18 DEC 2006 1 OL REFINING METHOD TECHN CAL FI ELD The present invention
relates to an oil refining method for producing a plurality of eiglppprapghucts
of high added value with a high efficiency, and nore particularly, to an oil
refining method for producing a pluraligty of oil products of high added

val ue that have different specifications with a high efficiency froma
heavy feed oil or a low sulfur oil. BACKGROUND ART Technol ogies of this
type known in the prior art include the following technologies that are
capabl e of efficiently produci@f BEFININGUMEIHG@Dd i nt er nedi ate products
used for producing the sane: (1) A technology for producing thermally
cracked gasoline and gas oil by separating a feed oil into distillate and

at mospheric residue through atnosghgnicagdiFskibl ation, distilling the
at nospheric residue in a vacuum and processing the vacuumresidue (VR) in a

coker; and (2)Thk pregsmhéivsglion redatesiopini cdlsre finingendthod fs preducinge ¢8RN}y ¢fo t he
at m)spher i C
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thus obtained as a feed for Tluid catal % c cracking (FCC) process.

However Jdiff¢rent spepifichoens With adighceffipienc a leavefeediod gyradbvemifehal. t he

mar ket for coker bottom (coke) is pressured by over supply that hinders the
construction of cokers which produce coke as a byproduct. The technol ogy
(2) described above has such a pAGKEROEND@Ir i bed bel ow. Fuels for
transportation such as gasoline and gas oi| can be produced by separating

deasphal t ed 0|WCCBM°§1§§GGFHI§§’§°5P‘I>W$ FW@F‘PF&“H@&W the fRllowingt is found in
vast a"géﬁ%o ies thaSrd ‘EanaB Bl fe S IRSBR ;Sr8 {cﬁ%ﬁ; gﬁlgso(%{l"]cmlng QFE supply is

expecte fre future, pr oces or vacuum gas
oi | by fplrmﬂmttmalfmtpmdnasmgkhmn(eFCC) or hydrocrackl ng (HCR) process. But
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distilling the atmospheric residue in a vacuum and processing the vacuum residue (VR} in
a coker; and
(2) A technology that applies solvent deasphalting (SDA) to the atmospheric
residue and uses deasphalted oil (DAO) thus obtained as a feed for a fluid catalytic
cracking (FCC) process, or applies vacuum distillation (VDU) to the atmospheric residue
and uses vacuum gas oil (VGO) thus obtained as a feed for fluid catalytic cracking (FCC)
process.
However, the technology (1) described above faces the problem that the market
for coker bottom (coke) is pressured by over supply that hinders the construction of cokers
which produce coke as a byproduct.
The technology (2) described above has such a problem as described below.
Fuels for transportation such as gasoline and gas oil can be produced by separating
deasphalted oil and vacuum gas oil from ultra heavy crude that is found in vast amount of
reserves or atmospheric residue of which an over supply is expected in the future, and
processing the deasphalted oil or vacuum gas oil by fluid catalytic cracking (FCC) or
hydrocracking (HCR) process. But this scheme would cause supply-demand imbalance
in the market of fuels for transportation and power generation, since a higher increase in

the demand for electricity over the demand increase for gasoline and gas oil is expected



2 world over. Besides the technologies (1) and (2) described above, there is
such a technol ogy of producing gas turbine fuel (GIF) fromultra PE@§¥
crude that includes much vanadium (V) content or from atnospheric J@@

t hrough sol vent deasphalting process. However, this technology also has the
probl emthat increasing the yield (extréction rate) of producing the
deasphalted oil in the solvent deasphalting process |eads to higher

contam nation of the deasphalted oil product by netals and/or residual

car bon. ;nﬁﬁchgﬁultsirlincreased process | oad (higher pressure, |ow LHSV)
when refining the deasphalted oil by denetalization and desul furizati on,

t hus maki ng t hiBesnies hededmougias§d) dny (2yldsadvahitayeahisre id¥ieh atthehnploglyd of
deasphal%gd oi | . product] is lowered to circunmvent  t ohl em descri bed
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above, t REPTACSCABERS {H fngggelt(ﬁﬂ"ﬁ_? Hemplap hﬁ%"ddh”&%“éi‘e‘&?lég GBUch GRBTHE. to the
hew prob em&{teﬁmrfﬁﬁﬁgﬁhdfgbgﬂwﬁaﬂe Do ZBRORhERGS r&gtg robdigt Ha@c\';ﬁg)ggrof

added value. An object o e present Invention | rovi de a net
r ef i ni ngtions techoologprisdhes thg pootlem tied dredrsas(rfigahe gickhfek gactgpagateiobpmduding| )

t hat incl.udes anadi.um ( content .of 0.5 or |ower .and
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| over  t hataspRaldEoil BRMuDY Mk GRE/0F Risiddal ddfboh. Cad Mbuits iGhiRGkdseg (FCC) or a
hydr ocracki ng (HCR) process efficiently at the sanme tinme, whether a

parti cul ardogsshlead (higherquessure, low BHE ¥ when kefirang thg daadpbeltesidifby content is

used as t,he st.artin terial .. DI SCLOSURE OF THE .| NVENTI A et hod for
refini ngdBrPFt%Qﬁtbqﬂoéqugﬁf@ﬁfrﬁé‘h??’rtglfs ‘%ﬁ@%f‘“ﬁfneﬁw& eﬁ?%%’ﬁf%\gf nvention is a
net hod f @isag¥atebnd OWheRiHANAY Sf HEMaphlicd Bildprodubtioh id Wweted thicatamdiat e oi |
products by refining a feed oil, conprising a fractional distillation

process thsrpreblsar dascrbed awve.dbelyisld of thages lgrkng fuchprdagrd dgcreasdsdigadingr ough
distillatign; 1 n I t th
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distillate obtai i ona rocess Is refined and
desul f ur valed. by hydrogenation in the presence of hydrogen and a catal yst

thereby to obtain .a hydrorefined oil; a solvent deasphalting E ocess
wherein the redMHRRICHOT fieptea| ingantign if typroyisie\adnethod 8t BPIREPIOIY ai n
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hydr odenet al i zat 1 ng/ desulturi zi'ng “pr ocess ein at least a part of the
deasphal p&@.5o#1 ppms or tevee taad intethediate oié prdduatsihaeig myetdycdnicgeatidnof 30 t he

presence of hydr.ogen and catal yst . therehy.to qgbtain H ined oil that
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hydrocracking (HCR) process efficiently at the same time, whether a particularly heavy

feed oil or a feed oil having a low sulfur content is used as the starting material.

DISCLOSURE OF THE INVENTION

A method for refining oil according to the first aspect of the present invention is a
method for producing oil products including a plurality of intermediate oil products by
refining a feed oil, comprising a fractional distillation process for separating the feed oil
into distillate and a residue through distillation; a hydrorefining process wherein at least a
part of the distiliate obtained in the fractional distillation process is refined and
desulfurized by hydrogenation in the presence of hydrogen and a catalyst thereby to obtain
a hydrorefined oil; a solvent deasphalting process wherein the residue is deasphalted with a
solvent thereby to obtain deasphalted oil as an extract and asphaltene (pitch) as the residue;
a hydrodemetalizating/desulfurizing process wherein at least a part of the deasphalted oil is
demetalized and desulfurized by hydrogenation in the presence of hydrogen and a catalyst

thereby to obtain HDMS refined oil that has been demetalized and desulfurized; and a first



3 m xing process wherein a part of the HDVS refined oil and at |east a part
of the hydrorefined oil are mxed in order to produce one of thf ng
products. According to this refining nmethod, since at |east a pa B 0§
hydrorefined oil is mxed with a part of the HDMS refined oil in the first
m xi ng process, it is possible to obtagn an oil product that has a
sufficiently | ow vanadium (V) content such as gas turbine fuel, and also to
produce intermediate oil products having a relatively |low netal content (V
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Since th@ydrdtmeBdilakenitdd RlR8iab praek &% dffife ditpfbduels. @ fluid catal ytic

cracking or a hydrocracking process has nore |lenient tolerance for netal
contents than dgasondingyoribisfreféting orethddesingda lehsba part hbthgibgtirefinedeésphal t ed

oi | produced,in, the saqlyve asphal ti.n ocess can be. iL.npro: by
produci n&"f“ﬁdewagg Ha[frogiu?%ﬁb&gs r%ﬂ'&%t%é"?l?eeg{bmf%fm% PIOGT I(Eéstn&sfj"){fcco cracki ng
or a hydobGirakéil frddheciBischaata sufffti&AR oW ivABadidh §VE ByntEMRREE 8SERTubiR
production of asphaltene (pitch) fromthe atnospheric residue. A nethod for

ref i ni ngfusiliandadsortaipaeduce inthanedbizto ndl paeyetsthaving rtielapydy dow matalepntent(V

conpri ses & i distillati .Pr.qc fQr. ﬁp@g i doil into
a distil ﬁalflg‘;]%‘r{:gﬁﬂaﬁ’gr@%giaazﬁée teﬁﬁgéfgﬂmgf%?lﬁ?%a?%ﬂg a i@r%h&?ﬁ?%@ﬁ rocess
wher ei n gHCReprdcess fpdrh tth@fenidifdedlios e HBMS refifdddined in the fractional
distillation process jis refined and desul furized through hydrogenation in

! l . 9
the presence ofinggdhopispmaatiteoit prodpgicised sethe fsedifer »Pui sataytindading 9rned
oil; a sql i . ' ' ' hald ad with
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(pi tch) astheHikerdess,dheyichl oftdedsphdBeddid piadatddrig tltesiN énudeasphajtipg poesss wher ei n
at least a part of the deasphalted oil is d talized and desul furized
Chr ough. FPPOENYSbRY PIRORBE BeGe e oy DGcen s L SHEPYE: 1 her eby to
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vacuum fracti onal distillation process wherein the H refined oil is
di sti | | e@f asphaltengdpiichi feoml tseegimoaplediciresidievacuum gas oil and vacuum resi due;
and a second mxin rocess wherein.at | east a, part of the vacuum gas oil
and at | east aApIQFt?loggortrﬁ nwgz‘cg?fd%o “%i ﬁcc%l}deﬁ%e?éeog BHRECSHN TS oduce
one of tBempiitesRrieduiehsl. didIOoH iphstetfot biparatied thel feed o#ihed dikeBlatd Had above,

since at least a part of the vacuumgas oil and at |east a part of the
hydr or ef fgsieghiough distiatéen;jahydraseliripg prpcassyyhseein py lsaw apantgf|thedisiliade s can

be obt ai gﬁéf&eﬁﬁ{x tﬂéafYaeﬁti%nﬁLHiétilfaiéfﬁgtp%%cc%sg‘té"réf&@@%d‘Efés(:‘rﬁnrigélﬁ&n%l} such as gas

turbine fue I's al so poss aln an i nternediate | product
havi ng ahydrogenation in the presence of hydrogen and a catalyst thereby to obtain a hydrorefined

oil; a solvent deasphalting process wherein the residue is deasphalted with a solvent
thereby to obtain deasphalted oil as an extract and asphaltene (pitch) as the residue; a
hydrodemetalizating/desulfurizing process wherein at least a part of the deasphalted oil is
demetalized and desulfurized through hydrogenation in the presence of hydrogen and a
catalyst thereby to obtain HDMS refined oil that has been demetalized and desulfurized; a
vacuum fractional distillation process wherein the HDMS refined oil is distilled in a
vacuum and separated into vacuum gas oil and vacuum residue; and a second mixing
process wherein at least a part of the vacuuni gas oil and at least a part of the hydrorefined
oil are mixed thereby to produce one of the oil products.

