21 JUL 2005 1 REFINED O L AND MANUFACTURI NG METHOD THEREOF TECHNI CAL

- FIELD The present invention relates to refined oil and to a met hdd JH 2005
manuf acturing the same, and nore pakticularly, to refined oil which can
be preferably used as gas turbine fuel oil or the like for applications
such as a conbi ned cycle power generation, and to a nethod of

manuf act uri ng I pover
generation has&wmmpﬁg%@&}% %ﬁT%ﬁgE?s turbine is

driven by a gas of high tenperature and high pressure that is generated
by burning a fuel such as natur aI 8as V\:hl | e steam generated by using
wast e heat fromthe gas t ur bTRe LB drive a steamturbine. Wile

of "natural 155ERSFIANAT R%F%Bffif?ﬁméﬁ%%‘ aidin Plppt OE R BARuIR IO o

t r ansg4hé,iand ndie pardieladl, to Jefned bl Wieh dari t\@ﬁl@f@mp Li§udiEas gas alibink dgéles have
recently ‘been developed to manufacture refined oll, which can be used as

t he gai or thedikedor applications spefs @See@pmbxnﬁm@yciramqugengagon fapgd e e methodi | .
Japan | ication, First Publication No. 6-209600 di scl oses a

)
techn8$8'§ a‘%‘%‘“ﬂ%g’&%"‘?efu ned oil which is preferably used as the gas
turbine fuel oil by having |owsulfur crude oil react with hydrogen in

the presence of a desul furizing catalyst, thereby reduci ng the content
of sulfur and heavy netal s iﬁ"gﬂ@GR However, since the nethod

di scl osed i

| ow sul fur ?r%gtg“ P&g@%h Hnaagg‘?ﬁ%ﬁqm{%?‘é‘?%?‘%ﬁ@ rﬁ{:&% ES‘III?

i ncl uadggk turbinég heiriveﬁ bpagasiof hlgh téthperatasecandthigh prdesuod thavisigeherated bq h| gh
sul fur conte is used. This results int exhaust ) fromthe gas

t ur bi h‘é“ﬂlﬁrﬂ&ﬂﬁ“ﬁﬁ a5 natifa) gas, wieestoam asaPraind B SIRE ot bept fiom I EAdbl em
that fiSihe REuse@ o/ @l d fteﬁﬂ‘ﬁ'uﬁﬂfé”em al conservation. Japanese Patent
Publ i cation, First Publication No. 2000-273467 (first publication date:
Cct ober 3, Y\Oﬁm)nadlrdcgaemxedommemiuwdaﬁdw fueldduthesggas lgé?sﬂftSuﬁSﬂQfe f uel
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To avoid these problems, technologies have recently been developed to
manufacture refined oil, which can be used as the gas turbine fuel oil, instead of the natural
gas, from crude oil.

Japanese Patent Publication, First Publication No. 6-209600 discloses a
technology to prepare refined oil which is preferably used as the gas turbine fuel oil by
having low-sulfur crude oil react with hydrogen in the presence of a desulfurizing catalyst,
thereby reducing the content of sulfur and heavy metals in the refined oil.

However, since the method disclosed in the publication mentioned above requires
the use of low-sulfur crude oil as the raw material, a large amount of sulfur is included in
the refined oil in the case of crude oil which has a high sulfur content is used. This results
in the exhaust gas from the gas turbine containing a large amount of sulfur oxide, which is
a problem that must be solved for environmental conservation.

Japanese Patent Publication, First Publication No. 2000-273467 (first publication
date: October 3, 2000) discloses a technique for producing a gas turbine fuel oil by
hydrogenation of gas oil which has been obtained from crude oil through processes such as

fractional distillation and solvent deasphalting, in the presence of a



2 denetalizing/desul furizing catalyst. This nmethod of refining g%E 9h[2ﬁ%
hydr ogenation is capable of yielding refined oil suitable as a f él
having a viscosity of 4 cst or |less, 2an alkali netal content of 1 wt ppm
or less, alead content of 1 wt ppmor |ess, a vanadiumcontent of 0.5
w ppmor less, a calciumcontent of 2 Wt ppmor |ess, and a sul fur

content of 500 pm.or | ess. However, this nmethod of manufacturing
refin “ﬁqllzwgﬁ?]ngé%caéﬁéﬁ' as the followi ng. (1) Wen heavy species

of oil (heawy:o0i [ : t ' | Jal I nt
component . gk el il B By hALRRURH R cablole Bt SR RS B ¢
cr ude saitdble as afigpheving a vissbsitycof 4/est vl lass, aniatkali, metalaoptenk b£H waippmn@de from

t hese species of oil through, sol vent ,deasphaltwlg vacuu as oil and

tar sdfidha kadootert ofd Whpm gelesyia vanagim canicabef O WPATHET k8% Aned o |
pr eparcgﬁi:i XOQ&thQWeqﬁrﬁ'gple Q%n&%lsﬂﬁugﬁ'ﬂdt G?g%@ggif@‘g dr§é&s. of such

refined oll as the fu result's 1n pro ns su or atom zing

char act er i stHos=vef, this ketfodedf madufactorignrefinedoib bat probleatssuealt asthest i cs i n
the gas turbine. (2) Although it is possible, even when a heavy species
of oi Ifola¥inged as the feed oil, to lower the viscosity and pour point of

the gas oil | [ ; d f4mi s by
(mgne Pgﬁ%g&&@@o al Qﬁ:g%g?ﬂf%ﬂdh%clu&&sdl@i-g%ga_nli}ftﬁ%? ,

regul ating t conditi the fractional” distillation
pr oc e high-boibing phivecimpees sreadthiglycgneented mnwil iaslphdkenesaish agy fohexapipdé,d of

the refi il, this l.eads to hi i dye to the |
Vi1 o B DileRmaspets e, v desToken dfpREALGY ol futRato st RPeS dfceq. s
the feadn@ugh §0vedt MRaPRARRS SR umP 8 A dnd Far's@hd) Melukid| asftie febd @aAdthe

appl i cations such as pet rochem cal " i ndustrial naterial, too it is
possi viseodity df hwerefinbd oil ipsepasid may helhigben thpw thetvabie deperibediabaeal dilse by

i ncreasi ng the reactio t enper.at u and pressure of.th [ i on
refi n!o &%ﬁ‘s@‘é%ds‘?‘ ?—’fo\l;\'ﬁ%g'éerl re nﬁﬁl%?’fc@gﬁnﬁs sY gﬁgp‘?oor agoemllzﬁn& %&@%ﬁ@and in
addi t it@Yuell diC4 cbmbuftonaaratdrRicEindhe gacdtudgns. prent cost  cannot be

avoi ded. DI SCLOSURE OF THE_| NVENTI ON The present inventign has been
conpl et ed i(R) Atheugh B isppssdls, wxen WHBR 8 Mgavypeeics kel nsed as thedfesq oils an

obj ec I ' E OV fi: kd
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higher production cost due to the lower yield of the refined oil.
(3) Also, when heavy species of oil are used as the feed oil for the purpose of
preparing refined oil for broad applications such as petrochemical industrial material, too it
is possible to lower the viscosity and pour point of the refined oil by increasing the reaction
temperature and pressure of the hydrogenation refining process. However, the effects
tend to be insufficient, and in addition, increases in the operation cost and equipment cost

cannot be avoided.

DISCLOSURE OF THE INVENTION
The present invention has been completed in order to solve the problems
described above, and it is an object of the invention to provide refined oil and 2 method of
manufacturing the same that are capable of decreasing the viscosity, pour point, and sulfur
content of the refined oil to practical satisfactory levels even when heavy species of feed

oil are used, and can minimize production costs.



3 According to the nethod of manufacturing refined oil of the prﬁs‘teﬂg 005
.invention, the feed oil is brought into contact with hydrogen i

presence of a denetalizing/desulfurgzing catalyst and a hydrogenol ysis
catal yst, thereby to obtain the refined oil having viscosity of 20 cst
or |ower at 1351, pour point of 301t or lower, alkali netal content of 1
wt ppmor |ess, vanadiumcontent of 10 wt ppmor less and sulfur content
of 0.3 wt % dwcomhing to the nethtidof manufdcturingt ratinedodil ekthe praseutrinventionf theed oi |
of anaqt her. aspect, K of the  prese I nvention, feed oil which has a
vanad&ﬁ?ﬁ%b‘ﬁ?‘gqﬂgﬁ"h@tm At it hydraged 1S IRENSe Ok ought into contact with
hydr ogefhetallzi Qﬂﬁ?ﬁm‘geca‘?afl 2 afE THy Ao ghdlideanydiitherebh o 6Btaa et  and a
hydrogengaygégﬂgata yst t"ljérgby o%t glkni n%ylrefi ked oi | ?to be used as gas
t ur bi nefifedeil having visvositgof20/éss opRivtey a01350, patr pointlo63ATC atr Id@&Lalkalh pour
point of 30°t or lower, an alkali, netal content of 1 w ppmor less, a
vanadimatal cortertaf lovt ppis ordespprnatiumeepateanal 10 wuppmior lessandaalfyt 0.3 w %
or | ower.. A dj t he net hod of manufacturing refined oil of the

pr eseﬁ?"tF?{\Pgﬁﬁ%%%ri?q‘rﬁ%‘e the feed oil is brought into contact with

hydrogen i nAkb&digasencmetiod of thandfieRiriakirefing ciesfanbither adpegt sfahal yst and
t he hydrogenol ysis catal yst, not only can the concentrations of

i npur iprasen invgakomJeerbeilh whighdias a| vianagdivey contephpetdiigher thancl 5P WRPB & fur be
decre Uf flCi . . | 7] at al but
o s DRl (bl R it iR TRAchcs O dirmuihl i A AR Bl

cr ackiafid)a hydrogénhysisagatalyst ahedebs obtaining efined bit ad bousedfas gaparnbineffudlhe f eed
oi |l by neans of the hydrogenol ysi Sbé%&tﬁal yst. Consea%(eent ly, the follow ng
ef f ecil beving peiseosil  csf on lopige At , APHE PPNt S0 Lo Or dpwes; an alkalised as

the feed oil, vigcosity apd pour ..point,K o refin 1] ca reduced
to saff® %ﬁ‘%?‘ffﬁe‘v‘el?@ O’i'EEIS%' aﬁ@ﬂ%%'g?’tco%cgg?{)@g WP mp‘r?rglﬁgscaendrae ullﬁlgd oi |
havi ngoisof DX w@h of Rdeer | Stics which does not require heating operation
during storage, transportation, and use. (2) Refined oil having a

vi scosity afgcqsding tpthemethpd ehmapefasyring sefified|ojl ofdhe pgsemddnvepti@par ed even
when . |4t i | | < ' L S}l @ti on process
and't Wi GBS PR Rent RS LORAR sith hy¥oucndfkieiesents 8 e, B LOT

f avor ahhealigyglesaifuyizimigtatafyenand ek ihydrogendigsi§ eatslystj hot ofilusan the i s nmade

possible to jnprove the yield of produced refine oi |l .ang t ecrease
the pme@fqt@ggegmurg@f St mﬁaﬁi(ﬁlﬂﬁ%m%&mﬂl lgme 1)§m3 sWltvitel s of
Vi SCO§iddasanshRGhuPeY fHe deafttdiingldedldeurtARP catalyst, but also the viscosity and

pour point can be lowered by decomposition, cracking into smaller molecules, or

isomerization of a part of the feed oil by means of the hydrogenolysis catalyst.

