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FI ELD The present invention relates to a refining nethod for hea FI
that can efficiently renmove inpurities derived froma crude oil by a

sol vent extraction process and a hydrorefining process, and in
particular, to a nethod that can obtain;a refined oil that is suitable
as a feedstock for light olefin production froma heavy oil that could
not 10 be conventionally used as feedstock for light olefin production.
BACKGROUND ART Because of the pres@ERSERIPTIONuUrities originating fromthe
source of the crude oil, oil products that have crude oil as a starting
mat eri al are produced by inplenenting 15 various types of physical and

chem cal refining process i 1 i fractional
distillation. Generally, g@qlﬁlﬁgl{é@‘%}@a@ p@ﬁgﬁg{fﬂlgt ed oils drawn off

froma tower by distillation, have m nute anounts of the inpurities and
these inpurities can he renoved gy a sinple refining process. Thereby,
they cd&n be used s for autonobil EQI@NI,C”/gla@Ethi ne fuel, 20

pet rochem cal f ?FdStegegnl% illnvoerl‘ltlélgle?llé'[:%%l;t\e})éad\,é/ﬁ{c])ﬁlg l'ﬁ(‘lftg%dq%)ggllg%&aélg tthXt C%illl pr oducts

from which inpurf i ave n contrast,

resi due oidfficiehhi@terhéve ipgiubitiey e edrfRiRb 0Rde k] By d DMt Oxtradtish prdcadsi on,
have inpurities concentrated and they exist in a state that nakes them
extrenel y andighydorefinig preerse.cand Thasidcelpe 19 @ matloditBatetan abiait 3 iegnehede

L mpuri t estlhgtyis @Xf?%b% g% 4 ?«%e@&ﬁcl?ﬁorﬁ%hf;&ehﬁ Pl%d ub‘tﬁ‘&?ﬂ&ﬂtﬁleaw I)i'l M8 iEGBs- I N
the case of a particularly hrg gree of ~refining, severe reaction

condi tlioonsbd ¢omiveatidrallpivgéd defepdstedkubeligndldfingirofuicti®aure in the presence
of hydrogen and a catal yst are necessary, a |arge anount of hydrogen and
catal yst are consumed, and large investnents including facilities

expenses are necessary. Thus, aﬁA@&E@@Wﬁum@s not econoni cal .
Therefore, a nmethod is desired that obtains 30 sinply and econonmically a

hi gh qual ity reBeerce of the prdsance of imanrités| originating fnhihglsoadedefithevaldee, or
in other wards, having jnpurities, reduced to a. high degree. .04 OCT.2005 7
e use. of Shiegprin Pyt PREIhr Sl % Y5h0e byl odienfdar By ubbiersuite

Li ght 18| efvaidus $yeb o8 ph @idaY hedEhenflEQRYHERE prorBed, Rt daRith Wi dsphaie key
materials in the getrochenlcal field, are produced by thermal cracking

usi ng | i ghffacsional defdRtigs. et hane and napht ha as

Generally, distillate, that is, distillated oils drawn off from a tower by distillation,
have minute amounts of the impurities and these impurities can be removed by a simple
refining process. Thereby, they can be used s for automobile fuel, gas turbine fuel,

20  petroghemical feedstock, or the like, which are high quality oil products from which
impurities have be removed to a high degree.

In contrast, residue oils, that is, bottom oils remained at a tower by distillation,
have impurities concentrated and they exist in a state that makes them extremely
difficult to remove. There are limits to eliminating these impurities by hydrorefining,

25  which is a fundamental refining means. In the case of a particularly high degree of
refining, severe reaction conditions including high temperature and high pressure in the
presence of hydrogen and a catalyst are necessary, a large amount of hydrogen and
catalyst are consumed, and large investments including facilities expenses are necessary.
Thus, at present this is not economical. Therefore, a method is desired that obtans

30  simply and economically a high quality refined oil, that is, an oil having a high added

value, or in other words, having impurities reduced to a high degree.



‘the main feedstock, but a part of the heavy fraction, such as gasU0di0CTa}gh
vacuumgas oil, 5 are also used as feedstock. In the United States and
the M ddl e East, which have plentiful and inexpensive natural gas,

et hyl ene plants that use ethane as feedstock are common, while in Japan,
Asi a, and Europe, where naphtha is inexpensive, in nost cases naphtha is
used as the feedstock. Because the generation of by-products such as tar
and pitch is higher in an 10 ethyl ene plant that uses naphtha as the

f eedst ock than Ose tlhmo&lagbqumgﬁléhbané 18 & ajlsferzbcmnical feeuskodkght alefins

solution to coking. and fouling t he downstream Chl hea
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oper at i on. tht mdim f&dstbtla,sh‘ux alpﬁl‘t béﬂm&eafy fréneioanmiahts @hs ﬁxéerﬂc‘stlmmkmsgmppily and

f eedst ock t f h f t
can be s etie alsoased gectie n groduiad Ses Mubie Male Fie WEIEVBCk cost
woul d be i ;?l gﬁf@}d’ i a?éﬁ@w@tnattupaq S8R yidn ’lanttshtﬁatmsgla h%ﬂ% asofee@st&tk%li’é e

supply of cconpanleé e increasingly heavy oll stocks
could be swhven,whildintlapa, Weial endEurape, exterenaghthags ek pawner nbodst oases o

t he industr 2Q r- In consideration of the circunstances described
above, it ’i’%’hgﬁ IBeréicatS tBt feeflockyr esent i nvention to provide a method for

econom cal 'y regpugtd #g habiarged.-Makugs chﬁfab'i‘a‘?Qn@bltclf LR heavy oil

that has a high concentration of I'mpurities derived fromtT‘ue crude oil.
| n parlQ cutthyleng pleni tﬂw@mes oaphmaﬁsnhl@@eéstcvcécfthan rsglmmsh@dtelﬁ ethahewwgediy
that can egonagni.call r. gﬁl Ld e _as a .f.eeds tiock for
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that is not conventionall'y suitable as a feedstock for |ight olefins.

DI SCLOSURENpHthaNuENTR@NsAsuch swWBi if ugsd asiadfaedstack der m&@dwml@lﬁ adtiai n t he
obj ect des&alrnlsﬁa%%d%%é{ﬁ%e ﬁmf?l%%nme‘{?@f(g;?at{b%"e di scovered that inpurities

i n heav obtain a high quality refined
oi | ha1\5| ng i npulmi donessty mrtawfscbftt]me andirglof tkedsteek immply&lmdg‘ealstochcéﬂ,edat ock a
i n content of 12 w% or |es SI n the 04
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amount or @GeRalR! thlé)feedéﬁicﬁ%ﬁ ﬁ&Jld’@@ine‘/?}i‘él{sl’%tdlﬂ% tiRNEmeE HaLk, Iﬂ{e%&%hqng the
obt ai ned deasphalted oil so that the drogen content is i ncreased by a

certai n and@ritabde syppbatieiee @yﬂu@r ﬁqnalplaym Geahdradsigly heaovegs stogksiaquiche
refining nl‘)ae slgR%df d ttﬂ%a\k// ué?'be aﬁ)FxtGﬁn?e]g lge%FQOD'[rlﬂl\{l 1tt09 refined oil is

obt ai ned by procesa ng t es vent o extract 1n UStlPocess t hat
obtai 9 an extlhaohsideratibn bfthe dhiandtiigs descabet abiolve thls&n%@jééedSﬁthe

extraction process and a hydrorefining
present invention to provide a method for economically recovering high added value
refined oil from a heavy oil that has a high concentration of impurities derived from the
crude oil. In particular, the invention provides a refining method for heavy oil that can
economically recover refined oil suitable as a feedstock for light olefin production by
25 carrying out a refining process using a simple and reliable method on heavy oil such as

an atmospheric residue that is not conventionally suitable as a feedstock for light olefins.

DISCLOSURE OF INVENTION
As a result of significant research to attain the object described above, the
30  inventors have discovered that impurities in heavy oil can be efficiently removed to
obtain a high quality refined cil having impurities removed to a high degree by using as

a feedstock a heavy oil having a hydrogen content of 12 wt% or less, processing the



process that obtains a refined oil by subjecting the obtained extéﬁﬁk?qms
oil to a hydrogenation process in the presence of hydrogen and a
catalyst. This feed oil is a 10 heavy oil having a hydrogen content of 12
W% or less. In the solvent extraction process, a deasphalted oil (DAO
is obtained as an extracted oil by subjxcting the feed oil to a sol vent
extraction process such that the hydrogen content is increased by 0.2
wt.% or greater over that of the feed oil. In the hydrorefining process,
a refined bedvyicl suthai thedydypghy dorvendfis micregsedrry alesaiephahewd opiteates byuch

t hat the hydrogen content .is increased b .5, W.% 0 reat er..over fhat of
the. deaspSnE SOBER YRCiT.SOHRIRIErocs TR Ois ShtHrseL e AT D! 8 ot I be

reliably ob{@bbafcdiiét iBRreabdibY 4 bt LIBSMARM ghted bhiuging dagtRRefiflag
cannot be anticCipated by using either of the refining processes alone
because i npuocessies that are difficult to renove by downstream 20

hydrorefining are.progcessed in, adyance. r _condi.tions in whigch the
hydroge% contengnﬂﬁéeﬁﬂ@géﬂggﬁi%@ngngéPﬁgﬁﬁ68W§ﬂ P“gpgﬁkédfﬁgxﬁy?ﬁsing a
sol vent eXbB@ﬁateu%ghpr@&@,sing UhS ARURRS h ¥oRehte tRERFGF&Es thatshtameRdi tions in
whi ch the hydrogen 'content increases by a certain anount or greater by

usi ng a hyéxtoacedd il by syriesimgs fe@l ol braisdlnent ghtradtien foaesess 4vdta hydperefinings

cannot be reliab removed si,npl V.. 25 carrying .out _qnly.,a sol vent
extracti onplpOrCSScseth%t O(??alﬁs ﬁi/eé.}?%?j é)flirB&is}rlfS]eﬁW&%g so?ﬂaf‘%g elxh@ée%ﬁ‘{ élrl $? % di scovered
that by ushi@rophifutiby rageninapeheBncebf hii@obanmd LidtalyN. MaisHearesHed as an
i ndex and by carrying out processing so as to i ncrease the hydrogen

cont entO by hgavymiklpaing arhydaganeumant g5 hyta gdtsvent extraction process

fol |l owed by usi fl:nl o] i L bt ai ned
that has the | moodrerSen Shfic Pkl p el Bl AL b AR R
degree. Thextedeyed dihey swfjeqimg the feed ail the solveati axadctiondeoceses@hahatche

condi ti ons erein a balanced ] oad_ is maintained wthaut requirjng that
the 04 OCT YHBESLCQUTHYT NGHESSF DY hevist %&{teat_&wvea?fe%t Shsrieebed by e e
hydr or ef i njyPo RIRGRST 0 B&s"RASHEE YR 'iseobtéiﬁ&ﬂb)f hPdSrefiRLRf BE 80 syhalled®il
hydrogen content of the obtained refined oil 1s 11.5 Ww%or greater, and

nmost phef epusblthat thohydrapen emign éninereasedbytth wtbas ereager ovemtbeicoizhe

operation dgsgﬁﬁgg%% possi bl e in which the generation of coking and
fouling cah B epressed even during a thermal cracking reaction by
application to & fheatsheeka high qublithtrefledfdilncanbeaelittly Shtainedtiphhis a

petrochem cal feedstock. Therefore, the present .invention can gbtain a
refined oi IMPHEHeAgERICHT ghe Bighelaeipa i camior b pytciprdedshy veneaithey of Hisd i s
econom cal lefinfitAsbtQtes athe because impurities that are difficult to remove by downstream
20 hydmerefining are processed in advance under conditions in which the hydrogen content
1s increased by a certain amount or greater by using a solvent extraction, and
subsequently being processed under conditions in which the hydrogen content increases
by a certain amount or greater by using a hydrorefining process.
By focusing on the fact that impurities cannot be reliably removed by simply
25  camrying out only a solvent extraction process or a hydrorefining process, the inventors
discovered that by using the hydrogen content of the heavy oil to be processed as an
index and by carrying out processing so as to increase the hydrogen content by a
predetermined amount using a solvent extraction process followed by using a
hydrorefining process, a refined oil can be obtained that has the impurities reliably and