According to this refining method described above, since at least a part of the
vacuum gas oil and at least a part of the hydrorefined oil are mixed in the second mixing
process, oil products can be obtained that have a sufficiently low vanadium (V) content

such as gas turbine fuel. It is also possible to obtain an intermediate oil product having a



1 8 DEC 2006 4 relatively low netal content (V + Ni) that can be used as
the feed for a fluid catalytic cracking or a hydrocracking proqgiﬁﬂiéﬁg1the
remai nder of vacuum gas oil or the vacuum residue obtained by v
distillation, and even fromthe HDVS refined oil. Al so because the HDVS
refined oil is subjected to a vacuum f factional distillation process to be
separated into vacuumgas oil and vacuum resi due having | ow netal content
and residual carbon content by meking use of the range of boiling points of

the di strbjhliadiy 96w nRtARBhicheBy R Lt kAT be/uded ab DR f¥aF F#D fui@edihi9nal
distillation process, relatively high concentrations of vanadi Um and netal s

can be ardckingiorohydrpera¢ibigSproséssieun diclremainder ofi vaguemigag ol ethgiverehnf
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of the present invention conprises a fractional distillation process for
separ at ipreceshto Heseparsidd iniet redvmtdas piaad sacium residye daeing lvomgkal ¢omient| | at i on;

a hydrorefini.n rocess wherein .at |e a part,of. the. distillat.e .. obtained
"'t e FRAcT B REREE EinPR g Rh et he PrlF bhuflink St bt pRUB T ough
hydroqe;p@éwncd partif@adly BSBPecRim hyeiongedist@ntion padedd, Yalhtitdhehighy to obtain a
hydrorefined oil; a vacuum fractional distillation process wherein the
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hydr odenet al i zat i ng/ desul furi zi ng pr oces‘g wherein the vacuum gas oil and
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cat al yst hereby to oEtaln H refined o enetal 1 zed and
desul f uresidak themgghalistilatidn; avhydrogfipmgpesssswivbereinatdeasas parodf thaelisHDdB r ef i ned

oil and at .least a.part of. the. hydrorefiped oil,are m xed thereby to
produce 0% n mtth%frgftl‘o“ﬁf 6‘65@?@" BAB%%"? Hi g™ doa“ldlﬂeé“l?‘érﬁeﬁﬁl?fﬁu thod, since a
part of HyhgddhMen @fthdpsQick oRRGBEen drasdatAysd Heretdf toldbeuily Hiy@oadfinged oi |
are mxed in the third mXxing process, the vanadium (V) content of the

m xed oidil; ayasuush frarvens! distidationeproeess sipetaie thepegiguegis distifled én pyagiupl andt o
obtain il.-nr : Lhe f i I to

obt ai 1 aebyraied 3Rl 4R7Si 33 9, kHeLRE o Rep b MaSHoBBE R 0 (v
+ Ni ) thh vaaonbesidaets deaspiged edth f diveat theteby th obtail ddabghaltedoRiangn or a

hydr ocracki ng process even fromthe re%’rﬁi nder of the HDVG refined oil

obt ai ne@*HctAng certaligge (Mchhisdharesidie: @ REpdentializrieeser SR IERIet8 t ed oi |

in wherein the vacuum gas 0il and deasphalted oil are mixed and the mixture is subjected to
hydrodemetalizating/desulfurizing process in the presence of hydrogen and a catalyst
thereby to obtain HDMS refined oil that is demetalized and desuifurixed; and a third
mixing process wherein a part of the HDMS refined oil and at least a part of the
hydrorefined oil are mixed thereby to produce one of the oil products.

According to this refining method, since a part of the HDMS refined oil and at

least a part of the hydrorefined oil are mixed in the third mixing process, the vanadium (V)
content of the mixed oil thus obtained is decreased sufficiently and it is possible to obtain
an o1l product used as gas turbine fuel. It is also possible to obtain an intermediate oil
product having a relatively low metal content (V + Ni) that can be used as the feed for a
fluid catalytic cracking or a hydrocracking process even from the remainder of the HDMS
refined oil obtained by processing the mixture of the vacuum gas oil and deasphalted oil in

the hydrodemetalizating/desulfurizing process.



t he hydrodenetalizating/desul furizing process. 1 8 DEC 2006 5 Since the
internmediate oil product used as the feed for a fluid catal ytic Chgﬁgﬁ%ﬁﬁor
a hydrocracki ng process has a higher tolerable concentrations of |

contents than those of gas turbine fueL or the like, the yield of the
deasphalted oil in the solvent deasphalting process can be inproved by
produci ng the gas turbine fuel and the feed for a fluid catalytic cracking
or a hydrocracking process at the sane tine, thereby suppressing the
production of Sisg@hhbimeenddiatt ol)prédiendeas Hemesaphehiffuid eshigtie crackingase t he
present invention is applied to a heavy oil having an APl gravity of 20 or
| ower, t HYSRRAIRKIRG PISFess hap A Hirhseivlaaie pencepliatiqns wé meta] sANteAtsthan theseor art

i n which kit Vi i t - Liy . gener at ed
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havi ng a progis eddsdimyabuakby prodoging thedzas tuibine fusd and thenfged fora forieasthiytic

i nproved productivity. A nethod for refining qQil according to the fourth
aspect ofcraqlfélgpqre*s'sﬁoqrm ProResst the spe HEt %rebgrsaanfeﬁw BreIPtusteR t s

i ncl udi ng)f%%@.]apgl\?vé @P}F?mew’%mbgﬁﬁ Rkihudroducts by refining a feed oil

that includ ur content, conprises a fractional distillation
process for sepdarcadeithg ptasentfimeshtionlis applied ci shéavly ailchasing am ARkgrdviey 6fitlough

distillation; a solvent _deasphaltin rocess wherei.n the.residue, obtai ned
"n the frOIdRVEne AOURT Pf BifGTOOPYGsE Sa be made)fonees HhaniB dhepray a2b S PYRH

ther eby. grepRbaity deARANAA! R Pbly AhAREXalRYnBALAIABPIGRR, shbich) as

the residue; 'a hydrodenetal i zati ng/ desul furizing process 'wherein at |east a
part of ¥i¢ié ofl peosiphiakaqdurslity ¢fibpraducsd having ahigh ddded Yaludsze impiovodidhus

hydr ogenat i n in thg ﬂ)ﬁr esence of ﬁ%qr ogen and a catal yst thereby to obtain
HDVE r ef i wat B 1 A S DNEPBLEHPORARIY i zed and desul furized; and a fourth

M Xi ng process ARgfeid¥oardiiilg 6if atddedinfolShe Firihnafediok st irvastiondispar t
of the distillate are m xed thereby to produce one of the oil roducts.

Accor di ng® Mmethedfer preducingeil pEadneld indpdigga plugality obintermedigtnve! pegdugis®yoi | and
at | east nar. f . ' ' r ] d . r i x| ng
process, rfﬁmlBg ag%egjs?lh{hgt P}%ﬁfd‘gé é{l’ g\lﬁfahrrlggr':]tf:ﬁb?no%c &édﬁgﬁ%gu%lgag d[sﬁ}lgﬁlﬁrﬁe fuel
t hat has pocess farceeniting the feedasibuitaidist{Mte arcloniegidine tHrbuglsdialiBatioqnos solobe t 0
obtain an,i r&gftmsdi ate o

can'be udsaTIPRE R e OF FEped 'ﬁ%ﬁigﬁfﬁ%@{aﬂco : &?%ioﬁ%?%éy ki 23“
process fde@dprl&l WRNBIsBARRt Bkredbh o VG deSiphRReh Gl ks amiNER: hltfaspRbiRERdi at e
oi | product used as the feed fof a fluid catalytic cracking or
(pitch) as the residue; a hydrodemetalizating/desulfurizing process wherein at least a part
of the deasphalted oil is demetalized and desulfurized through hydrogenation in the
presence of hydrogen and a catalyst thereby to obtain HDMS refined oil that has been
demetalized and desulfurized; and a fourth mixing process wherein a part of the HDMS
refined oil and at least a part of the distillate are mixed thereby to produce one of the oil
products. .
According to this refining method, since a part of the HDMS refined oil and at
least a part of the hydrorefined o0il are mixed in the fourth mixing process, it is possibie to
obtain an oil product such as gas turbine fuel that has a sufficiently low vanadium (V)
content. It is also possible to obtain an intermediate oil product having low metal content
(V + Ni) that can be used as the feed for a fluid catalytic cracking or a hydrocracking
process from the remainder of the HDMS refined oil.
Since the intermediate oil product used as the feed for a fluid catalytic cracking or

a hydrocracking process has a higher tolerable concentrations of metal contents than that of

gas turbine fuel or the like, the yield of deasphalted oil produced in the solvent



a hydrocracki ng process has a higher tol erable concentrations of netal
contents than that of gas turbine fuel or the like, the yield of1 £CJ
deasphalted oil produced in the solvent 1 8 DEC 2006 6 deasphal ti Hg? Brg@ess
can be inproved by producing the gas turbine fuel and the feed for a fluid
catal ytic cracking or a hydrocracki ng rocess at the sane tinme, thereby
suppressing the production of asphaltene (pitch) fromthe atnospheric
residue. A oil refining nethod according to the fifth aspect of the
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such as gas turbine fuel. It is al'so possible to produce an internediate

pet r ol eut frbbrsceen demetatizsd ped dasplfieriaed) ovacuvs Brctiopat distillqtipn-pragess and can
be used ergfﬁet{]%?ﬁﬂ\d%%ﬁgeg J)i'i‘;sdcpﬁﬂfcﬁ'iry 5 LSRG %L%a%ﬁ aﬁintWaQLSrﬁr agking
process, fromthe remalnder o € vacuumgas o1l *or The VEcuumE el due

obt ai nedhnkdy acant wesidies tahl afifilomixONesss wakekie velkadt aqarttdfehdRBumeahs ned oi | .
Al so, the HDVS refi ned@giﬂl1 i s.subjected to vacuum distil :Ogti on so.as to
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the distillation properties pafrticu In the vacuum fracttona

di stil | atileast ppat of she ditiliate adeatikedinthdfifth mixomrmotesatit cressibletanbdinum and
metals can .be allo for the refined oil, there I Mpr,ovi the yield
o deas il BEpaBr4 R has s oo e Russhr (VOB BCRER 5 BHIURES BFbr e 11 i s
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at nospheric residue. A oil refining nethod of the sixth aspect of the

present MepberntgH (Vohph) anskcag be used as the feed for a fluid catalytic cracking or a

hydrocracking process, from the remainder of the vacuum gas o1l or the vacuum residue
obtained by vacuum distillation process, and even from the HDMS refined oil.

