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out under mild conditions.

BACKGROUND ART
Many impurities are present in the oil fractions and the oil residue obtained from
the crude oil that serves as the starting material. Therefore, in the hydrogenation process
that is normally carried out as a later process on these oil fractions and oil residue,

15  currently, hydrorefining is carried out under severe reactive conditions at high temperature
and high pressure in order to eliminate these impurities, and thereby a large amount of
catalyst is consumed.

However, when carrying out this hydrogenation process under severe conditions,
naturally there are the drawbacks that a great deal time and cost are involved in the

20 maintenance of this process unit and that the catalyst life of the process is short. In
addition, it becomes difficult to produce flexibly various types of oil products according to
their objective.

In consideration of the circumstances described above, it is an object of the present
invention to provide a heavy oil refining method and a heavy oil refining facility wherein

25  the hydrogenation process can be carried out under comparatively mild conditions, and
thereby, various types of oil products according to their objective and intermediate oil

products can be flexibly produced.

SUMMARY OF THE INVENTION
30 As a result of intensive investigations carried out to solve this problem, it has been
discovered that by focusing on the fraction that cannot be fractionally distilled in the
extracted oil obtained by the solvent extraction generally carried out in the early stages of

hydrogenation process, and after having established this as a target, by selecting the



their objective. In consideration of the circunstances described above, it
is an object of the present invention to provide a heavy oil refining
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products and intermediate oil products, the extracted oil further undergoes a
hydrogenation process.

15 Thus, the residual components in the extracted oil, that is, the residual components
described above that cannot be fractionally distilled, were investigated by carrying out the
following type of experiments.

First, the following shows the five types of feed oil used in the experiment.

SL-VR | DURI-VR | MR-VR AL-VR | ALH-VR
Specific gravity 0.952 0.958 1.007 1.017 1.032
(15/4°C)
Viscosity at 210°C 80 130 649 1585 4327
(cST)
Ni/V (ppm) 29/0 47/0 43/0 26/90 35/143
Sulfur (wt%) 0.19 0.26 3.5 4.3 4.91
Asphaltene (wt%) 0.2 2.1 6.8 8.1 11.7
Nitrogen (wt%) 0.35 0.57 - - -

20

Here, SL-VR denotes Sumatra Light-Vacuum Residue, DURI-VR denotes Duri-
Vacuum Residue, MR-VR denotes Murban-Vacuum Residue, AL-VR denotes Arabian
Light -Vacuum Residue. and ALH-VR denotes Arabian Light Vacuum Residue Arabian
Heavy Vacuum Residue (60, 40 mixed). )



the like. In order to elimnate these residual conponents to obtain various

. types of oil products and internediate oil products, the extracted oil

further undergoes a hydrogenation process. 15 Thus, the residual conponents
in the extracted oil, that is, the residual conponents described above that
cannot be fractionally distilled, were investigated by carrying out the
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signifying that when the extra nrate is hig he Inpurities described
above werdesambef eboneywertundotely ctepend 'dc;yndimgtohehexxtr@tlbn oter at e.
According to the results shown in Fig. 4, although the residual rate of the
20  impurities increases along with the rise in the deasphalted oil yield (extraction rate), their
respective selectivities can be known based on the curve for each impurity, which is lower
than this diagonal. In particular, for Ni and V, it is understood that when the extraction
rate exceeds 60%, the rate at which these impurities remain in the extracted oil side
becomes high. Therefore, when the extraction rate in the solvent extraction process is
25  made too high, in particular, the residual rates of the Ni and V rapidly increase, which
adds a large burden to the hydrogenation process in the later stages. As a result, because
severe process conditions must become used, normally the solvent extraction process is
carried out such that the range of the extraction rate is 60 to 85%.
Moreover, in the cases of Ni and V, when the extraction rate is less than 60%,
30  although practically none remains in the extracted oil, sulfur and nitrogen do not have as

much selectivity as Ni and V, and therefore, because a great deal remains a hydrogenation

process is necessary at a later stage, even when the extraction rate is less than 60%.
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The reaction conditions (process conditions) of hydrogenation processes such as
desulfurizing, demetalizing, denitrifying, and hydrocracking are strongly related to the
extraction rate, and as shown in Fig. 7, where the extraction rate is high, the reaction

25  conditions become severe. Here, Fig. 7 shows the relationship between the yield
(extraction rate) of the deasphalted oil (extracted oil) and the conversion rate due to
hydrocracking. As shown in Fig. 7, based on the constant reaction conditions, when the
extraction rate of the extracted oil exceeds 85%, the hydrocracking activity rapidly
decreases. The relationship between this extraction rate and the conversion rate is the

30  result of combining carrying out the solvent extraction process by using the vacuum
residue of Arabian light as a feed oil and carrying out hydrogenation process on the

obtained deasphalted oil (extracted oil).
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conpounds (abbreviated PP) residue (the heptane insol uble conponent;

abbrevi at ed Cmalgetomads kbd polaecqompdvads (dbbremiated BB) unm chr omat ogr aphi ¢
anal ysi s was cragirdi eého&n basied 145 tche net ktl,o § eOfa ec'[f)i Er I—fb)r sh et al [Anal.
Chem 44, No. '69898N¢ hepsanqinsqlybls comppnant, spRIXiale ¢ AIns¥lvi de a silica gel
| ayerzoon top of an alum na gel |ayer, and a neasured test sanple is
di ssolved in a smal |l anount of heptane and soaked into the 25 top of the
silica gel | ayl\élp_reover, the following column chromatographic analysis was carried out based
on the methods of D. E. Hirsh et al [Anal. Chem. 44, No. 6, 915 (1972)].
In a column prepared to provide a silica gel layer on top of an alumina gel layer,
and a measured test sample is dissolved in a small amount of heptane and soaked into the
25  top of the silica gel layer.
Next, prescribed solvents (five types of solvent: n-pentane, 5 vol% benzene/n-
pentane, 20 vol% benzene/n-pentane, benzene, and 50 vol% benzene/methyl alcohol) are
added in sequence, the test sample that is absorbed by the absorbent is eluted, and each
fraction is recovered.
30 The solvent is eliminated from the recovered fractions, the weight of each of the
fractions is measured, and the content is calculated.

For reference, the fractional properties of the respective fractions are shown in Fig.

8. Each has an extremely high boiling point, and in particular, the PP (poly-aromatics
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sufficie {}V l?ﬁgTv&?gﬁwc?SﬂmetcﬁW?‘l d tf‘?\&‘grf’fﬁ‘l owi ng experinents were
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type of extracted oil. Feed oils were prepared having anounts (W% of each

i mpur i t yoRipiaagh by dreoinlvent gxtgtion peoogsysNrYing g6t thisdayBrogenatBy RIPOESSUYRr 21, 25
W% 1P 405 ki ?ﬁa@%}@x’?‘ngt]e sJe%er%%hem 1(1)/é)cessary can be prevented by establishing the
conditions for the last stages of the hydrogenation process according to this C7Insol. In
addition, if the solvent extraction process is carried out such that the value of the C7Insol
of the extracted oil is set to a value that is lower than a certain reference value, the
hydrogenation process during the later stages can be carried out under sufficiently mild
30  conditions.
Thus, the following experiments were conducted in order to establish the reference
value of the C7Insol for this type of extracted oil.