30  efficiently removed to a high degree. Thereby, the refined oil can be obtained under

economic conditions wherein a balanced load 1s mamtained without requiring that the



‘BEST MODE FOR CARRYI NG OUT THE | NVENTION Below, the preferred g4 gry
enbodi nents of the refining nethod for heavy oil according to the pres
invention will be explained. However, the present invention is not
limted by any of the follow ng enbodi ments, and for exanple, the

el ements can be 15 conbined together asgqappropriate. The present

i nvention uses as a feedstock a heavy oil having a hydrogen content of
12 % or less, and preferably 10 to 12 wt% and in a solvent extraction
process andonditiopslodihefsblvemgxpraoesspcasher theaygrovifiningppees &s swde seuter
conditions in which respective predeterm ned degrees of refinenent are
attained. ZO"fIUPRE heavy 0i | haV|ng a hydrogen content of 12 wQwor |ess
used in the pre Iﬁ@?exaﬁ]\r\fﬁé‘ﬁ Be ARSI bk BlaeScRaldues ) SuaY, g

at mospheric resi y oi I, J i ke, whose uses are
limted begaese, afd tihet meﬁmajpﬂv i1Buwi% wr gx@aatcenlmrthxtsw@nsa cTheerdigldpogann

content _of .these heayy oils is generally.9 to 12.5 wt % d many.are 9 to
11.5 wet %beawae%%llv’#t Mo ﬁletaﬁaelﬁa%i;f kg aﬁlﬁvf WIFigean D6 T EST S To_be

unsui t abl € @sing a3ReRBH Eﬁ@ﬂﬁgﬁ&% iofh Sﬁg}%lf?ﬁﬁoﬁ Ra feb@RckabLfi iR the Tike
because their Tnpurities cotld not “be removed even by refining, and thus
have not beeodussied, wilikk iga pﬂm@hemmbhtdmkcé”ﬂlmeé@e,dbt pestzemtenaq cact i on
processi ng .a fi rocess hayvi a hydro en cont ent
b °15° wt v sErRace e A e wek sl ey ARRAERUNEHST o on
is an extraghgshRblly Aseiipg the hydrogen content increased by 0 2 30 wt. %
or greater In this solvent extraction process, the asphaltene conponent
having!8 | ow hydrogen content is selectlvely renoved. 04 OCT 2005 5 This
asphal t ene conponent 6ﬁﬁ?kh? Rﬁﬁ&ﬁﬁ 'ﬁﬁVEN Rﬁpounds havi ng
a | ow hydrogen conten u as con po yc ic aronatics and
cycloparaffin riBtgé\N t&ﬁ@b]dféllecselkmnineﬁtbafﬂﬁmngng hramdfoelsdadyall car bon
and netallic r|n conpounds such as_ V and_ N are incorporated, and
thus i npur i2€§B m&rte I mewebﬂwfﬂaﬂ%wﬂh e P 1pGnA AIRYED ﬁlwl'szeaﬁaweéwe 1s
conponent %%Vﬁlrn?t'ed' by RRY Qf {h% fBl m@éﬂi’bgar%én@ B fo?@%rh@@  the B nRhQTRA %é
degradation of the tCatal yst I'n the present ention, the solvent
extracﬂﬁonCpﬁb@ﬁﬁsog%h@amapwdpnut under conditions in which the hydr ogen
content increas /0.2 W% or great predet erm ned
amount of "asphal emereebiieid 5% BhavER s B8l Bhunt s rSuReSLEFEL on
process, aof0pwant s1asal hid efndble cpb vent wibeagidhalatsbRgnt dxh@ERSSproddds Bied
applied, and by brlnglng the heavy oil into contact in countercurrent
with the edvdeprelniagpiasasssthedeavyoll agnpcessadrudes eyditionein Whigh respective
deasphal t eglé?jl e @il togg eegg Qﬂlx&ﬁ?xﬁ’a]é %&m‘;é&h the fornmer has a high
hydr ogen cont ent an neta

20 ¢ The heavy 011 havmg a hydrogen content of 12 wt% or less used in the present

2P

invention generally includes residues such as atmospheric residue, ultra heavy oil, and
the like, whose uses are limited because of their high impurity concentrations. The
hydrogen content of these heavy oils is generally 9 to 12.5 wt%, and many are 9to 11.5
w1%, and conventionally the heavy oils have been considered to be unsuitable as a
25  petrochemical feedstock for light olefins or the like because their impurities could not
be removed even by refining, and thus have not been used.
The present invention carries out solvent extraction processing as a first process
using heavy oil having a hydrogen content of 12 wt% or less as a feed oil, and recovers
a deasphalted oil, which is an extracted oil having the hydrogen content increased by 0.2
30 wt.% or greater. In this solvent extraction process, the asphaltene component having a

low hydrogen content is selectively removed.



residual carbon, the latter has a | ow hydrogen content and concentrgpg adr T 2005
nmetal s and 15 residual carbon, are drawn off. By appropriately selecting
the types of solvent to be used, t he amount of solvent for the heavy

oil, and the extraction tenperature conditions, the extraction

processing conditions are controlled sosthat the hydrogen content is
increased by 0.2 wt % or greater, and the extracted oil of the present
invention can be obtained. 20 # As C3 to C5 solvents, preferably at

| east one sel ecTeE dkploudten¢ cpapeenbhdsane]cebe stlmntaumpiisingsentpoﬂ"rds

deasphal ted o0il is recovered as an extrgcte uid al ong w %h t he

sol vent  f Pofg heoY apdiseen ?fé“‘?é%tSP%{b%%C@H s P CERMYESSBt ai ned by

subl ect | NGci ARt Ees. dbd it %N %n%'ﬂ%‘éé GediGya ERRALhO el T SOVl

under supercritica i ons. halt’ene i's recovered as a
raffinate pbiphgrimeshpeurfestdioas ‘(bbmﬁ hbaﬁeoh(vc&ptblafedpamdtthes inotitesasf t he
tower, and the solvent in the raffinate is recovered by h@porlzatlon I n

the pr e enfONCRYEHES- ol IS Kievhipat Bigesp! @Bﬁfee‘fﬂm%ﬂ]e‘?tﬁé"ﬂéhslﬁ 1% 8% oi |
obt ai ned bM lfaﬁi]mtom ct%héfgir}yg%te% ﬁﬁ&ﬂld?ﬁofﬂ{]é)8§§125t' smugca[]ea v@@%epy_ 0.2

wt % or grea ogen content of t dstoc
Fur t her nor ayeation, Hereasat Extradtidn 'pmc&ssEs 80ried ouitiwndpr ednalitadyisen wardh tha

i ncrease bil)h(g 2tol.2.w%is rré)zt %re erabled Preferabl¥ t he !%Cpcreased
amount of OB INCETHENRY ¥4 WKLOSBFFEn D 2 e DHCITTEEY changes
dependi ng %oﬁﬂ%f‘éﬂhﬁﬁeﬁ@\s%@l@ct‘i\)@y%@‘dq«egontent in the 04 OCT 2005 6
feedstock heavy oil. That is, in the case that the hydrogen content of

the fekd oil islmthe sohft%mlagtncaamlecesuancctnhentmlaklriehnownts®la¢)nt|d@au5pba1@®ess
the extraction pro ess 1c%n %XES ar e ‘h g suc q tEt:he |rt1%51 ase
in the hydPS§&R SRR R 2Rp'TS s 5t & SYAElS 1?9166“20 gra o e o °°‘8} e

pref er abl ythe@Fiot@5 Eb10eritd o Ddolvdie ek eRBoRitdwer] the Ub&phyEddogeimdamet ent is

|l ess than 5 11.0 wt % _an anount of increase is pre%)erably in a range of
0.5 to 1.5asphekengnigpvwhidy the forates hapi Pighdydragen sorgenirand,dilwes inetpls apdicr ease

in the hyd{]ggg GG lgﬁ'etr_\'lﬂgatlm I]Zﬁlogglv\;” i aﬁ‘&E&%nHEt@G‘ﬁ?&als Ln?d 0.2 w%

or |less i m nation asphal e, npuri t
i nsuf fiki ersidualaradban) derdrawo bfﬁmamqnmtelgvdemn@ ther Qf@tedf skwvm]tdx)bmst ream
hydr orefi nin ot be sufficiently renov

I ocess 10,1 ritie n
" er o o¥eRe AEGPRLCGPTEBT ok ey Eeth 8 B GEFCERE CHRRRLTS ST he
anount of ih@‘é&@@c&%nﬁﬂ@ce@ﬁh% 8bndifibis alélc&hﬁm@a@@tﬂaha{e HydeogehReARASE 1S 1.5
W % or greater, the rate of recovery of deasphalted oil decreases and

thus i s nolcrasnddii AW o glﬁﬁéﬁpﬂ@é@ﬁtexifh@i%@‘ﬂ ehthettiesericiasphimntcan b |
subj ected f,9..a g0l vent extraction 15 process such that the hydrogen
content increases by 0.2 wt% or greater in the sol vent

20 # As C3 to C5 solvents, preferably at least one selected from propane, butane, or

pentane is used.

The deasphalted oil is recovered as an extracted liquid along with the solvent
from the top of the extraction tower, and can be obtained by subjecting the solvent in
the extracted liquid to separation and removal under supercritical conditions. The

25  asphaltene is recovered as a raffinate along with a portion of the solvent from the
bottom of the tower, and the solvent in the raffinate is recovered by vaporization.

In the present invention, the hydrogen content of the deasphalted oil obtained by
this type of solvent extraction process is increased by 0.2 wt% or greater than the

hydrogen content of the feedstock heavy oil. Furthermore, an increase by 0.2 to 1.5

(W8]
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wt% is preferable, and an increase by 0.2 to 1.2 wt% is most preferable.
Preferably, the increased amount of the hydrogen content in the solvent

extraction process changes depending on the value of the hydrogen content in the



extraction process described above is next subject to a hydrorefining
process as a second process. In the hydrorefining process of the Erei?qh
i nvention, processing is carried out under the condition that the 40 05
hydrogen content is increased by 0.5 wt %or greater. This 20
hydrorefining process is a representative refining process in which

hydr ocar bons are processed at high tenpegature and high pressure in the
presence of hydrogen and a catalyst, and can include all the reactions
such as hydrocracking, hydrodesul furization, hydrodenetalization, and
hydr odeni t rfegstoak heany dthaThatgs, in theioagd thetebe hydipgaor eookanhgf the igeidah i9bi ai ns
a Iom/nDIecuﬁgr.mpi ht refiped oil fromthe Leedstock heavy oLkg N

hydr odesul Tt Y8 FERT TMHECR ERLSH @ HABPSETFURE EOFRSHAN AL A PR ons a
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and obtain a refined oil wt ow sul fur concentration froma feed

oi | ; hydr odemststprieteathlpn).2 itm Oxthiviéh obtherdeedlolili df thedyypmgrnl comertthgless than
hydrocarbon .is hydrol yzed at hi gh.tenperat.ure and hj essure, in_ the
presence oplh@my&’gaé ,IX‘?HHQ??l}ﬂ??g"efséﬁgfﬁtagiﬁ’ lﬁétlﬁ‘ll%e,‘)fg)ln%popﬁé@?%’r £ BN t he

catal yst 30,:46ra8Rt 8ignod .1 @kdoned oil having a | ow metal concentration; and

hydrodeni trogenation, in which the nitrogen conpounds in the
hydr ocar bons ar éVheadieeecraasehn thedrydgegan aenthitghiriog 1QGPIRO0SK RCU@MPEELSs ur e

and high pressureg in th resence o rogen.t.o. produce and separate out
Srmont 3 ande BBt HeRekL AR fasPras s SR FREET B TERROER o
from the fegdudddr-sudiheoridiieis] EVeRST iratétERVY dOhhstieBl Hideorsfihihg procesEpdeent s,
netals, and the |ike, but because the renoval of these |£ur| ties in

advanc &0 usilmguatitsycagneihersifesiemhigmer et daderns af thedeagssalrelaipnaest vemt
extractl 0”.18%8%@‘? Appet &fn%‘i fﬁa’éf%d%% b iﬁ&l@is%%l?é”@et{e%% L thETaselihi gldTPUri ti es
can be efficrently Pediced t'6 4 very 'ow concentr’ati on, w thout severe
condi t i ons.indreast el Bydtooefieater) ghgpraeadsecovérytdifelepsphsiedt oil deesratdspad
preferably at |east two, Eypes of catalyst are used in a conbination

sel ected f oM IaNHECBBIREt al i zati on catal yst, 10 a hydrodesul furization

catal yst, a hydnQdesybidr iAahta) tl?e"tﬂ%aﬂ%%&ﬁ&[‘ﬁ? il ARV A BhMSfion OF A

hydr ocracki ng catal yst. Preferably, the catal yst used in hydrorefining is
Co/ Mo, 15 Ni pCsedtsuch thatieNty drdgen cmotedi inteases bypi0.2 Weds loy greeteetn the sgfvergact i on
are not partjcularly limte ut .preferably the ranges of the

nvar or ef | nekbEtoetosn dskartd Sitve sPies) B 1A b @9ER Bireb i,

enpl oyed. Spoetdfpiaakd.y, preferably the hydrogen partial pressure is 60 to
150 kg/en, and nost preferably 80 to 130 kg/cm 2. The hydrogen to oi
ratio is preferdbiif hydgryetining Potresied/the presang ysBEOp PEICEHSHIR 'y cHDi9d P8t 1000

