FP10- 0045-00 DESCRI PTION Title of Invention RUBBER COMPOUNDI NG O L
AND METHOD FOR PRODUCI NG SAME 5Technical Field [0001] The presght(-0045-00
invention relates to a rubber conpounding oil and to a nethod for
produci ng the sane. Background Art [0002] Hi gh-aromatic mneral oils
have high affinity for rubber 10 components, excellent
processability and softening properties as rubber conpositions, and
excel | ent econony, and they are tIDESEERIBTIEN for production of
rubber conpositions conprising natural rubber, synthetic rubber and
the |ike. Fdritlexafniiventext ender oils are added to synthetic rubber
including SBR during their synthesis, while process oils are 15
added to rulliéBBERJIcOMBODNING Gl P B/EEEH@E FOP BRODRECING
processability or the quality of the rubber processed products
(Patent doc 1, for exanple). [0003] In Patent docunent 1 there
is proposed the use of a petroleum based process oil having an
aromatd ¢ hydresbavigahlieddt ent (CA) of 20-35 20 nass% a gl ass
transition tenperature Tg of between -55C and, -30C, a dynami c,
viscosity (&@%f J&XeMES@WnBOBﬁébé@%ﬁQ geybbercampruaning ethamdeaio
content (PCA) of np_.greater,than 3 mass%in the petrol eum based
process oH.aﬂWﬁhQikQHHﬂ%ﬁuﬂﬂﬁ Sy addi ng such a petrol eum based
process oil _to diene({ bber is used in atire, it is 25possible to
achi eve bot Bakgroyn fsunption and grip properties, and to

R R e e s Sy - R e S
o | 0 sof vemP R hcr e ROk Tarb 0 ofid SR eRE BRPEHeT Factvorts
Patent d t 2.1 lg)., HO , h Qi gh t
base of | 5 arOuR FPEY M8 FORCLOH SHORYSh B MOVt Ao RERTFupel for
f fety, £ ig falli ithin the d it | -4 .
ezar dous. perpORelie o abPhen S8rtPaniont BamERlThe rafudl phBlS: sinthstic
Its | . . . . . . .
e o Tl IR IRk iy e BRI GEERRLTN U BHERR Shrl
h th f ' :hi [ i) S,
devaxi g 1 1 AEP RGN PR ORI B, deble” o Wyl TR ofioPPRCoR8 "
prodygs i on preRsH, ARBLAP ARl ¥sILAYRETERORIN  ad (HETRR] iEREE Offeir
exi st's” for a rubbéer conmpo I'ng ol F'requirrng no such conprFex
duct i havi : . . . .
e vl | a5 P CursaBllity Y kB0 ity o BRS rbhd Erdec sl bR PP e
prohi bi ting 4feniss 10ffos BRS 2s containing nore than m ni mum
anount s of DVBO extrdcts or rndicated carcinogenic polycyclic

Qromitic coToyRfisnPhtthedBeRnuat 1o0heft if piSoid e BsdBFlopoRyRubRen
«enacted since 2010, and a demand exists for tubber conpounding oils

that meet thgsed E}@éééés(‘dil RAGingZiM GhdmhtiehydrsédrbbRadRént q@@r@f 20-2l5
[ 0006] [ Patent docunent 1] Japanese Unexam ned Patent Application

Publ izt i on ngss980941ddaa8a%sition tempkrated I, @FBerRREn 25 59@Raes°C, a
Pat ent Publication . 3658155 25Sumary of Invention Techni cal

Probl em dynamic viscosity (100°C) of 20-50 mm%s and a polycyclic aromatic

component content (PCA) of no greater than 3 mass% in the petroleum-

based process oil. When a rubber obtained by adding such a

petroleum-based process oil to diene rubber is used in a tire, it is

25 possible to achieve both low fuel consumption and grip properties, and

to increase the thermal aging resistance or heat-resistant wearability.



FP 10- 0045-00 [0007] The present invention has been acconplished in
light of these circunstances, and its object is to provide a rgphsrgp4s-00
conpoundi ng oil having a high flash point and high aromaticity, with
an adequately reduced content of the indicated carcinogenic

pol ycyclic aromati ¢ 5conpounds, a | ow pour point, and excellent
econony, as well as a nmethod for producing it. Solution to Problem
[0008] As a|nee4] Kiedwhuabbei thgpountasesiis incndoadsghmmogidtial taseails

t ubber conpounding oils, the present inventors have found that by
using 10 assphcsf vaciaxhrdistillaricn aesidae] Heaspghaleidcaiht obaskrent lextiatty s
possi ble to obtain a | ow pour point rubber conpounding oil having

hi gh vi scosidfy deasphiadteds lodls orpbilnicaivh HrghicarsofRatenitt Jocwhehe Al Sor
havi ng an adequately reduced content of indicated carcinogenic

pol ycyclic axarmgiler cbiawevats Whter suchldigh ‘Hroiatiat bakeaodsrare anodified
conpounds"), as well as 15excell ent econony, and the invention has
been conpl etfed aupigh flasls poimdirogn the 0dewpspecof safty,yor tdaviond dallingn
provi des a rubber conpounding oil conprising an extract (A) and a

| ubri cant bazihin the 83finkimreot Lewelek daus) Patreleamm savichrdiagpioi the
of 40-90C, a %CA of 25-45 and a %N 20 of 5-20 according to ASTM
D3238, a ni tJepgeesec Hitce Serafeal ow, thss ¥eortsgiedrigh, viscpsilly, pdiile atgo
no hi gher than +30C, a benzo(a)pyrene content of no greater than 1
ppm by mass ingreasing thoposntpant andi kevering tbaanngagestpbtphder storage,
greater than 10 ppm by nmass, and a 40C dynamjc viscosity of 650 nm®/s
or- greater, teanspoheandibenching. hdb asitherzsom) berms propried teosuhjeef high
hi gher than -10C, . an aniline point, of 70C or hi ?her, a %CA of 3-20
and al N ofareslatis basoPH g E%WM tseptsent toplawendas romirpeint.r bden
content of np greater than 0.01 mass% a 90% poi nt ?f 500C or hi gher
in GC disti lthis sompligatasathe Md\lctlé’ﬂ PEEESH A i@fﬁé}?‘ Yy rgauces economy.

benzo(a) pyrepe. content of. no greater th 1 ppmb ss and a.total
content_ of  ihiRied thestars eg@&?nﬁ% Ad! rr@r@%%rﬂ@?lgt P T CgBITHRENSY
5mass. [ 0010 ccording to,the inyention,, adding. a specific extrac
(A) and | ubrSUBrEOTHR Br@dlefg}orbé?fp ; Gadchaving, Bigd ViSosEN Rt G Biah
havi ng a hi | as.h, poi nt 1and igh aromaticity, a sufficiently
reduced cont RS Wetlés & W POdMpounds, and al so a | ow pour

e i . i Huct i th . q
pol o 10 bhesot o ghice Lialhone pasiciionat Loy pormtizals
e, 50T SOTREAN, il ol 5 RSFBDLR SRS SR e
viscosity Ofca%&%o@é%fcspfgfyc%;cﬁ%ta?'romaﬂico 88&17%%@5 i?lfthréoproduction of tires

- or tire parts have been enacted since 2010, and a demand exists for
rubber compounding oils that meet these restrictions.
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25 Summary of Invention

Technical Problem



15 higher than +30C, a benzo(a)pyrene (BaP) content of no greater

than 1 ppm by nmass and a total content of the aforenentioned Fp|6-0045-00
n

i ndi cated aromati c conpounds of no greater than 10 ppm by nass. |
order to obtain satisfactory |ow fuel consunption, grip properties
and thermal aging resistance for production of a diene rubber
conposition, as 20 described in Patent docunment 1, the rubber
conpoundi ng [0087PTHehgrdsaue itivaitidm dias M@hea@ctdm%ﬁgl%ca ifQivtaf o2 thate,
a glass transition tenperature Tg of between -55C and -30C and a
dynani ¢ vi schshystddasCand it2lyecmits  pravidehl nasher danpoaiipgy efle
(BaP) content of no greater than 1 ppm by mass, a total content of

i ndi cat ed ahawhig & Zhghnfiingsinf apdehéglabirpnmiciyeaweh thaaddduapely
by mass, and a pour point of no higher than +20C and especially no
hi gher thanreddédd dontdk Qf45hO0ir{diO4RH kcardihegemiobeolyorginurmtongimi |
of the invention, the extract (A) is preferably an extract obtained
by extr act i eontyourntst actlowg paupgbaint,sehd esrcelienh eteaspi| aedvelll as a
obt ai ned by deasphalting of a vacuumdistillation residue oil of

at nospher i ¢ nogthiodl foatproduciagiitlue oil from crude 50il, in one or two
stages. [0013] Preferably in the rubber compounding oil of the

i nvention, tSedutionrtecPr¢lem ncl udes an extract obtained by a

t wo- st age pol ar sol vent extraction step, the extract being obtained
by contacti 1§088bdisar sesulemf wiudn ailigenti negcardbtan megebmatemalaciomg
a polar solvent with a vacuum 10 distillation fraction of .

at nospher i c rabben compovndingpdadhsinresersrinyenigss bave fauad thatdey using
extraction colum_having a bottomtenperature of .30-90C and a top .

t enpelht ur e & $pecifig ekiTgpand papecHic Bouient bagp eilatiisossiblg te ebvaia
extraction co]l um having a hottom tenperature and top, tenperature,
that are at aﬂé&%ﬁmp@@qm@ﬁébbecrr@mpﬁ%&lr@ oyl mggngbmm%@ high

colum, 15 rein the extract has.a 15C._density .of ,0.94 g/¢nB or
greater and fg]sgoPQFmalaBﬁ‘aEﬂ&h cHRTEAHCIBE, ?d'ﬁ}%a@éﬁ}gd?avdnga%r 3‘3‘&@&‘@%9
to ASTM D2549. [0014] Also ip the rubber conpounding oil of the .

i nvention, 5?@‘?&‘?(gbl nf% I rﬂ%‘iﬁ@t%.ﬁséa@mngQ%)mcoﬁﬂB’%[ Ca @EMBNg
Sobvid o RaetbSipdS TR BralN bt B RBaBoh el o
raffinate obtaiped by a two-st pol ar ..sol yvent extractiqgn,ste he
v hg. of I CEL LB RhGROBa ik 1By RPN HPRIET DSEhertIPIOrd dibft b’
dewaxi ng st nafirst raffinate obtained by contacting a polar
solvent wit W&cuum distillation fraction of an 25at nospheric

ot um navi 19008 h SRSl AP e HEpnShratifled d Hiblespeoigblhg of

h h
131310- 0045- i i 3 , .
(dewexi ng o |c%%aéﬁ%és'n§no%’?£%%eéﬁz§%ﬂﬁe‘% Wﬂg@g net?f (BT ?ﬁeglfla%
ﬁ ol vent gV\,ibt %&tt et i‘fﬁ g}%g;% él?f;l]%a'[eg?tﬁ @%%gtﬁl?ég@ﬁ%, %)?’t%re c(?%%q%oﬁ%% %’CN
o P DOYOMAEIRERBIE fo SRORVA IS9P STRSRGLUL Bk ok (6 7l et
to the inveny gfbatt&e.raf ﬁg@wﬂéﬁ&?ﬁ péphbd%%%}?er”ﬁ{aﬁo%bcc R %ﬁ%g[hq?igene

rubber conpoundi ng 0i Ising a s of mxing an extra

havi ng an aniyy iRt 0 5 o
s Secor arn e ORI BERSE AR prutlh lecttueunne atdiated

greater, a REHmMAR @émpﬁggas f&fgﬁsr%&ﬁ?e? thaﬁq% ?)g{iﬂ@%ﬁh@éd@}’%\ﬁﬂea 40°C

content of no greater 1 ppmby nass, a't tent " of

i ndi cat ed ar@imihic ¢REBIMET 650 NAnSrLak afrehieanadd tABMUBYicHBS Basaid] a
40C dynami c viscosity of 850 mmR2/s or greater,” with a 15 |ubricant

base 74 | (B)éﬁ)ﬂiés@%@uﬂﬂﬁéfnmﬁiﬁﬁh he@hiih 9heIC t &ranilikRGoial ofmoPONer
point of 70C or higher, a %CA of 3-20 and a %N of 15- according to
higher, a %C4 of 3-20 and a %Cy of 15-35 according to ASTM D3238,




greater than 10 ppm by nmass. [0016] According to the production

met hod of the invention, adding a specific extract (A) and | ubgbear -
base oil (B) can produce a rubber conpounding oil having a hi SEP?P?S%S 00
poi nt and high aromaticity, a 25sufficiently reduced content of

i ndi cated aromati c conpounds, and al so a | ow pour point. The

production nmethod of the invention also allows FP10-0045-00

production W #if@dencmencet a6 %&&@ﬂ@ﬁd@ﬂ(ﬂt eRSsYARd 0% pdiat efs0e°C
hi ghly economi cal”. Effects of the Invention [0017f According to the

invention itori Biglegsibl@Ct diniltmiclg a flugtbesoind ¢OMPOAdionghiHer , a
having a high flash point and high aromaticity, with an adequately

reduced contbento()plyretiecc abr@narafns iggestermbands ppan lgwnResrambantotal
and excel |l ent econony, as well as a nethod for producing it. Brief
Descri pti on cohtdriteo fOrmti¢atgd aromafR0d@hpbugds bfire greutecéms bC ppmmtbiyc
di agram show ng an exanple of a 10net hod for producing a base

mat erifal tonba&ssused in a rubber conmpounding oil of the invention.
Fig. 2 is a process schenmatic di agram showi ng anot her exanple of a
met hod for PpOOUOLiAgpoadings éo rthe envehtibn, hdduged specficuttteact (A) and
conmpoundi ng oil of the invention. 15Fig. 3 is a process schematic

di agr am showibgcsgmit baseooHeB esampiredode a mbbieo doiopoymdidgcdih aaihase
material to be used in a rubber conpounding oil of the invention.
Descri pti on hagh tftashEpbiodiamenhigh aomeaticisf e sulficientlydieduned contarteof
invention w_ |l now be explained 20w th reference to the acconpanyi ng
drawi ngs whénéicatasks aaematicdep@mpaunds, cendesplsadi ag levenpous apeint.
i ndi cat ed b% li ke reference nunerals and their explanation wl| not

be réedkat ed Huithasmoreasiase if eowss meduetipnevitbonbeomalisgtast prasfuctions
enbodi nent is a rubber conpounding qQjl conprising an extract (A)
havi ng speciSteRs, ’ph%ﬁ@ﬁ@@r@é{ 12@@3%@%@- referred to sinply as
C I IR I SN N T, AV
flash point of 250°C or higher, an aniline point of no higher than 90°C,
a 40°C dynamic viscosity of 200 mm®/s or greater, a pour point of no
15 higher than +30°C, a benzo(a)pyrene (BaP) content of no greater than 1
ppm by mass and a total content of the aforementioned indicated
aromatic compounds of no greater than 10 ppm by mass. In order to
¢ obtain satisfactory low fuel consumption, grip properties and thermal
aging resistance for production of a diene rubber composition, as
20 described in Patent document 1, the rubber compounding oil of the
invention most preferably has a %C, of 20-35, a glass transition
temperature T, of between -55°C and -30°C and a dynamic viscosity
(100°C) of 20-50 mm®/s, as well as a benzo(a)pyrene (BaP) content of
no greater than 1 ppm by mass, a total content of indicated aromatic

25 compounds of preferably no greater than 10 ppm by mass, and a pour

point of no higher than +20°C and especially no higher than +15°C.



