (a), it may be 550-590°C. There are no
particular restrictions on the 10% point of the base cil (a) in GC
distillation, but it is preferably 400-510°C and more preferably 440-
500°C from the viewpoint of resulting in a flash point of 250°C or
higher for the rubber compounding oil and avoiding falling under the
25 definition of a level-4 hazardous petroleum. The base oil (al) used

may be one having a 10% point of 440-470°C in GC distillation, and the
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5) Benzo(b)fluoranthene (BbFA) 6) Benzo(pfluoranthene (BjFA) 7)
Benzo( k) fl uorant hene (BkFA) 108) Di benzo(a, h)anthracene (DBAhA)

[0129] These indicated aromati ¢ conpounds (PAR) can be quantitatively
anal yzed by GC-Ms anal ysis, after separation and concentration of the
conponents of interest, upon preparing a sanple containing an added
internal standard substance. 15[0130] The base oil (a) and base oi

(b) are suitable as lubricant base oils, rubber conpounding oils, or
base mat eri al Bageheil eh0y méghgeb@ﬁeeh@drihg(@)wb@ ot Seif #5@560¢¢ Yinr €duced
content of indicated aromatic conpounds (PAR), and a flash point of
250C or hi ghedisdtdtien.pour poi nt of no higher than -5C, and it is
therefore suitable as a lubricant base oil. 20 Furthernore, because

the total arofftA7¢ Tdwrhasatoil @) des meontens of Yeaza(elpysens (Bed) distesisas

pet ol cum bastl P SLSPETaT B3 EsFIEr U | T Hishs Bnkeh it
cont ent> of i nPaRef BaEARASRoflals edirhed BHy) HEE o BT USRRo1
S S e
or as a base 1r;’nateri al therefor. [%l?gZ] Tﬁg@%ﬁec‘gﬂiﬁFo?gl,ﬁgt ﬁg ggg}lg oi |
(b) or a bl enddequetedpfeducey chrsinogedidityr preparation, for exanple, to

a glass transiti tenmperature of 5 between -55 and -30C and a
dynami ¢ vi scotqm(;ﬁ(%g% QéYWGO’“Fﬁ%ﬁBPf@ﬁ basenih(ad ipprelotablinddased

process, 0i | op,extepder oil rti.C sut.t ed .f or conpoundi ng. Wit h
b ene: Tibber 600 SRS st cebRPIE P siths Sgciesl BETR Bcuatt
process oil onp@Yphshees, oil to diene rubber can exhibit both |ow fuel
consunption and grip 18properties, and can increase the thermal aging
resi stance or [0079 Wheh attage @il (19 3Ad a AP ExBahiie isRBSKE of BES WA NY
to the production rrezthod of this enbodinent it is possible to obtain
a high yiel d 200Gmmiosatsed, i dsprefrddiontle 4090 dnmsricoiiscosity iofithea

hi gh fl ash po'%nt, a low glass 15 transition point, and a high total
aromatic cont Bate GHi@) faheng0808umm s and motecprsisablyofR-8At mst /s

' lubr Peant  paRdBOR SR EIEIR o tand 120230 BIRDR webtintabia © or

a base materi glpdePebS Bﬁndiﬁgiﬁgﬁﬁﬁ%%%gjfg%ﬁﬁ%‘gﬂ%%ﬁwprOdUCti on of

several types of aromatic ¢ ase“oils with

di L f erent Vi s {O0S0 Riere afné battituldeeationiéadei ettt ymus e tohteht
I ndustry.

of the base oil (), but it will usually be 20 mass% or greater, preferably
30 mass% or greater and even more preferably 35 mass% or greater, and
20 preferably no greater than 50 mass% and more prefetably no greater
than 45 mass%. If the total aromatic content of the base oil () is less
than 20 mass%, it will tend to be difficult to obtain a rubber
compounding oil with high aromaticity. If the total aromatic content
of the base oil (a) exceeds 50 mass%, on the other hand, the oxidation
25 stability when it is used as a lubricant base oil will be reduced and it will

less easily serve as both a lubricant base oil and for a rubber
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[0134] The base oil (a) preferably has the follow ng properties. -
Pour point: Preferably no higher than -5C nore preferably no higher
than -10C and preferably -20C or higher. 253 ass transition point:
Preferably no higher than -30C, nore preferably no higher than -40C
and even nore preferably no higher than -50C, and preferably -60C or
hi gher, nore preferably -100C or higher, even nore preferably -80C or
hi gher and nost preferably -70C or higher. Ani | i ne point:

ror e pref or ab§POReaE o SRR Bk ¥eBhPRy et pRha R i fR zrieSt
Vi scosity ind%'avﬁ{cﬁ%%ﬂ%@ﬁt%%eqredgé%ter and nore preferably 95 or

greater, and preferably no greater than 120 and nore preferably no
greater than. [4@L] T arfilias BoRRiofithe PiRidl &)1y pPHRRbEF 40i0ghE! mdnel
preferably no higher than 310C. Base oil conposition according to
ASTM D 3238: Pheferdbly #S-70PEf mxdabion Gidrd PrefedablyyBNGSSCpr &f treadniilin®0- 30
and the %CA is preferably 5-10. 15Benzo(a)pyrene content: Preferably
no greafer thaemnt ippwiihiy thinsange, Towil be peshle tofeasilipipseduns arubberi c

conpounds (PAH): Pref.eral no greater than.l m b ss.,[0135] An
S omat T e compBHRPOREE il By s CEcaliont GomBBANIE PgPIUbhe: SRR

t han 600N, an s 300- e Qi I

20pr ef erabl y %agﬁgj?gé 2%11?68\/\}9 H&égfgg&@ﬁ%gﬁg ﬁﬁéo%gﬂ?%%gt%, Wog%bber

nent i oned abo ; PR i 0 VAJ 6,0

m2/s, nore pFE%JE’ gt%]l%;ﬁ/] %%ég% Igr)zhﬂl 8 anéél%\%%%mtrr%a}sg dg?%?%% 57}10&%%
mR/s. 25 10%pgaitnt in GC distillation: Preferably 400-460C and nore

preferably 430-450C. . .
10 [0082] As the composition of the base oil (b), %C, is preferably 25-45

and more preferably 30-40, and %Cy is preferably 5-20 and more
preferably 6-12. The %Cp value is determined according to %Cy
and %Cy, and it is preferably 35-70 and more preferably 48-64. If the
composition of the base oil (b) is within this range, it will be easy fo
15 produce a rubber compounding oil having excellent compatibility with
rubber and having a suitable composition for maintaining the properties
of the rubber composition, even with addition of a base oil (a) with high
paraffinicity.
[0083] The nitrogen content of the base oil (b) is preferably 0.01 mass%
20 . or greater, more preferably 0.05 mass% or greater, even more preferably
0.1 mass% or greater and most preferably 0.15 mass% or greater. A
high nitrogen content of the base oil (b) will result in a lower nitrogen
content of raffinate obtained by the solvent extraction step, and higher
purity of the lubricant base oil. Thus, using a base oil (b) with a high
25 nifrogen content as the rubber compounding oil is preferred to allow

effective utilization of the entire vacuum distillation fraction.
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90% Point in GC distillation: Preferably 500-540C and nore preferably
510-530C. Total aromatic content (ASTM D 2549): Preferably 30 nmass%
or greater and nore preferably 30-50 nass% 5The val ue in gas

chromat ography distillation, throughout the present specification, is
t he val ue neasured according to ASTM D2887. [0137] An aromatic
conmpound- cont ai ni ng base oil of 600-1200N and preferably 700-100014,
as the base oil (a2), preferably has the follow ng properties in

additiontotgmq t'(gﬁg[gd 0l ‘ i i LLy:
Preferably 120- 258%3 dﬁ%@??ep?%eﬁ%@%Vsﬁ@%f%@%?ﬁh@?%

Poi nt in GC dBeWT khdm®e préfeedity ablBlghd(ha? 0 @NATAR hBuPhEhE ba e
460-500C. 15 90% Point in GC distillation: Preferably 540-600C and
nor e pref er abbgses@D(H)96 Grefeitiblalb @G oo higher, movet raferdAS TIPO o2 Iddher,
Preferably 30 mass% or greater, nore preferably 35-60 nass% and even

more pref er abEyeM 050 prEEshly265%1 301 - lead emobl prafyrahlyy 262C aor
aromati £ conpgund-cont ai ni ng base oil which is the second extract or
a refinmed oil Huct thereof, obtained by carrying out the first and

of two or mor WK FEECHER 1 09°ey 18 SR Hlined (el £ RiglCpBu” "
descri bed aboysinarblftgiéﬁfhbﬁ lt(}%%jl%ﬁ& @aémmion ﬁéﬁl@.l@ﬂle Ei?ﬁ?eréﬁf%e oi |

(b) is preferably a base o aving a 40C dynam c viscosity of

200 mm2/ s or bewmmrth@pduipsi&thﬁ@mhé@ﬁssfrtﬁﬁsiﬁéﬁl@oimo@"tﬁ@‘éaﬁ@[‘i@ti on
point of between -60 and -40C and/or a base oil (b2) having a C
dynam ¢ vi sco&ay nintso@lasstransisiongpeiatleis pueferablyl atsleastr 4676, tinore

0 a0 ek 5, o ek el s b

i d ab . ' ' ity Preferabl 00 /
areat or and | SoR PRI SRR plesebliofh ot has Bh il hoo
/s, even mﬁﬁbﬁﬁreﬁ%hmggg%%fgh%n 350 m2/s and nost

preferably no greater t ass transition point:

pref erably befG@s&h T}:ﬁOglaﬁwltraﬂﬁﬁongminmf&l@bﬁéeﬁbﬁbqby iDghuRebly 3 and
-48C. Pour point: Preferably 0-30C, nore preferably 15C or higher

and even nor ehigher thanbB §°Q ead prefiiaplhy +60°Chuif ighem c & heatlawsearansiiion
poi nt ]%] d gl alsjgin;t ro?'rt]l% Eui'o%]a coci:o%pc(nﬁ%j-{:on%giin?rgg base oil (b1), as one mode
of the base oil (b), is between -60 and -40°C, while the glass transition
point of the aromatic compound-containing base oil (b2) as another
mode is between -50 and -30°C.
[0087] The base oil (b) has a content of benzo(a)pyrene (BaP) listed as
20 1) above of preferably no greater than 1 ppm by mass, and a total
content of indicated aromatic compounds (PAH) listed as 1) to 8) above
of preferably no greater than 10 ppm by mass. This will allow
production of a more highly safe rubber compounding oil with
adequately reduced carcinogenicity.