Ni n3/kl . Tﬂ_ﬁ_ﬂéﬂ%vcdlﬁjtﬂﬁletﬁﬁ{tﬂp h drogeﬁl'c&l?enq'isc?nye {e;; b%ds sl or%'gafté-': aty 0.2

to 0.8/ hr. e reaction tenperatufe Is prefera
20 hydrorefining process is a representative refining process in which hydrocarbons are

processed at high temperature and high pressure in the presence of hydrogen and a
catalyst, and can include all the reactions such as hydrocracking, hydrodesulfurization,
hydrodemetalization, and hydrodenitrogenation. That is, it includes hydrocracking,
which obtains a low molecular weight refined oil from the feedstock heavy oil;

25 hydrodesulfurization, which reacts the sulfur compounds in the hydrocarbons with
hydrogen to produce and separate out hydrogen sulfide, and obtain a refined oil with a
low sulfur concentration from a feed oil; hydrodemetalization, in which a metallic
compound 1n the hydrocarbon 1s hydrolyzed at high temperature and high pressure in
the presence of hydrogen, made into elemental metals, and precipitated on the catalyst

30 1o obtain a refined oil having a low metal concentration; and hydrodenitrogenation, in

which the nitrogen compounds in the hydrocarbons are reacted with hydrogen at high



340 to 440 C, and nost preferably 350 to 420 C. 20 s- Such conditi gusy@Er Boh
the general conditions for hydrorefining, and in the present invention,
if the hydrorefining process is carried out after the upstream sol vent
extraction process under conditions that increase the hydrogen content by
0.5 Mt%or greater, the inpurities in t/he final refined oil can be
efficiently reduced. In the present invention, in the case that the
hydrogen content of the feed oil is 25 11 to 12 wt% the hydrogen
content of tdnfy@ratefei anedhigl pressotainrie pleyerichef hydingeretoi mbahge apd eqmae wirtt h
respect to the deasphalted Qil_ is preferably increased Eti 1.0 th
and nost pREAEREAN %3}310 agefipedool bﬂ'\ﬁkh/%sallﬁ“’tIHBO%"é’scé’nP‘Fiﬁta“PH oRy HE el
content of the i p f
the refined oil ﬁ-ﬁgg nPQH s@%‘ﬁ@ Engir% 8% el#]fl}rﬁ:fcgqélp%?%g%sﬁgé@\ngeﬂdﬁgé;fr])lgégﬁmpo
t he deasphatda@ck Wk lrethsvdl RE flRas Qﬂplbylepneicﬁzraﬁ&ﬁ ysifk @nlB@ Hydrotefming pdresand

nost preferably 0.8 to 1.3 wt% Furthernpre, the hy dro en cont ent |n t he
hydr or ef i niTha lﬁ?sﬁé@§§ob‘ﬁmt PR IERIREESS I EPE FRIPBHNE §0‘1‘Jl? %?roé?'edmp)‘/“ g% ased
by 0.5 to g‘ﬂgum%) ]fl b&p Ché{]qlﬁlqgﬁﬁe&w& gér}:ﬁ ]Q\L CBH&HQ%U% alggtsse%ele

deasphal te a| ne he upstreantsol vent extrdction process is
11. 5 wt % ocondjti@at er, and preferably by 0.6 to 1.5 wt%if it is |less than

11.5 vt % Wen th ydrogen cont ent |nthe ydr or.ef i nin rocess

i ncreases | ess llhfz‘ﬁq’dg?‘eﬁﬂ‘% PEasEssfithh Iﬁéffi“éH“’Sfm‘?”r’rﬁtﬁf?lgp@sat feﬁ“ttﬁvé?
deasphal t el ot be dall S 14eBif8on® b sOB8FASR o O RIn B aAGPLRAly st
i ncr eases f % or greater, the process conditions of th

hydror & i ni ﬂngdnoéamﬂfumancsxmnalas 4 hglrbgednbyezatiparand alydlpdesstahmnom leetalyst,

e mde. scobk BICAHAC RGBS Eb hab e tbngm Gy it LrEake e "oeeMThed 1 n

terms of tRg/Caydooseli/Mmong reaction conditions, in 10'the sol vent
extraction process, by selectively renoving in advance the asphal t ene
conponent, whi cAhf sonditionsfar theyhydrpaefining eiaff ey mot parHeanelimjted, but
hydrorefin r t he

hydr ogen pg&?e 9551991}?%%% egcg}”tfnpﬁ}/({]&lelfﬂy\fgpga&%g c8£c%b;@.4t Qgtlpd’sg?heﬁ%{e
extrenedy gexgknllwmlplbm |$murf chilggmda]rabt;ethehjzdmgampzwalrlﬁéssoeds 60 @ n@(w
concentrat] /n s, W t hout eag |nch§is Eﬁe anount of the cat? %tﬁt or
i ncr easi ng&/$8 13%¢ PeRErsTgAoD 800 1A8 Ke/crbs e hygiogeiARiLEEs i RS
residue anfoﬂom%%t@loomﬁﬂ%ﬂ& ﬁqo§ﬂ&ﬁ@fe?a%l§\h50@f&leOVNth1Chrlf'%rLQ—ISW *?ssl%?e]élﬂ the
asphaltene in a state that is concentrated and difficult to renove, can
be sel ecti 08ty 1{drperdimioyt poferebint 0.8xe P& dire reastion hrmmparaiuig lhwamlém ni ng

B e or etent 18 B o B LR P B Ta Gl € can e horoughl y rembved.

20 #  Such conditions are the general conditions for hydrorefining, and in the present

%

invention, if the hydrorefining process is carried out after the upstream solvent
extraction process under conditions that increase the hydrogen content by 0.5 wt% or
greater, the impurities in the final refined oil can be efficiently reduced.
In the present invention, in the case that the hydrogen content of the feed o1l is
25 11 to 12 wt%, the hydrogen content of the refined oil obtained by the hydrorefining
process with respect to the deasphalted o1l is preferably increased by 0.5 to 1.0 wt%,
and most preferably by 0.5 to 0.9 wt%. In the case that the hydrogen content of the feed
o1l is less than 11 wt%, the hydrogen content of the refined oil obtained by the
hydrorefining process with respect to the deasphalted o1l is increased by preferably 0.6
30 1o 1.5 wt%, and most preferably 0.8 to 1.3 wt%.
Furthermore, the hydrogen content in the hydrorefining process of the present

invention is preferably increased by 0.5 to 1.0 wt% if the hydrogen content of the



Even when the refined oil that has been processed by the refining process
according to the present invention described above is used as a feﬁz J

for light olefin production and subject to high tenperature crack gﬁEszs
the inpurities that becone the causative agents of coking and fouling

are reliably and efficiently reduced, and thus the 25 yield of |ight

ol efins and the continuous operability & e high, which is favorable for
comerci al production. This is because heavy oils such as residues and
ultra heavy oils that are not conventionally considered appropriate as

| i ght ol ef deespedtedtaslcdbiained by 8¢ upstream sqla¢t engaahan eroghs 1Sé2é i /hpigh

quality refined oil can.be o i Sinple. refinin In the present
i nvention, 25 %%’eafnldﬁjé%i%b%bﬁ P%Q@Pﬁﬁ?@%é@’é ess?éha‘é]sf 1t o“g%i’ti sfy the 30

condi tions descrvpedhaBonegw tdntdf ieflfeastior&imsy procedsiingehsed lesd hat 0
present invention, and in particular, in the case that it is used as a

f eedst ock Mo, theghiminttem of ipwotitiet indhe deanghalthy H ogieauidisisnered Mibe ¢ 11. 5
A L9 0rs O 63 6L 0 AN IELELAB) ¥ sl Z @ a6 B JP@RL &8 T 2005 9 I
the presentd M7ERIGBhY {%ﬁfﬂ9a-8gé s IRTEA DSPTYHR FREIRRA OB obt ai ned
by the sohy@btef@Xid Ra&tidN) s@dhchsNNER QIr6fdnfafteh] ptodOns 1tBE Rab®dii t@haﬁgraafre,heavy
oi | nmust increase by 0.7 NNrt% or greater than the feedstock heavy oil,
and pr ef er dislamawpt of eatalgstAilingwang tmicke, pust begnedecsespreyandthes o0, 2 wt %
In the casgx%ﬁg% ét is used as the feedstock for light 5 olefin
production, the %ydroggen content of the final refined oil is preferably
11.5 wt% or gTaatmeansdind denasibeirefeanadf tie hd@rdfminlgSrebetdg Yondyiosain yi ng
out a solvent extractign process and a hydrorefining process so that the
hydr ogeh cBStSeENbEX1iaREoR BIGCRSgbY Feleqtiyely TemgViRg dp a3 vVagrelie 8FPhaHens ncr eases
by 0.7 ~Nqg Qr ..t g .01 . ! in
each proceg%n@%#gﬁgﬂgﬁiméﬂ?ﬁw%gggiﬁggéﬁgggéeggg%Pgg%apgﬁﬁétr@g@%ﬁgﬁato
the unit fortheddhvanhg hdrosefiniemproesdss the hiydnoganpeartiblypesnefanditgeprtooesses,

a highly refined oil can be obtained with a high yiel d eyen. in the
ane ot | oty S e S Riebrnet o o s e BGRENT By
occur W t hio 1dinf doneetia¥ion @ Mekhdut’ @édiRaHcehdin St baldlft dfhe a0 GlreHsimal
feedst ock can be produced with a high yield. 15 In the process of

subj ectd ngthengachieavimei | of the present invention to a sol vent
extraction proc A3 %’re%t{l}tg tlﬁy)%ﬁlﬁ"% s0fl Lo BB 'i([@sﬁdé\? %Pﬁ?iet?ﬁ gééllpg%n?suguchl Qgﬁ'i‘ and

condi ti ons wherein ogen conten I's I ncreased by
0.2 wt % or Vgwagheire plesént tiln eheMispleaidne W aahtaltisat & @nicarat! atetiechdidifficeihnso t o
t housands of e ullra heav oil. This js

of Mppmin the.residue and t ra. IS
because ¢ hEPEdRERERAIEETA LI AUSALPIBRLCN. 2AA oA b7 Hefrofegmine

sel ecti vel yrodbssr ﬁ@'@ﬁﬁ?ltﬁtgt%l\lsﬁx:élﬂ) BabliRNand eldlEsRRlaY RAn@¥ HARHIAHREREESS.

