FP10- 0046- 00 DESCRIPTION Title of Invention RUBBER COVPOUNDI NG

O L, AROVATI C COVPOUND- CONTAI NI NG BASE O L, AND METHODS FOR PREDUGHMNE6-00
5SAME Technical Field [0001] The present invention relates to a

rubber conpounding oil, to an aronmatic compound-contai ni ng base oil,

and to met hods for producing them 10Background Art [0002]

H gh-aromatic mneral oils have high affinity for rubber conponents,

excel l ent processability and sof tI3H] ﬂd i es as rubber

conposi tions, and excel | ent econony, and they are therefore used for
product i on d¥itkefolvesdigbsi ti ons conprising natural | ubber,
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prod ts (Pg%docurrent 1, for exanple). 20[0003] In Europe,
rest ctl on i biting the use of substances containing nore than
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of the aforg_ﬂg tioned restrictions. A demand therefore exists for
rubber conp i'ng oils that can neet such restrictions. [0004] As a

%t‘gpose?}m HIPDAS ToCess o1 having an aromatic 5
0z
temerat ure 90??%&?%@%%&@ oG el amel DB TyBlsr
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rubber obt alc'&ﬁsipuse dd Eﬂd%aé‘c@u@np%bﬁbﬁg“ fhﬁ&%l%éreﬁbﬂe hifed 0

di ene rubber inatire s achi eve both | ow

fuel consunpirbEficAB ST rubbRF @BEE aﬁds@ﬁ@néleen{phszﬂgrmltrhsbélh%wﬁheuc
agi ng resistance or heat-resistant wearability 0005] Tncidentally,

knows comonrybRbpahd aReNHaNdi Rer ekhsplélcdhueadé @ﬂs AroAdHeE to synthetlc
conpound- cont ai ni ng base oils conprising solvent 15 extracts’of

vacuum di st ifubbet dachudagi SBR Qurtigashsial §ydhesik, (Halensrodesd iRt ads
for exanple). Consequently, solvent extracts obtai ned by extraction

of vacuum digideld as i @ibbet aptdceRsed qnedattsy shelveadities ped Ymabive their
aromati c contents, and they are gradually becom ng unusable directly

as rubber cqijBMbﬂgtyoot she dpeality dhehafrabbaeptocessdd @oducts (Patent
restrictions. Known techni ques designed against this situation

i ncl ude met dwtsineéntr Ediociesgnegpleyati city by hydrogenation treatnent of

aromati ¢ conpounds, or of increasing extract yield through a

pol y2cl i c d0608] iln- ditnapiengredtfietibns Hpnelvibiting uthe neséiod sabstances

potentially I ower econony due to the addition of hydrogenation

equi pment , crontamihgweore than minimum amounts of DMSO extracts or indicated
carcinogenic polycyclic aromatic compounds in the production of tires
or tire parts have been enacted since 2010. Consequently, extracts
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



25aromaticity or inpair the yields of |ubricant base oil by-products.
[ 0006] On the other hand, it is desirable for rubber conpoundi R§10i0®&16-00
to FP 10-0046-00 have high flash points (250C or higher) to avoid
falling within the definition of Level-4 Hazardous Petrol eum for

i nproved nmanageability and handl eability. [0007] In addition, rubber
conmpoundi ng oils must have |low glass 5 transition points in order to
i mprove t he lighirafdhp afaramentionedcesévictionss Asdemand theveforerpsists fore
el asti c nodul us) for rubber. For. exanple, Patent docunments 1 and 3
propose rubBBPbeRIBRRENETSHEIS thal\sangneshsuslnastieders.t i on p0| nts of
bet ween -55&363] 30C a bet ween -45 anﬁ -20C, respectively.
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r ubber conp%giglta eéﬁfjfe]a%rgﬁé&n(eg{l i ]tlﬁ,ge known i ncl udi ng production

met hod (1): rogena atment of the extract to
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petrol eum and are nore easily manageabl therefore a high f
point is al egudetiohabdfe. viuhhar dieHNeusdi Madids Wedderhy HARS hl%l
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transition points have al so been proposed (Patent ocurrents 1l a

for exanpl elpolyORIR] arinatic ubhemts; cambm@ﬁl 418 al:lual@y ecofdagd vrisdbkne

rubber, Patent 15 docunent 1 proposes t e use of a petrol eum based
process oil digctlyg =an rabbert comppdndogs boils,cahicentv ((hé) afdredierdfonsdd’s
a glass transition tenperature Tg of betvveen -55C and -30C, a dynam c

vi s&isi ty ( tes€ictiohs20iafownieshrities desigmadchgaingt thimtsitaationpeaskide
content (PCA) of no greater than 3 wt% Wen a rubber obtained by

addi ng methods of reducing aromaticity by hydrogenation treatment of

aromatic compounds, or of increasing extract yield through a polycyclic

aromatic-diluting effect. However, such methods can potentially lower

economy due to the addition of hydrogenation equipment, or can lower
25 aromaticity or impair the yields of lubricant base oil by-products.

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



20such a petrol eum based process oil to diene rubber is used in a
tire, it is possible to achieve both |ow fuel consunption and §Piip-0046-00
properties, and to increase the thermal aging resistance or

heat -resi stant wearability. [GCtation List] [Patent literature]

25[ 0013] [Patent docunent 1] Japanese Unexam ned Patent Application
Publication No. 2004-155959 FP_10-0046-00 [ Patent docunent 2]
Japanese Pathave bigh iflashi peinte (25688165 Hightnnto dvoidrdallig] within the

| nternational Patent Publication No. W97/ 35462 Sunmmary of the

| nvent i on T&kAmEan arlegwalrd Hagerdqus Reeletues fosrimmoned manageability
however, econony is conprom sed when hydrogenati on equi pnent is added
and the ar of@d pRRIMEY of t he product also tends to be | owered,

while in pr | on thod (2), the yield of the lubricant base oil
obt ai ned frigﬁﬁhﬁﬂaﬁ ditione Tuhhes cotpounsieg eeilsnavist shaveordaw @lass

contesnt alsg tends to,be lowered. .In 10 prfduction met hod (3) as,.
vel 1,2 despi tHEANSIRIN PO I qrdsk te faprove thyy lengemparainre shamesenstics

aromatic content and a high yield of, extract as a hjgh aromatic
portion, thaSYGt @S \g-twgqegﬁ/ e \Feasfiq Wﬁﬁ&s} ar éflﬁlgg@il cFengxample,
tends to be duced. [001 T , _nho nmet hod has been,_ kno for,
acconpl i shi f&?wﬂg‘ﬁ?‘i}iléﬁ%tssﬁ?fngﬁﬁmqssrruggeapemqwdmg oils having low
conpound- contai ni ng.pase oi]s with high flash points d | ow gl ass
transition &?%@?&iﬁoﬂéqm soﬁwqe&'gﬂs ?%f?@%@ﬁgg?ﬁt?eﬁﬁd‘lg and

sufficient r tion of._ ijndicated carcinogenic polycyclic aromatic
conpounds, f’?@tﬁr%ﬁsﬁaﬁg}%@' and extracts obtained by polar sol vent
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content of indicated ycyc romati c co

met hod for @hﬂdu@{rﬁgﬂﬂi@e rea@gﬁ;ﬂeéwm | B8c@ient [POF ekbniple? A

second object of i nvent to provide an aromati’c
biPWeabas?

conpound- coldweRi glasd asmsition sthdbfaty ghbbéa rrﬁﬂj
transition point ,gla hi gh t ot alrlﬁ)zgronati c cont en?Ba d sufu]ggm ent

reduction i pedie ﬁ_@mlﬂljrtth@far@ﬁfaftidmﬁﬁehﬁbﬁﬁﬂ%Qﬁé_Q‘Fashgjcﬁﬂ%.a raffinate
and extract 10obtai ned by a polar solvent extraction process using a
vacuum [0009] Therefore, common high aromatic compound-containing base
20 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



distillation fraction as the starting naterial, as well as a nethod
for produci ng an aromati c conpound-containi ng base oil which alFPbOs3046-00
hi gh-yi el d production of the aromatic conpound-containi ng base oil.
Solution to Problem 15[0018] According to a first aspect, the
i nvention provides a rubber conpounding oil having a total aromatic
content of 50 mass% or greater according to ASTM D 2007 or ASTM D
2549, a fl ashlspairat kepovasomandiiggheiodugtions fragthask Of): ag neetbodssd
bet ween the pour point and glass transition point, a henzo(a)pyrene
content of Rydgegenasion mestmeppmibipeonirgst pdeducepolyepplie mronratiche
followi ng indicated aromatig¢ corrpﬁuads 1) to,8) of. no greater t%an f10
e >

ppm by rmass COPTBAYIAs] Pregpctyym ms] e(ZbB%methpd reasiye dhe vi
3) B th A) 254), Ch CHR) 5 .
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contai ning aatsiivapplRsavEAREURL: pOhoted (R ARMLIhelY, and 3 for,

fraction of e?éaﬁﬁ:ﬂ@?e” c distillation residue oil by a sol vent
extraction step,” of a refined oil 20 product thereof, and having a
40C dynam ¢ g ' APB(AdRIg 611881 ad R RN HicnBGuB8EAPREniNO
hi gher than [gg%??g&él%gﬁ%%%g%y o? g &4 g/ cnB %r greater, ang a tot%?

ar ongg i ¢ CorfRMndt 1%1‘033%?5%%1% ugé %@%?et?&@ﬁﬁﬂbaged gro%%EMoﬁ kadfg an

wherein the content o e aromati ¢ conpound-contai hi ng base oil ~(a)

5 o 5o ok Aprmmateantite {OLTE0 s, o 0l wanition

temperature T, of between -55°C and -30°C, a dynamic viscosity
(100°C) of 20-50 mm?*/s and a polycyclic aromatic component content
(PCA) of no greater than 3 wt%. When a rubber obtained by adding

20 such a petroleum-based process oil to diene rubber is used in a tire, it is
possible to achieve both low fuel consumption and grip properties, and
to increase the thermal aging resistance or heat-resistant wearability.
[Citation List]
[Patent literature]

25 [0013] [Patent document 1] Japanese Unexamined Patent Application

Publication No. 2004-155959



greater. FP 10-0046-00 [0022] According to the invention, preferably
the solvent extraction step includes a first solvent extracti ohP$0ep46-00
in which a vacuumdi stillation fraction is contacted with a polar
solvent in a first extraction columm having a bottom tenperature of
30-90C and a top tenperature 5 that is higher than the bottom
tenperature, to obtain a first raffinate_and a first extract, and a
second sol véRetestdoguament 2dtJapanesaiatent Publicpion Nof 36 1% i s
contacted with a polar solvent in_ a second eg%raction col.um Paving a

5t P 3

bot t om t enpdrPatant doshmans s |ilatgaptipnalelats icatien Ne. WABY/35d62

hi gher than those of the first extraction colum, to obtain a second
10 raf fi nat Swnmarset the luyenten, and preferably the aromatic
conpound- cont ai ni.ng, hase, oil (b) includes the second extract or a
refined oil n’fﬁ“&ﬂﬂéﬂi Prablesn [ 0023] Furthennore, according to the

compoundi ng (80141 TfeRdssan wediel s brBiarhgeclupobridoranaramgisd
S R e
or & ref nﬂgﬁvﬁp?@&@fﬁ ﬁ@?%@#?wgﬁad,h\ggﬁflﬁgma%%?%me?ﬁgf3@&;&@’
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i aher t nan 1O¥5E o oits SFRRARE BoMsBTnalsotead Yy Bhdb e iy n
fradt on”of ieRBLAREERR O A Hrlr Ot by K bl b ot
ynam o vi sSolht YOI afifflafl oot id bIRRE I EE cABACE R At
10- 0046- 00 hj:ghekit A A0he atFRGAGRId T valy 9o B8 B iR REn:

and a total aromati or *greater according

D 2549, wherg) e ed@romatic content is 50 mass% or greater
accordi ng to%‘&'ﬁ% Zg% of ASTM D 2549, the flash point is 250C or

hi gher, the ob9] fitkise E‘ﬂ%enféﬁ&d@ g’ﬁs TR PGS 'o?tac%ﬁﬁlﬁl%iﬂ% ?ﬁ%—y&gld

transition point i's at |east 45 t-he benzo(a)pyrene “conte _
great®r thamrddaeidRoMBOMAN cb?ﬁa Widtos@mies bade 61§ With!ig bash

d
i ndi cated aronmati c conpounds 1) 8) is no greater than 10 ppm by

mass, and V"@ﬁﬁﬁis”aﬁ@@o@@%@@ trahsition AORE! h§ WeNPAURIC eptAl AoRthtic
base oil (a) is greater than 0 and no 10greater than mass% and t he

content of tdegtaiton@id sueepatreducheon ajfinticdtadectinddehid §a&>écfsvc§1’ﬁ4%)
or greater and less than 100 mass% [0024] 1) Benzo(a)pyrene (BaP) 2)

Benzo( e) pyr enenfdBeProdipdigii) (feomntaffacesse ahbdadktrabi) obliined sy (folkt )
5) Benzo(b)fluoranthene (BbFA) 6) Benzo(j)fluoranthene (Bj FA) 7)
Benzo( k) f | usodvdriteratiaBKBA) processes using vacuum distillation fractions as
20 starting materials. In particular, no method has been known for
obtaining non-carcinogenic high aromatic base oils from extracts at high
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



8) Dibenzo(a, h)ant hracene (DBAhA) 20[ 0025] A rubber conpoundi ng oi
obtai ned by the production nethod of the invention has a high FPashj046-00
point and a |l ow glass transition point while maintaining a high total
aromatic content, and it has sufficient reduction in the content of

i ndi cated pol ycyclic aromatic conpounds. Also, since it is a specific
feature of the rubber co ‘ounding oi I 25conprising the aromatic
conpound- contthberi mynpsending ¢H) havingr di high dlashe ponvteandoa lovatglase
di fference between the pour point and the glass FP 10-0046-00
transition prnsition pant ewsile 48a@intaming spddghltojalagrdmage @otent, tarids
possi ble to _obtain a_rubber conpounding oil with a glass transition
poi nt of no Meivgher sufiientasedudieon | in tthe contantaednitdicatednpedycydico
mass% or greater and the pour point is 15C or higher. The econo is
al so 5 excérP@gtics capwasse asswed As e methade fonipigdeeingntheyrvhbel ¢
conpound- cont ai ni ng_base, oil (b) by dewaxing treatnent, hydrogenation
t r eathrent OPOPﬂénﬂﬁh@g(¥b026] According to a second aspect, the

compouns <UD AT T o it i ST Rofh T bovidegen aromati
R T TR —
Cenper at ur e (GMSH60 geting hiZhopEl RS SheRang SuficiEt Fednstionia
and a secondle 189EERl & Sttt SbSEPGes, dF N FEOPAIS AP KASE o
is tactedbvvi.th a.pol ar SP| vent in a_second extraction col unm
Pavﬁﬁg a bott mné‘éhnﬁé'r A uPS aﬁfn&OLvoe&ftt ExpEcton, Proses e Vg
10C hi . . 1 .
a/eiéiond L O AGRYE o hec Sartibe ' milerid: o Rt mybototd,”
ns [ .20 [ 30.. %
Groater, tnotryi fn Bhuand PR SRabERE, Pase Sl TP R Rl
i f - . . . ffina fined
MR o e N o s A N e
or greater. gg ﬁbglgg]?i, Qﬁ&qﬁdl ng to the invention it is possible to
acconpl :jsh i gH Yl er production of an arlorratl c
Crans i on porhd) PELRame b foifoatbeet e iRRonBoh rodgeS d, Fubber
whi1e havi ngofndeilddiabll hé{vfn?gé’&?cél aRithaAL cBhtd oAy gﬁsgf% &t pags &ic

substances. Su an aromatic nmpoun nt ai ni ng base can

sui tably us%caﬁdiﬁgrtab@swmmmmms@m OR5% fa?ﬂéémgoi&ﬁ%%@tsggc or

therefor. 5[0028] Preferably, the invention conprises, after

second sol venthextd apiféencs tciPat RalRAS°0! beth@RATIRS 'Egﬂrﬁo@ﬂt hRd Wh&
the second raffinate is subjected to refining treatnent “i ncl udi ng

dewaxi ng tr eadn¥eiién ol t@benzo(afhyread cidtent 6f Po eerahadl Ppioh by
conpound- cont ai ni ng "base oil conprising the refined oil and having a

pour2(poi nt  ghagoarid gltetal tdoatertb e fllosning indigeedar@haloCodipounds
hi gher, a viscosity index of 90 or greater "and a flash point of 250C
or higher. 1)to 8)ofno greater than 10 ppm by mass.
[0019] 1) Benzo(a)pyrene (BaP)
2) Benzo(e)pyrene (BeP)
3) Benzo(a)anthracene (BaA)
25 4) Chrysene (CHR)

5) Benzo(b)fluoranthene (BbFA)




[ 0029] Preferably according to the invention, the second sol vent
extraction step is followed by a base oil preparation step i n RRilOH046-00
the second raffinate is subjected to refining treatnent including

dewaxi ng 15treatnent to obtain a refined oil, to produce an aromatic
conpound- containing base oil conprising the refined oil and having a
40C dynam ¢ viscosity of 60-120 mm2/s, and a 10% poi nt of 400-460C

and a 90% p&)Rengo(pomosanbenn (BaEAghr onat ogr aphy di stillation.