"conponent (B)"). [0021] Conponent (A) is an extract having an

ani line point of 40-90C, a %CA of 25-45 and a %N of 5-20 accafdifg045-00

to ASTM D3238, a nitrogen content of 0.01 mass% or greater, a pour

poi nt of no higher 5than +30C, a benzo(a)pyrene content of no greater

than 1 ppm by mass, a total of indicated aromatic conpounds of no

greater than 10 m by mass, and a 40C dynam c viscosity of 650 nn2/s

or greater. [@O@Ei)n The rekbencomporiadane ©ohpbtlen inyetiomytheeexdract (A)

extract obtained froma polar so]vent extraction step, or a product

of refiningi8 msatarably anoextaethebiamedidyy, esyaciag by qantaciingfa gelame

af orenenti oned conditions. The refining treatnent referred to here

may be dewasPhnthyditodeasmialitd wikdobtaned by, dersphialting i @h aovaswan

i ke. Fromthe_ viewoint of productiaqgn cost and nore, suitable

properties &sstilatipbeesideapalatipigosnheric %@f«%&wm)cfuesogr%@@r amde

the direct extract obtained froma polar 15 solvent extraction step,

Wit howt ref Ok Ay OPELH N BLa8%he reasons for this include that a

rubber conp i oLl wth excellent |owtenperatur er.f oi mance_can

e obt ai nen DL A Srotrsnblyi 1y T BHt nEOIPRUTHY DU B RS NGV GRR O By
and t hat reatment. will co%icte

Lhe oroduct Eianr Sacinclodfian Hitinns ChiANL byos v Bstas mefe LYo
i 1ne.poi RrSectiop e ey Srancing obiineS iR sdufoiBEs palarisolvent
T e
ﬂL?Q?ﬁO“E (7né 1%8?%?%?*&8@?8?9%&@%&16%08 Baiphes el T &&@i o
2256- 1985. ["gﬁgﬁ‘i& F%?rﬁgﬁgﬁ&ﬁ“@%ﬁiﬂ“@%ﬁ%ﬁ%@%ﬁ%&eﬁﬁ%@ rﬁ’%?%’c Wé&
R
conponent (%% ﬁlag \(I)\Aﬁ&l n !%‘ﬁpgnagé(?&?g %nﬁ?er%@gg@? ({&g %ﬁ%%@%%&p
rubber - conpopadinge gt || (Y1 RigHEXCELh CRioskORPADILL Yodiobioh UbbREm AN

having a su e conpo or nai ntal ning € properties o

r ubbeyrs conpQgih .00, I 14 bai I a i i

high oaraf f*ﬁl?%‘.e% ﬂég\éi%@bf:g%oﬁgt@(@@hgp%‘%‘?%@ Z‘ﬁd&%&é&‘_ 4hd a
referred to 5@ eadifatid QORESI YE! W0 hASIREHE §Eans Qéc&af@ ft?“A‘STM
carbons with respect to total carbon atons, the percentage o

napht henic qgzHpms W th respect to total carbons and the percentage
of aromatic carbons with respect to total carbons, as determ ned by

the method ghoASTMIB, 333Be8BbbEr doMpoiRdidS ey e nvd 25 lprdkeably

fitrogen content” of conponent (A) is 0.0l Pass% or greater,
g nmp g

preferably Qh@%ﬂiﬁ@ﬁ%ﬁﬁse%?SB?&on@tﬁ@s Al By Rk iekesiale YoPa Hirorestnate

greater and nost preferably 5 mass% or greaten A high nitrogen

cont Q@ of ehmmierdiy AAn-sagk plamsclveanextracticngap sadfoent dokaking
20 raffinate by-product of polar solvent extraction, and higher
refining effoiLi(dhcof af sedend ubffinot obzseedilly atdotitegefpslar usilngnt
conponent (A) with a high nitrogen content as the rubber conpoundi ng
oi | is prefextedtibnorstdg)e thé edpwaringofoikclojorheindhebtrinedgby cofimient
for the purpose of the invention is the nitrogen content by
cheni | um nesoetment 2hobaking el desemridinstepoodd | & K26 aafif6 26htaiisd bour
poi nt of conponent (A) is no higher than +30C and

contacting a polar solvent with a vacuum distillation fraction of an

25 atmospheric distillation residue oil from a crude o1l 1n a first extraction

column having a bottom temperature of 30-90°C and a top temperature



FP 10- 0045-00 preferably between +5 and +25C, while fromthe

vi ewpoi nt of further |owering the pour point of the rubber FP10-0045.G0
conpounding oil, it is nore preferably between +5 and +20C, and nopst
preferably between +7.5 and +15C. 5[ 0027] The tubber comnpoundi ng oi

of this enbodi nent conprises conmponent (B) as described hereunder,

and it therefore has an adequately | ow pour point even if it contains

an unr ef i nedhgoipaieidr (n e bodtohh abrReustupe) Ahd tﬁhedémmingp@ilngd),
as used herein, is the pour point neasured according to JI'S I(2269.
10[ 0028] Corpimentbtéiednbs el iteéatnidny inetlutiad £ aleventingfstepeon a
followng 8 aromati ¢ conpounds (hereunder referred to collectively as
"indi cat ed aeoomd iraffteaposinddidd by0028faciihgBenrsianxpivanew{tBatie st
Benzo(e) pyrene (BeP) 153) Benzo(a)anthracene (BaA) 4) Chrysene (CHR)
5) Benzo(b) fraffoe; emesddbidApxthcBenzaljid havarg hebett¢B ERp&jature
Benzo( k) fl uorant hene (BlcFA) 208) Di benzo(a, h)anthracene (DBAhA)

[ 0030]5 " Benzaoda) typ tereperahsreuthat ateatieast 18°€ heghenthatahpye efié¢he Bas)
listed as 1) above, and an "indicated aromatic conpound” is any of

t he ar omat i extmeponmdu®AH) |isted as 1)-8) above. [ 0031] The
content of benzoﬁa) pyrene (BaP) of 1) in conponent (A) is 25n0
greater thafO@lpprdoprdangsto dnel inventien sherecistalad pdvidedl eanethod for
aromati c conpounds of 1)-8) above is no areater_ t han 10 ppm by _mass.
PP 10- 0045- @ootheingnal tubpes | aprapownding ghl gormptising Bbsiep conpoifieg g
Q_i | with no concerns of carcinogenicity. These indicated aromatic
conpounds c&xtisst ddenhaviag selanilinel 3oigt By GEOORE, #n&b(si ef 28f4%2rand

separation and concentration of the coggonents of .interest, u

or epakll ng a & ol TSt ASHTHIIEZEO NI I b1 DitrazemCOnETBY LA,
e Gt S ol e R e
o TRt OgEShaTELe Bhdb ool s & B b ol
O ", 0TS b0 bt O B Y o %
obtain a sufficient pour point even w t he presence, of .
component _( B1ES% et A GHTAE VIseBer 1S} BFOdBAbOnER BERICH Vit
casi oS o oBuarRa Bt SHOL hiY TR AT Rrohah NOBIEHT 10 e
or of or abl y e jiaeoisl Bk 0 300r HRREoh Ao Pt hnf AL dudi 8 5345
+15C | 0034]ac%¥5§n%htiosAWﬂ§§%t& Wit é%%séé)rweﬁt ot n%bé?éarfelatﬁa%lb BY1
(" mass%, a 90% point of 500°C or higher in GC distillation, a flash point
of 250°C or higher, a benzo(a)pyrene content of no greater than 1 ppm
20 by mass and a total content of indicated aromatic compounds of no
greater than 10 ppm by mass.
[0016] According to the production method of the invention, adding a
specific extract (A) and lubricant base oil (B) can produce a rubber
compounding oil having a high flash point and high aromaticity, a

25 sufficiently reduced content of indicated aromatic compounds, and also

a low pour point. The production method of the invention also allows



20 compounding oil with a | ow pour point by addi ng conponent (A),
having a 40C dynamic viscosity of 650 nmm2/s or greater and preferabloss oo
a pour point of between +5 and +20C, and conponent (B). If the
dynam ¢ viscosity of conponent (A) exceeds 20,000 mR/s, it will tend
to be difficult to obtain a rubber conpounding oil having suitable
25dynam ¢ viscosity as a rubber conpounding oil (a 100C dynam c
viscosity ohrd@ndi@ormméAthoulr ed@pdiehiedl SorodubtiBhs srpd, rasd iBr eheeddiey
FP10- 0045-00 20-32 mm2/s). The dynam c 'viscosity at each tenperature,
as used her %ﬁ%lh]gi@:(ﬁfmi@ﬁham Cc viscosity at each tenperature neasured
according to JIS K2283. [0035] The asphal tene content of conponent
(A) is pref @ffbdty gfchedm3eadic’di than 3 mass% nore preferably no
greater than 1 mass% even nore preferably no greater than 0 5 nass%
and nost pré0et aplAcooadigigess ehetimamntioh itass possibke tagmbaidemerubber
content”, as used herein, is the asphaltene content neasured

accor & ng t cohpdtdling @iBkdviRgarhigheflusie ppmirandoighharofhatsditypoivith anf
the rubber 10 conpounding oil in terms of safety and of not falling
wi thin the ddeijoatelpnrediced\einténtHe? andoate®etromationcampmuidsy & dowhe
Japanese Fire Service Law, which specifies a point of 250C or higher,
the flash pgiout point andenxestlentgcormmystenadl 3s 250thod fbt ghedycingrie
preferably 270C or higher, even nore preferably 290C or hi gher and
nmost 15 pr BdefBegcA@domof thekawings "fl ash point", as used
herein, is the flash {)Qi nt based on C evel and open-cup (COQ),
reasured acd0PBhgigol Js 8 pawess stlosatic thagrasm shosringean exevpient of
conmponent (A) is preferably 50 mass% or greater, nore preferably 55
masso%br gr saethod d0snprediecingo aprhaser apaiprigd tasBeo YBSYr Ent @r rapler
nost preferably 65 nmass% or. greater. The total aromatic content of
conponent ( APTROUNAEBE MibeEHEHINYeRBOHr eat er than 90 mass% nore
preferably nqQ greater than 80, mass% and even nore preferably np
greater than1gs 2niis39process fehematc GaghIn H1OBRZ AROHET sBRENn ol @)

is less than 5 ss% it will te;glto 25be, iffigult to obtain

r ubber conpdBed 71 PFPYYCiREg R hassarnateripl hqber Used 1yt &) rubber
aromatic content is,, reai eg t han 90. mass% the yield in FP 10-0045-00
t he pol ar s&OPRPRURGIHEEL P ﬂles’cné’& tend to be reduced and

rod ion st ,i.ncreased. The "tot.al aronmatic content’ ', as used
hereiy i (g 3dRAGMOCER BHPTBAUHEIAEAN SOV NERUP LT ZXEBIF 96 4 o
ASTM D 2549. 038]. Conponent (B) that is,included in the.rubber
conpoundi ng 178%11%0%5]@ gﬁ‘?@”‘é‘ﬁgg@? RAE jTRater agbf‘? cgﬁt UELe 1 ﬁgblli"ﬁrg
a pour point_of no highe hg;m. -109 an aniline point of 70C or
hi gher, a W&S&I%?mg}(gggﬁbog VSTHHPE: 35 by n-d-M analysis, a
nitrogen content.of. no eatern than 01 nmass% a 90% poi nt of 500C
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[0020] The rubber compounding oil of this embodiment is a rubber
compounding oil comprising an extract (A) having specific properties
25 (hereunder referred to simply as "component {(A)") and a lubricant base

oil (B) having specific properties (hereunder referred to simply as



[ 0040] The aniline point of component (B) is 70C or higher,

preferably 90C or higher and nore preferably 100C or higher. FrBittEHeI5-00
20 viewpoint of facilitating production of a rubber conpoundi ng 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. [0041] In regard to the

conposi ti on €PTHEHSEHER) X B), %CA is 3-20 and 25preferably 5-10, and

%N is 15-35 and preferably 20-30. The %Cp .val ue is, detei m ned

accordi ng t 409¢A] PEREN istan exiypef havdipeyanyanilinepamnd 044069042,
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material according to the Japan Fire Service Law which specifies a

poi nt of 25@Emplerdtusd PerfodaR@iei dith be CHSINEAdRIthicut TR HEnd AeATRGY,
whi | e according to another node it may be 450- 5500C. [0045] The

content of hhazhyd)duracteg(BiPred td)lowke\Re idtogriiedyeahd(tBht refifig
greater than 1 ppm by mass, and the total content of "indicated

aromati c conpeimest MElltdonplicaeate prodoctign pavessst han 10 ppm by mass.
This will yield a highly safe rubber conpounding oil with | ow

10car2) nogef0628Y The aniline point of component (A) is 40-90°C, preferably 45-

70°C and more preferably 50-65°C. If the aniline point is within this
range, it will be easy to produce a rubber compounding oil with
excellent compatibility with rubber and with a suitable aniline point for
maintaining the properties of the rubber composition, even if it contains
25 a lubricant base oil with a high aniline point as component (B). The

"aniline point" as used herein is the aniline point measured according to



[ 0046] The 40C dynami c viscosity of conponent (B) is preferably 50-

500 nmm2/s, nore preferably 60-300 nm2/s and even nore preferabFi10-0045-00
70-200 nmm2/ s When conponent (A) having a 40C dynam c viscosity of

2000 nm2/s or greater is used for this enbodinment, the 15 40C

dynam c viscosity of the conponent (B) that is used is preferably

50- 150 m?2/s_and nore é)referably 80-120 m®2/s in order to obtain a

r ubber corrpcﬂﬁé‘iﬂé%'rl 8i-th a suitable dynam c viscosity. Wen
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properties, car%xgéj_aglc&%&nmea_tbgg ﬁ?én %@@M%EM ﬁyg%grgﬁigg{dg%rm

well as the follow ng properti er to obtain satisf
fuel gpnsunahhBRRAsYIri p properties and thennal aging resistance when a
rubber conposition is produced. 20 15C Density: Generally 0.9

Bhter,

g/ cnB- 1.0 g/00B5] Ph&herebéry cBnht @‘f@aﬁlpén&{tqﬁ)eirs,o.ﬁpﬁﬁaﬁ%fo@;g
0.945 g/cnB or greater, and preferably no great'er than 0 98 g/tnB and

nore prefer @béferabllwom aiaskPR0r Gréstet/ evdh nib@sprafaiably (ERBAKY Yor
250- 350C, preferably 260C or higher, nore preferably 280C or higher,

and pref er algryatep dnidgherst tyraferdBBCOAR 285396 orareatd efRridbhynitgen
hi gher than 310C. 40C Dynam c viscosity: Generally 200-3000 nm®/ s,

preferably 2odterPofl @obOsidl frssudts g eatewer mitrogehet@tteht W4
m2/s, even nore preferably 500 mm2/s or greater, and preferably no

gr eatd t hamaffiifile nb@/pwodoci efppelaer sdlvgnh exgraetibay dnidahi G0 refiRing
and even nore preferably no greater than 800 nm®/s 5 100C Dynam c

vi scosity: @fhereacyyoflthelibroapt basprel, emabtheréfore 2sing cogimatent,(A)
nor e preferabilég 20 m®/s or greater, and preferably no greater than
60 nmR/s, novidh prleigbraiftogenccartent as thaablsd composndiegenil nepeeferred
preferably no greater than 32 mm2/s Aniline point: CGenerally 50400C,
pref erably éo@ndhehvighmoinief economy. The nitrogen content for the purpose

of the invention is the nitrogen content by chemiluminescence,
25 measured according to JIS K2609.
[0026] The pour point of component (A} is no higher than +30°C and



10 preferably 65C or higher, even nore preferably 70C or higher, and
preferably no higher than 90C and more preferably no higher thBR!85845-00
Ni trogen content: Generally 0.01-0.2 mass% preferably 0.03 nass% or
greater, even nore preferably 0.05 mass% or greater, and preferably
15n0 greater than 0.15 nmass% and nore preferably no greater than 0.1
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greater, nore p_LF%ce(éably 50 or greater, and preferably no greater
than 73 andaﬁ'lg're referably no 25greater than 66. Total aromatic

‘“’E“"%( or LPERT 3Fe 5508, ForthdtierBn oL,y j%ﬁ%%ﬁﬁ@%ﬁgﬁb%ﬁﬁ?e%' Y
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Aromat 1 o confant s adiareo o Balin coBo ol BIEE: SRt ds
ig 90 massW?o%ﬁjﬁﬁ@meésﬁ%d%ﬁ?{goﬁﬁgﬁn%@m e 10 preferably 55

Bss% or gréat er, even nore pre SS% or greater and nost

pr ef ‘j(?b' yﬂg@oﬁ@fg@éﬁggﬁéﬁat(ﬂg IBfd aorﬁffﬁﬁ%’h%g‘sé%%@ tﬁénﬁeﬂ"f‘“oﬁothcf

mass% and nore p y no greater than ol’ar conpoun

cont ent aCC%Hbl{%ﬂn%CS éﬁﬂ{b%%?ng&lﬁds' glgéreﬁﬁﬂépﬁéfep%%gﬁ{ gbig&t%vél as

mass% preferably mass% or greater, e 15 prefer mass% or

greater, antipiehRiPAMAR: 868Po80dsMan 15 mass% nore preferably no
greater than 12 nmass% and even ' nore preferably no greater than 10

mass% - Sat ypepsoyl 19 BapRgalyReh@(Bapypound ratio according to ASTM
D2007 (d ayE[geI ge?hod): I!nygral I(y 0?125- 50, preferably 1 or greater,

20 nore prefzgrBé}hzo(g @r@ﬁegggpt)er and even nore preferably 3 or
greater, and preferabl’y no greater than 20, nore preferably no

greatley tha@)]@e apiRhrdtene (Eaﬂ)er ably no greater than S
Benzo(a) pyrene (Ba content: No greater than 1 ppm by nass.