Feed oils were prepared having amounts (wt%) of each impurity shown bélow:



Next ,
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40 10.5 20.1 20.5 21.3 24.1 35 100.0 0.144

45 9.6 19.1 20.2 22.6 24.7 3.8 100.1 0.155

B 50 8.7 18.0 194 24.1 26.1 3.8 100.1 0.147

55 8.1 17.0 18.5 25.5 26.8 4,1 100.1 0.152

60 7.4 16.2 17.8 25.5 28.7 4.3 100.0 0.149

65 6.9 15.3 17.0 25.4 30.9 4.6 100.1 0.148

70 6.4 14.2 15.9 24.9 339 4.7 100.0 | 0.140

75 5.9 13.4 15.1 24.2 36.2 5.1 100.0 0.142

80 5.5 12.5 14.2 23.8 38.5 5.5 100.0 0.142

85 5.2 11.7 13.5 23.2 40.2 6.1 100.0 | 0.152

90 4.9 1.1 12.8 22.8 41.2 7.1 1000 | 0.173
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As shown in Table 1, in a range 55 to 85% in which the normal extraction
operation is carried out, the value of the C7lnsol to PP is substantially
constant (in the exanple of Table 1, 0.140 to 0.152, where these val ues
change depending on the type of feed oig). Therefore, within this range, it
i s understood that the value of the PP can be 25 used as the index instead

of the val ue ofofldd}t@lthe FUiEs oONBIOf tdgthef Rathakd RIS dhesnah Fid1g, fhaf ishi ng
nmet hod of heavy oil according to the present invention is settin
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concent r #esgibegrabome qustzhmassd. angrihpea codinpees 4rg??yét$rﬁaﬁmt|béd=arrrﬁé
poly- aronﬁér@toﬁéé%%&ﬁ%ﬁ'oﬂrho 5{0 ?ﬂgjlj?gont &pfc P&?Atg)% ?ﬁgese&m&ed

according to t speci f1 cat arge I ne rve as the
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ofl is large \M ! hho esi?lefable ? lyzy rgngneoggm 85%. in which the normal extraction
operation is carried out, the value of the C7Insol to PP is substantially constant (in the
example of Table 1, 0.140 to 0.152, where these values change depending on the type of
feed oil). Therefore, within this range, it is understood that the value of the PP can be
25  used as the index instead of the value of C7Insol.

Thus, one of the characteristics of the refining method of heavy oil according to
the present invention is setting predetermined values for the concentration of the heptane
insoluble components in the fraction of the extracted oil obtained by the solvent extraction
process that cannot be fractionally distilled, that is, the concentration of the poly-aromatic

30  component in the fraction that cannot be fractionally distilled, or in other words, the
concentration of the heptane insoluble components assigned based on the PP,

Poly-aromatic components comprise the poly-aromatics and polar compounds

described above, and the concentration thereof can be measured continuously by -analyzer



val ue, the extraction conditions are controlled so that the extraction rate
is lowered, and in the case that the detected value in the extracted oil is
spall with respect to the normal value, the extraction rate in the
extraction process step is controlled g0 as to increase. This normal val ue
can have a predetermned range, and in this case, the conditions can be 25
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11 one of the later stages in this solvent extraction process, do not become severe, and can be
made comparatively mild conditions.
30 As described above, the refining method for heavy oil according to the present
invention is characterized in that, because it was discovered that the C7Insol in the

extracted oil is correlated with the poly-aromatic concentration, the extraction process can

be indirectly controlled so that the C7Insol in the refined oil remains equal to or Iess than a



Fig. 7 is a graph showing the relationship between the extraction rate of
-the deasphalted oil and the transfer rate due to hydrocracking. Fig. 8 is a
graph showing the distillation properties of the residue. Fig. 9 is a graph
showi ng the rel ationship between the exiraction rate of the deasphalted
oil. Fig. 10 is a graph showing the relationship between the extraction

rate of thredddeadpdtbdédneentitiondyi Wdinighhe polpceambatid ¢omdemfatieaditiefextraeed egi dues
in the deasphalted, oil. BEST MODE FOR CARRYI NG QUT THE | NVENTI Od\!wrio 0Eel ow,
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t hat refines ades of omafed0|l a cor di,n their ob ect,. and

provi des a so%ﬁﬂl"”@%e t’F%‘H“%rf?félét% i}?ﬁaf’y? 8°°£ﬂ‘&gé°ﬁﬂ?ﬂ6sﬁﬂh'£f/ BPdF ocess
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in the obtained extracted oil is provided at the |ater stage of the sol vent

extracti (ﬂﬁorpﬁ%@yépwm ingthe pxfeacses] aibphtaiagd paghei sobvept od@ssonpioress and ag uni t
that obt ado'ﬂ L{O?lq'oﬁ &Le Q%C?C]s%rcrox&ﬂg?_so&tthg Q&B@R leX&Qcttﬁ)ﬁ)é%c%gst I on
1g. 2, provi de

process on an extraction

col um 5.apbmratd3|c&pmdm@61ﬁ thervahek pravided Byhide seﬂevtergtde@xﬁera&tfuﬂmemcﬁe@ss is
carri gd cht*ﬁ:fél n addition, the solvent extraction process unit pr ovi des a

procéd gt GPairels N isfinigsanditigas of @ﬁ&ydr@&ﬂmr&a @ltﬁ@ﬂdsﬁﬁbﬁhat Yfle of
the extragl.Qf i QEESS ebt ttloh%nﬁ%éﬂogﬂie in the extraction colum 5 and a

solvent flow rate control apparatu at controls the flowrate of the
sol vent that flhoditiont (buetdoéaemgtstla;cturmsmbcrrhwdaboﬂ'd:dmaieanei @dgred ofuct ur ed

P P OTES FUREL B0 DB R R P Pl G L0,
based on r'éﬂﬁedll@}nﬁﬁﬁl% fhtdoferatibh 6f ﬁ&}«éér&ﬁ&i&tab as u(oBJ?,)aﬂdnhé bger@xtg acted oi |
obt ai ned by the analyzer 4, which will be explained bel ow.
15 conditions of the hydrorefimng provided in the later stages of the solvent extraction can be
operated under relatively mild conditions. Thereby, facility expenses such as the
operating cost, the maintenance cost, and the like can be decreased. Therefore, grades of
oi} products can be and economically easily manufactured according to their economic
object.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a drawing showing the schematic structure of the embodiment of the
refining facility for heavy oil according to the present invention.
Fig. 2 is a drawing showing a schematic structure of the solvent extraction process
25 apparatus in the refining facility for heavy oil shown in Fig. 1.
Fig. 3 is a graph showing the relationship between the type of extraction solvent
(the carbon number of the solvent) and the deasphalted oil extraction rate.
Fig. 4 is a graph showing the residual rate of each of the impurities in the
deasphalted oil with respect to the extraction rate of the deasphalted oil.
30 Fig. 5 is a graph showing the relationship between extraction temperature and the
extraction rate of the deasphalted oil.

