012345e3e RRSI UURF_6| T REFI NI NG METHOD FOR HEAVY O L TECHNI CAL FI ELD The
' present invention relates to a refining method for heavy oil that can 10
efficiently renove inpurities derived froma crude oil by a sol vent
extraction process and a hydrorefinining process, and in particular, to a
met hod that can obtain a refined oil that is suitable as a fe for
light olefin production froma heavy oil that could not be c m& m@@

used as feedstock for light olefin production. BACKGROUND ART

the presence of inpurities origi naDES¢RIP6YNhe source of the cruH@ﬂES oH
oi | products that have crude oil as a starting material are pr@wuced by

i npl ementing various types of physical and chem cal refining ﬂ%ﬁﬁﬁﬁ” m

starting with atnospheri c gig@aNiveNaETHOY FORtERNY Ggneral |y,
that is, distillated oils drawn off froma tower by distillation, *@dohave

m nute amounts of the inpurities and these inmpurities can be reaned by a
sinplesrefining process. Therebyq, nFHﬁJ#sed s for autonobile fuel
gas turbine fuel. petrochem cal € stoc he |i ke, which are high

qual ity oil protkeh@sdnt Qmemhd)t‘;i‘blatéﬁxufal refigig hesdsodofer hewvpvgdhdtean hi gh
degree. In contrast, residue oils, that is, bottomoils remained at a tower
by di stil | &fiFigAtly pemone impuatipherirved fos & sivde Ail AR VEREXIREYORIOSESS| N a
state that I r sto
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refini ng niamns suikablé hea feadaodd foahghtrdlefhulbmdhgtxdm fegm dél@di\@&)lbtﬂ]af @fuldhatg,
severe reaction cond tions inclu g high tenperature and high pressure in
the pridsenScodyeninng {jé‘?Fdaﬁ?(fn%fj Ef’&i‘g?‘t}éﬁhga]regnﬁ’é%%:g%‘? y, a large amount of
hydrogen and catal yst are consuned, and | arge investnents including
facilities expenses are necessar Thus, at present this is not econom cal .
Therefore, a method is desired tﬁéEKKHﬂaUhE)éRﬁbly and econontcally a high
quality refine aV|n a..hi ed vaI i n other
wor ds, ~havi ng ?BWQBC&L]F% ‘it’fle@‘tE P& %“ccgd’f“t}p“r R gh d%aun% Bt 5 Qe e spldg gh

qual i ty r edil, pécprodlctd hasltave caeierdi)kaaerﬁtaz-ahg frﬁeelﬁmelﬁrodubghlby phgtkmestiguch as
et hyl ene, propylene, .and. the |ike, which are key materials in the

pet r odRe Yaious baes of pasicsl eahe@anw refdRgRIoCessete RSy mMOosEicoi | s such
as ethane @ﬂ%oﬂﬁQﬁ&h%ﬁ@ﬁ the main feedstock, but a part of the heavy
fraction, such as gas oil and vacuum gas oil. 5 are also used as feedstock.
In the United Steneealyadistiilhte, Matlid| distiatd oilshdrewn oéffeom laaowverf byl distiichtion,
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nost casesrefiaphtgiccess ’Dl&&éb 2511y b6 Qskit OBK autBROBHS Qucl,hes GRRAE &idion of
by- products such as tar and pitch is higher in an 10 etherne pl ant that

uses rdphtisiogiemigal feedstpekopithe Iﬁ‘&?’r which pre highsqualifeei! produgis fioy whkl as a

f eedst ock,;, uﬁﬁ%yhh%thgnSQ&i db &tlng of the downstream quenching
heat exchaﬁ%%r I'S necessary. acu d% whose nol ecul ar weight is

hi gher than napIIntdmatt asioresidne alls;$hem|s; hotmm folls 1emzsnadsaed tagercbyf disgtifdtionk for an

et hyl ene ant, is consid ethe limt f nmer ci a|l operation.
15 I'n conﬁ}aggtlmﬁuﬁ ERFRSCRT at'f Cgﬂt?é' r‘FE“SB’fn ¢ Yagdhal ?‘Qﬁ'g‘ﬁ’lnfxgﬁﬂ’elyeedst ock
cost, if ajiffkRed t0rdmdNALTHeSe HOANMMIB 1o eNRMMAIRE 11638 iRbiritfek BG hiv@d: &ﬁ'ﬂné’e used
as a light olefin production feedstock, the feedstock coSt woul d

i nexpedsi vihichiirch Bindementghietiningrpeans. hin the etslearhagrrtizulariydiigh degnes Q/f of f eed
oi l t hat agﬁﬁ} ggagtwg rEQc? th:&ru? ﬁ nﬁl QP%ER/ Lt m{pma%thearltciil ﬁ%HltpgesgurﬁgO}hveed and

t hi s woul tretel grea con

consi der atgresenod of 1t5e1r@gehcumﬂ&toatwm adarRCEssgda Rpg/Anount of lsyca@gsmtulﬁct of the
present invention to provide a nethod for econonically recovering high
added val (813l piterpngvned. egthlaendrpsimspls inHuding facilifiesicypersenae rh‘FFeéf"ilen of
L CSTHIE AMEA B0 06 SEHARIAL ' ThdroRAR WAL 1cdil i EROT

provi des a refi eavy at can econom ca recover
refingd oidimplyi atndtelcencaﬁlcallsf ehcgs’atqmaktyﬁeﬁndd ghthavlishn nil [hamdgaﬂmglmddyd 25
carrying ou a refiping prqocess using a sinple an el i abl e met hod on heavy
oi | such d@*&hohﬁﬂﬁgﬁH@Wﬂ&qpe§ﬁdﬁ@uﬁﬁﬁﬂe&§gﬁé?ag&%ﬁgﬂFﬁonalIy suitable as a
feedstock for light olefins. DI SCLOSURE OF | NVENTION As a result of
significant research to attain the object described above, the 30 inventors
have di scovered that inpurities in heavy oil can be efficiently renoved to
obtain a high quality refined oil having inpurities renoved to a high
degree by using as a feedstock a heavy oil having a hydrogen content of 12
wt % or | ess, processing the 3 heavy oil so that the hydrogen content is

i ncreased by a certain anmobunt or greater by using a solvent extraction, and
then proce55|ng the obtalned deasphalted oi | SO that the hydrogen content
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The conditions for the hydrorefining reaction are not particularly limted,
* but preferably the ranges of the hydrorefining reaction conditions are
those that are 15 generally enployed. Specifically, preferably the hydrogen
partial pressure is 60 to 150 kg/cn2, and nost preferably 80 to 130 kg/cnR.
The hydrogen to oil ratio is preferably,400 to | 200 Nn8/kl, and nost
preferably 600 to 1000 NnB/kl. The LHSV is preferably 0.1 to 1.0/ hr, and
nost preferably 0.2 to 0.8/ hr. The reaction tenperature is preferably 340
to 440 C, and nosd¢ ugerefhegladplajityBiefinedoil X0as@ peROclButibaldestidiock ohighapkefinhe
general condjtions for hydrorefjning, and in the present invention, if the
hydr or ef i mYfa ai)?tgglggg qrggygg}el,p thS&‘%ea‘f’ igh 2xeey qr}ai%l%tg%pgbqélelg}g@} action

process unglgy. a@@ﬁf@dﬁbé?ﬂ?y fhBAbal ic]fé_f’ck SRideNR LY QOB As EORMEMHA 19}511@9155 wt % or

greater, the inpurities’in the final" refined oil can be efficiently
reduced. |the tram fecésteck, bithaspart ofithe heavytfrastionswch hagas dikat/ dhcogmrgas oilt ent  of

the feed oil 1s 25 1 2 %, ., t. dro e of . the refined oil
Dhtal oy oy el i dFatsck e e g e R8s SRR E Besinisidelfal od o |
i s pref er ghbptifingideasginbive Ratral gasl e@yWhnplaandhanst ePaef & REdsyodRyrd. 5 to
0.9 % In the case that the hydrogen content of the feed oil is less than