25 [0088] The flash point of the base oil (b) is not particularly restricted,
but in order to avoid falling within the definition of Level-4 Hazardous
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15 glass transition point): Preferably 60C or higher, nore preferably
65C or higher and even nore preferably 70C or higher, and preferably
no hi gher than 100C and nore preferably no higher than 80C  Tot al
aromatic content: 50 nass% or greater, preferably 60 mass% or
greater, nore preferably 70 mass% or greater and even nore preferably
2080 mass% or greater, and preferably no greater than 90 mass%
[0142] The base oil (b2) preferably has the foll ow ng properties, in

ddi ti to t ti b .. 40C i C. Vi iy, Pref bl
500 mmel's. or QPGB HErang ks 184S0 B tHhr ot LAh bR SRFSgYen

f bl ) :
than 5000 e/l atE i rne of (GEAS ordRBppt BOSERB B B E
mor e pref er ablpteRmbiy e80eC & aikhed SHOETHERrably GAPE bf Qﬁ%&ri QRen

point: Preferably between -50 and -30C, "and nore preferab bet ween

-45 and - 35C. mdretpadfembdyB90C ophighst andtostmsiarably@0OaCear higher.
preferably 60 mass% or 5greater, nore preferably 70 nass% or greater

and evef nor e [po&F]eFbtofalsaromeatisosantenir efather basarul fb)efseprafirgblyo30
greater than 90 Ss% é€t014?{%l Wien a gOO-éSOONU romatic

conpound- cont AR4SHy Ob £&eateh 1oL prst PRiHRE A or HEShseVS MOra) by
the first and _secon | vente extraction steps, _the vac

Gistil]ati on PESEHEDh Dol RN o M SHEAPD Yo 40T RETCERT T GRRBEA0Ed as
starting materd. ek t Y/ L t oi |
(b) having a % tey%}f?n C vi@ggeg%@g %?%%g?ﬁer@%%%@ﬂ%@nﬁspﬁe?&a 3ﬁ%r
greater and prgéfeeibhy 99582880, 2herdprefiérablyeiio grsatkrithal g0akhsvhand
greater than 5000 m2/s and nore preferably ndé greater than 2000 I TIM
2/ S. The base eveh ey peaferabhsro gidatqriiham@y mass%bt ai ned by 15

appropriately separating off the ,desired fractions by distillation.
'h this case, [Opllithe eraararmati aenteaof e pase oh (bhis 1pss dem 89 of

e e S Shibh el o L6Act) 67 AR08 s P PR IGHIR of e
desi red base gy (o A0FARERE Bhllo bl BRELESCEb Mo JEHUR: toon 00

distillation I on ma t he 1S 0 ase ol

and base oi | (Rlss¥sisak 9féf@ﬁe@ﬁ@niﬂfbﬁ€ﬁ??oﬂﬁ%%%lfﬂrﬁ§' kinc8ith®Bxfract

fraction is used as the starting materi a
15 yield will be reduced.

[0091] Preferred embodiments of the method for producing a rubber

compounding oil of the invention will now be explained.

[0092] This embodiment comprises a first solvent extraction step and a

second solvent extraction step, in which the base oil () and base oil (b)
20 are produced, and a blending step in which the produced base oil (a) and

base oil (b) are blended. The first solvent extraction step and second

solvent extraction step in which the base oil (a) and base oil (b) are

produced will be explained first.

[0093] In the first solvent extraction step, a vacuum distillation fraction
25 of atmospheric distillation residue oil from crude oil, and a polar solvent,

are contacted in a first extraction column having a bottom temperature
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[ 0145] For exanple, when an aromati c conpound-containi ng base oil of
250N or greater and less than 600N is to be obtained as the base oi
25(al ), a vacuumdistillation fraction corresponding to that fraction
may be used as the starting material. Also, in the first and second
solvent extraction steps, preferably an aromatic conpound-contai ni ng
base oil of 250N or greater and | ess than 600N is obtained as the

base oil (al), d ext,ract (aromatic c ound-.cont.ai ni.ng. base oil)
with a 40C dyﬂgarﬂ'rbég@%s@ﬁ i ByoPx t@@@“ﬁ?’ﬁ%/tg‘g‘%ﬂs gvgﬁre&‘a&n@el be¥omhan
500 m2/s, 5pre X e 1 oy efer.ably 250-300
el o, 15 obt SEHERAR, ¢ 305AeE M elRRe i S Pefl * B AE sl
when a lubric 1+] 40 t6,0 2 i t al.ned heg. base
oil (a2), a vgﬁlﬁﬁﬁaglﬁ%ﬁqoﬁaﬁ hq?%a%%?lolrﬁ%#? 2%1 5'18%(1?%{95% %‘ﬂ?%ﬁatt fre
fraction may bentuced s idtendtexiiabiicn EBhedn Ahving D bokeR, teipetftare i 1 st
and second sol vent extraction steps, preferably an aromatic

conpourfd- cont andiopgtebmeratord that a®Oioth 20 0ddst $0UDhighee thawsthbkeobtire oi |
(a2), and an extract (aronatic conpound-containing base oil) with a

40C dynami ¢ viEd s8irasiios columns tipeblairps secopdanidingts sndspsccpndexieey s
and even nore, pr.efer 00-15Q0 /,Ss,31 S obtained as the 15hase
oi | (\62). Bat@ﬁ‘”{’geaa?%td%iﬂél%ro f%%?}h?ali’i"rgﬂatﬁ{]tan &?%PQW ¥d to
obtain the degi ' a S i 7]

bl endi ng st ep?blg&?tugggﬁ gigrgrsp%’ué%ﬁgat%?l %uaghp?iégaﬁ%&?% ]E;’Iﬂgﬂg)ﬁﬁg’et he
base oi |l (a) amslalaaen Bbiaji(b) obtained as described above in a
prescribed proportion. For exanple, they may be conbined in a 20

proporll® on of [G0®4¢reater than 95 mass% of the base oil (a) (excluding
0% and 5 mass% or greater of the_base oil (b), based on the total

mass of the r{fbpdsolyenpoiregtiogstsd). It will thus be possible to
bt ai bb di il i Si t b i th
base 0i 1 (b). Fifbis8p FREC dsBeins Ry uAtRtig Qithe AR sohisat BUraisgar od
ith the b i I ] . i . ,
From the vi ewsop e eCda sPens Yhatfich. 08 i UEl ety K foroBE Y
sui t abl e dynagiubey icafdubding aill&(z&-dllﬂ@%pt?ﬁ%ﬁfb%aﬁﬁémof I%ﬁ%gg'%rwl S,

preferably 15-50 m®2/ 8 and rore preferably 20-32 mm®/s),

obt ai nifg a r sdibent csxtraotiodi viEpei Frsti tah wacdifl edietilatioal Abctiaasst 50C
bet ween the pour point and glass transition point, the mxin
proportion of aiiespbere distillafign regidig ofrfedrarcabile oflpand amudarsscdvantor e

preferably 20-40 ss% .based on the tﬂot al rupber cor‘rpoundi ng aqil.
From the sane®f ENPBFIAT Mt FRAUFTERHEIHOHEPFoM AokrhrextReiomsolunr 3b) is

preferably 9%%&%5@8{%&3%&5%&&%%%@%&’0 %8&6a0torﬁa€éﬁ§f5’era’mre that is

higher than the bottom temperature, to separate it into a first raffinate

20 and a first extract. The polar solvent is supplied to the first extraction
column 30 through tubing 34. The vacuum distillation fraction is
supplied to the first extraction column 30 through tubing 16.
[0095] The vacuum distillation fraction is a fraction obtained by
introducing common atmospheric distillation residue oil from crude oil
25 into a vacuum distillation unit. The vacuum distillation fraction is not

particularly restricted, and it may be the light lube-oil distillate, middie
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[0149] From the viewpoi nt of obtaining a rubber compounding oil with
10 a difference of at |east 50C between the pour point and gl ass
transition point and a glass transition point of no higher than -50C,
the base oil (a) preferably conprises a base oil (a2), and the base
oil (b) preferably conprises a base oil (bl), for a particularly

| arge di fference between the pour point and glass transition point,
such as 60C or nore, for exanple. 15 In order to further increase
the yield of tie-oilbbsillate ieavydiubeg-odli Histilleiengr & blentiafhkeready nathe

vi scosity as explained above, the base oi] (b)_ preferably conprises a
base oi | (bl) eante wepawedigiliatiopoyactiongnay he gséd. evifrennithe wewpeishetnt

{he base. 3? Pee%‘é‘rfn%af g g%li% 0§ 0% L%nqﬁ@ié%a%%?c?ég@%gé%%mﬁ?f’zs
espett vel . COrBra0E e’ plontP I oD R AR BT, it ufien

may contkain a : J ; : +ba. g | o ( ; oi |
(B}, 30" ong SoeRaE bR Gl v b e B B8 iy BFSs o)
The enbodi nents ndes6s iHiel] BhoviReftrRedot Yisqr firedaethietiedp 015808 t he
invention, and the invention is in no way limted thereto. Exanples
[ 0152] The pr gseftablin2e0+i2060Nmvand moxe prefeeblynB0@@0DN gr dd0el20ddN ai |

by the follow ng exanpl es and reference exanpl es. However, the,
present 5i nvehefeopl %@ﬁ#@t@q iﬁaet fi@ot%i%é\l esansscdereiagneansdhatyé i,

o1 vas su ccetit S BERIFHFof b o6 AL Ronohon
up'to 1he 150NRRnPIE N ne i, TP 8 ARASRAL IBR IB7.503 i 790 "

fraction and tSa9bSPaNvessal ssseans(SUsy.racti on were separated off The
separ at ed 350N-corresponding fraction was treated with a pol ar

sol vent extra¢006] Fori tihigs epitmdiment, Filge.  vacuSmpe olistiltadcky , fractionr 48
sol vent extraction_step was carried out in i

which th
350N cor r espomeierebly srlesten sodetithe bereib) ihﬁlﬁ g Vésopgiltfé pf20e+1360Non 15
oA ool ar oD PapratER, B shEERO0R e wipta ey Rob IR B T S

350N- coerespo bﬂﬂ) foi\ﬁcti on. By this first solvent extraction step,
the 35 corresponding fraction was separated into a mxture of a
first raffinafgoeydrkdisotisth Empeiaes lof tabiat Begadtioadiantioniseass of
the first extraction 20 columm 30, and a mixture of a first extract
and t he pol ar tholfirsintolvelit ekinsudichr stept lse3BEOT O predetablyNERE70°Chengol ar

sol vent was recovered by a fractional distillation colum (not
shown), to obtaems RrRErshly Y-631G.i nbhe tem tpmperaure of ithe firgtrexmaction

tep i n uhi chléﬁfrﬁ’é”ffér e DR PRt ls BREr I LS D A o het Bt
eror Sure, SIS RiethF Sod R b CHRAARN 2505 el

second sol venth@x ke HdiRn Stk erétﬂl%.faﬁéeciﬁéaﬂ@ttﬁe%? rafugd jsnto
a mxture of a second raffinate and the pol ar "sol vent, obtained from

the top part qfreferebly obOiA0°@ndmareri prefareblyf 88-HECGndmextevant mand t he

pol ar sol vent,
preferably 85-95°C.