Consequently, the following effects can be achieved.

(1) Even when a heavy species of oil is used as the feed oil, viscosity and pour
point of the refined oil can be reduced to satisfactory levels. This makes it possible to
produce refined oil having superior characteristics which does not require heating
operation during storage, transportation, and use.

(2) Refined oil having a viscosity and pour point which are sufficiently low can be
prepared even when the conditions of reactions in the fractional distillation process and the
solvent deasphalting process are set so as to maintain a favorable level of yield when
refining the feed oil. Thus, it is made possible to improve the yield of produced refined
oil and to decrease the production cost.

(3) Refined oil having sufficiently low levels of viscosity and pour point can be



4 prepared even when the tenperature and pressure of reaction d Lgﬁ 05
-contact of the feed oil wth hydrogen are set |ower than those®“ lhgn
prior art process which uses denetal4 zi ng/ desul furizing catal yst only.
Thus, the operation cost and the equi pnent cost can be kept low (4)
Since the separation of sulfur fromthe feed oil is accelerated by the
hydr ogenol ysis catal yst, refined oil having | ow sul fur content can_be

pr epar RePaghevspshen ihe dempgratuggandpressure Rfcgagtiogusing cetad oh therfeed il ysed.
L . . ° : . | )
sed, Vi hifOg are 181008 al IR it Beiith S orlesd BIGHASR O 0" o1 05 Wt ppm

or | esdenfetdliziify/duseifarigifg catalysConly.s Phil efeai@kmtmedstaadg&scq‘ugﬁmmeoétuel
oil. Wth the effects (1) to (5) described above, the nethod of the
preserf@nbakepitlo¥n can | ower the viscosity and the pour point of the

eserfnPR¥epIPYn can | ov | _ |
ow lovel . #APSEHE UeGiRRalifn bEYIE AT 10k SERRCLIARBIIINGS 771 i g ©

t he crhiyd®gendlysindstalysqrdtiredRélriavingrlessuifar Caelean b grephed evbrewheed oi |,
vacuum gas oil can al so be used which is obtained by vacuum distillation
of t hdewketbypisdripeludesshigh sulfyicantsatisyipedti stilling the crude oil under

at mospheri ¢ (g’ ﬁ@gH €ed &Pﬁa\}iﬁ‘ge% I@gﬁaftﬁg !{cont%ﬁtc#“i{gﬁéﬁj{p%& i6&s gL iPe used

whi ch is obt by vacuum Ion o spheric résidue

obt ai padichiar,defited bil havinpa vanadivm @ohtennol)d.5 vatppasgtiessican pe pecpared, For t he
feed oil, atnmospheric residuary deasphalted oil can also be used which is
obt ai MEUChHis Pé'?)fP&Q “S(Tgé'éﬂﬂ%ﬁ“?l?‘ﬁ@gk?ioﬁhe at nospheric resi due obtai ned by

distilling &0gh tHel difletsqt ri : eed oil,
vacuum r esi duar ;ﬁdeasgﬁg? %&e)cgslgﬁcﬁtcaga?a sb{h%en%htgicng\tﬁf 8&9?;}3_@1&%@%@{?”6(’ by
sol versn bhees phravis¢asiy and theepona pointrof deirefieedodit ol sufficintlylewdennls and

distillation of ..the atnospheric residue, that is obtained by distilling
t he Ctkﬁ?fethf)ipfoc{)‘ﬁﬂg??%%ﬁ%gz‘ﬁ‘%ﬁvfﬁ pressure. For the feed oil, two or nore
may al so bepysad fuéd 61, AmBspiRHE Fdstfhel dbbdh SisAlling TR u8LHs Laddrng of the
at nospheric residue obtained by distilling the crude oil under

at rrosp!dmspbﬂb?n@whf@?afﬂ?ﬂeuﬁﬁdcuum gas oil obtained by vacuumdistillation
of the at ”%8P{h%[fhcgd 5828l gh&i YAFHNTHE SSIAWRICR B Al BY vARGHI™

distillation o
distillation of the atmospheric residue obtained by distilling the crude oil under

atmospheric pressure.

For the feed oil, vacuum residue can also be used which is obtained by vacuum
distillation of the atmospheric residue obtained by distilling the crude cil under
atmospheric pressure.

For the feed oil, atmospheric residuary deasphalted oil can also be used which is
obtained by solvent deasphalting of the atmospheric residue obtained by distilling the
crude oil under atmospheric pressure.

For the feed oil, vacuum residuary deasphalted oil can also be used which is
obtained b‘y solvent deasphalting of the vacuum residue obtained by vacuum distillation of
the atmospheric residue, that is obtained by distilling the crude oil under atmospheric
pressure.

For the feed oil, two or more may also be used which are selected from among a
group consisting of the atmospheric residue obtained by distilling the crude oil under
atmospheric pressure, the vacuum gas oil obtained by vacuum distillation of the

atmospheric residue, the vacuum residue obtained by vacuum distitlation of the



5 21 JUL 2005 atnospheric residue, the atnospheric residuary deasphalted
.0i | obtained by solvent deasphalting of the atnospheric residue, qryg 7
vacuum resi duary deasphalted oil obtained by solvent deasphal ti% o#‘ P[ﬁe
vacuum resi due and crude oil. Heavy oil having boiling point of 3401 or
hi gher may al so be used as the feed oil. According to the present

i nvention, .contact of the feed oil wth hydrogen n rformed in a
hydrog@mpwpg et theatng : .ngfets&qua r({éﬁ%&e@ﬁ%(}ﬁ@g&%&)@%ﬁﬁp g contact

wi th AR df thePatRREBNeHC rédiBG, BRSHChA residGrE adaaplidiled | oflybtainetsbyng a
reactor vessel” conprising the denetalizing/desulfurizing catalyst |ayer
whi ch sobvent deasphaiting efghe vadiiuni regiddesnd ¢rude @ilng catal yst and t he

hydr ogenol ysi s catal yst | ayer whic sists of a rogenol ysi.s

Ot aryar ) ey oh SedmsommRoin iRt oF Pishrtmeselh pe CORORE S g

i nst al I.gd in the upstream of the hydrogenolysis catalyst layer in the

di rect?on of the feed oil flow The refined oil of ‘the present invention
is refined QdcoRtimparte phsekitiavemiohabntadesithe fed oibwitk hy@ep&rcdaHS8CRI PTI ON

OF THE DRAWNGS FIG 1 1s, a schematic djagram show nq,a manuf act uri ng
appar degfonpeding hysrggensiyais crinyst nyeratien bringing Hedsehail A COMRSY Wt net hod

of ma %%%giﬁd Qgcrﬁ@t%fiﬂﬂg/dggdlf&fcziﬂt ta{i}rs?ﬁi & usihgﬁ?%&%?ﬁl @Brpériéiﬁga
schemat’i ¢ =i agr am show g a nanufact uring apparatus prefera used for
i npl enkadémealexing/besulfaribing crebyst biyert wisichiredriststs of a demettlzing/deswifurieingned
oil of the present invention.

FIG 3 1S a sche i ¢ di agram show ng a
manuf £@talist apsl i hadragerolpivratalys 1gyver whiFh PBFISE r?g?iw@mgﬁﬁ Y%Pﬁ‘tﬁb{\éﬁ her
enbodir : i i 104 esent
ivent' i QeubARERE RN IAYeL BElnk Rt i@t otrsarh Of e
manuf dyttogemdysipeaslzstusyqrie fherditecironusfatic fasd otldfiow.i ng out the nethod of

duci [ il h .00 ' Th [
Rpparat us 1 0RaneR et i €6 dfeshiinvamian B Ehbef Ot pieopiedeb b THs ™07 i o

iI's a reasi.aabyessel conprising an external container 2 that houses a 21
JUL 2005 6 denetalizing/desulfurizing catalyst |layer 4 consisting of a
denet al i zi ng/ desul furi zi ng

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a manufacturing apparatus preferably used

for implementing an embodiment of the method of manufacturing refined oit of the present

invention.

FIG. 2 is a schematic diagram showing a manufacturing apparatus preferably used
for implementing another embodiment of the method of manufacturing refined oil of the

present invention.
FIG. 3 is a schematic diagram showing a manufacturing apparatus preferably used

for implementing yet another embodiment of the method of manufacturing refined oil of

the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
FIG. 1 shows a manufacturing apparatus preferably used for carrying out the
method of producing refined oil of the present invention.
The manufacturing apparatus 1 shown in this drawing has a catalytic reactor tower

7 which is a reaction vessel comprising an external container 2 that houses a



catalyst 3 and a hydrogenol ysis catal yst |ayer 6 consi st ing of a

-hydr ogenol ysis catalyst 5. For the denetalizing/desul furizing ca12a1I {,U;l{?ﬂﬂﬁ
3, a general -purpose catal yst used when refining feed oil by

hydr ogenati on (denetalization and desul furization process) can be

enpl oyed. The denetali zi ng/ desul furizing catalyst 3 nay be an al um na
carrier or a. sjlicasalumna carrier whjch_supports,k a catalyst of at
ast dsmetakizing desviBitizane Fauelin s coniina of adberalizingidesbiulang and

{ ungsteghllysignd e WGBpbrtal A ARAM idfed 6 boRistinlh OF ¥ HyardelRdlysi fsuri zed
before u g. %erg?i shno *blgs(n%t aﬁ oﬁ&t ob(tm%(laﬁsggpe g?[% e wlp&tﬁ%s

denet al i zi n@bddeuemetalizinpidesalfurizing cadalyst 3ha generslypurposefaatalyskased! e,
cylindrical, square prismatic, or spherical. The cross section of the
denet Avhenief %Ef&r-'peﬂrhYzhxﬁlgoasa%t&wﬁmswﬁwoﬂénfi SesHtprization BocessLenor

4-| obgg m@ﬂﬁ&hguration. The dianeter of the catalyst 3 may be in a range
from § 0°5 mm although there is no restriction in the present

i nventi on. The defaplzingesiilfriziigaamlyst 3 ey beainadlyminatacder obe det er mi ned

i n accgrdance to the roperty of the feed oil and the caoncentration of
the c ARIGIING Garier WBFFM&HPO HeCatal vt 85%‘&645&9?%‘%@5-%139?9%@%0% one

used hpybingodid b RYHR08 hiHpkeRI T %ﬁ-‘éﬁiziﬁi/dééﬁrlﬁri%ﬁngic&tag@% ma

hydrogenation activity, cracki-ng capability or~isomerizatio act?vity.
For t hestifidized bofuirg/sses cat al yst 5, one that includes a conponent having

cracking ca é)rchlt . ortii SO riS ati-? a tivilt nd }:o. onelr}t avi ng
hydr ogenat i OR®T®atHS FF'}? P & SHRPE ¢: eeta FRUHUORRS CHE YEY-cki ng
act | VighichQhay 5Q 16 dxaipld RyRdrickl, Eduar@ﬁridn%ﬁﬂ opﬂfh_cri&ﬂ! eqhedrokd Qatigaong the
group consisting of silica, alumna, nmagnesia, zirconia, boria, titania,

cal ci of thademetatizing/dgsulfurizitecatal yd 3 maydreformed in a Bilobesd grakelobedul ar | y

preferable to u n_anor us rial, such as silica:alum na,

B T cielmur.. T8 PhoRl IR G Sl vl el fbin CEITLIR e
nat er hléjogh tidle &SncZRSMrictién e plesentifvenienl. As the conponent having
hydr ogenation activity, at_ |east one selected from anong a group

consi st i ng Bhe shaprend dunensians oftheatabistdranpbadetemmined Hy aepidancetto tigst en,

i ron, | . [P Leularly

pr ef e?rgg&e’p @oéhgg%&ml% 111?1@ c@%%gir?mﬁ%ﬁ tf/{)%%ﬁnﬁoﬁehgtrol b?ﬁ %ﬁo&;h@h The conponent
havi ng hydr Tlyehpdrogenobysis catdlyst fmyaytbe onaabedlindhe prdilay bgtdmcsasking  ei t her
in elemental form. gr Ln the form of an oxi de 0{), sul fjde thereof. This
conp oPfefgsspas{long jas i hashydgogenation activity, cracking capa ility or isomerization

activity. For the hydrogenolysis catalyst 5, one that includes a component having

cracking capability, or isomerization activity and a component having hydrogenation
activity may be used.