11 wt % t heonHyelhoguls e drraandsief andiéureps, iwhser RAphthapt biekrensiyg, inpeost cases
hydr or ef i nj d i £ ect to the deasphalted oil is increased by
pr ef er abl Qkagg%lgégﬁ%%gsai% if;l\fé%?&cghd nost preferably 0.8 to 1.3 W%

Furt her nore, tHeedaystrthggenerativineottbyiprodines highaotaebndpinch phighesth af t he
present invention is preferably increased by 0.5 to 1.0 wt% if, the hydrogen
cont eﬂto_ ofelixlgne pqgntdé%%matpgew&ﬁ theBedrarsabayis dhcosp bR SinatL i FaT
extract | of; RERFRKSa bolufidn B MiieOnddHERESH haBtRIREA ERhchifiynd 6 10 1.5 wt %
if it is less than 11.5 wt% en the hydrogen content 1n the hydrorefining
process i rexchangesisinesessadyary a0wdn \gas/pil.twigose maléaubar iwsrghd fs higparthan es in t he
deasphalted oil is insufficient, and i.n t se.5 that .the. anount.

et eases Isyhbaand pqftans pihedhtur 3 tsedh sl BRR it ep iy g TR o i

hydr or ef i ndoRgidéreaed bOthe 15nie ForasminkeciblysheggRn. parti al pressure, the reaction
tenperature, the anount of catalyst filling, and the |like, nust be nade
severd? and t hug cPBirabtindrBnehitheamount pEfegduoek supnly and deadstoekicosh, if &r s of

the hydroreld o gk [GR6bePhaf B bAMcublcdPhd e 0L YERLaIEH] PRGAGRR.
process, by selectively renovi i n advance the asphaFtene conponent, which
i s an i npueedsyockhtt feeslswdick Lot tWatuld loe imexmenesivbyand ahyhdrseme fiine, rig prolde@ss, in
the foll owng hydrorefini ng process, the drogen partial .pressure and the
reaction toévﬁ%éﬂbietW@Fya?fgeﬁg?‘?ﬂﬁ‘ﬁ%“@’tpﬁ’é’ﬁ% TR q,’“gi’h atVPieOIFﬁB iCP¥s can be
ef fici ent |y soRAUCAR thR WA BORE BXtFdnddlY eRest ¥ritiilidon 36 ﬁﬁtih&usiuggr easing the
amount_ of the catalyst or increasing 15 the reaction tine. a result, the
Conr adfon car bdh cPesideradomeithesireumeuiepdaessribedsahone.disin okiegt &f thehi ch are
present in.. ; | t Is I ] rat ifficult to
renmove, c}ﬁé%gt @Zﬁggotnitgg %dl&e%gléglgﬁg‘?}%gb?}g%ta Hg%% ?g%:‘{“%o}ﬁ&’ gdr‘:%dg} ﬁ{élr? in a
hydr or ef i nefugedpsibfiems hdakig oll nipat hag & Bighsoadenasticudfiittpusties dezivel Sroguthb as Ni
and V, which ar. resent in 20 an easily renpvable state, can, be thoroughly
renoved. EG¥§ %ﬁeﬁ RaHy aéf"ihﬁé‘H’GBT‘?n Prﬁé{{%ﬁéégp%%’_nﬁ%é2%’51@8"1_59”tﬂi?éc?’bfi ni ng
process aceefhdhhidglly Rcbik® rofi RSt suitayIe Rk h FLddRsr tdrhgd: @@Hl\{?rdc@cﬁ'& as a
feed oil for |ight olefin production and subject to high tenperatdure
cracki?dg, cengingrpteirefining plegesshsiwgmsimple apd uelizblevacthodan beaty adlokichgs and
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for comrercial production. This is because heavy oils such as residues and
ultra heavy oils that are not conventionakkﬁ consi dered appropriate as
|

light olefin feedstock are uREHLGSHREQFINNENHORial, and a high quality
refined oi| Par}\f§ QM %mgﬁiﬁ@é{n@ém‘cﬁ t6 ?&Aiﬁ“u bgéc?ggéaﬁggc{ EieION ttpb nvention,
an refined oil ‘thal™rs processed so as to satisfy e condi t1ons
descri3bed iamxmv@s Wavd dibevefellehdtiimpudisesan hedvynebeanibe efficieihly renesedto
invention, and in particular, in the case that it is used as a feedstock
for |ight Qfad pRgh bt iehned 9%8%9@%@&'}11@&6%% %éﬂtgﬁfggief.@ W, A5
greater, adeREGLENRAVY ot halinia b3 EERAERTof 12 waod 8 IEREPBEESRBLLd NVention,
t he hydrogenecontent o¥ot hg Pgtrai ﬁej%rg(e)gl o%t al ned 6y the’ Iglol veng éxtracti on
and hydrorefining, two-stage refining of heavy oil nust increase by 0.7 wt %
or greater than the feedstock heavy oil, and preferably by 0.8 to 2.7 wt%
and nost preferably, 1.0 to 2.2 wt% In the case that it is used as the
feedstock for light 5 olefin production, the hydrogen content of the final
refined oil is preferably 11.5 wt% or greater, and nost preferably 12.0 to
13.5 wt% By carrying out a solvent extraction process and a hydrorefining
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13 Wt % and subsequently the DAOis subject to a refining process under the
* follow ng hydrorefining conditions to obtain the refined oil 3 of the
present invention. Hydrorefining conditions: Ni/M + Ni/Co/M catalyst (a
specific volune ratio of 1/9), a hydrogen partial pressure of 85 atm an
H2/Q| ratio of 600 NnB/kl; a 5 tenperagure 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 anpunt of increase in the hydrogen
content i nhesay hllpspcblaﬁéslse hytdnegey contnt isanereased by hseiGERAMeRYL artaseaten yur

content are.sho

T Exper | nitnt e srEn ersind BegRRctte phev Bl Brerlyrr e ffe S coss

unit, usi nlgycﬂégeln&@htéhﬁi%%@@és@wby@%Italﬂ%mht/@*‘grez{ta 1$0hswed hdrbrefiatigo of 8/ 1
), the DAO i s obtained by extraction and separation so as to attain an