[0098] The solvent ratio in the first solvent exiraction step is preferably
25 0.5-3, more preferably 0.7-2 and even more preferably 1-1.5. The

"solvent ratio" referred to herein is the volume ratio of the solvent with
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5 obtained fromthe bottompart. Next, the polar solvent was
recovered by a fractional distillation colum (not shown), to obtain
the second raffmate and second extract fromthe m xtures. [0155] The
second raffinate had a total aromatic content of 30 mass% or greater
as neasured according to ASTM D2549. The second 10 extract al so had a
15C density of 0.94 gfcnB or greater, and a total aromatic content of
30 mass% or greater as neasured according to ASTM D2549. [0156] Table
1 shows the prespact itontheorsttirtingnmatertaly {sdlventf golundsthitingt makerent
extraction step, and second sol vent extraction step. 15[0157] [Table
1] Producti onVlU8®)Fi rst sol vent extraction step Second sol vent

extraction St EEbERALL0 R oL Lok, aCUuT dsli Lkl on 1 oel e (3500
Sol vent rati o 331aifn BALHER of L RoktGHRE R it rent flow inside the first
5 extraction column 30 and a blend of the first exiract and the polar
solvent is obtained through tubing 38 from the colurnn bottom of the
first extraction column 30 while a blend of the first raffinate and the
polar solvent is obtained through tubing 36 from the column top.
Incidentally, the blend of the first extract and the polar solvent is
10 fractionated into the first extract and polar solvent in a fractional
distillation column, which is not shown. The blend of the first
raffinate and polar solvent may also be fractionated info the first
raffinate and polar solvent in a fractional distillation column, which is
not shown, or it may be introduced directly into the second extraction
15 column 40 without fractionation.
[0100] In the fractional distillation columns which are not shown, the
polar solvent fractionated from the first extract and first raffinate is
recovered and reutilized. The polar solvent may be a polar solvent
such as furfural, phenol, cresol, sulfolane, N-methylpyrrolidone,
20 dimethyl sulfoxide, formylmorpholine or a glycol-based solvent.
According to this embodiment, furfural is preferably used from the
viewpoint of allowing utilization of common solvent exiraction
equipment for lubricant base oils.
[0101] Thus, the vacuum distillation fraction is separated into the first
25 raffinate and the first extract in the first solvent extraction step. The

yield of the first raffinate obtained in the first solvent extraction step is
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116 Columm bottom tenperatureC 60 85 Raffinate First

raffinate Yield (wth respoct to starting material)vol % 74 80 Tot al
content of 13 FAH typesppm by mass. <10 <10 Enact First extract

Second extract Yield frith respect.

Total content of S PAM Wesppm by nmass. >10 <10 Yield of useful
conponent svol %

10

15

20

25

preferably 50-90 vol%, more preferably 60-85 vol% and even more
preferably 70-80 vol%, based on the vacuum distillation fraction. The
yield of the first extract obtained in the first solvent extraction step is
preferably 10-50 vol%, more preferably 15-40 vol% and even more
preferably 20-30 vol%, based on the vacuum distillation fraction.

[0102] Since the indicated aromatic compounds (PAH), mentioned
below, are exfracted at the first extract end by the first solvent extraction
step, it is possible to adequately reduce the content of indicated aromatic
compounds (PAH) in the second exiract, the second raffinate and the
aromatic compound-containing base oil obtained from them, at the
subsequent stage. The first extract contains indicated aromatic
compounds (PAH) and therefore tends to be unsuitable as a lubricant
base oil or rubber compounding oil. Consequently, by limiting the
first exfract yield to no greater than, for example, 30 vol%, it is possible
to obtain a high yield of the second raffinate and second extract, for use
as a lubricant base ¢il or rubber compounding oil, or its base material.
For example, the total of the second raffinate and second extract may be
70 vol% or greater based on the vacuum distillation fraction, and
therefore the method for producing an aromatic compound-containing
base oil of this embodiment can be considered very useful from the
viewpoint of effective utilization of resources as well,

[0103] In the second solvent extraction step, the first raffinate or the
blend of the first raffinate and polar solvent that are obtained in the first
solvent extraction step and the polar solvent are introduced into the
second extraction column 40 through tubing 36 and tubing 44,

respectively, and the first raffinate and polar sclvent are contacted in the
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74 [0158] The second raffinate was subjected to refining treatnent
by MEK dewaxi ng and hydrof m shing treatnent to a pour point of no

hi gher than -10C, to obtain an aromatic conpound-contai ni ng base oi
(lubricant base oil) with a total aromatic content of 30 nass% or
greater. 5 This was used as a base oil (A). The second extract was
al so used as base oil (131) and (R3) conponents. The properties of
the base oil (Al), base oil (B 1) and base oil (133) are shown in
Table 2. The §mxddezésacmantcohmm A0t Jhbjsectrebetteactiohicolurgn todaisnent .
[ 0159] 10[ Tabl e Base oil (Al) Base oil (Bl) Base oil (133%
Density (15C) bgtt 88@9&1@@95@393 eno5Y t@naglﬁhpgutha AEOBFIECtively 613 leass

Dynani ¢ vi SCO%B@j hgélh )thmTQéngSJéftﬁ‘l f121- x%-acnon column 30.

[0104] The bottom temperature of the second extraction column 40
5 used in the second solvent extraction step is at least 10°C higher,
preferably 10-50°C higher, more preferably 15-40°C higher and even
more preferably 20-30°C higher, than the bottom temperature of the
first extraction column 30 in the first solvent extraction step.
Specifically, the bottom temperature of the second extraction column 40
10 is preferably 40-140°C, more preferably 60-100°C and even more
preferably 80-95°C.
[0105] The top temperature of the second extraction column 40 is
preferably 10-50°C higher, more preferably 15-40°C higher and even
more preferably 25-35°C higher, than the bottom temperatre. More
15 specifically, the top temperature of the second extraction column 40 is
preferably 50-150°C, more preferably 80-140°C and even more
preferably 110-130°C.
[0106] The solvent ratio in the second solvent extraction step is
preferably 1-4, more preferably 1.3-3.5 and even more preferably 1.5-
20 3.3. The solvent ratio in the second solvent extraction step is
preferably at least 1.5 times the solvent ratio in the first solvent
extraction step.
[0107] Under these conditions, the polar solvent and the first raffinate
are contacted in countercurrent flow inside the second extraction
25 column 40, and a blend of the second extract and the polar solvent is

obtained through tubing 48 from the bottom part of the second
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Dynami c viscosity (1000 mm /s 9.227 14.81 14.81 'Viscosity index 99
37 11 Aniline pointC 107 61.7 59 Nitrogen contentnmass% 0. 004 0. 040
0. 040 Conposition (ASTML) 3238) %s 67.6 56.6

extraction column 40 while a blend of the second raffinate and the polar
solvent is obtained through tubing 46 from the top part. Incidentally,
the blend of the second extract and the polar solvent is fractionated into
the second extract and polar solvent in a fractional distillation column,
5 which is not shown. The blend of the second raffinate and polar
solvent are also fractionated into the second raffinate and polar solvent
in a fractional distillation column, which is not shown. In the
fractional distillation columns which are not shown, the polar solvent
that has been separated from the second extract and second raffinate is
10 recovered and reutilized.
[0108] Thus, the first raffinate is separated into the second raffinate and
second extract in the second solvent extraction step. The yield of the
second raffinate obfained in the second solvent extraction step is
preferably 50-90 vol%, more preferably 60-85 vol% and even more
15 préferably 70-85 vol%, based on the first raffinate introduced into the
second extraction colummn 40. The yield of the second extract obtained
in the second solvent exiraction step is preferably 10-50 vol%, more
preferably 15-40 vol% and even more preferably 15-30 vol%.
[0109] For this embodiment, there is no need to use separate extraction
20 columns as the first and second extraction columns, and one extraction
column may be used as both the first extraction column 30 and second
extraction column 40. In this case, the raffinate obtained in the first
solvent extraction step (preferably with the polar solvent removed) may
be first placed in storage snch as a tank and introduced into a second
25 extraction column 40 n which the extraction conditions have been

adjusted to the conditions of the second solvent extraction step, and the
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54.4 %Cu 26.9 19.6 19.7 ACA 5.6 23.8 25.9 Conposition (ASTM 1) 2140)
UCA - 22,9 242 Conposition (ASTML22549) Sat ur at ed cont ent mrass%
65.5 15.4 15.4 Total aromatic content mass% 33. 9

second solvent extraction step then carried out. This will allow
excessive equipment investment fo be avoided.
[0110] In the second solvent exfraction step it is possible to obtain a
first raffinate, and a second extract having a 15°C density of 0.94
5 g/cm’or greater and a total aromatic content of 30 mass% or greater. If
the 15°C density of the second extract is 0.94 gfem® or greater, it will be
useful as a petroleum-based process oil or its base material in a process
for producing rubber such as tire that employs diene rubber, or an
extender oil or its base material in a process for producing diene rubber,
10 having a high total aromatic content, a sufficiently low aniline point, a
high flash point and a large difference between pour point and glass
transition point. In addition, an aromatic compound-containing base
oil that is useful as a lubricant base oil, a petroleum-based process oil,
an extender oil or its base material, having a total aromatic content of 30
15 mass% or greater, will be obtainable at high yield from the
simultaneously obtained second raffinate.
[0111] The 15°C density of the second extract is preferably 0.94 g/cm®
or greater, more preferably 0.95-1 g/cm® and even more preferably 0.95-
0.98 g/lem®. The total aromatic content is preferably 30 mass% or
20 greater, more preferably 60 mass% or greater and even more preferably
80 mass% or greater, and preferably no greater than 90 mass%. The
total aromatic content referred to throughout the present specification is
the value measured according to ASTM D2549.
[0112] The second extract has a %C, value of preferably 15-35, more
25 preferably 20-33 and even more preferably 22-32, as measured
according to ASTM D2140.
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82.3 82.3 13erao(a)pyreneppm by mass. <1 <1 <1 Total content of 8 PAH
typesppm by mass. <10 <10 <10 Gas chromat ogr aphy col um 10% poi nt C
444 - 90% pointC 518 - - Pour pointC

[0113] The second extract preferably has the following properties.

- Flash point: Preferably 250°C or higher, more preferably 260°C or

higher and preferably no higher than 310°C.

* Pour point: Preferably no higher than 30°C and more preferably 10-
5 30°C.

- Aniline point: Preferably no higher than 90°C, more preferably 40-

80°C and even more preferably 50-70°C.

- (lass transition point: preferably no higher than -30°C, more

preferably no higher than -40°C and preferably -60°C or higher.

10 - Difference between pour point and glass transition point (pour point -
glass transition point): Preferably 45°C or higher, more preferably 50°C
or higher and even more preferably 55°C or higher, and preferably no
higher than 100°C and more preferably no higher than 80°C.

- Benzo(a)pyrene content: Preferably no greater than 1 ppm by mass.

15 + Total content of indicated aromatic éompounds (PAH): Preferably no
greater than 10 ppm by mass.

[0114] Next, the second raffinate was subjected to refining treatment
consisting of dewaxing freatment with a dewaxing wnit 50 and
hydrofinishing treatment by a hydrofinishing unit 60, to obtain a

20 Iubricant base oil as refined oil. The aromatic compound-containing
base oil (lubricant base oil) obtained in this manner may be used as a
base ¢il (a). The base oil (2) may be a blend of two or more aromatic
compound-containing base oils (lubricant base oils) obtained as
described above.