As the component having cracking activity or isomerization activity, at least one
selected from among the group consisting of silica, alumina, magnesia, zirconia, boria,
titania, calcia and zinc oxide may be used. Among these, it is particularly preferable to
use an amorphous material such as silica-alumina, silica-magnesia, silica-titania, or
silica-zirconia. Crystalline materials such as zeolite may also be used.

As the component having hydrogenation activity, at least one selected from
among a group consisting of nickel, cobalt, molybdenum, platinum, chromium, tungsten,
iron, and palladium may be used. Among these, it is particularly preferable to use nickel,
cobalt, molybdenum, or platinum. V

The component having hydrogenation activity may be included in the catalyst 5

either in elemental form, or in the form of an oxide or sulfide thereof. This component



may al so be distributed either over the entire body of the catal ypy JB| 7005
.only in the vicinity of the surface of the conponent which has cracking
activity (such as silica-alumna). TFhat is, the conponent having

hydr ogenati on activity may be supported on the conponent having cracking
activity. Total content of the conponents having hydrogenation activity
is preferably in a range from1l to 25% by weight, and nore preferably in
a r angayfatsorhealistobeedeitheraventhe entdte body of th yst5, ongidy in the vé@ritent i s

bel ow the range scri bed abpve, hydr nati.on. acti vi.t ases, and
wnen ohibestitadat R Somaiient PR nentoF SRE CuBFiLe Ml SREREE

sur f aqgat i&ltR@cthpddet Ralifg Nidrogend86d 8ARSS mdy6¢ Suppbrtéor th¥icoRipoaentt o t he
shape of the catalyst 5, which may be, for exanple, cylindrical, square
pri smhavisg crackispheivityal . The cross section of the catalyst 5 may be
formed in a,3-] obed or 4-1obed confi.guration. Dianeter. of thg catalyst 5
may be in aTOtta . C%PE&C@F@(@GM&‘Q% h%‘ﬁfaﬁcqaﬁ‘gP@g&‘anIB ppgérlagliydﬁ ifon. The
Shaperﬁgéfﬂéh{@{bsm% eif Cariioth e ptéfembia DRngeHBMN ReX% By a&sgt dance to
the nolecul ar wel gh? of "the feed oil and the concentration of the
conponkthe catalyseS.r enoved. As the specific exanples of the hydrogenol ysis

catal yst 5, ,t.ho listed | PETROTE VOl .. 22, . - 1302- 1037,
1999, may b }1?53@: C"Pieél?ésalfcg?‘@tufecmp%%?_'%tgﬁm{ %l?/\(/)evrc ’ By’%?g%%ﬁ!émﬁgcﬁﬁﬁ cturing
appar aéddgasds, afd Whel tHéednivnt R highee thindhe gRige ldysiribed abaley specifiysatfabe Whi ch
Is installed downstream of the denetalizing/desulfurizing catalyst |ayer

( downgrea ebitheicatalseS dpgreases.on of the feed oil flow). Connected to the top

- of the cat tic re i [ | DR ' t he
feed oil an ?{f/élsrlg)ogé%%tlatﬁ ogoﬁﬁéeag%agf g?%%ﬂri é?f %h&t'@%‘?“’? %ol'ﬂrrlﬁgeét ed to
t he begyjlindfitdlf squakeprisaiaticysr sphériadt | The drovedection of thedambizns gaypiepe 9 t hat
di scharges reaction product from the_cgatal yt%%ﬁrea tign tower 7. Now an
exanpfosmed in #3-lokadrs #-l9bedeoniredeation: nf1metef gf thrgcata dtAg to the

prese&hgwf’&?%g%ﬁé{ iltholagllﬂﬁ%?irsing dstReligwy taking a case of using the

manuf acturi ng - appar at us ccording to the invention, crude oil, oil
extract ed fTimshzpedsd dintenbipnaioSthpaatalyshy campe determined icéccarlageestoithe at i on

or solvent deasphalting,, Q I Xture, there may be used as he feed
o 1 mpleiol vy ot e Tk ailart b oiksfis i ogRbo B S Geiivete: due.
at mospher i cagfhekpkci&l@Ramples of the hydrogenolysis catalyst 5, those listed in

PETROTECH, vol. 22, No. 12, pp. 1302-1037, 1999, may be used.

The catalytic reaction tower 7 of the manufacturing apparatus 1 is provided with

the hydrogenolysis catalyst layer 6 which is installed downstream of the
demetalizing/desulfurizing catalyst layer (downstream in the direction of the feed oil flow).

Connected to the top of the catalytic reaction tower 7 is a feed pipe 8 that supplies
the feed oil and hydrogen into the catalytic reaction tower 7. Connected to the bottom of
the catalytic reaction tower 7 is a discharge pipe 9 that discharges reaction product from
the catalytic reaction tower 7.

Now an example of the method of manufacturing the refined oil according to the
present invention will be described below taking a case of using the manufacturing
apparatus 1.

According to the invention, crude oil, oil extracted from crude oil by a separating
operation such as distillation or solvent deasphalting, or a mixture thereof, may be used as

the feed oil.

Specifically, atmospheric residue, vacuum gas oil, vacuum residue, atmospheric



8 residuary deasphalted oil, vacuumresiduary deasphalted oil, g@fﬁ g @5
.or the like may be used. These species of oil will be brlefly d P g
bel ow. (1) Atnospheric residue Atnogpheric residue is produced by
distillation of crude oil under atnospheric pressure, in such a process
as the crude oil is supplied to an atnospheric distillation tower wth
hi gh-boi I'i ng poi nt conmponents being collected under atnpspheric pressure.

Speci fresidbidry dessphhitad oitvacahin eesidvaryedaabphatted off, dridde 6il ortiie dike may teti stil | ed
in the atnospheric distillation tower so as to separate | ow boiling
poi nt '@é‘i’rponents and high-boiling point conponents of the crude oil by

maki ng use Olthcgggﬁc%%%f roﬁ%l@ Hc%rfehgldf:&?{bw Baohenperature, while the

hi gh-boi lin ed as the atnospheric residue
fromthe bogupnnﬁégﬂhﬁctamﬁm The tenperature to heat the crude oi
during the distillation process can be set so that conponents having

boi | i ng poi Mit&aspherigrepigus mmrodiced by distillation efgrpde eibundes agmespheric
hi gh- tf)%skﬁr@glln%%'cﬁk tp?&éEBQEk}etﬂE %mdlg)% lé‘E ﬁQE‘ & Matﬁn%?#&gl% d%&?ﬁaBSnP g0l eum

pi tch,” aspha ar san coal residue or the

li ke. vﬂa))hxghewumgqaﬁnmdmﬁéaemulmggs:omdted lmqaf ﬂﬁ&fspﬁbrit)préﬁsﬁicl Iling, under
a reduced pressure, the atnmpspheric residue which i s obtained by
di stil | ati ooPsfificallyisueh 2 rrﬁH@érca@ he caplaysp arthe crysleciki distilled, in 'élech a

pr 0Ce§ﬁn@h£ﬂ“ﬁﬁhﬁ?§&h@@c§ ?fﬂo%ﬁarht% léw%hﬁr%ﬁ;&f& &mﬁ%ﬁ’d stillation

t ower ecting I ng" pol nt conpohents a reduced

pr ess high-bdilirg pdint adbihponesitsodt the onatle oil by ammakiey wseplf d}aﬂffatentMm the nospheri c
residye, js distilled jn the vacuumdistillation t as to separate
| ow b8PH ﬁ"ﬁéerBB?fﬁE“fE»d%hﬁ@ﬁ?‘égh DG PYAL SRFAANARS 35 ?Oﬁlvgefee Y¥ents of the
at nos phgss ﬁcﬁ@%%@,frdmmcq,o@@}d &GhE Rvdche 1 owboi ling point conponents
as the vacuumgas oil fromthe top of the tower. The vacuumdistillation
pr ocess canThe teaperatuge heatithd eruds qﬂr@smrtbe distiBatiompgecess cambesset 80 80

di sti thgg?%g%t ué“g %H\‘,‘\glgg'gé{ot}gg {tﬁggo‘@ b\%@grte%tc dur I n ‘% |hﬁg poi nts
| ower f ik iR g collected as the Iomfb0|llng p0|nt
Conponﬁt S. 18@5(5_ 5%%9%%?
The atmospheric residue may be petroleum pitch, asphalt, bitumen, tar sand residue,
liquefied coal residue or the like.
(2) Vacuum gas oil
Vacuum gas oil is prepared by distilling, under a reduced pressure, the atmospheric
residue which is obtained by distillation of crude oil under the atmospheric pressure, in
such a process as the atmospheric residue is supplied to a vacuum distillation tower and
collecting low-boiling point components under a reduced pressure.

Specifically, such a method can be employed as the atmospheric residue is
distilled in the vacuum distillation tower so as to separate low-boiling point components
and high-boiling point components of the atmospheric residue, while collecting the
low-boiling point components as the vacuum gas oil from the top of the tower.

The vacuum distillation process can be carried out under a pressure in a range
from 5 to 80 mmHg.

The temperature to which the crude oil is heated during the distillation process

can be set so that components having boiling points lower than 550 to 650C are collected

as the low-boiling point components.