Tot al cont enf) Cliryisedé ¢@HER) ar omati ¢ conpounds: No greater than 10

25ppm by mass. Pour point: Between -10C and +30, preferably -5C or

hi gher, and 5)BRizd{biBudnthene (BbFA)

¢ 6) Benzo(j)fluoranthene (BjFA)

~ 7) Benzo(k)fluoranthene (BkFA)

20 8) Dibenzo(a, h)anthracene (DBAhOA)

[0030] "Benzo(a)pyrene", as used herein, is the benzo(a)pyrene (BaP)
listed as 1) above, and an "indicated aromatic compound" is any of the
aromatic compounds (PAH) listed ag 1)-8) above.
[0031] The content of benzo(a)pyrene (BaP) of 1) in component (A) is

25 no greater than 1 ppm by mass, and the total content of indicated

aromatic compounds of 1)-8) above is no greater than 10 ppm by mass.
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preferably no higher than +15C, nore preferably no higher than_ +5C

and even nore preferably no higher than 0OC. dass transition pBilat0045-00
(Tg): Between -60 and -10C, preferably -55C or higher, and preferably

no hi gher than -30C, nore preferably no 5hi gher than -40C, even nore
preferably no higher than -45C and especially preferably no higher
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conp nt ( 2;,FP 10- 0045- 00 conponent (B), and for exanple,
t he giom;tent Q%Oéwr%}?l /g’brrponent (A may be 5-95 nass% and preferably

40- 90 massYrhg3 sy 1Phd A6 ¢ QbR iselsit6F EHfHIRInGRP IR 4o Watdnghleso

However, it "Is preferably nce the act pour point 1s
| ower than t 2 i i r Felel se
el ol SRECRDAL rpY Hor B PORCHAC (' CEpl' R, APHICIALY 16uP ol o
40-75 mass%gRAd RHEfle tﬂh‘ée@?és%%% 6?'%&{1&%@% (B).Omlth%é/ 'Zﬂ)ﬁ@'cgjﬁr(}ieﬁﬁic

obt ai ni ng a rubber conpoundi ng oi sul tabl'e viscosity an

| ower pour Rﬁ%iséﬁs-itg[ Qpéﬂﬂnéféiﬂéht gANMs A0tendh¥s g @@wréﬂ@pr&‘erably 800
conponent (B) is 5-95 10 mass% and preferably 710-60 nmass% based on

the togal maam?f of hgesteBbRrwildmRosadEN e AbtainTAgoienbéint dfad higher
5-95 mass% and preferably 40-90 nmass% based on the total mass of the

rubber conpaHadilsgCoidr-thEaweher coippueditenil. r an thiotasythe POBt
is preferably 15-45 mass% since the actual pour point of the rubber

15 conpoundigfycoidpdrent k) it herefétadly detweennt-Spaadi ¢208CS ramd trhere
pour points of the base materials, conponent (A) and conponent (B).
Ft is al so prefaabbl hetRtedtOtFidsmid and°@ore preferably 25-45 mass%
fromthe vi ewpoi nt of obtaining a rubber conpounding oil with
sui t abl e vi 0034] yWathd thid omebodanenpoitntis pOpEbES] toThebtaibber rubber
conpoundi ng oil of this enbodi nent can be _
compounding oil with a low pour point by adding component (A),
having a 40°C dynamic viscosity of 650 mm?/s or greater and preferably
a pour point of between +5 and +20°C, and component (B). If the
dynamic viscosity of component (A) exceeds 20,000 mm?/s, it will tend
to be difficult to obtain a rubber compounding oil having suitable
25 dynamic viscosity as a rubber compounding oil (a 100°C dynamic

viscosity of 10-70 mm?/s, preferably 15-50 mm?/s and most preferably

11



obt ai ned by conbi ni ng conmponent (A) and conponent (B) in the

proportion described above. A nethod for produci ng conponent (AFP18r045-00
conponent (B) as base materials for a rubber conpounding oil wll now

be expl ai ned. 25[0056] [Method for produci ng conponent (A)]

FP10- 0045-00 The nethod for producing conponent (A) is not

particularly restricied so long as.the properties of conponent (A)
are satisfi (Qd)‘g n’amﬂdg)-exﬁh%l /N3RiGEYSIRSIly AerReR femnmaiie: ge used

vacuum di still ati on_ residue,oi| of. atnospheric distillation residue
oi | from or (ESH, IS ThE QYRFTEIS EFCO8TE dbSaHhAFDDRIIFE meaphisel arcordimg
nore stages, ﬁgm:}pbt ai ned deasphalted oil is contacted with a
pol ar sol vertP ‘acted. [0057] Two different nmethods for

Tode” 10 CANDaR] i AoRPE bR B RBEPAPTCLAD | SWRERLCEP BT e
br ocosh. schaRiet et HHRSRbuPAG: SRCIFaNp! B0 SFeACabald mAssyd, even
Gl op T s car ABH EhbrerAbly, PO etoiel Shat (5 Gest e, BhdnmiSE e Eertb Y mo
out “in 1 st HEtst AR Arns LS SA R oS R B etk
to or nor o i pepaind Syeik FlebShrod ARIRLTIRTAR o' VP ocositf os
extracts w iRCapt Faph: U nkis@o6sE' CoBle  PRRTIRERE, Bt TRY opbbe
procu i on P RRA Ay ol Rl DGR e o SR ik gWiia, the
From the vi eyiiifibn Odf 26! ﬁh”%a}%&@sdscﬁiﬁhﬂﬁ é&%ﬁ&%ﬂ%ﬁ? the Q%‘Qg%(%)e 7

t he deasphalting step prefera no nore than ges.

of conducti ng,d RerdeaIphp! wﬁagq ﬁ%p g:d‘pgirﬁt@ig%§@°@ ri}%igglve% Jhe flash

deasphal ting step and a secon ting step, wl

expl ai ned. ﬁ%)linPBf %@ngﬁﬂﬁm@gAs)Efg QFerbbly QBOdGa&pH%JH&,”ﬂw?E SRbfetiBly

first deasp ting step Is in whi'ch the vacuumdi sti 'l ation
270°C or higher, even more preferably 290°C or higher and most

15 preferably 300°C or higher. The "flash point", as used herein, is the
flash point based on Cleveland open-cup (COC), measured according to

JIS K2265.
[0037] The total aromatic content of component (A} is preferably 50

s

mass% or greater, more preferably 55 mass% or greater, even more
20 preferably 60 mass% or greater and most preferably 65 mass% or
greater. The total aromatic content of component (A) is also preferably
no greater than 90 mass%, more preferably no greater than 80 mass%
and even more preferably no greater than 75 mass%. If the total
aromatic content of component (B) is less than 50 mass%, it will tend to
25 be difficult to obtain a rubber compounding oil with high aromaticity,

and if the total aromatic content is greater than 90 mass% the yield in

12



residue oil of atnospheric distillation residue oil fromcrude oil is

5 contacted with a deasphalting solvent in countercurrent flowPh0e045-00
first deasphalting colum 10, for separation into a first deasphal ted

oil and a first asphalt oil, to obtain a first deasphalted oil and a
first asphalt oil. The deasphalting solvent is appropriately

R et gt b o
e 111, el ol A ARGl b 8

sesspralts nhAFAUS el gl T Wil oot

oo ORYPHGhER b ot L TP B s
oref g?flyyof&??%?%%}iﬁ% : gige%gl&ﬁ%ﬁﬁégﬁ%@fkg%ﬂ? il pet JBhER o
_rlr_Ir)]; edg; g:‘o ﬁ; %’6%? rolgé%_]r’frgzs %&nliﬁ%%é)\%ﬂn ﬁrg:oe p{)’g?‘é%]&%frf f@?wps
e ot it s 1 Lt
ng%/i lgei:)afsg(r]I eXf';lrrp'F]e, as {c’c‘)lgal oyv_sF I{‘B@E% rg%_-.*tgoé v_eré}_l ra?‘fscgﬂ voqu?rerre
for e prof or a3 fhih bt AFISEE LETBHE 3 bgi o ThEne aedaey

801208 " nor o831 E *‘%@%ﬁé@%ﬁ%&“@&%ﬁ'atf#.?lr‘gl%@;t%@?fﬁﬁﬂic%é@fﬁéﬁ%
B } I 10: This i

p?fa]t g;natfgp?é’g&%‘g’b& ?r%?%%?%?grﬁg%?w?@%%g%%'even rri)fel f)r ef erably
Tor e pref or Aa3 530 ol b ant OfSchhbondit (B3 xR R thitn 19T oY

on the vacuymagive bélod) L20°CESTFER Bheé vidWhSiht oﬁhﬁaﬁﬁﬁﬁing%?@@?é&d

oil obtained i'n this manner is used in the 10 first pol ar~sol ve

extraction sigipt geled hb&@bﬂ@@pﬁdﬁ&i@dﬂwf@hﬁ% prod@ction ebst, it is
raffinate and a first extract. Also, the first asphalt oil (bottom

oi | N extraefedblynbetvden depanlalrqg B vsitg cotipoMentt (B)dHuving a
asphal tene content) may be directly used as asphalt 'starting

material . A poietfiff ab laighbalthanill0PE, At 46 gyobible upedbtiin e rhbbas
asphalt starting material for 15second asphalt oil obtai ned by
separati on afort 1agrull datsahehtmslirgpdinby t he second deasphal ting
step described hereunder. [0064] (Second deasphalting step) The
second deasjba#o] Athesamwifinepans b€ poimpodent (BY e 707 C wr lghbglprefarhblnd
a~20 deasphalting solvent are contacted in countercurrent flowin a
second deas@Eld iorg heghermand0o mérer prefeaalblyi dO0PQt @rahsgwmond From the
deasphalted oil and a second asphalt oil, to obtain a second

deas@fal t ed waewpaimt of Bedmatinggmoductionlaf arbleeasphpdundiggsul heving s
appropriately recovered using a stripping colum or the |ike (not
shown) pr oviadeditallet seilinewpsint am @@@ﬂdﬂbfcommtﬂnhtm avitle auphet wndgto
colum 20, and is circulated for_ reuse. [0065] The deasphalti n%

sol vent is supitaisdthe propersies ordthie mablen epmgosition, it is preferably no

higher than 120°C.
[0041] In regard to the composition of component (B), %C, is 3-20 and
235 preferably 5-10, and %Cy is 15-35 and preferably 20-30. The %Cp

value is determined according to %C, and %Cy, and it is preferably 45-
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23 FP10-0045-00 colum 20 through tubing 24. The first asphalt oil

is separately supplied to the second deasphalting colum 20 thrBlgH045-00
tubing 18. The second deasphalted oil is obtained through tubing 26,

and the second asphalt oil is obtained through tubing 28. 5[0066] The
deasphal ti ng sol vent used may be a non polar I'ight hydrocarbon such

Geabphal 11 g 2 BHE RioTeh SRaY S i St SHTe et Re- cofty using

deasphalting ste t he sane as.ar dif nt from. used |n
the First CaTHHIEtNE] EuE BomORuanR SRS FHRES dhBAL be casy 10
deasphal tin lsolven is used fromthe,vi ewpoi nt..of si lcatlo
of 't he- pr oo QAR BabbeR 6O Pl if RA T s SroforRetibuEg T

d hal ti t t t ted. l. th
i frorent fPBAPERE ICAY AR EPHEBEOROFROSHIOT £ RiaiF AR EdBEGBRBRT iRy
st ep. The deaﬁﬁal t n(% condl tIt-OI’lS in the second deasphalting step are
pref erably %‘dﬁl‘a‘% PP By! 1é’)’(ﬂiarrpl e, so that the 100C dynam c

35-50 b 5| gﬁ%ﬁé‘iﬁﬁﬂ%q%%aﬁﬁﬂeéﬁ%ﬁ%@e@’%u@% Eohereraid g s
oy be, {or 3w PG ?128?5%%3815‘%%%?‘%09? B 1 B0 °
deasphal 11 ngob Tl O8MBRhef () a3 pbaERCA 0RO mRGSE byt drom e,
Fi Tt deaspRATYPRETL T eng@_ipﬁaﬁéa@é%%'st/ é%f%%%pﬁéﬂe% et g1
FPi0- 0045 0 f%econa%ﬁéasﬁ#"?%s%ﬁ PE R ER b o0 B res
preferably %Q%’é?féi’laﬁﬁa}ﬁgr rt| A irat 303 g.fa%?wgrﬁpéa{%r based on the

first asphalt as the s or t second

deasphal ti ngoggggme ﬂaggfigbgﬁh%fs%m?eheﬁﬁt(m iig) ZW(,SE‘&O']H%her and

deasphal tin is prefe y 51.5-10 tines,” nore preferably 2-5

tinmes and evps Ps & hér, Fof alrubBer Ebf E%ﬁﬂd oileflhsh bBirkt
first deasp;?zl ﬁiﬁ%@step @‘bggi% Thg taop tel;rper ture%:igh t he se o%dk@f

deasphal ti n@59€Poi higher! ﬁ*o@@ &Me ewBbirt afefiotafdling veitinefher ddfiition
15-25C |l ower than the top tenperature in the first deasphalting step.

The bigt t om e eswaslur Bazdidol petlsesonthtaeals piBktAine thieefladts point of
preferably 10-30C | ower and nore preferably 15-25C | ower than the

bot t om t enpeyoaipsreerit( A)e Highs thel dashhiat 0f cohgdnent (B) does not need

to be higher than necessary, and it is preferably no higher than 290°C

and more preferably no higher than 280°C.

[0044] The 90% point of component (B) in GC distillation is 500°C or
20 higher and preferably 500-600°C. For this embodiment, the 90% point

of component (B) in GC distillation is preferably 510-550°C.

s

According to another embodiment, the 90% point of component (B) in
GC distillation is preferably 550-590°C. There are no particular
restrictions on the 10% point of component (B) in GC distillation, but it
25 is preferably 400-510°C and more preferably 440-500°C, from the
viewpoint of safety in terms of the flash point of the rubber

14



[0071] (First polar solvent extraction step (1)) 15The first pol ar

sol vent extraction step (1) is a step in which the first deasphRIDed045-00
oil and polar solvent are contacted in countercurrent flow in the

first extraction colum 30, to separate the first deasphalted oil

into a first raffinate and a first extract, to obtain the first

raffinate and the first extract. The | ar Ive propr.iately
recover ed umﬁ@p%@ﬂgpﬁ ngr 1902 fﬁﬁﬁeg N fiqfail @no@ﬁ)Level 4
provi ded at tr m end of the first ext},@e col 30, and
is circul at 3356 OP% Q*H’é\ waierialances 3&% V@nLaW
such as furf cres f ol,an yi roI i done

di net hyl suIW ‘?Snﬁlpr%tﬂ ‘Pfé)?ﬁﬁgé@rr IHgEPSfcoFF gstSIQf%moqﬁ’uﬁt

furfural is refer r this rrbo |rrent 25fro the Vi ewp t
of all owi ng ™R %3%?’5"2? BRI E? | BIDRG TE AL T DB
| ubri nt baiﬁ) a_ FP 10-0045-00 [0072] The pol ar solvent is
suppl i d to e |rst extraction colum 30 through tubing 34. The

ST TRESE e RLERlrbe ) RED BB
A R P e
1575, 7o, SN Sy Fnde S KIPHBRREN i 0,50
e o SLFCLTR SN RS el BRNE S iy
o0 SRR, b b preleray 2 e

TR oL 00 T MRy ccabu 0 ot sttt
o e WAL i S AR B A S

60-130C, nore prefera nd even nore pre

First extracty.ypgl ¢am*hi s '%ehefmgéwﬂe&%?, V%{ﬁ%ggr qm@f%ﬁ%ﬁt

20- 2040 vol % and even nore preferably 25 ol % ed ont

deasphal t ed ﬁSéosn[yong’jO(((ﬁ@ﬁﬁxﬁﬂs BP| Beate! MendedXbf aRls @ﬁlbﬁd@x@leh@) the

The second pol ar Sol vent extraction step is a step i n which
secongs 25deaPiaky ggmet lvigiadits POiRS csapvasht @Brﬂ%ﬁé Qf%bé%'piefelably
for

countercurrent flow in the second ext ractl on umm 40,
separat i on i30-0568 Befndndxioas tpréferably 80-120 mm?/s in order to obtain a
rubber compounding oil with a suitable dynamic viscosity. When

component (A) has a 40°C dynamic viscosity of less than 2000 mm?/s,

e

as a different embodiment, the 40°C dynamic viscosity of the
20 component (B) that is used is preferably 50-500 mm?¥s and more

preferably 60-80 mm?/s and/or 120-250 mm?s, in order to obtain a

rubber compounding oil with suitable dynamic viscosity.

[0047] The total aromatic content of component (B) is preferably 20

mass%o or greater, more preferably 30 mass% or greater and even more
25 preferably 35 mass% or greater. The total aromatic content of

component (B} is also preferably no greater than 50 mass% and more
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PP 10-0045-00 and a second raffinate, to obtain the second extract

and second raffinate. The polar solvent is appropriately recovEPéd-0045-00

using a stripping colum or the |like (not shown) provided at the
downst ream end of the second extraction colum 40, and is circul ated
for reuse. The pol ar solvent 5used may be the sane as in the first

pol ar solvent extraction step, (1), Fromthe_ viewoint of process
sinplificat ipéﬁfer blot @9&5169@%8@%%2%- SH {hentotik axpsmatic gopkat of

first and second pol sol vent extraction steps. [0076] The pol.ar.
sol vent i's ORISR Helest e 20 e th, oh rUBhIneOmOOLRAmE A1l Wifth g

exi ract i on CUERATOTIICHEGUEY bR IBIaRle. okt difulotal FrovRpdcicontent
e e LDRE R T RE T AR i R
C o R A SIS YRR Bt
Dreferabl Y 10K A TRESPAS IR X SR AROHATICh, 8RS GO0 DS
5 B S S
szoond sess AV CIPY UM BIRRLC. o sevon sl o u
E{ﬁ%zg?rﬁjé FE@% ﬁ%’g r2§ ?gfot o%ﬁ?grrpelré)t urESSof ﬁ%% 2x(t£i§ct i%n
even @r e pr _efternae_glgyg%&ﬁggh %ﬁ%ﬁﬁﬁgﬁ%“%ﬁﬁﬁﬁo ﬁﬁ@ecgngBéx rac{%d
35735 vol % TR¥ea ot Ruobel (RuThAiiding ol olhic B gat B A%
of this emboghisRle T8¥AsEEnHL R flef f(l‘%gi' %&r]}gpgrﬁe{lfhgﬁz aBytd Bhde ﬁ{atéltizﬁ;lf

first polar solvent extraction step econd extract

the second pahaF ﬂ%alei ¥6ifpofitht gtBB,i(%S‘ 1848 R (the- e FEQBLE AR MvRMRRINNEs Rt

i ncreasing the yield, npone Is preferably the second extract.
[0080] ( Secanshifedalyiffygrmeanent (A) of this enbodi ment may be
obt ai ned by the pr oda’cti on process described bel ow, instead of the
firstjgode dosqo] @k ﬁﬂfbé?-co?ﬁg@lﬁﬁ’diﬂg 610 dffthss éﬁﬁﬁﬁﬂrﬂéﬁﬂ?teﬁ@ol&%d
extract as conponent (A) is obtained by the two-stage polar sol vent
extraction siffipityf famdtteryssheiing! stapdreibs,on Hi%aOﬂasPﬁp@fnt,afsaﬁﬁpwd c
distillation residue oil from 15crude "oil. [0081I]

satisfactory handling, as well as the following properties in order to

£

obtain satisfactory low fuel consumption, grip properties and thermal
aging resistance when a rubber composition is produced.

20 + 15°C Density: Generally 0.9 g/cm’-1.0 g/em?, preferably 0.94 g/em’ or
greater, more preferably 0.945 g/cm® or greater, and preferably no
greater than 0.98 g/cm’ and more preferably no greater than 0.96 g/em?’.
- Flash point: Generally 250-350°C, preferably 260°C or higher, more
preferably 280°C or higher, and preferably no higher than 320°C and

25 even more preferably no higher than 310°C.