t he concentration of and V netals in the deasphalted oil, which

i s thedl ef imeagilpir¢mowrabbestetontaortte therongldy demeyedal t ed oil has been
extracted by t h@vésno\k/fllgln {he?éftuge%cc}if- A0 s Qe 1§1’océs§ed719y Wetrgf%rixqg Slrocésgss’
according to the present invention described above is used as a feed oil for light olefin
production and subject to high temperature cracking, the impurities that become the
causative agents of coking and fouling are reliably and efficiently reduced, and thus the
25  yield of light olefins and the continuous operability are high, which is favorable for
commercial production. This is because heavy oils such as residues and ultra heavy oils
that are not conventionally considered appropriate as light olefin feedstock are used as a
starting material, and a high quality refined oil can be obtained by simple refining.
In the present invention, an refined oil that is processed so as to satisfy the
30 conditions described above will be effective as a refined oil in the present invention, and
in particular, in the case that it is used as a feedstock for light olefin production, the

hydrogen content must be 11.5 wt% or greater, and preferably 12.0 wi.% or greater.



and nost preferably 50 wtppin or less. In addition, the solvent 04 0CT 7005
‘extraction process is carried out so that preferably t he Conradson

carbon residue content is 15 '~vt% or |ess, 25 and nost preferably 12 wl%
or less. That is, the hydrogen content is i ncreased by 0.2 ,Art% by the
sol vent extraction process, and at the sane tine, the concentration of

the NN and V netals is preferably 70 NNftppin or |ess, and the Conradson
carbon residue is 15 M %or |less, and thereby the conditions for the
downst ream hydrorefining process are not made severe, inpurities are
reliably renovedp tianpreseniyklntderaklic lwdrc@‘enmenﬂeoﬂ of tharefived o0 obttizdriedhe The

sul fur concentration.of hal ted oil

| ess, and SRAySR! W@F%ﬁ"hﬁ‘?‘{/j}wlﬁfﬁt’%g tIWé’sséaoe'l*ﬁ@r“@% !EF?EH' Oéuyf‘ﬁfl]%gﬁﬁghent
in the fing; ﬁr@%'cﬁ%@ea@él|th%9141h%5dgt995héa@y%lﬂt ﬁldﬁ@feb%l)t be orseastz 7 wt%, and
hydrorefining process can be reliably processed so as to be 5 wt%or
| ess, and muast ]ar@aida‘alylyo 18 m@%m%r boibe cBy thatki lﬁgSttd'ﬁS thee feadsioﬂk for light

concentrati t. he. deas ted oi dson_
corbon  osicHe TaHEGIT BETSIEEr s8Rl o PR Etg & hare Gy g T WRR
concentrat 'g?éétélsal@ %%ﬁ?éfela%ﬁsn PiPeEsShag can be reliably carried out
such that in the final oil obtained by the subsequent hydrorefining

process, the N Bynchrvicpowersohant evracodn pioeessiandk hydforefedngpirocedstsaitiadd i n

t he subseq ent drorefini process, .W r less,
preferably’ nlﬂ‘g P %’Ptqnéggglefﬁg]egc?ﬁ] lédig c/%r?lb%ﬁatge?}dﬁ‘ﬂgea%e&%@%\ "5 on
will be 1 w%cfer |t]@§§the Qo tl hatvy GANER M6 REtid@Nn hdH prB€esd cOmPleliedt edcBSS,
10 and preferably 0.3 W% or |ess. By making the sulfur conponent in the
final RBfi @éw,oqreveleéoeor@ et aprdisd to digamwitifar cachof digselennextiactipg agsed as a
f eedst ock f r e

cracki ng ur]f 10(1:%%%%8{0‘%‘;&5@5 % h?%Hg éfﬂ{%fjowar}gr]e rz[ifr%ﬁ{eeg%m;a H%ﬁ ylé]@ arn%ke]f
product i on iptheaxatetdsit ackset as a peghthenlied fardstbeg @magaubﬁrantgroabdawnh

possi bl e. n the present |jnveption, re er ab) he sol vent extraction
process andFERRI we@drﬁrﬂﬁlr B@é@ls%pgr%ielwl kadssen s temiedeR N and
V cont ent 'aﬁnélhﬁefd nal refined oil is 2 wwppmor |ess, or nore

preferably, 170 wtppmor |ess. Wen the dea. sphalted orI whose Ni and V
met al ¢bnt ent éllrlmmce@SDGSLﬂﬂemlgrﬂmlle@rvy bé@ﬁtlmwlcsh:et Bttt to@xsohaot i on

process, is further

coki ng can eb%acno\/"éjr% fe5e lrﬂged )‘Uagtml% %%e%)t %Sac aqubéluéﬁn%% CSB%OH%E?&]G% nh a
hi gh vyi el d,the’a\}li}dilébévnscoh%ﬁlt ofdlisaketd 6l 1b&e&h‘é@®y@$2 at% e praater Chagkd Nband

f eedst ock for | ight , olefin production. In the industrial nethod._ of

pr oduci ng \ @ﬁ‘{a]soqrgﬁr_‘rl,gdedlrﬁéqnﬁgw H’@”%{“H?P@W@Pﬁhﬂl the residue and the ultra heavy

oil. This is because they are concentrated in the asphaltene, and in order to selectively
20  remeve the asphaltene in the solvent extraction process, the concentration of the Ni and
V metals in the deasphalted oil, which is the refined oil whose content in the
deasphalted oil has been extracted by the solvent extraction process, is 70 wtppm or Jess,
and most preferably 50 wtppm or less. In addition, the solvent extraction process is
carried out so that preferably the Conradson carbon residue content is 15 wt% or less,
25  and most preferably 12 wt% or less. That is, the hydrogen content is increased by 0.2
wt% by the solvent extraction process, and at the same time, the concentration of the Ni
and V metals is preferably 70 wtppm or less, and the Conradson carbon residue is 15
wt % or less, and thereby the conditions for the downstream hydrorefining process are
not made severe, impurities are reliably removed, and a high quality refined oil can be
30 obtained.
The sulfur concentration of the deasphalted oil is preferably 5 wt% or less, and

most preferably 4 wt% or less. Thereby, the sulfur component in the final refined oil



“propyl ene, by a thermal cracking reaction, the maintainability of(g¢aktrngh
and fouling due 25 to heavy oil by-products and the olefin yield
.determne its econony, and in particular, the target of the yield of the
light olefins is 25 %or nore. Furthernore, |ooking at the 1light olefins
in detail, the targets are an ethylene yjeld of 15 %or greater and a
propyl ene yield of 10 %or greater. Periodic decoking and cl eani ng nust
be carried out in response to the coking 30 that influences the

mai nt ai nabbbtaingd b thdwext hedived fimiiaplotesg cainbé rediablyfpoodessed sdue td be héavy

oi | by-products. In particular, in relation to by-product heavy oil, when
the hi gh- PeRpEleEsLE RBBeigrbing IpYaHoiess cracked in a cracking vessel are
quenched by a 0p4 : ok .

revent sovere By R pehec PR AT B RNATh 0 Bb o P ogged
when the atewinradsogeadobateiditamviyermiation & 15awge or bnd ahdtig suifer m
continuous operation i s nmade inpossible. In the present invention, in the
case of° st &PRCPHEGRTMGH AV HeaVAFSHPIOCCIHE RDGHENY cangbau syl 1359’-43? oduct
heavy oil kn.th | Gr ' r §| a g o al
e A i
a refini ngopthedmakrefined ed witaiidd ithahd suhysaubyptdrydgeafiidog peeessofilll2 am % or

| ower that is not convgnpiongh)g used as 3 ngds ock for ljght olefin
product i on™RRRYOF J55% Rad prderaplyah WiRPM @ I63so (e deriragison cargot sl ock f or
light ol ef pohRheALAbe T BesUr8dsny kakhd AHERGED:1T Bed BBloFsaes, ng and
coking properties are favorable, and industrial production is possible.

| n t hel Qr esmhprefemstenOilowt%ionlashe case that the content of inpurities in
the distillate Loil obtained. in the siple.fractiani distillation.of
the feedstock i 51BN ﬁlﬁ S|uﬁu’t FraRapER! Igﬁlﬁ%fmatlﬁ Ill?grﬁ]]gﬂ? “60?" TP TP &S can
be reducediteyasd thel ieish &bl B Ageedbidek FRest Bekn fodlbtiGE AR @h@dioh R the
distillate oil and residue, which will serve as a starting feedstock, the
at nospher i Begnaliaragkagaunieeandipdingtier orfe allavabiqrengst p1d he eomaiddde, whi ch
are residu ' ta -t | & hydrorefining
process asﬁﬁgggﬁﬁﬁggHg(%%%*gglngégﬁké%ga?gé%%@%ﬁggﬁvﬁggﬁafh the refined
oi |, at5|east ohethpardseafintitonhydfcoatdy tired]vedi stttakcliat prooéss ahdtid xed wi t h
this refined, oil. to generate a.refined oil. 20 In this.case, {(f th

S0l vent exErURITBIEIT GRS et S eH A dro Fem gy BroeRds Dedie tefeq A
criteria fRn WiphLaseRdot ASrdMArLaaN COMSM oPfesd he present invention, by
m xing the refined oil with distillate oil having a small inpurity
content, the ov&fiwhithe depsphralted odlowbeset Niaandoh nwital [conlientrie seslucedaiad 0 wtppm

urtnen o 10 AROk T ARELY SRADE ol Q5B SR,

f eedstack hydrelefighte, edlgfig an be severely reduced, the refined oil can be obtained with a
high yield, and this refined oil can be used as a thermal cracking feedstock for light
olefin production.

In the industrial method of producing light olefins, including ethylene and
propylene, by a thermal cracking reaction, the maintainability of coking and fouling due
25  to heavy oil by-products and the olefin yield determine its economy, and in particular,
the target of the yield of the light olefins is 25 % or more. Furthermore, looking at the
light olefins in detail, the targets are an ethylene vield of 15 % or greater and a
propylene yield of 10 % or greater.
Periodic decoking and cleaning must be carried out in response to the coking
30  thatinfluences the maintainability of the thermal cracking unit and fouling due to heavy
oil by-products. In particular, in relation to by-product heavy oil, when the high-

temperature cracking products cracked in a cracking vessel are quenched by a



‘production, the coking and the fouling in the thermal cracking reﬁ‘@tl‘ m 2009
-occurs with nore difficulty, and thus comrercial production beco

.possi bl e. EXAMPLES 30 The present invention will be explained in nore
detail using the foll ow ng Experinental Exanples, but the present
invention is not limted by the follow ng experinental exanples. 0 4 OCT
2005 12 Experinental Exanple | A heavy oil, which is a residue having an
APl gravity of 14.3 (a hydrogen content of 11.25 ww% a N + V netal
content of d65m$tt1mmleaeﬁdmngﬁsmmd}:atdomnvmmse\dwecxa&x (pehohgat abdheegsraned
"CCR') of 11.1 wm% andaSc%gtent of 3. %lls ch edlnt t he

sol vent extheadprobecgpscieaged Riben e amquug %ﬁ”Flat it P éfg lé‘q‘?o?‘ PDZent ane
solvent (a deasphal ted oil (bel ow,

abbr evi at e(tf &[%Aoé?%tlég%yaglltohqs &%dé{llgosilglgtl on and separation so that the
extraction rateln she&ilemlt My erstidns ﬁqtllle made)of staiten g iasheagubil gb¢ aihourd of
refini ng; process under thf‘?fol l.owi ng hydrorefinin .COHHI tions, and

t her eby? 1@cHehated Oy radncyreavy Oélfmtt]PFethBlﬁ‘éaéé’r?F WRYERTPBAPY 2BBgi%hed.
Hydr or ef i n%ﬁgl&%}gfh{;#g%ﬁm Ni /Mo + Ni/Co/ Mo catal yst (a specific volune

ratio rogen partial pressure of 90 atm an H2/ QG| ratio of
600 Nr’rB/ kI a tldwpefimtdunboloéing8by Qe mﬂdntanvdnlt-is}dsolbjeas& ¢ lefinm)g pﬂh@s Ri eI d
of the obt |ned ﬁo and t(ﬂe refi ned J, R to the feedl