(3) Vacuum resi due Vacuum residue is produced by supplying the

at nospheric residue to the vacuum distillation tower and collect? hgUL 2009
hi gh-boi |l i ng poi nt conponents under @ reduced pressure. Specifically,
such a nmethod can be enpl oyed as the atnospheric residue is distilled in
the vacuum di stillation tower so as to separate | ow boiling point
conponent s ngd hi gh-boiling point conponents of the atnospheric residue,
whil e the hﬁghg “8¥W@MBBint conponents are collected as the vacuum

residue fro =4 OJE - &%ﬂb I Std | ess can
be carried cr%%nﬁﬁsgrl&%?g@gﬁeﬁﬁrﬁ gly}%‘g‘g\éﬁ{f{r mlgé fégidé%%n%aeﬁrﬂg

t errperdmﬁlﬂﬁﬁoﬁ tovihee ahd tbldaccﬁng d'gheb’t;iilirlcgpdimtgccnﬂim)rﬂht];smhﬁém ﬂcdmcﬂrpmemstehcaﬂ be
set so that, conpaonent avin oilin ojnts of 550 to 6501C or higher
are col |l ect &cggqlﬁésuqiq agqqclbe‘i?ﬁ%c %&H@“L & AEpesphergmesiguedss pher i ¢
resid ; | : | Gl ESd 5 t b Ltk S

pr odu?gsrémgg sugbﬁgé‘éﬁggphgﬂ%%ggﬁﬁsﬁg Sg@é%#%‘g bﬁgﬂ?%tn@%&g’gég alting
pr o_cgsmd ll;igh-bd_illimglpcg'la_smﬁiqio;egmpﬁdmlr)mmbwhleﬁt radudued';fhﬂo mctthgl-baiiingspphm iCc
resi due using a light rocarbon sol vent suc S_propane, butane,
pent aﬁ@mp_%mcnﬁea(sﬁel.h’%’eﬁ ‘F'%/E%H“W‘, f@ﬂ&%ﬁaﬂ%‘e Retomey) telo¥ihl oyed as the
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a solvent extraction tower, sSo as to crac pheric residue into
sol vefiond® es@haimldgl oi | which is a |ight conponent and sol vent

d hal t ed i d whi [ h ) t.,..while th | t
doasphal t od TBF FETRITHAE ' 63Hibheras off OaBE s ialin afaress SaRE N sof vent
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pr oduct g renove poration or the ype o e sol vent,

pr opohightwiladg pdift cahpesehts. t enperature and ot her conditions of the
sol vent deasphal ting process are determ ned according to the properties
of the at nifpMeIosphericqesiduary deasphalied 9dh r esi duary deasphal ted oi |l Vacuum

residuary d L. - . ' ' . i due,
i oh hay bACHOGEHE testuary draliHHEGH ichrob Ul Bt AN AHUPE RS
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Specifically, such a method may be employed as the atmospheric residue is put

into counterflow contact with the solvent in a solvent extraction tower, so as to crack the
atmospheric residue into solvent deasphalted oil which is a light component and solvent
deasphalted residue which is a heavy component, while the solvent deasphalted oil (light
component) is collected together with the solvent from the top of the tower, with the
solvent included in the collected product being removed by evaporation or the like.

Type of the solvent, proportion of the solvent, temperature and other conditions of
the solvent deasphalting process are determined according to the properties of the
atmospheric residue.

(5} Vacuum residuary deasphalted oil

Vacuum residuary deasphalted oil is produced by subjecting the vacuum residue,
which has been obtained by distillation of the crude oil under the reduced pressure, to
solvent deasphalting process, in which oil components are extracted from the vacuum

residue by using a light hydrocarbon solvent such as propane, butane, pentane or hexane.



Specifically, such a method may be enployed as the vacuum residue H?HHPMM
.into counterflow contact with the solvent in the solvent extracti-on
tower, so as to crack the vacuumrgg due into solvent deasphalted oi
which is a |light conponent and sol vent deasphalted residue which is a
heavy component, while collecting the solvent deasphalted oil (Iight
conponent). The feed oil used may be a blend of two or nore selected from
anong the apeafpdlby suchraamethod maytbe employechag de vactiym tréseducais putintesi due,
the atnospheric resid deasphal ted oil and the vacuum resi.duary
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used. Feed oil preferably used int p nvention is the vacuum
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thro d hyd

i's supplied ugh the feed pipe 10 an ydrogen i s supplied through

t he f eeubsphqric redidud)chdvinmunggasion theducaun residuct the agaosphetic wesideant i on
tower 7 through the feed pipe 8. Proportion of hydrogen to the feed oil
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400 to 800 NoBirlilng YW prefitit VRRAS, fQUA f whiH iRAGRs ashigiealfur BAtehE T ange
descri bed above, “denetalizing/desulfurizing reaction and hydrogenol ysis

cat al {4 wt%yfoacxample, or higherpeandiessed. | ayers 4 and 6 may not proceed

- sufficientl I.] € an .excessi v r OpOQLt i on of drogen  _.he d the above
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the catalytic reaction tower 7 falls in a range from50 to 160 kg/cng,
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Proportion of hydrogen to the feed oil is preferably in a range from 200 to 1000
Nm*/kL, more preferably from 400 to 800 Nm*/kL.

When the proportion of hydrogen is less than the range described above,
demetalizing/desulfurizing reaction and hydrogenolysis catalytic reaction in the catalyst
layers 4 and 6 may not proceed sufficiently while an excessive proportion of hydrogen
beyond the above range increases the cost and is therefore undesirable.

The feed rate of hydrogen is preferably set so that the partial pressure of hydrogen
in the catalytic reaction tower 7 falls in a range from 50 to 160 kg/cmz, more preferably in
a range from 70 to 140 kg/cm?,

When the hydrogen feed rate is less than the range described above,
demetalizing/desulfurizing reaction and hydrogenolysis catalytic reaction in the catalyst
layers 4 and 6 may not proceed sufficiently while an excess hydrogen supply beyond the
above range increases the cost and is therefore undesirable.

The feed oil and hydrogen supplied to the catalytic reaction tower 7 are

introduced into the demetalizing/desulfurizing catalyst layer 4 and make contact with the



11 denetalizing/desul furizing catalyst 3 while flow ng down throug?1ﬁﬂﬁ

| ayer. For the rate of supplying the feed oil and hydrogen to the 2005
catal yst layer 4, liquid space velgtity (LHSV) is preferably set in a
range fromO0.1 to 3/ hr, nore preferably from 0.2 to 2/hr. The liquid
space velocity less than the above range decreases the production
efficiency, while the liquid space velocity higher than the above range

may | demetalizing/desyifunizingcatalpstd sehile Aloveng dewn thrppeh the 18%&ction in the

catal yst | a 4 | : q4 s
preferably %ﬁgr{th? F\atggf%l{l?ggﬁéé %%é%?%‘g& %’88‘1%]:“ thoﬁﬁe&g%l@tgégﬁksuﬁda range
from ghe VelodBOLEISVY ik praterablylseein Dmnge fromn).1 be3/ahanere prefgablpfyomead t o

i nsufficient denetalizing/desulfurizing reaction in the catalyst |ayer

4, an@24o 2éwpcthe iquid spapseelaciy tess thua thhakayeangsedestspsaidhs CHOL yi el d

and quality of. . ef. ] ' . UL feed oil.
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metal s bei nihesispetionttempebise ohthercatalysplayerchispreferabbesel i3 Faneg oM t he

surf of cat al y.st .and_remved. ed oil including a
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content of the Yefined ol ppmor |less. Thus, in order to

pr epademetaizingidesolfirizing veaction imthe catalyst layerss and ateropsatyre kighenthaeh i s
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cont aifipdteed oflhe feed oil is reduced to hydrogen sulfide or the |like
t hrough reaction with hydr!gﬂgfen, and is separated and renoved fromthe

feed oil. Bdstalsdyanadiummickdlsetehincluded in thedeeboil rapstivith hydrogen fyoken,
b i.ch b d_wi f i
ceparlt sttt Y e TR B oyt & ol R hEBGRPOL wBTus SR

a parthe &dedloftds taeked) With the detdspeiag Separdiedfrgin the fexdicihsonstth baydr ogen by
the action of the denetalizing/desul furi zi n%{ cat a%%s.h. 3 @é@éo smal | er
mol ecadserbed an theguriageof e saalyst 3 aadeemayse. p &Y hn fegdoling Y. The feed

oi | ma&}{ﬁr&q&@t mgxshhae\tso %gaﬁ% g%e%mﬁeva, RGhERases the édst Ak
catal yst layer are introduced into the hydrogenol ysis catalyst |ayer 6
t hat it i riohptaatitad to delwenss theeamadiandcontsans of thetraBredwil to @.havtippat oplesfol ysi s

catal 'yl-nsuts, i?l OVI\‘Q'.‘I:rl o p];clpg\rlg rrégngé) o of2 %ari]a Lun% ggrﬁ

ent less than 0.5 wt ppm which is
suitable for gas turbine oil, it is necessary to use feed oil which includes vanadium content
not higher than 150 wt ppm.

The sulfur contained in the feed oil is reduced to hydrogen sulfide or the like
through reaction with hydrogen, and is separated and removed from the feed oil. Besides
the metals and sulfur, other impurities (nitrogen, carbon) which are bonded with molecules
of the feed oil are also separated from the feed oil through the reaction with hydrogen.

Moreover, a part of the feed il is decomposed, through reaction with hydrogen by
the action of the demetalizing/desulfurizing catalyst 3, into smaller molecules so that the
viscosity and pour point are decreased.

The feed oil and hydrogen which have passed the demetalizing/desulfurizing
catalyst layer 4 are introduced into the hydrogenolysis catalyst layer 6 that is installed

downstream, and make contact with the hydrogenolysis catalyst 5 while flowing down



12 through the hydrogenol ysis catal yst |ayer 6. For the rate of supplying
the feed oil and hydrogen to the catalyst layer 6, liquid space dEldiciily
(LHSV) is preferably set in a range I2om 2 to 40/ hr, nore preferably from
3 to 30/hr. When the liquid space velocity is |ess than the above range,
the production efficiency decreases, while the |liquid space velocity
hi gher, t han .t he .above r.ange ma]é lead to insufficient reaction in the
hydrodlér%gli/g’ic ydmgesh ¥§15F"’o§lé’Ft Y¢TThe reaction tenperature .of the catalyst
layer 6 is %?ﬁﬂrrﬁ‘@'dfsﬁl?lg‘ngtﬁc fRADE dnt BProgdidiol e éaﬁQly@lafE?%e[igﬁi%f erably
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catal ys ay 6, .and a, tenperature hi gher than the ahQove  range may
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t o t héo msefficieabteactical indbe bpdroginndykis cdtayst Jayou6. can be set to appropriate
| evel s according to the conceogt%ati ns  of taI?, ﬁulfur and resi dual
car bon and THEIBFARLIEMRSERGE QAR FAIgIYSt dger § Tnsprefeibly Sl 8 (MBS ATORr ¢ of
the fgesli24dod Smé g@pg,?)gi-'y S 1 gul es through reaction with
hydrogg bydot h’ema%ﬁlﬂon 0 %e;aﬁgdr@%gﬂeﬁoq@gﬁzg catalyst 5. As a result,
vi scosity awhehhBe teppefatpreiislowdr thdtetht absheqhhgeriteni lgad fo iasutfitient
decreased. Part of sulfur content in the feedgoil I's reduced into
hydr oBhogamolysisaeasntion i the qagalyst daxst §handetemperstuse highpsbep theraboxad i s
- separ ' > .i bed above
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a pour poi nOpeftitfednditordsaneh as Aydrapdrefetd raed, diquilspaenteloditylandt ppm or
| ess, a vanadi,um content of 10 pmaor |ess and a | fur content of 0.3
k2 ofeRBEEe e rarLet gpts 4 e G el Binisf B e BRDLE S oG t ha
150 WiboRBMBut Ta'BESkt to hiroPfiste UvelCARRRnPIOIRAEG R e P onb BB mRtald, $18& t Y Of
20 cst or lower at 1351, an alkali nmetal™ content of 1 w ppmor less, a
vanadandmesidmaleatboafand tie propenties (vis¢osisy, etmpofahefdeioil. content of 0.3 W %
or |ower. The refine i 1, .whi ch has ssed. t he hydrqgeno] ysis catal yst
Tayer 6 1 oot Qe ey if sy RS Fot Hudit et B S
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di scharge pipe 9. In the hydrogen sulfide renoving process, besides
hydr ol pemt pf the feed jharesigmificantly degryased.

Part of sulfur content in the feed oil is reduced into hydrogen sulfide or the like

through reaction with hydrogen, and is separated and removed from the feed oil.