[ 0030] Preferably according to the invention, the second solvent 20
extraction stepenzo(kplner ane Bl oi| preparation step in which

oo SRS STl 1/, et el i,
e G R FETRC I
2o oo s o GRS, e oo Bl Pl et e
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o A BB RB b 220C o7 hgher,
205 o0 2 TS Tk R ol SRR B P e

Cranet i on e ol SRR SRR B8N AT, R T

v on conpiod-SFARafle BLEGTELPshiBrftd X BBt i
40C i C: Vi i . . . . . 500
e, “ana SUTa80H P2 ST ablal Se el Bl
pecrol um babed rabese g At RCh el BrEREloEHHE o e 1 dp
" ! Xt _ pe added 1
(BR vart ofso8rSh SIS G By e o, 07 CEMBHIES R POIIN BDVEL
poet ai 1y, pnldtlikihe pORRESE IR A HIGREY 2l PAYKInt BPRODSSAGRE 8l a S0

especially to diene“rubbers conpri at | east one type

st yrigne- but 3@ fCORRENIRC. fvBer distBuRiMRI%e %FD?O o%? -aee@#cg}rlgibﬁ

base oil may al so consist of the 20second éxtract Pr e

the aromati A SPNPPYBAIBAUHPA BIAG tPASELI6A! d?ﬂiafﬁsqligmefﬂﬁlrprﬂﬁ@t'

met hod of the invention conprises at |east a portion of the secdn

extract, an@nhaforfad®cehmpatihg-oonigiesns Yoak 80 Mbﬁta@ﬁh@’z%ﬁt 8ktradnd

a glass transition point of between - and -30C." Such an 25aromatic

conpound- corfriineddrpaspaitingCae becumst ditillabhyfiseon dPitnesitR

as a petrol eum based process oil or extender oil to be added to

FP10- 0046- O@istiltatesre residlver ofsbyeaticinedt ateetionhstep] @raki efined oil

conpound- cont ai ni ng base oil may al so consist of the second extract.
20 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 (a) is no greater than 95 mass% and the
25 content of the aromatic compound-containing base oil {(b) is 5 mass% or

greater.



[ 0034] Preferably, the aromatic conpound-containing base oil obtai ned
by the production nethod of the invention has a benzo(a)pyreneFPi0-0046-00
content 5 of no greater than 1 ppm by mass, and a total content of
the follow ng indicated aromatic conpounds 1) to 8) of no greater
than 10 ppm by mass. 1) Benzo(a)pyrene (BaP) 2) Benzo(e)pyrene (BeP)
103) Benzo(a)ant hracene (BaA) 4) Chrysene (CUR) 5) )
Benzo( b) f | udPaRZ héroraismalo ehheBemvesttior, | prafarabhy nide( BpIvant Axtraction
Benzo(k) fl uorant hene_ (BkFA) 158) Di benzo(a,h)anthracene ( DBAhA)

[ 0035] Such s&gp akehedasc & upelveoht extnaciiprbasiepoiln  vdvicheanvecuum
suitably usgjd as a petrol eum based process oil or extender oil, or a
base nat eri &listilhatien draction 1§ Gambaded prih aspelar sobetingEnstaaxteaatione,
because it has a sufficieptly reduced content ofo i ndi_cat ed

car ci nogeni @W@%\rmg pbaterhtsapempsLatis0-3UE3endmton trmperature
further provjdes an, arqmati c conpound-contai ni ng, base Qil ohtai ned py
the ptoduct iBAL iFctiBEL Hia Hhe: PREORCTPITEs b9 PHEAN 25V raiiiaate and
aromati ¢ conpqund- cont ai ni,ng base .oil. has a high flash pojnt, a |ow
gl ass 1 ansi® FE HETRRL 400 & KOARI SAHPIL SEARIER Steld AR.e {ofih e Fis o

havi ng sufficjent reduction,in.the ont(ggtnof car ci n(g eni c

subst ances, TAHPAIE 1§ FEPEckTd I 2 dalel pelvEnpibpspepRd Sxiragtiopsolumn
ot or il ¢ hPOF & BRI erRRSBHIF: G i JRRET I et preygach ot least
tubber conpddgy Pt i RSP e AP Bl RRh ot O Ehiai A eipnd
Prval fon [ oouBTkaRed B0RT SRR JaR oL TS BlamBlie impowrde
e Lunber oMo . DRSNS kSRR Badl  holPey,
havi ng product thereof.
[0023] Furthermore, according to the invention there is provided a
method for producing a rubber compounding oil, which comprises a
15 blending step of blending an aromatic compound-containing base oil (a)
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 500-600°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



10 sufficient reduction in the content of indicated polycyclic

aromati c conpounds, as well as a nethod for producing the rubbgP10-0046-00
conpoundi ng oil. [0039] Because the rubber conpounding oil of the
invention has a high aromatic content, it has extrenely high
conpatibility with rubber and 15 r ubber naterlals i ncl udi ng
styrene-but adi ene- based rubber. In addition, nit is used as an

ext ender oi higherptseef8°Gi B 137G densiigrolob. Augfb‘ém Arigseatar, adia toial

st yrene- but adi ene- based ruhber haV|ng a glass transition paint of
bet ween abo@fomavlcac‘rmltenm 30 ma§86o§§|g@¢@tef@09@6ﬂnget0r6§53\4 L 2549,
excel | ent t epper at ur characterlstlcs 20 Furthernore, because
its flash pcw rejr thy &Hagﬁﬁpm@tlﬁégr@ewfwm@ﬁsr’y of (FGakY assRTERg tor
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aromatic conpound- ase ol

| ow gl ass tn gnghlég@quonﬁ)ﬁy?ﬁng\%é]?zs a high total a_ronatl C content

and suffici nt r tiron®i nt of carcinogeni c substances,
froma raffi 33&12%’(9 F tained by a polar solvent extraction
process u5|23avacu |st| tion fraction as starting nmaterial. It
is also posg a)akthPiceME ¢Bad et hod for producing an aromatic
conmpound- con inn ase mrl (éﬁh gh al l ows hi gh-yield production of

suchy@n ar Omt@ﬁ;ﬁ ggﬂk}:ont aining base oil. Brief Description of
the Draw ngs"[0041] 20Fig.” 1 is a process drawing showing a preferred

enmbodi nent  &f) R&e-07B fp@&a}h@}ﬁeﬂg A§g a rubber conpounding oil
according to'the i nventl on. ription of the Enbodi nents [ 0042]

ref er ence ??ﬁ%omﬁm&@m” wher e necessary. - The.rubber
conpoundi ng @lBeﬁo(kMQSMdéﬁgg’Zf erg[)faynﬁggstsﬁrey FP i0r304gr00
8) Dibenzo(a,h)anthracene (DBAhA)

20 [0025] A rubber compounding oil obtained by the production method of
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 i1s 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



followi ng properties, for excellent affinity for rubber, softening
properties, flash point and safety, as well as a high |evel of FP13-0046-00
properties as a rubber conposition including | ow fuel consunption,
grip properties, thefutal aging resistance and heat-resi stant
wearability. 5[0043] Aromatic content according to ASTM D2007

(d ay-gel nethod): Cenerally 50-90 mass% preferably 55 mass% or
greater, evdransdiien ppeifiriabity l6wtnhsY¥% andgespaceally natsleast SEI@Gbity i60
mass% or greater, and_preferably no greater than 80 mass% and nore
pref erabl y mosgitdateobiziare nbbrsompasidogalil sathua gless wangitoemodnt
according to ASTM D2007 (d as\ébgel met hodg(:éaGener ally 5-50 mass%
preferably X masighesrthgnedidel evien ¢ hesfasalamiopnaiic eastontds X wraseyq
and preferably no greater than 40 nmss% and nore preferably no,
greater thaPrareatdsand fluopopr penal 15c bapfeunidhighar.enthacreon@nny is @lso
ASTM D2007 (C ay-gel. 15 method): General Ly, 1-20 mass% preferably 2
mass9% or gré‘a%ﬁ:cnhﬁm&eﬁhéfee%w ylesdr@ﬁe/ﬁmnggp 5%@&@@&%@9@@@%

no greater than .15 SS% . npr. referably no greatey than, 12 mass%

and even mﬁ@nﬁa@@"gsﬁ@ Oﬂg&dﬁég@@?"aﬁﬁ%%/@ét%% %%r@g%}tl%tr@aan@at
conponent/ pol até ci npound rati o according to ASTM 20 D2007 (C ay-gel
met hod) : Gerf¥r Plﬁ(e@. 25-50, preferably 1 or greater, nore preferably
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anal ysi s,
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, 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 extract 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



15after separation and concentration of the conponents of interest,
upon preparing a sanple containing an added internal standard FP10-0046-00
subst ance. [0050] The flash point is 250C or higher, preferably 260C
or higher and nore preferably 280C or higher, and preferably no

hi gher than 350C, nore preferably no higher than 320C and even nore
preferably 20 no higher than 310C. The "flash point", as used herein,
is the flaskoptinit viasedheving evetdihdiaghn- mducedOChntamsasdr eadicated
according to JIS K2265. [0051] The difference between the pour point
and the gl asgreinagenici orbspiass. | Sweh dreasymasc copnpdendrbbyizaningebate
50C, nore preferably at |east 2560C and_even nore preferably at |east
65C, and pr @fikcanl be nsuitable wieth asoacubber mameppuediagablly once mbamsing
than 80C. FP 10-0046-00 [0052] The pour point is preferably no

hi gher t han e@igrightherefe. pref erably no hi gher than 25C, and
preferably -10C or higher, nore preferably 5C or higher, even npre
pref erably {90¢8hPreiegakly, dhe mventipnecommusesy adteCths sarome rsolveret
"pour point", as .used herein, 5is the pour paint asured accordin
to .TIS Kzz@gtrapaesatemh%ggﬁ%eﬂ RLeRAEAt Qb Bepdnnhictyihg %eqwér@fgna
no hi gher than -30C, nore eferably no higher than -40C even nore
preferably A% FYeeed: farelibez Bartmersi apclding t GwWaxipg, draglgisat to

e 15 GBS BEALACH T e L 8. B Ao S0 610
(To) " o ulBhePmpERmE fae THOTG Aoy hREE 8 SoPBARIOR: B iaaber
e IECE % S0 TBLoSISDORAHD DESBLESS IGRER! AL PRLASRAS080 IO S"
Loual 1y abosieaseaie MENEPS B AL CA FIsBi ca ol ass t ransition
S tor mai nt APBPRL PRRIRREER] ckorll, o gy BAL P Pacelnd, el B
condi 1 ons. 168 HPD SRBaRRERTICq BBt Pag Sif HfciEeiiBl S f fichote™
el vot SRS A3 Nl Rl Pstadl gy
15 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 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



Fi nal tenmperature: 50C, maintained for 10 m nutes 18 FP 10-0046-00

[ 0056] The nethod of cal culating the glass transition point freploh@46-00
peak of thermal change may be the nethod according to JIS K 7121.

[ 0057] The 15C density is generally 0.9 g/cnB8-1.0 g/cnB, preferably
0.94 g/cnB or greater and nore preferably 0.945 g/cnB or greater, and
Spreferably no greater than 0.98 g/cnB and nore preferably no greater
than 0 96 ghgnthe pAvhRYichheedld@l dyfrthei inventdonsiamprisegenbeaat hyportion
200-3000 m®/s, preferably 300 nmm2/s or greater, nore preferablz 400
mP/s and ewdrtheseeomd extractylandies a7 dynagrieatiscqsignaf PO hemafs gr
no greater than 10 2000 m®/s, nore preferably no greater than 1000
m2/s and egreatenra flaske fraiabol 2A0°Qreahighet,aposo @ommirg s no thghely tham ¢
viscosity at each tenperature, as used herein, is the dynamc |

vi scosi ty at3086santanifine sroinkohmadugher HeafiGe glass tens2es poiigos]
The 100C dynamic _viscosity is generally 10-100 nmm®2/s, npore 15

pref érabl y 1% highes tigan g3é°z£t: andamdifsisncasl @t peast H036] hetreamibesp@ir
greater, and preferably no greater, than 60 nmR/s, nore preferably 50
m2/s and ewshoad piis eglabs yirassifiosatRent.nanhe meematico seenpaad-
aniline point is generally 50-100C, prefe %gl y 60&: or higher, nore
preferabl y ©9BIHRINE bk OHAaRaEse cRnrsdsinidhesgsppd atracko or hi gher,

S0 DLt e e S RSARES BrabsiichtSothd s
ener al 1y 0-cbieined b prostiotisnamyhior 08 the daVeion Fomtsicen o lesst
tharl G, T5° e BT 6 Sepngr ey ARG K et RrC kg pclvisaedsy SFDO
"nitrogen content greater £ [25%h 509 rtnrr]nals% nd & g%a%_sqgér?sﬁ?gn point of
between -60 and -40°C. Such an aromatic compound-containing base
oil may be most suitably used as a petroleum-based process oil or
extender oil to be added to natural rubber (NR), or diene rubbers
15 including various butadiene rubbers (BR), various styrene-butadiene
copolymer rubbers (SBR), polyisoprene rubber (IR), butyl rubber (BR)
and any blended rubbers thereof, and especially to diene rubbers
comprising at least one type of styrene-butadiene copolymer rubber.
The aromatic compound-containing base oil may also consist of the
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



nitrogen content measured by chem | um nescence according to HS
1(2609. [0062] The %N value is generally 5-30, preferably 10 pP10-0046-00
greater and nore preferably 14 or greater, and preferably no greater
than 25 and 5 nore preferably no greater than 20. The %CA value is
generally 10-40, preferably 17 or greater and nore preferably 20 or
greater, and preferably no greater than 35, nore preferably no
greater tham 3fieaadrebeer ras empntibredbhbone. gr Fakerarbhamtic2 Tonpeutdp
value is generally 30-85, preferably 40 or greater and nore

pref erabl y 3ongingehass oilanay al® eondistreibthyg seoond eatmact.t han 73 and
more preferably no greater than 66. The %Cp, YN and %CA val ues
referred to [Qﬁgéhé’mﬂ?mblb’e e esematic praripocad-icontanmg batesd obtained
ot herwi se specified, the percentage of paraffinic carbons with
respect to tote padpetontoathod ﬁgﬂ}zﬁ’eﬁbf@mlageha:sf a bapno(adpyreneardndenst
with respect to total carbons and the percentage of 15aromatic
carbohs wi t PIre gerater tharod Appmaby onass, eadpe tetal ebpterdoiddecfatlaveghy
t he met hod of ASTM D 3238-85 (n-d-Mring analysis). [0063] The total
aromati c corgicatsd aganatial qompounds taseed) of aie gaeater Abamdds wpor by
greater and nore preferably 50 mass% or greater, and preferably no
greater thaf®® mass% and nore preferably no greater 20 than 70

mass% The " al aromatic coptent”, as used herein is, unless

ot herwi se s&éﬁﬁfﬂz@z@ﬁ%@n‘ééﬁéﬁlt of the aromatics fraction neasured
accordi ng t%a M IE)?HOOY or, JM D 2549. [0064] The rubber
conpoundi ng 23iFeHOEIYEeREEBE hent conpri ses an aromatic

co nd- co i nin ase oil ) that includes an aromatic
ZSSQggound-?éﬁ%%?gnﬁ@@eﬂ?kﬁ@ébt aining a raffinate obtained by
separating % cuum d@}&l}g ation fraction of atnospheric distillation
20 FP 10-02- s oil fromcrude oil by a solvent extraction

Vi Seost ty 0P AR BOCImRERtEHe (ARERE' Lo o 70C or highor . 10%
benof 3. 20 AP N Bt ARANERY 30 and & gl ass tr ansi t1 on poi n
by "cont ai mi/ng Aol oot GATR) ' Sorararing the vacuum o
sorvant - ext Pactr oo B e AR ALEARAS, | b Gouct. ¢ her eof , and havi ng
of no i gnel Ve aoe, 40 el EBp Andsceh B ARkEbac iEkk, € ARk
total aromaki\iabRNL&HY adh ﬂ@ﬁﬁ%ﬁecﬂ%ﬁ?g@% iO?lQ?[Z?ﬂFﬁgref i1 51 Y thse