- 40°C Dynamic viscosity: Generally 200-3000 mm®/s, preferably 300
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(First polar solvent extraction step (2)) Fig. 2 is a process _

schemati ¢ di agram showi ng a second node of a nethod for producFRg0-0045-G0
conponent (A). First, in the first polar solvent 20 extraction step

(2), a vacuumdistillation fraction of atnospheric distillation

residue oil fromcrude oil, and a polar solvent, are contacted in a

first extractign colum 30 having a bottomt erature of 30-9QC and

a top tenperBiLfeOt SRS W@H@ﬁ%@ﬂﬁég’ éh@ TBB"??% rﬁVteEriﬁ@FeaPt?rfél,‘a%ﬁB 500
obtain a first yraffinate and a fifrst .extract. 25£0085b&5he fgaction

of the vacudPm{S©Or g5efsn adaprelsrhlyeno agrestelr thaty 298V MmI/s; Anetee

first polar solvent extraction st 2) ig not,particularly 28 PP
0n 004B200 et blego. Erate thary THO07 hens gt RoGe. SAre Gbfarpl ato
m ddl e | ube-oil. disti gbat e, sheavy lube-oil distillate, or a blend

t hereof, or SrRateBHaan 800 JM i distillation fraction may be used.

[ 0083]

008l 1 o SRl 8l NS5 PR hT T RS SOBLRGD) S
o0 50 RS R ks PP 20 G S greteably
L B,
ggggﬁdtshagufwgmggoﬁﬁ%ﬁﬁwae%ﬁ. Q%‘ sﬁ]%ga(’_‘s's?ybpl It uni versal o
o “the at nosphBITE Puth ) GatnaliTy o LS, eI BU°C: b fher Hbke
Dref el LRGRALAE SO Hiphet AUR AR cRUSLRy 90bY: 2R E00N and
pol ar ool vert CEarP R ool S SO e ARE Tnok P preHABR i i, i
and a pol ar gplvent are contacted in countercurrent 20 flowin the

first extraction colum 30, to separate the first deasphalted oil

into a first Kakds@ eoffthtd dedefhll @.0??2’12 thAs AL ?Eé‘fe}ﬂﬂ T 0103t mass%

raffinate and the first extract. e polar solvent Is appropriately

recovered usjigredtayt éiz@@irﬂ@recgﬁfgmgg .08 thad®s (mﬁg%m%% gfriezérﬂgﬂz

at the downstream end of the traction co i

circulmted figy gf'@&éﬁ-théi‘i‘&).ﬁ&ﬁ@@s%fa@@'rﬁbré ¥epibleio berchhte SRme0as
inthe first polar solvent extraction step (1). F? 10-0045-00 [0087]

The pol ar sghy&ts. is supplied to the first extraction colum 30
t hrough tubing 34. The vacuumdistillation fraction is supplied to

the first ext%&;ﬂ@mmﬂgmm préfezably 10rngredfer, fwrefl preférabdy flunad e
is obtained fromtubing 36 and the first extract 1s obtained from
dubing 38. drehR988hdThecferiilprmbepretat dhen dl5 tdiel frnosd eeferably e
colum 30 is 30- 90C, preferably 50-70C and even nore preferably

55- 65C. The greatetr¢hmel8t ure of the first extraction colum 30 is

hi gher, preferably 10- 50C higher, nore preferably 15-40C hi gher and
even 2fbre préh€halibenedslgEO-BDghesferatinn % be ghertegmoenpefatainly 2 0Mur e
specifically, the 10top tenperature is preferably 60-120C, nore
preferably @‘e&tﬂ:@,@aﬁ@referggly no greater than 35, more preferably no greater

than 30 and even more preferably no greater than 25.

- %Cp: Generally 30-85, preferably 40 or greater, more preferably 50 or

greater, and preferably no greater than 73 and more preferably no
25 greater than 66.

- Total aromatic content (ASTM D2549): Generally 30-90 mass%,
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even nore preferably 85-95C. [0089] The solvent ratio in the first

pol ar sol vent extraction step (2) is 0.5-3, preferably 0.7-2 aht1evie5-00
nore preferably 1-1.5. The "solvent ratio" referred to herein is the
volune ratio of the solvent with respect to 15the starting nmateri al

(sol vent volume/starting material). [0090] The yield of the first

raf fi nate obtajned by the traction conditio escri bed above w ||
usual |y be m@fmagbﬂ é@ Iﬁﬁ%ﬁ%%§fp3%$fa@9f%gfﬁégf@ﬁgyO/%Qaﬁ@ p &1 greater,

preferably 70-80 vol % The first. extract vyiel syual ly be 10-50
vol % and i @ﬂérléﬁe Y14 ix/nﬁgf%te%h% Eééﬁ@s . %Pé%ﬁ%}}a@ﬁf HDEESIeh

[ 0091] Thes(eSh ractl conditions wll all ow i ndi cated aromatic
conpounds t Qx‘p? ed at the fi rst extract end. It will therefore

EEWBSEﬁ‘gS ' St ot dﬂ&&@%ﬁ% 5%53&\4%%9?3 Star el e DT ne
25 nd,

ot s U L
at i naie orL RSty Bt b efsibly&wgm”a;é&m:% K stofnd i,
cont ;Z? ca 1 oroBER R ep R 3 Bas % he cecond’ extr acti on col umn
41, i

Sbi ai n t he scaabffhdel Bafert -EORSARH, BIASTY DIGRT"FCIRHEA R e
tsed may be ¢ he. SRR QASohN ARk ;ﬁ%ﬁ@r{%bﬂ% 56! I\‘xgé]sts" é? a%g%qqgr,skrggre

(2). Fromt he VI e oi nt~ of proce?s i Cat

oxtr a1 on SRhE: oéégfﬁ%ﬁw& P L7 bt F%O‘i’é%‘é?gfaﬁﬂk 21241%'3 b
gﬁ;;?iceldo?o%?he secon ext ct|o q“}nafé F(li;@at f’:ud:’fﬁ%gég%fﬁﬁ
R s

obtained fr mtu ing 1549. [0094]
second extracpiods Q) E8niht ! §é’é6rd§19% f QAS'TMPM@G?bWI@Qg%lOC

hi gher, nore preferably 15-40C hi gher and #&ven nore preferab

hi gher, t hamnéfhedyotiepetalBrmner@tiassoaf Eél%riblgsi Iﬁ%&ffs"’/ﬁcér' gfba@el YHBre30

inthe first polaf solvent” 20 extract Fon ste

speciffy cal | yrefdrgblyos hea8st6 G e edtef, arfef Pﬁéi@ra%@ﬁ@@dg&éidr%ﬁhh% #ak47m)
41 is preferably 40-140C, nore preferab y 60-100C and even nore

preferably §RoR5prefbRMIpholheatthharmieraiiyeand et/be rBefOpekferably no
extraction colum 41 is preferably 10-50C, nore preferably 15- 40%

even nore progéseabhan 26 ma2s36C hi gher than the bottom tenperature.
More specifically, the top tenperature of the second extraction
€olum 41 is faafretabl gorhfeddifholar compound ratio according to ASTM
D2007 (Clay-gel method): Generally 0.25-50, preferably 1 or greater,
20 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.
- Benzo(a)pyrene (BaP) content: No greater than 1 ppm by mass.
- Total content of indicated aromatic compounds: No greater than 10

25 ppm by mass.
- Pour point: Between -10°C and +30, preferably -5°C or higher, and
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FP 10-0045-00 nore preferably 80-140C and even nore preferabl¥

110-130C. [0096] The solvent ratio in the second pol ar sol ventFP10-0045-00
extraction step (2) is 1-4, preferably 1.3-3.5 and even nore

preferably 1.5-3.3, and preferably it is at least 1.5 tines the

solvent ratio in the first polar 5solvent extraction step (2). [0097]

of usual 1y e BnabHl B bt o1 S0 emare s iREo HoRe DERTOES S e
Y i S P
Coral”arorn Gl RARNREab () Sbebec i IR it s
b1, e B BN VAR 75 o0 ke
Phe senony digken ey 248%, Qsfomantc pideRiniP Rl higher dBafioabite and
e
D2549. gg[oi gfelrﬁ@leese%l o Poiin T bl e o Ugs ot g,0asc
%gﬁgiﬁu E[fi ?iﬁgféf@}%?ﬂf gi%?lﬁﬁg E@&?@ﬁgﬁ é@ﬂ%’gﬁfﬁﬁ%@?ﬁ@sﬁ?ﬁeﬁe&
%'260C or gi grgg?ﬁﬁgfn?fﬁa%%?epe;{%%lé}a%% tﬁéﬂg e?ntz’r%g%%f&cﬁ%‘gﬁe%oﬁt% gﬁby
DoPnel0 ho- i EHEereR il BESHANE ¥l orithetdly ar°F fled (At clEDAtihd Fate
50-70C. _Boragbe)AKFENCTEOMFRI teMBoBGR! Ryl PR, AnBRTBCIRPE: lower

Total conte cated aromati € conpounds: greater than

Sppm by Mes$hafh Qﬁ@%’g@ﬁé@ﬂ%}&ﬁ tﬁh@ﬂﬁg{d [391&9'69%%%61( @&R%It(;dﬁﬁelﬁaf adEﬂ%

no particular restrictions e met or " produci ng co

for this e”ﬁléx?%ig?%tihlre Corpeap (P ikitiatde ahed! 'iﬁQintéiﬁir?%f eRts" afefidi AN

of a deaspha obt ai ned by deasphal ting treatnent a vacuum

distillationefpaedtue® dorataospbssibedi Perlddt igh heid om Bhedifienlly,
crude oil, or the vacuumdistillation bottomoil of atnospheric

di stil3 ati onmbghiremedi Imiy 0@ coridigted undes o fellPNiR cepliMRMs forahias
furfural, and subjecting the obtained raffinate to refining treatnent

embodiment.
[0051] Apparatus: DSC Q100 Thermal Analysis System by TA
Instruments
Initial temperature: -90°C, maintained for 10 minutes
20 Temperature-elevating rate: 10°C/min
Final temperature: 50°C, maintained for 10 minutes
[0052] The method of calculating the glass transition point from the
peak of thermal change may be the method according to JIS K 7121.
[0053] The rubber compounding oil of this embodiment can be
25 obtained by combining component (A) and component (B). There are

no particular restrictions on the content ratios of component (A) and
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15i ncl udi ng dewaxi ng and hydrofinishing. [0103] Conponent (B) may be

a hydrocracked mineral oil or hydroisonerized mneral oil, butFPi0-0045-00
does not need to be of high quality beforehand. The use of a

| ubricant base oil with a total aromatic content of at |east 30

mass% obtai ned under relatively mld refining 20conditions, is

preferred fromthe vi oi nf .of incr?asing sujtability_.as a rubbe

conpoundi ng C&IWIPO%‘?W nt é%ieéam Pt ﬂ}ﬁ CRRESHL rRAtIo] B GRSt (A)
comonen, (Lo o8 AR DLAR SRR 2000 AP 8 RGN
mars, okt PGB0 voattp T indregfif Wl oot
() ot Fheehotin S Jlin b enlilo e, JOF e
or 00 e - AR R-sREpiso i 988 Sty i
v:c ;S(r:;sl %de[cﬁlg%%éﬁi/\{o g)f fe en fg#lg(gugt'%f(r?#}#gt h d_z (?%?Séq‘/gg&ngollggrew
in detail Wf{fﬁfé}g‘?@f?‘%@iﬁ?@ﬂ?ﬁ%, a%8§?ng§§y?%ml§m #gg 59%%3%7]%‘ RuBbér
orocess. schoopyouifnenil BE UNIE CdFE! Afila J0R8r bl it ° 1 © @

br ggugig)ng caunsaP inbi By [ H0ShidiRe! Bopdriith R BOnRAKAR! (1P if a5gson

e vactuum atl raction of an nosp

di stifd ati onnaeeidiieq ﬁrlgﬁrppgt g@gégrlﬁhks%%g oS thd18ofi] %%EQ%f the

material. The vacuum action and a polar solvent are

contacted | fubBE GSPbhAlIng | AN | TROCcAMERE @il a5! 5 RN Hhd

for separation into a first "extract and a first raffinate, t

the first exreRGhbRNUFO0SImARIL BakEd aﬁeﬂp@lﬁftaﬁqna% V<Fﬂ"'tthiesmbber
appropriatel'y recovered using a stripping colum or the [i1ke (not

shown) provigdego@inding eﬂwnﬂb%%ﬁ,nqleo}‘coht&tf 4R XEsRPoet (EHUE

30, and is circulated for reuse. The polar solvent used rs the sane

as in the myrbfiablr 13-08UgiaREYE0sReSeHe allual powl PbIH ofhey aGbbER
distillation fraction is the fraction corresponding to 25200- 800N,

e A0y Sembeasinarmis sosaibnmodkto B i skeral

10- 0045- 00 Ilpdiniscaithdbase aidteriblsh cantpagient l(@3har@bcoinponent (B). It is
also preferably 25-60 mass% and more preferably 25-45 mass%, from

4 the viewpoint of obtaining a rubber compounding oil with suitable
viscosity and a lower pour point.

20 [0055] The rubber compounding oil of this embodiment can be

obtained by combining component (A) and component (B) in the
proportion described above. A method for producing component (A)
and component (B) as base materials for a rubber compounding oil will
now be explained.

25 [0056]
[Method for producing component (A)]
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[0110] The polar solvent is supplied to the first extraction colum

30 through tubing 34. The vacuumdistillation fraction is suppFPef-@@#5-00
the first extraction colum 30 through tubing 16. The first raffmate

is 5 obtained fromtubing 36 and the first extract is obtained from
tubing 38. [0111] The obtained first raffinate may be subjected to

fini t t t. Wt d [ 50 and a, h fini shi
epar . bohq b SR RS 10 3 bt
d [ t 50 .and_hydr of i ni shi 60 b I
Used 10appartt 1848 35 04 2PrORREIBY o ORBURIt Uhe BF SHEVRTGsAnd Tor ¥
t ti I 30 int fi I I t t ti.0n,.st
s 50-900, perENSply By Bo@ Htelan B Hroreranr, bbiirse Rt
th hand, t. t t . f the .fi t L | j
Pi aner . pr e ShiesE Ras apstiTRn Hghs S SRk KB 381 SoriRgha o
d bl.y 40-60C hj gh than. the bott t t .
or e Spect TiQAFPOATPRL ifoy] rOieer aF uf 06t MRS P ity all orediCim
30 i f - : . -14
oref or abl y (rgsHugted B sPRIACL SiBLR Pofar ot d B o o
I t t i i : -
oref orabl y 10855147 htfsthnriedide ol prRb i Rantpdich T2 FREH LT,
first ffj ' n = 80 1 9 - %
and more préFor doty eSS Bl sibaohg  Indle  Bo Ll e EEAT vl £0u S
0- 60 | % : : =4 | %
510115] 51 PR ekl BldYRriceaile (MG RCCHIIAS e Araftihety) o
fi rstmaxtragt)ogg by these extraction conditions, it is possible to
adequately 35 10- 0045- 00 reduce the content of indicated aromatic
conpounds i FE§RE4tR)i cant base oil obtained fromthe first
raffinate. [0116] Next, the first raffinate is subjected to refining
treatment irmbudijgg %ﬂic%@@?scﬂ&%ﬁhrtﬁagfﬁfﬂ rsﬁbbﬂhgmrﬁgxﬁ{&plé@f bi dBthddP
obtain a 5l ubricant base oil (conponent (B)) with a 40C dynam c

Vi SCOSi ty OffobQrodBOnBTEsmpanend( &S .1 Rok h8 Firs2thdue/Brst QldeAsphltide
|1 S P

starting material use he vacuumdistillation fraction

correspondi ngep As408rfONULI in Wvhictbehoossdie Hixtdhitinh rasidaspeiiey
(B) having a flash point of 250C or higher, a 40C dynam c viscosity

10of HD- 150 supécicdnd deaspledltiby 8lheldeaspilttng atep mal e p@irivd et in
430- 480C and a 90% poi nfqﬁ of 5%0-560C in GC di%tlimlijl ation. [0118]
1 stage or in 2 or more stages. However, a deasphalting step with 2 or

more stages is preferred from the viewpoint of obtaining two or more

different raffinates with different dynamic viscosities that are useful as

lubricant base oil starting materials, and extracts with different dynamic
20 viscosities that are suitable as rubber compounding oils, and of
increasing the diversity for production of lubricant oil products and
rubber compounding oils. From the viewpoint of avoiding
complication of the process, however, the deasphalting step preferably
has no more than 2 stages. A method of conducting the deasphalting
25 step in 2 stages, a first deasphalting step and a second deasphalting step,

will now be explained.
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(Second node) Fig. 2 is a process schematic di agram show ng a second

node of a 15method for produci ng component (B). For this node, FE10-0045-00
second raffinate is obtained by the two-stage polar sol vent

extraction step and the second raffinate is subjected to refining
treatment including dewaxing treatnment, to obtain a |ubricant base

oil as corrpctgﬁsé (B). [0119] 20(First polar solvent extraction step

(4)) In the 1 pol ar sol vent extraction step (4), the vacuum

distillatio Ff-r‘gg%i orhaﬁf. an, atnospheric distillation residue oil from
orude ol 1 < Ut RS ng mtorlal, Thl o vacuumdisti |t on
TR ke e Lol i
ot inate. Thadys 3H°oh Jukbheliss el FEHHRE ofi from g ol is
atthe doundorLadted e PRaSatlRe oo, 1 (oubRakaRaRY Moy iRl 46
The Tirst miagsoBRiTaiai B, flr RRaRuoR e (1S RRphARpa P afiS d ©

extraction [N e~ t} 4.
(s 30-90C 3RSt BRpligs o, 0oRialt o B YeaS PR o hiAS 5P ?%%ﬂ( 8.
enper at ur e. n : L ot
10t - to 11 SERDFRREINOIRENTL: AOPIIRTaENY HEEOU ISt SR & trippine
Cempor at ur 6 ‘Chai, I WG (F ehiind) i BRL bF TRE eV HLBBRY hoPof the
tenpey@t ur e fRM b4 Ha?ﬂﬁh’%b@hﬁﬁﬁ 10 ahldsis iFctllate@!fBf r&@eyent extraction
step (4), to obtain a second raffinate and a second extract. The