The processes described above produce the refined oil having a viscosity of 20 cst
or lower at 135°C, a pour point of 30C or lower, an alkali metal content of 1 wt ppm or
less, a vanadium content of 10 wt ppm or less and a sulfur content of 0.3 wt% or lower.

When feed oil including a vanadium content not higher than 150 wt ppm is used,
refined oil can be prepared that has a viscosity of 20 cst or lower at 135C, an alkali metal
content of 1 wt ppm or less, a vanadium content of 0.5 wt ppm or less and a sulfur content
of 0.3 wt% or lower.

The refined oil which has passed the hydrogenolysis catalyst layer 6 reaches the
bottom of the catalytic reaction tower 7, and is introduced into the hydrogen sulfide
removing process through the discharge pipe 9.

In the hydrogen sulfide removing process, besides hydrogen sulfide, light



hydr ocar bons such as net hane, ethane, and propane are renoved fromthe
-refined oil during processes such as distillation. The refined oi I21jdl_om5
whi ch the hydrogen sul fide and |ightldhydrocarbons having been renove

I's discharged to the outside as a product oil. The refined oil has
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the feed oil Thto snaller nolecules wth the hydrogenolysis catal yst 5,
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havi ng superior characteristics which does not require heating operation
or hi ghpevestsdmbepthecrefioedgil iy BedRe ganiwebied fucheili ng vi scosity and pour

poi it whi chpar e sULTLelantl ko OMcal.BemBLepaLRt: Meled BT bEem

condi ti ons Tonar I'on process nd t he
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of yield when refining the feed oil. Thus, it becomaseﬁos si bl e
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smaller molecules with the hydrogenolysis catalyst 5, Thus, resulting in lower viscosity.

Thus, the following effects can be achieved.

(1) Even when a heavy oil is used as the feed oil, viscosity and pour point of the
refined oil prepared can be lowered to satisfactory levels. This makes it possibic to
produce a refined oil having superior characteristics which does not require heating
operation or high-pressure processing.

(2) Refined oil having viscosity and pour point which are sufficiently low can be
prepared even when the conditions of reactions in the fractional distillation process and the
solvent deasphaiting process are set so as to maintain a favorable level of yield when
refining the feed oil. Thus, it becomes possible to improve the yield of producing the
refined oil and decrease the production cost.

(3) Refined oil having viscosity and pour point which are sufficiently low can be

prepared even when the temperature and pressure of reaction during contact of the feed ol



wi'th hydrogen are set lower than those in the prior art process V\QI ch
uses denetalizing/desul furizing catalyst only. Thus, the operati bﬂ;’bgg%
and the equi pnment cost of the cat almtic reaction tower 7 can be kept

|l ow. (4) Since the separation of sulfur fromthe feed oil is accelerated
by the hydrogenolysis catalyst 5, refined oil having | ow sul fur content
can be prepared even when feed oil which includes high sulfur content is
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carried out under |ess it erature,

ng conditions (pressure, t
et c. ) supRtiodddimiRBG6N characteristic can be prepared since the feed oil having homogeneous

properties can be used in manufacturing,

This is for the following reasons. The atmospheric residue has a high boiling
point and therefore requires it to be heated to a high temperature when distilled under
atmospheric pressure, which increases the probability of deterioration due to thermal
decomposition. When the atmospheric residue is distilled under a reduced pressure, in
contrast, the distillation process can be carried out at a relatively lower pressure which
makes it possible to prevent thermal decomposition and condense components which have
boiling points in a particular range. As a consequence, feed oil having homogeneous
properties such as molecular weight can be obtained.

When oil prepared from atmospheric residue or vacuum residue by solvent
deasphalting is used as the feed oil, the production cost can be reduced.

This is because the solvent deasphalted residue contains less heavy components
and therefore the hydrogenation refining process can be carried out under less demanding

conditions (pressure, temperature, etc.).



15 According to the nethod of this enbodi ment, since the feed Oii‘) :IBE
hydrogen are introduced into the hydrogenolysis catalyst |ayer 1 gpﬂﬁ
passing the denetalizing/desulfurizgg catalyst [ayer 4, concentrations
of inmpurities (such as sulfur), viscosity and pour point of the feed oil
are decreased in the.denetalizing/desul furizing catalyst |ayer 4, and
the concentrations of inpurities (such as sulfur), viscosity and pour

poi nt decr edseonding tedhe methadoofilis coedisngnd, sincsthefopd pillang dyd®gemarea
result, the refine i | ich i.s superior.in the inpurity concentration
o icddiGed Bt e tyBlogeilbiS sty B R sl Bats b bee above 16 o
met hO@e:ﬁEtaHﬁih%ﬂeéd]ﬁ:r&ﬁtgaéaYélyﬁ ldyeag! ¢oRBeritfihs of in‘lﬁﬂrﬁi&s (é&@]i’hé §|ﬂ{t‘urj,he

e
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present Jinventi.on | not limted.to t.his thod.. Kl G 2.schematically

P hows AR 4 fhs, Bftenirafoliit By CHER AT 0D Vise S5O SBE RO Dsett i n
anot hesineadeechiséBitthefin ﬂl!aquﬂﬁgﬁh@ayﬂi catilysflagdrw. i ng the refined oil
according to the invention. The manufacturing apparatus 20 has first and
second cat afyairesult; theagefined eibwhich iy Jupenigr FBthghinpurityieneentrgtion andy yt i c
react iv%goshoweﬂ 1thhﬁ]%da denet al i zi ng/ desul furizing catal yst |ayer 14
consi St ngy(‘):? P e8P geet al i zi ng/ desul furizing catalyst 3 and the second

catal yti c reReémbodienedestBbétbaboe iyslimefRAUVISIng thoEAdlySd rdadtic tober
consi sti r_lg of the hydrogenolysis catalyst 5. Wien the refined oil is

pr epar ddhi senthgrdeaictaliziig/desplivnging catalysilayer 4andithe hysogenolysis
¢ over SR feb8 ke fbdspl i SBR B eonBuhel: WoliBer b Bbh b aRERET
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pi pe 12 to e.second. catalytic reaction tower - 18 sp as to pass through
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When the refined oil is prepared by the manufacturing apparatus 20, such a
method can be employed as the feed oil is supplied to the first catalytic reaction tower 17
so as to pass through the demetalizing/desulfurizing catalyst layer 14, and the reaction
product Thus, obtained is supplied through a pipe 12 to the second catalytic reaction tower
18 s0 as to pass through the hydrogenolysis catalyst layer 16.

In this case, since the two catalytic reaction towers 17 and 18 are used, the process
conditions in the demetalizing/desulfurizing catalyst layer 14 and the process conditions in
the hydrogenolysis catalyst layer 16 can be set independently from each other. Therefore,
the process conditions in the two processes can be optimized individually, Thus, making it
possible to improve the reaction efficiency.

Thus, a refined oil which is superior in the viscosity and the impurity
concentration can be obtained. The yield of the refined oil can also be improved.

FIG. 3 schematically shows the construction of a manufacturing apparatus which



21JUL2005 16 can be used in yet another enbodi nent of the nmethod of
manufacturing the refined oil according to the present inventiohl Jithel00s
manuf act uri ng apparatus 30 has a catg ytic reaction tower 27 conprising
a denetalizing, desulfurizing and hydrogenol ysis catalyst |ayer 24 which
I's charged with a m xture of the denetalizing/desul furizing catalyst 3

and the hydrogenolysjs catalyst 5. Wen the refined oil is prepared by
the méEAlPsusashnyst W&m@dwnmﬁm@@a%pf mpgufagtyripg Fb@(icﬁléﬁdtfhg

cat al yt.j ' o] . t:ﬂﬁ j Zi ng,
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possi htatibe tewend7i doynpristmgsd demdtalizing idesudfuriohigednvttiydrdgenslidiotataliygner 27

and m ninm ze the equi prent cost. AccordH;?ajt 0 the present invention, from

t he vil®&r dbwhechgs charged withiamgixtyre of tysdemefalizing/desulferizing eatglystd and
per f or bpod lfable to charge the denetalizing/desulfurizing
Ao L2

cat al yst “an enol ysis catal yst together in a single reaction

vessel . |t WMéhenstheedfileldyilde prepaktiddytthe nafufactueiag kpparaes 36 thevheed eilrs a
| ayer conprising the, denetalizing/desulfurizing catalyst is installed

upst r 82RplsH 1 thepralyticasastion tayes Heso antapatdhiugbitee deméalizing.i n t he

di rectyl : | ca@fﬁﬁw (Experinental Exanple 1) Refined
oi | sH%%ggP%lnkﬁﬂé%gh%ﬁl%ne eI&JE?Fiwas manuf act ured using the

manuf act ur i Mhisapghodimakeslit phesibie tosimplfy the sSpetaid ofahé tnaigtiofeattih

appar at us 2nd the.nF).r ocl%ss conditions are as foll ows.

Denet ¥¢s 2AGnd upineize the sQURMEL C9%: 3- An alumina carrier with nickel (2

w9 and NRyRERRUBKSHAESAL i RGN, R MR vidie ﬁh‘lrtBF‘Eiﬁlé:flilf'ﬁﬁgme-
Cylindrical shape™ mmin dianeter and 3 to g mm [ ong.
Denet apnazatmﬁrmletggk:atami,@ipngouaarab,;ﬁsis desiyahle th claggenthrei n di amet er and 2000

it e Einel ki GRAR fad st BRRS ol SebesibiEa PRl a1 o

in di pa@icrvesssl. 3 to 5 Ml ong. Hydrogenol ysis catal yst layer 6: 25 mm
in diameter_and 34 nmin stack height. Feed oil: Atnospheric residue
(conponent Migsreciplly fesigblsdp wse s racior yesspl Wherein a layer comprising the

demetalizing/desulfurizing catalyst is installed upstream of a layer comprising the

hydrbgenolysis catalyst in the direction of feed oil flow.

EXAMPLES

(Experimental Example 1)

Refined oil suitable for gas turbine fuel oil was manufactured using the
manufacturing apparatus 1 shown in FIG. 1.

Specifications of the apparatus and the process conditions are as follows.

Demetalizing/desulfurizing catalyst 3: An alumina carrier with nickel (2‘ wt%} and
molybdenum (8 wt%) supported on the surface thereof. Cylindrical shape 1 mm in
diameter and 3 to 5 mm long,.

Demetalizing/desulfurizing catalyst layer 4: 25 mm in diameter and 2000 mm in
stack height.

Hydrogenolysis catalyst 5: A silica-alumina carrier with nickel-tungsten (8 wt%)
supported thereon. Cylindrical shape I mm in diameter and 3 to 5 mm long.

Hydrogenolysis catalyst layer 6: 25 mm in diameter and 34 mm in stack height.