5 the hydr OGN ShRTGNE 2 YHEESH AR 8 A eLeTE RS tH%”W&%’@‘é‘ﬁ“ﬁ&'ﬂ?S@ﬂt L

each procegsgs feetdlgfe‘)ck/ for llght Sféﬂh%‘i‘éducﬁ&? ahR th@@ﬁlsestHétf]Hfs Fona&sAation are
shown in Table 1. Eﬁgﬁro gen content was neasured by CHN el enent

anal ysi@. E@d@tlolchéqnﬂ&ﬁht nwll@dl@t@@ the mnﬁn fﬂééhdlaiﬂg the dnngl Exgkend ansht al

Exampl e | into t,he roc pSs unit, using a
nor nal penf@ﬂ%”% edths Tl \l?gn }CF“] usm I@/‘ ﬁ)posf DAO i s obt ai ned

by extraction angltsgiredent in@émscm asthe @as@tﬂﬁa&lﬂ{é mt@xbfa@;ﬁmms Ihaﬂae dextilige
wt % and subsequently the DAO is subject .to h droorefini ng under

condi t i ons °}l @BkRINEP thg Fmpkolieetigpn Fiatigelaine @&Qﬁ‘ﬁ%lsl Oppashindphcashe
refined oi #ha?tl%fco'h%t Bf § ﬁﬁm‘tlek E‘éﬁ%k@&ed%? sih egéi: gg,?ﬁje%@s&@@&@' ned DAO

and the refined respect to the'fee ydr ogen
contenty t ls&paaa‘rmlmtto dlfstlllatc Ddalsémsrrduehwhhyd\nbgewe esnaterting feedsash, theocess,

the V + Ni cont @ CCRHj su onten r hown | n Tabl e 1.
Expor | ment & RRars 08T ors RSP St i R R Bt 84 i <
charged i ntwpjédiao 8R! soBRht ex@elli @CAADLNhRIOCBHiHg Phddess élssde@éh&d%bﬂ@io pent ane
solvent (a solvent/oil ratio of 8/ 1), the
produce a refined oil, and in the refined oil, at least one part of this hydrorefined
distillate oil is mixed with this refined oil to generate a refined oil.
20 # In this case, if the solvent extraction process and the hydrorefining process
satisfy the criteria for increasing the hydrogen content of the present invention, by
mixing the refined oil with distillate oil having a small impurity content, the overall
impurity concentration will decrease, and furthermore, the amount of the supply of the
refined oil can be increased.
25 In the case that the refined oil is supplied as the feedstock for light olefin

production, the coking and the fouling in the thermal cracking reaction occurs with

more difficulty, and thus commercial production becomes possible.

EXAMPLES
30 The present invention will be explained in more detail using the following
Experimental Examples, but the present invention is not limited by the following

experimental examples.



"DAO i-s obtained by extraction and separation so as to attain an 1 1005
extraction rate of 84 04 OCT 2003 13 wt% and subsequently the D,&é Q%
.subject to a refining process under the foll owi ng hydrorefining
conditions to obtain the refined oil 3 of the present invention.
Hydrorefining conditions: Ni/Mbo + Ni/Co[jb catal yst (a specific volune
ratio of 1/9), a hydrogen partial pressure of 85 atm an H2/G | ratio of
600 NnB/kl; a 5 tenperature of 360 C, and an LHSV of 0.5 (1/hr). The

yi el d of the obtained DAO and the refined oil 3 with respect to the feed
oil. the Eydro en ntent t he amount of increase in the hydrogen
content i ntERE ple{he v + Ni content, the CCR, and the sul fur

content are Shongéa%gﬁb\lfvﬁtcﬂns %Qs@ﬁ@%%ﬂ%ﬁ%ﬂ o 14,3709, 8geh 0i | used

i n Experinental i's charged Into the sol vent ext ractl on process
uni t, usi ngpragmtio$ dbat entéd;red¥iralV pemt amens of Erﬁmtpp(na ae@dweatﬂohmmlbon atsidyeof

8/1), O i bt ai ned hy, extr nd ara as to attain an
ext ract4q on@FAtﬁ"e abg‘fe\"?ée%(éﬁﬁ Qﬁb%%?t?éﬁtq §/C?l %mlﬂ EPHF gharggdynip
refining uﬂg%5]vteﬂteexfn%Hl8\"131%963%%11“%9'é%e%fdlp'aﬂ@uﬁgg'g'n_t)hﬁﬂ?eﬁ@n@ggl@élﬁ @ he
refined oil he present 1nvention drorefining conditions: N /M
+ Ni / Co/ Mosadedradoyisttiq af &/m:cal daasplmbtdjme(treMW cabbmfmald@)DA@”hyd)b@gmd byarti al

f 110 at : f 380
Do e ot DpRuis o o e DcReSbE ateot B % Bk R IAES DAL Bhe

refined oi iubﬁc‘t"'té%é’fﬁﬁﬁ%ﬁbcés@ uhP& the &floNihg hydEretiimgl HaRBRa aﬁ@ﬂ{e%gu t he
amount of increase in the hydrogen content” in each process, . th N

cont ent0  t the refBrRd cdht of the psesentuinverdenenebtamed.shown in Table 1. 0 4 O CT

2005 o UNO, 7V|\&-Iyd1%nmo con%?scNt/M% Qt\g&o%o catalyst (a specific volume ratio

of 1/9), a hydrogen partial pressure of 90 atm; an H,/Oil ratio of 600 Nm3/kl; a
temperature of 380° C; and an LHSV of 0.5 (1/lr).
The yield of the obtained DAO and the refined oil with respect to the feed oil,
15  the hydrogen content, the amount of increase in the hydrogen content in each process,
the V + Ni content, the CCR, and sulfur concentration are shown in Table 1. The

hydrogen content was measured by CHN element analysis.

Experimental Example 2

20 s The feed oil used in Experimental Example 1 is charged into the solvent
extraction process unit, using a normal pentane solvent (a solvent/oil ratio of 8/1), the
DAO is obtained by extraction and separation so as to attain an extraction rate of 84
wt%, and subsequently the DAO is subject to hydrorefining under conditions identical

to those of Experimental Example 1 to obtain the refined oil 2 of the present invention.

25 The yield of the obtained DAO and the refined oil 2 with respect to ihe feed oil,
the hydrogen content, the amount of increase in the hydrogen content in each process.
the V + Ni content, the CCR, and the sulfur content are shown in Table [.
Experimental Example 3

30 The feed oil used in Experimental Example 1 is charged into the solvent

extraction process unit, using a normal pentane solvent (a solvent/oil ratio of 8/1), the

DAQ is obtained by extraction and separation so as to attain an extraction rate of 84
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wt%, and subsequently the DAO is subject to a refining process under the fol]bwing
hydrorefining conditions to obtain the refined oil 3 of the present invention.
Hydrorefining conditions: Ni/Mo + Ni/Co/Mo catalyst (a specific volume ratio
of 1/9), a hydrogen partial pressure of 85 atm; an H,/Oil ratio of 600 Nm’/kl; a
5  temperature of 360° C; and an LHSV of 0.5 (1/hr).
The yield of the obtained DAO and the refined oil 3 with respect to the feed oil.
the hydrogen content, the amount of increase in the hydrogen content in each process,

the V + Ni content, the CCR, and the sulfur content are shown in Table 1.

10 Experimental Example 4
The feed oil used in Experimental Example 1 is charged into the solvent
extraction process unit, using an isobutene/normal pentane solvent (a solvent/oil ratio of
8/1), the DAO is obtained by extraction and separation so as to attain an extraction rate
of 76 wt%, and subsequently the DAO is subject to a refining under the following
15 hydrorefining conditions to obtain the refined oil 4 of the present invention.
Hydrorefining conditions: Ni/Mo + Ni/Co/Mo catalyst (a specific volume ratio
of 1/9), a hydrogen partial pressure of 110 atm; an H,/Oil ratio of 800 Nm?*/kl; a

The yield of the obtained DAO and the refined oil 4 with respect to the feed oil,
20  the Mydrogen content, the amount of increase in the hydrogen content in each process,

the V + Ni content, the CCR, and the sulfur content are shown in Table 1.
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‘ro U O'O d 04 CCT 2005 15 Conparative Exanple | Using aﬂéﬁﬁﬂ @%I
identical to that used in Experinental Exanple 1, except for a (Z
.extraction rate of 88% a DAO was obtai ned by extraction and separation
under 5 extraction conditions identical to those in Experinental Exanple
1, and subsequently a conparative refingd oil A was obtained by

subj ecting the DAO to hydrorefining under the follow ng hydrorefining
conditions. Hydrorefining conditions: Ni/M + Co/ Mo catalyst (a specific
volune ratio of 1/9), a hydrogen partial pressure of 90 atm an H2/ Q|
ratio of 600 NnB/.Kkl: a 110 tenperature of 360 C, and an LHSV of 0.5
(1/]u). ThEOPPEIREYSEXEMBEdht ai ned DAO and the refined oil A with respect

to the feed oil ysinbhereby 8 28804012 sed N Ex B tal Hxahipé EaKBeptTorte
hydr ogen cont ent SIinﬁ egch. pr ocegs. t he \3 JlrlNi content, th{ei%CCR, e{jnd t he

sul fur cont@wnt axeacivowateiof 8Fahh & L0 WhS oBamed batek rectExzamg Isepa@atidgi ungera

feed oi)] identi.cal tp.that used in Experinental anpl e | ,and usi an
nor mal bent e o VRGO T ARG e T ha PR F e 4 ned
by extract iQfparaid SBRE &l KOS tARed By AlbjRtiNg &t BXOI By HRR AR Eundet 86
wt % and subsequently the DAOis subject to a refining process under the

fol | owi ng thedelbevehg mydwpreforidg torsingonso obtain the 20 conparative refined

oil B of the pr nt invention, | refi ni;ng condi tions: Ni/M + / Mo
catal yst (a spegslgli &eftl}BP%ﬁ%’q?%?ﬂsg%gm -ﬁ:@?\flo gat 138%%58%‘”%%? I?Ylmé]lel% Oe%?gur e
of 90 atm 18N aH%/dQéen_rF@Iﬂa@pﬁgssxﬁ@@fNmﬁtbkﬂah Hy/Ofl efpesfavonNamvkl; 360 C, and an
LHSV of 0.5 (1 /lu). The yield of the obtai ned DAO and the refined oil B

wi th rEspetempertagef fe@UCONd an ESY 98 Oydflehen content, the anount of

increase in the dr ogen, cont ent, 4 N~ea precess, , t.he V. + Ni . content,
the o and ¢ neRueRER g RPlRRe 1AL EE I ERSEE & WU ehedullf SR i
3 Using a fheegdigen ce@sit tlantcant bihcidsRdn il Edpsieh tBAteA inE¥amploess, and

usi ng an . .
the V + Ni content, the CCR, and the sulfur content are shown in Table 2.

15 Comparative Example 2
Using a feed oil identical to that used in Experimental Example 1 and using an
normal pentane solvent (a solvent/oil ratio of 8/1), the DAO is obtained by extraction
and separation so as to attain an extraction rate of 86 wt%, and subsequently the DAQ is
subject to a refining process under the following hydrorefining conditions to obtain the
20 comparative refined oil B of the present invention.
Hydrorefining conditions: Ni/Mo + Co/Mo catalyst (a specific volume ratio of
1/9), a hydrogen partial pressure of 90 atm; an Hy/Oil ratio of 600 Nm*/kl; a
temperature of 360° C; and an LHSV of 0.5 (1/hr).
The yield of the obtained DAO and the refined oil B with respect to the feed oil,
25  the hydrogen content, the amount of increase in the hydrogen contert in each process,

the V + Ni content, the CCR, and the sulfur content are shown in Table 2.