25 [0115] The base cil (a) obtained in this manner has a total aromatic
content of preferably 30 mass% or greater and more preferably 30-60
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-12.5 25 25 dass transition tenp.C (Predicted: <-60) -53.9 -52.4
Pour point- G ass transition tenp.C (Predicted: >47.5) 78.9

15[ 0160] The total content of benzo(a)pyrene and 8 indicated aromatic
conpounds (PAM) were neasured in the follow ng nmanner. First, 1 g of
each aromati c conpound-contai ning base oil was dissolved in hexane in
a 50 mM flask to prepare a 2 mass% sanpl e solution. The sanple

solution was | oaded iptq 5 % .hydrous . silica gel .and rinsed with
5 hexane, andrﬂt"il"iqJ .th%eﬁg}ssgls npdRBRTatNA S I@Sﬁt%ﬁ(aﬁst& 20 I/¥INy,
acet one/ hexang_ sol utd o concentrating,th uat an_internal
st andar d subs@ﬁ%@r%?%%éggﬁ;% %’P%&Pﬁgée%g%‘f gpﬁghﬁn‘%ﬁﬁ&aﬁ?é’ i on
and quantitat | _ r i a : 0, 1\
mass spect rongétygrw(%c@ R%?drq’lé?gfg% E Egéﬁnp: e %%A?a%%ﬁﬁ)cﬁm
distillation qgglq%gjc@ialbafsé@m(gz}wm_mm subj ected to vacuum
distillation using a vacuumdi stillation unit, and the

f uel - cdi r espoffdliléy A vactimndistilbetichr fretticmnused toookthim a SOON aromatic

150N- correspondi ng fraction, the 350N-corresponding fraction and the
900N- cor r espofeinpgundreontaiing baseeil sas pptantialyl confain krge pmouaisdof

R
I T e s e
the first amﬂ%ﬁ?%&(ﬂnﬁ%d&ﬁﬁ'ﬂic %ﬁ?ﬁ%ﬂ%@pbw &ils h’@dmqu?é'e own

in Table 3. The p uction was c ed out séveral tines under the
same cbihdi ti oniscositient alleretors, Pbasd oil (abf oPBOCHISOBL andibt & thsé dns
the production conditions and yields for the first solvent extraction
step and secofaR)d|70ent00ON isqurefesably vspd tq olifel] thetasometio ndmpatiidnat e

of Exanple 2 also, had, a tqQtal aromatic
P containing base ocﬁ.

[0117] The method for producing an aromatic compound-containing
base oil according to this embodiment may comprise, after the second
15 soIvenf extraction step, a base oil preparation step in which either or
both the second extract and second raffinate are used to obtain an
aromatic compound-containing base oil with a total aromatic content of
30 mass% or greater.
[0118] In the base oil preparation step either or both the second extract
20 and second raffinate are used to obtain an aromatic compound-
containing base oil with a total aromatic content of 30 mass% or greater.
Also, the second raffinate may be subjected to refining treatment
including dewaxing treatment, to obtain a refined oil (dewaxing oil)
having a pour point of no higher than -5°C, an aniline point of 90°C or
25 higher, a viscosity index of 90 or greater and a flash point of 250°C or

higher, which may be used as the aromatic compound-containing base
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25content of 30 nmass% or greater as neasured according to ASTM D2549.
The second extract had a 15C density of 0.94 g/cnB or greater, and a
total aromatic content of 30 nass% or greater as neasured according
to ASTM D2549. [0163] [Table 3] 5 Production step First solvent
extraction step Second sol vent extraction step Starting nmateri al
Vacuum di stillation residue (900N) First raffinate (of previous

col um) Pol ar solvent Purge-al Furfural Solvent ratio 12 2.1 Col umm
top tenperatupdC Jhel@fining treatment preferably includes dewaxing treatment

and hydrofinishing. This can easily yield an aromatfic compound-
containing base oil having a total aromatic content of 30 mass% or
greater. The refined oil obtained by the refining freatmeni can be
5 suitably used as a lubricant base oil or rubber compounding oil, or as a
base material therefor.
[0119] When a 200-1500N refined oil, for example, is to be obtained
from the second raffinate, a vacuum distillation fraction with the
corresponding viscosity may be used as starting material for the first
10 and second solvent extraction steps, to obtain a second extract having a
40°C dynamic viscosity of preferably 200 mm?/s or greater and more
preferably 250 mm?*/s or greater, and preferably no greater than 5000
mm?/s and even more preferably no greater than 2000 mm?s.
[0120] In this step, it is possible to obtain an aromatic compound-
15 containing base oil with a total aromatic content of 30 mass% or greater
(hereunder referred to as "aromatic compound-containing base oil (2)")
from the second raffinate and/or a refined oil produet thereof, and/or an
aromatic compound-containing base oil with a total aromatic content of
30 mass% or greater (hereunder referred to as "aromatic compound-
20 containing base oil (b)") from the second exiract.
[0121] In the base oil preparation step, the appropriate fraction may be
separated off from the second raffinate and second extract by
appropriate distillation, and then a portion of the second raffinate and a
portion of the second extract may be used as base oil (&) and base oil (b),
25 respectively. Alternatively, the second raffinate and second extract

obtained by the second solvent extraction step may be directly used as
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Col um bottom tenperatureC 60 90 Raffinate First raffinate Second
raffinate Yield (with respect to stru-ting material)vol% 75 75 Tot al
content of 8 PAH typespprn by mass. <10 <10 Extract First extract
Second extract Yield (with respect to starting material)vol % 25 25
Total content of Il PAH typesppm by mass. >10 <10 Yield of useful
conponent svol % -

base oil (a) and base oil (b), respectively, without a base oil preparation
step.
[0122] The vacuum distillation fraction used as the starting material is
preferably selected as appropriate for the desired base oil () and base
5 oil (b) to obtain a base oil (a) and base oil (b) having the desired
properties, as co-products. For example, when a lubricant base oil of
300N or greater and less than 600N is to be obtained as base oil (a), a
vacuum distillation. fraction corresponding to this fraction may be used
as starting material, to obtain a lubricant base oil of 300N or greater and

10 less than 600N as the base oil (&) and one with a 40°C dynamic
viscosity of 200 mm®/s or greater and less than 500 mm®s, preferably
250-350 mm®/s and more preferably 250-300 mm®/s as the base oil (b),
through the first and second solvent extraction steps and in some cases
through a refining step.

15 [0123] For example, when a Iubricant base oil of 600-1200N is to be
obtained as base oil (a), a vacuum distiflation fraction corresponding to
this fraction may be used as starting material, to obtain a lubricant base
oil of 600-1200N as the base oil (2) and one with a 40°C dynamic
viscosity of 500-5000 mm%/s or preferably 800-2000 mm?/s and more

20 preferably 900-1500 mm?/s as the base oil (b), through the first and
second solvent extraction steps and in some cases through refining
freatment.

[0124] As mentioned above, base oil (a) of this embodiment may be
obtained by subjecting the second raffinate to refining treatment

25 including dewaxing and hydrofinishing. The base oil (a) obtained in

this manner (lubricant base o¢il) has a total aromatic content of 30
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75 [0164] Two different second raffinates fromdifferent production
| ots were subjected to refining treatnment by MEK dewaxi ng and 10
hydr of i ni shing treatnment to a pour point of no higher than -10C, to
obtain two different aromatic conpound-contai ning base oils
(lubricant base oils) each with a total aromatic content of 30 nass%
or greater. These were used as base oil (A2) and base oil (A3). Al so,

Lhe second extiagh GUBUREL BeohenSeAORl RIS B TEER GReglRL
(A2) was Usedﬁﬁﬁiﬁéﬂs% Op| }db?@mt lus@dgit bf’grefe%olgegﬁ@-qs%ﬁ aﬁ'%re
obtained in the secon solvent extraction epto et her Wltht e

second raf fi nateferabBE2 0N oP LR drdMe S thaa¥eOM, br 668)12065], Ha¢vas
base oil (B4). The properties of the base oil (A2), base oil (A3),

base oil (B2) nand phefembbi B0A-BA)Naur&/0ORDMON.n Tabl e 4. [0165] [Table
4] Base oil AZ%5 Base oil (A3) Base oil (82) Base oil (34) Density
(150) gl&e 0.8 1d99m theovigwpoing vfobtaiaing » mzﬁoxlm@ bese oddbPop

280 having reduced contents of the aforementioned 8 indicated aromatic
compounds (PAH), having mutually different viscosities and high flash
points, the base oil (8) is most preferably 300N-450N or 700-1000N.
[0126] If base oil (a) is 600-1200N and preferably 700-1000N, it

10 preferably has the following properties in addition to the specific
properties mentioned above.
- 40°C dynamic viscosity: 120-250 mm?%s and preferably 150-200
mm?/s.
- 10% Point in gas chromatography distillation: 450-520°C and
15 preferably 460-500°C.
- 90% Point in gas chromatography distillation: 540-600°C and
preferably 560-590°C.
- Total aromatic content (ASTM D 2549): 30 mass% or greater,
preferably 35-60 mass% and more preferably 40-50 mass%.
20 [0127] According to this embodiment, it is possible to obtain a base oil
(2) and base oil (b) having a content of indicated aromatic compounds
(PAT]) that is below the specified level. The term "indicated aromatic
compounds (PAH)" as used herein refers to the 8 fypes of indicated
aromatic compounds (PAH) listed below. The base 0il (a) and base oil
25 (b) of this embodiment have a content of the 1) benzo(a)pyrene (BaP) of

no greater than 1 ppm by mass, and a total content of the 8 indicated
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Dynami c viscosity (40C)m2/s 164 170.7 1090 1185 Dynam c viscosity
(1000 mm /s 15.48 15.76 33.77 34.09 Viscosity index 95 94 23 14
Aniline pointC 112.4 112 59.7 60 Nitrogen contentmass% 0. 007 0. 009

aromatic compounds (PAH) listed as 1) to 8) below of no greater than
10 ppm by mass.
[0128] 1) Benzo(a)pyrene (BaP)
2) Benzo(e)pyrene (BeP)
5 3) Benzo(a)anthracene (BaA)
4} Chrysene (CHR)
5) Benzo(b)fluoranthene (BbFA)
6) Benzo(j)fluoranthene (BjFA)
7) Benzo(k)fluoranthene (BkFA)
10 8) Dibenzo(a,h)anthracene (DBAhA)
[0129] These indicated aromatic compounds (PAH) can be
quantitatively analyzed by GC-MS analysis, after separation and
concentration of the components of interest, upon preparing a sample
containing an added internal standard substance.
15 [0130] The base oil (a) and base oil (b) are suitable as lubricant base
oils, rubber compounding oils, or base materials therefor. The base oil
(a) has a sufficiently reduced content of indicated aromatic compounds
(PAH), and a flash point of 250°C or higher and a pour point of no
higher than -5°C, and it is therefore suitable as a lubricant base oil.
20 Furthermore, because the total aromatic content is 30 mass% or greater
and the glass transition point is no higher than -30°C, it can be used as a
pefroleum-based process oil or extender oil, or as a base material
therefor.
[0131] The base oil (b) has a sufficiently reduced content of indicated
25 aromatic compounds (PAH), as well as a flash point of 250°C or higher,

a total aromatic confent of 30 mass% or greater and a glass transition
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0. 080 0.090 Conposition (A51MD3238)

24.9 25.0 9.7

10

15

20

25

9.7 tACA. 7.0 7.0 32.8 32.8 Conposition (ASSMD2140)

point of no higher than -30°C, it can therefore be used as a petroleum-
based process oil or extender oil, or as a base material therefor.

[0132] The base oil (a), the base oil (b) or 2 blend thereof, may be used
for preparation, for example, to a glass transition temperature of
between -55 and -30°C and a dynamic viscosity (100°C) of 20-50
mm?*s, to obtain a petroleum-based process oil or extender oil
particularly suited for compounding with diene rubber. A tire
produced by adding such a petroleum-based process oil or extender oil
to diene rubber can exhibit both low fuel consumption and grip
properties, and can increase the thermal aging resistance or wear
resistance.