Feed oil: Atmospheric residue (component having boiling point 370°C or higher)



21 JUL 2005 17 extracted from Arabian |ight crude oil The feed oil
descri bed above and hydrogen were supplied through the feed pi p%18|ULiZﬂﬂ50
the catalytic reaction tower 7, so ap7to pass through the

denet al i zi ng/ desul furizing catalyst |ayer 4 and the hydrogenol ysis

catal yst layer 6, and reaction product was taken out fromthe discharge

pi pe 9. (Conparat,i ve nple, 1). Refined oil was prepared with a
manuf a‘c‘:’itéi'ﬂeﬁg'%ﬁ‘é? %Egg@icﬁ‘?qc lto that which was used in Experinental

Exanpl e 1, ergeRbd bildesdiibed@ovdnd By@ief defd duppli hé%ﬁlr !
catal yst | ayer 6. Testsrwgre conduc?gﬁggl?mcwa%&)h%gt ertﬁ%eﬁg?éyp%garrpl e
1. Resinia the catabytiglrgactiog tavee 7 seab toipassthebughehe danétalizing/destifatiziape shown
in Table 1 .alon ith the process conditions, Table 1 Experinental
Exanpl @ystlayst 4 %&%”FP& JRORCRRIRS GAtHLY Ry 6oMIC-ESaEHian Rrofsh waf baken BHbduct
producﬁom‘gig%a?% -@.;Q (g/cnB) 0.962 0.914 0.962 0.918 Kinetic
viscosity at 135IC°(¢tst) 51 4 51 10 Pour point (1C 32 5 32 20 Sul fur
content (wt9% 3.12 0.21 3.12 0.31 N trogen content (w ppn) 1850 520
1850 %Z}g Conr adson Fa{ bon (wt% 9.1 1.2 9.1 1.8 Vanadium content (w
ppm wpgrakive Examglesl) Al kali netal content (w ppm) 5 < 0.5 5 < 0.5
Tenper at ur e Heffakd 38QvadGepar@f Witkh ninGERH& P AEAARRIMZR J 8fht which
I—Iydrogen/fee.d‘3 oil rati gﬂe r% / kL 800 é]OO Ifi 53’?’@ spacle vel ocgzl%t;/v éCLHSV) in
denet ardszisedyind@xpeirimental iExgmoket laleyerpt (hapitOvad nok prosided/witt thqui d space
vel OC'htero Iéx%%@is EaQal%'szl layer 6.

Tests were conducted similarly to Experimental Example 1.

Results of analyzing the feed oil and the reaction product are shown in Table 1

along with the process conditions.

Table 1
Experimental Example 1 Comp. Example 1
Feed oil Reaction Feed oil Reaction
product product
Density at 15C (g/cm?) 0.962 0.914 0.962 0.918
Kinetic viscosity at 135C (cst) 51 4 51 10
Pour point () 32 5 32 20
Sulfur content (wt%) 3.12 0.21 3.12 0.31
Nitrogen content (wt ppm) 1850 520 1850 570
Conradson carbon (wt%) 9.1 1.2 9.1 1.8
Vanadium content (wt ppm) 35 <0.5 35 <0.5
Alkali metal content (wt ppm) 5 < (0.5 5 <0.5
Temperature (C) 380 380
Partial prcz?(sgu/l;;%t; hydrogen 120 120
Hydrogen/feed oil ratio (Nm’/kL) 800 800
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.2 0.2
layer (1/h) :
Liquid space velocity (LHSV) in 12 )
hydrogenolysis catalyst layer (1/h)
Yield of refined oil (wt%) 95.3 96.2
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preferably used as the gas turbine fagel oil was prepared using vacuum
gas oil (boiling point from370 to 5651C) extracted from Kafji crude oil
as the feed oil. (Conparative Exanple 2) Refined oil was prepared by a
used i n Experi nental

refined oil (W% 95.%196.2 21

manuf acturing apparatus simlar to that which was

Exanpl@xE?mE%Eglﬁx%? }t was not provided with the hydrogenol ysis

catal yst | aygls : %g&g } I E¥ RS bl tal Exanple
2. Results o fgggloii?lkgh%ﬁﬁgﬁpgg m*l?glrsﬂhtmr\tgg%%tgﬁign p(rfgguc are shown

i N Talprépared Wi eacouintgak bl (BsiliaL H6Int GOM 37000565 Tl xradtelfivat Kagnt al
Exanple 2 Conp. Exanple 2 Feed oil Reaction Feed oil Reaction product
pr oducrudeankistthe &ed ot (g/ cnB) 0.938 0.883 0.938 0.885 Kinetic viscosity
at 1351C (cst) 24 2 24 8 Pour point 36 0 36 18 Sul fur content (W% 3.21
0.08 3.21 0.1 Nitrogen content (w ppn) 1090 180 1090 220 Conradson

car boxlcg,%%ﬁpegﬁarﬁpg.zy 0.75 < 0.1 Vanadiumcontent (w ppm) 2 < 0.5 2 <
0.5 kal1 metal contént (wt ppm 0.5 < 0.5 0.5 < 0.5 Tenperature ( C
352 352 PaRefiatd pil ees prepacdd Hyyadmemdactélnbappakatas sigelat feeddt whichvasi o ( NVB

LKL 390 bl BRARSIC S b0 hal Vol SolIE LAk 6 AghSERRb L 27 1o
catalyst layer 6.

Tests were conducted similarly to Experimental Example 2.
Results of analyzing the feed oil and the reaction product are shown in Table 2

along with the process conditions.

Table 2
Experimental Example 2 Comp. Example 2
Feed oil Reaction Feed oil Reaction
product product
Density at 15C (g/cm®) 0.938 0.883 0.938 0.885
Kinetic viscosity at 135C (cst) 24 2 24 8
Pour point (T) 36 0 36 18
Sulfur content (wt%) 3.21 0.08 3.21 0.1
Nitrogen content (wt ppm) 1090 180 1090 220
Conradson carbon (wt%) 0.75 <0.1 0.75 <0.1
Vanadium content (wt ppm) 2 <0.5 2 <0.5
Alkali metal content (wt ppm) 0.5 <0.5 0.5 <0.5
Temperature (C) 352 352
Partial pressure of hydrogen
(k g/cmz) 60 60
Hydrogen/feed oil ratio (Nm’/kL) 300 300
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 1.8 1.8
layer (1/h)
Liquid space velocity (LHSV) in 30 )
hydrogenolysis catalyst layer (I/h)
Yield of refined oil (wt%) 98.0 98.3

(Experimental Example 3)

Refined oil which could be preferably used as the gas turbine fuel oil was




Li quid space velocity (LHSV) in 30 - hdro enol sis catalyst |ayer f] @_ 0
Yield of refined oil % 98.0 98.3 (Experinental Exanple 3) Ref é 2)”
whi ch could be preferably used as thEd gas turbine fuel oil was 21 JUL
2005 19 prepared using vacuum cracked residue oil (boiling point 565t or
hi gher) extracted from Arabian Iight crude oil as the feed oil.

(Conpar ative Exanple 3) Refl ned oi| was prepared wth a manufacturing
appar direpared wsing yaquym-grackegdifesidue qiboilingpaint rerrigtica) extsagied | feom

except, t hat .i Vi with the hydrogenolysis catalyst Iayer
6. Teﬁ@g\%ﬂ@h&‘éwaﬁ@@ﬂ%&ﬁ?qd%ﬂl y to Experinental Exanple 3. Results of
analyzing the feed oil and the reaction product are shown in Table 3

along with the process conditions. Table 3 Experinmental Exanple 3 Conp.
Exanpl{€omparatizd ExampRe¥ct i on Feed oil Reaction product product Density

at 15°C (g/ . Q18 0. 945 18 0. 955 Ki net sc it 51C (cst
1320 18 (1%28{%6& ga'(ﬂswam Q:ag"sa"ﬂ C%‘%Pglﬁﬂaf%lrs"l} ‘8%‘3‘5‘ B}h 02(0 3)
4.02 Quad usd id]@ﬂ%nféhmgﬁmbm eREEpt thhoR vedzGhod pRIVIdEGvitHo@Rr adson car bon

(Wt% 14.5 1.4 14. . Vanadi um content (wm ppn) 65 < 0.5 65 < 0.5

Al kal |hyd®gam01m$lcféwsqu®}§n) 21 < 0.521 <0.5 Terrperature (r 390 390
Partial pre n. 1 /fe oil ratio m/kL 1000
1000 Liqui gl%éﬁ%e ° %q%légﬁgﬁﬁ TIE%@%XR% %gﬁfwlﬁaﬁdesul furizing catal yst
0.10.1 Results of analyzing the feed oil and the reaction product are shown in Table 3

along with the process conditions.

Table 3
Experimental Example 3 Comp. Example 3
Feed oil Reaction - Feed oil Reaction
_product product
Density at 15C (g/cm’) 1.018 0.945 1.018 0.955
Kinetic viscosity at 135°C (cst) 1320 18 1320 180
Pour point (C) 53 25 53 35
Sulfur content (wt%) 4.02 0.3 4.02 0.9
Nitrogen content (wt ppm) 3100 650 3100 950
Conradson carbon (wt%) 14.5 1.4 14.5 3.2
Vanadium content (wt ppm) 65 < 0.5 65 <0.5
Alkali metal content (wt ppm) 21 < 0.5 21 <0.5
Temperature (C) 390 390
Partial pressure of hydrogen
(kg/cm?) 160 160
Hydrogen/feed oil ratio (Nm’/kL) 1000 1000
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.1 0.1
layer (I/h)
Liquid space velocity (LHSV) in 10 i
hydrogenolysis catalyst layer (I/h)
Yield of refined oil (wt%) 91.5 93.5

(Experimental Example 4)
Refined oil which could be preferably used as the gas turbine fuel oil was
prepared by using atmospheric residuary deasphalted oil, which was obtained by

deasphalting the atmospheric residue (component having boiling point 370°C or higher) of



| ayer Liquid space velocity (LHSV) in 10 - h droenol sis catal ys? ﬂQaﬁe{q
Uh Yield of refined oil (wt% 91.5 93.5 (Experinental Exanple 4 i @sd
oil which could be preferably used a0the gas turbine fuel oil was
prepared by using atnospheric residuary deasphalted oil, which was

obtai ned by deasphalting the atnospheric residue (conponent having
boilin i nt 370t .or. highe of 21JUL2005 0 Arabian heayy. cruyde oil in
=" sol vArPHdafy Gher iy B A58 n(eatohatliiaemparido i e g@Bial or¥tefialdici ng
the at progidify ite atrR6sphbAE YesitRAsPAspRlteRioil H)dcd§MhaRM3!thd nospheri ¢
resi du%malas@%S wt % p(ﬂCorrpar at i%\?e E&arrpl e 4%3( Ref'i ne@gc&ﬁﬂ\%/adgﬁﬁrgar ed by a
manuf akesidné was Sppafeat us sinmilar to that which was used in Experinental
Exanpl e 4, except that it was not provided with the hydrogenol ysis

catal yst layer 6. Tests were conducted simlarly to Experinental Exanple
4. Resqdohiyaﬁhftiv@'ﬂ’ﬁhﬁ%i% the feed oil and the reaction product are shown

I n Tabl e al ong wth'the process conditions. Table 4 Experinental

Exanpl e 4 C&qﬁine&nﬂmsmrd{)arﬂébﬂamanumatrtﬁgmppﬁeeu stnilar ke that wdvich waoduct

duct ity at C (g/enB8 0. .0.894 0.94 . Ki,net i ' It
Bt ”1aspd Bt ek el B gmoB fERtbel iy a brarided i B iaReb R, (e 53
3.51 %&@38135&6).31 Ni trogen content wt ppm 1350 440 1350 480

Conradson carbon (wt% 6.5 1.1 6.5 1.3 Vanadium content (W ppn) 25 <
0.5 25 < 0. Jestamess conducted stptarbnto Experigipnjal Eyampls 4 10 < 0.5 Tenperature

CC) 365 365 Results of analyzing the feed oil and the reaction product are shown in Table 4

along with the process conditions.