2549. The aromati1"c conpound- cont al ni ng eunder
referred tonggeri G ] i : o]
base oil (b) plp st g@éy@??%@?%ﬁ%‘g@%‘ﬁﬁﬁ?gﬁw el R
expl ai ned. h@@%kuﬁhﬁe@@?%?ﬂéed @bnte%xtﬂﬁefrﬁﬁé’étbd_@di‘cﬁ‘foggﬁ%d ggl%cafclic

conpound-contai ning base oil with a total aromatic con

nmas 9% or graﬁ@maﬁcmmg_)y refining treatnment of a second
raffinate obtained by ‘a first solvent extraction step in which a

vacuum di st {0036] Thef riasiehtionof fiathas phervides 2@ndi idnh4tad | @BnfRSire
oil fromcrude oil is contacted with a polar solvent in a fir

extraction cohtaminga\basg ailbobtained eppethat predwdticD-1BeMRN ha¥ih®Pthe
tenperature that is higher than the bottomtenperature, to obtain a

first raffi fedtarendestritiedsabave. r a€he aaowhaticserapdusdicopriingd basd bin
step in which the first raffinate is contacted with a pol ar sol vent
in a secondhags éigh aftashopocnd, laniohagiasy aabsitioonpbaitpandtahéslandta
top tenperature that are both at |east 10C higher than those of the
firgd extraetomwatietontent while also having sufficient reduction in the content of

carcinogenic substances, and it therefore has excellent properties as a

13



FP10- 0046-00 colum, to obtain a second raffinate and a second
extract having a 15C density of 0.94 g/cnB or greater and a toFalf(-0046-00
aromati c content of 30 nmass% or greater. [0066] The base oil (a) is
an aromati c conpound-containing base oil 5 obtained by refining
treatment including dewaxi ng treatnent of a second raffinate, and it
is preferably a base oil (al) having a 40C dynam c viscosity of

60- 120 P/ petumcum-bakdopratess bilda0exi®ndennd, ar $0bagpoimtendl Hhedefot0C
in GC distillation and/or a base oil (a2) having a 40C dynanic

vi scosity ofastzell 25Gufficiestlsrrkcglleavspisint of 10450- 520C and a 90%
poi nt of 540-600C in GC distillation. [0067] The base oil (b) is
preferably 4A037breedordignioundhirdnaspentnghbdsweniion hburthey prosades a
dynam c viscosity of 200 nm2/s_or greater, a flash point of 250C or

hi gher, a pdubbgbrampsundingioghepmpriingeo, azpmatie Icomepeictcontainiog
hi gher than 90C, .a gl.ass _transition point of no 15hi gher than -30C
and & di f f etbdse &ibaaving thadeatmses desarthsd 2ab@our point and the gl ass
transition point. [0068] The, base oil (b) is preferably an aromatic
conmpound- codtHeetsaf wentigb| ) having a 40C dynami ¢ vi scosity of
200 m®2/s or ter and less. than 500 n®/s and | ass transitjon
poi nt of bot ABRET ARForaing 3o theomveREos: iiais BOSHEIG 4o provide & rubber

conmpound- cont ai ni ng,.base..qi | .(b2) havi a 40C dypam c vi scosity, of
500 e/ s o@%@%ﬁgilngn@llj%légsgb@ﬁﬁ]%gsbonow&%dq 3t log lash tran itk
-30C. [0069] The ferred properties for .the base oil, (a) and, base
oi | (b§ wi | PR Rallecaiiteln nadbié“ﬂtP@SPW@ﬁwTﬁ%m& BZ aﬁai havige

t he se oil . ref er abl o higher than,- 10C, and even be
e b subidicr? JRAEE0R oY, B8 LORRTS S Bhdicalest mslpey SRo AT
cost of the rubber conpoundi ng oil wever, the_pour,.,point of the
base i | (aContbRinds BRSyaT AR Hethod MFBTucHE BERiohY Hmfubdhe. o
oil (a) MﬁthF pour point of no higher than -10C, it is possible to
easily obt aif*a rubber conpoundi ng oil having an even | ower gl ass

(2) 15 prer 49287} Brs gt PP eapbtiing F SR apSbnt s HiEhi
than - 50C,  3RGuRER! EoABY 1 10RACoRlolet Sioh TRERDRIBARL D] A6 g

hi gher and even nor e prerera ass

trang tion H’EBBEI hﬁt&ﬂ&ig.iﬁ@lﬂ&iﬁg V%h%rﬁﬂ%lqug\%ﬁféﬂgi%sga I%bi)%i‘cut[‘% %%kgitti,on,

obtai'n a rubber conpounding ol glass transition
L VBREELS LRIE S DR L bR B PEDLD SR
excessively ifhet79€R8keh as styrene-butadiene-based rubber having a glass
transition point of between about -57 and -44°C, it is possible to
produce rubber with excellent low-temperature characteristics.
20 Furthermore, because its flash point is high and it has a sufficiently
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 %C,s 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

14



[0072] The aniline point of the base oil (a) is preferably 70C or

hi gher, 15 nore preferably 90C or higher and even nore preferBBl9-0046-00
100C or higher. Fromthe viewpoint of facilitating production of a
rubber conpounding oil having a suitable aniline point for excellent
conpatibility with rubber and to maintain the properties of the
rubber conposition, it is preferably no higher than 120C. 20[0073] As
t he conposi exemple, naeraagbher (NR), oradiene prefierraishyagany aridirmmise
preferably 5-10, and %N i s _preferably 15-35 and _nore preferabl

20-30. The d@&@l@nagU@berméBﬁaséfamGHS( siyrene-butaslions s@patsvedimgbers
UCA and UCN, and it is preferably 45-82, nore preferably 60-75 and
even nore pleBdatrglyssprene pyblsr r@Rb:abélfﬂi rupkgr QRR)ngr any blended

25conposition within this range,. it will _be easy to produce a rubber
conpoundi ng TBbbetsdheraplered espacialyipaa finne fubber CRMRBHEE angastanang
FP10-0046-00 a suitable co sition for maintaining the propertiges of
the rubber BRHAY EPBRIE PG HeORRlY g e (@R Bemghdheakiamad
(ot "t nopBPotaRoadis s BORuBlo OBA A0 TB6l RSL A b
Ho , f .t i int of . . i deri t Dat duct i
e ey g, st RS Tl S S Lot S RE SO
| ubri cant bggﬁé%ﬁw%\ﬁggéﬂs ,H%ga%égﬁ%%ent is preferably 0.002
mass% or gr T : ‘mass% or greater. 10[ 0075]
The fl ash j f, the.b i | i,s _250C hi gher f bl
255C or b GRAPOF ArechFid fo e mbBirmiion, Tote PASHORR [ PIDYHS G
hi , f t he,.vi int .of {.falldi Mthin th finiti
levatl s nas AroeagEaRBrhdntEiing pasacolfokithr WEb IS PRty o
ot 15(a)  ayat BlseS AN AT RAHE SR el ANT B0 At e bifpE g
oil 15(a) d 28 e ’g?ﬁe h S 5 Y, 1% 8% r y
hi gher t 3 g f ' 3
The. 90% poi N BF T hachaeo i S, ot o el fRGHeris YipsEBbes 1Ok a
hi gh d - : j .
the base of FACuya e anlHtcesbtains i #BohBatigit chtdorfbh BRfRIRHGY
20 th : ol ' -5 _ .
20 another” i0ge fim KASIBARS: Beyfles ket npRorgl SRACHIHBES B2
i stid [ ati S : ' ]
50001 rom ¢ REOV IR, onRoBifer PRathiniiy AR CoRbRL LSl ing B
hi aher Y : > . y
25def 1 i 11 08 B e e L a0 OGPt bRolld cephund

may be one kavitdiflidy BHW% Qi nt of 440-470C in GC distillation, and the
FP 10-0046-00 base 0il (a2) may be one having a 10% poi nt of 450-500C

in GC distiIB@kf Deschi®tion ofhl@eﬂ’ﬁ%vﬁigs (a) has a content of

benzo(a) pyrene (BaP) l'isted as 1) above of preferably no greater than

1 ppm by mag604aphd a total

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
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5 content of indicated aromatic conpounds (PAR) listed as 1) to 8)
above of preferably no greater than 10 ppm by mass. This w ||l BPIOW046-00
production of a nore highly safe rubber conmpounding oil with
‘adequat el y reduced carcinogenicity. [ 0078] The 40C dynam c
viscosity of the base oil (a) is preferably 60- 10600 nm2/s, nore
preferably 60-300 m®2/s and even nore {)r eferably 70-200 m®/s [0079]
Wien a base followibg wiroheries) Claly nesndedlent sabBnity dbr| essbemasoftening
me/s is used, it is prefen-ed for the 40C dynam c viscosity of the
base oil (alpropertins, Sasbooinh@id safedy nas wepras @ hagh Jesd-Spronerties as
15and/or that of the base oil_ (a2) to be 120-250 nmmR2/s, in order to
obtai n a rutbribhasngssupasitignoitclviling v duehspasaypnione i posparyies,
[ 0080] There are no particular restrictions on the total aromatic
content of ttherrpakagise repisianceand heatriesisi@nfavegrapdinn nass% or
greater, pr%g&g}bl 30 mass% or greater, and even nore preferabl

mass%® or gr pnaty grateaY aRogordingr ett e A hih Qﬁgss@kﬁ%’dggl
Content of ahetheddeCiontaly SO0 EvsShn e Buahosbametov,cr ETER Tbe
HEHR e e e e
PUbrf cant b EEaGr) aug priseabla e saegied than 80 fliszs apdemoye suriataly
ol 1 i o oBieaiTdRRJI0 TRESHet r of eum ref i ni g process as b whol o

1< phb or aoitg P61 Sk BRararals, ki d s i DR0BT e et
possi bl ¢ to HELRR)’ GBS i homsbeiabind ORSA or bt estwafnom
i ntai ni ng RRETAYRpent roassep OfErplsf i ARIEHT hoCaRtgt il 40
the. composi t1g1 SR ERBORe REgrBIY ettt B ATRARIS 5 a5 anal nore
b 12 The oda0d3) PN, hRlechnRt SRR of oBre S ATPIRL VUG TRl el o
A R S e A R R R

[ ubber - ConPRfABIO5 mdWh 9 EARY] S0 pRABPALY bid %féété’i‘ thiin 1Relss A

having a sui'tabl nposi tion or_n’;alnt I ning properties of
r ubber COMGfibi Abe) Y kitabdddbhOr fass)Pasg «deh hdle PrdfrdHigho
paraffinicity. [0083] e nitrogen content of the base oit (b) i
preferably QuBdtefigs?0 0 masse.
[0046] Saturated component/polar compound ratio according to ASTM
20 D2007 (Clay-gel method): Generally 0.25-50, preferably 1 or greater,
more preferably 2.5 or greater and even more preferably 3 or greater,
and preferably no greater than 20, more preferably no greater than 10
and even more preferably no greater than 5.
[0047] The benzo(a)pyrene (BaP) content is no greater than | ppm by

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
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20 or greater, nore preferably 0.05 nass% or greater, even nore
preferably 0.1 mass%or greater and nost preferably 0.15 nmass%P10-0046-00

greater. A high nitrogen content of the base oil (b) will result in a
| ower nitrogen content of raffinate obtained by the sol vent
extraction step, and higher purity of the lubricant base oil. Thus,

using a base oil (b) with a high 25nitrogen content as the rubber
conpoundi ng veaill yiedd pr efererleghly safd oubledif emnpeending pflawitnadéqudiely
entire vacuumdistillation fraction. FP10-0046-00 [0084] The pour
poi nt of thentragel ebhc¢mis ofscaveisfogeabdity.no hi gher than 30C and nore
preferably no hi]gher t han 25C. The@gour poi nt of the base oil (b) is

preferably $8048] ) Penzo(ampyeens EBaPhbl y 10C or hi gher, even nore
preferably 15C or higher and nost preferably 20C or 5hi gher. [0085]

The base oi I2)@nzesg)maean (BaPafi ned extract with a high pour point,

but preferabléﬁlpt has a | ow gl ass transition point. The difference

bet ween the3a UZMﬁ}@lﬂ&W@eﬂﬁéBQﬁéss transition point of the base oil

(b) (pour point - glass_transition point) is preferably at |east 45C
more 10 pré‘béﬁ%ﬁ?n%féfgé)st 50C, even nore preferably at |east 55C,

100C and even grel bk aISASHBHERS (han Boc. [ 0086 The gl ass
50C and pr Bhdteneyi FEGesRons ghiFR)The Ol ase transi tion 15 point of
base o1 1 (by) TEALRIBEHEGMAPBIERE “uini | o the g1 ass transi tion
7o0d 0 o bet BOEBEOCHEABGECTEOBHAR bace of 1 (b) has - cont ent

or cater t nanOATIE BRI AGUTIGRG B ofbds et ol M B Feelutod k)
L T e R
25[ 0088] Thgp%%% %dgh%%&s ?ﬁgﬁgﬁ@g‘% {‘56?33%8?83) %%(?"epa?ﬁ@g? &?{‘?iﬁated
oSty et Bl BERREAR BIOL A BOREARIN B SRS Rl
e A O g
rost prof or 1o S B sRPAnIR) B BLped AR IR BRI C0

of the basegg@{;o} Phel Aasi ?Bﬁitaﬁl Y5 BStsigher @;egglfa?'l% ggr?;gs% c1)'xrighe1'

preferably 50 mass% or greater, even more - pref

greater, yeniafre Sefé@bly O MR hidhet 83d SreftdhiPHo RIS aphy

65 mass% or greater, and prieferably no-greater ‘than 90 nmass% nore

preferably ngogCeaidie priederaBfy ﬁas’fﬁ%@gaf\ﬁaa%p@y@qc RS W SR8 Ry fedfbly

greater than 75 mass% [0090]" If the total aromatic content “of the
bas@@i | (bho BighesshbNB1EC. Magheo Iflash bbirktensk Liged dedéinf 116 Whé flaxh
obtain a rubber conpounding oil with high aromaticity, while a total
aromati ¢ comiod b@éedgbﬂa(tl@i/eldiﬁhoﬁénmﬁ)sg@()@)glQﬁe&@i@é@hﬁ:@@rcﬁﬁgrfthIS
vi ewpoi nt of econony since the extract 15yield will be reduced.
[ 0091] Pref &2Z6b.enbodi nents of the method for producing a rubber
conpounding oil of the invention will now be expl ai ned.

[0051] The difference 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.
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[ 0092] This enbodi nent conprises a first solvent extraction steg and
a second sol vent extraction step, in which the base oil (a) aniPB&s@046-00
oil (b) 20 are produced, and a blending step in which the produced

base oil (a) and base oil (b) are blended. The first sol vent

extraction step and second sol vent extraction step in which the base

L0 B R R A
and a pol ar Pé"%fe\?% fﬂ%@%@ﬁﬁa@%@%‘" Q(;aél preterably 4 & fFoRr Y more
B IS R
step, the fiRest Pl AN i higheg| | ahe AT sl o s eed BEMdiS)
terper at ur e 15 Hit ParCPHRTE e e ORI KA T oge of the first
pavi ng. a 15€008RoT s BRGRyRifo B RETRF L s PR IR IR0 T
content_of Qe SRR R9LAEL e AR 90558, SHBRE A0 gher
'?E gge?niii?%%éf"?é{a \%Lﬁé%%(cbllrl%? ir @%ﬁ*‘%@é’?}i%@ HghEE: éﬁ' %V‘E"?“%‘fiéf u?ﬁ%%,eog
Sol vent ot PALteaary; brafeRIS A9 HiEhb e S0 SRR, preferepf 80T o

at heri c 1@ksLq | i L duUes 6 u i a -
ol vant - ar dicy HBL, HeRAARNEOOC o ARG, A Uen, AlteTpRALARY
colum 30 hajgoqpoﬁh_{%qﬁg..omterrper ature of 30-90C and a top tenperature
that is higher than e bottomtenperature, to separate it into a

first raffi r[aoszq Atheanglads e fipdition! @ﬁﬁ-@ ye ROLARdSRENSA! id $he glass
supplied to the first &xtraction col um 3¢ t’hrough tubing 34.  THe

vacuum di st igh4fition JoiRCbbRinéd PepPihcefedle of tBefhhP EhaXse a6 ttheplass

colum 30 through tdbing 16. [0095] The vacuumdistillation fraction
is a fracti qramitieh nednby, | akr ogiéatmedc oBYONDITOIAFEieatidl Stdchhafrigon
residue oil fromcrude 6i1 25into a vacuumdistillation unit The
vacuiin di st idall@iimerter)r &cta dixeds tdtapepanid-clvating r&st (10@ingnd The
may be the light lube-oil distillate, mddle FP10-0046-00 | ube-oil
distillate, thaaly temiperatiure dist ubhalye, aboutt BORGLHAIRr éofver othdhethe
entire vacuumdi stillation fraction may be used. Fromthe vi ewpoi nt

of raising tamicipatstd pdase whnsibien§ i peinty obtai ledear cemipeeature, and
conpound- cont ai ni ng base oil, while also obtaining an aromatic
conpound- Seogeraiune ngldetomi s winitiated uiaftebl enzirgainsng y thisngmitiakh
that the viscosity is not too high, it is preferred to use, for
exanpl e, thdeaperatsoON,fopr ed erpabberibasd- 1Re0NM ared ntinee. pr ef Spedifigally,
300- 600N or 600- 1200N | ube-oil distillate. The denotation "N' as used
her eith neangnessurement snay bewomlucted vodeniine dollowing kenddnsior this
distillation fraction, and for

embodiment.