Fig. 6 is a graph showing the relationship between the flow rate of the solvent and

the extraction rate of the deasphalted oil. -



The hydr ogenati on process unit 3 is a unit that carries out hydrogenation
. process 30 on the extracted oil obtained by the solvent extraction process
unit 2 in the presence of hydrogen and a catalyst to obtain a hydrorefined

oil, and generates various types of oil products or internediary oi
products such as the raw material for fllui d catal ytic cracking (FCC), which
is the refined oil according to their object. 12 The concrete processing

by the hydrogéehigti bt %f??)‘?:é}s‘s”‘l]&ﬂte rSlaPﬁ’éqthE"éwéi‘lthFéétft“’rto’r‘i‘sra‘teﬁ)étt ccur in
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reaction, and Bgh§ draogteph s}rdvﬁy'gd@dtﬁdlatibmprop@ettesroﬁtheycsidme t he hydrocracki ng

reaction, hydr acar bons ar erature hi gh
pressure in a lﬁﬁg(ﬁ dd’e&{a’glt e Hansgmr B% g?rb&heggwe‘ft&?tra‘re ed oil is
obt ai Red JdaQRalibgoidr ocessed oi I (ext racted oil). In the hydr odesul fiirizing
reaction, sulfur conpounds in the hydrocarbons are reacted with hydrogen
under hi gh t enfper K} isrezrapidshomghe ttreestamreshrmb@wwdhogetrnacatom@rprréﬂ@ to form

hydr ogen uI £ ditio oduc d separ at or
vessel , t1é pﬂ?ﬂ?ﬂld I@]‘Zﬁ]e Cﬁp?eddrg?ogoé%%grz g%ec? ?h ea%tpedlli havi ng a
| ower sul fur concentration than the processed oi | (ext racted oil) is
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car bohydrat es are hRirogMPEd Q M%YW%@H&W‘@E%{EW i gh pressure in
a hydpogen at ng 9@?@@ ptr&eﬂtoip%rﬁf Ptbg Fg&hs yhijch are then deposited on
the catal yst. Thereby, are |ne met al concentration that
is |ower than Kikel irsraxtrewe@jsho'wlmgaarxetmbmhmdntmflt})e xeﬁnoigtfacrhedfor heavyhe!
hydrodenitrifying reaction, the nitrogen co in the drocarbons are
Feact ed IEHHEISRER oA iherRP e LB il aals

hydr ogen RfnRgRASHS fHPhQRY AN BRAhg thélliadds b 'f&ﬂtty@ﬁatt@éﬁ&@'g%es BFBH’dUCGd
into the separator vessel, the amonia is separated to obtain a refined oil

havi ng a fiwme g@horbamoedmg et thei objeat and providss atshyAnt dx&agorpproeess yet 20| |
(extracte [ e of dr ogen on SS e
fact olr%s t(illdoa %m%eg?&% eroé%sgcl ﬁgnr}&r/na na%% £ rtl?asggtte ﬁgﬁ} a %“86”6%‘ é'&ﬁ?ﬁ’ ed

hydr ogen poly-beeshtios in tht b®taidid extratted bﬂ 1svotoumett ai the fldtevstagict thd &dPent | i qui d
hourly space velocity) to the catal yst, the reaction tenperature, the
catal yst Waétlonarrawsrﬁ@nr. ke, and these respectively differ depending on the

25 type of hydraagnahi oRrRiaRBAReLNA 1 8 i BANEAs APLAALIIW O € that

generally in a rogenation process unit e reaction pressure, ‘size of
the r eactdaoryingess die sokvedt eXteactipk pragess dni theﬁaelda)slednm dhhenappig. &t us desi gn,
and er ef ar n ntr tors escr referabl e

obj etztIa at ¢ g?ﬁ %“o‘f’g%%Fﬁ‘)‘t f uWﬁr olagﬁs F’(Str%c nIcg ul“B‘ s, ﬁe Soﬁg?iﬁ(to%ut “8nper at ur e,
and the farovess ater@dd duie [exddiaet, @k DilVent exdthcAdn PRV Unit pi@vidks atphsess

hydr ogenati on process unit 3 descri bed above provi des a reaction

t enper at UFBPRGRY? 69nteh Bapatetys dghat santrels Hiertemperatise pee ekBactioarmsesess thae i n
this Hydr%ﬁ?i% 'oﬁﬁngﬁf%f%nt!g CBIu%n@&agz} %%Jn?‘ﬂ%%qa@cjoa{rme}%p%ﬁag £af r ol

apparatus that contr l'ow rat e extracte ows into
t hi s hydraganktthofioprae ef shesoltenBthat flbes mto thb&x&aﬁumtcrottmhmrSeff hsma @as to

cont ral the reacti t enperature or extrac il flowrate, s astoform
opt i rfel é‘@rﬁé‘ﬁﬁ@?‘? ﬁt?erPf‘?SBFE”WtHreé’dﬁP VS‘P‘ %éar‘%tﬁ’iet"l‘?atro'i‘%do Wet® P

advance braﬁﬁft ffhal aeraeame&tcn@&ﬂscw apa‘ontrtarep@gm St HTBAVaBSe b4 oh thd he
extracted oil obt ained on the anaa%)) }mex pl ai ned next. The NI R anal yzer
jigt

or the NVRnggrdlajige pf theqoty-pomaics exfraetad pi} obtpénedzby theanalyzer 4,
which will be explained below.
The hydrogenation process unit 3 is a unit that carries out hydrogenation process
30  on the extracted oil obtained by the solvent extraction process unit 2 in the presence of
hydrogen and a catalyst to obtain a hydrorefined oil, and generates various types of oil
products or intermediary oil products such as the raw material for fluid catalytic cracking

(FCC), which is the refined oil according to their object.