Table 4
Experimental Example 4 Comp. Example 4
Feed oil Reaction Feed oil Reaction
product product
Density at 15C (g/cm’) 0.949 0.894 0.949 0.896
Kinetic viscosity at 135C (cst) 35 4 35 13
Pour point (C) 25 -5 25 15
Sulfur content (wt%) 3.51 0.25 3.51 0.31
Nitrogen content (wt ppm) 1350 440 1350 480
Conradson carbon (wt%) 6.5 1.1 6.5 1.3
Vanadium content (wt ppm) 25 <0.5 25 <0.5
Alkali metal content (wt ppm) 10 < 0.5 10 <0.5
Temperature (C) 365 365
Partial prtzisgu/r;n 02§ hydrogen 100 100
Hydrogen/feed oil ratio (Nm’/kL) 600 600
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.3 0.3
layer (I/h)
Liquid space velocity (LHSV) in 95 )
hydrogenolysis catalyst layer (1/h)
Yield of refined oil (wt%) 98 98.8

(Experimental Example 5)
Refined o0il which could be preferably used as the gas turbine fuel oil was

prepared using deasphalted vacuum-distilled oil, which was obtained by deasphalting the



Partial pressure of hydrogen 100 100 Hydrogen/feed oil ratio m/cij(
600 Liquid space velocity (LHSV) in denetalizing/desulfurizing dULfﬁ?ﬂﬂﬁ
0.3 0.3 layer liquid space velocitYILHSV) in 25 h dro enol is catalyst
| ayer Yield of refined oil wit% 98 98.8 (Experinental Exanple 5) Refined

oil which could be preferably used as the gas turbine fuel oil was
prepared usi asphal t ed vacyum di st I ch ai ned by

e at p 2P T (Gang et Bpene bape ekt £ G ey hEHEO ARBISTASERG boi | i ng
poi nt de oil in a solvent
deasph?"Hc %hgogoé&g H?z{sbh:ﬂ I?@e‘?ﬁ% ﬁl\”??dctfg of producing the

deasphal ted Wadwsmcsﬂ@mgl thedcas halted vdamphﬁmled\gﬂ biadeasphaltingthieesi due was
71 wt % (Conparative Exanple 5) Refined oil was prepared by a

manuf Yaeuwm Fr§idug easAlet%:i i | ar to that which was used in Experinenta
Exanple 5, except that it was not provided with the hydrogenol ysis

catal yst layer 6. Tests were conducted simlarly to Experinental Exanple

5. RegCbinparafiveBeiniplersy the feed oil and the reaction product are shown
in Table 5 process condltlons Tahl e 5 Experi nental

Exampl e 5 él 22%2%%2 EreparEch BAYLRGAS SIPS i BRI tRéaettwlaﬁh W3F oduct
U scosrey e rriuttial exiypBok Blegl Ut in Bt el i TE L R8BS o, (o,

cont epstalystldferd. 41 0.21 4.41 0.29 N trogen content (wt ppm 2650 480
2650 520 :

Tests were conducted similarly to Experimental Example 5.

Results of analyzing the feed oil and the reaction product are shown in Table 5

along with the process conditions.

Table 5
Experimental Example 5 Comp. Example 5
Feed oil Reaction Feed oil Reaction
product product
Density at 15C (g/cm’) 0.998 0.936 0.998 0.939
Kinetic viscosity at 135C (cst) 395 8 395 23
Pour point (C) 38 10 38 25
Sulfur content (wt%) 4.41 0.21 4.41 0.28
Nitrogen content (wt ppm) 2650 480 2650 520
Conradson carbon (wt%) 13.5 0.9 13.5 1.1
Vanadium content (wt ppm) 55 < 0.5 55 < 0.5
Alkali metal content (wt ppm) 12 <0.5 12 < 0.5
Temperature (C) 370 370
Partial pressure of hydrogen
(ke/cm?) 130 130
Hydrogen/feed oil ratio (Nm>/kL) 800 800
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.3 0.3
layer (1/h)
Liquid space velocity (LHSV) in 25 )
hydrogenolysis catalyst layer (1/h)
Yield of refined oil (wt%) 98 98.8




Conr adson car bon (Wt% 13.5 0.9 13.5 1.1 Vanadiumcontent (W pp
0.5 55 < 0.5 Alkali metal content wt ppn) 12 < 0.5 12 <'0.5 Tenpe dUhﬂm
(cc) 370 370 Partial pressure of hyzit ogen 130 130 Hydrogen/feed oil
ratio m/kL 800 800 Liquid space velocity (LHSV) in

demet al i zi ng/ desul furizing catalyst 0.3 0.3 layer (1/h) Liquid space

vel oci éLHS ':'i h dro enol sis catalyst layer (1/h) Yield of

r ef i nd&FXBymeRts 3 9@ 8 21 JUL 2005 22 (Experinmental Exanple 6)

Refi ned oil ﬁgﬂﬁg e boi l'i ng
poi nt 565 C or ﬁ%eﬁxl%ﬁgdgfgsé roml%?lwéj@:ou e 09{' mwﬁ?ﬁéln%ed oil.
(Corrpthi%smoamm )@xtr@@tﬁzﬂﬁ%ﬂhﬁbﬁ&c@ﬂl eahefkelyila manuf acturing

apparatus simlar to that which was wused in Experinental Exanple 6,
except that it was not provided with the hydrogenolysis catalyst |ayer

. ibﬁ § Enducf si mlarly to Experinmental Exanple 6. Results of
anal y2-AGPEREVE E&4MBI%1%/and the reaction product are shown in Table 6

al ong with thginkd 88 95S preiEéd b fandRBlufing afpdietub SRR to e Mhich WasConp.
Exanple 6 Feed oil Reaction Feed oil Reaction product product Density

at 159%eedjindi@erimeosd E3anph: 6. e@eapt thag 65vaskion pravided with thethydsmpengysic (cst)
9800 19 ?89@ 2r Pour point (C 53 25 53 35 Sulfur content (wt% 5.78
0.3 598031 BYT¢ r ogen content (wt ppm) 4600 750 4600 1050

Tests were conducted similarly to Experimental Example 6.
Results of analyzing the feed oil and the reaction product are shown in Table 6

along with the process conditions.

Table 6
Experimental Example 6 Comp. Example 6
. Reaction 4 _ Reaction
Feed oil product Feed oil product
Density at 15C (g/cm®) 1.050 0.955 1.050 0.965
Kinetic viscosity at 135°C (cst) 9800 19 9800 250
Pour point () 53 25 53 35
Sulfur content (wt%) 5.78 0.3 5.78 1.2
Nitrogen content (wt ppm) 4600 750 4600 1050
Conradson carbon (wt%) 23.5 1.9 23.5 3.9
Vanadium content (wt ppm) 190 8 190 21
Alkali metal content (wt ppm) 25 <0.5 25 ] 3
Temperature (C) 400 400
Partial pressure of hydrogen
P (gemd) 160 160
Hydrogen/feed oil ratio (Nm”/kL) 1000 1000
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.1 0.1
tayer (I/h)
Liquid space velocity (LHSV) in 10 )
hydrogenolysis catalyst layer (I/h)
Yield of refined oil (wt%) 90.5 92.5

As can be seen from Tables 1 to 6, viscosity and pour point of the reaction product

could be decreased to satisfactory levels in Experimental Examples 1 to 6, in contrast to



Conr adson carbon (wt% 23.5 1.9 23.5 3.9 Vanadium content (wt p g) ﬁg@ﬁﬁB
190 21 Al kali nmetal content (W ppn) 25 < 0.5 25 3 Tenperature E )J

400 Partial pressure of hydrogen 16@3160 (kg/cm ) Hydrogen/feed oil
ratio Nm/kL 1000 1000 1liquid space velocity (LHSV) in

denetal i zi ng/ desul furizing catalyst 0.1 0.1 |layer 1/h Uquid space
velocity (LHSV) in 10 - h dro enol sis catalyst layer |/h Yield of

r ef i neboBppratiyeExgmples? 166As can be seen from Tables | to 6, viscosity

and pour poi . i :

sati sfactor yﬂfsg\?lféﬁgp ‘?‘rﬁ@%‘e’?’?&?{‘e‘ﬁ% g?@’aﬁ?&?@éﬂ?gﬁ%&g, piﬁﬁﬁggﬁyr}g%t to 21
JUL 20fltroget3 ciibopavanadive, bndalkhl snetalkpeduld B madd lowkex filanithasetodl Exanpl es 1
to 6, concentrations of inpurities (sulfur, nitrogen, carbon, vanadi um
and al &emparatiye:Examplesil i 6 made | ower than those of Conparative
Examples 1 t [ : ' [ f.i ned
oil suitable ocrmg sﬁt%ﬁnﬂe%t#l?ﬁ?{s I\Anig)g,t’ gérﬁggg?’ggbﬁ@%ﬁér agmziggl\?e

descr i fpel sihwas prepsred] ear that refined oil having superior properties

such as viscosity and inpurity caoncentrati gn can be prepared by using the

) ) | 2 P
met hods of KeRpdhs abgwesleseriptian Hds fleanthatFpiigd QihBavdng supsHer REOPBRICE ced oi |

whi ch { . 1 : : I ding to
he me R SrchRK B iR AR bt ON E D b pel by Ll mnger et

Vi scodixpgrimedtabBramples frompdnyt dfahe eixi specieoof fepd eip vhédh laaa diféereecr eased to
sufficiently low |evels even when heavy oil is used as the feed oil.
This PERRSENSS possible to produce a refined oil having superior
characteristics which does not require heating operation or

hi gh- pressure processi ng.
INDUSTRIAL APPLICABILITY

According to the method of manufacturing refined oil of the present invention,
viscosity and pour point of the refined oil prepared can be decreased to sufficiently low
levels even when heavy oil is used as the feed oil. This makes it possible to produce a
refined oil having superior characteristics which does not require heating operation or

high-pressure processing.