A ! e :
second raftifpase] me E@asgﬂlgalﬁggl ssivedt 49 ﬁl@?h@d”fb &h@aﬁﬁfﬁedgghgltﬁlga

dewaxi ng apparatus 50 an rofi ni shing apparatus 60, to tain

| ubri cant bagguginl 16sthe ngbing( BY: TR dav@uinnaistdR@on! Hsid% dildis
hydr of m shi ng apparatus 60 may be comonly used apparatuses. [0122]

This pr OdUCtsieEarareltyhmbﬂlie@tcﬁTﬁhéIQﬁs't dewspleditihfecalaaand0 theongh ftiipiige
obt ai ned by the sanme two-stage polar solvent éextraction step

described i nXet&hé fimt ddaephﬁceﬂld)iWQbitain%ﬂ/Eﬂ]h@dgﬁQﬁbiﬁcﬁ)dﬁgidﬂﬁl the
conponent (A)", is subjected to refining treatnment includi ng dewaxi ng
treathfent, tasohsphailt aillisbbtaiaed thasghoiubieg 18onponent (B). This
first polar solvent extraction step (4) and second pol ar sol vent
extraction d08p129(%) demspheltoer rsddenutused tihaysdre aranorspasr tight
first polar solvent extraction step (2) and second pol ar sol vent

extraction styspo¢@bodeschi dsepropaRe ®rddxnsnearaboveref¢@abidproymare: di For
; o this pr Ootlil‘ig tcile%gpgglttihn?gd boizcttiitiiosns?%izi ]P(l)(?"é Ody%g.tmaiicnvgcosity of the first
deasphalted oil is preferably 10-35 mm?®/s, more preferably 15-30 mm?/s
20 and even more preferably 18-28 mm?/s. The deasphalting temperature
can be adjusted by varying the top temperature and/or bottom
temperature of the first deasphalting column 10. The deasphalting
conditions in the first deasphalting step may be, for example, as follows.
[0062]

25 - Solvent ratio: The volume ratio based on the vacuum distillation

residue oil is preferably 1-6, more preferably 1.5-4 and even more
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200- 1500N, preferably 250-600N and/ or 600- 1200N and nore preferably

300- 450N and/ or 700- 1000N | ubri cant base oil (component 5(B)).FpPd92a¢45-00
If the starting material used is the vacuumdistillation fraction
corresponding to 300-400N, it will be possible to obtain a conponent

(B) having a flash point of 250C or higher, a 40C dynam c viscosity

of 60-80 mm?/s aﬁj g 0% poi nt of 400-460C and a 90% poi nt of 500-
10540C in CXErﬁfeg? A 4ati-on. [0125] Also, if the starting material used

AT s
poi nt _of 450 556z s BeRAbTe S0T R el ahomdrap iy resGn.
(9126 T onsad et g55E| R EhBHS e el 6% AIDRRSIBIL
a1 455 L o0 SR A BEOLEI B0 BRI
Pydr of i i shi nd abparaPtEle’ oY "THRRE' PRARRT U1, WlPfeafiore
ends of the tﬂrlef ébﬁxifﬁf{répfﬂ a0l A0 ﬁl%r@%?efe?gbli%ggg&f(ﬁ?%;%@% e

col um 40, t'o obtarn”a 1ubricant base olF as co anpl'es

25[ 0127] Th?a@ﬁﬁﬁ?ﬂfs’cl‘]lﬁ‘ﬁ%ﬁﬂg@ﬁd@ &fl. now be expl ained in greater

detail based on exanples and conparative exanples, with the

under st andi T906PTMORLE: :sbRalisd NP BLENAER RS Fdithel ds A in the

limtative i nvention. | 0128 anpl es nparative

Exanpie 1) [f%0guRiselvaft SOnRedanites /gle]scﬂb@d Hégéijztge'_k %%d%p?fag%#ﬁnto

shown in Fig. 1"was used to produce conmponent (A pec Iy, a
vacuum di st ig figdt ir@ffinR8 lathden Aidt HtrA% MONIBE! iife B tak%hﬂ’t bﬂ%tfo%ﬁirﬂ ¢4l

oil fromcrude oil was contacted with propanhe in a countercurrent

fllow in the rdotr gttrateas pingd t thegd sphantid® s éntPrsipagRh deigP A3pkalfcheof

the vacuum di stillation residue oil, and the first deasphalted oil

and first asphadit)ahby (Béﬂdiﬂ@@tl{ypmeﬂ las n¥phekt staaied natehial.OpAIRENEhe
were separated (first deasphalting step). [0129] In the first

deasphal ti ndirst egphdlheilde pseferdbliyngedatidedtlyons afsiedlv stattin@inateribdfor
tenperature and bottomtenperature) were adjusted so that the yield
of thih firstsedend psphak dibbbtaihéd byr syenretion sifi theestcoht)deasphated oil
vol %with respect to the vacuumdistillation residue oil and 15 the
100C dynanmi dwihecesbhy defasphsltingr step dessipbed hereuwsiderwas 15- 30 M2/ s.
The solvent ratio was adjusted to 1-4 as the volunme ratio based on

t he vacuum d0864#]1 ation residue oil, and the deasphalting col um was
adjusted to a range with a top tenperature of 80-100C and a bottom
t enper at ur e (5ecend deasplRdfiog363p)Next , the first asphalt oil was
contacted with propane in countercurrent flow.in the second

deasphal t i ng heosenpndadgaspbaltingpsiands dedep hamtiinh thé firsieasphaditoihapdal t
oil, and the second deasphalted oil and second asphalt oil (the

bott A oi | ssasehaliiag: salvant arecopsantyd iareowdpenarend flescima second
deasphal ting, step).. 25[0131] In the second deasphalting step, the
deasphal t i nglegspiaaltingnsoluman ht farasenaration néonse seeend deasphaltad mil

tenperature re adjusted, ) )
P )an 2 second asp%alt oil, to obtain a second deasphalted oil and a second

asphalt oil. The deasphalting solvent is appropriately recovered using
a stripping column or the like (not shown) provided at the downstream
25 end of the second deasphalting column 20, and is circulated for reuse.

[0065] The deasphalting solvent is supplied to the second deasphalting
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FP10- 0045-00 so that the yield of the second deasphalted oil ({
propane-distilled oil) was 15-50 vol %wth respect to the vacu]éujéio'oo‘%‘oO
distillation residue oil as the starting material of the first
deasphalting step, and so that the 100C dynam c viscosity of the

second deasphalted oil was 30-60 mm2/s. 5 The solvent ratio was

and bot t om toEPacd: itoefn I8ME, A 0 JEER R wpBar B b0 apetels’
| over than_ Gl 98 A SHPSCAb BcA0d RAL ST RURY B8, RRISES! Yae
ot and tneckind dalBhRg YL AGBRLERLE, BERGE APebi 2k, BBy HEERERNG,
ranges of 6%:3@%%3?) -S%tgﬁlgfjﬁéﬁ?@gg%&%gg?p%m%] Tabl e 1 shows the

deasphal ti ng i'ons Th alting step and second

aconalt of | OG6CDTR8] dPRRHARE RNHY, SR, B89 TR (R BRI, kY
J | . . asphaft
ool duo of | Brrap RN SRR MTEL ks BT R D

2,050 Col B KRR LEmRAAiHG CAeB0 TPhCOULDHARSE RIIFERE AU T it

55 Deasphal ted ol
second deasphalting step may be the same as or different from that used

5 : in the first deasphalting step, but more preferably the same deasphalting

10 solvent is used from the viewpoint of simplification of the process.
[0067] The deasphalting conditions for the second deasphalting step are
not particularly restricted so long as they are different from the
deasphalting conditions in the first deasphalting step. The
deasphalting conditions in the second deasphalting step are preferably

15 adjusted, for example, so that the 100°C dynamic viscosity of the
second deasphalted oil is 30-60 mm?s, preferably 35-50 mm?%s and

more preferably 36-45 mm?s. Such conditions may be the following,

£

for example.
[0068]

20 - Solvent ratio: The volume ratio may be, for example, 1-10, preferably
4-8 and more preferably 5-7 based on the first asphalt oil.
- Top temperature of second deasphalting column 20: This is 50-110°C
and preferably 60-80°C. It is also preferably 10-30°C and more
preferably 15-25°C lower than the first deasphalting top temperature.

25 - Bottom temperature of second deasphalting column 20: This is 40-
80°C and preferably 50-60°C.
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Second deasphalted oil Yield (with respect to vacuumdistill aL'g]gE
residue oil)vol % 4 30 Dynam c viscosity (100C)m2/s 23 40 Asp 0e1q45-00
(bottom First asphalt oil Second asphalt oil [0134] Next, the first
deasphalted oil and second deasphalted oil were contacted with

furfural in countercurrent flowin the first extraction 20col um 30

oxtraot Al et e AR AR, Oy TeREr I 67 580 T R Pty 620 e
FP10- 0045-0 ' 0 ' ; 5
I8 205 0 P A0 R g
of Tirst T'Zxﬁtﬁgéfa?@ﬁfgé@%f&%’%ﬂ 3 RO EERR A E D ! he  100C dynan o
5 1500811y 6D ot ang s Aol MORRaibde iy gt
ani | ing poi nt ?}Wtigﬁghhﬂﬂ%rpr%%fﬁbgp@é ties AP ByeR tgrne"gl%%%?&r 9'5-4

hi gher, and the as ltene “‘content” was no greater f

Speci fi cal | y; ] ' : s4 as the vol une
ratio basedxgﬁ&{lﬁleéﬁlyg?fE%ﬁ%gt&%sggbgﬁ@?ﬁg Sfe Jfol tenperature was
adj ust ed tO{é@@O?ﬁ‘i’@ t%?d teRfH ohir@Mih CHRET 3bBiRd ""_ﬁéaﬁﬂidﬁﬁﬁ%d st¢h is
60- 130C. [01I36] 1n the first "polar solvent extraction 'step (2), 'the

extract] on SRBREADRNS0 IR/ Rier ahilanoRS drieaIgNPRDSbe Ryaadiaal i

}.,errper ature”of second extraction colum e adjusted so that the

100C top temperature in the first deasphalting step. The bottom temperature
10 in the second deasphalting step is preferably 10-30°C lower and more
preferably 15-25°C lower than the bottom temperature in the first
deasphalting step.
[0071]
(First polar solvent extraction step (1))
15 The first polar solvent extraction step (1) is a step in which the first
deasphalted oil and polar solvent are contacted in countercurrent flow in
the first extraction column 30, to separate the first deasphalted oil into a
é first raffinate and a first extract, to obtain the first raffinate and the first
extract. The polar solvent is appropriately recovered using a stripping
20 column or the like (not shown) provided at the downstream end of the
first extraction column 30, and is circulated for reuse. The polar
solvent may be a polar solvent such as furfural, phenol, cresol, sulfolane,
N-methylpyrrolidone, dimethyl sulfoxide, formylmorpholine or a
glycol-based solvent, but furfural is preferably used for this embodiment
25 from the viewpoint of allowing redeployment of solvent extraction

equipment for common lubricant base oils.
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15 dynami c viscosity of the second extract was 70-150 mm2/s, the _
second extract yield was 15-45 vol % with respect to the secondfFP10-8045-00
deasphalted oil, the aniline point was no higher than 90C, the flash

poi nt was 250C or higher, and the asphaltene content was no greater

than 3 mass% Specifically, the solvent ratio was adjusted to 2-4 as

e voLume fihy%) A9Res et oI SeEd SRR ARY Strbieat iR At
r e e B Ol RIS AN Bl €5
Zn d second g%?&&@@n&%ﬁﬂ?ﬁ@ ? itﬁgqqlgékmgg 1%5 Aloha?ﬁ E‘ﬁ gtercaéﬁgaﬁg(lrsr%gt@lrﬁéi
FP10- 0045- 00 B onuitd 35 B e ERGIRCh LuttaRlealieets st ep (o)
deasphal t od 007 EIbsEE wHE o B ER {eStich s LB EREdRon ugiilitions,

Furfural Solyenihd Ay e adifte®! 4y hdORot YRR RE 1GCRydhit™

bott om t enper at ur
viscosity of the first extract is preferably 30-70 mm?s and more

preferably 40-60 mm?%s. The extraction conditions in the first polar

N

solvent extraction step may be, for example, as follows.
10 [0074] |
- Solvent ratio: The volume ratio may be 1-5, preferably 2-4 and more
preferably 2.5-3.5 based on the first deasphalted oil.
- Top temperature of first extraction column 30: This is preferably 100-
150°C, more preferably 120-140°C and even more preferably 126-
15 136°C.
- Bottom temperature of first extraction column 30: This is preferably
60-130°C, more preferably 80-125°C and even more preferably 86-
¢ 120°C.
- First extract yield: This is preferably 15-50 vol%, more preferably 20-
20 40 vol% and even more preferably 25-33 vol%, based on the first
deasphalted oil.
[0075]
(Second polar solvent extraction step (1))
The second polar solvent extraction step is a step in which the second
25 deasphalted oil and a polar solvent are contacted in countercurrent flow

in the second extraction column 40, for separation into a second extract
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First extract Al Second extract A2 Yield (with respect to star_hi ng _
mat eri al )vol % 18 30 Refining step None None [0139] [Productio Pa-0045-00
conponent (B)] 5The production apparatus shown in Fig. 3 was used to
produce conponent (B). Specifically, a 500N-corresponding fraction

was prepared as a vacuumdistillation fraction of atnospheric

st 1P O ol Lo e, O The SoON coLbeSend g
HERSIE SR N R R
he. top tempBealty é%eétssﬁ?“ﬁpéﬁ%?‘ﬁ?éggﬁ URE BRI SR e 8%%29600%1
. : | fj I l.ect t
e mi ng 1 SRS oRih 40 Snd ﬁ%ﬁ{ﬁ?%s%ﬁf%g‘hg-chﬁ%gf%ﬁ ifignt
. ! . T

ST ke g Rl gl B AR
[Tabl o 3] RECED b GROTRY STAPLER Spiificat ], 1EXfagtly fho btié Poler
extraction shetds usk@ih HIfTRAId &cond polar solvent extraction steps.

[0076] The polar solvent is supplied to the second extraction column 40

through tubing 44. The second deasphalted oil is supplied to the
10 second extraction column 40 through tubing 26. The second raffinate
is obtained from tubing 46 and the second raffinate is obtained from
tubing 48.
[0077] There are no particular restrictions on the extraction conditions,
and they are preferably adjusted so that, for example, the 100°C
15 dynamic viscosity of the second extract is preferably 70-150 mm?/s,
more preferably 80-120 mm®*/s and even more preferably 90-100 mm?/s.
The other extraction conditions may be the same as in the first polar
£ solvent extraction step (1). Specifically, they may be as follows.

[0078]

e

20 - Solvent ratio: The volume ratio may be 1-5, preferably 2-4 and more
preferably 2.5-3.5 based on the second deasphalted oil.
- Top temperature of second extraction column 40: This is preferably
100-150°C, more preferably 120-140°C and even more preferably 126-
136°C.

25 - Bottom temperature of second extraction column 40: This is preferably

60-130°C, more preferably 80-125°C and even more preferably 86-
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Vacuum di stillation residue (corresp. to 500N) Pol ar solvent .
Furfural Solvent ratio 2.0 Colum top tenperature C 120 Col t ukf 10-0045-00
bottomtenperature C 72 Raffmate First raffinate Yield (wWwth respect

to starting material) vol % 60 Refining step

MEKdewaxi ng, hydr of i ni shing (Lubriating base oil Bl) Extract First

extract C Yileididwith respect to starting material)

- Second extract yield: This is 15-50 vol%, preferably 20-40 vol% and
more preferably 25-33 vol%, based on the second deasphalted oil.
[0079] Component (A) of this embodiment may be obtained from the

5 first extract of the first polar solvent extraction step (1) and/or the
second extract of the second polar solvent extraction step (1). From
the viewpoint of increasing the yield, component (A) is preferably the
second extract.

[0080] (Second mode)

10 Component (A) of this embodiment may be obtained by the production
process described below, instead of the first mode described above.
According to this second mode, the second extract as component (A) is
obtained by the two-stage polar solvent extraction step, from the
vacuum distillation fraction of atmospheric distillation residue oil from
15 crude oil.
[0081]
(First polar solvent extraction step (2))
¢ Fig. 2 is a process schematic diagram showing a second mode of a
method for producing component (A). First, in the first polar solvent
20 extraction step (2), a vacuum distillation fraction of atmospheric
distillation residue oil from crude oil, and a polar solvent, are contacted
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
obtain a first raffinate and a first extract.
25 [0082] The fraction of the vacuum distillation fraction used as starting

material in the first polar solvent extraction step (2) is not particularly
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vol % 40 Refining step None [0142] Table 4 shows the propertigs . of

the first extract Al (base material 1) obtained in the first pEP&Q“OO%"GO
sol vent extraction step (1), the 5 second extract A2 (base materi al

2) obtained in the first polar solvent extraction step (2), the first
extract C (base material 3) obtained in the first polar sol vent

obt ai ned by TFETIG B hRant DbribEnaet aec-elk A ASoptarfedthathe
L obaEar BN B SIAGRISN G, o1 E3h, TARME, 8 i
material 4 (fufhi a}stﬁf%ttfo%cfraéior}%?aj be usey, Second extract A2 100 -
[0083] In order to raise the flash point of the aromatic-containing base
5 oil and adjust component (B) to an appropriate viscosity range so that
the viscosity is not too high, the 200-1500N, preferably 250-1200N and
even more preferably 300-600N and/or 600-1200N lube-oil distillate,
for example, may be used.
é [0084] The denotation "N" as used herein means that it is a neutral oil
10 obtained from the vacuum distillation fraction, and for example, 300N
means that the viscosity at 100°F (37.8°C) is 300 Saybolt universal
seconds (SUS).
[0085] For this mode, the vacuum distillation fraction of the
atmospheric distillation residue oil from the crude oil is preferably
15 selected so that a 200-1500N, preferably 250-600N and/or 600-1200N
and more preferably 300-450N and/or 700-1000N lubricant base oil is
obtained as component (B).