anal yzer 4. Each of the control apparatuses described above, specifically,

- the process tenperature control apparatus 6 and the solvent flow rate
control apparatus 7 in the solvent extraction process unit 2 and the
reaction tenperature control apparatus 1% and the extraction oil flow rate
control apparatus 9 in the hydrogenation process unit 3 are 10 connected to
this analyzer 4. Here, this analyze neasures the tofal n :
fraction that LuseoersbeEsmbr v doBrmtrhERock SrriCh RouReeil bl
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and by mat hematical processing of this result, the concentration of the
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sol vent extracti.o rocess.of the feed oil is carried oyt.in the solvent
extracti oarﬁorBico‘t‘f%‘ggt a'%_ﬁp?f ol i ‘?Pt%IHF%E%‘! e RLOCERE a&ﬂ%%%ﬂ&ééskﬁ dhi e 2.
first, ashrIRQBulfitidthPreadiiord, BEIMERhPuhdd B (BERMdrbQrbdiR afeRdcted it or age
tank 10 and stored there. while the solvent is sent 20 to the sol vent
storage thyskogenungdavhigh smepkrathesrand high prgsiurd o hyslieges agnosnhetwee derm ned
operating conditi r ss conditions)., the feed oi nd.t solvent are
Shppt | e 0GR SR AR P ERE ARbehe F kA LR B PP 408e ot nt
a pradet eiyrirdied spIfrieS s Eepasdie, hedReEfdied gl havdipea fohey sdfig cohecadatddthbine
extraction process is carried out. In_this manner, when the extraction
process it§eE&CﬁséélOédFXtF%tquél)é&{ﬂPta@ﬁi-on colum 25 5, the obtai ned
extracted ol | intndFPRACALAGLIHRNYBR0 e/ Bl BinbAiaS It MBChHBR, bt ! ven!
oI addr t T one Y g h

separating device e solvent remarning 1n the extracted
oi | is réenuvegtnbigduhderehigh watpedataicland djgr mtssng i@l hydroges atravsphenebs égyoent | y
sent to tl?e extlractﬁd ﬂ'lh stg\réage tank 14 to be stored the ei(#m. %ﬁn.

cont r ast , IEREMAGPTER WEhaEpHeaPeReH PO A HiFecaf st g hBCTEBY i TREEES HbRTipe?

ext r act i GfietaPédhdBntPation thdl8s oW AU/ (ROPNREsed Sﬂgé@abt@g ofl® )i dbaid&l. LA the
finally 30 stored in the residue storage tank 16. In this type of

cont i nuouydretenisifying reaetion thecmitrogereonapaandhin thg hydreeasbonsi dre tacgdavithr om t he
extracte I ing.colum 13 fl. into.th I .. storage
Cank 1. pRkoeel TR AN R e RO e M L L B MBS Re ro ShE S

det ect ed dymbhie. &naddided, after béing intébdackdi ihioothe sépagatGbiedsenate b@gidniasisar e

converted to a detection _signal and respectively sent gas f eedback) to the
process t¥ERYEICAa PRIAEvhisBEd o Par Be GNBogeFOnFRIIREPY B3 ISflP WS 18R B€cont r ol
appanat usprgcéggedt(ma(éi%ytg@gnfxtracti on process unit 2 as well as the
reaction tenperature control apparatus 8 and the extraction oil flowrate
cont rol appar anuBisgypevfihydragensgtchnogreeess. inanprasces fctons thaBeormivkthenal yzer 4

conti nuou .carried out .detection t.o,fhe exte h t hi.s es not hinder
Che oper dEtish e RioBit PTG Rt Sitelic byfodetiThed SRS (EBE", Mherval's.
Based on wlphéris€loveitd (ITHS V! I0gii@ Rburlynsgabe vElb 6169 36 tHe@aRysatthié feabldi I ol
apparatus 6 and the solvent flow rate control apparatus 7 that receive the
det ect i orfe@Pgakirefthe ptelyat type. and thelike, and thege ssnectvely diffar dependina orethes
rais a ey r i he process tenperature

cont r%gl gg%%%?ﬁg&%&%&éﬁ? F ggrs(%}éétgsrr%’l%g,%frglta%% ue of the PP is higher than
the 40.2 w % (Wefnete thet gembiadlylfin h hylieigexaiongsp@adsnit thetréeetibn prasti®e, sike ch i s

th f . trati . th 71 l, dth by th I f the PP
(That 1 5, SRS BORVETREF o BN A o cHd of B° pRRiGrBnte ot aBRITERITT ( no

fl ow rat exdngtthe cotol FadtoGARBsRed Abs, BRDrefRFhbld $hjedH 6BcntBNaredhe | ower ed
by the solvent flow rate control apparatus 7, and thereby the value of the
PP (that hysrogendo ednatehthecresiondtmppratuny.|and dhe flowvirte efitherytragtad od -

oper atyi ons, bog h contral.s n carrj.ed o il ous one of
t hem%z(:)an be caé? ?%0 o ntoéli"l'ﬁgheegf r%eélﬁ{é@n Prsoglésﬁslélgﬁ &geggrgocfldé%‘é? ﬁ%’é’ﬁ@%l y in
advance freadtiohhemp@ianire edntidl @pparhtus 83liat 206krdls blteddtion t@hpdratueniaythisand t hese

controls are programred in advance so 20, ,as to establish optim

condi t i orf&drqgsnaliRn prossss Uy Jeadacetiagied RE Heay e epmtiohapnoratyi At saptels ype of
anal yzer i : {18 RS ti of the
PP in théﬂ%gggg%%gﬁi@?thgggggpgﬁﬁgﬂgégg%?%gﬁéd a#?ﬁgggﬁgggﬁ%g%k??%&%an be
known, and thus the concentration of the C71 nsol can be known. Therefore,
when the extracted oil stored in this extracted oil 25 storage tank 14
under goes hydrogenati on process in the hydrogenation process unit 3, the
hydr ogenati on process can be carried out under operating conditions that
are optimal for the properties of this extracted oil. Specifically, with
regard to the extracted oil obtained by the solvent extraction process unit

e o Y M ~eN e - v - o



15" conditions are not necessarily the best reaction conditions

. corresponding to the concentration of the PP (that is, the concentration of
the C7lnsol that characterizes it) if the process is sinply carried out
under constant conditions. Thus, in th% hydr ogenati on process unit 3, based
on the data detected and sent by 5 the anal yzer 4, that is the anount
(concentratl on% O]Zl the PP fo j) the extracted oil that (g qgﬁe & {)rocessed
oi | st or i PEUGHEY SR £ HotoRgrobhe readir s JenpapkT Y, ex&?‘ftﬁ PIARE B Wt of t he
reaction fopRptidtalhRir6SHalioh caRRIASRAIBYS &nadfploBfine il Acker z@uvhnd‘el Kued at e
control apparatus 9 are controlled, and thereby the process can be carried
out underomihe gonesntirtioroeksthe paly-arpmati¢s @Painthe watracied ¢il eblainelpndbg i sfy t he
propertle { il product 10 (or internediate oil product). In
addi tion, napyzﬁl Pg}&’g 'lcqg‘!ti: hese controls, like the case of the Sol vent

extraction proTiesNIRIBhdlyzer de serNbedaabeedestibededtolv € isfieferatsy usedestangat ed
i n advance exper| nentally fromthe point of view of cost and production
ef fi ci enc3Pabyzait+ hedeofdbnheoniad appaatysesgiessihsd aboveadResHi@lly othg #1e85%st abl i sh