Also, the HDMS refined oil is subjected to vacuum distillation so as to separate
into vacuum gas oil and vacuum residue having low metal content and residual carbon
content by making use of the range of boiling points of the distillation properties
particularly in the vacuum fractional distillation process, thus relatively high
concentrations of vanadium and metals can be allowed for the HDMS refined oil, thereby
improving the yield of deasphalted oil in the solvent deasphalting process, and therefore it
is possible to suppress the production of asphaltene (pitch) from the atmospheric residue.

A oil refining method of the sixth asi)ect of the present invention comprises a
fractional distillation process for separating the feed oil into distillate and a residue through
distillation; a vacuum fractional distillation process wherein the residue obtaired in the

fractional distillation process is distilled in a vacuum and separated into vacuum gas oil



fractional distillation process for separating the feed oil into distillate
and a residue through distillation; a vacuum fractional distillation
process wherein the residue obtained in the fractional distillatibitpdileess
is distilled in a vacuum and separated jinto vacuumgas oil 1 8 DEC 2006 7
and vacuum resi due; a sol vent deasphaJt?ng process wherein the vacuum
residue is deasphalted with a solvent thereby to obtain deasphalted oil as
an extract and asphaltene (pitch) as the residue; a
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t he feedohopef tefdiiyirdduatat al ytic cracking or a hydrocracking process even
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gas t“rbgggg{%al & gaQturbfie hiik ey i Qﬁgéb% e %rgﬂgéeﬂzl?:%%gfgfecﬁgtctoﬁ ep‘%gh'&c‘?d in the

sol vent |ng process can I pr ov gas’ turbine
fuel andhéviagkeffidiendy lawv ridtalicdnieat (M y Nirthat emkiengedas the lfigedrfocs elald ng process

at the sane tine, therehy suppressing the production of tene, (pitch)
fromt heCVaBHﬁm%gxgdﬁéqﬁWcM@ R PSR e me Bk ﬁﬁp@t@%ngﬁ' xt h

aspects gf (hfigs bUFRE b rac%sﬁ,p%gﬂhb%qu&@o@v&ﬁm a®bil aﬂ@uéaaghzhpwowhftw
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BRI EF DESGROREtH{RNnghprdddes Mlﬁ@ tolerable concentration of metal contents than that of

gas turbine fuel or the like, the yield of deasphalted oil produced in the solvent
deasphalting process can be improved by producing the gas turbine fuel and the feed for a
fluid catalytic cracking or a hydrocracking process at the same time, thereby suppressing
the production of asphaltene (pitch) from the vacuum residue.

' When the method of one of fourth through sixth aspects of the invention is applied
to a crude oil having low sulfur content of 2.0 wt% or lower, the amount of pitch produced
can be made less than in the prior art where a large quantity of pitch that has low
commaodity value is produced, thus improving the yield of a plurality of oil products

having a high added values, resulting in greatly improved productivity.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 through Fig. 6 are process flow diagrams explaining the first through sixth
embodiments of the oil refining method according to the present invention.

Fig. 7 through Fig. 12 are process flow diagrams explaining the o0il refining



Fig. 1 through Fig. 6 are process flow diagrans explaining the first through
sixth enbodinents of the oil refining nmethod according to the present
invention. Fig. 7 through Fig. 12 are process flow di agrans expl ai figrk(t 786
oil refining 18 DEC 2006 8 nethods of the first through sixth experinental
exanpl es. BEST MODE FOR CARRYI NG OUT THEE | NVENTI ON Now preferred enbodi nents
of the oil refining nethod according to the present invention wll be
descri bed below with reference to the acconpanying drawings. It should be
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of these enbodinents is deemed to fall within the scope of the present
invention. Fig. 1 is_a process flow diagram expl aining an enbodi nent of the
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feed oil to be processed, and any hydrocarbon oil ranging fromcrude oil to
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the specific gr aw% degrees Fahrenheit. (141.5/S) - 131.5
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may be Epahlit&ﬂarQOﬂol hmtfy o4 faviegayvAPEgravity hotitigher than 20 while achieving a
remarkable effect of improving the yield of producing a plurality of oil products having a
high added values. '

API gravity is an index for classifying crude oils by the physical properties
thereof, and is calculated from the specific gravity by the following formula, where S is the
specific gravity at 60 degrees Fahrenheit.

API = (141.5/S) - 131.5

According to the method of this example where the heavy crude oil described
above is used as the feed oil, the feed oil is first subjected to fractional distillation process
1 to separate into a distillate M1 consisting of low-boiling point oil and a residue M2 of
high boiling point by distilling similarly to the prior art. While a topper, which is a
commonly used atmospheric distillation apparatus, is preferably used as the fractional
distillation apparatus of this example, there is no limitation to the apparatus as long as it is
means for fractional distillation. Distillates may be either collectively recovered without
classifying, or recovered individually after classifying by the boiling point. In case

distillates are recovered in a plurality of classes and some class of the distillate satisfies the

specification requirements for petroleum, the hydrorefining process 2 that would follow



classifying, or recovered individually after classifying by the boiling
point. In case distillates are recovered in a plurality of classes and sone
class of the distillate satisfies the specification requirenents %@QEC 00
petrol eum the hydrorefining process 2 that would follow 1 O DEC 2 5 Ray
be omtted or bypassed as indicated by arrow 11. Then at | east a part of the
distillate ML obtained in the fractional distillation process 1 is

i ntroduced into the hydrorefining process (HT process) 2 to be refined and

desul f ur irz8obdymiiedcR B9pRAE PR 1hdﬁc£t9@b ﬁ@@ruqe of hydrogen and a catal yst,
t hereby produci ng hydroreflned oi | M3'. In the hydrorefining process
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deasphal t asp ene hetals a r esi dual
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with the sol t _through the top of the tower, and the solvent is separated
fromt heoﬂlééﬁgﬂéd material in super-critical state. Asphal tene (pitch) is

recovered toget}aht fbhiihd Hﬁir&@hi{ﬁlﬁt rbdis 099 IR NS O ed i Bl iPEERalaNd t he

solvent in the recovered nmaterial “i's renoved by evaporation. It is known
that, i ndsillagon pwasphalmtmfglcgi mte e solvegbdrasphialtingproesss (SdAipwocesgtd o of

deasphal e ShisohdRRMIE- ey e e A T B L oA P AEA™ X Bbn,
Accor di ngnaqsﬁmﬁelﬁg@@n}h@snventl on, in case the residue obtained by

fractional distillation of heavy 0|I is used as the feed oil, the
extraction rat ilB teool tanedeaspalingprosesscthe residieldads P intheomiesisyibtheed oi | to
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and asphaltene (pitch) that includes metals and residual carbon in high concentrations.
The deasphalted oil is recovered together with the solvent through the top of the tower, and
the solvent 1s separated from the recovered material in super-critical state. Asphaltene
(pitch) is recovered together with the solvent through the bottom of the tower, and the
solvent in the recovered material is removed by evaporation.

It is known that, in solvent deasphalting process in general, the extraction ratio of
deasphalted oil from the feed oil varies among components included in the deasphalted oil
such as sulfur, vanadium, nitrogen and residual carbon. According to the present
invention, in case the residue obtained by fractional distillation of heavy oil is used as the
feed oil, the extraction ratio for the vanadium content included in the deasphalted oil to the
vanadium content included in the feed oil is preferably controlled to within 20% when the
atmosphere distilled residue is used as the feed oil, or within 15% when the vacuum
distilled residue is used as the feed oil. There is not a specific lower limit to the

extraction ratio in either case, and the extraction ratio may be in a range appropriately

selected in accordance to the type of feed oil and the vanadium content. In case the



at nosphere distilled residue is used as the feed oil, or within 15% when the
vacuum distilled residue is used as the feed oil. There is not a specific
lower linit to the extraction ratio in either case, and the extract8 6BC 2006
ratio may be in a range approprlately el ected in accordance to the type of
feed oil and the vanadi um content. y@se the 1 8 DEC 2006 10 residue
obt ai ned by fractional di stiIIation of | ow-sul fur feed oil including a

sul fur content of 2.0 wt%or lower is used as the feed oil, the vanadi um

cont ent regighdigtegined by hactisiphaphiabiiatool- Sﬂfnpf&ﬁﬁéﬁlab&lﬁdﬁgIﬁtsbﬁhi &fhtdn® Wi thin
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Ieast p t he drorefine
in the presence of hydrogen and a catalyst thereby to obtain HDMS refined oil that has

been demetalized and desulfurized. The hydrodemetalizating/desulfurizing process is
basically the same as the hydrorefining process 2 described previously, and the description
thereof will be omitted.

The demetalizing and desulfurizing conditions for the HDMS refined oil M6
obtained in the hydrodemetalizating/desulfurizing process are preferably selected so as to
achieve the vanadium (V) content of 2 wt ppm or lower, preferably 1 wt ppm or lower, and
a sulfur content of 0.5 wt % or lower, preferably 0.3 wt % or lower.

Then a part of the HDMS refined oil M6 obtained in the
hydrodemetalizating/desulfurizing process 4 and at least part of the hydrorefined oil M3
obtained in the hydrorefining process 2 are mixed in the first mixing process 5 thereby to
obtain a petroleum product.

In order to produce gas turbine fuel (GTF) as the oil product obtained in the first

~ mixing process 5, mixing condition is set so as to achieve the vanadium (V) content of 0.5

wt ppm or lower. In this case, when the vanadium content of the HDMS refined 0il M6 is



obtained in the hydrorefining process 2 are mxed in the first m xing
process 5 thereby to obtain a petroleum product. In order to prq%ﬁ g@i
turbine fuel (GIF) as the oil product obtained in the first mxi ':S(f Ss
5, mxing condition is set so as to achieve the vanadium (V) content of 0.5
wt ppmor lower. In this case, when thdlvanadi um content of the HDVS refined
oil Mo is 1 8 DEC 2006 11 assunmed to be 1 w ppm for exanple, rate of the
HDVS refined oil Mo to the hydrorefined oil M3 is set to 1:1 or less (that

is, as rii r.efi [P ol me proportion
for m xirr%%%u(?ﬁvﬁd? %%tgﬂe‘u na’goﬁ%nkb?"oﬁ%eO?ﬁﬁ{ﬁg%gihérf@rw@%flr?ggyoo%?l MB bei ng set
to 0 wt pdroréinedhugl MBINSsetad il rest 1edsl(thbispbimalhe roportitreof the HDMS refined

hydr odenet al i zat i ng/ desul furi zing . process 4, the remai nder that is_not
subj ect e@thj6} Hevalime progogtionfop rzigswish the vaaadjumscogient inthe hydrgresingd o; |

pr oduct ed for the fluid catalytic cracking (FCC
process t(())(ra b?ﬁg%ﬁ@ﬁfg%rda@&ﬁg'(HCR) process. O the hydrorefined oil M3, the

remai nder t hatOfithe HRIMSubfimal Mot diged inrtbd hydrademgetdizating/desnlforyinpe used
as oil product such as napht ha, gasoline, kerosene, or oil.
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HDMG 1 efijBffledihtt olBrédif: & lf)é &Rats ﬁmep@f& fRkhd MGd QXQMHE%HCQ%% LSFFQ M3 are

m xed, it is possibl’'e to obtain an oil product that has a iciently | ow
vanadi umpfagescanthe hydrostackingSHERS preneks. ndf thabydrotefined ot MY tosiabider t o
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hydr ocr aglpita,(gasdlined k&oss®, of gRMWit he renmai nder of HDMS refined oil M and