[0086] In the first polar solvent extraction step (2), the vacuum

£

distillation fraction and a polar solvent are contacted in countercurrent
20 flow in the first extraction column 30, to separate the first deasphalted
oil into a first raffinate and a first extract, to obtain the first raffinate and
the first extract. The polar solvent is appropriately recovered using a
stripping column or the like (not shown) provided at the downstream
end of the first extraction column 30, and is circulated for reuse. The
25 type of polar solvent may be the same as in the first polar solvent

extraction step (1).
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First extract C 100 (B) Lubriating base oil 81 - - 100 Den it}s _
(15C) g/ cmB 0. 9712 09998 1.01 0.8867 Flash point (COG C 320 318K 10AQ5-00
Dynam ¢ viscosity (400 2/s 1840 7272 100.4 Dynam c viscosity

(100C) M2/ s 49. 23

[0087] 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. The first raffinate is
obtained from tubing 36 and the first extract is obtained from tubing 38.
5 [0088] The bottom temperature of the first extraction column 30 is 30-
90°C, preferably 50-70°C and even more preferably 55-65°C. The top
temperature of the first extraction column 30 is higher, preferably 10-
50°C higher, more preferably 15-40°C higher and even more preferably
5\ 25-35°C higher, than the bottom temperature. More specifically, the
10 top temperature is preferably 60-120°C, more preferably 80-100°C and
even more preferably 85-95°C.
[0089] The solvent ratio in the first polar solvent extraction step (2) is
0.5-3, 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 respect to
15 the starting material (solvent volume/starting material).
[0090] The vyield of the first raffinate obtained by the extraction
conditions described above will usually be 50-90 vol%, and is
4 preferably 60-85 vol% and more preferably 70-80 vol%. The first
extract yield will usually be 10-50 vol%, and is preferably 15-40 vol%
20 and more preferably 20-30 vol%.
[0091] These extraction conditions will allow indicated aromatic
compounds to be extracted at the first extract end. It will therefore be
possible to sufficiently reduce the amount of indicated aromatic
compounds in the lubricant base oil (component (B)) obtained from the

25 second extract and second raffinate obtained in the subsequent step.

[0092]
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94.46 30.7 11.18 Aniline pointC 69 58 39 109 N trogen content rrgéig)
0.15 0.18 - 0.005 Conposition (ASTM D3238) %Cp 61.0 55.8 19-0045-00
%., 9.1 8.0

(Second polar solvent extraction step (2))

The second polar solvent extraction step (2) employs the first raffinate

obtained in the first polar solvent extraction step (2) as the starting

material. The first raffinate and a polar solvent are contacted in
5 countercurrent flow in the second extraction column 41, for separation

into a second extract and a second raffinate, to obtain the second extract

and second raffinate. The polar solvent used may be the same as in the

first polar solvent extraction step (2). From the viewpoint of process

T,
£ £
H y

simplification, preferably the same polar solvent is used in the first and
10 second polar solvent extraction steps.

[0093] The polar solvent is supplied to the second extraction column 41

through tubing 44. Also, the first raffinate is supplied to the second

exfraction column 41 through tubing 36. The second raffinate is

obtained from tubing 47 and the second extract is obtained from tubing
15 49.

[0094] The bottom temperature of the second extraction column 41 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 polar solvent
20 extraction step (1). More specifically, the bottom temperature of the

second extraction column 41 is preferably 40-140°C, more preferably

60-100°C and even more preferably 80-95°C.

[0095] The top temperature of the second extraction column 41 is

preferably 10-50°C, more preferably 15-40°C, even more preferably 25-
25 35°C higher than the bottom temperature. More specifically, the top

temperature of the second extraction column 41 is preferably 50-150°C,
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27.1 Y%CA 29.9 36.2 6.8 Conposition (ASTM D2549) Sat ur at ed .
contentmass% - 2.3 62.2 Total aromatic contentmass% - 69.3 - BY18-0045-00
Benzo (a) pyreneppm by mass <1 <1 >1 <1 Specific aromatic conpound

t ot al ppm by nass

more preferably 80-140°C and even more preferably 110-130°C.
[0096] The solvent ratio in the second polar solvent extraction step (2)
is 1-4, preferably 1.3-3.5 and even more preferably 1.5-3.3, and
preferably it is at least 1.5 times the solvent ratio in the first polar
5 solvent extraction step (2).
[0097] These extraction conditions will result in a second raffinate yield
of usually 50-90 vol%, preferably 60-85 vol% and more preferably 70-
85 vol%, and a second extract yield of usually 10-50 vol%, preferably
- 15-40 vol% and more preferably 15-30 vol%.

10 [0098] The 15°C density of the obtained second extract is 0.94 g/em’ or
greater, and the total aromatic content according to ASTM D2549 is at
least 30 mass%. Such a second extract may be used as component (A).
[0099] The 15°C density of the second extract is preferably 0.95-1
g/em’ and more preferably 0.95-0.98 g/om’®. Also, the total aromatic

15 content of the second extract is 30 mass% or greater, preferably 60
mass% or greater and more preferably 80 mass% or greater, and
preferably no greater than 90 mass%. The total aromatic content

5 '- referred to throughout the present specification was measured according
to ASTM D2549.

20 [0100] The second extract has a %C, value of preferably 15-35,
preferably 20-33 and even more preferably 22-32, as measured
according to ASTM D2 140.

{01017 The second extract also has the following properties.
- Flash point: 250°C or higher, preferably 260°C or higher, and

25 preferably no higher than 310°C.

- Pour point: No higher than 30°C, and preferably 10-30°C.
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<10 <10 >10 <10 GC distillation T10C - 458 T90C 538 Pﬁt&r

pointC 15 12.5 - -12.5 [0144] As seen in Table 4, the first ektnfc9045-00
Al and second extract A2 both had indicated aromati c conpound

contents bel ow the specified

- Aniline point: No higher than 90°C, preferably 40-80°C and more

preferably 50-70°C.

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

- Total content of indicated aromatic compounds: No greater than 10

5 ppm by mass.

[0102]

(Method for producing component (B))

There are no particular restrictions on the method for producing

é '- component (B) for this embodiment. Component (B) can be obtained

10 by extraction of a deasphalted oil obtained by deasphalting treatment of

a vacuum distillation fraction of atmospheric distillation bottom oil

from crude oil, or the vacuum distillation bottom oil of atmospheric

distillation bottom oil from crude oil, using a polar solvent such as

furfural, and subjecting the obtained raffinate to refining treatment
15 including dewaxing and hydrofinishing,.

[0103] Component (B) may be a hydrocracked mineral oil or

hydroisomerized mineral oil, but it does not need to be of high quality

é : beforehand. The use of a lubricant base oil with a total aromatic

content of at least 30 mass%, obtained under relatively mild refining
20 conditions, is preferred from the viewpoint of increasing suitability as a

rubber compounding oil, and from the viewpoint of economy.

[0104] When component (A) having a 40°C dynamic viscosity of 2000

mm?/s or greater is used, the component (B) used is preferably a

component (B) having a 40°C dynamic viscosity of 50-150 mm?/s and
25 preferably 80-120 mm?/s, in order to obtain a rubber compounding oil

with a suitable dynamic viscosity.
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| evel (10 ppn). On the other hand, the first extract C obtained_fro
5 the first polar solvent extraction step (3) of the vacuum gPlO'(%AfS‘OO
distillation fraction had an indicated aromati ¢ conpound content
exceeding the specified level. [0145] The second extract A2 and

| ubri cant base oil Bl obtained as descri bed above were conbined in

oi's o exafapab ThE dind oduBhfu O8) BaghR & LR iR ey
ubber compdundrngis 1090 Ao RRG S Bria i et  HfaSuchr B aRRER °
[0146] The piog: Svaatits Bischsfieef 3800 mube, Bl eelerPLy 850 dnt
| ubr | cant " baag/S: 1RSI B GBEL 1 SoRI o Fipel SRR RIL B i it
Secontl ext r Sk R SRR S o Fact C 60 (B) Lubriati ng
base oil El 18904 Two different production methods (referred to as "first mode”
and "second mode" for convenience) will now be explained in detail
with reference to the accompanying drawings.
[0107]
10 (First mode)
(First polar solvent extraction step (3))
Fig. 3 is a process schematic diagram showing a first mode of a method
for producing component (B).
[0108] In the first polar solvent extraction step (3), the vacuum
15 distillation fraction of an atmospheric distillation residue oil from crude
oil is used as the starting material. The vacuum distillation fraction
and a polar solvent are contacted in countercurrent flow in the first
¢ extraction column 30, for separation into a first extract and a first
raffinate, to obtain the first extract and first raffinate. The polar
20 solvent is appropriately recovered using a stripping column or the like
(not shown) provided at the downstream end of the first extraction
column 30, and is circulated for reuse. The polar solvent used is the
same as in the method for producing component (A).
[0109] The vacuum distillation fraction is the fraction corresponding to
25 200-800N, preferably the fraction corresponding to 350-700N and more
preferably the fraction corresponding to 400-60CN, in order to obtain a
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50 40 Density (15C)g/cnB8 0.9757 0.9517 0.9407 0.96 Flash point %ﬁéc
298 284 282 Dynam c viscosity (40C)mn2/s 1961 693.4 448.3 Djhan¢l45-00
viscosity (1000 m2/s 50.66 30.37 24.54 19.70 Aniline pointC 70 81.3

86.3 68

lubricant base o1l with a high flash point.

[0110] 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. The first raffinate is
5 obtained from tubing 36 and the first extract is obtained from tubing 38.

[0111] The obtained first raffinate may be subjected to refining

treatment with a dewaxing apparatus 50 and a hydrofinishing apparatus

60, to obtain a lubricant base oil as component (B). The dewaxing

.
H

L apparatus 50 and hydrofinishing apparatus 60 may be commonly used
10 apparatuses.
[0112] The bottom temperature of the first extraction column 30 in the
first polar solvent extraction step (3) is 30-90°C, preferably 60-80°C
and even more preferably 65-75°C. On the other hand, the top
temperature of the first extraction column 30 is higher, preferably 20-
15 80°C higher, more preferably 30-70°C higher and even more preferably
40-60°C higher, than the bottom temperature. More specifically, the
top temperature of the first extraction column 30 is preferably 80-160°C,
{ more preferably 100-140°C and even more preferably 110-130°C.
[0113] The solvent ratio in the first polar solvent extraction step (3) is
20 0.5-4, preferably 1-3 and even more preferably 1.5-2.5.
[0114] These extraction conditions will result in a first raffinate yield of
usually 40-80 vol%, preferably 50-70 vol% and more preferably 55-65
vol%, and a first extract yield of usually 20-60 vol%, preferably 30-50
vol% and more preferably 35-45 vol%.
25 [0115] Since indicated aromatic compounds are extracted at the first

exiract end by these extraction conditions, it is possible to adequately
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Ni trogen contentmass% 0. 15 0.11 0.10 Conposition (ASTIV1 D3231§%) 4
%r 58.4 61.2 62.4 %Cu 12.2 15.7 17.8 - %CA 29.5 23.1 19.8 - +r10-0045-00
Conposi tion (ASTM D2549)

reduce the content of indicated aromatic compounds in the lubricant
base oil obtained from the first raffinate,
[0116] Next, the first raffinate is subjected to refining treatment
including solvent dewaxing, hydrofinishing or the like, to obtain a
5 lubricant base oil {(component (B)) with a 40°C dynamic viscosity of 50-
150 mm?/s and preferably 80-120 mmYs.
[0117] If the starting material used is the vacuum distillation fraction
corresponding to 400-600N, it will be possible to obtain a component
(B) having a flash point of 250°C or higher, a 40°C dynamic viscosity
10 of 50-150 mm®*/s and preferably 80-120 mm?s, and a 10% point of 430-
480°C and a 90% point of 520-560°C in GC distillation.
[0118]
(Second mode)
Fig. 2 is a process schematic diagram showing a second mode of a
15 method for producing component (B). For this mode, a second
raffinate is obtained by the two-stage polar solvent extraction step and
the second raffinate is subjected to refining treatment including
L dewaxing treatment, to obtain a lubricant base oil as component (B).
[0119]
20 (First polar solvent extraction step (4))
In the first polar solvent extraction step (4), the vacuum distillation
fraction of an atmospheric distillation residue oil from crude oil is used
as the starting material. This vacuum distillation fraction and a polar
solvent are contacted in countercurrent flow in the first extraction
25 column 30, for separation into a first extract and a first raffinate, to

obtain the first extract and first raffinate. The polar solvent is
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Saturated contentmass% 14.3 26.1 32.3 Total arommtic content ”F%Si%)-()MS—OO

63.0 54.2 53.5 Benzo (a) pyreneppm by mass <1 <1 <I >1 Specif
aromati ¢ conmpound total ppm by mass <10 <10 <10 >10 Predi cted pour
pointC 7.5 2.5 0

—
ey,
)

10

15

20

25

appropriately recovered using a stripping column or the like (not shown)
provided at the downstream end of the first extraction column 30, and is
circulated for reuse. The type of polar solvent may be the same as in
the first mode.

[0120] The bottom temperature of the first extraction column 30 in the
first polar solvent extraction step (4) is 30-90°C, and the top
temperature is higher than the bottom temperature.

[0121]

(Second polar solvent extraction step (4))

Next, the first raffinate is contacted with a polar solvent in a second
extraction column 41 having a bottom temperature and top temperature
that are each at least 10°C higher than the bottom temperature and top
temperature in the first polar solvent extraction step (4), to obtain a
second raffinate and a second extract. The second raffinate may be
subjected to refining treatment with a dewaxing apparatus 50 and a
hydrofinishing apparatus 60, to obtain a lubricant base oil as component
(B). The dewaxing apparatus 50 and hydrofinishing apparatus 60 may
be commonly used apparatuses.

[0122] This production method is a method in which the second
raffinate obtained by the same two-stage polar solvent extraction step
described in detail for the second mode in "Method for producing
component (A)", is subjected to refining treatment including dewaxing
treatment, to obtain a lubricant base oil as component (B). This first
polar solvent extraction step (4) and second polar solvent extraction step
(4) may be carried out in the same manner as the first polar solvent

extraction step (2) and second polar solvent extraction step (2) described
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Pour pointCo -5 -5 [0148] Table 5 shows that the rubber 0-0045-00
conpounding oils of Exanples 1- 3 were at |east 5C | ower than ]f“]rﬂ B B
predi cted pour points calculated fromthe pour points of the base
materials. Also, the indicated aromatic 10 conpound contents of the
rubber conpounding oils of Exanples 1-3 were confirned to be | ower

t han the sp%%iofv' ed level. In particular, the rubber conpounding oil

of Exanpl e had  a pour point of -5C, which was 7.5C | ower than the

di d ; _ ) | )
Compar at 1 ve bl o o oo B s s oy =

di L . Y h
g)(;?rggu In 3? nzg Q;Q)I(}l'i P%?{Inglk :%pr){af;é\fgmyﬁ[?@%g%%o(?}g?o was > lg?g?{/%%{j&q a(r:%})dr 3 ?ngfet o]

ASTM D2007 (febfavage! 3081450 an@i: 9008 06! [ubtikent BhsE %‘ileg’/ccﬁft%ﬁgﬁ&%“
Q

content was“30.5 ss% the aromatic content was 61.3 nass

pol ar sconpoyRg) content was 8.2 mass% and the saturated

conponent/ pol ar conpound ratio was 3.7. 5[0150] (Exanples 4 and 5,
Conpar at i ve [ExAPI£$he stiing) mabs@alugéd Pk Phe saenanedist{iAtlon Baction
production apparatus shown I'n Fig. 2 was used to produce conponent
(A). Specificoatdspondite ¥Rc00AQHNT i kil 98 posaiblé @0 cHtait BRSIMBOhENt
distillation residue oil fromcrude oil (350N-corresponding 1
fraction) \N@B)thiﬂ%taeﬂagﬁ poifuef A56PCi or hipher £a G dimbhiw vigedshty
first extraction colum 30, and the 350N-correspondi ng fraction was
separ at ed | Rf6(R80IMsT/y, ahtinal €%/apdir dfi400-4682Caeid HIOThHpohetdfF00-
tenperature of the first extraction colum 30 was 30-90C ?fi rst pol ar
sol velt ext r5d@PCom GCegistiMu}ionl5[ 0151] Next, the first raffinate and
furfural were contacted in countercurrent flow in the second
extraction ¢6lRHh 3o, ahdhe hstafting tmatekial naseel @wasthe epacatreddisi mtian
second raffmate and a first extract A3 (second pol ar sol vent
extraction d$ragpiciRrdrredpendiog toe#HONal 00@Nantl viabk berpdssiljertat obtaimfa
the second extraction _colum 41 in the second 20 polar solvent
extracti on soepp@ntBr)davand adlashepeint 06C50°Gher highen, 3 K8°Cajynamic
t enperature and bottomtergperatyre of the first extraction colum 30
in the firstvigesisay sbl¥emSlerimas: and asti @€ point ¢ASRP20R€r andvar@0%
t hus obtained a second raffmate and a second extract A3 having a 15C
density of @oimat gf eH@-6810°Gr walsér distidlationot al aromatic 25content of 30
mass% or greater_as nmeasyred according to ASTM D2549. [0153] Table 6
shows t he eXPiael lde cemhadiments n daseribedst abeyerr asel vemly ~ preferred

embodiments of the invention, and the invention is in no way limited

v,
£

thereto. TIor example, in the production apparatus depicted in Fig. 1
used in the first mode of the method for producing component (A), the

20 first and second raffinates may be refined by a dewaxing apparatus 50
and a hydrofinishing apparatus 60 provided at the respective
downstream ends of the first extraction column 30 and the second
extraction column 40, to obtain a lubricant base oil as component (B).
Examples

25 [0127] The present invention will now be explained in greater detail

based on examples and comparative examples, with the understanding
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FP 10-0045-00 extraction step (2) and second polar solvent extraction

step (2), and the yields of each raffinate and extract.