Comparative Example 3
Using a feed oil identical to that used in Experimental Example 1 and using an
30 normal pentane solvent (a solvent/oil ratio of 8/1), the DAO is obtained by extraction

separation so as to attain an extraction rate of 81 wt%, and subsequently the DAO is



"30 normal pentane solvent (a solvent/oil ratio of 8/ 1), the DAOis

obt ai ned by extraction separation so as to attain an extraction{fgCe 00
81 wt% and subsequently the DAOis 0 4 OCT 2005 16 subject to a refining
process under the follow ng hydrorefining conditions to obtain the
conparative refined oil C of the preseng invention. Hydrorefining
conditions: Ni/M + Co/M catalyst (a specific volune ratio of 1/9), a
hydrogen partial pressure of 90 atm an H2/QO1 ratio of 600 NnB/kl; a 5

t enper at ukebjeét 134%efGiinaAnebcars bitdeVtheffollbvang hifito)efiniecotidatahs b obdam the
obtai ned DAO and the refined oil C wth respect to the feed oil, the
hydr ogen é&empaigtive teimed pfnef Br WefeRIEAY@UPA t he hydrogen content in each

process. the VisaNenf B0y S8 @i 09Ul L Yiec RN GG A o

in Table 2. 10 nparat v Using a ntical to that

used in BEXpBIi ipdibgdn Faraaidressuread T Ousinngh H,/OpIrapane 66ONvend: { sol vent / oi |
ratio: 8/ 1), a conparative refined oil b was obtained by extraction and
separ abi oremgperayra o HOC 4 anaan &S aet0.6h!/pAt e of 45 wt % The yield of the

obtained refin Qil .D.with res t he feed..qil . .the hydrogen, 15
content, the a ]ﬁﬁfelgpf\#ﬁc&é%@%dpﬁ%‘b[ Wg th‘i/bert%]ﬁgﬁﬂéﬁomtgﬁ?pf% tgél&%%ﬁ? 8li‘ess,
the V + Nine l{i)Qiﬂégﬂtoonfeﬁle, tRCBnoMR G itgeaSe!if tHE ho@REENEAER 11§ BANMprbéesd abl e
2. Conparative anple 5 Using a feed oil identical to that used in

Exper i menth VExh¢angent, the KR 2od dlempiivaconientaes shoad 1sillabE 3.5 obt ai ned by
a refining process under the followi ng hydrorefining conditions.
Hydrorefining conditions: Ni/M + Co/M catalyst (a specific volune ratio
of 149), Canipuhtngdxapapidé 4al pressure of 150 atm an H2/ G| ratio of 1000
N8/ 1d; a tenperature of380 C,  and an LHSV of, O. 2? (1/hr). 25 The yield
of the refined ‘Gi"ne &g oH idexisabic e wereinrigyrigieptal ERaMAdrdgeitedht ent

the am)“”ﬁn-d}iaﬂi: BRVEATEIL uﬁo'?lel-aﬁé!:dg/%%m‘ﬁpﬁ%ﬁ% refife &84 M QE?&lﬁﬁiﬁed bhe V +
Ni content, the CCR, and the sulfur content are shown in Table 27 p 4
UCL 1UUS5 extra¢t@n@nd separation so as to attain an extraction rate of 45 wt%.
The yield of the obtained refined oil D with respect to the feed oil, the hydrogen
15  content, the amount of increase in the hydrogen content in each process, the V + Ni

content, the CCR, and the sulfur content are shown in Table 2.

Using a feed oil identical to that used in Experimental Example 1, the
20 comparative refined oil E is obtained by a refining process under the following
hydrorefining conditions.
Hydrorefining conditions: Ni/Mo + Co/Mo catalyst (a specific volume ratio of
1/9), a hydrogen partial pressure of 150 atm; an Hy/Oil ratio of 1000 Nm?/kl; a
temperature of 380° C; and an LHSV of 0.25 (1/hr).
25 The yield of the refined oil E with respect to the feed oil, the hydrogen content,
the amount of increase in the hydrogen content in each process, the V + Ni content, the

CCR, and the sulfur content are shown in Table 2.
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Example of light olefin production
The respective final refined oils obtained in Experimental Examples 1 to 4 and

Comparative Examples 1 to 5 are thermally cracked under the following conditions.

Reaction Conditions
Reaction vessel: an HPM ethylene cracking vessel having an inner diameter of
28 mme and a length of 1440 mm (a heating section of 1200 mm) was used.
Feedstock supply: the amount of the supply was adjusted so that the feed oil =
10 1.69 L/Hr, and the specific gravity of water with respect to the feed oil was 1.0.
Reaction temperature: 900° C
Pressure: atmospheric

Residence time: 0.5 sec.

15 The yield of the obtained light olefins (ethylene and propylene) was found from
the gas composition in the generated gas analyzed using the generated gés amount and
gas chromatography. The generated amount of by-product heavy oil was found from
the amount of the bottoms after separating the naphtha fraction from the gencrated oil
after quenching the thermal cracking gas by evaporation.

20 # The determination of the continuous operability was defined as 30 wt% or less
(denoted O, indicating possible) and 30 wt% (denoted by X, indicating not possible) by
using the generated specific gravity of the by-product heavy oil, which was precipitated
in the quenching section branching from the reaction vessel] and is the cause of fouling,.

with respect to the feed o1l.

25 The results are shown in Table 3.
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" Pressure: atnospheric Residence tinme: 0.5 sec. 15 The yield of [H:gm 2005
obtained light olefins (ethylene and propyl ene) was found from gas
.conposition in the generated gas anal yzed using the generated gas amount
and gas chromatography. The generated amobunt of by-product heavy oil was
found from the anobunt of the bottons &fter separating the naphtha
fraction fromthe generated oil after quenching the thermal cracking gas
by evaporation. 20 ' The determ nation of the continuous operability was
defined as 30 wt% or |less (denoted O, indicating possible) and 30 wt %

(denoted by X, jndicatin t- POSSI b usi ng .t he..gener at Lfic
gravity of the %\/tgﬁﬂ%éaﬂa:‘?e’ﬁ@aﬁigﬁnmﬁ?g @ﬂ %f;jlt.h\elxlglsesggé%\feb]f]g lé’tqg?jﬁAﬁo?%@%
quenchi ng segik s8R ehi SMER APt @RI heXtRRE I Qe asHelondafsébtotiheheayse of
fouling, wth res\gect to the feed oil. 25 The results are shown in Table

3. 04 OCT fzed5ilathphgjrogen captern Noweagexby0-2CoOoxereatpsubseguently proregsed SPOVK
LW P. %] that in the hydrorefined oil the hydrogen content increases by 0.5 wt% or greater in
comparison to the DAQ, and as a result, the final refined oil is processed such that in
comparison to the heavy feed oil, the hydrogen content increases by 0.7 wt% or greater.
In the refined oil of the present invention, in all cases a refined oil was obtained in
which impurities had been removed so that the V + Ni was 0.1 wtppm or less, the

10 Conradson carbon residue was 0.8 wt% or less, and the sulfur concentration was 0.3
wt% or less. In contrast, in the Comparative Examples that did not satisfy the increase
in the hydrogen content of the present invention, in the final refined oil, the Conradson
carbon residue was 0.8 wt% or greater and the sulfur concentration was 0.3 wt% or
greater.

15 In particular, it was understood that by using only the solvent extraction process,
even if the extraction rate of the DAO was made small, the sulfur concentration did not
decrease, and that by using only the hydrorefining process, even if the hydrogen
consumption greatly increases, the Conradson carbon residue could not be removed.

As a result of producing the light olefins by subjecting the obtained refined oil to

20 ahygrocracking process, for the refined oils of the present invention, in all cases the
ethylene yield exceeded 15%, the propylene yield exceeded 10%, and furthermore, in
view of the generation conditions of by-product heavy oil, the continuous operability is
within an allowable range. In contrast, it was understood that in the Comparative
Examples that do not satisfy the present invention, the ethylene concentration did not

exceed 15%, and furthermore, there was a large amount of generated by-product heavy

)
W

oil, which is a problem for continuous operability.

Experimental Example 5
A heavy oil, which is a residue having an API gravity of 4.2 (a hydrogen content
30 of 10.68 wt%; a Ni + V metal content of 246 wtppm; CCR, 25 wt%; and a S content of
5.5 wt%) 1s charged into the solvent extraction process unit as a feed oil, and using

isobutane solvent (a solvent/oil ratio of §/1), a DAO is obtained by extraction and
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21

separation such that the extraction rate is 63 wt%, subsequently this deasphalted oil is
subject to hydrorefining under the following conditions, and the refined oil 5 of the
present invention 1s obtained.

Hydrorefining conditions: Ni/Co/Mo + Co/Mo catalyst (a specific volume ratio
of 2/8), a hydrogen partial pressure of 110 atm; an H,/Oil ratio of 800 Nm’/kl; a
temperature of 380° C; and an LHSV of 0.3 (1/hr).

The yield of the obtained DAQ and the refined oil 5 with respect to the feed oil,
the hydrogen content, the amount of increase in the hydrogen content in each process.

the V + Ni content, the CCR, and sulfur concentration are shown in Table 4.

Experimental Example 6

Using a feed oil identical to that used in Experimental Exa‘mple 5 and using an
isobutane solvent (a solvent/oil ratio of 8/1), the DAO is obtained by extraction and
separation so as to attain an extraction rate of 65 wt%, and subsequently the DAO is
subject to refining under the following hydrorefining conditions to obtain the refined oil
6 of the present invention.

Hydrorefining conditions: Ni/Mo + Co/Mo catalyst (a specific volume ratio of
tm; an Hy/Oil ratio of 1000 Nm/kl; 2
temperature of 375° C; and an LHSV of 0.2 (1/hr).

The yield of the obtained DAQ and the refined oil 6 with respect to the feed oil,

the hydrogen content, the amount of increase in the hydrogen content in each process,

the V + Ni content, the CCR, and the sulfur content are shown in Table 4.



ryW uU 040U/l o vru~'pu” ~WO0 4 OCT 2005 20 In the Experinental

" Exanples 1 to 4 of the present invention, the DAO obtained by t hd 4 0CT 2005
sol vent extraction processing is extract ed such that in conparison to the
. heavy feed oil, the hydrogen content increases by 0.2 % or greater,
subsequent|ly processed so 5 that in the hydrorefined oil the hydrogen
content increases by 0.5 w%or greater22 n conparison to the DAO, and as
a result, the final refined oil is processed such that in conparison to
the heavy feed oil, the hydrogen content increases by 0.7 wt% or greater.
In the refined oil of the present mvenﬁth 4n all cases a refined oil
was obt ai ped—A—whteh—purt+ttes g b .rrEuuv SO LIId.L Eue ‘1?8 N—was
0.1 vwtppmor |ess, the 10 Conrads;oﬁe arpon T&YY ﬁﬁé M9E'Sr | ess,

and the sul fur concentration was 0. 3p;]W a0 | e&Sined ellcopw(ﬁsmeﬁn@d bfne
Conpar ative Exanples that did not |satisfly thelincrease |in the hydrogen

content of the present inventi on, |in the| fina refined oil, the Oi)nradson
car bon residue—was—Q ku or—great-er—ang—-hersut opeenttat+an—nas
0.3 wt%of great gﬂadz h particll d% it G&s undépst ﬁwi by “dsi ng

only Lhe SOTVETE 0% Eﬁﬁem RYOCETS10.68VEM BT ,thqz%tracn.@@ rang ogf the

DAO was nm e sul conmcentration did not decrease, and that
by usi ng oHIyylotgb:@cdn}telmtoneéasm(wg’/op)rocess, evien|if @.Bg hydrld@e1 coha&inptji on

gr eat | y | ncreases; t he ha (‘nnr arlcnn car bgn J&Si d . hﬁlllj% r nn:n\lnrl AS

T ). "A" I

a result ofT%%]dﬂdkﬂoﬁkjCPW@“I‘P@‘}%SGOI efi-ns by -subj ecidhg the obi ai med®
refined o to 20 ?w{‘ Tlrocrackl ng process, for the refjned PI|S of the

present i nventl on, cases the ethylene|yield exceeded|15% the
propyl ene| yi el d ‘éx&cﬁedetqipﬁn()% and | f e4a.ber Ad0e]| i n<0.1 45.0 <0.1
Conradson carbon residue (wt%) | 25.00 | 11.60 0.56 11.90 0.36
S (Wi%) 550 | 4.30 020 | 432 0.13