extracti onPiPegse of 76 wt % and subsequently the DAOis subject to a
refini under fienl diLl.ans 0 the
ratined o | 4 ot fhetilisthod Tohll FLA of HetBe R LRI KehRERRAE TN,
Ni / Co/ Mo catitaihyd by f)ﬁ)csmng thiatcinviatesesol adnt extedetian pRcessahdtypbraigean parti al
pressure of 110 at HZ/ Gl ratio of 800 NnB/kl; a tc a of 380 C
and an LHSWUgfted oﬁ%spﬁ}eftmgrﬁéeey @ 2GPIERE OB U HIA AR SHE RS ned
oil 4 wit hpl{)@isg@lﬁati 8Bﬁllltsr'éereﬁﬁ&fj01‘i)b§/ suté&:tlrngQhe!ﬂ'm&ﬁaf&tfagféﬁ%nltto at he amount of
i ncrease in the rogen content 1n process, the V + N content, the
CCR and tinalr sgelnﬁumn pronessnn therpeshoawf hiydrdgeblaed & catalystV ThigHfekd od-is 8 O -~
~V~-Ol~ Ov0O N O\rfo)O,_;
- &) qc%vmﬂ%‘f&wlqﬁ‘{ﬁﬁnﬁem ‘Zﬁ\h\éc‘s"tgpo‘ 1%65 VN ~O Ov0 ,-, ONF~W-, O-
NO O C 1d ¢ 7In“ti’fe Glvent ewtlaﬁlo“‘lcplro&’:lsé 2 dea$phalted SV(DAY) & BLAXM as@n~ ~ N Mcl

1o ~-éxt1 racted (811 by subj ecting the feed 011 to a solvent 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 oil is obtained by hydrorefining the deasphalted oil

15 such that the hydrogen content is increased by 0.5 wt% or greater over that of the
deasphalted oil.

In this manner, a high quality refined oil can be reliably obtained that has
impurities reduced to a high degree that cannot be anticipated by using either of the
refining processes alone because impurities that are difficult to remove by downstream

20 hydrorefining are processed in advance under conditions in which the hydrogen content
is 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  carrying 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 is maintained without requiring that the
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+z ~ " NON1L. .fl U b G ox0Ov 15 Conparative Exanple 1 Using a
feed oil identical to that used in Experinental Exanple 1, except for a
sol vent extraction rate of 88% a DAO was obtained by extraction and
separation under extraction conditions udentical to those in Experinental
Exanpl e 1, and subsequently a conparative refined oil A was obtained by
subj ecting the DAO to hydrorefining under the foll owi ng hydrorefining
condi t i onscondyiémsrod thedotent exiehctipo pepcessior Mie hydgueiping presegsshe padesysEetef i ¢
volune ratio of 1/9), a hydrogen partial pressure of 90 atm an H2/ Q|
ratio of 68Y dﬁﬂ%’ﬁm a l0 tenperature of 360 C, and an LHSV of 0.5 (1/hr).
The yield of thPre‘i’QE@l‘y”ﬂﬁ@ ?&Qgé‘ﬁ‘@oﬁt&ﬁ ofefel shedinéd lefifledbil It respegtort o the
feed oil. the hydrogen con t he anobunt of increase in the hydrogen
cont ent | ng@a‘@h apel ooest prefarplly Vi 2:0 NitVocosigrenter, In Hés @SR a commensial eRArgtin

contentg oi |

i denti caI ?h%ogsgb lgalplvﬁ\‘gﬁt ?er%legﬁ@ﬁ Ex%%%%gﬁ@ éaslﬁlégl% he@snegee%g

pent ane SOHMﬁfga (hax1ﬁ£1|cvwkidgaiehctfoatﬂycappﬁcﬂkﬂl)to a fdedstbéOfdrsighbslafimed by
extractionadse aralon SO as t ttai raction rate of 86 w% and
subsequent Py ’t‘ﬁé’“ﬁ)ﬂ’@ Ghgls @ pRY %&ch‘%l Ze &ha‘ﬁ]ber Pl FEPIERIEIVEIHIO SN owi ng
hydr or ef i npiRgincORAhEd glmﬁamg QRigH aadamalapl&@mﬁaaﬁla%rﬁ/&em/ry hited oi | B of the
present invention. rorefining conditions i/ Mo + b catal yst (a
specific vcﬂoummwaﬂvlsop@‘fml /9), a hydrogen partial pressure of 90 atm an
Hz/ Q Ildatio of 600 NnB/kl; a tenperature 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 thephy¢MO®E EORICARR YING GUPUMHE RYVERQIERSe i n the
hydrogen content in each Frocess the V. + NI content, the CCR, and the

sul fur content BelowsHisvieterred ambedimentsorfshs wefining Esthodfos heawystihg a feed oi |

pent ane. sof SRl 19488 Brdsly FXRERLITIN 8 DA, o B M3 oG T B ™
extracti onn&dpmneai byomysaf thesfollowdtg @nbodimestxtand doi exantpéd, eheodlerBdntvdi beand
subse\(;]\jj ntly the, DAO,i s GHISii@nect to a refining process under the

follo H‘PIB?‘%Hgﬁfhﬁ’gaWbﬁ 18ns to obtain the conparative refined oil C
of the pr esent iRy El'%fsélﬁ"hveh'b{&{ QdeRab Q'fé&st%@l@g'héd\@rb?ﬂ haN’idé@hf&@h’anﬁ:ﬂ% aI yst
(a specific volune ratio of 1 /9), a hydrogen partial pressure of

an H2/ O | efat2 wt%for 866 andpielerably koemiérvatf/maed maszlsexmexamwmumw@f o 6

the 1 bed of Popisrfiifet bEhRES MR s ind e il Blinaish e Rh T cgen”

cont ent |npleaabrxmhe@eég&eestdfeeﬁ.ﬁemdﬁt aﬁcaﬁthﬁeﬂ the CCR, and the sulfur
content are sho Tabl e 2. 10 Conparative Using a feed oil
identi<hl to th ¥ oflha ]]M%Qﬁeawowamﬁ Ex ”itrp"jlﬂ‘dleﬁn’%'r‘%% irthe present

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 9 to 11.5
wt%, 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.



propane sol vent (solvent/oil ratio: 8/ 1), a conparative refined oil D was

- obtained by extraction and separation so as to attain an extraction rate of
45w % The yield of the obtained refined oil Dwth respect to the feed
oil, the hydrogen 15 content, the amount of increase in the hydrogen
content in each process, the V+ N congent, the CCR and the sulfur
content are shown in Table 2. Conparative Exanple 5 Using a feed oil
identical to that used in Experinmental Exanple 1, the 20 conparative
refined oil E iBhiphiphahew doynpanemthiani ngcqi}EwQSTSI&MmiiSﬁlt&COﬂlmduodﬂ ng

hydr orefini ng caonditions drorefinin on Co/ Mo cat al yst
(a spemfﬂ@v&élﬁﬁﬁ' I}ygfci)gsznd:lé%fny @BCL a3 o P%e é’r‘?’ﬁ%? %{Pmﬁf/bss%e of 150 atm
an HZ/ G | rolp&a@fﬁn ARLO ahiMB/ikknoven ﬂﬁﬁﬁﬁé;%tMEﬁ fkidd8Ccathondid m&alit’SV of 0. 25
(2/hr). 25 The yledof the refined oil V\ntﬁrespect to the feed oil, the
hydr ogen cumplemin, conpeuadoineh apiV anddﬂleeasalcpmona’sed iay@ltwgempu@msaw in each