opti mal capgdibiREgontf Pé’rﬁ{us 6%8'?1?1&%1\5%& REwIte RGP, ?ﬁn%ﬁ?s g this

hydr ogenati on process u e amount (concentration) of the PP of

t he extr aciedt eitt ac(lpm pmsssemmz and tht maedom temmmtmtcpatrolsxppmaltuss& grdabe t ank
14 can be I§ wn fram accunu ({1 jﬁ E%d ﬁnal zer 4.described
above, and rtaﬁé?rb%ly Bgdﬁﬁﬁscémfrﬂ APPBREENT At r8$enta CREINIEHCal so be
known,y f agonf@sPicthiskiaRRer APHER! @iYanaBlz6€4 hieEsuythe eRfHn At Bf fg&FH Unit 3
that differ in type or size, not only the reaction tenperature and the

ext r act edthaf qanﬁ‘l’tchﬁi fragtienal lssdistilinscfrem e \gavenmounpo begeacted wilrandshe amowrtedsur e
and the Ciy ﬁl%}? Elroﬁ]r}/aﬁ}%)éﬁgreﬁi ar?. ertag.lt} d ang lb?%aﬁg%meﬁr&gl ﬁgx%%s%{?xé d)ff lt't%% rl]ees{J

optim zatio rogenati on prdcess can ere bre in
thi s typehetoehiraiongofftae pblytatorhafiar(Phpamiie ekﬂract@lfom@lwﬁse thid@nbyetraniganat i on
process ce}n ?e carried out under cogParatlvel mld conditions, but in

addi t i on HODhEEMEies gifgdn dhesfraction o thegiracted il thas sprntat be fragtignallitedi at e oi |
produgt s Qfiiia, afetRid. t ypes can be flexibly produced. EXAMPLES Bel ow, the
present invention Wl | be concretely explained using exanples. 30 Exanple 1
| n order to na?méamt@utem tedinirgeefdteackoi by tl‘ielmﬁdmgé@blbtartlalhmmgthwtapkoﬁg, t he

feed oil | o oe vent e

it act ectuefore drAAEL ARG ehlorkBnties SThE Ao BB SRt et Pt i 2ea
catal yti Cexéfaaedsd Ib’l@cesbfﬁﬁﬁlls €nAkk @blv@ﬂr&&aw@tpr@ms unit 26fifse s @HOWR & Pign2, and
sul fur concentrations are limted, the reaction conditi ons and reactli on

sates of Waéedgilds sentagihs foed eihstoragd tankekfandatorpd Hees avhilsshe slventiessnt nt o
ccoount B I FICASAD PLOCST R eI SO MU Ok B,
obt ai ned chtatlagtceddlophs trratescenmiitionse ther @ed pdmad the sdivehi dideedpplsedﬁo dgual to
or less t h?r%ct?onSCO um an 1cthhlse“():r§)tp (ilegtscr) gg 'Icoor?lal(rjl];alrg Q %r&iete mme r;g%slsgre Ecﬁ) ) in
t he
temperature. Here they are mixed and the extraction process is carried out.
In this manner, when the extraction process is carried out in the extraction column
25 5, the obtained extracted oil is separated from the solvent by the extraction oil/solvent
separating device 12. In addition, the solvent remaining in the extracted oil is removed by
the extracted oil separating column 13, and subsequently sent to the extracted oil storage
tank 14 to be stored therein. In contrast, the solvent is separated from the residue obtained
from the extraction column 5 by the residue/solvent separating device 15 to be finally
30  stored in the residue storage tank 16.
In this type of continuous the extraction process, before the extracted oil guided
from the extracted oil separating column 13 flows into the extracted oil storage tank 14,

the concentration of the poly-aromatics (PP) is continuously detected by the analyzer 4. In



fraction of the extracted oil that cannot be fractionally distilled is
-equal to or less than 38.5 v1'2% Feed oil 1Feed oil 2Specific gravity
(15/4C)1.0320.952Vi scosity at 210F (cSt)432780Sul fur concentration

(W 9% 4.910. 19N (ppm 3529V (ppm | 430Asphgl tene (wt % 11. 70. 5Sat ur at ed
conponent (w % 4. 438. 5Mono-aromatics (W% 9. 929. 7D -aromati cs

(w9 11.317.3Tri-aromatics (w9 21. 38, 5Pol.y-aromatics (w 9% 40. 65. 35S0l vent
sol ubi BRSO Ao g e pomisends prveaud Temirnd Shetel SplRatiiR,
condi t i onfepdifck} RahepiocastteRPeRiRE ESErcadRPFHrais 6 afd thelJa8veRt PPRIThk@8ntadl t he
obtai ned extracted oil are as foll ows: 17 Extraction resultsProcessFeed

oi | Feed offpanasentipt ihe selsentextractigorrpesss 4nd 3d veHtasflegagian ([Reeraple i o

| 2. OExtragt i ( . [ «cm G 1201 nsol ubl e
conponent &%n(t)r%? %ﬁrﬁ%rp%ﬁ g%}@ gfe e\% g’%(gtgﬁ((c\% %\% .rgglsg{;/tg?ﬁ .S“E éﬁg{grg %‘g ?)%en ding to

I nsol bl ehyahopmagod peosdsiudlit 3, VIhd £4aBBebPeapmubigp Eattiedotiadbt@tion yo dled
(Wrt9% 79.9Specific gravity 15/4C) 1, . 0Q2Vi scosity at _210F écSt) 57Sul fur
concent r at§teH Haithisglaesomihindsy e peratiop S s X EREAE A T s &aPPkent! T onponent
concent r at.i ke 4 %2. 2 From the above results, by controlling the
extraction process such that the concentration of PP is equal to or |ess

t han 38.5 w % Baded omeggarsedcdntrebprogram.co thpagmessss sopesturcaoniopl appamptusite

i nsol ubl e component .concentration) bec 5.2 % .and _can roduced at
the targe “dctggé(gﬁ?rft ()I%W?E( SIS a?‘%?r?)t}“s én@irﬁcﬁﬁ'ﬁt IOy Sgﬁnafﬁgr%ﬁﬁ t ane

i nsol Wbl earaOFRONERE eXtkachids @dmperhtiredid Paikddodhd thdleaddctivh RGe BUbweiRE by the

hydr ogenati on process on the extracted oil obtained in this nanner, the

obj ect f cRIQSTSSAHNPRUEGRONIO] RpRaFasES @ athanyfer examme kbhpluanf the PPgs higher
fact tre A | Wi 0 : t pl
manut ac U{gﬁﬁtﬁ%yﬁ]o% QERIRES: Blrdhd fé &ﬁ%%ﬁ%ﬁ%@_?&ﬁh%ﬁg%}K*Llélkggﬁl %%BI pl'ace a

great | oad on the hyoTrogenatlon rocess LI TY The
refini ng réraed coocenaduly obille @inddheandriaelnt the vk tof dre RiS(tkatjid,ahaned above
is al S method that pr8vi des,a1 sol verft extractitg[)n procF%s t hat obtains an
extr act edcqppfmwlopﬁ)éthe 7Insol) is lowered. In contrast, the flow rate of the solvent can be

15  raised and the extraction rate lowered by the solvent flow rate control apparatus 7. and
thereby the value of the PP (that is, the concentration of the C7Insol) lowered. For these
operations, both controls can be carried out simultaneously, or only one of them can be
carried out. The efficiency is investigated experimentally in advance from the point of
view of cost and production efficiency, and these controls are programmed in advance so

20  as to establish optimal conditions.