[0055] Apparatus: DSC Q100 Thermal Analysis System by TA
Instruments

Initial temperature: -90°C, maintained for 10 minutes

25 Temperature-elevating rate: 10°C/min

Final temperature: 50°C, maintained for 10 minutes
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10exanpl e, 300N neans that the viscosity at 100F (37.8C) is 300

Saybol t uni versal seconds (SUS). [0096] For this enbodi ment, tkB10-0046-00

vacuumdi stillation fraction is preferably selected so that the base
oil (a) has a viscosity of 200-1500N, preferably 250- 600N or
600- 1200N and nore pr ef erably 300-450N or 15700- 1000N [0097] The

PO PTETDOSHT T4 Bl b AL B0 R Tl B e
o S BT SRR B S s T
Pl ereoLy, FRSEEIIIS T I, ebs% e
s St B s D Ve e
o <P 57y LPAAAAZE0. By, O 1R S0 e AGRABI, T et

vol une rati t vent with PP 10-0046-00 respect to the
starting mat erl al” (sol'vent volune/starting rrat erial volune). [0099]

fracti on ar 600 8‘1 CRoO S SRR, SRRy, LR 2OD- PR, B
i 2

ol vent i< R neiptﬁ@qﬂéh E‘éﬁeﬁ"%%h‘?‘%?{l? K A0 T Rl

first extra%b&n /saoP Pf aﬁ%g)r fdrably Abf ‘t& ﬁ{éﬁﬁ

t he pol ar solven 'S o al ned t roug 1’ng rom t'he c¢ um1 top.

| ncijdent al | pogohenPRNGnSfe ﬁ}?@fefréﬂﬁ n@ng ey fh UDOPAAAP/sSRAY &fert S

10 fractionated into the fifst extract polar solvent in a

fractional dhoid biefeiddlly G priteiHaa800 9P/ hore d dhenkit et he

first raffinate and polar solvent may al so be fractidnated into

first raffipatk @ehae, sl vead héret,! (9ché ofphardliS tisdifyoRt each
columm, which is not shown, or it may be introduced directly into the

second extraexh[pefatﬂlﬁe:ﬁisamre@admdrﬁ td JECKR083ti on. [0100] In the
fractional distillation colums whi are not shown, the polar

sol vent fraf0069hiéed 10G7C td‘}&lafmnbshseeiilty’mﬁ gendrdlly $0-160 fnhumétse rhére
recovered and reutilized. The pol ar solvent may be a pol ar sol vent

such s fur frefdrablyhefiahm’ss es areatenldnd enen niibm% roferply 30 gan&s or20
di met hyl sul f oxi de, fornyl norpholine or a glycol -based sol vent.

Accor di ng t @redties mﬂaqﬂefﬂrably for gneatdr thmnp 66 mnas $.ymuese hrefeabish&0
vi ewpoi nt of allow ng utilization of comon sol vent extr action
equi prrent annmlzlslﬂnctamn izove ieferably no [ppedret thamu3?2 mimé/svacuum
distillation fraction is separated into the first 25raffinate and the
first extrad¢f060] fllhe aniline pointns goneraldyi Hor1O08E, miedenably HAIC tdre
first raffinate obtained in_the first solvent extraction step is
higher, more preferably 65°C or higher and even more preferably 70°C
20 or higher, and preferably no higher than 90°C and more preferably no
higher than 85°C. The "aniline point" as used herein is the aniline
point measured according to JIS K 2256-1985.
[0061] The nitrogen content is generally 0.01-0.2 mass%, preferably
0.03 mass% or greater and even more preferably 0.05 mass% or greater,
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

19



PP 10- 0046-00 preferably 50-90 vol % nore preferably 60-85 vol % and

even nore preferably 70-80 vol % based on the vacuum distil | at FBA0-0046-00
fraction. The yield of the first extract obtained in the first

sol vent extraction step is preferably 10-50 vol % nore preferably

15-40 vol % and even nore 5preferably 20-30 vol % based on the vacuum
distillation.fraction. gloz Since the indicated aromatic .corrpou?ﬁ
(PAH), nent BHEECB eFERienE QCa e DY d CRPMIAENGSERNes: 13501 diggd Ty  the
first sol vemgﬁr action step, it is possible to adequately reduce

t he content di cated aromati c conpounds (PAR) in the second

base oi | obiAPREN e CHOA TS ERBeGUBE St bt e Gy %Ztﬂg'ﬁ?g%’%%‘r L
extract contains_indi ed,aromati c conpounds ,(;PAH) an re e

t_eltnds to betrﬁﬂ%?f’fé]r%rggﬂ_t sf%_crruaﬁtaé%fp_t Bt F?éIXrE%L%{g@Féfc@ﬁﬁoziﬁ%
¢ bah,hﬁcﬁ?ieﬂﬁﬁ%q brerhul iy by A7, L SRE, %a'&ﬁse#g%l%‘ﬁ%%r P,
base o | or ElBePbloi BharRgel And e, npeRialiis 27t 'afBpler tnd
SRl 5 or " orkRrBbIOho HRaRECAAN 12 Hians MRS RON B Agh SR

70 vol % or grea bas on the vacuum racti on, an

th f t i ti At aipi
20base of | oY PrrOrepraier ALY HE 2oy R AN, | RO RO TELFOR Relluiy,
[ i nt of | 4 zatd f . |
{he Becond oo vent Cratc 1% EF §Sie? kP RRHETRRIEADIZ S0 of Bttt dhd,
ft first ' I [ '

i ot sol verreRa I RP AR P R R B e BRSO s g6,
into the 25sEgondCexract kAl SRt IhIALs LBFQYED thulioa éuﬁtrtﬁet Bk

44, respectively, and the first raffinate and polar solvent ar

contacted i RpkBificatich- A@4619lsse CoMEreide agidcfied Ol gin effi@e of
second extraction colum 40 has a bottom tenperature and top

t enper at ur e gahaffirde earlesRe Glitly eddpedt td eorl cAlobalifs ﬂi@ﬁ{k&@ﬁﬁ%e%f
e (6]

the first extraction colum 30. [0104] The bottomtenzp rature t he

second ext r agiphtierdo! darbodd withis€shdcd thhets aa@bens ahdethe serceaticeonf
step is at |least 10C hi gher, preferably 10-50C hi gher, nore

prefldy abl y hver€ichi @hibonsinditlverespoce for efoedlabdaybafs,3Gesd@haly, tawn
the bottomtenperature of the first extraction colum 30 in the first

sol vent ext rdet¢rinoinedtimptheSpedidd ofIASTM Be3D38-185nir-dAvikeriag wnalwdfis). he
second extraction colum 40 10is preferably 40-140C, nore preferably

60- 100C and [8065] Mireetopaledronadtiq ctcdb @5 gbndtdly TOO nmssBiypeefarably
of the second extraction colum 40 is preferably 10-50C hi gher, nore
preferably ¥8) a0Gsht ghvegreatet endnmore preferably 50 mass% or greater, and
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 2549,
[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

20



nore preferably 25-35C higher, than the bottomtenperature. Mre 15
specifically, the top tenperature of the second extraction col Liftd049046-00
is preferably 50-150C, nore preferably 80-140C and even nore

preferably 110-130C. [0106] The solvent ratio in the second sol vent
extraction step is preferably 1-4, nore preferably 1.3-3.5 and even

nore preferabl 0 3.3., The,solvent ratio in the second sol yen

ext ract i on §|{e@'§uf%§3%r%qré‘r%ﬁd§ e astolyery ‘?’gﬁ%“stl‘ﬁhét%We?rﬁ? Bf (5’1\;n
;lofar' ol vl hi Xt@i‘?ﬁ%ﬁq}%ﬁgﬁa‘%@?7 ”%n?éé%g%%fﬁ@ﬁ%é@f&}hﬁ%n?
W i nsi . X [ .2 -
?eﬁond:éngfh ﬁaﬁﬁ‘é?ﬁbé?ﬁef TG R higRera T %?ﬁiga%ﬁéih%pﬁé: @
30 whi | o HSRLE SORSUEE JE L Aisihaahat TR elten L SEn{dk
obt aged v @udly A 4R KUMLL den Ry R ot PRLRERLE AN 407, AL
2%Coreners" 6 RS R 08 A A, .
ol vent | n S FFmet B eBRREHE MY Pabifny BRAIGIEA HaPBof JF Siirtierc
the fracti onalimhdd |egidun ofObyMaSsHfEAN BcABh SRBNN: hNMAlPloil

sol vent that een separa fromthe secon tt and secon

raffinate i ?ré@ﬁ@@ﬂié?é@ﬂ' a@ﬂdh%\gﬂg a igped: ¢ vi@&%ﬁﬂgt&%(ﬁ(ﬁ b¥tn?/s or

raffinate is separated rnto t econd ratfinate an econd extrac

in tip seco[)gtc}e&tféh-y@ﬁltanﬁﬁieé nggiggg % ﬁﬂ/’%hé?hﬁaﬁi S o 15h€ S&EMf 0.94

raffinate obtained int nt extraction step 1s

preferably 50cO8 obbatérOrados abedladiomn Al 88nkl %GB0 BV WY Breater
15preferably 70-85 Vol % "based on the first raffinate introduced Into

the second extbadihbad ASTWID4349TheThé akdmatictdienseeeddomidihy base
obtained in the second solvent extraction step is preferably 10-50

vol % nore pikf(a) afiereddd4O refdrbecand avermbamer &ibr(ai'yr abdy tHd-a0nyatde

[0109] For this enbodinment, there is no need to use separate

extraction Z@nepbuwndeoatrihing basstoibifd) Remuhdextiefatédnocad Ubnse oihd
one extraction colum may be used as both the first extraction col umm

30 afd secorft)exwilaabiobe egplaimedl0. In this case, the raffinate
obtained in the first solvent extraction step (preferably with the
pol ar sol verjf)06&hidedpasenyilie) iis psefepilElyesh hromatic agensonid-esntaihak
and introduced into a second 25extraction colum 40 in which the
extraction dasdidil with hdetallrrematttj osnedt od IthmassHd bt igneatent oviamed
second sol vent extraction step, and the FP10-0046-00 second sol vent
extraction drepefiniag reatment ofita. setuns vafifinate lobiaioed dssiavBrgosolpepht
i nvestment to be avoi ded. )

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 than 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 extraction 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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[0110] In the second solvent extraction step it is possible to obtain

a first raffinate, and a second extract having a 15C density ofP$0dx)46-00
5 g/cnBor greater and a total aromatic content of 30 nass% or

greater. If the 15C density of the second extract is 0.94 g/cnB or
greater, it will be useful as a petrol eum based process oil or its

base material .in a process for producing rubber such as tire that_,
enpl oys di e GOIVEBRE Pg@lnwwﬁrﬁgﬁn@ﬁq i AiSegoRd €3 tFRt GRVRIE 71 55C
process for progduci i ene rubber, 10 havin hi gh total  aro iC
Dot ent o <R oA G ERmnor areaish #d. o Ioieh rtprs GanHtoE 39
| arge differencg, between pour point and glass transition point. In
addi tion, am&SeheXi&S&E mound- cont ai ni ng base oi | that is useful as

or it5 base [ﬁﬂlﬁlﬁl e Eﬁ%ﬁﬁ%}?@eﬁ?@%ﬁgfd i FETae i r;fsg”f;a%id%%g %%%%%i)l
obt Sisnedt seoieinedy PFaBlnE fidiied "R [ R ner bbb ERE U @
i 94 0 , : 0, 92
o cns and. ever oA gare ull i G heReBEh ) bR SIRLEI iR g dere
content s prebaiallivoaBamssHe P10 A2 8RS 1 0900 SR ATRREYeE
0 gredtér and even nore preterabty nessY or “greater, dn
Feterred 1o % RPRLONIt neoaralont R o A BLPgl MR JOREW (2)

oA val ue of Hsis & AT BHREe Wscosig 0P EE AN 38 A £HbYE i ®
prefgrably 232509 ARRaSUDOFLBRRLIT ALY EHIGEREB =ci6F 10 0046- 00

[0113] The second extract pretera t he OW ng properties.

Fllash poi nt 3086?1 q’}ﬁbﬁéfsezéﬂ?bzis ?E@ﬂé‘?&bl %{ﬁrcﬂhﬁﬁér@%ﬁo&ﬁﬂ@oﬁfainingn
hi gher and preferably no higher than 318/C. Pour point: Preferably ™o

hi gher than 3Q6 @i!['%awg @ﬂ@ﬁgr%ﬁmi&vim o000 AENHYI dit greater, a
Preferably no higher than 90C, re preferably 40- 80C and even nore

pref erabl y $ashOfoint GraEs)°0 BRHiEhe ansbilt poik SaieblghdrahBhGIIPC tdian
-30C, nore preferably no higher Than -40C and preferably -60C or

higher. 10 dpifihergsiae diehvekizheeuhapof0tCandgldsasgahsitionl pbirt odiny
(pour point - glass transition point): Preferably 45C or higher, nore

prefegably Jagher therghe0°@nshdeyedifimetceoéfgriabity4 SICT wutwieghtbie, paund
preferably no higher than 100C and nore preferably no hi gher than

80C. Benzo( )qiyt ane tleoptesstranBitedrepanity no greater than 1 ppm by

mass. 15Total content of indicated aromatic conmpounds (PAM:

Preferably rf006B8¢afier batenail ) ppmréferatlysan aromatic compound-containing
base oil (b1) having a 40°C dynamic viscosity of 200 mm?/s or greater
and less than 500 mm®s and a glass transition point of between -60 and

20 -40°C and/or an aromatic compound-containing base oil (b2) having a

40°C dynamic viscosity of 500 mm®%/s or greater and a glass transition
point of between -50 and -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 viewpoint of
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[0114] Next, the second raffinate was subjected to refining treatnent
consi sting of dewaxing treatnent with a dewaxing unit 50 and FP10-0046-00
hydr of m shing treatnment by a hydrofm shing unit 60, to obtain a 20

| ubricant base oil as refined oil. The aromatic conpound-contai ni ng

base oil (lubricant base oil) obtained in this manner may be used as

aromat 1 0. cobgbUHEEERER: A Hip DI OSPOLUBAE o NOHEUETIthe pos peine
e e, SR R R (S R BT
pref el abl y & BASOBID YA A0 5ia50bNS THERES i s10Sbhy SSBRPSIPIe 10

dven ror o pFEFLY WP aubbd CopindirERAg0B BESONE R BHSE B

(a2) of 700-1000N. 5[0116] A vacuumdistillation fraction used to
obt aii a SOMF%%PL@%conpound-cont ai ning base oil can potentially

S e AR
_(I:_ﬁrenrag]lcj(r;(r:l-ef:oﬁ%%%?%ﬁd?@egl@%?{edgﬁéréﬁy ?Oﬁﬁ@égi |1§§§)OE; and
700- 1000N | pr b 2?%18}%]1 ‘WE«’S S%hﬁ%bﬁ%hﬁzﬁg r%ﬂ"bﬁa?i‘ié Of' hi C_er ana cven
aromatic conpaumArasHIaT Gt dtighet oS BeseolefiESH BB oo
o W opar afieh i POl PR AERREEEAICE A6l RHLRBEL LR ERind of R
ace oi | i Cron Eo s MERAIER ROE e i Bt CEOTRRAPaRRT 20,

In the baseﬁlgélrg@mr@{ i&ﬂ;tswg &bh8o O 1KKaPEE Otk CAWASthg

20 and seco _ _flnate are used to obtai n an aronmatic
CO”DOU“d'Co@bﬁdi’t!iélgsﬁﬂ%%e@&'to‘ﬂeték&séi%ﬁl'sﬁ{ tic content of 30

mass% or greater. Al so, the second raffinate y be subjected to

refining tr qgovrzr gmﬁrmiiﬁﬁb HbiHEWRIH Badd ]@ﬂt(ay‘[st %retf@rsz@y aiioqg%of gi;g;}fé%,d

oi | (dewaxi ng oi aving a pour point of no” higher than -

ani lise poi fhokf PQ@B@rzﬂﬂgz%‘i’@hGﬁ highatl 868Sd¥eh h@&%ngéfe%lgrll%@t&*
and a flash point of 250C or higher, which nay be used as the

aromatic Comﬁghmd- cRrirai theng/ibaseintFBI 1Rrci4em@0 predhctidh eoff &f ribbar
treatment preferably includes dewaxing treatnment and hydrofinishing

Thi s can easbhmypyureliigarvibr bawirge gondtabie cantlaieni pairkader oiekchbiyhng
a total aromatic content of 30 nmass% or greater. The refned oil
obt ai ned by cohepatiility wgith rebberahddennbéntasuithalprppesis ef tiee rubber

| ubri cant base oil or rubber conpounding oil, or as a
composition, it is preferably no higher than 120°C.