'FI)';BFZS coi}?entﬁte% \;& ﬁ%wn)}hat&?e aspﬁ%}teﬁe .compplaen severe J(/: 31%1bdgtthea res hEV\QJ n~n
o oU'> Gyydr &ﬁeﬁmngjxé‘e@tlbn and p161n@€s @:é}hdhtl@fv) oﬁthe“cXtaTyst Ul“husan'btihe pr @selltW f1~U
-, P~ = M O/, ~O O V.Nc~. 00 OQ . O UO ~ T~ Vv'? ~0
crl o ~ mven‘ﬁon , the solvent extraction process is carried out under conditions in which the
hydrogen content increases by 0.2 wt% or greater, and as a result, a predetermined
amount of asphaltene is selectively removed.
10 In the solvent extraction process, a conventionally known solvent deasphalting

process can be applied, and by bringing the heavy oil into contact in countercurrent with
the C3 to CS solvents in a solvent extraction tower, the deasphalted oil and the
asphaltene, inwhich the former has a high hydrogen content and diluted metals and
residual carbon, the latter has a low hydrogen content and concentrated metals and

15  residual carbon, are drawn off. By appropriately selecting the types of solvent to be
used, the amount of solvent for the heavy oil, and the extraction temperature conditions,
the extraction processing conditions are controlled so that 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 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

30  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
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feedstock heavy oil. That is, in the case that the hydrogen content of the feed oil is 11
wt% or greater, in the solvent extraction process, the extraction process conditions are
controlled such that the increase in the hydrogen content is preferably by 0.2 to 1.0 wt%.
or most preferably, 0.2 to 0.5 wt% of the feed oil. If the hydrogen content is less than
11.0 wt%, an amount of increase is preferably in a range of 0.5 to 1.5 wt%, and most
preferably, 0.8 to 1.3 wt%.

When the increase in the hydrogen content during the solvent extraction process
is 0.2 wt% or less, the elimination of asphaltene, which is an impurity, is insufficient,
and under such conditions, even if treated by a downstream hydrorefining process, the
impurities cannot be sufficiently removed. In terms of the degree of refinement, the
larger the upper limit of the amount of increase the better, but in the case that the
increase is 1.5 wt% or greater, the rate of recovery of deasphalted oil decreases, and
thus is not economical.

In the present invention, the deasphalted oil subjected to a solvent extraction
process such that the hydrogen content increases by 0.2 wt% or greater in the solvent
extraction process described above is next subject to a hydrorefining process as a
second process.

In the hydrorefining process of the present invention, processing is carried out
under the condition that the hydrogen content is increased by 0.5 wt % or greater. This
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;
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 in the hydrocarbon is hydrolyzed at high temperature and high pressure in
the presence of hydrogen, made into elemental metals, and precipitated on the catalyst
to 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



~~"0~ ~-ONO. LYy ~, ~ -0O~~Ca M ~G6G~ ~ ~"~~G ~Bz+~p~
+~00 ~Uo\ O =n 18 Exanple of light ol efin production The
respective final refined oils obtained in Experinental Exanples 1 to 4 and
Conparative Exanples 1 to 5 are thermally cracked under the follow ng
conditions. 5 Reaction Conditions Reaction vessel: an HPM et hyl ene cracking
vessel having an inner dianeter of 28 nmerr) and a |l ength of 1440 mm (a
heati ng section of 1200 nm was used. Feedstock supply: the anpunt of the
suppl y wasteathersire dnd dighhyatsstiecin ftleepiessince of HBirdgeddo pprdduce amdiscphatespaci fi c
gravity of water V\nthresp feed oi.l was 1.0, Rea

t enper at ur @M9BY ardebtale g gl egt%'i‘f)ﬁ@rs & O‘F‘éé’éti‘?:F(?H(,‘:@‘]‘Eqnﬂémlbﬁ%mstg‘(’: feefl 0. 1o

yi el d of the obfgl paduledhi h&Jv?fo'llr]ﬁcl(l@é Mfﬁ@@mﬁ&fkn&* BRYJIE AR theafef Bund from
the gas conposition in the generated gas anal yzed uding the generated gas

amount andbggassecthe wmml;oﬁﬁhse mmweltxgenmdaalm wingumly ahydyrefinogypocdseavy oi |
was found fromthe ag&y he bottons. after I t ha

o L on e A s Syt ol Bl e g o Ot BTt R s A B8Ny gas by

evapor at i ofinpi#ilied 0gh BEEFIBntftrédedio 4 Ny TN EditeRtsi AP RABBIt sevete Was def i ned
as 30 wt%or | ess (denoted O indicating possible) and 30 wt % (denoted by

X, indi cat fenglitives. possi bl e) by using the generated specific gravity of the

by- product heaviy 8k byl BRcR5 SPUR! ekl Bl AcoHaNEhgas 860 | on

branchi ng from | on causeé

respect t otylplaeoﬂca&dysm late us28 nil'heombmuﬂimﬁsemfcedsfh@ma hiydrofatnerlidation dalklt.W H 19
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or a hydrocracking catalyst. Preferably, the catalyst used in hydrorefining is Co/Mo,
Ni/Co/Mo, or Ni/Mo.

The conditions for the hydrorefining reaction are not particularly limited, but
preferably the ranges of the hydrorefining reaction conditions are those that are

15 generally employed. Specifically, preferably the hydrogen partial pressure is 60 to 150
kg/cm?, and most preferably 80 to 130 kg/em?. The hydrogen to oil ratio is preferably
400 to 1200 Nm?/kl, and most preferably 600 to 1000 Nm®/kl. The LHSV is preferably
0.1 to 1.0/hr, and most preferably 0.2 to 0.8/hr. The reaction temperature is preferably
340 to 440° C, and most preferably 350 to 420° C.

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 oil is

25 11 to 12 wt%, the hydrogen content of the refined oil obtained by the hydrorefining
process with respect to the deasphalted oil 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
oil is less than 11 wt%, the hydrogen content of the refined oil obtained by the
hydrorefining process with respect to the deasphalted oil is increased by preferably 0.6

30 to 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
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20 I'n the Experinental Exanples 1 to 4 of the present invention, the DAO
obt ai ned by the solvent extraction procgssing is extracted such that in
conpari son to the heavy feed oil, the hydrogen content increases by 0.2 %
or greater, subsequently processed so 5 that in the hydrorefined oil the
hydr ogen cdeaspimtted odrobeesasd tyythe upstvaadb ol veayt extrastion processpat I .Sort% @ t he DAQ,

and as a result hef I refined opl.d.s S hthat i n conparison
to the hea%’}‘?atlebéaéé?ﬁfe‘ @é?%ggﬁmc)‘bﬁfte‘ﬁ es?ﬁ??éjge By 0.7 wt % or

greater. In thewRhitheRy d}béexﬁon@@uﬂh@ﬁﬁd}bld 1083 irlceaddd leABAS0 3
refined oil was obtained in which inpurities had been renoved so that the V

+ Ni was Owl%owthp shmdnatioad imphétieson dsrdeasphelied oil lﬁdnswfﬁ@ﬁmu@ndmgh@czgevw % or
cl')]ntrast in the

lcgfns)ar g{]' ﬂla@%ﬁﬁ{o&ét ﬁmﬁl%ggegfbg alr‘ué Orbé"\eqétlalsg%ef%;/e%t%% Ooc%? c%g mohp?ﬁte hydr ogen
content of hjdierefhBpaBictiony Qithia®the Hydrdded phitladbresgiré, Mecheaition ttidBei@iné,adson
carbon residue was 0.8 wt % or greater 5 t he sul fur concentration was 0.3
Wt % or gr edieamount of catalyst filling, and the like, must be made severe, and thus is not
economical.