{0133] As explained above, according to the production method of this
embodiment it is possible to obtain a high yield of an aromatic
compound-containing base oil having a high flash point, a low glass
transition point, and a high total aromatic content while having a
sufficiently reduced content of indicated carcinogenic substances. It
also has properties suitable as a lubricant base oil, petroleum-based
process oil or extender oil, or a base material therefor, while allowing
simultaneous production of several types of aromatic compound-
containing base oils with different viscosities, and it is therefore
particularly useful in industry.

[0134] The base oil (&) preferably has the following properties.

- Pour point: Preferably no higher than -5°C, more preferably no higher
than -10°C and preferably -20°C or higher.

- Glass transition point: Preferably no higher than -30°C, more
preferably no higher than -40°C and even more preferably no higher
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- - 29.5 29.5 Conposition (AS TM D2549) Sat ur at ed cont ent mass%
55.9 55.9 9.0 9.0 Total aromatic contentnmass% 43.3 43.3 86.9 86.9
ppnby Banzo(a)pyrenemass. <1 <1

than -50°C, and preferably -60°C or higher, more preferably -100°C or
higher, even more preferably -80°C or higher and most preferably -70°C
or higher,
- Amiline point: Preferably 70°C or higher, more preferably 90°C or
5 higher and even more preferably 105°C or higher, and preferably no

higher than 120°C.
- Viscosity index: Preferably 90 or greater and more preferably 95 or
greater, and preferably no greater than 120 and more preferably no
greater than 1035.

10 - Flash point: Preferably 250°C or higher and preferably no higher than
310°C.
- Base oil composition according to ASTM. D 3238: The %Cp is
preferably 60-70, the %Cy is preferably 20-30 and the %C, is
preferably 5-10.

15 - Benzo(a)pyrene content: Preferably no greater than 1 ppm by mass.
- Total content of indicated aromatic compounds (PAH): Preferably no
greater than 10 ppm by mass.
[0135] An aromatic compound-containing base oil of 300N or greater
and less than 600N, and preferably 300-450N, as the base oil (al),

20 preferably has the following properties in addition to those mentioned
above.
[0136]
*40°C Dynamic viscosity: Preferably 60-120 mm?s, more preferably
65-90 mm®/s and even more preferably 70-80 mm®s.

25 + 10% Point in GC distillation: Preferably 400-460°C and more
preferably 430-450°C.
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<l <1 Total content of 8 PAH typesppnby MSS. <10 <10 <10 <10 Gas
chr omat ogr aphy col um 10%o0i nt C 481 481 - - 90% pointC 573 573 -

- 90% Point in GC distillation: Preferably 500-540°C and more
preferably 510-530°C.
- Total aromatic content (ASTM D 2549): Preferably 30 mass% or
greater and more preferably 30-50 mass%.

5 The value in gas chromatography distillation, throughout the present
specification, is the value measured according to ASTM D2887.
[0137] An aromatic compound-containing base oil of 600-1200N and
preferably 700-1000N, as the base oil (a2), preferably has the following
properties in addition to those mentioned above.

10 [0138]

- 40°C Dynamic viscosity: Preferably 120-250 mm?%s and more
preferably 150-200 mm®s.

- 10% Point in GC distillation: Preferably 450-520°C and muore
preferably 460-500°C.

15 © 90% Point in GC distillation; Preferably 540-600°C and more
preferably 560-590°C.

- Total aromatic content (ASTM D 2549): Preferably 30 mass% or
greater, more preferably 35-60 mass% and even more preferably 40-50
mass%o.

20 [0139] The base oil (b) may be an aromatic compound-containing base
oil which is the second extract or a refined oil product thereof, obtained
by carrying out the first and second solvent extraction steps. The base
oil (b) may also be a blend of two or more different types of second
extracts obtained as described above or refined oil products thereof.

25 [0140] The base oil (b) is preferably a base oil (bl) having a 40°C

dynamic viscosity of 200 mm®/s or greater and less than 500 mm?/s and
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Pour pointC -15 -12.5 17.5 20 d ass transition tenp.C -63 -63 -41.9
-42.7 Pour point- Gass transition tenp.C 48 - 59.4 - 5[0166] As
shown in Table 1 and Table 3, in Exanples 1 and 2, the total yields
of the second raffinate and second extract, which are useful as
rubber conpounding oils or their base materials, were 74-75 vol %
based on the stock oil of the first extraction colum (useful

conponent yi elad]gsg! ﬁ‘aﬁ@?t?ozf?(gﬁhf &Fgﬁtaﬁe@ﬂt-@ fanll 5-4@‘3? ﬁg@}logg Hale rop '(g%)s o

manner, to 10 acconplish h product |ﬂ(ig1é rican

oi | (aromati ¢ haoipoadd°Calynainit RiscBSSE 0fiSOD fsUr @®ar hHBRes]
conpounding oil or its_bfatds?tcjaJ mat eri al %[0167] As sho%n‘é I n TabI%agS and
Tabl e 4, the bassitionwigtabetwed)-50@A8)-309M®1), (32), (B3) and (64) of
Exanples 1 and 2 all had total aromatic contents of 30 nmass% or
greater and fIlBEHIpbibaseril260¢ preimabjlichas theafollawingt prapertissssi bl e

base o1 15w ¢ AIBHOBIP P POPENEBOUnA di 1 er ent vi Scosi (1 ce by
using a pluralifgscobphamt Widbshty: bRy 265 Hh8®8 ¥ Lllater and less
than 500 mm?/s, more preferably no greater than 400 mm?s, even more
preferably no greater than 350 mm%s and most preferably no greater
than 300 mm?/s.
10 * Glass fransition point: preferably between -60 and -40°C, and more
preferably between -55 and -48°C,
* Pour point: Preferably 0-30°C, more preferably 15°C or higher and
even more preferably 20°C or higher.
- Difference between pour point and glass transition point (pour point -
15 glass transition point): Preferably 60°C or higher, more preferably 65°C
or higher and even more preferably 70°C or higher, and preferably no
higher than 100°C and more preferably no higher than 80°C.
- Total aromatic content: 50 mass% or greater, preferably 60 mass% or
greater, more preferably 70 mass% or greater and even more preferably
20 80 mass% or greater, and preferably no greater than 90 mass%.
[0142] The base oil (b2) preferably has the following properties, in
addition to those mentioned above.
- 40°C Dynamic viscosity: Preferably 500 mm?¥s or greater, more
preferably 800 mm®/s or greater and even more preferably 1000 mm?s
25 or greater, and preferably no greater than 5000 mm®/s, more preferably

no greater than 2000 mm?’/s and even more preferably no greater than
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5different viscosities. [0168] Furthernore, the base oils (A), (A2),
(A3), (B1), (82), (83) and (84) all had sufficiently reduced total
contents of the carcinogenic conpounds benzo(a)pyrene and 8 indicated
aromati c conmpounds (PAH). [0169] In addition, base oil (81) and base
oil (B2) had a difference of at 10 |east 50C between the pour point
and glass transition point, with base oil (81) in particular having a
uni que propert% with,a difference of at least 70C. In other words, it
was confirmedl ﬂ%ﬂﬂﬂﬂ§ base oi | 031) and base oil (B2) both had | ow

gl ass transi t| nt St des el n; 0 n 15[,0170
Eurthe_rlrngh) | 8?|P°F1§1§’ 0 EV%ZthOhg%i é@c;q 5(1%35“05 d
ase Oi ) } ad a high aromatic

hydr ocar bon cg? %HW% %%@ mass% and a suitable glass

transition te”%ﬁtétbﬁxaﬁg 1cohf&%t rSAAELIY. QR dreatbt! %Q%rmgﬁhésswér can

I nprove tensile strength and wear resistance. 0171]" (Exanpl e 3)

The basg oil s gtdligr, mod@)prefefibly 30andss%) on/\greatemﬂﬁwammbre préfeeably
anounts listed in Table 5 to prepare r ubber conpounding oils for
Exanpl es 3-1 B0 mas% dhgreptenprnd:preferadily iogreaiphdanGdnpassici ng oil s

TR NI M ICONN = T
be obtained as the base oil (2) by the first and second solvent extraction
steps, the vacuum distillation fraction corresponding to that fraction

10 may be used as starting material to simultaneously obtain a product as
the base oil (b) having a 40°C dynamic viscosity of preferably 200
mm?/s or greater and preferably 250 mm?/s or greater, and preferably no
greater than 5000 mm?s and more preferably no greater than 2000
mm?/s. The base oil (8) and base oil (b) may be obtained by
15 appropriately separating off the desired fractions by distillation. In this
case, there is no particular restriction on the viscosity of the vacuum
distillation fraction used as the starting material.
[0144] However, because it is preferred to obtain a co-product of the
desired base oil (a) and base oil (b), preferably a vacuum distillation
20 fraction matching the properties of the base oil (a) and base oil (b) is
selected and the same vacuum distillation fraction is used as the starting
material.
[0145] For example, when an aromatic compound-containing base oil
of 250N or greater and less than 600N is to be obtained as the base oil
25 (al), a vacuum distillation fraction corresponding to that fraction may

be used as the starting material. Also, in the first and second solvent
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10 - 33 Base oil @) 25 40 Base oil (32) 50 50 80 67 Density
(15C) p.ic nmB 09501 0.9596 0.9585 0.95 Flash point (COC)IC 272 276 276
294

exfraction steps, preferably an aromatic compound-containing base oil
of 250N or greater and less than 600N is obtained as the base oil (al),
and an exiract {aromatic compound-containing base oil) with a 40°C
dynamic viscosity of 200 mm®s or greater and less than 500 mm?/s,
5 preferably 250-350 mm?/s and even more preferably 250-300 mm?s, is
obtained as the base oil (b1).
[0146] Also, for example, when a lubricant base oil of 600-1200N is to
be obtained as the base oil (a2), a vacuum distillation fraction
corresponding to that fraction may be used as the starting material.
10 Also, in the first and second solvent extraction steps, preferably an
aromatic compound-containing base oil of 600-1200N is obtained as the
base oil (a2), and an extract (aromatic compound-containing base oil)
with a 40°C dynamic viscosity of 500-5000 mm?s, preferably 800-2000
mm?/s and even more preferably 900-1500 mm?fs, is obtained as the
15 base oil (b2). Batch treatment is preferably carried out in this method
1o obtain the desired base oil {a) and base oil (b).
[0147] In the blending step, a rubber compounding oil is prepared by
blending the base oil (2) and base oil (b) obtained as described above in
a prescribed proportion. For example, they may be combined in a
20 proportion of no greater than 95 mass% of the base oil (a) (excluding
0%) and 5 mass% or greater of the base oil (b), based on the total mass
of the rubber compounding oil. It will thus be possible to obtain a
rubber compounding oil comprising the base oil (2) and the base oil (b).
{0148] The rubber compounding oil may alsc be prepared with the base
25 oil (b) alone, without the blending step. However, from the viewpoint

of obtaining a rubber compounding oil with a suitable dynamic viscosity
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Dynami c viscosity (40C)mn2/s 415.8 468.0 544.1 501.0 Dynam c
viscosity (100C) tanto 21. 89 2227 24.97 24.83 Aniline pointC 75.8 66,1
712 78.7 Nitrogen contentnmass% 0.05 0.05 0.06 006 Conposition (ASTM
03238)