therefore a plurality of oil gr_oducts havi ng a hi gh added val ues can be

produced ef fi cidasprdingto thpeil r g miethod deserihediahevd, aines apait af BediPMSr oduct
used as fe or fluid catalyti racking. ). Qr  hydrocracki ng (HCR)
broceas N Medda Kab E PP e he Brdib AR 8 o glReo. URPBREERAD (b
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produced in the sol vent deasphalting process 3 can be inproved w thout
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oil M diytmicreeling(HOR) motozs ftord dasphaindeng Db Sesting&d ohMadektherefati vel y
ow ConC%np urr%}i{yoor}soilogroducts having a high added values can be produced efficiently at the
same time.
Since the intermediate oil product used as the feed for fluid catalytic cracking
(FCC) or hydrocracking (HCR) process has a higher tolerable concentrations of metal
contents than that of gas turbine fuel (GTF) or the like, the yield of deasphalted oil M4
produced in the solvent deasphalting process 3 can be improved without accompanying a
load of hydrodemetalizating/desulfurizing process, thereby suppressing the production of
asphaltene (pitch) M5 from the residue M2.
Now referring to the process flow diagram of Fig. 1, in case the deasphalted oil
M4 obtained in the solvent deasphalting process 3 includes relatively low concentrations of
metals and sulfur, and is mixed with a part of the HDMS refined oil that inciudes further
lower concentrations of metals and sulfur so that the requirements for the feed stock
properties for fluid catalyst cracking (FCC}) or hydrocracking (HCR) process are satisfied,
a part thereof may be sent through the bypass shown by reference numeral 12 in Fig. 1 to
be mixed with a part of the HDMS refined oil M6, instead of being subjected to the

hydrodemetalizating/desulfurizing process 4, thereby to produce intermediate oil products



metals and sulfur, and is mxed wwth a part of the HDVS refined oil that
includes further |ower concentrations of metals and sul fur so thgtprtegs
requirenents for the feed stock properties for fluid catal yst cracking
(FCC) or hydrocracking (HCR) process are satisfied, a part thereof may be
sent through the bypass shown by refer&fce nuneral 12 in Fig. 1 to be m xed
with a part of the HDVS refined oil M, instead of being subjected to the
hydr odenet al i zat i ng/ desul furi zing process 4, thereby to produce internediate
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embodi meH@Rpréicesd. 1S a process flow di agram expl ai ning the second

enbodi ment of the oil refining nethod according to the present invention,

wherein gas turbine fuel (GIF) and feed for fluid catalytic cracking (FCC)

process cc&geeqnfoodfimhxtirocracki ng (HCR) process are produced at the sane
a fee

time fr 0|I,e imlarly to the first enbodi nent showmn in Fig. 1.

The second enbgigd] 28 priogesdiffdwedRaptant &xpRihidg thd sesbndebstinmentofshown in Fig. 1
mainly in that a vacuum fractional distillation process 6 is provided to
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separate | 0 vac vacuum r a vacuum
di stil | adrt prodacat&Be sdrie Gineerommartesl, oilpsinmildrlyeo ohd first @hbadimgntshbadn shown in
Fig. 2, the HDMS refined oil M obtained simlarly to the exanple shown in
Fig. 11 &dlstilled in a vacuumin the vacuum fractional distillation

process 6. 1N tliecLagibbdiniht RUfHehon B iRlebRARIA sbRR iFPYE L ef 1 ned

oil Mbis introduced into a vacuumdi stillation tower ere
refi ned meinlyMB tha adiastuml fedttionsidlis Blpdom peeessrit is paovidad-tbdollow thepoi nt
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of the tower. Since the vacuum fractional distillation process described

above i svagpphiresidue MBttheaieh @rvaceun distigatiemhprogesiadingtheoneentwithdewded in t he
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example shown in Fig. 1 is distilled in a vacuum in the vacuum fractional distillation
process 6.
In the vacuum fractional distillation process, the HDMS refined oil M6 is
introduced into a vacuum distillation tower where the HDMS refined oil M6 is distilied
and separated into a low-boiling point component and a high-boiling point component,
while the vacuum gas oil M7 having low boiling point is obtained from the top of the
tower and the vacuum residue M8 having a high boiling point is obtained from the bottom
of the tower.
Since the vacuum fractional distillation process described above is applied,
extraction ratio for the vanadium content included in the deasphalted oil M4 to the
vanadium (V) content included in the residue M2 used as the feed oil is 30% or lower.
This makes it possible to improve the yield of the oil products without applying a large
load of a hydrodemetalizating/desulfurizing process.
The demetalizing and desulfurizing conditions for the HDMS refined oil M6
obtained by hydrodemetalizating/desulfurizing process of the deasphalted oil M4 are
selected so as to control the vanadium (V) content of the HDMS refined oil M6 to 20 wt

ppm or lower, preferably 10 wt ppm or lower, and the sulfur content is desirably controlled
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refined oil M6 is subjected to vacuumdistillation and i$ separated into
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and residual carbon can_be allowed for the HDMS refined oil Mo itself, thus
i npr ovi nJAERE fractional distillation process 6 are used individually or in an appropriate
combination thereof thereby to provide an intermediate oil product used as the feed for
fluid catalytic cracking (FCC) ﬁrocess or the feed for hydrocracking (HCR) process.
With the oil refining method described above, since the HDMS refined oil M6 is
subjected to vacuum distillation and is separated into the vacuum gas oil M7 and the
vacuum residue M8 that include no significant metal content or residual carbon content, by
making use of the range of boiling points of the distillation properties in the vacuum
fractional distillation process 6, relatively high concentrations of vanadium, metals and
residual carbon can be allowed for the HDMS refined oil M6 itself, thus improving the
yield of deasphailted oil M4 in the solvent deasphalting process 3, and therefore it is
possible to suppress the production of asphaltene (pitch) M5 from the residue M2.
With regard to the deasphalted oil M4 obtained in the solvent deasphalting
process 3, too, in case the vanadium (V) content of M4 is sufficiently low, a part of the M4
may be introduced into the bypass 12 to be mixed with a part of the vacuum residue M8
sent from the vacuum fractional distiilation process 6, instead of being subjected to the

hydr(;demetalizating/desulfurizing process 4, thereby to produce intermediate oil products
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di agram expl aining the third enbodi nent of the present invention, wherein
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mixture of the deasphalted oil M13 and the vacuum gas oil M11 is subjected to
hydrodemetalizating/desulfurizing process thereby to produce HDMS refined oil M15.

With the oil refining method shown in Fig. 3, the residue M2 obtained similarly to
the example shown in Fig. 1 is distilled in a vacuum in the vacuum fractional distillation
process 20.

In the vacuum fractional distillation process, the residue M2 is introduced into a
vacuum distillation tower where the residue M2 is distilled and separated into a
low-boiling point component and a high-boiling point component, while the vacuum gas
oil M11 having the lower boiling point is obtained from the top of the tower and the
vacuum residue M12 having the higher boiling point is obtained from the bottom of the
tower.

Following the vacuum fractional distillation process 20, the vacuum residue M12
thus obtained is subjected to the solvent deasphalting process 21 and is separated into

deasphalted oil M13 and asphaltene (pitch) M14.  Although the soivent deasphalting

process is similar to those in the examples shown in Fig. 1 and Fig. 2, the desirable upper



oil ML1 having the |lower boiling point is obtained fromthe top of the tower
and the vacuumresidue ML2 having the higher boiling point is Obﬂ;ﬁfgﬁ] from
the bottom of the tower. Follow ng the vacuum fractional disti i

process 20, the vacuumresidue ML2 thus obtained is subjected to the

sol vent deasphal ting process 21 and isl8eparated into deasphalted oil M3
and asphaltene (pitch) ML4. Al though the sol vent deasphalting process is
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as an intermediate oil product to be fed to fluid catalytic cracking (FCC) or hydrocracking

(HCR) process.

In case the deasphalted oil M13 and the vacuum gas oil M11 include significantly

different concentrations of metals, residual carbon and sulfur and require reaction

conditions, particularly partial pressure of hydrogen, that are significantly different from

each other, the M13 and the M11 may be, instead of being mixed, subjected to

hydrodemetalizating/desulfurizing process in separate reactors each under optimum

conditions, and then mixed or at least part of the vacuum gas oil M11 that has been

subjected to hydrodemetalizating/desulfurizing process and at least a part of the

hydrorefined oil M3 may be mixed thereby to obtain gas turbine fuel (GTF) that has

vanadium (V) content of 0.5 wt ppm or lower.

According to the oil refining method described above, since a part of the HDMS
refined oil M15 and at least a part of the hydrorefined oil M3 are mixed in the third mixing
process 23, vanadium (V) content of the mixture oil thus obtained becomes sufficiently low,

and it is possible to obtain gas turbine fuel as one of the petroleumn product. It is also
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to or lower than those of the former species, specifically crude oils
including a sulfur content of 2.0 wt % or |lower. The hydrorefining process
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lower than those of the former species, specifically crude oils including a sulfur content of
2.0 wt % or lower.
The hydrorefining process (HT process) 2 of the first embodiment that deals with
heavy crude oil is omitted in the following embodiments because low-sulfur crude is used.
In other respects, basically the same processes as those of the first embodiment are carried
out. In the description that follows, processes identical to those of the first embodiment

will be indicated by adding a letter A to the end of the reference numeral used in the first

embodiment.

[Fourth embodiment)

Fig. 4 is a process flow diagram showing the fourth embodiment of the present
invention. In the fourth embodiment, the low-sulfur crude mentioned above is used as the
feed oil which is subjected to a fractional distillation process 1A and is distilled similarly
to the prior art so as to be separated into a distillate M1A consisting of low-boiling point

oil and a residue M2A having a higher boiling point. An apparatus similar to that of the



enbodi nent. [Fourth enbodinent] Fig. 4 is a process flow diagram show ng the
fourth enbodi nent of the present invention. In the fourth enbﬁ%i[jsﬁnmﬁthe

| ow sul fur crude nentioned above is used as the feed oil which'i's’s ?)j ected
to a fractional distillation process IA and is distilled simlarly to the
prior art so as to be separated into aldistillate MLA consisting of

| ow-boiling point oil and a residue MA having a higher boiling point. An
apparatus simlar to that of the 1 8 DEC 2006 17 first enbodi mrent nay be

used. Therdesbblindrf MlAbeaktai ned in the fractional distillation process 1A
is separated into distillates M3A, MBA' by a flasher 30. The residue MA
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hydrorefining process that deals with heavy crude oil described previously,
and t he Hesxfagidnomntioleé thegiolvent deasphalting process so that vanadium (V) content in the

deasphalted oil M4A becomes 25 wt ppm or lower.

At least a part of the deasphalted oil M4A obtained in the solvent deasphalting
process 3A is introduced into the hydrodemetalizating/desulfurizing process (HDMS
process) 4A, so that the part of the deasphalted oil is demetalized and desulfurized by
hydrogenation in the presence of hydrogen and a catalyst thereby to obtain the HDMS
refined oil M6A that has been demetalized and desulfurized.  Since the
hydrodemetalizating/desulfurizing process is basically the same as the hydrorefining
process that deals with heavy crude oil described previously, and the description thereof
will be omitted.