This means that described in terms of the hydrorefining reaction conditions, in

10 the solvent extraction process, by selectively removing in advance the asphaltene
component, which is an impurity that is difficult to remove by a hydrorefining process,
in the following hydrorefining process, the hydrogen partial pressure and the reaction
temperature are not made extremely high, and the impurities can be efficiently reduced
to low concentrations without greatly increasing the amount of the catalyst or increasing

I5  the reaction time.

As a result, the Conradson carbon residue and metal components such as Ni and
V, which are present in the asphaltene in a state that is concentrated and difficult to
remove, can be selectively removed by solvent extraction, and then in a hydrorefining
process, the impurities such as sulfur and metals such as Ni and V, which are present in

20  an easily removable state, can be thoroughly removed.

Even when the refined oil that has been processed by the refining process
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 wt.% or greater.



15 In particular, it was understood that by using only the sol vent

- extraction process, even if the extraction rate of the DAO was made smal |

t he sul fur concentration did not decrease, and that by using only the
hydrorefi ning process, even if the hydrogen consunption greatly increases,

t he Conradson carbon residue could not e renoved. As a result of producing
the light olefins by subjecting the obtained refined oil to 20 a

hydr ocracki ng process, for the refined oils of the present invention, in

al | cases the ehihthkeneseytielehtioncibe tipdrog&dsoridne opthepylimdeilotshidediy deded

10% and furthernore, in Y éF .the enerat on candi ti s of g% roduct
nomvy or || e egRsincnd REreinte YO ReR TRe Shbeary BUABIT RS | n
contrast, pl M%oxu%vé%ﬁtha@%etﬂa@dsmctt Heb®y, S30RA LAl MBlyES TR LES 7hred, 2@ not
satisfy the present invention, the ethylene concentratlon did not 25 exceed
15% and f mosteferably. kbt 2 wak%. dnithe cgee thabiing usef ag&wéﬁectswktfyﬂwl@duct
heavy oi |, 0 mfo S Lt

Exanpl eé c %\Wﬁm %/dugtl?n R(}\%P%ﬁogen Jon?enpafatﬁg%#al I%PS&F%‘A Mtéffela%i‘\fﬁ% Rl 40"12 (a
hydrogen cgrhentand@ndt plef&a®§ 101 13.Nw%. V rret al content of 246 wtppm

CCR, 25 % and a S content of 5.5 w% is charged into the solvent
extraction procB¥saining oxta solve gxpattiongecessined hyeigtinme rsenesest thal

sol vent/ oi };..f it

epar at i oneuSpiReR o ot b DL SRR e ARG ORARN0 7
deasphal t edr ghtet &aﬁ thy feedstdoh Heydy oil,eh¢ pioperties thegach peocksd doawdlergeceadi t i ons,
and th ref ned oil of the p i nventiaon | tai ned. Hydrqrefining
condi tf Q)ns"t R PEBYND Oﬁddﬁt’WPBLt?‘g g‘f “’%‘é?‘gﬁégt ‘Pé ‘@e \?@IV%EH\?XF%&W& a§80f 2/8), a
hydrogen pgydrbRkinkf; ggﬁ%’ers@esoﬁ hx]gl_é/ 1%¥iﬁéd @i'ﬂ cé‘%eq)ﬂtalh@d {Nﬁh @fm@pﬁe]ﬂ”&éd‘évena
tenperature of 380 and an L of the obt ained
DAO and t hist thetasedlatat is used/\ﬁwtanpqt@sbemcaltfgedsmkf ectkdlgﬂud fouh@g mr vifbn
content, t unt n X n rogess,

the V + N ng%nqg/h?nd %)F'edl su1 a lef 1?&3 préglgeét fg% { EQS?I e%n 1ble 4.

10 Experlneh@aWuEuanple 6 Uslng a feed oi | |dent|cal to that used in
Experlnental E;Ple 5 and. usjng an |sobutane sol vent, (a solvent/0|l ratio
1

of 8/ 1) the DAl he PEIsess Mleyblssiingthe heayvoni! elihe sessetaRyeaHOR B B8 lYHtat t ai n
an extract ;amcfish Eldafessesﬁlev&(%ct%%g%}é?§ﬁ%§@Enﬂédtot]feu%pcérﬁlt%o%s%@lﬁﬁt to
refining under the follow ng hydr ining conditions to obtain the refined
oil 6 of tthe hwdmemt:omtanftthls rﬁeedteybis moeefascd big02omdhh o1 gragter, Moy tlrb Ni a@b/ Mo

catal yst ( ecific v ne ra / dro ressure of
Ca0 am o ToREe Pl B ehdliaiierd o e B i Lic AR BRY by BledheRE T
LHSV of 0. &i.(thing becaaseTthey Mie@bfcddtratelién eltaapmedndALY anekdeh® sreet:httesi oi |
with respect to the feed oil, the hydrogen content, the anount of |ncrease

in t he2thy dictpys totppbatenein discrlyspbedimstion precess.tharoncsprainn ofitheNCmR  and

t he sul fur r npl e S5Exanpl e
60|IDACRefY2§ LEW ﬂ%ﬁ% |ne@moﬂ?9%$ﬁg ﬁﬁ’é§8§?g%§%%3§§§§ rogen content
(w9 10, 68(.1@5@&1112(1 pil tis e&trrzemwd by glesad oamt extraciting pmsss, is 70 wtppm or less,

wt % - 1. 150 881 T ent . 03-2. 28V
N (ot ppim SO g8 PR G irh pf JE B B bR SHEET Gbatich prdkels 2 2V 7
(Wt 99 25. 003 60026 a1 0eABE v ¥hiBHcr?Oh RO4uSAhidd (COIMidk lasg, Exanpl e

6 Using a feed oil identical to that used in Experinental Exanple 5 and

usi ng al1dsl@b$1ﬂ3a¢féfa§bt Vewt”o oz less| Vkaity, ch h}idane@ contegy m)mcwased bAD2 s
obtained b c D tion t t.ract Nate of
55 w54 and R HSIBE O FRFRARRRL Bd RBF b Plop P sBRaRARIN G owi ng
hydr or ef i namigV eesgk b9 ;Q’e&rattﬂ)y O@h&mﬁnbh&s@@ﬁ@&fe’o’@drh‘ﬁisﬁﬁaﬁlﬂbbﬁrditduldyd[&)l’ ef i ni ng
conditions: Ni/NMN + é]ggll\/b catal yst. (a_ specific volune ratlo of 10 2/8), a
hydrogen p¥F ¥4 & legsy andtheisby theepnditions for thpdewnstieam hydprelgtine RipseRiare a

t enper at ur g, ﬁ@%M /] tai ned
DAO and t he re?dl%itgg\é&g lﬁ{bgr@\,?st relsa(geyclgn?)géct}h%%hl%{]@‘,a?lbe}eﬁn%o% P%@gggn)
conteni() tbigtaiaeshunt of increase in the hydrogen content in each process,

the V + Ni content, the CCR and e sul nte e shog n Tabl e 5.
15 Conparative ﬁﬁ%t%tt% conesy rﬁtjmho g%éeaéptﬁf cdGHl BERFeraly o )VBIS & PR