20 [0073] As the composition of the base oil (a), %C, is preferably 3-20
and more preferably 5-10, and %Cy is preferably 15-35 and more
preferably 20-30. The %Cp value of the base oil (a) is determined
according to %C, and %Cy, and it is preferably 45-82, more preferably
60-75 and even more preferably 65-70. By using base oil (a) 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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base material therefor. [0119] Wien a 200- 1500N refined oil, for

exanple, is to be obtained fromthe second raffinate, a vacuuntP10-0046-00
distillation fraction with the corresponding viscosity nay 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 s or greater_.and nore preferably 250 /s or
greater, and ﬁpyn?gieaWI%?ﬁlBPﬁaf@r MARRIBHE theoPropsHdesewanthforabber

preferably no rea%.er than 2000 mmR/s. [0120] In this step, it is
possible to Ct%}?]é‘?ﬁ% 19R- ar omati ¢ conpound- 15 containing base oil with

o oL e, SR AR AUl R L
Sovt oS AR B A e U O R
st or o ek sk, HSL T CaLO00 dRute " MRTELLS SR i

ot from { nSlecitny ¢ PontiderRg”BRE SrBabbash ' BPsLotorpiar 2usbe”
S'olft i 'g'naé'f “HoatBSdial Gural bEdsthetdd dﬁéfé%‘iaé@ﬁﬁ'cﬁfé BrB0 i gL daw
. o5 . i . , ° .

cecond extr Sabiarrednisht RCORILIELY 0,002 BREQDF STkl Sstipors.
directly us egme':‘r?ﬁlg/uojﬁﬁylgag%iq? chage oil (a) and base oil (b),

respectivel t a base o reparation step. [0122] The vacuum
di styid | ati i d t i : ] ' f

el ot ed a0 Laomebar KAt Ee PR Of e b e 02302 R f AERA8 o

) t bt ai ce i . : .

E)rZJpe?t ioes?nggfbcrg-g%)re%gﬁc?g&)h&%?gréﬁﬁglIgblb\?\ﬁug)r% g l uEr)ivl%gﬁlt ﬂgglg@%gﬁ Ofof

300N or gregtsge(Rpe higieesy, fian tROEwDohR PRnGPEAIIAS dvARIPAREISihitlA)

a vacuumdistillation fraction corr‘be@pondi ng to thgs fraction may be

used as st ardfl flevEiehhdirdoig [\;Iyegﬁcﬂbﬁnﬁrdaﬂ@ﬁhp anBeHASR Biel f19§h ?8%! oF

greater and 10 |ess than 600 s the base oil (a) and one wth a 40C

dynani ¢ vi sghsibaye @il dBEhigh dideticesfond dhé Ehshtpsint DEChEWRLS oil
preferably 250-350 I's and nore preferably 250-300 nmmR/s as the
base] i | (b)a) dbeouoh nebd thilseshighiee thes ordesalry eiitis Prtfarablyono Higher
and in sone cases through a refining step. 15[0123] For exanple, when
a | ubricant thas@96PC afd 6le p20Rably hehhthertthah ?80°as base oil (a),
a vacuumdistillation fraction corresponding to this fraction may be
used as st arf00NAG] Mitee90% poimt afhihei ase dililfa) oaC kiistllatidn & 500°C or
600- 1200N as the base oil (a) and one with a 40C dynam c viscosity of
500- 5000 mivigher amd pfefesditly HB62000. mivrsharidsemik(al)Gispomes sroalel of
900- 1500 mm®/s as the base oil (b), through the first and second

sol vent ext thethasa ol dp3, thid may send 10a586°E handdor rthei rsegoil (a2) as
treatment. [0124] As nentioned above, base oil (a) of this enbodi ment
may Xk 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 oil (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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obt ai ned by subjecting the second raffinate to refining treatnent
25i ncl udi ng dewaxi ng and hydrofini shing. The base oil (a) obtabRéd-00v6-00
this manner (lubricant base oil) has a total aromatic content of 30
FP10- 0046-00 mass% or greater and preferably 30-60 mass% The base
oil (a) can be obtained as a lubricant base oil of preferably
200- 1500N, nore preferably 250N or greater and |ess than 600N, or
600- 1200N, 416e evidr arprimapr e emeh bpvawn 2450% qroind®@f16501005(0irsFC
From the vi ewpoint of obtaining a base oil (a) and base oil (b)
havi ng redudBdlllé@i®ent s of the aforementioned 8 indicated aromatic
conpounds ( PAl ving mutual ly different yiscosities and _high flash
poirrﬁts, t he [95%21 gﬁ%e fase ¢ (%5@8@@@@@%9%@0@ a@er@r(B@lb)ﬁm@dms
0126] If base oil ( i s. 60Q- 1200N and preferably 700-1000N,, it
[10pr of er abl InBROYROH Bmfem?ﬁg 0 AT ethann | aBEMY jb5h masst fads peftal ¢
[ [ . | ' [1y. ,120-250 / d
D oPe by SRS SiSa s ThousaS TR sy o B S0t
distillation; 450-5%?(10 and 15preferably 460- 3?00. 90%_Pai nt .i.n gas
chr omat ogr a;ﬂfypﬁ‘?@ﬁ Vappog.regﬁ’é-tgéﬂcléanﬁ? Lriagpy sedusopdl aligya
I . 0 -
R S N e R
enbodi ment, it is possible to obtain.a base oil (a) and base oil (b)
havi ng a cor‘rf‘flgﬂpaﬁyF%‘ﬂff%egt%cﬁ}%m?lg"conpounds (PAR) that is bel ow
t he specifi . t i ndi cat.ed ompt i ¢ _gonmpoeunds. (PAR) . as
used herei n?ﬁg?ﬂiheolm %&ﬁa‘?gﬁlﬁdf’ﬁ@% ay 8%@;3}5 (Pf?f%é 560'
(PAR)y liste T ' K aseE  0j of thi
oo ment - oQPE Yy Ao e Bhb1 B0, 300 iS5 Pl EPdiapBly Wgferably

greater thamnl %]_lhy mass, and a total content of the 8 indicated 40
2b30: 0046. 00 0200 Thid¥/s

[0079] When a base oil (b) with a 40°C dynamic viscosity of less than

Q

2000 mm?/s is used, it is preferred for the 40°C dynamic viscosity of the
base oil (al) to be 50-500 mm?s and more preferably 60-80 mm®/s
15 and/or that of the base oil (a2) to be 120-250 mm?/s, in order to obtain a
rubber compounding oil with a suitable dynamic viscosity.
[0080] There are no particular restrictions on the total aromatic content
of the base oil (a), 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 preferably no greater
than 45 mass%. If the total aromatic content of the base oil (a) 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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aromatic conmpounds (PAR) |listed as 1) to 8) below of no greater than
10 ppm by mass. [0128] 1) Benzo(a)pyrene (BaP) 2) Benzo(e)pyreh®10-0046-00
(BeP) 53) Benzo(a)anthracene (BaA) 4) Chrysene (CHR) 5)

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

Benzo( k) fl uorant hene (BkFA) 108) Di benzo(a, h)anthracene (DBAhA)
[0129] These indicated aromatic_conpounds (PAR) can be quant| tatively
anal yzed by amﬁwmgy@ﬂswhah@«e easpwnay iodrthametcdasentefmingroioreshe
conponents of interest r|n a sanpl e containing an added

i nternal st &%y Oéﬁb‘éi léﬁé toiﬁ[ 9913 The base oi | (a) and base oi |
(b) are suit | u |cant ba uhher co d|n ails, or
base materi iﬁgggh% 111?!‘1%91589 tb’?l a@%Pﬂha)S 1§ P§9 ﬂ@’r “Codner
content of indi.c c ,conmpounds (P poi nt _ of
250C or hi g%ﬁ%f‘éa%ga‘*gbﬁ% dndrewin H&)rﬁ.@ﬁ? abhé%% @i‘fté Ef ithe pgilne
t herefore suitaple a ubri cant b 0|I Furt hei beca

the tdtal amSialicwa éi’ﬁs {euTEge TR0 heoPORBl: & Canl pﬁ(ﬁ@qea%gugﬁer
transition point is noh her than

oetr ol eum baSBPHIBEO AEvIE 8&?%1#&&00&'@%%1?1%&“31? Sua6Sh Shd haging

e o o .%&F?}aﬁ%—]d a&@ﬁ}%ﬁiﬁmﬁ o Bty Prwaey o B Filbber
Pt ey ang Sorpadhi8ir bued if § SRl TL6HER @%ﬂt%ﬁfln‘?fﬁhf@ﬁfwﬁ%ﬂme

t han - 30C, Ié ﬁfm therefore be used as a petrol eum based process oil
or extender FoF or as a base material therefor. [0132] The base oil

repd ot onopEe! é%%%féo&p%'sﬁf@}é ¢ Bane B O Voo altfeaaily 2545
:)gt \gﬁsgl ;15551 pet roﬁ&clg?gfé p?’?&gs\ég?’feor elxs'g é@%l% o&l %gza(?tl cul a%e
suited for GoERGUBR M1 ¢ Mgl eAe, YORR! s MALRAIRIP Wesriby Aldwg,

such a petradl eum based process o P or extender ol Iene

can, X001 Bl smamanl 95 M i ARERARL gt g
expl ai ned abQygpodE6A" & it basé HE1 PHPHUGHIAR 1B hatsafi tt\k}ﬂf be easy to
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 nitrogen content as the rubber compounding oil is preferred to allow

effective utilization of the entire vacuum distillation fraction.
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enbodiment it is possible to obtain a high yield of an aromatic

conmpound- cont ai ni ng base oil having a high flash point, a | ow §Pa8s0046-00
15 transition point, and a high total aromatic content while having a
sufficiently reduced content of indicated carcinogenic substances. It

al so has properties suitable as a |ubricant base oil, petrol eum based
process oil or extender oil, or a base material therefor, while

al | owi ng si di0B4hddesppunpentii ohtled besveikib} jppscfetrablyommttiigher than
conpound- 2Qcont ai ni ng base oils with different viscosities, and. it
i s t her ef or 8054r ene gneve prafewbly nonhighgu dhay 2570134 harpeup aointoef thea)
preferably has the follow.nng properties, Pour point: Preferably no
hi gher t han baseoihgnes ﬁ}féf%”ﬁhﬁ’l §‘p¢a ®rrrigher, magmpreforeblyid G5 epehighey,
-20C or higher. 25G ass transiti point: Preferably no, higher than
-30C, nore @W@ﬂemﬁypmf{amﬁﬁeﬁ%ﬁaw mg@%ﬁademtr@neiermbive?%ﬁyomo
hi ghg FP Jhg 0046-00 than -50C, and preferably -60C or higher, nore
prefetably - gRE. or i gher, even nore preferably -80C or higher and

i aher mor SOpYSE he o0l G may e Aaele FskeviFakoRdbE] HOSC
O e S e o R Aol K Yrence
2! e 30 B8 GLERURL SRR IO S S S dolP BBt I
hi gher than ,310C. .Base,oil conpositioen.accordi ng.to ASTM D.3238: The
och | s pref SPANT Poust ceid LR, moPl) SR BT e dlRa™t A bomers
Phark . opm Byefeead SERESH S0P EREngRO Breerudyaioia 35 Cnablinhes
(0 1S 015 L OB RS BN
e or et ot e HOSLERER gl 2Oprefraly e e
[0086] The glass transition point of the base oil (b) is preferably no
higher than -30°C and preferably -60°C or higher. The glass transition
15 point of the aromatic compound-containing base oil (bl), 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

27



above. [0136] 40C Dynamic viscosity: Preferably 60-120 nmm2/s, nore
preferably 65-90 nmR2/s and even nore preferably 70-80 m2/s 25FPQ%-0046-00
Point in GC distillation: Preferably 400-460C and nore preferably
430-450C. 43 PP 10-0046-00 90% Point in GC distillation: Preferably
500-540C and nore preferably 510-530C. Total aromatic content (ASTM

D 2549): Preferably 30 mass% or greater and nore preferably 30-50

mass% 5The Refreleuimagerrding sodho drppnesediseiIarxideohavt, iwhbichhinecifiee
present specifjcation, is the value nmeasured according to ASTM D2887.
[0137] An ardoif@silcPe Ra0cenexi highgr Hat aubber giongpoundipgnodsd it 1S

preferably 700-,1000N, the base oil (a2), preferably has the
fol | owi ng prﬁiﬁgﬁrﬁggé Zsﬁ%gddﬁf tﬁ efsomfl}i@sﬁr%ﬁ@mblﬁn@aoaéové.hlgb‘?@lg‘mﬂ

e N T e T
540- 600G andOREOL T Rarh B gmads. eamsent o ik bascontl: (0 BomedhRbiAdT
and even monBAGrSF 2BPhomisue oo 1 S0pHeoh AT CYB) A
oxtract or SEGERRD 0 IERYAUGt HRERBo¥ ! JBOM dRalBpoBa A Tt or
2150 be a DISRAESAhanoN R EHIT 6 dRePRak eiPsisBohd eyiably o
The base or 19ERE thS B ESsTY, Bt BRSPS Brels HasL B umathamid
Vi sl ty Ofe 2A0nBPE e B alfll SR SleaBnhfiSA MiRQ00 Me/s and 44
[0090] If the total aromatic content of the base oil (b) is less than 50
mass% it will tend to be difficult to obtain a rubber compounding oil
with high aromaticity, while a total aromatic content of greater than 90
mass% is not preferred from the viewpoint of economy since the extract
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 (2) 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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PP 10-0046-00 a glass transition point of between -60 and -40C and/ or
a base oil (b2) having a 40C dynanic viscosity of 500 nm2/s orkP10-0046-00
greater and a glass transition point of between -50 and -30C.