Hydrodemetalizing and desulfurizing conditions are preferably selected so as to
obtain the HDMS refined oil M6A having vanadium (V) content of 2 wt ppm or lower,
preferably 1 wt ppm or lower, and a sulfur content of 0.5 wt % or lower, preferably 0.3
wt % or lower.

A part of the HDMS refined oil M6A obtained in the
hydrodemetalizating/desulfurizing process 4A and at least a part of the distillate M3A are

mixed in the fourth mixing process SA thereby to obtain a petroleum product.
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( GTF) orotttdéne ahidikprotiheg thatdiasla shffideat plhed vadhdoinh (Wyidontent such as gas turbine
fuel. It is also possible to produce an intermediate oil product having a relatively low
metal content (V + Ni) that can be used as the feed for fluid catalytic cracking (FCC) or
hydrocracking (HCR) process from the remainder of the HDMS refined oil M6A, and
efficiently produce a plurality of oil products having high added values.
Since the intermediate oil product used as the feed for fluid catalytic cracking
(FCC) or hydrocracking (HCR) process has a higher tolerable concentrations of metal
contents than that of gas turbine fuel (GTF) or the like, the yield of deasphalted oil M4A
produced 1n the solvent deasphalting process 3A can be improved without accompanying
load of hydrodemetalizating/desulfurizing process, thereby suppressing the production of
asphaltene (pitch) M5A from the residue M2A.
Now referring to the process flow diagram of Fig. 4, in case the deasphalted oil
M4A obtained in the solvent deasphalting process 3A includes relatively low
concentrations of metals and sulfur, and is mixed with a part of the HDMS refined oil that
includes further lower concentrations of metals and sulfur so as to satisfy the requirements

for the feed stock properties for fluid catalytic cracking (FCC) or hydrocracking (HCR)

process, a part thereof may be sent through the bypass shown by reference numeral 12A in



produced in the sol vent deasphalting process 3A can be inproved w thout
acconpanyi ng | oad of hydrodenetalizating/desul furizing process.g [}E:Ee@@by
suppressing the production of asphaltene (pitch) MbA fromthe resid M2A
Now referring to the process flow diagramof Fig. 4, in case the deasphalted
oil MA obtained in the solvent deasph@ ting process 3A includes relatively
| ow concentrations of nmetals and sulfur, and is mxed with a part of the
HDVS refined oil that includes further |ower concentrations of netals and
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MBA, i nsinderanesiatpeil pepdustiged @s et feed fonehafvidadiahpicairacking (KD esodesuen zi ng
process 4A ..t her t r qduc internedi ate oil product used as the feed
for the ﬁctﬁc%‘s]goéﬁg%ltﬂﬁggﬁaﬂﬁmgﬂlE@E‘fssprocess or the feed for the

hydr ocracki ng (HCR) process. [Fifth enbodinent] Fig. 5 is a process flow

di agram exgl aining the fifth enbodi nent of the oil refining nmethod
accor di nfFifth embedgreent i nvention, in which gas turbine fuel (GTF) and

feed for flui ngﬁEIS%L X%i{é:%sgsr cg\%/( h?a%éaglggc la{}f n(r)ét%s %ift%reg];q%ggragn?{of Fl%’cchiPPr acki ng

(HCR) process e pr rom 0 simlarly to

t he enboebfiteny meth@drctdidingde thedprestii Mvents inehichi s dirbine Fen(GMFyaad he
enbodi ment shown in Fig. 4 mainly in that vacuumfractional distillation
process B&difer Ruid\ratpbiiciacking G Q) mpeocess o e frthydrosracking/(HER) Fosess i ng
Process 44 ,88ud at heRLACGHR fr&fn 2RO esfir'nﬂglqyﬁzillh dinftnfsHAatin g,

di stillatign an separate It Into vacuum gas oi and vacuum resrdue

MBA. In &ther words, with the oil refining method shown in Fig. 5, the HDVS

refined oil .obtained sin arly to .the exanple shown_in Fig. 4 is
distilled in %&aﬁ%ﬁﬂ@ﬁe%‘ﬂ%m&%ﬁ AT s CEIBGHA T AT }A“g?lﬁo%m&?f&&@am In
the vacuympfuhafhinal digﬂilﬂtiohlﬁﬁrc%&é‘éﬁri@?l%%?dedttg%IMCV efined oil MA is

introduced into a vacuumdi stillation tower where the HDVS refined oil MA
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MS8A.

In other words, with the oil refining method shown in Fig. 5, the HDMS refined
oil M6A obtained similarly to the example shown in Fig. 4 is distilled in a vacuum in the |
vacuum fractional distillation process 6A.

In the vacuum fractional distillation process, the HDMS refined oil M6A is
introduced into a vacuum distillation tower where the HDMS refined oil M6A is distilled
and separated into a low-boiling point component and a high-boiling point component,
while the vacuum gas oil M7A having the lower boiling point is obtained from the top of
the tower and the vacuum residue M8A having the higher boiling point is obtained from
the bottom of the tower.

Since the vacuum fractional distillation process described above is carried out,
extraction ratio of the deasphalted oil M4A obtained in the solvent deasphalting process
can be controlled so that desirable upper limit of the vanadium (V) content is set to, for
example, 50 wt ppm. Thus the extraction ratio can be made higher and the yield of
recovering the oil products can be improved.

The demetalizing and desulfurizing conditions for the HDMS refined oil M6A
obtained from the deasphalted oil M4A through the hydrodemetalizating/desulfurizing



the tower and the vacuumresi due MBA having the higher boiling point is
obtained from the bottomof the tower. Since the vacuum fracti ¢QalEc 2006
distillation process described above is carried out, extraction ratio of

t he deasphalted oil MA obtained in the sol vent deasphaltlng process can be
controll ed so that desirable upper IiMQ of the vanadium (V) content is set
to, for exanple, 50 wt ppm Thus the extraction ratio can be nade hi gher
and the yield of recovering the oil products can be inproved. The

derretalizm caondi.t for the refined oil NMA
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M3A f th
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obt ai nednitke fifte nfikih Proodbx7 AghqrewceIBtalMony/aiithe ol Prddvptsc ont ent | s controlled
to 0.5 w ppmor lower simlarly to the exanple shown in Fig In that
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the vac UrH?? %@o@ésk 7N fartidifich ?V:{% &It?rgﬁ%@oém?{oﬁ% A %%%gm & lo%?ﬁmxl‘éﬂ??@' um ( V)

content o vacuum gas ol | ppm or his may’ be used
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an appropriate conbination thereof as an internediate oil product to be

used as atSm@SfL@bldCf'éﬂl (6THh) witbewtdddingghe dxsa&a@h@ucc:) process or the feed for

hydr ocr acki n Wth the finin r| b above,
since the H eerlp)nﬁé'ger gﬁstﬁﬁ/ﬁ%uum EG( ] e«lgf\é evac“ res gl 19 Egﬁll on yl n the
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gas ofl v%éun% r‘}gc;[lgrgaal \é%?lﬁgt%J grsolcgslg %Awgéugcrzial&ldllv?dculaﬁg gr 1rr]10an appropriate
combination thereof as an intermediate oil product to be used as the feed for fluid catalytic
cracking (FCC) process or the feed for hydrocracking (HCR) process.

With the oil refining method described above, since the HDMS refined oil M6A is
subjected to vacuum distillation in the vacuum fractional distillation process 6A so as to
separate into the vacuum gas 0il M7A and the vacuum residue M8A that include no
significant metal content and residual carbon content by making use of the range of boiling
points of the distillation properties, relatively high concentrations of vanadium, metals and
residual carbon can be allowed for the HDMS refined oil M6A itself, thus improving the
yield of deasphalted oil M4A in the solvent deasphalting process 3A, and therefore it is
possible to suppress the production of asphaltene (pitch) M5A from the residue M2A.

With regard to the deasphalted o1l M4A obtained in the solvent deasphalting
process 3A, t0o, in case the vanadium (V) content of M4 is sufficiently low, a part of the
M4 may be introduced into the bypass 12A to be mixed with the vacuum residue M8A sent

from the vacuum fractional distillation process 6A, instead of being subjected to the

hydrodemetalizating/desulfurizing process 4A, thereby to produce intermediate oil



significant netal content and residual carbon content by making use of the
range of boiling points of the distillation properties, relativ%uﬁ%ghﬂ?
concentrations of vanadium metals and residual carbon can be iy or
the HDVS refined oil MoA itself, thus inproving the vyield of deasphalted
oil MAA in the solvent deasphalting prdiless 3A, and therefore it is
possi bl e to suppress the production of asphaltene (pitch) MbA fromthe
residue MRA. Wth regard to the deasphalted oil MA obtained in the sol vent
deasphal t.in
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al so be introduced jntqQ the bypass 12A to be mxed with the vacuum residue
MBA sent Dydomackhi@eHERIATPGesEt i onal distillation process 6A thereby to
produce internediate oil products used as the feed for fluid catalytic

cracking (FCC) or hydrocracking (HCR) process. (Sixth enbodinent] Fig. 6 is
a proces$Siktlosmbodigieath expl ai ni ng the sixth enbodi nent of the oil refining

met hod accordi to the pregent .invention, for a cas f produci ng gas
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distillatj proces Ais followed_.b vacuum fractional distill.ation

pr ocess. (bR BRERS fl St iPa i st S Pun oot it e e v A
and vacuym resi due ML2A by vacuumdi stillation, a solvent deasphalting
process 21A wherein the vacuum residue M2A is segar ated into deasphalted

oi | ML3A and adpifetmbasimenis differant4mnp (he enahodimentsbawphimFig Agnaiakydn that
hydr ode i i ulfurizing : A i.n,: e
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oil MSA, Wth the oil refining nmethod shown in Fig. 6, the residue MA

obt aj ned Txgm Béypcgpum dlstzﬁauon, a%olvcnt deasphalting process glA wherein the vacuum
residue M12A is separated into deasphalted oil M13A and asphaltene (pitch) M14A by
solvent deasphalting, and a hydrodemetalizating/desulfurizing process 22A wherein a
mixture of the deasphalted oil M13A and the vacuum gas oil M11A is subjected to
hydrodemetalizating/desulfurizing process thereby to produce HDMS refined oil M15A.

With the oil refining method shown in Fig. 6, the residue M2A obtained similarly
to the example shown in Fig. 4 is distilled in a vacuum in the vacuum fractional distillation
process 20A.

In the vacuum fractional distillation process, the residue M2A is introduced into a
vacuum distillation tower where the M2A is distilied and separated into a low-boiling point
component and a high-boiling point component, while the vacuum gas oil M11A having
the lower boiling point is obtained from the top of the tower and the vacuum residue M12A
having the higher boiling point is obtained from the bottom of the tower.