In addition, by detecting the value of the PP with this type of analyzer 4 and
storing the detected data, the amount (concentration) of the PP in the extracted oil stored
in the extracted oil storage tank 14 can be known, and thus the concentration of the
C71nsol can be known. Therefore, when the extracted oil stored in this extracted oil

25  storage tank 14 undergoes hydrogenation process in the hydrogenation process unit 3, the
hydrogenation process can be carried out under operating conditions that are optimal for
the properties of this extracted oil.

Specifically, with regard to the extracted oil obtained by the solvent extraction
process unit 2, although the value of the PP is maintained equal to or less than a reference

30 value by feedback control by the analyzer 4, naturally fluctuation of this value will occur
within a range equal to or less than this reference value. Therefore, since they are equal to
or less than the reference value. the reaction conditions in the hydrogenation process unit 3

are not severe, and the process can be carried out under mild conditions. In contrast, these



18 sol vent extraction process and a hydrorefining process that obtains a

- hydrorefined oil by subjecting the obtained extracted oil to hydrogenation
process in the presence of hydrogen and a catal yst, and detects the
concentration of a specified conponent gn the extracted oil obtained in
this solvent extraction process, and at the sane tinme, controls the

extraction condi ti ns accor tected val ues nd thus the
hydr or ef icﬁpﬁaoﬂsr%{(?élg n?cﬁsstaﬁlgy g‘f‘&gg rgﬁ('{"&) WﬂFg?ﬁ Wéﬁtﬁp%%&tﬁon process can
be carri ednedptratitilef the WPf (itiedt &) tHeYcotdrtratioN 8F the @A nsol Hat YREREteS LM €M) &f
conditions. Therefore, due to being able to carry out the hydrogenation

process UPRIBIOCess ipEmpIY vastiod At undeoemisanbepsditians. sinpl i fi cati on of the
mai nt enance of r ng
T honF ong AT AR BRI 555 ekl HECAERRRCLD ESERH
i mpl eﬁrenttb@lanally’zeadphhtau iotthe ayouit i dombéntration) ofthe PRJot thie e xtrydedgidrtat i on

process, varlou types of  oil ucts according to their objectjv nd
i nt er mediPEANG ! BFQ?&EF@S@' Isprebin P EXirantsd ?5[ satreedenk 1 sikirang At bR Ahe

concent r ahd QBN t%ﬂm%eﬁﬁ%%ﬂﬁ’trél%?éx’d&%% HATROOGRLtddbil fiGw F4raedihr 15 of the
extracted oil obtained in the solvent extraction process that cannot be
fract i onalpbaraidis Stare b@urqlbddm‘dl thedbbghetm@cecmmebﬂ qaauti¢cboutomderpild

pol y- arorratl S |nthef fractton d

Pont 1 nuodo et Ml a4 Ge HRRGEE BBk s eloBEhs PRbE Sl Ko ess
condilpi onsr aterinbeiateysdr p@an@tt l thdﬂ[tﬁﬁteﬁl&h(iag’hr@&) thaf einyroshBRG @ cagsedhen t he
measured results, and thereby carrying out the hydrogenation process at

condi t i oH*Q1Vt¢hteﬁxtr&F’éOYQPfoﬁﬁSélns‘e?\/@rS@”fteldéﬁﬁoY%é}ées%fﬁﬂﬁ'n%ﬁ ipgespeage Ht &lyangen t he
refining .t f refined
oils, the ;l#ﬁt%lgf Qé&hﬁ?wm? gl;vhggogct)ﬁ a:nﬂgf c{‘uﬁﬁ?fﬁe@fgéegm{c?la%@gﬁ% ?on provi des
a sol ventcoetxdls anet;brogrammahmsadumhde sbtaato eﬂmbalshSpmmabodmdamed oil by the

sol vent extracgtion %ess and a hydrorefinij n B@ro ess unit that subjects

the obtained eXPFA¥TTedNER FAFYNG U BE BISESIRINS B dWErqesniliid pECes? ulibAce of

hydr ggen (g euft A Rc¥Siratng opmeqjmtﬁftﬁe el RISTi] (pesteRel 0ilg B rddif tRo! vent
extraction process unit provides a detecting device that detects the

concent r &xiragiedpil St@éag@rterdet‘bcan bedchomantpon el ddim acduenudated by thedinalyizerobt ai ned
by the S% E%ted %é(g %S# ﬁ'l Segitfse @ﬁcogg%n?rahgglof ﬂtev(llﬁ sc;[l cgn alzd 'B% i(&t)\%e,t he

process con IthﬂS 0 rocess ccordlng

val ues Ob‘bxadmtid)lé?)bytabﬁrdibﬁh&@}t gdt@tld%%y@@gemﬂngimeeg‘ @fie3 e difes iltype 30
(heptane insolvent conponent) in the extracte can be defined b%u
det ect i ng!2ef R}t oBlaiRp Ireaction erppsielar and thoax ietedindl o yatadeiraibre abovanbult her e

by nap Or&is\s tH@F&aEth&h Hlé%:’ P@%E%Qra%?&@é%arpﬁe &ﬁ’{aﬁl es‘!le%{éh MROREreby

conparatively condi t1ons, but "o our se vari ous types of oil
productsfarmhr,brlomlenmdna)tfehe(mtdnpgeodmtmoasssoardbﬂgnmlemtehtedr obj ect can be

fl bl d 1. A t hod f h -
bt hay Dbt atliEfore A nds o iRt feEhsi it oF kAt sear a )

sol veRt @y tifogehdtidd prb&sss tah Whiéahedbut@mtiErasingthraively @llalabﬁdme@b, Byt i@ar ryi ng
out the
addition refined oil products according to their object or intermediate oil products of

25 various types can be flexibly produced.

EXAMPLES

Below, the present invention will be concretely explained using examples.

30  Example |
In order to manufacture the feedstock for fluidized catalytic cracking, the feed oil 1
below undergoes the solvent extraction process, and the extracted oil is manufactured.