[ 0154] FPTed®i5-00

6] Production step First polar solvent extraction step (2)

Secondpol arsol vent extraction step (2) Starting materi al

Vacuundi still ationresidue (35014) First raffrmate (of previous col um)
Pol ar sol vent Furfural Furfival Solvent ratio 1.3 2.0 Colum top
t enper at ur e gh&thtdé eCampies betihom teyplématatinve@BthsSmvidatibnnat e Fi r st

raffinate

A,

10

15

20

25

[0128] (Examples 1-3, Comparative Example 1)

[Production of component (A)]

The production apparatus shown in Fig. 1 was used to produce
component (A). Specifically, a vacuum distillation residue oil of
atmospheric distillation residue oil from crude oil was contacted with
propane in a countercurrent flow in the first deasphalting column 10, for
propane deasphalting of the vacuum distillation residue oil, and the first
deagphalted oil and first asphalt oil (the bottom oil not extracted with
propane) were separated (first deasphalting step).

[0129] In the first deasphalting step, the deasphalting conditions
(solvent ratio, top temperature and bottom temperature) were adjusted
so that the yield of the first deasphalted oil (the propane-distilied oil)
was 1-20 vol% with respect to the vacuum distillation residue oil and
the 100°C dynamic viscosity of the first deasphalted oil was 15-30
mm?/s. The solvent ratio was adjusted to 1-4 as the volume ratio based
on the vacuum distillation residue oil, and the deasphalting column was
adjusted to a range with a top temperature of 80-100°C and a bottom
temperature of 60-90°C.

[0130] Next, the first asphalt oil was contacted with propane in
countercurrent flow in the second deasphalting column 20, for propane
deasphalting of the first asphalt oil, and the second deasphalted oil and
second asphalt oil (the bottom oil not extracted with propane) were
separated (second deasphalting step).

[0131] In the second deasphalting step, the deasphalting conditions

(solvent ratio, top temperature and bottom temperature) were adjusted
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Second raffinate Yield (with respect to starting material)vol % 74 80

Specific aromati c conpound total ppm by mass <10 <10 Extract Fi Fpt0-0045-00

extract D Second extract A3 Yield (wth respect to starting

mat eri al ) vol % 26 20 Specific aromatic conpound total ppm by mass >10
<10 5 [0155] In addition, a first polar solvent extraction step (2)
and a second polar solvent extraction step (2) were conducted using

t he product isorthapfiee sicld oftthersecondridgasphalisd olidtisapeopmarndistiliedt dig)
first polar solvent extraction step (2) and the second pol ar sol vent
extracti on svaplf{D0 vaboexitkpespdrato the secmmndiistillbfian iresidfie adl aptheof
at nospheric distillation residue oil from crude oil

( 900N- cor r esparhicignmatteraal pbrihe vitust deadphaltisiastepngndaserthat thend 00RE
extraction conditions were slightly changed, to obtain a first
raffinate amtynanticr yiscesityaef tHef sanondhdeasplsltesioibovion0e60 umm3s,
and a second raffinate and a second extract A4 having a 15 15C

densi ty of OlloxsevenBrajio yrasagieaterthian indbalfitst deasphaliogtsten, ad g
mass% or greater as neasured according to ASTM D2549, fromthe second
extraction doputeperature pipd sSgtiomp femperstiongs of hhee geeend idgasphalting
conditions in_the first ?olar sol vent extraction step (2) and second
pol ar sol versolasn 2 wesa lewep than thesiopdempayanusiaadrh rgmpgrature,
fraction as the vacyumdistillation fracgtion, and the FP10-0045-0Q0
yi el ds of eéféwquq?}sa@g st d&@%phq?mgmmrm H0.71 Sﬁ’reétﬁﬁfﬁb’on’f e
step Hirst %%E‘?erntsr%![i\éemnrtas adjusted to 4-8 as the volume ratio based on the first

10 asphalt oil, and the top temperature and bottom temperature were
adjusted to ranges of 60-90°C and 40-80°C, respectively.
[0132] Table 1 shows the deasphalting conditions in the first
deasphalting step and second deasphalting step and the yields of the
obtained deasphalted oil and asphalt oil.

15 [0133] [Table 1]

Production step First deasphalting step Second deasphalting step
, . Vacuum distillation residue | __ i
Starting material oil First asphalt oil
& Solvent Propane Propane
e Solvent ratio 2.0 6.0
Column top temperature °C 90 70
Column bottom temperature °C 78 35
Beasphalted oil First deasphalted oil Second deasphalted oil
Yield (with respect to vacuum distillation residue oil) vol%s |4 30
Dynamic viscosity (100°C) mm’s |23 40
Asphalt oil (bottom} First asphalt oil Secand asphalt oit

[0134] Next, the first deasphalted oil and second deasphalted oil were
contacted with furfural in countercurrent flow in the first extraction
20 column 30 and second extraction column 40, respectively, to obtain a

first extract Al and second extract A2 (first polar solvent extraction step
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extraction step (2) Secondpol arsol vent extraction step (2) Starting
mat eri al Vacuundi stillationresidue (900N) First raffinate (of FP10-0045-00
previ ous columm) Pol ar sol vent Furfural Furfural Solvent ratio 1.2
2.1 Colum top tenperatureC 90 121 Col um bottom tenperatureC 60 90
Raffinate First raffinate Second raffinate Yield (with respect to
starting material )vol % 75 75 Specific aromatic conpound total ppm by
mass <10 (1) and first polar solvent extraction step (2)).
[0135] In the first polar solvent extraction step (1), the extraction
conditions (solvent ratio, and top temperature and bottom temperature
of first extraction column 30) were adjusted so that the 100°C dynamic
5 viscosity of the first extract was 30-70 mm?/s, the first extract yield was
15-45 vol% with respect to the first deasphalted oil, the aniline point
was no higher than 90°C, the flash point was 250°C or higher, and the
asphaltene content was no greater than 3 mass%. Specifically, the
solvent ratio was adjusted to 2-4 as the volume ratio based on the first
10 deasphalted oil, the top temperature was adjusted to 100-150°C, and the
bottom temperature was adjusted to 60-130°C.
[0136] In the first polar solvent extraction step (2), the extraction
conditions (solvent ratio, and top temperature and bottom temperature
of second extraction column 40) were adjusted so that the 100°C
15 dynamic viscosity of the second extract was 70-150 mm?/s, the second
extract yield was 15-45 vol% with respect to the second deasphalted oil,
the aniline point was no higher than 90°C, the flash point was 250°C or
{ _' higher, and the asphaltene content was no greater than 3 mass%.
Specifically, the solvent ratio was adjusted to 2-4 as the volume ratio
20 based on the second deasphalted oil, the top temperature was adjusted to
100-150°C, and the bottom temperature was adjusted to 60-130°C.
[0137] Table 2 shows the extraction conditions in the first polar solvent
extraction step (1) and first polar solvent extraction step (2), and the
yields of the first extract Al and second extract A2. The first extract

25 Al and second extract A2 were not subjected to refining treatment.

[0138] [Table 2]
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<10 Extract First extract E Second extract A4 Yield (with respect to
starting material)vol % 25 25 Specific aromati c conpound t ot al ppR18y)045-00
mass >10 <10 5[0158] The first extracts D and E in Table 6 and Tabl e

7 had indicated aromati c conpound contents exceeding 10 ppm by mass.
[0159] The second raffinates in Tables 6 and 7 were then subjected to
MEK dewaxi ng treat ment and hydrofm shi ng treat ment to obt ain

| ubri cant base—ett+s—B2and—B3,—respect ey sulvel;lt SO ion #HS % (g ! -
second 10 extwimchsh3 and second extrag mtpggﬁ wer e m ed & 7. Eméﬁ 5
(mass ratio) ta%moma}equal n—a—-second-extTag gt t,dqasph;flyl g a Semkadua%gla e!inl(,

vi scosity of oﬁrsav;t fram—650—m27/5 [th. N TmeET T Upt Lt s of the
second extr ad anmd—AS—and -t hetubricant base ot 2 and—B3
. . pOR'en{-\Lth 2& g
obt ai ned i n tHns TENET —are showT T 35 fabte8—01f Tabl&e—8 48
UaluRin top femperture ¢ c AP0 i BT !

FP10- 0045- 00 c&?;mnbono”%}nﬁén'm"“ S Base gatgrial 6 a0
Extract First extract Al Second extract A2
Yield (with respect io starting material) voi% |18 30
Refining step None None
[0139]

[Production of component (B)]

5 The production apparatus shown in Fig. 3 was used to produce
component (B). Specifically, a 500N-corresponding fraction was
prepared as a vacuum distillation fraction of atmospheric distillation
residue oil from crude oil. The 500N-corresponding fraction was
contacted with furfural in countercurrent flow in the first extraction

10 column 30, to obtain a first raffinate and a first extract C (first polar
solvent extraction step (3)).

[0140] The bottom temperature of the first extraction column 30 was

30-90°C, and the top temperature was a higher temperature than the

i,
I 5

bottom temperature. The obtained first raffinate was subjected to
15 refining treatment including dewaxing treatment and hydrofinishing

treatment to obtain a lubricant base oil Bl. Table 3 shows the

extraction conditions in the first polar solvent extraction step (3), and

the yields of the first raffinate and first extract C.

[0141] [Table 3]
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Base material 7 Base material 8 (A) Second extract A4 100 Second
extract AS 100 - (B) Lubriatng base oil B2 100 (B) LubriafFpng-0045-00
base oil B3 100 Density (15C)g/cnB 0.9768 0.9680 0.8827 0.8941

Production step First polar solvent extraction step (3)
Starti terial Vacuum distillation residue
ng materia (corresp. to S00N)
Polar solvent Furfural
Solvent ratio 2.0
Column top temperature °C 120
Column bottom temperature °C 72
Raffinate First raffinate
Yield (with respect to starfing material) vol% | 60
Refining st MEK dewaxing, hydrofinishing
CHRng step (Lubriating base oil B1}
Extract First extract C
Yield (with respect to starting material) vol% |40
Refining step None
{M
e [0142] Table 4 shows the properties of the first extract Al (base
material 1) obtained in the first polar solvent extraction step (1), the
5 second extract A2 (base material 2) obtained in the first polar solvent
extraction step (2), the first extract C (base material 3) obtained in the
first polar solvent extraction step (3) and the lubricant base oil B1 (base
material 4) obtained by refining treatment of the first raffinate obtained
in the first polar solvent extraction step (3).
10 [0143] [Table 4]

£
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Fl ash point (COC)C 296 283 260 284 Dynanmic viscosity (40C)nmmR2/s 1090
588 74.34 170 Aniline pointC 59.7 60.5 99.0 112.0 N trogen FP10-0045-00

contentmass% 0. 08 0. 06 0. 004 0.008 Conposition (ASTM D3238) %Cp
57.5
Base material 1 | Base matedal 2 | Base material 3 | Base material
4
(AY First extract Al 100 -
(A} Second extract A2 - 100
First extract C - - 100 -
(B) Lubriating base oil B1 - - - 100
Density (15°C) glem® 0.9712 0.9958 1.01 0.8867
Flash point (COC) °C 320 318 - 270
Dynamic viscosily {40°C) mm’fs 1840 7272 - 100.4
Dynamic viscesity {100°C) mm’/s 49.23 94.46 30.7 11,18
Aniline point °C 69 58 39 109
Nitrogen content mass% 0.15 0.18 - 0.005
Compositicn (ASTM D3238)
%Cp 61.0 35.8 - 66.1
%Cx 9.1 8.0 - 27.1
%Ca 299 362 - 6.8
{'” : Composition (ASTM D2549)
; Saturated content mass¥o - 2.3 - 62.2
Total aromatic content mass%a - 69.3 - 37.3
Benzo (a) pyrene ppm by mass [ <1 <1 >1 <1
Specific atomatic compound total  ppm by mass [ <10 <10 >10 <10
GC distillation
TLO °C - - - 458
T90 °C - - - 538
Pour point °C 15 12.5 - -12.5

[0144] As seen in Table 4, the first extract Al and second extract A2
both had indicated aromatic compound contents below the specified
level (10 ppm). On the other hand, the first extract C obtained from
5 the first polar solvent extraction step (3) of the vacuum distillation

fraction had an indicated aromatic compound content exceeding the

o

specified level.

[0145] The second extract A2 and lubricant base oil B1 obtained as

described above were combined in the proportions listed in Table 5 to
10 prepare rubber compounding oils for Examples 1-3. Also, the first

extract C and lubricant base 0il B1 were combined in the proportion

listed in Table 5 to prepare a rubber compounding oil for Comparative

Example 1. The properties of the rubber compounding oils are shown

in Table 5.
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57.1 67.6 68.1 %N 9.7 13.4 26.9 24.7
Conposi tion (ASTM D2549)

OCA 32.8 29.4 5.6 7.3 _
Saturated contentmass% 9.0 11.4 eBPE0-0045-00

:{%’«

A

55.5 Total aromatic contentnmass% 86.9 85.2 33.9
[0146] The predicted pour points in Table 5 were calculated from (A)
the pour point of the second extract A2 and (B) the pour point of the
lubricant base 01l B1, assuming establishment of additive property.
[0147] [Table 5]
5
Example 1 Example 2 |Example 3 | Comp. Ex. 1
{A) Second exiract A2 80 60 50 -
First extract C - - - 60
{B} Lubriating base oil B1 20 40 50 40
Density (15°C) glom’ 0.9757 0.9517 0.9407 0.96
Flash point (COC) °C 208 284 282
Dynamie viscosity (40°C) mmfs 1961 693.4 4483
Dynamic viscosity (100°C) mm’/s 50.66 30.37 24.54 19.70
Aniline point °C 70 81.3 86.3 68
Nitrogen content mass% 0.15 0.11 0.10
Composition (ASTM D3238)
%4Ce 58.4 61.2 624
%%Cn 12.2 15.7 17.8
%Ca 29.5 231 19.8
Composition (ASTM D2549)
Saturated content mass% 14.3 26.1 323
Total aromatic content mass¥ 63.0 54.2 33.5
Benzo (8) pyrene ppm by mass | <1 <l <l >1
Specific aromatic compound tofal  ppm by mass | <10 <10 <I0 >10
Predicted pour point °C 7.5 2.5 0 -
Pour point °C 0 -5 -5 -
[0148] Table 5 shows that the rubber compounding oils of Examples 1-
3 were at least 5°C lower than the predicted pour points calculated from
the pour points of the base materials. Also, the indicated aromatic
10 compound contents of the rubber compounding oils of Examples 1-3
were confirmed to be lower than the specified level. In particular, the
rubber compounding oil of Example 2 had a pour point of -5°C, which
was 7.5°C lower than the predicted pour point. In contrast, the rubber
compounding oil of Comparative Example 1 had an indicated aromatic
15 compound content exceeding the specified level.

[0149] The composition of the rubber compounding oil of Example 2
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43. 8 Benzo(a)pyreneppm by mass O <1 <I <1 Specific aromatic conpound
t ot al ppm by mass <10 <10 <10 <10 GC distillation TIOC - - BR3048045-00
T90C - - 518 573 Pour pointC

was analyzed according to ASTM D2007 (Clay-gel method), and as a
result the saturated component content was 30.5 mass%, the aromatic
content was 61.3 mass%, the polar compound content was 8.2 mass%
and the saturated component/polar compound ratio was 3.7.

5 [0150] (Examples 4 and 5, Comparative Examples 2 and 3)
[Production of component (A)]
The production apparatus shown in Fig. 2 was used to produce

component (A). Specifically, the vacuum distillation fraction of

atmospheric distillation residue oil from crude oil (350N-corresponding

10 fraction) was contacted with furfural in countercurrent flow in the first
extraction column 30, and the 350N-corresponding fraction was
separated into a first raffinate and a first extract D. The bottom
temperature of the first extraction column 30 was 30-90°C (first polar
solvent extraction step (2)).

15 [0151] Next, the first raffinate and furfural were contacted in
countercurrent flow in the second extraction column 41, and the first
raffinate was separated into a second raffinate and a first extract A3

o (second polar solvent extraction step (2)). The top temperature and

bottom temperature of the second extraction column 41 in the second

20 polar solvent extraction step (2) were each at least 10°C higher than the
top temperature and bottom temperature of the first extraction column
30 in the first polar solvent extraction step (2).

[0152] There were thus obtained a second raffinate and a second extract
A3 having a 15°C density of 0.94 g/cm’ or greater and a total aromatic
25 content of 30 mass% or greater as measured according to ASTM D2549.

[0153] Table 6 shows the extraction conditions in the first polar solvent
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20 22.5 -12.5 -12.5 [0162] The second extract A4 and | ubricant base

oi| B2 or B3 obtained as described above were conbined in the FP10-0045-00
proportions listed in Table 9 to prepare tubber conpounding oils for
Exanples 4 and 5. Also, the 5 second extract A5 or first extract E

and the (B) lubricant base oil B3 were conbined in the proportions

listed in Table 9 to prepare rubber, cqmpounding oils for arafive
Exanpl es 2 zﬁa@m@.ﬂonhﬂegr(gg@n@i ¥<opH Rlar po eéH#BBGHoﬁt%C? | ichhe

shown in Tabl.e 9. 10163 Tabl e FP 10- 0045- 00 Exanpl e 4 Exanpl e
5 Conp. Ex. ﬁeérﬂfe@gg&@%?&ﬁ aﬁ’éﬁ%’ﬁﬁa‘gxtract A4 67 80 - Second

extract A5 103041 [Table 6]

First polar solvent Second  polar  solvent
extraction step (2) extaction step (2)
Vacuum distillation residue [ First raffinate (of previous
{350N) columun)
Polar solvent Furfural Furfural
Solvent ratio 1.3 2.0
Column fop temperature °C 90 116
Column bottom temperature °C 60 85
Raffinate First raffinate Second raffinate
Yield (with respect to starting material) vol% 74 80
Specific aromatic compound total ppm by mass [ <10 <10
Exfract First extract D Second extract A3
Yield (with respect to starting material) vol% 26 20
Specific aromatic compound total ppm by mass_|>10 <10

Production step

Starting material

[0155] In addition, a first polar solvent extraction step (2) and a second
polar solvent extraction step (2) were conducted using the production
apparatus shown in Fig. 2, in the same manner as the first polar solvent
extraction step (2) and the second polar solvent extraction step (2),
10 except that a vacuum distillation fraction of atmospheric distillation
residue oil from crude oil (900N-corresponding fraction) was used as
starting material and the extraction conditions were slightly changed, to
obtain a first raffinate and a first extract E from the first extraction
column 30, and a second raffinate and a second extract A4 having a
15 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, from the

second extraction column 41.
[0156] Table 7 shows the extraction conditions in the first polar solvent

extraction step (2) and second polar solvent extraction step (2) using a

20 900N-corresponding fraction as the vacuum distillation fraction, and the
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First extract E 80 (B) Lubriating base oil B2 - 20 - (B)

Lubriating base oil B3 33 - 20 20 Density (15C)Wn8 0.95 0. 958BPd0d¥3t5-00

Fl ash point (COC)C 294 276 283 Dynam c viscosity (40C)mR/s

10

e
i

15

yields of each raffinate and extract.