[0141] The base oil (bl) preferably has the follow ng properties, in
5addition to those nentioned above. 40C Dynami c viscosity:
Preferably 200 mmP/s o reater and | ess than 500 mm®2/s, nore
preferably 96 3PeHt’ér Ql'hgrﬁ 400 ﬁ@mp§1’aﬂé¥ﬁeﬁh%rlé b thsny the beléemer
than 350 Mm2/s and nost eferg) great han 300 m®2/s 10 G ass
transition ﬁ@mﬁ@ratareeft@ A BAIn ﬁ%’@? exfagt. rmkéthe second
preferably beE’ween -55 and -48C. rr%rl' gm Pr ef er abli/ C, nore
preferably B ﬁ?’@ﬁ‘étﬂo%nﬂ%véhe . grdiratapeydoacre armsg @it are
Di fference between, pour gm n and gll ass tran ition pﬁl nt our poi nt

-~ 15 gl ass PPEAded iBri §ePoR SR8 37111"6’0 A¥Hhidg %ﬁto rgperature

D B P e o ﬂ"ﬂ%f@tprﬁa@r iﬁ%ﬁygﬁerﬁmg%her e

?rﬁsc%s%l?; ar ERPERRRGiGT Hpan. 8 oBBe A a&glgr% e”"%&rﬁiﬂhemw
80

mess% [ 014 %ﬁ”ﬁ‘sié L@%;:(?E@ préﬁ Jgh;’é%higr 1 73 1l o cromate

properties, o] ion

seosi 1y SPRRALaT B sbe & o g Shgs R P66 ke

XLSS?ZQEXr g §R£ reférably%fogg m/ s 25§r great:? and s

preferably %%‘&gégﬁgﬁgFﬁgﬁ 5000 m2/s, nore preferably no greater

tha 000 nggq%%gnd even nore preferably no greater than 45

FPl 46 0 mR/s dass transition point: Preferably between

-50 anpl -30 1&?901%1(1{3@%/&?&?9{ bet ween -45 and -35C. Total

aromatic co nmass% or gr ter preferably 60 mass% or

5great er g PigheRRkys RS IO BRSRLR 0P SYEUIRR extraction

preferably
step and second solvent extraction step in the method for producing a

rubber compounding oil according to this embodiment. In the first
15 solvent extraction step, first a vacuum distillation fraction of
atmospheric distillation residue oil from crude oil, and a polar solvent,
are contacted in countercurrent flow in a first extraction column 30
having a bottom temperature of 30-90°C and a top temperature 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, middle
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80 mass% or greater, and preferably no greater than 90 mass% [0143]

When a 200- 1500N aromati ¢ conpound-contai ning base oil is to bEP10-0046-00
obt ai ned as the base oil (a) by the first and second sol vent

extraction steps, the vacuumdistillation fraction corresponding to

that fraction 10 may be used as starting material to sinultaneously
obtain a pr?duct as th ba e oi I}@E}b) haV| n a 40C dynam ¢ viscosity

of pref er abllybowol ﬁiﬁ@l pextlabe il di eteamryaziﬁ@ndn@egec& or the
greater, and preferably no great than 5000 /s_and nore .

pref er abl y r?éltlé?éféﬁl%tln’t tish 1 latioo. %ﬂnﬂfﬁ’e dysed.oi From therndeppodniop]

(b) may be obt ai ne pro at y sep rating off the desire
fracti ons byaHiRgi %{]@é% Pst allyeptained yrogaghis Gamapound-

restriction on t.he viscosit. he vacugm distillation fraction u (g

R b tt%:tttig%.tﬁ%@fﬁ;@WW

p][ ef ﬁ{: agl y Ox?lg%‘ E?%Et Et I%ﬁﬁc?lngm ?P’éstf:P:S ﬁﬁg‘éﬁg ;ﬁ‘?'tethﬁr"éﬁé‘?s@Wes
G sti 1 ars oS ol ey High B B Brere it 8 i roaxarple theo2ih RO
oroater | and BrE8aBhS 230y ErB TP RN (noEE e B 300 Bh0NC o5 g0 200N
ised as t he 1Bpif HEBHAET| TR8 RCLARRE R did B eliaisBebTRis
g Z’ i;og‘a g%eﬁf*f%’i g t?%“%ﬁft’ “Bpftb bR %?%t@él@ittﬂ;%lf e@%ctwlrana_gso ®r s
conpound- con%éag’lrt9 %base m%lflg1 Wﬁ][@}fq e ggéggﬁgmg 13@’ ogto’?& g:f) 506300
Tha even porti® e‘?%ﬁabfﬁfé%‘@%%%&% e *i s bbtainod xs.the base of
(bl). [0146] oﬁbég Fofrorthi%xa%iHBSm t‘hé Q’F‘b‘?&% @ﬁﬁﬁaﬁ'bh %action is

600- 1200N | e obtal ne ase oi
di |1
istillati ogpréfeast}ptuea%ﬂe%%a@'ﬂt@baﬁeﬁp hﬁ@%t\h%bﬁﬁé’o?? OSEHAS,

the starting naterral int and sec vent

extraction sheRsabRf 856LGIUN GN600.ATIONG aﬁﬂ”ﬁﬂif@ﬂjr%?él‘aﬁl 309 HoeQ Q|

of 600-1200N is obt'ained as the base oil (a2) d an e tract
(argmati c compoupdoriont ai ni ng base oil) with a 40C dynam c viscosity
of 500-5000 mmR/s, preferably 800-2000 mR/s and even nore preferably

900- 1500 MEN697| THDbeeeckeamdrhturd BTahe k! e4hadtioBebhlinh PSRN

is preferably carried out in this nmethod to obtain the desired base
oi | (a) andthesfrwisolvbnt ekBhéfibn! stephls BOPORDY pséfepablg SOUIGIC and

conmpoundi ng oil is prepared by blending the base oil (a) and base oil
(b) obtai nednare gesferailgdSBBGYE. i fThe top temperature of the first extraction
column 30 is preferably higher, preferably 10-50°C higher, more
20 preferably 15-40°C higher and even more preferably 25-35°C higher,
than the bottom temperature. Specifically, the top temperature is
preferably 60-120°C, more preferably 80-100°C and even more
preferably 85-95°C.
[0098] The solvent ratio in the first solvent extraction 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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a prescribed proportion. For exanple, they nmay be conbined in a 20

proportion of no greater than 95 nmass% of the base oil

0% and 5 mass% or greater of the base oil (b), based on the total

mass of the

rubber conpounding oil. It will thus be possible to

obtain a rubber conmpounding oil conprising the base oil (a) and the
base oil (b). [0148] The rubber conpounding oil may al so be prepared
with the bagespsdi to (e astarang wimateual t folvenindiolymeysipriingwaiaserial
fromthe viewpoint of obtaining a rubber conpounding oil with a

sui tabl e dy
10-70 nmm®R/ s,
and of obtai

B9} scosity H10-0046-00 (a 100C dynami ¢ viscosity of
Brefera ly 15-50 nmm2/s and nore preferably 20-32 m?/s),

[APRY] Andshdhescompbdifiony oie neleh solvent eiwhd&eovaguum

| east 50C beiween.the pour point and gl ass transiti Oﬁ point, the
9

m xi ng pr opétstildsion hackiopaaie epmtacted mscpunisraiseni,

Wi (nside e dixst

and re preferahly 20-40 s%, based on the total rubber
conpoundi ng eSTACHENRPLIRN sHieans] dwplind ,oftﬁ@ s REUFb ek thsh nodar

s [ 0148P ISt R M ORISR of A LR, SRR RGN e

t he base oil

oil with 1
gl ass transi

iR st s 6 o ARG pBF T ch RGN Tan

S50, e BaeoeLl o), B hoba ORI Y65 ! SR AT,
Lo S1LLCAGRERSRAITAR. WG ARHF HELTy BlaRleshl IR HLTRGL i

IBPI

(e LS OISR RS SORROYN Bk DAY 8948 SULLARS YRANIGnel
pase o1 (5 AR, 0350 LE) iy SATEDU v yR0itag  Bp iR

t he base oil
mss% and

R SRS Ol 0, 07 Y R T

tivel - y o2 ;
oy cont ar n ALBASE it 01 7t BRCHARAR I Uist Bl IR MR i

b) | ; . , . ,
(5): (59 L onB PSR 6 e bt b DAUERY BRcly 1R thEnodea SRR
inveryion, ahtpesn Wﬁ%ﬂtcﬁ”?dtﬁ)ﬂa‘ﬂidﬂ? way limted FP 10-0046-00

t hereto. Exanpl es

152] The present invention will now be

expl ai ned 1 fogoepugTihdekaitionit dRAILALhOUSINGRX WIRLE Srd bt {ANRDaR

exanpl es. However, the present 5invention is not

labesl kel ofactliOdadl froxanheefils SRaPAed | Grsdi @ffihh@! o0

exanpl es de
resi due oil

20

25

imted to t

fromcrude oil was subjected to
recovered and reutilized. The polar solvent may be a polar solvent

such as furfural, phenol, cresol, sulfolane, N-methylpyrrolidone,
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 extraction
equipment for lubricant base oils.

[0101] Thus, the vacuum distillation fraction is separated into the first
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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vacuum di stillation using a common vacuumdi stillation unit, and the
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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

20 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

25 second exfraction column 40 through tubing 36 and tubing 44,

respectively, and the first raffinate and polar solvent are contacted in the
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First raffinate (of previous colum) Pol ar sol vent Furfural Furfural
Solvent ratio 1.3 2.0 Colum top tenperatureC 90 116 Col um boFPOM-0046-00
tenperatureC 60 85 Raffinate First raffinate Second raffinate Yield
(with respect to starting material)vol % 74 80 Total content of 8 PAN
typesppm by mass. <10 <10 Extract
second extraction column 40. The second extraction column 40 has a
bottom temperature and top temperature that are respectively at least
10°C higher than those of the first extraction 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 temperature. 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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First extract Second extract Yield (with respect to starting

mat eri al )vol % 26 20 Total content of 8 PAH typesppm by mass. >F81£10046-00
Yi el d of useful conponentsvol% 74 FP10-0046-00 [0158] The second

raf fi nate was subjected to refining treatnment by MEK dewaxi ng and

hydr of i ni shing treatnent to a pour point of no higher than -10C, to

Wth & t ot AlcKdiesHRr IBGH SATVARE S0P Y s be SgFetd SRITIE TRRdhpalar
(B1) and" (B3PTESHpSaRRncU i OBE oS dcromh Q4R 167t (ASjdoTmats)
oi1 (1) andotss il kPRl ars 1o o Jo% 8,2 The Seeond Siact
(Al) Base ol %Ez)ng %%{%ra%% langinglarDesg w'/et i£1135 %)a%/ti%rrrlgl %’is%ﬁfazcio% ggl?ﬁgmn,
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 obtained in the second solvent extraction step is
preferably 50-90 vol%, more preferably 60-85 vol% and even more
15 preferably 70-85 vol%, based on the first raffinate introduced into the
second extraction column 40. The yield of the second extract obtained
in the second solvent extraction 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 such as a tank and introduced into a second
25 extraction column 40 in which the extraction conditions have been

adjusted to the conditions of the second solvent extraction step, and the
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0.9578 Fl ash point (COC)C 272 263 258 Dynam c viscosity (40C) m®2/s
74.34 236.8 274.8 Dynamic viscosity (100C)m®/s 9.227 14.81 14FB10-0046-00
Viscosity index 99 37 11 Aniline pointC 107 61.7 59 N trogen
content mass% 0. 004 0. 040
second solvent extraction step then carried out. This will allow
excessive equipment investment to be avoided.
[0110] In the second solvent extraction 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 g/em’ 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 vyield from the
simultaneously obtained second raffinate.
[0111] The 15°C density of the second extract is preferably 0.94 g/em’
or greater, more preferably 0.95-1 g/cm’ and even more preferably 0.95-
0.98 g/em’. 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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0. 040 Conposition (ASTM D3238) % r. 67.6 56.6 54.4 %CH 26.9 19.6
19.7 %C A 5.6 23.8 25.9 Conposition (ASTM D2140) %CA 22.9 24. ZP10-0046-00
Conposi tion (ASTM D2549)

[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.

Glass 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 compounds (PAH): Preferably no
greater than 10 ppm by mass.

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

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

25 [0115] The base oil (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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Sat urated contentmass% 65.5 15.4 15.4 Total aromatic content mass%
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PAH t ypesppm by mass. <10 <10 <10 Gas chronat ography col umm 10%

poi nt C 444

mass%. The base oil (a) is preferably a base oil (al) of 200-1500N,
more preferably 250N or greater and less than 600N, and/or a base oil
(a2) of 600-1200N, and even more preferably a base oil (al) of 300-
450N and/or a base otil (a2) of 700-1000N.

5 [0116] A vacuum distillation fraction used to obtain a S00N aromatic
compound-containing base oil can potentially contain large amounts of
the 8 types of indicated aromatic compounds (PAH) mentioned above,
and it will tend to be difficult to simultaneously obtain two or more high
flash point aromatic compound-containing base oils with different

10 viscosities. Therefore, a base oil (al) of 300-450N and/or a base oil
(a2) of 700-1000N is preferably used to obtain the aromatic compound-
containing base oil.

[0117] The method for producing an aromatic compound-containing
base oil according to this embodiment may comprise, after the second

15 solvent 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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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
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-
containing base oil with a total aromatic content of 30 mass% or greater
(hereunder referred to as "aromatic compound-containing base oil (a)")
from the second raffinate and/or a refined oil product 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-
containing base oil (b)") from the second extract.

[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 (a) and base oil (b),
respectively.  Alternatively, the second raffinate and second extract

obtained by the second solvent extraction step may be directly used as
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10[ 0161] (Exanple 2) Atnospheric distillation residue oil fromcrude

oi | was subjected to vacuumdistillation using a vacuum di sti | FREDep046-C0
unit, and the fuel-corresponding fraction, the fraction up to the

150N correspondi ng fraction, the 350N correspondi ng fraction and the
900N- correspondi ng 15 fraction were separated off. A first and second

raf finate, s wel. s a, first second xtra , were duced in
the same nands L@%E@Swﬂiﬁg@ﬁw@me Fndvl %ﬁ%@ﬁdﬁapﬁ@um
fraction was |ntroduced into the first extraction colum 30 i nstead
of the 350N Efa?respondl ng fraction, and t he production condltlons for
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col um) Pol afs stkiNtaterial, to obtain a lubricant base oil of 300N or greater and

10 less than 600N as the base oil (a) 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 lubricant base oil of 600-1200N 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 600-1200N as the base oil (a) 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
treatment.

[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 (2) obtained in

this manner (lubricant base o0il) has a total aromatic content of 30

39



Furfural Furfural Solvent ratio 1.2 2.1 Columm top tenperatureC 90

121 Col urm bottom tenperatureC 60 90 Raffinate First raffinatel8d0efe6-00
raffinate Yield (wth respect to starting nmaterial)vol % 75 75 Tot al
content of 8 PAR typesppm by mass. <10 <10 Extract First extract

Second extract Yield (wth respect to starting material)vol %

masso or greater and preferably 30-60 mass%. The base oil (a) can be
obtained as a lubricant base oil of preferably 200-1500N, more
preferably 250N or greater and less than 600N, or 600-1200N, and even
more preferably 300-450N or 700-1000N.

5 [0125] From the viewpoint of obtaining a base oil (a) and base oil (b)
having reduced contents of the aforementioned 8 indicated aromatic
compounds (PAH), having mutually different viscosities and high flash
points, the base oil (a) 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
(a) and base oil (b) having a content of indicated aromatic compounds
(PAX) that is below the specified level. The term "indicated aromatic
compounds (PAH)" as used herein refers to the & types of indicated
aromatic compounds (PAH) listed below. The base oil () 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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25 25 Total content of 8 PAH typesppm by mass. >10 <10 Yield o

useful conponentsvol % - 75 [0164] Two different second raffi nEiPé@ 0046-00
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by MEK dewaxi ng and 10 hydrofinishing treatnent to a pour point of no
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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
(2) 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
petroleum-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 content of 30 mass% or greater and a glass transition
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09768 0.9774 Fl ash point (COC)C 282 298 296 280 Dynami c vi scosité
(40C)nths 164 170.7 1090 1185 Dynanic viscosity (100C) m2/s 15FEg0-0046-00
15.76 33.77 34.09 Viscosity index 95 94 23 14 Aniline pointC 112. 4

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 a blend thereof, may be used
for preparation, for example, to a glass transition temperature of
5 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
10 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
15 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-
20 containing base oils with different viscosities, and it is therefore
particularly useful in industry.
[0134] The base oil (a) 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.
25 - 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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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.
- Aniline point: Preferably 70°C or higher, more preferably 90°C or
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 105.
- 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.
- 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),
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.