Experi nent dsn il ratio
of 511 ). TRe Touny Pl dhe Y %‘éapt‘ﬁﬂﬁ%?a?hféﬁ”Bﬁ%ﬁf@&‘éﬁ?ﬁ“‘n&énd
separation so as to attain an extraction rate of 55 w % 23 The yield of
the obtained refined oil Gwth respect to the feed oil, the hydrogen
content, the anobunt of increase in the hydrogen content in each process,
the V+ Ni content, the CCR, and the sulfur content are shown in Table 5.
Conparative Exanple 8 Using a feed oil identical to that used in
Experinental Exanple 5 the conparatlve reflned 0|I H was obtai ned by a

Y



Furthernore, as a result of producing a |ight 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 t he propyl ene
yi el d exceeds 10% and furthernore, in 15 view of the generation conditions
of-. by- product heavy oil, the continuousjpperability is within a realizable
range. In contrast, it was understood that in the Conparative Exanples that
did not satisfy the conditions of the present invention, the ethyl ene
concent r at dlgaindd ty ﬂtﬁtneekbjebdreﬁE%g paocts$ cant besehahlp prachesed smastosd (f ge anount

of generate /7 prodyct |ch is a problemfor continuous
operabi | it /"é’gle%%t?é] iPh ’taﬁ}yqig isé Ar abi an heavy crude having an AP

gravity of 27.4pyas %Qﬂé atiedd W&tc@htﬁtlbhloaue dehdphalell $iB%0 Aiysprdyr less,

distillation, and a was obtai ned by hydrorefining a part of the

di sti | at etheiGonradsor earberaasidug cne@oyarmn isHavithgoralassamd tgﬁa\yhﬁtly of 10.9,

which is a re i action

r ocessss an%?nﬁg &laglr()hflggl“ﬁ% o:e]gss roEgE?l ng 411&%18/ ct%ngedzt‘)ﬁg%%ﬁgat lg)éltrltgs

i denti cal ﬁﬁ)altoﬁlQﬂﬁaxﬂéd Bﬁﬁteﬁﬁbﬁqumhy@btﬂﬁ@lbrecéss ahe Nhendpvedasdntiativent i on

to obtain the refined oi|l 10, A part of this reflned oil 10,(20 parts per

100 parts @ttheﬁaetéeﬁntqmamatavﬁélla%@ébsee%thé TRYSfERNEWOFESE WARAPE 20f the feed

oil ( 10 p r f ) esult as a

t her mal crgf &el g Q&E&?bl? 1|\9¢8ﬁ$ﬁ‘%?§ |Pge?raglc?§gﬂj%n lfegﬁt]é ol efins were

pr oduced. conZGntTdtmnwlﬁlhé lo#t% loelesg chrusnl fue sohentratibmasifiiel @ 2 et%idr lesshe

hydr or ef i ne e ed.oil, and heavy ethylene feed oil, the hydrogen
' N PO 2B Bhies i

conten Sthe CCR content, and S content in

Experi ment a' EXB R akiddthe s8I Mpohéht TR Blefinkl 1&111&?\814'5 siwieeed sk levdirged O |
2Feed O | ﬂl + 2) At nospheric resi dueDAORefi ned oil 10GORefi ned ‘oi | 10: 20,
GO 10Yi el dthewesgthatdt sdsedas otepdstaduion §glorglefiropreduetont tbﬁtconoswn of the

(W% 11. 2 4 r inc

(vt 9§ - 0, 200 B ek bR A AR RR oMb AL b B comumergial

(Wt ppm 153proddctid. ofﬁﬁ‘eé(ﬁﬂlck@mﬂﬁ@ﬂswﬁné bedomesrsabdtalitially p0551ble

(wm 9% 12. 503. 601, 900. 00l . 208 wt % 4 7(?)]3 300 400. 050. 27Et hyl ene I\fl eld

(W9 -~>-17. 6Pr @p@?F BFFéel%”éYfal IPWF%’ craolyjep el&reéaaaonﬁéaws g the

(W ---- 2@&&%%@%8&&%@9%'&& 56 thalhk 'Nl@i@@/r TRk A thEXAAPeginddoil t he
resi due serves as the oil, and a separately produced distill ate oi |
havi ng a | 6w \ivt‘rppmmtlyssmneemmaﬁerabﬂv,tlsﬂ wippgdomessh t he refined oil

obt ai ned by theyrefin c ti.on .t uce

f eedst ock for t\tyeh‘:"n t%&%q@na?tegﬁ lr’té)qerhE gmgf\lf gln%?gond&m lwgec g3§f7|8r ngglmt hat
both the ybeksh iftht belvextth:xheaemaﬁdcq@f opfreeerediebdithe vappiiorlay syoper abi l ity
could all be satisfied. | NDUSTRI AL APPLI CABI LI TY Using the refining nethod
of thetbr caxshierefipigneqiing can beeseveraly refceralie h“gfhtié@tléé%éﬁl OP‘ﬁ‘ﬁl?Fil‘Y‘F’e% can be
obt ai ned by,ef gta@%x tlﬁE‘?efﬁfeQ tsttr@aﬁ 8k luyedr fa' el @ra@ﬁﬂ%Yeeglstloclb?d{'I

hydr ogen contént o % or |ess, t hereby the conventionally I|mted
uses of he@lvynpldduhame been greatly expanded In the case that the refined

ol et in pr oduct s B sERSTENEeRl BPrisfrERTR R for bRt S ol Ot ha

i s econom gaby¢nétblylaatibiny craaRishg fredctibR th® hintdihgbi B9 ficokigp an@RaNiabidue ty 1S
wi thin a range al| ow ng comrercial operation. 28 CLAIMS 1. Areftining

met hod5f or toHEavy i by- Pé‘edﬁﬁﬁ apdribe elgEin yickddetepming s pepnampyengyingiartioniayi ng a
hydrogen c f 9 0 a

extr oot ort i ane S G ARs deRfy B EF Ol mo TR loATERIEE, |

greater Ww lightobSimgdh détail Sthe daxgaaw aniethylardiebbal hitng: @ea:laaeﬁﬂhaal ted oi |
(DAO) as an extract ed oil: and subjecting said deasphalted oil to

hydr or ef i nPREYSBE Y‘ﬁliﬁot]n)e HY#HBYEn content increases by 0.5 w % or greater
W th respect toPé’?dcf’ B%aalnti%feaﬁi'nk bt eptahed Butiffdd geﬁke%the Gkirfy " efining
nmet hod for heavy oll accor to claim1, wherein th drogen content of
sai d r¥f i nthdt mﬂhemﬂeeﬁfe m&ldtaugibdltgoflthemhermakcmdcngamemcbﬁouﬁngdua Blwavyr eat er

w th respec id feed oi Yo Ofr ater f.i,ni ng net hod
for heavs ‘b‘ﬁ PYQ i AﬁPt%lcetaaﬂméa“%mﬁ’&motl ?Wéfloéla’é’@eli‘ Hleei hygr ogen

content of tﬁ Ridethugle %?&Eﬁtr%t}ﬁgd&'@ crhckef irfa thcllm? Vs B gﬁeﬂch@d bph said feed

oil, and the’increase | he hydrogen conten said refined oil is 0.5 to
1.5 wi % over that of said deasphalted oil. 4. A refining nethod for heavy
oil according to claim1l1, wherein the hydrogen content of said feed oil is

11 to 12 wt% the increase in the hydrogen content of the deasphalted oil
obtai ned 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. 5. A
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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.
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10 the refined oil 1 of the present invention is obtained.
Hydrorefining conditions: Ni/Mo + Ni/Co/Mo catalyst (a specific volume ratio
of 1/9), a hydrogen partial pressure of 90 atm; an H,/Oil ratio of 600 Nm®/kl; a
temperature of 380° C; and an LHSV of 0.5 (1/hr).
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 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 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.