The vacuum fractional distillation process 20A is followed by the solvent

deasphaiting process 21A where the vacuum residue M12A obtained in the former process

is separated into deasphalted oil M13A and asphaltene (pitch) M14A. While the vacuum



to the exanple showmn in Fig. 4 is distilled in a vacuumin the vacuum
fractional distillation process 20A. In the vacuum fractional di thlgé/\gti on
process, the residue M2A is introduced into a vacuumdistill at8 r
where the M2A is distilled and separated into a | owboiling point conponent
and a hi gh-boiling point conponent, w3 e the vacuumgas oil ML1A havi ng

the lower boiling point is obtained fromthe top of the tower and the vacuum
resi due ML2A having the higher boiling point is obtained fromthe bottom of

the tower. .The v m fracti.onal. distill|lation progess 20A is followed by the
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ML5A obtasuifedcomertt o 0. 5wy tfocidowtniprefanblyd). 3es B ddpwei. ng process 22A and t he

distillate M3A,are m xed, i i xth m xing process 23A thereby to obtain
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23A may be used as an intermediate oil product to be used as the feed for the fluid catalytic
cracking (FCC) process or the feed for the hydrocracking (HCR) process.

In case the deasphalted oil M13A and the vacuum gas oil M11A have
significantly different concentrations of metals, residual carbon and sulfur and require
reaction conditions, particularly partial pressure of hydrogen, which are significantly
different from each other, the M13A and M11A may be, instead of being mixed, subjected
to hydrodemetalizating/desulfurizing process in separate reactors each under optimum
conditions, and then mixed with each other, or at least part of the vacuum gas oil M11A
that has been subjected to the hydrodemetalizating/desulfurizing process and at least a part
of the distillate M3A are mixed thereby to obtain gas turbine fuel (GTF) that has vanadium
(V) content of 0.5 wt ppm or lower.

According to the oil refining method described above, since a part of the HDMS
refined oil M15A and at least a part of the distillate M3A are mixed in the sixth mixing
process 23A, the vanadium (V) content of the mixed oil becomes sufficiently low and it is

possible to obtain gas turbine fuel as one of the petroleum products. It is also possible to



reaction conditions, particularly partial pressure of hydrogen, which are
significantly different fromeach other, the ML3A and ML1A Mayg E’FE ZﬂUFSt ead
of being m xed, subjected to hydrodenetalizating/desulfurizing process in
separate reactors each under optinmum conditions, and then m xed with each
other, or at l|least part of the vacuumgas oil ML1A that has been subjected
to the hydrodenetalizating/desul furizing process and at |east a part of the
distillate M3A are m xed thereby to obtain gas turbine fuel (GIF) that has
vanadium (V) content of 0.5 wt mor |ower. According to the oil refining
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ML4A from the vacuum residue ML2A. EXPERI NVENT MPLES Now t he present

i nvent i orecvih respdueddd2Ai bed bel ow nore specifically by way of experinental
exanpl es. (Experinmental Exanple 1) A plurality of oil products including gas
turbine fuel and internediate oil products to be used as the feed for a

fluid catal ytic cracking or agRPgROIENGKEXAMPIOE®SS were produced as shown
in Fig. 7 by the oil refining method shown in Fig. 1. An_ultra heavy crude

(Orinoco oil) Newihegprasenamvegtiay wil bpfesgribed belew|mere spestkieally by way of

experimental examples.

(Experimental Example 1)

A plurality of oil products including gas turbine fuel and intermediate oil products
to be used as the feed for a fluid catalytic cracking or a hydrocracking process were
produced as shown in Fig. 7 by the oil refining method shown in Fig. 1.

An ultra heavy crude (Orinoco oil) having an API gravity of 8.5, a sulfur content
of 3.67 wt% and a vanadium content of 393 wt ppm was used as feed oil that was first
distilled under atmospheric pressure (fractional distillation process 1) in a topper thereby to
obtain distillate M1 and residue M2. The yield of the distillate M1 was 15.9 wt% of the
feed oil and the sulfur content was 2.41 wt%. The yield of the residue M2 was 83.5 wt%
of the feed oil, while the sulfur content was 4.07 wt% and the vanadium content was 472
wt ppm.

Then the distillate M1 thus obtained was desulfurized in hydrorefining process 2
in the presence of hydrogen and catalyst, thereby to obtain hydrorefined oils M3, M3’

M3’ was used as a petroleum product, naphtha, without applying further processing. The

yield of the hydrorefined oil M3 was 13.0 wt% of the feed oil and the sulfur content was



of 3.67 wt % and a vanadi um content of 393 w ppm was used as feed oil that
was first distilled under atnospheric pressure (fractional di stliflBtkti08n
process 1) in a topper thereby to obtain distillate ML and resi due M2. The
yield of the distillate ML was 15.9 wt% of the feed oil and the sulfur
content was 2.41 wt% The yield of the24esidue M was 83.5 % of the feed
oil, while the sulfur content was 4.07 wt % and t he vanadi um content was 472
wt ppm Then the distillate ML thus obtained was desul furized in

hydrorefi ni ng process in_the presence_of r n and catal yst, thereby
to obt aior&hvgar"’orif‘f’ H?ﬁ%?@h%%%‘”?s %%_%Ey%ggﬁas a petrol eum product,
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oil M3 was 13.0 wt% of the feed o0il and the sulfur contént was 1 8 DEC 2006
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0.4 wt%, and the vanadium content was 0.7 wt ppm.
Then 15 wt% (in terms of yield from the fed oil) of the HDMS refined oil M6 thus
obtained was mixed with the hydrorefined oil M3 (first mixing process 5) thereby to
produce a gas turbine fuel (GTF) with a yield of 28 wt% of the feed oil, a sulfur content of
0.22 wt%, and a vanadium content of 0.38 wt ppm. The remainder, namely 36 wt% (in
termns of yield from the fed oil) of the HDMS refined oil M6 was used as a feed stock for
the fluid catalyst cracking (FCC) process or a feed stock for the hydrocracking (HCR)

process without applying further processing.

(Experimental Example 2)

A plurality of oil products including gas turbine fuel and intermediate oil products
to be used as the feed for a fluid catalytic cracking or a hydrocracking process were
produced as shown in Fig. 8 by the oil refining method shown in Fig. 2.

The ultra heavy crude (Orinoco oil) having an API gravity of 8.5, a sulfur content

of 3.67 wt% and a vanadium content of 393 wt ppm was used as feed oil that was first



terms of yield fromthe fed oil) of the HDVS refined oil M6 was used as a
feed stock for the fluid catalyst cracking (FCC) process or a f@@@%zbﬁck
for the hydrocracking (HCR) process without applying further

(Experinmental Exanple 2) A plurality of oil products including gas turbine
fuel and internediate oil products todde used as the feed for a fluid
catal ytic cracking or a hydrocracking process were produced as shown in
Fig. 8 by the oil refining nmethod shown in Fig. 2. The uItra heavy crude
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wt ppm whepmt he distillate ML thus obtained was desul furized in
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feed oil. The deasphalted oil M thus obtained was |ntroduced |nto a reactor
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in a ratl
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of hydr ofp28 oflNthe shiFuCEdAENt SAH.3.9 wi%, the vanadium content was 130 wt ppm and the

extraction ratio was 27.5%. The yield of the asphaltene (pitch) M5 was 19.5 wt% of the

feed oil.

The deasphalted oil M4 thus obtained was introduced into a reactor filled with a
hydrodemetalizing catalyst and a hydrodesulfurizing catalyst in a ratio of 5:5 in volume
proportion, thereby to obtain the HDMS refined oil M6 through
hydrodemetalizating/desulfurizing process 4 in the presence of hydrogen and the catalysts.
The process conditions were set to partial pressure of hydrogen of 100 atm, H to oil ratio
of 00 NI/l. The LHSV was 0.5/hr and reaction temperature was 370°C.  The yield of
the HDMS refined 0il M6 was 59 wt% of the feed oil, the sulfur content was 0.45 wt%,
and the vanadium content was 8 wt ppm.

Then the HDMS refined oil M6 thus obtained was distilled in a vacuum (vacuum
fractional distillation process 6) thereby to obtain a vacuum gas oil (VGO) M7 and the
vacuum residue M8.  The yield of the vacuum gas oil M7 was 25 wt% of the feed oil, the

sulfur content was 0.24 wt%, and the vanadium content was 0.3 wt ppm.

All of the vacuum gas oil M7 was mixed with the hydrorefined oil M3 (second



The process conditions were set to partial pressure of hydrogen of 100 atm
H2 to oil ratio of 800 N1/1. The LHSV was 0.5/ hr and reaction tenperature
was 370'C. The yield of the HDOV5E refined oil M6 was 59 wt % of tgerf gee oil,
the sul fur content was 0.45 wt% and the vanadi um content was 8 w ppm

Then the HDVS refined oil M thus obtagg@ed was distilled in a vacuum (vacuum
fractional distillation process 6) thereby to obtain a vacuumgas oil (VGO
M/ and the vacuumresidue MB. The yield of the vacuum gas oil M/ was 25 wt %
of the feed oil, the syl fur content was 0.24 wt% _ and the van%diﬁgm cont ent
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process am@a@anaﬁﬁ)@ll@ﬁdma@fgjmm m.Fig. 9 by the oil refining nethod shown
in Fig. 3. An ultra heavy crude (Arabian heavy) having an APl gravity of 28,

a sulfur content of 2.9 wt% and a vanadi um content of 69 wt ppm was used as

feed oil was istilled under atnospheric pressure (fractional
distill ]ta%‘gbgﬁ%r oce%’éh@é?ﬂ a topper thereby to obtain distillate ML and

resi due M2. Thﬂep})mrzﬁitylof)i‘nltpk’miudisshdzlhdhag@ad\ﬂarmsfnfklanm%rmfeditahanf}aeduamiI and
t he squuE cont ent 078 wt% The yield of the residue M was 58.5 wmt %
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content pY@cﬁlcéé-Zs WovAPH Fig. 9 by the oil refining method shown in Fig. 3.

An ultra heavy crude (Arabian heavy) having an API gravity of 28, a sulfur
content of 2.9 wt% and a vanadium content of 69 wt ppm was used as feed oil that was
first distilled under atmospheric pressure (fractional distillation process 1} in a topper
thereby to obtain distillate M1 and residue M2. The yield of the distillate M1 was 41
wt% of the feed oil and the sulfur content was 0.79 wt%. The yield of the residue M2
was 58.5 wt% of the feed oil, while the sulfur content was 4.72 wt% and the vanadium
content was 117 wt ppm.

Then the residue M2 thus obtained was subjected to vacuum fractional distillation
process 20 thereby to obtain a vacuum gas oil M11 and vacuum residue M12. The yield
of the vacuum gas oil M11 was 28.2 wt% of the feed oil, the sulfur content was 3.37 wt%,
and the vanadium content was 1.5 wt ppm. The yield of the vacuum residue M12 was
30.6 wi% of the feed oil, the vanadium content was 223 wt ppm, (V + Ni) content was 294
wt ppm, residual carbon content was 24.4% and the sulfur content was 6.04 wt%.

Fractions of LPG, naphtha, kerosene, and gas oil obtained from the distillate M1
were refined separately by hydrogenation (hydrorefining process 2) thereby to obtain

corresponding hydrorefined oils (light fractions) M3, M3’.  The yield of the hydrorefined



Then the residue M2 thus obtai ned was subjected to vacuum fracti onal
distillation process 20 thereby to obtain a vacuumgas oil M1 ?raq]nE\ﬁa@%um
residue ML2. The yield of the vacuumgas oil M1 was 28.2 wt % of "the Teed
oil, the sulfur content was 3.37 % and the vanadiumcontent was 1.5 wt
ppm The yield of the vacuum residue was 30.6 w%of the feed oil, the
vanadi um content was 223 w ppm (V + Ni) content was 294 w ppm residual
carbon content was 24.4% and the sul fur content was 6.04 w% Fractions of
LPG naphtha, kerosene, and gas oil obtained fromthe distillate ML were
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of the HDMS refined 0il M15 was 44 wt% of the feed oil, the sulfur content was 0.6 wt%,

and the vanadium content was 1.0 wt ppm.