21 JUL 2005 24 CLAIMS 1. A nethod of manufacturing refined oil m]mﬁhf'
conprises the step of bringing feed oil into contact with hydroZg(l.

the presence of a denetalizing/desul furi2dng catalyst and a

hydrogenol ysis catalyst to obtain a refined oil having a viscosity of 20
cSt or lower at 135C, a pour point of 30C or lower, an alkali netal
content of 1 w ppmor |ess, a vanadium content of 10 wt ppm or |ess,
and a sulfur content of 0.3 w % or | o®dAIMSierein: the

denetal i zi ng/ desul furizing catalyst is a carrier that contains at |east
one of alumna and silica-alum na and supports at |east one sel ected

froma grbup cAnséthod ofmahufactifi@tefine®bal WhicHRbMpPHSA R S@P %fBHH%ﬁ%&féﬂ dihe
hydr ogeno) ysi s cat al yst i ncludes a conponent having cracking capability

or i somelffoeantash withihydraggn imthe pressngsorfardenesalizing/desdlfogzng catalyseaidiai t v

the conp ki i . Lyl ty .or Lsonerizati agtivity is _at
| east one se%eggglélgg?%gﬁqpa %ﬁ%%%é}eg ioslfl?aﬁ’éflgoq Vlg?qsﬁxg?aglcgh?ﬂ&}%hﬁtg'ﬁés@aa,
zi r coni a, a pangoirtiof 30TCor lowver; iad alkatintletal doitedX bE L wt b GABROAGHadhRYi NI
hydr ogenat i on aﬂévi ty is_at |least one selected froma group consisting

of ni ckel SOR¥FH A} ¥ WhBPRUSH depsrAnd n sl fun contensiof 8rA with or lawrst whereimon, and

pal l adium th HEUEE LS | of. the feed oil and t

hydr ogen Withetplé"g]ﬁg)%u(?:ttghtfltﬁ;lg/t’a}%seﬁj e%géﬁﬁﬁﬁ%&fﬁﬁﬁﬁ%ﬁﬁ@ %a\?ﬁ??‘éﬁtg}?s set
to a rangduminaGind stlivadlimina and sapperts iaelehst oppaclected hofi 4 ¥roup doNlistaiy dthe
feed oil and thg hydrog n wth respect to the hydrogenolysis cataglyst S
set to a PEERLEFOBRILINQIEDIRRIR, and tungSteRt hod of nanufacturing refined oil,

whi ch conpri sqge Mol ' 1 ng._a,vanadi,um cont ent
of 150 wt ppm or eggédi%ﬁytsgg%on*%%%%e% ﬁ%ﬁ‘ﬁ?’ %%né%gl%ﬁgt%ﬁaeck&ge%%% Bt a

denet al i Ziserg¢rikation ctivityi ang acanglonent lanihghytidengRnalcisity, catal yst to
obtain the refjined oil 0.be used as,gas turbine fuel oil having a
vi scosity of Z28°tdpPYent g crecking activity s isomssization agtivityds aileastwee , an

al kal i medeRbcte@FFNER brddp chn¥iktinPER Mical S5t Desat el 0, 2
ppmor less and a stglrffgr cont ent o?"aoiﬂ?ﬁ’\?&t‘@?ﬁa%ﬂ o%ﬁe%l?cgl\%ﬁ’el?oé}ahﬁkmf’écalma’
denet al | And@in¢eoxide,uri zi ng catal yst is a carrier that contains at |east

one of alum r]% and sil {%qa-. al %a'{na and Sl#t)vpor_t s at | east one_ sel ected
froma group COnSTERHTH ving pysresenation,aguvity dsatleast ausselested fromgsgrewp 21
JUL 2005 consisting of nickel, cobalt, molybdenum, platinum, chromium, tungsten, iron, and
palladium;
the liquid space velocity (LHSV) of the feed oil and the hydrogen with respect to the
demetalizing/desulfurizing catalyst is set to a range of 0.1 to 3/hr; and

the liquid space velocity (LHSV) of the feed oil and the hydrogen with respect to the
hydrogenolysis catalyst is set to a range of 2 to 40/hr.

2. A method of manufacturing refined oil, which comprises the step of bringing feed oil
having a vanadium content of 150 wt ppm or less into contact with hydrogen in the presence
of a demetalizing/desulfurizing catalyst and a hydrogenolysis catalyst to obtain the refined oil
to be used as gas turbine fuel oil having a viscosity of 20 ¢St or lower at 135 °C, a pour point
of 30°C or lower, an alkali metal content of 1 wt ppm or less, a vanadium content of 0.5 wt
ppm or less and a sulfur content of 0.3 wt% or lower, wherein:

the demetalizing/desulfurizing catalyst is a carrier that contains at least one of

alumina and silica-alumina and supports at least one selected from a group consisting of

nickel, cobalt, molybdenum, and tungsten;



25 the hydrogenol ysis catal yst includes a conmponent havi ng cracking
capability or isomerization activity and a component havi ng 21 JUL 2005
hydr ogenation activity; the conponent habi ng cracking activity or

i somerization activity is at |least one selected froma group consisting
of silica, alum na, nmagnesia, zirconia, bona, titania, calcia, and zinc
oxi de; the conponent having hydrogenation activity is at |east one

sel ected from B fydropencivsiseasalysidnalndesiagiosiponershaling cravliryrepalsility or
pl ati num; ks : Nn,..J1ron nd | | adi um t.he |iquid space
vel ocity 1&1&@%@&%\3@?@?@ c&#&aﬁ&t ]?I‘{glgl‘ﬁ))' WM A VFEspect to the

denet al i zi ng/ cthe ubrhpenetit haviagtAtYab abSvisedr idindiZab88ctifinls 4t fedst 3401 : and
the liquid space velocity (LHSV) of the feed oil and the hydrogen with

r espect (lechd trom a eappronyisting efsikias slumina, seagnesia,ircanigebaria, Bitandn, 4alcia; .
3. The mejQ :manuf acturing refined oil according to claim1l1 or 2,
wherei n at m%glbcﬁ%(rl‘iq% resi due obtained by distilling crude oil under

at mospheri ¢ prthe sempornient isving hgdrbpenation detiity.is 4t led$ 8neBAIBAE fbm a group
manuf act uri ng.re{);j ned oil according to claiml or 2, wherein vacuum gas
oi | obt ai REHERE Luckel capalt; melybdestms platmuams, chrompns; uogstesiitmeanchi ch was
obt ai ned ﬁéﬂam bstillation of crude oil under atnospheric pressure is used
as the feed oil. 5. The nethod of manufacturing refined oil according to
claim1l or 2, ﬂmﬁqui'drspmwhm'ty(Eﬁsmefmtﬁém@idmhyth\éa?dwgbﬂivﬁthi redpREd @RhOf
t he atnospheric. residue. which was obtained b distillation of crude oil
under at %FP&‘:ZP@?‘%F RS calalystdysetdo p pange ©£Q. 1dpi3/hrgandrhe et hod of
manuf act uri ng i Il I lalim.- ; rein.atnospheric
osi duary descn N8 goR veRRROETRN bPuk Bdbit ol e LS WiptpiReroThe
at nos pherhydragesdlpsiecathlystis setds a odigaiof@do @9/hai sti |l ati on of crude oil

under atnospheric pressure is used as the feed oil. 7. The nethod of
manuf acturing refined oil according to claim1 or 2, wherein vacuum

resi duar \3. dBRSR&EBROd 86meh ‘R ; t f: um
resi due which was obtai %fgﬁhﬁgé %ﬁg}r@l?}aﬁ%ﬁﬁ?a{??g‘%ﬂgﬁé rt%ﬁgﬁl & rlr%ss‘%ﬁoesﬁ%c:rpc
resi due peodnecakipingd by distillingicrusle adf unsdleniatenosphdricymelsnreat neaidsahé feefloflSSur e
is used as the feed oil. 21 JUL 2005 26 8. The method of manufacturing

refined oil according to claiml or 2, wherein the feed oil consists of
two or ma eTHeimeibodef mameacth R il cUrinR t& Qﬁﬁhgtdr@ vﬂferc?@acuum gas
at nospheric_ resjdue obtained by distilling the crude orl under

at mos phe,opl(pbbafxgeéisw wcuydistilagen obthe atmospheric residue which was obtained by
distillation of crude oil under atmospheric pressure is used as the feed oil.

5. The method of manufacturing refined oil according to claim 1 or 2, wherein vacuum
residue obtained by vacuum distillation of the atmospheric residue which was obtained by

distillation of crude oil under atmospheric pressure is used as the feed oil.

6. The method of manufacturing refined oil according to claim 1 or 2, wherein atmospheric
residuary deasphalted oil obtained by solvent deasphalting of the atmospheric residue which

was obtained by distillation of crude oil under atmospheric pressure is used as the feed oil.

7. The method of manufacturing refined oil according to claim 1 or 2, wherein vacuum
residuary deasphaited oil obtained by solvent deasphalting of the vacuum residue which was
obtained by vacuum distillation of the atmospheric residue produced by distillation of crude

oil under atniosphcric pressure is used as the feed oil.



obt ai ned by vacuumdistillation of the atnospheric residue, vacuumi jy| 2008
resi due obtained by vacuumdistillation of the atnospheric residue,

at nospheric residuary deasphalted oil @6btai ned by sol vent deasphal ting
of the atnospheric residue, and vacuumresiduary deasphalted oi

obt ai ned by sol vent deasphalting of the vacuumresidue. 9. The method of
manuf acturing refined oil according to claiml or 2, wherein a heavy oi
havi ng boiling point of 340C or higher is used as the feed oil. 10. The

' ' i | di. t lgim1 or 2, erein
et hod of, FRUSARSIE! A GRS Ry BRSSLAUA & B TN it il
vessel ceomists ofgvetor remretinds selen@d dmy binbhg & Fgﬁilp%hﬁkﬁlﬁ of @Y Sﬁn%gﬁ% -

consists of . a denetalizing/desul furizin catal yst and a hydrog )

cat al yst §SipeobiRedPY-HHiNaE shegirude il undey etmdsphéric plas?ilrggjlapuum Em oil h e
denet al i g} | A 0 .being installed,in.the stream
st a1 b aMAUREH T N O bl AL R B B S
f1ow, whivh@irhdisibatibnaifithe a;tmobpl?xfghésiﬂﬂkh_f, eumph?ed lie\éidhﬁky_ , hmﬁgpgqugguegimi tn h tehe
hydr ogenol ysi §,catal yst | r after making contact w th hydrog

dgrret gl i 2 ')r[fﬂ}eaé’gﬁf’ﬁ’ﬁzﬁ éﬁﬂﬁgﬁi&%gaqu amwﬁlﬁncrgildlr]eﬁm@gpwm lfzqsldTgQr ?ﬂ by
the neth Af e riefd ' aiml.or 2. . e

met hod ofg &ﬁgﬁﬂ%gﬂ u%géégffﬂgﬁtglg{#g@‘gg é#trl?g vtaguuéPé?sﬁqlf'or 2, wherein
the ratio of (i) the liquid space velocity (LHSV) of the feed oil and

1 i zi /d | furizi t al t and
Y O o Tl R ety iedoring TEHREsOiL B1cordie Fedaiml for SuHorA s oflo
t he hydrﬁgﬁﬁgbmhgps_ﬁa&afm’cio%éé%{lerisqm@dmg%%{oiit 16.7 to 1:100. 13. The

met hod of manufacturing refine according to claim1 or 2, wherein
the liquid space velocity (LHSV) of the feed oil and hydrogen with

03t 21 fr THE s PG e Etinela Cebyes Aulpim| S Remerta Somactis
hydr ogentheifedd siba R Gydidaeh Recalisll A 8IRE YSba1GedleY Sbmbising gt O @ range
of 3 to ggrilgtrrﬂ'izing/desulfuﬁzing catalyst layer which consists of a demetalizing/desulfurizing
catalyst and a hydrogenolysis catalyst layer which consists of a hydrogenolysis catalyst, with
the demetalizing/desulfurizing catalyst layer being installed in the upstream of the
hydrogenolysis catalyst layer in the direction of the feed oil flow, while the feed oil is
brought into contact with hydrogen in the hydrogenolysis catalyst layer after making contact

with hydrogen in the demetalizing/desulfurizing catalyst layer.

11. Refined oil prepared by the method of manufacturing the refined oil of claim 1 or 2.

12. The method of manufacturing refined oil according to claim 1 or 2, wherein the ratio
of (i) the liquid space velocity (LHSV) of the feed oil and hydrogen with respect to the
demetalizing/desulfurizing catalyst and (ii) the liquid space velocity (LHSV) of the feed oil
and hydrogen to the hydrogenolysis catalyst is set to a range of 1:16.7 to 1:100.

13.  The method of manufacturing refined oil according to claim 1 or 2, wherein the liquid
space velocity (LHSV) of the feed oil and hydrogen with respect to the
demetalizing/desulfurizing catalyst is set to a range of 0.2 to 2/hr, and the liquid space
velocity (LHSV) of the feed oil and hydrogen with respect to the hydrogenolysis catalyst is
set to a range of 3 to 30/hr.