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

DAO is obtained by extraction and separation so as to attain an extraction rate of 84
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The feed oil used in Experimental Example | 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 Hy/Oil ratio of 800 Nm*/kl; a
temperaturc of 380° C; and an LHSV of 0.3 (1/hr).
The yield of the obtained DAO and the refined oil 4 with respect to the feed oil,
20  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.
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TABLE 1
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Exp. Example 1
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Hydrogen content (wt%)

Hydrogen content increase (wt%b)
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The yield of the obtained DAO and the refined oil A 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.

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

Comparative Example 5
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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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 gas 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 generated 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 oil.

25 The results are shown in Table 3.
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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 ahydrocracking 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

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

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  0of 10.68 wt%; a Ni + V metal content of 246 wtppm; CCR, 25 wt%; and a S content of
5.5 wi%) is charged into the solvent extraction process unit as a feed oil, and using

1sobutane solvent (a solvent/oil ratio of 8/1), a DAO is obtained by extraction and
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Ax\ <t t X<+{ul0% ' & (+{ ul0% ' & () 4+{ul0% ' & () 4+{ul0% ' & ()

4kZG—Iob@G<+{u10% & (++{ul0% ' & ()- 4+{ul0% ' & ()- 4+{ul0%' & ()-
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4+{ul0%" &Ils(o ﬁtaldlfe-'- golfg;grft/é(a gc;lsgnt/oﬁtgtlljolgg/g/ll)&t}ge) DAO is obtained by extraction and
separation so as to attain an extraction rate of 65 wt%, and subsequently the DAO is
15  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
2/8), a hydrogen partial pressure of 140 atm; an H,/Oil ratio of 1000 Nm*/kl; a
temperature of 375° C; and an LHSV of 0.2 (1/hr).
20 The yield of the obtained DAO 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.
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Comparative Example 6

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 DAQ 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
Comparative Example F.

Hydrorefining conditions: Ni/Mo + Co/Mo catalyst (a specific volume ratio of
2/8), a hydrogen partial pressure of 80 atm; an H,/Oil ratio of 800 Nm*/k; 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.

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

by extraction and separation so as to attain an extraction rate of 55 wt%.
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The yield of the obtained refined oil H 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 Table 5
Feed Comp. Ex. 6 Comp. Ex.7 Comp. Ex. 8
oil | DAO | Refined | Refined 0il G Refined oil H
oil I’ (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%o)
Total hydrogen - - 1.40 1.20 1.01
content increse
(Wt0)
V + Ni (wtppm) | 246.0 | 45.0 <0.1 26.0 32.0
Conradson carbon | 25.00 | 12.20 3.91 9.20 9.25

residue (wt%)
S (wt%) 550 | 4.32 2.60 4.09 1.31
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operability are shown in Table 6.

TABLE 6
Experimental | Experimental | Comp. | Comp. Comp.
Example 5 Example 6 Ex. 6 Ex. 7 Ex. 8
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
(wt%o)
Propylene yield 14.7 15.2 94 9.1 8.6
(Wt?0)
By-product 25.0 23.8 33.2 35.9 36.1
heavy oil
(Wt%)
Continuous O 0O 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 DAQO. As a result, in the final
refined oil 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 1 wt% or less, and the sulfur concentration was 0.5
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8, which was refined only using the hydrorefining, even thought the hydrorefining was
carried out under identical conditions, it was understood that there was a great
difference in the removal of impurities, and after increasing the hydrogen content by a
10  predetermined amount using a solvent extraction process in advance, by carrying out a
hydrorefining 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 oil (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.
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el0X & ()-4 el0OWX & ()-4
0Oil 2 (1+2)
Atmospheric | DAO | Refined GO Refined oil
residue o0il 10 10:20, GO:10
Yield (wt%) 61 49 45 18 30
(Crude = 100)
Hydrogen content 11.20 11.42 11.95 13.70 12.53
(Wt%o)
Hydrogen content - 0.22 0.53 - -
increase (wt%)
Total hydrogen content - - 0.75 - -
increase(wt%)
V + Ni (wippim) 153.0 14.2 0.7 <0.1 <0.1
Conradson carbon 12.50 3.60 1.90 0.00 1.20
residue (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%0)
Continuous operability - - - - O

In Experimental Example 10, the residue serves as the feed oil, and a separately
produced distillate oil having a low impurity concentration is mixed with the refined oil

10  obtained by the refining processes of the present invention to produce feedstock for the
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In the case that the refined oil obtained by the present method is used as a
10 feedstock for light olefin production, ethylene and propylene can be produced at a yield

that is economically attractive, and furthermore, the continuous operability is within a

range allowing commercial operation.
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an extracted oil; and
subjecting said deasphalted oil to hydrorefining so that the hydrogen content
increases by 0.5 wt% or greater with respect to said deasphalted oil to obtain a refined

oil.

2. 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 increase in the
hydrogen content of said deasphalted oil is 0.2 to 1.5 wt% over that of said feed oil, and
the increase in the hydrogen content of said refined oil is 0.5 to 1.5 wt% over that of

said deasphalted oil.

4. 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.

S. 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.



el0%X & ()-4 el0¥X & ()-4( el0X & ()-4 el0X & ()-4 el0X & ()-4 el0wX

» & ()-4el-gGr el0WX & ()-4 el0WX & ()-4Y Z T* z.b" el0WX & ()-4 el0X

& ()-4t X< e10% el0YX & ()-4 el0X & ()-4 el0X & ()-4 el0¥X & ()-4 el0wX

& ()-4 el0MX & ()-4 elO¥X & ()-4 6tX< eY Z T* z.b" el0X & ()-4 el0WX
& ()-4 el0¥X & ()-4 el0WX & ()-4 |[: eYod ¥sSHI0UCCE () - | sSSHI0%CCE () -

, 109%&' ()-10-10010 f#<109%& ()-s el0%X & ()-4%M}|[:|[: eY \'-#10%WNV& () -

X -#109%R& () - 6#109%& ()-9 \#10%WNV& ()-9 \#10%WNV& ()-9 sSHI0W& () -

rstux'tS2 61@(mﬁ(lyng&ne;thq_cbﬁ@h(:gvy&)if A@vlifg togl 80N, Gurther comprising carrying

s1o0 () - o0 A§0REnt X ectnpiors oyhitios @ Siar s e St ion, ()