Comparative Example 6
Using a feed oil identical to that used in Experimental Example 5 and using an
5 isobutane solvent (a solvent/oil ratio of 8/1), the DAO is obtained by extraction and
separation so as to attain an extraction rate of 65 wt%, and subsequently the DAO is
subject to refining under the foliowing hydrorefining conditions to obtain the
Comparative Example F.
¥ Hydrorefining conditions: Ni/Mo + Co/Mo catalyst (a specific volume ratio of
10 2/8), a hydrogen partial pressure of 80 atm; an H,/Oil ratio of 800 Nm>/kl; a
temperature of 340° C; and an LHSV of 0.5 (1/hr).
The yield of the obtained DAO and the refined oil F with respect to the feed oil.
the hydrogen content, the amount of increase in the hydrogen content in each process,
the V + Ni content, the CCR, and the sulfur content are shown in Table 5.
15
Comparative Example 7
Using a feed oil identical to that used in Experimental Example 5 and using an
isobutane solvent (a solvent/oil ratio of 8/1), the comparative refined oil G is obtained

bv extraction and separation so as to attain an extraction rate of 55 wt%.



view of the generation conditions of by-product heavy oil, the continu
"operability is wthin an allowable range. In contrast, |t was unﬁiérﬂgi‘g@g
that in the Conparative Exanples that do not satisfy t he pr esent

i nvention, the ethylene concentration did not 25 exceed 15% and
furthernore, there was a | arge anount of generated by-product heavy oil,
which is a problemfor continuous operabglity. Experinmental Exanple 5 A
heavy oil, which is a residue having an APl gravity of 4.2 (a hydrogen
content 30 of 10.68 % a N + V netal content of 246 wtppm CCR, 25
w % and a S coffthenteldbf tls. dbtaihéd refinec tirGgeh raspect ththededduah thedxtdrageni on
process unit as a feed oil, and u i sobut ane, sol vent (a sql vent/oil
ratio of 8Faytentythygmquat %tnmaé%jmal) gX‘ilP&%’t‘i%lFF“éHHe%WQﬁéﬁs %({é 3\1
separ at i on 5K 1Jé6éckh£]deas&@@m BiehBhE showhh Yhete ssubsequent |y this
deasphal ted oil’ls subj ect rorefining under the follow ng

condi ti ons, and t he reflned 0|I 5 of the present invention is obtained.
Hydrore%l ni_ng condi X gli / Co/ Mo + Co/ Mo catalyst (a specific volune
ratio of-opayativg Ry n partial pressure of 110 atm an H2/Q| ratio
of 800 N8B/ Kkl 5 (dphr). The
yield of the ob':'iljasl11 ed D/E&%WH ]t{%tﬁgt%ﬁg?tﬁﬁ%%q%ﬁ%@%%\éﬂl9?’%@ lgétﬂh{eo the feed
oil, the hydpagere cdmeentl,H e oatmedtbyafrefimop easess mdehthe Higlthvagen

content in, each rocess,. the V + N content, the CCR and sul fur
concent r at PON ORI WS Tabl e 4. 10 Experimental Exanple 6 Using a
feed oil identi Wdlélﬁﬁhﬂétco}i&%@né %ﬁ?ﬂ@errwyﬁfi&?a'talf&i?#%ie%lfﬁ RN &SkiBGfan

i sobut ane sol vent” (a solvent/oil ratio of 8/1 he O i s obtained by
ext r act® on3&hda hybpgeraparoal messas ctfd4étatna;|anIéﬂoéxﬁmtaoleQQNlai/bl of 65 w %

and subsequently the Ois 15 j,ec efi ni ng under the follow ng
hydr or ef i ni eﬁépeé%ﬂl&l?fsgﬁ 48"%6’9%%@0%&/ ﬁed oil 6 of the present

i nvention. Hydr q1h@fy§é1<'i Bgtlﬁ%@dlﬁé&@ﬁned\l‘)ﬂ waf’m (RHAD (S e AL, (1R @@?&deﬁl c
vqurre ratio of 8) byd ratio o of 1000 N; :

"r Chen pgontem_u thg|anpw@§gﬁmgleasgmwhe-hydl ggqn epnient in each praeegst fhet\émﬁ\ér ature

o 75 5 PG S sl g Tl ol L bt al e 540
contentj the armunt of |ncrease in the hydslegen content in each process.
the V + N—content—the (;%z"d Comp. Ex. 6 WW 4
oil | DAO | Refined Refined o1l G Refined oi] H
oil F (extraction {(hydrogenation
only) only)
Yield (Wt%) 100 65 61 55 91
Hydrogen content | 10.68 | 11.68 12.08 11.88 11.69
(wt)
Hydrogen content - 1.00 0.40 1.20 1.01
increase (wt%)
Total hydrogen - - 1.40 1.20 1.01
content increse
(Wt%)
V + Ni (wtppm) | 246.0 | 45.0 <0.] 26.0 32.0
Conradson carbon | 25.00 | 12.20 3.91 9.20 9.25
residue (Wt%)
S (wt%) 5.50 | 4.32 2.60 4.09 1.3]




0 4 OCT 1005 22 TABLE 4 FeedExanpl e 5Exanple 6 oil DACRefined oil g4 gCT 2005
DAORefined oil 56 Yield (w % 10063596559 Hydr ogen cont ent

(w49 10. 6811. 8312. 7111. 6812. 96 Hydrogen content increase

(Wt % -1.150. 881. 001. 28 Total hydrogen content increase --2.03-2.28 (Wt%
V + N (wtppm246. 041. 0<0. 145. 0<0.1 Copy adson car bon resi due

(w9 25. 0011. 600. 5611.90 (036 S (W % 5.504. 300. 204320. 13 Conparati ve
Exanple 6 Using a feed oil identical to that used in Experinental Exanple
5 and using an 5 isobutane solvent (a solvent/oil ratio of 8/ 1), the DAO
is obtained by extractiopn and separation so as to attain an extraction
rate of 65EwMUPICHINLBLYSEYBEFY T he DAO is subject to refl ni ng under
the follow ng h tya). .. i npl e
F. r Hydrorefi n?ﬁ%?@%@@%ﬁ%?@ﬁgx‘%ﬁﬂﬁ k}gyibt%gidl\)/@ }?A{BEH}@%&] a s gg:'sfal}ﬁgﬂ%ggurre
ratio of {f CZHlﬁ})alatavehEochmqgesrﬁ pdt ezl supjeetss wWreemef cr8€kiag nnder anndﬂﬁbl@ I
rati o of 800 NnB/k erat ure of of 0.5.(1Qu).
The yietd 8t (ost Rt PR e T SrPRgHiGROEmaeR. P@ﬁﬁé%‘@“?lb t he
feed oil, 12&@5‘%&)/?1 o%%%e%@y{'%ﬁ,%d thd '@ s AU te H’é(telhﬂﬁétﬁﬁ’as&f c'othMb%s hydr ogen
content in eac ocess he V + N content, CCR, and the sul fur
content ar epeshiminny are sHadab & Bablds Conparati ve Exarrpl e 7 Usi ng a feed oil
identical to that used in Experinmental Exanple 5 and using an i sobutane
solvent (a solvent/oil ratio of 8/ 1), the conparative refined oil Gis
obtained by extraction and separation ggpagdo attain an extraction rate
of 55 wt% 0 4 OCT 2005 23 The yield of the obtained refined oil Gwth

respect to the feed oil,| Exdpsrimgdiab pEnperimental Comp. Comp. Comp.
Example 5 Example 6 Ex. 6 Ex. 7 Ex. §
Hydrogen 12.71 12.96 12.08 11.88 11.69
content (wt%)
Ethylene yield 18.1 19.1 13.5 13.1 12.1
(Wto)
Propylene yield 14.7 15.2 9.4 9.1 8.6
(Wt%)
By-product 25.0 23.8 332 359 36.1
heavy oil
& (Wt%)
Continuous 0 0 X X X
operability

10
In the Experimental Examples 5 and 6 of the present invention, in the solvent

extraction process, extraction was carried out so that the hydrogen content increased by
0.2 wt% or greater in comparison to the heavy feed oil, and in the subsequent
hydrorefining process, processing was carried out so that the hydrogen content

15 increased by 0.5 wt% or greater in comparison to the DAO. As a result, in the final
refined o1l the hydrogen content increased by 0.7 wt% or greater over that of the feed oil.
In the obtained refined oil of the present invention, in all cases the Ni + V concentration

was 0.1 wtppm or less, the CCR was | wt% or less, and the sulfur concentration was 0.5



content, the ampbunt of increase in the hydrogen content in each prddce86T 2005
the V+ NI content, the CCR, and the sulfur content are shown in Table

.5. 5 Conparative Exanple 8 Using a feed oil identical to that used in
Experinmental Exanple 5, the conparative refined oil H was obtained by a
refining process under the follow ng hygdrorefining conditions.
Hydrorefining conditions: Ni/M + Co/M catalyst (a specific volune ratio
of 10 3/7), a hydrogen partial pressure of 140 atm an H2/ G| ratio of
1000 NnB/ kivt%ar ldsergndradtigin qualfty 3efmeq;o1lan ovhagh inhiBvities werexembiéd 0. a iple

yield of the obtained refined oil Hwth respect to the feed oil, the
hydrogen 2G%iEeWes O AB¢Gmount of increase in the hydrogen content in each

process, the V %Jl]tl'aQItht@&B ah16e ECRpiandwhite widli e dGRMEMy BeQoRBAWN
in Table 5. 15 Table 5 Feed(%rrp. Ex. 6pCorrp. Ex. 7Conp. Ex. 8

oi | DACRef i evachiRebn pedewsi it vaRehidastbodithat kheGecove(erate feditto 6h Chyeddeyenahéon
only)only) Yield (wt%.10065615591 Hydr.ogen : ]

cont entL0, B EadR IR B TSR T baR e Bk hsh L 01
I ncrease (E&%@rilﬂ_é?lttﬁ|ExQMﬁ’>'1é)QQPflfe]pré'sQﬁt- 20y R} ;cOhSitd b”@&ﬁﬁe@atﬁ%l%an%]é‘ Ni
(wt ppnt ) 246.045. 0<0. 126.032. 0 Conradson car bon25. 0012. 203. 919. 209. 25

resi due (w8.9¥high (wat %0516 @41 322n 504 YObrFinite, £vOChoRgo5he y Ediping veefs

i ght ol efin.product,ion The respective final refin oi | s obtained in
Expor | ment S Bk B e Aekiie! SRR Haweshnarart Bt Beinpiadoist 08 were
subj ect t oditfRemEBin Gedekbd o NEEriCRNEHd AfRR SrcPedsth@Nhd Bdlrofd doRRSEDY a
descri bed above, and the obtained Iight olefin yield, the generation

rate of0 bypisfeduenehanoyntoising aspdvahextrasgan process inkiavaise dnhianatingontt ef
cont | nuoushydroreﬁning process the impurities are thoroughly removed.

Furthermore, as a result of producing a light olefins by subjecting the obtained
refined oil to a thermal cracking process, in the refined oil of the present invention, the
ethylene yield exceeds 15% and the propylene yield exceeds 10%, and furthermore, in

15 view of the generation conditions of by-product heavy oil, the continuous operability is
within a realizable range. In contrast, it was understood that in the Comparative
Examples that did not‘satisfy the conditions of the present invention, the ethylene
concentration did not exceed 15%, and furthermore, there was a large amount of
generated by-product heavy oil, which is a problem for continuous operability.

20 ¢
Experimental Example 10

Arabian heavy crude having an API gravity of 27.4 was separated into distillate
oil and residue by distillation, and a GO was obtained by hydrorefining a part of the
distillate oil. In contrast, a heavy oil having an API gravity of 10.9, which is a residue,

25  served as the feed oil 1, and a solvent extraction process and hydrorefining process were
carried out under conditions identical to those of the Experimental Example 1 of the
present invention to obtain the refined oil 10.