(a 100°C dynamic viscosity of 10-70 mm?/s, preferably 15-50 mm®/s
and more preferably 20-32 mm%s), and of obtaining a rubber
compounding oil with a difference of at least 50°C between the pour
point and glass transition point, the mixing proportion of the base oil (a)
5 is preferably 10-50 mass% and more preferably 20-40 mass%, based on
the total rubber compounding oil. From the same viewpoint, the
mixing proportion of the base oil (b) is preferably 90-50 mass% and
more preferably 80-60 massbo.
[0149] From the viewpoint of obtaining a rubber compounding oil with
10 a difference of at least 50°C between the poﬁr point and glass transition
point and a glass transition point of no higher than -50°C, the base oil
(2) preferably comprises a base oil (a2), and the base oil (b) preferably
comprises a base oil {bl), for a particularly large difference between the
pour point and glass transition point, such as 60°C or more, for example.
15 In order to further increase the yield of the rubber compounding oil
having a suitable dynamic viscosity as explained above, the base oil (b)
preferably comprises a base oil (bl) and a base oil (b2). From this
viewpoint, the content ratios of the base oil (a) or base oil (a2), the base
oil (bl) and the base oil (b2) are preferably 10-40 mass%, 5-35 mass%
20 and 85-25 mass%, and more preferably 20-30 mass%, 20-30 mass% and
60-40 mass%o, respectively.
[0150] The rubber compounding oil of this embodiment may contain a
base material other than the base oil (a) and base oil (b), so long as the
effect of the invention is not impeded.
25 [0151] The embodiments described above are only preferred

embodiments of the invention, and the invention is in no way limited
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603 59.1 60.1 612 VoC/1 16.5 14.4 14.1 15.8 % x 23.2 26.6 252 23.0
Conposi tion (ASTM 02549) Sat ur at ed cont ent mass%

thereto.
Examples
[0152] The present invention will now be explained in greater detail by
the following examples and reference examples. However, the present
5 invention is not limited to the examples described below.
[0153] (Example 1)
Atmospheric distillation residue oil from crude oil was subjected to
vacuum distillation using a common vacuum distillation unit, and the
fuel-corresponding fraction, the fraction up to the 150N-corresponding
10 fraction, the 350N-corresponding fraction and the 900N-corresponding
fraction were separated off. The separated 350N-corresponding
fraction was treated with a polar solvent extraction unit as shown in Fig.
1. Specifically, a first solvent extraction step was carried out in which
the 350N-corresponding fraction was introduced into a first extraction
15 column 30 having a lower bottom temperature than the top temperature,
and a polar solvent (furfural) was contacted with the 350N-
corresponding fraction. By this first solvent extraction step, the 350N-
corresponding fraction was separated into a mixture of a first raffinate
and the polar solvent, obtained from the top part of the first extraction
20 column 30, and a mixture of a first extract and the polar solvent,
obtained from the bottom part. Next, the polar solvent was recovered
by a fractional distillation column (not shown), to obtain the first
raffinate and first extract from the mixtures.
[0154] This was followed by a second solvent extraction step in which
25 the first raffinate was introduced into a second extraction colurnn 40

having a lower bottom temperature than the top temperature, and
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223 16.2 22.1 23.1 Total
Conposition (ASTM 132007) Sat urated contentmass% 253 - - Total

aromati c contentnass% 74.9 80.7 73-5 73.9

aromati ¢ content nass% 68.9 -

10

15

contacted with a polar solvent (furfural). By this second solvent
exiraction step, the first raffinate was separated into a mixture of a
second raffinate and the polar solvent, obtained from the top part of the
column, and a mixture of a second exfract and the polar solvent,
obtained from the bottom part. Next, the polar solvent was recovered
by a fractional distillation column (not shown), to obtain the second
raffinate and second exfract from the mixtures.

[01557 The second raffinate had a total aromatic content of 30 mass%
or greater as measured according to ASTM D2549. The second
exiract also had a 15°C density of 0.94 g/om® or greater, and a total
aromatic content of 30 mass% or greater as measured according to
ASTM D2549.

[0156] Table 1 shows the production conditions and yields for the first
solvent extraction step and second solvent exfraction step.

[0157]

[Table 1]
Production step First sr:tlvmt Scnonrf solvent
extraction step extraction step
Starting material Vacopm  distillation residue | First raffinate
(350N) (of previous column)
Palar solvent Furfural Furfural
Solvent rafip 1.3 2.0
Column top tempetature °C 90 116
Column bottom temperature “C &0 85
Raffinate First mffinate Second roffinate
Yield (with respect to starting material) vol% 74 20
Total content of 8 PAH types ppm by mass, | <I0 <1f
Extract First extract Second extmel
Yield (with tespect to starting matedal} vol%e 25 20
Total content of § PAH typts ppm by mass. | >10 <i0
Yield of useful components ¥ol% - 74
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- Pol ar conpoundnmass% 5.8 -

<| Tot al

content of 8 PAH typesppnby nass.

pointC 15.0 20.0 -5.0

10

15

m m by Benzo(a) pyreneppass
<10 <10 <10 <10 Pour

<l <1 <1

[0158] The second raffinate was subjected to refining treatment by

MEK dewaxing and hydrofinishing treatment to a powr point of no

higher than -10°C, to obtain an aromatic compound-containing base oil

(lubricant base oil} with a total aromatic content of 30 mass% or greater.

This was used as a base 0il (A1). The second extract was also used as
base oil (B1) and (B3) components. The properties of the base oil
(Al), base oil (B1) and base oil (B3) are shown in Table 2. The second

extract was not subjected to refining treatment,

[0159]
[Table 2]
Base 0il (A1) Base o1l (B1) Baose oil (B3}

Density (15°C) gfem® 0.3827 0.9539 0.9578
Flash point (COC) °C 272 263 258
Dynamie viscosity (40°C) mu'ls 74.34 236.8 274.8
Dynamie viseosity (100°C) mms 9,227 14.81 14,81
Viscosity index 99 37 11
Aniline point °C 107 61.7 59
Nitrogen cantent mass¥h 0.004 0.040 0.040
Composition (ASTM D3238)

YoCr 67.6 56.6 54.4

%Cn 269 19.5 15.7

%Ca 5.6 238 259
Compusition [ASTM D2140) %:Ca - 229 242
Compasition (ASTM D2549)

Saturated content mass% 65.5 15.4 154

Total aromatic content mass% 339 82.3 823
Benzo{aipyrent ppm by mass. | <1 <l <l

Total content of § PAH types ppm by mass. | <10 <10 <10
Gas chromatography column

1% point °C 444 - -

90% point °C 518 - -
Pour point °C -12.5 25 25
Glass transition temp. °C (Predicled; <-60) | -53.9 ~52.4
Pour point - Glass transition temp. °C {Predicted; >47.5) | 788 -

[0160] The total content of benzo(a)pyrene and 8 indicated aromatic
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-25 G ass transition tenp.C -51.0 -49.3 -50.5 -51.5 Pour point -

G ass transition tenpC 66.0 69.3 45.5 49.0 [01731 As seen in Table
5, the rubber conpounding oils of Exanples 3- 5 1, 3-2, 3-3 and 3-4
all had high total aromatic contents and high flash points, and
sufficiently reduced contents of carcinogenic hazardous substances.
The difference between the pour point and the glass transition point
was at |east 45C. In_particular, the rubber conpounding oils of
Exanpl e 3-1 asemprungs €/8Hp weselmespged indhe follesvingasanwirt hFast, 1 g
difference of at | east 60C between the poyr pojnt and the gl ass
transition poPhEachaAlOBaRC g coopiRBabast Od ransslvad By eaas

di STM D20Q7 " 15C
i gher . and yat e iicles Rk donRts Rt sBRsbh, [ Ipe e’

[0174] The ru 'R QRO ' | 0 S< B : al |
petrol eum basg Elpgcess ol Esiq'\l/lvlfat E@Q%;M@_@Ec%gggr ?%&%%@#M
03238, & gl aspekd)sddd @ient ﬁﬁ@@ﬁvgéwcﬁ%%foﬁ of vhet vesd vih and vdof a
5 dynam ¢ viscosity (100C) of 20-50 /s, and contai ni ng

subst anti al | y anetohe/tiexatee solationat Adter crunoemitsingPAtd) elvate] drh émtefral e
when they are added as extender oils to be used in a production step
for diene rubbkndeid prhstance way gdded ke prepaie ensapinlecard adentificatiome

rubber, it is ssi bl.e .to achi evge both |ow fuel consunption and grip
broper { i es, | aAAS ARBHGHIBN VAR PORPRERUSHE FRPIBUTH G RRCHEATOSGPRY

resi stance an #ﬁﬁ@ K 175] (Reference Exanple 1)

At nospheri c d:ﬂg@??ﬁ% |on&%€§t|§§l¥b il from crude oil was subjected to

vacuumgi sti | Irgtas E}lzﬁha?ﬂe' ay common vacuumdi stillation unit, and the
fuel-correspor[ldi ngrg‘rac ion), the fraction up to the

150N- cor r espordimegpheric distillation residue oil from crude oil was subjected to

-]

vacuum distillation using a vacuwm distillation unit, and the fuel-
corresponding fraction, the fraction up to the 150N-corresponding
fraction, the 350N-corresponding fraction and the 900N-corresponding
15 fraction were separated off. A first and second raffinate, as well as a
first and second extract, were produced in the same manner as Example
1, except that the 900N-corresponding fraction was introduced into the
first extraction column 30 instead of the 350N-corresponding fraction,
and the production conditions for the first and second solvent extraction
20 step were changed as shown in Table 3. The production was carried
out several times under the same conditions to obtain multiple lots of
products. Table 3 shows the production conditions and yields for the
first solvent extraction step and second solvent extraction step.
[0162] The second raffinate of Example 2 also had a total aromatic
25 content of 30 mass% or greater as measured according to ASTM D2549.
The second extract had a 15°C density of 0.94 g/om® or greater, and a
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15 fraction, the 250N corresponding fraction and the higher fraction
(500N-correspondi ng fraction) were separated off. The separated
500N- correspondi ng fiaction was introduced into an extraction colum
having a | ower bottomtenperature than the top tenperature, and a

sol vent extraction step by contact with a polar solvent (furfural)
was 20 conducted under conditions such that the raffmate yield was

i ncreased and t@iﬁpa@hia@icwﬁtér%ﬂ%ﬁéss@%ﬁ féa’cer%%éa@m%r {aﬁﬁ?&“em
of 30 mass% or greater and an indicated %omatlc conpou

content of | e#STMAD2349.ppm by nmass. In this sol vent extraction st ep,
t he 500I\|—corre5£60nd| ng fraction was separated into a first raffinate
and a first 25@¥@3Jact. Table 6 shows the production conditions and
yield for the lvent extraction step. [0176] [Table 6] Production
step Sol vent [i‘%l gﬂt ion step Starting materi al

Vacuunddstill ationresi due (500N) Pol ar solvent Furfural Sol vent

ratio 2 Colunp ton, S enmperature C 120 Cakstnax bot t ond.ehder at ur €
extraction step extraction step
Starting material Vacuum distillation residue | First raffinate
(200N (of previous column)
| Polar solvent Furfural Furfural
Solvent ratio 12 2.1
Colomn top temperature °C 50 121
Column botiom fempenature °C 60 90
Raffinate First mffinate Second raffinate
Yicld (with respect to starting material) vol% 75 75
Total content of 8 PAH types ppm by mess, | <10 <10
Extract First extract Second extroct
Yield (with respect to starting materfal) vol% 25 25
Tatal content of 8 PAH types ppm by mass. | >10 <10
Vield of useful components vol% - 75