L" 109&’ () - oi@Wiv{ppm 0RS, bild 1hRKd dnrddsdn cA&BADIBIdNE is 19 whhs bOTEs.( ) -
| @10% ()- F !10% ()- @ 109%& () , T#109&' () - abcfnovU9 [)"10%&' ()-0
10%& ()- @O0% ()-101010 |)10% ()- IY(@lO%& ()-ot~g7vl9 /K

R it e gl A A e

U9 [)" 189&f (a)ld filfined OYES £t ok Q& the €Bidson carbon residue is 1 wt% or less,

| 10%&%%_‘ "109%& ()-00S3vU9 [)"10%& ()-0[)"10%& ()-0/K

") " 10989 e gpifuriepogent )S(bfi)miocp%épse) 0(0BvU9 [)"10%: () -0/ K

"[)"109%& ()-0[)"109& () O[)"10%& ()-0[)"109%& () - 0(*/49>’7 /[ vU9/ K

"[)"109%& ()-0[)"10%& ()-0O[)"10%&' ()-0[)"10%& ()-0[)"10% ()-0?_egi npdDvU
8. A 1eﬁmng method for heavy oil according to claim 1, wherein at least a part of sald

)"
)"
)"
)"
%svg"g/féﬁa iggtikis (5o ths Bhefmab criina Bl of oigidnk olstih mgdih antne %€ O
)"

1094y drpgdhscadve® i thistBemna c@e{cl(e&@é’é@oﬁl)ls 00 D WhOVE: drpatl, K

Tooe! ()=0[) " 10% () -00S3v09/ [)" 100%& ()-0[)" 10%& {)- 0/ K
'1)"10% ()-0[)" 10%& ()-0[)" 10%& ()-004vUd/[) " 10%& () -0/ K

( [)"10% ()-0[)" 10%& ()-0[)" 10%& ()-0[)" 10%& ()-0d" w [: vU9/ [
\Fie Lboie ()-° YH10%& ()- Y "10%& ()- yy M 10%& ()-0 3 yl10%& ()-
| @ 10%:&' ()-waO|[:vUI/ [ Y. 10%& ()- Y - @ 10%:& ()- 3 +10%:& ()-
10068 ()-0 F(10%& ()- 3 &100%:& ()- 9<RCGHI J| [ NA4/ 10#10#10# Y710%:& () -
Yf 5@ 10%4& ()- 3 3y10%:& ()-0 Y, 2' 10%:& ()- 010%:& ()-INBI|[: NA4/ 10 Y
3-10%& () - &10%t& ()- Syl0%& ()- Y10%& ()-0 Y 10%t& ()-
F1098:& ()-H | [: NA4/ 10 Y 100%& ()-° L10%& ()- .| 10%t& ()- Y z10%:& ()-0
| 10%#&' ()- 1098 ()-!$x| @A/ 10 . "10%& ()-E ."10%:& ()-E &L0%& () -

|—|l—||—|U)|—|

ylo%#& ()-0 FLO% ()- , 10%:& ()-STNA4/1 . "10%& ()-E/ Kitsv." . " 10%&' ()-E
"10%& ()-E ."10%& ()-E ."10%& ()-E_/ NA4/ K#tsv." ."10%& ()-E
"10%& ()-E ."10%:& ()-E ."109%& ()-E ."10%& ()-E! - <I LNA4/ Kitsv. "
"10%#& ()-E . " 10%& ()-E ."10%& ()-E ."109%:& ()-E ."10%& ()-E
" 109%t& () - E<= >o@\q @A/ Kitsv. " . "10%#& ()-E ."10%& ()-E ."10%& ()-E
"10%:& ()-E ."10%:& ()-E/ Kitsv. " GNZ*adsS3NA4/ . "10%:& ()-E . "10%:& ()-E
"10%& ()-E ."10%:& ()-E(/Kiisv. ", . " 10%& ()- Edgj k| SS3NA4/ . " 10%t& ()-E
"10%t& ()-E ."10%t& ()-E/ K#sv." ."10%& ()-E ." 10%t& () - EoS7NA4/
"10%H& ()-E . " 10%& ()-El Kitsv. . "109%t& ()-E ."10%t& ()-E
"10%& () - E @1A4/ L1098 () E/ K#sv. " U"10%& ()-E. ."10%& ()-E
"10%& ()-E . " 10%:& ()-E_ I NA4/ Kitsv. "E . " 10%& ()-E ."10%& ()-E
"10%& ()-E . " 10%& ()-E . "109%& ()- Et XNAG/ K#sv. " . " 10%t& ()-E
"109%t& ()-E% ." 10%t& ()-E. ."10%t& ()-E ."10%& ()-E ."10%&" () - EpPONA4/
"10%& ()-E ."10%& ()-E ."10%& ()-E ."10%& ()-E
"10%t& () - E/ K#tsv. W[’PNA4/ "1 ."10%¢& ()-E ."10%t& ()-E ."10%& ()-E
"10%& () - EE/ Kitsv. " . " 109%& ()- E#$%\ @4/ . "1 . "10%& ()-E ."10%& ()-E
"10%t& ()-E/ K#tsv." ."10%& ()-E ."10%& ()-E%&' () 8>\ <NA4/ ."10%t& ()-E
"109%& ()- E/ K#tsv." ."10%& ()-E ."10%& ()-E ." 10%& () - E>CHVRSAO3NA4/
"10%& ()-E/ Kitsv. " . "10%& ()-E ."10%& ()-E ."109%& ()-E
" 10%& () - Edj puz_ / NA4/ Kitsv. "10%& ()-E . "10%#& ()-E ."10%& ()-E
'109%& ()-E . "10%4& () - Et XNA4/ K#sv. 109%#&' ()-E . "10%& () - E%
"1098& ()-E ."10%& ()-E ."10%& ()-E ."10%& ()- EDPONA4 . " 10%& ()-E
"109%& ()-E . " 10%& () - E . "10%& ()-E ."10%& ()-E Kisv. "znL4/ . " 10%:& (

, @OYBH9& () -) L0#10#10% . " 10%4& () - EE/ Kiisv. " . " 10%#&' () - EO+M [ : L4/
 FS109@#9& ()- , F109®#9& ()- , Yf 109@#9& ()- , F109®#9& ()-. ,
, &109@#9& ()-. ,Y 109®#9& () - MNcpv| cCL4/
, KLOY®#9&' () - KLOY®#9&' () - KLOY®#9&' () - KLOY®#O&' () - KLOY®#I& () - .
, 1090#9& () - | sS3L4/ KL0Y®#9&' () - KLOY®#9& () - KLOY®#9&' () - KLOY®#9&' () -/ K) . K10%
9#98& () - sS3L4/ KL0%O#9&' () - KLOYO#I&' () - KLOYO#I& () -/ K) KLOYO#9&' () - KLOYO#I&' (
) - 0S7L4/ KLOYO#9&' () - KLOYO#9&' () -/ K) KLOYO#9&' () - KLOYO#9&' () - KLOYD#9&' () -°
[ KKLOYD#9&: () - | K) KLOYO#9& () - KIOWD#9& () - KLOYO#O& () - KIOWOHI& () -