Moreover, as a feedstock for the fluidized catalytic cracking. because metal concentrations.



sol vent extraction process; and a hydrorefining step in which a hydroref
ned oil is obtained by subjecting the obtained extracted oil to

hydr ogenati on process in the presence of hydrogen and a catal yst; and
further conprises the steps of: 10 detecting the concentration of a
predet ermi ned conponent in the extract¥d oil obtained by the sol vent

extraction; and control|ing the extractjon cqonditions a QOFdI% to, the

det ect edreyisdug garbon. anA SHERT FRNSENIFASIORD arerl BRIt e ipyeastion CRRTITIBEY A48 N Pef i ned
oi I by rghdsnrig: ﬂa 9§ J)fthgﬁg g J&%m@t&a«% mast%eltmmm%t:é&m iaRg (gt ep i n
whi ch an extracte IS O arrying out the ~o(vent extraction
pr ocess; extradtian hmessnef:ontroi@dst)efpthahthmhonﬁtnaamymfdhehcmm iosdluble obt ai ned

by subje the o L he act d oil enat i on. pr.oc n_the

pr esence&yI ﬁﬂ} B%ﬁa%mf tg £X teéitﬁil %E g?tnl% % 08%@ ‘?ﬁté“egt’%ps of :
det ecs i ngyal® orl@dsitha! SRBIDE aﬁ@ﬂ%%h&é%ﬁn‘aﬂﬂn bhthe Rl exbhatt ePP)dhlthobt ai ned by
the solvent extraction; and controlling the extraction conditions according

to the dfeesioned threxrastedrail that ceonetchetfrastivenlly, distdled is pquabtd efiless thest Hodl f or
heavy 0|I1;hat obtains a refined oil by refining heavy oil that conprises:
a sol vent @xtraction step in which an extracted oil is obtained by carrying

out the solvent extraction process; 30 a hydrorefining step in which a
hydror ef ihed -oil s obtained ML Qllhl ecting the

Feed o1l 1 Feed oil 2

Specific gravity (15/4°C) 1.032 0.952
Viscosity at 210F (cSt) 4327 80

T Sulfur concentration (wt%) 491 0.19
Ni (ppm) 35 29

V (ppm) 143 0

Asphaltene (wt%o) 11.7 0.5

Saturated component (wt%) 4.4 38.5
Mono-aromatics (wt%) 9.9 29.7
Di-aromatics (wt%) 11.3 17.3
Tri-aromatics (wt%) 213 8.5
Poly-aromatics (wt%) 40.6 53
Solvent insoluble component (wt%) 12.6 0.7

10 The process conditions (operating conditions) of the extraction process apparatus

and the properties of the obtained extracted oil are as follows:



obt ai ned extracted oil

-and a cat

poly-aromatic concentration in the extracted oil

extraction; and controlling the extract

alyst; a

nd further conprises the steps of:

conditions of the hydrorefining step aégbrdlng to the detected

p0| y-ar onat i C concentrations.

5 4. Arefining nmethod for

heavy oi

to hydrogenation process in the presence of hydrogen
21 detecting the
obt ai ned by the sol vent
i,on conditions and the refining

according to one of clainms 1 to 3, wherein the solvent extraction step

control s [at” T'east Jone of tThe extraction tenperature con 'tEﬂﬂén&?
rate of ?t | east gne of the catalyst and the feed oil. 10 A refi
nmet hod fqr heavy oil according to claim3 wherein the h)drOHmﬁMmlng
cont r ol s fatteast—rene—of—the—conditians JU}eCLCd‘fFUﬂrtkn’LFFi%ﬁ4%
hourly sgacdeé®$&fodity), the reactr%ﬁ {0 erature, or the hvﬁﬁg@e% t
rati o. 6. AnlRfoni{Ng Nethod Tor @Ryt Qpt according to one faheapkal n
3, whereiin at |east one 15 part of the'refined oil is ajraw materi
FCC (fluild catal yti c cracki riplyent/fictdtolemassmatiol is carried odt0 depe
t he pr Eth er m ned pralue—of the J‘nl y—af uﬁ“aitﬁ e -conhcentration at
hept ane i|nsol ubl e conponentE?Hagﬁ@t@%PPEEF%HCall cor responds %% 5.5
7. A refiining facitity—for Ity ns—reftned mﬁuyl
heavy oill that 20 conprlseghﬁgmggﬂvgﬁwﬁg¥§rac@gon process unlp t hat
an extragted oil By[G3nbyd gngdtent dRcaAtViBAe®lUAGHION [ Pr OceSSs; ar
PP value corresponding to insoluble 385
component control (wt%)
Properties Extracted oil yield (wt%) 79.9
Specific gravity (15/4°C) 1.002
Viscosity at 210F (cSt) 557
Sulfur concentration (wt%) 4.06
Ni (ppm) 8.3
V (ppm) 48.1
Measured insolvent component concentration (wt%) 5.2

From the above results, by controlling the extraction process such that the

the flow
ni ng
step
uid
0 Oi
l1to
| for
ndi ng on
t he
~rt%
fining
obt ai ns
d

concentration of PP is equal to or less than 38.5 wt%, the measured insolvent component

produced at the target concentration (equal to or less than 5.5 wt%) of the heptane

insoluble component (C7Insol).

concentration (heptane insoluble component concentration) becomes 5.2 wt%, and can be

In addition, in carrying out the hydrogenation process on the extracted oil obtained

in this manner, the object feedstock for the fluidized catalytic cracking can be

10

hydrogenation process unit.

15

INDUSTRIAL APPLICABILITY

manufactured by processes at mild reaction conditions that do not place a great load on the

The refining method for heavy oil of the present invention as explained above is a

method that provides a solvent extraction process that obtains an extracted oil by the



a hydrorefining process unit that obtains a hydrorefined oil by subjecting
. the obtained extracted oil to hydrogenation process in the presence of
hydrogen and a catal yst; 25 and wherein: the solvent extraction process
unit conprises a detecting device that getects the concentration of a

pr edet er m ned conponent in the extracté oi | obtained by t he sol vent
extractlon\proc and a §§Qtro |ce t hat

condi ti on§" 'GP E@CQBI]\ PEESSAE AR Er SR T)‘Pbé’éosc Ssdﬁ?tto E%?‘ é}'(ﬁ&’%lf Beqeﬂi bYal ues

obt ai ned Jy Jet:h@% dféto%@élhtfwe)dﬂweﬁ%il 18 By&ogéhatih iphdRsk ihakd prickehct of hymaageh oi |
that obtains refined oil by refining heavy oil that conprises:

22
sol vent esadrasatalyst, gndotetests thaconcenmationtntai specified exmpenentin the FXtWtQ%}*P yi ng

out the S%h;g&} mq 1tsrs%§/t {]xt acgon r%bes%nzglda%t E’}édsra& Ef rhé.' @E %e&?{aarq t t hat

obtains a rorerine y subjectin ai ned racte

hydr ogenajongitiops acesding fo thase cmasm@@f arityttlnoge myamiefmmgpmk:ysstm tmnd
wherein: the a?m vent extraction process unit npri ses de ectl ng device

that det 32 AREhESABERL dTacHAN PIocCEssSa BE 9ar&f3§ﬁﬁw®eﬁ piRRY mild t he

extracteqxﬂﬂﬁmgpq%&g@§“q¥w59g0§9&Mgnt extraction process, and a contro
device that controls the process conditions of the solvent extraction

process unit dbeoefdimgue o bdieg stk tesampbiuaitedd doygenhigordeoesss underdevi ce. 10
o A retinng LACh hhY chfubRRHt ShhihlAbn SPhR MRnle SIS o2y DBl O
heavy oil
10 process. the decrease in operating cost, and long catalyst life of the hydrogenation process
unit can be implemented. In addition, by suitably controlling this hydrogenation process,
various types of oil products according to their objective and intermediate oil products can
be flexibly produced.