10% Point in GC distillation: Preferably 400-460°C and more
preferably 430-450°C.
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7.0 7.0 32.8 32.8 Conposition (ASTIVI D2140) %CA 29.5 29.5
Conposi tion (ASTM D2549) Sat urat ed content mass% 55. 9 55. 9 BPd0Qt6-00
Total aromatic contentnmass% 43.3 43.3 86.9 86.9

- 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 more
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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ppnby Benzo(a) pyrenenmass. <1 <|I <1 <1 PPnby Total content of 8 PAl-
types mass. <10 <10 <10 <10 Gas chromat ography col um 10% BBllﬁt@fMé -00
481 481 90% poi nt C

a glass transition point of between -60 and -40°C and/or a base oil (b2)
having a 40°C dynamic viscosity of 500 mm?/s or greater and a glass
transition point of between -50 and -30°C.
[0141] The base oil (bl) preferably has the following properties, in
5 addition to those mentioned above.
40°C Dynamic viscosity: Preferably 200 mm?s or greater 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 transition 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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573 573 Pour pointC -15 -12.5 17.5 20 d ass transition tenp.C -63

-63 -41.9 -42.7 Pour point - @ass transition tenp.C 48 59.4 FP10-0046-00
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, whi ch 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 MM ¢Swas conf i rrred that it is possible, in this
manner, to acco l.i.sh hlgh uction a | Jcant base
oi | (ar omat i c ﬁtl{%‘nP‘AM1 % YOgﬁ)W%]efgé gfd &ﬁb@?d more

conpoundi ng 0| o |ts base [0167] As shown in Table 2 and
Tabl e 4.t ReBisabl pevieRn -45aed 33/&13

- Total aromatic content: 50 mass% or greater, preferably 60 mass% or
5 greater, more preferably 70 mass% or greater and even more preferably
80 mass% or greater, and preferably no greater than 90 mass%.
[0143] When a 200-1500N aromatic compound-containing base oil is to
be obtained as the base oil (a) 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 (a) and base oil (b) may be obtained by
15 appropriately separating off the desired fractions by distillation. 1In 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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(B1), (B2), (B3) and (B4) of Exanples 1 and 2 all had total aromatic

54 FP 10-0046-00 contents of 30 mass% or greater and flash pobFRi8-&i46-00
250C or higher. That is, it was possible in these exanples to produce

mul tiple aromati c conpound-containing base oils wth excellent

properties and different viscosities by using a plurality of vacuum
distillation fractions with 5d|fferent viscosities. [0168]

Fur t her nor e SxtI6tipasYepS,| Bre(fma)b ¥ @ejromagy conmpgund-gentaipnigy baswi oil

(B4) all had su f|C|entI red ot a ts, of, the carcinggeni
conpounds héz @‘r@?@é di&“éat rlénazrttaméoaﬁpmmg@se( pAFéa)lS

[0169] In addition, base 0|I Bl) and b se i J had._ a differ e
of at 10 | &k aBoREIRN {EE BRBPOPD rﬁoraﬁan@gigassete%éw hh4 %@5

DUt fer encabgRmiE Vistottty o 200 ey opdsatel endides G SREGTmE:
01 Nt edgébréﬁl%b&”i%ﬁ%éﬁ) Bt/ Bk wys projerhbft eprgit e Acis
Bxanpl €5 i ® shipisR s thn 16 )oa%@ﬂ romat | ¢ hyarocarbon content (CA) of
2ddi ti o to PUBAEATSh: s%q%anﬁeseéliear}”ﬁ{%ﬁgaﬁfe 7 S et bR s doa
(82) wer o coRpoUmAEd s HE ahathe O (E2Ea%; yaehfl &ishfhiphodastitn
the rubber conpsbRaiig oo BRIy b ety dRPSREH s5fieRlan
[ Tabl 5] 5 aséjig %%4% ?to and RAPUE s3I ATPA Gioti %t&?%aqﬁje?er%bﬁz an

Exanpl e 3-
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?s, is obtained as the
15 base oil (b2). Batch treatment is preferably carried out in this method
to 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 (a) and base o0il (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 (&) and the base oil (b).
{0148] The rubber compounding oil may also 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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20 Base oil (A2) 25 10 - 33 Base oil (Bl) 25 40 Base oil 032) 50
50 80 67 Density (15C)g/cnB 0.9501 0.9596 0.9585 0.95 FP10-0046-00

(a 100°C dynamic viscosity of 10-70 mm?/s, preferably 15-50 mm?/s
and more preferably 20-32 mun’/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 mass%.
[0149] From the viewpoint of obtaining a rubber compounding oil with
10 a difference of at least 50°C between the pour point and glass transition
point and a glass transition point of no higher than -50°C, the base oil
(a) 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 (b1) 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%, 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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Fl ash point (COC)C 272 276 276 294 Dynam c viscosity (400 m*rQ/ls; 415.8
468.0 544.1 501.0 Dynamic viscosity (100C)me/s 21.89 22.27 24F820-0046-00
24.83 Aniline pointC 75.8 66.1 71.2 78.7 Nitrogen contentnmass% 0. 05

0.05 0.06

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 column 40

having a lower bottom temperature than the top temperature, and
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0. 06 Conposition (ASTM D3238) %p 60.3 59.1 60.1 61.2 %u 16.5
14.4 14.1 15.8 Y%CA 23.2 26.6 25.8 23.0 Conposition (ASTM D25495P10-0046-00

contacted with a polar solvent (furfural). By this second solvent
extraction 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 extract and the polar solvent,
5 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 extract from the mixtures.
[0155] The second raffinate had a total aromatic content of 30 mass%
or greater as measured according to ASTM D2549. The second
10 extract also had a 15°C density of 0.94 g/em® 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 extraction step.

15 [0157]
[ Table 1]
Production step First scflvcnt Scconc? solvent
extraction step exfaction step
. . Vacuwmn distillation residue | First raffinate
Starting material .
(350N) (of previous column)
Polar solvent Furfural Furfural
Solvent ratip 1.3 2.0
Column top temperature °C 50 116
Column bottom temperaturs °C 60 35
Raffinate First raffinate Second raffinate
Yield (with respect fo starting material) voli% 74 80
Total content of 8 PAH types ppm by mass. | <10 <10
Extract First extract Second extract
Yield (with respect to starting material) vol% 26 20
Total content of 8 PAH types ppm by mass. | >10 <10
Yield of useful components vol% - 74
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Saturated contentmass% 22.3 16.2 22.1 23.1 Tot al

aronmati c

content mass% 74S 80.7 73.5 73.9 Conposition (ASTM D2007)
Sat ur at ed cont ent mass% 25. 3

10

15

Tot al

FP10-0046-00

aromati ¢ content mass% 68. 9

[0158] The second raffinate was 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

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

This was used as a base oil (Al). 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 oil (Al} Base oil (B1) Base oil (B3)

Density (15°C) gfom’ 0.8827 0.9539 0.9578
Flash point (COC) °C 272 263 258
Dynamic viscosity (40°C) mm’/s 74.34 236.8 274.8
Dynamic viscosity (100°C) mm/s 9.227 14.81 14.81
Viscosity index 99 37 11
Aniline point °C 107 61.7 59
Nitrogen content mass% 0.004 0.040 0.040
Composition (ASTM D3238)

%Cr 67.6 56.6 544

%Cx 26.9 19.6 19.7

%Ca 5.6 23.8 259
Composition (ASTM D2140) %Ca - 229 242
Composition (ASTM D2549)

Saturated content mass% 65.5 154 15.4

Total aromatic content mass% 33.9 82.3 82.3
Benzo(a)pyrene ppm by mass. | <1 <1 <1

Total content of 8 PAH types ppm by mass. { <10 <10 <10
Gas chromatography columa

10% point °C 444 - -

90% point °C 518 - -
Pour point °C -12.5 235 25
Glass transition temp. °C (Predicted; <-60) -53.9 -52.4
Pour point - Glass transition temp. °C (Predicted: >47.5) | 78.9 -

[0160] The total content of benzo(a)pyrene and 8 indicated aromatic
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.. Polar compoundmass% 5.8 - ppnby Benzo(a)pyrene mass. <1 <1 <1
<1 pprby Total content 018 PAH types mass. <10 <10 <10 <10 PouFP10-0046-00
pointC 15.0

compounds (PAH) were measured in the following manner. First, 1 g
of each aromatic compound-containing base o0il was dissolved in hexane
in a 50 ml flask to prepare a 2 mass% sample solution. The sample
solution was loaded into 5 mass% hydrous silica gel and rinsed with
5 hexane, and then the target component was eluted with a 1 vol%
acetone/hexane solution. After concentrating the eluate, an internal
standard substance was added to prepare a sample, and identification
and quantitation were performed using a common gas chromatography
mass spectrometer (GC-MS).
10 [0161] (Example 2)
Atmospheric distillation residue oil from crude oil was subjected to
vacuum distillation using a vacuum 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/cm® or greater, and a
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1\ First raffinate Second raffinate
“J;’lléld (Im\tJl'l i‘e-;pect to starting material) vol% 73 75
Total content of 8§ PAH types ppm by mass. | <10 <10
Extract First extract Second extract
Yield (with respect fo starting material) vol% 25 25
Total content of 8 PAH types ppm by mass. [ >10 <10

Yield of useful components vol%

75

[0164] Two different second raffinates from different production lots

were subjected to refining treatment by MEK 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).

15

Also, the second

extract obtained in the second solvent extraction step together with the

second raffinate used for production of base oil (A2) was used as base

oil (B2). In addition, the second extract obtained in the second solvent

extraction step together with the second raffinate used for production of

base 0il (A3) was used as base 0il (B4). The properties of the base oil
(AZ2), base oil (A3), base oil (B2) and base oil (B4) are shown in Table 4.
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t he hi gher fraction (500N-corresponding fraction) were separated off

The separ at
extraction
t emperature
solvent (fu

(L
173t 4

havi ng a | ower

N-corresponding fraction was introduced into an
bottom tenperature than the top
sol vent extraction step by contact with a polar
was 20 conducted under conditions such that the

raffinate yield was increased and the obtained |ubricant base oil had
an aromatic |[content of 30 nmass% or (gseatier mpaddian) | mdi abedsarHmat i|c
conpound ( PAERsigontent of | esswet’han |263 ppm fayessrass. |obms t hi Slosed vent
extracti on SFeppinddre; 500N- cor respondesnag frakts on wagsssepar aeed i ntg a
first raffi napmenanrdigdfd rst 2yt r agtes Tabl 706 showsost he prioduct i on
condi ti ons gmghanydvedbgy (foor) t he sekvent|1sxt ractismn st ep3rr57 34.09
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step Startingringberi al Vacuundi stilllati onr pei due (1590N) Pgak@ar
sol vent  Furlfigsalcon®0l vent r at in@s% 2 [0.007 0.009 0.080 0,090

Composition (ASTM D3238)

%Cp 68.1 68.0 57.5 57.5

%Cn 249 25.0 9.7 9.7

YaCa 7.0 7.0 32.8 32.8

Composition (ASTM D2140) %Ca - 29,5 29.5

Composition (ASTM D2549)

Saturated content mass% 559 55.9 9.0 9.0

Total aromatic content mass% 433 433 86.9 86.9

ppm by <1
Benzo(a)pyrene s, <1 <l <1
Total content of 8 PAH types pem by <10 <10 <10
ITAss,

Gas chromatography column

10% point °C 4381 481 -

90% point °C 573 573 - -

Pour point °C -15 -12.5 17.5 20

Glass transition temp. °C -63 -63 -41.9 -42.7

Pour point - Glass transition temp. °C 48 594 -

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 stock oil of the first extraction column (useful component
yield). It was confirmed that it is possible, in this manner, to

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

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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Colum top tenperature C 120 Colum bottom tenperature C 72 Raffinate
First raffinate Yield (with respect to starling nmaterial) vol %830-0046-00
Total content of 8 PAH types ppm by mass. <10 Extract First extract
Yield (wwth respect to starting nmaterial) vol % 40 Total content of 8

PAH types ppm by mass. >18

contents of 30 mass% or greater and flash points of 250°C or higher.
That is, it was possible in these examples to produce multiple aromatic
compound-containing base oils with excellent properties and different
viscosities by using a plurality of vacuum distillation fractions with
5 different viscosities.
[0168] Furthermore, the base oils (Al), (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 low glass transition points, despite their high
pour points.

15 [0170] Furthermore, since base oil (B1), base oil (B2), base o0il (B3) and
base oil (B4) of Examples 1 and 2 each had a high aromatic
hydrocarbon content (Ca) of 20-35 mass% and a suitable glass
transition temperature T, their addition to rubber compositions can
improve tensile strength and wear resistance.

20 [0171] (Example 3)
The base oils (Al), (A2), (B1) 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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Yield of useful

conponents vol % 60 5 [0177] The first

raffi nate

obtained in this manner was subjected to refining treatnent byFRER-0046-00

dewaxi ng and hydrofinishing treatnent to a pour

poi nt of no higher

than -10C. This yielded 2 types of aromatic conpound-contai ni ng base
oils (lubricant base oils) fromdifferent 10 production |ots having

total aromatic contents of 30 nmass% or greater. These were used as
base oil (El) and base oil (E2). The pxipact |wascal Je-used dS.pase
oil (F). The|properties of the base ojsli (El) |s-base dsb (E2) |aand base
oil (F) are shewnsbn Table 7. [0178] B8 FP 10-0046-/@0 [Table 7]
Aromat i c conpestRtiagont ai ni ng base oi |l |2Base oillo (El) |Base oi [:(E2)
Base oil (F) |Rensshy (15C) gicin3 0.88k7 0.8864 1.01 [Fl ash pai nt
(COC) C 270 27Bhse il (B2) 50 50 80 67
Density (15°C) glem® 0.9501 0.9596 0.9585 0.95
Flash point (COC) °C 272 276 276 204
Dynamic viscosity (40°C) mm’/s 415.8 468.0 544.1 501.0
Dynamic viscosity (100°C) mm/s 21.89 2227 24.97 24.83
Aniline point °C 75.8 66.1 71.2 78.7
Nitrogen content mass¥e 0.05 0.05 0.06 0.06
Composition (ASTM D3238)
%Cp 60.3 59.1 60.1 61.2
%Cn 16.5 144 14.1 15.8
%Ca 232 26.6 25.3 23.0
Composition (ASTM D2549)
Saturated content mass% 223 16.2 22.1 23.1
Total aromatic content mass% 74.9 80.7 7335 739
Composition (ASTM D2007)
Saturated content mass¥e 253
Total aromatic content mass% 68.9
Palar compeund mass% 5.8
Benzo{a)pyrene P by <1 <1 <] <
mass,
Total content of 8 PAH types ppm by <10 <10 <10
mass,
Pour point °C 15.0 20.0 -5.0 2.3
Glass transition temp. °C -51.0 -49.3 -50.5 -5L.5
Pour point - Glass transition temp, °C 66.0 69.3 45.5 49.0
[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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Dynami ¢ viscosity (40C)m®2/s 100.4 100.4 - Dynam c viscosity

(100C) /s 11.18 11.18 30.7 Viscosity index 96 96 Aniline pofkil€-0046-00
109 109 39 N trogen contentnass% 0.004 0.004 - Conposition (ASTM

D3238)

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
500N-corresponding fraction was introduced into an extraction column
having a lower bottom temperature than 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 extract. Table 6 shows the production conditions and yield for the

solvent extraction step.
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%p 66.1 66.1 VPCN 27.1 27.1 VoCA 6.8 6.8 Conposition (AsTm D2140)
%CA Conposi tion (ASTM D2549) Sat ur at ed cont ent mass% 62. 2I'82020046-00

[0176]
[Table 6]
Preduction step Solvent extraction step
. . Vacuum  distillaion  residue
Starting material
(500N)
Polar solvent Furfural
Solvent ratio 2
Column top temperature °C 120
Column bottem temperature °C 72
Raffinate First raffinate
Yield {with respect to starting materiaf) vol% 60
Total content of § PAH types ppm by mass. | <10
Extract First extract
Yield (with respect to starting material) voi% 40
Total content of 8 PAH types ppm by mass. | >18
Yield of useful components vol% 60
5
[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 than -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 extract 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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Total aromatic contentmass% 37.3 37.3 - Benzo(a) pyreneppm by rrﬁ)slo 5&46 00
<l <2 Total content of 8 PAH typesppm by mass. <10 <10 >18 Gas - "
chr omat ogr aphy col um 10% poi nt C 458 458 90% poi nt C 537 538 -

[Table 7]

Aromatic compound-containiug base oil Base oil (E1) Base il (E2) Base oit {F)
Deansity (15°C) glem’ 0.8867 0.8867 1.01
Ftash point (COC) °C 270 270 -
Dynamic viscosity (40°C) mmYs 100.4 100.4 -
Dynamic viscosity (100°C) mm’fs 11.18 11.18 30.7
Viscosity index 96 94 -
Aniline point °C 109 109 39
Nitrogen content mass%o 0.004 0.004 -
Composition (ASTM D3238)

%Cr 66.1 66.1 -

%Cn 271 27.1 -

%Ca 6.8 6.8 -
Composition (ASTM D2140) %C, - - -
Composition (ASTM D2549)

Saturated content mass% 62,2 62.2 -

Total aromatic content mass¥e 37.3 373 -
Benzo(a)pyrene ppm by mass, | <1 <l <2

Total content of § PAH types ppm by mass. [ <10 <i0 >18
Gas chromatography column

10% point °C 458 458 -

90% point °C 537 538 -
Pour point °C -12,5 -12.5 -

[0179] As seen in Table 6, in this reference example 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 column. Also, as seen
in Table 7, the total content of carcinogenic indicated aromatic
compounds (PAH) in the aromatic compound-containing base oil (F)
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 lubricant 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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Pour pointC -12.5 -12.5 [0179] As seen in Table 6, in this

reference exanple the first raffinate 5 yield was 60 vol % and FﬁéO"OO%"OO
first extract yield was 40 vol % based on the starting materi al
introduced into the extraction colum. Al so, as seen in Table 7, the
total content of carcinogenic indicated aromatic conmpounds (PAH) in

to L | ic ar

mas. The. artiERRAUIy I08 LAY i1y AP ExOaci b by AP RiE rehEeiBRARY e 1.
itable f i i i

conbi ned wi (h aran o> fadta C100R0 By RBEROUIRLONNE of B YR Anilp!

be over 50 rgaditicosortBst ob BDRARGS i&%@@ihg(t%emwmmgﬁgﬁpcom

Deasphalted oil of vacuum di st i on residue ol at nbs

15di stil | at i 7 §8CIHe|94d trhngifospisiat aF L2y iBidrd o
raffinate and 59 FP %TO 0046-00 a extrgctgﬁicfﬁrg&iggdr%e%g% Veg%£P42.2 C

extragti on Heeweas thef 8HENERI I i r qugma 2
dynam c viscosity of 9 /é@(gﬁ?o glés zgfragﬁgﬁ% Igg{rﬁe t O#)%glgtcngg%%
accordi ng t aradASTMbRPoAR). a pour point of 12.5C, a glass transition
point of -29.7C and a difference of 42.2C 5between the pour point and
gl ass transi[0l8d] Ahintextpautr wesi 0dmbigédswithr Bass tdiP(RI9i 6 )RefePdld
This extract was conbined with base oil (El) of ReferenCe Exanple 1

in a mass rdiample Bon 20muss putepaf 8020 thpespagenpaibbet tongidundihg oil.
pour point of the rubber conpounding oil was 0C, the glass