Then 15 wt% (in proportion to the fed oil} of the HDMS refined oil M15 thus

obtained was mixed with the hydrorefined oil M3 thereby to produce gas turbine fuel that

included sulfur content of 0.28 wt%, and a vanadium content of 0.42 wt ppm with a yield

of 45 wt% of the feed oil. The remainder, specifically, 29 wt% of the HDMS refined oil

was used as a feed stock for the fluid catalyst cracking (FCC) process or hydrocracking

(HCR) process.

Now experimental examples that used low-sulfur content crude oil will be

described below.

(Experimental Examiple 4)

A plurality of oil products including gas turbine fuel and intermediate oil products



of 45 wt% of the feed oil. The renainder, specifically, 29 w % of the HDVS
refined oil was used as a feed stock for the fluid catalyst Crf@ﬁkﬁﬁ FCO)
process or hydrocracking (HCR) process. Now experinental exanp used
| ow-sul fur content crude oil will be described below (Experinmental Exanple
4) A plurality of oil products includigg gas turbine fuel and internedi ate
oil products 18 DEC 200b 28 to be used as the feed for a fluid catalytic
cracking or a hydrocracking process were produced as shown in Fig. 10 by
the oil refining nethod shown in Fig. 4. A lowsulfur content crude oi
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i sobut ari®.(wt ppm. sol vent, thereby to obtain deasphalted oil MA W t h 65%
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inaratio of ﬂhe&esnﬂue/MMas AR to0Re sdlvan @bysphatigfpaicesst3reisHDVS ref i ned
oi |l MBA through hydrodenetal.izating/desul furizing process 4A in the
pr esenc SOBENh{HFasHam taed usig isobutane as the solvent, thereby to obtain deasphalted oil

MA4A with 65% extraction ratio and asphaltene (pitch) MSA as the residue. The ratio of
the solvent to the residue M2A (solvent/M2A) in the solvent deasphalting process was set
to 8. The yield of the deasphalted oil M4A was 38.6 wt% of the feed oil, the sulfur
content was 2.80 wt%, and the vanadium content was 5.9 wt ppm. The yield of the
asphaltene (pitch) M5A was 6.8 wt% of the feed oil.

The deasphalted 0il M4A thus obtained was introduced into a reactor filled with a
hydrodemetalizing catalyst and a hydrodesulfurizing catalyst in a ratio of 1:9 in volume
proportion, thereby to obtain the HDMS refined oil M6A through
hydrodemetalizating/desulfurizing process 4A in the presence of hydrogen and the
catalysts. The process conditions were set to partial pressure of hydrogen of 100 atm, H;

to oil ratio of 800 NI/l. The LHSV was 0.5/hr and the reaction temperature was 370°C.
The yield of the HDMS refined oil M6A was 36.3 wt% of the feed oil, the sulfur content

was 0.10 wt%, and the vanadium content was (.9 wt ppm.
Then 22.7 wt% (in terms of yield from the fed oil) of the HDMS refined 01l M6A
thus obtained was mixed with. the distillate M3A (fourth mixing process 5A) thereby to

produce gas turbine fuel (GTF) that included a sulfur content of 0.49 wt%, and a vanadium



catal ysts. The process conditions were set to partial pressure of hydrogen
of 100 atm H2 to oil ratio of 800 NI/I. The LHSV was 0.5/ hr i%ﬁt@ﬁ%
reaction tenperature was 3701. The yield of the HDVS refined oil s
36.3 wt% of the feed oil, the sulfur content was 0.10 W% and the vanadi um
content was 0.9 wt ppm Then 22.7 wt% gyn terns of yield fromthe fed oil)

of the HDMS refined oil MBA thus obtained was m xed with the distillate MA
(fourth m xing process 5A) thereby to produce gas turbine fuel (GIF) that
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cont ent esmtant 28 08 wippmwith aayighdef 73 wif of thetfosdeil.t nEhefremdinslet of thhe

i nd t H fi [ Ly .13..6 W%, (in. f yield
From t nel PRI bitfoes shy Bl BheulOnBREE R et sonf b b ) Fef¥Rr B 21 vt
cracki nguseB@E) fRERE8S10P Eherfl iR EtaBlO&KcHing (KDE) proyes of s aelisnak fHGRE process
wi t hout applying further processing. (Experinmental Exanple 5) A plurality of

oi | prodigrecrpeking HGB) pesessurbhaus 2pplzingdaabennresessiog.at e oi | products to be
used as the feed for a fluid catalytic cracking or a hydrocracking process
were produced as shown in Fig. 11 by the oil refining nethod show in Fig.
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sol vent deasphal ting process 3A in a solvent extraction tower using pentane
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The distillate M1A thus obtained was separated in the flasher 30 thereby to obtain
distillates M3A, M3A’. The distillate M3A was used as a petroleum product, naphtha,
without applying further processing. The yield of the distillate M3A was 50.9 wt% of the
feed oil and the sulfur content was 0.66 wt%. The yield of naphtha M3A’ was 2.6 wt% of
the feed oil.
Apart from the hydrorefining process, the residue M2A was subjected to the
solvent deasphalting process 3A in a solvent extraction tower using pentane as the solvent,
thereby to obtain deasphalted 0il M4A with 65% extraction ratio and asphaltene (pitch)
MS5A as the residue.  The ratio of the solvent to the residue M2A (solvent/M2) in the
solvent deasphalting process was set to 8.  The yield of the deasphalted oil M4A thus
obtained was 38.6 wt% of the feed oil, the sulfur content was 2.80 wt%, and the vanadium
content was 5.9 wt ppm. The yield of the asphaltene (pitch) M5A was 6.8 wt% of the
feed oil.
The deasphalted oil M4A was introduced into a reactor filled with a

hydrodemetalizing catalyst and a hydrodesulfurizing catalyst in a ratio of 1:9 in volume

proportion, thereby to obtain the HDMS refined oil M6A through



sol vent deasphalting process was set to 8. The yield of the deasphalted oil
MAA thus obtained was 38.6 wt% of the feed oil, the sulfur content was 2.80
wt % and the vanadium content was 5.9 wt ppm The yi el d of thel &ﬁbhaﬂﬂﬁene
(pitch) MbA was 6.8 Wt % of the feed oil. The deasphalted oil MA was
introduced into a reactor filled with hydr odenet al i zi ng catal yst and a
hydr odesul furi zing catalyst in a ratio of 1:9 in volunme proportion, thereby
to obtain the HDMS refined oil MA through 1 8 DEC 2006 30
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hydrocracking (HCR) process without applying further processing. The feed stock for the

fluid catalyst cracking (FCC) process or the feed stock for the hydrocracking (HCR)

process may also be obtained by mixing a part of the deasphalted oil M4 A or a part of the

HDMS refined oil M6A with the vacuum residue M8A. The feed stock for the fluid

catalyst cracking (FCC) process or the feed stock for the hydrocracking (HCR) process

obtained in this way showed yield of 13.3 wt% of the feed oil, a sulfur content of 0.65 wt%,

and a vanadium content of 3.7 wt ppm.

(Experimental Example 6)

A plurality of oil products including gas turbine fuel and intermediate o0il products
used as the feed for a fluid catalytic cracking or a hydrocracking process were produced as
shown in Fig. 12 by the cil refining method shown in Fig. 6.

The low-sulfur content crude oil (Arabian light), the same oil as that used in the
fourth experimental example, having a sulfur content of 1.79 wt% and a vanadium content
of 13.5 wt ppm was used as feed oil that was first distilled under atmospheric pressure

(fractional distillation process 1A) in a topper thereby to obtain distillate M1A and residue



used as the feed for a fluid catalytic cracking or a hydrocracking process
were produced as shown in Fig. 12 by the oil refining nethod itﬁcw@ il]@)hF' g.
6. The | ow sul fur content crude oil (Arabi an light), the sane S

“used in the fourth experinental exarrp3 having a sul fur content of 1.79

wt % and a vanadi um content of 13.5 w “ppm was used as feed oil that was
first distilled under atnospheric pressure (fractional distillation process
| A) in a topper thereby to obtain distillate MLA and residue 1 8 DEC 2006
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(pitch) MihBuasppifie m&iedﬁﬁ)ceslih% rambgmm of the dsEl e N3 A QvdsITe, wac,%@mrreem due
ML2A (soI vent/ ML2A) in the solvent deasphalti ng process was to 8. The
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content yAase.3;39 W% and the vanadiumcontent was 11.0 w ppm The yield
of the asphaltene (pitch) M4A was 4.5 wt% of the feed oil. A m xture of
t he deasphal t ed\pattlfrdvil 8 l@ldcbrbﬁmﬁng@mwm gas/acium Mbilie WAE2A wat soljecteditd nt o a
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refined Qblvent, thereby to obtain deasphalted oil M13A with a 60% extraction ratio and asphaltene
(pitch) M14A as the residue. The ratio of the solvent to the vacuum residue M12A
(solvent/M12A) in the solvent deasphalting process was set to 8. The yield of the
deasphalted oil M13A was 10.5 wt% of the feed oil, the sulfur content was 3.30 wt%, and
the vanadium content was 11.0 wt ppm. The yield of the asphaltene (pitch) M14A was
4.5 wt% of the feed oil.

A mixture of the deasphalted oil M13A and the vacuum gas oil M11A was
introduced into a reactor filled with a hydrodemetalizing catalyst and a hydrodesulfurizing
catalyst in a ratio of 1:9 in volume proportion, thereby to obtain the HDMS refined oil
M15A through hydrodemetalizating/desulfurizing process 22A in the presence of hydrogen
and the catalysts. The process conditions were set to partial pressure of hydrogen of 100

atm, H; to oil ratio of 800 NI/l. The LHSV was 0.5/br and the reaction temperature was
375°C. The yield of the HDMS refined oil M15A was 38.4 wt% of the feed oil, while the

sulfur content was 0.10 wt%, and the vanadium content was 0.9 wt ppm.