In addition, if the concentration of the heptane insoluble component in the fraction

15 of the extracted oil obtained in the solvent extraction process that cannot be fractionally
distilled is defined by the concentration of the poly-aromatics in the fraction that cannot be
fractionally distilled, continuous measurement thereof becomes possible, and therefore the
process conditions of the hydrogenation process can be rapidly changed based on the
measured results, and thereby carrying out the hydrogenation process at conditions that are

20 more severe than necessary can be prevented.

In the refining facility for heavy oil that refines heavy oil to obtain refined oils, the
refining facility for heavy oil of the present invention provides a solvent extraction process
unit that obtains an extracted oil by the solvent extraction process and a hydrorefining
process unit that subjects the obtained extracted oil to hydrogenation process in the

25 presence of hydrogen and a catalyst and obtains a hydrorefined oil, and the solvent
extraction process unit provides a detecting device that detects the concentration of the
predetermined component in the extracted oil obtained by the solvent extraction process
and a control device that controls the process conditions of the solvent extraction process
according to the values obtained by the detecting device, and therefore the residue

30  (heptane insolvent component) in the extracted oil can be defined by detecting, for
example. the concentration of the poly-aromatics, and there by not only can the

liydrogenation process be carried out under comparatively mild conditions, but of course,



conprises: a solvent extraction process unit that obtains an extracted oi
by carrying out the solvent extraction process; and 15 a hydrorefining
process unit that obtains a hydrorefned oil by subjecting the obtained
extracted oil to hydrogenation process jn the presence of hydrogen and a
catal yst; and wherein: the solvent extraction process unit conprises a

detecting device that.detects the concentration of tﬁf ol y-aramatic
conponentve}rf?utgﬁ‘-é[’eé??f’g@f ctiand dgfeumeride gy ptr‘i’fgm&qcﬁcﬁ%r ngylg thelk objeqticap be
process, fexiBRtgréducdgvi ce that controls the process conditions of the

sol vent extraction process unit according to the val ues obtained by the
detecting device, and a control device that controls the refining
conditions of the hydrorefining process unit according to the val ues
obt ai ned by the detecting device. 25 i 0. Arefining facility for heavy oi
according to one of clains 7 to 9, wherein the control device of the

sol vent extraction process unit controls at | east one of the extraction
tenperature and the flowrate of at | east one of the solvent and the feed
oil according to the val ue obtained by the detecting device. 30 11. A
refining facility for heavy oil according to one of clains 7 to 9, wherein
the control device of the extraction process unit stores relationship

bet ween the concentrations of the heptane insol uble conponent and the
poly-aromatic in the extracted and refined oil, which is obtained in
advance, and poly-aromatic predeterm ned " 23 concentration information
corresponding to the concentration of the heptane insolvent



conponent dependi ng on a predeterm ned object, and the control device

. conpares the poly-aromatic predeterm ned concentration information and the
pol y-aromati c concentration detected by the detecting device. and controls
the extraction conditions of the extra@ion process unit . 12. A refining
facility for a heavy oil according to tfaim9, wherein the control device
of the h&gll;agr efli ni r&tq process unit controls at |east one selected fromthe
LHSV, th SV PIF% 8 perature, or the hydrogen to oil ratio of the
hydrorefining process unit , according to 10 the val ue obtained by the
detecting device. 13. Arefining facility for heavy oil according to one of
cl ai ms 9 lardrefiminganethed @ﬁh?@vbg\%ﬁhaébbf@wwdéﬁ@ﬁd qihky refiangrepvnpPdhasr ocess
unit stores r.el ationship between the concentrations of the heptane

i nsol ubl 80@8%e3hent and the poly-aromatic in the extracted 15 and refined
oi I, shich isagbh@ht@draciin@sty@nc@hichRb eRRINedsiD HRdbtLndd Bdel8ing me the
concentration information corresponding to the concentration of the heptane
i nsol venfOREHSSHEFHONEPESIS WY on a predet ermined object, and the control
devi ce conmpar 3@h OB i QRGN Qb } ffeOor mat i on
and the pol y-gﬁlgﬁgﬁ@gg%ﬁ%gntra%@oaﬂ{@gﬁggéigd&gg Ot%hé dg}es?ﬂeggn%g\?i ce, and
20 cont r obginedextrgctedgdnahydrmgaatidn prooass infthet presengeloOnyslrogenragd preowdss uni t
. . AFE. A éi% A‘{;I . AY 2. A AF4. AFI?J_ . AFE. AF{ |.AY. AY{. AY.. Al h. A3.. A Ah. AY. A{8. A
L AY] . Av. AR BiFUED ARy LSS tF steps of:
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controlling the extraction conditions according to the detected poly-aromatic

concentrations.

25
3. A refining method for heavy oil that obtains a refined oil by refining heavy oil that
comprises:
a solvent extraction step in which an extracted oil is obtained by carrying out the
solvent extraction process;
30 a hydrorefining step in which a hydrorefined oil is obtained by subjecting the

obtained extracted oil to hydrogenation process in the presence of hydrogen and a catalyst;

and further comprises the steps of:
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6. A refining method for heavy oil according to one of claims 1 to 3. wherein at least one
15 part of the refined oil is a raw material for FCC (fluid catalytic cracking), and the control
is carried out depending on the predetermined value of the poly-aromatic concentration at

which the heptane insoluble component in the extracted oil corresponds to 5.5 wt%.

7. A refining facility for heavy oil that obtains refined oil by refining heavy oil that
20  comprises:
a solvent extraction process unit that obtains an extracted oil by carrying out the
solvent extraction process; and
a hydrorefining process unit that obtains a hydrorefined oil by subjecting the
obtained extracted oil to hydrogenation process in the presence of hydrogen and a catalyst;
25  and wherein:
the solvent extraction process unit comprises a detecting device that detects the
concentration of a predetermined component in the extracted oil obtained by the solvent
extraction process, and a control device that controls the process conditions of the solvent
extraction process unit according to the values obtained by the detecting device.
30
8. A refining facility for heavy oil that obtains refined oil by refining heavy oil that

comprises:
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the hydrorefining process unit controls at least one selected from the LHSV, the reaction
temperature, or the hydrogen to oil ratio of the hydrorefining process unit , according to

10 the value obtained by the detecting device.

13. A refining facility for heavy oil according to one of claims 9 and 12. wherein

the control device of the hydrorefining process unit stores relationship between the
concentrations of the heptane insoluble component and the poly-aromatic in the extracted

15 and refined oil, which is obtained in advance. and poly-aromatic predetermined

concentration information corresponding to the concentration of the heptane insolvent
component depending on a predetermined object, and

the control device compares the poly-aromatic predetermined concentration
information and the poly-aromatic concentration detected by the detecting device, and

20 controls the hydrogenation conditions of the hydrorefining process unit .