[0157] [Table 7]

. First polar solvent Second polar solvent
Production step K A
extraction step (2) exiraction step (2)
. ! Vacuum distillation residue | First raffinate {of previous
Starting material
(900N} column}
Polar solvent Furfural Furfural
Solvent ratio 1.2 21
Column top temperature °C 90 121
Column bottom femperature °C 60 90
Raffinate First raffinate Second raffinate
Yield (with respect to starting material) vol% 75 75
Specific aromatic compound fotal ppm by mass | <10 <10
Extract First extract E Second extract Ad
Yield (with respect to starting material) vol% 25 25
Specific aromatic compound total ppm by mass | >10 <10

[0158] The first extracts D and E in Table 6 and Table 7 had indicated
aromatic compound contents exceeding 10 ppm by mass.

[0159] The second raffinates in Tables 6 and 7 were then subjected to
MEK dewaxing treatment and hydrofinishing treatment to obtain
lubricant base oils B2 and B3, respectively. Also, the obtained second
extract A3 and second extract A4 were mixed at 37.5:62.5 (mass ratio)
to obtain a second extract A5 having a 40°C dynamic viscosity of less
than 650 mm?/s.

[0160] The properties of the second extracts A4 and AS and the
lubricant base oils B2 and B3 obtained in this manner are shown in
Table 8.

[0161] [Table 8]
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501 544 450 Dynam c viscosity (1000 mR/s 24.83 24.97 22.1 Aniline

pointC 78.7 71 71 - Nitrogen contentmass% 0. 06 0.06 0.05 - FP10-0045-00
Conposition (ASTM D3238) %C? 61.2 60.1
Base material 5 | Base material 6 | Base material 7 | Base materfal
8
(A) Second extract Ad 100 - - -
Second extract AS - 100 - -
(B) Lubriating base oil B2 - - 100 -
(B) Lubriating base oil B3 - - - 100
Density {15°C) gfcm’ 0.9768 0.9680 0.8827 0.8941
Flash point (COC) °C 296 283 260 284
Dynamic viscosity (40°C) mm/s 1090 588 74.34 170
Aniline point °C 59.7 60.5 99.0 112.0
Nifrogen content mass% 0.08 0.06 0.004 0.008
Composition (ASTM D3238)
%Cp 57.5 57.1 67.6 68.1
%Cy 9.7 134 26.9 24.7
%Ca 32.8 204 5.6 7.3
Compgosition (ASTM D2549)
{ ' Saturated content mass% 9.0 11.4 65.5 55.5
- Total aromatic content mass% 86.9 85.2 33.9 43.8
Benzo(a)pyrene ppm by mass | <1 t <1 <1
Specific aromatic compound total  ppm by mass  { <10 <10 <10 <10
GC distillation
T10 °C - - 443 481
TS0 °C - - 518 573
Pour point °C 20 22.5 -12.5 -12.5

[0162] The second extract A4 and lubricant base oil B2 or B3 obtained
as described above were combined in the proportions listed in Table 9 to
prepare rubber compounding oils for Examples 4 and 5. Also, the
5 second extract A5 or first extract E and the (B) lubricant base oil B3

were combined in the proportions listed in Table 9 to prepare rubber

P

compounding oils for Comparative Examples 2 and 3. The properties
of the rubber compounding oils are shown in Table 9.

[0163] [Table 9]
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59.3 - %N 15.8 14.1 15.7 9% CA 23.0 25.8 25.0 Conposition (Arm
D2549) Saturated contentnass% 23.1 22.1 20.0 Total aronatFE10-0045-00
contentmass% 73.9 73.5 77.0

Example 4 | Example 5 Comp. Ex. 2 | Comp. Ex. 3
(A) Second extract A4 67 80
Second exiract AS - - 80 -
First extract E - - - 80
(B} Lubriating base oil B2 - 20 - -
(B} Lubriating base 0il B3 33 - 20 20
Density (15°C) glom® 0.95 0.9585 0.953
Flash point {(COC) °C 294 276 283
Bynamic viscosity (40°C) mm*/s 501 544 450
Dynamic viscosity (100°C) mm’/s 24.83 24.97 22.1
Aniline point °C 78.7 71 71
Nitrogen content mass% 0.06 0.06 0.05
Composition (ASTM D3238)
%Cr 61.2 60.1 59.3
g %Cn 15.8 14.1 15.7
%Cy 23.0 25.8 25.0
Composition (ASTM D2549)
Saturated content mass¥ 23.1 221 20.0
Total atomatic content mass¥h 73.9 73.5 77.0
Benzo(apyrene ppm by mass | <1 <] <1 >1
Specific aromatic compound total ppm by mass | <10 <10 <10 >10
Predicted pour point °C 9.3 13.5 15.5
Pour point °C -2.5 -5 20

[0164] The predicted pour points in Table 9 were calculated from (A)
the pour point of the second extract A2 and (B) the pour point of the
5 lubricant base oil B1, and their mixing ratio, assuming establishment of

additive property.

A
E y

[0165] Table 9 shows that the rubber compounding oils of Examples 4
and 5 were at least 5°C lower than the predicted pour points calculated
from the pour points of the base materials. Also, the contents of the
10 indicated aromatic compounds of the rubber compounding oils of

Examples 4 and 5 were below the specified level (10 ppm). In contrast,
the rubber compounding oil of Comparative Example 2 had a higher
value than the predicted pour point, while the rubber compounding il
of Comparative Example 3 had an indicated aromatic compound content

15 exceeding the specified level.
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Benzo(a) pyreneppm by mass <1 <1 <1 >1 Specific aromatic conpound

total ppm by mass <10 <10 <10 >10 Predicted pour pointC 9.3 13. 5¥18:6045-00
Pour pointC -2.5 -5 20 - [0164] The predicted pour points in Table 9
were cal culated from (A) the pour point of the second extract A2 and

(B) the pour point of the 5lubricant base oil Bl, and their m xing

Shovs t hat  TROOREHNEr ElpBtanRg BRIy broBraRpmedsuredniits ch ehathe
least 5C | O‘Q%Bbé{‘ aé‘o&]BSuﬁéﬁq‘E C(;[iﬁ'sd dt° lﬂxaon%i)fg sl,c x%?rllp ‘éeﬂ, Example 3,
Example 4 and Example 5 by the method described above using a DSC
(differential scanning calorimeter), yielding results of -44.5°C, -51.3°C,
5 -55.0°C, -52.5°C and -51.7°C, respectively. In other words, the rubber
compounding oils of Examples 1-5, comprising mixtures of specific
extracts and lubricant base oils, satisfy the conditions of Patent
document 1, i.e. a %C, of 20-35, a glass transition temperature T, of
¢ between -55°C and -30°C and a dynamic viscosity (100°C) of 20-50
10 mm?/s, while also limiting the total content of indicated aromatic
compounds (PAH) to no greater than the specified levels, and having
lower pour points than the predicted pour points.
[0167] Thus, if the rubber compounding oils of Examples 1-5 are added
to for example, natural rubber (NR), or diene rubbers including various
15 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, it will be possible to obtain
| low fuel consumption and satisfactory grip properties, as well as to
20 improve the thermal aging resistance and wear resistance.
Industrial Applicability
[0168] According to the invention it is possible to provide a rubber
compounding o1l having a high flash point and high aromaticity, with an
adequately reduced content of indicated aromatic compounds, a low
25 pour point, and excellent economy, as well as a method for producing it.

Explanation of Symbols
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fromthe pour points of the base materials. Al so, the contents_of th

10 i ndi cat ed aromatic conpounds of the rubber conpounding oil sF&i0- 0045-00
Exanples 4 and 5 were bel ow the specified level (10 ppm). In

contrast, the rubber conpounding oil of Conparative Exanple 2 had a

hi gher val ue than the predicted pour point, while the r ubber

ﬁS%SﬂRSLQ%A@'&E?H@?@%&%&E@?@”&@%’J@W cSonts ':a %58%3’%? i5p,
Fubber comethariy aracpieRahre: 04t NsrEts. CRaniten il prl: 4

and Exanpl e .t he net bove u3| §2 DSC (dlfferentlal
scanni ng cmé%W%%PEFPP%ﬁ Fd&ﬁ&qqgﬁﬂ¥ 185393@7 $:.51.3C, 5 -55.0C
-52.5C and -51.7C, respectively. In other words, the rubber
conpoundi ng oils of Exanples 1-5, conprising nixtures of specific
extracts and lubricant base oils, satisfy the conditions of Patent
docunent 1, i.e. a %A of 20-35, a glass transition tenperature Tg of
bet ween -55C and -30C and a dynam c viscosity (100C) of 20-50 10
m2/s, while also limting the total content of indicated aromatic
conpounds (PAR) to no greater than the specified |evels, and having

| ower pour points than the predicted pour points. [0167] Thus, if the
rubber conpoundi ng oils of Exanples 1-5 are added to for exanple,
natural rubber (NR), or diene rubbers including various 15 butadi ene
(ubbers (BR), various styrene-butadi ene copol yner rubbers (SBR)

pol yi soprene rubber (IR), butyl rubber (BR) and any bl ended rubbers

t hereof, and especially to diene rubbers conprising at |east one type
of styrene-butadi ene copol yner rubber, it will be possible to obtain
| ow fuel consunption and satisfactory grip properties, as well as to
20i mprove the thermal aging resistance and wear resistance.

| ndustrial Applicability [0168] According to the invention it is
possi ble to provide a rubber compounding oil having a high flash
poi nt and high aromaticity, wth an adequately reduced content of

i ndi cated aromati c conpounds, a |ow 25pour point, and excel |l ent
econony, as well as a method for producing it. Explanation of Synbols
FP 10-0045-00 [0169] 10: First deasphalting colum, 20: second
deasphal ting colum, 30: first extraction colum, 40,41: second
extraction colums, 50: dewaxing apparatus, 60: hydrofinishing
apparatus. 52 F1310-0045-00

o
W “‘rfsi

52



S,
E %,

CLAIMS 1. A rubber conpounding oil conprising: an extract (A) h

avin
an aniline point of 40-90C, 5a %CA of 25-45 and a %N of 5-20 #P10°0045-00

according to ASTM D3238, a nitrogen content of 0.01 mass% or greater,
a pour point of no higher than +30C, a benzo(a)pyrene content of no

greater than 1 ppm by nass, a total content of indicated
aromati ¢ conmpounds of no greater 102¢i pm by mass, and a
40C dynam c viscosity of 650 nmm2/s rg& er; and a |ubricant base

oil (B) having, a ur point qf no..higher .than -10C, an aniline point
of 70C or hilghéln,lgg ac‘g)@ROBpggng@ﬂé:ﬁ%l%U%' of 15-35 according to

ASTM D3238, a nitr content of no greater than 0 01 mass% a 90%
poi nt of 50@@%”?#3%&}1@@& distillation, a flash point of 250C or

PO s 20a 1o AT SIEENEHRH FORPSEPLET, o S22t L1, 1 o o
0L 10,10, P R e S S SO RSTgEEhr

extraction by cont, -1%0%3%?43@015@@{%%8%;%%tgl hal ted oi l

obt ai ned by deasphalt a vacuum-darsti on’ resi due oil of

at nospheric disti 'a';?éﬁr%biﬁ?gfﬂﬂ%ghér{Haﬁ’l"q-%d@,e oil, in one or two

stages. 53

a benzo(a)pyrene content of no greater than 1 ppm by mass,
a total content of indicated aromatic compounds of no greater
10 than 10 ppm by mass, and
a 40°C dynamic viscosity of 650 mm®/s or greater; and
a lubricant base oil (B) having
a pour point of no higher than -10°C,
an aniline point of 70°C or higher,
15 a %C, of 3-20 and a %Cy of 15-35 according to ASTM D3238,
a nitrogen content of no greater than 0.01 mass%,
a 90% point of 500°C or higher in GC distillation,
a flash point of 250°C or higher,
a benzo(a)pyrene content of no greater than 1 ppm by mass and
20 a total content of indicated aromatic compounds of no greater
than 10 ppm by mass.
2. The rubber compounding oil according to claim 1,
wherein the extract (A) is an extract obtained by extraction by
contacting a polar solvent with deasphalted oil obtained by deasphalting
25 of a vacuum distillation residue oil of atmospheric distillation residue

oil from crude oil, in one or two stages.
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PP 10-0045-00 3. The rubber conpounding oil according to claim1l
wherein the extract (A) includes an extract obtained by a two-EPABe0045-00
pol ar solvent extraction step, the extract being obtained by

contacting a polar solvent with a raffinate obtained by contacting a
polar 5 solvent with a vacuumdistillation fraction of atnospheric
distillatio E.)[%Sid oil fromgrude oil i,n a first extraction colum

|
havi ng a bo SGTARYEF SOTIROWBYCIAS ¢ Cé’ﬁlémcﬁ topat@nber at ure that is
hi gh th t he bot.t t t i. d t i |
havi ng a bott om ¢ SHSF Db cafiact o) dBnfRRcaT exft SRIiS8 Peddtvanc
exiract has SPESOAgndtyeyr sTihe 35, Tyt cxittit hging (HiEfed" by

aronati c cor(l%)

e e S5l 9ol el ) O et SR gt
ese 1o ARSI L SEMVASE SR AR,
tﬁo ot agebﬁé’%ﬁﬁg S et lorpiiP 86 L Bt bRich SRSV hotiony
obLaI e BY EEHAIEL LI SHIIE 120 4 A0 YOO SN NORRURR BRncne
distillat i omoiayticAibdthnB, H PILOGHd ot thidd 3bhaAn' BRYiAUCa thddiom
a crude oil 1nafirst extraction colum having a bottomté&nperature

(of 30-90C a@@mﬁg?éz%g%‘iﬁﬁ@%é\gtté’lhgegl ?g?at@rslﬁ?'leébs]i@@° i ?tt?éﬂ those

tenperature, a e dewaxi n bel ng obt ai ne efining

treatygent i p@HEIT SxtEeMRd BSIuhSP on a second raffinate obtained by
contacting 54 FP 10-0045-00 a polar solvent with the first

raffinate, in a seaRigiPUis SekbOrha TP AkNNEy DIDOLAILAL GeEAate

and a top tenperature that are at |east 10C higher than those of the
first extraghdantsial snatic conteht ofk ITEARGIY OF gRidslusd Redig +PASTM
conpoundi ng oil conprising: 5a step of m xing an extract (A
havi ng an add?$4@® poi nt of 40-90C, a %CA of 25- 45 and a %N of 5-20
according to ASTM D3238, a nitrogen content of 0.01 mass% or greater,
a pour poi n#4. @henmbbiegBompdiarling & accordrgolRamy ves&fadanent tef3, no
greater than 1 ppmby mass, a total 10 content of indicated aromatic
conpdifnds of no gwdadrein tHeahubkicamprbasy oib¢B) mm?ia‘se@ﬁ:d@wmﬁhg oil (c)
viscosity of 650 nmmR2/s or greater, with a lubricant base oil
(B) havi ng afpofirstpaiffihatf obiitddbgra bherstage f6larasolaeni exteagtivmbteps
70C or higher, a %CA of 3-20 and a %N of 15-35 according to ASTM
D3238, a ni tandgema cemtasning afil (d) of esteeondrafifindtd dhtaihedslsy %) tveo-3me
point of 500C or higher in GCdistillation, a flash point of 250C or
{hi gher, a beeia(s)lpgneexiradiomesiepof no greater than 1 ppm by mass and
‘a total content of indicated aromatic conmpounds of no greater than 10
ppm by mass. 55 the dewaxing oil (c) being obtained by refining treatment

20 including a dewaxing step on a first raffinate obtained by contacting a
polar solvent with a vacuum distillation fraction of an atmospheric
distillation residue oil from a crude oil in a first extraction column
having a bottom temperature of 30-90°C and a top temperature that is
higher than the bottom temperature, and

25 the dewaxing oil (d) being obtained by refining treatment

including a dewaxing step on a second raffinate obtained by contacting
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FP10-0045-00

a polar solvent with the first raffinate, in a second extraction column
having a bottom temperature and a top temperature that are at least
10°C higher than those of the first extraction column.
5. A method for producing a rubber compounding oil comprising:
a step of mixing

an extract (A) having an aniline point of 40-90°C, a %C, of 25-
45 and a %Cy of 5-20 according to ASTM D3238, a nitrogen content of
0.01 mass% or greater, a pour point of no higher than +30°C, a
benzo(a)pyrene content of no greater than 1 ppm by mass, a total
content of indicated aromatic compounds of no greater than 10 ppm by
mass, and a 40°C dynamic viscosity of 650 mm?/s or greater, with

a lubricant base oil (B) having a pour point of no higher than -
10°C, an aniline point of 70°C or higher, a %C, of 3-20 and a %Cy of
15-35 according to ASTM D3238, a nitrogen content of no greater than
0.01 mass%, a 90% point of 500°C or higher in GC distillation, a flash
point of 250°C or higher, a benzo(a)pyrene content of no greater than 1
ppm by mass and a total content of indicated aromatic compounds of no

greater than 10 ppm by mass.
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