Then 22.7 wt% (in proportion to the fed oil} of the HDMS refined oil M15A thus



"ML5A t hrough hydrodenetal i zati ng/ desul furizing process 22A in the presence
of hydrogen and the catalysts. The process conditions were selt b}@-’ tial
pressure of hydrogen of 100 atm H2 to oil ratio of 800 N/I. BI' V was
0.5/ hr and the reaction tenperature was.  375t. The yield of the HDMS refined
oil ML5A was 38.4 wt%of the feed oil,3%hile the sulfur content was 0. 10
wt % and the vanadi um content was 0.9 wt ppm Then 22.7 wt% (in proportion
to the fed oil) of the HDMS refined oil ML5A thus 1 8 DEC 2006 32 obt ai ned
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process, froma heav%[ feed oil such as Orinoco tar or a feed oil having | ow
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wher ei n ot héeadasil blavéng Emdaﬂﬁphahlteed with a solvent thereby to obtain a
deasphalted oil as an extract and asphaltene (pitch) as the residue; a

hydr oenet al i zat i ngl desul furi zi ng process (4) wherein at |least a part of the



deasphal ted oil is denetalized and desul furized by hydrogenation in the
presence of hydrogen and a catal yst thereby to obtain an HDMﬁbﬁﬁigmid oi |
that has been denetalized and desulfurized; and a first m xi ss (5)
wherein a part of the HDVS refined oil 3hd at |east a part of the
‘hydrorefined oil are nmixed thereby to obtain one of the oil products,
wherein the oil product obtained in the first m xing process is gas turbine

fuel, while extraction ratio of vanadium content included in the
deasphalted oil to the vanadium cont@niy§Rcl uded in the residue as the feed
oil is controlled to becone 20% or lower 1n the solvent deasphalting

process, and denetalizing and desul furizing conditions for producing the
HDVS refined oil fromthe deasphalted oil in the _ )
hydr odenet al i zA&®i sircdangimeihed fosgroducveadlraductsiacbdinet slorabisy ofo achi eve the

a vanadi UEHt@rﬁ{&HﬁlﬁEm@f)roau%bp@éﬁrﬁﬁgh@é’éﬂroﬂaﬂ&n 1s1§$ﬂfur content of 0.5 wt % or
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claim1, whendistllaktendialrepdeduct obtained in the first mxing process is
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i ncl uded repiqngedighlation ispefss Fsyginedsnd desyiynzed thrggmaﬁlﬁaem Heqwesansfy to
claimil, whbyfcbbgl:ntdmd chrimt hdasby ob obiai diorefindd mﬁd oil is provided as an
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cracking or hyaro
oi | produétesetiyrie Iob@ilh@d%ﬁsplllﬂthedloiﬂt¥ apfextragipagd ﬁﬁﬁ’ﬁﬁ%@ (@ltPh)[ﬂSému@ﬁlﬂuby refining

a feed oil, cogp a@uaﬁetaﬁzz&rngmemﬂala ﬁb&és% é@ r@h@@mﬁ apakt o¥RS €i n the
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di still at dydioge anelch ¢atelyt ¢heréhyatotabtanabn HIDMS ré¢fated onl thatdwe bsen @erm@ihznéd and
desul furi zgd by dMsieggpation in the presence of hydrogen and a catal yst

thereby to obtain a hydrorefined oil; a solven asphal ti ng process (3)
wherein the re@iftitlenixBEEaeEsh e @pag Oé&}wiﬁﬁs te%@r:% apg aplggsy ppart

deasphalt@ﬁﬂﬁﬂhdﬁﬁdﬁ&d&ﬂhﬂaﬁﬁxﬁhﬁeﬂ%ph@Mman@népfﬂﬁhﬁl@sdﬁ&g resi due; a

hydrodenet al i zagl.ng AR al{rHHﬁcé'oB% iR R r@ﬁ%lxy%r%h sﬁés%folﬁneafu&a” of the

deasphalted oil I's denet uri on'T1n the
presence @fhile extraction ratio of vanadium content included in the deasp alte oil to the vanadium

content included in the residue as the feed oil is controlled to become 20% or lower in the
solvent deasphalting process, and demetalizing and desulfurizing conditions for producing
the HDMS refined oil from the deasphaited oil in the hydrodemetalizating/desulfurizing
process are selected so as to achieve the a vanadium content of 2 wt ppm or lower and a
sulfur content of 0.5 wt % or lower included in the HDMS refined oil, and

the feed oil 1s a heavy oil having an API gravity of 20 or lower.

2. An oil refining method according to claim 1, wherein the oil product obtained in
the first mixing process is gas turbine fuel, and the mixing condition in the first mixing
process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower included
in the gas turbine fuel.

3. An oil refining method according to claim 1, wherein the remainder of the HDMS
refined oil is provided as an intermediate oil product to be used as a feed stock for fluid
catalyst cracking or hydrocracking process.

4, An oil refining method for producing oil products including a plurality of
intermediate oil products by refining a feed oil, comprising:
a fractional distillation process (1) wherein the feed oil is distilled and separated



hydrogen and a catal yst thereby to obtain an HDVS refined oil that has been
denetal i zed and desulfurized; a vacuumfractional distillation p f? (6)
wherein the HDMS refined oil is distilled in a vacuum and separ1égg @P
vacuum gas oil and vacuum resi due; and a4second m xi ng process (7) wherein
at least a part of the vacuumgas oil and at |east a part of the
hydrorefined oil are m xed thereby to obtain one of the oil products,
wherein the oil product obtained in the second m xing process is gas turbine
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process is re I ned and desulfurize (%/1 enation in resence o

hydr ogen dAyechtths slvent Hersphylting P&?F%?r ancyd Wg? lizing adlds qmzmg conditions
for producing the HDMS refined oil from the deasphalted oil in the
hydrodemetalizating/desulfurizing process are selected so as to achieve the vanadium
content of 20 wt ppm or lower, and a sulfur content of 0.5 wt % or lower included in the
HDMS refined oil, while the vanadium content in the vacuum gas oil obtained in the
vacuum fractional distillation process i1s 1 wt ppm or lower, and

the feed oil is a heavy oil having an API gravity of 20 or lower.

5. An oil refining method according to claim 4, wherein the oil product obtained in
the second mixing process is gas turbine fuel, and the mixing condition in the second
mixing process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower
included in the gas turbine fuel.

6. An oil refining method according to claim 4, wherein the vacuum gas oil obtained
by vacuum distillation of at least a part of the HDMS refined oil is provided as an
intermediate oil product to be used as a feed stock for fluid catalyst cracking or
hydrocracking process.

7. An oil refining method for producing oil products including a plurality of
intermediate oil products by refining a feed oil, comprising:
a fractional distillation process (1) wherein the feed oil is distilled and separated



a vacuum fractional distillation process (20) wherein the residue is

distilled in a vacuum and separated into a vacuumgas oil and a5 NEC
resi due; a solvent deasphalting process (21) wherein the vacuur’}n residue is
deasphalted with a solvent thereby to ghtain deasphalted oil as an extract
and asphaltene (pitch) as the residue; a hydrodenetalizating/desul furizing
process (22) wherein the vacuumgas oil and the deasphalted oil are m xed
and the mxture is denetalized and desul furized by hydrogenation in the

presence and..aqnat al yst thereby to obtain an HDMS refined oil
t hat has glfétgnry(ﬂgetﬁ%?é; |z,e{§:§1§i%§|" desul furized; and a _third_m xing process (23)
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ppm or | owehanttharebultd ubtamodeaspitalted 0id abamextfdcoand asphaltdnadpitide ds the t he HDVS
refined qfl,avherein the feed oil is a heavy oil having an APl gravity of
20 or | ower. % An oil refini né:] net had according to claim7, wherein the oil
product obt ai néddrpdemsgalizatingidssulfimgng posessd 22 swharsingthe vagwany gasioll aadd t he
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vanadium content included in the residue as the feed oil 1s controlled so as to be 15% or
lower in the solvent deasphalting process, and demetalizing and desulfurizing conditions
for producing the HDMS refined oil are selected so as to achieve the vanadium content of
2 wt ppm or lower and a sulfur content of 0.5 wt % or lower included in the HDMS refined
oil,
wherein the feed oil is a heavy oil having an API gravity of 20 or lower.

8. An oil refining method according to claim 7, wherein the oil product obtained in
the third mixing process is gas turbine fuel, and the mixing condition in the third mixing
process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower included
in the gas turbine fuel.

9. An oil refining method according to claim 7, wherein the remainder of the HDMS
refined oil is provided as an intermediate o0il product to be used as a feed stock for fluid
catalyst cracking or hydrocracking process.

10.  Anoil refining method for producing oil products including a plurality of
intermediate oil products by refining a feed oil, comprising:

a fractional distillation process (1 A) wherein the feed oil is distilled and separated
into a first distillate and a residue;

a solvent deasphalting process (3A) wherein the residue obtained in the fractional



distillation process is deasphalted with a solvent thereby to obtain
deasphalted oil as an extract and asphaltene (pitch) as the residue; a
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deasphalted oil as an extract and asphaltene (pitch) as the residue; a
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Presence Qfe fourth mixing process is gas turbine fuel, and the mixing condition in the fourth mixing
process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower included
in the gas turbine fuel.

12.  An oil refining method according to claim 10, wherein the remainder of the HDMS
refined oil is provided as an intermediate oil product to be used as a feed stock for fluid
catalyst cracking or a hydrocracking process.

13.  Anoil refining method for producing otl products including a plurality of
intermediate oil products by refining a feed oil, comprising:

a fractional distillation process {1 A) wherein the feed oil is distilled and separated
into a first distitlate and a residue;

a solvent deasphalting process (3A) wherein the residue obtained in the fractional
distillation process is deasphalted with a solvent thereby to obtain deasphalted o1l as an
extract and asphaltene (pitch) as the residue;

a hydrodemetalizating/desulfurizing process (4A) wherein at least a part of the
deasphalted oil is demetalized and desulfurized by hydrogenation in the presence of
hydrogen and a catalyst thereby to obtain an HDMS refined oil that has been demetalized
and desulfurized,;



hydrogen and a catal yst thereby to obtain an HDVS refined oil that has been
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by reflnlngafee conprising: a fractiona Istillation process (1A
wherein th& P¥8H oil is distilled and separated into a first distillate and
a residue; a vacuumfractional distillation process (20A) wherein the
residue Obff' neﬂn Wil rétkﬁ%ng method according to claim 13, wherein the o1l product obtained in
the fifth mixing process is gas turbine fuel, and the mixing condition in the fifth mixing
process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower inciuded

in the gas turbine fuel.

15.  An oil refining method according to claim 13, wherein the vacuum gas oil obtained
by vacuum distillation of at least a part of the HDMS refined oil is provided as an
intermediate oil product to be used as a feed stock for fluid catalyst cracking or a
hydrocracking process.

16. An oil refining method for producing oil products including a plurality of
intermediate oil products by refining a feed oil, comprising:

a fractional distillation process (1A} wherein the feed oil is distilled and separated
into a first distillate and a residue;

a vacuum fractional distillation process (20A) wherein the residue obtained in the
fractional distillation process 1s distilled in a vacuum and separated into a vacuum gas oil
and a vacuum residue;

a solvent deasphalting process (21 A) wherein the vacuum residue is deasphalted
with a solvent thereby to obtain deasphalted oil as an extract and asphaltene (pitch) as the
residue;

a hydrodemetalizating/desulfurizing process (22A) wherein the vacuum gas oil and



fractional distillation process is distilled in a vacuum and separated into
a vacuumgas oil and a vacuumresidue; a solvent deasphalting pqqpm§§($@1A)
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product to be used as a feed stock for fluid catalyst cracking or

hydr ocr acki ng process, . , i , . o
17. An oil refining method according to claim 16, wherein the oil product obtained in

the sixth mixing process is gas turbine fuel, and the mixing condition in the sixth mixing
process is selected so as to achieve the vanadium content of 0.5 wt ppm or lower included
in the gas turbine fuel.

18.  Anoil refining method according to claim 16, wherein the remainder of the HDMS
refined oil is provided as an intermediate oil product to be used as a feed stock for fluid
catalyst cracking or hydrocracking process.