[0164] Two different second raffinates from different production lots
were subjected to refining treatment by MEBK dewaxing and
10 hydrofinishing treatment to a pour point of no higher than -10°C, to
obtain two different aromatic compound-containing base oils (lubricant
base oils) each with a total aromatic content of 30 mass% or greater.
These were used as base oil (A2) and base oil (A3). Also, the second
extract obtained in the second solvent extraction step together with the
15 second raffinate used for production of base oil (A2) was used as base
0il (B2). In addition, the second extract obtained in the second solvent
extraction step together with the second raffinate used for production of
base oil (A3) was used as base oil (B4). The properties of the base oil
(A2), base oil (A3), base oil (B2) and base oil (B4) are shown in Table 4.
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C 72 Raffinate First raffinate Yield (with respect to starting

material) vol % 60 Tow content of 8 PAR types ppm by mass. <10 Extract
First extract Yield (wth respect to starting material) vol % 40 Tot al
content of 8 PAH types ppm by nmass, >18 Yield of nead conponents vol %

60
[0165]
[Table 4]
Base oil (A2) |Base oil (A3) | Base 0il (B2) | Base oil (B4)
Density (15°C) gl 0.893 0.8936 0.9768 0.9774
Flash point {COC) °C 282 208 206 280
Dynamtc viscosity (40°C) mm’fs 164 170.7 1690 1185
Dynamic viscosity {100°C) mm¥s 15,48 1576 33.77 24,09
Viscosity index 95 94 23 14
| Aniline point °C 1124 112 507 80
Nitrogen confent mass% 0.007 0.009 0.080 0.050
Composition {ASTM D3238)
%LCr 68.1 68.0 Ry 57.5
YCxt 249 25.0 9.7 9.7
%%Ca 70 7.0 328 32.8
Composition (ASTM D2140) %C, - - 29.5 25.5
Composiiion (ASTM D2549)
Saturated content mnss%% 589 55,9 0.0 .0
‘Total aroratic confent masse 43.3 433 86.9 B6.9
ppm by <
Benzo{a)pyrene mass, <1 <] <1
Total content 6f 8 PAH types pem by, <10 <0 <10
mass,
Gas chromatography column
10% point °C 481 481 - -
0% point °C 573 573 - -
Pour poimt °C =15 -12.5 17.5 20
Glass bransition temp. °C 63 -63 418 427
Pour point - Glass transition temp.  °C 48 - 554 -
5 [0166] As shown in Table 1 and Table 3, in Examples 1 and 2, the total

yields of the second raffinate and second extract, which are useful as
rubber compounding oils or their base materials, were 74-75 vol%,
based on the stack oil of the first extraction column (useful component
yield).

10 accomplish high-yield production of a lubricant base oil (aromatic

It was confirmed that it is possible, in this manner, to

compound-containing base oil) useful as a rubber compounding oil or

its base material.
[0167] As shown in Table 2 and Table 4, the base oils (A1), (A2), (A3),
(B1), (B2), (B3) and (B4) of Examples 1 and 2 all had total aromatic
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5 [0177] The first raffinate obtained in this manner was subjected to
refining treatnment by MEK dewaxi ng and hydrofinishing treatnment to a
pour point of no higher than -10C. This yielded 2 types of aromatic
conpound- cont ai ni ng base oils (lubricant base oils) fromdifferent 10
production lots having total aromatic contents of 30 nass% or

greater. These were used as base oil (El) and base oil (E2). The

extract was al, Eké}?e‘gfgg n%ﬁ% 8*%1(' @r anﬁhﬂ%%{v\,ﬁ%%st l?gg?éeﬁgtop?,ﬂ e oil

(El'), base oil and base ol are s 1

012 o Somogadicss ks e R
point (COC)C Ea’mpﬁﬁﬁ)d—coﬂ;ailﬁngy bave sileswitly eﬁdﬂﬁhﬂ qbb&pelﬁéh dnd @9Fdrent
viscosities by using a plurality of vacuum. distillation fractions with
5 different viscosities.
[0168] Furthermore, the base oils (A1), (A2), (A3), (B1), (B2), (B3)
and (B4) all had sufficiently reduced total contents of the carcinogenic
compounds benzo(a)pyrene and 8 indicated aromatic compounds (PAH),
[0169] In addition, base oil (B1) and base oil (B2) had a difference of at

10 least 50°C between the pour point and glass transition point, with base
oil (B1) in particular having a unique property with a difference of at
least 70°C. In other words, it was confirmed that the base oil (B1) and
base oil (B2) both had Iow glass transition points, despite their high
pour points.

15 [0170] Furthermore, since base oil (B1), base oil (B2), base oil (B3) and
base oil (B4) of Examples 1 and 2 each had a2 high aromatic
hydrocarbon content (Ca) of 20-35 mass% and a suitable glass
transition temperature Tg, their addition to rubber compositions can
improve tensile strength and wear resistance.

20 [0171] (Example 3)
The base oils (Al), (A2), (Bl) and (B2) were compounded in the
amounts listed in Table 5 to prepare rubber compounding oils for
Examples 3-1 to 3-4. The properties of the rubber compounding oils
are summarized in Table 5.

25 [0172]
[Table 5]
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Dynami c viscosity (100Cnurtais 11.18 11.18 30.7 Viscosity index 96
96 - Aniline pointC 109 109 39 Nitrogen contentmass% 0. 004 0. 004
Conposi tion (ASTVD3238) %p 661 66.1

Example Example Exampic Example
3-1 32 33 34

Base oil (Al} - - 20 -
Base oil (A2) 25 10 - 33
Base 0il (B1} 25 40 - -
Base oi) (B2) 30 50 30 67
Density (15°C) glem’ 0.9501 .9596 0.9585 095
Flash point (COC) C 272 276 276 294
Dynamic viscosity (40°C) mms 4158 468.0 544.1 5010
Dynamic viscosity {100°C) mmfs 2189 22.27 1457 24.83
Aniline point °C 758 66,1 712 787
Nitrogen content mass% 0.05 0.05 0.06 0.06
Camposition (ASTM D3238)

%Ce 60.3 551 60.1 §12

%C 165 144 14.1 15.8

%C,, 232 26,6 25,8 23.0
Composition (ASTM D254%}

Saturated content masst 223 16.2 22.1 23.1

Total argmaotic content mass¥% 745 80.7 735 739
Composition {ASTM D206T)

Saturated coatent mass¥ 253 - - -

Total arcmatic content messYh 63.9 - - -

Polar compound messth 5.8 - - -

ppmt by <l

Benzo{a)pyrent mass, <l <1 <]

Total content of § PAH types e by <10 <i0 <10 <10

mass,

Pour ppint °C 15.0 20.8 =50 -2.5
Glass transition temp. *C -51.0 ~49.3 50.5 515
Pour point - Glass transition temp. °C 66.0 69.3 455 48.0

[0173] As seen in Table 5, the rubber compounding oils of Examples 3-
5 1, 3-2, 3-3 and 3-4 all had high total aromatic contents and high flash
points, and sufficiently reduced contents of carcinogenic hazardous
substances. The difference between the pour point and the glass
transition point was at least 45°C. In particular, the rubber
compounding oils of Example 3-1 and Example 3-2 had unique
10 properties, with a difference of at least 60°C between the pour point and
the glass transition point, a total aromatic content of 50 mass% or

greater according to ASTM D2549 or ASTM D2007 and a pour point of
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%N 27.1 27.1 - Y%CA 6.8 6.8 - Conposition (ASTM D2140) %CA
Conposition (ASTM 172549) Sat urated contentmass% 62.2 62.2 - Tot al
aromati ¢ content nass% 373

15°C or higher, and yet a glass transition point of no higher than -45°C.
[0174] The rubber compounding oils of Examples 3-1 to 3-4 were all
petroleum-based process oils with a %C, of 20-35 according to ASTM
D3238, a glass transition temperature T, of between -55 and -30°C, a
5 dynamic viscosity (100°C) of 20-50 mm?s, and containing substantially
no indicated aromatic compounds (PAH), and therefore when they are
added as extender oils to be used in a production step for diene rubber
or process oils to be used in processing of diene rubber, it is possible to
achieve both low fuel consumption and grip properties, and to exhibit an
10 effect of improving thermal aging resistance and wear resistance.
[0175] (Reference Example 1)
Atmospheric distillation residue oil from crude oil was subjected to
vacuum distillation using a common vacuum distillation unit, and the
fuel-corresponding fraction, the fraction up to the 150N-corresponding
15 fraction, the 250N-corresponding fraction and the higher fraction
(500N-corresponding fraction) were separated off. The separated
S00N-corresponding fraction was introduced into an extraction column
having a lower bottom temperature then the top temperature, and a
solvent extraction step by contact with a polar solvent (furfural) was
20 conducted under conditions such that the raffinate yield was increased
and the obtained lubricant base oil had an aromatic content of 30 mass¥%
or greater and an indicated aromatic compound (PAH) content of less
than 10 ppm by mass. In this solvent extraction step, the 500N-
corresponding fraction was separated into a first raffinate and a first
25 exiract. Table 6 shows the production conditions and yield for the

solvent extraction step.
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37.3 -
typesppm by mass.
458 458 -

[0176]
[Table 6]

Benzo(a) pyreneppm by mnass.

Pour

<l <1 <2 Tot al
<10 <10 >18 Gas chromat ogr aphy col um
90% poi nt C 537 538 -

poi nt C

Produetion step

Solvent extraction step

Starting materia]

Vocuumn  distillafion  residue
(500Ny

Polar solvent

Furfural

Solvent ratio

2

Colurnn fop temperaure

°Cc

120

Column bolfom temptrature

°C

72

Raffinate

First raffinate

Yield (with respect to starting material)

vol%

60

Total content of 8 PAH types

ppm by mass,

<ig

Extract

First extract

“field (with respect to starting material}

vol%

40

Total content of 8 PAH types

ppm by mass,

>3

Yield of useful components

vol%

60

content of 8 PAH

10% poi nt C

[0177] The first raffinate obtained in this manner was subjected to

refining treatment by MEK dewaxing and hydrofinishing treatment to a

pour point of no higher thean -10°C. This yielded 2 types of aromatic

compound-containing base oils (lubricant base oils) from different

10

production lots having total aromatic contents of 30 mass% or greater.

These were used as base oil (E1) and base oil (E2). The exfract was
also used as base oil (F). The properties of the base oil (E1), base oil
(E2) and base oil (F) are shown in Table 7.