10t ransi t i ol lpoipaturwpeint4df G8e autsberheodipouediane eoibekne eiP @ hehe @lass
point and glass transition point was 44.5C. [0182] (Reference Exanple
3) THE sol vérenseion poinowast-d4. 585 amt theedifferenta bebwesmnke ponngoias
Ref erence Exanple 1, except that the 250N-corresponding fraction was
15 i nt r oduc edhd glass transiédony paint svascdt.6f@. i nst ead of the
500N-correspondi ng fraction, and the raffinate and extract were

obt ai ned. THE182} %Rnﬁﬁrenmﬁmanaﬂesi)bj ected to refining treatnent by
VEEK dewaxi ng and hydrof m shing treatnent to a pour point of no

hi gher than col¢antopxtaaciiem depruas cartapgoowd it oficasamegntaser cad .
This was 20 _used as a base oil (G. The base oil (g) had a_flash

poi nt of belwwerame Exampieds exeeplsthat the RSON-epwespordiogafrptieon twams
onl yﬁossi bl,e ta ob&ai_n a sjingle argmati c conmpound-caont ai ni ng base

oi | 13500N baBEogResd wilhip athe agtssiion ofolsor gnsisaghedf f ilagn tIVON-
total vacuumdistillati (g]agtr actio 250[}[;{c0rrespondi ng fraction).

corresponding lon, and the ratfinate and extract were obtained.
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 o0il. 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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251 ndustrial Applicability [0183] According to the invention i Eg 9-0046-00
possi ble to provide a rubber 60 FP10-0046-00 conpoundi ng oi l \} ﬁ% )
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

met hod for I hes1r ‘Pﬁ%ﬂ‘%‘ﬂhﬁ : id . j ;

i nvention iltCHi S a Ig%ngoglsli}g%gﬁ%ﬁpr vi de aﬁogﬁo%ac% iacﬁﬁﬁﬁlgé{'grah%ﬁ&?
conpound- Cogﬁﬁhﬂ'xﬂﬂilé affhiRlainitiol A ﬁigﬁ Ioridll aFbmBACNEoRfht 2 nBWHALATS
transition point, as well as a~high total aromatic content and
sufficient redagldn®rddhctidd GoHeNkoRferGabE RANAKE g&?@&@@@e@onﬁmﬂ
a raffrate and extract obtained by a polar solvent traction process
using 10 a doaspeiindl, sisiwbBRlbdstnlathsd 'f@f‘g?@dlﬁiﬁgtth@QuHBéieéd)ﬁbouhHiﬂgs
al so possible to provide a nmethod for producing an aronatic

conpaiind- corgihi niAngdRaigy @bl theMihoBn@bh oS igialiét Wh@dstblpr aslysiovide adn
such an aromati c conpound-contai ni ng base oil. EXplanation of Synbols
15[ 0184] 30:arbir=tic exinpatihidororeainiip, bake: oﬂew@ﬂhdaaﬁghaﬂaémgo@ﬂ HAY, a2
50: dewaxing unit, 60: hydrofinishing unit. FP10-0046-00 AIMS 1. A
rubber conpdonditess didndidunnwint, as well o tdhighr ol Aot eohtert &l
mass% or greater according to ASTM D 2007 or ASTM D 2549, a flash

poi nt of 25G@fficientgkduction Sadi fHeecontent aff edrcimmsinid Yubstinvesnfiiche a
pour point and glass transition point; a benzo(a)pyrene content of
no greater trhffindtemmad dxtradstamed By fqtodsr seiwernextodctidre pfaddsswisitg

i ndi cated aromati c conmpounds 1) to 8) of no greater than 10 ppm by
massl0 101) Bevea(ehplistiati¢BdR)cton Bestacieg myateriel.( BEAR &80 possible to
Benzo(a)ant hracene (BaA) 4) Chrysene (CDR) 5) Benzo(b)fl uoranthene

( BbFA) provide a method for producing an aromatic compound-containing base

oil, which allows high-yield production of such an aromatic compound-
containing base oil.

Exolanation of Symbols

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

dewaxing unit, 60: hydrofinishing unit.
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156) Benzo(j)fluoranthene (I13jFA) 7) Benzo(k)fl uoranthene (BkFﬁ) %)

D benzo(a, h)ant hracene (DBAhA) 2. The rubber conpoundi ng oil 10-0046-00
according to claim1, which conprises at |east an aromatic

conmpound- cont ai ni ng base oil (b), anong; 20 an aromatic

conpound- cont ai ni ng base oil (a) containing a raffinate obtained by
separating a vacuumdi stillation fraéLi f atnospheric distillation
residue oil fromcrude oil by a solveént extraction step, or a refined

il duct 1t i - - dy. i i it f 60-600
o o o R EBber AdipBAKKRE G AATHNATLC Y BE0S LY O 00 500C
d 90% poi nt of i i iel t.d 0 - :
:(r:]co?di ng !to gl RSTﬁAaDﬁggggp %%(%hg g z;:gg?ngPﬁqd? ggb%a%%%%?ér{%ﬁéct% ?B‘ﬁngo?‘)nt
of no hi gheragtran P30H7 BRASTM DAY %@@ )}ﬁgﬁP%'f%‘Gb@bﬂ'e}ﬁgHQr a

base oil (b) containing an extract obtai eparating t acdum
di stig | ati ondiffep&ideonf af 1HsTUTOEbitwels ihd Pk YoihehdYsasy i

sol vent extraction step, or a 5 refined oil bgr Ogjl})ét tﬁ'he;%g?g, h&ﬁgltﬁ)n
havi ng a 40(15(9Mﬁarn'c viscosity of 200 nmR/s or greater, an aniline
poi nt of no higher than 90C, a 15C density of 0.94 g/cnB8 or greater,

and a total aronakiBereoiPRied coRciRSF GfRaheR | el o
ASTIVI D 2549, o S Koottt 1oy MbssPand

conpound- cont ai ni agobdsRniSe ¢f ﬂh@)foiﬂ@vﬁﬁgqmﬁia@éd hi@Rafle cpagsdaandl)

the content of the aromatic conpound-containing base oil (b)"is 5

nmass% or gr eat§rof nBgrebiver thabbly ppanbpunglisng oi | according to claim
2, wherein the solvent extraction step includes; a first sol vent

ext ridkti on df)dPenzo(alipyrbne (BaPacuum distillation 15 fraction is
contacted with a polar solvent in a first extraction colum having a
bot t om t enpé&)dBenm(ejpyddne(BeBNd a top tenperature that is higher
than the bottomtenperature, to obtain a first raffinate and a first
extract, and)Bewnfapnthtacene (Baty)acti on step in which the first
raffinate is 20 contacted with a polar solvent in a second extraction
col um havi fg Ghtyseno(CtEhper ature and top tenperature that are each
at | east 10C_hi gher than those of the first extraction colum, to

obtai n a seddtenza(b)iaerantenea(BeltAhd extract, wher ei n

the aromati c _conpound-contai ni ng_base oil (b) is the 25second extract
or aXefined)denaspalveranthenedBifA) A method for producing a rubber

compoundi ng 7 i]iénz\%kgi(%]ugr%gtpﬂénsee(ng’A)
8) Dibenzo(a,h)anthracene (DBAhA)
2. The rubber compounding oil according to claim 1, which comprises
at least an aromatic compound-containing base oil (b), among;

20 an aromatic compound-containing base oil (a) 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 higher,

25 a 10% point of 400-500°C and a 90% point of 500-600°C in GC
distillation, a %C, of 3-20 according to ASTM D 3238 and a glass
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PP 10-0046-00 a bl endi ng step of bl ending; an aromatic

conpound- cont ai ni ng base oil (a) containing a raffinate obtai ngngyOO%—OO

separating a vacuumdistillation fraction of atnospheric distillation
residue oil fromcrude oil by a solvent 5 extraction step, or a
refined oil product thereof, and having a 40C dynam c viscosity of

400-500C and" S B00E poiRoER B ahdn-H0LE 8L 1\ Fation a oA of

i gher than -30G, Tnd 108 acuRRLr ORI aAE BB 1D Meuliiplfe @y
raction of StpRoriathof; FrafeBRErER (iR KRNI Shpcad ' oF
extraction Scftﬁflztsyﬁglfié z%i‘gfiﬂm%gtﬂnofésicﬂié)%%yt Qesrcﬁ%lilt @Q&a@ﬁéﬂé r%@?‘,nép%

dynam ¢ vi scosl s or greater; an aniline poin

hi ghey than rgﬁﬁed%iﬂﬁfbcﬁﬁﬁ%géféoﬁ hd Qa%ﬂle%égfgﬁgg%g%@% @{sgo%@'%\%’f 00

total aromatic content of 30 nass% or gr

2549, WAREA byt gfea&é@bﬁ{ HPHRE Yisthb DO hb Hiﬁ%%lgrggb@oggbgg%wgb@

content of 50 mass% gréater according to AST

2549, the flagRithobt) 04 ZoRE 6F Jrbaeer antlhg Bidlf SfoRsse Q‘%ﬁq‘ﬁ@rﬁ”oﬁ;ﬁ)

20 pour point ahd the glass transition point of at |east 45C t

benzo(a) pyr engseretarl aboAliRALETASTA [I28R9) by mass and the total
content of the follow ng indicatéed aromatic conpounds 1) to 8) of no

greater than 10 ppihdiinnelss coattht of the aromfigs Romphiendedhaihing bade

aromati ¢ conpound-cont ai ni ng base 250il (a) in the tubber conpoundi ng

oi | i greatadl (hpdan > anehtoo thaeD$mAdso Dl The omast bhehe oroatttiof
t he aromati ¢ conpound-containing 64 PP 10-0046-00 base oil (b) in

t he rubber compooundi-cgntithirigbdsenmid$b) oy S arealeor anehtegss than 100
mass% 1) Benzo(a)pyrene (BaP) 2) Benzo(e)pyrene (BeP) 53)

Benzo( a) ant I3 adhreryiiized) cdinpCmmnylseg eoil Crégor8ingddeoz oldinf 12yowhetdianthe
(BbFA) 6) Benzo(j)fluoranthene (BjFA) 7) Benzo(k)fluoranthene (BkFA)
solvent extraction step includes;
a first solvent extraction step in which the vacuum distillation
15 fraction 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 than the bottom temperature, to obtain a first raffinate and a first
extract, and
a second solvent extraction step in which the first raffinate is
20 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, to obtain a second
raffinate and a second extract,
wherein the aromatic compound-containing base oil (b) is the

25 second extract or a refined oil product thereof.

4. A method for producing a rubber compounding oil, which comprises
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108) Di benzo(a, h)ant hracene (DBAhA) 5. A method for producing ?ﬁm 0046-00
aromat i ¢ conmpound- cont ai ni ng base oil conpri sing: afirs YV
sol vent extraction step in which a vacuumdistillation fraction of

at nospheric distillation residue oil fromcrude oil is 15 contacted

with a polar solvent in a first extraction columm having a bottom
tenperature : enperature that is higher than the

bott om terrpg?tfz)ilteglrgg?é)ggﬁo t@?%agl irst raffinate and a first extract;

and a secondnsglygat; eégﬁgﬁm n | i f henfi sl
raffinate is contacted % tlﬁ a polar s%ﬁ%ﬁ}lhgnwgééQ%%ngﬁ)e%)rﬁgaéﬁn& 4

| h 1 . . .
col um havi RgfinAl BRiAeY ! ggpt%%géﬂé'h ﬁe\F R "BRE AR tﬁ“@ét}(ﬁl{nﬁc’)f

each at | east 10C higher th se o0 Irst extraction co

to obtain agseeRpHerial HidtalRi dredi BRC Y ﬁgéﬁa%%uﬁ@%ﬂg Jéga?olg%nt

density of 0.94 gicnB or higher and a tota romati c content

mass% or  gr ext@kction step, or aWRETRIAN of 1N BrediRiTeiHeSe S0 TRRY HAveR tRI40° 0T
base oil includes at 25 east a portion of the second extract and the

second raf f idyaaenierviscésity 66600600 RLRAUC hntehﬁﬁﬁ@g)oiﬁﬂéf H8sCaort BicHer,
aromatic confent of 30 ness%or 65 FP 10-0046-0 greater. 6. The

net hod for prddesipaint hef A0OEOXC camd el rgeopbRitNbABERSO00C! in GC
according to claimb5, conprising a base oil preparation step in which

the second rdatillatidreg & /e€Ubjofc3 - hocaelingitog AL Me323ahdd ass
5dewaxing treatnment to obtain the refined oil product after the

second sol verdnsétidn pointat 1sd Bigher than Wh@E@j and he aromati c
conpound- cont ai ni ng base oil includes the refined oil product and has
a paddl point of nenhagimatit heompbndasomainingebasei oil ¢b) oGiaining an
hi gher, a viscosity index of 90 or greater and a 10fl ash point of
250C or hi gleatract. obitamarbt o dsdpmratngdties mgaduien adistilation fraction of
conpound-cont ai ni ng base oil according to claims§5, wherein the
aromati ¢ corpogsphedatdisillagohassidid oilnbyualewlwent estsactiommtep,oor af
the second extract, and has a 40C dynam c viscosity 15 of 200 nmm®/s
or greater, rafingdonl pmchxctéhelzstﬁ,cami/ havigigea 408Cpdynamis wiscositnof 200
hi gher than 30G, an aniline point of no higher than 90C, a gl ass
transition FeIN{S 6r gsatirgrasy anbiime BT ofdne hightsribaoe96fCata 116861
50C between the, pour point and the glass transition point. 8.
The et hod FsHSHY 0ol 89y &/6@1 apb BEeAtEr.c ahe curiatal caromatin goptery 2H 30
according to claimS5, wherein the aromati ¢ conpound- cont ai ni ng
base oi l ha@%ﬁ@@érﬁ%@)’ﬁ??@ﬁ‘éﬂgé‘hﬁﬁf%p 4049r eater than 1 ppm by

mass, and the total, content of the follow ng indicated aronmatic ]
compounds 1) to 8ViFeHb tg?eﬁikg?ert RAFPOYNGHRE b?l(fng%%.tg%ﬁ‘)tgf aromatic

Benzo( @) pyr e (RS PhnasedZ o SNEELS S HE to ASTM D 2007 or ASTM D
2549, the flash point of 250°C or higher, the difference between the
20 pour point and the glass transition point of at least 45°C, 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, and
wherein the content of the aromatic compound-containing base
25 oil (a) in the rubber compounding oil is greater than 0 and no greater

than 95 mass% and the content of the aromatic compound-containing
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66 FP 10-0046-00 3) Benzo(a)anthracene (BaA) 4) Chrysene (CHRi: ?)
Benzo(b) fl uorant hene (BbFA) 6) Benzo(j)fluoranthene (Bj FA) 57) P10-0046-00
Benzo(k) fl uorant hene (BkFA) 8) Di benzo(a, h)ant hracene (DBAhA) 9. An
aromat i ¢ conmpound- cont ai ni ng base oil obtai nable by the production

met hod according to any one of clains 5 to 8. 10. A rubber

glolrrpgggg'r glgr%is% (91‘?'(8 i éﬂg é@%e?rc%%éﬁncﬁﬁgpoﬁ' ¢-5 H0%R9% %'rnér% g 38
less than 100 mass%.
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)
5. 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
15 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 than
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 extraction column having a
20 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 aromatic content of 30 mass% or greater,
wherein the aromatic compound-containing base oil includes at
25 least a portion of the second extract and the second raffinate or a refined

oil product thereof, and has a total aromatic content of 30 mass% or
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greafer.
6. The method for producing the aromatic compound-containing base
oil according to claim 5, 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 base 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.
7. The method for producing the aromatic compound-containing base
oil according to claim 5,

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.
8. The method for producing the aromatic compound-containing base
oil according to claim 5,

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)
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3) Benzo(a)anthracene (BaA)

4) Chrysene (CHR)

5) Benzo(b)fluoranthene (BbFA)

6) Benzo(j)fluoranthene (BjFA)

7) Benzo(k)fluoranthene (BkFA)

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

9. An aromatic compound-containing base oil obtainable by the
production method according to any one of claims 5 to 8.

10. A rubber compounding oil comprising the aromatic compound-

containing base oil according to claim 9.
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