A part of this refined oil 10 (20 parts per 100 parts of crude oil) and the above
GO were mixed with a part of the feed o1l (10 parts per 100 parts of crude oil), and

30  using the result as a thermal cracking feedstock for light olefin production, light olefins

were produced.



operability are shown in Table 6. TABLE 6
‘Experi nent al Experi nent al Conp. Conp. Conp. Exanpl e 5Exanpl e 6Ex. 6Ex. 7Ex. 8
~Hydrogenl12.7112.9612. 08' 11. 8811. 69 content (W% Ethylene
yi el d18.119.113.513.112.1 (Mm% Propyl ene yieldl4.715.29.49.18.6 (W%
e (W% ContinuousO0XXX

es 5 and 6 of the present

By- pr oduct 25. 023. 833. 235. 936.
operability 10 In the Experinental

i nvention,

so that the hydrggen;f
conparison to the

in the sol vent

eavy

heavy o

L oS
extract I on pr ocess,

S’f“t#u@ %cduﬂff&@%@ C!ie?s)thal

hyd

04 0CT 2005

rorefining

extraction was carried out

QCdQOIM]{@]%rdI& ﬁﬁécﬁcﬁea’s halted

he subsequent

process, poocasidieagy whglenafaed@d t)mﬂlyémoelhamltd:m,el\lhyd/rmgmhccnmttethe CR
i ncr eased by 0.5 wt % or ﬁre 3§% hgon to the Dﬁ ) és aresult, in
the final CPEFHnAY DFPIEHA H‘?IBB%‘Ha Pt 14 HE SRR bPIO/7 wt % or
greater over that of the feed oil. 1In the obtained refined oil of the
present invention, in all cases the NN + V concentration was 0.1 wppm
or lessy the CCR was | @6or Iess andTABeEsul fur concentration was 0.5
04 OCT 2005-25wt 9% or— |J$SS, a hl ah ﬂLIQlL‘I’\I rnf nad nl —n \Ath‘h
inpurities were renoved to|a hlgh d%ﬁﬂgé %as obtaln dFeedn coﬁ??%§¥l in
Conpar atiye Exanple 7, whi¢h was refined using only [hg;solivent; ;-
extraction process, it was|understood that the recovery ratle f HI 20 55
% and even when 5 subject tAomexglresict i| @A Q@ ef iRefingd [ h&0 npurRdfined odoul d
not be sufficiently renoved. Wien Expetinmental Exanple 6 off th esent
i nvention|is conpared to Conpaf&id'§e Exanpl ¢ @Eﬁah'ch was |r. &hgﬁ)iﬁly
usi ng the nyur?kg;\ﬂ@@g, even thpught thgghydropefinf ngghas  carypi ed qut
under ideptic condi tions, it was undérstogd that there was a great
di fference i n(€ide Felfdyal of inmpurities, and after increa5|ng t he
hydr ogen :oﬁ%““t byca éﬂ CUCLﬁ.“‘ucd TTﬂfft ??ng fﬁ%d’ At ﬁ@truur1on
process i YR8 CHY Earrylng otit a ' : >
(Wt%)
Hydrogen content - 0.22 0.53 - -
increase (wt%)
Total hydrogen content - - 0.75 - -
increase{wt%)
V + Ni {(wtppm) 153.0 14.2 0.7 <0.1 <0.1
Conradson carbon 12.50 3.60 1.90 0.00 1.20
Tesidue (Wt%)
S (wt%) 4.70 3.50 0.40 0.05 0.27
Ethylene yield (wt%) - - - - 17.6
Propylene yield (wt%) - - - - 14.1
By-product heavy oil - - - - 25.8
(Wt%)
Continuous operability - - - - O
In Experimental Example 10, the residue serves as the feed oil, and a separately
produced distillate o1l having a Jow impurity concentration is mixed with the refined oil
10 obtained by the refining processes of the present invention to produce feedstock for the



hydrorefining process the inpurities are thoroughly renoved. Further ?%\ﬁ
‘as a result of producing a light ol efins by subjecting the obtai®

refined oil to a thermal cracking process, in the refined oil of the
present invention, the ethylene yield exceeds 15% and the propyl ene

yiel d exceeds 10% and furthernore, in 15 view of the generation
conditions of by-product heavy oil, they;continuous operability is wthin
a realizable range. In contrast, it was understood that in the
Conparative Exanples that did not satisfy the conditions of the present
i nvent i onliglithedefet rpbecian, almch'n@vatsmamﬁmreddhd bodt the yoeé df 18 %hydand and
furthernore, there was a.l ar nt of ner ated by-product heavy oil,
which is BIOBV'GB? apd §rcoptmiq lSPB ’E’[S’é?%ﬁi P]'?g?sat?@e peri mental Exanple 10
Ar abi an heavy crude having an APl gravity of 27.4 was separated into
distillate oil and residue by distillation, and a GO was obtai ned by
hydrorefining a part of the IN(‘ID'&TRIMIAPBL]CAIB}LI&“UMrast a heavy oil

havi ng an APl gravi tg/g(x%f 10. 9, whi gh is a residue, ed. as the feed
oil 17 and a sbFwaibe ehmingnehad of ’Gé’é"sgeé‘rfavw’d’ﬂlo%q‘l“ﬁ ﬁtl BYBess were

carried ogi.. I i
Exanpl e | HI(%)clJ é’%@ﬁﬁﬁnﬁ?gg@% IQ:B ?182%’? {égr??tq 'l(:)llat(g)gyt al néct% hgﬁnr%p ?n‘gﬁﬂg? H%& A part
of this rbzi\iimgaalhpaﬂﬂogdmcc(lﬂﬂ]tpb&rlﬂswﬁeml 1¢B0aplaheisbp thecrondentmnk])y maed he

above GOwer?hm xed with a e, feed oil (10 parts per 100 parts

of t
of crude BiFPTheayy oshaysidage W@h?‘%)s‘?flngedas a thermal cracking feedstock
for light ol ef hﬂh@rc‘é’éittﬁ&t'tﬁé‘aeﬂﬂe@%‘il d'?)ltﬁlﬁédn.%' th%(e%eﬂﬁﬁ’éi}%&cﬁﬂ us@ftaQCT 2005 26
The yield of the vacuumresid easF alted o0il, the hydrorefined
deasphal t feddstedi for Hghtt c}i@‘éwlcéimhwe wthyfeae dndptopytehe chuy be p@éncaﬂm’qtaefmld Ni +

V net al fent conten dScnte in r. nt al Exarrple
S T e B S PR ST S el

At mospher i PARRB IngedfRetangstraidn. r esi dueoi I 1010: 20, GO 10 Yield

(wt 9% 6149451830 (Crude = 100) Hydrogen content11.2011.4211.9513. 7012.53
(wt % Hydrogen content-0.220.53--



increase (Wwt% Total hydrogen content--0.75-- increase(wt% V + Ni

* (wt ppm) 153. 0] 4.20.7<0. 1<0.1 Conradson carbonl2.503.601.900.001 %(b_ﬂ 005
residue (W% S (w % 4. 703.500. 400. 050. 27 Ethyl ene yield (vvt%--ﬂ-l . 61
Propyl ene yield (W% ----14.] By-product heavy oil----25.8 (w%

Conti nuous operability----0 In Exper28ental Exanple 10, the residue
serves as the feed oil, and a sepw produced distillate oil having
a lowinpurity concentration is m th the refined oil ] 0 obtained
by the refining processes of the present invention to produce feedstock
for the 0 a OCT 2005 27 light olefin production, and it was confirned

t hat both t heAyéfaling mithoddorhdayy eleompdsing thepidpsoé and t he conti nuous
operability could all sati.sfied. .| QIDUSTRI Q\L tAPPz‘L/CAEfl LITY dUsi ng the
refining method of ST HeaX¥ gflhaying afydrogen contentiof 1470 less 252 {50d jecr eased

i mpuri tigg cﬁ@ﬁn?QuPzi)io%iléi@@xtbéétibﬁ?i@@és)’soaﬂﬁ tRERRGhohdent ﬁlﬁ:fdﬁéd@%%/a heavy
oil having a hydrogen content of 12 wwn% or |'ess, and thereby the

convent i @A 1.y Wibmivith despectde said haaanopl, and obtaiingredsaspiratiad Pyl (BASANnded. I n
t he case th%txrtct}g rl_fi raed oi| obtained by the present nethod is used as a
10 feedst°de ¥8r (H) Ht" %ol ef i n production, ethylene and propyl ene can be
produced at a yi el dibjechimg sdié despRE odlltb YydrbtdTmeigd soathatthe hjdibgdier mor e,
t he continuous operability is wthin a range allow ng conmerci al
oper at i otpntepaingreasadys). 28 L Ajtksvith respeci e s deasphalisd otlde ohtaivg oi |
conpri sillgﬁn&p&lsteps of . using a heavy oil having a hydrogen content of
12% or l'ess aS'a feed oil, carrying out a solvent extraction process so
that the hydrogen content increases by 0.2 to 1.5 wt%w th respect to
said heavy oil, and obtaining a deasphalted ojl (DAO . K as_ an extracted
oi | : and? A refining method for heavy oil according to claim 1, wherein the hydrogen

content of said refined oil whose hydrogen content has increased by 0.7 wt% or

greater with respect to said feed oil is 11.5 wt% or greater.

3. A refining method for heavy oil according to claim 1, wherein the hydrogen
content of said feed oil is 11 to 12 wt%, the increase in the hydrogen content of the

deasphalted oil obtained by said solvent extracting is 0.2 to 1.0 wt% over that of the
feed oil, and the increase in the hydrogen content of the refined oil obtained by

hydrorefining is 0.5 to 1.0 wt% over that of the deasphalted oil.

4, A refining method for heavy oil according to claim 1, wherein the hydrogen
content of said feed oil is less than 11 wt%, the increase in the hydrogen content of
said deasphalted oil obtained by said solvent extracting is 0.5 to 1.5 over that of the
feed oil, and the increase in the hydrogen content of said refined oil obtained by said

hydrorefining is 0.6 to 1.5 wt% over that of said deasphalted oil.

5. A refining method for heavy oil according to claim 1, further comprising
carrying out a solvent extraction process so that the total amount of Ni and V in said
deasphalted oil is 70 wtppm or less, and the Conradson carbon residue is 15 wt% or

less.



subj ecting said deasphalted oil to hydrorefining so that the hydr%g,gﬁu 005
content increases by 0.5 to 1.5 wt% wth respect to said deasphalt [(')H
to obtain a refined oil. 2. Arefining method for heavy oil according to
claim1l, wherein the hydrogen content of said refined oil whose hydrogen
content has increased by 0.7 wt%or 29reater with respect to said feed

oil is 11.5 wt%or greater. 3. Arefining nethod for heavy oil according

to clainfl, whdrEningmaihad ter b@% oilasperding torlaimilg wheksin dieicontgntiof t o 12

w % the, 1 r tent il

obt ai ned e;\ﬁ ; gﬁgﬁ\ Shl:a\féﬁfed@ftjlrs Zg%ﬂﬁod} 16 tBQEOH%(aBOW overﬂﬂﬁﬁasl of the

f eed 0|I»m%nﬂl&ﬁgnﬂﬂhéﬁﬂﬂhnmlmhﬂﬁsbyﬂwﬁgenkeontent of the refined oi
obtained by hydrorefining is 0.5 to 1.0 wt% over that of the deasphalted
oil. 4. Arefining nethod for heavy oil according to claim1, wherein the
hydr ogen» con ﬂﬁﬁ dJ 1 t se in

t he hydrggen %gﬁlnm% &igﬁggggagDC§l?g%%O% ﬁggfé?%%&qggggg?g&ggﬁvent
ext ract i sad refiningoit 3 ubedawthe therinal cradkitghfeed b dak loghit pl@ﬁmcbrodmt1omcr ease in

t he hydrogen content of sai oi | jd drorefining
is 0.6 teﬁfﬁhs @@%@nt?’ﬁé‘%g&&% aﬁf’ycfé%sﬁiqeﬁgﬁ 16#% %%f’pré%/F’hu ng net hod
for heavy oil according to claiml1, further conprising carrying out a
sol vent extraction process so that the total amount of Ni and V in said
deasphalted oil is 70 wtppmor |ess, and the Conradson carbon residue is
15 wt%or less. 0 4 OCT 1005 29 6. A refining nethod for heavy oi
according to claiml1l, wherein the content of the V + N of said refined
oil is 2 wppmor |less, the Conradson carbon residue is | w%or |ess,
and the sul phur content is 0.5 wt%or less. 7. Arefining nethod for
heavy oil according to claim1, wherein at |east a part of said refining
oil is used as the thermal cracking feed oil for light ol efin production,
and the hydrogen content in this thermally cracked feed oil is 12.0 wt %
or greater.