[0178]
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-12.5 -12.5 [0179] As seen in Table 6, in this reference exanple
the first raffinate 5 yield was 60 vol % and the first extract yield
was 40 vol % based on the starting material introduced into the
extraction colum. Also, as seen in Table 7, the total content of
carcinogeni c indicated aromati c conpounds (PAR) in the aromatic
conpound- cont ai ni ng base oil (F) exceeded 10 ppm by mass. The
aromatic corrpcﬁ'ﬁathiec’ié)nt ai ni ng base 10 0|I (F) is not suitable for
direct use as a siggeie g—ott eEve wher—eerbi-redh Wit h
anot her | ubrica Qﬂ'}”pj%gé;’“%“ ; o fass'fmi% -G rm?fﬁlu o é“;;flu%j 50
mass% for nost PebRAsER, [ U180] (Referegpe Exam -
Deasphal ted oil |Slum¥a@eiiomcdl STITT.afd ON &S dUE Qi Of gL mospiiefi c
15distill ation nBsmeisatorol oM Gitde Qiils WaS SERREr al €0.4,Nt 0 a
raffinate and awmscsxd®act by the sane d@l vent epiractidn Step ps

Ref er ence Exanpllaiikpiniflhe extract *bad a|®O0C dynjam c vi geosity pf 95
mP/s, a total it cont ent ofss%99 | % acclopdi ng tle ASTM D2549,
a pour point of QQQPDMM(ASmﬁiﬂﬁQQ transitiion point! of -29.i7C and
di fference of 432%8g Rhnf\nnnn the pourpéint andéglass tlransitipn

poi nt (pour poi It s gass transi tion pO¥AL ) fﬂmﬂ Thils—extract was
A ExampHEil ind-nm tio of

conbi ned with ba°/ ~ot— Ref-eret Exahp
80:20 to prepartfzmp:skf:m ﬁhm;ioyéuuudl ng— o —Fhre—pour—peth
rubber conpoundi dea@S OC, e gt ayg TotTang tHompotn
-44.5C, and the | did EhLRGE DET WEGRLf NE [ROUT poT [f, and f

transition poi NeM&sydd. 5C. [ 0182Imu el &l ENCE HxANpt € )Q he—spl vent
extracti on step|whSoGadfighsOUl Ippnbl R [§aNE NMANRARI as Heger ence
Exanpl e 1, exceptsddratrabien250N- correspondi ng flraction jwas 15

i ntroduced i nt o [{1®%eeiext raction cotumm. | sst he -
500N- cor r espondil#¥rit act.i on, and *the r 81| extriact werke
obt ai ned. The r &¥ERate-was—then-Subjectldd to rlgtining |treatmeint by

| VI EK dewaxi ng and hydrofinishing treatnent to a pour point of no
hi gher than -10C, to obtain an ar omat i ¢ compound- cont ai ni ng base oil.
This was 20 used as a base oil ((3). The base oil (g) had a flash

po: nt of bg: 0 127%?3 PeETOhERbId: dB thisefanenser expammin te ﬁl?&arrpffmgtet was
o | yl(go N bastieli PR RoTles sl S50 RRtst idgers %ﬁ'@%%ﬁ%@%ﬂﬁée
261 ndustr il AoAie itortil ARG A S B ARCER RANED AIBCH: 3045 ¢

possible to phovidige a7; ybbeotal content of carcmogemc indicated aromatic

compounds (PAH) in the aromatic compound-containing base oil B

G

~ v -

exceeded 10 ppm by mass. The aromatic compound-containing base
10 oil (F) is not suitable for direct use as a rubber compounding oil, and

even when combined with another Iubricant base oil, its blending ratio

cannot be over 50 mass% for most purposes.

{0180] (Reference Example 2)

Deasphalted oil of vacuum distillation residue oil of atmospheric

15 distillation residue oil from crude oil was separated into a raffinate and
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conpoundi ng oil having a high flash point and a |ow glass transition
point while maintaining a high total aromatic content, and having
sufficient reduction in the content of indicated polycyclic aromatic
conpounds, as well as a method for producing the rubber conpoundi ng

5 oil. According to the invention it is also possible to provide an
aromati ¢ conpound-contai ni ng base oil with a high flash point and a

| ow gl ass transidd ’ Sl t.ot J t ent
and suffici en?ﬁr%(gg?:tt%g%ﬂkit%aﬁga%%%ttéﬁgﬁgghggpci&n%%fgﬁn%% S Iﬁ;%gés,
froma raffindte spgadtXiddcel 100°@ dpthnie AsBOiGr oF0dy e axtd astal on
process using 10 a vacuumdistillation fraction as starting

material . |t iasombtocqussidi @ masgbactoidig eABON DA540; agont peingn
aromati c conpound-contai ni ng base oil, which allows_ high-yield
production of 08d2R°&n2glasrdransitivamsinief 286 andeydisfesencsi ¢f 42.2°C

Expl anation of Synbols 15[0184 0:, First .extraction colum, 40:
second ext rachegﬁe%ﬁb&rﬁﬁmwmﬁgﬂgﬂlﬁﬁf Jﬁ?ﬁsﬁ?o%@mrﬁyépﬁ PRI i Bl#s8ini ¢ .
CLAIMS 1. A r. produci ng an aromati ¢ conpound- cont ai ni ng base
oi | conpri si ggfagglﬁpﬁﬁgpﬁi‘ol vent extraction step in which a vacuum
distillation $o1dnapis kuabs HAPEHRBHIE Wil bhALIIOETSE Wefelthbe f T OM
crude oil is contacted wth a polar solvent 1n a ftirFst' extraction

col um havi ng Bxahpilé din bengeratiol bf 80{20%0-ptehdve andbiertdabnpRFERIAGIUN €
of 80 - 100 C, to obtain a first raffmate and a first extract; and a
second sol ventflhexpowrcpdioh off the rubbeni compdimding il mekf 039Gt thei glatd
cont a(r:ried with a pol ar ,sol vent ion a secongd extraction col um having a
bot t om-® enper HeaFidonpeintopag é’ﬁp‘ér%ta@ﬁetﬁﬁ iatergpee belpreentthe payt paimE

hi gher than th of . the.first ,extractdion colum, to obtain a second

raf fmate and S?‘@%E%EH%WPBEPE%’W@@ (:QL)‘SC density 01 0.94 g/cnB or

hi gher and a I@I@ %(%eﬂiﬁfﬁﬁ rrfy of 30 mass% or greater, 15wherein
onp(] % bgs

the aromatic und- cont ai ni n e oil includes at | east a portion

of the second Rt scloéntadidrdckionsaepnday dbEIEI uldin dhé &hineetha@hbr as
product thereof, and has a total ‘aromatic content of 30 mass% or

greater, and Wefereice Erenpleohptziceptibap thenzb@botabspondingfactiod whas
the 20 _benzo(a)pyrene .content of ng greater than 1 _ppm by nass, and
the totdl cont@Fdused; AROr oibeovRHiERctiali Colwan arpstead c of otuABEN1) to

Benzo( 8) pyr endoPBRT Oyt PR ol ahe AR PRaRA el S dden)

The raffinate was then subjected to refining treatment by MEK

dewaxing and hydrofinishing treatment to a pour point of no higher than
-10°C, to obtain an aromatic compound-containing base oil. This was

20 used as a base oil (G). The base oil (g) had a flash point of below
250°C. In other words, in this reference example it was only possible
to obtain a single aromatic compound-containing base oil (500N base
oil} with a flash point of 250°C or higher from the total vacuum
distillation fraction (250N-corresponding fraction).

25 Industrial Applicability

[0183] According to the invention it is possible to provide a rubber
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5) Benzo(b)fluoranthene (BbrA) 6) Benzo(j)fluoranthene (E FA) 7)
Benzo( k) fl uorant hene (BkFA) 8) D benzo(a, h)anthracene (DBAhA) 5 2.
The nmethod for producing the aronmatic conpound-contai ni ng base oil
according to claim1l, conprising a base oil preparation step in which
the second raffinate is subjected to refining treatnent including
dewaxi ng treatnent to obtain the refined oil product after the second

conpound cont SPPROTAREC hving.f SR FERL DOt AHEGh PV FRSUBERSHERR has
comt e . _ e i . o

hi bher "o vi s Lot Rl kit e 3 ndliRal 48500 Rludh, 3RK Myingsoc

or higher. 15gu@iciddierebNR homhePLostes! Bg iﬁgiﬁzﬁ]&gioﬁﬁfybﬁcl\i% eag*omatic

conpound- cont ai ni ng base oil according to c el n the

aromatic conpeumgponnds, ak Feibabhasetivod forpebdassg de hdbst c@ng@irld% of
the second extract, and has a 40C dynam c viscosity 20 of 200 /s
or grealer, aoill aghcqsuding tf theOgventian ghds also wossibleoio tprovidaoan
hi gher than 30C, an aniline_point .of no higher than 90C, a, gl ass

transition poRHMIC AOMRPYRECORigming duce filawith® high Saste peintand ast
50C between t ll]&u pg?elajsrs tPaOIisﬂEonaBgin hales %leﬁlsa?s a\tﬁla@ﬁﬁio%ail %o ggi(? tcbnt%151’£ and
sufficient reduction in the content of carcinogenic substances, from a
raffinate and extract obtained by a polar solvent exfraction process using
10 a vacuum distillation fraction as starting material. It is also possible to
provide a method for producing an aromatic compound-containing base
oil, which allows high-yield production of such an aromatic compound-
containing base oil.

Explanation of Symbols

15 [0184] 30: First extraction column, 40: second extraction column, 50:

dewaxing unit, 60: hydrofinishing unit.
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CLAIMS
1. A method for producing an aromatic ¢compound-containing base oil
comprising:

a first solvent extraction step in which a vacuum distillation
fraction of atmospheric distillation residue oil from crude oil is
contacted with a polar solvent in a first extraction column having a
bottom temperature of 50-70 °C and a top temperature of 80 - 100 °C
to obtain a first raffinate and a first extract; and

a second solvent exfraction step in which the first raffinate is
contacted with a polar solvent in a second extraction column having a
bottom temperature and top temperature that are each at least 10°C
higher than those of the first extraction column, o obtain a second
raffinate and a second extract having a 15°C density of 0.94 g/em’ or
higher and a total aromatic content of 30 mass% or gteater,

wherein the aromatic compound-containing base oil includes at
least a portion of the second extract and the second raffinate or a refined
oil product theteof, and has a total aromatic content of 30 mass% or
greater, and

wherein the aromatic compound-containing base oil has the
benzo(a)pyrene content of no greater than 1 ppm by mass, and the total
content of the following indicated aromatic compounds 1) to 8) of no
greater than 10 ppm by mass.

1) Benzo(a)pyrene (BaP)

2) Benzo(e)pyrene (BeP)

3) Benzo(a)anthracene (BaA)

4} Chrysene (CHR)
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5) Benzo(b)fluoranthene (BbFA)

6) Benzo(j)fluorauthene (BjFA)

7) Benzo(k)fluoranthene (BKFA)

8) Dibenzo(a,h)anthracene (DBAhLA)

2, The method for producing the aromatic compound-containing base
oil according to claim 1, comprising a base oil preparation step in which
the second raffinate is subjected to refining treatment including
dewaxing treatment to obtain the refined oil product after the second
solvent extraction step,

wherein the aromatic compound-containing bese oil includes the
refined oil product and has a pour point of no higher than -5°C, an
aniline point of 90°C or higher, a viscosity index of 90 or greater and a
flash point of 250°C or higher.

3. The method for producing the aromatic compound-containing base
oil according to claim 1,

wherein the aromatic compound-containing base oil includes at
least a portion of the second extract, and has a 40°C dynamic viscosity
of 200 mm?/s or greater, a flash point of 250°C or higher, a pour point
of no higher than 30°C, an aniline point of no higher than 90°C, a glass
transition point of no higher than -30°C and a difference of at least 50°C

between the pour point and the glass transition point.
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